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Index  to  MACHINERY 


ibell,    Oliver   J..    Personal   of 92 

Abrasion    of    Manganese    Kails 8S7 

Abrasive   Machine   Tool   Co. : 

Surface     Grinding     Machine 372 

Accidents,   Decrease   in   Industrial 1015 

Accidents,    Industrial     1086 

Accidents,   Ixlst   Time   Through 681 

Accidents  Measured  by  Time  Lost 428 

Accidents  on   Monday.      Robert  Grimsbaw 1035 

Accidents,    Treatment    of    Wounds    Due    to    In- 
dustrial       569 

Accles,    William    Sloane.    Obituary   of 768 

Accuracy  of  60-degree  Points  for  Gaging  Thread 

Angles.  Testing.     Charles  W.   Carvette 1039 

Accumulator   Protective   Valve,    Hydraulic 1158 

Accurate    Machine    Co.; 

Roller    Bearing    Friction    Clutch    for    Machine 

Tools     369 

Acme  Machine  Tool  Co.: 

Universal  Turret   Lathe 661 

Acme  Screw  Threads.  Finding  Effective  Bearing 

Area   of.     Harry   S.    Kartsher 440 

Act.  Trading  with  the  Enemy 280 

Adams,    Ogden    R. : 

"Short-cut"'    Lathe 957 

Adapters,   Salvaging  High-esplosive  Fuse.     John 

A.     Shand     742 

Ad'-ance   Engineering  Co.: 

Filing     Machine     962 

Advance   Felt   Specialty   and  Cutting   Co.: 

Widney     Resiliometer     1150 

Advertising  to  Engineers  and  Draftsmen,   Value 

of  Trade   Journal.     C.    C.    Marsh 599 

Agerter.    George   W..    Personal  of 1168 

Aggregates,    Washing    Concrete.     Robert    Grim- 
sbaw       247 

Ablers,  Joseph  A.: 

Efficiency    Points    in    Boring    Fixtures 343 

Air    Compressor,    Portable    1159 

Air     Flask     Heads,     Luster-Jordan     Lathe     for 

Torpedo    76 

Air  Lines,  Moisture  Separater  for  Compressed.  758 
Air-operated  Hammers,  Tse  of.  W.  A,  Lailer. .  742 
Air  Rifle,  see  Rifle 

Air  Terms,   Definition  of  Compressed 1146 

Air-tight   Castings    728 

Airplane,   Materials  Necessary   for  an 925 

Airplane     Motors,   Laboratory   for  Testing 122 

Airplane  Production   Sectiop.    Removal  of  Head- 
quarters  of    War   Department 666 

Airplane  Propeller    Lathe    268 

Airplane  Propellers,     Mahogany    Used    for 141 

Airplane    Record    in    America.    New 277 

Airplane  Strtit  Turning  Machine,   Fitz-Empire.. .   753 

Airplane  Strut    Turning    Machine,    Mattison 856 

Airplane  Tie-rods.    Making    26 

Airplanes,  Men    Required    for   Mechanical    Work 

on 393 

Alcohol    as    a     Fuel     for     Internal    Combustion 

Engines 708 

Alcohol   from  Sawdust    802 

Alcohol  from  Sawdust.  Production  of 277 

Alcohol.  Using  Garbage  in  Production  of 501 

Alignment  Charts.     George  L.  Hedges 615 

Alloy.  Finding  the  .\mount  of  Metals  in  an 550 

Alloy  for  Soldering   Cast   Iron 143 

Alloy,  New   Bearing    799 

Alloy,    Tantalum-gold-copper    1122 

Almond    Mfg   Co.,    T.    R.: 

Micrometers     173 

Alsherg.    Julius,   Personal   of 1070 

Althen,  George  J.,  Obituary  of 666 

Aluminum  in   Brass  Castings.      Mark  Meredith..  1037 

Aluminum  Industry.    The    211 

Aluminum  Ingots,    British    Selling    Price    of 44 

Alundum,   Crystolon   Refractories    83 

Amalgamated    Machinery   Coriwration: 

Pinners     758 

Gun    Boring    Lathe 758 

Shell    Turning    AttaWlment 962 

America,  New  Airplane  Record  in 277 

American  Corporations  in  Neutral  Countries 567 

American  File  Renewing  Co.: 

File    Renewing    242 

American  Gage  Co. : 

Amplifying   Gage    756 

American  Gear  Manufacturers'   Association: 

Semiannual  Convention    179 

Second    Annual    Convention    864 

American     Institutions     Worth     to     You?     How- 
Much    are    689 

American  I^ocomotive     Co.,     Apprentice     Depart- 
ment of   the.     C.    K.    Getchell 1080 

American  Machine    Tool    Engineering    Works: 

"Amtew"    Engine    Lathe 2.')9 

American  Pneumatic  Chuck  Co.: 

Air-operated    Chuck    6.17 

American    Pulley  Co.: 

Steel  Split  Pulley 172 

American  Railway    Master    Mechanics'    Asnocia- 
tlons  not   to  lie  Held,   Conventions  of   Master 

Car    Builders'    and 470 

Amerlian  Sales  Co.: 

"Sectostyle"    for  Cross-sectioning    lO.lg 

American  Shell  Co.: 
Manufacture   of   V.   S.   TSmlllimeter   Shell: 

1     .'>90 

2     7.10 

8     794 

*     890 


American  Society  of   Mechanical   Engineers: 

Annual   Meeting    311 

Gage    Committee    397 

Annual   Convention    ■ 458 

January   Meeting    578 

February  Meeting    661 

March   Meeting    763 

April   Meeting    861 

Spring  Meeting    944 

May  Meeting    963 

Spring  Meeting    lOGO 

Report  of  the  Screw  Thread  Committee 1(K31 

Committee  for  Readjustment  of  Industries  for 

War   Work    1090 

Americanization — A    Vital    Problem    in    the    In- 
dustries  1122 

Americanization  in    Industrial  Plants 1160 

Americanization    of    Immigrant    Labor    in    Our 

Industries    515 

^Unes,  F.  W.,  Personal  of 480 

Ammeters,    Voltmeters    and 177 

.Vmmonia  for  Fire  Extinguishing.     A.  Schleimer.  443' 
Ammonia  for  Fire  Extinguishing.      F.   E.   Matt- 
hews      744 

"Amtew"    Engine   Lathe 259 

Ancient  Lathe,  An.     Guy  H.  Gardner 30 

Anderson.    O. : 

Power  Hacksaw  on  Lathe  Work 56 

A  Point  in  Drilling  Machine  Design 246 

I-beam  Boring-bar   544 

Using     Taper     Wedges     in     Cutting     Square 

Threads 644 

.\ngle  Bending  Machines,  Kane  &  Roach 753 

Angle  between  Cams  of  a  Four-cylinder  Engine. 

M.   V.   Terry    650 

Angle  of    Rest   of   Shells 64 

Angle  of  Rest  of  Shells.     V.   Charushin 345 

Angle  of  Rest  of  Shells.     Harry  S.   Kartsher...  345 
Angle  of  Special  Screw  Thread,   Finding.     J.   J. 

Clark 1043 

Angle  Square,  Ware  Graduated   76 

Angle  Testing  Device  for  Thread  Gages,  Harris 

Lead  and  178 

Angle,  Trigonometric  Functions  for  Any 63 

Angle,  Trigonometric  Functions  for  Any.     G.   S. 

Bowling     343 

Angles.  Checking    60-degree    Points    for    Gaging 

Thread.     Charles  W.  Carvette 1039 

Angles.  Effect  of  Tool  Height  When  Turning...  348 
Angles  for  Stub-tooth  Bevel  Gears,  Finding  Face 

and   Cutting 247 

.\ngular-hole  Drilling  Tools,   Watts 952 

Anniversary,  Joseph  L.  Ryerson  &  Son  Celebrate 

Seventy-fifth    277 

Apex  Drill  Co.: 

Combination  Center  Drill  and  Countersink 567 

Apex  Steel  Con>oration: 

Zambone   Pressed-metal   Wheel 640 

.\ppraisal  Methods  and  Items  that  Comprise  the 
Reproduction  Cost  Method,  Different,     Charles 

W,    McKay    532 

Apprentice    Department   of   the   American    Loco- 
motive  Co.     C.   K.   Getchell 1086 

Apprentice.  The    Future    Status    of    the,     C.    C. 

Hermann    889 

.Apprenticeship,    see   School.   Trade   Courses 

.Arbitration  for  l.abor  Disputes 991 

Arbor.    Stud    1013 

Arbor.      Threading-tool     Setting.      Herbert     V. 

Coulston 548 

Arbors  and  Fixtures,  Work-holding.     Douglas  T. 

Hamilton     145 

Arlwrs,  Supports    for    Milling    Machine.     Luther 

D.    Burlingame    992 

Arc,  Finding  the  Radius  of  a  Concave.     Guy  H. 

Gardner    762 

Arc-forming    Tool,    .\n.     P.    Vuille B43 

Arc.  Radius  and 348 

Arc  Welding,  see  Welding 

Arch,    Radius    of    Smoke.      Erucst    .\.    Koscliin- 

ske 61 

Arcwell  Corporation: 

Alternating-current     .\rc-welding     Machine 1058 

Armanrtroft.  Taft  S.: 

Kink  for  Cross-sectioning  Drawings 347 

Which   Way   is  Cheaper? S5l 

Armature    Shafts.    Inverted    Drilling   of 630 

Arms.    Robert   L..   Personal   of 578 

Army.  Conservation  of  Skilled  I>abor  by  the 766 

Army  Men.  Oc.upatlonnI  Qunliacations  for 1142 

Army  Service.  Training  Mechanics  for 963 

Army    Truck    into    I.athe    for    Turning    Wooden 

Shells.   Converting  Motor 1122 

Army  Tnick.   standard    206 

Assembling.    Eliminating   Waste  In   Manufactur- 
ing and.     II.    n.  Murphy 40 

Assembling.  Jigs  and   Fixtures  for  Milling  and. 

S.   Helweg    139 

Asspmbling    Time    Fuses.    Ijoading    and.     G.    C. 

White    671 

Assembly  of  Magneto  Colls  for  Ford  Cars,   The 

Progressive    52 

Assembl.v,    Progressive    Inspection    and 20 

Assoilated  Business  Papers,  Editorial  Conference 

of 449 

Association  of   Cleveland,    Industrial 328 

Asswiation  of   Machine  Tool   Importers.   French.  7t«1 

Attachment    fi.r   Bilton   Milling   Machine 8.'.3 

Attachment    for   Brinell   Test SrtO 

Attachment,    sh.^ll-turnlng 9ti2 

Aurora   Tool   Works: 

Vertical   Prllllug  Machine 851 


Australian  Customs  Tariff,  Report  on  the 1115 

Autogenous  Welding,   see  Welding 

Automatic  for  Ring  Bevel  Gears,  Fay 165 

Automatic  Screw  Machine,    see   Screw   Machine 
.\utomobile   Cylinders.   Lapping.      Art   Sandberg,  742 
Automobile    Differential    Cross,     Machining    an, 

Albert  A.  Dowd   1143 

Automobile-  in     America,     Tooling     a     Foreign. 

Thomas  Orchard   410 

Automobile   Industry.    Importance   of 632 

.Automobile  Parts.  Heat-treatment  of 478 

Automobile  Springs.     Chester  L.  Lucas 38 

Automobile    Steering    Posts,    Manufacturing.     P. 

J.   Visco   576 

Automobiles   for   Driving   Machinery.    Using 687 

Automotive  Engineering  and  the  Great  War. . . .  538 

Axle  Drilling   Machine 82 

Axle   Lathe,    Xiles-Bement-Pond 754 

B 

Babbitt,  Arthur  B.,  Personal  of 1068 

Babbitt  Bushings,   Burnishing  Tools  for.     C.   C. 

Spreen    836 

Babbitted  Bearings,  Formation  of  Blow  holes  in. 1140 

Babbitting   Solid   Cross-heads 249 

Backing  off  Milling  Cutters  in   the  Lathe,   Fix- 
ture for.     E.  J.  Biggins 1038 

BakeUte  at  High  Speed,   Drilling 1024 

Baker,  Donald  A.: 

Ring  Turning.  Facing,  and  Serrating  Machioe.  143 

Time-ring  Disk-seat  Recessing  Machine 181 

Who      Blundered— The      Draftsman      or      the 

Machinist?     250 

Women  Workers  in   the  Shop 451 

Manufacturing  Time   Fuse  Rings 612 

Notching  and   Assembling   Punch  and  Die   for 

SheU  Fuse  Socket    1022 

Special  SheU   Drilling  Machine 1131 

Baker.  Donald  A.,  Personal  of 666 

Baker  Bros. : 

Axle  Drilling  Machine 82 

Designing  Fixtures  to  Increase  Production  on 

Drilling   Machine    793 

Use  of  Box  Jigs 1132/ 

Baker,   R.  &  L.  Co.:  / 

Motor-driven  Trucks    9* 

Baker,   Richard  Ward,   Obituary  of 866 

Balancing  Apparatus,   Recent  Developments  in..  497 

Balancing    Machine.    Dynamic     567 

Balancing  Screw   Propellers.     Robert   Grimshaw.  346 
Baldwin.  Tuthill  &  Bolton: 

Dresser  for  Grinding  Wheels 1159 

Baler,   Economy  Scrap  Metal 950 

Baling  Press,  Scrap  Metal 860 

Ball  Bearing  Drilling  Machine.   High-speed 747 

Ball  Bearing.    Robson   &  Sorensen  T%vopart. .. .     69 

Ball   Bearing.    Robson   &  Sorensen   Two-part 161 

Ball  Bearings   45 

Ball  Bearings     for    Hand-power    Details.     Mark 

■Meredith     251 

Ball  Bearings   for   Machine   Shop   Equipment — 1. 

Edward   K.   Hammond    1097 

Ball  Contact  Points  to  a  Beam  Caliper,  Attach- 
ing.    William  S.   Rowell 1040 

Ball  Crank,    Quick-action 567 

Ball,    Fred   V.: 

Measuring  Tapers  and  Ring  Gages 1036 

Ball,  Martin  H.: 

Fixture  for   Facing  Work  Carrie<l  on  a   Lathe 

Carriage    ^7 

To   Graduate   a   Planer  Head   without  Special 

.Appliances 6.*^ 

Loss  Due  to  not  Moving  Parts  Quickly 832 

Balls   That   can   be   Placed   in   a    Cubical   Tank, 

Number  of.     J.  J.  Clark   650 

Band    Re-savi- 177 

Band   Saw,   Napier S3 

Band-saw   Wheels,    Putting    Rublier  on.      J.    L. 

Gard    "SS 

Bands  without  Tools.  Shrinking  on.     Donald  A. 

Hampson     2<5 

Bannister.  J.  C.  Personal  of <80 

Bar  Machines.  New  Britain  Automatic  Chucking 

and    B«2 

Bar  Stock.  U-stakes  for  Piling.  L.  J.  Orr 1S8 

Bars,  Making  Jigs  from  Square  Cast-iron 180 

Bars.  Twisting  anil  Bending  Moments  in  Square 

and    Rectangular.      Victor  M.   Summa 681 

Barany,   Edmund.   Personal  of 280 

Barber-Colman  Co.: 

Gear-hobblng  Machine   268 

Bardwell.   H.   F..   Personal  of 280 

Barnes  Drill  Co.: 

Gang    Drilling    Machine 177 

Drilling  and   Tapping   Machine 268 

Drilling  Closely  Spaced  Holes 886 

Barnett  Foundry  &  Machine  Co.: 

Winans'    Vise 1*52 

Barrel    Calibrating    and    Straightening    Machine. 

Sponsel   Gun    257 

Barry  Mfg.  Co.: 

Filing  Machine    1«S» 

Bartman.  Jr.,  A.  C. : 

Inside   Countersinking    545 

Battey.  William   A..   Personal  of 280 

Bearing,   see   Ball,    Roller 

Bearing  Alloy;   New   799 

Bearing   Area   of  Acme  Screw  Threads.   Finding 

Effective.     Harry  S.   Kartsher 440 

Bearing     Material,     Manufacture     of     a     Self- 
lubricating     631 


Bearings   Due   to   Belt   Pull.   Pressure  on.     John 

S.    Myers    253 

Bearings  for  :MaL'lilne  Shop  Equipment.     Edward 

K.  Hammond   975 

Bearings,  Formation  of  Blow-holes  in  Babbitted. 1140 
Bearings,    Grease   Gun    for   Filling    New.     C.    C. 

Spreen     345 

Becker   Milling   Machine   Co. : 

Universal   Milling   Machine 759 

Continuous  Milling  Fixture   830 

Beckett,    John    R.: 

Graduating  a  Planer  Head .549 

Quarter-twist   Belts    850 

Beckman  Co..   R.   W. : 

Chord   Plates    861 

Belgium,    National   Societ.v    for    the    Reconstruc- 
tion   of IIM 

Belt    Coupling.    Steel    1159 

Belt   Dressing   Distributor    1059 

Belt    Fastener    1059 

Belt   Lacer.    Detroit 73 

Belt  Pull,   Pressure  on  Bearings  Due  to.      John 

S.   Myers   253 

Belt  .Shifter,   Durable.     Charles  H.  Willey 548 

Belt-shifting    Appliance 10&4 

Belts  on  Pulleys,  Placing  Tight.    W.  A.  Lailer. .  246 
Belts   on    Pulleys,    Placing   Tight.      C.    C.    Her- 
mann      344 

Belts,    Quarter-twist 252 

Belts.   Quarters-twist.     John   R.    Beckett 650 

Bench  for  Machine  Units,  Testing 52 

Benches,     Design    and     Construction     of    Work. 

Frank    H.    Mayoh 880 

Bender.  Herman  H. : 

Making    Whitworth   Thread    Gages 483 

Bender,  see  Bending  Machine 

Bender,    Tube.     Ernest    Schwartz 157 

Bending  and  Torsion.  Formulas  for  Combined...  552 
Bending    Concrete     Reinforcing    Rods.       L.     M. 

Hamlet    646 

Bending  I-beams.     John  S.  Myers 350 

Bending   Machine,   Kane  &   Roach   Circular 1152 

Bending  Machine,  Kane  &  Roach  Tunnel  Plate.  261 

Bending  Machines.  Kane  &  Roach  Angle 753 

Bending     Moments.      Combined     Twisting     and. 

Victor   M.    Sumnia 307 

Bending    Moments    in    Sguare    and    Rectangular 

Bars,   Twisting  and.     Victor  M.   Summa 681 

Bending  Pres.s,   Southwark  Plate 465 

Bending,  .Stresses  in  Wire  Rope  Due  to 63 

Bennett  Metal  Treating  Co.: 

Triad  Combination  Hardening.  Preheating,  and 

Temi>ering   F'urnace    660 

Berggren  &  Pearson  Machine  Co.: 

Vniversal   Drill   Jig 177 

Bernitt,  Charles  E. : 

Sensitive    Drilling    Machine   Spindle   Construc- 
tion       704 

Besly  Sc  Co.,  Charles  H.: 

Spindle  Construction    176 

BcHsonj,    Edward  J.: 

An    Inusual    .Screw    446 

Belz,   William  C: 

To   Graduate   a    Planer   Head    without   Special 

Appliances    654 

Sine  Bars  of  Improved  Design 933 

Bevel  Gears.  Fny  Automatic  for  Ring 105 

Bevel   Gears,   Finding  Face  and  Cutting  Angles 

for  Ktub-tr»otb    247 

Bevel  Gears.  Strength  of  Spiral  Type.     Reginald 

Trauts/'hold     IHI 

Beveled   Work,   Setting  Shapcr  Head   to  Cut  off 

Comer    of    162 

Beveling  Table.  L.   P.  Walls  Multiple  Saw  and.  369 
BIckett    Machine   &   Mfg.    Co.: 

Planing    Machine    1059 

BI'-knell-Thumas  Co.: 

Tapping  Attachment   7g 

Bicycle    Industry,    Statistics   on    the 536 

BI<Tcle,  I'edal  Tool  Equipment  for  Making  Stud 

"'     »     ■ 447 

Bicycle,  Becoming  Popular  In   England 403 

Biggs  Wntlerson  Co.: 

Thread    Milling    Machine 9.5'-, 

Billet    Shear.    S<nithwark    500-ton !    "  464 

Billon   Machine  T.wl   Co.: 

Milling  (-utters   567 

Attachment   for  Billon  Milling  Machine.'.'!!"  8,'.3 

Bin  for  f:a»llng»,  Hto<k«.     C.  C.  Hpreen 046 

Bin,   Hi.»k !!!!  177 

Itirl     runrl-M   I,..   Perxinal  of !!!!       Bflfl 

■'      '■•••   "f 817 

I  InUh    on    Hte^I 153, 

Heat-treatment  of  OMr., '"  fu', 

II  *"' 

.J"  173 

**■'■•  I   Truing   Machine KIM 

'I    -  I  lh-»rln:f.,   l-..riu.,o.,o  of.lMO 

.  .  ,    4<lll 

Drawing    llobi'  . .   ■!«» 

■     Folding   .  062 

■«'•'•     •"'•<» IMll 

W.    H.   Greenleaf 01,7 

Drnriainan    or    lb«    Machinist?. 

'    *     «•"'-' 2!M) 

l>rnff»[nan    or    Ibr    Machinist?. 

'      Bruce    g44 
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Boiler     Tubes.      Itemoving     Scale     from     Short. 

James   F.    Hobart 53 

Bollinckx,   A.: 

Reason  for  Superiority  of  Gun  Tap 543 

Bolt  and  Nut   Locking  Device 360 

Bolt   Cams   in    Rifle   Receivers,    Cutting.     H.    C. 

Evans    338 

Bolts,      Misuse     of     Wrenches     in      Tightening 

Covers     92 

Bolton,  F,  C: 

Grinding    ATheel    Truing   Device 744 

Bond,   Third   Liberty    689 

Bonus  for  Pimctuality  and  Attendance 519 

Bope,   Colonel  Henry  P.,   Personal  of 866 

Boring  a  Large  Flywheel  with   Improved  Tools, 

John  H.   Van   Arkel 53 

Boring  and  Drilling  Machine,   Horizontal 1159 

Boring  and  Drilling   Machine,    Rockford 169 

Boring,  and  Tapping  Machine,  Drilling 1059 

Boring    and    Turning     Mill,     Niles-Bement-Pond 

Extension    959 

Boring   Attachment    for   Lathe.     C.    W.    Wilkin- 
son       "39 

Boring  Attachment,   Grinding  and 1059 

Boring-bar.     M.   E.    Stock 61 

Boring-bar,    I-beam.     C.    Anderson 544 

Boring-bar,  Solid  Adjustable.     W.   R.  Stults 59 

Boring    Fixtures,    Efliciency    Points    in.     Joseph 

A.   Ahlers    343 

Boring  Fixtures,  Efficiency  Points  in.     Leroy  M. 

Curry     542 

Boring  Lathe,  Gisholt  Shell 748 

Boring    Machine,    Drilling    and 268 

Boring  Machine,   Lambert  Horizontal !^8 

Boring  Machine,   Oliver  Wood 857 

Boring  Machine,   Pedrick   Duplex 1049 

Boring    Machine,     Special    Horizontal.        J.     P. 

Brophy     761 

Boring  Machine,   Springfield  Gun 847 

Boring  Mill,   A   Reinforced  Concrete 374 

Boring  Mill.    Giddings   &   Lewis   Horizontal 470 

Boring  Mill,  Pawling  &  Harnischfeger  Co.'s 372 

Boring  Mill    Table,    Repairing    a    Large 1045 

Boring  Mill,  Using  Planer  as.  Richard  Gibbs..  441 
Boring,  Milling,  Drilling,  and  Tapping  Machine.  861 

Boring  on  Lathes,   Depth  Gage  for 157 

Boring,  Reaming,    and    Facing    Machine,     Reed- 
Prentice     464 

Boring  Tool,   Counterbore,   End-Mill,   Hollow-mill 

and    83 

Boring  Tool,    Expandem 947 

Boring  Tool,    Special  Taper.     H.    F.    Clifford 1040 

Boring  Tool-holder,    Toolmakor's.        Charles    W. 

Carvette     548 

Borkenhagen,  John  J.: 

Machining     Expansion     Seats     for     Automatic 

Sprinkler  Heads    53 

Screw  Machine  Set-up  Charts  743 

Tapping  Stud  Nuts  in  Screw  Machine 833 

Interchangeable  Ejector  for   Hand   Screw  Ma- 
chines      1038 

Boron  for  Casehardeuing    702 

Boston  Gear  Works: 

Stock  Gear  Exhibition  Machine i 200 

Bourrelet  Rolling  Machine.  Gray  Knurliug  and..  958 

Bowc.  Albert  P.,  Obituary  of 378 

Bowling,    G.   S.: 

TrigiMinmi-tric   Functions  for  Any  Angle 343 

Bows.r   ,v    I.I,    r     s.: 

Ini.h-ii.     rr.ln   ti.in  on  Drilling  Machines 914 

Box  Ji^'-,  '.hii,  t,  l,u  king  Device  for.      E.  Edwards.     54 

Box  Jigs.    U.-c  of 1132 

Boyce,  James  W.; 

Jig  for  Straight  and  .\ngular  Drilling 441 

Roye.    Eben.    Personal    of 967 

Brace,  Air-rille.     W.  B.  Greeuleaf 832 

Brady,   F.   Webster: 

Movement    of     U-rest 63 

Bralnard,  S.  W.,  Personal  of 066 

Brake,    Magnetic 661 

Hrandes,    H.   L.,   Personal  of 280 

Brass,  A  Suljstitute  for.     Mark  Meredith 618 

Brass.  Bronze,  and  Copper  Industry,  Census  of. .  820 
Brass  Castings,  Aluminum  in.  Mark  Meredith..  1037 
Brass   Door  Knob,    Making  a   One-piece.     Robert 

Morris     240 

Brass  Drilling  Machine.  Reed-Prentlce 467 

Brass-Foundry    Problems    318 

Brass,    Inspection  of   Bronze  and 511 

Brass   Reclaiming   Plant,    A 628 

Brass    Work,    Built-up    Tools    for,     Chester    W. 

Hathaway    a3n 

Itrazll's  Kxiiorts  of  Manganese 211 

Brazing    Furnace    58 

Brazing  Slellltc  to  Steel  Shanks 759 

Brazing  Torch    ILIO 

Breaker.    An    Efflcleut    Drill 200 

Breedlove.    L.    B. : 

Using  Pipes  UH  Itollcrs 1100 

Brewster  it  Co.,  Inc.,  William:  "Btcliogrniih",  70 
Brickwork,    Cemenl     for    Clustng    Large    Cracks 

and  Small   Holes  In 1034 

Brlilge,  Completion  of  the  Quebec 184 

Bridge,   Opening  of  New  Quebec 469 

Bridgeport  lile  A  Machine  (',>.: 

Kurfiice    Grinding    .Machine 750 

Brlghnln,    George    II.: 
A  Jones  It  Lnmson  Man  In   Russia  during  the 

Revolution     205 

llrlnell   Test,    Attochmeni    for    800 

Brink.   I,.    It..    Personal  of 378 

BrIqueliInK  of  Non-ferrous  Light  Metal  Scrap..  473 
llrlilsh    Channel,    Post|Huu'nieui    of   Construction 

of  Tunnel    under 213 

Mrillsh  Governiiiefii,    Iron    Ore    Mines  Controlled 

•>r    310 

ilrltlsh  Industries,   Women  In 8H7 

Itrlllsh  Machine  Shops,   Women  In 42 

llrlilsh  I'sicni    l.nw,   Pro|K.sed    New flOH 

hrlMIe  While  Kleciroidiilliig,  To  Provont  Hprlngs 

from    llicoming    ii20 

llronch   for  Hiring   Holes  In   Ariiioturi- nr.l 

Hroach.   Hating    A.      Krie   l.ee MO 

llmsching     iipcrntlons     on     One-poundor     Ouns. 

KrnncU    J      l,«i[M,lrite    ,   fMM 

l!f..„,  hinir    x.,...,-.     ib.lea,      HInnler   Rilwnrda MS 


Broaching  Teeth  of  Internal  Gears 236 

itroiizc  and   RrasSt   Inspection  of Oil 

Bronze,   and  Copper  Industry,  Census  of  Brass..  820 
Brooks,   W.   IL: 

Wliy  Didn't  It  Explode? 88 

Bropliy.  J.  P.: 

Our   .Musi    lni|i..rt!int    Industry 128 

Simple  bill   Kltlci.nt   .Milling  Fixture 537 

Spi-.ial   llcMi/...iit:il   li.iring  Machine 761 

Brown  &  Sliariic  .Mfg.   Co.: 

War    Work    for    Women 682 

Brown.    D.    P.,    Personal   of 1068 

Brown  Hoisting  Machinery  Co. : 

Locomotive   Gantry   Crane "759 

Bruce.  K.  H.: 

Who    Blundered — The    Draftsman   or    the    Ma- 
chinist ?    344 

Bruno  Mfg.  Co.: 

Slotting    Attachment     750 

Bucher-Smith  &  Co.: 

Portable   Keyseater    260 

Buckeye  Tool  &  Machine  Co. : 

Drilling  Machine  409 

Buffalo  Forge  Co.: 

Slitting  Shear,   Punch,  and  Bar  Cutter 947 

Uuftalo-Pitts  Co.: 

Shell     Lathe 1059 

BufTum.    F.    D.: 

Spacing     and    Thickness    of     Lines     in     Cross- 
hatching     344 

Bullard  Machine  Tool  Co.: 

Six-Spiudle     Vertical    Lathe 469 

■•Maxi-mill"     945 

Bureau  of  Standards.   Report  of  the 628 

Burlingame,   Luther  D. : 

Length   of  a  Worm  or  Hob 180 

War   Work   for   Women 682 

Supports  for  Milling  Machine  Arbors 992 

Burnishing   Tool   for    Babbitt   Bushings.       C.    C. 

Spreen     836 

Burt,    C.    R.,   Personal  of 378 

Bush,  Walter  E.,   Personal  of 1068 

Bushing  Extractor.     C.  H.  Willey 249 

Bushing-holder    Guide,    Pump-spring.        Earl    S. 

Hutton     251 

Bushing  with  Retaining  Device,  Slip,  C.  Jouve.  649 
Bushing    with    Retaining    Device,    Slip.        Hugh 

H.    Lee    1146 

Bushing   with    Retaining   Device,    Slip,       Robert 

Mawson    939 

Bushings,    Burnishing  Tool   for   Babbitt.      C.    C. 

Spreen     836 

Bushings.    Device    for    Lining    up    .Small    Drijls 

with    Drill.      Alfred    Pilling 1135 

C 

Cab     Heater,     Crane 758 

Cabinet  for  Emery  Wheels  and  Oilstones,  Lap- 
ping Plate  and.     Warren  H.  Dunbrack 937 

Cabinets,    Tool  and  Stock   Storage,      Ellis  J.    G. 

Phillips     1137 

Cable    Covering   Press,    Southwalk   Lead 749 

Cable,  Heat-treatment  of  Chain 83 

Cable,   Tension  in  a  Loaded,     J.   J.   Clark 651 

Cadmium   for   Rustproofing 633 

Cadmium  for  Rustproofing.    A.  Schleimer 696 

Calibrating  and  Straightening  Machine,    Spojisel 

G\m  Barrel   257 

Caliper,    Attaching    Ball    Contact    Points    to    a 

Beam.      William   S.    Rowell 1040 

Caliper,   Direct-reading    83 

Caliper    Square,    Ball-point    Holer    for.       E.    J. 

Higgins      836 

Calipers,    Hermaphrodite.      George   Werner,    Jr.  .1139 

Qallan,   H,   W.,   Personal  of 1168 

Calorized  Iron  as  an  Element  for  Thermo- 
couples        824 

Cam    Cutting    Attachment    for  Milling   Machine. 

D.  M.  Perrill    541 

Cam    Cutting   on    a    Drilling    Machine,      Tliomns 

James    1138 

Cams   in   Rifle   Receivers,   Cutting  Bolt.      H,   C, 

Evans    338 

Cams  of  a  Four-cylinder  Engine,  Angle  between, 

M.    V.   Terry    050 

Cams.  Templet  for  Laying  out.     Ralph  R.  Wed- 

dell    445 

Cambridge  Scientiflc  Instrument  Co. : 

Precision    Screw    Measuring    Machine 495 

Campbell.   C,   L,,   Personal   of 970 

Camidlan  Crippled  Soldiers   042 

Canadian     High-explosive    Shells,     Requirements 

and   Trenlment  of 041 

Canadian    Shell    Production 041 

Cnneily-Otto   Mfg,   Co.:  —- 

Engine    Lathe    80 

Canton    Foundry   &  Machine   Co.: 

IMrtablc    Crane    208 

Ciiliiiiity  iif  Cyllndrlcul  Tank  at  Different  Levels.  252 
CiipllMl    Die,   Tool  &  Machine  Co.: 

(ins   Furnaces   409 

Cur,    Dump    177 

t^ur    In    Auu'rlcu,    Tooling    a    Foreign.       Thiiuuis 

Orchard: 

1     410 

2      53 1 

Cars    In     1917,     Production    of    I/icomotlve    and 

Railroad     889 

Carbon    Steel,    To    Dlstlugulsh    Htghspuud    Sleel 

from    1189 

Carbimlze,    t'arburlze    ami 99H 

Carburlze    and    Carbonize llllH 

Carburlzlng     Plant,     A     Well-nrmnKod.       C.     U. 

I.iingstroih    ,121) 

Card   Inili'i   Proilucllon  Systi'Ui.      Lewis  Johnson.  522 

Carilboiird  Forming.     II.  A.  Mimte ;i;i 

Carilboiird  Shapes,    Forming,      0,    l(.  Smith 340 

Carl-on,    W.    W,: 

Kfr.'cl    of    Kniild   Cooling  of  Castings   >ui    Mn 

'lilnlng     Mr, 

Curpeutcr.    C.    K,,    Personal   of 1070 

Cnrpenler,   Chnrli's   A.: 

Jobblug'Shop    Prodiiclloii    509 

Carrlagi^,  Fixture  for  Kacliig  Work  Carrl.Ml  on  a 

l.tilhi'.      Martin  II.    Mall  217 


Carriage,    Traverse   Motion    for  Grin.ler.      F.    R. 

Daniels     1136 

Carter,  Alfred  E. : 

An     Indicator     Used     for     Cutting      Internal 

Threads    790 

Carter  &  Buoholz  Co..   Inc.: 

Disk   Grinding    Machine 268 

Sanding     Machine 860 

Carvette.    Charles   W.: 

Toolmaker's   Boring   Tool-holder 548 

Checking  60-degree  Points  for  Gaging  Thread 

Angles     1039 

Casehardening,    Boron   for 702 

Cast-iron  Pulleys.  Advantages  of  Steel  over.     W. 

F.     Schaphorst     82» 

Cast-iron   Vessels.   Tinning    1018 

Cast    Iron.    Alloy    for   Soldering 143 

Cast-iron  Channels.   EITect  of  Flanges  on 966 

Cast-iron  Cylinders.  Strength  of.     John  S.  Myers  318 

Cast   Iron,    Heat-treatment   of   Gray 435 

Cast  Iron  vs.  Saving  Time  in  Machining,  Saving.  688 

Castellating   Machine    962 

Casting    of    German    Silver ,. .   132 

Castings,     Air-tight 728 

Castings.  Aluminum  in  Brass.     Mark  Meredith..  1037 

Castings,   Seasoning    650 

Castings,   Snagging   Malleable   Iron 589 

Castings  on  Machining,   Effect  of  Rapid  Cooling 

of.      W.   W.   Carlson 445 

Castings  with  a  Planer  Grinding  Fixture.  Grind- 
ing          62 

Casualty  List  of  Peace.  The 276 

Catalogues.   Mechanical  Data  in.  Albert  A.  Dowd  991 

Catskill  Water  Supply,   Completion  of 376 

C-clamp    758 

CeUings.    Painting   Steel.      Mark   Meredith 58 

Cement    Floors   in    Basement 162 

Cement    for    Closing    Large    Cracks    and    Small 

Holes   in   Brickwork    1034 

Centers,     Ball-bearing     567 

Centers,    Hoover   Inserted-point 560 

Centers,    .Salter    Crankshaft 1054 

Centering  Marking  Punch,  Self.     W.  A.  Lailer. .  156 

Centering   Tool.     H.    M.    Bogart 61 

Centering  Tool  for  Lathe  Work.     E.  J.  Higgins.  649 
Centering  Tool.  Stop  and.     Robert  Gallagher. . .     86 

Chain    Cable.    Heat-treatment    of 83 

Chains,    Standards    for   Steel    Holler 1146 

Chamberlain    Machine    Works: 

Tool-holder    1159 

Chaml)ersburg  Engineering  Co. : 

Forging   Hammer    177 

Huge      Chamliersburg      Double-acting      Steam 

Forging    Hammer     275 

Chamfering  Tool.     C.  C.  Spreen 833 

Champion   Crane   Co. : 

Fifteen-ton    Crane    83 

Change-gears   for   Cutting   Worm 252 

Change-gears  for  4.5  millimeter  Pitch.  Calculat- 
ing       448 

Channeling  Machine,  Kane  &  Roach 362 

Chapman.    Franklin  L..   Personal   of 578 

Chard.  Harry  W.; 

Riae  Chamber  Reamer   546 

Charts.   Alignment.     George  L.   Hedges 615 

Charts.    Screw    Machine    Set-up.     J.    J.    Borken- 

hagett    743 

Chanishin.   T.: 

Angle  of  Rest  of  Shells    345 

Chase.  H.  A.: 

Training     Women     Machinists 823 

Chaser.    Chasing    a     100-piteh     Thread     with     a 

50    pitch.      Rol>ert    Grimshaw    62 

Chasers,   Correction  of.     John   A.   Shand 1.56 

Chasers  in  the  Lathe.  Making.     L.  J.  Orr 158 

Cheaper?.  Which  Way  is 348 

Cheaper?,  Which  Way  is.     Leroy  M.   Curry 550 

Cheaper?,  Which  Way  is.     W.  H.  Dunbrack .5.i0 

i'heaper?.   Which  Way  is,     A.   F,   Owen 550 

Cheaper?.    Which   Way   is.     John   Shand 5.50 

Cheaper?.  Which  Way  is.     Taft  S.  Armandroff . .  551 
Chemistry.    Interesting  Things   in   Metallurgic'al. 

C.    W.    Starker    821 

Chayney,   Charles  C.  Personal  of 280 

Chicago  Recording  Scale  Co. : 

••Cresco"    Drill    Chuck 858 

Childs.     George     W. : 

Drawing  Title   158 

Metal     Flag     Pole 442 

Lathe    Disk    Saniler 1037 

Chimney.  H.i^-ht  of.     Fred  B.  Corey .54 

China.    Tungsten    (Ires    Exported   from 960 

China's   KcEiiiinil    for   Machinery   after   the   War.     68 

Chip    Formation,    Peculiar    Drill 1035 

Chip  Waste.  Disposal  of  Metal.     Mark  Meredith.     67 

Chord     Plates     861 

Christcnsen.   Vllhelm.   Personal  of 8r>6 

Chuck.    American    Air-operateil 6.'>7 

Chuck   "Cresco"   Drill 8.58 

Chuck.   D.  &  W.  Magnetic 751 

Chuck.   Drill  Head  and  Gear 861 

Chuck.   Heald  Magnetic    461 

Chuck.    "Nerco"    Four-Jaw 8.52 

Chain    Standardization,    Roller 6(M 

Chuck,   INTsons-Arter  Magnetic 467 

Chuck,     I'n.L-nssive     Drill 461 

Chu.k,    ■Sat.-..-    Keyless   Drill 79 

Chuck.     Siini.l.x     Four-Jaw 751 

Chuik  Truing   Device.   Lathe.     O.    F.   S<hweltzer.  B47 
Chni'k    Wrench    from    l>eing    I^st,    To    Prevent. 

E.    J.    IIlBBlns    1139 

Chucks.    Sininions    Magnetic 366 

Chucks.   Slitting  Spring.     Leroy   M.   Carry .5.10 

Chucks.    Slitting  Spring.      W.    H.    Dunbrack 550 

ChnckK.    Slitting  Siirlng.      A.    F.    Owen 5.50 

Chucks,    Slitting   Spring.     John   Shand .5.50 

Chucks.   Slitting  Spring.      Taft   S.   Arninndrnir. .  .551 

Chucks.    Slitting   Tai>er  Spring S4S 

Chucks.    Terkelsen    *    Wennlierg 757 

Chucking  and   liar  Machines,   New  Britain  Auto- 
matic        562 

CIn.lnnntI    Hall   Crank    Co.: 

yulckactlon     Ilnll     Crank 567 

Cincinnati    Blckford    TckiI    Co.: 

Motor-driven    Radial    Drilling    Ma.  hluis 169 


Cincinnati   Milling  Machine  Co.: 

Plain    Milling    Machine 82 

Cincinnati     Planer     Co.'s     Method     of     Securing 

Punctuality   and   Attendance    519 

Cincinnati  Planer  Co.'s   Plant,   Group   Insurance 

at  the,     A.  J.  Schneider 572 

Cincinnati    Specialty   Mfg.    Co.: 

Drop-light    Extension    Reel 567 

Circle,    Finding   Radius  of.     Oscar   M.   Woelfe. .  2.50 

Circle,   Finding  Radius  of.     J.   J.   Clark 1043 

Circle    Inscribed    in   Triangle.      To    Find    Radius 

of.      J.  J.   Clark 1042 

Circle  Inscribed  in  Triangle.  To  Find  Radius  of. 

Guy   H.    Gardner    1141 

Circle.  To  Find  Radius  of...G.  H.  MacCullough.H41 
Circular  Cutting  Tools.     Frederick  W.  Randall..  544 

Circuit-breaker    962 

Clamp.    C 758 

Clamp.  Tangent.     Wilfred  Griffin 937 

Clamping    Device.    Rapid 646 

Clamping     Devices,     Rubber    Tubing     for.     Nils 

Atterberg     649 

Clark.  Charles  A.: 

Solenoids    and    Electromagnets 811 

Clark,  D.  B.,  Personal  of 806 

Clark.   J.   J.: 

The  Solution  of  Equations 27 

Periphery  of  the  Ellipse 312 

Number    of    Balls    That    can    be    Placed    in    a 

Cubical  Bos    650 

Tension   in  a   Loaded   Cable ri51 

Measuring  Horsepower  of  a  Pulley 651 

A  Problem  in  Statics a52 

A  Toolmaker's  Problem 8.S7 

Problem  in  Mensuration   838 

To     Find     Radius     of     Circle     Inscribed     in 

Triangle    1042 

Problem   in  Trigonometry    1042 

Finding  Angle  of  Special  Screw  Thread 1043 

Finding   Radius  of  Circle 1043 

A    Geometrical    Problem    .' 1140 

A    Draftsman's   Problem    1140 

Clean  and  Safe  Corners      Robert   Grimshaw 62 

Cleaning    Steel.    Deoxidine    Process    for.     J.    H. 

Graven     347 

Clearance   of   Circular    Forming   Cutters.     C.    C. 

Hermann    546 

Cleveland  Milling  Machine  Co.: 

Milling    Machine    Vise 360 

Counterbores 953 

Milling    Machine     1147 

Clewell.    C.    E.: 

Daylight   Facilities  in   Industrial  Plants 238 

Practical   Features  oi   t'actory   Lighting 352 

Clifford,    H.    F.: 

Special  Taper  Boring  Tool 1040 

Clock.    Designing   and   Constructing    a.     Guy    H. 

Gardner     142 

Clock    in    Place    of    the    Pyrometer,    Using    the 

Shop.     E.  M.  Peterson 244 

Club   House  of  Dayton   Engineers'   Club,    New..  570 
Clutch   for  Machine  Tools,    Roller  Bearing   Fric- 
tion       36S 

Clnteh,     One-revolution     1.59 

Clutch,     Pressure    on    a    Toggle-operated    Disk, 

John  S.   Myers   163 

Coal.  Artificial  Flood  for  Transporting 115 

Coal  as  a  Fuel.  Pulverized 901 

Coal.  Fuel  Value  of  Powdered..  .W.  O.  Renkln..l038 

Coal  Gas  as  a  Substitute  for  Gasoline 52 

Coal  in  Storage.  Loss  of  Heat  Value  of 908 

Coal  in  Sweden.   Pine  Cones  as  Substitute  for..  618 

Coal,  Preventable  Waste  of 598 

Coal    Pulverizing    Plant 680 

Coal,  Recovering  Sunken    307 

Coal  Sources,    New    132 

Coal,  Water  Power  instead  of 688 

Coats  Machine  Tool  Co,,  Inc.: 

Thread   Gage    309 

Thread   Comparator    555 

Lead-testing   Machines    11.50 

Coeffliient  of  Friction  of  Rubber  Tires 138 

Clarke.    Henry  Ware.   Obituary  of 1068 

Coffln.    Charles  A..l"ersonal   of 970 

Coil  Springs.  Simple  Tools  for  Making.     Chester 

W.    Hathaway    1036 

Coinage.  Contemplated  Change  In  Decimal 879 

Coke    from    Peat 374 

Colburn.  Leslie  H..  Obituary  of 1068 

Colburn  Machine  Tool  Co.: 

Tapping     Hood     73 

Cold-drawn  Shafting.  Making.  .Edward  K.  Ham- 
mond        189 

Cold-drawn    Steel    Parts.    Planing.       Donald    A. 

Hampson    496 

Cold   Saw.   sec   Saw 

Cole.   A.  B..   Personal  of 1168 

Cole.  F.    S..    Personal   of 860 

Coleman.    Charles   Philip.    Personal   of 578 

Coleman,    Charles  Philip.    Personal  of 866 

Coler,  C.  S.: 

How  the  Niglit  School  can  Help 19 

Collar.    Toolpost.     P.    H.    White .57 

Colleges    and    the    War,    Engineering.     Fred    H. 

Rinilge.    Jr 763 

Collets.   Temperleas    470 

Colors   for  Emls  of  Plug  Gages,   Distinguishing, 

C.    C.    Sprccn    11.19 

Colton  Co..   Arthur: 

High-speed   Oil-hole   Drills 748 

Columns.   Working  Stress  for  Steel S86 

Combination    I.alhe.    Fleming 751 

Combination    lool    83 

Combination  Tools  and  Their  Application 520 

Committee    for    ReadJustnnMit    of    Industries    for 

War  Work.   A.  S.  M.  F, 1090 

Cominnnlty  Maihlne  ft  To<d   Works,   Inc.: 

Thread-gage   Grinding   Machine 11M7 

Comparator,    Coats  Thread 55.5 

Ciuniienaatlon    .\cts.    Comparison    of.     Chesln    C. 

Sherlock    608 

Compensation    and    Occupational    and   Traumatic 
Diseases.   Workmen's.     Chesia  C.   Sherlock 117 


Compensation  for  Injuries  Obtained  In  Emer- 
gencies.     Chesia   C.    Sherlock 237 

Compensation    in    Munition    Plants,    Workmen's. 

Chesia  C.  Sherlock   405 

Compensation"  in  New  York,  Cost  of  "Work- 
men's      729 

Compensation    Payments,    Basis    of    Employes*. 

Chesia   C.    Sherlock 1142 

Compressed  Air,  see  Air 
Compressor,  see  also  Air 
Computing  Scale  Co. : 

Computing  and  Shell  Scales 177 

Concrete   Aggregates.       Robert    Grimshaw 442 

Concrete    Aggregates,    Washing.      Robert    Grim- 

sha\%'     247 

Concrete   Boat.    First   Reinforced 738 

Concrete  Boat  in  Norway.  Method  of  Launching.  790 

Concrete  Boring  Mill.   A   Reinforced 374 

Concrete  Floor.   A   Good.     Robert   Grimshaw 1041 

Concrete  Reinforcing     Rods.     Bending.       L.     M. 

Hamlet     616 

Condenser    Tube    Plate.    Strength    of.     John    S. 

Myers    65 

Cone  Automatic  Machine  Co. : 

Four-spindle  Automatic  Screw  Machine 255 

Congress  Opposes  Efficiency 1094 

Conradson.  C.  M. : 

Movement   of    U-rest 250 

Conservation  of  Skilled  Labor  by  the  Army....  766 

Conserving   Mechanical   Ability 901 

Contact-couple   Method  of  Temperature   Control.  614 
Contents    of    Cylindrical    Tanks.    Finding.     Lay- 
out      1027 

Contour-  and   Radius-measuring   Instrument 893 

Contracts,   Pay   for  Government 397 

Control  of  Labor,  Government 1094 

Control   Panels.    Westinghouse   Induction    Motor.     72 
Convention.    American   Gear   Manufacturer's   As- 
sociation: 

Semi-annual    179 

Second   Annual    864 

Convention  of  the  American  Society  of  Mechani- 
cal Engineers.   Annual    458 

Convention  of  the  National  Association  of  Manu- 
facturers      970 

Convention.   National  Machine  Tool  Builders....  944 

Convention   on   Foreign   Trade 570 

Conventions  of  Master  Car  Builders'  and 
American  Railway  Master  Mechanics'  Associa- 
tions not  to  be  Held 470 

Convex  Milling  Cutters.   Tools  for  Forming  and 

Relieving.      O.    F.    Schweitzer 937 

Conveyor.    .\    Mouse- trap 243 

Conveyor.  Shell   758 

Cook.    George    W. : 

Milling   a    Rifle   Gage 832 

Cooling    of    Castings    on    Machining,    Effect    of 

Rapid.      W.    W.    Carlson 445 

Coonley.  Howard.  Personal  of 970 

Cooper.   R.  S..  Personal  of 666 

Cooper  Flexible  Transmission  Co.,  Inc.: 

Universal    Joint    658 

Cooperation  of  Engineering  Societies,  Closer. . . .  470 

Cooperation   with   the  Tool   Engineer 500 

Cooperation    with    the    Tool    Engineer.        Robert 

Mawson    935 

Copper-iron  Ore.  Steel  from  Nickel 1002 

Copper  Industr.v.  Census  of  Brass.   Bronze,   and.  820 

Copper  in  Medium-carlwn  Steel.  Etfect  of 965 

Copper  Supply,   Germany's    824 

Copi)er  Tubing.    Punches  and   Die   for  Flanging. 

Lloyd  L.  Lee   347 

Corey.    Fred   B.: 

Height  of   Chimney 54 

Corners.  Clean  and  Safe.     Robert  Grimshaw 62 

Corporations  in   Neutral  Countries.    .American...  567 

Corps.    Mechanics  Wanted  for  Ordnance 280 

Correction — Economical    Production    of    Accurate 

Hardened   Gears    449 

Correction — Inspection  of  Screw  Gages  for  Muni- 
tions of  War 570 

Correction — Mailometer    Reclaiming    Tang 864 

Correction — Strength  of  Condenser  Tube  Plate..  275 

Cost  Plus  Ten  Per  Cent 397 

Cost  Plus  Ten   Per  Cent 64S 

Cost  Pins  Ten   Per  Cent 654 

Costello.   Henry  O.: 

Micrometer  Height  Qage  Attachment 1159 

Costimeter.    The    266 

Costimeter  Co.: 

The     Costimeter 2tl6 

Cotton    Used    in    Explosives 130 

Coulston,  Herltert  V. : 

Threadii!g-tool  Setting  .\rlHir .548 

.Square   Test    Gage 1139 

Council.    Engineering 18 

Counterbore  and  Siwt-facer.  Glenzer 854 

Counterbore.    End-mill.    Hollow-mlU.    and    Boring 

Tool     S.1 

Counterbore.   Spot-facing  Tool  and.     William  S. 

Rowcll    345 

CounterlHire.   Straight-shank.     E.  J.   Higgins 11.19 

Couuterltores.   Cleveland    9.5:< 

Counterbores.  High-speed.     Alfred  E.  Carter 649 

Countershaft.    Friction   Clutch 860 

Countersink.  (^lUlbinatlon  Center  Drill  and 567 

Countersink  Sleeve.     Charles  A.  Kuhn 56 

Countersink.  Stamlard   1050 

Countersink,   Stop-collar  for,     Frank   Uing 4U 

Countersinking,   Inside,     .\,  C.  Barlman,  Jr MB 

Coupling.   Steel    Belt 1 159 

Cover    Bolts.    Misuse    of    Wreni'hea    In    TIgllleu 

Ings     92 

Covers.      Making     Steel      Tension.      Ernest      .\. 

Walters     :tll 

Covington   Multiple   Drill  Co.: 

Multiple    Drill    Head 'JUS 

Cowan  Truck  Co.: 

Elevating    Truck     860 

Industrial     Truck     11X59 

Cracks  and   Small   Holen   In   Brickwork,    Cement 

for  Closing   I/irge 1031 

Craig  A  Cotrnian; 

Turret    Toolpost    ...   '.'62 


Cralcy  Mfg.  Co.: 

"Master    Toolmaker"    357 

Crane  Cab  Heater   758 

Crane,  Canton  Foundry  &  Machine  Co.'s  Port- 
able      268 

Crane,    Champion    15-ton 83 

Crane,   Enclosed  Electric  Traveling 963 

Crane  for  Use  in  an  Oi»en  Floor  SJpace,  Jib S17 

Crane,  Fox  Portable  Shop 1U56 

Crane,     Locomotive     Gantry 759 

Crane.    Stresses    in    a ■- 253 

Crank,    Qnick-action    Ball 387 

Craukpin  Forcing  Press 372 

Crankshaft   Centers.   Salter 1054 

Crankshaft  Flange  Turning  Lathe,  Reed- 
Prentice    465 

Crankshaft  Turning  Flsture.  C.  W.  Francis. . .  613 
Crawford,  Jr.  Co.,  Joseph: 

Fifteen-inch   Engine   Lathe 358 

Crescent  Truck  Co.: 

Electrical    Indnstrial    Truck 1149 

Crippled   Soldiers.   Canadian 642 

Crippled   Soldiers.   Machinery  for 396 

Crippled   Soldiers,    The  Duty  of  Employers  with 

Relation    to 1045 

"Crcsco"  DriU  Chuck   858 

Crocker- Wheeler    Co. : 

Oil   Switch    82 

Crosby.    Fred   B.,   Personal   of 866 

Cross-hatching,    Spacing  and  Thickness  of  Lines 

in.     F.  D.  Buffom 344 

Cross-heads,    Babbitting    Solid 249 

Cross.    Machitiing    an    Automobile    Differential. 

Albert    A.    Dowd    1143 

Cross-sectioning     Drawings,     Kink     for.     M.     J. 

Stack     249 

Cross-sectioning   Drawings,    Kink    for.      Taft   S. 

Armandroff    347 

Cross-sectioning,      Improved      Triangle — Spacing 

Block    for    646 

Cross-sectioning,    "Sectostyle"   for 1058 

Crowning  of  Loose  PnUeys 549 

Crowther.   Harry: 

Micrometer   Test    Gages 440 

Cruban    ^lachine   &  Steel    f^on>t>ration : 

Steel  Belt  Coupling 1159 

Crncible    Situation.    The 372 

Crystolon    Refractories,    Alundum 83 

Cups,  Device  for  Filling  Grease.  C.  C.  Spreen.  935 
Cnrrier-Koeth  Mfg.  Co.: 

Grinding   Machine   for  Valves   and    Re-seating 

Tools     661 

CtJrTT,  Leroy  M. : 

Efficiency    Points    in    Boring    Fixtures 542 

Which  Way  is  Cheaper? 550 

Cnrtailment   of   Industries   not    Essential    to    the 

War     830 

Curtis   &  Curtis  Co.: 

Pipe  Threading  Attachment 177 

Customs  Tariff,   Report  on  the  Australian 1115 

Cutler-Hammer   Mfg.   Co.: 

Crane   Cab   Heater 758 

Dram   Type   Starting   Switches 858 

Rack   for  Electric  Soldering  Irons 1053 

Hand    Magnet    1159 

Cuts    do    What    Ten    did    Before?      Will    High 

Prices  Make  Two.     D.  M.   PerrlU 451 

Cutter  and  Tool  Grinder,  Thompson  Universal. .1158 
Cotter  &  Wood   Supply  Co.: 

Expanding     Reamers     469 

Cutter,  Buffalo  Slitting  Shear,  Punch  and  Bar.  Oil 
Cotter    for    Cutting    Holes    in    Plates,    Koch    & 

Kandldge    Adjustable    115G 

Cutter    for    Soft    Composition    Washers.     E.    J. 

HIgglns     545 

Cotter   Orlndlng    Machine.    Robblns-Gamwell 1052 

Colter.    Ilallden  Tube  and   Rod lOSO 

Cutter-head.   Artju-tahle.     C.  C.  Spreen 1138 

Cotter,  Hheel  and  Plate 208 

Cottw,    Clearance   of   Circular    Forming.      C.    C. 

Hcmuon   ."MB 

Cuttem,    Bllton    Milling !i67 

Cotteni   for   I^rge   Hhear,    Hardening 742 

Cotlero   for  B'ift  Composition   Washers.     Charles 

W.   Hatbawiy    936 

Cotters     for    Koft    Comi*o>lllon     Washers.         A. 

Towler    936 

Cotters    In    the   loathe.    Fixture    for    Backing   off 

Mllllnc       K.    3.    HlKKlns 1038 

Collrn.     Radius    Turning    Fixture    for    Making 

Ponn.     O.  H.   Marshall 00 

CDtiers.  Tfirils   for  Forming  and   RellcTlng  Con- 

m    Milling.     O.    F.   K<hi»ellwr 937 

Colters.    r«e  of  Fly.     TUjIx-rt  Mswson !M3 

Colters   with   Removable   lIuU,    Milling.      11.    F. 

M'-Knlght     240 

Colling  a   l/.ng  Itark.     K.   K.  Larson tar, 

rolllni  an  Ollatom-.     M.   K.  Duggon ,   Mr, 

Culling     and      M'-ldIng     Tonhe.,      Merbanbally 

0|iersled.       Mward    K .    liamnii.nd HflO 

Culling  Angles  for  Hlub  tti'illi  liovel  Gears,  Find- 

lB(   r--  and 2.17 

Catling    Ibdl    f'sm>    In    Rlffe    RmvItpts.      H.    C. 

Cnltlnx    Mulllid"   Tlirrsd..  .!.,.!!.!! '...',..'.      tM 

Colll'.k-  ■  T     M.l.lr...     Kins a«H 

Cii"  Oortnn 872 

r<,<  r, 4Dfl 

Til'  '  r  tMtHr  Work.    Wllllain  M. 

l: •Mn 

Callli.it  «ii  1,    lirllllog   Maehin*,   Csm.      Thomas 

J»ni»«  I13H 

CnlliRr    T'll..     Fals*     Krtgr    mi.     William     M, 

«'--■■ « 

Co''  '  i't"r    for    Urlniltng    A'cunil* 

7'  IBB 

C»l  ■     ...   "   t;.ri„,.i,  I.lh.r     llrnllen.   H4 

r»i  ■■  7r.<i 

r,l  .     for 

^I  1I.1H 

c>i  '  imi 

ryllr..).r     ll.|...lr.      ill.,., I    )..„!.,.  I„r  IM7 

CrlltWIer  Valve  Chanilwr  T)»la.      Harold  A.  Peters  441 


Cylinders,    Lapping    Automobile.      Art    Sandberg.  742 

Cylinders,  Beicssing  Tool  for  Gasoline  Engine. 
C.    C.    Sprceo 741 

Cylinders,  Strength  of  Cast-iron.  John  S. 
Myers     348 

Cylindrical  Tank  at  Different  Levels,  Capacity 
of    252 

Cylindrical  Tanks,  Finding  Contents  of.  Carlo 
M.   Eyster   644 

Cylindrical  Tanks,  Finding  Contents  of.  Lay- 
out      1027 

Cylindrical  Tanks.  Improved  Method  of  Finding 
Contents  of.      Carlo  M.    Eyster 900 

D 

Dalton   Mfg.    Corporation: 

Turret   for   Six-inch   Lathes 1149 

D.   &  W.   Fuse  Co.: 

Magnetic    Chuck    751 

Dangeleisen,  R.  B..  Obituary  of 480 

Danger  from  Within    88S 

Dangerous  Etching  Fluid,   Warning 702 

Daniels.  F.  R. 

Inventions    and    Inventors 1038 

Problem     in     Trigonometry 1039 

Wages  and  the  War 1130 

Traverse   Motion   for   Grinder  Carriage 1136 

Data  in  Catalogues,  Mechanical.  Albert  A. 
Dowd     , 991 

Dauber-Kratsch    Co. : 

Universal    Tool    Grinder 268 

Wisconsin  Sensitive  Radial  Drilling  Machine..  1153 

Daut.  Henry: 

Adjustable     Die     and     Method     of     Relieving 
Chasers  1093 

Dauterich,  Raymond  H. : 

Cutting  a  Dovetail  Slot  in  a  Gun  Sight 935 

Davenport   Mfg.    Co.: 

Xo.  2  Milling  Machine 950 

Davie  Tool  Co.:      • 

Gaging   Machine    565 

Taper   Gage    • 660 

Davies,    C.    H.,    Personal   of 666 

Davies,  Claude  H.,  Personal  of 768 

Davis,   Harry  W. : 

Saving  Time  in  the  Drawing-room 1039 

Davis  Machine  Tool  Co.,  W.  P.: 

Demagnetizer     369 

Filing   Machine    860 

Davis  Machine   Co..    Inc..   C.    F.: 

Engine    Lathe    '  757 

Dawson  Mfg.  Co.: 

Grease  Cup   1030 

Daylight  Facilities  in  Industrial  Plants.  C.  E. 
Clewell     238 

Daylight   Saving   Bill,    The 500 

Dayton  Engineers'  Club,   New  Club  House  for. .  570 

Dayton  Pneumatic  Tool  Co.: 

Pneumatic    Hammer    82 

Death  Removed,  Shadow  on  Dr.  Diesel's 273 

De   Blois,   L.    A. : 
The    Safety    Engineer 1044 

Decatur.  I.  C: 

Training    Women     Machinists 823 

Decimal    Coinage,    Contemplated    Change    in....   879 

Defects  in  the  Manufacture  of  War  Materials..   204 

Defiance    Machine    Works: 

Airplane   Propeller  Lathe 268 

Heavy-duty    Drilling    Machine 567 

Turret   Screw   Machine 7.58 

Multiple-spindle  Valve  Grinding  Machine 860 

Boring,       Milling,       Drilling,       and       Tapping 
Machine    861 

Delays  Caused  by  Exacting  Government  Speci- 
fications     1115 

Demagnetizer    ." 369 

Demand  and  Standardized  Production.  Present. 
D.    M.    PerriU    155 

De  Mant   Tool   &  Machine  Co.: 

Shell   Trimmer    469 

Bench   Lathe    860 

"Dcmco"    Sensitive   Drilling  Machines 359 

De  Mooy  Machine  Co.: 

"Demco"    Sensitive   Drilling   Machines 359 

Deoxldlne  Process  for  Cleaning  Steel.  J.  H. 
Gravel!     347 

Depth  of  Tank  Partly  Filled 331 

Design,  A  Point  In  Drilling  Machine.  Clarence 
Anderson     240 

Design,    ForKing   Machine    Die 207 

lleslen  In  the  Manufacture  of  Munitions,  Tool..  305 

Design,    Machine    I-eg 048 

Design.   Military  Inlluence  on  Motor  Truck 89 

Design  of  Friction  Wheels.  Liidwig  Elsen- 
krainer    096 

Design,   Progress  of  Machine  Tool 500 

llealgn.   KImpllclly  of   Fastening 801 

Designer,   Criticizing   the.      D<muld  A.   Hnmpson.  220 

DesignlMK   a   .Movement.     Ixiuls  Wray 54 

lleKliiiilng.  Dlll.'ieti.y  In  '1'ihiI.  F.  B.  Jacobs..  212 
Dealgrilni:  Kok-lneer.  The,  Jo»eph  W.  Wunsch .  .  501 
IieaigiiliiK    I'lxlurei.    to    IniTease    Production    on 

llrllliuK    Machines     7113 

lleslgnlng,     ribtninlng     Results     In    Hpccial     Mn- 

.hlnery.      F.    E,    Jnhns<.n 11.14 

Designing,     llesulla    of     Foully     Tool.       F.     B, 

Jscob lO-^S 

Designing    to    M«curo    Mnxliiinm    Manufacturing 

Kdlclency     nofl 

iH'tnlls  often   IgnnrM.     Grorgo  F.  Kubnv Mt 

lieirnit  Ilfit  Tjicit  Co.: 

Hell    Ijirer    ":i 

Driroli    'I'mil    Co.: 

Hi-nslllte    lirllllng    Machines '.'lUI 

D»T,    llnrry    K, : 

n»rsp|xiwer  of   ICsilloslves 1 1311 

Dial    Fe^ds.    Ms.  Illne.        Kric    t^v 342 

Dial    Indli'sl'.r,    llnle lir.N 

liUnintil.    Kl.li.'y.    I'erst.nnl    i,( 7nM 

tilsni..iMt    1|..l.1>'r.    Ilandr 44ii 

li|st>i..nd     T'>.l  holder , illlll 

IHsnioiida  f<ir  lirrssliiK  Orliiillng  Whscla.  fl,  T, 
l.lnilnc    VM 


Die    and   Metliod    of    Relieving   Chasers,    Adjust- 
able.     Henry    Daut 1008 

Die-casting     Dies •IB* 

Die-castings,  Swelling  of  Zinc  Base 438 

Die   Design,    Forging   Machine 207 

Die,       Economical      Perforating,  Ernest      A. 

Walters    245 

Die   for   Flanging   Copper  Tubing,   Punches   and. 

Lloyd  L.  Lee    347 

Die   for  Forming   Thimble 837 

Die    for    Shell    Fuse    Socket,    Notching    and    As- 
sembling  Punch   and.     Donald  A.   Baker 1022 

Die  Grinding   Machine,   Sleeper  &  Hartley   Nail.     71 

liie-sinker.    Jackson    Duplex 755 

Die    Testing    Press.    Sundstrom 461 

Dies,   Air-rifle  Piston.     W.   B.   Greenleaf 313 

Dies  for  Stamp  Cover.      Charles  Hardy 546 

Dies,  Lock  Knob.     W.   B.   Greenleaf 394 

Dies.   Screw  Thread  Cutting  with.      Franklin    1). 

Jones    07 

Diemakers,   Small-angle  Protractor  for.      August 

J.    Lejeune    62 

Diemaker's  Square.     E.  J.  Higgins 548 

Diemaking,   Economical.      George  F.   Kuhne 444 

Diemaking.   Economical.     Paul  L.   Hathaway....  938 

Diesel's   Death    Removed.    Shadow   on   Dr 275 

Differential    Cross;     Machining    an    Automobile. 

Albert   A.    Dowd    114S 

DiBerential    Motions    and    Planetary    Gear    Com- 
binations.    Franklin   D.   Jones; 

1     60O 

2      709 

Dimensioning   Drawings,    Standard  Methods   for.  790 
Discarded     Tracings,     Use     for.         Charles     W. 

Shartle     159 

Diseases,   Workmen's  Compensation  and  Occupa- 
tional  and  Traumatic.      Chesla  C.   .Sherlock...   117 
Disk  Grinder,  see  Grinding  Machine 

Disk   Sander,  Lathe.     George  W.   Childs 1037 

Dog,    Guard   for.      Fred    Fruhner 347 

Dog.    "Satco"    Safety   Lathe 82 

Dooley.    C.    R.,    Personal   of 86« 

Doors,    Lewis    Automatic    Hoist   for    Furnace 1151 

Dovetail  Slot  in  a   Gun  Sight,   Cutting  a.      Ray- 
mond H.   Dauterich    935 

Dowd,    Albert    A.; 

Mechanical  Data  in  Catalogues   091 

Factory   Investigations    112L 

Machining    an   Automobile   Differential   Cross.. 1143 
Draft.    Engineering    Students    Exempt    from....  533 

Draft,    The    Selective    428 

Drafting-room,  Business  Methods  in  the.     Edward 

K.    Hammond    697 

Drafting-room.  Employment  of  Girls  in 790 

Drafting-room     Specifications     for     Compression 

Springs.      C.    C.    Spreen 1034 

Drafting-room,     Women     in     the.       Donald     A. 

Hampson    1040 

Draftsman    or    the    Machinist?,    Who    Blundered 

— The.     Donald   A.   Baker 250 

Draftsman    or    the    Machinist?,    Who    Blundered 

—The.       E.    H.    Bruce 344 

Draftsman    or    the    Machinist?,    Who    Blundered 

—The.     George  F.   Kuhne 344 

Draftsman    or    the    Machinist?,    Who    Blundered 

—The.      Robert    Mawson 446 

Draftsman    or    the    Machinist?.    Who    Blundered 

—The.      H.   D.  Murphy 344 

Draftsman    or    the    Machinist?,    Who.  Blundered 

—The.      H.   L.   Shram 344 

Draftsman?,    What  Is  the  Matter  with   the.     B. 

A.   Wach    248 

Draftsman's  Problem,  A.     J.  J.   Clark 1140 

Draftsmen    Badly   Needed   for   Ordnance    Depart- 
ment.    Dyer  Smith 376 

Draftsmen,    Radius    Jig    for 714 

Draftsmen,   Value  of  Trade  Journal   Advertising 

to  Engineers  and.     C.   C.  Marsh 599 

Draper    &    Hall    Co.: 

Universal    Grinding    Machine 363 

Drawer.   New  Britain  Steel  Bench 1053 

Drawing   .\ttachment.    Punch   Press 1159 

Drawing  Holder,  Blueprint  and   469 

Drawing-room,    Saving  Time   in    the.     Harry   W. 

Davis     1039 

Drawing  Title.      George   W.   Childs 158 

Drawings.    An   Economical   Method   of  Proiluring 

Mechanical.      Lawrence   H.    Georger 

Drawings,     Kink     for    Cross-sectioning.       M.     J. 

Stack     240 

Drawings,    Kinks    for  Cross-sectioning.      Taft   S. 

Armiintlroff    847 

Drawings,    Protractor    for    Making    Linear    Per- 
spective.     E.    J.    Hlgglns 1136 

Drawings.  Saving  Time  in  Making.     M.  B.  Perl- 
man     649 

Drawings,    Saving    Time    In    Making.        F.     E. 

Potter     040 

Drawings.  Standard  Methods  for  Dimensioning..  700 

Dresser    for    Grinding    Wheels 1159 

Dressing   a    Grinding    Wheel 1029 

Dressing     DiHtrlliulor,     Belt 1059 

Krlll    and    Countersink,    Combination   Center ROT 

ITIII   and   (irIiMler,    Electrically   Driven 601 

lirlll   llr.nk.'r.   An    Elllclent 200 

Mrlll   Chip   Fonnallon,    Peculiar 1035 

Drill    Chuck,    see    Chuik 

Drill   Development.    Historical   Note  on   Oil 804 

Drill    llrlndlnK.      Edward    K.    Ilanimond S24 

Drill    Grinding,    Inil>orlance  of  Correct B80 

Drill    llrlinling    Ma.lilucs,    (Irnnd    RupIdH 10110 

Drill    ll.ad    nnil    Gear   Chu.k 8111 

Drill    ll.ad,    Iloefcr    Heavy-duty 170 

Drill     II.'ii.l.     Mulll|ile 268 

Drill  le.bler    for    the    Lathe.       Erni'lt   Hchwarlt. .   443 

Drill   Jig.    UnlverMMl 177 

Drill    Manuracliire.    The   Will    ProrvH   of   Twist. 

I'ninklln    D.    Jones 1007 

Drill,    l-nyile   A   Wiles   KteclHc   Hammer  and..,.   KM 

Drill,    Pniumallc    567 

Drill   l'r<'»»,   see  Drilling  Machine 

Drill   l(<Hl  Hhears,   Knne  A   IliincI 1152 

Drill   IIihIs,  Htoring,     K,  J,  Hlgglni 010 


Drill  Vise.  G-S  Combination 831 

Drills    and    Collets,    To    Prevent    Loosening    of 

Taper  Shank.     James  A.  Kirli 441 

Drills,   Colton  High-speed  Oil-hole 748 

Drills  for  Machines  Screw  Taps,   Table  of  Tap.     78 

Drills,  Inspection  Limits  for  Taps  and 551 

Drills,    Huss    Forged 71 

Drills    with    Drill    Bushings,    Device    for    Lining 

up  Small.     Alfred  Pilling 1135 

Drilling   and    Boring    Machine 208 

Drilling    and    Reaming    Jig,    Universal.      E.    L. 

Robenolt    1134 

Drilling  and  Tapping   Machine,    Barnes 268 

Driljing,    and    Tapping    Machine,    Defiance    Bor- 
ing,   Milling    861 

Drilling  and  Tapping  Machine,  Landau  Multiple.  559 

Drilling  and  Tapping  Machine,  Simmons 265 

Drilling    Attachment,    Harris    Offset 81 

Drilling  Bakelite  at  High  Speed 1024 

Drilling,   Boring,   and  Tapping  Machine 1059 

Drilling  Closely  Spaced  Holes 886 

Drilling,  Facing,  and  Tapping  Studs 809 

Drilling      Heads,      Heinkel     Gearless     Multiple- 
spindle    658 

Drilling,   Jig   for  Straight  and  Angular.     James 

W.    Boyce    441 

Drilling   Machine,   Aurora   Tool   Works   Vertical.  851 

Drilling     Machine,     Axle 82 

Drilling  Machine,    Buckeye 469 

Drilling   Machine,    Cam   Cutting   on   a.      Thomas 

James     1138 

Drilling  Machine  Design,  A  Point  in.      Clarence 

Anderson      246 

Drilling   Machine,    "Dumore"    Electric r  851 

Drilling  Machine.  Fenn  High-speed 263 

Drilling  Machine,   Gang   177 

Drilling  Machine,   Heavy-duty 567 

Drilling    Machine,    High-speed    Ball    Bearing....  747 

Drilling    Machine,    Horizontal    Boring    and 1159 

Drilling  Machine,   Keyway  Cutting  Tool  for 443 

Drilling  Machine,   Langelier   Automatic    Ignition 

Tube    < 961 

Drilling    Machine,    Langelier    Multiple-spindle...  962 

Drilling   Machine,    Langelier  Turnbuckle 559 

Drilling   Machine.    Lay-out    for   Multiple-spindle.  802 

Drilling    Machine,    Lynd-Farquhar    Radial 951 

Drilling    Machine,    Mason    High-speed 857 

Drilling  Machine,  Milling  and 469 

Drilling   Machine,    Milling  on  a,      H.    S.    Zeven- 

house     743 

Drilling   Machine,    Moline    268 

Drilling  Machuie,  Morris  Plain  Radial 466 

Drilling  Machine,  Newton  Rail 956 

Drilling  Machine,   Reed-Prentice  Brass 467 

Drilling  Machine.   Rockford  Boring  and 169 

Drilling   Machine.    Sensitive 268 

Drilling    Machine,    Silver    Upright 74 

Drilling   Machine,    Smith 369 

Drilling     Machine     Spindle     Construction,     Sen- 
sitive.    Charles  E.   Bernitt 704 

Drilling   Machine,    Triumph    Radial 72 

Drilling  Machine,  Turner  Turret  Type 561 

Drilling  Machine  Turret  Head 469 

Drilling   Machine,    Weigel 168 

Drilling   Machine,    Weigel   Vertical 850 

Drilling   Machine,   Wisconsin   Sensitive   Radial..  1153 
Drilling  Machine  Work -holder.     John  A.   Shand.  345 

Drilling   Machine,    W.    W.    Machine  Works' 82 

Drilling     Machines,     Cincinnati-Bickford     Motor- 
driven    Radial    169 

Drilling  Machines,   "Demco"  Sensitive 359 

Drilling    Machines,    Designing    Fi-xtures    to    In- 
crease   Production   on 793 

Drilling  Machines,  Detroit  Sensitive 203 

Drilling     Machines,      Intensive     Production     on. 
Edward   K.   Hammond: 

1     914 

2     1030 

Drilling    Machines,    Special    Shell.       Donald    A. 

Baker    1131 

Drilling      Machines,       Unsual      Operations      on. 

Edward  K.  Hammond  1091 

Drilling  of  Armature  Shafts,   Inverted 630 

Drilling    Practice    396 

Drilling    Practice,    Modern.       Edward    K.    Ham- 
mond: 

1     381 

2     502 

3     019 

Drilling,    Speeds    and    Feeds    for.       Edward    K. 

Hammond    715 

Drilling    Tools,    Watts    Angular-hole 952 

Driver,   F.   A.,   Obituary  of 578 

Driver.    Stud    1059 

Driving   Machinery,    Using   Automobiles   for 087 

Itrop-hammer   Operation,    Safety   Precautions   in.  759 

Drum    Reverse    Switch,    Westinghouse 359 

Duff  Mfg.  Co.: 

Heavy-duty   Turret   Lathe 1048 

Illndmnn  Shell  Turning  and  Boring   Lathes..  .1153 
Duggun.  M.  E.: 

Examples  of  Poor  Practice  In  Patternmnklng.  544 

Cutting  an  Oilstone 045 

•■Dumore"    Electric   Drilling  Machine 851 

Dumri   Car    177 

Dunlirnck,    W.    H.: 

Which  Way  Is  Cheaper?   6.50 

Metric  System  In  Watch  Industry 643 

Ijipplng  Plate  and  Cabinet  for  Emery  Wheels 

and    Oilstones    937 

Dunn.   W.  C. : 

Journal    Tnilng    Machine 82 

"Dulchnian,"     Tap     with     Inserted.        John     A. 

Shand      ftl8 

Duties  of  Employes,  Legal.     Cheala  C.  Sherlock. 1006 
Dye  Industry  In  United  States,  Development  of.  429 

Djniinilte,  Action  of  Explosive  Force  of 1004 

Dynamometer.     Universal    Milling    Machine.     R. 
PoUakoff    032 

B 

En«ton  Car  *  Construction  Co.: 

Dump  Car   177 


Ebinger  Sanitary  Mfg.  Co.,  D.  A.: 

Drinking  Fountain    860 

Eby,  Earl  E.,  Personal  of 6(W 

Eccentric,    Definition   of    an 809 

Eclipse  Fuel  Engineeriug  Co.: 

Proportional     Mixer 861 

Economy  Baler  Co. : 

Scrap  Metal  Baler 950 

Economy  in  Running  Machines..; 888 

Economy  in  Use  of   Lubricating  Oils 604 

Economy,     War-time 328 

Edge    on    Cutting    Tools.    False.        William    S. 

Rowell    47 

Editorial     Conference     of     Associated     Business 

Papers     449 

Editorials: 

Machinists  and  Tooimakers  in  War 20 

The  Man  Who  Studies  Evenings 20 

Progressive  Inspection  and  Assembly 20 

Cutting   Screw   Threads 116 

Interchangeability    in    Manufacture 116 

The  New  Mechanical  Encyclopedia... 116 

Organization     117 

The   Technology   of    Manufacture 204 

Defects  in  the  Manufacture  of  War  Material..  204 

The  End  of  War? 204 

Organization  as  an   Asset 304 

Importance   of   Mechanical   Training 304 

Simplicity  of  Fastening  Design 304 

Drilling    Practice    396 

Machinery    for    Crippled    Soldiers 396 

Gaging  and  Inspection  of  Munitions 396 

Cost  Plus  Ten  Per  Cent 397 

The  Daylight  Saving  Bill 500 

Progress  of  Machine  Tool  Design 50O 

Cooperation  with  Tool  Engineer 500 

Eliminate   Unnecessary   Work   in    War  Time..  500 

Preventable  Waste  of  Coal 598 

Facilitating  War  Work  by  Publicity 598 

The   Problem   of   Transportation 688 

Women  Workers  in  Machine  Shops 688 

Water  Power  instead  of  Coal 088 

Saving  Cast  Iron  vs.  Saving  Time  in  Machin- 
ing       688 

Salvaging   of   Tools 788 

The    Labor    Problem 788 

The  Machine  Tool  Industry  after  the  War...   788 

Difficulty  in  Obtaining  Pig  Iron 788 

The   Danger  from   Within 888 

Must  a  Machine  be   Running  All  the  Time  to 

Prove     Economical 888 

Standardization — The  Keynote  of  Efficiency. . .  888 

Patriotism  and  Production  of  Munitions 888 

Railway    Machine    Tool    Requirements 988 

Some   Knotty   Labor  Problems 988 

The  Salvaging  of  Machine  Tools 988 

Weak  Hanger  Construction  988 

Government   Control  of  Labor 1094 

Electric    Steel    1094 

Congress    Opposes    Efficiency 1094 

Engineering   Education  During  the   War 1094 

Education  During  the  War.   Engineering 1094 

Education  of   Wounded  Soldiers 237 

Education    of    Wounded    Soldiers    for    Industrial 

Work,    The 1081 

Education,  Rochester's  Departure  in  Mechanical.  931 
Edwards,  E. : 

Quick-locking  Device  for  Box  Jigs 54 

Edwards,  E.  J.,  Personal  of 1068 

Edwards,  Laura  G.,  Personal  of 866 

Edwards.   Stanley: 
Attachment   for  Grinding  Teeth  of   End-mills.  158 

Broaching    Square    Holes 833 

Efficiency."   An   Example  of   "German 144 

Efficiency.    Congress   Opposes 1094 

Efficiency  Engineering.     Albert  A.   Dowd 1121 

Efficiency   in   Running  Machines 888 

Efficiency  in  Tool  Designing.      P.   B.  Jacobs 212 

Efficiency,   Increasing  Power  Plant 1130 

Efficiency  Points  in  Boring  Fixtures.     Joseph  A. 

Ahlers     343 

Eisenkramer,  Ludwig: 

Design  of  Friction  Wheels ". . .  .   696 

Eisler,   Charles: 

Cutting  Key  ways  on  the  Shaper 743 

Ejector  for  Hand  Screw  Machines,     Interi-hange- 

able.     John  J.   Borkenhagen 1038 

Electric  Furnace  Co.: 

ShcU-heating   Furnaces    469 

Electric  Hammer  and  Drill,  Payne  &  Wiles 854 

Electric   Hoist   Manufacturer's  Association,   Con- 
vention  of 1166 

Electric  Hoist  Manufacturer's  Association  Organ- 
ization of    759 

Electric  Japanning   131 

Electric  Light  Holder 963 

Electric   Railway   Improvement  Co. : 

Welding  Apparatus   1159 

Electric    Soldering    Irons,    Cutler-Hammer    Rack 

for    1053 

Electric    Steel    1094 

Electric  Steel.     Franklin  D.  Jones 11(M 

Electric  Steel  Melting  Furnaces  In  Great  Britain.  4,18 

Electric  To<ils.   Universal    81 

Electric  Trucks,   Lansing   361 

Electric  W.blliig.  see  Welding 

Electrical  EuKnivIng  Machine,   Robinson 581 

Electrical    Exports    141 

Electrically  Driven  Grinder,  United  States 359 

Electromagnets,     Solenoids     and.       Charles     A. 

Clark     811 

Electroplating.     Salvage    of     Worn    Gages     by. 

Rlchord    Gllilis    934 

Electroplating.    To    Prevent    Springs    from    Be- 
coming   Brittle    While 1120 

Elllngham,   It.  W.,  Personal  of 070 

KIlluKham,    It.    W.,    Personal  of    1068 

Elwell-Pnrker  Electric  Co.: 

Truck    75 

Storage  Battery  Truck  nnd  Tractor flfll 

Electric  Truck    758 


Ellipse,  Periphery  of  the.     J.  J.  Clark 812 

Elyria  Machine  Co.: 

Heavy-duty    Lathe 1158 

Emergencies,  Compensation  for  Injuries  Obtained 

in.     Chesla  C.  Sherlock   237 

Emery  Cloth  Holder.      E.  J.  Higgins 1011 

Emery,   Rufus  Franklin,   Obituary  of 866 

Emery   Wheel,    Identifying    Stellite   Tools   with.  618 
Emery  Wheel  Quickly,   Truing  an.      E.   J.   Hig- 
gins      832 

Emery  Wheels  and  Oilstones,  Lapping  Plate  and 

Cabinet   for.     Warren  H.   Dunbrack 937 

Employers    with    Relation    to    Crippled    Soldiers, 

The  Duty  of   1045 

Employes'    Compensation    Payments,     Basis    of. 

Chesla  C.  Sherlock   1142 

Employes.  Legal  Duties  of.     Chesla  C.  Sherlock.. 1006 
Employment      Management,       War      Emergency 

Course   on    1062 

Employment  Managers,  University  of  Rochester's 

Course  of  Training  for 963 

Enameled    and    Tin    Ware    to    be    Required    by 

Government     632 

Encyclopedia,  The  New  Mechanical  116 

Endebrock,    Robert   A.: 

Production  Manager's  Guide  and  Self-schedul- 
ing  Work    48 

End-mill,  Hollow-mill,  and  Boring  Tool,  Counter- 
bore    83 

End-mills,    Attachment    for   Grinding   Teeth   of. 

Stanley    Edwards    158 

Enemy  Act.  Trading  with  the 280 

Enemy,   Patents  Owned  or  Controlled  by  an....  336 

Enemy  Trading  List 963 

Energy : 

,    Indexing  Attachment    936 

Engelhard,    Charles: 

Pyrometer  Tube    369 

Engine.  Angle  between  Cams  of  a  Four-cylinder. 

M.    V.    Terry 650 

Engine  Construction.   Marine.      N.    I.   Mosher. . .   133 

Engine,  Reasons  behind  the  Liberty 476 

Engines,    Alcohol   as   a    Fuel    for   Internal    Com- 
bustion      708 

Engineer,    Cooperation    with   the    Tool 500 

Engineer,    Cooperation    with    the    Tool.      Robert 

Mawson    935 

Engineer,    The   Designing.     Joseph   W.    Wunsch.  501 

Engineer,  The  Safety.     L.  A.  De  Blois 1044 

Engineers,    Demand    for 779 

Engineers     and     Draftsmen,     Value     of     Trade 

Journal  Advertising  to.     C.   C.   Marsh 599 

Engineers  in  the  Present  War,  Need  of 92 

Engineering  and  the  Great  War,  .Automotive 538 

Engineering    Colleges    and    the    War.      Fred    H. 

Rindge,    Jr 783 

Engineering  Council    is 

Engineering  Education  During  the  War 1094 

Engineering    in    the    Building    of    the    Panama 

Canal,    Mechanical    538 

Engineering  Societies,   Closer  Cooperation  of 470 

Engineering  Students  Exempt  from   Draft 5;« 

Engineering  Work  Completed,   A  Great 376 

England,   Railway  Control  in 641 

England    Since   1914,    Readjustment    and    Opera- 
tion of  Industries  in 568 

Engraving,    and   Etching,    Graduating.     Franklin 

D.   Jones   and   Edward   K.    Hammond 1 

Engraving  &  Mfg.  Co.: 

Automatic    Routing    Machine    for    Firing    Pin 

Plugs    9.-,2 

Engraving  Machine,   Robinson  Electrical 561 

Enlarging    Worn   Thread   Ping   Gages.      A.    Con- 
stant   Reader    549 

Equalizing   Vise  Jaws.     Charles  H.    Willey WO 

Equations.  The  Solution  of.     J.  J.  Clark 27 

Erasing    Pencil    Marks    on    Drawings.        Harry 

W.    Davis 1039 

Erecting    Machinery,     Care    of    Screw    Threads 

When    599 

Errors  in  Precision  Screw-cutting  Lathe.     J.   E. 

Lindgren    831 

Essential    Industries    11'20 

Essley,   E.   P.,  Personal  of 1068 

Etching   Fluid.    Warning-Dangerous 702 

Etching,  Graduating,   Engraving,  and.     Franklin 

D.  Jones  and  Edward  K.  Hammond 1 

"Etchograph,"   Brewster   70 

Etna  Machine  Co. : 

Cuttlng-ott    Machine    268 

Evans,  G.  F.,  Personal  of 066 

Evans,   H.  C. : 

Cutting  Bolt  Cams  in   niHc   Receivers 338 

Evenings.   The   Man    Who  Studies 20 

Evertite  Nut  Coriwration: 

"Sta-lok"    Nut 952 

Examinations  in   Machine  Shop  Practlc.     B.    A. 

Lenpest    844 

Exhibition,    A    Trade    Journal     B78 

Exhibition    of    Machinery    In    New    York    City, 

Permanent     861 

Expand  a  Thread  Plug  Gage,  How  to 447 

Expandem  Tool  &  Mfg,  Co.: 

Boring   Tool    947 

Expansion   Joint,    Nnttall 82 

Explode'/,    Why    Didn't    It.       Louis    A.    Schloss- 

steln    58 

Explode?,  Why  Didn't  it.     W.H.Brooks B8 

Explode?,  Why  Didn't  It.     W.  M.  Fleming 58 

Explosive  Force  of  Dynamite,  Action  of HUM 

Explosive,   Horsepower  of.     Harry  E.   Dey 1136 

Explosives.  Cotton  Used  In 130 

Export  Licenses  for  Switserland 537 

Export  of  Scythes  to  Russia,  American 26 

Export,    Packing   for 779 

Exports,    Electrical    Hi 

Exports  of  Merchandise,  U.  S.  Imports  and (Wo 

Ex|H>rls,    I'nlted   States 3.14 

Express,  Machine  Parts  Sent  by 7fi:t 

Extensometer,    Riehic    177 

Extractor.   Bushing.     C.   II.   Willey 249 

Eye  Protection  In  the  Machine  Industry 818 


Ej-stir.    Carlo  M.: 

Fiu.lirii'  Contents  of  Cylindrioal  Tanks G44 

Improved     Method     ol     Finding     Contents     of 
CTlindriL'al  Tanlis   WOO 


Face   and    Cutting   Angles   for   Stub-tootli   Bevel 

Gears,    Finding    247 

Face   Lathe.    Oliver 1055 

Facing,    and   Serrating   Machine,    Ring   Turning. 

Donald   A.    Baker 143 

Facing,  and  Tapping  Studs.  Drilling SOU 

Facing  Bar.  Shell.     C.  Joure 740 

Facing    Feed    Xut   Abutments,    Milling   Machine 

Attachment    for    611 

Facing  Machine,  Reed-Prentic  Boring.   Reaming, 

and    464 

Facing  Tool,  Genesee   855 

Facing  Work  Carried  on  a  Lathe  Carriage,  Fix- 
ture for.     Martin  H.  Ball 247 

Factory  Investigations.     Albert  A.   Dowd 1121 

Factory  Lighting.   Practical  Features  of.     C.   E. 

Clewell     3.52 

Factory  Moving.     L.  J.  Hengesbach 999 

Factory.   The  Heart  of  the.     Arthur  Jeimer....     44 
Faby      Penneameler      for      Magnetic-mechanical 

Analysis  of  Iron  and  Steel 553 

Fastener.    Belt    1059 

Fastening  Design.  Simplicity  of 304 

Fastening    Hammer   Heads 56 

Fastening    Patches    Securely.    Kink    for.       Fred 

Fruhner    S3a 

Fawcus.  Thomas.  .Obituary  of 686 

Fay  Automatic  for  Ring  Bevel  Gears 165 

Feed    Mechanism    for   Wilmarth  &   Morman    Un- 
iversal Cutter  and  Tool  Grinder,  Automatic...  463' 
Feeds    fur    Drilling,    Speeds    and.      Edward    K. 

Hammond    715 

Feeds.   Machine  Dial.     Eric  Lee 342 

Feedwater  Heating.  Locomotive   220 

Fellows  Gear  Shaper.   Devices   for  Holding  and 

Clamping  Work  on  the.     Douglas  T.  Hamilton.  145 
Fenn   Mfg.   Co.: 

High-speed    Drilling    Machine 263 

Drilling  Bakelite  at  High  Speed 1024 

Fenwirk.  Captain  Rene,  Personal  of 967 

Ferracute    Machine   Co.: 

Single-action  Press   1054 

Ferro-mangane.w.   United  States  Production  of..  810 

"FiBeld"   Lathe.  Motor-driven 752 

"FiBeid"  Lathes.  David  A.  Wright  Building...   184 
Figures    for    the    Shop.     Plainer.       William     S. 

Rowell    01 

Figuring   in  the  Metric  System.      Thomas      A. 

Reilly 1137 

File  KcncwiDg   242 

Files.    Use  for  Old.     Eric  Lee 1040 

Filing  Drawings,  Binder  for.     Harry  W.  Davis.. 1039 

Filing  Machine.   Advance   Engineering  Co 962 

Filing  Machine:  Barry   lft-)» 

Filing    Machine.     Davis 860 

Filing  Machine.  Newark    261 

Filling  Grcaiu:  Cups.     Device  for.     C.  C.  Spreeu.  935 

"Flliimith"    Gap   Lathe 367 

"Filsmlth"'   Quick-change   Lathes 462 

Financing   the   War 339 

FIndley.   P.   B.,  Personal  of 1168 

Flninhine  Machine,   Blev'ney 173 

Finney.  If.  F..  Perwjnal  of 666 

Fire  Kiu-aiHi..   Infective.  Chesia  C.  Sherlock .ise 

Fire  Kitinguixhing.  Ammonia  for.    A.  Schlelmer.  443 
Fire  Kxtinguixbing.  Ammonia  for.     K.  E.  Matt- 

•■'•WH    U4 

Fire   W«»te   in   United  .States 4.51 

Firing   Pin    I'Iuk«.    Automatic   Routing   Machine 

''"•    952 

Kl«h.   Thoman: 

lllirht-  and   N-ft-hand  Toola (SO 

l!it-i.i.  ,.,,.1   i.ft  hand  Toola 738 

>■!"  ice  for.     Alfred  Pilling 1041 

Fl"  Pivot   Lant  Co.: 

''■  '  i:  Machine .567 

.^■r, ,.,.,■.     -iriii    1  urnlng  Machine 753 

rilweralil.    Jr.,    John: 

Hhrapnel-ahell    Holder 244 

FIUKlM<on.   J.   II..   Penonal  of 1068 

Flilure    for   MllllnK   Cylinder   Ileadn   on    Engine 

I.athe.      Fred  FnihlUfr 1138 

Flilnrr  for  MllllnK  Machine,  Layiog-out,     K.  J. 

HlKKlli.     744 

Fixture,  MllllnK.     Itol»Tt  W.  Hmllh 835 

Fliluroa  for  MllllnK  and  Auemlillng,  Jlga  end. 

C.    Ilelweg    130 

riilum  for  Vf  In  Turret,   IndeilnK.     Cheater 

W.  UallMwar   1137 

Flitam  l»  InrrMw  rroiluellon  on  UrIIIInK  Ma- 

eW««»    793 

nitarn.  Work  bulillnx  Artn/n  anil.     iJuuKlaa  T. 

namlltf/n H5 

ri»K  Villi-.  M-lal.     (Iw.rKe  W.  Chllila  '.'.'.  442 

ri.t.>.    ■>■,.;■.      r...    „,„|  2,7 

»^"'  r'-l  of DIM 

>"''  and   Ulr  for. 

■*"  Tfl 

KlnmlnK.  W.  M.: 

Why   Dldn'l   II   »5«l.l.i*-'  ....     r.8 

PIr.,,),-.-     .  •.        f;..,„j.      w 

'  7r.l 

•■I  ■■! 47H 

fl  '     ArllnrUI IIS 

•"I  iioUrl  Orlmahaw UMI 

»"'  '   1112 

*^''  r    MllllDK    Maehlnra. 

440 

'I'  'I  Mawmn Wa 

•'''  -l».   llorliK  «  IJtTKr, 

^  '  f.H 

•"'•  a    llroliKii.       Ilolnri 

,"""■•'•»-         M 
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neto   Coils  fnr ' 52 

Ford-Smith  Machine  Co.: 

Universal  Wilier    177 

Universal  anil  Plain  Milling  Machines 372 

Foreign   Countries.   Postage   on  Letters  to 26 

Foreign  Trade,   Convention  on 570 

Foreign  Trade.    United  States 845 

Fore  River.  Great  Shipbuilding  Plant  at 277 

Forged  Drills,   Russ 71 

Forging  Hamnu-r    177 

I'orging  Machine  Die  Design   207 

Forging    the    U.    S.    75-millimeter   Shell.       Erik 

Oberg    890 

Form     Cutters.     Radius     Turning     Fi.\ture     for 

Making.      O.    S.    Marshall 00 

Forming  and   Relieving  Convex  Milling   Cutters, 

Tools  for.     O.  F.  Schweitzer 937 

Forming,   Cardboard.      R.   A.   Monte SS 

Forming  Cardboard  Shapes.     G.   R.   Smith 340 

Forming  Cutters,   Clearance  of  Circular.      C.   C. 

Hermann    546 

Forming    Milk-can    Handles   on    a    Power   Press. 

Ernest  A.   Walters   41 

Forming  Thimble.  Die  for 837 

Forming  Tool.  Making  a.     Fred  J.  Miller 303 

Formulas  for  Combined  Bending  and  Torsion....  552 
Forrest,  James: 

Routing  and  Handling  Shells 922 

Foster  Machine  Co. : 

Friction   Clutch   Countershaft 860 

Universal   Turret    Lathe 954 

Foun.liT    ri.il.l.iiis.    Brass 318 

Fountain.    Drinkiii:;    S60 

Fox   Bros.   A:  Co.: 

Portable   Shop   Crane 1056 

Fractions    of    lueh    in    Millimeters,     Values    of. 

C.   H.   Whipple    1135 

France,   Industrial  Development  in 138 

Francis,  C.  W.: 

Crankshaft    Turning    Fixture 043 

Franco  Tosi: 

Shell   Lathe    01s 

Fraser  Co..  Warren  F. : 

Self-contained   Universal  Grinder 1154 

Freedman.  Louis  A.,  Personal  of 378 

Freight,    Imiwrtant   Saving   by   New  Methods  of 

Handling     450 

French  Factories.  Women  Workers  in 1062 

French  Trademark.    National 235 

Friction    Wheels.    Desigu    of.        Ludwig    Eisen- 

kramer    690 

Fruhner.   Fred: 

Guard   for  Dog    347 

Kink   for   Fastening   Patches  Securely 835 

Fixture  for  Milling  Cyfinder  Heads  on  Engine 

Lathe    1138 

Fuel  on  Locomotives.  Use  of  Pulverized 138 

Fuel  Problem.  Solution  of  the 680 

Fuel,  Pulverized  Coal  as  a 901 

Fuel  Value  of  Powdered  Coal.     W.  O.  Renkin..l038 

Fuller,  B.  D.,  Personal  of 280 

Fulton  Machine  Co. : 

Shell   Lathe    1150 

Functions  for  Any  Angle,  Trigonometric 63 

Fimctions  for  Any  Angle.  Trigonometric.     G.  S. 

Bowling    343 

Functions  of  30.  45,   and  60   Degrees,   Rule   for 

Slemorizing     447 

Furnace,  Bench   962 

Furnace,   Brazing    58 

Furnace   Doors,    Lewis  Automatic   Hoist   for 11,51 

Furnace,   Johnson   Bench    10,59 

Furnace,   Non-ferrous  Melting 962 

Furnace,    Northrup-AJax    High-frequency    Induc- 

•'on     .%11.57 

Furnace.  Triad  Combination  Hardening,  Preheat- 
ing,   and   Tempering fiiio 

Furnaces,    Gas 460 

Furnaces  in  Great  Britain,   Electric  Steel  Melt- 
ing     458 

Furnaces,    Leeds    &    Northrup    Double    Recorder 

for  Heating    1157 

Furnacea,   Oven    567 

Furnaces,   Shell-heating    400 

Furniture,     Production     of     Metal.  ..K.     George 

Selander     151 

Fuse  Adapters,  Salvaging  Hlgli-ex plosive,     John 

A.    Shnnd    7.12 

Fuse  Co.,  D,  &  W..  see  I).  &  W.  Fuse  Co. 

Fuse  GngoH,   Concerning  Shell 849 

Fuse    KInKS,    Manufacturliig    Time,      Donald    A, 

Baker 012 

Fuae    ,Socket,    Notching    and    AHsenilrtlng    Punch 

anil  Die  for  Shell.     Ihuuild  A.  Baker 1022 

Fimes.    leading    and    AHsiMnbllng   Time.       G.    C. 

Whit..    (171 

Fualon  Welding  FullrulcB.     S.  W.  Miller: 

'      1014 


•  iage.  Amerlciin  Aniidirylng 7,50 

•luge  and   Mbrom.ier.   Scuau  Sna|i 868 

•Jiige  Allachuicnl,    Mlcroiueler   llilghl 115B 

OnKc    Coinmlitee    of    Amcrlcnu    Huelcty    of  Mo- 

chnnlcal  ICMKlneera  397 

OoKc  for  IlorluK  on  I<iithe».  Depth 157 

flog'    for   KetllUK    U|>   Threndlnv   Toola,    llnlidy. 

Krio    l««     '.  ir,,-, 

n«Ko,  How  lo  ISipanil  n  Thread  Plug ,, ,  417 

Gngo   I.,al>ornlory   of    (ho    Ilureiin    of  Htandnrda, 

l'™«''li    a-io 

tlave,  l.lmll,     Mni  T.  Volgl    |)| 

ilaKc  MnkiuK,   Ktamplea  of  Preclalun H7H 

(Ir.if.  .    Mllliicf   .,    Ilinv.      (IcorKe    W.    (Vwk NJ12 

'•  '•     H,    V.   CoNlaloll llilll 

'•                                  ildll 

'•'                           •    'l'(i|ier.     Mm  T.  Volgf Oil! 

"'•  ...pliiilnK,     Hnlvngo    of     Worn, 

,'"■''"■'    '•»•'•"    DIM 

(|a(ea,  (oficernliiic  Hholl  Kuav ,,,,,  349 


Gages.   Distinguishing  Marks  for  Ends  of  I'lug. 

C.    C.    Spreen 1139 

Gages.  Enlarging  Worn  Thread  Plug.  A.  Con- 
stant  Reader    549 

Gages     for    Munitions    of    War,     Inspection    of 

Screw    452 

Gages.     Grinding     Spherical-end    Pin.         George 

Slider    541 

Gages.    Harris   Lead   and   Angle   Testing   Device 

for  Thread    > 178 

Gages.   Making   Whltworth   Thread.      Wallir   D. 

Woodworth  and  Herman  H.   Bender 483 

Gages,  Master  Whitworth  Thread.       W.  T.  Her. 

Jr 51 

Gages.    Measuring   Tapers   and   Ring.      Fred    V. 

Ball 1036 

Gages,  Micrometer  Test.     Harry  Crowtlicr 440 

Gages.   Plug  and  Ring 369 

Gages.    Production  of   Accurate  Thread.      J.    K. 

Maclntyre    31 

Gages,  Taper.      Robert  W.   Smith 159 

Gages     Used     iu     Gasoline-engine     Construction. 

Indicator.     C.  C.   Marsh 910 

Gaging  and    Inspections   of   Munitions 396 

Gaging   Machine,    Davie    565 

Gaging     Thread      .\ngies.      Checking      OU-degree 

Points  for.      Charles  W.   Carvette. . . .' 1039 

Gallagher.    Robert: 

Stop    and    Centering   Tool 86 

Gale-Sawyer  Co. : 

Toolpost     Grinding     -Attachment 962 

Galland-Henning  Mfg.  Co.: 

Scrap  Metal  Baling  Press 8(!0 

Galvanizing    Machine 962 

Garbage  in  the  Production  of  Alcohol,  Csing...  501 
Gard.   J.   L.: 

Putting   Rubber  on   Band-saw  Wheels 1135 

Gardner,    Guy    H. : 

An  Ancient  Lathe  30 

Designing  and  Constructing  a  Clock 142 

Finding  the  Radius  of  a  Concave  Arc 762 

To  Find  Radius  of  Circle  Inscribed  in  Tri- 
angle     1141 

Gardner  Machine  Co.: 

Vertical    Disk    Grinder 364 

Garrison  Machine  Works: 

Drill  Head  and  Gear  Chuck   861 

Gas  and  Flame  Service    277 

Gas  as  a  Substitute  for  Gasoline,  Coal 52 

Gas  Furnaces  4tt9 

Gas  Used  as  Motive  Power  for  Busses! 703 

Gasoline.  Coal  Gas  as  a  Substitute  for 52 

Gasoline-engine     Construction,     Indicator     Gages 

Used  in.      C.   C.   Marsh 910 

Gasoline   Engine   Cylinders,    Recessing  Tool  for. 

0.    C.    Spreen 741 

Gasoline    Engine    for    Motor    Boats,     Twin-six 

V-type     SH 

Gasoline  Farm  Tractors.  Production  of 68 

Gasoline   from   Natural   Gas 330 

Gasoline  in  Sweden,   Price  of 220 

Gasoline  in  the  District  of  Columbia,   Speciliea- 

tions  for  Federal  Purchases  of 164 

Gasoline  Vapors   ,      .  970 

Gates.  B.  L. : 

Dial   Indicator    (i5R 

Gates,    H.    D.,    Personal    of 666 

Gaul,   Henry,   Obituary  of 480 

Gear  Blanks,  Heat-treatment  of 845 

Gear     Combinations,     Differential     Motions     :ind 

Planetary.      Franklin  I).  Jones: 

1     600 

2     , 709 

Gear  Cutting  on  Slotting  Machine.     Wllliauj    F. 

"■■"V.r      4.|l 

'■'  >■    r   iiii.iti.in  Machine,  Stock 200 

*''■'<  K'II'iiil:    Machine,   Goss .S72 

*'|^|'  I iiin^'    .Machine,    Moline 268 

Ge;ir     Manuriicturers'     Association     Convention, 

American    170 

Gear    Manufacturers'    Convention,    American...  864 
Gear   Shaper.    Devices,    for  Holding  and   Clamp- 
ing Work  on  the  Fellows.     Douglas  T.  Hamil- 

•o"     145 

Gear   Tooth,    Graphic   Metliod   of   Gencrntlng   iiu 

Involute.     Douglas  T.  Hamilton iioo 

Gears   and    Gearing,    sec    Bevel,    Helical   Spiral, 

Spur  Worm,  etc. 

Gears.   Broaching  Teeth  of  Internal 2."10 

Gears,  Ecui]oinlcaI  Production  of  Accurate  Hard-    ■ 

ened.     F.  B.  Jacobs  315 

Gears,    The   Inspection   of 278 

Gears  to  Cut  Thread  of  4.R-nillllmetcr  Pilch..  833 
Gears   Warping   When   Healed    In   Molten    Li^ail, 

Cause  of.     J.  P.  Sallows .|;i9 

Gearing,    Flexible   Turbine.      Mark    Meredllh...   314 

G Ing.   IleaMreated.     W.   II.   PhllllpM .'Ill  I 

Gearing.  Slandanllzatlon  of 816 

Gen.Tal    Kleclrb-   Co.: 

\'olfnielerM   anil   Ammeters    177 

'■• resKure    Governor io.-,9 

Oenerallng     an     Invidute     Gear    Toolh.     Giiiiiblc 

Method  of.     Douglaa  T.   llainllton 60(1 

OencHee  Mfg.  Co.: 

Adjustable     llollowinlll     7r,i 

Facing  Tool    h55 

(Jeiimetrlc   Prnbleiu,    A .147 

(leiiinelrlcal    Problem,    A.       .1.    J.    Clark !..1H0 

Gei.melry.    Prol n    In mi, 

(leonielry.   Problem   In.      Iloberl    W.  Hiullh 837 

Oi'orKcr.    Lawrence   11.; 

An   Hcon leal   Mel  hod  of  I'riHiiicIng  Mecliiiul- 

cnl  DrawlngN   u-iji 

"(lernnin   Rfflclency,"   An   Kxnmple  of l.n 

Meriunn   Producta   under   Hwlaa   l.alilea,    Pinn    lo 

«■■"'    n;i5 

GerTiinn   PropiiKMUila,    IliiriKer  from HNH 

Gernuin   lleHlrlillniiH  In   1'»e  i.f  Tin  for  Solder.,,     52 

llenniin   MhlpN    In    A rlcnn    llnrlaira    llepalred.,   MO 

flernnin   Hlher,    CaallnK   of 132 

UeriuaiiowHIi Miiclilue    Worka: 

roinlilnnllun    Drill    Viae gm 


Germany  Wants  to  Keep  Iron  Ore  Fields 703 

Gerolo  Mfg.   Co.; 
Pipe  Vise    660 

Getchell,  C.  K.: 

Apprentice      Department      of      the      American 
Locomotive   Co 108G 

Gib   Keys.   Manufacture  of 633 

Gibbs  Richard: 

Using    Planer    as    Boring    Mill 441 

Salvage  of  Worn  Gages  by  Electroplating....  934 

Gibson,  E.  J.: 

Keyseating    Tool 939 

Giddings  &  Lewis  Mfg.  Co.: 

Horizontal    Boring    Mill 470 

Giern  &  Anholtt: 

Stud    Driver 1059 

Gilbert  &  Earlier  Mfg.  Co.: 

Portable  Oil  Tank 82 

Portable    Lubricant    Tank 268 

GilSUan  Bros.  Smelting  &   ReBning  Co.; 

Electrically  Driven   Drill  and  Grinder 661 

Gillespie  Co..  T.  A.: 

Loading    the    U.    S.    "omillimeter    Shell 1116 

Girls  in   Drafting-room,    Employment  of 709 

Cisholt  Machine  Co.: 

Shell  Boring  Lathe    748 

Shell    Lathes    759 

Gisholt  Method  of  Training   Instructors,   The...  844 

Gits  Bros.  Mfg.  Co.: 

Oil-cups    177 

Gla.ss  Output.   Reduction  in  Window 1002 

Glazing  of  a  Grinding  Wheel.  Loading  and 687 

Gleisen,   D.,   Personal  of 578 

Glenzer  Co..  J.  C: 

Counterbore    and    Spot-facer 85 

Goggles,    "Resistal"   Safety 74 

Gold  and  Silver,  Imports  of 822 

Golden,  Asher: 

Robson  &  Sorensen  Two-part  Ball  Bearing 161 

Goodrich.  C.  F.,  Personal  of 280 

Gorton  Machine  Co.: 

Cutting-off     Machine 372 

Goss  Printing  Press  Co. : 

Gear-hobbing  Machine 372 

Gould  &  Eberbardt: 

Operating  Instructions  for  Hobbing  Machines.  214 

Government  as  an  Employer  of  Labor 886 

Government  Control  of  Labor 1094 

Government.    Gun  Builders  for  the 86 

Government  not  Controlling  Machine  Tool  In- 
dustry      -. 328 

Government,  Skilled  Mechanics  Required  by  the.  337 

Government  Specifications   1026 

Government  Specifications,  Delays  Caused  by 
Exacting    1115 

Governor,    Fluid   Pressure    1059 

Graduate  a  Planer  Head  without  Special  Ap- 
pliances,  To    : 447 

Graduate  a  Planer  Head  without  Special  Ap- 
pliances,  To 052 

Graduate  a  Planer  Head  without  Special  Ap- 
pliances. To.     Martin  H.  Ball 653 

Graduate  a  Planer  Head  without  Special  Ap- 
pliances.  To.     William  C.   Betz 654 

Graduating  a  Planer  Head.     John  R.   Beckett..  540 

Graduating,  Engraving,  and  Etching.  Franklin 
D.  Jones  and  Edward  K.  Hammond 1 

Gratluation  of  Taper  Attachments  on  Metric 
Lathes    348 

Grand  Rapids  Grinding  Machine  Co. ; 

Universal    Grinder    79 

Drill    Grinding    Machines 1050 

"Graphalloy,"  a  Self-lubricating  Rearing  Ma- 
terial,   Manufacture  of 631 

Graphite  Deposits.   American 412 

Graphite  Metallizing  Corporation: 

Manufacture     of     a     Self-lubricating     Bearing 
.Material     631 

Graven,  J.  H.: 

DeoxUlinc  Process  for  Cleaning  Steel 347 

Graves  Machinery  Exchange: 

Repairing  a  Large   Boring   Mill  Table 1045 

Gray,  John  B. : 

Simple   Section   Liner 648 

Gray  Machine  Tool  Co.: 

Shell    Machinery    819 

Kiuirling   and    Bourrelet    Rolling    Muchine....  958 
Waving  and  Under-cutting  Attachment 10.55 

Grease    Cup    10.59 

Grease  Cups,  Device  for  Filling.    C.  C.     Spreen.  935 

Grease  Gun  for  Filling  New  Bearings.  C.  C. 
.Spreen    ; 345 

Great   Britain,    Increased   Output  of  Steel   in,.. 1063 

Great  Britain,  Women  Workers  in  Machine 
Shops    597 

Greaves-Klusman  Co. : 

Geared-head  Ljithe  with  Single-lcv.-r  Control. .1159 

Green    Bay    Drive   Calk    Co.: 
Tool-holder    963 

Greenleaf,  W.  B. : 

Magnetic  Tempering  Device 243 

Air-rllle   Piston   Dies 313 

lAick-knVib    Di<-s 394 

Air-rine   Brace 8S2 

Making   Air-rllle   Trigger  Guard 933 

Bluing     Steel..: , 997 

Rear  Sight  of  Air  RIHe T 1035 

Alr-rltic   IXK-k-knob  Holder 1133 

Orldley  Automatic  Turret  Lathe,  Operating  the. 
Douglas  T.  Hamilton: 

1     926 

2    lOlrt 

Orldley  Mullipl.'-splndle  Screw  Machine,  Oper- 
ating thi'.     Douglas  T.   Hamilton 839 

Orldley  Mulllple-spindlc  Automatic  Screw  Ma- 
chine, Tool  Kciuipmcnt  and  Attachments  on 
the.      Douglas  T.    Hamilton IIS 

Orldley  Screw  Machine  Tool  Equipment,  Douglas 
T.  aamlllon: 

1    lis 

2     331 

8     436 


Gridley    Turret    Lathe    Equipment.2.        Douglas 

T.  Hamilton  23 

Griflin,  Wilfrid: 

Tangent  Clamp   : 938 

Grimshaw,   Robert : 

Repairing  a  Broken  Folding   Rule 56 

Chasing    a    100-pitch    Thread    with    a    50-pitch 

Chaser    62 

Clean  and  Safe  Comers 62 

Indispensability     15S 

Washing  Concrete  -Aggregates 247 

Cheap    Partitions 251 

Balancing  Screw   PropelUrs 346 

Concrete    Aggregates    442 

Accidents  on  Monday 1035 

A  Good  Concrete  Floor 1041 

Grinder   Carriage,    Traverse  Motion   for.      F.    R. 

Daniels     1136 

Grinder,  Thompson  T.'niversal  Cutter  and  Tool..  1158 

Grinder,   see  Grinding  Machine 

Grinding  Accurate  Thread-cutting  Tools,   Holder 

for     925 

Grinding  and  Boring  Attachment 1059 

Grinding  and  Lapping  Threads.     J.  E.  Lindgren.1023 

Grinding  and  Polishing  Stand 369 

Grinding    Attachment.    Toolpost 962 

Grinding  Castings  with  a   Planer  Grinding  Fix- 
ture         62 

Grinding  Chasers.   Fixture  for.     John  A.  Shand.  156 

Grinding,   Drill.      Edward   K.   Hammond 825 

Grinding  Facts  and  Suggestions ". 403 

Grinding  Fixture.   Lafayette  Thread-tool 1057 

Grinding  Fixture.  Piston   314 

Grinding   Hobs    t»  Remove   Distortion.      Edward 

K.    Hammond    583 

Grinding.   Importance  of  Correct  Drill 589 

Grinding  Machine.  Abrasive  Surface 372 

Grinding    Machine,    Automatic    Feed    Mechanism 
for  Wilmarth  &  Morman  Universal  Cutter  and 

Tool     463 

Grinding   Machine.    Bevel   Knife 1059 

Grinding  Machine.   Bridgeport  Surface 756 

Grinding    Machine.    Community   Thread-gage 1047 

Grinding   Machine.    Cylinder 758 

Grinding  Machine.   Disk 268 

Grinding  Machine.  Draper  &  Hall  Universal 363 

Grinding  Machine,  Electrically  Driven  Drill  and.  661 
Grinding    Machine    for    Valves    and    Re-seating 

Tool 661 

Grinding    Machine,     Fraser    Self-contained    Uni- 
versal     1154 

Grinding  Machine,  Gardner  Vertical  Disk 364 

Grinding   Machine,    Grand   Rapid    Universal 79 

Grinding     Machine,      lugersoU-Rand     Air-driven 

Pedestal     557 

Grinding  Machine,  Manhattan  Universal  Tool...  746 

Grinding  Machine,   Multiple  spindle  Valve 860 

Grinding  Machine,  Muuimcrt-Dixon  Radial 561 

Grinding  Machine.  Noble  &  Westbrook  Surface..  361 

Grinding   Machine,    Oakley   Universal 365 

Grinding  Machine,  Ott  Plain 747 

Grinding  Machine,  Ott  Valve  Seat 360 

Grinding  Machine,   Patch    ^ 177 

Grinding    Machine,     Persous-Arter    Rotary    Sur- 
face    1152 

Grinding   Machine,    Rivett   Automatic    Radial...   174 

Grinding  Machine,  Rivett  No.  166  Internal 659 

Grinding  Machine.   Robbins-Gamwell  Cutter 1052 

Grinding  Machine,  Sleeper  &  Hartley  Nail  Die..     71 

Grinding  Machine,  Temeo  Bench '. 962 

Grinding  Machine.   Tool  and  Cutter 469 

Grinding  Machine  Tool  Plane  Surfaces 394 

Grinding    Machine.    Turbine 372 

Grinding    Machine,     United    States    Electrically 

Driven    3.59 

Grinding   Machine.    Universal    Electric 747 

Grinding  Machine,   Universal  Tool 268 

Grinding  Machine,  Van  Norman  Automatic  Bore.  2t'p5 
Grinding    Machine,    Webster    &    Perks    No.     1. 

Universal     4."i9 

Grinding  Machine.  Wo..,ls  Tool  and  Cutter .5.56 

Grinding    M:i.  Ini.  -     1:11  I    Uapids   Drill 1050 

Grinding  Ma.  I"  1    ■     M    1  ■       ii:;h  Mfg.  Co.'s 82 

Grinding    M:i.  hi  1        ^        Portable 1052 

Grinding  of  .-^li:!  1 1 -,    c  Ui,  in.  :il 708 

Grinding-room    Kink.      i:.    J.    Iliggins 158 

Grinding     Spherical-end     Pin     Gages.        George 

Slider    541 

Grinding  Stand,   Luther   SIM 

Grinding  Stand,   Luther  Bench 469 

Grinding   Teeth    of    End-mills,    Attachment    for. 

Stanley    Edwards    158 

Grinding  Wheel,  Dressing  a 1029 

Grinding  Wheel,  Loading  and  Glazing  of  a 687 

Grinding  Wheel  Truing  Device.     F.  C.  Bolton. . .  744 

Grinding  Wheel  Truing  Tool,   Ross 565 

Grinding  Wheels,  Diamonds  tor  Dressing.     G.  T. 

Liiitiug     129 

Grinding   Wheels.    Dresser  for 1159 

Grinding    Wheels.    White    Heat   Products   Co.'s.     82 

Grip  Threads,  Harvey  1142 

Griscom-Russell  Co.: 

Moisture  Separator  for  Compressed  Air  Lines..  758 

Griswold.    William   R.,   Obituory  of 378 

Group   Insurance,   sec   Insurance 
Grover,   William  P.: 

Gear  Cutting  or  Slotting  Machine 441 

Guard  for  Dog.    Fred  Fruhner 347 

Guard,  Making  Alr-riflc  Trigger.     W.  B.  Green- 
leaf 933 

Guide.    IMinip-sprlng    Bushing-holder.        Karl    S. 

Hutton    251 

Gun    Barrel    Calibrating   and    Straightening   Ma- 
chine,  Sponsel    257 

Gun  Boring  I-allie,  Amalgamated   75S 

Ouil   Boring   Lathe,    Loltlond 558 

Gun   Boring   Machine,   Springfield SI7 

Gun   Hullders  tor  the  Government 80 

Gun   for   Filling   New  Ucarings,   Orense,      C,   C. 

S|)reen     345 

Gun  Sight,  Culling  a  Dovetail  Slot  In  ».     Ray- 
mond  II.    Daulerlch 085 


Gun     T^pp,     Reason     tor     Superiority     of.       A. 

BoUincky     543 

Guns.     Broaching     Operations     on     One-pounder. 

Francis  J.  Lapointe   964 

Guns,  Wear  in  Large  403 

Gunion,  P.  C,  Personal  of 578 


Hacksaw  for  Tire   Rims,    Robertson 1054 

Hacksaw  on  Lathe  Work.  Power.     C.  .\nderson.     .56 

Hacksaw.  Power  372 

Haines,  W.  A..  Personal  of 1168 

Halfmann.  C.  Harper,  Personal  of 578 

Hall,    Nelcon   P.,    Personal  of 578 

Hall   Mfg.    Co.: 

Combination  Tool   83 

Hallden    Machine    Co.: 

Tube  and   Rod  Cutter 1050 

Halsey,  F.  A.: 

Metric  System  in  Watch  Industry 702 

Hamilton,  Douglas  T. : 

Gridley    Turret    Lathe    Equipment-2 23 

Screw  Machine  Tool  Equipment: 

1     118 

2     331 

3     436 

Graphic    Method    of    Generating    an    Involute 

Gear    Tooth    606 

Operating   the   Gridley   Multiple-spindle   Screw 

Machine     839 

Operating  the  Gridley  Automatic  Turret  Lathe: 

1     926 

2      1016 

Hamilton,   L.   F.,   Personal  of 478 

Hamilton  Machine  Tool  Co.: 

Engine    Lathe    S4S 

Hamlet,  L.  M.: 

Bending   Concrete   Reinforcing   Rods 646 

Hammer  and  Drill.  Payne  &  Wiles  Electric 851 

Hammer  and  Rivet  Header.  Shell  Calking 861 

Hammer,    Dayton   Pneumatic 82 

Hammer,    Forging    177 

Hammer,    Forming    I<e9 

Hammer  Heads.  Fastening   56 

Hammer.      Huge      Chambersburg     Double-acting 

Steam-Forging   275 

Hammer,    Pannier   Single-stroke  Pneumatic 1148 

Hammer,  Removable  Head.  August  J.  Lejeune.  548 
Hammer  with  Adjustable  Gib,  Fairbanks  Power.  746 
Hammers,  Use  of  Air-operated.  W.  A.  Lailer.  742 
Hammond.  Edward  K. : 

Graduating.   Engraving  and  Etching 1 

Making  Cold-drawn  Shafting   ISO 

Martell    Aligning    Reamers 209 

Modern  Drilling  Practice: 

1     381 

2     502 

3     619 

Grinding  Hobs  to  Remove  Distortion 583 

Speeds  and  Feeds  for  Drilling 715 

Business  Methods  in   the  Drafting-room 697 

Salvaging  Tools  in  War  Time 771 

Drill  Grinditig   825 

Intensive  Production  on  Drilling  Machines: 

2     1030 

Mechanically    Operated    Cutting    and    Welding 

Torches    869 

Bearings  for  Machine  Shop  Equipment 975 

Taking  Machines  to  the  Work 1073 

Methods    of    Trademarking    Your    Product. ..  .1123 

Unusual   Operations  on   Drilling   Machines 1091 

Ball  Bearings  for  Machine  Shop  Equipmcnt-1.1097 

Hammond,  H.   B.,   Personal  of 666 

Hanipson,  Donald  A.: 

Scratching  out  Lines  on  Thin   Paper 54 

Criticizing   the   Designer    220 

.\   Mouse-trap  Conveyor    243 

Shrinking  on  Bands  without  Tools 245 

Planing  Cold-drawn  Steel  Parts 496 

Observations  arotmd  the  Shops 573 

Holding   Parts   for   Milling 820 

Machine  for  Splitting  Hide 1037 

Women   in   the   Drafting-room 1(M0 

Magnetic    Screwdriver    1011 

Hand    Invented.    Magnet     86 

Hand-power   Details,    Ball   Bearings   for.      Mark 

Meredith    251 

Handle  for  Draftsman's  Scale.  C.  C.  Spreen...  548 
Handles   on   a   Power   Press,    Forming   Milk-can. 

Ernest    .\.    Walters    41 

Handling   Large   Machines.      John   Scott 244 

Handling    Shell.    Ro\iting   and.      James   Forrest.  922 

Hanger  Construction,  Weak    988 

llannan,  Hugh,  Obituary  of 1168 

Hanson,   B.   M.  W.: 
IIow  American  Slechanics  Can  Win  the   War.  990 

Hanlened  Tools,    Straightening    254 

Hardening  Cutters  for  Large  Shear 742 

Hardening,  Preheating,  anil  Temi>erlng  Furnace, 

Triad  Combination    6<W) 

Hardeness  Tester,  Palo 177 

Hardness-testing  Machine,  Sclentlflc   177 

Hanlnesa-testlng   Method,    Pritc  Offered   for 900 

Hardy,   Charles: 

Dies    for    Stamp    Cover 546 

Harman.  W.  H..  Personal  of 478 

Harris    Engineering   Co..    H.    E. : 

Offset    Drilling    Attachment 81 

I.eail    anil    .\ngle    Testing    Dovico    tor    Thread 

Gages     17.'* 

Hart,    Ix-on   O..   Personal  of 76S 

Harvey  Grip  Threads   ; 1142 

Hatfield,    Paul   L. : 

Economical    Diemaklng     93S 

Hathaway,   Chester  W.; 

Built-up  Tools   for  Brass   Work SS5 

Cutters  for  Soft  Com|M»sttlon  Washers ItStl 

Simple  Tools  for  Making  Coll  Springs 10.16 

indexing  Fixture*  for  Use  la  Turret 1137 


Hayncs.   Elwood: 

Notes  cm   the  Manufacture  and   Fabrication  of 

Stellite     571 

Head.    Graduating   a   Planer.     John    K.    Beckett.  519 
Head   without   Special   Appliances.   To   Graduate 

a    Planer    ■**" 

Heads.    Machining    Expansion    Seats    for    Auto- 

matlce   Sprinkler.      John  J.   Borkenhagcn 53 

Beald  Machine  Co.: 

Magnetic   Chuck    ♦  ■^^l 

Heat  cm  Strength  of  Wrought  Iron.  Effect  of...  203 

Heat-treated    Gearing.      W.    H.    Phillips 3:U 

Header.   Shell  Calking  Hammer  and  Bivet 861 

Heat-treatment  of  Automoble   Parts 473 

Heat-treatment   of   Chain    Cable 83 

Heat-treatment  of  Gear  Blanks 8^5 

Heat-treatment  of  Cray  Cast  Iron 435 

Heat-treatment  of  Steel.  Possibilities  of  Double.  539 
Heat-treatment    of    Tools.    Record    of.       George 

F.     Kuhne     1039 

Heat  Value  of  Coal  in  Storage,  Loss  of 908 

Heater.    Crane    Cab 758 

Heating.   Locomotive  Feedwater    220 

Heating   Steel,    Time    Effect   in    Re- 6H1 

Heatmeter.    Brown    Precision    512 

Heckman,    C.   F..    Personal  of 378 

Hedges.    George  L.: 

Alignment    Charts    615 

Hedges.  George  L..  Personal  of 666 

Height.  Given  Area  and  Radius  of  a  Segment  to 

nod    the ■*-*7 

Height   of   Chimney.       Fred    B.    Corey 51 

Beight  When  Turning  Angles,   Effect  of  Tool. . .  348 
Heinkel    Machine    Tool   Co. : 

Gearless   Multiple-spindle   Drilling   Head 658 

Helil    with    Variable    Pitch 448 

Helweg,    S.: 

Jigs  and  Fixtures  for  Milling  and  Assembling.  139 

Henderson,  L.  G.,  Personal  of 1168 

Hengesbacb.   L.  J. : 

Factory    Moving     999 

Henn.  A.  W.: 

The  Machine  Tool  Trade  after  the  War 1096 

Herbert  Knighted,  Alfred    92 

Hermann,  C.  C. : 

Placing  Tight  Belts  on  Pulleys 344 

Clearance  of  Circular  Forming   Cutters 546 

The  Future  Status  of  the  Apprentice 889 

Hermaphrodite    Calipers.      George    Werner,    Jr.. 1139 
Herzberg,   Max  J.: 

Tanks    Anticipated 648 

Heyne,  H.  P.: 

Safety     as     an     Investment     and     Ways     of 

Securing    it 1004 

Hide.   Machine  for  Splitting.     Donald  A.  Hamp- 

son     1 037 

Biggins,    E.    J.: 

Efflcieot    Knurling    157 

Grtnding-room     Kink     158 

Cutter   for  Soft   Composition   Washers 545 

Dlemaker's  Square   548 

Storing    Drill    Rods    M9 

Centering  Tool  for  Lathe  Work 649 

Preventing  I»»fl  of  Tools  741 

Laying-out   Fixture  for  Milling   Machine 744 

Truing   an   Emery   Wheel   Quickly 832 

Ball-p>jlot    Holder    for   Caliper   Square 830 

Ijiylng-out   Fixture   for  Milling   Machine 939 

Fixture  for  Backing  off  Milling  Cutters  In  the 

Lathe    1038 

Emery   Cloth    Bolder    1011 

Protractor     for     Making     Linear     Perspective 

Drawings      1136 

To   Pr.-vent  Chuck   Wrench  from  being  Lost.. 1139 

8trilgbt-«hank  Counterbore   1139 

HIgfa-eiploiilve   Shi'liK,    Requirements  and   Treat- 
ment  of   Canadian    641 

••Hlgh-lerel"    Truck.    Orenstein-Arthur   Koppel..  962 
Blgb    Hrw"!    Ilalnnier    Co.: 

nigh-»p<*d   Ball   I'rfarlng   Drilling   Machine 747 

Shell   Calking   llamuier  and   Bivet    Header 861 

HlKh'<l>er<l    Ste<-I.    Compofiltlon    of 824 

Ill(h-«i»-ed    Steel    from    Carbon    Steel,    To    DIs- 

tlogul.h      1139 

Hliuoff   Machine  Co.: 

Kngln»    Lathe    77 

niDdman  Khrll  Turning  and  Baring  Lalbea ll.'jS 

Illrd.  John  W.; 

Recnalng   T<Jol    1041 

ffoagUiid.    r.   (>.,   Peraonal  of 1070 

Hob.    luirrted-looth    552 

Hub.    I.^'ngth   of   ■    Worm  ur,      Lottaer   D.    Bnrl- 

logamif     180 

Bob   Mpur    Geara,    Chart   Giving   Time    Bequlreil 

to.      V.    IV    llumely    108.'. 

BnlM  and  llultblng    Ml 

lloU   to    ll-inote   Dlilortlon,   Orlndlng.      Kdward 

K     Hammond    583 

Ilol.bln».    Il'.l™  and    041 

lloliliir./     \\,u\i,'-.    li|irnillDg    Inntructlona    for, 

II.  ml.    214 

||>,>  •   wllh'mt  Travemlog  Hob.,  499 

ll'.r,. 

I!.  f  ••.in  Hhort  Holler  Tubra B5 

Ifot^f     !■•    ..    <•-... 

Nlwk    Itto 177 

||f«l>il      II     n,    OMIury    of tVM 

U„,i..    M.^    ... 

II  Head    170 

II-,.  ■'t%.  I.nvU  Automallc Iir.l 

Il'.i'  >.l WB 

ll>,:  I.       K.  J,  UKdna 1041 

ttni  Hqnar*,    Kall-imlDt,       R.    J. 

II  MO 

11'.'  ••     .\'ur«l«    TkmdrDllllit 

-(  VK 

»■  440 

Il'.i  'I- 40" 

ll'.i  I  i>a  rilicnaM,  Jr...  244 

ll.,i.ir..'    •.  .•    A    It-. It   <  . 

l.o^k  nut     ll»e 

Unix.    Mf'Hi'hlnf   Nqnaf       Hlalll'y   Kdwtrda....   Mlil 
||.,|«a.    |itlllln»   (  l-..-lr    «|.«'-«l    IM 


Holes    in    Plates.    Koch    &    Sandidge    Adjustable 
Cutter    for   Cutting    1150 

HoUingworth    Machine   Tool    Co.: 

Shaper    166 

Hollow-mill,  and  Boring  Tool,  Counterbore,   End- 
mill    83 

Hollow-mill,    Genesee   Adjustable    751 

Holman,   Leslie  A. ,   Personal  of 666 

Holyoke  Truck  Co.:  • 

Transfer  Truck    82 

Elevating    Truck     469 

Holz.   Herman  A.: 

Fahy     Permeamoter    for    Magnetic-mechanical 
Anal.vsis  of  Iron  and  Steel 553 

Honey,    Frederic    R.: 
A  Two-plane   Straight-line  Motion 53 

Hood,    Colburn   Tapping 73 

Hoover    Mfg.    Co. : 

Inserted-point    Centers    560 

Horak,   Gustave  J.: 

Device  for  Winding  Springs 605 

Horsepower  of  Explosives.     Harry  E.  Day 1136 

Horsepower  of  a  Pulley.  Measuring.    J.  J.  Clark,  651 

Hossie,    F,    C.    Personal   of    666 

Houses   Erected   by    British   Government,    Work- 
men's       731 

Howell,  J.  B.,  Personal  of 768 

H.  P.  Co.: 

Wheel-truing   Tools    852 

Hull,   F.  J.,    Personal   of 666 

Hunt  Co.,   Inc.,   C.   W.: 

Industrial  Truck 268 

Hunter,    S.    R..    Personal   of 1068 

Hurley,   Frank  J.,  Obituary  of 768 

Hutchinson,   Raymond  G,,   Personal  of 478 

Hutton,    Earl   S. : 

Pump-spring    Bushing-holder    Guide 251 

Hutton,   Frederick   Remsen.   Obituary  of 967 

Hydraulic   Marking   Machine,    Martin    564 

Hydraulic   Press   Mfg.    Co. : 

Hydraulic  Accumulator  Protective  Valve 1158 

Hydraulic  Pressed  Steel  Co. : 

Forging  the  r.   S.   75-millimeter  Shell 890 

I 

I-beams,    Bending.      John    S.    Myers 350 

Ideal   Concrete    Machinery   Co. : 

Metal    Product    Washing    Machine 860 

Identification   Marks  for  Steel 515 

Identitication  Tags  for  Navy.  Monel 130 

Idle  Machine  Hours.      Eric   Lee 113 

Ignition  Tube  Drilling  Machine,  Langelier  Auto- 
matic       961 

Her,    Jr.,    W.    T. : 

Master    Whitworth    Thread    Gages 51 

Iler,   Jr.,   William  Thompson,   Obituary   of 37S 

Illinois   Tool    Works : 

Grinding   Hobs    to    Remove    Destortion 583 

Illn.-ss   in   Industry    1027 

Immigrant  LalH.r   in   Our   Industries,   The  Amer- 
icanization of    515 

Imports  and   Exports  of  Merchandise,   U.   S 630 

Imports  of  Gold   and   Silver 822 

Imports    from    South    America 932 

Improved  Surface  Mfg.   Co.: 

Belt   Dressing   Distributor    1059 

Inaccesible   Parts,    Laying    Out 251 

Index    Head.    Secor    Plain    261 

Index   to  .Machinery   117 

Indexing  Attachments.      Energy 030 

Indexing    Fixtures   for   Use    in   Turret.      Chester 

W.    Hathaway    1137 

Indexing  for  Minutes  and  Seconds 162 

Indicator    Gages    Used    in    Gasoline-engine    Con- 
struction.     C,    C,    Marsh 010 

Indicator,    Gates    Dial    O.'iS 

Indicator    Used     for    Cutting     Internal    Threads 

An.     Alfred  E.  Carter 790 

Indlspenaablllty.      Robert    Grimshaw l.W 

Induction      Furnace,      Northrup-AJax      High-fre- 
quency      11.57 

Industrial    Association   of    Cleveland 328 

Industrial   Development   in   France 138 

Industrial   Priorities,    Rules  Governing 003 

Industrial  Truck  Co.: 

Tractor     and     Locomotive 060 

Industry,  Illness  In   1027 

Industry   in   England   Since   1914,    ReadJUBtnient 

and    Operation  of 568 

Industry,  Our  Most  Im|>ortant.     J.  P,  Brophy,,.  128 

Industries,    Essential    1120 

Industries    Mobilized    for    War,    The    Nation's. 

I..  J.    V.  MiKirc    81 

Industries  nut  Eaaentinl  to  the  War,  Curtailment 

of      830 

Ingers(dl.   Clayton  C.   Personal  of 907 

IngersoU'Rand    (!o. ; 

Alr-drlven   Pedestal   Grinder 557 

Pn<-umatlc    Drill    1107 

Portable  Air  Compressor   11511 

Ink    Made   from   Typewriter   Itlblmns KW 

Inserled-cutler    Tools.     I,oveJoy 2tU' 

Inspertlon    and    Assetiibly,    Progressive 20 

Innpi-cilon    and    Truing    Machine,    llluinqulst-Kck 

Wheel     inno 

InsrM'ctlon,      Increasing      Production     with     More 

UIgld.      D.    M.    f errill 410 

Inaiiectinn  Methods  of  llio  Future,     0.  0.  Marsh.ioos 

lns|M-ctlon  of  nrnnce  and  Brass nil 

lni|M-ciinn    of    fieors.    The 272 

Inaiieciion   of   Munitions,    Oaglng   anil SINI 

InatHTilon    of    Hcrew    Oages    for    Munitions    of 

War     4.12 

Inapecllon    of     Ihe    11,     H.     7ri-inllllnieler    Hhell. 

I'.rik   niM-r«    7ltl 

InaiH-rfora     for     'Irdnancn     l^iultunent.     U.     H...    IHI 

InalM-clr.ra,    H(M*'-tncatlonR    and 45(1 

Inalllullona     Worl>      to     Tou7,     How     Much     arn 

American      IWl) 

ln>iriici..rB,  The   (iiaholt   Meth'Hl  of  Tralnlni...  814 
Inaurance  si    Ihe  I'Inrlnnall    Planer  Co'a  Plant. 
A.    J.    K.hneld.r  572 


Interchangeable   Merchant   Ships 268 

Interchangeability  in  Manufacture 116 

Intermediate    Measures    of    Length,    Uselessness 

of   the,     William   S.    Rowell 57 

Internal  Combustion  Engines,  see  Engines 

Internal  Gears,    Broaching  Teeth  of 236 

Internal    Threads,     Rolling 102 

Inventions  and  Inventors.     Cole  Newman 703 

Inventions  and  Inventors.       E.  E,  Johnson 940 

Inventions  and    Inventors.      F.    R.    Daniels 1038 

Inventors,   Inventions  and.     E.   E.  Johnson 910 

Inventors,    Inventions  and.      F.   R.  Daniels 1038 

Inverted    Drilling    of    Armature    Shafts 630 

Investigations,    Factory.     Albert   A.   Dowd 1121 

Involute    Gear    Tooth.    Graphic    Method   of    Gen- 
erating  an.      Douglas   T.    Hamilton 6l>6 

Involute  Gear  Teeth  on  Addendum  Circle,  Thick- 
ness of.      Reginald   Trautschold 800 

Iron    and    its    Uses.    Malleable 149 

Iron    and    Steel,    Effect    of   Temperature   on    the 

Strength    of    1081 

Iron   as    an    Element    for    Thermo-couples,    Calo- 

rized 824 

Iron,   Difflculty  in  Obtaining   Pig 788 

Iron  Ore  and  Pig  Iron,   Production  of 67 

Iron  Ore  Fields,  Germany  Wants  to  Keep 703 

Iron  Ore  Mines  Controlled  by  British  Government.  340 

Iron  Ore  Production  in  1917 877 

Iron   Ore.   Steel   from   Nickel-copper-    1002 

Iron    Plate    Rust,    Removing.      Mark    Meredith..   155 

Iron  Plate  Rust.   Removing.     A..  Schleimer 645 

Irons,   Cutler-Hammer   Rack   for  Electric  Solder- 
ing      1053 

Ironton  Punch  &  Shear  Co.: 

Plate   Punching   Machine    83 

Irvin,    Paul    T.,    Personal   of 768 


Jackson  Machine  Tool  Co.: 

Duplex    Die-sinker    755 

Jacobs, Arthur  Irving,   Obituary  of 666 

Jacobs.   F.   B. : 

EIHciency   in  Tool   Designing    212 

Economical   Production   of   Accurate   Hardened 

Gears    315 . 

Results   of    Faulty    Tool    Designing 1028 

James,   Thomas: 

Cam  Cutting  on  a  Drilling  Machine 1138 

James,  H. : 

Comparison      of      Forge,      Oxy-acetyleue      and 
Electric    Welding    471 

Janssens,    Adolphe,    Obituary   of 866 

Japan.    Machine   Tool   Manufacture    in 1046 

Japanning,   Electric    131 

Jaws,   Equalizing  Vise,     Charles  H.  Willey 940 

Jay: 

Steam   Engine   Cylinder   Repairs 647 

Jenner.    Arthur: 

The   Heart   of   the   Factory 44 

Jensen,   J.  K.,   Personal  of 1168 

Jespersen,  H.  W. : 

Tube-bending    Device     515 

Jib    Crane,    see    Crane 

Jig,    Drilling     372 

Jig    for   Straight   and   Angular   Drilling.      James 
W.    Boyce 441 

Jig  Locating  System.     R.  H.  Welcome 548 

Jig,    Universal    Drilling    and    Reaming.       E,    L. 
Robenolt     1134 

Jigs   and   Fixtures    for   Milling    and    Assembling. 
S,    Helweg    139 

Jigs   from   Square   Cast-iron   Bars,    Making 180 

Jigs,      Quick-locking      Device      for      Box.         E, 
Edwards     54 

Jigs,   Use  of  Box    1132 

Jobbing-shop  Production.     Charles  A,  Carpenter,  569 

Johnson,  C.  W.,  Personal  of 280 

Johnson,   E.    E. : 

Inventions    and    Inventors 940 

Johnson,    F.    E. : 

Obtaining      Results      In      Special      Machinery 
Designing     1134 

Johnson  Gas  .\ppliance  Co.: 

Bench    Purnaie    962 

Bench    Furnace    1059 

Johnson,   Lewis: 

Card    Index    Production   System 522 

Joint,  Cooper  Universal    608 

Joint.    Nuttall    Expansion 82 

Joints  as  Affecteil  by  Type  of  Thread,  Strength  , 
of   Pipe    639 

Jones,    Franklin   1).: 

Ornduatlng,    Engraving   and   Etching 1 

Screw    Thread    Cutting    with    Die» 87 

Taps    and    Tupping    Equipment    221 

Tapjilng    Miichlnes   and    Attachment 319 

Thread     Milling      418 

Thrcail    Culling    Attachments B28 

l)lff<>renllal   Motions  and  Planetary  Gear  Coiu- 
blnatlons: 

1     600 

2     708 

General  Thread  Cutting  Practice  in  the  I.uthc.  034 
Thread   Rolling: 

1    e»o 

2  . . .- SOS 

Projection  MethiMl  of  Testing  Screw  Threads.  781) 
ingenious  Mechanical  Movements: 

1     781 

2    ooa 

Measuring   Tenipb>ls   and   Screw   Threads   Willi 
a    Microscopic  Menaurlug   Maihlne 791 

The     Will     Process    of    Twist     Drill     Mnnufa.-- 
lure      1007 

I'.leclrlc    HIeel     1104 

Jonea  A  Lanison   Machine  Co.: 

Fay  Autoniallc  fur  Ring  Hovel  Oeara JOA 

Jniies    A    I.rtiuaon    Man    In     Ituasia    during    tho 

llevidullon.        George   II.    llrlgham    iMM 

Journal   Truing    Machine    82 

Jouve   aut    Hegulna,    Cliiirlea: 

Hllulde     llelle\lng     Alla.'hillenI 23 


Shell    Facing     Bar 

Jowett,   J.   W.,   Personal  o£. 


Kane  &  Roach:  „„ 

Tunnel  Plate  Bender  ^°' 

Channeling    Machine    SS, 

Angle  Bending  Machine '?^ 

Circular    Bending   Machine "" 

Drill    Rod    Shears llj^ 

Karlsrud,   Hans,   Personal  o£ ■''>" 

Kartsher,  Harry  S.; 

Angle  of  Rest  of  Shells as 

Finding     Effective     Bearing     Area     of     Acme 

Screw   Threads    **" 

Kebler,   Eliot  A..   Personal  of "'"' 

Kehoe,  Charles  G.:  .,„.,»„ 

To     Find     Economical    Length    of    StocK     lor 

Four-spindle  Screw  Machine W4 

Keown,   R.  McA..  Personal  of 1"'» 

Keys.    Manufacture   of    Gib mj 

Keyseater.  BucherSmith  Portable -w 

Keyseating  Tool.     E.  J.   Gibson..    ..•••  »d» 

Keyway   Cutting   Tool   for   Drill   Press.      M.    C. 

Melincoff    X^'V 

Keyways    on     the    Shaper,     Cutting.         Charles 

Eisler     If^o 

Kidd.  F.  J.,  Personal  of ^"^ 

King.  R.  D.: 

Pressure    Toggle     Ti- 

Punch  Press  Drawing  Attachment lla» 

Kirk.  James  A.: 

To   Prevent   Loosening  of  Taper  Shank   Drills 

and  Collets   **\ 

Kling.   P.   M..   Personal  of ^^ 

Knight,  William; 

On  Testing  Materials    J"' 

Stresses  in  Turbine  Wheels olo 

Knob.   Making  a  One-piece  Brass  Door.      Robert 

Morris     rj? 

.    Knurls.   Milling  Relief  in d»J 

Knurling  and   Bourrelet   Rolling  Machine.   Gray.  9o8 

Knurling.    Efficient.      E.   J.   Higgins loi 

Koch  &  Sandidge:  .     „,  .      ,,-<, 

Adjustable  Cutter  for  Cutting  Holes  in  Plates.llj6 
Korff,   Fred  H.;  .,       , 

Purpose     and     Methods     of     Using     Manufac- 

turing    Orders    ^^^ 

Koschlnske.    Ernest  A.: 

Radius  of  Smoke  Arch ^1 

Kroll,  P.  J.,  Personal  of -'" 

Kuhn,   Charles  A.: 

Countersink    Sleeve ^° 

Kuhne,  George  F.: 

Details  often   Ignored •■   i" 

Who      Blundered— The      Draftsman      or      the 

Machinist?    *f* 

Economical    Die-making    *** 

Record  of  Heat-treatment  of  Tools 1<B9 

Kyanizing    ^'**'' 


Labor  Administration.   Program  of  War 6U 

Labor  by  the  .\rmy.  Conservation  of  Skilled ibB 

Labor  Disputes,   Arbitration   for 991 

Labor,  Government  as  an  Employer  of »»o 

Labor,    Government    Control    of •  •  ■  1094 

Labor     Problem     of     the     Small     Manufacturing 

Plant,   The.      A  Manufacturer 1W8 

Labor  Problem.  The    '»» 

Labor  Problems.  Some  Knotty  - »»» 

Labor  Problems,  Some  Knotty.     Robert  Mawson.1166 

Labor,    Remuneration  of    ^»J 

Labor  Turnover,   Decreasing  the Jlw 

Lalwr  Turnover,   Excessive   »^ 

Laboratory,  Equipping  a  Shop 1«»T 

Laboratory  for  Testing  Airplane  Motors l.ii 

Laboratory  of  the  Bureau  of  Standards,  Branch 

Gage     ~? 

I.acer,    Detroit    Belt    '* 

Lafayette  Tool   Works: 

Thread-tool    Grinding    Fi.\tllte H«' 

Laller,  W.  A.: 

Self-centering  Marking  Punch IJO 

Placing  Tight   Belts  on   Pulleys -jb 

Use    of    Air-operated    Hammers 74J 

Remedy   for   Oil-throwing   Shaft IMl 

Lake,  E.  F..  Personal  of  J*' 

Personal    of     l""^ 

Ijimbert   Machine   &   Engineering   Co.: 

Horizontal  Boring  Machine  058 

Lamson   Co.: 

Shell   Conveyor    ^o* 

Landau  Machine  &  Drill  Press  Co.: 

Multiple  Drilling   and  Tapping   Machine 5o3 

Landls  Machine  Co.: 

Threading   Machine    1'" 

Lang,  Frank: 

Stop-collar    for    Countersink **l 

Lang,   J.    Oustaf   V.,    Personal   of 02 

Langellor    Mfg    Co.: 

Turnbuckle    Drilling    Machine 559 

Automatic    Ignition    Tulie    Drilling    Machine..  901 

Multlplc-splndle    Drilling    Machine 902 

Ijingfltrolh.    C.    B.: 

A    Well-arranged   Carburlzing    Plant 329 

Lanalng  Co.: 

Electric    Trucks    ^"i 

Lapolntc    Co.,    J.    N.: 

Broaching    Operatlona    on    One-pounder    Guns.  9(M 

Rinlng    Machine    '"'>» 

Lapninio,  Krnpclii  J.: 

Broaching  Operntloni  on  One-pounder  C.uns...  004 
Lapnlnle  Machine  Tool  Co.: 

Ilrnnchlng  Teeth   of   Internal   Geara 2.10 

Drilling   JlK    11^ 

Lniiplng    Aiilomoblle   Cyllndem.       Art    Sandborg.  742 
L-ippIng    Plnle    and    Cabinet   for    Emery    Wheels 

and   Ollnloneri.      Warren   H.   Dunbrack 937 

Lapping    Threada.    Grinding    and.      J.    E.    LInd- 

gren     '"?V 

Large    Mnchlnea.    Handling.       John    Scott 244 


Larson,  E.  E. :  ..-_ 

Cutting    a    Long    Rack ~^ 

Lathe,    Acme    Universal    Turret    "^i 

Lathe,    Adams     "Short-cut"     ^-J' 

Lathe,    Airplane   Propeller    -?? 

Lathe,   •■Amtew"  Engine ^-^^ 

Lathe,  An  -Ancient.      Guy  H.  Gardns""- •••  ■•;.■■     ^" 
Lathe,    Boring    Attachment    for,       C.    W.    \Mii>-  _^^ 

inson     i  n-o 

Lathe,   Buffalo-Pitts  Shell ^^'^ 

Lathe,    Caned.v-Otto    Engine ■  • -. ■••••     »" 

Lathe     Carriage,      Fixture     for     Facing     Work 

Carried  on  a.      Martin  H.    BeU 24' 

Lathe.    Center-Drive    ™,i 

Lathe.   Cone-head    ; • °°' 

Lathe.    Correcting    Errors    in    Precision    Screw- 

cutting.     J.   E.  Lindgren ^\ 

Lathe.  Crawford  13-uich  Engine ^^2 

Lathe,    Davis   Engine    'f!' 

Lathe.    De   Mant   Bench .•■•• f™ 

Lathe  Disk  Sander.     George  W.  Childs ll«^ 

Lathe  Dog,    "Satco"  Safety ■■■,■■■;■'  j^% 

Lathe,   Drill-holder  for  the.     Ernest  Schwartz ..  +J. 

Lathe,   Duff  Heavy-duty  Turret Ji^fS 

Lathe,   Elyria  Heavy-duty -t^-'T'-^ 

Lathe  Equipment-2,  Gridley  Turret.     Douglas  T. 

Hamilton     ™ 

Lathe.    "Filsmith"   Gap    "  "  • ' ' ' 

Lathe.    Fi.vture   for  Backing  oft  Milling   Cutters 

in  the.     E.  J.  Higgins ^- '  V  " ' " 

Lathe.    Fixture    for   Milling   Cylinder   Heads  on 

Engine.     Fred  Fruhner  '^1^° 

Lathe.   Fleming   Combination    • 'oi 

Lathe    for    Torpedo    Air    Flask    Heads.    Luster- 

Jordan    '. 

Lathe,     Foster    Universal    Turret 8o4 

Lathe,    Franco   Tosi   Shell »J» 

Lathe,   Fulton  Shell   'i'^l 

Lathe,  Gisholt  Shell  Boring ij» 

Lathe,    Gun   Boring    1^° 

Lathe,   Hamilton   Engine    «» 

Lathe.    Himoff    Engine '' 

Lathe.  Journal  and  Axle l^J^a 

Lathe,    LeBlond   Gun   Boring J2| 

Lathe,  Making  Chasers  in  the.     L.  J.  Orr lo» 

Lathe,  MillhoUand  Turret 3'^ 

Lathe,   MillhoUand  Universal  Turret _» 

Lathe,    Motor-driven    "Fifield"    ;o2 

Lathe,  National  Geared-head J^i 

Lathe,   Needham  Double-purpose ^4o 

Lathe,    Niles-Bement-Pond   Axle '5^ 

Lathe,    Oliver   Face W^, 

Lathe,    Oliver  Heavy-duty   Engine J'' 

Lathe,     Oliver    Speed ;J    '  ' '. 

Lathe.  Operating  tjie  Gridley  Automatic  Turret. 
Douglas  T.   Hamilton: 

Lathe,  Reed-Prentice  Crankshaft  Flange  Turning.  465 

Lathe'.    Rockford    Tool-room 567 

Lathe.  Rolling  Mill   ■  •  ■  •  •  -IJI" 

Lathe    Screw-cutting    Attachment,    Porter-Cable.  IW 

Lathe,   Sebastian   Geared-head -75 

Lathe.    Shepard    Engine 3b7 

Lathe,   Sidney  Engine J-l 

Lathe,  Sidney  High-duty '?» 

Lathe.    Six-spindle    Vertical 4o9 

Lathe,    Small   Tap-holder   for   Turret.      John   A. 

Shand    ^' 

Lathe.   SpringBeld  Geared-head »«« 

Lathe,    "Sundstrand"    Manufacturing 859 

Lathe,    Turret   Attachment   for 987 

Lathe.   Victor   Engine 563 

Lathe,    Wade   Precision    1'? 

Lathe,   Willard  Tool-room Sj? 

Lathe.    Williams    Turret 1159 

Lathe  with  Single-lever  Control,  Geared-head.. llo9 
Lathe  Work,  Centering  Tool  for.  E.  J.  Higgins.  649 
Lathe  Work,  Cutting  oft  Stock  for.     William  S. 

Rowell    **^ 

Lathe  Work,  Power  Hacksaw  on.     C.  Anderson.     dO 

Lathe,   Wright  Engine    • 557 

Lathes,   David   A.   Wright   Building   "Piaeld'...  184 

Lathes,  Depth  Gage  for  Boring  on 157 

Lathes,    "Filsmith"    Oulck-change 462 

Lathes,    Graduation    of    Taper    Attachments    on 

Metric     .?« 

Lathes,  HIndman  Shell  Turning  and  Boring 11.t3 

Lathes,  JIaster  Engine  2.[<8 

Lathes.  Shell    ^2, 

Lathes.    Shepard    1™1 

Lathes,  Turret  for  Dalton  Six-inch 1149 

Lathes,   Wright   Engine    264 

Lautz,  George  .\..  Personal  of o78 

Lay-out.  ,„„ 

Finding    Contents   of    Cylindrical    Tanks 1027 

Lay-out  for   MuUlple-apindle  Drills 802 

Laylngout  Fixture  for  Milling  Machine.      E.   J. 

Higgins    T4t 

Laylngout  Fixture  for  Milling  Machine.      E.  J. 

Higgins     9?" 

Laying   out    Inaccessible    Parts 2ol 

Lea  Thread  Lead  Tester 949 

Lead    and     Angle    Testing    Device     for    Thread 

Gages,    Harris    1"8 

Lead,   and  Threads  per  Inch.    Pitch 200 

Lead  Cable  Covering  Press.  Southwark 749 

Lead   for  Patternranklng    S97 

lioad  Tester.   I.ea   Thread W9 

Load-testlni:    Machine,    Coots 1150 

Lead-tesllng    Machine,    Sheflleld H'>.T 

l.cBlond  Machine  Tool  Co.,  R,  K.: 

Gun     Boring    Ijlthe 558 

Le  Count,   William  O.: 

C-clnmp    '•'>" 

.e.  Eric; 

Handy   Gage    for   Setting   up   Threading  Tool.  l.'>5 

Spring  Threading  Tiwl 24S 

Machine  Dial  Feeds  342 

Idle  Machine  Hours   *■*' 

Saving  a    Broach    M5 

line  of  Sketches  on  Operotlon  Sheet T40 

Use  for  Old  Flics 10*0 

11 


I.,ee.    Hugh    H.:  , 

Slip    BiLshing    with    Retaining    Device Il4l> 

Lee,    Lloyd   L. ;  „,  .tAt 

Punches  and  Die  for  Flanging  Copper-Tubing.  347 
Leeds  &  Northrup  Co.: 

Double    Recorder    for    Heating    Furnaces liaT 

Leeds,  C.  B..  Personal  of 970 

Left-hand   Tools,    Right-   and.      Tomas   Fish 60 

Left-hand  Hools,   Right-  and   345 

Left-hand  Tools,  Right-  and.     Percy  S.  Thomas.  54. 

Left-hand  Tools.   Right-  and.     Thomas  Fish 738 

Leg   Design.    Machine    6*8 

Legal  Duties  of  Employes.     Chesla  C.  Sherlock..  1006 
Lejeune.  August  J.: 

Small-angle   Protractor   for  Diemakers u-i 

Fly  Cutter  .\ttachment  for  Milling  Machines.  440 

Removable   Head   Hammer    548 

Lenfest.   B.   A.: 

Examinations  in  Machine  Shop  Practice 844 

Length  of  Stock  for  Four-spindle  Screw  Machine, 

To  Find  Economical.     Charles  G.  Kehoe 6*4 

Lester.    Herbert   S.,    Personal  of 768 

Letters.   Maughlin  Pattern    657 

Lettering  Tracings.     Method  of.     C.  C.  Spreen..   l.i" 

Lewis    .\utomatic    Hoist   for    Furnace   Doors 1131 

Lewis-Shepard   Co. : 

Elevating  Truck    2h6 

Elevating  Truck    469 

Liberty  Bond.  Third   :  •  689 

Liberty  Engine.   Reasons  b<'hind  the 476 

Liberty  Loan.  The  Third 540 

Liberty  Machine  Tool  Co.; 

Planing  Machine   861 

Liberty  Motor,   The 303 

Liberty  Motor.  The ■ISo 

Liberty    Motor,    The 572 

Licenses   for   Switzerland,    Export 537 

Light   Holder   Mfg.    Co.; 

Electric  Light  Holder 967 

Lighting— Daylight       Facilities       in      Industrial 

Plants.     C.  E.  Clewell 238 

Lighting.   Practical  Features  of  Factory.     C.  E. 

Clewell     352 

Limitations    and    Warranties.       Chesla    C.    Sher- 
lock      330 

Limits  for  Taps  and  Drills,   Inspection 551 

Lindgren.    J.    E. ; 

Correcting    Errors    in    Precision    Screw-cutting 

Lathe    831 

Grinding  and  Lapping  Threads 1023 

Lining    up    Small    Drills    with    Drill    Bushings, 

Device    for.      Alfred   Pilling 1133 

Link-Belt  Co.: 

Lewis   .\utomatic    Hoist    for   Furnace   Doors.  .1151 
Linting.  G.  T. : 

Diamonds    for    Dressing    Grinding    Wheels 129 

Lists     for     Repair     Orders.     Value     of     Repair. 

Joseph   Plogmann    '•  939 

Little,   R.  M.,  Personal  of 1168 

Loading    and    Assembling    Time    Fuses.       G.    C. 

White    671 

Loading  and  Glazing  of  a  Grinding  Wheel 687 

Loading  of  Machinery  Causes  Defects.    Faulty..  1103 
Loading    the    U.    S.    7o-millimeter    Shell.      Erik 

Oberg    1116 

Loan,  The  Third  Liberty 540 

Lock-knob  Dies.     W.  B.  Greenleaf 394 

Lock-knob  Holder,  Air-riHe.      W.  B.   Greenleaf..  1133 

Lock-nut    1159 

Locking  Device,   Bolt   and   Nut 360 

Locking     Device  '  for     Box     Jigs,     Quick.         E. 

Edwards    54 

Locomotive    and    Railroad    Cars    in    1917.    Pro- 
duction of 889 

Locomotive    Feedwater    Heating 220 

Locomotive     for     American     War-service     Rail- 
roads.   First    311 

Locomotive,    Industrial   Tractor  and 960 

Locomotive    Practice.    Modern 123 

Locomotives  for  China 18 

Locomotives,  Use  of  Pulverized  Fuel  on 138 

Lodge  &  Shipley  Machine  Tool  Co.; 

Tool  System  that  Prevents  Tool  Shortages 204 

Logarithms.   Graphic  Use  of.     G.  G.  Stevenson.  966 
Long  &  .\ll8tatter  Co.: 

Gate   Shear    268 

Loosening    of   Taper    Shank    Prills   and    Collets, 

To  Prevent.     James  .\.  Kirk 441 

Loshliough-Jordan  Tool  &  Machine  Co.: 

Combination-geared   Inclinable  Press 1155 

Loss  Due  to  not  Moving  Parts  Promptly.     Mar- 
tin H.  Ball  832 

I.,0S8  of  Tools,   Preventing.     E.  J.  Higgins 741 

Louden.  Sr..  H.  P.; 

Expanding  Mandrel  and  Tool-holders    409 

Lovejoy  Tool  Co.,   Inc.; 

Inserted-cutter   Tools    261 

Lowenhera  Thread,  The   837 

Lowenstein,   F. : 

Universal  Tapping   Machine 959 

Lubricant   Tank.   Portable 268 

Lubricating  Oils,  Economy  in  Use  of 004 

Lubrication     21 

Lubricator     268 

Lucas,   Cheater  L. : 

Automobile  Springs   38 

Luchars,    Robert    B.,    Personal   of 92 

Lufkln  Rule  Co.: 

Mechanics'    Ready    Reference   Table 78 

Lune   to  Find   Radius.   Given   .\rca  of 3.51 

Luster-Jordan  Co..   Inc.: 

liSlhe  for  Torpedo  Air  Flask  Heads 76 

Luther   Grinder  Mfg.   Co.: 

Bench   Grinding  Stand    469 

Grinding  Stand    860 

Lyud-Farquhar  Co.: 

Radial    Drilling   Machine 951 

Mc 

McCune,    Charles   A..    Personal   of 1008 

McDonough   Mfg.   I\<. : 
Grinding  Machines  82 


Mclntvre.  James: 

A    Micrometer    Time-saver Bl 

MoKay.  Charles  W.: 

The   Value  of  Manufacturing   Property 532 

McKnight.    H.    F.: 

Milling  Cutters  with  Removable  Hubs 249 

MiMyler    Interstate   Co.: 

Truck    Platform    *5® 

Mc  Roberts,  Samuel,  Personal  of 378 

M 

MacArthur.   J.    E.,   Personal   of 378 

Mac    Cullough.    6.    H.: 

Problem     in    Trigonometry 11-11 

To   Find   Radius  of  Circle    11« 

Macdonald.    D.   H.,    Personal  of 578 

Mac    Farland,    A.,    Mason: 

Pneumatic    Riveting    Practice 721 

Machine  Dial  Feeds.     Eric  Lee 312 

Machine    Hours,    Idle.       Eric    Lee 443 

Machine    Shop    Practice.    Examinations    in.       B. 

A.   Lenf est    *1  j 

Machine  Tool  Builders.  Specialization  among ...     37 
Machines   Tool   Business  in  Russia,   The   Future 

of  the.     A.  M.  Peskine 124 

Machine  Tool  Desigu.  Progress  of 500 

Machine  Tool  Importers.  French  Association  of.  7(>0. 

Machine  Tool  Industry  after  the  War,  The 788 

Machine  Tool  Industry  and   the  War.   The 942 

Machine  Tool  Industry,   Census  Report  of 830 

Machine   Tool   Industry.   F.    A.   Scott's   Message 

to     ^ 

Machine    Tool    Industry,    Government    not    Con- 
trolling       328 

Machine  Tool  Industry,  The.    J.  P.  Brophy 128 

Machine  To<il   Manufacture  in  Japan 1046 

Machine    Tool    Requirements    of    the    Ordnance 

Department     ^3 

Machine   Tool    Requirements.    Railway 088 

Machine  Tool  Trade  after  the  War,  The.     A.  W. 

Ilenn     109*" 

Machine  Tools.  The  Salvaging  of 988 

Machines,   Handling  Large.     John  Scott 244 

Machines,  Xumbers  for.     C.  C.  Spreen 158 

Slachines    to    the    Work,    Taking.       Edward    K. 

II:.  ii^mond     1073 

.M:..  l.iii.  ry  after  the  War,   China's  Demand  for.     68 
>I;i.  !iiiii-ry  Co.  of  America: 

.\(jt..rnatic  Slitting  Saw  Sharpener 855 

I!.v.l   Knife  Grinding   Machine 1059 

Ma.hiriery    for   Crippled    Soldiers 396 

.Up  l.incry     Desienintt,     Obtaining     Results     ill 

Si--ial.      F.    E.    Johnson 1134 

M.T  liiii.ry   in    New    York    City,    Permanent    Ex- 

"   hil,.i...n    of    861 

.Ma.  in:.EBV.  Index  to 117 

Ma.  hiTicry   Problem,   An   After-thc-war    405 

M:i.  hiij-ry.   Using  Automobiles  for  Driving 687 

.M:.- Lining  a  Xoited-ln  Shell.    M.  H.  Potter 780 

Ma.  Inning,   Effect  of  Rapid  Cwjling  of  Castings 

on.      W.  W.  Carl!K.n   445 

M.i.liinina      Elpanaion      Seats      for      Automatic 

.■Jpnnkl'r  Heads.     John  J.   Utirkcnhagen 53 

M-.liinint-  Panonimlc  Sight  Parts.    L.  J.  Orr 834 

.M...  i.ininc,  Saving  Cast  Iron  vs.  Saving  Time  in.  088 
M...  hini-tv.    Who   Blundere<l — The   Draftsman  or 

n..        I>onaM    A.    Baker 250 

M:i.  hini-tv.    Who   Blundered— The   Draftsman  or 

ti,.        K.   II.    ISni.e 344 

.Ml.  I.ini-t?.    Who   Blundered— The   Draftsman  or 

II...     i;-orge   F.    Kuhne    344 

M.i.  Iiinl.tv.    Who   Blundered— The   DraftumaD  or 

thi-.       ItoNrI    Mawiuin 446 

Machinl»l';.    Who   Illundereil- The   Draftsman  or 

the.      II.    I).    Munihy    344 

M.Thlnl-t-,    Who   I'.liin.lered- The   Draftsman  or 

II..-.       M     T     Shr.in. 844 

M..hinl-i-   .-.n.l    r...lM,..li.Tn  In   War 20 

M...  Mi.j-i-   !.i.'l    r.-.li..i.k.-rs,   Wagea  Fixed  for.. 1040 
M:.'l.ln1<t>.    'iraliiiuK     Women.        I,    C.    Decatur 

an.l    II.    A.    Cbiae 823 

M.      If  ijr.-,   J,  It.: 

1-  I,..,   ..r  ,\..iir;.te  Thread  Ganca 31 

M  •    Co.: 

2«S 

■•:  M.m  to  Produce 6tl3 

Hand   Il.'.O 

86 

Mftlnj 1II» 

1   Car*,  The  ProfrraalTc 

801 

'.:  .  k 

',;  i)«la  of  Iron  and  Steel, 

r,:a 

v  .        I.nnald   A.   Ilampvin lOII 

'.:  ,j)  iH.tl.'c.     W,  II.  Urevnleaf..  243 

52 

V  ■    -  .^rroi.lnti.-  Pfipcllrrt 141 
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Manufacturing    .Methods,     Research    ami.       Cole 

Newman     908 

Manufacturing   tlr.iers.   Purpose  anil   Methods  of 

Using.     Fred  U.  Korff   877 

Marf  Machine  Co. : 

Die-casting  Dies   450 

Marine  Engine  Construction.    N.  I,  Mosher 133 

Markets  after  the  War,   New 117 

Marking  Machine.  Martin  Hydraulic 564 

Marking  Machine.    Noble  &  Westbrook 480 

Marsh,  CO.: 

Value    of    Trade    Journal    Advertising    to    En- 
gineers and  Draftsmen   599 

Hand    Scrapers    629 

Indicator  Gages  Used  in  Gasoliae-engine   con- 
struction       910 

Inspection  Methods  of  the  Future 1003 

Marsh,  Don  B..  Personal  of 280 

Marshall,   O.   S. : 

Radius    Turning     Fixture    for    Making     Form 

Cutters     60 

Marsliall.  Waldo  H.,  Personal  of 666 

Martin,   A.  M.,   Personal  of 478 

Martin  Machine  Co.: 

Hydraulic  Marking  Machine 564 

High-speed     Drilling    Machine 857 

Mason   Co.,    Inc..   A.   C: 

Masonry,  Novel  Scheme  for  Wrecking  Old 1015 

Master    Car    Builders'    and    American    Railway 

Master  Mechanics'  Associations  not  to  be  Held, 

Conventions  of    470 

Master  Machine  Tool  Co.: 

Engine    Lathes    258 

Master    Mechanic     252 

"Master  Toolmaker,"  Craley   357 

Materials,  On  Testing.     William  Knight 201 

Matthews   Engineering   Co.: 

Castellating   Machine    9G2 

Matthews,    F,    E.: 

Ammonia    for    Fire    E.xtinguishing 744 

Mattison   Machine   Works,    C: 

Airplane  Strut  Turning   Machine 856 

Propeller  Shaping  Machine   959 

Maughlin  Co..  H.  P.: 

Pattern    Letters    657 

Mawson,   Robert:  i 

Who      Blundered — The      Draftsman      or      the 
Machinist  ?    446 

Use  of  Fly  Cutters   543 

Cooperation  with  the  Tool  Engineer 935 

Slip   Bushing  with   Retaining   Device 939 

Some  Knotty  Labor  Problems 1166 

"Maxi-mill,"    BuUard     945 

Mayoh,   Frank   H. : 

Desigu  aiid  Construction  of   Work-bcnches 880 

Measures   of   I.ength,    Ijselessncss   of    the    Inter- 
mediate,     William    S.    Howell 57 

Measuring  a  65-degree  V-thrcad 63 

Measuring  Diameters  of  Screw  Threads,     F.  W, 

Shrier    ■  •  •  •  648 

Measuring    Instrument,    Contour-   and    Radius-,,  898 

Measuring   Machine,   Precision  Screw 494 

Measuring    Tapers    and    Ring    Gages,      Fred    V. 

Ball     1036 

Measuring  Templets  and  Screw  Threajls  with  a 

Microsopic   Measuring   Machine.      Franklin    D. 

Jones    . . . . : "91 

Measuring  Wires,  Seaboldt  Lapped   554 

Measuring     Worm     Threads.      Error     in      Wire 

Method  of.     Howard  H,  Wright 439 

Mechanical    Ability,    Conserving 901 

Mechanical    Data     In    Catalogues.        Albert    A. 

Dowd    :«ll 

Mechanical  Encyclopedia,  The  New 116 

.M.-.hanlcal  Engineering    'Ml 

.M.'.'liiinical  Movements,   Ingenious.     Franklin   U. 

Jones : 

1     781 

2     902 

Mechanical  Training,   Importance  of 301 

Mechanics,  A  Prolilem  In.     J.  J.  Clark O.IO 

Me.liiinicB   Can    Win    the   War,    How   American. 

B.   .M.   W.   Hanson    ;l'-«i 

Me.hanics  for  Army  Service,  Training 963 

Mchanlcs       Ileiiiiircd      by      the      Government, 

Skilled    337 

Mechanics   Wanted    for   Ordnance   Corps 280 

Mechanisms    for    Transniltliiig,    Modifying,    and 

Controlling   Motion.      Franklin   D.    Jones 781 

Mellncorr,    .M,    C: 

Keywny  CuttInK  Tool   tor   Drill  Press 443 

Memorizing  Functions  of  30,  45,  uU'l  CO  Degrees, 

Itiile    for    447 

.M.n    lli.<|ulrod    for    Mechaiilcul    Work    on    Air- 

plani-a  803 

Mennuratloh,  Problem  In.     J,  J,  Clark 838 

,M.'r<.hBlilM  and  Manufnctiirers  lOxchaDKC  of  New 

Voili- 
Permanent     P.xhibllloii     of     Machinery     In 

Now  York   861 

Mer.'iiry    Oiliiinn    for   TeHlliiK    Vaciiuiii    PninpN, 

l'»o    of    1012 

Meredith,   Mark: 

PnlnllniC    Kleel    CelllnK M 

lil»|K>wil    of    Mi'tnl    Chip    Wnalo 117 

II OVIIIK   Iron   I'loie   llusi 155 

llnll    Ili-nrlMllli    r.ir    llanil  pownr    Dotlllll 251 

FI<.>M.I>'    Tiirlilne    il.'arlUK    .'.  814 

A   Hill»llllll<i  f'.r   llranii    IIIN 

I'l.'lilInK   Hhlli   H t    7112 

.New   Mflh.Hl  i.r  Holvlnii  Turaluu  Pnililvina, . . ,  liliil 

Al.inilnuin  In  llraaa  CiiiiIIiikii j...,l(KIT 

.M.r..ii.    Freilcrl..,    IVriHinnl    of SHO 

Mirrywealh.  r,      ().      B.,     I'oniivnlpd      Willi      War 

I •Irli-.    Il.i..r.|    flTO 

M-rli...    Aii«ii.l.    r.rw.nnl   of    HIM 

Mi'liil    ll«|er,    K...I...UIX   Mcfo|i 11,10 

Metal    Chip    Wii>;..,    itli|H>aal    of.      Mark    Mrro- 

did m 

Mrlal    rial    Pole,      OgnrKo    W.    Ohllll M 

Meial    rurnlliiri.,     Prwliirllnn    of,        K.    Omrve 

Mflaiidcr IM 

M'lal  I'r'.leciit..  Cnllnii  r..r  W.«kI  I'allerna .lilt 
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Metal    Tester,    Sheet 83 

Metals   in   an   Alloy,    Finding    the   Amount    of..  550 

Metallography— A     Practical     Science 1093 

Metallurgical  Chemistry,    Interesting  Things   in. 
C.    W.    Starker    821 

Metalwood  Mfg.  Co.: 

Hydraulic   Shell-testing   Press 655 

"Mctcalf"    Grinding    Wheel   Dresser 1159 

Methods,  Advantages  of  Comparing  Manufactur- 
ing.    D.   M.  Perrill 798 

Methods      in       the       Drafting-room,       Business. 
Edward  K.    Hammond    697 

Methods,    Research    and    Manufacturing.        Cole 
Newman     908 

Metric  Lathes,  Graduation  of  Taper  Attachments 
on    348 

Metric     System,     British     Parliamentary     Cora- 
mission   Reports   against    1029 

Metric    System,    Figuring    in    the.        J.     C.    P. 
Bode    939 

Metric    System,    Figuring    in    the.       Thomas    A. 
Reilly 1137 

Metric  System  in  Watch  Industry.     Warren  H. 
Dunbrack     643 

Metric    System    in    Watch     Industry.        F.     A. 
Halsey     702 

Metzger   Welding   Co. : 

Electrically    Welded    Products 7,-iO 

Micrometer   Caliper,    Reed    260 

Mi'Tometer  Calipers,    Common   and  Special.      F. 

Micrometer    Height   Gage   Attachment 1159 

Micrometer  Screw  and  Nut,   Wear  of.      William 

S.    Rowell    150 

Micrometer     Screw,      Wear     in.         Wilfred     J. 

Thompson    34(> 

Micrometer.  Scusa  Snap  Gage  and 368 

Micrometer  Test   Gages.      Harry  Crowther 440 

Micrometer    Time-saver,    A,       James    Mclntyre.     61 

Micrometer,  Vernier  Attachment  for 53 

Micrometers,  T.   R.   Almond 173 

Microscopic      Measuring      Machine,      Measuring 

Templets     and      Screw         Threads     with      a, 

Franklin   D,    Jones 791 

Military  Influence  on  Motor  Truck  Design 89 

Milk-cau  Handles   on   a   Power   Press,    Forming, 

Ernest  A,  Walters   41 

Mill,"  Bullard  "Maxi-   945 

Mill, Genesee  Adjustable  Hollow 751 

Mill,    Niles-Bemeut-Pond    Extension    Boring    and 

Turning    959 

Mill     Practice,      Pass      Limitation      in      Rolling. 

Alfred  Musso 729 

Miller,   Fred  J.: 

Making  a  Forming  Tool 30S 

Miller,  Fred  J.,  Personal  of 378 

Miller,  Fred  J. ,  Personal  of 578 

Miller,   S.   W. : 

Vertical   and    Overhead    Welding   by    the    o.\y- 
acetylene    Process    760 

Fusion    Welding    Fallacies: 

1     1014 

2     1082 

Miller,  see  Milling  Machine, 

Millimeters,    Values    of    Fractious    of    Inch    in. 

C.   H.   Whipple    1135 

Milling  and  Assembling,   Jigs  and  Fixtures   fur, 

S.  Helweg   139. 

Milling  and  Drilling  Machine  . . .  < 469 

Milling  a  Rifle  Gage.     George  W.  Cook 832 

Milling  Automobile  Tlirottle  Hand-lever  Worms. 

P.   J.    Visco    24a 

Milling,    Continuon.s     408 

MilliiiL-  1  iiii.i>,    -..    Cutters 

Millhii;  I  iiiii.i.  r  ii.:h|s  on  Engine  Lathe,  Fixture 

I'.il-.        1   1-1     I   n.liinr U38- 

Milling'.    I.rillni^.   iiimI  Tapping  Machine,  Boring.  861 

Milling   Fixlur...      Koliert  W.   Smith 835 

Milling  Fixture,   Continuous   830 

Milling    Fixture,    Simple    but    Efficient.      J.    V. 

Brophy     637 

Milling,    Holding   Parts   for,      Donald   A.    Ilamp- 

son     820 

Milling   Machine   Arbors,    Supports   for.      I.nlh.-r 

I).    Burllngame    992 

Milling  Ma.lilnc,   Attachment  for  Bllton 853 

Milling    iVIa..hine    Attneliment    for    Facing    Fceil 

Nut    Aliutmcnts    Oil 

Milling   Machine,    Blggs-Wuttersun  Thread 955 

Milling   Machine,   Cam  Cutting   Attnchliu'nt    for. 

I).   M.  Perrill    541 

Milling    Machine,    Cincinnati    Plain 82 

Milling    Machine,    Cleveland    1147 

.Milling  Machine,  Davenport  No.  2 U60 

.Milling    Machine   Dynamoinoter,    Universal.       It. 

I' ikoff    932 

Mining    Machine,    Kord-Smllh    Universal 177 

Milling  Miichlne,  Laylng-out  Fixture  for.     K.  J, 

MlgginB    744 

Milling  Machine,   Laylng-out  Fixture  for,      K.   J, 

lllgglns    0!19 

Milling   Ma.'hiiie,    Newlflll   Mlllllpln-spllldlo 79 

.Milling     Ma.lilli..,     Oliver    Wood miO 

.Milling    Ma.hln.',    Smalli'y.Ueneral   Thread HIUI 

Milling    Miiihln...    Slandiinl 2(IR 

.Milling  .Machine,  Taylor  *  Fenil  Vcrllcal-Hplndl...  358 

Milling  Mri.lilii..,  Thn.ad  372 

Milling    Mn.hlnc,    IFnlvemnl    7n» 

Milling    Machine    Vise.    Clcvi'lanil    3(10 

Milling    Mii.lilne,    Wooils   Thread KWO 

.Milling    Ma.'liliie,    Wright    Ilnml 202 

Milling    Miichluea,    Fly    duller    Allni'hninnt    for. 

Aiigiisl  J.   I.ejeiini'   ; 440 

Milling    Machlnea,    llnlveraal    and    Plain 372 

Milling  on  n  llrlll  Preaa.     II.  H,  /.eveiihi.uaic.  . . ,  74.1 

Milling  llellef  In  Knuria  IIII5 

Milling,    Thread,      Franklin    I),    June 413 

Mlllhollnnd   Machine  Co.,    W.    K,: 

Unlvrraal    Turrol    Lnlho    M 

Turret    Lalho    872 

Mlarner,    II.    K. : 

NiMiple   MprhlK    Wlliillliii    Mi'tho<l 342 

MUir,    I'r nl il    BUI 


Moback  Tool   &  Machine  Mfg  Co.:  ^_^ 

Machine  Vise   • ••"•:'.''' 

Mobilized    for    War,    The    Natlon-s    Industrie*. 

L.    J.    P.    Moore •" 

Modern  Mfg.  Co.:  . 

Motor-driven  Planers   '^ 

Modern  Methods  School.  The.  ........  .■■ i« 

Moisture  Separator  for  Compressed  Air  Line*. ...    los 

Molds    tor   Shell   Casting.    Permanent^.........   »o^ 

Molding  Machine.  Improving  a.     S.  W.  Palmer.     43 
Moline   Machinery  Co.: 

Drilling    Machine     ............> f°» 

Milling  and  Drilling   Machine ■'O" 

Moline   Tool   Co.: 

Worm-hobbing   Machine    '™'> 

MoUer.  J.  A.:  „„ 

Shaper  Sawing  Attachment   _»2 

Ball-bearing  Centers    ■^''' 

Monel  Identiflcation  Tags  for  Navy is" 

Money  in  United  States  in  1918 '=» 

Monte.  R.  A.: 

Cardboard   Forming    ^ 

Moore   &   Co.: 

Power  Presses   ^"^ 

Moore,    Edmund    B..    Personal    of <:»" 

Moore,  L.  J.  F. :  ,    ,       „-  sll 

The   Nation's   Industries  Mobilized   for  -ttar..     84 

Morgan.   R.  J..   Personal  of ^^8 

Morgan,   B.  J.,   Personal  of ='» 

Moriarty.     D.     F.: 

Problem  in  Trigonometry   "*• 

Morris.    Robert: 

Making    a    One-piece    Brass    Door    Knob ^4b 

M..rris    Machine   Tool   Co.: 

ruiversal  Tilting  Table ;  ^o" 

Plain    Radial    Drilling    Machine 400 

Morse    Twist    Drill    &    Machine    Co.: 

Historical  Note  on  Oil-drill  Development 8b4 

MoslHT.   X.   1.:  ,„„ 

Marine    Engine   Construction    i"^ 

Mo^sOchs   Co.: 

Ratchet  Tap  Wrench   i,-'.,'"" 

Motion.    A    Two-plane    Straight-line.        Frederic 

R.    lioney    •- ••••     ^ 

Motion   for   Grinder  Carriage.   Traverse.     F.    '^■^^^^ 

-Mowr' Boats,' 'i^in-slit'v-t^e' Gasoline   Engine  ^^^ 

for    ■ 44 

Motor  Cars,  Revenue  from   ••■.■.■■■■■     -•> 

Molor   Control   Panels.    Westinghouse    Induction.     U 

Motor-driven    •■FiBeld'    Lathe 'J- 

Motordriven  Oil  Pump,  Xugent i"o» 

Motor-driven    Scrapers    '•' 

MoK.r.    The    Liberty    *"* 

Motor,   The  Liberty ^2, 

Motor,    The   Liberty    • •''^ 

Motor   Truck   Design,    MUitary    Influence   on....     8J 

Motors,    Laboratory    for   Testing    Airplane 1-- 

Motorcyclcs  for  fse.  Standardized O'J 

Mott  Sand  Blast  Mfg.  Co.: 

Sandblasting    Machine    ■ ;'' ' 

Mousetrap  Conveyor,   A.      Donald  A.   Hampson.  2« 

Movement,  Designing  a.     Louis  Wray... »* 

Movement   of  V-rest.      F.    Webster   Brady 63 

Movement  of  V-rest.      C.   M.   Conradson ... .  AiO 

Movements,    Ingenious    Mechanical.        Franklin 


962 


. ..   369 
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Lathe    '*^ 


i5<in 


Folding    Blueprint    Rack 

National  Lathe  Co.; 

Cone-head  Lathe   

Geared-head    Lathe    

National  Machine  Co.: 

Diamond     Tool-holder ■.■■:■ 

National  Machine  Tool  Builders  Association: 

Convention    • •  • •.'  ■ "  rl 

National   Metal  Trades'   Association  Convention.  SW 
National  Roll  &  Foundry  Co.: 

Rolling  Mill  Lathe  

National     Society     for     the     Reconstruction 

Belgium    ' ' ' '  '  '; 

Navy,  Monel  Identification  Tags  lor 

Needham,  A.  W. 

Double-purpose 

Nelson   Tool  Co.: 

.  Examples   of    Precision    Gage    Making 

Grinding   and    Boring   Attachment 1 

"Nerco"    B'our-jaw    Chuck 

Nesli.r    Mfg.    Co. 

yuickacting  V.. 

Neuschul.    L.    S..    Personal  of..- ''J^ 

Neutral    Countries.    American   Corporations    in.,   nli? 
New  Britain  Machine  Co.: 

.\utomatic   Chucking   and   Bar  Machines ■>>>■! 

Tote-box  Rack   ^J* 

Steel  Bench   Drawer    1"** 

New  England  Machinery  Co.: 

Electric   Riveting   Machine    3*^ 

New  Zealand  School  Work-shop.  A.     John  Peddle. lOOo 
Newark   Engineering   &   Refrigeratini 
Filing    Machine     . . 
"Nerco"     Four-jaw 
Newcomb,   Robert  E. : 

Operating  Instructions  for  Hobbing  Machine; 
Newton   Machine   Tool   W'orks,    Inc.: 

Multiple-spindle    Milling    Machine 

Rail   Drilling   Machine    

Thread  Milling  Machine   

Horizontal  Boring  and  Drilling  Machine 

Newman,   Cole: 

Inventions   and   Inventors    ™» 

Research  and  Manufacturing  Methods 90S 

Newton,   L.   L..    Personal   of 970 

Niekel-copper-iron    Ore.    Steel    from 100_ 

Niedermeyer,   A..   Personal  of HJ* 

Night  School  Can  Help.  How  the.     C.  S.   Color.     19 
Niles-Bcment-Pond  Co.: 

Axle    Lathe    J^ 

Horizontal  Plate-bending  Bolls    W>3 

Extension  Boring  and  Turning  Mill  9o9 

Journal  and  Axle   Lathe    1059 

Nims.   A.  A.: 

Problem    in    Trigonometry    *»< 

Nitrate    Plant,    New    Government 0^ 

Noble,   D.    F.,   Personal  of    ••■   8bb 

Noble  &  Westbrook  Mfg.  Co.: 

Surface   Grinder    j" 

Marking    Machine     *'*' 

Norbom  Engineering  Co.: 

Plate   Punch   Table    >■>' 

Northnip-Ajax     High-frequency     Induction     Fur- 


Co.: 


261 
Chuck 852 


Orchard,  Thomas: 

Tooling  a  Foreign  Car  in  America: 

2  ::::!!";;!;!i'^i'-'''--'''----'-''''''"'  ^ 

Orders  for  Steel,   Priority 1063 

Orders,    Purpose    and    Methods   of    Using    Manu- 

facturing.       Fred    H.    Korff sn 

Ordering  Parts  for  Machine  Tcml   Repairs 642 

Ordnance  Corps.   Mechanics  Wanted  for 280 

Ordnance  Department.  Draftsmen  Badly  Needed 

for.      Dyer  Smith •••  *'* 

Ordnance    Department,    Machine    Tool    Require- 

ments  of  the    «■* 

Ordnance  Equipment,   V.   S.   Inspectors  for   ....  184 

Ore  and  Pig  Iron.  Production  of  Iron b( 

Ore.  Steel  from  Nickel-copper-iron  lOOa 

Orenstcin- Arthur  Koppel  Co.: 

"High-level"  Truck   ^■^ 

Organization    •..- 

Organization  as  an  Asset <>"» 

Orr,  L'.  J.:  . 

Making  Chasers  in  the  Lathe 15» 

U-stakes  for  Piling  Bar  Stock lo9 

Machining   Panoramic   Sight   Parts Ml 

Osborne.  Loyall  A..   Personal  of 168 

Ott  Grinder  Co.:  ,,     ,^.  ««(, 

Valve  Seat  Grinding  Machine «" 

Plain   Grinding   Machine    '*' 

Overhead    Welding    by    Oxy-acetylene    Process, 

Vertical  and.     S.  W.  Miller w 

Owen.  A.  F.:  ,.„ 

Which    Way    is    Cheaper?...    ........-■.■•■••   SW 

Oxy-acetylene   Welding,    see   Welding,    Welder 


956 
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Pacific  Electric  Welder  &  Mfg.  Co 
Electric  Spot-welder    

Packing  for  Export   

Paint  Spraying  Equipment 

Painting  Steel  Ceiling 

Palmer,   S.   W. : 

Improving  a  Moldin 

Palo  Co.: 

Hardness  Tester 


Mark  Meredith 58 


Machine. . . 


177 


Westinghouse 


461 


.114S 


Thin.      Donald 


.1070 


Alfred 


.1157 


251 
729 


D.    Jo 


781 

902 

999 

not. 

832 

IOCS 
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348 


Moving,    Factory.      L.    J.    Hengesbach. 
Moving     Parts     Promptly,     I-oss     Due 

Martin   H.    Ball    

Mulholland.  L.  F.,  Personal  of 

Multiple  Threads,  Cutting  »"» 

Muminerl-Dixon  Co.:  . 

Radial   Grinder    • 2!:^ 

Munition   Districts,   Establishment  of ■■    "'•o 

Munition   Factories.    Employment   of  Women   in.  »^ 

Munitions.   Gaging  and   Inspection  of 390 

Munitions,    Patriotism   and    Production   of 888 

Mimllions!  Tool  Design  In  the  Manufacture  of..  305 
Munlicy   Machine   &  Tool  Co.: 

Combination  Tools  and  Their  Application 520 

.Murphy,   H.   D.: 
Eliminating  Waste  In  Manufacturing  and  As- 
sembling     /•■•,•,■•     *" 

Who    Blundered— The    Draftsman   or    the    Ma- 
chinist?     

Musso,  Alfred: 

Pass   Limitation    In   Rolling   Mill   Practice i29 

Myers.  John  S.: 

Strength  of  Condenser  Tulie  Plate (!;> 

Pressure  on  a  ToKKb-operatcd  Disk  Clutch HS.1 

Pressure  on  Bearings  Due  to  Belt  Pull 253 

Slrenglh   of  Cast-Iron   Cyllnd.TS 348 

Bending  I-beams  "I'J' 

Myers,  J.  S.,  Personal  of   ■">" 

N 


Norton    Grinding    Co.,    Training    Department    of^ 

the.       J.    C.    Spence 

Norton,  Wendell  P.,  Personal  of 

Nothing,   Something  from   

Nugent  &  Co.,  William  W.: 

Motor-driven    Oil    Pump 105? 

Numbers  for  Machines.     C.  C.  Spreen loS 

Nut    Abutments.     Milling    Machine    Attachment 

for    Facing    Feed    JU 

Nut,    Evertite    "Sta-lok." 9o-. 

Nut-lock  Plate.     C.  H.  Willey 1139 

Nut  Locking  Device.  Bolt  and 300 

Nuts  in  Screw  Machine,  Tapping  Stud.     John  J. 

Borkcnhagen    ^* 

Nutial  Co..  R.  D.: 

Expansion  Joint    "-" 


177 


Fred 


344 


O 

Oakley  Machine  Tool  Co.: 

Universal    Grinder    

Oberg,  Erik:  ,„ 

Klecirlc  Arc  Welding   ; '    ",',; '  ■.' V 

Welding   Transformer   Tanks   by    the    Llcetrlc 
.\rc   Process    ;/',*,* 

Manufacture  of  the  U.  S.  75-mlllimeter  Shell: 


365 


393 


590 
730 


Paniima    Canal,    Mechanical    Engineering   in   the 

Building  of  the    

Panels     for     Electric     Welding, 

Panels,  Westinghouse  induction  Motor  Control.. 
Pannier  Bros.  Stamp  Co.,  Inc.: 
Single-stroke   Pneumatic    Hammer 

Paper  Pipe.    "Pertinax"    

Paper.    Scratching  out  Lines 

.\.   Hampson    

Paper  Tubes  and  Sacks   

Parker,  J.  E.,  Personal  of 

Parkinson  &  Son.  J.:  .    ,   „         „,     „. 

Sunderland  Spur  and  Spiral  Gear  Planers 
Partitions,    Cheap.       Robert      Grimshaw. 
Pass  Limitation  in  Rolling  Mill  Practice. 

Musso    

Patch  &  Sons  Co.,  S.   B. : 

Grinding  Machine 

Patches    Securely,    Kink    for    Fastening. 

Fruhner     ■■'."; ena 

Patent  Law,  Proposed  New  »"•»'"■  ■■•••■•' ■•  „« 
Patents    Owned    or   Controlled    by    an    Enemy..  M« 

Patriotism    and    Production    of    Munitions ^ 

Pattern   Letters,    Maughlin :'r"':S\""   m'. 

Patterns,  Metal  Protective  Coating  for  wo«d....  51o 
Patternmaking.    Examples  of  Poor   Practice   in. 

M.    E.    Duggan JJI 

Patternmaljlng.    Lead   for    ,. 

Pawling   &   Harnischfeger   Co.: 

Drilling  and  Boring  Machine ^^ 

Boring   Mill    

Payne  &  Wiles  Machine  Co.: 

Electric   Hammer  and   Drill J-' 

Peace,   The   Casualty   List  of -^^ 

Peat,  Coak  from  • „.^| 

Peck,  E.  C,  Personal  of ;"',"'V"» 

Pedal,   Tool    Equipment    for   Making    Mud    or    a  ^^_ 

Bicycle    

Peddle,   John:  ino-, 

A  New  Zealand  School  Work-shop   iw- 

Pcdrick   Tool   &   Machine  Co.: 

Duplex  Boring  Machine '     ' 


Nanb    Mfg.    Co.: 

Blow  Torch   .■•;;".',"■' 

Null   Die  lirlndlng  Machine,  Sleeper  A  Hartley. 
Nall«     Coated     with      Hosln,      Manufacture     of 

Hpeclnl    Wire    

Nnpler  Saw   W.irkM,    Inc.: 

Band    Saw    

National   Acme  Co.: 

Gridley    Turret    I<iilhe    Kqulpment-2 

Screw  Machine  Tool   Equipment ; 


Observations    around    the    Shops.        Donald    A,  ^_^ 
Hampson    ' ; «i  .o 

Occu|.atlonal  Uualiacntlons  for  Army  Men 114^ 

Offset    Drilling    Attachment,    Darns »i 

Ohio  Electric  &  Controller  Co.: 
Mill    Type    Lifting    Magnet "1" 

Oll-cnps,    Gils    •,^"'.";,". '' 

Oil-groove  Recessing  Tool.     H.  A.  Peters. 

Oil-hole  Drills.   Colton   High-speed 


748 


Peek!  George  N.,  Personal  of. 

Peerless  Machine  Co.:  j.j 

Power  Hacksaw    • I''"',! 

Penitentiary.  Trade  Schools  In  the  Pennsylvania    ^_ 

Eastern   State    •  •  ■  • ,.'gc 

Penland.   II.   O..   Personal  of "•« 

Peunsvlvanla   Shafting   Co.: 

Manufacture  of  Gib  Keys [JJ-j, 

Per    l>nt.    Cost    Plus   Ten 

Per  Cent.  Cost  Plus  Ten....... -■■,,",: 

Perforatljig      Die.      Eronomlcal.         Ernest      A.  ^^^ 

PeHi'Ih'e'ry  of'  tlio '  iliiipse'. ' '  J.  J.  Clark S12 

Perkins  Co.,  Henry:  j.. 

Turbine   Grinder   

Permanent  Molds  for  SheU  Ca 
Permeainele 


om -^ """.•■;■•.■■  r.i 

for    Magnetic-mechanical    Anan»i 


S 


0|ierntlng  the   (Irldley   Mulllple-splndle 

Machine  

Operating  the      Gridley      Aulomallc 
Lathe: 


National   Association   of  Manufacturera: 

C«n»entl..n      "^" 

Nallonal  Co.: 

Blueprint  and  Drawing  HoldPr   409 


iiii-iioie    I'luiB.    v^....—    —.p..-,  in';s 

Oil  Pump.   Nugent  Motor-driven iv->^ 

Oil   Switch    fZ 

Oil    Tank.    Portable    •■■■••••■•"••.••:■•,■•;,•. VmiT 

OlllhrowInK  Shaft,  Remedy  t»T.     y\  .  A,  Lall.r..l04l 

Oils    Economv  In  Use  of  Lubricating "•'j 

Oilstone.  Cutting  an.     M.   E,  Duggan <»■> 

Oliver  Machinery  Co,: 

llnnd    Resaw ?'' 

Heavy-duty     Engine    Ijltlie '  .,,^,,,   ,„,,   ,„,f„r,.7    ■■,■:,' 

WiH.d  Milling  Machine   O--  mm  Cutting  Allachraeut  for  Milling  Machine 


of  Iron  and  Sle.-1,  Faliy.. 
Perpetual  Mollou,  Priao  for 
Perrlll,  D.   M 


ind  and  SlondardUed  Production.  IM 
TiM>l  Syslciu  That  Prevents  Tool  Shortages, 
Will    inch    Prl.-.-s   Make 


1X>   What 


Ihiuble   Shap< 

Wood  iKirlng    Machine    

Single-cylinder   Surfncer    

Face    Lathe    

Speed  Laihe    ;:  ■.■"■;■.'■  i  i " 

OiH'rntlnK  Instrnetlons  for  Hol.blng  Mnchin 
OiM-mtlon  Sheet,  Convenient  Shop. 
Operation   Sheets, '   -'—-'• 


8,-.; 


Ms 


ufncturlng 


Da« 


Sketches 


Comparing 

Me!hn,Is A'-rt 

Perrlll.    1'.    M..    Personal   of 

Persons  A rter   Machine  Co.:  ^. 

Msgn.tlc    Chuck 2 

Rolarv  Surface  Grinder    ;"w'i,iA» 

PersiH'ctlv    ""••■i"""     Protractor    for    Making 


Lee 


I. In 


Grinder   

n-liigs.    Protractor    for 
lllgglns 


.113(1 
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Peskine.   A.   M.: 

The   Future  of   the  Machine  Tool   Business  in 

Bussia     124 

Peters,   H.  A. :  

Oil-froove    Secessing   Tool 155 

Cjlinder  Valve  Chamber  Tools 444 

Phillips,  Ellis  J.  B.: 

Tool  and  Stock  Storage  Cabinets 1137 

PhiUips,   J.   B.,   Personal  of 666 

Phillips,    W.    H.: 

Heat-treated    Gearing     334 

Pi,   Compotation  of   '.'.'.'..    '."  160 

PlckUng   Ship   Steel.      Mark   Meredith."...'......'  762 

Piecework    Prices    3O7 

Pjez,   Charles,    Personal  of .........!!!!!!!  480 

Pig  Iron.   Difflcultx  in   Obtaining 788 

Pig  Iron,   Production  of  Iron  Ore  and  67 

Piling  Bar  Stock,  U-stakes  for.     L.  J.  Orr 159 

Pilling.    Alfred: 

Berice  for  Fitting  Tapers 1041 

Device  for  Lining  np  Small  Drills  with  Drill 

Bushings    ..USo 

Pin    Measurement    of    Spar    Gears.        Reginald 

Trautschold     4O6 

Pine  Cones  as  Substitute  for  Coal  in  Sweden..  618 

Pinion,    Repairing    Rawhide 247 

Pipe    Joints    as    Affected    by    Type    of    Thread, 

Strength     of     539 

Pipe.    "PertinaT"    Paper 22 

Pipe    Threading   Attachment 177 

Pipe    Vise 660 

Pipes  as  Rollers,   Using.     L.  B.  Breedlove 1160 

Piston  Grinding  Fixture  314 

Piston-pins.   Turning.     Thomas  J.   Rothe 58 

Pitch,  Lead,  and  Threads  per  Inch 200 

Pittsburg  Instrument  &  Machine  Co.: 

Sheet    Metal    Tester    S3 

.\ttachment    for    Brinell    Test    860 

Pittsburg  Steel  Sump  Co. : 

Steel   Type   Holder 468 

Planer  as   Boring  Mill.    Using.      Richard   Gibbs.  441 
Planer     Grinding     Fiitnre,     Grinding     Castings 

"•ith   a 62 

Planer  Head,   Graduating  a.      John   R.   Beckett.  549 
Planer    Head    without    Special    Appliances,     To 

Graduate  a    447 

Planer    Head    without    Special    Appliances,     To 

Graduate  a    652 

Planer    Head    without    Special    Appliances,     To 

Graduate   a.      Martin  H.   Ball 653 

Planer    Head    without    Special    Appliances,     To 

Graduate  a.     William  C.  Betz 854 

Planers,    Amalgamated    Machinery    Corporation's 

Concrete  753 

Planers  and  Methods  of  Production,  Metal 68 

Planers,  Sunderland  Spur  and  Spiral  Gear 662 

PUning    Cold-drawn    Steel    Parts.        Donald    A. 

Ua  mpson    496 

Planing  Machine,   Bickett !!!!l059 

Planing   Machine,    Liberty    .'.'.'  861 

Planetary       Gear       Combinations,       Differential 

Motions  and.     Franklin  D.  Jones 600 

Planning   for   War   Work.      Alfred   Spangenberg.  789 
PUnla,  War  Department  Control  of  Long  Island 

t'lty     470 

Plate   Bender,    Kane   &   Boacb   Tunnel 261 

Plate-bending   Press.   S'Mithwark 465 

Plate-bending     Rolls,     Xlles-Bement-Pond     Hori- 
zontal       935 

Plate  Colter.   Sheet   and    268 

ITale,    Nut-lock.      C.    H.    WlUey 1139 

Plate.    Htrength    of    Condenaer    Tube.       John    S. 

M/«r.    65 

PUtea.  Chord   861 

I'Utea.    Ko>'h   ic  Kandldge  Adjustable  Cutter  for 

fntllng    Holea    in 1156 

Platform,    Truck    469 

Flallnum  from  Ru»ala,  Ileiluced  Output  of 242 

Platinum.   Ktelllte  a>  a  .Sutwlltute  for 822 

PUjCmano,  Joseph: 

Value  of  Repair  Llat  for  Repair  Orders 939 

Plug!.    Automatic    Routing    Machine    for    Firing 

«•     952 

riuie.    with    ■    Punch    Prraa.    Inaertlng    Wooden. 

<■.    C.   Hprx-n    789 

I'nmmall'-    llanmier,    Dayton    82 

l'a-^mall<    llanu/ier.   Pannier  Hlngle-atroke 1148 

Pa»iimall^  Tires  for  Trucks 37 

Polls koir.    K.: 

i:nl>erul   MlllliiK   Machine  Dynamometer 982 

I'ollshlM    HIsnd.    Grinding    alKl 369 

l'.,ti.l  IL.<.,,....,>    M.I.I    Haw   Co.: 

'■■  '"    1055 

'■  .■••.   Obllusry  of 860 

'■   •  Machine.    Prlngl* 1062 

I''  >;•*  of.      IMward   K.      UsiB- 

■"'■''  1073 

l'»rtal>U  flftf)  (.'raiv,   Koi    1050 

P>/rtal.U   Tul».b«^a/llD(    MarhliK 841 

1;,,,.,  I  .,.:     «....|„,    (•.,. 


Pres 

Press, 

Press, 


Government    Work,    Time    Studies    and 1094 

Press,    Crankpin    l^orcing    \  372 

Press,    Ferracute   Single-action    '.'.'.'.'.  1054 

Press,   Loshbough-Jordan   Combination-geared  In- 
clinable             ugg 

Press.    Metalwood    Hydraulic    Shell-testing.  "  655 

Press.   Punch,   see  Punch 

Scrap  Metal  Baling 860 

Sidney  Power   '..'.'.'.'.   467 

Southwark    Lead    Cable    Covering '  749 

Press,    Southwark    Plate    Bending .'  ]  465 

Press.    Southwark    Shell    Testing 466 

Presses.    Moore    Power    !!l059 

Pressed-metal  Wheel.   Zamboni   !!."!!!!   640 

Pressure    Governor.    Fluid \\\  1Q59 

Pressure  on  Bearings  Due  to  Belt  Pull.     John's 

Myers     253 

Pressure  on  a  Toggle-operated  Disk  Clutch.'...'   163 

Pressure  Toggle.   King 962 

Price,    William   T..    Personal   of 768 

Prices  fixed   by   Government,    Steel    181 

Prices     Make     Two     Cuts     Do     What     Ten  "oid 

Before?,   Will   High.     D.   M.   Perrill 451 

Prices.    Piecework    3Q7 

Priorities.   Rules  Governing  Industrial   663 

Prize  Offered  for  Hardness-testing  Method. ....     909 
Pringle.  Ltd..   R.   E.  T. : 

Portable    Grinding    Machines    1052 

Priority    Orders   for   Steel 10^ 

Production   and   Safeguarding   Workers,    Inereas- 


Radius,  Giv 


Bad 
Bad: 
-Rad 


Area  of  Lune  to  Find 351 


Jig  for  Draftsmen .!!!.!!!!   714 

s-measuring  Instrument,  Contour-aiid! ! . !  898 
s    of    a    Concave    Arc,    Finding    the.       Guy 

H.    Gardner    762 

Radius  of  Circle,   Finding.     Oscar  M.   Woelfe...  250 

Radius   of.  Circle,    Finding.      J.   J.   Clark 1043 

Radius  of  Circle  Inscribed  in  Triangle,  To  Find 

J.    J.    Clark     \ '1042 

Radius  of  Circle  Inscribed  in  Triangle,  To  Find 

Guy  H.   Gardner 1141 

Radius  of  Circle,  To  Find.  G.  H.  Ma'c'c'uliough.!ll41 
Radius  of  .Smoke  Arch.  Ernest  A.  Koschinske  61 
Radius     Turning     Fixture     for     Making      Form 

Cutters.     O.   S.   Marshall   60 

Rail  Drilling  Machine,  Newton '.'..'.  956 

Rails,   Government  Purchase  of 521 

Railway   Control   in    England 641 

Railway  Equipment.  More  Efficient  Use'of 614 

Railway  Fuel,   Wood   for 133 

Railway,    Longest    Length    of    Straight '  Line 


Any 


604 


259 


Wat 


493 


Production   Eiiuipment   Co.: 

Robinson    Electrical    Engraving    Machine 561 

Production  Manager's   Guide  and  Self-scheduling 

Work.     Robert  A.  Endebrock   48 

Production  of  Munitions,  Patriotism  and..!!!!!!  888 
Production  on  Drilling  Machines,  Designing  Fix- 
tures to   Increase    793 

Production.    Present    Demand    and    Standardized 

D.  M.   Perrill   153 

Production  System,  Card  Index.     Lewis  Johiison!  522 
Production  Tool   Co.: 

Spot-facer    267 

Production— Will    High    Prices    Make    'Two'cuts 

Do  What  Ten  Did  Before?     D.   M.  Perrill 451 

Production  with  More  Rigid  Inspection,   Increas- 
ing.     D.   M.    Perrill 446 

Progressive  Inspection  and  Assembly  ! ! ! "         20 

Progressive  Machine  &  Metal  Products  Co  ■ 

Drill    Chuck    461 

Projection    Method    of    Testing    Screw    Threads. 

Franklin  D.   Jones    735 

Propaganda.    Danger   from   German    !!!!!!!   888 

rmoeller    Shaping    Machine,     Mattison     !   959 

'■r   '""'-     l-'lincing  Screw.     Robert  Grimshaw.   346 

''        ■'     ■      M  ili.igany    Used    for    Airplane 141 

1'    '       ■    -    M  1' liinery  of  U.  S.  S.   Tennessee 230 

I'i-l"H.t.    11,^  Value  of  Manufacturing.     Charles 

W.    McKay    530 

Protection  in  the  Machine  Industry,  Eye ! !   818 

Protractor  for  Diemakers,   Small-angle.      August 

J.    I.ejeune    §2 

Protractor      for      Making      Linear      Perspective 

Drawings.      E.  J.   Higgins 1136 

Publicity,    Facilitating   War   Work   by 598 

Pulley,   American  Steel  Split  172 

Pulley.   Measuring  Horsepower  of  a '. !!  651 

Pulley.    Variable-speed    177 

Pulleys.     Advantages    of    Steel    over    Cast-iron 

W.    F.    Schaphorst    824 

Pulleys,    Crowning   of    ..'. 549 


Pulley 
Pulley 


Placing  Tight  Belts 
Placing    Tight    Belts 


W 


Fuel 


A.  Lailer.  246 
C.    C.    Her- 

344 
901 


Locomotives.  Use  of 138 


of    Mercury    Column    for    Testing 


Pulverized  Coal 

Pulverized   Fuel 

Pump,    LubrlcaD 

Pump,    Nuguent    Motor-driven    Oil. ..!!!!!!!!!!  !i058 

Pump-spring     Bushing-holder    Guide.        Earl    S. 

Hutton    5R, 

Pumps, 

Vncui 
Punch    and    Bar   Cutter,    Buifalo  'slitting  "  Shear! 'ij47 
Punih  ami   Die  for  Shell   Fuse  Socket,   Notching 

and  Assembling.     Donald  A.   Baker  1022 

Punch   Press    Drawing    Attachment    1159 

Punchy  Press,    Inserting    Wooden    Plugs    with    a. 

f.    C.    Spreen    7,^9 

lunch.  Self-centering  Marking.     W.   A,  Lailer..    l.Ml 
I'unch    Table,     Plate     177 


.1042 


Railway  Machine  Tool   Requirements 

■  Randall,   Frederick  W. : 
Circular  Cutting  Tools   544 

Rausch.   Chester  C.  Personal  of !!!!!!!!  !ll68 

Rawhide    Pinion,    Repairing !!!!!!!!  247 

Ready  Tool  Co. : 

"Red-E"    Tools     

"Red-E"      Bench   Lathe   Tool-holder 

■  Reamer-holder,   Victor  Floating   '    " '   171 

Reamer,    Rifle  Chamber,   Harry  W.   Chard,.!!!!   546 

Reamers.    Expanding    469 

Reamers,    Martell   Aligning.      Edward   K.    Ham- 
mond      269 

Reamers,    Power   Required   for  Driving '!!!!!!!!  337 
Reamers,    Straightening    High-speed    Steel         P 

H.   Whitney   ; '     57 

Reamers,    Wetmore   Taps   and !!!!!!!!!!!  853 

Reaming    and    Pacing    Machine,     Reed-Prentice 

Boring     '  ^g^ 

Reaming    Jig,    Universal    Drilling    and.       EL 

Robenolt     1134 

Reboring  Tool,  Cylinder   !!!!!! 661 

Recessing       Machine       Time       Ring  ' '  'disk-seat 

Donald   A.    Baker    igj 

Recessing  Tool.     John  W.   Hird !! 1041 

Recessing    Tool    for    Gasoline    Engine    Cylinders! 

C.  C.  Spreen *  741 

Recessing  Tool,   Oil-groove.     H.   A."pe'ters     !      "   155 

Reclaiming   Plant,    A   Brass 628 

Reclaiming   Tang    ! ! ! ! ! 759 

Reclaiming    Tang-Correction     !!".!'.'..!!!!!     864 

Record  in  America.    New   Airplane 277 

Recorder  for  Heating  Furnaces,  Leeds  &  North- 

rup   Double    ngj 

Rectangular    Bars,    Twisting    and    "seiidlng    'Mo- 
ments in  Square  and.     Victor  M.  Summa 681 

Red  Cross,  Old  Tracings  Asked  for  by 567 

"Red  Devil"  Lock-washer 10'i2 

"Red-E"   Tools    !!!!""  259 

Reel,    Drop-light  Extension    !!!!!!!!!  567 

Reed-Prentice  Co. : 

Boring,   Reaming,  and  Facing  Machine  464 

Crankshaft   Flange  Turning  Lathe "'  465 

Brass    Drilling    Machine 457 

Center-drive    Lathe    ! ggj 

Reed  Small  Tool  Works: 

Micrometer    Caliper    260 

Rees,   George  A..   Personal  of 478 

Reeves,   Donald   H. : 

Helical  Spring   Computations    430 

Reference   Tabic.    Lufkin    Mechanics'    Ready!!    "     78 
Refractories.    Alundum,    Crystolon  m 

ReiHy,   Thomas  A. :  "" 

Figuring    in    the    Metric    System    1137 

Relnforced-concretc    Ship,    Norway's    First 'i2S 

Reliable  Machine  Works:  

Plug   and    Ring    Gages oro 

Reliance  Tool   Co.:  

Spoticator    jgg 

Relieving    Attachment,    Simple.       Charles    jlouve 

Segulns    22 


Puii.he 
i 


West     Ilu 


347 


hlng    Machine.    Plate 
Piiiu  lunllty  and  Attendance 
Pyroleclrlc    Instrument   Co.; 

NorlhrupAJox    Illghfreiiuency    Induction    Fur- 


Bonu 


Relieving    Attachment,    Simple 

Relieving    Convex    Milling    Cutters,    Tools    for 

Forming  and.     0.  F.  Schweitzer 

Itcniacle,    Gustave   A.: 

Handy    Surface-plate    Block 

it.ii.wiug.  Pile  !!!!!!!! 

Itepalr     Lists     for     Repair     Orders,     Valiie     of 

Joseph    Plogniann     

Repairs,    Ordering    Parts    for    Machl'no 'tooI! 

Repairs,  Steam  Engine  Cylinder.     Jay 

Repairing     a     Broken     Folding     Rule.         Robert 


203 


log 


Allarbii>>at.... 

/nsl  of 

Ih«    IncT'SM    Id    Itfntii 


.   107 


(B7 


I'yronieler  for  Measilrliig   High  Teiuix-'rii lures 

Pyrometer    Tube    

Py  rome  I  ITS — A 11  lomi  tic     Conl  r 

nient    of   llliih   Teniperaluro 

I'rroinrtry.    ICeienl    Progress   i 


and     Measure* 


■    l«   rur«l(D   CoiiatrlM in 

i^'pral    uf    liK-miaiNl    R«rcnu)- 

1>B2 

"l««    E.    Ilaglm'    Optaloa    on 
'    IIW 


irlii 

Repairing   Rawhide  pinion"!!!!!!!!!!'! 047 

lleplogle.    J.    L..    Personal   of 373 

lleporls  by  Empl.iyers  on  War  Income  Tax!!!!!!   BSl 
Research    and     Mumifacturing    Methods.        Ci>le 

"'•"■nan     gga 

Roseatlrig   Tools,    Grinding    Machine    for    Valves 

and    rtrti 

Keserve,    United   States   Publlc's'e'rvico    !!!!!!!!   BU 

olr  Control  for  Ohio  Rivers !!  40^ 

""  1180 


Making  Drawliifs 


MO 

TM 

(10 

■•okla,,lcnil 


(;usrler  iwlal  IMia 
Wosrter  Iwlst  llvlls. 
yuel»-c   llrlilge.   Cntniilellon  of  Iks. 

yu.l-r  llrlilgo,  OiH-nIng  of  N»w 41111 

guenrhlng  I.l<|ul<ls   72,, 


Ile.lllometer,   WIdney 
"Realslal"    Hafely   Goggle 
Rest    of    Shells,    Anglo    01 
Rest  of  Hhells,    Anglo  of. 

Ilesi   of   Shells,    Angle   of 

Retaining    Device,    Blip    Hushing    with. 


n 


Harry  H.    Karlshor.  .   Mfi 

Chnrushin .lis 

lloberl 

llelalnlug  Dovico,  Hllp  llusiiliig  'wlTli'.' "lii'ii'h'ii! 


Hark,  rullln 


K.   T..arsoD., 


Nan 


llS'k 


N.lig,      I! 
ruldlng    liloi'prlni 
for  Kle.irb    H.dderlDg  lr<ms.  Cttlin  tiaiii- 

lurk'  r«e»  lirii.in  T«u.iii" ';;;,";;;;;;; 'SilJ 

llsdisi    KfUI.    Trloinnh    72 

IIS.IIO    Hl.llon.     Illghpowtr !.'.'!!!'   Mil 

llsdhia    Slid    Arc    ,, ».p| 

u 


I.e 

Itevenun  from  Motor  Cars   

Ilerenuea,    HInIo    ,"'," 

llevorae  Hwlich,   WpBllnghuusa'Drtim' 

"Re,"    Die   Teallng    Preaa    

Hl.kerl  Hhnfer  Co.: 

Tapping    Mnrhinn    

MIddeli.  John.  Obituary  of 

lllehl..    llroa.    Teallng    Machlni.    Co.: 

KstenMtiuelvr   


.1146 
.     44 


R.  I.  Electrical  Tool  Co.: 

Robinson   Electrical   Engraving   Machine 561 

Rifle  Brace,  Air.     W.   B.   Greenleaf 832 

Rifle  Chamber  Reamer.      Harry  W.  Chard 546 

Rifle  Gage.  Milling  a.     George  W.  Cook 832 

Rifle   Lock-knob   Holder,    Air.      W.    B.       Green- 
leaf   1133 

Rifle  Piston  Dies,   Air.      W.   B.   Greenleaf 313 

Rifle,  Rear  Sight  of  Air.     W.  B.     Greenleaf 1035 

Rifle   Receivers,   Cutting  Bolt   Cams  in.      H.   C. 

Evans    338 

Rifle     Trigger    Guard,     Making    Air.         W.     B. 

Greenleaf     933 

Rifling    Machine    1059 

Riggs.  John  D. : 

Use  of  Technical  Terms   741 

Right-  and   Left-hand  Tools.      Thomas   Fish 60 

Right-   and   Lett-hand   Tools    345 

Right-  and  Left-hand  Tools.  Percy  S.  Thomas..  547 
Right-  and  Left-  hand  Tools.  Thomas  Fish....  738 
Right  and   Left  Tool-holder  Co.: 

Grinding  Stand    860 

Rims.    Robertson   Hacksaw  for  Tire 1054 

Rindge.  Jr.,  Fred  H. : 

Engineering  Colleges  and  the  War 763 

Ring   Gages.    Measuring   Tapers   and.       Fred   T. 

BaU    1036 

Ring    Turning.    Facing    and    Serrating    Machine. 

Donald  A.  Baker 143 

Riordan,   J.    M..    Personal   of 970 

Rivers.   Reservoir  Control  for  Ohio 456 

Riveting  Machine,  Electric   372 

Riveting   Practice,    Pneumatic.      A.    Mason    Mac 

Farland    721 

Rivett  Lathe  &  Grinder  Co.: 

-\utomatic  Radical  Grinder  174 

No.    106   Internal   Grinder 659 

Robhins.    Garawell    &    Co.: 

Cutter    Grinding    Machine 1052 

Robenolt,    E.    L. : 

Universal  Drilling  and  Reaming  Jig 1134 

Robertson  Machine   &   Foundry   Co.,    W. : 

Hacksaw  for  Tire  Rims 1054 

Robinson  Electrical  Engraving  Machine 561 

Robson,   C.   E.: 

Robson  &  Sorensen  Two-part   BaU  Bearings..   161 
Robson  &   Sorenson: 

Two-part   Ball    Bearing    69 

Rochester  Athenaeum  and  Mechanics  Instittite's 

Courses  in  Mechanical   Engineering   931 

Rockford  Drilling  Machine  Co.: 

Boring  and  Drilling  Machine   169 

Rockford  Milling  Machine  Co.: 

Convenient   Shop   Operation   Sheet 1110 

Roi-kford  Tool  Co.: 

Tool-room    Lathe 567 

"Snndstrand"     Manufacturing    Lathe 859 

Rod  Cutter.   Hallden  Tube  and lO.iO 

Hods  and  Tubing.  Straightening   (M5 

Rods,    Bending    Concrete    Reinforcing.       L.    M. 

Hamlet     646 

Rogers,   Arthur  C,    Personal   of 378 

Rogers,   Fred  E..   Resignation  of 598 

Rolls,       Niles-Bement-Pont      Horizontal       Plate- 
bending     955 

Roller  Bearings,   Manufacturing  "Wright 1019 

Roller  Chain  Standardization    604 

Roller  Chains,  Standards  for  Steel 1146 

Roller  Smith  Co.: 

Circuit-breaker    962 

Rollers.  Using  Pipes  as.     L.  B.   Breedlove 1160 

Rolling  Machine.  Gray  Knurling  and  Bourrelet.  .  9.59 

Rolling  Mill,   see  Mill. 

Rolling,  Thread.     Franklin  D.  Jones: 

1     690 

2     803 

Rope,    Testing   Manila    687 

Roper  *  Co.,   C.    F. : 

Lubricant   Pump    268 

Rosin,     Manufacture     of     Speonal     Wire     Nails 
Coated  with    144 

Ross  Mfg,  Co,: 
Grinding  Wheel  Truing  Tool 565 

Rotary    Cutter   Process,    Spur   Gearing   Produced 
by   the    404 

Rolhe.   Thomas  J;: 

Turning   PIslon-pins    .19 

Rotors.    Soldering   Form    for.      Joseph    Plogmann.  649 

Routing  and   Handling  Shells.      James  Forrest..  922 

Routing    Machine    for    Firing    Pin    Plugs,    Auto- 
matic      9.';2 

Rowe,  Charles  0.,  Personal  of 280 

Rowell,    William   S.: 

False   Edge  on   Cutting   Tools 47 

UselessnesB   of   the    Intermediate   Measures   of 

I,<>ngth    57 

Plainer    Figures    for    the    Shop Bl 

Wear  of  Micrometer  Screw  and  Nut 1,56 

Spot-facing    Tofd    and    Cnunlerliore 845 

Measurement  of  Internal  Threads  429 

rnlllng  olT  Stock   for  Uathe  Work 445 

Methods  of  Setting  Threading  Tool ,'.42 

Attaching     Ball    Contact    Points    to    a    Beam 
Caliper     1(M0 

Rublo'r   on    Band-saw    Wheels.    Putting,      J.    L. 
Card    1135 

HllblKT  Tires.   Coefficient   of   Friction  of 1,18 

lluliher    Tubing     for    Clamping    Devices,        Nils 
AtterlMTg     619 

Hole,     Itepnlrlng     a     Broken     Folillng.       Robert 
Orlmshnw    56 

Rumely,    V.    P.: 

Chart     Giving     Time     Re(|Ulreil     to     Ilnb    Spur 
Gears     1085 

Rupert.    Mlllnn.    Personal   of ,'i78 

Huss   Forged   Drill   Co.,    A.   B. : 

F.irged   Drill    _ 71 

Russell.    I^-wls.    Personal   of ■ 1108 

llussia,  American  Kiport  of  Scythes  to   2ll 

Riinsia  during  the  Revolullnn,   A.  Jones  A  Ijim- 
«on   Man  In.     George   II.    Brlghnni 205 

Kussin,    Reduced  Output  of  PInllnum   from 243 

Russia,  The  Future  of  the  Machine  Tool  Business 
In.      A.   M.    Pesklne 121 

Rustprooftng,    Cadmium    for (133 


Rustproofing,    Cadmium    for 696 

Rustproofing     Iron     and     Steel.         Joseph     W. 

Wimsch    309 

Rust,  Removing  Iron  Plate.     Mark  Meredith 135 

Rust,  Removing  Iron  Plate.     A.  Schleimer (M5 

Ryerson  &  Son,  Joseph   T. : 

Celebrate   Seventy-fifth   Anniversary    277 

Sacks,   Paper  Tubes  and 86 

Safe  Corners,  Clean  and.     Robert  Grimshaw 62 

Safeguarding     War     Industries     from     Enemies 

within 662 

Safety  as  an  Investment  and  Ways  of  Securing 

it.      H.    P.    Heyn.. 1004 

Safety  Engineer.  The.     L.  A.  De  Blois 1044 

"Safety   First"   Switch.    Westinghouse 172 

Safety  Precautions   in  Drop-hammer  Operation..   759 
Safety    Standards    for    Power   Transmission    Ma- 
chinery,  Code  of 66 

St,   Louis  Machine  Tool   Co.: 

Grinding  and  Polishing  Stand   369 

Sallows,  J.   F.: 

Cause    of    Gears    Warping    When    Heated    in 

Molten    Lead    439 

Sallows.   J.   F..   Personal  of 280 

Salter  Motor  Mfg.  Co.: 

Crankshaft  Centers   If 54 

Salvage     of     Worn     Gages     by     Electroplating. 

Richard  Gibbs    934 

Salvaging  High-explosive  Fuse  Adapters.      John 

A.  Shand  '*- 

Salvaging  of  Machine  Tools.  The 988 

Salvaging    of   Tools 788 

Salvaging    Tools    in    War    Time.        Edward    K. 

Hammond    ~~1 

Sandberg.   Art: 

Lapping   Automobile   Cylinders    742 

Sandblasting     Machine 177 

Sander,  Lathe  Disk,     George  W.  Childs 1037 

Sanding   Machine    860 

"Satco"  Keyless  Drill  Chuck   79 

"Satco"    Safety   I^tbe   Dog 82 

Savage  Co..  Inc..  W.  J.: 

Sheet  and  Plate  Cutter 268 

Saving   by   New   Methods   of   Handling    Freight, 

Important    450 

Saving  Cast  Iron  vs.  Saving  Time  in  Machining.  688 
Saving    Time    in    Making    Drawings.        M.     B. 

Perlman     6*9 

Saw  and  Beveling  Table.  T.  P.  W.alls  Multiple..  369 

Saw.   Band  Re-    177 

Saw,    Napier   Band    83 

Saw,     Pond-Robinson     Metal-cutting 1053 

Saw  Sharpener,   Automatic  Slitting   8.55 

Saw,   Swind  Cold    262 

Saw  Table,   Bench    567 

Saw   Wheels,    Putting   Rubber  on   Band.      J.   L. 

Gard 1135 

Sawdust.  Alcohol'  from    802 

Sawdust.  Production  of  Alcohol  from 277 

Sawing   Attachment,    Shaper    83 

Scale     from     Short     Boiler     Tubes,     Removing. 

James  F.  Hobart    55 

Scale,  Handle  for  Draftsman's.     C.  C.  Sreen...  548 

Scales,    Computing   and   Shell    177 

Schaphorst.  W.  F.: 

Advantages   of   Steel   over   Cast-iron   Pulleys..  824 
Scheduling    Work.    Production    Manager's    Guide 

and  Self.      Robert  A.   Endebrock 48 

Schleimer.  A. : 

Ammonia  for  Fire  Estinguishing 443 

Removing    Iron   Plate    Rust W5 

Cadmium    for    Rustproofing 696 

Schlossstein.    Louis    A.: 

Why  Didn't  it  Explode?    58 

Schneider.  A.  J. : 

Group  Insurance  at  the  Cincinnati  Planer  Co.'s 

Plant     572 

Schneider.  J.  H.  Personal  of 478 

School  can  Help,  How  the  Night.     C.  S.  Coler..     19 
School  for  Women  Oxy-acetylene  Welders,  Train- 
ing    277 

School,  The  Modern  Methods   184 

School,  Training  Men  In  Worcester  Trade 1095 

School     Workshop,     A     New    Zealand.     ,  John 

Peddle    1005 

Schools     in     the     Pennsylvania     Eastern     State 

Penitentiary.   Trade 37 

Schramm.  A.   P.  C.  Personal  of 970 

Schultz.   G.   F...   Personal  of 1168 

Schwartz.   Ernest: 

Tube   Bender    157 

Drill-hobler  for  the  Lathe 4-12 

Schweitzer.  O.  F. : 

Ijithe-chuck    Truing    Device 647 

Tools  for  Forming  and  Relieving  Convex  Mill- 
ing  Cutters    M7 

Sclentlflc  Materials  Co.: 

Hardness    Testing    Machine 177 

Scleroscope    Bulb.    Rapid    Method    of    Operating. 

C.   C.   Spreen    251 

Scott.   John: 

Handling  Large  Machines   241 

Scott,   Resignation  of  Frank  A S7('. 

Scott,    R.    T..    Personal   of 6«« 

Scott's.    F.    A..    Message    to    Maetalne    Tool    In- 
dustry          **■* 

Scrap,   llrlquetting  of  Non-ferrous  Light  Metal..  473 

Scrap.     Conserving     ^7 

Scrap  Metal  Baler.  Economy IWO 

Scrap  Pile.  Oxy-acetylene  Welding  and  the 52 

Scrnl>er».   Hand.     0.  C.   Marsh 620 

ScrapiTS.    Motor-driven 758 

Scratching  out  Lines  on  Thin  Pnp<<r.     DonBld  A. 

Hampson    "■• 

Screw.  An  Unusual.     Edward  J.  Bessom 446 

Screw  and   Nut.   Wear  of  Micrometer.      Wlllhnn 

S.    Howell >M 

Screw  culling    Allachment,    Porter-Cable    Ijilhc.   167 
Screw-culling  Lathe,  Correcting  Errors  In  Precl. 

»lon.      J.    E.    LIndgren Ml 

Screw    Machine,    Cone    Pnursplndle    Autoinnllc.  ,   255 

Screw   Machine,   David   A.   Wright 171 

Screw    Machine,    Dellance    Turret "58 

IS 


Screw  Machine,  Operating  the  Gridley  Multiple- 
Spindle.      Douglas  T.   Hamilton 839 

Screw  Machine  Set-up  Charts.  J.  J.  Borken- 
hagen     ■ 743 

Screw  Machine,  Tapping  Stud  Nuts  in,  J.  J. 
Borkenhagen     833 

Screw  Machine,  To  Find  Economical  Length  of 
Stock  for  Four-spindle.      Charles  G.   Kehoe. ..  644 

Screw  Machine  Tool  Equipment:  Douglas  T. 
Hamilton : 

1         118 

2     331 

3     ^36 

Screw    Machines.     Interchangeable    Ejector    for 

Hand.     John   J.    Borkenhagen 1038 

Screw  Measuring   Machine.   Precision 494 

Screw  Propellers.  Balancing.  Robert  Grim- 
shaw       346 

Screw  Threads,   see  Threads 

Screw,  Wear  in  Micrometer.  Wilfrid  J,  Thomp- 
son     346 

Screwdriver,    Magnetic.      Donald  A.   Hampson.  .1041 
Scusa  &  Co..  L. : 

Snap  Gage  and  Micrometer  368 

Scythes  to  Russia.   American  Export  of 26 

Seaboldt   Corporation.    B. : 

Lapped  Measuring  Wires  554 

Seam-welding  Machine   469 

Searles,    A. : 

Destructive    Vibration    in    Machines 50 

Seasoning    Castings    650 

Seat  Grinding  Machine,  Ott  Valve 360 

Seats  for  Automatic  Sprinkler  Heads,  Machining 

Expansion.    John  J.  Borkenhagen 53 

Sebastian   Lathe    Co. : 

Geared-head    Lathe    75 

Second-class   Postage,    Inequity   of   the    Increase 

in    ■ 627 

Secor  Mfg.  Co.: 

Plain    Index    Head 264 

Section  Liner,    Simple.      John   B.   Gray 648 

"Sectostyle"    for    Cross-sectioning 1058 

Segment    to   Find   the   Height.    Given  Area   and 

Radius  of  a   «7 

Selander,  K.  George: 

Production    of   Metal    Furniture 151 

Sells,    J.    F.,    Personal   of 33* 

Sensitive    Drilling    Machines,     "Demco" 359 

Serrating   Machine.    Ring   Turning,    Facing   and. 

Donald    A.    Baker    M3 

Server.  F.: 

Common   and  Special  Micrometer  Calipers 231 

Set-up  Charts,  Screw  Machine.  J.  J.  Borken- 
hagen      743 

Setting     Shaper     Head    to    Cut    off    Corner    of 

Beveled   Work    1*2 

Setting   Threading   Tool,    Methods  of.      William 

S.    Rowell    5-»2 

Shaft.      Remedy      for      Oil-throwing..       W.      A. 

Lailer   IMl 

Shafts,   Cylindrical   Grinding  of "08 

Shafting.     Making     Cold-drawn.        Edward     K. 

Hammond     1^ 

Shafting.    Straightening.      E.   J.    Higgins 939 

Shand.  John  A.: 

Correction   of    Chasers    156 

Flat   Taps    243 

Drill  Press  Work-holder   345 

Which  Way  is  Cheaper? 550 

Small  Tap-holder   for  Turret  Lathe 647 

Tap  with  Inserted  "Dutchman" 648 

Salvaging    High-explosive    Fuse    Adapters 742 

Shaper,     Cutting     Keyways    on     the.         Charles 

Elslcr    "■»* 

Shaper  Head  to  Cut  off  Corner  of  Beveled  Work. 

Setting    J^ 

Shaper,   Hollingworth    '55 

Shaper,    Oliver    Double ^.55 

Shaper   Sawing   Attachment 83 

Sharpener.   Automatic  Slitting  Saw 855 

Shartle.  Charles  W.: 

Use  for  Discarded  Tracings 159 

Shaw  Blueprint  Machine  Co.: 

Blueprint   Ringer    "JO 

Shaw,    Henry   M.,    Personal   of 5i8 

Shear,    (iate    ^ 

Shear.  Hardening  Cutters  for  I^rge <4- 

Shear,   Punch  and   Bar  Cutler,    Buffalo  Slitting,  047 

Shear,  Southwark  500-ton  Billet 464 

Shears,   Kane  &   Roach   Drill   Rod 1152 

Sheet  and  Plate  Cutter 268 

Sheet.   Convenient   Shop  Operation 1110 

Sheet   Metal  Tester    83 

Shell  Boring  L:ithe.  GIsholt "■•8 

Shell  Calking  Hammer  and   Rivet  Header 861 

Shell    Casting,    Permanent    Molds    for 552 

Shell   Conveyor    "58 

Shell    Drilling    Machines,    Special.      Donald    A. 

Baker    I'*' 

Shell  Facing  Bar.     C.  Jouve 740 

Shell   Fuse  Gages,   Concerning S4" 

Shell    Fuse    Socket.     Notching    and    Asacmbllng 

Punch  and  Die  for.     Donald  A.  Baker 1022 

Shell-heating  Furnaces  *'W 

Shell,    Loading   the   V.   S.   75-mllllmeter.      Erik 

Oberg    '"» 

Shell   Lathe,    Franco  TosI    «» 

Shell  Lathe.  Fulton 11™ 

Shell   Lnlhes.    GIsholt <5J 

Shell  Machliu-ry,  Gray   i 840 

Shell.  Machining  a   No»ed-ln.     M.  H.  Potter 780 

Shell  Making.   Practical  Wartime 2<0 

Shell.  Manufacture  of  the  V.  S.  T5-mllllrocler. 
Krlk  olH>rg: 

1  MO 

i     7S0 

Z     704 

4     '.'.'.'.'.'.!'.'.!'.'.!.'.' 800 

Shell-nosing  Attachment    1050 

Shell    Production.    Canadian    8*1 

Shell    Scales.    Computing    and 177 

Shell-testing    Press.    Metalwood    Hydraulic 6»fl 

Shell  Testing   Press.  Southwark    400 

Shell    Trimmer    <00 


Shell  Turning  and  Boring  Lathes,  Hindman 1153 

Shell    Turning    Attachment 962 

Shells,   Angle  of   Rest  of M 

Shells.  Angle  of  Rest  of.     Harry  S.   Kartsher. .  345 

Shells.  Angle  of  Re,«t  of.     V.  Charnshin 345 

Shells,     Conrerting     Motor     Army     Truck     into 

Lathe   for  Turning   Wooden 1122 

Shells,    Requirements    and    Treatment   of    Cana- 
dian   High-explosive    641 

Shells,  Routing  and  Handling.     James  Forrest..  922 

Shells  rsed   in   Attack   on   Messines 50S 

Shepard   Electric   Crane   &   Hoist   Co.: 

Enclosed    Electric  Traveling    Crane 963 

Shepard  Lathe   Co.: 

Engine    Lathe    3G7 

Shepard  Lathes   1U51 

Sherlock,   Chesla   C: 

Workmen's     Compensation    and     Occupational 
and   Traumatic   Diseases    11" 

Compensation  for  Injuries   Obtained  in   Emer- 
gences      237 

Limitations  and  Warranties  330 

Workmen's  Compensation  in  Munition  Plants.  405 

Defective  Fire  Escapes    536 

Comparison  of  Compensation  Acts 609 

Legal   Duties  of  Emplo.ves    lOOti 

Basis  of  Employes'   Compensation  Payments..  1142 

Shifter.  Durable  Belt.     Charles  H.  Willey 548 

Ship.    Xor^vay's   First    Reinf orced-concrete 523 

Ship   Steel.    Pickling.      Mark   Meredith "62 

Ship   Tonnage 1026 

Ships,  Delivery  of  Goods  to 654 

Ships  in  American  Harbors  Repaired,   German..  540 

Ships,   Interchangeable  Merchant    268 

Shipbuilding    Plant   at    Fore    River,    Great 277 

Shipley,   Murray,    Personal   of 280 

Shop.    A    N'ew    Zealand    School    Work.        John 

Pedilie    1005 

Shop   Work.    Training    Men    for 1095 

Shops,     Observations    Around    the.      Donald    A. 

Hampson     573 

Shops,   Women  in  British  Machine   42 

Shops.   Women  Workers  in  Machine 688 

"Short-cut"    Lathe.    Adams 9.57 

Stntm.  H.  T.; 

Who      Blundered — The      Draftsman      or      the 

Machinist? 344 

Shrapnel  shell  Holder.     John  Fitzgerald,   Jr 244 

Sbrier,   F.  W.: 

Measuring   Diameters  of  Screw  Threads 648 

Shrinking  on  Bands  without  Tools.      Donald   A. 

Hampson    245 

Sidney  Power  Press  Co.: 

Power    Press    467 

Sidney  Tool  Co.: 

High-duty    Ijthe    758 

Engine  Lathe   801 

Sight,     Cutting     a     Dovetail     Slot     in     a     Gun. 

Raymond    H.    Dauterick    935 

Sight  of  Air  Rifle.   Rear.     W.  B.  Greenleaf 1035 

Sight     Parts,     Machining     Panoramic.         L.     J. 

Orr     834 

Signorelil,   V.   P.,   Personal  of 970 

Penonal    of    1068 

Silver,   Casting  of  German l.'J2 

Silver.   Imt»rts  of  Gold  and 822 

Silver  Mfg.   Co.: 

I'priKht    Drilling    Machine 74 

SImmonii  &  Co..  W.  H.: 

Drilling  and  Tapping  Machine 2«5 

"Simplex"    Hand    Milling    Machine,    Wright 262 

Simplex    T<j«l    Co.: 

Pour-Jaw  Chuck    751 

Sine    liars    of    Improved    Design.       Wlllam    C. 

BeU     933 

SIzrs  r,r  r-lues.  Stamlard.     C.  C.  Spreen 1037 

Skelrhei    on    Operation    SbceU,    C»e    of.       Eric 

!.*«    740 

Slreper   &   Hartley.    Inc.: 

Nsll  Die  Grinding  Machine 71 

Slctf-re,  roantemlnk.     Charles  A.  Kahn...' 56 

811d«T.  George : 

Grinding    Hpherical-end    Pin    Gages .Ml 

Klip   I'.o.l.Ir.i;    .till.    Iletalnlng   Device.      C.   Joure.  64!) 
Sill'  '    Ib-talning    Device.       Roliert 

M  »3» 

HI!'  ;;  Chucks    848 

Jfl''  .■!•'.  Cutllng  a   DuveUII.     Uay- 

fi.../..i  II     r>,.it.ri.k   Ids 

Slolllng  Allachni<-nl,    llnilM    7.'.0 

HWfiIng    Machine.    G<-ar   Cuttlnf   oo.       Wtlllam 

F     <.'■■■■.'         .      441 

St. 

I  'Lirblno    363 

Hii  )  Co..  Inc.: 

1: ..k-waslMT 10(12 

Srniii<.    I't-i. 

Irraffam^n     Haflljr    Nm*4«^    for    Orflsncr    !)«• 

iwrlnienl      .    376 

Nmlth.   <;.    II.: 

r»rnilnit  Cardbiiaril  Hhai-  340 

Hmlih.    lloUrl    W.: 

Tm-'  '■•*•■■  i:.ii 


.Soldiers,   Education  of   Wounded    237 

Soldiers  for  Industrial  Work,  The  Education  of 

Wounded     1081 

Soldiers,  The  Duty  of  Employers  with  Relation 

to  Crippled   1045 

Solenoids  and  Electromagnets.    Charles  A.  Clark.  811 

Solution  of  Equations.  Tlie.     J.  J.  Clnrk 27 

Something    from    Nothing    348 

South   America,    Imports   from    932 

Southwark   Foundry  &  Machine  Co. : 

500-ton  Billet  Shear    464 

Plate  Bending  Press   465 

Shell  Testing   Press    466 

Lead    l',.v.rin_'    Press    749 

Spnff.ir.l    l.:i.l    \V..rks: 

Prilling     M:n  hini.    Turret    Head 469 

Spaldins.    Ilmilis.    Personal   of 578 

Spangenberg.  Alfreil: 

Planning   for   War   Work 789 

Specialization     among     Machine     Tool     Builders.     37 

Specitications  and   Inspectors   456 

Specifications.      Delays      Caused      by      Exacting 

Government    1115 

Specifications    for    Compression    Springs    Draft- 
ing-room.     C.   C.   Spreen    1034 

Specifications.    Government    1026 

Speed  up  for  Victory  989 

Speeds    and    Feeds    for    Drilling.        Edward    K. 

Hammond    715 

Spence,  J.  C. : 
Training   Department  of   the   Norton   Grinding 

Co 1161 

Spill. n.    .     i.iii.  fion.   Besly    176 

Spni  ,                      ii"ii.  Sensitive  Drilling  Machine. 
I'll  iM^    !       r. mitt    704 


Spii.:l    I,    i;    I'liiuTs.   Sunderland   Smir  and 662 

Spiral    Gears   without   Traversing   Hoh.    Hohhing.  499 
Spiral  Type  Bevel  Gears.  Strength  of.     Reginald 

Trautschold 1111 

Splining    Fixture    for   Gasoline   Tractor   Steering 

Arms.     John   J.   Wofflngton 55 

Split  Pulley.  American  Steel 172 

Splitting  Hide.  Machine  for.     Donald  A.  Hamp- 
son      1037 

Sponsel    Co.,    Inc. : 

Gun     Barrel     Calibrating     and     Straightening 

Machine     257 

Spontaneous    Combustion    811! 

Spot-facer,    Glenzer   Counterbore   and 854 

Spot-facer,    Production    267 

Spot-facing  Tool   and   Coiinterliore.      William   S. 

Rowell     345 

Spot-welder,   Pacific   Electric 757 

Spoticator    369 

Sprague.  L.   C   Personal  of    1168 

Spra.v  Engineering  Co. : 

Paint    Spraying    Equipment 177 

Spraying  Equipment.  Paint  177 

Spreen.   C.   C: 

Method   of   Lettering   Tracings    158 

Numbers  for  Machines   158 

Rapid  Method  of  Operating  Rcleroscope   Bulb.  251 

Grease  Gun  for  Filling  New  Bearings 345 

Handle   for  Draftsman's  Scale    548 

Stock   Bin  for  Castings    646 

Inserting   Wooden    Plugs  with   a   Punch   Press.   739 
Recessing  Tool  for  Gasoline  Engine  Cylinders.  741 

Chanuicring     Tool      833 

Bushing  Tool   for   Bal>l)itt   Bushings 8.36 

Devi.c    for   Filling   Grease  Cups 935 

Drafting-room    Specifications    for    Compression 

Springs     1034 

Standard  Sizes  of  F-Lugs   1037 

Adustable  Cutter-Head   1138 

Distinguishing  Marks  for  Ends  of  Plug  Gagea.1139 
Spring      Computations,      Helical.         Donald      H. 

Reeves 430 

Spring  Winder 1027 

Sprlng-wlniUng  Methwl,  Simple.    George  Werner, 


Jr. 


244 


Spring-winding  Method.  Simple.     H.  P.  MIsener.  342 

Springs.   Automobile.      Chester  L.   Lucas 38 

Spring.  Device  for  Winding.     Gustave  J.  Horak.  605 
Springs.    Drafting-room    Specifications    for    Com- 
pression.    C.   C.   Spreen 1034 

Springs  from  Becoming  Brittle  while  Electroplat- 
ing,   to  prevent    1120 

Springs.  Simple  Tools  for  Making  Coll.     Chester 

W.  Hathaway  10,16 

Springfield   Machine  Tool   Co.: 

Geureil-head     Lathe 860 

Gun    BnHng    Machine 847 

Sprinkler     Heads,     Machining     Expansion    Seats 

for  Automallc.     John  J.   Borkenhngen 53 

Spur  and  Spiral  Gear  Plaiiiw.  Sunderland 662 

Spur    <!enr>.    Chart    Giving    Time    Required    to 

Hob.      V.    P.    Rumely 1085 

Spur    Gears.    Pin    Measurement    of.        Reginald 

Traiistcholil     406 

Spur    Gearing    Produced    by    the    Rotary    Cutter 


Pro 


401 


R<|iiare    and     Ilectanvuliir     liars.     Twisting    and 

lletidln'f   Motnenis  In.      Vldor  M.   Siinnnn 681 

Stinnre.    Ilallpolnl    Holder    for    Caliper,       K.    J. 

Illgglii'<    836 

K<iiinre   Moles.   Ilronchlng.     Hlnnley  Rilwnrdli. , . .  IC13 

K<|iinre   Te.l    Grme.      II.    V.    Coulslon ll.W 

H<iuare.    Ware   Graduated    Angle 711 

Kijuare.  and  V. blacks.  Tafl-fVlrce 852 

Sfiuare..    Quarler    162 

Hinck.    M.   J.: 

Kink    for  Crow  •ecilonlnir   Itrnwic-  219 

"Kin  lok"     Nul.     Kvorllle ir.2 

KlniMlnrd   Knglneerli.g   Wiirk«; 

Mitlli,,;    M  ..  Mne    '.'(IH 

t'       ■       ■     ■•           1       f„,    lilniensl.uiing     liriiwlnvK  71KI 


>  I    Holler   Chnlnea 


.  mm 
.11111 


Standardized    Production,    Present    Demand    and. 

1).    M.    Pcrrill    155 

Standish,  Sherwood  IL,  Personal  of 478 

Starker,  C.  W.: 

Interesting  Things  in  Metallurgical  Chemistry.  821 
Starter.    Westinghouse    Pressed-steel    Automatic.  951 

State   Revenues    456 

Statics.  A  Prol)lem  in.     J.  J.  Clark 652 

Steel-Art  Tool  Co.: 

".Satco"    Keyless   Drill   Chuck 79 

"Satco"    Safety   Lathe   Dog 82 

Steel   Bench    Drawer,    New   Britain 1053 

Steel,  Black  Finish  on    531 

Steel,  Bluing.     W.  B.  Greenleaf 997 

Steel   Ceilings,   Painting.      Mark   Meredith......     58 

Steel  Columns,  Working  Stress  tor 888 

Steel,    Composition   of    High-speed 824 

Steel,    Deoxidine   Precess   for   Cleaning.       J.    H. 

Graven 347 

Steel.    Effect  of  Copper  In  Medium-carbon 965 

Steel,  Effect  of  Temperature  on  the  Strength  of 

Iron   and    1081 

Steel.   Electric   1094 

Steel.    Electric.      Franklin   D.   Jones 1104 

Steel.  Fahy  Permeameter  for  Magnetic-mechani- 
cal  Analysis  of  Iron  and 553 

Steel  from  Carbon  Steel.  To  Distinguish  High- 
speed      1139 

Steel    from    Nickel-copper-iron    Ore 1002 

Steel.    Identifictioina   Marks   for 515 

Steel  in  Great  Britain.   Increased  Output  of 1063 

Steel  in  Turning  Shells,  Substitution  of  Stellite 

for    High-speed    376 

Steel-making    Capacity,    United    States' 1096 

Steel    over    Cost-iron    Pulleys,     Advantages    of. 

W.    F.   Schaphorst    824 

Steel    Parts.    Planing    Cold-drawn.       Donald    A. 

Hampson     496 

Steel.  Pickling  Ship.     Mark  Meredith 762 

Steel.  Possibilities  of  Double  Heat-Treatment  of.  539 

Steel    Prices    fixed   by    Government 181 

Steel.    Priority    Orders   for    1063 

Steel  Roller  Chains.  Standards  for 1148 

Steel   Shanks.    Brazing   Stellite   to 759 

Steel  Tests  Used  by  Workmen 810 

Steel,  Time  Effect  in  Ke-heating 681 

Steel,  Tungstenless  High-speed   184 

Steering    Arms,    Splining    Fixture    for    Gasoline 

Tractor.      John  J.   Wofflngtou 55 

Steering    Posts.     Manufacturing    of    Automoble. 

J.    P.    Visco    • 576 

Steinle.  E.  L..  Personal  of 970 

Stellite  as  a  Substitute  for  Platinum 822 

Stellite   for  High-speed  Steel  in  Turning  Shells, 

Substitution   of    376 

Stellite,  Notes  on  the  Manufacture  and  Fabrica- 
tion of   571 

Stellite  to  Steel  Shanks,   Brazing 759 

Stellite    Tools    with    Emery   Wheel.    Identifying.  618 

Stevens,   Colonel  Edwin   A.,   Obituary  of 768 

Stevenson,  G.  G.: 

Graphic  Use  of  Logarithms   966 

Stewart  &  Co.,  S.  A.: 

Bench  Saw  Table   567 

Stock    Bin     177 

Stock  Bin  for  Castings.     C.  C.  Si>reen 646 

Stock  for  Four-spindle  Screw  Machine,   To  Find 

Economical  Length  of.  Charles  G.  Kehoe....  644 
Stock.  M.  E.: 

Boring-bar     .61 

Stock  Storage  Cabinets,   Tool  and.      Ellis  J.   G. 

Phillips 1137 

Stock   Support 860 

Stocker,  H.  A.,  Oliituary  of 1168 

Stop  and  Centering  Tool.     Robert  Gallagher....     86 

Stop-collar  for  Countersink.      Frank   Lang 441 

Storage.  Loss  of  Heat  Value  of  Coal  In 908 

Storing  Drill   Rods.      E.  J.   Higgins 049 

Straight-line  Motion,  A  Two-plane.     Frederic  R. 

Honey   53 

Straight-shank   Counterliore.      E.   J.   Hlgglns 1139 

Straightening  Hardened  Tools   254 

Straightening    High-speed    Steel    Reamers.       P. 

H.    Whitney    57 

Straightening     Machine,     Sponsel     Gun      Barrel 

Calibrating    and    28T 

Straightening  Rods  and  Tubing  645 

SIriiglitenIng   Shafting.      K.    J.    Higglns 1189 

SIraigiitenlug  Thin-wall  Tailing    252 

Straightening    Thlnwall    Tuhlng.        Wallace    11. 

Smith    347 

Strauss  &  BucgclelHen: 

"Reslatal"    Safety    Goggles    74 

Strength  of  Cast-iron  Cylinders.  John  S.  Myers.  348 
Strength    of    Condenser    Tube    Plate.       John    S. 

Myi'ra  05 

Strength   of    Iron   and   Steel,    KITect    of  Tem|ier- 

aliin.   on   llic    1081 

Slrenglh  of  I'ljie  Joints  as  Affected  by  Type  of 

Thread    BSD 

Slr.'iiglh  of  Siilral  Type  Bevel  Gears.      Reginald 

Tniuslchold     tin 

Slrenglh  of  Wrought  Iron.  Kffect  of  Heat  on.  203 
Stress    for  Steel    ('.dlinins.    Working N8II 
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SlreH>eM     In     Members     Subjected     In     Torsion. 

Mark    Mcredllli    IMHI 

Hlri'sm'H   In   Tilrlillii'    Wli.>el».      Wllliuin   Knlghl..    516 

Ktri' In   Wire   llori.'    1 t..    Ilending 113 

Hlnil    Tiirnlng    Ma.hlii.',    Aliplanc 753 

HIriil    Turning    Ma.'liliic.    Matllmin    Alrplnne NnO 

Stub  toolh   lii'vel   GearN,    Fliiilliig   Fn ml  (lul- 
ling  Allgli'K  for   247 

HlUil    Ariuir    IIII3 

Mliid    Driver    III5II 

Hluil    of   a    llli'^i    Pedal.    Tool    IO<|iil|iiiii<nl    for 

Making    W. 447 

Hliids,    Drilling,    Facing,   and  'ra|i|iln( Kiill 

Mludlea  r.venlniis.  The  Mall  who 20 

Htuebing   Truck   Co.: 

Model    K.   LirilMK   Truck 1156 

Stiills,    W.    II.: 

Solid     Adjiialable     llorlni  bar 59 

NlulBinnh,   I.  <l.,   rvrsunnl  of 11711 


Submarines,   Latest  German   886 

Substitute  for  Brass,   A.      Mark  Meredith 618 

.Substitute  for  Gasoline,  Coal  Gas  as  a 52 

Sulistitutin?     Stellite     for     High-speed     Steel     in 

Turning  Shells    376 

Summa.  Victor  M. : 

Combined  Twisting  and  Bending  Moments. . . .  307 
Twisting  and  Bending  Moments  in  Square  and 

Rectangular    Bars    681 

Sunderland  Spur  and  Spiral  Gear  Planers 662 

"Sundstrand"    Manufacturing    Lathe    859 

Sundstrom    Mfg.    Co.: 

"Res"   Die  Testing  Press 461 

Support,    Stock    860 

Supports    for    Milling    Machine   Arbors.       Luther 

D.    Burlingame    992 

Surface-plate      Block,       Handy.        Gustavo      A. 

Remade    247 

Surfacer,  Oliver  Single-cylinder 860 

Swan,   Charles  A..   Personal  of 578 

Sweden.   Price  of  Gasoline  in 220 

Swind  Machinery  Co. : 

Cold    Saw    262 

Swiss  Lables,  Plan  to  Sell  German  Product  under  535 

Switch,    Oil    82 

Switch.   Westinghouse  Drum  Reverse 3ij9 

Switch,   Westinghouse   Electric    1059 

Switch,   Westinghouse  "Safety  First"    172 

Switches,    Cutler-Hammer   Drum   Type  Starting.  858 

Switzerland,    Export  Licenses  for    537 

Symbols,  Standard   608 

Symbols,  fniformity  in  Mathematical  714 

System,    see  also   Methods 

System,  Card  Index  Production,  Lewis  John- 
son        522 

System — Convenient  Shop  Operation  Sheet 1110 

System,   Jig  for  Locating.      R.   H.   Welcome....  548 
System — Ordering    Parts    for   Machine   Tool    Re- 
pairs      642 

System — Production  Manager's  ^uide  and  Self- 
scheduling    Work.      Robert    A.    Endebrack 48 

System  that  Prevents  Tool  Shortages,  Tool.  D. 
M.  Perrill   274 

T 

Table,   Bench  Saw    567 

Table,    Lufkin   Mechanics'    Ready    Reference.'...     78 

Table,    Morris    Universal   Tilting    360 

Table,   Plate  Punch   177 

Table,   Repairing  a  Large  Boring  Mill 104,'i 

Taft-Peirce  Mfg.  Co.: 

Simmons   Magnetic   Chucks 366 

Squares    and    V-blocks 852 

Tags  for   Xavy,    Monel   Identification 130 

Talbot.   .Arthur  N,,   Personal  of 578 

Talcott,    W.    O.    &   M.    W. ; 

Belt    Fastener    1059 

Tang,    Reclaiming    759 

Tang,   Reclaiming,   Correction    864 

Tangent  Clamp.     Wilfrid  Griffin   937 

Tank  at  Different  Levels,  Capacity  of  Cylindri- 
cal      252 

Tank  Partly  Filled,  Depth  of 351 

Tank,   Portable  Lubricant   208 

Tank,    Portable    Oil     82 

Tanks  .Anticipated,     Max  J,  Herzberg 648 

Tanks,   Finding   Contents  of  Cylindrical,      Carlo 

M,   Eyster   044 

Tanks,  Finding  Contents  of  Cylindrical,  Lay- 
out       1027 

Tanks,    Improved    Methml    of    Finding    Contents 

of   Cylindrical,      Carlo   M.    Eyster 900 

Tantalum-gold-copper   ABoy    1122 

Tap  Drills  for  Machine  Sirew  Taps.  Table  of. .  78 
Tap-holder   for   Turret   Lathe,    Small.      John   A. 

Shand    6J7 

Tap.    Reason   for   Snperiority  of   Gun.      A,    Bol- 

linckx     543 

Tap     with     Inserted     "Dutchman",        John     A. 

Shand    (M8 

Taps  and  Drills,    Inspection  Limits  for 551 

Taps  and   Reamers,    Wetmorc 853 

Taps    and    Tapping    Equipment,        Franklin     D, 

Jones     221 

Taps.    Flat.      J.   A,    Shand    243 

Taps,   Threading 549 

Taper   Boring   Tool,   Special,      H,    P,   Clifford 10(0 

Taper  (iages  and  Gaging.      Max  T,   Voigt 934 

Tapers   and    Ring    Gages,    Measuring.      Fred    V, 

Ball     1036 

Tapers.    Device    for    Fitting.       Alfred    Pilling.  .1040 

Tapping     Attachment,     BIcknell-Thomas 78 

Tapping    Attachment,    Wahlstrom 83 

Tajtplnz   Hood.    Colburn    73 

Tapping    Ma.liiUi-    369 

Tapping  Machine.  Boring,  Milling,  Drilling,  and.  861 

Tapping  Ma.hliir.   Drilling  and 268 

Tapping    Ma.hlni'.    Drilling.    Boring,    and 1059 

Tapnlrig  Ma.  Iiln.-.   Ijiudon  Multiple  Drilling  and,   ,'i,''>9 

Taping    Ma.  hli..-.    Simmons    Drilling    and 26,-. 

Tapping   Mii.hln...    Universal    959 

Tapping    Machine    and    Attachments,        Franklin 

D.   J..ne«    ,1in 

Tapping,  Obtaining  O.wmI   Results  In 1103 

Tapping   StUfI    Nuts   In   Screw   Machine,      John   J, 

Borkenhagen      8.13 

Tapping  Studs,   Drilling,    Facing  and 809 

Taper  Attachments  on  Metric  Lathe.  Oraduntion 

of    348 

TalxT    Gage    060 

Taper  Gagea,     RolM-rt  W,  Smith l.%9 

TaiMT  Wedges  In  Cutting  Si|uare  Tbreadi,  losing. 

C.   Anderson    rM4 

Tariff.    IteiKirl   on   the   AustnitlaD  Owalnms 1115 

TateJoni's    A    Co.: 

Oven    Furnaces    507 

Tayh.r   tc    Fenn   Co.: 

Verllcal-splndle    .Milling    Machine 358 

Taylor   Welder  Co.: 

K trie    Welder    SIV, 

T.    C.    M.    Mfg.    Co,: 

Milling    Relief   In    Knnrln    895 

Teihnleal  Min  for  V.  S,   Sorrlee 45(1 


Technical  Societies  of  Chicago,  War  Committee,1015 

Technical  Terms,   Use  of.     John  D.  Riggs 741 

Technology    of    Manufacture,    The 204 

Teeth   of    End-mills,    Attachment    for    Grinding. 

Stanley    Edwards    158 

Telephone     Messages     Transmitted     to    Moving 

Train    32S 

Temco    Electric    Motor    Co.: 

Bench   Grinding  Machine    962 

Temperature  Control,  Contact-couple  Method  of,  614 
Temperature  on  the  Strength  of  Iron  and  Steel. 

Effect    of    1081 

Temperatures,    Automatic   Control  and   Measure- 
ment  of   High    512 

Tempering  Device,  Magnetic,     W.  B.  Greenleaf.  243 
Tempering    Furnace.    Triad    Combination    Hard- 
ening,   Preheating,    and 660 

Templet  tor  Laying  out  Cams.     Ralph  R.  Wed- 

dell 445 

Templets  and  Screw  Threads  with  a  Microscopic 
Measuring  Machine,   Measuring,      Franklin   D. 

Jones     791 

Tennessee.  Propelling  Machinery  of  U.  S.  S 230 

Tension     Covers,     Making     Steel.         Ernest     .\. 

Walters     341 

Tension    in   a    Loaded   Cable,      J.   J.    Clark 651 

Terkelsen  &  Wennberg: 

Chucks     757 

Terms.   Use  of  Technical.     John  D.   Riggs 741 

Terry,    M.    V. : 

.\ngle     between     Cams     of     a     LFoup-ey*inder 

Engine 650 

Terry.   M.  V.,   Personal  of 92 

Terry,  Inc.,  Charles  M. : 

Variable-speed    Pulley    177 

Testing      Vacuum      Pumps,      Use     of      Mercury 

Column  for    1042 

Tests  Used  by  Workmen.  Steel 810 

Tester,  Lea  Thread  Lead  949 

Tester,    Sheet   Metal    83 

Testing    Bench    for   Machine   Units 52 

Testing  Device   for  Thread   Gages,   Harris   Lead 

and    Angle     178 

Testing  Manila   Rope    ^ 087 

Testing  Materals,   On.     William   Knight 201 

Testing    Screw   Threads,    Projection    Method    of, 

Franklin    D.    Jones    735 

Thermo-couples,    Calorized    Iron    as    an    Element 

for     824 

Thimlile,    Die    for    Forming    837 

Thomas,    Percy   S. : 

Right-  and  Left-hand  Tools 547 

Thompson,    George    S.,    Personal    of 578 

Thompson   Grinder  Co. : 

Universal  Cutter  and  Tool  Grinder 1158 

Thompson,   W,    H.,    Personal  of 768 

Thompson,    Wilfred  J.: 

Wear  in   Micrometer  Screw 346 

Thomson  Electric  Welding  Co. : 

Seam-welding     Machine     469 

Electric    Spout    Welding    Machine 661 

Electric    Seam-welding   Machine 661 

Thread    Angles.    Checking    60-degree    Points    for 

Gaging.      Charles   W.    Carvitte 1039 

Thread     Committee,     Report    of    the     American 

Society  of  Mechanical  Engineers,   Screw 1061 

Thread   Comparator,   Coats    555 

Thread     Cutting     Attachments.        Franklin     D, 

Jones     525 

Thread  Cutting  Practice  in  the  Lathe.  General, 

Franklin   D.   Jones    634 

Thread-cutting      Tools,      Holder      for      Grinding 

Accurate      925 

Thread    Cutting    with    Dies,    Screw.        Franklin 

D,    Jones    97 

Thread,    Finding    Angle   of    Special    Screw.       J. 

J.    Cleak    1043 

Thread    Gage    369 

Thread-gage    Grinding   Machine,    Community 1047 

Thread   Gages,    Harris  Lead   and   Angle   Testing 

Device    for    178 

Thread   Gages,    Making   Whitworth,      Walter  D, 

Woodivorth  and  Herman  H.   Bender 483 

Thread  Gages,   Master  Whitworth.      W.   T.   Her, 

Jr 51 

Thread   Gages,    Production  of  Accurate.      J.    R. 

Maclntyre     31 

Thread   I.ead   Tester,    Lea 949 

Thread  Lead-testing  Machine.  Coata UM 

Thread  Lead-testing   Machine,    Sheffield 11.55 

Thread   Milling.      Franklin  D.  Jones 413 

Thread   Milling   Machine,    Biggs-Watterson 955 

Thread   Milling   Machine,    Newton    372 

Thread    Milling   Machine,    Smalley-General 363 

Thread    Milling   Machine,    Woods    10,16 

Thread   of  45-niiIlimeter    Pitch,    Gears   to   Cot..  833 

Thread   Plug   Gage,    How   to   Expand  a 447 

Thread   Plug  Gagea,    Enlarging  Worn.      A,   Con- 
slant     Reader     549 

Thread  Rolling,     Franklin  D,  Jones: 

1 B90 

Thread,  The  Lowenhera    .......'       837 

Thread-I.Hd    Grinding    nxliire,    Lafayeltte 1057 

Thread    with    a    ,'.0-pitch    Chaser.    Chasing    100- 

pitch.      Rolwrt  Grimshaw    62 

Threads,  An  Indicator  Used  for  Cutllnic  Internal, 

Alfred  E.  Carter  79(1 

Threads.  Cutting  Multiple  r<a 

Threi Culling  Screw   no 

Threads,    Error  jn    Wire    Method    of    Measuring 

Worn,      llowaril   H,    Wright 4,19 

Threads,     Flmllng     Rfrecllve     Bearing     Area     of 

Acm..  Screw.      Marry  S.    Knrlaher 440 

Threads.    Grinding    ami    Ijipplng.       J.    B.    I.lnd- 

gren |02S 

Threails,    Harvey   (5rlp    1142 

Thread*.   Measurement  of  Internal,      William  S, 

Rowi-ll    429 

Threads.    Measuring   Diameters   of  Screw.     John 

B.    Gray     048 

Threads   per   Inch.    Pitch.  Ij-ad  and 200 

Threa.N.    Projecllon    Method    of   Testing    .Screw. 

Franklin   1).   Jone 7.1^ 
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Threads,   Rolling   Internal    162 

Threads,  Using  Taper  Wedges  iu  Cutting  Square, 

C,    Anderson    644 

Threads,  War  Department  Tolerances  for  Screw.  457 
Threads    When     Erecting    Machinery,     Care    of 

Screw    599 

Threads  with  a   Microsopic  Measuring  Machine, 

Measuring  Templets  and  Screw,     Franklin  D. 

Jones     791 

Threading  Attachment,   Pipe    177 

Threading    Machine,    Landis 170 

Threading   Taps    549 

Threading  Tool,  Methods  of  Setting.     William  S. 

Rowell    542 

Threading-tool     Setting     Arbor.         Herbert     V, 

Coulston     548 

Threading  Tool,  Spring.     Eric  Lee 248 

Theading    Tools,    Handy    Gage    for    Setting    up, 

Eric    Lee    155 

Thrift   Stamps,    Buy 640 

Throwing    Shaft,     Remedy    for    Oil-.        W.     A. 

Lailer 1O40 

Tie-rods,   Making  Airplane    26 

Time  Fuse,  see  Fuse 

Time   in  Machining,   Saving  Cast   Iron   vs.   Sav- 
ing      688 

Time  Required  to  Hob  Spur  Gears  Charts  Giving. 

V.   P.   Rumely   10S3 

Time-ring  Disk-seat  Recessing  Machine,     Donald 

.\.    Baker    181 

Time-saver,  A  Micrometer.     James  Mclntyre....     61 
Time     Studies     and     Premium     Payments     Pro- 
hibited  by    Congress   on   Government   Work...  1094 

Time   through   Accidents,   Lost    681 

Tin  for  Solder.   German  Restrictions  in  Use  of,     52 
Tin   Ware   to  be   Required  by  Government,    En- 
ameled   and    632 

Tinning    Cast-iron    Vessels    lOlS 

Tire    Rims,    Robertson    Hacksaw    for 1054 

Tires,   Coefficient  of  Friction  of  Rubber 138 

Tires  for  Trucks,  Pneumatic   37 

Title,    Drawing.      George  W.   Childs 138 

Todt,   Fred: 

Direct-reading    Caliper    83 

Toggle-operated  Disk  Clutch,  Pressure  on  a 163 

Toggle,   Pressure 962 

Tolerances  for  Screw  Threads,  War  Department.  457 

Tomlinson.  William  R.,  Personal  of 1070 

Tonnage,   Ship   1026 

Tool,  .\n  .\rc-forming.     P.  Vuille 543 

Tool   and   Stock   Storage  Cabinets.      Ellis  J.   G. 

Phillips     1137 

Tool,   Combination    83 

Tool     Department     and     the     Modern     Factory. 

.\rthur  Jenner    44 

Tool  Design  in  the  Manufacture  of  Munitions..  305 
Tool     Designing.     Results     of     Faulty,       F.     B. 

Jacobs    1028 

Tool  Engineer,   Cooperation  with   the 500 

Tool    Engineer,    Cooperation   with    the.       Robert 

Mawson    935 

Tool   Equipment   for  Making   Stud  of  a   Bicycle 

Pedal    447 

Tool   Equipment,   Screw  Machine; 

Douglas    T.     Hamilton 118 

Tool   Grinder,    Manhattan    Universal 746 

Tool  Grinder,  Thompson  Universal  Cutter  and..  11.58 
Tool    Height    When    Turning    .\ngles.    Effect   of.  348 

Tool-holder,     Chamberlain 11.59 

Tool-holder,   Diamond    3*»9 

Tool-holder,   Green   Bay   Drive   Calk  Co 963 

Tool-holder,    "Red-E"    Bench    Lathe 565 

Tool-holder,    Toolmakers    Boring.        Charles    W. 

Carvette     548 

Tool-holders,    Expanding    Mandrel   and 469 

Tool-holders,  Right  and  Left  Tool-holder  Co...  860 
Tool  System  That   Prevents  Tool  Shortages.     D. 

M.   Perrill    274 

Tools  and  Their  .Application.   Combination .520 

Tools,  Circular  Cutting.  Frederick  W,  Randall.  544 
Tools,     Cylinder    Valve    Chamber.        Harold    .\, 

Peters     444 

Tools,     False    Edge    on    Cutting.        William    S, 

Rowell      47 

Tools    for    Brass    Work,    Built-up.       Chester    W. 

Hathaway     (Q.^-, 

Tools    In    War    Time,    Salvaging.       Edward    K. 

Hammond    771 

Tools,    I.ovejoy   In,serted-cutter    261 

Tools.  Metiger  Electrically  Welded   7.50 

Tools,  Preventing  Ivoss  of,     E,  J.  HIgglns 741 

Tools,     "Red-E"     2,59 

Tools,   Right-  and  I.eft-hand.     Thomas  Fish 00 

Tools,    Right-    and    I.ert-hand 845 

Tools,  Right-  and  Left-hand,     Percy  S,  Thomas.  .517 

Tiwls.   Right-  and   I..-ft-hand,      Thomas  Fish 7SS 

Tmds,    Straightening    ILirdened 2.54 

Tools,   Unlversiil  Kle.tric   81 

Tooling    :i    Fon-Ign    Car    In    America.       Thoni:is 

Orchard: 

1     410 

2     .534 

Toolmakers,"    Craley    "Master    3.57 

Toolmakers  In  War,  Machinists  and 20 

Toollnakcr's  Pmhleni,   A,     J.  J.  Clark S37 

T.wlmakers.    Wages   Flieil   for  Maehlnlata  and.. IMA 

T.wlmakers   Wanled,    Kx|M>rt    4.56 

TooliMisI  Collar.     P.   U.  White .57 

T<H)l|)ost.    Turret     962 

Ton-h,    Blow    4«g 

Torch.    Brailng    1I5 

Torches,     .Mechanically     Operated     Cutting     and 

Welillng.    Edward  K.  Kamniond 868 

Tor|>edo   Air    Flask    Ileails,    I.uster-Jonlan   Lathe 

for    76 

Torsion,  Formulas  for  Combined  Bending  and..  552 
Torsion  Problems,  New  MelhiHl  of  Solving.    Mark 

Men-dllh     9»Q 

Tole-Uis   Hack,   .New  Britain   8,54 

Towler,    A.: 

Cutters    for    Soft    Comisislllon    Washers airt 

Tracing   Asked   for  by    Red   Cross,    Old 567 

Tracings.    MelhiHl  of  Lettering.     C.  C.   Spn-en..    1,57 


Tracings,     Use     for     Discarded.         Charles     W. 

Sliartle     159 

Tractor  and  Locomotive,   Industrial   061 

Tractor     Steering     Arms.     Splining     Fisture     for 

Gasoline.       John    J.     Wofflnglon 55 

Tractor.  Storage  Battery  Truck  and 661 

Tractors.    Production   of    Gasoline    Farm 68 

Trade   after    the    War,    The    Machine    Tool.      A. 

W.    Henn    1096 

Trade,   ConTention  on  Foreign   570 

Trade  Journal  Exhibition.   A 578 

Trade  School.   Training   Men  in  Worcester 1095 

Trade     Schools     in     the     Pennsylrania     Kastcrn 

State  Penitentiarj    3*^ 

Trade.    United   States   Foreign 845 

Trade.  A'alue  of  Learning  a 154 

Trademark.   A  Xatiooal    1043 

Trademark  Bureau  in  Havana.  Establishment  of 

Interna  tional      663 

Trademark.    National   French 2,S.^ 

Trademarks   Abroad.    Protection   of 932 

Trademarking      Tour      Product,      Methods      of. 

Edward   K.    Hammond    1123 

Trading  with   the  Enemy   .\ct 2S0 

Training    Department    of    the    Xorton    Grinding 

Co.     J.  C.  Spence 1161 

Training    for   Employment  Managers.    Universitr 

of  Rochester's  Course  of  963 

Training.   Importance  of  Mechanical   304 

Training    Instructors,    the   Gisholt   Method   of. . .   S44 

Training  Mechanics  for  Army  Service 963 

Training  Men  for  Shop  Works 1095 

Transmission  Machinery,   Code  of  Safety  Stand- 
ards for  Power   66 

Transportation     of     Army     Trucks     and     Truck 

Parts     495 

Transportation.    The  Problem   of 688 

Trautschold.    Reginald: 

Pin   Measurement  of  Spur   Gears 406 

Thickness    of     Involute    Gear    Teeth     on     the 
Addendum    Circle 800 

Strength   of   Spiral   Type   Bevel   Gears 1111 

Traverse    Motion    for   Grinder   Carriage.      F.    K. 

Daniels     1136 

Trenary.   W.   F..   Personal  of '. 378 

Triad    Combination    Hardening.    Preheating    and 

Tempering    Furnace    660 

Triangle — Spacing     Block     for     Cross-sectioning. 

Improved     646 

Triangle.  To  Find  Radios  of  Circle  Inscribed  in. 

1.  J.   Clark    1042 

Triangle.  To  Find  Radius  of  Circle  Inscribed  in. 

Guy    H.    Gardner    1141 

Trigger  Guard.  Making  Air-rifle.     \7.  B.  Green- 
leaf    933 

Trigonometric  Functions   for  Any  Angle 63 

Trigonometric  Functions  for  any  Angle.      G.   S. 

Rowling      343 

Trigonometry.    Problem    In    245 

Trigonometry.   Pr^iblem   in.      D.   F.   Moriarty 347 

Trigonometry.    Problem    In 347 

Trigonometry.    Problem    In    348 

Trigonometry.  Problem  in.     Ormonde  Bogert 547 

Trigonometry.  Problem  in.     A.  A.  NIms 547 

Trigon/.melry.   Problem   In.      IColK-rt   W.   Smith..   547 

Trigonometry,   Prf)blem   In.      F.    It.   Daniels 1039 

Trigonometry,  Problem  In.     1.  3.  Clark 1042 

Trigonometry.  Problem  In.     G.  H.  MacCnlIaugh..ll41 

Trimmer.   Shell    409 

Tripp.   Gay  E..   Perunal   of 578 

Triumph  Machine  TwpI  Co.: 

Radial   Drill    72 

Truck  and  Tractor.  .Storage  Battery 661 

Tnj'k     f.  ■.,  ,„   n.i.illng    880 

Tr  .  !  j.trial    IC'.n 

Tr  Irical.  Imlutilrlal   1149 

Tr  I  ry  Influence  on  Motor 8ft 

Tr  r;dardlzcd   Motor 766 

Trii.  k     i;i-.i.  II  iv.rk.r    ^r, 

Tnick.    Rlwell-Parker  Electric   7.'i8 

Track     Ilolioke  Kleratlng   4Bft 

Tr...i      II     -v,      rrr,n.f.-r    82 

Tr  -trial     268 

Tr  rd    Kleratlng    266 

Tr  rd    Elevating    46!) 

Tr  -ihur   Kniipel.    "HlKb-lcrcl". .   062 

Tr  I    Myler   469 

Tr  -ifiy    20(1 

Tr  I  ..lei   K   Uflinc ILVl 

Trii' k*     ;.r.'i     I  riKK     Part*.     Traniiportallon    of 

Army     49.'> 

Ttwil"  In  Unl("l  Hlali-.,  Motor  780 

Trii.k.      I.r.r.i-     1.1. .in. 3<11 

Tr  tNI2 

1  '  ■  Ickly.  E.  ],  nigglnii.  ha2 
I-  .Mie«.1.  K.  r.  Ilr.llon.  7M 
Tr  k.  fl.  y.  l<<'hwelluT.  617 
Tr.r.K.l.i.    '.r..    I,i-«r,.l    rnrmrnilDa WKl 

Taming  Mchlrv.   Airplane  Html 753 

Turning      Mill.      Mlc»  lb-men). font      Kilmalon 

Rnriiw  and    050 

Tralnt    Mar-hliw,    llbmHiiiNI  Kek    Wlin-1    Inaprc- 

llnn  aiul    1056 

Tmltig  V-'htnr     Jrmmi!  ,      n 

Tr---   -^      ■      ■•   --    '  - •••.      •  -JV-. 


Tubing,    Straightening    Tbin-wall.       Wallace    B. 

Smith     347 

Tungstenless  High-speed  Steel  184 

Tunnel  under  the  British  Channel,  Postponement 

of  Construction  of    213 

Turbine  Gearing,    Flexible.      Mark   Meredith 314 

Turbine   Grinder    372 

Turbine  Wheels,  Stresses  in.     William  Knight..  516 
Turbines    for    Stationary    Purposes,    Application 

of 511 

Turnbu.'kle  Prilling  Machine,  Langelier 559 

Turner  Macliiiic  Co.: 

Turret   Tviie  Drilling   Machine 561 

Turner.    Hubert  T.,   Personal  of 280 

Turning    Machine.    Mattison    Airplane    Strut....  856 
Turning.    Facing,    and   Serrating   Machine,    Ring. 

Donald   A.    Baker 143 

Turning    Fixture,     Crankshaft 643 

Turning  Piston-pins.      Thomas  J.    Rothe 59 

Turnover,    Decreasing    the   Labor    519 

Turnover,    Excessive  Labor    1 . . .  809 

Turnover.    Reducing  Labor    : 899 

Turret    for    Dalton    six-inch    Lathes..: 114!) 

Turret    Head.    Drilling    Machine 4119 

Turret,    Indexing   Fixtures   for  Use  in.      Chester 

W.    Hathaway    1137 

Turret   Lathe,    see   Lathe 

Turret  Toolpost  9fi2 

Turret  Type  Drilling  Machine,   Turner 5(J1 

Twist  Drill,  see  Drill 

Twisting     and     Bending     Moments,     Combined. 

Victor   M.    Summa    307 

Twisting   and    Bending   Moments   in    Square   and 

Rectangular  Bars.      Victor  M.   Summa 681 

Two-plane  Straight-line  Motion,  A.     Frederic  R. 

Honey     53 

Tyler  Mfg.  Co.:  _ 

Brazing  Torch   1159 

Type  Holder,    Pittsburg   Steel    468 

U 

U-boats  without   Periscopes    515 

U-lugs.   Standard  Sizes  of.     C.   C.  Spreen 1037 

Under-cutting    Attachment,    Gray   Waving    and.  .1055 
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"Utility"    Counterbore   and    Spot-facer R.')4 
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Wahlstrom  Tool  Co.: 

Tapping  Attachment   83 

Walls,   Howard  J.,  Personal  of 970 

Walls    Tool    Co.,    T.    P.: 
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War  Emergency  Course  on  Employment,  Manage- 
ment     1062 

War,    Engineering   Colleges  and  the.      Fred   H. 

Riudge,     Jr 763 

War.   Engineering  Education  During  the 1094 
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B.  M.   W.   Hanson ...  990 

War     Industries     Board,     G.     E.     Merryweather 
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Weddell.   l(al|ih  U.: 

Tenii.lel   for  Uiyliig  out  Ciiina 145 

Widgi-a  In  Ciililiig  Hqiinre  'I'hrrada,  Ilalng  Tniier, 

C.  Aiideranu    044 

Wilgel   Mnchlni.  Toid  Co.: 

llrlllliig    Machine    Iflg 

ViTllcnl    lirllllng   Mnchlne    800 

Wi'b'oiiM..    II.    II.: 

Jig    l.o.'iilln(   Ky u    tM8 

Welda  of  Holler  I'lalea,   Aulogennna RT 

Welded  PriHiucIa,  Melsger  Klectrlcally 7S0 
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Welders.      Training     S<hoi.l     for     Women     OsT- 
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Welding.    Comparison   of   Forge.      Oxy-acetylene 
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Wheels.     Design    of    Friction.        Ludwig    Eisen- 

kramer    696 

Wheels.    White    Heat    Products    Co.'s    Grinding.     82 

Wheeler.  Harvey  B..  Personal  of  92 

Whelan.    R.  J.: 
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into  Lathe  for  Turning    1122 

Woodworth.    Walter  D.: 
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Jby  Franklin  D.  Jones' 
and  Edward K Hammond' 


UTTING  graduation  marks 
and  figures  that  indicate 
the  values  of  successive 
graduations  may  involve 
three  distinct  operations. 
Graduation  marks  may  be 
in    the   metal,   or   an    acid 


cut    directly 

"resist"  may  he  applied  to  the  steel  and 
the  graduation  marks  cut  in  this  pro- 
tective coating.  Where  the  latter  method  is  employed,  the 
marking  of  the  graduations  is  done  by  immersing  the  work 
in  acid  so  that  the  surface  of  the  metal  from  which  the  resist 
has"been  removed  by  the  graduating  tool  may  be  "cut"  by  the 
etching  solution.  In  any  case,  a  graduated  scale  would  be 
incomplete  without  figures  to  indicate  the  values  of  successive 
graduations,  and  these  may  be  cut  in  several  different  ways. 
The  simplest  method  would  be  to  cut  the  figures  by  hand, 
but  such  a  procedure  would  involve  considerable  time  and  ex- 
pense. A  better  way  is  to  either  do  the  work  on  an  engraving 
machine,  the  operation  of  which  is  controlled  by  a  pantograph 
mechanism  and  master  copy,  or  to  use  a  graduating  machine 
which  is  designed  in  such  a  way  that  it  can  also  be  used  for 
cutting  figures  and  other  irregular  designs,  such  as  trade- 
marks, etc.  As  in  the  case  of  cutting  the  graduation  marks, 
the  figures  may  be  cut  directly  in  the  metal  or  they  may  be 
cut  in  a  protective  coating  applied  to  the  metal  and  etched 
by  Immersing  the  work  in  acid.  Similar  methods  may  be  em- 
ployed for  trademarking  the  work,  but  where  there  is  a  con- 
siderable amount  of  detail  in  the  design  it  may  he  more  eco- 
nomical to  use  certain  laborsaving  methods,  to  which  refer- 
ence win  be^niado  later.  It  Is  the  purpose  of  this  article 
to  give  a  comprehensive  description  of  various  methods  of 
graduating,  engraving  and  etching,  and  to  explain  the  different 
claBses  of  work  for  which  each  of  these  methods  is  espe- 
cially adapted. 


In  shop  parlance  some  confusion  exists 
as  to  the  use  of  the  terms  graduating,  en- 
graving and  etching.  These  operations  are 
decidediy  different,  but  as  the  same  general 
result  may  be  obtained  by  graduating  or  by 
a  combination  of  graduating  and  etching, 
and  by  engraving  or  by  a  combination  of 
engraving  and  etching,  these  terms  have 
come  to  be  used  Interchangeably,  which  Is 
incorrect.  In  this  article  information  Is 
given  concerning  modern  practice  In  per- 
forming these  three  methods  of  marking,  and 
the   kind   of  work  for  which   each   is  adapted. 


liato  Killtor  of  Machinirt. 


Methods  of  Graduating 
The  degree  of  accuracy  required  in 
graduating  varies  considerably  with  dif- 
ferent classes  of  work.  The  instru- 
ments used  in  connection  with  astro- 
nomical observations  require  the  great- 
est degree  of  precision  obtainable,  while 
the  graduations  on  surveying  and  nauti- 
cal instruments,  machinist's  and  tool- 
maker's  scales  and  protractors,  and  similar  tools  and  instru- 
ments, do  not  require  the  extreme  accuracy  of  the  astronomical 
instruments,  although  such  graduations  must  be  very  accurate. 
The  type  of  machine  or  tool  used  for  graduating  and  the  method 
of  producing  the  graduation  marks  or  lines  varies  with  differ- 
ent classes  of  work,  depending  upon  the  degree  of  accuracy 
necessary  and  the  form  of  the  parts  to  be  graduated.  The  ex- 
tent to  which  graduating  is  done  or  the  quantity  of  work 
handled  may  also  affect  the  type  or  design  of  the  machine  or 
tools  used.  The  work  of  graduating  may  be  divided  into  two 
branches— the  method  of  spacing,  and  the  means  for  making 
suitable  marks  or  lines  upon  the  parts  to  be  graduated. 

Spaciner  Methods 
The  machines  used  in  laboratories  and  by  tool  and  instru- 
ment manufacturers,  tor  graduating  various  kinds  of  straight 
scales,  may  be  classified  as  the  precision  screw  type  and  the 
pantograph  type.  The  former  is  equipped  with  a  very  ac- 
curate lead-screw,  which,  by  means  of  an  indexing  or  spacing 
mechanism,  is  rotated  an  amount  depending  upon  the  spacing 
required,  and  as  this  screw  actuates  the  work-holding  table,  a 
tool  that  Is  given  a  cross-movement  makes  graduation  lines 
either  in  a  "resist"  or  directly  upon  the  work.  The  pantograph 
machines  have  a  pantograph  mechanism  which  serves  to  re- 
produce, on  a  smaller  scale,  the  graduation  lines  or  figures 
that  have  been  previously  cut  in  a  pattern  or  master  scale. 
Machines  of  the  two  general  types  referred  to  are  generally 
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Screw  Type 


cams  at  the  front 
and  back  of  the 
handwheel,  which 
are  brought  into 
position  to  engage 
the  limit  stop,  by 
means  of  a  thread 
on  the  circumfer- 
ence of  the  hand- 
wheel  meshing 
with  small  worm- 
wheels  that  actu- 
ate the  cams.  The 
engagement  of  the 
thread  on  the 
handwheel  with 
the  worm-wheels 
may  be  so  adjust- 
ed that  the  limit 
stop  comes  into 
contact    with    the 


used  for  linear  graduations,  although  some  designs  are  also 
adapted  for  circular  graduating.  A  design  intended  especially 
for  circular  work  has  an  accurately  cut  worm-wheel  connecting 
with  a  circular  work-table,  and  a  meshing  worm  which  is  ro- 
tated by  an  indexing  or  spacing  mechanism,  in  accordance  with 
the  circular  spacing  required. 

Formation  of  Graduation  Liines 

The  marks  or  lines  which  represent  divisions  or  spaces 
on  graduated  scales,  etc.,  may  be  formed  by  the  etching  process, 
by  the  direct-cutting  action  of  a  tool,  or,  for  some  grades 
of  work,  by  the  stamping  or  impression  process.  With  the 
etching  process,  the  part  to  be  graduated  is  first  covered  with 
some  acid-resisting  material  or  "resist,"  as  it  is  called,  and 
then  the  lines  or  figures  are  cut  into  this  resist  by  a  mechani- 
cally guided  graduating  tool,  thus  e.xposing  the  metal  wherever 
these  lines  or  figures  are  made.  An  etching  acid  is  then  ap- 
plied, and,  wherever  the  metal  is  exposed,  the  acid  eats  into 
the  surface  and  forms  the  division  lines.  When  very  fine 
graduation  lines  are  needed  the  general  practice  is  to  employ 
the  direct<utting  method,  since  the  marks  obtained  by  a  very 
sharp-pointed  tool  are  finer  and  more  accurate  than  can  be 
obtained  by  the  etching  process.  There  are  two  general  types 
of  cutting  tools,  one  of  which  operates  with  a  plain  draw 
stroke,  whereas  the  other  is  a  rotary  tool  and  revolves  at  a 
speed  of  about  from  8000  to  10,000  revolutions  per  minute. 
Diamond  points  are  also  used  for  cutting  very  fine  graduation 
lines,  th«  diamond  being  drawn  across  the  work  without  a 
rotating  movement. 

Screw  Type  of  Linear  Graduatinir  Machine 

A  linear  dividing  or  graduating  machine  of  the  screw  type, 
which  la  adapted  for  precision  work  im  scientific  instruments 
or  for  other  work  in  wliich  a  high  degree  of  accuracy  is  neces- 
sary. Is  shown  In  Klg.  1;  and  Fig.  2  illustralfs  n  powor-drivon 
machine  of  the  same  general  design. 
The  bed  of  this  machine  is  provided 
with  planed  ways  upon  which  a  work 
carriage  Is  mounted.  This  carriage  Is 
traversed  by  a  lead-Hcrew  located  Inside 
the  bed,  and  In  Iho  case  of  the  hand 
operated  machine,  this  screw  |g  turned 
by  the  small  handwheel  at  the  left-hand 
end  of  the  bed.  After  each  movement 
of  the  cttrrlage  has  been  completed,  a 
tool  supported  by  the  tool-head  at  tin- 
bark  of  the  machine  makes  a  gradua- 
tion mark  on  the  work  which  Ih  secured 
to  the  rjirrlttite  The  handwheel  at  the 
end  of  the  lead  screw  Is  provided  with 
a  graduated  dial,  each  space  of,  which 
corresponds  to  1/200  mllllmeler.  8c 
cured  to  the  handwheel  Is  un  ndjustabli 
stop  which  may  be  set  to  ohlaln  the  re 
(julrod  dlntanco  Ix-lween  conHocutlvc 
Kradunllnn    lln<-«       'liiiu    «.it,\,    onKoxes 


cams  after  part  of  a  revolution  of  the  handwheel  or  after  more 
than  one  complete  revolution,  according  to  the  requirements 
of  the  work. 

In  operating  the  machine,  the  handwheel  is  turned  back 
until  the  stop  comes  into  contact  with  one  of  the  cams.  This 
backward  movement  is  effected  without  turning  the  lead-screw 
ou  the  machine;  then  the  handwheel  is  turned  forward  and 
in  this  direction  a  ratchet  and  pawl  causes  the  lead-screw  to  be 
locked  to  the  handwheel  so  that  the  screw  is  turned,  and  ad- 
vances the  carriage  and  work  until  the  limit  stop  comes  into 
contact  with  the  cam  at  the  opposite  side  of  the  handwheel. 
When  this  position  has  been  reached,  the  operator  pulls  for- 
ward a  small  hand-lever  on  the  tool-head,  which  results  in 
drawing  the  tool  across  the  work  and  making  a  graduation  line. 

The  machine  is  provided  with  means  for  making  gradua- 
tions of  different  lengths.  For  instance,  it  may  be  necessary 
to  make  each  fifth  graduation  mark  longer  than  adjacent 
marks,  each  tenth  mark  still  longer,  etc.  On  this  machine, 
such  variations  in  length  "are  effected  by  means  of  three  stop- 
screws  which  come  into  contact  with  a  notched  wheel,  the 
movement  of  the  tool  and  length  of  graduation  mark  being 
limited  by  the  engagement  of  one  of  these  screws  with  the 
wheel.  At  each  stroke  of  the  toolpost,  the  three  sections  of 
this  wheel  are  advanced  by  means  of  a  ratchet  and  pawl,  and 
the  three  wheel  sections  may  be  adjusted  in  relation  to  each 
other  so  that  the  desired  relation  is  obtained  between  the  posi- 
tion of  notches  and  intermediate  faces  on  the  different  wheels. 
In  this  way,  the  stop-screws  come  into  contact  with  the  wheel 
on  either  faces  or  notches  as  required,  thus  varying  the  lengths 
of  the  graduation  lines  according  to  requirements.  In  addition 
to  its  use  for  graduating,  this  machine  may  also  be  employed 
as  a  comparator,  and  for  this  purpose  two  microscopes  are  pro- 
vided which  enable  the  position  of  graduations  on  a  scale  to 
be  accurately  compared  with  the  position  of  graduations  on  a 
"^Irindard  scale. 
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Calibrating'  the  Lead-screwr 
From  the  preceding  description, 
it  will  be  apparent  that  the  degree 
of  accuracy  obtained  with  a  ma- 
chine of  this  liind  is  dependent 
upon  the  precision  of  the  lead- 
screw.  In  making  the  machine, 
the  greatest  possible  care  is  exer- 
cised in  cutting  the  screw  and 
nut.  and  the  bearing  of  the  nut  on 
the  screw  is  then  perfected,  as  far 
as  possible,  by  a  lapping  operation 
performed  by  introducing  fine 
rouge  or  some  similar  abrasive 
into  the  nut.  This  does  not  pro- 
vide for  correcting  inequalities  in 
the  lead  of  the  thread,  and,  where 
a  high  degree  of  accuracy  is  neces- 
sary, the  lead-screw  is  calibrated. 
For  this  purpose,  a  standard  scale 
is  mounted  on  the  carriage,  and 
the  carriage  is  then  advanced 
through  suitable  increments  of 
length,  as  shown  by  the  divided 
dial  at  the  left-hand  end  of  the  lead-screw.  After  each  move- 
ment of  this  kind,  the  amount  of  travel  is  noted  by  referring 
to  the  standard  scale  on  the  carriage  with  a  microscope.  The 
results  obtained  in  this  way  are  plotted  on  a  chart  and  either 
of  two  conditions  may  be  found:  it  may  be  that  there  is  a 
uniform  accumulated  error  extending  from  one  end  of  the 
screw  to  the  other,  or  it  may  happen  that  the  error  is  irregular. 
In  either  case,  the  same  method  of  compensation  is  employed. 
Secured  to  the  nut  on  the  lead-screw  is  a  short  finger  extending 
down  into  the  groove  of  a  guide  placed  inside  the  bed  of  the 
machine.  In  the  case  of  an  accumulative  error  resulting  in 
a  gradual  increase  in  the  lead  of  the  lead-screw,  this  guide 
is  set  at  such  an  angle  that  the  movement  of  the  finger  in  the 
guide  will  result  in  turning  the  nut  back  slightly,  thus  com- 
pensating for  the  increase  of  lead.  If  the  accumulative  error 
were  such  that  the  lead  gradually  decreased,  the  nut  would  be 
turned  forward  in  order  to  advance  the  movement  of  the  car- 
riage instead  of  to  retard  it.  In  cases  where  the  error  in  the 
lead-screw  is  irregular,  the  lead  being  first  too  long  and  then 
too  short,  the  same  method  of  correction  is  employed,  except 
that  the  guide  groove  is  given  a  suitable  curve  of  irregular 
form,    instead    of   having   a   straight   guide    set   at   an    angle. 

Circular  Dividing:  Machine 

Fig.  3  shows  a  dividing  engine  for  use  in  graduating  circular 
dials  and  other  work  of  simi- 
lar form.  The  general  princi- 
ples governing  the  operation 
of  this  particular  machine  are 
the  same  as  for  the  linear 
dividing  engine  already  de- 
scribed, except  that  the  ma- 
chine shown  in  Fig.  3  has 
been  designed  especially  for 
circular  work.  A  circular  dial 
mounted  on  a  pivot  is  used 
instead  of  a  carriage  travel- 
ing on  straight  ways  on  the 
bed,  and  rotation  of  the  dial 
is  effected  by  a  worm  which 
meshes  with  worm-wheel  teeth 
cut  into  the  periphery  of  the 
dial.  The  worm  that  governs 
the  rotation  of  the  dial  is  car- 
ried by  a  shaft,  on  the  end 
of  which  there  is  a  hand  wheel 
and  stop  mechanism  for  limit- 
ing the  space  between  the 
graduations,  this  mechanism 
being  of  the  same  form  as 
that  described  for  the  linear 
machine.     The   tool    for   per- 
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forming  the  graduating  is  carried 
by  a  toolpost  and  head  of  the  same 
form  as  those  used  on  the  machine 
for  graduating  straight  work. 
Some  machines  are  so  designed 
that  they  may  be  used  for  either 
linear  or  circular  dividing,  there 
being  a  lead-screw  for  linear  work 
and  a  circular  table  for  dividing 
arcs  or  circles. 

Automatic  Circular  Dividing  Engine 

For  graduating  the  dials  on  sex- 
tants and  other  surveying  and  sci- 
entific instruments,  C.  L.  Berger 
&  Sons,  37  Williams  St.,  Boston, 
Mass.,  have  made  the  special  cir- 
cular dividing  engine  shown  in 
Fig.  4.  In  constructing  this  ma- 
chine, advantage  has  been  taken 
of  every  means  that  would  tend 
to  give  greater  accuracy  of  the 
graduations  on  the  work.  For  in- 
stance, the  machine  is  housed  in 
a  room  with  double  walls  having  the  space  between  the  walls 
packed  with  fiber;  in  this  way  the  machine  and  work  can  be 
kept  at  practically  a  uniform  temperature  and  errors  due  to 
expansion  and  contraction  are  avoided.  Working  with  this 
degree  of  care,  circular  scales  are  graduated  which  are  guar- 
anteed not  to  have  an  error  exceeding  three  seconds;  in  many 
cases  the  actual  error  is  not  greater  than  l^A  second  of  arc. 
Circular  scales  are  usually  divided  into  360  degrees;  each 
degree  is  subdivided  into  60  minutes,  and  each  of  these  min- 
utes is  further  subdivided  into  60  seconds.  This  is  known  as 
the  sexagesimal  system.  Attempts  have  been  made  to  divide 
the  circle  into  400  degrees,  i.  e.,  according  to  the  centesimal 
system,  thus  making  each  quadrant  susceptible  of  decimal  divi- 
sion. It  is  difficult  to  apply  the  decimal  system,  chiefly  be- 
cause the  circle  with  its  commonly  employed  sexagesimal  sys- 
tem of  graduation  is  intimately  connected  with  time,  and  this 
system  lends  itself  to  the  making  of  calculations  in  connection 
with  the  division  of  hours  into  minutes  and  seconds.  The  de- 
gree has  been  decimally  divided,  and  this  has  been  found 
useful  in  laying  down  railway  curves,  due  to  its  correspond- 
ence with  the  decimal  division  of  the  measures  in  use.  The 
Berger  circular  dividing  engine  shown  in  Fig.  4  is  adapted 
for  graduating  circles  in  either  the  sexagesimal  or  centesimal 
system. 

In  precision  circular  graduating  it  is  of  importance  to  have 
the  work  held  in  a  truly 
horizontal  plane  and  also  to 
have  the  work  concentrically 
mounted  with  the  worm-wheel 
of  the  dividing  engine.  To 
secure  this  condition,  a  spe- 
cial form  of  level  is  used  in 
the  Berger  shops,  the  method 
of  employing  it  being  illus- 
trated in  Pig.  5.  This  level 
is  supported  by  a  bracket 
screwed  to  the  frame  of  the 
graduating  machine,  and  the 
bar  .1  that  supports  the  level 
tube  is  pivoted  to  the  main 
bracket. 

At  the  opposite  end  of  the 
bar  from  the  pivot,  it  will  be 
seen  that  there  is  a  pin  that 
bears  against  the  surface  of 
the  work  to  be  graduated  :  and 
after  the  level  has  been  set 
up  in  this  way  the  work  Is 
rotated  in  contact  with  the 
pin.  Under  these  conditions 
any  marked  deflection  of  the 
bubble  In  the  level  tube  indl- 
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Jig.  5.     Hethod  of  adjusting  Work  on  Machine  shown 


cates  lack  of  accuracy  in  setting  up  the  work,  and  suitable  ad- 
justment must  be  made  until  the  test  may  be  made  without 
deflection  of  the  bubble.  This  is  a  severe  test  because  the  level 
used  for  this  purpose  is  extremely  sensitive. 

After  setting  up  the  work  and  making  all  adjustments  of 
the  machine,  the  operator  leaves  it  and  does  not  start  the 
machine  running  until  the  next  morning,  because  while  set- 
ting up  the  work  the  heat  of  his  body  raises  the  temperature 
of  both  the  machine  and  work  somewhat  above  normal,  and  as 
a  result  there  is  a  gradual  contraction  until  the  normal  temp- 
erature is  reached,  which  would  result  in  introducing  inac- 
curacies into  the  work.  The  next  morning  he  comes  into  the 
room,  starts  the  machine  up  and  leaves  before  there  is  time 
for  the  heat  from   his  bodv  to  cause  anv  serious  amount  of 


rig.  e.     Clo>«  View  of  Tool  Carriage  Hcchanii 
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expansion.  The  machine  ruiiH  automatically  until  the  gradu- 
ating operation  ha«  been  completed,  when  an  automatic  stop 
Ir  tripped,  which  dlHcngages  a  clutch  that  IranHmlta  power 
from  the  ilrlvliiK  motor. 

In  IhlH  artli-l<!  we  are  IntercHtcd  In  rcHults  rather  than  In 
marlilneii  hy  which  Iht-Hc  rcHultH  are  obtained,  hut  a  brief  de- 
ncrlptlon  of  Ihp  lltTKer  KruduatlnR  machine  will  doubtless 
provi!  of  IntercHt.  It  will  be  nnvn  In  I'"Ik.  4  that  (ho  drive  Is 
provldi'd  by  an  Individual  motor  bollt-d  to  the  floor,  and  the 
work  table  U  rolatod  by  a  worm  mcHliInK  with  worm-wheel 
itrelh  rut  In  the  periphery  of  the  table.  Graduations  are  cut 
by  a  reciprocal  I  nK  tool  wlilih  cuts  on  the  draw  stroke  and  Ik 
lifted   clear  of  the   work   on   the  return   stroke.     It    will,   of 


course,  be  obvious  that  indexing  and  graduating  operations 
take  place  alternately  and  this  result  is  obtained  as  follows: 
Prom  the  first  driving  shaft  power  is  transmitted  through 
gearing  to  an  intermediate  shaft,  on  the  right-hand  end  of 
which  there  is  a  double  segment  gear  A  which  meshes  with 
pinion  B  carried  at  the  rear  end  of  the  shaft  carrying  driving 
worm  C,  that  engages  the  worm-wheel  on  the  work-table. 
While  the  segment  gear  is  in  mesh  with  the  pinion,  it  causes 
driving  worm  C  to  rotate,  and  this  indexes  the  work.  During 
this  time  the  graduating  tool  is  idle;  but  when  the  segment 
gear  runs  out  of  en- 
gagement with  its 
pinion,  the  work 
has  been  brought  to 
the  desired  posi- 
tion, and  at  this 
time  the  graduat- 
ing operation  may 
be  performed.  Ex- 
tending a  c  r  o  s  =; 
the  top  of  the  ma- 
chine is  a  shaft  D. 
best  shown  in  Fig. 
6,  which  transmits 
power  to  the  tool 
carriage  E.  The 
machine  is  used  for 
graduating  circles 
on  dials  of  various 
diameters,  and  to 
adapt  it  for  hand- 
ling these  different 
sizes  of  work  pro- 
vision must  1)'' 
made  for  setting 
the  tool  at  various 
distances  from  the 
center  of  rotation 
of  the  table  on 
which  the  work  is 
held.  This  is  done 
by  having  the  tool 
carriage  mounted 
on  a  slide  so  that 
its  position  may 
be  adjusted  as  re- 
quired;    and    to 

transmit  power  to  the  carriage  in  any  position  the  bevel 
pinion  F  on  the  driving  shaft,  is  so  arranged  that  it  may  be 
slid  along  the  shaft  and  secured  in  any  position  by  a  cap- 
strew.  This  bevel  pinion  transmits  power  to  a  cross-shaft 
which,  in  turn,  operates  a  link  mechanism  under  the  carriage 
that  gives  the  tool  its  reciprocating  motion..  The  tool  cuts 
on  the  draw  stroke  and  is  lifted  clear  of  the  work  on  the 
return  stroke.  As  in  the  case  of  the  Geneva  dividing  engines,. 
to   which   reference  has   already   been   made,   means   are   pro- 


Fig.    7.     Simple    Circular    Graduating    Machine 

used   in  Instrument   Shops   of   William 

Gaertner    &    Co. 
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Fig.   9.     Hand-operated  Uuitiple   Graduating  Machine   built  by  Jg 

vided  on  this  machine  for  cutting  graduation  marks  of  differ- 
ent lengths  at  any  required  intervals.  This  is  done  by  the 
same  arrangement  of  notched  wheels  and  screws  used  in  the 
Geneva  machines,  operated  by  a  ratchet  mechanism. 

Cutting'  Worm-wheel  Teeth  for  Index  Mechanism 

A  little  thought  will  be  sufficient  to  show  that  the  accuracy 
of  the  results  obtained  in  the  operation  of  this  machine  is 
dependent  upon  the  precision  of  the 
worm-wheel  teeth  that  index  the  work 
between  successive  strokes  of  the  gradu- 
ating tool.  These  teeth  are  hobbed  in 
the  periphery  of  the  work-table,  and  ex- 
perience has  shown  that  it  is  imprac- 
ticable to  obtain  the  degree  of  accuracy 
required  for  a  machine  of  this  kind 
without  taking  special  pains  to  elimin- 
ate errors  in  the  teeth  that  could  safely 
be  overlooked  in  many  classes  of  gear- 
ing. The  object  is  to  have  the  worm- 
wheel  teeth  so  cut  that  each  tooth  ad- 
vances the  work-table  through  the  same 
angle. 

After  the  worm-wheel  teeth  have  been 
hobbed,  the  method  of  procedure  is  to 
graduate  a  circle  on  the  work-table. 
Four  microscopes  are  then  mounted  at 
equidistant  points  around  the  periphery 
of  the  table  and  there  are  crosshairs 
in  the  eye-pieces  which  may  be  lined  up 
with  graduations  on  the  table.  Having 
proceeded  to  this  point — with  the  mi- 
croscopes lined  up  over  the  90-,  180-, 
270-  and  360-degree  graduations,  the 
work-table  is  indexed  through  one- 
quarter  revolution,  using  the  regular 
worm  drive  to  obtain  this  table  move- 
iiHMit.  Then  observations  are  taken, 
and  it  the  worm-wheel  teeth  are  ac- 
curate It  will  be  found  that  the  four 
quadraiit  graduations  line  up  properly 
with  cross-hairs  in  the  microscopes 
which  are  now  located  over  graduation 


marks  90  degrees  from  those  with 
which  they  were  formerly  in  alignment. 
It  is  more  likely  to  be  found,  however, 
that  a  slight  discrepancy  exists  in  the 
worm-wheel  teeth  in  the  zero  to  90-de- 
gree  quadrant,  which  will  be  indicated 
by  the  fact  that  the  four  quadrant 
graduation  marks  do  not  line  up  ac- 
curately under  the  cross-hairs  in  the 
microscopes. 

If  this  is  the  case  it  is  necessary  to 
correct  the  spacing  of  the  teeth  until 
the  test  can  be  made  with  satisfactory 
results.  After  this  has  been  done,  the 
table  is  advanced  through  another  90 
degrees  and  observations  are  again 
made  to  find  out  if  any  correction  is 
necessary  in  the  teeth  between  the  270- 
and  360-degree  graduations.  This  is  re- 
peated four  times,  and  after  corrections 
have  been  made  it  should  be  possible 
to  rotate  the  work-table  through  another 
quadrant  and  find  that  the  graduations 
line  up  properly  under  all  four  of  the 
telescopes  spaced  around  the  table.  In 
practice,  smaller  angles  than  90  degrees 
are  dealt  with,  but  to  simplify  the  de- 
scription we  have  considered  that  not 
less  than  one-quarter  revolution  of  the 
table  is  made  between  successive  cor- 
rections of  errors  in  the  teeth. 

hn  Hope  &  Sons  Circle  Dividing  Machine 

William  Gaertner  &  Co.,  Inc.,  5345  Lake  Park  Ave.,  Chicago, 
111.,  builds  many  astronomical  instruments,  and  for  graduat- 
ing the  circular  dials  required  in  this  work,  use  is  made  of 
the  special  machine  shown  in  Fig.  7.  A  variety  of  work  can 
be  handled  with  this  equipment;  the  illustration  shows  the 
machine  graduating  the  declination  circle  for  a  large  telescope. 
This  graduating  machine  is  of  the  type  on  which  the  lines 
are  cut  by  a  revolving  tool  A,  and  the  method  of  operating 
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the  machine  is  as  follows: 
Work  B  is  supported  on  an 
arbor  in  such  a  way  that  it 
is  free  to  revolve  but  may  be 
secured  in  any  desired  posi- 
tion by  tightening  a  quick- 
acting  clamp.  Fastened  to 
the  work  there  is  a  "master 
circle"  C  on  which  are  the 
same  graduations  that  it  is 
required  to  cut  in  the  periph- 
ery of  work  B.  A  bracket  se- 
cured to  the  end  of  the  arbor 
that  supports  work  B  is  fitted 
with  a  telescope  D,  in  the 
field  of  which  is  placed  a 
cross-hair  that  may  be  lined 
up  with  any  desired  gradua- 
tion on  master  circle  C.  In 
operating  the  machine,  the 
first  line  is  cut,  after  which 
the  clamp  is  released  and 
work  B  is  rotated  until  the 
next  line  on  master  circle  C 
comes  into  coincidence  with 
the  cross-hair  in  telescope  D. 
after  which  the  clamp  is  tight- 
ened to  secure  the  work  in 
this  position  ready  for  the 
next  line  to  be  graduated. 
This  process  is  continued  un- 
til the  lines  have  been  cut 
all  the  way  around  the  pe- 
riphery of  work  B. 

As  in  the  case  of  most 
graduating  operations,  it  is 
necessary  in  handling  this 
work  to  cut  lines  of  various 
lengths,  and  on  the  present  machine  this  is  accomplished  by 
having  a  master  plate  E  on  which  are  cut  lines  of  varying 
lengths,  which  correspond  with  those  to  be  graduated  on  the 
work.  It  will  be  seen  that  the  periphery  of  this  plate  has 
notches  cut  in  it  to  receive  index  plunger  F,  and  each  time 
the  work  is  indexed  by  means  of  master  circle  C  and  tele- 
scope D,  plate  E  is  also  rotated  to  bring  plunger  F  into  the 
next  notch,  thus  locating  a  line  of  the  proper  length  under 
the  stylus  //.  It  will  be  seen  that  engraving  tool  A  is  mounted 
at  the  lower  end  of  a  vertical  arm,  which  is  pivoted  at  G,  the 
location  of  this  pivot  being  adjustable  so  that  various  ratios 
may  be  obtained  between  the  length  of  lines  cut  on  work  B 
and  the  length  of  lines  in  master  plate  E,  over  which  stylus  // 
Is  moved.  It  will  also  be  apparent  that  the  indexing  of  plate  E 
Is  for  the  purpose  of  bringing  successive  lines  on  this  plate 
Into  position  for  engagement  by  stylus  H,  thus  enabling  a 
sequence  of  lines  of  the  desired  lengths  to  be  cut  on  the  work. 
At  /  is  shown  a  grinding  attachment  for  sharpening  engraving 
tool  A  when  necessary. 


Fig.    11. 


Pantoifraph   Type  of  Graduat- 
ing Machine 

Graduating  machines  of  the 
pantograph  type  are  exten- 
sively used  wherever  graduat- 
ing must  be  done  on  a  com- 
mercial basis.  Some  of  these 
machines  are  designed  for 
graduating  or  engraving  one 
part  at  a  time,  whereas  others 
are  intended  for  multiple 
graduation.  A  well-known  ma- 
chine of  the  multiple  type, 
adapted  for  graduating  steel 
rules,  machinists'  scales,  and 
similar  tools,  on  a  manufac- 
turing basis,  is  shown  in  Figs. 
9  and  10.  This  machine  is 
built  by  John  Hope  &  Sons, 
Elmwood,  Providence,  R.  I., 
and  is  so  arranged  that  many 
duplicate  scales  or  other  parts 
may  be  graduated  at  the  same 
time.  A  master  scale  or  pat- 
tern is  first  made  as  accu- 
rately as  possible  and  to  an 
enlarged  scale.  The  machine, 
with  its  pantograph  reducing 
mechanism,  is  then  used  to  re- 
produce this  master  scale  onto 
the  work.  The  pattern  is  at- 
tached to  table  A  and,  as  the 
lines  or  figures,  or  whatever 
outline  or  design  is  to  be  re- 
produced, are  followed  by  the 
tracer  or  pointer  B,  the  move- 
ments are  transmitted  through 
the  pantograph  mechanism  to 
the  parts  to  be  graduated.  The  tools  do  not  cut  the  lines  into 
the  metal,  but  mark  through  a  thin  coating  of  acid-resisting 
material  that  has  been  previously  spread  over  the  surface  of 
the  work.  When  all  the  lines  required  have  been  cut  into 
the  resist,  the  work  is  removed  and  a  suitable  etching  acid  ap- 
plied which  eats  into  the  metal  and  forms  lines  wherever  the 
resist  has  been  removed  by  the  marking  tools.  Ordinarily, 
these  tools  or  points  are  diamond  chips,  set  into  steel  holders. 
The  diamond  chips  last  two  or  three  years  before  repointing 
is  necessary.  Some  concerns  use  hardened  steel  marking  points. 
When  graduating  steel  scales  on  this  machine,  forty-eight 
six-inch  scales  may  be  operated  on  simultaneously,  in  which 
case  a  corresponding  number  of  diamond  points  is  employed. 
There  are  four  work-holders,  each  of  which  has  a  capacity  for 
holding  six  feet  of  work,  i.  e.,  twelve  six-inch  scales.  When 
the  machine  is  in  operation,  movement  of  the  tracer  point  B 
is  transmitted  to  all  the  marking  points,  which  are  located  at 
the  top  of  the  machine.  The  tracer  point  may  be  moved  in  any 
direction  for  following  straight  lines,  figures,  or  any  Irregular 
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design.  When  marking  ordi- 
nary    graduation     lines     on 

scales,   the   tracer    (which   is 

guided    by    the    operator)     is 

made  to  traverse  each  line  on 

a    master    scale    clamped    to 

table  A.  The  lateral  move- 
ments of  the  tracer  cause  the 

main    carriage    C,    which    is 

mounted     on     wheels     E,     to 

move  along  the  track  shown, 

whereas    the    longitudinal 

movements  shift   the  smaller 

carriage   F    along    the    track 

formed  on  carriage  G.    Every 

movement    of    the    tracer    is 

transmitted  through  the  pan- 
tograph    mechanism     to     the 

work-table    which    holds    the 

scales   or   other   parts   to   be 

graduated.     The    pantograph 

mechanism   may   be   adjusted 

to   reproduce   the   pattern   on 

any  scale  varying,  on  this  par- 
ticular machine,  from  one- 
third  to  one-twentietb  the  siz" 

of  the  pattern  or  copy.     The 

foot-treadle  G  is  used  to  brin£r 

the    diamonds    into    contact 

with  the  work.     An   idea   of 

the  rate  of  production  will  be 

gathered   from  the   fact  that 

in   the    plant    of   the    Sawyer 

Tool    Mfg.    Co.,    Ashburnham, 

Mass.,  girls  who  operate  these 

machines  each  mark  200  feet 

of  scales  per  day.   The  master 

scale  is  made  on  a  special  ma- 
chine, shown  in  Figs.  14  and  15,  consisting  principally  of  a 
precision  lead-screw,  a  large  dividing  wheel  for  accurately 
spacing  the  division  lines,  and  a  tool  for  cutting  these  lines. 
The  figures  may  be  engraved  on  an  ordinary  engraving  ma- 
chine or  they  may  be  cut  into  the  master  by  hand. 

The  master  scale  is  not  always  in  the  form  of  an  enlarged 
copy  of  the  scale  to  be  reproduced.  A  special  design  used  for 
graduating  steel  rules  is  shown  in  Fig.  16.  It  is  12  inches  long 
and  has  four  sides  (see  end  view),  on  which  are  the  different 
graduations  required.  This  cross-shaped  master  is  mounted  in 
bearings  so  that  any  side  may  be  turned  to  the  upper  or  operat- 
ing position,  thus  locating  the  face  of  that  particular  side  just 
a  little  above  the  graduating  machine  table.  The  tracer  of 
the  machine  is  not  pointed,  but  is  chisel  shaped,  to  correspond 
with  the  V-shaped  grooves  in  the  master.  The  length  of  the 
various  division  lines  is  regu- 
lated by  a  fixed  plate  or  gage 
above  the  master,  which  has 
slots  that  limit  the  movement 
of  the  tracer.  The  space  be- 
tween the  grooves  on  the  mas- 
ter is  much  wider  than  on  the 
graduated  scales,  the  neces- 
sary reduction  being  obtained 
by  the  pantograph  mechan- 
ism. The  master  is  twelve 
Inches  long,  but  it  is  provided 
only  with  the  graduations 
corresponding  to  a  length  of 
one  inch  on  the  scale.  After 
marking  the  graduation  lines 
for  a  length  of  one  inch,  the 
diamonds  on  the  graduating 
machine  are  set  in  alignment 
for  graduating  the  next  suc- 
cessive Inch  division.  This 
master  Is  used  on  a  machine 
of  the  type  shown  In  Figs.  9  j..,.  l».    Method  of 


Fig.  14.     Close  View  of  Graduating  Tool  uied  on  UacUne  shown  in  Fig.  15 


and  10,  forty-eight  steel  rules 
being  graduated  simultane- 
ously. These  rules  have  one- 
half  inch  of  excess  metal  at 
each  end,  which  is  cut  oft 
after  graduating.  This  excess 
length  enables  the  rules  to  be 
held  readily.  The  marking  of 
the  figures  into  the  resist  in- 
volves   a    separate    operation. 

Increasing-  Visibility  of  Gradu- 
ation Lanes 
In  order  to  secure  a  greater 
contrast  between  the  gradua- 
tion lines  and  the  background, 
the  lines  are  sometimes  filled 
with  a  pigment  such  as  black 
sealing  wax  or  white  lead,  de- 
pending upon  whether  the 
background  is  light  or  dark. 
In  some  cases  the  lines  are 
filled  wnth  block  tin,  which  is 
melted  into  them.  The  sur- 
face is  then  polished  so  that 
the  lines  or  figures  are  in 
clear  contrast  with  the  back- 
ground. A  mixture  of  paraffin 
and  lampblack  is  also  used  on 
light  work.  One  method  of 
treating  graduation  lines 
which  have  been  cut  into 
black  vulcanized  rubber,  by 
means  of  a  machine  of  the 
Gorton  type  having  a  rapidly 
revolving  cutter,  is  as  fol- 
lows: The  lines  formed  by 
the  engraving  machine  are 
filled  with  a  paste  composed 


of  zinc  oxide  mixed  with  enough  paraffin  to  give  it  a  plastic 
consistency.  A  small  amount  of  this  paste  is  rubbed  over  the 
graduation  marks  and  the  surplus  is  wiped  off  with  a  cloth. 
This  paste  is  very  hard  and  durable  when  dry,  and  the  white 
lines  on  the  black  rubber  background  are  readily  seen. 

Graduating  by  Impression  Method 

When  large  numbers  of  duplicate  parts  require  to  be  grad- 
uated and  extreme  accuracy  is  not  necessary,  the  lines  are 
sometimes  formed  by  the  use  of  steel  stamps  for  flat  work, 
or  rolls  for  circular  parts.  The  stamp  or  roll,  as  the  case  may 
be,  has  the  lines  and  figures  formed  on  it  and  is  hardened  so 
that,  when  the  graduating  tool  is  pressed  against  the  work, 
the  lines  are  reproduced.  Fig.  18  shows  a  special  tool  for 
graduating  index  collars  such  as  are  used  on  the  feed-screws 
of  machine  tools.  The  taper- 
ing arbor  J.  is  fitted  Into  the 
lathe  spindle  and  holds  the 
part  to  be  graduated  at  its 
outer  end.  A  gear  forming 
part  of  this  arbor  meshes 
with  gear  B,  which  is  keyed 
to  stud  C.  This  stud  is 
mounted  in  a  holder  D  that 
is  fastened  in  the  toolpost  of 
the  lathe.  The  graduating 
roll  Is  keyed  to  the  stud  G  and 
is  forced  against  the  work  so 
that  the  graduation  lines  and 
figures  on  it  are  reproduced 
on  the  index  collar  as  the  two 
revolve  together.  The  geared 
drive  is  preferable  to  a  fric- 
tion drive  between  the  grad- 
uating roll  and  work-arbor, 
because  it  is  positive  and  pre- 
vents any  shifting  of  the  work 
relative  to  the  graduating  roll. 
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Machine  for  Graduating:  Dials  for  Lathes 

In  building  Conradson  engine  lathes,  the  Phoenix 
Mfg.  Co.  of  Eau  Claire,  Wis.,  uses  a  special  bench  ma- 
chine shown  in  Fig.  17  for  graduating  micrometer 
dials.  It  will  be  seen  that  this  machine  is  of  the 
type  in  which  impressions 
are  made  by  a  hardened 
roller  A,  which  is  forced  into 
work  B  without  removing  any 
metal.  This  is  a  hand-operated 
machine,  which  is  actuated  by 
turning  handwheel  C  mount- 
ed at  the  end  of  a  cross-shaft, 
on  the  opposite  end  of  which 
there  is  a  pinion  that  meshes 
with  gear  D.  In  graduating 
dials,  it  is  necessary  to  make 
lines  of  different  lengths;  for 
instance,  it  may  be  required 
to  cut  four  lines  of  the  same 
length  and  then  a  fifth  line 
of  greater  length.  Movement 
of  the  slide  that  carries  hard- 
ened steel  roller  A  is  obtained 
by  means  of  a  multiple-lobed 
cam  located  inside  the  rim  of 
gear  D,  which  engages  with  a 
roller  mounted  at  the  lower 
end  of  lever  E.  This  lever  has 
its  fulcrum  at  F,  and  makes 
connection  with  the  slide  by 
means  of  a  pin  extending  into 
;^lot  Of,  the  roller  that  engages 

the  multiple  cam  being  located  at  the  opposite  side  of  fulcrum  F  from 
the  pin  that  extends  into  slot  G. 

As  gear  D  revolves,  the  roller  at  the  lower  end  of  lever  F  rides  over 
successive  lobes  on  the  cam  inside  the  rim  of  gear  D,  and  as  each  lobe 
Is  passed  the  upper  end  of  lever  E  is  rocked  forward,  which  results 
in  feeding  the  hardened  steel  graduating  roller  A  over  the  surface  of 
work  IS.  The  length  of  stroke  of  roller  A  is  regulated  by  the  height 
of  the  different  cam  lobes,  which  provides  for  marking  lines  of  the 
desired  lengths.  It  will  be  seen  that  work  B  is  carried  on  a  horizontal 
mandrel  //,  and  for  Indexing  the  work,  there  Is  a  ratchet  wheel  /  at 
the  rear  end  of  mandrel  //,  which  has  the  same  number  of  teeth  as  there 
are  graduatlonH  to  be  cut  in  the  complete  circle  on  the  work.  To  pro- 
vide for  automatic  Indexing,  a  cam  ./  Is  secured  to  the  back  of  the 
■llde  that  carries  marking  roller  A,  and  this  cam  engages  with  a  roller 
mounted  on  the  pivoted  bracket  that  supports  pawl  K.  During  each 
return  stroke  of  the  ram,  cam  J  moves  pawl  K  forward,  thereby  ad- 
vancing ratchet  wheel  /  through  one  tooth  space  which  corresponds 
to  one  division  on  the  Work.  Then,  as  the  ram  moves  forward  to  cut 
the  next  graduation  mark,  cam  ,/  allows  a  spring  to  draw  pawl  K  back 
so  that  It  drops  Into  engagement  with  the  next  tooth  on  ral<;het  wheel  /. 
It  will  bo  of  Interest  to  note  that  feed  dials  have  been  completely 
graduated  In  this  way  In  a  little  less  than  two  mlnuiuH. 

A  fixture  for  graduating  the  sleeves  of  drilling  machines  Is  shown 
In  Fig.  19  The  casting  A  of  this  nxture  Is  machined  to  fit  the  drill 
press  sleeve,  as  shown.  The  IhHit  has  a  spline  In  It  In  which  the 
block  B  Is  held  by  screw  f  for  r.talning  the  sleeve  In   the  correct 


position.  The  hardened  steel  stamp  D  (see  also  enlarged  view  at  /') 
is  made  to  graduate  the  sleeve  for  a  length  of  one  inch,  the  gradua- 
tions being  to  sixteenths  of  an  inch.  This  stamp  D  is  held  in  a  slot 
ip  the  fixture  by  means  of  a  cap  G.  When  a  sleeve  is  to  be  graduated, 
it  is  placed  in  the  fixture  with  one  end  against  the  the  stop  //.  The 
stamp  is  then  given  a  blow  with  a  hammer,  after  which  the  spring 
plunger  /  is  withdrawn,  thus  allowing  rod  J  and  stop  H  to  be  shitted 
to  the  next  successive  hole,  which  locates  the  stamp  for  graduating  the 
next  inch  division.  This  operation  of  shifting  the  sleeve  and  the  stop 
is  repeated  until  the  sleeve  has  been  graduated  to  the  required  length. 

Graduating  with  Milling  Machine 

A  milling  machine  equipped  with,  a  spiral  head  is  sometimes  used 
for  graduating  verniers,  flat  scales,  and  other  parts  requiring  odd  frac- 
tional divisions  or  graduations.  The  spiral-head  spindle  should  be 
geared  to  the  table  feed-screw  so  that  a  longitudinal  movement  of  the 
table  is  secured  by  turning  the  indexing  crank.  When  using  a  Brown 
&  Sharpe  machine,  the  gear  for  the  spiral  head  is  mounted  on  the 
differential  index  center  inserted  in  the  main  spiral-head  spindle.  By 
varying  the  indexing  movement,  graduations  can  be  spaced  with  con- 
siderable accuracy.  The  graduation  lines  are  cut  by  a  sharp-pointed 
tool  held  either  in  a  fly  cutter  arbor  mounted  in  the  spindle,  or  between 

the  collars  of  a  regular  mill- 
ing cutter  arbor.  The  lines 
are  drawn  by  feeding  the 
table  laterally  by  hand,  and 
the  lengths  of  the  lines  repre- 
senting different  divisions  and 
subdivisions  can  be  varied  by 
noting  the  graduations  on  the 
cross-feed  screw.  The  gearing 
between  the  spiral-head  spin- 
dle and  feed-screw  should  be 
equal  or  of  such  a  ratio  that 
the  feed-screw  and  spindle  ro- 
tate at  the  same  speed.  As- 
suming that  the  lead  of  the 
feed-screw  thread  is  0.25  inch 
and  that  40  turns  are  re- 
quired for  one  revolution  of 
the  spiral-head  spindle;  then 
one  turn  of  the  index-crank 
will  cause  the  table  to  move 
longitudinally  a  distance 
equal  to  one-fortieth  of  0.25,  or 
0.00625  inch.  (1/40X25/100  = 
0.00625.)  Suppose  graduation 
lines  0.03125  or  1/32  inch 
oiling  Graduation  Marks  into  apart     were     required     on     a 

Conradson  Engine  Lathes  ^^^j^        ,p^g^     ^^^     number    Of 

turns  of  the  index-crank  for  moving  the  table  0.03125 
inch  equals  0.03125  -^  0.00625  =  5  turns.  If  the 
divisions  on  a  vernier  reading  to  thousandths  of  an 
inch  were  to  be  0.024  inch  apart,  the  indexing  move- 
ment would  equal  0.024  -h  0.00625  =  3.84  turns.  This 
fractional  movement   of  0.84   turn  can   be   obtained 
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rig.   19.     Fixture  for  graduating  Drill  Press  Sleeves  with  a  Stamp 

within  very  close  limits  by  indexing  26  holes  in  the  31- 
hole  circle:  thus,  three  complete  turns  will  move  the  work 
0.00625  X  3  =  0.01875  inch,  and  26/31  turn  will  give  a  longi- 
tudinal movement  equal  to  0.00524  + ;  therefore,  a  movement 
of  3  26/31  turns  ^  0.01S75  +  0.00524  =  0.02399  inch,  which 
is  0.00001  inch  less  than  the  required  amount. 

The  accompanying  table  "Indexing  Movements  tor  Graduat- 
ing with  Milling  Machine"  was 
compiled  by  the  Brown  &  Sharpe 
Mfg.  Co.,  and  will  be  found  con- 
venient for  determining  what 
circle  to  use  and  the  number  of 
holes  to  index  for  given  dimen- 
sions. The  whole  number  of  turns 
required  is  first  determined  and 
then  the  indexing  movement  for 
the  remaining  distance  is  taken 
from  the  table.  Thus,  for  gradua- 
tion lines  0.0218  inch  apart,  three 
complete  turns  give  a  movement 
of  0.00625  X  3  =  0.01875  inch. 
0.0218  —  0.01875  =  0.00305  inch. 
By  referring  to  the  table,  it  will 
be  seen  that  a  movement  of  21 
holes  in  the  43-hole  circle  equals 
0.00305  -f.  Therefore,  to  index 
the  work  0.0218  inch,  the  crank 
should  be  given  3  21/43  turns.  In 
graduating  in  this  way,  the  index- 
crank  should  always  be  turned  in 
one  direction  after  beginning  the 
graduating  operation,  in  order  to 
prevent  errors  being  made  in  the 
work  due  to  any  play  or  back- 
lash that  might  exist  between  the  table  feed-screw  and  nut. 

Graduating  Tool  for  Fine  Lines 

The  special  form  of  tool  shown  in  Fig.  21  has  been  used  suc- 
cessfully for  cutting  fine  lines  of  uniform  depth  when  graduat- 
ing with  the  milling  machine.  This  tool  is  held  on  a  regular 
cutter-arbor  by  means  of  the  collar  A,  and,  when  graduating, 
the  spindle  of  the  machine  is  locked  to  prevent  any  rotary 
movement.  The  lines  are  cut  by  a  sharp-pointed  tool  D  made 
of  drill  rod.  This  tool  is  held  in  block  C  by  screw  E,  the  block 
being  split  as  shown.  The  low-er  part  of  block  C  is  provided 
with  a  shoe  F  which  may  be  adjusted  by  screws  G  and  H. 
This  shoe  rests  upon  the  surface  of  the  part  to  be  graduated 
and  regulates  the  depth  of  the  graduation  lines.  When  using 
this  tool,  the  work-table  is  adjusted  vertically  so  that  the  tool 
Is  sprung  upward  slightly  or  until  the  flat  spring  B  gives 
sufficient  pressure  to  overcome  the  resistance  of  the  cut.  As 
the  tool  is  always  in  contact  with  the  work,  the  lines  are  cut 
to  a  uniform  depth,  even  though  the  surface  being  graduated 
Is  not  perfectly  flat.  This  tool  was  designed  for  graduating 
the  scales  on  chronographs.  The  work  was  held  in  a  length- 
wise position  on  the  table  and  the  lateral  movements  for  con- 
trolling the  length  of  the  different  graduation  lines  were  regu- 
lated by  Inserting  small  parallel  strips  of  different  thicknesses 
between  stops  on  the  croasslide,  which  wore  sot  tor  the 
length  of  the  longest  line. 


Fig.   20.     Engraving   and 


Engravingr  Machines 
It  is  generally  understood  that  graduating  machines  are  used 
for  cutting  the  division  lines  on  various  forms  of  scales,  and 
that  engraving  machines  are  used  for  cutting  letters,  figures 
and  designs  in  the  work.  These  two  classes  of  machines  are 
naturally  associated  with  each  other,  because  there  are  a 
number  of  graduating  machines  on  which  no  provision  is  made 
for  cutting  figures  to  indicate  the  value  of  scale  graduations 
or  the  manufacturer's  name,  trademark,  etc.  As  a  matter  of 
fact,  the  distinction  between  these  two  types  of  machines  is 
rather  fine,  because  many  engraving  machines  can  be  used  for 
graduating  when  suitable  provision  is  made  for  handling  this 
class  of  work.  Further  discussion  of  this  subject  will  appear 
in  a  subsequent  part  of  this  article. 

Engraving  machines  are  designed  to  reproduce  the  form  of  a 
pattern  or  model  on  the  part  to  be  engraved,  by  means  of  a 
mechanism  which  transmits  the  movement  of  a  tracing  point 
to  a  suitable  cutting  tool.  In  the  operation  of  the  machine,  the 
tracing  point  is  made  to  follow  the  pattern  or  model,  usually 
by  guiding  it  with  the  hand.  There  are  two  general  types  of 
engraving  machines.  On  one  type  the  tool  does  not  revolve, 
but  is  drawn  across  the  work  so  that  it  operates  the  same  as 
a  planing  tool.  The  angular  position  of  the  graver  or  tool 
may  be  varied  to  secure  different 
effects,  and  the  tool-holder  may 
also  be  turned  on  some  machines 
so  that  the  graver  will  be  kept 
facing  the  changing  direction  of 
the  cut,  but  the  tool  does  not  re- 
volve continuously. 

Engraving  machines  may  be  fur- 
ther classified  according  to  the 
form  of  mechanism  utilized  for 
reproducing  the  pattern  or  model 
on  the  engraved  part.  Many  of 
the  types  intended  more  particu- 
larly for  engraving  letters  or  or- 
nate designs  on  nameplates,  dies, 
silverware,  etc.,  have  a  pantograph 
mechanism  for  reproducing  the 
pattern  or  model  on  a  reduced 
scale.  Other  machines  of  the  re- 
ducing type,  or  those  using  a 
model  that  is  considerably  larger 
than  the  design  or  form  to  be  en- 
graved, are  so  arranged  that  the 
necessary  reduction  between  the 
movement  of  the  tracing  point 
which  bears  against  the  pattern 
'■'^  and  the  tool  or  cutter  is  obtained 

by  simply  attaching  the  tracer  and  cutter-head  to  a  lever  at 
distances  from  the  pivot  of  the  lever  proportional  to  the  re- 
duction required  between  the  pattern  and  engraved  part. 
Another  type  of  engraving  machine  does  not  have  a  reducing 
mechanism,  but  the  tracing  point  bears  against  a  model  corre- 
sponding in  size  to  the  impression  to  be  engraved,  and  this 
tracing  point  guides  the  cutting  tool  by  a  direct  connection 
with  the  cutter-spindle  or  the  member  in  which  it  is  mounted. 

Engravmg'  Machine  of  Pantotrraph  Type 

While  many   engraving  machines  have   the  same  type  of 
mechanism  for  causing  the  cutter  to  reproduce  the  movement 


nking   Machine  of  Pantograph 
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Fig.  21.     Graduating  Tool  for  cutting  Fino  Lines  of  Uniform  Depth 
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Movement  of 
Table 

Holes 

circle 

Movement  of 
Table 

Holes 

circle 

Movement  of 
Table 

Holes 

circle 

Movement  of 
Table 

Holes 

circle 

0.0001275 

1 

49 

0.0008621 

4 

29 

0.0016128 

8 

31 

0.0023706 

11 

29 

0.0001330 

1 

47 

0.0008721 

6 

43 

0.0016204 

7 

27 

0.0023809 

8 

21 

0.0001454 

1 

43 

0.0008929 

7 

49 

0.0016303 

6 

23 

0.0023937 

18 

47 

0.0001524 

1 

41 

0.0008929 

3 

21 

0.0016447 

6 

19 

0.0024038 

15 

39 

0.0001603 

1 

39 

0.0009146 

6 

41 

0.0016581 

13 

49 

0.0024192 

12 

31 

0.0001689 

1 

37 

0.0009259 

4 

27 

0.0016666 

4 

15 

0.0024235 

19 

49 

0.0001894 

1 

33 

0.0009308 

7 

47 

0.0016768 

11 

41 

0.0024306 

7 

18 

0.0002016 

1 

31 

0.0009375 

3 

20 

0.0016892 

10 

37 

0.0024390 

16 

41 

0.0002155 

1 

29 

0.0009469 

5 

33 

0.0017045 

9 

33 

0.0024455 

9 

23 

0.0002315 

1 

27 

0.0009616 

6 

39 

0.0017241 

8 

29 

0.0024622 

13 

33 

0.0002551 

2 

49 

0.0009869 

3 

19 

0.0017288 

13 

47 

0.0024710 

17 

43 

0.0002660 

2 

47 

'0. 0010081 

5 

31 

0.0017361 

5 

18 

0.0025000 

8 

20 

0.0002717 

1 

23 

0.0010136 

6 

37 

0.0017442 

12 

43 

0.0025000 

6 

15 

0.0002907 

2 

43 

0.0010174 

7 

43 

0.0017628 

11 

39 

0.0025266 

19 

47 

0.0002976 

1 

21 

0.0010204 

8 

49 

0.0017857 

6 

21 

0.0025339 

15 

37 

0.0003049 

2 

41 

0.0010417 

3 

18 

0.0017857 

14 

49 

0.0025463 

11 

27 

0.0003125 

1 

20 

0.0010638 

8 

47 

0.0018144 

9 

31 

0.0025510 

20 

49 

0.0003205 

2 

39 

0.0010671 

7 

41 

0.0018292 

12 

41 

0.0025640 

16 

39 

0.0003289 

1 

19 

0.0010776 

5 

29 

0.0018382 

5 

17 

0.0025736 

7 

17 

0.0003378 

2 

37 

0.0010869 

4 

23 

0.0018518 

8 

27 

0.0025862 

12 

29 

0.0003472 

1 

18 

0.0011029 

3 

17 

0.0018581 

11 

37 

0.0025915 

17 

41 

0.0003676 

1 

17 

0.0011218 

7 

39 

0.0018617 

14 

47 

0.0026164 

18 

43 

0.0003788 

2 

33 

0.0011363 

6 

33 

0.0018750 

6 

20 

0.0026209 

13 

31 

0.0003826 

3 

49 

0.0011479 

9 

49 

0.001S896 

13 

43 

0.0026316 

8 

19 

0.0003906 

1 

16 

0.0011574 

5 

27 

0.0018939 

10 

33 

0.0026515 

14 

33 

0.0003989 

3 

47 

0.0011628 

8 

43 

0.0019021 

7 

23 

0.0026596 

20 

47 

0.0004032 

2 

31 

0.0011718 

3 

16 

0.0019132 

15 

49 

0.0026785 

9 

21 

0.0004167 

1 

15 

0.0011824 

7 

37 

0.0019231 

12 

39 

0.0026785 

21 

49 

0.0004310 

2 

29 

0.0011905 

4 

21 

0.0019396 

9 

29 

0.0027028 

16 

37 

0.0004361 

3 

43 

0.0011968 

9 

47 

0.0019532 

5 

16 

0.0027174 

10 

23 

0.0004573 

3 

41 

0.0012096 

6 

31 

0.0019737 

6 

19 

0.0027243 

17 

39 

0.0004630 

2 

27 

0.0012195 

8 

41 

0.0019818 

13 

41 

0.0027344 

7 

16 

0.0004808 

3 

39 

0.0012500 

4 

20 

0.0019947 

15 

47 

0.0027440 

18 

41 

0.0005068 

3 

37 

0.0012500 

3 

15 

0.0020161 

10 

31 

0.0027618 

19 

43 

0.0005102 

4 

49 

0.0012755 

10 

49 

0.0020271 

12 

37 

0.0027777 

8 

18 

0.0005319 

4 

47 

0.0012820 

8 

39 

0.0020350 

14 

43 

0.0027777 

12 

27 

0.0005435 

2 

23 

0.0012930 

6 

29 

0.0020485 

16 

49 

0.0027925 

21 

47 

0.0005682 

3 

33 

0.0013081 

9 

43 

0.0020833 

13 

39 

0.0028017 

13 

29 

0.0005814 

4 

43 

0.0013158 

4 

19 

0.0020833 

5 

15 

0.0028060 

22 

49 

0.0005952 

2 

21 

0.0013257 

7 

33 

0.0020833 

11 

33 

0.0028125 

9 

20 

0.0006048 

3 

31 

0.0013298 

10 

47 

0.0020833 

9 

27 

0.0028225 

14 

31 

0.0006098 

4 

41 

0.0013513 

8 

37 

0.0020833 

7 

21 

0.0028409 

15 

33 

0.0006250 

2 

20 

0.0013587 

5 

23 

0.0020833 

6 

18 

0.0028717 

17 

37 

0.0006377 

5 

49 

0.0013722 

9 

41 

0.0021277 

16 

47 

0.0028846 

18 

39 

0.0006410 

4 

39 

0.0013888 

6 

27 

0.0021342 

14 

41 

0.0028963 

19 

41 

0.0006465 

3 

29 

0.0013888 

4 

18 

0.0021552 

10 

29 

0.0029070 

20 

43 

O.O00C579 

2 

19 

0.0014031 

11 

49 

0.0021682 

17 

49 

0.0029167 

7 

15 

0.0006649 

5 

47 

0.0014113 

7 

31 

0.0021738 

8 

23 

0.0029256 

22 

47 

0.0006757 

4 

37 

0.0014422 

9 

39 

0.0021802 

15 

43 

0.0029337 

23 

49 

0.0006944 

3 

27 

0.0014535 

10 

43 

0.0021875 

7 

20 

0.0029412 

8 

17 

0.0006944 

2 

18 

0.0014628 

11 

47 

0.0021960 

13 

37 

0.0029605 

9 

19 

0.0007268 

6 

43 

0.0014706 

4 

17 

0.0022059 

6 

17 

0.0029762 

10 

21 

0.0007353 

2 

17 

0.0014881 

5 

21 

0.0022176 

11 

31 

0.0029890 

11 

23 

0.0007576 

4 

33 

0.0015086 

7 

29 

0.0022436 

14 

39 

0.0030094 

13 

27 

0.0007G22 

5 

41 

0.0015152 

8 

33 

0.0022607 

17 

47 

0.0030172 

14 

29 

0.0007653 

6 

49 

0.0015202 

9 

37 

0.0022728 

12 

33 

0.0030241 

15 

31 

0.0007813 

2 

16 

0.0015244 

10 

41 

0.0022866 

15 

41 

0.0030303 

16 

33 

0.0007979 

6 

47 

0.0015306 

12 

49 

0.0022959 

18 

49 

0.0030406 

18 

37 

0.0008012 

5 

39 

0.0015625 

5 

20 

0.0023027 

7 

19 

0.0030448 

19 

39 

0.0008064 

4 

31 

0.0015625 

4 

16 

0.0023148 

10 

27 

0.00304S8 

20 

41 

0,0008152 

3 

23 

0.0015957 

12 

47 

0.0023257 

18 

43 

0.0030524 

21 

43 

0.0008333 

2 

15 

0.0015989 

11 

43 

0.0023438 

6 

16 

0.0030586 

23 

47 

0.0008440 

5 

37 

0.0016026 

10 

39 

0.0023649 

14 

37 

0.0030611 

24 

49 

facMncrti 

Of  the  tracing  point  on  a  araaller  scale,  the  general  design  ot 
dlfTercnt  machlncH  varleB  ronHlderably.  A  machine  built  by 
an  Engllfih  manufaoturer  fThomaH  Auty  &  Co.)  1h  illustrated 
In  part  by  the  front  elevation  and  plan  view,  Fig.  20.  This 
type  of  machine  Is  used  for  a  variety  of  die-cutting  work,  as 
well  as  for  general  engraving  operations.  The  desired  form 
is  reproduced  from  an  enlarged  former  or  model,  by  means 
of  a  pantograph  mechanism,  shown  more  clearly  In  the  plan 
view.  The  part  to  be  engraved  Is  clamped  to  table  A  under  the 
head  0.  The  head  carrliis  a  nillling  cutter  which  moves  In 
the  same  direction  as  the  tracing  pin  In  head  O,  only  on  n 
reduced  scale,  the  reduction  depending  upon  the  adjustment  of 


tlio  piuiliigPiipli  mechanism.  The  arm  H  which  cxIeiKis  across 
the  work-table  is  pivoted  so  that  It  can  bo  traversed  in  a  hori- 
zontal plane  around  tlie  axis  of  the  vertical  stud  K.  This  hori- 
zontal arm  li  is  supported  at  Its  outer  end  by  a  roller  />  on  the 
end  of  rod  II,  the  roller  traveling  along  the  circular  path  (I 
of  the  machine  table.  The  horizontal  movement  of  arm  //  may 
bo  effected  either  directly  by  hand  or  mechanically  through  a 
rack  and  pinion  by  turning  handwheel  /.  The  stud  K,  upon 
which  arm  II  is  pivoted,  is  coniicit(Ml  to  the  table  by  a  joint 
whii-h  pcrinils  llic  arm  to  rise  and  fall  in  a  vertical  plane,  so 
as  lo  accommodate  Itself  to  any  irrcgulur  surfaces  on  the  work, 
lly  traversing  the  tracing  licail  /(  liiii>;iliiilliiiilly  along  the  arm. 
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Movement  of 
Table 

Holes 

Circle 

MoTement  of 
Table 

Holes 

circle 

Movement  of 
Table 

Holes 

Circle 

Movement  of 
Table 

Holes 

Circle 

0,0031250 

9 

18 

0.0038564 

29 

47 

0.0046194 

17 

23 

0.0053572 

18 

21 

0.0031250 

10 

20 

0.0038692 

13 

21 

0.0046296 

20 

27 

0.0053781 

37 

43 

0.0031250 

8 

16 

0.0038794 

18 

29 

0.0046371 

23 

31 

0.0053880 

25 

29 

0.00318S9 

25 

49 

0.0038853 

23 

37 

0.0046473 

29 

39 

0.0054057 

32 

37 

0.0031915 

24 

47 

0.0039063 

10 

16 

0.0046512 

32 

43 

0.0054170 

13 

15 

0.0031978 

22 

43 

0.0039246 

27 

43 

0.0046543 

35 

47 

0.0054348 

20 

23 

0.0032014 

21 

41 

0.0039352 

17 

27 

0.0046875 

15 

20 

0.0054434 

27 

31 

0.0032050 

20 

39 

0.0039475 

12 

19 

0.0046875 

12 

16 

0.0054486 

34 

39 

0.0032095 

19 

37 

0.0039540 

31 

49 

0.0047195 

37 

49 

0.0054522 

41 

47 

0.0032197 

17 

33 

0.0039636 

26 

41 

0.0047256 

31 

41 

0.0054690 

14 

16 

0.0032257 

16 

31 

0.0039773 

21 

33 

0.0047299 

28 

37 

0.0054848 

43 

49 

0.0032327 

15 

29 

0.0039894 

30 

47 

0.0047349 

25 

33 

0.0054878 

36 

41 

0.0032408 

14 

27 

0.0040064 

25 

39 

0.0047414 

22 

29 

0.0054924 

29 

33 

0.0032607 

12 

23 

0.0040322 

20 

31 

0.0047620 

16 

21 

0.0055148 

15 

17 

0.0032738 

11 

21 

0.0040443 

11 

17 

0.0047796 

13 

17 

0.0055238 

38 

43 

0.0032895 

10 

19 

0.0040541 

24 

37 

•0.0047873 

36 

47 

0.0055555 

24 

27 

0.0033088 

9 

17 

0.0040625 

13 

20 

0.0047968 

33 

43 

0.0055555 

16 

18 

0.0033164 

26 

49 

0.0040700 

28 

43 

0.0048074 

30 

.39 

0.0055746 

33 

37 

0.0033245 

25 

47 

0.0040759 

15 

23 

0.0048384 

24 

31 

0.0055852 

42 

47 

0.0033333 

8 

15 

0.0040817 

32 

49 

0.0048470 

38 

49 

0.0055925 

17 

19 

0.0033431 

23 

43 

0.0040948 

19 

29 

0.0048613 

14 

18 

0.0056035 

26 

29 

0.0033538 

22 

41 

0.0041160 

27 

41 

0.0048613 

21 

27 

0.0056088 

35 

39 

0.0033654 

21 

39 

0.0041223 

31 

47 

0.004S7S2 

32 

41 

0.0056123 

44 

49 

0.0033784 

20 

37 

0.0041666 

22 

33 

0.0048912 

18 

23 

0.0056250 

18 

20 

0.0034091 

18 

33 

0.0041666 

14 

21 

0.0048989 

29 

37 

0.0056403 

37 

41 

0.0034273 

17 

31 

0.0041666 

18 

27 

0.0049202 

37 

47 

0.0056450 

28 

31 

0.0034375 

11 

20 

0.0041666 

12 

18 

0.0049244 

26 

33 

0.0056546 

19 

21 

0.0034439 

27 

49 

0.0041666 

10 

15 

0.0049345 

15 

19 

0.0056690 

39 

43 

0.0034482 

16 

29 

0.0041666 

26 

39 

0.0049420 

34 

43 

0.0056816 

30 

33 

0.0034574 

26 

47 

0.0042091 

33 

49 

0.0049569 

23 

29 

0.0057065 

21 

23 

0.0034722 

10 

18 

0.0042152 

29 

43 

0.0049677 

31 

39 

0.0057180 

43 

47 

0.0034722 

15 

27 

0.0042232 

25 

37 

0.0049745 

39 

49 

0.0057400 

45 

49 

0.0034885 

24 

43 

0.0042338 

21 

31 

0.0050000 

16 

20 

0.0057433 

34 

37 

0.0035063 

23 

41 

0.0042553 

32 

47 

0.0050000 

12 

15 

0.0057692 

36 

39 

0.0035156 

9 

16 

0.0042685 

28 

41 

0.0050308 

33 

41 

0.0057874 

25 

27 

0.0035255 

22 

39 

0.0042765 

13 

19 

0.0050402 

25 

31 

0.0057927 

38 

41 

0.0035325 

13 

23 

0.0042971 

11 

16 

0.0050532 

38 

47 

0.0058142 

40 

43 

0.0035474 

21 

37 

0.0043104 

20 

29 

0.0050596 

17 

21 

0.0058187 

27 

29 

0.0035714 

12 

21 

0.0043268 

27 

39 

0.0050676 

30 

37 

0.0058336 

14 

15 

0.0035714 

28 

49 

0.0043368 

34 

49 

0.0050785 

13 

16 

0.0058466 

29 

31 

0.0035904 

27 

47 

0.0043477 

16 

23 

0.0050876 

35 

43 

0.0058512 

44 

47 

0.0035984 

19 

33 

0.0043562 

23 

33 

0.0050928 

22 

27 

0.005S599 

15 

16 

0.0036186 

11 

19 

0.0043605 

30 

43 

0.0051022 

40 

49 

0.0058674 

46 

49 

0.0036289 

18 

31 

0.0043750 

14 

20 

0.0051136 

27 

33 

0.0058710 

31 

33 

0.0036339 

25 

43 

0.0043883 

33 

47 

0.0051281 

32 

39 

0.0058825 

16 

17 

0.0036585 

24 

41 

0.0043922 

26 

37 

0.0051474 

14 

17 

0.0059027 

17 

18 

0.0036637 

17 

29 

0.0043980 

19 

27 

0.0051627 

19 

23 

0.0059122 

35 

37 

0.0036765 

10 

17 

0.0044119 

12 

17 

0.0051721 

24 

29 

0.0059215 

18 

19 

0.0036858 

23 

39 

0.0044210 

29 

41 

0.0051830 

34 

41 

0.0059294 

37 

39 

0.0036990 

29 

49 

0.0044354 

22 

31 

0.0051861 

39 

47 

0.0059375 

19 

20 

0.0037038 

16 

27 

0.0044643 

15 

21 

0.0052083 

15 

18 

0.0059455 

39 

41 

0.0037163 

22 

37 

0.0044643 

35 

49 

0.0052296 

41 

49 

0.0059524 

20 

21 

0.0037234 

28 

47 

0.0044871 

28 

39 

0.0052327 

36 

43 

0.0059598 

41 

43 

0.0037500 

12 

20 

0.0045060 

31 

43 

0.0052365 

31 

37 

0.0059782 

22 

23 

0.0037500 

9 

15 

0.0045140 

13 

18 

0.0052419 

26 

31 

0.0059841 

45 

47 

0.0037793 

26 

43 

0.0045213 

34 

47 

0.0052635 

16 

19 

0.0059951 

47 

49 

0.0037878 

20 

33 

0.0045259 

21 

29 

0.0052884 

33 

39 

0.0060188 

26 

27 

0.0038043 

14 

23 

0.0045452 

24 

33 

0.0053030 

28 

33 

0.006.0346 

28 

29 

0.0038112 

25 

41 

0.0045610 

27 

37 

0.0053125 

17 

20 

0.0060480 

30 

31 

0.0038195 

11 

18 

0.0045732 

30 

41 

0.0053194 

40 

47 

0.0060607 

32 

33 

0.0038265 

30 

49 

0.0045835 

11 

IB 

0.0053242 

23 

27 

0.0060812 

36 

37 

0.0038305 

19 

31 

0.0045920 

36 

49 

0.0053364 

35 

41 

0.0060898 

38 

39 

0.0038460 

24 

39 

0.0046055 

14 

19 

0.0053572 

42 

49 

0.0060980 

40 

41 

tacMneri/ 

the  tracing  pin  is  moved  in  or  out  as  the  arm  swings  horizon- 
tally, In  order  to  follow  the  outline  of  the  former  or  pattern. 
Any  movement  that  is  given  to  the  tracing  head  D  is  repro- 
duced by  the  cutter-head  C  on  a  reduced  scale.  The  cutter- 
spindle  is  driven  by  a  shaft  F  which  carries  a  belt  pulley  E. 
Motion  is  transmitted  from  the  shaft  F  to  the  cutter-spindle, 
through  helical  gearing  in  the  cutter-slide.  The  arm  li  is  se- 
cured to  stud  K  by  moans  of  a  set-screw,  and  the  height  of 
the  arm  may  be  varied  according  to  the  height  of  the  work 
being  operated  upon.  There  is  a  spring-support  on  the  end 
of  rod  //,  which  takes  the  weight  of  the  arm  when  vertical 
movements  are  required.    A  thumb-screw  is  provided  for  pre- 


venting the  spring  from  acting  when  vertical  movements  are 
not  required. 

Engraving:  Machine  Havingr  Graduated  Pantogrraph 

Another  engraving  machine  which  operates  on  the  panto- 
graph principle,  but  differs  in  design  from  the  one  previously 
described,  is  shown  in  Fig.  22,  which  illustrates  the  panto- 
graph mechanism  and  the  method  of  rotating  the  cutter- 
spindle.  This  machine  is  used  for  engraving  uameplates,  trade- 
marks, letters,  numbers,  etc.,  on  steel  stamps,  dies  and  other 
products.  A  pattern  of  the  required  design  is  placed  in  a  slot 
in  the  pattern  table  A,  where  it  is  clamped  in  position.     At 
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one  end  of  the  panto- 
graph, there  is  a  tracing 

or  guiding  point  B,  which 

is  made  to  follow  the  pat- 
tern or  letters  which  are 

to  be  reproduced  on  the 

work.    The  engraving  tool 

G  is  carried  by  a  spindle 

at  the  opposite  end  of  the 

pantograph     mechanism. 

Three  of  the  arms  on  the 

pantograph   are  provided 

with  scales  by  means  of 

which  the  relation  be- 
tween the  lengths  of  the 

arms  can  be  adjusted  to 

obtain  any  desired  size  of 

an  engraved   design,  the 

limit  of  the  machine 
being  from  a  ratio  of  1 

to  1  between  the  size  of 
the  work  and  pattern, 
down  to  a  ratio  of  1  to 

10.  When  the  pattern  is 
to  be  used  repeatedly,  it  is  carefully  made  and,  in  the  case  of 
letters,  these  are  cut  into  the  pattern  plate,  thus  forming  a 
positive  guide  for  the  tracing  point.  When  only  a  few  pieces 
are  to  be  engraved,  the  design  may  be  drawn  on  bristol  board, 
but  when  such  a  design  is  used  more  care  is  required  in 
operating  the  machine,  because  the  movements  of  the  tracing 
point  must  be  controlled  entirely  by  hand.  Owing  to  the  uni- 
versal movements  of  the  engraving  tool,  it  is  necessary  to  pro- 
vide a  flexible  system  for  driving  the  cutter-spindle.  The  ar- 
rangement of  the  belt  drive  in  this  particular  case  is  appar- 
ent from  the  illustration. 

The  engraving  tool  used  on  this  machine  is  cylindrical  in 
shape,  except  at  the  lower  end,  where  for  about  IV^  inch  a 
flat  is  ground  so  that  about  one-half  of  the  metal  is  removed, 
and  a  suitable  cutting  edge  is  formed  on  the  lower  end.  Ex- 
perience has  shown  that  the  best  results  are  obtained  by 
having  the  ground  surface  of  the  tool  of  an  elliptical  section 
instead  of  circular,  and  this 
special  form  is  obtained  by  a 
grinding  attachment  used  in 
connection  with  the  machine. 
By  means  of  this  attachment, 
the  motion  of  the  tool  is  con- 
trolled when  in  contact  with 
the  grinding  wheel,  by  means 
of  a  cam  which  forms  part  of 
the  attachment. 

Engravlnif  Cylindrical  or 
Conical  Surfaces 

When  cylindrical  or  conical 
surfaces  are  to  be  engraved 
on  the  machine  shown  in  Fig. 
22,  an  attachment  is  used 
which  consists  principally  of 
a  work-holding  device  that 
can  be  tilted  to  any  desired 
angle,  in  order  to  locate  the 
Murface  In  the  proper  position 
relative  to  the  engraving  tool. 
ThiH  work-holding  device  can 
alHO  be  rotated  or  Indexed  for 
the  accurate  itpacing  of  de- 
bIkhh  to  be  engraved  on  differ- 
ent parts  ot  the  work.  In 
modt  cases  where  engraving 
Is  done  on  cylindrical  or  coni- 
cal HurfaooN,  the  pattern  llseir 
Is  flnt  and  In  clamped  to  the 
pattern  table  In  the  usual 
way,  to  fronHfer  the  mark- 
ing to  the  work 


Fig.   22.    Fantoeraph  Uechamsm  provided  with   Graduated  Scale  Adjustment 


EngTavintr  Concave   or 
Convex  Surfaces 

Either  concave  or  con- 
vex surfaces  can  be  en- 
graved on  this  machine 
by  using  an  attachment 
designed  for  the  purpose. 
When  doing  work  of  this 
kind,  it  is  necessary  to 
have  the  engraving  tool 
cut  to  a  uniform  depth, 
but  the  tool  must  also 
follow  the  contour  of  the 
work.  This  means  that 
the  tool  must  be  moved 
vertically  as  it  is  tra- 
versed in  a  horizontal  di- 
rection, the  extent  of  the 
vertical  movement  de- 
pending upon  the  curva- 
ture of  the  work.  This 
movement  is  obtained  as 
follows:  The  work,  in 
stead  of  being  clamped 
directly  to  the  work-table,  is  supported  by  a  plate  which  is 
mounted  upon  four  studs  so  that  there  is  a  space  beneath  the 
plate.  On  the  bottom  plate,  which  is  attached  to  the  lower 
ends  of  the  four  supporting  studs,  there  is  a  master  blank 
which  conforms  to  the  curvature  on  the  work.  A  guide  point, 
connected  by  a  bracket  with  the  cutter-spindle,  is  in  cjjntact 
with  this  master  blank,  so  that,  as  the  cutter-spindle  is  moved 
horizontally,  it  also  moves  vertically,  thus  causing  the  tool 
to  cut  to  a  uniform  depth.  The  tracing  point  is  guided  by  a 
flat  pattern  so  that  the  engraved  design  is  not  an  exact  re- 
production of  the  pattern,  owing  to  the  curvature  of  the  sur- 
face upon  which  the  tool  operates.  Unless  the  radius  of  cur- 
vature is  very  small,  however,  the  error  in  reproduction  is  so 
slight  as  to  be  negligible.  The  work-table  of  this  machine  is 
carried  by  a  knee  which  may  be  adjusted  vertically  along  the 
face  of  the  machine  column,  and  it  has,  in  addition,  longi- 
tudinal and  transverse  adjustments. 

Gorton  Engraving-  Machine 

Another  design  of  engrav- 
ing machine  of  the  panto- 
graph type  which  is  built  by 
the  George  Gorton  Machine 
Co.,  Racine,  Wis.,  is  shown  in 
Fig.  24.  With  this  machine, 
reductions  in  size  varying 
from  3  to  1  to  zero  may  be 
obtained.  In  other  words,  the 
pantograph  mechanism  can 
1)0  adjusted  to  reduce  the  size 
uf  any  particular  pattern  or 
copy  from  one-third  down  to 
the  point  where  the  move- 
ment of  the  tracer  point  or 
stylus  does  not  transmit  any 
motion  at  all  to  the  engrav- 
ing tool.  The  part  to  be  en- 
graved is  attached  to  table  0 
which  is  provided  with  slots 
for  receiving  clamping  bolts. 
This  table  is  mounted  upon  a 
knee  and  can  be  adjusted 
vertically  and  horizoiitully. 
The  engraving  is  done  by  cut- 
lers of  different  sliai)e.s  which 
iiro  hold  ollhor  In  a  chuck  or 
directly  In  the  spindle.  The 
Nittcr  method  Is  employed  for 
llin  liirgor  sizes  having  tap- 
ered Hliunks. 

The  cuttor-splndio  Is  lo- 
cated below  tlio  Hlidlng  block 
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B  and  is  driven  bv  a  small  band  or  belt  connecting  witb  an  overhead 
fountershaft  and 'passing  over  the  idler  pulleys  J  to  a  pulley  on 
rlpifdle.  For  engraving  brass,  tbe  -"er  ^  rotate  at  a  speed 
varying  from  SOOO  to  10,000  revolutions  per  mmute.  For  soft  ^teel  tue 
Ipe  i  fs  4000  revolutions  per  minute  and  for  tool  steel,  f"-  ^  ««  ^^ 
3000  revolutions  per  minute.  For  engraving  glass  or  on  carbon  brushes, 
rdiamond  Ll  fs  used.  Blaclc  diamonds  liKe  those  used  or  tru.ng 
^rinding  wheels  are  employed  tor  work  of  this  kind.  Cutters  for  or 
d'ary  work  re  usually  made  from  Stubs  drill  rod,  and  after  the  cut 
Ss  have  been  formed  to  the  proper  shape,  they  are  hardened  in  water 
onH  Hrnwn  to  a  light  straw  color. 

?he  crstruction  of  the  spindle  of  the  Gorton  engraving  machine  is 
shlinTuFg  25.  The  cutter-spindle  A  is  located  inside  a  cylinder 
lavTng  1  lower  bearing  B  made  of  tool  steel,  hardened  and  ground^  The 
Tppr  eni  of  the  spindle  is  tapered  to  an  angle  o^«0  "legrees  and  run 
in  a  hardened  and  ground  conical  bearing  C,  provided  with  an  oU-hole 
f^r  lubrfcating  the 'spindle  with  fine  sperm  oil.  The  ^P>-<i  Y!!"",;: 
held  in  position  by  conical  screws  D,  which  are  so  adjusted  that  the 
sDindle  frame  is  free  to  move,  but  without  lost  motion. 

men  be  graduated  collar  E  is  set  at  zero,  the  cutter  may  be  moved 
up  or  down  bv  turning  the  screw  F,  and  the  stop-rod  G  may  be  set  to 
^on  rol  the  depth  at  which  the  cutter  operates.  Instead  of  feeding  the 
cuuer  down  to  a  fixed  stop,  the  graduated  scale  E  may  be  used  for 
"eSg  the  cutter  to  any  required  depth,  as  measured  from  the  surface 
of  the  work  being  engraved. 

The    divisions    on 
the     scale     indicate 
hundredths     of     an 
inch.      The    thumb- 
screw H  is  released 
when  collar  E  is  to 
be  adjusted.     In  or- 
der  that   the   cutter 
may    be    raised    and 
then  lowered  to   the 
same    point   without 
diflBculty,    two   stops 
M    and    N    are    pro- 
vided between  which 
the  pin   0   operates. 
The   screw   F    is 
turned  until  the  cut- 
ter just  touches  the 
surface  of  the  work, 
and  it  is  then  turned 
backward    until    pin 
0  comes  against  stop 
X,  which  locates  the 
cutter     at     the     re- 
quired depth. 


Fig.  26. 


Types  of  Cutters  used  for  Eugraviag 
Operations 


Fig.    24. 


The  pantograph  mechanism,  a  plan  view  of  which 
Is  shown  in  Fig.  24.  has  one  long  and  one  short  arm. 
The  main  pantograph  arm  carries  the  stylus  or  tracer 
point  K  which  follows  the  copy  or  model  that  is 
clamped  to  table  H  at  the  rear  of  the  machine.  This 
arm  is  connected  to  the  long  arm  B  by  means  of  a 
link  C;  the  short  arm  D  also  forms  a  connecting  link 


Cutter-iplndle  Conilructlon  of  Oorlon  Enrravlnf   Machine 


between  arm  B  and  the  stylus  bar  A.     The  relation 
between  the  movement  of  the  stylus  point  at  K  and 
the  movement  of  the  cutter  is  governed  by  the  rela- 
tive positions  of  the  sliding  blocks  E  and  F  on  the 
long  and  short  arms  B  and  D.    To  set  the  pantograph 
for  a  given  reduction,  the  bolts  on  slides  E  and  F  are 
loosened  and  these  slides  are  then  set  at  whatever  dis- 
tances from  the  datum  lines  are  required  to  give  the 
necessary   ratio   of   reduction.     As   previously   men- 
tioned, the  least  re- 
duction  is  one-third 
and,     consequently, 
the  graduations 
begin  at  3.    A  table 
accompanying     the 
machine    shows    the 
various  positions  for 
blocks  E   and   F 
which  are  necessary 
to  obtain  any  reduc- 
tion from  3  to  1  to 
30  to  1.    The  mova- 
ble   arms    are    pro- 
vided with  ball  bear- 
ings to   reduce  fric- 
tion to  a  minimum. 
Cutters  Used  for 

Engraving 
The  three  princi- 
pal types  of  engrav- 
ing cutters  used  in 
the  machine  shown 
by    the    plan    view, 

Pantograph  Mechanism  on   Gorton  Engraving  Machine  pjg.      24,      are      illus- 

trated in  Fig.  26.    The  roughing  type  of  cutter  shown  ^^  A  i^  flattened 

A      The  cutter  shown  at  C  is  used  for  very  fine  work.     The  cutting 

in  riinmeter  and  are  held  in  a  chuck. 
T?e  cutters  should  revolve  in  a  clockwise  direction  as  -ewed  from 

rr.  iirr^Tr:*"  oV;^';  «„„„  ..0.. .,» ^ ».,.«« 

with  an  oilstone. 

Making  Patterns  for  an  Ensrravlntr  Machine 
The  "copV  or  pattern  used  on  an  engraving  machine  as  a  guide 
for  ?he  trac'^r  point' s  made  of  various  materials,  such  as  zinc,  celluloid. 
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Fig.  27.     Top  Row.  Master  Copies  for  Perniant^nt  Use :  Second  Eow,  Sheet 

Uetal  Templets  for  making  Master  Copy:  Bottom  Row,  Master  Copy 

for  Temporary  Use,   made   of   Cardboard   and   varnished 

hard  rubber,  and  brass.  In  some  cases,  heavy  paper  or  bristol 
board  is  used,  especially  when  only  a  few  parts  are  to  be 
engraved  and  the  expense  of  making  a  more  substantial  pat- 
tern is  not  warranted.  Brass  is  often  used  when  a  large 
number  of  duplicate  parts  are 
to  be  engraved.  These  pat- 
terns are  made  in  different 
ways,  the  method  depending 
somewhat  upon  the  accuracy 
required  and  the  kind  of  pat- 
tern needed.  If  the  pattern 
is  for  a  new  or  original  de- 
sign, one  method  is  to  first 
lay  out  the  design  on  heavy 
paper  to  an  enlarged  scale. 
This  design  is  then  used  for' 
engraving  the  pattern  which 
is  attached  to  the  regular 
work-table  of  the  machine.  In 
order  to  provide  a  more  posi- 
tive guide  for  the  tracer,  sev- 
eral thicknesses  of  paper,  cut 
to  the  required  form,  may  be 
mounted  on  a  sheet  of  metal 
with  shellac.  The  shellac  not 
only  holds  the  paper  in  posi- 
tion, but  hardens  the  edges 
which  serve  as  a  guide  for 
the  pantograph  tracing  point 
when  engraving  the  pattern. 
Another  method  of  making 
the  pattern  ia  to  engrave  the 
required  design  directly  upon 
the  pattern  by  hand.  The 
design  is  sometimes  engraved 
by  hand  in  a  sheet  of  hard 
rubber  which  is  either  used 
as  the  regular  pattern  or  is 
employed  temporarily  for  en- 
graving a  duplicate  in  brass, 
especially  when  a  very  durable  pattern  Is  required.  Still 
another  method  is  to  make  an  enlarged  drawing  of  the 
design  and  transfer  the  outline  to  a  sheet  of  transparent 
celluloid  which  is  placed  over  the  drawing.    The  celluloid  is 


Fig.  28.     Exainples  gl  fiat  Work  engraved  on  Machines  manufactured 

by    the    George    Gorton    Machine    Co..    of   the    Type 

shown  in  Fig.   29 

then  cut  out  to  conform  to  the  design,  thus  obtaining  a  male 
and  female  model.  This  method  is  useful  when  making 
punches  and  dies  of  irregular  shape. 

Patterns  for  engraving  letters  are  furnished  in  different 
styles  and  sizes  by  the  manu- 
facturers of  engraving  ma- 
chines. These  individual  let- 
ters are  arranged  in  a  suita- 
ble holder  in  the  desired  po- 
sition on  the  pattern  or  copy 
table,  and  are  used  as  a  pat- 
tern for  engraving  the  work. 

Reproducing-  Pattern  from 

Sample 
In  many  cases,  manufac- 
turers send  an  engraved  sam- 
ple which  is  to  be  duplicated. 
One  method  of  making  a  pat- 
tern from  a  sample  is  as  fol- 
lows: The  shape  of  the  de- 
sign is  first  transferred  to 
tracing  paper,  either  by  a 
rubbing  process  or  in  any 
convenient  way,  and  the  da- 
sign  is  then  thrown  upon  a 
screen  with  a  projecting  lan- 
tern, to  a  scale  which  may  be 
twenty  times  the  size  of  the 
sample.  The  outline  of  the 
image  is  traced  in  pencil 
upon  a  sheet  of  manila  paper, 
after  which  the  traoing  is 
tacked  on  a  drawing-board 
and  any  slight  irregularities 
and  distortions  are  corrected. 
The  sketch  is  then  cut  out 
and  mounted  on  a  sheet  of 
galvanized  steel  by  using 
shollac,  and  by  applying 'sev- 
eral thicknesses  of  paper  an 
edge  is  formed  which  serves  as  a  guide  for  the  tracer  point. 
This  temporary  pattern  is  used  to  generate  a  more  sub- 
stantial one  either  in  brass  or  other  material,  as  previously 
explained. 


Engraving  Nameplate  on  Gorton  Engraving  Machine  of  Type 
shown  In  FI;.  24 
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Making-  Masters  for  "Copy"  on  Gorton  Machines 
The  George  Gorton  Machine  Co.,  of  Racine,  Wis.,  uses  the 
liollowing  methods  for  making  "copy"  used  on  engraving  and 
graduating  machines  of  its  manufacture.  In  making  the  copy 
for  graduating  scales  and  similar  work,  the  lines  are  laid 
off  by  means  of  a  dividing  engine  in  cases  where  a  high  degree 
of  accuiacy  is  required;  but  for  work  that  does  not  demand 
so  high  a  degree  of  precision,  the  dividing  head  of  the  milling 
machine  or  feed  mechanism  of  the  lathe  may  be  relied  upon 
to  give  sufficiently  accurate  results. 

In  cases  where  the  Gorton  machines  are  used  for  engraving, 
the  "copy"  for  figures,  letters  or  designs  that  are  to  be  cut  can 
be  made  by  a  variety  of  different  methods,  the  most  common 
of  which  is  to  cut  out  a  templet  from  sheet  metal  or  paper 
(if  paper  is  used  it  must  be  varnished)  and  use  the  templet 
as  copy  for  engraving  a  master  from  metal  that  will  be  used 
in  cutting  subsequent  work  produced  on  the  machine.  Fig. 
27  shows  In  the  top  row,  a  set  of  finished  masters,  and  in  the 
middle  row  the  sheet  metal  templets  that  were  first  cut  out 
for  use  in  making  these  masters.  It  will  be  of  interest  to  note 
that  it  is  not  always  necessary  to  make  a  complete  templet, 
because  In  any  cases  where  the  figure,  letter,  or  design  has 
straight  lines  of  considerable  length,  it  is  often  possible  to 
use  the  slides  on  the  machine  for  rapidly  cutting  such  lines. 
For  instance.  In  the  case  of  the  templet  for  cutting  a  2,  it 
will  be  seen  that  the  curved  stroke  of  the  figure  is  the  only 
part  that  is  produced  on  the  templet.  After  the  templet  ha? 
been  followed  to  cut 
this  curved  stroke, 
the  cross-slide  on  the 
machine  is  brought 
into  action  and  the 
straight  base  of  the 
figure  is  rapidly  fin- 
ished. Copy  for  let- 
ters and  numbers  is 
ordinarily  made  in  %-, 
IVz-  and  3-inch  sizes 
to  fit  the  standard 
copy-holders  provid- 
ed on  the  machines. 
An  interesting 
principle  is  shown  In 
the  case  of  the  pre- 
liminary sheet  metal 
templet  for  an  am- 
persand (&).  In  en- 
graving, uniform  re- 
sults would  not  be 
obtained  if  It  were 
necessary  to  inter- 
rupt the  movement 
of  the  engraving  tool 
In  following  the  out- 
line of  a  letter,  ami 
to  produce  a  continu- 
ous movement  of  the 
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Fig.    34.     Maater   Copius   used    for   graduating   Work   of   Gonoral   Typ«    slion-n  in  Fig.  36 


tool,  an  ingenious  arrangement  of  "  switches  "  has  been  pro- 
vided at  the  junction  between  the  upper  and  lower  sections. 
It  will  be  seen  that  these  switches  can  be  so  set  that  the  tool 
follows  around  continuously  in  cutting  the  upper  and  lower 
sections  of  the  symbol.  In  most  cases,  the  sheet  metal  tem- 
plets are  used  as  copy  in  making  masters  from  metal,  but 
where  there  are  only  a  few  pieces  to  be  engraved,  the  sheet 
metal  or  paper  templet  is  used  as  the  copy  from  which  en- 
graving is  done  directly  on  the  work.  An  example  of  this 
kind  is  shown  in  the  case  of  the  paper  templet  for  engraving 
the  word  "  simplex." 

Quite  a  wide  range  of  work  can  be  handled  on  the  Gorton 
machines,  as  will  be  seen  from  Figs.  2S,  30  and  31,  which  il- 
lustrate typical  examples  of  flat  work  on  which  the  engraved 
design  is  in  relief  and  Intaglio,  and  of  rolls  on  which  the  en- 
graving and  graduating  operations  have  been  performed  on 
a  convex  surface.  Machines  are  shown  In  operation  perform- 
ing all  these  classes  of  work,  and  the  description  already 
given  covers  such  operations,  with  the  exception  of  engraving 
designs  on  rolls,  for  which  a  special  fixture  is  required.  Fig.  23 
shows  a  graduating  machine  equipped  with  one  of  these  fix- 
tures, and  it  will  be  seen  that  the  copy  consists  of  a  flat  dial 
on  which  the  required  notations  have  been  cut. 

The  work  is  secured  at  the  end  of  an  arbor  carried  by  the 
fixture,  and  at  the  opposite  end  of  the  arbor  is  an  index  plate 
In  operating  the  machine,  the  master  plate  or  copy  is  moved 
around  so  that  the  desired  notation  is  brought  under  the  stylus 

and  the  copy  is  then 
held  In  this  position 
by  means  of  a  plun- 
ger that  enters  one 
of  the  index  notches 
in  the  periphery  of 
the  plate.  The  work 
is  secured  In  the 
initial  position  by 
means  of  a  plunger 
that  enters  one  of 
the  notches  of  an  in- 
dex plate  at  the  rear 
end  of  the  work- 
holding  mandrel 
after  which  the  en- 
.i^raviug  operation  is 
conducted  in  the 
usual  way.  To  pro- 
vide for  engraving 
subsequent  notations 
nil  the  work,  both 
the  master  and  work 
are  indexed,  engrav- 
ing and  indexing  op- 
orations  being  per- 
formed alternately 
until  the  Job  has 
heen   completed. 
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Fig.   35.     Instrument  Board   for  Marconi   Wireless    Telegraph    Apparatus, 

on  which  all  Graduating   and  Engraving  Operations  were 

performed  on  Gorton  Machine 

Engraving  Surfaces  of  Varying  Curvature 
On  at  least  one  class  of  convex  work,  the  curvature  of  each 
part  to  be  engraved  varies  more  or  less,  so  that  a  single  former 
for  guiding  the  cutter  vertically  cannot  be  used.     The  mother- 
of-pearl  handles  used  on  revolvers  and  automatic  pistols  are 
an  example  of  work  of  this  kind.     As  each  half  of  a  pearl 
revolver  handle   is   of  different  shape   and   thickness  and  no 
two    are    exactly    alike,    an    individual 
former    must    be    provided    for    every 
piece.    A  method  of  doing  work  of  this 
kind   is  as   follows:      Separate   formers 
of  sealing  wax  are  made  in  a  mold  for 
each  handle,  and  the  pearl  handle  to  be 
engraved  and  the  wax  former  are  sent 
to  the  engraving  machine  together.     A 
special  fixture  is  used  for  making  these 
wax   formers,   so  arranged   that  melted 
wax  can  be  poured   around  the  handle, 
which  forms  an  impression  in  the  wax. 
When  the  mold  is  being  made,  the  han- 
dle  is   mounted    on    a   plate   which   en- 
gages grooves  in  the  bottom  of  the  fix- 
ture.    The  jig  for  holding  the  handle 
on  the  engraving  machine  has  corres- 
ponding grooves  so   that  the  handle   is 
properly  located   with   reference   to   the 
wax  former.     The  latter  is  attached  to 
the   machine   directly   over   the   cutter- 
spindle  where  it  is  fixed  in  a  dovetailed 
holder.     A   guide  point  on   top  of  the 
cutter-spindle  casing  is  held  in  contact 
with   the  former  by  a  spiral  spring. 

Graduating  Scales   for   Marconi  Wireless 
Telegraph  Instruments 

For  engraving  the  various  forms  of 
scales  used  on  the  instruments  of  its 
manufacture,     the     Marconi     Wireless 

Telegraph  Co.,  employs  machines  operating  on  the  pantograph 
principle  in  its  plant  at  Aldene,  N.  J.  Most  of  these  scales 
are  graduated  on  plates  or  dials  composed  of  "Bakelite"  (a 
material  resembling  hard  rubber),  and  in  order  to  make  the 
graduations  easily  read,  zinc  oxide  mixed  with  a  sufficient 
quantity  of  paraffin  to  give  the  required  consistency  is  rubbed 
Into  the  graduation  marks  after  they  are  cut  on  the  machines. 
This  mixture  hardens  through  exposure  to  the  air,  giving  a 
high  degree  of  durability,  and  as  it  affords  a  combination  of 
white  graduations  on  a  black  background,  the  scales  are  easily 
read.  KIg.  35  shows  an  example  of  one  of  these  graduated 
platen,  and  In  Figs.  32  and  33,  graduating  machines  are  shown 
producing  work  of  this  kind.  A  model  Is  made  In  which 
graduations  are  cut  to  correspond  with  the  required  gradua- 
tions on  the  work,  and  this  model  Is  set  up  In  the  copyholder 
on  the  machine  ho  that  the  tracer  point  can  run  over  It.  Vari- 
ous formH  of  fMKriivIng  tools  arc  used  according  to  the  nature 
of  the  work;  where  fino  lln«;s  arc  to  be  cut  the  tool  Is  gen- 
erally In  the  form  of  a  pointed  "cannon  drill,"  while  for 
heavier  dnsHcs  of  work  ond-mllls  of  various  foniiH  are  em- 
ployed. 

The  sl«!  of  model  used  also  viirles  according  to  Iho  char 
actor  of  the  work.  In  cusch  whf-n-  flni>  graduallnK  Is  lr)  t... 
donp  on  a  rclollvely  small  ar<ii,  It  Is  desirable  to  mnl(<-  I  he         *'*  " 


Fig.  36.  Special  Engraving  Machine  used  in 
Instrument  Shops  of  William  Gaertner  &  Co. 
for  engraving  very  Small  Figures  and  Notations 


model  several  times  larger  than  the  work,  as  it  is  more  con- 
venient to  make  it  in  that  way,  while  in  the  case  of  simple 
designs  the  model  may  be  of  the  same  size  as  the  work  or 
even  smaller.  Adjustment  of  the  pantograph  linkage  is  pro- 
vided in  order  to  obtain  any  required  ratio  between  the  size 
of  the  model  and  the  work.  Fig.  34  shows  examples  of  differ- 
ent models  used  on  Gorton  graduating  machines  at  the  plant 
of  the  Marconi  Wireless  Telegraph  Co.;  these  are  made  of 
brass  and  it  will  be  evident  that  they  can  be  conveniently 
cut  on  a  milling  machine  or  circular  dividing  engine. 

In  the  manufacture  of  wireless  telegraph  apparatus,  there 
are  many  cases  where  circles  have  to  be  divided  into  degrees, 
examples  of  this  kind  being  shown  on  scales  marked  "Prim- 
ary Condenser  "  and  Secondary  Condenser,"  which  will  be  seen 
at  the  lower  left-  and  right-hand  sides  of  Pig.  35.     In  order  to 
avoid   having   to   make   special   models   for   this   purpose,   the 
expedient  has  been  adopted  of  producing  a  universal   fixture 
which  is  shown  in  operation  in  Pig.  33.    This  fixture  is  secured 
to   the  work-table   and   has   a   pivoted   disk   with   360   equally 
spaced  teeth  cut  in  its  periphery.     On  the  model  table  there 
Is  a  simple  plate  with  graduations  cut  in  it  of  the  required 
lengths  for  the  scale  to  be  produced  on  the  work.     The  work 
is  strapped   to  the  top  of  the  pivoted 
plate  of  the  fixture  and  indexed  space 
after  space  by   means   of   teeth   in   the 
periphery  of  this  plate.     After 'each  set- 
ting  of   the   work   has   been   made,   the 
tracer  point  is  drawn  over  the  gradua- 
tion mark  on  the  model,  which  governs 
the   length   of  graduations   cut   on   the 
work.      This    fixture    can    be    used    for 
graduating  any  scales  requiring  circles 
or   parts   of   circles   to   be   divided   into 
degrees. 

Small  Engraving  Machine  for  Use 
on  Bench 
The  distortion  resulting  from  the  use 
of  hardened  steel  stamps  for  marking 
gages    and    other    forms    of   measuring 
tools   or   delicate   instruments   is  gener- 
ally  recognized   among   machinists   and 
toolmakers.      The    engraving    machine 
illustrated  in  Pig.  37  was  designed  for 
marking    all    sorts    of    fine    tools    that 
might  be  injured  by  the  use  of  stamps. 
A  suitable  resist  is  applied  to  the  sur- 
face of  the  hardened  tool  and   the  ma- 
ihine  is  used  for  tracing  the  letters  or 
designs   required,   which    are   afterward 
cut    into    the    surface    by    applying    an 
etching  fluid.    The  machine  operates  on 
the   pantograph   principle.     It  is  equip- 
ped with  metal  matrincs  or  copy  blocks  which  can  be  arranged 
like  type  in  any  desired  combination  of  letters  or  figures. 

In  use,  the  stylus  is  guided  by  these  matrices  and  the  trac- 
ing point  reproduces  the  lettering  or  figures  on  a  smaller  Scale. 
The  pantograph  mechanism  gives  a  reduction  of  4  to  1  so  that 
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if  %-inch  characters  are  required  on  tlie  work,  matrices  with 
%-inch  face  are  necessary.  The  part  to  be  etched  is  held  in 
position  on  the  table  of  the  machine  by  the  clamps  shown,  and 
the  matrices  are  held  in  proper  alignment  by  two  parallel 
strips  or  bars,  as  the  illustration  shows.  This  machine  is  built 
by  the  Spicer  Tabulating  Machine  Co.,  3318  Volta  Place,  N.  W., 
Washington,  D.  C. 

In  Fig.  36  is  shown  a  machine  of  somewhat  similar  design 
to  the  one  described  in  connection  with  Fig.  7.  It  was  built 
by  William  Gaertner  &  Co.  and  is  used  in  their  instrument 
shop  for  cutting  notations  that  are  desired  on  different  classes 
of  work — particularly  for  numbering  graduated  scales.  The 
operation  is  similar  to  that  of  the  previous  machine.  Fig.  7, 
except  thaj.  in  this  case  the  work  A  is  held  on  a  vertical 
arbor  B  supported  on  a  slide  C,  the  position  of  which  may  be 
regulated  for  engraving  work  of  various  radii.  Secured  to 
mandrel  B  is  a  notched  index  plate  D,  which  is  engaged  by  a 
plunger  carried  on  spring  E.  It  will  be  seen  that  the  engrav- 
ing tool  is  carried  at  the  lower  end  of  vertical  arm  F,  which  is 
pivoted  at  G,  the  ratio  being  such  that  the  machine  is  only 
adapted  for  cutting  exceedingly  small  letters.  Master  letters 
are  secured  to  copy-holder  H,  and  stylus  /  is  run  over  these 
letters  in  the  usual  manner. 

Etching-  and  Etching  Fluids 

A  common  method  of  etching  names  or  simple  designs  upon 
steel  is  to  apply  a  thin,  even  coating  of  beeswax,  or  some  simi- 
lar substance  that  will  resist  acid;  then  mark  the  required 
lines  or  letters  in  the  wax  with  a  sharp-pointed  scriber,  thus 
exposing  the  steel  (where  the  wax  has  been  removed  by  the 
scriber  point)  to  the  action  of  an  acid,  which  is  finally  ap- 
plied. To  apply  a  very  thin  coating  of  beeswax,  place  the 
latter  in  a  silk  cloth,  warm  the  piece  to  be  etched,  and  rub 
the  pad  over  it.  Regular  coach  varnish  is  also  used  instead 
of  wax,  as  a  "resist." 

Etching  Fluids  tor  Steel 

An  etching  fluid  ordinarily  used  for  carbon  steel  consists  of 
nitric  acid,  1  part;  water,  4  parts.  It  may  be  necessary  to 
vary  the  amount  of  water,  as  the  exact  proportion  depends 
upon  the  carbon  in  the  steel  and  whether  it  is  hard  or  soft. 
The  acid  oxidizes  the  metal  along  the  lines  that  have  been 
exposed  by  the  marking  points  of  the  graduating  machine, 
and  leaves  these  lines  darker  than  the  surrounding  metal  so 
that  they  may  readily  be  seen.  For  hard  steel,  use  nitric 
acid,  2  parts;  acetic  acid,  1  part.  For  high-speed  steel,  nickel, 
or  brass,  use  nitro-hydrochloric  acid  (nitric,  1  part;  hydro- 
chloric, 4  parts).  For  high-speed  steel  it  is  sometimes  better 
to  add  a  little  more  nitric  acid.  For  etching  bronze,  use  nitric 
acid,  100  parts;  hydrochloric  acid,  5  parts.  For  brass,  nitric 
acid,  16  parts;  water,  160  parts;  dissolve  6  parts  of  potassium 
chlorate  in  100  parts  of  water;  then  mix  the  two  solutions  and 
apply. 

A  fluid  that  may  be  used  either  for  producing  a  frosted 
effect  or  for  deep  etching  (depending  upon  the  time  it  is 
allowed  to  act)  is  composed  of  1  ounce  of  sulphate  of  copper 
(blue  vitriol);  %  ounce  of  alum;  1/2  teaspoonful  of  salt;  1 
gill  of  vinegar;  and  20  drops  of  nitric  acid.  For  aluminum, 
use  a  solution  composed  of  alcohol,  4  ounces;  acetic  acid,  6 
ounces;  antimony  chloride,  4  ounces;  water,  40  ounces. 

Etchint?  Names  on  Tools 

The  National  Twist  Drill  Co.  employs  the  following  method 
for  etching  on  cutters  and  other  tools:  The  steel  is  brushed 
with  asphaltum  varnish,  which  is  allowed  to  stand  until  it 
thickens  and  hardens  to  the  right  degree;  then  the  desired 
Inscription  is  pressed  through  the  asphaltum  with  a  rubber 
stamp  and  the  etching  fluid  (nitro-hydrochlorlc  acid  or  aqua 
regia)  is  applied  with  a  medicine  dropper.  Practice  and  ex- 
perience are  required  to  judge  just  when  the  varnish  has  dried 
to  the  right  consistency. 

A  similar  method,  which  has  been  successfully  used  for 
etching  names  on  cutlery,  is  to  coat  the  surface  with  gum 
guaiacura  varnish.  A  rubber  stamp  having  the  name  or  design 
is  then  moistened  with  a  thin  layer  of  potash  solution.  When 
this  stamp  is  applied   to  the  work,  the  varnish   Is  "cut"  by 


the  potash  wherever  the  coated  stamp  comes  into  contact  with 
it;  the  surface  is  then  brushed  lightly  with  waAer  in  order  to 
remove  the  loosened  varnish  and  expose  the  lettering  or  de- 
sign, which  is  then  etched  by  applying  dilute  nitric  acid.  The 
rubber-stamp  method  is  a  very  cheap  and  rapid  process.  One 
method  of  applying  the  potash  is  to  press  the  stamp  against 
a  pad  soaked  with  the  solution. 

The  action  of  etching  fluids  on  steels  varies  somewhat  ac- 
cording to  the  composition,  high-carbon  and  alloy  steels  being 
acted  upon  more  slowly  than  low-carbon  steel  or  wrought 
iron.  Etching  fluids  that  work  successfully  on  low-carbon 
steel  may  not  work  well  on  high-carbon  steel  or  cast  iron. 
The  usual  difficulty  is  that  the  carbon  liberated  by  the  etching 
fluid  settles  to  the  bottom  and  prevents  further  action.  This 
difliculty  can  be  overcome,  however,  by  frequently  renewing 
the  acid  and  cleaning  out  the  carbon  deposit  so  that  the  fresh 
acid  will  come  into  direct  contact  with  the  metal. 

Etching  Brass 

The  first  step  in  etching  is  to  see  that  the  parts  that  are  to 
be  etched  are  carefully  ground  and  polished.  The  only  clean- 
ing that  will  be  found  necessary  can  be  satisfactorily  done  by 
wiping  the  work  with  a  dry  rag.  One  method  of  etching  brass 
is  as  follows:  First  heat  the  work  and  then  dip  it  into 
molten  paraffin,  after  which  it  should  be  removed  and  allowed 
to  stand  until  cool.  The  pattern  that  is  to  be  etched  is  marked 
in  the  paraffin  in  order  to  expose  the  metal.  The  etching  is 
done  with  undiluted  nitric  acid.  If  the  etched  lines  are  *o 
be  very  deep,  the  work  should  be  immersed  in  lukewarm  water 
occasionally  to  remove  the  copper  nitrate  which  forms  in  the 
etched  lines.  This  will  prevent  the  lines  from  spreading.  It 
is  only  necessary  to  leave  the  work  under  water  for  a  few 
seconds  in  order  to  remove  the  copper  nitrate. 

The  preceding  instructions  also  apply  to  etching  steel  with 
the  important  exception  that  the  etching  solution  is  composed 
of  1  part  of  nitric  acid  and  1  part  of  hydrochloric  acid.  The 
paraffin  may  be  removed  from  the  work  by  first  dipping  it  in 
boiling  water  and  then  in  cold  water;  this  treatment  causes 
the  paraffin  to  contract  and  peel  off. 

For  etching  brass,  a  satisfactory  ground  can  be  made  from 
equal  parts  of  beeswax.  Burgundy  pitch,  and  asphaltum. 
These  constituents  are  melted  together  and  thoroughly  stirred 
in  order  to  secure  a  uniform  mixture.  This  ground  is  warmed 
before  using  and  spread  evenly  over  the  surface  that  is  to 
be  etched.  After  the  ground  has  had  time  to  cool,  it  is  re- 
moved from  those  sections  of  the  metal  that  are  to  be  etched, 
after  which  the  etching  fluid  is  applied.  A  satisfactory  etch- 
ing fluid  consists  of  1  part  of  nitric  acid  to  4  parts  of  water. 
After  the  etching  has  been  completed,  which  takes  only  a  few 
minutes,  the  work  is  dipped  in  hot  water  to  wash  off  the  acid. 
The  surface  of  the  work  can  then  be  cleaned  by  wiping  it 
with  a  cloth  dipped  in  benzine  or  gasoline. 

For  use  on  brass  castings,  the  following  method  is  recom- 
mended: After  cleaning  the  work  with  gasoline,  place  it  in 
clean  boiling  water.  A  pot  of  beeswax  is  melted  and  kept  at 
a  temperature  of  from  200  to  250  degrees  F.,  by  standing  it  on 
a  gas  plate  or  some  other  heater  that  will  retain  the  desired 
temperature.  After  the  work  has  been  washed,  the  surface  to 
be  etched  is  painted  with  wax  and  the  work  is  then  hung  up 
to  cool.  The  surplus  wax  will  drain  off  and  some  sort  of  pan 
should  be  provided  to  catch  the  drippings.  This  process  leaves 
a  very  thin  coat  of  ground  which  adheres  firmly  to  the  metal. 
The  preheating  tends  to  bind  the  ground  securely. 

The  following  Is  a  satisfactory  formula  for  an  etching  solu- 
tion: Nitric  acid,  16  parts;  hydrochloric  acid,  4  parts:  water. 
100  parts.  Dissolve  6  parts-of  potassium  chlorate  in  80  parts 
of  water.  The  two  solutions  produced  In  this  way  are  then 
thoroughly  mixed  and  allowed  to  stand  for  a  few  minutes 
until  the  gases  have  escaped.  The  solution  is  then  stirred, 
after  which  it  is  ready  for  use. 

Etchlntr  Glass 

A  simple  method  of  etching  glass  is  to  coat  it  with  nielled 
paraffin,  and  draw  the  pattern  to  be  etched  in  the  wax  with  a 
sharp  needle  point.  Then  expose  the  glass  to  the  action  of 
vapor  of  hydrofluoric  acid,  produced  by  the  action  of  warm 
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hydrochloric  acid  on  fluorspar.  The  gas  must  be  generated 
in  a  lead  vessel,  as  it  attacks  most  substances.  It  is  very 
poisonous,  and  therefore  care  must  be  taken  not  to  inhale  it. 
A  little  pigment  is  sometimes  rubbed  into  the  graduations  to 
make  them  show  more  plainly. 

Dry  Etching  on  Glass 

For  dry  etching  on  glass,  as  required  for  graduating  volu- 
metric glassware  used  in  scientific  laboratories,  etc.,  etching 
and  printing  materials  were  obtained  in  tiifle  of  peace  from 
G.  Mederow,  Kettbuser-Strasse  8,  Berlin  S.  O.  26,  Germany. 
These  include  one  bottle  of  salt  and  one  bottle  of  printing 
ink  (one  kilogram  etching  salt  under  label  Berliner  Kalt- 
Aetzsals  fiir  E.  Nlenstadt's  Trocken-Aetzverfahren  U.S.W.)  and 
Yi  kilogram  printing  material  (Druckmasse)  for  a  dry  etching 
process.  One  kilogram  of  the  salt  costs  about  15  marks  ($3.57) ; 
%  kilogram  printing  ink,  5  marks  ($1.19) ;  postage,  etc.,  about 
5.20  marks   ($1.24),  which  does  not  include  duty. 

In  using  this  method  of  etching,  it  is  necessary  to  us6  gela- 
tine pads,  which  could  probably  be  purchased  from  some  of 
the  companies  making  duplicating  materials.  However,  these 
pads  can  be  made  by  heating  together  over  boiling  water  100 
grams  of  photographic  gelatine,  160  cubic  centimeters  of  glyc- 
erine, and  100  cubic  centimeters  of  water.  This  will  make 
six  pads  0.5  by  5  by  20  centimeters  in  size.  When  thoroughly 
mixed,  pour  the  liquid  into  molds  which  may  be  most  con- 
veniently made  of  five  separate  pieces.  The  bottom  and  three 
of  the  sides  are  made  of  pieces  of  brass  held  together  by 
screws,  while  the  fourth  side  is  made  of  a  plate  of  glass  with 
the  inside  surface  ground.  This  plate  of  glass  is  held  in 
place  by  two  clamps.  Before  filling  the  mold,  a  thin  coating 
of  grease  or  graphite  is  applied  to  the  inside  surface  of  the 
metal  parts  so  that  they  may  be  easily  removed  from  the 
gelatine  pad  after  it  has  cooled.  For  stamping,  the  side  of  the 
gelatine  pad  is  used  that  was  next  to  the  ground  glass  at  the 
time  the  pad  was  molded. 

A  gelatine  roller  is  made  of  the  same  mixture  as  the  pads, 
and  this  roller  is  cast  on  a  core  of  metal  tubing  which  is  left 
permanently  in  the  roller.  A  convenient  mold  may  be  made  of 
thin  glass  tubing,  2  centimeters  in  diameter  and  7  centimeters 
long,  into  one  end  of  which  is  fitted  a  stopper  with  a  hole  in 
the  center.  The  core  of  6-millimeter  brass  tubing  is  held  in 
place  by  fitting  one  end  into  this  stopper  and  the  gelatine  mix- 
ture is  poured  into  the  mold.  After  the  gelatine  has  cooled 
sufficiently  the  glass  tubing  is  broken  away  from  it  and  the 
handle  attached  to  the  roller. 

Next  it  is  necessary  to  make  a  stamp  corresponding  in  de- 
sign to  that  of  the  marking  it  is  desired  to  put  on  the  glass. 
With  the  gelatine  roller,  spread  a  thin  layer  of  printing  ink 
on  a  smooth  glass  plate,  and  from  this  use  the  roller  to  apply 
a  uniform  layer  of  ink  on  the  gelatine  pad,  by  first  runninc 
the  roller  over  the  ink  on  the  glass  plate  and  then  over  the 
pad  until  the  proper  thickness  has  been  obtained.  From  the 
inked  gelatine  pad.  the  metal  stamp  is  used  to  transfer  an 
inked  impression  to  a  clean  gelatine  pad,  care  being  taken  not 
to  press  too  hard  with  the  metal  stamp  and  also  to  re-ink  the 
stamp  before  making  each  new  impression. 

These  Inked  impressions  on  the  gelatine  pads  are  trans- 
ferred to  the  glass,  which  is  then  sprinkled  with  the  etching 
salt,  using  a  camel's  hair  brush  to  remove  excess  salt  from 
the  glass  where  it  does  not  adhere  to  the  ink.  The  salt  is 
then  exposed  to  the  action  of  hot  steam  until  a  clear  narrow 
border  appears  along  its  edges  with  a  slight  cloudiness  out- 
side. After  steaming,  It  may  be  found  necessary  to  let  the 
work  stand  for  a  few  minutes,  but  as  soon  as  the  stamp  ap- 
pears to  be  finished  It  should  immediately  be  wiped  off.  A 
good  stamp  should  be  white  and  clean  cut. 

Attention  Is  called  to  the  fact  that  the  amount  of  time  a 
salted  ImprcsHJoii  Is  allowed  to  steam  will  vary  considerably 
with  atmospheric  conditions,  so  that  In  order  to  obtain  good 
results  at  any  time,  past  experience  In  the  use  of  the  met  hod 
will  prove  of  value.  Good  results  may  be  obtained  by  heating 
the  salted  Impression  over  a  gas  flame  until  It  turns  to 
brown  and  then  to  white;  but  apparatus  which  has  been 
Kraduatcd  must  not  he  healed  to  u  temperature  where  defor- 
mation of  the  Klass  will  cause  a  change  In   the   volumetric 


capacity.  The  gelatine  pads  are  cleaned  by  wiping  them  off 
with  strong  alcohol;  water  cannot  be  used,  as  it  will  dissolve 
the  gelatine. 

In  order  to  obtain  the  best  possible  results,  the  etching  salt 
should  be  perfectly  dry  and  ground  rather  fine.  If  too  coarse, 
it  produces  a  ragged  stamp,  but  if  too  fine  a  sufficient  quan- 
tity will  not  adhere  to  the  inked  impression.  The  salt  is  dried 
by  placing  it  in  a  metal  can  with  a  tight  fitting  cover,  in 
which  there  is  a  small  hole  to  allow  water  vapor  to  escape. 
This  can  and  its  contents  are  heated  to  about  50  degrees  C., 
which  may  be  done  by  setting  the  can  in  a  water-jacketed 
vessel  and  running  a  stream  of  hot  water  through  the  vessel. 
After  drying,  the  salt  is  powdered,  and  when  not  in  use  it  Is 
kept  in  a  tightly  covered  vessel.  , 

"Resists"  Used  for  Graduating- 
Various  acid-resisting  materials  are  used  for  covering  the 
surfaces  of  steel  rules,  etc.,  prior  to  marking  off  the  lines  on 
a  graduating  machine.  When  the  graduation  lines  are  fine 
and  very  closely  spaced,  as  on  machinists'  scales  which  are 
divided  into  hundredths  or  sixty-fourths,  it  is  important  to 
use  a  thin  resist  that  will  cling  to  the  metal  and  prevent  any 
under-cutting  of  the  acid;  the  resist  should  also  enable  fine 
lines  to  be  drawn  without  tearing  or  crumbling  as  the  tool 
passes  through  it.  One  resist  that  has  been  extensively  used 
is  composed  of  about  50  per  cent  asphaltum,  25  per  cent  bees- 
wax, and,  in  addition,  a  small  percentage  of  Burgundy  pitch, 
black  pitch,  and  turpentine.  A  thin  covering  of  this  resisting 
material  is  applied  to  the  clean  polished  surface  to  be  gradu- 
ated, and  after  it  is  dry  the  work  is  ready  for  the  graduating 
machine.  Far  some  classes  of  work,  paraffin  is  used  for  pro- 
tecting the  surface  surrounding  the  graduation  lines  to  be 
etched.  The  method  of  application  consists  in  melting  the 
paraffin  and  raising  its  temperature  high  enough  so  that  it 
will  flow  freely;  then  the  work  on  which  the  graduating  is 
to  be  done  is  held  at  a  slight  angle  and  the  paraffin  is  poured 
on  its  upper  edge.  As  the  melted  paraffin  flows  across  the 
surface  of  the  work,  the  latter  will  be  covered  with  a  thin 
protective  coating. 

*  *     * 

ENGINEERING  COUNCIL 
Since  its  organization,  June  27,  the  Engineering  Council  of 
the  United  Engineering  Society  has  considered  many  matters 
coming  both  from  the  founder  societies  and  from  the  councils' 
predecessor,  the  Joint  Conference  Committee  of  National  En- 
gineering Societies.  The  following  standing  committees  have 
been  appointed: 

Public  Affairs,  C.  W.  Baker,  G.  F.  Swain,  S.  J.  Jennings,  and 
E.  W.  Rice,  Jr.;  Rules,  J.  P.  Channing,  Clemens  Herschel. 
N.  A.  Carle,  and  D.  S.  Jacobus;  Finance,  B.  B.  Thayer,  I.  E. 
Moultrop,  Calvert  Townley,  and  Alexander  C.  Humphreys. 

The  council  has  also  created  a  War  Inventions  Committee, 
comprising  H.  W.  Buck,  A.  M.  Greene,  Jr.,  and  E.  B.  Kirkby, 
which  will  cooperate  with  the  Naval  Advisory  Board  and  other 
departments  at  Washington,  if  desired,  in  the  promulgation  to 
engineers  of  war  problems  now  before  the  government  and  for 
which  there  are  opportunities  for  solution  by  means  of  inven- 
tions. In  addition,  a  committee  comprising  George  J.  Foran, 
E.  B.  Sturgis,  A.  S.  McAllister,  and  A.  O.  Flinn  has  been  ap- 
pointed to  collect  and  compile  such  information  regarding 
engineers  of  the  country  as  will  enable  the  committee  to  co- 
operate with  the  different  departments  of  the  Federal  govern- 
ment on  request  and  to  assist  in  supplying  the  government's 
need  for  engineering  services.  Wliile  the  council  comprises 
only  members  from  the  four  founder  societies  and  of  course 
can  claim  no  right  to  speak  for  members  of  other  societies 
nor  for  engineers  at  large,  the  members  feel  that  the  body 
will  not  have  accomplished  the  results  for  which  it  was  cre- 
ated unless  it  early  establishes  means  of  cordial  cooperation 
with  engineers,  organizeil  or  otherwise.  Every  otTort  toward 
this  end  is  contemplated. 

*  •     * 

The  workshops  of  the  South  Manchuria  Hallway  have  re- 
cently built  locomotives  for  the  French  railways  In  Cochin, 
China.  They  are  of  the  Icn-wliiM'l  type  and  welgli  in;{,Ono 
pounds,  with  the  tender. 
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HOW   THE   NIGHT   SCHOOL   CAN   HELP 

BY   C.   S.   COLER  ' 

Education  is  a  basic  need  for  the  development  and  growth 
of  au  industrial  nation,  plant,  or  worker.  The  education  at 
present  provided  in  this  country  comprises  fundamental 
knowledge,  mental  training,  and  manual  skill  required  as  a 
foundation  for  practically  any  line  of  work;  that  required  as 
a  foundation  for  work  in  a  certain  profession  or  industry; 
and  the  specialized  knowledge,  mental  training,  or  skill  re- 
quired in  the  performance  of  a  special  line  of  work  in  a  cer- 
tain profession  or  industry.  The  last  is  supplied  by  appren- 
ticeship courses  and  corporation  schools. 

In  every  industry,  there  is  a  surprisingly  large  number  of 
workers  who  have  valuable  inherent  characteristics  that  have 
not  been  made  highly  productive  through  education.  Sta- 
tistics show  that  fifty  out  of  every  hundred  students  who  start 
in  the  public  schools  drop  out  before  completing  the  sixth 
grade,  and  that  only  about  nine  out  of  every  hundred  complete 
high  school.  The  night  school  offers  an  opportunity  for  those 
who  have  had  insufficient  training,  but  who  possess  an  ambi- 
tion to  rise  through  merit,  to  make  up  their  defiiciency  in  edu- 
cation. 

The  Casino  technical  night  school,  located  in  the  midst  of  the 
Westinghouse  industries  at  East  Pittsburg,  Pa.,  shows  what 
a  night  school  can  do  to  help  both  the  worker  and  the  indus- 
try. The  courses  cover  the  fundamental  principles  underlying 
manufacturing  and  engineering,  but  for  those  who  have  not 
sufl5cient  elementary  education  to  take  up  this  engineering 
course,  a  brief  preparatory  course  is  offered  in  grammar-school 
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subjects;  also  a  course  in  English  is  provided  for  those  of 
foreign  birth.  A  separate  department  is  conducted  for  women, 
which  offers  courses  in  commercial  subjects  and  household 
arts. 

The  Casino  school  was  established  fifteen  years  ago,  with 
two  instructors  and  a  few  students  who  wanted  to  learn  draw- 
ing; this  year,  1100  students  have  registered,  and  the  faculty 
numbers  sixty-three.  The  expenses  of  the  school  are  borne  by 
those  primarily  interested;  vis.,  the  students,  through  a  small 
tuition  charge;  the  local  industries,  through  annual  appropria- 
tions; and  the  local  communities,  through  annual  appropria- 
tions in  proportion  to  the  number  of  students  in  the  school 
residing  therein. 

The  school  is  conducted  in  the  local  school  buUdings,  whi<'h 
are  rented  from  the  school  boards.  The  classes  meet  from  t; 
to  9  P.  M.,  Monday,  Wednesday,  and  Friday  evenings,  from 
early  in  September  to  about  the  first  of  June.  Special  shops 
and  laboratories  have  been  constructed  in  the  basement  of 
tliese  buildings  to  take  care  of  subjects  not  taught  in  the  pul)- 
lic  schools.  The  instructors  are  men  and  women  from  the 
local  industries.  The  strength  of  the  school,  in  fact,  lies  in 
tlie  ability  of  its  fgculty  to  interpret  correctly  and  quickly  the 
demands  of  the  industries.  Te  instructors  assign  tasks,  set 
the  standards  of  work,  inspire  the  students  to  effort,  and  check 
tlieir  work.    The  students  learn  by  doing.    There  is  little  diffi- 
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culty  with  discipline,  as  the  students  pay  their  money  and 
spend  their  time  to  receive  a  definite  benefit. 

Besides  the  class-room  subjects,  students  handle  all  of  the 
outside  student  activities  through  their  own  organizations.  In 
this  way  they  receive  experience  in  organizing  and  dealing 
with  men,  and  those  students  with  special  abilities  soon  get 
into  positions  where  they  have  an  opportunity  to  make  use 
of  them. 

The  engineering  course,  open  to  those  who  have  success- 
fully completed  eight  years  of  grammar  school  or  the  equiva- 
lent, is  the  nucleus  around  which  all  the  activities  of  the 
school  are  grouped.  This  course  aims  to  cover,  in  four  years 
of  night  school,  the  fundamentals  of  the  subjects  taught  in 
high  school  and  college.  The  work  in  this  department  may 
be  grouped  under  three  headings:  (1)  Science,  which  deals 
with  the  material  things  used  in  engineering  and  the  laws 
that  govern  them;  (2)  mathematics,  which  supplies  the  tools 
to  be  used  in  analyzing  conditions  and  applying  laws;  (3) 
expression,  which  includes  the  various  means  of  making  en- 
gineering useful  to  the  world.  The  subjects  taught  are  as 
follows:  Science — physics,  chemistry,  metallurgy,  electricity, 
and  steam;  mathematics — shop  problems,  algebra,  geometry, 
trigonometry,  and  mechanics;  expression — drawing,  pattern- 
making,  foundry,  machine  shop,  physics  laboratory,  chemistry 
■  laboratory,  metallurgy  laboratory,  steam  laboratory,  electrical 
laboratory,  and  English.  Problems  are  used  throughout  the 
course  as  a  means  of  imparting  knowledge  and  developing 
originality  in  application. 

Each  student  is  graded  in  judgment,  thoroughness,  person- 
ality, reliability,  initiative,  and  health;  besides  his  term  grade 
in  each  subject  is  taken.  Every  effort  is  used  to  keep  in  close 
touch  with  the  students  and  with  the  local  industries  with 
the  view  of  ultimately  placing  each  student  in  the  kind 
of  work  which  he  is  best  suited  to  perform. 

The  growth  of  the  Casino  technical  night  school  indicates 
that  it  fills  a  need  in  industry.  It  is  probable  that  schools 
of  this  nature  could  be  profitably  started  in  connection  witji 
many  of  the  industries  of  the  country. 
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MACHINISTS   AND   TOOLMAKERS  IN   WAR 

The  exemption  boards  that  pass  on  our  drafted  men  will  be 
well  advised  if  they  excuse  high-class  machinists  and  tool- 
makers  employed  by  machine  tool  builders,  aeroplane  makers, 
small  tool  manufacturers,  gage-makers  and  concerns  having 
government  contracts  for  guns,  gun  carriages,  motor  trucks 
and  other  equipment.  These  men  are  vitally  necessary  for  the 
equipment  and  maintenance  of  our  soldiers  at  home  and 
abroad.  Without  guns,  shells,  aeroplanes  and  equipment  in 
unstinted  numbers,  an  army  cannot  be  highly  effective,  and 
these  cannot  be  furnished  without  the  assistance  of  the  ma-, 
chine  tool  builder,  the  skilled  machinist  and  the  expert  tool- 
maker.  Our  allies  learned  this  in  the  early  days  of  the  war, 
when  they  found  it  necessary  to  recall  such  men  to  their  in- 
dustrial pursuits,  as  their  products  were  vitally  necessary  tor 
the  support  of  the  armies  in  the  field. 


THE  MAN  WHO  STUDIES  EVENINGS 
The  editorial  department  of  Machinery  receives  many  re- 
quests for  Information  and  advice  from  men  engaged  In  me- 
chanical work.  These  correspondents  ask  for  guidance  in 
their  efforts  to  Improve  their  condition  by  studying  mechanical 
literature  In  spare  time.  While  many  of  the  letters  require 
dennlte  replies,  according  to  the  conditions  In  each  Individual 
'rase,  there  are  two  general  principles  involved  In  all  study 
that  every  man  educating  himself  should  understand.  These 
arc  the  neceaglty  for  a  definite  purpose  and  for  a  definite  plan 
In  the  study.  A  great  many  men  who  have  not  had  the  advaii- 
tagcg  of  a  technical  school  training,  or  even  of  an  apprentice- 
fthlp,  arc  ambltlouB  to  secure  better  pdsltlons  by  self-education, 
but  are  perplexed  to  know  where  to  begin  and  what  to  study. 
The  result  Is  that  much  energy  and  time  are  wasted.  Kre- 
rjuently,  machlnlsta  lake  up  mechanical  drawing  with  the  Idea 
that  the  drnflMman  has  a  bettor  Job.  Perhaps  ho  has,  but  It 
l«  ol»o  true  tUnt  many  manhlnlKlH  who  Htudy  to  become  drafts- 
men might  iilllmaH-ly  have  obtained  better  positions  If  the 
*aroe  amount  of  time  had  been  devoted  to  the  study  of  general 
mantifn'-fdrlnK  mothodn  and  shop  practice,  with  a  view  to 
•"  ■•  foremen  or  Hupcrlntendcntg.     Many  other  ox- 

ildod  effort,  due,  usually,  to  a  mlsapprehciiHlon 
.im,  could  bo  cited  to  prove  that  the  best  oppor- 
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tunltr  )«  often  the  one  ncarcul  nt  hmid.    The  maohlnlst  or  ma- 


chine operator  is  frequently  allured  by  the  prospect  of  clean 
work  in  the  drafting-room;  but,  in  many  cases,  he  has  only  a 
vague  idea  of  what  a  competent  draftsman  needs  to  know. 
Generally  speaking,  it  is  more  difficult  to  obtain,  by  self- 
education,  the  amount  of  knowledge  required  for  advancing 
very  far  as  a  designing  engineer  than  it  is  to  obtain  the  knowl- 
edge required  for  an  equally  good  position  in  practical  shop 
work. 

A  definite  plan  is  as  important  as  a  definite  purpose.  In 
the  building  of  a  machine,  a  definite  order  of  procedure  is 
essential.  In  the  case  of  a  new  mechanical  development,  the 
designer  or  inventor  must  first  know  the  requirements.  The 
general  type  of  mechanism  or  machine  which  is  expected  to 
meet  these  requirements  is  first  roughly  sketched,  and  Is  then 
carefully  designed.  Detail  drawings  are  then  made,  and  the 
parts  are  shaped  from  iron  and  steel  in  accordance  with  these 
drawings.  Finally  these  parts  are  assembled  and  the  finished 
machine  is  tested.  The  entire  procedure  follows  a  definite 
plan.  When  studying  the  principles  of  machine  design  or 
construction,  it  is  equally  important  to  proceed  in  an  orderly 
and  systematic  manner.  While  it  may  be  possible  to  acquire 
considerable  knowledge  by  haphazard  reading,  it  is  obvious 
that  the  same  information  may  be  obtained  with  an  expendi- 
ture of  less  effort  and  time  if  the  student  takes  up  the  differ- 
ent subjects  in  their  proper  order.  In  fact,  unless  a  systematic 
method  of  reading  were  adopted,  it  might  be  almost  impossible 
to  obtain  a  clear  understanding  of  many  important  branches 
of  engineering  and  machine  manufacture;  hence  the  necessity 
of  studying  text-books  which  are  logically  arranged,  in  addi- 
tion to  reading  current  mechanical  journals.  The  text-books 
will  supply  the  fundamental  principles,  while  the  mechanical 
journals  will  keep  the  reader  posted  on  the  constant  advance 
made  in  the  mechanical  field. 

•     *     • 

PROGRESSIVE    INSPECTION    AND 
ASSEMBLY 

The  inspection  and  assembling  of  parts  of  motor  cars,  shells, 
fuses  and  other  products  manufactured  in  large  quantities  has 
been  revolutionized  by  the  use  of  belt  and  chain  conveyors. 
Progressive  inspection  and .  assembly  facilitates  the  passage 
of  work  through  the  factory  and  sets  the  pace  for  the  workers. 
It  seems  destined  to  become  common  in  manufacturing  plants 
in  which  the  parts  made  are  of  a  nature  that  permits  them 
to  be  handled  advantageously  in  this  manner.  Briefly,  the 
general  scheme  is  to  provide  a  moving  belt  or  chain  set  at  a 
convenient  working  height  on  which  the  parts  to  be  inspected 
or  assembled  are  carried  slowly  by  the  workmen  who  stand 
or  sit  beside  it.  As  a  part  passes  a  given  station  the  workman 
at  that  station  inspects  it,  using  gages  for  making  the  test  re- 
quired. If  the  part  is  defective  it  is  permitted  to  pass  no 
farther  and  is  cast  into  a  rejection  box  beneath  or  beside  the 
conveyor.  The  rejected  parts  are  thus  separated  according  to 
the  nature  of  their  defects,  and  if  they  can  be  saved  by  re- 
niachining,  they  are  sent  to  the  macliines  for  drilling,  ream- 
ing, threading  or  whatever  operation  is  required.  The  in- 
spected parts  that  pass  all  tests  proceed  to  the  assembling 
tables,  where  tliey  are  united  with  their  components.  In  the 
case  of  the  progressive  assembly  of  motor  car  engines  it  is 
necessary  to  provide  transverse  conveyors  for  bringing  'he 
parts  to  the  assemblers  at  the  points  required.  These  are 
usually  placed  overhead  when  tlio  nature  of  the  parts  perniits 
them  to  be  hung  on  the  conveyor,  and  picked  oft  us  wantod. 

Among  the  advantages  of  progres.sivo  Inspection  and  assem- 
bly are:  conccHlratlon  of  workers  and  increase  of  production 
In  a  given  area,  regularity  and  uniformity  of  product,  elimina- 
tion of  Inefficient  and  lazy  workers,  general  Increase  of  work- 
ers' efficiency  and  IuIcmihIvo  production.  Tlie  prlnclpul  dlsad- 
vantnges  of  the  HyKloin  arc  Initial  coal  of  InHtiiUallon  and  lack 
of  (toxibillty  when  clinngeH  of  routing  become  nocoH.sary.  The 
latter  In  many  cases  cum  bo  overcoino  by  building  the  con- 
veyors In  compuratlvcly  short  units  with  means  for  Interlock- 
ing with  other  units  and  traiiHforrlnK  Ihc  jvork  from  one  belt 
to  the  next.  The  systom  can  be  used  efroctlvoly,  of  course,  only 
when  the  output  Ib  of  sufficient  volume  In  warrant  the  InHlalla- 
lion  of  eoHtly  conveyors  and  the  training  "f  workers. 
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LUBRICATION 

BY  E.  N.  P. 

In  designing  machinery  the  one  point  that  seems  to  be  gen- 
erally neglected  is  provision  for  lubrication.  After  the  ma- 
chinery engine  or  motor  has  been  completed,  advertising  mat- 
ter has  been  prepared,  and  the  photographer  has  departed, 
someone  asks:  "Where  shall  we  drill  the  oil-hole?"  Someone 
else  recollects  that  lubrication  has  to  be  provided  for  in  some 
way— any  old  way  to  get  the  oil  in  will  do.  Perhaps  a  more 
than  usually  careful  designer  will  recollect  from  his  technical 
school  training  that  certain  types  of  bearings  should  be  sub- 
jected to  pressures  not  in  excess  of  50  pounds  per  square  inch 
on  account  of  lubrication  limitations,  and  he  designs  accord- 
ingly. Strange  as  it  may  seem,  this  matter  is  overlooked,  in 
spite  of  the  fact  that  mechanism  of  any  kind  is  absolutely 
dependent  upon  lubrication  for  its  operation  and  ceases  to 
operate  when  lubrication  ceases. 

Experiments  by  such  authorities  as  Michell,  Parsons  and 
Kingsbury  have  attracted  comparatively  little  attention  from 
designers,  in  spite  of  the  vast  changes  in  design  possible  be- 
cause of  their  researches.  After  extensive  experiments  with 
high-pressure  lubrication,  Kingsbury  at  one  jump  raised  thrust 
bearing  pressure  from  50  to  1000  pounds  per  square  inch, 
through  his  advanced  understanding  of  lubricating  films,  and 
designed  a  thrust  bearing  based  on  this  knowledge.  He  elimi- 
nated the  old-fashioned  thrust,  with  its  multiplicity  of  horse- 
shoes and  manifold  troubles,  and  substituted  a  single  ring 
thrust  of  approximately  one-twentieth  of  the  surface.  This 
was  done  by  a  design  based  on  geometrical  principles,  which 
enabled  the  thrust  bearing  surfaces  to  align  themselves  auto- 
matically with  the  thrust  ring.  Michell  accomplished  much 
the  same  result  with  his  marine  thrust  bearing,  based  upon 
wedge-shaped  films  of  oil  in  which  the  oil  entered  at  the  large 
end  of  the  wedge  and  progressed  toward  the  small  end  by  the 
dragging  action  of  the  bearing.  Both  inventors  were  able  to 
increase  pressures,  simplify  designs  and  economize  in  weight. 
Experiments  by  the  Westinghouse  Machine  Co.  with  Kings- 
bury thrust  bearings  have  demonstrated  that  pressures  as  high 
as  7000  pounds  per  square  inch  could  be  carried  at  full  speed 
without  breaking  the  oil  film.  In  fact,  babbitt  was  forced  out 
of  the  bearing  without  breaking  the  oil  film.  Furthermore, 
the  babbitt  did  not  extrude  from  the  bearing  on  the  exit  side, 
but  on  the  leading  side,  at  the  point  where  the  motion  of  the 
journal  was  against  such  extrusion.  The  reasons  for  this  sug- 
gest a  wide  field  for  research. 

Thesis  work  at  Stanford  University  in  California  has  dem- 
onstrated that  journals  rotating  in  lubricated  bearings  float 
on  the  oil  film  in  a  position  eccentric  to  the  bearing  itself. 
This  position  is  dependent  upon  attendant  conditions,  such  as 
speed,  pressure,  character  of  lubricant,  etc.  Various  investi- 
gators have  shown  that  a  bearing  has  a  pump-like  action,  tak- 
ing in  oil  at  the  point  of  least  pressure  and  delivering  it,  when 
possible,  at  the  point  of  highest  pressure.  If  a  bearing  is 
carrying  a  load  of  400  pounds  per  square  inch,  it  will  be  seen, 
by  attaching  a  pipe  and  connecting  it  to  a  pressure  gage,  that 
It  will  deliver  oil  at  the  point  of  highest  pressure  at  400  pounds 
per  square  inch.  This  principle  has  been  made  use  of  by  the 
Westinghouse  Machine  Co.  in  connection  with  its  reduction 
gears.  High-pressure  lubrication  has  been  used  for  a  step- 
bearing  of  vertical  turbines.  The  pressures  carried  vary  from 
400  to  1000  or  more  pounds  per  square  inch.  The  writer  has 
heard  of  cases  where  two  inches  of  the  step-bearing  would  be 
ground  away  in  fifteen  minutes  when  the  lubrication  failed  for 
that  length  of  time.  The  success  of  extremely  high-speed  en- 
gines, such  as  the  aeroplane  or  racing  automobile  type.  Is 
almost  entirely  dependent  upon  lubrication.  In  view  of  the 
tremendous  possibilities  that  have  been  barely  touched  upon 
by  these  few  investigators,  would  it  not  be  profitable  for  in- 
stitutes of  research  to  specialize  to  some  extent  upon  lubrica- 
tion? It  cannot  be  done  by  manufacturers  of  lubricants,  be- 
cause they  have  no  facilities  for  machine  design  or  experi- 
mental work.  It  can  be  accomplished,  however,  by  Institu- 
tions of  learning,  and  by  large  manufacturers  of  engines,  auto- 
mobiles, etc. 

There  Is  reason  to  suppose  that  an  aeronautical  engine  or 


automobile  engine  whose  design  was  based  primarily  upon 
scientific  lubrication  could  outstrip  anything  of  its  kind  known 
at  the  present  time  in  efficiency,  smoothness  of  operation, 
silence  and  dependability,  and  other  desirable  features.  For 
instance,  the  light  radial  type  of  aeroplane  engine  used  on 
high-speed  planes  today  cannot  run  over  six  to  twelve  hours 
without  thorough  overhauling  and  rebuilding.  Few  technical 
men  are  aware  of  this,  because  of  the  highly  specialized  char- 
acter of  aeronautical  design.  The  maximum  pressure  on  aero- 
nautical engines  exceeds  in  some  instances  1000  pounds  per 
square  inch.  Automobile  engine  bearing  pressures  exceed  400 
to  500  pounds  per  square  inch.  All  these  engines  are  lubri- 
cated by  circulating  oil  systems  or  oil  splash  systems.  Some 
are  called  forced  feed,  but,  speaking  scientifically,  there  is  no 
such  thing  as  a  full  forced  feed  system  of  lubrication,  unless 
the  pressure  per  square  inch  exceeds  the  maximum  bearing 
pressure  per  square  inch.  In  other  words,  in  order  to  guaran- 
tee that  the  surfaces  of  an  aeroplane  engine  be  held  separate 
by  the  oil  film,  it  would  be  necessary  to  maintain  that  film 
under  a  pressure  exceeding  1000  pounds  per  square  inch. 
This  is  possible  and  is  well  within  the  limitations  of  what  has 
been  accomplished  with  pumps,  but  it  cannot  be  done  with 
geared  pumps,  rotary  pumps  or  other  devices  of  this  kind. 
The  oil-pump  should  be  preferably  a  slow-running  triplex 
plunger  pump  geared  to  the  engine.  It  should  not  have  large 
capacity  nor  be  excessively  heavy.  It  is  probable,  however,  if 
such  a  lubricating  system  were  carefully  designed  and  the 
engine  built  around  it,  that  an  aeroplane  engine  could  be  con- 
structed that  would  run  indefinitely  without  wearing  out. 

The  writer  knows  of  a  cheap  automobile  that  had  to  be 
overhauled  about  every  10,000  miles.  It  was  equipped  with 
so-called  "forced  feed"  lubrication  at  12  pounds  pressure.  The 
owner  finally  fitted  the  engine  bearings  very  close  and  built  a 
pump  capable  of  delivering  oil  in  ample  quantities  at  250 
pounds  pressure.  While  this  did  not  comply  with  theoretical 
requirements,  it  was  a  great  improvement.  The  car  has  been 
running  about  65,000  miles  and  as  yet  needs  no  attention  to 
bearings,  pins  or  cylinders.  Another  owner  has  obtained  re- 
markable results  by  having  pistons  cast  in  the  rough  with  deep 
relief  between  the  rings.  After  the  ring  grooves  were  turned, 
babbitt  was  cast  between  them  and  turned  to  0.002  inch  clear- 
ance. This  automobile  has  been  running  for  a  good  many 
months  now  and  has  given  the  greatest  satisfaction.  The 
cylinders  when  measured  recently  showed  no  measurable  wear. 
The  pistons  have  worn  slightly,  but  hardly  enough  to  measure. 
If  they  do  wear,  it  will  simply  be  necessary  to  sweat  on  more 
babbitt,  turn  them  up  again  and  replace  them  in  the  engine. 
The  mechanical  efficiency  of  automobile  engines  varies  from 
75  to  95  per  cent.  This  5  to  25  per  cent  loss  is  almost  ex- 
clusively a  question  of  lubrication.  In  order  to  get  a  racing 
engine,  designers  will  cut  pistons  down  to  mere  skeletons, 
lighten  up  cylinders,  lighten  up  all  movable  parts  and  increase 
the  size  of  valves  to  the  maximum.  All  of  this  is  done  to 
derive  the  advantage  of  a  slight  increase  of  mechanical  effi- 
ciency, which  could  be  fully  realized  by  improving  the  lubri- 
cation. Would  it  not  be  worth  while  to  first  carefully  design 
a  lubricating  system  based  upon  research  and  then  build  the 
engine  around  it? 

The  hardest  part  of  an  automobile  engine  to  lubricate  is  the 
wrist-pin,  and  it  is  the  part  that  needs  lubrication  the  most. 
Manufacturers  will  go  to  considerable  expense  to  install  an 
oil-pump  that  pumps  from  the  bottom  of  the  crank-case  to  the 
upper  pan,  or  that  pumps  from  the  bottom  of  the  crank-case 
to  the  bearings,  from  the  bearings  to  the  crankshaft,  and 
through  the  crank  web  to  the  crank-pins;  there  they  will  stop, 
because  it  is  too  expensive  to  provide  means  for  the  oil  to 
travel  from  the  crank-pin  to  the  wrist-pin.  The  wrist-pin,  cyl- 
inder and  piston  are  left  to  the  uncertain  splash  system.  It 
is  probable  that  the  splash  system  and  other  features  of  cheap 
lubrication  are  responsible  for  90  per  cent  of  the  guaranty 
expense  of  automobile  manufacturers.  It  would  bo  far  cheaper, 
both  In  Initial  cost  and  in  the  long  run,  to  build  a  cheap  engine 
around  a  high-grade  lubricating  system  than  to  build  a  high- 
grade  engine  around  a  rhonp  lubricating  system. 

There  are  probably  not  one  hundred  men  in  the  United 
States  today  who  know  what  lubrication  is  or  what  It  means. 
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How  many  technical  men  or  engineers  know  the  character  and 
dimensions  of  the  lubricating  oil  film?    How  many  know  the 
principles  of  surface  tension  and  capillarity  as  applied  to  oil 
films?     How  many  have  seen   the  oil  film  under   the  micro- 
scope?   How  many  know  what  machine  finished  surfaces  are 
like  under  the  microscope,  with  their  ragged  and  torn  furrows, 
ripped  and  made  jagged  by  the  finest  finished  tools  or  abra- 
sives?   What  should  be  the  thickness  of  this  film  under  vari- 
ous conditions  of  speed,  pressure  and  temperature?     One  side 
of  this  film  is  anchored  to  the  journal  and  the  other  side  to 
the  bearing.     The  tremendous  shearing  to  which  the  film  is 
subjected  under  these  circumstances  can  better  be  imagined 
than  described.     What  becomes  of  the  great  amount  of  heat 
generated  by  the  agitation  of  the  film?    What  efl:ect  has  it  on 
the  oil?    What  oils  can  best  stand  up  under  this  treatment? 
An  investigator  recently  was  much  astonished  to  find  that 
the  lubricants  in  the  crank-cases  of  automobiles,  tractors,  aero- 
plane and  other  high-speed  engines  contained  from  25  to  75 
per  cent  of  condensed  fuel.     The  writer  was  so  amazed  and 
incredulous  at  this  statement  that  he  made  a  private  investiga- 
tion and  found  it  to  be  the  ease.     Another  investigator,  who 
wholly  failed  to  realize  the  importance  of  his  discovery,  found 
that  a  part  of  the  dark  color  of  lubricants  that  have  been  in 
use  for  a  short  time  is  due  to  particles  of  metal  of  colloidal 
fineness.     This   can   be   demonstrated   by   grinding   up   bright 
silver  by  certain  scientific  methods  until  it  is  so  fine  that  it 
will  hang  in  water  without  falling  to  the  bottom,  when  it  will 
be  seen  that  the  water  will  appear  black  and  not  silver  colored. 
The  importance  of  a  deeper  and  more  far-reaching  study  of 
lubrication  will  be  realized  when  one  considers  that  if  lubrica- 
tion were  perfect,  no  bearing  would  ever  wear  out.     It  is  the 
occasional  failure  or  partial  failure  of  lubrication  that  causes 
bearings   to  wear.     The  most   unpleasant  feature  of  modern 
automobiles  is  the  necessity  of  periodical  overhauling.     This 
overhauling  is   confined   almost   entirely   to   the   motor.     The 
other  parts  of  the  car  have  roller  or  ball  bearings  on  which 
the  wear  amounts  to  practically  nothing.    There  is  a  difference 
of  opinion  about  the  use  of  roller  bearings  in  the  motor,  but 
the  majority  of  manufacturers  use  plain  bearings  and   pins 
and  depend  upon  lubrication  for  results.    The  annual  overhaul- 
ing of  such  a  motor  costs  anywhere  from  $25  to  $150.     The 
average  purchaser  is  not  advised  that  this  financial  calamity  is 
impending  when  he  purchases  the  car.    He  finds  this  out  after 
the  first  year  or  two,  and  the  majority  of  purchasers  become 
disgusted,  thinking  it  a  weakness  of  their  particular  make  of 
car  rather  than  the  common  ill  of  all  cars.    The  average  pur- 
chaser has  no  realization  of  the  fact  that  these  motors  are 
contracted  for  by  the  thousands,  and  that  many  different  cars 
have  the  same  motor.  Just  as  one  can  buy  a  hundred  different 
cigars  all  made  from  the  same  tobacco.     As  a  matter  of  fact, 
the  writer  has  never  yet  seen  a  bearing  wear  out  that  was 
oiled  under  extreme  high  pressure,  say  in  excess  of  400  pounds 
per  square  Inch,  unless  the  lubrication  failed.     It  is  probable 
that  much   expensive   construction,    high-priced   bronzes   and 
other  expensive  details,  could  be  modified,  if  not  entirely  elimi- 
nated, by  the  development  of  scientific  methods  of  lubrication. 
•     •     * 
SIMPLE   RELIEVING  ATTACHMENT 

liV   r.llAHI.EB  JOl.VK  AUX  BEOUINH  I 

Th.!  wrll.;r  wuh  IntereHled  In  an  article  published  In  the 
March  number  of  Ma(  iii.vkkv  In  which  Warren  H.  Dunhrack 
•lewrrlbcd  a  nxlure  for  relieving  the  teeth  of  milling  cutters. 
DurInK  the  early  days  of  the  war.  the  factory  In  which  I  am 
.•mploycd  required  a  number  of  thread  milling  .utters  for 
une  In  macblnInK  7r,-ml)llmeter  shell  and  fuse  bodies,  and  the 
accumulation  of  work  which  all  toolmaklng  plantH  hud  on 
hand  mnd.r  ll  hripoHHible  to  have  this  work  down  ouIhI.Io. 
f'.nH.-.|.).-nily  w  w.-rr-  forced  to  turn  the  order  over  to  our 
own  tool  T'.  <■.  .1  .  *o  had  only  one  universal  lathe  equipped 
'*'"'  "  •■•  "'«"t.  It  was  neccHMury  lo  provide  Home 

dporlal  f'.r  i,.nl.     I„  a  back  number  of  /,,;  Marhin, 

Moiternr.  I  Xoui.d  a  dencrlptlon  of  a  patented  apparatus  for 
rplloTlng  the  Iccth  of  mlllInK  cutlerB  and  adapted  tho  prinel 
pie  of  thlR  apparatun  In  worklnn  out  the  deslKn  of  u  rellevlnn 


,\\\\\\\AAA'\ 

3/r:,-l,ii:n'u 

ill  iil 

Vj^///'//y^// 

attachment  which 
gave  very  satisfac- 
tory results.  As 
this  type  of  appa- 
ratus is  new  to 
me,  I  thought  it 
might  prove  of  in- 
terest to  the  read- 
ers  of   Machixery. 

Fig.  1  shows  the 
type  of  thread  mill- 
ing cutters  that  we  ^^^'  ^'  ^^^ad  MiUing  Cutter  to  be  relieved 
had  to  relieve,  and  Fig.  2  shows  three  views  of  the  relieving  at- 
tachment finally  developed  for  this  purpose.  The  design  may 
be  modified  according  to  the  requirements  of  the  work  or  to 
meet  the  ideas  of  different  tool  designers.  The  most  unusual 
feature  of  this  attachment  is  that  both  the  master  cam  A  and 
the  cutter  B  which  is  to  be  relieved  are  carried  on  the  same 
arbor.  It  will  be  seen  that  the  steel  block  G  that  runs  .in 
contact  with  cam  A  is  carried  at  the  end  of  a  square  bar  D 
which  is  a  sliding  fit  in  the  relieving  attachment.  Near  the 
opposite  end  of  this  bar  there  is  a  horizontal  slot  into  which  a 
short  lever  E  projects,  which  is  carried  on  a  pivot  F.  Reliev- 
ing tool  G  is  also  carried  by  a  sliding  bar  shown  at  H. 

In  operation,  bar  D  is  pushed  back  through  the  action  of 
cam  A,  thus  causing  lever  E  to  rotate  about  pivot  F.  The 
short  end  of  lever  E  runs  in  contact  with  block  /  carried  on 
tool-holder  H  and  thus  causes  the  tool  to  be  advanced  toward 
the  work.  Spring  J  resists  this  movement,  thus  taking  up  all 
lost  motion  in  the  attachment.     Final  adjustment  of  the  posi- 
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Tig.  2.     Atluchm.jnt  dinignod  lor  rclU'VltiK  Uutlurs  of  Typo  sliown  in  Fig.  1 

lion  of  tlio  relieving  tool  (/  Is  obtained  by  a  screw  actuated 
by  hand  wheel  A',-  and  It  will  bo  apparent  that  the  relative  sizes 
of  niastor  ('ani  .1  and  tool  Ji  are  the  same  as  the  ratio  of  tho 
long  end  of  lever  /•;  to  the  Hliort  end. 


Tho  "Pcrtinax"  pipe,  which  Is  one  of  Gernuiny'H  hitesl  metal 
cormervlnK  devices.  Is  formed  of  paper  wlil<li  has  been  wound 
spirally  around  a  core  and  then  secured  In  that  form  with  a 
synthetic  gum.  TcbIh  huvo  shown  that  these  pipes  will  stand 
the  Huine  Internal  prcHHure  as  copper  pipes  of  the  same  weight 
and  threi'  or  four  tInieH  uh  great  nii  Interrml  pressure  iih  leiiil 
pipe  nine  times  their  weight.  They  are  lo  be  used  for  gas 
or  oil,  and  for  InHulatlng  electrh!  wires,  and  arc  also  being 
tried  out  for  carrying  hot  water  under  pressuro. 
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TURNERS,  DRILLING  ATTACHMENTS.  DIES,   TAP-HOLDERS,  AND  TAPER-TURNING  ATTACHMENTS 

BY  DOUGLAS  T.  HAMILTON  I 


Fig.    20.      Special    Tu 


•inch    Automatif 


THE  Standard  turning  tools  described  in  the  August  num- 
ber of  Machinery  are  adapted  for  the  average  run  of 
work.  However,  when  the  work  is  of  such  length  that 
the  distance  to  be  turned  is  greater  than  eight  inches^the 
standard  travel  of  the  turret  slide — a  special  type  of  turning 
tool  is  necessary.  Two  different  turning  tools  for  handling 
long  turning  operations  will  be  described  in  the  following,  as 
well  as  additional  tool  equipment  and  attachments  adapted  for 
use  on  the  single-spindle  type  of  machine. 

Special  Turner  for  Use  on  4  1  4-inoh  Machine 

A  special  turner  for  handling  long  work  is  shown  in  Fig.  20. 
This  turner,  it  will  be  noticed,  is  provided  with  two  slides. 
One  slide  occupies  the  same  groove  in  the  turret  face  as  the 
regular  tool-slide,  the  latter  being  removed  when  using  this 
special  tool.  The  top  slide,  which  carries  the  turning  tool  and 
supports,  is  attached  to  theturret  face,  and  is  operated  through 
a  pinion  and  rack;  the  latter  is  shown  in  the  foreground  of 
the  illustration.  The  rear  part  of  the  top  slide  has  two 
grooves  in  it.  These  are  for  attaching  auxiliary  turning  tools, 
when  such  are  necessary.  The  turning  tool  used  is  of  the 
dovetail  type,  working  on  the  end  instead  of  the  side  of  the 
bar.  This  tool  is  held  in  a  slide,  which  provides  for  adjusting 
for  diameter.  Roller  supports  are  used,  and  these  are  also 
held  in  the  adjustable  slide,  as  illustrated. 

'Aililri-Bs:    K7-Ui.^\^<:.iir  Shaiiir  Ci.T^  Sprin.-ti.-M.    Vt. 


Fig.    21.     Finishing    Slide    for   handling   Long    Turning   Operations    on 
Gridley  Automatic  Turret  Lathe 

Finishing-  Slide 

Another  type  of  turning  tool,  known  as  a  12-inch  finishing 
slide,  is  shown  in  Figs.  21  and  22.  This  slide  will  handle  a 
turning  operation  of  12%  inches.  It  is  not  constructed  for 
taking  heavy  roughing  cuts,  as  these  can  be  more  satisfactorily 
handled  with  the  regular  turners  placed  one  behind  the  other 
on  the  turret  slide.  This  slide  is  operated  in  a  similar  man- 
ner to  that  shown  in  Fig.  20,  but  differs  slightly  in  construc- 
tion. With  the  arrangement  shown  in  Fig.  20,  the  tool-holders 
and  supports  can  be  independently  adjusted  to  the  desired 
position.  This  feature  is  of  especial  advantage  when  finishing 
shafts  having  a  series  of  shoulders  of  various  diameters. 

Fig.  22  shows  the  12-inch  finishing  slide  in  operation  on  a 
handle,  14  inches  long.  In  this  case,  the  work  is  of  such  shape 
that  only  two  turning  tools  can  be  used  to  advantage.  The 
rear  tool  is  used  for  reducing  the  end  of  the  handle,  whereas 
the  forward  tool  finishes  the  straight  portion. 

Hlgrh-speed  DrillinB'  Attachments 

When  it  is  necessary  to  drill  a  small  hole  in  a  large  diam- 
eter bar,  the  best  results  can  be  secured  by  driving  the  drill 
at  its  proper  cutting  speed.  This,  of  course,  cannot  be  done 
without  arranging  a  special  driving  mechanism  for  the  drill, 
as  the  tools  on  the  Gridley  turret  lathe  are  not  rotated,  but 
are  held  stationary.  Fig.  23  shows  the  standard  high-speed 
drillin.'];    attachment    on    the    machine,    and    Figs.    24    and    25 


Fig.  22.     Finlihing  Slide  ihown  in  Fig.  21,   In  Operation  on 
that  It  14  Inchei  Long 


Fig.   23.     Higlinpo 
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Fig.    24.     Detail    View   of   High-speed    Drilling   Attachment   shown   in     Fig.  23 


show  a  plan  and  an  end  elevation  view,  respectively,  of  the 
same  device.  This  attachment  is  designed  for  use  on  the  dif- 
ferent sizes  of  automatic  turret  lathes.  Reference  to  the  illus- 
trations will  show  that  it  consists  chiefly  of  a  bracket,  which 
is  clamped  to  the  front  of  the  machine  and  carries  a  gear  mesh- 
ing with  the  spindle  gear.  The  spindle  gear  has  ninety-six 
teeth  and  the  gear  on  the  drill-driving  spindle,  twenty-eight 
teeth. 

The  driving  spindle  is  provided  with  a  jaw  clutch,  which  is 
pinned  to  it  and  is  kept  out  by  an  open-wound  spring.  When 
the  turret  slide  ad- 
vances to  the  drilling 
position,  this  clutch 
engages  with  a  simi- 
lar clutch  member 
on    the    drill-driving 

mechanism    proper, 

which  is  fastened  to 

the  holder  carried  on 

the  tool-slide.    As  the 

turret-slide  advances, 

the    clutch    on    the 

main    driving    shaft 

la    forced    back    Into 

the   sleeve    against 

the    tension    of    the 

open  -  wound    spring 

mentioned  above. 

The  driving  mech- 
anism In  the  attach- 
ment    held     on     the 

tool  slide  consists  of 

three    gears,    the 

driver,    Intermediate 

and  driven  gear,  run- 
ning   Inside    an    en- 

closed    case.     The 

driven   gear   Is   held 

on   the  Bplndic   that 

carries  the  drill,  the 

latter  being  support- 
ed In  a  regular  tool- 
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holder  on  the  tool-slide.  The  arrangement  of  the  driver, 
driven  and  intermediate  gears  can  be  more  clearly  seen  in 
Pig.  25,  where  a  sectional  view  of  the  driving  spindle  and 
drill-holder  is  shown;  this  view  also  indicates  the  relation 
of  these  members  to  the  holder  and  the  tool-slide. 

The  ratio  between  the  number  of  teeth  in  the  main  spindle 
gear  and  the  gear  on  the  clutch  shaft  is  3  to  1.  As  shown  in 
Fig.  25,  the  driving  and  driven  gears  can  be  interchanged, 
and  when  this  is  done  four  different  drill  speeds  can  be  ob- 
tained with  only  two  work-spindle  speeds. 

Automatic  and  Solid 
Dies 
Several  different 
types  of  automatic 
dies  can  be  used  on 
the  Gridley  auto- 
matic turret  lathe. 
Some  of  these  are 
shown  in  Fig.  26. 
As  a  general  rule,  it 
is  advisable  to  use 
an  automatic  open- 
ing die  on  this  ma- 
chine, but  there  are 
cases,  of  course, 
when  it  is  necessary 
to  use  the  solid 
spring  die  or  the  ad- 
justable chaser  die 
shown  in  Fig.  26. 
These  particular  dies 
will  he  described  in 
connection  with  the 
multlplo-splndlo  type 
of  machine  and  will 
not  bo  deal  I  with 
t'urthor  at  this  time. 

Aiilumiitic    Dlo-open- 

inu  AtUichnient 

The  nutonmtlc  dle- 

iiponliig     attachment 

uHixl   on   the  Orldloy 


September,  1917 


MACHINERY 


26 


Fig.  26.     Automatic  Opening  Dies,   Adjustable  Chaser  Die  and  Spring 
Screw  Die  used  on  Gridley  Automatic  Turret  Lathes 

automatic  turret  lathe  consists  of  a  lever  and  cam  operating 
the  chasers  in  the  die-head.  This  attachment  is  shown  assem- 
bled and  mounted  on  the  tool-slide  in  Fig.  27,  and  dismantled 
in  Fig.  28-.  Referring  to  the  latter  illustration,  it  will  be  no- 
ticed that  it  comprises  a  holder  and  two  operating  cams  or 
brackets.  The  arm  to  which  the  bellcrank  lever  is  attached  is, 
in  turn,  fastened  to  a  rod,  which  can  be  operated  upon  by  the 
front  bracket  attached  to  the  turret-slide  for  returning  the  die- 


Fig 


Gridley   Automatic 


head;  whereas  the  cam  fastened  to  the  rear  part  of  the  slide 
is  used  for  closing  the  chasers.  The  die  opens  on  the  for- 
ward stroke,  and  closes  on  the  return  stroke  of  the  tool-slide. 

Releasing  Tap-holder  Attachment 

When  using  a  tap  of  the  collapsible  type  on  the  Gridley  auto- 
matic turret  lathe,  it  is  necessary  to  use  a  special  attachment 
in  connection  with  It,  as  shown  in  Fig.  29.  This  attachment 
does  not  differ  materially  from  that  used  for  the  self-opening 


die,  except  in  the  method  of  operating  the  tap.  As  shown  in 
the  illustration,  the  chasers  are  collapsed  by  means  of  the 
operating  handle  on  the  collapsing  tap-holder  coming  in  con- 
tact with  a  pin  that  is  held  in  a  bracket  on  the  tool-slide.  The 
chasers  are  reset  by  the  bellcrank  lever  coming  in  contact  with 
the  adjustable  screw  shown,  which  is  held  on  a  bracket  on  a 
corner  of  the  turret.  Both  these  brackets  are  adjustable,  and 
the  one  on  the  tool-slide  is  set  so  that  the  chasei's  will  col- 
lapse at  the  desired  point,  that  is,  when  the  tap  has  advanced 
to  the  desired  depth.  This  illustration  also  shows  a  good 
view  of  the  opening  cam  for  operating  the  automatic  die-head. 


Fig.   29.     Collapsing  Tap   Fixture   io  Operation  on  Gridley  Turret  Lathe 

Fig.  31  shows  a  tapping  attachment  for  carrying  a  tap  that 
is  not  of  the  same  design  as  the  one  illustrated  in  Fig.  29.  In 
this  case  the  tap  floats  and  is  held  in  a  collapsing  holder  in 
which  a  large  collar  is  used  for  collapsing  the  chasers.  This 
collar  comes  in  contact  with  the  arm  fastened  to  the  corner 
of  the  turret,  and  is  so  placed  that  the  rod  illustrated  prevents 


Fig.  IS.     DtUlU  of  Antomatio  DIa  FUtttra  ihown  In  Fig.  17 


Fig.  30.     Tapor-turninK  Tool  and  Guide  used  on  Gridley  Tumt  Lathe 

the  tap-holder  from  rotating  with  the  work.  The  holder  used 
is  of  the  releasing  type,  and  is  drawn  out  against  the  tension 
of  a  spring  when  it  advances  into  the  work. 
Taper-tumlngr  Attachments 
Taper  turning  can  be  accomplished  on  the  Gridley  automatic 
turret  lathe  by  the  use  of  a  simple  attachment,  shown  at  A 
and  B  in  Fig.  30.  The  taper  guide,  which  la  capable  of  being 
adjusted  as  shown,  is  fastened  by  screws  to  the  turret,  whereas 
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Fig.  31.     A  Different  Desirn  of  Tap  Fixture  from  that  shown  in  Fig.   29 

the  turner  proper  is  fastened  to  the  tool-slide.  A  rod  passing 
through  the  tool-holder  and  connected  to  a  bellcrank  lever, 
which  carries  a  roll  on  its  rear  end,  is  operated  by  the  ad- 
justable taper  guide.  This  particular  taper  turner  carries  two 
turning  tools,  and  roller  supports  which  are  set  in  advance  of 
the  front  turning  tool. 

Fig.  32  shows  one  of  the  standard  taper-turning  tools  in  use 
on  the  machine,  and  also  a  special  taper  turner,  this  particular 
job  requiring  the  use  of  two  taper-turning  tools.  The  standard 
turner  in  this  case  is  not  provided  with  roller  supports,  the 
work  being  guided  by  a  bushing  support  instead.  It  is  oper- 
ated in  the  same  manner,  however,  as  the  taper  turner  shown 
in  Fig.  30.  The  special  turner,  shown  in  back  of  the  other, 
requires  the  use  of  a  special  tool-slide,  which  is  cut  away  as 
shown  to  permit  the  insertion  of  the  operating  lever.  This 
turner  is  operated  by  an  adjustable  taper  guide,  which  is  held 
on  the  turret  as  shown,  and  operates  the  holder  carrying  the 
tool  through  a  lever  that  is  fastened  to  a  rock-shaft,  held  in 
the  tool-slide. 

*     *     • 

An  order  for  half  a  million  scythes  for  Russia  was  recently 
handled  by  a  large  American  export  company.  It  is  of  in- 
terest to  note  in  this  connection  that  in  the  past  there  has 
been  no  market  for  American  scythes  in  Russia  on  account 
of  a  lack  of  knowledge  on  the  part  of  American  manufacturers 
of  the  exact  requirem'ents  of  the  Russian  mower.  A  peculiar 
custom  of  the  Russian  farmer  is  to  "  hammer-sharpen "  a 
scythe,  making  a  special  grade  of  steel  necessary  in  its  manu- 
facture. The  Russian  scythes  in  the  past  have  been  supplied 
by  Austria.  Russian  inspectors  appointed  by  the  Russian  Min- 
istry of  Agriculture  inspect  these  scythes  in  this  country  be- 
fore shipping  to  Russia.  It  is  likely  that  this  market  might 
have  been  obtained  before  the  war  had  our  manufacturers 
taken  pains  to  discover  the  peculiar  requirements  placed  by 
the  RuHBian  farmer  on  scythes. 


MAKING  AIRPLANE   TIE-RODS 

In  the  design  of  airplane  parts,  every  precaution  is  taken 
to  remove  superfluous  material.  This  applies  not  only  to  the 
larger  units,  such  as  the  engine,  main  framework,  etc.,  but 
to  every  part,  however  small.  For  example,  a  tie-rod,  55 
inches  long  and  5/16  inch  in  diameter  is  threaded  on  both 
ends  for  a  distance  of  4  7/16  inches;  as  the  weakest  part  of 
this  rod  is  the  bottom  diameter  of  the  thread  on  each  end, 
which  is  practically  %  inch,  the  entire  section  of  the  rod  be- 
tween the  threaded  parts  is  turned  down  to  %  incli  diameter 
at  quite  an  expense  in  order  to  lighten  the  rod.  This  section 
is  approximately  46  inches  long. 

It  is  interesting  to  note  how  the  W.  W.  Oliver  Co.,  Buffalo, 
N.  Y.,  performs  this  operation  on  an  ordinary  engine  lathe. 
After  the  rod  is  cut  off  it  is  held  in  an  ordinary  three-jaw 
chuck,  with  a  little  more  than  half  of  the  rod  protruding 
from  the  chuck.  On  the  cross-slide  ways  of  the  lathe  is 
clamped  a  special  casting,  which  is  bored  out  in  line  with  the 
headstock  and  tailstock  of  the  lathe  so  as  to  accommodate  a 
split  tool-steel  bushing  in  which  there  is  a  hole  that  is  just  a 
running  fit  for  the  5/16-inch  rod.  In  the  toolpost  is  held  a 
small  turning  tool,  set  as  close  as  possible  to  the  front  of  the 
split  bushing.  In  turning,  the  carriage  is  moved  as  near 
the  chuck  as  possible,  and  after  setting  the  tool  to  .turn  the 
rod  to  14  inch  in  diameter,  the  carriage  is  fed  by  power  away 
from  the  chuck.  The  carriage  is  fed  in  this  direction  to 
within  4  7/16  inches  of  the  end  of  the  rod.     This  completes 
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Turning  down  Airplane   Tie-rod3 

practically  one-half  the  length  of  the  rod,  after  which  it  is 
turned  around  in  the  chuck  and  the  operation  repeated  on  the 
other  end. 

This  method  of  turning  long,  slender  rods  is  a  good  one 
but  unless  there  is  a  short  piece  on  the  end  of  the  rod  that 
does  not  have  to  be  turned  down,  it  will  be  necessary  to  leav 
a  little  extra  length  as  a  support  to  be  cut  off  afterward. 


The  failure  of  Aineriran  firms  to  iilaci'  siiUlciciil  postage 
upon  their  lei  tors  to  foreign  countries  has  again  been  called 
lo  our  attention  by  a  prominent  South  American  firm.  It  is 
sliiloil  that  while  the  larger  llrnis  never  refuse  mail  on  account 
(if  Insulllclcnt  i)O8tuK0,  many  of  the  smaller  llrms  find  it  neces- 
.sary  to  rofuBG  mall  from  the  United  States  on  wliicli  only  the 
regular  doniostic  postage  Is  paid,  owing  to  the  heavy  total 
outlay  during  a  year  that  would  have  to  bo  met  on  this  ac- 
count. It  should  be  rcriieinborod  that  when  letters  are  not 
proporly  ijrupald,  the  mldrcHsci'  lias  to  i)ay  not  only  Hie  aniouiil 
lucUlng  In  poHtiigc,  hut  double  that  anmunt.  so  that  the  pay- 
iiiciit  made  by  the  nddrcHHcc  Is  grontor  than  what  would  have 
lipcn  the  total  poHtnge  If  liroju-rly  prepaid  In  the  llrHt  i)lHCe. 
This  liaH  been  niiMitloiicd  In  the  trade  presB  iiunierouH  times, 
hut  BM  HO  many  llrniH  still  Hccni  lo  noglcrt  this  Important  mat 
tcr  In  extondluK  their  Iraile,  r-Hiu'clally  In  the  South  American 
rountrlcH,  It  Hi-eniH  proper  to  cull  attention  lo  it  agHln. 
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METHODS  USED  FOR  SOLVING  EQUATIONS  OF  HIGHER  THAN  THE  SECOND  DEGREE 

BY  J.  J.  CLARK  ' 

EQUATIONS   may   be   divided   into   two   classes — algebraic  TABLE  2. 

and  transcendental.  An  algebraic  equation  is  one  that 
involves  only  the  arithmetical  operations  of  addition, 
subtraction,  multiplication,  division,  involution,  and  evolution; 
a  transcendental  equation  is  one  that  makes  use,  directly  or 
indirectly,  of  either  or  both  of  the  transcendental  numbers 
c  or  TT.  The  number  e  is  the  base  of  the  hyperbolic  system 
of  logarithms,  its  value  being  2.718281828  +,  and  tt  is  the 
ratio  of  the  periphery  of  a  circle  to  its  diameter,  its  value 
being  3.141592653  +.  Any  equation,  therefore,  in  which  the 
variable  occurs  as  a  logarithm,  an  exponent,  a  trigonometric 
function,  or  an  arc  (inverse  trigonometric  function)  is  a 
transcendental  equation. 

The  solution  of  algebraic  equations  has  engaged  the  atten- 
tion of  mathematicians  for  hundreds  of  years,  but  no  general 
exact  solution  for  equations  higher  than  the  second  degree 
has  been  discovered.  Cardan's  formula  will  solve  a  cubic  equa- 
tion, provided  it  has  one  and  only  one  real  root,  but  it  fails 
if  the  cubic  has  three  real  roots.  Descartes'  solution  will  give 
the  roots  of  the  quartic.  provided  it  has  two  and  only  two  real 
roots,  but  it  fails  if  the  equation  has  four  real  or  four  imag- 
inary roots.  For  equations  of  the  fifth  and  higher  degrees, 
it  has  been  proved  that  no  general  exact  solution  is  possible. 

It  has  been  proved  that  neither  e  nor  n  can  be  expressed 
by  a   finite   number   of   figures,   and   that   they   cannot   be  ex- 


Argument 

^        .                                            Differences 
Function 

■'^ 

First                   Second       [          Third 

1 

1.00 

i!o2 

1.04 

1.06 

l'08 

1.10 

1.12 
(etc.) 

1 
4.00000     1 

1     —1961 

3.98039     1 

1     —  1S85 

3.96154     ] 

1     —1814 

3.94340     I 

i     -1747 

3.92593     1 

1     —1684 

3.90909     1 

1     —1623 

3.89286     i          

t 

76 
71 
5-1 
63 
61 

—  5 

—  4 

—  4 

—  2 

ilachitifr-. 

TABLE    1. 


Differences 

Argument 

First 

Second               Third 

Foiirth 

1 

.5 

7 

2 

22 

19 

12 

6 

3 

41 

37 

18 

6 

0 

4 

78 

61 

24 

6 

0 

5 

139 

91 

30 

6 

230 

(etc.) 

Machiiiiru 

pressed  by  surds,  that  is,  by  the  use  of  radicals.  Consequently, 
except  in  special  cases,  only  approximate  values  of  the  roots 
of  transcendental  equations  can  be  obtained;  this  is  also  true, 
in  general,  of  algebraic  equations  higher  than  the  second  de- 
gree. Such  equations,  however,  are  frequently  encountered  by 
engineers,  machine  designers  and  draftsmen,  who  are,  in  most 
cases,  unable  to  solve  them.  In  practice,  every  equation  has 
at  least  one  real  root;  and  the  method  here  described,  which 
may  be  called  the  method  of  interpolation,  is  easily  learned 
and  remembered.  While  in  some  cases  it  may  entail  more 
labor  than  other  approximate  methods,  its  details  are  simpler 
and  it  may  be  applied  to  any  equation,  which  is  not  true  of 
any  other  method  known  to  the  writer.  In  order  to  under- 
stand it  thoroughly,  a  few  of  the  leading  principles  of  inter- 
polation must  be  understood. 

In  Table  1,  the  first  column  contains  a  series  of  numbers 
in  arithmetical  progression,  the  common  difference  being  1; 
these  numbers  are  called  arguments.  The  second  column  con- 
tains the  values  of  14  +  a^  corresponding  to  the  values  of  the 
arguments  in  the  same  row;  these  numbers  are  called  func- 
tions. The  numbers  in  the  third  column  (written  midway 
between  the  functions)  are  obtained  by  subtracting  the  first 
number  In  the  second  column  from  the  second,  the  second 
from  the  third,  etc.,  and  are  called  first  differences;  thus, 
22  —  15  =  7,  41  —  22  =  19,  etc.     The  numbers  in  the  fourth 


column  are  obtained  by  subtracting  the  first  number  in  the 
third  celumn  from  the  one  next  below  it,  the  second  number 
from  the  one  next  below  it,  etc.  They  are  written  midway 
between  the  numbers  in  the  third  column,  and  are  called  sec- 
ond differences;  thus,  19  —  7  =  12,  37  —  19  =  18,  etc.  The 
numbers  in  the  fifth  and  sixth  columns  are  called  third  and 
fourth  differences,  respectively,  and  are  found  in  the  same 
manner  as  the  first  and  second  differences.  These  subtraction^ 
are  always  downward  and  are  always  algebraic,  and  due  re- 
gard must  be  paid  to  the  signs.  Thus,  in  Table  2,  the  first 
and  third  differences  are  negative  and  the  second  differences 
are  positive. 

In  Table  3,  the  arguments  are  represented  by  x,,  a-i,  x^,  etc., 
and  the  corresponding  functions  by  jto,  u-,,  «,,  etc.  The  first 
differences  are  represented  by  I„,  I^,  I,,  etc.;  the  second  differ- 
ences, by  IIo,  II,.  IL,  etc.;  the  third  differences,  by  III„,  III,, 
III,,  etc.  The  difference  between  any  two  consecutive  argu- 
ments is  always  supposed  to  be  constant,  and  is  called  the 
interval;  thus,  x,  —  x„  =  x,  —  x^  ^  x.  —  a-,  =  the  interval. 
In  most  mathematical  tables  the  interval  is  1,  but  in  engineer- 
ing and  other  tables  it  may  be  2,  5,  10.  or  any  convenient  num- 
ber; in  Table  1  it  is  1.  but  in  Table  2  it  is  0.02. 

Now  suppose  it  is  desired  to  find  the  value  of  the  function 
corresponding  to  an  argument  x  that  is  intermediate  between 

.r  —  x„ 
.r„  and  a-,.    Let  h  = ,  and  denote  the  value  of  the  func- 


II  =11  a  +  h 


7) -3 
4 


IV„-i-ete.      (1) 


tion  corresponding  to  x  by  u;  then; 

I„  +  ■ IIo  -I- IIIo 

2    L  3    L 

The  symbol  [  indicates  that  the  coefficient  before  it  multi- 
plies everything  that  follows  it.  In  applying  this  formula, 
which  is  Newton's  formula  for  interpolation,  x,  is  taken  as  the 

TABLE  3. 
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ArKumcnt 

Functioo 
u  =  /  (x) 

Differences 

First 

Second                  Third 

Fourth 

Xt 

Mo 

lo 

^1 

«i 

I, 

IIo 

IIIo 

3"j 

«; 

I, 

11, 

III, 

IV, 

X, 

"> 

I, 

III 

^t 

"• 

(etc.) 
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argument  next  smaller  than  x  and  the  various  differences  are 
found  until  they  become  zero  (as  in  Table  1)  or  negligible 
(as  in  Table  2) ;  then  h  Is  calculated  and  the  formula  worked 
backward,  that  is,  from  right  to  left.  Thus,  if  the  fourth  dif- 
ference is  neglected,  the  third  difference  III„  is  multiplied  by 
h  —  2,  the  product  divided  by  3,  the  quotient  added  to  the 
second  difference  IIo,  the  sum  multiplied  by  ft  —  1,  the  product 
divided  by  2,  the  quotient  added  to  the  first  difference  !„,  the 
sum  multiplied  by  h,  and  the  product  added  to  the  function 
represented  by  u^ 

Example  1 — What  is  the  value  of  14  +  1.6'?    Table  1  shows 
that  the  value  of  the  argument  next  less  than  1.6  is  1;  hence, 
1.6  —  1 
h  = =  0.6.    Here  x^,  =  i,  m„  =  15, 


ft  — 2: 


11.= 


—  1 


3|— 8.4 

—  2.8 
12 

9.2 
—  0.4 

2|— 3.68 

—  1.84 

7 

5.16 
0.6 

3.096 
15 

Example  2- 


2  —  1 
lo  =  7,  II„  =  12,  and  IIIo  =  6;  since  the 
fourth  difference  is  0,  the  third  difference, 
or  6,  is  multiplied  by  ft  —  2,  or  0.6  —  2  = 
— 1.4,  obtaining  — 1.4  X  6  =  —  8.4.  Divid- 
ing this  by  3,  the  quotient  is  — 2.8.  Add- 
ing this  to  the  second  difference  gives 
12  +  (—2.8)=  9.2,  which  multiplied  by 
ft  —  1,  or  0.6  —  1  =  — 0.4,  gives  — 3.68. 
Dividing  by  2  and  adding  to  !„,  or  7,  the 
sum  is  5.16,  which  multiplied  by  ft,  or  0.6, 
gives  3.096.  Adding  this  product  to  «„,  or 
15,  the  sum  is  u,  or  18.096  =  14  +  1.6^ 
as  may  be  proved  by  direct  multiplica- 
tion. The  calculation  for  the  foregoing, 
as  U  would  be  ordinarily  performed,  is 
196    shown  herewith. 

1 

Find  the  value  of  3  -^ .    Table  2  shows 

1.049 
that  X  =  1.049  lies  between  1.04  and  1.06; 
1.049  —  1.04 


—  4 
—  1.55 


hence,  x^  =  1.04,  and  ft  ; 

1.06  —  1.04 
0.45.  Here  u,  =  3.96154,  I,  =  —1814, 
II,  =  67,  III.  =  —  4,  and  the  fourth 
difference  is  negligible.  Consequently, 
ft  —  2  =  0.45  —  2  =  —1.55,  and 
ft  —  1  =  0.45  —  1  =  —  0.55.  The  cal- 
culation is  shown  herewith. 

No  attention  is  paid  to  the  position 
of  the  decimal  points  in  the  differences, 
which  are  treated  as  integers,  as  is 
usually  the  case  in  calculations  of  this 
kind.  Since,  in  general,  when  the  tabu- 
lar functions  are  not  exact,  we  can  ob- 
tain only  as  many  figures  correct  as 
there  are  figures  (or  decimal  places)  in 
the  tabular  functions,  the  decimals  are 
rejected  each  time  before  adding,  as 
shown  in  the  calculation.  By  actual 
1 

division,  3   -1 =  3.953288  +,  or 

1.049 

3.95329  to  six  significant  figures,  the  same  value  as  was  ob- 
tained for  u  by  the  method  of  interpolation. 

Plndlnir  the  Artrument  for  an  Intermediate  Function 

Having  shown  how  to  find  the  function  for  an  Intermediate 

argument  (and  the  method  may  be  applied  to  any  table  when 

the  (ilfTercnccs  become  0  or  are  negllKible),  It  Is  necessary  to 

show  how  to  nnd  the  argument  for  an  Intermediate  function.   If 


11.= 

3|+6.20 

2.1 
67 

-1= 

69.1 
—  0.55 

3455 
3455 

1.= 

2  [—38.005 

—  19 
—  1814 

ft  = 

—  1833 
0.45 

9165 
7332 

u,  = 

—  824.85 
3.96154 

u  =  3.95329 


the  Interval  x, 
from  which: 


X,  is  represented  by  m,  ft  : 


a:,  —  X, 


X  ™  X,  +  w  ft  ( 2 ) 

Con»e<|uonlly,  If  ft  Is  known,  x  can  bo  found  by  Bubstltutlng 
In  Formula  (2).     The  value  of  ft  may  bo  determined  In  the 
followInK  manner:    Krom  Formula  (1), 
U— u, 

(3) 


I.  f 


2 


M. 


ft  — 2 


III.  -f  etc. 


Since  ft  occurs  in  the  denominator  of  Formula  (3),  a  series 

of  approximate  values  for  ft,  which  will  here  be  designated  by 

ft,,  ft,,  ft,,  etc.,  is  calculated  by  means  of  the  following  formulas, 

all  Of  which  are  derived  from  Formula  (3) : 

«  —  tt, 

fti  = (4) 


(5) 


Io+- 


X  II, 


(6) 


lo-f  • 


no  +  - 


III, 


When  applying  these  formulas,  find  the  value  of  ft,  to  two 
decimal  places,  substitute  in  Formula  (5),  and  calculate  ft,  to 
four  decimal  places.  If  the  difference  between  ft,  and  ft,  is 
greater  than  five  units  when  both  are  expressed  to  two  decimal 
places,  apply  Formula  (5)  again,  using  the  new  value  for  ft,. 
If  the  difference  between  the  two  values  of  ft,  is  greater  than 
five  units  when  both  are  expressed  to  three  decimal  places,  ex- 
press ft,  to  three  decimal  places,  and  substitute  in  Formula 
(6) ;  otherwise,  express  ft,  to  four  decimal  places  and  sub- 
stitute in  Formula  (6).  The  value  obtained  from  Formula  (6) 
will  usually  be  correct  to  four  or  more  decimal  places;  but 
if  the  difference  between  ft,  and  ft,  is  greater  than  five  units 
when  both  are  expressed  to  three  decimal  places,  apply  For- 
mula (6)  again,  using  the  new  value  for  ft,  expressed  to  three 
decimal  places.    The  method  is  best  explained  by  an  example. 

Example  S — Using  Table  1,  find  the  cube  root  of  41.305. 
Here  x'  =  41.305,  so  14  +  x=  =  55.305  =  u.  According  to  the 
table,  this  value  of  u  falls  between  41  =  «„  and  78  =  it,;  there- 
fore, X,  =  3,  I,  =  37,  II,  =  24,  III,  =  6.  Substituting  in  For- 
mula (4) : 

M  — tt„        55.305  —  41          14.305 
ft,  =  — -  = = =  0.39 


lo 

Applying  Formula  (5): 
14.305 


37 


37 


ft,  =  ■ 


■  =  0.4820,  or  0.48  to  two  decimal  places 


0.39  —  1 

37  -\ X  24 

2 
Since  48  —  39  =  9,  a  number  greater  than  5,  Formula  (5) 
must  be  applied  again,  substituting  0.4S  for  ft^,  when  ft,  =  0.4651 
is  obtained.    Since  482  —  465  =  17,  a  number  greater  than  5, 
0.465  is  substituted  for  ft,  in  Formula  (6)  and: 
14.305 
ft,  = =  0.4556 


37  +  - 


0.465- 


0.465- 


24+- 


X6 


Since  465  —  456  =  9,  a  number  greater  than  5,  Formula  (6) 
is  applied  again,  using  0.456  for  ft,;  this  gives  ft.,  =  0.4568. 
Since  4568  —  4556  =  12,  it  is  doubtful  if  8  is  the  correct 
fourth  figure  for  ft,;  hence,  substituting  0.4568  for  ft,  in  For- 
mula (6),  ft,  =  0.45674 — .  Substituting  this  value  for  ft  In 
Formula  (2),  x  =  3  -f  1  X  0.45674  =  3.45674.  The  value 
of  1^41.305  correct  to  seven  significant  figures  is  3.4567466  -f. 

Although  this  may  appear  tedious.  It  is  the  only  practical 
method  that  can  be  used  In  certain  cases.  This  example  Is 
particularly  difficult  of  solution,  because  the  Interval  is  very 
large  as  compared  with  the  arguments.  When  the  arguments 
are  given  to  two  or  three  figures,  the  work  Is  much  easier. 

Pnictlciil   Applications  of  Method 

Example  It — In  the  December,  1916,  number  of  MAOiiiNEnY, 
there  Is  a  request  for  a  solution  of  the  equation  3  sec  0  ■\-  cosec 
<t>  =  5.7142857.  The  equation  is  first  written  as  /(0)  = 
3  sec  0  -f  cosoc  0  —  5.7I42S57  =  0.  It  Is  known  that  «  Is  In 
the  iiolKhbnrliood  of  45  degroes;  hence,  substituting  In  the 
equation,  /(','.)  - -■  —0.057431;  for  v  —  46  dogrocH,  /(0)  = 
—  0.005453.  It  iv,  evident  that  for  <(>  --=  47  dogroos,  /(./.)  will 
bo  poHltlvo;  that  Is,  It  pasHOR  through  a  root  bntwoen  46  and 
47  degrees.  Now,  nssurolng  that  as  (f,  Increases  from  45  to  46 
(logrecs,  /(.^)  Inrroasofl  from  —0,057431  to  —0.005453  at  a  uni- 
form rnto,  and  that  It  IncreascR  from  — 0.00B4B3  lo  0  at  the  snme 
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rate,  it  will  become  0  at  46  +  1  X 
5453 


0  —  (— 0.005453) 


=  46  +  1  X 


—  0.005453  —  (—0.057431) 
46.1  degrees,  nearly,  =  46  degrees,  6  min- 


51978 

utes,  which  is,  probably,  the  value  of  0  to  the  nearest  minute. 
If  a  more  exact  value  is  required,  a  table  should  be  made  up, 
as  shown  herewith,  making  the  interval  3  minutes,  say,  to 


Degrees 

P 
Minutes 

/(*>) 

46 

6 

+  0.000036 

—  2750 

46 

3 

—  0.002714                +11 

—  2739            +4 

46 

0 

—  0.005453               +15 
—  2724 

45 

57 

—  0.008177 

reduce  the  labor  of  calculation.  The  third  differences  are  so 
small  that  they  will  have  no  effect  whatever  on  the  calcula- 
tion, and  may  be  neglected. 

Applying  Formula  (4),  u  =  0,  «„  =  36  (neglecting  the  deci- 

0  —  36 

mal  points),  I,  =  —2750,  II„  =  11,  and  ft,  = =  0.01309. 

—  2750 
—  36 

Applying  Formula   (5),  Tij  ^=  = 

0.01309  —  1 

—  2750  H X  11 

2 
0.01307.     The  interval  is  —  3  minutes,  since  3  minutes  —  6 
minutes  =  — 3  minutes;  hence,  by  Formula  (2),  <t>  =  46  de- 
grees, 6  minutes   +    (— 3    X   0.01307)    =  46  degrees,  5.96079 
minutes  =  46  degrees,  5  minutes,  57.65  seconds. 
Example  5 — Some  years  ago,  the  following  problem  was  sub- 

mitted    to    the    writer 

by  a  machinist.  Fig.  1 
represents  a  flat  ring 
from  which  a  section 
ABCD  is  to  be  cut 
out.  AD  and  BC  are 
parallel  to  the  middle 
radius  OE.  If  OB  =  6 
inches,  00  =  4  inches, 
and  the  area  of  the 
piece  cut  out  is  ex- 
actly 6  square  inches, 
what  is  the  length  of 
ABf  Let  AB  =  x, 
AD  =  y,  AOE  —  ?, 
•and  DOE  =  7.  If  a; 
is   known    or   assumed, 


Fig.  1.    Diagram  illustrating  Problem  of 
cutting  Exact  Area  from  a  Flat  Ring 


AE 


12 


-,  and  sin  7 


-,  from  which 


6  cos  /3  —  4  cos  7;  area  of  seg- 
18(2/3  —  sin  2|3)  ;  area  of 


sin  /3  = =  1^  x  -=-  6  = 

AO 
j8  and  7  can  be  found.    AD 

r" 
ment  AEB  —■ ■  (2/3  —  sin  2^) 

2 

segment  DEC  =  8(27  —  sin  27);  and  area  of  AEBOFD  = 
AD  X  AB  +  segment  AEB  —  segment  DEC  =  (6  cos  /S  —  4 
cos  7)  X  a;  +  18(2/3  —  sin  2/3)  —  8(27  —  sin  27)  =  6.  The 
equation  may  be  written  i(x)  =  (6  cos  /3  —  4  cos  7)  a;  + 
18(2/3  —  sin  2/3)  —  8(27  —  sin  27)  —  6  =  0.  It  would  be 
practically  impossible  to  solve  this  equation  by  any  method 
other  than  the  one  here  described.  The  first  step  is  to  assign 
a  value  to  x;  next  find  /3  and  7,  then  substitute  in  the  equa- 
tion and  find  ](x).  A  brief  inspection  of  the  illustration  will 
show  that  X  must  be  nearly  equal  to,  but  less  than,  3.  Assume 
2.9 

that  X  =  2.9;  then  sin  /3  = ,  from  which  /3  =  13  degrees, 

12 

2.9 

59  minutes,  6  seconds,  and  sin  7  =  ,  from  which  7  =  21 

8 
degrees,  15  minutes,  14.5  seconds.  Substituting  these  values  of 
X,  p  and  7  in  the  equation,  f(x)  =  — 0.11150.  For  x  =  2.92. 
/(x)  =  —0.06981;  for  x  =  2.94,  fix)  =  —0.02780;  and  for 
X  =  2.96,  fix)  =  +  0.01410.  It  is  not  likely  that  the  last  flg- 
ures  of  these  results  are  correct,  because  of  the  multiplica- 
tions and  the  use  of  five-place  tables.     Hence,  dropping  the 


X 

fix) 

2.96 

+  0.0141 

—  419 

2.94 

—  0.0278             — 1 

—  420 

2.92 

—  0.0698              +3 

—  417 

2.90 

—  0.1115 

last  figures,  arrange  the  re- 
sults as  shown  in  the  table. 
Here  the  second  difference  is  so 
small  that  it  may  be  neglect- 
0  —  141 

ed,  and  h  = =  0.3365. 

—  419 
Since  the  interval  is  294  — 
296  =  —  2,  a;  =  296  +  (— 2  X  0.3365)  =  295.327,  or  2.95327 
inches,  when  the  decimal  point  is  restored.  This  problem  Is 
one  of  the  most  difficult  of  solution  that  the  writer  has  evet 
encountered,  and  shows  what  an  engineer  is  likely  to  meet 
with  in  practice. 

Example  6 — In  Ma- 
chinery for  July,  1916, 
the  following  cubic  equa- 
tion occurs:  1.0472s°  — 
6.2832s'  +  12.5664s  — 
0.233  =  0  =  fis).  To 
solve  this  equation  by 
the  interpolation  meth- 
od, it  is  first  neces- 
sary to  find  an  ap- 
proximate value  of  s. 
To  do  this,  assume  that 
in  Fig.  2  d  =  D  =  4; 
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12 


Fig.  2.    Illustrating  Size  of  Valve  Open- 
ing for  Discharging  0.233  Cubic 
Foot  of  Water  per  Second 


0.233,  from  which  s  =  0.0185, 


d-)  s  = X  3  X  4"  X  s  =  47rs 

12 
nearly.     Substituting  this  value  of  s  in  the  given  equation, 
fis)  =  —0.002666.     For  s  =  0.0187,  fis)  =  —0.000198,  and 
for  s  =  0.0189,  fis)  = 


0.0189 
0.0187 
0.0185 


fis) 
+  0.002267 

—  0.000198 


—  2465 


Since  the  interval  is  — 2,  s  = 


0.002267.  Forming  the 
table  in  the  usual  man- 
ner, the  second  differ- 
ence is  so  small  it  can 
be  neglected;  whence, 
0  —  2267 

h  =  - — ■ =  0.9197. 

—  2465 
189   +  (— 2    X    0.9197)=  187.1606,  or  0.01871606,  when  the 
decimal  point  is  restored.     The  root  correct  to  eight  figures 
is  0.01871607  +. 

It  may  here  be  stated  that  if  the  calculated  (tabular)  func- 
tions are  not  exact,  but  are  limited  to  a  certain  number  of 
significant  figures  or  decimal  places,  as  in  the  last  three  ex- 
amples, the  second  and  all  higher  differences  may  be  neglected 
if  less  than  4,  and  third  differences  may  be  neglected  if  less 
than  8.  It  is  also  well  to  note  that  the  value  obtained  for  h 
is  always  positive — it  can  in  no  case  be  negative. 

The  greatest  difficulty  in  finding  the  root  of  an  equation  lies 
in  the  determination  of  the  first  and  second  figures;  when 
these  have  been  found,  the  rest  of  the  work  is  merely  a  matter 
of  detailed  calf'ulation.  In  all  practical  problems,  the  first  two 
figures  can  usually  be  determined  quite  accurately  by  exercis- 
ing good  Judgment  (as  in  Examples  4  and  5),  by  an  approxi- 
mate formula  (as  in  Example  6),  or  by  actual  measurement 
from  an  accurate  drawing;  the  latter  is  illustrated  in  the  fol- 
lowing example. 

Example  7 — In  Machinery  for  January,  1917,  a  root  is  re- 
quired of  the  equation  256i/'  +  66663/'  +  436641/"  —  1225  = 
0  =  /(3/).    By  making  an  accurate  construction  of  the  diagram 


Fig.  3.     Problem  in  designing  Dii 
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shown  in  Fig.  3  and  carefully  measuring,  y  will  be  found  to 
be  about  0.15  inch.  Substituting  0.15  for  y  in  the  equation, 
ny)  =  —220;  for  y  =  0.16,  fiy)  =  —80;  and  for  y  =  0.17, 
/(2/)  =  -f-  70.  Forming  the  table  as  usual,  the  second  differ- 
ence   is    10,    and    must    be    considered.      By    Formula    (4), 

0  — (+70)                                             —70 
A,  = =  0.47;    7i  = =  0.46. 


150 


0.47  —  1 


—  150 


X  10 


•150 


0.16 


+  10 


0.1654 
0.1655 


—  0.1677 


+  1.3322 


14999 


.Therefore,  y  =  17   +  (— 1   X   0.46)  =  16.54,  or  0.1654  when 

the    decimal    point    is    restored. 

y  f(y)  In   obtaining  the   foregoing   val- 

0.17  +70  ues     of    /()/),     the    calculations 

were  all  limited  to  one  decimal 

-|iQ  place,    in    order    to    save   labor. 

0.15  220  Now    substituting    0.1654    for    y, 

f(y)  =  — 0.1677;  and  for  y  = 
0.1655,  /(2/)  =  +  1.3322.  These  results  show  that  the  first 
four  figures  of  y  are  1654;  it  will  not  be  necessary  to  cal- 
culate a  second  difference,  since  at  least  three  more  fig- 
ures can  be  obtained  by  using  first  differences  only.  Hence, 
0— (— 1677) 

/I  = =0.1118,  and  x  =  1654  +  1    X   0.1118  = 

14999 
1654.1118,    or    0.16541118    after    restoring    the    decimal    point. 
The  root  correct  to  nine  fig- 
y  1^y'>  ures   is   0.1654111S6  +. 

It  may  here  be  stated  that 

if    the    argument    has    been 

found     correct     to     three     or 

more  significant  figures,  and  the  interval  is  one  unit  in  the 

last  figure,  either  as  many  more  or  as  many  more  less  1  may 

be  obtained  by  using  first  differences  only. 

«     *     * 

AN   ANCIENT   LATHE 

BY  GUY  H.  GARDNER  1 

One  sometimes  hears  the  wish  expressed  that  a  man  of  a 
century  ago  could  return  to  earth,  that  we  might  hear  his 
comments  on  the  surprising  changes  that  would  greet  his 
eyes.  If  such  a  visitor  chanced  to  be  a  machinist,  with  what 
emotions  would  he  examine  the  machine  tools  that  have  been 
evolved  from  the  simpler  forms  with  which  he  was  familiar? 
What  would  be  his  standard  of  comparison  and  what  images 
of  the  appliances  of  his  day  would  their  successors  bring  to 
his  mind?  What  were  the  machine  tools  with  which  his  shop 
was  equipped  and  how  much  do  we  know  of  the  state  of  our 
trade  a  century  ago? 

In  his  boyhood,  old  men  told  the  writer  of  the  chain  planers 
of  their  apprentice  days  and  of  the  times  of  their  fathers 
when  lathe  carriages  were  not.  Then  the  skill  of  the  work- 
man was  depended  on  to  operate  and  guide  a  tool  of  such  pro- 
portions that  the  handle  rested  on  the  latheman's  shoulder 
while  the  working  end  traversed  the  T-rest.  At  a  later  date 
there  were  lathes  with  a  rack  feed,  for  each  of  which  floor 
space  of  twice  Its  length  had  to  be  provided,  one  of  which  it 
wa«  the  writer's  privilege  some  years  later  to  see. 

ThiH  lathe  was  credibly  reported  to  have  been  built  Just 
before  the  war  of  1812,  and  was  In  daily  use  seventy  years 
later.  It  had  a  swing  of  twenty  Inches  and  its  bed  was  twelve 
feel  long.  The  bed  consisted  of  three  cast-Iron  pieces,  twelve 
feet  long,  and  four  vees  of  %-  by  C-lnch  flat  stock  set  on  edge. 
The  cant'lron  pieces  served  as  distance  pieces,  and  the  whole 
wan  united  by  dowels  and  tap  bolts.  The  vees  were  planed 
to  an  Included  angle  of  90  degrees. 

The  headHtotk  wan  longer  than  Is  now  usual  In  lattiCH  of  that 
mIzo,  for  It  waK  necessary  to  provide  room  for  a  wooden  cone 
pulley  of  elKbl  MiepM,  there  Iteiiig  no  Imck-Kcars.  Both  spindles 
were  of  Bfiuare  Hied,  the  only  round  partH  of  the  live  spindle 
beInK  the  beurlngM,  the  nose,  and  the  iirojectlon  at  the  left 
of  the  hcaclMtock.  In  thU  Bplndio,  Just  Inside  the  front  bear 
InK,  wan  a  Hlot  for  a  drift  to  remove  the  center,  but  the  tall 
(iplndlc  had  a  hole  llirougli  It  and  a  push-rod  held  In  place  by  a 
pin  HO  that  It  could  not  be  eoHlly  removed,  From  the  enlarged 
end  of  thiN  pin,  battered  by  the  baMiiner  blows  of  HUccosMlve 
\i.i,...    s.  .  i/,iiifcin7.il,  II. 


generations  of  workmen,  the  writer  removed  a  small  splinter, 
which  a  metallurgist  pronounced  a  pure  wrought  iron  resem- 
bling so-called  "Norway"  (Swedish)  iron.  The  center  holes 
in  this  venerable  relic  had  been  reamed  to  a  modern  standard 
taper,  but  the  original  centers  were  preserved,  the  tapering 
portion  being  about  1%  inch  long  and  tapering  more  than  an 
inch  to  the  foot;  a  long  teat  extended  beyond  the  taper  for 
the  drift  to  act  upon.  The  headstock  boxes  were  of  cast  iron 
of  somewhat  complicated  design,  each  having,  besides  the 
holding-down  bolts,  a  pair  of  screws  for  raising  and  lowering 
the  box  as  a  whole  and  another  pair  for  closing  the  halves 
more  or  less  tightly  upon  the  spindle.  The  writer  was  told 
that  when  the  lathe  was  dismantled  for  overhauling  a  few 
years  before,  the  boxes  and  bearings  were  in  excellent  condi- 
tion. It  was  then  also  discovered  that  in  both  the  headstock 
and  the  carriage  bars  of  wrought  iron  were  "burned  into" 
the  castings  to  add  strength  and  rigidity.  The  faceplate  bore 
against  an  unusually  broad  collar  shrunk  on  the  spindle.  It 
had,  besides  three  plain  slots,  three  slots  finished  by  planing 
and  obviously  designed  to  carry  chuck  jaws,  but  no  one  had 
ever  seen  the  jaws. 

Most  remarkable  of  all  were  the  feed  arrangements.  A  rack 
attached  to  the  under  side  of  the  carriage  bridge  extended  be- 
neath the  headstock  and  meshed  with  a  pinion  on  a  horizontal 
shaft  at  the  extreme  left  of  the  lathe.  This  shaft  bore  at  its 
front  end  a  handwheel  and  at  the  back  a  sleeve,  which  formed 
one  member  of  a  jaw  clutch.  On  this  sleeve  was  a  wooden 
pulley  that  was  driven  by  a  belt  from  a  pulley  on  the  live 
spindle,  two  idlers  being  provided  to  guide  and  tighten  the 
belt.  When  a  change  of  feed  was  desired,  the  operator  had  to 
change  the  pulleys  and  adjust  the  idlers;  and  to  reverse  the 
direction  of  feed,  he  had  to  shift  the  quarter-twist  belt.  At  the 
time  of  the  writer's  visit,  a  six-inch  pipe  flange  had  just  been 
bored  and  was  being  threaded,  pulleys  being  chosen  for  the 
proper  lead  of  thread  from  a  large  collection  hanging  on  the 
wall.  The  taper  was  obtained  by  mounting  on  the  cross-feed 
screw  a  wooden  disk,  from  the  periphery  of  which  a  leather 
strap  extended  to  a  bracket  at  the  right-hand  end  of  the  bed. 

Something  more  than  a  hundred  years  ago,  a  settler  in  what 
was  then  a  wild  part  of  New  England,  far  up  the  Connecticut 
River,  brought  by  boat  and  installed  in  his  log-cabin  shop  a 
lathe  similar  to  that  just  described,  and  with  its  aid  con- 
structed rifles  of  such  excellence  that  tales  of  their  accuracy 
were  current  in  the  neighborhood  within  the  writer's  memory. 
To  one  of  these,  said  to  have  been  the  maker's  masterpiece,  a 
descendent  added  a  telescopic  sight,  all  the  metallic  parts  of 
which  were  made  on  the  old  lathe;  but  whether  the  grinding 
of  the  lenses  was  done  by  the  same  machine,  tradition  does 
not  reveal.  While  we  are  not  told  how  this  maker  did  the 
rifling,  the  manner  of  boring  the  barrels  has  been  preserved. 
He  kept  among  his  tools  a  well-seasoned  beech  log  that  was 
bored  to  fit  the  outside  of  the  barrels.  Driving  the  barrel 
into  this,  after  turning  its  exterior,  he  mounted  the  log  on  the 
lathe  centers  and  ran  a  truing  cut  over  it;  then  carrying  the 
log  in  several  homemade  beech  steady-rests,  he  bored  the 
barrel  with  a  "hog-nosed"  drill. 

Machine  tools  have  changed  vastly  since  those  days,  but  men 
are  still  men.  If  the  old  workmen  could  return,  they  would 
soon  be  able  to  do  good  work  with  modern  appliances.  If 
obliged  to  employ  the  tools  and  methods  of  a  century  ago, 
we  should  find  more  difllcully,  but  if  we  are  real  machinists, 
not  more  runners  of  inacliiiies,  wo  should  soon  learn  to  do  as 
our  fathers  did,  for,  in  spite  of  what  some  people  say,  the 
skilled  eye,  hand  and  brain  are  of  far  more  importance  to  good 
work  than  any  machlno.  Invaluable  as  the  Improved  machine 
Is,  and  Indlspeiisalile  to  rapid  work. 

At  the  suKKCHtlon  of  the  War  Depiirtinent,  the  manufar- 
turiirs  are  now  trying  lo  make  llie  parts  of  molon-yclos  for  use 
In  war  as  complelcdy  Inlerchnngeable  UH  poHslble.  The  War 
Department  desires  large  nuMibers  of  niotorcycleH  for  dispatch 
work  and  trnnsporlatlon  of  maihlne  giinH.  an  nlTlclal  of  the 
niotorcyrlo  eiiglnnprs  expliilneil.  Tlii)  depurlnient  has  sug- 
K(>Hteil  to  llio  engineers  thai  iillliiialelv  (he  Hulled  Hlales  will 
have  one  standard  war  uiulnri  vile  mid  mIhm  mii'  slandanl  IrucU. 
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METHODS  USED  IN  MAKING  THREAD-CUTTING  AND  RADIUS-FORMING  TOOLS  AND   ANGLE-GRINDING  FIXTURE 

BY  J.  R.  MACINTYRE  ' 


THIS  article  has  been  written  tjecause  little  has  been  pub- 
lished on  the  actual  making  of  thread  gages,  though 
most  publications  intended  for  toolmakers  and  machinists 
have  published  formulas  from  time  to  time,  for  measuring  and 
inspecting  these  gages.  Undoubtedly  many  firms  are  produc- 
ing accurate  thread  gages  both  quickly  and  eflficiently,  but  tne 
average  tool-  and  gage-maker  has  still  to  learn  how  this  work 

is  done.  .^      , 

The  most  varied  experience  on  thread  gages,  aside  from 
working  for  one  of  the  firms  that  manufacture  them  is  to  be 
had  in  the  arms  and  ammunition  plants  that  are  making 
rifles  for  the  different  foreign  governments.  The  production 
and  inspection  of  the  modern  military  rifle  requires  many 
sizes  and  forms  of  thread  gages.     Some  of  the  thread  angles 

and  elements  are 
strange  to  the  Ameri- 
can-trained toolmaker, 
for  instance  the  Loew- 
enherz  thread,  which 
has  an  angle  of  53  de- 
grees, 8  minutes,  and 
the  French  and  Russian 
metric  threads,  which 
are  rounded  at  the  bot- 
tom of  the  thread  in 
the  screw,  and  at  the 
top  in  the  nut. 

It  is  seldom  that  any 
two  tool-rooms  approach 
the  problem  of  thread- 
gage  production  in  ex- 
actly the  same  manner. 
Some  plants  mill  their 
thread  gages,  while 
others  "  cut  them  in 
either  a  bench  or  an  en- 
gine   lathe;    and    after 


HEEL  SPINOLE 


Fig.    1.     Diagram    for   calculating   Angle 
of  Thread-cutting   Tool 


hardening,  some  prefer  to  grind  and  lap  the  gages,  while 
others  finish  them  to  size  by  lapping  only.  The  success  of 
thread-gage  making  depends,  as  does  all  other  accurate  work, 
on  a  thorough  understanding  of  the  requirements,  machine 
equipment,  personal  element,  raw  materials,  and  so  forth; 
but  unless  the  work  is  started  along  the  proper  lines  and 
these  lines  are  strictly  adhered  to.  the  gages  will  meet  neither 
the  expectations  nor  the  inspection  limits. 

The  tools  and  devices  here  described  are  representative  of 
the  current  practice  in  the  thread-gage  department  of  the 
Remington  Arms  Co.. 
Bridgeport.  Con  n.. 
where  thread  gages 
of  the  various  types 
for  gaging  rifle  parts 
have  been  satisfac- 
torily produced.  The 
writer's  part  of  the 
job  was  the  origina- 
tion and  production  of 
the  various  angle-test- 
ing bars,  radius  bars, 
grinding  fixtures, 
thread  tools,  wires, 
laps,  etc.,  the  calcula- 
tion of  micrometer 
readings  over  wires 
for  threads  of  any  an- 
gles, rhange-geara  for 
metric  and  special 
threads,  and  work  of 
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Fig.  3.     Diagram  for  calculating  Angle  of  Magnetic  Chuck 

a  similar  nature.  In  the  production  of  the  necessary  tools, 
etc.,  the  first  thing  required  was  the  origination  of  a  master 
single-pointed  thread  tool,  Pratt  &  Whitney  style,  for  each 
particular  type  and  pitch  of  thread  gage.  For  example,  in  the 
case  of  the  French  60-degree  thread  gage  with  round  top  and 
root  of  thread,  one  tool  was  made  for  each  radius;  similar 
gages  were  required  for  the  53-degree  thread  gages  with 
rounded  top  and  root,  and  so  on.  Simultaneously  with  the 
different  steps  in  the  making  of  the  master  tool,  and  often 
preceding  some  of  the  steps,  came  the  origination  of  the  nec- 
essary fixtures  or  test-bars  for  making  the  tool. 

The  thread-tool  blanks  are  cheaper  to  buy  than  to  manufac- 
ture, if  one  is  not  engaged  in  gage-making  as  the  principal 
business.  When  one  considers  the  long  life  of  these  types 
of  thread  tools,  which  only  need  grinding  on  the  top  to  restore 
them  to  first-class  condition,  it  is  evident  that  the  blanks 
should  be  seasoned  as  thoroughly  as  possible,  but  as  time  is 
at  a  premium  at  present,  the  blanks  are  often  finished  while 
in  a  state  of  molecular  strain,  which  tends  to  add  to  the  some- 
what inherent  instability  of  such  tools. 

Some  attempt  should  be  made  to  so  plan  the  work  that, 
after  each  operation  on  the  thread  tool,  some  other  part  of 
the  job  can  be  taken  up.  so  as  to  give  the  tool  some  chance 
to  relieve  itself  of  the  strain  caused  by  machining.    When  the 

tool  is  being  ground, 
there  is  a  great  danger 
of  overheating  the  thin 
edge,  causing  it  to  be 
too  soft;  a  soft,  coarse 
wheel  with  light  cuts 
will  give  a  good  finish 
that  will  not  need 
much  lapping,  and  at 
the  same  time  reduces 
the  chance  ot  over- 
heating   the    edge. 

Fixture  (or  Grlndlnu: 
Thread  Antrle  on 

Tool 
When  making  the 
lixUiro  tor  grinding 
the  thread  angle  on 
the  tool,  it  must  be 
borne  in  mind  that  the 
angle  ground  on  the 
thread  tool  in  a  plane 
at  right  angles  to  the 


Anjlc-grinding  Fixtur 


32 


MACHINERY 


September,  1917 


sharp  edge  of  the  tool  is  greater  than  the  angle  that  wiUbe 
cut  on  the  gage  by  the  tool.  The  excess  amount  Is  dependent 
on  the  amount  of  front  clearance  of  the  tool;  15  degrees  is 
universally  accepted  as  the  most  efficient  clearance  angle. 

The  method  of  calculating  the  angle  of  the  thread  tool  is 
as  follows:  Let  the  clearance  angle  be  i',  and  half  the  actual 
thread  angle,  w,  as  shown  in  Fig.  1.  The  thread-tool  angle, 
which  is  greater  than  the  actual  thread  angle,  is  measured  at 
right  angles  to  line  CD,  or  in  the  plane  AB.  Angle  w  is  meas- 
ured in  plane  CE.  Angles  v  and  w  are  known.  The  angle 
in  plane  AB  that  is  to  be  found  is  called  x.  This  is  half  the 
included  angle,  corresponding  to  angle  w.  Then,  referring  to 
Pig.  1, 

CF  cos  V  =  FE 
CF  tan  w  =  FG 
Hence, 

FG  tan  V} 

=:  tan  X  = 

FH  cos  V 

For  a  60-degree  U.  S.  thread: 

tan  30  deg. 

Tan  X  = =  0.597748 

cos  15  deg. 
X  ^  30  degrees  52  minutes  6  seconds 
If  this  angle  is  multiplied  by  2,  the  answer  will  be  the  re- 
quired angle  on  the  thread  tool  in  a  plane  at  right  angles  to  the 
thin  edge  of  the  tool ;  hence  2X30  degrees,  52  minutes,  6  sec- 
onds =  61  degrees,  44  minutes,  12  seconds,  the  required  angle. 
This  angle,  of  course,  is  different  for  every  class  of  thread. 
For  a  Whitworth  55-degree  thread  it  would  be: 
tan  27  deg.  30  min. 

Tan  X  = =  0.538946 

cos  15  deg. 
r  =  28  degrees  19  minutes  20  seconds,  or  the  full  angle,  56 
degrees  38  minutes  40  seconds 
It  will  be  plainly  seen  from  the  foregoing  calculations  that 
the  angle  to  which  to  grind  the  thread-tool  fixture  will  be  30 
degrees,  52  minutes,  6  seconds  for  a  60-degree  thread  angle. 
The  fixture  is  shown  in  Fig.  2.  The  block  is  made  of  machine 
steel  and  pack-hardened;  the  approximate  dimensions  are 
given.  The  base  is  cut  away  so  as  to  allow  the  block  to  rest 
on  the  four  corners.  First  the  block  is  shaped  all  over  and 
the  angles  shaped  out,  with  clearance  groove,  as  shown,  so 
that  when  the  angles  are  ground,  there  will  be  enough  clear- 
ance for  the  grinding  wheel  to  cut  right  across  the  angle.  The 
slot  for  the  tool-holding  clamp  C  is  also  shaped  out;  then  the 
four  %-inch  holes  for  the  round  lapping  pins  A  are  drilled. 
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Fir.  4.     Mutor  Bar  for  teitinf  Buliui  on  Point  of  Thread  Tooli 

also  the  four  small  screw-holes  for  clamping  the  lapping  pins 
In  position  and  likewise  the  screw-hole  for  the  tool  clamp. 

The  fixture,  after  hardening.  Is  ground  square  and  flat  all 
over  and,  In  this  Instance,  is  put  on  a  Walker  surface  grinder 
that  la  equipped  with  a  universal  swivel Ing  magnetic  chuck. 
A  Bine  bar  Is  held  on  the  face  of  the  chuck  by  the  current, 
and  a  dial  Indicator  la  held  between  clamping  washers  on  the 
whecldiplndlc;  the  chuck  la  then  swiveled  until  the  correct 
aoKlc  Ib  obtained,  as  ahown  In  Fig.  3.  Aa  a  6-Inch  sine  bar 
IH  used,  angle  »  =  30  degreea,  62  minutes,  6V4  seconds  and 
Jf  ---  6  X  Bin  fl  -=  6  X  0.51307  =  2.5S535  Inches.  Dy  the  use  of 
the  mUrotncter  rcadlngH  on  the  elevatlng-Hcrew  handwheol  and 
the  illal  Imllialor,  llic  dlfrercnce  In  helnht  of  Iho  two  buttorin 
In  not  to  2.66536  Inches,  which  la  the  correct  angle. 

The  fixture  la  now  placed  upon  the  chuck  and  ground  on 
nnKlo  0,  and  oa  the  aurfacc  that  the  back  of  the  ihrcacl  tool 
roata  aKninat  la  at  an  angle  of  80  dcgreoa  to  the  aurface  Juat 
Kround.  It  con  alao  be  Kround  without  moving  the  fixture. 
The  four  %.|nch  boloa  arc  then  ground,  ao  that  they  will  bo 
perpendicular  to  the  baac  of  the  block.  In  order  that  thf  plna. 


Fig.  2,  will  not  cant  out  of  the  vertical  line  when  they  are 
moved  up  or  down,  and  thus  require  much  grinding  to  bring 
all  four  tops  into  the  same  horizontal  plane  again,  this  plane 
being,  of  course,  parallel  to  the  base  of  the  block. 

Master  Radius  Bar  and  Radius-forming'  Tool 

Upon  the  completion  of  the  grinding  fixture,  the  master 
radius  bar  should  be  made.  This  bar  is  provided  with  semi- 
circular grooves  in  the  circumference,  one  groove  for  each 
radius  required  by  the  respective  thread  tools  for  the  differ- 
ent pitches  of  threads;  that  is,  the  fine-pitched  threads  require 

thread  tools  with  small  

radius  on  the  point  of 
the  tool,  whereas  the 
tools  for  cutting  coar.s- 
er  threads  will  have  a 
larger  radius  on  the 
point.  The  bar  is 
made  of  medium-hard 
brass,  softness  not 
being  any  detriment 
to    this    tool,    as    it    is 

only  used  for  reference,  "^'f-  *•     Radius-forming  Tool 

while  the  peculiar  construction  and  frailness  of  the  radius- 
forming  tool  precludes  the  use  of  any  hard,  tough  metal. 
The  bar  is  made  from  stock  0.75  inch  in  diameter  and  5  inches 
long.  This  bar  is  centered  and  placed  between  centers  in  a 
"  Pierce  "  bench  lathe,  which  has  a  handy  vertical  slide  for 
adjusting  the  cutting  tools  to  the  exact  height  of  the  centers; 
then  the  bar  is  trued  up  until  it  is  circular. 

At  this  point  there  should  be  constructed  the  radius-form- 
ing tool,  similar  to  that  shown  in  Fig.  5.  This  tool  is  made  of 
a  piece  of  5/16-inch  square  medium-hard  brass;  its  length  is 
about  3  inches,  to  suit  the  toolpost.  Assuming  that  the  radius 
to  be  cut  is  0.009  inch,  a  hole  0.018  inch  in  diameter  is  drilled, 
with  a  needle  drill,  at  an  angle  from  the  vertical  that  will 
provide  just  enough  clearance  for  the  tool  to  cut  and  not  rub. 
If  this  angle  of  clearance  is  too  great  it  will  alter  the  size  of 
the  radius  cut  by  the  tool.  A  tapped  clearance  hole  is  drilled 
in  the  side  to  take  the  small  screw  necessary  for  clamping  the 
round  radius  tool  in  position;  also  a  slot  is  cut  in  the  tool  to 
a  depth  of,  say,  %  inch.  The  actual  cutting  tool  is  a  piece  of 
sewing  needle  of  suitable  size  that  has  been  lapped  truly  cir- 
cular and  down  to  0.018  inch  in  diameter. 

To  cut  the  grooves  in  the  master  radius  bar,  assuming  the 
desired  radius  to  be  0.009  inch,  the  bar  is  held  between  dead 
centers,  that  is  to  say,  the  headstock  spindle  is  not  revolved, 
and  the  radius-forming  tool  is  fastened  in  the  toolpost  with 
the  top  of  the  radius  tool  at  exactly  the  height  of  the  lathe 
centers.  The  radius  tool  is  then  fed  in  by  the  cross-slide 
screw  until  it  is  seen,  by  the  aid  of  a  strong  magnifying  lens, 
to  juet  touch  the  radius  bar.  The  radius  bar  is  then  revolved 
by  the  finger  and  thumb  of  the  left  hand  and  the  radius  tool 
is  fed  in  exactly  0.009  inch,  by  the  micrometer  dial  on  the 
cross-feed  screw.  The  bar  is  then  the  master  female  radius 
gage  for  testing  the  male  master  thread  by  a  "  light "  test. 

After  the  master  thread  tool  has  been  ground  and  lapped 
In  the  angle-grinding  and  lapping  fixture  shown  in  Fig.  2,  It 
is  ready  to  have  the  radius  lapped  to  size.  When  the  thread 
tool  is  mounted  In  the  holder  and  fastened  in  the  toolpost 
with  the  ground  top  of  tlie  loo!  at  the  exact  center  height,  the 
radius  should  sliut  out  Unlit  when  llic  tool  is  fed  carefully 
into  the  master  railiiis  test-bar  and  u  slroiig  light  is  coming 
from  underneath. 

A  master  thread  lool  with  a  feninlo  radius  groove  is  made 
from  the  master  male  radius  thread  tool  and  then  hardened; 
with  thoBO  two  tools,  master  taiis  and  master  referenco  thread 
Rages  arc  made.  The  niuHtcr  taps  are  used  to  iiinke  cast- 
Iron  laps  for  flnlHli-lappIng  the  liardciiod  worliiiig  ami  iiispoc- 
tlon  thread  gages.  The  niuHter  rol'eronco  thread  gages  should 
bo  left  Hoft;  of  course,  a  number  of  working  thread  tools  must 
be  made  along  the  sumo  llnoB  na  the  master  thread  tools,  both 
male  and  female,  to  bo  used  In  the  production  of  throad  gages, 
aa  the  maBtor  male  and  female  thread  tools  are  uhciI  only  to 
make  the  necoBaary  tools  and  nuiHter  gagoa  for  making  and 
tcatlng  the  thread  tools  UBod  to  make  the  thread  khkck. 
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ARRANGEMENTS  FOR  MOISTENING  STOCK.  HEATING  DIES.  AND  DRYING  PRODUCT-FORCES 
AT  WORK  DURING  FORMING  STROKE 

BY  B.  A.  MONTE' 


Figs. 


THE  forming  or  pressing  of  cardboard  covers,  lids  or  odd 
sliapes  is  based  on  the  same  principles  as  the  drawing  of 
shallow  sheet-metal  boxes  or  covers,  and  the  process  dif- 
fers only  in  such  special  treatment  as  is  necessitated  by  the 
peculiarities  of  the  material.  Figs.  1  to  3  illustrate  the  cus- 
tomary construction  and  sequence  of  the  blanking  and  form- 
ing dies  used  in  connection  with  a  double-acting  punch  press. 

The  bolster  A  is  screwed  down  to  the  

press  table,  or  platen,  and  the  outer 
blanking  plunger  B,  actuated  by  a 
cam,  descends  and  cuts  through  the 
cardboard  stock  at  about  3/10  to  1/2 
of  its  travel.  This  plunger  stops  at  a 
height  equal  to  the  thickness  of  the 
stock,  above  the  face  of  the  drawing 
die  C,  and  dwells  there  for  about  one- 
eighth  turn.  The  inner  plunger  D, 
driven  by  a  crank  or  eccentric,  is 
timed  to  reach  the  blank  soon  after 
the  outer  plunger  B  has  reached  its 
lowest  position  and  draws  the  rim 
over  the  rounded  edge  of  die  C,  con- 
verting it  into  a  smooth,  solid  rim. 
By  descending  farther,  plunger  D 
pushes  the  finished  lid  through  draw- 
ing die  C  into  the  drying  tube  E.  which 
is  slightly  larger  in  diameter  than 
die  C.  As  the  compressed  cardboard  rim  is  still  under  high 
tension,  it  expands  until  it  fills  out  the  larger  diameter;  this 
causes  it  to  be  stripped  from  plunger  D.  The  blanking  and 
forming  dies  are  hardened,  and  the  drawing  die  is  polished. 

Moistening  Stock 

Cardboard  varies  widely  in  quality,  and  its  action  in  bein.? 
cut,  drawn  and  formed  into 
commercial  shapes  naturally 
depends  on  the  nature  ot  the 
material.  It  includes  the 
coarse,  brittle  stock  used  for 
milk-bottle  caps,  which  has  a 
resistance  to  shear  of  only  35 
pounds  per  linear  inch,  and 
tough  fiber  boards  that  have 
a  shearing  resistance  of  200 
pounds  per  linear  inch.  Thin 
strawboard  may  be  formed 
into  small  shallow  boxes  or 
lids  without  any  additions  to 
the  dies  Just  described,  if 
there  is  no  objection  to  a 
crinkled  rini  with  quite  visi- 
ble folds.  A  smooth,  stiff  rim, 
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of  Operations 

however,  invariably  requires  the  application  of  moisture,  heat 
and  pressure  in  due  proportion  and  timing;  any  variation  from 
the  experimentally  established  degrees  of  moisture,  tempera- 
ture, etc.,  will  affect  the  final  shape  of  the  article. 

Fig.  4  shows  the  shape  of  a  lid  that  has  been  correctly 
moistened  and  heated  for  the  proper  amount  of  time.  Fig.  5 
shows  a  similar  lid  which  was  not  heated  and  dried  suffi- 
ciently; in  this  case  the  lid  flares. 
Fig.  6  shows  either  excess  or  one-side;1 
moisture,  the  bottom  being  too  wet  on 
the  lower  side  to  dry  in  the  same  time 
as  the  rim  and  inside.  Each  shape 
and  grade  of  stock  must  be  investi- 
gated and  treated  individually. 

For  some  of  the  thinner  grades 
of  cardboard,  the  correct  degree  of 
moisture  can  be  obtained  by  simply 
storing  the  stock  for  twenty-four  hours 
in  a  damp  place  like  a  basement. 
Thicker  stock  can  sometimes  be  suffi- 
ciently moistened  by  being  placed  in  a 
pail  of  water  and  letting  the  excess 
moisture  drip  off  shortly  before  the 
cardboard  is  used.  Some  manufac- 
turers add  starch,  dextrine,  or  other 
paste  stuffs,'  soapsuds,  rosin,  etc..  to 
the  water. 

Fig.  7  represents  a  combined  roll  feed  and  moistening  de- 
vice. Several  brass  rolls  geared  to  each  other  carry  the  water 
up  to  the  lower  surface  of  the  stock.  '  By  this  arrangement, 
the  lower  surface  gets  an  excess  of  moisture;  this  is  necessary 
because  it  is  more  exposed  to  the  heat  of  the  die  than  the 
upper  and  inner  surfaces.  Some  grades  of  stock  get  sufficient 
moisture  by  simply  being  run  over  the  water  rolls  as  shown; 
others  must  be  run  one  or 
more  times  around  the  water 
rolls,  thus  being  fully  sub- 
merged and  thoroughly  soaked. 
It  is  very  desirable  to  use 
stock  cut  to  the  proper  width. 
It  warranted  by  the  amount 
of  work  on  hand,  the  stock 
roll  shown  in  Fig.  7  should 
be  used,  but  small  orders 
should  be  run  in  the  form  of 
strips  cut  from  standard  size 
cardboard  sheets.  The  roll 
feed,  as  shown.  Is  operated 
from  the  press  crankshaft 
through  a  small  crankpin  or 
e<'ccntrlc  acting  on  the  ratchet 
on  lever  /■'.  If  the  stock  can- 
not be  obtained  in  the  form 
(if    rolls    and    ordinary    card- 


4  to  6.     Cardboard  Covers  correctly  and 
Incorrectly  heated  and  moistened 
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Fig.   8.     Sectional  View  of  Drying  Tsible 

board  sheets  must  be  used,  it  is  more  economical  to  feed  tliese 
sheets  or  strips  by  hand  than  to  attempt  to  devise  a  stack 
feeder.  Stack  feeders  are  complicated  and  costly,  and  the 
small  increase  in  output  is  more  than  offset  by  the  delays 
caused  through  trouble  with  the  stacker.  Although  the  speed 
of  these  presses  is  rather  low,  about  25  revolutions  per  minute, 
it  is  not  advisable  to  have  one  operator  attend  to  more  than 
one  press,  as  the  product  needs  constant  watching. 

Heating:  and  Drying  Arrangrements 

If  the  steaming  moist  lid  were  ejected  as  it  left  the  die  (see 
Fig.  3),  it  would  not  retain  its  shape;  hence  a  heated  drying 
table  is  necessary  for  evaporating  the  excess  moisture  and 
permitting  the  glue  stuffs  in  the  cardboard  pulp  to  obtain  a 


Fl(.    D.     Tiirilni  Circle   for  Avcrago   Type  of   Punch   Proia 

permanent  set.  Klgg.  8  and  11  show  the  construction  of  the 
ilrylng  table  used  In  connection  with  the  blanking  and  form- 
ing dies.  Kig.  8  Is  a  section  on  X-X,  Fig.  11;  B  and  D  repre- 
»ent  the  double-acting  plungers,  O,  the  blanking  die,  and  C, 
the  forming  die.  The  steam-heated  bolster  A  has  <'ored  cav- 
ities //  all  around  the  forming  die;  the  exhaust  or  other  low- 
pressure  steam  used  enters  the  cavities  at  /  and  the  condensed 
water  Is  piped  away  at  J. 

The  rotary  drying  table  K  carries  a  series  of  drying  tubes  K. 
in  which  vent  holes  /.  and  M  are  provided  for  the  ogress  of 
p4.'nt-up  Bir  and  vapor  given  off  by  the  steaming  surfaces. 
These  lubi-s  are  made  of  cast  Iron,  the  Inside,  of  course,  lielng 
smooth  a;Ml  highly  polished.  Kleilrlc  healers  A'  supply  beat 
for  the  drying  tub*>s  K.  If  steam  rolls  were  used  Instead  of 
electric  healers,  live  slcam  would  be  required  lo  transmit  u 
sufRctont  amonnt  ol  heat;  besides,  such  colls  are  prone  to  leak, 
and  leakage  would  sorloustr  «ff'"i  the  product.  The  electric 
bfaler,  hf^cnusn  of  Its  easn  of  Insliillntlnn  and  the  close  rngula- 


tion    that    is    possible,    is 
superior   in  every  respect. 
As   shown,   the   lids   are 
allowed  to  pile  on  top  of 
one  another  in  the  drying 
tubes   E    and   are   carried 
around    several    times    be- 
fore  being  ejected   by   the 
plungers.     It  is  preferable 
to    use    as    many    drying 
tubes  as  the  available  space 
between  the  press  uprights 
will   permit;    that   is,   not 
more    than    four    or    five 
pieces   should   be  piled   on 
top  of  one  another   in  the  tubes.     Cardboard,   Ys   inch  thick, 
that  was  thoroughly  saturated  has  come  out  bone  dry  when 
piled  four  high  in  presses  with  sixteen  drying  tubes  on  the 
circumference   of  the  drying  table.     The   openings   0   in   the 
top  and  bottom  of  the  bolster  are  provided  merely  for  inspect- 
ing the  work. 

The  intermittent  movement  of  the  table  is  procured  as  fol- 
lows: A  reciprocating  slide  P.  carrying  a  pawl  Q,  is  guided 
in  a  groove  in  the  bolster  and  confined  by  the  guide  cover  T. 
Its  stroke  R  is  the  distance  between  the  teeth  U  on  the 
periphery  of  the  drying  table  K,  plus  an  excess  S.  A  leaf 
spring  inside  pawl  Q  holds  it  in  engagement  with  teeth  D ; 
the  extension  W  limits  the  movement  of  the  pawl  for  correct 
engagement  with  teeth  V.  These  teeth  need  not  be  machined 
very  accurately,  but  the  stops  V  on  top  of  the  drying  table, 
which  stop  the  table  when  the  tubes  are  exactly  under  the 
plunger,  must  be  closely  adjusted  for  each  drying  tube.  The 
spacing  of  drying  tubes  E,  within  certain  limits,  is  not  very 
important;  the  only  point  needing  close  attention  is  the  rela- 
tion of  stop  V  to  its  tube.  The  stop  can  be  easily  adjusted 
when  setting  up  the  table,  by  inserting  the  inner  plunger,  con- 
secutively, into  each  drying  tube  E,  and  trimming  the  stop 
until  pawl  Y  falls  into  position  without  any  backlash.     Stops 

V  should  be  of  hardened  tool  steel  and  securely  screwed  and 
doweled  into  position. 

The  stop-pawl  y  should  be  of  hardened  tool  steel  and  se- 
curely pinned  to  bolster  A  so  as  to  have  no  backlash.  The 
pin  should  be  of  ample  size  and  bearing  to  prevent  wear. 
Any  inaccuracy  at  this  point,  if  more  than,  say,  1/32  inch,  is 
likely  to  throw  the  plunger  and  the  drying  table  out  of  register 
and  result  in  breaking  the  bolster,  die  and  table.  Pawl  Y 
carries  at  its 
end  a  pin  Z 
that  is  engaged 
by  tappet  a  on 
slide  P  during 
the  first  part  ^s' 
of  the  stroke 
1{.  This  tappet 
lifts   the   pawl 

Y  out  of  mesh 
with  stop  V  be- 
fore pawl  Q 
reaches  tooth 
U.  As  pawl  Q 
runs  up  hard 
against  pawl  V 
when  It  Is 
stopped  by  the 
next  slop  V,  a 
spring  take-up 
Is  Inserted  at 
the  driving  end 
of  slide  P.  This 
consists  of  a 
link  b  contiiln- 
Ing  a  plunger 
r'  and  a  spring 
'/.     The  lover  c 
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FRONT  OF  PRESS 


Fig.   11.     Plan  of  Drying  Table  shown  in  Fig.   8 


is  confined  by  pin  /  to  the  length  of  slot  g,  so  that  at  the  end 
of  the  stroke  spring  d  yields,  permitting  lever  e  to  run  its  full 
course.  Lever  e  is  customarily  driven  by  a  plain  face  cam 
(not  shown),  which  is  properly  timed  to  produce  the  inter- 
mittent table  motion,  while  the  plunger  is  clear  of  the  drying 
table. 


Dryinif  Table  Safety  Device 
While  spring  d  must  be  strong  enough  to  overcome  the  fric- 
tional  resistance  of  the  table,  which,  by  the  way,  is  very  small, 
the  spring  cannot  be  made  strong  enough  to  overcome  jams 
produced  by  pieces  of  CM'dboard  getting  wedged  in  between  the 
table  and  the  die.     Such  occurrences  invariably  produce  two 


Fig.   IS.     Sifoty  Catcli  to  provont  Plunger  fr 


hitting  Tablo 
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Jig.   13.     Cam  and  Crank  Timing  Chart 

kinds  of  damage.  In  one  case,  the  weakest  parts  of  the  slide 
movement  give  way;  in  the  other,  the  descending  plunger 
hits  the  table,  instead  of  registering  with  a  drying  tube,  and 
smashes  it.    The  danger  of  breakage  from  this  cause  is  over- 


into  action  when  dog  m  strikes  stop 
n  of  the  safety  catch;  the  crank- 
shaft then  revolves  and  the  plungers 
descend.  A  rod  o  connects  the  stop- 
lever  n  with  the  treadle  p,  which  is 
held  up  by  a  spring  q,  thus  stop- 
ping the  press  automatically  after 
each  revolution.  If  for  any  reason 
there  is  no  hole  ?i  in  alignment  with 
pin  J,  the  operator  cannot  depress 
the  treadle,  and  consequently  can- 
not trip  the  press  until  the  trouble 
has  been  located  and  attended  to. 
Obviously,  with  this  arrangement, 
the  operator  must  be  instructed  to 
keep  his  foot  off  the  treadle;  that 
is,  he  must  trip  the  press  for  each 
stroke  and  not  keep  his  foot  on  the 
treadle  all  the  time.  However,  little 
trouble  is  experienced  from  this  one 
weak    point    of    the    safety    device. 

Determination  of  Forces  at  Work  during-  Forming  Stroke 

The   cam   and   timing   diagrams.   Figs.   9   and   13,   are   self- 
explanatory.    The  lay-out  shown  in  Pig.  9  is  for  any  standard 


Fig.    14.     Analysis  of  Belt  Pull 

come  by  the  simple  safety  device  shown  in  Fig.  12.    The  drying      make  of  punch  press;  with  a  specially  designed 
table  has  a  series  of  accurately  located  holes  ft,  Fig.  11,  ex-      and  forming  should  be  done  at  x — at  the  bottom 

actly  midway  between  each 

two  tubes  E.  The  safety- 
catch  pin  i  rides  on  table 
K  on  the  exact  circle  of 
centers  of  holes  h  and  is 
free  to  drop  into  the  holes. 
If  everything  Is  perfectly 
adjusted  and  In  register, 
pin  ;•  coraes  in  alignment 
with  a  hole  ft  and  drops 
Into  It  at  the  end  of  each 
stroke.  It  for  any  reason 
the  table  gets  Jammed  out 
of  alignment  at  the  end  of 
§troke  R,  Fig.  11,  pin  i 
will  not  be  aligned  with  a 
hole  and  therefore  will 
sUy  up.  It  will  hold  the 
clutch  /,  Fig.  12,  out  of  en- 
Kag'^ment  and  will  prevent 
the  plunger  from  dcHccnd- 
Ing;  In  other  wordH,  It  will 
■top  the  action  of  the  prciig 
and  pri!V(!nl  a  iimaiihup. 
Thlit  Hafoly  catch  Is  op- 
erated by  a  treadle  bm  fol 
low*:  Th«<  flywheel  pulUy 
rrankuhiifl  k  carried  » 
clut<!h   ;,  which    In  thrown 


press,  cutting 
of  the  stroke. 
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Figs.  10,  14  and  15  illustrate  a  method  of  determining  ap- 
proximately the  forces  at  work  during  the  forming  stroke. 
The  article  being  produced  fs  a  fiber  board  lid  L,  Fig.  15, 
about  314  inches  in  diameter  and  %  inch  high;  the  stock  is 
Ys  inch  thick.  The  double-acting  press  has  a  stroke  of  4  inches, 
and  is  set  to  start  forming  at  the  middle  of  the  down  stroke. 
The  press  runs  at  25  revolutions  per  minute  and  has  a  35- 
inch  flywheel  pulley,  270  pounds  rim  weight,  and  a  double 
belt  41/i  inches  wide.  This  press  was  rather  weak  for  this  job, 
so  the  belt  was  tightened  to  its  utmost  capacity;  then  the 
belt  pull,  when  measured,  was  found  to  be  300  pounds,  or 
about   66  pounds  per   inch   belt.     This   produces   a   torque   of 

300  X  17% 

=2625  pounds  at  the  crankpin  radius. 

2 

In  Fig.  14  this  belt  pull  is  resolved  into  the  crank- 
arm  pressure  and  the  pitman  thrust.  The  latter,  at  Z,  is 
resolved  into  the  wrist-pin  guide  pressure  and  the  ram  pres- 
sure. Fig.  15  shows  the  same  scheme  as  a  composite  diagram 
of  the  ram  pressures  exerted  during  the  forming  part  of  the 
down  stroke.  Here  B  represents  the  torques  at  different  crank- 
pin  radii,  due  to  belt  pull,  for  various  crank-angles;  D,  the 
corresponding  crank-arm  pressures;  E,  the  pitman  pressures; 
H,  the  wrist-pin  strains;  and  S,  the  ram  pressures  exerted  at 
the  various  angles  as  &  .jlyzed. 

In  Fig.  10,  the  available  ram  pressures  thus  found  are  plot- 
ted as  ordinates,  with  crank-angles  as  abscissas,  for  the  ratio 
of  crank-radius  to  pitman  length  of  the  particular  case  under 
investigation.  The  forming  pressure  in  this  case  must  have 
been  around  2500  pounds,  as  shown  at  NM,  Figs.  10  and  15. 

As  already  stated,  the  ordinary  run  of  punch  presses  of 
standard  make  are  little  suited  for  the  special  requirements 
of  this  work.  The  press  tables  are  too  close  to  the  ram  and 
do  not  give  sufBcient  height  for  a  properly  proportioned  dry- 
ing table.  When  the  amount  of  work  on  hand  warrants  the 
expenditure,  a  press  especially  designed  for  each  individual 
case  is  strongly  recommended.  The  economy  in  power  and  in 
wear  and  tear  will  amply  repay  the  trouble  of  properly  pro- 
portioning the  parts  involved. 


TRADE  SCHOOLS   IN   THE   PENNSYLVANIA 
EASTERN   STATE   PENITENTIARY 

BY  B8128 

About  a  year  ago  Warden  Robert  J.  McKenty  of  the  Eastern 
State  Penitentiary,  Pennsylvania,  had  his  attention  called  to 
the  engineering  extension  courses  conducted  jointly  by  the 
Pennsylvania  State  College  and  the  Y.  M.  C.  A.  As  he  had 
long  recognized  that  one  of  the  main  contributing  causes  to 
criminal  delinquency  is  the  lack  of  a  proper  trade  training, 
he  arranged  with  the  State  College,  which  for  years  had  been 
conducting  an  agricultural  correspondence  course  in  the  prison, 
to  form  a  class  in  which  the  principles  of  mathematics  and 
mechanical  drawing  would  be  taught.  Machine  shops,  wood- 
working shops,  etc.,  have  long  been  a  feature  of  the  most  ad- 
vanced penal  institutions,  but,  as  far  as  the  writer  knows,  the 
Eastern  State  Penitentiary  is  the  first  to  apply  successfully 
the  principle  of  the  continuation  school. 

The  first  two  classes,  with  an  enrollment  of  thirty-five  men, 
were  started  by  an  instructor  furnished  by  the  State  College 
and  the  Y.  M.  C.  A.  in  May,  1916.  At  present  the  entire  in- 
struction is  given  by  an  inmate,  who  has  the  necessary  train- 
ing to  (lualil'y  him  for  the  work  and  who  has  won  the  unquali- 
fied approval  of  the  State  College;  a  State  College  supervisor, 
liowever,  visits  the  institution  weekly.  But  this  was  only  the 
beginning.  As  soon  as  the  men  realized  how  the  instruction 
would  benefit  them,  they  were  not  satisfied  until  the  scope 
of  the  undertaking  was  enlarged.  The  courses  embrace  Inter- 
esting and  practical  lessons  in  mathematics  and  mechanical 
drawing,  as  used  dally  in  the  shop.  The  fundamental  princi- 
ple.s  are  taught,  familiar  terms  and  processes  being  used  and 
numerous  applications  to  shop  problems  being  given,  so  as  to 
develop  in  the  student  the  ability  to  apply  the  mathematical 
and  sclentidc  principles  In  his  everyday  work.  For  those  who 
have  finished  this  course,  Instruction  In  advanced  shop  mathe- 


matics is  provided,  as  much  of  algebra,  geometry,  trigonometry 
and  logarithms  being  taught  as  has  been  found  to  be  of 
practical  value  in  the  shop. 

There  are  now  two  courses  in  mechanical  drawing.  The  ele- 
mentary course  is  intended  to  develop  in  the  student  the  ability 
to  read  blueprints  and  to  make  drawings  and  sketches  of  sim- 
ple objects.  The  men  are  given  isometric  sketches  which  they 
work  up  to  finished  mechanical  drawings  in  their  cells.  This 
has  proved  of  great  value  in  developing  the  power  of  visual- 
ization. The  advanced  course  has  been  developed  for  men 
who  wish  to  acquire  a  good  working  knowledge  of  drawing,  as 
practiced  in  the  best  drafting-rooms.  The  text  and  the  prob- 
lems have  been  carefully  prepared  and  arranged  so  as  to  de- 
velop speed,  accuracy  and  neatness. 

A  large  number  of  men  employed  at  present  in  the  wood- 
working and  machine  shops  of  the  institution,  who  were 
competent  mechanics  when  they  entered,  are  taking  up 
these  courses  and  are  thus  fitting  themselves  for  positions  of 
responsibility  as  toolmakers  and  foremen.  They  realize  that 
every  man  pays  for  the  supervision  he  requires,  and  that  that 
supervision  represents  the  supplying  by  superiors  of  the 
knowledge  that  the  untrained  man  lacks.  Others  who  are 
classified  in  the  admittance  records  as  unskilled  laborers  are 
enrolled  in  the  electrical  and  the  plumbing  schools,  where  they 
are  taught  the  rudiments  of  the  trades.  The  apprentices  of 
the  electrical  school  receive  practical  training  by  assisting 
skilled  mechanics  in  the  installation  and  the  repair  of  the 
elaborate  electrical  equipment  of  the  penitentiary.  The  plumb- 
ing apprentices  work  daily  with  a  master  plumber,  looking 
after  a  large  plumbing  system.  Each  of  the  cells  (and  there 
are  nearly  a  thousand)  is  supplied  with  a  self-flushing  toilet, 
running  water,  and  a  steam  radiator,  so  that  there  is  ample 
opportunity  to  learn  every  branch  of  the  trade. 

The  inmates  employed  in  the  large  power  plant  of  the  prison, 
with  its  three  high-speed  automatic  engines,  direct-connected 
to  50-kilowatt  generators,  are  instructed  in  the  use  and  appli- 
cation of  the  indicator,  valve  setting,  and  the  care  of  the 
numerous  boiler  auxiliaries.  A  25-ton  refrigerating  machine  is 
also  under  their  care.  The  men  in  the  boiler  room  have  an 
equipment  of  five  horizontal  return  tubular  100-H. P.  boi'ers  and 
are  instructed  in  the  theory  and  practice  of  boiler-room  econ- 
omy, so  that  upon  their  release  they  may  obtain  licenses  as 
first-class  firemen. 

But  the  thing  that  counts  most  in  all  these  efl.orts  to  make 
the  trade  school  a  success  is  the  personal  element.  Without 
the  continual  encouragement  and  interest  that  the  warden 
shows  in  his  daily  intercourse  with  the  inmates,  it  is  doubtful 
if  such  excellent  results  could  be  obtained. 

*  »     * 

Truck  manufacturers  and  users  generally  advocate  the  use 
of  solid  rubber  tires,  but  evidence  shows  that  the  pneumatic 
tire,  properly  proportioned  to  the  load,  is  as  advantageous  for 
trucks  as  for  pleasure  motor  vehicles.  The  test  on  a  Packard 
1%-ton  army  transport  truck  was  recently  made  over  a  dis- 
tance of  4288  miles  from  Detroit,  Mich.,  to  the  Mexican  border 
and  back.  The  truck  was  fitted  with  36-  by  7-inch  "Nobby" 
tread  U.  S.  pneumatic  tires.  The  conclusions  drawn  from  the 
trip  are  that  an  average  of  40  per  cent  more  mileage  per 
gallon  of  gasoline  can  be  obtained  from  trucks  equipped  with 
pneumatic  tires  than  from  those  equipped  with  solid  tires,  and 
that  oil  consumption  is  reduced  25  to  30  per  cent.  The  pneu- 
matic tires  greatly  reduce  road  shock  and  lower  truck  deprecia- 
tion fully  50  per  cent.  The  average  mileage  per  gallon  of  gaso- 
line was  seven,  and  the  lubricating  oil  consumption  of  the 
trip  was  one  (luart  of  oil  per  33.42  miles. 

*  •     • 

A  movement  has  been  initiated  by  the  Association  of  British 
Machine  Tool  Makers  for  a  greater  degree  ot  specialization 
among  machine  tool  builders.  According  to  the  Yorkshire 
Poxt,  some  of  the  firms  have  arranged  among  themselves  that 
each  shall  devote  itself  to  the  production  of  a  single  type  of 
machine.  This  policy  permits  of  the  production  of  machine 
tools  being  placed  upon  a  manufacturing  instead  of  a  "jobbing 
order"  basis.  It  also  lends  itself  to  the  appointment  of  group 
publicity  agents  and  travelers,  both  at  home  and  abroad. 
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NOTES  ON  PRINCIPAL  TYPES,  MANUFACTURE  AND  TESTING 

BY  CHESTER  L.   LUCAS  ■ 


THE  use  of  leaf  springs  for  horse-drawn  vehicles  dates 
back  to  1750,  but  it  remained  for  the  motor  car  industry 
to  put  the  manufacture  of  vehicle  springs  upon  >a  scien- 
tific basis.  A  great  deal  of  credit  for  this  advance  is  due  the 
Springs  Division  of  the  Society  of  Automobile  Engineers,  who, 
of  course,  have  received  the  cooperation  of  American  spring 
manufacturers. 

Fig.  1  shows  the  five  most  important  types  of  automobile 
springs  in  common  use,  though  there  are  many  variations  in 
forming  and  mounting.  These  are  the  full  elliptic,  semi-elliptic 
three-quarter  elliptic,  cantilever,  and  platform  types.  Each 
type  has  an  action  different  from  the  others  and  is  used  in 
various  front  and  rear  combinations  by  different  automobile 
builders,  the  practice  varying  with  the  demands  of  the  par- 
ticular car  in  question. 

Full  Elliptic—This  type  of  spring  is  probably  the  most  flex- 
ible of  the  standard  types,  but  it  is  more  susceptible  to  side 
sway  than  the  other  springs.  Its  easy-riding  qualities  give  it 
popularity  when  installed  under  proper  conditions.    It  is  often 


Fig.  3,     Varieties  of  Spring  Plate  Ends  in  Common  TTse 


a  scroll  member  at  the  top,  but  at  times  it  is  used  without 
the  scroll.  This  is  a  popular  spring  for  rear  installations  in 
combination  with  the  semi-elliptic  at  the  front.  Among  the 
cars  using  this  type  of  spring  are  the  Dodge,  Studebaker  and 
Oldsmobile. 

Cantilever — The  cantilever  spring  is  growing  in  popularity, 
particularly  for  rear  installations.  It  permits  little  side  sway, 
and  the  action  is  quite  different  from  that  of  the  regulation 
elliptic  type.  It  is,  in  reality,  a  semi-elliptic  spring  mounted 
in  cantilever  form.     On  account  of  the  method  of  mounting 


CANTILEVER 


Fig.    1.     Fiincipal   Types   of  Automobile   Springs 


made  with  one  or  both  ends  In  scroll  form.  A  good  example  of 
lt«  use  is  found  on  the  Franklin  car. 

Sfimi-elHptic— This  spring  Is  not  as  flexible  as  the  full  ellip- 
tic, nor  Is  there  as  much  tendency  toward  side  sway.  It  is 
more  largely  used  in  both  front  and  rear  Installations  than  any 
other  type  of  spring.  Among  the  most  common  of  the  cars 
uHlng  It  are  the  Plerce-Arrow  and  the  Chalmers. 

Three-quarter  A'/HpMc— This  type  is  a  compromise  design 
that  Is  more  flexible  than  the  seml-elliptic  and  still  has  the 
Bide  sway  well  controlled.  Almost  Invariably,  this  spring  has 
'AjwKiate  iSdItor  of  M.iciii!>riii. 


k 


p, 


Ullpc,   •!«.,   In  Trw  and 


the  cantilever  spring  makes  the  frame  take  a  part  of  the 
spring  action.  It  is  used  as  a  rear  spring,  in  combination  with 
the  semi-elliptic  at  the  front,  on  the  Buick,  Briscoe,  King,  and 
other  cars. 

Platform — The  platform  type  of  spring  is  used  altogether  as 
a  rear  spring  and  is  very  flexible.  The  action  is  much  the 
same  as  the  three-quarler  elliptic,  due  to  the  fact  that  a  quarter 
elliptic  member  is  set  at  right  angles  to  the  semi-elliptic  mem- 
ber, instead  of  in  line  with  it,  as  in  the  regulation  three- 
quarter  elliptic.  Good  examples  of  the  use  of  platform  springs 
as  rear  installations  may  be  founil  in  tlie  Packard  and  rmllllao 
cars. 

A  glance  at  Fig,  1  will  show  Hint  the  sonii  cllipllc  spring 
iiienihor  is  the  basis  of  all  types  of  autonioliiU^  leaf  springs. 
KIk  2  sliowfl  two  types  of  spnil-plllptlc  spring  nionibor.s,  the 
upper  of  which  Is  tleBlgnatcd  as  Ihn  "true  swoop,"  whllo  the 
lower  1h  the  "double  sweep"  typo.  Of  those  types,  the  true 
sweep  spring  lias  by  fur  the  better  action,  as  there  Is  less  fric- 
tion In  the  movement  between  the  loaves  of  the  spring.  The 
double  Hwoop  spring  Is  heavier  In  proportion  than  the  true 
Hwocp  spring,  and  lis  uso  Is  confined  prlnclpnlly  In  roMinu'rilMl 
vehicles. 

Tlio  average  length  of  a  front  spring  for  ploasurO'CarH  Is 
forty  Inches,  and  for  the  rear  spring,  about  fifty  Inches;  but, 
f>f  course,  tills  varies  for  dlfferont  weights  of  cars.  The  opeii- 
liig  of  a  sonil:Rlllptlc  spring,  or  the  (llstaiico  from  n  lino 
lliriiiiKli  Hie  eyes  to  llio  center  of  Hie  Inside  arc  of  the  spring, 
Ih  friiMi  live  Ici  six  anil  onnhair  InrheH.     The  leaves  are  iiHUally 
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two  inches  in  widtli,  and  the  number  of  leaves  in  the  spring 
varies  with  the  load  it  must  carry;  there  are  generally  from 
six  to  ten.  The  larger  the  number  of  leaves  and  the  thinner 
they  are,  the  greater  is  the  flexibility  of  the  spring.  The  ap- 
plication of  this  principle  is,  of  course,  limited  by  the  im- 
practicability of  making  springs  with  extremely  thin  leaves. 
The  number  of  leaves  and  their  thickness  are  points  that  are 
usually  left  to  the  spring  manufacturer. 

Detail  of  Spring:  Leaves 

The  first  leaf  of  the  spring  is  called  the  "master"  leaf  or 
"back"  plate;  the  next  leaf  is  the  "long"  plate;  and  the  short- 
est leaf  is  the  "short"  plate.  The  usual  length  of  the  short 
plate  is  three-tenths  the  length  of  the  back  plate,  and  the  spac- 
ing is  evenly  graduated  from  the  short  plate  to  the  back  plate. 
In  an  eight-plate  spring,  the  spacing  of  the  leaves  is  about 
2%  inches.  No.  2  gage  steel  is  most  commonly  used  for  the 
heaviest  or  back  plate  of  the  spring.  There  are  two  schools  of 
spring-makers;  one  advocates  that  all  the  leaves  of  a  spring 
should  be  of  the  same  thickness;  the  other  favors  decreasing 
the  thickness  of  leaves  from  a  heavy  back  plate  to  a  thin 
short  plate. 

The  leaves  of  the  spring  are  held  together  with  a  5/16-ineh 
bolt  at  the  center;  besides,  at  each  end  of  one  of  the  plates 
about  a  third  of  the  way  from  the  eye  to  the  center  "rebound 
clips"  are  riveted.  These  clips  reach  over  the  back  plate,  and 
their  purpose  is  to  keep  the  longer  leaves  from  separating 
unduly  under  the  rebound  action.  The  rebound  clips  also  help 
to  distribute  the  load  over  the  spring  plates,  and  without  them 
it  is  probable  a  back  plate  would  break  when  put  into  service. 

There  are  three  methods  of  forming  the  eyes  at  the  ends  of 
the  back  plate.  In  some  cases  the  ends  of  the  spring  plate 
are  rolled  upward,  as  in  the  right-hand  view,  Fig.  3,  and  in 
other  cases  they  are  turned  downward,  as  in  the  left-hand 
view.  Another  form  of  eye  is  the  "Berlin"  type,  which  is 
made  without  bending  the  metal  by  forging  the  eyes  solid 
from  the  ends  of  the  back  plate.  The  eyes  are  fitted  with  bush- 
ings to  receive  the  hardened  and  ground  pins. 


Flf.  4.     C*ptolt7  Toit  for  Automobile  SprinKi 


Fig.    5.     Vibratory    Test    for    Automobile    Springs 

In  order  to  make  a  neater  spring  and  to  give  a  better  spring 
action  by  relieving  the  abrupt  strain  that  would  be  induced 
if  the  ends  were  left  full  thickness  and  square,  the  ends  of 
the  spring  plates  are  thinned  down  and  shaped,  usually  in  one 
of  the  five  ways  shown  at  the  left-hand  side  of  Fig.  3. 
These  consist  of  the  square  type  of  plate  end.  the  round,  egg- 
shaped,  French,  and  diamond  end.  An  end  similar  to  the 
diamond  shape,  but  with  the  stock  left  full  thickness  and  not 
beveled,  is  also  used  occasionally. 

To  prevent  the  different  spring  leaves  from  swinging  out  of 
line,  each  plate  is  keyed  to  the  one  it  rests  upon.  In  Fig.  3 
at  the  right  are  shown  three  methods  of  keeping  the  spring 
plates  in  alignment.  First  is  the  "slot-and-bead"  method,  in 
which  each  plate  is  slotted  and  guided  by  a  pin  in  the  plate 
beneath.  Next  is  the  "ribbed"  method,  in  which  a  rib  pressed 
in  each  spring  plate  meshes  with  the  rib  in  the  succeeding 
plate.  A  third  method  is  by  means  of  side  lips.  In  this  case 
the  ends  of  the  spring  plate  are  forged  out  and  trimmed  to 
form  lips,  which  are  turned  over  so  that  they  fit  closely  over 
the  edges  of  tlie  plate  beneath. 

MBnufacture  of  Automobile  SpriiiK's 

At  present,  almost  half  the  springs  made  in  this  country 
are  made  of  vanadium  steel.  Many  are  made  of  chrome- 
silicon-manganese  steel,  and  some  are  made  of  high-carbon 
steel.  There  are  no  unusual  operations  performed  in  the  man- 
ufacture of  automobile  springs  unless  it  may  be  the  fitting,  or 
cambering,  of  the  spring  plates.  The  stock  comes  in  long 
strips  and  the  first  step  is  to  shear  these  strips  into  the  riRht 
lengths  for  the  various  leaves,  or  plates.  In  the  case  of  the 
back  plate,  the  eyes  are  formed;  the  other  plates  are  thinned 
down  at  the  ends,  either  by  rolling  or  grinding,  and  the  ends 
are  trimmed  to  the  proper  shape.  Kacli  plate  Is  then  puuchod 
with  a  center  hole  for  assembling  and  goes  to  the  fitting 
department.  » 

For  years  the  met  hod  of  shaping,  or  cambering,  the  plates 
of  a  spring  has  been  to  form  theiu  while  hot  to  approximately 
the  desired  shape  in  bending  dies.     Following  this  operation, 
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each  plate  is  carefully  fitted,  by  hand,  for  the  position  in  the 
spring  into  which  it  is  to  go.  After  one  set  of  spring  plates 
has  been  fitted,  a  temporary  bolt  is  put  in  to  keep  the  leaves 
of  that  individual  spring  together  until  they  are  hardened, 
ground,  and  finally  assembled.  The  operators  at  the  fitting 
fires  become  very  proficient  in  their  work,  but  at  best  the 
operation  is  a  slow  one. 

The  modern  method  of  cambering  spring  plates  is  by  means 
of  spring-forming  machines.  These  machines  differ  in  design, 
but  the  principle  of  action  is  essentially  the  same  in  all,  it 
being  the  bending  and  hardening  in  one  heat.  The  Lewis 
machine  carries  a  heavy  forming  turret,  having  two  working 
faces,  each  of  which  is  fitted  with  a  pair  of  forms  composed 
of  adjustable  fingers.  The  spring  plate,  after  being  heated  to  a 
hardening  heat,  is  placed  between  the  forms  on  the  upper 
turret  face  and  quickly  shaped  by  the  dies.  Then  while  the 
plate  is  firmly  held,  the  turret  revolves  and  quenches  it  in  the 
hardening  tank  beneath,  thus  forming  and  hardening  the 
springs  in  one  progressive  operation.  The  pressure  of  the  dies 
is  maintained  during  hardening,  thus  preventing  the  spring 
from  losing  its  shape.  While  the  spring  plate  is  cooling,  the 
other  turret  face  is  presented  and  another  spring  plate  is 
placed  between  the  dies  and  the  operation  repeated.  This 
method  of  spring-plate  forming  has  an  advantage  over  hand 
forming  in  that  the  original  fiber  structure  of  the  plate  is  not 
disturbed  by  hammering.  Moreover,  this  method  is  very  rapid, 
as  the  machine   will   form   and   harden   1800   plates   per   day. 

When  spring  plates  are  fitted  by  hand,  they  are  hardened 
at  the  same  time  by  the  fitter,  each  plate  being  treated  sepa- 
rately. The  hardening  heat  ranges  from  1650  to  1750  de- 
grees F.  The  plates  are  quenched  in  oil,  and  in  many  shops 
are  tempered  by  flashing  off  the  oil.  This  is  an  uncertain 
method,  however,  as  the  flash  points  of  oils  vary  greatly.  The 
best  practice  consists  in  drawing  the  spring  plates  in  a  salt 
bath,  as  the  temperature  can  be  accurately  controlled  and  the 
results  are  far  more  dependable. 

The  eyes  of  the  back  plate  are  now  fitted  with  bushings  for 
the  pins  and  the  rebound  clips  are  riveted  to  the  ends  of  the 
proper  spring  plate.  The  ends  of  each  spring  plate  are  ground 
and  polished  to  give  them  a  finish  and  to  permit  better  sliding 
action,  and  then  they  are  assembled  with  the  proper  center 
bolt.  In  some  spring-making  plants  high-grade  graphite  paste 
is  smeared  between  the  leaves  of  the  spring  to  reduce  the 
sliding  friction.  The  spring  is  now  complete  and  ready  for 
•esting. 

Testing  Automobile  Spring's 

Automobile  springs  are  commonly  given  two  tests — the  ca- 
pacity and  the  vibratory  test.  At  the  testing  laboratory  of 
the  I'enn  Spring  Works  of  Baldwinsville,  N.  Y.,  through  whose 
'ourtesy  these  testing  data  are  given,  every  spring  manufac- 
■iired  Is  subjected  to  a  capacity  test,  as  shown  In  Fig.  4.  The 
'••Mllng  machine  is  made  by  the  TInius  Olsen  Testing  Machine 
(■').,  and  Is  provided  with  a  beam  that  carries  two  roller  blocks 
on  which  the  ends  of  the  spring  to  be  tested  are  supported. 
ThiH  Ih  necessary  In  order  that  the  springs  may  lengthen  easily 
ait  the  testing  preHsure  is  applied.  It  will  be  noticed  that  there 
are  two  dialM  on  the  machine.  The  smaller  of  these  registers 
Mie  amount  of  deflection  of  the  spring,  while  the  larger  indl- 
'  Men  the  load.  The  spring  Is  first  mounted  on  the  roller  blocks 
.ind  the  plunKer  of  the  machine  Ijrought  lightly  down  against 
Mk-  Hhort  plate.  After  the  plunger  has  been  set  againHt  the 
•i|ii-ii  MprlnK,  the  pointer  of  the  smaller  dial  Is  turned  to  zero 
Pf^-iiin-  In  now  applied  on  the  back  of  the  spring  and  It  nniHl 
n-yj«ii-r  on  I  he  capacity  dial  at  the  rate  of  175  pounds  for 
<ra<li  Inch  of  deflection,  In  the  caBO  of  the  particular  spriiiK 
Hhown  belnx  Ipulfd.  Thin  Mprlng  In  one-half  of  a  full  elllpllc 
iprlnK  and  the  Hpci'incatlonH  call  for  carrying  n  normal  load 
.f  ir.HO  p<iundii  nt  a  four  Inch  opening  of  the  Mpring.  Ah  the 
full  openlnn  "f  th<>  nprlng  In  13  Inched  and  at  i  iMches  open- 
inic  the  uprlnic  In  dffliw-li.d  D  Inchon,  It  will  bo  seen  Ihnt  1580 
p'lundn  reprennnln  about   175  pound*  for  each  of  the  9  Inchon 

f  defl(«Fllon,  which  l»  an  donlred.  All  Hpritign  arc  not  no  Ihnt 
1  fitnnllo  ntrMn  of  not  nvfr  80.000  poumln  per  nquarc  Inch  will 

"  dovidopod  In  ono'hair  the  nprlng.  nl  r,i,<j  Inchon  dodocllon. 
Tho  vlbrnlory  Ion!  In  n  (ont  lo  dcniructlon,  and  In  porforniod 


at  the  Penn  Spring  Works  on  a  machine  like  that  shown  in 
Pig.  5.  In  this  case  the  spring  selected  is  held  firmly  at  the 
ends  while  the  center  is  fastened  to  a  plunger  that,  by  means 
of  an  eccentric  crankshaft,  is  given  rapid  vibrations  of  3 
inches  in  length.  A  spring  is  put  on  the  machine  and  vibrated 
until  it  gives  out  by  a  plate  breaking  or  in  some  other  way, 
an  accurate  count  of  the  number  of  vibrations  being  kept. 
*     *     ^ 

ELIMINATING    WASTE    IN    MANUFACTUR- 
ING  AND   ASSEMBLING 

BY    H-   D.    MURPHY  ' 

The  compilation  of  data  on  factory  transportation  which 
Edward  K.  Hammond  presented  in  the  July  and  August  num- 
bers of  Machinery  is  instructive,  and  although  applying  more 
particularly  to  the  handling  of  materials  on  a  large  scale, 
these  articles  contain  suggestions  that  can  be  modified  for  the 
use  of  the  small  plant.  The  writer  was  particularly  interested 
in  the  paragraphs  in  which  Mr.  Hammond  pointed  out  the  loss 
entailed  through  having  men  waste  their  time  at  the  stock- 
room door.  The  necessity  for  having  a  comprehensive  system 
for  giving  out  parts  for  assembling  was  brought  home  to  us, 
however,  in  another  way.  The  assemblers  had  contracted  a 
habit  of  accumulating  more  parts  than  were  needed  for  any 
given  job  and  hiding  the  surplus  under  their  benches.  This 
condition  was  brought  to  light  shortly  after  a  reliable  cost 
system  was  inaugurated,  when  it  was  discovered  that  orders 
were  being  placed  in  the  machine  shop  for  parts  of  which  there 
were  really  sufficient  on  hand.  The  first  step  taken  to  over- 
come this  was  to  issue  positive  orders  to  the  stock  clerk  that 
no  claimed  shortages  of  the  assembling  department  were  to 
be  filled  without  the  sanction  of  the  office. 

However,  another  difficulty  arose  in  that  certain  parts  often 
were  not  ordered  until  actually  needed  by  the  assemblers. 
This,  of  course,  meant  failure  to  keep  the  shipping  date  prom- 
ised to  the  customer.  The  following  system  was  therefore 
evolved.  The  stock-room  was  given  a  card  showing  each  part 
and  the  quantity  that  went  into  every  assembled  unit.  When- 
ever an  order  was  Issued  to  the  assembling  department,  a 
copy  was  sent  to  the  stock-room.  Upon  receipt  of  this  copy, 
the  stock  clerk  consulted  the  card  for  the  particular  unit  cov- 
ered by  the  order  and  put  all  the  necessary  parts  in  a  tote 
box.  This  box  was  put  on  a  shelf  subject  to  the  call  of  the 
foreman.  At  the  same  time,  a  list  of  the  missing  parts  was 
sent  to  the  office  and  the  necessary  orders  for  making  these 
were,  in  turn,  issued  to  various  machine  shop  departments. 
When  the  assembling  foreman  was  ready  to  proceed  with  an 
order,  he  would  notify  the  stock  clerk,  and  if  all  the  parts 
were  completed,  the  tote  box  would  be  carried  to  the  bench  of 
the  assembler  by  a  stock-room  helper.  If  parts  were  still 
needed  to  complete  that  particular  order,  the  stock  clerk  would 
notify  the  foreman,  wlio  would  then  designate  the  next  most 
important  order. 

This  arrangement  has  accomplished  four  desirable  objects: 
it  has  enabled  the  stock  clerk  to  anticipate  the  wants  of  the 
assembling  department;  it  has  removed  the  slightest  excuse 
for  the  worl<inan  leaving  his  beiuh  or  machine  tor  a  friendly 
visit  at  the  stock-room  door;  it  has  done  away  wi(h  the  secret- 
ing of  parts  under  the  bench;  and  it  has  also,  and  this  is  by 
no  means  least  In  Importance,  enabled  the  cost  department  to 
show  what  is  actually  made  and  used  Instead  of  simply  re- 
porting what  should  be  used.  The  latter  can  be  determined 
from  any  Inli'lllgently  made  drawing,  but  tli(>  former  is  knowl- 
idgc  whicli  is  vital  to  the  success  of  llic  Imsliu'SH. 
•     *     • 

An  exani|)lc  of  a  variable  standard  and  the  confusion  that 
ariseH  from  lack  of  general  agreement  Is  found  In  tho  porch 
UHcd  for  iiieuHurhiK  stono  work.  The  per<'li  Is  legally  dellnod 
In  some  of  the  older  Htales  ua  24'fi  cubic  feet,  but  the  Rtandnnl 
in  not  unlverHul,  as  In  Hunio  Htatcs  II  varies  from  Hi'j  tlirougli 
20,  22,  25.  lo  27  cubic  foot.  In  other  stateH  it  Is  donned  iis 
orjulvalent  to  2200,  2500,  2700,  2800  aM<l  :tO00  pounds.  Tho 
ilatiKor  of  unlng  a  variable  Htiimlard  like  IIiIh  Ih  obvloiiH,  na  coii- 
irui'tlMK  partloH  might  havo  In  niind  ontiroly  difTerent  concop- 
llonn  of  tho  value  of  tho  unit. 

lArlilrinn:   VIII  Mill  ,\*oTrJor»Vjr  ClTx.    N.  1. 
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DESIGN    OF    DIES    FOR   COMBINED    DRAWING    AND    BENDING 

BY  ERNEST  A.    WALTERS  ' 


THE  making  of  a  milk-can  handle  is  one  of  the  many 
difficult  power-press  operations  that  require  the  exercise 
of  much  patience  and  good  judgment  to  obtain  the  proper 
development  and  to  get  the  dies  into  perfect  working  order. 
One  of  the  difficult  operations  in  press  work  is  deep  bending 
and  drawing,  because  the  blank  has  a  tendency  to  shift  be- 
fore it  is  forced  to  the  bottom  of  the  die,  which  results  in  im- 
perfect work.  Another  difficult  operation  is  cross  bending, 
when  a  large  radius  is  greatly  reduced,  thereby  making  it 
necessary  to  upset  the  stock  and  condense  the  material  with- 
out wrinkling  or  distorting  the  piece.  In  designing  the  dies 
for  these  handles,  these  difficulties  were  met,  and  the  dies 
developed  produce  the  desired  number  of  perfect  handles  per 
day  without  much  labor.  The  second  and  third  operations, 
Figs.  5  and  6,  have  been  arranged  so  that  they  may  be  per- 
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Tig,  1.    Operations  in  forming  Milk-can  Handle 

formed  with  tandem  dies  in  a  single  press,  if  so  desired,  thus 
requiring  only  two  presses  for  the  Job.  This  arrangement  also 
eliminates  the  labor  required  in  handling  the  work  between 
two  presses. 

Fig.  1  shows  the  blank,  which  is  made  of  No.  18  cold-rolled 
deep-drawing  sleel.  The  piece  A  is  blanked  on  the  progressive 
punch  and  die  shown  in  Fig.  2.  The  punch  A  is  made  of  tool 
.steel  and  i.s  hardened  and  dovetailed  in  the  cast-iron  holder  H. 
The  tool-steel  perforating  punches  C  are  hardened  and  ground 
to  size  and  are  held  in  position  by  set-screws  J).  The  blanking 
(He  E  is  made  in  two  sections  with  the  proper  shear.  It  la 
hardened  and  ground  and  Is  held  In  the  cast-iron  die  plate  /•' 
by  fllllster-head  screws  G  and  dowel-pins  //.  which  are  shown 
in  the  plan  view  of  the  die,  Fig.  3.  The  blanking  die  IJ  and 
plate  /■'  are  sunk  In  the  cast-iron  bolster  plate  /  and  are  held 
In  position  by  screws  ,/.  The  stripper  K  is  made  of  machine 
steel  and  Is  held  In  position  by  cap-scre\w  /-  and  dowel-pins. 
The  spacing  gage  M  Is  made  ot  tool  steel  and  Is  hardened  and 
ground.      Fig.    3    shows    the    guide    plates    .V,    finger-gage    O. 

'Adilrt'Hii:  231  W.   Iliicna  Vlata,  IllRhliind  I'lirk,  Ml<'l>. 


Fig.  2.     Front  View  of  Progressive  Blanking  Punch  and  Die 

and  spacing  gage  If.  When  straight  strip  steel  is  used,  a  die 
ot  this  design  will  be  found  accurate  enough.  When  a  high 
degree  of  accuracy  is  essential,  a  compound  blanking  and  per- 
forating die  is  recommended. 

Fig.  4  shows  the  strip  of  steel  and  the  method  of  gaging. 
The  sheet  of  steel  P  is  first  held  against  the  side  R  of  the 
finger -gage  0,  Fig.  3,  and  a  slight  cut  S,  Fig.  4,  is  taken  at  the 
first  stroke  of  the  press.  Gage  0  is  then  withdrawn  to  clear 
the  sheet  of  steel,  which  is  pushed  forward  against  spacing 
gage  M,  bringing  the  gage  points  T  and  the  sheared  edge  S 
together.  Blank  A,  Fig.  1,  is  then  cut.  When  the  first  blank 
is  removed  it  is  obvious  that  the  stock  will  fit  over  gage  M, 
and  blanks  can  be  produced  continuously. 

In  the  second  operation  the  blank  is  bent  in  the  die  shown 
in  Fig.   5  and  formed  to  U  shape  as  indicated  at  B.  Fig.   1. 
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The  puncli  A 
is  made  of 
tool  steel  and 
is  backed  by  a 
hard  plate  B, 
so  that  the 
ends  of  the 
handle  will  be 
flattened  when 
the  die  closes. 
Punch  A  and 
plate  B  are 
fastened  to  the 
cast-iron 
punch-holder  C 
by  screws  B 
and  dowel-pins 
E.  The  die  F 
is  made  of  tool 
steel  and  is 
hardened  and 
held  to  the 
cast-iron  plate 
G  by  screws  11. 
Gages  1  are 
held  in  place 
by  screws  .7 
and  dowel-pins. 

The  square  pressure  bar  X  is  slightly  hollowed  at  the  top  K; 
it  is  made  of  tool  steel  and  is  hardened  and  ground  to  a  sliding 
fit.  The  punch  A  is  knurled  at  0.  and  with  the  proper  ten- 
sion on  the  pressure  bar  X  from  the  rubber  bumper  Y  and  the 
adjusting  nuts  Z,  will  grip  the  blank  and  hold  it  from  shift- 
ing while  it  is  being  bent  to  shape.  The  side  gages  L  are  made 
of  tool  steel  and  are  hardened  in  oil;  they  prevent  the  blank 
from  shifting  sideways.  The  gages  are  held  in  position  by 
bolts  M  and  have  the  necessary  clearance  at  A'  when  closed. 
The  handle  is  formed  to  its  completed  shape  as  shown  at  C 
and  D,  Fig.  1,  in  the  die  shown  in  Fig.  6,  which  is  designed 
to  operate  in  tandem  with  the  forming  die,  Fig.  5.  The  die  A 
and  the  punch  B  are  made  of  tool  steel  and  are  hardened  in 
oil  because  of  the  strain  developed  when  closing  the  handle. 
If  this  die  and  punch  are  hardened  under  ordinary  conditions, 
they  will  crack  and  chip  and  cause  trouble.  The  punch  B  is 
held  to  the  bard  flattening  plate  C  and  the  cast-iron  punch- 
bolder  U  by  screws  E  and  dowel-pins  F.  The  die  A  is  set  into 
a  cast-iron  plate  G  and  is  held  In  position  by  screws  H.  The 
forming  and  the  closing  dies  must  be  kept  polished  and  free 
from  scratches  to  produce  the  best  results. 


Fig.   4.     Blanking   Strip   after   Second  Stroke, 
iUastrating  Manner  of  gaging 
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WOMEN   IN   BRITISH   MACHINE    SHOPS 

The  Ministry  of  Munitions  in  Great  Britain  recently  exhib- 
ited at  Leeds  an  extensive  collection  of  work  done  by  women 
in  the  mechanical  industries.  The  exhibition  indicates  the 
extent  to  which  women  have  taken  men's  places  in  England. 
There  were  fourteen  separate  groups  of  exhibits.  One  of 
the  most  interesting,  to  a  mechanic,  was  a  group  of  gages, 
including  thread,  ring,  and  plug  gages,  made  to  limits  of 
0.0003  inch.  The  plug  gages  made  to  these  limits  were  com- 
pleted entirely  by  women,  including  cutting  oft  the  stock, 
turning,  casehardening,  grinding,  lapping,  inspection  and  final 
corrections.  One  hundred  and  sixteen  specimens  of  twist 
drills,  milling  cutters,  reamers,  drill  chucks,  chasers,  etc., 
many  of  which  were  made  entirely  by  women,  were  exhibited 
in  another  group.  In  some  works,  the  women  do  all  the 
machining  operations,  except  the  hardening,  tempering,  sand- 
blasting, and  final  grinding,  while  in  other  shops  these  opera- 
tions are  also  done  by  women. 

The  group  containing  dies  and  punches  for  cartridge  mak- 
ing is  of  peculiar  interest  on  account  of  its  intimate  relation 
to  the  war.  Sets  of  dies  for  this  work  are  made  entirely  by 
women,  except  the  backing  off  and  hardening.  Projectiles 
produced  entirely  by  women  were  shown  in  another  group, 
including   among   other    exhibits    4.5-inch    howitzer    cartridge 
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cases  made  entirely  by  female  labor.  In  addition,  there  were 
exhibits  of  aeroplane  engines,  "tanks,"  motor  cars,  internal 
combustion  engines,  large  and  small  guns,  machine  guns,  and 
rifles,  many  of  the  parts  of  which  are  made  by  women.  In 
the  aeroplane  industry,  particularly,  the  women  have  taken 
an  important  place,  doing  much  of  both  the  wood  work  and  the 
mailiine  work,  including  the  welding. 

Photographs  were  also  exhibited  showing  the 
women  actually  at  work,  and  these  indicated  that 
the  women  have  taken  the  place  of  men  in  many  in- 
dustries requiring  heavy  labor,  in  which  it  would 
ordinarily  be  thought  that  their  lack  of  physical 
strength  would  prevent  them  from  engaging.  Women, 
for  instance,  were  seen  working  at  coke  ovens,  dis- 
charging and  quenching  coke,  stacking  and  loading  it 
in  railway  cars,  handlins  it  in  lonncilion  with  aerial 
ropcway.s,  etc.  In  rolling  mill  work,  they  were  seen 
liHiidling  steel  rails,  punching  spike  holes  in  light 
nilis,  uiid  charging  the  ruil-mlll  furnaces.  In  steel 
\vi>rkH,  they  were  seen  working  around  furnaces  and 
Ijarulling  bllletH,  operating  hydraulic  presses,  and 
doing  a  variety  of  Bimilur  work.  In  the  foundries, 
they  arc  making  cores  both  by  hand  and  by  machine, 
niacliine  molding  and  general  labor. 

.liiiigiMK  from  this  exhibition,  one  would  bo  in- 
clined to  draw  llie  conclUHlon  that  the  war  is  fouglil 
JiiHl  as  Hlroiiuously  by  the  KngllHli  wonicii  as  by  tlio 
tiicn,  and  that  the  (Tt-dll  fur  the  rcHults  that  will 
be  ttililfvi'd  will  bo  equally  divided  belwoon  tlKme 
who  lire  IlKlitlnK  valiantly  ut  the  front  and  fhoHO  who 
;it.'   IU;lilliiK   (■(|umIIv   ("iiriiKciiuHly   lit    lunuiv 
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IMPROVING   A   MOLDING   MACHINE 

BY   S.   W.   PALMER  ' 

Fig.  1  shows  what  is  known  as  the  "Modern"  arcade  mold- 
ing machine.  A  number  of  these  machines  gave  satisfactory 
service  on  certain  lines  of  work,  but  on  others  they  proved  so 
unsatisfactory  that  it  was  decided  to  rebuild  several  to  suit 
the  work.  The  object  of  the  change  was  to  increase  the  pres- 
sure exerted  by  the  machine  on  the  surface  of  the  mold,  so 
that  patterns  of  a  relatively  large  area  could  be  suitably 
molded  with  less  hand  ramming.  In  the  machine  furnished 
by  the  manufacturer,  compressed  air  is  admitted  to  the  head 
end  of  an  air  cylinder  anchored  at  A.  The  force  of  the  air 
acting  against  the  piston  is  transferred  through  a  piston-rod 
to  pin  B  in  a  bellcrank  that  is  free  to  rotate  about  point  D. 
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Fig.    1.      Molding   Machine   as   furnished   by   Manufacturer 

As  the  bellcrank  rotates  in  a  clockwise  direction,  head  E  is 
drawn  down  by  the  connecting-rod  attached  to  pin  C.  The 
original  position  of  these  parts  is  indicated  in  Fig.  2  by  the 
solid  lines  connecting  points  A,  B,  D  and  C.  When  the  ma- 
chine is  in  the  squeezing  position,  the  moving  points  B  and  C 
have  taken  the  positions  B,  and  C',.  This  mechanism  is  the 
same  on  both  sides  of  the  machine. 

The  change  consists  in  replacing  the  cylinder  on  the  left- 
hand  side  of  the  machine  with  one  of  larger  diameter  and 
shorter  stroke,  and  that  on  the  right-hand  side  with  one  of 
larger  diameter  but  the  same  stroke.  The  position  of  the 
points  A,  B,  C  and  D  on  the  improved  machine  when  the 
squeezing  head  E  is  up,  as  in  Fig.  1,  is  shown  in  Fig.  4.  The 
left-hand  side  of  the  machine  is  indicated  by  the  solid  lines 
Joining  points  A,  B„  D,  and  the  dotted  line  to  C„  and  the  cor- 
responding parts  on  the  right-hand  side  of  the  machine  take 
the  positions  A,  Bj,  Z>,  and  C,. 


Fig.  4.    Position  of  Air  Cylinders,  Pistons,  and  BeU- 
cranks  before  Operation  on  Improved  Machine 


After  the  air 
has  been  turned 
into  the  cylin- 
ders and  the 
machine  has 
reached  the  po- 
sition of  squeez- 
ing, the  squeezer 
head  being  down 
on  the  flask  in 
the  final  posi- 
tion, the  cylin- 
der and  attach- 
ment on  the  left- 
hand  side  of  the 
machine  occupy 
the  position  shown  in  Fig.  3  by  A,  B^,  Di  and  C,.  Those 
on  the  right-hand  side  occupy  the  position  A,  Bj,  D^  and  C,. 
It  will  be  noted  that  the  arrangement  of  the  moving  parts  of 
the  left-hand  cylinder,  crank  and  connecting-rod  is  such  that, 
at  the  bottom  of  the  stroke,  when  the  maximum  pressure  is 
required  on  the  squeezing  head  E,  the  angle  AB.D^  is  much 
more  nearly  a  right  angle  than  is  the  angle  AB,Di,  which  is 
the  angle  of  the  new  parts  on  the  right-hand  side  of  the  im- 
proved machine  and  on  both  sides  of  the  old  machine.  It  will 
also  be  noticed  that  the  pressure  on  the  line  AB^  is  working 
on  a  radius  B,D,  which  is  of  considerably  greater  length 
than  that  of  the  cylinder  working  on  the  line  AB^,  with  a 
radius  B^D,. 

In  order  to  show  the  advantage  gained  by  the  greater  turn- 
ing effort  thus  produced,  the  following  mathematical  calcula- 
tion is  necessary.  The  original  machine  is  equipped  with  two 
double-acting  4-inch  cylinders  of  15-inch  stroke.  For  each 
mold  made,  each  cylinder  must  be  filled  twice  with  compressed 
air  at  SO  pounds  pressure,  thus  requiring  2X2X2X2X  3.14 
X  15  =  754  cubic  inches  of  air.  The  improved  machine  is 
equipped  on  the  right-hand  side  with  one  double-acting  5-inch 
cylinder  of  15-inch  stroke,  and  on  the  left-hand  side  with  one 
single-acting  5-inch  cylinder  of  8^^-inch  stroke.  The  arrange- 
ment is  such  that  for  most  work  the  15-iuch  cylinder  is  suffl- 
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Fig.   5.     Force  Diagram  of   Original   Machine 

cient  to  return  the  squeezing  head  to  the  original  position 
after  the  mold  has  been  finished.  However,  the  short  cylin- 
der on  the  left-hand  side  of  the  machine  is  so  arranged  as 
to  take  air  during  the  last  two  inches  of  the  return  stroke 
and  thus  help  out  the  right-hand  cylinder  when  very  heavy 
patterns  are  being  molded. 

By  computing  the  turning  effort 
exerted  by  each  machine  on  shaft  D, 
it  is  possible  to  get  a  fair  compari- 
son of  the  two  machines,  as  the 
power  from  this  point  Is  transmit- 
ted to  head  E  in  the  same  way  and 
through  the  same  angles  In  both 
machines.  The  turning  effort  of  the 
original  machine  with  80  pounds  air 
pressure  is  2  X  2  X  2  X  3.14  X  80  = 
2010  pounds,  which  is  exerted  along 
lino  /;.  Fig.  5.  The  effeotlve  effort 
of  this  force  is  represented  by  the 
tangent  C.  which  equals  E  cos  a, 
or  2010  X  0.891  =  1791.  As  the 
radius  is  one  foot,  this  gives  1791 
foot-pounds  as  tlie  turning  moment 
about  point  /). 
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Fig.  6.     Force  Diagram  of  Improved  Machine 

The  corresponding  effort  on  the  improved  machine  with  the 
same  pressure  in  the  short  cylinder  is  2.5  X  2.5  X  3.14  X  80 
=  1570  pounds;  this  is  exerted  along  line  E,  Fig.  6.  The  ef- 
fective force  equals  the  tangent  K,  which  is  equal  to  E  cos  o, 
or  1570  X  0.961  =  1509  pounds.  This  pressure,  acting  on  a 
radius  DB  of  16  inches,  or  1 1/3  foot,  equals  1509  X  1.333 
=  2011  foot-pounds  turning  effort  exerted  about  point  D  by 
the  left-hand  cylinder  only.  On  the  right-hand  side  of  the 
machine  the  effective  effort  is  the  tangent  M,  which  equals 
G  cos  5,  or  1570  X  0.891  =  1399  pounds.  As  the  radius  DB  is 
1  foot,  this  gives  1399  foot-pounds  for  the  long  cylinder  only. 
The  total  turning  moment  about  point  D  is  the  sum  of  the 
turning  effort  exerted  by  each  cylinder,  or  2011  +  1399  =  3410 
foot-pounds,  as  compared  with  1791  foot-pounds  in  the  original 
machine,  or  almost  twice  the  effective  pressure.  This  turning 
moment  is  obtained  by  the  use  of  the  following  amount  of 
air.  First,  assuming  that  the  mold  is  -of  such  size  that  the 
long  cylinder  alone  can  lift  the  squeezing  head  to  its  original 
position,  the  original  machine  requires  both  cylinders  to  be 
filled  with  air  twice  for  each  complete  mold,  or  2X2X2X2 
X  3.14  X  15  =  754  cubic  inches  of  air.  The  improved  ma- 
chine requires  2  X  2.5  X  2.5  X  3.14  X  15  +  2.5  X  2.5  X  3.14 
X  8.5  =  756  cubic  inches  of  air,  or  two  cubic  inches  more  than 
the  old  machine. 

If  the  pattern  is  so  heavy  that  the  short  cylinder  is  re- 
quired to  complete  raising  the  squeezing  head  E  to  its  original 
position,  the  amount  of  air  required  is  2  X  2.5  X  2.5  X  3.14 
X  15  +  2.5  X  2.5  X  3.14  X  8.5  -f  2  X  2.5  X  2.5  X  3.14  =  795 
cubic  inches,  as  against  754  cubic  inches  in  the  old  machine. 
In  both  cases  the  improved  machine  is  exerting  a  pressure 
to  squeeze  the  mold  of  3410  foot-pounds,  as  against  1791  foot- 
pounds on  the  original  machine.  After  gaining  this  extra 
power  it  was,  of  course,  necessary  to  brace  and  strengthen 
a  number  of  the  parts  of  the  machine  to  withstand  the  in- 
creased strain  without  excessive  deflection.  Several  of  these 
machines  have  been  used  for  some  time  on  heavy  work  and 
'  are  giving  satisfactory  results. 

•  •     • 
REVENUE  FROM  MOTOR  CARS 

Acrorillng  10  the  Department  of  Agriculture,  in  1916  there 
were  1,067,332  more  motor  cars  registered  in  the  United  States 
than  In  1915,  an  increase  of  43  per  cent.  The  gross  total  of 
registered  cars,  including  commercial  cars,  was  3,512,996;  the 
nuralier  of  motorcycles  registered  was  250,820.  The  several 
states  collected  In  reglstralton  and  license  fees.  Including  those 
of  cbaufTnurs  and  operators,  a  total  gross  revenue  of  $25,865,- 
369.  or  this  amount,  'J'2  per  cent,  or  $23,91 0,811,  was  uppliod 
directly  to  conMtrurllon,  Iniprovenient  or  inaliilcnance  of  the 
public  roads  In  forty-throe  btates.  The  IlKurcs  for  1916  cor- 
respond closely  with  the  annual  percentage  Increase  of  motor- 
car reKlsiratlon  of  the  last  three  years.  This  yearly  increase 
has  avnraKed  40  per  cent  In  the  number  of  cars  and  00  pur 
cent  In  rovcnue.  In  1900,  the  total  state  rogistratlons  were 
opproxlmntirly  48,000  cars,  and  the  several  stales  collected  In 
fwd  iitid  ll<..nii<<i  $190,000;  only  a  snuill  part  of  this  was  ap 
piled  to  road  work. 

•  •     • 

The  Urttlih  minister  of  munition*  has  flxcd  tho  aollInK  pri<'<' 
of  aluminum  Initola  of  ordinary  rommcn  lal  purity,  98  to  99 
per  reni.  nt  4225  (about  11090)  per  ton  and  the  mnxlnnim 
solllnx  price  of  rc-mnlted  aluminum  Ncrap  and  iwarf  IngotM  of 
98  to  99  pnr  rent  purity  nt  £210  (about  tl020)   per  ton. 


THE   HEART   OF   THE   FACTORY 

BY    ARTHUR   JENNER' 

As  the  heart  is  to  the  human  system  so  is  the  tool  depart- 
ment to  the  modern  factory.  It  that  department  is  not  operat- 
ing as  it  should,  the  condition  is  reflected  in  decreased  or  in- 
efficient production.  Quantity  manufacturing  of  interchange- 
able parts  requires  that  the  necessary  tools  be  produced  as  eco- 
nomically as  possible  and  upon  schedule  time.  Economy 
means  not  necessarily  cheap  tools,  but  such  as  are  fitted  for 
their  intended  functions  and  made  as  good  as  possible  and 
on  time.  The  provision  of  plenty  of  relatively  inexpensive 
accessories  is  positive  economy,  not  only  in  dollars  and  cents, 
but  also  in  increased  production  due  to  the  psychological 
effect  on  the  toolmakers  or  machinists.  Many  jobs  take  more 
time  to  set  up  than  to  machine. 

Illustrations  are  not  rare  in  the  advertising  pages  of  tech- 
nical journals  that  show  the  lack  of  common  necessities  for 
holding  down  work.  Bolts  six  or  more  inches  longer  than 
necessary  are  often  used,  the  extra  length  requiring  the  use  of 
large  nuts,  collars,  old  hubs,  washers,  etc.  Dividing  heads 
and  tailstocks  are  robbed  of  the  proper  bolts,  and  even  small 
carriage  bolts  and  such  substitutes  are  used  at  the  risk  of 
spoiling  the  job  through  inefficient  holding  power.  But  the 
search  for  better  facilities  would  cost  much  more  in  time  and 
temper  than  the  value  of  the  missing  equipment.  One  of  the 
worst  results  of  this  condition  is  the  effect  upon  the  men. 
Order  and  neatness  are  not  encouraged,  so  that  when  these 
men  get  into  a  shop  where  better  conditions  exist,  they  cannot 
immediately  change  their  habits,  and  to  some  extent  the  well- 
equipped  shop  suffers. 

This  fact  was  brought  forcibly  to  the  writer's  attention  some 
years  ago  when  taking  charge  of  a  tool-room  that  had  not 
received  the  proper  attention.  The  machines  were  good,  but 
the  important,  though  less  expensive,  details  were  lacking. 
Casehardened  bolts  and  nuts  of  sizes  to  suit  the  various  ma- 
chine T-slots,  and  from  2  to  10  inches  long,  were  provided, 
also  casehardened  U-straps,  3,  5  and  7  inches  long,  and  soft 
plate  straps,  %  jnch  by  2"^  inches  by  8,  10  and  12  inches. 
Small  hardened  and  ground  parallels,  H  by  %  inch  to  '/^  by 
1%  inch,  and  large  cast-iron  ones  were  made.  Every  man  was 
supplied  with  a  surface  plate,  and  a  few  spare  plates  were 
kept  on  hand  for  extra  help;  true  angle-irons  in  several  sizes 
were  also  made.  All  lathe  centers  were  marked  to  denote  the 
make  of  lathes  they  fitted,  were  rehardened  and  ground,  and 
spare  ones  made,  together  with  half  centers.  Tap  sets,  with 
the  proper  drills  and  counterbores  fitted  to  hardwood  blocks, 
were  made  in  ample  quantity,  and  every  toolmaker  was  sup- 
plied with  a  set  of  drills,  in  blocks,  from  No.  1  to  GO.  Lap- 
ping plates  for  gage-makers  were  provided,  replacing  die-shoes 
and  other  odd-shaped  castings  required  for  specific  purposes. 
Cast-iron  lap  blanks  and  suitable  adjustable  holders  for  use 
in  lapping  plug  gages,  etc.,  were  carried  in  the  tool  crib  in 
various  sizes,  as  also  were  small  lead  laps,  cast  on  cold-rolled 
steel  centered  arbors  ready  to  turn,  for  use  in  lapping  Jig 
bushings,  ring  gages,  eti^  Wrenches  were  supplied  and  marked 
for  use  on  certain  machines,  the  originals  having  been  used 
for  other  purposes.  The  tool  crib  was  rearranged  to  enable 
the  mechanics  to  observe  at  a  glance  and  thus  select  odd- 
shaped  and  special  tools,  cutters,  etc.  Also  the  tools  most  In 
demand  and  small  supplies  were  placed  as  near  as  possible  to 
tho  point  of  distribution,  resulting  In  much  better  service  from 
the  tool  crib.  Ucflcctors  and  sliades  for  elect ric  lamps  were 
supplied,  and  many  other  ili^tails  rerclvcil  iiltcntlon  along  the 
line  of  general  betterment.  The  oslalill.sliiiu'iil  dT  tlio  fore- 
going  syHtem  was  Inexpensive  as  coiniiiii'cd  wllh  llu'  result 
unt  all-around  Improvement. 

Once  In  a  whili-  a  man  would  be  employcil  vvlio  did  not  fully 
iipprccinto  the  fact  Ihitl  it  was  to  Ills  advunliiKo  as  well  us 
IliHt  of  his  ciiiploycr  to  have  the  eiiulpnient  kept  In  pnipiT 
order,  and  care  was  riM|ulrod  to  see  lluil  lie  got  Into  tli(>  spirit 
of  tills  syHtem.  Tills  was  not  due  ho  niiiih  to  wiiiil  of  lliouglil 
an  to  hlH  having  been  oniployud  In  HhopH  that  did  not  possoHH 
any  carefully  Hliidlnd  plan  <ir  iiirliiK  for  tho  iipkeap  of  thi> 
niouna  of  quantity  production. 


■Aililrma:  Oil  Oirloton  Arc,   nrlilKn|i<irt,  Cniiii. 
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FACTORS    GOVERNING    DESIGN  —  METHODS    OF    DETERMINING    OVERLOADING    OF    BALLS  — 

GYROSCOPIC    EFFECTS 


THE  ball  bearing  of  today  could  never  have  been  made  a 
commercial  success  but  for  the  high  degree  of  accuracy 
attained  in  its  manufacture.  With  a  load  of  130  pounds, 
a  half-inch  ball  is  compressed  0.001  inch.  Hence  if  one  of  the 
balls  in  a  thrust  bearing  is  0.001  inch  larger  than  the  rest, 
the  ball  will  have  130  pounds  more  load  upon  it  than  the 
others.  As  the  total  load  that  may  be  put  on  a  half-inch  ball 
running  at  very  low  speeds  on  a  curved  track  is  about  250 
pounds,  an  error  of  0.001  inch  in  the  diameter  of  the  ball. 
or  a  place  in  the  race  0.001  inch  high,  will  increase  the 
load  to  such  an  extent  that  failure  of  the  ball  is  certain  to 
occur.  With  a  one-inch  ball,  the  safe  load  is  about  1000  pounds, 
and  the  effect  of  0.001  inch  error,  200  pounds. 

Except  in  the  smaller  sizes,  balls  in  a  properly  designed 
bearing  hardly  ever  break  into  pieces  when  overloaded,  but 
the  surface  chips  or  peels  off.  The  safe-working  load  of  a 
ball  depends  on  the  strength  of  its  surface  to  withstand  the 
contirtual  compression  and  expansion  under  load,  or,  in  other 
words,  on  the  elastic  limit  of  the  surface.  It  does  not  follow, 
however,  that  the  ball  with  the  highest  crushing  load  will 
have  the  highest  safe-working  load.  The  safe-working  load 
of  a  bearing  depends  not  only  on  the  quality  of  the  ball, 
but  on  the  design  of  the  bearing  and  the  accuracy  with  which 
it  is  ground.  At  high  speeds,  the  safe  loads  per  ball  are  much 
less  than  at  low  speeds;  hence,  with  a  fast-running  bearing,  it 
is  of  much  greater  importance  to  get  extreme  accuracy  of 
workmanship  than  in  a  slow-running  bearing.  Balls  running 
on  a  curved  track  will  carry  from  2  to  2^4  times  as  much  load 
as  those  on  a  flat  track.  Why  the  load-carrying  capacity  of  a 
ball  bearing  diminishes  with  the  speed  is  not  altogether  clear. 
It  is  sometimes  said  that  the  diminished  capacity  is  due  to 
the  increased  load  on  the  balls  caused  by  centrifugal  force; 
but  on  calculating  the  amount  of  this  force  it  will  be  seen 
that  the  increased  load  due  to  this  cause  is  so  small  as  to  be 
negligible  except  at  very  high  speeds.  With  balls  running  in  a 
properly  fitted  cage  with  flat  bail-races,  it  is  diflacult  to  see 
how  the  centrifugal  force  of  the  balls  can  have  any  effect  on 
the  load-carrying  capacity  of  the  bearing.  The  speed  effect 
on  the  balls  has  possibly  some  relation  to  the  well-known  effect 
of  very  rapid  reversals  of  stress. 

All  authorities  agree  that  the  effect  of  speed  is  much  more 
marked  in  thrust  bearings  than  in  radial  bearings.  In  a  thrust 
bearing  the  balls  are  always  under  the  same  load,  but  the 
direction  of  their  line  of  loading  is  always  changing.  In  a 
radial  bearing,  however,  the  balls  are  gradually  loaded  for  a 
fraction  of  a  second,  and  then  gently  released  from  stress: 
at  least  half  the  time  they  get  a  complete  rest,  as  regards 
supporting  any  load,  which  appears  to  enable  them  to  with- 
stand higher  loads  at  a  given  speed  than  they  are  capable  of 
doing  when  in  a  thrust  bearing. 

Curvature  of  Tracks  and  Mountinsr 

Prof.  W.  Schwinning  has  stated  that  a  curved  track  is  the 
best  shape  for  races  of  radial  bearings  intended  for  heavy 
loads.  Hertz's  theory  shows  that  for  a  given  load  the  maxi- 
mum stress  In  the  material  is  smaller  the  greater  the  extent 
of  contact  between  the  balls  and  the  races,  and  therefore  it 
is  desirable,  in  order  to  maintain  the  maximum  bearing  ca- 
pacity, to  make  the  radius  of  the  groove  of  the  inner  ball 
path  from  4  to  5  per  cent,  and  that  of  the  outer  ball  path  from 
10  to  15  per  cent  larger  than  the  radius  of  the  balls. 

Willi    grooved   races,   tlie   normal   continuous   load.    In   kilo- 


grams, can  bo  taken  as  W  =  15 


5(1' 


In  which   II       number  of  balls; 

(/    -  diameter  of  balls,  in  Vs  Inch. 
This  relation  Is  suitable  for  medium  speeds  of,  sny,  800  revo- 
lutions per  minute,  assuming  absence  of  shock.     If  shocks  are 

ronil  tirfuro  tlio  Rorlcty  of  EnRi- 


probable,  the  normal  load  on  the  bearing  must  be  reduced. 
The  races  should  contain  as  many  balls  as  possible. 

In  the  case  of  a  nearly  perfect  roller  or  ball  bearing  the 
frictional  resistance  of  the  bearing  is  practically  independent 
of  lubrication.  For  a  single-row,  radial  bearing,  having  a 
diameter  of  outer  ball  track,  2.75  inches;  radius  of  curvature 
of  outer  race,  0.275  inch;  diameter  of  inner  ball  track,  1.75 
inch;  radius  of  curvature  of  inner  race,  0.2625  inch;  diameter 
of  ball,  0.5  inch.  If  the  ball  deflects  so  as  to  approach  the 
race  by  0.0001  inch,  the  area  of  contact  on  the  outer  race  is 
0.00057  square  inch,  and  the  area  of  contact  on  the  inner  race 
is  0.00063  square  inch. 

Creep  in  journal  bearings  is  due  to  the  slight  difference  in 
diameter  between  the  shaft  and  the  bore  of  the  inner  race  of 
the  bearing,  so  that  the  revolving  shaft  rolls  around  the  bore 
of  the  inner  race  as  it  rotates.  If  the  diameter  of  the  shaft 
is  0.001  inch  smaller  than  the  bore  of  the  bearing,  its  circum- 
ference is  approximately  0.003  inch  less,  and  in  each  revolu- 
tion a  point  on  its  surface  will  travel  0.003  inch  less  than  a 
point  on  the  bore  of  the  bearing.  If  the  shaft  makes  one 
thousand  revolutions  per  minute,  the  surface  of  the  bore  will, 
theoretically,  creep  forward  three  inches  in  each  minute.  The 
only  way  to  prevent  this  creep  is  to  make  certain  that  the  re- 
volving races  are  a  tight  fit,  and  are  clamped  endwise  on  the 
shaft.  Grub  screws  or  keys  are  not  satisfactory.  There  is  no 
tendency  to  creep  between  the  outer  race  and  its  housing 
where  these  are  both  stationary,  or  between  the  shaft  and 
inner  race  if  these  are  both  stationary.  This  is  because  the 
load  remains  continually  in  the  same  direction;  when  the  load 
revolves,  the  outer  race  will  tend  to  revolve  in  the  opposite 
direction  to  the  load. 

A  journal  bearing  that  has  to  withstand  pure  end  thrust 
and  no  journal  load  has  the  end  thrust  evenly  distributed  over 
all  the  balls.  When  the  bearing  is  subjected  to  combined  jour- 
nal and  thrust  load,  the  journal  load  is  carried  on  two  or  three 
balls  which  are  held  by  this  load  in  the  bottom  of  the  tracks. 
A  side  thrust  coming  on  this  bearing  at  the  same  time  will  be 
carried  by  the  same  two  or  three  balls,  and  therefore  tie  load 
per  ball  will  be  greater.  The  balls  that  are  not  subject  to  the 
journal  load,  and  are  therefore  slack  in  their  races,  will  not 
be  carrying  any  of  the  side  thrust. 

Method  of  Determining  Overloadinsf  of  Balls 

The  wear  of  properly  made  ball  bearings  is  practically  nil 
when  run  at  suitable  loads  and  speeds.  A  new  ball,  straight 
from  the  makers,  when  examined  shows  slight  defects;  but  after 
running  a  few  weeks  under  a  moderate  load,  the  surface  im- 
proves. When,  however,  the  ball  is  overloaded  it  appears  to 
be  covered  with  tiny  flakes  of  snow,  which  are  specks  where 
crystals  have  broken  away  from  the  surface  of  the  ball.  Such 
specks  can  be  seen  only  with  a  lens  magnifying  about  300  to 
400  diameters.  As  soon  as  these  specks  appear,  it  is  a  sure 
sign  that  the  ball  has  been  overloaded;  and  if  the  test  is  con- 
tinued at  this  load  the  balls  and  races  will  ultimately  fail. 
The  races  must  be  perfectly  smooth  and  free  from  chatter  and 
scratches;  otherwise  the  load  on  the  balls  will  be  increased. 

Prof.  Schwinning  says  that  when  two  balls  are  pressed  to- 
gether, the  load  at  which  the  first  fissure  occurs  is  a  measure 
of  their  tenacity;  the  breaking  load  does  not  depend  only  on 
this  fissure-load.  The  first  crack  is  a  circular  fissure  surround- 
ing the  point  of  contact  and  often  occurs  at  less  than  one- 
tenth  of  the  breaking  load;  circumferential  cracks  occur  much 
later.  The  first  circular  fissure  cannot  be  seen  with  the  naked 
eye,  or  even  with  a  microscope,  but  it  can  be  made  visible 
by  etching  the  balls,  preferably  with  warm  hydrochloric  acid. 
Not  Infrequently  criss-cross  scratches,  due  to  too  rapid  grind- 
ing, occur  on  the  cylindrical  surfaces  of  the  races,  especially 
where  the  tenacity  of  the  surface  has  boon  reduced  through 
defective  hardening.  These  scratches  are  rendered  visible 
by  etching. 
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Permissible  Loads  for  Ball  Bearings 
Taking  the  foregoing  considerations  into  account,  the  author 
has  evolved  the  following  formulas  for  the  permissible  loads  of 
ball  bearings  of  the  best  materials  and  workmanship,  and  with 
curved  tracks,  giving  approximately  the  same  area  of  contact 
for  the  inner  and  outer  races  of  journal  bearings,  which  will 
be  found  to  conform  closely  with  generally  accepted  practice. 


Thrust  bearings: 


W  =  nOnd' 


Radial  bearings: 
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Fig.   1.     Diagrams  showing  Effect  of  Gyroscopic  Torque 

in  which  TV  ^  load,  in  pounds; 
n  =  number  of  balls; 
d  =  diameter  of  ball,  in  Inches; 
.>/■  =  revolutions  per  minute  of  shaft; 
D  =  diameter  of  ball  track  (thrust  bearings,  center 
to  center  of  opposite  balls;  radial  bearings,  di- 
ameter of  inner  track)  in  inches. 

In  the  case  of  thrust  bearings,  all  the  balls  carry  the  load 
simultaneously;  in  radial  bearings,  only  one-fifth  of  the  balls 
take  the  load  at  one  time.  But  in  the  latter  case  the  area  of 
contact  of  the  balls  is  greater  than  in  the  former,  and  conse- 
quently their  load-carrying  capacity  is  greater,  due  to  the 
cylindrical  formation  of  the  outer  race  and  the  smaller  radius 
of  track  of  the  inner.  In  thrust  races,  a  satisfactory  per- 
missible load  has  been  found  to  vary  inversely  as  the  cube  root. 
The  effect  of  shock  is  extremely  important  and  with  hardened 
8t«el  surfaces  In  metallic  contact  the  inertia  of  the  moving 
parts  subjects  the  bearing  to  an  extra  load,  which  must  bo 
taken  Into  consideration  when  determining  the  size  of  a  bearing. 
Gyroscopic  EHect 

When  the  axis  In  a  ball  bearing  about  which  the  balls  rotate 
Is  not  parallel  to  the  axis  of  the  bearing,  there  is  a  gyroscopic 
couple,  due  to  the  action  of  each  ball  as  its 
axis  of  rotation  "precesses"  In  a  radial  path. 
Suppose  a  disk  to  be  rotating  in  a  clock- 
wise direction  when  viewed  from  the  end  of 
spindle  B,  Fig.  1,  and  spindle  AB  to  be 
precesBod  about  an  axis  at  right  angles  to 
AB,  so  that  the  end  A  rises  vertically  from 
the  nurfaoe  of  the  imper  while  B  descends 
below  It.  Then,  by  the  principle  of  "con- 
B«rvatlon  of  angular  momentum  of  aspect," 
any  point  0  on  the  rim  of  the  disk  will  tend 
to  run  In  Its  original  aspect  of  rotation. 
and   a  xyroscoplc   force   will   ensue,   a<;llng  *'"    '     *    ''""' 

at   rl«hl  anKles  to   the   piano  of  precession. 

'"  '""     '     '   ■     "      tils  a  disk  in  edge  aspect,  and,  when  Its 
■f  ■  shown   In  tho  previous  llluHtrallon,   It 

*"  "  and   (',  successively.     Karli   of  these 

posllluiiii  la  a  (i)fforont  "position  of  aspect."  Now,  Imanlno 
thai  for  an  lnnnlt«slmal  porlod  of  time  the  mass  of  the  disk 
Is  etiuallr  divided  and  conronlrBled  at  four  points  c,  /,  u  and  h. 
as  shown  al  tl  Now.  ronsld«Tln(f  point  d.  Fig.  1,  as  represent- 
InK  point  r,  Fl(t  2,  on  prt!r<-(iNlon.  Its  rotation  will  cause  It  to 
Imvnl  u,  a  position  nhown  at  //,  Fig.  1;  hut,  owln*  to  tho 
pr^rf^nion  and  lis  orlKlniil  moniPnliim  of  nspoct  In  a  plane  at 


right  angles  to  the  surface  of  the  paper,  as  shown  at  position  A, 
Fig.  2,  it  actually  travels  to  a  point  indicated  by  J,  Fig.  1. 
A  gyroscopic  torque  results,  which  tends  to  move  the  disk  to 
the  position  shown  by  dotted  lines  in  Fig.  1.  Point  /,  shown 
at  D  in  Fig.  2,  acts  in  a  similar  manner.  If  the  action  of 
points  g  and  h  be  examined,  similar  reasoning  will  show  that 
a  torque  is  set  up  in  opposition  to  the  precession,  but  this 
torque  is  counteracted  at  the  commencement  of  precession, 
and  is  soon  reduced  to  zero. 

Owing  to  the  new  aspect  of  rotation  taken  by  the  disk  rep- 
resented by  XY,  tending  to  conserve  the  instantaneous  angular 
momentum  of  aspect  of  points  g  and  li,  on  termination  of  the 
precession,  the  reverse  condition  will  be  observed.  The  con- 
straint by  which  each  ball  is  made  to  change  the  direction  of 
its  axis  is  due  to  a  frictional  driving  contact  of  the  two  races 
between  which  It  runs.  If  this  frictional  restraint  is  greater 
than  the  gyroscopic  couple,  the  balls  will  roll  properly  in  their 
races;  if  the  frictional  restraint  is  insufficient,  the  balls  will  not 
roll  in  the  correct  manner,  and  skidding  will  take  place,  re- 
sulting in  some  loss  of  power  and  unnecessary  wear  and  tear. 

The  value  of  the  gyroscopic  torque  T  is  given  by  the  follow- 
ing equation: 

T  =  IWT 

T  =  gyroscopic  torque; 

W  ^  angular  velocity  of  ball  in  radians  per  second; 

y  ^  precessional  angular  velocity  in  radians  per  second; 

J?  =  radius  of  ball  in  inches; 

ii  =  radius  of  gyration  of  ball  in  inches; 
7  =  moment  of  inertia  of  ball  =  £^  X   mass; 
d  =  weight  of  material  in  pounds  per  cubic  inch. 
2K= 

K'  = ,  and 

5 


Mass  =  —  TrR'd 
3 


Hence: 


/  = 


wR'd 


2R'  4 

X  —  irR'-d  -- 

5  3  15 

In  this  particular  case,  where  the  "axis  of  spin"  is  at  right 
angles  to  the  "axis  of  bearing,"  the  precessional  angular 
velocity  V  equals  27rr,  where  r  is  the  number  of  revolutions 
per  second  of  the  ball  around  the  axis  of  the  shaft  =  \'«  shaft 
revolution  per  second.     Therefore: 

8  16 

T  = •  irR'd  X  2irr  X  W  = n-R\irW 

15  15 

The  maximum  restraining  couple  due  to  frictional  con- 
tact =  2wnR,  where  w  =  weight  sustained  by  each  ball  in 
poundals,  and  n  =  coefficient  of  friction  between  the  ball  and 
race,  that  is,  that  proper  to  rolling  contact  under  the  condi- 
tions in  question.    This  value  is  not  known  with  accuracy,  but 


may  bo  taken  as  0.1.  Thoroforo,  the  lUnlting  conditions  under 
which  a  bearing  will  function  properly  nro  given  by  the 
expression: 

16 
2wnR  > n'U'drW 

ir> 

I.ct  S      speed  of  rovolullon  of  shaft  per  bciimkI; 
(       radius  of  circle  contiilnliiK  bulls; 
Ir 
then:  W  ;  but  .v        'ir 
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IS 
2R 


and  7  =  27rr  =  nS 


IS 


irR* 


Therefore; 


r  =  - 


X  TrR'd  X  ttS  X 


X  IS-d 


15  2B  15 

Thus   the   limiting  condition   is   given  by   the   following: 
4  271^ 

2ionR  > TT'R'ISH  w  > X  RHS'd  poundals 

15  15n 

Let  us  apply  this  to  the  following  numerical  example:  sup- 
pose a  bearing  has  balls  1  inch  in  diameter,  a  ball  circle  6 
inches  in  diameter,  and  that  the  shaft  runs  at  30  revolutions 
per  second. 

27r= 

JO  > X  0.125  X  3  X  900  X  0.28 

15n 

w  >  1250  poundals 

to  >  38.6  pounds 
The  meaning  of  this  result  is  that  if  a  thrust  bearing  is 
designed  according  to  the  preceding  data  and  the  load  on  any 
ball  falls  short  of  38.6  pounds  at  any  time,  that  ball  will  begin 
to  skid,  owing  to  the  effect  of  its  gyroscopic  torque.  It  is 
evident  that  under  conditions  of  practice  at  full  load,  no  slip- 
page will  take  place  if  in  a  well-designed  bearing  a  1-inch 
ball  is  loaded  up  to  many  times  the  slipping  limit.  It  would 
appear,  however,  that  at  light  loads  there  is  some  danger  that 
gyroscopic  slippage  may  take  place.  In  a  motor  car,  the  maxi- 
mum load  for  which  a  bearing  has  to  be  designed  is  very  often 
many  times  greater  than  the  ordinary  working  load,  which, 
in  its  turn,  is  considerably  above  the  load  frequently  existing. 
From  this,  it  will  be  seen  that  there  is  a  minimum  load  at 
which  any  thrust  bearing  may  be  run  at  a  given  speed,  and  it 
is  established  that  the  higher  the  speed  the  lower  the  maxi- 
mum load  that  can  be  carried.  From  this,  it  may  be  inferred 
that  there  is  an  absolute  limit  of  speed  at  which  any  bearing 
may  be  run;  namely,  when  the  permissible  maximum  and 
minimum  loads  coincide. 

*     *     * 

FALSE   EDGE   ON   CUTTING   TOOLS 

BY    W^ILLIAM  S.   ROWELL' 

Frank  Richard's  analysis  of  the  action  of  cutting  tools  in 
the  June  number  of  Machinery  is  interesting,  but  does  not 
seem  to  be  final.  The  writer  would  like  to  hear  from  someone 
who  has  studied  tool  action  with  special  reference  to  the  forma- 
tion of  a  new  edge  (shall  we  call  it  false  edge?)  on  cutting 
tools  almost  as  soon  as  cutting  begins. 

Though  all  observing  men  in  the  shop  have  noticed  this 
action  since  their  first  metal-cutting  experience,  it  is  much 
more  in  evidence  today  than  before  the  introduction  of  high- 
speed steel.  It  may  also  be  noticed  that  lathe-men  grind  their 
tools  with  far  more  top  rake  than  was  the  custom  when 
slower  speeds  were  in  use;  is  this  to  provide  a  less  abrupt 
curling  of  the  chip?    This  false  edge  forms  on  drills  and  other 


Flit.    1.     Cutting  Action   of   Stcol 

tools  almost  instantly  in  many  cases;  it  may  be  seen  where 
the  cut  is  intermittent  or  where  it  is  alternately  deep  and 
shallow.  It  Is  the  writer's  belief  that  this  edge,  in  many  rases, 
changes  Us  form  slightly  while  In  action,  and  that  it  actually 
comes  as  near  cutting  as  metal-cutting  tools  usually  do.  High- 
speed steel  tools  are  peculiarly  active  In  foriulng  a  false  edge; 
in  fact,  It  would  almost  scorn  that  one  Is  rarely  in  use  without 
Hint  curious  addition  to  its  edge.  This  Is  probably  the  reason 
that  high-speed  steel  Is  of  little  use  for  finishing  tools. 
The  writer's  theory  of  the  formation   of   the   false  edge   Is 

'A<iurom:~tli3.'i  Conl  HI..   Wllklniibiirg,   Vn. 


that  the  chip  is  torn  from  the  work,  and  in  tearing  parts 
slightly  ahead  of  the  tool  edge.  The  edge  then  trims  off  the 
rough  surface  left  in  the  tearing  and  the  minute  particles  o£ 
metal  trimmed  from  this  rough  surface  are  imprisoned  and 
compressed  in  the  space  lAE,  Fig.  1.  This  addition  to  the  tool 
is  much  harder  than  would  be  expected;  so  hard  that  its  ir- 
regularities impress  themselves  on  both  chip  and  work.  A 
proof  of  this  is  the  hair-like  curled  shavings,  shown  in  Fig.  2, 


Effect  of  vaxying  Rate   of  cooling  a  Lathe  Chip 


formed  while  turning  high-speed  steel  with  a  high-speed  steel 
tool.  The  cutting  conditions  were  normal  for  a  16-inch  lathe 
removing  14  inch  diameter  from  114-inch  stock.  But  for  a 
short  time  these  perfectly  straight  helices  were  split  from  the 
chip  near  its  inner  edge  apparently  by  some  slight  projection 
from  the  false  edge. 

This  false  edge  prevents  the  formation  of  a  smooth  surface, 
but  appears  to  help  in  the  removal  of  the  chip.  The  action  is 
similar  to  that  of  a  tool  with  a  slight  cutting  angle  and  much 
top  rake,  and  the  chip  is  curled  slowly.  One  may  often  note, 
in  lathe  work,  the  effect  of  false-edge  action  on  the  surface  of 
the  work  in  the  form  of  a  regularly  repeated  building  up  and 
partial  breaking  away  of  the  false  edge.  When  built  up  to  its 
maximum,  the  work  surface  begins  to  roughen  and  its  diam- 
eter to  diminish  slightly,  thus  showing  that  the  false  edge 
overhangs  the  tool  proper.  This  goes  on  until  it  is  too  weak 
to  stand  the  pressure,  when  it  crumbles  away  and  a  smoother 
surface  and  normal  diameter  are  again  produced.  This  cycle 
is  repeated  with  singular  regularity  in  some  cases,  the  result- 
ing work  surface  being  regularly  alternating  bands  of  fairly 
smooth  and  rough  surfaces.  In  the  direction  of  tool  traverse, 
the  roughness  appears  gradually  and  changes  abruptly  to 
smooth.  No  one  would  suppose  that  opening  lAE,  Fig.  1,  is  as 
large  at  the  beginning  as  the  accumulation  of  false  edge  is 
after  the  first  few  seconds  of  cutting.  It  rather  seems  that 
this  accumulation  starts  infinitely  small  and  the  metal  opening 
ahead  of  it  gives  it  a  chance  to  grow;  but  in  growing  it  be- 
comes weak  and  crumbles,  resulting  in  a  constant  slight  change. 

The  chip  reproduced  in  Fig.  2  shows  Interesting  variations 
In  color.  The  different  colors  wore  produced  by  blowing  on 
the  shaving  as  it  left  the  work;  the  light  colored  parts  are 
the  sections  that  were  cooled  by  being  blown  on,  and  the  dark 
parts  are  the  sections  that  cooled  slowly. 

The  back  yards  of  some  manufacturing  plants  are  filled 
with  piles  of  rusting  scrap  that  are  both  unsightly  and  waste- 
ful, and  are  permitted  to  remain  in  this  disgraceful  condition. 
Light  sheet  metal  and  wire  scrap  rust  rapidly  and  lose  a  large 
percentage  of  value  in  a  few  months.  In  these  times  of  high 
scrap  prices  and  general  need  of  all  available  metal,  it  Is  de- 
plorable to  let  large  quantities  of  valuable  scrap  waste  away 
In  unsightly  piles.  The  careful  manufacturer  Is  known  by 
the  back  yard  of  his  plant;  he  will  not  permit  an  accumula- 
tion of  piles  of  waste  materials  even  If  they  represent  com- 
paratively little  value.  They  reflect  dlsorderliness  and  waste- 
ful methods,  and  are  an  eyesore.  This  is  no  time  for  waste, 
and  disorderlineas  Is  always  out  of  order. 
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PRODUCTION  MANAGER'S  GUIDE  AND  SELF-SCHEDULING  WORK 


CHART  THAT  RECORDS  PROGRESS  AND  COST  OF  WORK 

BY  ROBERT  A.  ENDEBROCK  ' 


I^ 


I         '  8  ^^      f/o.  6  Woodruff  Ket/uiay 


i"'  I      Vie  Hole  (o  mafcli  Oear 
when  Astembling 


Ho.  6  Woodruff  Hey  way        U 4  i  - 

1  \  ■  '6 


/Veck  for  Crindrng  Vs   x  O.dOi  Deep 


OPERijTIONS 


JIOS  AND  TOOLS 


SCHEDULE  NO. 


TURN  eon  CRIND.  CENTER  BOTH  ENDS 


AND  CUT  OFF, 


NICK  TOR  CRIND 


167-168-169 


IN  these  days  when  progress  depends  so  much  upon  indi- 
vidual and  organized  efficiency,  we  have  probably  organ- 
ized societies  of  every  branch  of  the  industrial  world 
except  that  branch  pertaining  to  the  production  and  routing 
of  parts  in  process.  The  American  Society  of  Mechanical 
Engineers  frequently  has  papers  referring  to  this  important 
work,  but  until  some  individual,  or  group  of  individuals, 
organizes  the  American  Society  of  Production  Engineers,  men 
interested  in  this  work  must  be  content  to  learn  from  one 
another  by  contributing  to  the  various  trade  journals  which 
have,  thus  far,  given  them  their  most  liberal  support. 

Order  and  system  must  prevail  if  we  expect  to  be  construct- 
ive and  approach  our  goal,  and  system  comes  closer  to  scien- 
tific management  when  production  is  increased  by  the  use  of 
simple  rather  than  elaborate  methods.  The  routing  system 
here  described  compiles  in  one  simple  comprehensive  chart 
the  routing  and  tracing  of  work,  location  of  parts  in  process, 

time   of   each   opera-  

tion  on  each  piece, 
total  time  and  la- 
bor cost  for  each 
piece,  and  the  time 
and  labor  cost  of 
each  department  for 
the  lot  when  it  is 
finished.  The  chart 
(see  Fig.  2)  gives 
the  name  of  every 
piece,  number  re- 
quired for  one  ma- 
chine, piece  number, 
drawing  number, 
schedule  number, 
material  issued,  the 
departments  through 
which  each  piece  will 
pass,  and  total  time 
and  cost  columns. 
The  number  of  the 
lot  and  the  number 
of   machines   in    the 

lot   arf   nntpil      f    th  ^'''   ^'     ^"""'"6  that  accompanies  Work  through  Depart 

top,  while  at  the  bottom  space  is  provided  for  totaling  the 
time  of  each  department,  as  well  as  for  totaling  the  cost  of 
all  parts,  giving  the  total  labor  cost  for  producing  the  parts 
for  the  entire  lot.  The  number  in  the  schedule  column  denotes 
the  order  In  which  the  different  parts  are  to  be  machined. 
PartH  needed  first  In  the  assembling  department,  those  requir- 
ing considerable  machining  time  and  all  hardened  parts  are 
marked  1,  those  of  next  Importance  are  marked  2,  and 
those  of  k'a«t  Importance,  requiring  very  little  machining, 
are  marked  '.i  or  4.  In  the  department  columns,  the  large 
figure  dcnotcM  the  number  of  the  operation  and  the  small 
figure  to  the  right  denotes  the  estimated  time  for  that  opera- 
tion. The  guide  chart  furnlKhes  Just  the  Information  the 
«up«rvlnor  of  production  wanlH,  and  the  case  with  which  It 
can  be  read  i-nableK  one  to  gather  facts  quickly  and  accurately. 
Anolh«?r  good  ft-atiirc  l»t  that  all  the  detail  parts  for  each  unit 
arc  grouped  logeilmr;  Ihat  Im,  all  the  parts  for  the  head  am 
llilcd  together  and  all  the  parts  for  the  gearbox  are  listed 
together,  etc.  Thin  onables  one  to  delcrnilne  quickly  which 
partK  of  any  unit  the  riinterlnl  haK  been  iHsued  for  and  how 
faat  (hey  are  moving. 

Kig.  1  ahowii  n  copy  of  the  work  drawing,  wlilch  iruvclH 
with  lh<-  work.  On  the  work  drawing  Ik  Mhown  the  piece  to 
fx)  rimchlri.'.i,  ihi;  nutiiber  required,  piece  number,  operullons 
and  nchediiie  ntimlxT,  which  correHpondH  wllh  the  schedule 
nniDbiT  on  the  guide  chart.  I'utlJMg  the  Mcliedule  number  on 
the  work  drawing  dot-i  away  wllh  Iho  uncertain  and  uniiatU- 

•  Mii|wr«iil«»<imM.~Anm  MirliTMrTool  Co.,   CInrlonall,   Ohln. 


-f' 


'/32  «■ 


tiiu  KCrwAys 


factory  method  of  setting  due  dates  and  keeps  the  work  mov- 
ing through  the  shop  automatically  in  the  order  in  which  it 
is  required  by  the  assembling  department.  It  also  relieves 
the  foreman  of  the  responsibility  of  selecting  the  work  and 
prevents  the  work  from  going  through  in  a  hit-and-miss  man- 
ner, because  what  one  foreman  may  consider  as  the  part  that 
is  needed  first  the  foreman  in  the  next  department  may  con- 
sider as  being  needed  last.  Relieving  the  foremen  of  this  re- 
sponsibility gives  them  more  time  for  instructing  their  work- 
men and  also  for  improving  the  methods  of  machining,  thus 
obtaining  a  larger  output.  If  the  operator,  whether  skilled 
mechanic  or  apprentice,  has  several  jobs  around  his  machine 
at  one  time,  he  naturally  machines  the  parts  in  the  order  in 
which  they  are  scheduled. 

The  manner  in  which  the  foregoing  is  applied  can  be  easily 
followed  by  taking  one  part  on  the  schedule.  The  chart  shows 
that   the   lot   is    No.    42    and    contains    thirty    machines.     As 

there    is    one    piece 

120 

required  for  each 

565 

machine,  the  stock- 
keeper  issues  mate- 
rial for  thirty  pieces 
on  May  15,  as  indi- 
cated in  the  Material 
Issued  column;  this 
entry  also  shows  that 
the  department 
which  has  the  first 
operation  to  perform 
received  the  material 
on  that  date.  When 
an  operation  is  fin- 
ished, the  date  is 
stamped  by  the  time- 
keeper in  the  col- 
umn of  the  depart- 
ment in  which  the 
operation  was  fin- 
ished. In  this  in- 
stance, the  first  op- 
eration was  finished  in  the  lathe  department  on  May  21,  which 
entry  also  indicates  that  the  parts  were  at  that  time  delivered 
to  the  milling  department,  which  had  the  second  operation 
to  perform. 

The  guide  chart  shows  the  estimated  time  for  machining 
one  piece  on  the  first  operation  to  be  forty  minutes.  This  time 
multiplied  by  the  number  of  pieces  required  for  the  lot  gives 
the  estimated  time  for  machining  the  thirty  pieces,  which  Is 
twenty  hours.  The  length  of  time  these  parts  were  actually 
In  this  Klcpartment  can  bo  ascertained  from  the  date  the  ma- 
terial was  Issued  and  the  date  the  operation  was  stamped  fin- 
ished. In  this  Instance,  a  twenty-hour  Job  romalnod  In  the 
department  six  days.  After  the  lot  of  machines  is  finished, 
the  guide  chart  Is  sent  to  the  ofilce  and  the  time  for  each 
oi)eratlon  Is  entered.  The  time  for  niachlnliiK  any  piece  com- 
plete Is  easily  dclerniincd  by  totaling  the  Individual  operation 
time  from  loft  to  right  and  the  total  time  for  cacli  doparlment 
Is  obtained  by  adding  the  individual  operation  time  vertically. 
The  fcdlowing  Huiniiiary  hIiowk  what  Information  the  pro- 
duction manager  can  obtain   rrnni   the  guide  cliiirl : 

Name    of    piece,    number    reciulred,    piece 
iiumber,  and  whii'h  iiHRpmbled  unit  each  pli 
flrd('r  of  operations. 
Time  for  eacli  oiieration. 

Total  number  of  liniirH  rei|ulrei!  in  earli  liiji: 
Miachine  to  lie  priidiii.'  i. 

I.eiigtb  or  time  parts  hIioiiIiI  rerimiii  in  emli  (le|mrlinenl,  rili 
talnod  by  mulllplying  lime  fur  en.  h  iipenillnii  by  niinilier  nt 
partH  In  lot. 
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Each  department's  time  compared  with  the  department's 
time  of  lots  previously  finished. 

Kind  and  amount  of  additional  equipment  required  for  a 
specified  output,  based  on  number  of  hours  required  in  each 
department  to  produce  one  machine. 

Location  of  various  departments  to  eliminate  unnecessary 
trucking,  determined  from  order  of  operations. 

Location  record  of  every  piece  in  progress. 

Which  parts  are  started,  not  started,  finished  and  unfinished. 

Which  parts  move  forward  each  day. 

Distance  each  part  travels  from  start  to  finish. 

Number  of  operations  finished  in  each  department  each  day. 

Checks  purchasing  of  raw  materials. 

Rapidity  and  order  in  which  raw  material  is  issued  to  ma- 
chine departments. 

*  *     *     * 

DESTRUCTIVE    VIBRATION    IN    MACHINES 

BY  A,    SEARLES  ' 

We  often  read  of  the  dire  effect  that  might  be  produced  on 
a  bridge  by  a  "fiddler"  endowed  with  enough  patience  and 
physical  endurance  to  induce,  in  the  structure,  sufficient  vibra- 
tion to  cause  ultimate  failure;  also,  that  an  army  marching 
over  a  bridge  should  break  step  in  order  to  avoid  deleterious 
vibrations,  constant  recurrence  of  which  may  cause  crystalliza- 
tion and  ultimate  failure  of  members.  Again,  we  read  much 
of  the  effects  of  vibration  from  running  machinery  on  steel 
and  concrete  framed  buildings,  and  how  these  vibrations  may 
be  damped  to  avoid  the  inevitable  collapse  of  the  building. 
So  much  for  the  troubles  of  those  responsible  for  the  bridges 
and  buildings,  but  let  us  look  into  the  effects  of  vibration  on 
machinery.  Here,  vibration  may  cause  fatigue  and  rupture 
in  members  under  stress;  it  may  cause  wear  in  joints  or  bear- 
ings; and  it  may  cause  fracture  and  wear  in  parts  under  com- 
paratively insignificant  working  stress.  The  effect  of  all  vibra- 
tion is  that  of  a  succession  of  blows,  and  it  is  that  into  which 
vibration  resolves  itself. 

Considering  first  the  case  of  a  member  under  tensile  stress, 
a  tie-rod  for  instance,  supported  only  at  the  ends,  the  stress 
produced  can  be  calculated  by  determining  the  deflection, 
and  the  resultant  stress  may  be  found  by  calculating  the 
amount  of  elongation.  This  condition,  of  course,  is  assumed 
on  the  basis  of  absolute  rigidity  of  the  member,  or  members, 
that  undergoes  the  compressive  reaction  and  stresses  within 
the  elastic  limit.  The  formula  for  the  stress  in  a  catenary 
uniformly  loaded  is: 

8  = 

8D 
where  tc  =  uniformly  distributed  load  per  unit  of  length; 
/  =  length; 
D  —  deflection. 

An  analysis  of  this  formula  will  give  some  idea  of  the  enor- 
mous stresses  that  may  be  produced  by  vibration,  especially 
of  small  amplitude.  These  high  stresses,  coupled  with  high 
frequency,  may  soon  produce  a  crystallized  condition,  with 
resulting  failure. 

The  resistance  of  the  member  to  bending.  If  sufficiently  great, 
however,  may  overcome  the  tendency  to  vibration.  For  this 
reason  tie-rods  subject  to  vibration  of  a  serious  nature  should 
l<e  supported  frequently  throughout  their  length  or  should 
\)e  of  Bumclent  rigidity  to  resist  vibration.  The  stretch- 
lOK  "f  bolts  also  comes  under  this  class,  and  If  bolls  are  per- 
mllt<!d  to  become  loose,  the  nuts  may  work  off  or  destroy  their 
thr<r!i<lM.  Ixicknuts  are  not  a  sure  roniedy.  Kven  lock-wuslitTH, 
while  apparently  as  suitable  as  any  locking  devices,  will  not 
obviate  the  dlfflcully  entirely.  This  is  shown  by  the  necessity 
for  the  rallwav  repair  gang  to  Inspect  each  Joint  periodically 
■n'l   "»■  'iiH  which   arc  secured   by   lock   washers. 

'n  "'  vibration  produces  wear  In  the  Joints  and 

ImarlnK".  ■»■  "  i.--  Uio  direct  effect  of  lnipii<t.  Since  the  force 
of  a  blow  In  proporllonnl  to  the  travel  of  the  inenibiT  pro 
during  ihB  blow.  It  Is  nficossary  to  maintain  nilnlniuni  clear- 
nnxii  and  to  use  materials  capable  of  rcslslluK.  us  much  as 
poMlblc,  pnrrnannnl  deformallon.  Of  coiksc,  while  materials 
and  construction  i«-rmlltinic  proper  resilience  miKhl  cure  the 
fTll,  It  Is  oftentimes  Imlirnctliatii..  to  resort  to  such  moans, 
*"f'  •*" •'•   the  nasi  best  remedy  must  be  applied. 

'A'''"  *r.  tatt'ttun.  fliialiurg.  I'. 


This  is  admirably  illustrated  by  the  present-day  tendency  in 
rolling-mill  spindle  construction.  The  older  practice  was  to 
use  rough-cast  spindles  and  couplings,  with  resulting  large 
clearances.  These  not  only  produced  excessive  wear  on  the 
parts  immediately  concerned,  but  also  produced  excessive  vi- 
bration in  other  parts  of  the  mill.  As  a  result,  the  cost  of 
maintenance  of  the  equipment  as  a  whole  was  greatly  increased 
and  the  production  was  affected  through  lost  time  incurred 
by  repairs.  The  more  recent  practice  is  a  construction  that 
permits  the  machining  of  the  spindle  and  coupling  joints,  thus 
reducing  the  clearances.  The  same  trend  is  being  followed  in 
rolling-mill  gear-drive  practice  for  the  same  reasons.  Where 
it  was  formerly  general  practice  to  use  cast  gears,  with  their 
attendant  evils  on  account  of  the  necessarily  large  clearances, 
there  is  a  growing  tendency  toward  the  use  of  cut  gears. 

Numerous  interesting  results  have  come  to  the  writer's  at- 
tention through  an  extended  experience  with  stamp  mills,  tog- 
gle swagers,  and  vibrating  screens.  In  the  case  of  one  type  of 
stamp  mill,  which  weighs  approximately  six  tons  and  strikes 
1300  blows  a  minute  with  stamps  weighing  approximately  150 
pounds  and  dropping  five  or  six  inches,  the  hammer  shafts 
wear,  purely  from  the  effects  of  vibration  in  their  guide  bear- 
ings, from  an  original  diameter  of  2%  inches  down  to  1%  inch. 
Cam-shafts  in  babbitted  bearings  soon  pound  out  the  babbitt 
linings,  and  plain  cast-iron  bearings  give  much  better  results. 
Originally,  open-hearth  cut  steel  gears  of  V2  diametral  pitch, 
twenty-four  teeth,  three-inch  face,  were  used  to  transmit  ap- 
proximately one  horsepower,  with  the  result  that  the  teeth 
rapidly  wore  to  a  knife-edge  and  frequently  broke.  When 
these  were  replaced  by  rough  cast  gears  of  1%-inch  circular 
pitch,  twenty-one  teeth,  and  six-inch  face,  the  gears  wore  al- 
most indefinitely.  While  this  result  is  apparently  contrary  to 
past  statements,  it  is  possibly  explained  by  the  superiority 
of  cast  iron  operating  under  these  conditions.  It  might  be 
mentioned  that  these  gears  ran  at  a  speed  of  only  eighty  revo- 
lutions a  minute.  The  superiority  of  cast-iron  gears  is  also 
shown  in  rolling-mill  practice,  where  it  has  been  found  that 
cast  charcoal-iron  pinions  are  superior  to  those  of  cast  steel, 
both  of  which  have  cast  teeth. 

That  excessive  wear  can  be  produced  by  vibration  only  is 
shown  by  the  case  of  a  one-inch  shaft,  eighteen  inches  long, 
that  supported,  aside  from  its  own  weight,  a  part  weighing  not 
over  ten  pounds.  This  part  was  supported  in  cast-iron  bear- 
ings, 1%  inch  long,  and  was  infrequently  operated,  yet  it  soon 
wore  into  an  elliptic  section  approximately  %  by  1  inch.  At 
the  same  time  the  bearings  were  worn  from  %  to  Vi  inch  out 
of  round. 

To  maintain  tight  joints  and  prevent  hammering,  some  tog- 
gle swaging  machine  makers  find  it  necessary  to  incorporate 
springs  in  their  machines.  These  springs  are  so  applied  as  to 
maintain  compression  on  the  toggles  when  the  machine  is  run- 
ning freely.  If  these  springs  become  loose  or  are  not  ad- 
justed tight  enough,  the  whole  machine  soon  starts  on  the  road 
to  destruction.  Hearings  pound  out,  bolts  stretch  in  their 
threads  and  wobble,  wearing  out  tlie  threads,  and  even  anchor 
bolts  break,  again  .sliowing  the  necessity  of  keeping  close  clear- 
ances In  joints.  This  has  occurred  in  machines  weighing  eight 
or  ten  tons  with  moving  parts  that  weigh  not  more  than  two 
tons  and  consume,  on  an  average,  not  more  lliaii  ten  horse- 
power. 

As  an  example  of  vibration  causing  the  fracture  of  mulerlula 
under  comparatively  InHlgiilllcaiil  stress,  may  be  mentioned 
the  irast-lron  driving  pulleys  thai  operated  the  stamp  mill  just 
mentioned.  Those  pulleys  were  thirty  Inches  dlanit'tor,  had  a 
six-Inch  face,  transnilttod  two  horsepower,  and  were  run  at  a 
spued  of  eighty  revolutions  a  minute,  yet  they  were  soon  frac- 
tured and  had  to  be  replaced  by  paper  pulleys. 

IliM'uUHH  of  the  necessity  iil'  providing  for  vlbnil  Inn,  the  ex- 
perienced dcHlgncr  does  not  pioporllnn  Ills  machine  clenionts 
too  close  to  the  calculato<l  working  HtrcHscs.  This  provision 
Is  especially  necessary  when  the  duty  of  the  nwK'hlno  Is  such 
as  to  produce  vibration  to  any  great  degruo.  Also,  II  Is  do- 
slrable  to  provide  the  inaxlinuni  llexiblllty  and  resilience  In 
the  proper  place,  to  absorb  vibration  ciunpatlblo  with  prai'tlcal 
results;  this  Is  Ibe  foundation  of  HU<'i'ess  In  the  ilcsiKn  of 
aKrlcultural  machinery  and  the  modern  nutomobiie 
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MASTER   WHITWORTH   THREAD    GAGES 

BT  W.   T.   ILEB.  JK.  1 

Thread  gages  with  the  Whitworth  form  of  thread  are  the 
most  difficult  thread  gages  that  the  toolmaker  is  called  upon 
to  make.  The  Whitworth  thread  has  seven  elements,  an  error 
of  0.0002  inch  in  any  of  which  will  cause  the  gage  to  be  re- 
jected. These  elements  are  the  full  or  outside  diameter,  the 
core  or  root  diameter,  the  effective  or  pitch  diameter,  the 
pitch,  the  angle,  the  form  at  the  top  of  the  thread  or  crest, 
and  the  form  at  the  root  of  the  thread. 

The  first  step  to  be  taken  when  making  Whitworth  master 
thread  gages  is  to  determine  the  maximum  diameter,  the 
pitch  diameter,  the  root  diameter,  the  size  of  wires  used  for 
measuring  by  the  three-wire  system,  the  dimension  measured 
over  the  wires,  the  single  and  double  depth  of  the  thread,  the 
radius  at  the  top  and  bottom  of  the  thread,  and  the  distance 
between  the  sharp  point  of  a  5o-degree  thread  and  the  top  of  a 
thread  properly  rounded,  which  is  equal  to  the  amount  that 
the  tool  point  is  shortened  in  order  to  obtain  the  proper  radius 
on  the  tool.  Fig.  1  shows  a  master  Whitworth  thread  gage 
with  dimensions  as  given  to  the  gage-maker.    In  this  case,  the 


AMOUNT  TO  SHORTEN  THREAB  TOOL  TO  OBTAIN 
CORRECT  RADIUS 


Fig.  1.  Thread  Gage  to  be  made 
full  or  outside  diameter  is  1.9960  inch.  The  diameter  of  the 
rough  blank  is  made  a  certain  amount  larger,  this  amount 
being  equal  to  about  twice  the  radius  at  the  top  of  the  thread. 
When  measuring  a  Whitworth  master  thread  gage,  two 
sizes  of  wires  should  be  used,  one  of  larger  and  one  of  smaller 
diameter.  In  this  way,  it  is  possible  to  obtain  a  check  on  the 
angle  of  the  thread.  The  sizes  of  the  wires  may  be  obtained 
as  follows: 

Diameter  of  small  wire  =  0.52  X  pitch 
Diameter  of  large  wire  =  0.78   X  pitch 
To  obtain  the  dimensions  measured  over  the  wires,  use  the 
formula  given  on  page  1032  of  M.\chixery's  Handbook,  modi- 
fied as  follows: 

1.600825 

Diameter  over  wires  =  D  — h   (3.16567  X  d) 

N 
in  which 

D  =  full  or  outside  diameter  of  gage; 
y  =  number  of  threads  per  inch; 
d  =  diameter  of  wires  used. 
The  root  or  core  diameter  is  obtained  from  the  formula: 

1.28066 

Root  diameter  =  D 

.Y 
in  which  D  and  A'  denote  the  same  values  as  in  the  preceding 
formula. 

The  depth  of  the  thread,  radius  and  double  depth  of  the 
thread  may  be  obtained  from  the  table  on  page  1004  in  M.\- 
cni.\KRY"s  Handbook. 

Probably  the  most  important  and  least  understood  matter 
in  the  making  of  Whitworth  master  thread  gages  is  the  mak- 
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ing  and  use  of  the  thread-cutting  tools.  After  the  blank  has 
been  roughed  out,  a  thread  having  the  correct  lead  is  cut  with 
an  ordinary  sharp-pointed  tool  having  a  55-degree  angle.  This 
thread  is  not  cut  quite  as  deep  as  required  for  the  finished 
thread.  Tools  for  cutting  the  finished  radius  at  the  top  and 
root  of  the  thread  are  then  made  as  follows:  A  drill  with  a 
diameter  equal  to  twice  the  root  or  top  radius  is  used  to  drill 
a  hole  in  a  piece  of  soft  tool  steel,  as  shown  in  Fig.  2.  This 
piece  of  tool  steel,  is  then  cut  straight  across  the  diameter  of 
the  drilled  hole,  along  line  A-A.  After  this,  it  is  cut  to  the 
shape  of  a  thread  tool  with  an  angle  of  55  degrees,  as  shown 
in  Fig.  3.  The  tool  is  then  hardened,  ground  and  lapped. 
The  55-degree  angle  and  horizontal  cutting  surface  should  be 
lapped.  If  taken  directly  from  the  grinding  wheel  and  used, 
the  angle  of  the  tool  may  be  correct  and  the  radius,  which  is 
the  most  important  part  in  cutting  the  thread,  may  be  in 
error,  due  to  deformation  during  grinding.  The  length  of 
this  female  radius  tool  is  not  of  importance.  After  grinding 
and  lapping  the  surfaces  of  the  tool,  the  radius  is  lapped  to 
a  gage. 

The  male  radius  tool  for  the  root  of  the  thread.  Fig.  3,  is 
made  as  follows:  A  high-speed  tool  bit  is  ground  perfectly 
sharp  to  a  55-degree  angle.  The  bit  is  then  ground  and  lapped 
on  all  surfaces.  This  is  done  to  make  it  interchangeable  with 
the  female  radius  tool  in  the  same  spring  tool-holder.  The 
length  of  the  bit  from  the  sharp  point  to  the  opposite  end  is 
measured  carefully  with  a  micrometer.  The  accompanying 
table  gives  the  amount  the  tool  is  to  be  shortened  to  form  the 
male  radius.  The  amount  of  shortening  is  equal  to  one-quarter 
of  the  depth  of  the  thread.  The  radius  is  then  carefully 
.stoned  to  size,  using  the  female  radius  tool  as  a  gage.  If  the 
shortening  and  forming  of  the  radius  is  carefully  done,  it 
ought  to  require  very  little  further  modification  to  adjust  the 
tool  finally  so  as  to  bring  both  the  root  diameter  and  the  pitch 
diameter  simultaneously  to  within  the  limits  allowed.  The 
horizontal  surface  of  this  tool  must  also  be  lapped,  for  the 
same  reason  as  given  for  the  female  radius  tool. 

When  the  gage-maker  is  ready  to  use  the  male  radius  tool, 
the  gage  looks  like  that  shown  in  Fig.  4.  The  dotted  lines  in 
this  illustration  show  the  part  cut  by  the  male  radius  tool. 


Fig.    &.      Lap    for   Anglo    of    Thread.      Fig.    6.      Eiagg.T«t«d    Thread    Form 
after  lapping  Top  of  Gage  Thread.     Fig.  7.    "Swelling"  on  Top  of  Thread 

The  female  radius  tool  replaces  the  male  tool  and  the  radius 
of  the  top  of  the  thread  is  then  cut.  All  dimensions  should 
be  cut  to  about  -f  0.0003  inch  on  a  plug  gage  and  —  0.0003  Inch 
on  a  ring  gage.  This  0.0003  Inch  is  the  amount  allowed  for 
lapping. 

The  next  step  is  to  lap  the  gage  to  the  proper  size.  This 
requires  four  laps.  The  first  Is  made  as  shown  in  Fig.  5. 
In  this  lap  the  angle  must  be  absoluloly  correct.  There  need 
be  no  top  or  bottom  radius  on  the  lap  thread.  The  root  must 
be  cut  away  so  that  it  does  not  touch  the  top  radius  of  the 
gage.  The  top  of  the  lap  thread  should  be  cut  away  so  that 
it  does  not  touch  the  root  radius  of  the  gage.  The  form  of 
the  gage  thread   (.exaggerated)   after  this  lap  has  been  used 
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is  shown  in  Fig.  6.  The  next  lap  is  used  to  lap  the  root  radius 
of  the  gage  to  size.  The  angle  of  the  thread  of  this  lap  is 
54  degrees.  The  root  of  the  lap  is  cut  away  and  the  top  is  cut 
with  the  female  radius  tool  used  in  cutting  the  top  radius  of 
the  gage.  This  gives  a  perfect  top  radius,  so  as  to  lap  the 
root  radius  of  the  gage  to  the  proper  form  and  depth.  An- 
other lap  with  a  54-degree  angle  thread  and  with  a  perfect  root 
radius  is  made  by  using  the  male  radius  tool  used  to  cut  the 
root  radius  of  the  gage.  The  top  of  the  thread  of  this  lap  is 
then  cut  away.  This  lap  finishes  the  top  radius  of  the  thread 
of  the  gage.  It  will  he  noticed  that  the  laps,  if  made  as  stated 
above,  will  lap  only  one  part  of  the  thread  at  a  time.  This 
method  will  enable  the  gage-maker  to  control  the  various 
dimensions  so  as  to  spoil  very  little  work. 

It  has  been  found  by  experience  that  after  lapping  the 
angles  and  root  radius  of  the  thread,  a  swelling  is  formed 
near  the  top  of  the  thread  by  the  distortion  of  the  metal,  as 
shown  enlarged  in  Fig.  7.  The  ridges  are  removed  from  the 
thread  by  means  of  a  lap  cut  with  a  very  shallow  thread, 
that  is,  using  the  top  male  radius  tool  to  cut  a  lap  just  as  deep 
as  the  radius  of  the  curve  at  the  top  of  the  thread. 
*  *  * 
TESTING  BENCH  FOR  MACHINE  UNITS 
An  important  factor  in  the  successful  performance  of  a  ma- 
chine after  it  leaves  the  factory  is  the  degree  of  thoroughness 
with  which  the  component  parts  are  run  in  before  the  ma- 
chine is  finally  shipped.  With  this  in  mind,  the  Fitchburg 
Grinding  Machine  Co.,  of  Fitchburg,  Mass.,  builder  of  the 
Fitchburg  "  six-twenty "  grinding  machine,  attends  to  this 
part  of  the  work  by  testing  the  different  units  of  the  machine 
on  a  special  bench  like  that  shown  in  the  accompanying  illus- 
tration. This  view  shows  six  of  the  units  of  a  grinding  ma- 
chine undergoing  the  running-in  operation  before  assembling. 


ch   (or  ..    ......    jf    GrindinK   Ma.-ljin._i 

Referring  to  this  lllugtration,  the  units  on  the  rear  side  of 
the  bench  are  the  work  drive  gear-box;  the  table  traverse 
gear-box ;  the  headstook ;  the  cross-feed  gear-box  qn  the 
front  side  of  the  bench;  the  apron;  and  the  lubricant  pump. 
Thcae  component  unltH  are  belted  to  the  drive-shaft,  with  pul- 
leys to  (?lvc  the  correct  running  speeds,  and  the  Inspector 
goes  over  them  carefully  white  they  are  running  to  ascertain 
that  cverylhlnK  runs  right  before  the  machlni-  Ih  finally  as- 
sembled. In  ord<'r  to  make  sure  that  the  operation  of  each 
unit  will  bo  rorrc'l  under  all  conditions,  the  units  are  run 
first  at  the  lowest  speed  and  then  at  the  highest  speed  that 
will  be  required  In  actual  operation.  If  Ihey  pass  both  tests, 
the  units  are  O.  K.'d  for  assembling.  CI,.!.. 

•     •     • 

The  magnoto  colls  for  Ford  cars  arc  assembled  progressively 
by  girls  who  wind  and  put  each  coll  In  place  on  its  polo  as 
the  disks  slowly  travel  past  them  on  a  conveyor.  The  object  of 
th«  progressive  assembly  Is  to  cot  •  pa'-e.  as  each  girl  must 
wind  a  roll  and  plare  it  In  position  In  ord-r  thot  the  sixteen 
colls  shall  be  Hnlshnd  at  the  end  of  the  convi.yor. 


OXY-ACETYLENE   WELDING  AND   THE 
SCRAP   PILE 

In  ordinary  times  the  scrap  pile  is  the  source  of  a  consider- 
able loss  of  profits.  Now  that  war  has  pushed  up  the  prices  of 
raw  material  to  unprecedented  heights,  the  American  plant 
owner  and  factory  man  have  begun  to  analyze  their  scrap 
heaps.  They  often  find  huge  accumulations  of  damaged  or 
worn  machinery,  tools,  "short  ends"  and  other  material  that 
represents  considerable  profit  thrown  away.  Face  to  face 
with  labor  shortage,  metal  shortage  and  the  time  factor, 
plant  owners  are  reclaiming  these  worn  and  damaged  machines 
and  broken  tools  and  putting  them  back  to  work  earning 
profits.  Recently  an  engineer  for  an  oxy-acetylene  concern 
made  an  investigation  in  a  western  mining  field.  At  one  large 
mine  he  found  in  the  scrap  piles,  dollies  and  dies  for  drill 
sharpening  worth  $9  each,  which  could  be  welded  and  put 
into  service  at  a  cost  of  about  ?1  apiece.  At  the  same  time, 
the  mining  company  was  anxious  to  get  more  new  material. 
It  was  found  that  the  scrap  heap  would  yield  a  three  months' 
supply  of  good  material  in  a  year's  scrap  accumulation.  At 
another  time  the  engineer  found  a  year's  supply  of  tram 
buckets,  worth  $40  each,  with  broken  bottoms,  which  could 
easily  be  repaired  by  welding  at  a  slight  cost.  In  addition, 
he  found  a  three  months'  supply  of  stamp  stems  and  short 
ends  of  tungsten  steel,  which  could  be  welded  to  give  a  year's 
supply.  He  found  crusher  plates  of  manganese  steel  worth 
$20  each,  slightly  too  big  for  the  machines  then  in  use,  but 
which  could  be  cut  down  by  the  oxy-acetylene  process  at 
small  cost,  and  put  into  service  again  at  a  great  saving.  The 
various  processes  of  welding  liave  made  it  possible  to  reclaim 
a  great  number  of  metal  machines  and  tools  that  formerly 
were  sold  as  waste,  and  at  a  fraction  of  the  original  cost. 
Nowadays  any  kind  of  metal — steel,  iron,  both  cast  and 
malleable,  brass,  bronze,  copper,  aluminum,  sheet  iron  and 
precious  metals  such  as  gold,  silver,  and  platinum — can  be 
welded  and  made  as  good  as  new.  A  railroad  company  had  a 
large  accumulation  of  scrapped  driving  wheels  for  locomo- 
tives, most  of  which  had  cracked  spokes.  The  demand  for 
more  rolling  stock  caused  the  company  to  reclaim  these 
wheels,  and  they  were  welded  by  the  oxy-acetylene  process, 
saving  the  road  several  thousand  dollars  and  yielding  much 
more  in  profits  through  putting  discarded  engines  to  work. 

*     *     * 
COAL  GAS  AS  A  SUBSTITUTE  FOR  GASOLINE 

By  using  coal  gas  as  a  substitute  for  gasoline,  English 
motor  bus  companies  are  said  to  have  succeeded  in  reducing 
their  fuel  cost  per  mile  from  S  to  3.3  cents,  with  gasoline  sel- 
ling at  61  cents  a  gallon  and  gas  at  Gl  cents  per  1000  cubic 
feet.  The  only  change  made  in  the  motor  is  the  fitting  of  a 
butterfly  valve  in  the  air-intake  pipe  for  the  regulation  of  the 
air  supply,  which  allows  the  engine  to  draw  the  gas  In  the 
correct  quantity  according  to  load  and  speed.  It  is  claimed 
that  when  using  gas  the  engine  is  cleaner  and  the  valves  do  not 
require  grinding  so  often.  The  gas  is  drawn  from  the  main 
Into  a  canvas  bag  with  an  Inner  layer  of  rubber,  shaped  like 
a  mattress,  whkli  is  strapped  to  the  top  of  the  motor  omnibus 
or  to  the  rear  of  the  automobile.  This  bag  Is  connected  with 
the  Induction  pipe,  and  the  engine  is  worked  by  the  suction 
process  In  the  same  manner  as  the  ordinary  gasoline  vapor 
Induction.  Because  of  the  bulky  container  necessary  for  the 
gas,  thin  fuel  has  proved  uiiHallsraclnry  for  small  cars. 


Flocause  of  the  stoppage  of  tin  Imports,  (Jermany  Is  reported 
to  have  prohibited  the  use  of  solder  containing  more  than  30 
per  cent  tin,  and  the  tin  so  used  must  have  been  rocovorod 
from  dross  or  scrap.  The  niuklng  of  soldered  Joints  Is  re- 
slrlctcil  to  cnHCH  where  lapping,  riveting,  and  electric  or  au- 
togoncuiH  weldltiK  are  linpruillcalile.  It  Is  staled  that  a  usable 
solder  can  be  prepared  from  ten  parts  tin,  <ilKhty  parts  load, 
and  ten  parts  cadmium.  Although  the  cadmium  Is  throe  times 
as  expensive  as  tin,  tho  extra  cost  Is  considered  of  no  conso- 
qucnco  because  of  thn  ricreHHlly  of  using  sulllclnnt  tin  as 
raw  material. 
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MACHINING    EXPANSION     SEATS    FOR 
AUTOMATIC  SPRINKLER   HEADS 

In  the  accompanying  illustration  is  shown  a  quick  and  easy 
method  of  machining  expansion  seats  for  automatic  sprinkler 
heads.  These  seats  are  made  of  11/16-inch  brass  rod.  To 
save  time  on  the  set-up,  two  sets  of  tools  can  be  used  in  the 
turret  of  the  screw  machine.  When  a  piece  is  cut  off,  the 
stop  will  be  in  position  for  the  next  piece. 

Operation  1 — Feed  stock  to  stop;  a  solid  stop  A  can  be  used, 
being  set  about  3/4  inch  from  the  face  of  the  collet. 

Operation  2 — Cup  and  face  the  end  of  the  bar  with  the  com- 
bination two-lip  tool  B.  Cut  the  relief  about  1/64  inch  deeper 
than  the  thickness  of  the  sheet-brass  disk  C,  which  is  about 
1/16  inch.  This  disk  can  be  formed  and  cut  out  on  a  punch 
press  in  one  operation. 

Operation  3 — Spin  disk  G  into  place  with  the  burnishing- 
tool  D  shown.  The  disk  C  is  put  in  place  while  the  machine 
is  in  motion  and  is  held  there  by  the  plunger  E  while  the 
tools  F  are  turning  over  the  edges. 


OPERATION    1 


OPERATION   2 


lJ-Ujj.JllL±i  .L'_ 


OPERATION  3 


A    I  OPERATION  4 


Maohinlnc  Expansion  Scats  for  Automatic  Sprinkler  Hoads 

Oprrntion  -i — Form  the  seat  and  the  round  edge  with  the 
forming  tool  G.  The  cutting-off  tool  //  should  be  ground  so 
that  no  burr  will  be  left  when  the  piece  is  cut  oft. 

Aurora,  111.  Joii.n  J.  Uohkk.nii.voen 


VERNIER   ATTACHMENT    FOR 
MICROMETER 
The  vernier  attachment  shown  in  Fig.  1,  which  the  writer 
made  for  his  micrometer,  while  not  as  accurate  as  a  (Ixed  ver- 
nier.  Is  better  than   the  eye  for  Judging   fractions   of  thou- 


Fig.    1.     Micrometer  Vernier  Attachment 


sandths.  It  is 
bored  to  suit  the 
sleeve  of  the  mi- 
crometer and  is 
split  to  provide 
enough  spring  to 
hold  it  in  place. 
Lack  of  space 
on  most  mi- 
crometers makes 
a  narrow  ring 
necessary.  The 
writer  has  one 
3/16  inch  wide 
and  of  the  same 
diameter  as  the  thimble,  which  he  always  uses  when  the  loca- 
tion of  the  thimble  will  permit.  A  small  flat  is  milled,  as 
shown,  on  which  is  a  line  to  coincide  with  the  line  on  the 
sleeve  of  the  micrometer;  3/25  of  the  circumference  from  this 
the  graduations  begin,  ten  spat;es 
being  equal  to  9/25  of  the  cir- 
cumference. The  graduating  can 
be  done  with  a  dividing  head  on 
a  milling  machine.  The  first 
space  will  be  four  turns  and 
twenty  holes  on  the  tfrenty-five- 
hole  circle;  the  other  spaces  will 
be  one  turn  and  eleven  holes  on 
the  same  circle.  In  use,  the  mi- 
crometer is  opened  to  the  near- 
est thousandth  of  the  desired 
size.  Then  the  ring,  having  been 
placed  on  the  sleeve  as  shown 
in  Fig.  2,  is  slid  up  against  the  thimble  and  turned  so  that 
the  lines  coincide.    Fractions  of  thousandths  may  now  be  read 


as  with  micrometers  with  fixed  verniers. 


A.  F.  H. 


A   TWO-PLANE   STRAIGHT-LINE 
MOTION 

The  linkage  known  as  Peaucellier's  exact  straight-line  mo- 
tion is  composed  of  seven  links  with  two  fixed  centers  of  mo- 
tion, as  described  in  M.\chinf.ry,  August.  1916.  If  these  links 
are  represented  by  straight  lines,  the  arrangement  may  be  de- 
scribed as  a  one-plane  motion,  since  all  the  elements  are  con- 
tained in  the  same  plane.  The  question  naturally  occurs: 
Is  it  possible  to  design  a  straight-line  motion  having  elements 
in  different  planes?  This  result  may  be  attained  by  four  mov- 
ing pieces  with  two  fixed  axes  of  motion.  The  figure  is  an 
isometric  drawing  of  the  combination,  which  illustrates  the 
simple  geometrical  theorem  that  any  two  planes  intersect  in  a 
straight  line.  The  planes  EKLM  and  GKL(J  intersect  at  KL, 
and  the  moving  pieces  A  and  B  are  hinged  at  i"  and  F,  respec- 
tively. The  broken  center  line  EFO  (broken  at  F)  is  con- 
strained to  move  in  the  plane  EPMJ,  which  is  perpendicular 
to  the  plane  EKLM.  Similarly,  the  moving  pieces  C  and  D 
are  hinged  at  (J  and  //.  respectively;  and  the  broken  center 
line  OHO  (broken  at  //)  is  constrained  to  move  in  the  plane 
GPyQ,  which  is  perpendicular  to  the  plane  OKLQ.  The  pieces 
B  and  D  are  united  by  a  ball-and-socket  joint  0,  the  center 
of  .which  is  at  the  intersection  of  the  center  lines  FU  and  HO. 
As  the  center  lines  EFO  and  GHO  will  remain  In  the  planes 
EPNM  and  GPy'Q.  respectively,  In  whatever  positions  the  mov- 
ing pieces  may  be  placed,  the  locus  of  the  point  of  intersec- 
tion 0  will  be  at  the  intersection  of  the  planes  containing 
them;  that  is.  the  path  of  the  point  O  will  be  the  straight  line 
OP.  The  broken  center  lines  EFO  and  (lUO  are  shown  dotted 
In    the   positions   they   reach   when   the   point    O   Is   at   P.      It 
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A  Two-plane  Straight-Une  Kotion 

sbould  be  noted  that  the  pieces  A,  B,  C  and  D  may  be  of  any 
length,  equal  or  unequal;  that  E  and  G  may  be  in  any  positions 
on   the  lines  EK  and   GK;  and   that  the  planes  EKLM  and 
GKLQ  may  be  assumed  at  any  angle  a. 
Hartford,  Conn.  Frederic  R.  Honey 


DESIGNING  A  MOVEMENT 
In  designing  a  motion  of  the  type  shown  in  the  illustration, 
it  is  necessary  to  have  link  E  vibrate  equally  above  and  below 
the  center  line  MM.  A  mathematical  solution  of  this  problem 
is  not  treated  in  any  books  the  writer  has  seen.  One  book  that 
showed  a  graphic  solution  added  that  "the  mathematical  way 
is  a  very  extensive  process."  In  the  cut-and-try  method  of  the 
graphic  solution,  in  which  A'  is  taken  as  slightly  less  than  one- 
half  HI,  fairly  good  results  are  obtained,  which,  however,  are 
not  satisfactory  to  the  mathematical  mind.  At  first  the  prob- 
lem looked  somewhat  difficult,  but  upon  investigation  it  proved 
to  be  quite  simple.  The  quadratic  equation  becomes  one  of 
the  first  degree,  as  the  solution  shows.  The  parts  are  as 
follows:  G  is  the  machine  frame;  F,  a  lever  shown  in  the 
extreme  positions;  E,  a  link;  and  Z>,  a  slide.  The  distances  A 
and  li  are  fixed  and  the  problem  is  to  obtain  A  -\-  X,  for  the 
required  length  of  the  lever.    In  the  right  triangle: 

'W 

A 


+x=^iu-x).+(-y 


Squaring,  we  have: 

A'  +  iAX  -Y  X'  =  A- - 


■  2AX  +  X'  +  ■ 


16A. 

A  +  X  —  A-\ =  length  of  lever. 

16A 
Prince  Bay,  N.  Y.  Louis  Wkay 

QUICK-LOCKING    DEVICE    FOR    BOX    JIGS 

In  the  accompanying  illustration  is  shown  a  handy  quick- 
locking  device  for  box  jigs,  etc.  The  handle  A  is  threaded 
into  an  eccentric  shaft  D,  which  hinges  on  two  straps  B. 
These,  in  turn,  hinge  on  a  support  C  secured  to  the  front  of 
the  jig  F.  Arms  E.  fastened  to  the  cover  plate  of  the  jig,  pro- 
ject beyond  the  front  of  the  jig  to  provide  a  socket  for  the 
action  of  eccentric  shaft  D.    They  also  give  side  support  to  the 


Quick-locking  Device   for  Jigs 

jig  cover  and  are  hinged  on  pin  H.    Lever  A  is  pulled  up  and 
out  to  open  the  cover  and  given  the  reverse  motion  to  close  it. 

E.  Edwauds 


B' 


SCRATCHING  OUT  LINES  ON  THIN  PAPER 

For  one  reason  or  another,  drawings  are  sometimes  made 
on  thin  paper,  such  as  typewriter  paper.  It  after  the  lines 
are  inked  in,  a  mistake  is  found  that  necessitates  acratchiug 
out  even  a  short  line,  it  is  difficult  to  make  this  erasure  with- 
out making  a  hole  in  the  paper.  If  the  work  of  correcting 
can  be  left  until  the  drawing  is  removed  from  the  board,  and 
two  or  three  sheets  of  the  same  stock  are  laid  under  the  draw- 
ing before  the  work  of  scratching  out  is  begun,  there  will  be 
little  risk  of  tearing  the  paper.  A  sheet  of  thick  drawing 
paper  can  be  used  instead  of  the  .extra  sheets  of  thin  paper. 

Mlddletowii,  N.  Y.  Do.nai.o  A.  Hampson 
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HEIGHT   OF   CHIMNEY 

111  the  March,  1917,  number  of  Maciunkrv,  directions  were 
given  for  detiTiiiliiliig  the  height  of  a  chimney  by  the  old 
process  of  nioiisurlng  the  shadow  cast  upon  the  ground.  While 
this  method  of  nieusuremcnt  is  theoretically  correct,  there  are 
many  practical  objections  to  Its  use. 

Select  the  moat  convenient  place  In  sight  of  Ww  cliininoy  top 
and  erect  a  short  polo,  as  shown  in  the  accoiniianyliiK  illus- 
tration. At  a  convenient  dlKtimco  from  the  polo,  say  eight 
or  ten  fret,  (Irlvi!  u  stako  In  line  with  the  polo  and  the  cliini- 
noy; the  lops  of  the  stake  and  the  polo  may  he  bluntly  pointed. 
See  that  both  the  sluko  and  the  polo  aro  plumb.  Drive  the 
Htake  Into  the  ground  until  the  tops  of  the  stake  and  polo  are 
In  lino  Willi  llio  top  of  llio  chlninoy,  or  If  more  convonlont, 
mark  the  Hlaki*  at  the  point  that  Is  In  ullgnmonl  with  the  polo 
lop  and  Ibo  clilmiicy  top.  MiirU  a  ground  lino  on  the  stuko 
lovi'l  Willi  till'  Kroiiiiil  lino  of  llio  polo.  MoaHuru  the  illHtanco 
c  from   llio  rlilmni-y   lo  llin  stako,   tho  diRlunco   D  from   Iho 
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stake  to  the  pole,  the  height  P  of  the  pole,  and  the  height  S 
of  the  stake.    Then  the  height  A'  of  the  chimney  is: 
C 
X  =  —(P—S)  +S 
D 
For  the  formula  as  given,  the  ground  line  at  the  pole  and 
stake  must  be  level  with  the  base  of  the  chimney.    If  the  base 
of  the  pole  is  above  or  below  the  base  of  the  chimney,  add 
or  subtract  this  difference  from  the  calculated  height  X.    If  C 
is  160  feet,  D  is  8  feet,  P  is  7  feet,  and  S  is  2  feet,  4  inches, 
we  have,  substituting  the  values  and  reducing  all  measure- 
ments to  inches: 
1920 

X  = X  (84  —  28)  +  28  =  1148  inches  =  95  feet,  8  inches 

96 
If  the  ground  line  at  the  pole  is  2  feet  above  the  base  of 
the  chimney,  the  total  height  of  the  chimney  will  be  95  feet, 
8  inches  plus  2  feet,  or  97  feet,  8  Inches. 


Method  of  finding  Height  of  Chimney 

This  method  will  give  accurate  results  that  can  be  verified 
at  any  time;  it  can  also  be  varied  to  suit  conditions.  For 
instance,  a  mark  on  the  corner  of  a  building  will  often  serve 
in  place  of  the  pole.  The  measurements  may  be  made  on  a 
sloping  roof  if  necessary,  taking  into  account  all  differences 
of  level. 

Barberton,  Ohio  Fred  B.  Corey 


REMOVING   SCALE   FROM    SHORT   BOILER 
TUBES 

A  rush  job  which  came  to  the  shop  one  day  was  a  small 
vertical  boiler  that  required  a  set  of  new  lubes.  The  tubes 
were  very  short,  less  than  18  inches  long.  So  some  long  used 
tubes  were  cut  to  length  by  being  caught  in  the  chuck  of  a 
hollow  spindle  lathe  and  the  re- 
quired length  of  tube  cut  off  with 
the  pipe  cutter,  an  ordinary  hand 
tool  being  used;  the  lathe  rotated 
the  tube  while  the  pipe  cutter  re- 
mained stationary.  The  pipe  cut- 
ter upset  the  ends  of  each  tube 
slightly,  but  enough  so  that  the 
tubes  would  not  pass  through  the 
holes  in  the  tubesheet  of  the 
boiler.  The  burr  was  filed  off  a 
couple  of  the  tubes,  but  even  then 
they  would  not  go  into  the  holes 
on  account  of  a  thin  layer  of 
hard  8<ale.  Neither  could  the 
tubes  be  driven  In,  because  the 
tubcsheets  would  be  cut  by  the 
scale.  As  no  tumbling  barrel  wa.s 
available,  the  scale  was  removed 
by  grinding. 

At  first,  one  of  the  tubes  was 
rolled  around  In  front  of  a  water 


Scaling  Short  Boiler  Tubes 

emery  grinder,  which  removed  the  scale,  but  it  required 
some  time  to  bring  all  parts  of  the  tube  against  the  grinder 
wheel.  The  apparatus  shown  was  then  rigged  up,  and  the 
set  of  tubes  scaled  easily  and  quickly.  Two  holes  for  taper 
pins  A  were  drilled  and  reamed  in  a  piece  of  %-inch  cold- 
rolled  rod  B,  these  holes  being  about  %  inch  farther  apart 
than  the  length  of  the  tube  C.  When  the  rod  had  been  placed 
through  the  tube  and  the  pins  inserted,  the  tube  was  applied  to 
the  wheel  of  a  dry  grinder  as  shown.  The  tube  was  placed 
on  a  rest  D,  but  so  lightly  that  when  the  weight  of  the  bar  was 
lifted  the  grinder  wheel  caused  the  tube  to  revolve  slowly. 
It  only  required  a  few  minutes  for  a  helper  to  acquire  the 
knack  of  holding  the  bar  in  such  a  manner  that  the  tube  would 
revolve  slowly  against  the  grinder  wheel;  then  the  tube  was 
traversed  slowly  endwise  until  it  had  entirely  passed  over  the 
grinding  wheel.  In  a  short  time,  the  helper  was  able  to  re- 
move all  the  scale  during  a  single  passage  of  the  tube  past  the 
grinding  wheel.  The  burr  was  removed  at  the  same  time. 
Indianapolis,  Ind.  James  F.  Hobabt 


SPLINING    FIXTURE    FOR    GASOLINE 
TRACTOR   STEERING  ARMS 

In  the  accompanying  illustration  is  shown  a  fixture  used 
when  cutting  a  spline  U  inch  wide,  ig  inch  deep,  and  21,4 
inches  long  in  the  tapered  shank  of  the  steering  arms  of  a 
gasoline  tractor.  The  center  line  of  the  spline  must  iie  in  a 
vertical  plane  through  the  axis  of  the  tapered  shank  and  par- 
allel to  one  containing  the  axis  of  the  hole.  The  finished  faces 
of  the  boss  and  the  location  of  the  hole  are  not  required  to  be 
accurate,  so  that  the  only  constant  location  is  the  taper.  The 
floating  locating  device  allows  the  locating  plug  to  float  in 
every  direction,  but  keeps  its  axis  in  a  vertical  plane  parallel 
to  the  plane  containing  the  axis  of  the  taper.  It  thus  secures 
the  accuracy  required  without  exacting  accuracy  in  the  fin- 
ished faces  of  the  boss  or  the  location  of  the  hole. 

The  construction  of  the  fixture  is  as  follows:  A  cast-iron 
base  A,  which  is  clamped  to  the  milling-machine  table,  pro- 
vides a  seat  for  the  steel  piece  B  in  which  the  tapered  shank 
of  the  steering  arm  C  is  located.  It  also  has  two  vertical 
arms  D,  in  the  ends  of  which  the  rod  E  carrying  the  floating 
locating  device  slides  and  rotates.  This  base  is  provided  with 
the  usual  tongues  F  and  screws  for  fastening  it  to  the  table. 


Splinini  Fiituro  for  Tractor  Steorlng  Ar 
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The  hardened  steel  seat  B  that  locates  the  tapered  shank 
of  the  steering  arm  is  provided  with  two  ground  surfaces  H; 
the  splining  cutter  /  is  set  in  position  for  cutting  by  placing 
a  3/8-inch  set-block  against  the  larger  of  these  surfaces.  Both 
right-  and  left-hand  steering  arms  are  located  in  this  seat 
by  the  tapered  part  of  the  shank;  a  1-inch  groove  in  the  seat 
provides  clearance  for  the  cutter  and  an  outlet  for  the  chips. 
A  hand-nut  K  is  screwed  onto  the  threaded  part  of  the  steering- 
arm  shank  and  thus  locks  the  tapered  part  of  the  steering 
arm  in  the  locating  seat  B.  This  hand-nut  is  countersunk  and 
its  threaded  part  is  only  3/16  inch  long;  the  other  part  fits 
over  the  outside  diameter  of  the  threaded  shank  of  the  steer- 
ing arm,  thus  making  it  easy  to  remove  and  replace  rapidly. 
When  this  nut  is  not  in  use  it  is  screwed  upon  a  stud  L  to 
prevent  it  from  being  lost. 

The  floating  locating  device  consists  of  a  hardened  and 
ground  steel  rod  E  that  rotates  and  slides  in  the  bearings  in 
the  cast-iron  base  .-1.  The  side  bars  M  are  clamped  by  nuts 
and  washers  to  rod  E,  and  are  reamed  to  provide  bearings 
for  a  cross-bar  N  that  has  two  %-inch  holes  for  the  locating 
plug  0.  Plug  0  is  used  in  one  hole  for  the  right-hand  steering 
arm  and  in  the  other  hole  for  the  left-hand  arm.  Thus  the 
plug  is  free  to  rotate  about  the  axis  of  the  cross-bar  N,  and 
also  about  the  axis  of  the  bottom  rod  E,  as  well  as  to  move 
3/16  inch  each  way  horizontally;  yet  its  axis  is  always  in  a 
vertical  plane  parallel  to  a  plane  containing  the  axis  of  the 
taper.  This  plug  is  prevented  from  being  detached  from  the 
cross-bar  A'  by  a  screw,  which  is  turned  down  on  the 
end  to  a  sliding  fit  in  the  keyway  in  the  plug.  The  side  arms 
should  be  drilled  and  reamed  together  so  that  the  center  dis- 
tances of  the  holes  are  exactly  alike. 

In  operation,  the  locating  plug  0  is  swung  back  of  the  fix- 
ture out  of  the  way  and  the  tapered  part  of  the  steering  arm 
is  inserted  in  the  tapered  hole  in  the  seat  B.  Plug  0  is  then 
swung  into  position  and  pushed  into  a  hole  in  the  boss  of  the 
steering  arm  and  the  hand-nut  K  is  screwed  on,  thus  locking 
the  steering  arm  in  position.  One  steering  arm  is  splined  at 
a  setting.  In  changing  from  right-hand  to  left-hand  steering 
arms,  or  vice  versa,  the  locating  ping  is  transferred  from  one 
hole  to  the  other  in  the  cross-bar;  this  is  the  only  change. 
This  fixture  has  been  the  means  of  avoiding  much  trouble  in 
manufacturing  and  assembling,  and  is  a  rapid  producer. 

Hartford,  Conn.  John  J.  Woffington 


POWER   HACKSAW   ON   LATHE   WORK 

The  writer  had  to  make  several  small  steel  pieces  like 
that  shown  at  A,  out  of  bar  stock  on  an  engine  lathe.  To 
obviate  changing  tools,  both  ends  of  the  stock  were  turned 
up  as  shown  at  B  with  one  tool.    The  ends  B  were  then  cut 


Lit  ho     Work 


otT  In  a  power  hackHuw  while  turning  Hlnillar  ciuIh  on  uimtlu-r 
plfii-  of  Htock.  Of  courHC  full-lcnKih  bara  of  Block  could  not 
!>'•  iii4<i|,  a*  the  time  and  trouble  navcd  In  not  having  to  chanKe 
toolM  anil  ciitllnK  off  In  the  lathe  would  bo  loHt  In  turning  the 
loHK  bam  from  i-rid  to  end,  but  har»  from  two  to  three  feet 
loni?  ran  (>«  banilli'd  iIiIh  way  without  much  trouble. 

Worc»;iil«;r,  MaM.  C.  ANlinmo.N 

COUNTERSINK   SLEEVE 

Although    the   rounlcmlnk   iilouvu   di'Hcrlboil    In   the   AuKUHt 
Dumber  of  MAcriiinKiiT  la  Mtlsfactory  In  ci-rinln   reiipoctii,  It 


has  one  disadvantage:  No  matter  how  tightly  the  set-screws 
may  be  fastened,  there  is  always  a  tendency  for  the  sleeve  to 
move  upward  upon  the  tool  if  it  is  brought  in  contact  with 
the  work  with  any  shock.  This  trouble  may  be  overcome  by 
threading  the  upper  part  of  the  countersink  and  the  sleeve 
and  depending  on  the  set-screw  only  to  prevent  rotation  of 
the  sleeve.  In  place  of  the  screw,  a  thin  lock-nut  may  be 
used.  Tools  of  this  type  have  been  successfully  used  by  the 
firm  by  which  the  writer  is  employed. 

Buffalo,  N.  Y.  Chables  A.  KuHN 


tl 
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FASTENING   HAMMER  HEADS 

The  method  of  fastening  hammer  heads  here  shown  has 
proved  very  satisfactory,  and  is  neater  than  that  described  in 
the  May,  1917,  number  of  Ma- 
chinery. Fit  the  handle  to  the 
head  in  the  ordinary  way  and 
cut  the  slot  for  the  wedge 
slightly  wider  than  usual.  Cut 
a  hardwood  wedge  and  bend 
around  it  a  piece  of  fine-mesh 
iron-wire  gauze,  as  shown  in 
the   accompanying   illustration. 

Drive  the  wedge  and  the  gauze  using  wire   Gauze  to  fasten 

in  securely  and  soak  the  ham-  Hammer  Heads 

mer  head  in  water  over  night.  The  wood  of  the  handle  and 
the  wedge  will  swell  into  the  mesh,  making  a  good,  secure 
job.  G.  E.  H. 

CUTTING   MULTIPLE   THREADS 

Many  devices  and  methods  have  been  proposed  from  time 
to  time  for  the  purpose  of  cutting  multiple  threads.  Multiple 
faceplates  capable  of  being  indexed  to  various  positions  have 
been  made  and  prove  useful  where  much  of  this  work  is  done. 
However,  these  devices  are  of  no  avail  for  multiple  internal 
threading;  for  this,  various  methods  must  be  devised  for  re- 
locating the  carriage  in  relation  to  the  work  to  obtain  the 
desired  result.  Where  the  lathe  has  a  compound  tool-block 
with  a  graduated  dial,  it  is  only  necessary  to  move  the  com- 
pound tool-block  into  a  position  at  right  angles  with  its  normal 
position,  when  upon  completion  of  the  first  cut  of  a  multiple 
thread  the  tool  can  be  advanced  the  correct  distance  and  each 
thread  completed  in  its  turn.  This  method  lends  itself  to 
either  outside  or  inside  threading.  Many  lathes,  however,  are 
not  fitted  with  compound  blocks  or  graduated  dials,  so  tliat 
this  method  cannot  easily  be  used. 

The  following  simple  way  of  cutting  multiple  threads  can 
be  used  on  any  lathe  for  either  outside  or  inside  threading; 
it  calls  for  no  special  faceplates,  etc.,  and  is  quickly  available 
for  an  occasional  Job  of  this  kind.  It  requires  merely  a  collar 
to  slip  over  the  spindle  nose.  The  width  of  this  collar  will 
be  one-half  the  pitch  of  the  thread  on  the  spindle  nose,  in 
the  case  of  a  double  thread,  thus  advancing  the  faceplate  or 
chuck,  as  the  case  may  be.  Just  one-half  turn.  When  the  first 
thread  is  completed,  removing  the  collar  allows  the  next 
thread  to  locate  properly  on  the  work.  By  the  use  of  two 
collars  triple  threads  can  be  cut,  one  being  one-third  the 
splndletliread  pilch  in  thickness,  and  the  other  two-thirds. 
Assuming  a  splndlenose  thread  of  four  per  inch,  the  collars 
would  be  0.0834  and  O.KJCV  inch,  roapoctlvely ;  or  with  a  double 
thread  to  cut,  the  collar  would  measure  0.125  inch  In  thick- 
ness. A  perfectly  satlHl'actory  Job  results  with  ordinary  care, 
and  little  time  Is  wasted  In  getting  roa<ly  to  start.      V.  E.  L. 

REPAIRING   A    BROKEN    FOLDING   RULE 

Allow  nio  to  take  Ihhuo  with  the  Hlatenii'iil,  on  page  806  of 
Ihn  May  number  of  Maciii.mciiy,  that  glued  broaks  In  a  fold- 
ing rule  last  only  a  Rhort  tinio.  If  plaiiomakorH'  glue  Is  used, 
thin  and  hot,  lhi<  Hiirfacug  In  bo  glued  hnliig  heated  and  the 
plocoH  clamped  toKolhcr  until  the  glue  Iuih  hoI,  IIi((  wood  will 
liroaU  In  a  new  place  licforo  llii'  Jr)liit  will  part.  Ono  mlghl 
JUHl  an  well  uh(>  Hour  piiHto  ns  to  uhi>  coIiI  kIuo. 

Now  York  City  Hiiiiiiir  (!i(imsii.\w 
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TOOLPOST  COLLAR 

The  toolpost  collar  and  shoe  ordinarily  furnished  with  an 
engine  lathe  has  a  spherical  bearing  that  allows  a  wide  range 
of  vertical  adjustments.  While  this  form  has  the  advantage 
of  very  slight  adjusthients,  it  is  not  as  rigid  as  might  be  de- 
sired. The  Du  Bois  toolpost  collar  and  shoe,  described  in  the 
May  number  of  Machineby,  having  notches  on  the  shoe  and 
the  collar,  gives  a  much  more  rigid  hold  on  the  tool,  but  does 
not  allow  the  slight  adjustments  that  can  be  obtained  with 
the  plain  shoe.  In  one  shop  in  which  I  worked,  the  collars 
were  made  plain,  and  adjusted  by  inserting  shims  of  varying 
thickness  under  the  tool.  This  gave  a  rigid  setting,  but 
necessitated  a  trip  to  the  tool-room  for  every  lathe  job,  and 
where  a  very  small  vertical  adjustment  was  required,  it  was 

often  difficult  to 
find  the  right  com- 
bination of  shims. 
To  overcome  this, 
the  form  of  collar 
shown  in  the  ac- 
companying Illus- 
tration has  been 
adopted.  This  is 
simply  a  plain 
ring,  faced  true 
with  the  axis  on 
one  side  and  at  an 
angle  with  the  axis 
on  the  other.  By  rotating  the  collar  around  the  toolpost,  the 
tool  can  be  elevated  through  its  whole  range.  The  bearing  of 
the  tool  upon  the  collar  is  always  flat,  thus  making  it  very 
rigid.  If  a  greater  range  of  adjustment  is  required,  a  flat  shim 
may  be  inserted  under  the  tool.  A  collar  of  this  form  allows 
a  wide  range  of  very  close  adjustments  and  still  holds  the 
tool  much  more  rigid  than  the  spherical  form. 

Lomax,  111.  P.  H.  White 


USELESSNESS   OF   THE   INTERMEDIATE 
MEASURES   OF   LENGTH 

The  announcement  of  the  organization  of  the  American 
Institute  of  Weights  and  Measures  is  pleasing  news.  Although 
he  has  nothing  to  add  to  the  vast  amount  that  has  been 
written  on  both  sides  of  the  metric  controversy,  the  writer  is 
sure  most  fair-minded  men  will  agree  to  the  statement  that 
we  are  not  giving  the  units  of  weight  and  measure  we  now 
use  a  fair  chance  to  serve  us.  Even  if  we  were  not  threatened 
by  the  metric  menace,  would  it  not  be  the  reasonable  thing 
for  us  to  use  the  present  units  with  the  least  expenditure  of 
mental  energy?  One  glaring  example  of  the  worse  than  useless 
burden  the  metal  workers  carry  is  the  practice  of  using  on 
the  same  drawing  six  binary  and  one  decimal  subdivision 
of  the  inch,  and  these  seven  subdivisions  are  none  too  easily 
translated  and  compared  one  with  another;  they  are  halves, 
fourths,  eighths,  sixteenths,  thirty-seconds,  sixty-fourths,  and 
thousandths. 

.Theoretically,  the  yard  is  the  unit  of  linear  measure;  and 
linear  measure  only  need  be  considered,  as  it  is  the  basis  of 
most  standards  of  measure,  whether  time,  weight,  or  exten- 
sion. In  several  kinds  of  linear  measurements,  however,  the 
yard  is  wholly  ignored  and  some  multiple  or  fraction  thereof 
is  used,  because  more  convenient.  For  Instance,  the  wood- 
worker has  adopted  the  inch  in  desi-ribing  sections  of  lumber. 
He  knows  that  the  inch  is  the  thirty-sixth  part  of  a  yard  and 
the  twelfth  part  of  a  foot,  but  he  never  describes  a  piece  of 
material  as  1/18  by  1/6  yard,  or  as  1/6  by  1/2  foot;  rather, 
he  describes  this  piece  as  2  by  G  inches.  By  so  doing.  Its 
relation  to  a  2  by  4  Inch  piece  is  instantly  seen.  How  would 
it  be  if  he  were  to  describe  the  pieces  as  1/18  by  1/6  yard, 
and  1/18  by  1/9  yard;  or  as  1/6  by  1/2  foot,  and  1/6  by  1/3 
foot?  In  describing  a  section  of  timber,  the  Inch  la  the  unit 
even  beyond  twelve  Inches,  as  the  wood-worker  speaks  of  a 
2  by  16  Inch  Joist;  not  a  2-inrh  by  Ifoot,  4-inch  joist.  In  a 
word  the  Inch,  being  as  small  a  unit  as  he  Is  likely  to  use 
often  In  such  measurements.  Is  made  the  unit;  Just  as  every- 


one uses  the  cent  and  its  multiples  in  naming  values  up  to  a 
dollar,  ignoring  the  dime,  which  was  undoubtedly  intended  as 
an  intermediate  unit  between  the  cent  and  the  dollar. 

A  tool  crib  of  the  writer's  acquaintance  is  served  by  one 
man,  who  is  often  changed.  He  is  always  a  green  man  to 
start  with,  and  his  efforts  in  realizing  the  size  relation 
between  a  5/S-inch  drill  and  a  39/64-inch  drill  are  distressing. 
Why  not  decide  that  1/64  inch  is  the  smallest  unit  we  are 
likely  to  need  in  designating  drills  above  a  certain  size  and 
give  all  sizes  below  the  inch  in  sixty-fourths?  Here,  again, 
the  practice  of  wood-workers  furnishes  something  of  a  guide. 
In  the  old  days  of  heavy  framing,  augers  varied  by  1/4  inch 
and  were  known  as  two-quarter,  three-quarter,  four-quarter, 
five-quarter,  and  so  one,  and  today,  wood-workers'  brace  bits 
vary  by  1/16  inch  and  are  marked  with  numbers  indicating 
the  number  of  sixteenths  of  an  inch  each  is  in  diameter.  This 
not  only  is  much  simpler,  but  makes  possible  the  use  of 
larger  characters  in  stamping  sizes  on  the  limited  areas 
available.  If  drills,  reamers,  and  taps  were  marked  in  the 
same  reasonable  way,  what  an  amount  of  mark-hunting  and 
eye  strain  could  be  saved,  not  to  mention  the  easily  realized 
relation  between  a  40/64-inch  (5/8-inch)  and  a  39/64-liich, 
or  a  41/64-inch  drill? 

Of  course  drawings  should  be  dimensioned  in  the  same  way, 
possibly  thus  avoiding  part  of  our  many  errors  in  adding 
and  subtracting  dimensions.  Protests  against  the  use  of 
binary  and  decimal  tractions  on  the  same  drawing  were  pub- 
lished many  years  ago.  The  same  complication  and  source 
of  error  exists  today.  Huge  wall  charts,  dssigned  to  help  trans- 
late one  into  the  other,  appear  at  frequent  intervals  wherever 
such  drawings  are  in  use — everywhere  in  the  metal-working 
industries  in  this  country.  The  introduction  of  decimal 
fractions  in  the  metal-working  industries,  while  still  retaining 
the  partial  use  of  binary  fractions,  always  was,  and  always 
will  be,  the  source  of  endless  error  and  a  great  progress 
retarder.  In  the  case  of  the  micrometer  we  seem  to  have 
been  far  more  reasonable.  We  entirely  ignore  the  chance  to 
introduce  fortieths  and  in  almost  all  cases  we  forego  fourths 
and  halves,  naming  sizes  in  multiples  of  the  smallest  unit 
that  is  frequently  used,  0.001  inch.  Who  can  say  why  we 
burden  ourselves  with  seven  fractions  of  an  inch  when  one 
or  two  would  serve  much  better?  Here's  for  a  start  at 
relieving  us  of  part  of  our  present  burden;  at  the  same  time 
we  take  the  big  stick  from  the  man  who  would  saddle  us 
with  more. 

Wilkinsburg,  Pa.  William  S.  Rowell 


STRAIGHTENING   HIGH-SPEED   STEEL 

REAMERS 

Several  high-speed  steel  reamers  about  14  inches  long,  with 

a  pilot  %  inch  in  diameter  and  3^4  inches  long,  were  sprung 

in  hardening  so  that  they  would  not  finish  to  size;   so  the 

simple  device  here  shown  was  made  and  clamped  in  a  vise 
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Device  for  straightoninK  High-speed  Steel  Reamers  distorted  by  hardening 

close  to  the  hardening  furnace.  The  reamers  were  heated 
and  placed  in  position  in  the  lixture;  then  a  little  pressure 
was  applied  with  a  screw  .1  at  the  point  of  greatest  error. 
This  device  also  Is  used  for  testing  by  rotating  the  reamer 
on  the  centers  and  observing  the  space  between  it  and  screw  A. 
The  advantage  of  the  device  for  high-speed  steel  is  apparent, 
IxM-ause,  after  hardening,  the  steel  may  be  heated  sufllciently 
to  correct  It  without  injuring  its  temper. 

Springfield,  Vt.  F.  H.  Wiiitni;y 


58 


MACHINERY 


September,  1917 


WHY   DIDN'T   IT   EXPLODE  ? 

In  the  August  number  of  Machinebt,  W.  S.  R.  asks  why  a 
can  of  milk  did  not  burst  or  show  signs  of  escaping  steam 
while  immersed  in  boiling  water.  The  explanation  is  very 
simple.  There  was  no  steam  escaping  from  the  can  because 
the  milk  did  not  boil,  and  the  milk  did  not  boil  because  it  was 
not  sufficiently  heated.  The  boiling  point  of  milk  is  215  de- 
grees F.,  and  that  of  water  is  only  212  degrees  F.  The  bulg- 
ing of  the  ends  of  the  can  was  caused  by  the  contents  be- 
coming heated  and  expanding. 

St.  Louis,  Mo.  Locis  A.  Schlo.'sssteix 


The  title  "Why  didn't  it  explode?"  should  read  "Why 
should  it  explode?"  The  temperature  of  the  "  furiously  boil- 
ing "  surrounding  medium  was  212  degrees.  The  pressure 
due  to  this  temperature  is  14.7  pounds,  or  atmospheric.  The 
temperature  in  the  interior  of  the  can  is,  therefore,  at  most 
212  degrees  and  the  pressure  atmospheric.  As  the  internal 
and  external  pressures  exactly  balance,  why  should  any  ex- 
plosion be  expected? 

Holyoke,  Mass.  W.  M.  Fleming 


The  reason  the  can  of  milk  did  not  explode  is  easily  given. 
In  the  case  of  all  canned  foods,  the  surplus  air  is  exhausted 
before  the  small  vent  hole  in  the  can  or  cap  is  sealed.  The 
general  method  is  to  place  the  cans  in  steam-heated  ovens  so 
that  the  food  will  expand  and  force  out  the  surplus  air.  Then 
when  the  cans  are  sealed  and  cooled,  what  air  they  may  con- 
tain is  below  the  atmospheric  pressure,  with  the  result  that 
if  the  cans  are  over-exhausted  or  underfilled,  the  sides  will 
collapse.  Foods  that  are  packed  cold  are  subjected  to  a  tem- 
perature of  160  to  180  degrees  F.  for  from  one  to  three  min- 
utes. Foods,  like  corn  and  tomatoes,  that  are  partly  cooked 
when  packed  are  packed  hot  and  so  do  not  require  the  ex 
hausting  process. 

After  the  vent  is  "  tipped,"  or  sealed,  the  foods  are  steril- 
ized, or  cooked,  to  prevent  fermentation  and  to  destroy  bac- 
teria. Berries  and  fruits  are  subjected  to  a  temperature  of 
212  degrees  F.  for  ten  or  fifteen  minutes;  tomatoes  are  sub- 
jected to  a  temperature  of  240  degrees  F.  for  from  twenty-five 
to  forty  minutes;  while  salmon  is  subjected  to  this  tempera- 
ture for  one  hour.  Subjecting  a  can  of  milk  to  a  temperature 
of  212  degrees  for  twenty  minutes,  therefore,  hardly  over- 
comes the  partial  vacuum  in  some  food  cans. 

The  art  of  soldering  tin  cans  is  known  to  only  about  a 
hundred  men  in  the  United  States.  A  No.  3  tomato  can  will 
not  burst  under  a  pressure  of  75  pounds  per  square  inch  nor 
win  It  spring  a  leak  at  50  or  60  pounds.  A  No.  2  corn  or 
pea  can  will  burst  if  subjected  to  a  pressure  between  90  and 
120  pounds,  and  a  milk  can  will  resist  pressures  up  to  125 
pounds,  as  they  are  lighter  as  well  as  smaller  in  diameter. 
This  strength  Is  secured  in  spite  of  the  fact  that  can  makers 
use  lesH  solder  in  making  the  whole  can  than  the  packers 
u«e  on  the  cap  alone.  Cans  are  tested  with  an  air  pressure  of 
15  to  18  pounds  per  square  inch  under  water,  and  the  seller 
Kuarantees  that  not  over  two  cans  out  of  each  thousand  will 
leak  when  filled  and  subjected  to  cooking  strains,  and  agrees 
to  pay  for  the  canit,  the  food  in  them,  and  the  cost  of  packing 
If  the  leaks  exceed  that  amount  which  never  happens,  even 
when  thin  nation  emplleH  i:i,000,000,000  tin  cans  a  year. 

Wheeling,  W.  Va.  W.  H.  Bikh.kh 

BORING   A   LARGE   FLYWHEEL   WITH 
IMPROVISED   TOOLS 

Modern  mnthodii  have  larK'-ly  done  uwuy  with  tlii-  orjd  jobH 
that  unci  to  Im)  cncounleriMl  and  that  rvquln-d  conMidtTablv 
Ingenalty  on  the  part  of  the  miK  hlnlHt.  While  many  of  the 
older  men  will  doubllcKN  rionll  John  Mliiillar  to  \Uv  ono  hore 
•(••■rrlfiwl,  thenc  makoKhlftn  brInK  oul  jidImIh  of  IiiIitchI  even 
lo  IhP  modern  mBrhiniat. 

A  nywh«>«'l  12  feet  In  diameter,  and  welKlilMK  niuny  tonii, 
had  lo  l>«  tH>ri'd.  An  no  nhop  In  the  locality  could  handle  the 
work,  tho  following  method  woit  unod:  One  end  of  an  old 
piece  of  ghaftlng  waa  chucked   In   thn   Iniho,   tho  other  i-rirl 


being  supported  by  steadyrests.  When  trued  up,  the  shaft 
was  turned  for  a  short  distance  close  to  the  chuck  and  a  32- 
pitch  thread  cut  on  it,  the  length  of  the  thread  being  a  little 
longer  than  the  hole  through  the  hub  of  the  flywheel.  About 
one  inch  of  the  shaft  close  to  the  chuck  was  then  turned  to 
tap  size.  This,  together  with  the  thread,  was  polished  smooth 
and  the  shaft  was  cut  off  close  to  the  chuck.  A  hole  was  then 
bored  in  a  hardwood  plank  to  fit  the  tap  size,  making  a  tight 
fit,  and  an  inside  threading  tool  was  run  through  a  couple  of 
times,  roughly  cutting  a  32-pitch  thread.  Before  removing 
the  piece  of  plank  from  the  chuck,  a  circle  was  struck  upon 
it  a  little  distance  from  the  hole;  this  was  used  in  centering 
the  boring-bar. 

This  piece  of  plank  was  laid  between  two  timbers  and  sus- 
pended below  the  flywheel;  a  bearing  placed  above  the  fly- 
wheel supplied  the  other  bearing  for  the  boring-bar.  The  lower 
end  of  the  bar  was  then  centered  by  measuring  from  the  rim 
of  the  flywheel  to  the  circle  on  the  plank  and  the  upper  end 
was  centered  by  measuring  to  the  shaft.  The  lower  bearing 
was  then  fastened  securely  to  the  floor.  A  cutter  in  a  collar 
was  placed  on  the  shaft  and  a  lever  fastened  to  a  split  pulley, 
which  was  clamped  to  the  shaft,  gave  a  means  for  turning  the 
boring-bar.  The  feed  of  the  bar  was  derived  from  the  thread 
traveling  through  the  plank;  a  clamp  prevented  the  plank 
from  splitting.  Three  cuts  were  taken,  the  first  one  down,  the 
second  one  up  by  reversing  the  cutter  and  the  direction  of  the 
bar,  and  the  third  down  again.  Half  a  day's  work  of  a  laborer 
supplied  all  the  power  required  and  was  cheaper  than  rigging 
up  for  any  other  source  of  power. 

The  balancing  of  the  flywheel  was  done  after  it  was  placed 
in  position.  The  shaft  was  raised  out  of  its  bearings  and 
rested  on  large  flat  bars  of  steel,  care  being  taken  to  have 
them  level.  Provision  for  obtaining  the  balance  was  made 
beforehand  by  casting  weights  on  the  inside  of  the  wheel  all 
the  way  around.  These  weights  were  nicked  close  to  the 
wheel  and  were  easily  removed  as  required. 

Scranton,  Pa.  John  H.  Van  Arkel 


PAINTING   STEEL   CEILINGS 

The  manufacturers  of  steel  ceilings  prepare  the  sheets  with 
a  gloss,  as  follows:  After  the  sheets  are  stamped,  they  are 
dipped  in  a  mixture  of  zinc  white  and  varnish  that  has  been 
thinned  down  with  benzine.  Not  enough  zinc  white  is  added 
to  make  the  finish  opaque,  though  this  is  not  important,  since 
the  finish  is  applied  by  a  painter  who  prefers  a  different  prime 
coat,  one  quite  dead  or  flat.  If  the  steel  sheet  has  not  been 
primed  or  coated  in  the  factory,  the  painter  must  cleanse  it 
of  grease  and  dirt  with  benzine,  or  some  alkaline  solution. 
When  dry,  it  should  be  coated  with  raw  or  boiled  oil  to 
which  a  little  drier  has  been  added.  While  the  makers  of 
steel  ceilings  use  a  primer  with  a  pigment  base,  zinc  as  a 
rule,  the  best  primer  is  the  pure  oil,  raw  or  boiled.  After  the 
oil  priming  coat  has  become  dry,  any  desired  paint  may  be 
applied;  usually  a  gloss  paint  is  used,  though  many  prefer 
a  soft,  rather  flaltisli  effect. 

Galvanized  iron  should  not  be  painted  until  It  has  been  sub- 
jected to  the  weather  for  a  year  or  so,  unless  it  has  been 
treated  with  a  liquid  to  cut  the  so-called  "grease"  or  galvaniz- 
ing. In  many  instances,  new  galvanized  work  looks  well 
enough  without  paint,  In  which  case  It  Is  a  waste  of  time 
and  money  lo  apply  paint  lo  it.  liul  whon  the  finish  (Icniands 
the  paliiling  of  the  giilvanlzeil  work,  It  may  bo  prepared  by 
giving  it  a  coat  of  the  following  mixture:  Dissolve  In  one 
gallon  of  Boft  water  2  ounces  each  of  copper  chloride,  copper 
nllralo,  and  Hal  ammoniac ;  then  add  2  ounces  of  muriatic  add. 
Mix  In  a  wooden  vesHul  and  apply  with  a  brpad-hrlslle  briiHli. 
When  dry.  Ilw  work  may  lie  painted. 

Llvcrpoul.   l•:ll^:laMll  Maiik   Mkiii:i)ITII 

BRAZING   FURNACE 
In  Ihi-  accnnipaiiying  lllUHlrallon  Is  Hhown  an  olUclenl  braz- 
ing  fiirM»<'e   with   two   biirnorH,   which    liealH   Ihu   pipe   all   tho 
way    around       'rh<'    top    of    the    HupporlInK    table    Is    niadi'    of 
i|  lii'li  xhi'i'l   Irnii,  IS  hy  71  InclicH,  which  Ih  faHlrniMl  liy  <  inui 


September,  1917 


MACHINERY 


59 


tersunk  bolts  to  angle-irons  run- 
ning lengthwise  of  the  furnace. 
Each  leg  is  made  of  a  continuous 
piece  of  angle-iron,  and  the  table  is 
made  rigid  by  %-inch  by  1%-inch 
plates  across  the  legs  and  by  Y-i- 
inch  rods,  passed  through  ^s-inch 
pipes,  as  shown.  This  furnace  will 
take  4-inch  copper  pipes,  but  is 
used  mostly  for  brazing  2i'2-inch 
pipes.  As  the  pipe  is  placed  in  a 
vertical  position,  the  4-inch  hole 
makes  it  possible  for  the  pipe  to 
extend  below  the  table  top  if  nec- 
essary. Directly  beneath  the  top  of 
the  table  are  two  slides,  resting  on 
plates  running  lengthwise;  each  of 
these  is  cut  out  so  that  when  closed 
they  will  make  a  snug  fit  around  a 
2%-inch  pipe.  Underneath  these 
slides  is  a  pair  of  pipe  tongs,  work- 
ing on  a  pivot.  The  ends  of  the 
handles  are  supported  by  a  i4-inch 
by  1%-inch  iron  plate;  the  tongs 
are  shown  pushed  in  out  of  the 
way.  By  the  aid  of  these  tongs, 
a  pipe  can  be  held  at  any  desired 
height  for  the  flames  to  work  upon. 

The  center  lines  of  the  two  burn- 
ers are  3  inches  apart;  this  makes 
a  quick  heating  arrangement  and 
at  the  same  time  heats  a  good  por- 
tion of  the  pipe.  A  i4-iiich  oil 
line  and  i^-inch  air  line  are  run 
from  the  tanks  to  a  T  near  the 
furnace;  from  there  on,  there  are 
two  oil  and  two  air  lines,  one  of 
each  for  each  burner.  The  piping 
is  supported  by  3/16-  by  1-inch  iron 
supports,  and  all  valves  are  placed 
close  together  so  they  can  be  con- 
veniently and   rapidly  operated. 

The  box  is  24  inches  long  by  131.^  inches  wide,  and  is  made 
of  %-inch  sheet  iron,  which  is  lined  with  firebrick,  covered 
with  fireclay.  Each  side  is  cut  out  6  inches  wide  and  9  inches 
deep;  the  inside  is  shaped  as  shown  by  the  dotted  lines.  A 
small  plate  can  be  laid  over  the  hole  in  the  bottom,  through 
which  long  pipes  are  passed  to  retain  the  heat  when  the  pipes 
are  laid  horizontally  or  when  short  pipes  are  being  worked 
upon.  M.  K. 


SOLID   ADJUSTABLE   BORING-BAR 

The  boring-bar  of  the  solid  adjustable  type  here  described 
has  given  excellent  satisfaction.  This  particular  bar  is  for  a 
drill-press  fixture  having  guide  bushings  above  and  below  the 
cut,  and  the  bar  is  therefore  shown  with  pilot  sections  above 
and  below  the  cutters  and  with  a  taper  shank.  However,  the 
same  principle  can  be  used  for  a  turret-lathe  bar.  The  cut- 
ters B  are  of  standard  section  of  high-speed  steel,  the  same 
as  that  used  for  tool-holder  bits.  The  holding  piece  C  is  a 
nice  fit  in  the  slot  in  the  bar  A  and  is  centered  in  the  cus- 
tomary manner  by  being  fitted  up  over  a  flattened  part  of  the 
bar  at  t'.  The  cutters  are  liehl  in  place  by  the  piece  D  and 
key  jy.  The  edge  of  key  /■;  bearing  against  part  D  is  made 
slightly  rounding  to  take  up  any  inaccuracy  In  the  cutter 
stock.     All   parts  except   the  cutters  are  made  of  machinery 


Two-burner  Pipe   Brazing   Furnace 

Steel  and  pack-hardened,  the  pilot  sections  and  taper  shank 
of  the  bar  being  then  ground.  The  cutters  are  ground  to  size 
on  the  surface  G  without  clearance,  being  cleared  only  from 
the  cutting  edge  H.  When  the  bar  begins  to  cut  under  size, 
the  cutters  can  be  packed  out  at  I  and  reground.  This  bar 
has  the  advantage  of  having  high-speed  cutters  without  the 
expense  of  making  them  up  special.  Besides,  it  ties  up  the 
minimum  amount  of  high-speed  steel,  thus  reducing  the  waste 
far  below  that  of  the  ordinary  solid  or  adjustable  cutters. 
Orange,  Mass.  W.  R.  Stvlts 


Solid    Adjiiitabic    Borlni-bu    for    Drlll-pro»    Fl: 


TURNING  PISTON-PINS 
The  accompanying  illustration  shows  a  method  of  turning 
piston-pins  in  which  it  is  not  necessary  to  stop  the  machine 
when  removing  or  inserting  the  work.  By  the  old  method,  the 
pins  were  turned  on  ordinary  centers  at  high  speed.  In  the 
headstock  center  A  is  a  cross-key  D,  which  engages  a  slot 
milled  in  one  end  of  the  piston-pin  B.  Key  D  is  backed  by  a 
plunger  E  and  spring  G.  The  end  of  the  headsto<'k  center  is 
threaded  for  an  Allen  set-screw,  by  moans  of  which  the  spring 
tension  against  plunger  K  and  key  D  is  adjusted.  These  pins 
are  made  from  steel  tubing,  which  is  rounded  and  centered 
on  one  end  and  then  cut  ofT,  rounded  and  centered  on  the 
other  end;  these  operations  are  performed  on  Brown  &  Sharpe 
automatics.  The  slot  is  then  milled 
in  the  end,  after  which  they  are 
ready  to  be  turned.  When  turned 
by  the  old  method,  the  pins  revolved 
at  high  speed,  causing  the  tailstock 
end  of  the  pins  to  wear  rapidly,  with 
the  result  that  they  were  turned 
out  of  round,  so  that  In  the  grind- 
ing    operation      after     hardening. 
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Turning  Piston-pins  using  Steel  Ball  on   Tailstock   Center 

many  were  found  that  would  not  "  clean  up."  Another  disad- 
vantage of  this  method  was  that  white  lead  was  used  as  lubri- 
cant, and  if  It  was  not  all  removed  from  the  pins  it  would 
prevent  the  places  covered  from  being  properly  carburized. 
Then,  too,  the  tailstock  center,  after  being  used  a  short  time, 
became  worn  and  raised  a  burr  on  the  inside  of  the  pin, 
which  caused  considerable  trouble  when  the  pin  was  ground. 

The  new  method  produced  a  round  pin  without  any  burr  in 
the  end  and  entirely  eliminated  the  use  of  white  lead.  The 
special  feature  of  this  device  was  the  use  of  a  hardened  steel 
ball  H  revolving  with  the  pin,  on  the  hardened  concave  end 
of  tailstock  center  C.  Ball  U  is  held  in  place  by  a  piece  of 
brass  tubing  J.  Cross-holes  K  drilled  in  the  tailstock  carry  the 
lubricant  to  the  ball  H  from  the  grease  cup  screwed  into  the 
tapped  hole  3f.  By  the  old  method,  it  was  necessary  to  run 
one  machine  day  and  night  to  get  the  desired  production; 
by  the  new  method  the  production  is  obtained  in  ten  hours. 

Flint,  Mich.  Thomas  J.  Rotiie 

RIGHT-   AND   LEFT-HAND   TOOLS 

There  seems  to  be  a  diversity  of  practice  among  the  different 
makers  of  machine  tools  and  lathe  tools  as  to  the  use  of  the 
terms  "right-"  and  "left-hand"  and  "right-"  and  "left-bent," 
with  reference  to  tools  and  tool-holders.  The  question  may 
be  considered  under  three  heads:    First,  right-  and  left-hand 


Fir.    1'     Namei   of   Commonly   Used    Types   of    Lathe    Tools 

tools,  with  reference  to  the  cutting  edge  of  the  tool;  second, 
right-  and  left-bent  tools,  with  reference  to  the  shank  of  the 
tool,  which  Is  bent  to  allow  for  clearance  for  different  kinds 
of  work;  and  third,  right-  and  left-hand  tool-holders,  which 
ouKht  properly  to  be  called  "right-"  and  "left-bent." 

It  Ib  the  wrller'B  opinion  that  In  machine  shop  practice  it 
l8  practically  Hettled  that  a  right-hand  tool  is  one  turning 
toward  the  hcadslock,  and  a  left-hand  tool  Is  one  turning  the 
oppoHltf  way,  or  toward   the  tallHtock. 
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There  seems,  however,  to  be  no  general  agreement  as  to  the 
use  of  the  terms  "right-"  and  "lett-bent."  The  writer  believes 
that  the  majority  would  call  a  right-bent  tool  one  with  a  shank 
bent  toward  the  right,  and  a  left-bent  tool,  one  with  a  shank 
bent  toward  the  left.  Fig.  1  shows  at  A  a  left-hand 
and  a  right-hand  tool,  and  at  B  a  left-hand,  left-bent  tool  and 
a  right-hand,  right-bent  tool.  These  are  tools  that  are  com- 
monly used.  Tools  that  are  also  used  a  great  deal  are  left- 
hand,      right-bent     and  

right-hand,  left-bent 
lools,  which  are  illus- 
trated in  operation  at  C. 

It  seems  to  have  been 
the  general  custom  to 
designate  tool-holders 
as  "right-hand  offset"  if 
the  shank  is  bent  to- 
ward the  left,  and  as 
"left-hand  offset"  if  the 
shank  is  bent  toward 
the  right.  The  only 
reason  that  can  be  seen 
for  this  is  that  a  right- 
hand  offset  tool,  al- 
though bent  to  the  left, 
has  the  cutting  edge, 
generally,  on  the  right- 
hand  side  of  the  cutter 
and  is  used  for  turning 
toward  the  tailstock,  or 
toward  the  right,  while 
a  left-hand  offset  tool 
has  its  cutting  edge  on 
the  left-hand  side  and  turns  toward  the  headstock. 

The  Ready  Tool  Co.  has  decided  to  adopt  for  its  welded 
stellite  tool  the  words  "right-hand"  and  "left-hand"  for  its 
Type  WR  tool,  which  is  a  modified  diamond-point  tool,  and 
the  terms  "right-bent"  and  "left-bent"  for  the  bent  Type  WT 
tools,  in  which  the  stellite  is  on  the  top.  It  is  believed  that 
this  designation  will  cover  all  the  various  questions  encoun- 
tered and  that  it  would  be  a  great  help  if  these  terms  were 
universally  adopted.  Tiioma.s  Fish, 

Bridgeport,  Conn.  President,  Ready  Tool  Co. 


vz/ 


\2^ 


Mnchii 


Fig. 


Offset   Tool-holders   Kiade 
Ready  Tool  Co. 
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RADIUS   TURNING  FIXTURE   FOR  MAKING 

FORM   CUTTERS 

It  was  necessary  to  make  twenty-four  form,  corner-rounding 

cutters  A  tor  a  Brown  &  Sharpe  automatic  screw  machine,  the 

corner-rounding  grooves  being  of  different  radii.    As  the  shop 
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ric.    I.     W«ld«4   Lalb*  TmU   mads    by    Rxady    Tool 


Imd  MO  rcKulnr  forinhiK  or  clrculnr-liinilng  ilovico,  the  Rlmplo 
MK'i'liiinlHMi  hero  hIiowm  wuh  inuilc  11  Ih  luluiilnd  for  tlio 
llcriclc^y  liilho  tool'Hildu  after  tho  ('oinpoiiMd  hIUIu  Ih  rcinovod. 
'I'Ik-  blanks  to  bu  finlsliud  are  hold  on  u  lliri'iidi'il  iirhor  in- 
Mcrii'il  III  till!  lii'iiilHlock  Mpliidld  or  on  ii  pliilii  mil  arbor  I'liuKht 
ill  ;i  iirroll  I'hiKk.  Tint  tiillHlork  Ih  sliovrd  liiicU  out  of  tlio 
wiiy,  mill  till-  loot  Ih  fell  iikhIiihI  IIiii  liliilik  by  liiinil,  iihIiik  IIki 
'Tiiiik  of  llic  roiiiiioumi  roHl  to  rriliiln  llio  toolpoHt  lliioii);li  (ho 
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•worm  drive.  The  cutter-holding  block  is  cleared  %  inch  back 
of  the  center  of  rotation,  giving  a  definite  measuring  point  for 
setting  the  tool  for  a  given  radius.  The  tool  slot  is  located 
at  the  right  position  for  describing  a  true  circle.  Circular 
cutters  with  radii  from  0  to  1%  or  2  inches  can  be  generated. 
Springfield,  Vt.  0.  S.  Marshall 

RADIUS   OF   SMOKE   ARCH 

The  following  is  a  simple,  accurate  way  of  laying  out  the 
radius  of  a  smoke-arch  fit  for  a  pair  of  cylinder  saddles: 
Have  the  carpenter  make  two   templets  out   of   dry   %-inch 

boards,  mak- 
ing one  fit  the 
smoke  arch  at 
the  front  and 
the  other  at 
the  back  of  the 
cylinder  s  a  d- 
dles.  Obtain 
the  height  of 
the  saddle, 
from  those  re- 
moved or  the 
blueprint, 
measuring 
from  the  frame 
fit  to  the  low- 
est point  of 
the  smoke  arch 
for  the  dis- 
tance F  and 
place  a  center- 
punch  mark  A  at  the  top  point  of  this  distance.  Fasten  the 
wooden  templets  to  the  cylinder  saddle  with  wooden  clamps, 
making  the  middle  point  of  the  templets  coincide  with  the 
center-punch  mark  A  on  the  saddle.  With  a  small  trammel 
and  any  radius  and  with  point  A  as  a  center,  draw  arcs 
cutting  the  arc  of  the  templets  at  C  and  D.  Take  any  point 
B  on  the  center  line  of  the  cylinders  and  strike  an  arc  to  C. 
Then  with  the  trammel  and  the  distance  BC,  check  up  the 
distance  BD,  raising  or  lowering  the  templet  to  make  the 
distances  BC  and  BD  of  equal  length,  being  careful  that  the 
middle  point  of  the  templet  and  A  coincide.  Then  scribe  off 
the  radius  onto  both  the  front  and  back  of  the  cylinders. 
Scranton,  Pa.  Ernest  A.  Koschinske 
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Diagram   for   determining   Radius   of    Smoke    Arch 


CENTERING   TOOL 
The  accompanying  illustration  shows  a  device  that  has  been 
found  quite  useful  in  a  shop  doing  considerable  screw-machine 
work  that  is  too  slender  to  center  without  some  form  of  sup- 


Contcrlnit    Tool 

port.  While  made  for  this  class  of  work,  this  device  may  also 
be  used  In  the  lathe  where  a  steadyrest  would  otherwise  be 
required.  As  shown  It  is  a  cast-iron  hood,  carrying  Jaws, 
that  Is  made  a  press  fit  on  the  body  of  a  drill  chuck.  The 
round  drawn  brass  jaws  seat  in  roamed  holes  in  the  hood. 
Cincinnati,  Ohio  H.  M.  Booart 

PLAINER   FIGURES   FOR   THE   SHOP 

The  article  In  the  July  number  of  MAciiiNKiiv  ndvornting  the 
use  of  plainer   (Igures  on   steel   stamps   \ised    for   marking   In 
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machine  shops  agrees 
with  the  writer's  ideas, 
but  while  we  are 
about  It,  why  not  cut 
out  the  nine  that  is  an 
inverted    six,    and    why 

,        .,        .,  Plainer   Figures  for   the    Shop 

make  the  three  as  near- 
ly like  the  five  as  possible?  In  a  word,  why  not  give  each 
numeral  character  and  individuality,  and  make  it  so  distinc- 
tive that  no  figure  can  be  mistaken  for  any  other  though 
standing  alone  and  inverted?  Should  it  not  be  beyond  discus- 
sion that  each  numeral  should  be  as  different  from  all  others  as 
possible  and  still  retain  the  necessary  simplicity?  It  would 
seem  that  the  only  excuse  for  a  three  with  a  horizontal  top 
and  a  lower  curved  line  that  duplicates  the  same  line  in  a 
five,  is  that  the  three  will  thus  be  less  likely  to  be  mistaken  for 
an  eight;  but  with  such  an  eight  as  is  shown  in  the  article  re- 
ferred to,  there  is  small  chance  of  the  two-cusp  three  being 
confused  with  it.  Why  not  numerals  like  those  here  shown? 
Wilkinsburg,  Pa.  Williaji  S.  Rowell 


A   MICROMETER   TIME-SAVER 

Most  of  the  Slocomb  micrometers,  except  the  1-inch  size, 
will  measure  ±  0.100  inch.  Hence,  if  a  measurement  of  3.075 
inches  is  to  be  made,  it  is  unnecessary  to  go  to  the  tool  crib 
to  exchange  a  2-  to  3-inch  micrometer  for  a  3-  to  4-inch  size, 
as  this  measurement  may  be  made  with  the  extra  capacity  of 
the  micrometer  at  hand. 

Bridgeport,  Conn.  James  McInttke 


LIMIT    GAGE 
The  accompanying  illustration  shows  a  very  simple  and  in- 
expensive device  for  the  close  gaging  of  various  kinds  of  large 
quantities  of  manufacturing  parts.    The  writer  has  used  it  for 


A  Simple,  Inexpensive  Limit  Gage 

over  two  years  with  the  best  economic  results.  It  has  no  com- 
plicated parts  for  machining  or  hardening.  It  consists  simply 
of  a  cold-rolled  steel  bar  and  standard  Brown  &  Sharpe  taper 
pins,  tool  steel,  hardened.  A  worn-out  gage  can  be  repaired 
by  replacing  one  pin  and  regrinding  and  lapping  the  gage. 
New  York  City  Max  T.  Voigt 

BORING-BAR 

The  accompanying  illustration  of  a  boring-bar  needs  no  ex- 
planation.   A  thorough  test  has  shown  that  it  Is  a  good  sub- 


DRrLL  HOLE  THROUGH  DAR 


STANDARD  SQUARE  STOCK 


Borinr-bir  uilnir  Standard  S<iuar«  Stock 
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stitute  for  the  flat-tool  type  of  bar,  and  is  cheaper,  standard 
square  stock  being  used,  which  avoids  the  fitting  and  grinding 
all  over  that  is  necessary  with  the  flat  tool.     The  same  idea 
has  also  been  carried  out  in  single  tool  bars. 
Jackson,  Mich.  M.  E.  Stock 


CHASING    100-PITCH   THREAD   WITH 
50-PITCH   CHASER 

The  chasing  of  a  100-pitch  thread  with  a  50-pitch  chaser  de- 
scribed by  Eric  Lee  in  the  May  number  of  Machineby  is  sim- 
ilar to  the  work  done  by  front  and  back  V-tools.  These  are 
set  first  to  cut  diametrically  opposite  each  other;  then  one  is 
backed  off,  run  along  2%  pitches,  and  run  in  to  cut  the  third 
groove  while  the  other  cuts  the  first.  But  the  chaser  would 
do  the  better  job  of  the  two.  Similarly,  a  50-pitch  chaser  with 
six  teeth  can  be  made  to  cut  a  150-pitch  thread,  with  a  lathe 
geared  for  150  threads,  per  inch. 

New  York  City  Robert  Gbimshaw 


GRINDING   CASTINGS   WITH   A   PLANER 

GRINDING   FIXTURE 
A  small  New  England   shop  received   an   order   for   some 
rectangular  castings  15  by  7   by   5   inches.     As  the  castings 


x\v-\\\\\\\\\\\\\\\\\\\\^^\\\\\\\\\\s^\\\\\^^o^\^- 


PUoer  Fixture  for  Surraco   Crindinf  Caitlnni 

reached  the  shop  with  rather  rough  surfaces,  while  the  Job 
called  for  Hmooth,  though  not  finished,  surfaces,  it  was  decided 
to  grind  the  castings  to  bring  them  to  a  more  satisfactory 
condition.  A  10-Inch  emery  wheel,  with  a  1-lnch  face,  was 
mounted  on  a  brarket,  as  shown  In  the  accompanying  lllustra- 
lion,  which  waH  placed  on  the  (Toss-rall  of  an  old  Gray  i)laner. 
from  which  the  tool-slide  had  been  removed.  The  wheel  was 
operated  by  a  Im^U  paasltiK  over  a  Hanged  pulley,  on  the  bracket 
»nd  a  drum  on  the  couritcrMliaft.  The  results  obtained  wore 
satlafactory.  H.  E.  (i. 


CLEAN  AND  SAFE  CORNERS 
Dark  corntTK  atlrail,  niuxiiellialiy,  iIuhI  ami  trash  that 
M«m  to  b«  unafroctcd  by  the  neighborhood  of  IlKlit  phiitm 
The  mor«l  of  (his  Is:  pay  more  attention  to  the  dark  plan-H, 
M  Ihcy  arc  likely  to  brood  dlscoNo,  Konorul  disorder  and 
slourhlncKS.  as  well  m  to  cause  "sponlunoous"  llrcii.  Wlillo 
It  I*  iMtldofn  prnrlWablo  to  KJve  these  dirt  porUi-ts  special 
lllumlnnllon.  It  in  piTfrrtly  fcnslblo  to  puint  tlii-Mi  white,  as 
well  M  to  run  a  white  strip  alonic  the  wall,  next  the  floor  lln<i. 
on  the  (lark  side  of  the  room,  as  shown   In  th«  Illustration 


Aids    toward   obtaining    Clean   and    Safe    Corners 

Further,  if  a  trihedral  piece  of  sheet  tin,  about  15  to  18  inches 
on  a  side,   is  fitted  into  such  a  corner,   when  sweeping,  the 
dust  and  scraps  can  be  collected  with  ease. 
New  York  City  Robert  Gbimshaw 


SMALL-ANGLE   PROTRACTOR   FOR 
DIEMAKERS 

The  tool  here  illustrated  was  especially  designed  for  use 
in  backing  the  hole  in  a  die  away  from  its  working  edge. 
The  blade  may  be  moved  over  and  set  to  any  angle  needed 
in  this  class  of  work — which  rarely  exceeds  5  degrees  either 
way — by  means  of  two  screws  in  the  end  of  the  base.  These 
screws  engage  with  sliding  pins  that  act  on  a  projecting  arm 
of  the  blade  on  opposite  sides  of  the  fulcrum  pin,  and  thus 
firmly  lock  the  blade  in  position.  The  narrow  blade  is  beveled 
on  its  inside  edge  to  almost  a  knife-edge,  as  shown  in  the 
sectional  view.  This  form  renders  its  use  in  gaging  surfaces, 
especially  concave  surfaces,  very  convenient. 

Anibridge,  Pa.  August  J.  Lejkunk 


Cotivxtilxiil    Hitidll  anilfi    Prolraclnr 


QUESTIONS  ON  PRACTICAL  SUBJECTS  OF  GENERAL  INTEREST 


TRIGONOMETRIC   FUNCTIONS   FOR 
ANY  ANGLE 

R.  B. — I  do  not  quite  understand  the  latter  part  of  your  an- 
swer to  the  question  concerning  the  trigonometric  functions 
of  any  angle  as  printed  in  the  August  number  of  Machinery. 
You  say  that  cos  6S5  degrees  =  cos  7  X  90  degrees  +  55 
degrees  =  cos  3  X  90  degrees  +  55  degrees.  How  do  you  get 
3  X  90  degrees  +  55  degrees?  It  also  seems  to  me  that  cos 
3  X  90  degrees  +  55  degrees  should  be  —  sin  55  degrees  in- 
stead of  -f  sin  55  degrees,  as  you  have  it. 

A. — Near  the  bottom  of  the- first  column  of  page  1107,  it  is 
stated  that  if  the  angle  is  greater  than  360  degrees  (=4  X  90 
degrees),  subtract  4  (or  some  multiple  of  4)  so  that  n  will  be 
less  than  4.  but  not  negative.  In  the  present  case,  685  degrees 
=  7  X  90  degrees  +  ^5  decrees.  Here  jj  =  7;  hence,  sub- 
tracting 4  leaves  3  X  90  degrees  +  55  degrees  for  the  angle. 
The  four  quadrants  subtracted  do  not  affect  the  result,  for 
after  the  revolving  radius  passes  the  360-degree  mark,  the 
sequence  of  signs  and  values  begins  over  again.  The  sign  is 
plus,  because  the  revolving  radius  stops  in  the  fourth  quad- 
rant between  D  and  A.  The  three  quadrants  (3  X  90  degrees) 
bring  the  radius  to  D,  and  the  55  degrees  in  addition  carry  it 
beyond  D  toward  A.  The  angle  may  also  be  written  S  X  90 
degrees  —  35  degrees;  in  this  case,  subtract  2X4  quadrants, 
obtaining  cos  S  X  90  degrees  —  35  degrees  =  cos  —  35  degrees 
=  cos  35  degrees.  The  name  of  the  function  does  not  change, 
because  the  number  of  quadrants  is  even;  and  the  sign  is  -f. 
because  the  revolving  radius  stops  in  the  fourth  quadrant  be- 
tween A  arid  D.  In  this  latter  case,  the  negative  sign  indi- 
cates that  the  revolving  radius  moves  from  A  toward  D  in- 
stead of  from  A  toward  B.  3.  3. 


to  be  moved  by  the  same  screw,  but  the  threads  are  left  and 
right,  respectively.  If  the  pitch  of  the  one  that  moves  the  tool 
is  Vs  inch,  what  should  it  be  for  moving  the  rest? 


MEASURING   A   65-DEGREE   V-THREAD 

p.  L.  N. — I  would  like  to  have  a  formula  for  measuring  a  65- 
degree  thread  of  sharp  V-thread  form  by  the  three-wire  sys- 
tem. 

A. — Referring  to  the  accompanying  illustration  showing  a 
C5-degree  sharp  V-thread,  let: 

D  —  diameteT  measured  over  wires; 

D,  =  theoretically   correct   diameter   over   the    tops   of   the 
threads; 

d  =  diameter  of  wire; 
h  ^  depth  of  thread; 
p  ^j  pitch  of  thread. 
The  dimensions  D,  and 
p  are  known;  diameter 
(I  is  assumed;  it  may 
be  made  equal  to  about 
0.6/);  h  equals  %p  X 
cot  32  degrees,  30  min- 
utes. 

By  referring  to  the 
accompanying  illustra- 
tion, it  will  be  seen 
that  D  =  O,  —  2h  + 
2AC  +  d. 

But  AC  =  BC  -^  sin 
32  degrees,  30  minutes 
=    V4(/    -:     sin    32    de- 
grees, 30  minutes. 
Ilence,  2AC     -  d  -:-  sin  32  degrees.  30  minutes. 
Inserting  this  value  In  the  formula  above  we  have: 
H  ~  n,  —  2h  -tr  (d  ■:-  sin  32  degrees,  30  minutes)  -\-  d. 


Hoaiurlng    06-(lcffrco    V-throad 


MOVEMENT   OF   V-REST 

I-.E.S.— What  Hhoulil  \w  iho  horizontal  movement  of  a  90- 
degree  V-rest  to  keep  In  contact  with  the  work  while  the  tool 
moves  horizontally  1%  Inch?     The  tool  and  the  backrest  are 


Answered  by  F.  Webster  Brady,  Scranton,  Pa. 

The    illustration    shows    the    lay-out    of    this    problem. 


It 


will  be  seen  that  the  rest  must  move  horizontally  a  greater 
distance  than  the  tool,  that  is,  the  horizontal  distance  AB  is 
greater  than  the  radial  distance  AC.  The  distance  AB  may  be 
calculated  as  follows: 

AB  =  AC  -^  cos  45  degrees,  or  1%  -^  0.707  =  2.298  or 
2  19/64  inches. 

If  a  pitch  of  %  Inch  moves  the  tool,  then  the  pitch  for  the 
rest  must  be  greater  in  the  following  proportion: 


~^ 


wmmmM 


Mmm: 


Diagram    showing    Relative    Movement    between    Cutting   Tool    and    V-rest 

(2  19/64  ~  1%)  X  1^  =  0.177  or  11/64  inch. 
A  simple  arithmetical  solution  of  the  problem,  because  of 
the   angle   of   the   jaws   being   90    degrees,    may   be   made    as 
follows: 

2  X  AC-  =  AB',  and 
AB  =   \  2"^1%   X  1%  =  2,3  or  2  19/64  inches   (approxi- 
mately). 

If  the  jaw  angle  is  not  90  degrees,  then  the  general  solution 
given  above  may  be  applied  to  all  cases. 

'STRESSES   IN    WIRE  ROPE   DUE   TO 
BENDING 

H.  A.  J. — In  a  work  relating  to  hoisting,  I  note  the  state- 
ment that  the  diameter  of  the  sheave  should  be  not  less  than 
100  times  the  diameter  of  a  rope  having  6  strands,  7  wires  to 
the  strand,  nor  less  than  60  times  the  diafiieter  of  a  rope  hav- 
ing 0  strands.  19  wires  to  the  strand.  How  are  the  numbers 
100  and  60  obtained,  and  why  does  the  number  of  wires  in  a 
strand  make  such  a  difterence  in  the  diameter  of  the  sheave? 

A. — The  actual  value  of  these  numbers  is  somewhat  arbi- 
trary, but  their  ratio  should  be  about  as  you  state,  that  is, 
100:60.  The  following  will  make  this  clear.  The  strength  of 
a  wire  rope  is  equal  to  the  strength  of  one  of  the  wires  com- 
posing it  multiplied  by  the  number  of  wires  in  the  rope. 
When  a  wire  is  bent  around  a  cylinder,  as  shown  in  the  il- 
lustration, the  upper  half  is  lengthened  and  the  lower  half  is 
compressed,  while  the  length  of  the  center  line  is  unaltered. 
Let  K  ---  radius  of  sheave,  r  radius  of  wire,  and  I)  and  d 
-  corresponding  diameters.  The  topmost  element  of  the  wire 
will  then  be  lengthened  by  the  bending  an  amount  equal  to 
irC/J-f-d)  —  it{  R  +  r)  —  irr.  when  the  two  parts  of  the  rope 
are  parallel,  as  shown  in  the  Illustration.  The  length  of  the 
wire  that  forms  the  semicircle  Is  ir(B  +  r) ;  hence,  the  unit 

rr  r  r         d 

elongation,  or  unit  strain,  is  s  =  =  =  —  =  — . 

ir(ff-f-r)         R  +  r        R        D 
when  the  r  In  the  denominator  Is  dropped,  as  having  no  appre- 
ciable effect  on  the  ratio.     I>et  P  =  force  required  to  bend 
wire,  .1  =^  area  of  cross-section  of  wire,  and  S    -  unit  stress; 
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then,  S  =  — .    The  coefficient  of  elasticity  E  is  defined  as  the 
A 


ratio  of  the  unit  stress  to  the  unit  strain,  or  E 


from 


This  expression  for  the  stress 


P  d 

which,  S  =  —  =  i's  =  E—. 
A  D 

due  to  bending  applies  only  to  the  topmost  element  of  the 
wire;  and  as  the  various  elements  are  located  nearer  the 
center,  the  stress  in  each  becomes  less.  According  to  Ma- 
ciiixEBY's  Handbook,  page  401,  a  prominent  wire-rope  manu- 

Ed 

facturer  recommends  the  formula  S  =  X  0.45,  which  is 

D 
probably  sufficiently  close  to  actual   conditions   for   practical 
purposes.    Since  the  value  of  E  is  practically  always  the  same 
for  the  same  material,  a  change  in  S  can  be  produced  only  by 

d 
a  change  in  the  ratio  — ,  and  since  this  ratio  is  independent 
D 

of  the  length  of  the 
arc  of  contact,  it  fol- 
lows that  the  same 
bending  stress  will  be 
produced  when  the 
rope  is  bent  around 
a  small  arc  as  when 
it  is  bent  around  an 
entire  circle.  It  is  also 
evident  that  if  D  re- 
mains the  same,  the 
smaller  d  is  the 
smaller  will  be  the 
bending  stress  and, 
rice  versa,  the  larger 
Wire  <l    is    the    greater    the 

bending  stress  /S. 
A  6  by  7  rope  contains  6  X  7  =  42  wires,  and  a  6  by  19 
rope  contains  6  X  19  =  114  wires,  therefore,  for  ropes  of  the 
same  diameter,  the  wire  in  a  6  by  7  rope  will  be  larger  than 
in  a  6  by  19  rope.  Referring  to  pages  402-404  of  Machinkry's 
Handbook,  d  =  0.106  X  d'  for  a  6  by  7  rope;  and  d  =  0.063 
X  d'  for  a  6  by  19  rope,  d  being  the  diameter  of  the  compo- 
nent wire  and  d'  the  diameter  of  the  rope.    The  ratio  of  the 

0.106  X  d' 
right-hand  members  of  these  two  equations  is  = 


niagTam   lUufitrating   Stresses 
Hope. 


0.106 
0.063 


1 
0.594 


100 
59.4 


0.063  X  d' 
which   is  almost  exactly   the  same  as 

D 
the  ratio  of  100:60.    Some  manufacturers  permit  the  ratio  — , 

d 
to  be  as  low  as  80  for  a  6  by  7  rope  and  as  low  as  48  for  a  r, 
by  19  rope,  but  the  values  given  In  the  question  tend  to  greater 
safety.    For  a  Mnch  6  by  7  steel  rope,  d  =  0.106  X  1  =  0.106 

30,000,000  X  0.106 

Inch,  and  the  stregs  due  to  bending  Is  S  =  

100 
X  0,46  =;  14,310  pounds  per  square  Inch,  since  for  steel  E  = 
30.000.000  and  /J  ^  100  X  1  =  100.  The  area  of  the  cross- 
section  of  the  wires  of  a  Mnch  rope  Is  0.3706  square  Inch; 
hence,  the  total  stress  /'  due  to  bending  Is  14.310  X  0.3706  = 
630.'5  pounds  ---  2.65  Ions.    Kor  a  1-lnch  6  by  19  slccl  rope.  D  = 

30.000,000  X  0.063 

60  lnrh«-«  and  d  :^-  0.063  Inch;   hence,  8  =  

60 
y  Oil,        14,176  pounds  per  square  Inch;  the  area  Is  0.3664; 
wh«n/f,   /'         14.175    X    0.3554   ^   6038   pounds   -^   2,52  tons. 
Thc«fl  Vklues  «re  a  little  over  one-third  of  th«-  safo  worklnK 
load  of  <!xlra-HtronR.  rrurlbtc-sleel.  wire  ropp  .i    .j. 


ANGLE   OF   REST   OF  SHELLS 

''    J    '  ■>  forniiilii  for  flridliiK  Hip  iimkIo  x 

llTl"  ""  '"   'h"  nrrompanylntt   llhislrntlon. 

^"'*  P"'  )i  the  antclp  of  rent  of  iihcllii.  nml  ii 

«lmpl«  M/lutloii  »i)i  Im>  appreciated. 


A. — This  problem  is  difficult  of  solution,  and  there  is  no 
formula  easily  applied  that  will  give  the  value  of  x  to  any 
degree  of  exactness.  Evidently,  angle  CQD  =  CAH  =  AOB  =  x. 
CE  =  6  —  (DQ  —  CF)  =  6  —  (56  —  56  X  cos  x)  = 
6  —  56  (1  —  cos  x).  CH  =  CE  —  (OB  —  GA)  =  6  —  56(1  — 
cos  X)  —  48  (1  —  cos  «)  =6  —  104  (1  —  cos  x).  HA  = 
60  —  (QF  +  AB)  =  60  —  (56  X  sin  x  +  48"  X  sin  x)  =  60  — 
GH         6  — 104  (1  — cos  I) 

104  X  sin  X.  Also,  tan  CAH  = = = 

HA  60  —  104  X  sin  x 

tan  X.     This  formula  may  be  made  general  by  substituting  a 
for  the  dimension  6,  6  for  60,  and  R  and  r  for  the  two  radii, 
a  —  (B  +  r)  (1  —  cos  x) 

thus  obtaining  tan  .r  =  — .    This  equa- 

6  —  {R  +  r)  sin  x 
tion  can  be  solved  only  for  particular  cases,  the  best  method 
of  solution  being  the  following :    Write  the  equation  in  the  form : 
6  — 104(1  —  cosi) 

f(x)  =  tan  X =  0 

60  —  104  X  sin  a; 
Now  assume  values  of  x  and  substitute  in  the  formula  until 
the  function  becomes  0,  or  as  near  0  as  is  desired.     The  work 
will    be    greatly    facilitated    by    using    the    principles    of    in- 
terpolation.    It   is  plain   that  tan  a;  is  a  little   greater   than 
D/  6 

^  =  b.l  =  tan    5    degrees,    40    minutes,    nearly. 

Bl  60 

Assume  a;  =  6  degrees;  then,  using  a  four-place  table  and 
limiting  all  results  to  four  decimal  places,  i(x)  =  0.1051  — 
6  —  104(1  —  0.9945)  5.428 

■ =  0.1051 =  0.1051  —  0.1105  = 

60  —  104  X  0.1045  49.132    ' 

—  0.0054.     Assume  x  =  6  degrees 
0.0033.     Since  the  function  has  ch 
6    degrees    and    6    degrees,    30 
minutes.      Arranging    the    re- 
sults in  the  form  of  a  table  and 
subtracting  the  upper  function 
from  the  lower,  the  difference, 
neglecting   the   decimal   points,   is   87;    subtracting   the   upper 
function  from  0,  the  difference  is  54;   the  interval  is  30  min- 

54 
utes;    hence,   .c  ia   nearly  equal   to  6  degrees  H X  30  =  6 

87 
degrees,  IS. 6  minutes.     If  a  more  accurate  value  is  desired, 
use  a  six-place  table,  and  obtain  results  as  shown  in  the  margin. 
Here  it  is  seen  that  x  lies 


30  minutes; 

then  /(x)    = 

anged  sign,  x  lies  between 

X 
Dog.        Min. 

6         00 
6         30 

Hx) 

—  0.0054 

•  87- 
0.0033 

Hx) 
—  0.000161 


294 


0.000133 


between   6  degrees,   18  min-        ,,|,        ... 
utes  and  6  degrees,  19  min-  6         li 

utes;  the  interval  is  60  sec- 
onds. Subtracting  the  upper  ' 
function  from  0,  the  difference  is  161 ;  hence,  a;  =  6  degrees, 
18  minutes  +  161  -s^  294  X  60  =  6  degrees,  18  minutes,  33 
seconds.  This  value  of  x  substitulcd  in  Hie  formula  gives 
0.000002  for  /(x). 


IllAir.M.    Illwilralinc    Aiiiilr    of    Iloit    of    Hlmll. 
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The  same  problem,  but  with  different  dimensions,  was  sent 
in  by  B.  V.  D„  one  inquiry  coming  from  Cleveland  and  the 
other  from  Buffalo,  the  dates  of  the  letters  being  two  days 
apart.  The  dimensions  given  by  B.  V.  D.  are  a  =  0.050, 
6  =  0.160,  R  =  0.125,  and  r  =  0.045.  This  problem  can  be 
solved  in  exactly  the  same  manner;  the  work  can  be  made  a 
trifle  easier  by  first  multiplying  all  dimensions  by  1000,  thus 
obtaining  o  =  50,  6  =  160,  R  —  125,  and  r  =  45.  J.  J. 


6  X  0.091 


t 


STRENGTH    OF  CONDENSER   TUBE   PLATE 

N.  G.  H. — Can  you  give  me  a  method  of  calculating  the  un- 
balanced pressure  which  a  condenser  tube  plate,  such  as  that 
shown  in  Figs.  1  and  2,  is  capable  of  withstanding?  In  the 
present  case,  it  is  proposed  to  increase  the  pressure  of  the 
cooling  water  from  slightly  above  atmospheric  pressure  to 
15  pounds  gage.  The  vacuum  carried  Is  22  inches,  the  barom- 
eter being  26  inches  (high  altitude). 

Ans-n-ered  by  John  S.  Myers,  Philadelphia.  Pa. 

Probably  the  most  direct  method  of  treating  such  problems 
is  to  calculate  the  thickness  of  a  solid  plate  which  would  have 
the  same  strength  as  the  perforated  tube  plate,  so  that  the 
well-known  formula  for  fiat  plates  may  be  applied;  then,  since 
the  pressure  only  acts  upon  the  net  area  of  the  plate,  i.  e.,  that 
between  the  tubes,  increase  the  allowable  pressure  so  calcu- 
lated in  the  ratio  of  the  gross  area  to  the  net  area. 

Fig.  3  shows  the  section  of  material  between  any  two  tubes. 
Referring  to  Fig.  3: 

Area  of  portion  a  is  0.1    X  0.875  =  0.0875 
Area  of  portion  6  is  0.35  X  0.625  =  0.2187 


Total  area  of  section   is       0.3062 
Taking  the  moment  of  section  a  about  the  center  of  section  ?) 
and  dividing  this  moment  by  the  total  area,  we  find  the  loca- 
tion of  the  center  of  gravity  g  of  the  section  as  follows: 
0.0875  X  0.75 

X  = =  0.214  inch 

0.3062 
The  moment  of  inertia  of  the  section  is  found  by  taking 
the  sum  of  the  areas  a  and  b  multiplied  by  the  square  of  their 
distance  from  the  center  of  gravity  g,  plus  their  moments  of 
inertia  about  their  own  axis.    Thus: 

0.0875  X  0.536' =  0.0252 
0.2187  X  0.214^  =  0.0100 
0.1  X  0.875' 

=  0.0056 

12 
0.35  X  0.625= 


Moment  of  inertia  7  =  0.0479 


Airantoment  of  Water  Head  and  Tube  Flato 

/  0.0479 


Section  modulus  for  tension  =  Zi  = 


0.091 


r,  0.526 

The  section  inndiilus  of  a  rcctnnKle  of  breadth  c  and  depth 
or  thickness  t  Is: 

X  = ;  hence  <=^)  (I) 

6 

Substituting  In  Formula  (1)   the  value  of  Z  Just  found  and 
the  center  distance  c  hclwrcn  llir  tubes  of  1.1  Inch,  we  have: 


^J- 


16X0. 


0.705  inch 


as  the  thickness  of  a  solid  plate  equal  in  strength  to  the  tube 
plate. 

To  obtain  the  net  area  of  the  plate  over  which  the  pressure 
acts,  calculate  the  area  of  an  equilateral  triangle  the  length 
of  the  sides  of  which  is  c: 

4g    =  0.433c=  =  0.433  X  1.1'  =  0.524  square  inch 
From  this  is  to  be  subtracted  the  area  of  3/6  =  1/2  of  a 

0.7854d' 

circle  of  diameter  6,.    This  area  is  Ao  = =  0.393  X 

2 
0.75'  =  0.221  square  inch. 

The  net  area  between  any  three  tubes,  such  as  the  shaded 
portion  in  Fig.  2,  is  then: 

An  =  Ag  =  0.4330=  =  0.433   X   1.1'  =  0.524  square  inch 


Fig.  2.     Tnbe  Spacing.     Tig.   3.     Section  between  Tubes.     Fig.  4.     Section 
of  Equal  Strength  to  that  in  Fig.   3 

The  ratio  of  gross  area  to  net  area  is  then: 
Ag         0.524 
= —  =  1.73 


An  0.303 
Most  flat  plate  formulas  are  approximate  only,  and  present 
the  further  difficulty  that  the  case  in  hand  is  often  dissimilar 
to  that  experimented  upon,  and  for  which  the  available  for- 
mulas apply.  Those  formulas  representing  the  cases  studied 
by  Grashof  and  Bach  are  probably  the  most  reliable.  For  a 
rectangular  plate  such  a  formula  accredited  to  Grashot  is: 
B'b=  p 

S  =  0 X t2) 

B'  -f  b'        r- 
from  which 


Sf 


P 


X 


B'  +  b' 


(3) 


<t>  B'b' 

where  S  =  stress  in  pounds  per  square  inch; 

p  =  pressure  in  pounds  per  square  inch; 
B  =  longest  side  of  plate  in  inches; 
b  =  shortest  side  of  plate  in  inches; 
(^  =  a  coefficient  determined  by  experiment. 
When  firmly  secured  at  all  four  edges, 
0  =  0.38  for  cast  iron; 
<t>  =  0.24  for  steel. 
When  supported  at  the  edges  but  not  restrained, 
0  =  0.57  for  cast  iron; 
0  =  0.36  for  steel. 
For  our  case  we  may  consider  a  strip  across  the  tube  sheet 
of  a  breadth  b  =  26.25  inches,  and  average  length,  B  =  61 
inches,  as  indicated  In  Fig.  1.    Now  the  ends  of  this  strip,  at 
the  flange,  are  held  firmly  only  at  the  sides;  at  the  stays  the 
plate  is  only  partially  restrained  by  the  plate  beyond  It.    For 
our  purpose  we  may  therefore  take  a  mean  value  of  0  =  (0.38 
+  0.57)  -=-  2  =  0.475.    With  this  value  of  4>  and  the  value  of 
A„ 

•   =    1.73,   the   coefficient   for   Formula    (2)    will    become 

.4„ 
0.475 

=  0.275,  and  the  similar  coefficient  for  Formula  (3)  will 

1.73 
1.73 

be  =  3.65,     For  our  case,  we  then  have  the  approxl- 

0.476 
mate  formulas:  j>,j. 

s  =  0.275 X (4) 

B'  +  b'         *' 
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p  =  3.65  St'  X 


B=  +  b' 


(5) 


In  Formula  (4)  the  value  of  the  unbalanced  pressure  in  our 
case  is  p  =  15  +  10.78  =  25.78,  and  (  =  0.705.    Substituting, 
we  have  for  the  stress  in  the  tube  plate: 
61'  X  26.25=         25.78 

S  =  0.275  X X =  8290   pounds   per   square 

61' +  26.25=        0.705= 
inch. 

With  east  iron  having  an  average  ultimate  tensile  strength 
of  about  16,000,  this  would  give  an  apparent  factor  of  safety 
16,000 

of  =  1.92,  which  would  be  entirely  too  small  a  margin 

8290 
of  safety,  especially  in  view  of  the  necessarily  approximate 
methods   of   analysis   which   must   be   resorted    to    for    such 
problems. 


CODE  OF  SAFETY  STANDARDS  FOR  POWER 
TRANSMISSION   MACHINERY' 

A  tentative  draft  of  a  code  of  safety  standards  for  power- 
transmission  machinery  states  that  the  use  of  properly  de- 
signed, constructed,  and  installed  individual  motor-driven 
equipment  with  electrical  power  distribution  not  only  elimin- 
ates many  of  the  hazards  demanding  this  code,  but  also  gives 
an  uninterrupted  distribution  of  natural  and  artificial  light, 
and  a  greater  flexibility  and  range  of  speeds  than  is  possible 
with  mechanical  power-distributing  systems. 

The  specifications  describe  standard  guards  for  all  power- 
transmission  equipment  later  mentioned,  and  apply  to  all 
main  shafting,  jack-shafting,  drive-shafting,  and  counter-shaft- 
ing, and  their  belts  and  other  attachments  up  to  but  not  in- 
cluding belts  actually  driving  machines.  Belts  actually  driv- 
ing machines  are  considered  machine  belts,  and  therefore  a 
subject  for  machine  codes. 

Class  A  Guards — Class  A  guards  are  those  used  when  the 
clearance  between  the  guard  and  fhe  guarded  part  is  less  than 
five  inches.  They  consist  of  a  metal  guarding  material  tlj^t 
will  not  admit  objects  larger  than  one-half  inch  in  diameter, 
and  is  strong  enough  to  withstand  loads  to  which  it  may  be 
subjected,  durable  enough  to  withstand  ordinary  wear  and 
tear,  substantially  fabricated  and  erected,  and  free  from  sharp 
points  and  edges. 

Clans  it  Guards — Class  B  guards  are  used  when  the  clear- 
ance between  the  guard  and  the  guarded  part  is  five  Inches  or 
more.  They  consist  of  a  metal  guarding  material  that  will 
not  admit  objects  larger  than  two  inches  in  diameter,  and  is 
strong  enough  to  withstand  loads  to  which  it  may  be  sub- 
jected, durable  enough  to  withstand  ordinary  wear  and  tear, 
subHlantially  fabricated  and  erected,  and  free  from  sharp 
points  and  edges. 

Hand-rails — If  the  clearance  between  the  guard  and  the 
guarded  part  is  fifteen  inches  or  more  (measured  horizontally 
from  extreme  parts  within  six  feet  of  floor),  a.  hand-rail  forty- 
two  Inches  Id  height  with  at  least  one  Intermediate  rail,  sup- 
ported at  least  every  eight  feel,  Hubstantlally  fabricated  and 
erected,  and  with  no  sharp  points  or  edges  may  be  used.  If 
constructed  of  pipe,  the  rails  and  posts  shall  be  at  least  equal 
In  strength  to  I'/i-lnch  standard-weight  pipe.  If  constructed 
of  structural  metal,  the  rails  and  post  shall  be  at  least  equal 
In  strenglh  to  2-  by  2-  by  '/i-lnch  angles.  If  constructed  of 
wood,  the  top  rail  shall  bo  2  by  4  Inches,  the  center  rail  1 
Inch  by  i  Inches,  and  the  posts  4  by  4  Inches,  all  stralKht- 
Krained  lumber  dressed  on  four  sides,  or  other  construction 
of  (jqiinl  slrcDgth. 

Tur.bonrdi  —When  pnwerlranHmlKHion  equipment  extends 
through  floors  or  Into  pits,  the  Ntiitidiird  gunrcls  hIiiiII  vxtiMid 
lo  the  flrKirs,  or  too-boards  six  In'hrH  In  holKlil  shnll  bo  pro 
vldp<l  around  the  floor  opening  in  mMltlon  lo  the  Hlnndiird 
band  mils 

'   i»»«-Tlic  stamlnrd   Kuiirds,   for   power  transinlH- 
"  '  not  cxIciidlnK  lliroiiKli  floorH,  Hliall  enclose  ox- 

I'  '■'•"  ■"■  '•■-  Ixildw  the  botliiui  of  llio  lowest  mov- 


ing part  when  the  clearance  between  that  part  and  the  floor 
is  less  than  eight  inches.  When  the  clearance  is  eight  inches 
or  more,  the  guards  shall  be  closed  on  the  bottom,  or  extended 
on  all  sides  down  to  six  inches  above  the  floor. 

Gears  and  Sprockets— AW  power-driven  gears  and  sprockets 
shall  be  completely  enclosed  on  exposed  sides  with  standard 
guards,  except  where  the  design  and  operation  of  the  parts  to 
be  guarded  make  a  complete  enclosure  clearly  impracticable. 
In  this  case  the  face  of  the  gears  or  sprockets  shall  be  covered 
with  a  band  guard  surrounding  all  exposed  teeth,  with  flanges 
on  both  sides  extending  inward  beyond  the  roots  of  the  teeth, 
and  there  shall  be  a  continuous  smooth  web  cast  or  fitted  be- 
tween the  hubs  and  rims  of  the  gears  or  sprockets. 

Vertical  and  Inclined  Belts,  Ropes,  and  Chains — All  vertical 
and  inclined  belts,  ropes,  and  chains  used  for  transmitting  or 
distributing  power  (except  belts  traveling  less  than  120  feet 
a  minute,  or  transmitting  so  little  power  that  accidental  con- 
tact can  cause  no  accident)  shall  be  provided  with  standard 
guards  six  feet  high  on  exposed  sides,  or  on  exposed  sides  and 
top,  or  with  a  standard  hand-rail  on  exposed  sides. 

Horizontal  Belts,  Ropes,  and  Chains — All  horizontal  belts, 
ropes,  and  chains  used  for  transmitting  or  distributing  power 
(except  belts  traveling  less  than  120  feet  a  minute,  or  trans- 
mitting so  little  power  that  accidental  contact  can  cause  no 
accident)  shall  be  guarded  as  follows:  If  the  upper  part  of 
the  belt  is  less  than  six  feet  above  the  floor  or  working  plat- 
form, it  shall  be  provided  with  standard  guards  six  feet  high 
on  exposed  sides  or  on  exposed  sides  and  top,  or  with  a  stand- 
ard hand-rail  on  exposed  sides.  If  the  upper  part  of  the  belt 
is  more  than  six  feet  above  the  floor  or  working  platform  and 
the  lower  part  of  the  belt  is  less,  it  shall  be  provided  with 
standard  guards,  six  feet  high  on  exposed  sides,  or  with  a 
standard  hand-rail.  If  the  lower  part  of  the  belt  is  more  than 
six  feet  above  the  floor  or  working  platform  and  lower  than 
seven  feet,  it  shall  be  provided  with  standard  guards  on  ex- 
posed sides  and  bottom,  or  with  a  standard  hand-rail.  Where 
a  horizontal  belt  is  located  over  a  driveway  or  passageway, 
the  highest  floor  of  any  wagon  or  truck  passing  beneath  the 
belt  shall  be  considered  a  working  platform. 

Belt  Fasteners — All  belts  not  provided  with  standard  guards 
and  within  seven  feet  of  the  floor  or  working  platform  shall 
be  free  from  metal  lacings  and  metal  fasteners. 

Belt  Shifters — Belt  shifters  shall  be  provided  for  all  tight- 
and  loose-pulley  belts.  These  shall  be  so  designed  and  con- 
structed that  ordinary  vibrations  or  accidental  contact  will 
not  alter  the  set  position;  they  shall  also  have  a  controlling 
handle  conveniently  located. 

Pulleys — Pulleys  belted  from  above  or  from  the  side  in  sudi 
a  way  as  to  allow  passage  beneath  them,  and  within  seven  feet 
of  the  floor  or  working  platform  and  not  completely  enclosed 
by  standard  belt  guards  or  hand-rails,  shall  be  guarded  to  the 
top  of  the  pulley  or  to  a  height  of  seven  feet  above  the  floor 
or  working  platform  on  exposed  sides  and  beneath  by  standard 
guards  or  shall  l)e  cnclosod  on  exposed  sides  by  standard 
liand-rails.  I'ulieys  without  belts  shall  be  guarded  as  though 
belted,  or  removed  from  revolving  shafts. 

Bearing  Clearance — The  clearance  on  sliafting  between  pul- 
leys and  bearings  or  between  pulleys  and  lixed  objects  shall 
be  not  less  than  thirty-six  inches  or  tlie  width  of  the  bolt,  or 
the  pulleys  shall  be  guarded  on  the  near  side  with  standard 
stalloiiiiry  guards,  and  nil  revolving  iibjccis  in  llie  clpariUice 
shall  bo  smooth,  cylindrical,  and  coiicenlrii'  with  shafting. 

Belt  Clcaraner-  The  clcaranco  on  sliufling  between  pulleys 
and  pulleys,  collars,  couplings,  or  other  revolving  attaclunenls 
shall  be  wider  than  the  wide.st  belt  used,  or  the  pulleys  shall 
have  flanges  or  Kiiar<ls  to  prevcnl  tlio  belt  from  dropping  Into 
the  clearance. 

(HutrbvH  Krlillnri.  Jaw.  Mini  inniprcNHioii  ilutclioH  within 
Hi'ven  feet  of  the  Ibior  or  working  piiitforni  or  within  thirty- 
Hix  inrhi-H  of  u  bearing  shall  have  their  iqienitinK  inochanlsni 
■'iiiMplolely  fTiciiiMed  In  stitndard  stationary  giiardH,  or  In 
Htnnoth,  coMcontrl<\  revolving  Kuanls  nf  Holld  <'onHtructlon 
with  no  projecting  parts  or  attachini'Mts. 

CoupHnuH  All  couplliiKH  within  si'veii  fi'ct  of  the  floor  or 
working  pliitforiii  or  within  tlilrlyHlx  IiicIh'h  of  ii  l>eiirliig 
hIiiiH  lin  Kuiirili'il  iiH  followM;      SIckvk  iimiI  llaiiKi uplliiKS  shall 


September,  1917 


MACHINERY 


67 


be  cylindrical  and  concentric  with  the  shafting  and  with  no 
parts  or  attachments  projecting  beyond  the  largest  periphery 
of  the  coupling  or  its  projecting  flanges.  Flexible  and  uni- 
versal couplings  shall  be  completely  enclosed  in  standard  sta- 
tionary guards,  or  in  smooth  concentric  revolving  guards  of 
solid  construction.  Clamp  couplings  and  makeshift  devices 
of  irregular  shape  or  unknown  strength  are  prohibited  on 
power-driven  shafting. 

Collars — Assembled  collars  shall  be  smooth,  cylindrical,  and 
concentric  with  shafting,  with  no  projecting  parts  or  attach- 
ments. 

Set-screws — All  set-screws  in  revolving  parts  not  enclosed 
by  standard  guards  shall  be  flush  with  or  countersunk  below 
the  periphery  of  the  part  retaining  the  set-screws. 

Keys — All  keys  or  keyways  in  revolving  shafting  not  en- 
closed by  standard  guards  shall  be  made  flush  with  the  end 
and  periphery  of  the  shaft  or  enclosed  by  smooth,  cylindrical, 
concentric  guards. 

Tertical  Shafting — Vertical  shafting  with  or  without  collars, 
couplings,  clutches,  pulleys,  or  other  attachments  shall  be  en- 
closed on  exposed  sides  with  standard  guards  to  a  height  of 
six  feet  above  the  floor  or  working  platform,  or  with  a  stand- 
ard hand-rail. 

Horizontal  Shafting — Horizontal  shafting  with  or  without 
collars,  couplings,  clutches,  pulleys,  or  other  attachments,  in- 
cluding dead  ends,  within  seven  feet  of  the  floor  or  working 
platform,  shall  be  enclosed  on  all  exposed  sides  with  standard 
guards,  a  standard  hand-rail,  or  freely  revolving  tubing.  Where 
horizontal  shafting  is  located  over  driveways  or  passageways, 
the  highest  floor  of  a  wagon  or  truck  passing  beneath  the 
shafting  shall  be  considered  a  working  platform. 

Emergency  Stop  Stations — A  station,  or  stations,  shall  be 
provided  in  each  room,  section,  or  department  to  stop  imme- 
diately all  power-transmission  equipment  therein.  Such  sta- 
tion, or  stations,  shall  be  properly  marked,  easily  accessible, 
and  provided  with  means  for  locking  in  the  "  stop  "  position. 

Bearings — Where  possible,  bearings  shall  be  of  a  self-oiling 
type  with  reservoir  capacities  for  at  least  twenty-four  hours' 
running  or  they  shall  have  methods  of  oiling  that  do  not  bring 
the  oiler  into  the  danger  zone.  They  shall  also  have  nec- 
essary drip-cups  and  pans  securely  fastened  in  position. 

Lubrication — Oiling  that  brings  the  oiler  into  a  danger  zone 
shall  be  done  only  by  an  authorized  person  and  while  the  ma- 
chinery is  not  in  motion.  The  oiler  must  not  wear  loose  or 
flowing  clothing,  and  shall  be  provided  with  a  lock  and  key 
or  with  a  key  to  the  locks  at  the  emergency  stop  stations.  He 
shall  also  have  a  warning  sign.  He  shall  be  required  to  lock  a 
station  in  a  "  stop  "  position  and  display  the  sign  before  going 
to  work,  and  shall  unlock  and  remove  the  sign  when  the  work 
is  completed  and  all  men  have  left  dangerous  places. 

Starting  Signals — Ample  notice  should  be  given,  by  means  of 
an  effective  alarm  or  signal,  in  all  departments  before  power- 
transmission  equipment  is  started. 

Inspection — ^All  power-transmission  equipment  should  be 
carefully  inspected  at  frequent  and  regular  intervals  by  fore- 
men or  authorized  inspectors,  and  defective  equipment  should 
be  reported  for  repair  and  records  kept  of  inspections. 

Repairs  and  Adjustments — Repairs  and  adjustments  to 
power-transmission  equipment  or  guards  shall  be  made  only 
when  the  power  is  shut  off  from  that  equipment,  and  guards 
shall  be  replaced  in  protective  position  before  the  power  is 
turned  on. 

liemoving  Guards — Guards  installed  In  accordance  with  this 
code  shall  not  be  removed  or  rendered  Ineffective. 
•     •     * 

DISPOSAL   OF   METAL   CHIP   WASTE 

BY  MARK  MBREDITB  I 

Motal  chips,  In  the  shape  of  borings,  turnings,  and  planing 
flcriip.  often  amount  to  10  per  cent  of  the  total  production  of 
machine  shops;  and  It  Is  not  an  easy  matter  to  dispose  of  this 
waste  iiinterlal  to  advantage.  The  most  economical  way  Is  to 
use  It  In  place  of  other  materials  In  furnace  mixing,  but  It 
Is  difllciilt  to  charge  a  furnace  with  loose  chips.  Tho  forced 
draft  blows  away  a  lorgo  proportion,  and  a  large  part  of  that 

'Ail.lri'««:   (17   nnlo  SI.,    I.Ivitikk.I.    r.nulnnil. 


which  remains  is  subjected  to  violent  combustion  and  goes  at 
once  into  the  slag  as  ferric  oxide.  When  loose  chips  ara 
charged  into  a  furnace,  it  is  safe  to  say  that  at  least  half  the 
total  weight  is  wasted,  and  the  large  amount  of  viscid  slag 
produced  interferes  with  the  efficient  working  of  the  furnace. 

Some  years  ago  it  was  suggested  that  the  metal  chips  might 
be  packed  in  wooden  or  metal  cases  before  they  were  added 
to  the  furnace  mixture,  but  taking  everything  into  considera- 
tion, this  method  is  far  from  economical.  Another  method 
that  was  advocated  was  to  expose  the  chips  to  the  atmosphere, 
so  that  they  might  rust  into  a  solid  form,  but  this  was  found 
to  be  expensive.  The  proposal  to  feed  the  chips  into  the  fur- 
nace with  a  low-power  blast  also  has  been  found  unsatisfac- 
tory. Some  engineers  have  added  binding  material  to  the 
chips  and  pressed  the  mixture  into  bricks,  but  in  almost  every 
case  the  binder  disintegrated  the  moment  it  was  exposed  to 
heat  and  the  briquets  simply  broke  into  free  metal  dust. 
There  was  then  a  great  loss  due  to  oxidation,  under  the  action 
of  the  binder,  besides  the  ordinary  furnace  loss. 

For  many  years  German  engineers  have  been  trying  to  de- 
velop a  method  of  using  low-grade  ore  and  waste  metal  in 
their  country.  As  a  result,  that  nation  has  become  the  largest 
user  of  waste  steel  plate,  and  solved  the  problem  of  utilizing 
metal  chips  to  the  best  advantage  some  time  ago  with  almost 
complete  success.  In  all  German  metal-working  shops,  the 
chips  are  saved  and  sheltered,  as  far  as  possible,  from  at- 
mospheric influence.  If  the  shop  has  not  the  necessary  fa- 
cilities for  dealing  with  the  chips,  they  are  stored  until  a 
sufficient  quantity  has  accumulated  to  justify  sending  them 
to  a  works  that  can  handle  them  efficiently.  The  method 
adopted  is  to  load  the  metal  scrap  into  a  press  and  subject 
it  to  a  very  high  pressure,  thus  compressing  it  into  briquet 
form  without  the  aid  of  any  binding  material.  These  blocks 
are  then  charged  into  the  furnaces  and  practically  no  loss 
results  through  burning  or  through  particles  being  blown 
away,  so  that  this  waste  may  be  used  instead  of  expensive 
grades  of  pig  iron  in  the  production  of  high-grade  cast  metal. 
In  steel  foundries  it  has  been  pointed  out  that  these  briquets 
might  be  substituted  for  the  low-phosphorus  white  iron  that 
is  now  in  such  demand.  In  fact,  they  can  be  economically 
used  In  any  place  where  steel  scrap  is  used,  whether  it  is  in 
the  foundry  or  the  steel  mill,  as  briquets  of  steel  or  wrought 
iron  are  a  good  charging  material.  Chips  from  hard  rolls,  pro- 
jectiles, and  the  like  may  be  mixed  with  gray-iron  chips,  so 
as  to  make  a  uniform  charging  material. 

Chips  from  copper,  brass,  bronze,  and  white  metal  have  also 
been  pressed  into  briquets,  with  a  considerable  saving  in  cost. 
This  is  due  to  the  fact  that  the  cost  of  pressing  the  chips  is 
much  less  than  the  savings  that  are  effected  in  other  ways, 
such  as  in  the  oxidation  of  the  metal  in  remelting,  the  easier 
methods  employed  in  handling  the  chips,  and  economy  In  space 

required  for  storing. 

•     *     • 

The  iron  ore  mined  in  the  United  States  in  1916  reached  a 
total  of  75,167,672  gross  tons,  the  greatest  annual  output 
ever  made.  There  were  shipped  from  the  mines  77,870,553 
gross  tons,  valued  at  $181,902,277.  The  quantity  mined  was 
over  19,600,000  tons  more  than  in  1915;  the  quantity  and 
value  of  the  ore  shipped  were  increased  40  and  80  per  cent, 
respectively.  The  average  value  per  ton  at  the  mines  was 
12.34  as  against  $1.83  in  1915.  These  figures  do  not  include 
iron  ore  containing  5  per  cent  or  more  of  manganese. 

The  production  of  pig  Iron,  including  ferro-alloys,  was 
39,434,797  gross  tons  in  1916,  compared  with  29.916.213  gross 
tons  In  1915,  an  Increase  of  32  per  cent.  The  pig  iron,  oxclu- 
sive  of  ferro-alloys,  sold  or  used  In  1916.  amounted  to  39,126.324 
gross  tons,  valued  at  $663,478,118,  compared  with  30,384,486 
gross  tons  valued  at  $401,409,604  in  1915,  a  gain  of  29  per 
cent  In  quantity  and  65  per  cent  in  value.  The  average  price 
per  ton  at  furnaces  in  1916  was  $16.96,  compared  with  $13.21 
In  1915,  an  Increase  of  28  per  cent.  The  increase  from  Jan- 
uary to  December,  1916,  In  the  prices  of  standard  grades  of 
pig  Iron  at  tho  large  Iron  centers  ranged  bolwpon  45  and  68 
per  cent,  but  this  Increase  was  confined  almost  entirely  to 
the  last  two  or  three  months  of  the  year  and  does  not  attoct 
the  average  greatly. 
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METAL  PLANERS   AND   METHODS   OF 
PRODUCTION ' 

The  problem  of  providing  the  increased  speeds  and  power 
to  develop  the  possibilities  of  high-speed  steel  and  to  meet 
the  increasing  necessity  for  greater  production  has  been  a 
comparatively  simple  one  in  machines  in  which  the  cutting  is 
continuous  and  the  motion  of  the  tool  is  in  one  direction 
only.  It  has  meant  merely  adding  power  and  strengthening 
parts.  The  speeding-up  process  introduces,  however,  a  vastly 
different  problem  in  machines  in  which  the  cutting  is  not  con- 
tinuous and  which  have  a  return  motion  of  the  tool.  The 
principal  limitations  of  machines  of  this  class,  especially  the 
planer,  are  the  inertia  of  the  moving  mass  at  the  moment  of 
reverse  and  the  speed  at  which  the  tool  enters  the  work.  The 
problem  of  overcoming  these  limitations  has  had  the  atten- 
tion of  quite  a  number  of  engineers,  yet,  while  considerable 
progress  has  been  made,  the  complete  solution  does  not  seem  to 
have  been  reached. 

The  evolution  of  the  planing  machine  has  followed  along 
the  lines  of  increased  table  speeds.  The  earlier  demands  were 
for  a  higher  return  speed,  in  the  belief  that  great  savings 
could  be  effected  by  reducing  the  idle  time  consumed  in  the 
return  of  the  table.  Then  it  was  found  that  further  gains 
could  be  made  by  increasing  the  cutting  speed,  owing  to  the 
fact  that  this  part  of  the  cycle  consumes  the  greater  part  of 
the  time  Involved;  the  advent  of  high-speed  steel  can  be  cred- 
ited largely  with  the  marked  advance  in  this  part  of  the 
development.  Next  there  came  the  demand  for  variable  cut- 
ting speeds;  for  to  operate  a  planer  having  only  one  cutting 
speed  was  both  wasteful  and  detriqjental  to  the  best  methods 
of  increased  production. 

This  constant  change  of  conditions  and  the  desire  to  obtain 
the  highest  possible  speeds  in  both  directions  led  to  serious 
difBculties  tor  which  a  change  in  design  became  imperative. 
One  of  the  objections  to  the  speeding-up  of  the  planer  was  the 
difficulty  encountered  at  the  reverse,  namely,  the  inertia  of  the 
moving  parts.  Tests  established  the  fact  that  the  greater 
part  of  the  trouble  was  caused  by  heavy  machine  pulleys  and 
their  high  speeds,  so  various  types  of  clutch  drives  were  de- 
signed In  which  the  pulleys  were  not  reversed;  but  these  de- 
veloped the  objectionable  features  inherent  in  friction  clutches. 
The  use  of  an  aluminum  alloy  for  the  pulleys  instead  of  cast 
iron,  however,  not  only  overcame  most  of  the  objections  to 
the  heavier  pulleys,  but  made  higher  speeds  possible  and  thus 
Increased  the  number  of  cutting  strokes,  as  less  time  was  con- 
sumed In  the  reverse.  These  pulleys  also  effected  quite  a 
saving  In  power. 

Electric  Planer  Drives 

The  subject  of  individual  electric  motor  drive  for  planers 
has  received  considerable  attention  in  the  past  few  years.  One 
type  that  has  been  successfully  developed  is  the  2  to  1  variable- 
speed  motor,  coupled  direct  to  the  top  driving  shaft  of  the 
planer.  Its  speed  is  controlled  by  two  separate  sets  of  re- 
BlHtancr;,  which  are  automatically  operated  by  a  master  switch 
f'.riri<-ci<;d  to  the  shifting  mechanism  of  the  planer.  The  cut- 
tinK  Bpccd  can  be  varied  from  2.".  to  CO  feet  per  minute,  while 
the  return  speed  can  be  varied  without  affecting  the  cut.  The 
controller  handles  are  set  to  a  predetermined  speed  before 
■tartInK  and  the  planer  Is  operated  In  the  usual  manner  from 
Iho  tumbler,  the  master  switch  automatically  varying  the  speed 
of  thi:  .'  1]  reversal. 

''"■'''  '  liitercsllng  motor  application  to  planers 

'"  ">'•  •    ii.oior  drive.     While  the  application  of  this 

lyv  of  drive  In  not  new,  tho  drive  approa/hoH  more  nearly  the 
Ideal  planer  drive  than  any  method  horetoforo  used.  Tho 
motor  Is  an  adjuslnblo-specd  motor,  having  u  speed  range  of 
1  to  4,  »o  that  a  larjce  ranRc  of  culllnfc  speeds  from  25  to  60 
fr.f  f,rr  miMii.  ,111  1,«.  obtnlncfl.  A  double  sot  of  reslslancn 
"  '''  ■  ''  I'"'  '' ■  •"  viiry  either  the  cuttlnic  or  the  rcliirn 
nii'-'l  Ifi'li  ;»ii.i';jiUy  of  Iho  other.  This  arrangumonl  has  also 
Bimplined  the  problem  of  variable  apeods  In  connection  with 
thl«!  'IrlTc 
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The  operating  mechanism  is  handled  in  exactly  the  same 
manner  as  is  the  standard  belt-shifting  type  planer.  Two  pre- 
dominating features  are  the  total  absence  of  belt  slippage 
under  heavy  cutting  and  the  lower  peak  loads  at  the  moment 
of  reverse.  The  superiority  of  this  drive  is  shown  in  that 
in  one  test  the  travel  of  the  cutting  stroke  was  increased 
from  24  feet  per  minute,  by  either  a  single  or  double  belt 
drive,  to  35. S  feet  by  this  drive;  and  the  travel  of  the  return 
stroke  was  increased  from  66.6  feet  to  85.7  feet  per  minute. 

Value  of  Jig-s  and  Fixtures  in  Planer  Work 

As  a  general  rule,  comparatively  little  thought  is  given  to 
the  subject  of  handling  work  on  the  planer.  If  the  same 
amount  of  time  and  study  were  devoted  to  providing  jigs  and 
fixtures  for  the  planer  that  is  given  other  machining  opera- 
tions, the  saving  in  time  would  be  astounding.  With  planers, 
as  with  any  other  machines,  we  depend  on  the  operator  to  a 
large  extent  for  the  best  results.  The  question  of  chucking 
the  work  is  left  to  his  discretion,  and  he  proceeds  to  the  best 
of  his  ability  with  the  equipment  allotted  him,  which  usually 
consists  of  an  assortment  of  bolts,  clamps  and  blocks,  instead 
of  jigs  and  fixtures.  In  innumerable  cases  the  chucking  time 
alone  almost  trebles  the  cutting  or  machining  time.  Add  to 
this  the  time  lost  in  changing  tools  and  measuring  work,  and 
it  is  found  that  on  an  average  the  total  actual  time  required 
to  complete  a  piece  of  work  is  from  four  to  five  times  the  theo- 
retical time  necessary  to  plane  the  piece,  the  theoretical  time 
being  based  on  the  number  of  square  inches  to  be  planed  and 
the  cutting  and  return  speed  used.  In  the  greater  number  of 
cases,  a  holding  fixture  with  screw  adjustments  can  be  de- 
vised so  that  it  is  only  a  matter  of  dropping  the  piece  into 
this  fixture  and  applying  the  clamps,  which  should  be  part 
of  the  fixture.  Hardened  steel  plugs  can  also  be  incorporated 
in  the  jig  to  indicate  the  various  heights  and  angles  of  the 
piece  without  using  scales  or  referring  to  a  drawing.  Gang 
tools  and  double-end  cutters  also  assist  greatly,  as  they  save 
considerable  time  in  getting  correct  sizes  without  measuring. 

For  instance,  when  short-wall  coal-cutting  machine  main 
frames  were  planed  by  clamping  and  stopping  them  on  the 
planer  table,  the  average  time  required  for  each  frame  was 
twenty-eight  hours.  Since  the  proper  jigs  and  fixtures  have 
been  provided,  these  frames  are  now  being  planed  complete  in 
four  hours.  On  this  jig,  bosses  are  planed  on  which  hardened 
blocks  are  placed  for  setting  the  tools.  Another  good  result 
obtained  by  time  studies  has  been  the  planing  of  locomotive 
cylinders  complete  in  one  setting.  As  a  general  rule,  these 
cylinders  are  planed  one  at  a  time  and  several  settings  are 
required.  After  a  careful  study,  fixtures  have  been  devised 
by  which  the  four  surfaces  can  be  planed  at  one  time,  using 
four  tools  for  the  cutting  instead  of  only  one.  The  saving  in 
time  on  a  pair  of  these  cylinders  is  about  100  per  cent. 
*     *     • 

American  manufacturers  of  gasoline  farm  tractors  will  pro- 
duce about  50,000  tractors  this  year  to  meet  a  demand  for 
about  100,000.  Last  year  they  built  about  39,000  tractors,  and 
it  was  hoped  to  produce  about  70,000  this  year,  but  the  shortage 
of  labor  and  materials  and  lack  of  standardization  has  cut 
the  figure  to  a  possible  50,000.  It  is  estinialeil  tluit  there  Is  a 
(lold  for  a  million  of  these  tractors  in  tliis  cuiiiilry.  Great 
lirltaln  has  found  it  necessary  to  standardize  fiirm  tractor  con- 
struction, and  America  faces  the  same  problem.  Tho  Society 
of  Automotive  lOnglneers,  which  embraces  In  Its  membership 
the  engineers  representing  such  Industries  as  automobiles, 
motor  tractors,  farm  tractors,  aeroplanes,  motorcycles,  motor 
boats  and  Klatloniiry  gas  onKliiow,  has  starli'il  Ihc  work  of  trac- 
tor stttiidiirilizatlon.  Tlii'  Hociety  was  rcKpdiiHihlc  for  tho  stand- 
ardization work  acconipllHhod  in  connoilion  with  Amcricait 
automobiles,  and  Its  engineers  are  now  standardizing  aviation 
motors  and  ]>lnnos. 


Tlin  Unllcd  Stiitcs  conHul  al  IIiiiik  Koiik  siiys  timl  ('lilna'u 
increased  iliunand,  nt  tho  close  of  tho  war,  for  machinery  llko 
liumpn,  ricr  mills,  gas  onglncs,  etc.,  will  bo  much  sinullor  than 
Ih  generally  anticipated,  bocaiiso  of  the  growinR  tondcnry  to 
iiiunurnctiiro  such  niarhlnvry  In  Iho  Far  Kast. 
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ROBSON    &    SORENSEN    TWO-PART 
BEARING 


BALL 


In  the  construction  of  many  types  of  machinery,  need  has 
been  felt  for  a  split  ball  bearing  which  could  be  applied  on 
lineshafts  and  other  equipment  without  the  necessity  of  taking 
down  the  shafting,  and  on  automobile  crankshafts,  etc.,  where 
the  form  of  the  machine  member  would  make  it  otherwise 
impossible  to  apply  a  ball  bearing.  It  is  a  generally  accepted 
axiom  in  the  manufacture  and  operation  of  ball  bearings  that 
as  soon  as  a  bearing  raceway  or  the  balls  carried  by  that  race- 
way begin  to  show  wear,  the  life  of  the  bearing  will  soon  come 
to  an  end.  Bearing  this  fact  in  mind,  inventors  who  have 
turned  their  attention  to  the  development  of  a  split  ball  bear- 
ing have  endeavored 
to  overcome  the  in- 
evitable joint  be- 
tween the  two  halves 
of  the  races  by  ma- 
chining the  Joints  to 
such  a  degree  of  per- 
fection that  the  balls 
could  run  over  the 
joints  without  appre- 
ciable shock  and 
therefore  with  no 
consequent     damage. 

Those  who  worked 
on  this  principle 
overlooked  the  im- 
portant fact  that 
steel  is  an  elastic 
material  and  is  sub- 
ject to  considerable 
distortion  when 
placed  under  the 
stress  introduced  by 
heavily  loaded  balls 
running  in  the  race- 
ways. Where  the  at- 
tempt is  made  to 
produce  a  satisfac- 
tory two-part  ball 
bearing  by  the  use 
of  highly  finished 
joints  between  the 
raceway  segments, 
satisfactory  results 
will  not  be  obtained 
for  the  reason  which 


A,  Diagram  showing  Effect  of  Distortion  on  Two-part  Bail  Bearing  Baces 
Joints:    B,    Two-part   Lock   Nut    Construction;    C.    Outer   Raceway    of 
Bobson  &   Sorensen   Two-part   Ball   Bearing 


Fig.  2.     Longitudinal  and  Cross-sectional  Views 

Is  shown  diagramnuitically  at  A  in  Fig.  1.  Here  it  will  be 
seen  that  as  the  loaded  ball  approaches  the  joint,  distortion 
of  the  steel  depresses  half  of  the  raceway  below  the  other, 
with  the  result  that  each  ball  strikes  a  sharp  corner  or  step 
as  It  passes  over  the  joint.  This  will  soon  cause  wear  in  the 
balls  and  raceways,  and  when  such  wear  has  started  it  means 
that  complete  destruction  of  the  ball  bearing  will  take  place 
in  a  comparatively  short  length  of  time. 

Upon  tills  principle  of  the  elasticity  of  steel,  Robson  &  Soren- 
sen, 430  Bridge  St.,  Spring  City,  Pa.,  have  developed  the  two- 
part  bearing,  best  understood  by  referring  to  the  illustration 
of  half  of  an  outer  raceway  for  this  bearing  shown  at  C  in 
Klg.  1,  and  the  longitudinal  and  cross-sectional  views  of  the 
bearing  shown  in  Fig.  2.  In  a  well-designed  bearing  the  balls 
are  all  made  of  exactly  the  same  size — this  accuracy  being 
hold  within  0.0001  Inch — In  order  thut  the  load  may  be  uni- 
formly   distributed    over    the    balls.      It    is    apparent    that    a 


heavily  loaded  ball  running  over  a  joint  in  a  divided  ball 
bearing  raceway  would  result  in  considerable  damagQ.,  being 
done  to  both  the  raceway  and  balls;  if,  on  th6  other  haiiti,  the 
load  could  be  relieved  from  the  balls  as  they  pass  over  the 
joints  in  the  raceways,  practically  no  damage  would  result. 
Realizing  the  importance  of  this  point,  it  w4s  decided  to  pro- 
vide means  for  relieving  each  ball  in  the  bearing  of  its  load 
as  the  ball  passes  over  one  of  the  joints  in  the  raceway.  This 
result  is  accomplished  by  cutting  transverse  slots  across  the 
outside  and  inside  of  the  raceways  at  points  adjacent  to  the 
joint,  this  idea  being  shown  at  C  in  Fig.  1  and  in  Fig.  2. 
As  a  ball  reaches  the  section  of  the  raceway  immediately 
adjacent  to  the  joint,  this  part  of  the  raceway  is  deflected  by 
the  pressure  of  the  ball,  which  results  in  the  ball  drop- 
ping below  the  circle 
formed  by  adjacent 
balls  running  on  the 
solid  sections  of  the 
raceway,  and  as  a  re- 
sult, the  ball  is  prac- 
tically relieved  of 
load — j  u  s  t  enough 
load  remaining  to 
keep  the  end  of  the 
raceway  slightly  de- 
flected. As  a  result, 
the  ball  runs  over 
the  Joint  with  prac- 
tically no  load  upon 
it,  and  so  the  ten- 
dency toward  wear 
of  the  balls  and  race- 
way is  eliminated. 
The  criticism  may 
be  offered  that  this 
slotting  of  the  race- 
ways would  have  a 
tendency  to  cause 
them  to  break,  but 
this  point  has  been 
given  careful  con- 
sideration and  the 
cross-section  of  the 
metal  at  the  bottom 
of  the  slots  is  ample 
to  prevent  trouble 
from  this  cause.  It 
will,  of  course,  be 
realized  that  the  de- 
flection of  the  end 
0.001     or     0.002     inch. 


of  Eobson  &  Sorensen  Two-part  Ball  Bearing 


of    the    raceway    segments    is    only 

The  type  of  shaft  mounting  shown  in  Fig.  2  is  the  original 
design,  which  is  rather  complicated  and  expensive.  Now  it 
is  the  practice  to  mount  the  inner  raceway  directly  on  the 
shaft  by  means  of  two  two-part  damps  fitted  into  annular 
grooves  on  each  side  of  the  ball  groove.  It  will  be  possible, 
however,  to  gain  a  clear  Idea  of  the  bearing  construction  by 
referring  to  Fig.  2,  where  the  shaft  to  bo  supported  by  the  bear- 
ing is  shown  at  .1,  and  on  this  is  mounted  a  two-part  sleeve  II. 
which  carries  a  flanged  collar  C  loosely  mounted  upon  it. 
This  collar  has  a  beveled  under-cut  portion  D  at  each  side, 
against  which  bear  the  segmental  inner  bearing  races  A", 
which  are  beveled  at  each  side  to  conform  to  the  contour  of 
the  collar  at  D.  At  the  outside,  these  Inner  races  are  secured 
by  two-part  nuts  /•',  which  are  suitslily  beveled  to  engage  the 
races  and  threaded  on  the  inside  to  enable  them  to  bo  screwed 
onto    either    end    of    sleeve    11.      Nuts    F    and    collar    C    are 
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of  split  construc- 
tion, as  shown  at 
B  in  Pig.  1.  Conse- 
quently, when  as- 
sembled in  this 
way,  the  two-part 
nut  is  practically 
a  single  piece,  and 
as  this  nut  is 
screwed  onto  sleeve 
B  (Fig.  2),  it  draws 
the  sleeve  firmly 
onto  the  shaft 
while  the  bevel  on 
the  outside  of  the 
nut  draws  the  bear- 
ing race  down  onto 
Ihe  sleeve. 

In  assembling  one  of  these  bearings  it  has  been  found  de- 
sirable to  have  the  inner  races  E  arranged  so  that  the  divi- 
sions of  one  bearing  raceway  are  out  of  line  with  the  divisions 
of  the  other  raceway  or  raceways  which  comprise  the  bearing. 
In  Fig.  2  is  shown  a  bearing  with  two  sets  of  balls  and  race- 
ways, but  bearings  of  this  type  may  be  arranged  with  a 
greater  number  of  raceways  if  so  desired.  Also,  it  will  be 
apparent  from  Figs.  3,  4  and  5  that  the  design  of  these  bear- 
ings does  not  depend  for  successful  performance  on  having 
two  or  more  bearings  assembled  directly  opposite  each  other, 
as  illustrated  in  Fig.  2.  Tests  have  shown  that  this  is  non- 
essential. In  Fig.  2  the  outer  bearing  raceways  are  shown 
at  G,  and  it  will  be  seen  that  these  raceways  fit  into  a  casing  H. 
which  Is  also  made  in  two  sections  that  are  secured  in  the 


Tig. 


Fig.    5.     Hobson   &  Sorens 


Two-part  Ball  Bearing  mounted  In  S  K  F 
Hanger 


fif.  4.     A-C,  Upper  and  Lower  Hal7cs  K.  H.  End  Plate;  B.  R.  H.   Lock  Nut:   D.  Upper  Half 
Complete  Bearing  with  Upper  Cap  and  Shaft  Adapter;  E-G.  Lower  Half  Inner  anil  Outer  Race- 
way; F.  Lower  Half  BaU  Cage:  H,  Lower  Cap;   I-L.  Upper  and  Lower  Halves  L.  H.  End  Plate; 
J-K,  Upper  and  Lower  Halves  L.  H.  Nut  Lock 


type  of  hall  bearing  construction  makes  it 
possible  to  apply  a  ball  bearing  at  any  point 
on  the  lineshaft  or  any  continuous  shaft 
without  the  necessity  of  taking  down  the 
shaft  to  enable  the  bearing  to  be  slipped 
over  the  end.  Similarly,  the  two-part  ball 
bearing  can  be  mounted  on  crankshafts  or 
other  machine  members  which  are  of  such 
a  form  that  it  would  be  impossible  to  sup- 
port them  in  one-piece  ball  bearings  of 
standard  design. 

BREWSTER   "ETCHOGRAPH" 

In  all  shops  where  small  tools,  milling  cut- 
ters, saws,  etc.,  are  used,  the  occasion  fre- 
quently arises  for  applying  various  marks. 
This  may  be  for  the  purpose  of  branding  the 
tools  with  the  name  of  the  shop  in  order  to 


pre»ent  instance  by  transverse  bolts  or  by  some  other  suitable 
design.  Heads  /  are  screwed  into  the  threaded  ends  of  casing 
B,  and  the  ends  of  these  beads  bear  against  the  outer  bearing 
raceways  O  and  hold  them  in  proper  alignment  with  the  Inner 
rareways.  It  will  be  apparent  that  these  heads  have  openings 
conxlderably  larger  than  the  diameter  of  the  shaft,  and  an- 
nular groovcH  are  provided  to  receive  packing  rings  J. 

In  order  to  prevent  the  Inner  bearing  raceways  E  from  turn 
InK  on  sleeve  W,  flat  pins  K  are  provided,  which  project  up 
from  iileeve  //  and  extend  Into  the  spaces  between  the  ends 
of  the  bearInK  raceways  E.  Similarly,  It  Is  necessary  to  pre 
yftni  ihn  outer  bearing  raceways  O  from  rotating  Indopend 
'  n(c  //.  and  thin  result  Is  ancompllshcd  by  flat  plnw 

''•nd  from  the  Joints  In  cnsInK  //  Into  Itie  simccK 
,.,.,1     ,.r  II.,.  outer  ra':eway8.     It  will  also  be  no 
low  the  ends  of  tho  Inner  and  ouIit 
'  I   by  the  ball  prosMuro  In   the  manniT 

Vi  wttii  b  r(<[t!rbiii;«  liUN  already  been  mentioned,  oloarnnci 
arc  provldml  at  M  and  K.  The  exterior  of  tho  casing  ran  1m 
formed  In  any  sullnblo  miinner  to  nrrommodalo  tho  typo  of 
hnuKor  In  be  uned.  In  V\k  f,  onn  of  Ihe  Ilolmon  &  HorenHfii 
hcarlnics  Is  shown  mounted  In  nn  HKF  llm-Hhiift  liKnK<!r. 
PVom  the  procedlnic  dMcrlptlon  It  will  be  apparent  that  this 


Fit,   1.     BnwiUr  "Xlshofraph"   onfaiod   In   markinf  Tools 
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avoid  tliett;  it  may  be  found  necessary  to  designate  the  size 
of  a  tool  or  the  operation  for  which  it  is  employed,  and  nu- 
merous other  occasions  may  arise  which  make  it  necessary 
for  a  tool  to  be  marked.  To  meet  the  requirements  of  this 
work,  William  Brewster  &  Co.,  Inc.,  30  Church  St.,  New  York 
City,  has  developed  an  electric  marking  machine  which  is 
known  as  the  "etchograph."  It  consists  of  a  transformer  for 
connection  with  an  ordinary  electric  lighting  circuit  to  pro- 
vide for  obtaining  the  required  current  and  voltage  for  oper- 
ating the  etchograph.  Two  leads  are  taken  off  from  the  sec- 
ondary of  the  transformer,  one  of  which  runs  to  a  steel  plate 
of  considerable  size  upon  which  the  work  to  be  marked  is 
placed.  The  transformer  used  is  made  by  the  Adams-Bagnall 
Co.,  Cleveland,  Ohio. 

The  other  lead  runs  to  what  is  known  as  the  "pencil"  of 
the  etchograph.  This  pencil  has  a  hardened  rubber  handle 
and  a  clamp  at  the  end  to  which  is  secured  the  lead  from  the 
transformer.  This  clamp  also  carries  a  small  copper  point, 
made  from  an  ordinary  piece  of  wire,  with  which  the  marking 
is  performed.  As  this  point  is  drawn  over  the  surface  of  the 
work,  the  higher  electrical  resistance  of  the  iron  or  steel  to  be 
marked  results'  In  producing  a  burn  on  the  surface  of  the 
work,  leaving  a  dark  oxide  mark  on  the  metal.  This  machine 
i.s  adapted  for  use  in  connection  with  standard  alternating 
current  of  110  volts,  60  cycles,  and  the  consumption  of  cur- 
rent from  the  line  is  from  I'-i  to  2  amperes.  When  alter- 
nating current  is  not  available,  a  D.C.-A.C.  converter  can  be 
furnished  at  low  cost.  This  current  is  stepped  up  so  that 
when  delivered  from  the  secondary  of  the  transformer,  there 
are  20  ami)erea  of  current  at  a  potential  of  2  volts  available 
for  marking.  To  provide  for  obtaining  the  desired  depth  of 
marking,  a  rheostat  Is  furnished  which  provides  for  adjust 
Ing  the  amount  of  current  delivered  lo  the  pencil  of  the  etcho- 
grapli.  This  pencil  is  used  as  an  ordinary  lead  pencil  would 
be  handled,  and  provision  may  bo  made  for  either  writing  free 
hand  script  or  for  printing,  according  to  tho  class  of  marking 
which  may  be  desired.  The  elchograph  Is  adapted  for  mark- 
ing cither  Iron  or  steel,  and  all  classc.'-  of  highspeed  carbon 
and  machine  steel  may  be  marked  with  equal  facility,  no 
matter  whether  It  Is  In  the  hardened  or  soft  condition. 


RUSS  FORGED   DRILLS 

There  has  been  a  question  as  to  whether  it  was  possible  to 
forge  a  twist  drill  from  a  solid  steel  blank  and  make  the 
operation  a  commercial  success,  both  as  regards  the  cost  of 
production  and  quality  of  workmanship.  It  is  claimed  that 
the  practicability  of  securing  satisfactory  results  in  this  way 
has  been  proven  by  the  A.  E.  Russ  Forged  Drill  Co.,  Cleve- 
land, Ohio,  and  this  firm  is  now  manufacturing  and  supply- 
ing the  trade  with  its  "Drill  Far"  forged  twist  drills,  one  of 
which  is  shown  in  the  accompanying  halftone  illustration.  In 
carrying  out  this  manufacturing  operation,  a  round  bar  of 
high-speed  steel  is  forged  down  to  the  desired  diameter,  after 


A.  E.  Russ  Forged  Twist  DriU 

which  it  is  subjected  to  a  second  forging  operation  to  form 
the  flutes.  It  is  claimed  that  these  two  forging  operations 
tend  to  give  the  steel  a  more  compact  structure  and  that  the 
forging  operation  compels  the  fibers  of  the  steel  to  follow  the 
spiral  instead  of  running  straight  from  end  to  end.  Greater 
strength  should  be  obtained  in  this  way,  because  the  different 
fibers  in  the  metal  would  afford  each  other  mutual  support 
when  the  drill  was  placed  under  strain,  and  so  there  would 
be  less  tendency  toward  breakage.  This  would  make  it  prac- 
ticable to  use  high  speeds  and  heavy  feeds. 


SLEEPER    &    HARTLEY   NAIL    DIE    GRIND- 
ING  MACHINE 

To  meet  the  requirements  of  firms  operating  automatic  nail 
making  machinery  for  a  grinder  for  use  in  sharpening  the 
dies  used  on  such  machines,  a  die  grinder  of  this  type  was 
brought  out  by  Sleeper  &  Hartley,  Inc.,  68  Prescott  St., 
Worcester,  Mass.  The  machine  was  primarily  designed  for 
use  in  connection  with  Sleeper  &  Hartley  nail  machinery,  but 
is  now  offered  to  nail  makers  using  other  types  of  equipment. 
It  will  be  seen  that  the  machine  is  provided  with  two  wheels 
mounted  upon  a  double-ended  spindle,  one  of  these  wheels 
being  used  for  squaring  the  dies,  while  the  other  has  a  V-shaped 
formed  edge  for  grinding  the  pointing  dies.  Below  this  wheel 
there  is  a  table  mounted  on  the  machine  frame  for  vertical 
travel  and  made  adjustable  to  and  from  the  wheel  with  a 
screw  actuated  by  a  handwheel.  This  table  carries  a  support 
adapted  to  receive  the  holder  in  which  the  die  is  mounted  for 
grinding.  This  support 
is  adjustable  in  a  lat- 
eral direction  in  order 
to  bring  the  die  into 
line  with  the  wheel, 
while  the  die-holder  it- 
self may  be  rotated  in 
the  support  to  locate 
the  die  in  any  one  of 
three  grinding  posi- 
tions. When  positioned, 
the  die  is  reciprocated 
to  and  fro  past  the 
wheel,  while  the  whole 
table  may  be  fed  to  or 
from  the  wheel  as  de- 
sired. Equipment  of  the 
macliine  includes  one 
die-holder  made  accord- 
ing to  tho  customer's 
spccldcatlons,  and  a 
countershaft  for  driv- 
ing the  machine.  This 
machine  occupies  a  floor 
space  of  16  by  22 
inches  In  size  and  has 
a  net  weight  of  350 
ijiiunda. 
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WESTINGHOUSE  INDUCTION  MOTOR 
CONTROL  PANELS 
Where  it  is  desired  to  combine  in  one  unit  the  com- 
plete control  equipment  for  wound-rotor  induction  mo- 
tors, a  neat,  safe  and  convenient  means  either  for  start- 
ing or  for  speed  variation  is  provided  by  Type  RF  con- 
trol panels,  manufactured  by  the  Westinghouse  Electric 
&  Mfg.  Co.,  East  Pittsburg,  Pa.  By  their  use,  motors  are 
provided  with  complete  protection  from  injury  due  to 
overloads,  failure  of  voltage  and  improper  starting. 
Panels  are  suited  to  all  applications  where  drum  con- 
trollers may  be  employed.  Each  outfit  consists  of  a 
pipe-mounting  slate  panel,  on  which  is  mounted  an  oil 
circuit-breaker  for  the  primary  circuit,  a  drum  con- 
troller for  the  secondary  circuit,  and,  when  desired,  one 
or  more  meters  mounted  on  the  panel.  Resistors  are 
separately  mounted.  One  of  the  most  interesting  fea- 
tures of  these  panels  is  an  interlock  between  the  oil 
circuit-breaker  and  the  drum  controller,  which  renders 
it  Impossible  for  the  operator  to  start  the  motor  without 
all  the  resistance  in  the  secondary.  These  panels  are 
recommended  for  service  in  which  reversing  is  seldom 
or  never  required. 


TRIUMPH   RADIAL   DRILL 

The  Triumph  Machine  Tool  Co.,  1276  E.  55th  St.,  Cleveland, 
Ohio,  is  now  building  the  6-foot  radial  drilling  machine  which 
is  illustrated  and  described  herewith.  It  will  be  apparent 
that  the  machine  is  furnished  with  individual  electric  motor 
drive,  making  it  possible  to  place  this  radial  drill  in  any  posi- 
tion in  the  shop  to  suit  existing  conditions,  regardless  of  the 
position  of  lineshafts,  etc.  Space  under  traveling  cranes  or 
in  out  of  the  way  corners  may  be  utilized  in  this  way.  On 
this  machine  all  controls  are  placed  in  the  spindle  head,  mak- 
ing it  possible  to  lock  and  unlock  or  raise  and  lower  the  arm, 
lock  the  sleeve  to  the  column,  change  the  speed  of  the  spindle, 
run  in  the  forward  or  reverse  direction,  or  stop  the  spindle, 
move  the  head  along  the  arm  by  power,  and  change  the  rate 
of  feed  to  the  spindle  without  requiring  the  operator  to 
change  his  position.  By  mounting  the  variable-speed  motor 
on  the  arm,  the  number  of  driven  parts  required  is  lessened. 

The  arm  of  this  radial  drill  is  made  of  a  heavy  section  and 
Is  adequately  ribbed  at  both  the  top  and  bottom.  It  is  pro- 
vided with  liberal  sized  gibs  and  its  bearing  upon  the  column 
1b  of  ample  length.  The  spindle  head  is  supported  by  three 
gibs  on  the  arm  and  may  be  moved  to  any  position  by  means 


R*<ll*l   Drill   litilll    1,7   lh«  Trlutn).),   M>').lna   Tool   Co. 


of  a  power-driven  rapid  traverse  screw  mounted  in  the  arm. 
This  screw  may  be  engaged,  disengaged  or  locked  as  required. 
A  handwheel  provides  for  making  minor  adjustments.  The 
spindle  is  made  of  high-carbon  crucible  steel  and  is  supported 
in  phosphor-bronze  bearings,  the  thrust  being  taken  by  a  ball 
bearing.  Drive  is  accomplished  by  a  worm  and  wheel,  the 
worm  having  a  30-degree  pressure  angle,  and  although  ample 
power  is  provided,  the  drive  is  perfectly  noiseless.  This  is 
the  only  driving  mechanism  located  in  the  head. 

Automatic  return  of  the  spindle  is  accomplished  in  such  a 
way  that  when  the  drill  has  reached  a  predetermined  depth 
the  feed  is  knocked  out  and  the  spindle  automatically  returned 
to  the  upper  position.  The  gear-box  is  located  at  the  rear  of 
the  machine  in  front  of  the  motor  and  contains  gears  furnish- 
ing three  ratios*— one  speed  for  heavy  tapping,  etc. — and  is 
provided  with  an  accelerated  speed  to  provide  for  the  use  of 
small  drills.  Under  normal  conditions  of  operation  there  are 
no  gears  in  mesh,  as  the  motor  drives  direct  through  the 
shaft  which  carries  the  worm,  thus  eliminating  all  noise  and 
providing  an  efficient  transmission  of  power  to  the  spindle 
head.  The  gears  are  of  steel  and  submerged  in  an  oil  bath. 
Reversal  of  the  direction  of  rotation  is  accomplished  by 
reversing  the  motor,  the  start,  stop  and  reverse  lever  being 
located  on  the  spindle  head  within  easy  reach  of  the  operator. 
This  eliminates  all  sliock  when  tapping,  as  the  braking  effect 
is  accomplished  electrically  by  reversing  the  current  in  the 
motor.  This  eliminates  the  necessity  for  reversing  clutches, 
which  might  give  trouble  through  slippage  or  a  tendency  to 
Itreak  the  tap  or  drill.  Feeds  are  instantly  available  at  the 
spindle  liead  by  the  use  of  an  indicator,  and 
available  rates  of  feed  are  0.006.  0.009,  0.015 
and  0.024  Inch  per  spindle  revolution.  This 
range  meets  the  requirements  of  all  ordinary 
condltloiia,  and  changes  of  feed  are  obtained  by 
mcruly  setting  the  Indicator. 

The  column  Is  niaiio  in  I  wo  st'ctlniis,  llio 
liiiior  pi>rlloii  or  mast  being  allacliod  to  the 
ImHO,  while  llio  hIoovo  Is  iiuniiitod  upon  this 
ri)hmiii  and  provided  at  the  lop  and  bolloni 
with  rollor  bnaringH  to  inuko  llio  inovpinenl  of 
till'  arm  easy  and  to  take  the  lliruat  load.  Tlio 
iMitor  hI«ov(!  (>.xl(>nd8  nlnioHt  lo  llio  haso  of  tho 
iiiachlnc  and  Ih  jirovldod  wllli  nioans  of  clamp- 
liiK  to  tho  Inner  coliiinn.  Tlio  motor  control  Is 
looatod  on  llio  Hplndio  head  mid  given  Iwuiity- 
(llio  HpocdH  III  clllinr  (llrocllon,  without  the 
opurator  IioIiir  roqulrod  lo  oIiuiiko  his  poKltloii. 
With  tho  Ki'iirnd  triin«iiilH»loii,  llin  niiiiilii>r  of 
uviilliilil)'  BpcnlM  III  oltlior  illroctloM  Id  In- 
I  rcaHcrl  to  Hlxty  three;  mid  roiiMlaiil  npeod  Is 
iiialiilnlned   lit    miy   Klveii   xpeed. 
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Principal  dimensions  of  this  machine  are  as  follows:  height 
of  base,  9  inches;  working  surface  of  base,  4  feet  by  6  feet,  8 
inches;  vertical  movement  range  of  arm,  4  feet;  horizontal 
movement  range  of  head,  4  feet,  2  inches;  minimum  and  maxi- 
mum distance  from  base  to  spindle,  8%  inches  and  6  feet, 
2  inches;  minimum  distance  from  base  to  center  of  head,  39 
inches;  minimum  distance  between  column  and  spindle,  24 
inches;  capacity  in  plane  of  base  is  to  drill  to  center  of  circle 
of  6-foot  radius;  range  of  motor  drive  speeds  for  5-horsepower 
motor,  775  to  3100  revolutions  per  minute;  range  of  spindle 
speeds,  15  to  260  revolutions  per  minute;  least  diameter  of  spin- 
dle at  driving  section,  2  9/16  inches;  vertical  traverse,  19  1/2 
inches;  and  net  weight  of  machine  complete  with  motor,  ap- 
proximately 16,500  pounds. 


COLBURN   TAPPING  HOOD 

To  provide  for  relieving  the  strain  on  the  side  of  the  key- 
way  in  spindles  of  its  drilling  machines  while  the  machines 

are  engaged  in  the 
performance  of 
heavy  boring  and 
tapping  operations 
on  work  of  large 
diameter,  the  Col- 
burn  Machine  Tool 
Co.,  Franklin,  Pa., 
is  making  a  tap- 
ping hood  in  vari- 
ous sizes  to  fit  dif- 
ferent types  of  Col- 
burn  heavy  -  duty 
drilling  machines. 
Power  from  the 
driving  gear  is 
transmitted 
through  a  cross 
bar,  which  is  keyed 
and  held  rigidly  to 
the  spindle  by 
means  of  a  clamp- 
ing screw.  The 
outer  extremities 
are  slotted  to  form 
a  slidable  fit  with 
square  keys  seated 
into  the  inside  sur- 
face of  the  drum. 
This  drum  is  at- 
tached directly  to 
the  spindle  driving 
gear,  so  that  there  is  no  sliding  contact  in  the  keyway  of  the 
spindle,  such  a  contact  taking  place  on  the  double  keys  inside 
the  drum.  This  tapping  hood  is  machined  inside  and  out  and 
is  claimed  to  be  in  perfect  balance.  It  can  be  used  when  the 
machine  is  run  up  to  the  highest  speeds  without  the  least 
danger  of  introducing  vibration. 


DETROIT   BELT   LAGER 

In  lacing  a  belt  it  is  essential  to  obtain  strength  and  dura- 
bility, and  to  do  the  work  by  a  method  which  enables  it  to 
be  bandied  rapidly  In  case  of  emergency.  These  features  are 
obtained  through  the  use  of  machine-closed  wire  belt  lacing 
which  gives  the  added  feature  of  smootliness  of  operation 
under  all  conditions.  The  Detroit  Belt  Lacer  Co.,  Hubbard 
Ave.  and  A  St.,  Detroit.  Mich.,  Is  now  making  the  "Bulldog" 
belt  laiing  and  a  machine  for  lacing  up  belts  In  this  way.  It 
la  claimed  that  "Uulldog"  lacing  applied  with  this  machine 
Kives  a  perfect  staggered  grip  on  the  belt  and  shows  a  min- 
imum reduction  of  cross-.sectional  area  on  any  cross-section 
for  a  given  size  of  wire.  "Bulldog"  belt  lacers  are  put  up  84 
hooks  to  the  section,  which  Is  full  12  Inches  long,  and  12 
sections  arc  packed  In  a  box  which  contains  slightly  In  excess 
of  144  Inches  of  lacing  with  six  full-length  sections  of  raw- 
hide pins.    Thene  lacers  are  made  In  four  sizes  known  as  Nos. 


Tig.    1.     Belt  laced  with 

3,  4,  5,  and  6  for  lacing  thin,  medium,  heavy  and  extra  heavy 
belts,  respectively.  Rawhide  pins  are  sold  in  12-inch  lengths 
and  are  also  made  in  four  sizes,  3/32,  7/64,  %  and  9/64  inch 
in  diameter  for  use  in  connection  with  respective  sizes  of 
lacers  to  which  reference  has  just  been  made. 

The  "Bulldog"  closing  machine  shown  in  Fig.  3  is  furnished 
with    two    handles,    either    of    which    operates    the    machine 


Fig.   2.     Removable  Holder  for   "Bulldog"   lacers  Heady  to  be  put  into 
Closing   Uachine 

leaving  the  other  hand  free  to  hold  the  belt.  Consequently, 
one  man  can  operate  the  machine  without  difficulty.  The  belt 
hooks  are  driven  in  from  both  sides  and  are  always  central. 
Fig.  2  shows  a  removable  holder  for  lacers.  The  required  sec- 
tions of  lacers  is  put  into  the  holder  and  the  holder  is  slipped 
into  the  closing  machine,  after  which  the  lacers  are  driven 
home  by  pushing  down  the  hand  lever.  This  holder  can  also  be 
used  for  closing  lacers  in  a  vise  or  with  a  hammer.  Features 
of  this  belt  lacer,  to  which  particular  attention  is  called,  are 


Fi(.    3. 


"Bulldog"    Closing    Machine    for    lacing    Bolts 
Lacing 


rith    "Bulldog" 


as  follows:  The  detachable  holder  enables  the  "lacers  to  be 
properly  arranged  before  the  holder  is  Inserted  in  the  ma- 
chine. The  double  handles  on  the  machine  enable  the  operator 
to  pull  either  handle  which  Is  most  convenient  for  him; 
either  handle  operates  the  machine  and  the  operator  always 
has  one  hand  free  to  hold  the  belt.  The  removable  holder 
centers  the  hooks  properly  and  they  are  driven  In  from  both 
sides,  the  positioning  being  such  that  there  Is  a  minimum 
reduction  of  cross  section.  Any  thickness  of  belt  may  bo 
liiced  In  this  way  and  secure  a  Joint  which  runs  over  the 
pulleys  almost  as  smoothly  as  other  sections  of  the  belt. 
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"RESISTAL"    SAFETY    GOGGLES 

In  Fig.  1  are  shown  what  are  known  as  "Resistal"  goggles 

which   are   well   adapted    to   the   requirements   of   machinists 

and  other  workmen  engaged  in  shops  where  there  is  danger 

of   having   their    eyes    injured    by    flying    particles    of   metal. 


Fig.    1.     "Besistal"    Goggles  made   t)y   Strauss   &  Buegeleisen 

abrasive,  etc.  The  name  "Resistal"  was  adopted  because 
although  the  crystals  can  be  cracked  they  cannot  actually  be 
broken  with  a  hammer  blow.  In  cracking,  there  is  no  flying 
of  splinters  to  jeopardize  the  eyesight  of  the  wearer.  The 
crystals  are  made  of  two  layers  of  optical  gla^  which  may 
be  either  flat  or  curved,  and  between  the  two  layers  of  glass 
there  is  introduced  a  layer  of  celluloid,  the  whole  being  ce- 
mented into  a  solid 
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CELLULOID 


mass.      This    pro- 
duces   a   crystal 
which    has    every 
,  r-         ,7  virtue  of  glass  but 

I  '- SECTION  °°°«    °f,J'«     ^'^^- 

^  backs.  The  strength 

and  safety  features 
of  celluloid  goggles 
is  obtained,  but  the 
crystals  are  un- 
scratchable,  rigid, 
and  perfectly  fire- 
proof; they  are  not 
affected  by  water, 
heat  or  cold,  and 
the  celluloid  layer 
is  said  to  provide 
a  heat  insulating 
medium  which  pre- 
vents clouding  up 
the  glass  due  to  condensation  of  moisture.  Goggles  with 
"Resistal"  crystals  are  made  with  either  clear  amber  or 
"euphos"  colors  and  are  sold  by  Strauss  &  Buegeleisen,  37 
Warren  St.,  New  York  City.  Crystals  may  also  be  obtained  in 
special  forms  for  use  in  industrial  masks  used  by  welders, 
sandblast  operators,  etchers,  etc. 


Fig. 


SILVER  UPRIGHT  DRILLING  MACHINE 
One  of  the  latest  additions  to  the  line  of  drilliiiK  machines 
built  by  the  Silver  Mfg.  Co.,  Salem.  Ohio,  is  a  25lnch  upright 
machine  which  Is  Illustrated  and  described  herewith.  This 
drilling  machine  was  especially  designed  to  meet  the  require- 
ments of  sevfre  service,  but  Is  capable  of  producing  work  of 
liiKh  accuracy.  EIkIiI  spindle  speeds  are  obtainable,  four  of 
which  are  secured  with  open  bell  drive  and  four  by  trans- 
mlNMlon  throuKh  the  back-goars,  which  are  fully  enclosed 
and  may  be  quickly  cnKagcd  by  moans  of  a  conveniently 
located  lever.  Six  positive  Reared  feeds  ore  obtained,  anil 
any  feed  may  be  Instanlly  cngaKcd  while  the  machine  Is 
running.     The  nplndiv  Is  made  of  lilgh-curhnn   crucible  steel 

■■■'    ' •'•  '    ■■   "'    an    Imported    ball    llirust    bearing.      Hoth 

ri!  nriiiralely  Krouiid,  and  the  spindle  and 
•  iisltlvely  counterlmlunccd  by  moans  of  a 
wi-lKhl  Iniildo  tin.  rohinin.  This  wolRht  Is  oltnchcd  by  means 
of  a  chain  to  a  nol.hcd  lev«'r  and  the  sonslllvenoss  of  the 
Kplndlo  rouninrlmlBMcn  may  then  bo  adjusted  to  suit  condi- 
tions by  simply  vnryln«t  the  position  of  the  chain  ronnecllon 
,.„    .i.„   i,.v..r      The  sIldInK   hfnd   has  n   wldi-   lii-iirliiK   on    llu' 


column  to  which  it  is  rigidly  secured  and  is  easily  adjusted  up 
and  down  owing  to  its  perfect  balance. 

Two  quick-return  levers  are  used;  the  one  situated  on  the 
right-hand  side  can  be  slid  back  and  forth  in  its  bearing,  and 
when  withdrawn  to  its  full  length  it  is  suitable  for  hand 
drilling  in  light  work.  The  automatic  stop  for  the  down 
feed  is  set  by  graduations  on  the  spindle  and  may  be  instantly 
disengaged  either  by  hand  or  power.  This  enables  holes  to 
be   drilled   to   any  desired   depth.     The   swinging   table  is   of 


Fig.    1.     Silver  25-inch  Upright  DriUing  Machine 

rigid  construction  and  is  in  perfect  alignment  with  the  spindle 
and  column.  The  supporting  arm  is  provided  with  a  wide 
bearing  on  the  column,  and  it  may  be  easily  raised  or  lowered 
by  means  of  a  screw.  It  will  be  apparent  that  the  frame  is 
symmetrical  in  design  and  liberally  proportioned  to  provide 
the  necessary  strength  and  rigidity  for  heavy  work.  A  tap- 
ping attachment  provided  for  use  on  this  machine  consists 
essentially  of  four  bevel  gears,  one  intermediate  pinion  and 
two  positive  clutches,  the  intermediate  pinion  being  mounted 
on  an  eccentric  so  that  it  may  be  throvi'n  out  of  niosh  when 
the  attachment  is  not  in  use. 
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The  principal  dimensions  of  this  machine  are  as  follows: 
height,  7  feet,  3  7/16  inches;  maximum  distance  spindle  to 
base,  48  inches;  maximum  distance  spindle  to  table,  31  inches; 
distance  from  column  to  center  of  spindle,  12%  inches;  tra- 
verse of  table  on  column,  16  inches;  traverse  of  head  on 
column,  22V4  inches;  diameter  of  table,  2iy^  inches;  diameter 
of  column,  6%  inches;  diameter  of  spindle,  l%inch;  diameter 
of  sleeve,  2%  inches;  Morse  taper  hole  in  spindle,  No.  4; 
maximum  feed  of  spindle,  91.4  inches;  ratio  of  bevel  gears, 
2  2/11  to  1;  ratio  of  back-gears,  3%  to  1;  size  of  driving 
pulleys,  4V4  by  12  inches;  diameters  of  largest  and  smallest 
steps  on  cone,  10  and  4  Inches,  respectively;  face  width  of 
cone  pulley  steps,  3%  inches;  speed  of  countershaft,  275 
R.P.M.;  range  of  spindle  speeds,  14  to  315  R.P.M.;  range  of 
feeds,  0.0056,  0.009,  0.012,  0.014,  0.021,  and  0.031  inch  per  rev- 
olution; floor  space  occupied,  22  by  62%  inches;  and  net 
weight  of  machine.  1650  pounds. 

SEBASTIAN   GEARED-HEAD   LATHE 

The  Sebastian  Lathe  Co.,  Cincinnati,  Ohio,  is  now  building 
a  geared-head,  quick-change  lathe  in  13-,  14-  and  15-inch  sizes. 
These  three  lathes  are  all  of  the  same  general  design.  Eight 
mechanical  speed  changes  are  provided  in  the  headstock,  rang- 
ing from  19%  to  4S7  revolutions  per  minute.  Two  levers  con- 
trol these  speed  changes,  four  changes  being  obtained  by  the 
left-hand  lever,  while  this  number  is  doubled  by  the  right- 
hand  lever,  which  provides  for  engaging  either  the  direct  or 
back-geared  drive.  The  spindle  is  made  of  40-  to  60-point 
carbon  steel,  and  is  carried  in  bronze-bushed  bearings.  All 
Bhafts  are  made  of  steel,  and  careful  provision  has  been  made 
for  lubrication  of  all  bearings. 

The  entire  headstock  is  packed  with  grease,  which  affords 
constant  lubrication  to  all  gears  and  moving  parts.  Lathes 
of  this  type  may  be  furnished  with  or  without  individual 
motor  drive,  the  top  of  the  headstock  being  planed  to  receive 
a  motor  where  individual  electric  drive  is  required,  and  power 
is  transmitted  by  either  a  belt  and  idler  pulley  to  maintain 
the  desired  tension  or  by  a  chain  and  sprocket  wheels.  The 
switch  for  motor  control  is  arranged  either  at  the  front  of 
the  motor  or  on  the  back  of  the  bed,  and  in  the  latter  case 
control  Is  obtained  from  the  apron.  Any  make  of  motor  for 
direct  or  alternating  current — either  constant  or  variable 
speed — may  be  used. 

The  quick-change  gear-box  occupies  the  space  ordinarily 
taken  up  by  the  intermediate  gear  and  quadrant.  All  shift- 
ing gears  are  made  of  steel,  and  twenty-four  changes  of  feed 
are  obtained.  Eight  rates  of  feed  are  secured  by  operating  the 
sliding  tumbler,  which  is  locked  in  position  by  a  pull  pin,  and 
these  are  compounded  by  placing  the  knoKHn  any  of  its 
three   positions.     Bronze   bushings   are   provided   for   all   run- 


ning bearings  in 
the  feed  -  box.  A 
plain  change -gear 
can  be  furnished, 
if  desired,  instead 
of  the  quick-change 
gear-box.  This  box 
cuts  from  five  to 
thirty  -  six  threads 
per  inch,  including 
the  11%  pipe 
thread.  The  tail- 
stock  has  an  ad- 
justable side  move- 
ment to  provide  for 
the  performance  of 
taper  turning  op- 
erations and  is  so 
designed  that  the 
compound  rest  can 
be  swung  at  right 
angles. 

The  carriage  has 
long  bearings  on 
the  ways  and  is 
provided  with  am- 
ple means  for  lubrication;  it  is  gibbed  to  the  bed  at  both 
the  front  and  back  and  provided  with  T-slots.  Both  a 
lead-screw  and  feed-screw  are  provided,  and  the  carriage  is 
furnished  with  power  cross-feed.     Regular  equipment  of  the 


Fig. 


Quick-change   Gear-box 


FIk.    1.     OonrnrMicnd   Lntlin   buUt   In   13..    14.    an.l    15.inch    Slzxn    by    Sobaslinn    Liitbi<    Co. 


Fig.   3.     Arrangement  of  Gearing  in  Lathe   Head 

lathe  includes  a  compound  rest,  steady-  and  follow-rests,  large 
and  small  faceplates,  a  plain  rest,  and  a  friction  countershaft 
if  the  lathe  is  not  arranged  for  motor  drive.  These  lathes  are 
built  with  a  gap  bed,  the  gap  being  1%  inches  long  and  3% 
inches  deep,  thus  increasing  the  swing  of  the  lathe  in  the 
gap  by  7  inches.  The  bed  is  braced  at  the  gap  in  such  a  way 
that  there  is  no  weakness  at  this  point.  A  bridge  block,  which 
may  be  easily  placed  in  position  or  removed, 
may  be  fitted  in  the  gap,  but  this  bridge 
cannot  be  fitted  after  the  lathe   is  finished. 

ELWELL-PARKER   TRUCK 

Since  building  its  first  hand-operated  ele- 
vating platform  on  an  electric  storage  bat- 
tery truck  about  five  years  ago,  the  Elwell- 
I'arker  Electric  Co.,  Cleveland,  Ohio,  has 
developed  two  special  electric  lift  trucks. 
The  latest  model  of  this  type  has  incor- 
l)oratc{l  many  features  and  refinements  dic- 
tated by  actual  service  conditions.  Both  the 
electrical  and  mochanloal  construction  of 
lilts  type  of  truck,  which  is  built  in  two 
sizes,  are  completed  In  their  own  plants. 
The  tool  is  operated  by  two  enclosed  motors, 
each  cspocinlly  built  to  perform  work  of 
a\i  entirely  dlfforont  character,  i.  c,  one  to 
propel  llic  tnuk  aiui  llio  other  to  electrically 
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miles.  These  trucks  are  made  in  two  heights 
to  suit  different  conditions.  The  liigher  one  is 
provided  with  larger  wheels  and  is  particularly 
well  adapted  for  yard  work.  With  a  worm 
drive  and  worm  lift,  large  clearances  beneath, 
larger  wheels  and  a  reduced  width  and  length, 
these  trucks  meet  conditions  in  practically 
every  industry. 


Self-loading   Eh 


ade  by  the  Elwell-Parker  Electric 


drive  the  elevator.  The  storage  battery  is  carried  in  a  covered 
compartment  on  top,  close  to  the  controller  and  above  the 
vertical  propelling  motor.  This  motor  is  direct-splined  to  a 
single  worm  reduction  on  a  four-pinion  bevel  differential.  A 
contracting  brake  is  located  between  the  motor  and  axle  and 
is  spring-operated  hy  the  driver  releasing  his  weight  from 
one  pedal,  which  forms  half  of  the  operating  platform.  The 
brake  is  capable  of  stopping  the  truck  in  its  own  length  under 
all  conditions  of  load  and  speed. 

A  circuit-breaker  or  connection  between  the  controller  and 
battery  is  actuated  by  the  weight  of  the  operator  on  a  second 
pedal.  This  circuit-breaker  is  interlocked  with  the  controller 
and  will  not  close  except  when  the  latter  is  in  the  "off"  posi- 
tion. Therefore,  no  fuse  is  required  and  the  special  motor 
will  take  the  full  battery  power.  The  brake  and  circuit- 
breaker  operate  independently,  so  that  the  truck  can  be 
started  on  the  Incline  without  fully  releasing  the  brake  or 
blowing  a  fuse.  The  controller  is  self-returning  to  the  neutral 
position  whenever  the  handle  is  released.  Thus  the  operator, 
is  afforded  complete  protection  under  both  normal  conditions 
or  in  emergencies.  Drive  to  the  axle  is  of  the  full  floating 
type,  and  supports  the  truck  frame  of  heavy  springs.  The 
driving  shafts  carry  no  weight  and  are  removable  through  the 
wheels  with  21>/4-  by  3>/4-inch  tires,  which  are  also  demountable. 

A  lever,  which  is  adjustable  for  the  operator's  height,  steers 
all  four  wheels.  The  steering  tie-rods  and  knuckles  are  so 
located  that  difference  In  wheel  angularity  is  compensated 
for,  giving  concentric  steering  when  turning  to  right  or  left. 
All  levers  are  bushed,  and  the  pins  are  hardened  and  ground 
and  held  rigidly  In  the  steering  links.  The  steering  knuckles 
are  located  over  the  tire  center  lines  to  give  easy  steering. 
The»e  features,  with  Independent  operation  of  the  brake  and 
circuit  breaker  with  no  fuse,  are  exclusive  Klwell-I'arker  con- 
Hl ruction  details.  The  truck  deck  or  platform  Is  raised  by 
means  of  a  special  cncloKcd  motor  which  drives  a  worm  lifting 
device  or  elevator.  This  lifting  mechanism  runs  at  slow 
speed  In  oil  and  needs  attention  only  once  or  twice  a  year. 
A  special  switch  Is  closed  manually  to  lift  the  truck  platform 
after  havInK  driven  It  lienealh  a  separately  loaded  deck  or 
platform.  This  DtMults  In  un  Instant  lift  of  4Mi  Inches  to  the 
load.  This  raises  tUv  loail  up  nhovo  all  floor  obslructlonH  and 
proves  an  advanlaKe  In  crossinK  door  sills,  rails,  or  uneven 
floor*  or  yards.  When  the  load  reaches  the  upper  or  lower 
limit  of  travel,  an  attachment  to  the  platform  opens  the 
•witch  to  the  motor. 

It  Is  possible  on  this  truck  for  the  opernl'ir  to  Instantly 
itl"l'  -  •■        ■     -  ■,,  cither  K'>I"K   <ip  "r  down, 

Ti.  '.  for  londi'il   platforms  or 

K"  'T   mljarcnt    tiinchlnos  ond 

-!  .  'i,iiM.iic<'  unless  It  .  top  ni  any  point  when  olo- 

viiinB   two  tons.     HI  TMS  are   furnished   of  a  ca 

pacltjr  to  perform  a  da/'s  work  when  travolInK  ten  to  twenty 


WARE    GRADUATED    ANGLE 

SQUARE 
R.  B.  Ware,  101  Northampton  Ave.,  Spring- 
field, Mass.,  is  now  making  what  is  known  as  a 
graduated  angle  square,  which  is  shown  in  the 
accompanying  illustration.  This  instrument  is 
intended  for  the  use  of  draftsmen,  and  it  is 
claimed  that  it  may  be  used  with  equal  facility 
by  right-  and  left-handed  men.  It  will  be  ap- 
parent that  this  is  a  30-  and  60-degree  angle 
square,  because,  When  placed  with  the  beveled 
ends  on  the  T-square,  30-  and  60-degree  angles 
may  be  drawn.  Using  the  square  with  the 
beveled  side  down  makes  it  very  convenient 
for  inking  in — especially  for  dotted  lines.  This  square  is 
regularly  furnished  with  divisions  graduated  to  1/16  inch 
on  the  inside,  centimeters  and  millimeters  at  the  end,  and 
20ths,  24ths  and  28ths  of  an  inch  on  the  bottom  edge.  It 
is  provided  with  the  Ware  "Pick-up"  feature.  As  previously 
described  in  Machinery,  this  consists  of  a  knuckle  joint 
which  presses  through  the  slot  in  the  square  and  pops  up  on 


'l"T"l'iTi'IMi  MMi'iM imniiiii ii[iii|iiit — >^ 

'       l'         '       2'         I       a'         '       ?        ^ 


liiiiiiliiiiiiliiiiiiliii 


Graduated  Angle  Square  made  by  R.  B.   Ware 

either  side  through  pressure  applied  by  a  music  wire  spring. 
This  pick-up  always  rises  to  the  upper  side  of  the  square, 
but  the  square  may  be  placed  between  the  leaves  of  a  book 
or  have  other  articles  laid  upon  it.  In  such  a  case  the  pick-up 
drops  into  the  slot  and  takes  no  more  room  than  it  It  were 
not  there.  This  square  Is  made  in  2  by  4,  3  by  6,  4  by  8,  and 
5  by  10-Inch  sizes  of  30-  and  CO-degreo  angles;  and  In  3  by  3, 
4  liy  4,  r>  by  5,  and  6  by  6inch  sizes  of  4r)-dogroo  angloa. 


LUSTER-JORDAN   LATHE   FOR   TORPEDO 
AIR   FLASK   HEADS 

The  I.UHtiTjordan  Co.,  Inc.,  I''ranl(lln  Avo.  and  WashliiKlon 
St.,  NnrrlHtown,  I'a.,  hau  recently  built  for  the  SpunlHli  rov- 
iTUMicnt  u  special  lathe  for  turning  the  nir  llask  hcuds  on 
torpedoes.  It  was  forniorly  the  practice  to  turn  tlicso  ho.'iils 
on  tt  standard  lathe,  and  the  rtMiuireil  radii  of  curvature  on 
various  surfaces  of  the  work  were  obtiilnoil  with  radius  at- 
ta<^liinonts,  Ulncu  the  hiHldo  of  one  hciid  may  have  from  two 
to  live  ilKTorcnt  curves,  It  will  bo  appiircul  lliat  In  iinlor  to 
handle  this  class  of  ninrhlnlnK  (i|ii-rulloiiH  mid  |)rc>(lu('(<  accu- 
rate work,  It  miKht  bi>  necoHHary  to  iihu  ten  dirrcrcnl  adJuHl- 
inoiits  of  the  radius  atlni'litiieiit  to  machine  both  sides.  On  the 
itpcrlal  lallx'  built  by  the  t,UHterJordan  Co.,  a  formlnK  attach- 
ment Is  used  on  the  tallstock,  iiiiil  In  Hnini'  liiHlances  a  form- 
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Ing  attachment  on  both  the  carriage  and  tailstock. 
In   this   way   the   operation   is   greatly   simplified. 

The  toolpost  on  the  lathe  carriage  has  been 
made  wider  and  heavier;  and  the  upper  part  of 
the  tailstock  has  been  removed  to  provide  for 
mounting  a  special  forming  attachment.  This 
consists  of  a  plate  whose  edge  conforms  to  the 
contour  of  the  air  flask  head  to  be  machined.  The 
toolpost  has  a  straight  slot  extending  across  it, 
and  in  one  side  of  this  slot  a  cutting  tool  is  car- 
ried, and  in  the  other  a  forming  guide,  which  runs 
In  contact  with  the  formed  plate  carried  on  the 
tailstock.  Both  the  tool  and  forming  guide  have 
on  their  cutting  edge  and  guiding  edge,  respec- 
tively, an  accurate  circular  point,  say  ^^4  inch  in 
diameter.  The  distance  between  the  centers  of 
these  circles  is  %  inch.  The  forming  plate  is 
marked  "Center  of  Tool"  and  "Center  of  Work," 
and  these  two  centers  are  %  inch  apart  in  order 
to  register  correctly. 

Due  to  the  fact  that  it  is  necessary  to  use 
a  circular  cutting  edge  in  order  to  follow  all 
around  the  work  and  get  into  the  recesses,  the 
condition  arises  that  the  form  plate  must  have  a 
form    from    the    finished    air    flask    head.      If,    for 
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different 
instance, 

the  curvature  of  the  work  conforms  to  a  16-inch  radius  at 
a  certain  point,  the  radius  of  the  form  plate  for  use  in  ma- 
chining this  head  will  not  necessarily  be  16  inches  for  the 
corresponding  point,  since  the  cutting  tool  does  not  always 
cut  on  the  same  point,  but  changes  around  the  circular  form 
of  the  tool.  Therefore,  it  is  necessary  to  develop  each  form 
plate  according  to  the  head  for  which  it  was  made.  Some  of 
the  heads  have  a  decided  transverse  curve  ending  in  a  longi- 
tudinal curve,  and  it  has  been  found  necessary,  in  order  to 
make  the  machine  operate  correctly,  to  disconnect  the  toolpost 
screw  and  connect  with  the  feed  of  the  carriage,  so  that  when 
one  teed  is  disconnected  the  other  is  thrown  in  without  inter- 
ruption. This  result  has  been  accomplished  by  splitting  the 
screw  operating  the  toolpost  and  connecting  this  attachment 
with  the  clutch  on  the  carriage  which  operates  the  feed-screw 
on  the  carriage,  thus  making  the  machine  practically  auto- 
matic In  operation. 

A  counterweight  is  connected  to  the  carriage  which  supports 
the  toolpost  for  boring  the  center  of  the  torpedo  head.  The 
machine  is  equipped  with  a  progressive  boring  tool,  which  is 
registered  by  the  guide  in  the  center  of  the  form.  The  heads 
are  gaged  by  inserting  a  plug  gage  into  the  center  of  the  head, 
and  the  inside  form  of  the  head  is  registered  from  this  plug 
gage  by  means  of  a  flat  gage.  The  outside  form  is  gaged  by 
another  flat  gage,  which  rests  on  the  upper  surface  of  the 
Inner  gage,  thus  gaging  the  inside  and  outside  form  and  also 
the  thickness  of  the  head,  where  inaccuracy  might  result  in 
serious  trouble.  By  means  of  this  machine  it  is  possible  to 
machine  a  smaller  head  12  inches  in  diameter  in  approxi- 
mately 6  hours,  and  a  larger  head  22  inches  in  diameter  in 


from"  10  to  14  hours.  These  figures  were  obtained  in  ma- 
chining samples  made  of  cast  iron;  forgings  which  are  used 
in  actual  practice  were  not  available.  The  machine  is  equipped 
with  an  oil  pump  and  progressive  feeds  in  the  cross-slide  to 
compensate  tor  the  different  peripheral  speeds. 


Luiter-Jordan    Lath*    for    tumlnf    At 


HIMOFF  ENGINE  LATHE 
The  12-inch  screw  cutting  engine  lathe  which  is  the  subject 
of  the  following  description  has  recently  been  added  to  the 
line  of  "Hercules"  machine  tools  built  by  the  Himoff  Machine 
Co.,  45-53  Mills  St.,  Astoria,  L.  I.  In  working  out  the  design 
of  this  machine  it  has  been  the  aim  to  develop  a  lathe  adapted 
for  handling  a  wide  range  of  work  in  tool-rooms  and  mechani- 
cal laboratories,  in  addition  to  the  performance  of  manufac- 
turing operations  on  light  commercial  work  where  accuracy 
is  required.  This  lathe  may  be  furnished  with  floor  legs, 
bench  legs,  or  mounted  on  an  oil-pan;  and  it  may  be  equipped 
tor  either  belt  drive  from  a  countershaft  or  direct-connected 
motor  drive. 

The  feed  motion  is  positively  driven  by  change-gears 
through  a  splined  lead-screw,  worm  and  gear,  and  then  through 
spur  gears  to  the  rack.  A  friction  is  provided  which  may  in- 
stantly be  thrown  in  or  out  by  turning  a  knob  on  the  apron, 
and  reverse  is  provided  by  shifting  a  lever  in  the  headstock, 
which  will  feed  the  carriage  either  right  or  left  or  disengage 
the  feed  as  required.  The  only  wear  which  can  occur  in  the 
lead-screw  threads  is  when  the  screw  is  actually  being  used 
in  the  performance  of  thread  cutting  operations.  Power  cross- 
feed  is  provided  by  pulling  out  or  pushing  in  a  hand  knob 
on  the  apron.  The  headstock  casting  is  designed  to  afford 
mutual  support  for  the  front  and  rear  spindle  bearings,  and 
this  construction  also  serves  to  afford  protection  for  both  the 
cone  pulley  and  back-gears.  The  idea  will  be  readily  under- 
stood from  the  illustration.  The  cone  is  finished  both  inside 
and  out  so  that  it  is  perfectly  balanced,  and  this  pulley  is 
locked  to  the  head  gear  by  an  improved  locking  device,  which 
may  be  instantly  secured  or  released  without  the  use  of  a 
wrenih.  The  hollow  spindle  is  made  of 
50-  to  60-point  carbon  crucible  steol  and 
ground  to  size.  A  chain  oiling  system  in- 
sures positive  lubrication.  The  thrust  is 
carried  by  a  hardened  steel  washer,  which 
runs  against  the  rear  bearing,  and  adjust- 
ment Is  provided  by  a  nut. 

A  wide  range  of  thread-cutting  opera- 
tions may  be  performed  on  this  lathe,  the 
capacity  being  for  cutting  both  right-  and 
left-hand  threads  from  ;!  to  72  per  Inch. 
includhiK  the  im  pipe  thread.  An  Index 
and  set  of  transposing  gears  may  be  fur- 
nished as  a  special  equipment  to  provide 
for    cutting    screws    with    metric    pitches. 
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The  lead-screw  on  this  lathe  is  carefully  cut  in  a  special  lathe 
equipped  with  a  master  screw,  which  is  frequently  tested  to 
insure  accuracy.  If  a  lathe  is  desired  for  cutting  only  metric 
threads,  a  metric  lead-screw  can  be  provided.  The  cross-slide 
is  furnished  with  a  standard  compound  rest  as  the  regular 
equipment,  but  if  so  desired,  a  European  toolpost  may  be 
furnished. 

The  tailstock  is  of  the  extension  barrel  type,  providing  clear- 
ance over  the  carriage  bridge  for  turning  short  work.  It  is 
clamped  in  position  by  means  of  a  special  locking  device,  and 
the  spindle  has  a  self-discharging  center.  Side  adjustment  is 
provided  to  adapt  the  machine  for  the  performance  of  taper- 
turning  operations.  The  carriage  is  gibbed  at  both  front  and 
rear,  and  a  simple  locking  device  clamps  the  carriage  to  the 
bed  when  using  the  cross-feed.  The  cross-feed  screw  is  sup- 
plied with  a  micrometer  collar  graduated  to  read  to  0.001  inch, 
and  an  adjustable  stop  for  the  cross-slide  is  provided  for  use 
in  screw  cutting.  The  bed  is  a  semi-steel  casting,  which  is 
harder  than  ordinary  cast  iron,  to  give  the  required  durability. 
This  bed  has  two  vees — one  large  vee  to  guide  the  carriage 
and  the  other  placed  at  a  lower  level  to  guide  the  headstock 
and  tailstock  and  avoid  weakening  the  bridge. 

This  lathe  may  be  furnished  with  a  taper  attachment  se- 
cured to  the  back  of  the  carriage  and  arranged  to  travel -with 
it.  This  attachment  is  always  in  position,  ready  for  use,  and 
is  available  for  the  full  length  of  the  lathe  bed.  It  can  be 
used  with  a  plain  or  compound  rest,  and  a  micrometer  cross- 
feed  stop  may  be  used  on  taper  work.  The  swivel  guide  bar 
is  graduated  in  degrees  and  inches,  and  has  accurate  adjust- 
ments from  zero  to  3  inches  taper  per  foot,  and  tapers  up  to 
12  inches  in  length  may  be  turned  at  a  single  setting.  This 
lathe  can  also  be  furnished  with  an  automatic  draw-in  chuck 
attachment,  consisting  of  a  drawn-in  tube  with  handle  at- 
tached and  bushings  for  collets.  These  bushings  and  the 
collets  are  made  of  tool  steel,  hardened  and  ground. 

Principal  dimensions  of  this  machine  are  as  follows:  swing 
over  bed,  12',4  Inches;  swing  over  slide  on  carriage,  7*4 
inches;  standard  length  of  bed,  5  feet;  capacity  between  cen- 
ters for  5-foot  bed,  30  Inches;  capacity  between  centers  with 
tailstock  overhung,  34  inches;  dimensions  of  front  spindle 
bearing,  1%  by  4  inches;  dimensions  of  rear  spindle  bearing, 
1%  by  3  inches;  taper  of  centers,  No.  2  Morse;  diameter  of 
hole  through  spindle,  1  inch;  back-gear  ratio,  1  to  8.52;  diam- 
eter of  lead-screw,  %  inch;  threads  per  inch  on  lead-screw,  8; 
countershaft  speed,  300  R.P.M.;  range  of  spindle  speeds,  808, 
500,  326,  214,  9.5,  59,  38  and  25  R.P.M.;  range  for  thread  cut- 
ting, 3  to  72  threads  per  inch;  diameter  of  tailstock  spindle, 
'/4  inch;  maximum  movement  of  tailstock  spindle,  iy,  inches; 
maximum  opening  of  steadyrest,  3%  inches  diameter;  length 
of  carriage,  13Vi  inches;  maximum  movement  of  compound 
rest  top  slide,  4  Inches;  and  net  weight  of  machine  with 
5-foot  bed,  760  pounds. 


BICKNELL-THOMAS   TAPPING 
ATTACHMENT 

The  BIcknell-Thomaa  Co..  Greenneld,  Mass.,  is  now  making 
what  Is  said  to  be  the  first  frlctlon-drlven  tapping  attachment 
built  to  fit  any  make  of  drill  press.  It  has  a  capacity  for 
handling  taps  from  .3/32  to  1/4  Inch  In  diameter,  and  has  a 
friction  mcchanlHm  Inside  the  body  of  the  attachment  which 
Ir  automatically  adJUHted  by  the  amount  of  pressure  the  opera- 
tor pul»  on  the  drill  Hplndle  when  tapping.  This  makes  a  very 
Hcniiltlve  drive  and  ollmlnalt-M  lh«  Hudden  strain  at  the  point 
of  revemat,  which  In  responHlble  for  a  largo  percentage  of  the 
tap»  which  are  broken  In  operation.  Use  of  this  friction  mech- 
aniiim  ovf-rfoTTx^  »ho  norcMiilly  of  using  a  friction  chuck,  and 
""   '■  uicnt   In  equipped   with   a   plain   chuck. 

T'  ■  mnklnit  a  poHJllvifdrivcn   tapping  at- 

t"*"''  11  MidMflnnl  drill   |ireHH(-ii  lo  over- 

<"'""■  "H  Uio  nuK'liIni-  Hplndic  for  buck- 

'"K  I'  ban  been  driven   Into  tlio  work 

to  Ibo  ilpniroU  depth,  raiiilnR  Iho  drill  Nplndla  ri-verHim  the 
tap  whilo  Iho  machino  contlnuoi  lo  rotate  at  full  Hpcod  In  tho 
forward  dlrocllon.  An  Inlnrnal  gonr  drive  given  a  rovorno 
■pood  which  U  twice  Iho  tapplns  npood.     All  partii  arc  mndo 


Tapping    Attachment    made    by    the    Bicknell-Thomas    Co. 

of  steel,  and  those  subject  to  constant  wear  are  hardened.  The 
clutch  pins  are  made  of  tool  steel,  and  the  clutch  dog  is  a 
tool  steel  forging,  properly  hardened  and  tempered.  This  at- 
tachment can  be  furnished  with  one  of  the  Bicknell-Thomas 
friction  chucks,  in  which  the  friction  can  be  set  so  that  in 
case  the  tap  binds  in  the  hole  or  is  driven  to  the  bottom  of 
the  hole,  the  friction  will  slip  and  prevent  the  tap  from  break- 
ing. As  shown  in  the  illustration,  the  attachment  may  also 
be  equipped  with  a  plain  chuck.  Both  styles  of  chucks  are 
fitted  with  jaws  which  grip  both  the  round  shank  and  squared 
end  of  the  shank,  giving  a  very  positive  grip.  This  positive- 
driven  tapping  attachment  is  made  in  two  sizes,  with  ca- 
pacities for  handling  taps  from  3/16  to  3/8,  and  5/16  to  3/4 
inch  in  diameter,  respectively. 


NO.  (^    '      97 
mc  /uFitm  ffuis  Qo. 

5A0IN4W.  MICH  ,U.i«. 


nECIMAL  EQUIVALENTS 


LUFKIN   MECHANICS'   READY  REFERENCE 
TABLE 

Information  often  required  by  machinists,  toolmakers  and 
other  shop  men  in  handling  their  daily  work  has  been  compiled 
in  convenient  form  on  a  reference  table  recently  added  to  the 
line  of  tools  made  by  the  Lufkin  Rule  Co.,  Saginaw,  Mich. 
In  order  to  make  it  suitable  for  carrying  in  a  "mechanic's 
pocket,  this  table,  which  is  known  as  tho  Lufkin  No.  97  rule, 
is  made  of  flexible 
spring   steel    1  7/32 

inch  wide  by  6  3/4 

Inches  long.  On  one 

side    there    appear 

machine  screw   tap 

sizes,  each   followed 

by     the     tap     drill 

size     number     ami 

its  diameter  in 

thousandths    of    an 

Inch,   and    tho   cor 

responding     body 

drill     size     number 

and  its  dinnii'icr  in 

thousandths    of    an 

Inch,  i.  c,  what   hi 

commonly    known 

as  tho  "oulBldo  di 

atnctor    hIzo."      f)n 

tho  oppoHlle  Hido  of 

till!  Hiulii  Ih  a  com 

picto  Hi'l  of  declnml 

oqulvalnnlH  of  rrnc- 

tlonn,    and    at    llic 

foot   of   tlio   rule   a 

Hpnco     of     I      Inch 


ulhlri    Mo. 

Fl(.  1.   Oppoilto  Bid* 

tioci;  Ror. 

of  llxrnrnnon  T»bl» 

■  ThIiIk 

■  liown  In  FIr.   1 

September,  1917 


MACHINERY 


79 


graduated  to  64ths.  This  rule  has  good  legible  figures,  and 
as  the  figures  and  graduations  are  cut  in  steel,  the  rule 
will  prove  durable  and  not  easily  soiled.  Combining  in  a 
single  table  tap  and  drill  sizes  and  decimal  equivalents,  makes 
it  unnecessary  to  refer  to  two  tables,  which  is  now  customary. 
This  new  Lufkin  No.  97  rule  should  prove  a  time  saver  and  a 
thoroughly  practical  tool  for  those  classes  of  work  for  which 
it  is  intended. 

"SATCO"    KEYLESS   DRILL   CHUCK 

In  working  out  the  design  of  a  quick-change  keyless  drill 
chuck  which  has  recently  been  placed  upon  the  market  by  the 
Steel-Art  Tool  Co.,  Elgin,  111.,  attention  has  been  paid  to  sim- 
plifying the  mechanism  as  far  as  possible,  the  complete  chuck 
consisting  of  only  eight  parts.  Another  feature  is  that  this 
is  a  hand-operated  chuck,  which 
makes  it  possible  to  change  drills 
while  the  machine  is  running  at 
full  speed  without  the  operator 
running  any  risk  of  being  hurt. 
The  chuck  centers  the  drill  auto- 
matically and  requires  no  keys 
or  wrenches  to  tighten  or  release 
its  powerful  grip.  It  is  normally 
open  to  its  full  capacity  and  can 
be  reduced  to  the  smallest  ca- 
pacity by  simply  holding  the 
knurled  sleeve  against  rotation 
of  the  spindle.  In  operation,  a 
drill  is  slipped  into  the  chuck 
and  the  knurled  sleeve  held  un- 
ijiui  i^iiuuK  J.J2  jjjg  j^^.g  gj.jp  tijg  drill;   then 

as  the  load  increases  the  jaws  increase  their  grip  in  direct  pro- 
portion. The  chuck  is  released  by  striking  the  knurled  sleeve 
in  the  direction  of  rotation,  as  shown  in  Fig.  2.  There  are 
three  jaws  in  the  chuck,  which  are  made  of  tool  steel,  hard- 
ened and  ground,  and  attention  is  called  to  the  fact  that  the 
chuck  is  built  up  without  working  screws  or  threads  of  any 


Fig. 


veyle 
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plants  where  a  satisfactory  drill  grinding  machine  is  already 
available.  This  machine  swings  91/2  inches  on  centers  and 
has  a  capacity  for  work  up  to  20  inches  in  length.  It  has  a 
maximum  longitudinal  movement  of  15  inches,  transverse 
movement  of  7  inches,  and  vertical  movement  of  6%  inches. 
The  knee,  which  carries  the  saddle,  table  and  sub-table,  swivels 
all  the  way  around  the  main  column,  and  the  table  also  swivels 
through  a  full  360  degrees  on  the  sub-table. 

To  provide  for  the  performance  of  taper  turning  operations, 
the  table  is  provided  with  a  graduated  scale  reading  to  1/16 


Grand  Rapids  No.    1   Universal  Grinding  Machine 

inch  taper  per  foot.  Both  the  transverse  and  elevating  move- 
ments are  provided  by  means  of  Acme  thread  screws  running 
in  bronze  nuts  of  liberal  size.  Both  screws  are  provided  with 
graduated  dials  reading  to  0.001  inch  per  foot.  The  spindle 
is  made  of  hammered  crucible  steel  and  is  carried  in  self- 
oiling  bronze  bearings  with  means  of  easily  adjusting  tor 
either  radial  or  end  wear.  The  loose  pulley  is  equipped  with 
a  bronze  bushing;  and  the  column,  spindle  and  similar  parts 
are  carefully  ground  to  the  required  size.  The  machine  is 
regularly  equipped  with  a  chuck,  universal  vise,  internal  grind- 
ing attachment,  and  a  complete  outfit  of  wrenches,  dogs,  grind 
ing  wheels,  etc. 


Fig.    2.     Method    of   reloaaing   Drill   from    "Satco"    Keyless   Chuck 

kind.  The  chuck  is  made  in  five  sizes,  known  as  Nos.  0  to  4, 
inclusive,  and  have  capacities  of  from  zero  to  1/8  inch,  zero 
to  1/4  inch,  1/16  to  3/8  inch,  1/8  to  1/2  inch,  and  1/4  to  5/8 
Inch,  respectively. 

GRAND  RAPIDS  UNIVERSAL  GRINDER 
The  Grand  Uaplils  Grinding  Macliine  Co.,  Grand  Uapids, 
Mich.,  is  now  l)uilding  a  No.  1  universal  grinding  machine 
wliich  Is  Illustrated  and  described  herewith.  This  is  a  com- 
panion machine  to  tlie  Grand  IlnpIdH  No.  2  universal  grinder 
which  was  Illustrated  and  described  in  the  Mardi  number  of 
Maciiinekv.     The  No.   1   grinder  Is  adapted   for  use  In   those 


NEWTON   MULTIPLE-SPINDLE   MILLING 
MACHINE 

In  the  June  number  of  M.\(I1inkuy  a  description  was  uub- 
llshed  of  a  mulllplespindle  milling  machine  which  had  Just 
been  placed  upon  the  market  at  that  time  by  the  Newton  Ma- 
chine Tool  Works.  Inc.,  23rd  and  Vine  Sts.,  Philadelphia.  Pa. 
Uecently  this  firm  has  built  another  machine  of  very  much 
the  same  design,  which  is  Illustrated  and  described  in  the 
following  arlh'le.  The  spindle  saddles  are  of  similar  design, 
having  Hiiuare  lock  bearings  and  adjuslnients  made  by  taper 
shoes.  The  horizontal  spindle  saddles  have  the  narrow  guide 
construction  to  provide  for  controlling  alignment,  and  the  rail 
saddles  have  hand  adjustment,  reversing  cross-feed  and  revers- 
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Fig.   1.     Newton  Haltiple-spindle  HiUing  Haobine 

ing  fast  tross  motion.  The  saddles  on  the 
uprights  are  counterweighted  by  weights  in- 
side the  uprights,  and  have  only  hand  verti- 
cal adjustment. 

Provision  is  made  to  clamp  the  rail  to  the 
saddles  to  provide  power  elevation  and  also 
to  control  alignment  when  a  horizontal  cut- 
ter-arbor is  used  and  supported  at  its  outer 
end.  The  cross  rail  has  square  bearings  on 
the  uprights,  with  narrow  guide  construc- 
tion to  control  alignment;  it  is  furnished 
with  reversing  power  vertical  adjustment, 
and  supported  by  screws  having  bottom  ten- 
sion bearings.  Twelve  changes  of  reversing 
cross  feed  are  available  for  the  vertical 
spindles,  covering  a  range  of  from  0.172 
inch  to  8'^  inches  per  minute.  There  is 
also  reversing  fast  power  motion  at  the  rate 
of  15  feet  per  minute.  Each  of  these  move- 
ments is  controlled  from  the  table  mechan- 


ism. The  spindles  rotate  in  a  clockwise  direction  unless  other- 
wise specified,  and  there  are  nine  changes  of  spindle  speed, 
covering  a  range  of  from  IGV^  to  99  revolutions  per  minute. 
The  work-table  is  of  heavy  bos-type  construction,  surrounded 
by  an  oil  pan,  and  has  square  bearings  on  the  base.  Table 
feeds  are  independent  of  spindle  speeds.  Twelve  feed  changes 
are  available,  ranging  from  0.355  inch  to  13  inches  per  minute 
in  both  directions.  These  changes  are  obtained  through  gears 
in  an  oil-tight  feed-box,  cut  bronze  or  steel  gears  being  used, 
which  are  mounted  on  sliding  sleeves  controlled  by  latch 
levers  fitted  through  the  cover.  The  table  movement  is  ob- 
tained through  an  iron  or  steel  angular  rack  and  a  steel  or 
bronze  worm  which  rotates  in  a  bath  of  oil.  Provision  is  also 
made  for  hand  adjustment  of  the  table.  Rapid  traverse  of  the 
table  is  independent  of  the  feed  movements  and  spindle  speeds, 
and  is  available  at  the  rate  of  30  feet  per  minute  in  both 
directions.  The  machine  base  is  of  heavy  box-type  construc- 
tion, with  a  solid  closed  top  and  double  cross  ribs.  Cheeks 
for  the  attachment  of  uprights  are  cast  solid  with  the  base; 
and  the  standard  length  of  the  base  is  13^4  times  the  length 
of  work  which  the  machine  is  rated  to  mill.  In  working  out 
the  design,  all  control  levers  have  been  placed  within  easy 
reach  of  the  operator. 


■M*  TU«  «f  lltvtM  MUllx  M 
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CANEDY-OTTO   ENGINE   LATHE 

One  of  the  latest  additions  to  the  line  of  machinery  built 
by  the  Canedy-Otto  Mfg.  Co.,  Chicago  Heights,  111.,  is  a  screw- 
cutting  engine  lathe  built  in  14-,  16-  and  IS-inch  sizes.  The 
14-inch  machine  is  built  willi  either  a  G-  or  S-fnot  bed,  and 
the  16-  and  18-inch  machines  with  either  a  G-.  8-  or  10-foot  bed. 
The  spindle  on  these  machines  is  made  of  BO-polnt  carbon 
steel  flnished  by  grinding  and  carried  In  bronze-bushed  bear- 
ings. The  carriage  is  gibl)ed  at  both  the  front  and  back,  and 
all  plain  bearings  on  the  machine  are  rnrofully  scraped  to 
surface  plates.  Tlic  gear-box  is  of  the  tiuick-cliange  typo,  and 
In  working  out  its  lU'sign  care  was  taken  to  combine  the 
features  of  strength  and  simplicity.  Throe  changes  of  feed 
aro  availablo.  Regular  equipment  furnished  with  this  ma- 
chine Includes  large  and  sniall  facpplatos,  compound-,  sleady- 
and  foUow-rosts,  two  stool  conlors,  changc-goars  for  scrow 
i-uttlng,  a  dnublo  friction  coiiiiltTshan,  and  the  necessary 
wronrhoH  for  niakhiK  »M  adJuHlnionts. 

Principal  dlniciiKlons  r)r  the  lOlnch  lallip  aro  as  follows: 
swing  over  bod,  1fi'/4  Inclips;  swing  over  carriage,  11  Vi  Inchos; 
hIzo  of  front  splndlo  boarlng,  2%  by  4  Inches;  size  of  roar 
Mplndic  boarlng,  1%  by  W  Inches;  width  of  cone  pulley  bolt, 
1!  1/2  Inchon;  dhimotor  of  hnio  through  Hplndio,  15/10  Inch; 
hI/.i'  of  ciiltliig  tool,  %  by  1  Vi  Inch;  dlnniolcr  of  noHo  of  spin- 
die,  1!',  Inclii'H;  illaniotcr  of  tnllHtock  HplMcllc.  I  y,  Incli;  length 
of  riirrliigo  bearlMK  on  l"'d,  IN',*,  IiicIioh;  spc'cd  of  ciiunterHlinft, 
I2ri  ravolulloiiH  por  nilnuto;  dlHtnnco  lietwnon  contors  for  (i-foot 
lied,  40  InchPH;  nnd  not  woIkIiI  of  niachino,  1(100  poundn. 


September,  I'JiV 


MACHINERY 


81 


Fig. 


HARRIS   OFFSET   DRILLING  ATTACHMENT 

The  Harris  offset  drilling  attachment,  which  is  illustrated 
and  described  in  this  article,  is,  as  its  name  implies,  an  at- 
tachment for  drill  presses  to  drill,  face  and  counterbore  holes 
and  bosses  in  out  of  the  way  places  that  cannot  be  reached 
by  usual  methods.  It  is  valuable  for  use  on  standard  lines  of 
manufacture,  such  as  automobile,  muntion,  railroad  work, 
machine  tool  work  and  in  jobbing  and  contract  shops  in  gen- 
eral. This  tool  is  made  in  eight  sizes  to  fit  every  standard 
make  and  size  of  drill  press 
or  similar  machines.  It  is 
not  only  a  labor  saver  on 
many  jobs,  by  permitting  it 
to  be  done  mechanically  and 
thus  avoiding  the  use  of 
otherwise  unhandy  meth- 
ods, but  the  tool  is  also  said 
to  be  conducive  to  good 
workmanship.  With  this  at- 
tachment, screw  holes  in 
pulleys  may  be  drilled  with- 
out weakening  the  rim  by 
drilling  through  the  rim, 
as  shown  in  Fig.  2. 

Oil-cup  holes  can  be 
drilled  by  this  method  to 
supply  lubrication  to  bear- 
ings without  using  a  copper 
tube  to  carry  the  oil  from 
some  place  where  it  is  more 
convenient  to  drill  by  ordi- 
nary means  for  the  oil-cup. 
Holes  may  be  drilled  in  en- 
gine crankshafts  for  bal- 
ancing purposes  or  for  the  distribution  of  lubrication. 
Bosses  in  frames,  automobile  parts,  etc.,  may  be  faced  off 
by  the  use  of  a  counterbore,  the  operation  being  similar  to 
that  shown  in  Fig.  3,  although  much  more  difficult  pieces  of 
irregular  shapes  can  be  handled  than  that  shown.  It  also  pre- 
sents a  distinct  advantage  in  permitting  engineers  designing 
machinery  or  apparatus  to  use  advantageous  designs  which 
are  sometimes  avoided,  due  to  lack  of  proper  means  of  drilling 
in  out  of  the  way  places. 

Fig.  4  shows  another  use  for  the  offset  drilling  attachment. 
These  three  operations  will  suggest  to  the  engineer  and  me- 
chanic the  large  number  of  varied  uses  to  which  this  tool  can 
be  applied,  thereby  effecting  economy  both  in  the  design  of 
the  apparatus  upon  which  it  is  used,  and  in  the  perforraam'e 
of  drilling  and  facing  operations.  One  special  u.se  to  which 
this  offset  drilling  attachment  has  been  put,  and  which  may 
suggest  others,  is  using  an  end-mill  in  the  attachment  on  a 
drill  press  with  a  compound  slide  mounted  upon  its  table  for 

milling  in  an  out  of 
the  way  place  which 
could  not  be  reached 
with  an  ordinary  eud- 
niill  or  facing  cut- 
ter in  a  milling  ma- 
chine or  a  profiler. 
If  standard  sizes 
of  the  offset  attach- 
ment should  for  any 
reason  not  be  suit- 
able for  the  machine 
or  work  in  hand,  a 
special  offset  attach- 
ment may  be  made 
from  a  large  num- 
ber of  special  pat- 
terns. For  Instimce. 
In  cases  where  there 
ia  not  room  enough 
for  I  lie  regular  at- 
lacluncnt  to  be  used. 
FIf.  «.     DrlUInc  Sornw.holo   in   Pullny  "r     where     a     longer 


Fig.   3. 


extension  is  re- 
quired, by  modifying 
the  standard  form 
an  attachment  to  suit 
any  special  need  can 
be  supplied.  One 
holder  is  furnished 
with  each  attach- 
ment, and  the  tool 
or  drill  is  fitted  to 
this  holder.  In  grind- 
ing or  changing 
tools,  it  is  not  ad- 
visable to  remove  the 
tool  or  drill  from 
the  holder,  but  the 
holder  itself,  with 
the  tool,  can  readily  be  removed  from  the  attachment,  and  as 
readily  replaced.  This  attachment  is  so  arranged  that  it  may 
be  swiveled  around  the  center  of  the  drill  press  spindle  in 
any  position  which  is  found  most  convenient  for  the  operation 
of  the  work.  The  drive  is  strong  and  powerful,  being  driven 
by  a  square  shaft. 

The  construction  is  rigid  and  strong,  and  the  attachment 
will  stand  up  to  the  work  within  its  capacity.  The  tool-holder 
for  holding  the  drill, 
counterbore  or  mill 
has  a  positive  drive 
and  means  for  hold- 
ing the  tool  central- 
ly, so  that  they  will 
run  true,  and  the 
change  from  one  tool 
to  another  can  be 
readily  made  with- 
out disturbing  the 
set  up  of  the  attach- 
ment in  the  drill 
press.  The  drill  spin- 
dle runs  in  a  hard- 
ened and  ground  tool 
steel  sleeve  and  is 
provided  with  a  ball 
thrust  bearing.  The 
driving  gears  in  the  attachment  are  made  of  carefully  heat- 
treated  vanadium  steel  gears,  which  are  tested  to  a  high  de- 
gree of  strength.  This  attachment  is  made  by  the  H.  E. 
Harris    Engineering    Co.,    1047    Broad    St..    Bridgeport.    Conn. 

UNIVERSAL   ELECTRIC    TOOLS 

The  fniversal  fileitric  Co.,  'J  Oliver  St..  Newark.  N.  J.,  is 
now  building  the  portable  electric  drill  and  grinder  which  are 
shown  in  Figs.  1  and  2.  The  drill  is  manufactured  in  three 
sizes,  with  capacities  for  handling  drills  up  to  %.  %  and  -'i 
inch  in  diameter,  respectively,  the  two  latter  sizes  being  made 
in  botli  single  and  two-speed  types.  In  working  out  the  design 
particular  attention  was  paid  to  the  obtaining  of  strength, 
durability  and  efficiency  of  operation.  "Acieral"  metal,  made 
by  the  Acieral  Co.  of  America,  26  Cortlandt  St.,  New  York 
City,  was  used  wherever  possible  in  order  to  keep  the  weight 
down  to  a  minimum.  These  drills  are  provided  with  Cutler- 
Hammer  switches;  and  the  -Ss-  and  >,4-inch  sizes  are  equipped 


Fig. 


Another  Example   of   Offset  DriUiag 


Fig.   1.     Ac 


iiadc   by   Univeraal   Electric  Co. 


with  Jacobs  drill  chucks,  while  the  •'4-inch  size  has  a  Morse 
quick-releaso  taper  socket. 

The  electric  grinder  is  what  Is  known  as  an  aerial  surface 
grinder  and  Is  Intended  for  the  performance  of  heavy  grind- 
ing operations  of  the  kind   that   has  to  be  done  In   t'oundrlos. 
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engine  shops,  etc. 
The  motor  is  wound 
for  two-  or  three- 
phase  alternating 
current  and  devel- 
ops Vz  horsepower 
at  a  speed  of  3575 
revolutions  per 
minute.  This  mo- 
tor is  equipped 
with  S  K  F  ball 
bearings,  and  the 
wheel  bearings  are 
lined  with  bronze 
and  made  adjust- 
able for  wear.  The 
size  of  the  grinding  wheel  is  6  inches  in  diameter  by  '■%  inch 
wide,  and  it  is  protected  by  an  efiBcient  guard.  Care  has  been 
taken  to  place  the  operating  switch  in  a  convenient  position  to 
be  manipulated  by  the  operator's  thumb  without  requiring  him 
to  release  his  hold  upon  the  handle.  As  this  grinder  is  often 
used  without  being  suspended  from  the  celling  or  the  work- 
man's shoulder  strap.  It  was  important  to  keep  the  weight  as 
low  as  possible.  The  complete  weight  of  the  %-horsepower 
grinder  is  only  31  pounds.  After  trying  out  several  aluminum 
alloys,  it  was  decided  to  adopt  the  use  of  an  Acieral  metal 
which  is  extensively  used  in  aeroplane  construction. 


Fig. 


"SATCO"   SAFETY   LATHE   DOG 
With  the  view  of  avoiding  accidents  which  sometimes  occur 
through    the.  bands   or  clothing   of  machine   operators   being 


caught  by   the  usual   form  of  dog  used   for  turning   work  on 
lathe  centerH.  the  Steel-Art  Tool  Co.,  Elgin,  111.,  has  developed 


the  safety  lathe  dog  shown  in  the  accompanying  illustrations. 
Figs.  1  and  2  show  two  views  of  the  dog.  and  in  Fig.  3  the 
dog  is  shown  in  operation  on  a  lathe.  From  these  illustra- 
tions it  will  be  apparent  that  the  work  is  gripped  by  three 
jaws,  and  that  there  are  two  "tails"  to  provide  for  driving  the 
work.  As  both  jaws  and  tails  are  adequately  protected,  there 
is  no  chance  of  accidents  resulting  from  a  workman's  hands 
being  struck  by  the  dog  or  from  his  being  drawn  into  the 
machine  by  having  a  sleeve  or  other  part  of  his  clothing 
caught. 

-  -- 1 
NEW   MACHINERY  AND  TOOLS   NOTES 


Plain  Milling  Machine:  Cincinnati  Milling  Machine  Co., 
Cincinnati,  Ohio.  A  12-inch  plain  manufacturing  miller 
adapted  for  the  rapid  production  of  small  machine  parts  such 
as  those  which  have  to  be  machined  in  shops  engaged  in 
making  rifles,  typewriters,  sewing  machines,  etc. 

Journal  Truing  Machine:  W.  C.  Dunn,  26  Hulbert  Block, 
Cincinnati.  Ohio.  This  is  known  as  the  "Pearce"  journal 
truing  machine,  and  although  primarily  intended  for  truing 
car  journals  it  may  be  employed  tor  numerous  other  purposes. 
The  range  of  work  handled  covers  journals  from  S\  by  7  up 
to  6  by  11  inches  in  size. 

Pneumatic  Hammer:  Daytou  Pneumatic  Tool  Co.,  Dayton, 
Ohio.  This  hammer  is  especially  adapted  for  all  kinds  of 
chipping  on  castings,  steel  billets,  boiler  plates  and  structural 
iron.  It  is  also  suitable  for  use  in  calking  and  beading.  The 
hammer  has  long  bearing  surfaces  and  is  simply  designed, 
consisting  of  only  twelve  parts. 

Transfer  Truck:  Holyoke  Truck  Co.,  Holyoke,  Mass.  A 
line  of  transfer  trucks  of  the  elevating  type.  These  trucks 
are  made  of  metal  throughout,  and  are  constructed  without 
springs  or  parts  likely  to  get  out  of  order.  Trucks  of  both 
the  three-  and  four-wheel  types  are  made,  anil  the  wheels 
are  fitted  with  Hyatt  roller  bearings. 

Axle  Drilling  Machine:  Baker  Bros.,  Toledo,  Ohio.  A  two- 
spindle  axle  drilling  machine  designed  for  simultaneous  drill- 
ing of  both  ends  of  the  front  axles  of  automobiles.  This 
machine  comprises  two  units  of  the  Baker  No.  314  standard 
single-spindle  high-speed  drill  mounted  on  a  bed  of  sufficient 
size   to   accommodate  the   two   machines. 

Grinding  Wheels:  White  Heat  Products  Co.,  Frazer,  Pa. 
A  grinding  wheel  in  which  the  abrasive  grains  are  fused  to- 
gether to  obtain  a  very  strong  wheel  that  will  cut  fast  and 
last  for  a  comparatively  long  time.  The  abrasive  grains  used 
in  these  wheels  are  imported  from  France  where  they  are  made 
from  a  French  bauxite  and  are  said  to  be  fast  and  free  cutting. 

Expansion  Joint:  R.  D.  Nuttall  Co.,  Pittsburg,  Pa.  A 
Due-piece  machined  expansion  joint  which  is  intended  to  be 
used  as  a  substitute  for  loops  and  U-bends,  and  stuffing-box 
and  long  sweep  expansion  joints.  The  action  of  this  new 
Nuttall  joint  is  similar  to  that  of  an  accordion  or  bellows, 
limiting  bolts  being  provided  to  prevent  expansion  beyond 
safe  limits. 

Floating  Reamer  Holder:  Victor  Tool  Co.,  Waynesboro, 
Pa.  This  holder  is  intended  for  carrying  reamers  used  In 
turret  or  automatic  lathes  and  on  vertical  or  horizontal  boring 
mills.  The  design  has  been  developed  along  simple  lines  and 
there  are  few  parts  in  the  tool.  These  holders  are  made  In 
standard  sizes  with  either  taper  or  straight  slianks:  special 
sizes  are  made  to  order. 

Drilling  Machine:  W.  W.  Machine  Works.  Chicago,  III. 
,\m  upright  drilling  machine  especially  adapted  for  handling 
small  and  iiK^dlum  sizoil  pieces.  In  working  out  the  design 
of  this  drill  care  has  lici-n  taken  to  develop  ii  niachino  posaoss- 
liig  nmi'le  stronglh  and  durability.  The  machiiu'  Is  OS  Inches 
high;  It  occupies  a  floor  spac^e  20  by  30  inches  in  size,  and 
will   drill   the  center  of  a   IS-lnch   circle. 

Grinding  Machines:  McUonough  Mfg.  <'o..  lOau  Claire, 
Wis  Twn  miicliliK'H  known  us  the  "Sterling"  grinders.  One 
iif  itiPHi'  Is  a  milviTHal  tool  mid  reamer  grinder,  anil  the  other 
an  18-  by  .SOIncli  plain,  unlverKiil  or  iranUshafl  grinder  On 
the  tool  grinder  a  base  of  the  ciihlnet  type  Is  used  with  a 
cyljnilrlral  iiiluiiiii  at  the  top.  The  Hwlvel  friiine  Is  bored  lo 
(It  the  iiiliiiiiii,  mill  the  vertlcallv  ndJiiHliible  knee  Is  iiiminted 
•  in    11    (.S  degree    Kllile 

Portable  OH  Tank:  (Jllbert  ii  llarUer  Mlg.  Co.  Sprliiglleld, 
MiiHH.  To  provide  fur  ciinvenleiit  lianilling  of  oil  in  nmchlno 
HlinpH,  IIiIh  I'liiiipiiny  Ih  now  nmklng  a  pnrtahle  pump  and  tank 
Diitllt.  Tb»  tank  Ih  iimilo  of  Hlieet  Hieel  with  the  HeiiniH  iixy- 
iicelylene  welileil ;  iiiiil  Ibn  frame  iiliil  iixle  are  made  of  wroughl 
Irnii  welileil  Into  one  piece  and  nniiiiiteii  iiii  Ii  Inch  malleable 
Iron  wheelH  The  pump  run  he  net  In  III  miy  Hiniill  hI/.o  con 
iiilner   wllhiMil   overflow 

Oil  Switch:  Crorknr-Wlieeler  Co.  y\liipere,  N,  J  An  nil 
Hwlti'li  Niillable  fur  iiHe  In  HliirtliiK  iilterniilliiK  ciirriMil   melorH 
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up  to  10  horsepower,  by  connecting  them  directly  to  the  supply 
circuit.  These  switches  are  also  arranged  for  reversing  opera- 
tions, and  are  characterized  by  simple  and  rugged  construction. 
The  switch  consists  of  one  set  of  moving  and  three  sets  of 
stationary  contacts,  an  arrangement  which  gives  a  large 
break  on  two  points  for  each  pole. 

Shaper  Sawing  Attachment:  J.  A.  MoUer,  New  Rochelle, 
N.  Y.  A  sawing  attachment  for  a  shaper.  which  is  intended 
for  use  in  the  manufacture  of  dies,  gages,  jigs,  fixtures  and 
similar  work.  Among  the  advantages  claimed  for  this  at- 
tachment are  provision  made  for  clamping  the  stock  positively 
in  the  vise  of  the  shaping  machine,  the  positive  control  pro- 
vided for  the  saw  when  actuated  by  the  shaper  ram,  and  the 
ability  to  adjust  the  blade  in  all  directions. 

Direct-reading  Caliper:  Fred  Todt,  17  Jenks  St.,  Spring- 
field, Mass.  This  instrument  is  similar  in  type  to  a  vernier 
caliper.  Mounted  on  the  slide  is  a  graduated  dial  on  which 
are  two  pointers  spaced  180  degrees  apart,  which  rotate  over 
a  double  graduated  dial.  The  outer  scale  has  500  divisions  and 
the  inner  scale  32.  A  i2-inch  movement  of  the  slide  along  the 
bar  causes  a  complete  revolution  of  the  pointers,  thus  making 
the  instrument  read  by  one  thousandths  or  by  sixty-fourths 
of  an  inch. 

Combination  Tool:  Hall  Mfg.  Co.,  Abington,  Mass.  A 
combination  counterbore,  end-mill,  hollow-mill,  and  boring  tool 
which  is  adjustable  to  meet  requirements  of  the  work.  These 
tools  are  made  in  various  sizes  and  each  size  has  a  wide 
range  of  adjustment.  The  blades  are  ground  on  all  four 
edges  so  that  the  same  set  of  blades  serves  for  counterboring, 
end-milling,  hollow-milling  or  boring.  These  blades  are 
clamped  in  movable  jaws  to  provide  for  making  the  required 
adjustment. 

Crane:  Champion  Crane  Co.,  Guardian  Bldg.,  Cleveland, 
Ohio.  A  crane  with  a  15-ton  hoisting  equipment  designed  for 
operation  by  either  direct  or  alternating  current.  The  crane 
equipment  is  furnished  with  a  number  of  automatic  safety 
devices  to  provide  for  protection  of  the  operator  and  preven- 
tion of  damage  to  the  machinery.  The  hoist  mechanism  has 
an  automatic  switch  limiting  the  upward  travel  of  the  hook, 
while  the  trolley  is  designed  to  permit  installation  of  any 
standard  safety  device. 

Plate  Punching  Machine:  Ironton  Punch  &  Shear  Co., 
Ironton,  Ohio.  A  large  double  plate-punching  machine  built 
for  the  Jones  &  Laughlin  Steel  Co.  This  machine  consists  of  two 
punching  machines,  each  of  which  cuts  a  1%-inch  hole  through 
soft  steel  plates  I'U  inch  in  thickness,  when  the  two  machines 
are  working  in  unison.  The  machines  are  mounted  on  a  bed 
plate  and  arranged  so  that  the  distance  between  centers  can 
be  adjusted  from  5  to  14  feet.  Between  the  two  machines  is 
a  table  for  carrying  the  work. 

Band  Saw:  Napier  Saw  Works,  Inc.,  Springfield,  Mass. 
This  machine  is  built  in  three  sizes  with  capacities  for  hand- 
ling work  up  to  6  by  6,  8  by  8,  and  10  by  10  inches  in  size. 
The  base  of  the  machine  is  of  the  cabinet  type  with  a  flange 
at  the  top  to  retain  cutting  compound  which  is  pumped  from 
a  reservoir  in  the  base.  All  bearings  are  lined  with  either 
bronze  or  babbitt.  The  arm  tilts  to  provide  for  feeding  the 
saw  to  the  work,  and  to  counteract  the  possibility  of  bending, 
this  arm  is  built  up  with  two  channel  sections  and  a  truss  rod. 

Sheet  Metal  Tester:  Pittsburg  Instrument  &  Machine  Co., 
Pittsburg,  Pa.  A  device  for  testing  the  drawing,  stamping, 
compressive  and  folding  qualities  of  sheet  steel,  iron,  copper, 
brass,  aluminum,  silver,  German  silver,  nickel,  zinc  or  plated 
metals.  This  little  machine  is  furnished  with  means  of  work- 
ing the  metal  and  it  has  graduations  which  permit  measuring 
the  thickness  of  material  and  depth  of  impression  to  0.001 
inch.  In  addition  to  its  use  for  testing  sheet  metal,  this 
machine  may  be  used  tor  conducting  wire  tests  if  it  is  furn- 
ished  with  a  special  die. 

Universal  Turret  Lathe:  W.  K.  MillhoUand  Machine  Co., 
Indianapolis,  Ind.  In  working  out  the  design  of  this  machine, 
particular  attention  has  been  paid  to  the  provision  of  means  for 
facilitating  the  setup,  obtaining  rapid  production  on  bar  and 
chucking  work,  and  to  make  the  machine  easy  to  operate  and 
capable  of  producing  accurate  work.  To  provide  power  feed 
to  the  cut-off  and  apron,  seven  gears  and  a  reversing  worm 
and  wheel  transmit  power  to  the  cutoff  and  longitudinal  feed. 
Feeds  to  the  cut-off  and  apron  are  independent  and  selective, 
and  either  one  or  both  of  these  motions  can  be  engaged  or 
disengaged   with   automatic  stops. 

Tapping  Attachment:  Wahlatrom  Tool  Co.,  5520  Second 
Ave.,  Brooklyn,  N.  Y.  A  tapping  attachment  adapted  for 
threading  holes  up  to  %  inch  in  diameter.  In  working  out 
the  design  of  this  tool  particular  care  has  been  paid  to  devel- 
oping a  mechanism  which  is  sufficiently  sensitive  to  reduce 
breakage  of  taps  to  a  minimum.  The  attachment  la  made 
with  either  a  No.  2  or  No.  !{  taper  ahaiik  which  fits  the  drilling 
machine  spindle,  and  It  Is  furnished  with  a  holding  rod  to 
prevent  turning,  this  rod  extending  to  a  slide  on  the  column 
of  the  machine.  This  attachnionl  is  operated  by  using  the 
spindle  handle  on  the  machine,  and  reverse  motion  takes 
plai'o  simultaneously  with  an  upward  movement  of  the  drill 
spindle. 


ALUNDUM,  CRYSTOLON  REFRACTORIES 

Alundum,  an  aluminous  abrasive,  in  its  purest  form,  con- 
tains more  than  99  per  cent  aluminum  oxide.  Its  high  melt- 
ing point,  2050  degrees  C,  high  heat  conductivity  and  electri- 
cal resistant  qualities  make  it  particularly  adaptable  in  the 
manufacture  of  refractories.  Crystolon,  too,  gives  excellent  re- 
sults for  certain  work,  such  as  muffles  and  tubes  used  under 
special  conditions.  Cores,  tubes  and  muffles  are  used  mostly 
in  the  construction  of  small  electric  furnaces  and  for  general 
laboratory  work;  large  electrical  manufacturers  use  the  tubes 
in  their  furnaces  for  the  annealing  of  tungsten  and  molybdenum 
wire.  Alundum  cores  are  corrugated  to  accommodate  the  re- 
sistor; after  the  resistor  is  in  place,  alundum  cement  is  ap- 
plied around  the  entire  construction.  In  this  way  the  wire  is 
fully  protected  and  will  not  corrode  under  the  most  severe 
conditions,  since  the  alundum  cement,  being  of  practically 
the  same  material  as  the  core  itself,  is  chemically  inert. 

The  interruption  of  the  usual  supply  of  porcelain  pyrometer 
tubes  from  abroad  led  to  the  development  of  alundum  pyrom- 
eter tubes,  which  are  guaranteed  to  be  impervious  to  gases 
under  a  wide  range  of  temperatures.  They  have  the  added 
advantage  of  possessing  a  surface  that  does  not  soften  at  the 
temperatures  under  which  they  are  used  and  also  prevent  ma- 
terials with  which  they  come  in  contact  from  adhering  to 
them  during  their  use.  They  can  be  supplied,  with  or  without 
collars,  in  lengths  ranging  from  6  to  48  inches.  Because  of 
their  high  thermal-conductivity,  the  tubes  give  accurate  read- 
ings more  quickly  than  a  porcelain  tube. 

Alundum  crucibles,  cones  and  dishes  are  supplied  in  three 
degrees  of  porosity  for  filtering  purposes  and  have  given  the 
greatest  satisfaction  where  the  filtration  of  chemically  active 
solutions  is  involved.  The  cones  are  shaped  to  fit  into  the 
ordinary  60-degree  funnel  and  are  held  properly  in  place  by 
stretching  a  rubber  gasket  over  the  top  of  the  funnel  before 
introducing  the  cone.  In  steel-plant  laboratories,  where  a 
great  many  tests  are  conducted  daily  to  determine  the  carbon 
content  in  the  product,  alundum  combustion  boats  have  given 
excellent  service. — Grits  and  Gritids. 
*     *     * 

HEAT-TREATMENT  OF  CHAIN  CABLE 
An  exhaustive  investigation  of  the  heat-treatment  of 
wrought-iron  chain  cable  was  recently  presented  to  the  Ameri- 
can Society  of  Mechanical  Engineers  by  Messrs.  W.  W.  Web- 
ster and  E.  L.  Patch,  the  main  point  under  investigation  being 
the  causes  of  the  comparative  weakness  of  power-forged 
wrought-iron  cable.  The  investigation  became  necessary  after 
the  steam-hammer  process  replaced  hand  forging,  in  1914,  in 
the  United  States  navy  yards.  The  power  process  was  satis- 
factory to  the  extent  that  it  effectively  and  cheaply  welded 
the  chain,  but  unsatisfactorily  in  that  the  chain,  though  ap- 
parently perfect,  would  not  meet  the  breaking-strength  re- 
quirements, while  the  hand-welded  chain  was  successful  under 
test,  although  it  was  not  so  thoroughly  welded  as  the  hammer- 
welded.  One  explanation  of  this  phenomenon  is:  The  hammer- 
welded  link  is  so  stiff,  due  to  the  extra  work  put  on  it,  that 
the  shearing  stress  can  build  up  in  the  quarters  to  such  a 
degree  that  the  link  will  fail  by  shearing,  whereas  the  hand- 
welded  link  is  soft  and  ductile  enough  to  deform  under  the 
shearing  stress,  failure  occurring  later,  due  to  a  combination 
of  shear  and  tension  when  a  higher  tensile  load  is  applied. 
A  very  thorough  and  interesting  investigation  was  made 
to  ascertain  whether  by  a  simple  heat-treatment  the  power- 
forged  chain  could  be  put  into  a  reliable  condition.  The  ma- 
terial used  was  refined  iron  that  contained  0.1  per  oent  of 
carbon,  0.1  per  cent  of  silicon,  O.OOS  per  cent  of  sulphur,  and 
0.085  per  cent  of  phosphorus.  The  practice  of  annealing  la  not 
commended,  hut  heating  to  950  degrees  C.  and  cooling  in  air 
decreases  the  tensile  strength  and  yield  point,  and  Increases 
the  ductility  of  the  metal  and  its  resistance  to  shock.  But 
this  treatment  Increases  the  strength  as  well  as  the  ductility 
and  resistance  to  shock  of  the  link  as  a  whole.  Prolonged 
heating  and  protracted  cooling  reduce  the  resistance  to  Im- 
pact. Healing  to  lower  temperatures  than  950  degrees  C.  does 
not  give  such  good  results,  and  no  advantage  Is  gained  by 
going  beyond  this  temperature. 
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THE  NATION'S  INDUSTRIES  MOBILIZED   FOR  WAR 


PRICE  REGULATION  OF  WAR    NECESSITIES-ORGANIZATION   OF  BOARDS  AND   COMMITTEES 


BT     L.   J.   F.   MOORE  ^ 


IN  spite  of  criticism,  it  is  the  fact  that  the  government  has 
made  extraordinary  progress  in  mobilizing  the  great  and 
varied  industrial  activities  of  the  nation  for  war  purposes. 
The  organization  of  the  War  Industries  Board  was  a  great 
step  toward  centralization  and  the  quick  and  effective  appli- 
cation of  executive  power.  At  the  head  of  this  great  war  body 
is  Frank  A.  Scott,  so  well  known  in  the  machine-tool  industry. 
Associated  with  him  are  R.  S.  Brookings.  B.  M.  Baruch,  R.  S. 


Lovett,  F.  F.  Fletcher,  P.  E. 
Pierce  and  Hugh  Fraj-ne.  This 
board  has  real  power,  while 
the  Council  of  National  De- 
fense, important  as  it  was 
and  still  is,  was  purely  ad- 
visory in  function;  and  while 
its  recommendations  were 
heeded,  so  much  of  its  activ- 
ity went  into  preliminary  or- 
ganization that  its  effect  was 
not  felt  to  any  great  extent 
in  practical  results.  But  the 
splendid  organization  and  the 
vast  amount  of  data  compiled 
by  the  Council  are  now  avail- 
able for  the  War  Industries 
Board,  which  is  speeding  up 
every  line  of  war  industrial 
effort  and  getting  results 
every  day.  The  subcommit- 
tee of  the  Council  of  National 
Defense,  whose  function  is  to 
formulate  the  problem  for 
the  War  Industries  Board  to 
solve,  are  as  given  in  the  list. 
These  various  committees 
will  continue  their  valuable 
work  and  are  depended  on 
by  the  War  Industries  Board 
for  the  Information  and  data 
It  requires.  The  actual  pur- 
chasing Is  under  the  direc- 
tion of  some  Individual  of  the 
War  Industries  Board,  as,  for 
InBtance.  the  purchase  of  ma- 
chine tools  and  gages  for  gov- 
ernment shops  and  work  Is 
under  the  sujiervlslon  of  Rob- 
ert 8.  Brookings.  This  meth- 
od of  purchase  will  succeed 
that  In  which  the  various 
flrroii  provided  themselvcB 
with  machine  tool*  and  gages. 
The  third  step  will  poHslbly 
Alrcriift   PHMlupllon  Hoard 


Frank  A.  Scott's  Message   to   the   Machine 

Tool  Industry:    "Speed   in  Accomplishment 

Should  be  Our  Motto." 

(By  Telegraph  to  Machinery,  Neiv  York.) 

Washington,  D.  C,  August  24,  1917. 
An  important  part  of  the  task  assigned  to  the 
War  Industries  Board  is  to  study  the  methods  to  in- 
crease production,  including  the  creation  or  exten- 
sion of  industries  demanded  by  the  emergency,  and 
the  sequence  and  relative  urgency  of  the  needs  of 
the  government  services.  It  is  easy  to  see  how 
closely  these  duties  are  related  to  the  machine  tool 
indu.stry  of  our  country.  Modern  war  is  very 
largely  a  matter  of  machinery,  and  while  in  our 
country  there  exists  the  greatest  aggregation  in  the 
world  of  machine  tool  equipment,  it  is  not  all 
adapted  to  war  needs.  Therefore  new  equipment 
and  much  readjustment  will  be  necessary.  It  is  the 
hope  of  the  board,  and  the  confident  expectation, 
that  American  machine  tool  manufacturers  will  meet 
new  demands  with  all  possible  energy.  Speed  in  war 
is  essential  to  success.  Machinery  adapted  to  our 
needs  is  necessary  if  we  are  to  attain  speed  in  pro- 
duction. While  a  commission  of  the  War  Industries 
Board  will  arrange  purchases  for  the  government, 
the  actual  work  of  contracting  and  buying  will  con- 
tinue as  heretofore  in  the  several  departments  estab- 
lished by  law.  It  is  clearly  within  the  power  of  the 
government  to  take  over  and  operate  manufactur- 
ing plants  necessary  for  war  purposes,  but  it  is  not 
the  present  purpose  of  the  War  Industries  Board  to 
encourage  the  establishment  of  such  a  policy.  It  is 
obvious  that  except  in  special  cases  the  government 
can  be  better  served  through  contractual  relations 
with  the  private  owners  of  factories.  The  activities 
of  the  priority  division  of  the  new  board  will  assist 
greatly  in  forwarding  the  work  for  the  government 
in  the  order  of  its  importance.  Naturally  consider- 
ation.s  of  economy  and  convenience  in  the  several 
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be  the  commandeering  of  machinery  for  the  use  of  the  govern- 
ment under  the  direction  of  the  War  Industries  Board,  and 
some  means  of  avoiding  this  last  step  will  very  soon  be  con- 
sidered by  the  War  Economies  Board  under  the  supervision 
of  A.  W.  Shaw. 

Prices  and  Contracts 

In  the  important  matter  of  price  regulation  for  war  neces- 
sities, both  for  America  and  her  allies,  Judge  Lovett  states 
that  the  board  expects  no 
trouble  in  dealing  with  man- 
ufacturers, but  has  consid- 
ered all  phases  of  the  ques- 
tion and  has  formulated  plans 
to  enforce  its  regulations.  No 
definite  declaration  is  made 
as  to  the  methods  to  be 
adopted,  but  there  is  the 
strongest  intimation  that 
drastic  steps,  even  requiring 
legislation  for  their  enforce- 
ment, were  considered,  and 
the  government  may  ask  for 
power  to  commandeer  and  pur- 
chase necessities  not  included 
in  the  Food  Control  Bill. 
The  status  of  existing  con- 
tracts held  by  American  man- 
ufacturers for  munitions  and 
war  supplies  for  the  Allies  is 
still  in  doubt.  Whether  the 
price  regulations  to  be  en- 
forced by  the  War  Industries 
Board  will  apply  to  them  or 
whether  the  contracts  will  be 
abrogated.  Judge  Lovett  has 
not  yet  stated.  It  is  under- 
stood, however,  that  in  the 
matter  of  fixing  prices  for  fu- 
ture war  necessities,  the  "Just 
price"  to  be  determined  will  be 
based  on  President  Wilson's 
public  statement  of  July  12: 
By  a  just  price,  I  mean  a 
price  which  will  sustain  the 
Industries  concerned  In  a 
high  state  of  efficiency,  pro- 
vide a  living  for  those  who 
conduct  fhoin.  onnble  thoni  to 
pay  good  wages,  and  ninko 
possible  I  ho  expansion  of 
llu'ir  cnlerprisoa  which  will 
from  time  to  lime  lioconie 
necessary  as  the  stupendous 
undertakings  of  this  groat 
war  develop. 
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Subcommittee  on  Gages,  Dies,  etc..  F,  C.  Pratt 
Kleclric  Co.,  Scheneclndy,  N,  Y..  chairman. 

Siibrimirnltloe  on  Army  and  Nav.v  Arlillcrv,  S.  M.  Viiu- 
"lain.    vi.cpri'Hldi'iil.    llaldwin    I.o.nniotlve    Co.    .Iialrnuin. 

SiilMoinmlttce  on  Fuhcm  and  Doldnatprs.  K.  A.  needs. 
KiiKiMcorliig   LiiborMloricH.   Dayton.  Ohio,  chairman. 

Suliii.mmlllce  (in  Small  ArniH  and  MunltlonH.  J,  R.  Otter- 
H(in.  WlnclH-Hter  Arms  Co.,  <Iiiilrnian 

SiibrommllliM'   on    Optical    liisln mIh.    l''iuiili    .\     Scott, 

eliiiirnuin. 

SiilMonimmee  on  Army  and  .Navy  ProJoctlU-s,  W.  II.  Van 
iKTViM.rl,  iireHldenl,  Kool  &  Van  Dorvoort  Rnglne  Co.,  B. 
Molino,  111  .  ehiilrmiiri 
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Cooperative  Committee  on  Brass.  Charles  F.  Brooker. 
president,  American  Brass  Co.,  Ansonia,  Conn.,  chairman. 

Cooperative  Committee  on  Copper.  J.  D.  Ryan,  presi- 
dent. Anaconda  Copper  Co.,  42  Broadway.  New  York  City, 
chairman. 

Cooperative  Committee  on  Steel  and  Steel  Products, 
Elbert  H.  Gary,  chairman,  United  States  Steel  Corp.,  71 
Broadway,  New  York  City,  chairman. 

Subcommittee  on  Alloys,  James  A.  Farrell,  president. 
United  States  Steel  Corp.,  71  Broadway,  New  York  City, 
chairman. 

Subcommittee  on  Pig  Tin,  John  Hughes,  assistant  to 
president  of  United  States  Steel  Corp.,  chairman. 

The  establishment  of  this  just  price  to  the  government  and 
its  allies,  and,  if  necessary,  to  the  public,  will  be  the  first 
result  of  the  work  of  the  War  Industries  Board,  its  Central 
Purchasing  Commission,  work- 
ing with  the  Federal  Trade 
Commission,  which  is  to  de- 
termine production  costs,  the 
Food  Administration  in  its 
special  field,  and  the  Ship- 
ping Board,  .which  will  soon 
control  freight  rates  and  all 
shipping,  together  with  the 
Export  Council.  Manufac- 
turers and  users  of  machine 
tools  and  other  metal-work- 
ing equipment  are  deeply  in- 
terested in  this  matter  of 
price  regulation  and  in  the 
manner  of  awarding  govern- 
mental  contracts. 

In  certain  divisions  of  the 
work,  notably  in  the  case  of 
air-plane  production,  the  con- 
tracts are  no  longer  awarded 
as  the  result  of  purely  com- 
petitive bids.  They  are  placed 
in  accordance  with  the  re- 
sults of  a  survey  made  of  the 
resources  and  ability  of  all 
plants  throughout  the  coun- 
try. But  despite  the  fact  that 
these  contracts  have  been  vir- 
tually assigned  to  the  manu- 
facturers on  a  basis  of  prices 
to  be  adjusted  later,  the  vari- 
ous plants  have  had  to  fur- 
nish their  equipment  as  pri- 
vate parties.  The  great  diffi- 
culty in  procuring  the  neces- 
sary additional  machinery 
has  had  to  be  solved  by  each 
concern.  This  brings  up  the 
question  as  to  how  far  the 
government  will  go  in  com- 
mandeering the  production  of 
private  plants  manufacturing 
machine  tools,  but  no  deci- 
sion has  as  yet  been  an- 
nounced by  the  Priority  Board,  which  has  this  phase  of  the 
problem  under  consideration. 

In  the  manufacture  of  field  guns,  another  method  has  been 
adopted.  The  formation,  at  the  suggestion  of  the  government, 
of  companies  largely  composed  of  manufacturers  of  metal- 
working  machinery  has  resulted  in  the  incorporation  of  the 
Wisconsin  Gun  Co.,  of  Milwaukee,  Wis.,  the  Northwestern 
Ordnance  Co.,  of  Madison,  Wis.,  and  the  Root  &  Van  Oervoort 
Engine  Co.,  East  Moline,  111.  The  same  suggestion  has  also 
been  made  to  the  Nlles-Bement-Pond  Co.,  and  the  Otis  Elevator 
Co.  It  Is  understood  that  the  Bullard  Machine  Tool  Company, 
of  Hrldgeport.  Conn.,  will  also  operate  a  gun  plant  on  the 
same  conditions.  Allliough  no  actual  promise  has  been  made, 
the  government  has  Intlnialod  that  It  will  take  over  ordnimce 
plants  that  are  being  financed  by  these  varlotia  companlos  and 
opprat«<(l  at  no  profit  to  themselves  Iti  the  manufacture  of 
lli'lil   KUliH  and  amiiniiiltloii 


trades  involved  as  well  as  the  necessities  of  the 
situation  will  be  elements  entering  into  the  priority 
activities.  To  "win  the  war"  will  be  the  moving  im- 
pulse in  all  the  work  of  the  board,  and  the  machine 
tool  industry  enjoys  to  a  unique  degree  the  oppor- 


Frank  A.   Scott 


tunity  to  contribute  to  success.    Speed  in  accomplish- 
rflent  should  be  our  motto  until  the  end. 

FRANK  A.  SCOTT, 
Chairman  War  Industries  Board. 


Subcommittee  on  Steel  Distribution.  James  A.  Farrell, 
president.  United  States  Steel  Corp..  chairman. 

Subcommittee  on  Scrap  Iron,  Eli  Joseph,  of  Joseph, 
Joseph  &  Bros..  New  York  City,  chairman. 

Subcommittee  on  Production  Engineering,  Dr.  Hollis 
Godfrey,  chairman. 

Subcommittee  on  Construction  Engineering,  Dr.  Hollis 
Godfrey,  chairman. 

Committee  on  Labor,  Samuel  Gompers,  president,  Ameri- 
can Federation  of  Labor,  Washington,  D.  C,  chairman. 

Subcommittee  on  Mediation  and  Conciliation,  V.  Everit 
Macy,  president.  National  Civic  Federation,  chairman. 

For  general  contract  work,  however,  an  immense  amount 
of  which  the  government  will  have  to  let  shortly,  the  recom- 
mendations of  the  Interdepartmental  Cost  Conference  will  be 
adopted.  The  report  gives  a 
comprehensive  system  for  the 
letting  of  contracts  and  rec- 
ommends very  strongly,  in 
preference  to  all  other  meth- 
ods, the  straight  purchase- 
and-sale  prices  wherever  prac- 
ticable. The  experience  of 
the  British  government  in 
the  cost-plus-profit  plan  was 
considered  by  the  conference, 
but  it  decided  that  the 
purchase  -  and  -  sale  contract 
method  was  superior.  The 
five  forms  for  the  letting  of 
contracts  recommended  to  the 
War  Industries  Board  by  this 
conference     are     as     follows: 

1.  Where  fair  terms  can 
be  obtained,  contracts 
should  be  in  the  form  of 
straight  purchase-and-sale 
contracts    at    fixed    prices. 

2.  A  standard  form  of 
straight  purchase-and-sale 
contract  at  a  fixed  price 
should  be  adopted  for  use 
wherever  practicable. 

3.  In  cost-plus  contracts, 
a  fixed  profit  of  a  definite 
sum  of  money  per  article 
should  be  agreed  upon  in- 
stead of  a  percentage  of 
cost. 

4.  In  cost-plus  contracts, 
the  fixed  profit  agreed  on 
should  be  subject  to  ad- 
justment, so  that  the  con- 
tractor may  share  in  the 
saving  of,  or  be  charged 
with  part  of  the  excess  of. 
actual  cost  over  estimated 
cost. 

5.  A  standard  form  of 
cost-plus  corftract  should 
be  adopted  for  use  wher- 
ever  practicable. 

The  following  items  were 
considered  In  terming  what 
constitutes  fair  terms:  The 
quality  and  quantity  of  the  articles  purchased.  Whether  or 
not  the  plant  is  adaptable  to  business  other  than  war  business. 
The  duration  of  the  Job  and  the  length  of  time  the  contractor's 
plant  and  capital  will  be  tied  up;  also  the  amount  of  capital 
tied  up  in  comparison  with  the  particular  output  contracted 
for.  The  possibility  of  fluctuations  in  material  and  labor 
costs,  with  attoi'dant  risk  to  the  contractor.  Loss  in  com- 
mercial business  by  taking  government  work,  which  must  be 
given  precedence:  disarrangement  In  plant  organization  and 
labor  conditions.  Comparison  with  prices  of  other  manufac- 
turers, competitive  bidding,  etc  The  prosperity  of  the  trade 
ami  of  the  i)arli<iilar  contrai'tor. 

In  delerniinlng  the  standard  form  of  straight  purchasp-and- 
aalo  contracts,  the  following  ilauses  should  be  Incorporated: 
Method  of  delivery,  storage  of  production,  shipment  to  point 
designated;  I'nlted  Stales  to  pay  for  raw  material  when  de- 
livered  to  contractor;    United   Slates   to  have  the   right    Itself 
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to  supply  material  and  component  parts;  United  States  to  ad- 
just price  on  increased  material  costs  above  estimated  costs; 
United  States  to  adjust  price  on  increase  in  labor  costs; 
liquidated  damages;  war  termination  clause. 

Cost-plus  contracts  will  be  necessary  in  such  cases  as: 
Where  the  production  is  novel  and  the  contractor  has  had 
no  past  experience  upon  which  to  base  a  price;  for  example, 
steel  helmets,  large  caliber  guns  and  shells  for  same,  aero- 
plane motors  and  the  like.  Where  production  involves  diffi- 
cult and  complicated  manufacturing  effort  subject  to  chang- 
ing plans  and  specifications,  or  wide  fluctuations  in  material 
costs;  for  example,  steel  and  wooden  ships,  aeroplanes,  optical 
glasswork,  and  the  like.  Where  the  contractor,  though  de- 
serving of  confidence,  lacks  sufficient  working  capital  and 
plant  equipment  to  carry  through  the  job.  "Engtneerrng-or- 
building  jobs  for  which  the  cost-plus  contract  has  for  many 
years  been  standard. 

The  application  of  these  well-planned  methods  will  remove 
obstacles  that  have  blocked  the  progress  of  the  committees  in 
charge  of  the  production  of  war  supplies  and  will  facilitate 
the  awarding  of  contracts  held  up  by  confusion  about  prices. 
Under  the  Central  Purchasing  Committee  of  the  War  Indus- 
tries Board  the  work  has  been  speeded  up,  and  with  the  vast 
powers  now  entrusted  to  the  President,  red  tape  has  disap- 
peared and  results  are  quite  amazing. 

*  *     * 

GUN  BUILDERS  FOR  THE  GOVERNMENT 
Reports  have  been  received  that  the  following  concerns  have 
taken  contracts  for  building  hea\'y  guns  for  the  United  States 
Government,  or  are  making  plans  for  that  purpose:  North- 
western Ordnance  Co.,  Madison,  Wis.,  incorporated  with  a  cap- 
ital stock  of  $100,000  for  manufacturing  4.7-inch  field  guns; 
Tacony  Ordnance  Corporation,  Tacony,  Pa.,  organized  with  a 
capital  stock  of  $100,000  to  forge  6-inch  howitzers;  Bullard 
Machine  Tool  Co.,  Bridgeport,  Conn.,  preparing  to  construct  a 
plant  for  government  gun  work.  Other  plants  organized  for 
heavy  gun  manufacture  or  contemplating  such  government 
work  are  the  Wisconsin  Gun  Co.,  Milwaukee,  Wis.;  the  Inland 
Ordnance  Co.,  Bedford,  Ohio;  the  Symington-Anderson  Co., 
Rochester,  N.  Y. ;  the  American  Brake  Shoe  &  Foundry  Co., 
Erie,  Pa.;  the  Otis  Elevator  Co.,  New  York  City;  and  the 
Niles-Bement-Pond  Co.,  New  York  City.  The  Wisconsin  Gun 
C(j.  of  Milwaukee  was  organized  and  incorporated  with  a 
capital  stock  of  $100,000  by  officers  of  the  Kearney  &  Trecker 
Co..  the  Cutler-Hammer  Mfg.  Co.,  the  Northwestern  Malleable 
Iron  Co.,  the  Bucyrus  Co.,  and  Power  &  Mining  Machinery  Co. 
to  build  3-lnch  field  guns. 

•  •     • 

PAPER  TUBES  AND  SACKS 
Paper  tubew  fur  liquids  and  gases  are  one  of  the  novelties 
that  the  dearth  of  metals  has  helped  to  develop.  According  to 
the  process  of  A.  von  Valols,  the  paper  Is  rolled  to  the  de- 
sired wall-tblcknesH  and  diameter  and  the  seams  are  glued 
together  and  coated.  Tubes  kept  full  of  water  for  weeks  have 
Khown  no  gwelllng  or  loss  of  strength,  are  not  attacked  by  coal 
KaM,  weigh  only  one-sixth  as  much  as  lead  pipes,  and  stand 
more  than  ihrw  times  the  bursting  pressure.  The  Joints  are 
made  liy  putlUiK  sleeves  over  the  tubes  and  filling  some 
cement  Into  the  annular  space;  the  joint,  however,  will  not 
stand  the  Internal  prcgHures  of  unjolnted  sections.  They  will 
withstand  an  external  pressure  of  400  pounds  per  sriuare  Inch, 
which  Is  sufflclent  to  admit  of  burying  these  pipes  In  the 
KT'iuml. 

In  another  type  of  lube,  known  as  the  "•Portlnax,"  the  water 
Is  ImproRnatod  with  synthetic  rosin  and  Is  rolled  under  ton 
•Ion.  The  wntirr  tests  of  these  IuIhjs  have  not  been  (|ultc  sal 
Isfnclory  Then;  was  absorption  of  water  when  riosed  tubes 
wer«i  nilod  with  water  and  k«-pt  stnndlnK,  As  oil  does  not  nt 
l«ck  synlhclln  rosin,  how<rver,  small  oil  conduits  nilRhl  be- 
mado  of  "IVrtlnnx"  piipor.  which  can  bo  shaped  Into  lubns  us 
•mall  ••  0.200  Inch  In  dlntn(<t<<r 

Papvryarn  RarlcR  for  Nand  arc  RtronK  onouKh.  wh«n  wel,  If 
thp  lUy  yarn  has  Iwon  ImproKnatod  al  fiO  dtiKrooa  C.  with  n 
•olullon   rnnlBlninic   24   ounrnn   of  kIik-.   0  1    immicc   of   tannin. 


and  0.1  ounce  of  sodium  silicate  of  density  1.345.  The  tensile 
strength  of  the  warp  of  strips  of  the  dried  material  is  560 
pounds  per  square  inch  untreated,  and  650  pounds  treated; 
after  soaking  in  water  twenty-four  hours,  the  figures  are  375 
pounds  and  480  pounds;  and  after  redrying,  580  pounds  and 
640  pounds  per  square  inch.  The  weft  figures  were  a  little 
lower  throughout.  Favorable  results  were  also  realized  with 
successive  impregnations,  first  with  cold  basic  aluminum 
formate,  then  with  glue,  and  again  with  the  formate.  Mix- 
tures of  soap  and  glue  did  not  answer. 


STOP   AND   CENTERING   TOOL 

BY    ROBERT   GALLAGHER ' 

The  combination  stop  and  centering  tool  here  shown  is 
used  on  a  No.  2  Brown  &  Sharpe  automatic  screw  machine. 
It  is  used  as  a  stop  when  feeding  out  stock  and  also  for 
centering  a  piece  that  has  to  be  drilled.  Where  six  tools 
have  to  be  used  in  the  turret,  including  the  facing  and  center- 
ing tool,  it  is  much  more  economical  to  use  this  tool  than  the 
old-style  facing  and  centering  tool,  as  no  stock  is  wasted.  It 
is  more  accurate  in  securing  exact  lengths  than  is  the  method 
of  feeding  stock  to  the  centering  and  facing  tool.  On  one 
order  for  100,000  pieces,  a  shop  saved  $300  on  material  alone, 
besides  increasing  its  production.  This  shop  is  now  using 
this  tool  on  all  brass  jobs  over  %   inch  in  diameter. 

To  operate  this  tool,  an  extra  lobe  is  provided  on  the  front 
cross-slide  cam  which  operates  when  the  tool  is  advanced  for 
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stop  and   Contpring   Tool 

the  stock  to  feed  out  against  it.  The  tool  dwells  in  this  posi- 
tion while  the  front  slide  advances  and  comes  in  contact 
with  the  adjusting  screw  of  lever  A  :  this  draws  out  the  croBS- 
bar  li  which  Is  notched,  the  notch  having  two  angles  of  30 
and  45  degrees.  The  cross-bar  Is  drawn  out  against  the  30- 
dcgree  angle,  which.  In  turn,  advances  the  centering  tool  C. 
When  Its  work  Is  finlKliud.  the  cross-slide  bucks  away  and  a 
sprliiK  In  flic  sliaiiU  driiwH  back  the  centering  tool. 
•  •  * 
AnniiiK  III!'  iirllflrlal  llinli.s  tested  by  the  Vcrolii  Deutsche 
liigciili'iirc  at  Its  IcKlliiK  Klatldii  In  Charlottcnburg  Is  the  mag- 
iM't  hand  liivcnicil  by  I'rof.  KliiigiMilH'rK.  The  attachment  Of 
this  hand  lo  the  arm  or  Hhnulilcr  ciidH  In  a  I'lip  which  oncloaea 
an  I'li'i'troniaMiirt.  TIiIh  nip  has  a  ball  licaring  and  can  be 
■  hirii|Mil  III  iiiiy  piiKlllmi  The  oleclrlc  circuit  In  closed  or 
ii|HMic'd  by  iIm'  aid  <ir  till'  outer  arm  or  the  rhin.  With  this 
hand,  a  man  may  ilo  IHIiix  and  planing,  put  niclal  slinots  under 
a  piiiK'h,  unci  nianlpiilali'  HlicarH  or  plmhrrH.  TuoIn  not  made 
lit  Iron  may  hr  liandli'il  If  they  ari'  provblcil  with  an  Iron 
rliiK  or  plativ  The  liiind  can  also  be  pruvldeil  ullh  lliiK«rs 
atid  a  thumb  to  he  opened  or  closed  soparately 

•  AiMro...    Ilnrrlxoi.    N.    Y 
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METHOD  OF  MAKING  WELDS  AND  THEIR  AFTER-TREATMENT.    ALSO  TESTS  TO  BE  APPLIED 
AND  THE  FIELD  FOR  AUTOGENOUS  'WELDS 
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Fig.    1.     Welds  made  with  too   Sharp   an   Angle   between   Suxfacea 

BECAUSE  of  the  growing  importance  of  autogenous  weld- 
ing, the  Swiss  Society  of  Steam  Boiler  Owners  re- 
cently conducted  a  series  of  tests  "to  produce  exact  data 
on  the  actual  status  of  the  art  and  to  assist  in  its  develop- 
ment." But  in  these  tests,  as  in  all  Swiss  practice,  autogenous 
gas  and  electric  welding  are  treated  separately,  for  gas  weld- 
ing alone  is  known  as  autogenous.  In  these  tests  the  most 
frequent  defects  were  found  in  the  joining  of  the  original 
metal  to  the  added  metal,  or  between  successive  layers  of  the 
added  metal,  where  it  was  more  nearly  "pasted"  than  welded. 
The  principal  cause  of  these  defects  was  that  the  edges  to  be 
welded  were  too  close  together. 

The  angle  of  the  opening  prepared  for  welding,  whether 
chipped  or  burned  out,  should  be  at  least  90  degrees,  and  the 
width  of  the  bottom  of  the  V  should  be  at  least  3/32  inch  for 
sheets  1/2  inch  thick.  If  the  angle  is  too  acute,  the  flame 
cannot  penetrate  to  the  bottom  in  an  effective  manner.  It 
is  pushed  and  frequently  blown  out  so  that  only  the  upper 
edge  is  welded  to  the  filling  material,  as  shown  in  Fig.  1.  On 
the  other  hand,  if  the  slot  is  wide  enough  and  open  at  the 
bottom,  the  flame  reaches  all  the  surface,  and  fuses  the  edges 
of  the  plate  throughout  their  entire  extent.  Although  the  ex- 
penditure of  time,  metal  and  gas  seems  greater  for  a  wide 
opening  than  for  a  narrow  one,  the  reverse  is  true.  Properly 
welded  pieces  are,  without  exception,  made  in  widely  opened 
slots,  as  shown  in  Fig.  2. 

Whether  it  is  better  to  weld  from  one  side  only  or  from 
both  sides  depends  principally  on  the  thickness  of  the  sheet. 
When  welding  from  one  side,  the  space  for  the  reception  of 
the  added  metal  is  greater  than  if  the  welding  is  done  from 
both  sides,  and  it  would  seem  as  though  the  consumption  of 
welding  metal   would   be  greater;    in   practice,   however,   this 

is  the  case  only 
to  a  slight  ex- 
tent. When 
welding  from 
both  sides,  it  is 
of  the  greatest 
i  m  p  o  r  tance 
that  the  weld- 
ing be  finished 
at  a  single 
heat;  this  is 
only    possible, 

when  welding  from  one  side,  in  the  case  of  thin  or  moderately 
thick  plates.  When  welding  thick  plates  from  both  sides,  the 
two  sides  should  ho  welded  and  hammered  simultaneously. 
Another  cause  of  poor  welding  is  insufficient  preheating  of 
the  parts  to  be  welded.  This  defect  arises  either  from  lack 
of  experience  or  attention,  for  a  welder  who  knows  his  trade 
should  know  the  Instant  that  the  pieces  of  metal  to  be  welded 
are  In  a  condition  to  melt  or  flow  together.  Examples  of  this 
fault  are  shown  In  Fig.  3;  at  .1  Is  shown  a  piece  of  metal 
Htuck  on  the  plate,  only  the  edges  of  which  are  welded. 

Other  grave  faults,  developed  by  the  etch  testa,  are  blow- 
holes, deposltH  of  oxide,  soft  (weak)  structure,  etc.;  'these  de- 

'Ahntrn.1  rif  nn  nrllrlr  hj  E.  Hohn  printed  In  "The  LocomotlTe"  of  Orto- 
iK-r.   loin.   nnd  Janimrr.    1017. 

*Por  other  nrtlrlen  on  niiloKriHiun  welding  prcTlounIjr  publlabed  In  Uacuinkrt. 
•re  "Welfllni:  18-foot  Tiil>e  Hh.el«  for  Sugnr  KTnp..rnl<>r«"  nnd  ■■Aliimlnimi 
Weldlnir."  A<iiii>l,  inid;  ■-.sirenglh  of  Oijnretjlene  Weliln."  June.  lOlfl: 
"Metal  Culllnit  with  n^jrnroljlene  On,"  April,  101(1.  mil  ortlrlea  thero  n- 
f.rnrl   to. 


Fig.   2. 


Poor  Welds  caused  by  Insufficient  Pre- 
heating 


fects  also  arise  from  lack  of  skill.  There  is  also  the  develop- 
ment of  oxides  during  the  welding.  Iron  raised  to  a  high  tem- 
perature absorbs  oxygen  rapidly  from  the  air.  Since  oxygen 
is  used  directly  to  make  autogenous  welds,  the  formation  of 
oxides  is  much  greater  if  the  flame  carries  an  excess  of  oxygen. 
It  is  necessary,  then,  to  regulate  the  mixture  of  gases  in  the 
torch.  On  the  other  hand,  if  the  flame  has  an  excess  of  acety- 
lene, the  acetylene  will  carburize  the  liquid  iron  and  transform 
it  into  steel.  One  must,  therefore,  regulate  the  blowpipe  flame 
exactly  fight,  which  will  be  done  when  the  core  of  the  flame 
is  white,  very  luminous  and  somewhat  limited  in  size,  but  not 
too  short.  If  the  core  is  short  and  the  flame  tinged  with  violet, 
oxygen  is  in  excess;  and  when  it  is  extremely  luminous,  acety- 
lene is  in  excess.  When  the  flame  is  well  regulated,  the  pre- 
heating of  the  oxygen  tends  to  steady  the  flow,  although 
trouble  may  arise  from  the  condensation  of  water  which  forms 
in  the  tubes. 

Biirned  metal      

results  from 
too  high  a  tem- 
perature. It  is 
facilitated 
when  the  flame 
carries  an  ex- 
cess of  oxygen. 
An  oxidation 
and  partial  de- 
carburization 
of  the  iron  is 
produced,  for 
which  the  iron 
itself  (by  its 
combustion) 
furnishes  part 
of     the     heat. 

The  action  of  the  cutting  torch  depends  also  on  a  greater  con- 
sumption of  oxygen  than  does  the  welding  torch.  In  th,is  re- 
spect, the  distance  from  the  core  of  the  flame  to  the  weld  is 
of  great  importance.  Oxides  are  eliminated  by  agitating  the 
molten  metal  with  the  welding  wire,  which  brings  them  to 
the  surface.  Powder  is  no  longer  used  in  welding  mild  steel 
to  reduce  the  oxides;  cast  iron  presents  a  different  problem. 
The  skilled  use  of  the  torch  and  the  welding  rod  will  avoid 
oxidation.  If  possible,  the  welding  wire  should  never  make 
actual  contact  with  the  flame,  but  both  should  be  kept  in  mo- 
tion and  in  such  a  way  as  to  avoid  each  other. 

The  test  specimens  that  broke  at  the  weld  possessed  on  an 
average  only  76  per  cent  of  the  strength  and  39  per  cent  of 
the  elongation  of  the  unwelded  pieces.  The  specimens  that 
broke  outside  the  weld  had  87  per  cent  of  the  original  tensile 
strength  and  66  per  cent  of  the  elongation.  Annealing  may 
have  contributed  to  this  result,  but  as  the  average  elongation 
fell  to  53  per  cent  of  the  comparison  plate,  the  conclusion  is 
forced  that  the  quality  of  the  metal  suffered.  The  Influence  of 
annealing  was  further  demonstrated  by  tests  by  the  Brinell 
process,  the  results  of  which,  in  general,  parallel  those  of  the 
tension  tests.  While  the  specimens  of  the  unwelded  plate  gave 
a  mean  value  of  hardness  H  =  115.6,  the  mean  for  plates  with 
autogenous  welds  fell  to  102.8  when  measured  outside  the 
weld,  or  89  per  cent  of  the  hardness  of  the  unwelded  plate. 
When  measured  at  the  weld,  the  mean  hardness  was  found  to 
be  108.2,  or  94 
per  cent  of  the 
hardness  of  the 
unwelded  plate. 
The  diminu- 
tion of  11  per 
cent     In    hard- 

neSB  represents  nr.   4.     WeMlnr   •   Piece   Into   a  yi»t» 
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about  what  could  lie  attributed  to  the  annealing;  and  although 
the  metal  was  somewhat  harder  at  the  weld  than  outside  it, 
the  difference  was  only  5  per  cent.  The  softest  of  the  au- 
togenously  welded  plates  had  the  greatest  elongation — 101 
per  cent  of  the  un welded  plates;  the  hardest  had  the  highest 
tensile  strength — 90  per  cent.  The  electrically  welded  plate 
was  harder  than  all  the  others,  especially  at  the  weld. 

Impact  Test 

An  important  addition  to  the  tensile  tests  is  the  impact  bend 
test  on  notched  bars.  These  tests  were  made  on  six  bars, 
machined  on  the  top  and  bottom  edges,  that  were  supported 
at  their  ends  and  struck  with  a  ram  weighing  116.85  pounds. 
The  impact  in  every  case  was  applied  at  the  weld  and  in  the 
longitudinal  direction  of  the  joint.  The  average  work  of  defor- 
mation was  32  per  cent  of  that  of  the  unwelded  bar  and  the 
angle  of  bending  was  22  per  cent.  Thus  the  tenacity  of  the 
metal  was  much  less  than  its  tensile  strength  showed.  It  is 
worthy  of  note  that  the  best  plate,  from  the  standpoint  of  the 
execution  of  the  welds  and  for  elongation  and  malleability, 
was  the  poorest  when  classed  according  to  its  resistance  to 
impact.  On  the  other  hand,  plates  that  yielded  poor  results 
in  the  tensile  tests  did  very  well  under  the  impact  test.  It 
appears  that  as  far  as  resistance  to  impact  is  concerned,  some 
of  the  less  homogeneous  and  more  fibrous  welds  are  superior 
to  those  that  are  of  a  more  uniform  structure. 


riK.   5.     Proper  and  Improper   Methods  of  welding  Drum  Beads 

Although  they  are  not  provided  for  in  the  official  specifica- 
tions for  the  acceptance  of  material,  impact  bend  tests  should 
become  an  important  test  method  for  those  engaged  in  au- 
togenous welding,  both  because  the  test  yields  information  as 
to  the  nature  of  the  weld  itself,  through  the  appearance  of  the 
fracture,  and  be.ause,  in  tensile  testing,  a  weld  is  recognized 
as  good  if  the  specimen  breaks  outside  the  weld.  The  impact 
test  is  the  one  best  adapted  to  yield  information  in  a  very 
simple  manner  as  to  the  effect  of  heat-treatment.  Doctor 
Schmld,  of  Zurich,  recommends  this  test  to  determine  if  steel 
ha.i  been  forged  at  the  blue  heat;  this  test  has  been  successful 
with  him  when  tensile  tests,  ordinary  bend  tests,  and  even 
mIcroHcopic  examinations  have  failed. 

HammerlnK-  and  AnneallnK 

Several  test  plates  were  returned  out  of  shape  and  some  with 

displaced   edgeM,   showing   that   the   welders   lacked    the   skill 

neceiiBary  to  align  and  fix  the  parts  to  be  welded.     The  melted 

Iron  at  the  joints  exerts  a  tension  In  cooling,  and  If  the  pieces 

to  b«"  w<:lil<;il  are  not  fuHti-iK^d  together  solidly,  their  edges  arc 

rllxplaccd,  even  during  the  progrcHH  of  the  welding  Itself.     On 

fooling,  Internal  MtroHHeM  cause  the  plate  to  buckle.    Two  (Irnis 

that  meaMured  the  effect  of  the  contraction  set  up  In  wtddliig 

have  round   that  for  platOM  0.4724   Inch   thick   the  contraction 

wim  frnm  00197  (o  0.1299  inch.     It  In  posiilblc  during  welding 

'   thin  contraction  to  hohh?  extent  by  liiiniinerliiK, 

"f  on   a   further  diminution   can   lie   obtalncrl    by 

llamniPrlnK  can  uIno  be  done  at  llie  time  of  un 

'  '    .a;      HunitncrliiK   with   Hniall    lianinierN   whllct   the   nieliil 

'     T'- 1  hot    ImprovfK   li,   (he  iinm<'  on   rolling   and    forginK   Ini 

provi<  Rtructural  Iron.    Hut  If  the  huniinerlnK  In  don<>  nt  a  tein- 

ppraturn  lownr  than  a  red   hust,  (hern   Ih  ilanger  nf  working 

Ihi-   metal   at    Ihn   lilu«  liciil,   whlih    inunl   nlwiiyfi   he   nviililoil 

When  wotdlng  n  )«|iiiir<>  pli-ci-  H  Into  the  pliilc  A.  Flu    i,  tin- 

l..»t    |,liin    In    l„    r..lii..    II...    ...I.rl,,,    ,;\„,,.«   ,,r     (,   and    Uft.T    weld 


ing.  lay  back  the  whole  joint  while  the  metal  is  hot  by  means 
of  the  hammer.  By  this  process,  the  joint  is  strongly  com- 
pressed and  the  internal  stresses  relieved;  and  at  the  same 
time  the  workman  retains  control  of  the  form  of  the  work. 
By  annealing  after  welding,  a  compensation  of  the  residual 
internal  stress  is  obtained  and  the  annealing  further  improves 
the  metal,  giving  it  a  finer  grained  structure.  It  is  not  enough 
to  make  a  sound  weld,  but  the  metal  must  also  be  submitted 
to  a  heat-treatment  or  a  simultaneous  heat  and  mechanical 
treatment  (hammering  and  annealing),  which  will  give  the 
best  possible  mechanical  qualities  and,  above  all,  great  tough- 
ness or  resistance  to  impact.  The  annealing  temperature  for 
welded  plates  is  between  700  and  800  degrees  C.  The  exact 
temperature  plays  an  important  part;  relatively  small  differ- 
ences of  from  40  to  60  degrees  C.  may  have  a  considerable  in- 
fluence on  the  brittleness  of  the  material.  When  it  is  neces- 
sary to  anneal  with  the  welding  torch,  it  is  best  to  give  the 
preference  to  a  short  anneal  at  a  high  temperature. 

Preparation  of  Materials  tor  Welding 

For  the  most  satisfactory  welds,  the  consumption  of  oxygen, 
and  hence  of  gas,  is  most  rapid,  while  the  poorest  welds  are 
made  with  the  least  gas.  Whoever  tries  to  economize  in  gas 
risks  making  a  poor  weld;  further,  there  is  no  control  of  the 
gas.  It  is  well  known  that  the  gas  should  be  pure  and  fresh 
to  get  a  good  weld;  above  all,  it  should  contain  neither  sulphur 
nor  phosphorus,  for  fear  of  making  a  weld  either  hot-short  or 
cold-short.  This  is  why  illuminating  gas  should  not  be  used 
by  welders  in  place  of  acetylene;  illuminating  gas  is  not  pure 
enough.  Only  the  best  pure  iron  should  be  used  for  the  weld- 
ing wire,  as,  for  example,  Swedish  charcoal  iron. 

Conditions  tor  a  Good  Weld 

The  conditions  that  are  necessary  to  obtain  good  welds  are: 
sufficient  good,  pure,  dry,  fresh  gas:  a  torch  that  is  correct 
as  to  both  design  and  size;  pure  charcoal-iron  wire  as  added 
metal;  sufficient  preparation,  in  the  way  of  correct  chipping 
or  other  working  of  the  joints  to  be  welded,  both  to  secure 
correct  angles,  correct  distance  apart,  and  solid  fastening; 
exact  flame  mixture:  preheating  of  pieces  to  be  welded:  avoid- 
ing oxidation  by  properly  managing  both  the  torch  and  the 
welding  wire;  removing  the  oxide  that  forms  in  spite  of  all 
precaution;  hammering  after  welding  and  annealing. 

Field  of  Application 

The  true  field  for  welds  is  on  objects  the  joints  of  which 
must  resist  compression,  as  in  furnace  tubes,  iron  fireboxes, 
etc.  The  possibility  of  producing  a  thickening  of  the  Joints, 
which  exists  equally  for  the  electric  and  the  autogenous  weld- 
ing, should  be  considered  an  important  advantage.  In  the 
present  status  of  the  process,  it  is  recommended  that  in  the 
construction  of  steam  apparatus  use  should  be  made  of  au- 
togenous welding  only  with  the  greatest  prudence  and  that 
the  work  should  be  done  by  reliable  firms  and  under  the  super- 
vision of  the  inspection  soiMeties.  Kven  then  It  is  necessary 
to  take  account  of  the  fact  that,  through  the  heating  of  the 
edges  in  welding  and  the  cooling  of  the  melted  metal,  there 
are  set  up  in  the  iron  that  sort  of  tensions  that  produce  acci- 
dents. Joints  that  must  resist  tension  and  bending  stress 
through  cxlernal  forces  or  changes  In  temperature  should  not 
be  welded   uiilcsH   it    is  possible   to  iiniieiil   llie   piece  al'lerwurd. 

A  welded  joli.l  always  lurrles  somelhiiig  hidden  anil  un- 
controllable. It  is  not  <lc8lruble  to  make  welded  Joints  where 
riveting  can  be  done  without  dllIl(;uUy.  There  remain  plenty 
of  places  where  for  reasons  of  construction,  for  lack  of  room, 
or  hecauHC  great  Htrength  is  not  r(!(|uiroil,  uulogenouH  welding 
will  (liid  r-iiipliiyiiienl  I'^or  objei'ls  not  under  the  legislation 
that  applies  III  liiilli-rH.  II  Is  piiHsllile  to  go  I'lirther  and  permit 
welils  Huppiirtiiig  I'liirly  Huvere  tunslonH;   In  this,  iiiuch  depeiulH 

■  III  Ihn  Inlelllgenre  with  whiih  such  work  Is  currli-d  out.  When 
a  head   In  welded  to  a  drum,  us  shown  at   .i,  Klg.  r>,  K   In  In 

■  ijipoHltlon  to  good  practice;  neither  Is  the  weld  shown  at  II 
liny  lielt<>r,  for  II  In  at  the  turn  or  iit  the  edgi's  that  the  bond- 
liiK  HtniliiM  lire  set  up.  WiO.Ih  11Ui>  C  iiiiil  /)  lire  reiommendi'd. 
To  Joint  II  IiiIm'  Io  iiiinnier  ur  In  ii  |>l;il.'.  llie  edgcH  should 
always  lie  rejlev.'il 
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MILITARY  INFLUENCE  ON  MOTOR  TRUCK 
DESIG-N' 

WHILE  American  motor  trucks  have  played  an  im- 
portant part  in  the  present  war,  it  has  not  been  neces- 
sary to  make  any  radical  changes  in  their  design  to 
meet  military  conditions.  This  has  been  due  to  the  fact  that, 
on  the  western  front,  the  armies  have  been  in  practically  the 
same  positions  for  two  years,  so  that  the  trucks  have  been 
used  mostly  on  the  first-class  French  roads;  In  the  event  of 
any  fighting  on  American  soil,  though,  much  different  condi- 
tions would  be  encountered.  The  trucks  would  be  used  on 
roads  of  all  kinds,  and  even  where  there  are  no  roads  at  all, 
and  under  widely  varying  climatic  conditions.  The  use  of 
motor  trucks  on  the  Mexican  border  has  shown  that  many 
changes  in  design  must,  therefore,  be  made  before  the  stand- 
ard commercial  truck  will  satisfactorily  meet  our  military 
war  needs.  It  is  probable  that  most  of  the  transport  work 
will  be  done  with  two-wheel  driven  vehicles,  for  where  road 
conditions  will  permit  of  its  passage  this  type  will  haul  ma- 
terial in  the  minimum  time  and  at  the  minimum  operating 
expense. 

One  of  the  first  and  most  important  points  in  connection 
with  the  design  of  a  military  truck  is  the  absolute  necessity 
for  governors  on  the  motors,  not  only  to  limit  the  maximum 
vehicle  speed  on  high  gear,  but  also  to  limit  the  maximum 
motor  speed  on  any  of  the  gears.  This  is  an  important  con- 
sideration for  soft-road  operation,  where,  if  a  governor  that 
limits  only  the  maximum  road  speed  is  fitted,  there  is  a  great 
temptation  to  the  driver  to  run  for  long  periods  on  second 
or  third  gear  in  the  transmission  with  the  motor  racing,  a 
practice  that  will  materially  shorten  the  life  of  the  motor. 
Governors  must  be  thoroughly  enclosed  and  sealed  to  prevent 
their  being  tampered  with  without  the  knowledge  of  those  in 
authority,  and,  in  order  to  obtain  the  best  results,  should  be 
extremely  sensitive,  without  "surging." 

To  obtain  the  best  results  over  •  soft-road  conditions,  and 
without  disconnection  of  governors,  the  average  American 
commercial  truck  has  insufficient  high-gear  ability  and  far  too 
little  low-gear  ability  successfully  to  pull  its  load  through  deep 
sand  or  mud  or  over  extreme  grades.  For  American  military 
purposes,  the  low-gear  tractive  effort  should  at  least  be  suffi- 
cient continuously  to  turn  the  rear  wheels  of  the  fully  loaded 
truck  on  dry  asphalt  with  the  truck  itself  stationary.  Using  a 
coefficient  of  friction  between  the  tires  and  a  drp  asphalt  sur- 
face of  0.6  and  a  total  rear  end  loaded  weight  of  7600  pounds 
for  a  li^-ton  truck  loaded  to  capacity,  the  low-gear  tractive 
effort  necessary  to  meet  these  requirements  becomes  4560 
pounds.  Commercial-truck  practice  now  gives  far  lower  fig- 
ures. The  low-gear  tractive  effort  of  what  is  considered  a 
powerful  1%-ton  commercial  service  truck  is  only  2600  pounds. 
To  carry  safely  the  low-gear  torque  required  to  give  4560 
pounds  tractive  effort,  the  driving  members  throughout,  from 
the  gear  train  in  the  transmission  clear  back  to  the  rear  tires. 
must  be  made  heavier  and  stronger,  which,  of  course,  will 
result  in  an  increase  in  chassis  weight. 

The  heat-dissipating  ability  of  the  average  radiator  was 
found  inadequate,  a  serious  matter  at  any  time  and  more  seri- 
ous in  a  country  where  water  is  scarce.  With  the  thermom- 
eter standing  at  from  110  to  120  degrees  in  the  shade  and  the 
truck  using  maximum  motor  power  on  low  gear  for  long 
stretches,  extraordinary  motor-cooling  ability  is  required. 
Probably  an  increase  of  50  per  cent  over  average  commercial 
practice  will  not  be  excessive,  and  a  desirable  provision  will 
be  a  simple  means  for  reducing  the  radiating  area  for  efficient 
■use  In  the  cooler  sections  of  this  country.  The  radiator  mount- 
ing should  be  such  as  to  minimize  any  strains,  in  the  radiator 
proper,  that  are  set  up  as  a  result  of  excessive  chassis-frame 
deOertloM,  and  the  radiator  should  have  large  water  passages, 
resist  brt'akiiig  under  distortion,  and  be  readily  repairable  In 
the  field. 

Kourspcod  transmisHlon  is  more  desirable  than  three-speed 
for  military  purposes.     If  the  low-speed  reduction  ratio  in  a 

■Alolrnrt   of   ii    |>ii|>.'r   rcii.l    li.v    II     1>     nnir.li    lH-f..rp    tin-   (l.-vliinil    KiiKlnoi.r 


three-speed  transmission  is  made  great  enough  to  give  proper 
low-gear  tractive  effort,  the  steps  between  speeds  become  so 
great  as  to  interfere  with  easy  gear  shifting.  Furthermore, 
the  four-speed  gear-box  has  the  very  important  advantage  over 
a  three-speed  box,  for  soft-road  service,  of  always  having  a 
gear  ratio  more  nearly  adapted  to  any  particular  road  re- 
quirement than  can  be  obtained  in  a  three-speed  box.  It  is 
probable  that  the  gear  ratios  in  a  four-speed  box  for  military 
trucks  will  be  so  arranged  that  second  speed  will  be  used  for 
normal  starting  on  hard-road  surfaces,  and  that  the  first 
speed,  or  low  gear,  will  have  a  greater  reduction  ratio  than 
anything  that  has  been  built  to  date.  This  extra  low  gear 
with  an  extremely  high  reduction  ratio  will  be  used  for  start- 
ing or  running  in  sand  or  mud  or  for  climbing  steep  or 
soft  grades. 

The  control  elements  sTiould  be  standardized.  Where  men 
must  drive  different  makes  of  trucks,  they  should  be  able  to 
do  so  with  facility,  and  much  time  will  be  saved  and  better 
average  operation  assured  if  the  same  motion  of  the  driver's 
right  or  left  hand  or  foot  produces  the  same  result  irrespective 
of  the  make  of  the  truck. 

Trucks  for  army  service  ought  to  have  a  specified  gage  in 
order  that  each  size  or  make  does  not  have  to  break  down 
a  new  track  in  the  roadway.  If  all  sizes  of  trucks  could  be 
made  to  the  present  standard  road  gage  of  56%  inches,  such 
standardization  would  be  of  the  utmost  value  from  a  commer- 
cial as  well  as  a  military  standpoint,  as  it  would  facilitate  the 
operation  of  all  trucks  over  soft  country  roads. 

The  best  results  will  be  obtained  from  some  form  of  fully 
enclosed  final  drive,  which  should  be  so  thoroughly  enclosed 
as  to  retain  lubricant  and  prevent  the  deposit  of  fine  dust  or 
grit  on  any  of  the  working  parts.  Whatever  form  is  used, 
whether  worm,  internal  gear  or  double  reduction,  it  should 
be  capable  of  efllciently  and  continuously  transmitting  the 
maximum  low-gear  torque  of  the  vehicle  without  overheating, 
and  give  at  least  a  10-inch  road  clearance  with  36-inch  tires. 

The  development  of  a  braking  system  suitable  for  a  military 
truck  presents  severe  problems  in  regard  to  cooling.  The  • 
brakes  used  on  the  commercial  trucks  of  today  are  not  well 
enough  cooled  to  stand  up  long  under  some  military  condi- 
tions, as.  for  instance,  handling  the  fully  loaded  truck  on  a 
three-mile  descent  on  a  hard-road  surface  with  grades  running 
up  to  25  per  cent  and  averaging  7  per  cent.  The  brakes  have 
sufficient  power  to  hold  the  truck  under  such  conditions,  but 
will  heat  up  so  that  the  linings  char  slightly  and  wear  rapidly. 
Water  cooling  is  undesirable,  so  it  is  probable  that  some  type 
of  metal-to-metal  brake  will  be  necessary,  which,  while  not 
as  smooth  in  action  as  and  noisier  than  the  conventional  brake 
and  faced  with  brake  lining,  will  give  greater  durability  under 
continuous  application. 

It  is  essential  that  thorough  means  be  provided  to  keep  dust 
and  grit  out  of  all  working  parts.  Troubles  from  dust  are 
more  liable  to  result  on  trucks  in  military  service  than  on 
those  in  commercial  service,  due  to  running  in  "fleets,"  or 
trains,  over  country  roads.  The  question  of  road  clearance 
is  also  of  great  importance.  Not  only  should  a  minimum 
clearance  of  10  inches  at  the  center  of  both  the  front  and  rear 
axles  be  maintained,  but  the  clearances  under  the  steering- 
knuckle  levers  and  the  steering  cross-tube  ends  must  be  as 
great  as  possible.  Furthermore,  unusually  high  road  clear- 
ance is  desirable  under  the  chassis,  midway  between  axles, 
to  prevent  contact  with  the  ground  when  the  truck  is  driven 
over  a  bank  into  a  river  bed  or  over  a  ridge. 

To  take  care  of  excessive  frame  distortion,  which  is  un- 
avoidable when  operating  over  rough  or  soft  roads,  the  radia- 
tor, motor,  and  transmission  should  be  carried  on  three-point 
suspensions  and  with  clearances  sufficient  to  obviate  any  pos- 
sibility of  their  being  themselves  distorted.  Provision  should 
be  made  to  protect  the  steering  column  from  any  binding  from 
the  same  cause,  and  all  connections  between  the  rear  axle 
and  frame  should  be  arranged  to  permit  the  maximum  hori- 
zontal misalignment  betweoii  the  two  without  ovorstressing  or 
breaking  any  of  the  connecting  members.  The  gasoline  tank 
mnuntlng  should  also  be  carefully  arranged  to  protect  the 
tank  from  twisting  strains. 
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Accuracy 
Travel  Hand 
B  &  S  GEAR 


%M 


The  Indexing 

Mechanism  Has  a  Positive, 

No-shock,  Independent  Action 

Assuring  Accuracy  by: 

The  precision-cut  teeth  of  the  index  wheel  which  is  large 
in  prwortion  to  the  gear  being  cut,  and  the  positive  action 
of  the  indexing  mechanism  which  is  accelerated  at  the  start 
and  retarded  at  the  end  of  each  indexing  period  to  eliminate 
shocks  at  any  stage  of  the  movement. 

And  a  High  Production  Rate  because: 

The  indexing  mechanism  acts  independently  of  feed  and 
speed  of  cutter,  resulting  in  a  constant,  high  speed  in  in- 
dexing regardless  of  feed  and  speed  of  cutter. 

Machine  shown  here  is  from  our  line  of  Spur  Gear 
Cutting  Machines.  We  also  make  machines  for  cut- 
ting both   Spur  and  Bevel  Gears.     Both  types 
have   the   indexing   mechanism   referred   to 
above    and    other    features    that    make 
them  the  ideal  machines  for  the 
busy  shop.     Information  in 
detail    on     request. 


Repreientatlvec 

DALTIMORE,    MARYLAND,   fi.riy   Muchlncry   and   .Supply   C 

CINCINNATI,   OHIO,    IC.    A.    KliiNi^y   Co. 

CLEVELAND.    OHIO,    .SiroriK,    CiirllHlo   A    Hiiiiimond    Co. 

DETROIT,    MICH.,   HtroriK.   CarllMlo  &   Hnmmonil   Co. 

INDIANAPOLIS,     INDIANA,     K      A.     Klnniiy    Co. 

PORTLAND,  OREGON,   rortliiiifl  Miirliliiiiry  Co. 

SAN    FRANCISCO,    CALIFORNIA,    I'ar'inr    Tool    A    Hlipply    C< 

SEATTLE,    WASHINGTON,    I'lTlim    Machlnnry    Co. 

T      LOUIH,    MISSOUMI.    (-..l.-.r.!    WMcht    .Mi.< MtM-rv    ft    Suiiplv 


Brown    & 

Providence, 

Ortlce»:      NEW   YORK,   N.   Y.,  20   Vi-aoy  St.      SYRACUSE, 
PITTSBURGH,     PA.,     2r.3S     IhMiry     W,     Ollvor     IliilUllns. 
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and  Fast  Production 
in  Hand  With 
CUTTING  EQUIPMENT 


A  PPRECIATING  the  need  for  speed  as  well  as  accuracy, 
/\  every  man  responsible  for  the  gear  production  of  a 
J.  \~  busy  shop  is  bound  to  be  impressed  by  the  efficiency  of 
~  B  &  S  Gear  Cutting  equipment — the  result  of  sixty-six 
years'  experience,  not  only  as  manufacturers,  but  as  extensive 
users  and  commercial  cutters  of  precision  gears.  Read  the 
description  of  the  positive,  no-shock,  independent  action  of 
the  indexing  mechanism  on  opposite  page.  This  feature  alone 
proves  the  merit  of  Brown  &  Sharpe  Machines. 

Now  just  a  word  about  that  small  but  highly  important  part 
of  gear  cutting  equipment — the  cutter. 

The  fast  production  of  accurate,  smooth-running  gears  is  pos- 
sible only  with  correctly  designed,  accurate  cutters.  By  a 
special  process  in  the  producing  of  B  &  S  Gear  Cutters,  the 
original  curves  we  have  developed  are  duplicated  in  every 
cutter.  Each  tooth  of  a  cutter  is  exactly  alike  and  all  cutters 
are  uniform. 


r 

L 


Browrn  &  Sharpe 

Involute 

Gear  Cutters 


By  the  care  and  skill  exercised  in  every  detail  of  manufacture, 
selected  materials  and  proper  heat  treatment,  these  cutters 
will  take  deep  cuts  at  coarse  feeds,  standing  up  under  the 
hardest  service  and  turning  out  gears  that  meet  the  most  ex- 
acting requirements  at  a  high  rate  of  production  with  mini- 
mum sharpening. 


■Jj^^-:a^, 


BS 


Sharpe  Mfg.  Co. 

Rhode    Island,    U.  S.  A. 

N.    Y.,    Kooin    419,    University    Block.      ROCHESTER,    N.    Y.,    415   Chamber   of   Commerce    BulldlnR 
PHILADELPHIA,    PA.,  862-654   The   Bourse.      CHICAGO,    ILL.,   fi26-6,'i0   Washington    Blvd. 


Canadian    Representative* 

THE    CANADIAN 

FAIRBANKS-MORSE 

CO.,    Limited, 


Toronto, 
Vancouver 


Montreal, 
St.    John, 


Winnipeg,  Calgary, 

Saskatoon. 


92 


MACHINERY 


September,  1917 


NEED  OF   ENGINEERS    IN    PRESENT   WAR 

According  to  Capt.  Gustave  P.  Capart  of  the  general  staff 
of  General  Petain.  who  is  at  present  in  this  country  as  a 
member  of  the  French  scientific  commission,  the  old  military 
lines  of  organization  have  practically  been  replaced  by  a  spe- 
cialized industrial  organization  whose  business  is  war.  The 
offensive  military  operations  are  planned  on  an  engineering 
basis  and  the  fighting  is  done,  in  many  branches  of  the  service, 
by  engineering  methods.  He  says  that  the  engineers  who  go 
to  France  as  military  men  in  their  specialized  branches  will 
also  be  pioneers  of  American  industry  in  times  of  peace  and 
will  prepare  the  ground  for  the  economic  war  that  is  expected 
to  follow  when  the  military  battles  are  over. 

Military  operations  may  be  thought  of  as  being  conducted 
in  four  zones:  First,  the  firing  line;  second,  the  military  zones 
immediately  surrounding  the  firing  line;  third,  the  avenues 
and  channels  of  communication  between  the  military  zone  and 
what  may  be  called  the  world-wide  zones  of  supplies  to  that 
military  zone;  and,  fourth,  the  zones  of  supplies  themselves, 
which  include  the  countries  at  war  and  the  countries  supply- 
ing food,  machinery  and  materials  to  the  countries  at  war. 
On  the  firing  line,  troops  in  contact  with  the  enemy,  engineers 
are  involved  in  the  strictly  military  operations;  mining  engi- 
neers are  planning  the  executing  of  trench  work,  earth  work, 
concrete  work,  and  so  on;  while  other  engineers  maintain 
what  the  French  so  interestingly  explain  as  a  "liason" — the 
nerves  of  communication  between  the  various  sectors  of  the 
armies. 

In  the  military  zone,  which  is  entirely  in  the  control  of 
the  military  and  potentially  and  actually  threatened  by  the 
enemy,  engineers  are  busy  building  and  maintaining  roads, 
constructing,  maintaining  and  operating  railroads,  building, 
rebuilding  and  operating  automobiles,  constructing  narrow- 
gage  railroads,  cableways,  telpherage  systems,  etc.  Cableways 
and  telpherage  systems  have  given  very  valuable  service  at 
the  front;  600  mules  were  turned  to  other  service  by  the  in- 
stallation of  one  telpherage  system.  In  this  zone  electrical 
engineers  are  at  work  building  and  operating  lighting  and 
power  plants,  erecting  and  maintaining  distributing  lines,  han- 
dling the  network  of  telephone  and  wireless  centers  of  com- 
munication. Waterworks  and  water-supply  engineers,  sani- 
tary engineers,  engineering  construction  gangs  erecting  shel- 
ters Eind  raising  camps  and  cantonments  and  repair  shops  for 
aeroplanes,  automobiles,  artillery,  small  arms,  are  all  neces- 
sary in  the  military  zone. 


It  is  as  necessary  to  follow  the  proper  method  of  fastening 
such  a  cover  as  it  is  to  secure  a  safe  design.  The  first  requisite 
is  to  see  that  only  such  wrenches  are  available  as  will  not 
permit  an  excessive  strain  to  be  put  on  the  bolts.  Socket 
or  end  wrenches  of  the  correct  length  and  so  formed  that  they 
do  not  adapt  themselves  to  lengthening  with  a  piece  of  pipe 
are  satisfactory,  and  at  least  two  should  be  provided.  Two 
men  should  run  down  the  niits,  by  hand,  to  a  bearing,  begin- 
ning at  opposite  sides  of  the  cover  and  working  in  the  same 
direction  so  that  each  will  end  where  the  other  began.  Then 
each  should  take  a  wrench  and  set  up  slightly,  about  half 
tight,  on  one  or  two  bolts  at  points  opposite  each  other.  They 
should  then  tighten  two  or  three  bolts  each  at  points  midway 
between  those  first  set  up.  Then  all  the  bolts  in  opposite 
quadrants,  first  one  pair  and  then  the  other,  should  be  tight- 
ened. When  all  the  bolts  have  been  set  up,  the  process  should 
be  repeated,  the  nuts  being  set  as  tightly  as  is  felt  will  be 
required  to  get  a  tight  job,  and  no  more.  If  the  cover  joint 
leaks  when  pressure  is  applied,  the  reason  should  be  found 
and  the  remedy  applied  with  pressure  off  the  vessel;  in  no 
case  should  the  nuts  be  set  up  in  an  endeavor  to  secure  tight- 
ness while  the  pressure  exists. 

Leakage  after  reasonable  tightening  of  the  bolts  usually  in- 
dicates defective  packing  or  the  presence  of  some  foreign 
matter  between  the  surfaces  in  contact.  Excessive  bolt  strain 
may  effect  an  apparent  cure  by  embedding  the  foreign  matter 
in  the  yielding  packing  material,  but  it  can  only  do  so  by  set- 
ting up  local  stresses  in  the  flanges,  which,  if  repeated  often 
enough,  always  lead  to  failure  by  cracking.  The  working 
stress  is  all  that  the  material  should  be  called  upon  to  carry. 

Many  of  these  vessels  have  reinforcing,  or  joint,  rings  of 
cast  iron;  this  material  should  be  carefully  watched.  It  Is 
much  less  trustworthy  than  cast  steel,  which  replaces  it  in 
the  best  designs,  and  is  much  more  likely  to  fail  by  cracking 
if  abused  by  the  operatives.  Master  mechanics  or  shop  super- 
intendents should  look  over  the  flanges  of  the  vessels  from 
time  to  time.  Any  cracks,  no  matter  how  small,  are  sus- 
picious..— The  Locoviotive. 

*     *     * 

ALFRED  HERBERT  KNIGHTED 
As  Machineky  went  to  press  the  following  cablegram  was 
received : 

Honors  conferred:  Alfred  Herbert.  Knight  Commander, 
Order  of  British  Empire;  Ernest  Parkinson,  Parkinson  & 
Sons,  Officer  of  s;imc  Order:  Percy  John  Pybus,  Phoenix 
Dynamo  Cn  ,  ('ninniiindi'r  m   same  Order. 


MISUSE  OF  WRENCHES  IN  TIGHTENING 
COVER  BOLTS 
A  large  number  of  vessels  used  for  subjecting  materials  to 
high  temperatures  and  pressures  have  doors  or  stock  openings 
of  relatively  large  size  that  must  be  frequently  opened  and 
cloHed,  HUf-h  as  vulcanizers,  digesters,  impregnating  tanks,  etc. 
Am  a  rule,  these  doors  or  covers  are  furnished  with  a  flange 
that  matches  a  somewhat  similar  flange  on  the  shell  of  the 
vesMel  proper  and  are  fastened  to  the  vessels  by  a  large  num- 
ber of  bolts.  Recently,  the  cover  of  one  such  vessel,  eight  feet 
In  diameter,  failed  through  the  breaking  of  its  reinforced 
flange,  which  permitted  the  cover  to  blow  off  with  explosive 
violence,  although  the  pressure  inside  the  vessel  did  not,  prob- 
ably, much  exceed  thirty  pounds  per  square  Inch.  The  flange, 
though,  was  probably  damaged  when  the  vessel  was  being 
closed  preparatory  to  cooking.  After  centering  the  cover  over 
the  vemtel  and  making  sure  that  the  Jointing  or  packing  ring 
was  clean  and  In  place  and  that  the  boll  slots  were  opposite 
those  on  the  vcmhwI,  the  cover  was  lowered  Into  place  and  the 
bolts  swung  up  Into  the  bIoIm.  Then  one  iiiiin  Hlarled  to  run 
ilown  the  nuts  of  the  Ihlrlylwo  I'/i,  Inch  bolts,  by  hand,  while 
another  sUrtod  right  behind  him  and  tightened  the  nuts  with 
a  wrench  r.4  Imhcs  long.  Any  Kllgbt  Irn-gularlly  or  projoc 
lion  of  the  packing  caused  the  (Mivcr  to  cock  up  to  oni-  side 
when  iho  first  few  nuts  were  tightened;  then,  whim  the  man 
with  the  wrench  reached  the  point  opposlle  to  Ihul  at  which 
hi!  stHrled.  an  enormous  strain  was  produced  In  the  errnrl  U> 
ei'l  a  llulit  Inliil 


PERSONALS 

M.  V.  Terry  has  been  appointed  chief  engineer  of  the  Cham- 
pion  Ignition  Co..  Flint,  Mich.,  manufacturer  of  spark   plugs. 

Harvey  B.  Wheeler  has  been  appointed  supervising  engineer 
in  the  New  York  territory  by  the  National  X-Ray  Reflector 
Co.  of  Chicago. 

Oliver  J.  Abell.  565  Washington  Boulevard,  Chicago,  111.,  has 
been  elected  a  director  of  the  American  High  Speed  Chain  Co., 
Indianapolis,  Ind. 

Uavid  Van  Alstyne  has  been  appointed  assistant  vice-presi- 
dent of  the  American  Locomotive  Co..  30  Church  St..  New  York 
City,  in  charge  of  manufacture. 

J.  Gustaf  V.  Imuk  lui.s  been  appointed  purcliasing  agent  for 
the  A.  Bol.  Stockholnis  .liirnmanufaktur,  Stockholm,  Sweden, 
with  headiiuartcr.s  at  ,S  W.  4nili  St.,  New  York  City. 

P.  M.  Kllng,  who  has  been  conneclcd  with  the  Laconia  Car 
Co,,  Laconia,  N.  II.,  for  thirty-four  years  as  consulting  engi- 
neer, has  resigned  In  order  to  take  a  well-earned  rest. 

C.  S.  Vought,  as.ilstant  general  mnnagor  of  sales  of  the 
American  Steel  I':x|)ort  Co..  Woolworlh  llldg.,  New  York  City, 
sailed  for  Frame  AugUHl  7,  to  ulleiid  to  business  for  the 
company.     Mr,   Vouglit  will  be  gone  about   sixty  iliiys. 

Robert  H.  LuiliiirH,  .son  of  Ali'Xainler  Liicluirs,  and  si'cretiiry 
of  the  IndUHtrial  Press,  was  appointed  Hecond  lleuleiiani.  Sec- 
ond Dnilery.  Klelil  Artillery  serlioii.  OlIl.erH'  Reserve  Corps,  at 
Olllcers'   Reserve  Training  Ciimp,    l''"i-l    Myer,   Va,,   Aiigu,it    II. 

J.  W,  Jowetl,  rormerly  general  sales  manager  of  the  Ingnr- 
HollRand  Co.,  II  llroadwiiy.  New  York  City,  was  elected  vlco- 
presldi^nt  lit  u  recent  ineetlng  of  the  board  of  directors,  L. 
I).  Albln,  formerly  assistant  general  sales  manager,  was  ap- 
pointed general  sales  manager. 
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The  New 
Cincinnati  12" 
Knee  Type 
Manufactur- 
ing Miller  for 
Repetition 
Work 


Arms  manufacturing 
plants  and  any  other 
shops  turning  out  great 
quantities  of  small  parts 
will  find  this  machine  in- 
tensely profitable.  Ca- 
pable of  standing  up  to 
the  drive  of  twenty-four 
hours  a  day  service,  and 
giving  maximum  pro- 
duction at  all  times.  It  is 
compact,  having  only 
12"  table  travel.  It  is 
powerful — 4  h.p.  at  the 
spindle.  The  drive  is  by 
constant  speed  belt,  with 
a  commercial  range  of 
feeds  and  speeds,  and 
for  the  sake  of  sim- 
plicity, quick  change 
mechanisms  have  been 
avoided,  the  change  in 
feed  or  speed  being 
made  by  interposing 
change  gears. 


The     Cincinnati     12-Inch     Knee     Type     Manufacturing     Miller. 

(Patent  Rights  Fully  Reserved) 
Single    Pulley    Drive — 4   H.P. — Twelve  speeds — Four  feeds. 

It  Is  Handy 

The  operator  stands  at  the  end  of  the  table. 
Assume  that  a  new  piece  has  been  chucked: 
He  runs  the  table  forward  with  his  right 
hand  at  2-"'4."  per  turn  of  the  hand  wheel.  A 
dog  hits  the  trip,  which  automatically  dis- 
engages the  hand  movement,  and  at  the 
same  time  throws  in  the  power  feed.  When 
the  piece  has  been  milled,  another  dog  dis- 
engages the  power  feed,  and  the  operator 
brings  the  table  back  by  hand,  ready  to 
chuck  a  new  piece.  Tins  is  quick  action.  The 
operator  can  slam  the  table  forward  as  fast 
as  he  pleases  ivithout  danger  of  jaynming  the 
ivork  into  the  cutter.  The  trip  dog  takes  care 
of  that,  and  it  can  be  set  so  that  the  work 
will  be  close  up  to  the  cutter  before  the  power 
feed  engages,  thus  reducing  the  power 
travel  of  the  work  to  a  minimum. 

Ask  for  Complete  Specifications. 


THE  CINCINNATI  MILLING  MACHINE  CO. 

CINCINNATI,   OHIO,   U.  S.  A. 
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H.  A.  Richmond  has  been  elected  managing  director  and 
treasurer  of  the  General  Abrasive  Co.  of  Niagara  Falls,  N.  Y., 
and  has  relinquished  his  connection  with  the  American  Emery 
Wheel  Works.  Providence,  R.  I.,  of  which  he  has  been  presi- 
dent and  technical  expert  for  the  past  twenty  years. 

Edwin  T.  Jackman,  of  E.  S.  Jackman  &  Co.,  Chicago,  Cleve- 
land and  Pittsburg,  agents  for  the  Firth-Sterling  Steel  Co., 
McKeesport,  Pa.,  has  received  an  appointment  as  first  lieuten- 
ant in  the  ordnance  section  of  the  Officers'  Reserve  Corps,  and 
is  now  on  active  duty. 

Henry  M.  Wood  has  resigned  from  the  Lodge  &  Shipley 
Machine  Tool  Co.,  Cincinnati,  Ohio,  to  become  associated  with 
Axel  Malm  in  the  Malm  &  Wood  Machine  Co.,  Dayton,  Ohio. 
The  new  concern  will  manufacture  rotary  puncl;  presses  and 
dies.  Mr.  Malm  is  president  and  mechanical  engineer  and 
Mr.  Wood  is  vice-president  and  general  manager. 

J.  T.  Plummer.  district  manager  for  the  Haynes  Stellite  Co., 
with  offices  in  Cleveland,  has  been  transferred  to  the  execu- 
tive offices  of  the  company  at  Kokomo,  Ind.,  and  has  been 
assigned  the  state  of  Indiana  and  the  southwestern  section 
of  Ohio.  Mr.  Plummer  was  formerly  western  representative 
for  the  Driggs-Seabury  Ordnance  Corporation  and  is  well 
known  among  the  automobile  and  tractor  parts  manufacturers. 

Walter  R.  Morris  has  been  appointed  assistant  traffic  man- 
ager of  the  American  Steel  Export  Co.,  with  headquarters  in 
the  Woolworth  Building,  New  York  City.  Mr.  Morris  was 
previously  assistant  traffic  manager  of  the  American-Hawaiian 
Steamship  Co..  New  York  City,  and  had  been  associated  for 
many  years  with  the  Southern  Pacific  Co.,  and  the  Pacific  Mail 
Co.,  in  their  traffic  departments  in  San  Francisco  and  New 
York  City. 

M.  J.  McCormick,  who  was  previously  connected  with  the 
Canadian  Fairbanks  Morse  Co.,  Montreal,  Canada,  as  manager 
of  the  machine  tool  department,  is  now  associated  with  the 
McCormick  Machinery  Co.,  14  St.  John  St.,  Montreal  Canada. 
This  company  manufactures  machine  tools  and  supplies,  mak- 
ing a  specialty  of  hobs  and  chasers.  It  will  also  undertake 
to  find  buyers  for  any  surplus  equipment  that  its  customers 
wish  to  dispose  of. 

Alfred  L.  Holmes  and  C.  M.  Goldman  have  joined  the  sales 
organization  of  the  Pangborn  Corporation.  Hagerstown,  Md. 
Mr.  Holmes  will  be  district  sales  agent  at  Cleveland  and  Mr. 
Goldman  will   be  district   sales  agent   at   Philadelphia.     Both 


men  are  well  acquainted  throughout  the  foundry  and  metal- 
working  trades.  Mr.  Holmes  was  formerly  with  the  Pangborn 
Corporation  in  the  same  capacity  for  six  years,  and  Mr.  Gold- 
man has  been  representing  the  Obermayer  Co.,  in  the  Phila- 
delphia territory  tor  several  years. 

Stanley  W.  Hull,  Cleveland,  Ohio,  is  the  head  of  a  new 
mechanical  drafting  service  company  for  inventors  and  manu- 
facturers known  as  S.  W.  Hull  &  Co.  During  the  past  ten 
years,  Mr.  Hull  has  been  employed  in  the  engineering  depart- 
ments of  the  General  Electric  Co.,  Westinghouse,  Church, 
Kerr  &  Co.,  and  the  Brown  Hoisting  Machinery  Co.  He  has 
paid  particular  attention  to  limit  systems  for  the  production 
of  interchangeable  parts,  and  will  specialize  in  the  design  of 
mechanical  and  electrical  devices. 

'  OBITUARIES  I 

J.  C.  Small,  former  manager  of  the  Aurora  Tool  Works, 
Aurora,  Ind.,  manufacturer  of  upright  drills,  died  July  24, 
aged  seventy-three  years.  Mr.  Small  was  for  several  years 
identified  with  the  machine  tool  business  and  was  very  well 
known  to  the  trade. 

Arnould  C.  Butters,  sales  manager  of  the  Industrial  Press, 
died  of  pneumonia  at  the  Polyclinic  Hospital,  New  York  City, 
after  a  brief  illness,  on  Saturday,  August  25,  at  the  age  of 
fifty-two.  Mr.  Butters,  whose  name  is  familiar  to  thousands 
of  M.^chineky's  readers,  was  for  nine  years  in  charge  of  the 
book  and  subscription  department  of  the  business,  and  filled 
the  position  with  signal  ability.  Quiet  and  undemonstrative, 
he  was,  nevertheless,  remarkably  efficient  and  possessed  an 
extraordinary  capacity  for  details.  He  liked  to  call  himself 
"a  detail  man,"  but  he  was  never  lost  in  details — always  he 
was  master  of  them,  and  his  records  of  work  done  and  results 
obtained  were  models  of  comprehensive,  intelligible  business 
statistics,  accurate,  reliable  records  to  light  the  way  for  future 
campaigns.  His  attitude  toward  facts — toward  truth — was 
invariably  that  of  the  expert  workman,  who  keeps  to  the  line 
and  aims  for  absolute  accuracy. 

Mr.  Butters  will  be  greatly  missed  by  his  associates,  and  by 
those  whose  labors  he  directed,  to  whom  he  was  always  kind 
and  considerate.  The  loss  of  this  well-trained  business  man 
will  be  felt  by  the  company  to  which  he  had  rendered  for 
many   years   loyal,    enthusiastic   and    highly   efficient    service. 


COMING  EVENTS 


September  10-15.— .\nniial  .onventlon  of  the  Ni 
tlonal  .Safety  Council.  New  York  City:  Hotel  Aster 
beadquarterK.  Mareiis  A.  Dow.  president,  Gran<l 
Central  Station.    New   York   City. 

September  10-15. — Exposition  of  safety  appliances 
at  the  Oranil  Central  Palace,  New  Tork  City,  under 
the  auspices  of  the  American  Museum  of  Safety.  18 
W.  Mth  St..  New  York  City.  Arthur  H.  Young. 
director. 

September  26-28.— Twenty-second  meeting  of  the 
American  Foiindryrnen's  Auoeiatlon,  Boston,  Mass.; 
Copley. I'laza  Hotel,  headquarters.  The  refftstra- 
tiou  I'Mlh  will  be  in  the  Mechanics'  Bldtc.,  irbere 
the  exblhition  of  foundry  ami  maclilne  shop  equip- 
ment and  supplies  will  l>c  held.  A.  (t.  Itackert,  sec- 
retary-lreasur<-r.  I2lh  and  Chestnut  Sis..  Cleveland. 
Ohio. 

September  27. — Monthly  meellng  of  the  Ilochester 
Society  of  Technical  Draftsmen,  In  n>ioms  I3I-187, 
Sibley  Block.  328  Main  Hi..  E.,  Koehester.  N.  Y. 
O.    I,.    An»erlne.    Jr..    secretary,    Kl    Genesee    St., 

nochester. 

September  27-29. — Informal  conicress  and  reunion 
of  American  and  Canadian  enicineerM  and  architecta 
of  Korwejrlnn  l.lrlh  or  des.enl  In  Chicago  at  Chl- 
ca(o  N'orske  Kiiib.  Z(4<I  .V.  Kedzie  BiTd.,  Ixiican 
K<|uare.    ChlcaKo.    III. 

Ootober  »-ll.— Annual  conicress  of  Purchasing 
Agents  si  Plltstiurg.  Pa.  James  II.  Kobls'in,  chair- 
man.   OKI    We.ilnifh'.iix.     Ilidil  .     PitlsliiirK.     Pii 


SOCIETIES,  SCHOOLS  AND 
COLLEGES 

,..,1     n~y-\npmKni.    Ill    W.    Slllh 

I'   .'I'  '     ".f,i„j„i„,t    n    com 

•    ..f    the    society, 

«'■  III  Hullelln 

>•  -   I    mill  IUI7.    gir. 

ti„^    i„  ihP  unlrerslly. 


NEW  BOOKS  AND  PAMPHLETS 


by  tlic  Nor 

York   City. 

Books    on    mi 

ment    arc    few, 


Shop  Construction,  Equipment  and 
,  liv  Cls.ar  R.  Perrigo.  384  pages, 
iurlics;  219  lUnstr.itions.  Published 
uMi  W.  Uenley  Publishing  Co.,  New 
Price,   JS. 


Electric  Controller  &  Mfg.  Co..  Cleveland,  Ohio. 
Bulletin  1042  descriptive  of  E.  C.  &  M.  automatic 
compeusator.s     for     altern.itlng-current     squirrel-cage 

Himoff  Machine  Co.,  50  Church  St.,  New  York 
City.  Circular  descriptive  of  the  "Hercules"  8- 
and  24-lnch  gear-holibing  machines,  which  have  Just 
been    placed   on    the    market. 

Victor  Tool  Co.  Inc.,  Waynesboro,  Pn.  Circular 
of  the  .Sheuman  floating  reamer-holder  for  use  on 
autnuuitic  screw  machines,  turret  lathes  nnil  hori- 
zontal   and    vertical    boring    mills. 

Willson    &    Co.    Ino.,    3rd    and    Wnshlugton 


(Ihin 


Hullelln 


hine  shop  constrviction  and  equip- 
thls  work  flrst  published  in  190S 
being  one  of  the  chief  examples.  The  second  edi- 
tion contains  four  new  cliapters  of  especial  use  to 
managers,  accountants  and  shop  men.  The  addi- 
tional matter  is  on  Increasing  the  efficiency  of 
ma<'hines  and  men,  the  relation  of  the  overhead 
burden    to    the    flat    cost,    anil    manufacturing    cost 

United     States     Artillery     Ammunition.       By     Ethan 

Viall.      08   pages.    0   by    12    Inches;    171    lUustra- 

lions.        Published     by     McOraw-nill      Bonk     Co. 

Inc.,   New   York   City. 

This   book    consists  of   reprints   of  articles  on    the 

manufacturi-    of    munitions    published    from    tlnu>    to 

time    in    the    ■'  American    Machinist."      Keailers    of 

that  Journal  are  familiar  with   the  series  of  arllcli's 

on    munition    manufacture    whii-h    have    appeared    In 

It    during    the    past    year.     The   lK>ok    contains   cha)). 

lers    on    3-lnch    common    shrapnel.     3-lnch     hlghex- 

ploslve    shells,    8-Inch    nnval    shells.    3.8-    to    (blnch 

-l.rr.iui.-l    hlgheiploslve    shells,    fl  lu.-h    niivnl    .l,..|l«. 

.1.1   ::     lo  II  Inch  .-ariri.lgc  can,... 

NEW  OATALOQUBS  AND 
CIRCULARS 

Hlinott  Machine  Co.,  Ml  Churcji  HI..  New  Vork 
Clly,  Clrcuior  of  llie  ■llercuies"  Ulnch  screw- 
>'iillliig    enillni'    iiiilic 

Silver  Mfg.  Co..  Haleni.  Ohio.  Circular  of 
Silver's  ri  Inch  back  iteared  u|irlithl  drilling  inn. 
chine    wllh    -l\    im.ltire    uenred    f |«. 

Inderendnnt  Pnsumatia  Tool  Co..  Chicago.  III. 
circular  '/.  .It  •.Tilling  In  dniall  Ibis  ciun|innr's  linn 
•  ■r    piliMllnrili,      liMiis    nnd    ele.lrlc    drills. 

Mntaiwood  Mfg.  Co,,  Delroll.  Mich.  Kolder  II  IH, 
Hiring  •iierlni-aliona  for  the  Mnlalwooit  miilllple. 
Iifoa' h    lirdro  lUiniiiiinllc    briinching    presses. 

Challsngs     Msohlne    Co,     Ino,,     Phlladelphln.     Pa. 

Cnlnlogiie    of     "  ritallenge  "     emery     wheel    grinilers. 
IHillsbllilf    IMS'  hines    nnd    emery    wheel    dressers 
Oansral    EUnlrln   Co.    ITori    Wayne    Department), 

>'nrl  W./lie.  Ind  Clnillnr  ll'J.-.rj  de..rl|ill»e  of 
Inllery 'hsrging  cpilpnienl  for  lead  or  I'.dlxui  list 
ferle. 


.Sti 


Heading 


Pa. 


adapted   fur 
Slocum.    / 
.137     W. 
scrliillve 
makers' 


Circular    of    Willson    goggles 

r,     showing     the     different     styles 

1  the  army  and   navy. 

Avram  &  Slocum   Laboratories,   Inc.,    .''i.'ll- 

21st    St..     New     Tork     City.       Polders    de- 

of  an   improved   ty|ie  of  sine  bar  and   tool- 

ind    machinists'    indicating   square. 

J.  H.  'Williams  &  Co.,  01  Uichnrds  St.,  BriHikiyn, 
N,  Y.  ('atalogue  of  drop-forged  tools,  printed  in 
Russian  for  the  convenience  of  customers  in  Itussiii 
and  those  who  are  interested  In  trade  with  that 
country. 

A.  E,  Rubs  Forged  Drill  Co,,  Cleveland.  Ohio. 
Price  list  of  lluss  taper  and  straight  shank  forgeil 
I  wist  drills.  The  drills  are  forged  complete  from 
bars  of  round  steel,  nnd  are  sold  under  the  trade 
name  of   "  Drlll-For." 

Oisholt  Mnchino  Co.,  1200  K.  Washington  Ave.. 
Maillwui.  Wis.  Hullelln  cntillcil  "  (ilshidt  Machines 
and  Their  Worjj,"  containing  Illustrations  of  the 
Oisholt  machines  at  work  and  giving  the  time  for 
|in..lucliiK    the    parts    shown. 

Boston  Gear  Works,  Norfolk  Downs,  giilncy. 
M...H  Circular  showing  some  of  the  types  and 
■.t»li-s  of  gears  carried  in  slock  by  the  company. 
>''!•'  list  of  gears  containing  changes  of  iirlces 
1 1.1    went   Into  elTect   July   1. 

standard  Pulley  Co.,  CInelnnnIi,  Ohio.  Pamphlet 
.l."crl|illve  of  Ihe  .'ttandard  cniiiilershaft  ilnlch. 
Ilnechle  palent,  which  grllis  IflO  |ier  cent  of  the 
surface  of  the  clutch  ring.  The  iiamphlet  contains 
lllllslratlons    showing    the    acllnti    of    the    clutch. 

Sobaatlan  Lathe  Co.,  (Miiclniuitl.  Ohio.  Circular 
lllilslrntliig  and  descrllilng  Hclmstinn  13.,  14,-  and 
iri  Inch  geared  bead  qilii'k  change  gear  lathes,  show* 
lug  hendstock  gearing  and  giving  a  brief  doscriii- 
lion  of   the   ciuistriicllon,  logelher  wllh  s|iecincallons. 

Link-Belt  Co,,  Chicago.  III.  Ilisik  32<l.  descrip 
live  of  Link  Hell  "  TT  "  roller  chains  for  tractors 
and  IriK'hs,  made  lo  withstand  the  most  severe 
service  and  Ihe  most  dinicull  conditions  under 
which    the lacblnes    are    called    u|iou    lo    o|ierate. 

Ouller-llaminor  Mfg.  Co..  Milwaukee.  Wis.  l,noBe. 
leaf  sheds  for  Cutler  llnliiuier  vatabigiie  giving 
list  (irlces  and  dimensions  of  motor  stnriers.  s{>eei1 
regulators,  controllers.  self  starters.  starling 
switches,  and  rheosfnls,  logelher  wllh  other  elee- 
tricsl    spiiarnliis. 
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The  LUCAS 


(OF  CLEVELAND) 


"PRECISION" 

BORING,  DRILLING  AND 

MILLING  MACHINE 

ALWAYS  GOOD 

and  as  time  goes  on 

ALWAYS  BETTER 


Lucas  Maobne  Tool  Co,  ^W  Cleveland,  0.,  U.S.  A. 
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Detroit  Belt  Lacer  Co..  Hubbard  Ave.  and  A  St.. 
Detroit.  Mich.  Circular  and  price  list  of  "  Bull 
Dog  "  belt  laeers  and  closing  machines.  It  is 
claimed  that  machine-closed  wire  belt  lacing  is 
stronger  than  hand-laced  belling  and  quicker  to 
apply. 

Electric  Controller  &  Mfg.  Co.,  Clereland,  Ohio. 
Bulletin  containing  a  reprint  of  a  paper  entitled 
"An  Automatic  Starter  for  Induction  Motors,"  pre- 
sented by  H.  F.  Stratton  before  the  Association 
of  Iron  and  Steel  Electrical  Engineers  at  Chicago, 
May  26. 

American  Steel  Export  Co.,  Woolworth  Bldg., 
New  York  City.  Booklet  entitled  *'  Tin  Plate," 
giving  a  brief  history  of  tin  plate  manufacture, 
a  description  of  the  process  of  manufacture,  and 
general  information  relating  to  tin  plate  of  value 
to  buyers. 

Ingersoll-Band  Co.,  11  Broadway,  New  York  City. 
Bulletin  8213  on  "Little  David"  pneumatic  chip- 
ping, calking  and  scaling  hammers.  Bulletin  8006 
on  "  Imperial  "  motor  hoists  and  stationary  mo- 
tors. Bulletin  9102  on  air  receivers,  pressure  tanks 
and  moisture  traps  for  compressed  air. 

Triumph  Machine  Tool  Co.,  920  Citizens  Bldg.. 
Cleveland.  Ohio.  Bulletin  101  on  "  Triumph  " 
heavy-duty  radial  drilling  machines,  motor  driven, 
the  motor  being  mounted  on  the  radial  arm,  thus 
avoiding  transmitting  the  driving  power  through 
long  splined  shafts  and  mnltiple  bevel  gears. 

Shepard  Electric  Crane  &  Hoist  Co.,  Montuur 
Falls.  N.  Y.  Bulletin  of  hoisting  machinery  f'-r 
industrial  plants.  The  bulletin  illustrates  and  list:? 
floor-operated  monorail  hoists;  floor-operated  dou- 
ble rail  hoists,  hoisting  units  for  jib  cranes,  der- 
ricks, elevators  and  stack  hoists ;  and  motor 
winches  and  back-geared  motors  with  high  gear 
ratios. 

Buffalo  Dental  Mfg.  Co.,  Buffalo,  N.  Y.  Cata- 
logue B  of  laboratory  and  workshop  appliances,  in- 
cluding gas  furnaces,  brazing  stands,  blowpipes, 
gasoline  gas  generators,  foot  blowers,  jMwer  blow- 
ers, bunsen  burners,  soldering  blocks,  melting  ar- 
rangements, anvils,  pickle  pans,  soldering  fluxes, 
files  etc. 

Link-Belt  Co.,  Chicago,  111.  Book  361  entitled 
"Some  Facts  about  Roller  Drives,"  written  by  A. 
Lee  Henson  of  the  Smith  Motor  Truck  Corporation, 
Chicago.  The  booklet  tells  why  the  Smith  Motor 
Truck  Corporation  adopted  the  chain  drive  for  its 
"  Form-a-Trucks  "  which  are  subjected  to  the  most 
severe    tests   of   service. 

Brown  Instrument  Co.,  Philadelphia,  Pa.  Bul- 
letin illustrating  furnace  and  pyrometer  control 
e<iuipmeDt  used  by  Seaman-Sleeth  Co.,  Pittsburg, 
Pa.,  for  annealing  semi-steel  rolls.  The  rolls  re- 
quire to  be  kept  at  a  temperature  of  1800  degrees 
F.,  for  forty-eight  hours,  the  total  time  of  an- 
nealing   re<|uirine    six    days. 

Skinner  Chuck  Co..  New  Britain,  Conn.  Cata- 
logue and  price  list  30  of  Skinner  chucks,  con- 
taining 71  pages  4  by  7Vi  inches.  Dimensions  and 
prices  are  given  for  independent  chucks,  faceplate 
JawH,  universal  and  combination  geared  screw 
cbuckfi,  geared  scroll  combination  chucks,  face- 
plate castings,  planer  chucks,  drill  press  vises,  drill 
chucks,  center  arbors  for  drill  chucks,  etc. 

Web>t«r  it  Perks  Tool  Co..  Springfield.  Ohio. 
LootM--l('8f  catalogue  Illustrating  and  describing  in 
deUll  the  Webwler  &  PerkM  complete  line  of 
grinding  and  poUHhing  machinery  and  accessories, 
comprising  plain  and  ring-ollIng  bearing,  bull  bear- 
ing, and  dirtfcl-connected  electrically-driven  types. 
The  company  has  In  stock  for  prompt  stupment, 
many  of  tin-  dlfT'Tent  sIwh  and  styles  of  these 
ms'-blneo. 

Ch&rloi  A.  Schleren  Co.,  30-88  Ferry  St.,  New 
York  City,  lw»klet  entitled  "  Belt  Buyers'  Guide  " 
f-ontalnlog  UM-ful  data.  Information  and  directions 
for  all  UMTN  of  Im-IIm.  It  treats  of  the  belting 
problem,  K^-bleren  iiervlre,  e'.'^inomy  of  good  leather 
bells.  methMln  of  Isf-lng  l*ells,  lmi>ortance  of  prop- 
•■rly  ■llgoed  puUfyii,  how  to  make  quick  repairs, 
f*fTm«fntlng  !»elt«,  t-xt-.  (;onvenlent  ruleB  are  given 
t*ir  eatlmatlog  the  uiwrn  of  pulleyR  la  ne'-ure  any 
<l*^lr«>d    %ebK-lty    rollo. 

ColumblAD  Hardware  Co..  Clevdund,  Ohio. 
VmU-r  entitled  "  AnnrUmn  FundamentnlN  "  cnrry- 
Itfg    f"'tr    rr-«'    *1e*lnrBllonii    of    prIn'IpleM.    the    first 

b«-lf.s'    ' •'•     r-Iiifotlon   of    IndeiH^ndenre.    1770; 

th'  i-n-mUU-m     WniihInglon'N     farewell 

•'M-  third    from    l're«ldetil    Lincoln** 

fi—'  1M4UJ.     aiid     the     fourth     from 

l*f«-»i.i.  I.'  >t  ti^.i,  M  war  meaMige  to  iUitittrvn. 
IIfl7.  *^n't*»  will  U  M-nt  frei-  t„r  hnriglnK  In 
•hfif*.     mill*    and    r««  tnrif ■. 

AmmriiMa  ht*-*-l  hit>r,r\  Co..  WinAworth  Itldg., 
N"*w     York     •  I,     •Btnloitu**    of     Iron     and 

«t»fi|     i,ti^]  ,      fjinirlbiillon.       KpnntMh. 

Vrmitrh      I'  „    and     Kitimlan    edition* 

•  r*  t.,  (..  .  .  .^  The  ralaloKue  ronlalnH 
"■'  '  --i-  U  am  welKbtn  and  menaiirea 
ttt  •  frlf  table*  and  data  on  piff 
If'"  -Htrt    and    ■heri    hnra,    plates 

•  f'l  ■'      rr>^r«liarjl    bar*,     wlr*-    pro 

do  '.<,,      «(i|r|dl9a,      eir.         The 

ohj-  I..  Infonii   foreign   buyers 
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manager  of  the  Bath  Grinder  Co.;  James  C.  Potter, 
of  Potter  &  Johnston. 

Carborundum  Co.  Niagara  Falls,  N.  Y.  Catalogue 
6,  224  pages.  6^,^  by  9  inches,  devoted  to  carbor- 
undum and  aloxite  wheels  for  all  classes  of  grind- 
ing. The  catalogue  treats  of  the  characteristics 
and  uses  of  carborundum  and  alosite:  manufacture 
of  carborundum  and  aloxite  wheels:  characteristics 
and  testing  of  grinding  wheels;  safeguarding  and 
mounting  of  grinding  wheels;  rules  for  calculating 
surface  and  peripheral  speeds;  shapes  of  wheel 
edges;  universal  grinding;  cutter  and  reamer  grind- 
ing; plain  cylindrical  grinding:  internal  grinding; 
and  grinding  on  horizontal  surface  grinders.  The 
book  is  illustrated  with  color  plates  and  other 
high-grade    engravings. 

Peter  A.  Frasse  &  Co.,  Inc.,  417  Canal  St., 
New  York  City.  Catalogue  of  Frasse-electric  and 
open-hearth  steels.  98  pages,  4Vi  by  7  inches, 
bound  in  cloth.  The  catalogue  contains  a  complete 
description  of  the  various  grades  and  finishes  of 
Frasse-eler-tric  tool  and  alloy  construction  steels. 
Numerous  tables  are  included  which  should  be  of 
assistance  to  manufacturers  whose  products  call 
for  the  various  grades  of  steel.  These  tables  include 
weights  of  bar  steel  per  foot,  decimal  equiva- 
lents, equivalent  temperatures,  comparative  table 
of  gages  in  commuii  u----.  m.-rrii-  conversion  tables, 
etc.  This  compari\  >  l.  ii  1 1.  -i  its  one  hundredth 
anniversary  in  busm.  —  l,i-i  v  ar.  and  since  its 
inception   has   always    i-'ii    i>l.-iitii\t-d    with    the    steel 


TRADE  NOTES 

Axelson  Machine  Co.,  has  removed  its  office  and 
plant  to  Boyle  Ave.  and  Randolph  St.,  Los  Angeles, 
Cal. 

Atlas  Ball  Co.,  Glenwood  Ave.  at  4th  St..  Phila- 
delphia. Pa.,  has  changed  its  name  to  Atlas  Steel 
Ball    Co. 

National  Tube  Co.,  Pittsburg,  Pa.,  has  sold  its 
Kewanee,  111.,  plant  and  fittings  business  to  the 
Walworth   Mfg.    Co. 

J.  C.  Barrett  Co.,  Hartford,  Conn.,  has  moved  to 
516  Asylum  St.,  where  better  facilities  have  been 
provided   for   making   wood   and   metal   patterns. 

American  Steel  Export  Co.,  Woolworth  Bldg., 
New  York  City,  has  appointed  Woodburn's  Ltd., 
Montreal,  Canada,  as  its  exclusive  agent  for  On- 
tario and   Quebec. 

Cisco  Machine  Tool  Co.,  Cincinnati.  Ohio,  is 
adding  a  building  30  by  120  feet  to  the  present 
plant,  and  will  place  a  24-inch  lathe  on  the  market 
early  in  September. 

Sterling  Products  Co.  Inc.,  547  Washington  Blvd., 
Chicago,  111.,  distributor  of  high-speed  drills  and 
hacksaw  blades,  has  opened  a  St.  Ix)uis  office  at 
938  Syndicate  Trust  Bldg..  with  K.  O.  McGraw  in 
charge. 

Victor  Tool  Co.,  Waynesboro,  Pa.,  is  erecting  a 
new  plant  near  the  old  location.  The  new  struc- 
ture is  of  brick,  one  story  high,  about  60  by  164 
feet.  The  company  will  continue  to  manufacture 
its  line  of  collapsing   taps  and  other  tools. 

Fanghom  Corporation,  Hagerstown,  Md.,  has  pur- 
chased and  taken  over  the  sandblast  department 
of  the  Curtis  Pneumatic  Machinery  Co.,  St.  Louis. 
Mo.  The  I'angborn  Corporation  will  carry  a  com- 
plete stock  and  Is  prepared  to  give  prompt  service. 

Ing.  Zrcole  Vaghi,  Corso  Porta  Nuova.  34,  Milan. 
Italy,  dealer  in  machine  tools,  requests  American 
manufacturers  of  machine  tools  and  small  tools  to 
send  their  latest  catalogues  and  price  lists.  It  is 
e8i>ecially  re<iuested  that  the  catalogues,  If  possible. 
be    sent    In    triplicate. 

Framlngham  Machine  Works,  Framlngham, 
MaHK..  announce  that  their  plant  has  been  re- 
equipped  with  machinery  and  appliances  for  the 
pr«Hlii>-tlon  of  gruy-lron  enstings  end  the  galvanizing 
of  met II I  goods.  Hereafter  the  compony  will  be 
known    UH    the    KriimhiKbiiin    Foundries. 

Oraham  Bros.  8toekh<ilm,  .Sweden,  manufacturers 
mid  deali-rs  In  various  clnHses  of  machinery,  nn- 
nuunee  ihal  on  June  1  (he  name  of  the  com|)any 
waH  rlinngi'd  to  Graham  Bros.  Aktlelxdag.  The 
firm  reniuInN  umler  Its  past  management.  Its  dl- 
reeiorn  iM'Ing  P.  H.  Uriiham,  K.  O.  Mugnusson,  and 
r'.  ti.   Itlslng. 

Kaynos  StolHtn  Co.,  Kokomo.  Ind..  has  dlscon- 
tinned  Us  Cleveland  olllre.  C.  O.  Tarklngton. 
dlNtrlcl  mriniiger  nt  PlltMburg,  hiis  been  assigned 
ihi*  Clevelnriil  territory  ami  Ihe  eastern  section  of 
Ohio,  and  K.  U.  Hmlth,  dlstrlet  mnnaKer  at  l>i> 
tndt.  hns  been  nsiilgned  Uie  northwestern  Hi>elbiii 
•>f    Ohio,    weat    of    Cjeveliind. 

Andoraon  DIo  Macliin«  Co.,  llrldKe|M>rl.  Conn., 
hna  moved  Its  fnilory  from  MH)  Water  Kt.  lo  more 
rommtHlloiiN  qiMirlern  on  IranlMisn  Ave,,  near  Admi- 
ral HI.  The  additional  HtKir  a|ince  nnd  new  equlji- 
ment  to  Im*  provided  will  enable  the  rumpany  to 
If  Ire  iM'lter  service  timn  wna  |H.i.«|ble  In  the 
limited    quarters    JuNf     vncnteil 

FalU  Hlvat  Co,.  Kent.  Obl'i.  lin-  taken  over  titn 
plant  and  iHialneMN  ..r  Ihe  Kent  Mii'lilne  Co.  In  the 
uirganUnllMii   of    (be    biiH|ii«»i    the    r«|lMwlnit    oincer* 


M 
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Kent,  tl'e  prealdent.  Hoy  II.  HiiiMli.  (reiiMtirer.  and 
Mrlra  K.  Kwlng,  •ecrrlarr  The  hiiMiiicRN  win  U- 
<itK>rat«'d  iM>parnle|>^  under  I  he  name  ut  the  Kpim 
Machine    Vak 

A.  Bol,  Stookliolms  Jarnmanuraktur.  Htnekholm. 
Ht%eden,  dcalera  In  maehlnery.  ttHd^,  and  hardware, 
have  oiM.ned  nii  nfTlce  In  New  Y'irk  Clly  to  enable 
them  to  keep  In  cImmt  Inuch  Willi  the  maniifai- 
tiirera  In  thla  country.  J,  Gunlaf  V.  Lang  hn* 
charge   of    Ihe    Nen    York    i.lllce.    H    \V.    ilHU    Ht  .    nnd 


acts  as  puicbasing  agent.  He  will  be  glad  to 
hear  from  manufacturers  and  receive  catalogues 
and  quotations. 

Charles  A.  Schieren  Co.,  30-38  Ferry  St.,  New 
York  City,  has  just  completed  an  addition  to  Its 
tannery  at  Bristol,  Tenn.  Equipment  is  being  in- 
stalled for  the  manufacture  of  the  Schieren  brands 
of  belts,  namely,  "  Dusbak  "  (waterproof), 
"  Bull's  Head,"  "  Royal  Extra,"  "  CasCo."  etc., 
most  of  which  will  be  shipped  to  southern  plants. 
The  full  capacity  of  the  plant  will  be  50,000  feet 
of  belting  daily. 

American  Telegraphone  Co.,  Springfield,  Mass., 
has  purchased  the  plant  of  the  Rockford  Watch 
Co.,  at  Rockford.  111.,  and  will  use  the  plant  and 
equipment  for  tlie  manufacture  of  telegrapbones. 
The  telegraphone  is  a  form  of  the  phonograph  that 
uses  a  magnetized  wire  for  the  record  instead  of 
a  wax  cylind^.-  It  was  invented  by  Prof.  Poulson, 
and  a  large  sum  has  been  expended  in  perfecting 
the   mechanism   of   the   original   machine. 

Russell,  Holbrook  &  Henderson,  Inc.,  30  Church 
St..  New  York  City,  successor  to  the  business  In 
machine  tools,  special  and  automatic  machinery  of 
Lewis  Russell,  has  been  incorporated  with  a 
capitalization  of  $25,000.  The  business  will  be 
continued  along  the  same  lines  as  heretofore,  with 
enlarged  facilities.  The  officers  are  Lewis  Russell. 
president;  C.  H.  Holbrook,  vice-president;  and 
Lucien   G.    Henderson,    secretary   and    treasurer. 

Gisholt  Machine  Co.,  1209  E.  Washington  Ave., 
M;uIison.  W^is..  owns  the  controlling  interest  in 
Tlic  Northwestern  Ordnance  Co.,  of  Madison,  but 
its  connection  will  in  no  way  affect  the  product  or 
i)ruduction  of  the  Gisholt  Machine  Co.  The  two 
organizations  are  entirely  independent.  The  Gis- 
holt Machine  Co.'s  organization  is  in  first-class  shape 
to  produce  machine  tools  and  equipment  that  will  be 
required  to  meet  the  nation's  military  and  indus- 
trial   needs. 

Heald  Machine  Co.,  20  New  Bond  St..  Worcester, 
Mass..  has  opened  a  branch  office  in  the  Common- 
wealth Building.  Philadelphia,  Pa.,  for  the  pur- 
pose of  giving  better  service  to  its  customers  in 
that  section.  S.  M.  Hershey,  formerly  connected 
with  the  Hyatt  Roller  Bearing  Co.,  of  Newark,  and 
the  Norton  Co.,  of  W^orcester,  will  be  in  charge. 
The  office  will  serve  the  trade  in  Pennsylvania  as 
far  west  as  Altoona  and  in  New  Jersey  as  far 
north   as  Trenton. 

Parker  Mfg,  Co.,  Detroit,  Mich.,  manufacturer  of 
drill  chucks  and  arbors,  elected  the  following  di- 
rectors at  a  recent  meeting  of  the  stock-holders: 
Gorham  C.  Parker,  David  J.  Rice,  Howard  K. 
Chambers,  Charles  D.  Bennett,  and  Kenneth  P. 
Albridge.  The  officers  of  the  company  are  Gorham 
C.  Parker,  president  and  treasurer;  David  J.  Rice, 
vice-president;  and  Howard  K.  Chambers,  secretary. 
The  company  was  incorporated  in  July  with  a 
'■apitalization   of  $75,000. 

Cincinnati  Electrical  Tool  Co.,  Cincinnati,  Ohio, 
has  moved  into  its  new  quarters  at  1501-1505 
Freeman  Ave.,  corner  of  Flint  St.,  where  increased 
facilities  have  been  provided  for  manufacturing  the 
line  of  portable  electrical  drills  and  grinders.  The 
new  quarters  afford  32,000  square  feet  of  working 
space  and  give  light  on  four  sides.  Removal  to 
larger  quarters  was  made  necessary  on  account 
of  the  greatly  increased  demand  for  "Cincinnati" 
eh-ctrical   drills   and   grinders, 

Link-Belt  Co.,  Chicago,  111.,  announces  that  it  is 
now  again  in  a  position  to  furnish  Link-Belt  mono- 
rail electric  hoists  for  quick  shipment.  The  manu- 
facturing of  electric  hoists  was  stopped  during  the 
past  yeor  because  of  unprecedented  business  condi- 
tions and  overcrowding  in  the  company's  shops. 
These  machines  arc  made  in  the  Philadelphia  plant 
where  a  large  additional  building  is  ropldly  nearlng 
completion  am!  where  the  present  manufacturing 
facilities  are  being  greatly  Increased. 

A.  B.  Eloktrisk  Industri,  Drammen.  Norway,  has 
consoIldaU'd  with  two  other  concerns  in  Norway. 
the  HolnillanKcu  Klcklrlwk  A.  S..  Sundefjord  nnd 
Frldljoy  Andersens  Telepolntage,  Christiana,  Nor- 
way. The  awHocifition  will  continue  the  manufac- 
ture of  iirticle«  In  the  ele.-tricul  line,  and  will  hen* 
after  conduct  its  business  under  the  name  of  tin 
A.  S.  Nulloiial  Industri  with  nniln  office  at  Sandef- 
Jord  and  branch  olllces  at  Dnnumen  ami  Chrlstlnna. 
The  aHHMclation  Is  reprcMcnted  in  New  York  City  by 
MauM  KnrlHrnd.  iiuinnger  of  the  Drannueu  branch, 
'.mi    Broadway. 

Oorham  &  Goddard  Co,,'4ri  W.  Congress  St.,  De- 
iroll,  Mich.,  Ih  a  partnershl|i  rnrnied  by  L.  C. 
Gorhiini    aii.t    A.    N.    Gnddanl    fur    the    manufacture 

I  Halviiiclnn  of  Hinall  tools.     Mr.  Gorham  formerly 

conducted  a  )MiHln.-HM  In  Ihe  salvaging  of  reamers, 
end  nilllN.  milling  cutters,  elc.  Mr.  Goddard  Is  nil 
expert  tool  num.  untt  was  for  four  yeors  superin- 
tendent of  the  I'nion  Twist  Drill  Co..  Athid  Mims. 
The  new  company  Is  equlpjied  with  modern  tools 
and  win  be  In  a  |Hmlllfin  to  give  prompt  service. 
It  will  Miilvage  all  kinds  of  small  tools  and  cullers 
anil  also  manufacture  special  tools,  dies.  Jigs, 
MMiirei..    gageM.    a| Inl    cutters,    reamers,    end  inllU. 

Aholl-Howo    Co..    Chleiifro.    III.,    bus    been    liirorpo- 

raled   to  iirovlde   for  Ihe  expansion  of  Ihe  sal nd 

entiliieerliiu  orKanlRn lion  Inaiigiiraled  some  months 
stfo  by  Oliver  J.  Abell,  MTi  Washtnttton  Mlvd.. 
Chb-iigo.  The  new  company  has  acquired  Inlereata 
In  some  of  the  innnufaclurliitf  concerns  for  whose 
pnidui-ls  II  wtlt  be  Ihe  national  dlslrlhiitor,  and  In 
Hddlllon  II  will  conllhue  to  market  other  equip, 
iiieiif  iiM  Nales  agent.  Anionu  ihe  products  In  lie 
Mitil  etcluiilvely  through  Ihls  conipiiny  are  "Amer- 
leiin  hluh  Npeed"  ehiiln  and  llnwe  "One  Man"  de- 
Iflchable  Innttue  irneks.  Oliver  J  Abell  Is  presi- 
dent nnd  (reasnrer;  llb'un  (1  Howe,  vbe  president ; 
and  r.  K  Kane,  secretnrr-  Arraiiuementa  for 
representation  In  Ihe  prliidpsl  dlslrlbulInK  renlurs 
of   tl fMintrj^    uin   be  Nliorlly   cmplcled 
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IHE  formation  of  accurate 
and  interchangeable  screw 
tlireads  on  a  commercial 
or  manufacturing  basis 
has  been  a  difficult  propo- 
sition in  many  machine 
extent    of    the    difficulties 


shops.     The 

encountered  in  connection  with  this  work  may  depend  largely 
upon  the  meaning  of  that  indefinite  term  "accurate"  and  also 
upon  the  length  of  time  that  is  allowed  for  the  screw-cutting 
operation.  On  many  classes  of  threading  work  the  degree  of 
accuracy,  combined  with  the  speed  of  production  demanded, 
makes  screw  cutting  a  troublesome  operation,  and  even  when 
the  conditions  are  not  unusually  severe,  the  production  of 
smooth,  correctly  formed  threads  requires  tools  that  are  prop- 
erly made  and  applied.  While  some  equipment  is  incapable 
of  producing  good  screw  threads,  regardless  of  the  time  that 
might  be  expended  (either  because  it  was  poorly  constructed 
to  begin  with  or  is  in  bad  condition),  many  notable  improve- 
ments have  been  made  in  screw-thread  forming  tools  and 
methods,  and  in  this  general  review  of  the  subject  the  more 
important  types  of  tools  or  machines  for  producing  screw 
threads  will  be  described.  In  this  particular  article,  which 
deals  especially  with  threading  dies,  and  in  other  succee4ing 
articles,  those  features  that  have  a  direct  bearing  on  the  accu- 
racy of  screw  threads  and  the  speed  of  production  will  be  con- 
sidered, as  well  as  the  relative  merits  of  different  types  of 
tools  or  machines  and  the  general  classes  of  work  for  which 
they  are  adapted. 

Oeneral  Methods  of  FormlnBr  Screw  Thread.i 

The  two  general  methods  of  forming  screw  threads  may  be 
defined  as  the  cutting  method  and  the  rolling  or  impression 
method.  Some  of  the  various  modifications  of  these  two  gen- 
eral methods  will  be  outlined.  The  cutting  methods  as  ap- 
plied to  external  threads  arc  briefly  as  follows: 

1.  Ily  taking  a  number  of  successive  cuts  with  a  single-point 
tool  that  is  traversed  along  the  part  to  be  threaded  at  a  rate  per 
revolution  of  the  work  depending  upon  the  lead  of  the  thread. 
(Common  method  of  cutting  screw  threads  in  the  engine  lathe.) 

'A«»orJiitc  EOlliir  of  MAcniNlcnT. 


This  is  the  beginning  of  a  series  of  articles 
dealing  with  th%  design,  operation,  and  ap- 
plication of  various  classes  of  standard  and 
special  tools,  machines,  and  attachments 
used  in  producing  screw  threads.  The  gen- 
eral subject  of  thread-cutting  dies  is  covered 
in  this  installment,  which  includes  various 
types  of  dies,  principles  governing  their 
operation  and  maintenance,  and  the  causes 
of    common    defects    In    d 


2.  By  taking  successive  cuts  with  a 
multiple-point  tool  or  chaser  of  the  type 
used  to  some  extent  in  conjunction  with 
the  engine  lathe  and  on  ".athes  of  the 
Fox  or  monitor  types. 

3.  By  using  a  tool  of  the  die  class, 
threads.               which  usually  has  four  or  more  multiple- 
point  cutting  edges  or  chasers  and  gen- 
erally finishes  the  thread  in  one  cut  or  passage  of  the  tool. 

4.  By  a  single  rotating  milling  cutter,  which  forms  the 
thread  groove  as  either  the  cutter  or  work  is  traversed  axially 
at  a  rate  depending  upon  the  thread  lead. 

5.  By  a  multiple  rotating  milling  cutter  which  completes  a 
thread  in  approximately  one  revolution  of  the  work. 

When  screw  threads  are  produced  by  the  rolling  or  impres- 
sion method  there  are  two  general  processes: 

1.  By  rolling  the  blank  in  contact  with  a  revolvable  disk 
or  roll,  the  periphery  of  which  has  either  a  single  thread  or  a 
multiple  thread  corresponding  in  pitch  to  the  thread  required. 

2.  By  rolling  the  blank  in  contact  with  fiat  dies  having 
parallel  ridges  which  are  spaced  in  accordance  with  the  re- 
quired pitch  and  which  form  the  screw  thread. 

Internal  screw  threads,  or  those  in  holes,  may  or  may  not 
be  produced  by  the  same  general  method  that  is  applied  to 
external  work.  There  are  three  commercial  methods  of  im- 
portance, namely: 

1.  By  the  use  of  a  single-point  traversing  tool  in  the  engine 
lathe  or  a  multiple-point  chaser  in  some  cases. 

2.  By  means  of  a  tap  which,  in  machine  tapping,  usually 
finishes  the  thread  in  one  cut  or  passage  of  the  tool. 

3.  By  a  rotating  milling  cutter  of  either  the  single  or  multi- 
ple type. 

ControUinsr  Motion  of  Thread-formlngr  Tool 

The  general  methods  of  controlling  the  motion  of  a  thread- 
forming  tool  relative  to  the  work,  for  generating  thread 
grooves  of  helical  or  "spiral"  form,  vary  according  to  the  type 
of  tool  or  machine  used  for  the  scrpw-cutting  operation.  Con- 
sidering, first,  the  action  of  the  tool  while  cutting  a  thread 
groove,  there  are  three  general  methods  of  securing  the  neces- 
sary motion: 

1,  The  tool-holder  or  carriage  (or  the  work  in  some  cases) 
Is  traversed  by  a  lead-screw  driven  by  gearing  of  such  a  ratio 
that  the  relative  motion  of  the  tool  per  revolution  of  the  work 
Is  equal  to  the  lead  of  the  screw  thread  required. 
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2.  The  motion  is  obtained  by  the  direct  action  of  a  lead- 
screw,  which  is  not  driven  through  gearing  and  has  a  lead 
equal  to  that  required  on  the  part  to  be  threaded. 

3.  The  tool  when  in  the  form  of  a  tap  or  die  may  be  self- 
propelling  or  self-leading,  the  tool  moving  each  revolution  a 
distance  equal  to  the  thread  lead  as  the  result  of  its  screwing 
action,  caused  by  the  location  of  the  cutting  teeth  along  a 
helical  path. 

After  a  thread-cutting  tool  has  completed  a  cut,  it  is  usually 
necessary  to  return  it  to  the  starting  point  either  for  the  pur- 
pose of  taking  another  cut  (as  when  using  a  single-point  tool) 
or  for  removing  the  tool  from  the  work  (as  when  withdrawing 
a  tap  or  die  from  the  threaded  part).  This  return  movement 
may  be  obtained  by  the  following  methods: 

1.  By  a  hand  or  power  traversing  movement  of  the  tool 
carriage  or  holder  in  the  direction  of  the  axis  of  the  work, 
after  withdrawing  the  cutting  tool  or  tools  for  clearing  the 
screw  thread. 

2.  By  reversing  the  rotation  of  the  work-  or  tool-spindle  for 
backing  a  non-collapsing  tap  out  of  a  hole  or  for  unscrewing  a 
non-opening  die  from  the  threaded  part. 

3.  By  running  a  tap  or  die  at  a  slower  speed  than  the  work 
while  cutting  the  thread  and  then  at  a  faster  speed  for  un- 
screwing the  thread-cutting 'tool. 

When  a  thread  is  being  formed  by  the  rolling  process,  the 
tool,  if  of  circular  shape,  simply  moves  at  right  angles  to  the 
axis  of  the  work  for  bringing  the  roll  into  contact  with  the 
part  to  he  threaded  and  for  removing  it  after  the  thread  has 
been  formed.  In  the  case  of  flat  thread  rolling  dies,  the  blank 
to  be  threaded  is  rolled  between  a  stationary  die  and  a  movable 
die  having  a  reciprocating  motion. 

Selection  of  Thread-forming:  Method 

One  of  the  most  important  questions  relating  to  the  forma- 
tion of  screw  threads  is  the  particular  method  that  should  be 
employed  for  a  certain  class  of  work.  What  is  the  most  rapid 
method  of  performing  the  screw-cutting  operation  without 
sacrificing  the  necessary  accuracy?  That  is  the  question  that 
has  often  puzzled  shop  foremen  and  superintendents  and  one 
that  is  not  answered  in  the  same  way  by  those  who  have 
studied  the  problem  of  screw  thread  production.  Variations 
of  practice  in  different  shops  are  often  due  to  the  fact  that  the 
equipment  at  hand  is  used  not  because  it  is  considered  the 
best,  but  because  there  is  no  choice.  In  other  words,  the 
amount  of  money  appropriated  for  new  tools  is  often  the  real 
reason  why  different  types  of  tools  are  used  for  the  same  gen- 
eral classes  of  work.  While  each  class  or  type  of  thread- 
forming  tool  or  machine  has  a  definite  field,  in  some  cases 
these  fields  overlap,  and  then  judgment,  experience  and  rec- 
ords of  past  performance  must  be  utilized  in  deciding  what 
method  is  to  be  employed. 

Among  the  important  factors  that  affect  the  thread-forming 
methods  may  be  mentioned  the  diameter  of  the  screw,  pitch 
of  thread,  degree  of  accuracy  necessary,  number  of  parts  to 
be  threaded,  location  of  thread,  material  of  which  parts  are 
made,  and  relation  of  threading  operation  to  other  work  which 
may  precede  or  follow  It.  It  will  be  understood  that  no  in- 
flexible rule  can  be  given  as  a  guide  and  that  the  different 
factorH  mentioned  may  be  combined  in  various  ways,  thus 
changing   the   problem    partly   or   entirely.     Other   conditions 
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Tig.   2.     Acorn  Die   and  Die-holder 

peculiar  to  any  one  job  may  also  have  a  decided  effect  on  the 
exact  method  of  procedure.  This  matter  of  selecting  equip- 
ment for  the  production  of  screw  threads  involves  not  only  a 
study  of  the  different  classes  of  work  for  which  various  types 
of  tools  are  adapted,  but  a  careful  investigation  into  the  per- 
formance of  different  makes  of  tools  of  the  same  class  or  type. 
The  difference  in  the  quality  of  tools  of  the  same  class  ac- 
counts for  many  variations  of  opinion.  One  man  contends  that 
a  certain  type  of  tap  or  die  is  incapable  of  accurate  work, 
but,  if  the  truth  were  known,  the  general  type  may  be  entirely 
satisfactory  when  properly  made  or  applied.  This  is  also  true 
of  thread-forming  tools  of  other  classes.  In  dealing  with  the 
various  types  of  thread-forming  equipment,  the  kind  of  work 
and  the  particular  advantages  of  each  type  will  be  enumerated 
in  as  specific  a  manner  as  seems  practicable.  Unfortunately, 
however,  it  is  not  possible  to  deal  with  this  question  of  se- 
lecting thread-forming  tools  in  such  a  definite  way  that  in- 
structions may  be  followed  to  the  letter  and  without  the  as- 
sistance of  experience  and  judgment. 

General  Application  of  Threading   Dies 

Most  external  screw  threads  are  cut  by  means  of  dies,  be- 
cause tools  of  this  class  not  only  cut  threads  very  rapidly, 
but  when  properly  made  are  capable  of  producing  screws  that 
meet  most  commercial  requirements  as  to  accuracy.  It  is  im- 
possible to  enumerate  all  the  classes  of  work  for  which  dies 
are  used;  however,  they  are  applied  in  general  to  the  thread- 
ing of  a  large  percentage  of  the  small  and  medium-sized  screw 
threads,  ranging  from  the  smallest  screws,  bolts  and  studs  up 
to  heavy  screws  four  or  five  inches  in  diameter,  or  larger  in 
some  cases.  These  die-cut  screw  threads  include  those  of  the 
rougher  grades  represented  by  ordinary  studs,  bolts,  etc.,  and 
also  a  great  deal  of  the  more  accurate  work  on  machine  parts 
generally. 

Work  of  the  stud  and  bolt  class  is  almost  invariably  threaded 
by  means  of  dies,  but  the  application  of  dies  to  the  better 
grades  of  screw  thread  cutting  depends  upon  conditions.  For 
instance,  dies  are  ordinarily  used  on  turret  lathes  and  semi- 
automatic or  automatic  screw  machines  for  external  threading 
operations,  because  they  provide  an  efllcient  method  not  only 
of  forming  a  screw  thread,  but  also  of  doing  it  without  re- 
moving the  work  from  the  machine.  On  the  contrary,  dies  are 
rarely  used  on  the  engine  lathe,  which  has  its  own  screw- 
cutting  mechanism  and  is  designed  primarily  for  a  wide  range 
of  work  rather  than  for  manufacturing  duplicate  parts  in 
quantity  like  the  turret  lathe  and  automatic  screw  machine. 
In  some  instances,  the  use  of  dies  on  the  turret  latho  or  screw 
machine  is  not  practicable,  as,  for  example,  when  there  is  a 
shoulder  between  the  surfac^e  to  be  threaded  and  the  turret. 

While  there  is  no  well-defined  line  showing  Just  where  the 
practical  application  of  dies  ends,  there  are  certain  limiting 
factors  which  should  be  considered.  In  general,  as  the  pitch 
of  the  thread  and  its  diameter  Increases  beyond  certain  limits, 
the  use  of  dies  decreases.  Dies  may  be  employed  for  culling 
llirnads  of  coarse  pitch,  but,  ordinarily,  the  lathe  or  a  thread 
milling  machine  Is  used  in  ijrcl'oroiice.  Wliother  or  not  a  die 
could  bo  used  to  advantage  might  depend  upon  the  type  of 
niui^lilne  employed  for  the  other  openillons,  such  as  turning, 
etc.,  and  the  number  of  i)leccs  to  bo  threaded  or  the  degree 
of  a(u:ura('y  no<:C88ary.  In  the  manufacturo  of  pipe,  dies  are 
MHciI  for  cutling  llu!  llireadH  even  on  the  largo  sizes,  because 
llicy  provlclr  a  rapid  ineiiMH  of  doing  tli(>  work  and  the  pitches 
of  llie  llireads  are  line  In  proportion  to  thoir  diameter.  The 
largo  dloH  used  for  pipe  IhreadlnK  or  other  operations  are, 
of  couTHn,  quite  coHlly  and  can  only  bo  employed  to  advan- 
tage when  III"'  iniMiilily  of  worlt  wiirriintH  the  nocoHsary 
liivcHlmont. 
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Dies  are  efficient  as  a  means  of  cutting  screw  threads,  be- 
cause they  usually  finish  the  thread  complete  in  one  cut. 
although  two  passes  or  cuts  are  desirable  for  certain  classes 
of  work,  some  dies  being  arranged  for  taking  a  light  finishing 
cut.  When  cutting  threads  of  coarse  pitch,  considerable  metal 
is  removed  in  a  short  time,  especially  when  a  single  cut  is 
taken,  and  although  these  heavy  cuts  may  be  distributed  be- 
tween three  or  four  teeth  at  the  throat  of  the  die,  the  diffi- 
culty of  obtaining  smooth,  accurate  screw  threads  increases 
for  the  larger  pitches.  Dies  may  be  used  for  pitches  up  to 
one-quarter  or  one-third  inch,  or  even  larger,  but  die  thread- 
ing operations  of  this  kind  are  not  common.  When  dies  are 
used  for  cutting  screws  of  coarse  pitch  and  of  relatively  small 
diameter,  the  torsional  or  twisting  strain  on  the  work  and  the 
resulting  impairment  of  the  accuracy  of  the  screw  may  be  so 
great  that  the  use  of  a  lathe  or  thread  milling  machine  is 
preferable,  if  not  necessary. 

When  making  any  comparison  on  the  basis  of  accuracy  be- 
tween screw  threads  cut  with  dies  or  by  means  of  a  lathe  or 
thread  milling  machine,  it  is  important  to  remember  that 
there  are  "dies  and  dies."  In  general,  a  well  constructed  lathe 
or  thread  milling  machine  will  cut  a  thread  that  is  more 
accurate  as  to  form  and  lead  than  a  high-grade  die,  for  the 
following  reasons:  In  the  first  place,  a  carefully  ground  single- 
point  tool  or  single  type  milling  cutter  is  more  accurate  than 
a  multiple-point  die  chaser  or  cutting  edge,  which  must  be 
correct  both  as  to  the  form  of  each  tooth  and  the  pitch  of  the 
teeth;  second,  a  die  which  is  self-leading  and  not  positively 
controlled  by  a  lead-screw  is  less  likely  to  produce  a  thread 
of  accurate  lead  than  a  single-point  tool  or  a  rotating  milling 
cutter  that  derives  its  motion  directly  from  an  accurate  screw. 
There  is  a  difference,  however,  in  the  self-leading  qualities  of 
different  dies.  Some  of  the  important  causes  of  inaccuracy 
in  the  lead  of  die-cut  threads  will  be  considered  later.  The 
difference  in  accuracy  between  the  best  grade  of  die  work 
and  the  product  of  the  lathe  or  thread  milling  machine  is 
usually  so  small  as  to  be  negligible  for  most  commercial  work, 
which,  in  conjunction  with  the  speed  of  dies  as  a  means  of 
screw  cutting,  accounts  for  the  extensive  application  of  dies 
in  all  machine  building  plants. 

Types  of  Non-opening-  Dies 

Dies  may  be  divided  into  two  general  classes,  namely,  those 
that  are  removed  from  the  screw  thread  by  being  backed  off 
or  unscrewed,  and  those  that  may  be  opened  so  that  the  cut- 
ting edges  clear  the  screw  thread,  thus  permitting  the  die  to 
be  removed  by  traversing  it  over  the  work  in  a  lengthwise 
direction.  The  non-opening  dies  are  capable  in  some  cases  of 
hand  adjustment,  but  the  object  of  this  adjustment  is  to  vary 
the  size  of  the  die,  so  far  as  machine  threading  operations  are 
concerned.  There  are  four  types  of  non-opening  dies  in  com- 
mon use,  which  may  be  designated  as  (1)  solid  dies,  or  those 
that  are  rigid  and  incapable  of  any  adjustment  for  varying  the 
diameter;  (2)  flexible  dies,  or  those  that  are  split  in  one  or 
more  places  and  may  be  adjusted  to  some  extent  by  compress- 
ing or  expanding;  (3)  sectional  dies,  or  those  formed  of  two  ad- 
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Fig.   4.      Self-opening  Die-head  of  Internal  Trip  Type 


justable  sections;  (4)  rigid  adjustable  dies  of  the  chaser  type, 
having  inserted  chasers  that  may  be  adjusted  radially  within 
certain  limits  either  for  maintaining  a  standard  size  or  for 
varying  the  size  slightly. 

A  common  form  of  solid  die  is  shown  at  A,  Fig.  1.  This 
form  is  used  'for  some  bolt  and  pipe  threading  operations  and 
for  the  rougher  classes  of  screw  cutting.  The  accuracy  of  the 
die  is  likely  to  be  impaired  considerably  by  hardening,  and 
there  is  no  means  of  reducing  the  diameter  as  it  gradually 
increases  on  account  of  wear.  Most  solid  dies  of  the  rigid 
class  are  square  on  the  outside,  although  some  are  round  or 
of  hexagonal  shape.  The  latter  are  similar  to  a  nut  except 
that  they  have  flutes  on  the  inside  to  form  cutting  teeth  and 
are  made  of  hardened  steel.  Dies  of  this  kind  are  used  princi- 
pally for  repair  work,  as  they  are  easily  turned  with  a  wrench 
and  are  convenient  for  truing  or  recutting  battered  threads. 

The  split  dies,  or  those  having  enough  flexibility  to  permit 
adjustment,  are  made  in  different  shapes,  the  three  common 
forms  being  the  spring  screw  die  shown  at  B.  the  "acorn" 
die  C.  and  the  round  split  die  D.  which  is  sometimes  known  as 
a  button  die.  A  great  many  spring  screw  threading  dies  are 
used  on  automatic  screw  machines  for  cutting  the  smaller 
sizes  of  screws.  The  die  has  four  projections  or  prongs  on  which 
the  cutting  edges  are  formed.  These  prongs  are  quite  flexible 
and  must  be  held  in  position  when  the  die  is  in  use  by  some 
form  of  external  ring  or  clamp.  Many  of  these  clamping  rings 
are  split  on  one  side,  and  the  split  ends  are  joined  by  a  screw 
which  provides  adjustment  for  closing  in  the  cutting  edges  to 
the  required  size.  This  type  of  clamp  is  objectionable  in  that 
it  does  not  compress  the  different  prongs  uniformly,  so  that 
the  work  of  cutting  the  thread  is  not  properly  distributed  be- 
tween the  cutting  edges.  One  method  of  overcoming  this  dif- 
ficulty is  to  use  a  solid  ring  that  is  slightly  tapering  on  the 
inside  to  fit  a  corresponding  taper  on  the  outer  surfaces  of 
the  die  prongs.  The  collet  style  of  holder  for  spring  screw 
dies  is  a  further  improvement,  as  it  is  in  the  form  of  an  ex- 
ternal sleeve  completely  surrounding  the  die,  and  not  only 
holds  it  rigidly,  but  provides  a  convenient  means  of  uniform 
adjustment  for  variations  in  size.  The  teeth  of  these  dies 
may  be  cut  with  either  a  straight  hob  or  from  the  back  with 
a  hob  that  is  slightly  tapering.  When  a  straight  hob  is  used 
it  is  a  few  thousandths  over  size,  the  amount  depending  upon 
the  pitch  of  the  thread;  the  prongs  of  the  die  are  afterward 
forced  in  to  the  correct  size  by  the  clamp  collar  or  chuck. 
This  adjustment  produces  a  slight  inaccuracy  in  the  thread, 
and  for  that  reason  it  is  preferable  to  use  a  tapering  hob  to 
obtain  the  necessary  clearance,  the  die  being  cut  to  the  cor- 
rect size  at  the  point  and  not  over  size,  as  when  a  straight  hob 
is  used.  This  back  taper  varies  from  0.005  to  0.010  inch  per 
inch  for  iron  and  steel,  and  from  0.008  to  0.015  inch  per  Inch 
for  dies  employed  tor  cutting  threads  on  brass.  One  of  the 
great  advantages  of  the  spring  screw  die  as  compared  with 
the  rgund  split  form  shown  at  D  is  that  the  radial  cutting 
edges  can  easily  be  rcground  when  they  become  dull  by  using 
an  ordinary  dished  wheel,  the  beveled  edge  of  which  Is  in- 
serted In  the  flutes  of  the  die.  With  the  round  split  form,  a 
special  grinding  wheel  is  required. 
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The  lands  or  cutting  ends  of  the  acorn  die  C  are  shorter  and 
wider  than  those  of  a  spring  die,  which  increases  their 
strength  against  torsional  or  twisting  strains.  The  part  of 
each  land  or  prong  just  back  of  the  cutting  teeth  is  made 
comparatively  thin  to  give  the  necessary  flexibility  for  radial 
adjustment.  The  form  of  holder  used  in  connection  with  this 
die  (as  manufactured  by  the  Greenfield  Tap  &  Die  Corpora- 
tion, Greenfield,  Mass.)  is  illustrated  in  Fig.  2.  The  die  D 
is  contained  within  an  adjustable  cap  A,  which  is  screwed  onto 
section  B  of  the  die-holder.  The  outer  end  of  each  die  prong 
is  beveled  to  fit  a  corresponding  conical  surface  on  the  Inside 
of  the  adjusting  cap  A.  The  base  of  the  die,  which  is  ground 
true,  bears  against  the  end  of  the  floating  part  B  of  the  die- 
holder  and  has  notches  which  engage  short  driving  pins.  The 
connection  between  part  B  and  shank  C  is  obtained  through  a 
cross-pin  E,  which  engages  the  slots  shown  in  the  illustration. 
This  arrangement  is,  of  course,  to  provide  a  certain  amount 
of  floating  movement.  Radial  adjustment  of  the  lands  for 
varying  the  size  of  the  die  is  obtained  by  simply  turning  the 
adjustable  cap  A  in  one  direction  or  the  other  after  loosening 
the  locking  nut.  The  adjustment  derived  in  this  way,  by 
means  of  the  internal  conical  surface  referred  to,  serves  to 
move  each  of  the  four  lands  an  equal  amount  radially,  so  that 
the  work  of  cutting  a  screw  thread  is  evenly  distributed.  The 
acorn  die,  like  a  spring  die,  may  readily  be  resharpened  on 
the  radial  faces,  the  grinding  being  done  in  the  flute,  the  same 
as  with  a  spring  die. 

Round  split  or  button  dies  (one  form  of  which  is  shown  at 
D.  Fig.  1)  are  used  principally  on  turret  lathes  and  hand  and 
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Fig.  &.     S«lf-opening  Die-head  of  Outside  Lever  Trip  Type  and  Adjustable 
Stop    for    controlling   Point    at    which   Die    trips   or    opens 

automatic  screw  machines;  they  are  applied  to  the  same  gen- 
eral classes  of  work  as  spring  screw  threading  dies.  The 
button  dies  are  more  rigid  than  the  spring  dies,  if  the  latter 
are  adjusted  by  the  usual  ring  or  clamp,  but,  as  previously 
mentioned,  they  are  not  so  easily  sharpened  on  the  radial  cut- 
ting faces.  The  Initial  cost  of  the  button  die,  however,  is  less 
than  that  of  a  spring  die  and  the  former  is  not  distorted  as 
much   in  hardening. 

The  sectional  type  of  die  formed  of  two  separate  parts 
(K,  KIg.  1 )  1h  extensively  used  In  die-stocks  for  hand  thread- 
ing operations  on  bolts,  pipe,  etc.,  and  also  in  some  power- 
driven  Bcrew-cuttlng  machines.  The  outside  shape  of  these 
dies  varies.  The  form  shown  has  sides  with  a  double  bevel 
to  give  the  two  die  sections  a  tight  grip  In  the  holder  and 
permit  reversing  the  position  of  the  die  for  cutting  close  to  a 
shoulder.  Some  dies  of  the  two-piece  form  arc  round  and  are 
used  In  preference  to  the  kind  shown  at  J),  which  Is  split 
on  one  side  only.  The  advantages  claimed  for  this  type  are 
that  It  does  not  lose  Its  shape  the  same  as  a  die  which  springs 
together  on  one  side  only,  and  It  can  be  more  easily  ground. 

The  rigid  adjustable  die  of  the  chaser  type  (/•',  KIg.  1)  pro- 
vides a  coiivcnifnl  means  of  adjusting  the  die  cither  to  com- 
pensate for  the  wear  of  the  chasers  and  maintain  n  standard 
size  or  to  vary  the  diameter  Hllghlly  from  th<'  Hlandard.  This 
general  typo  has  several  advuntagos  when  apiilli-d  to  opera- 
tions for  which  It  la  especially  adapted.  For  cutting  compara- 
tively large  screw  threads,  the  chaser  typo  of  die  Is  preferable 
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to  a  solid  split  or  spring  die.  partly  because  it  is  capable  of 
more  accurate  work.  The  one-piece  die  is  always  subject  to 
distortion  in  hardening,  especially  when  made  in  large  sizes. 
The  use  of  inserted  chasers  is  also  an  advantage,  because  a 
practically  new  die  may  be  obtained  by  inserting  a  new  set 
of  chasers,  when,  as  a  result  of  repeated  grinding  and  wear, 
this  becomes  necessary;  the  body  of  the  die  may  be  used  per- 
manently. Dies  of  the  adjustable  chaser  type  may  be  used  in 
preference  to  the  automatic  or  self-opening  class  (to  be  de- 
scribed later)  for  cutting  screw  threads  that  are  so  short  that 
the  time  saved  by  the  opening  dies  is  too  small  to  ofi'set  the 
difference  in  cost.  The  adjustable  chaser  design,  in  general, 
is  also  more  rigid  than  the  self-opening  die  and  better  adapted 
for  taking  heavy  cuts  on  threads  of  coarse  pitch  when  the 
thread  is  to  be  finished  by  a  single  cut.  The  construction  of 
these  dies  varies  considerably.  The  particular  design  shown 
at  F  (the  "Namco")  has  four  chasers,  which  are  held  firmly 
over  plates  in  the  body  by  screws  and  dowel-pins.  They  are 
supported  laterally  or  at  the  sides  by  hardened  eccentric  bind- 
ing screws  and  are  backed  up  at  the  ends  by  hardened  pins 
carried  by  a  heavy  adjusting  ring.  A  loose  or  tight  fit  may 
be  obtained  with  a  set  of  chasers  by  means  of  an  adjusting 
screw  which  changes  the  position  of  the  adjusting  ring  and 
pins  relative  to  the  oval-backed  chasers. 

Removal  of  Non-opening-  Dies  from  Work 

After  a  screw  thread  has  been  cut  with  a  non-opening  die, 
the   latter   is   removed    by   unscrewing   or   backing   it   off   the 
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threaded  sec- 
tion, unless,  as 
is  sometimes 
the  case,  the 
part  being 
threaded 
passes  clear 
through  the 
die.  The  lat- 
ter method  is 
sometimes  fol- 
lowed when  a 
vertical  -  spin- 
dle   machine 

like  a  drill  press  is  used  for  threading  plugs  or  other  parts  by 
screwing  them  down  through  a  die  attached  to  the  table;  the 
finished  work  then  simply  falls  through  the  die.  The  same 
method  has  been  employed  in  threading  taps.  It  is  especially 
applicable  when  there  is  a  square  end  on  the  work,  or  opening, 
to  provide  a  convenient  means  of  driving  by  simply  engaging 
the  parts  with  a  socket  or  other  form  of  driver  on  the  spindle 
that  readily  releases  after  the  work  has  passed  through  the 
die.  While  this  method  of  cutting  screw  threads  has  been 
utilized  to  some  extent,  in  most  cases  it  is  necessary  to  back 
off  a  non-opening  die,  and  this  may  be  done  in  three  different 
ways:  (1)  the  rotation  of  the  work  may  be  reversed  after  the 
thread  is  cut;  (2)  the  die  itself  may  be  reversed,  thus  unscrew- 
ing it  from  the  threaded  part;  (3)  the  die  may  be  revolved 
in  the  same  direction  as  the  work  but  at  a  somewhat  slower 
rate  of  speed  while  cutting  the  thread  and  then  at  a  faster 
rate  so  that  the  die  backs  off  the  threaded  part  while  it  still 
continues  to  revolve  in  the  same  direction  as  the  part  being 
operated  upon.  This  third  method  is  employed  on  some  auto- 
matic screw  machines. 

Application  ol  Self-opening-  Dies 

The  automatic  or  self-opening  type  of  die  represents  one  of 
the  most  important  developments  in  thread-cutting  tools. 
There  are  two  serious  objections  to  the  non-opening  die: 
One  is  that  time  is  wasted  while  the  die  is  backing  off  the 
threaded  part.  The  other  and  often  more  serious  objection, 
especially  when  threading  tough  material,  is  that  the  threads 
are  frequently  marred,  if  not  spoiled  entirely,  by  the  backward 
movement  of  the  die.  This  roughing  or  tearing  of  the  thread 
is  due  to  the  fact  that  when  either  the  die  or  the  work  re- 
verses there  are  chips  left  in  front  of  the  cutting  edges 
especially  at  the  throat  of  the  die;  consequently,  as  the  die 
moves  back  these  chips  or  others  previously  removed  often 
become  wedged  between  the  lands  of  the  die  and  the  screw 
and  roughen  the  thread  or  tear  it  as  the  die  is  being  removed. 
Trouble  of  this  kind  may  often  be  greatly  reduced  or  prac- 
tically eliminated  by  using  dies  having  a  minimum  amount 
of  relief.  The  roughness  of  the  thread  may  also  be  due  pri- 
marily to  other  causes.  For  instance,  some  grades  of  soft 
"stringy"  steel  are  difficult  to  thread  smoothly.  In  such  a 
rase,  the  only   remedy   is  to  use  a  steel  higher  in  carbon  or 


if  a  good  grade  of  material  is  not  necessary  a  steel  higher  in 
phosphorus  and  sulphur.  The  roughness  of  a  thread  may  be. 
and  often  is,  due  to  the  use  of  die  chasers  which  are  not  prop- 
erly made  or  ground.  Unscrewing  the  die,  however,  has 
caused  much  trouble,  and  defects  from  this  source  may  be 
avoided  by  the  use  of  self-opening  dies.  The  latter  may  also 
increase  the  speed  of  thread-cutting  operations  30  or  40  per 
cent,  by  reason  of  the  rapid  removal  of  the  self-opening  type 
after  the  thread  is  cut.  The  additional  complication  necessary 
in  a  self-opening  die  means  a  higher  initial  cost  which  is 
sometimes  to  be  considered  when  the  amount  of  work  is  rel- 
atively small. 

An  automatic  die  is,  as  a  general  proposition,  less  rigid  than 
a  non-opening  die  such  as  the  inserted-chaser  type,  especially 
after  the  parts  have  become  worn.  It  is  for  this  reason  that 
some  self-opening  dies  will  not  cut  a  satisfactory  short  thread, 
especially  if  the  length  of  the  thread  is  about  equal  to  the 
width  of  the  die  chasers.  The  chasers  spring  outward  some- 
what at  the  beginning  of  the  cut  and  make  the  thread  tapering. 
This  error  may  be  so  small  as  to  be  negligible  when  a  good 
die  is  used,  and,  in  any  case,  screws  having  a  length  equal 
to  several  times  the  die-chaser  width  will  be  cut  straight 
except  for  a  few  threads  at  the  beginning  and  end  of  the 
screw  where  there  may  be  an  appreciable  amount  of  taper. 
Another  difficulty  that  has  been  experienced  with  some  self- 
opening  dies  is  in  the  accumulation  of  chips  in  the  die-head, 
which  interferes  with  the  action  of  the  movable  members 
and  increases  the  amount  of  wear;  much  has  been  accom- 
plished, however,  in  the  design  of  self-opening  dies  toward 
keeping  the  die-head  free  from  chips  that  impair  its  effective- 
ness and  also  in  rigidly  supporting  the  chasers  so  that  outward 
radial   thrusts  are   taken   directly  by  solid   parts  of  the  die. 


Fig.    10.      Diagram    illustrating    Method    of    adjusting    Turret    Slide    Stop 
for  a   "Namco"   Self-opening  Die-bead 

The  relative  merits  of  self-opening  dies  and  the  solid  or  non- 
opening  type,  may  depend  upon  the  length  of  thread  to  be  cut, 
the  type  of  machine,  its  reversing  speed,  and  the  number  of 
parts   to   be   threaded. 

Types  of  Self-openingr  Dies 

The  different  designs  of  automatic  or  self-opening  dies 
differ  principally  in  regard  to  the  mechanism  for  opening  the 
die  chasers  at  the  completion  of  a  cut,  the  method  of  closing 
the  chasers  to  the  cutting  position  after  removing  the  die, 
and  the  method  of  supporting  the  chasers  against  radial 
thrusts.  Self-opening  dies,  in  general,  are  formed  of  two 
main  sections.  One  section,  which  includes  the  shank  and 
inner  part  of  the  die  body,  is  attached  to  the  turret,  spindle 
or  other  part  of  the  machine.  These  two  main  sections  have 
a  certain  relative  motion  for  opening  the  die  or  releasing  the 
chasers  from  the  work  and  for  closing  the  chasers  to  the 
working  position.  This  motion  for  operating  the  die  may 
cither  be  parallel  to  the  axis  of  the  die,  rotary,  or  helical. 
The  radial  motion  of  the  chasers  for  opening  or  closing  the 
die  is  commonly  derived  or  controlled  either  from  cam  sur- 
faces or  the  conical  surface  of  a  sleeve  In  contact  with  the 
chasers. 

The  three  general  methods  of  opening  dies  of  this  class 
automatically  are  by  stopping  the  travel  of  the  turret  at  a 
predetermined  point;  by  the  engagement  of  an  outside  tripping 
linger,  latch,  or  lever  on  the  die-head  with  a  fixed  stop  or 
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plate;  by  the  engagement  of  the  end  of  the  work  with  a 
tripping  plate  located  inside  the  die.  Most  self-opening  dies 
are  of  the  non-revolving  type,  the  die  remaining  stationary 
while  the  part  to  be  threaded  rotates.  Dies  of  this  class 
commonly  have  a  hand-lever  for  opening  or  closing  them. 
Some  dies  of  the  automatic  class  are  designed  to  be  revolved. 
Several  commercial  designs  of  self-opening  dies  will  be  de- 
scribed to  illustrate  the  variations  in  construction  and  meth- 
ods of  operation. 

Geometric  Sell-opening:  Dies 

The  standard  design  of  Geometric  self-opening  and  adjust- 
able die  (style  D)  shown  in  Fig.  3  is  intended  for  use  on  hand- 
operated  turret  lathes  and  automatic  screw  machines.  This 
die,  made  by  the  Geometric  Tool  Co.,  New  Haven,  Conn., 
is  so  arranged  that  it  opens  automatically  as  soon  as  the 
travel  of  the  shank  section  of  the  die-head  is  retarded.  When 
used  on  the  turret  lathe  the  stop-screw  or  rod  of  the  turret 


Fit.    12.     Hmrtn 

8llde  may  be  set  to  Btop  the  movement  of  the  turret  when 
the  required  length  of  thread  has  been  cut.  If  desired  tlie 
die  can  be  opened  at  any  Intermediate  point  by  simply  holdinK 
back  on  the  lever  for  operating  the  turret  slide.  The  die 
chaners  arc  closed  to  the  working  position  after  being  opened. 
by  handle  A  proJectlnK  from  the  side.  The  die  may  also  be 
closed  automatically  by  screwlnR  a  pin  Into  a  threaded  h<)l<' 
opposite  this  handle  and  atlachinK  a  stop  to  tlic  rear  cdRc 
of  th(;  turret  slide  In  such  a  position  that  It  will  cugaKc  the 
pin  an  tho  turret  revolves.  Slight  variations  In  diameter 
Mndlcated  by  graduations  at  C)  to  secure  a  tight  or  loose 
fitting  scro.w  may  be  obtained  by  adjusting  screws  H.  Tho 
radial  movcmenin  of  tho  die  chasers  for  oponlnK  or  closing 
tho  die  ore  derived  from  cams  n  which  hukuki'  slots  In  the 
chuers  on  tho  rear  side.  The  chnHcrM  nre  held  on  splines  at 
one  side  of  tho  opening  In  which  they  arc  a  close  lit  to  provc^nl 
tilting  due  to  tho  cutting  strain.    This  style  of  die  Is  made  In 


sizes  ranging  from  Ys  inch  to  4%  inches.  The  sizes  over  and 
including  %  inch  have  an  attachment  which  permits  taking 
roughing  and  finishing  cuts.  When  the  small  lever  E  is 
turned  to  a  position  opposite  that  shown  in  the  illustration, 
the  chasers  are  all  moved  outward  0.01  inch  ready  for  the 
roughing  cut.  Returning  this  lever  to  the  position  shown 
closes  and  locks  the  chasers  for  the  finishing  cut. 

A  style  C  Geometric  die  of  the  inside  trip  type  is  shown 
in  Fig.  4.  This  die  has  an  internal  adjustable  gage  or  stop  A 
which  comes  in  contact  with  the  end  of  the  work,  thus 
automatically  opening  the  chasers.  This  type  is  preferable 
to  the  "pull"  type  (which  trips  after  the  turret  slide  stops)  for 
certain  classes  of  work  and  for  some  machines,  as,  for  example. 


Fig.    13.      Mecha 


of   Hartness   No.    4    Automatic   or   Self- 
opening   Die-head 


where  turret  stop-screws  or  rods  are  not  provided  for  every 
turret  hole.  Fig.  5  shows  a  style  C  Geometric  die  of  the  out- 
side lever  trip  type.  A  fixed  stop  is  attached  to  the  cross- 
slide  and  it  is  provided  with  an  adjustable  screw  for  varying 
the  point  at  which  engagement  with  the  tripping  lever  of  the 
die  occurs.  The  outside  lever  trip  type  is  recommended  for 
cutting  short  threads  of  fine  pitch  because  the  chasers  are 
relieved    of   all    strain    when    tripping. 

A  third  style  of  Geometric  die  (style  DD)  is  shown  in  Fig. 
6  applied  to  a  Cleveland  automatic  screw  machine.  This  die 
was  designed  especially  for  use  on  the  turret  of  the  Cleveland 
machine,  but  it  can  be  applied  to  other  automatic  or  semi- 
automatic machines  in  which  the  operating  requirements  are 
practically  the  same.  The  die-head  is  supported  by  a  spring 
mechanism  between  the  head  and  shank  which  permits  the 
chasers  to  align  themselves  with  the  work  and  compensate 
for  any  slight  inaccuracy  in  turret  adjustment.  This  floating 
connection  also  permits  a  certain  amount  of  longitudinal  move- 
ment independent  of  the  motion  of  the  turret  slide  so  that  the 
die  is  free  to  follow  its  own  lead.  After  the  turret  slide  stops 
its  forward  movement,  the  die-head  has  a  sliglit  independent 
movement    which    brings    the    lock-nuts    seen    in    the    side    of 
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the  die-head  in  contact  with  a  hinged  plate.  The  movement 
of  this  plate  releases  the  locking  bolt  and  allows  the  chasers 
to  open  or  move  outward.  The  point  at  which  the  die  opens 
may  be  varied  slightly  by  adjusting  these  lock-nuts.  The 
illustration  shows  the  die  at  the  point  where  the  tripping 
mechanism  is  about  to  operate,  the  lock-nut  having  come 
into  contact  with  the  tripping  plate. 

The  arrangement  for  closing  the  die-head  automatically 
is  illustrated  in  Fig.  7.  A  closing  pin  A  is  attached  to  the  die- 
head,  and  mounted  above  the  turret  there  is  a  closing  bar  B 
having  a  beveled  pin  which  projects  downward.  After  a 
thread  is  cut  by  the  die,  the  latter  is  carried  around  as  the 
turret  indexes  until  the  closing  bar  comes  into  contact  with 
the  pin  on  the  die.  The  upper  view  shows  the  die-head  just 
at  the  point  of  closing  and  the  lower  view  illustrates  how  the 
die  is  turned  part  of  a  revolution  for  closing  as  the  turret 
indexes. 

"Namco"  Self-opening:  Dies 

A  "Namco"  self-opening  die  of  the  non-revolving  type  is 
shown  in  Fig.  8,  and  applied  to  a  Cleveland  automatic  screw 
machine  in  Fig.  9.  This  is  another  die  of  the  type  that  opens 
when  the  turret  slide  reaches  the  end  of  its  travel.  When 
the  forward  movement  of  the  slide  is  discontinued,  further 
rotation  of  the  screw 
thread  draws  the  die-head 
forward,  thus  releasing 
the  chasers  from  their 
bearing  on  the  cam  ring 
arms  and  allowing  them 
to  spring  open.  The  die 
is  closed  by  the  lever  seen 
projecting  from  the  side 
which  serves  to  draw  the 
body  back  into  the  hood, 
thus  bringing  the  chasets 
into  contact  with  the  cam 
ring  arms.  Whatever  vari- 
ations in  diameter  may  be 
required  are  obtained  by 
a  sensitive  adjusting  screw 
in  the  side  of  the  die-head. 
The  hand-lever  may  be  op- 
erated automatically  by 
the  rotation  of  the  turret, 
as  when  the  die  is  used 
on  an  automatic  screw 
machine.  The  closing  de- 
vice shown  in  Fig.  9,  con- 
sists of  a  projecting  plate 
or  arm  having  an  inclined 
edge  over  which  the  closing  lever  slides  as  the  die  is  indexed 
past  this  point.  The  form  and  location  of  this  closing  at- 
tachment varies  more  or  less  for  different  machines. 

When    the    die    is    used    on    the    turret    lathe    the    general 


Fig.    17.      Thread   Cutting  on    a   Di 
ing  Machine  with  Stationary 
Self-opening     Die 


Cleveland 

method  of  adjusting  the  turret  slide  stop  for  controlling  the 
operation  of  the  die  is  as  illustrated  by  the  plan  view,  Fig.  10. 
After  the  die  is  attached  to  the  turret,  the  first  thread  is  cut 

to  the  required  length  and 
the  machine  stopped  with 
the  die  chasers  still  en- 
gaged with  the  thread,  the 
chasers  being  closed.  The 
turret  slide  stop  is  next 
adjusted  until  the  slide 
moves  backward  sufficient- 
ly to  take  up  the  lost  mo- 
tion or  longitudinal  float 
at  A  in  the  die-head,  and 
the  die  chasers  spring 
open.  Another  trial  screw 
thread  is  then  cut,  and  if 
the  length  of  the  thread 
must  be  exact  a  slight  fur- 
ther adjustment  may  be 
necessary.  The  method  of 
arresting  the  feeding  move- 
ment of  the  turret  varies 
on  different  machines. 

The  "Namco"  die-heads  do 
not  have  a  cover  or  plate 
in  front,  but  are  left  open; 
one  reason  for  this  con- 
struction is  to  permit  a 
free  flow  of  oil  through  the 


Fig.    18,      Drilling    Machine    equipped 
with  Revolving  Type  of  Self- 
opening    Die 


Two  Wollt   Self-opcnlng  Dio.hoails  for   i    I    t,;    K 

Flnisblng   Cuti   on    a     Brown    &    Sharpo    Automata 

Borow   Maohino 


die-head  to  flush  or  wash  out  the  chips  so  that  the  die  will 
be  self-cleaning.  Some  "Namco"  die-heads  (the  No.  11-22  se- 
ries) are  designed  especially  for  cutting  very  short  threads  or 
those  of  ordinary  lengths  right  up  to  a  shoulder  if  necessary. 
The  die-head  is  designed  to  open  the  chasers  instantaneously 
at  a  given  point.  The  top  or  outer  ends  of  the  chasers  are 
not  beveled  as  in  the  dies  previously  referred  to,  but  have 
.-jquare  shoulders  instead,  as  shown  by  the  sectional  view. 
Fig.  11.  The  bearing  arms  B  of  the  cam  ring  rest  on  the 
top  of  these  shoulders  until  the  chasers  -1  are  pulled  forward 
at  the  end  of  the  cut  by  the  action  of  the  screw  thread;  the 
arms  of  the  cam  ring  then  drop  down  into  the  lower  shoulders, 
as  shown  by  the  view  to  the  right,  thus  allowing  the  chasers 
to  fly  outward  instantly,  in  order  to  prevent  interference 
with  a  shoulder  on  the  work. 

The  revolving  type  of  "Namco"  self-opening  dies  is  de- 
signed for  use  on  the  Acme  automatic  multiple-spindle  screw 
machine,  on  holt  and  stud  threaders,  and  other  machines  in 
which  the  work  is  held  stationary  while  the  die  is  revolved, 
or,  in  cases  where  both  the  work  and  die  rotate.  The  opening 
and  closing  of  the  chasers  is  effected  by  the  longitudinal  mo- 
lion  of  the  hood  relative  to  the  body  of  the  die.  the  same  as 
with  the  (iesign.s  previously  referred  to.  The  floating  style 
of  revolving  dio-liead  is  dosignod  for  threading  parts  that  are 
not    linislu'd    from    the    bar   at    one   setting    but   are   chucked 
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Rotary   Die-head 


either  by  hand  or  from  a  magazine  for  the  threading  opera- 
tion. This  floating  mechanism  compensates  for  any  variation 
in  alignment  between  the  woric  and  die-spindle.  The  "Namco' 
dies  are  made  by  the  National  Acme  Co.,  Cleveland,  Ohio. 

Hartness  Automatic  Die 

A  Hartness  automatic  or  self-opening  die  is  shown  applied 
to  a  Gridley  automatic  in  Fig.  12.  and  in  section  in  Fig.  13. 
The  construction  of  these  dies  varies  somewhat  for  different 
sizes,  although  they  operate  on  the  same  general  principle. 
The  description  applies  to  the  No.  4  size  shown  in  Fig.  13. 
The  die  body  is  held  to  the  shank  by  screws  A  and  the  springs 
around  them.  An  equalizing  collar  provides  the  driv- 
ing connection  between  the  body  and  the  shank  and  allows 
the  body  with  its  chasers  to  float  and  thus  center  itself  rela- 
tive to  the  action  of  the  work.  The  chasers  are  held  in 
position  in  radial  slots  in  the  body  and  their  movements  are 
controlled  by  cam  ring  B.  By  throwing  over  the  locking  lever 
C  against  the  pressure  of  the  main  springs  the  cam  crank  D 
and  the  cam  ring  are  turned,  thus  closing  the  chasers.  The 
cam  ring  is  held  in  the  closed  position  by  the  latch  pin  E. 
which  has  two  engaging  surfaces  for  locking  the  cam  ring. 
One  of  these  surfaces  is  regularly  used  for  taking  the  finishing 
cut.  If  the  material  is  hard  or  the  pitch  coarse  enough  to 
require  two  cuts,  the  roughing  handle  F  is  thrown  over,  so 
that  another  surface  on  the  latch  pin  is  utilized  and  holds 
the  chasers  in  position  for  the  roughing  cut.  After  roughing 
out  the  screw  thread,  the  chasers  are  set  for  the  finishing  cut 
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by  Himply  throwing  handle  F  back  to  its  original  position 
The  latch  pin  1h  contained  In  an  eccentric  Hleeve,  which  may 
be  turned  to  vary  the  poMltion  of  the  cam  ring  for  udJUBtIng 
the  radial  location  of  the  chanerfi  and  the  nnlghed  size  of  the 
work.  The  Mizc-adjUHtInK  Horews  H  are  UHcd  for  making  thiH 
chanice.  The  two  ciiIm  (rouKhlnR  and  flnlMhlng)  am  Hcldotn 
rnriulrcd  for  Ihroadit  Mrnalb-r  than  o;i(!  Inch  In  dlamcli-r  mid 
12  pitch,  but  ur<r  lnt<-iidi!d  to  be  iiHi-d  for  courHe  pIlclwH  mid 
on  material))  that  arc  cMprclally  hard  ami  lough.  The  lurK<'Hl 
of  the  Hartne»)i  dies  (the  No.  9)  htm  three  noparate  adJiiHt- 
monta,  no  that  two  roiiKhlng  cut)i  and  a  MnlHhInK  ''Ut  may  h(> 
taken  If  ncroDHory,  without  dlaturblnK  the  adjUMtnicnt  for  tht; 
nnal  or  flnlnhlnx  dIzo.  FIk.  12  llluntraliiM  on«  mcdliod  of  cIoh- 
Infc  the  die  automatb'ally.  A  pin  projecting  from  the  mWIo  of 
Ihc  die  engaKex   Ihe   Inclined   plule  Bliown.     Thin  Hclf-i'loNlnK 


feature  varies,  of  course,  on  different  makes  of  machines,  so 
far  as  its  exact  arrangement  is  concerned.  The  automatic 
opening  of  the  die  occurs  whenever  the  feeding  movement  of 
the  tool-slide  discontinues.  The  die-head  travels  forward  a 
short  distance  before  opening,  after  the  tool-slide  has  stopped. 
These  dies  are  manufactured  by  the  Jones  &  Lamson  Machine 
Co.,  Springfield,  Vt. 

Wells  Self-opening'  Dies 

The  Wells  self-opening  die,  manufactured  by  the  Greenfield 
Tap  &  Die  Corporation,  Greenfield,  Mass.,  is  made  in  three 
models.  Model  B,  intended  for  general  use  on  turret  lathes, 
automatic  screw  machines,  etc.,  is  shown  in  Fig.  14.  This 
model  is  a  pull-trip  design,  the  chasers  opening  automatically 
after  the  advancing  movement  of  the  turret  slide  is  discon- 
tinued. The  chasers  are  held  in  slots  in  the  body  of  the  die, 
and  are  supported  near  the  rear  end  by  hinge  pins,  which 
serve   as   fulcrums   for    the    opening   and    closing   action.     A 


Fig.    21.      Landis    Automatic    Self-opening    Die    applied    to    Turret    Lathe 

spring-actuated  plunger  bears  against  the  short  rear  ends  of 
the  chasers,  forcing  the  front  ends  of  the  chasers  outward 
against  an  external  sleeve  or  shell.  This  shell  has  a  beveled 
surface  on  the  inside  which  bears  against  a  corresponding 
bevel  on  the  back  of  the  chasers  and  furnishes  a  firm  backing 
or  support  directly  back  of  the  cutting  teeth.  This  outer  shell 
slides  in  a  lengthwise  direction  on  the  inner  body  of  the  die, 
permitting  the  chasers  to  open  as  it  slides  back  and  closing 
them  as  it  is  pushed  forward.  In  action,  as  soon  as  the  turret 
slide  stops,  the  die  is  automatically  tripped  by  a  specially 
shaped  shoulder  on  the  trip  screw  engaging  with  the  latch. 
The  opening  action  is  as  described  in  the  preceding.  The  die 
is  closed  by  the  handle  or  pin,  which  projects  from  the  side, 
<oniing  in  contact  with  a.  stop,  where  it  is  latched  in  position 
ready  for  the  next  cut.  Slight  diameter  adjustments  for  mak- 
ing the  thread  either  larger  or  smaller  than  the  standard  diam- 
eter are  made  by  turning  a  knurled  and  graduated  ring. 

Fig.  15  illustrates  two  Model  B  dies,  applied  to  a  Brown  & 
Sharpe  automatic  screw  machine.  This  Is  particularly  fine 
work  where  a  specially  (Inlslied  thread  is  desired;  one  of  the 
dies  is  UH(!d  to  take  Ihc  roughing  cut  and  the  other  tho  fin- 
ishing cut.  Those  dk'H  arc  closed  automatically  by  tho  rota- 
tion of  the  tur- 
ret, the  closliig 
handlf'H  on  I  In' 
dIcH  c  o  m  I  II  f. 
i  M  I  (I,  I'lMitart 
with  a  Hiatloii 
ary  npriiig  lln 
Kor  or  olliir 
form  of  (Ixiil 
Mtop.  The  op 
oration  of  the 
■ante    type    of 

die  on    a  Cluve  >'l>.    2>.      I(.    «    (l.    ■(■^volvlni   Hnlroponlng    Din  hiod 
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land  automatic  is  sliown  in  Fig.  16.  The  die  just  described 
has  in  some  measure  replaced  the  Model  V,  which  is  shown 
on  a  drilling  machine  in  Fig.  17.  This  is  not  a  typical  appli- 
cation, however,  as  this  design  is  used  more  generally  on  hand- 
operated  screw  machines  or  turret  lathes.  This  is  the  sim- 
plest form  of  any  of  the  three  models.  It  is  opened  automati- 
cally by  the  engagement  of  a  latch  projecting  from  the  face 
of  the  die  with  the  work-holding  chuck  or  some  form  of  stop 
that  may  be  attached  to  the  machine.  The  hand-lever  on  the 
die  is  intended  for  operating  it  when  setting  up  the  machine. 
A  twist  of  the  cross-bar  at  the  top  of  the  lever  releases  the 
latch,  permitting  the  die  to  open. 

Drilling  machines  are  often  used  for  thread  cutting  when 
this  is  the  only  operation  and  it  is  not  convenient  to  use  an- 
other type  of  machine.  The  revolving  or  "rim  trip"  type  of 
Wells  self-opening  die.  Model  T,  is  intended  for  application 
on  such  machines  as  drill  presses,  bolt  cutters,  multiple-spindle 
screw  machines,  etc.  This  die,  which  is  shown  applied  to  a 
vertical-spindle  drilling  machine  in  Fig.  IS,  is  tripped  or 
opened  by  a  ball  shaped  latch  A,  which  projects  through  an 
opening  in  the  side  of  the  die  shell  or  body.  This  model  is 
closed  by  a  yoke  pushing  the  outer  shell  forward,  or  it  can 
be  closed  by  a  stop  bearing  upon  one  side  only.  As  arranged 
in  Fig.  IS,  stop  B  trips  the  die  when  latch  A  has  descended 

far  enough  to 
strike  it.  When 
the  spindle  is 
raised,  stop  C. 
which  carries 
a  roller  at  its 
end,  engages 
the  upper  end 
of  the  sliding 
shell  and  holds 
i  t  stationary 
while  the  die 
body  is  pulled 
up  far  enough 
for  the  trip 
latch  to  drop 
into    place. 

These  stops  may  be  adjusted  on  the  vertical  rod  D  for  varying 
the  tripping  and  closing  points  in  accordance  with  the  length 
of  screw  thread.  This  die  is  adjusted  by  turning  a  small 
screw  in  the  die  face,  which  changes  the  position  of  the  stop 
for  the  tripping  latch.  The  chasers  are  the  same  as  those  in 
the  other  models,  and  their  position  in  the  body  and  opening 
and  closing  motion  are  exactly  the  same.  Models  B  and  V 
are  equipped  with  or  without  a  floating  shank,  permitting  the 
die  to  advance  upon  the  work  according  to  the  lead  of  the 
chasers  and   independently  of  the  travel  of  the  turret  slide. 

Landis  Self-opening  or  Rotary  Die-head 

The  die-head  illustrated  in  Fig.  19  differs  from  any  of  those 
previously  referred  to  partly  in  that  the  chasers  are  set  in  a 
tangential  position  relative  to  the  work  instead  of  in  a  radial 
position.  This  particular  design  is  designated  by  the  manufac- 
turer (Landis  Machine  Co.,  Inc.,  Waynesboro,  Pa.)  as  the 
"rotary  die-head,"  and  has  been  used  extensively  on  threading 
machines  of  the  bolt  cutter  type.  The  general  method  of 
operating  the  die  is  indicated  by  the  diagram  Fig.  20.  Rod  A 
is  attached  to  the  slide  or  carriage  that  holds  the  work.  This 
rod  carries  two  adjustable  collars  B  and  V,  which  control  the 
action  of  the  die.     The  yoke  ring  D,  which  is  pivoted  at  E, 

transmits  mo- 
lion  to  the  die 
for  opening 
anil  closing  it. 
•i"  h  .'  die  is 
o|..'ii.'il  when 
rolhir  B  en- 
K.rArx  the  yoke 
ring  at  the 
completion  of 
the   thread-cut- 

Ford    Special"    Dle-h.»d  ti"B    operation. 


Fig,    23.      H.    &    G.    Hand-closing    Die-head 


Tig.    25.     H.    &   G.    Automatic   Self-opening   Die-head 


and  it  is  closed 
when  the  car- 
r  i  a  g  e  is  re- 
turned to  the 
starting  point, 
thus  bringing 
collar  C  into 
e  n  g  agement 
with  the  yoke 
ring.  The  di- 
ametral adjust- 
ment of  this 
die  is  obtained 
by     means     of 

an  adjusting  worm  H  (see  Fig.  19),  which  is  located  in  adjust- 
ing ring  P.  This  worm  engages  the  body  of  the  die-head  and 
moves  closing  ring  >',  adjusting  ring  P,  operating  ring  Q,  and 
retaining  ring  S  as  a  unit.  Graduations  on  the  rear  of  the 
die-head  indicate  the  position  or  adjustment  for  different  diam- 
eters. Any  adjustment  is  retained  by  means  of  a  lock-nut. 
Two  closing  pins  1£,  located  diametrically  opposite  each  other, 
are  fastened  at  their  rear  ends  to  operating  ring  Q.  The 
cylindrical  portions  of  these  pins  pass  through  adjusting  ring 
P  and  enter  two  hardened  bushings  0,  which  prevents  relative 
motion  of  the  closing  ring  with  the  rest  of  the  die-head,  ex- 
cept through  the  adjusting  worm  H.  Closing  ring  N  is  sub- 
jected to  pressure  exerted  by  four  springs.  When  yoke  ring  R 
is  moved  backward  by  engagement  with  the  collar  previously 
referred  to,  it  transmits  motion  to  operating  ring  Q  and  pins 
il.  As  this  movement  continues,  the  conical  ends  of  the  clos- 
ing pins  M  engage  beveled  surfaces  on  bushings  0,  and  closing 
ring  X,  because  of  the  spring  pressure,  turns  relative  to  the 
die-head  body  and  opens  the  die.  On  the  front  face  of  closing 
ring  X  there  are  four  pins  /.  These  pins  carry  the  blocks  J, 
which  impart  the  rotary  motion  of  the  closing  ring  to  the 
chaser  holders.  Most  of  the  cutting  strain  is  taken  by  the 
large  trunnions  K,  to  which  the  chaser  holders  are  securely 
fastened.  As  the  closing  ring  rotates,  the  holders  turn  with 
their  trunnions  and  open  simultaneously.  The  conical  points 
of  the  closing  pins  M  are  prevented  from  leaving  the  hardened 
bushings  0  by  stop-screws  in  operating  ring  Q.  The  chasers 
are  backed  up  at  the  rear  and  advanced  in  the  holders  by  abut- 
ting screws,  the  correct  cutting  position  being  determined  by 
means  of  a  small  hook  gage.  These  chasers  are  sharpened  by 
simply  grinding  the  ends.  By  using  right-  and  left-hand  hold- 
ers the  same  chasers  may  be  employed  for  cutting  right-  and 
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Tig.    26.      Brown   &    Sharpe    Dio-holder    of    Non- releasing     Typo 

left-hand  screw  threads.  The  Landis  "automatic"  self-opening 
die.  Fig.  21.  is  intended  more  especially  for  application  to 
screw  machines,  turret  lathes,  etc.,  and  is  arranged  to  open 
when  the  forward  motion  of  the  turret  is  stopped.  The  con- 
tinued pull  of  the  work  disengages  the  latch,  and  coiled  springs 
within  the  head  pull  the  four  tangential  chasers  out  of  ougage- 
nient  with  the  work. 

H.  &  O.  Self-opening-  Dies 
The  self-opening  dies  made  by  the  Eastern  Machine  Screw 
Corporation,  Truman  and  Barclay  Sts..  New  Haven.  Conn.,  are 
shown  in  Figs.  22  to  25,  inclusive.  The  automatic  solfoponing 
die-head  shown  In  Fig.  22  Is  used  on  National-Acme  and  Grid- 
ley  automatic  screw  machines  and  other  machines  in  which 
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the  die-head  revolves.  All  the 
parts  of  this  head  are  inter- 
changeable, there  being  as 
few  as  possible  to  obtain  the 
desired  result.  The  simplicity 
of  the  design  gives  durability 
and  malies  it  improbable  that 
the  die-head  will  get  out  of 
order.  A  quick-release  mech- 
anism makes  it  possible  to 
cut  a  thread  right  up  to  a 
given  point  and  also  up  to  a 
shoulder  on  the  work;  and 
the  cams  are  all  enclosed,  so 
that  chips  cannot  get  in  and 
clog  the  mechanism  or  cause 
the  size  of  the  threaded  work 
to  be  changed.  Support  for 
the  chasers  is  provided  in 
such  a  way  that  it  is  impossi- 
ble for  them  to  be  tilted  and 
cut  a  tapered  thread  on  the 
work.  This  die  can  easily  be 
adjusted  to  suit  the  size  of 
work  by  loosening  a  screw 
and  moving  a  dial  which  is 
graduated  to  0.001  inch.  The 
chasers    are    removed    by    re-  F'e-  27.    Three  Design 

for  holding 

leasing  a  catch,  and  the  head 

does  not  have  to  be  taken  apart.  This  die-head  is  of  excep- 
tionally small  diameter  and  length  for  the  size  of  work  that 
can  be  threaded,  thus  making  it  especially  adapted  for  use  on 
automatic  screw  machines. 

The  automatic  self-opening  die-head  shown  in  Fig.  25  is 
especially  adapted  for  use  on  Brown  &  Sharpe  automatic  screw 
machines  and  other  single-spindle  screw  machines.  The  lock 
is  positive,  so  that  a  shock  or  jar  of  the  turret  cannot  unlock 
the  head.  Closing  is  effected  by  a  rotary  cam,  and  takes  place 
easily  while  the  machine  turret  is  revolving.  The  trip  mech- 
anism is  positive  and  instantaneous  in  operation,  thus  allow- 
ing a  thread  to  be  cut  close  up  to  a  shoulder  or  other  specified 
point  on  the  work.  The  chasers  are  held  firmly,  which  insures 
the  production  of  straight  threads;  and  the  head  is  furnished 
with  a  floating  shank  and  compensating  spring  to  assist  in 
starting  the  thread.  The  chasers  are  made  of  high-speed  steel 
and  specially  hardened. 

The  "Ford  special"  die-head  shown  in  Fig.  24  works  in  a 
revolving  position,  and  is  especially  adapted  tor  use  on  thread- 
ing machines.  It  is  used  on  the  automatic  threading  machine 
built  by  the  E.  J.  Manville  Machine  Co.,  of  Waterbury,  Conn., 
and  other  machines  of  a  similar  type.  This  die-head  is  fur- 
nishes with  liberal  adjustment  and  has  large  wearing  surfaces 
to  give  durability.  The  hand-closing  die-head  shown  in  Fig.  2.3 
is  adapted  for  use  on  all  turret  machines.  This  die-head  has 
a  floating  shank.  The  chasers  are  held  in  such  a  manner  that 
the  threads  are  sure  to  be  straight. 
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Die-holders  for  both  non- 
opening  and  automatic  dies 
may  be  arranged  to  hold  the 
die  rigidly  or  to  permit  either 
a  longitudinal  movement  or 
a  combined  longitudinal  and 
universal  "floating"  move- 
ment. Many  of  the  die-holders 
used  in  connection  with  ma- 
chine or  power-driven  thread- 
ing operations  allow  the  die 
a  limited  amount  of  motion 
in  the  direction  of  its  axis,  so 
that  it  will  be  free  to  follow 
its  own  lead  and  will  not  be 
retarded  by  a  backward  pull 
of  the  tool-slide  to  which  it 
may  be  attached.  For  in- 
stance, when  cutting  a  thread 
with  a  die  in  a  hand-operated 
turret  lathe,  the  turret  slide 
is  moved  up  until  the  die  has 
started  on  the  work.  If  the 
die-holder  has  longitudinal 
motion,  the  turret  can  lag  be- 
hind somewhat  without  inter- 
fering with  the  forward  mo- 
tion of  the  die,  which  simply  has  to  overcome  the  friction  of 
the  driving  pins  or  keys  of  the  die-holder  as  it  screws  itself 
onto  the  work.  Of  course,  it  the  turret  were  not  shifted  along 
periodically  when  cutting  a  long  screw,  the  lost  motion  in 
the  holder  would  soon  all  be  taken  up  and  then  the  die  would 
have  to  drag  the  turret  slide.  This  extra  load  might  seriously 
impair  the  finish  and  accuracy  of  the  screw  thread.  When 
the  machine  is  of  the  automatic  type  the  cam  operating  the 
turret  slide  is  generally  designed  to  start  the  die  on  the  work 
and  then  the  slide  is  allowed  to  travel  a  little  slower  than  the 
die  that  governs  its  own  motion  independently.  If  the  cam 
were  laid  out  to  control  the  motion  of  the  die  positively,  any 
variation  between  the  motion  of  the  die  and  the  pitch  of  the 
chaser  teeth  would  affect  the  thread  being  cut. 

Some  die-holders  are  arranged  to  give  the  die  a  free  floating 
movement  in  a  direction  perpendicular  to  the  axis,  so  that  if 
the  part  to  be  threaded  is  not  exactly  in  line  with  the  die 
the  latter  can  center  itself  relative  to  the  axis  of  the  work 
and  cut  a  concentric  thread  on  it.  While  every  holder  having 
the  axial  motion  also  has  some  lateral  play,  this  is  very  slight 
in  some  holders  and  is  a  special  feature  in  others.  A  lateral 
or  universal  float  is  especially  desirable  for  dies  used  on  parts 
that  are  chucked  either  by  hand  or  from  a  magazine  attach- 
ment for  the  threading  operation.  This  floating  motion  is 
found  on  holders  for  both  non-opening  and  self-opening  dies. 
The  amount  of  longitudinal  movement  or  float  that  a  die- 
holder  should  have  may  depend  upon  the  type  of  machine  on 
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which  it  is  used.  If  the  die 
is  used  on  a  hand-operated 
screw  machine  or  turret  lathe, 
or  a  single-spindle  automatic 
screw  machine,  the  floating 
movement  may  not  be  over 
14  or  %  inch,  the  amount 
varying  somewhat  according 
to  the  size  of  the  die-head.  If 
the  die  is  applied  to  a  mul- 
tiple-spindle automatic  screw 
machine,  considerably  more 
floating  movement  may  be 
necessary;  in  fact,  the  die,  in 
some  cases,  may  be  attached 
to  a  telescoping  sleeve  ar- 
ranged to  give  it  a  length- 
wise movement  of  several 
inches,  so  that  the  die  is  ena- 
bled to  move  considerably  in 
advance  of  other  tools  in  the 
turret  that  may  not  have  to 
move  in  so  far  from  the  end 
of  the  work. 


Fig.  29.     Throat  Angles  for  Chasers  and  Fixture  for  grinding 


Releasing:  and  Non-releasing  Die-holders 

The  die-holders  used  for  solid  or  non-opening  dies  may  be 
of  the  rigid  type,  the  floating  non-releasing  type,  or  the  releas- 
ing type.  For  turret  lathe  and  automatic  screw  machine  work, 
the  non-releasing  type,  which  is  free  to  move  in  a  lengthwise 
direction  a  limited  amount,  is  used  extensively,  although  the 
releasing  design  is  preferable  under  certain  conditions.  With 
this  type  the  die  is  released  or  is  not  held  against  rotation 
after  the  thread  has  been  cut  to  the  required  length.  When 
the  forward  motion  of  the  turret  slide  discontinues,  the  rota- 
tion of  the  screw  thread  draws  one  section  of  the  die-holder 
farther  forward  until  the  driving  connection  between  the  two 
sections  disengages;  the  die  then  continues  to  revolve  with 
the  work  as  long  as  the  latter  continues  to  run  forward. 
When  the  spindle  is  reversed  the  die  starts  to  rotate  back- 
ward with  it,  but  this  reverse  movement  is  stopped  automati- 
cally by  the  die-holder,  and  the  stationary  die  is  then  backed 
off  the   screw   as   the   spindle   continues   its   reverse   rotation. 

The  releasing  type  of  die-holder  (which  is  intended  only  for 
non-opening  dies)  is  used  when  it  is  necessary  to  govern 
closely  the  length  of  the  thread,  as,  for  example,  when  cutting 
a  thread  close  to  a  shoulder.  If  the  reversal  of  the  machine 
is  controlled  by  the  operator,  as  in  a  hand  screw  machine,  a 
releasing  die-holder  should  be  used,  because,  if  the  machine 
is  not  reversed  at  the  instant  a  die  of  the  non-opening  type 
reaches  the  limit  of  its  forward  travel,  the  thread  may  be 
stripped  or  the  die  broken  when  attempting  to  cut  close  to  a 
shoulder.  When  the  releasing  type  of  holder  is  applied  to  the 
threading  spindle  of  a  multiple-spindle  automatic  screw  ma- 
chine, if  the  the  threading  operation  is  completed  before  the 
other  operations,  the  releasing  device  permits  the  die  to 
revolve    loosely    until    all     the    operations    are    completed. 

The  non-releasing  type  of 
die-holder  is  used  for  most  of 
the  thread  cutting  done  on 
Brown  &  Sharpe  automatic 
screw  machines  with  non- 
opening  dies.  One  design  is 
shown  In  Pig.  26.  The  ar- 
rangement is  such  that  the 
part  to  which  the  die  is  at- 
tached can  move  In  a  length- 
wise direction  relative  to  the 
shank.  The  releasing  type  is 
sometimes  used  to  avoid  hav- 
ing a  narrow  or  pointed  lobe 
on  the  cam  controlling  the 
thread-cutting  operation.  In 
some  cases  a  cam  that  is  laid 
out  for  the  non-releasing  type 
of   holder   has   a   thin,   sharp 


threading  lobe,  but  by  substi- 
tuting the  releasing  type  a 
certain  amount  of  dwell  is  ob- 
tained, so  that  the  top  of  the 
cam  lobe  can  be  made  wider. 

Different  Designs  of  Releasing 
Die-holders 
A  simple  form  of  releasing 
holder  is  shown  at  A.  in  Fig. 
27.  The  holder  a  has  a  shank 
c  which  passes  through  the 
sleeve  b.  This  sleeve  is  held 
in  the  turret.  When  the  die 
is  cutting,  the  holder  a  is 
prevented  from  rotating  with 
the  work  by  the  engagement 
of  lugs  d  and  e.  When  these 
lugs  separate  at  the  end  of 
the  cut,  the  die  revolves  with 
the  work  until  the  rotation  is 
reversed;  then  pin  /,  as  it  re- 
volves with  shank  c,  engages 
notch  g  as  the  turret  slide 
is  returned,  and  stops  further 
rotation  of  the  die,  which  is  backed  off  the  threaded  section. 
The  holder  illustrated  at  B  operates  on  the  same  general 
principle  as  the  one  just  described,  although  the  construction 
is  quite  different.  The  driving  connection  between  the  tw'o 
main  sections  of  the  holder  is  through  the  pins  h.  When  the 
turret  slide  stops  and  the  die-holder  is  drawn  forward,  these 
pins  h  are  disengaged,  thus  releasing  the  die.  As  soon  as  the 
work-spindle  reverses,  a  ball  k  slides  out  of  the  deep  part  of 
the  pocket  in  which  it  normally  rests,  thus  locking  the  two 
main  sections  together  while  the  die  is  being  removed.  The 
ball  is  inserted  in  pocket  m  when  the  die-holder  is  used  for 
cutting  left-hand  threads. 

The  releasing  die-holder  shown  at  C  is  known  by  the  manu- 
facturer (the  Cleveland  Automatic  Machine  Co.)  as  the 
"silent"  type,  because  the  driving  members  are  so  arranged 
that  they  will  not  strike  against  each  other  after  being  dis- 
engaged. The  main  part  of  the  die-holder,  which  is  held  in 
the  turret,  carries  two  bevel-ended  driving  lugs  n,  which  are 
mounted  upon  pins  p,  so  that  they  are  free  to  swivel.  These 
driving  lugs  engage  pins  r  in  the  die-holder  proper;  when  the 
latter  is  drawn  forward  at  the  end  of  the  cut  or  after  the 
turret  slide  stops  moving,  lugs  n.  acted  upon  by  springs  s. 
swivel  until  the  beveled  ends  are  practically  in  a  plane  at 
right  angles  to  the  axis  of  the  holder.  This  swiveling  move- 
ment provides  clearance  between  lugs  J^  and  pins  r  so  that 
the  parts  cannot  strike  against  each  other  while  the  die  is 
revolving  with  the  work.  When  the  spindle  reverses,  the 
beveled  plunger  (  drops  into  slot  u  and  holds  the  die  station- 
ary. This  plunger  is  backed  up  by  spring  w.  To  change  this 
die-holder  for  cutting  left-hand  threads,  the  driving  lugs  n  are 
turned  over,  thus  reversing  the  position  of  the  straight  driv- 
ing side.  The  plunger  t.  which  is  held  in  position  by  the 
end   of  screw  x.  is  also   reversed. 

Chasers  for  Threading  Dies- 
Forms  of  Teeth 
The  chasers  used  in  screw- 
cutting  dies  vary  in  regard 
to  the  form  of  the  teeth,  the 
angles  of  the  cutting  faces  or 
edges  and  the  position  rela- 
tive to  the  axis  of  the  die. 
The  cutting  qualities  of  a  die 
and  the  accuracy  of  the  screw 
threads  produced  by  it  may 
be  affected  greatly  by  the 
form  of  the  teeth  or  the  loca- 
tion of  the  cutting  faces  or 
edges  of  the  chasers  relative 
to  the  axis  of  the  work. 
There  are  three  methods  of 
forming  the  teeth  of  die 
chasers.     One  is  ■^•ith  a  hob 


30.      Diagrams    Uluatrating    how    Throat    of    Die    scrvps    to    start 
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having  helical-shaped  cutting  teeth.  A  second  method  is  by 
using  a  milling  cutter  which  has  teeth  perpendicular  to  the 
axis  and  is  set  to  the  helix  angle  of  the  screw  thread  when 
milling  the  teeth  of  a  chaser.  The  cutter  is  fed  across  the 
chaser  blank  and  forms  a  series  of  straight  teeth  correspond- 
ing in  cross-section  to  the  shape  of  the  thread  to  be  cut.  The 
third  method  is  by  the  use  of  a  milling  cutter  like  the  one 
just  referred  to,  with  teeth  which  are  at  right  angles  to  the 
axis  (not  helical),  but  which,  after  being  set  to  the  proper 
helix  angle,  is  sunk  into  the  ends  of  the  chaser  blank  and 
forms  teeth  that  are  circular  in  a  lengthwise  direction  in- 
stead of  being  straight. 

The  bobbed  chasers  represented  by  diagram  A,  Pig.  28,  are 
formed  by  a  tool  which  is  similar  to  a  tap,  except  that  there 
are  usually  a  greater  number  of  flutes  and  cutting  edges. 
The  teeth  are  helical,  corresponding  to  the  threads  of  a  screw, 
instead  of  being  annular  or  at  right  angles  to  the  axis.  The 
chaser  teeth  formed  by  a  hob  are  like  sections  on  the 'thread 
of  a  nut,  except  that  they  are  given  a  slight  amount  of  relief 
or  clearance  back  of  the  cutting  edges.  The  clearance  may  be 
obtained  by  using  a  hob  of  the  same  size  as  the  die  and  set- 
ting the  chasers  (which  are  held  in  a  special  fixture)  a  little 
off  center  while  bobbing,  or  a  hob  that  is  somewhat  smaller 
than  the  nominal  size  of  die  may  be  used  to  obtain  clearance, 
especially  when  recutting  the  die  chasers  while  they  are  held 
in  the  die-head.  The  "heel"  or  rear  corner  of  each  chaser  is 
removed  after  bobbing  by  beveling  it  in  as  far  as  the  center 
line  to  provide  clearance.  B 
shows  milled  chasers  the  teeth 
of  wljich  are  straight,  in  a 
lengthwise  direction,  instead 
of  curved.  These  teeth  are 
formed  by  a  cutten  having 
teeth  which  are  perpendicular 
to  the  axis,  instead  of  being 
helical,  and  when  milling  the 
teeth  the  cutter  is  fed  straight 
across  the  end  of  the  chaser. 

The  chasers  in  the  Hart- 
ness  automatic  dies  are  milled, 
but  the  teeth  are  circular,  in 
a  lengthwise  direction,  in- 
stead of  being  straight.  Ac- 
cording to  the  manufacturer, 
these  chaser  teeth  are  so 
formed  that  the  front  teeth 
form  a  cutting  tool  while  the 
rear  teeth  form  a  lead-screw  or  act  like  the  section  of  a  nut 
on  the  threads  formed  by  the  leading  side  of  the  die.  The 
milling  cutter  has  teeth  which  are  perpendicular  to  the  axis 
and  it  is  2>4  inches  in  diameter  for  all  chasers,  regardless  of 
the  pitch  of  the  teeth  or  the  diameter  of  the  die  in  which  they 
are  to  be  used.  The  bearing  of  the  chaser  teeth  on  the  fin- 
ished thread  is  obtained  by  setting  the  cutter  in  such  a  posi- 
tion relative  to  the  cutting  edge  of  the  chaser,  when  milling 
the  teeth,  that  the  full  depth  of  the  cut  extends  to  the  cutting 
edge  only  at  the  throat  of  the  chaser.  The  reason  given  for 
avoiding  contact  with  the  work  only  at  the  cutting  edges  of 
the  chaser  teeth  Is  that,  when  the  chaser  is  made  In  this  way, 
prcHBure  In  the  direction  of  the  axis  of  the  screw  causes  the 
cutting  edges  to  dig  Into  the  threads  already  cut,  thus  thin- 
ning them  and  changing  the  pitch   of  the  thread.     In   order 


Fig.    33. 


to  prevent  any  such  action,  the  rear  chaser  teeth  on  the  Hart- 
ness  dies  are  made  to  serve  practically  the  same  purpose  as 
a  nut,  in  order  to  steady  the  die  and  cause  it  to  move  forward 
at  a  uniform  rate  and  in  accordance  with  the  lead  of  the 
thread  being  cut.  It  is  also  claimed  that  this  feature  has  an 
important  effect  in  producing  clean,  finely  finished  threads, 
as  the  chasers  have  a  slight  burnishing  effect  and  impart  a 
close  grained  surface  to  the  thread. 

Still  another  form  of  milled  chaser  is  illustrated  at  0. 
These  chasers  are  the  form  used  on  the  Landis  die-head  previ- 
ously described)  are  set  tangentially  to  the  work.  The  milled 
teeth  extend  throughout  the  length  of  the  chasers  and  they 
are  in  the  form  of  straight 
parallel  ridges  corresponding 
in  cross-section  to  the  shape 
of  the  screw  threads  they  are 
intended  to  cut.  These  chasers 
are  sharpened  by  grinding  on 
the  ends,  and  as  they  become 
shorter  as  the  result  of  re- 
peated grinding,  they  are  sim- 
ply adjusted  to  the  correct 
cutting  position.  The  throat 
of  the  chaser  and  the  front 
teeth  shape  the  thread,  while 
the  rear  teeth  extend  across 
the  center  line  and  take  a 
bearing  on  the  work  just  back 
of  the  cutting  end  of  the  tool. 
This  is  to  make  the  four 
chasers  act  as  a  lead  nut  for 
controlling  the  forward  move- 
ment of  the  die  in  accordance  with  the  lead  of  the  thread 
being  cut. 

AnRle  of  Chaser  Throat  or  Chamfer 

The  leading  side  or  corner  of  each  chaser  in  a  die-head  is 
usually  beveled  as  shown  in  Figs.  28  and  30.  This  beveled 
edge  is  known  as  the  "throat"  of  the  chaser  and  serves  to 
begin  the  cut  gradually  when  the  die  is  first  starting  a  thread 
and  also  when  it  advances.  At  A,  Fig.  30,  is  shown  a  chaser 
at  the  point  of  starting  a  cut,  and  B  represents  the  pc)sitlon 
of  the  chaser  after  it  has  advanced  far  enough  to  begin  form- 
ing a  "full"  or  complete  thread.  The  throat  of  the  chaser  not 
only  inclines  relative  to  the  axis  of  the  die  (or  screw  being 
cut),  but  it  is  given  clearance  back  of  the  cutting  edge  in  a 
circumferential  direction.  In  some  cases  the  throat  angle  a 
must  be  abrupt  In  order  to  cut  a  full  thread  close  to  a  shoulder. 
Aside  from  a  requirement  of  this  kind,  the  throat  should  pref- 
erably bo  ground  so  that  the  work  of  cutting  a  thread  to  the 
full  depth  Is  distributed  over  at  least  two  or  three  teeth  on 
the  heading  side  of  the  die.  It  Is  common  practice  to  grind 
the  throat  al  hihIi  an  uiikIi'  thai  the  Ih'VoIcmI  piirt  extends  froni 
the  root  or  base  of  the  loading  or  most  lulvanrcd  tooth  In  the 
Hot  of  chasers  back  to  the  third  tooth,  which  may  bo  slightly 
beveled.  The  throats  of  Bomo  dlos  cxtond  back  over  four,  five 
or  more  tooth,  although  the  sliorter  chamfer  Is  more  common. 
lOnch  chaser  should,  of  courso,  bn  ground  to  the  sanio  angle 
Mild  so  that  each  tliriiiit  will  be  the  sanio  dlstuiieo  from  the 
;ixlH  or  tlw  die  when  In  the  die-heiid. 

'I'lie  Ihroiit  iitiKleH  c)l'  ihiiHerH  for  the  IlartnesH  illeH  depend 
iipriM   ||ii>  plirli  of  till'  thread.     The  llIl^;leH  fur  illlTereiil    pitches 
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Fig.   34.     Method   of  grinding   Throat   of   Spring  D 

are  shown  in  Fig.  29,  which  also  shows  the  type  of  fixture  used 
for  holding  the  chasers  while  grinding  them.  This  fixture 
may  be  applied  to  different  types  of  grinding  machines  hy 
clamping  a  guiding  strip  to  the  grinder  table,  as  indicated  by 
the  illustration.  A  throat  angle  of  15  degrees  relative  to  the 
axis  of  the  die  is  recommended  for  chasers  intended  for  cut- 
ting threads  varying  from  4  to  5%  per  inch.  The  angle  of  20 
degrees  is  intended  for  pitches  varying  from  6  to  8  per  inch; 
and  25  degrees  for  pitches  of  9  or  more  per  inch.  The  object 
of  decreasing  the  throat  angle  for  the  coarser  pitches  is  to 
increase  the  length  of  the  throat  somewhat  and  distribute  the 
work  of  cutting  over  more  of  the  chaser  teeth. 

Die-chaser  Throat  that 
is  Ineffective 
A  method  of  chamfer- 
ing dies  or  die  chasers 
that  sometimes  causes 
trouble  is  illustrated  at 
A,  Fig.  31.  The  die  chaser 
may  appear  to  have  con- 
siderable chamfer,  but 
when  the  relation  be- 
tween the  throat  of  the 
die  and  the  work  is  con- 
sidered, it  will  be  seen 
that  there  is  little  effec- 
tive chamfer  or  throat. 
This  is  due  to  the  fact 
that  the  beveled  edge  ex- 
tends beyond  or  outside 
of  the  root  or  bottoms  of 
the  chaser  teeth,  where 
it  cannot  be  effective 
when  a  screw  thread  is 
being    cut;    consequently 
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the  entire  work  of  cutting  the  thread  groove  is  imposed  upon 
the  leading  tooth  of  each  chaser.  The  chamfer,  or  throat,  to 
be  effective  should  begin  near  the  root  of  the  leading  tooth 
(as  indicated  at  B),  so  that  it  assists  in  the  work  of  cutting 
the  thread  groove.  If  the  die  is  held  in  a  floating  holder  and 
the  work  is  likely  to  be  considerably  out  of  line,  the  edges 
can  be  beveled  beyond  the  root  of  the  teeth  somewhat,  but  this 
extra  chamfer  should  not  be  considered  as  a  part  of  the  throat. 

Effect  of  Clearance  or  Relief  of  Chaser  Throat  on 
Action  of  Die 
The  relief  or  clearance  at  the  throat  of  a  chaser  should  be 
Just  enough  to  insure  free  cutting,  and  is  subject  to  variation 
according  to  the  diameter  of  the  die  or  the  screw  that  is  cut 
by  it  and  often  by  the  conditions  under  which  the  die  is  used. 
It  is  essential  to  have  the  correct  amount  of  relief  back  of  the 
throat,  because  insufficient  relief  may  prevent  cutting  action 
altogether  or  retard  the  action  of  the  die,  and  prevents  it  from 
advancing  at  the  proper  rate.  If  a  die  has  excessive  relief, 
the  chaser  teeth  are  weakened  and  the  die  tends  to  move 
forward  too  rapidly  when  controlling  its  own  lead,  especially 
when  cutting  soft  material  like  brass.  The  result  is  that 
threads  are  left  rough  and  may  be  almost  entirely  cut  away 
in  extreme  cases.  If  the  rear  or  turret  side  of  the  thread  Is 
rough,  this  indicates  that  the  die  Is  leading  or  advancing  too 
fast;  and  It  the  opposite  or  front  side  Is  rough,  this  shows 
that  the  die  Is  not  advancing  fast  enough.  The  leading  of  the 
die  or  the  rate  of  Its  advance  may  be  varied  hy  changing  the 


amount  of  relief  or  clearance  in  the  throat  of  the  die  chaser. 
The  greater  the  relief,  the  faster  the  die  will  lead,  and  vice 
versa.  Relief,  however,  is  not  the  only  thing  that  may  affect 
the  leading  qualities  of  a  die.  This  point  will  be  considered 
more   fully   later. 

Grinding-  Throat  of  Die  Chaser 

The  throat  of  a  die  chaser  should  be  ground  both  with 
reference  to  its  inclination  relative  to  the  axis  of  the  die  and 
also  the  amount  of  relief  or  clearance  for  the  cutting  edge. 
If  the  chasers  to  be  ground  have  bobbed  teeth  or  milled  teeth 
which  are  circular  in  a  lengthwise  direction,  it  is  common 
practice  to  use  a  wheel  which  is  from  1/16  to  14  inch  larger 
in  diameter  than  the  nominal  size  of  the  die  or  the  size  of 
the  screw  the  die  is  intended  to  cut.  Ordinarily,  a  wheel 
about  Ys  inch  larger  than  the  die  size  is  employed.  The 
center  of  the  wheel  is  offset  relative  to  the  center  line  of 
the  chaser  when  grinding,  in  order  to  obtain  clearance  for  the 
cutting  edge  of  the  throat.  The  exact  method  of  grinding 
depends  upon  the  type  of  machine  used.  In  some  cases, 
the  chaser  is  held  in  a  fixture  which  can  be  tilted  to  the 
throat  angle  and  is  graduated  to  indicate  both  the  angular 
position  and  the  amount  that  the  chaser  is  offset  relative  to 
the  wheel.  The  fixture  shown  in  Fig.  29  is  in  the  form  of  a 
block  arranged  to  hold  a  chaser  at  the  three  angles  recom- 
mended,  by  changing  the   position  of  the   chaser  and  block. 

The  amount  of  clear- 
ance back  of  the  cutting 
edge  should  be  as  small 
as  possible  without  pre- 
venting a  free  cutting 
action.  While  it  is  com- 
mon to  use  a  wheel  that 
is  about  Ys  inch  larger 
than  the  nominal  size  of 
the  die,  the  use  of  a 
larger  or  smaller  diame- 
ter wheel  Tias  less  effect  on 
the  amount  of  clearance 
than  the  distance  that 
the  wheel  is  offset.  For 
instance,  if  the  whoel  has 
a  radius  r  (see  diagram 
A  Fig.  32)  and  this  wheel 
is  offset  an  amount  x,  a 
certain  clearance  will  be 
obtained.  Now  if  the 
size  of  this  wheel  were 
increased  to  some  radius 
R.  this  would  not  affect  the  clearance  to  any  great  extent, 
assuming  that  the  amount  of  offset  x  remained  the  same. 
On  the  other  hand,  if  a  wheel  having  a  radius  r  is  offset  first 
a  distance  x  and  then  some  greater  distance  y,  as  shown 
by  diagram  B,  this  will  increase  the  amount  of  clearance 
decidedly. 

As  a  general  rule,  most  of  the  grinding  should  be  done  on 
the  throats  of  chasers,  the  faces  being  ground  as  little  as 
possible.  Repeated  grinding  on  the  throat  extends  the  latter 
back  farther  from  the  leading  side  of  the  chaser  (assuming  that 
the  same  throat  angle  is  maintained  as  it  should  be) ;  it,  as 
the  result  of  repeated  grinding,  the  die  finally  will  not  cut  a 
full  thread  close  enough  to  the  shoulder,  this  can  sometimes 
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be  remedied  by  grinding  away  the  front  edges  of  the  chasers, 
so  that  they  will  clear  the  shoulder. 

The  method  of  grinding  the  throat  of  a  hohbed  chaser  with 
a  "Geometric"  chaser  grinder  is  illustrated  in  Fig.  33.  A 
large  grinding  wheel  is  used  in  this  case  and  the  chaser  is 
swiveled  about  the  wheel  to  give  the  clearance  surface  or 
throat  a  curved  form.  If  the  chaser  for  a  one-inch  die  is  to 
be  ground,  the  scale  on  the  pivot  of  the  vise  is  set  to  the  radius 
of  the  die  or  one-half  inch  minus  the  depth  of  one  tooth  or 
thread.  The  die  is  located  by  a  stop  on  the  vise  and  the  jaws 
of  the  latter  are  adjusted  to  the  right  or  left  of  the  center 
(depending  upon  whether  the  chaser  is  for  right-  or  left-hand 
threads)  just  enough  to  give  the  proper  clearance.  After 
releasing  the  swiveling  base  of  the  vise-slide  by  unscrewing 
the  small  handle  shown,  the  chaser  is  ground  by  swinging  it 
to  and  fro  about  the  wheel,  at  the  same  time  slowly  feeding  it 
in  toward  the  wheel  by  turning  the  handwheel  of  the  slide 
feed-screw  of  the  vise.  After  grinding  one  chaser  a  stop  ring 
is  set  to  control  the  inward  feeding  movement  so  that  the 
remaining  chasers  of  the  set  are  ground  alike,  or  to  cor- 
respond with  the  first  one.  When  using  the  same  machine 
to  grind  the  throat  of  milled  chasers  having  straight  teeth, 
the  die  is  traversed  back  and  forth  across  the  face  of  the 
grinding  wheel;  as  the  chaser  is  being  traversed  it  is  also 
fed  forward  by  the  handwheel  of  the  feed-screw. 

Fig.  34  illustrates  a  method  of  grinding  the  throat  of  a 
spring  die.  A  cone-shaped  wheel  of  suitable  diameter  is 
used,  the  axis  of  the  wheel  being  offset  slightly  with  refer- 
ence to  the  axis  of  the  die  to  give  the  throat  or  chamfered 
part  a  slight  relief.  Spring  dies  are  not  ordinarily  ground  in 
the  throat,  but  are  sharpened  by  grinding  the  radial  cutting 
faces  with  an  ordinary  dish-shaped  or  saucer  wheel,  as  ex- 
plained later.  If  dies  have  been  forced  to  cut  when  dull, 
they  may  be  injured  to  such  an  extent  that  some  grinding  in 
the  throat  as  well  as  along  the  cutting  faces  is  necessary  in 
order  to  obtain  a  sharp  cutting  edge.  If  the  throat  is  ground 
away  considerably,  it  may  be  necessary  to  grind  back  the  ends 
of  the  lands  or  prongs,  especially  if  there  is  a  shoulder  on 
the  work  which  would  strike  these  prongs  before  the  thread 
has  been  cut  the  required  length. 

It  is  of  especial  importance  to  have  as  little  clearance  as 
possible  on  the  chasers  used  for  brass  work  because  the 
throats  of  the  chasers  steady  the  die  when  starting  to  cut  a 
thread.  When  it  is  desired  to  cut  a  thread  close  up  to  a 
shoulder  in  brass,  the  chaser  teeth  are  sometimes  relieved 
on  the  sides  instead  of  chamfering  the  teeth.  This  relieving 
may  be  done  by  means  of  a  brass  lap,  the  working  edge  of 
which  is  formed  to  an  angle  of  about  50  degrees  for  a  60- 
degree  tooth,  so  that  the  lapping  may  be  confined  to  one  side 
of  a  tooth.  This  beveled  or  working  edge  of  the  lap  is 
charged  with  a  suitable  abrasive  and  the  side  clearance  is 
given  to  two  or  three  of  the  leading  teeth.  When  chasers 
are  set  tangent  to  the  work  as  shown  at  C,  in  Fig.  28,  the 
throat  like  the  teeth  has  a  natural  clearance  due  to  its  tan- 
gential position. 

Rake  Antrlea  or  Relation  between  Chaser  Cutting-  Face 
and  Axla  of  Work 
The  relation  between  the  front  cutting  faces  of  die  chasers 
and  the  axis  of  the  screw  thread  that  they  are  used  to  cut 
varies  for  different  materials.  As  a  general  rule,  the  front 
face  of  each  chaser  In  a  set  lies  In  a  plane  Intersecting  the 
axis  of  the  die  or  screw  thread  (as  shown  at  A,  Fig.  35) 
when  the  die  Is  to  be  used  for  cutting  threads  on  cast  brass. 
For  yellow  brass,  machine  steel  or  tool  steel,  the  chasers  are 
usually  given  rake  by  locating  the  cutting  faces  In  planes 
that  are  In  advance  of  the  center  on  the  cutting  side,  as 
Bhown  at  li.  There  Is  considerable  difference  of  opinion 
among  manufacturers  and  users  of  dies  as  to  the  amount  of 
rake  that  will  give  the  bent  results.  Ah  a  general  rule  the 
tenacious  or  touglier  materials  which  have  the  (|Uiillty  of 
flexibility  without  brlttlenosH.  like  wrought  Iron,  steel,  copper, 
and  pure  aluminum  require  positive  riike.  If  there  Is  not 
enough  rake,  more  power  Is  required  for  revolving  the  die  or 
work  and  the  chasers  lend  to  tear  the  metal.  Materials  hav- 
ing a  granular  Htructuro  like  cast  brass  and  cast  Iron  should 
ordinarily  he  cut  with  chasers  having  little  or  no  rake.    An 


excessive  amount  of  rake  would  cause  the  chasers  to  ride  and 
dig  in  alternately.  Some  grades  of  cast  iron  may  be  threaded 
satisfactorily  with  dies  intended  for  steel.  Most  aluminum 
castings,  because  of  the  zinc  in  their  composition,  cut  very 
much  like  brass  and  should  preferably  be  threaded  with 
chasers  with  little  or  no  rake. 

Many  dies  used  for  cutting  threads  in  machine  steel 
have  the  front  faces  located  a  distance  ahead  of  the  center 
equal  to  about  one-fifth  the  radius  of  the  die.  In  other 
words,  the  plane  of  the  front  face  is  tangent  to  a  circle  x, 
see  B,  Fig.  35,  having  a  radius  equal  to  one-fifth  the 
radius  of  the  die  or  a  screw  cut  by  the  die.  The  angle  a 
corresponding  to  the  rake  of  the  die  chaser,  is  about  12 
degrees  when  the  front  face  is  one-fifth  the  radius  off  center. 
This  rake  corresponds  approximately  to  the  angle  of  rake  or 
slope  that  would  be  given  to  a  lathe  turning  tool  for  use  on 
machine  steel,  although  the  rake  is,  of  course,  subject  to 
more  or  less  variation.  For  threading  copper  and  tobin 
bronze,  dies  having  a  rake  of  about  14  degrees  have  given 
satisfactory  results.  Die  chasers  are  sometimes  given  nega- 
tive rake  when  the  die  is  to  be  used  on  very  soft  "greasy" 
brass,  the  face  of  the  die  being  slightly  back  of  the  center 
instead   of  in  advance. 

Some  of  the  die  chasers  for  the  Wells  self-opening  die  are 
ground  to  a  slight  angle  along  the  front  face  above  the  throat 
instead   of  leaving  this   face   parallel   to   the  axis   of  the  die 


Fig.    37. 
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or  the  screw  which  the  die  is  to  cut.  It  is  claimed  that  a  die 
equipped  with  such  chasers  tends  to  throw  the  chips  ahead 
and  avoid  clogging.  This  method  of  grinding  the  die  chasers 
is  the  same  in  principle  as  that  employed  on  the  "gun  taps" 
made  by  the  Greenfield  Tap  &  Die  Corporation. 

Maintaining:  Rake  Anprle  of  Chaaer  when  Orindingr 

The  front  faces  of  chasers  should  always  be  ground  so  that 
they  are  in  the  same  position  relative  to  the  axis  of  the  die 
assuming  that  the  die  has  been  cutting  properly  and  a  change 
Is  not  desired.  Chasers  located  with  the  front  faces  in  advance 
of  the  centers  (as  illustrated  at  (')  are  sometimes  ground 
back  80  that  the  faces  are  always  parallel  to  the  side  of  the 
chaser  (as  Indicated  by  the  dotted  linos)  whi<h  reduces  the 
angle  of  rake  and  Impairs  the  cutting  action  of  the  die.  In 
orilipr  to  maintain  this  angle.  It  Is  necessary  to  Incline  the 
faces  of  the  chasers  as  they  are  ground  back  so  that  they  will 
remain  tangent  to  a  circle  at  the  center  representing  the 
amount  of  offset  sis  Indicated  by  diagram  D.  When  a  chaser 
has  ln'on  ground  biuk  consldornbly  It  iippoiirs  to  have  more 
raid',  which  may  accnunl  for  llic  dllTiTonco  of  opinion  In  regard 
to  ruko  angles.  A  chaser  which  Is  radial  may  also  appear  to 
have  "positive"  rake  after  repealed  grinding,  oven  though 
the  rutting  face  Is  still  In  a  radial  position.  For  Instance, 
when  the  chaser  face  Is  at  /  (see  diagram  W)  the  cutting 
action   win   bo  practically   tho  same  as   when   the  chaser   la 
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ground  back  to  some  point  g,  since  the  cutting  faces  are 
radial  in  each  case.  If  the  position  of  the  cutting  face,  how- 
ever, relative  to  the  axis  of  the  work  were  not  considered,  one 
might  naturally  suppose  that  a  chaser  ground  as  at  /  would 
have  negative  rake,  whereas  with  the  cutting  face  at  g 
there  would  be  positive  rake. 

A  simple  form  of  templet  and  the  method  of  using  it  to  test 
the  front  cutting  face  of  a  chaser  is  illustrated  at  F.  This 
templet  is  made  of  thin  sheet  steel  and  it  has  the  same  radius 
as  the  die  or  the  outside  radius  of  the  screw  the  die  is  to  cut. 
The  gaging  edge  h  is  given  the  same  location  relative  to  the 
axis  of  the  templet  that  the  cutting  faces  of  the  chasers  are 
to  have  relative  to  the  axis  of  the  die.  The  gage  is  used  by 
simply  placing  it  between  two  chaser  teeth  and  turning  it 
around  until  the  testing  edge  h  is  in  contact  with  the  chaser 
face  that  should  coincide  with  it.  If  a  die  is  to  work  satis- 
factorily, each  cutting  face  must  be  in  the  same  position  rela- 
tive to  the  center  or  axis  of  the  die.  Dies  are  frequently  used 
which  have  one  cutting  edge  in  a  radial  position  and  the 
others  somewhat  in  advance  of  the  center  or  back  of  it.  A 
die  ground  in  this  way  will  not  do  good  work  especially 
when  cutting  threads  in  steel.  In  order  to  maintain  a  uniform 
rake  angle  all  chasers  should  be  ground  so  that  the  faces  of 
chasers  that  are  diametrically  opposite  are  parallel,  assuming 
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that  the  die  has  an  even  number  of  chasers.  The  rake  of  a 
chaser  of  the  tangential  type  (see  diagram  C,  Pig.  28)  may,  of 
course,  be  varied  according  to  the  requirements  by  simply 
grinding  the  end  of  the  chaser  to  the  angle  desired. 

Causes  of  Lead  Errors  in  Die-cut  Screw  Threads 

The  accuracy  of  a  die-cut  thread  depends  primarily  upon 
the  cutting  edges  of  the  die  or  form  of  the  chaser  teeth  and 
the  rate  at  which  the  die  advances  for  each  revolution.  Most 
dies  are  self-propelling  or  self-leading  and  move  along  as  the 
screw  is  cut,  except  when  the  die  is  held  stationary  and  the 
work  is  revolved,  in  which  case  the  action  is  reversed  but  is 
similar  so  far  as  the  practical  result  is  concerned.  As  is  well 
known,  this  motion  of  the  die  relative  to  the  screw  or  vice 
versa,  is  due  to  the  fact  that  the  cutting  teeth  lie  in  a  helical 
path;  consequently,  as  one  tooth  cuts  a  thread  groove  the 
next  successive  tooth  follows  in  the  same  groove  and  even 
though  It  may  cut  the  groove  deeper,  it  serves  in  part,  to 
steady  the  die  like  the  section  of  a  nut  and  force  it  to  advance 
at  a  rate  equal  approximately  at  least  to  the  lead  of  the 
helical  path  in  which  the  die  teeth  lie.  If  a  die  has  too  long 
a  throat  or  one  extending  back  over  quite  a  number  of  teeth 
it  may  act  somewhat  like  a  reamer  when  starling  and  merely 
cut  away  the  end  of  the  screw  blank  instead  of  forming  a 
thread.  This  reaming  or  turning  action  Is  due  to  the  fact 
that  each  tooth  along  the  throat  cuts  such  a  shallow  groove 


that  the  following  teeth  do  not  have  sufficient  bearing  surface 
in  the  groove  to  guide  the  die  and  force  it  to  advance  along 
a  helical  path;  the  result  is  that  the  die  either  does  not 
advance  along  the  screw  thread  or  moves  so  slowly  that  the 
teeth  at  the  throat  merely  cut  off  the  end  of  the  screw  blank. 

It  is  evident  that  under  certain  conditions  a  self-leading 
die  may  not  advance  at  the  proper  rate  and  cut  a  thread  of 
correct  or  uniform  lead.  There  are  several  reasons  why  lead 
errors  occur  in  die-cut  screw  threads.  To  begin  with,  the 
die  or  die-chaser  teeth  may  have  been  cut  with  a  hob  or  milling 
cutter  of  incorrect  lead.  The  pitch  of  the  die  teeth  may 
also  have  been  changed  as  a  result  of  shrinkage  in  hardening. 
Even  though  the  die  teeth  are  accurate  as  to  pitch,  the  lead 
of  the  thead  may  not  be  correct,  which  indicates  that  the  die 
does  not  advance  a  distance  per  revolution  of  the  work  or 
die,  as  the  case  may  be,  corresponding  to  the  lead  of  its 
own  teeth.  The  result  is  that  the  full  sized  thread  that  would 
otherwise  be  formed  is  cut  away  partially,  thus  producing  a 
thread  that  is  incorrect  as  to  shape  and  lead. 

The  advance  movement  of  a  die  may  be  affected  by  the 
amount  of  relief  or  rake  at  the  throat  of  the  die.  If  the  die 
is  ground  so  that  it  has  plenty  of  clearance  at  the  throat,  the 
edges  tend  to  feed  in  faster,  especially  when  the  front  face 
has  considerable  rake  in  addition  to  the  relief;  consequently, 
the  die  tends  to  move  forward  farther  for  each  revolution  of 
the  work  than  the  lead  of  its  teeth  or  the  screw  being  cut. 
On  the  contrary,  if  there  is  insufficient  relief  the  forward 
movement  is  retarded.  The  action  may  also  be  affected  by 
dull  cutting  edges  at  the  throat  or  by  the  length  of  the  throat 
or  chamfer. 

The  advance  of  a  self-leading  die  of  the  adjustable  class  is 
sometimes  affected  by  adjusting  it  too  much  in  one  direction 
or  the  other  from  the  standard  size  for  which  the  chasers 
were  hobbed.  There  are  certain  limits  above  or  below  the 
standard  or  nominal  size  within  which  it  is  practicable  to 
adjust  threading  dies  without  affecting  the  lead  to  any  appre- 
ciable extent.  If  the  diameter  for  which  the  die  is  adjusted 
is  too  large,  the  lead  of  the  thread  will  be  increased;  whereas, 
if  the  die  is  adjusted  too  much  under  size  the  lead  will  be 
reduced.  The  changes  in  lead  are  due  to  the  angle  of  the 
helical  threads  being  the  same  for  the  different  diameters. 
This  point  is  illustrated  by  the  diagram  Fig.  36,  in  which  L 
represents  the  lead  of  the  threading  die;  C,  a  circumference 
corresponding  to  the  standard  diameter  for  which  the  die  is 
intended;  Ci  a  smaller  circumference;  and  Cj  a  larger  circum- 
ference. Angle  a  represents  the  standard  helix  angle  or  the 
angle  of  a  path  which  coincides  with  the  die  teeth.  If  a 
thread  is  cut  to  this  angle  o  on  a  circumference  Ci  that  is 
considerably  less  than  circumference  C  corresponding  to  the 
standard  size  of  the  die,  the  lead  will  be  reduced  from  L  to  L, 
and  if  the  same  thread  is  cut  on  a  larger  circumference  C,, 
the  lead  will  be  increased  as  indicated  by  dimension  i,. 
This  is  just  what  happens  when  the  die  is  adjusted  for  a 
larger  or  smaller  diameter  than  the  standard.  (It  is  assumed 
that  the  adjustment  is  not  so  great  as  to  cause  the  "heels"  of 
the  chasers  to  drag  excessively  and  prevent  cutting  action 
because  of  the  lack  of  clearance.)  The  teeth  of  the  die  natu- 
rally tend  to  cut  a  thread  having  the  same  helix  angle  as 
that  represented  by  the  helical  path  in  which  the  chaser  teeth 
lie.  If  the  diameter  of  the  screw  blank  is  larger  than  the 
standard,  the  die  advances  farther  than  it  should  per  revolu- 
tion; the  result  is  that  the  lead  is  increased  and.  consequently, 
in  the  case  of  a  U.  S.  standard  thread,  the  width  of  the  Hat  is 
reduced  at  the  top  of  the  thread  and  increased  at  the  bottom, 
for  successive  chaser  teeth  cut  away  the  left-hand  side  of  the 
thread  groove  as  the  die  moves  to  the  left.  The  thread  form 
undergoes  a  similar  change  if  the  die  is  applied  to  a  diameter 
smaller  than  the  standard,  but  in  such  a  case  the  rate  of 
advance  per  revolution  is  less  than  it  should  be  and  the 
successive  chaser  teeth  cut  away  the  thread  on  the  right- 
hand  side  of  the  thread  groove  as  the  die  moves  to  the  left. 
The  fact  that  the  lead  is  long  in  the  first  case  mentioned 
causes  each  successive  chaser  (ooth  back  of  the  die  throat 
to  cut  along  the  left-hand  side  of  the  thread  groove  as  men- 
tioned. When  the  lead  is  less  than  It  should  be,  the  chaser 
teeth    remove   metal    from    the   opposite   side   of   the   thread 
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section.  If  the  chasers  in  either  case  were  long  enough  or  had 
enough  teeth  following  the  throat,  the  successive  action  of 
these  teeth  on  the  side  of  the  thread  would  remove  the  thread 
entirely. 

Lead  variations  in  die-cut  screw  threads  are  sometimes 
due  to  a  drag  on  the  die  or  excessive  resistance  to  its  motion, 
such  as  may  result  if  the  die  is  attached  to  a  heavy  turret 
slide  which  does  not  follow  up  the  die  properly.  The  common 
method  of  avoiding  drag  such  as  would  occur  if  the  die  were 
forced  to  pull  a  heavy  turret  slide  along  with  it  is  by  using 
a  die-holder  of  the  type  previously  referred  to,  which  has 
a  certain  amount  of  lost  motion  or  float  so  that  the  turret 
slide  may  lag  behind  and  the  die  will  continue  to  advance 
independently  of  it,  provided  the  lost  motion  in  the  holder 
is  not  completely  taken  up.  When  the  die  must  pull  a  slide 
aiong  with  it  the  gibs  of  the  slide  should  be  loosened  some- 
what to  reduce  the  friction  as  much  as  possible.  An  ex- 
cessive backward  pull  on  the  die  naturally  causes  the  teeth 
to  generate  a  helical  path,  the  lead  of  which  is  somewhat  less 
than  the  lead  of  the  die,  because  the  cutting  edges  on  the  rear 
sides  of  the  teeth  are  forced  against  the  side  of  the  thread 
groove  and  gradually  reduce  the  rate  of  advance  by  cutting 
on  that  side. 

When  a  die  or  other  type  of  thread-cutting  tool  produces 
a  screw  thread  which  seems  to  be  inaccurate,  the  discovery 
is  often  made  that  the  defect  is  in  the  thread  gage  rather 
than  in  the  tool  itself.  The  manufacturers  of  thread-cutting 
equipment  frequently  find  that  accurate  screws  and  well  con- 
structed tools  are  condemned  because  of  inaccurate  thread 
gages. 

Positive  C!ontrol  of  Die-teedingr  Movement 

While  most  dies  are  "self-leading,"  it  is  sometimes  advis- 
able to  control  positively  the  longitudinal  motion  of  the  die 
relative  to  the  work.  This  control  may  be  utilized  merely  to 
start  the  die,  or  the  arrangement  may  be  such  that  the  lon- 
gitudinal motion  of  the  die  is  controlled  positively  throughout 
the  entire  screw-cutting  operation.  This  positive  action  may 
be    derived    from    a    lead-screw    or    from    a    cam,    depending 


upon  the  type  of  machine.  When  a  lead-screw  is  applied  to  a 
threading  machine  of  the  bolt-<:utter  type,  it  is  geared  to  the 
die-spindle  so  that  the  work-slide  is  advanced  a  distance  equal 
to  the  lead  of  the  thread  for  each  revolution  of  the  work, 
the  same  as  when  cutting  a  thread  in  a  lathe  with  a  single- 
point  tool.  When  cutting  threads  such  as  the  U.  S.  standard, 
V-threads,  or  the  Whitworth  thread,  a  good  die  will  follow 
the  lead  accurately  enough  for  all  ordinary  commercial  re- 
quirements. When  cutting  square  threads,  however,  or  spe- 
cial forms  such  as  the  rachet  thread,  a  lead-screw  should  be 
used  to  control  the  longitudinal  motion  of  the  work  relative 
to  the  die,  especially  if  the  pitch  is  coarse.  For  screw-cutting 
operations  of  this  kind,  if  the  die  follows  its  own  lead  the 
accumulated  error  is  often  considerable;  that  is,  the  lead 
error  between  two  threads  might  be  small,  but  the  total  error 
in  the  length  of  the  screw,  or  a  section  of  it,  might  be  consid- 
erable. By  using  a  lead-screw,  the  die  is  prevented  from  in- 
creasing or  decreasing  the  lead,  but  to  secure  satisfactory 
results  it  is,  of  course,  essential  that  the  pitch  of  the  die  teeth 
correspond  to  the  leading  movement  obtained  from  the  lead- 
screw.  It  is  important  to  eliminate  lost  motion  in  the  drive 
to  the  lead-screw  as  far  as  possible,  and  the  screw  should  be 
large  and  strong  enough  to  resist  the  torsional  strains  with- 
out excessive  distortion.  If  more  than  one  cut  is  required, 
as  when  cutting  a  screw  of  coarse  pitch,  an  indicator  or 
thread-chasing    dial    of   the    type    used    on   engine    lathes   for 
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catching  the  thread  is  convenient  on  a  die  threading  machine 
having  a  lead-screw. 

The  general  method  of  cutting  threads  on  the  automatic 
screw  machine  is  to  use  a  cam  that  starts  a  die  onto  the 
work  and  then  allows  the  turret  slide  to  lag  behind  somewhat 
so  that  the  die  can  lead  itself  on.  As  previously  explained, 
lost  motion  in  the  die-holder  allows  the  die  to  follow  its  own 
lead  or  move  independently  of  the  turret  slide. 

Maximum  Pitch  of   Thread  Cut  with  Dies 

The  maximum  pitch  of  thread  that  can  be  cut  satisfactorily 
with  a  threading  die  may,  of  course,  be  subject  to  considerable 
variation.  It  may  depend  upon  several  factors,  such  as  the 
design  of  the  die  in  regard  to  rigidity,  the  accuracy  required 
in  the  screw  thread,  the  degree  of  finish  or  smoothness,  the 
relation  between  the  pitch  of  the  thread  and  the  diameter  of 
the  screw,  and  the  condition  of  the  chasers,  especially  as  to 
HharpnesH.  As  a  general  rule,  when  the  pitch  is  coarser  than 
four  or  live  threads  per  inch,  the  dlfllculty  of  cutting  threads 
Willi  dies  increases  rapidly  although  some  dies  are  used 
su(!cessfully  on  screw  thr(!ads  having  two  or  throe  threads  per 
Inch  or  less  In  (extreme  cases.  Some  die  manufacturers  would 
regard  these  pitches  as  too  coarse  for  dies,  whereas  others 
have  proved  In  actual  practice  that  dies  may  be  constructed 
which  are  capable  of  handling  such  heavy  thread-cutting 
(i|)crall()MM,  If  other  conditions  are  favorable  to  the  use  of 
illcH,  Of  coiirHc,  dies  of  special  design  could  bo  constructed 
for  practically  any  pitch  If  the  size  of  the  die.  Its  cost  and 
the  power  for  driving  It  were  regarded  as  secondary,  and  the 
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screw  blank  were  strong  enough  to  resist  the  cutting  strains. 
When  considering  the  use  of  a  die  on  a  thread  of  coarse 
pitch,  it  is  important  to  bear  in  mind  the  relation  between 
the  pitch  of  the  thread  and  its  diameter.  If  the  screw  diam- 
eter is  relatively  small  in  proportion  to  the  pitch,  there  may  be 
considerable  distortion  of  the  screw  due  to  the  torsional  strains 
set  up  when  cutting  the  thread  with  a  die.  For  this  reason, 
dies  for  coarse  pitches  work  better  when  cutting  threads  on 
screws  which  are  large  enough  in  diameter  to  resist  the  tor- 
sional or  twisting  strains.  As  a  general  rule  it  the  number 
of  threads  per  inch  is  only  one  or  two  less  than  the  standard 
number  for  a  given  diameter,  the  screw^  blank  will  be  strong 
enough  to  permit  cutting  the  thread  with  a  die  without  ex- 
cessive distortion.  When  a  coarse  thread  is  cut  by  the  milling 
process,  the  cutting  is  done,  of  course,  much  more  gradually 
and  there  is  not  the  same  difficulty  due  to  a  twisting  action 
that  is  encountered  when  using  a  die  of  coarse  pitch  on  com- 
paratively small  diameters. 

Cutting:  Taper  Threads  with  Dies 

Taper  threads  may  be  cut  by  using  dies  with  chasers  which 
taper  to  correspond  to  the  taper  on  the  work  and  are  ar- 
ranged to  move  outward  radially  as  the  die  traverses  toward 
the  large  end  of  the  taper;  by  using  dies  of  the  solid  or  non- 
opening  class  which  have  the  same  taper  as  that  required  on 
the  work,  assuming  that  the  length  of  the  threaded  part  does 
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not  exceed  the  length  of  the  cutting  edges  on  the  die  or  the 
width  of  the  chasers;  by  using  dies  intended  for  parallel 
threads  and  arranged  to  open  radially  for  producing  a  taper 
thread.  The  first  type  of  die  referred  to,  which  has  tapering 
chasers  that  move  outward  in  accordance  with  the  taper,  is 
preferable  for  the  most  accurate  work.  The  solid  or  nOn- 
opening  die  which  simply  tapers  to  correspond  to  the  taper 
screw  thread  to  be  cut,  is  not  only  limited  to  comparatively 
short  screw  threads  but  does  not  produce  a  very  satisfactory 
thread  because  ridges  are  left  wherever  each  cutting  edge 
stops  cutting.  The  use  of  a  solid  tapering  die  also  subjects 
the  work  to  considerable  torsional  strain  (which  might  be 
objectionable)  because  there  are  more  cutting  edges  at  work 
at  the  same  time  and  the  power  required  to  turn  the  die  in- 
creases as  the  length  and  taper  Increases.  The  greater  the 
length  the  more  cutting  edges  will  be  at  work  simultaneously, 
and  the  more  abrupt  the  taper  the  less  the  number  of  revolu- 
tions of  the  die  for  completing  the  thread.  The  effect  of  the 
taper  on  the  number  of  revolutions  for  completing  the  thread 
is  illustrated  at  A  and  B,  Fig.  37.  In  one  case  the  die  moves 
inward  a  distance  x  before  the  teeth  cut  to  full  depth,  but 
when  the  taper  is  more  abrupt,  as  shown  at  B,  the  die  only 
needs  to  move  longitudinally  a  distance  y,  in  order  to  cut  the 
full  depth  of  thread. 

The  third  method  mentioned,  by  which  a  die  for  straight 
thread  cutting  is  used  for  tapering  work,  may  be  applied  to 
cutting  threads  having  a  slight  taper,  but  is  not  recommended 
for  the  usual  classes  of  taper  work,  which  Include  such  parts 
as  wash-out  plugs  for  steam  boilers,  the  ends  of  faucets  or 
cocks  of  various  kinds,  buffing  lathe  spindles,  etc.     A  tapering 
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die  of  the  non-opening  class  does  not  require  a  throat  or  cham- 
fered teeth  on  the  leading  side  unless  the  taper  is  slight,  be- 
cause several  cutting  edges  begin  work  at  the  same  time,  as 
indicated  at  B,  so  that  there  is  no  need  for  a  throat,  since 
the  object  of  the  chamfered  edges  in  a  straight  die  is  to  start 
the  cut  gradually  between  several  teeth,  instead  of  having  one 
leading  tooth  cut  the  thread  groove  to  the  full  depth. 

Self-opening  Taper  Threading  Dies 
A  self-opening  die-head  for  taper  threading  differs  from  one 
used  for  parallel  or  straight  threading  in  that  the  chasers 
move  outward  at  a  rate  depending  upon  the  angle  of  taper, 
until  the  thread  is  cut,  and  then  move  outward  suddenly  to 
clear  the  work,  instead  of  remaining  in  one  position  until  the 
completion  of  the  thread-cutting  operation.  The  radial  move- 
ment of  taper  threading  die  chasers  is  ordinarily  controlled  by 
means  of  a  tapering  former  plate,  which  allows  the  cam  or 
scroll  ring  of  the  die-head  to  turn  slowly  as  the  die  advances, 
the  rate  of  this  turning  movement  depending  upon  the  angle 
of  the  former  plate  relative  to  the  axis  of  the  die.  The  former 
plate  serves  about  the  same  purpose  as  the  adjustable  slide 
or  bar  of  a  taper  attachment  for  the  engine  lathe.  Taper 
threading  dies  of  the  self-opening  class  may  be  either  of  the 
inside  or  outside  trip  type. 

A  "Geometric"  die  of  the  outside  trip  type  is  shown  applied 
to  a  turret  lathe  in  Fig.  38.  A  tapering  plate  A  is  attached  to  a 
taper  bar  B,  which  is  free  to  slide  over  a  guide  of  T-shaped 
section.  This  guide  is  attached  to  the  front  part  of  the  die- 
head,  but  not  to  the  cam  ring,  which  is  free  to  turn  and  car- 
ries a  lug  D  that  is  in  contact  with  the  former  plate.  A 
stop  F  IS  clamped  in  the  toolpost  (or  is  bolted  to  the  side  of 
the  cross-slide)  in  position  to  engage  pin  G  projecting  from 
taper  bar  B  of  the  die-head.  This  stop  is  so  located  that  it 
holds  bar  B  stationary  as  the  chasers  begin  cutting  the  thread. 
As  the  die  advances,  lug  D  slides  along  the  tapering  surface 
of  plate  A.  which  causes  the  cam  ring  to  turn  slowly  and  the 
chasers  to  move  out  gradually  for  producing  a  thread,  the 
taper  of  which  depends  upon  the  inclination  of  the  former 
plate.  When  lug  D  reaches  the  end  of  plate  A  It  drops  off  and 
the  chasers  fly  outward  radially,  thus  releasing  the  die,  which 
is  then  withdrawn.  Die-heads  of  this  kind  are  made  specially 
for  a  given  class  of  work,  and  in  many  cases  must  be  arranged 
with  reference  to  the  screw  machine  or  turret  lathe  on  which 
they  are  to  be  used. 

The  Hartness  die-head  for  cutting  tapering  threads  is  illus- 
trated in  Fig.  39.  The  front  section  A  of  the  die-head,  and  the 
cam  ring  for  controlling  the  action  of  the  chasers,  slides  on 
the  rear  or  shank  end,  which  is  held  in  the  turret.  The  for- 
ward movement  of  the  shank  of  the  die  is  arrested  by  one  of 
the  regular  turret  slide  stops  after  the  chasers  have  begun  to 


Fig.   44.      Approved   Form   of   Chip   Space   for   Plpo-throadlng   Dio 
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SURFACE    SPEEDS    FOR    CUTTING     SCREW 
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cut  the  thread.  The  front  section  of  the  die  then  continues 
to  advance  until  lug  C  reaches  the  end  of  the  tapering  former 
plate  D;  as  soon  as  lug  C  and  plate  D  are  disengaged,  the  cam 
ring  quickly  turns  part  of  a  revolution  and  the  chasers  are 
opened.  Another  lug  and  former  plate  are  located  on  the 
opposite  side  of  the  die-head,  as  there  is  a  floating  connection 
between  the  two  sections  of  the  die-head. 

A  "Geometric"  taper  threading  die-head  of  the  internal  trip 
type  is  illustrated  in  Pig.  40.  When  this  die-head  is  moved 
ap  to  the  working  position,  the  end  of  the  work  comes  into 
contact  with  the  cross-shaped  gage  or  stop  located  inside  the 
die-head.  This  gage  is  connected  with  the  taper  bar  that 
carries  the  former  plate,  and  as  the  chasers  begin  cutting 
the  thread,  the  gage  and  taper  bar  are  held  stationary.  The 
length  of  thread  that  is  cut  depends  upon  the  position  of  the 
gage  or  stop,  which  is  set  previously.  When  the  chasers  have 
advanced  the  required  distance,  the  cam  lug  slides  off  the 
tapering  plate,  thus  allowing  the  cam  controlling  the  chasers 
to  make  a  partial  turn  and  open  them  quickly. 

When  dies  of  the  former-plate  type  are  in  operation,  the 
chasers  follow  the  taper  of  the  work  automatically  and  no 
more  power  is  required  for  cutting  a  taper  thread  than  for 
cutting  a  straight  thread  of  corresponding  diameter  and  pitch. 
These  dies  make  it  possible  to  do  the  work  rapidly  and  pro- 
duce accurate  smoothly  finished  screw  threads.  The  working 
edge  of  the  former  plate  on  dies  of  this  class  should  so  control 
the  turning  movement  of  the  cam  ring  that  the  resultant  of 
the  longitudinal  and  radial  movements  of  the  chasers  con- 
forms to  a  straight  line,  so  that  the  tapering  screw  will  not 
be  convex  or  concave.  The  edge  of  the  former  plate  would 
be  a  true  helix  if  the  chaser  cam  had  a  uniform  rise,  but 
since  it  is  more  convenient  to  make  these  cams  plain  circular 
arcs  located  eccentrically  to  the  axis  of  the  die,  the  edge  of 
the  former  plate  may  not  be  made  truly  helical,  especially  if 
the  taper  of  the  thread  to  be  cut  is  rather  abrupt;  for  cutting 
threads  having  slight  taper,  it  would  not  be  necessary  to 
modify  the  former  plate,  as  the  error  would  be  quite  small; 
In  fact,  a  plain  inclined  edge  not  of  helical  form  would  pro- 
duce work  accurate  enough  for  ordinary  requirements. 

TABLE  2.    REVOLUTIONS  PER  MINUTE  FOR  GIVEN 
SURFACE  SPEED  AND  DIAMETER 
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When  the  work  is  stationary  and  the  die-head  revolves  it 
may  be  arranged  as  follows:  The  bar  to  which  the  former 
plate  is  attached  carries  a  roller  at  its  outer  end,  which  runs 
around  a  ring  the  surface  of  which  is  in  a  plane  at  right  angles 
to  the  axis  of  the  machine  spindle.  This  ring  may  be  attached 
wherever  convenient,  and  it  serves  merely  to  hold  the  former 
plate  stationary  while  the  die-head  advances. 

Cutting  Smooth  Threads  on  Pipe 

Many  dies  used  for  cutting  threads  on  pipe  do  not  give  satis- 
factory results,  ragged  or  torn  threads  often  being  produced. 
After  the  introduction  of  steel  for  pipes,  defective  threads 
were  even  more  numerous  than  before,  although  it  has  been 
demonstrated  that  steel  pipe  can  be  threaded  as  rapidly  and 
efficiently  as  wrought  iron  when  the  correct  form  of  die  is 
used.  Experiments  of  the  National  Tube  Co.,  Pittsburg,  Pa., 
for  determining  the  cause  of  defective  pipe  threads  showed 
that  the  angle  of  rake  is  of  particular  importance.  Other  im- 
portant factors  are  as  follows:  lack  of  adequate  chip  space; 
improper  grinding  of  the  throat;  excessive  or  insufficient  clear- 
ance; and  incorrect  number  of  chasers.  Steel  pipe  is  naturally 
soft  and  tough,  and  for  that  reason  it  was  more  difficult  to 
thread  with  some  of  the  dies  used  for  wrought  iron  which 
had  radial  cutting  faces  or  chasers  without  positive  rake.  Fig. 
41  shows  the  kind  of  pipe  thread  that  is  cut  when  the  die  is 
without  rake  and  simply  pushes  the  metal  off,  instead  of  oper- 
ating with  a  clean  cutting  action.    Fig.  42  illustrates  the  re- 

TABLE  3.    THREAD  CUTTING  SPEEDS    FOR    DIES  BASED    ON 
REMOVING  AN  EQUAL  AMOUNT  OF  METAL  PER  MINUTE 


Diameter 
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16 
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14 
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13 
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29.0 

0.6084 
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12 
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11 
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10 
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10 
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0.6170 
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9 
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1 

8 
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suits  obtained  when  the  chaser  is  properly  made  and  ground. 
This  die  has  positive  rake,  which  is  preferable  for  wrought 
iron  as  well  as  steel.  The  form  of  chaser  illustrated  at  A,  Fig. 
43,  is  recommended  for  cutting  ordinary  steel  pipe.  The  form 
of  cutting  edge  illustrated  at  B  is  recommended  for  use  on 
open-hearth  steel  pipe,  which  requires  a  rather  long  and  grad- 
ual "lip"  or  curvature  back  of  the  cutting  edge,  owing  to  the 
toughness  of  the  material.  The  form  of  chaser  illustrated  at 
('  is  considered  unsuitable  for  threading  either  steel  pipe  or 
wrought  iron.  The  angles  of  rake  recommended  vary  from 
15  to  25  degrees,  depending  upon  the  conditions.  For  thread- 
ing open-hearth  steel  pipe,  the  rake  angle  should  be  25  degrees. 

It  is  important  to  have  the  proper  amount  of  space  in  front 
of  each  chaser  to  allow  for  the  accumulation  of  chips.  It  there 
is  not  enough  space,  the  chips  frequently  pack  tightly  in  front 
of  each  chaser  and  mar  or  tear  the  lliread.  An  approved  form 
of  chip  space  for  a  pipe  die  is  illustrated  in  Fig.  44.  The 
curvature  of  this  space  is  such  as  to  provide  an  easy  path  for 
the  chips  to  follow;  at  the  same  time,  the  back  of  the  chaser 
is  rigidly  supported.  The  <'hlp  space  is  of  especial  importance 
on  dies  Intended  for  cutting  open-hearth  steel  pipe,  because  the 
chips  from  Ihi.s  nuiterial  are  usually  long  and  tough. 

The  tliroat  or  rliiinil'cr  of  pipe  dies  slioulii  extend  over  about 
tlireo  tlireads  or  tooth,  A.s  the  hcavlost  cut  ting  is  done  In  the 
throat  of  the  die,  this  section  should  have  a  little  more  clear- 
ance than  the  rest  of  the  chaser  teeth,  which  applies  to  thread- 
ing dies  In  general.  If  a  tooth  In  a  die  Is  broken  away.  It  la 
preferable  to  remove  the  remaining  part  entirely  by  grinding 
with  a  thin  wheel,  because  the  broken  part  tends  to  tear  or 
roughen  the  lliread.    To  obtain  the  best  results  with  pipe  dies, 


October,  1917 


MACHINERY 


115 


the  number  of  chasers  should  be  varied  according  to  the  size 
of  the  die,  four  chasers  being  used  for  diameters  up  to  I14 
inch;  six  chasers  for  diameters  from  1%  to  4  inches;  eight 
chasers  for  diameters  from  4%  to  8  inches;  twelve  chasers  for 
diameters  from  9  to  12  inches;  fourteen  chasers  for  diameters 
from  13  to  16  inches;  and  sixteen  chasers  for  diameters  from 
17  to  20  inches. 

Cutting  Square  Threads  with  Dies 

The  cutting  of  square  threads  with  dies  is  usually  regarded 
by  die  manufacturers  as  a  difficult  proposition,  and  unless  the 
die  is  made  very  carefully  unsatisfactory  results  are  obtained. 
While  square  threads  have  largely  been  replaced  either  by  the 
Acme  or  another  form,  some  manufacturers  prefer  the  square 
thread,  and  occasionally  they  are  cut  by  means  of  dies.  The 
chasers  for  square  threading  dies  that  are  to  be  self-leading 
should  have  teeth  that  are  slightly  relieved  on  the  sides  by 
lapping.  Unless  there  is  a  little  side  relief,  the  chaser  teeth 
bind  and  are  frequently  broken.  If  the  die  is  to  be  self-leading, 
however,  the  side  relief  or  clearance  must  be  very  slight,  as 
otherwise  the  die  will  not  be  properly  supported  and  will  cut 
a  very  inaccurate  thread  as  to  lead.  A  die  of  this  kind  should 
preferably  be  controlled  by  a  lead-screw  and  the  chaser  teeth 
should  be  given  enough  side  clearance  to  prevent  binding. 
As  the  Acme  thread  is  superior  to  the  square  thread  and  may 
readily  be  cut  with  dies  or  taps,  the  use  of  dies  for  square 
threads  is  not  common. 

Steel  for  Threading-  Die  Chasers 

There  is  some  difference  of  opinion  regarding  the  relative 
merits  of  carbon  steel  and  high-speed  steel  for  the  chasers  of 
threading  dies.  The  results  obtained  with  different  steels  may, 
of  course,  depend  considerably  on  the  exact  composition  of  the 
steels  in  question  and  the  heat-treatment  to  which  they  are 
subjected.  In  general,  carbon  steel  chasers  are  preferable  for 
cutting  smooth,  accurate  screw  threads,  owing  to  the  fact  that 
they  retain  a  fine  cutting  edge  better  than  chasers  made  of 
high-speed  steel.  A  fine  sharp  cutting  edge  on  a  high-speed 
steel  chaser  is  not  affected  by  hardening  and  tends  to  crumble 
slightly  when  the  chaser  is  first  used.  The  result  is  that 
screw  threads  cut  with  high-speed  steel  chasers  are  not  so 
smooth,  although  the  cutting  speed  can  be  considerably  higher. 
As  a  general  rule,  carbon  steel  is  recommended  when  finish 
is  of  especial  importance,  whereas  high-speed  steel  is  prefer- 
able when  maximum  production  is  the  principal  object  and  a 
nicely  finished  thread  is  of  secondary  importance.  Incidentally, 
many  manufacturers  or  users  of  dies  order  the  more  costly 
high-speed  steel  when  carbon  steel  or  "semi-high-speed  steel" 
would  be  preferable.  The  semi-high-speed  steel,  which  has 
been  used  for  many  die  chasers,  contains  much  less  tungsten 
than  the  steel  ordinarily  used  for  turning  tools. 

The  National  Acme  Co.  recommends  the  use  of  carbon  steel 
chasers  tor  cold-rolled  screw  stock,  Bessemer  and  open-hearth 
steel,  3  per  cent  to  5  per  <;ent  nickel  steel,  malleable  iron, 
brass,  bronze  and  similar  alloys.  High-speed  steel  chasers, 
or  those  made  of  semi-high-speed  steel,  are  recommended  for 
cutting  threads  in  chrome-vanadium  steel,  tough  alloy  steels. 
cast  iron,  drop-forgings  and  all  heat-treated  steels. 

Amount  of  Carbon  in  Steel  for  Screw  Stock 

The  kind  of  stock  that  is  used  often  greatly  affects  the 
quality  of  thread  that  may  be  cut  with  a  die,  tap  or  other  type 
of  thread-cutting  tool;  in  fact,  the  tool  is  often  considered  at 
fault  when  the  stock  is  the  real  cause  of  the  trouble.  The 
so-called  "screw  stock"  may  have  from  0.08  to  0.20  per  cent 
carbon,  with  possibly  O.OG  to  0.12  per  cent  sulphur;  0.30  to 
0.80  per  cent  manganese;  and  phosphorus  up  to  about  0.12 
per  cent.  Ordinarily,  a  steel  containing  from  0.18  to  0.25  per 
cent  carbon  is  very  satisfactory  for  thread  cutting,  the  carbon 
content  preferably  being  about  0.20  per  cent,  or  a  little  more. 
If  there  is  too  little  carbon  in  the  steel,  the  metal  is  stringy 
or  tends  to  tear,  and  it  is  more  difficult  to  cut  a  smooth  thread. 

Cuttini;  Speeds  for  Threadintr  Dies 

There  are  few,  if  any,  subjects  connected  with  machine  shop 
practice   which   are   more  difficult    to   deal    with    in   a  doflnile. 


specific  manner  than  the  general  subject  of  cutting  speeds, 
because  there  are  so  many  different  factors  that  may  have 
a  decided  effect  on  the  speed  for  any  one  operation.  If  cut- 
ting speed  data  based  on  past  records  or  experience  are  not 
available,  it  is  preferable  to  begin  with  a  general  idea  as  to 
what  speeds  are  practicable  than  to  be  entirely  in  the  dark. 
For  this  reason,  general  information  on  cutting  speeds  for 
threading  dies  will  be  given,  and  while  the  speeds  listed  may 
be  subject  to  considerable  variation,  they  will  doubtless  prove 
of  some  value  as  a  starting  point  until  tests  can  be  made  that 
will  give  more  nearly  correct  cutting  speeds. 

When  experimenting  in  order  to  determine  what  speed  is 
the  most  economical,  the  speed  should  be  increased  gradually 
from  a  safe  or  conservative  speed,  until  it  is  as  high  as  pos- 
sible without  wearing  or  dulling  the  die  chasers  excessively. 
When  a  die  is  dulled  it  is  not  so  easily  resharpened  as  many 
other  metal-cutting  tools,  and  for  that  reason  it  is  better  to 
sacrifice  the  cutting  speed  somewhat  in  order  to  keep  the 
die  in  good  cutting  condition  for  a  longer  period.  As  one 
prominent  die  and  machine  tool  manufacturer  expressed  it, 
"Better  half  speed  than  a  trifle  too  fast." 

Just  what  the  cutting  speed  in  feet  per  minute  should  be 
depends  not  only  upon  the  kinds  of  material  being  cut,  but 
also  upon  the  pitch  of  the  thread  and  the  kind  of  cooling 
compound  or  oil  used  on  the  die.  The  National  Acme  Co. 
gives  the  following  general  data  on  cutting  speeds,  based  upon 
a  vast  amount  of  experience  in  screw  cutting.  Under  normal 
conditions,  a  die  equipped  with  carbon  steel  chasers  should  be 
operated  at  about  30  feet  per  minute  (surface  speed  at  the 
pitch  diameter)  when  cutting  threads  in  cold-rolled  screw 
stock,  Bessemer  open-hearth  stock,  3  to  5  per  cent  nickel  steel, 
malleable  iron,  brass,  bronze  and  similar  alloys.  A  cutting 
speed  of  20  feet  per  minute  is  advocated  when  using  high- 
speed steel  chasers  or  those  of  semi-high-speed  steel  for  cut- 
ting threads  in  chrome-vanadium,  tough  alloy  steels,  cast  iron, 
drop-forgings  and  all  heat-treated  steels.  The  speeds  given, 
both  for  carbon  and  high-speed  steel  chasers,  may  be  increased 
about  20  per  cent  when  cutting  threads  of  fine  pitch. 

The  surface  speeds  given  in  Table  1  are  recommended  by 
the  Jones  &  Lamson  Machine  Co.  for  cutting  threads  of  dif- 
ferent pitch  in  both  hard  and  mild  steel  and  when  using  either 
carbon  or  high-speed  steel  chasers.  The  figures  in  the  body 
of  the  table  represent  surface  speeds  in  feet  per  minute  and 
not  revolutions  per  minute.  The  speeds  are  increased  con- 
siderably for  the  finer  pitches,  the  speed  recommended  for  from 
3%  to  514  threads  per  inch  being  increased  approximately  100 
per  cent  when  cutting  threads  varying  from  12  to  32  per  inch. 
The  revolutions  per  minute  corresponding  to  these  various 
surface  speeds  are  given  in  Table  2. 

Cutting  speeds  have  been  determined  on  the  theory  that 
the  amount  of  metal  removed  by  the  die  per  minute  should  be 
the  same  for  cutting  screws  of  all  pitches.  For  instance,  if  a 
die  is  found  to  operate  satisfactorily  when  cutting  a  thread 
in  a  certain  material,  whatever  fractional  part  of  a  cubic  inch 
of  metal  is  removed  per  minute  is  determined,  and  then  cut- 
ting speeds  for  the  same  material  and  for  coarser  or  finer 
pitches  are  based  on  removing  an  equal  amount  of  metal  per 
minute.  While  this  method  seems  to  be  logical,  it  involves  a 
wide  range  of  speeds  if  extended  to  include  very  coarse  and 
very  fine  pitches.  Table  3,  which  applies  to  U.  S.  standard 
threads,  was  calculated  on  the  basis  of  removing  approxi- 
mately 0.6  cubic  inch  of  metal  for  threads  of  all  pitches.  As 
the  table  shows,  the  surface  speeds  vary  from  10.6  to  69.5 
for  U.  S.  standard  threads  ranging  from  1  to  14  inch  in  diam- 
eter, and  the  speeds  in  revolutions  per  minute  for  the  same 
range  of  diameters  vary  from  40.6  to  1062.  This  table  is 
based  on  actual  practice  in  cutting  threads  on  screw  stock 
with  self-opening  dies  at  the  plant  of  the  Greenfield  Tap  & 
Die  Corporation. 


This  suninicr  13,000  tons  of  coal,  or  3.'>0  carloads,  were 
floated  down  the  Ohio  River  to  Cincinnati  by  means  of  an 
artificial  flood.  Dams  on  the  various  tributary  rivers  were 
opened  until  an  artificial  crest  of  from  three  to  six  feet  was 
formed,  which  was  sufficient  to  float  the  fleet  of  barges. 
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CUTTING   SCREW  THREADS 

Drilling  holes  and  cutting  screw  threads  are  the  most  com- 
mon machining  operations.  They  are  performed  in  the  most 
primitive  communities  by  blacksmiths  whose  knowledge  of 
general  machining  methods  is  very  limited  indeed.  Notwith- 
standing the  commonness  of  threading  operations,  there  is 
probably  no  other  machining  operation  on  which  there  is 
such  a  diversity  of  opinion;  nor  is  there  any  for  which  so 
many  kinds  of  tools,  dies  and  machines  are  used. 

The  treatise  on  thread-forming  processes  begun  in  this  num- 
ber analyzes  the  operations  of  cutting  screw  threads  with  dies, 
milling  cutters,  taps  and  single-point  tools;  it  describes  the 
tools,  and  takes  up  phases  of  the  general  problem  of  thread 
making.  The  analysis  of  a  fundamental  process  of  machining 
will,  we  believe,  be  of  great  practical  value  to  all  classes  of 
readers.  Too  little  has  been  published  in  the  past  on  funda- 
mentals, and  too  much,  perhaps,  on  collective  work  which 
should  have  been  analyzed  and  separated  into  its  basic  opera- 
tions. Given  a  knowledge  of  basic  principles,  the  intelligent 
mechanic  can  adapt  them  to  the  production  of  any  machine, 
tool  or  part,  the  same  as  a  bricklayer,  given  bricks  and  mortar, 
can  build  walls  of  any  structure   that  the  architect  designs. 

One  Important  service  rendered  by  the  publication  of  this 
treatise  Is  the  placing  before  the  reader  concisely  of  the  vari- 
ous means  and  methods  for  making  screw  threads  and  the 
classes  of  work  for  which  they  are  best  suited.  Every  ma- 
chinist Is  familiar,  no  doubt,  with  the  various  methods  of 
making  screw  threads,  but  few  have  a  clear  conception  of  the 
classes  of  work  for  which  each  Is  best  adapted.  For  example, 
during  the  past  few  years  thread  milling  has  come  to  the 
front  as  a  method  of  producing  accurate  threads,  true  to  pitch 
and  thread  shape.  It  Is  Important  for  the  production  engineer 
to  know  when  and  where  thread  milling  should  be  used  In 
preference  to  the  older  and  better  known  methods. 

•     •     * 
INTERCHANGEABILITY  IN  MANUFACTURE 

The  production  of  modified  Lee-Enfield  rifles  reriulred  fur 
the  army  is  being  delayed  because  of  certain  dlfilcultles  en 
countered  by  the  army  offlccrs  In  charge,  due  to  lack  of  Inter- 
changeablllty  of  work  produced  by  the  three  concerns  now 
manufacturing  these  rifles  In  the  United  States.     Interchungo- 


ability  is  a  highly  desirable  feature  of  any  manufactured  prod- 
uct, but  it  is  not  absolutely  vital  to  the  success  of  a  rifle  that 
its  parts  shall  be  strictly  interchangeable  with  the  same  parts 
of  all  other  rifles  of  the  same  model  used  by  our  army.  Strict 
interchangeability  is  most  highly  desirable  tor  the  bolt  and 
component  parts.  The  fitting  of  new  barrels  to  rifles  in  the  field 
is  practically  never  done,  nor  is  the  reassembly  of  other  im- 
portant component  parts  attempted. 

Interchangeability  is  a  feature  of  modern  manufactured 
products  that  has  been  highly  advertised  as  something  of  great 
value  to  the  users.  One  manufacturer  of  rifles  has  for  many 
years  published  a  statement  in  his  catalogue  in  regard  to  in- 
terchangeability that  is  absolutely  misleading.  The  statement 
is  to  the  effect  that  the  rifles  manufactured  by  the  company 
are  made  interchangeable  at  great  expense  in  order  that  the 
users  shall  be  able  at  any  time  to  replace  broken  parts  with- 
out fitting  or  trouble.  As  a  matter  of  fact,  interchangeable 
manufacture  was  developed  because  parts  can  be  made  cheaper 
under  a  strictly  interchangeable  system  than  where  each  part 
is  made  by  methods  that  do  not  insure  accuracy  of  dimensions 
and  shape.  The  cost  of  fitting  and  assembling  then  becomes 
excessive.  A  rifle  made  with  strictly  interchangeable  parts 
can  be  assembled  rapidly,  and  the  assembly  cost  is  low.  When 
that  is  said,  practically  everything  is  said  in  favor  of  the  in- 
terchangeable system  from  the  manufacturer's  viewpoint.  The 
advantage  of  the  user  being  able  to  replace  broken  or  worn 
parts  without  fitting  is  incidental,  and  would  be  generally  neg- 
lected were  it  not  for  the  saving  in  manufacture. 

In  the  case  of  the  three  great  concerns  making  Lee-Enfield 
rifles,  each  has  developed  the  interchangeable  system  for 
itself;  but  the  tolerances  are  not  in  agreement,  so  there  is 
not  strict  interchangeability  of  the  parts  made  by  the  three 
concerns.  It  hardly  seems  desirable  from  any  practical  stand- 
point to  hold  up  production  of  the  rifles  so  badly  needed  in 
order  that  an  ideal  interchangeable  system  of  manufacture 
may  be  perfected. 

♦     *     * 

THE    NEW    MECHANICAL   ENCYCLOPEDIA 

Throughout  this  country  there  are  thousands  of  men  who 
are  experts  in  their  respective  lines  of  endeavor.  They  have 
become  experts  by  accumulating  knowledge  gained  through 
personal  experience,  by  contact  with  other  well-informed  men, 
and  through  their  studies;  their  minds  are  storehouses  of  me- 
chanical knowledge.  If  this  knowledge  could  be  transferred 
to  the  pages  of  books,  the  result  would  be  an  encyclopedia  of 
mechanical  information  that  would  prove  of  incalculable  value 
to  the  mechanical  world  at  large.  Such  a  record  of  experience 
would  be  invaluable  to  those  who  otherwise  would  have  to 
gain  this  experience  for  themselves. 

The  mechanical  and  engineering  fields  have  produced  many 
excellent  handbooks  that  present  in  condensed  form  valuable 
data  based  on  what  might  be  called  the  composite  experience 
of  hundreds  of  men,  and  no  mechanic's  library  is  considered 
complete  without  one  or  more  of  these;  but  no  comprehensive 
work  has  been  available  relating  to  the  machine-building 
trades  that  completely  records  the  knowledge  acquired  by  ex- 
perience in  this  field  in  such  a  way  that  others  may  benefit 
by  it.  There  are  hundreds  of  books  on  various  mechanical 
subjects;  there  are  dozens  of  handbooks;  but  there  has  been 
no  encyclopedia  devoted  to  the  thousands  of  questions  and 
problems  mot  with  in  machine  design,  construction  and  opera- 
tion. 

After  a  long  time  of  preparatory  work,  Maciunehv  has  filled 
this  gai)  in  mechanical  literature.  The  best  mechanical  ability 
engaged  In  actual  practice  In  scores  of  the  best  known  shops 
and  designing  ofllces  In  the  country  has  been  called  upon  to 
assist  In  this  work,  and  comprehensive  articles  completely 
treating  the  various  phases  of  the  methods  used  In  the  ma- 
<lilne  building  trade  In  design  and  construction,  pattorninak- 
iiig.  foundry  work,  niachino  shop  practice,  power  plant  re- 
(|iilriMiit'nts.  elcctricHl  InHliillutlons,  etc.,  have  been  collected. 
In  undertaking  the  publication  of  this  great  work,  Maciiinkhy 
bellovos  It  has  performed  a  distinct  sorvlco  to  the  mechanical 
trades,  and  hence  (looms  It  proper  to  announce  the  completion 
of  the  work  in  IIiIh  nmniior. 
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ORGANIZATION 

The  Secretaries  of  the  Army  and  Navy  are  civilians,  in  keep- 
ing with  a  government  policy  that  has  been  found  consistent 
and  wise.  But,  unfortunately,  the  policy  of  employing  civilians 
in  charge  of  the  production  of  army  and  navy  munitions  and 
material  has  not  been  followed.  Is  an  army  officer  generally 
fitted  by  training  to  be  the  practical  head  of  an  armory?  Ex- 
perience has  shown  that  he  is  not.  He  may  know  everything 
about  an  army  rifle  and  its  use,  but  that  is  quite  different  from 
knowing  how  to  organize  a  manufacturing  plant  and  conduct 
manufacturing  operations  efliciently  and  economically.  His 
training  has  seldom  included  practical  manufacturing  ex- 
perience. 

We  hope  that  one  outcome  of  the  present  struggle  will  be 
the  displacement  of  army  and  navy  oflicers  generally  in  charge 
of  the  production  of  our  war  material,  in  favor  of  civilians 
who  are  not  politicians,  but  who  by  reason  of  their  practical 
experience  have  shown  themselves  competent  to  organize  and 
conduct  great  manufacturing  operations  as  efficiently  as  some 
of  the  men  who  have  volunteered  for  such  work  at  the  sacrifice 
of  their  personal  interests. 

Frank  A.  Scott,  chairman  of  the  War  Industries  Board,  in 
replying  to  an  attack  by  a  well-known  politican  on  a  rifle  con- 
tract awarded  by  the  War  Department,  said,  "The  most  valu- 
able asset  of  the  companies  (to  whom  the  contract  was 
awarded)  is  their  organization;  and  without  that  the  ma- 
chinery would  be  of  no  use."  The  American  concerns  now  en- 
gaged in  manufacturing  rifles,  other  than  those  that  were 
equipped  for  such  work  when  the  war  began,  required  from 
twelve  to  twenty-four  months  to  organize  their  plants  before 
they  turned  out  a  single  rifle;  and  the  process  of  organization 
would  be  far  more  difficult  now,  because  the  mechanical  execu- 
tives and  the  equipment,  especially  the  former,  are  practically 
unobtainable. 


WORKMEN'S   COMPENSATION   AND    OCCU- 
PATIONAL AND  TRAUMATIC  DISEASES 

BY  CHESLA  C.   SHERLOCK  ' 

Under  the  workmen's  compensation  acts,  diseases  may  be 
roughly  divided  into  two  general  classes:  compensable  and 
non-compensable.  The  most  common  of  the  non-compensable 
diseases  are  the  so-called  occupational  diseases,  which  are 
those  arising  from  causes  incident  to  the  workmen's  employ- 
ment, as  copper  or  lead  poisoning.  As  a  rule,  these  diseases 
are  of  slow  origin  and  are  reasonably  sure  to  occur  in  certain 
employments,  if  followed  a  sufficient  length  of  time.  The  au- 
thorities are  well  settled  and  agreed  on  the  point  that  they 
are  not  "injuries  by  accident"  within  the  meaning  of  the 
compensation  acts,  and,  consequently,  are  not  compensable. 
The  so-called  traumatic  diseases,  however,  are  compensable. 
These  are  defined  by  one  authority  as  diseases  caused  by 
physical  injury.  While  occupational  diseases  may  be  due  to 
external  conditions,  they  depend  in  part  on  conditions  in- 
herent in  the  individual.  Traumatic  diseases,  on  the  other 
hand,  are  caused  ordinarily  by  external  conditions  entirely, 
resulting  in  physical  injury,  which,  in  turn,  produces  the 
disease. 

The  whole  theory  of  recovery  under  the  workmen's  compen- 
sation acts  is  based  on  personal  injury  by  accident  arising 
out  of  and  in  the  course  of  the  employment.  Diseases  depend- 
ing in  whole  or  in  part  on  conditions  inherent  in  the  indi- 
vidual are  not  compensable,  unless  they  are  the  result  of  a 
compensable  injury.  Traumatic  diseases,  depending  largely 
or  wholly  on  external  conditions  and  having  no  reference  to 
the  previous  condition  of  the  individual  or  to  the  employment, 
are  In  the  nature  of  injury  by  accident,  and  it  they  can  be 
established  as  arising,  at  a  time  certain  and  fixed,  out  of  the 
employment,  they  are  compensable.  Among  the  diseases  that 
the  courts  have  construed  as  traumatic  are:  Anthrax,  bends 
or  caisson  diseases,  cancer  following  blow,  heat  stroke  sus- 
tained by  steamship  stoker,  nephritis  following  working  In 
cold  water,  nervous  shock  causing  neurasthenia,  neurasthenia 
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following  fall,  overexertion  causing  cerebral  hemorrhage,  peri- 
tonitis following  fall,  phlebitis  following  strain,  pneumonia 
caused  by  miner's  inhaling  carbon  monoxide  generated  by  ex- 
plosion, pneumonia  following  chill  resulting  from  miner's 
being  detained  at  bottom  of  shaft  by  breaking  machinery, 
pneumonia  following  fall,  retinitis  in  plate  printer  occasioned 
by  experimental  use  of  bright  light,  rheumatism  following 
vetting  of  workman  baling  out  water  accumulating  in  bottom 
of   mine   shaft   following   breaking   of   pump,   and   sunstroke. 

Hernia  may  be  traumatic,  but  all  hernias  are  not  of  trau- 
matic origin.  Dr.  Oliver  J.  Fay  states  that  the  national  in- 
surance bureau  of  France  demands  that  the  following  condi- 
tions be  present  in  order  that  a  hernia  may  be  adjudged  trau- 
matic: (1)  There  shall  have  been  a  direct  contusion  of  the 
Inguinal  region,  or  the  work  being  done  shall  have  required 
more  than  usual  exertion.  (2)  The  injured  man  must  have 
been  forced  to  stop  work  immediately  following  the  accident. 
(3)  He  must  have  been  forced  to  seek  medical  attention  at 
once,  or  at  most  by  the  evening  of  the  following  day.  In 
Germany,  the  injured  man  is  required  to  show  that  the  in- 
jury received  is  of  a  character  capable  of  producing  a  hernia, 
and  that  the  hernia  appeared  suddenly  as  the  immediate  re- 
sult of  the  accident.  Doctor  Fay  is  of  the  opinion  that  the 
forcing  of  an  incipient  hernia  through  the  subcutaneous  in- 
guinal ring  so  that  a  complete  hernia  results  is  so  serious  a 
happening  that  a  continuance  of  work  is  inconceivable,  and 
expressions  of  pain  and  a  desire  to  consult  a  physician  are 
to  be  considered  necessary  results.  While  these  conditions 
apply  specifically  to  hernia,  they  are  equally  applicable,  in  a 
general  way,  to  all  diseases  of  a  traumatic  origin.  While  there 
is  some  natural  difference  in  the  various  jurisdictions,  the  gen- 
eral consensus  of  opinion  is  as  stated. 

Many  of  the  diseases  mentioned  in  the  foregoing  list  are 
not  ordinarily  compensable  for  the  reason  that  they  depend 
more  or  less  upon  conditions  inherent  in  the  individual;  but 
under  a  certain  condition  they  may  become  compensable. 
Take,  for  instance,  pneumonia.  Ordinarily,  it  is  not  a  com- 
pensable disease,  because  it  is  not  ordinarily  of  traumatic 
origin.  In  its  more  common  appearances,  it  depends  primarily 
on  conditions  inherent  in  the  individual  rather  than  on  ex- 
ternal or  traumatic  conditions.  Pneumonia,  however,  in  cer- 
tain instances,  changes  its  character  and' enters  the  traumatic 
class  of  diseases.  There  can  be  no  fixed  and  certain  rule  in 
compensation  practice.  Each  case  must  depend  largely  on 
its  own  circumstances,  and  for  that  reason  hard  and  fast  rules 
are  not  established  or  entertained  in  compensation  practice. 
The  measuring  stick  more  properly  applied  in  a  compensation 
case  where  disease  is  involved  is  whether  or  not  it  is  of  trau- 
matic origin,  or  resulting  from  physical  injury.  It  is  safe  to 
say  that  if  such  is  the  case  and  the  physical  injury  arose 
through  an  accident  in  the  course  of  the  employment,  com- 
pensation is  properly  payable. 

*  «     * 

NEW  MARKETS  AFTER  THE  WAR 
The  wholly  abnormal  conditions  under  which  business 
everywhere  is  now  conducted  lend  particular  interest  to  the 
finding  of  new  outlets  for  present  products  and  new  products 
for  existing  plants.  To  take  an  extreme  case,  no  one,  for  ex- 
ample, realizes  better  than  the  duPonts  that  the  vast  new 
plants  which  they  have  constructed  for  the  manufacture  of 
explosives  to  meet  the  requirements  of  the  war  will  ultimately, 
and  let  us  pray  it  may  be  soon,  find  their  occupation  gone. 
The  sagacious  officers  of  this  corporation  are  therefore  already 
turning  their  attention  to  the  utilization  of  their  plant  and 
special  products  in  the  constructive  arts  of  peace.  They  have 
begun  the  manufacture  of  artificial  leather,  lacquers,  celluloid, 
picric  acid  for  use  in  dyeing,  heavy  chemicals  and  many  indi- 
vidual dyes  and  intermediates. — Arthur  B.  Little,  before  Cana- 
dian Manufacturers'  Association. 

•  *     * 
INDEX  TO  MACHINERY 

The  yearly  index  to  the  twenty-third  volume  of  Machijjery 
(September,  1916,  to  August,  1917)  is  now  ready  for  distribu- 
tion, and  copies  will  be  sent  upon  request. 
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TOOL,  EQUIPMENT  AND  ATTACHMENTS  FOR  THE  GRIDLEY  MULTIPLE-SPINDLE  AUTOMATIC  SCREW  MACHINE 

BY  DOUGLAS  T.  HAMILTON  - 


THE  Standard 
tool  equipment 
used  on  the 
G  r  i  d  1  e  y  multiple- 
sp  indie  automatic 
screw  machine  dif- 
fers from  that  used 
on  other  automatics 
in  that  the  tools  are 
designed  for  use  on 
a  flat  type  of  turret; 
therefore,  the  stand- 
ard tools  are  not  pro- 
vided with  shanks, 
except  those  that  can 
be  most  convenient- 
ly held  in  this  man- 
ner. Turning  tooU 
are  clamped  directly 
to  the  turret  face, 
and  such  tools  as 
drill-holders  are  held  in  rigid  holders,  which,  in  turn,  are 
clamped  directly  to  the  turret.  The  standard  tools  comprise 
spring  chucks,  feed  chucks  or  pushers,  vertical  forming  tools, 
blade-type  cutting-off  tools,  drill-,  tap-  and  die-holders,  turners, 
supports,  etc.  The  attachments  -  include  high-speed  drilling 
attachments,  taper-turning  attachments  and  attachments  for  au- 


Fig.    1. 


'For  other  articles  on  Gridley  automatic  screw  machine  practice,  see  "Gridley 
Turret  Lathe  Equipment.**  in  the  August  and  .September  numbers  of  Machineby. 
^Address:  FeUows  Gear  Shaper  Co.,  Springtield.  Vt. 


tomatic  dies.  Other 
attachments,  of 
course,  are  designed 
special  for  perform- 
ing operations  that 
cannot  be  produced 
as  economically  by 
the  use  of  the  stand- 
ard   types    of    tools. 

Spring-  Chucks  and 
Feed  Chucks 
The  spring  chucks 
and  feed  chucks  used 
on  the  Gridley  multi- 
ple-spindle automatic 
screw  machines  are 
of  two  types:  for  the 
%-inch  machine, 
these  chucks  are 
made  solid,  whereas 
for  the  1%-,  1%-  and 
214-inch  sizes,  they  are  provided  with  bushings,  which  are 
made  to  suit  the  work  that  is  to  he  held.  A  group  of  spring 
and  feed  chucks  is  shown  in  Fig.  1,  together  with  some  of  the 
bushings  that  are  adapted  to  them.  The  illustration  accom- 
panying Table  1  also  shows  the  two  types  of  spring  chucks 
used.  A  spring  chuck  that  is  provided  with  bushings  is  called 
a  "master,"  as  it  can  be  used  for  handling  a  large  number  of 
different  diameters  by  substituting  bushings  of  the  correct  size 
and   shape.     The  principal   dimensions   of  the  spring   chucks 


Gridley   Multiple-spindle 


TABLE  1. 


PRINCIPAL  DIMENSIONS   OF  SPRING  CHUCKS  USED  IN  GRIDLEY  MULTIPLE- 
SPINDLE  AUTOMATICS 
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are  given  in  Table  1.  These  chucks  are  made  from  a  special 
grade  of  steel,  which  will  take  a  spring  temper;  after  machin- 
ing, they  are  hardened  and  spring-tempered,  and  then  ground 
at  o,  6  and  c.  At  A  in  Fig.  2  is  shown  a  sectional  view  of  a 
spring  chuck,  which  illustrates  how  the  bushings  are  held  in 
place.  It  will  be  noticed  that  the  bushings  are  held  in  place 
by     means     of     flllister-head 


clamped  to  the  forming  tool  by  means  of  two  fillister-head 
screws.  This  tool,  it  will  be  noticed,  is  held  by  friction,  and 
an  adjusting  screw  in  the  bottom  of  the  tool,  so  that  a  perfect 
fit  must  be  obtained  between  the  tail  of  the  tool  and  the  slot 
in  the  holder.  The  forming  tool  is  sharpened  by  being  ground 
on  the  top  face;  the  grinding  should  be  so  done  that  the  cor- 
rections made  on  the  tool  for 
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screws  fitting  in  counterbored 
holes  in  the  three  sections  of 
the  spring  chuck. 

The  feed  chuck  used  in  the 
%-inch  size  of  machine,  as 
shown  in  the  illustration  ac- 
companying Table  2,  is  also 
made  solid,  whereas  for  the 
1^-  1%-  and  214-inch  sizes 
it  is  made  so  that  bushings 
can  be  added  to  accommodate 
various  sizes  and  shapes  of 
bars.  These  bushings  are 
shown  assembled  in  the  feed 
chuck  B,  Fig.  2;  they  are  held 
in  place  by  cone-head  screws, 
and  fit  in  a  recess,  so  that 
the  drawing  action  of  the 
chuck  on  the  bar  will  not  loosen  them  or  disturb  their  cor- 
rect longitudinal  position.  Table  2  gives  the  principal  dimen- 
sions of  both  the  solid  and  master  type  of  feed  chucks  for  all 
sizes  of  Gridley  multiple-spindle  automatic  screw  machines. 
The  feed  chuck  is  also  made  from  a  special  grade  of  steel  that 
will  spring-temper  well,  and  before  hardening  and  spring- 
tempering,  is  closed  in  to  give  it  the  desired  grip  on  the  work. 

Forming  and  Cutting-off  Tools  and  Holders 

The  type  of  forming  tool  generally  used  on  the  Gridley 
multiple-spindle  automatic  screw  machine  is  the  vertical  form- 
ing tool;  this  is  held  in  the  holder  by  a  dovetail  projection. 
The  type  of  forming  tool-holder  used  is  shown  in  Fig.  3, 
fastened  to  the  forming  slide.  Reference  to  this  illustration, 
and  also  to  C,  Pig.  4,  will  show  that  the  holder  is  split,  and  is 


Fig.  8. 


the  angular  position  are  not 
disturbed.  This  point  is  im- 
portant, if  it  is  desired  to  re- 
tain the  diameter  laid  out  on 
the  tool  when  it  is  made.  In 
the  forming  of  some  ma- 
terials, such  as  cold-rolled 
steel,  it  is  occasionally  neces- 
sary to  provide  a  top  rake. 
This  changes  the  difference 
between  the  diameters  pro- 
duced on  the  work,  and  al- 
lowance must  be  made  for  the 
amount  of  top  rake  given, 
when  laying  out  the  tool. 
Forming  tools  of  the  typo 
shown  in  Pig.  3  are  generally 
ground  on  the  cutting  face 
after  hardening,  so  that  warpage  or  other  defects  are  removed. 
The  methods  used  in  grinding  this  type  of  tool  were  described 
in  detail  in  the  article  "Making  Vertical  Forming  Tools,"  in 
the  December,  1914,  number  of  Machinery. 

When  only  a  simple  form  is  required,  a  tool-holder  like  that 
shown  at  A,  Pig.  5,  is  used.  This  holder  is  clamped  to  the 
forming  slide  in  the  usual  manner,  and  carries  a  single-blade 
forming  tool,  which  is  held  in  place  by  two  screws  and  rests 
on  an  adjustable  wedge.  One  screw  backs  up  the  wedge  and 
the  other  the  forming  tool.  This  type  of  forming  tool  is 
made  for  either  right-  or  left-hand  work,  as  illustrated  at  B 
and  C,  respectively. 

Fig.  6  shows  a  special  cut-off  tool-holder,  which  is  used  prin- 
cipally for  cutting  off  washers  or  similar  shaped  work.  This 
holder  is  arranged  to  carry  five  cutting-off  blades,  enabling 
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TABLE  2. 


PRINCIPAL  DIMENSIONS  OF  FEED  CHUCKS  USED  IN  GRIDLEY  MULTIPLE- 
SPINDLE  AUTOMATICS 
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five  washers  to  be  cut  off  at  one  time.  The 
die-spindle  is  arranged  with  a  stripper  rod, 
as  shown,  to  prevent  the  washers  from  wedg- 
ing in  between  the  cutting-off  blade,  and 
when  the  tool-slide  retreats  the  washers  are 
removed  from  this  rod  by  a  stripping  plate 
held  on  the  side  of  the  holder  carrying  the 
cutting-off  blades. 

When  the  amount  of  forming  to  be  done 
is  considerable  and  consumes  a  large  pro- 
portion of  the  cutting  time,  the  cut  is  some- 
times   divided    between    two    forming    tools. 
This    is    accomplished    by    the    use    of    the 
double  tool-holder  shown  at  D,  Fig.  4,  at  E, 
Fig.  5,  and  in  Fig.  7.     The  last  illustration 
shows  the  method  of  carrying  the  oil  or  cut- 
ting compound  to  the  forming  tools.     With 
this  double  tool-holder,  the  tool  in  the  first  position  (the  lower 
tool)  is  used  for  roughing,  and  when  the  bar  is  indexed  to  the 
second  position  it  is  finish-formed  by  the  top  tool.     In  this 
way  the   forming   cut 
can     be     divided     be- 
tween two   tools;    the 
production  is  thereby 
increased,    and    the 
greatest  degree  of  ac- 
curacy    is     obtained. 
The     five     standard 
sizes  of  dovetails  used 

on    the    vertical    type 

of    forming    tool    are 

shown  in  Fig.  8.     The 

size   of   dovetail   used 

on    the    tool    is    gov- 
erned by  the  width  or 

depth     of    the    form. 

The   wider   the   form, 

of    course,    the    wider 

must  be  the   dovetail 

to     furnish     the     re- 
quired support  for  the 

tool.    The  double  type 

of  forming  tool-holder, 

as  shown  in  Fig.  7,  is 

cast     solid     with     the 

main    holder,    and    in 

order  to  accommodate 

different  widths   of 

dovetail,    shanks    are 

made  for  the  %-inch, 

l>4-lnch,  1%-lnch  and 

2 '4 -inch    machines    in 

the  sizes  shown  at  A, 

B.  C.  D  and  C  In  Fig.  S 

regular  60-degree  angles, 


Fig.   5.     Diagram  showing  Forming  and  Cut-off  Tool-holders 


Fig.  4.     Forming  and  Cut-off  Tool-holders 

vertical  adjusting  screw  (except  the  smallest  size  shown  at 
C),  which  provides  convenient  means  of  adjustment  in  rela- 
tion to  the  center  of  the  work  and  gives  extra  support  when 

heavy  forming  is  be- 
ing done.  This  latter 
is  an  important  con- 
sideration for  the  first 
forming  operation,  in 
which  generally  the 
greater  amount  of 
stock  is  removed.  The 
typical  setup  at  E, 
Fig.  5,  shows  the  rela- 
tion of  the  two  tools 
clearly. 

When  the  shape  and 
diameter  of  the  part 
to  be  formed  is  such 
that  a  circular  form- 
ing tool  can  be  used 
to  better  advantage 
than  the  dovetail  type, 
the  special  double-deck 
forming  tool-holder 
shown  in  Fig.  9  is 
used.  This  holder  is 
fastened  to  the  form- 
ing slide  in  the  usual 
manner,  and  carries 
two  shank  holders, 
which  are  arranged  to 
carry  circular  tools. 
The  circular  type  of 
forming  tool  is  only 
recommended  for  light 
forming. 


The  dovetails  are  made  with  the 
and   range   in   width    from   7/16   to 
1%  Inch,  measured  at  the  narrow  part.    All  are  tapped  for  a 
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The  cutting-off  tools  used  on  the  Gridley  multiple-spindle 
automatic  are  of  the  blade  type,  and  are  held  in  a  holder  of 
the  type  shown  at  .1,  Fig.  4,  and  at  D,  Fig.  5.  This  holder 
is  clamped  to  the  cutting-off  slide  by  two  screws,  the  tool  rest- 
ing on  an  adjustable  wedge,  as  shown.  As  the  cutting-off  tool 
is  seldom  used  for  anything  but  plain  cutting  off,  the  ordinary 
type  of  forged  tool  or  blade  can  be  used.  When  it  is  necessary, 
however,  to  chamfer  the  end  of  the  work,  this  can  best  be  done 
with  the  forming  tool,  keeping  the  cutting-off  tool  plain.  When 
there  are  only  a  few  operations  to  be  pertornied  on  the  part 
being  produced,  consisting  chiefly  of  forming  and  cutting  off. 
It  Is  poBsibU-  to  use  the  arrangement  shown  at  E  ami  /■',  Fig.  B, 
liavlng  forming  iiiiil  rultlngoff  tools  working  in  all  four  posl- 
Hoiks.  For  lUHtanci',  the  lir.sl  and  second  positions  can  be 
UHcd  for  foriuliiK,  anil  llic  lliinl  and  l'i)\irlli  ixi.sllloiis  for  cut- 
ling  off. 

Tiinior.t  unci  Biiolc-reHtH 

The  dcHlgii  of  tlio  (Jrldley  turret  Is  such  that  It  Is  possible 
to  UHO  a  type  of  turning  tool  that  Is  more  rigid  than  the  well- 
liiiown  box  tool,  and  that  conHC(iuctitly  cannot  bo  doscrlhod  by 
Hint  term.  Fig.  10  sliows  a  group  of  standard  turners  and 
Hupporls.     The  holder  la  made  to  struddlo  the  corner  of  the 
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turret,  and  is  clamped  to  the 
latter  by  two  T-bolts.  The 
turning  tool  and  the  roll  sup- 
ports are  held  in  blocks  that 
are  capable  of  being  adjusted. 
Pig.  11  shows  most  of  these 
holders  in  diagrammatic  form. 
It  will  be  seen  that  the  turn- 
ing tool  is  of  the  tangent 
type.  With  the  exception  of 
the  lower  one,  the  turners 
shown  in  Fig.  10  are  of  the 
plain  type,  and  are  used  for 
general  straight  turning. 
When  more  than  one  shoul- 
der is  to  be  turned  down  at 
one  time,  the  multiple  type 
of  turner  shown  is  used.  This 
tool  will  be  described  later. 
When  heavy  forming  is  be- 
ing done  from  the  forming  or 
cutting-off  slides,  or  when  a 
rigid  support  for  the  work  is 
necessary,  back-rests  are  used. 
Two  of  these  are  shown  at 
A  and  B  in  Fig.  11,  and  are 
for  right-  or  left-hand  work, 
for  use  in  the  second  position. 
The  back-rests  can  be  used  in 
connection  with  the  double- 
deck  forming  tool-holder  when 
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Multiple   Cutting-off  Tool-holder  used  for  cutting  Five   Washers 

simultaneously 
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inch  apart  is  0.484  Inch,  and 
with  the  rolls  touching,  0.440 
inch.  With  the  plain  type  of 
rest  shown  at  D,  the  smallest 
diameter  that  can  be  sup- 
ported with  the  rolls  1/32 
inch  apart  is  0.294  inch; 
closed,  0.250  inch.  On  the 
21,4-inch  size  of  machine, 
shown  at  E,  the  smallest  di- 
ameter that  can  be  supported 
with  the  rolls  1/32  inch  apart 
is  0.561  inch,  and  with  the 
rolls  touching,  0.516  inch. 
When  requirements  demand  it, 
special  roller  rests  are  made. 

Stud  Turner 

A  common  type  of  stud 
turner  tor  use  on  the  Gridley 
automatic,  adapted  for  use  in 
the  second  or  third  position, 
is  shown  in  Fig.  10  and  dia- 
grammatically  at  E  in  Fig. 
11,  This  stud  turner  is  pro- 
vided with  holders  for  retain- 
ing three  turning  tools,  each 
one  being  individually  ad- 
justed by  means  of  a  collar- 
head  screw.  The  work  is  sup- 
ported by  a  combination  back- 
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Double-deck    Fo 


it  is  necessary  to 
support  the  work 
against  the  thrust 
of  the  cut,  the  work 
previously  having 
been  reduced  by 
the  roughing-form- 
ing  tool.  At  G  is 
shown  another  type 
of  roller  back-rest, 
both  for  right-  or 
left-hand  work,  for 
use  in  the  first  or 
third    positions. 

The  capacities  of 
the  standard  roller 
and  plain  back- 
rests are  given  in 
Fig.  12.  A  and  B 
illustrate  a  roller 
and  a  plain  rest  for 
use  on  the  %-inch 
machine.  It  will 
be  noticed  at  A  that 
the  smallest  dianie- 


rest,  made  double- 
ended  and  holding 
four  rolls.  These 
back-rests  are  ad- 
justable along  the 
holder  and  can  be 
placed  to  support 
the  work  at  the 
point  or  points  de- 
sired. With  a  stud 
turner  of  this  type, 
it  is  possible  to 
produce  more  than 
one  diameter  at  one 
traverse  of  the  tur- 
ret, and  thus  pro- 
duce in  one  cut 
multiple  shoulder 
studs,  shafts,  etc. 
Fig.  13  shows  a  re- 
cessing tool-holder 
at  the  left-hand 
side,  which  is  oper- 
ated by  the  pusher 
shown  at  the  right. 


ter  than  can  be  supported 
with  the  rollers  1/32  inch 
apart  is  0.303  inch;  whereas, 
with  the  rollers  touching,  the 
smallest  diameter  that  can  be 
supported  is  0.258  inch.  With 
the  plain  type  of  backrest 
shown  at  B,  the  smallest  di- 
ameter that  can  be  supported 
with  the  rests  1/32  Inch 
apart  ia  0.169  inch;  whereas, 
with  the  supports  touching, 
the  smallest  diameter  that 
can  be  supported  Is  0.125 
Inch.  As  shown  at  (7,  on  the 
I'/i-lnch  machine,  the  small- 
est diameter  that  can  be  sup- 
ported   with    the    rolls    1/32 
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8.     Dlarram   thowinK   Proiiortiont  of   DoTotalls   for   Straight   Forn'.ing 
TooU  for  tjio  on  the  Tarioua  SIzoa  of  Hachinoa 


Type  of  Double-deck  Holder  used  for 
Circular    Forming    Tools 

held  on  the  forming  slide. 
Fig.  14  shows  a  swinging 
stop,  which  is  held  in  a 
bracket  on  the  main  frame  of 
the  machine,  and  is  operated 
by  a  cam  disk  on  the  main 
cam  drum  in  the  l^i-inch  ma- 
chine. On  the  other  sizes  the 
stop  is  operated  by  a  cam  car- 
ried on  one  of  the  miter  gears 
that  actuate  the  cut-oft  slide. 

Tool-slide  Tool-holders 

The  standard  tool-holder 
used  on  the  tool-slide  carries 
such  tools  as  drills,  reamers, 
boring  tools,  knurl-holders, 
etc.     This   form   of  holder   Is 
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Fig.    10.     Group   of   Supports,    Turners,    and    Stud   Tu 


shown  in  Fig.  15,  and  in  diagrammatic  form  in  connection 
with  Table  3,  which  gives  the  principal  dimensions  of  the  tool- 
holder,  namely,  the  length  of  the  base,  length  of  the  bushing, 
the  distance  from  the  front  of  the  bushing  to  the  edge  of  the 
base,  and  the  diameter  of  the  hole.  The  last  dimension  cor- 
responds to  the  shank  of  the  tool  that  is  to  fit  into  it  when  no 
bushing  is  used.  This  standard  holder  can  be  used  in  all  four 
positions  on  the  1%- 
inch  multiple-spindle 
machine.  All  other 
sizes  of  machines  have 
special  tool-holders  for 
the  fourth  position; 
but  the  fourth  posi- 
tion tool-holder  is  not 
furnished  unless  spe- 
cially ordered.  The 
tool-holders  are 
clamped  to  the  tool- 
slide  by  means  of  T- 
bolls,  which  permit 
them  to  be  adjusted 
to  the  desired  posi- 
tion. The  tool  is 
clamped  in  the  holder 
hy  meaoB  of  two 
collar-bead  screws,  the 
upper  part  of  the 
holder  being  split  to 
allow  for  expansion 
and  contraction. 


Although  75  per  cent 
of  the  19ir>  output  of 
crude  rubber  waa  pro- 
duced within  the  Urlt- 
iHh  Empire,  Ux;  I'nitcd 
.Statcii  manufu'iurers 
took  about  02  Vi  per 
cent  of  the  total  out- 
put, wbllo  Brltliih 
manufacturer*  took 
only  12  per  cent. 


LABORATORY   FOR   TESTING  AEROPLANE 
MOTORS' 

In  an  aeroplane  fight,  victory  is  with  the  aviator  whose  ma- 
chine can  attain  the  greatest  speed  and  reach  the  highest  ele- 
vation. At  present  an  aeroplane  can  reach  a  height  of  only 
about  23,000  feet,  on  account  of  the  thin  air  and  intense  cold, 

and  in  order  to  over- 
come these  difficulties 
the  United  States  gov- 
ernment is  building 
the  first  "altitude" 
laboratory  to  experi- 
ment with  aeroplane 
motors  under  these 
very  conditions.  The 
laboratory  will  soon 
be  completed  on  the 
grounds  of  the  Bureau 
of  Standards,  Wash- 
ington, D.  C.  The 
chamber  in  which  the 
motors  will  be  tested 
is  about  twelve  feet 
long,  six  feet  wide 
and  seven  feet  high. 
It  is  enclosed  by  rein- 
forced concrete  walls 
built  to  withstand  a 
pressure  of  one  ton 
per  square  foot  on  the 
outside,  to  prevent 
them  from  being 
crushed  by  the  welghtr 
of  air  at  the  earth's 
.surface,  when  tlio  air 
ImsI(I(!  has  been  rnre- 
lli'd  In  llio  thinness  of 
nil  iilllludo  of  about 
20,000  fout.   This  room 
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■Almlrni't  of 
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rig.    12.     Diarram   giving  Capacities   of   Solid  and  Roller  Sests 

will  contain  refrigerator  coils  to  absorb  the  heat  from  the  ex- 
posed parts  of  the  engine,  and  fans  tor  circulating  the  cooled  air 
over  the  engine  and  past  the  cooling  coils.  The  pressure  in 
this  chamber  can  be  maintained  at  any  desired  point  down 
to  one-half  atmosphere  by  means  of  an  exhaust  blower  that  is 
capable  of  drawing  away  1600  cubic  feet  of  air  per  minute, 
which  takes  the  exhaust  from  the  engine,  as  well  as  any  air 
leaking  into  the  chamber,  and  discharges  it  outside.  The 
power  from  the  engine  is  absorbed  and  measured  by  means 
of  an  electro-dynamometer,  mounted  outside  the  vacuum  room. 
The  behavior  of  the  engine  at  all  speeds  can  be  measured  at 


Fig.    13.     Recessing   Tool-holder   and   Pusher   used  for   operating   it 

will,  making  possible  a  systematic  study  of  the  performance. 
Provision  is  made  for  supplying  air  to  the  carbureter  not  only 
at  any  desired  pressure,  but  also  at  any  desired  temperature 
by  means  of  a  twenty-four-ton  refrigerating  plant.  Among  the 
points  to  be  investigated  with  the  equipment  are  the  effects 
of  different  grades  of  fuel.  This  laboratory  offers  a  complete 
equipment  for  investigating  the  performance  of  aeroplane  en- 
gines up  to  about  300  horsepower  and  of  many  types  of  much 
higher  power  at  all  practicable  altitudes  and  temperatures. 


MODERN  LOCOMOTIVE   PRACTICE' 

Comparatively  few  locomotives  are  now  built  without  a  fire- 
tube  superheater,  as  the  economy  resulting  from  the  use  of 
this  device  is  marked.  To  reduce  the  fuel  consumption  fur- 
ther, the  use  of  brick  arches  supported  on  water  tubes  is  com- 
mon, as  modern  improvements  in  the  design  of  the  arches 
have  made  their  use  practical.  On  road  locomotives  the  out- 
side valve  gear  of  the  Walschaerts  type  is  used  almost  en- 
tirely, and  is  also  used  on  some  switching  locomotives.  Ac- 
cessibility, better  distribution  of  steam  and  freedom  from 
breakdowns  make  outside  gearing  desirable.  The  majority  of 
engines  now  built  are  so  heavy  that  the  usual  reversing  mech- 
anism is  not  suitable, 
and  power  reverse  gear- 
ing has  been  introduced 
with  satisfactory  re- 
sults. Pneumatic  fire 
doors  relieve  the  fire- 
man of  much  work  and 
greatly  reduce  the  time 
that  the  door  is  kept 
open.  It  is  now  the 
practice  to  have  outside 
steam  pipes  to  the 
steam  chest,  instead  of 
having  them  placed  in 
the  smoke-box,  thus 
eliminating  to  a  large 
extent  trouble  from  leaky  joints,  and  giving  easier  access  to 
the  smoke-box  appliances.  The  advent  of  long  freight  trains 
called  for  air  compressors  of  greater  capacity,  and  two  single- 
stage  pumps,  or  one  compound  pump,  are  used.  On  some  large 
locomotives  mechanical  stokers  have  been  installed  and  are 
doing  very  good  work. 

The  tendency  today  is  toward  locomotive  tenders  of  large  ca- 
pacity. To  save  labor  and  because  of  legislation,  tenders  are 
now  constructed  with  coal  hoppers  designed  so  that  the  coal 
will  automatically  be  placed  within  easy  reach  of  the  fireman. 

TABLE  3.    PRINCIPAL  DIMENSIONS  OF  TUBRET 
TOOL-HOLDERS 
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Special  attention  has  been  given  for  a  number  of  years  to 
truck  design,  with  a  view  to  eliminating  dangerous  roll  at 
high  speeds.  In  many  derailments  the  forward  tender  truck 
is  the  llrst  to  leave  the  track.  Comparatively  slight  depres- 
sions in  the  track  may  set  up  a  rolling  of  the  tender,  which, 
accompanied  by  a  reverse  roll  of  the  locomotive,  will  cause 
the  forward  tender  wheels  to  jump.  The  connections  between 
the  locomotive  and  tender  also  have  a  bearing  on  this,  and 
one  connection  has  been  designed  which  is  a  vast  improve- 
ment over  anything  used  before. 

rciid  boforo  the  MInnettotn  Section  of  the  A.  S.    M.    I'., 
A.  Foqtic,  MInnonpollfi,  Minn. 
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THE  FUTURE  OF  THE  MACHINE  TOOL  BUSINESS  IN  RUSSIA 


CONDITIONS  THAT   WILL  CONFRONT  THE  MANUFACTURER  AND  DEALER  AFTER  THE  WAR 

BY  A.  M.  PESKINE  1 


THE  purpose  of  this  article  is  to  give  in  concise  form 
some  ideas  tliat  may  be  of  interest  to  American  manu- 
facturers in  regard  to  the  sales  policy  of  machine  tool 
builders  in  Russia  in  the  future.  The  writer's  principal  reason 
for  going  into  this  matter  is  that  during  frequent  conversa- 
tions with  American  machine  tool  manufacturers  on  the  sub- 
ject the  question  most  frequently  asked  has  been:  "Can  you 
recommend  to  me  someone  who  would  make  a  good  agent  for 
my  concern  in  Russia?"  This  question  has  been  asked  so 
often  that  it  appears  to  be  the  opinion  of  the  majority  of  man- 
ufacturers that  all  they  need  in  order  to  sell  their  product  in 
Russia  is  the  right  kind  of  agent,  and  that,  provided  they  can 
get  such  an  agent,  everything  will  run  smoothly.  This  is  by 
no  means  the  case,  and  the  entire  question  is  a  somewhat  diffi- 
cult one,  depending  not  only  upon  the  agent  himself,  but  also 
upon  other  matters  that  will  be  mentioned  later. 

There  have  been  many  radical  changes  in  the  selling  of  ma- 
chine tools  in  Russia,  and,  therefore,  a  change  should  be  made 
not  only  as  far  as  the  agent  is  concerned,  but  also  in  the  entire 
system  and  methods  of  selling.  There  are  several  points  that 
must  be  considered  in  this  "connection:  First,  the  changes  in 
the  American  machine  tool  market;  second,  the  fact  that  the 
buyer  of  the  present  time  and  the  buyer  in  Russia  after  the 
war  should  be  two  distinct  types  of  men;  third,  the  new 
method  that  should  be  applied  when  selling  machine  tools  in 
Russia,  due  to  the  two  radical  changes  mentioned  above. 

In  taking  up  this  matter  in  detail,  the  writer  would  first 
call  attention  to  the  fact  that  before  the  war  American  manu- 
facturers did  not  show  much  energy  in  the  matter  of  selling 
their  machine  tools  generally  in  Europe  and  principally  in 
Russia.  There  is  no  exaggeration  in  saying  that  American 
manufacturers  do  not  understand  even  at  the  present  time  the 
proper  methods  used  in  selling  machine  tools  in  Russia,  and, 
in  fact,  they  have  no  experience  whatsoever  as  to  actual  con- 
ditions.   This  may  sound  strong,  yet  it  is  the  truth. 

Before  the  war,  agencies  tor  all  the  largest  machine  tool 
concerns  were  given  to  a  small  number  of  large  machinery 
dealers,  who  were  handling  all  the  sales.  The  American  man- 
ufacturer, as  a  rule,  did  not  take  pains  to  ascertain  whether 
the  dealer  in  Europe  was  doing  his  utmost  to  secure  all  the 
business  possible.  He  was  generally  well  pleased  if  the  Euro- 
pean dealer  would  send  in  a  few  orders  from  time  to  time. 
Whether  these  orders  represented  the  maximum  that  might 
have  been  obtained  under  the  circumstances  has  never  been 
determined.  How  little  the  average  machine  tool  manufac- 
turer understood  the  details  of  his  sales  campaign  in  Russia 
can  best  be  shown  by  the  fact  that  some  of  the  machinery  deal- 
ers in  Europe  were  handling  machine  tools  of  one  and  the 
same  kind,  yet  made  by  three  or  four  different  manufacturers 
who  are  strong  competitors  in  this  country.  Such  conditions 
should  never  be  permitted,  and  the  American  machine  tool 
manufacturer  should  look  seriously  into  the  details  of  the 
methods  employed  In  the  selling  of  his  machine  tools  in  Ru.ssia. 

Oerman  Competition 

The  matter  of  competition  with  German  manufacturers  is 
of  Buffldent  Importance  to  be  considered  under  the  other  fac- 
tors that  affect  the  sales  campaign.  Before  the  war  It  was 
neccitBary  to  take  Into  consideration  these  German  machine 
tool  manufacturers,  allhouRh  their  tools  were  always  poor 
copies  of  machine  tools  made  In  this  country.  The  writer  re- 
calls from  his  own  experience  how  difflcult  It  was  for  him  a 
few  years  bko  to  sell  a  few  Lodge  &  Shipley  lathes  to  a  ma- 
chine Bhop  In  the  southern  part  of  RuHHia,  Just  because  one 
Qenpan  manufa<;turcr  from  Hamburg  wa«  Helling  a  poor  copy 
of  the  same  lathe  at  a  miicli  lower  price  than  the  American  tool. 

Naturally,  an  aoon  as  the  war  Is  over,  German  competition 
will  b«  much  stronger,  and  due  preparation  must  be  made  to 
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meet  it,  for  the  reason  that  during  the  entire  war  German  in- 
dustries have  developed  rapidly,  due  to  the  exigencies  of  the 
situation.  Manufacturers  in  Germany  have  not  been  import- 
ing any  machine  tools  from  abroad,  and  as  they  have  been 
obliged  to  produce  large  quantities  of  war  material,  it  has 
been  necessary  for  them  to  develop  superior  types  of  machine 
tools  in  order  to  handle  their  production.  It  is  probable  that 
the  developments  in  machine  tools  have  kept  pace  with  some 
of  their  achievements  in  industrial  chemistry. 

Changes  in  American  Machine  Tool  Market 

Since  the  beginning  of  the  war  many  new  concerns  manu- 
facturing machine  tools  have  been  formed  in  the  United  States, 
and  no  doubt  a  considerable  number  of  these  will  pass  out  of 
existence  at  the  close  of  the  war.  Many  of  these  machine  tool 
builders,  however,  have  developed  to  such  an  extent  that  they 
will  continue  to  produce,  as  they  have  invested  large  amounts 
of  money  in  buildings  and  equipment,  and  on  account  of  the 
huge  war  orders  they  have  secured,  have  paid  comparatively 
little  for  what  is  usually  the  largest  expense  of  every  new  en- 
terprise, viz.,  the  experimental  stage.  It  cannot  reasonably  be 
expected  that  these  new  firms  will  give  up  the  results  of  their 
work,  and,  therefore,  this  competition  is  a  factor  in  America 
and  will  be  also  a  factor  in  the  Russian  market.  The  old  and 
well  established  machine  tool  concerns  are  often  inclined  to 
believe  that  they  have  no  competition  whatever.  It  is  well  to 
keep  in  mind  the  old  business  rule,  "Better  overestimate  a 
competitor  than  underestimate  him." 

The  Russian  Buyer  after  the  War 

In  taking  up  these  points  in  detail,  let  us  consider  why  the 
Russian  buyer  after  the  war  will  be  different  from  the  former 
buyer.  During  the  war  a  large  number  of  Russian  engineers 
came  to  this  country.  All  the  government  controlled  concerns 
sent  their  inspectors  and  engineers,  and  many  private  con- 
cerns followed  their  example.  If,  therefore,  we  take  it  for 
granted  that  50  per  cent  of  these  men  have  been  taking  ad- 
vantage of  their  opportunities  properly,  this  experience  must 
eventually  bear  fruit.  All  these  technical  men  have  become 
more  or  less  acquainted  with  American  methods  of  manufac- 
ture and  management.  Many  of  them  have  visited  American 
machine  shops,  and  through  their  duties  as  inspectors  have 
had  plenty  of  opportunity  to  become  thoroughly  familiar  with 
the  most  minute  details  of  manufacture.  It  follows  that  it 
these  men  are  spread  through  Russia  in  the  future,  and  it 
they  are  factors  in  the  buying  of  machine  tools,  they  will  be 
in  a  position  to  know  what  is  required.  The  time  has  passed 
when  the  man  was  called  a  good  salesman  be('ause  he  could 
sell  a  shaper  where  the  work  called  for  the  installation  of  a 
lathe.  The  buyer  in  Russia  at  the  present  time  understands 
that  there  is  more  than  one  concern  in  America  manufac- 
turing and  selling  certain  types  of  machine  tools.  A  short 
time  ago,  however,  the  word  "milling  machine"  or  "turret 
lathe"  recalled  to  the  Russian  buyer's  mind  only  the  name  of 
the  best  known  concern  making  the  one  tool  or  the  other. 
Now  since  a  large  number  of  Russian  engineers  have  been 
visiting  the  different  factories  and  have  seen  the  different 
makes  of  machine  tools,  they  have  become  familiar  with  the 
different  concerns  nianul'acturlng  various  types  of  machines. 

The  writer  is  still  receiving  proposals  from  niacliliicry  deal- 
ers with  circulars  attached  on  wliicli  tlic  iiianiil'iiclurcr's  name 
has  been  blotted  out;  but  in  most  cases  hn  has  made  Inquiry 
of  the  manufacturer  direct.  The  itusslan  buyer  has  now  be- 
come familiar  with  the  prevailing  pri<'es  of  nmchine  tools,  and 
this  fact  Is  of  extreme  importance  for  future  biminoss,  because 
ItUHHlan  machln(!  tool  dealers  have  been  Inking  advantage  of 
tills  lack  of  knowlcilKc  on  the  buyer's  part  to  a  (^nnsldorahlo 
i;xlcMt.  NHltirally,  the  iirlccs  during  llic  war  are  much  lilplu-r 
llian  Miirmal,  yet  due  allowami!  can  bo  made  so  as  to  take 
till)    cliariKcH    of    price    into    coiiHldcnitloii.      Aside    from    this, 
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Russian  buyers  have  been  in  this  country  long  enough  to  be- 
come acquainted  with  manufacturers  and  many  other  people 
in  the  trade  who  are  able  to  post  them  on  current  prices. 

Russian  industries  have  never  been  so  much  in  need  of  suit- 
able methods  for  interchangeable  manufacture  as  during  this 
war.  The  enormous  demand  for  war  material  has  revolution- 
ized the  methods  in  the  majority  of  Russian  machine  shops, 
and  without  doubt  has  been  as  deciding  a  factor  for  these  in- 
dustries as  automobile  manu-facture  has  been  for  American 
machine  shop  practice.  All  the  above  matters  must  be  con- 
sidered in  taking  up  methods  of  selling  to  be  applied  to  Ameri- 
can machine  tools  in  Russia. 

Methods  of  Selling'   in  Russia 

As  previously  stated,  all  American  machine  tools  before  the 
war  were  handled  by  a  few  machinery  dealers  in  Russia.  To 
these  dealers  due  credit  must  be  given  for  the  great  per- 
sistency applied  in  their  selling  campaign.  They  were  spend- 
ing a  great  amount  of  money  for  printing  beautiful  catalogues, 
which  were  frequently  produced  at  a  cost  of  $10  to  ?15  each, 
yet  all  these  catalogues  were  given  out  free  upon  request. 
The  salesmen  themselves  were  recruited  from  people  of  good 
standing,  and  a  great  deal  of  attention  was  paid  to  their  man- 
ners. The  offices  and  show  rooms  were  furnished  in  the  most 
luxurious  way,  and  much  attention  was  paid  to  appear- 
ances generally,  no  expense  being  spared  to  make  a  good 
showing.  The  writer  knows  absolutely  that  the  sales  costs  to 
some  machinery  dealers  ran  as  high  as  IS  per  cent.  All  of 
this  would  have  been  very  effective,  providing  more  attention 
had  been  paid  to  the  professional  training  of  the  salesmen. 

Unfortunately,  this  phase  of  the  situation  was  completely 
ignored.  Personal  connections  and  friendships  among  busi- 
ness men  were  appreciated  more  than  engineering  knowledge. 
It  is  true  that  once  in  a  great  while  a  salesman  was  enabled 
to  obtain  a  talking  point  about  the  tools  he  was  selling  from 
American  experts  who  were  sent  to  Russia.  Still,  while  talk- 
ing points  are  important  assets  for  a  salesman  who  has  the 
necessary  knowledge  of  machine  tools,  without  that  knowledge 
talking  points  are  good  only  during  the  first  call.  After  a  few 
visits  the  salesman  has  run  out  of  facts  and  is  obliged  to  re- 
call obsolete  and  old-fashioned  terms  like  "best  in  the  world," 
or  "best  on  the  market,"  or  "most  reasonable,"  etc.  It  will 
be  seen,  therefore,  that  if  a  thorough  knowledge  of  tools  was 
important  before  the  war,  it  is  imperative  now.  Less  atten- 
tion will  have  to  be  paid  to  appearances  and  more  to  essential 
mechanical  points. 

The  fundamental  question  of  selling  may  now  be  taken  up. 
Is  it  really  possible  to  find  a  man  who  knows  every  kind  of 
machine  tool  thoroughly?  The  answer  to  this  question  is,  of 
course,  that  such  a  man  is  almost  impossible  to  find.  In  the 
United  States  no  attempt  is  made  to  find  a  man  with  such  an 
amount  of  knowledge,  but  the  matter  is  arranged  by  having 
specialists  for  certain  kinds  of  machine  tools.  These  special- 
ists sell  one  type  of  tool  and  one  only.  It  is  the  belief  of  the 
writer  that  the  time  has  come  when  Russia  will  need  salesmen 
highly  specialized  in  one  particular  line.  His  advice  to  large 
American  concerns  is  to  start  independent  sales  offices  in 
Russia.  This  method,  without  doubt,  has  a  bright  future.  In 
the  first  place,  thanks  to  the  comparatively  small  variety  of 
tools  that  any  one  concern  can  produce,  it  is  a  simple  matter 
to  be  conversant  with  the  entire  line.  Therefore,  the  proper 
kind  of  salesmen  can  be  selected  without  difficulty,  and  their 
training  is  comparatively  simple.  In  the  second  place,  the 
price  for  one  kind  of  machine  tool  will  be  the  same  for  every- 
body, and  there  will  be  no  complaints  from  the  customers  as 
to  differences  In  price.  In  the  third  place,  the  sales  offices 
will  be  in  direct  touch  with  the  buyer,  which  is  much  better 
for  both.  The  buyer  will  I)p  able  to  come  personally  to  the 
sales  office  and  ask  certain  questions  about  details  with  which 
he  is  unfamiliar.  For  example,  in  an  office  for  selling  auto- 
matic machinery,  the  buyer  will  find  samples  of  work  pro- 
duced on  automatics  and  will  be  able  to  Judge  for  himself  the 
kind  of  machine  best  suited  to  his  requirements. 

It  Is  surprising  that  largo  ninrhlnery  concerns  making 
lathes,  milling  machines,  small  tools,  and  the  like,  should  con- 
cern themselves  at  all  as  to  whom  to  appoint  as  their  repre- 
sentative In  Russia.     The  best  solution  of  this  problem  is  fo 


start  a  sales  office  of  their  own.  It  is  unnecessary  to  consider 
the  question  of  details  for  an  organization  of  this  kind.  I 
would  suggest,  however,  that  there  should  be  a  few  Americans 
working  together  with  an  experienced  man  familiar  with  local 
conditions.  The  only  drawback  to  this  arrangement  would  be 
the  comparatively  large  expenditure,  so  that  only  concerns 
having  a  large  volume  of  business  could  probably  afford  it. 
For  concerns  of  smaller  size,  the  most  practical  solution  of  the 
problem  would  be  one  sales  office  for  a  number  of  manufac- 
turing concerns.  The  essential  point  in  this  plan  is  that  a 
number  of  concerns  making  different  types  of  tools,  each  type 
being  of  approximately  equal  importance  to  the  average  shop, 
should  combine  and  start  a  sales  office.  All  the  advantages 
of  the  first  method  mentioned  are  found  with  the  second,  and 
some  additional  benefits.  The  expenses  are  greatly  reduced 
for  each  partner  of  the  sales  office,  and  the  enlarged  organiza- 
tion is  of  assistance  in  securing  additional  information  rela- 
tive to  new  business.  Suppose  that  one  salesman  is  selling  a 
planer.  It  is  easy  for  him  to  ascertain  whether  any  other  ma- 
chine tools  are  required,  and  he  can  immediately  notify  the 
office  in  regard  to  it,  so  that  another  salesman  will  be  put  in 
touch  with  this  manufacturer.  The  second  method  of  selling 
is  a  great  advantage  to  a  concern  making  special  machinery, 
for  the  reason  that  the  amount  of  business  is  too  small  for 
it  to  afford  an  office  or  a  direct  representative,  yet  by  com- 
bining an  office  with  some  other  manufacturer  the  advantages 
of  a  separate  organization  are  gained. 

In  deciding  which  of  these  two  methods  would  be  more  ad- 
vantageous in  Russia,  the  American  manufacturer  must  make 
up  his  mind  in  regard  to  the  matter  of  credits  and  collections. 
This  question  was  not  taken  up  seriously  by  American  manu- 
facturers before  the  war  because  their  product  was  handled 
entirely  by  the  dealer.  After  the  war,  however,  it  will  be  of 
the  greatest  importance.  The  writer  believes,  however,  that 
this  matter  will  not  be  as  serious  as  it  has  been  in  the  past, 
as  many  American  banks  have  opened  branch  offices  in  Russia. 
It  can  also  be  stated  from  the  writer's  own  experience  that, 
although  machinery  dealers  have  extended  long  term  credit 
to  the  buyers  in  Russia,  the  percentage  of  actual  loss  has  been 
small.  In  the  event,  however,  that  an  American  manufacturer 
positively  refuses  to  handle  the  account  of  a  Russian  customer, 
nothing  remains  to  be  done  except  to  use  the  old  method  of 
selling,  which  means  giving  the  agency  to  any  kind  of  ma- 
chine tool  dealer  in  Russia.  This  brings  us  back  to  the  first 
question  once  more. 

Selection  of  the  Dealer 

In  the  first  place,  the  machinery  house  should  be  one  spe- 
cializing in  selling  machine  tools  only  without  any  side  lines 
whatsoever,  and  should  employ  salesmen  who,  by  training  and 
experience,  are  fitted  to  sell  high-grade  machines  only.  It  is  a 
well-known  fact  that  unless  a  salesman  is  accustomed  to  sell 
only  high-grade  tools,  if  he  is  unable  to  close  a  sale,  he  will 
invariably  follow  the  line  of  least  resistance  and  try  to  sub- 
stitute an  inferior  tool.  There  should  be  an  iron-clad  rule 
that  a  salesman  must  sell  his  own  machine  or  nothing. 

Now  in  regard  to  the  financial  end  of  the  business.  Ma- 
chine tool  manufacturers  in  this  country  are  likely  to  over- 
estimate the  value  of  large  financial  assets  of  concerns  selling 
machine  tools  abroad.  It  should  be  emphasized  that  dealers 
in  machine  tools  need  a  certain  minimum  of  working  capital 
in  order  to  carry  on  their  business,  but  this  minimum  is  all 
that  is  necessary.  It  is  useless  to  cater  to  concerns  that  work 
with  very  large  capital,  because  such  a  condition  places  a 
dealer  at  the  mercy  of  other  firms  backed  up  by  large  banking 
interests.  Bankers  are  poor  partners  for  machine  tool  deal- 
ers, as  their  desire  is  for  large  transactions  and  quick  returns, 
and  they  overlook  the  importance  of  establishing  a  trade,  fail- 
ing to  realize  that  a  trade  once  established  Is  a  great  asset. 
The  banker  is  eager  to  throw  his  money  into  entirely  different 
channels  when  he  finds  that  he  is  obliged  to  wait  a  long  time 
for  settlement,  while  a  specialized  machine  tool  dealer  who 
has  nothing  else  in  which  to  invest  his  money  will  have  more 
patience,  as  he  knows  good  times  follow  slow  times  in  the  ma- 
chinery business.  Furthermore,  a  machine  tool  dealer  will 
continue  to  work  in  one  direction  regardless  of  the  favorable 
or  unfavorable  conditions  of  the  money  market. 
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COLD-HEADING  of  wire  is  essentially  a  modern  develop- 
ment. It  is  true  that  cold-heading,  in  one  form  or  an- 
other, has  been  done  for  a  great  many  years,  but  real 
progress  dates  from  the  advent  of  a  good  quality  of  open- 
hearth  steel  which  can  be  bought  for  a  moderate  price.  The 
process  of  cold-head- 
ing is  steadily  gain- 
ing in  importance, 
and  every  j'ear  sees 
the  production  of 
some  new  parts  by 
this  method.  When 
wrought  iron  was  the 
only  wire  obtainable, 
satisfactory  rivets 
and  screw  blanks 
were  made  by  the 
cold-heading  process ; 
and  at  the  present 
time  there  are  still 
some  buyers  who  in- 
sist upon  having  riv- 
ets  of  genuine 
Swedish  iron.  The 
pioneers  who  first 
realized  the  possibil- 
ities of  working  steel 
wire  in  cold-heading 
machines  spent  many 
thousands  of  dollars 
In  converting  good 
material  into  scrap.  For  a  number  of  years  the  writer  has 
been  connected  with  the  cold-heading  industry,  and  it  was 
with  great  Interest  that  he  read  MArniNEiiY's  Reference  Book 
"Cold-heading."  In  one  of  the  introductory  paragraphs  of  this 
pamphlet,  under  the  heading  "Principles  of  Cold-heading,"  the 
following  statement  is  made:  "These  three  simple  experi- 
ments outline  the  principles  In  cold-heading."  This  statement 
Is,  of  course,  very  broad  and  apparently  was 
not  Intended  to  be  taken  literally;  yet  the 
real  principles  Involved  In  upsetting  a  piece 
of  wire  are  so  often  confustrd  or  Ignored  that 
a  more  ac<;urale  analysis  of  cxlHtlng  condi- 
tions would  apparently  be  worth  while. 
In  beginning  a  study  of  the  theory  and 
practice  of  cold-heading.  It  Is  essential  to 
keep  clearly  In  mind  the  fact  that  theoreti- 
cally a  piece  of  wire  -  no  mallor  whether  It 
Is  long  or  Mhort  -should  upset  uniformly 
when  sulijectod  to  compresHlon.  Practice  has 
shown,  however,  that  when  the  length  of  the 
wire  Im  great  In  proportion  to  Its  diameter, 
there  Is  a  tendency  for  the  wire  to  bend  lat- 
erally, Instead  of  beInK  upset  to  the  dcslrod 
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form.  The  trouble  encountered  from  the  buckling  of  blanks 
in  automatic  cold-heading  machines  is  probably  greater  than 
that  experienced  from  the  tendency  of  any  other  form  of  strut 
to  buckle.  The  reason  for  this  is  apparent  from  the  follow- 
ing considerations: 

1.  A  large  number  of  cold-heading  machines  are  run  with- 
out any  adequate  straightening  device;  in  other  words,  wire 
comes  to  the  header  in  the  form  of  a  coil  and  is  fed  into  the 
lieader  with  a  slight  initial  bend.  When  a  straightening  de- 
vice is  used,  it  may  safely  be  said  that  this  initial  bend  is  not 
entirely  removed  from  the  wire  before  the  attempt  at  upset- 
ting is  made. 

2.  Ordinary  rivet  wire  is  drawn  from  rods  that  are  fre- 
quently considerably  out  of  round,  the  result  being  an  appre- 
ciable difference  in  the  hardness  of  the  metal  at  different 
points  on  the  surface  of  the  wire.  In  itself,  this  would  be  suffi- 
cient to  result  in  one  side  of  the  wire  failing  before  the  other 
side  reached  the  elastic  limit. 

3.  Unevenness  of  the  cut-off  or  inaccuracy  in  setting  up  the 
dies  produces  an  eccentric  loading,  and  as  shown  by  Goodman 
in  his  "Mechanics  Applied  to  Engineering,"  this  increases  the 

stress  in  the  ma- 
terial. In  fact,  where 
the  loading  deviates 
from  the  center  of 
gravity  of  the  sec- 
tion by  an  amount 
equal  to  one-eighth 
of  the  diameter,  the 
magnitude  of  the 
stress    is    doubled. 

Severing  the  blank 
or  cut-off  from  the 
wire  is  the  first  step 
in  starting  to  make 
any  part  by  the  cold- 
heading  process,  and 
a  consideration  of 
the  properties  of  this 
cut-off  is  the  logical 
starting  point  in 
making  a  study  of 
the  conditions  that 
exist  in  performing 
cold  -  heading  opera- 
tions. Referring  to 
Pig.  1,  B  and  C  rep- 
resent the  two  most 
common  forms  of  cut-off  used  in  automatic  cold-headers; 
the  form  shown  at  A  is  a  theoretical  condition  and  could 
not  be  obtained  in  practice.  When  the  load  is  perfectly 
central  and  the  heading  dies  and  machine  are  absolutely 
true,  these  three  forms  of  cut-off,  when  struck  by  the  upset- 
ting machine,  will  tend  to  assume  shapes  similar  to  those 
shown  in  Pig.  2  at  D,  E  and  F,  respectively.    Por  all  practical 


n 

\  I 

J- 


:}s. 


AlsrNGLE  AND 

b/doub 


Types  of  Cut-offs  shown  In  Fi^.   1   in    Tight  and  Poorly  Fitting  Dio3,   and  Comparative 
Lengths  of  Wire  upset  under  Different  Conditions 


r'-*i 


pT-?^?777f^ 


f: 


D 


i_j r 


T- 


7~t~V        t' 


HoniU    by    •upporlini    Uiit.oll    »t 


October,  1917 


MACHINERY 


127 


purposes,  cut-off  B  can  safely  be  assumed  to  approximate  C, 
because  the  eccentricity  of  loading  is  not  great,  and  roughness 
of  the  dies  and  softness  of  the  wire  will  minimize  the  effect 
of  eccentricity  at  the  ends.  It  is  well,  however,  to  emphasize 
the  evil  that  may  result  from  this  form  of  cut-off,  as  it  may 
easily  become  serious  if  the  dies  fit  poorly  or  become  very  dull. 
At  the  top  of  Fig.  3  are  shown  the  three  types  of  cut-off 
illustrated  in  Fig.  1,  each  type  being  shown  in  a  tight-fitting 
die  and  a  worn  die,  respectively;  at  the  bottom  of  the  illustra- 
tion are  shown  the  comparative  lengths  of  wire  that  can  be 
upset  for  these  different  conditions.  This  illustration  is  de- 
veloped from  the  theory  of  strains  and  stresses  in  struts  pre- 
sented in  Goodman's  "Mechanics  Applied  to  Engineering."  In 
these  illustrations  I  designates  what  is  known  as  the  effective 
length  of  a  strut,  and  in  the  present  case  is  presented  merely 
for  illustrative  purposes.  At  Y  is  shown  the  condition  for  a 
single-blow  machine  and  badly  fitting  dies,  so  that  there  would 
be  no  support  for  the  projecting  end  of  the  wire  when  struck. 
The  actual  length  of  strut,  i.  e.,  the  length  of  wire  which  it  is 
desired  to  upset,  is  shown  at  L,  and  in  the  case  illustrated  at 

I 
Y,  L  =  — .    For  the  condition  shown  at  A',  where  both  ends  of 

2 
the  cut-off  are  guided  in  line  but  are  tree  to  pivot  about  the 
ends,  L  =  I;  in  other  words,  the  whole  length  of  wire  tends  to 
bend,  and  with  this  type  of  loading  it  is  only  possible  to 
handle  rather  a  short  length  of  wire,  so  that  the  amount  of 
bending  shall  be  as  small  as  possible.  At  Y  is  shown  the  con- 
dition that  exists  when  both  the  die  and  hammer  fit  well  but 
when  there  is  a  tendency  for  the  cut-off  to  pivot,  due  to  the 
form  of  its  ends.  Here  L  =  1.43  X  I;  in  other  words,  it  is 
well  known  that  a  strut  thoroughly  supported  at  one  end  will 
not  bend  through  its  entire  length,  but  that  a  certain  portion 
will  be  subjected  to  practically  straight  compression.  When 
both  ends  of  the  blank  are  well  fixed  as  shown  at  Z,  the 
actual  length  that  can  be  upset  will  be  L  =  2  X  !.  To  express 
this  in  another  way,  if  an  operator  can  produce  on  an  ill- 
fitting,  inaccurate  header,  satisfactory  results  that  require 
as  a  maximum  two  diameters  of  wire  for  the  head,  he  can 
with  equal  skill  and  less  effort  produce  work  requiring  2.86 
diameters  for  the  head  if  the  operation  is  done  on  a  well- 
fitting,  accurate  heading  machine.  Similarly,  if  he  uses  a 
well-fitting  header  and  the  nature  of  the  work  permits  the 
wire  to  extend  into  and  be  supported  by  the  hammer,  four 
diameters  of  the  wire  can  be  headed  without  difficulty. 

Fig.  3  shows  the  effect  on  the  three  forms  of  cut-off  shown 
in  Fig.  1,  when  the  upsetting  dies  fit  closely  and  when  they 
have  become  a  bad  fit  from  excessive  use  or  from  some  other 
cause.     In    this   connection    it    should    be   explained   that   the 

actual  length  L 
that  can  be  upset 
in  an  ill-fitting  or 
bell-mouthed  d  i  e 
will  be  the  amount 
that  projects  be- 
yond the  point 
where  the  die  fits 
the  wire  and  not 
the  amount  of  ma- 
terial that  projects 
beyond  the  actual 
face  of  the  die. 
Where  this  ill-fit- 
ting or  bell-mouth- 
ing is  not  great, 
the  Initial  upset- 
ting of  the  wire 
will  soon  fill  the 
additional  space  in 
llu>  die,  and  little 
trouble  will  be  ex- 
I)  0  r  i  e  n  c  e  d ;  but 
whore  there  is  a 
considerable  b  e  1  1  - 
nioiithing     of     the 

Fig,   6.     E»mplil  of  a  DifflouU  DouMo-blow  ™„l,,(or. 

Job  of  Upiotting  'lip.    tl>e    mainten- 


ance of  uniform 
heads  on  the  work 
will  be  found  very 
troublesome.  It  has 
been  mentioned 
that  the  condition 
shown  at  A,  Fig.  3, 
could  not  exist  in 
practice,  but  if  the 
cut-off  could  b  e 
ma  d  e  perfectly 
square  so  that  it 
wouid  fit  into  the 
cold-heading  d  i  e 
without  lost  mo- 
tion, a  length  of 
upset  equal  to  that 
shown    at   Z    could 

be       obtained.  In  Fig.    6.     Result   of   Four-blow    Heading   Opera- 

,.  J,  „ ■,.  tion:    A    shows    Work    after    receiving    Third 

practice,    the   COndl-  ^j^^    ^^    ^   illustrates    Piece    as   finished   by 
tion      shown      at      B  Fourth  Blow 

would  be  almost  as  good  as  that  shown  at  A,  in  so  far  as  the 
actual  length  of  upset  is  concerned,  but  this  length  L  now 
becomes  the  distance  from  the  outer  end  of  the  blank  to  the 
point  where  this  blank  is  actually  supported  by  the  die. 

At  C  is  shown  the  most  common  form  of  cut-off.  The  com- 
parative length  L  that  can  be  upset  at  a  single  blow  will  vary 
from  that  shown  at  Y  fo  that  shown  at  Y,  depending  upon 
the  condition  of  the  heading  machine.  At  D  is  shown  the 
same  Condition  that  is  illustrated  at  C,  except  that  the  die  is 
badly  worn;  and  practically  no  head  can  be  put  on  this  blank 
and  held  uniformly  central  by  a  single  blow.  If  the  form  of 
cut-off  shown  at  C  in  Fig.  1  were  substituted  for  that  shown 
at  B  in  any  of  the  dies  illustrated  in  Fig.  3,  (see  condition 
shown  at  E  and  F)  somewhat  better  work  would  be  obtained 
on  account  of  the  more  central  loading.  In  any  case,  absolutely 
uniform,  centrally  located  heads  can  only  be  made  by  a  single 
blow  when  the  machines  are  in  good  repair  and  when  the 
heads  are  made  small  enough  to  be  formed  from  a  short  wire. 

It  is  well  known  that  the  theory  of  struts— and  more 
especially  of  short  struts— is  neither  accurate  nor  complete. 
Therefore  it  is  impossible  to  calculate  exactly  the  length  of 
wire  that  can  be  headed  under  various  conditions  to  which 
reference  has  been  made.  However,  the  comparative  amounts 
can  be  calculated,  i.  e.,  the  conditions  shown  in  Fig.  3  are 
accurate  under  all  conditions;  but  the  actual  amount  L  will 
vary  even  on  the  same  header  and  with  wire  of  the  same 
chemical  analysis,  depending  upon  the  physical  treatment 
that  the  wire  has  received.  By  preparing  the  wire  with 
especial  care,  and  keeping  all  other  conditions  identical,  it  is 
possible  to  vary  L  within  one  or  two  diameters. 

One  frequently  hears  mention  made  of  the  so-called  "2i,i 
diameters"  rule  of  thumb.  This  rule  was  evolved  some  years 
ago  and  will  be  found  fairly  accurate  for  work  done  on  single- 
blow  machines  where  the  dies  fit  well  and  where  the  hammer 
is  lined  up  with  a  fair  degree  of  accuracy,  but  where  the 
hammer  affords  no  support  for  the  work.  The  line  aloijg 
which  operators  work  in  attempting  to  produce  articles  that 
require  more  wire  in  the  head  than  2V4  times  the  diameter, 
is  shown  at  Z  in  Fig.  3,  i.  e.,  where  the  hammer  is  accurately 
lined  up  and  well  supported,  where  the  die  fits  the  wire  and 
where  provision  is  made  for  the  projecting  end  of  the  wire 
to  be  supported  by  the  hammer.  In  extreme  cases  it  is  also 
necessary  to  have  the  wire  straightened  and  especially  drawn 
to  overcome  troubles  incident  to  the  unevenness  of  temper 
referred  to  in  one  of  the  preceding  paragraphs.  In  Fig.  4  is 
shown  the  device  sometimes  used  to  further  support  the  wire 
at  both  ends.  In  this  illustration,  A  represents  the  die,  B 
the  knock-out  pin,  €  the  blank  to  be  headed,  and  /)  the  sup- 
porting hanimer,  which  is  advanced  by  spring  pressure  ahead 
111'  Ihp  main  upsetting  pin  until  it  strikes  the  face  of  the  die. 
II  will  1)0  .'foon  that  a  considorablo  amount  of  material  may  be 
iijisct  in  the  cone  by  the  action  of  upsetting  pin  /•;.  while 
I  lie  unsupported  or  olToctive  length  of  wire  /  is  comparatively 
short.  Spring  /•'  allows  hammer  /)  to  telescope  Into  the 
holder   while   heading   pin    /.'   upsets   the  end   of  wire   C. 
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The  2%  diameters  rule  of  thumb  for  the  amount  that  it  is 
possible  to  upset  at  a  single  blow  is  only  satisfactory  for  the 
general  guidance  of  those  who  are  inexperienced  in  work 
done  on  cold-heading  machines.  Greater  lengths  of  wire 
are  constantly  being  handled  when  proper  -care  is  taken  in 
maintaining  both  machine  and  tools  in  satisfactory  condition 
and  by  designing  special  tools  to  meet  the  requirements  of 
unusual  cases.  The  writer  sees  no  reason  why  Ave  diameters 
of  wire  should  be  the  limit  for  the  size  of  head  that  can  be 
produced  on  a  double-blow  machine;  as  a  matter  of  fact 
this  amount  is  greatly  exceeded  under  suitable,  conditions  of 
operation.  Fig.  5  shows  an  excellent  example  of  difficult 
double-blow  upsetting.  At  A  is  shown  the  blank  before  tipset- 
ting,  at  B  the  results  obtained  by  the  first  blow  and  at  C  the 
finished  piece  after  receiving  the  second  blow.  Owing  to  the 
fact  that  this  piece  requires  a  "swelled  neck,"  a  white  band 
was  painted  around  the  work  to  Indicate  the  real  effective 
upset,  which  upon  examination  will  be  found  to  be  nearly 
eight  times  the  diameter  of  the  wire.  Although  we  find  in- 
teresting and  difficult  work  produced  by  double-blow  heading 
operations,  there  is  none  that  is  more  interesting  or  difficult 
than  that  which  is  done  with  the  recently  developed  three- 
and  four-blow  headers.  Fig.  6  shows  one  of  the  simpler  of 
these  operations  where  .4  represents  the  result  of  the  third 
blow,  and  B  the  final  result  obtained  by  applying  the  fourth 
blow.  There  are  numerous  devices  for  accomplishing  this 
purpose,  all  of  which  work  on  the  principle  of  keeping  the 
wire  straight,   centrally  loaded   and   supported   at  both   ends. 


OUR    MOST   IMPORTANT   INDUSTRY 

BT  J.  P.   BROPHY  1 

Did  it  ever  occur  to  you  that  producing  machine  tools  is  a 
very  ticklish  though  necessary  business?  This  is  true  for 
many  reasons.  In  the  first  place,  the  design  must  be  well  con- 
sidered. If  a  blunder  is  made,  the  man  who  purchases  a  ma- 
chine quickly  discovers  the  fault  and  the  manufacturer  can- 
not escape  severe  criticism  and  loss  of  future  business.  Ma- 
chine tools  are  purchased  chiefly  by  companies  that  employ 
men  whose  judgment  in  such  matters  cannot  be  questioned. 
Genuine  mechanics  will  not  accept  flimsy  excuses,  and  there- 
fore must  be  satisfied.  If  the  tools  should  be  sold  to  persons 
who  know  nothing  about  machinery,  there  is  some  chance  to 
escape  loss  of  business  if  the  machinery  is  inferior  in  design 
or  workmanship;  but  any  person  who  expects  to  remain  in 
the  machine  tool  business  must  not  attempt  to  market  some- 
thing that  Is  not  flrst-class.  If  he  does,  he  will  awaken  to 
the  fact  that  most  men  who  are  buying  machine  tools  scrutinize 
them  very  closely  before  accepting  them,  and  these  men  are 
as  well  qualified  as  the  manufacturer  to  discover  inferior  de- 
sign and  workmanship.  In  the  machine  tool  business,  ex- 
ceptional results  are  expected.  Everything  must  be  up  to 
specifications  and  outputs  must  be  maintained,  as  most  pur- 
chasers crowd  machine  tools  to  the  extreme.  Unless  the 
builder  is  very  cautious,  he  will  have  a  good  deal  of  trouble. 

Another  reason  why  producing  machine  tools  is  a  ticklish 
business  is  that  machine  tools  are  used  in  every  town  and 
city  worth  mentioning  In  this  country,  and  If  an  Interior  ma- 
chine Is  sold  in  Boston,  for  Instance,  the  man  who  might  use 
such  a  tool  In  San  Francisco  learns  that  fact  from  various 
sources  In  a  very  short  time.  So  extreme  care  must  be  taken 
In  the  building  of  these  tools  from  the  drawluK-board  to  the 
shipping  room.  It  may  look  easy  to  build  platiers  and  lathes 
to  the  man  lacking  experience;  but  anyone  who  tries  will  find 
that  he  has  a  tremendous  job  ahead.  Dupllratlons  must  be 
considered,  and  anyone  who  has  not  started  at  the  bottom  In 
some  manufacturing  plant  on  machine  tool  work  and  stayed 
with  the  bUHlnesH  until  It  was  a  succcbh  can  have  no  concep- 
tion of  what  this  undertaking  Is.  Should  the  purchaser  break 
some  Important  piece,  he  will  tel<-Kra|)h  an  order  for  that 
part  and  will  expect  prompt  service.  If  he  has  to  work  a  few 
hours  ploclng  this  piece  In  position,  he  will  send  the  nianu 
fnctiirnr  n  hill  for  his  labor. 
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Such  exactness  is  not  demanded  of  other  kinds  of  machines. 
Those  who  build  engines,  pumps,  printing  presses,  motors  and 
many  other  kinds  of  machines  that  are  well  made  and  de- 
signed are  given  an  opportunity  to  correct  any  fault  that  may 
develop,  but  should  the  milling  machine  or  lathe,  screw  ma- 
chine, planer,  gear-cutter,  grinder,  boring  mill,  etc.,  look  out 
of  proportion,  that  is,  appear  too  heavy  or  too  light,  or  if  it 
has  not  a  good  appearance,  seems  too  complicated,  etc.,  there 
will  be  condemnation  from  some  source.  In  addition,  if  a 
machine  will  not  stand  the  test  as  a  producer,  using  high-speed 
cutting  tools,  this  fact  will  soon  be  known,  for  competent  men 
will  test  it  in  all  sections  of  this  country. 

This  is  the  age  of  real  efficiency,  a  real  hurry-up  age;  time 
is  the  all-important  factor  and  a  minute  is  divided  into  many 
parts.  In  making  estimates  on  production  to  meet  competi- 
tion, it  is  necessary  to  take  advantage  of  all  possible  time- 
saving  devices,  and  in  this  field  the  machine  tool  leads  the 
way.  The  American  tool  builder  has  been  the  pioneer  in  de- 
veloping devices  that  16wer  the  cost,  and  he  is  expected  to 
continue  the  good  work.  He  must  keep  on  improving.  In 
every  line  of  work  in  which  metal  is  employed,  the  machine 
tool  is  likely  to  be  necessary  in  producing  the  first  model, 
and  when  the  business  is  exploited  the  machine  tool  is  a  most 
essential  element  in  its  success.  The  fine  results  obtained,  in 
many  instances,  through  the  guaranteed  outputs  of  machine 
tools  is  the  only  hope  of  the  inventor  and  his  associates  in 
keeping  down  the  cost  of  production,  who  thus  add  another 
line  of  business  and  keep  workmen  busy. 

Machine  tools,  without  question,  are  of  more  importance 
than  any  other  line  of  machines;  they  are  the  real  foundation 
of  many  industries  and  much  is  expected  of  them.  In  any 
country,  the  manufacture  of  the  ordinary  things,  including 
the  locomotive  and  the  powerful  engines  of  an  ocean  liner, 
would  not  be  possible  without  machine  tools;  so  if  a  tool 
manufacturer  is  careless  in  designing  his  machines,  allowing 
himself  to  think  that  this  or  that  is  good  enough,  when  he 
knows  better,  he  will  soon  agree  that  the  first  statement  of 
this  article  is  true. 

The  adaptability  of  machine  tools  of  all  kinds  to  work  where 
duplication  is  necessary,  completing  a  piece  in  one  operation 
or  adding  special  features  in  many  operations,  often  makes 
the  cost  of  the  article  so  low  as  to  seem  almost  unbelievable. 
As  a  result,  the  capitalist  is  encouraged  to  invest  freely,  for  he 
knows  that  all  those  engaged  in  the  machine  tool  business 
can  be  consulted  as  to  the  probable  cost  of  producing  almost 
any  shape  from  the  bar,  and  in  many  instances  from  castings, 
and  that  these  men  can  always  guarantee  results.  This  is 
conclusive  proof  that  the  business  is  ticklish,  although  neces- 
sary, and  that  exaggerations  in  making  estimates,  coupled 
with  faulty  design,  must  be  avoided.  Any  manufacturer  who 
requires  special  machines  in  his  business  cannot  possibly  con- 
sider such  work  until  he  is  equipped  with  the  various  kinds 
of  machine  tools  that  form  the  foundation  of  nearly  all  things 
mechanical.  The  lathe,  planer,  milling  machine,  gear-cutter, 
etc.,  are  all  important  tools,  while  the  grinder,  boring  mill, 
screw  machine,  keyseater,  etc.,  are,  without  question,  essen- 
tial in  the  production  of  accurate  work  at  low  cost. 

The  writer  hopes  that  this  article  will  prove  that  this  coun- 
try owes  a  vote  of  thanks  to  the  men  who  have  done  so  much 
toward  building  up  the  great  manufacturing  interests  of  this 
nation,  until  we  are  superior  to  all  others,  and  who  have 
helped  to  a  wonderful  extent  in  encouraging  the  mechanical 
brains  of  our  country,  knowing  the  machine  tool  manufacturer 
will  find  the  way  to  i)r()iluco  the  article  they  have  In  nilml. 
lOverlastlngly  at  it  Is  cliaractorlstic  of  all  loading  men  oiigagod 
In  the  mur'hlno  tool  business;  they  are  always  improving  their 
product  to  enable  the  user  to  lowpr  his  cost  and  conaoiiucntly 
cnlargo  Ills  own  business.  As  a  result,  all  civilized  nations 
have  studied  our  tool  designs  closely  and  have  coijlcd  nearly 
every  niacliliif  of  merit  produced  In  America.  So  the  credit 
of  actually  uplifting  (uir  own  and  all  other  cnuntrles  niecliani- 
cally  should  be  given  to  the  men  who  never  cease  to  lnii>ri)VO 
the  tools  thot  rapidly  produce  mlUliins  of  <llfforent  shaped 
metal  pieces  with  accuracy  and  at  llw  minimum  coat.  This 
conclusively  proves  llic  I)uh1iichh  In  (|iicKllcm  to  be  a  very  iiccos- 
sary  ono. 
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FACTORS  GOVERNING   THE  VALUE  OF  BORT  DIAMONDS  AND  METHODS  OF  SETTING  AND  USING  THEM 

BY   G.   T.   LINTING  ' 


DIAMONDS  commonly  used  for  dressing  grinding  wheels 
are  called  bort  diamonds.  They  come  from  the  same 
source  as  our  gems  and  comprise  a  large  percentage  of 
the  diamond-mine  product.  Primarily,  diamonds  are  mined  for 
the  gem-quality  stones  only  and  bort  is  the  refuse;  it  con- 
sists of  all  stones  not  good  enough  for  gems  on  account  of 
being  cracked,  off-color,  impregnated  with  foreign  matter,  etc., 
but  which  can  be  used  as  tools.  Other  refuse  consists  of  stones 
of  such  poor  quality  that  they  can  be  used  only  for  crushing 
into  diamond  dust;  this  dust  is  used  for  cutting  gem  diamonds. 
The  hardest  and  best  quality  diamonds  formerly  came  from 
India,  but  as  that  country  has  ceased  to  produce  any  appre- 
ciable quantity,  we  receive  no  bort  from  that  source.  Brazil 
is  also  a  producer  of  very  hard  and  fine  quality  stones,  which 
are  principally  found  in  river  gravel  or  a  matrix  of  such  where 
they  have  lain  for  ages,  which  accounts  for  their  polished  ap- 
pearance.   Brazilian  bort  diamonds  are  the  most  desirable  on 


Shapes  of  Wheel-dressing  Diamonds 
atcouul  of  their  hardness  and  comparative  freedom  from  cracks 
and  other  flaws  commonly  found  in  the  African  stone.  They 
can  be  easily  distinguished  by  their  polished  appearance  and 
their  almost  invariable  apple-green  yellow  color.  They  are 
also  much  higher  in  price  than  the  African  product.  The 
amount  of  the  Brazilian  product,  however,  has  been  decreas- 
■ing  of  late  years. 

Over  90  per  cent  of  the  diamonds  produced  today  come  from 
the  South  African  mines.  The  product  of  these  mines  is  con- 
trolled by  a  selling  syndicate  in  London,  which  fixes  the  price 
and  limits  production  to  just  what  the  market  will  absorb. 
This  accounts,  in  part,  for  the  rapid  rise  in  prices  of  all  stones. 
This  situation  peculiarly  affects  the  market  for  bort  for  the 
following  reason:  The  world  demand  for  diamonds  has  fallen 
to  a  very  low  ebb  on  account  of  the  war — the  United  States 
being  the  only  good  customer.  As  a  result,  there  is  a  re- 
stricted output  of  the  mines,  which  are  operated  for  the  gem 
diamond  alone,  and  the  quantity  of  bort  produced  corresponds 
with  the  reduced  supply  of  gem  stones.  The  small  supply  of 
bort,  coupled  with  the  increased  demand  on  account  of  the 
greatly  Increased  industrial  activity  of  the  last  two  years,  also 
accounts  for  the  rapid  rise  In  price,  and  it  is  predicted  by  the 
diamnnil  traili'  Journals  that  the  price  will  go  much  higticr  in 
the  near  future.     Until   two  years  ago,   the  price  of  wheel- 

■Addren:  Chlot  tool  dcnlinpr,  Nonlyko  i,  Mnrnion  Co..   Iiiilinnnpolla.   Iml. 
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dressing  diamonds  ranged  from  about  ?S 
per  carat,  for  poor-quality  goods,  to  $15 
per  carat  for  the  best  grade.  The  price 
has  now  advanced  from  200  to  400  per 
cent,  and  the  quality  and  quantity  has 
steadily  decreased,  until  it  behooves  the 
manufacturer  to  look  well  to  his  supply 
and  select  his  stock  with  great  care. 
The  enormous  demand  and  the  small 
available  supply  of  these  stones  has  re- 
sulted in  much  trash  being  put  on  the  market,  which  is  fre- 
quently mixed  with  better  grade  goods.  It  Is  almost  impos- 
sible for  the  average  purchaser,  even  with  a  magnifying 
glass,  to  grade  the  stones  intelligently.  Therefore,  it  would 
seem  economical  for  the  large  purchasers  to  employ  an  ex- 
pert to  examine  each  and  every  stone  and  reject  such  as  are 
unsuitable. 

Selecting  the  Diamonds 

The  shape  of  a  wheel-dressing  diamond  is  ah  important  fac- 
tor in  determining  its  value;  the  ideal  shape  is  a  perfect 
octahedron,  or  an  eight-sided  crystal.  Such  a  stone  has  sis 
hard  points,  which  can  be  seen  with  the  naked  eye.  As  each 
point  may  in  turn  be  presented  to  the  wheel,  this  stone  will 
render  the  greatest  amount  of  service,  other  qualities  being 
equal.  It  can  also  be  held  in  the  holder  more  easily  than 
any  other  form.  The  next  best  shapes  are  the  various  modifi- 
cations of  the  octahedron,  which  are  shown  at  B,  C,  E,  G  and 
/.  Pig.  1.  These  will  vary  from  the  stone  with  five  good  points 
and  one  blunt  point  to  an  irregular  sphere.  The  less  marked 
the  points,  the  more  difficult  it  is  for  the  setter  to  determine 
the  proper  setting  and  the  greater  is  the  liability  of  setting  a 
side  instead  of  a  point  to  the  wheel.  Such  a  setting  will  result 
in  rapid  wear  on  account  of  cutting  with  the  lines  of  cleavage, 
or  grain,  instead  of  against  them. 

The  form  shown  at  G  is  known  as  a  hexakisoctahedron.  or 
an  octahedron  with  a  six-sided  formation  upon  each  of  the 
eight  sides.  This  form  can  be  readily  distinguished  by  the 
appearance  of  the  six  scalene  triangles  upon  each  side.  As 
this  stone  is  almost  round  in  shape,  it  will  render  less  service 
per  carat  than  the  regular  octahedron,  but  it  is  a  very  good 
shape.  A  shape  occasionally  found,  shown  at  F,  Is  a  triangu- 
lar, cone-shaped  stone  with  four  hard  points.  It  is  compact 
in  shape  and  is  of  good  form,  except  that  it  has  only  four 
hard  points,  while  the  octahedron  has  six.  It  is  therefore 
worth  less,  per  carat,  than  the  more  perfectly  shaped  stone. 

Other  common  shapes  are  modifications  of  the  octahedron 
that  have  one  or  more  additional  hard  points  in  close  prox- 
imity to  a  natural  point;  such  a  stone  is  shown  at  H.  These 
are  called  macles,  or  twins.  Such  shapes  are  less  valuable 
than  the  preceding  on  account  of  the  difl5culty  in  determining 
the  cleavage  lines  or  the  proper  point  to  present  to  the  wheel, 
and  the  consequent  grinding  away  of  the  adjacent  points.  It 
is  impossible  to  set  a  stone  of  this  kind  without  present- 
ing some  of  the  cleavage  lines  sidewise  to  the  wheel.  All  of 
the  foregoing  shapes  are  called  close  goods  on  account  of  their 
compactness. 

Next  come  the  flat  triangular  shaped  stones  A.  As  these  have 
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but  three  hard  points, 
they  will  not  render  the 
service  of  a  stone  with 
more  points.  These  are 
not  bad  stones,  however, 
it  the  points  are  stubby 
and  the  cleavage  lines  can 
be  determined.  The  least 
desirable  is  a  long,  slen- 
der stone  D  that  has 
been  broken  from  a 
larger  crystal.  Such  a 
stone  must  be  set  with 
reference  to  its  mechan- 
ical shape,  and  Its  cleav- 
age lines  and  hard 
points  ignored.  It  will 
wear  away  much  faster, 
is  more  likely  to  break, 

Fir.  4.     Mortar  for  pulverizing  Diamonds  ^^^^    ^^^    y^^   j.gggj    jg^g^ 

times   than   the   octahedrons.     Such    stones   are   worth   about 
one-half  as  much  as  the  more  compact  shapes. 

As  shown  at  B,  C  and  E.  striations  occasionally  appear  upon 
the  corners  and  edges  of  the  diamonds.  These  stria  are  ex- 
cellent guides  in  determining  the  cleavage  lines,  and  the  more 
marked  they  are,  the  easier  it  is  for  the  setter  to  recognize 
the  natural  hard  points,  and  thus  determine  the  proper  set- 
ting. Other  valuable  aids  in  determining  which  are  the  natu- 
ral hard  points  are  the  small  triangular  depressions  that  fre- 
quently appear  on  the  sides  of  the  diamond,  as  shown  in  Fig.  2. 
The  natural  hard  points  are  always  perpendicular  to  the  base 
of  these  triangles,  which  are  readily  recognized.  These  de- 
pressions occur  in  almost  half  the  stones  on  the  market. 
They  appear  upon  the  sides  of  the  stones  even  after  the  sides 
have  been  flaked  off,  proving  the  cleavage  lines  and  indicating 
that  the  crystal  is  built  up  of  a  series  of  layers. 

Color  of  Stones 

Another  important  consideration  in  the  selecting  of  a  stone 
is  its  color.  The  hardest  and  therefore  the  best  stones  are  of 
a  clear  white  crystal  or  grayish  color;  in  fact,  the  less  color 
the  more  valuable  is  the  stone.  The  colors  run  from  white 
through  varying  shades  of  blue,  green,  yellow,  and  brown 
to  black.  The  various  shades  of  brown  indicate  the  presence 
of  iron  oxide'  and  depreciate  the  value  of  the  stone.  In  fact, 
color  of  any  kind  indicates  the  presence  of  impurities,  and 
therefore  softness.  The  apple-green  color,  blending  into  a 
canary  yellow,  of  the  Brazilian  bort  is  an  exception,  however. 
One  should  not  be  misled  by  a  superficial  examination  of  an 
apparently  brown  stone,  however,  for  under  the  magnifying 
glass  the  body  of  the  stone  may  show  a  quite-clear  crystalline 
structure  and  the  color  may  be  merely  superficial — on  the 
surface  only.  Such  a  color  does  not  detract  from  the  value  of 
the  diamond,  but  the  deep  brown  stone,  with  or  without  visible 
cracks.  Is  of  the  poorest  quality.  Diamonds  from  the  Wessel- 
ton  South  African  mines  oc<;asionally  have  this  greenish- 
yellow  color  and  may  be  mistaken,  by  the  uninformed,  for  true 
BrazlllanH. 

CYackw  unci   KIuwh 

Crai!kH  iir  llawH  come  In  all  bort  dlaniondK;  If  it  wi're  not 
for  crackH  and  other  flaws  they  would  be  classed  as  Reins. 
It  l8  neccHsary  to  examine  a  stone  very  carefully  In  order  to 
dlHcover  all  the  cracks,  as  they  are  frequently  dinicult  to  see. 
Cra<'ks  are  more  or  less  serious,  according  to  their  location 
and  the  direction  of  cleavaKc.  If  one  should  appear  dlrciaiy 
under  and  at  rixht  angles  to  a  hard  point.  It  Is  probable  that 
Mucli  a  point  will  break  off  ulninHt  Iniiiieillali'ly,  and  thai  part 
of  the  «tone  will  tx-  lost;  uIho,  lln,'  dlumond  will  rr(|ulrr  r«' 
settlnK.  Should  a  crack  appear  parallel  lo  the  axis  of  a  lianl 
point,  the  stone  should  be  used  so  that  Iho  urack  wilt  bo 
In  a  perpendicular  plann,  in  which  position  It  will  probably 
do  little  harm. 

Kreqaontly  one  or  more  of  the  hard  points  of  ilm  Hion4'  will 
have  the  appearance  of  frozen  snow  or  show  a  honeycomb  ap- 
pearance.    Huoh  a  point  Is  very  poor  and  will  wear  away  nip 


idly.    Interior  black  spots  and  bubbles  are  a  serious  defect  and 
affect  the  value  according  to  their  size,  number  and  location. 

Setting-   and  Using  Diamonds 

It  is  very  important  that  the  setting  be  properly  done; 
otherwise  much  of  the  care  employed  in  the  selection  of  good 
stones  will  be  wasted.  Frequently  a  stone  that  is  poorly  set 
will  fall  out  and  be  lost.  If  the  proper  point  is  not  set  out- 
ward, the  full  value  of  the  diamond  is  not  realized  on  account 
of  rapid  wear.  The  setter  should  be  instructed  to  examine 
each  stone  carefully  before  setting  to  determine  the  natural 
hard  points  and  set  the  stone  accordingly.  It  can  readily  be 
seen  that  any  stone  will  wear  more  rapidly  if  it  is  so  set  that 
the  wear  will  be  parallel  with  the  liui's  of  cleavage,  or  grain, 
instead  of  at  right  angles  to  these  lines. 

There  are  various  methods  of  setting  bort  diamonds.  An 
excellent  way  is  to  cast  the  diamond  in  solid  steel;  another 
good  way  is  to  wrap  it  with  strip  sheet  copper,  about  1/16 
inch  thick  by  3/4  inch  wide,  until  the  cylinder  is  about  1/2 
inch  in  diameter;  then  pour  hard  solder  around  the  stone  and 
place  the  cylinder  in  a  holder,  as  at  A,  Fig.  3.  At  B  is  shown 
a  similar  holder,  but  the  copper  cylinder  is  held  in  place  by 
a  collet  instead  of  being  clamped  by  a  screw.  These  holders 
have  an  advantage  over  those  that  are  cast  solid  because  the 
copper  cylinder  can  be  easily  removed  from  the  holder,  the 
diamond  reset,  wrapped,  resoldered  and  then  replaced  in  the 
holder. 

Too  much  care  cannot  be  used  by  the  operator  in  dressing 
the  wheel,  for  while  the  diamond  is  the  hardest  substance 
known,  it  is  very  brittle.  For  this  reason,  should  the  operator 
jam  the  diamond  into  the  wheel,  he  may  break  the  stone.  The 
brittleness  of  the  diamond  is  shown  by  the  method  used  to  pro- 
duce diamond  dust.  A  diamond  is  placed  in  a  mortar,  Fig.  4, 
that  has  been  liberally  oiled  and  the  pestle  is  struck  sharp 
blows  with  a  hammer  until  diamond  dust  of  the  required  fine- 
ness is  produced.  If  the  operator  of  the  grinding  machine  is 
taught  the  brittleness  of  these  stones,  he  will  be  more  careful 
of  them. 

The  diamond  holder,  which  should  accompany  the  grinding 
machine,  should  be  so  constructed  that  the  diamond  will  be 
presented  to  the  wheel  at  right  angles,  or  slightly  below  a 
right  angle,  to  the  periphery  of  the  wheel.  Finally,  each  dia- 
mond should  be  numbered  and  weighed  and  a  record  kept  of 
the  number  of  times  it  is  reset  and  of  the  service  rendered; 
thus  the  purchaser  can  keep  an  intelligent  record  of  its 
performance. 

Summary 

Have  all  diamonds  selected  by  one  who  is  competent  to 
judge  the  relative  value  of  the  stones.  See  that  they  are  prop- 
erly set  and  reset  and  that  the  operator  is  fully  instructed  as 
to  the  nature  of  the  diamond  and  a  proper  method  of  present- 
ing it  to  the  wheel.  Keep  an  accurate  record  of  the  service 
rendered  by  each  stone.  If  these  instructions  are  properly 
carried  out,  they  should  result  in  a  marked  saving  to  users 
of  diamonds  for  dressing  grinding  wheels. 

♦  »     * 

Every  enlisted  man  and  officer  of  the  navy,  in  accordance 
with  a  regulation  issued  by  Secretary  Daniels,  is  to  wear  an 
Indestructible  metal  lag  by  which  he  may  be  identified  in  the 
event  of  death  or  Injury.  The  lag  Is  to  bo  ninde  of  nionol,  an 
alloy  which  is  not  affected  by  heat  and  which  will  not  corrode 
In  salt  water.  It  will  bear  on  mw  side  the  wearer's  name,  date 
of  birth  and  enlistment.  mihI  in  llic  case  of  an  officer,  his  rank 
and  date  of  appoint  men  I.  On  the  other  side  will  bo  etched 
the  print  of  the  right  Index  linger.  Under  this  system,  linger- 
print  PxperlH  estlniale  that  there  la  not  oiu- chance  In  (ifi.OOO, 000 
of  a  Milslako  In  Idenf Ificallon.  The  linger  print  Is  taken  In 
Ink  on  till'  nielal,  the  name  anil  dates  are  written  on  the  tag. 
and  the  latter  Is  sprinkled  with  powileri'd  iisplialtuin  and  liold 
over  nn  alcohol  lamp  until  the  asphallum  melts  into  the  ink. 
The  tag  Is  then  |)laeed  In  a  nitric  u<'ld  bath,  which  olclios  Iho 
linger  print  and  Inscription  on  the  metal. 

*  •     * 

This  coiiiitry  Is  now  lurnliig  nearly  l,0()0,()00  bales  of 
colton  Into  oxplnslvos  each  year. 
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ELECTRIC   JAPANNING' 

The  term  japanning  refers  principally  to  the  covering  of 
wood  or  metal  with  a  coat  of  black  varnish  and  hardening  by 
baking  in  an  oven.  The  process  can  be  regarded  as  a  step 
between  painting  and  porcelain  enameling.  Records  show  that 
as  early  as  392  B.C.  the  Japanese  applied  to  wood  the  juice  of 
a  tree,  known  as  Rhus-vernicefera,  belonging  to  the  same  fam- 
ily as  the  sumach.  As  the  liquid  oxidized,  it  turned  black  and 
formed  a  glossy,  smooth  lacquer.  The  product  was  costly  and 
the  process  took  considerable  time,  but  the  finished  articles 
withstood  the  elements  for  years. 

When  the  work  was  taken  up  in  Europe  in  about  the  fifteenth 
■century,  a  substitute  for  the  Japanese  lacquer  was  found;  this 
•consisted  essentially  of  the  same  constituents  as  our  present- 
day  japan,  usually  an  asphaltum  base  combined  with  oils, 
dryers  and  various  oxides.  The  solvents  keep  the  material 
liquid  until  it  has.  spread  or  flowed  evenly  over  the  surface 
to  be  coated,  whereupon  it  evaporates,  leaving  a  smooth, 
viscous  covering.  The  material  thus  left  is  changed  from  a 
viscous  to  an  elastic  solid  by  oxidation,  the  action  being  quick- 
ened by  raising  the  temperature. 

Great  strides  have  been  made  in  shortening  the  time  of 
japanning  operations  in  the  last  few  years.  Work  that  for- 
merly required  from  five  to  nine  hours  is  now  done  in  from 
thirty  minutes  to  one  hour,  and  even  better  speeds  are  expected, 
especially  with  the  electric  oven.  The  heating  units  of  this 
oven  consist,  in  general,  of  a  framework  of  steel  or  cast  iron, 
supporting  insulators  made  from  mineral  compounds  which 
afford  high  insulation  resistance  even  at  the  fusing  point 
of  the  metal  resistor.  This  resistor  is  usually  a  nickel- 
chrome  alloy,  manufactured  as  a  flat  ribbon,  which  is  wound 
■continuously  around  two  insulators,  thus  forming  one  heating 
unit.  It  is  non-corrosive  in  air  at  800  degrees  C,  but  in  japan- 
ning ovens  the  air  seldom  reaches  a  temperature  above  600 
degrees  F.  Practice  has  shown  that  it  is  best,  where  a  number 
of  these  heaters  are  connected,  as  in  ovens,  to  use  steel  bus 
bars  and  to  have  all  connections  mounted  on  insulators  having 
the  same  characteristics  as  the  heat  insulators.  The  complete 
heater  usually  runs  in  units  of  from  2^^  to  10  kilowatts,  which 
may  be  placed  anywhere  on  the  walls  or  floor  of  an  oven  until 
practically  a  uniform  temperature  is  obtained  throughout. 
This  leads  to  high  quality  finish  and  speed  together  with 
duplication  of  work,  both  as  to  quality  and  time.  Micropho- 
tographs  taken  of  japanned  pieces,  where  the  same  grade  of 
metal  was  covered  by  the  same  japan  in  the  same  room,  one 
man  performing  all  operations,  show  that  the  higher  the 
proportion  of  heat  by  radiation  and  the  less  by  convection,  the 
higher  is  the  quality  of  the  work.  The  second  coat  baked 
electrically  is  superior  to  a  third  coat  of  the  other  type. 

The  control  of  temperatures  in  japanning  is  most  essential, 
•especially  where  it  is  desired  to  insure  uniform  production  of 
duplicate  parts.  Electric  control  is  of  two  kinds,  hand  and 
automatic.  Hand  control  consists  of  numerous  switches  so 
connected  with  the  heating  elements  that  the  desired  number 
of  heaters  to  produce  or  hold  a  given  temperature  can  readily 
be  turned  on  or  off.  This  is  a  cut-and-try  method,  but  in- 
several  instances  is  giving  satisfactory  service.  Automatic 
control  consists  of  a  capillary-tube  thermometer  that  actuates 
a  contactor  through  a  relay,  throwing  off  part  or  all  of  the 
heaters  when  the  oven  reaches  the  desired  temperature,  and 
again  throwing  in  these  heaters  when  the  temperature  falls. 
The  bulb,  or  sensitive  member,  of  the  thermometer  is  usually 
about  15  feet  in  length  and  is  immersed  inside  the  oven.  The 
■extension  of  this  tube  outside  the  oven  is  armored  and  made 
of  sufficient  length  to  locate  the  Instrument  properly.  A 
liquid  that  vaporizes  at  a  temperature  slightly  above  ordinary 
atmospheric  temperature  is  used  as  the  actuating  fluid.  The 
Instrument  has  two  indicator  hands,  which  are  set  at  the 
maximum   and   minimum   points  of  temperature   desired. 

Heat  Loa8«a  and  Ventilation 
riu-   principal   heat   losses  of  a  Japan   oven   are   losses  due 
to  radiation  from  the  oven,  losses  due  to  ventilation,  and  losses 
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due  to  absorption  of  heat  by  the  work  together  with  all  parts 
within  the  oven.  The  less  the  radiation  and  ventilation 
losses  from  the  oven,  the  greater  is  the  amount  of  heat  avail- 
able for  actual  work.  As  a  result,  the  oven  walls,  roof,  and 
floor  should  be  constructed  of  a  high-grade  heat-insulating 
material  and  should  have  little  mass,  in  order  to  keep  its  heat 
absorption  as  low  as  possible.  A  4-inch  to  6-inch  wall  lined 
with  diatomic  earth  or  similar  products  seems  to  meet  these 
requirements.  Furthermore,  as  little  through  metal  as  pos- 
sible should  run  from  the  inside  to  the  outside  of  the  oven. 
The  thermal  conductivity  value  of  wrought  iron  and  mild 
steel,  such  as  is  used  for  channel  irons  and  bolts,  is  about 
1400  times  that  of  a  good  insulating  material;  a  li-inch  bolt 
will  radiate  nearly  the  same  amount  of  heat  to  the  outside 
air  as  a   7-inch   square  of  good   insulating  material. 

From  both  a  baking  and  a  safety  standpoint,  just  enough  air 
must  be  brought  into  the  oven  to  reduce  the  vapors  given  off 
by  the  japan  to  below  a  point  where  it  becomes  an  explosive 
mixture;  but  not  enough  air  should  be  brought  in  to  cool  the 
oven  and  retard  the  baking.  This  means  that  for  every 
gallon  of  japan  baked  within  an  oven  at  one  time,  1200  cubic 
feet  of  free  air  should  be  taken  into  the  oven  during  the 
vaporizing  period.  It  has  also  been  found  good  practice  to 
have  the  ventilators  distributed  in  different  parts  of  the  oven. 
As  the  volatiles  liberated  from  the  japan  are  heavier  than  air, 
it  is  well  to  place  some  of  these  ventilator  openings  where 
the  heavy  gases  will  be  removed  first.  With  radiation,  ven- 
tilation, and  absorption  values  expressed  in  British  thermal 
units,  the  installation  of  the  proper  number  of  electric 
heaters  to  equalize  these  losses  becomes  a  simple  matter. 
For,  when  heat  is  generated  electrically,  its  conversion  is 
accompanied  by  100  per  cent  efficiency;  in  other  words,  one 
kilowatt-hour  will  always  generate  3412  British  thermal  units. 

Types  of  Japanning-  Ovens 

Japanning  ovens  can  be  divided  into  three  types:  the  box 
or  kiln  type,  the  semi-continuous  conveyor  type,  and  the  con- 
tinuous conveyor  type.  Little  need  be  said  about  the  box 
type,  as  everyone  is  more  or  less  familiar  with  its  construc- 
tion. As  used  electrically  the  heaters  are  arranged  on  the  side 
to  give  the  proper  distribution  of  heat.  The  semi-continuous 
conveyor  oven  has  become  popular  with  manufacturers  who 
do  not  have  sufficient  output  of  one  kind  to  warrant  carrying 
on  the  operation  continuously.  It  may  be  a  rotary  oven  or  a 
box  type  oven  with  a  conveyor  that  is  moved  as  the  operator 
desires.  The  rotary  oven  is  built  in  the  form  of  a  cylinder 
with  a  heat-insulating  partition  through  the  center;  with 
this  arrangement,  the  operator  can  load  half  the  oven  while 
the  other  half  is  baking.  This  oven  is  convenient  when  many 
pieces  of  different  sizes  and  shapes  are  to  be  japanned.  In 
the  conveyor  box  type  oven,  doors  are  placed  at  both  ends 
and  a  conveyor  runs  through  the  upper  part,  from  which  the 
work  is  hung.  This  conveyor  is  made  long  enough  to  extend 
the  same  distance  beyond  each  end  of  the  oven  as  its  length 
within.  One  charge  is  baking  within  this  oven  while  another 
charge  is  being  loaded  on  the  receiving  end.  Wheii  the  first 
japan  coat  is  baked,  the  conveyor  takes  the  baked  pieces  out 
of  the  discharging  end  and  the  newly  dipped  pieces  into  the 
baking  chamber.  Ovens  of  this  type  are  usually  built  double 
or  triple,  depending  on  whether  two-  or  three-coat  work  is 
desired. 

The  continuous  conveyor  oven  is  much  more  efllcient  than 
the  others.  It  consists  usually  of  a  long  enclosure  through 
which  the  work  is  passed  on  a  slowly  moving  conveying  appa- 
ratus. If  desired,  all  handling  may  be  eliminated  by  installing 
apparatus  for  loading  and  unloading  the  conveyor  automati- 
cally. In  most  cases,  the  electric  heaters  are  so  arranged 
within  the  different  sections  of  the  enclosure  that  the  incom- 
ing work  Is  brought  up  to  its  final  baking  temperature  by 
steps.  Usually  no  heaters  are  installed  in  the  first  section 
of  the  enclosure,  as  the  hot  baked  work  is  brought  out  of  the 
oven  in  such  a  way  as  to  give  up  a  good  share  of  its  stored 
up  heat  to  the  cold  incoming  work.  For  the  same  amount  of 
energy  consumed,  aa  much  as  three  times  the  amount  of 
work  has  been  gotten  out  of  the  conveyor  oven  as  out  of  the 
box  type. 
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Fire  Risk  with  Electric  Ovens 
Electrically  heated  ovens,  from  the  first,  have  been  looked 
upon  as  the  solution  of  the  problem  of  preventing  the  fires 
and  explosions  that  were  so  common  in  japanning.  Yet  even 
in  electric  ovens  two  kinds  of  fires  are  possible,  although  at 
the  same  time  easily  preventable  if  proper  care  is  taken  to 
clean  the  ovens  thoroughly  and  regularly.  When  pieces  freshly 
dipped  with  japan  are  placed  within  an  oven,  there  is  likely 
to  be  what  is  called  a  secondary  drip  when  the  heat  is  first 
applied.  This  waste  japan  bakes  on  the  floor  of  the  oven  and 
each  successive  oven  charge  adds  to  the  accumulation  until 
a  thick,  porous  crust  of  baked  japan  has  formed,  which,  when 
heated  from  500  to  600  degrees  F.  in  the  presence  of  oxygen, 
will  ignite  spontaneously.  If  confined  to  the  oven  floor,  this 
burning  is  harmless,  but  if  it  reaches  freshly  japanned  work, 
a  disastrous  fire  may  result. 

Again,  when  the  volatiles  given  off  by  the  japan  strike  a 
surface  with  a  temperature  lower  than  their  own,  they  con- 
dense; naturally  the  flues  of  the  oven  will  gather  most  of  this 
condensed  volatile.  These  deposits  may  ignite  spontaneously, 
backfiring  into  the  oven,  or  the  flues  may  become  so  clogged 
with  them  that  proper  ventilation  is  cut  off.  leaving  an  ex- 
plosive mixture  within  the  oven.  Then  ignition  of  any  sort 
might  cause  serious  results.  From  an  electrical  standpoint 
great  care  has  been  taken  to  prevent  ignition,  even  where  the 
precautionary  measures  have  been  disregarded,  as  the  heating 
units  are  designed  to  have  a  temperature  not  much  over  100 
degrees  F.  in  excess  of  the  oven  baking  temperatures.  Except 
iu  unusual  cases,  this  temperature  is  below  the  flashing  point 
of  japans. 

Results  of  Electric  Japanning' 

Electric  japanning  is  a  new  industry,  having  practically 
grown  up  within  the  past  three  years.  Among  its  largest  users 
are  automobile  builders,  one  of  whom  is  baking  its  cars  almost 
entirely  by  electric  heat.  The  success  of  electric  heat  in  japan 
and  varnish  oven  work  has  led  to  considerabje  investigation 
along  the  line  of  what  might  be  called  low-temperature  heat- 
ing; that  is,  temperatures  up  to  600  degrees  P.  The  results 
of  these  investigations  have  disclosed  numerous  other  applica- 
tions, most  prominent  among  which  are  electric  core-baking 
ovens,  electric  bread-baking  ovens,  ovens-  for  baking  cereals, 
drying  woolen  articles,  and  equipments  for  sherardizing. 
The  applications  of  industrial  electric  heating  are  being  de- 
veloped along  sound  engineering  lines,  and  thus  have  brought 
out  quality,  accurateness,  speed,  and  efficiency,  all  of  which 
tend  to  a  firm  commercial  development. 
*  *  * 
CASTING   OF   GERMAN   SILVER' 

German  silver  is  a  composition  of  nickel,  copper  and  zinc 
In  varying  proportions.  Its  value  in  the  arts  depends  on  its 
color,  luster,  hardness,  tenacity,  toughness,  malleability,  duc- 
tility, machining  qualities,  and  resistance  to  alkalies  and  acids. 
Generally  speaking.  It  Is  manufactured  in  three  ways.  The 
Gf^rman  method  is  to  melt  all  the  copper  and  two-thirds  of 
the  nickel  and  zinc  In  a  graphite  crucible  and  then  add  the 
rcKt  of  the  nickel  and  zinc.  In  the  p:nglish  method,  all  the 
popppr,  nickel  and  zinc  are  melted  at  one  time,  then  zinc  and 
copper  are  added;  Bhould  a  test  show  that  the  metal  is  porous, 
a  fireclay  pipe  f^ontalnlng  pitch  Is  pushed  Into  the  metal  to 
deoxidize  It.  One  American  method  Is  to  melt  a  copper-nickel 
alloy  and  then  gradually  add  the  preheated  zinc.  In  another 
method,  monel  metal  Is  UHed  as  a  banc,  the  ncceHsary  copper 
and  zinc  lieInK  added  later. 

f)nc  of  the  great  dimcullleH  found  In  the  preparation  of 
German  Kllvcr  Ih  to  bo  unite  IIh  conHtlluciitH  bb  to  avoid 
poroHlty  and  produce  a  honiogeneouH  alloy.  BesldeB  having  a 
high  meltInK  temperature,  nickel  ban  an  affinity  for  carbon 
and  nitrogen  at  a  high  Iffmperaturc  and  occludeH  both  hydro- 
gen and  nitrogen  within  Uh  pnrcB.  A  good  protection  agaliiHt 
IheB?  IIIb  Ir  to  prevent  the  airenn  of  thcHc  giiHCf  to  the  metiil 
by  a  protective  covering  and  a  deoxidizing  flux.  Charcoal 
Bhould  not  be  UMd  alone  m  a  covering;  broken  glaBB  and  a 
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small  amount  of  soda  ash  or  calcined  borax  are  much  better. 
A  good  deoxidizing  flux  is  the  proper  use  of  zinc  in  the  mak- 
ing of  the  alloy;  also,  the  careful  stirring  through  the  hot 
mass  of  a  small  amount  of  dry  chloride  of  zinc  just  after 
skimming  the  pot  preparatory  to  pouring. 

Very  good  quality  castings  have  been  secured  by  adding  4 
ounces  of  cupro-nickel-vanadium  to  the  molten  bath,  just  about 
five  minutes  before  the  heat  is  ready  to  pour.  The  cupro- 
nickel-vanadium,  either  in  granulated  form  or  broken  into 
small  pieces,  is  wrapped  in  a  piece  of  paper  so  as  to  keep  the 
mass  together.  After  it  becomes  a  bright  cherry  red,  it  is 
pushed  down  and  held  near  the  bottom  with  an  inverted 
cupped  disk  having  a  handle  about  4  feet  long.  When  the 
mass  is  completely  absorbed  by  the  charge,  the  metal  is  gently 
stirred  with  a  pumping  motion  and  then  allowed  to  remain 
quiet  for  about  five  minutes,  so  as  to  give  the  vanadium  a 
chance  to  perform  its  scouring  and  purifying  action.  When 
the  metal  reaches  a  clear,  limpid  state,  as  evidenced  by  its 
greater  mobility,  the  heat  is  ready  to  pour. 

Any  alloy  containing  nickel  chills  with  surprising  rapidity 
and  thickens  by  rapid  oxidation;  moreover,  its  shrinkage, 
when  reaching  the  freezing  point,  is  great.  To  overcome  its 
tendency  to  chill,  the  melting  point  must  be  materially  reduced 
by  the  use  of  some  alloy  that  will  promote  its  fluidity.  The 
introduction  of  a  little  aluminum-zinc  alloy  is  advisable  when 
the  castings  do  not  have  to  sustain  a  hydraulic  test;  other- 
wise a  calcium-zinc  alloy  may  be  used.  To  overcome  the 
tendency  to  rapid  oxidation  on  the  surface  of  the  bath,  chloride 
of  zinc  in  a  perfectly  dry  state  is  almost  a  speciflc.  To  over- 
come excessive  shrinkage,  the  runner  must  have  sufflcient 
thickness. 

Wliile  chloride  of  zinc  will  preserve  the  metal  from  surface 
oxidation,  it  will  not  protect  the  body  of  the  molten  charge 
from  absorbing  such  gases  as  oxygen,  nitrogen  and  sulphur. 
The  only  reagent  that  will  reach  these  products  is  one  that 
will  be  decomposed  by  them  when  in  a  nascent  state  so  as  to 
act  as  a  carrier  for  them  and  bring  them  to  the  surface  to 
be  absorbed  in  the  slag,  or  some  element  that  has  a  greater 
affinity  for  them  than  the  basic  metal  in  the  pot,  such*  as 
zirconium,  boron  and  titanium.  Vanadium  acts  as  a  carrier 
of  oxygen  and  has  a  strong  aflinity  for  nitrogen  and  sulphur, 
so  that  it  is  the  most  rapid  and  thorough  reagent.  But  a  pure 
product  of  cupro-vanadium  must  be  used;  one  having  any 
aluminum  at  all  should  not  be  used  for  castings  requiring  a 
severe  hydraulic  test. 

Having  secured  a  perfect  composition  and  skillful  treatment 
at  the  melter's  hands,  the  foundryman  is  still  far  from  ulti- 
mate success.  The  body  of  his  mold  must  be  an  open  sand 
and  his  facing  must  be  of  some  fine  molding  sand,  which  must 
be  skin  dried  and  then  the  molds  must  be  smoked  by  a  torch. 
When  a  heavy  casting  is  to  be  made,  even  these  precautions 
♦will  not  insure  success.  The  sprue  head  and  main  feed  gate 
must  be  brushed  down  with  graphite  and  smoothed  down  with 
a  slicking -tool;  the  mold  must  be  vented  at  all  places  where 
it  is  possible  for  the  gas  to  become  trapped  or  pocketed;  the 
core  must  be  well  made  and  vented,  if  necessary;  and  the 
metal  must  he  properly  skimmed  before  i«)urlng.  and  then 
poured  with  a  uniformly  steady  stream,  at  such  a  rule  as  to 
keep  the  descending  column  full,  so  as  to  avoid  speller  marks 
and  cold-shuts.  The  art  of  making  sound  German  silver  cast- 
ings Is  one  that  Is  accompanied  by  Inflnlte  precautions,  pains- 
taking details  and   absolute  thoroughness. 


The  Hcnrclly  of  coal  in  llic  ni'iilr:il  coniilries  in  Europe 
during  the  paBt  two  ycar.s  lia.s  made  it  ncicssnry  for  these 
countrlea  to  InvcHtlgatc  all  the  possibillticH  of  finding  coal 
within  tholr  own  borders.  LaBt  summer  drillings  were  made 
In  Icidand,  by  means  of  which  It  was  dctcrmlnod  that  In  one 
place  there  are  at  loaflt  180,000,000  tons  of  coal  available  Tills 
coal  Ik  of  high  (luiillty,  and  as  a  result  of  the  invest  IgaliciTis,  a 
DanlKli  company  has  hccM  formed  fur  inlnlng  the  coal.  In 
Sweden  a  company  has  been  f<irmed  for  mlnliiK  coal  In  Splt/- 
bergon,  and  drllllngB  are  bIbo  to  bo  made  In  the  Bouthprn  part 
of  Sweden,  where  It  Ib  expected  that  coal  will  bo  found  at  u 
conKlilcrable  depth.  | 
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METHODS  USED  IN  BOSTON   NAVY  YARD  FOR  MAKING  ENGINES  OF  NE'W  SUPPLY  SHIP  "HORATIO  BRIDGE" 

BY  N.   I.   MOSHER  ' 


THE  supply  ship  Horatio  Bridge  was  the  first  large  steel 
ship  ever  constructed  at  the  Boston  Navy  Yard.  The 
propelling  machinery,  which  consisted  of  two  sets  of 
vertical  inverted-cylinder,  direct-acting,  three-cylinder,  triple- 
expansion  engines,  with  the  necessary  auxiliaries,  was  made 
in  the  shops  of  the  machinery  division.  This  work  was  carried 
on  between  the  repair  periods  of  naval  fleets,  thus  tending  to 
hold  together  a  permanent  organization  of  skilled  mechanics, 
and  to  this  end  proved  very  satisfactory. 

Fig.  1  shows  one  section  of  the  bedplate  secured  to  the 
planer  platen.  In  this  position  the  bottom  and  both  ends  are 
being  planed  at  once,  four  tools  being  in  operation.  After  the 
bottom  and  ends  of  each  section  are  planed,  the  sections  are 
drilled  and  bolted  together.    Fig.  2  shows  the  three  sections 

1  Address:  Bldg.  42,  U.  S.  Navy  Yard.  Boston.  Mass. 


of  the  bedplate  bolted  together  and  mounted  on  an  open-side 
planer  while  the  column  seats  and  bearing  housings  are  being 
planed.  Performing  these  two  operations  at  one  setting  in- 
sures perfect  alignment.  Fig.  3  shows  the  operation  of  boring 
bolt  holes  for  securing  the  bearings  and  caps  to  the  housings, 
the  radial  drill  being  mounted  on  the  bedplate.  A  portable 
crane  mounted  on  the  opposite  end  of  the  bedplate  handles 
the  bearing  boxes  while  they  are  being  fitted  to  the  housings. 
By  this  method  much  time  was  saved,  owing  to  the  large  over- 
head crane  not  being  available  at  all  times.  The  weight  of  the 
bedplate  with  its  bearings  is  approximately  25  tons.  Fig.  4 
shows  the  twelve  main  bearing  caps  being  planed  at  one  set- 
ting, while  Fig.  7  shows  a  bearing  and  cap  fitted  into  a  fixture 
for  boring  and  squaring  up  the  ends.  Fig.  8  shows  120  main 
bearing  shims   of  various  thicknesses  pressed  together  and 


Fig.   1.     One   Section  of  Bedplate  set  np  on  Planer  to  enable  Bottom 
Both  Ends  to  be  planed  simultaneously 


Fig.   2.     Three  Sections  of  Bedplate  bolted  together  and  set  up  on  f  laner 
for  finishing  Column  Seats  and  Bearing  Housings 


ring    Bolt    Holes    for    securing    Bearings    and    Bearing    Caps    to 
Housings.     Radial  Drill   is   mounted  on  Bedplate 


Fig.   4.     Twelve  Main   Bearing   Caps  set  up   to  be  planed  at  a  Single 
Operation,    thus   saving   a   Considerable    Amount   of   Time 
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Fig.    6.     Hov   Stock    Is   removed    from   Cranks.    Holes   being  drilled   In 
Crankpin  and  Shaft  Ends,   respeotiveir 
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Fig.   7.     Bearing  and  Cap  mounted  in   Fixtures   for  boring  Bearing   and 
squaring  up  Ends  at  a  Single   Setting 
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Fig.   8.     How  120  Main  Bearing  Shims  of  Various  Thicknesses  are  pressed 
together  as  Solid  Block  and  planed  to  Desired  Shape 


Fig.  9.     How  Engine  Link  Blocks  are  planed  in  Pairs  on  Radius  Planer 
Attachment,   which  insures   Accuracy  of  Work 


Fig.    10.     Link   Blocks    heing    cut    from    Billet    on    Newton    Cold    Saw. 
Billet   has   been   planed   to   Desired   Cross-section 


FIc-    II-     Crank   Wtbi   let   up   In   Fain   on   Blotter   Platan   for   rounding 

EncU    ami    cutting    Kojrwayi 


Fig.    12.     Crankshaft    Woh    mounted    on    Radius    Planing    Attachment    for 
cutting  Clearance  at  Top  of  Web 
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Cutting  out  Ports  of  Valve  Cages  from  Solid  Metal,  which  gives 
Clean  Castings  and  Sharp  Port   Edges 


Fig.    17.     Babbitting    Department    equipped    with    Oil-burning    Forge,    Iron  ^'E-    18,     Starting   Erection   of   Engine   in    Shop.      Three    Sections   of   Bed- 

Bench   and    One-half   Ton   Jib    Crane  plate    are   bolted    together   and    Columns    erected 


Fig,    19,     Method  of  squaring  Column  Ends,     It   is  a  Common  Practice   to  Fig.  20.    Arrangement  for  planing  Eight  Horseshoe  Boar 

square    these    Castings    up    on    a    Planer  Time  for  Operation 


I  bus  roiiuoing 


Fig.    21.     Portable    Machine    mounted    on    Lathe    for    drllllnf 
Bolt   Holes   in   Coupling   Flangoi 


nd    reamlnc  Fig,  22,      Thrust 


nd  Tunnel  Shafts  lined  up  In  V-blocki  for  finlsh-rea 
Coupling  Bolt   Holes  by  Hand 
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Fig.    23.     Tapered    Boring-bar   mounted   in    Special    Fixture    that 
moved  along  Ways  to  Different  Lugs  on  Work 

being  planed  as  one  solid  block  to  the  required  shape.  The 
holes  for  the  dowels  are  drilled  before  the  shims  are  separated. 
This  method  of  making  shims  effects  a  great  saving  of  time 
over  individual  machining. 


hown  in  Fig.   23   with  Facing  Head   instaHed 
of  Lugs  to  provide  Perfect  Seating  for  Nuts 


bars  and  riveted  over  on  the  inside  of  the  bar.  The  bars  are 
planed  in  pairs  on  the  radius  planer  attachment  shown  in 
Fig.  9.  This  method  of  planing  links  has  been  in  use  for 
many   years   and   is   very   satisfactory.     The   link   blocks   are 
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Low-preunre    Cylinder   on    Boring 
Mill.     Cylinder  Bore  is  finished  and 
Valve   Chest   is   being  bored 


Fig.  26.    starboard  Engine  completed  with  Turn- 
ing   Gear    installed    as    it    will    be    under 
Actual    Conditions    of    Operation 


Fig.   27.     High-pressure  Cylinder  End  of  Star- 
board  Engine   ready   to   be   dismantled 
for  Transfer  to   Ship 


Engine  Links.  Shafts  and  Cylinders 
The  engine  links  are  of  the  Stephenson  double-bar  type, 
bolted  together  onto  thimbles  with  through  fitted  bolts.  The 
general  dimensions  of  the  link  bars  are  1%  by  SVi  by  38 
Inches;  the  bars  are  finished  all  over  and  planed  to  a  radius 
of  8  feet,  5  Inches.    The  eccentric-rod  pins  are  forced  into  the 


made  from  a  one-piece  billet  planed  to  section,  as  illustrated 
in  Fig.  10,  which  also  shows  the  billets  on  the  Newton  cold 
saw  being  sawed  up  into  six  pieces.  By  this  method  time  and 
labor  are  saved  over  rough-forging  the  six  blocks  and  then 
machining  them.  Fig.  5  shows  the  completed  block  with 
the  gibs  secured,  planed  to  the  same  radius  as  the  link  bars. 


rif.    M.     Hob  of   PropalUr   with   Ihsft   Hals   borad    and    Atud    with   Cssl- 
Iron  Arbor  liiild  In  V-blocks  lo  msohlns  Tapnr  Fits  for  Bisdo  Boats 


Fl(.    2(1.      Propollor    Bisde 


tumln(   Tapors   to  lit   Hub 
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The  cranRshaft  is  composed  of  fourteen  pieces,  whicli  are 
assembled  by  shrink  fits.  It  is  18  feet,  7%  inches  long,  and 
weighs  20,600  pounds.  The  diameter  of  the  journals  is  1214 
inches,  and  of  the  crankpins,  12  inches.  The  three-throw 
cranks  are  set  at  120  degrees,  their  sequence  being  high- 
pressure,  intermediate-pressure  and  low-pressure.  Fig.  6  shows 
the  method  of  removing  stock  from  crank-webs.  Thirty-one 
holes,  1 1/16  inch  in  diameter,  are  drilled  for  the  crankpin 
end,  and  thirty-three  holes  for  the  shaft  hole.  The  thin  webs 
left  between  the  holes  are  easily  parted  by  the  use  of  a  special 
broach,  which  is  guided  by  the  drilled  hole,  and  carries  a 
ig-inch  cutter.  By  this  method  a  200-pound  billet  is  pushed 
out,  as  shown  in  the  illustration.  Fig.  11  shows  the  webs,  in 
pairs,  secured  to  the  slotter  platen  for  the  operation  of 
rounding  the  ends  and  cutting  the  keyways.  These  webs 
are  carried  through  to  the  finishing  operations  in  pairs 
and  are  not  released  until 
completed.  This  insures  per- 
fect alignment  when  they  are 
shrunk  onto  the  pins.  Fig. 
12  shows  the  web  mounted  on 
a  radius  planing  attachment, 
having  a  clearance  cut  at  the 
top  of  the  web.  This  is  to  fa- 
cilitate feeling  of  the  crank- 
pin  brass  while  in  motion. 
In  Fig.  13  is  shown  the 
crank  assembled  and  set  up 
on  a  lathe  ready  for  the 
finish-turning  of  the  jour- 
nals and  the   eccentric  seats. 

In  the  manufacture  of  this 
crankshaft,  the  crankpins  and 
webs  are  machined  to  finish 
dimensions  before  they  are 
shrunk  together,  while  the 
shaft,  including  the  journals 
and  eccentric  seats,  are  fin- 
ished true  on  centers  after 
the  parts  have  been  shrunk 
and  bolted  together.  This  is 
to  overcome  any  irregularities 
that  may  have  developed  dur- 
ing the  process  of  heating 
and  shrinking.  The  shafts 
run  true  to  within  0.016  inch 
after  being  shrunk  together. 
The  heat  for  expanding  the 
webs  is  furnished  by  two 
Hawk  burners.  The  amount 
allowed  for  all  the  fit  is  0.01 
inch  diameter. 

Each  engine  has  three  cyl- 
inders. The  high-pressure  cyl- 
inder and  the  intermediate 
cylinder  have  one  valve  each, 
but  the  low-pressure  cylinder 
has  two;  all  the  valves  are  of 

the  piston  type.  The  high-pressure  cylinder  is  20%  inches  in 
diameter;  the  intermediate  cylinder  is  37%  inches,  and  the 
low-pressure  cylinder  is  60'/i  inches.  Fig.  14  shows  the  low 
pressure  cylinder  on  the  lay-out  platen  for  inspection  and  es- 
tablishing the  centers  and  finished  lines.  Fig.  25  shows  the 
same  cylinder  on  the  boring  mill.  In  this  case  the  cylinder 
bore  has  been  (inislied  and  the  valve  chest  is  l)eing  bnrcii  with 
a  6-lnch  boring-bar,  the  cylinder  remaining  stationary  and  tlie 
boring-bar  being  driven  by  the  boring  and  drilling  attach- 
ment that  is  installed  on  the  cross-rail  of  the  machine.  Great 
accuracy  can  be  procured  by  boring  the  valve  cages  in  this 
way,  as  the  bar  can  be  set  parallel  with  the  center  line  of  the 
cylinder  before  starting  the  work.  With  this  metliod  the  cylin- 
der Is  bored,  fai'ed  and  drilled  at  one  setting.  Fig.  \Tt  shows 
the  high-pressure  cylinder  mounted  on  a  large  Boinont  &  Sniilh 
horizontal  mill.  This  niachlno  permits  boring,  milling  and 
drilling  at  one  setting.  The  table  on  which  the  cylinder  Is 
secured   can   be  revolved   on   Its   vertical   axis  to  any   desired 


Fig.   30. 


angle,  making  any  operation  possible.  Fig.  16  shows  the 
method  of  cutting  out  the  ports  of  the  valve  cages  from  solid 
metal;  by  this  method  clean  castings  and  sharp  port  lines 
are  produced. 

Fig.    17    shows    a    babbitting   space    equipped    with    an    oil-  , 
burning  forge  and  iron  bench  and  a  one-half  ton  jib  crane. 
On  the  bench  are  shown  the  horseshoes  for  the  thrust,  also 
the  cross-head  shoes  and  a  form  for  the  babbitting  of  the  main 
bearings  and  caps. 

In  Fig.  18  is  shown  the  beginning  of  the  shop  operations 
of  erecting  the  engines;  the  three  sections  of  the  bedplates 
are  shown  bolted  together  and  the  columns  are  erected.  On 
the  starboard  engine,  the  high-pressure  cylinder  is  shown 
placed  on  the  columns.  The  leveling  of  the  bedplates  is  of 
the  greatest  importance  in  erecting  engines  of  this  type.  In 
this  case,  a  surveyor's  transit  was  used  to  a  good  advantage, 
as  the  ordinary  shop  levels 
are  not  reliable  enough  for 
this  work.  Great  accuracy  In 
leveling  foundations  in  the 
shop  erecting  is  necessary,  for 
most  of  the  lining  up  of  the 
various  parts  is  obtained  by 
the  plumb-line.  In  placing 
these  foundations  on  the 
erecting  floor,  they  were  set 
to  the  same  lines  and  angles 
they  would  have  when  in- 
stalled in  the  ship;  this  point 
was  necessitated  by  the  com- 
municating shaft  used  for 
turning  the  engines.  The 
lay-out  of  shaft  centers  on 
the  ship  was  so  perfectly 
done  that  these  communicat- 
ing shafts  fitted  without  any 
change  being  made  from  the 
shop  set-up.  Fig.  26  shows 
the  starboard  engine  complete 
with  the  turning  gtar  in- 
stalled. Fig.  27  shows  the 
high-pressure  cylinder  end  of 
the  starboard  engine  ready 
for  dismantling.  These  en- 
gines were  finished  in  every 
detail,  including  oil-pipe,  water 
cooling  lines,  indicator  gear, 
counter  and  gages.  Upon 
completion  in  the  shop  the 
engines  were  dismantled  in 
three  complete  sections,  the 
high-,  intermediate-  and  low- 
pressures,  loaded  on  flat  cars, 
hauled  to  the  fitting  out  pier, 
and  reassembled  in  the  ship. 
Fig.  19  shows  the  method 
of  squaring  up  the  ends  of 
the  columns  that  support  the 
cylinders;  these  castings  are  in  most  cases  squared  on  the 
planer,  but  the  writer  prefers  the  method  shown,  becjiuse  it 
saves  time  and  insures  greater  accuracy.  The  lugs  for  the 
center  and  cross-bar  are  cast  on,  and  the  4-inch  bar  shown  is 
secured  with  fitted  bolts.  The  center  holes  are  laid  out  and 
reamed  on  the  layout  platen  before  the  columns  are  placed 
in  the  lathe.  For  the  convenience  of  measuring  the  finished 
length  of  the  column,  a  tram  gage  is  used  and  all  columns  are 
finished  to  equal  length.  The  length  of  the  finished  columns 
is  12  feet,  and  each  column  weighs  from  4000  to  GOOO  pounds. 
Fig.  20  shows  the  arrangement  for  planing  eight  horseshoe 
bearings  in  one  setting. 

The  shafting,  the  total  length  of  which  is  136  feet,  8  inches, 
is  composed  of  the  crank,  tlirust,  tunnel,  stern-lube  and  pro- 
peller shafts.  The  stern-tube  shaft  is  entirely  cased  with  a 
water-tight  bronze  sleeve.  All  outboard  bearings  on  the  shaft- 
ing are  of  hard  bronze  and  run  in  lignum-vitse  bearings,  with 
the  wood  placed  endwise.     Fig.  21  shows  a  portable  milling 


tested   for  Balance   preparatory   to 
,  Ship  for  Erection 
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machine  mounted  on  the  ways  of  a  60-inch  lathe  and  used 
for  drilling  and  reaming  the  bolt  holes  in  the  coupling  flanges. 
An  interchangeable  drilling  jig  is  secured  to  the  flange  and  is 
centered  by  the  outside  diameter  of  the  coupling.  Fig.  22 
shows  the  complete  thrust  and  tunnel  shafts  carefully  lined 
up  in  V-blocks  for  the  purpose  of  finish-reaming  the  coupling 
bolt  holes  by  hand.  All  coupling  bolts  are  tapered  and  without 
heads,  and  are  accurately  fitted  to  the  reamed  holes. 

Rudder  Machining  Operations 

The  machine  operations  on  the  rudder  show  an  original  and 
ingenious  method  of  boring  and  facing  the  rudder  pintel  fits. 
The  rudder  weighs  18,000  pounds;  its  length  is  23  feet,  and 
its  extreme  width,  8  feet.  Four  pins  are  fitted  into  taper- 
bored  holes,  ordinarily  called  pintels.  After  stretching  a  piano 
wire  through  the  cored  holes  and  establishing  the  correct  cen- 
ters for  the  rudder  to  pivot  on,  the  casting  is  placed  on  the 
ways  of  a  large  lathe  and  set  central  and  parallel  with  the 
ways  on  one  side  of  the  lathe.  Fig.  23  shows  the  tapered 
boring-bar  mounted  in  a  special  fixture  that  can  be  moved 
along  the  ways  of  the  lathe  to  the  various  lugs  that  are  to  be 
machined.  It  will  be  noticed  that  the  bar  is  made  tapering, 
the  same  as  the  pintel,  and  the  tool  is  carried  in  a  square 
groove  and  is  fed  with  a  screw  and  star  feed.  The  power  is 
furnished  by  a  small  air  engine,  and  is  transmitted  through  a 
14-inch  lathe  headstock  to  the  bar  driving  gear.  Fig.  24  shows 
the  same  machine,  with  a  facing  head  installed,  squaring  up 
the  faces  of  lugs  suitable  for  the  perfect  seating  of  the  nuts. 
This  method  worked  out  satisfactorily  with  a  small  labor  cost. 

Machiningr  Operations  on  Propeller 

The  two  propellers  were  of  the  built-up  type,  with  steel  hubs 
and  three  bronze  blades.  Fig.  28  shows  the  hub  with  the 
shaft  taper  hole  bored  and  fitted  with  a  cast-iron  arbor,  which 
is  mounted  on  a  pair  of  V-blocks  on  the  platen  of  a  60-inch 
boring  mill  for  machining  the  taper  fits  for  the  blade  seats. 
When  one  seat  is  finished,  the  hub  is  revolved  120  degrees 
and  the  next  one  is  machined,  until  the  three  seats  have  been 
completed.  Fig.  29  shows  one  of  the  blades  centered  and 
placed  in  a  48-inch  lathe  for  facing  and  turning  tapers  to  fit 
the  hubs.  Gages  have  been  previously  machined  for  calipering 
the  diameter  and  gaging  the  angles.  Fig.  30  shows  the  com- 
pleted propeller  being  tested  for  balance. 


INDUSTRIAL  DEVELOPMENT  IN  FRANCE 
L.  R.  Duffield,  of  the  Machinery  Exhibition  Department  of 
the  Philadelphia  Bourse,  sees  evidence  that  France  is  pre- 
paring to  become  self-sufficient  in  machinery  and  machine  tool 
manufacture,  and  even  a  competitor  of  the  principal  machine 
tool  building  countries,  at  the  close  of  the  war.  In  his  opin- 
ion, Frame  will  have  gained  more  industrially  by  the  war 
than  any  other  nation,  not  excepting  America.  She  is  buying 
millions  of  dollars  worth  of  steel  machinery  and  machine  tools 
In  the  United  States.  The  Bourse  received  inquiries  for  more 
than  one  million  dollars  worth  within  thirty  days  in  the  late 
summer,  over  half  of  which  came  from  France,  the  remainder 
helng  from  South  American,  Swedish  and  Norwegian  firms. 
France  plans  to  bei-onic  Industrially  independent  and  to  place 
"Made  In  France"  products  In  International  competition.  She 
Ik  bonding  every  effort  to  become  also  a  great  dye,  chemical 
and  pharmaceutical  manufacturing  and  exporting  nation.  A 
large  part  of  her  war  industrial  organization  can  be  trans 
formed  for  this  purpose  after  peace  Is  declared.  She  has  gained 
a  Bensc  of  conlldencc  In  her  aldllty  to  manufacture,  and  her 
IndUHtrlai  organization  In  highly  devclopid.  Ilcforc  the  war 
the  French  were  largely  bankers,  and  silk,  perfume  and  wine 
produccm.  Her  leading  men  did  not  dream  that  she  could 
liccome  Independent  of  Germany,  England  and  America  for 
her  machinery  and  machine  tool  needs.  Now  they  know  differ 
enl,  and  are  preparing  to  act. 

•     •     • 
IteoauHe  of  the  high   prices  of  coal,  the  llondiiraH  Natloniil 
Hallway  la  forced  to  burn  wood.     In  the  pant,  when  unable  to 
obtain  coal,  the  railway  u»cd  coroza  or  cahoon  niitH,  but  the 
ln(en*c  heat  these  generated  Injured  the  boilers. 


USE    OF    PULVERIZED    FUEL    ON 
LOCOMOTIVES ' 

When  solid  fuel  is  burned  on  grates  in  a  modern  locomotive, 
from  45  to  70  per  cent  of  the  heat  is  absorbed  by  the  boiler. 
Most  of  that  which  is  wasted  is  due  to  incomplete  combustion, 
sparks,  cinders,  smokebox  gases  and  combustible  in  the  ash. 
Owing  to  the  necessarily  limited  grate  area,  the  high  draft 
essential  to  induce  sufficient  air  through  the  grates  for  com- 
bustion causes  these  enormous  losses.  Generally  speaking,  it 
is  necessary  to  break  up  any  fuel  to  such  uniform  size  that  the 
oxygen  in  the  air  can  unite  perfectly  for  combustion.  For  the 
best  results,  coal  should  be  sized  to  about  three-inch  cubes, 
but  as  this  is  impracticable,  because  of  methods  of  mining  and 
the  cost,  a  mixture  of  fine  and  large  coal  is  usually  supplied, 
which  tends  to  burn  irregularly  and  results  in  a  reduction  of 
boiler  capacity  and  efficiency.  A  one-inch  cube  exposes  but 
six  square  inches  of  area  for  absorbing  oxygen  and  liberating 
heat,  but  when  pulverized  to  the  proper  fineness  it  will  ex- 
pose from  twenty  to  twenty-five  square  feet;  hence  the  first 
essential  for  complete  combustion  is  the  breaking  up  of  the 
fuel  into  dry,  minute  and  uniform  particles.  Then  by  diffusing 
these  so  that  each  may  be  surrounded  with  the  right  quantity 
of  air,  it  will  be  possible  to  burn  practically  all  the  available 
combustible.  Any  solid  fuel  that,  in  a  dry  pulverized  form, 
has  two-thirds  of  its  contents  combustible,  is  suitable  for  pul- 
verizing, and  to  produce  the  best  results  should  be  mechani- 
cally dried  and  milled  so  that  it  will  be  of  about  the  same 
dryness  and  fineness  as  Portland  cement. 

In  the  process  of  burning  pulverized  fuel,  the  fuel  in  the 
enclosed  tank  provided  for  the  Muhlteld  system  gravitates  to 
the  conveyor  screws,  which  carry  it  to  the  fuel  and  pressure- 
air  feeders,  where  it  commingles  with  the  air.  It  is  then 
blown  through  the  connecting  hose  to  the  tuel-and-air  delivery 
nozzles  and  blown  into  the  burners.  Additional  air  is  supplied 
and  the  mixture  is  drawn  into  the  firebox  by  the  front-end 
draft.  More  air  is  supplied  in  the  furnace  where  complete 
combustion  of  the  fuel  in  suspension  takes  place.  The  liquid 
ash  runs  down  the  under  side  of  the  roof,  sides  and  ends  of 
the  furnace,  and  is  precipitated  into  a  self-cleaning  slag-pan, 
where  it  solidifies  into  a  mass  that  can  be  readily  dumped. 
The  blower  is  driven  by  a  constant-speed  turbine  which  re- 
quires no  regulation  or  control.  The  fuel  conveyors,  feeders 
and  comminglers  are  driven  by  a  variable-speed  steam  turbine 
which  is  controlled  by  the  fireman. 

The  waste  of  fuel  from  the  stack,  where  coal  having  a  large 
percentage  of  dust  and  slag  is  used;  the  lowering  of  the  fire- 
box temperature  and  draft,  due  to  opening  the  fire  door;  and 
the  resultant  variation  in  steaming  and  general  results  under 
high  rates  of  burning  fuel  on  grates,  are  entirely  eliminated. 
With  pulverized  fuel  a  locomotive  having  the  boiler  filled  with 
cold  water  may  be  brought  under  maximum  steam  pressure 
within  an  hour,  and  the  fuel  feed  then  stopped  until  it  is 
needed  for  service.  When  standing  or  drifting,  the  fuel  feed 
can  also  be  discontinued,  as  the  steam  pressure  can  always  be 
quickly  raised.  From  the  actual  operation  of  steam  locomo- 
tives, the  use  of  pulverized  fuel  has  demonstrated  in  particular 
the  practicability  of  eliminating  smoke,  cinders,  sparks  and 
fire  hazards;  increasing  draw-bar  horsepower  per  hour  per  unit 
weight;  reducing  nonproductive  time  at  terminals;  improv- 
ing the  tliermal  effectiveness  of  the  locomotive  as  a  whole; 
utilizing  otherwise  unsuitable  or  waste  fuels;  eliminating 
arduous  labor;  providing  greater  continuity  of  service;  and 
producing  more  effective  and  economical  operation  and 
malnlennncc. 

The  coedlclent  of  frlcllon  of  solid  rubber  tires  on  cement 
and  vllrlded  brick  roads  Is  about  O.G,  while  that  of  pneumatic 
llrcH  under  KliiillarcoiidlllonK  Is  0.r>.  The  coomclcnt  of  adhesion 
Is  greater  than  that  of  friction  and  Incidentally  this  partly 
I'XplaiiiH  why  a  motor  car  Btops  more  rapidly  when  the  wheels 
are  kept  moving  than  when  they  are  locked;  hence  the  In- 
rrcHHi'd  danger  when  a  car  skids  If  the  rear  whools  are  locked 
hy  the  brakes. 

'Al.pilrnil  of  n  ~|lV|n'r  rnail  lH-rorn~tlin  Mlniionoln  Hpollnli  of  llii-  A.  H.  M.  K., 
Miirrli  10,  III17,  bf  Juhn  10.  Miihiri'lil,  New  V.irli  Clljr. 
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FEATURES  OF  DESIGN  OF  SOME  SPECIAL  FORMS 

BY  S.  HELWEG  ' 

IN  manufacturing  interchangeable  parts,  it  is  necessary  to  largely  depend  on  the  tools.     Care  should  be  taken  to  lay  out 

have  a  complete   set   of  tools   and   gages.     The   two   chief  the  jig  or  fixture  in  such  a  way  that  the  parts  to  be  machined 

factors  in  designing  these  tools  are  the  construction  and  will  be  properly  located,  and  so  that  the  operator  who  uses  the 

the  cost.     Much  thought  should  be  given  to  the  construction,  tools  cannot  get  the  work  in  wrong  and  thus  spoil  the  parts, 

as  the  quality  and  cheapness  of  the  parts  to  be  manufactured  The  fixture  should  be  easily  loaded  and  unloaded,  and  it  should 

'Address:  260  Gold  St.,  Brooklyn.  N.  T.  be  as  Open  as  possible,  to  make  cleaning  easy  and  to  prevent 
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Fig",  1.     Detachable  Vise  Jaws  for  TTse  in  cutting  off  Bar  Stock 


Fig.  2.     Arrangement  of  Cutters  used  with  Fixture  shown  in  Fig.  4 
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Tig.  i.     Straddle-miUisg  Fixture 

pockets  for  chips.  Hardened  steel  seats  should 
be  ground  parallel  with  the  base  after  assem- 
bling to  obtain  the  best  results.  To  bring 
the  cost  as  low  as  possible,  the  tool  parts 
should  be  standardized  wherever  practicable.  Jig 
bodies  and  fixture  bases  should  be  made  of  cast 
iron  and  kept  in  stock  in  various  sizes  to  meet 
the  requirements  of  the  shop.  Clamping  cams, 
dowel-pins,  bolts  and  screws  should  be  made  up 
in  large  quantity,  and  steel  seat  blocks,  straps 
and  other  steel  parts  should  be  made  of  standard 
stock  sizes,  if  possible,  to  prevent  unnecessary 
machining. 

The  cheapest  kind  of  milling  fixture  that  can 
be  built  is  a  pair  of  detachable  vise  jaws,  as 


eter  than  the  two  side  milling  cutters.  When  the  fixture  is 
fed  underneath  the  arbor,  these  disks  depress  the  pawls  and 
give  clear  passage  for  the  cutters.  On  the  same  arbor  can  be 
mounted  other  cutters  to  suit  the  work.  This  arbor  should 
never  be  taken  down,  as  it  is  important  that  the  distance  be- 
tween the  straddle-mills  be  kept  constant;  the  cutters  should 
be  ground  on  the  arbor. 

The  milling  fixture  shown  in  Fig.  5  is  made  for  machining 
two  parts  in  one  operation.  On  the  cast-iron  base  is  mounted 
a  double  seat  block  and  the  seats  are  ground  after  assembling. 
The  parts  to  be  milled  are  clamped  in  place  by  cam  binders 
at  each  end  and  two  straps.  By  using  set-screws  in  the  straps, 
accuracy  in  making  the  cams  is  not  necessary,  and  wear  on 
the  cam  faces  can  be  taken  up  by  these  adjusting  screws. 
The  fixture  shown  in  Fig.  6  is  very  effective,  as  the  strap  can 
be  pulled  back  out  of  the  way,  leaving  the  whole  seat  block 


Fig.   6.     Fixture   that  can  te  easily  cleaned 
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Tig.  6.     Fixture  for  machining  Two  Farts  in  One  Operation 

shown  in  Fig.  1.    These  Jaws  are  made  of  cold-rolled  steel  and  parts  in  the  right 

casebardened.    They  can  be  removed  from  the  vise  quickly  and  relation    to    each 

replaced  by  other  jaws.     It  is  advisable,  however,  to  use  vise  other.  This  is  done 

jaws  only  where  great  accuracy  is  not  required,  such  as  when  by    mounting    the 

cutting  to  length  or  milling  clearance  cuts.  The  Jaws  here  shown  lever  on  a  pin  and 

are  used  for  cutting  off  pieces  from  a  bar  of  stock,  which  is  locating  tlie  rivet 

pushed  up  against  the  stop  and  then  cut  off  to  the  desired  on  a  stud,  where 

length.  a     milled     groove 

In  Fig.  .'i  Is  shown  a  standard  milling  fixture  where  the  brings  the  rivet 
part  to  be  machined  la  located  on  a  stud  and  held  against  a  in  the  right  rela- 
slop-pln  by  a  small  cam;  then  the  fixture  leaf  Is  closed  and  lion  to  the  center 
the  work  Is  held  In  place  ready  for  milling.  The  base,  leaf  of  the  lever, 
and  cam  are  made  of  cast  Iron.  These  fixtures  should  be  ma-  A  riveting  llx- 
(■hlned  and  fitted  in  large  quantities,  with  the  exception  of  lure  with  a  self- 
steel  seat  block  A  and  clamping  block  B,  which  are  made  to  contained  punch 
suit  the  Job  In  hand.  Is    illustrated     In 

When  accuracy  in  length  Is  essential,  a  fixture  like  the  one  Fig.  10.    The  part 

iihown  In  Fig.  4  can  be  used  to  advantage.     The  part  to  Uo  to  be  assembled  Is 

machined   Is  cut  to  the  approximate  length  In   vise  Jaws  or  located   on   a   pin 

with  a  power  hacksaw  and  then  straddle-milled  In  the  fixture.  and    the   head    of 

Mert;  It  is  located   between  the  two  pawls  U  and  clamped  In  (he  stud   rests   In 

place  by  the  strap  and  cam.     On   the  arbor  shown   In  Fig.  2  a    recess    In     the 

are  mounted  two  steel  disks  A  about  ^^  Inch  larger  In  diam-  steel  anvil.     This 


uncovered,   so   that   a   brush    can    be   easily    in- 
serted for  cleaning,  when  necessary. 

Assembling-  Fixtures 

When  assembling  different  parts,  hand-riveting 
should  be  avoided  wherever  passible,  toot-presses 
or  small  power  presses  being  used  with  suitable 
fixtures.  In  Figs.  7  and  9  are  shown  simple  but 
effective  riveting  punches  and  dies  to  be  used 
in  presses.  First,  the  hub  is  assembled  with  the 
lever.  The  hub  is  seated  in  a  hardened  steel 
bushing  and  staked  over  with  a  plain  60-degree 
point  punch.  After  assembling,  the  shoulder 
rivet  is  secured  in  place  with  a  star  riveting 
punch.  As  the  head  of  the  rivet  is  flattened  on 
two    sides,    it    is    necessary    to    locate    the    two 
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ELECTRICAL  EXPORTS 


Tig.  8.     Open  AssemtliBg  Jig  for  driUing  and  reaming  Holes  for  Taper  Pins 

fixture  can  be  used  both  in  a  press  and  for  hand-riveting,  as      as  great  as  in  1912. 
the  punch   is  always   in   line  with   the   stud   to   be  riveted. 
When  pinning  one^or  more  levers  and  arms  on  a  shaft,  it 


American  electrical  apparatus  is 
gaining  rapidly  in  popularity  the 
world  over.  The  value  of  electrical 
machinery,  appliances  and  instru- 
ments exported  from  the  United 
States  in  the  fiscal  year  1917  aggre- 
gated more  than  $50,000,000,  against 
$20,000,000  in  1914,  $10,000,000  in 
1911,  and  $6,000,000  in  1900.  Of  the 
telephones  exported  (nearly  $2,000,- 
000  worth),  more  than  $100,000 
worth  went  to  Asia,  about  an  equal 
value  to  South  America,  nearly  as 
much  to  Oceania,  $300,000  worth 
to  our  North  American  neighbors, 
and  practically  $1,000,000  worth  to 
Europe.  The  total  value  of  tele- 
phones exported  in  1917  was  twice 
The  largest  market  for  electric  fans 
was  India,  while  the  Straits  Settlements,  China,  Japan, 
and  even  Siam  imported  a  large  number.    The  total  exports 
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rig.  9.     Another  Type  of  Simple  Elveting  Punch  and  Die 

is  necessary  to  design  assembling  drill  jigs  tor  locating  the 
different  parts  in  the  right  relation  to  each  other  and  at  the 
right  distance  from  the  end  of  the 
shaft.  Two  jigs  for  this  purpose 
are  shown  in  Figs.  8  and  11.  One 
is  an  open-style  jig,  where  the  drill- 
ing is  done  through  bushings  in  the 
base;  the  jig  is  then  turned  over 
and  the  holes  taper-reamed  from  the 
open  side,  after  which  the  parts  are 
pinned.  The  other  is  a  leaf  jig, 
where  the  shaft  is  clamped  by  the 
leaf  and  the  bushings  are  located 
in  the  leaf.  When  taper-reaming 
and  pinning,  the  leaf  is  opened. 
The  Illustrations  show  clearly  how 
the  parts  are  located  in  the  right 

relation  to  each  other. 
•     «     • 
Three  niilliim   foot  of  mahogany 

and  black  walnut  will  be  required 

for  the  propellers  of  the  aeroplanes 

America  la  expected  to  build  In  Its 

first  year  at  war. 


Fig.   10.     Self-contained  Riveting  Fixture 

Of  electrical  apparatus  of  all  kinds  in  1917  was  nearly  ten 
times  as  much  as  in  1910  and  thirty  times  as  much  as  in  1900. 
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DESIGNING   AND   CONSTRUCTING 
A   CLOCK 

BY  GUY  H.  GARDNER' 

The  accompanying  illustrations  show  how  a  machinist,  with 
scant  knowledge  of  horology,  designed  and  constructed  a  time- 
piece whose  running  compares  favorably  with  that  of  "regu- 
lators" costing  $100  or  more.  The  construction  is  ordinary 
lathe  work,  but  the  designing  called  for  some  knowledge  of 
escapements  and  compensating  pendulums,  which  were  sup- 
plied by  a  friendly  watchmaker.  As  the  machinist  had  no 
gear-cutting  facilities,  he  was  obliged  to  use  stock  gears,  the 
pitch  of  which  is  coarser  than  that  used  in  most  high-grade 
clock  trains,  and  the  performance  of  the  clock  has  led  him  to 
suspect  that  undue  importance  is  sometimes  attached  to  fine- 
ness of  pitch.  The  high  cost  of  brass  led  to  the  use  of  sheet 
steel  for  the  plates,  bushings  of  phosphor-bronze  being  inserted 
for  the  pivots  to  run  in.  The  bushing  holes  were  reamed 
with  what  the  watchmaker  calls  a  "broach" — a  five-sided 
reamer — and  finished  with  a  similar  round  tool  used  with  oil. 

In  Fig.  1,  S  denotes  sprocket  wheels.  The  large  wheel  A 
has  240  teeth;  the  center  wheel  B,  120  teeth;  the  center  pin- 
ion C,  20  teeth;  the  third  wheel  D,  72  teeth;  the  third  pinion  E, 
12  teeth;  and  the  escape  pinion  F,  12  teeth.  All  these  are 
48-pitch  brass  gears.  The  sprocket  marked  8,  has  its  arbor 
squared  on  the  front  end  for  a  key.  The  arbor  carries  a  ratchet 
wheel,  and  a  pawl  prevents  backward  rotation;  it  winds  right 
handed.  The  motion  work,  or  "back-gears,"  shown  in  Pig.  2, 
consists  of  the  cannon  A  for  the  hour  hand;  the  hour  wheel  B, 
which  has  60  teeth  of  32  pitch;  the  minute  pinion  C,  which 
has  20  teeth  of  32  pitch;  the  minute  wheel  D,  which  has  96 
teeth  of  48  pitch;  the  cannon  pinion  E,  which  has  24  teeth 
of  48  pitch;  and  the  center  staff  F. 

For  both  ends  of  the  center  staff  and  the  escape-wheel  staff, 
which  carry  the  minute  and  the  second  hand,  respectively,  the 
bushings  have  a  simple  straight  hole,  with  a  countersink  to 
hold  oil,  and  are  without  caps.  For  all  other  pivots,  the 
bushings  are  made  as  in  Fig.  3  and  are  capped  with  thin  disks 
of  hardened  steel;  this  form  of  bushing  causes  the  oil  to  be 
held  by  capillary  attraction  about  the  end  of  the  pivot.  These 
pivots  are  coned  on  the  end,  and  are  allowed  about  0.020  or 
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Figa.  2  to  4.     Important  Details  in  Clock  Construction 

0.025  inch  end  shake.  This  arrangement  makes  it  possible  for 
the  clock  to  run  at  least  two  years  before  requiring  cleaning 
and  fresh  oil.  The  disk  S  is  tool  steel,  hardened  and  surfaced 
bright.  It  is  held  by  fillister-head  screws,  not  shown,  the  heads 
of  which  overlap  the  disk. 

The  escapement  presents  no  difficulties  after  its  underlying 
principles  are  comprehended.  As  Fig.  4  shows,  the  center 
distance  between  the  escape  staff  and  the  pallet  arbor  is 
readily  determined,  either  by  calculation  or  by  lay-out,  as  it 
depends  solely  on  the  outside  diameter  of  the  escape  wheel 
and  the  number  of  its  teeth  embraced  by  the  pallets.  As  is 
usual  in  clocks  beating  seconds,  this  wheel  has  thirty  teeth, 
of  which  the  pallet  embraces  ten.  As  lines  AB  and  AC  are 
tangent  to  the  circumference  of  the  wheel,  it  is  easy  to  de- 
termine the  center  distance  AO  and  the  radii  for  laying  out 
the  locking  "planes."  The  "lift  lines" — the  beveled  edges  of 
the  pallet — are  at  an  angle  of  30  degrees  to  the  tangents  AB 
and  AC.  The  so-called  locking  planes  of  the  pallet  are  not 
planes,  but,  as  in  all  "Graham"  escapements,  are  curved  sur- 
faces that  have  the  same  axis  as  the  pallet  arbor.  The  pallet 
is  of  tool  steel,  hardened,  and  the  locking  surfaces  are  lapped 
in  the  lathe,  the  pallet  being  mounted  for  this  purpose  on  a 
stud  carried  by  the  tool-block. 

In  all  high-grade  clocks  there  has  to  be  some  device  to  keep 
the  movement  running  during  the  winding,  as  otherwise  sev- 
eral seconds  will  be  lost  each  week.  For  this  purpose  a  spring- 
driven  "maintaining  power"  is  usually  employed,  but  in  the 
present  design  this  is  unnecessary,  as  the  drive  is  by  an  end- 
less sprocket  chain,  and  the  act  of  winding  the  clock  does  not 
interfere  with  its  operation.  The  clock  was  designed  to  be 
wound  by  a  key  and  to  run  eight  days.  However,  the  builder 
has  attached  an  electric  device  whereby  a  small  motor  winds 
the  clock  at  the  end  of  every  hour  for  another  hour's  running, 
but  this  is  not  an  essential  part  of  the  design.  It  was  added, 
the  owner  says,  "Just  to  make  the  clock  complete."  If  the 
motor  or  the  battery  should  fail  t,o  perform  its  function,  the 
clock  will  continue  to  run  until  the  end  of  the  week. 

The  pendulum  rod  is  well-seasoned,  straight-grained,  white 
pine,  and  is  thoroughly  shellacked.  It  is  of  elliptic  cross- 
section,  except  for  about  14  inches  at  the  bottom,  where  it 
fits  a  square  brass  tube  running  throuRh  the  center  of  the 
l)ob.  The  adjusting  screw  below  the  bob  is  cut  thirty-six 
tlireads  per  inch,  and  the  nut  has  tlilrty  graduations  to  facili- 
tate regulation;  one  graduation  corresponds  nearly  to  one  sec- 
ond In  twenty-four  hours. 

The  bob  is  of  1%-Iii(li  brass  tubing,  about  12','i  Inches  long, 
and  Is  filled  nearly  to  the  top  with  shot;  Iho  exact  quantity 
nnml  be  dotornilncd  by  oxi)orlnioiit,  as  will  bo  cxpliiinod  later. 
The  weight  and  aJHo  the  ilunimy  weight  on  the  opposite  loop 
of  the  chain  arc  of  tlio  Haino  tulilng.  Tills  duinniy  Is  addtvl 
aolt'ly  I'lir  appourancc'H  sake,  and  both  weights,  like  the  poudu- 
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lum  bob,  are  plated  with  nickel.  The  driving  weight  con- 
tains about  two  pounds  of  lead.  As  all  the  staffs  are  of  drill 
rod,  the  pivots  ground  after  hardening,  and  the  whole  train 
carefully  constructed,  a  much  smaller  weight  will  drive  the 
clock,  but  it  was  thought  best  to  allow  an  ample  margin. 

The  case  is  made  of  birch,  finished  to  resemble  mahogany; 
it  is  of  unusual  strength  and  solidity.  The  back  is  of  hard 
wood,  lii  inch  thick,  with  two  strips  of  %-  by  IV-j-inch  steel 
set  into  gains  to  prevent  warping.  These  strips  carry  the 
studs  to  which  the  movement  is  held  by  a  "three-point"  fasten- 
ing, while  the  piece  that  carries  the  suspension  spring  of  the 
pendulum  is  bolted  to  the  upper  one.  The  axis  of  the  pallet 
arbor,  produced,  would  pass  through  the  under  surface  of 
the  "chocks"  holding  the  pendulum  suspension.  The  dial  is 
12  inches  in  diameter. 

The  compensating  property  of  the  pendulum  depends  on  the 
fact  that  lead  has  a  higher  coefficient  of  expansion  than  wood, 
and  its  adjustment  was  effected  in  the  following  manner: 
When  the  clock  was  otherwise  completed,  the  pendulum  bob 
was  filled  with  shot  to  a  depth  of  IH^  inches  and  the  clock 
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FACING  AND  SERRATING 
MACHINE 

BY  DONALD  A.  BAKER  ' 

The  accompanying  illustration  shows  the  details  of  a  simple 
special  machine  for  completely  finishing  the  bottom  ring  of 
the  Type  SO  time  fuse  after  it  has  been  reamed  and  one  side 
has  been  faced.  The  capacity  of  the  machine  is  from  3500  to 
4000  finished  rings  per  ten  hours,  as  it  can  be  run  continuously. 
The  spindle  does  not  have  to  be  stopped  when  putting  on  or 
taking  off  the  rings.  The  frame  of  the  machine  A  is  mounted 
on  cast-iron  legs.  The  cross-slide  B  is  similar  to  that  used  on 
turret  lathes,  but  of  a  much  more  rigid  construction.  In  a 
tool-block  G  in  the  front  of  the  cross-slide  are  mounted  the 
rough-turning  and  rough-facing  tools;  these  are  regular  high- 
speed tool  bits.  At  the  back  of  the  cross-slide  is  mounted  the 
finish-shaving  tool  D.  An  end  view  of  this  tool  and  its  holder 
is  shown  at  E.  Attention  is  called  to  the  clamp,  which  holds 
the  tool  down  and  also  draws  it  back  against  the  holder.  In- 
stead of  being  tangent  to  the  work,  the  tool  is  held  at  an  angle 


Ring  Turning,  Facini 

run  for  several  days  in  a  room  open  to  the  winter  air.  Its  rate 
having  been  found  and  recorded,  the  room  was  warmed  and 
a  run  of  an  equal  number  of  days  showed  that  the  compensa- 
tion was  inadequate,  as  the  clock  ran  more  slowly  in  the  warm 
room.  More  shot  was  accordingly  added  to  the  bob  and  the 
trials  in  cold  and  heated  rooms  repeated.  This  tedious  process 
was  continued  until  satisfactory  compensation  was  attained, 
after  which  the  regulation  by  the  nut  at  the  bottom  of  the 
bob  finished  the  job. 


An  alloy  for  soldering  cast  iron,  melted  steel,  aluminum, 
etc.,  recently  patented,  consists  of  twenty-flve  parts  each  of 
lead  and  tin  and  fifty  parts  of  zinc.  After  the  articles  to  be 
soldf-red  are  cleaned,  they  are  covered  with  stearic  acid,  or 
Similar  flux,  and  the  alloy  la  applied  with  an  extra  hot  solder- 
ing copper. 


and  Serrating  Hachino 

of  5  degrees  and  is  intended  to  stop  just  a  little  behind  the 
vertical  center  line  of  the  work. 

A  substantial  bracket  F  is  bolted  to  the  lower  half  of  the 
cross-slide  and  to  the  frame  of  the  machine.  The  top  part  of 
this  bracket  is  planed  out  to  receive  the  two  tool-slides  G 
and  //.  One  of  these  slides  G  carries  a  roughing  tool  /  that 
removes  most  of  the  stock  and  prepares  the  face  of  the  ring 
for  the  serrating  tool  J,  carried  by  the  other  tool-slide  U. 
These  two  slides  are  operated  by  a  segment  of  a  drum  cam  K 
which  bears  against  two  hardened  tool-steel  cam  rollers  L 
and  M,  which  are  held  on  studs  secured  to  the  tool-slides.  The 
cam  is  actuated  by  a  hand-lever  A'.  This  lever,  the  cam  and 
a  gei^  that  engages  with  a  rack  on  the  top  half  of  the  cross- 
slide  are  keyed  to  the  same  shaft,  so  that  all  the  tools  that 
work  on  the  ring  are  operated  by  this  lever. 

The  front  angle  roughing  and  facing  tools  are  brought  up 

■AddrcM:  Lajrman  Pressed  KcmIOoT,  1790  Brv..ul«ii.T,   New  York  City. 


144 


MACHINERY 


October,  1917 


to  the  work  at  the  same  time  that  slide  G,  carrying  its  tool  /, 
moves  forward,  so  that  all  three  tools  are  presented  to  the 
work  at  the  same  time.  When  the  hand-lever  N  is  pressed 
down,  these  tools  are  moved  back  and  the  angle  shaving  tool  D 
and  the  serrating  tool  J  are  moved  forward  to  do  their  work. 
The  hand-lever  A'  is  then  brought  back  to  a  neutral  position, 
when  all  the  tools  are  out  of  the  way  sufficiently  to  allow  of 
the  ready  removal  of  the  ring.  A  lay-out  of  the  cam  used  to 
actuate  the  tool-slides  is  shown  at  R.  The  two  tool-slides  G 
and  B  are  held  sidewise  by  the  taper  gibs  0  and  P.  These  gibs 
are  adjustable  and  are  held  in  place  by  hardened  screws  Q, 
the  heads  of  which  enter  slots  in  the  sides  of  the  gibs. 

An  enlarged  view  of  the  serrating  tool  is  shown  at  T.  This 
is  made  from  high-speed  flat  stock  and  is  held  in  place  by  two 
screws,  as  shown.  An  elongated  hole  allows  a  slight  adjust- 
ment to  be  made  by  placing  thin  shims  of  steel  behind  the  tool. 
The  step  S  in  the  tool  takes  care  of  the  depth  of  the  serrations 
from  the  top  of  the  ring,  as  it  faces  off  the  top  at  the  same 
time  that  the  serrating  is  being  done,  and  assures  that  all 
rings  will  gage  correctly  at  this  point,  providing  the  tools 
are  made  right. 

The  novel  method  of  making  these  serrating  tools  is  illus- 
trated at  W.  A  mandrel  a  is  first  turned  up,  good  centers  being 
left  in  the  ends.    Next  slots  are  cut  in  the  circumference,  into 
which   the   serrating-tool   blanks,   which   have  been  milled   to 
size  on  two  sides  and  one  edge,  can  be  placed.    These  slots  are 
of  a  uniform  depth  and  hold  the  tool  in  the  same  relative  posi- 
tion that  it  will  have  in  the  tool-slide.     Then  holes  are  drilled 
and  reamed  to  take  taper  pins,  as  shown,  and  narrow  saw  slots 
are  cut  down  through 
the    center    of    each 
taper-pin      hole,      so 
that    when    the    tool 
blanks     are     tapped 
into  place,  pins  driven 
into    the    holes    will 
wedge  the  metal  on 
each  side  over  against 
the   tool   blanks   and 
hold    them    securely 
while  the  outside  and 
the    step    are    being 
turned.  As  extra  sup- 
port,   a    close-fitting 
ring   6   is  forced   on 
over    the    arbor    to 
hold  the  tool  blanks 
while  they  are  being 
formed   on   the   face 
and  backed  off.   This 
last  operation  is  done 
by  holding  the  arbor 
in  a  special  chuck  and  *"''<^"  Cylinder  Castings 

backing  off  the  tools  by  using  the  lathe  backing-off  attachment. 
A  collar  c  is  screwed  onto  the  arbor  a,  against  which  the  back 
end  of  all  the  cutter  blanks  rest,  thus  holding  them  in  a  uni- 
form position. 

While  this  machine  was  designed  for  the  bottom  ring,  it  may 
be  used  for  the  top  ring  with  equally  good  results,  but  in  that 
case  only  one  tool-slide  is  rerjuired  for  finishing  tiie  top  of  the 
ring,  as  there  Is  no  serrating  to  be  done.  While  the  machine 
as  a  whole  somewhat  resembles  a  turret  lathe,  every  detail 
Is  of  much  more  rigid  construction,  especially  the  spindle,  the 
cro88-8llde,  and  the  tool-slides,  there  being  as  little  overhang 
In  all  parts  as  possible,  and  no  Indexing  of  a  turret  with  its 
accompanying  Inaccuracies  to  contend  with. 


DETAILS   OFTEN   IGNORED 

IIT  OKOKOE  y    KUHNK  < 

In  performing  certain  work,  we  sometlmeB  dlaregartflhc 
minor  polnta,  which.  If  they  were  recognized,  would  aid  In 
atlnlnlng  the  doHlred  end;  and  this  Is  not  only  true  of  lhi> 
Fucceggful  Dxecullve,  but  of  the  bench   hand,  machlnlHi    jind 

'Adilreu:  44  WMhlnfton  Placer  K7  Kiilhrrfopit,  N.  1. 


worker  in  general.  For  instance,  in  putting  a  set-screw  into 
a  pulley,  bolster,  or  whatever  the  case  may  be,  there  is  seldom 
thought  given  to  how  the  set-screw  is  to  be  removed  later. 
Or,  perhaps,  a  nut  on  some  part  of  a  machine  that  is  exposed 
to  the  weather  must  be  removed.  If  the  nut  is  stubborn,  the 
hammer  and  chisel  will  very  likely  be  resorted  to;  and  if  the 
nut  should  not  respond  (the  corners  having  been  chipped  off), 
perhaps  the  Stillson  wrench  is  applied.  Had  some  heavy  oil 
been  put  on  the  screw  when  the  nut  was  screwed  in,  all  this 
fussing  and  waste  of  time  and  energy  might  have  been  avoided. 
A  few  drops  of  oil  in  cases  of  this  kind  will  help,  but  it 
is  so  small  a  matter  that  many  mechanics  never  think  of  it. 
Sometimes  difficulty  is  experienced  in  piercing  stock  and  a 
number  of  punches  are  broken;  but  if  the  steel  for  the  punch 
is  forged  or  hammered  slightly,  allowed  to  cool,  turned  to  size 
and  hardened  in  the  usual  manner,  better  results  are  frequently 
obtained.  Also,  if  in  the  making  of  a  punch  for  redrawing 
shells,  tubes,  etc.,  the  piece  of  steel  is  heated,  one  end  placed 
on  an  anvil  and  the  other  end  hammered,  it  will  be  less 
likely  to  bend  in  hardening;  but  this  must  be  done  before  the 
hole  is  drilled  for  the  escapement  of  air;  otherwise  the  punch 
may  be  bent  after  hardening  as  much  as  it  usually  is  when 
this  plan  is  not  used. 

*     *     * 

AN  EXAMPLE  OF  "GERMAN   EFFICIENCY" 

In  one  of  our  Atlantic  shipyards  these  two  cylinders  lie, 
just  as  they  were  taken  out  of  one  of  the  interned  German 
liners,  and  they  show  how  "German  efficiency"  was  applied  in 

destroying  these  cast- 
ings before  the  boats 
were  seized  by  the 
American  govern- 
ment. The  cylinders 
are  about  five  feet  in 
diameter  and  the  sec- 
tions were  broken 
out  by  driving  heavy 
wedges  in  the  cap 
bolt  holes  and  at  the 
same  time  applying 
a  turnbuckle  bar 
across  the  diameter 
of  the  cylinder  to 
help  break  out  the 
sections  between  the 
wedges.  One  of  these 
wedges  may  be  seen 
where  it  was  left  in 
a  bolt-hole  at  the  ex- 
treme right  of  the  il- 
lustration. To  repair 
this    damage    is   sev- 


from  a  German  Liner 


eral  months'  work,  because  new  patterns  must  be  made,  the 
cylinders  cast,  and  then  machined  and  installed  in  the  boats. 
But  an  accurate  record  will  be  kept  of  all  this  work,  and  it 
will  be  charged  against  the  ship  and  held  for  "the  day  of 
reckoning." 


The  manufacture  of  special  wire  nails  coated  with  a  rosin 
compound  for  use  in  box  nailing  machines  is  a  small  but  im- 
portant branch  of  the  nail  making  industry.  Box  nails  are 
tumbled  to  remove  burrs  from  the  heads  and  are  carefully  in- 
spected, all  crooked  or  defective  nails  being  rejected.  They 
arc  then  coated  in  revolving  drums  with  the  rosin  cnnipound, 
and  are  packed  in  kegs  coiilainiiig  between  70  and  SO  pounds. 
Kach  keg  is  marked  with  the  number  of  nails  It  contains  in- 
stead of  the  weight,  being  sold  by  count  instead  of  pound. 
The  rosin  compound  considerably  increases  the  holding  grip 
of  the  wood  on  the  nail  and  permits  the  use  of  smaller  nails 
for  a  given  purpose.  This  is  important  In  boxes  made  of  thin 
luMibcr,  as  the  small  nails  are  not  so  likely  to  split  the  thin 
iiiiilorl.-il.  Careful  Irmpccllon  Is  necessary  to  eliminate  dofoc- 
liv(.>  nallH  thai  stiip  llic  nailing  machines  and  reduce  pro- 
duction. 
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WORK-HOLDING  ARBORS  AND  FIXTURES 


DEVICES  FOR  HOLDING  AND  CLAMPING  WORK  ON  THE  FELLOWS  GEAR  SHAPER 

BY   DOUGLAS  T.  HAMILTON  1 


THE  methods  of  holding  work  ou  the  gear  shaper 
differ  from  those  used  on  practically  all  other 
machine  tools,  especially  other  gear-cutting  ma- 
chines. The  reasons  for  this  difference  are  the  pecu- 
liar design  of  the  work-arbor  and  the  construction 
of  the  machine  as  a  whole,  which  is  such  that,  with  a 
properly  designed  work-holding  fixture,  the  gear  being 
cut  can  be  rigidly  supported.  There  are,  of  course, 
certain  fundamental  points  that  are  of  vital  interest 
to  those  using  the  gear  shaper,  a  few  of  the  more  im- 
portant of  which  are  here  described. 

A  characteristic  of  the  gear  shaper  that  Is  not  at 
first  appreciated  is  the  fact  that  it  has  a  considerably 
greater  range  than  appears  at  first  sight.  The  ca- 
pacity for  diameter  is  35  inches  and  for  stroke  5 
inches;  but  many  modifications  are  possible,  such  as 
increasing  the  distance  between  the  face  of  the  work- 
spindle  and  the  extreme  lower  or  upper  point  of  the 
travel  of  the  cutter,  and  enlarging  the  hole  through 
the  work-spindle.  The  column  is  raised  by  inserting 
blocks  beneath  it,  and  when  long-shank  gears  are 
to  be  held,  a  work-spindle  having  a  larger  hole 
through  it  is  used.  These  particular  paints  are  men- 
tioned, as  a  clear  understanding  of  the  modifications 
that  can  be  made  is  necessary  to  fully  appreciate  some 
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of  the  fixtures  and  work-holding  outfits  that  will  be  described. 
Design  of  Standard  Work-arbor  and  Work-spindle 

The  work-arbor  used  on  the  gear  shaper,  shown  in  Fig.  1, 
is  of  the  reverse-taper  type.  It  differs  from  all  other  work- 
arbors  in  this  respect  that  the  tighter  the  work  is  clamped 
to  it  the  more  rigidly  is  the  arbor  held  in  the  work-spindle 
This  can  be  seen  from  Fig.  2.  By  tightening  the  nut  on  the 
top  of  the  work-arbor,  the  latter  is  drawn  up  into  the  corre 
sponding  taper  in  the  work-spindle,  and  the  work  is,  in  conse 
quence,  bound  tightly  to  the  top  face  of  the  work-spindle 
With  this  arrangement,  it  is  evident  that,  with  a  work-arbor 
that  runs  true,  properly  machined  gears  can  be  held  rigidly 
without  springing  the  ar- 
bor; but  if  the  faces  of 
the  gears  are  not  true 
with  the  hole,  the  arbor 
will  be  sprung  out  of 
alignment  with  its  true 
vertical  plane.  Instead 
of  being  a  disadvantage, 
this  point  is  one  of  the 
good  features  of  the  gear- 
shaper  work-arbor,  be- 
cause gears  that  are  not 
machined  true  might  give 
trouble  in  assembling. 
The  gear  shaper  reveals 
defects  in  the  previous 
machining  operations. 

In  order  to  test  whether 
the  gears  are  accurately 
machined  or  not,  the  first 
step  is  to  clean  the  arbor 
and  spindle  thoroughly, 
and  then  insert  the  arbor 
In  the  work-spindle  from 
the  lower  end.  The  arbor 
is  then  tested  for  truth, 
as  shown  in  Fig.  3.  If 
it  Is  found  to  run  out 
slightly  In  the  first  trial. 
It    should     be    given     a 
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quarter  turn  in  the  spindle,  as  a  speck  of  dirt  may 
be  holding  it  out  of  line.  When  the  arbor  runs  true, 
the  gear  blanks  are  put  on  it,  as  shown  in  Fig.  4, 
and  rotated  by  hand;  this  tests  the  concentricity  of 
the  hole  with  the  outside  circumference.  A  dial  indi- 
cator, as  shown,  is  used  to  make  this  test.  The  read- 
ing for  eccentricity  on  the  indicator  is  noted,  and 
then  the  nut  is  tightened  down  on  the  work,  clamp- 
ing it  rigidly  in  place. 

Another  test  is  now  made,  as  shown  in  Fig.  5.  If 
the  work  runs  out  more  than  it  did  in  the  previous 
test,  it  is  clear  that  the  faces  of  the  gears  are  not 
true  with  the  holes,  and  that  the  work-arbor  has  been 
sprung  out  of  its  true  vertical  plane.  If  the  differ- 
ence between  the  two  readings  exceeds  the  manufac- 
turing tolerance  on  the  gears  for  eccentricity,  the 
gears  should  be  refaced  before  being  cut.  This  test 
is  especially  necessary  when  setting  up  a  new  batch 
of  gears,  as  it  eliminates  troubles  that  might  crop 
up  in  subsequent  operations. 

The  Swinging  Apron 

Another  characteristic  feature  of  the  gear  shaper 
is  the  swinging  work-apron,  which  permits  the  easy 
insertion  and  removal  of  the  work.  Work  up  to 
the  full  capacity  of  the  machine  for  diameter  and  face 
width  can  be  easily  mounted  on  the  arbor  by  simply  opening 
the  apron  and  swinging  it  back  clear  of  the  machine.  Ad- 
vantage is  sometimes  taken  of  this  swinging  feature  of  the 
apron  in  connection  with  the  machining  of  pinions  or  gears 
integral  with  a  shaft.  The  apron  can  be  swung  clear  of  the 
machine  and  the  pinion  dropped  down  into  it.  The  maximum 
diameter  of  shaft  that  can  be  handled  is  5  inches,  but  the  only 
limitation  for  length  of  shaft  is  the  distance  between  the  top 
face  of  the  work-spindle  and  the  floor,  and  by  cutting  a  hole 
in  the  floor  to  clear  the  shaft  this  limitation  is  eliminated. 
The  other  features  of  the  apron  are  not  directly  connected 
with  the  methods  of  holding  and  clamping  work,  and  so  will 
not    be    described     here. 


Fig.  2.     Section  through  Work-tplndle  and  Apron  showing  Construction 


Work-support  on  Saddle 

The  gear-shaper  cutter 
can  be  made  to  operate 
on  either  the  "pull"  or 
the  "push"  stroke.  When 
the  pull  stroke  can  be 
used,  this  method  is  pref- 
erable, because  of  the 
reverse-taper  work-arbor. 
The  pulling  up  of  the 
work,  which  is  the  result 
of  using  the  pull  stroke, 
is  overcome  by  the  re- 
sistance of  the  reverse- 
taper  work-arbor.  As  an 
additional  support,  a 
work-support  carried  on 
the  saddle,  as  illustrated 
in  Fig.  6.  rests  on  the 
surface  of  the  top  plate 
or  on  the  work.  If  the 
latter  has  a  smooth,  plain 
surface,  and  transfers  all 
vibration  or  thrusts  to 
the  frame  of  the  ma- 
chine, where  it  is  taken 
up  by  the  masslvencss  of 
the  construction.  Another 
feature  of  the  work-sup- 
port   is    that    it    can    be 
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placed  directly  over  the  thrust  o£  the  cutter,  and  thus  pre- 
vents not  only  chattering  but  also  any  springing  tendency  of 
the  work-arbor.  Whenever  possible,  the  work-holding  fixtures 
should  be  mounted  so  that  the  work-support  can  be  used,  as 
this  adds  greatly  to  the  rigidity  with  which  the  work  is  held. 

■Work-support  in  Apron 

Another  work-support  is  held  in  the  apron,  as  shown  in 
Fig.  2;  this  is  used  for  supporting  large  faceplates  or  internal 
gears.  It  is  of  especial  advantage  for  supporting  internal 
gears  which,  as  a  general  rule,  must  be  cut  by  the  push  stroke, 
in  which  case  the  thrusts  are  down  instead  of  up.  This  sup- 
port, as  illustrated,  carries  a  roll  that  contacts  with  the  work, 
reducing  friction  between  the  two  members  and  at  the  same 
time  supporting  the  work  directly  under  the  point  receiving 
the  thrust  of  the  cutter.  When  cutting  internal  gears  that 
are  not  large  enough  in  diameter  to  reach  to  the  support  in 
the  apron,  a  special  support,  shown  in  the  detail  view  in  Fig.  2, 
is  used.  This  support  consist's  of  a  bracket  fastened  by  screws 
to  the  apron  and  carries  a  roll  that  supports  the  work. 

Ganging-  of  Gear  Blanks 

Owing  to  the  reciprocating  action  of  the  gear  shaper,  there 
is  no  necessity  for  ganging  or  grouping  a  large  number  of 
gear  blanks  on  the  work-arbor  at  one  time.    The  excess  travel 


when  the  blank 
permits  the  stroke 
of  the  cutter  to  be 
from  2Y2  to 3  inches. 
Two  methods  of 
holding  gear  blanks 
are  shown  in  Fig. 
7.  The  gear  blanks 
shown  at  A  are  of 
the  arm  type  and 
have  a  face  %  inch 
wide.  Four  of  these 
blanks  are  held  on 
the  arbor  at  one 
time,  making  a  to- 
tal travel  of  3  inches.  The  work  rests  on  a  faceplate  that  sup- 
ports it  at  the  rim,  and  is  clamped  down  by  means  of  a  top 
plate,  against  which  the  work-support  carried  on  the  saddle 
rests.  This  forms  a  compact  and  rigid  method  of  holding  this 
type  of  gear.  The  gear  blanks  shown  at  B  have  a  larger  hole; 
hence  the  faceplate  is  made  with  an  extended  shank  or  pro- 
jection. This  fits  the  holes  in  the  gear  blanks,  and  locates 
them  centrally  from  the  work-arbor.  The  top  plate  is  also 
used  for  clamping  the  work  down,  as  in  the  previous  case,  the 
work-support  resting  against  it. 


Fig.  6.  Work-support  mounted  on  Saddle — 
applied  when  Shape  of  Work  will  permit 
and    when    Cutter   is    operated   on   Full    Stroke 
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Fie  3.     Testing  Truth  of  Work-arbor  with  a  Dial  Indicator 

of  the  cutter  is  only  from  1/16  to  3/32  inch;  consequently 
little  time  is  gained  in  clamping  a  large  number  of  blanks 
on  the  arbor  at  one  time.  As  a  matter  of  fact,  greater  refine- 
ment and  accuracy  can  be  obtained  by  holding  only  a  few 
blanks   at   one   time.     The   greatest    production    is    obtained 


Fig.  4.     Testing  Concentricity  of  Circumferi 


of  Gear  Blanks  with  Hole 


Flf.    S.     Tattlnr   Tnilh   of    Oaar    BUnki    mlloi   climplni    on    Work  arbor— 
Thli  T»st  IndloaUi  If  Ficu  are  Hquare  with  Kolet 


One  exception  to  the  rule  regarding  ganging  is  shown  in 
Fig.  8,  where  the  parts  being  held  are  disks  for  a  friction 
disk-plate  clutch.  Owing  to  the  requirements  of  these  disks, 
exceptional  accuracy  is  not  necessary;  as  a  consequence,  a 
large  number  can  be  held  at  one  time.  The  best  practice,  how- 
ever, is  to  limit  the  travel  of  the  cutter  to  3  inches,  for  then 
the  gear  shaper  can  be  operated  at  its  greatest  efficiency.  At 
.1,  in  Fig.  8,  is  shown  the  type  of  work  fixture  used  for  hold- 
ing disks  when  cutting  teetli  on  the  external  diameter;  and  at 
R  the  type  of  fixture  used  for  cutting  smaller  disks  with  the 
teeth  on  the  internal  diameter.  It  will  be  noticed  that  the 
work-arbor  is  used  simply  for  locating  the  fixture  centrally 
iiiid  for  clamping  it  rigidly  to  the  top  face  of  the  work-spindle. 
The  disks  are  held  in  Iho  iiilcrnal  fixture  by  moans  of  a  clamp- 
ing ring  that  lias  cloiignlpd  slots  for  the  screws  to  faollltate 
riTnoval.  Holes  arc  drilled,  at  an  angle,  from  the  fixture 
pnrkot  out  lo  llic  clrcuniforonce  to  facilitate  the  removal  of 
oil  and  chips.  Owing  to  the  small  diameter  of  those  Internal 
disks,  the  hub  type  of  gcurshaper  cutter  Is  used;  this  Is 
threaded  and  hclil  dlrcrlly  onto  Iho  cultor  si)lnillo,  no  nut 
being  used. 

Muthod  of  HoldliiK  Typical    Aiitoiiiobllo  OunrH 

I'lii'  Hlldlng  type  of  automobile  traiiHiiilHHlon  gonrs  iir<>  either 
provided  with  a  Hpllnnd  holo  or  with  a  sciuiire  hole.  When 
thoy  liiivc  n  Hpllncil  hole,  the  gear  blaiikH  can  iiHUiilly  bo  hold 
directly  on  the  worknrhor.  but  when  thoy  luivo  a  Hquaro  hole. 
It   la  better   to   umu   buHliliigH   with   ,'i   Hi|iiiiro  oxtornni   Hurfare 
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to  fit  the  square  hole  in  the  gear  and  a  round  hole  to 
fit  the  arbor.  Fig.  9  shows  two  fixtures  used  for  this 
purpose.  At  A,  the  hubs  on  the  gear  blanks  extend 
past  one  end  only;  hence  it  is  necessary  to  use  a  face- 
plate and  a  top  plate  cupped  out  to  clear  these  pro- 
jections. Bushings  that  are  squared  on  the  outside  to 
fit  the  gear  blanks  and  are  round  in  the  hole  to  fit 
the  arbor  are  so  made  that  one  of  the  bushings  ex- 
tends through  one  gear  and  into  the  next,  positively 
centering  both  gear  blanks  accurately  with  each  other 
and  with  the  arbor.  The  faceplate  and  top  plate  are 
made  large  enough  so  that  they  support  the  work  as 
close  as  possible  to  the  root  diameter  of  the  teeth  in 
the  gear  blank. 

At  B  is  shown  a  fixture  that  differs  slightly  from 
that  at  A.    The  design  of  these  gears  is  such  that  the 
hubs  extend  past  both  faces  of  the  rims;   so  to  get 
a  rigid  support  it  is  necessary  to  provide  a  spacing 
plate  of  sufficient  thickness  to  make  up  for  the  distance  that 
the  hubs  extend  past  the  faces  of  the  rims.    With  this  arrange- 
ment, it  is  obvious  that  the  gear  blanks  are  supported  much 
more  rigidly  than  they  could  otherwise  be,  and  consequently 
can  be  cut  more  rapidly. 
Fixtures  lor  Holding 

Shank  Gears 
As  mentioned,  shank 
gears  can  be  held  on  the 
gear  shaper  by  having 
the  shank  extend  through 
the  hole  in  the  work- 
spindle  and  using  a  float- 
ing fixture  or  other 
means  of  clamping  and 
supporting  the  work. 
Figs.  10,  11  and  12  show 
three  interesting  fixtures 
of  this  type.  That  shown 
in  Fig.  10  was  designed 
for  holding  the  pinion 
shaft  for  a  lathe.  This 
shaft  is  of  such  diameter 
that  the  standard  work- 
spindle  cannot  be  used; 
hence  it  is  necessary  to 
use  the  largest  work- 
spindle,  which  has  a  ca- 
pacity of  5  inches  in  di- 
ameter. The  fixture  com- 
prises two  bushings  .-1 
and  B,  which  are  inserted 
into  the  work-spindle  and  held  in  place  by  si-rews,  as  shown. 
The  lower  bushing  B  is  supported  by  a  lower  plate  C,  which 
is  fastened  to  the  lower  end  of  the  work-spindle.  Inserted 
in  the  bushings  A  and  B  are  two  additional  bushings  D  and  K. 
the  former  being  split  into  two  parts  to  facilitate  removal  of 
the  work.    Tht  work,  which  has  a  shoulder  on  it,  is  clamped 


Fii.  8.     Mothodii  of  holdini  Diaki  for  Aiitomobllo  Diik  Plato  Friction  Clutclu' 


Yig,   9.     Methods   of   holding   Automobile    Transmission   Gears 

against  bushing  E.  by  means  of  a  through  bolt  F  and  nuts  G 
and  H;  nut  G  is  pinned  to  the  through  bolt,  but  nut  H  is  re- 
movable. With  this  work  fixture,  it  is  possible  to  support  the 
work  directly  from  those  points  on  which  it  rotates  when 
assembled  in  the  machine  in  which  it  is  to  be  used;  conse- 
quently, the  teeth  in  the 
blank  can  be  cut  concen- 
tric with  the  journals 
upon  which  the  shaft 
rotates  in  the  bearings. 
A  somewhat  similar  fix- 
ture is  shown  in  Fig.  11. 
In  this  case  the  pinion 
blank  is  much  shorter; 
consequently,  a  shorter 
bushing  can  be  used. 
This  fixture  is  fastened 
directly  to  the  top  face 
of  the  work-spindle  and 
the  hushing  is  made  to 
fit  the  two  bearing  sur- 
faces on  the  gear  blank. 
The  gear  blank  has  a 
small  shoulder  which 
rests  on  a  projection  in 
the  bushing.  The  blank 
is  clamped  directly  into 
the  bushing  by  means  of 
a  lower  plate  and  a 
through  clamping  bolt, 
as  illustrated.  The 
through  bolt  is  keyed  to 
the  lower  plate  to  prevent  its  turning.  The  cutter  is  mounted 
so  as  to  operate  on  the  push  instead  of  the  pull  stroke,  be- 
cause of  the  narrow  recess  in  which  the  cutter  must  work. 
As  far  as  the  design  of  the  fixture  is  concerned,  however,  the 
cutter  could  be  made  to  work  on  either  the  pull  or  the  push 
stroke.  In  Fig.  12  is  shown  a  fixture  of  this  type  that  was 
designed  for  cutting  internal  gears;  the  cutter  in  this 
case  also  operates  on  the  push  stroke. 

HoldinB-  Shank  Gears  in  Floating-  Fixtures 
In  the  previous  examples,  the  gear  blanks  were 
held  in  fixtures  that  located  the  work  directly  from 
the  hole  in  the  work-spindle.  In  Figs.  13  and  14  two 
fixtures  are  illustrated  in  which  the  floating  principle 
is  adopted.  In  the  fixture  shown  in  Fig.  13,  the 
lower  end  of  the  work  is  guided  by  a  taper  bushing  .1 
fitted  into  the  lower  end  of  the  work-spindle  and 
the  work  is  damped  and  located  by  a  floating  fix- 
ture B.  which  is  fastened  by  screws  to  the  top  face 
of  the  work-spindle.  It  carries  a  bushing  that  fits 
the  shank  of  the  gear,  and  the  latter  is  clampeii  in 
the  fixture  by  a  headless  screw  and  segment  brass 
shoe.  In  setting  up.  this  type  of  fixture  Is  trued 
up  before  it  is  rigidly  clamped  to  the  work-splndle. 
The  method  used  Is  to  put  the  gear  blank  In  the  fix- 
ture and  have  it  extend  sufflclently  above  the  bushing 


ed   Gear   Blanks.      (B)    Method  of  holding 
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Figs.  10  and  11.    Fixtures  for  holding  Largo-shank  Gears  on  No.  64  Gear  Shaper 


Fig.  12.    Fixture  for  holding  Internal  Shank  Gear 


for  the  needle  of  an  indicator  to  be  brought  to  bear  on  it. 
The  fixture  is  then  shifted  into  a  position  where  the  bearing 
on  the  gear  blank  runs  dead  true,  when  it  is  clamped  rigidly 
to  the  work-spindle  and  the  gear  blank  is  pushed  down  into 
place  and  clamped.  By  following  this  procedure,  the  pitch 
circle  of  the  teeth  will  be  concentric  with  the  bearing  from 
which  the  pinion  shaft  is  located  when  in  use.  In  this  par- 
ticular case,  the  pinion  is  provided  with  helical  teeth  and  the 
helical  gear-shaper  cutter  is  used,  operating  on  the  push  stroke. 
In  the  fixture  shown  in  Fig.  14,  the  gear  blank  has  a  much 
shorter  shank;  hence  it  does  not  require  an  additional  sup- 
port or  guide  in  the  work-spindle.  The  floating  fixture,  as  be- 
fore, is  fastened  directly  to  the  top  face  of  the  work-spindle 
and  carries  a  bushing  for  centering  the  work.  This  fixture  is 
trued  up  in  the  man- 
ner   Just    described. 

Special  Work-arbor 
Support 
In  cases  when  a 
long  work-arbor  Is 
necessary,  or  the 
work  has  an  extend- 
ed shank  that,  owing 
to  the  design  of  the 
gear  and  the  point 
where  the  teeth  are 
to  be  cut,  cannot  be 
BO  located  as  to  pasB 
through  the  work- 
splndlo.  It  Is  neces- 
sary to  provide  a 
work-arbor  support. 
A  cane  In  point  Is 
the  oil-pump  drive 
■baft  for  an  aero- 
plane motor,  shown 
in  Fig.  n,.  In  this 
case,  a  helical  gear 
Ifi  to  be  cut  In  the 
rear  of  a  bevel  gear, 
and     extending    out 


from  this  is  a  long  shank.  This  particular  gear  represents  a 
difficult  holding  proposition,  so  the  special  fixture  illustrated 
was  designed.  The  work-arbor  is  provided  with  a  very  short 
projection,  which  is  made  to  fit  a  special  faceplate  that  it 
centers  and  that  is  clamped  to  the  top  of  the  work-spindle. 
This  faceplate  also  centers  the  lower  end  of  the  drive  shaft. 
The  work  is  clamped  to  the  faceplate  by  means  of  a  through 
bolt  and  plate,  as  illustrated,  the  through  bolt  being  keyed  to 
the  faceplate  to  prevent  its  rotation,  and  provided  with  a  head 
to  prevent  its  being  pulled  out  of  the  faceplate.  At  the  upper 
end,  the  drive  shaft  is  supported  in  a  bushing,  which  is  re- 
tained in  a  special  bracket  A.  This  bracket,  in  turn,  is  held 
on  a  large  stud  li,  which  passes  down  through  the  special  sup- 
port, and  is  located  at  the  rear  end  by  means  of  another  stud  C 

centered  by  a  bush- 
ing. The  lower  end 
of  the  large  stud  is 
provided  with  annu- 
lar gear  teeth  In 
which  pinion  D 
meshes.  This  pinion, 
as  shown  in  Fig.  16, 
extends  out  from  the 
special  bracket  and 
is  squared  on  the 
end  to  fit  a  crank- 
handle.  By  placing 
a  crank-handlo  on 
the  s(|unrod  end  of 
tlic  plnloii'Stud,  the 
1 11  rue  supporting  stud 
/(  can  bo  raised  or 
Iciwcrod  80  as  to 
rii(iv(>  the  top  bracket 
.1  I'roni  the  work.  A 
H<TPW  /','  1h  uIhd  i)ro- 
vldc<i  for  clnnipliig 
tlio  olcvntlng  stud  to 
liirrouso  the  rigidity 
«(  Iho  (Ixturo.  The 
liriickot    ItHulf    Is    so 
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Fig.  15.    Special  Work-arb' 


made  that  it  forms  the  cover  F  for  the  apron;  it  is  clamped 
also  to  the  apron  by  a  through  bolt  passing  through  the  hole 
ordinarily  occupied  by  the  support  in  the  apron   (see  Fig.  2). 


shank  extends  up  through  the  special  support.  The  lower  end 
is  supported  by  a  fixture,  which  carries  a  locating  finger  that 
holds  the  blank  in  the  proper  relation  to  the  cutter,  so  that 
the  teeth  will  match.  The  shoulder  of  the  gear  rests  on  the 
top  face  of  the  work-spindle  and  is  held  down  by  a  clamping 
collar  and  screw  from  the  lower  end,  the  lower  shank  being 
provided  with  a  tapped  hole. 

Fixture  tor  Holding  a  Large  Internal  Gear  Ring- 
Fig.  20  illustrates  a  fixture  used  for  holding  a  large  internal 
gear  ring.  This  fixture  is  made  with  a  hub  in  the  center  in 
the  form  of  a  wheel,  and  is  held  centrally  by  means  of  the 
work-arbor.  It  is  provided  with  a  machined  shoulder,  which 
locates  the  ring  centrally  and  against  which  the  work  is 
clamped  by  means  of  toe  clamps,  as  illustrated.  This  is  a 
very  simple  fixture  and  is  easily  and  quickly  operated.  Of 
course,  it  is  necessary  on  work  of  this  kind  to  open  the 
apron  in  order  to  remove  the  work  from  the  fixture. 

Still  another  method  of  holding  an  internal  gear  is  shown  in 
Fig.  21.  In  this  case,  no  fixture  except  the  regular  work-arbor 
is  necessary.  The  gear  blank  being  held  is  a  combined  in- 
ternal and  external  helical  gear,  and  is  supported  at  the  rim 
by  means  of  the  support  held  in  the  apron.  Owing  to  the 
small  diameter  of  the  internal  gear,  the  regular  roll  support 
cannot  be  employed;  hence  a  disk  made  eccentric  with  the 
shank  so  as  to  reach  over  far  enough  to  support  the  work  is 


Fig.    16.     Uethod  of  mounting  Special  'Workartor   Support 


A  fixture  constructed  along  simi- 
lar lines  is  illustrated  in  Fig.  17. 
In  this  case,  the  fixture  is  used  for 
holding  a  cluster  countershaft  gear. 
The  hole  in  the  lower  end  of  the 
countershaft  gear  fits  over  a  special 
work-arbor,  which  is  clamped  di- 
rectly to  a  plate  fastened  to  the  top 
face  of  the  work-spindle,  the  bolts 
passing  through  the  holes  in  the 
flange  of  the  gear.  At  the  upper 
end  it  Is  supported  In  a  bushing  in 
the  special  type  of  work-support.  In 
cutting  this  particular  gear,  the  two 
lower  gears  are  cut  with  the  cutter 
operating  on  the  push  stroke,  and 
the  upper  gear  with  the  cutter  op- 
erating on  the  pull  stroke. 

Still  another  fixture  of  this  type 
Is  shown  in  Fig.  19;  this  la  used 
for  holding  a  herringbone  reduc- 
tion pinion  that  has  an  extended 
shank  on  both  ends.  One  shank 
passes  down  through  the  hole  In  the 
worksplndlo,     whereas     the     other 
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used.  The  cutter  is  operated  on  the  push  stroke  and  the 
thrust  is  taken  directly  on  the  support  in  the  apron.  Owing 
to  the  fact  that  when  cutting  an  internal  gear  an  intermediate 
gear  is  introduced  into  the  change-gear  mechanism,  the  great- 
est production  can  be  obtained  by  cut- 
ting the  internal  and  external  gears  in 
separate  settings. 

Simple  Fixture  for  Holding-  a  Cam 

A  simple  type  of  floating  fixture  used 
for  holding  a  motion-picture  cam  is  il- 
lustrated in  Fig.  22.  The  fixture  is  so 
made  that  it  is  fastened  directly  by 
screws  to  the  top  face  of  the  work- 
spindle,  and  is  split  for  clamping  the 
special  arbor  on  which  the  work  is  held 
by  means  of  a  nut.  The  irregular  out- 
line on  this  cam  must  bear  a  certain 
relation  to  one  of  the  three  holes  in  the 
cam,  so  a  pin  is  driven  into  the  fixture 
to  fit  one  of  these  holes,  and  thus  lo- 
cate the  work  in  the  correct  position. 
The  cutter  also  must  start  to  operate 
at  a  certain  point  on  the  work;  the  sim- 
plest way  to  do  this  is  to  set  the  cutter 
to  a  master  cam.     Change-gears  are  se- 


Special   Fixture    for   s 
■ringbone  Reduction  Pii 


gear  previously  cut,  and  thus  accurately  centers  it  with  the 

cutter.    The  method  of  locating  the  herringbone  gear  in  which 

the  teeth   are  not  staggered   is  done   in  two  ways.     When  a 

master   gear   is  available,   the  cutter  can  be  set  to  this,  but 

when  not,  the  cutter  must  be  rotated  by 

hand  and  lined  up  with  the  lower  points 

of  the  teeth  in  the  gear  previously  cut. 

Holding  Odd-shaped  Work  on 
Gear  Shaper 

The  work  shown  in  Fig.  18  is  a  quad- 
rant for  an  automatic  saw  trimmer.  It 
has  a  boss  with  a  hole  through  it  and 
the  teeth  are  cut  at  the  rim  of  the  seg- 
ment. The  fixture  used  comprises  the 
regular  work-arbor,  which  is  made  to  fit 
the  hole  in  the  boss  and  is  long  enough 
to  carry  a  special  supporting  fan-shaped 
bracket.  This  bracket  Is  placed  on  top 
of  the  quadrant  being  operated  on,  and 
is  held  by  the  regular  arbor-nut.  On  the 
outer  end,  near  the  rim,  it  carries  two 
headless  screws,  which  are  brought  to 
bear  against  the  top  face  of  the  rim  of 
the  quadrant.  It  also  carries  a  stud, 
which  is  used  tor  locating  the  quadrant 
in    the    correct    relation    to    the    cutter. 
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holding  LzTEe  Inter 
r  King 


Fig.    21 


Method    of    holding    Intfrn.i 
External    Helical    Gear    Blank 


lected  BO  that  the  work  makes  two  revo- 
lutions to  one  revolution  of  the  cutter. 
The  cutter  is  made  twice  as  large  as  tin- 
blank  being  cut  and  one-half  revolu- 
tion of  the  cutter  completes  one  cam. 

Method  of  Holdlnir  Herrln(ft)one 
Gear  BlankH 

Flg»,  2'.'.  and  2.'j  Hhow  how  herring- 
bone gear  blanko  are  <!Ul  on  the  gear 
Hhaiier.  The  flrHt  operation,  which  Is 
lllufltrated  in  FIk.  2''.  Is  a  simple  one; 
It  nonslBta  Hiniply  In  locating  the  gear 
blank  on  a  fa/eplate  and  damping  H 
down  by  meanH  of  the  nut  on  the  nrlfor. 
The  work-Miipiiorl  held  on  the  Haddle  Ik 
I  hen  brouKht  to  bear  on  the  top  Inn-  of 
th<'  gear  blank  to  provide  addlllonul  Miip- 
port.     The  helical  cutter  Im  operaterl  on  ^'" 

tbc  pull  Htroke  workInK  Into  the  reccHM. 

For  the  Beconrt  operation,  It  in  noccBitary  to  um<'  ii  loiiillrix 
nxlurc.  A»  Hhown  In  Fig.  25,  thin  cohhIhIh  of  n  Hperliil  finr 
plate  having  a  boMK  faiitened  to  It  In  which  n  locating  pin 
Iti  held.    Thl*  pin  Ib  beveled  to  ni  In  thi-  tooth  Bpncc  Iti  the 
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Simple  Type  of  Floating  Fixture  for 
holding    Cam 


In  order  to  preserve  this  relation,  a  spe- 
(■i:il  faceplate  is  used;  this  has  an  ex- 
tended boss  against  which  this  locating 
.stop  is  brought  to  bear.  The  cutter  is 
operated  on  the  pull  stroke,  and  the 
Ihrust  is  taken  directly  by  the  work- 
support  held  on  the  saddle,  which  rests 
(Ml  the  lop  of  ttic  (luadrant  support. 
A  siiincvvluit  similar  fixture  is  lllus- 
iralfil  at  )t.  Fig.  18.  In  this  case, 
liDwi'vcr.  the  headless  screws  are  dls- 
pcuHcd  with  and  a  damping  screw  binds 
ihc  lop  supporting  plate  to  the  work. 
The  llxlur(>  hIiowii  In  Fig.  21  was  not 
iriailc  ('H|)cdally  I'nr  llic  work  In  hand 
lull  wan  rigged  lip  lo  handle  a  comparu- 
,portlni    Blngl-.tlirow  Hvoly  Hniall   iniMilMT  .11-  pails.    The  worlt 

!«'<  Ih   a    Hlllgli' llii'iw    I  laiilislial'l    on    wlildi 

an  external  gear  Ih  to  he  cut  dose  ui)  to  Ihe  iheek  of  tin-  crank. 
The  fixture  Ih  of  the  lloatlng  type  with  a  hole  through  It  to 
lit  the  Mhaiik  of  the  rniiikBhaft.  A  Hlop  ImatcH  the  gear  teeth 
III  Ihe  eorrerl  ndiitlon  with  Ihe  rraiiUpln.  The  dieeUH  of  the 
rninkKhart  are  prevented  fnnii  .ollapHliig  by  a  nut  and  Hcrow. 
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PLANNING.  ESTIMATING.  DESIGNING,  CHECKING  AND  MANUFACTUBING 

BY   K.   GEORGE  SKT.AKmET?  1 


HORIZONTAL  SECTION 


1 

s      <s; 

M  H  HFTH  hH 


VERTICAL  SECTION 


rig.  1. 

IITTLE  has  been  written  of  the  actual  process  of  making 
metal  furniture.  Though  some  parts  of  the  work,  such 
as  welding,  estimating,  bending  allowances,  designing 
forming  tools,  etc.,  have  been  described  by  various  writers, 
the  real  process  of  development  of  a  piece  of  furniture  has 
not  been  described.  According  to  its  use,  metal  furniture  may 
be  divided  into  ten  classes:  bank  equipment,  library  equip- 
ment; office  equipment,  which  may  be  subdivided  into  the 
American  and  the  European  systems;  ship  furniture;  equipment 
for  the  government,  such  as  post-office  boxes,  shelving  and 
bag  racks,  court-house  equipment,  etc.;  telegraph  and  fire- 
alarm  equipment;  interior  of  railroad  cars  and  automobile 
bodies;  factory  equipment;  household  equipment,  such  as 
chairs,  kitchen  cabinets,  etc. ;  and  miscellaneous  equipment, 
which  includes  articles  often  made  of  wood  or  other  material 
that  can  be  made  at  a  profit  from  sheet  steel.     According  to 


SECTIONS  THROUGH   X-X 
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D 


Fl(.   2. 


of  Similar  Construction,   showing 


Design 

its  process  of  manufacture,  metal  furniture  may  be  divided 
into  two  classes,  bullt-to-order  and  stock  work.  At  first,  only 
built-to-order  furniture  was  made,  but  the  tendency  has  been 
to  produce  stock  work  to  a  greater  and  greater  extent  during 
the  past  eight  years,  so  that  some  firms  are  now  specializing 
in  this  work  and  a  few  are  making  a  specialty  of  certain 
classes  of  furniture,  such  as  office  filing  devices,  desks,  sates, 
etc.  Considering  the  breadth  of  the  field,  it  la  surprising  that 
so  few  engineers  and  draftsmen  have  shown  interest  in  metal- 
furniture  manufacture. 

The  manufacturing  process  consists  of  six  steps:  planning, 
estimating,  engineering,  manufacturing,  shipping  and  erect- 
ing. I'lanning  or  analyzing  the  work  requires  a  thorough 
knowledge  of  construction  i-onil)ined  with  Inventive  ability. 
The  man  doing  this  work  must  know  the  various  shapes  and 

rAdilreMTo;  M.  Kdwirdi'Co.,  gjncuK.  N.  Y. 


bends  and  their  names.  In  all  cases,  he  must  know  the  fin- 
ished product  that  is  to  be  made,  its  purpose,  way  in  which  it 
will  be  used,  construction,  gage  of  the  metal,  quantity  to  be 
manufactured  and  tools  required.  The  method  followed  is 
best  shown  by  an  example,  for  the  same  general  principles 
govern  all  cases.  Suppose  that  it  is  required  to  make  a  box 
or  tray,  as  shown  in  Fig.  1,  8  inches  long,  5  inches  wide  and  3 
inches  high,  which  is  to  be  used  in  a  large  department  store 
for  the  storage  and  display  of  small  articles.  It  is  to 
have  a  division  1  inch  from  the  top  and  2  inches  from  the 
bottom,  so  that  it  may  be  inverted  and  the  deeper  side  used. 
Six  methods  of  making  this  box  are  shown  here,  but  many 
more  could  be  devised.  Fig.  2  shows  vertical  sections  through 
boxes  of  similar  construction;  Fig.  3  is  a  horizontal  section 
through  the  uprights,  showing  bends  and  forms  used  for  this 
purpose;  and  Fig.  4  is  a  vertical  section  through  the  shelves 
or  tops,  showing  bends  and  forms  that  may  be  used.  The  con- 
struction method  will  depend  first  on  the  tool  equipment  of 
the  factory  and  then  on  the  amount  of  material  and  labor  re- 
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Fig.    3.     Horizontal    Cross-sectional    Views    through    Uprighttj 

quired.  After  the  construction  method  is  determined  upon, 
it  is  necessary  to  decide  the  cutting  size  of  the  piece,  or  size 
of  blank  that  will  be  required,  also  what  notching,  bending, 
seaming,  drilling,  filing  and  welding  must  be  done. 

When  the  planning  is  completed  it  is  necessary  to  estimate 
the  labor  and  material  required.  To  the  actual  cost  of  these 
must  be  added  a  certain  percentage  for  overhead  expenses. 
It  makes  considerable  difference  in  the  cost  of  an  article 
whether  it  is  made  in  lots  of  ten,  fifty,  one  hundred,  or  one 
thousand. 

Engineering-  Department 

The  duties  of  the  engineering  department  are  many  and 
varied  on  account  of  the  many  types  of  cases  and  require- 
ments. Standardization  of  construction  has  lately  been  adopted 
by  many  concerns;  but  this  is  a  slow  process  on  account  of 
the  alteration  or  betterment  of  construction  that  is  continu- 
ously being  made  in  order  to  reduce  the  cost  of  production. 
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Fig.    5.     Commonly  used   Forms  of   Construction   in   Sheet   Metal   Furniture    Manufacture 
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A  first-class  drafting  or  engineering  department  should  be 
divided  into  the  following  sections:  submission  drawing,  con- 
tract drawing,  and  stock  drawing.  The  submission  drawing 
consists  generally  of  a  front  and  an  end  elevation,  with  the 
necessary  over-all  dimensions  and  schedule  of  devices,  that  is, 
the  number  of  drawers,  files,  shelves,  roller  shelves,  etc.,  that 
the  article  may  contain.     No  construction  is  shown  nor  are 

sections   made   until 

the  contract  is  re- 
ceived, for  this  would 
increase  the  cost  of 
this  work  and  at  the 
same  time  show  the 
construction  methods 
to  competitors.  This  ' 
section  of  the  engi- 
neering department 
should  be  equipped 
with  cuts  of  mold- 
ings, samples  of  cast- 
ings, marbles  and 
catalogues  of  metal 
flxtures  made  by 
other  manufacturers. 
After  they  have  been 
used,  the  drawings 
should  be  indexed 
and  filed  for  fu- 
ture reference.  All 
mail  intiulries,  pro- 
viding a  drawing  Is 
required,  should  be 
submitted  to  this  de- 
partment. It  Is  quite 
necessary  for  this  de- 
partment to  have  all 
Its  Information  In 
such  shape  and  form 
that  drawings  can  be 
made  up  quickly  and 
accurately. 
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The  contract  drawing  is  a  submission  drawing  on  which 
proper  horizontal  and  vertical  sections  have  been  worked  out, 
full  size,  if  necessary;  this  drawing  should  specify  the  stock 
parts  used  and  give  the  numbers  of  hardware  parts,  etc.  The 
making  of  these  drawings  is  the  most  interesting  of  all  the 
work  in  the  engineering  department.  A  metal-furniture  drafts- 
man should  compile  a  book  of  constructions  and  methods. 
Fig.  5  shows  con- 
structions generally 
used  and  Fig.  7  illus- 
trates the  various 
pipe  connections  and 
how  they  may  be  em- 
ployed. The  electric- 
welding  process  has 
revolutionized  the 
metal  -  furniture  in- 
dustry by  reducing 
the  amount  of  labor 
necessary.  T  h  o  u  - 
sands  of  rivets  were 
used  a  few  years 
ago,  whereas  now 
spot  welding  is  gen- 
erally employed 
wherever  possible. 
The  field  is  open  to 
the  inventor,  and 
many  things  never 
made  of  metal  are 
constantly  being  pro- 
duced. A  study  of 
the  catalogues  of 
BtiH'l-furnlturo  man- 
ufacturers will  give 
a  fair  knowledge  of 
what  is  now  being 
made.  The  stock 
drawing  Is  a  more 
IliilHlind  drawing  and 
glvoH  all  Informal  Ion, 
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showing  all  bent  uprights  in    ITABLB  1 
flat,  lay-out  of  holes,  notches, 
cut-outs,  etc.    In  other  words, 
it     should     comprise     a 
complete     factory     drawing. 

Detailing:  or  Lasting 

After  the  factory  drawing 
has  been  made,  with  all  its 
sections  and  dimensions,  it 
is  transferred  to  the  detailer 
or  the  man  who  makes  out 
the  listing  of  material.  It 
is  strange,  but  there  are  few 
men  who  are  able  to  make  a 
complete  finished  drawing 
and  also  list  the  material 
correctly.  The  only  reason 
for  this  is  that  it  involves 
good  memory,  a  system,  and 
a  knowledge  of  construction ; 
the  lack  of  handbooks  giv- 
ing the  necessary  informa- 
tion makes  the  work  more 

difficult.  The  best  men  in  this  branch  today  are  men  who 
have  worked  up  from  the  ranks;  these  men  are  actually  the 
constructors  and  developers  of  the  present  construction  in 
filing  devices.  Listing  is  very  interesting,  as  it  involves  an 
all-around  knowledge  of  the  trade. 

Until  the  adoption  of  definite  allowances  for  bends,  which 
were  published  in  Machinery  in  1911  and  1915.  each  foreman 
was  the  ruling  power  in  his  department,  and  all  the  young 
engineer  or  draftsman  could  say  was,  "O,  yes;  1  see,"  although 
he  never  did.  As  it  would  greatly  increase  the  expense  if  the 
manufacturer  had  to  have  a  complete  mechanical  drawing 
made  of  each  case,  it  has  been  left  to  the  listers  of  materials, 
who  generally  are  practical  men,  to  check  up  the  construction 
as  to  practicability,  etc.  Convenient  tables  should  be  provided 
to  facilitate  the  work  and  relieve  the  men  of  strain.  Among 
the  tables  and  charts  that  will  be  found  useful  by  listers  are 
the  allowances  for  square  bends,  which  are  given  in  Table  1; 
list  of  stock  parts  used  by  the  manufacturer,  such  as  hinges 
and  hardware  in  general;  chart  showing  the  general  construc- 
tion, bends  and  flanges,  as  given  in  Fig.  5;  chart  of  irregular 
bends  produced  by  specially  made  dies;  cutting  or  blank  allow- 
ances; tables  of  screws  and  rivets;  table  of  standard  gages 
and  weights  of  steel;  table  of  allowances  for  pins,  studs, 
wheels,  etc.;  and  table  of  drills  to  be  used.  Many  draftsmen 
specify  material  made  of  stock  that  is  not  available.  When 
using  the  allowances  for  square  bends  given  in  Table  1,  frac- 
tions like  17/64  and  25/64  should  be  reduced  to  1/4  and  3/8, 
etc.  A  simple  rule  where  absolute  accuracy  is  not  required  is 
to  take  off  1/8  inch  for  single  bends  of  18-,  16-  or  14-gage 
material,  3/16  inch  for  one  or  two  bends  of  13-gage  stock,  and 
1/4  inch  for  one  or  two  bends  of  12-,  11-  or  10-gage  material. 
In  all  other  cases,  the  table  should  be  used. 

Pig.  6  shows  a  factory  drawing.  It  is  necessary  for  the 
lister,  or  the  man  who  makes  out  the  bill  of  material,  to  know 
how  the  lock  is  fastened  on;  whether  the  lock  is  fastened  to 
the  door  direct  or  if  a  lock  block  or  bar  must  be  supplied; 
if  the  hinges  are  made  with  a  straight  or  bent  leaf;  if  the  top 


ALLOWANCE   FOR  SQUARE  BENDS  IN  INCHES   (FRACTIONS 
AND  DECIMAL  EQUIVALENTS) 


In  nslng  the  table  It  would  be  advisable  to  change  fractions  such  as  17/64  to  1/4,  25/&4  to  3/8.  and  so  on. 
For  single  bends  In  18-.  16-  and  14-gage  stock,  the  rule  is  take  oft  1/8  inch;  for  13-gage,  1  or  2  bends,  3/16  inch; 
and  for  1  or  2  bends  in  12-,  II-  and  10-gage,  1/4  inch.  For  more  than  I  or  2  bends  where  work  does  not  have 
to  be  held  to  absolutely  correct  measurement,  the  above  rule  may  be  used,  but  where  correct  measurements  are 
required,   use   the  table. 

plate  is  fastened  on  with  rivets,  screws,  or  by  welding;  the 
cutting  size  of  the  outside  shell  or  jacket,  which  is  0.050 
U.  S.  standard  gage;  and  if  the  case  is  to  be  assembled  before 
finishing.  As  insignificant  as  these  questions  may  seem  to 
be,  they  must  be  answered,  for  the  man  at  the  bench,  or  the 
actual  builder,  must  know  these  factg.  A  correct  way  of  list- 
ing the  material  is  to  follow  a  certain  rule  and  not  jump  from 
one  item  to  another,  which  leads  to  many  omissions.  A  good 
rule  is  to  list  all  vertical  plates  first,  such  as  ends,  inside  ends 
and  inside  upright  fillers;  second,  all  horizontal  plates,  such 
as  tops,  shelves,  drawer  strikes,  bars,  etc.;  third,  stock  parts 
used;  fourth,  all  wrought  material,  such  as  angle  bars,  etc.; 
fifth,  hardware.  Manufacturers  usually  provide  printed  sets 
of  listing  sheets,  each  sheet  in  the  set  containing  only  the  in- 
formation that  is  required  by  the  department  to  which  it 
is  sent. 

The  checking  chart  shown  in  Fig.  8,  which  has  been  de- 
veloped by  the  writer,  will  be  found  handy  by  metal-furniture 
draftsmen.  One  of  the  greatest  troubles  of  the  metal-furniture 
manufacturers  today  is  to  obtain  correct  measurement  and 
field  data  from  inexperienced  salesmen.  Memoranda  charts 
of  the  kind  shown  in  Fig.  9  will  be  useful  for  remedying  this 
trouble.  The  table  of  fractions  given  in  Table  2  will  also 
facilitate  more  accurate  additions,  as  common  fractions  are 
used  almost  entirely  on  factory  drawings.  In  order  to  cut. 
costs  to  a  minimum,  it  is  important  that  all  available  short- 
cuts and  tables  be  used.  Long  rules  and  circular  letters  dis- 
turb the  regular  routine,  and  in  many  instances  actually  pre- 
vent speed.  It  takes  special  training  and  experience  to  be  a 
first-class  lister  and  do  it  right,  as  a  few  "misses"  in  dimen- 
sions and  errors  in  figuring  of  bends  will  co'st  the  manufac- 
turer a  good  deal  of  money.  The  work  is  pleasant  if  a  person 
becomes  acquainted  with  all  the  "in's  and  out's"  in  the  trade. 
Too  many  rules  and  tables  are  confusing  to  some  men;  there- 
fore a  proper  analysis  of  what  is  needed  will  materially  assist 
the  lister  in  getting  out  the  work  required  quickly,  neatly 
and  accurately. 


TABLE   2.    ADDITION  OF  32NDS  AND  16THS 
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FOR  LENGTH  OF  PIPE  TAKE  1 
FROM  CENTER  LINE  FOR>^'piPE. 

FOR  LENGTH  OF  PIPE  TAKE  llg" 
FROM  CENTER  LINE  FOR  ^"piPE. 


Fig. 


Various  Forms  of  Pipe  Connections  and  how  they 


Manufacturmg  Process 
So  many  manufacturing  methods  are  employed  that  it  is 
impossible  to  state  which  is  preferable,  but  the  methods  given 
here  are  those  used  by  the  largest  manufacturers.  The  metal 
used  may  vary  in  thickness,  but  that  from  1/4  inch  to  No.  30 
gage  is  the  most  satisfactory.  The  sheets  vary  also  in  length 
and  width;  the  usual  limit,  however,  is  44  inches  wide  and 
120  inches  long,  but  wider  and  longer  stock  may  be  manufac- 
tured when  desired.  After  the  sheets  are  cut  to  size,  they  pass 
from  the  cutting  department  to  the  rolling,  or  straightening, 
department,  where  they  are  passed  through  the  hammer  block 
or  rolling  machine.  If  this  process  is  omitted,  the  finished 
plates  will  have  a  most  unsatisfactory  appearance.  The  plates 
are  then  passed  to  the  lay-out  department,  where  they  are 
squared  and  measured,  and  the  positions  of  bends,  notches, 


CHECK  FROM   LEFT  TO  RIGHT  IN   ORDER  AS  GIVEN 

JOB  NO.  OR  CONTRACT 

HOW  TO  SHIP 

SET  UP  OR   K.D. 

COLOR  OR  FINISH 

EXTERIOR           INTERIOR 

FINISH      HARDWARE 

BRASS  OH  BRONZE 

NUMBERS 

NAME  PLATES 

TRANSFER 

FRONT  ELEVATION 

TOP 

LINOLEUM 

CORNICE 

PROPERLY  SECTIONIZED 

LABEL  HOLDER 

PULLS,     HANDLES,     RODS 

BASE 

SCHEDULE  OF  DEVICES 

DRAWERS, ETC. 

WIDTH 

HORIZONTAL  SECTION 

CHECK  OVER  ALL 

END      FILLERS 

DETACHABLE 

INTERMEDIATE  SECTION 

SECTION   NUMBERS 

REINFORCEMENT 

BACKS 

SECTION   BACKS 

VERTICAL  SECTION 

TOP     FILLER 

ANY  FASTENING  TO  WALL 

BY  MEANS  OF 

INTERMEDIATE  SECTION 

CHECK  OVER  ALL 

BASE 

SCHEDULE  OF  DEVICES 

REINFORCEMENT 

HEIOHT  AND  DEPTH 

MATERIAL 

BOUOHT  OUTSIDE 

BRASS,  BRONZE.  GRAY  IRON 

MALLEABLE 

DIFFERENT,    ALIKE 

MASTERKEYED 

FLAT      KEY 

PARACENTRIC        KEY 

. 

SPECIAL  SUPPLIES 

STOCK  ORDER 

SHIPPED  IN  ADVANCE 

•"'"■'•''■'■" 

holes,  etc.,  indicated  upon  them.  The  bends  are  marked  with 
chalk  directly  on  the  plate  or  on  a  special  paper  blank  that 
accompanies  the  work  when  it  is  sent  to  the  next  department. 
In  the  press  room  the  plates  are  divided  into  classes,  so  that 
it  will  not  be  necessary  to  change  the  dies  or  machines  too 
often.  After  all  the  necessary  machining  has  been  done,  the 
plates  are  sent  to  the  bench  department,  where  they  are  fitted 
together  according  to  the  factory  drawing.  Here  the  work  is 
assembled  in  the  raw  state  and  then  taken  apart  so  that  the 
pieces  may  go  to  the  finishing  department. 

When  the  work  arrives  in  this  department,  the  steel  is  first 
washed  with  benzine  in  order  to  remove  all  grease  and  oil, 
for  the  enamel  will  peel  off  if  the  steel  is  not  properly  cleaned 
before  being  given  the  desired  enamel  finish.  To  the  writer's 
knowledge,  no  special  cleaning  apparatus  has  yet  been  de- 
signed, but  it  will  probably  be  worked  out  eventually.  After 
the  plates  are  cleaned  and  dried,  they  receive  the  first  coat 
of  enamel,  either  by  dipping  them  into  troughs  or  by  spraying. 
They  are  then  placed  in  the  baking  oven,  where  they  are 
heated  to  from  150  to  300  degrees  F.,  the  various  colors  re- 
quiring different  temperatures.  Several  coats  of  enamel  may 
be  given,  but  the  plates  must  be  baked  after  each  coat.    Solid 
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OVER  BASE   BOARD 

GIVE  ALL  MEASUREMENTS   AS  INDICATED. 

ARE  WALLS  BRICK,  TILE,  CONCRETE,   MARBLE? 

ANY  OBSTRUCTIONS   SUCH   AS     ELECTRIC  SWITCHES,   STAND   PIPES, 

BEAMS,  TIE-RODS.   RADIATOR,  STEAM   PIPE,    AIR   DUCTS? 

ARE  WALLS   PLUMB?  FLOOR   LEVEL? 

GIVE   DOOR  OPENING-CLEAR  WIDTH   AND  HEIGHT 

HOW  IS  ACCESS  TO    VAULT  OR   ROOM-STAIRWAY  OR    ELEVATOR? 

GIVE   ELEVATOR    DOOR  OPENING  AND  INSIDE  SPACE  OF  CAR 

STOP  AND  THINK.         CAN  WORK   BE   TAKEN   INTO    SPACE  AND 
ERECTED  CONVENIENTLY?  „„., 


Fig.  9.     Memoranda  for  Guida 


and  Sales: 


vhen  taking 


ri(.  a.     Charklfif  Chart  fJnTnlotxid  to  farllltato  Work   and  ..llrnlnat"   Trron 


colors  of  various  kinds  are  generally  used,  two  coats  being  the 
maximum.  When  baked,  the  plates  are  water-  or  oil-rubbed, 
either  by  hand  or  by  machine,  and  are  then  filled,  sprayed 
and  again  baked.  All  imitations  of  wood  are  generally  made 
by  hand,  although  transfers  are  used.  Steel  plates  have  been 
finished  in  Circassian  walnut  that  have  looked  so  natural  that 
an  expert  would  have  dilllculty  in  telling  that  they  were  imi- 
tations. 'Oak  and  Indiana  walnut  are  difficult  to  imitate.  After 
the  work  is  entirely  finished  by  the  Japanning  department,  It 
Is  delivered  to  the  general  assembling  department  for  re- 
aHHombllng,  If  necessary;  lock.s,  hardware,  etc.,  are  then  put 
In  place,  after  which  the  work  ia  chocked  up  with  the  blue- 
l>riiii  and  prepared  for  shipment. 
*  •  • 
l-earnlng  a  trade  Is  a  good  education  for  any  young  man. 
Luaniing  lo  do  IhingH  with  the  hands  trains  tho  brain,  and 
even  though  ii  man  may  not  Intend  to  follow  a  trade  as  n 
niuuiiH  of  livelihood  all  his  life,  tho  fact  that  he  poHHenHOH 
knowledge  of  a  trade  will  give  lilm  confidence  and  pracllcnl 
kiinwIcdKO  Invaluable  In  any  position  In  life. 
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PRESENT    DEMAND    AND    STANDARDIZED 
PRODUCTION 

A  small  manufacturer  of  lathes,  shortly  after  the  beginning 
of  the  war,  decided  that  the  demand  for  his  product  was  such 
that  he  could  sell  all  he  could  make  of  one  size  and  style.  He 
had  been  connected  with  the  automobile  industry  and  had 
learned  its  lesson  of  specialization.  So  he  built  1200  lathes, 
all  three-step  cone,  double  back-geared,  of  not  only  the  same 
swing,  but  also  the  same  length.  The  length  of  bed  was  such 
as  to  load  his  planers  most  economically,  and  the  other  details 
were  figured  out  in  the  same  way.  At  the  same  time,  he  se- 
cured another  shop  and  started  building  800  lathes,  slightly 
larger,  identical  throughout.  Regardless  of  the  nature  of 
the  request,  he  quoted  on  these  two  sizes  of  lathes  and  refused 
to  change  anything  from  the  length  to  the  smallest  item  of 
equipment.  It  took  nerve,  but  it  worked.  His  production 
jumped  without  an  effort  over  25  per  cent,  and  the  quality  of 
the  product  was  uniformly  better. 

There  is,  in  this  manufacturer's  success,  a  lesson  that  is  of 
especial  importance  just  now  when  it  is  only  a  question  of 
meeting  the  demand.  It  may  not  be  that  every  plant  can 
afford  to  cut  down  its  line  to  one  product.  It  may  be  neces- 
sary for  a  plant  to  hold  its  prestige  in  different  lines,  pending 
the  return  of  normal  conditions,  and  its  equipment  may  not 
be  adapted  for  so  limited  a  product;  but  it  will  pay  every 
manufacturer  to  study  the  lines  he  is  producing  and  find  which 
he  can  manufacture  most  profitably.  He  should  see  if  there 
is  enough  business  in  those  lines  to  keep  his  plant  busy  under 
normal  conditions  and  concentrate  on  them  now,  when  the 
demand  will  keep  him  busy.  Then  he  can  plan  his  marketing 
and  improvements  in  his  product,  and  study  its  manufacture 
and  standardization,  so  that  when  business  is  again  normal 
he  will  be  able  to  secure  enough  of  the  line  in  which  he  spe- 
cialized to  keep  his  factory  humming.  Such  a  concentration 
will  result  in  a  simplifying  of  the  machines  and  interior  ar- 
rangement of  his  factory,  with  a  corresponding  reduction  in 
the  work  of  planning,  routing  and  cost  keeping.  The  greater 
efficiency  that  is  bound  to  follow  will  do  much  to  enable  the 
manufacturer  to  maintain  his  production  against  the  decreas- 
ing man  supply. 

Cincinnati,  Ohio  D.  M.  Perrili, 


OIL-GROOVE   RECESSING   TOOL 

A  short  time  ago  an  interesting  problem  arose  that  caused 
us  considerable  trouble.  A  certain  oil-groove  in  a  large  cast- 
ing that  had  previously  been  cored  was  to  be  finished  as  shown 
in  Fig.  2.  Owing  to  the  small  size  of  the  bore,  I'i  inch,  it 
was  difficult  to  design  a  tool  that  would  have  sufficient 
strength  and  rigidity;  and  as  this  particular  grooving  opera- 
tion was  to  be  repeated  at  least  200  times  every  eight  hours,  a 
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strong,  durable  tool  was  ab- 
solutely necessary.  After 
some  discussion,  the  design 
shown  in  Fig.  1  was  de- 
cided upon.  The  tool-holder 
A  is  turned  up  with  a  semi- 
spherical  tongued  end,  which 
rocks  in  a  slot  cut  in  the 
end  of  shank  B.  This  tongue 
acts  as  a  driver.  A  re-  ^'^-  ^-  0"-^°"«  »»  "^  machined 
taining  collar,  locked  in  place  by  means  of  a  lock-nut  and 
peened  over  at  C,  holds  tool-holder  A  in  place.  The  hard- 
ened steel  bushing  D  is  turned  up  on  one  end  to  fit  into 
the  bore  of  the  work  and  a  depression  machined  in  the 
other  end  allows  part  A  to  rock  in  it.  With  the  bushing 
in  place  and  the  center  line  of  the  shank  in  line  with  the 
center  line  of  the  bore,  the  tool  is  fed  to  the  left  as  it 
revolves  until  surface  Y  coincides  with  surface  Z.  The  tool 
bit  will  then  have  risen  to  the  position  shown  by  the  dotted 
lines.  Parts  A  and  D  are  made  of  hardened  tool  steel,  while 
collar  G  and  shank  B  are  of  machine  steel  and  casehardened 
The  cutter  was  made  adjustable  for  the  various  depths  of  the 
different  grooves,  as  well  as  to  allow  for  grinding.  Of  course, 
distance  A'  must  be  less  than  the  bore  of  the  work  to  permit 
the  entrance  of  the  tool.  This  tool  has  been  in  use  for  over 
three  months,  and,  considering  its  rough  usage  and  large 
output,  it  accomplishes  its  purpose  remarkably  well. 

Chicago,  111.  H.  A.  Peters 

REMOVING  IRON  PLATE  RUST 
A  cheap  and  effective  method  of  removing  rust  from  cor- 
roded and  pitted  iron  plates  has  recently  been  evolved  as  a 
result  of  experiments.  It  consists  in  applying  to  the  surface 
of  the  iron  a  mixture  of  two  parts  of  finely  crushed  sodium 
bisulphate  (sodium  acid  sulphate,  Na^-SO,,  H^SOj,  SHjO)  and 
one  part  of  common  salt,  which  is  moistened  just  enough  to 
make  it  cohesive.  The  moist  mixture  can  be  left  on  until 
the  plate  is  clean,  but  the  action  is  more  rapid  if  the  mixture 
is  scraped  off  every  two  or  three  hours  and  the  iron  scrubbed 
thoroughly  with  a  wire  brush  and  water;  the  treatment  is 
repeated  until  the  plate  is  clean.  Usually  twenty-four  hours 
is  sufficient  for  a  badly  corroded  plate.  When  the  plate  is 
thoroughly  clean  it  is  well  washed  with  an  alkaline  solution, 
and  dried  quickly.  A  coating  of  paraffin  oil  (kerosene)  is 
at  once  applied  to  protect  the  surface  against  oxidation.  The 
metal  is  then  ready  for  the  paint  or  other  protective  covering. 
This  method  has  been  found  to  be  more  effective  than  hammer- 
ing, chiseling,  the  use  of  wire  brushes,  or  even  a  sandblast. 
Liverpool,  England  Mark  MEREnixH 


Tool   for   flnlihinir   Ollgroovo    in   Caiting 


HANDY  GAGE  FOR  SETTING  UP  THREAD- 
ING  TOOLS 

The  simple  tool  shown  in  the  accompanying  illustration  has 
proved  useful  for  setting  up  threading  cutters  in  the  lathe  tool- 
post,  when  an  accurate  thread  is  required  to  be  cut  on  a 
single  piece.  It  consists  of  a  piece  of  machine  steel,  about 
four  inches  long  and  one  inch  in  diameter,  that  has  been 
centered  true  at  both  ends  and  contains  a  groove  with  an  in- 
cluded angle  of  60  degrees  turned  about  its  periphery.  Four 
lines  AB  are  laid  out  longitudinally  along  the  gage,  90  de- 
grees apart.  Hence,  when  one  line  is  in  alignment  with  a  line 
on  the  top  of  the  dead  center  of  the  lathe,  the  next  line  gives 
the  proper  lieight  of  the  thread-cutting  tool.  The  centers  in 
each  end  of  the  gage  are  sunk  deep  into  it  at  an  angle  of  60 
degrees,   so   that    it   will   revolve   freely   on   the   lathe   centers. 

The  method  of  using  this  gage  will  be  readily  seen.  The 
threading  tool  is  put  into  the  toolpost  of  the  lathe,  but  Is  not 
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Handy   Gage   for  setting   Threading   Tools 

clamped  tight;  then  as  the  cross-feed  is  gently  fed  into  the 
setting-up  block,  the  threading  tool  takes  its  proper  position. 
The  threading  tool  is  then  tightened,  the  setting-up  block  taken 
out  of  the  lathe,  and  the  work  to  be  threaded  is  put  into  its 
place.  This  tool  is  most  useful  when  various  sizes  of  V-threads 
have  to  be  cut. 
New  Haven,  Conn.  Eric  Lee 


CORRECTION    OF   CHASERS 

In  almost  every  lot  of  chasers  received  there  are  three  or 
four  sets  that  do  not  line  up  properly,  with  results  that  any- 
body familiar  with  machine  work  knows.  The  writer  does  not 
know  the  precise  cause  of  this,  but  the  method  used  to  cor- 
rect the  fault  may  be  of  interest  to  those  who  have  similar 
difficulties.  The  head  in  which  these  chasers  are  used  is  of 
the  self-opening  style  and  the  chasers  are  easily  slipped  into 
position  and  held  in  place  by  a  collar.  The  style  of  head  in 
which  the  chasers  are  used,  however,  is  not  very  important, 
as  the  correction  is  equally  positive  for  heads  in  which  the 
chasers  are  held  In  place  by  screws.  The  method  of  correction 
is  simply  to  grind  the  back  end  face  of  the  chaser  the  neces- 
sary amount  to  bring  the  cutting  points  in  the  proper  posi- 
tion in  the  set. 

The  grinding  fixture  consists  essentially  of  a  piece  of  steel 
properly  threaded,  out  of  which  sections  have  been  cut.  The 
chasers  are  arranged  in  the  order  in  which  they  go  in  the 
die-bead  with  the  cutting  points  engaged  with  the  threads  in 


i  ixture   for   grinding   ChajQft   to   Proper   Alignment 

the  center  piece.  They  are  held  in  place  by  I^rshaped  brackets 
having  8et-8crew8  at  the  ends.  The  brackets  are  held  in  place 
on  the  threaded  piece  by  screws.  With  the  brackets  in  place, 
and  the  set-screws  adjusted,  a  half  turn  of  the  wrench  will 
FAlcase  any  chaser  or  hold  It  firmly  In  position  for  grinding, 
which  Is  done  on  the  rear  end  surface  or  the  end  that  slips 
back  Into  the  dle-hcad.  A  sweep  or  two  across  the  grinder 
and  the  slight  correction  necessary  Is  made.  As  the  work 
can  be  done  very  rapidly,  it  has  saved  the  time  of  returning 
chasers  to  the  factory  and  waiting  for  them  to  come  back 
again.  With  the  self-opening  typo  of  head,  if  the  chasers  are 
not  slipped  hack  to  the  limit  when  placed  In  the  head,  they 
will  be  driven  Into  position  when  the  work  Is  advanced  against 
them,  and  will  be  In  perfect  alignment,  as  the  grinding  Is 
done  at  the  rear  end  of  the  piece. 

Boston,  Mass.  John  A.  Siiand 


WEAR  OF  MICROMETER  SCREW  AND  NUT 

The  method  of  compensating  for  wear  of  screw  and  nut  in 
a  well-known  micrometer  introduces  an  interesting  little 
wrinkle.  To  the  writer,  it  is  especially  interesting  because 
of  the  considerable  number  of  persons,  including  himself, 
who  overlooked  it.  The  nut  E  is  fixed  in  the  hub  H,  its  posi- 
tioil  and  inside  diameter  remaining  the  same,  and  the  tension, 
or  feel,  is  obtained  by  advancing  or  withdrawing  an  auxiliary 
nut  F.  A  lock-nut  L  holds  the  auxiliary  nut  F  in  position 
after  the  tension  is  adjusted.  Moving  the  auxiliary  nut  F, 
either  toward  or  away  from  nut  E  produces  friction  between 
the  nut  and  screw  M.  Moving  F  away  from  E  produces  the  con- 
ditions shown  in  Fig.  1;  moving  F  toward  E  produces  the  con- 
ditions shown  in  Fig.  2.  The  difference  is  that,  as  adjusted 
in  Fig.  1,  the  threads  in  nut  E  wear  on  the  left-hand  side  and 


Means  of  compensating  for  Wear  of  Micrometer  Screw  and  Nut 

are  free  on  the  right-hand  side;  while  the  reverse  condition 
exists  when  adjustment  is  made  by  moving  F  awayffrom  E, 
as  shown  in  Fig.  2.  When  F  is  locked  in  position,  E  and  F 
constitute  one  nut  with  provision  for  altering  the  lead  at  S. 
It  thus  produces  friction  on  the  outside  sides  0  of  the  thread 
or  on  the  inside  sides  /,  according  to  the  relative  lead  of  the 
threads  T  and  M  and  the  direction  in  which  the  auxiliary  nut 
F  is  moved. 

The  point  that  seems  to  be  easily  overlooked  is  that  if 
thread  T  is  the  same  lead  and  hand  as  the  micrometer-screw  if , 
screwing  F  toward  or  from  the  hub  H  will  make  no  difference 
in  the  tension.  Tension  is  obtained  by  the  lead  of  the  thread 
T  being  different  from  the  screw  M.  Suppose  that  the  lead 
of  the  thread  T  is  1/50  or  0.020  inch.  As  the  lead  of  the  screw 
thread  M  is  1/40  or  0.025  inch,  a  whole  turn  of  the  auxiliary 
nut  F  will  vary  the  lead  of  nut  EF  0.005  inch  at  S.  If  T  were 
the  same  hand  and  faster  than  M,  screwing  F  into  hub 
//  would  produce  the  effect  shown  in  Fig.  2;  screwing  it  out, 
or  away  from  E,  would  produce  the  effect  shown  in  Fig.  1. 

Wilkinsburg,  Pa.  William  S.  Rowell 


SELF-CENTERING  MARKING  PUNCH 
In  connection  with  Die  erection  of  some  tank  work,  it  was 
necessary  to  drill  a  groat  many  %-inch  holes  according  to 
templets  or  duplicate  pieces.  In  arranging  this  work,  it  was 
therefore  customary  to  scribe  the  hole  first  from  the  templet 
onto  the  plate  to  bo  drilled  and  then  approximate  the  center 
of  the  scribed  clrcio  and  contor-punch  a  hole  to  receive  the 
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tip  of  the  drill.  After  the  drill  was  started,  It  was  often 
found  necessary  to  shift  the  center  because  of  incorrect  loca- 
tion of  the  first  punch  hole.  To  simplify  this  operation  and 
to  eliminate  the  possibility  of  the  punch  hole  being  off  center, 
the  writer  made  the  simple  punch  here  shown.  The  tool  is 
made  of  34-inch  steel  and  is  machined  to  fit  inside  the  %-inch 
drilled  hole  on  the  templet.  The  lower  end  is  arranged  with 
four  wings  to  hold  the  tool  in  the  center  and  a  piece  of  hard- 
ened steel  is  put  exactly  in  the  center  of  the  bottom  to  act  as 
the  punch;  this  part  is  removable  for  sharpening  and  replace- 
ment. The  templet  is  placed  over  the  casting  and  the  center- 
punch  is  inserted  into  the  templet  hole  and  struck  with  a 
hammer,  the  center-hole  impression  being  made  without  any 
further  work.  This  method  has  cut  down  the  time  for  laying 
out  the  holes  by  more  than  one-half  and  has  also  saved  con- 
siderable time  because  the  center  is  accurately  marked. 

The  tool  is  fluted  because,  in  some  cases,  the  holes  in  which 
it  is  placed  are  not  perfectly  round  or  some  rust  or  a  chip 
may  have  lodged  in  them,  so  that  the  center-punch  will  not 
enter  the  hole  quickly.  Therefore,  by  making  four  points  of 
contact  instead  of  a  continuous  contact,  the  chances  for  stick- 
ing or  binding  are  reduced,  for  if  a  chip  end  should  project 
at  any  point  the  flute  will  readily  pass  over  it. 

Philadelphia,  Pa.  W.  A.  Lailer 


TUBE   BENDER 

The  bending  of  tubes  is  always  a  more  or  less  difficult 
matter,  and  the  difficulty  increases  with  the  thinness  of  the 
walls  of  the  tube  and  the  shortness  of  the  radius  of  the  bend. 
Heavy  gage  tubes  are  comparatively  easy  to  bend  to  a  large 
radius  without  an  excessive  amount  of  flattening,  but  with  a 
short-radius,  thin-walled  tube,  it  is  quite  a  tedious  piece  of 
work  to  make  a  good-looking  bend.  The  writer  designed  the 
tube  bender  shown  in  the  accompanying  illustration  for  a 
■ys-inch  tube  about  0.010  inch  thick,  of  the  shape  shown  at  A. 
The  fixture  illustrated  at  B  consists  of  a  cast-iron  body  o 
grooved  to  the  proper  radius  for  the  bend  required,  of  suitable 
dimensions  to  allow  the  tube  to  pass  freely  through  the 
groove,  and  terminating  in  a  straight  portion.  The  runner  b 
is  of  machine  steel  grooved  to  comply  with  the  form  of  the 
groove  of  body  a.  The  gripping  jaw  c  is  also  grooved,  and  in 
practice  is  clamped  to  the  end  of  the  tube  by  means  of  the 
eccentric  d.  The  device  can  be  fastened  to  the  work-bench  or 
clamped  in  the  vise.  The  operation  is  simple  and  efficient,  and 
has  never  failed  to  work. 

Brooklyn,  N.  Y.  Ernest  Schwartz 


DEPTH  GAGE  FOR  BORING  ON  LATHES 

The  accompanying  illustration  shows  a  device  that  the 
writer  made  for  determining  when  the  desired  depth  has  been 
reached  when  boring  on  a  lathe;  this  gage  may  also  be  used 
for  many  similar  purposes.  At  A  is  shown  the  end  of  the  lathe 
carriage;  B  is  the  front  V-bearing;  C  and  D  are  parts  of  the 
gage,  part  C  being  fastened  by  a  round-headed  screw  to  the 
end  of  the  lathe  carriage,  while  part  D  is  movable  and  held 
in  place  by  its  own  weight.  Line  F  on  part  C  should  corre- 
spond with  the  even  inches  on  scale  E  when  block  D  is  against 
the  end  of  the  lathe  carriage.  To  explain  the  use  of  this  gage, 
suppose  you  have  to  bore  a  hole  %  inch  deep.  Set  the  boring 
tool  against  the  face  of  the  work  and  slide  the  gage  up  against 
the  end  of  the  lathe  carriage.  The  boring  operation  is  then 
started,  and  when  line  F  comes  under  the  %-inch  graduation 
on  scale  E,  it  indicates  that  the  desired  depth  has  been  bored, 
and  the  feed  is  then  disengaged.  S.  C. 


EFFICIENT  KNURLING 
Good  knurling  produces  an  excellent  effect  on  the  handles 
of  plug  gages  and  certain  jig  parts.  Kerosene  used  freely  will 
keep  the  tool  and  the  work  cool,  and  will  also  wash  away  all 
loose  particles,  which  often  cause  inferior  work.  For  plug- 
gage  handles  and  other  long  knurled  work,  it  is  important  that 
the  tool  be  carefully  set  by  testing  it  against  the  work  before 
the  feed  is  engaged.  The  spiral  thread  sometimes  seen  on  long 
knurled  work  is  caused  by  one  knurl  making  a  deeper  im- 
pression than  the  other,  the  latter  scratching  against  the  top 
of  the  spiral  thus  cut;  and  is  due  to  the  failure  to  set  the 
tool  properly.  It  is  the  experience  of  the  writer  that  two  cuts 
are  sufficient;  that  is,  the  knurl  should  be  set  full  depth  and  a 
return  cut  taken  without  increasing  the  pressure.  In  cases 
where  the  knurl  is  a  loose  fit  on  the  pin,  the  feed  forces  It  to 
one  side,  causing  it  to  cut  only  on  the  corner;  this  condition 
may  be  overcome  temporarily  by  setting  the  tool  to  the  side, 
and  not  taking  any  return  cut.  Passing  over  the  work  several 
times  is  unnecessary  and  only  increases  the  possibility  of  chips 
and  dirt  getting  in  and  producing  a  bad  appearance. 

Hartford,  Conn.  E.  J.  HiGoms 


Till...   B-ad-T  nilnpto.l   for  lianilllnit  Thin   Tubln» 


METHOD  OF  LETTERING  TRACINGS 
It  is  a  matter  of  common  knowledge  thai  many  tracers  and 
draftsmen  who  are  otherwise  capable  of  producing  satisfac- 
tory work  are  unable  to  make  good-looking  letters  and  figures. 
That  this  is  the  case  will  ho  apparent  to  anyone  who  has  to 
look  over  a  lot  of  blueprints  produced  in  different  drafting- 
rooms.  It  frequently  happens  that  tracings  that  would  other- 
wise present  a  pleasing  appearance  have  letters  and  dimension 
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Sj 


GUIDE  LINES 
TH  SOFT 
LEAD  PENCIL 


numbers  which  are  poorly  made. 
To  overcome  this  difficulty  and 
also  to  save  time  in  lettering,  I 
have  adopted  the  practice  of 
using  black  paper  letters  and  fig- 
ures, which  are  gummed  on  one 
side  so  that  they  may  be  stuck 
to  the  tracing.  Guide  lines  are 
drawn  on  the  tracing  so  the 
lettering  will  be  in  proper  align- 
ment. This  method  will  be  ap- 
preciated by  all  draftsmen  and 
engineers,  as  it  produces  a'  neat,  workmanlike  looking  result 
and  can  be  finished  in  a  few  minutes.  These  letters  and  figures 
can  be  purchased  in  any  size,  and  are  gummed  on  one  side 
for  attachment  to  the  tracing  after  they  have  been  moistened. 
Flint,  Mich.  C.  C.  Spreen 


Mnrhiiiery 


Method    of   lettering   Tracings 
by  applying  Black  Paper  Let- 
ters with  Gummed  Backs 


MAKING   CHASERS   IN   THE    LATHE 

As  the  writer  has  made  thread  chasers  at  different  times,  he 
is  always  interested  when  he  sees  anyone  making  them,  but 
he  has  never  seen  any  method  that  excels  the  one  he  learned 
when  an  apprentice.  A  tap,  preferably  a  large  one,  of  the 
pitch  the  chaser  is  to  be,  is  mounted  between  the  centers  of 
an  engine  lathe  and  the  chaser  blank  is  placed  in  the  tool- 
post.  The  chaser  is  then  fed  in  and  the  carriage  feed-nut 
engaged  the  same  as  when  chasing  a  thread.  By  this  method, 
the  chaser  Is  finished  in  a  short  time  as  compared  with  the 
shaper  methods  the  writer  has  seen  tried.  It  is  to  be  admitted 
that  the  circular  chasers  are  better,  but  they  cost  more  to 
make  than  some  jobs  warrant. 

Cleveland,  Ohio  L.  J.  Orr 


ATTACHMENT  FOR  GRINDING  TEETH  OF 
END-MILLS 
The  accompanying  illustration  shows  an  attachment  for 
grinding  the  peripheral  teeth  of  end-mills,  so  that  they  will  be 
parallel  with  the  axis  and  will  run  absolutely  true  when  in 
use.  The  steel  sleeve  S  has  a  knurled  collar  and  is  bored  at  B, 
preferably  of  the  same  bore  as  the  milling  machine  arbor,  to 


Attachment   for   grinding   Tocth   of   End-milli 

receive  the  cutter  Hocketg.  Tbia  sleeve  also  has  two  ad- 
JUHtablc  collars  C,  that  regulate  the  travel  to  correspond  with 
the  length  of  the  '-utter  M  to  be  ground.  The  casting  //  may  bo 
the  regular  headstock  furnished  with  some  grinders,  carrying 
a  sliding  sleeve,  which,  in  turn,  carries  a  driving  arbor,  but 
If  the  grinder  Is  not  furnished  with  this  design  of  headstock, 
or  If  the  bore  D  Is  not  large  enough  to  receive  the  sleeve  .s', 
a  casting  must  be  made  that  will  answer  the  reiiulremcntH. 
KIther  spiral  or  straight  flute  mills  may  bo  ground  with  an 
c'lual  degree  of  accura<"y. 

Another  advantage  of  this  attachment  Is  that  the  slop- 
finger  raay  bo  secured  to  the  table  and  the  proper  rlcariincn 
obtained  by  simply  raising  or  lowering  the  table,  eliminating 


the  necessity  of  fastening  the  finger  to  the  wheel-head,  which 
disturbs  the  finger  setting  when  the  table  is  raised  or  lowered. 
The  finger  should  be  somewhat  wider  than  the  wheel  and 
should  be  set  in  line  with  the  wheel  face.  By  gripping  the 
knurled  collar  K  lightly  with  the  fingers,  the  sleeve  is  easily 
fed  through  its  travel. 

Bremerton,  Wash.  Stanley  Edwakb.s 


INDISPENSABILITY 

The  indispensable  employe  should  be  discharged  ae  a  danger 
to  the  employer.  Further,  he  stands  in  his  own  light,  as 
"indispensability"  is  in  the  way  not  merely  of  an  occasional 
extra  holiday  but  also  of  promotion,  for  someone  must  be 
brought  in  from  outside  to  fill  a  higher  position. 

New  York  City  Robert  Grimshaw 


DRAWING   TITLE 

In  the  accompanying  illustration  is  shown  the  standard  title 
used  on  drawings  of  one  large  shop;  these  titles  are  printed  on 
blank  sheets  of  tracing  cloth,  ready  for  the  draftsmen.     All 


neviseo 

AMERICAN  STEEL  FOUNDRIES 

^  ■ 

THUHLOW  WORKS-CHESTER.  PA. 

SPACE  FOR  TITLE 

1 
1 

^ 

* 

SCALE 

« 

1 

DATF. 

RECOMMENDED 

APPROVED 

Works  Engineer 

AUTHORIZED 

Works  Manager 

Complete  Title  for  a  Drawing 

the  drawings  are  25i^  by  22  inches,  or  11  by  17  inches,  both  of 
which  are  multiples  of  the  standard  letter  size  paper,  namely, 
8%  by  11  inches,  and  are  folded  to  the  letter  size  when  being 
mailed.  A  "T"  is  placed  in  the  lower  right-hand  corner  of 
the  title  and  in  the  lower  left-hand  corner  of  the  tracing; 
this  stands  for  Thurlow  (Thurlow  Works).  The  drawing 
number  is  placed  next  to  this  letter,  so  that  when  finished  it 
will  read  T-1524,  etc. 

Chester,  Pa.  George  W.  Childs 


GRINDING-ROOM   KINK 

If  fine  cotton  is  wound  on  the  spindle  of  an  outside  microm- 
eter caliper  in  the  small  space  between  the  short  nut  and  the 
frame,  the  thimble  rubbing  against  this  cotton  will  unfailingly 
wipe  away  any  particles  of  emery  and  prevent  their  getting 
near  the  thread  of  the  spindle. 

Hartford,  Conn.  E.  J.  Higgins 


NUMBERS   FOR   MACHINES 

Sign  plates  siiiiihir  to  that  liiMC  shown  have  been  found 
very  satisfactory.  They  are  made  by  punching  the  numbers 
out  of  iron  or  steel  plates  and  then  painting  the  plates  yellow, 
red,  or  some  other  bright  color.  As  these  plates  are  suspended 
from  the  ceiling  no  time  Is  lost  looking  for  numbers  that  have 
been  covered  or  mis- 
placed by  the  men. 

A  number  i)lalo  Is 
hung  above  oiicli  plinc 
at  which  a  iiiaii  i.s 
working.  Tlii'ii  when 
lh('  forciiuiii  iiiKlruclH 
Ills  IrucUcr  Id  transfer 
matcrliil  from  nuinlicr 
2.'i  to  number  1 10.  or  If 
ho    asks    the    millwright  Number    tlial    may    bo    liung    ovor    Ha- 

olilnol,  Bon(?hnii,   nnu  Aasombly 

to  fix  machine  number  standi 
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50,  the  men  can  find  these  places  without  asking.  Punching 
the  figures  out  of  sheet  iron  saves  the  expense  of  repainting 
the  plate  and  the  numbers  at  short  intervals;  the  oil.  dust, 
smoke,  grease,  etc.,  soon  make  painted  figures  unreadable. 
With  perforated  figures,  however,  it  is  only  necessary  to  re- 
paint the  body  of  the  plate,  as  the  numbers  always  remain 
the  same. 
Flint,  Mich.  C.  C.  Spreen 


TAPER   GAGES 

In  Fig.  1  is  shown  a  quick  method  of  testing  the  size  and 
taper  of  pieces;  P  are  the  parallels  of  the  taper  gage  and  G 
is  the  gage  to  be  tested.  It  is  first  necessary  to  find  the  size 
of  a  disk  that  will  touch  the  end  of  the  plug  and  parallels 
of  the  taper  gage.  The  angle  of  the  taper  with  the  center 
line  must  be  found  to  get  the  sizes  of  the  disks  for  setting 
the  taper  gage;  it  can  be  taken  from  a  table  of  tapers  or  can 
easily  be  calculated,  knowing  the  tangent. 

The  angle  ABC  is  equal  to  90  degrees  less  the  angle  of  the 
taper  with  the  center  line.     AB  is  equal  to  BC,  for  the  tang- 


Fig.   1,     Gage  for  quickly  testing  Size   and  Taper  of  P 

ents  to  a  circle  drawn  from  an  external  point  B  are  equal,  and 
a  line  BO  drawn  from  B  to  the  center  bisects  the  angle  ABC. 
making  the  angles  OBA  and  OBC  equal.  BG  is  equal  to  one- 
half  BD,  which  is  the  given  dimension  of  the  small  end  of  the 
plug  gage.  OC  is  equal  to  BC  times  the  tangent  of  the 
angle  OBC,  and  twice  OC  is  equal  to  the  diameter  of  the  disk. 
In  Fig.  2  is  shown  a  method  of  testing  the  depth  of  thread 
in  a  tapered  thread  piece.  By  this  method  the  amount  that 
a  wire  in  a  taper  thread  will  increase  the  size  of  the  small 
end  of  the  piece  is  found.  From  the  center  of  one  thread  to  the 
center  of  the  next  on  the  taper  is  equal  to  the  linear  pitch 
divided  by  the  cosine  of  the  angle  with  the  center  line. 
Angle  EDF  is  equal  to  the  thread  angle;  angle  EFD  is  equal  to 
the  thread  angle  less  the  angle  with  the  center  line;  and  the 
angle  FED  is  equal  to  the  thread  angle  plus  the  angle  with 
the  center  line.  The  width  of  the  flat  must  be  taken  from 
the  center  to  center  distance  of  the  thread,  which  equals,  in 
usual  practice,  one-twenty-fifth  of  the  pitch,  and  gives  the 
distance  EF.  Find  one  side  ED  of  the  thread  from  the  pro- 
portion ED-.EF  ^  sin  EFD  .sin  EDF;  and  find  the  depth  AD 
of  the  thread  from  AD  .ED  =  sin  AED -.sin  EAD.  Angle 
EAD  is  equal  to  90  degrees  less  the  angle  with  the  center  line. 
The  diameter  of  the  wire  corresponds  with  straight  threads, 
except  in  large  center  angles.  From  the  center  of  wire  0  to 
apex  7)  of  the  thread  is  equal  to  the  diameter  of  the  wire  for  a 
60-degree  thread.  Angle  COB  equals  the  angle  with  the  center 

line.  OB  equals  OC, 
the  radius  of  the  wire, 
divided  by  the  cosine  of 
the  angle  COB.  O.l  is 
equal  to  AD  less  OD 
and  JB  is  equal  to  OH 
less  0.1.  Twice  AB 
added  to  the  small  end 
of  the  plug  Is  the  diam- 
eter of  the  small  end 
of  the  plug. 

RonERT  W.  SMiTir 
Indianapolis,  Ind. 


End   Irons   for   piling   Bar   Stock 

U-STAKES  FOR   PILING  BAR   STOCK 

With  regard  to  the  use  of  U-stakes  for  piling  bar  stock,  as 
explained  in  the  August  number  of  Machinery,  the  writer 
would  say  that  he  has  found  the  method  unsatisfactory  for 
round  bars.  The  U-stakes  spread  out  before  the  space  be- 
tween them  is  filled,  and,  of  course,  two  or  more  stakes  can- 
not be  piled  on  top  of  one  another.  The  end  irons  shown  in 
the  accompanying  illustration  may  be  used  with  success,  how- 
ever. These  irons  are  made  from  any  scrap  that  may  be 
at  hand. 

Cleveland.  Ohio  l   J.  Ork 


USE   FOR   DISCARDED   TRACINGS 
Old  and  discarded  tracings  on  cloth  are  of  no  value  to  any- 
one, but  they  would  make  good  bandages  and  handkerchiefs 
for  the   soldiers.     In   every   drawing-room   there   are   a   great 
many   such   tracings   that   will   never   be   of   any   use.     These 
could  be  washed,  ironed  and  turned  in  to  the  Red  Cross.    Any 
laundry  should  wash  and  iron  these  free  of  charge,  but  if  these 
old  tracings  are  sent  prepaid  to  us,  we  will  run  them  through 
our  shop  laundry.     After  they  have  been   washed,   they  will 
be  made  into  handkerchiefs  and  bandages  and  turned  over  to 
the  Red  Cross.     Now  is  the  time  to  clean  out  your  old  files. 
Charles  W.  Shartle, 
Middletown,  Ohio  President.  Shartle  Bros.  Machine  Co. 


ONE-REVOLUTION   CLUTCH 

The  two  types  of  one-revolution  clutch  presented  herewith 
have  proved  both  satisfactory  and  inexpensive.  In  Fig.  1,  the 
driving  pulley  rotates  clockwise.     Hardened  steel  bushing  A 


SECTION  W-X-Y-Z 


Tinting    ncplli    of    Thre>d    of 
Tapered    Thread    Piecei 


Fig.    1.     Ono-rcvolution   Clutch   in   which   Drive    is   obtained   by  jamming 
Hardened  Rollers  between  Driving  and  Driven  Members 

is  driven  into  the  pulley;  hardened  steel  collar  B  is  pinned  to 
the  shaft;  cage  C  extends  between  the  bushing  and  collar, 
and  is  milled  to  retain  three  hardened  steel  rollers  D;  it  also 
is  provided  with  a  stop-pin  E  driven  into  its  outer  surface, 
and  a  spring  G  tending  to  pull  It  In  a  clockwise  direction. 
Collar  B  has  three  flats  milled  on  Its  outer  circumference, 
and  when  it  is  in  the  position  shown,  the  space  between  bush- 
ing .1  and  these  flats  on  collar  B  is  suflicient  to  allow  the 
rollers  clearance.  However,  when  rod  F  is  withdrawn,  spring 
O  gives  cage  C  a  slight  twist,  jamming  the  rollers  between  the 
bushing  and  collar,  and  thus  driving  the  shaft.  After  one 
revolution,   rod  F  has  returned   to   the  position  shown,  and 
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Fig.    8.     One-revolution   Clutch   in   which    Teeth   of   Clutch   are    released 
by  Cam  after  One  Revolution  has  been  completed 

Striking  stop  E  causes  tlie  rollers  to  be  thrown  back  into  their 
former  clearance,  thus  disconnecting  the  two  members.  It  is 
necessary  to  provide  the  shaft  with  a  corrector,  which  is 
shown  at  E,  in  order  to  have  it  stop  accurately. 

To  engage  the  clutch  teeth,  rod  A,  Fig.  2,  is  lowered,  draw- 
ing pawl  F  and  rod  C  downward.  This  brings  pin  D  in  line 
with  lever  B,  and  groove  G  in  line  with  rod  C.  As  the  clutch 
revolves,  pin  D  strikes  lever  B,  releasing  rod  G,  which,  by  the 
expansion  of  spring  E,  is  snapped  into  groove  G  milled  in  the 
clutch.  This  groove  is  cammed  at  a  certain  point,  and  as  the 
rod  is  held  in  its  bearings,  the  clutch  teeth  are  withdrawn 
at  the  end  of  one  revolution.  C.  O.  H. 


COMPUTATION   OF   PI 

One  of  the  most  curious  traits  of  human  nature  is  that 
which  has  caused  certain  individuals  in  all  ages  to  pursue 
mathematical  and  other  problems  far  beyond  the  point  nec- 
essary for  the  use  of  mankind  in  general.  In  the  dark  ages 
of  medieval  history,  mathematical  research  was  absolutely 
dormant.  The  scientists  of  those  days  spent  their  time  in 
the  vain  quest  of  the  philosopher's  stone  and  the  elixir  of 
life.  Indeed  it  is  hard  to  say  that  research  in  connection  with 
these  two  is  dead  even  at  the  present  day.  One  sees  occasional 
reports  in  the  papers  that  someone  is  trying  to  turn  lead 
into  gold  with  radium  emanations.  X-rays,  and  so  forth, 
while  the  recent  boom  of  the  pituitary  gland  by  the  lay  press  is 
only  a  revival  of  the  old  idea  of  the  elixir  of  life.  At  the 
same  time  it  behooves  one  to  write  cautiously  on  these 
matters.  During  the  eighteenth  century,  mechanical  flight 
was  "Impossible,"  but  mechanical  flight  was  a  dream  of  the 
philosopher  long  ago  in  ancient  Greece  and  nowadays  an 
aeroplane  flight  of  500  miles  or  so  scarcely  arouses  comment. 

The  three  great  "fad"  problems  of  the  ancient  geometri- 
cians were  the  duplication  of  the  cube,  the  trisection  of  the 
angle,  and  the  quadrature  of  the  circle.  The  last  is  of  in- 
terest to  the  mechanic  from  the  fact  that  in  approaching  many 
mechanical  problems  he  must  use  the  convenient  ratio,  which 
he  knows  as  "pi."  Looking  way  back,  one  can  find  very  little 
about  this  ratio,  but  it  appears  to  have  been  accepted  as  3  by 
the  Chinese  and  BabylrTnlans.  From  a  lengthy  dcHcriijtlon  In 
the  book  of  Kings,  of  a  commisHlon  given  by  King  Solomon 
to  Hiram,  a  brass  worker  of  Tyre,  for  the  manufacture  of  a 
molten  sea,  one  gathers  that  pi  was  3  among  the  ancient  Jews 
as  well,  for  It  8tat(;s  that  the  molten  sea  was  ten  cubits  from 
brim  to  brim  and  thirty  cubits  round  about.  Among  the 
ancient  Kgyptlans,  according  to  the  only  referoijce  that  has 
been  found,  the  ratio  of  the  circumference  to  the  diameter  is 
equal  to  vlO,  or  3.1fi,  a  value  too  large  but  much  nearer  the 
real   value  than   '.'.. 

The  first  person  to  give  the  matter  any  serious  attentlun, 
was  ArchlmedcB,  who  proceeded  on  the  following  line  ot 
reasoning:  If  two  polygons  of  many  sides  are  constructed, 
Inscribing  and  flrcumscrlblng  a  circle,  the  mean  value  of  the 


sum  of  the  sides  of  the  polygons  will  give  a  close  approxima- 
tion of  the  value  of  the  circumference  of  the  circle.  He  labor- 
iously constructed  many  polygons  in  this  manner,  ending  his 
researches  with  one  of  ninety-six  sides,  by  means  of  which 
he  conclusively  proved  that  the  value  of  pi  lay  between 
3  10/70  (the  circumscribing  polygon)  and  3  10/71  (the  in- 
scribed polygon)  times  the  diameter  of  the  circle.  He  also 
stated  that  the  circumference  of  a  circle  4970  feet  in  diameter 
lies  between  15,610  and  15,620  feet,  an  exceedingly  close 
value  considering  the  limitations  of  his  day,  as  the  real  cir- 
cumference is  15,613  feet,  9  inches,  very  nearly. 

It  is  unknown  who  next  attacked  the  problem,  but  from 
Hindu  writings  about  500  A.  D.  it  is  evident  that  someone 
had  done  considerable  work  on  it,  for  the  fraction  3927/1250, 
or  3.1416  exactly,  was  in  common  use,  which  is  the  commonly 
accepted  value  today,  as  this  fraction  complies  with  ordinary 
commercial  requirements.  Another  thousand  years  elapsed 
before  any  further  attempts  to  square  the  circle  were  made, 
but  then  pi  computers  came  thick  and  fast.  The  first  to 
effect  a  closer  valuation  was  Adrian  Metius,  a  Dutch  mathe- 
matician of  the  fifteenth  century,  who  succeeded  in  showing 
that  the  real  value  of  pi  lay  between  3  17/120  and  3  15/106.  To 
him  is  due  the  wonderfully  close  approximation  (which  rep- 
resents the  limit  of  any  commercial  or  scientific  necessity) 
355/113,  which  he  found  by  taking  the  mean  of  the  two  stated 
fractions,  by  simply  halving  the  sum  of  the  numerators  and 
denominators  of  the  two  fractions;  thus, 

(17  +  15)  -^2                  16 
3  -_-  3  

(120  +  106) --2  113 

He  luckily  hit  upon  the  value  correctly  to  the  sixth  decimal 
place. 

Honors  did  not  long  remain  with  Metius,  however.  He  was 
quickly  followed  by  De  Viette,  who  by  the  incredible  labor 
involved  in  investigating  polygons  of  393,216  sides,  published 
in  1579  the  result  correctly  to  the  tenth  decimal  place.  This 
mathematician,  however,  used  a  greatly  improved  method  in 
dealing  with  the  subject,  owing  to  the  improvements  in 
mathematical  knowledge,  which  was  now  advancing  by  leaps 
and  bounds.  Adrian  Van  Roomen,  a  Flemish  worker  of 
Louvain  University,  published  the  ratio  correctly  to  the  fif- 
teenth decimal  place  in  1593.  The  most  famous  worker  of  the 
middle  ages,  however,  was  Ludolph  Van  Ceulen,  who  died  in 
1610,  and  his  life's  work  was  engraved  on  his  tombstone  in  a 
Leyden  church  to  the  effect  that  the  ratio  of  the  circumfer- 
ence to  the  diameter  of  the  circle  is  more  than  3.1415926535- 
8979323846264338327950288  and  less  than  3.1415926535897932- 
3846264338327950289;  truly  a  wonderful  monument  of  a 
misspent  life.  In  1596,  he  had  published  the  result  correctly 
to  twenty  decimal  places  so  that  the  last  fifteen  places  must 
have  occupied  at  least  the  most  of  the  remaining  fourteen  years 
of  his  life.  No  useful  purpose  is  served  by  naming  in  detail 
the  many  workers  on  the  same  subject  since,  for  the  problem 
was  attacked  by  nearly  all  the  famous  mathematicians  in  turn. 
By  1630,  Grienberger  had  carried  it  to  thirty-nine  places;  by 
1699  Sharp  had  carried  it  to  seventy-one;  in  1702,  Machin  car- 
ried it  to  one  hundred  places,  and  in  1719  De  Lagny  carried  it 
to   one   hundred    twenty-seven. 

Until  17G1,  pi  was  supposed  to  be  a  finite  quantity,  but 
mathematical  reasoning  by  this  time  was  on  such  a  firm  basis 
that  Lambert  was  able  to  prove  conclusively  that  it  was 
incommensurable.  Notwithstanding  this  fact,  the  ardor  of  the 
pi  computers  remained  undiminished.  Even  llutton  (of 
logarithmic  fame)  fell  under  the  spell  and  carried  out  the 
ratio  to  one  hundred  thirty-six  places.  The  vast  amount  of 
work  performed  on  the  probleiii  in  the  last  century  may  be 
dlsniisHed   in  a  short  table: 

1842,  pi  :^  3.  (208  decimal  places),  Kulhorford 

1847,  pi  =  ■-  3.  (250  dcclmul  places),  Clnuson 

1853,  pi   :      3.  (318  dcclMinl  places),  Shanks 

1853,  pi   :^=:  3.  (440  decimal  places),  Uuthorford 

1853,  pi  ■^'-  3.  (530  decimal  places).  Shanks 

1853,  pi         3.  (607  decimal  plncos).  Shanks 

1S73,  pi         3.  (707  decimal  places).  Shanks 

No  doubt  even  at  tlio  proHcnl  day  I  he  race  continues  for 
tho  honor  of  computing  the  thoiiHandth  place,  nine  hundred 
and  ninety  of  which  have  no  pracllcHl  value  whatever.     Those 
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who  would  like  to  study  the  mathematical  processes  on  which 
the  results  are  founded  should  read  the  article  "Squaring  the 
Circle"  in  the  Encyclopedia  Britannica,  which  also  gives  an 
extensive  bibliography  on  the  subject.  A.  C.  B. 
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ROBSON  &  SORENSEN  TWO-PART  BALL 
BEARING 
I  have  read  in  the  September  number  of  Machinery  the  de- 
scriptive article  on  the  Robson  &  Sorensen  two-part  ball  bear- 
ing, and  have  a  few  criticisms  that  I  would  like  to  make.  The 
conditions  described  in  the  first  two  paragraphs  of  the  article 
do  exist,  and  it  is  these  conditions  that  have  made  the  two- 
part  bearing  a  failure.     It  is  also  true  that  if  the  load  could 

be  relieved  from 
the  balls  as  they 
pass  over  the  joints 
in  the  raceway, 
practically  no  dam- 
age would  result. 
The  statement  is 
made:  "Realizing 
the  importance  of 
this  point,  it  was 
decided  to  provide 
means    for    reliev- 

Approiimate    Conditions    for    No.    309    Bearing  ^  g^^j^      j^^jj      .^j 

the  bearing  of  its  load  as  the  ball  passes  over  one  of  the  joints 
in  the  raceway."  The  device  invented  by  the  makers  of  this 
bearing  would  tend  to  produce  the  desired  result  provided 
the  section  adjacent  to  the  joint  were  actually  deflected,  but 
since  it  is  stated  that  pressure  on  the  ball  is  relieved  when 
the  ball  reaches  this  section,  it  is  hard  to  conceive  how  a 
deflection  can  occur  without  the  application  of  a  load. 

If  the  section  near  the  joint  drops  0.001  to  0.002  inch  below 
the  section  toward  which  the  ball  is  advancing,  there  must  be 
a  load  in  order  to  cause  this  drop,  and  the  load  must  be  rather 
heavy,  notwithstanding  the  assertion  that  deflection  is  only 
0.001  to  0.002  inch.  A  very  simple  calculation  will  show  that 
the  load  is  rather  a  dangerous  one.  It  is  not  stated  whether 
the  illustrations  in  Figs.  1  and  2  are  to  scale,  but  it  appears 
safe  to  assume  that  for  a  bearing  known  to  the  trade  as  No. 
309  the  dimensions  of  this  reduced  section  adjacent  to  the 
joint  would  be  approximately  as  shown  in  the  illustration; 
width,  1/32  inch;  thickness,  1/16  inch;  length,  about  1  inch. 
The  last  dimension  is  the  w^idth  of  the  bearing.  We  have,  there- 
fore, the  condition  of  a  simple  cantilever  fixed  at  one  end 
and  loaded  at  a  point  1/32  inch  from  the  fixed  end.  The  deflec- 
tion of  such  a  beam  is  found  from  the  well-known  formula: 


D=- 


PL' 


ZEI 


where  P  =  load ; 
L  =  length ; 

£;  =  modulus  of  elasticity; 
/  =  moment  of  inertia  of  section. 
Solving  this  equation  for  the  load,  we  get: 
3DEI 

P  = 

L' 
Assuming  that  E  =  28,000,000,  the  remaining  quantities  have 

1 

the  following  values:  D  =  0.002  inch,  maximum;  /  =  

49,152 
(This,  is  an  approximate  value,  since  the  curvature  of  the 
section  at  the  raceway  has  not  been  considered)  ;  and  />  =  1/32 
inch.  Substituting  these  values  in  the  second  formula,  we 
find  that  the  load  required  to  produce  a  deflection  of  0.002 
inch  is  somewhat  over  110,000  pounds.  This  is  by  no  means 
negligible.  While  the  deflection  may  be  rather  slight,  the  fact 
must  not  be  overlooked  that  the  beam  is  also  quite  short. 
No  matter  which  way  the  thing  is  reasoned  out,  it  appears 
that  the  device  Is  Impracticable.  If  the  load  Is  relieved,  as 
stated,  the  section  adjacent  to  the  joint  will  not  deflect  and 
the  bearing  will  possess  the  same  defects  as  all  other  bearings 


of  this  type.  If  the  section  adjacent  to  the  joint  does  actually 
drop  a  sufficient  distance  to  cause  the  ball  to  pass  over  the 
joint  without  damage,  then  the  load  is  bound  to  be  a  danger- 
ous one. 

New  York  City  Asheb  Goldek 


Mr.  Golden's  criticism  of  our  two-part  ball  bearing  has  con- 
firmed my  impression  that  there  is  likely  to  be  a  misunder- 
standing of  the  features  of  the  split  or  two-part  ball  bearing 
among  those  who  have  not  made  a  detailed  study  of  bearings 
of  this  type.  I  trust  that  the  following  explanation  and  illus- 
tration will  assist  in  clearing  up  any  possible  misunderstand- 
ing among  readers  of  Machinery  concerning  the  operation  of 
bearings  of  this  type. 

Referring  to  Mr.  Golden's  letter,  I  call  attention  to  a  quota- 
tion in  the  first  paragraph:  "Realizing  the  importance  of  this 
point,  it  was  decided  to  provide  means  for  relieving  each  ball 
in  the  bearing  of  its  load  as  the  ball  passes  over  one  of  the 
joints  in  the  raceway."  This  statement  should  read  that 
means  are  provided  to  relieve  each  ball  in  the  bearing  of  a 
considerable  portion  of  its  load  as  the  ball  passes  over  one 
of  the  joints  in  the  raceway.  How  the  ball  is  relieved  of  a 
portion  of  its  load  is  best  explained  by  referring  to  the  illus- 
tration, which  shows  a  development  of  the  inner  and  outer 
raceways  with  balls  A,  B.  T)  and  E  distorted  by  the  load  they 
are  carrying;  for  the  sake  of  simplicity,  the  outer  ring  and 
cone  are  not  shown  distorted.  Ball  C  is  the  one  in  which  we 
are  chiefly  interested,  as  it  has  resumed  or  nearly  resumed 
its  true  spherical  shape  by  the  following  process: 

As  this  ball  approaches  line  FG.  it  is  in  a  distorted  condi- 
tion, due  to  being  rolled  between  non-yielding  (assumed  for 
explanatory  purposes)  surfaces  of  the  inner  and  outer  race- 
ways of  the  loaded  bearing.  When  ball  C  reaches  line  FG  it 
rolls  forward  toward  the  end  of  the  cantilever  beam  and  de- 
flects this  beam  by  nearly  the  same  amount  that  the  ball  has 
been  distorted.  Therefore,  it  can  readily  be  seen  that  the  ball 
when  passing  over  joint  L  is  carrying  an  infinitesimally  small 
load  compared  to  what  it  would  be  capable  of  carrying.  When 
in  such  a  state  it  can  practically  do  no  harm  to  itself  or  the 
raceways  while  passing  over  the  joint,  although  it  is  our  prac- 
tice to  stone  a  slight  "radius"  on  the  ball  tracks  at  the  corners 
il  and  ,V.  Assuming  that  the  diameter  of  the  balls  in  the  illus- 
tration is  3/4  inch,  which  is  the  size  chiefly  used,  the  length 
of  the  cantilever  beam,   instead  of  being  1/32   inch,  as  Mr. 


Diarnim    thowing    Means    provided    to    reliovo    Pressure    on    Balls    passing 
over  Joints   in   Bearing   Races 

Golden  has  calculated,  would  be  47,64  inch,  t.  c.  more  than 
twenty-three  times  greater.  Substituting  this  value  in  the 
equation  for  the  pressure,  we  find  that  increasing  the  value 
of  Xj  from  1/32  to  47/64  inch  results  in  reducing  the  value  of 
pressure  P  to  14. SI  pounds.  This  beam  is  not  of  regular  cross- 
section  throughout  its  entire  length,  as  the  illustration  shows; 
the  width  of  the  slot  is  1/16  inch  and  is  milled  by  convex 
cutters. 

C.  E.  Ronsojf 
Spring  City,  Pa.  Robson  &  Sorensen 


HOW  AND  WHY 


QUESTIONS  ON  PRACTICAL  SUBJECTS  OF  GENERAL  INTEREST 


INDEXING   FOR    MINUTES    AND    SECONDS 

C.  B.  B. — I  have  a  vernier  scale  that  I  wish  to  graduate  on  a 
dividing  head  of  a  milling  machine,  in  the  following  divisions: 
twenty  spaces  in  3  degrees,  10  minutes,  or  9  minutes,  30  sec- 
onds to  each  division.  What  is  the  ratio  of  the  differential 
gearing  for  this  operation? 

A. — If  there  is  a  Brown  &  Sharpe  differential  index  head 
available,  use  the  following  gears  with  one  idler:  gear 
on  spindle,  86  teeth;  first  gear  on  stud,  81  teeth;  second  gear 
on  stud,  34  teeth;  and  gear  on  worm,  32  teeth.  If  the  above 
machine  has  the  Brown  &  Sharpe  equipment,  two  special  gears 
must  be  used.  Use  an  index  plate  with  49  holes,  and  taking 
one  hole  at  each  indexing,  the  result  will  be  a  movement  of 
the  head  of  9  minutes,  30  seconds.  A  method  of  compound 
indexing  for  small  angles  was  published  in  Machineey,  August, 
1914,  page  1062, 

CEMENT   FLOORS   IN   BASEMENT 

W.  A.  S. — Are  cement  floors  cold  and  damp?  For  example, 
would  it  be  feasible  to  use  a  basement  of  a  building  the  floor 
of  which  is  4%  feet  under  ground  and  made  of  concrete? 
Should  the  floor  be  covered  if  used  for  office  purposes? 

A. — Cement  floors  have  the  reputation  of  being  "hard"  on 
workmen's  feet.  The  trouble  is  not  the  physical  hardness  of 
the  concrete,  but  the  heat  conductivity  that  results  in  abstract- 
ing the  heat  from  the  workmen's  feet,  causing  them  to  swell 
and  become  painful;  in  other  words,  to  become  rheumatic.  If 
means  are  provided  for  heating  concrete  floors,  they  are  no 
"harder"  than  any  other  floor.  The  reason  that  workmen  use 
mats  or  wooden  gratings  in  front  of  machines  to  stand  on  in 
shops  provided  with  concrete  floors  is  to  secure  heat  insula- 
tion, and  not  softness.  "We  would  advise  covering  the  floor 
in  question  with  tar  paper  and  then  laying  linoleum  over  the 
paper.  The  combination  of  tar  paper  and  linoleum  should  pro- 
vide sufficient  heat  insulation  to  insure  comfortable  working 
conditions. 


ROLLING  INTERNAL  THREADS 

J.  A.  S. — Is  it  possible  to  roll  an  inside  thread?  Has  any- 
one ever  rolled  internal  threads  and  if  so,  what  is  the  formula? 
We  have  no  trouble  In  rolling  outside  threads  by  using  a  roll 
of  the  same  diameter  as  the  work  or  larger,  according  to 
formulas,  but  for  inside  threads  the  roll  must  be  smaller  than 
the  work  in  order  to  enter  the  hole.  Our  problem  is  to  roll 
a  thread  in  a  1%-inch  hole,  fourteen  threads  per  inch,  Whit- 
worth  standard. 

A. — Internal  thread  rolling  is  seldom  done  and  Is  not  re- 
garded as  a  feasible  proposition.  The  trouble  is  that  very 
heavy  pressure  Is  required  of  the  roll  against  the  work  in 
order  to  displace  the  metal,  and  it  is  difficult  to  support  the 
work  with  the  necessary  rigidity  and  to  provide  a  bearing  for 
the  roll  that  will  stand  up.  The  thread  roll  working  on  ex- 
ternal work  comes  In  contact  with  a  comparatively  small 
area,  but  when  working  on  the  Inside  of  a  hole  the  area  of 
contact  between  the  roll  and  the  work  is  much  larger  rela- 
tively. Hence,  In  order  to  displace  the  metal  required  to 
form  the  thread,  a  pressure  Is  necessary  that  Is  several  times 
that  required  for  rolling  external  threads  of  the  same  pitch. 
The  internal  thread  roll  should  be  made  as  small  as  permis- 
sible, having  In  mind  the  Interference  of  the  thread  angles 
and  the  necesgary  diameter  of  the  bearing.  The  smaller  the 
roll  the  less  the  prcsHuro  required. 


SETTING   SHAPER   HEAD   'I'U   CUM'   OFF 
CORNER   OF  BEVELED   WORK 

n.  K.-  W'l-  hiivf  Komn  '/j-  by  2  Inch  pleciH  willi  llii:  (iihIh  cuIh 
to  20  iIcKri'f'H,  and  It  Ib  dei(lri;(|  to  cut  nff  the  iiirnc'r  at  •tr.  dc 
KrcpH.  Wi"  ilo  not  know  how  to  (Igiirc!  out  tlid  HcllInK  of  tli(3 
Bhaper  bead.    By  trial,  this  In  found  to  be  about  IG  dogrueu. 


A. — The  work  and  the  lay-out  for  finding  the  angle  are 
shown  in  the  accompanying  illustration.  The  lay-out  shows 
all  the  lines  revolved  onto  the  horizontal  plane.  First,  draw 
the  line  R  for  the  direction  of  ram  travel.  The  work  is  to  be 
set  in  the  vise  and  revolved  horizontally  45  degrees  from  the 
setting  that  was  used  when  cutting  the  slope  of  20  degrees  on 
the  end.  The  ram  will  then  follow  the  line  AB  across  the 
corner.  Then  through  the  upper  corner  of  edge  C  draw  the 
tool  feed  line  F  at  90  degrees  to  R.  The  problem  is  to  find 
the  angle  of  this  line  with  the  vertical,  so  as  to  set  the  tool- 
head  properly  to  follow  down  the  plane  of  the  45-degree  cut-ofl". 
First,  calculate  the  horizontal  projection  D  of  the  corner  C 
that  is  to  be  cut  off. 
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Diagram  illustrating  Method  of  sotting  Shapor  Head  to  cut  off  Cornor  of 
Bcvolod   Work 

£)  =  «  X  tan  20  degrees  =  1/2  X  0.36397  =  O.ISIOS  inch 
Then,  having  /),  calculate  //,  which  is  the  horizontal  feed  of 

the  tool  while  making  a  vertical  feed  of  %  inch.    It  will  be 

observed  that  H  Is  the  intercept  on  the  feed  line  F  between 

parallel  lines  drawn  through  the  ends  of  C  and  at  90  degrees 

to  /•'. 

n  =  n  -^.^   \fl  =  0.18198  -H  1.4142  =  0.128G  inch 
Finally,  having  the  horizontal   feed  of  0.1286  inch  and   the 

vertical  feed  of  Vi  Inch,  we  have  F'  as  the  actual  feed  and  the 

angle  x  which  was  to  be  found. 

Tan   a;   =    H    -f-    %    ^    0.1286  -:-    %    =    0.2.'')72,   and    :imk1c 

X  -^  14  degrees,  30  minutes.  W.  I''.  H. 


QUARTER   SQUARES 

H.  A.  A.  A  book  I  was  recently  rending  rc(^oninioii(ls  llio 
iiHc  of  (iiiiirlcM-  Hiiiiiires  or  logaritlinia  for  making  certain  <a! 
eulatlonK.  Will  you  pleaHe  exjilaln  what  1h  meant  by  "iinarlor 
Mquare?" 

A.-  Quarter  H(|iiareH  an^  HonKHinioH  used  fur  pcrfornihiK  mul- 
llpllcalloM,  parlieiilarly  wlieii  a  scries  of  niinibcrs  Is  lo  bn  mul- 
ll|(ll(!d  by  a  con.Mlanl  iiimilier;  In  certain  <aHe.M  lliey  are  more 
cftnvoiilent  to  use  than  logarllhinH.  Let  a  and  h  bo  two  factors, 
Itio  product  ot  which  1b  Ucslrod,  and  asBume  that  a  Ib  greater 
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than  h.  Then  the  following  Iden- 
tieal  equation  may  be  written: 
Vi(a  +  &)=  —  %(o  —  6)»  =  06. 
Hence,  a  table  giving  one-fourth 
the  square  of  numbers  (whence 
the  name,  quarter  square)  may  be 
used  to  find  the  product  of  two 
numbers  by  simply  finding  the 
sum  and  difference  of  the  two  fac- 
tors and  then  taking  the  difference 
of  the  quarter  squares  of  the  sum 
and  difference.  For  example,  sup- 
pose that  the  product  of  747  and  3.14 
is  required.  For  the  sake  of  sim- 
plicity of  calculations,  the  decimal 
point  may  be  ignored.  Here  747  + 
314  =  1061;  747  —  314  =  433;  %  X  1061=  =  281430.25;  %  X 
433'  =  46872.25;  and  281430.25  —  46872.25  =  234558  =  747  X 
314.  Therefore,  747  X  3.14  =  2345.58.  In  tables  of  quarter 
squares,  the  fraction  V^  is  always  omitted,  since  it  al- 
ways cancels  in  subtraction.  An  ordinary  table  of  squares 
may  be  used,  provided  the  result  is  divided  by  4.  Thus, 
(0  +  6)'—  (.a  — by 

Viia  +  by  ~  Viia —h  y  = =  ab.    The 

4 
table  of  powers,  roots  and  reciprocals,  pages  1-41  of  Ma- 
chinery's Handuook,  may  be  used  to  find  the  product  of  any 
two  factors  having  three  significant  figures  each  or  of  any 
two  factors  whose  sum  is  less  than  2000.  Thus,  in  the  above 
example,  find  the  sum  and  difference  of  the  factors  as  before; 
then.  1061=  —  433=  =  1125721  —  1874S9  =  938232,  and  938232  h- 
4  =  234558  =  747  X  314,  as  before.  The  advantage  of  using 
quarter  squares  Instead  of  logarithms  in  finding  the  product 
of  two  factors  is  that  the  operations  are  simpler  and  less  in 
number,  and  there  is  less  likelihood  of  making  a  mistake. 
There  is  also  a  saving  in  time,  and  there  is  never  any  doubt 
regarding  the  last  figure  of  the  product.  The  decimal  point 
is  placed  after  the  product  has  been  found  by  the  regular 
rules  of  arithmetfc.  Quarter  squares  cannot  be  used  for 
division.  J.  J. 


PRESSURE   ON   A   TOGGLE-OPERATED 

DISK   CLUTCH 

H.  A.  H. — In  Fig.  1  is  shown  a  section  through  a  disk 
clutch  operated  by  a  shifting  collar  and  toggle  levers.  Can 
you  give  me  a  method  of  calculating  the  pressure  exerted 
on  the  disks  at  point  A?  The  force  assumed  to  act  on  collar 
D  is  50  pounds  and  its  movement  is  IVt  inch. 


Fig.    1.     Clutch  nhown   In   Enitnifod   Poilllo 


Answered  by  John  S.  Myers.  Philadelphia.  Pa. 

Considering  first  the  toggle-joint  linkage,  the  simplest 
solution  of  such  problems  is  by  the  graphic  method.  Fig.  2 
represents  in  diagrammatic  form,  somewhat  exaggerated 
for  purposes  of  illustration,  the  elements  of  the  device  to 
be  analyzed  and  Fig.  3  represents  the  graphic  solution  of 
the  forces  acting.  In  Fig.  2,  the  letters  on  both  sides  of  a 
force  designate  it,  while  in  Fig.  3  forces  are  designated  by 
similar  letters  placed  at  the  ends  of  the  lines. 

The  operating  force  P  =  o6  is  held  in  equilibrium  by  the 
vertical  force  6c  and  the  oblique  force  ca.  If  the  line  of  direc- 
tion go  of  the  force  ca  is  produced  until  it  intersects  the  line 
of  direction  of  F  at  o.  it  will  be  obvious  that,  for  this  partic- 
ular location  of  the  linkage,  pin  h  might  lie  anywhere  along 
line  go  and  have  the  same  normal  lever  arm  about  pin  k. 
Also  the  other  end  of  the  lever  I  might  lie  anywhere  on  line  Fo 
and  still  have  the  same  normal  lever  arm.  It  is  possible  then 
to  consider  forces  ac  and  da  to  be  applied  at  point  o.  Now  if 
lever  m  is  in  equilibrium  the  resultant  of  forces  ac  and  da 
must  pass  through  the  center  of  the  fulcrum  pin  k  and  also 
through  the  point  o;  hence  the  line  no  gives  the  direc- 
tion of  the  resultant  force  cd.  Lay  out  to  some  convenient 
scale,  as  shown  in  Fig.  3,  ab  =  P  and  complete  the  diagram, 
drawing  the  lines  parallel  to  those  similarly  lettered  in  Fig.  2. 
Then  da  =  F  is  the  result  sought.  An  inspection  of  Fig.  3 
will  show  that  as  angle  ^J  approaches  90  degrees  the  forces  cb 
cd,  and  da  increase  very  rapidly,  until  at  (3  =  90  degrees 
they  become  infinite.  The  significance  of  this  is  that,  since 
no.  device  can  be  infinitely  strong,  the  load  a  toggle  joint  can 
develop  depends  not  only  on  the  applied  force  P  but  on  the 
spring  or  resilience  of  the  parts.  This  Is  represented  in 
Fig.  2  by  indicating  the  force  F  to  be  overcome  as  being  ap- 
plied through  a  short  stiff  spring.  Now  if  S  =  scale  of  this 
spring,  that  is  the  pounds  load  per  inch  of  deflection,  and  t  = 
deflection,   this   force   is   then: 

F  =  St  (1) 

If  the  available  power  P  for  operating  the  device  is  definitely 
limited,  the  angle  ;3  and  the  arms  of  the  lever  m  must  be  so 
proportioned  that  the  force  P  is  able  to  overcome  the  force  F. 
In  the  clutch  shown  in  Fig.  1,  the  spring  of  the  disks,  the 
resilience  of  the  liner,  and  the  deformation  of  the  linkage  act 
in  a  manner  similar  to  the  spring  shown  in  Fig.  2.  Friction 
of  the  linkage  also  plays  an  important  part  in  such  problems. 
This  may  best  be  taken  care  of  in  the  graphic  analysis  by  the 
method  used  in  connection  with  Fig.  7,  on  page  9S6  of  the 
July,  1917,  number  of  Maciilnery.  This  method  is  applied 
in  Figs.  4  and  5.  Here  any  line  of  force,  instead  of  passing 
through  the  center  of  a  pin,  is  drawn  tangent  to  a  circle 
having  a  diameter 

f  ==  JC  .      (2) 

where  J  ~  journal  or  pin  diameter;  C  =  coeflicient  of  friction. 

Forces  be  and  dc  are  not  inclined  in  Fig.  4  to  take  into 
account  the  sliding  friction  of  the  blocks,  because  in  the 
actual  clutch  of  Fig.  1.  three  or  four,  preferably  three,  sets 
of   links   are   mounted    on    collar   D   and    eliminate    friction. 

A  number  of  stress  diagrams  similar  to  Fig.  5  may  now  be 
laid  out  for  various  positions  of  the  linkage  and  the  results 
plotted  In  curves  similar  to  those  shown  in  Fig.  7.  The  re- 
silience of  the  parts  may  be  estimated  and  a  line  CD,  repre- 
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Fig.    4.     Toggle    Lii 

seating  the  spring  scale,  may  be  drawn  tangent  to  the  curve 
AB  This  curve  AB  represents  the  capacity  of  the  linkage  to 
generate  force  in  terms  of  P,  but,  due  to  the  resilience  of  the 
parts,  line  CD  represents  the  actual  force  developed.  There 
is  then  an  excess  of  power  for  all  points  except  where  AB  and 
CD  are  tangent.  The  applied  force  P  is  seldom,  however, 
steady  or  constant,  as  the  shifter  lever  is  usually  operated 
with  a  jerk.  There  is  no  resistance  during  the  first  part  of 
the  movement  until  the  disk  clearance  and  link  backlash  are 
taken  up;  so  the  energy  stored  in  the  moving  parts  during  this 
part  of  the  stroke  is  given  up  as  the  toggle  encounters  resist- 
ance; as  a  result,  some  such  force  may  be  generated  as  is  in- 
dicated by  the  line  EG,  Fig.  7.  The  analysis  of  this  part  of 
the  problem  thus  becomes  rather  complex.  What  the  designer 
usually  does  is  to  assure  himself  that  he  has  an  adequate 
lever  ratio  and  then  adjusts  the  clearance  until  the  linkage 
produces  the  desired  results.  In  order  to  proportion  the  parts 
he  investigates,  rather,  the  force  required  at  the  disks  in 
order  that  the  clutch  may  develop  the  required  torque.  This 
may  be  done  by  the  aid  of  the  following  formulas  in  which  all 
values  are   in   pounds  and   inches: 


\ 

THE  UPPER  CUflvE  OIVES 
VALUES  OF  V; 
THE  UOWER  CURVE  GIVES 
VALUES  OF  J. 

p  DECOMES  MINIMUM 

WHEN    1=  If 
F  SECOHES  MINIMUM 
WMEK  X=1. 

WHEN  X=1,  p  =  00 

«MEN  ar='\/ir=o.6383 
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THIS  THEN  IS  THE  NEAREST 
APPROACH  TOWARDS  HAVING 
BOTH  1/  AND  X  A  MINIMUM 
SIMULTANEOUSLY. 
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VALUES  OF  -P-l  =  * 


D  =  outside  diameter  of  disks; 

D,  =  inside  diameter  of  disks; 

F  =  force  pressing  disks  together; 

T  =  torque  or  twisting  moment  developed; 

C  =  coefficient   of   friction; 

n  =  number     of     surfaces     acting     (in     Fig.     1, 

n   =  2)  ; 
p  =  average  unit  pressure  on  disks. 
The    mean    radius    at    which    the    tangential    fric- 
tional    forces    act    is    the    arithmetical    mean    radius 
of  the  disks,  thus: 

R  =  Vi  (D  +  A)  (3) 

Then  T  =  nFCR  =  ^AnFG  (D  -f  Z>,)  (4) 

T  iT 

or  F  =  =    (5) 

nCR        nC  (Z)  -f  D,) 
On  a  basis  of  the  maximum  safe  value  of  the  aver- 
age unit  pressure  %>  the  maximum  torque  of  the  clutch  will  be: 


wCp(.D'  +  D-D,—  DD,'~  D,-') 


(6) 


n 
T  =  — 
16 
On  page  292  of  the 
December,  1910,  number 
of  Machinery,  from 
which  the  curves  of 
Fig.  6  are  reproduced, 
it  was  shown  that,  with 
given  values  of  D,  C 
and  T,  the  average  unit 
pressure  p  becomes  a 
minimum  when  D,  = 
1/3  D.  It  was  also  shown 
that  force  F  decreases 
with  an  increase  of  D^ 
becoming,  in  theory,  a 
minimum  when  £)j  = 
D.  If  it  is  equally  de- 
sirable to  have  both  p 
and  F  at  their  mini- 
mum values,  a  proposi- 
tion which  is  impossible 
of  attainment,  the  ideal 
compromise  is  to  make 
Di  =  0.64  D,  approxi- 
mately. The  formulas 
for  p  and  F  to  be  used 
in  connection  with  the 
factors  y  and  z  from 
the  curves,  when  applied  to  a  clutch  having  more  than  one 
friction  surface,  are: 

yt 

P  = 


O.W  0.08  0.13 

MOVEMENT  OF  CLUTCH  /,  IN  INCHES 

Marhincry 


Fig. 


Force   developed   by   Toggle 
Linkage 


(7) 


nCD' 
zT 


and  /'' 


(8) 


•bawlD(    Halation    botv 


nCD 

The  coefficient  of  friction  varies  with  the  materials  used 
and  the  condition  of  Iul)ri(ati(ni,  hut  may  be  takeu  about  as 
follows: 

Cast  iron  on  cast  iron,  dry about  0.20 

Cast  iron  on  cast  iron,  greasy about  O.K! 

Cast  iron  on  cast  iron,  oily about  0.10 

Cast  Iron  on  leather,  dry about  O.IiO 

Cast  Iron  on  lealluT,  greasy about  0.2.') 

Cast  Iron  on  fll)rou.s  lincTs 0.25  to  O.liO 

Cast  Iron  on  cast  Iron  with  cork  inserts al)out  0 .'.\\ 

In  the  foregoing  the  writer's  object  Is  to  jioint  out  methods 
of  analysis  ratlier  than  llio  solution  of  tlio  spccillc  case  sub- 
mitted. 


'I'lie  Ihirciui  of  Mines  liiis  prcpaiinl  Hpccifhatlons  for  Federal 
purcliaKOH  of  giiHolliio  in  I  hi'  DImIpIiI  of  Cnlunil)ln,  according 
to  wlilcli  tlie  color,  wliiili  niiiHt  lie  water  wliite,  is  tcHled  by 
liiKpecllon  of  a  column  In  u  four  ounce  Hanipie  bottle.  There 
muHt  also  bo  a  total  ahsenco  of  acidity,  wliicli  Is  tested  by 
IhorouKhly  Hlinklng  10  cubic  conMmolnrH  of  Kiisollne  with  B 
cubic  contimelorH  of  dlHtllled  water.  The  nilxlurn  inunt  not 
color  blue  lIlniuB  paper  pink. 


NWW  MACHINERY  AND  TOOLS 

THE    COMPLETE    MONTHLY    RECORD    OF    NEW    AMERICAN    METAL -WORKING    MACHINERY 


FAY   AUTOMATIC   FOR  RING   BEVEL 
GEARS 

This  machine  is  a  special  modification  of  the  Fay  automatic 
lathe,  adapted  for  machining  ring  hevel  gears  for  automobile 
transmissions.     A  feature  of  the  machine  that  enables  it  to 
attain  high  rates  of  production  is  that  the  fin- 
ishing tools  follow  directly  after  the  roughing 
tools,  so  that  no  time  is  lost  in  bringing  them 
into  action.     The  mechanism  is  extremely  sim- 
ple and  of  compact  design,  so  that  the  amount 
of  floor  space  required  is  relatively  small. 

The  Jones  &  Lamson  Machine  Co.,  Spring- 
field, Vt.,  has  developed  a  highly  specialized 
modification  of  the  Fay  automatic  lathe  for  ma- 
chining the  large  ring  bevel  gears  in  the  rear 
axle  drive  of  automobiles  and  trucks.  The  de- 
sign of  this  machine  confines  it  to  the  machin- 
ing of  the  bevel  face  and  ends  and  other  inci- 
dental operations.  By  thus  confining  the  work, 
it  has  been  possible  to  build  a  machine  that  is 
exceptionally  well  adapted  tor  this  particular 
operation.  Fig.  1  shows  the  front  side  of  the 
machine,  Fig.  2  the  back  side.  Fig.  3  the  gear 
drive  headstock  with  cover  removed,  and  Fig.  4 
a  typical  tool  set-up. 

Reference   may   first   be   made   to    Fig.    4    in 
order  to  get  an  idea  of  the  operations  for  which 
the  machine  is  designed.     The  front  tool-holder 
moves  on  an  angle,  as  shown  by  the  arrow,  for 
finishing  the  bevel  on  the  outer  and  inner  ends. 
Tool  A  roughs  the  outside  diameter;  tool  B,  immediately  fol- 
lowing  in   one   continuous   motion,   finishes   it;    while   tool   C 
machines  the  inside  end.    The  rear  tool-holder,  moving  in  the 
direction  of  the  arrow  as  shown,  carries  tool  D,  which  roughs 
the  bevel  face  of  the  blank.     Tool  E.  which  follows  immedi- 
ately after,   finishes   it,   and   tool   F,  in   the   same   continuous 
motion,  rounds  the  corner  at  the  back  side  of  the  blank.     It 
will  be  noticed  that  the  front  and  back  faces,  and  the  bore 
by  which  the  blank  is  held,  have  been  machined  by  previous 
operations  on  the  turret  lathe. 


on  bevel  former  J.  This  former  may  be  adjusted  to  any  angle 
required  to  meet  the  desired  angle  for  the  bevel  on  the  ends 
of  the  teeth.  The  longitudinal  movement  of  bar  H,  by  means 
of  which  tool-holder  G  and  the  tools  mounted  thereon  are 
fed  along  the  work,  is  effected  by  cams  on  the  inside  of  drum 


ri». 


of  Spocial  Fny  Automatio  I  nth 


Going  back  again  to  the  description  of  the  machine  on  wliiih 
this  work  is  done,  at  0  In  Fig.  1  is  shown  the  front  tool  car- 
riage. This  carries  the  tools  A,  B  and  C,  F'lg.  4,  and  is  mounted 
on  bar  II,  which  has  an  endwise  motion;  the  bar  and  tool- 
holder  together  are  rocked  In  the  Journals  of  the  bar  by  means 
of  the  follower  on  the  under  side  of  the  toolpost,  which  rests 


Fig.  i.     Opposite   Side  of  Special  Fay  Automatic  Lathe  for  Eing  Bevel  Gears 

K  operating  on  a  cam  roll  fastened  to  a  carrier  clamped  to 
bar  H  on  the  inside  of  the  drum. 

On  the  rear  side  of  the  machine,  shown  In  Fig.  2,  is  seen 
the  rear  tool-holder  L,  which  carries  the  tools  D,  E  and  F, 
Fig.  4.     This  is  a  compound  rest  operated  by  a  strongly  con- 
structed  rack,   gear  and   pinion   device,  the   pinion   shaft  ex- 
tending up  through  the  center  of  the  angular  adjustment  of 
the  rest.     It  carries  at  its  lower  end  a  gear  meshing  with 
rack  M,  which  is,  in  turn,  connected  with  the  cam  slide  A' 
and  cam  roll  0,  operated  by  outside  cams,  of  which  one  is 
shown  at  P  on  the  drum.    The  compound  rest 
carrying  tool-block  L  can  be  adjusted  to  any 
angle   to   turn  anything  from   a   cylinder   to  a 
straight   face   or   even   an   internal   bevel,   and 
will,  of  course,  turn  the  faces  of  the  gears  ab- 
solutely straight,  so  that  they  can  be  held  prop- 
erly in  the  jigs  largely  used   in  hardening  to 
prevent  distortion. 

The  movements  of  both  the   front  and   the 

rear  cross-slide  are  thus  seen  to  be  controlled 

by  cams  on   drum   K.     This  drum  has  a  slow 

motion    for    feed    and    a    fast    motion    for    idle 

movements,   driven   as  will   be  later   described, 

and   automatically   shifted   by   adjustable   dogs, 

of  which   one  is  shown  at  //   in   Fig.   1.     The 

drive  of  the  machine  is  best  shown  in  Fig.  3, 

where  the  headstock  is  shown  with  the  cover 

removed.     The   drive   is  either  from  a  motor 

mounted  on  the  headstock,  or  through  the  main 

lineshaft  direct  to  tight  and  loose  pulleys  at  Q. 

Bovri  Gears  ^^  mounting  the  tight  and  loose  pulley  directly 

on  the  drive  shaft,  it  is  placed  where  it  can  be  properly  oiled 

and  taken  care  of,  and  at  the  same  time  the  drive  Is  greatly 

simplified.     The  drive  shaft  on  which  pulleys  Q  are  mounted 

carries  a  triple  sliding  gear  R.  shifted  by  a  fork  controlled  by 

handle  S.    This  sliding  gear  is  set  to  give  any  one  of  the  range 

of  three  available  speeds,  depending  on  the  size  of  ring  bevel 
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gear  being  machiued,  hardness  of  the  material,  etc.  In  the 
three  different  positions  it  meshes  with  the  three  correspond- 
ing gears  on  intermediate  shaft  T ;  the  gears  on  this  shaft,  in 
turn,  drive  the  third  shaft  V  either  through  slow-speed  ratchet 
gear  7,  intermediate  clutch  gear  X  or  the  fast-speed  gear  W. 
This  speed  change  is  under  automatic  control  of  the  machine 
by  means  of  a  clutch  collar  and  speed  change  lever  Z  shown 
in  Fig.  1. 

Lever  Z  is  operated  by  dogs  on  the  drum,  which  throw  the 
clutch  collar  either  to  its  intermediate  or  extreme  right  or 
left  position,  as  may  be  required  at  any  point  in  the  machin- 
ing of  work.  In  the  intermediate  position  the  drive  is  through 
silent  ratchet  gear  T.  This  gives  a  very  slow  speed  used  when 
the  cutting  tools  are  below  the  scale  on  hard  forgings.  The 
clutch  collar  is  next  thrown  to  the  right,  giving  the  inter- 
mediate speed  through  clutch  gear  X  used  for  roughing.  When 
the  finishing  tools  come  into  play  the  clutch  collar  is  thrown 
to  the  extreme  left,  bringing  the  drive  through  gear  W  and 
giving  a  high  speed  for  finishing.  The  spring  release  mech- 
anism shown  at  A'  in  Fig.  1  is  used  in  snapping  the  gears 
through  the  neutral  position,  in  getting  from  the  intermediate 
to  the  high  speed  when  changing  from  roughing  to  finishing 
speed. 

All  the  gears  of  this  drive  are  of  hardened  steel  and  run 
in  oil.  Pinion  B'  on  the  third  shaft  (Fig.  3)  meshes  with 
spindle  gear  C".  This  spindle  gear  runs  in  a  bath  of  oil, 
which  it  carries  up  to  a  scraper,  feeding  it  into  the  upper 
reservoir  in  which  the  transmission  gears  revolve.  This  reser- 
voir, in  turn,  drains  back  through  the  main  bearings  of  the 
spindle  into  the  lower  reservoir,  where  the  spindle  gear  C" 
again  picks  it  up  and  returns  it  over  its  course,  thus  giving 
continuous  lubrication.  The  geared  headstock  will  thus  be 
seen  to  give  nine  spindle  speeds  without  change  of  drive  pulley 
speed,  and  these  speeds  are  so  arranged  that  there  are  three 
groups  of  three  each  in  the  headstock,  operated  by  hand  for 
any  one  of  the  three  groups,  and  any  one  of  the  three  speeds 
in  that  group  is  obtained  automatically  at  any  required  point 
in  the  operation. 

Cam  drum  K  is  driven  by  a  worm-shaft  connected  through 
change  mechanism  at  D'  in  Fig.  1,  and  a  belt  with  a  slow-speed 
driving  pulley  E'  in  Fig.  3.  This,  it  will  be  noted,  is  con- 
nected with  the  third  shaft,  which  receives  all  the  speed  varia- 
tions of  the  geared  head  drive.  The  change-gears  may  thus  be 
set  for  any  feed  in  revolutions  per  inch,  irrespective  of  the 
spindle  speed.  The  fast  motion  is  through  a  clutch  pulley  F. 
shown  at  the  back  of  the  machine  in  Fig.  2.  This  is  belted  to 
fast-motion  drive  pulley  G'  in  Fig.  3.  Pulley  G',  being  geared 
for  a  main  driving  shaft,  runs  at  constant  speed,  so  that  fast 
motions  of  the  cam  drum  are  always  at  high  speed,  irrespec- 
tive of  whether  the  spindle  is  running  slow  or  fast. 

This  arrangement,  together  with  the  fact  that  no  time  is 
required  for  turning  turrets,  or  other  similar  idle  operations, 
reduces  the  idle  moments  of  the  machine  to  practically  nothing. 
Finishing  tools,  ap  shown  in  Fig.  4,  follow  immediately  after 
the  roughing  tools,  so  that  no  time  is  lost  in  bringing  them 
Into  action.    Another  interesting  provision  possible  with  .some 
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c  Lathe  for  Ring 

designs  of  ring  gears  is  shown  clearly  in  Fig.  2.  It'  consists 
of  the  wrench  shaft  H'.  carrying  on  its  inner  end  the  flange 
plate  by  means  of  which  the  ring  gear  is  held  onto  the  fixture 
on  the  end  of  the  spindle.  By  this  means  the  flange  is  always 
in  place  on  the  machine,  and  it  is  not  necessary  to  pick  it  oft 
and  set  it  on  a  bench  with  other  outside  pieces.  It  only  re- 
mains to  clamp  it  and  uuclamp  it  as  the  work  is  put  in  and 
removed,  leaving  the  hands  of  the  operator  free  for  handling 
work. 

With  other  designs  of  ring  gears  it  is  better  to  use  the 
arrangement  shown  in  Fig.  4,  where  the  flange  </'  is  clamped 
up  against  the  work  by  nut  E'  with  interrupted  holding  lugs, 
which  are  such  that  when  the  nut  is  released  the  flange  may 
be  drawn  off  past  the  lugs  through  its  clearance  slots,  without 
requiring  the  nuts  to  be  entirely  screwed  off  and  on.  Either 
one  of  these  clamps  gives  great  rapidity  in  loading  and  un- 
loading. The  compactness  of  this  machine  is  seen  at  a  glance, 
as  well  as  the  large-  amount  of  chip  room  and  the  ease  of 
access  to  the  work  and  tools.  A  chip  guard  is  provided  that 
comes  up  high  around  the  machitie,  giving  a  large  reservoir 
space  for  the  oil  and  at  the  same  time  permitting  the  oil  to 
be  drained  into  the  base  of  the  machine.  The  oil-pump  has 
large  capacity  through  direct,  unobstructed  piping,  giving  a 
full  flow  of  cutting  compound  on  the  work. 

The  advantages  claimed  for  this  machine  are:  (1)  Continu- 
ous production  at  exactly  the  right  feeds  and  speeds  required 
for  the  most  efficient  cutting  without  any  lost  time  required 
for  idle  movements.  (2)  Compactness  of  mechanism  tor  the 
amount  of  output  per  machine,  reducing  the  factory  space  re- 
(inired  for  a  given  production.  (3)  Extreme  simplicity  of 
mechanism  and  the  confining  of  the  machine  to  single-spindle 
units,  80  that  in  the  event  of  any  slight  disarrangement  in  the 
mechanism  but  a  small  part  of  the  production  is  held  up. 
(4)  The  low  capital  cost  for  a  given  output,  made  possible 
flrst  by  high  productivity  and  the  low  cost  of  each  unit. 
(.'))  Low  labor  i^oat,  owing  to  quick  change  of  work  possible; 
liigh  Hpi-eds  and  feeds;  and  qubk  change  from  one  Job  to  an- 
(illier,  the  cnnimlnK  being  pornianent. 


>'l(.  3,     0<i>r-i)rl»n  Haiditonk  of  I.athn  with  Cov« 


HOLLINGWORTH   SHAPER 

One  of  the  recent  products  of  the  lIolllnKWorth  Mnchino 
Tool  Co.,  Covlngtoti,  Ky.,  Is  a  24lnch  I  rlplo  geared  crank 
Kliai>nr,  which  Ih  llluKlriilcd  and  doHcrlbed  horowUh.  To  pro- 
vide for  taking  exieptlonally  heavy  cul.s.  Ilic  maihinc  has  been 
(leBlgned  on  the  triplo-genrcd  principle,  with  a  quick  return 
atroko.    Tho  woUs  of  Iho  column,  ram  and  base  have  also  been 
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of  stroke,  24%  inches;  maximum  automatic  cross-feed,  26 
inches;  maximum  vertical  adjustment  of  table,  14%  inches; 
maximum  feed  of  tool-block,  8  inches;  ratio  of  gearing,  13 
to  1;   and  width  of  double  machine  belt,  3%  inches. 


ff^cfi'^jnl/' 


HoUingworth  24-inch  Triple-geared   Crank   Shaper 

heavily  constructed  and  strongly  ribbed,  so  that  ample 
strength  is  provided  for  severe  classes  of  service.  The  length 
of  stroke  can  be  adjusted  while  the  machine  is  at  rest  or  in 
motion,  thereby  avoiding  the  necessity  of  stopping  the  ma- 
chine for  this  purpose.  The  device  for  changing  the  stroke 
is  so  arranged  that  it  is  possible  to  make  changes  while  the 
machine  is  actually  at  work.  The  ram  can  be  quickly  adjusted 
to  suit  the  position  of  the  work,  and  a  short  stroke  can  be 
taken  at  any  point. 

All  flat  bearings  are  hand-scraped  to  surface  plates  and  all 
wearing  surfaces  on  the  machine  are  provided  with  gibs  for 
making  fine  adjustments.  The  shaft  bearings  are  furnished 
with  bronze  bushings  that  can  be  readily  removed  or  replaced 
when  necessary.  A  system  of  oilers  carry  lubricant  to  the 
shaft  bearings;  and  the  same  type  of  oiling  device  is  used 
throughout  the  machine.  The  arm  for  supporting  the  pulley 
shaft  provides  support  at  the  outer  end  of  this  shaft,  thereby 
giving  it  three  bearings.  All  gears  in  the  machine  are  cut 
from  solid  blanks.  The  cross-rail  is  designed  with  wide  bear- 
ings, which  are  carefully  scraped  to  surface  plates.  The  tool- 
head  may  be  instantly  set  and  rigidly  held  at  any  angle,  by 
means  of  a  swivel  bolt  in  the  head,  which  is  graduated  and 
may  be  swiveled  to  any  angle  up  to  90  degrees.  A  micrometer 
dial  for  the  feed  movement- is  graduated  to  0.001  inch. 

The  table  is  slotted  on  the  top  and  at  both  sides,  and  it  may 
be  readily  removed  to  enable  work  to  be  bolted  to  the  slotted 
saddle  by  which  the  table  is  carried.  The  top  of  the  table 
measures  16  by  23  inches,  and  by  having  it  slotted  for  the 
entire  length,  provision  is  made  for  a  liberal  sized  clamping 
surface.  The  base  of  the  vise  is  graduated  to  360  degrees 
and  the  upper  jaw  is  held  in  position  by  means  of  steel  gibs. 
The  steel  faced  jaws  for  the  vise  are  2%  inches  deep  by  12Vi> 
inches  long,  and  the  vise  opens  12%  inches.  The  elevating 
screw  is  of  the  telescopic  type  and  has  a  ball-bearing  washer 
below  the  table,  which  insures  easy  operation.  The  cross-feed 
mechanism  is  of  simple  design  and  the  rate  of  feed  can  be 
varied  while  the  machine  is  in  motion.  A  lifting  and  turning 
pawl  is  used  for  engaging  or  disengaging  the  feed,  which  is 
automatic  in  either  direction.  A  micrometer  dial  on  the  cross- 
feed  screw  is  graduated  to  0.002  incli. 

The  table  support  furnished  with  each  machine  is  of  sim- 
ple design,  and  there  is  nothing  to  get  out  of  order.  This 
support  can  be  quickly  adjusted  by  means  of  a  screw,  and  is 
always  under  the  cut.  The  countershaft  has  two  friction 
pulleys,  12  by  4  Indies  in  size,  and  should  run  17.')  and  :!2.S 
icviilutions  per  minute.  In  this  way  two  (hanv'es  ol  spi'cd 
all'  available  for  eai-h  stop  of  the  cone  pulley.  The  total  range 
of  Hpocds  Is  7,  11,  17  and  28  strokes  per  minute  for  the  slow- 
v.\h'm\  countershaft  pulley  and  l2Vi,  20%,  33  and  58  siroke.s 
per  minute  for  tlio  liigh-sperd  couMteralmft  pulley.  The  primd- 
pal  dimensions  of  the  machino  are  as  follows:  actual  length 


PORTER-CABLE    LATHE    SCREW-CUTTING 
ATTACHMENT 

The  Porter-Cable  Machine  Co.,  Syracuse,  N.  Y.,  has  added  a 
screw-cutting  attachment  to  the  line  of  labor-saving  devices 
developed  for  use  on  its  manufacturing  lathe.  This  screw- 
cutting  attachment  will  handle  threading  operations  on  work 
up  to  2%  inches  in  length,  and  there  are  a  number  of  features 
incorporated  in  its  design  that  provide  for  speed  of  opera- 
tion and  accuracy  of  the  work.  All  gearing  has  been  elimi- 
nated between  the  spindle  and  carriage,  the  latter  being  actu- 
ated directly  by  the  lead-screw  through  a  traveler  J  connected 
to  the  carriage  by  the  dovetailed  pull-rod  K.  The  lead-screw 
is  made  in  the  form  of  an  external  threaded  sleeve  and 
mounted  on  an  extension  at  the  rear  end  of  the  lathe  spindle, 
this  extension  being  accurately  screwed  onto  the  threaded 
end  of  the  spindle  in  the  same  manner  as  the  lever  chuck  clos- 
ing attachment  used  on  this  lathe.  Lead-screws  and  nuts  of 
standard  pitches  can  be  furnished  to  cover  U.  S.  standard 
threads  from  14  to  1  inch,  and  also  A.  L.  A.  M.  and  pipe 
threads,  as  it  is  necessary  to  use  a  lead-screw  and  nut  of  the 
same  pitch  as  the  thread  to  be  cut.  These  parts  are  designed 
to  be  readily  interchangeable  and  they  are  comparatively 
inexpensive. 

The  set-up  and  operation  of  the  screw-cutting  attachment 
is  as  follows:  The  lathe  carriage  is  located  in  the  position 
that  it  should  occupy  when  starting  the  cut,  and  the  right- 
hand  carriage  stop  is  brought  up  to  it  and  secured  in  place. 
Traveler  J  should  be  located  adjacent  to  the  headstock  and 
secured  to  pull-rod  K,  which  is  attached  to  the  carriage  by 
means  of  a  grip  screw.  While  the  carriage  is  in  this  position 
knob  A  is  turned  to  the  left  to  bring  two  arms  B  into  the  posi- 
tion shown.  This  simultaneously  engages  two  segmental  jaw- 
like nuts  with  the  lead-screw,  one  of  these  nuts  being  shown 
at  C,  while  the  other  is  diametrically  opposite  on  the  lead- 
screw.  Stop  D  should  next  be  positioned  and  secured  so  that 
finger  E  will  contact  with  finger  F.  When  the  machine  is  in 
operation  this  arrangement  enables  the  operator,  when  start- 
ing a  cut,  to  turn  knob  A  quickly  to  the  left  until  finger  F 
stops  against  finger  E,  which  makes  it  impossible  to  turn 
knob  A  too  far  and  insures  the  proper  positioning  of  arms  I? 
in  order  to  throw  the  nuts  into  engagement  with  the  screw. 
The  knob  should  next  be  turned  a  sufficient  amount  to  the 
right  to  allow  the  nuts  to  be  disengaged  from  the  screw  and 
the  carriage  to  be  run  forward  by  hand  to  the  position  it  will 
assume  at  the  end  of  the  cut.  The  knob  is  turned  to  the 
right  as  far  as  it  will  go,  or  until  the  square  corner  of  arm  B 
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strikes  the  left-hand  side  of  block  G,  and  trip  latch  H  is  then 
secured  so  that  it  engages  with  trip  finger  /. 

The  work  is  now  set  up  and  the  cycle  of  operations  is  as 
follows:  (1)  Start  lathe.  (2)  Move  carriage  by  hand  toward 
tailstock  until  it  comes  to  stop.  This  brings  the  tool  into  the 
starting  position.  (3)  Feed  tool  to  depth  and  turn  knob  A 
quickly  to  left  as  far  as  it  will  go,  which  throws  nuts  into 
engagement  with  lead-screw  and  moves  carriage  forward.  The 
carriage  travels  forward  until  the  nuts  are  automatically  dis- 
engaged by  finger  /  engaging  with  latch  H,  which  rotates  arms 
B  to  the  left  until  the  square  corners  on  the  arms  drop  off  the 
square  corners  on  the  thrust  blocks.  This  arrangement  in- 
sures that  the  carriage  will  stop  accurately  in  any  place  at 
the  end  of  each  cut.  (4)  Withdraw  tool,  return  carriage  by 
hand  to  starting  position  and  continue  cycle  of  operations 
until  thread  is  finished.  The  operation  of  this  thread-cutting 
attachment  is  so  simple  and  positive  that  with  a  suitable  stop 
on  the  cross-slide  of  the  lathe,  which  would  limit  the  total 
depth  of  cut,  it  is  claimed  that  the  operator  could  quickly 
cut  a  thread  with  his  eyes  shut.  The  accuracy  of  the  work 
produced  depends  only  upon  the  accuracy  of  the  lead-screw, 
as  the  work  will  be  an  exact  duplicate  of  the  lead-screw. 


WEIGEL   DRILLING   MACHINE 

The  Weigel  Machine  Tool  Co.,  Peru,  Ind.,  is  now  building  a 
25-inch  vertical  drilling  machine,  two  views  of  which  are 
shown  in  Figs.  1  and  2.  This  machine  is  built  in  two  grades, 
one  being  furnished  with  babbitted  bearings  and  the  other 
with  Damascus  bronze  bearings.  The  base  is  ribbed  under- 
neath to  provide  stiffness,  and  it  has  an  oil-pan  of  ample  size 
extending  entirely  around  the  outer  edge.  Four  T-slots  are 
milled  in  the  base  for  clamping  work.  The  column  is  of  tubu- 
lar section  and  provides  ample  bearings  for  the  table  arm  and 
sliding  head.  The  table  is  designed  with  a  heavy  face  to  pre- 
vent springing  by  clamps  holding  the  work,  and  it  is  furnished 
with  the  usual  T-slots  for  clamping  work  in  place.  The  table 
arm  is  raised  and  lowered  by  a  rack  and  pinion  actuated 
through  a  worm  and  worm-gear.  The  bore  for  the  hub  on 
the  table  is  made  large  enough  to  enable  a  compound  table 
to  be  used  without  requiring  any  change  to  be  made.  This 
hole  is  bored  to  a  plug  gage  so  that  a  compound  table  can 
be  substituted  for  the  standard  table  at  any  time. 


ric.    I.     Wolfnl  :ri  Inch   VortlosI   Orllllni  Mantilna 


Fig.  2.     Opposite  Si-:     i  ,j    i   Vertical  Drilling  Machine  shown  in  Fig.  1 

This  machine  is  furnished  with  either  plain  sliding  back- 
gears  or  the  Weigel  improved  friction  type  of  back-gears.  The 
friction  back-gears  are  positive  in  action  and  easily  operated 
by  a  lever  conveniently  located  at  the  front  of  the  machine. 
All  gears  are  entirely  covered  and  run  in  an  oil-tight  case, 
which  insures  perfect  lubrication.  Eight  rates  of  feed  are 
provided  for  each  spindle  speed,  the  feed  changes  being  ob- 
tained by  means  of  sliding  gears.  Any  feed  is  easily  and 
quickly  obtained  by  convenient  levers,  the  rate  being  indicated 
by  a  plate  attached  to  the  machine.  For  the  friction  quick- 
return,  the  operating  levers  are  placed  in  the  form  of  a  pilot 
wheel  consisting  of  tour  levers,  any  one  of  which  engages 
or  disengages  the  feed  at  will.  An  automatic  stop  which  Is 
positive  in  its  action  can  be  set  to  throw  out  the  feed  at  any 
predetermined  depth.  The  worm  operating  the  quick-return 
shaft  is  triple-threaded. 

This  machine  can  be  furnished  with  the  Weigel  improved 
friction  tapping  attachment,  which  is  placed  directly  on  the 
spindle  and  has  a  reverse  ratio  of  2  to  1  for  backing  out  the 
tap.  A  long  driving  key  is  provided  on  the  spindle  to  prevent 
cramping  on  either  the  forward  or  reverse  motion.  Provi- 
sion is  made  for  disengaging  the  tapping  attachment  when  it 
is  not  required.  Provision  is  also  made  for  equipping  this 
drilling  machine  for  either  direct-geared  motor  drive  or  the 
application  of  motor  drive  with  transmission  through  a  belt. 
Tliis  machine  is  said  to  comply  with  all  state  laws  governing 
the  provision  of  means  for  guarding  against  accidents  to 
operators.  All  gearing  in  the  liead  is  entirely  covered  by 
liousings  cast  Integral  with  the  head,  as  well  as  the  back-gears 
on  the  yoke  and  gearing  on  tlie  table  arm.  The  lower  cone 
pulley  Is  entirely  covered  by  a  cast  housing,  and  the  tight  and 
loose  pulleys  have  an  adjustable  guard.  A  belt  shifter  is  fur- 
nished on  all  machines  to  provide  for  alilfling  tho  belt  on  the 
cone  pulIoyH,  and  as  tho  operator  does  not  have  to  sliift  tho 
belt  by  hand,  he  will  bo  more  likely  to  diango  tho  speed  In 
order  to  obtain  that  wlilch  l.s  required  for  the  work  ho  Is  doing 
Tho  principal  dliiienslonH  of  this  machine  arc  as  follows: 
extreme  height  wKh  splndlo  exteiuled,  9  foot,  9%  Inches; 
height  to  top  of  drill,  7  feet,  11  Inches;  distance  from  base 
lo  spindle,  47M;  Inches;  dlslunco  from  tiihlo  to  spindle,  ',W\i 
IiiiIioh;  capacity,  for  drlllliiK  to  <enter  of  25%  Indi  circle; 
Iraverso  of  table  on  column.  i'.i%  InrlicH;  travel  of  head  on 
column,  21  Inrhes;  dlnmotcr  of  table,  22  Inches;  diameter  of 
column,  7V4   Inches;   diameter  of  spindle  above  sleeve,   19/16 
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inch;  diameter  of  spindle  in  sleeve,  1 11/16  inch; 
diameter  of  sleeve,  2%  inches;  taper  of  hole 
in  spindle,  No.  4  Morse;  ratio  of  back-gears,  2.5 
to  1;  available  rates  of  feed  per  spindle  revolu- 
tion, 0.0040,  0.0054,  0.0081,  0.0108,  0.0162,  0.0216, 
0.0224  and  0.0432;  size  of  cone  pulley  steps,  6. 
8,  10  and  12  inches  in  diameter  by  2%  inches 
face  width;  size  of  tight  and  loose  pulleys,  12 
inches  in  diameter  by  3%  inches  face  width; 
speed  of  tight  and  loose  pulleys,  500  R.P.M.; 
available  spindle  speeds  through  open  belt,  100, 
160,  250  and  400  R.P.M.;  and  available  spindle 
speeds  through  back-gears,  15,  25,  39  and  62  R.P.M. 


CINCINNATI  -  BICKFORD    MOTOR- 
DRIVEN   RADIAL  DRILLING 
MACHINES 

The  radial  drilling  machines  manufactured 
by  the  Cincinnati  Bickford  Tool  Co.,  Oakley, 
Cincinnati,  Ohio,  are  well  known  to  readers 
of  Machinery,  but  the  accompanying  illustra- 
tions show  some  recent  developments  in  variable- 
speed  motor  drive.  These  radial  drilling  ma- 
chines are  furnished  with  four  types  of  drive, 
as   follows:    cone  pulley;    gear-box;    motor  drive  Fie- 

through    gear-box;     and     variable-speed     motor 
drive.     In   Pigs.    1    and    2    are    shown    two    highly    developed 
forms   of  variable-speed  motor   drive. 

Fig.  1  shows  a  Cincinnati-Bickford  plain  radial  drilling  ma- 
chine with  a  plain  table,  which  is  made  in  four-,  five-  and  six- 
foot  sizes.  This  machine  is  equipped  with  an  air  column 
binder  and  cutting  lubricant  outfit;  it  is  driven  by  a  3  to  1 
variable-speed  motor  mounted  on  the  arm  and  geared  direct 
to  the  arm-shaft.  The  controller  is  placed  on  the  head.  The 
arm  is  elevated  by  a  constant-speed,  reversing,  compound- 
wound  motor  mounted  on  top  of  the  column  and  controlled 
by  a  reversing  switch  and  dynamic  brake  resistance.  The 
switch  is  operated  by  a  square  shaft  controlled  by  the  Cincin- 
nati Bickford  Tool  Co.'s  patented  interlocking  device;  and  a 
revolving  connection  in  the  base  of  the  column  permits  wires 
to  enter  at  this  point  and  run  up  through  the  center  of  the 
column  to  the  top. 

Fig.  2  shows  one  of  the  Cincinnati-Bickford  radial  drill- 
ing machines,  which  is  built  in  four,-  five-  and  six-toot  sizes. 
This  machine  is  equipped  with  a  plain  table,  cutting  lubricant 
outfit  and  air  column  binder.  It  is  equipped  with  a  Reliance 
adjustable-speed   motor  having  a  starter   attached.     There   is 


cinnati-Bi< 


vith   Kelia 


also  a  form  R.  C.  small  motor  for  speed  adjustment  attached 
to  the  large  motor  and  remote  speed  control  by  a  push-button 
mounted  on  the  head  of  the  machine. 


Fl«.    1.     Clnolnintl-Blrkford    Pliiln    Raillnl    DrllllnK    Machln 
Variablo-ipood    Motor    mountod    on    Arm 


ROCKFORD   BORING  AND   DRILLING 
MACHINE 

The  Rockford  Drilling  Machine  Co.,  Rockford,  111.,  is  now 
building  a  heavy-duty  horizontal  boring  and  drilling  machine, 
which  is  especially  adapted  for  use  in  manufacturing  parts  in 
large  quantities.  This  is  a  single-purpose  machine,  and  is 
built  to  customers'  specifications  in  regard  to  spindle  height 
above  table,  length  of  table  and  distance  between  spindle  ends. 
The  capacity  is  for  driving  high-speed  drills  up  to  2%  inches 
in  diameter  in  steel  and  for  boring  holes  up  to  6  inches  in 
diameter  in  steel.  Several  types  of  machines  are  built,  which 
include  a  single-spindle  machine,  a  double-spindle  machine 
with  spindles  opposed  (as  shown  in  the  accompanying  illus- 
tration), a  double-spindle  machine  with  the  spindles  at  right 
angles,  and  machines  with  three  or  four  spindles.  The  bear- 
ings are  made  of  phosphor-bronze  and  are  interchangeable. 
Drive  is  through  a  three-step  cone  pulley,  which  carries  a 
4-inch  belt,  and  each  spindle  has  entirely  separate  speed  con- 
trol, being  furnished  with  its  own  tight  and  loose  pulley  coun- 
tershaft. All  bearings  in  the  countershaft  are  bronze  bushed 
and  equipped  with  oilers.  The  speed  changes,  beyond  those 
furnished  by  the  three-step  cone  pulley,  are  obtained  by  means 
of  interchangeable  pick-off  gears,  and  attention  is  called  to  the 
fact  that  no  bevel  gears  are  used  in  the  drive.  All  gears  are 
of  large  pitch  and  wide  face  to  provide  ample  strength. 

There  are  four  available  rates  of  feed,  which  are  taken 
from  the  spindle,  and  any  of  these  tour  changes  is  instantly 
obtainable.  The  spindle  is  forged  from  high  carbon  steel  and 
fitted  with  two  special  ball-thrust  bearings.  The  spindle  nose 
is  bored  No.  5  Morse  taper,  and  is  slotted  across  the  end  to 
provide  for  driving  heavy  boring  and  facing  heads.  Hand 
traverse  of  the  spindle  is  obtained  by  means  of  a  star  lever, 
which  works  through  reduction  gears,  giving  a  powerful  hand 
feed.  This  machine  is  especially  adapted  for  the  performance 
of  repetition  work,  such  as  boring  crank-cases,  transmission 
cases  and  rear  axles  for  automobiles,  headstocks  and  tailstocks 
for  lathes,  core  drilling,  etc.  The  design  is  such  that  the  ma- 
chine lends  itself  readily  to  the  application  of  multiple-spindle 
heads  for  machining  from  two  to  ten  holes  at  one  time.  On 
multiple-spindle  machines,  two  or  more  pieces  can  be  operated 
up(m  at  the  same  time,  which  is  the  means  ot  conserving  floor 
spare  and  economizing  in  operator's  time. 

Tlio  principnl  dimensions  ot  this  machine  are  as  follows: 
capacity  for  drilling  In  steel,  up  to  2%  inches;  distance  from 
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spindle  to  table,  distance  between  spindle  ends  and  length  of 
table,  made  to  suit  requirements;  length  of  feed,  20  inches; 
diameter  of  spindle  sleeve,  3%  inches;  smallest  diameter  of 
spindle,  2  inches;  taper  of  spindle  hole,  No.  5  Morse;  width 
of  hardened  nickel  steel  feed  rack,  2  inches;  diameter  of  spin- 
dle driving  gear,  18  inches;  size  of  regular  table,  24  by  72 
inches;  height  of  table  from  floor,  30  inches;  available  rates  of 
feed,  0.010,  0.015,  0.022  and  0.030  inch  per  spindle  revolution; 
size  of  driving  pulley  on  countershatting,  14  inches  diameter 
by  6%  inches  face  width;  speed  of  countershaft,  500  revolu- 
tions per  minute;  and  ratio  between  drive  and  spindle,  5  to  1. 


WADE  PRECISION  LATHE 
In  introducing  this  toolmaker's  precision  lathe,  attention  is 
called  to  the  fact  that  it  is  not  a  revolutionary  product.  The 
design  follows  estab- 
lished lines  that  have 
proved  satisfactory  in 
various  classes  of  ser- 
vice. The  claims  made 
for  the  present  machine 
are  that  it  is  of  sturdy 
construction,  accurately 
finished  and  built  along 
lines  that  will  provide 
durability  for  the  ma- 
chine and  accuracy  of 
the  work.  This  lathe  is 
adapted  for  handling  all 
kinds  of  tool  and  scien- 
tific    instrument     work,  loolmaker'a  Precision  Lath 

and  for  use  in  the  manufacture  of  fine  gun  parts  and  similar 
products.  The  head  swings  S^  inches  and  the  lathe  is  45 
Inches  long,  giving  ample  room  for  handling  work  up  to  24 
Inches  in  length  between  centers. 

The  bed  is  in  the  shape  of  a  hollow  square  with  cross-ribs, 
giving  ample  strength  and  rigidity.  The  ways  are  placed  for- 
ward directly  over  the  supporting  sides  of  the  bed,  which  af- 
fords a  solid  construction  and  avoids  forming  a  pocket  in 
which  dirt  and  chips  are  likely  to  collect.  The  head  Is  back- 
geared  and  the  spindle  and  Its  bearings  are  of  the  cone  type, 
the  spindle  being  made  of  tool  steel,  hardened,  ground  and 


lapped  and  provided  with  means  of  adjusting  for  wear.  Pro- 
vision is  made  for  setting  over  the  tailstock  for  turning  ta- 
pered work,  and  the  tailstock  spindle  has  a  bearing  for  the 
full  length  of  the  spindle  in  any  position. 

It  will  be  seen  that  this  lathe  is  provided  with  a  quick- 
change  gear-box,  and  screw  threads  of  twenty-four  different 
pitches  can  be  cut,  covering  a  range  from  12  to  120  per  inch. 
The  gears  are  shifted  by  three  levers,  and  a  feed  2.9  finer  than 
the  screw  feed  is  obtained  through  a  feed-rod.  The  lead-screw 
is  %  inch  in  diameter  and  has  eight  threads  per  inch;  it  is 
made  of  crucible  steel  and  the  threads  are  cut  with  a  master 
lead-screw.  The  nut  that  fits  the  lead-screw  is  made  of  bronze 
and  is  of  ample  length  to  give  the  desired  durability.  All 
gears  in  the  lathe  are  made  of  steel  and  cut  from  solid  blanks. 
The  spring  chucks  used  on  this  machine  are  made  of  steel, 
hardened,   tempered   and  ground;    these   chucks   are  made  in 

eleven  sizes,  ranging 
from  1/8  to  3/4  inch  by 
intervals  of  1/16  inch. 
A  two-speed  counter- 
shaft of  the  wall  type 
is  furnished  with  each 
lathe.  It  has  pulleys  6 
inches  in  diameter  by  2 
inches  face  width.  The 
cone  pulley  steps  are 
6%,  5%  and  4  inches 
in  diameter  by  1%  inch 
face  width.  Three 
treadles  furnished  with 
the  countershaft  oper- 
buiit  by  Walter  H.  Wade  ^te  the  spring  shippers. 

This  machine  is  a  recent  product  of  Walter  H.  Wade,  311  At- 
lantic Ave.,  Boston,  Mass. 


Throdlnt   Machii 


LANDIS   THREADING   MACHINE 

The  Landis  Machine  Co.,  Waynesboro,  Pa.,  has  recently  de- 
signed and  built  a  machine  for  a  large  shipbuilding  plant, 
which  is  used  for  threading  hollow  staybolt  tubes.  These 
tubes  vary  from  6  to  8  feet  in  length  and  from  2%  to  3V4 
inches  in  diameter.  The  machine  is  equipped  with  an  auxil- 
iary bed,  which  is  attached  to  the  main  bod,  and  this  exten- 
sion bed  supports  an 
auxiliary  carriage  fit- 
ted with  threaded  grips 
employed  in  timing  the 
threads  on  the  ends 
of  the  tubes  and  also 
for  supporting  the 
tubes.  A  lead-screw  at- 
taclinipnt  Insures  ob- 
taining a  high  degree 
of  accuracy  and  a  per- 
fect start  for  the 
thread ;  there  Is  also  a 
pitch  I  n  d  Icator  that 
shows  the  correct  posi- 
tion   for    engaging    the 
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lead-screw  nut.  The  accompanying  illustration  shows  the  ma- 
chine arranged  for  drive  by  an  alternating-current,  constant- 
speed  motor  with  a  mechanical  speed-change  box  and  drive 
through  sprockets  and  a  silent  chain.  The  illustration  does 
not  show  the  motor  in  position. 

In  threading  hollow  staybolt  tubes  on  tlu3  machine  the 
method  of  operation  is  as  follows:  One  end  of  all  the  tubes 
is  threaded  by  gripping  them  in  the  vise  of  the  regular  car- 
riage. Then  a  master  tube,  which  has  both  ends  threaded  with 
threads  continuous,  is  placed  in  the  machine  and  the  chasers 
are  closed  down  on  the  threaded  portion  on  one  end,  i.  e.,  the 
grooves  or  serrated  surfaces  of  the  chasers  are  fitted  in  the 
threads  already  cut  on  the  master  staytube.  Next  the  outer 
end  of  this  master  tube  is  gripped  with  the  thread  grips  in 
the  auxiliary  carriage;  these  grips  should  be  suflBciently  loose 
so  that  they  can  adjust  themselves  endwise  with  the  thread 
on  the  master  tube.  After  the  master  tube  has  been  gripped 
in  the  extension  carriage,  the  threaded  grips  should  be  se- 
cured in  the  auxiliary  carriage  vise  jaws.  Next  the  lead- 
screw  nut  of  the  main  carriage  is  thrown  in  and  the  tube 
is  gripped  in  the  regular  vise  of  the  main  carriage.  The 
chasers,  lead-screw  and  threads  on  the  staybolt  tubes  will 
then  all  be  correctly  timed.  The  master  staytube  is"  now  re- 
moved and  the  tubes,  which  have  already  been  threaded  on 
one  end,  are  placed  in  the  threaded  grips  of  the  auxiliary 
carriage,  the  lead-screw  nut  being  engaged  when  the  pitch 
indicator  on  the  main  carriage  shows  the  correct  position 
for  engaging  this  nut.  The  operation  of  threading  the  other 
end  of  all  the  tubes  can  then  proceed,  and  the  threads  on  both 
ends  of  the  tube  will  be  continuous.  This  machine  employs 
the  Landis  all-steel  rotary  die-head  and  long-life  chasers. 


DAVID  A.  WRIGHT  SCREW  MACHINE 

David  A.  Wright,  56S  Washington  Blvd.,  Chicago,  111.,  is  now 
manufacturing  the  No.  1%  hand  screw  machine  shown  in 
Pig.  1.  It  is  equipped  with  an  automatic  chuck  which  has 
capacity  for  handling  round  bars  13/16  inch  in  diameter, 
square  bars  of  19/32  inch,  and  hexagon  bars  of  23/32  inch; 
work  up  to  6  inches  in  length  can  be  handled  on  the  machine. 
This  screw  machine  is  heavily  constructed  to  adapt  it  for 
operation  at  high  speed,  and  it  has  an  ample  swing  and  plenty 
of  clearance  for  the  cut-off  slide.  A  special  turret  operating 
mechanism  has  been  designed  to  embody  features  of  simplicity 
and  durability;  this  mechanism  is  illustrated  in  Fig.  2.    There 


are  individual  adjustable  stops  for  each  of  the  six  positions 
of  the  turret,  which  has  an  efficient  locking  mechanism. 
Rollers  are  provided  on  the  wire  feed  dog;  and  the  gage 
finger  automatically  revolves,  engaging  with  respective  stop- 
nuts  that  travel  longitudinally  on  stationary  stop-screws 
Means  are  provided  to  compensate  for  wear  of  the  turret  bear- 
ing. There  is  a  triple  locking  feature  for  the  turret,  which, 
in  one  position,  allows  the  turret  to  be  turned  in  either  direc- 
tion when  only  a  few  tools  are  employed. 

The  principal  dimensions  of  this  machine  are  as  follows; 
diameter  of  hole  through  chuck  plunger,  7/8  inch;  diameter 
of  hole  through  spindle,  13/32  inch;  diameter  of  thread  in 
spindle,  2  1/8  inches;  capacity  for  handling  threaded  work  on 
soft  steel,  up  to  1/2  inch;  drilling  capacity,  up  to  3/8  inch; 
length  of  work  that  can  be  turned,  up  to  6  inches;  maximum 
distance  from  end  of  spindle  to  face  of  turret  with  saddle 
even  with  end  of  bed,  11  inches;  swing  over  bed,  11 1/4  inches; 
swing  over  cut-off  slide,  G  inches;  dimensions  of  front  spindle 
bearing,  13/4  by  31/2  inches;  dimensions  of  rear  spindle 
bearing,  1  5/8  by  2  5/8  inches;  diameter  of  round  turret,  5  3/4 
inches;  size  of  hexagon  turret,  5  3/4  inches  across  flats; 
diameter  of  tapped  holes  in  turret  face, 
3/8  inch;  distance  from  center  of  turret 
holes  to  top  of  slide,  115/16  inch;  maxi- 
mum travel  of  cross-slide,  6  inches;  size 
of  cut-off  tools,  7/16  by  1  inch:  length 
of  wire  feed  bar,  33  inches;  diameters 
of  cone  pulley,  8,  6  1/4  and  4  1/2  inches; 
width  of  driving  belt,  2  1/2  inches;  diam- 
eter of  countershaft  friction  pulleys,  10 
inches;  width  of  belt,  2  3/4  inches;  speed 
of  countershaft,  210  R.P.M.;  available 
spindle  speeds,  200,  305  and  500  R.P.M.; 
power  required  to  drive  the  machine,  one 
horsepower;  floor  space  occupied,  20  by 
54  inches;  and  weight  of  machine  with 
countershaft,  750  pounds. 


Fl(.    1.     No.    1%   Hand   Borow   Hachlno   built   bjr   David   A.   Wrifht 


VICTOR  FLOATING  REAMER- 
HOLDER 

It  frequently  happens  that  users  of  tur- 
ret machinery  experience  difficulty  In 
reaming  holes  true  and  to  size.  This  is 
usually  due  to  an  error  in  the  reamer 
shank  or  to  faulty  alignment  of  the  tur- 
ret and  spindle  of  the  machine.  With  the 
view  of  overcoming  trouble  of  this  kind, 
the  Victor  Tool  Co.,  Inc.,  Waynesboro, 
Pa.,  haa  developed  the  Sheuman  floating 
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Tig.  1.     Victor  Floating  Se&mer-liolder  for  SeEiiners  with 
Tapered  Shanks 

reamer-holder;  it  is  stated  that  this  tool  has  been  thoroughly 
tested  in  the  manufacturer's  shops,  where  it  has  proved  en- 
tirely satisfactory.  In  working  out  the  design  of  this  reamer- 
holder,  care  has  been  taken  to  simplify  its  construction  as 
far  as  possible.  The  shank  of  the  socket  is  of  smaller  diam- 
eter than  the  bore  of  the  socket  bushing';  and  the  shoulder 
of  the  socket  bears  on  a  thrust  ball  bearing  that  permits  the 
reamer  to  adjust  itself  into  perfect  alignment  with  the  spin- 
dle of  the  machine,  so  that  it  always  reams  to  its  actual  size 
and  cuts  perfectly  straight.  The  pin  at  the  rear  serves  only 
to  keep  the  socket  from  turning  in  the  socket  bushing. 

It  is  claimed  that  when  using  this  tool  it  is  not  necessary 
for  the  foreman  to  devote  time  to  setting  reamers,  as  any  in- 
experienced machine  operator  can  set  this  tool  to  produce  sat- 
isfactory work.  In  times  such  as  the  present,  when  manu- 
facturers are  compelled  to  employ  a  great  deal  of  unskilled 
labor,  this  is  an  important  feature.  This  reamer-holder  is 
suitable  for  use  on  automatic  screw  machines,  turret  lathes, 
horizontal  or  vertical  boring  mills,  and  all  other  types  of 
turret  machines.     Holders  of  this  type  are  made  in  five  stand- 


removing  two  machine  screws.  This  compartment  should 
never  be  opened  except  when  making  connections,  or  in  case 
of  inspection  or  repairs,  as  the  switch  is  opened  and  closed 
by  the  operating  handle,  from  the  outside,  through  a  shaft 
and  lever  inside  the  box.  The  lower  or  fuse  compartment, 
containing  the  fuses  and  fuse-holders,  is  the  only  part  of  the 
switch  that  need  be  opened,  and  then  only  to  replace  blown 
fuses.  The  door  of  this  compartment  is  so  interlocked  with 
the  switch  by  a  vertically  acting  push-rod  engaging  a  boss 
on  the  fuse-compartment  door  that  it  can  be  opened  only  when 
the  operating  handle  is  in  the  off  position  and  the  circuit 
broken.  Furthermore,  with 
the  door  of  this  compartment 
open  it  is  impossible  to  close 
the  switch.     Thus  the  danger 


Switch   with   Cover 


Tig.  2,     Victor  Floating  Rcamcr-hoIder  for  Reamers  with 
Straight  Shanks 

ard  sizes,  as  follows:  size  of  hole,  No.  2  Morse;  diameter  of 
socket  bushing,  1%  inch;  size  of  hole.  No.  3  Morse,  diameter 
of  socket  bushing,  1%  inch;  size  of  hole.  No.  4  Morse,  diam- 
eter of  80<;ket  bushing,  2  inches;  size  of  hole,  %  inch  diameter, 
straight,  diameter  of  socket  bushing,  I14  inch;  size  of  hole, 
%  inch  diameter,  straight,  diameter  of  socket  bushing,  l^i 
Inch.  Special  holders  can  be  made  to  suit  any  size  of  reamer 
shank,  either  straight  or  tapered,  and  the  socket  bushing  can 
be  made  to  fit  any  turret. 


WESTINGHOUSE  "SAFETY  FIRST"  SWITCH 
In  steel  mills,  factories  and  similar  places  employing  men 
with  practically  no  knowledge  of  electricity  and  Its  attendant 
risks,  an  absolutely  safe  switch  has  become  a  necessity.  The 
really  safe  switch  is  one  so  constructed  that  all  live  parts  are 
totally  enclosed  and  Inaccessible.  Means  should  also  be  pro- 
vided for  preventing  operation  by  unauthorized  persons.  The 
■witch  shown,  which  has  been  brought  out  by  the  'Westing- 
house  Kloctrlc  &  Mfg.  Co.,  Kast  Pittsburg,  I'a..  is  typical  of 
the  real  safety  switch.  Its  use  aHHures  the  maximum  protoc- 
lion  implied  In  the  word  "safety,"  The  complete  dovlce  cou- 
Hlsts  of  an  ordinary  single-throw  knifo  switch  and  enclosed 
fi'gc-holders  mounted  In  an  exceptionally  strong  cast  Iron  box, 
with  an  operating  handle  outside  the  housing.  The  box  Is  de- 
signed for  conduit  connection  and  has  a  partition  separating 
the  switch  blades  from  the  fuse  holders. 

The  upper  or  switr'h   compartment   rnn  be  opened   only   by 


of  a  live  line  is  eliminated.  '  The  operating  handle  can  also  be 
locked  with  the  switch  in  the  open  position,  preventing  tamper- 
ing by  unauthorized  persons. 


AMERICAN  STEEL  SPLIT  PULLEY 

Every  engineer  knows  that  there  are  certain  drives  requir- 
ing the  use  of  stronger  pulleys  than  those  used  for  average 
classes  of  service.  To  meet  such  conditions,  the  American 
Pulley  Co.,  4208-60  Wissahickon  Ave.,  Philadelphia,  Pa.,  has 
developed  a  special  heavy-duty  type  of  steel  split  pulley,  which 
is  shown  in  the  accompanying  illustration.  Pulleys  of  this 
type  are  made  in  sizes  ranging  from  36  to  84  inches  in  diam- 
eter, inclusive,  with  either  a  6-inch  or  8V^-inch  bore.  This 
type  of  pulley  is  particularly  suited  for  driving  drop-hammers 
and  other  machinery  having  a  heavy  intermittent  load;  they 
also  find  application  in  driving  air  compressors,  rock  break- 
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ers,  crushing  rolls,  centrifugal  pumps.  Beater  engines  and 
Jordan  engines  in  paper  mills.  In  fact,  they  are  used  for  any 
severe  service  where  a  special  cast-iron  pulley  would  otherwise 
be  required. 


T.   R.   ALMOND   MICROMETERS 

The  T.  R.  Almond  Mfg.  Co.,  2  Maple  Ave.,  Ashburnham, 
Mass.,  has  recently  added  to  its  products  three  types  of  mi- 
crometers, which  are  shown  in  Figs.  1,  2  and  3.  Each  of  these 
is  made  in  two  styles  for  English  measurements  and  metric 


Fig.  1. 

measurements.    It  will  be  apparent  from  the  illustrations  that 
the  design  of  these  tools  follows  quite  closely  along  the  lines 
of  standard  practice.     It  is  claimed  that  they  are 
highly   accurate,    and    the    manufacturers   request 
that    in    testing    the    accuracy    of    these    microm- 
eters   Johansson    Swedish    gages    shall    be    used. 

Fig.  1  shows  a  micrometer  which  is  made  in  a 
No.  140  style  for  English  measurements  from  0  to  1 
inch.  Two  types  of  this  style  of  micrometer  are 
made  to  read  to  0.001  and  0.0001  inch,  respectively. 
This  micrometer  is  also  made  in  a  No.  141  style 
for  metric  measurements  from  0  to  25  millimeters 
by  0.01  millimeter.  These  micrometers  are  fur- 
nished with  neither  a  ratchet  stop  nor  lock-nut.  It 
will  be  seen  from  the  illustration  that  a  table 
of  decimal  equivalents  is  furnished  on  the  frame 
of  the  micrometer. 

Fig.  2  shows  another  Almond  micrometer, 
which  is  also  made  in  two  styles  for  English  and 
metric  measurements.  The  style  known  as  No. 
139  makes  English  measurements,  and  this  style 
of  micrometer  is  made  in  two  sizes  for  dimensions 
from  1  to  2  inches  and  from  2  to  3  inches.  Both 
sizes  are  made  in  two  types  to  read  to  0.001 
and  to  0.0001  inch.  This  micrometer  is  also 
made  in  a  No.  142  style  for  metric  measurements,  and  two 
sizes  are  made  for  measuring  work  from  25  to  50  millimeters 
and  from  50  to  75  millimeters.  Each  size  of  micrometer  reads 
to  0.010  millimeter,  and  this  micrometer  also  has  neither  a 
ratchet  stop  nor  lock-nut. 

Fig.  3  shows  a  micrometer  head  for  attachment  to  machines 
and  tools  where  fine  adjustment  is  necessary.  This  head  is 
made  adjustable  for  slight  variations,  and  it  has  neither  a 
ratchet  stop   nor   lock-nut.     The   distance   from   the   shoulder 


to  the  end  is  9/16  inch  and  the  diameter  is  27/64  inch.  This 
micrometer  head  is  made  in  a  No.  138  style  to  read  from  0 
to  1  inch,  heads  of  this  style  being  made  in  two  types  to  read 
to  0.001  and  0.0001  inch.  This  micrometer  head  is  also  made 
in  a  No.  143  style  to  measure  work  from  0  to  25  millimeters; 
it  is  graduated  to  read  to  0.01  millimeter. 


BLEVNEY  FINISHING  MACHINE 
In  the  accompanying  illustration  is  shown  one  of  the  recent 
additions  to  the  line  of  abrasive  belt  iinishing  machines  built 
by  J.  C.  Blevney,  209  Parkhurst  St.,  Newark,  N.  J.  This  is 
known  as  a  Type  B-6  machine  and  takes  the  place  of  an  ordi- 
nary set-up  wheel  for  hand-finishing.  It  is  equipped  with  a 
wheel  that  has  a  cushion,  by  means  of  which  roughing  opera- 
tions as  well  as  the  finest  finishing  can  be  performed  by  sim- 
ply changing  the  abrasive  belt.  This  means  that  a  piece  of 
work  roughed  with  the  cushion,  which,  by  the  way,  is  such 
that  no  flat  or  digging-in  cuts  can  be  produced,  will  be  fol- 
lowed  absolutely  with   the   cutting  of  finer  grit  belts.     The 


Type  B-6  Abra 


Belt  Finishing  Machine  built  by  J.  C.  Blevney 


entire  mechanism  is  mounted  ou  a  stand  with  provision  for 
raising,  lowering  or  setting  the  belt  at  an  angle. 

The  cushion  wheel  is  made  with  the  face  built  up  from 
strips  of  leather  held  edgewise  by  clamps,  with  spaces  1/16 
inch  wide  between  the  strips.  In  operation,  these  strips  of 
leather  tend  to  bend  over  slightly  so  that  the  edges  grip  the 
abrasive  belt  and  serve  the  double  purpose  of  forming  a  cush- 
ion and  increasing  the  grip  on  the  abrasive  belt,  which  is  pro- 
portionate to  the  amount  of  power  required  for  the  polishing 
operation  upon  which  the  machine  is  engaged.  In  time  there 
is  a  tendency  tor  these  leather  segments  to  assume  a  perma- 
nent set  in  the  bent-over  position,  and  to  correct  for  this  con- 
dition, means  are  provided  for  renioving  the  wheel  quickly 
from  its  bearing^  and  reversing  it  end  for  end.  In  this  com- 
position it  will  be  apparent  that  the  leather  segments  tend  to 
bend  back  in  the  opposite  direction  to  that  in  which  they 
have  become  permanently  distorted.  A  counterweight  main- 
tains the  desired  tension  on  the  abrasive  belt. 

Attention  is  called  to  the  fact  that  it  takes  only  a  short 
time  to  train  an  operator  to  use  this  machine,  which  is  an 
Important  condition  at  the  present  time,  when  skilled  labor 
of  any  kind  is  extremely  hard  to  get.  It  is  also  stated  that 
the  cost  of  abrasives  tor  the  performance  of  polishing  opera- 
tions Is  reduced  nearly  50  per  cent,  while  the  rate  of  produc- 
tion Is  Increased  from  40  to  100  per  cent. 
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RIVETT  AUTOMATIC   RADIAL  GRINDER 

In  previous  types  of  oscillating  radial  grinders  the  mechan- 
ism imparts  a  variable  rate  of  travel  to  the  oscillating  head 
and  a  fixed  rate  of  cross-feed  to  the  work-head.  In  the  present 
machine  these  two  principles  have  been  reversed,  the  mechan- 
ism imparting  a  fixed  rate  of  travel  to  the  oscillating  head 
throughout  its  stroke  and  an  adjustable  rate  of  cross-feed  for 
the  work-head.  A  fixed  rate  of  travel  for  the  oscillating  head 
allows  the  grinding  wheel  to  remain  in  contact  with  each  por- 
tion of  the  complete  arc  for  the  same  period  of  time,  thus 
tending  to  produce  greater  uniformity  in  the  work.  The 
variable  cross-feed  mechanism  enables  the  operator  to  remove 
the  metal  rapidly  while  roughing  out  the  groove  in  the  bear- 
ing race  and  then  slow  down  the  feed  and  take  a  fine  cut 
while  finishing. 

The  Rivett  Lathe  &  Grinder  Co.,  Brighton,  Boston,  Mass., 
has  developed  a  new  type  of  automatic  radial  grinder,  in- 
tended for  all  classes  of  radial  grinding  in  general,  and  espe- 
cially for  ball  races,  both  external  and  internal,  radial  thrust 
bearings,  spherical  shapes  of  large  diameter  and  spherical 
sockets.  As  the  work-carrying  head  can  be  set  to  swing 
through  an  arc  of  200  degrees,  complete  ball  and  socket  shapes 
may  be  ground  if  required.  The  machine  has  a  capacity  for 
grinding  both  inside  and  outside  work  up  to  a  diameter  of 
10  inches,  and  will  chuck  work  up  to  a  diameter  of  12  inches. 
The  grinding  diameter  of  10  inches  may  be  exceeded  on  cer- 
tain classes  of  work,  where  the  shape  of  the  work  permits 
grinding  even  larger  diameters.  The  minimum  size  of  work 
for  which  the  grinder  is  intended  is  3  inches  grinding  diam- 
eter. Smaller  work  may,  of  course,  be  ground,  but  the  build- 
ers do  not  recommend  it  for  much  smaller  work,  as  they  be- 
lieve that  in  such  cases  a  hand-operated  machine  should  be 
used  rather  than  an  automatic  machine.  The  machine  is 
known  as  the  "Rivett  No.  208  full  automatic  radial  grinder," 
and  was  developed  by  F.  H.  Halstead,  chief  engineer  of  the 
Rivett  Lathe  &  Grinder  Co.,  under  its  new  management. 

The  advantages  claimed  for  the  new  machine  are  as  follows: 
(1)  The  oscillating  head  of  the  machine  has  a  fixed  rate  of 
travel  throughout  the  oscillating  stroke.  (2)  The  cross-feed 
of  the  wheel-carrying  head  is  variable,  so  that  the  operator 
may  remove  a  larger  quantity  of  stock  at  the  beginning  of  the 
grinding  than  toward  the  end;  this  change  in  the  cross-feed 
Is  effected  automatically.  (3)  A  great  range  of  feeds  may  be 
obtained  from  a  maximum  to  a  minimum,  and  there  is  an  ar- 
rangement for  any  combination  of  feeds,  coarse  and  fine,  as 
mentioned  under   (2).     (4)   Provision  is  made  for  automatic 
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Fig.   2.     Rear  View   of  Eivett   Grinder,    showing   Water   Attachment 

stopping  of  the  machine  at  the  point  at  which  the  predeter- 
mined amount  of  stock  has  been  removed  from  the  part  being 
ground.  (5)  The  work-carrying  head  always  stops  with  the 
work  facing  the  operator,  in  position  for  gaging.  (6)  The 
wheel-carrying  spindle  is  removed  from  the  work  for  gaging 
by  a  single  motion  of  a  hand-lever.  This  is  the  case  both  for 
outside  and  inside  grinding.  (7)  The  longitudinal  slide  of 
the  wheel-carrying  head  has  been  eliminated,  and  the  cross- 
slide  is  mounted  directly  on  the  upper  base  casting  of  the 
machine.  This  greatly  increases  the  rigidity  and  minimizes 
wear.  (8)  The  clutch  has  been  eliminated  between  the  oscillat- 
ing mechanism  and  the  oscillating  member.  (9)  The  machine  is 
heavily  constructed  throughout,  especially  the  oscillating  mem- 
bers. (10)  An  oscillation  of  200  degrees  is  possible,  making 
it  feasible  to  grind  all  classes  of  spherical  work  without  addi- 
tional attachments. 

With  regard  to  the  construction,  attention  is  called  to  the 
following  features:  All  the  bearings  are  ball  bearings,  except 
that  for  the  oscillating  post,  which  is  solid,  and  the  beadstock 
spindle  bearings,  which  are  of  the  standard  Rivett  construc- 
tion. The  use  of  ball  bearings  has  been  extended  even  to  the 
ceiling  countershaft,  and  to  all  countershaft  and  pulley  bear- 
ings on  the  machine.  All  parts  of  the  sliifting  and  oscillating 
mechanisms  operate  in  oil  baths.  The  worm  and  worm-wheels 
for  the  oscillating  mechanism  are  made  of  machine  steel  and 
are  casehardened. 

The  machine  consists  principally  of  a  wheel-carrying  head 
mounted  on  a  crosaslide  and  a  work-carrying  head  mounted 
(in  an  extension  from  an  oscillating  post,  making  It  possible  to 
oscillate  the  work  to  obtain  the  splicrical  form  In  grinding; 
means  for  driving  the  whecl-splndle;  cross-feed  for  the  wheel- 
carrying  cross-slide;  means  for  transmitting  and  reversing  the 
motion  of  the  oscillating  poet;  and  a  suitable  base  or  frame 
for  mounting  the  parts.  Power  Is  transmitted  from  an  over- 
head counlersliafl  to  a  small  pulley  at  the  rear  of  the  machine. 
On  the  same  shaft  with  this  pulley  aro  mounted  two  other 
pulleys,  one  large  and  one  snuill.  The  large  pulley  transmits 
power  to  the  whrM'l-splndlo  by  moans  of  Idlers  and  an  Inter- 
mediate two-step  pulley.  The  Bnuill  pulley  transmits  power 
to  a  pulley  mounted  In  the  huso  of  the  mncliino,  from  which 
the  power  Is  ultimately  tranHinitted  to  the  oHrlllatliiK  nioch- 
ttiilKni  as  foIlowH:  Hy  roforrliiK  to  FIk  :!.  It  will  lie  mccm  thai 
on  lliii  Hnmo  shaft  an  that  on  wlilili  llic  piillcv  In  llic  Ixiso  of 
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the  machine  is  mounted  there  is  also  keyed  a  sprocket,  from 
which  a  link-belt  chain  transmits  motion  to  sprocket  A,  keyed 
to  the  same  shaft  as  gear  B.  The  latter  gear,  in  turn,  drives 
two  gears  C,  one  on  each  side.  These  are  mounted  on  the 
same  shafts  as  worms  D,  which,  one  at  a  time,  mesh  with  a 
worm-wheel  and  drive  it  alternately,  first  in  one  direction 
and  then  in  another.  This  worm-wheel  is  fastened  to  the  oscil- 
lating post,  and  it  is  through  this  mechanism  that  the  work- 
head  is  swung,  first  in  one  direction  and  then  in  the  opposite. 
The  means  by  which  the  worms  D  are  shifted  to  engage 
alternately  with  the  worm-wheel  are  shown  in  Figs.  3  and  4. 
Referring  first  to  Fig.  3,  it  will  be  seen  that  gears  B  and  C 
and  worms  D  are  all  mounted  on  a  bracket  F,  pivoted  at  G. 
and  having  a  limited  oscillating  movement  actuated  by  the 
shifting  mechanism  shown  in  Fig.  4.  As  the  work-carrying 
head,  carried  by  an  extension  of  the  oscillating  post,  moves 
toward  one  end  of  its  circular  arc  stroke,  a  dog  engages  with 
a  sliding  arc  on  the  under  side  of  the  upper  base  flange.  This 
sliding  arc  is  provided  with  a  forked  bracket,  which,  in  turn, 
engages  stud  /,  Fig.  4,  on  shifting  plunger  J.  To  the  lower 
side  of  plunger  J  is  fastened  a  piece  E  having  cam  surfaces 
at  the  ends.  These  cams,  in  turn,  actuate  levers  L  (either  the 
one  to  the  right  or  the  one  to  the  left,  according  to  the  direc- 
tion in  which  plunger  J  is  shifted),  and  levers  L  press  upon 


Fig.  3.     Details  of  OBcillating  Mechanism  for  Rivett  Grinder 

plunger  M,  compressing  a  spring,  as  long  as  part  0,  which  is 
Integral  with  the  oscillating  bracket  F,  Fig.  3,  is  prevented 
from  moving  by  catch  P.  As  cam  K  moves  forward,  however, 
it  raises  end  R  of  lever  L  until  it  engages  the  upper  end  of 
the  slot  in  link  S,  thereby  raising  catch  P  and  releasing  part  0, 
which  is  then  suddenly  thrown  over  by  the  spring  already 
compressed  by  the  pressure  of  lever  L  on  plunger  M.  This 
suddenly  shifts  the  frame  of  bracket  F,  Fig.  3,  so  that  the 
worm  D  and  the  worm-wheel  on  one  side  are  thrown  out  of 
engagement,  while  the  worm  D  on  the  other  side  is  brought 
Into  engagement  with  the  worm-wheel. 

When  it  la  desired  to  stop  the  oscillating  movement  of 
the  machine,  a  handle,  shown  to  the  left  In  the  front  view 
of  the  macliino  (lower  handle),  is  operated,  by  means  of  which  a 
plunger  la  brought  Into  play  which  acts  as  a  stop  for  tho 
osclllatlnK  frame  F,  Fig.  3,  and  which  stops  the  frame  in  a 
neutral  position,  so  that  the  worm-wlioel  does  not  engage  with 
either  of  the  worms  D.  To  start  the  machine  again,  the  upper 
of  the  two  handles,  shown  at  the  front  of  the  machine  to  the 
left  of  the  cross-feed  mechanism.  Is  operated.  This  handle 
withdraws  the  stopping  plunger,  and  the  oscillations  continue. 
An  arm  from  the  oscillating  bracket  /•'  connects  with  a  toggk' 
Joint  arrangement  from   which   the  movement   for  tho  cros.s- 


feed  ratchet  wheel  is  obtained.  The  cross-feed,  which  is  one 
of  the  patented  features,  is  provided  in  the  first  place  with 
a  simple  adjusting  collar,  by  means  of  which  the  amount  of 
feed  movement  obtained  from  the  toggle-joint  is  adjusted  from 
a  maximum  to  a  minimum,  and,  further,  with  a  device  by 
means  of  which  the  amount  of  feed  is  automatically  decreased 
as  the  grinding  progresses.  The  first  adjustment  directly  lim- 
its, by  means  of  the  adjusting  collar,  the  amount  of  vertical 
travel  of  the  plunger,  to  the  end  of  which  the  pawl  for  the 
ratchet  wheel  is  fastened.  In  this  way,  any  number  of  teeth 
or  notches  on  the  feed  ratchet  may  be  engaged. 

The  second  adjustment,  for  automatically  decreasing  the 
feed,  is  accomplished  by  operating  the  vertical  plunger  also, 
but  through  the  cross-feed  mechanism  itself,  which  can  be  set 
for  any  required  decrease.  When  the  required  size  has  been 
reached,  as  predetermined  by  previous  gaging  and  setting, 
the  cross-feed  mechanism  throws  out  the  feed  by  engaging 
the  stopping  handle  at  the  left  of  the  cross-feed  dial  shown 
in  the  front  view.  To  the  right  of  the  machine  is  a  hand- 
lever  for  moving  the  wheel-slide  back  and  forth  by  hand.  The 
spindle  for  the  wheel  is  adjusted  to  the  correct  position  for  a 
given  radius  by  a  small  adjusting  screw  on  the  side  of  the 
wheel-carrying  head.  The  work-carrying  head  is  mounted  on 
a  cross-slide,  which,  in  turn,  is  mounted  on  the  extension  of 
the  oscillating  post.  The  work-carrying  head  is  adjustable 
longitudinally,  while  the  cross-slide  provides  transverse 
adjustment. 
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impossible  for  this  bearing  to  bind  between  the  thrust  collars 
and  cause  them  to  seize.  This  is  an  important  feature,  as  any 
looseness  or  end  play  in  the  spindle  will  naturally  affect  the 
accuracy  of  the  work  being  ground. 


Tig.    1.     Spindle  and  Ring-oiling  Bearings   of   Besly  Disk   Grinder 

BESLY  SPINDLE  CONSTRUCTION 
Charles  H.  Besly  &  Co.,  120-B  N.  Clinton  St.,  Chicago,  111., 
are  now  building  disk  grinders  equipped  with  dustproof,  auto- 
matic, ring-oiling  radial  and  thrust  bearings  for  the  spindle. 
The  bearings  are  equipped  with  inserted  phosphor-bronze  bush- 
ings, which  are  removable.  It  is  claimed  that  these  Besly  ring- 
oiling  bearings  are  so  arranged  that  the  spindle  literally  lloats 
in  oil,  which  results  in  considerably  reducing  the  power  re- 
quired to  drive  the  machine.  Tests  conducted  to  determine 
the  transmission  efficiency  of  these  ring-oiling  bearings  are 
said  to  have  shown  that  it  is  within  2  per  cent  of  the  efficiency 


HOEFER   HEAVY-DUTY   DRILL   HEAD 

One  of  the  recent  products  of  the  Hoefer  Mfg.  Co.,  Freeport, 
111.,  is  a  heavy-duty,  four-spindle  auxiliary  drill  head,  which 
is  capable  of  driving  twist  drills  up  to  1  inch  in  diameter. 
The  head  is  clamped  to  the  machine  by  a  nose  reaching  up  to 
the  spindle  sleeve;  and  the  heavy  case  is  amply  supported  by 
webs.  A  taper  shank  provided  with  a  toothed  driver  transmits 
power  to  the  head,  after  which  the  transmission  is  through 
hardened  helical  gears  on  a  horizontal  shaft  which  extends  the 
full  length  of  the  head.  These  gears  are  made  of  sufficient 
length  to  afford  the  amount  of  adjustment  that  is  called  for. 
By  having  bearings  of  ample  size  throughout  the  head,  with 
all  bearings  bronze  bushed,  there  is  no  opportunity  for  the 
helical  gears  on  the  long  driving  shaft  to  spring  away  from 
the  gears  on  the  spindles.  Half  the  helical  gears  are  made 
of  opposite  lead  from  the  other  half  in  order  to  balance  the 
end  thrust  as  far  as  possible;  but  as  a  further  precaution 
against  trouble  from  this  source,  large  ball-thrust  bearings 
are  provided  at  each  end. 

The  spindles  of  the  drill  head  are  made  of  Ji^rdened  steel 
and  driven  by  the  helical  gears  to  which  reference  has  already 
been  made.  These  spindles  run  in  bronze-bushed  bearings. 
A  ball  thrust  bearing  is  contained  in  a  cupped  spindle  nut  at 
the  lower  end  of  each  spindle  in  order  to  eliminate  as  much 
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Fig.   2.     Section  through  Spindle  and  Rir 

of  a  ball  bearing.  The  bearings  are  dustproof  and  automati- 
cally lubricated,  so  that  a  minimum  amount  of  attention  is  re- 
quired. Old  oil  should  be  drawn  off  and  fresh  oil  substituted 
once  in  three  to  twelve  months,  depending  upon  the  amount 
of  service  obtained  from  the  machine.  The  oil-wells  are  of 
large  capacity;  for  instance,  on  the  No.  17  Besly  grinder  with 
a  spindle  2%  inches  In  diameter,  the  oil-wells  are  7  inches  deep. 
Two  solid  steel  oil-rings  are  provided  for  each  bearing. 
These  rings  operate  through  channels  in  the  bearing  bushings 
and  are  so  designed  that  it  Is  impossible  for  the  rings  to  be- 
come displaced  and  fall  to  function  properly.  A  perfect  flood 
of  oil  Is  continually  transmitted  to  the  radial  and  thrust  bear- 
ings while  tlir.-  grinder  Is  running,  and  the  oil  channels  in  the 
faces  of  the  thrust  bearings  are  of  a  special  design,  which  sets 
up  a  pumping  action  that  forces  oil  between  the  thrust  collars. 
The  bearing  bushings  are  split  and  of  the  Inserted  typo,  so 
that  they  are  easily  renewed.  These  liushlngs  are  made  of  a 
special  grade  of  phosphor-bronze,  and  the  bearing  surfaces  arc 
of  larKe  size  so  that  there  Is  practically  no  wear.  lOnd  thrust 
Is  taken  on  hardenerl  uiid  ground  tool  steel  collars  against 
the  flanged  ends  of  the  right-hand  buHlilng.  Knd  play  Is  taken 
up  by  means  of  adjusting  collars  threaded  onto  the  spln<ll<r 
and  located  under  the  rim  of  the  splndlo  pulley.  Dcsly  grind 
era  may  be  safely  operated  with  all  end  play  taken  up  In  the 
spindle.  The  bronze  bearing  bushing  which  rcccivca  the  end 
thrust  Is  provided  with  clearance  to  compensate  for  any  ex- 
pansion that  may  take  place  In  the  bushing.    Therefore,  It  Is 


:-oiling  Bearings  of  Besly  Disk    Grindir 

friction  as  possible;  and  this  bearing  is  protected  from  dirt 
and  dust.  Each  spindle  is  carried  in  an  adjustable  spindle 
bearing,  which  slides  in  a  scraped  bearing  and  is  locked  by  set- 
screws.  As  the  bearing  is  faced  down  on  the  under  side  of 
the  head,  the  thrust  is  taken  directly  by  the  bearing  .without 
any  tendency  to  cock  the  bearing  out  of  alignment.  Adequate 
provision  has  been  made  for  the  lubrication  of  this  drill  head. 
The  lower  bearing  of  each  spindle  is  lubricated  through  oilers 
appearing  through  slots  on  the  sides;  and  the  helical  gears 
run  in  a  small  pocket  filled  with  oil,  which  insures  perfect 
lubrication  at  all  times. 
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Oil-cups:  Gits  Bros.  Mfg.  Co.,  553-557  W.  Monroe  St.,  Chi- 
cago, 111.  A  line  of  oil-cups  furnished  with  hinged  tops  that 
can  be  opened  with  the  tip  of  the  oil-can  spout.  In  making 
these  cups  all  parts  are  brazed  together,  and  it  is  claimed 
that  they  are  as  strong  as  cast  cups. 

Grinding  Machine:  S.  B.  Patch  &  Sons  Co.,  Streator,  111.  A 
line  of  double-spindle  grinding  machines  which  are  equipped 
with  self-oiling  babbitted  bearings.  These  machines  are  built 
in  three  sizes  for  wheels  10,  14  and  IS  inches  in  diameter. 
The  general  design  of  the  three  sizes  of  machines  is  the  same. 

Machine  Vise:  Moback  Tool  &  Machine  Mfg.  Co.,  330  At- 
lantic Ave.,  Boston,  Mass.  A  line  of  vises  for  use  on  milling 
machines,  drill  presses,  grinding  machines,  shapers,  planers, 
etc.  These  vises  are  built  with  either  swivel  or  plain  bases, 
the  swivel  base  being  an  additional  equipment  for  the  plain 
vise.    The  swivel  base  is  graduated  in  degrees. 

Sandblasting  Machine:  Mott  Sand  Blast  Mfg.  Co.,  Inc., 
Brooklyn,  N.  Y.  A  machine  equipped  with  a  separate  sand- 
blast apparatus  for  each  barrel.  Abrasive  material  is  elevated 
mechanically  by  a  belt  and  bucket  elevator,  and  passed  through 
a  mechanically  operated  screen.  Machines  of  this  type  are 
made  in  various  sizes  to  meet  the  requirements  of  different 
shops. 

Stock  Bin:  Hobart  Bros.  Co.,  Troy,  N.  Y.  A  stock  bin  for 
storing  nuts,  bolts,  screws  and  other  small  parts  in  the  ma- 
chine shop  or  tool-room.  It  contains  120  compartments  meas- 
uring 6  by  8  by  10  inches.  The  front  partition  and  the  ends  of 
the  bin  are  of  oak,  while  the  back  is  made  of  sheet  steel.  Each 
compartment  is  furnished  with  a  metal  card-holder  for 
indexing. 

Forging  Hammer:  Chambersburg  Engineering  Co.,  Cham- 
bersburg.  Pa.  A  double-acting  steam  forging  hammer  of  un- 
usually large  size  which  has  been  built  for  the  Washington 
Steel  &  Ordnance  Co.,  Washington,  D.  C.  This  is  said  to  be 
the  largest  hammer  of  its  type  ever  built  in  the  United  States. 
It  is  known  as  a  40-ton,  double-frame,  double-acting  steam  forg- 
ing hammer. 

Voltmeters  and  Ammeters:  General  Electric  Co.,  Schenec- 
tady, N.  Y.  A  series  of  miniature  voltmeters  and  ammeters 
for  use  on  direct-current  circuits.  These  instruments  may  be 
used  on  circuits  from  10  to  150  volts  and  from  10  to  150 
amperes.  The  light  weight  moving  elements  are  mounted  in 
jeweled  bearings,  and  to  provide  complete  insulation  all  parts 
of  the  measuring  elements  are  mounted   on  a  bakelite  base. 

Gang  Drilling  Machine:  Barnes  Drill  Co.,  814  Chestnut  St., 
Rockford,  III.  A  three-spindle,  22-inch,  all-geared  gang  drill- 
ing machine,  which  is  provided  with  eight  changes  of  speed 
and  ten  changes  of  feed  for  each  spindle.  All  changes  are 
under  constant  control  of  the  operator  from  the  front  of  the 
machine  and  are  independently  operated.  Any  or  all  of  the 
spindles  may  be  equipped  with  an  automatic  reversing  mech- 
anism. 

Paint  Spraying  Equipment:  Spray  Engineering  Co.,  93 
Federal  St.,  Boston,  Mass.  An  outfit  known  as  the  P-1  paint- 
ing apparatus,  which  may  be  used  tor  applying  all  kinds  of 
liquid  coatings  and  is  portable,  thus  being  adapted  tor  either 
shop  or  field  use.  This  outfit  is  operated  by  compressed  air 
at  a  pressure  of  from  35  to  75  pounds  per  square  inch,  the 
amount  of  pressure  depending  upon  the  material  to  be  applied 
to  the  work. 

Dump  Car:  Easton  Car  &  Construction  Co.,  Easton,  Pa. 
A  dump  car  for  u.se  on  industrial  railroads.  On  this  car  two 
sets  of  wheels  are  employed  and  the  car  is  furnished  with 
crane  lifting  rings  attached  to  the  top  of  the  body  at  each 
end.  In  this  way  the  body  of  the  car  can  be  lifted  off  the 
carrying  truck,  which  runs  on  a  standard  gage  track,  and  be 
set  down  on  another  track  of  narrow  gage  on  which  the  second 
set  of  wheels  runs. 

Drilling  Machine  for  Recoil  Cylinders:  Charles  Stecher  Co., 
1574  Crossing  St..  Chicago,  111.  A  line  of  machines  for  drill- 
ing holes  in  recoil  cylinders,  these  machines  being  a  further 
development  of  the  company's  tools  for  drilling  holes  in  lathe 
spindles.  The  drill  is  mounted  in  a  vertical  position  and  fed 
upward  into  the  work,  which  provides  for  easily  clearing  chips 
from  the  hole.  This  machine  is  adapted  for  boring  holes  up  to 
'.','-y,   inches  in  iliaiiioter  by  63  inches  long. 

Variable-speed  Pulley:  Charles  M.  Terry,  Inc.,  25  Broad  St., 
Now  York  City,  This  pulley  was  developed  by  W.  B.  Dunbar, 
Sydney,  Australia,  and  Mr.  Terry  has  the  American  agency. 
With  this  mechanism  it  is  possible  to  vary  the  velocity  ratios 
hot  ween  the  driving  and  driven  shafts  without  interrupting 
the  transmission  of  power.  Various  arrangements  can  be  pro- 
vided for  operating  the  mechaiiisni,  such  as  a  long  lever  and 
ni>l(lied  ((uadrant,  a  hand  wheel  or  a  short  lever. 

Band  Re-saw:  Oliver  Machinery  Co.,  7  Coldbrook  St.,  Grand 
Rapids,  Mich.  A  machine  known  as  a  No.  15R  38inch  com- 
liination  ro  saw  and  band-saw.  The  change  from  rc-sawIng 
to  ordinary  band-sawing  is  instantly  effected  by  swinging  the 


arm  carrying  the  two  corrugated  rolls  out  of  the  way  and 
changing  the  saws.  The  table  tilts  45  degrees  in  one  direc- 
tion and  5  degrees  in  the  other  direction,  and  it  is  double 
ribbed   and  supported  on   rockers  for  angle  adjustments. 

Hardness  Tester:  Palo  Co.,  90  Maiden  Lane,  New  York 
City.  An  instrument  for  measuring  hardness  of  metals  which 
was  devised  by  Leonard  Waldo,  a  New  York  consulting  engi- 
neer. This  instrument  may  be  easily  transported  from  place 
to  place,  and  its  indications  are  uniform  over  definite  periods 
of  time.  The  test  is  made  by  allowing  a  plummet  weighing 
0.10  pound  and  provided  with  a  hardened  steel  point  to  drop 
one  foot  upon  the  material  whose  hardness  is  to  be  tested. 

Heavy-duty  Engine  Lathe:  Oliver  Machinery  Co.,  7  Cold- 
brook  St.,  Grand  Rapids,  Mich.  This  company  has  recently 
made  a  number  of  changes  in  the  16-inch  heavy-duty  engine 
lathe  of  its  manufacture.  The  headstock  is  made  of  "the  bowl 
type  to  afford  better  protection  for  the  belt,  and  new  gear 
covers  have  been  provided.  The  tailstock  has  been  made 
longer  and  heavier;  and  a  lubricant  reservoir  has  been  placed 
on  the  under  side  of  the  oil-pan.  Oil-wipers  are  furnished  on 
the  carriage. 

Hardness  Testing  Machine:  Scientific  Materials  Co.,  Pitts- 
burg, Pa.  This  machine  is  known  as  the  "Scimatco"  Brinell 
hardness  testing  machine.  It  is  provided  with  a  hydraulic 
press  having  a  heavy  base  in  which  the  hand-power  gear  for 
operating  a  screw  to  produce  pressure  is  located.  The  upper 
part  carries  the  hydraulic  piston,  upon  the  ram  of  which  is 
mounted  the  standard  hardened  steel  ball  to  be  forced  into 
the  material  under  test. 

Extensometer:  Riehle  Bros.  Testing  Machine  Co.,  Philadel- 
phia, Pa.  An  extensometer  for  measuring  the  elastic  limit  of 
steel.  This  apparatus  has  a  feature  not  heretofore  provided, 
namely,  means  for  attaching  it  to  the  opposite  sides  of  the 
test-bar  to  indicate  the  actual  mean  stretch  between  the  two 
points.  There  are  no  electrical  contacts,  no  adjustments  of  a 
micrometer  screw,  and  no  readings  of  a  micrometer.  Read- 
ings can  be  taken  from  a  stress-strain  curve  at  equal  incre- 
ments of  load  while  the  machine  is  running. 

Universal  Miller:  Ford-Smith  Machine  Co.,  Ltd.,  Hamilton, 
Ontario,  Canada.  A  No.  2  universal  miller  on  which  the  work- 
ing surface  of  the  table  is  41%  by  10  inches  and  is  provided 
with  three  %-inch  T-slots.  The  longitudinal  feed  is  25  inches; 
cross-feed,  8  inches;  and  vertical  feed.  18  inches.  The  avail- 
able range  of  spindle  speeds  is  from  12  to  360  revolutions  per 
minute,  and  the  nine  available  feed  changes  range  from  0.006 
to  0.055  inch  per  spindle  revolution.  The  floor  space  occupied 
by  the  machine  is  81  by  9S  inches,  and  the  machine  weighs 
3150  pounds. 

Plate  Punch  Table:  Norbom  Engineering  Co.,  Denckla 
Bldg.,  Philadelphia,  Pa.  An  equipment  known  as  the  "Lysholm" 
plate  punch  roller  table,  which  is  especially  adapted  for  the 
rapid  handling  of  plates  on  the  punching  machines  used  in 
shipyards.  In  using  this  plate  punch  roller  table,  the  plate  is 
laid  on  the  table,  and  from  his  seat  the  operator  moves  the 
table  backward  and  forward  with  the  aid  of  an  operating  lever 
at  his  right  hand.  A  lever  at  the  left  hand  can  be  operated 
to  move  the  plate  sideways.  In  this  way  the  desired  location 
is  obtained  for  punching. 

Pipe  Threading  Attachment:  Curtis  &  Curtis  Co.,  8  Garden 
St.,  Bridgeport,  Conn.  When  the  attempt  is  made  to  thread 
wrought  iron  or  steel  pipe  on  an  ordinary  lathe,  trouble  is 
likely  to  be  experienced.  To  meet  the  requirements  of  this 
work  where  the  amount  of  pipe  threading  to  be  done  does  not 
warrant  purchasing  a  regular  threading  machine,  a  lathe  at- 
tachment has  been  developed.  This  attachment  is  said  to  con- 
vert a  lathe  into  the  equivalent  of  a  power  pipe  threading  ma- 
chine, and  pipe  of  any  length  may  be  rapidly  and  accurately 
threaded  on  a  machine  provided  with  this  attachment. 

Universal  Drill  Jig:  Berggren  &  Pearson  Machine  Co.,  Inc., 
221-227  Canal  St.,  New  York  City.  A  universal  drill  jig  de- 
signed to  meet  the  requirements  for  a  tool  that  can  be  rapidly 
and  easily  adjusted  for  handling  various  sizes  and  types  of 
work.  The  device  consists  of  a  baseplate  and  two  uprights 
that  are  machined  with  a  number  of  T-slots,  by  means  of 
which  the  bushing  bars  and  stops  for  holding  the  parts  to  be 
machined  are  fastened  in  place  in  the  jig.  The  drill  bushings 
are  hardened  and  ground  to  size  and  are  furnished  in  sizes 
from  Vs  to  1%  inch  in  diameter,  special  sizes  being  made  to 
order.  Each  jig  is  supplied  with  four  bushing  bars  and  eight 
bushings  of  selected  sizes. 

Computing  and  Shell  Scales:  Computing  Scale  Co.,  Dayton, 
Ohio.  Two  scales,  one  of  which  is  a  computing  scale  of  the 
beam  type  with  a  capacity  for  handling  loads  up  to  600  pounds. 
The  tare  beam  has  a  capacity  of  100  pounds  and  is  sensitive 
to  %  ounce,  while  the  counting  beam  is  graduated  for  use 
when  one,  five  or  ten  units  are  placed  in  the  pan.  A  third 
beam  may  also  be  provided  which  reads  directly  in  pounds. 
The  other  scale  referred  to  is  a  munition  and  shell  scale;  a 
master  or  standard  weight  is  placed  on  one  scale  pan  and  a 
shell  is  placed  on  the  other  pan.  and  the  amount  it  Is  over 
or  under  weight  may  be  read  directly  on  the  scale.  The  scale 
is  graduated  to  read  in  steps  of  1/16  ounce  for  weights  up 
to  4  ounces. 
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HARRIS    LEAD    AND    ANGLE    TESTING 
DEVICE  FOR   THREAD    GAGES 

The  thread  gage  is  one  of  the  most  difficult  gages  to  make 
accurately  and  also  to  measure  accurately.  Many  mechanics 
who  have  attempted  to  make  thread  gages  have  given  the 
proposition  up  as  a  bad  job  for  several  reasons.  One  vcas  the 
difficulty  of  obtaining  machinery  accurate  enough  to  do  the 
work,  and  another  was  the  difficulty  of  obtaining  equipment 
for  measuring  thread  gages;  furthermore,  there  is  a  lack  of 
men  skilled  in  the  manufacture  of  thread  gages,  which  is 
partly  due  to  the  fact  that  many  thread  gage  makers  take 
the  first  chance  they  get  to  find  an  easier  way  of  making  a 
living.  The  making  of  thread  gages  has  been  confined  to  a 
comparatively  few  manufacturers;  these  have  made  a  special 
study  of  the  requirements  and  have  been  fairly  successful  on 
account  of  their  familiarity  with  this  branch  of  work  and  the 
lack  of  familiarity  of  many  of  their  customers,  who  simply 
took  what  was  given  to  them,  and  believed  that  the  gages 
must  be  right  because  of  the  standing  of  the  firm  that  sup- 
plied them.  During  the  last  two  years,  however,  there  has 
been  considerable  education  among  users  of  thread  gages. 
Engineering  societies,  large  munitions  makers  and  manufac- 
turing concerns  now  realize  that  some  of  their  most  difficult 
problems  are  connected  with  the  production  of  screws,  taps 
and  tapped  holes  that  are  up  to  the  required  standards  of 
accuracy.  In  the  manufacture  of  taps,  hobs  for  bobbing  dies, 
male  thread  gages  and  hobs  for  female  thread  gages,  the  ques- 
tion of  correct  lead  and  correct  angle  of  the  thread  has  been 
found  to  be  more  important  even  than  the  correct  diameter 
measurement,  and  while  a  number  of  gages  of  different  types 
have  been  developed  for  checking  the  angle  or  the  lead,  hardly 
any  of  them,  if  any,  are  sufficiently  accurate  and  reliable  for 
the  accurate  checking  of  angle  and  lead. 

The  problem  has  been  to  design  a  screw  thread  testing  de- 
vice for  testing  the  angle  and  the  lead  which  is  rigid  and 
substantial,  thoroughly  accurate,  and  upon  which  a  small  de- 
gree of  error  may  be  easily  ascertained.  In  testing  the  truth 
of  a  flat  surface,  a  knife-edge  straightedge  is  used,  as  the 
smallest  amount  of  error  (even  less  than  0.0001  inch)  will 
readily  show  light  between  the  surface  tested  and  the  knife- 
edge.  This  principle  seems  to  be  the  most  simple  and  reliable 
one  to  employ  in  testing  lead  and  angularity.  Two  curving 
surfaces  coming  together  on  a  line  of  contact  will  show  light 
through  an  inequality  as  readily  as  a  knife-edge  gage  on  a  flat 
surface,  and  will  even  show  more  light.  The  thread  lead  and 
angle  measuring  machine  to  be  described  is  based  on  this 
principle;  that  is,  of  seeing  light  between  two  curved  surfaces. 
If  they  do  not  coincide.  It  is  claimed  that  0.0001  inch  can  be 
detected  by  a  person  with  ordinary  eyesight,  and  with  the 
aid  of  a  magnifying  glass,  0.00005  inch  can  easily  be  seen. 

Arrangement  of  I^ead  and  Ang'le  Testing;  Machine 

Referring  to  Fig.  1,  which  is  a  general  view  of  the  lead  and 
angle  measuring  machine,  the  solid  and  substantial  construc- 
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Fig.    2.     Detail   View,   showing   Testing  Points   Magnified 

tion  will  be  noted.  The  machine  has  a  heavy  cast  bed  A  and 
a  stationary  head  B,  which  carries  a  fixed  center  0  and  is 
permanently  fixed  to  casting  A.  The  sliding  tailstock  G  can 
be  clamped  positively  to  the  bed  A,  by  means  of  the  two  clamp- 
ing screws  Q,  and  carries  a  spring  center  P,  which  can  be  with- 
drawn by  the  knob  E  or  clamped  in  position  by  the  screw  F. 
The  gage  U  to  be  tested  is  put  between  centers  by  placing  one 
center  upon  center  0.  bringing  up  the  tailstock  C,  clamping 
it  by  screws  Q,  and  allowing  the  center  P  to  enter  the  opposite 
center  of  the  gage,  as  it  is  forced  outward  by  a  spring  inside 
of  C.  Center  P  is  clamped  in  position  by  handle  F.  So  far 
the  means  described  are  simply  to  hold  the  gage  true  between 
the  centers  and  in  correct  alignment  with  the  measuring  de- 
vices, which  are  carried  on  the  slide  D.  This  slide  is  carefully 
fitted  to  the  bed  A  and  is  clamped  into  the  position  required 
by  the  thumb-screw  G.  It  consists  primarily  of  a  compound 
slide  which  is  carefully  and  accurately  made,  so  as  to  be  in 
correct  alignment  with  the  axial  line  through  the  centers  0 
and  P  of  the  measuring  machine,  all  planes  and  surfaces  being 
either  accurately  perpendicular  or  accurately  parallel  to  this 
axis. 

The  lower  member  of  the  compound  slide  A'  is  adjustable  in 
toward  and  out  from  the  line  of  centers  through  0  and  P,  and 
may  be  clamped  by  screws  L  in  what.ever  position  is  suitable 
for  the  diameter  of  the  thread  gage  to  be  measured.  This 
slide  carries  a  micrometer  head  J,  which  operates  against  a 
hardened  stud  R  in  the  upper  member  N  of  the  compound 
slide.  The  upper  part  N  is  free  to  move  laterally  parallel  with 
the  axial  line  through  the  centers  0  and  P.  This  movement 
can  be  measured  by  the  micrometer  head  J  or  by  the  use  of 
distance  blocks  or  Swedish  gages  placed  between  the  point  of 
the  micrometer  (which  is  clamped  in  position)  and  the  point 
li  on  the  upper  member  N.  The  latter  carries  two  angle  test- 
pieces,  which  are  held  by  the  spring  clip  M.  This  spring  clip 
permits  adjustment  by  finger  pressure  toward 
or  away  from  the  gage  or  thread  to  be  tested. 
The  center-to-ceiiter  distance  between  the  angle 
test-pieces  /  Is  Just  one  inch,  which  is  a  basis 
for  checking  error  of  lead  in  gages  that  are 
to  English  measurement  and  are  over  one  Inch 
long.  For  metric  screw  threads  or  threads  less 
tlian  one  inch  long,  either  the  micrometer  or 
proper  distance  gages,  such  as  Swedish  gage 
blocks,  are  used  between  the  point  of  the  mi- 
crometer and  the  stud  It  on  the  slide.  Fig.  2, 
which  represents  a  view  through  a  magnifying 
glass,  shows  the  points  of  those  angle  tcst- 
|ilc(('s  on  :iii  enlarged  scale,  and  It  can  bo  seen 
how  llicy  111  the  angle  of  the  threads  on  the 
i^nK<\  which  Ih  shown  in  position. 

TuHtliHf  Ijoiid  of  Screw  Thrtud 

In    testing    the    lead,    the    first    operation    is 
III    turn    the    thread    gage    on    the    centers    of 

till'   iiiHi'liliii'   iiiilll    the   thrcail    will    allow    lest- 
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ing  point  a  (see  diagram  A,  Fig.  3)  to  engage  it  as  shown 
at  B,  thus  shutting  out  light  on  both  sides  of  the  conical  point. 
This  is  done  merely  by  rotating  the  gage  by  hand  in  between 
the  centers  of  the  machine,  and  gives  it  a  very  fine  adjust- 
ment. After  point  o  has  been  pressed  down  lightly  in  the  di- 
rection of  the  arrow,  point  6  is  brought  down  in  the  same 
direction  until  it  touches  the  thread.  If  the  lead  on  the  thread 
gage  is  short,  the  effect  will  be  as  shown  at  C,  which  has  been 
exaggerated  to  illustrate  the  point  clearly.  If  the  lead  on  the 
thread  gage  is  long,  the  effect  will  be  as  shown  at  D. 

The  problem  now  is  to  determine  the  amount  that  the  lead 
on  the  thread  gage  is  long  or  short.  With  the  micrometer 
adjusted  against  point  R  (see  Figs.  1  and  2)  and  set  at  zero, 
point  o  is  drawn  back  from  the  threads  as  shown  at  E,  Fig.  3, 
which  permits  moving  point  6  in  either  direction.  If  the  lead 
on  the  gage  is  long,  as  at  D,  point  6  is  moved  in  the  direction 
of  the  arrow  as  at  E,  by  means  of  the  micrometer  screw,  and 
when  It  is  opposite  the  thread  it  is  moved  down  in  the  direc- 
tion of  the  arrow  as  at  F.  The  amount  that  it  has  moved  over 
(as  indicated  by  x)  is  the  extent  that  the  lead  of  the  gage  is 
long  in  one  inch. 

If  the  lead  is  found  to  be  short,  the  order  of  operations  is 
reversed.  The  amount  x  could  be  measured  either  by  the 
micrometer  direct  or  with  a  Swedish  block  placed  between  the 
micrometer  point  and  the  point  R.  If  the  thread  on  the  thread 
gage  is  not  over  one  inch  long,  only  one  of  the  measuring 
points  is  used,  and  in  this  case  either  point  a  or  6  is  engaged 
with  the  screw  thread  wherever  the  lead  is  to  be  checked.  The 
distance  x  as  measured  either  by  the  micrometer  ox  Swedish 
block  is  compared  with  the  nominal  or  correct  distance,  and 
the  difference  is  the  error  in  lead  for  that  number  of  threads. 

Testing'  Angle  of  Thread 

The  methods  of  testing  the  angle  of  the  thread  with  the 
angle  test  gages  are  indicated  by  Fig.  4.  These  views  simply 
show  the  ends  of  the  angle  test  gages  and  the  contour  of  the 
thread  in  the  gage  where  it  is  being  tested.  Sketch  A  shows 
a  standard  test  angle  gage  fitted  into  a  thread  that  has  too 
large  an  angle.  After  testing  it  with  the  standard  plug,  a 
plug  with  a  greater  angle  is  tried,  as  shown  by  the  dotted  line, 
and  in  this  way  the  amount  of  angular  error  can  be  ascer- 
tained. Sketch  B  shows  a  gage  having  a  thread  angle  that 
is  too  small.  A  thread  with  unequal  angles  is  shown  at  C, 
and  one  having  concave  sides  at  D.  These  errors  show  up 
prominently  by  the  amount  of  light  that  passes  between  the 
angle  test  gage  and  the  thread.  Threads  are  often  rounded 
over  near  the  top,  as  at  E,  as  the  result  of  excessive  lapping 
with  an  old-style  lead  lap. 

Sketch  F  shows  how  a  thread  having  unequal  angles  as 
at  C  can  be  tested  to  ascertain  the  amount  of  angular  error, 
by  placing  different  angle  test-pieces  against  each  side  of  the 
thread  walls.  The  angle  test  gage  shown  by  the  full  line 
serves  to  test  one  side  of  the  thread  wall,  while  the  angle 
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lie.   4.     Various  Screw  Tliread  Defects 

test  gage  shown  by  the  dotted  line  tests  the  angle  on  the 
other  side.  If  the  standard  angle  were  60  degrees  and  the 
test-bar  shown  in  full  lines  were  oSVs  degrees,  whereas  the  test 
gage  as  shown  in  dotted  lines  were  61%  degrees,  this  w^ould 
show  that  the  thread  was  "tipped"  or  leaned  over  %  degree, 
while  the  included  angle  of  the  thread  might  be  or  might  not 
be  standard.  Diagram  G  shows  how  the  angle  test  gage  dis- 
closes that  the  bottom  of  the  thread  groove  is  too  wide,  the 
root  diameter  being  too  large. 

A  Whitworth  form  of  thread  is  illustrated  at  H,  which  is 
correct  on  the  angle  and  at  the  bottom.  Sketch  /  shows  a 
Whitworth  thread  that  has  too  large  a  radius  at  the  bottom 
of  the  thread,  and  J  shows  a  Whitworth  thread  that  is  correct 
as  to  angle,  but  is  cut  too  deep  and  has  too  small  a  radius 
at  the  bottom  of  the  thread  groove.  Fig.  4  is  merely  intended 
to  show,  in  a  somewhat  exaggerated  degree,  a  few  of  the 
diversified  defects  that  this  angle  and  lead  testing  machine 
will  detect.  This  apparatus  was  developed  by  the  H.  E. 
Harris  Engineering  Co.,  Bridgeport,  Conn.  It  is  used  by  this 
company  and  by  the  Bureau  of  Standards. 
*     *     * 

AMERICAN    GEAR   MANUFACTURERS' 
ASSOCIATION    CONVENTION 

The  American  Gear  Manufacturers'  Association  held  its 
semi-annual  session  in  Chicago,  September  13,  14  and  15,  at 
the  Edgewater  Beach  Hotel.  The  association  numbers  among 
its  members  practically  all  the  prominent  gear  manufacturers 
in  the  country.  The  Chicago  session  was  the  largest  of  any 
yet  convened.  The  last  meeting  was  held  in  Pittsburg  in  May. 
Special  importance  was  attached  to  the  present  meeting  be- 
cause of  the  members'  desire  to  effect  as  much  standardization 
in  gear  products  as  possible,  in  keeping  with  the  government's 
desires  for  all  industry,  now  that  the  war  is  making  special 
demands  upon  all  manufacturers  and  users  of  materials. 

F.  W.  Sinram,  of  Van  Dorn  &  Button  Co.,  Cleveland,  presi- 
dent of  the  organization,  opened  the  sessions  Friday  morning. 
A  paper,  "Advertising  Don'ts,"  was  then  read  by  J.  C.  McQuis- 
ton,  advertising  manager  of  the  Westinghouse  Electric  &  Mfg. 
Co.,  East  Pittsburg,  Pa.  W.  H.  Phillips,  of  R.  D.  Nuttall 
Co.,  Pittsburg,  followed  with  a  talk  on  the  subject  "Heat- 
treating  and  Hardening  of  Gears."  In  the  afternoon  the  con- 
vention men  were  the  guests  of  the  Chicago  members.  An 
automobile  trip  of  about  seventy-flve  miles  through  Chicago's 
huge  park  system  was  a  feature  much  appreciated.  In  the 
evening  a  dinner,  music,  monologues,  lantern-slide  caricatures 
and  the  like  provided  entertainment  for  the  visitors.  All  re- 
ceived a  first-rate  Impression  of  Chicago  and  enjoyed  the  day. 
At  the  Saturday  session,  a  paper  by  B.  S.  Waterman,  of  the 
Brown  &  Sharpe  Mfg.  Co.,  "Inspection  of  Gearing,"  was  read; 
also  one  by  H.  E.  Eberhardt,  of  the  Newark  Gear  Cutting  Ma- 
chine Co.,  "Spur  Gearing  by  the  Rotary  or  Disk  Cutting 
Process";  and  another  by  F.  Schneider,  of  Van  Dorn  &  Dutton 
Co.,  Cleveland,  "Spur  Gears  by  the  Shaper  Method.  Lively  dis- 
cussion of  the  papers  brought  additional  valuable  Information. 
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LENGTH  OF  A  WORM   OR  HOB 

BY  LUTHER  D.  BURLINGAME  1 

It  is  surprising  that,  after  so  many  years  of  mechanical 
development,  where  worms  and  worm-wheels  have  entered 
largely  into  the  mechanisms  used,  the  question  as  to  the 
correct  length  to  make  the  worm  should  still  be  one  of  un- 
certainty, the  rules  so  far  proposed  by  recognized  authorities 
on  the  subject  giving  wide  variations.  A  reason  for  this 
uncertainty  lies  in  the  fact  that  there  are  so  many  varying 
conditions  affecting  the  length  of  contact  between  the  worm 
and  wheel  on  which  the  length  of  the  worm  depends.  Some  of 
these  conditions  are:  diameter  of  worm  and  diameter  and 
width  of  face  of  worm-wheel,  extent  of  contact  on  each  side 
of  mid-plane,  and  pitch  angle  of  thread  with  axis  (the  extent 
of  contact  on  the  approaching  side  being  increased  with 
increase    of    helix    angle — which    is    particularly    noticeable 

when  a  wide- 
faced  worm- 
wheel  is  used.) 
There  is  also 
the  question  of 
wear  in  its  ef- 
fect on  the 
length  of  con- 
tact to  be  con- 
sidered. Such 
an  authority  as 
George  B. 
Grant,  in  his 
"Teeth  of  Gear- 
ing," recom- 
mends       very 
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short  lengths  for  the  worm,  claiming  that  it  need  not  be 
more  than  three  times  the  circular  pitch,  for  there  are 
seldom  more  than  two  teeth  in  contact  at  once.  He  qualifies 
this,  however,  with  a  statement  that:  "If  the  worm  is  made 
long  it  can  be  shifted  when  it  becomes  worn  so  as  to  bring 
fresh  teeth  into  the  working  position."  A  rule  given  by 
Oscar  J.  Beale  in  his  "Treatise  on  Gearing"  determines  tha 
length  of  engagement  between  the  threads  of  a  worm  and 
the  teeth  of  its  engaging  wheel  by  the  intersection  of  the 
tops  of  the  threads  of  the  worm  with  the  line  of  pressure, 
although  he,  too,  favors,  in  practice,  much  longer  worms 
than  would  result  from   using  this  rule. 

In  an  analytical  paper  presented  before  the  British  Insti- 
tution of  Mechanical  Engineers  in  1906,  Robert  A.  Bruce 
goes  Into  the  nature  and  limitations  of  tooth  contact  between 
worms  and  worm-wheels,  and  shows  by  graphic  methods  that 
such  contact  extends  much  farther  beyond  the  center  line  of 
the  worm-wheel  in  each  direction  than  would  be  allowed 
for  by  following  the  rules  already  referred  to,  as  contact 
extends  farther  each  side  of  the  mid-plane  than  on  it.  Mr. 
Bruce  also  shows  that  the  path  of  contact  is  quite  different  on 
the  approaching  and  receding  sides,  both  in  nature  and 
extent,  his  Illustration  showing  that  the  length  of  contact 
may  be  twice  as  great  as  that  occurring  on  the  mid-plane  only. 
This  length  is  further  Increased  by  wear.  This  accords  with 
what  Is  found  by  experience  in  examples  showing  the  contact 
produced   by   actual   use. 

Investigations  made  by  Ralph  E.  Flanders  and  published 
In  MAciii.NKitY  for  August,  1907,  Include  a  rule  for  the  length 
of  worm  based  on  the  Intersection  of  a  lino  representing  the 
throat  diameter  of  the  worm-wheel  with  the  top  of  the  worm 
thread.  This  would  Insure  the  worm  being  sulllclenlly  long. 
as  there  could  be  no  additional  contact  If  It  were  made 
longer;  but  such  a  rule  would  under  some  conditions  make 
the  worm  longer  than  neccsHary.  In  an  article  on  the  lengths 
of  worms  and  hobs,  published  In  Maciii.nkicv  for  Novcnilicr, 
1913,  E.  Wlnslow  Baxter  says  that  a  worm  should  not  bo 
shorter  than  the  length  of  chord  formed  by  the  liilorHectlon 
of  the  pitch  line  of  the  worm-wheel  with  the  lop  of  the 
threads  of  the  worm;  but  In  the  formula  and  table  which  ho 
gIvoR,  ho  makes  the  length  greater  than  this;  In  fact  pruc- 
tlcally  the  same  aa  that  obtained  by  the  Klandera  formula. 

■  Iniluairlal  StiiwrlTntrmlWl,   Ilrawn  *  MhoriHi  Mfg.   Co.,   rrorldomi-,    It.    I. 


While  for  worm-wheels  with  a  comparatively  small  number 
of  teeth,  the  Flanders  and  Baxter  formulas  give  lengths  which 
accord  closely  with  good  practice,  for  wheels  with  large 
numbers  of  teeth  the  lengths  produced  by  these  formulas  would, 
as  already  pointed  out,  seem  unduly  great.  Making  the  min- 
imum length  dependent  on  the  intersection  of  the  pitch 
circle  of  the  worm-wheel  with  the  top  of  the  thread  of  the 
worm,  and  adding  a  constant  depending  on  the  coarseness  of 
the  teeth,  gives  a  formula  from  which  lengths  can  be  ob- 
tained for  both  the  worm  and  hob,  which  will  bring  the  length 
of  the  worm  within  practical  limits  for  all  ordinary  condi- 
tions, providing  also  for  wear. 

The  formula  suggested,  based  on  the  foregoing,  is  as  follows: 
Let  h  equal  the  length  of  chord,  L,  equal  the  required  length 
of  worm,  I/j  equal  the  length  of  hob,  D,  equal  the  pitch  diam- 
eter of  worm-wheel,  and  s  equal  the  addendum.     Then: 
Z,  =  2Vs(Di  — s) 
I/i  =  1/  +  5s 
U  =  L-\-  5.5s 
Z)i  =  pitch  diameter 
It  will  be  sufficiently  accurate  to  carry  decimal  figures  to 
two  places  only,  or  to  use  a  slide-rule.    The  length  of  worm 
or  hob  should  then  be  made  to  the  nearest  even  fraction.    The 
length  of  the  worm  can  be  obtained  graphically  by  laying  out 
the  pitch  diameter  D^  of  the  largest  worm-wheel  to  engage  the 
worm,   and   finding  its   intersection  with   a  line  representing 
the   outside   diameter    of   the   worm   engaging   the    wheel,    as 
shown  at  L.    To  this  chord  h  add  5s  to  obtain  the  length  h^ 
of  the  worm,  or  if  the  formula  is  to  be  used  for  determining 
the  length  Lj  of  the  hob,  which  should  be  slightly  longer  than 
the  worm,  add  5.5s  to  obtain  the  length  of  the  hob.    If  endwise 
movement  of  the  worm  is  required  for  adjustment  or  traverse, 
the  amount  of  such  movement  should  also  be  added,  to  obtain 
Li,  but  need  not  be  added  in  this  case  to  the  length  of  the  hob. 
A  short  worm  can  be  used  with  a  large  wheel  by  having  the 
hob  a  little  longer  than  the  worm,  but  such  use  will  be  at  the 
sacrifice  of  wearing  qualities. 

If  it  is  desired  to  find  the  length  of  a  worm  and  of  a  hob 
for  a  worm-wheel  having  fifty-six  teeth  of  3/16  inch  circular 
pitch: 

•56  3 

Z>i  =  • X =  3.34  inches  =  pitch  diameter 

3.1416  16 

s  =  0.0597  inch  =  addendum 

It  will  be  sufficiently  close  to  call  s  =  0.06  inch.     Then: 

L  =  2^0.06(3.34  —  0.06) 

3.34  —  0.06  =  3.28 

3.28  X  0.06  =  0.1968 

V  0.1968  =  0.443 

2  X  0.443  =  0.886  inch  =  L  =  length  of  chord 

0.886  -f  5s  =  L, 

0.886  +  0.30  =  1.186,  or  about  1  3/16  inch  =  length  of  worm  L, 

0.886  +  5.5s  =  /,j 
0.886  +  0.33  =  1.216,  or  about  1  7/32  inch  =  length  of  hob  /,, 


MAKING  JIGS  FROM  SQUARE  CAST-IRON  BARS 
In  the  early  days  of  war  contracts,  a  munitions  plant  found 
that  it  could  not  receive  the  castings  for  its  jigs  and  fixtures 
until  two  or  three  months  after  the  order  for  them  was  given, 
or  until  long  after  Its  competitors  would  have  started  to  fill 
their  orders.  So  the  manager  decided  to  make  these  tools  him- 
self. He  accordingly  found  llio  section  of  a  s(iuaro  cast-iron 
bar  that  would  be  necesHary  to  make  the  largest  Jig  or  fixture 
he  would  need,  and  ordered  from  the  foundry  enough  bars 
of  this  sl7,o  to  make  all  the  Jigs  and  fixtures  from.  He  re- 
ceived these  bars  tho  next  day,  for  the  foundry  usually  keeps 
them  on  hand,  and  at  once  cut  thorn  to  the  proper  lengths. 
Those  pieces  ho  worked  to  tho  desired  shapes  on  tho  planer 
and  milling  niachlnoH  iiiid  completed  his  tools  by  Inserting 
hardened  steel  bUHliliigH  where  necesHary.  Ity  this  plan  lie 
was  able  to  <w)mnieiii-e  llio  maiuifacturo  of  hia  goods  sonio 
weeks  before  any  of  his  competitors,  many  of  whom  had  re- 
ceived their  contracts  quite  a  wlillo  before  this  plant;  In  addi- 
tion, ho  saved  tho  time  and  exiieiiHe  iif  nmldiiK  llie  |)iif1eiri.'i 
and  caHtlngs  for  the  parts. 
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TIME-RING 


DISK-SEAT 
MACHINE 


RECESSING 


BT  DONALD  A.  BAKER  ' 

The  machine  shown  in  the  accompanying  illustration  is  for 
milling  the  disk  seat  a  in  the  Type  80  time-fuse  ring  shown 
in  detail  at  A.  The  unique  features  of  the  machine  are  the  os- 
cillating cutter-spindle,  and  the  method  of  locating  and  holding 
the  work  in  the  jig.  The  frame  of  the  machine  is  of  cast  iron. 
The  spindle  B  is  hollow  and  contains  a  small  spring  collet 
for  holding  the  cutters  and  a  draw-rod  for  tightening  the 
spring  collets.  It  runs  in  ball  bearings,  both  front  and  rear. 
The  housing  in  which  it  is  contained  is  pivoted  at  C  in  a 
bronze  bushing,  a  hardened  pin  being  driven  into  a  boss  on  the 
under  side  of  the  spindle  housing,  as  shown.  The  wings  D 
of  the  housing  are  machined  and  scraped;  they  have  a  bearing 
on  top  of  the  machine  frame  and  are  held  down  by  the  two 
straps  E,  which  eliminate  any  tendency  of  the  spindle  to  lift, 
but  are  so  made  as  to  allow  play  sidewise.  This  movement 
is  what  determines  the  amount  of  elongation  of  the  disk  seat, 
and  it  is  controlled  by  an  eccentric  cam  F,  acting  through  the 
link  G  that  connects  with  the  arm  H. 

In  order  to  control  and  adjust  the  movement,  the  eccentric 
cam  is  made  a  good  fit  in  an  eccentric  hole  in  the  shaft  / 
that  drives  it.  This  shaft  has  one  end  enlarged,  and  a  set- 
screw  in  it  holds  the  eccentric  cam  when  properly  adjusted. 
The  throw  of  the  cam  can  be  regulated  by  turning  it  to  differ- 
ent positions  in  the  eccentric  hole  in  its  driving  shaft,  because 
of  the  difference  in  eccentricity  of  the  shaft  and  cam.  At  the 
opposite  end  of  the  eccentric  driving  shaft  is  mounted  a 
grooved  pulley  for  taking  a  round  belt  as  shown.  Shaft  / 
is  mounted  in  a  bearing  that  is  bolted  to  a  pad  on  the  side 
of  the  machine  frame  and  has  vertical  adjustment.  This  move- 
ment is  sufficient  to  adjust  the  spindle  sidewise,  after  the 
proper  throw  has  been  obtained  by  adjusting  the  eccentric  cam. 

'Address:  Layman  Pressed  Rod  Co..   1790  Broadway,  New  York  City. 


The  jig  consists  of  a  cast-iron  base  M  shaped  as  shown.  It 
rests  on  a  knee  J  and  is  adjusted  sidewise  by  strip  K.  The 
jig  slides  on  strip  L  when  the  work  is  being  located.  On  the 
top  face  of  the  jig  is  a  hardened  and  ground  nose-piece  and 
plate  X  for  locating  the  ring;  two  tinger-levers  0  clamp  the 
work  to  the  jig.  A  screw  passing  through  a  bar  P  across  the 
back  end  of  the  jig  adjusts  for  the  proper  depth  of  disk  seat, 
bearing  against  the  end  of  the  locating  piece  K. 

In  operation,  the  jig  is  first  located  on  strip  L,  which  is 
made  a  slide  fit  in  the  slot  Q  in  the  base  of  the  jig.  Next  a 
ring  is  put  on  over  the  locating  nose  N,  the  finger-levers  0 
are  dropped  down  over  the  ring,  but  no  pressure  is  applied, 
the  jig  is  pushed  forward  until  the  locating  pin  R  enters  the 
flash  hole,  which  was  made  in  a  previous  operation.  This 
locates  the  ring  in  the  proper  position  on  the  jig.  Then  the 
finger-levers  0  are  held  down  tightly  on  the  work  while  the 
jig  is  grasped  by  lugs  S  and  placed  on  strip  E.  It  is  then  slid 
forward  until  the  oscillating  cutter  finishes  the  hole. 

The  work  of  the  machine  is  practically  perfect,  and  a  produc- 
tion of  2500  to  3000  a  day  can  be  maintained.  The  spindle 
should  run  at  a  speed  of  not  less  than  6000  revolutions  per 
minute.  The  cutters  best  suited  for  this  work  are  the  usual 
type  of  straight-fluted  end-mills;  sis  flutes  give  the  best  re- 
sults. Their  only  difference  from  the  commercial  end-mill  is 
that  the  end  teeth  have  more  clearance. 
•     *     * 

President  Wilson  has  approved  an  agreement  between  the 
War  Industries  Board  and  steel  manufacturers  fixing  the  fol- 
lowing prices,  which  become  effective  immediately  and  are 
subject  to  revision  January  1,  1918:  steel  plates,  $65  per  ton; 
steel  shapes,  $60  per  ton;  steel  bars,  $58  per  ton;  pig  iron, 
$33  per  gross  ton;  and  iron  ore,  $5.05  per  gross  ton.  These 
prices  are  for  the  United  States  government,  its  allies  and  the 
public,  after  existing  contracts  expire,  and  represent  reduc- 
tions of  from  43  to  70  per  cent.  This  announcement  is  in 
line  with  fixing  the  price  of  wheat  at  $2.20  per  bushel,  bitu- 
minous coal  at  $2  per  ton,  and  copper  at  23.5  cents  per  pound. 
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Correct  Speed  and 
on  This  Piece  Easily 


k^*""^^"**^ ' 


Work  Speed  Change  Levers 


The  wide  range 
and    complete    separa- 
tion of  speeds  and  feeds  on  tliis 
machine  provides  a  combination  that 
will   assure   any   desired    result   as   to 
finish  or  rate  of  production,  while  the 
ease   and    quickness    with    which    any 
speed  and  feed  can  be  obtained  by  sim- 
ple   and    quick    adjustments    of    work 
speed  and  table  feed  change  levers,  as 
shown   in  small  illus- 
trations  above,   saves  i 
valuable  time  and          ^tT^ 
eliminates  guesswork.        Jfcili 


Brown   &   Sharpe   Plain   Grinding  Machines 

fulfill  the  various  conditions  to  be  met  with  in  handling  a  wide  variety  of  cylindrical  grinding  in  a 
way  that  instantly  appeals  to  both  the  operator  and  the  production  man.  Work  of  large  or  small 
diameter,  work  which  includes  both  large  andsmall  diameters,  such  as  the  piece  shown  above, 
or  long  slender  pieces  are  all  the  same  to  the  operator  of  one  of  these  machines  as  far  as  accuracy 
and  fast  production  are  concerned.  The  wide  range,  complete  separation  and  ease  and  quickness  of 
obtaining  work  speeds  and  table  feeds,  while  especially  important,  arc  but  a  few  of  the  many  fea- 
tures of  these  accurate  and  rapid  machines. 

May  we  tell  you  about  them  in  detail?     Send  for  literature  and  Catalog  136. 

Brown   &  Sharpe   Mfg.  Co., 


OFFICES:      N»w    York,    N.    Y.,    20    Vcm-y    St.;    8yr«cuM,    N.    Y.,    IC.crii    li: 


illy    Hli.ili;    Rochetter,   N.   Y.,    lU.  Cliamlur  of 


ur-hictu:      N»w   York,    N.    Y.,    in    vcm-y   Hi.;    byr«cu»e,    in.    v.,    iKMini   ii;i,   i  ^    

ComrrK-rm    KiillillnKl    PllUburgh,    P«.,   2r,.1K    ircTirv    W     OllviT    UiiIIiIIiik:     Philadelphia,    Pa.,    firi2-fir,4    Tho    lUmiHr;    Chicago, 
r.jr.-Cr'.O    WiiililtJKlon     IMvl        CANADIAN     REPRESENTATIVE:.      Ciin.i(ll.in     Falrlianki- Morao     Co.,     Ltd.,     Toronto,     Montreal, 

V/lrirur. rn       r.:]lnarv       V  a  nr  r.i<  wrr       C^t         Ir.hn       t^:tml  at  r,t,n 


V/lr.ruj.ru,    Calua 


r,    St.    John,    !>.nkatc 


October,  1917 


MACHINERY 


113 


^^riB«iv>^a^*H«^a^^MtfP«i**i^^^*«^^a'^^*^i^^aiM>^iV* 


ind  Quickly  Gbtained 


Table  Feed  Change  Levers 


The  close  limits  allowed  in  the  work  shown  above 
demand;  the  accuracy  that  Brown  &  Sharpe  Equip- 
ment provides.  A  small  but  highly  important  part 
of  this  equipment  is  a  careful  selection  from  among 
the  many  varieties  of 


Brown  &  Sharpe  Precision  Tools 

B.  &  S.  Micrometers  of  a  heavy  rugged  type  for  the  grinding  machine  operators  and  B.  &  S. 
(Gauges  for  the  inspectors.  We  recommend  the  use  of  micrometers  for  grinding  operators  because 
by  their  use  the  operator  not  only  can  tell  at  any  stage  of  an  operation  that  more  stock  should  be 
removed,  but  it  tells  him  how  much  more  the  diameter  of  the  piece  must  be  reduced. 

Our  Catalog  27  provides  a  reliable  guide  for  the  proper  selection  of 
precision  tools.     Send  for  your  copy  today. 

Providence,  Rhode  Island,  U.  S.  A. 

REPRESENTATIVES:.  Bnltimorc,  Md.,  Carey  Machinery  &  Supply  ' ''i  I  CInclnnntI,  C,  and  Indianapolis,  Ind.,  Tlie  E.  A. 
KlnHcv  <•"  ;  San  Francl»co.  Cal..  Parlflc  Tool  &.  Supply  Co.;  Cleveland,  O.,  and  Detroit,  Mich.,  Strong,  Carlisle  &  Hammond 
fo.      St.    Loult,    Mo.,   CoItoril-WrlKlit    M.irhlnery   &    Supply   Co.;    Seattle,    Wath.,    I'orino    Rrai-hlnory    Co.;    Portland,    Ore.,    Port- 

l:in(l   M.irhln.ry  Co. 
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DAVID   A.   WRIGHT   BUILDING   FIFIELD 
LATHES 

David  A.  Wright,  568  W.  Wasliington  Blvd.,  Ctiicago,  111., 
has  taken  over  the  manufacturing  rights  on  the  heavy-duty 
engine  lathes  formerly  built  by  George  W.  Fifield,  Lowell, 
Mass.  In  addition  to  the  manufacturing  rights,  Mr.  Wright 
has  acquired  the  patterns,  jigs,  fixtures  and  other  equipment 


Fifield  Heavy-duty  Engine  Lathe 


built   by   David   A.   Wright 


of  a  similar  nature  used  in  the  manufacture  of  these  machines. 
He  is  building  lathes  with  34-,  40-,  50-,  60-,  72-,  84-  and  96-inch 
swing. 

*  *     « 

U.  S.  INSPECTORS  FOR  ORDNANCE  EQUIPMENT 
An  examination  for  inspectors  of  ordnance  equipment  has 
been  announced  by  the  Civil  Service  Comttiission.  One  class 
of  this  examination  is  for  inspectors  of  hardware  and  metal 
equipment,  comprising  such  articles  as  buckles,  rings,  fasten- 
ers, hand  axes,  wire  cutters,  intrenching  tools,  canteens,  cups, 
meat  cans,  cutlery  and  other  small  articles  of  brass,  iron,  steel 
or  aluminum.  Men  who  have  had  a  high  school  or  equivalent 
education,  and  in  addition  four  years  experience  in  a  manu- 
facturing plant  making  such  articles  as  those  listed,  will 
qualify  for  one  class  of  inspectors.  Another  class  of  inspectors 
requires  men  over  twenty-five  years  of  age  who  are  graduates 
from  a  college  or  university  of  recognized  standing  and  who 
have  had  one  year's  experience  in  a  manufacturing  plant  on 
the  practical  end  of  the  work.  The  duties  of  inspectors  will 
consist  in  the  organization  and  supervision  of  the  inspection 
work  in  plants  where  equipment  as  described  above  is  being 
manufactured.  They  will  also  be  responsible  for  the  prepara- 
tion of  the  necessary  reports  covering  the  inspection,  ship- 
ment and  payment.  The  positions  will  be  civil  service  ap- 
pointments, and  the  salaries  range  from  $1200  to  $2400  a  year 
with  allowances  for  traveling  expenses.  Further  information 
can  be  obtained  from  the  Equipment  Division,  Inspection  Sec- 
tion, 1330  F  St.,  N.W.,  Washington,  D.  C,  or  from  any  office 
of  the  United  States  Civil  Service  Commission. 

•  *     • 

THE  MODERN  METHODS  SCHOOL 
Eugene  C.  I'eck,  general  superintendent  of  the  Cleveland 
Twist  Drill  Co.,  Cleveland,  Ohio,  long  felt  the  need  for  trained 
factory  workers,  and  some  years  ago  started  a  night  school 
In  which  his  men  were  Instructed  In  elementary  mathematics 
and  other  common  subjects.  He  compiled  a  series  of  lesson 
papers  that  were  used  with  much  satisfaction.  Some  of  Mr, 
Peck's  friends  conceived  the  Idea  of  collecting  and  compiling 
these  papers,  and  as  the  result  the  Modern  Methods  School 
Co.  was  starti-d  about  a  year  ago  in  Cleveland,  and  now  liiis 
over  400  factory  employes  as  students  studying  tlie  Peck 
booklets. 

The  school  gives  a  practical  course  on  offlclent  factory  man- 
agement by  correspondence.  This  is  a  course  that  starts  with 
the  workman  and  ends  with  the  factory  manager,  and  Is  In- 
valuable to  the  workm'rn  and  the  cxecutiveH,  as  It  teaches 
llicm  to  become  belter  and  more  cfllcieiil  workmen,  foremen, 
aHHlslant  superintendents,  purchasing  agents,  onglnoers.  etc. 
To  the  man  who  has  fully  developed  himself  in  his  trade  or 


profession  it  is  especially  useful,  as  it  not  only  tends  to  help 
him  in  his  present  work,  but  prepares  him  for  the  position 
ahead,  so  that  he  is  thoroughly  acquainted  with  all  phases  of 
his  new  position  when  the  opportunity  for  advancement  arrives. 
Mr.  Peck,  the  president  of  the  school  and  the  author  of  the 
course,  is  a  man  who  has  had  many  years'  experience  as  a 
practical  and  successful  factory  manager.  All  the  other  offi- 
cers and  members  of  the  faculty  are  men  who  have  had  prac- 
tical experience  in  the  various  courses  that  they  teach,  and 
are  fitted  as  instructors.  There  is  also  an  advisory  board 
connected  with  the  school,  the  members  of  which  are  practical 
and  successful  executives  of  many  of  the  well-known  business 
enterprises  of  the  country.  Any  problem  coming  up  in  the 
daily  work  of  the  student  may  be  submitted  to  these  men  with 
the  assurance  of  receiving  helpful  and  practical  advice  on 
the  matter. 

*  *     * 

TUNGSTENLESS  HIGH-SPEED  STEEL 
Darwin  &  Milner,  of  Sheffield,  England,  have  announced  the 
discovery  of  a  new  high-speed  steel  containing  no  tungsten, 
which  is  said  to  be  equal  in  durability  and  hardness  to  the 
best  high-speed  steel  containing  tiingsten.  The  new  steel, 
called  "Cobaltcrom,"  is  suitable  for  milling  cutters,  twist  drills, 
reamers,  taps,  automatic  forming  tools,  screw  cutting  and  fin- 
ishing tools  in  general,  being  guaranteed  to  give  endurance 
equal  to  the  best  tungsten  high-speed  steel.  It  is  claimed  that 
the  "Cobaltcrom"  tools  produce  a  better  finish  and  are  tougher 
than  those  made  of  tungsten  steel.  Another  valuable  quality 
claimed  for  the  tungstenless  steel  is  the  complete  absence  of 
cracking  risks  in  hardening  the  most  intricate  shaped  tools. 
Shrinkage  and  deformation  during  the  hardening  are  practi- 
cally nil,  and  the  saving  in  rectification  costs  alone  becomes  an 
important  item.  The  specific  gravity  of  the  new  tool  steel  is 
about  10  per  cent  less  than  that  of  tungsten  high-speed  steel, 
which  means  that,  taking  weight  for  weight,  a  greater  bulk 
of  material  is  obtained,  thus  resulting  in  an  appreciable  gain 
to  the  user.  Tungsten  high-speed  steel  requires  a  temperature 
of  1250  to  1350  degrees  C.  (22S2  to  2462  degrees  F.)  for  hard- 
ening, while  "Cobaltcrom"  is  hardened  at  1000  degrees  C. 
(1832  degrees  F. ).  Owing  to  the  embargo  placed  by  the  Brit- 
ish government  on  the  exportation  of  high-speed  steel,  the 
American  agent,  Darwin  &  Milner,  Inc.,  New  York  City,  Is 
able  to  furnish  only  a  limited  amount  to  American  customers 
at  present. 

*  *     * 

COMPLETION  OF  THE  QUEBEC  BRIDGE 
During  the  third  week  in  September,  the  last  span  of  the 
Quebec  bridge  was  put  into  place.  When  open,  this  bridge 
will  carry  the  traffic  of  eight  railroads  across  the  St.  Lawrence 
River  and  will  reduce  the  rail  distance  between  Halifax  and 
western  Canada  200  miles.  On  September  17,  the  central  span, 
which  is  640  feel,  long  and  the  keystone  of  the  structure,  was 
floated  down  to  the  bridge  site  on  scows  and  fastened  in  place. 
When  the  scows  were  removed,  the  5000-ton  mass  was  raised 
in  two-foot  stages  and  that  night  swung  twenty-eight  feet 
above  the  position  from  which  it  was  started  upward.  It  was 
raised  forty-two  feet  the  next  day,  and  readied  its  final  posi- 
tion on  September  20. 

I'roliting  by  the  disaster  of  last  year,  tlio  engineers  used 
ail  possible  precautions  against  a  recurrence.  The  care  with 
which  the  calculations  have  been  made  can  be  realized  from 
tlie  facfr  that  the  5000-ton  mass  of  metal  varied  only  five- 
eighths  Inch  from  the  computations  as  to  how  far  it  would 
bring  down  tlie  cantilevers  after  the  scows  had  floated  from 
beneath  it.  After  each  hoist,  the  mooring  trusses,  which  ulti- 
mately will  hold  the  span  in  piiice,  were  attached  In  order  to 
hold  It  still  until  the  Jacks  wore  made  ready  for  a  ncjw  up- 
ward tliruBt.  Tlio  span  was  raised  in  Iwol'oot  stages,  Inslfiid 
of  the  Ihroofoot  stagOH  used  the  year  before,  and  on  Soiitem- 
bcr  19,  when  the  span  bad  reached  the  middle  of  its  150ri)ot, 
nscent,  the  speed  of  lioiHling  was  reduced  from  two  foot  In 
eleven  miniiti's  to  two  feet  In  fourteen  minutes.  In  1007  a 
structure  of  nearly  tlie  siinir  nuigiilliidc  cnllniiscd,  liin.slnp  the 
loss  of  seventy  lives. 
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Read  This  Quotation: 

Then  Investigate  Your  Own 
Cutter-Sharpening  FaciUties 


Our  wide  experience  in  milling  has  proved  the  neces- 
sity of  having  exactly  the  correct  clearance  on  cutters. 
But  cutter  grinders  vi^ere  too  incomplete  to  insure  re- 
production of  the  right  clearance  on  repeated  grind- 
ings.  We  set  ourselves  the  task  of  solving  this  diffi- 
culty. The  40  per  cent,  .50  per  cent  or  60  per  cent  in- 
creased output  that  proper  clearance  means  was  cer- 
tainly worthy  of  our  best  efforts.  In  the  No.  11/2 
UNIVERSAL  CUTTER  AND  TOOL  GRINDER  we 
offer  you  the  result — a  simple,  correct  clearance  angle 
feature. 

The  machine  carries  a  graduated  dial  on  its  headstock 
spindle  from  which  the  clearance  angle  for  all  cutters 
may  be  read  direct. 

As  a  result  of  obtaining  this  correct  clearance  angle 
the  feed  may  be  greatly  increased,  the  cutter  cuts  as 
it  was  designed  to;  the  tendency  to  chatter  is  re- 
moved— and  you  get  greater  efficiency  from  your 
millers. 


"It  has  long  been  recognized  that  proper 
clearance  and  rake  are  of  vital  import- 
aace  to  cutting  tools.  Unfortunately,  mill- 
ing cutters  which  are  more  sensitive  and 
more  easily  affected  by  different  clear- 
ances have  received  little  attention.  It 
may,  therefore,  be  assumed  that  the  great 
majority  of  cutters  are  improperly  sharp- 
ened. The  user  can  correct  these  errors 
in  stock  tools  by  proper  sharpening.  There 
are  cases  on  record  where  a  cutter,  in- 
telligently sharpened  for  a  particular  cut, 
has  increased  the  output  of  a  milling 
machine  60%." 


Send  for  this  Bulletin  and  Get  the 
Whole    Truth  of  the  Matter 


CINCINNATI  MILLING  MACHINE  COMPANY 


CINCINNATI 


OHIO,  U.  S.  A. 
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PERSONALS 

Dr.  Robert  Grimshaw,  of  New  York  City,  sailed  September  1 
for  Mexico  on  a  short  business  trip. 

H.  E.  Derbyshire,  general  manager  of  the  Chambersburg 
Engineering  Co.,  Chambersburg,  Pa.,  has  resigned. 

J.  B.  Laird,  until  recently  connected  with  the  Moore  Steam 
Turbine  Corporation,  Wellsville,  N.  Y.,  has  resigned  to  go  into 
the  machine  tool  business. 

R.  C.  Feltes  has  been  put  in  charge  of  the  Chicago  office  of 
the  United  States  Electrical  Tool  Co.,  Cincinnati,  Ohio.  The 
Chicago  office  is  located  at  545  W.  Washington  Blvd. 

O.  P.  Hatton  has  been  appointed  advertising  manager  of  the 
E.  W.  Bliss  Co.,  Brooklyn,  N.  Y.,  succeeding  J.  B.  McCann, 
who  has  entered  the  sales  department  of  the  company. 

Thomas  S.  Garrett,  manager  of  the  machinery  department 
of  Gaston.  Williams  &  Wigmore,  Inc.,  New  York  City,  has  re- 
signed, and,  after  taking  a  much  needed  rest,  will  go  into  busi- 
ness for  himself. 

Edward  Lurker  has  taken  charge  of  the  Chicago  office,  1829 
Lytton  Bldg.,  of  the  Haynes  Stellite  Co.,  Kokomo,  Ind.  The 
territory  controlled  consists  of  the  states  of  Wisconsin,  Iowa, 
Minnesota  and  Illinois. 

Robert  A.  Endebrock,  superintendent  of  the  Acme  Machine 
Tool  Co.'s  plant  No.  2,  Cincinnati,  Ohio,  has  resigned  to  be- 
come production  assistant  of  the  Sechler  Co.,  manufacturer 
of  "Trailmobiles"  (trailers  for  auto  trucks). 

W.  S.  Rogers,  chairman  of  the  board  of  directors  of  the 
Bantam  Ball  Bearing  Co.,  Bantam,  Conn.,  gave  a  dinner  to  the 
officers  and  heads  of  departments  of  the  company  at  Phelps 
Tavern,   September   7.     Mr.   Rogers  was  the  toastmaster. 

George  W.  Wagstaff,  formerly  in  charge  of  the  Detroit, 
Toledo  and  Cleveland  territory  for  the  Onondaga  Steel  Co., 
Inc.,  Syracuse,  N.  Y.,  has  been  appointed  sales  manager,  and 
will  be  located  at  the  general  offices  of  the  company  In 
Syracuse. 

L.  H.  Taylor  has  been  made  sales  manager  of  the  machinery 
division  of  the  Greenfield  Tap  &  Die  Corporation,  Greenfield, 
Mass.,  succeeding  W.  S.  Howe,  who  has  resigned  to  become 
president  and  treasurer  of  the  new  Blevney  Machine  Co.,  of 
Greenfield,  Mass. 

Freling  Foster,  until  recently  advertising  manager  of  the 
Hughes  Electric  Heating  Co.,  Chicago,  111.,  has  joined  the  ad- 
vertising staff  of  the  Society  for  Electrical  Development.  He 
takes  the  place  made  vacant  by  the  resignation  of  E.  M.  Hunt, 
who  has  joined  the  Review  of  Reviews. 

Clarence  E.  Doyle,  formerly  senior  active  member  of  C.  A. 
Snow  &  Co.,  and  William  F.  Doyle,  formerly  of  Greeley  & 
Doyle,  have  formed  the  firm  of  Doyle  &  Doyle,  and  will  con- 


tinue the  general  practice  of  patent  and  trade-mark  law  at 
420-422   Washington  Loan  &  Trust   Bldg.,  Washington,   D.   C. 

Rene  F.  Jacops,  who  for  the  last  eight  years  has  been  in 
charge  of  the  New  York  export  department  of  the  Keystone 
Driller  Co.,  Beaver  Falls,  Pa.,  has  been  made  a  manager  of  the 
American  Machinery  Syndicate,  Hudson  Terminal  Bldg.,  New 
York  City,  Mr.  Jacops  has  been  almost  exclusively  engaged 
in  the  export  business  for  the  past  twenty  years,  and  is  con- 
versant with  foreign  market  conditions,  export  methods  and 
the  Spanish  and  French  languages. 

E.  B.  Hotchkiss,  of  the  American  Steel  Export  Co.,  Wool- 
worth  Bldg.,  New  York  City,  sailed  for  Europe  in  August.  He 
will  visit  France,  Italy  and  Spain  in  connection  with  a  num- 
ber of  engineering  problems,  and  incidentally  will  make  in- 
vestigations in  those  countries  for  the  American  Steel  Export 
Co.  He  resided  in  France  and  Belgium  for  over  nineteen 
years,,  during  which  time  he  had  charge  of  a  number  of  im- 
portant engineering  works. 

John  H.  Barker,  well  known  in  the  electrical  trade  as  sales- 
man and  specialist  in  electrical  power  applications,  has  estab- 
lished himself  a^  a  manufacturer's  representative  with  an 
office  at  95  Liberty  St.,  New  York  City.  Mr.  Barker  was  con- 
nected with  the  Diehl  Mfg.  Co.,  of  Elizabeth,  N.  J.,  for  eight 
years,  the  last  two  of  which  he  was  sales  manager. 


OBITUARIES 


George  B.  Grant,  for  many  years  a  prominent  figure  in  the 
gear-cutting  industry  of  the  United  States  and  author  of  a 
well-known  work  on  gearing,  died  in  Pasadena,  Cal.,  August  17. 

Albert  S.  Smith,  president  of  the  Smith  &  Mills  Co.,  Cin- 
cinnati, Ohio,  manufacturer  of  shapers,  died  of  heart  disease 
at  his  home  in  Cincinnati,  September  3,  aged  fifty-nine  years. 
Mr.  Smith  entered  the  employ  of  John  Steptoe  &  Co.  -in  his  early 
youth.  Ten  years  later,  in  1885,  he  formed  a  partnership  with 
the  late  James  Mills. 

Russell  Dale,  manager  of  sales.  Rich  Tool  Co.,  Chicago,  111., 
died  September  22,  at  Wesley  Hospital,  from  a  gun-shot 
wound,  aged  forty-three  years.  Mr.  Dale  was  for  five  years 
manager  of  sales  of  the  Rich  Tool  Co.,  and  formerly  repre- 
sented the  Carpenter  Steel  Co.  at  Chicago.  Previous  to  his 
connection  with  the  Carpenter  Steel  Co.  he  was  with  the  Celfor 
Tool  Co. 

Major  Henry  Souther,  president  of  the  Henry  Souther  Engi- 
neering Corporation,  Hartford,  Conn.,  and  a  well-known  metal- 
lurgist and  specialist  in  steel,  died  in  the  post  hospital  at 
Fortress  Monroe,  August  15,  following  an  operation,  aged  fifty- 
two.  He  was  a  past  president  of  the  Society  of  Automotive 
Engineers  and  was  made  a  life  member  in  1915  in  recognition 
of  his  work  as  chairman  of  the  standards  committee,  extend- 
ing over  a  period  of  several  years. 


COMING  EVENTS 

October  9-11 — Annual  congress  of  Purchaging 
AgenU  at  Pittsburg,  Pa.  James  H.  liubison.  chair- 
man,   COO    Westlnghouse    BIJg.,    Pittsburg,    Pa. 

October  25 — Monthly  meeting  of  the  Rochester 
Society  of  Technical  Draftsmen,  In  Rooms  131-137, 
Blbley  Block.  328  Main  St.,  E..  Rochester.  N.  T. 
O.  L.  Angevlne,  Jr.,  secretary,  857  Genesee  St., 
Rochester. 

October  30-31— Fall  meeting  of  the  National 
Machine  Tool  Builders'  Association  Id  New  York 
City;  Hotel  Astor,  headquarters.  Charles  B.  Hil- 
dreti),    general    manag*rr.    Won  chtcr,    Mass. 

Doccmber  4-7 — Annual  meetin^r  of  the  American 
Society  of  Mechanical  Engineers  tin  New  York 
City:  Engineering  Societies  Bldg.,  20  W.  89th  St.. 
bcadquorlers.      Calvin    W.    Rice,    secretary. 


NEW  BOOKS  AND  PAMPHLETS 


utilization    of    Fyrlto    Occurring    In    Illinois   Bitumi- 
nous   Cosl.       By    E.     A,     Holbrook.      40    r">(tPn. 
<;   by    b    tn'hf'H;    14    lIlustrntlonH.      PubllKhed    by 
ih<;     Englmcrlntr     ExperliiMnt     Htution     of     the 
UnlviTNily    of     JllinolH,     Urbana,     III.,     as    Cir- 
cular No.   5.     Price,   20  cents. 
Buocotsfnl      Industrial      Uansfomont.       By     Harry 
Frankllo    Porter.      03    pages.    G    by    7%    Inches; 
13    Illustrations.       PubllHhcd    by     the     Westing- 
house    Lamp   Co.,    New    York    City. 
This    little    book    Is   of    value    to    no    enterprising 
factory    manager.      It    contains    chapters    on    scien- 
tific    mnnngfmcnt;     common  rt^-nw?     'onHtrurtlon     of 
factory    Itutldlngs;     method    of    prf>ourlng    o     Inrgor 
Iirodti'-tlon    from    tbu    machinery;    vriAiomy    of    ma- 
tQrlnlo;    the    human    factor;    the    con!    and    control; 
and   the  lighting  and  Industrial  oflQcleocy  of  manu* 
facturing  plantx. 

Increaalnr  and  ImproTlng  Production.  By  R.  T. 
Kent.  43  pogefi,  r,  by  7<^  IncbeN;  17  lllustrs- 
tl'.ns,  Publlnhod  tjy  tho  Westingbouso  Jjamo 
i:v.,   New    York   City. 


A    discussion    of    the    important    factors    of    plant 
olH.-ration    and    their    relation    to    the    big    problem 
of     production    la     the    topic    of    this    book.       The 
lighting    system    of   a    plant   as   an    essential    factor 
in    the    quantity    and    quality    of    production    is    rec- 
ognized    and     a     description    of     the     methods    em- 
ployed   in    the    management    of    an    actual    and    effi- 
cient manufacturing   establishment  Is  given. 
Advanced    First-aid    Instructions    for    Miners.       Ry 
Surgeons    G.     H.     Ualberstadt.     A.     F.     Knoc-f.-l. 
W.    A.    Lynott,    W.    S.     Rountree,    and    M.    J. 
Shields.       154    pages,    4^     by    5%     inches;     liii 
illustrations.       Published     by     the     Department 
of   the   Interior,    Bureau   of  Mines,    Washington, 
D.    C.      Price    In    paper   cover,    20   cents;    bound 
in    buckram,    35    cents. 
Tliese   Instructions,    provided    primarily    for   resus- 
citation   of    miners,    apply    to    resuscitation    and    re- 
lief work  generally,  and  will  be  found  moat  useful 
by   all    llrst-uid   men   connected    with    manufacturing 
plants. 

Safeguarding   Industry.      By   the    National    Hoard  of 
Klrc    Un<Ierwrlters,    70   William   St..    New    York 
city.      21    pages.    5   by   8   Inches.      I'lihllHlicd    by 
the    Council    of    National    Defence,    Washington, 
I*.    C. 
This  little  book   relates   to  tho  waste  due  to  fires 
In    the    United  States,   calling  attention   to   the   fact 
that    during    the    past    year    $214,000,000    worlh    of 
properly  was  wasted  In  lircs  that  were  largely  pre- 
ventable  and    therefore    inexcusable.      In    comparing 
this    waste    with    tlio    necessities    required    for    tho 
successful    conduct    of   the   war,    attention    is   called 
to    tho    fact    that    this    sum    of    money    would    havo 
l>ullt  nearly  30,0(X)  aeroplanes  or  many  huudrcds  of 
torpedo  boat  dcMtroyers. 

The  Appltoatlon  of  Efflolnnoy  Frlnolplos,     Ity  Oeorgo 

II.     Hhfpunl.       iUiH    pitgcH.     r>VJ     l>y     8>/j     Inches. 

I'libllNhcd    by     the     Enginet-rlng    Mngnxinc    Co., 

New   York   City.     Price,  $3. 

The  author   states   that    this   work   Is  an  efTnrt    to 

tell  how   to  apply  elllclenr-y   principles   hi  a   manner 

supplementary   to  the   trentmi-nt  given   by    Emerson, 

on  tho  one  hand,  and   "Ford  Metliodn  and   the   Ford 

Shops"   by   Arnold   and    "Installing    Eniclency    Melh- 

odn"  by  Knofppel,  on   tho  other.     It  deals  with  the 

principles   of   job   onnlysU,    piece    rates,    application 


(»f  common  sense  to  job  analysis,  the  value  of  ideals 
in  an  industrial  organization,  and  the  importance  of 
hiring  the  right  men  for  the  right  place.     Organiza- 
tion is  analyzed  and   the  principles  of  planning  and 
despatching.      The    importance    of    adapting    condi- 
tions and  work  to  each  other  is  discussed,   and  the 
value   of   setting   a    standard    is   pointed   out. 
The     Economical    Purchase    and     Use    of    Coal    for 
Heating     Homes     with     Special     Reference     to 
Conditions  in  Illinois.     oS  Iki^s,  G  by  9  inches; 
•22  illustrations.     I'liblishcd  by  the  University  of 
Illinois,  Urbana,   111.,  as  Circular  No.  4  of  the  En- 
gineering Experiment  Station.     Price,  10  cents. 
This    pamphlet    is     a     non-technical     manual     for 
householders    and    operators    of    small    house-heating 
plants,    which    is    being    circulated    In    the    Interest 
of    fuel    conservation    and    tho    promotion    of    more 
satisfactory   results   from   house-heating   system.     It 
deals  with   the  installation  of  heaters,   beating  sys- 
tems,   auxiliiiry    equipment,    characteristics    of    fuel 
for    household    use,    tlie    jnirchase   of    coal,    and    the 
operation    of    small    heaters.      The    manual    should 
have    a    wide    circulation    in    view    of    the    probable 
scarcity  of   fuel   next   winter.      Many   users  of   coal 
tor    houso-hoatlug    purposes    could    no    doubt,    make 
Iwo  tons  do  the  work  of  throe  If  properly  instructed 
in   liring  their  heating  apparatus. 
Dyke's    Automobilo    and    Gasoline    Engine    Euoyolo- 
podia.     By   A.   L.   Dyke.     81*0  pages.  OMi   by  9Vi 
ln<'lies;   3302   illustrations.      Published    l>y   A.   L. 
Dyke,    St.    Louis.    Mo.      Price.    $3,    net. 
The  sixth  edition  of  Hits  work  has  been  rewritten* 
and   many  new   Illustrations  aitd  subjects  have  been 
added.      It    ])reKents    In    a    dear,    Hiniple    form    tho 
principles    of    gasoltnu    engine    and    aulomobile    con- 
struction    and     operation,     and     ex|dains     In     detail 
what   nn   operator   should    understand    to   operate   or 
take  care  of  any   make  of  car.     The  sulijecls  dealt 

with    include    tl Hsenibty  of  a    car;    engines;    car- 

biirellon;  cooling  and  lul>rlcatlnn:  coll  and  battery 
tgiiUlon;  mag[ieto  ignition;  Htontge  ImtlerloH;  opera* 
Itim  and  care  of  storage  Imlleiies;  lIceuHe  laws 
and  salesmanship;  tires;  digest  of  troubles  and 
their  remedies;  truekN  and  tractors.  Uepairing  Is 
thoroughly  reviewed.  Supplements  are  in<'luded  that 
give  detailed  Instructions  on  the  principles,  opera- 
tion anil  adjustments  of  Ford  and  Packord  cars, 
and  a  glossary  of  motor  terms. 
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The  LUCAS 


(OF  CLEVELAND) 


"PRECISION" 

BORING,  DRILLING  AND 

MILLING  MACHINE 

ALWAYS  GOOD 

and  as  time  goes  on 

ALWAYS  BETTER 


Lucas  Machine  Tool  Co.,  ^Bp  Cleveland,  0.,  U.S.A. 
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Link-Belt  Co.,  Chicago,  111.  Book  342,  treating 
of  casings  and  lubrication  for  Link-Belt  silent  chain 
drives. 

Charles  Eoss  &  Son  Co.,  148-156  Classen  Ave., 
Brooklyn.  N.  Y.  Catalogue  20  on  dry  mixing  and 
grinding   machinery. 

"Fulflo"  Pump  Co.,  126  Opera  Place,  Cincinnati, 
Ohio.  leaflet  illustrating  and  describing  the  "Fulflo" 
grinder  circulating  pump. 

Hollingworth  Machine  Tool  Co..  Covington,  Ky. 
Circular  descriptive  of  the  HoUingworth  24-inch  im- 
proved  triple-geared  crank   shaper. 

Link-Belt  Co.,  Chicago.  111.  Catalogue  246  of 
Link-Belt  electric  hoists,  giving  tables  of  lifting 
capacities,    weights,    clearances,    etc. 

Beno-Kaetker  Electric  Co.,  41  Main  St.,  Cincin- 
nati, Ohio.  Circular  of  the  "Reliance"  swing  saw 
for  use  in  packing-rooms  to  cut  lumber  for  crates 
and  boxes. 

South  Bend  Lathe  "Works.  South  Bend,  Ind.  Cata- 
logue 51.  in  Spanish,  describing  and  illustrating 
South  Bend  lathes.  The  prices  are  given  in  Ameri- 
can money. 

Worthington  Pump  &  Machinery  Corporation,  115 
Broadway,  New  York  City.  Catalogue  illustrating 
and  describing  the  different  types  and  uses  of  volute 
centrifugal  pumps  manufactured  by  Henry  R. 
Worthington. 

Walter  A.  Zelnicker  Supply  Co.,  St.  Louis,  Mo. 
Bulletin  224,  listing  new  and  second-hand  equip- 
ment, including  pressure  tanks,  storage  tanks,  car 
tanks,  acid  tanks,  elevated  tanks,  stand  pipes,  reser- 
voirs and  vats. 

"Worthington  Pump  &  Machinery  Corporation,  115 
Broadway,  New  York  City.  Bulletin  W-602  of 
Worthington  turbine  pumps  for  high  head  service. 
The  catalogue  treats  of  the  turbine  pump,  its  prin- 
ciple of  operation,   and   characteristics. 

American  Emery  Wheel  Works,  Providence,  R.  I., 
Is  distributing  a  convenient  table  of  grinding  wheel 
speeds  and  grades.  The  table  is  mounted  iu  a 
celluloid  envelop,  with  "windows"  which  make  the 
reading  for  any  speed  or  grade  convenient. 

Universal  Valve  Co.,  Burlington,  Wis.  Booklet  on 
non-packing,  high-pressure  "Kno-Pak"  valves  and 
Joints  for  steam,  air,  gas  and  ammonia.  The  joint 
contains  a  cast-iron  spring,  which  keeps  the  bear- 
ing parts  closely  in  contact  and  thus  eliminates  the 
need  of  packing. 

TiUnium  Bronze  Co.,  Inc.,  Niagara  Falls,  N.  Y. 
Booklet  of  die-cast  titanium-aluminum  bronze,  show- 
ing a  number  of  castings  that  have  been  made 
from  titanium-aluminum  bronze.  The  booklet  gives 
the  composition  of  titanium-aluminum  bronze  and 
It.s  physical   properties. 

International  Machine  Tool  Co.,  Indianapolis,  Ind. 
Catalogue  of  the  "Libby"  turret  lathe,  containing 
set-up  drawings  for  railroad  locomotive  pins.  These 
drawings  comprise  a  complete  tooling  layout  for 
machining  crosufaead,  knuckle  joint  and  other  heavy 
pins  and   bar  work  on   the   "Libby"    turret   lathe. 

Lansing  Stamping  &  Tool  Co..  Lansing,  Mich. 
Folder  descriptive  of  the  "Capital"  internal  grinder, 
for  which  high  efficiency,  rapid  production  and  a 
high  degree  of  accuracy  Is  claimed.  Speclflcatlons 
Including  the  diameter  of  grinding  wheel  spindle, 
speeds  of  grinding  spindle,  capacity,  etc.,  are  given. 

Beady  Tool  Co.,  Brldgeiwrt,  Conn.  Catalogue  15 
of  Inserted  cutter  "Red  E"  tools  for  lathes,  planers 
and  shapers,  compriwlng  turning,  threading,  facing 
and  cuttlng-off  tools;  also  lathe  dogs,  milling  ma- 
chine dogB  and  drivers,  grinder  dogs,  milling  ma- 
chine vise  hold-dorfns,  "Safety  First"  belt  sticks. 
etc. 

Titaniam  Bronze  Co.,  Inc.,  Niagara  Falls,  N.  Y. 
Booklet  treating  of  the  characterlntlcs  of  titanium- 
aluminum  bronze  and  the  applications  for  which 
It  Is  eMpedally  suited.  The  booklet  contalnw  photo- 
mlrrogrnphM  of  manganese  bronzo,  phosphor  bronze 
and  aluminum  bronze,  showing  the  relative  struc- 
ture   of    t'M'h. 

Hammacber,  Bcblemmer  &  Co.,  4tb  Ave.  and  IBlh 
Kt.,  New  York  City.  Catalogue  537  of  hand  screws, 
clampii,  etc.  The  line  of  rlnmpn  made  by  the  com- 
pany In'Iudeit  the  wwKbn-Hplndle  hand-ncrew  clamp 
■teel-Bplndle  odjuiitflble  hand-screw  clamp,  nipld- 
artlnjc  allateel  clump,  chimps  for  cabinet-makers 
can>*nter«,    loolmakcrii.   machinists,   etc. 

Bponsel  Co.,  Inc.,  Ml  Main  Ht.,  Ilurlford,  Conn. 
Clrr-ular  of  the  "HfKjnMl"  rnllbrutlng  and  Blnilght- 
enlng  machim-  for  gun  Unrnln.  whbh  provides  for 
orieoNtircmf-nt  of  the  U^re,  HlrulKhU-nlng  of  the  bc/rc. 
d«t«TniInnllon  of  reom«-r  iKM-k.-tn.  determination  of 
erci-ntri'ltj  of  outnlde  of  harn-l  with  Iwrc,  location 
of  HlffhtlnK  markn  and  mfonurement  and  straighten- 
ing of  bore  after  rining. 

Kfillancs  Electric  &  Enginesrlng  Co..  IOr»0  Iranhoe 
Itonri.  f,l«Mr«.|nnO,  r*Mo.  Iiuljifiin  liill  of  liellance 
adj.i.tnbl..  „,M.,.d  dlrw-(.c„rrent  motorn  of  the  annn- 
tun-  Nhlftlng  d.'^lgn.  d*-iwrihlng  thf  prinWple  of 
operalloft.  merhanicnl  detnlln,  and  irlvlng  table  of 
ratlnffd.  The  bulletin  Nhowa  applications  of  th«-«' 
•  djn«lables(ieed  motors  to  vorloiiii  tyiH.»  of  machine 

F^IIowa  Osar  Sbapor  Co.,  Bprlngflild,  Vt.,  him 
f'.n,i,lU:t  tor  distribullon  a  sh.Tt  of  In.triirtlons  for 
mr,iinrinK  snd  clumping  B\wh  nnd  4  In.-h  gear- 
ph»iH.r  ruU.rn.  The  aheet  carries  llliiMmllona  of 
'i'.'^Z:     «»'',,  Inrorrrrl     mountlngn     of     cullers     for 

pull  snd  push"  alrokfH.  irMTR  of  ihe  Kfllows 
gear   sbapcr   ahoiild   secors   copies   of    Ihoso    Instruc- 


tions for  the  use  of  their  operators  In  order  to  In- 
sure  that   the  machines  are  being  tooled  efficiently. 

N.  y.  Revolving  Portable  Elevator  Co.,  344  Gar- 
field Ave..  Jersey  City,  N.  J.  Bulletin  43,  entitled 
the  "Steel  Giant,"  describing  the  uses  of  the  re- 
volvator.  The  revolvator  is  fihown  in  use  erecting 
overhead  motors  and  taking  them  down  for  re- 
pairs, erecting  and  repairing  overhead  shafting,  in 
overhead  drilling,  loading  heavy  cases,  bales,  etc., 
from  sidewalks  on  the  trucks,  loading  freight  into 
cars,  storing  sheet  iron,  and  elevating  heavy  dies 
onto   presses. 

Acieral  Co.  of  America,  26  Cortlandt  St.,  New 
York  City.  Circular  of  "Acieral,"  a  light-weight 
alloy  composed  chiefly  of  aluminum,  which  is 
claimed  to  have  the  strength  of  steel,  the  lightness 
of  aluminum,  nearly,  and  to  be  non-corrosive.  Its 
color  is  silver  white;  fracture  is  similar  to  that  of 
steel;  specific  gravity,  2.82;  melting  point,  1382  de- 
grees F.;  tensile  strength  in  castings,  30,000  pounds 
per  square  inch;  and  tensile  strength  in  rods  and 
sheets,   28.000  to  64.000  pounds  per  square  inch. 

Whiting  Foundry  Equipment  Co.,  Harvey.  111. 
Blueprint  bulletins  on  food  conservation  and  the 
Liberty  loan.  These  bulletins  are  in  the  form  of 
the  shield  of  the  United  States,  and  the  flrst  repro- 
duces the  request  of  Mr.  Hoover  to  eat  one  wheat- 
less  meal  per  day;  to  eat  two  meatless  meals  per 
day;  to  economize  in  the  use  of  butter  and  sugar; 
to  eat  more  vegetables,  fruit  and  fish;  and  to  econo- 
mize In  the  use  of  all  foods.  The  second  is  a  re- 
quest to  invest  in  the  second  issue  of  the  Liberty 
loan  and  help  win  the  war. 

New  Departure  Mfg.  Co.,  Bristol,  Conn.,  publishes 
a  house  organ  known  as  "New  Departure  News." 
The  August  25  number  contains  biographical  sketches 
of  DeWitt  Page,  E.  B.  Case,  Robert  Muzzy,  Napo- 
leon Dube,  George  Scheer,  Christopher  O'Connell, 
William  O'Connell,  Jeremiah  T.  O'Connell,  George 
Breshnahan,  Frank  C.  Wilcox,  Henry  C.  Huhn.  John 
lies,  William  R.  Coe,  William  G.  Atkins,  Herbert 
A.  Barnum,  G.  P.  Bennett  and  Joseph  D.  Brown, 
who  have  been  in  the  company's  employ  more  than 
twenty  years.  Mr.  Page,  the  president,  started  as 
a  receiviug  clerk  in  1892. 


TRADE   NOTES 

T.  P.  Walls  Tool  Co.,  75  Walker  St.,  New  York 
Cily,  has  been  incorporated  with  a  capital  stock 
of  $50,000.     T.   P.   Walls  is  president. 

Herman  A.  Holz,  1  Madison  Ave.,  New  York 
City,  was  awarded  the  Edward  Longstrcth  Medal 
of  Merit  by  the  Franklin  Institute,  for  his  portable 
Brinell    meter. 

Bay  State  Saw  &  Tool  Mfg.  Co.,  formerly  of  Rox- 
bury,  Mass.,  has  removed  to  Winchester,  Mass., 
where  better  facilities  have  been  provided  for  the 
manufacture  of  hacksaws. 

Atcheson  &  Barok  Die  Tool  Co.,  Peters  Power 
Bldg.,  Columbus,  Ohio,  has  opened  a  shop  fully 
equipped  for  making  tools,  dies,  jigs,  fixtures, 
gages,    metal    patterns    and    special    machinery. 

Gisholt  Machine  Co.,  Madison,  Wis.,  manufac- 
turer of  turret  lathes,  boring  mills  and  other 
machine  tools,  has  moved  its  New  York  office 
from  50  Church  St.  to  Rooms  1723-1725,  30  Church 
St. 

Tock  Screw  Machine  Products  Corporation,  Long 
Island  City,  N.  Y.,  has  erected  a  two-story  brick 
factory  at  199  203  Eighth  St.,  which  will  be  de- 
voted to  the  manufacture  of  screw  machine  prod- 
ucts of  all   kinds. 

Hyatt  Roller  Bearing  Co.,  Newark,  N.  J.,  has 
opened  a  branch  office  in  Pittsburg  at  1272-1273 
Frlck  Annex.  The  new  oflice  will  serve  as  head- 
quarters for  E.  E.  Eby  and  J.  M.  Kelly,  who  rep- 
resent   the    company    in    the    Pittsburg    district. 

Charles  H.  Besly  &  Co.,  120B  N.  Clinton  St., 
Chicago,  in.,  are  again  located  in  their  old  quar- 
ters at  118-124  S.  Clinton  St.  The  building,  guttered 
by  fire  in  January,  has  been  rebuilt  and  provided 
with  all  conveniences  required  to  make  a  modern 
store  for  the  sale  of  machinery  nnd   tools. 

Advance  Machinery  Co.,  miinufacturor  of  "Advance- 
Toledo"  ball-bearing  disk-drive  shupers  and  "Advance 
Wetmore"  glue  room  macbinery,  has  movinl  Its 
.plant  from  Toledo  to  Van  Wert.  Ohio,  where  n  new 
factory  has  been  provided  that  afTords  facilities 
modern  in  many  respects  for  the  manufacture  of 
machinery. 

Wlndau  Tool  Co.,  Cleveland,  Ohio,  recently  moved 
to  IflH."*  ID.  17th  8t.,  where  a  new  and  larger  brick 
factory,  having  a  noor  space  of  35  by  100  feet,  has 
been  provided.  The  number  of  machine  tocds  has 
l)een  doubled,  all  Itelng  new  and  of  the  Ix-st  make. 
The  company  ma  ken  Hi)lral  milling  cutter«.  form 
inllltni;  ciilterH,  circular  tools  and  special  small  toolH. 

Bamuol  Swott,  HO  Broadway,  New  York  City,  has 
been  appointed  the  oxcIukIvo  ogent  In  the  United 
Htates  for  George  Crndock  ft  Co..  Ltd..  of  Wake- 
fleld.  England,  whoso  steel  workH,  rolling  mlllH, 
wire  drawing  mills  and  wire  rope  works  ore  locoted 
In  thnt  plnee.  The  company  manufactun-H  steel 
wire  ropeii.  Hhlp  cablen,  strands,  cobles  ond  tension 
wires  iiaed   In   (lie   building  of  aircraft,   etc 

Bradford-Aokormann  Corporation,  42nd  Kl.  lUdg., 
New  York  City.  huH  been  appointed  EoHtern  siilcs 
rnprewmtntlve  of  Ynunjc  ll/on.  Co.,  Detroit,  Mich., 
mfinufiicliirer  of  Joirannlng  and  drying  ovenn.  Voung 
Mron.  Vo.  hns  InNlolled  many  lorgu  electric  ond  gus 
hentcd  ovens  In  the  Middle  West,  snd  thdr  nnccniifi 
In  thnt  diNlrlet  Unn  prompled  the  oiM<nlng  of  an 
enatem  ollled  for  the  convenience  of  the  (rode. 

MoOarthy  Drill  ft  Tool  Oorporatlon.  Toledo,  Ohio, 
with  f'leeutlve  offlrnn  nt  30  Chtin  h  Ht.,  New  York 
riiy.  hnfl  piirrhnm-d  the  Tole.jt,  Drill  A  Tool  Co. 
The   Toledo   Drill    A   Tool    Co.    has   jimt    morod   Into 


a  new  flteproof  two-story  structure  where  facul- 
ties have  been  provided  to  turn  out  large  quanti- 
ties of  high-speed  drills  and  a  full  line  of  cutters 
and   reamers.     The  drills  will   be  furnished   in   botb 

English    and    metric    sizes. 

J.  R.  Stone  Tool  &  Supply  Co.,  Detroit,  Mich., 
distributor  for  the  Manufacturers  Equipment  Co., 
Chicago.  111.,  and  the  Nelson-Blanck  Mfg.  Co.,  De- 
troit, Mich.,  has  opened  an  office  at  30  Church  St., 
New  York  City,  under  the  management  of  James  R. 
Stone,  president  of  the  company.  Several  sales- 
men will  be  put  on  the  road  from  this  office  to 
travel  through  the  Eastern  states.  Introducing 
"MEC"  air  chucks  and  Buhr  drill  heads. 

J.  C.  Glenzer  Co.,  3  Fourteenth  St.,  Detroit  Mich., 
has  recently  been  organized  for  the  purpose  of  salv- 
aging and  reclaiming  milling  cutters,  reamers,  end- 
mills,  etc.,  and  will  also  manufacture  new  cutters, 
reamers,  and  other  small  tools.  Mr.  Glenzer  has 
bad  eighteen  years'  experience  In  the  manufacture 
of  tools  and  has  been  in  charge  of  this  work  at 
the  Studebaker  Corporation  for  six  years.  The 
new  company  solicits  orders  from  any  part  of  the 
country. 

Federal  Engineering  &  Mfg.  Co.,  411  Frankfort 
Ave.,  Cleveland,  Ohio,  announces  that  William 
Eckert  has  become  a  stockholder  and  has  been 
elected  secretary-treasurer  of  the  company.  The 
officers  are  H.  O'Donnell,  president;  M.  F.  Klein, 
vice-president;  and  William  Eckert,  secretary-treas- 
urer. The  company  has  enlarged  the  floor  space  In 
its  factory  and  added  new  machinery.  It  Is  now 
fully  equipped  to  manufacture  special  machinery, 
tools,   dies,  jigs,  etc. 

Warren  F.  Fraser  Co.,  maker  of  the  Eraser  uni- 
versal grinders,  special  tools  and  gages,  has  moved 
to  Westboro,  Mass.  The  factory  is  conveniently 
located  close  to  the  center  of  the  town  adjoining 
the  Boston  &  Albany  Railroad.  The  factory  plot 
provides  room  for  additions  to  the  building.  The 
present  building  is  one-story  and  Is  well  lighted 
throughout,  giving  excellent  facilities  for  manufac- 
ture and  special  work.  The  company  has  a  branch 
office  at  201  Devonshire  St.,   Boston,   Mass. 

Titanium  Bronze  Co.,  Inc.,  504  Marine  Bank  Bldg., 
Buffalo,  N.  Y.,  is  a  concern  recently  organized  to 
operate  the  bronze  department  of  the  Titanium 
Alloy  Mfg.  Co..  located  at  Niagara  Falls,  N.  Y. 
The  company  makes  a  specialty  of  worm-gear 
blanks  for  worm-driven  truck  axles,  and  is  success- 
fully Introducing  titanium-aluminum  bronze  In  this 
deld,  where  formerly  only  English  gear  bronze  or  a 
similar  phosphor-bronze  was  used.  The  company  Is 
also  successfully  die-casting  titanium-aluminum 
bronze  in  a  variety  of  small  pieces,  such  as  wind- 
shield parts  and  small  spur,  bevel  and  miter  gears, 
etc. 

Cleveland  Milling  Machine  Co.,  18511  Euclid  Ave., 
Cleveland,  Ohio,  has  purchased  the  plant  and  busi- 
ness of  the  Cleveland  Machine  Tool  Works  of  Cleve- 
land. The  plant  will  be  operated  under  the  name 
of  the .  Cleveland  Machine  Tool  Co,  The  business 
has  been  incorporated  with  a  capital  stock  of 
$200,000.  The  officers  are  Frank  S.  Shields,  presi- 
dent; John  A.  Camm,  vice-president;  and  L.  M. 
Richards,  secretary,  all  of  whom  are  officers  of 
the  Clevelond  Milling  Machine  Co.  James  A.  White- 
law  is  the  treasurer.  Plans  have  been  made  for 
greatly  increasing  the  capacity  and  output  of  the 
present  plant. 

Dann  Products  Co.,  Cleveland,  Ohio,  recently  made 
a  test  of  "Dannite"  bushings  for  sash  pulley  bear- 
ings to  determine  their  probable  durability.  The 
"Dannite"  used  was  22-gage  bronze,  specially 
treated,  impregnated  and  surfaced  with  graphite. 
The  test  was  made  with  a  plain  axle  pulley,  the 
pulley  having  a  diameter  of  2^^  Inches,  and  the 
pin  a  diameter  of  %  inch.  A  weight  representing 
a  lon<l  of  534  pounds  per  square  Inch  was  carried 
on  the  pin,  and  the  pulley  was  operated  for  91% 
hours,  the  weight  being  raised  and  lowered  219,000 
times.  At  the  end  of  the  test  the  pulley  bore  showed 
an  enlargement  of  only  0.001  inch,  and  the  pin 
was    found    to    be    brlglit,    smooth    and    practically 

Peerless  International  Corporation,  New  York  City, 
bos  opened  an  office  at-RO  Pine  St.  for  the  purpose 
of  carrying  on  an  export  and  Import  trade  ond  gen- 
eral engineering  and  contracting  business  In  foreign 
Ilclds.  The  corporation  is  capitalized  nt  $800,000. 
Affiliated  with  the  concern  Is  the  L.  K.  Comstock 
Co.,  which  will  be  represented  on  the  board  by  Its 
president,  L.  K.  Comstock.  Another  director  Is 
Walter  W.  Blrge.  president  of  the  Air  Reduction 
Co.  The  president  of  the  company  la  Alfonso  Kauf- 
man, formerly  enguKcd  in  consulting  engineering 
work  In  New  York  and  Chicago.  The  vice-president 
Is  S.  Welner.  and  the  treasurer,  William  M.  Blaln. 
The  secretary,  Frederick  A.  Beardsley,  has  been 
actively  engaged  In  engineering  and  exporting  fur  a 
number   of   yearH. 

Blovnoy  Machine  Co.,  Greenfield,  Mass.,  has  been 
organized  to  take  over  the  business  of  John  0. 
Hlevney,  Newark,  N.  J.,  mnmifacturcr  of  grinding, 
polishing  ami  finishing  machinery  and  friction 
dutches.  The  company  was  orgonlzod  under  the 
laws  of  MaHHochusettH  by  W.  S.  Howe,  general 
nianoger  of  the  machinery  division  of  the  Green- 
field  Top  A  Die  Corporation,  Including  the  V.  D. 
Wells  A  Hon  Co.,  Nutler  &  Bornen  Co..  ond  the 
ninchlnery  <1epartnientH  of  the  other  cnn<-crnH  In 
fhe  corporation,  ond  hlH  oHHoclateH.  The  capitalisa- 
tion Ih  $150,000  preferred  Ktnck  nnd  $ino.O(>0  com- 
nuin  stock,  nil  paid  In.  Mr.  II<nve  has  resigned 
to  become  prcHldent  nnd  tronKurer  of  the  new  con- 
cern, which  hos  taken  over  the  entire  bnnlneiiii, 
patterns,  patents  nnd  good  will  of  John  C.  lUevney. 
A  modern  factory  has  been  purchoned  In  Greenflold. 
1'he  Itlrvney  line  oT  grinding  nnd  polltthlng  nm- 
ehlnery  U  dUtlnctly  orlglnni  and  In  covered  by 
mnny  patents.  The  now  concern  will  expnnd  tlio 
iMiHlness  nnd   fully   develop   Its  pomilblUtlos. 
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HE  terms  "cold-drawn"  and 
"cold-rolled"  are  indis- 
criminately applied  to  all 
grades  of  shafting  and 
screw  stock  with  a  bright 
finish;  but  as  a  matter  of 


fact  these  two  processes  are  entirely  dis- 
tinct. Cold-drawn  shafting  and  screw 
stock  are  made  by  drawing  the  steel  bar 

through  a  die.  which  reduces  the  diameter  to  exactly  tbe  re- 
(|uired  size  and  imparts  a  high  finish  to  the  surface  of  the 
metal;  and  cold-rolled  shafting  is  made  by  turning  the  bar 
to  just  about  the  required  diameter  and  then  obtaining  the 
final  reduction  and  finish  by  passing  it  through  a  machine 
equipped  with  burnishing  rolls.  It  will  be  evident  from  this 
that  the  rolling  process  is  very  different  from  the  method  of 
treatment  to  which  steel  is  subjected  when  it  is  rolled  hot  to 
reduce  the  diameter  and  increase  the  length  of  the  bar.  Either 
cold-drawing  or  cold-rolling  imparts  a  hard  surface  to  the  steel 
and  increases  the  tensile  strength  of  the  bar.  In  addition  to 
cold-drawing  and  cold-rolling,  there  is  a  third  method  which 
finds  general  application  in  the  production  of  shafting  over 
three  inches  in  diameter;  this  consists  of  simply  turning  the 
bar  down  to  the  required  diameter,  taking  particular  care  to 
take  a  light  finishing  cut  that  will  leave  the  surface  as  smooth 
and  uniform  as  possible.  Most  shafting  and  screw  stock  up 
to  three  inches  in  diameter  is  cold-drawn,  and  shafting  above 
that  size  is  generally  turned. 

Raw  Material  of  the  Industry 

Cold-drawn  shafting  is  made  from  an  open-hearth  steel  con- 
taining about  0.15  per  cent  carbon,  which  is  similar  to  the 
grade  commonly  known  as  "machinery"  steel.  In  most  plants 
engaged  in  the  manufacture  of  cold-drawn  shafting,  the  raw 
material  is  purchased  from  the  steel  mill  in  the  form  of  bars 
having  a  diameter  from  1/.S2  to  1/8  inch  larger  than  the  shaft- 
ing to  be  drawn,  the  amount  of  excess  metal  increasing  with 
the  size  of  the  work;  hut  as  the  production  of  this  raw  ma- 
terial is  an  Important  part  of  the  shafting  industry,  a  brief 
dcBcriptlon  of  the  method  employed  will  be  given. 


The  manufacture  of  cold-drawn  shafting 
is  essentially  wire  drawing  on  a  large  scale. 
The  shafts  are  pulled  through  dies  by  draw- 
benches  or  bull-block  machines.  The  prepa- 
ration of  the  stock,  pointing  of  the  bars, 
draw-benches  and  bull-block  machines,  speed 
of  drawing,  power  required  for  cold-drawing, 
dies  used  for  drawing  wire  and  small  sizes  of 
screw  stock  and  shafting,  dies  for  drawing 
square,  rectangular  and  other  shapes,  lubri- 
cants for  drawing,  speed  of  production, 
straightening,  and  other  features  of  practice 
are   treated   in   the   following   article. 


.Inlr  Keillor  i.f  MArillNKIlT 


Molten  steel,  which  has  been  brought 
to  the  required  chemical  composition  by 
refining  in  an  open-hearth  furnace,  is 
poured  into  ingot  molds  that  produce 
ingots  ranging  from  16  to  20  inches 
square  by  4  to  5  feet  in  length,  weigh- 
ing approximately  3200  to  6250  pounds. 
These  are  the  regular  steel  works  in- 
gots that  might  ultimately  be  worked  up 
into  a  variety  of  other  products  in  addition  to  cold-rolled  shaft- 
ing. '  After  being  removed  from  the  mold,  the  ingots  are  trans- 
ferred to  a  blooming  mill,  in  which  they  are  rolled  down  into 
billets  from  2  to  5  inches  square,  according  to  the  size  of  the 
shafting  to  be  made. 

The  next  step  in  the  process  will  depend  upon  the  kind  of 
shafting  that  is  to  be  produced;  but  in  any  case  the  billets 
produced  in  the  blooming  mill  are  cut  up  into  pieces  of  such 
a  length  that  they  can  be  rolled  out  into  bars  of  the  same 
length  as  the  shafting  to  be  drawn.  In  most  cases  the  length 
of  billet  is  such  that  the  rolled  bars  will  be  from  30  to  40 
feet  in  length,  as  this  is  the  greatest  length  that  can  be  handled 
in  an  ordinary  freight  car.  The  billets  are  reheated  and  then 
rolled  down  into  bars  of  this  length,  of  a  diameter  slightly 
larger  than  the  required  size  of  the  shafting. 

Pickling-  Hot-rolled  Bars 

The  steel  bars  that  the  shafting  factory  purchases  from  the 
steel  miU  have  been  rolled  hot.  and  as  a  result  they  are  cov- 
ered with  an  oxide  scale,  which  must  be  removed  before  the 
bars  can  be  converted  into  cold-drawn  shafting.  The  reason 
for  this  is  that  the  oxide  scale  is  extremely  hard  and  would 
rapidly  destroy  the  drawing  dies;  also,  cold-drawn  shafting 
is  required  to  have  what  is  known  as  a  "bright"  finish,  and 
this  can  only  be  obtained  when  tho-nietal  is  free  from  oxide. 
Another  reason  for  removing  every  particle  of  scale  from  the 
bars  before  they  are  drawn  is  that,  if  it  were  not  removed, 
small  pieces  of  scale  would  be  driven  into  the  steel  by  the  die 
pressure  and  cause  flaws  that  would  seriously  reduce  ita 
strength.  The  first  step  in  cleaning  or  "pickling"  the  metal 
is  to  place  the  bars  of  steel  in  wooden  troughs  containing  a 
5  per  cent  solution  of  commercial  sulphuric  acid,  which  has  a 
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Fig.    1.     Jib   Crane   with  Toke   for  holding   Bundles   of  Wire  to  be   dipped 
into  Pickling  Vats.     Built  by  Morgan  Construction  Co. 

specific  gravity  of  66  degrees  Baume  at  a  temperature  of  60 
degrees  F.  The  scale  is  removed  by  a  combined  chemical  and 
mechanicar action;  the  acid  reacts  with  the  iron  and  liberates 
hydrogen,  vfhich  collects  under  the  oxide  scale  and  develops 
sufficient  pressure  to  tear  away  the  scale  in  small  plates.  As 
the  chemical  action  is  accelerated  by  heat,  the  temperature  of 
the  acid  bath  is  raised  to  about  180  or  200  degrees  F.  by  means 
of  pipes  which  deliver  live  steam  into  the  trough. 

A  very  little  thought  will  make  it  evident  that  the  shafting 
must  be  left  in  the  acid  bath  only  long  enough  to  remove  the 
scale,  as,  if  it  were  left  in  longer  than  required,  the  steel  would 
be  eaten  away  and  the  diameter  of  the  bars  reduced  so  that 
they  would  be  too  small  for  making  shafting  of  the  size  for 
which  they  are  intended.  It  is  particularly  important  to  regu- 
late the  length  of  time  the  steel  is  left  in  the  acid  bath  in  the 
case  of  high-carbon  steel,  as  experience  has  shown  that  the 
acid  tends  to  decarbonize  the  steel  at  the  surface.  Low-carbon 
steel  can  be  left  in  the  bath  for  from  twelve  to  fifteen  minutes, 
and  sometimes  twenty  minutes  will  not  be  too  long;  but  high- 
carbon  steel  must  not  be  exposed  for  more  than  four  or  five 
minutes.  After  being  removed  from  the  acid  bath,  the  steel 
bars  are  rinsed  in  troughs  containing  pure  water,  after  which 
they  are  transferred  to  troughs  containing  a  solution  of  lime- 
water,  which  has  the  property  of  neutralizing  the  acid  and 
preventing  further  action  of  any  slight  trace  of  acid  that  may 
still  adhere  to  the  bars.  The  dipping  of  the  bars  in  limewater 
also  has  a  further  valuable  purpose:  when  removed  from  the 
bath  the  bars  are  covered  with  a  solution  of  limewater,  and 
after  the  water  has  dried  off,  this  solution  leaves  a  deposit  of 
lime  which  protects  the  steel  from  oxidation  by  the  oxygen  in 
the  atmosphere. 

In  order  to  prevent  the  steel  from  rusting,  it  is  of  the  high- 
est importance  that  the  bars  be  dried  quickly  after  they  are 
removed  from  the  limewater  bath,  and  for  this  purpose  the 
bath  is  maintained  at  a  temperature  of  about  200  degrees  F. 
by  pipes  which  deliver  live  steam  to  the  baths  in  the  same 
way  a.s  in  the  acid  bath.     In  the  case  of  bars  over  5/lG  inch 


Fig.    2.      Oven    in   wUch    Truck-loads    of    Wire    are    dried    after    leaving 
Pickling  Department.     Built  by   Morgan  Construction   Co. 

in  diameter,  the  metal  absorbs  sufficient  heat  in  the  bath  to 
evaporate  the  limewater  solution  rapidly  and  leave  the  dry 
coating  of  lime;  but  bars  of  smaller  diameter  than  the  size 
mentioned  are  put  on  a  rack  and  heated  by  coils  containing 
high-pressure  steam  so  that  the  water  is  rapidly  evaporated. 
In  any  case,  it  is  absolutely  necessary  to  have  the  lime  "bone 
dry"  at  the  time  the  bars  are  drawn  through  the  dies,  because 
if  there  is  any  moisture  it  will  result  in  rapidly  wearing  out 
the  dies  and  scoring  the  surface  of  the  shafting  so  that  its 
finish  will  not  be  satisfactory.  Before  being  drawn,  the  bars 
are  carefully  inspected  for  seams  and  other  surface  detects, 
and  those  showing  imperfections  of  this  kind  are  rejected. 
In  pickling  small  sized  stock,  which  is  handled  in  coils,  the 
method  of  procedure  is  somewhat  different.  Usually  about 
eight  coils  are  suspended  on  a  yoke  and  dipped  into  a  tub 
containing  the  pickling  acid.  Each  bundle  contains  from  125 
to  300  pounds  of  metal,  and  as  the  yoke  loaded  with  eight 
coils  is  quite  heavy,  it  is  necessary  to  provide  a  crane  for 
handling  the  metal.  A  jib  crane  is  usually  placed  at  the 
center  of  a  circle  of  tubs.  As  in  the  case  of  straight  bars, 
the  steel  is  first  pickled  in  acid,  after  whicli  it  is  rinsed  in  a 
tub  of  water  and  immersed  in  limewater.  Upon  coming  out 
of  the  lime  bath,  the  bundles  are  placed  on  a  truck  and  the 
yoke  is  removed.  The  truck  load  of  steel  is  then  run  into  a 
baking  oven  maintained  at  a  temperature  of  325  to  375  de- 
grees F.  and  left  there  for  a  sufficient  length  of  time  to  dry 
the  metal  completely.  The  steel  is  then  removed  from  the 
oven  and  allowed  to  cool  preparatory  to  being  drawn. 

Pointing  Bars  preparatory  to  Drawing 

Before  the  cleaned  steel  bars  can  be  subjected  to  the  cold- 
drawing  operation,  it  is  necessary  for  them  to  be  pointed  at 
one  end  so  that  the  point  can  be  passed  through  the  drawing 
die  and  gripped  by  the  tongs  of  the  draw-bench.  The  method 
of  pointing  varies  according  to  the  size  of  bars  that  have  to 
be  drawn,  and  practice  in  tliis  connection  also  varies  accord- 
ins  to  the  shop  in  which  the  work  is  done.     Tlie  general  state- 
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ment  may  be  made, 
however,  that  bars 
of  the  larger  sizes 
are  pointed  in  a  ma- 
chine equipped  with 
a  cutter-head  that 
actually  removes 
metal  from  the  end 
of  the  bar.  On  small- 
er sized  bars  the 
pointing  is  done  in  a 
swaging  or  rolling 
machine,  which  ham- 
mers or  rolls  down 
the  end  of  the  bar  to 
reduce  its  diameter 
sufficiently  so  that  it 
will  pass  through  the 
die  and  enable  the 
tongs   to   take   hold. 

Rotary  Swaging- 
Machines 

In  Fig.  5  is  shown 
a  rotary  swaging  machine  built  by  the  Standard  Machinery 
Co.,  Auburn,  R.  I.  In  this  machine  the  dies  are  adjustable 
relative  to  each  other  and  are  carried  in  a  revolving  spindle. 
These  dies  are  held  between  a  pair  of  blocks  with  round  faces 
or  ends,  the  arrangement  being  shown  in  the  illustration.  Out- 
aide  of  the  head  end  of  the  spindle  there  is  an  annular  rack 
fitted  with  hardened  tool-steel  rollers,  and  the  revolution  of 
the  spindle  causes  the  dies  and  hammers  to  pass  the  successive 
pairs  of  rollers  which  are  situated  opposite  each  other.  This 
action  forces  the  dies  inward  through  the  slot  in  the  spindle 
and  causes  them  to  come  together  on  the  work.  The  spindle 
is  bored  from  front  to  back  to  enable  the  long  steel  bars  to 
be  fed  through  in  order  to  have  their  ends  pointed.  The  dies 
revolve  rapidly  around  the  work,  which  is  held  stationary, 
while  the  rollers  revolve  slowly,  being  moved  only  slightly 
during  their  contact  with  the  blocks.  On  this  account  the 
blows  of  the  hammers  are  evenly  distributed  over  the  work 
to  be  swaged. 

Pointing-  Bars  ot  Special  Stiape 

Pointing  round  bars  ready  for  the  cold-drawing  operation  is 
a  simple  matter,  because  the  shape  of  the  work  offers  no  par- 
ticular difficulty;  but  it  is  necessary  for  the  shape  of  the  point 
to  be  the  same  as  that  of  the  bar  which  is  to  be  drawn,  so  in 
the  case  of  square,  hexagon,  flat  and  V-shaped  bars,  the  point 
must  be  of  the  same  shape  as  the  finished  bar.  In  order  to 
secure  this  result  special  methods  must  be  employed.  One 
of  the  most  satisfactory  processes  consists  of  heating  the  end 
of  the  bar  and  then  gripping  it  on  each  side  of  the  heated 
section  by  clamps  on  a  machine  which  provides  for  pulling 
the  bar  sufficiently  to  "neck  in"  the  heated  section  and  point  it. 
Probably  few  readers  of  M.v- 
ciiiNERY  have  seen  this  meth- 
od used,  but  there  are  many 
who  have  conducted  tests  on 
either  the  Kiehle  or  the  Olsen 
testing  machine  who  will  re- 
call that  in  stretching  hexa- 
gon and  other  shaped  sec- 
tions the  neck  produced  holds 
the  shape  of  the  original  bar. 
Where  this  method  is  em- 
ployed for  pointing  bars  ready 
for  drawing,  it  is  important 
not  to  exceed  the  elastic  limit 
of  the  material,  as  such  a  con- 
dition would  result  in  a  rapid 
reduction  ot  diameter.  To 
over(-ome  this  condition,  the 
operator  ot  the  maihlne  has 
a  sponge  soaked  in  water,  and 
as  soon  as  he  notices  any 
tendency  for  the  diameter  of 


Machinery  Co.  for  pointing  End  of  Bars  Eeady 
drawing 


the  bar  to  reduce 
rapidly  at  some 
point,  he  drops  a  lit- 
tle water  on  the 
metal  so  that  the 
temperature  is  low- 
ered and  the  metal 
hardens  sufficiently 
to  prevent  further 
reduction  in  diame- 
ter at  the  point  where 
the  elastic  limit 
has    been    exceeded. 

Starting  Bar  through 
Die  by  Pushing 
The  carriage  on  a 
draw-bench  is  fur- 
nished with  two  ser- 
rated jaws  that  grip 
the  work.  These  jaws 
are  tapered  on  the 
outside  and  fit  into  a 
tapered     holder     on 


Flar.  6,     Polntlnc  Haohlne  built  by  Brifhtman  Mr(.  Co. 


the  carriage;  the  result  is  that  when  the  jaws  are  pressed 
against  the  work  and  the  carriage  starts  forward,  they  are 
drawn  back  in  their  tapered  holder,  which  forces  them  to 
secure  a  firm  grip  on  the  work.  For  drawing  stock  over  one 
inch  in  diameter,  some  manufacturers  have  their  draw-benches 
equipped  with  an  auxiliary  carriage  located  behind  the  die- 
holder,  which  is  fitted  with  a  pair  of  tapered  serrated  jaws 
that  can  grip  the  work.  Attached  to  this  carriage  is  a  yoke 
that  drops  over  the  die-holder  so  that  a  bar  at  the  front  end 
of  the  yoke  may  be  gripped  by  the  jaws  of  the  regular  draw- 
bench  carriage.  When  the  main  carriage  is  started,  this  yoke 
draws  the  auxiliary  carriage  forward,  which  results  in  push- 
ing the  front  end  of  the  bar  of  steel  through  the  die.  Fig.  9 
shows  the  apparatus  after  the  bar  has  been  pushed  through 
the  die  and  the  yoke  released  from  the  jaws  of  the  main  car- 
riage and  raised  by  means  of  the  cable  and  counterweight  fur- 
nished for  that  purpose.  The  operator  will  now  draw  the 
main  carriage  back  and  grip  the  projecting  end  of  the  bar  be- 
tween its  jaws;  he  will  then  release  the  jaws  of  the  auxiliary 
carriage  from  the  work  and  start  the  draw-bench,  to  pull  the 
bar  through  the  die.  This  is  the  means  of  saving  the  crop 
end  of  steel,  which  results  through  the  customary  practice  ot 
pointing  the  end  of  the  bar  so  that  it  may  be  threaded  through 
the  die.  On  bars  less  than  one  inch  in  diameter  this  method 
cannot  be  used,  because  the  bar  buckles  instead  of  being 
pushed  through  the  die. 

Cold-drawing  Bars 

Two  important  advantages  are  secured  from  the  process  of 
cold-drawing:  First,  the  metal  does  not  oxidize,  because  the 
work  is  done  cold,  and  as  a  result  the  steel  retains  a  so-called 
"bright"  finish.  Second,  it  is 
possible  to  hold  the  material 
within  very  close  limits,  the 
diameter  of  good  cold-rolled 
shafting  or  screw  stock  being 
within  0.0005  inch  of  the 
specified  diameter.  The  clean 
and  extremely  smooth  finish 
produced  in  this  way  enables 
a  high  transmission  elliciency 
to  be  obtained  with  cold- 
drawn  shafting  ,  as  friction 
losses  in  bearings  are  re- 
duced to  a  minimum.  Advan- 
tage is  taken  ot  this  method 
in  producing  material  used 
for  various  other  purposes, 
such  as  the  manufacture  of 
parts  in  automatic  screw  ma- 
chines, etc.,  as  it  is  found 
that  the  smooth  finish  and 
uniform     diameter     of    cold- 
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rolled  drawn  bars  enable  them  to  be 
handled  by  automatic  machinery  with 
much  better  results;  and  advantage  may 
also  be  taken  of  the  high  finish  of  the 
bar  to  avoid  the  necessity  of  further 
machining  of  surfaces  where  the  origi- 
nal diameter  of  the  bar  meets  all 
requirements.  In  this  way  a  consider- 
able saving  is  made  in  both  material 
and  production  time. 

In  conducting  the  cold-drawing  opera- 
tion, the  entire  reduction  is  obtained  by 
one  passage  of  the  steel  through  the 
drawing  die.  The  amount  of  reduction 
obtained  varies  according  to  the  diam- 
eter of  the  shafting  which  is  being 
drawn,  but  for  sizes  1/2  inch  in  diam- 
eter and  over,  a  reduction  of  1/16  inch 
may  be  obtained;  and  for  smaller  sizes 
of  shafting  the  reduction  is  about  1/32 
inch.  In  drawing  some  large  sizes  of 
shafting,  a  reduction  as  high  as  1/8 
inch  is  obtained.  As  a  result,  the  bars 
of  steel  ordered  from  the  rolling  mill 
are  specified  to  have  a  diameter  which 
exceeds  that  of  the  shafting  to  be  pro- 
duced by  the  amount  of  reduction  which 
may  be  obtained  by  one  passage  through 
the  drawing  die.  The  reductions  re- 
ferred to  are  for  steel  containing  0.15 
per  cent  carbon;  for  high-carbon  steel 
used  in  the  manufacture  of  drill  rod 
and  certain  other  products,  the  amount  of  reduction  possible 
by  one  passage  through  the  dies  is  much  less,  as  it  is  found 
that  where  the  reduction  is  too  great  there  is  a  tendency  for 
the  fibers  of  the  metal  to  break  and  thus  cause  a  serious  re- 
duction in  the  strength  of  the  bars.  As  a  result,  the  drawing 
of  drill  rod  is  conducted  in  such  a  way  that  a  number  of  re- 
ductions are  obtained  by  successive  passages  of  the  steel 
through  the  drawing  dies  until  the  diameter  of  the  bar  has 
been  reduced  to  exactly  the  required  size. 


Fig.  7.     Pointing  Machine  of  Roll  Type  built  by 

Morgan   Construction   Co.   and  equipped 

with  Westinghouse  Motor 


Types  of  Draw-benches  Used 
Two  types  of  machines  are  generally 
used  for  drawing  shafting  and  screw 
stock.  The  first  of  these  is  known  as 
the  "straight  draw-bench,"  on  which  a 
straight  rod  is  drawn  through  the  die 
by  means  of  tongs  on  a  head  which  trav- 
els straightways  on  the  draw-bench, 
power  being  furnished  by  an  endless 
sprocket  chain  or  by  hydraulic  pres- 
sure. The  second  type  is  the  bull-block 
machine,  on  which  the  rod  is  in  the 
form  of  a  coil  that  is  carried  on  a  reel 
at  one  end  of  the  machine;  the  end  of 
this  rod  is  pointed  and  threaded  through 
the  drawing  die  and  gripped  by  tongs 
carried  on  a  second  reel,  which  rotates 
in  such  a  way  that  the  rod  is  drawn 
through  the  die  and  wound  up  on  the 
second  reel.  Both  types  of  machines 
have  points  In  their  favor.  The  straight 
draw-bench  is  generally  used  for  shaft- 
ings and  rods  from  7/8  inch  diameter 
up;  the  most  obvious  advantage  claimed 
for  it  Is  that  the  material  is  always 
straight,  and  consequently  requires  lit- 
tle treatment  after  the  drawing  opera- 
tion has  been  completed.  In  contradis- 
tinction, the  bull-block  machine  winds 
up  the  cold-drawn  steel  in  a  coil,  which 
must  be  carefully  straightened  to  pre- 
pare it  for  use.  This  takes  time  and 
involves  an  additional  item  of  expense  in  the  process  of  manu- 
facture; but  there  are  a  number  of  factors  in  the  bull-block 
machine  that  offset  this  expense,  if  they  do  not  actually  in- 
troduce a  material  factor  of  saving.  In  the  first  place,  the 
material  in  coils  is  much  more  convenient  to  transport  through 
the  plant,  as  the  stock  can  he  carried  on  trucks  and  the  plant 
does  not  have  to  be  laid  out  in  such  a  way  that  long  bars  can 
be  handled  conveniently.  In  the  second  place,  it  is  possible 
to  draw  coils  of  steel  weighing  from  300  to  400  pounds  and 
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containing  any- 
where from  300 
to  600  feet  of 
rod,  according  to 
the  diameter. 
This  is  the 
means  of  effect- 
ing a  material 
saving  in  the 
cost  of  produc- 
tion, because  the 
number  of  crop 
«nds  is  material- 
ly reduced  and 
the  amount  of 
metal  going  to 
the  scrap  pile  is 
cut  down  to  a 
minimum.  In 
fact,  this  is  the 


Fig.  9. 


over  1/2  inch, 
while  others  are 
s  u  cce  s  sfully 
using  machines 
of  this  type  for 
drawing  work 
up  to  round 
bars  7/8  inch 
in   diameter. 

Speeds   at  which 
Drawring   is 

Done 
The  speed  at 
which  cold- 
drawn  steel 
stock  or  shaft- 
ing is  pulled 
through  the  die 
varies  consider- 
ably    with     the 


View  of  Die  from  Front  after  End  of  Bar  has  been  pushed  through   Die 

most  important  claim  made  for  the  bull-block  machine,  and  size  of  the  stock  being  drawn.     The  larger  the  diameter,  the 

At  the  present  time  many  manufacturers  are  working  on  the  lower  must  be  the  rate  at  which  it  is  drawn  through  the  die. 

idea  that  it  may  prove   feasible  ultimately  to   use  coils  con-  Bull-blocks  or  draw-benches  are  not  arranged  to  give  a  vari- 

taining  as  much  as  1000  pounds  of  steel,  so  that  scrap  will  be  able  speed,  but  the  gearing  and  diameter  of  the  blocks  on  a 

further  reduced.     The  rate  of  production   is  also  higher,  be-  bench  may  be  varied,  thereby  accomplishing  the  same  results. 


cause  the  time  spent  in  set- 
ting up  the  machine  is  less 
where  these  long  coils  can  be 
drawn  at  one  continuous  op- 
eration. Practice  varies  in 
different  plants,  but  the  gen- 
eral statement  may  be  made 
that  straight  draw-benches 
are  used  for  handling  stock 
from  1/2  inch  in  diameter  up. 
while  bull-block  machines  are 
used  for  stock  up  to  1/2  inch. 
However,  there  are  a  num- 
ber of  cases  in  which  bull- 
block  machines  have  been  suc- 
cessfully employed  for  draw- 
ing bars  up  to  7/S  inch  diam- 
eter. Squares,  rectangles,  hex- 
agons, octagons  and  other  ir 
regular  shapes  are  being 
drawn  on  bull-blocks  in  addi- 
tion to  round  stock. 

Where  the  attempt  is  made 
i.0  draw  stock  larger  than  7/ > 
inch  in  diameter,  trouble  has 
sometimei  been  experienced 
through  the  tendency  tor  the 
cross-section  to  be  slightly  distorted.  For  instance,  in  round 
stock  the  tendency  is  for  the  cross-se"tion  to  become  slightly 
elliptical.  This  is  due  to  the  fact  that  the  material  is  being 
coiled  on  a  comparatively  small  drum,  and  trouble  of  this  kind 
is  especially  likely  to  happen  when  low-carbon  steel  is  being 
drawn.  Sometimes  it  has  been  found  possible  to  compensate 
for  this  in  the  shape  of  the  die  or  by  employing  special  meth- 
ods of  straight- 
-ening  the  stock. 
There  is  a  wide 
difference  o' 
opinion,  how- 
-ever,  as  regards 
the  maximum 
diameter  of  stock 
that  can  be  safe- 
ly handled  on 
rotary  drawing 
machines.  A? 
previously 
stated,  some 
manu  f  acturers 
will  not  attempt 
to     draw     work 


Fig. 


Fig.    11.     Straight    Draw-honch    pulling    Four   Rods 


Most  steel  mills  drive  their 
blocks  with  electric  motors, 
a  motor  driving  from  one  or 
two  blocks  up  to  any  num- 
ber within  the  range  of  its 
pulling  capacity.  At  present 
the  most  approved  practice 
seems  to  find  thirty-six  as 
the  maximum  number  of 
blocks  that  can  be  pulled  by 
one  motor,  but  it  must  be 
borne  in  mind  that  this  ap- 
plies to  the  drawing  of  rela- 
tively small  wire.  About  six 
blocks  per  motor  represents 
the  average  number  for  wire 
3/S  inch  in  diameter.  The 
actual  drawing  speed  varies 
from  250  to  375  feet  per  min- 
ute, according  to  the  diameter 
of  the  wire  and  the  charac- 
ter of  the  steel  being  drawn. 
The  following  represents 
the  practice  of  the  Pennsyl- 
vania Shafting  Co.,  Spring 
City,  Pa.,  in  drawing  steel 
shafting  on  straight  draw- 
benches.  On  a  bench  hatidling  four  bars  at  once,  ranging  trom 
7/16  to  1  inch  in  diameter,  the  speed  at  which  the  steel  '9 
drawn  through  the  dies  is  16  feei  per  minute.  For  stock 
from  1  1/13  to  2  inches  in  diameter,  drawing  one  bar  at  a 
time,  the  speed  is  16  feet  per  ijinute.  When  drawing  steel 
from  2  inchos  in  diameter  lo  3  1/4  inchet,  with  one  bar  drawn 
at  a  time,  the  speed  is  8  feet  pe'  minute.     So  much  tor  the 

speeds  of  draw- 
ing round  bars. 
Let  us  now  turn 
our  attention  to 
the  drawing  of 
flats.  In  the 
case  of  bars 
ranging  in  size 
from  1/4  by  B  to 
1  by  5  inches, 
and  hexagons  of 
about  the  same 
cross  -  sectional 
area,  the  speed 
of  drawing  is  U 
feet  per  minute. 
In  drawing  bars 


of   straight   Draw-bench.    shewing  Cies   and   Contained   for 
Supply  of  Lubricant 
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Fig.   12.     Close  View  of  Carriage  and  Die-head  on  Machine  shown  in  Fig.   11 

from  1/4  to  1  1/8  inch  square  or  1/2  by  1  3/4  inch  flat,  a 
drawing  speed  of  16  feet  per  minute  will  give  satisfactory 
results.  Reference  has  already  been  made  to  the  amount  of 
reduction  per  draw  for  different  sizes  of  bars,  but  it  will 
not  be  out  of  place  to  give  some  detailed  information  on  this 


the  steel  and  make  It  unsuitable 
for     the     desired     use,     although 
a     superior     finish     is     obtained. 
Fig.  13  shows  a  rotary  type  of 
draw-bench    built    by    Humphrey 
&   Sons,  Joliet,  111.,  and   installed 
in   the  plant   of  the  Youngstown 
Sheet    &    Tube    Co.,    Youngstown, 
Ohio.     The  capacity  is  for  draw- 
ing steel  up  to  1/2  inch  in  diam- 
eter.    Attention    is   called    to   the 
fact  that  the  first  block  A  at  the 
right-hand  end  of  the  bench  is  not 
in    operation,    although    it    is    in 
position  to  be  threaded  up  ready 
to  start  work.     Just  at  the  right 
of   this    block    and    projecting   up 
through  the  bench  there  is  a  lever 
B  which  is  so  arranged  that  if  a 
man   is   caught   by    the   wire   be- 
tween the  die  and  the  block  while  feeling  the  wire  to  see 
if  the  die  is  working  properly,  his  body  is  drawn  up  on  the 
bench  and  strikes  this  lever,  which  automatically  stops  the 
block   rotating  and   prevents   a  serious  accident.     Accidents 
of  this  kind  are  by  no  means  uncommon  among  wire  mill 


Fig.    13.     &M. 


Lullt    by    Humphrey 


installed    at    Youngstown  Sheet  &  Tube  Co.'s  Plant.     Attention  is  called  to  Safety  Devices 
provided  on  this  Equipment 


point  at  the  present  time.  For  bars  up  to  1/2  inch  in  diam- 
eter the  amount  of  reduction  at  one  draft  is  1/32  inch;  for 
bars  from  9/16  to  3  inches  in  diameter  the  amount  of  reduc- 
tion per  draft  is  1/16  inch;  and  for  bars  from  3  1/16  up  to  6 
inches  in  diameter  the  amount  of  reduction  per  draft  is  1/8 
Inch.  Bars  over  3  inches  in  diameter  can  be  most  profitably 
finished  by  turning. 

Power  Required  for  Cold-drawing-  Operation 

The  amount  of  power  required  to  pull  a  bar 
through  the  die  varies  considerably  according 
to  the  size  of  the  material  being  drawn  and  the 
nature  of  the  steel.  A  general  idea  of  the  amount 
of  power  required,  however,  will  be  obtained 
from  the  following  figures:  In  drawing  four 
bars  5/8  Inch  in  diameter.  It  has  been  estimated 
that  a  pull  of  45  tons  Is  required.  In  another 
plant  it  has  been  estimated  that  for  a  single 
bar  1  1/4  Inch  In  diameter,  a  pull  of  7  tons  Is 
necesBary.  It  1«  the  practice  to  hot-roll  the  stock 
which  Is  to  be  cold-drawn  as  close  as  possible  to 
the  size  to  which  the  Htoel  is  to  be  cold- 
drawn.  The  cold  reduction  can  then  be  made 
In  one  draft,  uhIhk  comparatively  little  power. 
On  the  other  hand,  the  heavier  the  draft  'hi- 
smoother  and  cleaner  the  surface  of  the  cold 
drawn  stcol;  but  extremely  heavy  drafts  require 
more  power,  and  In  the  case  of  alloy  stcelH  or 
steels  containing  a  high  percentage  of  carbon, 
such  heavy  drafts  may  disturb  the  structure  of 


operators,   and   unless   means   are   provided   for   stopping   the 
machines  the  accident  is  likely  to  be  a  severe  one. 

At  the  front  of  the  die-stand  or  die-holder  there  will  be 
seen  a  guard  ring  C,  which  is  a  further  device  to  provide  for 
the  operator's  safety.  In  case  he  is  caught  by  the  wire  be- 
tween  the   reel-stand    which   holds   the   coil   of   steel   and   the 


14.     Two. block   Bull   Frimo  built   by    Momnn   Oonitructlon    Co,    for   drnwIuK    Sciuuro, 
Hozaional    and   Round   Bootloni   from    7/16  to  1   Inch  In  Size.     Tina   Maohino 
t«   equipped    with    Wniitlnrhouae    Motor 
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Fig.  15.    Steel  Die-plates  for  drawing  Small  Sizes  of  Wire  and  Screw  Stock 

die,  his  body  is  drawn  up  against  this  guard  ring,  which 
automatically  operates  an  air  valve  that  stops  the  bull-block 
from  rotating.  In  designing  these  machines  the  effort  has 
been  made  to  employ  safety  features  wherever  possible,  and 
the  use  of  compressed  air  facilitates  this.  Where  reliance  is 
placed  upon  the  man  at  the  next  block  stopping  a  block  after 
the  operator  has  been  caught  by  the  wire,  experience  shows 
that  in  about  ninety-nine  cases  out  of  a  hundred  he  is  too 
late  to  save  the  man  from  serious  injuries.  The  blocks  are 
not  only  air  operated,  but  they  are  also  furnished  with  in- 
dividual friction  drives  which  enable  them  to  be  stopped 
quickly  and  easily. 

On  top  of  block  A  at  the  right-hand  side  there  will  be  seen 
what  are  known  as  "pullers"  D  hanging  down  at  the  side  of 
the  block.  These  are  drawn  forward  with  the  right  hand 
and  attached  to  the  point  of  the  steel  that  projects  through 
the  die,  after  which  the  block  is  ready  to  be  started  rotating 
to  draw  the  steel  through  the  die  and  wind  it  up  on  block  A. 

Between  blocks  A 
and  B  is  a  pointing 
machine  F,  which 
is  used  for  point- 
ing the  end  of  a 
coil  of  steel  so  that 
it  may  be  threaded 
through  the  die  to 
be  gripped  by  the 
pullers.  This  point- 
i  n  g  machine  is 
driven  by  a  chain 
drive  from  the  line- 
shaft  and  is  of  the 
continuous  type, 
t.  e.,  the  pointing 
rollers  always  run 
in  the  same  direc- 
tion instead  of  os- 
cillating as  they  do 
in  another  type  of 
machine  for  point- 
ing stock.  In  the  rollers  there  are  cut  grooves,  the  cross- 
Bection  of  which  is  gradually  reduced  so  that  as  the  wire 
is  drawn  through,  its  diameter  is  reduced  sufficiently  so  that 
the  point  may  be  threaded  through  the  die  in  the  manner 
described. 

One  difference  between  the  work  done  by  continuous  point- 
ing rollers  and  rollers  of  the  oscillating  type  is  that  with  the 
continuous  rollers  a  tapered  point  is  produced,  while  with 
the  oscillating  type  of  pointer  the  end  of  the  rod  is  merely 
reduced  to  a  shoulder,  which  is  likely  to  cause  the  point  to 
break  off  instead  of  starting  the  wire  through  the  die  in  the 
desired  manner.  With  the  tapered  point  it  is  much  easier  for 
the  wire  to  be  started  through  the  die,  and  there  is  less 
strain  on  the  die  while  starting  to  make  a  draft.  liull-block 
E  is  shown  after  the  wire  has  been  finally  drawn  through 
the  die  and  the  bundle  has  been  partially  stripped  off  the 
block.  Block  G  has  a  wire  threaded  up  through  the  die  and 
the  block  Is  ready  to  start  making  the  draft.  Block  //  is 
shown  engaged  in  tlie  operation  of  drawing  wire,  and  is 
partially  covered  with  drawn  wire.  Blocks  /  and  J  are  not 
shown  In  any  special  position. 

After  the  drawing  operation  has  been  started  the  wire  Is 
gaged  to  see  that  It  is  true  to  size;   and  when  the  operator 


Fig.    16.     "Turk's  Head"   or   Combinatic 


of  the  draw-bench  is  satisfied  that  this  is  the  case,  he  starts 
the  bull-block  again  and  draws  all  the  wire  through  the  die. 
After  the  steel  has  been  drawn  through  the  die  it  is  known 
as  "wire,"  and  it  is  ready  for  the  market  as  soon  as  the 
pointed  end  has  been  cropped  off  and  the  bundle  of  wire  has 
been  gaged  at  both  ends  to  see  that  the  variation  in  size 
between  the  two  ends  is  within  the  required  limit  of  accuracy. 
In  both  cold-drawn  shafting  and  cold-drawn  wire  this  limit 
will  not  exceed  0.0005  inch  if  the  work  is  properly  done.  Some 
variation  is  bound  to  exist  due  to  wear  of  the  die,  and  the 
amount  of  error  will  usually  depend  upon  the  quality  of  the 
die  and  the  care  with  which  the  steel  and  die  are  lubricated 
during  the  drawing  operation.  Other  factors  that  affect  the 
degree  of  accuracy  obtained  are  the  amount  of  reduction  re- 
quired  from  the  rod  to  the  finished  steel,  quality  of  the  steel, 


Fig.  17.     Front  and  Cross-! 

care  taken  in  the  pickling  operation,  and  care  taken  in  dry- 
ing the  stock  after  it  has  been  immersed  in  the  lime  bath. 

Types  of  Dies  Used  for  Drawing  W^ire  and  Small  Sizes 
of  Screw  Stock 
There  are  two  general  classes  of  dies  used  for  drawing 
screw  stock.  These  are,  first,  the  chilled  cast-iron  die,  and, 
second,  the  so-called  "steel  die-plate."  Cast-iron  dies  are  made 
with  one  opening  for  drawing  a  specified  size  of  steel, 
while  in  the  die-plates  there  are  a  number  of  openings, 
which  are  used  in  succession  until  all  have  been  worn  over 
size.  Although  the  method  of  drawing  steel  through  these 
types  of  dies  is  the  same,  the  practice  in  maintaining  the 
dies  in  proper  condition  for  use  is  quite  different.  In  drawing 
steel  through  either  type  of  die  it  will  be  obvious  that  friction 
gradually  wears  the  die  over  size,  and  when  the  limit  of  over 
size  for  drawing  a  given  diameter  of  steel  has  been  reached, 
the  methods  of  putting  the  two  types  of  dies  into  condition 
for  further  use  are  quite  different.  In  the  case  of  a  cast-iron 
die   that   has  reached   the  limit  of  over  size  allowable,   the 


/"""'"\ 

B  y--/  B 

^ 


/: 


DISTASCE  PtECE 


Fig.   18.     P&rts  of  Combination  Oio  shown  in  Tig.  17 
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method  of  proced- 
ure is  to  remove 
the  die  from  the 
draw  -  bench  and 
ream  out  the,  hole 
to  the  minimum  di- 
ameter allowable 
for  drawing  the 
next  larger  size  of 
steel  made  in  the 
mill  where  this  die 
is  used.  The  ream- 
ing operation  is 
performed  with  a 
square  tapered 
reamer,  and  a  plug 
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Fig.    19.     Holler   Die    built   by    Standard 
Machinery  Co.   for  drawing  Square  Bars 


rig.    20.      Opposite    Side    of    Roller 
in   Fig.    19 


November,  1917 

mill  with  the  holes 
in  the  condition 
known  as  "threa- 
quarters  pricked," 
which  means  that 
the  holes  extend 
only  three-quarters 
of  the  way  through 
the  thickness  of  the 
die-plate.  In  pre- 
paring the  plate  for 
use,  the  holes  must 
be  pricked  the  rest 
of  the  way  through, 
which  is  done  by 
heating     the     plate 


gage  is  used  to  ascertain  whether  the  hole  has  been  in- 
creased to  the  proper  diameter  for  drawing  the  next  larger 
size  of  steel. 

With  steel  die-plates  an  entirely  different  procedure  is  fol- 
lowed. The  die-plate  is  heated  and  hammered  on  the  "leaving" 
or  back  side  of  the  die,  so  that  the  steel  is  forced  inward 
around  the  hole,  reducing  its  diameter  slightly  more  than  the 


and  driving  the  punch  through  the  remainder  of  the  metal  at 
the  bottom  of  each  hole.  After  this  has  been  done  the  plate  is 
reheated  and  hammered  or  battered  around  the  back  side  of 
each  hole— as  previously  explained  in  connection  with  the  re- 
pairing of  die-plates— after  which  the  plate  setter  reduces  the 
diameter  of  the  holes  to  exactly  the  desired  size  by  following 
the  procedure  described.     Ten  or  fifteen  years  ago  steel  die- 


rig.  21.     Special  Lath»  us.-<i   for  turning  Large   Sizes  of   Sliafting 

required  amount.     It  then  goes  to  a  man  known  as  a  "plate 
setter"  who  uses  a  tapered   punch  which  he  hammers  into 
the  hole  in  the  die  while  the  metal  is  cold,  thus  compressing 
the  steel  around  the  hole  and  at  the  same  time  enlarging 
the  hole  to  the  minimum  diameter  which  is  allowed  for  draw- 
ing a  given  size  of  steel.     From   the  preceding  description 
it  will  be  apparent  that  aside 
from    the    methods    used    for 
bringing    the    two    types    of 
dies  into  condition  for  subse- 
quent   use,    there    is   another 
point  of  distinction,  namely, 
that   in   the   case   of   a   cast- 
iron  d!e   the   reaming  opera- 
tion   converts    this    die    to    a 
size  suitable  for  drawing  the 
next  larger  diameter  of  steel, 

while  In  the  case  of  the  steel 

die-plate  the  hammering  and 

punching    operalloMit    simply 

bring  all  the  holes  In  the  die 

back  Into  condition  for  draw- 
ing the  same  size  of  steel  on 

which   the  die-plale  was  for 

merly   engaged. 

In    making    cast-iron    dies 

the  die  opening  Is  cast  aga<n8t 

a  "chill,"  which  reaults  In  the 

production  of  white  cast  Iron. 

which  Is  extrctiioly  hard  and 

quite     durable.        S'eel     die 

plateK    arc    sent    lo    the    Htcel 


Fig.   22.     Medart  Shaft  Straightening  Machine  in  Operation 

plates  were  used  almost  exclusively  in  this  country  for  drawing 
Steel  wire  and  small  sizes  of  screw  stock,  but  at  the  present 
time  cast-iron  dies  are  more  extensively  employed  for  drawing 
round  wire.  For  shapes  other  than  rounds,  i.  c,  ovals,  half 
rounds,  squares,  hexagons,  etc..  it  is  probable  that  steel  uie- 
plates  will  continue  to  be  used  because  of  the  difficulty  that 
would  be  experienced  in 
maintaining  cast-iron  dies  in 
suitable  condition  for  opera- 
tion. This  is,  of  course,  due 
to  the  fact  that  irregular 
shaped  die  openings  cannot 
be  reamed.  In  Europe  and 
especially  in  English  wire 
mills,  steel  die-plates  are  still 
generally  used. 

Although  sttel  plates  can 
be  used  repeatedly  for  draw- 
ing wire  of  the  same  sized 
hole,  while  cast-iron  plates 
have  to  be  reamed  out  for  a 
new  size  of  wire  each  tlnio 
they  are  used,  the  original 
cost  of  the  steel  plates  and 
the  labor  expense  Involved  In 
sotting  thoni  back  for  drawing 
the  same  sl/.o  wire  arc  greatly 
In  excess  of  the  cost  of  the 
cast-Iron  die  and  labor  charge 
Involved  In  reaming  It  out  (o 
permit  a  larger  size  wire  to 
!'""""!,'',"'""'"'  "''*"'"''  be   drawn.     Chilled    cast-iron 

ihown   In  Tin.   81 
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Fig.  24.    Continuous  Automatic  Shaft  Straightening  Machine  built  by  Medart    Patent    Pulley    Co 


dies  and  steel  die- 
plates  are  usually 
made  for  drawing 
stock  up  to  1/2  inch 
in  diameter;  in  some 
cases  larger  stock  is 
drawn  in  these  dies. 

Dies  for  Drawing- 
Shafting  and  Larger 
Sizes  of  Screw 
Stock 

For  drawing  the 
larger  sizes  of  screw 
stock  and  all  sizes 
of  shafting,  there 
are  several  types  of 
dies  that  are  com- 
monly employed.  For 
drawing  round  stock 
the  most  commonly 
used  die  consists  of 
a  disk  of  high-speed 
steel  —  "Red  Cut 
Superior"     steel      is 

one  brand  that  gives  satisfactory  results — with  a  round  open- 
ing which  is  bell-mouthed,  tapering  gradually  down  to  a 
straight  throat  of  the  same  diameter  as  that  of  the  steel  which 
It  is  desired  to  draw. 
For  steel  from  1  1/16 
inch  to  2  1/8  inches 
in  diameter,  the  die- 
block  is  6  inches  in 
diameter  by  1  1/2 
inch  thick;  and  for 
steel  from  2  1/8  to 
3  1/8  inches  in  di- 
ameter the  die-block 
is  8  or  10  inches  in 
diameter  by  2  inches 
thick.  For  round 
stock  the  hole  in  the 
die  is  drilled  and  the 
required  taper  open- 
ing or  "bell-mouth" 
is  bored,  after  which 
the  straight  throat 
of  the  die  is  careful- 
ly reamed  to  size. 
Dies      for      drawing 

hexagon  and  OCtaSOn  ^'^'   ^^'     "PPO^'^^  Sida  of  Medart  straightening  Machine  shown 

shaped  bars  are  first  drilled,  after  which  the  flat  sides  are 
worked  out  with  a  "punch  bar"  in  the  shaper,  and  then 
the  die  is  finished  to  size  by  hand  filing.  The  dies  are  heat- 
treated  according  to  instructions  given  by  makers  of  the 
particular  class  of 
steel  from  which 
they  are  made. 

There  are  two 
types  of  drawing 
dies  in  general  use 
which  are  known  as 
the  "hard"  die  and 
the  "soft"  die.  As 
their  names  imply, 
the  steel  in  these  two 
types  is  hardened  or 
left  soft  as  the  case 
may  be.  and  each 
form  has  certain 
points  in  its  favor. 
The  hard  die  is 
made  to  exactly  the 
required  form  and 
size,  after  which  it  i.s 
heated  and  (luenched 
by  passing  a  stream 


Fir.  26.     Rotary    Type   of    Shaft    Straightoninf    Machine    built    by    Brightn 


of     cold     water 

through  the  opening. 
This  results  in  hard- 
ening the  metal  so 
that  the  die  is  able 
to  draw  from  500  to 
1500  40-foot  bars  ac- 
cording to  the  nature 
of  the  steel  in  the 
bars  and  in  the  dies 
through  which  they 
are  drawn.  In  soft 
dies,  the  steel  is  left 
in  a  soft  condition 
and  these  dies  have 
a  capacity  for  draw- 
ing only  12  to  15  40- 
foot  bars.  At  first 
sight,  it  would  ap- 
pear that  this  differ- 
ence shows  an  over- 
whelming superior- 
ity in  the  hardened 
die,  but  this  need 
not  necessarily  be  the  case,  as  the  soft  dies  are  easily  put 
back  into  condition  for  further  service.  This  is  done  by 
hammering  the  dies  at  the   "leaving"   side,   which  results   in 

causing  the  metal 
to  flow  in  and  reduce 
the  diameter  of  the 
opening,  after  which 
the  hole  is  reamed 
out  to  exactly  the  re- 
quired size.  This 
work  can  be  done 
with  great  rapidity. 
In  the  case  of  the 
hard  die  it  is  neces- 
sary to  heat  it  above 
the  critical  tempera- 
ture and  then  pass 
a  stream  of  cold 
water  through  the 
opening,  which 
causes  it  to  shrink 
sufficiently  to  reduce 
the  diameter  of  the 
hole  beyond  the  re- 
quired size,  after 
^'^'  ^*  which    the    die    is 

lapped  out  to  secure  the  correct  diameter.  This  is  necessarily 
a  slow  and  costly  operation,  so  that,  although  the  hard  die 
has  a  far  greater  capacity  as  regards  its  productive  life,  the 
cost   of   putting  it   back   into   condition  after   it   is   worn   out 

is  much  greater  than 
in  the  ease  of  the 
soft  die.  In  connec- 
tion with  the  method 
of  reducing  the  hard 
die  to  size  after  it 
has  been  worn,  it 
'  must  be  borne  in 
mind  that  the 
shrinkage  of  the 
metal  around  the 
hole  at  the  time  the 
steel  is  quenched  re- 
sults in  drawing  in 
the  plastic  steel  suf- 
ficiently, and  as  the 
amount  of  wear  in 
any  case  will  not  ex- 
ceed 0.001  inch  the 
results  obtained  in 
this  way  are  highly 
satisfactory 
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Dies   for  Drawing-   Squares, 

Rectangles  and  Other 

Irregiilar  Shapes 

Different  methods  must  be 
followed  In  designing  dies 
for  drawing  irregular  shaped 
bars  from  those  used  in  mak- 
ing dies  for  round  stock. 
This  necessity  arises  from  the 
fact  that  trouble  would  be 
experienced  in  maintaining 
solid  dies  of  these  shapes  in 
the  required  condition.  Some 
dies  for  drawing  squares,  hex- 
agons and  octagons  are  made 
from  solid  blocks,  but  it  is 
probably  better  practice  to  use 
either  a  die  of  the  type  known 
as  a  "Turk's  head"  or  one  of 
the  special  dies  constructed 
with  rollers  that  engage  the 
stock  to  be  drawn.  Figs.  16, 
17  and  18  show  the  Turk's 
head  type  of  die,  and  Figs.  19 
and  20  show  one  of  the  rolling 
mill  type  of  dies. 

It  will  be  seen  that  the 
Turk's  head  die  (Fig.  18)  has  a  steel  frame  in  which  are  sup- 
ported two  pieces  A.  known  as  "distance  pieces,"  and  two  side 
pieces  B,  these  four  parts  being  securely  wedged  in  place  in  the 
frame,  so  that  the  die  opening  is  kept  exactly  the  desired 
size.  Compensation  for  wear  of  the  die  is  made  by  adjusting 
the  position  of  the  side  pieces  and  distance  pieces  with  wedges 
in  the  die  frame.  From  the  detail  views  of  the  distance 
pieces  and  side  pieces  it  will  be  seen  that  these  parts  are 
fitted  together  in  such  a  way  that  the  pressure  applied  in 
drawing  the  steel  through  the  die  cannot  result  in  pulling 
either  of  the  die  members  out  of  place.  The  die  opening 
is  arranged  with  a  bell-mouth  tapered  from  5  to  7  1/2  degrees 
according  to  the  hardness  of  the  stock  to  be  drawn.  In  addi- 
tion to  making  dies  of  this  type  for  drawing  squares  and  rect- 
angles, the  same  type  of  die  may  be  employed   for   drawing 


Fig.  27. 


bars  with  straight  sides  and 
semicircular  sections  at  the 
top  and  bottom.  For  drawing 
hexagons  and  octagons,  sec- 
tional dies  of  this  type  are 
made  with  the  sections  ad- 
justed radially  by  means  of 
screws. 

In  Figs.  19  and  20  are 
shown  front  and  rear  views 
of  one  of  the  rolling  mill  dies 
made  by  the  Standard  Ma- 
chinery Co.  of  Auburn,  R.  I. 
This  particular  die  is  for 
drawing  square-shaped  stock, 
and  it  will  be  apparent  that 
four  hardened  steel  rollers  are 
arranged  to  bear  against  the 
four  sides  of  the  stock  and  re- 
duce it  to  the  required  diam- 
eter. Obviously  the  form  of 
the  rollers  provides  a  die 
opening  corresponding  to  the 
bell-mouth  of  either  a  solid 
or  a  "Turk's"  head  die.  The 
opening  in  the  die  can  be 
adjusted  to  any  size  within  its 
limits  without  changing  the  rolls,  by  simply  turning  the 
square-headed  screws  provided  for  that  purpose.  These  screws 
are  furnished  with  graduated  dials  to  facilitate  setting. 

Lubricants  Used  on  Drawing  Dies 

Lubrication  of  the  steel  and  drawing  dies  is  a  matter  of 
the  utmost  importance.  If  even  a  small  area  of  steel  is  drawn 
into  the  die  without  being  properly  coated  with  lubricant,  it 
will  "seize"  and  do  much  damage  through  scoring  the  surface 
of  the  die  opening.  A  variety  of  different  lubricants  are  used 
on  drawing  dies,  and  each  manufacturer  of  cold-drawn  screw 
stock  and  shafting  has  certain  lubricants  of  which  he  speaks 
in  high  terms.  At  the  plant  of  the  Pennsylvania  Shafting 
Co.  two  different  mixtures  are  used  for  lubricating  the  dies. 
One  of  these  is  compounded  from   tallow,  heavy  machine  oil 
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Fl«.  «».     Oranal  VUw  la  Mill  of  PaonijWuila  Bbaftlnf  Co.,  ihowlnr  Part   of  Dopartmont  In  which  Round  Bhaftlnc  la  drawn 
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Fig.    29.     General   View   in   Mill    of   Pennsylvania    Shafting   Co.,    showing 

and  soap  powder.  These  constituents  are  mixed  in  such  pro- 
portions that  when  heated  and  thoroughly  stirred  together 
the  resulting  lubricant  will  be  of  such  consistency  that  it  can 
be  easily  rubbed  onto  the  bars  by  hand  as  they  are  being 
drawn  through  the  die.  The  other  standard  lubricant  used  by 
this  firm  is  made  of  a  mixture  of  cup  grease,  heavy  machine 
oil  and  soap  powder.  As  in  the  preceding  case  this  mixture 
is  heated  and  thoroughly  stirred,  and  should  be  of  suitable 
consistency  to  be  easily  rubbed  onto  the  work. 

Liquid  lubricants  are  also  used  in  some  wire  mills.  An  ad- 
vantage resulting  from  their  use  is  that  means  are  devised 
for  applying  the  lubricant  to  the  steel  bars  and  dies  through 
which  they  are  being  drawn  without  requiring  the  workmen 
to  apply  grease  by  hand.  One  way  is  to  take  a  large  bundle 
of  waste  and  soak  it  thoroughly  in  oil,  after  which  the  waste 
Is  wrapped  around  the  steel  bar  and  allowed  to  be  drawn 
up  against  the  die.  In  this  way  the  waste  is  held  in  place 
against  the  "entering"  side  of  the  die  and  keeps  the  bar 
thoroughly  lubricated  as  it  is  being  drawn  through.  The 
selection  of  the  proper  type  of  lubricant  is  probably  largely 
a  matter  of  individual  opinion,  and  the  results  obtained  vary 
with  the  care  that  is  taken  in  applying  the  lubricant  to  the 
work  and  die.  Care  in  its  application  will  probably  have 
a  greater  effect  upon  the  cost  of  lubricant  used  and  the 
eflSciency  with  which  it  operates  than  the  selection  of  any 
particular  type  of  oil  or  grease. 

Production  of  Turned  Shafting- 
It  is  general  practice  in  the  production  of  shafting  to  turn 
bars  from  three  inches  in  diameter  up  to  the  largest  size 
Instead  of  obtaining  the  desired  finish  by  the  cold-drawing 
process.  In  Fig.  21  is  shown  a  special  lathe  used  for  this  pur- 
pose. It  will  be  seen  that  this  consists  of  two  rotary  cutter- 
heads,  which  perform  rough-  and  finish-turning  operations  on 
the  shafting.  Feed  is  secured  by  means  of  rollers  which  are 
clamped  against  the  work  by  adjusting  screws.  These  rollers 
are  geared  to  the  lathe  and  their  rotation  results  in  feeding 
the  shafting  through  the  cutter-heads.  As  bars  from  thirty 
to  forty  feet  in  length  are  frequently  turned  on  niacliines  of 
this  type,  it  is  necessary  to  provide  moans  for  supporting 
the  ends  of  the  work.  Such  means  are  furnished  by  carriages 
at  each  side  of  the  central  part  of  the  machine  that  carries 
the  cutter-heads;  these  carriages  run  on  tracks  and  the  ends 
of  the  steel  shafting  are  supported  by  them.  The  carriages 
are  not  geared  to  the  machine;  they  simply  run  along  the 
tracks  as  the  shafting  is  fed  tlirough  the  cutter-heads,  and 
provide  the  rociulrcd  support  so  that  the  shafting  is  not  un- 
duly distorted.  After  being  turned,  the  shafting  is  straight- 
ened on  the  so-called  "flyer"  type  of  straightening  machine 
shown  In  Fig.  26,  which  imparts  a  burnished  finish  to  the 
steel  In  addition  to  straightening  It  ready  for  use.  The  ex- 
treme end  of  bars  straightened  In  this  type  of  machine  Is  bent 
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cut  of  true  alignment,  and  this  is  corrected  on  a  punch  press 
with  a  three-point  support  for  the  work,  as  shown  in  Fig.  23. 
Some  steel  mills  report  that  there  is  a  decided  increase  in 
the  demand  for  turned  shafting  for  classes  of  service  where 
cold-drawn  shafting  was  formerly  employed.  Several  reasons 
are  advanced  for  this  preference.  For  one  thing,  it  is  claimed 
that  during  the  process  of  hot-rolling  steel  bars  that  are  later 
to  be  cold-drawn,  there  is  a  tendency  for  the  bars  to  be  de- 
carbonized at  the  surface.  Where  the  cold-drawing  process 
is  employed,  the  scale  is  removed  by  pickling  and  the  bars  are 
then  cold-drawn,  with  the  result  that  this  decarbonized  sur- 
face of  the  steel  is  not  removed  and  results  in  leaving  a  some- 
what softer  metal  at  the  surface  of  the  shafting,  which  is 
likely  to  cause  it  to  wear  quite  rapidly.  When  shafting  is 
turned,  it  will  be  obvious  that  this  decarbonized  metal  is 
removed  from  the  surface  so  that  trouble  of  this  kind  cannot 
result.  Some  users  of  shafting  also  claim  that  during  the 
process  of  cold-drawing  the  structure  of  the  steel  is  disturbed 
and  there  are  likely  to  be  undue  strains  set  up,  which  may  re- 
sult in  trouble  from  breaking  of  the  shafting.  The  same 
cause  may  result  in  trouble  from  automatic  screw  machine 
products  made  from  cold-drawn  screw  stock,  one  reason  being 
that  where  some  sections  of  the  stock  are  left  the  full  diam- 
eter and  others  are  turned,  the  internal  strains  may  result 
in  a  tendency  to  spring  the  work  out  of  shape.  These  theoret- 
ical considerations  are  quite  interesting,  although  attention 
must  be  directed  to  the  fact  that  they  are  theories  and  not  cer- 
tainties. There  is  a  great  diversity  of  opinion  regarding  the 
relative  merits  of  cold-drawn  and  turned  shafting,  and  many 
advocates  of  cold-drawn  shafting  are  prepared  to  claim  that 
it  is  a  far  superior  product  to  that  produced  by  turning. 

Straig-htening  and  Cuttiner  Up 
The  practice  followed  in  straightening  cold-drawn  bars 
naturally  differs  according  to  the  diameter  of  the  bar  and 
whether  it  was  drawn  in  a  straight  draw-bench  or  a  bull-block 
machine.  In  the  case  of  shafting  and  bars  drawn  on  the 
straight  bench,  the  bars  are  passed  through  a  straightening 
machine,  which  consists  of  a  rotary  cradle  that  supports 
staggered  rolls.  While  the  shafting  is  being  drawn  through 
the  cradle,  the  latter  rotates  around  the  work,  with  the  re- 
sult that  it  is  left  in  a  perfectly  straight  condition.  The  rollers 
also  Impart  a  fairly  high  polish  to  the  steel  drawn  through 
thorn.  In  the  case  of  long  coils  of  metal  that  have  been 
drawn  on  a  buU-bloik,  a  similar  form  of  straightening  ma- 
chine is  used,  but.  in  addition,  provision  is  made  for  cutting 
the  work  into  piocos  of  standard  length.  For  this  purpose 
the  bar  is  drawn  through  the  rolls  carried  in  the  rotary 
cradle,  and  when  the  end  has  been  drawn  through  the  re- 
quired distance  it  comes  into  contact  with  the  trip  or  trigger 
on  the  machine,  which  results  In  actuating  a  shear  blade 
that  cuts  off  a  piece  of  standard  length.    The  position  of  this 
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trigger  may  be  adjusted  to  provide  for  cutting  off  bart  of  any 
required  length,  which  may  be  as  short  as  two  or  three  inches 
or  up  to  practically  any  desired  length. 

Another  type  of  machine  for  straightening  round  bai's,  which 
has  been  found  to  give  very  satisfactory  results,  is  the  Medart 
straightener  built  by  the  Medart  Patent  Pulley  Co.  of 
St.  Louis,  Mo.,  shown  in  Figs.  24  and  25.  This  machine  has 
only  two  rollers,  one  of  which  is  a  straight  cylinder  and  the 
other  slightly  concave.  It  will  be  seen  that  these  rollers 
are  set  with  their  axes  at  a  slight  angle  to  each  other  and 
that  the  rollers  are  driven  in  opposite  directions  by  means 
of  universal  joints  and  shafts.  One  end  of  the  bar  to  be 
straightened  is  inserted  between  the  rollers,  and  the  angular 
position  of  the  rollers,  combined  with  the  fact  that  they 
rotate  in  opposite  directions,  results  in  drawing  the  bar 
through  the  machine  at  a  rate  of  from  twenty  to  thirty  feet 
per  minute.  A  little  thought  will  make  it  apparent  that  the 
action  of  rolling  a  bar  between  the  straight  and  concave 
rollers  effects  practically  the  same  result  as  drawing  the  bar 
"through  a  set  of  staggered  rollers  on  the  type  of  straighte;i- 
ing  machine  to  which  reference  has  just  been  made.  The 
Medart  straightener  is  adapted  for  handling  bars  up  to  three 
inches  in  diameter,  and  one  feature  claimed  for  it  is  that  a 
particularly  high  polish  is  produced. 

For  straightening  square,  rectangular,  hexagonal  and  octag- 
onal bars,  it  will  be  obvious  that  a  different  type  of  straighten- 
ing machine,  must  be  employed  from  those  that  have  been  de- 
scribed. The  type  of  machine  used  for  this  purpose  is  shown 
in  Fig.  27.  It  consists  of  two  sets  of  five  pairs  of  staggered 
rollers,  those  for  straightening  the  bars  sidewise  being  located 
between  the  housings  of  the  machine,  while  the  rollers  for 
straightening  the  bars  edgewise  are  located  outside  the  right- 
hand  housing,  as  shown  in  the  illustration.  Work  is  passed 
through  the  machine  at  a  rate  of  about  twenty-five  feet  per 
minute.  The  bars  are  given  two  passes  through  these  rollers 
for  each  pair  of  opposite  sides  of  the  bar,  i.  e.,  a  square  bar 
receives  a  total  of  four  passes,  while  an  octagon  shaped  bar 
requires  eight  passes  to  completely  straighten  it. 

Packinif  and  Shipping: 

After  being  straightened  and  polished,  the  steel  is  usually 
wrapped  in  wax  paper  and  then  in  burlap,  so  that  adequate 
protection  is  provided  against  rusting  in  transit.  As  one 
of  the  important  advantages  obtained  by  the  cold-drawing 
process  is  that  the  steel  is  given  a  bright  finish,  it  would  be 
the  height  of  foily  to  ship  the  metal  in  any  way  which  did 
not  afford  adequate  protection  against  oxidation.  In  some 
cases  the  burlap  bundles  of  steel  are  packed  in  wooden  boxes 
so  that  they  are  held  straight,  thus  assuring  delivery  to  the 
purchaser  in  the  best  possible  condition. 


.\N  EFFICIENT  DRILL  BREAKER 

Separating  the  high-speed  part  of  drills  from  the  shank  or 

machine  steel  portion  is  a  profitable  practice,  for  high-speed 

steel  car  be  sold  as  scrap  now  at  a  very  good  price  provided 

It  Is  not  mixed  with  other  grades.     The  illustration  shows  a 

nitt.'iod  used  in  the 
Ford  plant  for 
breaking  o  f  (  tlie 
drill  ends  that  is 
both  efilclent  and 
safe.  The  hard  part 
of  the  drill  is  in- 
serted In  the  holes 
as  shown  and  a  snc- 
tlon  of  pipe  Is 
placed  over  the  pro- 
jecting shank.  A 
hIIkIiI  p  r  c  h  h  u  r  0 
HorvfK  lo  break  llic 
two  seilloiiH  apart, 
the  shank  sllppInK 
down  the  handle 
while  I  h  (!  other 
part  falls  into  a 
box   below  tlio   vIho. 


STOCK  GEAR  EXHIBITION  MACHINE 

The  Boston  Gear  Works,  Norfolk  Downs,  Boston,  Mass.,  have 
on  display  at  the  store  of  Patterson,  Gottfried  &  Hunter,  Inc., 
New  York  City,  an  exhibition  machine  made  entirely  of  stock 
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Machine  of  Stock   Gears   made  by  Boston   Gear  Works 

gears.  It  includes  an  assembly  of  sixty-three  spur,  bevel, 
spiral  and  worm  gears  driven  by  a  1/30-horsepower  motor,  the 
driving  pulley  being  3/4  inch  in  diameter,  which  shows  that 
friction  is  comparatively  negligible.  A  special  feature  is  two 
right-  and  left-hand  spiral  gears,  placed  on  the  same  shaft, 
driving  two  spirals  that  mesh  with  gears  whose  axes  are 
placed  at  right  angles;  these  gears,  in  turn,  mesh  with  each 
other,  thus  forming  a  complete  cycle. 

PITCH,  LEAD  AND  THREADS  PER  INCH 
While  the  terms  "pitch,"  "lead"  and  'number  of  threads 
per  inch"  as  applied  to  screw  threads  are  defined  in  nearly 
every  machine  shop  handbook  and  text-book  on  shop  practice, 
there  are  apparently  many  mechanics  who  do  not  clearly  un- 
derstand the  distinction  between  the  three  terms.  In  nearly 
every  manuscript  relating  to  thread  gages  and  screw  threads 
submitLed  for  publication,  these  terms  are  incorrectly  used. 
The  distinction  between  "pitch"  and  "lead"  seems  to  be  fairly 
well  understood,  the  "pitch"  being  the  distance  from  the  center 
of  one  thread  to  the  center  of  the  adjacent  thread,  while  the 
"lead"  IS  the  distance  that  a  nut  will  advance  on  the  screw  if 
turned  around  one  complete  revolution.  In  single-threaded 
screws,  of  course,  the  pitch  and  lead  are  equal,  but  in  multiple- 
threaded  screws  the  lead  is  a  multiple  of  the  pitch. 

The  most  common  error,  however,  is  that  of  confusing 
"pitch"  with  "number  of  threads  per  inch."  If  a  screw  has 
eight  threads  per  inch,  the  pitch  la  1/S  inch,  and  whil-:.  tha 
expression  "8  pitch"  is  frequently  u.iod  in  the  shop,  it  is 
erroneous  and  has  become  sanctionsd  only  because  mechanical 
writers  have  repeatedly  made  use  of  this  faulty  expression. 
The  proper  mechanical  definition  of  pitch,  accurding  to  Web- 
ster, is  "distance  apart  of  two  things,  especially  consecutive 
ones  in  an  eqiiidistant  series."  To  apply  the  term  to  the 
number  of  threads  in  a  unit  length  is  erroneous  according  to 
this  definition,  even  though  common  usage  and  mechanical 
writers  in  general  have  so  often  misapplied  the  term. 

The  necessity  for  calling  attention  to  the  distinction  be- 
tween "pilch"  and  "number  of  threads  per  inch"  is  obvious 
when  we  consider  that  in  formulas  involving  the  pitch  it  is 
required  to  multiply  by  the  pilc'i,  when  we  divide  by  the  num- 
ber of  threads  per  Inch,  and  If  the  term  "pitch"  Is  not  prop- 
erly understood,  a  serious  error  would  be  made  In  the  appli- 
cation of  formulas  that  contain  this  Icriii.  .\a  an  example,  a 
case  may  l)e  referred  to  where  a  hMiiieil  ciiglncor  recently 
chanKcd  the  multiplication  sign  In  a  fdnniila  containing  tho 
term  pitch  lo  a  (llvlsiim  HJgn.  simply  becuu.se  he  confused  the 
leriuH  "pilch"  and  "number  of  threads  per  Inch."  Hence  these 
two  fni'lB  should  be  kept  constantly  In  mind:  Pitch  Is  tho  dis- 
taiiro  In  Inches  from  thread  to  throuil.  It  Is  always  the 
roclprncal  of  Iho  number  of  threads  per  Inch  that  Is,  If  the 
iiUMiber  of  threads  per  Inch  Is  sixteen,  the  pitch  Is  1/16  Inch; 
If  It  Is  twelve,  the  pitch  in  1/12  Inch. 
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NOTES  ON   THE  INTERPRETATION  OF  RESULTS  OBTAINED  FROM  VARIOUS  TESTS 
BY  WILLIAM  KNIGHT  1 


THE  object  of  this  article  is  to  describe  in  a  general  way 
different  methods  of  testing  materials  and  to  call  atten- 
tion to  a  few  considerations  bearing  upon  the  correct  in- 
terpretation of  the  results  obtained  from  tests.  Of  all  tests, 
that  most  generally  adopted  is  the  tensile  test,  which  allows 
one  to  plot  a  stress-strain  diagram  from  which  the  strength, 
elasticity  and  ductility  of  a  given  material  can  be  determined. 
The  usual  criteria  of  the  ductility  of  a  metal  are  the  per- 
centage of  elongation  and  the  contraction  of  the  cross-sectional 
area  in  a  test-piece  fractured  by  tension.  Of  the  two,  prob- 
ably the  percentage  of  elongation  is  the  better;  smaller  elon- 
gation is  sometimes  accompanied  by  greater  constriction  of 
area.  The  per  cent  elongation  of  a  test-piece  originally  L 
inches  long,  and  L^  inches  long  after  fracture  has  taken  place, 
is  given  by  the  following  equation: 

100  X =  per  cent  elongation 

L 

In  stating  that  a  given  material  has  a  certain  per  cent  elon- 
gation, the  original  length  of  the  test-piece  must  always  be 
stated.  The  dimensions  of  the  section  of  the  test-piece  will 
also  influence  the  per  cent  elongation,  because  the  local  con- 
traction of  the  section  at  points  adjacent  to  the  point  where 
fracture  occurs  will  extend  over  a  longer  portion  of  a  test- 
piece  of  larger  section  than  it  will  in  a  test-piece  of  smaller 
section,  thus  adding  more  to  the  per  cent  elongation  of  the 
thicker  test-piece.  From  what  has  been  said,  it  is  evident  that 
the  adoption  of  an  international  standard  for  both  length  and 
section  of  test-pieces  would  be  highly  desirable  in  comparing 
results  of  tests  of  the  same  material.  The  German  practice 
is  to  use  test-pieces  geometrically  similar,  and  this  is  obtained 
by  keeping  the  gage  length  of  the  test-pieces  in  constant  rela- 
tion to  the  area  of  the  cross-section: 
Length 

—  --=  11.3 

V  Cross-section 

A  test-piece  8  inches  long  and  0.5  square  inch  section  will 
meet  the  above  specifications.  This  practice,  however,  has 
not  been  followed  either  in  England  or  the  United  States,  on 
account  of  the  increase  in  cost  of  preparing  the  test-pieces. 
The  British  practice  is  to  use  a  gage  length  of  8  or  10  inches, 
irrespective  of  the  area  of  the  section.  The  total  elongation  E 
of  a  test-piece  of  section  A  and  length  L  is  made  up  of  an 
amount  taking  place  all  over  the  gaged  length  (and  conse- 
quently proportional  to  it)  and  another  amount  taking  place 
locally  at  the  point  of  fracture,  and  proportional  to  the  square 
root  of  the  cross-section.  Professor  Unwin  shows  that  for  the 
same  quality  of  metal  the  following  relation  exists: 

/    C  \/~~A 
Per  cent  elongation  =  100  ( \- B 

\        L 

For  any  value  of  .1  and  L,  C  and  B  are  two  constants,  and 
may  be  easily  determined  for  a  metal  of  a  given  quality  by 
measuring  the  elongations  of  two  test-pieces  of  any  dimen- 
sions, finding  the  per  cent  elongation  for  both,  and  substitut- 
ing the  values  in  the  above  formula.  Two  simple  equations 
will  be  obtained  with  two  unknowns  C  and  B,  from  which  the 
values  of  €  and  B  can  be  easily  obtained.  After  calculating 
V  and  /{  for  any  particular  grade  of  a  given  metal  (and  it  is 
better  to  a^ferage  the  values  obtained  from  more  than  two 
test-pieces),  the  per  cent  elongation  of  any  other  test-piece 
of  the  same  material,  for  any  value  of  A  and  L,  can  be  pre- 
dicted by  substituting  the  calculated  constants  and  the  known 
ilimensions  of  the  test-piece  in  the  preceding  formula.  The 
per  <ent  contraction  of  the  section,  reckoned  on  the  original 
area,  in  a  tcstijlccc  of  perfectly  plastic  material  (a  uniform 
contraction  taking  place  all  over  the  length),  provided  that 
the  volume  before  and  after  breaking  does  not  change,  is  equal 
to  the  per  cent  elongation  reckoned  on  tlie  final  length  at  the 
time  of  measurement. 


When,  instead,  the  material  does  not  draw  uniformly 
throughout  the  length,  and  at  the  point  where  fracture  takes 
place  presents  a  neck,  the  per  cent  reduction  in  section  at 
that  point  is  greater,  and  this  will  be  taken  as  a  criterion  of 
the  maximum  possible  reduction  in  section  of  the  material 
tested.  When  testing  a  material,  the  intensity  of  the  stress 
corresponding  to  a  given  elongation  of  the  test-piece  is  gen- 
erally reckoned  on  the  original  area  of  the  section.  Actually, 
however,  the  intensity  of  the  stress  in  the  test-piece  is  greater 
than  the  nominal  value  obtained  by  dividing  the  load  applied 
by  the  original  area  of  the  cross-section.  This  is  due  to  the 
reduction  of  area  taking  place  in  a  ductile  material  stressed 
in  tension.  We  have  seen  before  that,  if  the  density  of  the 
material  of  the  test-piece  does  not  change  during  the  test,  the 
volume  before  and  after  breaking  does  not  change.  Calling 
L  and  Z/j  the  gaged  length  before  and  after  breaking,  and 
A  and  Aj  the  area  of  the  cross-section  before  and  after  break- 
ing, we  have: 

L,A,  =  LA 
from  which: 

L,  A 


This  ratio  of  the  intensity  of  the  actual  stress  and  the  nomi- 
nal stress  can  be  expressed   (calling  P  the  applied  load): 
P  -^  A,  .4. 


P-hA 
Hence  we  have: 

Intensity  of  actual  stress 


^1 


L^ 


'AHHlMtiint  Merhnnlrnl  ICnglncvr,  Crockcr-Wlioelcr  Co.,  Amprro,  N.  J. 


Intensity  of  nominal  stress  A,  L 

Knowing  L^  =  L  -\-  elongation,  as  obtained  from-test  for 

P 

a  given  load  P  producing  a  nominal  stress ,  it  is  easy  to 

A 
L,  P 

obtain  the  actual  stress  =  X   .     In  this  way  it  is 

Ij  a 

possible  to  find  the  intensity  of  the  actual  stress  in  a  test- 
piece  when  the  reduction  of  area  takes  place  nearly  uniformly 
throughout  the  gaged  length.  When  contraction  begins  to 
be  prominent  at  one  spot  (where  fracture  finally  occurs),  the 
L,  A 

relation  =  is  not  true  any  more,   and   the   actual 

/.  .1, 

P 

stress  cannot   be  obtained   from  L  and  Lj  and .     Actual 

A 

P 

measurement  of  A,  will  be  necessary  in  order  to  find .   We 

A, 
have  pointed  out  before  the  influence  on  the  per  cent  elonga- 
tion of  varying  the  section  of  the  gaged  length  of  a  test-piece, 
and  the  desirability  of  keeping  the  length  and  the  section  of 
different  test-pieces  in  a  constant  relation,  in  order  to  be  able 
to  compare  the  results  of  different  tests.  It  remains  to  state 
the  effect  of  reducing  the  length  of  the  gaged  length  which 
is  of  a  smaller  section  in  the  middle  than  at  the  ends  of  tlie 
test-piece. 

A  test-piece  of  a  ductile  material  with  a  reduced  section  ex- 
tending over  a  short  portion,  with  two  enlarged  sections  at 
the  ends,  will  show  in  test  a  reduction  in  section  and  an  elon- 
gation smaller  than  the  reduction  in  section  and  the  elonga- 
tion measured  over  the  same  length  at  the  center  of  a  test- 
piece  with  a  reduced  section  extending  over  a  longer  portion 
of  the  total  length.  The  yield  point  stress  and  the  ultimate 
strength,  reckoned  on  the  original  area  of  the  section,  will  be 
higher  in  tlio  short  test-pieco  tliaii  in  the  longer  one.  This  is 
probably  due  to  the  fact  that  in  a  ductile  material  failure  oc- 
curs by  slippage  along  planes  of  shear  at  45  degrees  with  the 
direction  of  the  pull,  and  in  a  short  test-piece,  the  proximity 
of  the  section  where  breakage  occurs  to  the  larger  sections  at 
the  ends  will  offer  a  larger  sectional  area  resisting  shear  iu 
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a  short  test-piece  than  In  a  longer  one,  where  the  section  of 
breakage  is  far  from  the  enlarged  ends  of  the  test-piece.  In 
order  to  avoid  misleading  results  of  tests,  due  to  the  influence 
of  the  enlarged  sections  at  the  ends,  the  length  of  the  reduced 
section  in  the  middle  should  not  be  less  than  nine  times  the 
diameter,  and  the  gaged  length  at  least  eight  times. 

Sharp  angles  and  abrupt  changes  of  sections  in  test-pieces 
must  be  carefully  avoided,  their  influence  being  to  lower  the 
nominal  ultimate  strength  of  the  test-piece.  This  is  particu- 
larly true  for  brittle  materials  like  cast  iron  and  hard  steel. 
Tensile  tests  are  the  most  common  and  the  most  practical 
tests  to  which  metals  are  ordinarily  submitted  in  order  to  gain 
some  knowledge  of  their  physical  properties.  Other  mechani- 
cal tests— compressive,  shearing,  bending,  torsional — either 
applied  gradually  or  suddenly,  and  work-shop  tests — bending 
double,  bending  single,  hammering  down,  punching,  etc. — are 
sometimes  used  for  measuring  the  resistance  of  materials  to 
various  forms  of  stress.  Tensile  tests,  however,  are  the  ones 
that  yield  the  most  useful  information  regarding  the  be- 
havior of  metals.  The  necessity  of  using  for  tests  of  this  na- 
ture accurate  and  very  costly  machines,  of  taking  rather  large 
test-pieces  from  the  materials  to  be  tested,  of  subjecting  these 
test-pieces  to  most  careful  and  therefore  somewhat  expensive 
preliminary  treatment,  and  of  entrusting  the  tests  themselves 
to  an  expert  staff,  renders  the  expense  and  the  time  required 
for  such  tests  relatively  large. 

Many  inventors  have  sought  to  supersede  them  by  more 
rapid  and  cheaper  methods,  even  at  the  expense  of  sacrificing 
some  degree  of  accuracy.  Among  such  methods  may  be  men- 
tioned the  hardness  test.  In  1900  Brinell  suggested  the  use 
of  a  very  hard  steel  ball  pressed  against  a  surface  of  the  metal 
to  be  tested,  and-  measuring  the  area  of  the  depression  pro- 
duced on  that  surface.  If  a  ball  of  constant  diameter  is  used 
(generally  10  millimeters),  and  a  constant  pressure  is  applied 
(generally  3000  kilograms  for  iron  and  steel),  the  hard- 
ness of  different  specimens  of  the  same  material  tested  will 
be   inversely   proportional   to   the   surface   of   the   depression 

pressure 
produced.    The  ratio is  called  the  "co- 
surface  of  depression 

efficient  of  hardness,"  or  "hardness  number."  By  comparing 
the  results  of  numerous  tensile  tests  on  steel  with  the  hard- 
ness numbers  obtained  from  the  test-pieces  used,  Brinell  con- 
cluded that  a  definite  relation  exists  between  the  ultimate 
strength  and  the  hardness  number,  and  that,  by  multiplying 
the  hardness  number  by  various  coefficients,  according  to  the 
grade  of  steel  tested,  and  according  to  the  impression  made 
in  the  direction  of  rolling  or  across  the  grain,  in  case  of  rolled 
materials,  the  ultimate  strength  could  be  predicted  very 
closely. 

The  importance  of  this  process  is  readily  understood,  and 
the  possibility  of  making  a  Brinell  test  on  finished  parts 
without  injuring  them  offers  a  decided  advantage  over  the 
tensile  test,  it  only  the  ultimate  strength  of  the  material  Is 
to  be  investigated.  Unfortunately,  other  experimenters,  such 
as  Mr.  Breuil,  have  found  that  this  method  may  result  in 
erroneous  results.  At  the  Copenhagen  Congress  of  the  Inter- 
national Society  tor  Testing  Materials,  Mr.  I.udwik,  of  Vienna, 
who  had  been  deputed  to  report  on  hardness  tests,  concluded, 
on  the  evidence  of  all  the  previously  published  data,  that  no 
simple  relation  existed  between  the  elastic  limit,  the  breaking 
stress  and  the  hardness  number,  but  that  this  did  not  ex<lude 
the  posBlblllty  of  deducting  the  elastic  limit  and  the  ultimate 
stress  from  hardness  tests,  by  moans  of  certain  en)i)lrical  co- 
efllclentH.  By  determining  the  coeincleiit  for  each  group  of 
aumclenlly  similar  materials,  a  fairly  satisfactory  approxima- 
tion can  be  arrived  at.  Mr.  Ludwlk  further  notes  that  for  a 
metal  that  displays  constriction,  the  breaking  strain  does  not 
yield  an  exact  Idea  of  the  specific  strcnRth.  The  Copenhagen 
Congr<!HH  came  to  no  decision  as  to  ball  testH. 

Other  mf.'lhods  Ichh  freiiiictitly  employed,  but  by  no  means 
devoid  of  interest,  arc  freciuenlly  used  Insti-ad  of  the  Brinnll 
method.  Wo  may  specifically  refer  to  the  scloroscopo  method 
described  by  Shore  and  Urcull,  which  conslslH  In  moasurlnK 
the  hclKht  to  which  a  Btcol  ball,  falling  throuRh  a  given  dls- 
tanro  onto   the  surface  of  the  metal   tested,   ruhounds;    and 


Martel's  method,  which  consists  in  measuring  the  volume  of 
the  impression  produced  by  a  pyramidal  point  falling  from  a 
certain  height;  and,  finally,  the  sclerometers,  which  measure 
the  depth  of  a  scratch  produced  by  a  steel  point  loaded  with 
a  predetermined  weight.  Of  all  tests,  however,  the  most  con- 
clusive for  obtaining  accurate  data  on  the  strength  of  a  struc- 
ture is  that  which  consists  in  subjecting  the  structure  itself 
to  the  maximum  effort  that  it  is  designed  to  withstand,  or 
even  to  a  greater  one,  insuring  in  this  way  a  factor  of  safety 
in  the  construction.  Several  methods  have  been  devised  for 
measuring  the  deformation  of  structures  when  subjected  to  a 
given  load,  and  reference  should  be  made  to  those  of  James 
Howard,  which  have  been  adopted  by  the  Bureau  of  Standards 
in  Washington  and  were  made  in  September,  1912.  Mr. 
Howard's  apparatus  consists  of  telescopic  calipers,  furnished 
with  points  beveled  to  an  angle  of  55  degrees,  which  can  fit 
into  cavities  tapering  at  an  angle  of  65  degrees  in  the  pieces 
undergoing  test.  Mr.  Howard  has  used  this  apparatus  to  in- 
vestigate the  deformation  and  stresses  in  the  elements  of 
bridges,  flood-gates,  skyscrapers,  steam  boilers,  etc. 

Before  concluding  these  notes  on  different  methods  of  test- 
ing materials,  it  is  well  to  mention  the  thermal  methods  of 
measuring  stresses  which  in  the  last  few  years  have  attracted 
the  attention  of  many  experimenters.  The  determination  of 
the  elastic  limit  by  means  of  a  thermo-couple  has  been  under- 
taken by  several  investigators.  Magnus  was  the  first  one  to 
point  out  that  changes  in  stresses  were  accompanied  by  slight 
changes  of  temperature.  Below  the  elastic  limit  a  metallic 
bar  absorbs  heat  when  subject  to  tension,  while  above  the  elas- 
tic limit,  due  to  friction  of  the  particles  gliding  over  each 
other,  heat  is  generated  in  the  bar.  It  has  been  stated  that 
the  thermal  limit  of  proportionality  is  slightly  lower  than  the 
true  elastic  limit  and  that  below  the  thermal  limit  the  varia- 
tion of  the  temperature  is  directly  proportional  to  the  effort. 
Lord  Kelvin  was  the  first  one  to  deduce  the  following  connec- 
tion between  the  change  of  temperature  and  the  change  of 
stress: 

TA 

ST  = X  5P 

J8D 
where  ST  =  change  in  temperature  corresponding  to  change 
of  stress; 
SP  =  change  of  stress; 

T  =  absolute  temperature  of  specimen; 

A.  =  coefficient  of  expansion  by  heat; 

J  =  Jule's  equivalent; 

S  =  specific  heat  of  material  under  constant  pressure; 

D  =  density  of  material. 
In  the  case  of  steel,  taking  the  density  as  7.5,  the  specific 
heat  as  0.11  and  A  =  1.2  X  10- ■>  we  have: 
ST  =  0.0000125P 
The  following  will  better  illustrate  the  application  of  the 
above  formula: 


stress  in  Pounds 
per  Square  Inch 

'    0 
10,000 
20,000 
.30,000 


20.00 
19.88 
19.76 
19.64 


Temp.,  Dog.  C, 
Compression 

20.00 
20.12 
20.24 
20.36 


It  will  be  noted  that  during  compression,  up  to  the  elastic 
limit,  the  phenomenon  Is  the  reverse  of  that  observed  when 
the  material  is  subject  to  tension;  Instead  of  a  drop  in  tem- 
perature, an  Increase  in  temperature  of  an  equal  amount  is 
observed.  Kelvin's  law  was  tested  by  Jule  and  was  found  to 
be  true  for  a  considerable  number  of  materinls.  I'rof.  Coker 
also  made  a  number  of  verifications  of  the  above  law,  and  an 
Interesting  feature  of  his  experiments  was  that  he  did  not 
find  any  variation  of  temporal ure  In  specimens  subject  to 
shearing  strcs.ses.  On  the  other  hand,  If  a  spoclincn  was  almul- 
tanonusly  sulijcftcd  to  two  tensions  at  right  angles  to  each 
other,  the  t('niperaturo  change  was  found  to  bo  the  sum  of 
that  due  to  oarh  onc!  acting  Hopiiratoly.  When  wo  consider 
that  every  shearing  force  can  bo  replaced  by  a  tension  and  a 
rnmprosslon,  wo  can  easily  explain  the  reason  why  no  Indica- 
tion of  shearing  Htress  can  bo  obtained  by  the  use  of  thermal 
mothoda.    The  ninxlmuni  shear  theory  will  explain  the  results 
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of  experiments  made  on  a  specimen  subjected  to  two  tensions 
at  right  angles. 

With  the  object  of  applying  the  phenomenon  of  temperature 
changes  produced  by  variation  of  stresses  as  a  method  of  de- 
termining the  elastic  limit  of  small  and  other  samples  which 
do  not  permit  of  the  application  of  the  ordinary  methods, 
J.  R.  Lawson  and  J.  A.  Copp  (see  Revue  de  MttaUurgie.  Jan- 
uary, 1913)  have  tested  several  steels,  cast  iron  and  various 
copper  alloys.  Tests  were  made  in  an  ordinary  tensile  testing 
machine,  the  stretch  being  observed  by  an  extensometer  and 
the  temperature  variation  measured  by  means  of  a  copper- 
constantan  couple,  pressed  into  contact  with  the  specimen 
by  a  rubber  band  and  connected  to  a  sensitive  galvanometer 
Examination  of  the  large  number  of  curves  reproduced  shows 
that  in  every  case  there  is  a  discontinuity  in  the  temperature 
curve  in  the  region  of  the  yield  point,  but  that,  generally 
speaking,  the  thermal  limit  is  somewhat  higher  than  the  true 
yield  point.  Below  the  yield  point  some  of  the  thermal  curves 
are  inexplicably  irregular,  but  in  no  case  are  they  represented 
by  straight  lines. 

•     *     * 

SIMPLE  RELIEVING  ATTACHMENT 
All  manufacturers  know  that  a  good  lathe  equipped  for  re- 
lieving the  teeth  of  milling  cutters,  hobs,  taps,  etc.,  is  an  ex- 
pensive tool,  and  unless  the  amount  of  work  to  be  done  is  suf- 
ficient to  j'ield  a  fair  return  on  the  investment,  it  would  not 
be  wise  to  buy  an  equipment  of  this  type.  In  the  shops  of  the 
T.  C.  M.  Mfg.  Co.,  Hunterton  and  First  Sts.,  Harrison,  N.  J., 
the  need  arose  for  a  machine  for  backing  off  the  teeth  of 
thread  milling  cutters.  Only  a  moderate  amount  of  such  work 
had  to  be  done,  and  before  investing  in  a  new  relieving  lathe 
it  was  decided  to  attempt  to  build  an  attachment  for  one  of 
the  machines  in  the  shop.  A  very  simple  type  of  equipment 
was  designed,  and  it  has  given  such  satisfactory  results  that 
the  idea  of  purchasing  a  regular  relieving  lathe  has  been 
given  up. 

Fig.  1  shows  the  head  end  of  a  lathe  equipped  with  this 
attachment,  and  a  close  view  of  the  mechanism  is  shown  in 
Fig.  2.  The  cutter  to  be  relieved  is  mounted  on  centers  in 
the  usual  way,  and  the  cross-feed  mechanism  is  disengaged 
from  the  slide  so  that  the  latter  is  free  to  be  moved  by  a 
link  A,  which  makes  connection  between  the  cross-slide  and  a 
shaft  B  carried  in  brackets  at  the  back  of  the  lathe  bed.  An 
oscillating  motion  is  imparted  to  this  shaft  by  means  of  an 
arm  C,  which  is  actuated  by  cam  D,  secured  to  the  lathe 
spindle. 

In  designing  a  relieving  attachment  of  this  kind  it  was  ob- 
viously necessary  to  provide  means   for  handling   cutters   of 


Tig-    1.     He«d   End   of   L«tho   cqulpppil    with   Simple   RolUvinf   Alttchment 


Fig:.   2.     Close   View  of  Believing   Attachment   shown  in   Fig.    1 

different  diameters  and  also  for  obtaining  the  desired  amount 
of  relief  on  a  given  size  cutter.  To  provide  for  handling  cut- 
ters of  different  sizes  it  will  be  seen  that  holes  are  drilled  at 
various  points  along  link  A,  and  in  this  way  the  link  can  be 
slipped  through  the  slot  in  link  F  so  that  pin  E  may  be  pushed 
into  the  proper  hole  to  locate  the  cross-slide  in  the  desired 
position  for  a  given  size  of  cutter.  Similarly,  to  furnish 
means  of  obtaining  the  desired  amount  of  relief  on  a  cutter, 
it  will  be  seen  that  a  number  of  holes  are  drilled  in  link  F. 
Link  A  can  be  connected  by  pin  E  to  any  of  these  holes  in 
order  to  vary  the  effective  radius  of  link  F.  In  this  way 
the  desired  amount  of  relief  is  obtained  on  the  cutter.  It 
will,  of  course,  be  apparent  that  bellcrank  G  and  weights  H 
provide  for  taking  up  lost  motion  in  the  mechanism  and  keep- 
ing arm  C  constantly  in  contact  with  cam  D  on  the  spindle 
of  the  lathe.  E.  K.  H. 

*     «     * 

EFFECT    OF   HEAT    ON    STRENGTH    OF 
WROUGHT   IRON' 

For  metals  at  ordinary  temperatures  the  use  of  a  proper 
factor  of  safety  brings  the  stress  for  which  the  piece  is  de- 
signed well  within  the  elastic  limit.  But  results  of 'tests  indi- 
cate that  at  higher  temperatures  this  design  factor  will  need 
to  be  greatly  modified  or  the  work  will  have  to  be  designed 
wholly  on  the  basis  of  the  elastic  limit.  Temperatures  of  su- 
perheated steam  vary  from  450  to  550  degrees,  and  the 
strength  of  tubes,  valve  stems,  etc.,  as  affected  by  these  tem- 
peratures is  worthy  of  consideration.  Other  examples  of  the 
same  condition  are  encountered  in  boiler  construction,  the 
metal  rigging  above  large  crucibles,  and  ladles  carrying  molten 
metal,  etc. 

In  a  series  of  tests  with  wrought  iron  it  was  found  that 
the  physical  properties  are  materially  affected  by  high  tem- 
peratures. The  ultimate  tensile  strength  increases  as  the 
temperature  increases  from  70  degrees  F.  until  a  maximum  is 
reached  between  350  and  550  degrees  F.,  while  the  tenacity 
diminishes  rapidly  with  the  increase  in  temperature.  The 
elastic  limit  appears  to  decrease  from  70  degrees  F.  to  about 
270  degrees  F.,  showing  a  maximum  decrease  of  about  13  per 
cent,  and  from  that  temperature  suddenly  increases  to  about 
350  degrees  and  then  gradually  drops.  In  reference  to  elonga- 
tion under  stress,  it  is  noticed  that  greater  rigidity  exists 
under  certain  stresses  at  intermediate  temperatures  than  at 
either  higher  or  lower  temperatures.  The  contraction  of  area 
at  the  place  of  rupture  varies  with  the  temperature  of  the  bar, 
and  it  appears  that  the  contraction  of  area  of  wrought-iron 
bars  is  a  great  deal  less  between  200  and  GOO  degrees  F.  than 
at  70  degrees  F..  and  within  this  range  of  temperature  there  is  a 
tendency  to  fracture  obliquely  across  the  bar.  The  results  ob- 
tained for  the  modulus  of  elasticity  have  little  value,  except 
that  they  indicate  a  gradual  decrease.  The  metal  is  very 
brittle  between  150  degrees'R  and  about  1100  degrees  F.,  and.  of 
course,  it  is  impracticable  to  work  it  at  these  temperatures, 
as  it  might  fracture  without  warning. 

'Abstract  orVn  nrilili-  piililliihori  In  "Mptalliirgrlonl  and  Chemlol  Englnwr- 
liiK."  SoptpnilHT.  mi". 
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THE   TECHNOLOGY   OF  MANUFACTURE 

The  manufacture  of  metal  goods  comprises  a  great  variety 
of  processes,  many  of  which  are  quite  special,  limited  in  their 
application  and  suitable  only  for  a  comparatively  narrow 
range  of  products.  The  common  machine  shop  operations  are 
turning,  planing,  milling,  grinding,  drilling,  threading,  tap- 
ping, reaming,  chipping,  filing  and  punching.  These  are  funda- 
mental processes  and  are  well-nigh  of  universal  application  to 
cold  metals.  Common  hot  processes  are  forging,  welding,  roll- 
ing, brazing,  soldering,  melting  and  casting.  These  also  are 
fundamental  and  universally  employed.  The  specialized  pro- 
cesses of  manufacture  include  die-casting,  extrusion,  sheet 
metal  press  forming,  spinning,  gas  and  electric  welding  and 
cutting,  cold-rolling,  wire  drawing  and  cold-drawing.  The  tech- 
nology of  manufacture  is  vast,  and  its  development  so  rapid 
that  the  published  record  is  never  abreast,  but,  strangely, 
some  of  the  developments  that  were  practically  perfected  years 
ago  have  never  been  completely  described.  An  example  is  the 
cold-drawing  of  shafting  and  shapes.  Cold-drawn  rounds,  flats 
and  squares  are  among  the  most  useful  forms  in  which  steel 
is  marketed  today.  The  article  in  another  part  of  this  num- 
ber, "Making  Cold-drawn  Shafting,"  illustrates  and  describes 
dies,  draw-benches  and  practice  that  is  being  followed  sub- 
stantially by  several  well-known  producers  of  cold-drawn  prod- 
ucts. The  article  should  be  valuable  to  machinists  who  for 
years  have  used  cold-drawn  products,  but  have  never  had  an 
opportunity  to  see  how  they  are  made. 
*     •     • 

DEFECTS   IN   THE   MANUFACTURE    OF 
WAR  MATERIALS 

In  going  abrMil   I  lie  coiirilry  the  I'ligii ring  oliH(!rv('r  cannot 

fall  to  note  the  fnornious  waste  Involved  in  the  methods  pur- 
sued by  the  government  In  llie  nmnufacturc  of  war  materials. 
It  appears,  lo  the  caHual  observer  at  least,  tliut  I  lie  Ordnance 
DcparlmcnlH  at  WuMhlnglon  la<|C><<iMiptrteiit  ciiKlticerlng  ad- 
vice; or,  when  such  advice  Is  freely  given,  are  Incapable  of  ap- 
preciating Its  value  and  thereby  saving  i^normouH  sums  now 
wasted  by  methods  of  manufnclurliiK  munitions  and  other 
war  materials  that  no  private  corporations  would  comiie- 
nanre.    We  make  this  statement  In  order  to  coll  the  otieiiilon 


of  the  Ordnance  Departments  to  the  fact  that  engineers 
throughout  the  country  do  not  approve  of  their  peculiar 
methods;  and  we  do  not  base  the  statement  on  general  obser- 
vation but  upon  specific  facts.  We  can  point  to  instances 
where  the  government  has  engaged  and  maintains  men  as 
inspectors  who,  by  ordinary  engineering  standards,  are  utterly 
incompetent  for  the  purpose.  We  can  point  to  a  specific 
case  where  the  officers  of  the  Ordnance  Departments  were 
offered  without  cost,  the  use  of  a  method  for  manufacturing 
certain  parts  in  connection  with  rifle-making  that  expert  en- 
gineers believed  would  save  at  least  50  and  possibly  7a  per  cent 
of  the  present  cost  of  manufacture;  but  the  oflicer  in  charge 
refused  to  investigate  tiioroughly  or  test  the  method. 

We  can  point  to  a  case  where  identical  war  material  is 
manufactured  in  seven  different  plants,  each  of  which  is  re- 
quired to  make  a  complete  set  of  jigs  and  fixtures  at  the  cost 
of  many  hundred  thousands  of  dollars,  and  a  considerable 
delay  in  deliveries.  The  wise  policy  from  an  engineering 
point  of  view,  would  have  been  to  distribute  the  contract  in 
question  between  the  same  seven  firms,  but  to  have  required 
each  firm  to  make  certain  parts  only,  which  could  then  have 
been  assembled  at  one  plant.  By  this  method,  one  set  of 
tools  would  have  been  suflicient,  and  as  all  the  shops  could 
have  worked  on  subdivisions  of  the  total  contract,  the  time 
for  the  completion  of  the  whole  would  have  been  considerably 
reduced.  We  can  point  to  a  case  where  four  inspectors  were 
employed  for  several  weeks  at  a  plant  where  there  was  not 
enough  work  to  keep  one  inspector  busy.  We  can  point  to 
cases  where  the  designs  furnished  by  the  Ordnance  De- 
partments required  finish  to  0.001  inch  on  parts  that  are  used 
only  for  clamping  purposes,  and  where  a  finish  of  this  degree 
is  entirely  unnecessary  and  involves  only  useless  expenditure. 

These  are  only  the  instances  that  have  come  under  our 
personal  observation.  It  is  likely  that  others  occur  in  many 
other  shops.  It  is  the  duty  of  an  engineering  journal  like 
M.vcHiXERY  to  call  attention  to  any  waste  connected  with  engi- 
neering work,  particularly  when  this  waste  concerns  us  all 
and  has  to  be  sustained  by  the  enormous  taxes  necessary  on 
account  of  the  war.  The  Ordnance  Departments  at  Washing- 
ton should  avail  themselves  of  competent  engineering  assist- 
ance when  qualified  engineering  talent  is  apparently  lacking 
within  the  Army  and  Navy  organizations  themselves.  Officers 
high  in  rank  should  not  ignore  the  help  they  could  obtain  from 
men  who  are  in  close  contact  with  the  industries  of  the 
country,  and  particularly  with  the  machine  industries  en- 
gaged in  interchangeable  manufacture. 

THE    END    OF   WAR? 

The  placing  of  United  States  Government  contracts  for 
building  20,000  airplanes  to  be  used  by  the  American  army 
in  France,  directs  attention  to  the  progress  that  has  been 
made  in  aviation  during  the  past  three  years.  The  stags 
has  now  been  reached  where  the  heavier-than-air  flying 
machine  is  capable  of  long  flights  at  great  heights  and  tre- 
mendous speed.  Further  developments  undoubtedly  will  make 
the  airplane  a  still  more  formidable  arm  for  offensive  war- 
fare. It  will  be  possible  with  a  fleet  of  airplanes  to  invade 
an  enemy  country  no  matter  how  strongly  fortified  its  frontier. 
It  is  hazardous  to  predict  the  end  of  war,  but  many  see  that 
end  in  the  ultimate  development  of  the  airplane,  which  will 
Involve  a  complete  and  ra<lical  change  in  the  settlement  of 
iMlcnialional  dilTerences.  No  nation  can  alTord  lo  take  the 
rl.sk  of  being  Invaded  by  a  fleet  of  airplanes  and  having  its 
principal  cilies  destroyed  in  a  night. 

Machine  guns,  heavy  howitzers,  high-explosive  shells,  the 
armored  tanks  and  airplanes,  all  the  iiroiliicl  of  the  fertile 
mind  of  the  engineer,  have  made  Ihe  nmilrin  biillli'lleld  a 
veritable  hell  of  destruction.  The  logical  (hHiiumc  oi'  future 
mechanical  engineering  development  is  In  render  warfare 
Impracticable.  This  war,  begun  for  concinest  wllh  the  expec- 
lallon  of  loot,  has  proved  a  failure.  If  war  la  made  not  only 
l<!rrlblo  but  iinprofilable.  It  Is  not  unreasonable  to  expect 
that  future  dlfferoiiccs  will  be  adjiisled  by  arbllrntlon,  and 
understandings  reiichcd  In  cnMfcri-nci'  by  IiiihIiicms  incti  riilher 
llian  diplomats. 
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A  JONES    &    LAMSON    MAN    IN    RUSSIA  DURING   THE    REVOLUTION 


BY  GEORGE  H.   BRIGHAM  ' 


CONDITIONS 
in  Russia  last 
year,  when  I 
began  arrange- 
ments to  leave 
Paris  for  that  coun- 
try, were  very  dif- 
ferent from  what 
they  were  when  I 
arrived.  It  took  me 
some  time  to  get 
everything  in  con- 
nection with  my 
work  in  France  in 
good  shape,  so  that 
it  was  December  2 
before  I  left  Paris 
for  Petrograd.  Ber- 
gen, Christiania  and 
Stockholm  were  full 
of  tourists  and  busi- 


George   H.    Brigliam 

ness  men  of  all  kinds.  I  arrived  at  Haparanda  and  Tornea, 
which  are,  respectively,  on  the  Swedish  and  Russian  sides  of 
the  line,  on  an  arm  of  the  Gulf  of  Bothnia,  on  December  14, 
and  the  temperature  was  moderate;  but  a  few  days  later 
winter  arrived,  the  mercury  dropped  to  60  degrees  below  and 
stayed  there  quite  a  time.  Those  cities  are  only  a  few  miles 
from  the  Arctic  circle,  and  it  was  hardly  daylight  at  9  A.  M. 
and  dark  again  by  3.30  P.M.  The  Russian  winters  are,  after 
all,  not  much  more  severe  than  ours  in  Vermont.  For  a  few 
days  the  mercury  dropped  to  35  or  40  degrees  below,  but  the 
average  was  0  to  10  or  15  degrees  below.  They  have,  perhaps, 
a  steadier  cold  than  we  have;  but  in  Petrograd,  where  there 
is  considerable  dampness,  zero  weather  is  much  more  uncom- 
fortable than  15  degrees  below  in  Vermont.  The  Russians  wear 
all  their  heavy  clothes  outside,  because  the  houses  are  kept 
so  warm  that  heavy  underwear  is  unbearable. 

Soon  after  I  arrived  in  Petrograd  that  infamous  self-styled 
monk,  Rasputin,  was  murdered,  and  that  was  really  the  start 
of  the  revolution.  About  the  middle  of  January  I  left  Petro- 
grad, going  to  Moscow,  Briansk,  Kiev,  Taganrog,  Nijni- 
Novgorod,  and  other  towns;  and  on  this  trip  had  some  ex- 
perience in  wartime  railroad  accommodations.  Sometimes  I 
got  comfortable  accommodations  at  night,  and  other  times  I 
had  to  pass  the  entire  night  in  the  corridor  of  the  sleeping 
car,  sitting  on  a  suitcase,  jammed  in  a  crowd  of  Russians 
and  others.  The  hotels  were  always  crammed  full,  and  it  was 
often  necessary  to  spend  an  hour  or  two  hunting  for  a  room, 
which  sometimes  I  didn't  succeed  in  finding.  In  Petrograd  I 
slept  two  nights  on  a  couch  in  the  room  of  another  American, 
and  in  Moscow  I  spent  three  nights  in  a  bath-room,  with  a 
resulting  attack  of  tonsilitis.  In  Taganrog,  a  city  of  75,000 
inhabitants  on  the  Azoff  Sea,  I  stayed  at  what  was  supposed 
to  be  the  best  hotel  in  town,  which  sported  electric  lights  but 
lack'ed  even  one  sheet  on  the  bed.  Most  Russians  carry  their 
own  bedding,  but  not  having  acquired  that  habit,  I  had  to  use 
my  fur  coat  to  sleep  in.  During  ray  second  trip  to  Moscow  we 
began  to  hear  of  riots  in  Petrograd;  and  as  the  situation  grew 
worse,  exaggerated  reports  of  the  number  killed  were  circu- 
lated. It  was  only  after  the  second  or  third  day  of  the  revo- 
lution in  Petrograd  that  we  saw  anything  of  it  in  Moscow. 
First  the  electric  cars  stopped,  then  the  cabs,  and  then  all 
public  and  private  conveyances  <lisappeared.  Crowds  began 
to  collect  and  discuss  the  situation,  a  condition  so  contrary 
to  the  old  regulations  that  one  unconsciously  looked  to  see 
why  the  police  didn't  break  up  the  gatherings.  Then  it  was 
discovered  that  the  police,  too,  had  disappeared,  having  learned 
that  nearly  all  their  comrades  in  Petrograd  had  been  killed 
or  made  prisoners.  About  noon  on  the  second  day  of  the  revo- 
lution the  red  flag  appeared  in  Moscow,  and  then  all  but  the 
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active  manifestants  disappeared  as  if  by  magic  and  were  not 
seen  again  until  it  had  become  evident  that  there  would  be 
no  resistance. 

As  soon  as  things  quieted  down  a  little  I  decided  to  return 
to  Petrograd  to  get  my  passport  put  in  order  so  that  I  might 
leave  Russia,  which  I  succeeded  in  doing  after  a  good  deal  of 
hard  work.  In  Petrograd  everything  was  in  chaos;  every  hotel 
was  guarded  by  soldiers,  each  of  whom  wore  a  red  ribbon,  and 
thousands  more  were  parading  the  streets  with  their  red 
banners  proclaiming  the  freedom  of  Russia.  At  one  time 
there  were  60,000  deserters  in  Petrograd  alone.  The  casualties 
among  the  officers  of  the  army  and  navy  during  the  revolution 
were  very  heavy,  but  it  was  said  that  many  of  them  got  no 
more  than  they  deserved,  as  the  average  Russian  officer  treated 
his  soldiers  like  dogs.  At  Helsingfors  and  Kronstadt,  the 
headquarters  of  the  Baltic  Sea  fleet,  250  naval  officers  were 
killed,  including  the  admiral  and  rear-admiral.  Some  state- 
ments of  excesses  committed  by  the  revolutionists  that  have 
been  published  here  may  have  sounded  like  exaggerations,  but 
I  know  that  at  Kronstadt  the  admiral  in  charge  of  the  Baltic 
fleet  was  arrested  in  his  office,  both  arms  and  legs  were  broken, 
and  he  was  then  taken  out  on  the  ice,  where  a  hole  was  cut,  a 
rope  was  tied  around  him,  and  he  was  lowered  into  the  water 
till  he  was  unconscious,  after  which  he  was  brought  back  to 
the  surface,  fed  brandy  until  he  revived,  and  lowered  again; 
this  was  continued  until  he  was  dead  beyond  recall.  Other 
examples  of  a  similar  kind  could  be  given  if  space  were  avail- 
able. Practically  no  work  was  done  anywhere  for  about  a 
month  after  the  revolution  began;  then  in  many  factories  the 
workmen  turned  out  the  foremen  and  entire  management, 
seized  the  factory  and  tried  to  run  it  themselves.  Every  prison 
in  the  country  was  broken  open  and  criminal  and  political 
prisoners  alike  turned  loose.  The  first  of  May  was  declared  a 
general  holiday  and  was  the  most  thorough  one  I  ever  saw. 
No  one  was  allowed  to  work.  There  were  no  electric  cars, 
no  cabs,  no  autos,  either  public  or  private.  All  restaurants 
were  closed,  and  in  hotels  all  there  was  to  eat  was  cold  food 
ordered  the  night  before  and  left  in  the  rooms.  Bread  had 
practically  disappeared  several  weeks  before,  and  in  all  Petro- 
grad no  one  expected  to  work,  because  it  was  supposed  that 
everybody  would  go  back  to  work  the  next  day  and  settle 
down  to  carrying  on  the  war  and  fulfilling  their  pledges  to 
the  Allies. 

Unfortunately,  about  this  time  Leniue  returned  to  Petro- 
grad, having  come  through  Germany  from  Switzerland,  and 
installed  himself  in  a  palace,  as  you  have  doubtless  read  in 
the  papers.  He  immediately  started  a  propaganda  for  seizing 
the  property  of  all  the  nobles  and  rich  land  owners,  and  divid- 
ing it  among  the  people,  and  favoring  a  pro-German  peaqe. 
There  was  someone  speaking  from  the  balcony  of  his  palace 
from  morning  until  late  in  the  evening,  and  in  a  short  time 
he  had  the  provisional  government  in  a  difficult  position.  It 
was  dangerous  to  allow  him  to  continue  and  equally  dangerous 
to  arrest  him.  Finally,  as  you  know,  they  took  steps  to  arrest 
him  and  he  disappeared. 

About  50  per  cent  of  all  munitions  manufactured  in  Russia 
were  made  in  the  Petrograd  district- — in  the  city  and  suburbs. 
As  elsewhere  in  Europe,  a  great  many  women  and  unskilled 
labor  were  employed,  the  work  being  split  up  into  single  opera- 
tions and  done  on  simple  machines.  Automatics  were  used 
to  some  extent,  but  the  Russian  steel  bars  are  so  irregular 
that  they  must  be  drawn  before  they  can  be  used  in  auto- 
matics; consequently  many  shops  cut  up  the  bars  and  did  the 
work  on  engine  lathes  that  should  have  been  done  on  bar 
machines.  As  far  as  possible,  imported  steel  bars  were  used 
on  the  automatics,  but  the  supply  was  always  uncertain. 
Workmen  and  women  were  making  quite  good  wages  at  pie<-o 
rates.  The  best  factories  had  all  been  built  by  Gorman  engi- 
neers and  were  quite  well  lightod  and  often  overheated. 

Before  the  revolution  the  moii  were  working  ten,  twelve 
and  sometimes  fourteen  hours  a  day.  but  afterward,  when  they 
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finally  began  to  think  of  going  to  work,  in  some  places  they 
seizea  the  factories,  turning  out  the  foremen  and  directors, 
and  when  that  was  not  done,  or  where  it  was  done  and  proved 
to  be  a  failure,  they  struck  for  an  eight-hour  day  and  15  per 
cent  to  40  per  cent  increase  in  wages.  A  month  later  they 
struck  again,  that  time  for  a  six-hour  day  and  a  wage  in- 
crease from  40  per  cent  to  220  per  cent.  Machine  tools  from 
all  countries  could  be  seen  in  the  factories,  but  they  were 
largely  American,  German  and  Swedish.  A  great  many  Ameri- 
can machine  tools  built  by  irresponsible  firms  were  practically 
a  dead  loss.  Some  tools  were  built  by  concerns  that  evidently 
knew   no   more  about  building  machine  tools   than  they   did 

about  manufacturing  watches.     The was  one.     I  saw 

twenty  machine  tools  in  one  shop,  not  one  of  which  would  work 
to  within  0.020  inch,  and  they  were  continually  breaking.  Even 
engine  lathes  had  to  be  rebuilt.  The  reliable  American  manu- 
facturers were  sending  a  good  class  of  machines,  but  were 
so  far  behind  in  their  deliveries  that  the  Russians  took  others 
on  which  they  could  get  prompt  delivery.  It  is  a  safe  guess 
that  some  of  these  newly  formed  American  machine  com- 
panies will  do  no  more  business  with  Russian  concerns. 

Before  the  revolution  arrangements  were  being  made  to 
turn  out  large  quantities  of  munitions  in  Russia.  A  combina- 
tion of  capitalists  and  bankers  had  established  a  factory 
known  as  the  Lisvensky  Zavod  (Lisvensky  shop)  at  Lisva, 
about  fifty  miles  southeast  of  Perm  in  the  Urals,  where  muni- 
tion work  is  now  being  done.  A  big  factory  for  munitions  was 
being  built  at  Kharkoff  in  the  southeast  of  European  Russia; 
another  at  Rostoff-on-the-Don,  at  the  mouth  of  the  river  Don 
where  it  flows  into  the  Azotf  Sea.  The  Russo-Baltic  Mechani- 
cal &  Shipbuilding  Co.,  whose  main  works  are  at  Revel,  on 
the  Baltic,  have  built  a  factory  at  Taganrog,  on  the  Azotf 
Sea.  The  works  of  the  International  Harvester  Corporation 
at  Lubertsy,  near  Moscow,  were  running  about  5000  men  and 
they  had  bought  a  neighboring  plant.  Various  manufacturing 
enterprises  were  being  developed  in  other  parts  of  Russia, 
nearer  the  sources  of  supply  for  raw  material,  in  the  Urals 
and  in  the  south;  and  if  they  ever  get  settled  down  to  a 
stable  form  of  government  with  an  intelligent  policy  for  help- 
ing the  development  of  the  country,  there  is  almost  no  limit 
to  the  business  that  we  can  do  over  there.  It  is  possible  when 
that  time  comes  the  average  Russian  will  have  become  honest 
enough  so  that  business  can  be  done  without  paying  out  so 
many  bribes.  Men  selling  machines  there  told  me  that  unless 
they  sold  to  personal  friends,  they  had  to  count  on  about  25 
per  cent  of  the  selling  price  for  graft  to  foremen  and  others. 

I  had  my  ticket  on  the  Trans-Siberian  express  for  about  two 
weeks,  and  when  I  left,  all  tickets  for  that  train  had  been  sold 
out  for  at  least  two  months  in  advance.  There  is  but  one 
through  train  a  week  to  Vladivostonk  on  which  berths 
can  be  reserved  and  which  carries  dining-cars.  I  was  mighty 
glad  to  get  away  from  Petrograd,  especially  as  at  every  stop 
there  was  an  argument  with  soldiers  and  deserters  who  in- 
sisted on  getting  into  the  train  and  filling  up  the  corridors; 
but  the  porters,  knowing  that  the  tips  at  the  end  of  the  line 
depended  on  their  passengers  getting  through,  kept  the  doors 
locked  and  Informed  the  soldiers  that  there  was  an  American 
and  Japanese  mission  on  board  hurrying  back  to  their  coun- 
tries to  get  aid  for  New  Russia,  and  that  statement  helped  us 
to  get  through.  We  finally  arrived  at  Vladlvostock  twenty-five 
hours  late,  after  ten  days  of  continuous  traveling  In  the  same 
train,  the  longest  train  ride  without  change  In  the  world. 
We  were  relieved  on  arriving  to  find  there  had  been  no  change 
In  the  government  since  we  left  Petrograd,  go  that  our  pass- 
ports,  aH  vlH/-d  before  leaving  the  capital  were  still  valid  for 
leaving  RuHsla.  There  were  various  regulations  In  regard  to 
what  one  could  take  out  of  the  country— five  hundred  rublcH 
being  the  limit  for  money — but  when  I  came  to  pass  out  no 
one  aHkod  me  about  money  at  all,  as  everything  was  In  a  com- 
plete Htate  of  disorganization. 

Japan  wag  a  wonderful  contrast  to  RusHla,  tho  ofncors  were 
alert  and  courtnouH  and  tho  baKgage  was  Hoon  examined. 
Kvcrywhero  wo  saw  evidence  of  organization,  energy  and 
activity,  and  could  readily  underHtand  tho  reason  for  the  out 
come  of  the  RuHso-Japanoso  war.  In  my  travels  around  Japan 
vIsltlnK  factories  and  dock  yards  I  wbh  surprlHed  to  see  how 


modern  and  up-to-date  their  equipments  were.  Nowhere  did 
I  see  any  hostility  to  the  United  States  On  the  contrary,  the 
Japanese  have  such  a  good  opinion  of  us  that  in  the  develop- 
ment of  their  country  they  are  using  almost  entirely  American 
methods.  Their  train  service  is  excellent,  their  roadbeds  are 
rock-ballasted  and  dustless,  most  of  the  locomotives  are  Ameri- 
can, and  their  express  trains  compare  favorably  with  ours. 
You  ask  me  what  is  the  machine  tool  future  of  Russia?  If 
you  will  tell  me  the  political  future,  I  will  try  to  guess  at 
the  other.  If  the  radical  socialists  and  anarchists  get  the 
upper  hand,  as  I  am  afraid  they  will,  the  future  will  be  dark 
in  every  way.  Everyone  knows  that  there  are  limitless  possi- 
bilities in  Russia,  but  many  Russians  returning  from  America 
organized  anti-American  demonstrations,  saying  that  America 
is  not  a  country  of  freedom,  for  everyone  has  to  work! 
*  *  * 
STANDARD   ARMY   TRUCK 

October  saw  the  completion  of  the  first  Class  B  standard 
army  truck,  which  is  a  combination  of  the  best  features  of 
various  motor  trucks  and  those  features  that  military  experi- 
ence has  shown  desirable;  it  is  thought  to  be  far  in  advance 
of  anything  yet  produced.  Although  in  outward  design  it 
represents  no  radical  departure  from  the  usual  army  motor 
truck,  every  part  has  been  so  standardized  that  all  parts  are 
interchangeable,  which  is  expected  to  give  added  efficiency  at 
the  front.  It  has  a  two-wheel  drive  and  is  able  to  make  twelve 
or  fourteen  miles  an  hour.  The  engine  weighs  1012  pounds; 
the  rear  axle,  1592  pounds  with  hubs  and  brake-drums;  the 
front  axle  with  hubs,  352  pounds;  the  transmission,  233 
pounds;  the  clutch  and  case,  103  pounds;  the  frame  without 
castings,  663  pounds;  the  front  springs,  14S  pounds;  the  rear 
springs,  544  pounds.  Early  tests  of  the  engine  showed  58  horse- 
power at  1350  revolutions  per  minute. 

The  completed  truck  is  said  to  be  the  strongest,  compared 
with  the  load  it  is  designed  to  carry,  ever  turned  out  in  this 
country.  Every  part  has  been  enormously  strengthened  to 
withstand  the  rough  usage  of  war.  It  carries  more  than  1000 
pounds  of  dead  weight  in  excess  of  commercial  trucks  of  cor- 
responding capacity.  Owing  to  its  increased  weight,  it  is  un- 
suited  for  normal  use  because  of  the  large  amount  of  gasoline 
and  oil  required  for  its  operation;  also,  factories  that  have 
given  free  use  of  their  patents  have  stipulated  that  the  new 
truck  was  to  be  for  government  use  only.  Deliveries  are  ex- 
pected to  begin  in  January,  and  35,000  trucks  are  to  be  made 
in  the  first  half  of  the  year. 

Roughly,  there  were  four  major  divisions  of  the  engineering 
work — those  relating  to  the  engine,  the  transmission,  the 
axles,  and  the  other  chassis  parts.  Each  was  manned  by  a 
corps  of  engineers  and  each  unit  represents  a  composite  of 
the  best  features  contributed,  rather  than  the  work  of  any 
one  individual.  In  developing  the  engine,  four  or  five  makers 
cooperated  by  dividing  the  different  parts  between  them,  one 
making  several  parts  not  only  for  itself  but  for  the  other 
engine  makers.  The  Continental  Motor  Mfg.  Co.  made  the 
cylinders,  gear-case  cover  and  many  small  parts,  such  as 
pumps,  bushings,  etc.  The  Waukesha  Motor  Co.  manufactured 
the  cylinder  heads,  crank-case,  intake  and  exhaust  manifolds, 
roller  push-rods,  etc.  The  Wisconsin  Co.  made  the  lower  part 
of  the  crank-case. 

The  Continental  Motor  Mfg.  Co.  received  blueprints  on  Sep- 
tember 9,  and  had  an  engine  running  within  19  days,  IS  hours 
later,  while  the  Waukesha  Motor  Co.  had  ts  first  engine  run- 
ning within  11  days,  7%  hours  from  the  time  the  blueprints 
reached  Its  factory.  These  companies  did  not  have  to  make 
all  tho  patterns  for  castings  or  tho  dies  for  torglnga.  sonio  of 
thoHo  having  been  made  previously,  but  thoy  had  to  do  moat 
of  the  machining  and  other  operations  on  the  parts.  To  make 
possible  tho  completion  of  the  iiiiKa  In  record  time,  tho  Park 
Drop  Forgo  (^o.  sank  the  dies  for  tho  crankshaft  In  seven  days, 
an  operation  which  Is  rarely  completed  In  pence  times  In  leas 
than  throe  weeks.  Tho  Worra  Aluminum  Castings  Co.  pro- 
duced tho  pattern  for  Ihe  main  crunkcaso  and  the  first  cast- 
ing In  five  dnya,  lliougli  uaually  from  tlirco  to  four  weeks  la 
required  on  much  smaller  Jobs.  Tho  Coiilliicntal  pattern  shop 
completed  the  pattern  for  the  cylinder  iiair.K  In   (lv(<  days 
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RULES  GOVERNING  THE  LENGTH  OF  UPSET  IN  TERMS  OF  BAR  DIAMETER 


EXPERIENCE  shows  that  at  least  three-fourths  of  the  fail- 
ures in  forging  machine  die  design  can  be  attributed  to 
disregard  of  one  or  more  of  the  fundamental  laws.  The 
only  apparent  way  to  make  such  a  subject  clear  is  by  illustra- 
tion; hence  this  information  is  presented  in  graphic  form,  with 
the  hope  that  it  will  be  of  value  to  men  in  the  shop,  and 
will  serve  to  reduce  the  expense  for  dies,  the  failure  of  which 
might  be  anticipated.  Throughout  this  article  the  plan 
is  followed  of  not  taking  into  consideration  unusual  methods; 
trick  heats;  welding  operations;  or,  in  fact,  any  laboratory 
methods  which,  while  possible  under  certain  conditions,  are 
impracticable  in  average  shop  practice.  Consequently,  while 
certain  statements  may  appear  to  be  too  limited,  they  will,  in 
the  main,  be  found  as  applying  to  average  conditions.  It  is 
possible  to  classify  the  majority  of  forging  machine  die 
problems  under  three  rules  or  headings,  which  are  as  fol- 
lows: 

RULE  1.  The  limit  of  length  of  unsupported  stock  that  can  be 
gathered  or  upset  In  one  blow  without  Injurious  buckling  Is  not 
more  than  three  times  the  diameter  of  the  bar. 

As  an  example,  by  reference  to  Fig.  1,  if  the  diameter  of 
the  bar  A  to  be  upset  is  one  inch,  then  the  length  of  unsup- 
ported stock  B  which  may  be  successfully  gathered,  cannot  be 
more  than  three  inches.  This  rule  applies  on  all  diameters  of 
stock.  As  three  diameters,  however,  is  practically  the  limit, 
it  is  best  to  keep  the  actual  working  limit  within  two  and  one- 
half  diameters;  and  where  it  can  be  done,  a  limit  of  two  diam- 
eters is  even  better,  as  then  less  attention  need  be  paid  to 
the  squareness  of  the  end  of  the  bar.  On  such  upsets,  as  the 
heading  tool  advances,  as  indicated  in  Pig.  2,  the  stock  will 
swell  uniformly  in  all  directions  from  the  axis  of  the  blank, 
and  it  can  be  carried  to  practically  any  thickness,  as  shown 
in  Fig.  3,  without  any  serious  tendency  to  upset  unevenly. 
It  is  immaterial  whether  the  stock  overhangs  the  face  of 
the  dies,  as  in  Fig.  1,  or  whether  part  of  the  stock  is  gathered 
in  the  dies  and  part  in  the  heading  tool,  as  shown  in  Fig.  4; 
whether  it  is  all  upset  in  the  gripping  dies,  as  in  Fig.  5,  or 
all  in  the  heading  tool,  as  in  Fig.  6 — the  fact  must  be  kept  in 
mind  that  such  conditions  represent  cases  where  the  stock 
is  unsupported,  and  hence  Rule  1  applying  to  three  diameters 
or  less  of  unsupported  stock  will  apply.  Many  simple  forgings 
come  under  this  ruling,  such  as  the  bevel  pinion  forging  shown 
in  Fig.  7;  the  grease  cup  spring  shackle  bolt.  Fig.  8,  or  the 
ring  forging  Fig.  9.  In  each  case,  the  distance  from  the 
heated  stock  to  the  inner  surfaces  of  the  gripping  die  im- 
pression or  the  heading  tool,  is  such  that  the  stock  is  in 
reality  unsupported. 

In  order  to  prove  the  dependability  of  Rule  1,  if  an  effort 
is  made  to  upset  a  length  of  stock  longer  than  three  diameters, 
instead  of  upsetting  uniformly,  as  shown  in  Rigs.  2  and  3,  the 
stock  will  buckle  at  a  point  near  the  middle,  and  result 
in  more  of  the  upset  forming  on  one  side  of  the  center  of 
the  bar  than  on  the  other.  As  an  example,  in  Fig.  10,  assum- 
ing that  the  diameter  of  the  bar  C  is'one  inch,  and  the  length 
of  unsupported  stock  D  is  four  inches,  then  when  the  heading 
tool  advances  the  stock  will  start  to  buckle,  as  shown  In  Fig. 
11,  and  after  it  has  once  started,  will,  of  course,  continue, 
as  illustrated  In  Fig.  12.  It  is  merely  an  application  of  the 
general  principle  that  under  pressure  given  lengths  of  any 
material  will  either  crush  or  bend.  It  is  impossible  to  cor- 
rect this  condition  by  varying  the  point  in  the  die  where  the 
upsetting  takes  place,  as  it  will  be  readily  seen  in  Figs.  13, 
14  and  15,  that  the  stock  will  buckle  regardless  of  whether 
It  is  upset  in  the  gripping  dies,  in  the  heading  tool,  or  part 
In  the  gripping  dies  and  part  in  the  heading  tool. 

RULE  2.  Lengths  of  stock  more  than  three  times  the  diameter 
of  the  bar  can  be  successfully  upset  In  one  blow,  provided  the 
diameter  of  the  upset  made  Is  not  more  than  one  and  one-half 
times  the  diameter  of  the  bar. 

This  rule  while  fairly  well  recognized  requires  a  clear  under- 
standing In  order  to  develop.  Its  practical   possibilities.     By 
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reference  to  Fig.  16,  assuming  that  the  diameter  of  the  bar 
E  is  one  inch,  the  length  of  stock  F  to  be  upset  is  six  inches, 
and  that  the  diameter  of  the  hole  6  in  the  die  is  not  more 
than  one  and  one-half  inch,  then  when  the  upsetting  begins, 
as  in  Fig.  17,  the  stock  will  at  once  buckle,  but  on  account 
of  the  limited  diameter  of  the  hole  G  the  stock  soon  comes 
in  contact  with  the  sides  of  the  die.  This  prevents  further 
buckling  in  this  direction,  and  any  additional  upsetting 
must  take  place  at  some  other  point.  The  stock  will  fre- 
quently be  found  to  buckle  at  several  points,  as  in  Fig.  17; 
but  as  the  heading  tool  advances,  the  stock  will  gradually 
fill  the  impression  in  the  die,  as  shown  in  Figs.  18  and  19, 
resulting  in  an  upset,  as  in  Fig.  20,  the  only  objection  being 
a  fin  around  the  end  of  the  upset.  If  a  forging  is  pro- 
duced in  a  die  in  which  the  diameter  of  the  hole,  as  at  H 
in  Fig.  21,  is  greater  than  one  and  one-half  times  the  diameter 
of  the  bar,  then  when  the  upsetting  begins  the  buckling  effect 
at  some  point,  generally  near  the  middle  of  the  unsupported 
stock,  as  at  /  in  Fig.  22,  is  sufficient  so  that  when  the  heading 
tool  continues  its  advance,  the  stock  on  the  opposite  side 
from  the  buckled  portion,  as  at  J,  Fig.  23,  will  "fold  in,"  and 
leave  a  defect  in  the  upset. 

As  in  the  case  of  Rule  1,  while  it  is  possible  to  make 
forgings  in  which  the  diameter  of  the  opening  in  the  die 
is  as  much  as  one  and  one-half  times  the  diameter  of  the  bar, 
nevertheless,  this  is  very  close  to  the  limit,  and  in  practice 
it  is  much  better  to  keep  the  diameter  of  the  upset  not 
more  than  one  and  three-tenths  times  the  diameter  of  the  bar. 
The  practical  application  of  this  law  is  in  the  ability  to 
gather  large  amounts  of  stock  by  repeating  the  principle,  as 
indicated  in  Fig.  24.  In  the  first,  or  top  impression,  the 
diameter  K  of  the  recess  in  the  die  is  not  more  than  one 
and  one-half  times  the  diameter  of  the  bar  L.  In  the  second 
impression,  the  diameter  of  the  recess  M  is  not  more  than 
one  and  one-half  times  the  diameter  of  the  previous  upset  2f. 
In  the  last  impression,  the  length  of  the  upset  0  is  well 
within  the  limit  of  Rule  1  regarding  unsupported  stock,  so 
that  no  limit  need  be  put  on  the  diameter  P  of  the  last  die 
impression.  This  principle  is  clearly  shown  in  Fig.  25.  in 
which,  in  both  the  fi^rst  and  second  operations,  the  diameters  of 
the  impressions  have  been  kept  within  this  limit.  The  same 
principle  applies  to  the  first  two  operations  in  the  upsets 
shown  in  Fig.  26.  In  upsets  where  the  length  of  stock  in 
the  first  operation  is  excessive  it  is  generally  necessary  to 
keep  the  end  of  the  bar  at  a  lower  temperature.  Where 
it  is  desirable  to  hold  carefully  the  size  of  some  upset  in 
which  the  stock  requirement  is  not  materially  over  three 
diameters  in  length,  if  the  diameter  of  the  impression  in 
the  die  is  made  not  more  than  one  and  three-tenths  times 
the  diameter  of  the  bar,  as  in  Fig.  27,  the  upset  formed 
will  be  free  from  fins  on  the  end  of  the  upset,  even  if  no 
special  care  is  taken  in  heating.  This  is  on  account  of 
the  fact  that  where  the  length  of  the  stock  is  not  more  than 
three  diameters,  the  upsetting  takes  place  quite  uniformly 
throughout  its  length,  and  any  buckling  being  limited,  the 
friction  of  the  stock  along  the  side  of  the  die  does  not  become 
a  factor.  The  forgings  shown  in  Figs.  28,  29  and  30  come 
in  this  class.  In  handling  all  upsets  requiring  more  than 
three  diameters  of  stock  the  fact  must  always  be  kept  in  mind 
that  the  stock  will  first  start  to  buckle  at  the  middle  of  the 
unsupported  portion,  and  as  a  result  somewhat  more  than 
one-half  the  stock  to  be  upset,  as  at  Q,  Fig.  31,  must  be  Inside 
the  Impression  In  the  die.  It  can  equally  well  be  In  a  taper 
or  straight  hole  In  the  heading  ram,  as  in  Figs.  32  and  33; 
but  it  is  useless  to  attempt  to  make  part  of  the  impression 
in  the  gripping  die  and  part  In  the  heading  tool,  as  in  Fig. 
34,  because  when  the  upsetting  begins,  as  in  Fig.  35,  the  stock 
will  buckle,  leaving  a  defective  forging  aa  shown  In  Fig. 
36.  To  attempt  to  support  the  end  of  the  bar  In  the  heading 
tool,  as  In  Fig.  37,  does  help,  but  the  final  result  will  be  a 
detective  forging  as  Indicated  in  Fig.  38  on  account  of  the 
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lack  of  support  near  the  middle  of  the  upset,  as  suggested  in 
Fig.  31. 

Among  the  various  ways  to  reduce  the  number  of  opera- 
tions required  to  make  large  size  upsets  or^  small  diameter 
bars,  attention  is  called  to  the  square  hole  scheme  as  shown 
in  Fig.  39.  Here  an  extra  amount  of  stock  is  obtained  in  the 
first  upset  by  making  the  first  impression  square,  instead  of 
round.  The  short  diameter  of  the  square  hole  R  is  made 
within  one  and  one-half  times  the  diameter  of  the  bar.  Con- 
sequently, the  sides  of  the  square  impression  in  the  die  sup- 
port the  bar,  and  keep  it  from  buckling;  but  the  greater 
area  of  the  square  hole  enables  a  larger  amount  of  stock 
to  be  gathered  than  would  be  possible  were  the  hole  round. 
The  next  impression  is  made  round,  and  the  diameter  of  this 
impression  S  can  be  one  and  one-half  times  the  long  diam- 
eter, or  in  other  words,  the  diameter  across  the  corners  of  the 
previous  square  upset.  The  square  corners,  by  coming  in 
contact  first  with  the  sides  of  the  die  impression,  also  pre- 
vent the  bar  from  buckling  and  allow  a  large  amount  of 
stock  to  be  gathered.  If  the  length  of  the  stock  as  it  leaves 
the  second  operation  has  been  shortened  sufficiently  to  come 
within  the  requirements  of  Rule  1,  it  can  be  formed  in  the 
last  operation  into  any  desired  shape  without  regard  to  the 
diameter  of  the  die  impression.  The  practical  application 
of  such  a  method  is  shown  in  Figs.  40  and  41.  Another 
method  of  increasing  the  amount  of  stock  that  can  be 
gathered  in  one  operation,  is  to  keep  the  diameter  of  the 
injpression  in  the  die  within  the  limit  of  Rule  2  for  a  dis- 
tance of  slightly  more  than  one-half  the  length  of  the  stock, 
as  indicated  at  T,  Fig.  42,  and  then  to  Increase  the  size  of 
the  opening  as  shown.  When  the  heading  tool  begins  to  upset 
the  stock,  it  will,  of  course,  buckle  at  T,  but  being  supported 
by  the  die  at  this  point,  and  by  virtue  of  the  fact  that  the 
friction  along  the  side  of  the  die  will  cause  the  forward 
end  to  upset  first,  the  stock  will  gradually  carry  back  in  the 
die  and  produce  a  uniform  upset,  as  shown  in  Fig.  43.  The 
use  of  this  method  is  also  indicated  in  Figs.  44,  45,  and  46. 

RULE  3.  In  an  upset  requiring  more  than  three  diameters  of 
stock  in  length,  and  In  which  the  diameter  of  the  upset  Is  one  and 
one-half  times  the  diameter  of  the  bar,  the  amount  of  unsupported 
stocl<  beyond  the  face  of  the  die  must  not  exceed  one  diameter  of 
the  stocl<. 

This  rule,  as  will  be  noted,  is  a  combination  of  Rules  1  and 
2.  As  an  example,  if  the  stock  to  be  upset,  as  in  Fig.  47, 
is  one  inch  in  diameter  by  six  inches  long,  and  the  diameter 
of  the  hole  in  the  die  is  one  and  one-half  inch,  then  the 
amount  of  stock  U  extending  beyond  the  face  of  the  die 
must  not  be  more  than  one  inch.  However,  if  the  diameter 
of  the  hole  in  the  die,  as  in  Fig.  4S,  is  reduced  below  one  and 
one-half  diameter,  the  length  of  the  unsupported  stock  beyond 
the  face  of  the  die  can  be  correspondingly  increased.  If 
the  diameter  of  the  hole  in  the  die  is  not  over  one  and 
one-fourth  times  the  diameter  of  the  stock,  the  amount  of  stock 
beyond  the  face  of  the  die  may  be  increased  to  one  and  one- 
half  times  the  diameter  of  the  bar.  This  rule  also  applies  to 
rases  where  the  upsetting  takes  place  in  either  straight  or 
taper  holes  in  the  heading  tools,  as  in  Figs.  49  and  50.  If 
an  effort  is  made  to  allow  a  greater  amount  of  stock  to  ex- 
tend unsupported  beyond  the  face  of  the  dies,  as  in  Fig.  51. 
the  stock  will  buckle  outside  of  the  dies,  as  shown  in  Fig.  52. 
It  will  be  readily  seen  that  such  a  limited  travel  of  the  heading 
tool  as  at  U,  Fig.  47,  would  not  provide  sufficient  stock  to 
(111  entirely  the  impression  in  the  die;  hence  in  view  of  the 
limited  heading  tool  travel  on  account  of  Rule  3,  many 
upsets  can,  to  advantage,  be  made  tapering,  as  indicated  in 
Fig.  53.  The  taper  upset  possesses  many  valuable  qualifica- 
tions, particularly  in  that  If  the  angle  of  the  taper  is  ap- 
proximately 4  degrees  on  each  side,  as  indicated  In  Fig.  51'.. 
the  Increased  diameter  of  the  upset,  as  the  heading  tool  S'l- 
vanccs,  increases  the  pressure  In  the  direction  of  the  bottom 
of  the  Impression  in  the  taper  tool,  and  more  fully  insures 
a  uniform  and  well  filled  upset.  Fig.  54  shows  how  pro- 
gressive taper  upsets  can  bo  made,  keeping  in  mind  in  each 
case  that  the  diameter  of  the  taper  hole  near  the  middle  of  the 
unsupported  portion  of  the  stock  must  bo  kept  within  the 
requirement  of  Rule  2.  A  largo  amount  of  stock  can  bo 
gathored  In  a  few  operations  by  this  method,  for  while  tlie  first 
die  Impression  Is  limited  to  the  size  of  the  bar.  thereafter 


it  is  the  dimensions  of  the  taper  upset  that  governs  the  size 
of  the  next  die  impression  and  not  the  diameter  of  the  bar. 
The  taper  upset  is  also  valuable  in  distributing  the  stock 
properly  at  the  desired  points,  such  as  at  the  base  of  final 
upsets,  in  more  easily  filling  a  large  flange,  as  in  Fig.  55, 
or,  by  inverting  the  taper  in  securing  the  advantage  of  filling 
the  outer  flange,  and  enabling  the  second  forming  tool  to 
more  easily  place  the  stock,  as  in  Fig.  5S. 

Another  form  of  die  having  great  possibilities,  but  whose 
limits  are  more  frequently  misunderstood,  is  the  sliding  die,  as 
shown  in  Fig.  57.  Such  dies  are,  of  course,  in  quite  general 
use,  and  are  invaluable  in  upsetting  stock  at  a  considerable 
distance  from  the  end  of  a  bar.  Rule  1,  however,  is  still  with 
us,  as  the  total  length  of  unsupported  stock,  measured  from 
the  bottom  of  the  die  impressions  as  at  Y,  must  not  exceed 
three  diameters  of  the  bar.  The  practical  application  of  this 
form  of  die  is  shown  in  Figs.  58  and  59.  In  case  the  length 
of  unsupported  stock  is  more  than  three  diameters,  as  shown 
in  Fig.  60,  then  both  Rules  2  and  3  must  be  kept  in  mind 
as  applying  to  the  relative  diameter  of  the  upset,  as  at  W, 
and  the  length  of  stock  extending  beyond  the  face  of  the  die, 
as  at  X.  Fig.  61  represents  a  failure  in  a  sliding  die,  as  the 
middle  of  the  stock  being  beyond  the  face  of  the  die,  and  hence 
unsupported,  would  buckle  as  indicated  in  Fig.  62. 

In  any  extensive  application  of  the  sliding  die,  it  is  gen- 
erally necessary  to  gather  stock  in  several  impressions,  and 
here  not  only  must  Rules  2  and  3  be  kept  in  mind,  but  it 
must  also  be  remembered  that  the  friction  along  the  side  of 
the  die  will  cause  the  upsetting  to  take  place  near  the 
front  end  of  the  die.  For  this  reason,  it  the  first  upset  is 
formed  in  the  rear  half  of  the  dies,  the  second  impression 
should  be  in  the  front  half;  the  third  impression  in  the  rear 
half;  the  fourth  impression  in  the  front  half,  etc..  in  order 
in  each  case  to  bring  that  portion  of  the  upset  which  natur- 
ally swells  the  most,  into  the  bottom  of  the  next  impression 
where  it  is  more  difficult  to  carry  it.  The  idea  is  shown  in 
Fig.  63. 

In  the  application  of  the  sliding  die.  Fig.  64,  an  upset  is 
made  in  the  sliding  portion  of  the  die,  and  another  at  the 
front  face  of  the  die  at  the  same  stroke  of  the  machine. 
Fig.  65  represents  a  double  sliding  die,  in  which  two  upsets 
are  formed  in  the  sliding  portions  of  the  dies,  and  in  which 
the  extreme  front  end  of  the  stock  is  squeezed  flat  at  the 
same  time.  Fig.  66  represents  a  double-deck  sliding  die 
in  which  the  stock  is  gathered  in  the  first  impression,  and 
the  forging  is  practically  cut  from  the  bar.  Upon  being 
lowered  to  the  final  impression  the  upsetting  is  completed, 
and  as  the  bar  is  turned  one-fourth  revolution,  the  forging 
is  severed  completely  from  the  bar. 


THE  ALUMINUM  INDUSTRY 
According  to  a  paper  by  F.  A.  Lidbury  in  the  Journal  of  the 
Western  i<ociety  of  Engineers,  the  most  important  single  elec- 
trochemical industry  in  point  of  power  requirements,  and  also 
in  point  of  value  of  product,  is  the  aluminum  industry.  So  far 
as  can  be  ascertained,  there  is  something  like  130,000  kilo- 
watts of  capacity  installed  in  this  country  at  present  for  the 
purpose  of  making  aluminum.  In  addition  to  these,  there  ap- 
pear to  be  about  60,000  kilowatts  either  being  installed  a) 
present  or  contemplated.  This  indicates  that  the  requirements 
of  the  aluminum  industry  alone  in  this  country  lie  between 
100,000  and  200,000  kilowatts.  The  demand  for  aluminum 
seems  to  be  increasing  every  year,  and  this  is  not,  to  a  great 
extent,  a  war  demand,  but  the  increase  has  come  about  by  the 
rapid  extension  of  the  general  uses  of  aluminum,  as,  for  in- 
stance. In  the  automobile.  Its  use  in  the  automobile  is  not 
only  direct,  but  Indirect,  and  includes  the  manufacture  of 
certain  steels  and  of  steels  of  a  nature  that  enables  small  light 
parts  to  be  used  In  places  demanding  great  strength  In  the 
automobile  where  a  few  years  ago  carbon  steel  of  much  greater 
dimensions  had  to  be  used. 


nra/.il's  exports  of  manganese  have  Increased  from   122.300 
tons,  In  1913,  to  503,130  tons,  In  1916. 
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MAKING  TOOL  DESIGNS-SATISFACTORY  DRAWING  PAPER-CHECKING  A  DRAWING 

BY  F.  B.  JACOBS  ' 


TO  the  average  man,  "efficiency"  brings  to  mind  an  elabo- 
rate series  of  motion  and  time  studies,  by  means  of  which 
production  is  increased  by  eliminating  all  useless  mo- 
tions and  routing  the  work  to  the  best  advantage.  The  selec- 
tion and  maintenance  of  suitable  tools  and  the  type  of  individ- 
ual entrusted  to  perform  specific  operations  are,  of  course, 
equally  important  factors. 

In  the  drafting-room,  however,  it  is  impossible  to  adopt 
time  and  motion  studies,  because  the  human  element  is  the 
all-important  factor  to  consider,  as  the  work  is  of  a  creative 
instead  of  a  productive  nature.  For  instance,  how  imprac- 
ticable it  would  be  to  limit  an  inventor  to  a  specified  amount 
of  time  in  which  to  design  a  machine  for  a  specific  purpose. 
Such  a  theory  would  be  impossible  to  put  into  practice,  as 
the  action  of  the  human  mind,  as  far  as  originating  ideas  is 
concerned,  cannot  be  governed  by  hard  and  fast  rules,  aside 
from  the  fact  that  a  healthy  individual  is  capable  of  putting 
forth  his  best  efforts  when  not  under  the  influence  of  an 
artificial  stimulant  of  any  kind  or  laboring  under  mental  un- 
rest of  an  abnormal  kind  caused  by  unpleasant  home  or  other 
social  surroundings.  Efficiency  in  the  drafting-room  is  prac- 
ticable, however,  if  we  confine  our  efforts  along  reasonable 
lines  wherein  efficient  results  are  the  outcome  of  the  sys- 
tematic handling  of  the  work  in  question  instead  of  attempt- 
ing to  set  a  stated  time  limit  for  the  production  of  a  given 
amount  of  work. 

The  opinion  seems  to  be  prevalent  that  any  old  place  where 
a  few  drawing  tables  can  be  spread  is  good  enough  for  the 
draftsman.  Why  this  idea  is  accepted  it  is  hard  to  say,  but 
an  inspection  of  the  tool-drafting  departments  of  many  large 
concerns  shows  that  a  poor  location  is  often  chosen.  One 
tool-designing  department  where  the  men  were  compelled  to 
work  by  artificial  light  day  in  and  day  out,  notwithstanding 
the  fact  that  the  concern  in  question  had  acres  of  idle  floor 
space  that  could  be  utilized,  was  located  in  this  place  because 
it  was  near  the  chief  engineer's  office  and  the  tool-room.  But 
■why  cause  the  tool  designers  to  suffer  continual  eye  strain 
•simply  to  accommodate  the  chief  engineer  and  the  tool-room 
foreman?  A  little  time  was  occasionally  saved  in  one  way. 
to  be  sure,  but  it  was  greatly  offset  by  the  inefficiency  that 
was  bound  to  result  from  the  tool  designers  continually  work- 
ing under  the  glare  and  heat  of  electric  lights.  Locating  the 
tool-designing  department  near  the  production  department  is 
another  detriment  to  effective  work;  the  continual  noise  and 
disturbance  is  nerve  racking,  to  say  the  least,  to  the  man  who 
Is  endeavoring  to  concentrate  his  mind  on  mathematical  and 
other  obtruse  problems  that  are  a  necessary  part  of  the  tool 
designer's  work. 

After  selecting  a  suitable  location  for  the  tool-designing  de- 
partment, where  unnecessary  noise  and  other  confusion  is 
eliminated  and  where  the  light  is  good,  the  next  question  to 
fwnsider  1b  the  means  of  getting  and  holding  the  best  tool 
designers  obtainable.  While  a  comparatively  inexperienced 
man,  a  trade-  or  correspondence-Bchool  graduate,  for  instance, 
can  be  readily  broken  In  as  a  tracer  or  detail  draftsman,  a 
good  tool  deBlgner  cannot  be  thus  obtained.  To  carry  on 
thiB  claiiB  of  work  BUccoBsfully  calls  for  long  experience  and 
broad  training,  which  Is  best  acquired  by  workluK  In  several 
manufacturing  c<!ntf-rB.  fJood  tool  dcBlgnorH  are  scane  and 
are  not  to  be  had  by  Hlmply  pulling  an  advcrll«ement  In  a 
dally  paper.  UesldeB,  It  cobIh  from  $100  to  $.'.00  to  break  In  a 
man  In  a  reBponslble  poBlllon.  bo  that  the  Burest  way  to  re- 
tain good  men  who  can  be  depended  on  Ih  to  make  their  Bur- 
roundlngg  bb  pleaBant  as  poBBlble  and  lo  pay  ihe  niaxlniuni 
waK<!H  for  a  jclven  locality.  It  1b  well  known  llial  ioni|)flenl 
maf-hlnlBlH  and  toolmakerB  will  not  slay  In  n  dark,  dirty  shop 
any  longir  than  Ib  nbMolutf-ly  nocoBHary,  and  llie  Banio  rub' 
holdB  good  with  the  tool  doBlgner,  for,  like  IiIh  brothorH  In 
the  shop,  he  has  generally  roamort  around  ii  lilt   and   knowH 

'A<1i1n>M:   W,  lUrTurtl  I'lar*,   Inillanaponn,   ln<1. 


what  constitutes  good  surroundings.  As  a  result,  the  con- 
cern with  uncongenial  surroundings  is  bound  to  retain  only 
the  incompetents,  while  the  better  workmen  seek  pleasanter 
situations.  Of  course,  all  men  should  be  loyal  to  their  em- 
ployers, this  being  one  of  the  fundamental  principles  of  suc- 
cessful cooperation  between  labor  and  capital;  nevertheless 
it  is  much  easier  to  remain  loyal  where  conditions  are  good. 

Methods  of  Making  Tool  Designs 

If  three  tool  designers,  each  of  recognized  ability,  are  given 
a  similar  piece  of  work  with  the  injunction  to  design  a  jig  or 
fixture  for  it,  three  totally  different  designs,  all  practicable 
no  doubt,  will  be  the  result.  This  is  caused,  of  course,  by 
each  one  following  his  own  inclinations,  and  if  a  fixed  stand- 
ard of  design  is  desired,  the  several  tool  designers  should  work 
under  the  supervision  of  a  chief  whose  ability  and  record  are 
known.  It  is  not  the  intention  to  convey  the  thought  that  all 
the  designer's  original  ideas  should  be  ignored,  but  when  the 
average  tool  designer  is  thrown  wholly  on  his  own  resources 
he  is  inclined  to  introduce  too  much  originality  in  his  efforts 
simply  for  the  purpose  of  stamping  his  work  with  a  mark  of 
personal  distinction,  as  it  were.  He  wishes  his  work  to  stand 
out  in  a  class  by  itself.  Thus  one  man  might  use  tapered 
dowel-pins,  while  another  prefers  straight  ones.  Again,  one 
man  might  use  flat-head  screws,  while  another  designates  hex- 
agonal-head cap-screws.  One  designer  might  favor  light  ribbed 
construction  for  jig  bodies,  while  his  neighbor  insists  on 
heavy,  plain  construction.  One  designer  may  prefer  to  fasten 
guide  blocks  on  the  bottom  of  milling  fixtures  by  means  of 
screws,  while  another  designs  the  blocks  integral  with  the 
base,  and  so  on.  It  is  evident  that  this  variance  of  ideas  is 
bound  to  lead  to  confusion,  notwithstanding  the  fact  that  all 
practicable  ideas  have  their  good  points,  so  where  it  is  desired 
to  maintain  any  kind  of  standard  it  is  necessary  for  the  chief 
designer  to  formulate  a  fixed  standard,  as  far  as  possible,  and 
insist  that  the  men  stick  to  it. 

The  work  of  the  tool  designer  consists  of  designing  tools 
and  fixtures  to  facilitate  the  duplication  of  machine  parts,  it 
being  understood,  of  course,  that  his  drawings  are  for  the 
purpose  of  conveying  full  and  clear  instructions  to  the  tool- 
maker.  It  has  been  truly  stated  that  a  man  nan  produce 
almost  anything  if  given  time  enough,  but  as  tool  designing 
is  an  expensive  branch  of  engineering  work  at  best,  wherein 
slight  errors  often  have  far-reaching  results,  it  is  necessary 
for  the  designer  to  proceed  along  practical  lines,  bearing  in 
mind  the  fact  that  he  is  not  the  only  person  to  be  suited. 

To  change  a  drawing  several  times  during  the  course  of  its 
(completion  Is  an  expensive  proceeding,  especially  if  the  lines 
have  been  drawn  in  heavily;  and,  besides,  the  appearance  of 
the  finished  drawing  looks  far  from  satisfactory  and  often 
makes  a  poor  print  In  cases  where  the  blueprint  is  made  di- 
rectly from  the  designer's  drawing.  To  the  end  that  un- 
necessary work  may  be  avoided,  It  is  a  good  plan  for  the  de- 
signer to  make  his  original  lay-out  with  light  lines,  which 
can  bo  easily  erased  if  necessary,  and  after  a  plan  and  two 
elevations  and  perhaps  a  section  have  been  sketched  In,  the 
work  should  ho  examined  by  the  chief  tool  designer. 

If  the  accoiitancf!  of  llio  design  rested  wholly  with  the  tool 
designer  and  the  chief  draftsman,  they  could,  no  doubt,  easily 
como  to  a  quick  agreement  aw  to  what  was  sultuhlo.  However, 
the  head  toolmaker,  efficiency  engineer,  production  engineer, 
Hhnp  foremen,  and  perhaps  a  few  others  are  also  Interosted  In 
the  tools  that  aro  to  bo  made  for  certain  purposes.  Thus, 
whi-ro  harmony  Ih  to  prevail,  which,  by  the  way.  Is  absolutely 
nocnHaary  If  clllclcnl  production  In  the  sliop  Is  desired,  every- 
one concerned  Hliould  lie  givc^i  an  opportunity  to  pass  on  the 
tool  (Ii-hIkiih  Huhmltlcd  before  the  drawlngR  aro  dotalled  and 
billed  out  to  the  lool-nioin.  ThcBo  toolcommltloo  luootlngB 
coiiHurnn  time,  to  bo  Biire,  but  when  several  men  got  together 
around  a  table  for  the  Hide  purpose  of  passing  on  the  merits 
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of  several  tool  designs,  the  general  discussion  o£  the  various 
points  involved  nearly  always  results  in  the  acceptance  of  effi- 
cient designs  and  the  rejection  of  poor  ones. 

Satisfactory  Dra^ving  Paper 

The  proper  kind  of  paper  to  use  for  making  tool  drawings 
is  a  question  upon  which  there  is  a  great  diversity  of  opinion. 
Heavy  white  or  buff  paper  is  sometimes  used;  and  while  this 
produces  a  very  neat  drawing,  especially  If  it  is  inked  in, 
there  is  the  extra  cost  of  making  a  tracing  from  which  the 
blueprint  for  the  tool-room  is  taken.  The  original  drawings 
are  sometimes  given  a  coat  of  white  shellac  and  then  sent  to 
the  tool-room;  while  this  eliminates  the  work  of  making  the 
tracing  and  blueprint,  the  original  drawing  is  often  nearly 
ruined  in  the  tool-room  through  contact  with  dirty  hands  and 
from  other  causes.  In  addition,  the  shellac  coating  makes  it 
difficult  to  change  the  drawing  later.  The  original  drawing  is 
sometimes  made  directly  on  tracing  paper,  but  this  material 
is  easily  torn,  and  as  tool  drawings  should  be  filed  away  for 
future  reference,  they  should  be  made  on  more  serviceable 
material.  In  many  up-to-date  drawing-rooms,  tool  drawings 
are  made  on  vellum  paper,  from  which  a  blueprint  is  taken. 
This  material  is  expensive,  compared  with  some  papers,  and 
to  the  beginner  it  is  a  little  difficult  to  work  on.  It  is  quite 
transparent,  however,  exceedingly  tough,  and  can  be  handled 
repeatedly  without  tearing,  that  Is,  of  course,  if  a  little  care 
is  used  in  handling  it.  The  drawings  can  be  made  either  in 
pencil  or  in  ink,  and  in  either  case  the  material  stands 
erasure  well  in  case  changes  are  necessary.  Ink  does  not 
seem  to  penetrate  it,  so  that  inked  lines  are  readily  removed 
with  an  ordinary  eraser  such  as  is  used  for  rubbing  out  pencil 
lines.  It  is  the  general  practice,  however,  to  make  the  draw- 
ing in  pencil  only,  and  if  a  medium  grade  of  lead  is  used,  say 
2  H,  the  lines  will  be  heavy  enough  to  make  a  good  blueprint. 

Checking  a  Drawing 

After  a  tool  drawing  is  completed,  it  should  be  checked  for 
errors,  for  «  slight  error  on  the  draftsman's  part  often  en- 
tails a  heavy  expense.  On  first  thought  it  would  appear  that 
a  competent  workman  should  not  make  mistakes,  but  the 
draftsman,  like  any  other  worker,  is  bound  to  make  an  error 
once  in  a  while.  Roughly  speaking,  there  are  three  methods 
used  in  checking  tool  drawings.  The  simplest  method,  per- 
haps, is  for  the  tool  draftsman  to  check  his  own  work,  being 
guided  by  a  simple  series  of  printed  or  typewritten  questions 
that  cover  the  errors  generally  made  by  the  average  drafts- 
man. This  method  is  not  very  satisfactory,  when  taken  as  a 
whole,  owing  to  the  fact  that  we  all  are  prone  to  overlook 
mistakes  on  our  own  part.  For  instance,  the  draftsman  might 
use  the  wrong  formula  in  his  calculations,  in  which  case  no 
amount  of  checking  will  disclose  the  error  until  the  correct 
formula  is  applied.  Mistakes  of  this  kind,  by  the  way,  are  of 
common  occurrence.  Another  method  is  to  have  one  man's 
work  checked  by  one  of  his  fellow-workers,  whose  work,  in 
turn,  is  checked  by  another,  and  so  on.  While  this  is  a  little 
better  than  individual  checking,  it  leaves  much  to  be  desired, 
owing  to  the  fact  that  in  every  drafting-room  there  are  a  few 
who  consider  themselves  a  little  smarter  than  their  fellow- 
workers,  and  when  given  a  little  authority  for  the  time  being 
they  make  themselves  obnoxious.  It  can  be  truthfully  said 
that  this  system  of  checking  often  causes  hard  feelings  among 
the  men,  which  state  of  affairs  has  a  tendency  to  lower  effi- 
ciency, for  the  individual  has  yet  to  be  borne  who  can  do 
his  best  work  while  feeling  grouchy,  whether  the  cause  is 
real  or  imaginary. 

The  most  satisfactory  method  is  to  employ  men  to  do  noth- 
ing but  checking.  One  checker  for  every  ten  tool  designers 
Is  a  reasonable  ratio  in  cases  where  the  checkers  devote  all 
their  time  to  checking  and  where  the  designers  can  be  de- 
pended upon  to  make  the  minimum  amount  of  errors.  A  re- 
liable checker  should  be  a  drafl.snian  of  wide  experience.  Not 
all  draftsmen,  however,  make  good  checkers,  as  this  work 
calls  for  qualifications  not  possessed  by  every  draftsman.  The 
checker  must  be  thorough  and  accurate,  fond  of  detail  by 
nature,  and  above  all  he  must  possess  diplomacy  to  a  marked 
degree  to  hold  the  good  will  of  the  men  whose  drawings  come 


under  his  inspection.  Since  the  checker  is  held  responsible 
for  errors  that  pass  him,  he  should  check  systematically,  being 
guided  by  accepted  rules.  There  are  many  systems  for  check- 
ing tool  drawings;  the  following  is  successfully  used  by  one 
of  the  largest  automobile  manufacturers  of  the  Middle  West: 

1.  Check  size  of  sheet. 

2.  Check  projections. 

A.  Check  center  lines. 

B.  Are  sections  properly  labeled? 

C.  Is  drawing  perfectly  clear? 

D.  Is  drawing  neat,  are  figures  plain,  and  will  it  make  a 

good  print? 

3.  Check  design. 

A.  Check  for  weight. 

B.  Check  for  weakness. 

C.  Check  for  molding,  forming,  or  forging. 

D.  Check  for  cheapness 

E.  Check  for  machining. 

F.  Check  for  interferences. 

G.  Check  for  assembling. 

H.     Check  for  undercuts,  fillets,  and  chamfers. 
I.     Are  bosses  large  enough? 

4.  Check  for  dimensions. 

A.  Check  for  correct  dimensions. 

B.  Check  for  arrowheads. 

C.  Check  for  scale. 

D.  Check  tor  duplicate  dimensions. 

E.  Check  for  standard  drills  and  reamers. 

F.  Are  all  necessary  dimensions  given? 

G.  Are  all  necessary  finish  marks  given? 

5.  Check  title  block. 

A.  Check  title  of  drawing. 

B.  Check  material. 

C.  Check  number  of  parts  required. 

D.  Check  order  number. 

E.  Check  operation  intended  for. 

F.  Check  machine  to  be  used  on. 

G.  Check  date. 

H.     Check  draftsman's  signature. 

6.  General  notes. 

A.  Are  all  parts  necessary  to  complete  unit  detailed? 

B.  Can  any  detailed  parts,  such  as  nuts,  screws,  etc.,  be 

purchased? 

C.  Are  chucking  rings,  pot  castings,  or  machining  lugs 

necessary? 

D.  Is  necessary  material  called  for  in  stock? 

The  checker  should  order  all  necessary  changes  by  writing 
them  on  a  slip,  which  is  handed  to  the  draftsman  together 
with  the  drawing  that  has  been  checked.  The  draftsman  then 
makes  the  necessary  changes,  checking  off  the  items  on  the 
slip  as  he  makes  his  alterations.  While  the  checker  should 
have  the  authority  to  order  such  changes  as  are  necessary,  he 
should  exercise  diplomacy  not  to  abuse  this  authority.  As 
an  illustration,  the  heading  "Check  design"  does  not  imply 
that  the  checker  has  unlimited  authority  to  order  the  drafts- 
man to  change  the  design  for  one  that  happens  to  suit  him  a 
little  better..  If  the  design  approved  by  the  chief  draftsman 
and  tool  committee  is  practicable,  the  checker  should  let  it 
stand,  bearing  in  mind  the  fact  that  it  is  sometimes  a  good 
plan  to  let  well  enough  alone.  While  it  goes  without  saying 
that  a  reliable  checker  does  as  much  as  any  one  other  person 
in  the  tool-drafting  room  to  promote  efficiency,  he  should  not 
take  himself  too  seriously.  He  has  a  certain  amount  of  au- 
thority, to  be  sure,  but  he  should  not  abuse  this  authority  by 
ordering  slight  changes  just  for  the  sake  of  making  others 
obey  orders. 

A  whole  book  on  efficient  tool  designing  could,  no  doubt, 
be  written  if  one  could  spare  the  time  and  were  reasonably 
sure  of  finding  a  publisher  who  would  consider  the  manu- 
script. After  all  is  said,  however,  efficiency  in  the  tool- 
designing  department  consists  mainly  in  having  a  fixed  sys- 
tem, working  to  the  same,  and  following  a  few  simple  details 
as  Illustrated  In  this  article. 


The  British  government  has  decided  that  the  construction 
of  the  proposed  tunnel  under  the  British  channel  Is  not  to  be 
proceeded  with  until  after  the  war.  The  tunnel  could  not  be 
completed  so  as  to  be  of  any  particular  assistance  during  the 
war.  Had  such  a  tunnel  been  ready  at  the  beginning  of  the 
war,  however,  it  might  have  been  of  considerable  value;  but 
the  present  time  would  be  Inopportune  for  the  beginning  of  so 
great  an  undertaking. 
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OPERATING  INSTRUCTIONS  FOR  ROBBING  MACHINES 


INSTRUCTIONS  FOR  GOULD  &  EBERHARDT  72-  BY  20-INCH  AUTOMATIC  SPUR  AND  HELICAL   GEAR    HOBBING  MACHINE 

BY  ROBERT  E.   NEWCOMB  ' 


Fosilion 

Df  Cutler 

Reverse 

Kneb 


Direction  of  Rotation 
of  Table  and  Hob, 
also  Position  of 
Swivcting  Head 


Fig.  1.  A|.  B,,  C|.  D,.  Lndes;  or  Dividing  Gears;  A,.  B, 
Gears;  A,,  B,.  Cutter  Speed  Gears;  F,  Pin  to  set  Machine  Jor  cutting 
Spur  and  Helical  Gears  (Pin  in  Upper  Hole  for  Spur  Gears) ;  H,  Crank 
Handle  for  imparting  Hand  Movement  to  Stanchion;  EL,  Knob  for 
reversing  Direction  of  Cutter  Rotation 

DETAILED  Instructions  for  the  guidance  of  operators  ot 
the  Gould  &  Eberhardt  72-  by  20-inch  automatic  spur 
and  helical  gear  hobbing  machine  are  given  in  the  fol- 
lowing article.  These  instructions  were  developed  at  the  Deane 
Steam  Pump  Works  of  the  Worthington  Pump  &  Machinery 
Corporation  at  Holyoke,  Mass.  They  have  been  found  sufR- 
ciently  explicit  so  that  men  with  no  experience  in  the  opera- 
tion of  gear-hobbing  machines,  but  with  average  mechanical 
ability,  have  been  able  to  produce  satisfactory  results. 

1.  Place  the  hob  cutter  on  the  cutter-arbor  and  secure  it 
by  means  of  the  nut.  Set  a  space  of  the  cutter  central  and 
to  coincide  with  the  cutter-setting  gage  in  the  swivel  slide 
(Fig.   10).     Setting  the  space   ot   the   cutter   central   is   very 

important,     especially     when  

cutting  gears  having  less  than 
thirty  teeth.  It  is  good  prac- 
tice to  set  a  different  space 
central  for  each  gear,  as  this 
will   eliminate   uneven   wear. 

2.  To  set  the  cutter,  the 
nuts  on  the  spindle  bearing 
are  loosened.  The  cutter- 
spindle  bearings  are  then  ad- 
justed lengthwise  by  means 
of  small  adjusting  screws,  un- 
til the  apace  matches  exactly 
with  the  cutter-setting  gage. 
Then  the  spindle  bearing  boUs 
are  securely  fastened  and  the 
cutter-setting  gage  withdrawn 
from  the  cutter. 

?,.  The  swivel  slide  Is  now 
adjusted  to  the  proper  angle 
for  the  gear  to  be  cut,  accord- 
ing to  Instructions  In  Figs,  '.i 
and  4.  ThcHO  charts  give  the 
proper  position  of  the  culler 
In  relBllon  to  the  perpen- 
dl'ular,  which  depends  upon 
whether  the  cutter  Is  right- 
or  loft-hnnd,  and  whether  the 
gear  Is  a  spur  gear  or  n  right- 
or   loft-hnnd    helical    gonr. 

I    t>rrini>  Hli-«rn  Pump 

'.  .,rihln»i'in  I'liDip  * 
.iii.ti,  llol;<ik»,  Mau 
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Probltm  -RIglil  Hand  Splcal  Gear,  00  leoth,  I  li  Normal  dit.  pilch  or  pilch  ol  Hob 
30*8plraUngl«  ol  G«it,  Right  Hand  Hob  (B**  4°)-roed-O.I2''por  rivolulliin  ul  talilci. 
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B,,   C,.    D,,   Index  or  Dividing   Gears;   A,,   B,,   C,,  D,,   Feed 
Gears;   A,.,   B,..   C,,,   D,.,   Lead   Change-gears;   A^,  B,,  Cutter  Speed  Change- 
gears;  F,  Pin  in  Lower  Hole  for  hobbing  Helical  Gears;  H,  Crank  Handle 
for  Hand  Movement  of   Stanchion;   RL,    Knob  for  reversing  Direction  of 
Cutter  Rotation 

4.  The  gears  to  rotate  the  cutter  in  the  forward  direction 
are  then  engaged  by  shifting  the  cutter  reverse  knob  RL  at 
the  back  ot  the  machine,  Fig.  12.  For  position  of  cutter  knob 
for  spur  gears,  refer  to  Fig.  4,  and  for  helical  gears,  refer 
to  Fig.  3. 

5.  The  workmaudrel  is  now  inserted  in  the  work-table,  and 
the  blank  placed  on  it  and  securely  fastened,  care  being  taken 
to  see  that  the  hole  and  the  face  of  the  blank  by  which  it  is 
clamped  are  entirely  free  from  all  dirt  and  burrs,  and  that 
the  blank  is  ot  proper  diameter.  For  gears  of  small  diameter, 
use  the  outer  support  arm  shown  in  Fig.  8.  For  gears  of  large 
diameter,  remove  the  outer  support  arm,  and  support  the  gear 
blank   rigidly   at   the   rim,   using   the   segment   rim    supports. 

6.  Now  test  the  gear  blank 
for  concentricity  with  a  test 
indicator,  and  make  sure  that 
the  periphery  revolves  per- 
fectly true  with  the  hole. 
This  is  important,  and  is 
necessary  to  obtain  smooth 
running  gears. 

7.  Lower  the  cutter-slide 
by  power  until  the  center  of 
the  cutter  is  opposite  the  face 
ot  the  gear  blank.  This  is  ac- 
complished by  moving  lever 
('  on  the  riglit-hand  side  ot 
the  machine.  Fig.  12,  to  en- 
gage the  cutter  traversing 
iiicchanisin  and  then  operat- 
ing lover  D  at  the  right  of  the 
machine  to  connect  with  the 
power  nioclmnlsm. 

,S.  Adjust  the  Blainhiim  to- 
ward the  Kour  blank,  until 
tlio  outside  diameter  of  the 
cuttur  Just  grazes  the  periph- 
ery of  the  gear  blank.  This 
Is  ncconipllshoil  by  moving 
lover  G  to  uiigiigo  the  stan- 
chion traversing  mo<!hanl8m 
anil  tlicm  operating  lover  D 
to  (■oiincct  with  llio  power  of 
I  lie  iiic'i'liniilHiii.  Take  care 
lliiil    IJK'   lihiiiU    Ih   mil    cut  by 
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[  3.  Data  anil  DIairaina  for  Arranimnint  of  Ciiltnrhnacl,  Hob  ar 
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Note:  For  Spur  Gears  ff=  B  =  Helical  Anoleol  Hob  and  is  slarnped 

in  Hob.- For  Worm  Gears  set  the  Hob  horiionlal.lliai  is  make  <r=0 

EXAMPLE: 

Problem-Spot  Gear  90  leeth,  Righl  Hand  Hob 

B  =  4- Feed  =  0. 1 2 'per  revololion  of  table. 
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Tig.  4,     Data  and  Dia^ams  for   Arrangement   of   Cutter-head.   Hob   and 

Gears  for  cutting  Spur  Gears.     Note;  For  cutting  Spur  Gears, 

Pin    F.    Fig.    1,    is    inserted    in    Upper    Hole 

the  cutter  while  making  this  adjustment.     Loosen  stanchion 
bolts  before  adjusting  stanchion. 

9.    The  cutter  is  now  raised  above  the  upper  edge  of  the 
gear  blank  similar  to  the  way  in  which  it  was   lowered,  as 

Qould  and  Eberhordf7^'xe{> 'y^Jz^^cr  .^'obb.-.Tg  . y'cch. n^ 


Spur  and  Hehca!  afar  C^ 
end  lis-'  : 
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Vriyer^  '  2'- 


'eea  bears  ana  reec  ^rc, 
:  -l-e  an  t^Jtine 
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i'ar.es  ana  ijicgrcrns  '-or 
Gould  and flberhcrdf  7Z''^a'>/!t'^6ear,'iohij/7^,'i'^hm£ 

'ffoMf  IV  and  Crcum{ereniiaL3pegdsof£uiters 


described  under  Step  7.  The  stanchion  is  now  adjusted  for 
the  proper  depth  of  tooth  by  means  of  crank  handle  B.,  Fig.  2, 
on  the  right-hand  side  of  the  machine.  The  proper  depth  can 
be  read  from  the  dial  provided  near  the  lead  gears  at  the 
point  marked  B.  The  setting  of  the  gear  blank  for  the  proper 
depth  as  outlined  should  not  be  relied  upon  to  give  the  proper 
thickness  at  the  pitch  line.  The  thickness  of  tooth  at  the 
pitch  line  should  be  carefully  calipered  with  a  tooth  gage  or  a 
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Diacram  ■bowing  Proper  Selection  of  Index  or  Divuling   Ooa 
Feed  Obance-Keari  and  Cutter  Speed  Chance-geara  for  the 
Spur  Oear  Problem 
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Fifr.  e.     Dianram  showing  Proper  Selection  of  Index  or  Dividing  Gears. 

Food    Change-gears    and    Cutter   Speed    Change-gears   for 

Helical   Gear   Problem 

Brown  &  Sharpe  gear-tooth  caliper.  This  measuring  should 
be  done  when  the  center  of  the  cutter  has  Just  passed  the 
upper  edge  of  the  blank.  When  the  stanchion  has  been  ad- 
Justed  to  give  the  proper  thickness  of  tooth  at  the  pitch  line. 
It  should  be  rigidly  secured  to  the  base  by  the  bolts  provided 
for  the  purpose. . 

10.    The  feed  gears  are  now  selected,  as  per  Instructions 
In  Table  2,  and  located  with  proper  relation  to  each  other,  as 
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indicated  in  Fig.  4  for  spur  gears,  and  in 
Fig.  3  for  helical  gears.  Make  sure  the 
index  and  lead  gears  are  properly  set  be- 
fore feed  stop  and  start  plunger  E,  Fig.  12, 
is  engaged. 

11.  The  feed  to  the  cutter  is  now  en- 
gaged by  raising  the  feed  stop  and  start 
plunger  E  at  the  right-hand  side  of  the 
machine.  Take  care  to  have  lever  G  in  its 
proper  position  for  feeding  the  cutter-slide. 
The  feed  stop  and  start  plunger  E  should 
not  be  raised  with  lever  G  in  the  position 
for  the  stanchion  traverse  (except  as  stated 
later  for  worm-wheel  bobbing)  until  the 
bolts  on  the  stanchion  are  loosened. 

12.  The  feed  trip-dog  G  at  the  left  of 
the  machine  is  next  adjusted  to  stop  the 
machine  when  the  teeth  in  the  gear  blank 
have  been  completed.  The  feed  trip-rod 
operates  a  clutch  in  the  pulley  and  stops 
the  entire  machine.    To  again  connect  the 


clutch,  lever  B  is  operated  to  the  left  and  the  belt  moved  by 
hand  until  the  clutch  teeth  engage.  Do  not  try  to  throw  the 
clutch  lever  B  into  engagement  while  pulley  is  revolving 
rapidly. 


Instructions  for  Cutting-  Spur  Gears 
The  following  gives  instructions  for  set- 
ting the  hob,  cutter-arbor,  index  dividing 
gears  and  feed  change-gears  for  cutting 
spur  gears.  For  example,  suppose  it  is  re- 
quired to  cut  a  "steeline"  spur  gear  of  90 
teeth  and  1%  nominal  diametral  pitch, 
with  a  right-hand  hob  having  an  angle 
B  =  4  degrees. 

1.  Refer  to  Table  1  for  index  dividing 
gears;  find  for  90  teeth  the  dividing  change- 
gears  and  arrange  as  indicated  in  Figs.  1 
and  4. 

2.  Refer  to  Table  2  tor  feed  change- 
gears  and  find  for  a  steeline  spur  gear  the 
feed  change-gears  and  arrange  as  indicated 
in  Figs.  1  and  4. 

3.  Throw  lever  F,  Fig.  1,  into  spur  gear 
position. 

4.  Refer  to  Table  4  for  cutter  speeds, 
and  assume  that  the  cutter  diameter  corre- 
sponds to  that  given  in  the  table  for  1%  nominal  diametral 
pitch,  namely,  IV2  inches;  assume  that  60  feet  per  minute  is 
the  desired  cutting  speed.  Then  the  hob  should  make  30  revo- 
lutions per  minute.    Now  refer  to  the  cutter-speed  index-gear 


Diagram    explaining    Nomenclature 


I 

m 

rig.  8.     General  View  of  Oonld  &  Eberharrit  72-  by  20-lnch  Automatlo 

Spur  and  Helical  Gear  Hobhing  Machine  taken  from  Front 

of  Uacbine 

Nomenclature  (Bee  Fitf.  7) 

iV  =  number  of  teeth  to  be  cut; 

P''  =  diametral  pitch  of  gear; 

normal  diametral  pitch  of  gear; 

circular  pitch  of 


P'  = 

P"'  = 


gear; 
=  normal   circular 

pitch  of  gear; 
=  linear  pitch; 
=  angle    o(    helix 

with  axis; 
=  angle  marked  on 

helical  cutter; 
-  angle  to  net  cut- 
ter; 
=  addendum    of 

tooth; 
=  number     of 

threads  In  bob; 
=  dlfferencn      b  c  ■ 

twevn  1  and  the 

reHult    of    proof 

formula; 
==ratlo    of    lead 

genrln«. 


Fig.  9.     View  of  Machine  shown  in  Fig.  8  taken  from  Side  and  showing 

Location    of   Pulley    Clutch   Lever  B.    Feed    Trip-dog   G    and 

In-feed    Trip-dog   I 

tag  located  to  the  left  of  the  cutter-speed  change-gear  studs 
and  select  the  change-gears  that  will  give  revolutions  of  the 
cutter  corresponding  closely  to  30  revolutions.  In  this  in- 
stance, we  select  change-gear  A  with  24  teeth  and  change- 
gear  B  with  36  teeth. 
For  convenience,  the 
cutter-speed  gear  table 
i.s    given    below: 

Outter  Speed  Table 
Hours  for  Cutter  Speeds 


ir. 

16 

44 

19 

IS 

42 

22 

20 

40 

26 

22 

38 

30 

24 

36 

3r, 

26 

34 

41 

29 

31 

■IS 

31 

29 

r.7 

3t 

20 

6S 

36 

24 

l(.  10.  Mfithml  of  uaing  Hoh-anttl 
•iTlox  on  M-lnrh  Ootil'l  *  Eh«rliai 
Automatic    Oaarhobblni    Maohlna 


rig.    11.     Vlnw   of    Mci.lllnn 
of   In-foad   Trip  .lort    I.    V. 
VemUr 


5.  Refer  to  the  third 
coluniM  In  Fig.  4  tor 
llio  position  of  the  cut 
ter   rovorRo   knob. 
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6.  Refer  to  the  fourth  column  in  Fig.  4  for  the  position  of 
the  swiveling  cutter-head  and  hob,  and  also  for  the  direction 
of  rotation  of  the  work-table  and  hob.  In  this  case  the  swivel- 
ing cutter-head  must  be  set  on  the  left  side,  making  an  angle 
with  the  plane  of  the  work-table  that  is  equivalent  to  the 
angle  of  the  thread  of  the  hob  and  is  generally  found  stamped 
on  the  end  of  the  hob.    Angle  B  in  this  case  is  4  degrees. 

7.  Set  cutter-feed  trip-dog  G,  Fig.  12,  so  that  the  cutter  feed 
will  be  disengaged  when  the  gear  has  been  cut  through. 

Instructions  for  Cutting  Worm-grears 
In  bobbing  worm-wheels,  the  hob  cutter  should  be  an  exact 
duplicate  of  the  worm  except  in  outside  diameter.  The  hob 
is  set  with  its  axis  perpendicular  to  the  axis  of  the  worm-wheel 
blank  and  then  fed  toward  the  blank  until  the  full  depth  of 
the  tooth  is  reached.  The  method  of  cutting  worm-gears  by 
the  above  process  is  the  same  as  employed  for  spur  gears  with 
the  following  exceptions: 

1.  The  swiveling  cutter-head  must  be  in  a  horizontal  posi- 
tion so  that  the  axis  of  the  hob  will  be  perpendicular  to  the 
axis  of  the  worm-wheel  blank,  instead  of  occupying  the  posi- 
tion required  by  Step  6  under  the  spur  gear  instructions. 

2.  To  operate  the  stanchion  feed,  disengage  the  vertical 
feed  of  the  hob  cutter  by  throwing  lever  C  into  the  stanchion 
traverse  position. 

3.  Throw  lever  F,  Figs.  1  and  12,  into  spur  gear  position. 

4.  The  stanchion  feed  is  engaged  by  raising  the  feed  stop 
and  start  plunger  E.  Note  that  the  stanchion  binding  bolts 
must  be  loose  when  feeding  the  stanchion. 

5.  To  feed  toward  the  work,  select  feed  per  revolutions  as 
dictated  by  best  judgment  for  the  material  to  be  cut  and  then 
approximate  that  as  closely  as  possible,  selecting  the  change- 
gears  from  the  "in-feed  plate"  tag  located  to  the  left  of  the 
driven   feed  gear  on  the  feed-gear  side  of  the  machine. 

Worm-gear  Cutter  Feed  Gear 


In-feed  per  Revo- 

Driver 

1st  Comp. 

2d  Comp. 

Drive 

lution  of  Blank 

A 

B 

C 

D 

0.0030 

24 

24 

96 

97 

0.0040 

24 

24 

96 

75 

0.0052 

24 

30 

96 

75 

0.0067 

24 

48 

96 

90 

0.0085 

24 

51 

96 

75 

0.0105 

24 

63 

96 

75 

0.0127 

24 

60 

96 

60 

0.0152 

24 

57 

75 

60 

6.  Set  stanchion  trip-dog  /.  Figs.  9,  11  and  12,  to  automati- 
cally stop  stanchion  feed  at  the  proper  center  distance. 

7.  A  scale  and  vernier  is  provided  at  J,  Fig.  11,  to  deter- 
mine the  center  distance  between  the  work  and  arbors.  It 
should  be  recalled  that  feeding  the  hob  toward  the  worm-wheel 
blank  in  this  manner  does  not  form  a  theoretically  correct 
tooth,  because  the  theoretical  helix  angle  is  constantly  chang- 
ing, due  to  the  changing  center  distances.  Since  the  helix 
angle  is  constantly  changing,  the  hob  cuts  away  portions  of 
the  tooth  that  are  necessary  to  give  perfect  contact  with  the 
worm.  Theoretically  correct  worm-gears  may  be  generated 
with  a  fly  cutter  or  with  a  straight  or  taper  hob,  preferably  a 
taper  hob,  fed  in  a  plane  perpendicular  to  the  axis  of  the 
worm-wheel  blank.  For  a  complete  description  of  methods 
of  cutting  worm-wheels,  see  Chapter  X  of  "Spiral  and  Worm 
Gearing,"  published  by  The  Industrial  Press,  New  York  City. 
When  proper  hobs  are  not  available  and  emergency  requires 
prompt  cutting  of  a  worm-wheel,  an  approximation  may  be 
cut  by  using  the  ordinary  spur  gear  hob,  provided  it  has  the 
proper  rack  tooth  section.  To  use  the  ordinary  spur  gear  hob, 
set  the  machine  the  same  as  usual  for  cutting  worm-gears, 
but  the  swiveling  cutter-head  must  be  set  with  relation  to  the 
axis  of  the  work  so  that  the  helix  of  the  hob  is  parallel  with 
the  helix  angle  of  the  worm  measured  at  the  pitch  line.  For 
example,  assume  the  helix  angle  of  the  worm  measured  at 
the  pitch  line  =  a  =  30  degrees  and  the  helix  angle  of  the 
spur  gear  hob  =  B  =  4  degrees;  then  the  swiveling  cutter- 
head  should  be  set  at  an  angle  with  the  work-table  equal  to 
a'  =  a  —  B  =  30  —  4  =  26  degrees. 

Instructions  for  Cutting:  Helical  Gears 
The  following  gives  instructions  for  setting  the  hob,  cutter- 
arbor,  index  dividing  gears,  feed  change-gears  and  lead  change- 
gears  for  cutting  helical  gears.  For  example,  suppose  it  is 
required  to  cut  a  right-hand  30-degree  steel  helical  gear  of 
90  teeth  and  IV2  normal  diametral  pitch,  with  a  right-hand 
hob  having  an  angle  B  =  4  degrees. 

1.  Select  and  arrange  the  index  dividing  gears  the  same 
as  for  spur  gears.  Step  1. 

2.  Select  and  arrange  the  feed  change-gears  the  same  as 
for  spur  gears.  Step  2,  but  base  feed  on  steel  instead  of 
"steeline,"  and  also  select  a  feed  corresponding  to  the  proper 
spiral  angle. 
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3.  Refer  to  Table  3  of  lead  change-gears,  and  select  for 
1%  normal  diametral  pitch,  30-degree  spiral  gear  angle  the 
lead  change-gears  and  arrange  as  shown  in  Fig.  3. 

4.  Select  and  arrange  the  cutter  speeds  the  same  as  for 
spur  gears,  Step  4. 

5.  Throw  lever  F,  Figs.  2  and  12,  into  helical  gear  position. 

6.  To  set  cutter  reverse  knob,  refer  to  Fig.  3,  third  column 
from  left. 

7.  To  set  swiveling  cutter-head,  refer  to  Fig.  3,  fourth  col- 
umn from  left,  where  will  also  be  found  instructions  for  direc- 
tion of  rotation  of  work-table  and  hob.  In  this  case  the  swivel- 
ing cutter-head  must  be  set  on  the  right  side,  making  an  angle 
with  the  plane  of  the  work-table  which  is  equivalent  to  the 
spiral  angle  of  the  gear  =  a  less  the  thread  angle  of  the 
hob  =  B. 

8.  To  cut  a  left-hand  helical  gear  with  the  same  hob,  the 
swiveling  cutter-head  must  be  set  on  the  left  side,  making 
an  angle  with  the  plane  of  the  work-table  which  is  equivalent 
to  the  spiral  angle  of  the  gear  =  a  plus  the  thread  angle  of 

the  hob  =  B. 

«     *     * 

CRITICIZING   THE   DESIGNER 

BT  DONALD  A.  HAMPSON  ' 


It  seems  to  be  one  of  the  fundamental   traits   of  human 
nature  to  criticize,  and  men  engaged  in  the  machine  business 
are  no  exception  to  the  general  rule.     Criticism  is  all  right  in 
its  place;    indeed,  it  is  often  the  whip  that  spurs   us   on   to 
better  efforts  and  finally  brings  success  out  of  our  failures. 
To  criticize  poor  workmanship  is  but  just  to  all  concerned; 
to  criticize  a  person's  best  efforts  without  qualifying  the  re- 
marks  or  considering  the   obstacles   that   it   may   have   been 
necessary  to  overcome  is  certainly  unjust.     In  line  with  the 
latter  the  designer  of  tools  and  machinery  comes  in  for  his 
full  share  of  unfairness.    Every  day  we  hear  someone  say  in 
criticism  of  some  piece  of  machinery,  "Why  didn't  he  do  it 
this  way?"  or,  "If  he  had  only  made  a  different  kind  of  latch, 
a  man  could  get  the  pieces  in  and  out  of  the  jig,"  and  the 
remark  is  usually  ended  with,  "I  would  have  made  it  so  and 
so  at  the  start  and  avoided  that  trouble."    Now  the  truth  is 
the  designer  is  up  against  more  than  he  is  given  credit  for. 
The  man  who  can  see  in  his  mind  the  completed  device  while 
making  the   first  pencil  marks   is   exercising  his  brain  to  a 
far  greater  extent  than  the  man  who  calmly  suggests  a  minor 
change  after  he  has  seen  the  other's  work.     And  yet  uncon- 
sciously we  put  the  critic  down  as  a  smart  man  and  the  de- 
signer as  a  sort  of  botch.     When  a  piece  is  completed,  the 
preliminary  work  does  not  show,  the  conditions  under  which 
the  designer  labored  are  not  apparent,  the  lack  of  data  and 
time  given  him  and  the  absence  of  similar  work  in  the  same 
line  with  which  to  make  a  start  are  not  considered.    A  typical  _ 
case  of  criticism  will  show  just  these  points.    It  is  one  that 
is  familiar  to  designers  who  develop  for  inventors.     An  in- 
ventor conceived  the  Idea  of  a  machine  for  wrapping,  folding 
and  addressing  magazines,  printing  the  names  from  a  celluloid 
stencil  that  was  to  be  handled  by  means  of  suction  applied  at 
definite  points  and  set  to  suit  the  particular  issue.    The  one 
thing  really  "Invented"  was  the  air  handling  of  a  stencil  of  a 
given  material.    With  this  as  a  basis,  the  Inventor  went  to  a 
designer  with   instructions  to  lay  out  the  machine— nothing 
else.     The  designer  had  little  to  work  from  outside  of  Wiese 
meager   Instructions  and   the   knowledge   picked    up,   by   good 
luck,  from  the  failures  of  several  other  machines  built  to  do 
practically  the  same  work.    In  the  course  of  six  months,  the 
blueprints  were  ready  to  go  to  the  shop. 

The  machine,  when  built,  was  a  model  of  good  doslgnlng. 
and  If  It  had  worked  as  well  "loaded"  as  when  running  "llglit," 
It  would  have  been  a  complete  buccchh,  Also  It  would  have 
surprised  any  man  of  experience  In  the  special  machinery 
field;  but  not  the  Inventor.  lie  could  not  under8tan<l  why  his 
stencils  did  not  handle  properly,  why  a  nmKazlne  would  hr 
skipped  sometimes,  why  the  wrapping  paper  got  tangled  up 
Ho  was  sure  his  scheme  was  all  right,  but  ho  was  afraid  tin- 
designer  hod  bungled  the  arrangement.  The  doHlgnor  siig 
Rested  certain  changes  after  seeing  the  iniKhlni'  run   wlili-li, 
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with  many  others,  were  tried  out,  and  in  the  course  of  two 
years  the  machine  was  ready  for  the  market.  Today  that  ma- 
chine is  the  best  in  the  field,  taken  all  around,  and  does  Its 
work  to  a  purchaser's  satisfaction.  But  an  examination  will 
show  that  the  celluloid  stencil  has  given  place  to  a  steel  one 
and  the  air  handling  to  mechanical  means.  Nothing  remains 
of  the  original  machine  but  the  lay-out  and  the  frame  and 
drive;  the  designer's  work  is  practically  all  there  and  the 
inventor's  is  not.  Many  details,  of  course,  had  to  be  changed 
entirely,  and  a  healthy  scrap  pile  was  acquired  in  the 
changing.  But  the  unfair  part  is  that  the  inventor  gazes 
fondly  at  the  machine  as  he  shows  it  to  a  friend  and  says: 
"It's  all  mine — most  of  Smith's  work  had  to  be  thrown  away — 
mine,  that  I  and  the  boys  in  the  shop  built  out  of  the  wreck. 
You  know,  a  thing  that  looks  good  on  paper  doesn't  always 
work  out  that  way."  Yes,  and  even  the  boys  in  the  shop  had 
been  heard  to  criticize  Smith  for  the  feed  that  clogged  and 
for  numberless  other  constructions  that  would  have  been  bet- 
ter another  waj'.  However,  a  remarkable  thing  about  Smith's 
work  was  its  correctness,  and  the  shopmen  cannot  fail  to 
admire  secretly  the  man  who  could  design  a  machine  of  such 
magnitude  and  not  have  a  single  interference  anywhere  or 
leave  off  a  couple  of  bosses. 

Smith's  is  just  another  instance  of  a  job  well  done  for 
which  no  credit  is  given,  but  on  which  criticism  is  freely  be- 
stowed. He  represents  a  class  whose  only  reward  may  be 
the  consciousness  of  having  done  well  and  of  knowing  that 
it  is  far  easier  to  criticize  than  to  create;  they  are  the  real 
mechanical  pioneers. 


LOCOMOTIVE   FEED  WATER   HEATING' 

Heating  the  feedwater  of  a  locomotive  by  heat  otherwise 
wasted  is  a  fairly  general  practice  in  all  the  more  progressive 
European  countries,  but  experiments  along  these  lines  have 
been  spasmodic  in  this  country  up  to  a  recent  period.  By 
investigating  the  general  distribution  of  heat  in  a  locomotive, 
it  was  found  that  65.2  per  cent  of  the  total  heat  of  the  coal 
is  discharged  in  the  exhaust  steam,  mostly  in  the  form  of 
latent  heat.  The  exhaust  steam,  of  course,  does  some  work 
in  producing  draft  and  cannot  be  considered  as  a  total  loss, 
but  calculations  can  be  made  which  will  easily  show  that  it 
is  largely  loss,  and  that  a  small  proportion  of  this  heat  could 
perform  the  work  of  producing  draft  satisfactorily.  It  is 
evident  that  if  any  part  of  this  heat  is  reclaimed  and  returned 
to  the  boiler,  it  will  allow  a  reduction  of  the  same  amount 
in  the  quantity  of  heat  supplied  by  the  coal  to  produce  the 
same  cylinder  horsepower.  The  most  natural  and  feasible 
method  of  collecting  part  of  this  waste  and  delivering  it  into 
the  boiler  is  by  using  as  much  of  it  as  is  practicable  to  heat 
the  feedwater  before  it  enters  the  boiler. 

Another  feature  of  the  subject  is  the  effect  of  feedwater 
heating  on  the  boiler  efficiency.  As  the  rate  of  combustion  is 
decreased  the  boiler  efliciency  increases,  and  when  a  feedwater 
heater  is  applied  to  a  locomotive  it  allows  the  production  of 
the  desired  amount  of  steam  with  a  reduction  in  the  amount 
of  coal  fired,  which  increases  the  boiler  efficiency.  In  the  case 
of  a  large  passenger  locomotive,  a  reduction  of  ten  pounds  of 
coal  per  square  foot  of  grate  area  per  hour  gives  an  increase 
in  boiler  efficiency  of  about  3  per  cent,  which  should  be  cred- 
ited to  the  heater.  A  rule  of  thumb  thai  has  long  been  used 
in  stationary  and  marine  practice  i.s  that  for  each  11  degrees 
that  the  feedwater  is  heated  by  a  source  otherwise  wasted, 
there  will  be  a  1  per  cent  saving  in  fuel.  Such  experiments  as 
have  been  made  on  locomotives  Indicate  that  this  amount  is 
conservative  and  can  be  easily  attained.  When  the  maximum 
capacity  of  the  locomotive  Is  being  used,  huvIuks  considerably 
In  excess  of  this  are  Indlcnlod.  It  appears  that  an  economy 
of  at  least  10  per  lenl  ran  bo  reasonably  expected  even  at 
light  rales  of  working. 

•     •     • 

The  present  price  of  gasoline  In  Sweden  Is  about  85  cents  a 
gallon.  This  Indicates  the  scarcity  of  motor  fuel  In  the  neu- 
(rnl  countries  and  Incidentally  In  the  Central  lOniplrcs. 
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MODERN  DEVELOPMENTS  IN   DESIGN  OF  TAPS  AND  TAPPING  APPLIANCES-IMPORTANT  FACTORS  AFFECTING 
ACTION  OF  TAPS-VARIOUS  TYPES  OF  TAP-HOLDING  CHUCKS 


BY  FRANKLIN  D.  JONES  - 


V/~~'r^^'- 


Fig. 


Taps 


idjusted 
varying 


THE  relation  between  taps 
and  other  tools  that  may 
be  used  for  cutting  screw- 
threads  in  holes  is  similar  to 
the  relation  between  dies 
and  the  various  classes  of 
equipment  that  are  adapted 
for  cutting  external  threads. 
The  principal  points  of  simi- 
larity between  taps  and  dies 
pertain,  first,  to  the  extent  of 
their  application,  and,  second, 
to  the  factors  that  govern 
their  use.  Taps  are  employed 
for  most  internal  thread  cut- 
ting operations,  just  as  most 
external  threads  are  cut  with 
dies,  but  the  extent  to  which 
taps  are  applied  for  internal 
threading  gradually  dimin- 
ishes as  the  diameter  of  tlie 
threaded  part  increases  above 
a  certain  size,  which  applies 
also  to  the  use  of  dies  in  cut- 
ting external  threads.  While  practically  all  small  holes  that 
are  to  receive  machine  screws,  studs,  bolts,  etc.,  are  threaded 
by  means  of  taps,  tools  of  this  class  are  not  suitable  for  cut- 
ting a  great  many  of  the  larger  screw  threads.  It  is  imprac- 
ticable, of  course,  to  draw  a  definite  dividing  line  on  the  basis 
of  diameter  alone,  since  there  are.  frequently  other  important 
conditions  that  affect  the  problem.  Whether  or  not  taps  may 
be  used  to  advantage  often  depends  upon;  (1)  number  of 
parts  requiring  screw  threads  or  amount  of  work;  (2)  diam- 
eter and  pitch  of  thread;  (3)  relation  between  thread-cutting 
and  other  machining  operations.  If  cutting  the  thread  is  the 
principal  or  only  operation,  and  especially  if  the  parts  are  re- 
quired in  large  numbers,  a  tap  might  be  used  even  for  quite 
large  diameters  in  order  to  cut  the  threads  quickly.  Pipe  tit- 
tings,  which  have  comparatively  fine  threads,  are  an  example. 
The  equipment  that  is  available  in  a  shop  is  another  im- 
portant point,  since  there  is  often  a  close  relationship  between 
investment  and  method.  No  experienced  manufacturer  or 
shop  superintendent  would  consider  making  or  buying  high- 
priced  taps  for  a  certain  job  unless  the  number  of  parts  to  be 
tapped  were  large  enough  to  warrant  the  expenditure.  For 
cutting  a  few  threads,  the  engine  lathe  might  be  more  eco- 
nomical and  often  preferable  regardless  of  the  quantity,  either 
because  of  the  diameter  of  the  thread,  pitch,  or  relation  to 
other  machined  surfaces.  In  one  sense,  every  lap  is  a  special 
tool,  since  it  can  only  be  used  for  cutting  one  pitch  of  thread. 
and  is  usually  intended  for  only  one  diameter,  although  in 
some  cases  a  slight  adjustment  may  be  made  above  or  below 
the  standard  size.  For  that  reason,  we  find  that  taps,  as  well 
as  dies,  are  used  principally  on  machine  tools  that  are  de- 
signed more  especially  for  producing  duplicate  parts  in  quan- 
tity than  for  handling  a  large  variety  of  work.  For  instance, 
practically  all  the  internal  thread  cutting  on  turret  lathes  or 
automatic  screw   machines   is  done  by   taps,  just   as  most   of 

the    external    thread    cutting      

Is  done  by  dies. 

Non-collapHln«  Taps 

The  fixed  or  non-collapsing 
tap    Is    the    most    important 
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class  if  judged  by  the  extent 
to  which  it  is  used.  Non- 
collapsing  taps  may  be  di- 
vided into  three  general  types, 
as  follows:  (1)  solid  taps,  or 
those  formed  of  one  solid 
piece  of  steel;  (2)  adjustable 
taps,  which  usually  have  in- 
serted blades  that  can  be  ad- 
justed a  certain  amount  radi- 
ally; and  (3)  inserted-blade 
non-adjustable  taps.  All  these 
taps  may  also  be'  further 
classified  according  to  whether 
they  cut  straight  or  tapering 
screw  threads,  and  also  with 
reference  to  their  Intended 
use.  For  example,  there  are 
hand  taps  for  use  when  tap- 
ping holes  by  hand;  tapper 
taps  for  tapping  nuts  in  regu- 
lar tapping  machines;  stay- 
bolt  taps  for  tapping  the  inner 
and  outer  sheets  of  steam 
boiler  fireboxes;  pipe  taps  for  tapping  holes  for  standard  pipe 
sizes;  screw  machine  taps  for  use  on  automatic  screw  ma- 
chines; and  various  other  classes. 

While  solid  taps  are  the  cheapest  and  are  used  the  most,  a 
great  many  adjustable  taps  are  found  in  modern  shops  and 
are  applied  especially  when  accuracy  is  essential.  A  solid  tap 
is  liable  to  slight  changes  in  diameter  due  to  hardening,  and 
there  is,  of  course,  some  reduction  in  diameter  due  to  wear. 
By  using  a  tap  that  is  adjustable,  a  standard  size  may  readily 
be  maintained.  The  adjustable  tap  may  be  made  from  a  solid 
piece  of  steel  and  may  be  split  so  as  to  permit  expanding  it 
sufficiently  to  compensate  for  wear,  or  it  may  have  inserted 
blades  or  chasers  arranged  for  radial  adjustment.  With  an 
adjustable  tap  of  the  inserted-chaser  type,  the  body  of  the 
tap  may  be  made  of  a  comparatively  low-priced  material,  and 
this  main  part  of  the  tap  may  be  used  indefinitely,  the  chasers 
being  replaced  when  necessary. 

Examples  of  Adjustable  Tap   Design 

Several  different  forms  of  adjustable  taps  are  illustrated  in 
Fig.  1.  A  one-piece  split  type  is  shown  at  A.  The  tap  is  split 
through  the  center,  and  it  is  expanded  by  the  conical-headed 
screw  shown.  A  nut  engaging  the  tapering  thread  at  the  end 
of  the  tap  serves  to  hold  the  two  sections  firmly  together. 
One  serious  defect  of  a  tap  of  this  kind  is  that  the  tap  is  not 
expanded  uniformly,  and  for  that  reason  does  not  cut  an  accu- 
rate thread;  the  inaccuracy,  however,  would  be  very  slight 
for  adjustments  that  might  be  necessary  in  order  to  com- 
pensate for  wear  and  maintain  a  standard  size.  Another  form 
of  split  adjustable  tap  Is  illustrated  at  B.  The  tap  is  split 
through  the  center  of  each  flute  and  it  is  expanded  by  the 
screw  shown,  which  is  slightly  tapering.  The  smaller  taps 
of  this  kind  have  slotted  screws  for  screwdriver  adjustment. 
While  these  types  are  superior  to  the  solid  form  for  tap- 
ping large  numbers  of  du- 
plicate parts  to  a  given  size 
within  close  limits,  the  In 
serted-blade  type  of  tap  Is 
preferable  and  Is  used  con- 
siderably, especially  on  accu- 
rate work.  When  extreme  ac- 
I'urnoy  Is  necessary,  it  Is 
(Mimmon  practice  to  use  a 
Coii»p»in».  Tap  liaiul  ■  operated   Inserted -blade 
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tap  for  finishing  holes  previously  lapped  on  a  machine.  Taps 
of  this  kind  should  be  so  designed  that  the  blades  are  held 
rigidly  to  the  body  of  the  tap  and  preferably  in  such  a 
way  that  the  means  for  locking  or  adjusting  the  blade  does 
not  interfere  with  the  use  of  the  tap. 

The  adjustable  tap  shown  at  C  is  so  designed  that  it  can 
pass  clear  through  a  hole  or  tap  to  the  bottom  of  a  "blind"  or 
closed  hole.  The  blades  are  located  in  longitudinal  grooves  or 
slots  which  taper  on  the  bottom,  so  that  any  change  in  the 
lengthwise  position  of  the  blade  increases  or  decreases  the 
tap  diameter.  The  tap  blades  are  securely  held  in  position 
by  binder  plates  in  the  center  and  thrust  and  locking  nuts 
at  the  inner  ends.  Each  blade  has  a  small  groove  in  one  side, 
which  forms  a  shoulder  and  a  bearing  surface  for  one  side  of 
the  binder  plate  which  is  tightened  by  a  screw.  When  the 
binder  plates  are  tightened  and  the  nuts  at  the  inner  ends 
are  screwed  tightly  against  the  ends  of  the  blade,  the  latter 
are  held  rigidly  in  their  slot.  This  tap  is  made  by  the  Pratt  & 
Whitney  Co.,  Hartford,  Conn. 

Rerftoval  of  Non-collapsing-  Taps  from  Tapped  Holes 

The  removal  of  a  splid  or  non-collapsing  tap  from  a  hole 
in  which  a  thread  has  been  cut  is  usually  done  by  backing 
the  tap  out  of  the  hole,  but  in  some  cases  the  tap  either  passes 
completely  through  the  tapped  hole  or  else  the  work  passes 
over  the  tap.  Taps  may  be 
backed  out  of  holes  either  by 
reversing  the  rotation  of  the 
spindle  which  holds  and 
drives  the  tap  or.  by  revers- 
ing the  part  being  tapped 
when  the  tap  has  advanced  in 
the  hole  to  whatever  distance 
may  be  required.  When  the 
machine  spindle  is  reversed 
this  may  be  effected  either  by 
means  of  the  regular  driving 
mechanism  of  the  machine  or 
by  a  special  attachment  ap- 
plied to  the  tap  driving  spin- 
dle. If  the  tap  remains  sta- 
tionary while  tapping,  as  on 
turret  lathes  and  many  auto- 
matic screw  machines,  the 
work-spindle  reverses  for 
backing  out  the  tap. 

Another  method  of  remov- 
ing a  tap  that  is  common  In 
screw  machine  practice  does 
not  require  a  reversal  either 


Fig.  S.  other  Designs  of  Geometric  Collapsing  T.i 
Of  the  tap  or  of  the  part  being  tapped.  When  cutting  the  tinuously.  The  pr: 
thread,  the  tap  revolves  in  the  same  direction  as  the  work, 
but  at  a  slower  speed;  consequently  the  work  tends  to  screw 
itself  onto  the  tap  Just  as  though  the  tap  were  stationary  and 
the  work  were  revolving  at  a  speed  equal  to  the  difference  be- 
tween the  speed  of  the  tap-spindle  and  the  work-spindle. 
The  opposite  effect  is  obtained  by  revolving  the  tap  faster  than 
the  work,  which  causes  it  to  back  out  of  the  hole  at  a  rate 
equal  to  the  difference  between  the  tap-spindle  and  work- 
Hplndle  speeds.  (This  same  method  Is  applied  to  dies).  These 
changes  of  speed  are,  of  course,  controlled  automatically. 


Fig.  4.     Geometric  Collapsing  Tap 

For  some  tapping  operations  it  is  desirable  to  screw  the  tap 
clear  through  the  tapped  hole.  There  are  three  conditions 
under  which  this  general  method  may  be  applied:  If  the  tap- 
ping is  being  done  on  a  vertical  drilling  machine  and  there  is 
a  clearance  space  beneath  the  tapped  hole  which  is  large 
enough  to  receive  the  tap,  the  latter  is  sometimes  screwed 
completely  through  the  hole  and  is  then  replaced  in  the  spin- 
dle driving  chuck  for  tapping  the  next  hole.     The  chuck,   in 

this  case,  is  ordinarily  in  the 

form  of  a  socket  that  fits  the 
tap  shank,  so  that  the  tap  is 
free  to  fall  as  soon  as  it  clears 
the  thread  formed  in  the 
work.  When  tapping  small 
parts,  such  as  nuts,  another 
common  method  of  removing 
the  work  without  screwing  it 
back  over  the  tap  is  to  allow 
successive  parts  tapped  to 
pass  onto  the  tap  shank; 
when  the  shank  is  full  the 
tap  is  taken  out  of  the  chuck 
and  the  work  removed.  To 
avoid  removing  the  tap  peri- 
odically in  order  to  take  off 
tapped  parts  such  as  nuts, 
an  ingenious  form  of  tap  has 
been  devised  which  has  a 
curved  shank  and  is  so 
mounted  in  the  tapping  ma- 
chine that  parts  like  nuts 
pass  over  the  shank  so  that 
the  tapping  can  be  done  con- 
pplication  of  these  methods  will  be 
considered  more  in  detail  later  in  connection  with  tapping 
machines  and  attachments. 


Advantasea  of  Collapsing'  Taps  and  Variations  in  Design 


Fl(.  3.     Meohanlim  o1 


Collapilnf  Tap 


The  advantages  of  collapsing  taps,  as  compared  with  the 
solid  or  non-collapsing  type  for  machine  tapping,  are  similar 
to  the  advantages  of  self-opening  dies  in  contrast  with  the 
non-oponing  typo.  When  a  solid  tap  is  removed  by  reversing 
either  the  tap  or  work,  the  threads  cut  by  the  tap  are  often 
injured  by  the  chips  which  wedge  In  between  the  tool  and 
the  finished  thread.  The  time  wasted  while  the  tap  is  back- 
ing out  often  greatly  reduces  the  rate  of  production,  and  the 
power  at  the  Instant  of  rever.sal,  as  well  as  the  strain  on  the 
machine  u.sod  for  tapping,  may  be  lonsldcrnblo,  especially 
when  lapping  riimpiiratlvcly  largo  holes  In  tough  niiitcrial. 
On  I  Ik?  oilier  hand,  solid  laps  cost  less  mid  are  ap|)llcal)lo  tor 
l;u>|)lng  numerous  studs,  screws  anil  bolt  Imles  llial  are  too 
Hfiiall   for  taps  of  the  collapsible  tyiie. 

The  <'olla|)HlnK  of  taps  may  be  (hine  either  aulcunnllcally 
by  the  engagcnK-nt  of  a  collar,  gage-plate,  or  lover  on  the  lap 
with  the  Hurl'aee  of  the  work  or  ii  llxeil  sloi);  llie  lollapsIiiK 
.iillon  may  also  occur  hodm  after  the  travel  of  the  turret  sllilo 
Ik  diHcoiillnued  as  the  resull  of  relative  motion  between  parts 
of  tho  tap  similar  to  that  which  occurs  when  a  stop  Is  used. 
CollnpHlble  tups  are  slnillur  In   principle  to  solf-oponlng  dies. 
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Fig.  6.     M.   E.   C.   Collapsing  Tap 

except  that   the   action   is   reversed,   the   tap   chasers   moving 
inward  in  a  radial  direction  instead  of  outward. 

The  collapsing  tap  illustrated  in  Fig.  2  is  of  the  type  that 
collapses  soon  after  the  turret  stops.  The  chasers  are  with- 
drawn from  the  thread  in  practically  the  same  way  that  a 
gear  would  he  thrown  out  of  mesh.  When  the  forward  move- 
ment of  the  turret  stops,  the  tap  continues  to  cut  until  the 
continued  advance  due  to  the  action  of  the  chasers  in  the 
tapped  hole  causes  the  driving  pins  to  disengage;  the  chasers 
then  begin  to  revolve  with  the  work  and  are  at  the  same  time 
automatically  withdrawn  from 
engagement  with  the  thread. 
■When  the  chasers  are  in  posi- 
tion for  cutting  they  are  sup- 
ported by  the  corners  of  a 
central  stationary  core  piece. 
As  soon  as  the  driving  pins 
are  disengaged  and  that  part 
of  the  tap  carrying  the 
Chasers  begins  to  turn  around 
with  the  piece  being  tapped, 
the  chasers  move  around  op- 
posite the  flat  sides  of  the 
central  core  so  that  they  natu- 
rally disengage  themselves 
from  the  work.  The  small 
conical  pointed  plunger  at  the 
rear  of  each  chaser  (see  Fig. 


Fig.  7.     Victor  CoUapsing  Tap 


Geometric  tap  of  a  type  (Class  P)  intended  especially  for  tap- 
ping shallow  holes  and  threads  of  fine  pitch  or  flush  to  the 
bottom  of  a  hole  is  shown  at  A,  Fig.  5.  This  particular  style 
of  tap  is  furnished  for  cutting  standard  pipe  threads  from 
4  to  10  inches,  inclusive,  and  for  tapping  actual  diameters 
varying  from  41^2  to  11  inches  when  the  threads  are  not  coarser 
than  eight  per  inch,  and  the  depth  of  the  hole  does  not  exceed 
1%  inch.  It  will  be  understood  that  these  taps  are  subject 
to  more  or  less  variation  in  design  because  of  different  work- 
ing conditions.  This  tap  has  an  end  plate  trip,  as  the  illus- 
tration shows.  The  lever  type  of  trip  applied  to  the  tap  shown 
at  B  in  Fig.  5  is  particularly  suited  for  certain  classes  of  work. 
An  adjustable  screw-stop  attached  to  the  cross-slide  of  the 
machine  engages  the  tripping  lever  and  controls  the  point  at 
which  the  collapsing  action  occurs.  The  Geometric  collapsing 
tap  may  be  fitted  with  a  roughing  and  finishing  attachment 
similar  to  that  employed  on  the  self-opening  die-head,  when 
tapping  exceptionally  accurate  work.  The  tap  chasers  are 
adjjisted  outward  for  taking  a  light  finishing  cut  by  turning 
a  small  lever.  None  of  the  taps  illustrated  are  equipped  with 
this  attachment. 

A  collapsible  tap  having  chasers  that  operate  with  a  rolling 
action  is  shown  in  Fig.  6.  The  four  chasers  are  in  the  form 
of  round  bars  except  at  the  outer  ends,  where  they  are  cut 
away  to  form  clearance  spaces  in  front  of  the  teeth.  Each 
chaser  bar  has  a  lug  that  engages  a  radial  slot  in  a  chaser 
controlling  ring  or  collar  within  the  tap  body.  When  this  con- 
trolling ring  is  turned  in  one  direction  the  chasers  roll  so  as 
to  move  the  cutting  teeth  in- 
ward as  when  collapsing  the 
tap.  By  turning  the  ring  in 
the  opposite  direction  the 
chasers  are  returned  to  the 
working  position  and  size. 
The  controlling  collar  is  held 
in  place  by  a  suitable  stop 
while  the  tap  is  cutting.  When 
the  tap  has  entered  the  hole 
to  the  required  depth,  the  trip- 
ping cap  comes  into  contact 
with  the  work,  and  as  the 
tap  continues  to  advance,  the 
controlling  collar  is  disen- 
gaged. A  spring  then  turns 
the  collar  quickly  and  with- 
draws the  chasers.     The  tap  ■ 


3)  is  simply  a  safety  device  to  prevent  the  chasers  from  drop- 
ping back  into  contact  with  the  thread.  The  end  view  shows 
the  chasers  in  the  collapsed  position. 

An  important  feature  of  this  tap  is  the  fact  that  the  tap  body 
and  shank  will  pass  through  the  tapped  hole,  so  that  the 
tap  can  be  used  for  tapping  exceptionally  long  holes  or  holes 
that  are  only  slightly  smaller  than  the  diameter  of  an  open- 
ing through  which  the  tap  must  be  inserted  to  reach  its  work. 
The  tap  may  be  adjusted  for  cutting  either  tight  or  loose  fit- 
ting threads  by  simply  turning  two  binding  screws  and  re- 
Tolvlng  the  square  core  in  either  direction.  The  adjustments 
for  the  maximum  or  minimum  diameters  is  shown  by  a  gradu- 
ated scale  on  the  hub  of  the  tap.  A  "Namco"  tap  of  the  out- 
side trip  type  is  so  arranged  that  when  the  tap  has  entered 
the  hole  to  the  required  depth,  the  outer  tripping  ring  strikes 
the  face  of  the  work,  thus  causing  the  chasers  to  be  collapsed. 
The  tap  is  reset  by  means  of  a  lever.  This  tap  is  particularly 
adapted  for  pipe  threads  or  short  straight  threads.  The 
"Namco"  tap  Is  made  by  the  National  Acme  Co.,  Cleveland. 
Ohio. 

One  design  of  collapsing  tap  made  by  the  Geometric  Tool 
•'■<;  New  Haven,  Conn.,  is  shown  in  Pig.  4.  This  particular 
ip  (Class  NL)  is  made  in  sizes  varying  from  1  to  12  inches. 
I'lio  tap  may  be  attached  to  a  revolving  spindle  or  to  a  turret. 
.'\ii  adjustable  gage  controls  the  collapsing  action  by  coming 
into  contact  with  the  work.  The  chasers  are  expanded  by 
means  of  the  handle  shown  projecting  from  one  side  of  the 
tap  body.  Slight  adjustments  to  compensate  tor  wear  may 
be  made  by  means  of  micrometer  adjusting  screws.     Another 


is  reset  to  the  working  position  by  means  of  the  hand-lever 
shown  projecting  from  the  side.  The  distance  that  the  chasers 
project  beyond  the  tripping  cap,  or  the  depth  to  which  a  hole  is 
tapped,  is  regulated  by  an  adjustable  screw  in  the  shank  of  the 
tap,  which  serves  to  move  the  chasers  in  or  out.  This  tap  is 
the  product  of  the  Manufacturers  Equipment  Co..  Chicago,  III. 
The  sectional  view.  Fig.  7,  illustrates  the  arrangement  of 
collapsible  taps  made  by  the  Victor  Tool  Co.,  Waynesboro,  Pa., 
for  diameters  of  2  inches  and  larger.     The  chasers,  which  are 


Fix.  8.     DlfTorant  Form*  of  Tap  Flutes 
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Fig.    9.      "Gun"    Tap   having   Cutting   Edges    on    Chamfered   End   ground    at 

an  Angle  to  Axis  for  deflecting  Chips  and   causing  them  to 

curl  out   ahead  of  Tap 

inserted  In  radial  slots  in  the  body  of  the  tap,  bear  against  a 
hardened  steel  plunger  or  central  plug  B.  This  plunger  is 
ground  to  an  angle  of  141'i.  degrees  from  the  axis  (29  degrees 
included  angle)  and  the  inner  ends  of  the  chasers  are  beveled 
to  correspond.  This  plunger  is  attached  to  a  closely  wound 
tension  spring  C,  which  is  elongated  when  the  tap  is  set^or 
cutting.  The  depth  at  which  the  tap  collapses  automatically  is 
regulated  by  the  trip-collar  D.  which  can  be  adjusted  for  vary- 
ing the  tripping  position.  When  this  trip-collar  strikes  the 
face  of  the  part  being  tapped,  a  latch  is  forced  to  release  the 
tripping  lever  E,  and  then  the  tension  spring  immediately 
draws  the  plunger  B  back,  thus  permitting  the  chasers  to  re- 
cede along  the  angular  surface  of  the  plunger.  The  tap  is 
reset  in  the  cutting  position  by  moving  lever  E  forward  to 
the  position  shown  in  the  illustration,  which  forces  the  chasers 
outward  and  locks  them  in  position.  The  tension  on  the  spring 
may  be  regulated  by  the  screw  F  at  the  rear  of  the  tap  shank. 
The  size  of  the  tap  may  be  varied  by  means  of  a  hardened  set- 
screw  G  in  the  front  end  of  plunger  B.  This  screw  has  a  very 
fine  thread,  so  that  minute  adjustments  may  be  obtained,  and 
it  is  protected  by  the  safety  screw  H.  Collapsible  taps  that 
are  less  than  2  inches  in  diameter  are  similar  to  the  design 
described  except  that  the  adjustment  for  size  is  secured  by 
changing  the  position  of  a  threaded  collar. 

Form  of  Tap  Flutes  or  Cutting-  Faces 

The  location  of  the  front  cutting  faces  of  taps,  relative  to 
the  axis,  or  the  shape  of  the  flutes,  in  the  case  of  solid  taps, 
may  affect  the  action  of  the  tap  decidedly.  It  is  essential  to 
have  flutes  that  are  large  enough  to  provide  room  for  the  chips, 
but  not  so  large  as  to  weaken  the  tap  excessively.  The  flutes 
should  also  be  so  formed  and  located  relative  to  the  axis  of 
the  tap  that  the  front  cutting  faces  will  have  whatever  rake 
may  be  needed  to  secure  good  cutting  action.  To  obtain  ideal 
results,  taps  should  be  fluted  so  that  the  angle  of  rake  will 
be  In  accordance  with  the  material  to  be  tapped;  while  this 
can  be  done  to  some  extent,  a  great  many  taps  are  intended 
for  general  work  and  must  be  made  to  suit  average  conditions 
as  far  as  possible.  In  general,  taps  used  principally  or  exclu- 
sively on  steel  should  have  positive  rake,  the  plane  of  the 
cutting  face  being  a  little  back  of  the  tap  center.  The  rake 
angle  or  the  Inclination  of  the  teeth,  with  a  radial  line,  usually 
varies  from  about  S  to  12  degrees.  Solid  taps  are  given  this 
rake  by  using  a  cutter  that  Is  either  convex,  so  as  to  under- 
cut or  form  a  hook-shaped  flute  or  cutting  face,  or  a  cutter 
having  straight  angular  sides  and  a  rounded  point  may  be 
used,  the  amount  of  rake  being  controlled  by  the  adjustment 
of  the  cutter  relative  to  the  axis  of  the  tap  blank.  Various 
modlflcallonH  of  these  two  general  types  of  tap  fluting  cutters 
are  In  use. 

I'lain  convex  flutes  are  shown  at  A.  KIg.  «.  The  front  and 
rear  faces  of  the  tap  lands  are  similar.  If  the  tap  has  to  be 
backed  out  of  the  hole,  the  rear  edges  prevent  chlim  from 
wedging  between  the  teeth  of  the  lap,  which  is  an  advantage, 
but  since  the  rear  sides  of  the  lands  are  the  sanic  as  the  front, 
there  is  likely  to  be  some  cultInK  or  scraping  action  as  the 
lap  revolves  backward  when  removing  It  from  the  hole.  The 
amount  of  rake  that  can  hi'  obtained  with  a  convex  cutter  Is 
also  limited,  and  by  under-cutting  the  rear  sides  of  the  laniVn 
the  tap  Ik  weakened. 

The  form  of  flute  lllunlraled  at  It.  KIg.  «.  gives  n  lap  greater 
slrenglh  than  one  fluted  with  a  plain  convex  cutter.  The  front 
faces  of  the  lands  are  undercut  to  obtain   pOBltlvc  rake,  the 


same  as  though  a  convex  cutter  were  used,  but  the  rear  sides 
are  straight  instead  of  following  the  curved  arc  shown  dotted. 
This  feature  strengthens  the  tap,  and  the  rear  sides  are  also 
steep  enough  to  prevent  chips  from  wedging  in  between  the 
teeth  and  thread.  Of  course,  there  is  likely  to  be  more  or 
less  wedging  of  chips  between  the  flutes  and  the  tapped  thread 
with  any  non-collapsing  tap  when  rotation  is  reversed  for  back- 
ing the  tap  out  of  the  hole.  The  width  w  of  the  land  of  this 
kind  of  tap  should  equal  one  half  the  width  of  the  space  or 
one  twelfth  the  tap  circumference  in  the  case  of  a  four- 
fluted  tap. 

The  form  of  flute  shown  at  C,  Fig.  8,  has  been  used  ex 
teusively  with  some  modifications  as  to  the  radius  of  the  hot 
torn  of  the  flute  and  the  angle  of  rake  in  front  of  the  lands 
This  flute  is  milled  with  a  double-angle  cutter  and  the  tap 
may  easily  be  given  any  amount  of  positive  rake  within  prac 
ticable  limits.  If  the  rear  sides  of  the  lands  have  a  gradual 
slope,  as  shown  in  the  illustration,  difficulty  is  often  caused 
by  the  wedging  action  of  the  chips,  which  may  either  mar 
the  thread  or  result  in  breaking  the  tap.  The  flutes  illustrated 
represent  the  shape  obtained  with  a  cutter  having  an  angle 
of  30  degrees  on  one  side  of  the  center  line  and  55  degrees  on 
the  other.  Some  angular  fluting  cutters  have  an  included 
angle  of  90  degrees,  with  each  cutting  edge  45  degrees  from 
the  center  line. 

The  amount  of  positive  rake  that  a  tap  should  have  to  work 
satisfactorily  in  steel  should  preferably  be  such  that  slightly 
curling  chips  will  be  produced.  These  chips  should  break  up 
into  short  lengths  and  not  be  so  long  as  to  jam  tightly  in  the 
flute,  which  might  occur  if  the  tap  had  too  much  rake.  On  the 
contrary,  insuflScient  rake  prevents  a  free  cutting  action  and 
the  metal  is  pushed  ahead  of  the  teeth  and  compressed  until 
in  some  cases  the  tap  breaks.  Taps  that  are  hook-fluted,  or 
provided  with  positive  rake,  cannot  be  used  to  advantage  for 
tapping  cast  brass  and  cast  iron,  and  either  a  radial  cutting 
face  or  negative  rake  is  preferable.  Taps  that  are  intended 
exclusively  for  brass  generally  have  cutting  edges  that  are 
ahead  of  the  center  as  illustrated  at  D.  Fig.  8.  The  plane  of 
the  cutting  face  is  usually  ahead  of  a  radial  line  a  distance  x 
varying  from  1/16  to  1/10  of  the  tap  diameter,  which  gives 
negative  rake.  The  tap  illustrated  at  E  has  been  extensively 
used  for  tapping  copper.  This  is  such  tenacious  material  that 
ordinary  taps  do  not  cut  it  satisfactorily.  The  tap  shown  at 
E  has  but  one'  flute,  so  as  to  leave  as  much  bearing  surface  as 
possible  and  prevent  the  tap  from  tearing  the  thread.  An- 
other form  of  tap  intended  for  copper  is  illustrated  at  F. 
In  this  case  the  flutes  are  so  shaped  that  the  tap  has  consider- 
able positive  rake.  If  a  commercial  tap  is  used  on  copper, 
the  form  of  flutes  illustrated  at  B  is  preferable  to  the  plain 
convex  shape  shown  at  .1.  because  a  tap  for  any  tenacjous  ma- 
terial such  as  copper  should  not  have  lands  that  are  under- 
cut on  the  rear  side. 

Chamfer  on  End  of  Tap -Cause  of  Reaming-  Action 

The  length  of  the  chamfer  on  the  leading  end  of  the  tap 
may  depend  almost  entirely  on  the  class  of  work  tor  which 
the  tap  is  intended.  If  threads  are  to  extend  close  to  a  shoul- 
der or  the  bottom  of  a  blind  hole  the  cham^'er  may  be  con- 
lined  to  the  first  iiiuuilar  mw  of  teeth  or  even  be  omitted  en- 
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tirely,  especially  when  tapping  cast  brass  or  some  other  ma- 
terial that  is  easily  cut.  When  the  tap  can  pass  clear  through 
the  hole  or  a  full  thread  close  to  the  bottom  of  the  hole  is 
not  necessary,  it  is  preferable  to  chamfer  several  of  the  end 
teeth,  the  number  of  teeth  often  varying  from  four  or  five  to 
ten  or  twelve.  If  the  chamfer  is  too  gradual  or  extends  over 
too  many  teeth,  the  tap  may  not  screw  itself  into  the  hole, 
but  may  act  somewhat  like  a  reamer  and  merely  enlarge  the 
hole  as  the  teeth  revolve  without  advancing  along  a  helical 
path  as  when  cutting  properly.  This  is  due  to  the  fact  that 
each  tooth  cuts  such  a  shallow  groove  that  it  does  not  offer 
sufiicient  bearing  surface  to  force  the  following  teeth  to  ad- 
vance: consequently  they  simply  rotate  in  one  position  and 
cut  away  the  metal  like  a  reamer  instead  of  forming  a  helical 
thread  groove.  It  is  important,  however,  to  chamfer  taps  for 
through  holes  back  as  far  as  practicable,  because  less  power 
is  required  to  drive  such  taps,  and  therefore  they  are  sub- 
jected to  less  torsional  strain  and  are  less  likely  to  break. 
Repeated  tests  made  by  the  Greenfield  Tap  &  Die  Corporation 
show  that  approximately  25  per  cent  more  power  is  required 
to  drive  a  tap  having  a  chamfer  extending  back  over  only 
four  threads  than  one  having  a  chamfer  extending  over  six 
threads.  The  four-thread  chamfer  in  the  case  of  a  four-fluted 
tap  divides  the  work  between  sixteen  teeth,  whereas  the  six- 
thread  chamfer  divides  It  between  twenty-four  cutting  teeth. 
The  tap  having  the  longer  chamfer  also  has  the  advantage 
of  producing  a  much  smoother  thread  and  cuts  more  closely 
to  size. 

The  reaming  action  previously  referred  to  and  the  failure 
of  the  tap  to  start  or  catch  the  thread  is  usually  caused  by 
the  use  of  a  tap  drill  that  is  too  small  rather  than  by  an  ex- 
cessive amount  of  chamfer.  In  some  cases,  holes  to  he  tapped 
are  actually  smaller  in  diameter  than  the  root  diameter  of  the 
thread,  so  that  the  end  of  the  tap  must  ream  out  the  hole. 
This  additional  work  imposed  on  the  tap  prevents  it  from 
advancing  along  a  helical  path,  because  the  increased  re- 
sistance to  this  forward  movement  is  so  great  that  the  teeth 
will  not  follow  along  the  thread  groove  as  they  naturally  tend 
to  do,  but  simply  revolve  and  cut  away  the  metal  like  a  reamer. 
Even  if  the  tap  should  begin  to  advance  after  being  forced 
partly  through  the  nut,  the  thread  formed  in  the  remainder 
of  the  hole  would  be  thin  and  weak. 

An  unusual  form  of  tap  is  shown  in  Fig.  9.  The  chamfered 
edges  are  ground  at  an  angle  F  to  the  axis  so  that  they  will 
cut  with  a  shearing  action.  The  object  of  this  inclined  cut- 
ting edge  is  to  cause  the  chips  to  curl  out  ahead  of  the  tap 
instead  of  collecting  in  and  clogging  the  flutes,  and  for  that 
reason  the  manufacturer  (Greenfield  Tap  &  Die  Corporation) 
refers  to  it  as  a  "gun  tap."  the  name  signifying  that  the  tool 
shoots  its  chips  straight  ahead  in  long  curls.  Because  of  this 
cutting  action,  two  or  three  flutes  which  are  comparatively 
shallow  may  be  used,  thus  increasing  the  strength  of  the  tap. 
All  the  cutting  is  done  on  the  first  few  teeth  and  the  rest  of 
the  teeth  act  as  a  lead-screw  for  guiding  the  tap.  The  grind- 
ing is  done  on  the  angular  cutting  edge  instead  of  in  the 
flutes.  This  tap  is  especially  adapted  for  difficult  conditions 
or  the  tapping  of  tough  material. 
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Fig.  12.  "Wizard"  Friction-drive  Tap-holder 
Clearance  or  Relief  for  Tap  Cutting-  Edgres 
There  are  several  ways  of  providing  clearance  for  tap  cut- 
ting edges  so  that  they  will  cut  freely.  We  shall  consider 
first  taps  intended  for  straight  threaded  holes.  The  teeth 
of  such  taps  may  be  backed  off  or  relieved  like  the  teeth  of  a 
form  milling  cutter,  as  shown  at  A,  Fig.  10.  In  this  case,  the 
teeth  are  relieved  on  the  top  and  angular  sides  and  also  at 
the  root.  A  tap  relieved  in  this  way  will  cut  freely,  but  it 
has  been  objected  to  on  the  ground  that  there  is  not  suf- 
ficient support  while  cutting  to  produce  round,  smooth 
holes;  moreover,  there  will  be  a  reduction  in  diameter  as  soon 
as  the  front  cutting  faces  are  ground  for  sharpening  the  tap. 
To  secure  better  support  than  is  obtained  from  the  points  of 
the  teeth  relieved  as  shown  at  A,  taps  for  threads  having  flat 
tops,  like  the  U.  S.  standard,  have  been  made  with  teeth  that 
are  concentric  on  the  outside  but  relieved  on  the  angular 
sides.  While  such  taps  cut  freely  and  are  well  supported  by 
the  concentric  teeth,  both  the  pitch  diameter  and  the  width 
of  flat  are  reduced  by  repeated  grinding. 

The  disadvantages  of  relieving  straight  taps  as  previously 
described  led  to  the  introduction  of  a  tool  that  was  given  clear- 
ance not  by  relieving  the  teeth  from  front  to  back,  but  by 
making  the  tap  a  little  larger  in  diameter  on  the  leading  end 
(say.  0.001  to  0.002  inch)  than  at  the  shank  end.  The  effect 
of  this  slight  back  taper  is  to  make  the  tool  cut  more  freely, 
and  a  great  many  taps  have  been  given  clearance  in  this  way. 
Taps  without  eccentric  relief  (except  on  the  chamfered  end) 
are  preferable  for  use  on  automatic  screw  machines  of  the 
type  which  reverse  for  backing  out  the  tool,  because  chips  are 
less  likely  to  w^edge  between  the  teeth  and  mar  the  thread  or 
break  the  tap. 

Another  method,  which  is  regarded  by  some  as  the  best  form 
of  relief,  is  Illustrated  at  B.  Fig.  10.  This  is  known  as  the 
"con-eccentric"  relief  because  the  teeth  are  concentric  for  a  dis- 
tance equal  to  one  third  the  width  of  the  land,  and  the  rest 
of  the  tooth  is  eccentrically  relieved.  The  object  of  this  form 
of  relief  is  to  provide  enough  clearance  to  make  the  tap  cut 
freely,  and  at  the  same  time  give  adequate  supporting  surface. 
The  tap  teeth  can  also  be  ground  back  for  sharpening  with- 
out changing  the  shape  of  the  cutting  edge  or  the  tap  diam- 
eter. The  top  of  the  thread  is  relieved  across  the  entire  width 
of  the  land  on  the  chamfered  part  of  the  tap  to  secure  a  keen 
cutting  edge.  The  chamfered  end  is  also  given  greater  relief 
than  the  straight  part  to  improve  the  cutting  qualities.  The 
angular  sides  of  the  teeth  on  the  chamfered  part  have  the 
regular  relief. 

Taps  for  cutting  threads  in  tapered  holes  must  have  teeth 
relieved  across  the  entire  width  of  the  land,  both  on  the  top 
and  angular  sides.  If  a  tapered  tap  were  not  relieved  in  this 
way.  the  rear  ends  or  "heels"  of  the  teeth  would  be  higher  up 
on  the  taper  than  the  cutting  edges  owing  to  the  inclination 
of  the  teeth  relative  to  the  tap  axis.  In  other  words,  the  rear 
end  of  any  tooth  would  coincide  with  a  larger  circular  section 
of  the  tap  than  the  cutting  edge;  consequently  the  cutting 
edge  would  not  form  a  space  large  enough  for  the  rear  end 
of  the  tooth. 

Diameter  of  Hole  before  Tapplntr 

The  diameters  of  holes  to  be  tapped  may  seriously  affect  the 
tapping  speed,  the  power  required  for  tapping,  the  loss  of  taps 
as  the  result  of  broakage,  and  the  quality  of  the  work.  The 
hole  should  be  somewhat  larger  than  the  root  diameter  of  the 
thread,  the  amount  depending  to  a  certain  extent  upon  the 
class  of  work  and  the  kind  of  material.  For  ordinary  manu- 
facturing. In  to  SO  per  cent  of  the  standard  thread  depth  is 
sufflclent,  and  for  some  classes  of  work  not  more  than  50  per 
cent  of  the  thread  depth  Is  required.    Tests  have  demonstrated 
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that  a  U.  S.  standard  thread  cut  to  one  half  the  standard  depth 
in  an  ordinary  cold-punched  nut  will  ndt  strip.  The  tops  of 
the  bolt  threads  also  resist  the  stress,  and  it  is  the  bolt 
that  breaks. 

Tests  made  by  the  Greenfield  Tap  &  Die  Corporation  have 
demonstrated  that  a  full  depth  of  thread  in  a  nut  is  practically 
no  stronger  than  a  75  per  cent  depth  of  thread;  furthermore,  a 
thread  depth  equivalent  to  75  per  cent  of  the  standard  is  only 
20  per  cent  stronger  than  a  thread  of  50  per  cent  depth.  As 
the  thread  depth  increases  beyond  75  per  cent,  the  power  re- 
quired to  drive  the  tap  rapidly  increases  as  the  full  depth  of 
thread  is  approached.  Soft  tough  material,  such  as  Norway 
iron,  drawn  aluminum,  copper,  etc.,  should  be  drilled  larger 
for  tapping  than  hard  crystalline  materials,  such  as  cast 
metals.  If  the  holes  in  the  soft  tough  materials  are  too  small, 
the  tops  of  the  threads  will  be  torn  off  when  tapping,  thus  de- 
creasing the  effective  thread  depth.  When  a  larger  tap  drill 
Is  used,  the  tapping  action  tends  to  draw  the  metal  toward  the 
top  of  the  thread  and  increase  the  effective  depth,  especially 
after  the  tap  has  been  slightly  dulled. 

If,  for  any  reason,  a  full  depth  of  thread  is  required,  serial 
taps  should  be  used.     Taps  of  this  kind  progressively  increase 
in  diameter  from  the  first  to  the  last  tap  in  a  set  in  order  to 
distribute  the  work  more  evenly  between  them.     In  general, 
tap   drills   giving  a  75   per  cent  depth   of  thread   are   recom- 
mended.    As  commercial  drill  sizes  will  not  always  be  just 
right,  the  next  larger  commercial  size  will  give  satisfactory 
results.     The  proper  selection  of  tap  drills  is  very  important. 
and  if  properly  attended  to,  may  result  in  a  great  reduction  in 
the  number  broken.    The  diameter  of  tap  drills  for  U.  S.  stand- 
ard or  V-threads  may  be  determined  by  the  following  formula, 
which  is  intended  for  a  75  per  cent  thread  depth: 
Tap  drill  diameter  =  T  —  0.75  X  2D 
in  which  T  =  external  diameter  of  tap  or  thread; 
D  =  depth  of  thread. 

The  depth  of  a  U.  S.  standard  thread  =  0.6495  X  pitch  of 
thread,  and  the  depth  of  a  sharp  V-thread  =  0.866   X   pitch. 

Tapping:  Square  Threads 

While  the  Acme  screw  thread  has  replaced  the  square  thread 
to  a  large  extent  because  it  is  stronger  and  more  easily  cut, 
square  threads  are  still  of  sufficient  importance  to  merit  some 
attention;  moreover,  those  who  are  responsible  for  producing 
good  square  threads  are  not  always  in  a  position  to  substitute 
the  superior  Acme  form.  A  satisfactory  method  of  cutting 
square  threads  by  means  of  taps  is  to  form  the  threads  by  a 
progressive  cutting  action.  This  method,  which  may  not  be 
necessary  for  very  fine  pitches  or  comparatively  rough  threads, 
involves  the  use  of  a  set  of  taps  varying  in  size  so  as  to  dis- 
tribute the  work  properly.  For  the  finer  pitches  there  may 
be  two  taps  In  a  set  or  as  many  as  four  or  five  if  the 
pitch  is  relatively  coarse.  Each  tap  should  have  a  pilot  or 
extension  beyond  the  chamfered  end,  as  this  steadies  it 
and  Improves  its  cutting  qualities.  The  pilot  of  the  first  tap 
of  the  series  is  simply  a  smooth  cylindrical  end  from  0.003  to 
0.005  inch  smaller  than  the  hole  to  be  tapped.  The  pilots  of 
the  following  taps  have  teeth  and  should  be  of  the  same  diam- 
eter as  the  body  of  the  preceding  tap.  It  Is  also  advisable  to 
have  the  teeth  In  the  different  taps  of  a  set  increase  pro- 
gressively In  width.  For  instance,  the  teeth  of  the  first  tap 
of  a  set  may  have  a  width  of,  say,  0.247  ln<'h;  the  teeth  of  the 
second,  a  width  of  0.250  Inch;  and  the  width  of  the  fhilsh- 
Ihk  tap,  0.2r,3  Inch.  If  the  outside  diameter  of  the  finlshliie 
tap  Is  1.5  Inch,  the  two  preceding  taps  might  have  diameters 
of.  Hay.  1.420  and  1.250  Inch,  respcctlvoly.  When  such  taps  are 
used,  the  thread  groove  Is  gradually  made  deeper  or  larger 
In  dlamirtcr  and  wider,  so  that  the  final  tap  of  a  set  serves  to 
take  a  nnlshlng  cut  over  the  cntirn  surfacn  of  the  threail 
Kroove,  which  Is  given  a  Hnuioth  finish.  If  the  taps  of  n  set 
Incrcajte  In  diameter  1ml  do  not  have  teeth  whl''h  progressively 
Increaso  In  width,  the  sides  of  the  thread  groove  will  not 
lie  fInlNhcd  as  smoothly.  The  flutes  of  square  thread  taps 
should  be  at  right  angles  to  the  cutting  teeth  In  order  tn  Im- 
prove the  rutting  qualltlcR,  particularly  If  the  taps  are  for 
coarse  pitches  and  must  rut  away  rnnsldornhlo  metal.  Thi- 
teeth  on  the  chamfered  part  of  all  the  taps  In  a  sot  should  be 


Fig.   13.     Tap-holder  of  Draw-out  Non-releasing  Type 

relieved  or  backed  off  on  top.  If  square-threaded  taps  are  to 
be  used  for  machine  tapping,  the  teeth  of  the  chamfered  part 
should  be  relieved  on  the  sides  as  well  as  on  top. 

Lead  and  Diameter '  Errors  in  Tapped  Holes 

In  order  to  secure  accurate  fits  between  screws  and  tapped 
holes,  it  is,  of  course,  necessary  to  guard  against  inaccuracy 
both  when  tapping  the  hole  and  when  cutting  the  external 
screw  thread  that  is  to  enter  the  hole.  While  this  is  quite 
obvious,  the  relationship  between  external  and  internal  screw 
threads  is  often  disregarded,  although  the  direct  cause  of 
many  thread  troubles.  When  fitting  plain  cylindrical  parts 
in  holes,  the  manufacturing  problem  is  relatively  simple,  since 
the  quality  of  fit  usually  depends  simply  upon  diameter  and 
finish,  but  in  the  case  of  screw  threads,  the  accuracy  and  qual- 
ity of  the  fit  may  be  decidedly  affected  either  by  the  lead  of 
the  thread  or  by  its  shape,  in  either  the  screw  or  the  nut, 
as  well  as  by  the  respective  diameters  of  the  screw  and  nut. 
Another  feature  of  the  screw  thread  is  that  errors  are  not 
always  apparent  at  first,  as,  for  example,  when  a  screw  seems 
to  fit  tightly  but  has  a  poor  bearing  in  a  nut  or  tapped  hole 
because  of  a  lead  error. 

The  errors  in  screw  threads  produced  either  by  tapping,  by 
means  of  dies  or  by  some  other  method,  may  be  due  to  in- 
accuracy in  the  tool  or  the  conditions  under  which  the  tool 
is  used.  Whatever  the  method  or  conditions,  it  is,  of  course, 
impossible  to  eliminate  all  error,  and  especially  where  the 
error — as  in  the  case  of  screw  threads — may  be  in  the  lead 
of  the  thread,  the  pitch  diameter,  the  sectional  shape  of  the 
thread,  fir  the  difference  between  the  curvature  of  the  thread 
and  a  true  helix.  In  order  to  allow  for  these  errors,  which 
may  be  very  small  if  considered  singly  but  serious  when 
combined,  it  is  essential  to  adopt  limits  or  tolerances  between 
the  threaded  parts.  This  question  of  limits  is  difficult  to  deal 
with,  particularly  in  a  general  discussion  of  the  subject,  since 
a  suitable  limit  for  one  grade  of  work  might  be  entirely  too 
large  or  small  for  other  threaded  parts  requiring  greater  or 
less  accuracy.  In  general,  maximum  and  minimum  pitch  di- 
ameters should  be  adopted  for  both  taps  and  screws.  The 
maximum  pitch  diameters  of  the  screw  threads  should  be 
slightly  less  than  the  minimum  pitch  diameters  of  the  taps 
to  allow  the  largest  screw  to^enter  the  smallest  hole,  although 
if  the  two  sizes  were  exactly  the  same,  there  might  be  no  ditfl- 
culty  in  assembling,  because  taps,  as  a  rule,  cut  a  certain 
amount  over  size,  the  amount  varying  according  to  the  condi- 
tions to  be  referred  to  later.  Tables  of  limits  recommended 
for  interchangeable  screw  threads  and  tapped  holes  were  pub- 
lished In  M.MiiiNKitY,  February,  1917,  page  480. 

In  buying  taps  some  manufacturers  specify  very  small  lim- 
its when   the  required   degree  of  accuracy   In   threaded   parts 
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Fig.  15.     Errington  Friction  Tap-holder  of  Releasing  Type 

could  be  obtained  with  ordinary  commercial  taps  if  sufficient 
care  were  taken  in  their  use  and  in  making  the  screws  which 
are  to  enter  the  tapped  holes.  While  an  accurate  fit  between 
threaded  parts  depends  upon  both  the  tap  and  screw,  some 
users  of  taps  forget  that  the  screw  may  be  at  fault.  This 
point  is  illustrated  by  the  experiences  of  all  tap  manufac- 
turers. Taps  made  for  customers  who  specify  very  close  limits 
of  accuracy  are  frequently  condemned  as  inaccurate,  when 
the  screws  inserted  in  the  tapped  holes  are  the  cause  of  the 
trouble,  due,  in  many  cases,  to  an  error  in  lead.  It  is  evident 
that  little  is  to  be  gained  by  using  high-priced  taps  that  are 
made  unusually  accurate  by  employing  special  methods,  if 
little  or  no  attention  is  given  to  the  limits  of  error  in  the 
screw;  in  fact,  so  far  as  pitch  diameter  is  concerned,  it  is 
usually  easier  to  control  the  diameters  of  the  screws  than 
the  diameters  of  tapped  holes,  although  with  the  adjustable 
taps  now  available  extremely  accurate  work  may  be  obtained, 
and  holes  in  duplicate  parts  may  be  held  to  a  standard  size 
within  small  limits. 

Many  taps,  particularly  when  used  in  a  machine,  tend  to 
cut  over  size.  This  slight  enlargement  of  the  hole  may 
be  the  fault  of  the  tap  or  it  may  be  caused  by  the  method 
of  holding  it;  the  size  of  the  hole  before  tapping  is  also  fre- 
quently the  cause  of  inaccurate  work.  If  the  threaded  part  of 
a  solid  tap  is  warped  or  bent  slightly  by  the  hardening  opera- 
tion-, this  will  cause  it  to  cut  large,  the  error  increasing 
as  the  length  or  depth  of  the  tapped  hole  increases,  up  to  the 
full  length  of  the  tap  body.  When  taps  are  made  ot  steel 
that  is  not  properly  rolled  or  annealed  they  may  shrink  un- 
evenly in  hardening  or  lose  their  circular  form.  If  the  teeth 
of  an  evenly  fluted  tap  do  not  lie  in  a  circular  path,  the  tap 
will  chatter  and  cut  over  size.  A  tapped  hole  that  is  too 
large  may  also  be  caused  by  the  crowding  of  the  metal  re- 
sulting from  passing  a  tap  through  a  hole  that  is  too  small. 
Errors  may  also  be  due  to  excessive  clearance  or  rake  on  the 
chamfered  part  of  the  tap,  uneven  chamfering  on  the  differ- 
ent lands,  excessive  under-cutting  in  the  tap  flutes,  or  too 
much  relief  in  the  thread  angle.  Lack  of  alignment  between 
the  tap  and  work  is  frequently  the  cause  of  tapping  holes  that 
are  too  large  and  tapering.  The  extent  to  which  errors  from 
lack  of  alignment  may  be  reduced,  if  they  are  not  eliminated 
entirely,  by  the  use  ot  floating  tap-holders  depends  upon  the 
design  of  the  tap-holder  and  the  amount  of  alignment  error. 
By  studying  the  different  causes  of  error  mentioned,  tapping 
troubles  that  are  the  direct  result  of  one  or  a  combination  of 
these  causes  may  be  greatly  reduced  or  eliminated,  and  holes 
may  be  tapped  accurately  enough  for  ordinary  commercial 
requirements   without    purchasing   taps   made    to    order   and 
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within  specified  limits  of  accuracy  which  require  unusual  and 
unnecessary  refinement  in  their  manufacture. 

Holding'  and  Driving:  Taps 

The  method  of  holding  and  driving  a  tap  may  vary  accord- 
ing to  the  type  of  machine  used  for  tapping,  the  kind  ot  tap, 
or  the  class  of  work.  The  holder  may  be  designed  to  hold  the 
tap  rigidly  or  to  allow  it  to  slip  or  stop  in  case  the  resistance 
to  tapping  becomes  excessive.  Tap-holders  may  also  be  ar- 
ranged to  provide  a  certain  amount  of  lost  motion  or  floating 
movement  either  in  a  longitudinal  or  a  lateral  direction.  The 
object  of  the  longitudinal  movement  is  to  allow  the  tap  to 
advance  according  to  its  own  lead  and  independently  of  the 
advance  movement  of  the  driving  spindle  or  slide  to  which 
it  may  be  attached.  The  lateral  floating  movement  is  to  com- 
pensate for  any  lack  ot  alignment  between  the  hole  being  tapped 
and  the  tap-driving  spindle  or  holder,  although  some  taps  as 
well  as  dies  that  are  supposed  to  have  this  self-adjusting  fea- 
ture do  not  line  up  properly  with  a  hole  that  is  out  of  line 
because  of  the  frictional  resistance  of  the  driving  pins  or 
lugs,  which  prevents  a  free  floating  movement.  Tap-holders 
for  solid  or  non-collapsing  taps  may  be  of  the  releasing  or  non- 
releasing  type,  as  described  later.  Another  type  of  tap-holder 
is  designed  especially  to  permit  inserting  or  removing  taps 
easily  and  quickly.  There  are  also  tap-holding  chucks  or  tap- 
ping attachments  that  are  equipped  with  a  mechanism  for  re- 
versing the  rotation  of  a  non-collapsing  tap  to  back  it  out 
of  a  hole.  Many  tap-holders  are  designed  along  the  same  gen- 
eral lines  as  die-holders. 

Frictional  Tapping:  Chucks 

In  order  to  prevent  breaking  power-driven  taps  when  au 
unusual  resistance  is  encountered,  they  are  sometimes  held 
In  frictional  chucks  arranged  to  allow  the  tool  to  slip  before 
it  is  strained  to  the  breaking  point.  The  need  for  a  frictional 
drive  may  arise  when  the  tap  strikes  the  bottom  of  a  blind 
hole,  or  if  the  hole  before  tapping  is  not  large  enough,  the  tap 
may  be  subjected  to  excessive  strains.  A  design  of  frictional 
holder  that  is  intended  for  driving  both  drills  and  taps  is 
shown  at  A  in  Fig.  11.  This  holder  (which  is  made  by  the 
Beaman  &  Smith  Co.,  Providence,  R.  I.)  has  a  shank  a,  a  fric- 
tion socket  6  which  receives  the  tap-holder,  a  cap  nut  c,  and  a 
lock-nut  d.  Fiber  washers  e  are  placed  on  each  side  of  the 
friction  socket  flange  and  nut  c  is  tightened  until  there  is 
just  enough  friction  between  parts  a  and  6  to  drive  the  tap 
under  normal  conditions.  If  the  tap  should  encounter  un- 
usual resistance  or  strike  the  bottom  of  a  blind  hole,  it  will 
slip  instead  of  breaking,  provided  nut  c  is  not  set  up  too 
tight. 

With  the  frictional  tapping  collet  illustrated  in  Fig.  12,  the 
frictional  resistance  is  obtained  by  means  of  a  tapered  plug  A, 
which  is  drawn  into  a  fiber  lined  hole  of  corresponding  taper 
by  a  differential  screw  B.  As  the  illustration  shows,  the  nut 
for  making  the  adjustment  is  threaded  internally  and  ex- 
ternally. These  threads  vary  in  pitch  so  that  a  sensitive  and 
powerful  adjustment  is  obtained.  This  frictional  collet  (which 
is  the  product  of  the  McCrosky  Reamer  Co.,  Meadville,  Pa.)  is 
used  in  the  quick-change  collet  chuck  illustrated  in  Fig.  17 
and  described  later.  By  supplying  collets  for  the  different 
taps  that  may  be  required  in  succession  on  the  same  job. 
each  size  tap  may  have  its  own  friction  properly  adjusted, 
in  order  to  avoid  readjusting  the  friction  for  different  sizes. 

The  Woodstock  safety  tapping  chuck  (made  by  Peter  Bros. 
Mfg.  Co.,  Algon(iuin,  111.)  is  arranged  to  hold  the  tap  by  the 
square  end  of  the  shank  only,  between  the  jaws  A  (see  Fig 
14).  These  jaws  are  located  in  a  slot  in  the  friction  cone  li. 
which  prevents  them  from  turning  except  with  the  cone.  A 
circular  projection  on  part  C  fits  into  the  slot  ot  cone  B  and 
forces  the  jaws  downward  for  gripping  the  square  end  ot  the 
lap  shank  when  the  outer  shell  ot  the  chuck  is  screwed  up  or 
tightened.  The  tai)  i.-*  prevented  from  pulling  out  by  a  small 
pill  in  one  of  the  jaws,  which  engages  a  catch  or  notch  formed 
on  the  square  end  ot  the  tap.  Between  part  C,  which  is  called 
the  "rocker,"  and  the  stem  or  shank  D,  there  Is  a  fiber  fric- 
tion disk  !■:.  This  fiber  disk  forms  part  ot  the  frictional 
surface  through  which  the  tap  Is  driven.    In  addition,  there  Is 
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Fig.    17.     "Wizard"   Uuick-change   Chuck   and  Collets 

a  conical  friction  surface  at  F  formed  of  fiber  contained  within 
a  steel  case  surrounding  the  cone  B.  This  conical  cup  is  pre- 
vented from  turning  with  cone  B  when  the  latter  slips,  by 
two  pins  that  engage  slots  in  the  inner  shell  of  the  chuck 
body.  The  cup  F  is  held  in  contact  with  cone  B  by  spring  G. 
the  tension  of  which  is  regulated  by  screwing  the  outer  shell 
H  in  one  direction  or  the  other.  Graduation  lines  on  the  body 
of  the  chuck  serve  as  a  guide  in  securing  the  proper  amount 
of  frictional  resistance.  The  graduations  are  for  ordinary 
tapping  operations  in  steel.  When  tapping  exceptionally- tough 
material  like  nickel  steel,  it  might  be  necessary  to  screw  the 
shell,  say,  half  a  revolution  beyond  the  graduating  line, 
whereas  for  tapping  cast  iron,  the  shell  might  not  be  advanced 
to  the  graduating  line  within  half  a  revolution. 

Tap-holders  of  Releasing-  and  Non-releasing:  Types 

Tap-holders  for  non-collapsing  taps  are  made  in  the  releas- 
ing or  non-releasing  type  the  same  as  die-holders.  The  non- 
releasing  holder  should  preferably  have  enough  lengthwise 
floating  movement  to  allow  the  tap  to  follow  its  own  lead. 


I    Uuluk-cliaUKc-    CIllKjk    nf 

hut  th<!  lap  1m  al  all  llmea  pri!vniited  from  revolving.  A  Hlniplc 
rlPHlKn  of  nonreleaHlhK  liolilor  wlil<'h  1h  ubgiI  on  many  Urown 
&  Sharpe  automatic  Hcrew  niaclilnen  Ih  shown  In  Klg.  i;{.  This 
connlHtB  of  two  main  parts  A  and  H.  The  outer  part  A  Is  held 
in  the  turret,  whereas  the  tap  Is  held  In  the  Inner  purt  //. 
The  latter  Is  free  to  move  a  limllcd  aniounl  In  a  lonKthwIso 
(llrecllon  aKainst  the  tension  of  spring  a. 

With  Ihe  rcleasInK  type  of  holder  the  tap  Is  prevented  from 
roliitlnK  until  lh>!  tiippltiK  opcriiMon  Is  rompli'led,  when  It  Is 
ri'leaxod.  Oin,'  of  the  Krrln((ton  reli'iislng  holdiTs  Is  liliiHtratod 
In  KIk.  15.  The  Rhank  of  the  holder  passes  llirouKli  a  sleeve  A, 
havInK  clutch  teeth  formed  on  each  end.  When  the  tap  Is 
onterinK  n  hole,  the  clutch  pins  nt  H  are  in  enKiiKemcnt  with 
the  slecvi-  and  the  tup  Is  prevented  from  rotatinK.     When  tin' 


forward  movement  of  the  turret-slide  is  arrested  by  stops 
previously  set,  the  tap  continues  to  advance  until  the  pins  at  /} 
are  disengaged  from  the  clutch  sleeve,  and  then  the  tap  re- 
volves idly  with  the  work.  As  soon  as  the  work-spindle  is 
reversed  and  the  turret  with  sleeve  A  is  moved  in  the  oppo- 
site direction,  the  clutch  pins  C  come  into  engagement  with 
the  sleeve  and  hold  the  tap  stationary  while  it  is  being  backed 
out  of  the  tapped  hole.  This  particular  holder  is  provided 
with  a  friction  drive,  which  is  adjusted  to  slip  and  prevent 
breaking  the  tap  in  case  the  latter  is  subjected  to  excessive 
stresses  or  comes  against  the  bottom  of  a  hole.  There  are 
various  other  designs  of  tap-holders  in  both  non-releasing  and 
releasing  types,  many  of  which  are  similar  to  die-holders. 

In  many  shops  it  is  the  practice  to  use  non-releasing  hold- 
ers on  automatic  screw  machines,  and  the  releasing  type  on 
turret  lathes  or  screw  machines  which  may  be  reversed  by 
liand,  especially  if  a  thread  is  to  be  cut  close  to  a  shoulder. 
The  reason  for  using  a  releasing  holder  on  a  machine  that  is 
reversed  by  hand  is  to  prevent  breaking  the  tap  by  allowing 
it  to  revolve  with  the  work  after  being  fed  in  to  a  predeter- 


Fig.    19. 

mined  depth.  If  the  holder  were  non-releasing  and  the  ma- 
chine were  not  reversing  at  exactly  the  right  time,  the  tap 
might  be  broken  or  the  thread  damaged. 

Tap-holders  Desig-ned  for  Rapid  Insertion  or  Removal  of  Taps 

When  tapping  operations  are  performed  on  drilling  .ma- 
chines in  connection  with  drilling  operations,  chucks  are 
often  used  that  are  arranged  for  holding  either  drills,  taps 
or  other  tools  interchangeably,  and  these  chucks  or  holders 
are  so  designed  that  a  drill  may  be  replaced  by  a  tap,  or  vice 
versa,  very  quickly.  Whether  it  is  advisable  to  drill  all  holes 
to  be  tapped  and  then  rehandle  the  work  for  tapping  may  de- 
pend upon  the  size  of  the  casting  or  forging  and  the  relation 
between  the  tapping  and  other  operations.  When  tapping  du- 
plicate pieces  on  a  drilling  machine  that  are  too  heavy  to 
adjust  or  center  themselves  with  the  tap,  or  when  the  work 
is  clamped  in  position,  it  is  common  practice  to  drill,  tap,  and 
possibly  insert  a  stud  in  the  tapped  hole,  in  one  series  of 
operations,  instead  of  rehandling  the  parts  for  tapping.  It  is 
for  operations  of  this  kind  that  the  quick-change  chucks,  col- 
lets, or  holders  for  drills,  taps,  etc.,  are  of  especial  value. 

The  holder  or  socket  illustrated  at  B,  F'ig.  11,  is  used  in  con- 
nection with  the  Beaman  &  Smith  friction  chuck  shown  at  .1. 
This  holder  is  splined  at  /  on  each  side,  and  these  splines  en- 
gage keys  k.  The  small  spring-pin  m  engages  groove  g  on 
the  holder  and  prevents  the  latter  from  falling  out  of  the 
chuck  when  there  is  no  upward  pressure.  The  tap  C  is  aUo 
driven  by  side  keys  and  is  prevented  from  dropping  out  by 
the  spring  pin  n.  The  drill  sockets,  which  are  also  inserted 
ill  this  friction  chuck,  liiivc  a  staiulard  tiipcr  hole  for  receiv- 
ing drill  shanks. 

The  (lulck-chunge  collet  <liuiU  illiislratcd  in  ]''ig.  It!  Is  so 
arranged  that  either  the  tap  collet  or  drill  collet  can  be  In- 
serted by  simply  grasping  the  Utuirlcd  .sleeve  of  the  chuck 
ami  holding  It  back  against  llic  miallcHi  nl'  llic  splnillc  na  the 
<!ollet  is  pushed  Into  place.     Wluii  ilic  ^Icivi'    i   is  lu'lil  against 


lit.    20.      Srully  .Intii't    T>i|i    Olnlok 


November,  1917 


MACHINERY 


229 


rotation,  the  retaining  dogs  B  are  withdrawn  by  the  action 
of  cam  surfaces.  As  the  collet  is  pushed  up  into  the  chuck  it 
is  centered  by  the  tool-steel  plug  D.  which  engages  a  conical 
shaped  center  formed  in  the  end  of  the  collet.  The  studs  E 
come  into  contact  with  flat  surfaces  near  the  end  of  the  collet 
and  provide  a  positive  drive.  As  soon  as  sleeve  A  is  released, 
the  retaining  dogs  B  are  forced  inward  by  the  action  of  spring 
C  and  engage  an  annular  groove  extending  around  the  collet. 
These  dogs  or  pins  B  prevent  the  collet  from  dropping  out  of 
the  chuck.  Both  tapping  and  drill  collets  are  shown  in  the 
illustration.  The  tapping  collet  is  provided  with  an  adjustable 
friction  for  safeguarding  the  tap  against  breakage.  The  coni- 
cal frictions  H,  which  are  of  fiber,  are  located  between  the 
body  F  of  the  collet  and  the  sleeve  G.  The  tension  of  the  fric 
tion  is  adjusted  by  the  nut  J,  so  that  the  tap  will  slip  if  the 
torsional  strain  becomes  excessive.  The  collet  is  made  0.015 
inch  smaller  than  the  bore  of  the  chuck  to  provide  a  slight 
floating  movement.  This  chuck  is  manufactured  by  E.  Horton 
&  Son  Co.,  Windsor  Locks,  Conn. 

Another  chuck  designed  for  rapid  insertion  or  removal  of 
tools  is  shown  at  A  in  Fig.  17.  Some  of  the  collets  used  in 
conjunction  with  this  chuck  (manufactured  by  the  McCrosky 
Reamer  Co.) 'are  also  shown  in  the  illustration.  These  collets 
each  have  two  driving  lugs  projecting  from  the 
side  that  engage  slots  in  the  chuck  when  in  use. 
The  chuck  consists  principally  of  a  driving 
body,  which  is  equipped  with  a  Morse  taper 
shank  to  fit  the  drill-press  spindle,  and  a  slotted 
collar  for  holding  the  collet  up  into  the  driving 
body.  This  collar  is  held  in  position  by  a  head- 
less screw,  and  it  is  provided  with  a  coiled 
spring  which  keeps  it  normally  in  the  closed 
position.  A  thin  sleeve  is  screwed  over  the 
slotted  portion  of  the  collar  merely  to  cover 
up  the  slots  and  screw.  A  slight  resistance  to 
the  motion  of  the  collar,  such  as  would  be 
caused  by  grasping  it  with  one  hand  while  the 
spindle  is  in  motion,  opens  the  slot  in  the  chuck 
so  that  a  collet  may  either  be  inserted  or  al- 
lowed to  fall  out  of  the  chuck.  The  spring 
previously  referred  to  then  throws  the  collar 
back  to  the  closed  position,  which  serves  to  lock 
the  collet  into  place.  A  friction  drive  tapping 
collet  tor  use  with  this  chuck  is  shown  at  B. 
The  particular  collet  illustrated  is  intended  for 
the  Bearaan  &  Smith  style  of  tap  shank.  The 
collet  illustrated  at  C  is  provided  with  a  Morse 
taper  hole  and  is  intended  for  holding  a  tap 
drill  or  other  tool  having  a  tapered  shank.  The 
collet  is  one  solid  piece  of  steel,  and  it  will  be 
noted  that  the  upper  end  has  a  conical  point. 
The  upper  end  of  the  slot  in  the  chuck  .4.  is 
angular,  and  this  tends  to  force  the  collet  upward  so  that  it 
is  accurately  centered  by  the  conical  end  which  engages  a  seat 
in  the  chuck.     This  collet  is  so  made  that  it  bears  in   the 


Fig.    21.     Cincinnati-Bickford 

Friction-reducing    Tap 

Chuck 


IS.     Tap-holdar   dulcncd   on   Principle   of   Oldham    Coupling 


Multiple-spindle    Autoniatic 

chuck  only  on  the  taper  end  and  on  that  part  of  the  collet  be- 
tween the  driving  lugs  and  flange.  This  flange  or  collar  is  con- 
venient when  pushing  a  collet  up  into  the  chuck  or  when 
catching  it  when  released.  The  collet  shown  at  C  is  held 
rigidly  in  the  chuck,  whereas  the  form  illustrated  at  D  has  a 
floating  movement. 

The  type  of  quick-change  tool-holders  illus- 
trated at  A  and  B.  Fig.  IS  (product  of  the 
Errington  Mechanical  Laboratory.  .39  Cortlandt 
St.,  New  York  City),  is  intended  for  use  with  a 
friction  "slip-chuck"  C.  or  an  automatic  reverse 
chuck  in  case  the  drilling  machine  is  not 
equipped  with  a  tapping  attachment.  The  two 
driving  pins  seen  on  the  lower  face  of  the  chuck 
have  retaining  collars  or  flanges  at  the  end  and 
engage  holes  in  the  flange  of  drill-holder  A.  or 
holes  in  the  body  of  the  tap-holder  B  when 
either  the  drill-  or  tap-holder  is  in  use.  A  tool- 
holder  can  be  inserted  in  the  chuck  by  simply 
pushing  it  up  into  place,  or  it  can  be  removed 
from  the  chuck  while  the  spindle  is  revolving 
by  depressing  a  releasing  spring  The  auto- 
matic-reverse chuck  referred  to  is  arranged  to 
reverse  the  motion  for  backing  out  the  tap. 
This  chuck  is  arranged  to  receive  the  quick- 
change  tool-holders,  and  may  be  locked  for 
drilling  by  pulling  out  a  slide.  When  tapping, 
this  slide  is  pushed  in,  which  enables  the  mo- 
tion of  the  tap  to  be  reversed,  the  same  as  when 
using  the  regular  automatic-reverse  tapping 
chuck.  The  chuck  with  the  pin  drive  is  adapted 
especially  for  the  heavier  classes  of  tools.  For 
comparatively  light  weight  tools  that  can  safely 
be  dropped  out  of  the  socket,  a  ball-drive  chuck 
is  recommended.  The  shank  of  this  chuck  is 
bored  out  to  receive  the  tool-holding  socket,  which  has  con- 
cave crosswise  grooves  near  the  upper  end  which  are  engaged 
by  the  two  driving  balls.  When  a  sliding  sleeve  is  raised  the 
balls  fly  outward,  thus  releasing  the  tool  socket.  As  soon  as 
another  socket  is  inserted  in  the  chuck,  the  sleeve  is  lowered 
and  an  inner  beveled  surface  on  it  forces  the  balls  in  to  the 
driving  position.  Tools  may  be  inserted  or  removed  while 
the  spindle  is  in  motion. 

The  quick-action  chuck  shown  in  section  in  Fig.  19  is 
operated  hy  raising  or  lowering  a  sliding  collar,  for  inserting 
or  removing  a  tool-holding  collet.  The  taper  shank  A  enters 
ilie  machine  spindle,  the  collet  B  holds  the  tap  or  other  tool, 
I  lie  two  keys  or  "pawls"  C  drive  the  collet  by  engaging  the 
slots  shown,  and  the  sliding  collar  D  either  holds  the  pawls  C 
in  the  driving  position  or  allows  them  to  move  outward  in  a 
radial  direction  for  releasing  the  collet.  The  sectional  view 
shows  the  driving  pawls  in  the  outward  position  to  permit 
inserting  or  releasing  a  collet.  When  the  sliding  collar  is 
pushed  downward,  the  pawls  come  into  contact  with  a  conical 
surface  and  are  forced  inward  to  the  driving  position,  as  Indi- 
cated by  the  dotted  lines.  This  chuck  is  manufactured  by  the 
Quick-Action  Chuck  Co.,  Grand  Rapids,  Mich.  The  collet  with 
its  tap,  drill  or  other  tool  may  be  inserted  or  removed  from 
the   chuck    while   the   machine   spindle   continues    to    revolve. 


230 


MACHINERY 


November,  1917 


Socket  or  Collet  Type  of  Chuck 
The  tap-driving  chuck  shown  in  Fig.  20  is  formed  of  one 
piece  of  steel  and  is  without  retaining  screws,  pins  or  other 
separate  parts.  This  chuck  is  practically  a  collet  or  socket 
having  four  slots  extending  in  a  lengthwise  direction  to  allow 
enough  contraction  of  the  chuck  for  firmly  gripping  the  tap 
shank.  The  chuck  is  made  to  a  standard  Morse  taper  and 
is  inserted  directly  in  the  machine  spindle.  Any  pressure  in 
an  axial  direction  naturally  causes  the  flexible  body  of  the 
chuck  to  grip  the  tap  shank,  the  grip  increasing  as  the 
pressure  increases.  This  chuck  (which  is  made  by  Scully- 
Jones  &  Co.,  647  Railway  Exchange  Bldg.,  Chicago,  111.)  holds 
taps  in  alignment  with  the  spindle  even  though  the  shank 
may  vary  somewhat  in  size. 

Friction-reducing'  Tapping  Chuck 

Poorly  tapped  holes  may  be  due  to  the  frictional  resistance 
of  the  tap-driving  spindle  to  motion  in  fi  lengthwise  direction. 


Fig.  24.     Tap  Besetting  Attachment   on   Gridley  Single-spindle   Automatic 

The  feather  or  key  that  drives  the  spindle  of  a  drilling  ma- 
chine is  subjected  to  considerable  pressure,  particularly  when 
tapping  rather  large  holes,  and  the  natural  tendency  of  the 
tap  to  advance  or  screw  itself  into  the  drilled  hole  is  partially 
or  entirely  resisted  in  some  cases.  The  result  is  that  the  tap 
cuts  a  poor  thread  or  fails  to  start  and  simply  enlarges  the 
end  of  the  hole  like  a  reamer.  The  tap  chuck  shown  in  Fig.  21 
(made  by  the  Cincinnati  Bickford  Tool  Co.,  Cincinnati,  Ohio) 
is  80  constructed  that  the  tap  can  advance  independently  of 
the  driving  spindle,  and  the  frictional  resistance  is  reduced 
to  a  minimum  by  means  of  ball  bearings.  The  central  part 
of  the  chuck,  which  engages  the  machine  spindle,  connects 
with  an  outer  sleeve  by  means  of  two  rectangular  shaped  keys 
which  are  surrounded  by  ball  bearings,  as  the  illustration 
shows.  The  lower  end  of  this  sliding  sleeve  is  attached  to 
the  tap-holder  proper.  In  tapping  a  hole,  the  operator  exerts 
a  Blight  pressure  on  the  tap  when  it  first  comes  into  contact 
with  the  work.  The  tap  then  advances  In  accordance  with 
the  pitch  of  the  thread,  the  frictional  resistance  to  this  move- 
ment being  reduced  to  a  minimum  by  the  ball  bearing  driving 
keys  referred  to.  This  friction-reducing  feature  tends  to  pre- 
vent reaming  action  or  the  Htrlpplng  of  the  thread,  especially 
when  driving  comparatively  large  taps,  which  without  the 
ball  bearing  feature  would  have  to  advance  against  consider- 
able frictional  resistance. 

Tap-holder  DeHlifned  on  Princlplo   of  Oldlutii)  Oiiiplltiif 

The  tap-holder  llluMtraled  In  Fig.  22  applied  to  a  vcrllcal 
boring  mill  Is  Himllar  in  principle  to  the  well-known  Dldliaiii 
coupling.  The  particular  operation  shown  is  that  of  lapping 
lathe  faceplates.  The  holder  is  formed  of  three  Hoctions  A, 
B  and  C.  Part  A  Is  attached  to  the  tool-slide  of  the  boring 
mill,  part  B  holds  the  tap,  and  the  centrul  sc'^.ion  V  has  a 
tongue  on  the  upper  tare  ongaKinK  a  groove  In  A,  and  a 
tongue  on  the  lower  face  engiiglnK  a  groove  in  /<.  These 
tongiieH  arc  at  right  angles,  so  (hat  the  lap  holder  is  free  to 
move  laterally  In  case  the  tap  Is  not  In  alignment  with  the 
hole.    The  three  aectlona  of  the  (ap-hoUler  arc  held  togotlier 


Ijy  four  large  cap-screws  that  are  threaded  into  the  lower  half 
of  the  coupling  but  pass  through  enlarged  holes  in  the  central 
section  and  the  upper  part  that  is  attached  to  the  tool-slide. 
Various  classes  of  tapping  attachments  and  tapping  machines 
will  be  described  in  the  December  number. 

Resetting  Collapsible  Taps 

The  method  of  resetting  collapsing  taps  varies  according  to 
the  construction  of  the  tap  and  may  depend  in  some  cases 
upon  the  type  of  machine  used  for  the  tapping  operations. 
Collapsing  taps  of  the  non-revolving  class,  which  are  intended 
for  use  in  turrets,  etc.,  commonly  have  a  lever  projecting  from 
the  side  which  is  used  for  resetting  the  tap  after  it  has  col- 
lapsed, as  previously  explained.  This  lever  may  be  operated 
by  hand,  or  the  machine,  if  an  automatic  type,  may  be  equipped 
with  some  form  of  projecting  part  arranged  to  engage  the 
closing  lever  as  the  tap  and  turret-slide  are  withdrawn  after 
the  tapping  operation.  Some  collapsing  taps  designed  to  re- 
volve have  a  sliding  flange  or  collar  which  engages  a  suitable 
collar  or  stop  and  serves  to  reset  the  tap. 

The  special  tap  resetting  attachment  for  a  "Namco"  tap 
applied  to  an  Acme  multiple-spindle  automatic  is  shown  in 
Fig.  23.  The  tap,  in  this  case,  is  arranged  to  revolve  when 
cutting  a  thread.  The  bracket  A.  carrying  shaft  B,  is  bolted 
to  the  main  tool-slide  of  the  machine  so  that  shaft  B  is  parallel 
with  the  tap-spindle.  Yoke  C  engages  the  spool  or  grooved 
collar  D,  which  is  free  to  slide  on  the  tap  proper.  Stop  E  is 
bolted  to  the  cylinder  casing  of  the  machine  to  terminate  the 
travel  of  the  tap.  The  amount  of  travel  is  controlled  by  the 
adjustment  of  collar  F  on  rod  B.  When  the  tap  is  cutting. 
the  forward  travel  of  the  tool-slide  carries  stop-collar  F  into 
contact  with  stop  E.  which  is  drilled  to  receive  the  projecting 
end  of  rod  B  and  serves  as  a  guide.  When  the  work  has  been 
tapped  to  the  required  depth,  the  forward  travel  of  the  tool- 
spindle  is  stopped  and  the  chasers  collapse  as  described  in  con- 
nection with  the  "Namco"  tap,  illustrated  in  Fig.  2.  As  the 
tool-slide  recedes  from  the  work  to  allow  the  work-spindles 
of  the  machine  to  index  for  the  next  operation,  a  closing  at- 
tachment operates  in  the  following  manner:  The  backward 
travel  of  shaft  B  is  accelerated  and  yoke  C  engaging  spool  D 
is  stopped  by  contact  with  collar  G;  as  the  tap  proper  con- 
tinues to  recede  with  the  backward  movement  of  the  tool- 
slide,  spool  D  remains  stationary,  causing  the  resetting  pin  H 
to  travel  down  the  inclined  cam  surface  shown,  thus  resetting 
the  tap  for  the  next  operation. 

The  resetting  attachment  for  the  "Namco"  tap,  as  applied 
to  the  Gridley  single-spindle  automatic,  is  shown  in  Fig.  24, 
and  is  similar  to  the  mechanism  used  for  self-opening  dies. 
This  attachment  is  bolted  to  the  slide  on  the  turret  and  con- 
sists of  guide-rods  A,  a  spring  at  B  for  starting  the  tap  onto 
the  work,  a  closing  lever  C,  a  stop-lever  D,  an  adjusting  screw 
/•;  for  the  stop-lever,  an  adjusting  screw  F  for  the  closing  lever, 
and  a  stationary  stop  G  bolted  to  the  side  of  the  turret.  The 
operation  is  as  follows:  When  the  turret  is  moved  forward 
by  the  regular  cam  equipment  of  the  machine  and  the  tap  is 
about  to  engage  the  work,  the  spring  at  B.  controlled  by  stop- 
lever  D,  causes  the  tap  to  start  cutting,  the  bracket  shown 
traveling  on  guide-rods  A  for  the  length  of  the  cut.  When 
the  tap  has  entered  the  hole  to  the  recjuired  depth,  stop-lever 
I)  ceases  to  hinge  at  fulcrum  point  H.  thereby  stopping  the 
travel  of  the  tap  and  causing  It  to  trip  or  collapse.  As  the 
mechanism  recedes,  the  adjusting  screws  /,'  and  F  in  bracket 
';  cause  the  closing  lever  to  engage  the  liandle  of  the  tap  and 
reset  It  for  the  next  operation.  When  (Ills  tap  Is  used  on 
other  nuicliliies,  the  niechiinlHiii  niny  require  more  or  less  modi- 
llcatloM.  When  tapping  deep  holes,  special  e(|ui|)iiM'Ml  liiis  been 
applied  to  iilldw  till'  tap  to  cut  to  any  required  dcplli. 


The  priipelllng  iMiirlilncry  of  llie  Hupcrdreailminglit  U.  S.  S. 
Tfiinvmirf,  now  being  coimtructcd,  will  (M)nsl8t  of  four  motors, 
each  driving  one  propeller  shaft,  and  developing  (1700  horse- 
power at  I7r>  revolutions  per  minute.  The  current  for  the 
inolors  will  III-  furnlHlii'd  by  two  stiinilard  W<'hI Inghouse  steam 
lurhodrlvcn  iilti'rnalorH.  each  of  which  Is  capalile  of  il(>vi'lop- 
lug  a  niiixinniiii  of   i:i,r.(IO  linnirpdwcr. 
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ILLUSTRATIONS  OF  USE  IN  TOOLMAKING  AND  MANUFACTURING 

BY  P.  SERVER 


"■Y"TTHAT  can  it  do  for  you?"  is  pertiaps  the 
l/\/  most  pertinent  question  that  can  be  asked 
'  '  about  a  well-known  tool  that  is  making  big 
strides  in  its  own  field  in  addition  to  finding  many 
special  applications.  This  tool  is  the  micrometer. 
It  is  a  precision  measuring  instrument,  an  adjust- 
able gage  in  which  the  units  of  measurement  are 
0.001  inch  or  0.01  millimeter.  The  micrometer  cali- 
per is  an  important  factor  in  interchangeable  manu- 
facture which  now  means  more  to  the  nations  at 
war  than  ever  before.  We  are  supplying  the  armies 
in  Europe  with  American  products  measured  in 
inches  that  will  interchange  with  products  made  to 
metric  measurements.  While  the  development  of 
micrometers  has  been  interesting,  it  is  their  appli- 
cations to  special  conditions  that  will  be  discussed 
in  this  article. 

Typical  examples  are  shown  in  Fig.  1,  which  illus- 
trates a  group  of  Slocomb  micrometers  of  diilerent 
designs.  Following  this  in  Fig.  2  is  shown  a  group 
of  tools  of  various  construction,  running  from  the 
one-inch  size  to  the  larger  sizes.  Referring  to  Fig.  1. 
the  first  illustration  shows  a  tube  micrometer,  and, 
as  its  name  implies,  this  micrometer  is  used  for 
measuring  thicknesses  of  the  walls  of  tubing,  rings 
or  any  similar  class  of  work.  The  illustration  at 
the  right  of  this  shows  a  thread  micrometer  of  fa- 
miliar construction,  which  is  used  for  comparing 
or  transferring  thread  measurements  from  a  standard  to  the 
work  being  machined.  As  a  micrometer  of  this  type  does  not 
measure  points  diametrically  opposite,  care  must  be  taken  in 
its  application.  The  illustration  in  the  center  of  Fig.  1  shows 
a  micrometer  which  is  adapted  for  measuring  the  thickness  of  a 
plate  at  some  distance  from  the  edge,  this  being  made  possible 
by  the  long  gap  construction.     By  having   the   anvil  of  this 


PLATE  MICROMETER 
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PAPEn  MIcnoMCTER 


Flff.   1.     Group  of  Spocial.purpoio   Micromotor  Callport  of   V&rlout  Dostgn 


Fig.   2.     Group  of  Standard  Micrometers  of  Different  Types  and  Sizes 

micrometer  rounded,  it  can  also  be  used  for  measuring  tubing. 
The  lower  view  at  the  left  shows  a  Va-inch  micrometer  which 
is  used  for  measuring  paper;  this  is  provided  with  special 
anvils  of  large  diameter,  thereby  providing  a  large  contact 
surface  for  the  paper  or  cloth.  The  illustration  in  the  lower 
right-hand  corner  shows  a  i^-inch  micrometer  with  part  of 
the  frame  cut  away  and  the  anvil  rounded  over.  This  is  used 
for  measuring  the  walls  of  tubing  and  pieces  of  various  other 
shapes  and  projections  of  a  similar  kind,  where  the  depth  is 
not  too  great. 

The  micrometers  illustrated  in  Fig.  2 
are  a  collection  of  standard  tools,  the  one 
in  the  middle  at  the  left  being  a  heavy  type 
micrometer  having  a  drop  forged  frame. 
The  one  above  this  is  the  familiar  tool- 
maker's  micrometer,  which  has  a  lock-nut 
A  and  a  ratchet  stop  B.  Both  of  these  mi- 
crometers have  a  one-inch  range.  The  mi- 
crometer shown  in  the  lower  left-hand  cor- 
ner measures  from  one  to  two  inches;  and 
is  a  heavy-type  tool  with  a  lock-nut  and  a 
ratchet  stop.  The  micrometer  shown  in 
the  right-hand  view  is  adapted  tor  measur- 
ing large  work,  and  it  is  provided  with  a 
ratchet  stop,  rubber  grips  and  interchange- 
able anvils.  By  means  of  the  latter  fea- 
ture quite  a  large  range  of  work  may  be 
measured.  A  micrometer  caliper  that  has 
a  number  of  patented  features  enabling  it 
to  meet  special  requirements  in  tool-room 
use  is  illustrated  In  Fig.  4.  This  microm- 
eter has  a  flat  surface  A  ground  at  right 
angles  to  the  spindle,  and  there  is  a  hole 
Ji  in  the  anvil.  This  tool  is  put  on  the 
market  with  graduations  to  0.0005  inch 
and  also  with  a  double  row  of  figures,  one 
set  of  which  reads  in  the  usual  manner, 
and  the  other  from  zero  at  the  open  end 
to  1.000  inch  with  the  anvil  and  spindle 
together.  The  rod  shown  at  C  is  used  for 
measuring  depths  in  the  same  manner  as 
when  using  a  depth  gage. 
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A  micrometer  of 
special  construc- 
tion, as  applied 
for  measuring  a 
drawn  steel  part,  is 
shown  in  Fig.  5. 
The  work  is  shown 
in  section,  and  this 
micrometer  meas- 
ures the  thickness 
from  the  outside  of 
lug  A  to  the  inside 
surface  of  the  wall. 
This  tool  is  built  up  with  a  regular  micrometer  head  B  and  a 
long  anvil  C.  while  the  frame  D  is  forged  from  machine  steel. 
A  micrometer  of  rather  unique  construction,  but  which  never- 
theless is  a  practical  tool,  is  shown  at  the  top  of  Fig.  6.  This 
measures  from  0  to  1.000  inch  at  end  A.  and  from  1.000  inch 
to  2.000  inches  at  end  B.  thus  combining  two  tools  in  one. 
This  tool  is  not  as  convenient  to  handle  as  a  micrometer  which 
measures  only  one  range;  and,  in  addition,  it  costs  almost  as 
much  to  make  as  two  separate  micrometers,  while  two  mi- 
crometers could  be  used  by  two  persons  and  this  tool  can  be 
used  by  one  only,  thereby  lessening  its  value. 


Fig. 


Tig.    4. 


Micrometer    provided    with    Double    Set    of    Graduations    and 
Depth   Plug 


In  the  lower  view  of  Fig.  S  is  shown  a  tool  designed  on  the 
built-up  principle  like  the  Johansson  gages.  This  tool  is  pat- 
ented (as  are  many  of  the  others  here  shown)  and  measures 
from  0  to  6.000  inches,  this  being  accomplished  by  having  a 
set  of  end  measures  or  spacers  C,  which  are  placed  against  a 
lug  D  in  the  spindle  frame  f'.  These  end  measures  vary  in 
length  by  Inches,  and  after  placing  the  required  lengths  be- 
tween the  spindle  frame  and  anvil  frame  in  the  tube,  other 
end  measures  are  placed  in  back  of  the  spindle  frame.     The 


whole  is  then  locked  by  the  knurled  screw  G  and  the  microm- 
eter is  arranged  for  measuring  a  one-inch  range  in  the  usual 
manner,  this  range  being,  for  example,  from  2.000  to  3.000 
inches.  By  rearranging  the  blocks,  any  other  one-inch  range 
may  be  had  within  the  capacity  of  the  tool.  It  will  be  noticed 
that  on  the  end  of  the  sliding  bar  at  the  knurled  end  G  there 


Fig.  6.    Two  Types  of  Micrometers  covering  Large  Range  of  Measurements 

are  two  zeros  which  must  coincide  in  order  to  indicate  the 
amount  of  pressure  that  has  been  applied  in  tightening  the 
nut;  this  also  indicates  if  there  is  any  dirt  between  the  end 
measures. 

Three  examples  of  measuring  with  micrometers  are  illus- 
trated in  Fig.  7,  and  each  of  the  tools  shown  is  well  adapted 
to  the  class  of  work  that  is  shown  being  measured.  The  upper 
view  shows  a  two-inch  micrometer  measuring  a  three-sided 
piece  across  the  flats.     In  this  tool  the  spindle  A  is  slightly 
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for  making  compara- 
tive measurements. 
In  the  view  at  the 
center  of  Fig.  7  a 
micrometer  used 
with  a  standard  plug 
is  shown.  The  meas- 
urement being  taken 
is  obvious,  the  ob- 
ject being  to  ma- 
chine the  V-groove 
to  the  correct  dis- 
tance from  the  bot- 
tom of  block  E.  In 
the  lower  view  is 
shown  a  tool  that 
must  be  carefully 
used,  but  that,  in 
the  hands  of  a  care- 
ful man,  will  give 
good  results.  This 
tool  measures  from  a 
V-groove  to  a  planed 
slot  at  one  side  of 
the  vee.  In  using  it, 
the  workman  holds 
the  formed  block  por- 
tion of  the  microme- 
ter down  snugly  into 
the  vee,  the  weight 
of  the  form  being  so 
proportioned  that  it 
will  counteract  the 
weight  of  the  mi- 
crometer portion  of 
the  tool.  This  tool 
takes  a  relative 
measurement  in  the 
usual  manner.  Fig. 
3  is  an  enlarged  view 
showing  the  applica- 
tion of  this  last  tool, 
this  being  a  cross- 
sectional  view  of  the 
spindle  and  vee  por- 
tion of  the  microme- 
ter. Figs.  3  and  7 
show  some  of  the  ad- 
vantages of  measur- 
ing with  a  microme- 
ter by  making  sim- 
ple changes  in  the 
tool,  and  oftentimes 
the  necessity  for 
making  expensive 
gages  may  be  avoid- 
ed by  the  applica- 
tion of  a  special  tool 
in  the  form  of  a 
micrometer  caliper. 
In  referring  to  the 
micrometer  in  this 
article  it  is  not  in- 
tended to  convey  to 
the  reader  the  idea 
that  this  tool  is  lim- 
ited to  the  one-  and 
two-inch  sizes  found 
In  any  tnolmaker's 
kit,  as  these  tools 
arc  now  made  to 
measure  much  larger 
BlzeB.  In  Fig.  8  a 
set  of  micrometers  Is 
shown  which  meas- 
ure   from    12    to    24 


Fig.  8.     Three   Types  of  Wide-range   Micromete 


Fig.   9.     Three   Types  of  Micron 


'ith   Special  Points 


File.    10.     Mi<rotn<iti>r>   lh«t   take   Rpa<UnR>   from    Somo   Olhor  Point   than   Zo 


inches;  and  to  the 
right  a  large  mi- 
crometer is  shown 
which  has  a  three- 
inch  range.  The  lat- 
ter has  interchange- 
able anvils  varying 
in  length  by  inches, 
while  the  head  end 
measures  the  inter- 
mediate range  of 
sizes  in  the  usual 
manner.  In  the  lower 
view  of  Fig.  8,  a 
bench  micrometer  is 
shown,  having  a  six- 
inch  range.  This  tool 
has  ■  large  dials  so 
that  the  reading  is 
very  much  magni- 
fied, and  interchange- 
able dials  for  coarse 
or  fine  measuring 
may  be  used.  In  the 
illustrations  which 
are  to  follow  a  num- 
ber of  different 
means  employed  for 
measuring  will  be  il- 
lustrated; these  con- 
sist of  examples 
taken  from  practice, 
and  in  some  cases 
show  the  micrometer 
with  slight  altera- 
tions which  are  made 
necessary  by  various 
conditions  of  use. 
Referring  to  Fig. 
9.  three  micrometers 
are  shown  measur- 
ing different  points 
on  a  stud.  The  first 
tool  with  a  ball  point 
anvil  is  shown  meas- 
uring the  depth  of  a 
recess  in  the  head; 
this  measurement  is 
being  taken  from  the 
end  of  the  work,  and 
it  will  be  noticed  in 
this  connection  that 
the  anvil  has  been 
rounded  suitably  to 
fit  into  the  groove. 
The  micrometer  in 
the  center,  known  as 
a  "reduced  point  mi- 
crometer," is  for 
measuring  at  the 
bottom  of  narrow 
grooves,  and,  as  will 
be  noted,  the  points 
have  been  turned 
down  until  they  are 
small  enough  in  di- 
ameter to  allow  the 
tool  to  be  readily 
slipped  through  the 
groove.  The  tool  at 
the  right,  known  as 
a  "conical  point  mi- 
crometer," has  a  re- 
duced point  and  Is 
for  measuring  the 
depth  of  a  V-groove. 
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Fig.    11.     Micrometer   for 

A  method  of  using  a  micrometer  which  is  not  in  very  gen- 
eral use  but  which  has  considerable  to  commend  it  is  illus- 
trated in  Fig.  10.  The  micrometer  reads  from  some  prede- 
termined point  and  not  from  zero,  as  is  usually  the  case.  To 
illustrate  this  method  reference  is  made  to  the  view  at  the 
left.  Between  the  measuring  points  of  the  micrometer  a  block 
which  measures  0.125  inch  is  shown,  and  it  will  be  seen  that 
the  reading  on  the  tool  is  0.625  inch,  which  indicates  that  the 
base  of  this  system  (as  it  might  be  called)  is  0.500  inch.  The 
value  of  this  reading  comes  from  the  fact  that  the  piece  meas- 
uring 0.125  inch  is  to  be  used  in  connection  with  another  piece 
which  measures  0.500  inch.  As  the  two  are  to  be  measured 
Independently,  it  is  desired  to  ignore  the  other  piece  which 
measures  0.500  inch  but  still  get  the  complete  reading,  which 
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Fl(.  12.  MloromsUira  with  Wtdo  Anrila  to  afford  Support  for  Work 
l8  the  length  of  a  plug  that  must  be  made  to  go  in  a  hole  0.500 
Inch  dfrep  and  stand  out  above  thlH  hole  0.125  Inch.  Ueferrlng 
to  the  view  In  the  center  of  IIiIh  illuHtratlon,  a  working  appli- 
cation of  thiB  MyHtem  Is  Hhown.  In  tlilB  InHtanco  It  Is  desired 
to  measure  the  thlcknosB  through  A,  and  to  do  this  It  Is  obvi- 
ously necessary  to  use  a  block  that  will  allow  the  measure- 
ment to  be  taken  In  the  manner  shown.  For  convenience,  this 
block  !•  called  0.500  Inch  or  '/j  Inch  standard.  The  microm- 
eter Is  made  to  Ignore  this  Vi  Inch  standard  Jn  taking  the 
measurements,  thus  giving  the  exact  reading  through  the 
wall  A  without  any  Hgurlng. 

In  Ihe  example  shown  In  the  view  to  the  right.  It  Is  desired 
to  measure  the  length  of  a  small  plug  ().  The  spare  lllled 
by  block  B  plus  the  plug  length  Is  prodclonnlnod  or  standard; 
thus  to  nnd   Iho  exact  Ifngth   of  the  plug,  the  micrometer  Is 


made  to  read  backward  from  this  predetermined  figure,  auto- 
matically giving  the  length  of  the  plug  which  it  is  necessary 
to  make  to  fill  the  space.  In  this  instance  the  space  it  is  de- 
sired to  fill  would  be  marked  zero,  and  as  the  measurement 
being  taken  on  the  block  is  less  than  zero,  the  tool  reads  minus 
to  give  the  desired  length.  A  special  micrometer  for  measur- 
ing lengths  and  thicknesses  of  tubing  is  illustrated  in  Fig.  11. 
In  using' this  tool  the  sliding  bar  A  is  first  placed  on  an  indi- 
cating line  at  zero  and  the  first  measurement  taken  in  the 
usual  manner;  bar  A  is  then  moved  to  the  next  line  and  the 
reading  again  taken;  in  like  manner,  the  bar  is  alternately 
moved  as  measurements  are  taken  by  the  micrometer  head, 
and  thus  thicknesses  at  various  points  from  the  end  of  the 
tube  are  obtained.  This  tube  micrometer  consists  merely  of 
the  base  B  and  anvil  C  over  which  the  tube  is  slipped,  and  a 
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long  bar  D  which  is  clamped  in  the  correct  position  by  screw 
E,  while  the  measuring  point  F  and  micrometer  head  G  com- 
plete the  outfit. 

In  the  upper  view  of  Fig.  12  is  shown  a  micrometer  for 
measuring  over  three  points;  the  frame  of  this  tool  is  of 
special  form  with  a  long  anvil  ground  at  right  angles  to  the 
measuring  head.  The  manner  of  using  this  tool  is  obvious, 
but  one  point  that  might  possibly  be  overlooked  requires  specific 
mention.  In  a  number  of  micrometers  on  the  market,  the 
adjustment  for  wear  of  the  measuring  point  is  obtained  by 
moving  a  screw  in  the  anvil,  but  in  the  tool  here  described  it 
becomes  evident  that  this  method  of  adjusting  would  not  do; 
therefore,  care  is  necessary  in  the  selection  of  a  micrometer 
head  for  this  purpose,  and  one  should  be  obtained  where  the 
adjustment  is  made  in  the  head  itself.  Referring  to  the  lower 
view.  Fig.  12,  a  micrometer  of  similar  construction  to  the  fore- 
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going  is  shown.  This  tool  is  for  measuring  a  stud  which  has 
the  ends  milled  to  shape.  The  micrometer  needs  no  special 
description,  as  it  is  simply  made  to  straddle  the  lugs  of  the 
work. 

At  the  left  in  Pig.  14  a  thread  measuring  micrometer  is  illus- 
trated. This  tool  is  a  well-known  type,  having  a  V-shaped 
lower  anvil  and  a  conical  pointed  upper  anvil.  To  the  right 
a  direct-reading  caliper  is  shown;  this  tool  has  a  large  disk  .l 
from  which  the  measurements  are  read  off  directly,  without 
reference  to  lines  on  the  sleeve  as  in  the  regular  micrometer. 
This  tool  is  shaped  so  that  it  can  be  held  conveniently  in  one 
hand.  A  micrometer  that  measures  the  depth  of  a  groove  is 
shown  in  Fig.  13.  It  consists  of  a-  bar  A  that  straddles  the 
groove  and  bears  on  the  finished  surfaces  of  the  work.  This 
bar  is  held  firmly  in  position  by  one  hand  while  the  microm- 
eter point  is  brought  into  contact  with  the  bottom  of  the 
groove  in  the  usual  manner,  when  the  reading  is  obtained 
direct  by  having  the  reading  reversed  as  previously  described. 
The  remarks  on  having  the  adjustment  for  wear  in  the  head 
of  the  tool  apply  with  equal  force  to  a  tool  of  this  type.  In 
connection  with  this  tool  it  might  be  well  to  emphasize  the 
fact  that  if  too  much  pressure  is  applied  while  taking  meas- 
urements of  this  kind,  the  bar  would  be  raised  clear  of  the 
surface  from  which  the  measurement  is  being  taken,  and  in 
consequence,  a  false  reading  would  be  obtained. 

Fig.  15  clearly  illustrates  the  construction  of  the  friction 
stop  as  applied  to  the  head  of  the  micrometer.  This  consists 
of  a  coiled  spring  inside  a  sleeve,  the  former  being  attached 
to  the  screw  of  the  micrometer.  The  large  end  of  the  spring 
is  not  held  in  any  manner;  therefore,  in  turning  to  the  right. 
as  in  taking  a  measurement,  the  thimble  of  the  tool  will  slip 
over  the  spring  when  the  screw  comes  in  contact  with  the 
part  being  measured,  while  in  turning  the  thimble  to  the  left 
the  spring  is  uncoiled,  thereby  causing  a  binding  action  be- 
tween the  spring  and  the  thimble  which  causes  the  screw  to 
be  moved  with  the  thimble.  In  the  lower  part  of  this  illus- 
tration, the  outside  appearance  of  the  friction  head  is  shown, 
and  a  complete  micrometer  having  a  friction  thimble  is  also 
illustrated.  This  friction  thimble  is  operated  in  the  same 
■  manner  as  a  friction  stop,  the  upper  portion  of  the  thimble 
being  made  to  move  independently  of  the  lower  portion  upon 
which  the  reading  is  taken. 

A  rather  interesting  example  of  micrometer  measuring  is 
shown  in  Fig.  16.  In  this  instance  the  work  being  measured 
is  placed  on  a  pin  A  and  the  measurement  B  is  taken  by  hav- 
ing lug  X  come  in  contact  with  the  anvil  C;  then  by  taking 
a  measurement  with  the  micrometer  head  D  as  usual,  the  de- 
sired reading  is  obtained.  From  the  foregoing  it  will  be  evi- 
dent that  the  micrometer  when  applied  to  measuring  special 
parts  has  possibilities  that  are  not  limited  to  any  particular 
sphere  and  can  be  applied  more  effectively  in  many  instances 
than  would  be  possible  if  using  a  fixed  measuring  gage;  one 


FIj.   15.     How   Friction  Stop  ii  appliod  to  MIorometor  Tliimblo 


Fig.    16.     Micrometer   for   obtaining  Dimension   B   of   Small   Lever 

advantageous  feature  of  a  micrometer  is  the  fact  that  the 
screw  can  be  run  back  to  take  a  reading  w^hen  making  a  rough 
cut,  thus  enabling  the  operator  to  determine  the  exact  amount 
of  stock  that  has  to  be  removed. 
*  •  * 
NATIONAL  FRENCH  TRADEMARK 
A  member  of  the  Chamber  of  Commerce  in  Paris,  M.  Raynald 
Legouez,  some  time  ago  started  a  society  known  as  "L'Union 
Nationale  Inter-Syndicale  des  Marques  Collectives,"  the  mem- 
bers of  which  society  are  entitled  to  place  on  goods  and  arti- 
cles produced  by  them  the  trademark  "Unis — France,"  the 
word  "Unis"  having  been  formed  by  the  initials  of  the  first 
four  words  in  the  name  of  the  society.  The  object  of  the  so- 
ciety is  to  make  it  practically  necessary  for  every  French 
manufacturer  to  become  a  member,  so  that  all  products  that 
do  not  bear  the  trademark  "Unis"  will  immediately  be  marked 
as  either  imported  or  manufactured  by  other  than  French 
makers  in  France.  If  the  manufacture  is  of  purely  French 
origin,  there  is  nothing  to  prevent  anyone  from  obtaining  the 
right  to  use  the  trademark,  but  goods  that  are  not  entirely 
manufactured  in  France,  and  apparently  those  that  are  not 
manufactured  by  French  capital  and  labor,  may  not  use  the 
trademark.  One  of  the  leading  French  trade  papers,  L'Ex- 
portateur  Francais,  has  decided  not  to  accept  any  advertise- 
ments nor  open  its  columns  in  any  form  to  any  manufacturer 
who  does  not  belong  to  the  trademark  society. 

There  is  apparently  good  reason  for  this  step  having  been 
taken  in  France  in  order  to  prevent  abuses  by  German  inter- 
ests after  the  war.  According  to  an  article  in  7)id«sfn?idwin{7en 
yordi'ii,  Stockholm,  German  manufacturers  realize  that  after 
the  war  their  products  will  not  be  especially  desirable  in  the 
world's  markets,  and  the  manufacturers  of  the  Central  Em- 
pires, according  to  statements  published  in  the  Swedish  press, 
have  already  made  efforts  to  plan  arrangements  whereby  after 
the  war  their  products  can  pass  in  the  world's  markets  under 
the  names  of  other  nations.  Thus,  for  example,  some  German 
firms  have  already  installed  branches  in  Sweden,  the  object 
of  which  is  to  assemble  machine  parts  made  in  Germany,  so 
that  in  this  way  Herr  Schultze  and  Herr  Meyer  may  be  able 
to  sell  their  goods  in  the  world's  market  as  of  Swedish  origin. 
No  doubt  the  same  methods  will  be  pursued  elsewhere.  For 
this  reason,  the  adoption  of  a  trademark  similar  to  the  French 
is  now  advocated  in  Sweden.  French  importers  are  already 
extremely  suspicious  of  articles  imported  from  neutral  coun- 
tries, and  it  is  stated  that  they  have  every  reason  to  be  so, 
because  they  have  unintentionally  been  buying  products  from 
the  Central  Empires  at  times,  and  as  trading  with  the  enemy 
is  not  only  illegal,  but  in  addition  carries  with  it  the  risk 
under  present  conditions  of  loss  of  customers,  great  care  Is 
taken  in  France  to  prevent,  the  importation  of  articles  the 
origin  of  which  is  not  well  known.  It  is  stated  that  German 
newspapers,  recognizing  the  danger  of  national  trademarks, 
have  already  begun  to  advocate  as  one  of  the  conditions  of 
peace  that  national  trademarks  should  be  forbidden.  It  is  not 
likely,  says  the  Swedish  Journal  frrtni  which  the  above  infor- 
mation is  obtaineil.  that  the  rest  of  the  world  will  be  willing 
to  permit  the  panGormaiis  to  dictate  the  conditions  of  peace, 
but  this  particular  condition  shows  clearly  what  methods  they 
are  already  planning  for  the  economic  war  that  they  expect 
will  follow  the  present  political  war. 
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BROACHING  TEETH  OF  INTERNAL  GEARS 

The  following  article  describes  the  work  of  broaching  the 
teeth  of  internal  gears  on  one  of  the  No.  3  broaching  machines 
built  by  the  Lapointe  Machine  Tool  Co.,  of  Hudson,  Mass. 
The  gears  to  be  broached  were  10.666  inches  pitch  diameter 
with  sixty-four  teeth  of  6  pitch;  and  the  forgings  were  made 
from  alloy  steel.  The  teeth  to  be  broached  were  1%  inch  long 
and  the  difficulty  con- 
sisted of  designing  a 
fixture  to  broach 
these  teeth  so  that 
when  the  entire  op- 
eration had  been 
completed  the  teeth 
would  mesh  perfect- 
ly with  the  pinion 
and  the  whole  forg- 
ing would  not  be  dis- 
torted. It  will  be 
seen  from  Fig.  1 
that  the  fixture  con- 
sists of  a  main  cast- 
ing A  bolted  to  the 
faceplate  of  the 
broaching  machine. 
On  the  inside  of  this 
casting  there  is  a 
cast  -  iron  part  B 
which  acts  as  a  guide 
and  support  for 
broach  C.  Carried  in 
support  B  is  a  hard- 
ened steel  plate  D 
which  is  a  loose  fit 
in  the  holder.  This 
plate  is  milled  on 
its  under  side  to  fit 
a  taper  seat  in  sup- 
port B,  and  as  the 
broach  is  drawn 
through  the  work, 
plate  D  is  held  in  its 
seat  and  maintains 
the  broach  in  the 
proper  position  to 
cut  teeth  of  the  de- 
sired depth.  When 
the  return  stroke  of 
the  broach  is  start- 
ed, plate  D  is  pushed 
back  in  its  taper  seat 
and  falls  out  of 
guide  B,  thus  allow- 
ing the  broach  to 
drop  down  out  of  con- 
tact with  the  work. 
In  broaching  In- 
ternal gear  teeth 
with  this  c'lulpment, 
three  gear  blanks  are 
Bet  up  In  holder  /■-' 
and  the  blanks  ar<? 
Hecured  In  the  hold 
cr  by  ring  F.  It  will 
be  Been  that  thfrr- 
are  bIx  clampiiii; 
boltB  In  holder  A', 
which  provide  for  clamping  ring  F  In  place.  In  order  Hint 
the  clamping  boltB  will  only  have  to  be  looHencd,  holvH  are 
provided  In  ring  /■'  of  HAifllclcnt  hI/.o  to  paHH  over  the  heads 
of  the  hnttB,  after  which  the  ring  Ih  given  »  Hllght  turn  to  the 
right,  which  reHullH  In  Mllding  the  bolt  hcndH  over  Hlollod  fX- 
tc-iiHlonM  of  the  holcB.  The  bollH  can  then  he  tightened  to 
secure  ring  F  and  the  work  In  place.  Hefcrencc  to  Fig.  2  will 
make  It  apparent  that  the  broach  conslBls  of  a  frame  A   in 


»nli  Work. hold. 


which  are  mounted  six  broaches  B.  As  there  are  sixty-four 
teeth  in  these  gears  and  each  passage  of  the  broach  through 
the  gear  results  in  cutting  six  teeth,  it  will  be  apparent  that 
eleven  passes  of  the  broach  are  necessary  in  order  to  complete 
cutting  the  teeth.  To  provide  for  indexing  the  work,  it  will 
be  seen  that  holder  t).  Figs.  1  and  3,  has  eleven  slots  milled 
in  its  periphery,  which  are  tapered  on  both  sides  so  that 
latch   G  will   index  the  work   accurately  when  it  drops   into 

one  of  these  slots. 
In  deciding  upon 
the  use  of  a  broach 
of  the  type  shown 
in  Fig.  2,  the  idea 
was  to  provide  for 
the  replacement  of 
broken  broaches  at 
a  minimum  exgense. 
Should  it  happen  that 
a  tooth  in  one  section 
of  the  broach  is 
broken,  this  sec- 
tion can  be  replaced 
at  far  less  cost  than 
making  a  complete 
new  broach.  These 
broach  sections  are 
first  planed  to  stand- 
ard dimensions  and 
then  drilled  in  four 
places  so  that  the 
entire  set  of  six 
broaches  can  be  bolt- 
ed into  the  frame, 
which  is  carefully 
milled  to  the  right 
width  and  depth  to 
receive  them.  At  the 
left-hand  end  of  the 
frame  in  Fig.  2,  it 
will  be  seen  that 
there  is  a  piece  of 
steel  C  inserted  for 
the  broached  sec- 
tions to  rest  against. 
These  sections  are 
shouldered  at  the 
ends  so  that  they  fit 
under  piece  C,  provi- 
sion being  made  in 
this  way  for  holding 
the  head  ends  of  the 
broach  sections  firm- 
ly down  in  the  frame. 
After  the  sections 
have  been  made, 
they  are  put  into  the 
frame  and  bolted  in 
place,  so  that  all  sec- 
lions  are  drawn  firm- 
ly together  to  form 
the  equivalent  of  n 
single  piece.  It  Is 
ilu'ii  necessary  to 
liirii  the  outside  of 
Hie  broach  sections 
Id  the  proper  radius 
111'  cur  vii  t  lire  and 
also  to  lilt  Hie  li'clli. 
After  this  has  been  done,  transverse  slots  are  iiil  lu  lurm 
the  (lilting  edges.  The  broach  sectlonH  are  then  taken  out 
of  the  frame,  hardened  and  ground  on  the  sides,  after  which 
they  are  once  more  nsHenibled  and  ground  on  the  faces  am! 
topH  of  the  teelh  to  obtain  tin-  desired  height  and  thlcknesK 
for  the  teeth. 

In  operation,  throe  gear  blanks  are  set  up  In  holder  /•;  ami 
clamped   In   place  by   tiglitonliig   the  boltB  over   ring   /'.     Tli  ' 
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entire  work-holder  is  then  placed  in  body  A  of  the  fixture,  and 
latch  G  is  inserted  in  one  of  the  notches  in  work-holder  E. 
Broach  V  is  next  connected  with  the  draw-head  of  the  ma- 
chine, and  support  D  put  in  place  under  the  broach.  The 
machine  is  now  started  and  pulls  the  broach  through  the  three 
gear  blanks,  any  standard  cutting  compound  being  used  as  a 
lubricant.  The  machine  is  next  reversed  and  plate  D  is  pushed 
out  to  allow  the  broach  to  drop  clear  of  the  work.  The  work 
is  then  indexed  by  lifting  latch  (;  and  turning  work-holder  E 
sufficiently  to  allow  the  latch  to  drop  into  the  next  notch. 
Eleven  successive  operations  of  this  kind  complete  broaching 
the  teeth,  and,  of  course,  three  gears  are  broached  simul- 
taneously. The  speed  of  operation  naturally  depends  some- 
what upon  the  skill  of  the  operator  in  setting  up  and  removing 
the  gears,  but  a  production  rate  of  nine  gears  per  hour  has 
been  attained  by  an  unskilled  operator.  The  special  fixture 
required  for  this  job  was  designed  and  placed  in  operation  by 
H.  E.  Blanchard,  works  manager  of  the  Lapointe  Machine 
Tool  Co.  E.  K.  H. 


COMPENSATION  FOR  INJURIES  OBTAINED 
IN   EMERGENCIES 

BY  CHESLA  C.   SHERLOCK' 

It  is  well  settled  that  so  long  as  an  employe  is  within  the 
scope  of  employment  he  is  entitled  to  compensation  in  case  of 
injury;  but  let  the  workman  leave  his  employment  or  get  out 
side  its  scope  and  he  is  not  entitled  to  compensation  if  injury 
results.  This  line  of  demarkation  between  acts  within  the 
scope  of  employment  and  those  outside  is  a  very  fine  one,  and 
many  nice  questions  come  up  every  day  in  industrial  centers 
upon  this  point.  Heretofore,  the  workmen's  compensation 
acts  have  been  discussed  as  they  apply  to  cases  where  the  in- 
jured workman  suffered  his  injury  in  the  course  of  his  em- 
ployment. It  is  equally  interesting  and  serviceable  to  know 
under  just  what  circumstances  compensation  is  payable  for 
injuries  received  when  the  workman  has  gone  outside  the 
scope  of  his  employment  and  received  an  injury. 

Even  though  the  rule  that  an  employe  is  not  entitled  to 
compensation  for  such  injuries  seems  to  be  grounded  firmly  in 
common  sense  and  in  good  legal  reasoning,  the  courts  have 
allowed  compensation  in  a  certain  line  of  cases.  They  have 
said  that  even  though  the  rule  is  that  a  workman  is  not  en- 
titled to  compensation  if  he  gets  outside  the  scope  of  his  em- 
ployment, compensation  will  be  allowed  him  if  he  was 
forced  to  leave  the  scope  of  his  employment  because  of  an 
emergency.  This  does  not  mean  that  an  ordinary  set  of  cir- 
cumstances will  suffice  to  throw  the  mantle  of  legal  protec- 
tion over  the  workman's  shoulders.  It  means  clearly  that  the 
situation  which  makes  cases  of  this  nature  compensable  must 
have  been  one  of  extraordinary  emergency,  of  unusual  peril, 
or  one  dictated  by  humane  thought  and  action. 

The  Illinois  Supreme  Court  has  decided  a  case  that  well  il- 
lustrates the  point  here  made.  A  workman,  engaged  in  dif- 
ferent kinds  of  work  in  his  employer's  plant,  was  working 
on  some  safety  devices  when  an  employe  working  on  some 
steam  pipes  under  the  floor,  in  which  an  opening  had  been 
made  but  which  it  was  impossible  to  see  because  of  the 
escaping  vapor  and  steam,  slipped  and  fell  through  the  open- 
ing into  the  hot  water,  screaming  for  help.  The  first  employe 
dropped  his  work  and  ran  toward  the  hole,  but  owing  to  the 
steam  obscuring  it,  fell  in  and  was  so  badly  scalded  that  he 
died.  The  court  held  that  the  deceased  workman  was  entitled 
to  compensation  for  the  reason  that  the  emergency  justified 
his  act  and  that,  although  under  ordinary  circumstances  he 
would  have  been  outside  the  course  of  employment,  he  was 
covered  In  this  instance.  One  of  the  earliest  decisions  of  the 
California  Commission  held  that  an  employe  in  attempting 
to  escape  from  a  danger  incident  to  his  employment  is  act- 
ing  In    the   course   thereof   and    is   entitled    to   compensation. 

In  a  New  .lersey  case,  a  workman  slipped  and  fell,  sustain- 
ing Injuries  which  later  resulted  in  his  death,  in  trying  to 
dodge  a  blow  aimed  at  him  by  a  fellow  workman  in  a  spirit 
nf  sport.     The  court  said:    "The  trial  judge  found,  as  a  fact, 
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that  the  decedent  did  nothing  to  Invite  the  attack  and  It  is 
not  denied  that  the  decedent  was  acting,  at  the  time,  within 
the  scope  of  his  employment.  It  is  a  matter  of  no  conse- 
quence whether  or  not  the  workman,  at  the  time  he  made  the 
attack,  was  acting  within  the  scope  of  his  employment.  In 
the  case  under  consideration  it  appears  that  the  prosecutor 
employed  young  men  and  boys.  It  is  but  natural  to  expect 
them  to  deport  themselves  as  young  men  and  boys  replete  with 
the  activities  of  life  and  health.  For  workmen  of  that  age, 
or  even  of  maturer  years,  to  indulge  in  a  moment's  diversion 
from  work  to  joke  with  or  play  a  prank  upon  a  fellow  work- 
man is  a  matter  of  common  knowledge  to  everyone  who  em- 
ploys labor.  At  any  rate,  it  cannot  be  said  that  the  attack 
made  upon  the  decedent  was  so  disconnected  from  the  de- 
cedent's employment  as  to  take  it  out  of  the  class  of  risks  rea- 
sonably incident  to  the  employment  of  labor. 

"At  common  law,  the  master  was  not  liable  for  an  injury 
to  his  servant  caused  by  the  negligent  act  of  a  fellow  servant 
upon  the  ground  that  the  servant  assumed  the  risk.  Under 
the  workmen's  compensation  act,  the  master  assumes  all  risks 
reasonably  incident  to  the  employment.  It  was  a  negligent 
act  of  the  fellow  workman  to  make  a  pass  at  the  decedent 
while  passing  him  on  the  slant  of  the  concrete  floor,  and  for 
such  negligence  the  master  would  not  have  been  liable  at 
the  common  law,  not  upon  the  theory  that  it  was  not  a  risk 
reasonably  incident  to  the  employment,  but  upon  the  ground 
that  it  was  a  risk  which  the  servant  assumed  when  he  entered 
into  his  master's  employ."  The  court  sustained  the  award  of 
compensation  made  by  the  lower  trial  court. 

In  a  Californa  case,  a  workman  was  killed  while  attempt- 
ing to  rescue  fellow  workmen  who  had  been  imprisoned  by 
a  cave-in  of  dirt.  His  employers  defended  on  the  ground  that 
he  was  guilty  of  wilfull  misconduct  in  going  back  into  the 
tunnel  in  an  attempt  to  rescue  his  fellow  workmen  when  he 
had  been  warned  of  the  danger.  The  commission  held  that 
the  dependents  of  the  deceased  were  entitled  to  compensation, 
saying,  "The  deceased  was  the  only  one  of  the  employes  who 
responded  to  the  call  of  his  fellow  workmen  for  help  and  he 
lost  his  life  in  the  effort  to  effect  a  rescue.  Such  conduct  is 
not  misconduct,  much  less  wilfull  misconduct.  Even  though 
he  deliberately  exposed  himself  to  the  danger  of  injury  and 
death,  his  action  cannot  be  said  to  be  wilfull  in  the  sense  of 
being  stubborn,  perverse,  or  as  evidencing  a  state  of  mind  op- 
posed to  the  orders  and  instructions  given  him,  or  as  op- 
posed to  the  action  that  reasonably  should  have  been  taken 
by  him,  both  as  a  fellow  employe  and  in  his  official  capacity 
as  an  assistant  foreman." 

In  another  case  decided  in  the  same  state,  the  court  held 
that  where  an  employe  is  present  at  the  scene  of  the  death 
by  accident  of  several  of  his  fellow  employes  while  they  are 
working  upon  the  premises  of  the  employer,  and  where  such 
employe  attempts  to  aid  in  the  rescue,  and  becomes  insane 
as  a  result  of  the  mental  and  emotional  shock  incident  to  the 
excitement,  peril  and  sense  of  duty  to  aid  in  the  rescue  of  his 
co-workers,  such  accident  is  a  disability  caused  by  accident. 
Compensation  was  allowed  on  the  theory  mentioned  before, 
namely,  that  an  act  done  in  an  emergency  is  not  outside  the 
course  of  the  workman's  employment.  In  one  case,  a  work- 
man ran  to  a  telephone  to  summon  aid  tor  an  injured  fellow 
workman.  After  reaching  the  telephone  he  was  seized  with 
an  apoplectic  shock,  which  resulted  in  his  own  death.  Com- 
pensation was  awarded,  the  court  saying  that  it  was  within 
the  duty  of  a  workman  to  summon  aid  for  a  fellow  employe, 
although  not  specifically  mentioned  to  him  or  expected  in  ordi- 
nary circumstances. 

Employers  should  hear  this  point  of  law  in  mind,  as  it  will 
very  often  take  a  case  out  of  the  non-compcnsable  class  and 
make  it  compensable.  The  rule  is  that  if  the  workman  acts  in  a 
sudden  or  extraordinary  emergency  and  is  injured,  he  is  en- 
titled to  compensation. 


The  International  .Vssocialion  of  Industrial  Accident  Hoards 
reports  that  SO  per  cent  of  the  injured  soldiers  and  sailors 
of  the  Allied  Nations  are  enabled  through  re-education  to 
take  up  gainful  occupations. 
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DAYLIGHT  FACILITIES  IN  INDUSTRIAL  PLANTS 


FACTORS  GOVERNING    AMOUNT  OF    LIGHT   TRANSMITTED  THROUGH   WINDOWS 

BY    C.  E.  CLEWELL  ' 
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ONE  of  the  most  funda- 
mental and  important 
problems  in  the  mod- 
ern industrial  plant  is  that 
relating  to  adequate  daylight 
throughout  the  normal  work- 
ing hours  of  the  day.  This 
is  apparent  at  once  from  the 
following  considerations:  (a) 
Sufficient  daylight  for  every 
employe  is  a  primary  requi- 
site for  the  best  workman- 
ship; (b)  the  factory  floor 
space  that  is  well  lighted 
throughout,  has  a  higher 
value  from  the  manufactur- 
ing point  of  view  than  the 
floor  that  is  only  partially 
lighted,  and  in  which  certain 
spaces  are  too  dark  to  carry 
on  good  workmanship;  and 
(c)  the  plant  that  is  suffi- 
ciently provided  with  natural 
light  during  the  daylight 
hours  is  saved  the  expense 
for  artificial  light  during 
portions  of  the  day.  While 
these  phases  of  the  problem 
are  obvious,  there  are  a  number  of  elements  in  the  daylight- 
Ing  problem  that  are  not  generally  understood  and  appre- 
ciated. One  of  the  chief  objects  of  the  present  article  is  to 
outline  some  of  the  more  or  less  fundamental  aspects  of  the 
case  and  to  follow  these  up  with  brief  references  to  modern 
American  practice  in  window  planning.  Some  typical  plants 
equipped  with  recent  developments  in  window  sash  construc- 
tion are  shown  in  the  illustrations. 

There  is  a  tendency  to  look  upon  large  window  area  as 
the  one  requirement  to  be  met  in  successful  window  planning. 
As  a  matter  of  fact,  the  area  of  the  window  openings  is  only 
one  of  a  number  of  points  that  should  receive  careful  con- 
sideration in  the  plans  for  new  factory  structures.  In  other 
words,  a  given  ratio  of  window  area  to  floor  area,  which  may 
be  entirely  satisfactory  in  one  plant,  may  not  be  an  adequate 
arrangement  under  different  conditions.  To  illustrate  this 
point,  two  side  walls  are  shown  in  Fig.  1,  in  which  the  window 
openings  have  exactly  the  same  area.  In  the  upper 
part  of  the  diagram,  the 
windows  are  placed  hor- 
izontally with  a  con- 
siderable distance  be- 
tween the  upper  part  of 
the  sashes  and  the  ceiling 
line.  In  the  lower  part, 
the  windows  are  located 
vertically  with  the  top  of 
the  windows  near  the 
celling  line,  and  It  la  evi- 
dent that  the  latter  ar- 
rangement Is  preferable, 
since  the  light  through 
the  higher  windows  will 
reach  more  romotrj  por- 
tions of  the  floor  space 
In  the  building.  Ah  a  first 
Important  conclusion, 
therefore,  It  follows  that 
the  arrangement  of  the 
window  openings,  as  well 
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as  their  arna,  must  be  given 
due  weight  in  factory  plan- 
ning. Fig.  1  merely  illus- 
trates the  point,  the  prin- 
ciple being  applicable  to 
actual  cases  found  in  practice. 

Dependence  o(  Transmitted 

Light    upon    Angle 

of  Incidence 

The  most  favorable  con- 
dition for  effective  lighting 
is  usually  that  in  which  each 
side  window  receives  through- 
out its  entire  area  the  unob- 
structed light  from  the  sky. 
Put  in  a  slightly  different 
way,  the  ideal  condition  is 
where  an  unobstructed  view 
of  the  sky  is  obtained  from 
any  part  of  the  interior  floor 
space  throughout  the  entire 
area  of  each  window.  Even 
in  such  cases,  however,  much 
of  the  light  which  is  inci- 
dent upon  the  front  surfaces 
of  the  windows  strikes  the 
glass  at  rather  large  angles 
with  a  line  perpendicular  to 
the  glass  surface.  These  angles,  as  illustrated  in  Fig.  3,  are 
termed  the  "angles  of  incidence."  For  plain  window  glass,  the 
maximum  amount  of  light  is  transmitted  into  the  building 
when  the  light  strikes  the  window  surface  squarely;  that  is 
to  say,  when  the  angle  of  incidence  is  zero.  Under  this 
condition,  all  the  incident  light  save  that  absorbed  by  the 
glass  itself  is  transmitted  into  the  building,  this  absorption 
being  placed  at  about  10  per  cent  by  Marks  in  his  lecture 
before  the  Illuminating  Engineering  Society  and  the  Johns 
Hopkins  University  in  1910.  The  same  authority  shows 
that  for  increasing  angles  of  incidence  the  percentage  of 
light  transmitted  into  the  building  falls  off  quite  rapidly,  par- 
ticularly after  60  and  70  degrees  are  reached,  as  shown  in 
Fig.  2.  It  will  be  evident  that  when  the  light  grazes  the 
surfaces  of  plain  glass  at  such  high  angles,  much  of  the  light 
will  be  reflected  away  from  the  glass  rather  than  directed 
into  the  interior.  For  this  reason  it  is  often  found  advan- 
tageous   to    use    some    special    form    of    roughed,    ribbed    or 

prism  glass  where  most 
of  the  light  reaches  the 
windows  at  high  inci- 
dent angles,  since  these 
special  glasses  are  cap- 
able of  redirecting  a 
larger  proportion  of  the 
light  into  the  building 
than  Is  pos.slble  when 
plain    glass    is    used. 

From  what  has  just 
been  stated,  it  will  be  ap- 
parent that  the  most  fav- 
orable condition  for  the 
uso  of  plain  glass  Is 
whore  the  windows  face 
an  unobslru<'tod  horizon. 
This  very  favorable  con- 
illtlon,  however,  Is  often 
defontod  by  the  prosonce 
of  nearby  buildings  that 
cut  off  a  largo  part  of 
the  sky.  In  such  a  case, 
two   fiiils  sliould   1)0   not- 
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Fig.  3.     Exterior  Window  Surface 
mg  Angle   of  Incidence 


ed.  One  is  that  for 
most  parts  of  the  fac- 
tory interior,  the  ad- 
jacent building  may 
make  it  impossible  to 
see  the  sky  through 
more  than  a  traction  of 
the  window  area.  The 
second  is  that  the  ad- 
jacent building  causes 
most  of  the  light  that 
reaches  the  windows  to 
come  down  between  the 
buildings  from  the  sky, 
and  hence  involves 
large  angles  of  inci- 
dence, as  defined  by 
Fig.  2.  In  the  first 
case,  the  reduced  visi- 
ble area  of  window 
through  which  sky  is 
visible   causes   a   direct 
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loss  in  the  effective  window  area  available  for  lighting,  since 
that  part  of  the  window  through  which  sky  is  not  visible 
from  any  given  point  in  the  factory  becomes  useless  in  its 
lighting  effect  for  the  given  point,  unless  the  opposite  build- 
ing front  is  light  enough  in  color  to  reflect  some  of  the  light 
from  the  sky  across  and  into  these  otherwise  useless  portions 
of  the  window  areas,  in  which  case  the  effect  is  of  course  less 
than  that  due  to  direct  light  from  the  sky.  This  statement 
refers  primarily  to  plain  window  glass.  If  these  relatively 
useiss  window  areas  are  equipped  with  roughed  or  prism  glass, 
they  may  then  be  utilized  in  spite  of  the  fact  that  most  of 
the  light  is  received  from  overhead  sky. 

Extreme  Variations  of  Exterior  Daylight 

It  is  not  always  realized  that  the  variations  in  the  intensity 
of  natural  light  under  the  open  sky  are  great  throughout  a 
given  day  and  for  different  seasons  of  the  year.  Fig.  4  shows 
graphically  typical  variations  from  5  A.  M.  to  7  P.  M.  in  June, 
September  and  December  based  on  tests  in  Great  Britain  by  a 
departmental  committee  on  the  lighting  in  factories  and 
workshops,  appointed  by  Parliament.  The  intensity  values 
used  as  ordinates  for  these  curves  are  expressed  in  the  now 
commonly  accepted  unit  known  as  the  foot-candle.  To  under- 
stand these  curves  it  is  to  be  noted  that  the  "foot-candle" 
is  the  unit  of  illumination  and  is  defined  in  the  factory  light- 
ing code  of  the  Illuminating  Engineering  Society  as  the  light- 
ing   effect    produced  

upon  an  object  by  a 
standard  candle  at 
a  distance  of  one 
foot.  At  two  feet, 
the  effect  would  be 
one-fourth  instead  of 
one-half  foot-candle, 
since  the  intensity 
varies  inversely  as 
the  square  of  the 
distance  between  the 
source  and  the  object 
lighted.  Therefore, 
a  sixteen  candle- 
power  lamp — one  that 
gives  off  sixteen  can- 
dlepower  in  all  direc- 
tions -will  give  a 
uniform  illumination 
of  one  foot-candle 
at  a  distance  of  four 
feet  In  any  direction. 
The  actual  values  of 
the  intensity  repre- 
sented by  the  curves 
In  Fig.  4  will  be  bet- 
ter appreciated  when 
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Fig.   &.      Chart    banod   on   Fig.    4.    showing   Houi 
will  produce  Three   Foot-candloi 


Fig.  4.     Curves  of  Exterior  Daylight  Intensities 

it  is  considered  that  for  rough  manufacturing  work  a  satis- 
factory intensity  of  artificial  illumination  usually  ranges 
from  about  two  to  four  foot-candles.  It  is  apparent,  therefore, 
that  the  usual  intensities  of  exterior  daylight  are  large  in 
comparison  with  the  intensities  that  are  considered  satis- 
factory for  factory  interiors  when  supplied  with  artificial  light, 
and  also  in  comparison  with  the  actual  interior  intensities  of 
natural  light  as  explained  below.  Special  attention,  further- 
more, is  directed  in  these  curves  to  the  differences  in  the  in- 
tensity at  the  same  hour  for  typical  days  in  June,  September 
and  December.  Thus  at  noon  on  a  June  day  it  may  have  a 
value  somewhat  over  4000  foot-candles,  while  at  the  same 
hour  on  a  typical  December  day  it  may  be  about  750  foot- 
candles,  or  less  than  one-fifth  as  much.  Note  also  that  the 
values  are  very  low  even  as  late  as  8  and  9  A.  M.  and 
quite  early  in  the  afternoon  on  December  days. 

Ratio  of  Interior  to  Exterior  Illumination 

An  interesting  study  may  be  made  of  probable  interior  values 
of  daylight  illumination  for  given  exterior  conditions,  if  a 
fairly  definite  idea  is  gained  of  the  relation  existing  between 
interior  and  exterior  intensities  at  any  given  time  of  day. 
The  differences  between  the  interior  natural  light  of  a  factory 
and  the  corresponding  exterior  conditions  out  under  the  open 
sky  are  likely  to  be  far  greater  than  is  ordinarily  appreciated, 
and   as  such   differences   depend   greatly  on   the  arrangement 

of  the  windows  and 

other  conditions  con- 
nected with  the  day- 
light problem,  we 
shall  now  turn  brief- 
ly to  this  phase  of 
the  subject.  It  is  a 
fairly  simple  matter 
to  obtain  a  numer- 
ical value  for  the 
ratio  between  the 
daylight  conditions 
at  a  point  within  a 
factory  and  the  con- 
ditions without  un- 
der the  open  sky. 
Thus  if  simultaneous 
measurements  are 
made  of  these  two 
intensities,  we  may 
divide  the  interior 
intensity  by  the  ex- 
terior value,  ex- 
pressing the  result  as 
a  percentage,  and 
obtain  in  this  way  a 
numerical  measure 
of    the    effectiveness 
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of  the  windows  in  lighting  the  interior.  This  ratio  has  been 
given  the  name  "daylight  factor"  in  the  British  report  re- 
ferred to.  A  building  with  adequate  window  areas  and  with 
no  obstructions  nearby  to  cut  olf  the  sky,  will  tend  to  have 
a  relatively  high  daylight  factor  for  all  points  over  its  floor 
area;  whereas  a  building  with  inadequate  window  area  and 
many  surrounding  obstructions  will  ordinarily  have  a  low 
daylight  factor  for  many  if  not  all  of  the  points  throughout 
its  floor  space. 

The  tests  in  Great  Britain  to  ascertain  the  value  of  the 
daylight  factor  show  that  it  usually  has  very  low  values.  In 
a  few  cases  it  reaches  10  per  cent,  and  the  mean  values  for 
a  large  number  of  factories  ranged  roughly  between  0.25  and 
2  per  cent.  It  follows,  moreover,  that  for  points  near  the 
center  of  a  building,  which  are  remote  from  windows,  this 
factor  may  be  much  lower  than  for  points  near  the  windows. 
In  fact,  at  points  near  the  center  of  some  work-rooms,  which 
depend  entirely  upon  side  windows  (that  is  to  say,  with  no 
roof  lighting)  this  factor  has  been  found  to  fall  below  the 
ranges  given  above,  sometimes  being  as  low  as  0.01  per  cent, 
which  means  that  the  light  reaching  such  points  is  only 
one  ten-thousandth  of  the  value  existing  outside  the  building. 
Application  ot  Daylight  Factor 

Investigations  with  reference  to  this  factor  in  industrial 
plants  have  shown  that  its  value  is  practically  constant  at  all 
times  of  the  day  and  at  the  different  seasons  of  the  year. 
Hence,  if  its  value  is  known  for  representative  points  within 
a  factory,  and  if  the  exterior  daylight  variations  are  at  hand 
for  the  geographical  location  in  question  in  a  form  similar 
to  the  curves  of  Fig.  4,  we  may  then  determine  approximately 
at  what  hours  of  the  day  the  daylight  will  probably  fall 
below  any  prescribed  minimum  intensity.  To  illustrate  this 
point.  It  has  been  assumed  that  the  daylight  factor  at  a  point 
In  a  factory  has  a  value  ot  0.2  per  cent.  On  a  typical  June 
day  at  7  A.  M.  the  curves  in  Fig.  4  show  the  exterior  intensity 


to  be  about  1000  foot-candles.  For  the  given  daylight  factor 
of  0.2  per  cent,  the  interior  intensity  at  the  given  point  will 
then  have  the  value  1000  X  0.002  =  2  foot-candles.  Let  us  as- 
sume that  the  minimum  value  of  the  illumination  for  satis- 
factory work  is  3  foot-candles.  Then  at  7  A.  M.  on  June 
days,  with  2  foot-candles  at  the  work  due  to  daylight,  arti- 
ficial light  will  be  necessary  if  the  prescribed  minimum  of  3 
foot-candles  is  maintained.  In  Fig.  5,  in  the  upper  left-hand 
corner,  the  conditions  at  7  A.  M.  on  a  June  day  are  shown 
graphically.  The  total  area  represented  is  3  foot-candles,  of 
which  2  foot-candles  (the  unshaded  part  of  the  area)  are  sup- 
plied through  the  windows.  At  least  one  additional  foot- 
candle  (the  shaded  part  of  the  area)  must  be  supplied  in  the 
form  of  artificial  light  to  bring  up  the  illumination  to  the 
prescribed  minimum  of  3  foot-candles.  At  8  A.  M.  the  curve 
in  Fig.  4  shows  the  exterior  daylight  intensity  on  a  June  day 
to  be  about  1750  foot-candles.  This  means  an  interior  inten- 
sity due  to  daylight  of  3.5  foot-candles  for  the  given  daylight 
factor  of  0.2  per  cent.  Hence  the  daylight  intensity  at  the 
given  point  is  greater  than  the  prescribed  minimum  by  0.5 
foot-candle,  and  the  area  of  8  A.  M.  in  Fig.  5  is  shown  un- 
shaded throughout  to  indicate  that  no  artificial  light  is  re- 
quired at  this  hour. 

Points  Brought  Out  by  Chart 

Fig.  5  illustrates  in  an  instructive  and  interesting  manner 
the  changes  that  occur  within  a  factory  with  given  windows 
due  to  the  changes  of  exterior  daylight  as  indicated  by  the 
curves  in  Fig.  4.  It  must  be  remembered  in  a  study  of  Fig. 
5,  however,  that  this  chart  has  been  prepared  on  a  basis  of 
one  given  daylight  factor  and  for  one  set  of  curves  of  ex- 
terior intensities.  Not  only  may  the  exterior  conditions  at 
various  locations  be  different  from  those  shown  by  Fig.  4,  but 
the  daylight  factor  may  have  values  which  differ  materially 
from  the  one  assumed  in  the  preparation  of  this  chart.  More- 
over, the  different  portions  of  a  given  factory  floor  may  have 
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great  variations  in  the  daylight  factor,  ranging  from  rela- 
tively high  values  near  windows  to  relatively  low  values  at  the 
center  of  the  building.  It  should  also  be  kept  in  mind  that 
the  actual  changes  in  intensity  throughout  a  day  do  not 
necessarily  follow  a  smooth  curve,  as  in  Fig.  4.  The  passage 
of  clouds  of  varying  density  over  the  sun  may  cause  sud- 
den changes  with  extreme  variations  above  or  below  the 
values  indicated  by  these  curves.  However,  if  the  daylight 
factor  is  determined  for  the  darkest  part  of  a  factory  interior, 
and  if  curves  like  Fig.  4  are  available,  it  then  becomes  a 
fairly  simple  matter  to  determine  the  probable  times  when 
artificial  light  wil^  be  required  to  supplement  the  natural  light 
during  normal  working  hours  of  the  day  and  for  the  worst 
conditions  in  the  plant.  From  the  standpoint  of  such  a  deter- 
mination, a  chart  like  Fig.  5  becomes  of  special  interest  and 
"value,  for  showing  the  importance  to  production  of  an  ade- 
quate system  of  artificial  lighting.  In  Fig.  5  it  will  be  seen 
that,  with  the  exception  of  7  A.  M.  and  5  P.  M.,  the  typical 
June  day  has  sufficiently  large  exterior  daylight  intensities 
to  insure  the  prescribed  minimum  intensity  at  the  given  point 
in  the  factory.  In  September,  the  shorter  days  are  evidenced 
"by  the  need  for  some  artificial  light  up  to  9  A.  M.  and  after  3 
P.  M.  Some  artificial  light  will  be  necessary  under  the  given 
conditions  throughout  the  entire  day  during  December,  a 
requirement  which  is  not  uncommon  for  the  darker  portions 
of  factory  floors  where  the  window  areas  are  not  adequate. 

Ratio  of  Window  Area  to  Floor  Area 

As  pointed  out  near  the  beginning  of  this  article,  the  area 
of  window  openings  is  only  one  of  the  requirements  of  scien- 


necessarily  a  guarantee  that  the  daylighting  will  be  satis- 
factory unless  other  factors,  which  are  almost  equally  im- 
portant, are  given  their  share  of  attention  when  the  plans  for 
new  buildings  are  prepared.  It  is  to  be  hoped  that  progress 
in  this  direction  will  be  such  as  soon  to  result  in  more 
definite  standards  for  window  openings  than  are  now  available. 

Typical  Types  of  Window  Sash  Used  in  Present  Practice 

To  illustrate  the  practical  side  of  the  more  or  less  funda- 
mental principles  of  the  problem  just  discussed,  Figs.  6  to  11 
are  included.  These  may  be  briefly  described  as  follows:  Piv- 
oted sash,  as  it  is  usually  understood,  is  shown  in  Figs.  6 
and  10.  Pig.  6  indicates  both  the  top-hung  and  the  centrally 
pivoted  types,  the  upper  sashes  of  each  window  unit  being 
centrally  pivoted  and  the  lower  line  of  sash  for  each  unit 
being  top-hung.  The  use  of  top-hung  sash  for  the  lower  sec- 
tions prevents  the  sash,  when  open,  from  projecting  into  the 
building.  Fig.  10  is  an  interior  view  and  gives  an  excellent 
idea  of  the  centrally  pivoted  type  with  its  slight  projections 
into  the  building,  when  open.  This  may  be  an  objection  when 
it  is  desirable  to  locate  work  close  to  the  side  walls. 

An  interesting  development  is  shown  in  Fig.  8,  where  the 
counterbalanced  type  of  Lupton  sash  is  used.  When  the  lower 
sash  is  raised  for  ventilation  purposes,  the  upper  sash  is 
lowered  a  corresponding  amount  automatically,  thus  increas- 
ing the  ventilation  and  at  the  same  time  avoiding  any  pro- 
jections into  the  building  as  with  the  centrally  pivoted  type. 
The  close  relationship  between  the  daylighting  and  ventilation 
problem  has  received  an  unusual  degree  of  attention  by  certain 
manufacturers.     Perhaps  the  foremost  case  of  this  kind  is  il- 
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tific  daylight  planning,  and  the  other  requirements,  some 
iif  which  have  been  outlined,  should  always  be  given  due 
weight  in  such  plans.  It  is  interesting,  however,  to  note 
-irae  of  the  values  of  the  ratio  of  window  area  to  floor  area 
IS  found  in  modern  factory  practice.  Based  on  the  experi- 
'iice  of  D.  I^upton's  Sons  Co.,  seven  cases  have  been  inves- 
tisated  as  representative  of  typical  modern  plants.  The  ratio 
(if  window  area  to  floor  area  ranges  in  these  seven  cases  from 
about  19  per  cent  to  about  109  per  cent  with  an  average  of 
about  50  per  cent.  This  average  value  agrees  fairly  closely 
with  mean  values  of  this  ratio  for  roof-lighted  and  combined 
roof' and  side-lighted  factories  based  on  the  extended  observa- 
tions made  in  Great  Britain.  Any  attempt,  however,  to  ar- 
rive at  a  definite  figure  for  this  ratio  is  limited  by  the  neces- 
sity of  taking  other  features  aside  from  area  into  considera- 
tion, and  the  large  ranges  in  the  values  of  this  ratio  in  current 
practice  indicate  that  standardization,  at  least  in  the  present 
i.ige  of  development  of  the  art,  is  hardly  to  be  expected. 

.Some  idea  may  be  gained  of  the  present  tendency  to  utilize 
'^  much  of  the  side  wall  area  as  possible  for  windows,  by  the 
\perience  of  the  Detroit  Steel  Products  Co.,  manufacturer 
r  "Fenestra"  sash.  Figures  available  from  this  concern 
indicate  for  twenty-two  typical  cases  an  average  of  over  60 
per  cent  for  the  ratio  of  side  windows  to  side  wall  area,  the 
ratio  being  as  high  as  90  per  cent  in  some  cases.  From  what 
lias  already  been  aald,  however,  It  should  be  evident  that  the 
mere  Installation  of  as  much  window  sash  as  possible  is  not 
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lustrated  by  Figs.  7.  9,  and  11,  which  indicate  the  use  of  the 
Pond  patented  continuous  sash  (top-hung)  as  employed  with 
the  Pond  truss.  Fig.  7  is  a  close  view  of  the  continuous  sash, 
showing  the  long  lines  of  sash  used  as  a  unit,  the  opening  and 
closing  of  which  is  accomplished  by  a  special  operating  device. 
Fig.  9  gives  an  idea  of  the  applications  of  the  continuous  sash 
to  a  finished  structure;  and  the  end  view  of  the  roof  in  Fig.  11 
shows  the  effect  on  the  general  shape  of  a  partially  completed 
shop  through  the  use  of  this  form  of  truss,  which  is  designed 
to  improve  ventilation  as  well  as  lighting. 

These  illustrations  will  convey  the  idea  of  the  radical  de- 
partures which  have  been  made  in  sash  design  and  construc- 
tion in  comparison  with  older  shop  window  practice.  There 
can  be  little  doubt  as  to  the  many  advantages  which  these 
improvements  in  window  planning  will  have  on  factory  meth- 
ods and  production,  but  at  the  same  time  a  word  of  caution 
is  in  place  that,  with  the  acceptance  of  these  improvements, 
the  other  extreme  of  excessive  light  and  undue  glare  be  care- 
fully avoided.  There  is  the  danger  that,  in  the  desire  to  pos- 
sess the  best  daylight  facilities,  undue  emphasis  may  be  placed 
on  quantity  rather  than  quality  of  light,  and  that  other  funda- 
mental aspects  of  the  problem  may  be  overlooked.  Too  much 
light  is  as  harmful  as  too  little.  The  illumination  of  the  old 
gloomy  factory  is  certainly  a  step  in  the  right  direction,  and 
this  article  does  not  In  any  sense  discourage  these  commend- 
able advances.  It  merely  suggests  the  importance  of  a  realiza- 
tion of  some  of  these  other  factors. 
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FILE   RENEWING 

At  this  time,  when  the  conservatiou  of  materials  and  the 
prevention  of  waste  is  highly  important,  the  various  methods 
for  file  renewing,  whereby  dull  flies  may  be  restored  to  their 
original  usefulness,  rather  than  being  thrown  onto  the  scrap 
heap,  are  of  importance.  A  number  of  different  processes  have 
been  developed  from  time  to  time  for  the  renewing  or  resharp- 
ening  of  worn  files.  One  company  has  put  out  a  machine 
known  as  a  "file-sharpening  machine,"  which  is,  in  effect,  a 
sandblast.  The  objection  to  the  sandblast  for  file  renewing 
is  that,  while  it  sharpens  the  teeth,  it  does  not  deepen  the 
groove  between  the  teeth,  and  hence  does  not  restore  the  file 
to  its  original  condition.  Another  method  is  the  acid  dip, 
consisting  of  mixtures  containing  hydrochloric,  nitric  and 
sulphuric  acids.  This  will  deepen  the  space  between  the  teeth, 
but  inasmuch  as  it  eats  away  the  tops  of  the  teeth  as  well  as 
the  metal  in  the  groove,  it  does  not  restore  the  file  to  its  origi- 
nal condition,  nor  does  it  sharpen  it  appreciably.  The  same 
may  be  said  of  the  electrolytic  method,  in  which  the  file  to  be 
sharpened  is  made  the  anode  in  an  electrolytic  bath.  A  fourth 
method,  which  is  really  only  a  cleaning  method  and  which 
does  not  in  any  way  restore  the  file,  is  the  wire-brush  method, 
which  has  been  used  to  a  limited  extent  for  file  renewing. 
None  of  these  methods  can  be  said  to  have  been  successful 
in  restoring  files  to  a  condition  equal  to  new. 

The  American  Pile  Renewing  Co.,  Providence,  R.  I.,  is  using 
a  method  for  renewing  files  which  consists  more  or  less  of  a 


tooth,  and  after  this  the  files  are  covered  with  a  solution  or 
varnish  to  prevent  them  from  rusting  and  give  them  a  good 
appearance. 

The  advantages  of  this  process  are  that  the  cuts  are  uni- 
formly deepened,  so  that  the  teeth  are  restored  to  their  origi- 
nal length.  A  good  file  can  be  renewed  by  this  process  from 
tour  to  six  times;  after  this,  it  will  be  too  thin  for  service. 
By  treating  the  files  by  the  methods  described,  a  sharp  point 
is  produced.  In  fact,  it  is  claimed  that  the  point  is  even 
sharper  than  in  a  new  file,  on  account  of  the  absence  of  the 
burr  that  is  present  when  the  file  is  cut  with  a  chisel.  The 
methods  of  file  renewing  as  practiced  by  the  company  men- 
tioned also  have  the  advantage  over  the  recutting  methods 
of  not  drawing  the  temper,  as  the  file  is  not  submitted  at  any 
time  to  a  heat  higher  than  that  of  boiling  water.  In  the  re- 
cutting  methods,  where  the  file  is  annealed  and  recut,  the  re- 
sharpened  file  is  softened  and  the  metal  is  not  as  good  as 
in  a  new  file. 

In  the  accompanying  illustrations.  Fig.  1  shows  an  enlarged 
photograph  of  a  file  in  the  state  in  which  it  is  received  for 
file  renewal;  Fig.  2  shows  a  file  that  has  been  cleaned  and  is 
ready  for  the  renewal  process;  while  Fig.  3  shows  the  condi- 
tion of  a  file  after  it  has  been  properly  treated.  While  it  is 
difficult  to  reproduce  in  a  photograph  the  exact  condition  of 
the  file,  it  may  be  noticed  that  the  depth  between  the  teeth 
has  been  increased  and  that,  instead  of  the  flat  or  rounded 
tops  of  the  teeth  in  Figs.  1  and  2,  there  Is  a  distinct  sharp 
edge  on  the  teeth  shown  in  Fig,  3. 


combination  of  some  of  the  other  methods,  whereby  not  only 
the  grooves  between  the  teeth  of  the  file  are  deepened,  but  a 
sharp  edge  is  also  produced  on  the  top.  This  method  was 
originated  in  1902  by  August  Beran,  and  is  used  exclusively 
by  this  company  and  by  no  one  else.  The  process  employed 
Ih  briefly  as  follows:  The  worn-out  flies,  as  received  from  the 
customers,  are  first  listed;  that  is,  they  are  provided  with 
some  Identifying  mark  on  the  tang,  making  it  possible  to  dis- 
tinguish the  flies  belonging  to  each  customer  after  they  have 
received  the  required  treatment.  They  are  then  graded  ac- 
cording to  their  condition,  as  files  that  are  badly  worn  or 
rusted  must  be  treated  differently  from  those  that  are  less 
worn  and  In  a  reasonably  good  condition.  After  the  grading, 
the  flies  go  to  the  cleaning  bath  Into  which  they  are  dipped 
to  clean  out  the  dirt  that  adheres  to  them.  Where  chips  are 
wedged  firmly  between  the  teeth,  these  must  be  afterward  ro 
moved  by  picking,  which  simply  conHlstH  in  using  Hie  end  of  a 
wire  for  picking  out  the  material  between  the  teeth.  The  llli' 
Is  now  clean  and  ready  to  receive  the  renewal  treatment.  A 
resist  which  will  prevent  the  acid  dip  from  attacking  the  tojis 
of  the  teeth  is  flrwl  lightly  applied,  so  that  the  tops  are  cov- 
ered, hut  the  spaces  between  the  teeth  are  left  uncovered. 
The  flies  are  then  dipped  Into  rrocks  contalninK  solullonH  tliul 
will  cat  away  enough  metal  In  the  grooves  to  produre  teeth  nf 
the  original  depth.  The  length  of  time  that  the  Hies  remiUii 
In  the  arid  dip  depends  upon  Ihelr  condition,  and  It  Is  at  this 
time  Ihol  the  proper  grading  of  the  flies  bcconies  Important, 
When  the  groovo  has  been  made  of  BUfllclont  depth,  the  sand 
blast  Is  uAcd.  when   required,   to  produce  a  sufflclcntly  sharp 


The  cost  of  file  renewing  is  enough  less  than  the  cost  of 
new  files  to  warrant  the  use  of  this  process,  and  at  this  par- 
ticular time  it  is  especially  important  because  of  the  saving 
of  time  and  material  in  the  production  of  new  files.  The 
American  file  Renewing  Co.  makes  a  practice  of  charging  for 
the  renewal  of  files  in  accordance  with  the  original  cost  of 
the  file.  The  saving  over  a  new  file  is  over  33  1/3  per  cent  on 
American  pattern  files  and  up  to  50  per  cent  on  toolmakers" 
files,  the  charge  being  made  by  giving  a  discount  on  the  list 
price  of  new  files,  so  that  the  cost  of  renewal  is  always  a 
definite  proportion  of  the  cost  of  the  new  file,  and  in  no  case 
more  than  66  2/3  per  cent. 

In  the  file  Industry,  a  peculiar  method  of  discounts  is  In 
vogue,  which  causes  considerable  confusion  and  sometimes 
misunderstanding  as  to  the  actual  price  paid  by  a  custo'nicr. 
For  example,  one  nianufucturer  may  give  a  discount  of 
70-10  lOnO  and  2T>,  wliicli.  while  it  looks  like  a  very  heavy  dis- 
count. Ih  practically  the  same  as  that  of  90  and  10.  This  Is 
something  that  buyers  of  Hies  and  those  who  contract  for  flle 
renewal  should  take  Into  consideration,  so  as  to  determine 
exactly  the  cost  of  new  flies  as  compared  with  flle  renewal, 
and  also  so  as  to  be  able  to  <'ompare  the  prices  charged  by 
viirloUH  coiiipaMicH  I'Mgagcd  In  flic  renewal,  E,  (). 


According  to  a  Ilrltlsh  consul,  the  production  of  platinum 
In  Ilussla  last  year  was  only  onelhird  the  normal  output.  This 
reduccil  output  was  due  to  the  scarcity  of  labor  ami  the  dilll- 
oully  of  securing  mechanical  parts  for  the  dredges. 


LETTERS  ON  PRACTICAL  SUBJECTS 


WE  PAY  ONLY  FOB  ARTICLES  PUBLISHED  EXCLUSIVELY  IN  MACHINERY 


MAGNETIC   TEMPERING  DEVICE 

As  I  have  seen  several  magnetic  tempering  devices  adver- 
tised at  110  and  upward,  it  has  occurred  to  me  that  others 
may  be  interested  in  a  tempering  magnet  that  I  have  used 
for  a  number  of  years.  The  illustration  shows  the  construc- 
tion, which  is  very  simple,  so  that  the  entire  device  can  be 
made  for  $2  or  $3,  including  the  toolmaker's  time.  The  handle 
is  a  5/16-inch  brass  rod,  30  inches  long;  the  yoke  is  of  16 
or  18  gage  sheet  brass,  riveted  to  the  handle.  The  magnet 
is  7/16  inch  square  and  about  5  inches  long  over  all  after  being 
bent,  and  the  two  legs  are  about  1/2  inch  long.  The  hole 
in  the  yoke  is  for  a  3/32-inch  cotter-pin,  and  is  drilled  about 
1/4  Inch  off  center.  A  cotter-pin  is  used  so  that  the  magnet 
can  be  easily  removed  for  recharging.  The  magnet  is  mounted 
with  the  long  end  toward  the  handle,  and  is  free  to  tip  up 
or  down  about  3/8  inch.  The  steel  companies  manufacture  a 
special  magnet  steel,  but  the  best  one  that  I  have  had  was 
made  from  "Novo"  high-speed  steel.  It  must  be  hard  and 
drawn  very  little.  In  order  to  charge,  draw  the  magnet  over 
the    pole    of    a    strong    electromagnet    using    direct    current, 
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Magnetic  Tempering  Device 

being  careful  to  draw  only  in  one  direction.  I  have  used  the 
field  of  a  direct-current  motor  or  dynamo. 

When  using  the  magnet,  the  front  leg  is  placed  on  the  steel 
as  it  approaches  the  proper  heat,  and  if  it  has  not  reached  the 
correct  temperature,  the  magnetic  pull  will  lift  the  rear  end 
up  against  the  handle  when  the  whole  thing  is  raised,  but 
when  the  correct  temperature  is  reached  there  will  be  no 
attraction,  and  the  magnet  w^ill  withdraw  without  tipping. 
The  various  parts  of  the  steel  may  be  tested,  and  if  it  is 
not  uniformly  heated,  this  will  be  shown  definitely.  As  high 
temperature  destroys  magnetism,  the  magnet  should  be  kept 
cool  by  frequently  dipping  in  water,  and  should  not  be  held 
in  the  furnace  long  at  one  time.  I  believe  that  anyone  who 
uses  this  tool  will  not  want  to  go  back  to  Judging  tempera- 
tures by  the  eye.  In  drawing,  I  use  half  and  half  wire  solder 
instead  of  judging  by  color.  Carbon  steel  drawn  until  it  will 
Just  melt  the  solder  is  right  for  most  die  and  tool  work. 

Plymouth,  Mich.  W.  B.  Greenleaf 


FLAT  TAPS 
In  tapping  a  3/16-inch,  thirty-six-thread  hole  in  steel  3/4 
Inch  thick,  we  had  considerable  trouble  with  taps  breaking 
when  tapping  with  a  short  tap,  running  it  in  and  backing 
It  out  of  each  piece.  We  therefore  made  up  a  flat  tap  with  a 
shank  about  8  inches  long.  As  the  flat  tap  allows  plenty  of 
chip  room  and  the  long  shank  acts  as  a  sort  of  torsion  spring, 
taking  up  sudden  shocks,  the  taps  last  several  times  as  long. 
As  a  consequence,  we  are  now  making  all  our  taps  that  way, 
up  to  1/2  inch  diameter.     There  is  a  saving  of  time,  as  well, 
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for  the  tap  is  run  clear  through  the  piece  and  is  left  on  the 
shank  until  it  is  full,  instead  of  backing  the  tap  out  each 
time.  When  the  shank  is  full,  it  is  taken  out  of  the  chuck 
and  emptied  like  a  regular  nut  tap. 

Boston,  Mass.  J.  A.  Shajjd 


A   MOUSE-TRAP   CONVEYOR 

The  writer  has  seen  an  arrangement  in  a  manufacturing  con- 
cern whose  specialty  is  the  making  of  mouse-traps  that  is 


Fig.  1.     Mouse-trap  Block  Hopper  filled  with  BIocIes 

very  interesting.  The  body  of  each  trap  is  a  piece  of  beech- 
wood  that  comes  to  a  staple  machine  as  shown  at  A,  Fig.  1. 
Because  of  market  conditions,  the  blocks  are  often  held  up 
after  this  operation,  and  it  was  formerly  the  practice  to  let 
them  fall  out  in  back  of  the  machine  into  boxes  on  trucks,  in 
which  they  were  stored  until  desired.  The  building  in  which 
the  work  is  done  has  a  roof  supported  on  deep  trusses,  and 
it  was  decided  to  store  the  blocks  in  that  space  in  hopper- 
bottomed  bins  with  chutes  leading  down  to  the  place  where 
they  would  be  used  next,  as  illustrated  in  Fig.  2.  The  machine 
is  tended  by  a  girl  who  keeps  the  hopper  filled  with  blocks  B. 


Proportioni   of   a    Small    Flat   Tap 


FiB.  2.     Diagram  of  Mouse-trap  ConToyor 

A  pusher  shoves  the  bottom  block  out  at  the  rate  of  forty  a 
minute,  and  it  is  pushed  up  the  incline  into  the  bins.  The 
blocks  are  light,  and  the  pusher  moves  the  .entire  load  suc- 
cessfully. The  runway  Is  made  of  wood  and  takes  up  less  floor 
space  than  the  boxes  torniorly  did.  The  curved  portion  was 
stoanicd  to  shape. 

MUldlctown,  N.  Y.  Donald  A.  Hampson 
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SIMPLE    SPRING-WINDING 
METHOD 

In  the  July  number  of  Machinery, 
there  is  described  an  easy  method  of 
winding  a  spring;  but  the  method  shown 
in  the  accompanying  illustration  is 
quicker  and  simpler  and  is  available  for 
any  size  and  pitch.  For  instance,  sup- 
pose that  a  spring  of  No.  16  wire  and  a 
14-inch  space  is  to  be  made.  First,  a 
piece  of  14-inch  cold-rolled  steel,  or 
whatever  may  be  on  hand,  is  wound 
around  a  piece  of  the  same  diameter  as 
the  arbor  so  that  it  will  have  a  left- 
hand  lead  (that  is,  if  an  ordinary  lathe 
Is  used)  of  about  two  and  one-half  colls 
with  a  space  between  the  coils  about 
0.003  inch  wider  than  the  diameter  of 
the  wire  used  for  the  spring.  Then  the 
arbor  is  placed  in  the  chuck,  the  spacer 
is  slipped  on  over  the  arbor  near  the  chuck,  and  the  wire 
is  fastened  in  the  chuck.  After  the  arbor  is  given  a  half 
turn,  so  that  the  spacer  can  be  easily  engaged  with  the  wire, 
the  machine  is  started  and  let  run  until  the  desired  length  is 
wound.  Springs  from  Vs  to  1  inch  in  diameter  have  been 
wound  in  this  way  with  good  results. 

Newark,  N.  J.  George  Werner,  Jr. 

USING  THE  SHOP  CLOCK  IN  PLACE  OF 
THE  PYROMETER 

The  other  day  it  was  necessary  to  harden  a  high-speed  cut- 
ter when  the  pyrometer  was  out  of  order.  But,  fortunately, 
we  had  put  a  mark  on  the  gas  valve  and  had  found  that  it 
required  1%  hour  to  raise  the  temperature  of  the  furnace  to 
1700  degrees  F.  and  that  the  temperature  was  then  raised 
about  100  degrees  each  hour.  So  the  furnace  was  started  at 
one  o'clock  and  at  halt-past  two  the  cutter,  packed  in  com- 
pound, was  placed  in  it.  At  half-past  three,  the  temperature 
of  the  furnace  was  1800  degrees;  at  half-past  four,  1900  de- 
grees; and  at  half-past  five,  2000  degrees.  The  cutter  was 
then  taken  out  and  plunged  in  oil.  After  it  was  cold,  the  tem- 
per was  drawn  down  to  500  degrees.  The  cutter  was  then 
given  a  severe  test,  cutting  heavy  steel  gears.  As  it  was  10 
inches  in  diameter  by  2  inches  thick,  its  cost,  including  stock 
and  labor,  was  nearly  ?100. 

Worcester,  Mass.  E.  M.  Petek.son 

SHRAPNEL-SHELL   HOLDER 

The  shell-holder  here  shown  was  designed  and  used  by  the 
writer  with  excellent  results  in  one  of  the  prominent  muni- 
tions factories.  The  metho.d  commonly  used  when  heat-treating 
shrapnel  cases  is  to  place  the  shells  in  the  furnace  one  at  a 
time;   In  this  factory,  as  forty-five  shells  were  heated  at  one 
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time,  it  took  about  eight  minutes  to 
load  the  furnace.  As  the  furnace  doors 
were  open  during  this  period,  the  py- 
rometer dropped  about  300  degrees,  and 
the  operator  absorbed  most  of  the  heat. 
The  holder  shown  can  be  built  by  a 
smith  in  two  hours  and  will  more  than 
pay  for  itself  in  one  day.  The  writer 
used  three  holders,  which  were  kept  on 
a  bench  about  two  feet  high,  three  feet 
long,  and  two  feet  wide,  placed  con- 
veniently near  the  furnace  opening. 
While  one  load  of  shells  is  being  heated, 
the  cold  shells  (fifteen  in  each  holder) 
are  placed  in  the  openings  A  and  se- 
cured in  place  by  a  wedge  B.  When  the 
furnace  is  ready,  helpers  place  a  porter 
bar  C  under  the  holder  and  the  operator 
holds  the  handles  E.  After  the  shells 
are  lifted  to  the  edge  of  the  furnace  and 
pushed    in    by    the    operator,    he    turns 


them  into  the  upright  position,  when  the  wedge  drops  from 
between  them.  The  helpers  again  place  the  porter  bar  under 
the  holder  and,  lifting  it  clear  of  the  shells,  pull  it  out  of  the 
furnace.  Using  this  holder,  the  furnace  can  be  charged  in 
less  than  one  and  a  half  minute.  When  loading  the  furnace 
one  at  a  time  forty-five  shells  were  heat-treated  in  thirty-five 
minutes;  when  the  holder  was  used,  the  same  number  of  shells 
were  heat-treated  in  twenty-five  minutes.  This  was  an  in- 
crease of  over  25  per  cent  in  production;  besides,  a  consider- 
able amount  of  fuel  was  saved. 

Charlestown,  N.  H.  John  Fitzgerald,  Jr. 


HANDLING   LARGE  MACHINES 

During  the  last  three  years,  a  great  number  of  machines 
have  been  sent  from  the  United  States  to  Europe.  These  have 
been  shipped  in  cases  that  generally  bore  on  their  tops  the 
legend  "This  side  up,"  and  the  condition  of  the  machine  on 
reaching  its  destination  has  depended  on  the  care  with  which 
it  was  packed.  But  it  is  generally  after  the  eases  have  been 
removed  that  the  trouble  begins.  The  machines  are  usually 
required  in  some  other  part  of  the  factory,  maybe  up  one  or 
two  stories,  so  the  question  arises  as  to  where  to  take  hold 
of  it.  If  a  crane  is  to  be  used  for  lifting  the  machine  onto 
the  truck,  it  must  be  decided  where  the  ropes  or  slings  are 
to  be  placed.  If  they  are  put  in  one  place,  the  machine  will 
not  balance;  if  placed  in  another,  a  bar  is  bent  or  a  bracket 
is  twisted.  Without  doubt,  the  makers  have  been  blamed  for 
poor  packing  when  the  machine  erector  was  to  blame  or  the 
maker  was  to  blame  for  not  sending  with  the  machine  a  blue- 
print giving  the  information.  Motors  and  dynamos  are  nearly 
always  provided  with  a  hook  or  an  eye  to  sling  them  with, 
but  lathes,  milling  machines,  etc.,  never  have  any  provision 
tor  handling.     Therefore  the  writer   would   suggest  that   the 
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makers  enclose  with  each  machine  a 
blueprint  that  will  show  how  the  ma- 
chine can  best  be  handled  so  that  slings 
will  not  injure  it.  If  necessary,  some 
holes  should  be  left  in  the  casting,  so 
that  one  or  more  bars  may  be  passed 
through  when  the  machine  is  moved. 
York,  England  John  Scott 


Diagran 


PROBLEM   IN   TRIGONO- 
METRY 

Some  readers  may  be  interested  in  a 
problem  in  trigonometry  w^hich  oc- 
curred in  our  shops  some  time  ago. 
It  was  desired  to  drive  three  pinions  by 
one  gear,  and  the  accompanying  illus- 
tration shows  the  dimensions  given,  and 
the  dimension  X  required.  We  made 
the  following  trigonometrical  computa- 
tions to  solve  the  problem: 

BC  =  V4.25'  +  7.25=  =  8.4038  inches 

4.25 
Tan-'C,  = =0.586  =  30  degrees.  22  minutes,  46  seconds 

7.25 

ACB  =  90  degrees  —  30  degrees,  22  minutes,  46  seconds  ^  59 
degrees,  37  minutes,  14  seconds.    CEG  =  30  degrees,  22  minutes, 
46   seconds 
BC 

EC  = =  4.202  inches 

2 
4.202  cos  30  degrees,  22  minutes,  46  seconds  =   3.626 

inches 
4.202  sin  30  degrees,  22   minutes,  46  seconds  =  2.125 
Inches 
DF  =  3.688  —  2.125  =  1.563  inch 
1.563  tan  30  degrees,  22  minutes,  46  seconds  =  0.916 

inch 
X  =  EG  —  EF  =  3.626  —  0.916  =  2.710  inches 
To  find  the  center  distance  of  gear  to  pinion  solve  for  DC. 
DC 
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give  any  trouble  at  all.  The  punch  and 
die  have  been  simplified  in  order  that 
the  necessary  repairs  may  be  easily  and 
quickly  made. 

Pig.  2  shows  the  front  and  Fig.  3  the 
end  elevation.  The  punch  A  is  made 
of  cast  iron  and  has  a  hole  through  the 
shank,  in  which  a  pin  is  inserted  to 
prevent  the  die  from  being  drawn  out 
or  otherwise  shifted  while  in  operation. 
The  steel  plate  G  is  hardened  and 
ground  and  held  in  a  dovetailed  slot  by 
flat-head  screws  /.  Plate  C,  in  turn, 
seats  the  hardened  and  ground  tool-steel 
bushings  D  that  hold  the  perforating 
punches  E.  The  punches  E  are  made 
from  standard  drill  rod  and  their  heads 
are  upset.  They  are  hardened  and 
drawn  to  a  light  straw.  The  die  B  Is 
made  of  cast  iron  and  the  bushings  F 
""""^  are  made  from  tool  steel  and  are  hard- 

ened and  drawn  to  a  light  straw.  Bushings  F  must  have  plenty 
of  clearance  so  that  the  slugs  will  discharge  freely;  otherwise 
too  great  a  tension  may  be  put  on  the  already  overburdened 
perforating  punch  by  reason  of  too  many  slugs  being  in  bush- 
ing F  at  one  time.  The  stripper  G  is  held  in  position  by  flat- 
head  screws  H;  it  is  made  of  machinery  steel  and  is  carburized. 
The  tool-steel  gage  L  is  hardened  and  ground  and  is  held  in 
position  by  the  stripper  G  and  screws  H.  A  guard  J,  Fig.  3, 
prevents  the  operator  from  getting  his  fingers  caught  between 
the  punch  and  the  stripper.  This  guard  is  made  of  ordinary 
sheet  steel  and  is  attached  to  the  stripper  G  by  small  fiat-head 
screws  M.  Holes  K  are  provided  for  fastening  the  die  to  the 
bolster  plate. 

Highland  Park,  Mich.  Ernest  A.  Walters 
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ECONOMICAL  PERFORATING   DIE 

In  Fig.  1  is  shown  a  small  stamping  that  must  be  produced 
in  large  quantities  each  day,  but  as  the  shape  permits  this 
part  to  be  made  from  the  waste  from  other  jobs,  it  has  been 
found  more  economical  to  make  the  part  in  two  operations. 
As  the  thickness  of  the  metal  exceeds  the  punch  diameter,  a 
great  strain  is  placed  on  the  perforating  punch,  which, 
coupled  with  occasional  breakage  and  the  necessity  of  punch- 
ing a  clean  hole,  made  it  necessary  to  replace  or  grind  the 
punch  a  number  of  times  a  day,  thereby  holding  up  produc- 
tion, as  well  as  increasing  the  cost  of  grinding  and  replacing 
the  punch.  In  order  to  keep  the  press  operating  more  steadily, 
getting  more 
production  and  a 
better  quality  of 
work,  and  reduc- 
ing the  cost  of 
repairs  to  a  min- 
imum, a  punch 
and  d  i  e  with 
Ave  perforating 
punches  and  cen- 
tering gages  has 
been  designed. 
This  arrange- 
ment is  superior 
to  the  single  die, 
because  the  op- 
erator Is  able  to 
shift  from  one 
punch  to  an- 
o  t  her  If  the 
punch  he  la 
UHing     should 


SHRINKING   ON   BANDS    WITHOUT   TOOLS 

A  power  plant  had  three  tandem  compound  engines  of  a 
well-known  make,  all  of  500  horsepower  rating  and  less  than 
ten  years  old.  One  day  the  crank  disk  of  one  of  the  engines 
burst,  fortunately  injuring  no  one,  which  led  to  an  examina- 
tion of  the  other  two  disks.  One  of  these  had  two  cracks  ex- 
tending radially  from  the  hole,  but  the  builders  decided  that 
it  would  be  perfectly  safe  if  a  band  were  shrunk  around  the 
outside.  This  was  accordingly  done  by  men  sent  from  the 
factory,  and  in  the  five  years  since  the  cracks  have  not  opened 
up.  Not  long  ago,  however,  it  was  found  that  the  disk  on  the 
third  engine  was  cracked,  so  the  power-plant  people  asked  a 
local  machinist  to  shrink  on  a  band.  There  are  many  machin- 
ists who  have  never  done  a  shrinking  job,  and  while  they 
have  a  general  idea  of  the  process,  they  think  it  has  to  be 
done  with  gas  and  much  special  equipment  and  is  beyond  an 
untrained  man  if  it  has  to  be  done  in  the  field.    This  particular 

band,  however, 
was  shrunk  on 
by  the  lathe 
hand  who  bored 
it  out,  the  first 
job  of  the  kind 
he  had  done; 
but  working  un- 
der instructions 
he  and  his  help- 
er went  to  the 
power  plant  four 
miles  away, 
shrunk  on  the 
band,  and  re- 
turned to  the 
shop  In  three 
and  a  half  hours, 
using  no  tools 
whatever  but 
two  large  monk- 
ioai  PorforntiTift  Di-  ey   wreuches 
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to  carry   the  hot  band. 
The     finished     size     of 
the  ring  was  IV2    inch 
thick      and      4      inches 
wide;      the     hole     was 
made  0.04  inch  smaller 
than    the    disk,    which 
was  36  inches  in  diam- 
eter.   The  linear  expan- 
sion of  a  piece  equal  to 
the     circumference     of 
the  ring  would  be  0.S48 
inch  if  heated  to  a  dull 
red,  which  gives  a  clear- 
Method  of  heating  Band  ance   of   0.23   inch   over 
the  diameter  of  the  disk.     It  will  be  noted  that  this  makes 
ample  allowance  for  loss  of  heat  in  handling  and  also  allows 
for  a  lower  heat  if  a  red  was  not  fully  reached. 

Heating  the  ring,  or  band,  was  the  simplest  thing  in  the 
world.  It  was  supported  on  three  large  firebricks  out  in  the 
yard  and  a  wood  fire  built  all  around  it,  as  shown  in  the  ac- 
companying illustration.  There  was  plenty  of  pine  waste  to 
be  had  and  the  helper  piled  it  on.  A  rod  the  size  of  the  ex- 
panded diameter  served  as  a  gage,  and  when  it  entered,  the 
fire  was  immediately  pulled,  the  ring  turned  up  on  edge,  and 
carried  to  the  engine  room.  The  monkey-wrenches,  with  long 
pipe  handles,  make  a  pair  of  convenient  handles  for  carrying 
and  for  placing  the  ring  over  the  disk. 
There  always  seems  to  be  a  little  un- 
certainty as  to  how  much  larger  the 
ring  will  be  when  heated  than  the  piece 
it  goes  on.  For  work  of  this  kind,  the 
increase  in  internal  diameter  is  roughly 
0.002  times  the  mean  length  of  the  ring, 
assuming  that  it  is  heated  to  a  red — 
but  it  must  be  remembered  that  a  red 
appears  in  a  dark  room  sooner  than  in 
sunlight.  Donald   A.    Hampson 

Middletown,    N.    Y. 


MAKING     A    ONE-PIECE 
BRASS   DOOR   KNOB 

In  the  article  in  the  June  number  of 
Machinery  describing  the  process  of 
making  one-piece  brass  door  knobs,  one 
important  step  was  omitted.  When  the 
blank  F,  Fig.  1,  is  to  be  drawn  to  the 

form  shown  at  0.  it  Is  placed  in  a  die  that  is  split  horizon- 
tally, as  shown  in  the  accompanying  illustration,  which  short- 
ens and  bulges  it  so  that  it  will  enter  the  die  shown  in  Fig.  2 
of  that  article. 


reversed  it  on  its  slide  and  have  noticed  that  the  sensitive 
drilling  machine  altered  in  this  way  is  much  more  convenient 
to  operate.  In  centering  lengths  of  steel,  one  end  of  the  bar 
is  set  in  the  cup  center,  and  the  natural  position  is  to  hold 
the  bar  with  the  left  hand  and  adjust  the  center  with  the 
right  hand.  Of  course,  one  must  get  used  to  the  fact  that 
with  the  binding  lever  of  a  sensitive  drilling  machine  table 
reversed  in  this  way,  tightening  is  done  by  turning  the  lever 
in  the  opposite  direction  to  that  used  in  tightening  an  upright 
drilling  machine,  because  both  levers  turn  screws  with  right- 
hand  threads.  I  was  interested  to  see  if  sensitive  drilling 
machines  are  really  assembled  with  the  levers  at  the  left-hand 
side,  as  I  have  mentioned.  Upon  referring  to  the  advertising 
pages  of  Machinery  and  to  manufacturer's  catalogues,  I  found 
that  in  nearly  every  case  both  binding  levers  are  located  at 
the  left-hand  side,  while  on  upright  drilling  machines  the 
table  binding  lever  and  elevating  crank  are  at  the  right-hand 
side.  What  is  the  reason  for  this  difference  of  design  of  two 
machines  that  are  operated  in  essentially  the  same  way? 
Worcester,  Mass.  Clabence  Anderson 

It  is  scarcely  safe  to  say  that  the  principles  of  drilling  ma- 
chine design  to  which  reference  has  been  made  are  followed 
in  the  construction  of  all  sensitive  and  vertical  machines.  On 
sensitive  drilling  machines,  the  binding  levers  for  both  the 
head  and  table  are  generally  placed  on  the  left-hand  side,  be- 
cause both  the  head  and  table  are  adjusted  by  hand  and  it  is 
more  convenient  to  use  the  right  hand  for  this  purpose  and 
to  tighten  the  binding  lever  with  the  left  hand.  A  further 
reason  for  placing  the  head  binding  lever  on  the  left-hand  side 
is  that  in  some  cases  it  would  interfere  with  the  feed-lever  if 
placed  at  the  right-hand  side  of  the  ma- 
chine. On  vertical  drilling  machines 
where  a  screw  and  crank  are  provided 
to  adjust  the  position  of  the  table,  the 
natural  method  is  to  locate  this  crank 
on  the  right-hand  side  of  the  machine 
because  most  men  are  right-handed. 
Where  such  means  are  used  for  adjust- 
ing the  table,  the  position  of  the  bind- 
ing lever  is  a  matter  of  little  importance. 
On  all  machines  where  an  elevating 
screw  is  not  provided,  it  is  probably  bet- 
ter practice  to  locate  the  binding  lever 
at  the  left-hand  side. — Editor 


A  POINT  IN    DRILLING  MACHINE   DESIGN 

On  sensitive  drilling  machines,  binding  of  the  sliding  head 
and  lower  sliding  member  is  accomplished  by  simply  tighten- 
ing two  levers,  but  I  wonder  how  many  of  Maciiineuy'h  read- 
ers have  noticed  on  which  side  of  the  machine  these  levers  are 
placed.  On  most  sensitive  drilling  machines,  both  binding 
levers  are  located  at  the  left-hand  side.  It  will  be  noticed  that 
the  lower  binding  lever  on  the  Bensltlvc  drilling  machine  Is 
not  1o<;ated  In  the  same  position  as  the  table  binding  lever 
on  the  average  upright  drillliig  machine.  On  the  latter  It 
will  alnioBl  Invariably  be  found  that  the  binding  lever  for  the 
Blldlng  head  Is  located  at  the  left-hand  side.  Just  as  It  Is  on 
the  senBltlve  drilling  machines;  but  the  clamping  lever  for 
the  circular  table  and  the  crank  for  raising  and  lowering  this 
table  are  located  on  the  right-hand  Bldo,  i.  c.  In  the  position 
directly  oppoBlte  that  In  which  these  levers  are  placed  on 
most  BenBltlve  drilling  machlneK. 

If  the  larger  drilling  machine  Is  more  conveniently  manlpii 
lated  with  the  table  binding  lever  and  elevating  crunk  located 
at  the  rlgbl-hand  Hide,  why  Ib  this  not  true  of  HonHltlvc  drill 
Ing  mw.hlnoB?  Ab  the  lower  BUpport  will  go  on  the  mnchlMo 
Juot  BH  well  with  the  binding  lever  to  the  left  or  right,  I  have 


PLACING  TIGHT  BELTS   ON 
PULLEYS 

Considerable  difficulty  is  often  en- 
countered in  putting  tight  belts  over 
pulleys;     and     since     the     pulleys     are 

usually    located    at    some    height,    the 

Solit  Die  used  in  making  Brass  Door  Knob  ...  .      *         1,1        _  j    j 

°'  proposition   is  troublesome  and  danger- 

ous as  well,  even  though  hooks  and  other  devices  are  available 
tor  the  purpose.  The  writer  recently  saw  a  belt  put  over  a 
pulley  by  means  of  a  piece  of  rope,  which  seems  a  simple  and 
effective  method,  free  from  danger.  The  belt  is  first  pulled  up 
to  the  pulling  side  of  the  driving  pulley  and  a  rope  is  wound 
around  the  pulley  rim  and  over  the  belt  where  it  conies  in 
contact  with  the  pulley  face.  The  ends  of  the  short  piece  of 
rope  are  then  placed  underneath  the  belt,  that  is,  between 
the  belt  and  the  pulley  face,  as  shown  in  the  accompanying 
illustration.  When  the  power  is  turned  on,  the  ends  of  the 
rope  are  clamped  between  the  pulley  face  and  belt  so  the 
rope  is  held  tight  and  pulls  the  belt  around  with  it  on  the 


Roukkt  Morris 


pulley  face.  After  mak- 
ing a  half  revolution, 
the  grip  of  the  pulley 
on  the  rope  relaxes,  so 
the  rope  releases  the 
belt  and  falls  away, 
leaving  the  belt  on  the 
pulley.  If  Just  <-iiouKh 
rope  Is  UBed  to  encircle 
I  he  bolt  and  catch  Itself 
between  the  belt  and 
liulh-y,  there  will  bo 
no  trouble,  as  the  rope 
does  not  roleuHe  ItHelf. 
W.  A.  Laii.ku 
riillndelphla,  I'u. 


plai'lnit   TlKlit    Bolt 
Pulley 
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FINDING   FACE    AND    CUTTING   ANGLES 
FOR   STUB-TOOTH   BEVEL   GEARS 

In  Machixeby's  Handbook,  tables  are  given  for  face  and  cut- 
ting angles  for  the  ordinary  bevel  gear,  but  for  a  stub-tooth 
gear  it  is  necessary  to  calculate  the  addendum  angle,  and  sub- 
tract it  from  the  pitch  cone  angle  of  its  mating  gear,  to  find 
the  face  angle.  In  our  drawing-room  we  have  discovered  that 
the  difference  between  the  addendum  angle  of  a  regular  tooth 
gear  and  a  stub-tooth  gear  is  proportional  to  the  diametral 
pitch;  that  is  to  say,  in  gears  having- the  same  number  of 
teeth,  the  addendum  angle  of  a  10/12  pitch  gear  would  be 
10/12  the  addendum  angle  of  a  12  pitch  gear.  To  use  the 
tables  in  Machixert's  Handbook,  find  the  difference  between 
the  face  angle  and  the  pitch  cone  angle  of  its  mating  gear, 
and  make  this  in  proportion  to  the  pitch.  This  is  not  theoreti- 
cally correct,  but  as  it  is  inaccurate  only  0.6  minute,  in  what 
is  apparently  the  most  severe  test,  it  should  be  sufficiently 
accurate  for  all  practical  purposes.  C.  0.  H. 


FIXTURE    FOR    FACING    WORK    CARRIED 
ON   A  LATHE   CARRIAGE 

The  fixture  shown  in  the  accompanying  illustration  was  de- 
signed to  face  the  ends  of  some  heavy  castings  of  sauare  sec- 
tion that  were  too  large  and  too  heavy 
to  swing  on  centers  in  the  largest  lathe 
available  for  the  job.  The  fixture  made 
a  satisfactory  record  in  removing  the 
stock — from  %  inch  to  2  inches — from 
the  various  castings,  and  is  used  quite 
frequently  on  other  jobs. 

The  spider  S  is  bolted  to  the  lathe 
faceplate,  the  boss  B  fitting  into  the 
hole  in  the  center.  A  slide  A  carries 
the  cutting  tool  T,  which  is  fastened  by 
the  set-screw  shown.  The  wear  of  the 
slide  is  taken  up  by  a  gib  by  means  of  a 
collar-head  screw  at  each  end  and  is 
held  to  the  spider  by  the  plates  C  and  D. 
A  nut  that  engages  with  the  feed-screw 
is  attached  to  the  under  side  of  the 
slide  by  two  cap-screws.  This  feed- 
screw, in  turn,  is  operated  by  the  star- 
wheel  W,  which  is  actuated  automati- 
cally by  a  tripping  finger  clamped  to 
the  bed  of  the  lathe.  The  screw  may  be 
turned  by  hand,  when  it  is  necessary 
to  move  the  slide  for  some  distance, 
by  means  of  a  small  crank  that  fits 
over  the  star-wheel.  The  castings  are 
firmly  clamped  to  a  cast-iron  saddle  bolted  to  each  end  of 
the  carriage  ways.  A  cut  3/8  inch  deep,  with  a  feed  of  one 
tooth  of  the  star-wheel,  or  1/36  inch,  is  used. 

Watervliet,  N.  Y.  Martin  H.  Ball 


smooth ;  then  the 
spaces  were  laid 
out  for  four  plugs, 
as  shown  in  the  ac- 
companying illus- 
tration, and  holes 
made  with  a  ratch- 
et drill  for  a  %- 
inch  tap.  Bronze 
plugs  13/16  inch  in 
diameter  and  about 
4  inches  long, 
threaded  on  one 
end,  were  screwed 
tightly    into    place 

by      a      carrier      at-  Handy   Surface-plate  Block 

tached  to  the  bronze  rod,  as  show-n,  and  were  then  cut  to  the 
proper  length.  A  templet  showing  the  shape  of  the  teeth  was 
made  and  the  teeth  were  rasped  down  and  finish-filed  to  the 
templet.  Bronze  was  used  because  it  could  be  quickly  worked 
into  shape.  The  rawhide  pinion  repaired  in  the  manner  de- 
scribed was  entirely  satisfactory  and  it  held  out  for  the  two 
weeks  that  elapsed  before  the  new  pinion  was  received  from 


( 
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the  faetorv. 


C.  H.  M. 


HANDY   SURFACE-PLATE 
BLOCK 

The  plain  block  shown  above  is  made 
of  tool  steel,  hardened  and  ground  as 
square  as  possible.  When  working  the 
surfaces  of  small  parts  to  form  by  hand, 
particularly  when  working  a  form  gage, 
this  block  aids  in  making  the  surfaces 
square  with  the  face.  Resting  upon  the 
surface  plate  with  the  work,  and  with 
one  of  the  sides  coated  with  Prussian 
blue,  the  block,  if  applied  as  at  A.  will 
mark  the  points  of  the  gage  that  must 
be  removed  in  order  to  bring  the  side 
square  with  the  face.  If  the  amount  to 
be  removed  is  very  small,  the  gage  may 
be  scraped  with  the  corner  of  the  block 
as  at  B. 

Newark,  N.  J.      Gustave  A.  Remacle 


facing  Work  carried 
Carriage 


REPAIRING   RAWHIDE   PINION 

One  day,  when  the  cupola  was  shut  down,  it  was  found  that 
several  of  the  teeth  of  a  rawhide  pinion  on  the  blower  were 

giving  way.  This 
pinion  was  12 
inches  in  diameter, 
114-inch  circular 
pitch,  and  had  a 
3% -inch  face.  As  it 
was  necessary  to 
run  the  heat  the 
next  day,  it  was  de- 
cided to  effect  a 
temporary  repair 
until  a  pinion  could 
be  shipped  from 
the  makers.  So  the 
worn  teeth  of  the 
rawliide    were 

Repairinc  Tooth  In  a  Rawhldo  Pinion  chipped  off  and  filed 


WASHING    CONCRETE 
AGGREGATES 

The  statement  on  page  1168  of  the 
August  number  of  Machinery,  that 
washing  the  aggregate  increases  the  strength  of  hand-mixed 
concrete  30  to  40  per  cent,  and  of  machine-mixed  concrete,  15 
to  20  per  cent,  is  misleading,  because  often  it  is  quite  the  re- 
verse. The  result  of  washing  depends  on  the  cement,  as  the 
various  kinds  are  differently  susceptible  to  dirt.  Some  kinds 
of  dirt  are  exactly  what  some  kinds  of  cement  need  to  attain 
their  full  strength. 

The  writer  had  considerable  experience  in  Germany  with 
this  material,  as  the  Bavarian  State  works,  for  which  he  acted 
as  consultant,  made  eighty  tons  a  day  of  slag  cement  (not  a 
Portland  cement  mixed  with  slag,  but  one  made  from  blast- 
furnace slag),  which  acted  very  different  from  most  of  the 
cements  on  the  market.  Passow,  the  greatest  German  author- 
ity on  cement,  says:  "There  are  cements  which  mixed  with 
clayey  sand  show  much  higher  strength  than  when  mixed  with 
normal  sand:  while  others,  similarly  tested,  are  markedly  re- 
duced in  strength.  In  all  cases  where  sand  with  considerable 
dirt  is  to  be  used,  it  is  essential  that  the  sand  be  thoroughly 
tested  with  the  cement  to  be  used,  in  order  to  establish  the 
influence  of  the  impurities.     This  rule  is  often  neglected." 

Another  point,  not  generally  known,  is  that  while  the  set- 
ting of  real  Portland  cement  is  retarded  by  the  admixture  of  a 
small  proportion  of  so-called  plaster-of-paris,  the  same  addi- 
tion hastens  the  setting  of  the  slag  cement  above  mentioned, 
which  is  called  In  Germany  "montanzement." 

New  York  City  Robebt  Obimshaw 
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SPRING   THREADING   TOOL 

A  tool  that  has  proved  useful  when  cutting  V-threads  on 
tool-steel  screws  is  shown  at  A  in  the  accompanying  illustra- 
tion. The  holder  B  is  made  from  V2  inch  by  I'h  inch  spring 
steel,  which  was  6  inches  long  before  bending.  The  gooseneck 
shape  allows  it  to  spring  and  eliminates  chattering  to  a  large 
extent  during  a  finishing  cut.  However,  when  a  roughing  cut 
is  being  taken  and  a  stiffer  tool  is  required  to  prevent  digging 
into  the  work,  a  ground  disk  is  slipped  into  the  recess,  mak- 
ing the  tool  quite  solid.  The  cutting  tool  is  a  circular  disk 
of  high-speed  steel  fastened  by  a  bolt  to  the  holder,  which 
fits  In  the  toolpost  of  the  lathe.  The  hole  through  the  center 
of  the  cutter  is  %  inch  in  diameter  and  is  recessed  at  an  angle 
of  about  SO  degrees  on  each  side;   the  cutter  is  checkered  on 


Useful  Threading  Tool  and  Tool-holder 

both  sides,  which  allows  a  firm  grip  on  the  face  of  the  tool- 
holder  and  prevents  slipping. 

The  tool  can  be  used  on  either  side  of  the  tool-holder,  which 
enables  a  thread  to  be  cut  up  to  a  shoulder,  either  on  the  right 
or  left  side  of  the  work  in  the  lathe.  This  tool  can  be  taken 
off  the  holder,  reground,  and  replaced  without  altering  the 
position  of  the  holder,  which  is  a  great  help  when  cutting  a 
good  thread.  Two  bolts  and  nuts  were  made  to  secure  the 
cutter  to  the  holder,  one  having  a  left-hand  thread  for  right- 
hand  cutting,  and  the  other  having  a  right-hand  thread  for 
left-hand  cutting.  The  heads  of  these  bolts  have  an  angle  of 
80  degrees  on  the  under  side,  which  coincides  with  the  angle 
in  the  hole  of  the  cutter,  by  which  means  a  greater  bearing 
surface  is  obtainable.  As  standardization  is  rapidly  gaining 
ground  in  the  mechanical  field,  we  will  sooner  or  later  stand- 
ardize lathe  cutting  tools,  and  a  round-nose  tool  of  this  type 
may  become  adopted  with  considerable  advantage  for  the  turn- 
ing of  all  parts  in  lathes  that  have  less  than  a  twelve-inch 
swing. 

New  Haven,  Conn.  Eric  Lee 


MILLING  AUTOMOBILE  THROTTLE   HAND- 
LEVER   WORMS 

Recently  we  had  a  lot  of  automobile  throttle  hand-lever 
worms  to  make;  a  glance  at  Fig.  1  will  make  apparent  the 
diflUcultles  experienced  because  of  the  size  of  the  worm  and 
the  amount  of  metal  to  be  removed.  The  worm  has  a  double 
right-hand  thread  with  a  41-degree,  40-minute  helix  angle,  a 
29-degree  tooth  angle,  and  a  ].5C25-lnch  lead.  The  thread  Is 
0.128  Inch  thick  at  the  root. 

The  flTHt  step  waH  to  develop  the  cutter  shown  at  A,  Fig.  2. 
For  this  kind  of  work,  the  face  of  the  cutter  must  be  a  curve, 
as  shown,  and  not  Htralght,  as  might  be  supposed.    The  curve 
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Fig.  2.    Cutters  used  for 
milling  Throttle  Hand- 
lever  Worm 


of  the  cutter  must  correspond  to  the 
curve  formed  by  cutting  the  cylin- 
der, at  the  root  diameter  of  the 
worm,  at  an  angle  of  41  degrees,  40 
minutes.  But  owing  to  the  width  of 
the  cutter,  there  was  considerable 
trouble  due  to  chatter,  distortion  and 
interference,  with  the  resulting  under- 
cutting. So,  after  repeated  trials, 
this  cutter  had  to  be  abandoned. 
Two  similar  cutters,  fastened  side  by 
side  on  the  spindle,  as  shown  at  B, 
are  now  used  to  form  the  tooth  by 
straddle-milling  it.  The  curved-face 
cutter  is  then  .used  to  trim  the  space 
between  the  teeth,  the  angular  sides 
or  the  cutter  having  been  ground  so  that  they  will  not  touch  the 
tooth  already  formed.  This  cutter  now  works  without  any 
trouble,  as  the  straight  cutters  remove  more  than  half  the  stock. 

As  two  operations  were  necessary  to  complete  a  worm,  it 
was  desirable  to  provide  some  means  for  cutting  a  number 
with  the  straddle  cutters  and  then  changing  to  the  curved- 
face  cutter  and  finishing,  rather  than  changing  cutters  for 
every  worm;  therefore,  a  uniform  setting  and  indexing  in 
the  thread  miller  was  essential.  Fortunately,  there  is  a  taper- 
ing square  on  the  end  of  the  worm,  which  solved  the  problem 
with  the  aid  of  the  holder  shown  in  Fig.  3.  This  holder  fits 
over  the  live  center  of  the  machine,  a  square  being  filed  in 
the  bottom  to  receive  the  squared  end  of  the  worm.  Also,  a 
keyway  cut  to  correspond  with  the  key  fitted  in  the  live  cen- 
ter allows  the  holder  to  slide  but  not  turn.  A  spring  pressing 
between  the  center  and  the  bottom  of  the  holder  insures  per- 
fect contact  between  the  squares.  As  shown  in  Fig.  1,  a  small 
hole  is  drilled  in  a  fixed  relation  to  the  square  in  the  worm,  so 
the  operator  is  instructed,  when  changing  work,  to  see  that 
this  hole  is  in  line  with  the  set-screw  in  the  holder,  so  as  to 
cut  all  worms  the  same,  also  securing  the  same  setting  for 
the  second  operation. 

Of  course,  it  is  necessary  to  put  a  small  chamfer  on  the 
end  of  the  worm  while  drilling  the  5/16-inch  hole,  so  as  to 
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rig.   3.     Holder  used   in  milling  Throttle   Hand-lever  Worm 

use  the  tailstock  center.  As  these  worms  are  double  threaded, 
an  index  plate  with  twenty-four  holes  is  used.  For  the  first 
operation,  holes  1  and  13  are  used;  but  after  <'hanging  cutters, 
the  plate  is  advanced  a  quarter  turn,  either  from  1  to  7  or 
from  13  to  19,  as  the  case  may  be. 

Springfield,  Mass.  V.  J.  Visco 


1.1;     1       Autoinobll.   Throtlln   H«n.l  lovor   Wo 


WHAT   IS   THE   MATTER  WITH   THE 
DRAFTSMAN  ? 

The  draftsman  Is  often  found  fault  with.  Some  writers 
point  out  his  weaknesses  and  give  him  advice,  while  others  ex- 
pose his  faults.  The  demand  Is  that  the  draftsman  consider 
his  work  from  the  standpoint  of  the  worklngman  and  deliver 
a  clear,  {oniploto  "niORHage"  to  the  shop;  one  that  will  give 
III)  opportunity  for  confuHlon  whatsoever.  Hut  whoro  will  the 
ilraftHPian  get  his  kiiowlodgo?  Ho  must  oflen  start  llio  work 
wKliout  Hufllcli^Mt  liil'orniadon,  bcltig  favori-d  hmlcail  by  his 
Hiipi'rvlsor  saying,  "II'  iiiiyllilng  Is  not  clear,  ask  about  It,"  and 
because  of  this  lack  of  Information  ho  fulls  to  grasp  tho  situa- 
tion In  general.  Tho  sketch  ho  Is  furnished  with  In  many  cases 
Ih  one  that  only  a  superman  could  (comprehend.  Often,  after 
glutting  the  nei'eHsury  Information  by  tireless  hunting  hero  and 
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there,  many  good  draftsmen  ask  themselves,  "How  could  the 
situation  ever  be  clear,  even  to  the  best  man  in  the  world,  by 
the  facts  presented  at  the  start?"  This  state  of  affairs  is  the 
most  favorable  for  the  making  of  mistakes  and  confusion. 
Give  the  draftsman  a  square  deal;  don't  make  him  guess  the 
impossible. 
Turtle  Creek,  Pa.  B.  A.  Wach 

KINK  FOR  CROSS-SECTIONING  DRAWINGS 

Uniformly  spaced  cross-section  lines  can  easily  be  drawn  if 
this  suggestion  is  followed.  As  shown  in  Pig.  1,  score  two 
lines  on  the  45-degree  triangle,  making  B  1/16  inch  from 
edge  A  and  C  1/8  inch;  then  fill  in  these  scored  lines  with  ink 
so  as  to  make  them  heavier  and  clearer.  To  cross-section, 
place  the  triangle  against  the  T-square  and  draw  a  line  along 
the  edge  A  of  the  triangle.  Then  move  the  triangle  until  line 
B  or   C,  depending  on  the  spacing  desired,   is  over   the  line 
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Fig.    1.     Triangle    marked   for   Cross- 
sectioning 


Fig.    2.     TTsing   Triangle    to 
draw  Tangents 


drawn,  and  draw  a  second  line  along  edge  A.  Again  place 
line  B   or   C  over   the   line   drawn   and   draw   the   third   line. 

Tangents  to  curves  and  circles  may  be  easily  drawn,  as 
shown  in  Fig.  2,  if  lines  D  are  drawn  at  right  angles  to  edge  .4. 
Place  the  tangent  point  E  of  any  line  D  at  the  point  in  the 
curve  or  circle  where  the  tangent  is  to  be  drawn,  letting  the 
line  D  pass  through  the  center  of  the  circle  or  curve;  then 
draw  the  tangent  along  the  edge  of  the  triangle.  The  writer 
has  used  these  lines  on  his  triangles  for  the  past  three  years 
and  has  found  them  exceedingly  useful. 

Pittsburg,  Pa.  M.  J.  St.\ok 

MILLING   CUTTERS   WITH  REMOVABLE 
HUBS 

In  Fig.  1  is  shown  an  inserted-tooth  milling  cutter  that  dif- 
fers from  the  ordinary  cutters  of  this  type  only  in  that  the 


Fig.  2.     Briggs  Milling  Machine,  showing  Cutter  in  Place 

hubs  A  are  removable.  These  cutters  were  designed  to  operate 
in  a  Briggs  milling  machine  having  a  solid  arch,  through 
which  the  arbor  and  cutters  are  passed,  as  shown  in  Fig.  2. 
The  capacity  of  the  machine  was  limited  to  8-inch  cutters, 
but  the  work  required  cutters  of  14  Inches  diameter.  Split 
cutters  were  considered,  but  the  removable-hub  cutters  were 
adopted;  the  latter  were  more  easily  removed,  as  the  space 
necessary  for  side  fastening  was  lacking. 

The  arbor  was  set  up  with  the  necessary  spacing  collars 
and  the  hubs  A  in  place.  The  cutter  disk  B  was  suspended 
from  the  arch  by  means  of  a  rod  passed  through  the  hole  C, 
Fig.  1,  and  the  assembled  arbor  was  passed  through  the  cutter 
disk  and  adjusted  until  the  indicator  marks  D  registered. 
Bolts  E  were  then  inserted  and  set  down  tight,  the  slightly 
tapering  ends  locating  the  hub  centrally  with  the  cutter  body. 
The  holts  E  are  solid  throughout,  threaded  on  one  end,  and 
countersunk  to  receive  a  hexagon  wrench,  as  with  set-screws. 
The  work  finished  proved  that  these  cutters  were  worth  the 
investment.  These  cutters  are  run  in  pairs  for  straddle- 
milling. 

Elmhurst,  111.  H.  F.  McKnight 


BUSHING   EXTRACTOR 
The  illustration   shows   a  useful   device   for  extracting  fer- 
rules from  tube  ends.    It  is  adjustable  for  many  sizes  of  tubes, 
and   may  also  be  used   for   extracting   small   bushings,   valve 
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Bushing  Extractor 

seats,  etc.  It  should  be  made  from  high-grade  steel  to  give 
strength  and  long  service.  The  illustration  is  self-explanatory, 
and  needs  no  extra  explanation. 

Concord,  N.  H.  C.  11.  Wiluey 


Fig.    I.     Millinit   Gutter   with   Ki-niOTablo    Hub 


BABBITTING  SOLID   CROSS-HEADS 

For  tlie  benefit  of  fellow  employes  in  railroad  shops.  I  wish 
1(1  (les(Til)o  a  method  of  babbitting  the  guide  bearings  of  solid 
(Toss-hoads  that  has  been  the  moans  of  reducing  labor  and 
increasing  the  quality  of  workmanship.  A  back  cylinder  head 
is  bolted  to  the  wall  of  the  shop  and  held  away  at  the  proper 
distance  by  means  of  wooden  blocks.  The  large  end  of  plug 
.1  is  next  put  into  the  hole  in  the  cylinder  head,  which 
is  counterbored  to  receive  packing  and  accessories.  After  this 
an  adjustable  bushing  /?,  which  is  made  in  three  parts  and 
held  together  by  a  spring  band,  is  put  into  the  piston-rod  end 
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riiture  for  Use  in  babbitting   Guide   Bearings   of   Solid   Cross-heads 

of  the  cross-head.  The  cross-head  is  then  lifted  so  that  bush- 
ing B  can  he  slipped  over  the  tapered  end  of  plug  A.  A  jack  C 
provides  for  accurately  adjusting  the  height  of  the  cross-head 
so  that  it  is  supported  in  a  perfectly  level  position. 

After  the  work  of  setting  up  has  proceeded  to  this  point, 
pieces  D  and  E,  which  are  adjustable  for  width,  are  put  in 
place  and  set  to  the  proper  width  to  suit  the  guides  of  the 
locomotive  on  which  the  cross-head  is  used.  It  will  he  seen 
that  the  side  pieces  E  are  held  to  center  piece  D  by  means  of 
a  %-incii  bolt.  This  bolt  passes  through  a  slot  in  center  piece 
D,  so  that  side  pieces  E  can  move  the  bolt  in  order  to  make 
proper  adjustment  for  the  width  of  the  guides  on  the  locomo- 
tive. As  indicated  by  the  scale,  this  adjustment  covers  a 
range  of  from  6  7/.32  to  6  35/64  inches.  The  pieces  D  and  E  are 
held  in  place  at  the  outer  end  of  the  cross-head  by  means  of 
clamp  F.  When  the  work  has  been  set  up  in  this  way,  babbitt 
is  poured  into  the  guide  bearing,  and  after  one  bearing  has 
been  babbitted,  it  is  a  simple  matter  to  turn  the  cross-head 
over  and  set  the  fixture  up  for  babbitting  the  second  bear- 
ing. M.  K. 

WHO   BLUNDERED— THE   DRAFTSMAN    OR 
THE   MACHINIST? 
Some  time  ago  we  had  to  redesign  the  spindles  of  a  num- 
ber of  screw  machines  to  adapt  them  for  draw-in  collets  in 
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place  of  the  push  forward  type  with  which  these  machines 
were  provided.  The  only  change  required  on  the  spindles  was 
cutting  two  slots  through  one  end  for  clearance  through 
which  the  ends  of  the  lingers  that  operated  the  draw-rod  could 
project.  These  clearance  holes  a  arc  plainly  «liown  In  thi- 
view  at  A,  which  also  shows  a  complete  view  of  the  spindle. 
As  no  other  machine  work  was  required  on  the  spindle,  the 
drafting-room  made  a  drawing  like  that  shown  at  11,  the  only 
figures  on  It  being  those  that  show  the  actual  dlnn^islons 
of  the  slots  and  their  location.  The  thread  and  the  dirriTuiirc 
In  diameter  of  the  spindle  were  neither  shown  nor  Indicated 
by  dimensions,  as  these  were  thought  to  be  entirely  unnci'cs- 
Bary.     The   spindles,   when    taken   from    the   machines,   wore 


sent  out  to  a  job  shop  to  have  the  alterations  made.  Instead 
of  going  by  dimensions  only,  they  assumed,  after  having  com- 
pleted the  work  actually  shown  by  the  drawing,  that  we  also 
wanted  the  spindles  turned  down  to  the  size  of  the  small  end, 
and  this  they  did,  completely  ruining  ten  spindles,  as,  of 
course,  they  turned  off  the  thread  and  the  bearing  surfaces. 
Why  they  did  not  continue  and  break  the  spindles  in  two  is  a 
wonder.  The  whole  job  reminds  me  of  the  man  who  hired  out 
in  a  railroad  blacksmith  shop  and  claimed  to  be  able  to  read 
blueprints.  When  they  gave  him  a  drawing  of  a  long  con- 
necting-rod which  had  been  shown  broken  for  convenience  in 
getting  it  on  a  standard  sheet,  he  inquired  whether  lie  was 
expected  to  make  the  teeth  on  the  ends.  Who  should  be  held 
responsible  in  a  case  of  this  kind,  the  shop  or  the  drafting- 
room? 

New  York  City  Donald  A.  Bakeb 


FINDING  RADIUS   OF   CIRCLE 

The  following  is  a  simpler  method  of  finding  the  radius  of  a 
circle  than   that  given   in   the  May  number   of  Machinery: 

DE  

AE    = 

3.8 


sin   23   deg. 
-    =    9.7253  and 


BC 


5.1 


AG  =  = 

sin  23  deg.  0.39073 
=  13.0522.  By  geometry, 
AO  X  AE  =  (.AH)',  so 
AH  =  V  9.7253  X  13.0522 
=  11.267.  AB  =  BC  X 
cot  23  degrees  =  5.1  X 
2.3558  =  12.0148.  HB  = 
AB  —  AH  =  0.7478.  Tan 
HB  0.7478 

BC  5.1 

0.14644;  M  =  8  degrees,  20 

minutes,  30  seconds.  HC  = 

BC 

cos  8  deg.,  20  min.,  30  sec. 

5.1 
= =5.1546.    H0  = 


0.9S942 


0.5HC 


cos  8  deg.,  20  min.,  30  sec. 
2.5773 

= =    2.6049, 

0.98942 
which  is  the  radius  desired. 
Toronto,  Canada 


Method  of  finding  Radius  of  Oirola 
OSCAIt   M.    WOEXFK 


MOVEMENT  OF  V-REST 
Referring  to  the  V-rest  problem  answered  by  F.  Webster 
Brady  in  the  September  number  of  MAcniNEuy,  I  would  like 
to  make  a  slight 
addition  to  the 
practical  side  of  the 
problem.  The  illus- 
tration shows  a  de- 
vice that  I  have 
used  once  or  twice; 
I  have  found  it  of 
advantage  to  make 
one  thread  five  per 
Inch  and  the  other 
seven  per  Imh.  In 
this  I'ttse  the  In- 
cluded angle  should 
bo  91  degrees,  12 
minutes,  as  any 
mathematical  shark 
can    readily    show. 


of  Ritl.l   Drin   Chunk 
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This  is  much  easier  than  to  monkey  with  fractional  threads. 
So  far  as  I  know,  this  form  of  mechanism  was  first  used  in 
the  Reid  drill  chuck,  at  least  thirty-five  years  ago. 
Eau  Claire,  Wis.  C.  M.  Conradson 


and  when  he  desires  to  operate  the  scleroscope  the  pedal  is 
pushed  forward. 

Flint,  Mich.  C.  C.  Spreen 


BALL  BEARINGS   FOR   HAND-POWER 
DETAILS 

Ball  bearings,  of  both  the  journal  and  the  thrust  types, 
are  an  acknowledged  success  in  the  elimination  of  friction 
and  consequent  saving  of  fuel  when  applied  to  power-driven 
details.  On  that  point  all  engineers  are  agreed.  But  why 
not  carry  their  application  a  step  farther  and  apply  these 
bearings  to  journals  of  hand-power  details?  This  matter  is 
especially  important  now,  when  there  is  need  for  the  greatest 
possible  output,  and  every  means  should  be  used  to  keep  the 
wheels  of  the  factory  turning.  Could  there  be  any  better  way 
to  conserve  energy  than  to  apply  ball  bearings  to  all  hand 
apparatus,  such  as  winches,  trucks,  and  other  appliances  used 
in  transporting  goods  in  a  factory  or  outside  erection?  These 
bearings  may  even  be  applied  to  devices  used  to  lift  the  shells 
for  the  big  guns  on  the  battlefield.  At  the  present  time,  it  is 
imperative  that  not  an  ounce  of  power,  either  manual  or  mo- 
tive be  wasted,  and  to  provide  the  most  eflicient  means  of 
hand  transporting  of  goods  is  certainly  a  matter  demanding 
the  closest  attention. 

Liverpool,  England  Mark  Meredith 


RAPID   METHOD  OF  OPERATING   SCLERO- 
SCOPE  BULB 

The  accompanying  illustration  shows  a  method  of  operating 
the  bulb  of  a  scleroscope  which  has  been  found  to  save  a  lot 
of  time.  This  saving  is  chiefly  due  to  the  fact  that  operating 
the  bulb  with  a  foot-pedal  A  leaves  both  the  inspector's  hands 
free.  It  will  be  seen  that  a  hole  is  drilled  in  the  inspector's 
bench,  through  which  passes  a  tube  B  connecting  the  bulb 
with  the  instrument.  This  bulb  is  held  close  to  the  under  side 
of  the  bench  and  a  piece  of  thin  leather  D  is  tacked  over  it 
to  prevent  the  iron  from  wearing  it  out.  A  steel  rod  C,  flat- 
tened at  the  end,  is  pivoted  in  such  a  way  that  when  the  pedal 
is  pushed  forward  this  rod  will  be  swung  up  against  the  bot- 
tom of  the  bench  and  will  compress  the  bulb.  The  inspector 
sits  at  the  bench  with  his  foot  resting  on  the  pedal  as  shown. 
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PUMP-SPRING   BUSHING-HOLDER    GUIDE 

In  the  July  number  of  Machinery  appeared  an  article  en- 
titled "Multi-Machining  in  Production  Quantities,"  which 
showed  a  stationary  pilot  for  multi-drilling  and  reaming  tools. 
The  pump-spring  bushing-holder  guide  here  shown  has  the 
advantage  of  allowing  the  bushing  to  rotate  with  the  drill  or 
reamer  when  the  bushing  is  not  engaged  with  the  permanent 
bushing  in  the  drilling  jig.  This  feature  does  away  with  wear 
of  the  drill  in  the  bush- 
ing, which  is  a  point  to 
be  considered,  especially 
in  reaming.  This  de- 
vice has  been  used  for 
the  past  nine  months, 
and  is  working  satisfac- 
torily in  every  way. 
While  it  was  designed 
for  use  on  a  Baush 
multiple-spindle  drilling 
machine,  it  is  also  used 
in  a  horizontal  position 
for  cross-boring,  as  the 
position  does  not  affect 
its  operation.  .  It  was 
intended  for  use  in- 
stead of  the  large, 
heavy,  costly  pump- 
spring  bushing  plate 
that  was  required  when 
there  were  only  a  few 
holes  but  with  large 
center  distances.  These 
devices  cost  $1S.60  each. 
Eabl  S.  Hutton 

Detroit,  Mich. 


LAYING  OUT  IN- 
ACCESSIBLE 

PARTS 
Recently  the  writer 
had  to  repair  a  large 
cone  pulley  that  had 
raised  binder  lugs, 
which  had  been  torn  off. 
A  plate  was  substituted 
for  the  broken  lugs  and 
was  fitted  over  the  arms 
with  a  bearing  on  the 
sides.  But  it  was  found 
that  it  was  impossible  to  lay  out  the  arms  on  the  plate,  as 
the  under  side  of  the  plate  could  not  be  reached.  The  follow- 
ing plan  was  finally  hit  upon:  A  torch  was  made  by  wrapping 
some  oily  cotton  waste  around  a  piece  of  wire,  and,  after 
lighting,  it  was  passed  into  the  cone  through  the  opening 
around  the  edge  of  the  plate.  By  holding  the  torch  under 
each  arm  until  it  was  well  smoked  the  outline  of  the  arm 
was  left  upon  the  plate,  for  there  was  no  soot  on  those  parts 
of  the  plate  that  were  protected  by  the  arms.  When  the  plate 
was  removed,  it  was  easy  to  prickpiimli  the  outline  of  the 
arms  and  mill  the  necessary  slots.  P.  J.  D. 


Baaoh  arrui(«d   with  Foot  Fodal  for  operating   Soloroicops  Bulb 


CHEAP    PARTITIONS 

Paneled  partitions  can  be  made  out  of  regular  stock  doors 
placed  edge  to  edge,  with  strips  top  and  bottom  to  give  the 
line,  more  cheaply  than  by  cutting  lumber;  and  the  doors 
have  higher  salable  value  when  the  partitions  are  no  longer 
needed.  Telephone  booths  may  bo  made  cheaply  of  these  doors 
and  a  board  lop. 

New  York  City  Roukrt  Grimshaw 


nO^W  AND  WHY 


QUESTIONS  ON  PRACTICAL  SUBJECTS  OF  GENERAL  INTEREST 


PRIZE  FOR   PERPETUAL   MOTION 

C.  C.  S. — Do  you  know  ot  any  prize  offered  for  a  working 
model  of  a  perpetual  motion  apparatus? 

A. — No  official  prize  for  a  perpetual  motion  machine  has 
ever  been  offered,  so  far  as  we  know,  and  probably  none  ever 
will  be  offered.  It  is  agreed  by  all  who  understand  the  princi- 
ple of  energy  conservation  that  a  perpetual  motion  machine 
is  an  impossibility. 


may  have  charge  of  the  drafting  department  and  be  the  su- 
perior of  the  foremen  of  the  machine  shop,  pattern-shop  and 
foundry. 


CHANGE-GEARS   FOR   CUTTING  WORM 

C.  G.  M. — What  should  be  the  compound  change-gears  used 
in  a  milling  machine  for  cutting  a  worm  with  a  lead  of  1.5781 
inch? 

A. — If  the  worm  is  to  be  cut  on  a  standard  milling  machine, 
the  ratio  of  the  change-gears  will  be  1.5781  to  10.  The  select- 
ing of  these  gears  will  be  comparatively  easy  if  the  tables 
in  an  article.  "Simplified  Change-gear  Calculations,"  publishea 
in  M.\cnixERY,  May,  1917,  are  used.  By  placing  a  29-tooth  gear 
on  the  worm-gear  stud,  meshing  with  a  73-tooth  gear  on  the 
intermediate  stud,  and  placing  another  29-tooth  gear  on  the 
same  intermediate  stud,  which  is  also  driven  by  a  73-tooth 
gear  on  the  feed-screw,  you  will  mill  a  worm  with  a  lead  of 
1.5781  inch. 


STRAIGHTENING   THIN-WALL   TUBING 

H.  E.  G. — I  wish  to  obtain  some  information  on  straighten- 
ing thin-wall  tubing.  Our  tubing  is  made  of  brass  and  comes 
in  lengths  of  10  feet.  The  wall  thickness  is  0.010  inch.  Some 
of  the  tubing  i«  cylindrical,  having  an  outside  diameter  of 
0.125  inch,  and  some  of  it  is  bean-shaped  in  cross-section. 

A. — The  cylindrical  tubing  may  be  straightened  with  a  pair 
of  rolls  set  with  their  axes  out  of  parallel  and  with  their 
peripheries  apart  a  distance  equal  to  the  thickness  ot  the 
tubing.  The  rolls  are  belted  to  run  in  the  same  direction. 
The  tubing  is  fed  between  them  from  one  end  and  is  shot 
out  of  the  other  in  a  straightened  condition.  Ordinary  wire 
straighteners  of  the  revolving  frame  and  roller  type  can  be 
used  successfully  on  tubing  for  taking  out  kinks  if  of  not  too 
short  radius.  The  bean-shaped  or  elliptical  cross-section  tubing 
may  be  drawn  through  a  die  to  straighten  it.  Readers  who 
have  had  experience  with  this  work  are  requested  to  con- 
tribute whatever  they  can  on  the  subject. 


DUTIES   OF   MASTER   MECHANIC 

G.  A.  V.  -What  constitutes  the  duties  of  a  iiiasler  niec'lianii? 
How  does  the  position  of  master  mechanic  ('ompare  in  rank 
with  that  of  chief  engineer? 

A. — The  duties  of  a  master  mechanic  differ  widely.  In  some 
places  he  is  an  important  official,  while  in  olliers  his  duties 
are  minor.  The  master  mechanic  of  a  mill  should  be  in  charge 
of  the  repair  and  maintenance  of  machinery,  the  erection  of 
all  machines,  motors,  belts,  pipes,  electric  wires,  compressed 
air  equipment,  etc.  The  moving  of  machines  from  one  depart- 
ment to  another  should  be  part  of  his  duty,  and  the  oiling  of 
llncshafts,  countershafts,  and  other  bearings  not  In  the  Immo- 
dlate  charge  of  any  mechanic  or  workman.  The  chief  engineer 
should  be  In  charge  of  I  he  design  and  layout  of  plant  and 
machinery.  He  Is  not  an  exei-utlve  officer  In  the  larger  sense, 
but  one  who  plans  work  for  others  to  execute.  However,  the 
chief  engineer  may  also  be  an  executive  and  In  Immediate 
charge  of  those  who  carry  out  his  plans.  Ordinarily  the  chief 
engineer  ranks  higher  than  a  master  mechanic,  but  they  may 
be  coordinate.  The  master  mcchanli'  may  hi-  In  charge  of  tin- 
machinists,  mechanlcH,  electricians,  and  laborers  required  out- 
side the  machine  shop  for  the  care  and  maintenance  of  nin- 
chlnery  and  equipment  In  his  charge,  while  the  chief  rnglneer 
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Quarter-twist   Belt 


QUARTER-TWIST   BELTS 

B.  C.  S. — I  should  like  a  good  rule  for  quarter-twist  belts, 
one  that  can  be  used  for  any  case  when  the  shafts  are  not 
parallel. 

A. — Referring  to  the  illustration,  S  and  T  are  two  pulleys, 
the  axes  of  which  are  represented  by  AB  and  CD,  respectively. 
In  the  present  case,  the  axes  are  at  right  angles  to  each  other, 
thus  giving  a  quarter  twist  to  the  belt,  but  the  rule  given  will 
apply  to  any  angle  that  the  axes  may  make  with  each  other. 
Let  PQRM  represent  the 
middle  plane  of  the 
pulley  T,  which  inter- 
sects the  pulley  in  the 
circle  PQN  (shown  by 
the  dotted  line),  and 
let  MPVW  represent  the 
middle  plane  of  the 
pulley  S,  which  inter- 
sects the  pulley  in  the 
circle  MWO  (shown  by 
the  dotted  line).  Now 
if  S  is  the  driving 
pulley,  and  it  turns  in 
the  direction  indicated 
by  the  arrow,  the  belt 
must  be  placed  as  shown 
in  order  to  turn  the  other  pulley  T  in  the  direction  of  the 
arrow  H.  The  belt  can  come  off  the  pulley  at  almost  any 
angle  without  running  off,  but  it  must  go  on  the  pulley  in 
such  a  manner  that  the  center  line  of  the  belt  will  lie  in 
the  middle  plane  of  the  pulley  receiving  the  belt.  Note  that 
the  center  line  PO  lies  in  the  middle  plane  MPVW,  0  being  the 
point  where  the  center  line  of  the  belt  goes  on  the  pulley  S; 
that  the  center  line  MN  lies  in  the  middle  plane  PQRM,  N 
being  the  point  where  the  center  line  of  the  belt  goes  on  the 
pulley  7';  that  the  line  MP  is  the  line  of  intersection  of  the 
two  middle  planes;  and  that  M  and  P  are  the  points  where 
the  belt  leaves  the  pulleys.  M  is  a.  point  of  tangency  of  the 
middle  plane  of  T  with  pulley  S,  and  P  is  a  point  of  tangency 
of  the  middle  plane  of  .S'  with  pulley  T.  Hence,  if  the 
shafts  are  not  parallel,  the  pulleys  must  be  so  arranged  that 
the  middle  plane  of  either  pulley  is  tangent  to  the  other 
pulley.  If  it  were  desired  to  have  the  pulley  T  turn  in  the 
direction  of  the  arrow  7/',  pulley  8  continuing  to  turn  in  the 
same  direction,  pulley  .S'  must  be  shifted  on  its  shaft  an  amount 
equal  to  the  diameter  of  the  pulley  7',  and  the  belt  arranged 
as  indicated  by  the  dotted  lines.  It  is  necessary  always  to 
ronicnibor  that  the  center  line  of  the  belt  must  lie  in  the 
middle  plane  of  the  pulley  on  which  the  belt  goes.  J.  J. 


CAPACITY   OF   CYLINDRICAL   TANK   AT 
DIFFERENT   LEVELS 

W.  A.  K.  We  have  a  cyliiulricul  lank  lliiil  is  90  iiuliea  in 
diameter  and  IK  feel  long,  so  placed  that  ils  axis  Is  horizonlal. 
I'leaso  show  how  to  calculate  the  contents  in  giillons  for  eacli 
six  Inches  of  depth.     The  ends  of  the  tank  are  tint, 

A. — Ueferrlng  to  the  illuHtrallon,  the  horizontal  lines  rcprc 
sent  the  various  levels,  (>  Inches  apart.  Kor  any  parllculav 
level,  as  All,  the  contents  In  gallons  Is  e(iual  to  the  area  oi' 
tlic  segment  ACH  In  H(iuare  Ini-hes  multlpll(-d  by  the  length 
of  I  he  tank  In  iTichcs.  and  the  product  divided  by  2:U.  Let 
.1        area  of  any  segment ;  li        height  of  segment ;  r       radius; 


November,  1917 


MACHINERY 


253 


and  y  =  central  angle.     Then,  J.  =  %r(F  —  sin  V).     T  Is 
measured  in  radians,  and  is  found  as  follows:    For  any  level, 
V  r  —  h  45  —  6 

as  AB,  cos  —  = = .    With  the  aid  of  a  table 

2  r  45 

V 
of  sines  and  cosines,  find  — ;  the  result  multiplied  by  2  gives 

2 
y.  If  a  table  giving  angles  in  radians  is  not  available,  ex- 
press V  in  degrees  and 
decimal  of  a  degree; 
then,  r  =  0.0174533  y 
in  degrees.  The  area  of 
the  segment  is  then 
readily  computed.  By 
repeated  applications  of 
this  process,  the  ar^a  of 
the  segment  that  cor- 
responds to  each  level 
is  found.  When  the 
level  FG  is  reached,  the 
areas  above  it  may  be 
obtained  by  adding  to 
the  area  last  found  the 
corresponding  area  be- 
low HI.  Thus  area 
FGML  =  area  HUE,  and  area  EIJK  =  segment  BCI  —  seg- 
ment KCJ,  both  of  which  areas  have  been  previously  calcu- 
lated. Since  18  feet  =  216  inches,  the  capacity  at  any  level 
21 6A 

is  C  =  =  0.935065A.    Using  a  flve-place  table  of  loga- 

231 
rithms  and   natural  trigonometric   functions,   the  writer   ob- 
tained the  results  given  in  the  table. 

Area  of 
Depth         Segment 
6  182.1 


504.3 
905.8 
1361.9 
1856.3 
2376.3 
2911.6 
3450.1 


Gallons 

170 
472 
847 
1273 
1736 
2222 
2723 
3226 


Depth 

54 

60 

66 

72 

78 
84 
90 


Area  of 
Segment 

3985.4 
4505.4 
4999.8 
5455.9 
5857.4 
6179.5 
6361.7 


Gallons 
3727 

4213 
4675 
5102 
5477 
5778 
5948 
J.  J. 


STRESSES   IN   A   CRANE 

F.  P.  T. — I  enclose  a  sketch  of  a  crane.  With  the  dimen- 
sions given,  what  will  be  the  stress  in  the  tie-rod  BA  and  in 
the  strut  BC  when  the  load  is  5000  pounds?  Also,  what  will 
be  the  bending  moment  at  A? 

A. — For  practical  purposes,  sufficiently  accurate  results  can 
be  obtained  by  drawing  the  stress  diagram  to  some  convenient 
scale,  and  then  determining  the  various  stresses  by  measur- 
ing the  lines  of  the  diagram.     Thus,  draw  A^Ci  vertical  and 

of  such  length  as  to  rep- 
resent 5000  pounds.  If 
the  scale  is  1  inch  = 
1000  pounds,  A.Ci  will 
be  5  inches  long.  The 
line  A,C,  then  repre- 
sents to  scale  the  pres- 
sure at  the  foot  of  the 
mast  DC  due  to  the  load 
of  5000  pounds.  Then 
draw  A,Bt  parallel  to 
AB,  and  C,B,  parallel  to 
CB;  they  intersect  at 
ZJ,.  Measuring  A,Bj  and 
C,Bi  to  the  same  scale 
as  A,C„  A,B,  =  4800 
pounds,  the  stress  in 
AB.  and  B,C,  =  6400 
pounds,  the  stress  in 
BC.  To  nnd  the  bend- 
ing moment  at  A.  it  Is 
necessary  to  find  the 
horizontal  stress  at  A. 
Hence,  resolve  the  stress 
yl,B,  into  the  horizontal 


component  AJl  and  the  vertical  component  HB^.     Measuring 
AJI,  it  is  found  to  equal  4750  pounds.  The  reaction  at  D  equals 
18.75 

4750  X =  4048  pounds.    Therefore,  the  bending  moment 

22 
at  A  is  4048  X  (22  —  18%)  X  12  =  157,872  inch-pounds.  If 
it  is  desired  to  calculate  the  stresses  and  the  bending  mo- 
ment, consider  the  triangle  A,B,Ci.  The  lengths  of  the  sides 
will  be  proportional  to  the  lengths  of  the  sides  in  the  triangle 
ABC;  hence,  suppose  AjC,  =  18%,  AjBi  =  18,  and  BA  =  24. 
The  angles  are  then  calculated,  obtaining  AJi^Ci  =  50  degrees, 
35  minutes,  50  seconds;  B,C,Ai  =  47  degrees,  53  minutes,  5  sec- 
onds; and  BjAiCi  =  81  degrees,  31  minutes,  5  seconds.     Now, 

sin  A^C^B^ 
taking  A,C,  as  5000,  AJB^  = X  5000  =  4800  pounds; 


sin  B,J.,C, 


sin  A^B^C^ 
X  5000  =  6400  pounds.    Angle  HA^B,  =  90 


B,C,  =  ■ 

sin  A.BjC, 
degrees  —  81  degrees,  31  minutes,  5  seconds  =  8  degrees,  28 
minutes,  55  seconds;   and  AJI  =  4800   X  cos  8  degrees,  28 
minutes,    55    seconds   =   4747.6    pounds.      The    reaction    at 
18.75 

B  =  4747.6  X =  4046.2  pounds,  and  the  bending  moment 

22 
at  A  =  4046.2  X  3^  X  12  =  157,802  inch-pounds.  It  will  be 
noticed  that  the  graphical  method  is  sufficiently  accurate  for 
all  practical  purposes.  Note  that  the  horizontal  pressure  at  C 
is  GCx  =  HA-i,  the  two  forces  being  equal,  but  in  opposite 
directions,  thus  forming  a  couple  that  tends  to  overturn  the 
crane.  Here  GC^  is  the  horizontal  component  of  the  stress  in 
the  strut  BC.  3.  J. 


PRESSURE 


ON  BEARINGS  DUE  TO 
BELT  PULL 


F.  H.  L. — In  the  drive  indicated  by  Fig.  1,  the  speed  is  2000 
revolutions  per  minute  and  the  width  of  belt  is  3  inches. 
Can  you  advise  me  what  is  the  loading  of  the  bearings  due 
to  belt  pull,  both  for  single-  and  double-ply  belts?  Also,  what 
load  per  inch  of  width  should  be  allowed  for  different  thick- 
nesses of  belting? 

Ans-wered  by  John  S.  Myers,  Philadelphia,  Pa. 

As  neither  the  power  it  is  desired  to  develop  nor  other  con- 
ditions of  service  are  stated,  it  will  be  assumed  that  this  is  a 
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leather  belt  driving  a  machine  readily  accessible  for  re- 
tightening  and  under  the  care  of  a  belt-fixer  following  scientific 
methods.  Using  a  paper  read  by  Carl  G.  Barth  before  the 
American  Society  of  Mechanical  Engineers,  in  January,  1909, 
as  a  basis,  the  curves  of  which  are  reproduced  in  Figs.  3  and  4, 
we  have  the  following:  (The  lower-case  letters  represent  pounds 
per  square  inch  of  belt  section  and  the  capital  letters  the  total 
pulls  in  the  given  belt.) 

t„ and  T,  =  initial  tension; 

t,  and  7",  =  tension  in  tight  side; 

tj  and  7",  =  tension  In  slack  side; 

tc and  Tc  =  centrifugal  tension; 

p  and  P  =  effective  pull  for  driving; 

/  and  F  =  pull  against  bearings; 

V  =  velocity  of  belt,  in  feet  per  minute. 
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Assume  the  arc  of  contact  to  be  180  degrees  and  take  the 
coefficient  of  friction  as  a  variable  represented  by  the  equation 
140 

<i!.  =  0.5A (1) 

500  +  y 

For  the  conditions  of  service  assumed,  in  order  to  avoid  too 

frequent  retightening  or  too  rapid  deterioration  of  the  belt,  the 

minimum  initial  tension  <„  of  the  belt  is  made  such  that  vfhen 

the  belt  is  doing  the  maximum  amount  of  work  required  of  it 

ti  +  %*2  =  240  pounds  per  square  inch  (2) 

The  pulley  being  0.75  foot  in  diameter  and  the  speed  2000 

revolutions  per  minute,  the  belt  velocity  is: 

V  =  0.75  X  3.1416  X  2000  =  4712  feet  per  minute 
This  is  figuring  on  the  net  size  of  the  pulley  instead  of  to 
the  center  line  of  the  belt  to  make  some  allowance  for  slip. 
The  curves  shown  in  Fig.  3  give,  for  this  velocity,  the  approxi- 
mate values:  t„  =  142,  t,  =  190,  t^  =  100,  tc  =  78,  p  =  f,  —  t, 
=  90.     Then: 

f  ^  t,  +  U  —  2U  (3) 

Substituting  the  given  values  in  this  equation,  /  =  190  + 
100  —  2  X  78  =  134  pounds  per  square  inch. 

The  cross-section  of  a  single-ply  belt  3/16  inch  thick  is 
3/16  X  3  =  0,5625,  say  0.56  square  inch.  The  total  pulls  are 
then  approximately:  r„  =  142  X  0.56  =  79.5;  T,  =  190  X 
0.56  =  106.4;  T,  =  100  X  0.56  =  56.0;  Tc  =  78  X  0.56  =  43.7; 
P  =  90  X  0.56  =  50.4;  F  =  134  X  0.56  =  75.  The  last  value, 
F  =  75  pounds,  is  the  load  acting  upon  the  bearings,  37.5  pounds 
upon  each,  when  the  belt  is  developing  its  full  capacity.  The 
horsepower  in  this  case  is: 

PV  50.4  X  4712 

H.P.  = = =  7.2 

33,000  33,000 

When  at  rest,  the  tensions  in  both  sides  of  the  belt  are 
equal;  hence  Tj  =  Tj  =  r„,  and,  since  F  =  0  and  Tc  =  0, 
F  =  2T„  =  2  X  79.5  =  159  pounds.    For  a  double  belt  %  inch 
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Machinery 


Fig. 


thick,  the  various  loads  and  power  developed  are  twice  those 
given  for  a  single  belt. 

In  the  case  of  a  countershaft  belt,  or  a  belt  so  located  that 
it  is  not  easily  retightened,  lower  initial  tensions  are  allowed, 
for  which  Mr.  Barth  adopted  the  values: 

t,  +  V2t2  =  160  (4) 

For  such  conditions,  the  curves  shown  in  Fig.  4  are 
applicable. 

•     *     * 

STRAIGHTENING  HARDENED  TOOLS 
One  of  the  perplexing  problems  of  manufacture  that  is  prac- 
tically unsolved,  as  regards  the  substitution  of  machinery  for 
the  human  hand  and  eye,  is  the  straightening  of  twist  drills, 
sewing  machine  needles  and  smaller  steel  parts  that  are 
warped  in  hardening.  The  general  practice  in  straightening 
twist  drills  is  to  provide  the  workmen  with  light  hammers 
and  surface  plates,  the  latter  being  mounted  on  a  level  with 
the  workman's  eyes  so  that  he  can  see  daylight  between  the 
defective  drill  and  the  plate.  He  strikes  the  drill  with  the 
hammer  at  the  point  that  experience  determines  to  be  the 
place  where  a  blow  is  required,  and  rolls  the  drill  on  the  plate 
to  test  It.  Automatic  machines  for  doing  this  work  have  been 
developed,  but  they  were  practically  commercial  failures  on 
account  of  slowness,  unreliability  and  the  need  of  expert 
attendance. 

Practically  the  same  condition  exists  In  the  sewing  machine 
needle  Industry,  it  being  necessary  to  straighten  defective 
needles  by  hand  also.  The  operation  of  straightening  needles 
Is  about  as  follows:  A  hard  steel  plate,  about  8  Inches  square 
by  1%  Inch  thick.  Is  provided  with  a  voe  In  the  center  about 
7/16  Inch  wide.  This  plate  Is  sot  In  front  of  a  window  at  an 
angle  of  15  dogroos.  Inclined  toward  the  operator.  The  needles 
are  rolled  with  the  fingers  on  this  plate  and  the  operator  Is 
governed  by  the  shadow  that  the  needle  throws  upon  the  plate. 
If  the  needle  Is  crooked.  It  will  show  by  this  shadow  the 
amouiil  fif  Its  eccentricity,  niiigiillled  a.s  th(!  error  l.s  multiplied 
In  the  shadow,  owing  to  the  angle  of  llio  plate.  The  operator 
uses  a  small  copper  hammer  to  Htralghton  the  noodle,  placing 
the  needle  over  the  voe  and  striking  a  blow  In  the  right  place 
by  a  force  that  experience  and  judgment  dictate. 
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CONE  FOUR-SPINDLE  AUTOMATIC 


IN  working  out  the  design  of  a  four- 
spindle  automatic  screw  machine 
which  has  recently  been  placed  on 
the  market  by  the  Cone  Automatic  Ma- 
chine Co.,  Windsor,  Vt.,  the  designers 
bave  departed  from  established  prac- 
tice in  the  design  of  machines  of  this 
type.  The  Cone  "automatic"  is  styled  a 
"double-bed"   machine,   and    the   reason 

for  adopting  this  name  will  be  apparent  from  the  accompany- 
ing illustrations.  It  will  be  seen  that  two  beds  are  provided; 
the  upper  bed  supports  a  cam-shaft  with  cam  drums  and  cams 
that  actuate  all  parts  of  the  mechanism;  and  in  the  lower  bed 
there  are  provided  bearings  for  the  machine  spindles,  and 
ways  for  the  slides  on  which  the  different  types  of  tools  are 
carried.  The  4>est  idea  of  the  general  arrangement  of  the 
mechanism  of  this  machine  will  be  obtained  from  Fig.  1,  but 
in  referring  to  this  illustration  the  readers'  attention  is  par- 
ticularly called  to  the  fact  that  all  guards  have  been  removed 
in  order  to  show  the  arrangement  of  cams,  gearing,  spindles, 
etc.;  Figs.  2  and  4  show  the  complete  way  in  which  all  mov- 
ing parts  are  covered  to  provide  for  the  safety  of  the  operator, 
although  in  Fig.  2  the  hinged  gear  cover  is  swung  back  in 
order  to  show  the  gearing. 

Before  entering  upon  a  detailed  description  of  the  design 
of  the  Cone  automatic,  it  will  be  of  interest  to  present  a  sum- 
mary of  the  features  of 
this  machine.  It  has  al- 
ready been  mentioned 
that  all  cams  are  car- 
ried on  a  single  cam- 
shaft at  the  top  of  the 
machine,  and  in  this 
connection  it  is  impor- 
tant to  note  that  all 
cams  are  of  the  flat 
type,  milled  to  the  de- 
sired form  and  bent 
to  fit  on  cam  drums. 
This  standardization  of 
the  form  of  cams  great- 
ly simplifies  the  set- 
ting up  of  the  machine 
for  handling  different 
classes  of  work.  An- 
other important  feature 
Is  that  all  the  operat- 
ing levers  and  wheels 
are  situated  at  the 
front  of  the  machine 
"iid     at     such     a     level 


Three  features  of  this  machine  that  will 
attraet  attention  are:  the  use  of  a  double- 
bed  construction  with  the  cam-shaft  car- 
ried by  the  upper  bed,  and  the  machine 
spindles  and  tool-slides  by  the  lower  bed; 
the  fact  that  all  movements  are  obtained 
by  flat  cams  bent  to  fit  cam  drums;  the 
arrangement  of  all  operating  levers  within 
easy  reach  of  the  man  in  charge  of  the 
machine. 


from  the  floor  that  they  may  be  con- 
veniently reached  by  the  operator. 
Viewed  from  the  standpoint  of  accuracy 
in  the  product  of  this  machine,  prospec- 
tive users  will  be  interested  in  the  care 
that  has  been  taken  to  provide  a  rigid 
support  for  the  cross-slides.  These  are 
supported  by  bearings  at  both  the  top 
and  bottom,  so  that  deflection  caused  by 
pressure  of  the  cut  is  practically  impossible.  The  top  bearings 
which  support  the  cross-slides  against  the  pressure  of  the  cut 
are  furnished  with  gibs  to  provide  for  compensating  for  wear, 
so  that  it  is  possible  always  to  have  the  bearings  in  perfect 
adjustment. 

All  heavy  turning  and  forming  operations  are  performed 
in  the  two  lower  positions,  so  that  chips  may  drop  into  the 
pan  below  the  machine  without  any  tendency  for  them  to 
accumulate  on  the  work,  tools  and  spindle  noses;  furthermore, 
these  turning  and  forming  tools  can  be  more  rigidly  supported 
in  the  two  lower  positions,  so  that  it  is  desirable  to  have 
the  tools  in  these  positions  perform  the  heavier  cutting  opera- 
tions. A  patented  deflector  guides  the  finished  work  into  a 
separate  receptacle  from  the  chips,  and  the  chip  pan  is  not 
only  of  ample  proportions,  but  special  arrangements  have  been 
made  for  removing  chips  from  the  end  of  this  pan,  so  that 
the  laborer  who  performs  this  work  does  not  interfere  with 

the  operator  who  has 
charge  of  the  machine. 
To  provide  the  de- 
sired degree  of  durabil- 
ity, the  Cone  automatic 
is  equipped  with  hard- 
ened steel  spindles  run- 
ning in  phosphor-bronze 
bearings  which  may  be 
easily  adjusted  to  com- 
pensate for  wear.  The 
stock  is  fed  through  the 
upper  front  spindle,  and 
in  this  position  it  is 
possible  to  perform 
ilrilling,  counterboring, 
reaming  or  threading 
operations  in  addition 
to  cutting  off  the  fin- 
ished piece.  It  Is 
claimed  that  this  ar- 
rangement brings  the 
finished  piece  of  work 
into  a  position  where  It 
may  be  easily  inspected 


Four-spindle   Automatlo  witii   Covers   removed   to   sliow 
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by  an  operator  who  is  looking  after 
a  battery  of  machines,  making  it 
possible  for  him  to  ascertain  readily 
that  the  stock  is  being  fed  right  up 
to  the  stop  to  produce  pieces  of 
full  length.  In  both  the  third  and 
fourth  positions,  which  are  the  two 
upper  spindles  on  the  machine,  it 
is  the  practice  to  divide  up  those 
operations  which  have  just  been 
mentioned;  then,  my  performing 
turning,  forming  and  similar  opera- 
tions in  the  first  and  second  posi- 
tions, i.  e.,  the  two  lower  positions, 
advantage  is  taken  of  adequate  tool 
support  and  a  better  arrangement 
for  chip  clearance,  to  which  refer- 
ence has  already  been  made.  The 
tool-slides  are  heavily  built,  with 
plenty  of  room  for  a  wide  range  of 
tool  lay-outs,  and  there  is  no  over- 
hang at  the  front. 

Arrangrement  of  Operating-  Levers 

and  Handwheels 
Referring   to   the   front   views   of 

the  machine  shown  in  Figs.  1  and  4, 

the  following  outlines  the  purpose 

of  each  of  the  operating  levers  and 

handwheels  that  are  shown.     Block 

A   is  carried   on   a  pivotal   support 

and  may  be  lifted  up  to  disengage  the  stock  feed  mechanism. 

Lever  B  provides  for  opening  or  closing  the  chuck  by  hand. 
In  setting  up  the  machine,  it  is  often  desirable  to  have  means 
of  operating  the  cross-feed  by  hand  in  order  to  ascertain  if 
the  tools  are  located  in  the  proper  positions  in  the  cross-slides. 
For  this  purpose  lever  C  is  provided.  When  it  is  desired  to 
operate  the  cross-feed  with  this  lever,  the  cam-shaft  is  rotated 
backward  so  that  the  rollers  that  run  in  engagement  with  the 
cross-feed  cams  are  no  longer  in  contact  with  these  cams. 
With  the  cam-shaft  in  this  position,  lever  C  may  be  pushed 
back  and  forth  to  manipulate  the  cross-feed  at  will.  Lever  D 
provides  similar  hand  adjustment  for  the  tools  carried  on  the 
slides  that  run  parallel  to  the  machine  spindles.  Handwheel  F 
is  carried  at  the  end  of  a  shaft  on  which  there  is  mounted  a 
worm  meshing  with  a  worm-wheel  on  the  camshaft.  By  turn- 
ing handwheel  F,  provision  is  made  for  backward  rotation  of 
the  cam-shaft  so  that  the  cams  are  moved  out  of  engagement 
with  the  rollers  in  the  manner  to  which  reference  has  been 
made.  Before  making  this  hand  adjustment  of  the  position 
of  the  cam-shaft,  lever  G  is  turned;  this  results  in  sliding  the 
shaft  on  which  handwheel  F  is  carried  through  the  splined 


Fig. 


View 


Fig.    4. 

worm  so  that  the  bevel  gear  at  the  opposite  end  of  this  shaft 
is  thrown  out  of  mesh  with  its  driving  gear,  thus  disconnect- 
ing the  power  feed.  Lever  H  provides  for  engaging  either  the 
fast  or  slow  movement.  Lever  C  is  a  sliding  fit  in  a  socket, 
from  which  it  may  be  withdrawn  and  pushed  into  socket  E 
to  provide  for  pulling  the  turret  locking  pin  when  it  is  de- 
sired to  adjust  the  position  of  the  turret  by  hand.  Electrical 
control  on  the  machine  is  manipulated  by  lever  I.  It  will  be 
apparent  that  all  these  levers  are  located  within  easy  reach 
of  the  operator,  so  that  he  is  not  required  to  stoop  over  to 
reach  any  of  them. 

The  Cone  automatic  screw  machine  is  arranged  for  single 
belt  drive,  the  design  being  worked  out  in  such  a  way  that 
with  a  machine  of  standard  design  provision  may  be  made 
for  driving  from  an  individual  electric  motor  or  from  a  pulley 
on  the  lineshaft.  The  only  difference  is  that  where  individual 
motor  drive  is  employed  the  electric  motor  is  bolted  under  the 
machine  and  a  belt  is  carried  up  to  the  driving  pulley  shown 
at  N  in  Fig.  1,  while  a  belt  is  carried  down  to  this  pulley  from 
the  lineshaft  where  it  is  desired  to  take  power  from  the  gen- 
eral transmission  system  provided  in  the  machine  shop.  Where 
individual  motor  drive  is  employed,  the  motor  bracket  may  be 
raised  or  lowered  as  much  as  two  inches  by  means  of  a  hand- 
wheel,  which  provides  for  adjusting  the  belt  tension  to  the 
desired  point.  It  will  be  seen  that  the  belt  is  entirely  enclosed 
except  at  the  top;  and  that  the  motor  is  placed  directly  be- 
neath the  machine  and  not  on  the  floor;  in  this  way,  it  is  ade- 
quately supported  and  does  not  take  up  any  additional  space 
in  the  shop.  The  main  driving  shaft  is  hardened  and  ground 
and  carried  in  Myatt  roller  bearings. 

Power  is  transmitted  from  the  main  driving  shaft  to  the 
spindle  driving  shaft  by  means  of  compound  gearing  which 
provides  for  obtaining  a  wide  range  of  spindle  speeds.  The 
speed  gears  are  shown  at  A,  li.  C  and  D  in  Fig.  2,  and  these 
gears  may  bo  changed  to  obtain  the  required  degree  of  com- 
pounding for  any  spindle  speed  which  may  be  required  on  the 
work  which  Is  performed  on  the  machine.  Drive  tor  the  pump 
Is  taken  through  gears  F  and  /■'  and  then  transmitted  tlirough 
:i  Hproi-kct  chain  (J  to  the  punip.s,  which  are  shown  In  a  case  i/, 
I  lie  cover  of  which  has  been  removed.  From  the  speed  gears 
liowcr  Is  Iransmlttod  through  reduction  gears  /,  ./.  A'  and  //, 
and  thence  through  n  sprocket  chain  M  to  the  food  gears  A',  0, 
/'  and  Q.  The  double  reduction  goars  /,  J,  K  and  L  have  a 
ratio  of  16  to  1,  and  the  feed  gears  A',  O,  P  and  Q  may  bo  com- 
pounded to  give  the  desired  feed  changes.  These  feed  gears 
arc  MHod  during  the  time  that  the  cutting  tools  are  In  opera- 
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tion.  During  the  idle  movement,  i.  e.,  while  the  tools  are  being 
backed  away  from  the  work,  drive  to  the  feed  mechanism  is 
through  gears  E  and  F  and  thence  through  a  quill,  on  the  op- 
posite end  of  which  there  is  a  friction  clutch  carried  in  case  R. 
This  clutch  transmits  power  to  the  feed  mechanism.  Attention 
is  called  to  the  fact  that  all  the  gears  for  obtaining  speed  and 
feed  changes  and  for  driving  the  pumps  are  contained  in  a 
single  case,  which  affords  a  design  that  is  practically  as  com- 
pact as  it  could  be  made. 

Arrang-emeut  of  Cams  on  Cam-shaft 
Referring  to  Fig.  1,  it  will  be  seen  that  there  is  a  pair  of 
cam  drums  at  J.  and  the  cams  on  one  of  these  provide  for 
operating  the  spindle  chuck,  while  the  cams  on  the  other  feed 
the  stock  through  the  spindle  until  it  reaches  the  distance 
stop.  At  K  there  is  a  second  pair  of  cam 
drums,  on  which  there  are  carried  cams 
that  control  the  operation  of  the  cross- 
feeds  at  the  front  and  back  of  the  machine, 
respectively.  A  small  cam  at  the  right  of 
this  pair  of  cam  drums  controls  the  opera- 
tion of  the  turret  locking  pin.  A  third 
pair  of  cam  drums  at  L  operates  the  third 
and  fourth  position  tools,  which  are  op- 
posed to  the  spindles  in  the  two  upper 
positions.  At  M  there  is  a  single  cam 
drum  which  carries  cams  that  govern  the 
movement  of  the  forming  and  turning  tool- 
slide  on  the  lower  bed  of-  the  machine. 
In  conclusion,  attention  is  called  to  the 
fact  that  all  oil-pipes  for  delivering  cutting 
compound  to  the  tools  and  lubricating  oil 
to  the  machine  bearings  are  located  be- 
neath the  bed  of  the  machine,  the  only  ex- 
ception being  flexible  tube  connections  that 
transmit  lubricant  from  the  supply  pipes 
to  the  cutting  tools. 


SPONSEL  GUN  BARREL  CALI- 
BRATING AND  STRAIGHT- 
ENING  MACHINE 

In  order  for  a  gun  or  rifle  to  shoot  accu- 
rately, it  is  obvious  that  its  barrel  must  be 
perfectly  straight.  After  the  barrel  has 
been  drilled  or  turned  off,  it  is  necessary 
for  it  to  be  straightened  several  times,  and 
the  men  who  do  this  work  are  often  given 
credit  for  possessing  knowledge  of  certain 
secret  methods.  As  a  matter  of  fact,  it  is 
far  more  likely  that  the  results  they  ob- 
tain are  due  to  exceptional  skill  and  judg- 
ment acquired  through  years  of  practice. 
However,  the  work  of  the  most  proflcient 
barrel  straightener  is  far  less  accurate 
than  that  done  by  men  employed  in  many 
other  departments  of  gun  shops,  as  shown 
by  the  fact  that  manufacturers  have  not 
been  able  to  accept  specifications  calling  for 
the  bore  of  a  barrel  to  be  straight  within  less  than  0.002  inch 
for  its  entire  length.  While  this  figure  has  been  regarded  as 
the  limit  of  accuracy  in  straightening  barrels,  it  is  by  no  means 
a  close  limit  on  many  of  the  classes  of  machine  work  involved 
In  the  manufacture  of  guns.  Obviously,  it  would  be  desirable  to 
have  a  means  of  straightening  barrels  that  would  enable  the 
work  to  come  within  the  same  limits  of  accuracy  attained  in 
machining  gun  parts,  and  such  means  have  been  provided  in  a 
calibrating  and  straightening  machine  which  has  recently  been 
placed  on  the  market  by  the  Sponsel  Co.,  Inc.,  647  Main  St., 
Hartford,  Conn.  The  machine  was  designed  and  developed  by 
CharU^s  W.  Sponsel,  who  is  known  as  a  doaigncr  of  machines 
used  for  drilling  and  rifling  gun  barrels.  It  consists  of  a  sensi- 
tive electrical  apparatus  for  detecting  any  slight  doviatinii 
from  strajghtness  In  the  bore,  and  means  of  applying  pros 
sure  to  the  gun  barrel  at  the  point  of  error  so  that  a  perma- 
nent "aet"  will  be  Imparted  to  the  metal  at  this  point  to  bring 
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the  barrel  into  the  desired  alignment.  Referring  to  the  accom- 
panying illustration  of  the  Sponsel  barrel  calibrating  and 
straightening  machine,  it  will  be  seen  that  a  rifle  barrel  is 
shown  in  position  at  A,  this  barrel  being  held  by  plugs  which 
are  carried  by  two  adjustable  brackets  B  and  G,  which,  fastened 
to  a  slide,  move  on  ways  planed  on  the  machine  column. 
Stretched  between  arms  B  and  E  there  is  a  wire  F  that  runs 
through  the  bore  in  the  gun  barrel  to  be  tested.  A  V-shaped 
platinum  "feeler"  is  carried  on  this  wire,  and  when  this  feeler 
comes  into  contact  with  the  gun  barrel  one  of  the  electric 
lights  O  which  are  connected  in  series  goes  cut  while  the 
other  continues  to  burn  at  full  voltage;  when  the  feeler  is  free 
from  contact  with  the  gun  barrel  both  lights  burn  at  half 
voltage  in  the  usual  way.  By  turning  handwheel  H,  movement 
is  imparted  to  the  sliding  brackets  B  and  C  so  that  the  gun 
barrel  to  be  tested  is  traversed  past  the 
feeler  carried  by  wire  F. 

It  will  be  seen  that  the  two  arms  D  and 
E  are  carried  at  the  ends  of  a  vertical  shaft 
i,  and  that  there  is  a  third  arm  J  near  the 
center  of  the  shaft.  Shaft  /  is  supported 
in  three  annular  ball  bearings,  and  there 
is  a  thrust  ball  bearing  at  the  bottom,  in 
order  that  the  movement  of  this  shaft  may 
be  quite  sensitive.  The  desired  oscillatory 
movement  of  the  arms  carried  by  shaft  1 
is  secured  by  a  screw  that  is  turned  by 
lever  K;  this  screw  runs  through  a  nut  at 
the  end  of  arm  J  and  bears  against  the  col- 
umn of  the  machine,  so  that  by  turning  the 
screw,  arm  J  is  either  swung  toward  or 
away  from  the  machine,  thus  imparting 
movement  in  the  opposite  direction  to  arms 
D  and  E.  The  length  of  arms  D  and  E 
from  the  center  of  wire  F  to  the  axis  of 
shaft  /  is  exactly  the  same  as  the  length  of 
arm  J  from  the  axis  of  shaft  /  to  the  cen- 
ter of  the  screw  turned  by  lever  K.  The 
platinum  feeler  carried  by  wire  F  is  located 
so  that  its  knife  edge  always  points  di- 
rectly toward  the  column  of  the  machine, 
and  when  the  oscillatory  movement  is  im- 
parted to  shaft  /  it  results  in  either  mov- 
ing the  feeler  toward  the  wall  of  the  gun 
barrel  or  away  from  it.  As  previously 
stated,  when  this  feeler  comes  into  contact 
with  the  barrel,  one  of  the  lights  G  goes  out. 
In  straightening  a  barrel  the  idea  is  to 
bring  the  feeler  up  almost  into  contact 
with  the  barrel  so  that  both  lights  are 
burning;  then  handwheel  H  is  turned  so 
that  brackets  B  and  C  are  traversed  up  the 
column  of  the  machine,  which  causes  the 
entire  length  of  the  barrel  to  traverse  past 
the  feeler.  If  this  traverse  is  made  with- 
out extinguishing  one  of  the  electric  lights 
(/,  (.  ('.,  without  the  feelers  touching  the 
barrel,  the  feeler  is  brought  closer  to  the 
barrel  by  turning  lever  A',  the  distance 
of  the  feeler  from  the  barrel  being  indicated  by  a  microm- 
eter dial  carried  on  the  screw  which  is  turned  by  lever  K. 
This  screw  has  twenty  threads  per  inch,  and  the  dial  is  divided 
into  fifty  spaces,  each  of  which  corresponds  to  0.001  inch.  At 
each  side  of  the  zero  point,  two  spaces  are  graduated  to  0.00025 
inch.  Successive  traverses  of  the  gun  barrel  past  the  feeler 
are  made — and  each  time  the  feeler  is  brought  nearer  to  the 
barrel — until  a  point  is  finally  reached  where  one  of  the  lights 
is  extinguished,  indicating  contact  between  the  barrel  and 
the  feeler.  It  then  becomes  necessary  to  start  straightening 
the  barrel  to  remove  the  "highest  spot"  which  has  been  found; 
but  this  part  of  the  work  will  be  described  later.  To  be  sure 
of  securing  accurate  results,  it  is  necessary  to  repeat  this 
sequence  of  tests,  rotating  the  gun  barrel  on  its  centers 
through  the  series  of  tests.  In  this  way  it  will  eventually  be 
found  that  the  feeler  can  be  set  within  0.00025  inch  of  the  barrel 
in  any  position  and  the  entire  length  ot  the  barrel  traversed 
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past  it  without  coming  into  contact.  Sucli  a  degree  of  accu- 
racy in  straightening  would  be  utterly  impossible  to  obtain, 
even  if  the  most  highly  trained  barrel  straighteners  were  em- 
ployed, by  the  "hammer  and  eye"  methods  which  are  now  in 
quite  general  use. 

In  explaining  the  method  of  straightening  a  barrel  on  this 
machine,  we  shall  assume  a  condition  where  one  of  the  elec- 
tric lights  G  has  just  been  extinguished,  indicating  contact 
between  the  feeler  and  the  inside  of  the  gun  barrel.  This  indi- 
cates a  "high  point"  in  the  barrel,  and  to  overcome  such  in- 
accuracy the  operator  of  the  machine  simply  turns  handwheel 
L,  leaving  the  barrel  in  exactly  the  same  position  that  it  occu- 
pies while  testing  it  for  straightness.  This  results  in  forcing 
hammer  M  down  onto  the  front  of  the  barrel,  this  hammer 
being  located  opposite  an  anvil  with  two  supporting  points  on 
which  the  gun  barrel  is  held  from  the  back.  In  this  connec- 
tion it  is  important  to  note  that  the  feeler  is  always  located 
exactly  midway  between  the  two  supporting  points  of  the 
anvil,  so  that  the  hammer  will  descend  upon  the  high  point 
of  the  barrel,  which  is  detected  by  the  feeler.  Pressure  ap- 
plied in  this  way  results  in  imparting  a  permanent  "set"  in 
the  steel,  which  should  be  just  enough  to  remove  the  high 
spot;  but  the  machine  operator  can  easily  make  sure  that 
such  is  the  case  by  subsequent  testing  with  the  electrical  cali- 
brating apparatus  on  the  machine.  In  straightening  a  barrel 
it  is  likely  to  be  found  that  there  are  a  number  of  high  spots — 
some  greater  than  others — and  the  machine  operator  must 
carefully  remove  all  these  high  spots  as  they  are  found,  the 
highest  first,  in  order  to  get  the  bore  perfectly  straight  or  at 
least  straight  within  the  limit  of  accuracy  that  can  be  attained 
with  this  machine.  By  this  method  a  barrel  can  be  straight- 
ened so  that  the  correctness  of  the  work  can  be  proved  mathe- 
matically. Furthermore,  an  unskilled  operator  can  be  trained 
in  a  few  days  to  do  work  which  it  is  claimed  would  be  superior 
to  that  done  by  a  barrel  straightening  expert  who  had  spent 
years  in  learning  the  details  of  his  trade. 

From  the  shaft  on  which  handwheel  L  is  carried,  motion  is 
transmitted  to  the  hammer  and  anvil  through  a  pair  of  bevel 
gears  and  a  shaft  N,  which  is  threaded  right-  and  left-hand, 
respectively,  in  the  ends  of  the  hammer  and  anvil.  The  ham- 
mer is  carried  on  a  pivot  at  0  and  the  anvil  on  a  similar  pivot. 
so  that  when  the  left-  and  right-hand  threads  on  shaft  N  are 
turned  in  the  nuts  at  the  end  of  the  hammer  and  anvil,  these 
members  swing  about  their  pivots  so  that  the  barrel  is  gripped 
between  three  points,  allowing  the  hammer  to  bend  the  barrel 
between  the  two-point  anvil  to  remove  the  high  spot.  A  com- 
pensating mechanism  is  provided  so  that  in  case  either  the 
hammer  or  anvil  engages  the  barrel  too  soon,  pressure  will 
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not  be  applied  until  the  two  supporting  points  of  the  anvil 
and  the  hammer  are  in  contact  with  the  gun  barrel.  During 
the  operation  of  straightening,  both  ends  of  the  barrel  natu- 
rally move  outward  away  from  the  column,  and  to  accommo- 
date this  movement  the  plugs  supporting  the  barrel  are  se- 
cured in  hinged  members,  which  normally  are  held  in  an 
aligned  position  by  a  spring. 

Obviously  it  is  of  the  greatest  importance  to  have  the  ma- 
chine set  up  so  that  the  plug  centers  carried  by  sliding 
brackets  B  and  C  are  in  accurate  alignment  with  each  other, 
and  also  in  alignment  with  the  ways  on  the  column  of  the 
machine  in  two  planes.  This  result  is  obtained  by  substitut- 
ing a  test  bar  in  place  of  the  rifle  barrel  A.  The  bar  is  drilled 
and  carefully  reamed  to  correspond  to  the  bore  of  the  rifle 
barrel  to  be  tested,  and  then  accurately  ground  on  the  outside 
so  that  it  is  true  with  the  bore.  This  bar  is  set  up  on  the 
plug  centers,  after  which  a  dial  test  indicator  is  mounted  on  a 
bracket  bolted  to  the  column  of  the  machine.  The  bar  is 
traversed  past  this  indicator  with  the  latter  in  contact  with 
first  the  front  and  then  the  side  of  the  bar.  Adjustments  are 
made  until  the  test  may  be  conducted  without  deviation  of  the 
indicator.  This  shows  that  the  bar  is  parallel  with  the  ways 
on  the  column  of  the  machine  in  two  planes,  and  hence  that 
the  plug  centers  on  which  the  bar  is  supported  are  in  accurate 
alignment  with  each  other  and  with  the  machine  ways. 

In  conclusion,  the  reader's  attention  is  called  to  several  in- 
teresting details  of  design  on  this  machine.  Sliding  brackets 
B  and  C,  on  which  the  gun  barrel  is  supported,  are  connected 
by  a  cast-iron  slide,  and  the  entire  weight  of  these  members 
and  the  gun  barrel  is  counterbalanced  by  a  weight  hung  on 
sprocket  chain  P.  This  chain  extends  down  behind  the  slide 
that  connects  brackets  B  and  C,  forming  a  rack  that  meshes 
with  a  sprocket  wheel  carried  on  the  same  shaft  with  hand- 
wheel  H  that  provides  for  traversing  the  sliding  brackets. 
This  is  a  simple  and  inexpensive  way  of  making  a  rack.  Ordi- 
narily the  current  used  for  electric  lights  G  is  taken  from  an 
ordinary  illuminating  circuit  and  passed  through  transformer 
Q  so  that  the  E.M.F.  is  reduced  to  six  volts.  The  reason  for 
this  reduction  in  voltage  is  to  avoid  the  danger  of  an  operator 
receiving  an  electric  shock  while  working  on  the  machine.  As 
there  is  always  a  possibility  of  interruption  in  electric  service 
from  a  central  power  station,  a  battery  of  four  dry  cells  is 
carried  on  a  shelf  inside  the  machine  column,  and  these  bat- 
teries may  be  connected  to  the  electric  lights  G  by  reversing 
the  position  of  double-throw  switch  R.  In  one  respect  the  ma- 
chine shown  in  the  accompanying  illustration  has  been  modi- 
fied. Originally  a  hand-screw  S  was  employed  to  put  the  neces- 
sary tension  on  the  wire  F  after  it  had  been  threaded  through 
the  gun  barrel  and  secured  in  the  chuck  carried 
by  arm  E.  This  tension  is  necessary  in  order 
to  keep  the  wire  taut  and  also  to  be  sure  that 
the  edge  of  the  feeler  is  pointed  constantly  in 
the  same  direction.  An  improvement  in  the  ar- 
rangement for  applying  tension  to  wire  F  has 
been  provided  by  substituting  a  quick-acting  cam 
mechanism  for  hand-screw  S.  This  cam  stretches 
the  wire  %  inch  and  applies  a  tension  of  approxi- 
mately 300  pounds  in  the  wire,  so  that  accuracy 
Is  insured. 

MASTER  ENGINE   LATHES 

The  Master  Machine  Tool  Co.,  ]]0-n2  W.  40th 
St.,  Now  York  City,  has  added  to  its  line  the  two 
lathes  illustrated  and  dcscribod  horowith.  It 
win  be  apparent  that  the  design  of  these  ma- 
chines Is  essentially  tho  same  except  that  tho 
lathe  Illustrated  In  Fig.  1  la  provided  with  a 
gourod  head,  while  tho  machine  shown  in  Fig.  2 
has  a  cono  licad;  also,  tho  goared-hoad  machine 
Is  furnl.slied  wltli  an  oil-pan  and  cabinet  legs. 
With  llio  exception  of  tho  features  to  which  par- 
ticular roforonco  has  boon  made,  tho  following 
deHcrlption   will  apply  to  both  machinoa. 

These  lathes  uro  Intended  for  uho  In  toolrooms 
and  on  manufacturing  work  whoro  accurate  ma- 
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illustrated  in  Fig.  2,  the  headstock  is  secured  to 
the  bed  by  three  staybolts.  This  headstook  is  of 
the  back-geared  type,  and  the  three-step  cone 
pulley  carries  a  belt  two  inches  in  width. 


"RED-E"  TOOLS 

The  Ready  Tool  Co.,  Bridgeport,  Conn.,  has 
added  to  its  line  what  are  known  as  Types  X4 
and  X5  tool-holders.  These  are  the  regular 
"Red-E"  chrome-nickel  tools  made  in  large  sizes 
to  meet  the  demand  for  such  tool-holders.  The 
Type  X4  holder  takes  a  i^-inch  square  tool  bit, 
and  the  Type  X5  holder  takes  a  %-inch  square 
bit.  The  inserted  half-round  section  of  tool  steel 
electrically  welded  in  place,  which  is  a  well- 
known  feature  of  "Red-E"  tools,  is  provided  in 
these  tool-holders,  thus  preventing  wear  at  a 
vital  point.  The  set-screws  are  made  of  care- 
fully selected  steel  and  are  not  likely  to  break. 
A  special  process  of  heat-treatment  makes  the 
holder  hard  on  the  outside  and  tough  on  the 
inside,  so  that  it  will  not  "mash"  down  on  the 
top.  The  tool-holder  is  a  chrome-nickel  stee! 
drop-forging. 
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Fig.    2. 

chining  is  required.  The  bed  is  designed  with  two  wide-spread 
vees  and  two  flat  bearing  surfaces,  and  is  supported  by  cross- 
braces  to  reduce  vibration  to  a  minimum.  The  splined  lead- 
screw  is  set  immediately  below  the  guides  to  obtain  a  steady 
motion  for  the  carriage.  The  spindle  is  made  of  special  carbon 
steel,  accurately  ground  to  size,  and  it  has  a  hole  through  the 
entire  length  of  ample  size  to  take  draw-in  attachments  and 
collets.  The  spindle  runs  in  phosphor-bronze  bearings,  the 
large  end  being  threaded  to  receive  chucks  and  faceplates. 
There  are  two  adjusting  collars  for  taking  up  wear.  Special 
means  are  provided  for  carrying  the  end  thrust,  so  that  smooth 
operation  is  insured  under  heavy  cuts. 

The  apron  is  simply  designed,  with  a  detachable  back- 
plate  that  allows  the  removal  of  all  parts  for  repair  or  in- 
spection. The  lead-screw  is  splined  for  driving  the  worm 
which  operates  the  automatic  longitudinal-  and  cross-feeds 
through  a  friction  clutch.  It  is  impossible  for  both  feeds  to 
be  in  operation  at  the  same  time,  as  a  safety  lever  prevents 
engaging  the  split  nut  while  either  feed  is  in  use,  thus  making 
the  lathe  practically  fool-proof.  The  accurately  milled  thread 
of  the  lead-screw  is  only  used  for  screw-cutting  operations, 
so  that  the  life  of  the  screw  is  prolonged.  The  four-change 
feed-box  has  steel  gears  and  provides  for  instantaneously  ob- 
taining the  usual  changes  of  feed,  as,  for  instance,  where  it 
is  desired  to  change  from  roughing  to  fin- 
ishing. Threads  are  cut  through  the  feed- 
box  as  indicated  on  the  gear  plate.  Regular 
equipment  furnished  with  the  machines 
consists  of  a  countershaft,  large  and  small 
faceplates,  follow-rests  and  fixed  steady- 
rests,  change-gears,  and  the  necessary 
wrenches     for     making    all     adjustments. 

On  the  geared-head  lathe  shown  In  Fig.  1 
the  headstock  is  equipped  with  all  steel 
gears,  which  provide  six  changes  of  spin- 
dle speed  ranging  from  28  to  418  revolu- 
tions per  minute.  Drive  is  through  a  posi- 
tive clutch.  The  headstock  is  secured  to 
the  bed  by  two  -yi-lnch  bolts.  Changes  of 
spindle  speed  may  be  easily  and  rapidly 
obtained  by  means  of  a  lever  and  a  hand- 
wheel  conveniently  located  on  the  head- 
stock.  The  changes  are  so  arranged  that 
no  two  speeds  can  be  ciigaRod  at  the  same 
lime.  All  gears  are  completely  enclosed 
and  run   In  oil.     On   the  cone-driven  lathe 
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Works,  4854-4858  W.  Kinzie  St.,  Chicago,  111.,  are 
now  building  the  "Amtew"  14-inch  high-power  engine  lathe 
illustrated  and  described  herewith.  One  of  the  important  fea- 
tures of  this  lathe  is  that  in  the  apron  there  are  four  changes 
of  cross-  and  longitudinal-feed,  any  of  which  can  be  obtained 
by  simply  moving  the  feed-change  lever  to  one  of  four  posi- 
tions, which  constitutes  a  quick  and  efficient  means  of  making 
changes  of  feed.  A  back-gear  shifting  lever  makes  it  possible 
to  change  the  speed  of  the  machine  from  the  lowest  range  to 
the  intermediate  range  of  speeds  without  loss  of  time.  The 
feed-rod  is  driven  direct  from  within  the  headstock  by  a  train 
of  gears  and  an  overload  friction,  no  feed  belt  being  employed. 
Overloading  the  feed  by  accident  simply  causes  the  friction 
to  slip,  thus  preventing  damage  to  the  mechanism. 

The  headstock  is  of  the  bowl  type,  and  the  spindle  is  made 
of  60-point  carbon  crucible  steel.  The  front  spindle  bearing 
is  2  7/16  inches  in  diameter  by  4  inches  long,  and  the  spindle 
is  bored  to  hold  a  bushing  bored  for  No.  3  Morse  taper.  The 
spindle  bearings  are  lined  with  bronze  and  accurately  scraped 
to  fit  the  spindle.  All  gears  subjected  to  severe  service  are 
made  of  steel  and  the  idlers  are  bushed  with  bronze.  The  tail- 
stock  spindle  is  made  of  exceptional  length,  which  gives  ample 
rigidity  as  well  as  provision  for  drilling  unusually  deep  holes 
with  a  twist  drill  without  having  to  move  the  tailstock.  The 
tailstock  spindle  is  1%  inch  in  diameter  and  has  a  maximum 
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Fig.  2.     Kear  View  of  Apron,  showing  Arrangement  of  Feed  Change-gears 

travel  of  over  8  inches.  The  carriage  has  a  bearing  23  inches 
long  on  the  ways,  and  the  carriage  bridge  is  714  inches  wide. 
The  apron,  including  its  bearings,  is  cast  in  one  piece,  and  a 
safety  device  malies  it  impossible  to  throw  in  the  half-nuts 
when  either  feed  is  connected.  Mention  has  already  been 
made  of  the  fact  that  the  feed  change  is  located  in  the  apron. 
The  principal  dimensions  of  this  lathe  are  as  follows:  swing 
over  ways,  14  5/8  inches;  swing  over  carriage,  7  inches;  dis- 
tance between  centers  for  six-foot  bed,  36  inches;  taper  of 
centers,  No.  3  Morse;  diameter  of  hole  through  spindle,  1  5/16 
inch;  range  for  thread  cutting,  1  to  48  threads  per  inch;  cone 
pulley   diameters,    5  1/2,   6  1/4   and    8    inches;    width   of  belt, 


Fig.   3.     View  of  Taper  Attachment  and  Carriage  from  Back  of  Lathe 

2  1/2  inches;  ratio  of  double  back-gears,  3  to  1  and  8  to  1; 
number  of  spindle  speeds,  18;  range  of  spindle  speeds,  30  to  655 
R.P.M. ;  and  weight  of  machine  with  six-foot  bed,  1600  pounds. 


REED   MICROMETER   CALIPER 

Micrometer  calipers  manufactured  by  the  Reed  Small  Tool 
Works,  Cherry  and  Vine  Sts.,  Worcester,  Mass.,  are  provided 
with  means  of  adjustment  for  any  wear  that  may  develop  on 
the  ends  of  the  anvil  and  spindle  by  having  the  thimble  made 
in  two  separate  parts.  The  sleeve  and  knurled  section  are 
held  together  by  friction  in  such  a  way  that  the  sleeve  may  be 
rotated  In  either  direction  by  the  use  of  the  small  spanner 
wrench  shown  beside  the  micrometer.  This  constitutes  a  sim- 
ple method  of  adjusting,  by  which  It  Is  an  easy  matter  to  bring 
the  zero  mark  on  the  sleeve  and  the  horizontal  division  line 
on  the  barrel  of  the  micrometer  Into  coincidence  when  the 
spindle  and  the  anvil  surfaces  are  together,  or  when  a  stand- 
ard testing  block  Is  placed  between  the  spindle  and  tlie  anvil. 
The  same  spanner  wrench  is  used  for  taking  up  the  tension 
nut  at  the  end  of  the  threaded  barrel  to  compensate  for  spindle 
wear.  This  wrench  Is  cut  to  two  arcs  of  circles,  one  of  which 
18  the  outside  diameter  of  the  spindle  and  the  other  the  diam- 
eter of  the  nut.  A  rigid  Joint  Is  Insured  betwcr?ii  the  thlnil)l(? 
and  spindle,  the  spindle  being  threaded  and  locked  Into  tlii^ 
knurled  thimble. 

This  mlcromcliT  has  the  frame  made  of  drop-forged  slcfl 
and   Is  provided   with  a  dull  nickel   nnlsb.     It  Is  so  designed 


that  it  "hangs"  well  for  the  machinist,  who  will  appreciate 
the  deep  throat,  allowing  plenty  of  finger  room,  and  the  con- 
caved frame,  which  affords  a  natural  finger  grip.  By  making 
the  anvil  stationary,  it  has  been  found  possible  to  reduce  the 
width  of  the  frame  at  this  point,  thus  adapting  the  microm- 
eter for  working  in  close  places.  The  tool  is  compact,  and  the 
design  has  been  worked  out  so  that  the  number  of  parts  has 
been  reduced  as  far  as  possible.  These  micrometers  are  grad- 
uated to  0.001  inch  and  are  made  in  six  sizes,  ranging  from 
one  to  six  inches;  each  size  of  micrometer  has  a  range  of  one 


Micrometer  Caliper  made  by  Reed  SmaU  Tool  Works 

inch.  Micrometers  of  corresponding  sizes  are  also  furnished 
for  making  metric  measurements,  and  a  lock-nut  can  be  fur- 
nished with  either  type. 


BUOHER-SMITH  PORTABLE  KEYSEATER 

In  the  accompanying  illustration  is  shown  a  portable  key- 
seater  which  is  a  recent  product  of  the  Bucher-Smith  &  Co., 
Ravine  St.,  East  Liverpool,  Ohio.  This  machine  is  so  designed 
that  it  may  be  driven  by  a  hand  crank,  or  this  crank  may  be 
removed  and  the  machine  driven  by  a  one-fourth-horsepower 
electric  motor.  Five  milling  cutters  are  furnished  with  the 
machine,  which  may  be  ganged  in  various  combinations  to 
provide  for  cutting  keyseats  from  H  to  I14  inch  in  width. 
Keyseats  may  be  cut  in  shafts  from  li/4  to  5  inches  in  diam- 
eter, and  the  capacity  of  the  machine  is  for  cutting  keyways 
up  to  12  inches  in  length  without  requiring  the  machine  to 
be  reset. 

This  machine  has  been  designed  to  meet  the  requirements 
of  mechanics,  millwrights  and  repair  men  in  mills,  mines,  fac- 
tories, etc.  The  feed-screw  is  located  inside  the  spindle,  which 
brings  the  pull  very  close  to  the  shaft.  Provision  is  made  for 
disengaging  the  feed  mechanism  by  a  sliding  clutch  at  the  rear 
of  the  spindle.  The  use  of  a  portable  machine  of  this  type, 
which  may  be  taken  to  the  work  and  used  without  requiring 
much  disassembling,  is  often  the  means  of  saving  a  substan- 
tial part  of  repair  costs. 
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KANE   &   ROACH  TUNNEL  PLATE  BENDER 

One  of  the  recent  additions  to  the  line  of  machines  built  by 
Kane  &  Roach,  Niagara  and  Shonnard  Sts.,  Syracuse,  N.  Y.,  is 
the  No.  35  tunnel  plate  bender  illustrated  and  described  here- 
with. This  machine  is  adapted  for  bending  special  work,  such 
as  wide  channels  made  from  light  sheets,  i.  e.,  sheets  with 
flanges  turned  up  at  each  side.     It  is  especially  suitable  for 


I 


Fig.    1.      Type    of   In^ 


Tunnel  Plate  Bending  Machine  buiit  by  Kane  6c  iloacn 

use  where  plates  are  to  be  bent  with  the  flanges  on  the  inside 
of  the  circle.  After  the  tunnel  plates  have  been  produced  on 
the  machine  in  this  way,  they  are  bolted  together  by  the 
flanges  to  form  sections  of  the  desired  length. 


NEWARK  FILING  MACHINE 

The  Newark  Engineering  &  Refrigerating  Co.,  476  ISth  Ave., 
Newark,  N.  J.,  is  now  building  the  "Nerco"  filing  machine, 
which  forms  the  subject  of  the  following  description.  It  will 
be  apparent  from  the  Illustration  that  this  machine  is  of 
simple  but  rigid  construction.  The  machine  is  provided  with 
a  square  shaft,  which  runs  in  two  babbitted  bearings  that  fit 
closely,  so  that  side  motion  is  practically  eliminated.  This 
does  away  with  tendency  to  under-cut  when  working  to  finish 
lines.  A  table  is  provided  which  is  of  ample  size  to  handle 
a  great  variety  of  work,  and  the  adjusting  and  locking  screws 
enable  the  table  to  be  set  accurately  to  the  desired  angle. 
The  principal  dimensions  of  the  machine  are  as  follows:  diam- 
eter of  table,  8  inches;  height  of  table  from  bench,  10  Inches; 
total  width  of  machine,  S  inches;  total  length  of  machine,  12 
inches;  diameter  of  tight  and  loose  pulleys,  3%  inches;  width 
of  driving  belt,  1  inch ;  and  net  weight  of  machine,  22  pounds. 


LOVEJOY   INSERTED-CUTTER   TOOLS 

In  working  out  the  design  of  its  line  of  inserted-cutter  tools, 
the  purpose  of  the  Lovejoy  Tool  Co.,  Inc.,  Springfield,  Vt., 
has  not  been  to  develop  universal  holders  having  adjustments 
to  cover  all  positions  that  might  be  required  for  toolmaklng, 
and  which  are  only  occasionally  used,  but  rather  to  design 
production  tools  that  closely  approach  solid  forged  tools  as 
regards  rigidity  and  freedom  from  unnecessary  overhang  and 
objectionable  projections.  The  cutters  are  made  of  high-speed 
steel  and  are  carefully  heat-treated  by  a  method  that  insures 
satisfactory  results.  All  cutters  are  made  to  gage  measure- 
ments so  that  they  are  interchangeable  in  their  respective 
holders.  As  a  result,  it  is  possible  to  order  cutters  and  be 
sure  that  they  will  be  ready  to  begin  work  when  received, 
because  they  are  sure  to  fit  properly  in  the  holders  and  they 
are  heat-treated  ready  for  service. 

The  turning,  facing  and  planing  tools  Included  in  this  line 
are  of  a  positively  locked  type,  the  tool  thrust  being  taken  on 


"Nerco"   Filin(  Machino  built  by   Nov 
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Fig.  2.     Phantom  View  of  Head  of  Lovejoy   Inserted-cutter    Tool 

the  locking  key,  which,  in  turn,  takes  its  seat  on  the  solid 
metal  of  the  holder.  The  vertical  locking  wedge  only  serves 
to  bind  the  cutter  in  position,  making  it  virtually  a  part  of 
the  holder.  It  is  claimed  to  be  impossible  for  the  cutter  to 
slip  while  taking  heavy  intermittent  cuts.  Height  adjust- 
ment is  provided  for  the  cutters  as  they  become  worn,  so 
that  the  maximum  amount  of  service  is  obtained.  The  tool- 
holders  are  carefully  heat-treated  and  capable  of  withstanding 
the  heaviest  strain  imposed  by  high  speeds  and  feeds. 

It  is  claimed  by  the  manufacturers  of  these  tools  that  a 
tool  taking  the  cutting  thrust  approximately  in  the  direction 
of  its  length  is  more  serviceable  from  the  standpoint  of  dura- 
bility under  heavy  cuts  than  a  tool  of  equal  size  taking  thi 
strain  at  right  angles  to  its  length.  This,  of  course,  assumes 
that  the  tool  is  securely  held  in  the  holder.  By  reducing  the 
strain  in  the  cutters,  it  has  been  found  possible  to  harden 
them  to  a  high  degree  of  cutting  efficiency.  Although  the 
nature  of  boring  operations  does  not  make  it  possible  to  work 
under  the  superior  conditions  obtained  in  the  performance  of 
turning  and  facing  operations — in  so  far  as  the  relation  of  the 
cutters  to  the  work  is  concerned — the  cutters  are  placed  in 
such  a  position  In  boring-tool  holders  that  they  receive  as 
nearly  as  possible  an  end  thrust  and  natural  top  rake.  Grind- 
ing Is  done  entirely  on  the  end  and  the  tools  are  locked  in 
their  holders  with  a  total  absence  of  protruding  set-screw 
heads,  thoroby  giving  unobstructed  chip  clearance  from  the 
holes  when  they  are  only  slightly  larger  than  the  boring-tool 
holders. 
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SWIND  COLD  SAW 

The  Swind  Machinery  Co.,  Widener  Bldg.,  Philadelphia,  Pa., 
is  now  building  a  cold  saw  that  has  a  cutting  capacity  for 
work  up  to  314  inches  in  diameter.  This  machine  is  of  com- 
pact design,  so  that  It  takes  up  a  relatively  small  amount  of 
room,  which  is  an  important  factor  in  shops  where  floor  space 
is  at  such  a  high  premium  that  it  is  desirable  to  utilize  out- 
of-the-way  corners  for  cold  saws  and  similar  equipments.  It 
will  be  apparent  that  the  chief  point  of  interest  in  connection 
with  the  design  of  this  machine  is  the  means  which  have  been 
provided  for  feeding  the  saw  to  the  work.  The  shaft  on  which 
the  saw  is  carried  is  eccentrically  mounted  in  a  cylindrical 
frame  which  is  furnished  with  means  for  giving  it  an  oscilla- 
tory movement,  as  a  result  of  which  the  saw  is  fed  through 
the  work  to  be  cut  off.  The  saw  is  automatically  fed  into 
the  work. 

The  way  in  which  the  feed  mechanism  operates  will  be  best 
understood  by  reference  to  Pig.  2.  Here  it  will  be  seen  that 
there  is  a  bellcrank  carrying  two  pawls  that  engage  a  ratchet 
wheel.  These  pawls  and  the  bellcrank  on  which  they  are  car- 
ried are  actuated  by  means  of  a  link,  adjustment  of  the  num- 
ber of  teeth  picked  at  each  stroke,  and  consequently  of  the 


Fig.    1. 

rate  at  which  the  saw  is  fed  into  the  work,  being  regulated  by 
changing  the  position  of  the  crankpin  in  the  slotted  disk  pro- 
vided for  that  purpose.  At  the  opposite  end  of  the  shaft  on 
which  the  ratchet  wheel  is  carried,  there  is  a  pinion  that 
meshes  with  an  arcuate  rack  secured  to  the  frame  of  the  ma- 
chine. As  the  pinion  rotates  in  mesh  with  this  rack,  It  will 
be  apparent  that  the  cylindrical  frame  carrying  the  saw  is  ro- 
tated, thus  causing  the  saw  to  be  fed  into  the  work.  It  will 
be  seen  that  there  is  a  short  arm  carried  by  the  cylindrical 
frame  that  carries  the  saw.  This  arm  may  be  set  so  as  to 
trip  a  clutch  on  the  driving  shaft  when  the  saw  has  com- 
pleted Its  cut. 

Since  taking  the  photographs  from  which  illuHtrations  were 
made  for  use  In  connection  with  this  article,  some  minor 
changes  have  Ijeen  made  In  the  design  of  tin;  machine.  The 
pump  Is  placed  on  the  Inside  of  the  column,  which  bus  Im- 
proved  the  arrangement  of  the  pipe  connections  considerably, 
making  it  poHMllile  for  the  pipe  to  be  connected  ho  that  It  ex- 
tends up  from  the  pump  to  the  top  of  the  mof^hlno  without 
requiring  the  aiiKle  and  T-connectlona  whicli  are  shown.  The 
reservoir   has    been    considerably   enlarged    and   a   hand-hole 


Fig.    2.     Opposite    Side 


of    Machine,    showing   Feed   Mechanis: 
Automatic  Trip 


and 


has  been  provided  at  the  front  of  the  machine,  making  it  pos- 
sible to  clean  out  the  oil  retainer  thoroughly.  The  use  of  an 
oil  channel  around  the  base  has  also  been  discarded. 


WRIGHT  HAND   MILLING  MACHINE 

In  the  accompanying  illustration  is  shown  a  machine  known 
as  the  "Simplex"  hand  miller,  which  is  a  recent  product  of 
David  A.  Wright,  568  Washington  Blvd.,  Chicago,  111.  This 
machine  is  adapted  for  milling  small  parts,  such  as  those  that 
are  machined  in  factories  manufacturing  typewriters,  guns, 
sewing  machines,  etc.  The  overhanging  arm  is  two  inches  in 
diameter  and  can  be  adjusted  horizontally  to  accommodate  dif- 
ferent lengths  of  arbors,  or  it  can  be  swung  out  of  the  way 
when  desired.  All  sliding  bearings  are  provided  with  gibs  to 
afford  means  of  compensating  for  wear.     The  cross-feed  knob 
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is  graduated  to  0.001  inch  and  adjustable  stops  are  furnished 
for  both  the  table  and  knee.  As  shown,  this  machine  is  ar- 
ranged to  be  set  up  on  a  bench,  but  to  meet  the  requirements 
of  shops  that  desire  to  usg  it  as  a  floor  type  machine,  a 
pedestal  base  is  furnished  to  which  the  bench  machine  may 
be  bolted. 

The  principal  dimensions  are  as  follows:  size  of  working 
surface  of  table,  3if.  by  13  inches;  maximum  table  cross-feed 
in  line  with  spindle,  3Vt  inches;  maximum  table  longitudinal 
feed,  6%  inches;  maximum  vertical  adjustment  of  knee,  5^4 
inches;  distance  from  arm  to  center  of  spindle,  5%  inches; 
maximum  distance  from  center  of  spindle  to  table.  51.4  inches; 
width  of  T-slot,  %  inch;  taper  of  spindle,  B.  &  S.  No.  8;  diam- 
eter of  hole  through  spindle,  11/16  inch;  available  spindle 
speeds,  from  100  to  1200  R.P.M.;  speeds  of  two-speed  counter- 
shaft, 200  and  600  R.P.M.;  size  of  countershaft  pulleys,  2% 
by  6  inches;  weight  of  bench  miller,  250  pounds;  and  weight 
of  bench  miller  on  column,  400  pounds. 


DETROIT  SENSITIVE  DRILLING  MACHINES 

To  provide  for  drilling  holes  up  to  %  inch  in  diameter  on 
production  work,  the  Detroit  Tool  Co.,  1487  St.  Antoine  St., 
Detroit,  Mich.,  is  now  manufacturing  Model  L-l  high-speed 
sensitive  drilling  machines  which  are  shown  in  the  accom- 
panying illustrations. 
These  machines  are 
made  in  both  floor  and 
bench  types,  a  front 
view  of  the  floor  type 
machine  being  shown 
in  Fig.  1  and  a  rear 
view  of  the  bench  ma- 
chine in  Fig.  2.  Except 
for  the  fact  that  one 
machine  is  furnished 
with  a  pedestal  base, 
both  are  of  essentially 
the  same  design,  so  that 
the  following  descrip- 
tion applies  to  both 
types.  Power  is  trans- 
mitted from  the  tight 
pulley  through  rawhide 
and  steel  bevel  gears 
to  a  straight  vertical 
shaft,  at  the  top  of 
which  there  is  an  alumi- 
num pulley.  From  this 
pulley  a  straight  belt 
with  an  idler  pulley  to 
maintain  the  desired 
tension,  transmits 
power  to  a  two-step 
aluminum  pulley  on  the 
spindle. 

The  straight  driving 
pulley  permits  of  mak- 
ing quick  changes  from 
one  to  another  of  the 
steps  on  the  spindle 
cone  pulley,  the  differ- 
ence in  belt  length  for  these  two  steps  being  taken  up  by  the 
Idler  pulley  operated  by  a  handwheel,  screw  and  idler  lever. 
With  this  arrangement  more  belt  contact  surface  is  obtained 
on  the  cone  pulley  when  running  on  slow  speed.  The  belt 
shifter  is  located  on  the  same  side  of  the  machine  as  the  hand- 
lever.  It  It  is  necessary  to  shift  the  belt  from  the  large  to 
the  small  cone,  the  operator  merely  lets  go  of  the  lever  and 
raises  his  hand  about  a  toot  to  reach  the  belt  shifter,  with 
whirh  ho  shifts  the  belt  onto  the  small  step  on  the  cone.  The 
spindle  is  then  free  to  back  up  and  rise  out  of  a  troublesome 
burr,  etc.;  then  by  pulling  down  the  belt  shifter  the  spindle 
Is  Immediately  In  motion  again.  The  whole  operation  only 
takes  a  second  and  the  operator  is  not  required  to  touch  the 
belt.    His  left  hand  Is  on  the  work  or  Jig  all  the  time.    The 


Fig.    1.     Front    View   of   Detroit    Floor 
Type    Sensitive    Drilling    Machine 


Fig.   2. 


Bear  View  of  Detroit  Bench  Type   Sensitive 
Drilling  Machine 


driving  belt  is  1%  inch  in  width  and  is  made  of  woven  fabric. 
The  machine  is  adapted  for  speeds  up  to  8000  revolutions  per 
minute. 


FENN  HIGH-SPEED   DRILLING  MACHINE 

In  the  high-speed  sensitive  drilling  machine  that  has  re- 
cently been  developed  by  the  Fenn  Mfg.  Co.,  385-405  Broad 
St.,  Hartford,  Conn.,  a  departure  has  been  made  from  the  usual 
method  of  feeding  the  spindle  through  a  rack  and  pinion. 
On  this  machine  it  will  be  seen  that  the  feed  movement  is 
obtained  with  a  lever  direct  connected  to  the  spindle  sleeve. 
The  weight  of  the  lever,  sleeve,  spindle  and  chuck  is  counter- 
balanced, thus  permitting  the  operator  to  know  just  what  pres- 
sure he  applies  to  the  point  of  the  drill.  This  drilling  ma- 
chine is  adapted  for  a  maximum  speed  of  15,000  revolutions 
per  minute,  and  it  is  fitted  throughout  with  SKF  ball  bear- 
ings. The  principal  dimensions  are  as  follows:  distance  from 
chuck  to   table,   5M   inches;    distance  from  upright  to  center 
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of  .  spindle,  6% 
inches;  size  of 
table  inside  oil- 
groove,  13%  by 
13%  inches; 
maximum  feed 
movement,  3 
inches;  avail- 
able spindle 
speeds  for  a 
CO  u  ntershaf  t 
speed  of  965 
R.P.M.,  7735, 
9285,  12,500  and 

15,000    R.P.M.;     diameter    of    tight    and 
inches;   and  weight  of  bench  machine  without  countershaft, 
140  pounds. 


Plain   Index   Head 

loose    pulleys,    4^4 


by   Secor   Mfg.    Co. 

all  the  nuts  and  screws  in  use  on  the  head 

is  plain  and  durable,  with  no  unnecessary  finish 


ings,  the  base, 
the  two  side 
plates  and  the 
tilting  body. 
The  remaining 
parts  are  chiefly 
made  of  hard- 
ened steel;  and 
the  spindles,  etc., 
are  accurately 
ground.  The 
head  is  equipped 
with  double-end 
wrenches,  fitting 
The  construction 


SECOR  PLAIN   INDEX   HEAD 

The  index  head  illustrated  is  a  recent  development  of  the 
Secor  Mfg.  Co.,  Derby,  Conn.  Its  construction  is  essentially 
simple  and  it  is  for  use  on  milling  machines  or  other  machines 
on  which  any  indexing  is  required  except  that  which  combines 
spiral  work.  The  complete  index  head  comprises  the  head- 
stock,  tailstock  and  wrenches  as  shown.  The  tailstock  is  of 
rigid  construction,  the  base  being  made  of  cast  iron,  while  the 
moving  parts  are  made  of  hardened  steel.  The  tail-center  is 
turned  eccentrically,  and,  in  addition,  is  slightly  flattened  on 
top,  making  it  possible  to  mill  very  close  to  the  center  of 
the  work. 

The  index  head  itself  is  regularly  furnished  with  one  dial 
containing  three  rows  of  holes  of  80,  72  and  42,  respectively. 
This  combination  gives  a  great  deal  of  leeway  and  can  be 
divided  into  any  ordinary  number  of  spacings.  Great  accuracy 
is  employed  in  making  these  plates  and  each  hole  is  lapped, 
causing  the  index-pin  to  fit  nicely.  The  index-pin  A  slides 
freely  in  the  swiveling  block  B,  and  is  operated  by  the  hand- 
lever  C.  By  loosening  the  nut  D,  the  block  is  free  to  swing 
through  a  sufficient  arc  to  cause  the  index-pin  A  to  engage 
in  any  one  of  the  three  circles  of  holes,  where  it  is  rigidly 
clamped.  In  addition  to  the  use  of  the  index-pin  in  preventing 
rotation,  a  binding  handle  E  is  provided,  which  securely  binds 
the  spindle  and  relieves  the  thrust  of  the  working  tool  from 
the  index-pin. 

The  center,  instead  of  fitting  directly  into  a  taper  in  the 
spindle,  fits  a  hardened  steel  collar,  which,  in  turn,  fits  into 
the  spindle.  On  this  collar  is  carried  the  dog  driver,  which 
fits  the  collar  snugly  but  is  split  and  equipped  with  a  binding 
screw,  80  that  fractional  spacings  may  be  secured,  such  as 
when  a  partially  finished  piece  of  work  is~1}eing  returned  to 
the  centers.  Instead  of  the  dog  on  the  work  being  bound 
to  the  driver  by  a  simple  screw,  a  block  is  furnished 
that  Is  rounded  on  its  edge  so  that  a  line  contact  is  se- 
cured between  it  and  the  dog.  This  is  desirable  in  ordi- 
nary work,  but  is  especially  desirable  when  the  head  is  set 
for  tapered  work. 
The  dividing 
bead  is  of  the 
tilting  tjT)e,  ac- 
curately gradu- 
ated In  degree.^ 
In  a  position  on 
the  body  where 
the  readings  arc- 
plainly  visible. 
When  the  head 
l8  tilted,  It  Is 
rigidly  clamped 
by  the  two  gen- 
erously propor- 
tioned bolts 
shown.  This 
part  of  the  hfud 
U  constructed  of 
three   Iron   cut- 


WRIGHT   ENGINE   LATHES 

In  the  accompanying  illustration  there  is  shown  a  back- 
geared  engine  lathe  which  is  built  in  18-  and  20-inch  sizes  by 
David  A.  Wright,  568  Washington  Blvd.,  Chicago,  111.  This 
machine  is  of  the  independent  change-gear  type  and  is  built 
single  or  double  back-geared.  The  bed  has  three  vees  and 
one  flat  way,  which  assures  adequate  support  for  the  carriage. 
The  headstock  has  a  three-step  cone  pulley  that  carries  a 
5-inch  belt.  This  cone  pulley  and  spur  gear  can  be  instantly 
connected  or  disconnected  by  an  improved  locking  device 
which  does  not  require  the  use  of  a  wrench,  and  permits  of 
rapid  engagement  or  release  of  the  back-gears.  All  exposed 
gears  on  the  machine  are  covered  by  removable  guards.  The 
spindle  has  a  hole  1%  inch  in  diameter  through  its  entire 
length  and  is  furnished  with  special  means  of  lubrication, 
which  consist  of  oil  reservoirs  placed  under  both  spindle  boxes 
with  chains  to  carry  oil  up  to  the  bearings.  This  insures  con- 
stant lubrication  at  all  times  when  the  lathe  is  in  operation. 
Oil  pockets  are  provided  in  the  cone  pulley  which  provide  lu- 
brication when  the  pulley  is  revolving  around  the  spindle 
Phosphor-bronze  bushings  are  provided  for  the  spindle  bear- 
ings, and  anti-friction  thrust  bearings  are  furnished  with  an 
adjusting  nut  and  steel  thrust  washers  which  reduce  friction 
to  a  minimum.  The  tailstock  is  designed  with  a  curved  front, 
which  allows  the  compound-rest  to  be  used  at  right  angles  to 
the  cross-feed. 

On  this  lathe  the  carriage  is  securely  gibbed  at  the  front, 
center  and  back.  Power  longitudinal-  and  power  cross-feeds 
are  provided.  There  is  a  micrometer  adjustment  on  the  cross- 
feed  screw,  and  when  the  cross-feed  is  used  the  carriage  can 
be  quickly  clamped  to  the  bed  by  a  conveniently  located  lever. 
A  chasing  dial  is  provided.  The  compound-rest  is  fitted  with 
taper  gibs  which  require  only  one  screw  for  their  adjustment, 
and  means  are  provided  for  removing  the  handle  of  the 
compound-rest  so  that  it  does  not  interfere  with  the  cross-feed 
handle.  Both  the  longitudinal-  and  cross-feeds  are  reversible 
from  the  apron,  with  the  mechanism  so  designed  that  it  is 
impossible  for   the  lead-screw  and   feed-rod  to  be  engaged  at 

the  same  time. 
Peed  reverse  Is 
controlled  by  a 
lever  placed  near 
the  bottom  of 
the  apron  at  the 
right-hand  side, 
this  device  be- 
ing used  for  the 
colli rol  of  turn- 
ing feeds  but 
not  for  screw 
cutting.  The  re- 
verse for  screw 
cutting  1b  ob- 
tained by  shift- 
ing a  lover  which 
Is  conveniently 
located  at  the 
end  of  the  head- 
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stock.  Great  care  is  taken  in  cutting  the  lead-screw,  and  the 
lead-screw  nut  is  of  the  usual  split  pattern  and  lined  with 
babbitt  metal.  The  feed-box  is  placed  directly  beneath  the 
headstock  and  so  arranged  that  by  shifting  a  lever  four 
changes  may  be  easily  obtained.  When  not  required,  this 
device  may  be  disconnected  by  shifting  a  small  lever  at  the 
bottom  of  the  headstock.  The  gear-box  is  so  designed  that 
changing  the  gear  on  the  shaft  coming  directly  from  the  box 
enables  any  desired  speed  to  be  obtained.  A  double  friction 
countershaft  is  furnished  as  part  of  the  regular  equipment, 
this  countershaft  having  large  pulleys  which  run  on  self-oiling 
bushings.  Included  in  the  regular  equipment  there  are  also  a 
compound  rest,  steadyrest,  follow-rest,  large  and  small  face- 
plates, change-gears,  and  the  necessary  wrenches  for  making 
all  adjustments. 


VAN  NORMAN  AUTOMATIC  BORE  GRINDER 

For  the  rapid  and  accurate  grinding  of  short,  straight  or 
taper  holes  the  Van  Norman  Machine  Tool  Co.,  Springfield, 
Mass.,  has  added  to  its  line  a  No.  34  automatic  bore  grinder 
which  Is  illustrated  and  described  herewith.  A  feature  of 
this  machine  is  economy  of  floor  space,  which  is  made  possible 
through  the  provision  of  special  means  for  withdrawing  the 
work  from  alignment  with  the  grinding  spindle  for  gaging. 
This  is  done  by  means  of  a  cross-slide,  which  enables  the 
work-head  to  be  pulled  forward  after  the  grinding  spindle  has 
been  withdrawn  from  the  work.  In  this  way  a  plug  gage  may 
be  used  without  having  to  back  the  work-head  a  considerable 
distance  away  from  the  wheel. 

Fig.  1  shows  the  work-head  drawn  back  from  the  wheel  for 
gaging  the  work,  while  in  Fig.  2  the  wheel  is  shown  in  the 
operating  position.  Withdrawal  or  return  of  the  wheel  from 
the  work  and  the  work-head  from  alignment  with  the  wheel- 
spindle,  is  effected  by  means  of  the  two  hand-levers  shown. 
Both  levers  are  provided  with  locking  devices,  that  on  the 
wheel-slide  serving  to  secure  it  to  a  subslide  which  is  in  con- 
stant connection  with  the  operating  mechanism.  Gripping  the 
wheel-slide  lever  with  the  right  hand  disconnects  the  operat- 
ing mechanism,  and  movement  of  this  lever  withdraws  the 
wheel  from  the  work.  This  lever  is  manipulated  with  the 
right  hand,  and  with  the  left  hand  the  operator  swings  over 
the  lever  that  draws  the  work-head  out  of  alignment  with  the 
wheel-spindle.  Gripping  of  this  lever  is  also  responsible  for 
first  withdrawing  the  locking  device,  while  further  movement 


causes  the  work-head  to  be  drawn  forward.  It  is  not  necessary 
to  disconnect  the  cross-feed  while  making  these  adjustments. 

This  grinder  was  especially  designed  to  meet  the  require- 
ments of  ball  bearing  manufacturers  for  a  machine  adapted 
for  grinding  short,  straight  or  taper  holes  of  various  diame- 
ters. It  is  provided  with  a  cross-feed  mechanism  of  the  same 
refinement  as  that  employed  in  the  Van  Norman  oscillating  or 
radius  grinders.  The  automatic  cross-feed  for  the  wheel- 
spindle  is  equipped  with  a  fine  graduated  dial  and  adjustable 
cut-out  latch  device.  Hand  feed  for  the  wheel-spindle  is 
operated  with  a  handle  when  the  automatic  mechanism  is 
disconnected  from  the  dial.  Automatic  table  traverse  gives 
any  variation  in  the  length  of  stroke  from  %  to  1%  inch, 
and  there  is  also  hand  table  feed  operated  by  a  lever  that 
actuates  a  rack  and  pinion  and  gives  a  traverse  movement 
of  the  table  up  to  4%  inches.  The  work-head  cross-slide  is 
operated  by  a  hand-lever  that  carries  the  head  crosswise  from 
the  center  of  the  wheel-spindle  in  the  manner  previously  de- 
scribed. The  maximum  movement  available  is  4%  inches. 
Owing  to  the  convenience  of  operation  and  the  accuracy  of 
the  feed  mechanism,  several  machines  may  be  looked  after 
by  a  single  operator.  Machines  of  this  type  are  furnished 
either  with  or  without  water  equipment. 

The  principal  dimensions  are  as  follows:  capacity  for 
handling  work  from  the  smallest  up  to  4  or  5  inches  internal 
diameter;  distance  from  floor  to  center  of  wheel-spindle,  44 
inches;  number  of  table  traverse  speed  changes,  4;  number 
of  wheel-spindle  speed  changes,  4 ;  number  of  work-head  speed 
changes,  4;  and  weight  of  machine,  approximately  1850 
pounds.  A  countershaft  and  the  necessary  wrenches  for 
making  all  adjustments  are  furnished  as  part  of  the  regular 
equipment.  

SIMMONS  DRILLING  AND   TAPPING 
MACHINE 

In  the  July,  1917,  number  of  Machinery  a  description  was 
published  of  a  bench  type  automatic  tapping  and  drilling 
machine  that  had  just  been  placed  on  the  market  at  that 
time  by  W.  H.  Simmons  &  Co.,  208-212  Lawrence  St.,  Cincin- 
nati, Ohio.  Recently,  this  firm  has  brought  out  two  floor  type 
machines  of  essentially  the  same  design,  except  that  they  are 
furnished  with  a  pedestal  base.  One  of  these  is  equipped  for 
belt  drive  from  a  countershaft  and  the  other  for  individual 
electric  motor  drive.  The  clutch  and  reversing  mechanism 
can  be  set  to  run  the  tap  to  any  desired  depth,  reverse  auto- 


Fig.  I.     Van  Norman  Automatic  Boro  Grlntlor  with  WorklioacI  d 
from    Wheel   for  Oaging 
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matically  and  then  stop  the  spindle  automatically.  The  clutch 
is  of  the  jaw  type,  made  of  steel  and  hardened.  To  secure 
a  sensitive  drive  for  light  tapping  or  tapping  soft  metal, 
provision  is  made  to  adjust  the  belts  to  any  desired  tension. 
This  is  accomplished  by  the  lower  pulleys  being  mounted 
on  an  eccentric  shaft  which  is  revolved  by  means  of  a  knob 
on  the  right-hand  side  of  the  column. 

The  column  of  this  machine  is  of  tubular  section,  and  the 
bearings  are  bronze  bushed  and  provided  with  felt  oilers. 
The  lower  cone  pulley  and  the  tight  and  loose  pulleys  run  on 
bronze  bearings  with  oil  reservoirs  to  afford  continuous  lu- 
brication. The  clutch  and  trip  mechanism  are  made  of  steel, 
and  all  contact  points  are  hardened.  The  spindle  is  made  of 
carbon  steel  and  is  counterbalanced  by  an  adjustable  counter- 
weight. Each  machine  is  furnished  with  four  spindle  lead 
attachments  to  tap  16,  18,  20  and  24  threads  per  inch.  Extra 
leads  of  any  desired  pitch,  including  metric  pitches,  can  be 
furnished  as  special  equipment. 

The  principal  dimensions  of  this  machine  are  as  follows: 
capacity  for  drilling  to  the  center  of  a  12-inch  circle;   maxi- 


Fir-  1.    Bimmona  DrUllnr  and 

Tappinr  Machine  with 

Belt  Drive 


Fig.    2.     SimmonB    Drilling 
Tapping    Machine    with 
Motor  Drive 


Lewis-Shepard    Type    L    "Jacklift"    Elevating   Truck 

moderate  pressure  on  a  free-lifting  handle,  which  permits  the 
load  to  be  elevated  with  the  handle  of  the  truck  turned  to  one 
side,  thus  enabling  elevation  to  be  effected  in  narrow  aisles  or 
other  cramped  places. 

Attention  is  called  to  the  fact  that  the  only  cast  or  gray  iron 
used  in  the  construction  of  these  trucks  is  in  the  wheels;  all 
other  parts  are  made  of  either  malleable  iron  or  crucible  steel. 
Type  L  trucks  are  made  in  six  models,  three  of  which  have 
6-inch  wheels  and  three  10-inch  wheels.  The  lifting  ratio  is 
40  to  1,  which  permits  women  and  boys  to  operate  the  trucks 
when  handling  heavy  loads.  As  trucking  is  one  of  the  de- 
partments of  labor  in  which  women  and  boys  may  be  employed 
to  take  the  place  of  men  who  have  been  drafted  for  National 
service,  these  may  properly  be  called  "wartime"  trucks. 


THE   COSTIMETER 

The  "Costimeter,"  made  by  the  Costimeter  Co.,  130  Mont- 
calm E.,  Detroit,  Mich.,  is  an  elapsed-time  recording  device, 
which  stamps  directly  on  a  card  the  elapsed  time  from  one 
job  to  another  and  when  used  with  the  "Costimeter"  wage 
chart  gives  the  corresponding  wage  value.  The  accurate 
keeping  of  time  by  an  operator  or  workman  Is  reduced  to 
its  simplest  form,  as  he  has  only  to  place  his  daily  card  in  the 
slot  on  the  machine  and  press  the  lever  upon  the  completion 


mum  distance  from  spindle  to  table,  25  inches;  maximum 
vertical  adjustment  of  spindle,  S'/i  Inches;  maximum  vertical 
adjustment  of  table,  5  Inches;  diameter  of  spindle  in  sleeve, 
13/16  Inch;  diameter  of  table,  10  Inches;  diameter  of  cone 
pulley  Btepg,  3V4  to  7  Inches;  width  of  driving  belt,  1% 
Inch;  diameter  of  tight  and  loose  pulleys,  7  Inches;  face 
width  of  tight  and  loose  pulleys,  1%  Inch;  tapping  capacity  in 
caHl  Iron,  •%  Inch;  drilling  capacity  In  cast  Iron,  %  Inch;  and 
available  spindle  Hpcedn,  150,  250.  390  and   fiOO  II.  V.  M. 

LEWIS-SHEPARD   ELEVATING   TRUOK 

In  lh<:  .May,  IKIO,  nunilicr  of  Mmiilmhv  a  desiTlptlon  was 
publlHhfd  of  an  elevating  truck  built  In  cupacltluH  for  Iiandling 
loadH  from  2500  to  5600  pounds.  TruckB  coniprlHlng  this  lln(^ 
were  heavily  conHtru'led  to  niccl  the  rt'iiulromfiitH  of  Hoverc 
rlafiKCH  of  Mcrvlce.  Uecently,  tho  LiiwlH-Hlieimrd  Co.,  48  Uln- 
ford  Ht.,  tioxton,  MaMH.,  haH  added  to  Uh  lino  a  Typo  I. 
"Jaf-kllft"  mafilor  truck,  which  Ih  really  a  IlKhti-r  nmdol  of 
tho  truckn  provlounly  disHrrlbed  in  Maciiinkiiy.  Thoir  curry- 
InK  capacity  Ih  2500  poundo,  and  an  thoy  arc  Intondod  for  Iohm 
twvuTd  Rorvlcti,  thuMo  Irucka  nro  rnoru  IlKhlly  conHtructod.  All 
thn  'ipiirfttlnK  fPBlurnii  of  tho  hoavy-duly  typo  aro  rtttalnod  In 
tho  Typo  h  truckM.     Thniio   Includo  ohtnliiInK  a  hiKh   lift   by 
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Use  of  Hecord    Card   from    "Costimeter"    i 
Equivalent  of  Elapsed  Time 


calculating  Honey 


of  each  Job.  The  lower  right-hand  corner  of  the  card  is  cut 
off  at  an  angle,  which  operates  the  safety  lever,  making  it 
possible  to  enter  the  card  only  in  the  correct  way,  face  out- 
ward and  right  side  up.  Upon  arriving  at  the  factory  in  the 
morning  the  workman  inserts  his  daily  card  and  presses  the 
lever.  Thereafter  during  the  day  he  inserts  the  card  again 
after  the  completion  of  each  job.  It  is  assumed  that  the 
foreman  or  planning  department  has  filled  his  card  out  for  the 
various  Jobs  that  he  is  to  do  throughout  the  day.  His  card 
then  is  his  guide  as  to  which  is  the  next  Job. 

The  card  and  the  "Costimeter"  wage  chart  are  special  for 
different  concerns.  At  the  top  of  the  card  is  printed  the  maxi- 
mum and  minimum  rate  per  hour  at  which  the  various  men 
in  the  factory  are  being  paid.  The  time  clerk  is  enabled  to 
read  the  time  consumed  by  each  Job  directly  off  the  card,  and 
its  equivalent  in  money  is  arrived  at  with  little  mental  effort 
by  placing  the  card  on  the  "Costimeter"  wage  chart  and 
reading  it  directly  as  illustrated.  In  Fig.  2  the  card  of  N.  P. 
Hall,  No.  31,  working  in  Department  D,  is  shown  fully 
stamped ;  this  indicates  that  he  worked  on  six  different  Jobs 
during  the  day.  The  dials  stamped  in  the  lowest  space  on  the 
card  gives  the  time  in  the  morning  when  he  started.  The 
next  pair  above  Indicates  the  elapsed  time  to  be  one  and  eight- 
tenth  hours  to  do  the  drilling  on  part  DT  39.  This  is  repeated 
through  each  of  the  operations  that  he  completes. 

The  time  clerk  places  the  card  on  the  "Costimeter"  wage 
chart,  guiding  It  by  the  strip  at  the  right,  then  glancing  at 
the  uppermost  stamped  dials,  he  reads  "one  and  two-tenth 
hours,"  and  enters  It  In  the  column  marked  "Time"  on  the 
card.  He  then  slides  the  card  down  the  chart  until  the  time 
1.2  In  the  list  of  figures  adjacent  to  the  guide  strip.  Is  exposed, 
and  then  directly  above  the  rate  per  hour,  of  this  particular 
man,  22'/4  cents,  ho  reads  "33  cents"  and  enters  It  on  thi- 
card  In  the  right-hand  column  marked  "Amount."  Thus  we 
have  clearly  Indicated  the  elapsed  time  for  any  Job,  and  With 
very  little  mental  effort.  Its  equivalent  In  money  Is  arrived  at 
with  the  chart.  The  operation  Is  repeated  by  the  time  clerk 
In  the  same  way  for  all  the  operations  and  the  time  is  then 
totaled,   aniounting   to    10V4    hours   and    the    money    to    $2.90. 


The  operation  of  the  "Costimeter"  is  simple  and  consists  in 
placing  the  card  in  the  slot  and  pressing  one  lever.  It  is 
furnished  as  an  entirely  self-contained  device  with  an  eight- 
day  clock  or  with  electrical  control.  The  timing  device  may 
be  arranged  for  intervals  of  any  desired  frequency,  from  ond 
minute  up,  but  the  customary  length  of  interval  is  one-tenth 
hour  or  six  minutes.  That  is  the  interval  at  which  the  clock 
was  set  for  making  the  record  card  shown  in  Fig.  2.  The 
machine  is  constructed  along  sturdy  lines,  having  a  heavy 
cast-iron  frame  and  base.  A  device  of  this  kind  is  likely  to 
be  abused  by  workmen,  and  it  is  designed  to  withstand  rough 
usage. 


PRODUCTION   SPOT-FACER 

Spot-facing  operations  are  often  performed  where  it  is 
desired  to  secure  a  local  finish  on  castings,  forgings,  and 
similar  parts  without  removing  the  strong  outer  skin  from 
other  portions  of  the  work.  Spot-facing  operations  are  inex- 
pensive to  perform,  except  for  the  fact  that  the  life  of  the 
tools  is  often  quite  short.  With  the  view  of  overcoming 
trouble  of  this  kind  the  Production  Tool  Co.  of  America,  24 
John  R.  St.,  Detroit,  Mich.,  has  developed  a  spot-facer  that 
is  made  with  two  lips  instead  of  four  or  six.  With  this  tool 
it  is  claimed  that  the  hard  surfaces  of  cast  iron,  malleable 
iron,  forgings,  etc.,  may  be  immediately  penetrated,  and  that 
the  tendency  of  the  tool  to  break  has  been  considerably  re- 
duced by  the  large  amount  of  backing  behind  each  lip.  Be- 
cause of  the  full  buttress  form  of  the  lips,  head  radiates  quickly, 
thus  allowing  tools  of  this  type  to  run  at  relatively  higher 
speeds  than  could  be  employed  with  tools  having  a  greater 
number  of  teeth. 

Pilots  are  made  up  standard  with  heads  %  inch  in  length. 
These  are  well  suited  for  ordinary  spot-facing  operations,  but 
on  many  kinds  of  castings  where  there  are  shoulders  to  cut 
away  before  getting  down  to  the  base,  longer  pilots  are  re- 
quired to  guide  the  cutter.  These  are  made  up  in  variovis 
designs  to  suit  the  work  on  which  they  are  to  be  used.  Pilots 
used  on  all  heavy  work  are  slotted  to  fit  over  the  lips  of  the 
cutter  and  thereby  release  the  strain  from  the  shanks.  In 
the  accompanying  illustration,  one  of  the  spot-facing  cutters 
is  shown  at  A;  a  pilot  is  illustrated  at  B;  the  holder  is  shown 
at  C ;  at  D  is  shown  a  spot-facing  tool  provided  with  one  of 
the  special  pilots  to  which  reference  has  been  made;  and  at  B 
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is  shown  a  spot-facing  tool  and  pilot  assembled.  This  last 
illustration  shows  the  original  position  of  the  pilot  and  cutting 
edges  of  the  tool  by  dotted  lines,  while  the  full  lines  show 
how  far  the  tool  can  be  ground  away  before  its  period  of 
usefulness  is  terminated. 


NEW  MACHINERY  AND  TOOLS  NOTES 


Industrial  Truck:  C.  W.  Hunt  Co.,  Inc.,  West  New 
Brighton,  N.  Y.  A  Type  DF-60  truck  which  has  a  114-horse- 
power  motor  in  each  of  the  front  driving  wheels.  The  storage 
batteries  are  contained  in  a  separate  compartment  at  the  front 
of  the  truck  and  the  load  is  carried  on  a  low  platform  at  the 
rear. 

Cutting-off  Machine:  Etna  Machine  Co.,  Toledo,  Ohio.  A 
3-inch  cutting-off  machine  of  the  heavy-duty  type,  which  is 
driven  by  a  two-step  cone  pulley  from  a  friction  countershaft. 
This  pulley  has  steps  10  and  12  inches  in  diameter  and  car- 
ries a  5-inch  belt  so  that  ample  power  is  provided  for  handling 
heavy  work. 

Portable  Lubricant  Tank:  Gilbert  &  Barker  Mfg.  Co., 
Springfield,  Mass.  A  portable  tank  outfit  for  handling  cut- 
ting oils  or  lubricants.  It  has  a  capacity  for  50  gallons  of 
lubricant  and  is  furnished  with  a  quick-acting  pump  that  may 
be  utilized  either  for  delivering  clean  oil  to  the  machine  or 
collecting  the  used  lubricant  and  conveying  it  to  the  filter. 
Disk  Grinding  Machine:  Carter  &  Bucholz  Co.,  Inc.,  Syra- 
cuse, N.  Y.  A  15-inch  disk  grinder  which  is  particularly 
adapted  for  use  in  wood-working  shops  such  as  those  engaged 
in  pattern-making,  cabinet-making  and  other  classes  of  fine 
wood  working.  The  machine  is  suitable  for  use  in  making 
joints,  fitting  bevels,  grinding  the  draft  on  patterns  and  for 
similar  classes  of  work. 

Milling  Machine:  Standard  Engineering  Works,  Paw- 
tucket,  R.  I.  A  hand  milling  machine  equipped  with  power 
longitudinal  feed  and  an  oil-pump  equipment.  The  power 
longitudinal  feed  of  the  table  is  secured  through  a  rack  and 
pinion  movement  that  permits  a  quick  return  of  the  table  by 
hand.  Four  power  feeds  are  provided  by  means  of  two  two- 
step  feed  cone  pulleys  which  are  interchangeable. 

Airplane  Propeller  Lathe:  Defiance  Machine  Works,  De- 
fiance, Ohio.  A  No.  613  airplane  propeller  turning  lathe  which 
may  also  be  used  for  turning  other  irregular-shaped  pieces 
up  to  12  inches  in  diameter  by  10  feet,  4  inches  in  length. 
Either  right-  or  left-hand  work  may  be  produced  from  the 
same  model.  By  a  simple  adjustment  of  the  tailstock  either 
end  of  the  work  or  the  entire  piece  can  be  made  larger  or 
smaller  than  the  model. 

Worm-hobbing  Machine:  Moline  Tool  Co.,  Moline,  111.  A 
machine  provided  with  adjustments  that  enable  it  to  handle 
work  up  to  56  inches  in  length  by  13  inches  in  diameter.  A 
straight  hob  is  employed  that  is  automatically  fed  into  the 
worm  and  bobbing  of  the  worm  is  completed  at  a  single  revo- 
lution. With  this  machine  worms  up  to  eight  pitch  may  be 
handled  without  difficulty.  The  machine  is  practically  auto- 
matic in  operation. 

Gate  Shear:  Long  &  AUstatter  Co.,  Hamilton,  Ohio.  A 
large  gate  shear  which  has  a  capacity  of  146  inches  between 
the  housings  and  a  throat  depth  of  30  inches.  An  automatic 
hold-down  is  provided  for  clamping  and  holding  the  work 
while  It  is  being  cut,  pressure  on  the  hold-down  being  applied 
by  heavy  coll  springs.  This  machine  is  designed  to  cut  off 
12-foot  sheets  and  plates,  and  is  capable  of  handling  work  up 
to  1  Inch  In  thickness. 

Portable  Crane:  Canton  Foundry  &  Machine  Co.,  Canton, 
Ohio.  A  portable  crane  which  has  a  capacity  for  handling 
loads  up  to  4000  pounds.  The  base  of  the  crane  is  a  steel  cast- 
ing, while  the  uprights  are  made  of  semi-steel  and  reinforced. 
The  chain  is  of  liand-forged  steel  and  is  tested  to  determine  Its 
ability  to  handle  loads  exceeding  the  rated  capacity  of  the 
crane.  Holler  bearings  are  used  In  the  wheel  and  axle  to  make 
the  crane  easy  to  operate. 

Sensitive  Drilling  Machine:  Waukegan  Machine  Tool  Co., 
Waukegan,  III.  A  14-Inch  Henslllve  drilling  machine  of  the 
floor  typo  wlilch  is  adapted  for  drilling  holes  up  to  9/lG  Inch 
In  diameter.  This  machine  Is  provided  with  two  tables,  one 
of  which  Ih  square  and  may  be  swung  around  tlio  column  or 
tilted  to  any  desired  angle;  the  other  table  Is  round,  and  this 
table  may  bo  removed  from  the  machine  In  order  that  a  cup- 
center  may  be  Hubntltutcd. 

Sheet  and  Plate  Cutter:  W.  J.  Savage  Co.,  Inc.,  Knoxvllle. 
Tonn.  A  machine  known  as  the  "Oray  No.  .'{"  univorsal  shoot 
and  plate  cutter.  This  machine  Is  especially  adapted  for 
rutting  shapes  Inst'^ad  of  handling  the  work  with  a  hammer 
and  cold-chlBol.  by  drilling  or  with  the  use  of  an  oxyax'otyleiic 
torch.  It  1b  claimed  for  this  machine  that  cutting  Is  acconi- 
pllHhod  without  springing  or  buckling  the  metal  and  that  all 
edges  nro  left  square  and  true. 


Lubricator:  Madison  Kipp  Lubricator  Co.,  Madison,  Wis. 
An  automatic  lubricator  which  stops  and  starts  with  the 
machine  on  which  it  is  used  so  that  a  supply  of  oil  is  only 
delivered  while  the  machine  is  actually  in  operation.  The 
hand-crank  makes  it  possible  to  deliver  a  supply  of  oil  at  the 
start,  or  in  case  the  machine  has  been  idle  for  a  considerable 
length  of  time.  With  this  outfit  there  is  only  one  oil-tank 
to  be  filled  on  the  whole  machine. 

Lubricant  Pump:  C.  F.  Roper  &  Co.,  Hopedale,  Mass.  A 
pump  for  circulating  lubricants  and  cutting  compounds,  which 
is  claimed  to  be  constructed  in  such  a  way  that  priming  is 
unnecessary.  It  is  also  said  that  this  pump  will  deliver  a 
large  volume  of  lubricant  at  low  pressure  or  at  a  pressure 
of  from  20  to  60  pounds  per  square  inch.  This  pump  is  made 
in  four  sizes,  with  capacities  when  running  at  100  revolutions 
per  minute,  of  1,  1.6,  3  and  8  quarts,  respectively. 

Universal  Tool  Grinder:  Dauber-Kratsch  Co.,  Oshkosh, 
Wis.  A  universal  grinder  adapted  for  tool,  cutter,  cylindrical, 
internal  and  surface  grinding  operations.  The  machine  is 
furnished  with  a  cabinet  base  with  a  door  at  the  back  to 
provide  for  storing  tools  and  fixtures.  A  shelf  is  cast  at  the 
front  of  the  machine  to  hold  tools  used  on  the  machine  while 
in  operation.  E.  L.  Essley  Machinery  Co.,  551-557  Washington 
Blvd.,  Chicago,  111.,  is  sales  agent  for  this  machine. 

Drilling  Machine:  Moline  Machinery  Co.,  Moline,  111.  A 
20-inch  drilling  machine  especially  adapted  for  the  perform- 
ance of  manufacturing  operations.  This  machine  is  built 
with  either  power  or  lever  feed  as  desired.  The  spindle  is 
driven  by  a  worm  and  gear  to  insure  smoothness  and  quiet- 
ness of  operation.  This  drilling  machine  is  equipped  with  the 
usual  type  of  swing  table  which  allows  work  to  be  fastened 
on  either  the  table  or  on  the  base  of  the  machine. 

Drilling  and  Boring  Machine:  Pawling  &  Harnischfeger 
Co.,  Milwaukee,,  Wis.  A  horizontal  drilling  and  boring  ma- 
chine of  somewhat  similar  design  to  the  No.  12  machine 
built  by  this  company.  There  are  four  mechanical  changes  of 
spindle  speed  and  the  spindle  is  made  of  a  high  carbon  steel 
forging  and  bored  for  No.  6  Morse  taper.  Spindle  thrust  due 
to  feeding  is  carried  on  a  dust-proof  ball  bearing,  the  spindle 
itself  running  in  bronze  bearings.  Four  changes  of  feed  are 
provided. 

Multiple  Drill  Head:  Covington  Multiple  Drill  Co.,  2449  W. 
McMicken  Ave.,  Cincinnati,  Ohio.  A  six-spindle  auxiliary 
drill  head  in  which  any  number  of  spindles  from  two  to  six 
may  be  employed.  The  spindle  units  are  readily  attached  or 
removed  to  meet  the  requirements  of  the  work;  and  each 
spindle  is  individually  adjustable.  When  located  in  the  de- 
sired position  each  spindle  is  rigidly  held.  Adjustments  may 
be  made  very  quickly,  as  only  one  lock-nut  is  used  for  secur- 
ing each  spindle  in  place. 

Drilling  and  Tapping  Machine:  Barnes  Drill  Co.,  814 
Chestnut  St.,  Rockford,  111.  An  all-geared  26-inch  sliding- 
head  drilling  and  tapping  machine.  This  machine  represents 
an  improvement  of  a  preceding  design  of  the  same  type  built 
by  this  company.  The  present  machine  is  equipped  with  a 
new  style  of  self-oiling  reverse  gear  and  with  an  outboard 
bearing  support  for  the  driving  pulley.  The  friction  clutches 
and  drive-shaft  bearings  are  continually  lubricated  by  means 
of  a  geared  pump  which  delivers  lubricant  from  the  reservoir. 
Gear-hobbing  Machine:  Barber-Colman  Co.,  Rockford,  111. 
A  No.  3  gear-hobbing  machine  on  which  the  bed  and  upright 
are  of  box  section  reinforced  by  ribs  which  are  cast  integral. 
The  sub-base  is  also  of  box  section  and  contains  a  tank  for  the 
oil  or  cutting  lubricant  delivered  to  the  tool.  The  work- 
spindle  is  horizontal.  Either  a  right-  or  a  left-hand  hob 
swivel  may  be  provided,  the  former  accommodating  a  range 
of  spiral  settings  from  60  degrees  right  hand  to  90  degrees 
left  hand,  while  the  latter  accommodates  a  range  of  spiral 
settings  from  60  degrees  left  hand  to  90  degrees  right  hand. 
«  *  * 
The  first  merchant  ship  built  on  the  intercliangeablo  plan, 
or,  as  it  is  generally  termed,  the  first  "standardized"  merchant 
ship,  was  put  into  commission  in  Great  Britain  a  few  months 
ago.  This  ship  is  of  8000  tons  dead-weight  carrying  capacity, 
and  was  completed  in  slightly  less  than  five  montlis.  She  is 
the  forerunner  of  a  groat  lleet  of  sister  ships  which  are  now 
being  built.  In  addition,  other  standard  ships  of  7000,  5000 
and  3000  tons  dead  wolglit  capacity  are  being  built.  The  waste 
connected  with  shliibuildlng  as  It  has  been  curried  on  In  the 
past,  where  every  ship,  as  well  as  the  engines  and  auxiliary 
machinery  used  In  connection  with  It,  was  Individually  de- 
signed. Is  apparent.  It  Is  evident  that  ships  may  be  built 
to  the  same  designs  Just  as  well  as  locomotives  or  automobiles. 
The  war  has  taught  many  Important  lossons  In  the  ci^ouomles 
possible  In  lTni\o  and  engineering,  b\it  few  which  will  prove 
of  greotcr  Imporlance  lluin  tliut  In  connection  with  flio 
building  of  ships  In  gront  numbers  on  the  Interchangeable 
plun.     The  only  wonder  Is  that  It  has  not  been  done  before. 
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SYSTEM  WHICH  COMPENSATES  FOR  DISTORTION  OF  CRANK-CASE 

BY   EDWARD  K.   BAMMOND  ' 


Fig.   1.     Crank-case  of  Diesel  Type  Engine  having:  Bearings  reamed  with  Martell  Aligning  Reamer 

IX  the  April,  1914,  number  of  Machinery  a  description  was 
published  of  the  Martell  aligning  reamer  whirh  had  just 
been  placed  on  the  market  at  that  time  for  use  in  reaming 
the  bearings  of  automobile  crank-cases.  Recently  the  manu- 
facture of  these  reamers  has  been  taken  over  by  the  Taft- 
Peirce  Mfg.  Co.,  Woonsocket,  R.  I.,  and  tools  of  the  same  gen- 
eral type  have  been  developed  for  handling  work  far  beyond 
the  range  of  the  original  Martell  reamers.  In  order  to  get  a 
clear  idea  of  these  tools  and  their  work,  the  reader  must  grasp 
the  fact  that  Martell  reamers,  as  they  are  now  built,  are 
really  more  than  tools  adapted  for  a  specific  class  of  machin- 
ing operations;  possibly  the  term  "Martell  system  of  reaming" 
would  be  more  suitable  because  when  a  manufacturer  buys 
Martell  reamers  he  adopts  the  use  of  an  entirely  distinctive 
system  of  reaming  bearings  to  insure  accurate  alignment. 

A  good  idea  of  the  range  of  work  that  may  be  handled  with 
Martell  reamers  will  be  obtained  from  the  accompanying 
illustrations  which  show  reamers  engaged  in  line-reaming  the 
bearings  in  automobile  crank-cases,  and  in  the  crank-case  of  a 
Diesel  engine  at  the  plant  of  the  Winton  Engine  Works  in 
Cleveland,  Ohio,  the  total  length  of  the  latter  case  being  23  feet. 

In  the  previous  article  to  which  reference  has  been  made, 
attention  was  called  to  the  fact  that  with  the  Martell  method 
of  line-reaming,  the  reamer-bar  is  supported  by  a  series  of 
adjustable  eccentric  bushings  which  are,  in  turn,  supported 
by  the  bearings  in  the  work,  the  reason  for  adopting  this 
construction   is   to   provide   means   of  offsetting   the   effect   of 

distortion   caused   by  clamping   the  

crank-case  in  fixtures  used  in  the 
preceding  operations.  If  the  crank- 
case  bearings  are  reamed  without 
making  allowance  for  such  distor- 
tion, accurate  results  will  not  be 
obtained.  In  preparing  for  a  ream- 
ing operation,  the  reamer-bar  with 
the  eccentric  bushings  in  place  is 
set  up  in  the  crank-case.  Then  the 
eccentric  bushings  are  adjusted  so 
that  the  reamer-bar  Is  in  accurate 
alignment.  (Before  starting  to 
ream  the  bearings  In  the  crank- 
case,  the  bar  Is  withdrawn  from 
the  end  Ijushings  alternatoly,  and 
If  It  can  be  pushed  back  without 
Interference,  It  shows  that  all  the 
bushings  are  In  accurate  align- 
ment.) Otherwise  the  eccentric 
bushings  must  be  adjusted  until 
this  test  can  be  made  with  satlsfac 
~AiuK>rlnte^K(IUor  of  >!«•  iiiNKiiv  I  iK.  2.     Partial  View  of  Crankuhaft  that  gooa  In  C 


lory  results.  Experience  gained 
with  the  Martell  reamer  has  shown 
that  it  not  only  produces  more  ac- 
curate alignment  in  the  bearings, 
but  that  it  is  also  the  means  of 
considerably  reducing  the  time  re- 
quired for  performing  hand  opera- 
tions, and  in  some  instances  en- 
tirely eliminates  them. 

Referring    to    Fig.    1,    it   will    be 
seen  that  the  crank-ease  illustrated 
has  eleven  bearings   which  receive 
the    crankshaft    shown    in    Fig.    2, 
that  has  journals  8  inches  in  diam- 
eter.    The  total  length  of  this  case 
is  23  feet  and  to  avoid  the  obvious 
disadvantages  of  making  a  reamer- 
bar   the   entire  length   of  the   case, 
a  bar  10  feet  long  is  used,  the  idea 
being  that  if  the  alignment  of  four 
bearings    were    accurately    secured,    the    fifth    bearing    could 
easily   be   located    from   the   original    four;    and    if   the   fifth 
could    be    located    accurately,    the    sixth    and    all    succeeding 
bearings  could  be  treated  in  the  same  manner.     This  supposi- 
tion was  borne  out  in  practice,  and  it  was  found  on  the  first 
attempt  that  the  alignment  was  materially  better  and  that  a 
great  saving  in  time  had  been  secured. 

Fig.  5  shows  the  construction  of  the  centering  bushing. 
The  cone  A  is  made  of  pack-hardened  machinery  steel,  and  is 
provided  with  a  flne-pitch  thread  on  the  tapered  surfaces, 
which  allows  it  to  be  screwed  securely  into  the  soft  metal  of 
the  bearings  to  be  reamed.  At  B  and  C  are  shown,  respect- 
ively, the  inner  and  outer  eccentric  bushings.  The  inner  ec- 
centric B  is  bored  and  ground  to  a  neat  running  fit  for  the 
reamer-bar.  Outer  eccentric  C  is  bored  and  ground  to  a  like 
fit  on  the  eccentric  portion  of  bushing  B.  As  the  eccentricity 
of  these  two  bushings  Is  the  same,  it  is  at  once  seen  that 
there  will  be  a  certain  point  at  which  the  hole  in  the  inner 
bushing  is  exactly  concentric  with  the  outer  diameter  of  the 
outer  bushing.  In  other  words,  the  rotation  of  the  inner  bush- 
ing in  relation  to  the  outer  bushing  determines  the  amount  of 
eccentricity  or  distance  off  center  that  the  bore  of  the  inner 
bushing  shall  assume  in  relation  to  the  outer  diameter  of  the 
other  bushing.  The  rotation  of  the  two  bushings  within  the 
conical  slee\-e  determines  at  what  point  or  in  what  direction 
the  center  line  of  the  bar  shall  lie.     Lock-screws  are  provided 


on  all  these  members  to  permanently  maintain  the  alignment. 
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Centering    Bearings 

At  the  top  of  Fig.  5  is  shown  the  construction  of  the  reamer, 
which  is  of  the  shell  type  and  has  eight  adjustable  blades 
As  will  be  noticed  these  blades  are  set  in  at  a  slight  angle  to 
the  axis  of  the  reamer-head — six  of  them  having  a  left-hand 
angle  and  two  a  right-hand 
angle.  Adjustment  is  secur- 
ed by  means  of  the  adjusting 
nuts  D  and  E  at  each  end, 
which  are  ground  on  the  sur- 
faces adjacent  to  the  blades 
to  the  same  angle  as  the  ends 
of  the  blades.  The  expanding 
members  consist  of  pack- 
hardened  and  ground  wedges 
which  are  held  in  the  bottom 
of  the  slots  by  means  of 
bosses,  formed  integral  with 
the  wedge.  It  is  claimed  that 
very  close  variations  in  size 
can  be  secured  by  means  of 
this  type  of  adjustment.  The 
reamer-head  is  driven  by 
means  of  screw  pins  on  oppo- 
site sides  of  the  body  which 
engage  the  recesses  spaced 
at  intervals  in  the  reamer- 
bar.  Provision  was  made  on 
this  bar  for  power  drive  as 
well  as  by  hand.  It  was  found,  however,  that  it  was  an  easy 
matter  to  ream  the  bearings  without  the  use  of  power.  In 
view  of  the  great  quantity  of  engines  of  this  type  and  of  va- 
rious sizes  now  under  construction  it  would  seem  that  there 
Is  a  wide  field  of  usefulness  for  this  tool  In  marine  work. 


Fig.  4.      Clo 


of  Centering  Bearing  and  Reamer  Heady  for  Operation 


Compensating-  Line-reaming  Fixture 
A  careful  study  of  existing  practice  in  line-reaming  the 
bearings  of  automobile  crank-cases  disclosed  these  facts:  The 
average  manufacturer  of  motors  is  very  particular  about 
the  balance  of  crankshafts; 
practically  all  of  them  are 
using  the  Norton  static  bal- 
ancing machine,  and  more 
recently  many  are  also  using 
the  Akimoff  dynamic  bal- 
ancing system.  This  great 
care  is  exercised  in  an  effort 
to  reduce,  in  so  tar  as  possi- 
ble, the  phenomenen  known 
as  the  "whip"  of  a  crank- 
shaft. The  whip  of  the  crank- 
shaft makes  its  presence  felt 
by  a  decided  vibration  of  the 
motor,  which  in  most  cases 
is  recurrent  with  some  par- 
ticular speed  or  multiple  of 
that  speed;  for  instance,  one 
vibrating  period  will  occur 
at  650  R.P.M.,  another  at  1300 
H.P.M.,  and  still  another  at 
2600  R.P.M.  Many  efforts 
have  been  made  to  overcome 
this   trouble,    and    at    present 
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Fig.    5.      Top    View— Type    of    Reamer   used;    Bottom    View— Adjustable 

Bearing    for    Reamer-bar    that    provides    Compensation    for 

Distortion    of   Work 


the  most  approved  method  is  to  counterbalance  the  crankshaft 
webs  individually.  This  has  been  carried  to  such  an  extent 
in  one  popular  motor  that  the  crankshaft  and  flywheel  weigh 
about  360  pounds.     The  performances  credited  to  tliis  motor 

iiiclicatc  that   tliis  nicthinl   is  cnciiivc. 
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Fig.    8.      Small    R^ 


used    in    Automobile    Crank-< 
completely  assembled 


It  is  fairly  safe  to  assume  that  the  art  of  balancing  crank- 
shafts is  developed  to  a  point  of  great  accuracy.  Let  us  new- 
look  at  the  bearings  that  carry  this  finely  balanced  shaft  and 
see  if  the  methods  of  alignment  are  fine  enough  to  form  a  true 
path  in  which  this  shaft  is  to  revolve.  Assume  that  the  Mar- 
tell  line-reamer  is  used  to  ream  the  bearings  in  an  absolutely 
straight  line.  The  practice  in  all  motor  factories,  when  ream- 
ing bearings,  is  to  turn  the  crank-case  upside  down,  for  the 
sake  of  accessibility,  and  support  it  in  what  is  known  as  a 
"motor  jack."  A  motor  jack  is  simply  a  frame  of  wood  or 
metal,  and  in  most  cases  the  crank-case  rests  on  it  either  on 
the  milled  surface  that  receives  the  cylinders  or  on  the  motor 
supporting  arms.  Having  reamed  the  bearings  in  the  crank- 
case  to  an  accurate  size  and  finish,  the  crank-shaft  is  assem- 
bled and  the  connecting-rods  and  pistons  are  attached;  the 
motor  is  then  turned  right  side  up,  and  the  cylinders,  starting 
motor,  carburetor,  generator,  transmission  and  other  parts 
are  attached.  It  is  an  accepted  fact  that  weight  applied  to  a 
beam  will  deflect  that  beam,  no  matter  how  light  the  weight 
nor  how  heavy  the  beam.  So  in  this  case,  the  crank-case  is 
usually  made  of  an  aluminum  alloy  and  strongly  webbed,- but 
the  addition  of  the  very  considerable  weight  embodied  in  the 
parts  that  are  attached  after  the  reaming  operation  has  been 
performed,  cannot  help  but  deflect  the  case,  and  therefore 
cause  disalignment  of  the  carefully  reamed  bearingg. 

In  an  effort  to  get  something  tangible  with  which  to  work, 
a  test  was  made  on  a  six-cylinder  motor  crank-case.  The  large 
case  used  in  this  test  has  seven  bearings  and  the  cylinders  are 
cast  in  pairs.  In  conducting  this  test  the  crank-case  was 
turned  bottom  side  up  as  usual;  the  Martell  reamer-bar  was 
supported  by  the  locating  fixtures,  and  three  Martell  sup- 
porting bushings  were  attached  in  the  usual  manner.  After 
the  bar  was  correctly  lined  up,  two  of  the  supporting  bushings 
were  removed,  leaving  the  bar  supported  by  the  locating 
fixture  at  each  end  and  one  bushing  in  the  middle  bearing. 
By  carefully  measuring  the  distance  from  the  reamer-bar  to 
the  bore  of  the  cap,  using  a  small  pair  of  inside  calipers  and  a 
micrometer,  the  position  of  the  bar  when  truly  aligned  was 
determined.  The  eccentric  bushings  were  carefully  marked 
as  to  position  and  then  removed,  and  the  distance  from  the 
reamer-bar  to  the  bore  of  the  cap  was  once  more  calipered. 
The  difference  between  these  distances  proved  to  be  0.001  inch 
anil  showed  the  amount  of  natural  sag  in  the  bar.     Replacing 


the  eccentric  bushings  in  their  original  positions,  the  crank- 
case  was  reversed  and  placed  on  a  running-in  jack,  on  which 
it  was  supported  by  the  lugs  that  are  used  as  supports  when 
the  motor  is  assembled  in  the  chassis.  The  cylinders  were 
next  bolted  on,  all  electrical  apparatus  was  attached,  the 
crankshaft,  connecting-rods  and  pistons  were  placed  on  top  of 
the  cylinders  in  approximately  their  normal  positions  relative 
to  the  horizontal  plane,  and  the  flywheel  was  suspended  oppo- 
site its  normal  position.  A  careful  measurement  of  the  dis- 
tance between  the  reamer-bar  and  the  bearing  cap  at  the 
point  used  in  making  the  former  measurement  showed  that 
the  deflection  was  0.007  inch  direct  reading,  and  adding  to 
this  figure  the  deflection  of  the  bar  of  0.001  inch  gives  a  total 
deflection  of  O.OOS  inch.  This  same  test  was  applied  to  another 
crank-case  which  showed  a  deflection  of  0.0025  to  0.003  inch. 
This  case  was  shorter  and  deeper,  the  oil-pan  was  very  stiff 
and  ribbed  on  the  outside  in  a  fore  and  aft  direction,  and  the 
cylinders  were  cast  en  bloc  and  there  are  two  blocks. 

To  thoroughly  understand  the  method  of  making  up  for  the 
differences  due  to  the  reversal  and  loading  of  the  crank-case 
after  reaming,  it  must  be  understood  that  the  crank-case  is  left 
bottom  side  up  as  before,  wMle  reaming;  but  the  same  load  is 
artificially  imposed  on  the  case,  and  in  the  same  direction 
that  it  normally  sustains  when  mounted  in  the  chassis.  Fig. 
10  shows  what  for  lack  of  a  better  term  is  called  a  "compen- 
sating reaming  fixture."  Supported  in  this  fixture  is  shown  a 
V-type  crank-case.     Straps  A  are  provided  at  each  end  of  the 
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Fig.    10.     Compensating  Fixture  used  to  enable  Reaming  Operation   to  be 
performed  under  Same  Load  that  Crank-case  carries  in  Assembled  Motor 

fixture,  which  come  in  contact  with  the  lugs  of  the  crank-case 
and  resist  the  upward  pressure  exerted  by  the  weight  through 
action  on  leve'r  B  that  swings  on  fulcrum  C  and  exerts  pres- 
sure through  equalizers  D  and  E.  These  equalizing  bars  are 
provided  with  various  holes  to  allow  for  any  needed  adjust- 
ment to  secure  the  proper  alignment.  The  pressure  is  applied 
to  the  crank-case  through  yoke  F  and  pads  O. 

This  fixture  must  be  calibrated  Cor  each  type  of  motor  that 
is  reamed,  and  the  calibration  is  determined  as  follows:  The 
crank-case  fully  loaded  with  all  equipment,  but  with  the  crank- 
shaft bearings  open,  is  placed  in  a  chassis.  The  Martell  ream- 
or-bar  is  then  carefully  lined  up  in  the  crankshaft  bearings, 
using  several  supporting  bushings  and  making  sure  that  the 
l>ar  will  slide  both  ways  and  enter  either  end  bushing  without 
touching  the  sides  of  the  holes.  Remove  all  parts  from  the 
crank-case  and  place  it  in  the  reaming  fixture,  and  then  shift 
llie  weights  and  equalizing  bar  centers  until  the  bar  slides 
l)ack  and  forth  as  before.  Having  calibrated  the  fixture  in 
this  way  for  one  type  or  model  of  crank-case,  all  other  crank- 
cases  of  the  same  model  can  be  reamed  in  the  fixture  without 
changing  the  weights  or  equalizers,  as  any  differences  in 
crank-cases  due  to  molding  would  be  automatically  oared  for. 
Data  are  not  avallablo  to  show  that  the  use  of  this  device  will 
I'llmlnate  all  crankshaft  whip,  but  it  seems  reasonable  to  be- 
lieve that  a  variation  of  several  thousandths  inch  in  the 
alignment  of  the  bearings,  with  a  speed  of  1000,  2000  or  3000 
R.r.M.  would  cause  trouble,  and  If  it  Is  possible  to  straighten 
the  path  of  the  crankshaft,  some  advantage  will  be  gained. 
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THE  inspection  of  gears  requires  as  much  attention  as 
the  making.  If  the  requirements  are  not  severe,  the  in- 
spection need  not  be;  but  if  the  gears  must  work  at 
high  speeds  and  under  severe  stresses  with  quietness  an  essen- 
tial factor,  the  inspection  must  be  strict.  In  other  words. 
the  more  exacting  the  gear  requirements,  the  more  exacting 
must  be  the  inspection,  not  only  the  final  examination,  but  also 
the  tests  between  the  various  operations,  to  make  sure  that 
the  gear  is  not  spoiled,  and  that  other  operations  will  not  be 
performed  on  a  gear  that  will  not  pass  the  final  inspection. 
These  inspections  are  also  necessary  to  insure  that  one  depart- 
ment does  not  do  poor  work,  with  the  expectation  that  some 
other  department  will  correct  the  error.  The  methods  given 
here  apply  principally  to  gears  of  the  smaller  sizes  and  are 
those  used  by  the  Brown  &  Sharpe  Mfg.  Co. 

It  is  the  practice  of  this  company  in  the  case  of  all  gears 
made  to  a  customer's  specifications  to  first  inspect  the  gear 
blank.  Then  after  cutting  the  teeth,  the  gear  is  inspected  for 
the  running  or  rolling  qualities  of  the  teeth  on  a  hand  testing 
machine,  unless  the  specifications  state  that  the  gear  must 
run  quietly  at  some  given  speed.  In  this  case,  the  gear  is 
mounted  on  a  power-testing  or  speeding  machine,  and  run 
as  nearly  as  possible  at  the  speed  at  which  it  will  run  in 
practice.  When  the  gears  are  to  be  used  in  the  company's 
machine  tools,  some  of  the  intermediate  inspections,  such  as 
the  blank  inspection,  are  not  necessary.  It  has  been  found 
that  any  error  in  the  blank  .that  will  affect  the  running  of  the 
machine  will  be  discovered  at  some  time  before  the  final  in- 
spection of  the  machine,  which  is  always  made  under  the  belt. 

It  is  also  the  practice  of  the  Brown  &  Sharpe  Mfg.  Co.  to 
mark  the  drawings  of  gears  that  will  have  a  speed  of  over 
400  feet  per  minute  with  a  note  to  that  effect,  the  note  stating 
simply  "Speed  600  feet,"  or  whatever  the  speed  may  be.  This 
shows  the  man  responsible  for  the  cutting  that  he  must  take 
the  necessary  precautions  to  cut  quiet  gears  and  also  shows 
the  Inspector  that  he  should  lnspw;t  the  gears  carefully.  It 
has  been  found  that  this  practice  eliminates  misunderstand- 
ings as  how  carefully  the  gears  should  be  cut  and  inspected, 
and  has  considerable  Influence  on  the  time  consumed  in  the 
cutting  operation  and  the  inspection. 

Testlnsr  Spur  Gears 

The  method  of  testing  the  average  spur  gears  used  by  the 
Brown  &  Sharpe  Mfg.  Co.  is  the  usual  one  of  mounting  the 
gears  on  studs  at  the  correct  center  distance.  The  most  satis- 
factory way.  In  most  cases,  is  to  have  adjustable  studs  where 
one  fixture  or  machine  will  take  care  of  a  wide  range  of  center 
distances;  there  are  several  such  machines  on  the  market. 
Where  Rears  are  too  large  tor  such  a  machine,  a  gear-tooth 
caliper  set  to  chordal  figures  is  a  satisfactory  way  to  get  the 
pitch  diameter  correct.  This  test  consists  of  callperlng  the 
teeth  for  size  and  variation;  although  very  large  gears  may 
b«  cut  to  the  correct  depth,  as  the  center  distance  Is  usually 
adjustable.  In  testing  the  gears  used  on  the  company's 
variable  spindle  speed  and  variable  feed  cases,  stud  plates 
are  uhcI,  where  the  various  goars  can  be  tested  at  the  correct 
center  distance  and  with  fa<li  gear  It  may  have  to  run  with, 
But  for  general  work,  standard  spurgear  tcstliig  niiirhlnt'K 
are  used  with  what  Is  called  a  spur  gear  Indicating  atlaili 
ment,  which  has  been  found  usoful  for  loHtlug  the  runout  ami 
also  the  rolling  qualltleM  of  the  gears.  In  using  this  attach 
merit,  iho  gf^nrs  arc  presHod  together  by  springs  while  a  dial 
Indicator  presHirs  ngaliist  a  square  stud  In  tliii  slide,  so  thai 
any  tendency  of  the  gears  or  slldo  to  move  away  from  the 
mating  gear,  duo  either  to  run-out  or  poorly  nhuped  toi-th  Ik 
shown  on  the  diol.  It  hns  been  found  that  wlun  the  Indicator 
pointer  Tlbratea  from  toolli  to  tooih  not  over  0.001   Imli,  ilw 

'P«p.r  l.r  ll<-n)>inln  y.  Wol-rmtn.  roii.l  l«.f.,rr  IIik  Ain«rl.»ti  l)r,t  Mniin 
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gears  are  usually  satisfactory;  and  when  no  vibration  is 
shown,  the  shape  of  the  gear  teeth  is  perfect.  Even  in  the 
case  of  spur  gears  that  are  hardened  and  then  ground  in  the 
hole,  it  is  good  policy  to  see  that  they  are  cut  true,  for 
then  the  inspectors  need  not  make  allowances  for  run-out  in 
testing;  besides,  this  practice  keeps  up  the  quality,  or  tone, 
of  the  gear-cutting  in  general. 

Transmissions  are  run  off  in  a  test  stand  of  some  kind  and 
tested  with  a  light  load  or  without  any  load.  Usually,  if  a 
pair  of  gears  or  a  transmission  running  dry  does  not  rattle, 
the  gears  will  run  quietly  under  load. 

Testing  the  Run-out 

A  test  used  in  connection  with  the  grinding  of  the  holes  in 
spur  gears  for  the  so-called  "run-out"  in  gears  is  that  known 
as  the  ball  test.  The  apparatus  consists  of  a  pair  of  centers 
under  a  spring-plunger  block.  A  ball  on  the  end  of  the 
plunger  fits  between  the  teeth  of  the  gears  at  about  the  pitch 
line,  and  the  point  of  a  dial  indicator  rests  on  the  top  of  the 
plunger.  The  plunger  block,  which  is  fitted  with  quite  a  stiff 
spring,  is  used  between  the  indicator  and  the  work  to  rotate 
the  gear  into  position  while  the  indicator  shows  the  "run-out," 
or  variation  in  the  pitch  line.  The  final  run-out  in  the  gear 
is  tested  with  this  apparatus.  The  number  of  spaces  the 
plunger  is  set  into  depends  on  the  requirements  of  the  gear. 

A  gear  with  a  run-out  sound,  usually  causes  trouble,  no 
matter  how  nicely  the  teeth  may  be  cut  or  shaped.  There  can 
be,  and  often  is,  cause  for  a  difference  of  opinion  as  to  the 
degree  of  quietness  of  a  pair  of  gears,  but  there  is  not  much 
chance  of  this  in  the  case  of  a  run-out,  for  anyone  can  detect 
a  run-out  sound,  and  for  this  reason  it  is  very  objectionable. 

In  the  case  of  cones  built  up  of  a  number  of  gears  keyed 
and  presfed  on  a  shaft,  the  inspection  for  run-out  should  be 
made  after  assembling.  Index  change-gears  and  lead  change- 
gears  must  be  cut  true,  as  they  are  usually  meshed  closely,  and 
a  bad  run-out  in  an  index  gear  might  prevent  the  machine 
indexing  properly. 

Inspection  of  Bevel  Gears 

The  bevel  gears  that  require  the  closest  inspection  are  prob- 
ably the  driving  bevel  gear  and  pinion  for  automobiles.  It 
is  necessary  to  hold  these  closely  to  figures  in  the  blank,  and 
an  effort  is  made  to  cut  them  dead  true.  It  is  not  good  prac- 
tice to  let  gears  of  this  type  with  run-out  in  the  teeth  go  to 
the  Are,  expecting  that  the  grinding  department  will  over- 
come it.    An  out-of-round  sound  is  usually  fatal  to  these  gears. 

After  the  teeth  are  cut  in  driving  bevel  gears,  the  soft  gears 
are  tested  in  the  hand  testing  machine  with  a  hardened  mas- 
ter gear,  to  determine  the  bearing  between  the  teeth  and  the 
feel  of  the  gears.  They  are  then  tested  on  a  speeding  niarhino 
with  the  same  master  gear  and  under  some  load.  After  they 
have  been  hardened  and  the  holes  and  wobs  have  been  ground 
for  the  final  inspection,  they  are  tested  in  pairs  as  they  will 
be  shipped,  but  not  In  the  particular  order  In  which  they  will 
be  used  on  the  axle.  The  procedure  Is  as  follows:  A  gear  Is 
mounted  and  several  (four  or  five)  jilnlons  are  run  with  It; 
then  the  gear  Is  removed  and  four  or  five  gears  are  run  with 
these  iilnloiiK,  ho  that  every  gear  and  pinion  sent  out  has 
been  run  or  tested  with  one  or  iiioro  pinions  or  gears.  In 
this  way  tlio  gears  are  kept  Interchangeable  as  nearly  as 
Ii(>shII)Iu.  It  can  bo  seen  that  If  the  final  product  wore  tested 
with  the  niastor  gears  only,  should  an  error  appear  In  tho 
rutting,  the  iiiaHter  guars  might  lend  tlieniHclvos  very  slowly 
perliups  to  this  error  and  fall  to  hIiow  It;  but  when  the  prod- 
uct Ih  run  together,  nii  error  that  nilglit  not  hIiow  with  tho 
tiuiHlor  gears  will  appear,  and  It  may  be  siuh  that  the  gears 
iiru  not  usable.  Tho  customer  Is  never  Intorestod  in  how  well 
lliu  gt^ars  riinilshod  run  with  tho  master  gears,  but  how 
well  they  run  togntlier  and  at  the  same  llmo  Inten-hango  with 
tho  Koars  previously  sent  liliii.    The  ronipaiiy  bus  also  adopted 
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this  method  on  gears  for  its  machine  tools,  and  repairs  can 
be  made  quickly  and  surely,  because  the  inspectors  have 
tested  the  gears  just  as  they  will  run  together,  previous  to 
their  going  into  stock. 

In  testing  driving  bevel  gears  for  the  amount  of  run-out, 
the  ball-testing  fixture  is  used.  This  fixture  makes  it  pos- 
sible to  clamp  the  gears  down  to  a  rigid  spindle  and,  with 
the  spring-plunger  block,  to  bring  the  space  of  the  gear  cen- 
trally under  the  plunger;  the  dial  indicator  will  then  indicate 
the  run-out.  The  bevel  pinion  can  be  tested  in  this  way  for 
run-out  by  adjusting  the  plunger  block  to  the  suitable  angle 
and  setting  the  pinion  on  a  stud.  These  run-out  tests  are  not 
made  in  the  final  inspection  unless  the  gears  have  shown  a 
run-out  in  the  running  test.  In  this  case,  an  effort  is  made 
to  find  the  exact  amount  of  the  run-out  and  the  possible 
remedy. 

The  average  bevel  gears  are  tested  by  hand  on  a  bevel- 
gear  testing  machine.  Care  is  taken  to  have  a  full  length 
bearing  along  the  teeth;  if  the  bearing  falls  short  of  being 
full,  as  it  may  do  owing  to  the  need  of  some  working  limit, 
it  is  expected  that  it  will  bear  heaviest  on  the  inside  or  small 
end,  as  the  bearing  will  pull  in  or  extend  full  length  with  the 
least  wear  and  the  spring  of  the  bearings  or  shafts. 

Testing-  SplTEil  Gears,  Helical  Gears,  and  Worm-gears 

In  testing  spiral  gears  that  run  at  right  angles,  about  the 
only  thing  that  can  be  done  is  to  see  that  the  center  distance 
is  correct,  with  some  backlash  for  oil  space,  and  that  the  sur- 
faces of  the  teeth  are  as  smooth  as  possible.  Any  test  of  spiral 
gears  other  than  under  actual  working  conditions  is  rather 
unsatisfactory,  for  they  are  unreliable  to  use  except  where 
the  pressures  are  light. 

This  is  also  true  of  helical  spur  gears,  as  they  are  made  only 
for  high  speed,  although  it  may  be  possible  to  develop  a  run- 
ning test  at  some  speed  that  will  serve  to  show  the  defects 
in  the  gears,  if  there  are  any.  The  Brown  &  Sharpe  Mfg.  Co. 
has  decided  that  there  is  no  test  that  can  be  satisfactorily  used 
in  testing  helical  timing  gears  by  anyone  else  but  the  user, 
and  for  this  reason  it  has  hesitated  to  cut  these  gears,  as  it 
feels  that  the  user  or  motor  manufacturer  should  assume  the 
responsibility  of  cutting  them. 

Worm-gears,  as  they  are  being  used  today,  require  closer 
inspection  than  ever  before,  as  more  is  expected  of  them.  It 
was  only  a  short  time  ago  that  the  worm-gear  had  a  poor  repu- 
tation for  serviceability,  but  since  the  advent  of  the  worm- 
driven  motor  truck  this  gear  has  taken  a  new  lease  of  life 
So,  now  that  more  is  expected  of  the  worm-gear,  greater  care 
must  be  taken  in  the  inspection. 

With  the  difficulties  that  arise  with  the  average  worm-gear 
cutting  equipment,  it  is  not  enough  to  know  that  the  hob  is 
marked  correctly  or  that  the  centers  of  the  spindles  of  the 
bobbing  machine  are  the  correct  distance  apart  when  the  gear 
is  finish-cut.  The  worm  and  wheel  should  be  mounted  at  the 
correct  center  distance  and  in  proper  alignment  to  be  sure 
that  the  bearing  between  the  worm  threads  and  the  wheel 
teeth  is  correct,  a  point  that  increases  in  importance  as  the 
service  to  which  the  gears  are  to  be  put  increases  In  severity. 
On  large  gears,  where  a  testing  machine  would  be  out  of  the 
question,  the  worm  can  be  laid  in  the  wheel  and  measure- 
ments taken  from  a  straightedge  (laid  across  the  rim  of  the 
wheel)  to  a  bar  in  the  hole  in  the  worm  or  to  the  worm-shaft. 
If  the  measurements  taken  on  one  side  or  end  of  the  worm 
differ  from  those  taken  on  the  other,  it  is  evident  that  the 
shafts  are  not  at  right  angles  with  each  other.  If  these  gears 
are  mounted  in  a  gear-case  in  which  the  shaft  bearings  have 
been  bored  square,  the  bearing  between  the  teeth  will  be  a 
cross-corner  one,  and  the  amount  of  this  bearing  will  depend 
on  what  the  wheels  have  to  do.  When  the  pressures  carried 
by  the  teeth  of  worm-gears  are  taken  Into  consideration,  it  Is 
evident  that  the  bearing  should  be  as  full,  or  broad,  as  possible. 

When  testing  the  average  small  worm-gear,  this  company 
UHcs  its  bovel-gear  testing  machine,  which  Is  also  a  worm-  and 
splral-genr  testing  niarhlne.  But  for  automoljile-truck  driving 
gears,  it  has  fitted  up  a  special  machine,  where  the  gears  ran 
be  run  under  some  pressure.  This  machine  is  fitted  with  n 
scale  and  a  vernier  for  roiiddig  the  center  distance. 


Hardening:  Inspection 
Probably  no  inspection  operation  depends  more  for  its  suc- 
cess on  the  very  operation  it  professes  to  inspect  than  the 
hardening  inspection.  When  inspecting  the  machine  opera- 
tions performed  on  a  gear,  the  mechanical  errors  can  be  de- 
termined with  the  measuring  tools,  and  it  is  possible  to  feel 
and  hear  how  smoothly  and  quietly  the  gears  run.  It  is  there- 
fore possible  to  pass  judgment  on  them  without  considering 
what  equipment  or  methods  were  used  in  producing  the  results 
obtained.  When  it  comes  to  testing  the  gear  for  the  quality 
of  its  hardness,  however,  we  find  we  cannot  do  more  than  give 
it  a  superficial  test,  which  may  mean  a  great  deal  if  we  are 
sure  the  hardening  was  done  properly,  but  which  means  very 
little  if  the  hardening  was  done  improperly. 

Assuming  that  the  proper  treatment  for  a  given  gear  is 
known,  it  is  essential  that  the  men  in  charge  of  the  harden- 
ing operation  should  supervise  it  closely  so  that  no  deviation 
from  the  best  treatments  is  made,  for  the  slightest  lack  of 
attention  produces  unsatisfactory  or  weakened  gears  which 
cannot  be  discovered  until  they  break  in  service.  This  satis- 
factory treatment  must  be  determined  by  measured  breaking 
tests  of  gears  and  an  examination  of  the  fracture,  to  deter- 
mine not  only  the  depth  of  case  but  the  condition  of  the  grain 
of  both  the  core  and  the  case.  From  a  gear  having  undergone 
this  test,  the  desired  scleroscope  and  Brinell  readings  may 
be  found. 

This  breaking  test  cannot  be  carried  on  indiscriminately,  of 
course,  owing  to  the  expense  of  making  test  gears,  but  it  is 
so  good  a  check  on  the  work  that  it  should  be  done  as  often 
as  possible  or  as  often  as  the  job  will  warrant.  If  gears 
that  have  been  spoiled  are  hardened  with  the  good  gears  and 
then  the  teeth  are  broken,  either  under  a  drop  or  with  a  ham- 
mer, and  the  fracture  is  examined,  the  quality  of  the  harden- 
ing may  be  checked  under  the  best  conditions  with  the  least 
expense. 

As  a  rule,  the  Brown  &  Sharpe  Mfg.  Co.  also  tests  every 
hardened  gear  with  a  ball-peen  hammer  for  depth  of  case  and 
with  a  file  for  hardness.  The  scleroscope  and  Brinell  ma- 
chines are  used  as  auxiliaries,  except  where  a  customer  may 
demand  a  given  reading  from  either  machine  when  it  becomes 
the  decisive  test. 

Besides  these  tests  for  hardness,  on  driving  bevel  gears,  this 
company  tests  for  flatness  on  a  surface  plate  and  for  any  dis- 
turbance of  the  web  in  the  direction  of  the  axis  of  the  gear. 
This  test  is  a  hardening-room  test,  for  if  it  is  found  that  gears 
are  becoming  distorted  in  hardening,  it  is  necessary  to  change 
the  hardening  fixtures. 

At  times,  after  all  these  tests  have  been  made,  and  prob- 
ably after  any  other  possible  test,  there  is  always  the  ques- 
tion as  to  whether  the  gears  will  run  satisfactorily  under 
actual  service  conditions.  As  a  result,  it  is  sometimes  ad- 
visable to  have  gears  tested  under  these  conditions  before  pro- 
ceeding at  full  speed  to  manufacture.  When  the  gears  are 
satisfactory,  it  is  a  good  plan  to  have  a  pair  or  set  that  has 
been  tested  out  in  actual  service  to  hold  as  master  gears,  with 
which  the  future  product  can  be  compared.  In  closing,  it 
should  be  said  that  the  amount  or  severity  of  the  inspection 
of  any  gear  depends  entirely  on  the  purpose  for  which  it  is 
used,  although  at  all  times  that  quality  which  represents  your 
product  should  be  maintained. 


The  following  note  was  published  in  a  contemporary  in 
the  year  of  our  Lord  1916,  although  it  reads  as  if  clipped  from 
a  journal  of  1876: 

It  largely  facilitates  the  execution  of  work  If  the  actual 
worker  has  a  scale  drawing  to  refer  to,  on  which  the  dimen- 
sions are  clearly  marked.  Such  drawings  may  very  well 
be  tracings  on  paper,  done  in  waterproof  ink,  the  finished 
tracings  being  fastened  to  a  board  with  Stickphast  paste. 
Cloy,  or  other  cheap  and  efficient  and  hard-drying  mount- 
ant,  as  usually  rough  usage  has  to  be  provided  for.  Trac- 
ings can  bo  produced  at  a  cheap  rate,  where  only  essential 
outlines  are  given,  and  neither  shading  nor  color  is  used, 
the  outlines  only  being  necessary  In  the  workshop.  Qlue- 
prlnt.-i  may  be  mounted  in  the  same  way,  where  they  are 
fixed  sufficiently  to  bear  light  exposure,  and  possibly  some 
amount  of  dampness,  but  these  too  often  "run,"  and.  as  a 
rule,  do  not  stand  well. 
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TOOL  SYSTEM  THAT  PREVENTS  TOOL 
SHORTAGES 

BY  D.   M.  PERRILL  ' 

One  effect  of  the  increasing  difficulty  experienced  in  se- 
curing tools,  tool  steel,  or  toolmakers  has  been  a  greater  in- 
terest in  the  tool-crib.  The  development  of  the  system  of 
which  this  article  treats  is  not  a  war-time  measure,  but  pres- 
ent conditions  make  it  a  most  timely  subject.  Realizing  the 
vital  need  of  ascertaining  their  tool  needs  well  in  advance  so 
that  proper  time  might  be  given  to  secure  or  make  the  tools, 
the  Lodge  &  Shipley  Machine  Tool  Co.,  Cincinnati,  Ohio,  has 
developed  a  new  tool  record  system.  Until  recently  this  com- 
pany used  the  check  system,  each  man  having  a  supply  of 
brass  checks  or  tags,  for  each  of  which  he  deposited  five  cents. 
This  amount  was  returned  to  him  when  he  turned  in  the 
checks,  either  on  leaving  or  when  he  was  transferred  to  some 
work  that  did  not  require  them.  Hooks  were  placed  on  the 
tool-crib  shelves  immediately  beneath  each  tool  position. 
■ftTien  a  man  obtained  a  tool,  he  turned  in  one  of  the  brass 
checks,  which  was  hung  on  this  hook  until  he  returned  the 
tool.  The  check  was  then  given  back  to  him.  The  faults  en- 
countered in  this  system  were: 

1.  There  was  no  record  kept  of  the  purpose  for  which  the 
tools  were  used,  and  it  was  impossible  to  tell  what  tools  had 
been  used  in  producing  a  given  piece.  It  was  therefore  im- 
possible to  check  the  tools  called  for  by  the  routing  depart- 
ment with  those  actually  used  in  manufacture.  These  differ- 
ences might  be  due  to  some  particular  hobby  of  the  workman 
which  it  would  be  well  to  correct,  or  they  might  represent  an 
omission  of  the  routing  department,  which  the  workman  took 
care  of  on  his  own  initiative  without  referring  the  matter  to 
the  proper  parties.  In  the  latter  case,  if  the  tools  used  for 
some  run  were  checked  up  from  the  routing  department's 
information,  the  necessary  tool  might  be  missing  without 
being  noticed.  Then  again,  all  of  the  type  of  machines  called 
for  by  the  routing  department  might  have  been  busy  and 
the  foreman  might  have  done  the  work  on  some  other  ma- 
chine without  any  record  being  made  of  it. 

2.  Since  no  record  was  kept  of  the  purpose  for  which  the 
tool  was  used,  there  was  no  way  to  tell  where  excessive  break- 
age or  wear  occurred  in  the  tool  during  the  manufacture  of 
some  particular  part,  unless  the  workman  or  his  foreman  re- 
ported it.  This  made  it  difficult  to  find  what  tools  needed 
strengthening  or  redesigning. 

3.  There  was  no'  way  of  telling  just  what  tools  a  man  had 
except  by  looking  through  the  entire  tool-room  and  noting  the 
checks  on  every  hook,  and  then  nothing  could  be  told  of  how 
or  for  what  he  was  using  them.  For  this  reason,  too,  in  look- 
ing through  the  tool-crib  for  tools  soon  to  be  needed,  no  esti- 
mate could  be  made  concerning  the  possibility  of  using  tools 
that  were  checked  out  of  the  tool-crib,  since  it  was  impossible 
to  ascertain  for  how  long  these  would  be  used. 
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Details    of    Each    Step    il 
machining  Work 


4.  This  also  made  it  practically  impossible  to  check  up  the 
tools  at  the  workman's  bench  to  see  if  they  corresponded  to 
the  ones  called  for  by  his  checks.  This  was  necessary  when- 
ever a  man  was  leaving,  and  the  increasing  labor  turn-over 
made  this  point  of  steadily  greater  importance. 

5.  The  men  could  secure  tools,  such  as  micrometers  worth 
several  dollars,  by  turning  in  a  brass  check  having  a  value 
of  five  cents.  On  leaving,  a  man  could  hold  out  the  tool  and 
lose  only  five  cents,  since  there  was  no  positive  record  to  prove 
that  the  check  had  not  been  misplaced  on  the  micrometer  hook 
when  the  workman  received  some  other  tool. 

A  triplicate  form  system  was  installed  to  do  away  with  these 
troubles.  It  gives  a  complete  record  of  the  tools  required  tor 
the  manufacture  of  any  given  piece,  so  that  it  is  possible  to 
tell  exactly  what  tools  will  be  required  for  a  given  set  of  ma- 
chines as  soon  as  the  pieces  required  are  known.  Three  rec- 
ords are  used;  the  original  (pink  sheet),  the  first  carbon  (yel- 
low sheet),  and  the  record  card  made  as  the  second  carbon 
(Manila  board).  All  three  use  the  form  shown  an  Fig.  2;  one 
is  given  to  the  man  securing  the  tool,  the  other  two  are  filed. 
One  of  the  files  is  temporary  and  is  only  used^  to  show  the 
tools  that  are  outside  the  tool-crib,  who  has  them,  and  what 
they  are  being  used  for.  The  file  used  for  this  record  is  one 
that  has  been  especially  developed  for  use  in  keeping  accounts 
in  groceries  and  retail  stores,  and  is  admirably  adapted  for 
keeping  tool  accounts. 

The  file  will  be  seen  to  the  left  in  Fig.  1.  Steel  clips  hold 
the  slips  in  place.  On  each  of  these  clips  is  a  number  under 
which  the  slip  is  filed.  An  index,  a  part  of  which  can  be  seen 
above  the  boards  holding  the  clips,  gives  the  men's  names  and 
their  numbers.  The  other  record  is  filed  permanently  in  a 
standard  metal  card  file,  shown  to  the  right  in  Fig.  1.  Some 
of  the  triplicate  record  books  can  be  seen  in  front  of  the  flies. 
When  a  tool  is  requested,  tlieso  forms  are  filled  out  ami  may 
be  used  in  either  of  two  ways,  depending  ou  the  conditions. 
When  there  are  several  duplicates  of  the  kind  of  tool  asked 
for,  or  when  there  is  no  possibility  of  the  tool  being  needed  by 
another  workman,  the  original  copy  (pink)  is  given  to  the 
man  to  whom  the  tool  is  issued,  the  first  carbon  copy  (yellow) 
is  put  In  the  register,  and  tho  record  carbon  copy  (Manila 
card)  is  init  on  the  pornianont  files  for  setting  up  and  chock- 
ing up  tho  operation  card,  Klg.  'A. 

When  there  are  only  a  few  of  tho  tools  on  hand  and  there 
Is  a  poHslblllty  of  tho  supply  being  exhausted,  tho  original  copy 
iH  given  to  tho  workman  as  before,  tho  first  carbon  copy  Is 
put  in  tho  tool  crib  In  tho  Hpaco  where  tho  tool  was.  and  the 
rr'cord  card  Is  put  In  the  rcglHlor.  Tho  object  of  IIiIh  is  lo 
iniike  II  eiiHy  to  <ln!(>k  up  the  tools  that  are  out  In  cuho  there 
Ih  n  Hhorluge.  In  IIiIh  way  il  is  caHy  to  call  In  tho  tools  that 
lire  not  In  iictual  uhc,  or  to  UHCurtaln  whether  the  workmen 
will  1)0  fInlHhed  with  them  by  tho  time  they  are  requlrcil. 

When  tho  tool  Ih  returned  the  worlunan  brlnnH  h.nK  llie 
nrlglnal  ropy  with  it;  thiH  and  llin  llrHt  carbon  copy  :iri'  ile 
Mlroyod.  If  tlioro  lian  boon  no  posHlbllily  of  tool  HhorluKo  anil 
the  record  rnrbon  copy  Ih  in  (he  perniiinent  (IIoh,  It  Ih  Himply 
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left  there.  However,  if  the  record  carbon  copy  was  placed 
in  the  register  while  the  first  carbon  copy  was  retained  in 
the  tool's  place  in  the  tool-crib  pending  the  return  of  the  tool, 
the  first  carbon  is  destroyed  as  previously  and  the  record  car- 
bon copy  is  now  transferred  to  the  permanent  files.  In  order 
that  the  record  carbon  copies  may  be  of  maximum  use  in 
checking  up  and  setting  up  the  operation  cards,  care  is  taken 
to  fill  the  spaces  calling  for  the  man's  number,  piece  number, 
date,  machine  number,  and  operation  number  as  carefully  as 
possible. 

To  see  if  the  tools  are  lost  or  broken,  the  register  is  gone 
through  once  each  week,  and  all  slips  two  weeks  or  older  are 
checked  up.  The  broken  tools  are  noted  on  the  carbon  record 
copy  so  that  the  fact  can  be  seen  in  checking  up  the  opera- 
tion card.  Every  two  weeks  the  tools  that  the  men  have  are 
checked  against  the  slips.  In  this  way  it  is  possible  to  gather 
up  all  the  tools  that  are  on  the  various  benches  and  to  find 
those  for  which  the  men  have  no  slips.  The  slips  used  in 
making  this  check  are  the  originals  which  were  given  to  the 
workman  when  he  obtained  his  tools,  and  which  he  is  required 
to  keep  and  return  with  them.  This  matter  of  checking  up 
the  tools  on  the  benches  is  of  particular  value  in  shops  operat- 
ing both  a  day  and  a  night  shift,  as  in  this  particular  instance. 
By  consulting  the  record  of  the  man  who  is  off,  it  avoids  any 
chance  of  a  tool  being  left  on  one  man's  bench  under  the  im- 
pression that  the  other  man  is  using  it. 

The  greatest  value  of  this  system  is  the  prevention  of  tool 
shortages.  In  the  Lodge  &  Shipley  plant  all  machines  are 
built  in  lots  to  secure  the  greatest  accuracy  and  the  maximum 
production.  The  product  is  assembled  from  interchangeable 
units.  The  number  of  units  required  are  laid  out  and  divided 
into  the  various  assemblies,  sub-assemblies,  and  finally  the 
individual  pieces.  In  this  shop,  this  takes  place  about  three 
months  before  the  machines  are  required.  At  this  time  the 
tool-room  foreman  and  the  tool  clerk  go  over  the  pieces  re- 
quired, checking  them  against  both  the  actual  record  of  the 
tools  previously  required  and  the  operation  card.  Any  short- 
ages are  noted  and  taken  care  of  immediately,  so  that  the  tools 
are  in  stock  long  before  they  are  actually  required  for  use 
in  manufacturing. 


SHADOW  ON  DR.  DIESEL'S  DEATH  REMOVED 
In  justice  to  Dr.  Diesel,  the  engineer  who  irLyented  and  so 
remarkably  developed  the  engine  that  bears  his  name,  and 
whose  untimely  death  in  October,  1913,  while  crossing  from 
Antwerp  to  Harwich,  England,  on  the  steamer  Dresden,  was  at 
the  time  explained  as  suicide  due  to  despondency  over  the 
condition  of  his  business,  it  snould  be  mentioned  that  later 
information  indicates  that  there  could  have  been  no  such 
cause  for  his  suicide.  Articles  now  published  in  America  by 
Axel  Bjornsen,  a  Scandinavian  who  served  for  many  years  in 
the  German  submarine  and  torpedo  boat  service.  Indicate  that 
Dr.  Diesel's  death  was  due  not  to  suicide  but  to  murder.  A 
peculiar  coincidence  may  be  mentioned  in  thi.s  connection.  If 
it  is  true  that  Dr.  Diesel  met  his  death  in  the  manner  indi- 
cated by  Mr.  Ujornsen,  he  is  the  second  of  the  great  inventors 
in  the  internal  combustion  engine  field  who  has  thus  met  his 
death.  The  Frenchman  Philippe  Lebon,  one  of  the  earliest 
workers  on  engines  of  this  kind,  was  murdered  in  1804  in  a 
similar  manner,  the  murderer  never  having  been  apprehended. 
It  is  believed  that  if  Lebon  had  lived  to  develop  his  invention 
further,  tlie  internal  combustion  engine  might  have  been  de- 
veloped to  a  commercial  stage  earlier  than  the  steam  engine. 
and  there  might  have  been  a  complete  reversal  in  the  develop- 
ment of  steam  and  Internal  combustion  engines  In  the  first 
half  of  the  nineteenth  century. 


CORRECTION 
In  tlic  article  "Strength  of  Condenser  Tube  I'lale."  on  page 
fin  of  the  September  number  of  Maciiinkkt,  the  line  just  above 
Fig.  2  should  read:  /t„  =  A.  —  /»„  =  0.524  —  0.221  -  ^  0.,303 
Bquarc  Inch.  This  was  merely  a  typographical  error  and  does 
not  affect  the  rest  of  the  problem. 


HUGE     CHAMBERSBURG    DOUBLE-ACTING 
STEAM   FORGING   HAMMER 

The  illustration  shows  a  forty-ton,  double-frame,  double- 
acting  steam  forging  hammer  recently  built  by  the  Chambers- 
burg  Engineering-Co.,  Chambersburg,  Pa.,  and  shipped  to  the 
Washington  Steel  &  Ordnance  Co.,  Washington,  D.  C.  It  is 
said  to  be  the  largest  double-acting  steam  forging  hammer  ever 
produced  in  the  United  States.  It  required  fourteen  railroad 
cars  to  ship  the  hammer  in  sections. 

The  cylinder  is  40  inches  diameter  and  96  inches  stroke. 
The  main  steam  pipe  is  10  inches  in  diameter,  the  exhaust 
pipe  14  inches,  and  the  diameter  of  the  piston-rod  is  15  inches. 
The  ram  proper  is  51  inches  wide,  66  inches  thick  from  front 
to  back,  and  72  inches  high.  It  is  dovetailed  to  hold  a  steel  die 
72  inches  long,  front  to  back,  41  inches  wide,  and  28  inches 
high.  The  approximate  weight  of  the  die  is  10  tons,  and  the 
total  weight  of  the  falling  parts  is  approximately  80,000 
pounds.  The  main  cylinder  is  lined  with  cast-iron  bushings  of 
special  mixture,  and  the  cylinder  proper  is  mounted  between 
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Chambersburg   Forty-ton    Double-acting    Steam    Forging   Hammer 

the  two  main  frames  in  machined  fits  and  is  securely  bolted 
with  body  bound  bolts,  the  frames  being  shrunk  together  with 
lour  large  rods  or  bolts,  making  the  upper  works  of  the  ham- 
mer one  rigid  piece.  The  superstructure  is  mounted  on  four 
massive  pedestals  and  Is  fitted  to  them  with  large  steel  body 
bound  bolts.  Underneath  the  four  pedestals  and  securely 
fastened  to  them  are  the  two  heavy  base-plates,  which  are 
spaced  apart  with  cast-iron  distance  pieces  and  shrunk  to- 
gether with  two  heavy  steel  tie-bars. 

The  hammer  was  built  for  use  with  steam  pressure  of  from 
100  to  150  pounds  per  square  Inch,  and  with  full  steam  pres- 
sure Is  capable  of  delivering  a  blow  of  SOOO  tons.  The  anvil, 
steel  anvil  cap  and  steel  die  weigh  350  tons.  The  total  weight 
of  the  hammer  is  GOO  tons.  The  hammer  was  built  to  draw- 
ings: Jigs  and  fixtures  and  all  parts  were  machined  accurately 
and  Indeppiuiont  of  assembly.  It  was  erected  in  the  plant, 
taken  down,  and  ro-erccteil  in  the  plant  of  the  Washington 
Stpol  &  Ordnance  Co.,  and  i)Ut  in  oiicration  within  one  week. 
•     •     • 

A  machine  gun  in  operation  uses  up  a  bale  of  cotton  in 
three  minutes. 
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PRACTICAL  WARTIME  SHELL  MAKING' 

So  many  foolish  statements  have  been  made  in  regard  to  the 
manufacture  of  munitions  and  the  possibility  of  automobile 
factories.  Implement  works  or  other  equally  ill-adapted  shops 
being  turned,  upon  very  short  notice,  into  shell  factories  that 
it  seems  well  to  consider  of  how  little  value  for  the  manufac- 
ture of  munitions  is  the  equipment  of  the  average  shop.  Out- 
side of  the  already  existing  munitions  plants,  the  equipment 
that  manufacturers  brought  to  the  business  of  shell  making 
consisted  mostly  of  their  money  and  credit  and  the  nucleus  of 
an  organization.  The  machinery  and  tools  were  more  than  90 
per  cent  new,  and  the  greatest  success  has  been  made  by  those 
companies  that  were  not  even  owners  of  machine  shops  of  any 
kind.  All  the  equipment,  enumeration  and  listing  that  has 
been  going  on  may  be  of  some  use  and  the  so-called  "educa- 
tional" orders  may  do  some  good,  but  the  only  thing  we  are 
sure  of  is  that  very  little  of  tradition,  precedent  or  theory  is 
observed  in  the  conduct  of  a  great  war. 

The  suggestions  made  here  for  emergency  factory  construc- 
tion are  to  be  understood  as  applicable  strictly  to  emergency 
conditions,  to  meet  a  demand  for  an  unusual  amount  of  am- 
munition with  the  least  possible  delay  and  in  no  way  as  sug- 
gestions for  permanent  private  or  government  arsenal  con- 
struction. In  the  construction  of  the  plant,  the  first  point 
to  be  considered  is  the  locality  with  reference  to  labor  supply 
and  transportation.  Within  easy  reach  of  all  our  large  centers 
of  population  may  be  found  level,  unoccupied,  naturally  well- 
drained  acreage  that  is  suitable  for  the  purpose  and  is  grid- 
ironed  by  railroads;  these  are  the  sole  requirements  for  such 
a  plan.  Final  inspection,  cleaning,  painting,  toolmaking,  etc., 
will  be  provided  for  in  fully  enclosed  one-story  buildings  at 
the  delivery  end  of  the  plant;  but  the  large  part  of  the  work 
will  be  performed  with  the  lightest  kind  of  shelter  over  ma- 
chines, operators  and  transfer  track,  and  circumstances  prob- 
ably will  not  always  justify  even  this  shelter. 

The  dimensions  of  the  plant  should  be  determined  by  the 
size  of  shell  to  be  manufactured.  Units  of  a  given  hourly 
capacity  should  be  located  between  and  perpendicular  to  two 
lines  of  railroad  siding  at  the  ends  of  the  plant;  one  track 
will  be  a  receiving  track  and  the  other  a  shipping  track.  The 
distance  between  the  tracks  will  represent  the  proper  length 
of  each  unit  to  avoid  congestion  and  afford  the  simplest  move- 
ment and  transfer  of  product.  Each  unit,  commencing  at  the 
rear  of  the  plant,  will  start  with  an  unloading  platform  and 
will  extend  in  a  double  row  of  opposed  machines  for  the  differ- 
ent operations  toward  the  finishing  end,  where  the  machinery 
installation  will  be  replaced  by  hand  operations  and  inspec- 
tion, to  the  packing  and  shipping  track.  All  machine  tools 
will  be  horizontally  belted,  but  since  space  is  not  considered, 
the  convenience  of  having  all  transmission  machinery  within 
easy  reach  is  a  consideration. 

In  the  construction  of  the  plant,  lines  of  concrete  piers  will 
carry  the  llneshafting;  storm-water  drains  will  be  placed 
parallel  to  these;  concrete  foundation  walls  for  the  machine 
tools  will  come  next;  and  transfer  tracks  will  be  between  the 
machine  foundations.  A  cutting-compound  drain  will  extend 
the  length  of  each  machine-foundation  wall  to  a  sump  and 
pump  at  the  end  of  the  line  or  at  intermediate  locations.  From 
each  concrete  pan  under  or  at  the  machines,  there  will  extend 
a  chip  channel,  having  a  slightly  raised  bottom,  connecting 
with  covered  chip  tanks  sunken  In  the  ground,  but  readily 
removable  by  the  cranes.  Uelwcen  each  two  rows  of  machines 
there  will  be  an  Industrial  railway  upon  which  platform  cars 
will  be  operated;  at  each  machine,  car-lloor-hoight  platforms 
will  iM)  placed.  Such  a  plant  can  be  erected  anri  opcnited  to 
capacity  within  sixty  days  from  the  time  luithority  Is  given 
to  build  It. 

A  complete  series  of  machlncn  for  all  hIioII  maltlnK  oporn- 
tlons  can  be  dcslKnnd  along  linen  that  will  portult  of  their  con- 
Btruntlon  In  ImiiienHC  (|uantltleH  within  thirty  days  from  the 
lime  when  the  neccHBlty  for  them  arlHOB,  and  ut  a  rale  of  out 
put  that  will  Hupply  any  concolvablo  demand  within  the  follow 
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ing  sixty  days.  The  practicability  of  such  performance  has 
been  definitely  proved  in  the  last  two  years;  one  company 
accepted  orders  for  hundreds  of  machines  on  the  guaranteed 
deliveries  of  "Commence  in  thirty  days  and  ship  5  per  cent 
of  any  sized  order  every  working  day  thereafter." 

The  United  States  government  can  easily  be  prepared  to  de- 
liver such  machines  in  the  desired  daily  quantities  within 
thirty  days  by  the  following  method:  In  each  selected  indus- 
trial center  establish  a  government  plant  in  which  will  be 
stored  the  necessary  patterns,  jigs  and  equipment  to  make 
such  machines;  and  in  which  will  also  be  kept  a  list  of  the 
plants  in  the  territory  equipped  to  make  the  required  parts. 
Upon  order  from  Washington,  the  patterns  will  be  shipped  to 
the  designated  foundries,  and,  beginning  with  the  third  day, 
castings  should  be  received  at  the  rate  of  one  casting  a  day 
per  pattern.  It  will  probably  require  about  three  weeks  to 
manufacture  the  various  working  parts  of  the  machine,  but 
within  thirty  days  at  the  outside  completed  machines  will  be 
ready  to  run  in  the  munitions  plants.  The  number  of  ma- 
chines added  to  the  equipment  daily  will  be  the  same  as  the 
number  of  patterns  from  which  castings  are  made.  This  rec- 
ord can  be  bettered  by  stocking  in  the  warehouse  the  various 
machine  parts,  aside  from  the  large  bed  castings,  sufficient  to 
make  up  machines  of  a  desired  daily  output  during  the  period 
found  necessary.  If  this  is  done,  completed  machines  can  be 
delivered  to  the  munition  plants  within  a  week  of  authoriza- 
tion by  the  government.  The  total  cost  to  the  government  for 
the  patterns,  jigs  and  equipment  necessary  for  such  a  plan 
of  preparedness  will  be  approximately  but  $1,000,000. 

Retrospection  on  the  days  of  1915,  when  manufacturers  were 
begging  for  standard  machine  tools  with  which  to  make  shells 
and  were  given  deliveries  of  eight  to  eighteen  months,  shows 
the  necessity  for  an  entirely  different  provision  of  emergency 
machines.  To  depend  at  all  on  current  stocks  or  to  hope  to 
utilize  to  any  extent  the  working  equipment  of  existing  shops 
is  equally  ill-advised.  To  cut  from  new  cloth  in  such  an 
emergency  as  wartime  conditions  is  the  only  method  that 
promises  success,  and  there  is  promise  of  nothing  but  disap- 
pointment in  the  attempt  to  adapt'  existing  shops  and 
machinery. 

*     *     * 

THE  CASUALTY  LIST  OP  PEACE 
In  calling  attention  to  the  great  waste  of  human  life  in  our 
industries.  Secretary  Redfield  touched  upon  a  subject  which 
is  still  very  much  alive,  in  spite  of  all  the  efforts  that  have 
been  made  to  safeguard  the  workers  in  the  industries.  The 
enormous  loss  due  to  industrial  accidents  can  perhaps  be 
grasped  in  no  better  way  than  by  comparing  it  with  the  losses 
on  the  battlefield.  We  read  that  during  the  month  of  August 
20,000  British  soldiers  were  killed  at  the  front.  This  is  an 
appalling  number  for  a  month  when  no  great  battle  took  place, 
and  yet  the  number  of  men  killed  in  the  peaceful  industries 
in  the  United  States  during  a  year  is  estimated  to  exceed  this 
number  by  50  per  cent.  During  the  same  month,  over  100,000 
British  soldiers  were  wounded,  but  the  monthly  average  In 
the  industries  in  the  United  States  is  250,000,  or  two  and  one- 
half  times  that  of  the  whole  British  army  at  the  front. 

We  are  prone  to  give  our  attention  to  the  spectacular  and 
to  forget  that  which  does  not  force  itself  upon  our  attention. 
In  a  few  months,  we  shall  probably  be  greatly  concerned  over 
the  casualties  at  the  front,  but  we  shall  forget  the  much 
greater  casualties  that  constantly,  from  year  to  year,  take? 
place  In  our  factories  and  iiuluHtrIca  ut  homo,  a  large  per- 
iciitage  of  which  are  preventable.  It  should  not  be  forgotten 
that  the  men  and  women  behind  the  lathes  and  looms  aro  just 
;iH  necessary  to  the  prosecution  of  the  war  as  the  men  bchlini 
the  guns,  and  while  every  effort  li  being  nmdo  to  prosecute 
the  war  at  the  battle  front  properly,  the  efforts  to  safogunrd 
the  workers  at  home  should  lie  iloublcd.  In  spite  of  all  Unit 
has  boon  done  In  llii^  last  few  yeiirs,  there  arc  still  too  many 
dangers  to  which  induntrlal  workers  arc  exposed  that  could 
ho  ollmliialed,  providing  Ibn  Indlfferenco  and  Ignorance  of 
both  those  In  rlmrge  and  of  the  workerH  themselves  could  be 
HucccHHfuUy  conibnled. 


November,  1917 


MACHINERY 


277 


PRODUCTION  OF  ALCOHOL  FROM   SAWDUST 

Arthur  D.  Little  stated  before  the  Canadian  Manufacturers' 
Association,  in  discussing  the  production  of  alcohol  from  wood 
waste,  that  in  1S19  Braconnot  boiled  up  some  cellulose  in  the 
form  of  an  old  shirt  with  sulphuric  acid  and  found  that  the 
cellulose  was  converted  into  a  sort  of  sugar,  some  of  which 
he  subsequently  fermented  into  alcohol.  He  exhibited  his  re- 
sults to  the  French  Academy  to  the  amazement  of  its  mem- 
bers. A  hundred  years  of  industrial  research  has  at  last  trans- 
formed that  laboratory  method  into  a  commercially  operative 
process,  by  which  thousands  of  gallons  of  high-grade  ethyl 
alcohol  are  made  from  yellow  pine  sawdust.  This  is  not  wood 
alcohol,  but  is  identical  in  every  particular  with  that  com- 
monly made  from  grain.  The  industrial  importance  of  this 
achievement  can  hardly  be  overestimated.  A  cord  of  sawdust 
costing  fifty  cents  yields  ten  gallons  of  95  per  cent  alcohol, 
whereas  a  bushel  of  corn  costing  over  eighty  cents  yields  only 
two  and  one-fourth  gallons,  and  a  gallon  of  molasses  worth  at 
least  fifteen  cents  gives  only  half  a  gallon  of  alcohol.  By  this 
process  any  vegetable  waste  that  can  be  collected  cheaply  and 
in  quantity  becomes  a  raw  material  for  alcohol  and  releases 
for  their  proper  use  as  a  food  the  corn  and  molasses  now 
diverted  to  alcohol  production.  Incidentally  it  removes  sub- 
stantially all  menace  of  a  possible  failure  of  the  gasoline  sup- 
ply, since  alcohol  is  equally  available  as  a  motor  fuel. 

The  Forest  Service  of  the  U.  S.  Department  of  Agriculture 
has  issued  a  bulletin  declaring  that  there  is  no  reason  for  dis- 
criminating against  ethyl  alcohol  made  from  wood  in  favor  of 
that  from  grain  or  molasses.  The  amount  of  impurities  in 
commercial  ethyl  alcohol  is  very  small,  and  they  are  probably 
less  objectionable  when  wood  is  used  as  a  base  than  when 
grain  or  molasses  is  used.  The  prejudice  against  the  use  for 
some  purposes  of  ethyl  alcohol  made  from  wood  is  probably 
accounted  for,  the  experts  say,  by  a  confusion  with  methyl 
or  "wood"  alcohol,  which  is  poisonous.  Both  products  are  de 
rived  from  wood,  but  are  radically  different.  The  ethyl,  or 
grain  alcohol,  is  made  by  reducing  the  wood  to  sawdust,  treat- 
ing the  sawdust  with  an  acid  to  produce  chemical  sugars,  and 
converting  the  fermentable  sugars  into  alcohol  by  fermenta- 
tion, as  in  the  case  of  grain  or  molasses.  Wood  alcohol,  how- 
ever, is  obtained  by  condensing  certain  gases  which  are  lib- 
erated when  the  wood  is  heated  in  air-tight  retorts,  so  that 
it  decomposes  without  burning.  Ethyl  alcohol  has  been  com- 
mercially manufactured  from  wood  in  this  country  for  several 
years.  It  is  suitable  for  any  use  to  which  ethyl  alcohol  from 
any  other  base  is  put.  Improvements  on  the  processes  that 
have  been  developed  at  the  Forest  Products  Laboratory  have 
made  it  possible  to  decrease  the   former   cost  of  production. 

GAS  AND  FLAME  SERVICE 
The  Thirtieth  Engineers,  headquarters  Camp  American  Uni- 
versity, D.  C,  is  in  need  of  expert  mechanics  and  chemical 
workers  for  the  Gas  and  Flame  Service  Regiment.  The  regi- 
ment is  being  recruited  now"  from  men  volunteering  for  the 
service  and  will  be  ready  to  go  to  France  by  Thanksgiving. 
It  is  a  regiment  for  skilled,  practical  men  and  the  service 
offers  a  real  chance  for  red-blooded  Americans  to  get  in  where 
their  efforts  will  give  definite  results.  Those  who  can  qualify 
are  analytical,  research  and  manufacturing  chemists,  chemi- 
cal workers,  powdermen,  men  experienced  in  gas  manufacture, 
machinists,  automobile  repair  men,  gas  and  steam  engine  re- 
pair men,  pipe  fitters,  electricians,  designers,  carpenters,  black- 
smiths, plumbers,  boiler-makers,  chauffeurs,  and  interpreters. 
Men  with  long  experience  In  their  trades  are  especially  desired 
to  fill  the  master  engineer  grades.  American  citizens  with  the 
above  qualifications  between  the  ages  of  eighteen  and  forty 
years,  who  have  not  actually  been  called  by  a  local  board  In 
the  draft,  are  eligible  for  enlistment.  Colonel  A.  A.  Fries, 
Engineers,  N.  A.,  is  the  commanding  offlcer,  and  Major  E.  J. 
Atklsaon,  Corps  of  EnRlneers.  is  organizing  the  first  battalion 
at  Camp  American  University,  D.  C.  Those  who  enlist  may  go 
to  the  nearest  recruiting  station  or  UnUed  States  district  engi- 
neering ofilcc  and  state  their  qualifications  and  wish  to  enlist 
In  the  Thirtieth  Regiment  of  Engineers.  Gas  and  Flame 
Service. 


JOSEPH  T.   RYERSON  &  SON  CELEBRATE 
SEVENTY- FIFTH  ANNIVERSARY 

The  firm  of  Joseph  T.  Ryerson  &  Son,  Chicago,  111.,  cele- 
brated its  seventy-fifth  anniversary  November  1.  The  Ryerson 
family  has  been  associated  with  the  iron  industry  for  a  much 
longer  period  than  seventy-five  years,  however.  In  the  early 
years  of  the  eighteenth  century  George  Ryerson  and  associates 
purchased  6000  acres  in  New  Jersey  in  which  there  were  de- 
posits of  iron  ore.  These  deposits  were  mined  from  1750  to 
1770,  and  the  ore  was  used  in  the  crude  processes  of  iron 
manufacture  then  in  vogue.  Thomas  Ryerson  became  a  whole- 
sale dealer  in  finished  iron  and  steel  products  in  Philadelphia 
in  1790,  and  his  son,  Joseph  T.  Ryerson,  went  to  Chicago  in 
1842,  where  he  established  the  present  firm.  At  that  time 
Chicago  was  a  city  of  only  6000  inhabitants,  having  but  a  few 
brick  buildings,  the  remainder  being  rough  frame  structures. 
Mr.  Ryerson's  venture  was  successful  and  he  erected  addi- 
tional buildings  as  more  and  more  space  was  required.  After 
his  death,  the  firm  was  incorporated,  and  his  son,  Edward  L. 
Ryerson,  became  the  president.  Three  of  his  grandsons  are 
vice-presidents  of  the  concern.  Large  plants  have  been  erected 
at  Chicago,  New  York  and  St.  Louis,  and  another  plant  was 
opened  in  Detroit  on  the  seventy-fifth  anniversary. 

•  *     * 

GREAT  SHIPBUILDING  PLANT  AT  PORE  RIVER 
The  United  States  Government  has  appropriated  $80,000,000 
for  the  construction  by  the  Fore  River  Shipbuilding  Corpora- 
tion, Quincy,  Mass.,  of  a  $9,000,000  plant  and  a  minimum  of 
forty-six  destroyers.  The  destroyers  will  cost  approximately 
$1,500,000  each.  The  construction  work  on  the  plant  will  be 
done  by  the  Aberthaw  Construction  Co.  of  Boston.  The  build- 
ings to  be  erected  will  afford  an  aggregate  floor  space  of  more 
than  2,000,000  square  feet.  A  tremendous  amount  of  steel  will 
be  required  for  the  construction  of  the  reinforced  concrete 
buildings  and  the  destroyers,  but  the  material  will  not  be  lack- 
ing, since  the  Priority  Board  has  given  the  destroyer  building 
preference  over  all  other  requirements  of  concerns  working 
for  the  government,  even  over  shipbuilders  constructing  the 
merchant  fleet.  The  construction  of  the  plant  will  require 
more  than  4000  men,  and  for  the  construction  of  the  destroyers 
the  Fore  River  Shipbuilding  Corporation  will  need  from  8000 
to  10,000  men  at  Quincy,  about  3500  at  Buffalo,  and  1000  at 
Providence. 

•  *     • 

NEW  AIRPLANE  RECORD  IN  AMERICA 
A  new  American  airplane  record  was  made  on  October  22, 
when  a  Caproni  biplane  carried  nine  persons  330  miles  in 
four  hours  and  twenty-five  minutes.  A  Pomilio  scout  biplane, 
which  left  at  the  same  time  and  carried  two  persons,  made  the 
trip  in  two  hours  and  fifty-five  minutes.  Both  airplanes  are 
machines  the  Italian  government  has  sent  here  to  show  their 
capabilities  and  are  in  charge  of  Italian  officers;  in  the  flight 
from  the  Langley  field,  near  Norfolk,  Va.,  to  Mineola,  L.  I., 
each  carried  representatives  of  the  Italian  and  American 
armies.  The  Caproni  biplane  has  a  wing  spread  of  72  feet 
and  is  equipped  with  three  Isotta  150-horsepower  engines. 
It  made  an  average  of  seventy-three  miles  an  hour  and  flew 
at  about  5000  feet,  so  as  to  follow  the  coast  line;  part  of  the 
trip,  however,  was  made  at  an  altitude  of  11,500  feet.  The 
Pomilio  biplane  is  equipped  with  a  350-horsepower  engine,  a 
machine-gun  platform,  and  places  tor  six  65-pound  bombs.  It 
flew  at  a  height  of  12.000  feet  and  averaged  112  miles  an  hour, 
though  sometimes  a  speed  of  140  miles  was  reached. 

•  *     • 

A  training  school  for  women  oxyacetylene  welders  has  been 
established  at  Notting  Mill  Gate  in  England,  the  expenses  in 
connection  with  which  are  paid  by  the  British  Government. 
About  two  hundred  skilled  women  welders  have  been  trained 
in  this  school  and  at  least  twenty  women  are  constantly  In 
training.  The  trained  women  are  successfully  carrying  out 
welding  work  in  airplane  factories,  and  the  demand  for  them 
Is  80  great  that  so  far  all  the  welders  have  been  engaged  by 
the  various  factories  two  or  three  weeks  ahead  of  the  comple- 
tion of  their  course  of  instruction. 
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This  Typical  "Brown  &  Sharpe 
Equipped"  Department  is  in  a 
Prominent  Chicago  Plant 

where  machines  of  great  precision  and  efficiency 
are  necessary  to  make  possible  the  accurate  and 
fast  production  of  duplicate  work  demanded — at  a 
minimum  manufacturing  cost. 

Brown&SharpeMillingMachines 

have  the  points  in  design  and  construction  thai  ruilill  these  requiremonts — -the  points  and 
features  that  modern  milling  demands. 

Investigation  and  comparison  will  quickly  show  you  the  reasons  why  this  company  installed 
B  &  S  Machines  and  why  you,  too,  should  specify 

Brown  &  Sharpe  Equipment  for  your  Milling  Department 

Send  for  Literature 

Brown   &   Sharpe   Mfg.   Co.,1 

OmCES:  New  York,  N.  Y.,  20  Vi'ix'V  Si  Philadelphia,  Pa.,  Ilii:i  IPir.  I.ll..i(v  111.1k  Chicago,  Ml.,  niKinnn  WiiHliliiKldii 
HIvrl  Rochciter,  N.  Y.,  HU  Chnmlwr  nf  ( •otnrnir<i>  I'.ldK  Syracuse,  N.  Y.,  liipi.in  nn  I 'iilv.r  ully  lll<nl<  Pltttburgh,  Pa., 
2r,»H  Hrnry  W.  Ollvf<r  Wilg.  CANADIAN  REPRESENTATIVE:  Montreal,  Toronto,  Winnipeg,  Calgary,  Vancouver,  St. 
John,  Saikatoon.     Thi-  rnniidliin  Kiilrlpi.iiltn-MorMn  fi,.,   l.lrl. 
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Trips  to  the  Grinding  Wheel 

Reduced  to  a  Minimum 

Cutters  that  stand  up  under  hard  service  for  long  periods  be- 
tween resharpenings  not  only  minimize  the  production-lowering 
periods  of  inactivity  while  cutters  are  taking  trips  to  the  grind- 
ing wheel,  but  the  profit-earning  life  of  such  cutters  is  consider- 
ably lengthened.  That's  why  Brown  &  Sharpe  Cutters  not  only 
boost  production  but  lower  cutter  costs. 

Send  TODA  Y  for 
Catalog  27— A  Reliable  Guide   To  a  Reliable  Cutter  Service 

Providence,  R.  I.,  U.  S.  A. 


REPRESENTATIVES:      Baltimore,    Md.,    r.irey    Machinery    &  Supplv     |-|>        Cincinnati,    O.,     Indlanapollt,     Ind.,    the     K.    A. 

Klns.y   Co,      San    Francisco,   Cal.,    r.-n-ldr   Tool    &    Supnlv   Co.  Cleveland,    C.    Detroit,    Mich.,    Strong,    Cirllslc    .^-    H.immond 

Co.     St.    Loula,    Mo.,   Colconl-WUKht    M.TChlnery   &    Supply   Co.  Seattle,   Wash.,   I'irliic  .Machinery  Co.      Portland,  Ore.,   Port- 
l.'ind  Machinery  Co. 
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TRADING  WITH  THE  ENEMY  ACT 

Secretary  William  C.  Redfield  of  the  Department  ot  Com- 
merce and  Labor,  Washington,  D.  C,  addressed  about  two  hun- 
dred editors  at  the  editorial  conference  held  at  the  Automo- 
bile Club  of  America  in  New  York  City,  October  16,  on  the 
subject  "Trading  with  the  Enemy  Act."  He  spoke,  in  part. 
as  follows: 

The  ways  of  commerce  are  commonly  the  ways  of  peace,  but 
now  commerce  is  used  as  a  war  weapon  in  two  ways:  first,  to 
provide  the  nations  associated  with  us  in  the  war  with  the 
means  of  warfare;  second,  to  see  that  our  enemies  do  not,  by 
direction  or  indirection,  obtain  anything  that  comes  from  our 
shores  that  we  can  prevent.  A  third  element  is  conservation, 
or  the  saving  of  that  which  is  not  plentiful  for  use  that  must 
be  made  of  it  in  the  war,  and  the  using,  on  the  other 
hand,  of  that  which  is  abundant  in  its  place.  We  are  not  cer- 
tain that  we  are  going  to  have  enough  for  ourselves,  our  asso- 
ciates and  the  neutrals  to  whom  it  seems  to  be  safe  to  sell  any 
goods  in  these  days.  Consequently,  the  principle  that  lies  be- 
hind the  restriction  of  exports  is  the  principle  of  conservation. 

The  restriction  of  the  act  will  exist  whether  there  is  any 
act  or  not.  It  has  long  been  the  law  of  nations  that  in  time 
of  war  all  communication  with  the  enemy  is  prohibited.  The 
prohibitions  ot  the  act  are  clearly  stated  and  made  plain  by 
the  language  of  the  law — but  they  existed  before.  There  is 
in  the  bill,  however,  an  original  clause;  that  is,  the  creation 
of  the  alien  property  custodian,  to  whom  all  debts,  interest, 
dividends,  etc.,  belonging  to  enemies  or  enemy  allies  can  be 
paid,  and  a  full  discharge  thereby  had  of  the  debt. 

An  American  citizen,  also,  may  obtain,  providing  Germany 
will  reciprocate,  patents  in  an  enemy  country  during  the  war, 
and  our  enemies  may  obtain  patents  in  this  country.  Any 
American  manufacturer  or  industry  may  apply  to  the  War 
Trades  Bureau  for  a  license  to  use,  during  the  war,  any  patent 
belonging  to  an  enemy  or  an  ally  of  the  enemy  existing  and 
valid  in  this  country.  He  may  use  the  patent  if  he  secures  a 
license  for  a  small  fee,  but  he  must  pay  to  the  alien  patent 
custodian  5  per  cent  of  the  value  of  the  articles  that  he  makes 
under  that  patent.  At  the  end  of  the  war,  the  foreign  owner 
may  sue  in  our  courts,  within  a  year,  for  a  royalty  for  the 
use  of  that  patent,  and  if  he  recovers,  this  5  per  cent  fund,  so 
far  as  it  goes,  will  be  used  to  pay  the  judgment;  if  he  does 
not  recover,  or  if  during  the  year  he  does  not  bring  suit,  the 
5  per  cent  will  be  refunded  to  the  American  user. 


MECHANICS  WANTED  FOR  ORDNANCE  CORPS 
•  The  Enli.sted  Ordnance  Corps,  National  Army,  into  w^hich 
the  Ordnance  Enlisted  Reserve  Corps  has  been  merged,  is 
charged  with  the  supply,  maintenance  and  repair  of  all 
cannon  and  artillery  vehicles  and  equipment;  all  machines 
for  the  service  and  maneuver  of  artillery;  all  small  arms, 
ammunition,  harness,  motor  trucks,  motorcycles,  tractors 
and  railroad  cars.  In  fact.  It  is  the  army  behind  the  array, 
commonly  known  as  the  "Service  of  the  Rear." 

There  Is  a  place  in  the  Enlisted  Ordnance  Corps  for  practi- 
cally every  sound  man  between  the  ages  specified,  who  knows 
a  trade.  Machinists,  mechanics,  plumbers,  painters,  carpen- 
ters, canvas  workers,  motor  car  repair  men,  saddlers,  black- 
smiths and  wheelwrights  are  especially  needed  at  this  time. 
Applicants  must  be  between  I'lghteon  and  forty  years,  citizens 
or  declarents,  and  be  able  to  speak,  road  and  write  the  English 
language.  They  should  have  no  absolute  dependents  and 
must  be  able  to  pass  a  physical  examination  conforming  to 
that  prescribed  for  the  regular  army. 

In  view  of  the  importance  of  their  work,  a  largo  iiumhcr 
of  laf.n  will  serve  as  non-commlsHloned  odlcftrs.  Orlglnu!  fii 
llstment  Is  rof|ulred  as  private,  but  later  courseH  of  tniliilnK 
or  special  'jualldcatloMH  uulckly  lead  to  hlghor  grades.  I'liy 
ranges  from  |,'iO  to  $07.20  a  month,  depending  upon  the  dc- 
monatratcd  nhlllty  and  place  of  servlno.  Men  rcglHlercd  under 
the  Helcrtlve  Service  Law  may  voluntarily  enlist  prior  to  the 
posting  of  llii'lr  natnes  by  the  local  honrdH.  Application 
blniiks  may  bo  obtained  by  writing  to  the  Chief  of  OrdMuncn, 
Enlisted  Periionnel  DlvUlon.  Waslilngton,  D.  f. 


PERSONALS 


Robert  T.  Turner  has  joined  the  Shepard  Electric  Crane  & 
Hoist  Co.  as  sales  engineer  at  30  Church  St.,  New  York  City. 

P.  J.  Kroll  has  resigned  as  representative  of  the  International 
Oxygen  Co.,  115  Broadway,  New  York  City,  for  Pittsburg  and 
the  middle  western  territory. 

Murray  Shipley  and  Henry  M.  Wood,  formerly  with  the 
Lodge  &  Shipley  Machine  Tool  Co.,  Cincinnati,  Ohio,  have 
Joined  The  Sechler  &  Co.,  Cincinnati,  Ohio. 

C.  W.  Johnson,  general  superintendent  of  the  East  Pittsburg 
Works  of  the  Westinghouse  Electric  &  Mfg.  Co.,  has  been 
elected  vice-president  of  the  American  Institute  of  Metals. 

C.  F.  Goodrich,  assistant  manager  of  the  Buffalo  Forge  Co.'s 
Boston  office,  has  left  for  active  duty  as  first  lieutenant  in 
the  Ordnance  Department,  and  is  stationed  at  the  Watervliet 
Arsenal. 

Hans  Karlsrud,  representing  A/S.  National  Industri  in  the 
United  States,  has  returned  to  Norway,  and  the  interests  of 
the  company  will  be  in  charge  of  Bjarne  Holm-Hansen,  309 
Broadway,  New  York  City. 

Charles  C.  Cheyney,  manager  of  the  Chicago  ofl3ce  and  store 
of  the  Buffalo  Forge  Co.,  has  a  commission  in  the  Naval 
Aeronautic  Corps,  and  is  beach  engineer  at  Pensacola,  Fla., 
in  charge  of  aeroplane  engines. 

B.  D.  Fuller,  superintendent  of  foundries  of  the  Westing- 
house  Electric  &  Mfg.  Co.,  East  Pittsburg,  Pa.,  was  elected 
president  of  the  American  Foundrymen's  Association  at  the 
recent  annual  convention  in  Boston. 

Edmund  Barany,  machine  designer  of  the  Singer  Mfg.  Co., 
Elizabeth,  N.  J.,  has  assumed  the  duties  of  mechanical  engi- 
neer and  assistant  to  the  general  superintendent  of  the  Cleve- 
land Twist  Drill  Co.,  Cleveland,  Ohio. 

Don  R.  Marsh,  production  manager  with  the  Buffalo  Forge 
Co.'s  Buffalo  office,  has  given  up  his  work  to  assume  similar 
duties  at  Washington  in  the  production  of  ammunition.  Mr. 
Marsh  received  a  captain's  commission. 

H.  P.  Bardwell,  well  known  to  buyers  of  tool  steel  in  the 
East,  has  been  appointed  New  York  district  manager  for  the 
Vanadium-Alloys  Steel  Co.  of  Pittsburg  and  Latrobe,  Pa. 
Mr.  Bardwell's  offices  will  be  at  30  Church  St.,  New  York  City. 

N.  C.  Walpole,  southern  sales  manager  of  the  Niles-Bement- 
Pond  Co.  and  the  Pratt  &  Whitney  Co.,  with  office  in  Birming- 
ham, Ala.,  has  been  granted  leave  of  absence  for  the  duration 
of  the  war.  He  has  been  commissioned  major  in  the  Ordnance 
Department. 

Edmund  B.  Moore,  for  the  last  six  years  demonstrator  with 
the  Jones  &  Lamson  Machine  Co.,  has  been  commissioned  as 
first  lieutenant  in  the  United  States  Army,  Ordnance  Section. 
Mr.   Moore   is   a   graduate   of  the   Massachusetts   Institute   of  " 
Technology  in  the  class  of  1912.' 

Charles  O.  Rowe  has  joined  the  sales  force  of  the  Hess  Steel 
Corporation,  Baltimore,  Md.  Mr.  Rowe  was  formerly  associ- 
ated with  the  Union  Drawn  Steel  Co.  in  the  sales  department. 
He  will  act  as  representative  for  the  Philadelphia  district 
for  the  Hess  Steel  Corporation. 

Frederic  Meron,  a  mechanical  and  electrical  engineer  who 
has  given  much  attention  to  efficiency  methods  of  production, 
has  opened  an  office  at  2  Rector  St.,  New  York  City,  where 
he  will  give  attention  to  lay-outs,  location  of  machinery  and 
equipment,  the  handling  of  materials,  working  methods,  in- 
dustrial accounting  and  other  problems  in  industrial  engi- 
neering. 

H.  P.  Brandes,  who  for  the  past  four  years  has  been  works 
manager  of  the  Putnam  Machine  Co.,  Fitchburg,  Mass.,  has 
resigned.  He  directed  the  erection  and  cquii)niont  of  the 
new  plant  of  the  Putnam  Machine  Co.,  which  is  considered  one 
of  the  most  modern  In  the  country.  Mr.  Brandos  has  returned 
to  Bridgeport  for  the  present  to  give  his  attention  to  his 
Intcrost.s  In  the  Sprlngtleld  Mfg.  Co. 

J.  F.  Sallows,  Lan.siiig.  Mich.,  a  huut-treatmont  expert  anil 
occasloiiul  contributor  to  Maciiiniohv,  has  worked  out  ii 
method  for  liardc'niiig  carbon  steel  gears  and  other  i)arta 
whereby  they  liolil  their  size  mid  Hlia|)o  In  every  way.  There 
Ik  no  warping,  Mlirlnklng,  Hwclling  or  scale;  the  holes  in  gears 
do  not  require  grlndliiK  after  hardening,  and  may  bo  broached 
to  exact  bIzo  bol'oro  Imrdonlng. 

William  A.  Ilattey,  who  has  been  connected  with  tlio  Shepard 
Electric  Criiiin  &  llolst  (>>..  Montour  Kalis.  N.  Y.,  as  Eiislorn 
snlns  manager  anil  .milns  director  since  Its  start  in  llils  flolil, 
has  roHlgneil;  his  reHlgnatloij  Is  to  take  offeel  Decemhor  1. 
Me  will  retain  his  Interest  in  the  ciimp:iny  unil  I'lmtinue  us  a 
director.  W.  C.  llrlgKH,  who  for  the  past  ten  years  lias  been 
asHoclnt(<d  with  Mr.  Ilattey  In  the  eom|)any's  Now  York  olllie 
as  sales  unglneur,  will  beromo  district  manager. 
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Cincinnati  Gauging  and 
Inspection  Methods 

Interchangeability  of  machine  parts  is  a  very  flexible  term.  Even  the  parts  of  agri- 
cultural machinery  are  interchangeable,  which  shows  that  this  word  may  mean 
much  or  little.  In  machinery  construction  it  must  be  used  in  connection  with 
stated  or  known  accuracy  limits.  The  limits  to  which  parts  of  Cincinnati  Millers 
are  made  vary  from  .001"  on  some  parts  to  .00025"  on  others,  and  in  many  cases  no 
tolerance  is  allowed.  When  such  parts  are  made  interchangeable,  the  gauging  and 
inspection  methods  must  be  rigid. 


Gauging  Unit  Mechanisms — Our  unit  sys- 
tem of  construction  demands  different 
gauging  methods  from  those  usually  em- 
ployed. Figure  1  shows  a  set  of  gauges 
for  testing  the  alignment  of  the  splined 
shafts  in  milling  machine  knees.  This  is 
tested  by  two  indicators,  one  reading  on  the 
top  and  the  other  on  the  side  of  a  master 
shaft,  inserted  in  the  knee.  Before  making 
the  test,  these  indicators  are  set  to  the 
master  gauges,  shown  on  top  of  case.  This 
gives  us  a  permanently  accurate  method  of 
testing,  which  shows  us  more  closely  than 
any  fixed  or  snap  gauge  can  do  whether  a 
shaft  is  parallel  and  in  its  proper  position,  or 
in  wind  and  out  of  position. 


The  Testing  Gauges  for  Our  Dividing  Head 
Tailstocks — These  tailstocks  consist  of  four 
parts,  all  of  which  slide  into  each  other  ac- 
curately. These  parts  are  manufactured  in 
lots  of  fifty.  They  are  absolutely  interchange- 
able in  the  machining  stage,  and  can  be 
pushed  together  without  any  hand  work. 
The  final  scraping,  which  merely  removes  the 
loose  iron,  serves  to  give  them  a  snug  slid- 
ing fit. 


Fig.    2 


These  are  only  two  examples  out  of  manyhundreds  which  we  use.  You  are  welcome 
to  inspect  these  things  in  our  factory  at  any  time. 

Let  us  send  you  our  catalog  showing  the  full  line  of  Millers 
made  by  these  methods. 

THE  CINCINNATI  MILLING  MACHINE  CO. 

CINCINNATI,  OHIO,  U.  S.  A. 
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COMING  EVENTS 


November  29 — Monthly  meeting  of  the  Rochester 
Soc-iety  of  Technical  Draftsmen,  in  Rooms  131-137, 
Sibley  Block.  328  Main  St.,  E.,  Rochester,  N.  T. 
O.  L.  Angevine,  Jr.,  secretary,  857  Genesee  St., 
Rochester. 

December  4-7 — Annual  meeting  of  the  American 
Society  of  Mechanical  Engineers  in  New  York 
City;  Engineering  Societies  Bldg.,  29  W.  39th  St.. 
headquarters.      Cahin    W.    Rice,    secretary. 


NEW  BOOKS  AND  PAMPHLETS 


The    Effect   of   Mouthpieces   on   the    Flow   of   Water 
through  a   Submerged   Short  Pipe.      By   Fred   B. 
Seely.     49  pages,  6  by  9  Inches;  14  illustrations 
and    diagrams.       Published    by     the     University 
of   nUnois.    Urbana,    111.,   as  Bulletin   No.   96  of 
the   Engineering   Experiment   Station.      Price,    25 
cents. 
Merchants'    Association    of    New    York    Year    Book 
1917.    272  pages,  7  by  10  inches.    Published  by  the 
Merchants'     A.ssociation    of    New    York,     Wool- 
worth   Bldg..    New   York  City. 
The  year  book   coTers   the   activities  of   the   asso- 
ciation for   the   period   from  May   1,    1916,    to   April 
30,   1917,   and  contains  the  reports  of  the  president, 
the  secretary  and   the  managers  of  the  various  bu- 
reaus.    It  also  has  alphabetical   and  classified  lists 
of   the   members,    which   should   be   found   especially 
helpful. 

The  Secret  of  Typewriting  Speed.     By  Margaret  B. 
Owen.     157  pages.   5   by  7^.   inches.     Published 
by  Forbes  &  Co..  Chicago,  111.     Price,  $1. 
This    book,    by    the    world's    champion    typist,    be- 
longs with  the  literature  on  scientific  management, 
as  it  embodies  the  principles  of  efficiency  of  action 
and    the    elimination    of   lost   effort    in    typewriting. 
The    marvelous    speed    capacity    of    the    typewriter 
when  operated  by  one  who  has  studied   the  science 
of   key   action    is    indicated    by    the    fact    that    Miss 
Owen  has  written  137  words  a  minute  for  one  hour. 
Graphics.      By   H.    W.   Spangler.     95  pages.   6  by  9 
inches.     Published  by  John  Wiley  &  Sons,  Inc., 
432  Fourth  Ave.,   New  York  City.     Price,  $1.25. 
The  work  comprises  the  substance  of  lectures  on 
graphics  given  to  students  in  mechanical,   electrical 
and  chemical  engineering  at  the  University  of  Penn- 
sylvania,    and    is    intended     to    cover    only    funda- 
mental principles.     It  includes  a  brief  treatment  of 
trusses,    and   sufficient  of   the   graphics  of  machines 
to    clearly    set    forth    the    effective    friction    on    the 
line  of  action  of  force  to  be  determined^  taking  for 
one  example  the  friction  of  gear  teeth.     Application 
t<j   the   stresses   in   crankshafts   is  al.so   included. 
American  Stationary  Engineering.     By  W.  B.  Crane. 
311    pages.    5    by    71/2    inches:    131    illustrations. 
Published    by    Norman    W.     Henley    Publishing 
Co..  132  Nassau  St..  New  York  City.  Price,  $2. 
This   is    the    second   edition    of   a    book    first   pub- 
lished in  1910  which  begins  at  the  boiler  room  and 
takes   in   the   whole   power   plant.      The   author   em- 
phasizes   the   practical    side   of   stationary    engineer- 
ing  and    exhibits   some    scorn   of   the    professed    ex- 
pert,   although   he   has   not   hesitated    to   avail   him- 
self of  much  that  has  been  developed  by  specialists 
In   their   various   capacities.     The   book    is   one   that 
should   be   found   helpful    by   firemen   and   young   en- 
gineers   ambitious    to    better    their    conditions. 
Learning    to    Fly    in    the    TT.    S.    Army.      By    E.    N. 
Fales.     180  pages.  5  by  7'^   inches;  40  illustra- 
tions.     Published    by    McGraw-Hill    Book     Co., 
Inc..   239  W.  39th  St..   New  York  City.     Price, 
$1.00,   net. 
ThU   book   Ik  n   manual  of  aviation   practice,    and 
Is  well  suited  for  the  aeronautic  Instruction  of  thu 
large    number   of   men    that    have    Joined    the    flying 
corps  since  the  declaration  of  war.     Many  of  these 
men    have    been    called    from    non-lechnlcal    occupa- 
tions,   and    the   book    brings    forth    to    the    non-tech- 
nical student  the  gist  of  aviation  In  such  a  manner 
that  accuracy  Is  not  sncrlflced   to   brevity.      It  con- 
tains a  review  of  the  bUtory  of  aviation,  the  types 
of   military    airplanes,    and    fully    explains    all    that 
In  necefiKary  to  know  In  order  to  successfully  fly  and 
care    for    a     machine,    but    It    does    not    treat    the 
subject  of  airplane  motors. 

Hechanical  Drawing  Probloms.     By  Charles  William 
Wi-Uk.      153  pages,   fi  by  9  Inches;  48   lUustni- 
tions;    112   plates   and   12   tables.     Published   by 
McClraw-Hlll    Book   Co.,    Inc.,   280  W.   30tb   St., 
New   York   Clly.     Price,   $I.2R,    net. 
ThU   Is   a    satlnfnctory    Iwok    for   either  s^'hool   or 
■elf   Instnjctlon.      It    provldfs    typlrni    drawings    for 
elementary  and   ndvnnri-d    work,    the   diita   of   which 
tho    student    Is    rcr|iiln-d    to    obtain    by    the    use    of 
formulas   and    tables,    thus    developing   n    knowlrdg*- 
of    drawing    principles    nnd    deslgnlMg    nblllty.    and 
tending    to    make    him    more   fan-ftil    In    rending   di- 
rections and   the  layout  of  his  sheets.      II   <-ontjiln^ 
problems   on    geomeirl'-nl    (-nnstnicilons,    projectlnns, 
flevflopments  and   Interse'-ttonN,    liMimetrIc  drawings, 
machine    details,     and     tohlen     that     arc     useful     tn 
draftsmen,    v/hUh    the    student    Is    ref|ulred    to    UHe 
Ahin    nifiklng    the    various    drn wings, 
rveryman's      Chemistry.        By      ICIIwood      llendrlek. 
WJ-I   poKeR,  r,  by  M  tneh«»s,     I'ubllNhed  by   irnrpcr 
1'.n,thi'rn.Z2r,  I'enrl  HI..  Now  York  City.     lT|ee.f2. 
^^  ^i'-  this  lKM»k  ridi-d  not  profess  to  bo  a  'omplete 
•     nnd    \m    In    no   mnse   n    InlK.rntory   guide.    It 
'^    so    mii'h    Informnflon    Ihnt    oven    a    rasual 
.■  .1.  '     v^ill    oblnln    «onii>    knowledge   of    the    snbjeel. 
Mie    nr-t    pnrl.    whl.  h    contains    M    pngrs,    empha- 
olxfn    ihe    ImiKirlnn'-e   of   n    knowledge   of   rhrmlstry 
nnd   deals   with    thn   element*  of   the   subjert.      The 


second  part,  which  contains  176  pages,  is  confined 
to  a  discussion  of  inorganic  chemistry.  Here  the 
various  elements  are  described  and  their  uses, 
alone  and  in  their  more  usual  combinations,  are 
given.  The  third  part  is  devoted  entirely  to  or- 
ganic chemistry.  Among  the  subjects  treated  are 
coal-tar  intermediates  and  finished  products;  aro- 
matic compounds;  cellulose  and  nitrogen  compounds; 
and  fats,  oils,  and  their  products. 
The  Essentials  of  Descriptive  Geometry.  By  F.  G. 
Higbee.'  218  pages,  6  by  9  inches.  Published 
by  John  Wiley  &  Sons,  Inc.,  432  Fourth  Ave., 
New  York  City.  Price.  $1.80. 
This  work  as  published  in  1915  has  passed  into 
the  second  edition.  It  deals  with  orthographic 
projection,  profile  plane,  assumption  of  points  and 
lines,  planes,  location  of  points,  lines  and  planes, 
revolution  of  points,  problems  on  the  line,  problems 
uii  the  plane,  problems  on  angles,  problems  on 
IH.ints,  lines  and  planes,  surfaces,  plane  surfaces, 
cylindrical  surfaces,  conical  surfaces,  intersection 
of  surfaces,  surfaces  of  revolution,  warped  surfaces, 
tangent  jilanes  and  lines,  and  model  making.  Each 
chapter  concludes  with  problems  involving  the  prin- 
ciples enunciated  "therein.  The  section  on  warped 
surfaces  is  illustrated  with  easily  constructed 
models  which  can  be  duplicated  by  the  student, 
thus  providing  visual  means  for  fixing  their  posi- 
tion   in   space. 

Elements  of  Machine  Design.     By  O.   A.   Leutwiler. 
607  pages.   6  by  9  inches;  339  illustrations;   107 
tables.      Published    by    McGraw-Hill    Book    Co., 
Inc..  239  W.   39th   St.,   New  York  City.     Price, 
$4,   net. 
This  book  is  a  discussion  of  the  fundamental  prin- 
ciples involved  in  the  design  and  operation  of  ma- 
chinery.     It  contains   a   chapter  on  the   strength  of 
materials  and  mechanics  of  machinery,  and  a  chap- 
ter  discussing    the    properties   of   materials   used    in 
machine  construction.     The  remaining  chapters  treat 
the   various   elements   of   machine    design,    including 
rope    transmission;    chains    and    sprockets;    gearing; 
couplings;  cone  and  multiple  disk  friction  clutches; 
shafting;    and    bearings.      A    special    feature    is    a 
chapter  on  brakes.     The  standard  works  on  this  sub- 
ject,  the  various  engineering  societies  and  the  tech- 
nical press  were  freely  consulted  in  the  preparation 
of  the  book.     The  work  is  one  heartily  recommended 
to   all   needing   a   modern   work   on   the   elements   of 
machine   design. 

Saws:  Their  Care  and  Treatment.  By  Harry  W. 
Durham.  272  pages.  4%  by  7^4  inches;  155 
illustrations.  Published  by  D.  Van  Nostrand 
Co.,  New  York  City.  Price,  $2.50,  net. 
This  work  is  on  saws  for  wood-working  machines 
and  was  written  by  one  who  has  given  the  subject 
careful  investigation  for  twenty-five  years,  during 
which  time  he  visited  a  large  number  of  saw  mills 
and  Investigated  the  methods  followed  in  their  saw 
sharpening  shops.  It  opens  with  general  introduc- 
tory notes  on  saws,  following  which  are  particular? 
of  reciprocating  saws  and  circular  saws;  notes  on 
sharpening  saws  by  hand  filing;  saw  sharpening  ma- 
chines; setting  the  teeth  of  saws;  hammering  and 
tensioning  circular  and  reciprocating  saws;  sharpen- 
ing large  band-saws:  the  saw  sharpening  room; 
small  and  narrow  band-saws;  wide  band-saws;  ten- 
sioning, leveling  and  hammering  band-saws;  doctor- 
ing band-saws,  saw  packing  and  saw  guides;  power 
required  to  drive  sawing  machines;  and  miso-l- 
laueous   matters. 

Some    Unusual    Features    in    the    Microstructure    of 
Wrought     Iron.       By     Henry    S.     Kawdon.       "J." 
pages,    7    by    10    inches;    12    illustrations.      Pu!)- 
lished  by   the   Department  of  Commerce,   Wash- 
ington,   D.     C,    as    Technologic    Paper    of    the 
Bureau   of   Standards.    No.   97.      Price,    5   cents. 
Wrought   Iron   is  usually   described   as  being  of  a 
very    simple    structure    as    revealed    by    the    micro- 
scope,   as    compared    with    many    of    the    alloys    in 
commercial  use.     A   study  of  the  microstructure   of 
a    series   of   commercial    wrought    irons    carried    out 
at    the    Bureau    of    Standards,    however,    has    shown 
the   occurrence   of   some    very    peculiar   and    unusual 
variations   in   structure   in  such   material.      Many   of 
the    ferrite    crystals,    when    properly    prepared    and 
etched    for    microscopic    examination,     show    a    de- 
cidedly   banded    structure    instead    of    the    homoge- 
neous  appearance    usually    described.      This    unusual 
Htrncture    Is    to    be    attributed    to   a    relatively    high 
phosphorus  content   In   such    portions   and   to   a   non- 
uniform    distribution     of     this     element.        Although 
HjoHt    sfMTlmcns    showing    thr-sc    unusual    features    (»r 
structure  are  of  a  rather  poor  grade,   they  are  not 
characteristic    of    low-grade    Iron    in    general.      The 
prnbnbb'      rcliillon      between      such      mlcrostructnral 
features  and    "fatigue"    failure  of  such   niaterliil   Is 
HUggcHted. 

Hondrloks'  Commercial  Register  of  tho  Unltod 
States  for  Buyers  and  Bollors.  2378  pages,  1% 
by  10  Inches.  Published  by  the  S.  K.  Hendricks 
Co.,  Inc..  2  W.  13th  St..  New  York  City. 
Price.  $10. 
The  twenty-sixth  onniinl  edition  of  this  well- 
known  trade  directory  contains  2209  imgi-s  of  te.vl 
nnitter,  and  Ibc  Index  to  trade  clrissineatlon  covers 
i:.I  pfiges.  listing  over  50.000  trade  references. 
The  section  devoted  to  trade  nrimes,  brands,  tllles 
of  Idenlineallfin.  etc.,  Is  printed  on  pink  paper  to 
differentiate  It  from  tho  remcilnder  of  the  book. 
It  covers  212  pages,  and  ftirnlshes  rendy  refereiire 
to  distinctive  iirodnctn  manufactured  by  nil  con- 
cerns whnse  names  appear  In  Ihe  work.  An  alplin- 
iH'tlcnl  list  of  mnnufaeiurers  is  Included  for  the 
first  time.  It  contains  the  niimc.  trade  description 
ond  addross  of  every  concern  iippenring  In  the 
work,  Tho  scope  of  this  commercial  register  In 
brond.  bfdng  devoted  to  the  InlereMis  of  the  nrchl- 
tprtural,  contracting,  electrli-nl,  englnei>rlng.  Iinnl- 
ware  Iron,  niechanlcnl,  toll  I.  mining,  (pinrrylng, 
rn<  road,  steel  and  klii'Ired  InduslrleH.  Full  Unim 
n  e  Included  fif  producciti,  nnirnifnciurers,  dealers 
nnd  consumers,   covering   nil   produciM   from   tho   raw 


material  to  the  finished  article,  together  with  the 
names  of  concerns  manufacturing  these  products 
from  the  producer  to  the  consumer.  The  directory 
is  indispensable  to  concerns  who  would  compile 
their  own  mailing  lists  for  the  distribution  of  cat- 
alogues   and    other    advertising    literature. 


NEW  CATALOGUES  AND 
CIRCULARS 


standard  Optical  Co..  Geneva,  N.  Y.  Cirtiilur  of 
the   "Stoco"   protection  goggles. 

General  Electric  Co.,  Schenectady,  N.  Y.  Bulletin 
41021  on   RF   adjustable   speed   motors. 

Burt  Mfg.  Co.,  Akron,  Ohio.  Catalogue  of  oil- 
fllttTs,   r\h;uist  heads  and  ventilators. 

Alloy  Die  Casting  Co.,  80  Fort  St.,  E.,  Detroit. 
Mic-h.      Pamphlet   treating  ol  alloy  bronze  bearings. 

Newark  Engineering  &  Kefrigerating  Co.,  476  18th 
Ave..  Newark.  N.  J.  Circular  of  the  "Nerco"  filing 
machine. 

"Worthington  Pump  &  Machinery  Corporation,  115 
Broadway.  New  York  City.  Bulletin  S-112  of  Snow- 
oil   pumps.  ■ 

Gits  Bros.  Mfg.  Co.,  553  W.  Monroe  St.,  Chicago, 
III.  Circular  of  Gits  self-closing  spring-lid  oil-cups, 
giving  dimensions,  prices,  etc. 

Reed  Small  Tool  Works,  Worcester,  Mass.  Leaf- 
let giving  list  prices  of  Reed  micrometer  calipers 
from  one  to  six  inches,  inclusive. 

Neilsen-Barton  Chuck  Co.,  106  S.  Jefferson  St.. 
Chicago,  111.  Circular  containing  price  list  of  the 
"Eclipse"   roller-bearing  drill  chuck. 

Nagle  Corliss  Engine  Works,  Erie,  Pa.  Bulletin 
29,  illustrating  and  describing  Class  A-B  and  A-E2 
air  compressors  with   short-belt  drive. 

General  Electric  Co.,  Schenectady,  N.  Y.  Bulletin 
401801  on  motor-driven  exhaust  fan  outfits,  driven 
by    direct-    and    alternating-current    motors. 

David  A.  Wright,  568  Washington  Blvd.,  Chicago, 
111.  Circular  of  the  Wright  "Simplex"  bench  mill- 
ing machine  with  or  without  overhanging  arm. 

American  Chemical  Paint  Co.,  1118-1126  S.  11th 
St.,  Philadelphia.  Pa.  Circular  of  the  "Deoxidine" 
process    of    cleaning    steel    preparatory    to   painting. 

Worthington  Pump  &  Machinery  Corporation,  115 
Broadway.  New  York  City.  Bulletin  W-500  of  pot 
valve    pressure   pumps,    giving   sizes   and    capacities. 

Metalwood  Mfg.  Co..  Detroit,  Mich.  Circular  B-32 
of  Metalwood  horizontal  forcing  presses  with  hand- 
operated  pump,  giving  specifications  for  the  20-  and 
50-ton    sizes. 

Remington  Arms  Union  Metallic  Cartridge  Co., 
Inc.,  Bridgeport,  Conn.  Pamphlet  describing  the 
apprentice  courses  given  by  the  Remington  Armory 
at   Bridgeport. 

Charles  M.  Terry,  Inc,  23-25  Beaver  St.,  New 
York  City.  Catalogue  describing  and  illustrating 
the  Dunbar  variable-speed  pulley,  which  entirely 
eliminates  gearing. 

Fenn  Mfg.  Co.,  385-405  Broad  St.,  Hartford,  Conn. 
Circular  of  the  Fenn  high-speed  sensitive  drilling 
machine  which  gives  a  maximum  spindle  speed  of 
l.'t.ooo   revolutions   per  minute. 

Peerless  Machine  Co.,  Racine,  Wis.  Circular  de- 
scriptive of  the  Peerless  high-speed  metal  saw  made 
in  three  sizes,  having  capacities  of  6  by  6  Inches, 
!l  Its'  9  inches,  and  13  by  16  inches. 

David  A.  Wright,  568  Washington  Blvd.,  Chicago. 
III.  Circular  of  the  Wright  18-inch  and  20-lneh 
cone-head  engine  lathe  with  independent  change- 
gear  and  single  or  double  back -gears. 

Master  Machine  Tool  Co.,  110112  W.  40th  St.. 
New  York  City.  Circulars  of  the  Master  13-inch 
latlic  built  with  thrcc-stcp  cone  pulley  and  single 
pulley    for    constant-speed    belt    drive. 

Leeds  &  Nortlirup  Co.,  4901  Stenton  Ave.,  Phila- 
delphia, Pa.  Bulletin  800  descriptive  of  the  Leeds  & 
Nculhrup  optical  pyrometer,  a  portable  instrument 
for    works    temperature    measurements. 

H.  G.  Doran  &  Co.,  Peoples  Gas  Bldg.,  Chicago. 
111.  Circular  of  the  B.  &  I),  porlablc  c-lcctrl.-  drill 
with  iilstol  grip.  The  pisld  grii>  wilh  trigger  con- 
tnd   saves  drills  and  fucililalcs  drilling. 

Lookc  Stoel  Chain  Co.,  Bridgeport,  Conn.  Cir- 
cular entitled  "From  Planting  Time  to  nnrvest," 
showing  uses  of  Locke  steel  chain  for  transmit- 
Hug    powi-r    In    agricultural    machinery. 

R.  G.  Hasklna,  541  W.  WnshlnKton  Blvd.,  Chi- 
cago, 111.  Calalogue  of  portable  unlver«nl  motor 
drills,  iiiolor  driven  grinders,  "Strand"  llexible  shaft 
luachlncH.    loolpoHt   cipilpment,  grinders  nnd  burnlsh- 

Bllton  Machine  Tool  Co,.  Bridgeport,  Conn.  Cir- 
cular of  Ihe  No.  10  Bllton  Kcar-hobber,  having  n 
inpaclty  for  cutthiK  Bears  of  10  dinmetriil  pilch. 
10  Inches  initsldc  diameter  nnd  10  Inches  wlillh  of 
face. 

Hammol  Oil  Burning  Equipment  Co.,  Ino.,  409 
Pine  SI.,  Proviileme,  It.  I.  Calalogue  of  Hnmmel 
oil    burni-rs    and    oil    iMirnliig    HyslclUH.    conlnlnhiK    a 

di'lallcd    dcKcrlplbui    llluslnileil    liy    llr igravltigs 

mid   hairiNnes. 

Hhopard  Elnclrlc  Crano  &  Hoist  Co.,  Monlour 
Fulls.    N.    Y.      CalaloKUe    of    llii'    Sllepard    Technli-nl 

NIghl    School.    ilnlnliiK    niinoun.'einenl    of    courses 

for  mr;  1918.  The  school  Is  couiluctud  for  em- 
ployes of  Ihe  company  only. 

H.  0.  Doran  Ic  Co.,  Peoples  Oas  Bldg.,  Chicago. 
III.  Clrcubir  i>f  llie  "PullU-Out"  iiorlnble  crane, 
having    a    llflliig    capacity   of   one    l(Ul    nnd    weighing 

iinly    I'.'iil    1 Is.       The    crime    Is    porlable,     being 

linteil    oil    three    wheels. 
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and  as  time  goes  on 

ALWAYS  BETTER 
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Oliver  Machinery  Co.,  Grand  Bapids,  Mich.  Bul- 
letins descriptive  of  OUver  23-A  patternmaker  s 
wood-turning  face  lathe,  and  Oliver  60  unijersal 
saw  bench  with  tilting  table  that  can  be  adjusted 
to  any   angle   up   to  45   degrees. 

Gisholt  Machine  Co.,  1211  E.  Washington  Ave., 
Madison.  Wis.,  has  issued  a  brief  pictorial  history 
of  aircraft  development  up  to  the  modern  airplanes: 
it  also  shows  how  the  Gisholt  turret  lathes  are  used 
in  manufacturing  some  of  the  important  mechanical 
parts. 

■WortHngton  Pump  &  Machinery  Corporation,  11.') 
Broadway.  New  York  City.  Bulletin  W-100,  illus- 
trating and  describing  Worthington  outside-packed 
plunger  pattern  pumps  for  general  service.  Cata- 
logue W-308,  treating  of  Worthington  duplex  piston 
pattern  pumps. 

Wirt  Co.,  Germantown,  Philadelphia,  Pa.  Bul- 
letin of  'T3i-el-ite"  resistance  units  especially 
adapted  for  signaling  systems,  telephone  and  tele- 
graph work,  electrical  testing,  motor  regulations. 
and  other  service  where  durable  and  rugged  re- 
sistors are  needed. 

Boston  Scale  &  Machine  Co.,  381  Congress  St.. 
Boston,  Mass.  Circular  descriptive  of  a  universal 
angle-plate  that  can  be  adjusted  quickly  to  any 
angle  without  disturbing  the  work  bolted  to  it.  It 
has  a  motion  through  360  degrees  horizontally  and 
90  degrees  vertically. 

Link-Belt  Co.,  Chicago.  111.  Folder  340,  descrip- 
tive of  the  machinery  designed  and  built  by  the 
Link-Belt  Co.  for  the  sand  and  gravel  washery  of 
the  Earitan  Eidge  Clay  Co.,  at  Metuchen,  N.  J. 
Book  343,  descriptive  of  Link-Belt  rope  tramway 
system  of  the  Watson  type. 

Diamond  Machine  Co.,  Providence,  R.  I.  Cata- 
logue entitled  "The  Diamond  on  the  Job."  con- 
taining a  number  of  excellent  illustrations  showing 
the  Diamond  heavy  face  grinding  machine  in  oper- 
ation on  various  jobs,  and  giving  briefly  the 
essential    facts    concerning    its    performance. 

Springfield  Machine  Tool  Co.,  631  Southern  Ave.. 
Springfield.  Ohio.  Catalogue  of  standard  engine 
lathes.  14-  to  42-inch  swing;  brass  working  lathes; 
axle  boring  lathes;  crank  shapers,  12-  to  20-inch 
stroke;  back-geared  pillar  shapers,  16-,  20-  and  20- 
inch  stroke;  and  bench  straightening  presses. 

American  Steel  Export  Co.,  Woolworth  Bldg., 
New  York  City.,  has  issued  a  24-page  pamphlet 
giving  the  groups  of  countries  and  lists  of  mate- 
rials affected  by  the  president's  proclamation  and 
subsequent  orders,  together  with  facsimiles  of 
forms   prescribed    and   explanation   of   their   use. 

Walter  A.  Zelnicker  Supply  Co.,  325  Locust  St.. 
St.  Louis,  Mo.  Bulletin  220,  containing  lists  of 
new  and  second-hand  girder  rails,  locomotives,  rail- 
way cars,  trucks,  steam  shovels,  air  compressors, 
steam  engines,  electric  light  outfits,  machine  tools, 
steel  piling,   pressure   tanks  and  other  equipment. 

Armstrong  Cork  &  Insulation  Co.,  Pittsburg,  Pa. 
Folder  describing  a  test  made  to  determine  how 
much  fuel  could  be  saved  by  the  use  of  an  effective 
beat-insulating  material  in  boiler  settings,  and  the 
results  obtained  by  the  use  of  "Nonpareil"  insulat- 
ing brick.  Copies  will  be  sent  free  upon  request. 
Elgin  Tool  Works,  Elgin,  111.  Catalogue  5  of 
precision  bench  lathes,  slide-rests,  milling  attach- 
ments, screw-cutting  attachments,  dividing  and  In- 
dexing attachments,  planing  and  slotting  attach- 
ments, vises,  chucks,  lathe  collets  and  light  bench 
machinery.  A  number  of  new  tools  are  included  in 
this  catalogue. 

E.  0.  Atkins  &  Co.,  Indianapolis,  Ind.,  manufac- 
turers of  "silver  steel"  saws,  are  Issuing  a  folder 
entitled  "The  Straight  Koad"  to  the  members  of 
the  Atkins  Silver  Steel  Saw  Club.  The  club  is  com- 
posed of  several  thousand  retail  hardware  salesmen, 
and  folders  containing  sales  talks  are  sent  out  to 
the  members  about  every   sixty  days. 

Tnlcan  Iron  Works,  327  N.  Irving  Ave.,  Station 
D.  Chicago,  III.  Circular  44  of  pfjrtable  hydraulic 
pre»w?»  for  machine  shops,  railway  and  contractors' 
shops.  The  No.  2  press  has  a  capacity  of  60  tons, 
and  the  No.  3  press  of  100  tons.  The  No.  2  size 
Is  nr'llnarlly  used  for  machine  shop  work.  This  size 
weighs  1600  pounds  and  sells  for  »200. 

American  SUel  Export  Co.,  Woolworth  Bldg..  New 
York  City,  has  Issued  a  new  pamphlet  entitled 
"r;illlty  lyctlcrs  of  Credit  In  the  Export  Trade— 
A  Plf-a  for  Htondard  Forms,"  by  J.  P.  Heal,  secre- 
tary and  assistant  treasurer  of  the  company.  The 
[lainphlet  makes  recommendations  (or  standard 
forms  that  should  receive  the  attention  of  American 
bankers    and    exiKjrters. 

Diamond  Machine  Co.,  Providence.  U.  I.  Cata- 
logue of  disk  itrlndlng  mn<hlni»  of  various  types 
and  sli'-".  Th.*-  machines  are  made  with  right- 
and  left-hand  plain  tables,  with  rlifhl-  and  left- 
hand  swinging  tables,  and  with  single  liibles 
either  right-  or  left-hand.  The  grinding  disks  are 
18,  20,  2fl  and  80  Inches  In  diameter,  and  the 
chucks  are  made  In   H-  and  Z2-lnch  •Ik.'S. 

Blmonds  Mfg.  Co..  Kllchhurg.  Mass.,  hns  Just 
Issued  a  llltle  iKHiklel  Illustrating  and  describing 
various  styles  or  solid  and  Inserted-loolh  metal 
■sws  entitled  "Methods  of  Cutting  Metal."  'I'he 
b'<«klet  rontnlna  slilyfour  pages  of  Informntlnn 
on  metal  culling,  covering  the  use  of  each  saw 
and  the  «!««•«  furnished,  the  teeth,  bjicimI  and  feed, 
•  nd    detslls    which    should    Iw    given    when    ordering 


It  contains  eighty-two  illustrations  representative  of 
reclamation  welding  work  in  practically  every  field 
of  the  industrial  worid.  In  the  face  of  present  high 
prices  and  scarcity  of  metal  equipment,  the  subject 
of  welding  is  receiving  more  than  usual  considera- 
tion, as  it  enables  plant  owners  to  hold  down  the 
scrap   heap. 


TRADE  NOTES 


Warren  F.  Fraser  Co.  has  moved  its  plant  from 
Boston   to   Wcstboro,    Mass. 

aeynolds  Machine  Mfg.  Co.,  Masslllon,  Ohio,  has 
changed  its  uame  to  Reynolds  Machine  Co. 

Laughlin-Barney  Machinery  Co..  Pittsburg,  Pa., 
has    removed    its    ofBces    to    481    Union    Arcade. 

Victor  Saw  Works  is  the  new  name  of  the  Massa- 
chusetts Saw  Works  of  Springfield.  Mass.,  manufac- 
turers of  "Victor"  hacksaw  blades. 

M.  Mett  Engineering  Co.,  New  York  City,  has 
moved  from  Hotel  Vanderbilt  to  1  Madison  Ave. 
J.   M.   Wimpie  is  the  American  representative. 

Worthington  Pump  &  Machinery  Corporation,  115 
Broadway,  New  York  City,  has  opened  a  new  branch 
sales  office  in  the  American  Trust  &  Savings  Bank 
Building,  Birmingham,  Ala.,  to  take  care  of  part 
of  the  territory  hitherto  controlled  by  the  Atlanta 
office.  Edward  Stauverman.  formerly  with  the  At- 
lanta office,   will  be  in  charge. 

Macleod  Co.,  Cincinnati,  Ohio,  which  has  been 
established  for  over  twenty  years  in  the  manufac- 
ture of  sandblast  equipment  and  metallurgical  fur- 
naces, has  recently  enlarged  its  plant  and  increased 
its  capital  to  $100,000.  The  larger  facilities  and 
increased  capital  were  required  to  take  care  of  the 
company's  rapidly  expanding  business. 

Onondaga  Steel  Co.,  Syracuse,  N.  Y..  has  nearly 
completed  a  new  plant  in  East  Syracuse  which 
provides  floor  space  and  new  equipment  that  will 
increase  the  capacity  ten-fold.  The  company  is 
engaged  exclusively  in  converting  high-speed  steel 
scrap  into  merchantable  steel  bars  by  the  Onondaga 
process. 

Davis-Bournonville  Co.,  Jersey  City,  N.  J.,  has 
opened  a  sales  office  in  the  Colorado  Bldg., 
Washington,  D.  C,  with  Henry  E.  Swartley,  Jr.. 
resident  manager.  The  Washington  office  will 
facilitate  the  company's  business  with  the  govern- 
ment, which  is  a  large  user  of  oxy-acetylene 
welding    and    cutting    apparatus    in    both    army    and 
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Parker  Mfg.  Co.,  Inc.,  manufacturer  of  drill 
<hucks,  has  moved  from  Detroit,  Mich.,  to  Ann 
Arbor,  Mich.  The  company  is  incorporated  with 
$75,000  capital,  and  has  purchased  the  plant  for- 
merly owned  by  the  Star  Motor  Co.  on  East  Summit 
St.  It  is  expected  that  over  one  hundred  men 
will  be  employed  when  the  plant  is  in  full  opera- 
tion. 

Herman  A.  Hok,  1  Madison  Ave..  New  York  City, 
was  not  awarded  the  Edward  Longstreth  Medal  of 
Merit  by  the  Franklin  Institute,  for  his  portable 
Brinell  meter,  as  stated  in  the  October  number. 
The  medal  was  awarded  for  the  invention  of  a 
portable  Brinell  meter  to  Frank  H.  Schoenfuss  and 
Albert  Eingland,  of  Philadelphia,  who  are  the  Joint 
inventors  of  the  instrument. 

Porter-Cahle  Machine  Co,,  Syracuse,  N.  Y.,  has 
purchased  a  five-story  brick  building  at  N.  Salina 
and  Wolf  Sts.,  60  by  200  feet,  and  affording 
60.000  square  feet  floor  space.  The  entire  building 
will  be  devoted  to  the  manufacture  of  the  Porter- 
Cable  manufacturing  lathe.  Extensive  alterations 
will  be  made  in  the  building  and  the  plant  will  be 
ready  for  occupancy  about  December  1. 

Brown  Instrument  Co.,  Philadelphia,  Pa.,  has 
purchased  a  large  plot  of  land  located  on  the  south 
side  of  Its  factory  to  provide  for  extensions  to  the 
plant  made  necessary  by  the  unusual  demand  for 
Brown  pyrometers  and  other  scientific  Instruments 
Mianufnctured.  The  property  of  the  company  now 
exlenila  along  Wayne  Ave.  from  Windrim  Ave.  on 
the   north    to    KobertH    Ave.    on    the    south. 

Long  Sc  AUstattcr  Co.,  Uamllton,  Ohio,  manufac- 
turer of  shearing  and  punching  machinery,  has  pur- 
chased the  shearing  business,  patterns,  etc.,  of 
Thomas  Curlln's  Sons,  Pittsburg,  Pa.  The  equip- 
ment will  be  merged  with  that  In  the  works  at 
Hamilton,  Ohio.  Thomas  Carlln's  Sons  was  one  of 
the  oldest  concerns  engaged  In  this  line  of  manu- 
facture, the  business  having  been  established  In 
IBM. 

Cleveland  Planer  Works,  8150-8152  Superior  Ave., 
Cleveland,  Ohio,  manufiicturers  of  "Cleveland"  open- 
side  idunc.rs,  have  been  Incorporated  as  the  Cleve- 
land Pinner  Co.,  with  u  capital  of  $300,000.  George 
W.  Ford,  partner  with  James  (J.  Dornblrer,  has  sold 
his  Interest,  and  a  corporation  has  been  formed. 
The  oltlcers  arc  Frank  H.  Shields,  president;  J.  A. 
(;iimm,  vicc-prcsldcnt;  J.  L.  Whitelnw,  treasurer; 
and  James  Snrrcll.  •ccrelary.  James  O.  Dorublror 
In  manager. 

E.    P.    Bolchholm   &   Co..   Inc.,    2-1   John  St..    New 

York     City,     r.pr ntntlve    of    the     American     0ns 

Furnace  (V,.  nnd  llie  Amerlciin  Hwlss  File  &  Tool 
Co..  hns  purchased  the  sii-atory  mnrblefront  build- 
ing at  2fl  John  Ht..  using  Liberty  Iwnds  In  payment. 
The  building  la  on  a  plot  2n  by  70  feet.  The 
oHlcsrs  of  the  company  are  B.  P.  Ilelchhelm,  presi- 
dent; P.  K.  Heiclihelm.  vice-president;  K.  If. 
Ilrownell,  Irenaurer;  nnd  Charles  A.  I.elbninn,  secrc 
tnry  nnd  n«»l»tant   trenaurer. 

National  Bank  of  Oommeroe.  81  Naaanu  Ht.,  New 
York  City,  hna  Issued  a  pamphlet  eontnlnlng  Ihe 
complete  olUclnl  lest  of  Ihe  war  tax  Isw,  together 
with   the  Income   tax   law   In   Its  sntended   ftirm,    the 


title  being  "War  Revenue  and  Federal  Income  Tax 
Laws."  The  provisions  of  the  law  are  arranged  In 
such  a  manner  that  they  may  be  readily  referred  to 
by  busy  men.  The  pamphlet  is  one  of  a  series  ol 
official  laws  that  have  been  issued  from  time  to 
time  by  the  National  Bank  of  Commerce. 

Westinghouse  Electric  &  Mfg.  Co.,  East  Pitts- 
burg Pa  announces  another  wage  increase  for 
shop'  employes  aggregating  neariy  $2,000,000  a 
year,  which  became  effective  October  10.  AH 
employes  observing  shop  hours,  except  munition 
workers,  will  receive  an  additional  bonus  of  10  per 
cent  if  they  are  on  a  salary  or  time-rate  basis,  and 
of  7  per  cent  it  they  are  on  a  piece,  premium  or 
task  basis.  This  will  affect  about  20,000  employes 
of  the  company.  Since  the  outbreak  of  the  war 
these  employes  have  received  increases  amounting 
to  about  60  per  cent  of  the  former  average  com- 
pensation. 

Buffalo  City  Line  Realty  Co.,  Buffalo  N.  Y.,  a 
subsidiary  of  J.  H.  Williams  &  Co.  of  Brooklyn, 
N  Y  manufacturers  of  drop-forgings,  has  sold  to 
the  United  States  government  a  plot  of  between  IZ 
and  20  acres,  having  a  depth  of  1320  feet  and  a 
frontage  of  400  to  600  feet  on  Vulcan  St.  at  the 
city  line  in  Buffalo,  as  a  site  for  the  government- 
owned  manufacturing  plant  which  is  being  erected 
for  the  building  of  steam  turbines.  The  turbines 
are  for  the  torpedo  boat  destroyers  provided  for  in 
the  Urgency  Deficiency  Bill.  The  plant  will  employ 
between  2000  and  3500  men  and  will  be  operated  by 
the   Fore   Elver   Ship   Building   Corporation. 

Fairmount  Tool  &  Forging  Co.,  10585-10611 
Quincy  Ave.,  Cleveland,  Ohio,  is  a  new  concern 
recently  organized  to  manufacture  hand-  and  drop- 
forged  tools  for  motor  cars,  motor  trucks,  tractors, 
airplanes,  etc.  The  officers  are  J.  Wcntworth 
Smith,  president;  B.  G.  Gilmore,  vice-president  and 
sales  manager;  Charles  W.  Yarham,  secretary  and 
treasurer.  The  management  of  the  company  has 
been  associated  with  the  tool  manufacturing  busi- 
ness for  the  last  ten  years,  particularly  the  tool 
equipment  supplied  by  the  motor  car  manufacturers 
for  their  cars.  A  factory  affording  16,000  square 
feet  of  floor  space  with  ample  room  for  expansion 
has  been  provided. 

Vulcan  Steel  Products  Co.,  120  Broadway,  New 
York  City,  has  opened  an  office  in  Havana,  to  take 
care  of  its  rapidly  growing  business  in  Cuba.  The 
company's  branches  or  agencies  are  now  established 
over  the  principal  trade  centers  of  the  world. 
Branch  offices  are  maintained  at  Paris,  Hongkong, 
Shanghai,  Yokohama,  Milan,  Barcelona,  Melbourne, 
Sydney,  San  Juan,  Singapore,  and  Havana.  The 
company  Is  also  represented  by  well-known  business 
houses  in  London,  Brazil,  Portugal,  Argentine,  Uru- 
guay, Paraguay,  Peru,  Chile,  Bolivia,  and  Vene- 
zuela. Within  a  year  from  Its  incorporation  in 
September,  1916,  the  company  built  up  an  export 
business  in  steel  and  iron,  machinery  and  similar 
lines,  which  in  August  alone  amounted  to 
$8,000,000. 

New  Remington  Rifle  Co.,  Bridgeport,  Conn., 
was  organized  under  the  laws  of  the  state  of 
Connecticut  early  in  September.  Under  the  terms 
of  its  charter  it  can  manufacture,  buy,  sell  and 
deal  in  firearms  of  every  description.  It  Is  ex- 
pected that  the  company  will  continue  the  manu- 
facture of  Eussian  rifles  which  work  was  hereto- 
fore carried  on  by  the  Eemington  Arms  Union 
Metallic  Cartridge  Co.,  and  the  manufacture  will 
be  carried  on  in  the  plant  established  by  the 
Remington  Arms  Union  Metallic  Co.  in  Bridgeport. 
The  directors  of  the  new  company  are  Samuel  Mc- 
Roberts.  Henry  S.  Kimball,  William  B.  Griswold, 
P.  A.  Morosoff,  R.  Poliakoff.  and  P.  W.  Abbot. 
The  officers  are  Henry  S.  Kimball,  president;  James 
T.  Anyou,  treasurer;  and  John  P.  Murray,  secre- 
tary. 

New  Departure  Mfg.  Co.,  Bristol,  Conn.,  held  a 
barbecue  and  field  day  for  Its  employes  Septem- 
ber 21,  which  was  attended  by  three  thousand 
people.  At  four  o'clock  In  the  morning  the  chefs 
built  their  fires  and  began  preparing  for  the  dinner. 
.\t  noon  there  was  a  parade,  led  by  an  employes' 
liand.  In  which  all  the  dllTerent  departments  of  the 
company  were  represented.  The  parade  marched 
through  the  center  of  the  city  nnd  ended  at  a  grove, 
where  there  was  served  an  excellent  dinner  of  bar- 
liecued  lamb,  rousted  and  browned  for  eight  hours, 
and  all  the  fixings  that  go  with  It.  While  the  din- 
ner was  in  progress,  an  entertainment  consisting 
of  vocal  Bolos  anil  a  comert  by  the  band  was  pro- 
vided. Afterward  there  were  athletic  contests, 
prizes  being  given  to  the  winners,  nnd  ball  games 
between  the  various  plants  of  the  concern.  Moving 
pictures  were  taken  of  the  event,  which  will  be 
shown  In  a  local  thenter. 

Davla-BournonvlUo  Co..  Jersey  City,  N.  J.,  hns 
taken  over  the  plant  and  factory  of  the  Davis 
Acetylene  Co.,  Elknrt,  Ind,  The  Davis  Acetylene 
Co.  hns  been  dissolved  nnd  the  mnnufaeture  of 
acetylene  lighting  genernlors  nnd  accessories  dis- 
continued. The  plant  will  herenfler  be  operated 
under  innnngemenl  from  Jersey  Oily  for  the  mnn- 
ufaeture of  acetylene  pressure  generators  for  the 
oxy-ncetylene  process,  nnd  for  apcdnl  products. 
The    Cnnndinn    fnctory    nt    Ningnru    Falls.    Ontario, 

whicli    luiH    I n    Jointly    occupied    by    Ihe    two    com- 

pniilcH  has  nlso  been  taken  over  nnd  will  bo  nper- 
nteil  excluslv.dy  for  Ihe  msnufnclure  of  oxy- 
scelylene  npimrntus  for  the  Caiuidinn  trnile.  The 
Dnvls-llournonvllle  Co.  hns  ninu  (uirchnsed  llie  II.  O. 
Kniten  Co.  fnrtory  nnd  bind  ndjnccnt  to  lis  Jersey 
City  property.  This  fnctory  will  be  u»cd  f.ir  mnn- 
iifncluring  electrolytic  oxygen  nppnrntus  nnd  nccps- 
sortes.  A  four-story  wnrehonse.  (M)  by  lOO  feet,  of 
brick  nnd  mill  construction,  will  be  inimedlnlely 
erected  on  the  Kotlell  pro|ierty.  nnd  n  five-story 
fnctory.    no   by    IfiO    feet,    cnrres|ioudlng    to    the   com- 

imny'a    No,    8    fnctory    r itly    cinplclcl,    will    hs 

.rerted    during    the    coming    yenr. 
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HE  principle  of  electric 
welding  is  simple;  the 
parts  that  are  to  be  weld- 
ed together  are  heated  to 
a  welding  temperature  by 
means  of  an  electric  cur- 
rent. There  are  two  ways  in  which  the 
electric  current  can  be  utilized  for  heat- 
ing to  a  welding  temperature,  and  ac- 
cording to  the  methods  used,  two  main 

processes  or  systems  of  electric  welding  may  be  distin- 
guished— the  electric  resistance-welding  process  and  the  elec- 
tric arc-welding  process.  In  the  former — the  resistance-welding 
process — the  parts  to  be  welded  are  brought  to  a  welding  heat 
by  passing  through  them  an  electric  current  of  such  voltage 
and  amperage  that  the  resistance  to  the  flow  of  the  current 
produces  sufficient  heat  so  that,  when  the  parts  are  brought 
together  by  a  slight  pressure,  they  will  be  joined  by  the  fusing 
of  the  metal — that  is,  by  welding.  In  the  latter  system — the 
arc-welding  method — an  electric  arc  is  drawn  between  two  elec- 
trodes, or  between  the  work  and  one  electrode.  This  arc  is 
brought  into  such  a  position  relative  to  the  work  that  the 
heat  from  the  arc  melts  the  metal  to  be  welded  and  enables  the 
parts  to  be  united.  There  are  various  modiflcations  of  the 
latter  process,  but  the  principle  is  as  described. 

The  resistance  process  of  electric  welding,  in  turn,  may  be 
divided  into  two  specific  processes,  differing  from  each  other 
in  some  important  details.  The  process  generally  known  as 
the  "resistance"  or  "incandescent"  welding  process  was  de- 
veloped by  Elihu  Thomson  In  1886,  and  is,  therefore,  also  gen- 
erally known  by  the  name  of  the  inventor  as  the  Thomson 
process.  The  percussion  electric  welding  process,  which  was 
developed  by  L.  W.  Chubb  of  the  Westinghouse  Electric  & 
Mfg.  Co.,  is  also  in  principle  a  resistance-welding  process.  The 
principles  and  the  practice  of  the  resistance-welding  process 
have  been  covered  completely  by  the  articles  published  In 
Maoiiinkuy  March,  1915;  April,  1915;  June,  1915;  August, 
191G;  September,  191G;  January,  1917;  and  May,  1917.  The 
present  article  will  deal  with  the  general  principles  and  appli- 
cation of  the  arc-welding  process,  descrlbluK  different  methods 
and  equipment. 

■Auuclats  Bdltor  of  llAOOINaaT 


Electric  arc  welding  is  one  oi  scvcidi 
processes  of  Joining  metals  that  have  been 
developed  during  comparatively  recent  years. 
The  process  has  been  found  to  be  of  great 
Importance  on  account  of  Its  cheapness  and 
the  rapidity  with  which  welds  can  be  made, 
and  Is  now  used  to  a  large  extent  In  both 
repair  and  manufacturing  work.  For  many 
classes  of  work  it  has  taken  the  place  of 
oxy-acetylene  welding  because  It  Is  cheaper. 
However,  there  Is  a  distinct  field  for  both 
these  processes,  and  It  Is  the  purpose  of  this 
article  to  outline  the  principles  of  the  arc- 
welding  process,  and  the  field  for  which  It 
Is  best  suited. 


Arc-welding  Processes 
There  are  at  least  four  distinct  meth- 
ods of  electric  arc  welding.  These 'are 
named  after  the  men  who  are  generally 
credited  with  their  development,  and 
are  known,  respectively,  as  the  Zerener 
process,  ihe  Bernardos  process,  the 
Slavianoff  process,  and  the  Strohmenger- 
Slaughter  process.  Another  method, 
known  as  the  "voltex"  process,  may  be 
considered  as  a  development  and  improvement  on  the  Zerener 
process.  The  Slavianoff  process  is  sometimes  considered  not 
a  distinct  method,  but  merely  a  development  of  the  Bernardos 
process. 

There  is  still  another  method  frequently  classified  as  an  elec- 
tric welding  process — the  La  Grange-Hoho  method — also  known 
as  the  "water-pail  forge."  This  differs  from  the  regular  re- 
sistance or  arc-welding  processes  in  that  it  is  simply  a  method 
of  heating  replacing  the  blacksmith's  forge,  the  welding  itself 
being  accomplished  by  hammering  on  an  anvil,  as  in  ordinary 
forge  welding. 

The  principle  involved  in  electric  arc  welding  consists 
chiefly  in  heating  the  work  to  be  welded  to  a  welding  heat  by 
means  of  an  electric  arc  produced  or  struck  (1)  between  the 
work  itself  and  a  carbon  electrode,  as  in  the  Bernardos  process; 
(2)  between  the  work  itself  and  a  metallic  electrode,  as  in 
the  Slavianoff  process;  or  (3)  between  two  carbon  electrodes, 
as  in  the  Zerener  process.  When  carbon  electrodes  are  used,  a 
metal  rod  is  nearly  always  employed  for  feeding  additional 
material  into  the  Joint  to  be  welded.  When  a  metallic  elec- 
trode is  used,  It  is  made  from  a  metal  that  Is  suitable  for  feed- 
ing Into  the  joint  to  form  the  material  required  to  complete 
the  weld.  It  is  generally  conceded  that,  where  applicable,  the 
arc-welding  process  is  cheaper  than  the  oxy-acetylene  or  oxy- 
hydrogen  welding  processes. 

Zerener  Arc-weldinur  Process 

In  the  Zerener  process,  two  carbon  electrodes,  so  arranged 
in  a  holder  as  to  form  a  voe,  are  employed.  An  arc  Is  drawn 
between  the  carbon  electrodes,  and  is  caused  to  impinge  upon 
the  metal  surfaces  to  bo  welded  by  being  so  located  in  relation 
to  a  powerful  electromagnet  that  the  arc  is  forced  toward  the 
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work.  This  causes  the  arc  to  act  in  a  manner  similar  to  the 
flame  of  an  oxy-acetylene  torch.  This  welding  system,  also 
commonly  known  as  the  "electric  blow-pipe"  method,  on  ac- 
count of  the  peculiarity  of  the  impinging  arc,  was  invented 
by  Dr.  Zerener,  of  Berlin,  Germany,  some  twenty  years  ago. 
In  this  case,  no  current  passes  through  the  work.  The  Zerener 
system,  as  well  as  all  the  other  arc-welding  systems,  is  based 
upon  the  fact  that  when  two  rods  of  carbon  or  other  electrodes 
connected  to  the  poles  of  a  generator  so  that  current  flows 
through  them  are  brought  into  contact,  a  flame  will  play  be- 
tween them,  this  flame  being  known  as  an  "electric  arc."  The 
size  of  the  flame  or  arc  may  be  varied  by  increasing  the  gap 
or  distance  between  the  ends  of  the  carbon  electrodes,  by  in- 
creasing or  decreasing  the  amount  of  current  passing  through 
the  electrodes,  or  by  placing  varying  resistance  in  the  circuit. 
The  Zerener  method  is  used  to  a  limited  extent  for  compara- 
tively small  work  on  steel  and  brass  and  for  welding  small 
corners  in  tubes  and  tanks.  The  process,  however,  is  ineffi- 
cient and  complicated,  and  requires  great  skill  to  apply  prop- 


an  arc  lamp  is  lighted.  The  temperature  of  the  arc  is  approxi- 
mately 3500  degrees  C.  (6300  degrees  F.),  and  the  heat  is  con- 
fined to  a  comparatively  small  space  directly  in  contact  with 
the  arc.  The  use  of  a  small  electrode  with  low  amperage  per- 
mits comparatively  light  material  to  be  welded,  but  the  process 
is  generally  used  with  large  electrodes  and  heavy  currents  for 
heavy  work. 

In  the  early  development  of  this  process,  it  was  first  at- 
tempted to  use  the  carbon  electrode  as  the  positive  terminal 
and  the  work  as  the  negative  terminal.  These  attempts,  how- 
ever, were  unsuccessful,  because  part  of  the  carbon  from  the 
electrode  was  carried  into  the  work,  making  it  very  hard  and 
difficult  to  machine  subsequently.  It  is,  therefore,  considered 
advisable  always  to  connect  the  work  to  the  positive  side  of 
the  circuit  and  the  carbon  electrode  to  the  negative.  By  this 
method,  also,  the  greater  portion  of  the  heat  of  the  arc  is  con- 
centrated at  the  work,  which  is  the  positive  terminal.  The 
rod  of  carbon,  which  forms  the  negative  electrode,  varies  gen- 
erally from  3/16  to  1 1/2  inch  in  diameter,  according  to  the 
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erly.  Hence  it  is  not  used  as  extensively  as  the  Bernardos  and 
the  Slavlanoff  arc-welding  methods. 

In  a  development  of  the  Zerener  arc-welding  process  known 
as  the  "voltex"  process,  the  carbon  electrodes  contain  a 
small  percentage  of  metallic  oxide  which  Is  converted  into 
metallic  form  and  then  vaporized.  The  metallic  oxide  used  Is 
frequently  oxide  of  Iron.  The  metallic  vapor  created  by  this 
arrangement  Increases  the  size  of  the  arc  and  minimizes  or 
prevents  the  carburlzatlon  of  the  work  by  the  carbon  of  the 
electrodes  at  the  welding  point,  which  is  one  of  the  dIfllcuUlcs 
met  with  In  the  regular  Zerener  arcwelding  process. 

B«mardo8  Arc-weldlnif  ProcosH 

The  Bernardos  electric  arc-wolding  process,  until  rocently, 
was  the  method  most  extensively  used.  It  Is  cspci^lally  adapted 
to  large  and  heavy  work.  In  this  process,  the  arc  Is  drawn 
betw»;en  the  metal  of  the  work  to  bo  weblcil  and  a  single 
carbon  or  graphite  electrode.  The  procoHS  Is,  llKrriiforo,  com- 
monly known  as  the  "carbon  olertrode  wolding  proct'SH."  It 
U  OTtdont  that  the  metal  to  bo  welded  forms  one  oluctrodo  and 
the  carbon  the  other  electrode  for  the  circuit.  The  nrc  Is 
drawn  by  touching  the  electrode  to  the  work  and  withdrawing 
It  to  the  proptjr  distance  In  a  manner  similar  to  that  In  which 


size  of  the  work  to  be  welded.  It  is  held  in  an  insulated 
holder,  which  the  workman  holds  in  his  hand,  striking  the 
arc  by  placing  the  carbon  in  contact  with  the  work  and  quickly 
withdrawing  it  a  few  inches  from  the  metal.  The  operator 
then  manipulates  the  arc  so  as  to  spread  it,  and  heats  the  work 
at  or  near  the  point  to  be  welded  with  what  is  called  a  "soak- 
ing" heat.  The  pieces  of  metal  to  be  welded  are  melted  on 
their  faces  together  with  a  small  Iron  rod  which  acts  as  a 
solder  and  flows  In  between  the  two  surfaces  to  be  Joined. 
The  work  Is  often  hammered  after  the  wold  has  boon  made. 
Screen.s  with  colored  glass  windows  must  be  u.sod  to  protect 
the  eyes  of  tho  workmen  from  the  effects  oC  tho  vlolot  rays 
of  the  arc,  and  gloves  are  also  frc(iuontly  required,  especially 
when  heavy  welding  Is  done,  for  protecting  the  skin. 

Tho  Bernardos  system,  when  properly  adapted  to  the  work 
to  be  done.  Is  practical,  simple  and  olllclont.  Direct  current  Is 
used.  The  quantity  of  current,  depending  upon  the  thickness 
to  bo  welded,  generally  ranges  from  200  to  GOO  amperes. 

Hliivinnurf  Arc-woUllnij-  ProoeHM 

Tlie  Slavlanoff  electric  arcwelding  process  Is  uImo  iMiniiiioiilv 
known  os  tho  "metallic  arcwelding  process,"  liocnuse,  In  this 
(-aso,  a  metal  electrode  Is  used  Instead  of  tho  carbon  electrode. 
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The  objects  of  using  a  metal  electrode  are  to  prevent  the  in- 
troduction of  carbon  in  the  weld,  to  obtain  a  stronger  weld, 
and  to  make  vertical  and  overhead  welding  possible.  The  arc 
is  drawn  by  toucDing  the  work  with  the  metal  electrode  and 
drawing  it  away  in  the  same  manner  as  in  the  Bernardos 
process.  No  metal  rod  to  act  as  a  solder  is  required,  however, 
as  the  metal  electrode  itself  accomplishes  this  purpose  by 
gradually  melting  away  and  entering  the  weld.  The  Slavianoff 
process  produces  a  softer  weld  than  the  Bernardos  process, 
because  of  the  freedom  from  extraneous  carbon  in  the  weld. 
The  arc  is  smaller  than  in  the  Bernardos  process  and,  for  that 
reason,  the  process  is  slower,  but  this  is  of  less  importance 
on  smaller  work.  As  the  arc  itself  will  carry  the  metal  from 
the  electrode  to  the  work,  it  is  possible  to  use  this  method 
for  welding  on  a  vertical  wall  or  overhead,  and  hence  the 
process  is  largely  used  in  overhead  repair  work,  in  fireboxes, 
for  welding  flues  in  locomotive  boilers,  and,  in  general,  when 
repairs  must  be  made  in  place.  It  is  also  largely  used  for 
welding  steel  plate  in  the  manufacture  of  tanks,  etc. 

Strohmeng-er-Slaugbter  Arc-welding-  Process 

In  the  StrohmengerSlaughter  electric  arc-welding  process, 
the  parts  to  be  welded  together  are  placed  in  the  required 


ing  or  welding  is  carried  out  under  a  hammer  or  at  the  anvil 
in  the  usual  manner. 

Eeirllest  Use  of  Arc  Welding- 
Arc  welding  appears  to  have  been  first  used  in  1881  by 
de  Meritens  for  welding  together  parts  of  storage-battery 
plates.  In  this  case,  the  work  was  connected  to  the  positive 
pole  of  the  current,  supply  and  a  carbon  electrode  was  used. 
The  heat  generated  by  the  arc  fused  the  lead  of  the  storage- 
battery  plate,  the  various  parts  of  which  were  thus  united 
or  welded. 

The  Electric  Arc 

An  electric  arc  is  formed  when  a  current  of  electricity  passes 
from  one  conductor  to  another  through  a  gas  or  vapor  which 
has  been  brought  to  incandescence  by  the  discharge  of  elec- 
tricity. The  conductor  from  which  the  current  passes  into 
the  incandescent  gas  or  vapor  is  known  as  the  "positive"  elec- 
trode, while  the  conductor  to  which  the  current  passes  is  called 
the  "negative"  electrode.  It  is  estimated  that  approximately 
75  per  cent  of  the  resistance  offered  to  the  passage  of  a  cur- 
rent of  electricity  from  the  positive  to  the  negative  electrode 
takes  place  at  the  positive  electrode.     The  remaining  25  per 
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Fig.  2.     Methods  of  preparing  Piping  and  Tubular  Work  for  -Welding 


position,  and  an  electrode,  consisting  of  a  soft  iron  rod  covered 
all  over  except  at  the  extreme  ends  with  a  flux  suitable  for 
the  metal  to  be  welded,  and  which  also  serves  as  an  insulator, 
is  laid  along  the  welding  line.  The  work  acts  as  one  electrode, 
the  same  as  in  the  Bernardos  process.  The  work  and  one  end 
of  the  electrode  are  brought  into  contact  and  an  arc  is  thereby 
struck.  This  causes  the  electrode  to  melt,  the  weld  being 
coated  with  the  flux  at  the  same  time,  thus  preventing  oxida- 
tion. The  process  is  claimed  to  be  successful  in  the  welding 
of  rails  and  tor  filling  up  worn  places,  but  it  is  not  so  generally 
used  as  the  other  systems.  In  this  process,  either  direct  or 
alternating  current  may  be  used,  but  alternating  current  is 
preferred.  Successful  welding  has  been  carried  out  with  85 
volts  direct  current  and  220  volts  alternating  current. 

La  QranKe-Hoho  Electric  Heating-  Process 

The  La  Grangc-Hoho  electric  welding  process,  strictly  speak- 
ing, is  not  an  electric  welding  process  at  all,  but  merely  an 
electric  method  of  heating  the  metal  to  a  welding  temperature. 
The  method,  sometimes  referred  to  as  the  "water-pall  forge," 
makes  use  of  a  wooden  tank  fllled  with  a  suitable  fluid  in 
which  the  positive  electrode  of  the  electric  circuit  Is  placed. 
A  negative  electrode  Is  connected  to  ihe  metal  to  be  boated, 
and  this  metal  Is  then  Immersed  In  the  fluid  until  It  reaches  a 
welding  temperature.    It  Is  then  removed  and  the  actual  forg- 


cent  of  the  resistance  takes  place  in  the  medium  between  the 
electrodes  and  in  the  negative  electrode.  It  is  generally  be- 
lieved that  the  negative  electrode  offers  more  resistance  to 
the  flow  of  current  than  does  the  gas  or  vapor  between  the 
electrodes  in  the  short  arcs  that  are  used  in  the  arc-welding 
process.  As  the  amount  of  heat  in  the  arc  or  electrodes  is 
proportional  to  the  amount  of  resistance  offered  to  the  passage 
of  the  electric  current,  it  is  evident  that  the  visible  arc  or 
flame  produces  a  comparatively  small  percentage  of  the  total 
heat  of  the  arc;  by  far  the  largest  part  of  the  heat  is  produced 
on  the  positive  electrode  at  the  point  where  the  arc  impinges. 

The  Carbon  Arc 

The  system  of  electric  welding  that  makes  use  of  the  carbon 
(or  graphite)  electrode  Is  often  known  In  the  shop  as  "carbon 
arc  welding."  The  electrode  is  a  rod  of  carbon  or  graphite 
between  which  and  the  work  the  electric  arc  Is  drawn  until 
the  work  is  heated  to  the  point  of  fusion.  This  method  is  used 
for  three  principal  purposes:  Its  first  and  most  Important  use 
Is  for  burning  metal  off  Iron  or  steel  parts,  which  is  the 
simplest  application  of  the  electric  arc.  It  is  frequently  used 
for  reducing  scrap  material  to  sizes  capable  of  being  easily 
handled,  and  for  cutting  risers  and  flns  from  largo  castings  In 
foundries.  Some  manufacturers  of  electric  welding  apparatus, 
however,  do  not  recommend  It  for  general  use  tor  "cutting" 
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Fig.   3. 


al   Electric  500-ampere   Electric  Arc-welding  Motor- 
generator  Set 


Structural  steel,  as  cutting  of  such  material,  where  there  are 
no  blow-holes,  can  be  more  neatly  and  cheaply  done  by  oxy- 
acetylene  or  oxy-hydrogen  torches;  but  when  a  small  amount 
of  cutting  is  to  be  done  and  an  arc-welding  outfit  is  on  hand, 
it  provides  a  convenient  means  for  doing  this  kind  of  work, 
and  the  method  is  especially  applicable  in  cutting  off  pieces  to 
prepare  repair  work  for  welding.  The  second  application  of 
the  carbon  arc  is  for  the  welding  of  very  heavy  work  by  the 
use  of  heavy  currents  and  large  electrodes,  and  its  third  ap- 
plication, which  is  very  limited,  is  in  the  welding  of  brass. 
In  each  of  the  two  latter  cases,  a  rod  of  suitable  metal  must 
be  introduced  into  the  arc,  so  that  the  weld  can  be  built  up 
by  adding  welding  material.  The  metal  supplied  may  be  either 
a  rod  held  in  the  operator's  hand  or  may  consist  of  small 
pieces  of  scrap  material  which  are  fused  so  that  they  will 
unite  with  the  part  of  the  work  that  is  already  raised  to  .i 
molten  state  by  the  arc,  thus  forming  a  solid  mass  of  even 
Btructure  upon  cooling. 


Tig.  4.     Lincoln  Electric  Co.  E'lulpmcnt  for  Arc  Wcliling 

The  principal  field  for  the  carbon  arc  for  welding  Is  In  foun- 
dries and  steel  mlllH  for  the  repair  of  Imperfect  or  broken 
castlngH  of  large  Hize.  The  loss  from  Imperfect  castings  of 
large  size  Is  always  high,  but  can  he  reduced  to  a  small  per- 
centage by  the  UBC  of  the  arc-welding  proceBH<'8,  as  castings 
containing  blowholes,  cracks,  etc.,  <;an  be  readily  repaired  ut 
small  expenditure  for  material  and  labor.  Kor  all  work  In 
which  the  carbon  arc  Is  used,  oomparatlvoly  heavy  curTonts 
are  required,  ranging  from  200  to  1000  umpcroH.  With  those 
heavy  currentB.  the  heat  can  be  applied  (julckly  and  can  bo 
conrenlralfcl  al  the  required  point  until  an  Intense  heat  Ih 
reached  and  the  procoss  of  cutting  or  welrling  biMonies  very 
rapid.  However,  the  carbon  arc  Ih  not  used  anywhf^re  nearly 
U  extensively  as  the  metallic  arc,  for  reasons  that  will  bo 
explained  In  the  following  paragraphs. 


Polarity  for  Carbon  Arc  Welding 
As  already  mentioned,  the  work  is  made  the  positive  elec- 
trode and  the  carbon  the  negative  electrode.  Two  advantages 
are  gained  in  this  manner:  (1)  Particles  of  carbon  from  the 
electrode  are  not  carried  into  the  weld,  and  (2)  the  greater 
portion  of  the  heat  of  the  arc,  being  concentrated  at  the  posi- 
tive terminal,  heats  the  metal  to  be  welded  more  rapidly. 
The  Metallic  Arc 
In  the  Slavianoff  process,  commonly  known  as  the  "metallic" 
or  "metallic  arc"  welding  process,  the  metallic  electrode — 
usually  made  from  a  soft  grade  of  iron  or  steel  of  some  special 
composition,  or  from  bronze  for  the  welding  of  bronze  ob- 
jects—is brought  into  a  fused  state  by  the  heat  of  the  arc, 
and  metal  from  it  is  gradually  deposited  at  the  point  of  the 
weld,  where  the  work  is  raised  to  a  state  of  incandescence, 
so  that  the  metal   from   the  electrode  unites  intimately  with 


Fig.    6.     C   &   C   Electric   &    Mfg.    Co.    Portable   160-ampere   Constant- 
current   Welding   Outfit 

it.  This  method  of  welding  is  very  rapid,  as  the  softening  or 
melting  of  the  electrode  is  continuous  after  the  arc  is  started, 
and  thus  the  weld  is  quickly  filled  with  the  filling  material. 
The  method  is  extensively  used  in  all  classes  of  repair  and 
reclamation  work,  as,  for  instance,  in  the  filling  of  cracks  and 
blow-holes  in  castings,  in  the  building  up  of  worn  parts  of 
rolls,  rails  and  locomotive  wheel  tires,  in  the  repairing  of 
cracks  in  boilers  and  locomotive  fireboxes,  in  marine  repair 
and  construction  work,  and  in  many  other  industries  where 
it  is  used  as  a  manufacturing  method  for  increasing  the  speed 
or  convenience  with  which  the  finished  product  may  be  brought 
out.     Examples   of  manufacturing   work    in    which    the   ara- 
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Fig.   7.      Diagram   of   Connections   for   C   &  C   Electric   &   Mfg.    Co.    Arc- 
welding  Equipment 

welding  process  is  applied  are  found  in  the  welding  of  heads 
and  branches  to  tanks,  in  the  joining  of  the  seams  of  tanks 
and  boilers,  in  the  welding  of  fireboxes,  flue  sheets,  boiler 
tubes,  in  the  manufacture  of  steel  cars,  and  in  the  welding 
of  automobile  bodies,  rear  axle  housings,  universal  joints  and 


welding,  the  carbon  electrode  is  always  the  negative  pole,  as 
otherwise  the  carbon  is  carried  over  from  the  electrode  into 
the  weld,  causing  hard  spots,  brittleneas  and  unsatisfactory 

results. 

CombiDation  of  Metallic  and  Carbon  Arcs 

In  some  cases,  especially  in  repair  work,  it  is  necessary  to 
remove  some  parts  of  the  metal  to  be  welded  at  the  place 
where  the  weld  is  to  be  made.  It  may  be  necessary,  for  exam- 
ple, to  cut  out  part  of  a  burnt,  broken  or  worn  spot  in  order 
to  insert  new  material,  or  to  widen  a  crack  in  order  that  the 
metal  from  the  electrode  may  be  properly  deposited  in  it.  As 
the  cutting  operation  must  be  performed  by  means  of  the 
carbon  arc,  the  combined  use  of  the  carbon  and  metallic  arcs 
is  often  desirable,  the  carbon  arc  being  used  for  cutting,  and 
the  metallic  arc  for  the  subsequent  welding.  Preheating  of 
large  castings  may  also  be  done  in  this  way,  as  a  large  section 
of  the  work  may  be  raised  to  a  high  temperature  by  using  the 
carbon  arc,  after  which  the  actual  welding  is  performed  by 


Fig.  8.    Wilson  WelJer  &  Metals  Co.  Equipment  for  Electric  Arc  WsUmg- 

other  automobile  parts,  as  well  as  in  all  classes  of  pipe  and 
<;heet  metal  work.  About  90  per  cent  of  all  electric  welding 
-  done  by  the  use  of  metallic  electrodes. 
The  metallic  electrode  process  does  not  require  as  heavy  a 
current  as  the  carbon  arc.  The  maximum  current  required  is 
about  200  amperes.  For  this  reason,  it  is  slower  than  the 
carbon  electrode  process,  and  the  metal  is  deposited  less  rap- 
idly. It  is  deposited  more  uniformly,  however,  and  a  weld 
made  by  a  metallic  electrode  is  stronger  and  has  a  smoother 
and  more  regular  appearance  than  a  weld  made  by  the  carbon 
electrode;  hence  metallic  electrode  welding  is  employed  when 
the  strength  of  the  weld  as  well  as  its  appearance  are  of 
importance. 

Polarity  for  Metallic  Arc  Welding- 

On  account  of  the  fact  that  the  heat  of  the  positive  electrode 
Is  greater  than  that  of  the  negative  electrode,  the  work  is 
made  the  positive  electrode,  while  the  metallic  electrode  is 
made  the  negative  terminal.  In  this  way,  the  piece  to  be  weld- 
ed, which  usually  has  a  much  larger  mass  than  the  welding 
electrode  or  wire,  and  which  consequently  loses  more  heat  by 
conduction.  Is  still  enabled  to  heat  rapidly.  In  a  few  cases, 
as  In  the  wcldlnR  of  very  thin  shoot  motal,  the  welding  wire 
Is  made  the  positive  oloitrodc  in  order  to  reduce  the  tendency 
of  the  arc  to  burn  throuRh  tlio  sheet  metal.  It  Is  only  when 
welding  thin  sheets  by  the  metallic  arc  that  it  Is  desirable 
to  use  the  metal  electrode  as  the  positive  pole.    In  carbon  arc 


-bij^.pai.a    Iu^iii:„iion    at    American    L„v„..,„i.vc    C>,.,    iJ^iiiuk.    N.    Y. 

the  metallic  arc.  The  strains  in  the  welded  parts  are  more 
evenly  distributed  on  account  of  the  preheating,  and  welds  of 
greater  strength  are  thus  obtained. 


AUXILIARY  PANELS 


Filt.    9.      Diagram    of    Connootioni    for    Oonoral    Electric    Co.     Arcwoldlnf 
Control  Panol   for  controllins  Oonorator  and  Ono  Woldins  Circuit 
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Fi«.  10.     Connections  for  General  Electric  Co.  Arc-welding  Auxiliary 
Control  Panel  for   One   Welding  Circuit 

Carbon  Electrodes 
The  carbon  electrodes  may  be  made  either  from  a  high  grade 
of  homogeneous,  uncored,  hard  carbon  similar  to  that  used  in 
arc  lamps,  or  from  graphite.  The  former  are  generally  known 
as  "carbon  electrodes,"  while  the  latter  are  termed  "graphite 
electrodes."  Carbon  electrodes  are  cheaper,  but  disintegrate 
more  readily.  The  end  of  the  electrode  should  be  rounded  off, 
but  care  should  be  taken  not  to  bring  it  to  a  sharp  point.  In 
some  cases,  tapered  electrodes  are  used.  The  carbon  or 
graphite  electrodes  used  vary  in  size  from  14  to  1%  inch  in 
diameter.  The  following  have  been  found,  by  trial,  to  be  ap- 
proximately the  proper  values  of  current  for  different  sizes 
of  carbon  electrodes:  Vi  inch  in  diameter,  up  to  100  amperes; 
14  Inch  in  diameter,  from  100  to  300  amperes;  %  inch  in  diam- 
eter, from  300  to  500  amperes;  and  1  inch  in  diameter,  from 
600  to  1000  amperes.     Graphite  electrodes  may  be  used  with 


WELOmo  CURRENT 
REGULATOR  CON- 
NECTED rN  THE 
SEPARATE  EXCI- 
TATION CIRCUIT 


Flf.    11.     Wiring  Diagram  of  Kramer  Elootrio  Welding  Kactatno 

higher  current  values.  They  are  not  extensively  used,  how- 
ever, bof-auBC  they  are  more  expensive.  The  fllllnR  material 
used  with  carbon  electrodes  should  be  of  the  same  kind  and 
rjuallty  as  the  material  being  welded,  except  that  a  somewhat 
higher  percentage  of  carbon  In  the  welding  material  Is  de- 
sirable, Inasmuch  as  some  of  the  carbon  If  burnt  out  In  the 
welding  process. 

Motulllc  E)octrode« 

The  size  of  the  metal  electrode  used  varlon  with  the  nature 
of  the  work  and  the  current  required,  but  It  la  ordinarily  made 
from  3/32  to  5/32  Inrh  In  diameter.  It  Is  noccBSory  In  every 
case  lo  have  the  proper  relation  botwoon  the  current  strongtli 


and  the  size  of  the  electrode,  because  the  heat  of  the  arc  must 
be  sufficient  to  raise  a  spot  on  the  work  nearly  to  the  point  of 
fusion,  in  order  that  there  may  be  an  actual  union  of  the 
metal  from  the  electrode  with  the  work.  Unless  the  tempera- 
ture is  high  enough  for  this  union,  the  weld  will  be  imperfect 
and  the  metal  from  the  electrode  will  not  join  properly  with 
that  of  the  work.  On  the  other  hand,  if  the  metal  is  heated 
to  too  high  a  temperature,  there  is  danger  of  burning  it  and 
oxidation  also  takes  place  more  rapidly,  thus  impairing  the 
weld.  In  addition,  greater  heating  and  cooling  strains  are 
set  up  in  the  weld.  Therefore  the  current  must  he  regulated 
to  produce  a  proper  temperature  rise  In  the  work,  and  the 
size  of  the  electrode  must  be  so  selected  that  there  is  no  danger 
of  overheating  or  oxidizing  the  metal  when  deposited.  On  the 
other  hand,  the  electrode  must  not  be  too  large  for  the  current 
used,  as  this  would  produce  an  imperfect  union,  the  fusion 
being  slow  and  imperfect  and  the  welds  unsatisfactory. 

Metallic  electrodes  for  welding  steel  or  iron  are  obtainable 
from  supply  houses  generally,  from  makers  of  steel  and  iron 
wire,  or  from  the  various  companies  that  manufacture  electric 
arc-welding  equipment.  The  electrodes  used  in  connection 
with  practically  all  welding  equipments  consist  of  rods  from 
1/16  to  1/4  inch  in  diameter  and  about  12  inches  long;  the 
largest  size  of  electrode  is  used  for  cast-iron  welding  only. 

The  Wilson  Welder  &  Metals  Co.,  52  Vanderbilt  Ave.,  New 
York  City,  supplies  metal  electrodes  in  sizes  of  from  1/16  to 
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Fig.    12,     Diagram  of  Current  in  Eolation  to  Resistance 

9/32  inch  in  diameter,  the  standard  size  being  gage  No.  9, 
which  is  approximately  5/32  inch  in  diameter.  These  elec- 
trodes are  furnished  In  five  different  grades,  suitable  for  boiler 
repair,  steel  welding,  cast-iron  welding,  filling  castings,  and 
bronze  welding,  respectively.  Experience  has  shown  that  in 
order  to  secure  satisfactory  results  in  electric  welding,  the 
use  of  a  proper  grade  of  metal  is  of  as  great  importance  as 
having  a  properly  designed  machine.  Recognizing  this  fact, 
the  Wilson  Welder  &  Metals  Co.  has  developed  specially  pre- 
pared welding  metals  that  are  not  adversely  affected  by  the 
heat  of  the  arc.  These  metals  are  used  in  the  form  of  an 
electrode.  This  metal  is  a  homogeneous  alloy  combined  with 
an  excess  of  manganese  to  compensate  for  losses  while  pass- 
ing through  the  electric  arc,  thus  insuring  a  substantial 
amount  of  manganese  In  the  welded  joint,,  which  is  essential 
to  its  toughness.  In  addition,  a  niangancso-copper  alloy  weld- 
ing electrode  has  been  developed,  which  Is  composed  of  Iron 
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Fig.  14.     Front  View  of  Two  Types  of  Welding  Shields 

homogeneously  combined  with  such  an  excess  of  manganese 
and  copper  over  the  amount  lost  in  the  arc  as  will  insure  to 
the  welded  joint  an  additional  degree  of  toughness  and  duc- 
tility, and  at  the  same  time  will  leave  it  soft  enough  to  be  ma- 
chined. 

The  C  &  C  Electric  &  Mfg.  Co.,  Garwood,  N.  J.,  states  that, 
with  the  company's  constant-current  low-voltage  (16  to  20 
volts)  system  of  electric  welding,  electrodes  of  Swedish  iron 
(mild  steel)  are  best  for  all-around  welding  of  steel.  They 
can  be  used  for  welding  overhead  work,  as  well  as  vertically 
(as,  for  instance,  in  the  welding  of  flues),  without  any  of  the 
limitations  encountered  when  using  electrodes  that  fuse  at  an 
unusually  low  temperature.  One  of  the  great  advantages  of 
Swedish  iron  welding  electrodes  is  that  the  material  always 
may  be  depended  upon  to  be  uniform. 

The  Lincoln  Electric  Co.,  Cleveland,  Ohio,  furnishes  metallic 
electrodes  1/S,  5/32  and  3/16  inch  in  diameter.  The  smallest 
electrode  is  used  on  sheet  metal  1/8  and  3/16  inch  thick,  and 
also  for  welding  flues  into  flue-sheets  in  locomotive  shops. 
The  5/32-inch  electrodes  are  more  generally  used  than  any 


Fig.  15.     Hear  View  of  Welding  Shields  shown  in  Fig.  14 

Other  size,  and  are  employed  for  boiler-plate  welding  in  gen- 
eral. The  3/16-inch  electrode  is  used  principally  for  "building 
up,"  as,  for  example,  in  the  building  up  of  worn  parts  of  steel 
castings.  It  may  also  be  used  for  welding  when  speed  is  more 
Important  than  the  quality  of  the  work. 

Current  and  Voltaere  lor  Carbon  Arc 

The  voltage  across  the  arc  varies  from  35  to  50  volts,  de- 
pending partially  upon  the  amount  of  current  being  used,  but 
still  more  upon  the  length  of  the  arc.  The  current  ranges 
from  200  amperes  up.  depending  upon  the  type  of  work  being 
done.  For  light  work,  small  electrodes  and  current  values  less 
than  200  amperes  can  be  used.  The  average  type  of  welding 
done  by  the  carbon  arc  requires  from  300  to  400  amperes.  For 
cutting,  or,  more  correctly,  burning,  from  400  to  600  amperes, 
or  more,  are  required. 


Current  Required  for  Metallic  Arc  Welding 

The  current  required  for  the  metallic  arc  is  smaller  than 
for  the  carbon  arc  and  seldom  exceeds  175  or,  at  most,  200 
amperes  for  the  heavier  classes  of  work;  it  ranges  from  this 
maximum  down  to  12  or  15  amperes  for  thin  sheet  metal  work. 
The  generated  voltage  varies  from  16  to  75  volts,  according 
to  the  make  of  the  equipment  used.  Metal  electrodes  also  re- 
quire smaller  voltage  than  carbon  electrodes.  The  voltage  at 
the  arc  is  ordinarily  from  about  15  to  25  volts.  The  current 
and  voltage  used  in  electric  welding  depend  to  a  large  extent 
upon  the  size  of  the  metal  electrode  used,  as  well  as  upon  the 
composition  of  the  electrode  and  the  nature  of  the  work  to 
be  welded.  The  metallic  electrode  can  be  used  on  much  lighter 
stock  than  the  carbon  electrode,  but  in  welding  it  requires 
greater  ability  on  the  part  of  the  operator  on  account  of  the 
shortness  of  the  arc  and  the  consequent  difficulty  of  maintain- 
ing it.  The  metallic  arc  is  more  unstable  than  the  carbon  arc, 
and  the  operation  is  more  diflScult  to  master,  but  this  is  com- 
pensated for  by  the  fact  that  certain  classes  of  welding  can 
be  done  by  the  metallic  arc  process  that  cannot  be  done  in 
any  other  way,  as,  for  example,  the  welding  oi  overhead  or 
vertical  surfaces. 

Data  on  Current   and  Voltagre 

According  to  a  report  submitted  to  the  convention  of  the 
Association  of  Railway  Electrical  Engineers  and  reprinted  in 
the  Railicay   Review,   December   2,   1916,   1/8-inch   mild   steel 


Fig.    16.     Six-inch  Arc-welded  Wrought-iron  Pipe   tested   at   Pressure  of 
1000  Pounds  per  Square  Inch 

electrodes  used  for  welding  2-inch  flues  require  a  current  of 
from  60  to  90  amperes  and  a  voltage  of  from  14  to  16  volts; 
5-inch  flues  using  a  5/32-inch  mild  steel  electrode  require  & 
current  of  from  110  to  140  amperes  with  a  voltage  of  from 
16  to  20  volts.  Mild  steel  electrodes,  3/16  inch  in 
diameter,  require  a  current  of  from  150  to  180  amperes  with 
a  voltage  of  from  18  to  25  volts.  When  carbon  electrodes  3/4 
inch  in  diameter  are  used  for  cutting,  a  current  of  from  250 
to  350  amperes  and  a  voltage  of  from  35  to  50  volts  are  re- 
quired. For  cutting  or  burning  with  carbon  electrodes  1  inch 
in  diameter,  a  current  of  from  350  to  500  amperes  and  a 
voltage  of  from  35  to  50  volts  are  required.  In  some  outfits, 
however,  carbon  electrodes  much  smaller  in  diameter  are  used, 
one  company  employing  electrodes  only  3/16  inch  in  diameter. 

Sheet  Metal  Welding- 
Very  thin  sheet  metal  is  welded  by  metallic  electrodes  with 
low  current  values.     The  General  Electric  Co.,  Schenectady, 


rig.  17.     Eight-Inch  Arc-welded  Wroughtlron  Pipe  tested  at  Pressure 

of  800  Pounds  per  Square  Inch,  which  was  withstood  by 

the  Wolds  but  not  by  tbo  Cap 
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Fi?.    18.     Broken   Lathe    Steadyrest 

gives  the  following  data  for  sheet  metal  welding  based 
on  cost  of  labor  at  30  cents  per  hour  and  current  at  2  cents 
per  kilowatt  hour: 

Metal,  No.  20  gage  or  less;  metal  electrodes,  less  than  1/16 
inch  in  diameter;  current,  10  to  25  amperes;  speed,  30  feet 
per  hour;  average  cost,  1 1/2  cent  per  foot. 

Metal,  No.  18  gage  to  1/8  inch;  metal  electrodes,  1/16  inch 
in  diameter;  current,  35  to  40  amperes;  speed,  30  feet  per 
hour;  average  cost,  2  cents  per  foot. 

Metal,  1/8  to  3/16  inch;  metal  electrodes,  3/32  inch  in  diam- 
eter; current,  30  to  50  amperes;  speed,  25  feet  per  hour;  aver- 
age cost,  2  1/2  cents  per  foot. 

Metal,  3/16  to  1/4  inch;  metal  electrodes,  1/8  inch  in  diam- 
eter; current,  50  to  100  amperes;  speed,  20  feet  per  hour;  aver- 
age cost,  3  to  3  1/2  cents  per  foot. 

Metal,  over  1/4  inch;  metal  electrodes,  5/32  inch  in  diam- 
eter; current,  75  to  150  amperes;  speed,  18  feet  or  less  per 
hour;  average  cost,  5  cents  and  up  per  foot. 

The  General  Electric  Co.  estimates  that  the  cost  of  welding 
1/4-lnch  plates  by  the  arc-welding  method  is  about  50  per  cent 
of  the  cost  of  welding  similar  plates  by  the  oxy-acetyleue 
method.  To  weld  steel  plates  1/2  inch  in  thickness  with  the 
electric  arc  will  cost  less  than  40  per  cent  of  the  cost  with 
the  oxy-acetylene  process,  and  for  plates  1  inch  in  thickness, 
the  cost  of  arc  welding  is  estimated  to  be  less  than  15  per  cent 
of  the  cost  by  oxy-acetylene  welding. 
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Fig.   19.     Lathe  Steadyrest  shown  in  Fig.   18  repaired 
Advantages  of  Electric  Arc  Welding 

The  following  claims  of  superiority  are  made  for  electric 
arc  welding  as  compared  with  other  methods  of  welding  for 
materials  and  conditions  for  which  the  method  is  suitable: 
First,  the  high  temperature  of  the  electric  arc  makes  it  pos- 
sible to  rapidly  reduce  the  metal  to  be  welded  to  a  molten 
state;  the  heat  being  applied  rapidly  is  not  carried  away  from 
the  point  of  the  weld  by  the  heat  conductivity  of  the  metal 
fast  enough  to  lower  the  temperature  at  the  weld  appreciably. 
Second,  the  tools  for  performing  the  weld  are  comparatively 
easy  to  manipulate  and  the  apparatus  required  is  simpler  and 
easier  to  handle  than  that  used  with  gas-welding  outfits. 
Third,  for  all  work,  except  very  thin  materials,  it  is  the  cheap- 
est welding  method  available.  Fourth,  the  voltage  of  the  cur- 
rent is  so  low  that  the  process  is  perfectly  safe,  and  if  the 
operator  is  provided  with  a  proper  hood  or  shield  to  protect 
him  from  the  light  and  heat  of  the  arc,  he  is  not  exposed  to 
any  danger.  The  heat  and  light  from  the  carbon  arc  is  much 
greater  than  from  the  metallic  arc.  Fifth,  there  is  no  danger 
from  explosions. 

The  most  important  advantage  of  all,  probably,  is  that  welds 
can  be  made  overhead  and  on  vertical  seams  by  the  metallic 
arc.  The  arc  actually  carries  the  metal  particles  from  the 
electrode  into  the  weld  with  considerable  force,  so  that  even 
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Fig.   22.     Steam   Plate   for  Hydraulic  Press  welded   to   withstand   150 
Pounds  per  Square  Inch  Steam  Pressure 

with  an  overhead  weld,  the  metal  is  forced  clear  through  the 
space  between  the  adjoining  surfaces,  welding  them  securely. 
Overhead  welding  cannot  be  done  by  any  other  means,  and 
vertical  welding  only  with  great  difficulty  by  other  methods. 
The  simplicity  of  electric  welding  for  overhead  and  vertical 
seams  is,  therefore,  one  of  its  strongest  claims  in  many  instances. 
Metals  that  can  be  Welded 
The  metals  that  are  most  commonly  welded  by  the  electric 
arc  are  steel,  steel  castings,  and  cast  iron.  For  mild  rolled 
steel  and  steel  castings,  electrodes  or  filling  rods  of  soft  iron, 
preferably  Swedish  iron,  are  used;  tool  steel  may  also  be 
welded    with     Swedish    iron  


space  D  should  be  5/32  inch.  A  study  of  the  various  condi- 
tions illustrated  in  Figs.  1  and  2  will  give  a  good  idea  both 
of  the  possibilities  of  electric  welding  and  the  method  by  which 
it  is  accomplished. 

Preheating 

Cast  and  malleable  iron  can  be  successfully  welded  by  the 
electric  arc  process,  but  it  is  generally  necessary  to  preheat 
the  castings,  either  by  the  use  of  the  carbon  electrode  or  by 
means  of  gas,  coal  or  oil  fires;  the  preheating  is  continued 
until  the  work  is  brought  up  to  a  red  heat,  and  the  heat  is 
carried  well  back  from  the  welding  surfaces  so  as  to  avoid 
cooling  strains  and  cracks  when  the  metal  cools  after  welding. 
The  work  must  be  kept  hot  during  the  time  the  weld  is  made, 
and  means  must  be  taken  to  have  it  cool  down  slowly  after 
welding. 

Equipment  Required  for  Arc  Welding: 

The  simplest  possible  outfit  for  arc  welding  would  consist 
of  any  source  of  direct-current  supply,  an  adjustable  resistance 
for  regulating  the  current  and 


electrodes.  For  cast  iron, 
rods  of  cast  iron  high  in  sili- 
con are  used.  Copper  has 
been  welded  to  steel  by  using 
a  copper  electrode,  and  brass 
has  also  been  welded  with 
copper  electrodes.  In  the 
welding  of  bronze,  a  bronze 
electrode  is  used.  Electric  arc 
welding,  however,  is  most  sue-, 
cessful  in  the  welding  of  steel, 
steel  castings,  and  cast  iron; 
but  on  account  of  the  great 
heat  of  the  arc,  it  cannot  be 
used  successfully,  except  by 
expert  welders,  for  welding 
cast-iron  sections  that  are 
thinner  than  1/4  inch.  It  is 
not  practicable  to  weld  alu- 
minum with  the  electric  arc, 
the  oxy-acetylene  process  be- 
ing best  for  this  metal.  It  is 
also  likely  that  the  oxy-acety- 
lene welding  process  is  pref- 
erable for  the  welding  of  cop- 
per, brass  and  bronze,  al- 
though there  may  be  in- 
stances when  these  metals 
must  be  welded  overhead  or 
along  vertical  seams,  in  which 
case  the  arc-welding  process 
would  have  to  be  used.  ^'S'  ^^-    CMti^"-  "ear 

Carbon  electrodes  are  used  for  filling  in  large  cavities  in 
cast  iron,  by  melting  into  place  a  east-iron  rod  of,  say,  1/2  inch 
diameter.  A  cast-iron  metallic  electrode  of  a  diameter  of  about 
1/4  inch  may  also  be  used.  Some  makers  of  electric  welding 
equipment  recommend  the  use  of  soft  iron  electrodes  on  cast 
iron  as  well  as  on  steel,  and  one  concern  uses  a  specially  pre- 
pared soft  iron  electrode  containing  manganese. 

Preparlne:  Work  for  Weldln«- 

The  preparation  of  the  work  for  welding  depends  upon  tlic 
kind  of  work  to  be  done,  the  thickness  of  the  parts  to  bo 
welded,  and  their  shape.  In  Pigs.  1  and  2  are  shown  a  num- 
ber of  examples  of  work  to  be  welded,  and  in  each  case  the 
method  of  preparing  the  work  for  welding,  and  the  appearanco 
of  the  weld  after  the  work  Is  complctod,  is  shown.  In  Fig.  1 
Is  indicated  at  A  the  method  of  preparing  sheets  less  than  1/4 
Inch  In  thickness.  For  sheets  up  to  1/16  inch  in  thickness, 
spare  /)  slinuld  be  1/32  Inch.  For  shoots  between  1/16  and 
1/8  Inch  In  thickness,  it  should  be  about  3/32  Inch;  and  for 
sheets  from  1/8  to  1/4  Inch  In  thickness,  space  D  should  be 
about  B/32  Inch.  At  B  la  shown  the  preparation  of  sheets  from 
1/4  to  1/2  Inch  In  thickness,  where  space  D  should  be  3/82 
Inch.    At  C  Is  shown  plate  above  1/2  Inch  In  thickness;  here 


bringing  the  voltage  down  to 
that  required  in  the  welding 
circuit,  and  an  electrode  hold- 
er. The  present  arc-welding 
outfits,  however,  are  made 
somewhat  more  elaborate  in 
order  to  obtain  greater  econ- 
omy. The  current  is  usually 
furnished  by  a  low-voltage 
generator  which  is  driven  by 
a  motor  or  sometimes  by 
other  means  like  a  belt  or 
chain  drive.  Generally,  motor- 
generator  sets  or  dynamotors 
are  used  for  the  power  sup- 
ply. The  equipment  further 
includes  a  switchboard  hav- 
ing on  it  the  starting  appa- 
ratus for  the  motor  end  of 
the  outfit,  if  motor-driven; 
the  control  and  indicating  ap- 
paratus for  the  generator, 
consisting  of  a  field  regulator, 
voltmeter,  and  ammeter;  and 
a  regulating  apparatus  for 
the  arc  circuit,  consisting  of 
a  set  of  current-regulating 
switches  with  resistance,  and 
usually  some  form  of  auto- 
matic switch  or  contactor. 
Where  several  welders  use  the 
repaired  by  Arc  Welding  g^me   stationary   outfit,   there 

is,  in  addition,  a  control  panel  for  each  welding  station  or  cir- 
cuit. The  operator's  tools  and  equipment  consist  of  electrode 
holders  with  cables  for  each  welding  station,  and  face  shields 


Fig,  24.     Bearing  Cap  for  SOO-ton  Punch  Freis  repaired  with  Oarhon  Aro 
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or     hoods     for     protection 
against  the  light  and  heat. 

Motor-grenerator  Sets 

As  the  alternating-cur- 
rent arc  varies  from  a 
maximum  to  a  minimum 
at  each  reversal  of  the 
current,  it  is  not  suitable 
for  electric  arc  welding. 
The  direct-current  arc,  on 
the  other  hand,  Is  practi- 
cally steady;  so  direct  cur- 
rent is  used;  only  a  low 
voltage  is  required.  The 
metallic  arc  requires  from 
15  to  25  volts,  while  the 
carbon  arc  requires  from 
35  to  50  volts,  according  to 
the  equipment  used.  Spe- 
cial welding  equipment  in  ^'s-  2'-  Reclamation  of 
the  form  of  generators  and  control  apparatus  is  used  only  in 
order  to  obtain  current  at  the  required  voltage  economically. 
As  far  as  the  welding  is  concerned,  work  can  be  done  with 
the  250-volt  direct  current  having  the  necessary  resistance  bal- 
last; but  it  would  be  necessary  to  reduce  the  voltage  from 
250  volts  to  the  low  voltages  required  in  the  welding  circuit. 
As  this  is  done  by  inserting  resistance  in  series  with  the  arc 
to  absorb  the  excess  voltage,  it  is  plainly  an  inefficient  process, 
as  the  voltage  absorbed  by  the  rheostat  is  wasted.  Assume 
that  the  supply  circuit  is  250  volts  and  that  the  arc  requires 
25  volts;  then  it  is  obvious  that  nine-tenths  of  the  energy 
taken  from  the  mains  is  wasted  in  the  rheostat;  and  in  the 
extreme  case  of  a  supply  circuit  of  550  volts  and  a  metallic 
arc  using  only  15  volts,  the  energy  used  would  be  so  small  a 
fraction  of  the  energy  taken  from  the  line  that  practically 
all  the  energy  of  the  supply  circuit  would  be  wasted. 

In  order  to  avoid  these  losses,  therefore,  the  various  manu- 
facturers of  electric  welding  apparatus  have  developed  special 
low-voltage  generators  and  methods  of  control  that  give  the 
maximum  of  efficiency  combined  with  flexibility  and  circuit 
protection.  The  generators  are  usually  furnished  as  part  of 
a  motor-generator  set,  although  they  can  be  furnished  for  belt 
drive  if  desired.  The  motor-generator  set,  however,  is  the 
most  desirable  equipment  for  several  reasons:    It  is  a  self- 


contained  unit;  it  does  not 
demand  constant  attention 
when  running;  the  main- 
tenance cost  is  low;  and 
the  welding  circuits  and 
the  shop  circuits  are  elec- 
trically independent,  _>o 
that  short-circuits  in  the 
welding  circuit  will  not 
seriously  interfere  with 
the  shop  circuits.  The 
voltage  on  the  welding  cir- 
cuit can  be  regulated  to 
suit  the  work  being  done 
by  various  methods  of 
control,  these  methods  dif- 
fering according  to  the 
make  of  the  equipment. 
There  are  three  types  of 
equipment  on  the  market, 
•Worn  Freight  Car  Knuckles  which    may    be    described 

as  the  constant-voltage,  the  variable-voltage,  and  the  constant- 
current  types: 

The  constant-voltage  type  is  a  motor-generator  set  that  takes 
power  from  the  shop  mains  and  delivers  on  the  generator  end 
a  practically  constant  low  voltage.  A  resistance  ballast  is  used 
between  the  generator  and  the  welding  arc  to  determine  the 
current  and  to  limit  the  current  at  short-circuit.  The  power 
used  in  the  resistance  ballast  is,  of  course,  wasted.  In  sta- 
tionary outfits,  the  low-voltagQ  direct-current  power  is  car- 
ried over  the  shop  on  heavy  cable  to  the  welding  outlets. 
The  variable-voltage  type  is  a  motor-generator  set  in  which 
the  voltage  supplied  by  the  generator  is  variable,  the  generator 
delivering  practically  the  voltage  required  by  the  arc. 

The  constant-current  type  is  a  motor-generator  set  that  takes 
power  from  the  shop  mains  and  delivers  on  the  generator  end 
the  current  required  for  welding  without  the  use  of  resistance 
ballast.  The  inherent  characteristic  of  the  generator  is  such 
that  the  short-circuit  current  is  limited  without  the  use  of 
resistance  ballast.  Inductive  ballast  is  used  to  stabilize  the 
arc.  This  type  of  equipment  is  usually  furnished  in  the  port- 
able type,  and  the  low-voltage  distribution  system  is  thus  elim- 
inated. The  motor  is  fed  directly  from  the  shop  lines.  The 
constant-current  type  of  welder  has  been  developed  to  meet 
the  demand  for  an  outfit  that  will  produce  a  welding  current 
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of  constant  value,  regard- 
less of  the  length  of  arc, 
and  that  can  be  installed 
at  any  desired  location  in 
the  shop.  Machines  of  this 
type  are  so  made  that  the 
voltage  varies  automati- 
cally as  operating  condi- 
tions change,  thereby  keep- 
ing the  current  at  the  pre- 
determined amount.  Pro- 
vision is  also  made  to  ad- 
just the  current  to  differ- 
ent values  to  suit  various 
classes  of  work,  thereby 
making  apparatus  of  this 
type  suitable  for  all  kinds 
of  shops.  These  machines 
may  be  connected  to  the 
shop  circuit  like  other 
motor-driven  devices. 

As  examples  of  constant-voltage  machines  may  be  men- 
tioned the  generators  of  the  Wilson  Welder  &  Metals  Co.,  which 
are  wound  for  voltage  of  35  volts,  and  those  of  the  General 
Electric  Co.,  which  are  wound  for  voltage  of  from  60  to  75 
volts,  it  being  in  no  case  necessary  to  have  a  generator  of 
higher  voltage  than  this  for  welding. 

The  Lincoln  Electric  Co.  supplies  a  variable-voltage  equip- 
ment. At  the  instant  of  short-circuit,  the  voltage  is  very  low— 
from  two  to  three  volts.  When  the  operator  is  welding  with 
the  metallic  arc  the  voltage  across  the  arc  is  from  twenty  to 
twenty-five  volts.  Carbon  electrode  welding  requires  from 
thirty-five  to  fifty  volts.  When  the  machine  is  running,  but 
the  operator  is  not  welding,  the  voltage  may  be  from  si.xty 
to  eighty  volts.  The  C  &  C  Electric  &  Mfg.  Co.  makes  a 
constant-current  machine,  working  on  the  principles  outlined 

Single-operator  units  of  either  type  may  be  made  portable. 
Large  constant-voltage  multiple-operator  units  must  be  located 
at  definite  points,  although  the  welding  panels  may  be  made 
portable  if  the  low-voltage  distribution  system  is  heavy  enough 
to   prevent    interference   between   operators   due   to   line-drop. 

Dynamotors 

The  C  &  C  Electric  &  Mfg.  Co.  uses,  in  some  cases,  a 
dynamotor  instead  of  a  motor-generator  set  on  direct-current 
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circuits.  The  dynamotor 
is  a  single  machine,  duplex- 
wound,  combining  the  func- 
tions of  both  the  motor 
and  the  generator.  Dy- 
namotors are  somewhat 
lower  in  price  than  motor- 
generator  sets,  and  are 
lighter  and  therefore  de- 
sirable for  portable  outfits. 

Examples  of  Welding- 
Equipment 
Figs.    3,    4,    5,    6    and    8 
show  a  number  of  welding 
outfits.       That     shown     in 
Fig.  3  is  a  motor-generator 
set  of  500  amperes  capac- 
ity, the  control  equipment 
being  shown  In  the  back- 
ground.    This  set  is  made 
by     the     General     Electric 
Co.,  Schenectady,  N.  Y.    In  Fig.  4  are  shown  two  outfits  made 
by  the  Lincoln  Electric  Co.,  Cleveland,  Ohio,  together  with  the 
control  switchboard.     A  welder  is  shown  at  work,  this  illus- 
tration giving  a  clear  idea  of  the  conditions  under  which  the 
work  is  done.    Two  portable  equipments  are  shown  in  Figs.  5 
and  6,  the  former  being  the  product  of  the  C  &  C  Electric  & 
Mfg.  Co.,  Garwood,  N.  J.,  this  particular  outfit  being  wound 
for   operation  on  a  direct-current   circuit;    outfits  wound   for 
operation  on  alternating-current  circuits  are  also  supplied,  the 
latter  being  made  by  the  General  Electric  Co.     These  portable 
outfits    consist    of    motor-generator    sets    with    switchboards 
mounted  directly  on  a  truck.    Fig.  8  shows  a  complete  installa- 
tion made  by  the  Wilson  Welder  &  Metals  Co.     It  will  be  seen 
that  there  is  one  motor-generator  set  and  six  separate  control 
panels,  one  for  each  welding  circuit. 

Switchboards 

It  is  generally  preferable  to  have  the  apparatus  lor  con- 
trolling the  motor  and  generator  on  a  separate  panel  from  the 
welding  control  circuits,  as  this  makes  it  possible  to  install 
the  welding  machine  with  its  panel  in  a  separate  room,  if  de- 
sired, and  to  mount  welding  station  panels  near  the  work. 
In  this  way,  the  distribution  circuit  can  be  run  from  the  con- 
trol panel  throughout  the  shop,  and  the  welding  panels  can 
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Fig.  31.     Ten-inch  Electric  Generator  Shaft  machined  1,  16  Inch  too  Small 
is  Diameter 

be  tapped  from  this  circuit  tlie  same  as  motors.  Fig.  7  siiows 
a  diagram  of  connections  for  a  C  &  C  Electric  &  Mtg.  Co.'s 
constant-voltage  outfit.  This  gives  automatic  control  of  the 
welding  current  at  all  times.  When  the  operator  brings  his 
electrode  into  contact  with  the  work,  the  current  is  limited 
by  all  the  resistance  in  the  circuit,  but  when  he  draws  his  arc, 
the  automatic  contactor  cuts  out  part  of  the  resistance  and 
allows  the  current  to  come  up  to  the  amount  required  for 
welding.  Upon  stopping  work,  the  con- 
tactor drops  back  and  all  the  devices  are 
ready  for  further  operation  without  at- 
tention. Should  the  operator  attempt  to 
use  more  current  than  has  been  deter- 
mined to  be  proper  for  the  job,  a  self- 
closing  circuit-breaker  acts  immediately, 
interrupting  the  circuit,  but  permits  re- 
sumption of  welding,  without  it  being 
necessary  to  close  the  circuit  break'er 
manually. 

The  control  of  the  welding  circuit  dif- 
fers, as  mentioned,  according  to  the 
make  of  the  welding  outfit.  In  the  Gen- 
eral Electric  Co.'s  outfit,  the  control  con- 
sists of  a  main  generator  panel  and  a 
separate  panel  for  each  operator.  Double 
circuit  panels  are  also  provided,  so  that 
two  operators  can  work  from  the  same 
panel  through  separate  equipments.  If 
the  circuits  are  duplicates,  a  set  of 
switches  can  be  provided  for  connecting 
the  entire  capacity  of  both  circuits  to 
one  electrode.  This  is  sometimes  dona 
for  carbon  electrode  welding  or  cutting. 
A  convenient  type  of  switch  is  provided  for  adjusting  the  re- 
sistance in  series  with  the  arc  and  providing  a  number  of 
steps  In  changing  the  current.  Means  are  provided  so  that  a 
large  number  of  operators  can  work  from  the  same  machine. 


Fig.  32.     Same  Shaft  i 


shown  in  Fig.  31  after  being  built  up  by  Welding, 
Keady  to  be  machined 


since  trouble  on  any  one  operating  circuit  is  localized  and 
does  not  affect  any  other.  Circuit-breakers  are  mounted  on  the 
main  generator  panel,  which  will  open  the  circuit  in  case  of  a 
short-circuit  in  the  cables  or  in  the  event  of  an  excessive  load 
being  thrown  on  the  generator.  Fig.  9  shows  the  connections 
of  a  G.E.  arc-welding  control  panel  for  a  generator  and  one 
welding  circuit,  while  Fig.  10  shows  the  connections  of  an 
auxiliary  arc-welding  control  panel  for  one  welding  circuit. 
The  Wilson  Welder  &  Metals  Co.  has 
a  special  constant-current  control  panel 
tor  welding  and  cutting  which  makes 
use  of  a  so-called  "carbon  pile"  held 
under  compression  by  one  or  more  heli- 
cal springs,  the  pull  of  which  is  opposed 
by  a  solenoid  through  which  the  current 
to  be  regulated  is  passed.  This  control 
outfit  was  described  in  detail  in  the 
February,  1917,  number  of  Machinery. 
A  large  foreign  concern  developed  a 
machine  some  time  ago  for  utilizing  the 
welding  energy  without  losses.  This 
machine  generates  energy  at  the  re- 
quired voltage  directly,  and  always  sup- 
plies current  of  the  same  value,  not- 
withstanding considerable  resistance  fluc- 
tuations in  the  welding  circuit.  At  the 
same  time,  a  steady  arc  is  obtained. 
The  heat  flowing  to  the  article  welded 
is,  therefore,  quite  constant,  which  is  of 
importance  for  satisfactory  welding. 
The  peculiar  property  of  this  welding 
generator  of  giving  a  constant  current 
with  a  variable  resistance  is  obtained  by 
means  of  a  threefold  field  excitation,  as  may  be  seen  from  the 
diagram  of  connections  in  Fig.  11.  One  field  winding  is  a 
differentially  connected  series  winding,  the  second  is  a  shunt, 
and  the  third,  a  separately  excited   winding  which  receives 
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Fig.  J6.     Electrically  Arc-welded  Plating  Tank 

current  from  a  special  circuit  with  a  constant  voltage.  Any 
given  welding  current  most  suitable  for  the  worli  can  be 
obtained  by  adjusting  the  regulator  for  the  separate  excita- 
tion. The  voltage  of  the  machine  may  be  altered  by  the  reg- 
ulator for  the  shunt  excitation.  Thus  a  finely  graduated 
adjustment  of  the  current  and  voltage  may  be  obtained  by 
suitably  arranging  the  two  regulating  resistances,  so  that  the 
machine  can  be  adapted  within  wide  limits  to  the  require- 
ments for  the  welding  work  in  hand. 

Fig.  12  illustrates  the  value  of  the  current  for  the  machine 
adjusted  for  a  welding  current  of  150  amperes.  It  shows 
clearly  that  the  welding  current  remains  constant  even  when 
the  arc  resistance  varies  from  zero  (i.  e.,  short-circuit)  to 
0.5  ohm.  Only  after  attaining  a  still  higher  resistance  does 
the  current  begin  to  fall  gradually. 

Operation  of  a  Welding:  Outfit 

As  mentioned,  the  control  of  the  General  Electric  Co.'s 
constant-voltage  arc-welding  outfit  consists  of  a  main  genera- 
tor panel  and  a  separate  panel  foi  each  operator.  The  dial 
switch  on  the  auxiliary  panel  controls  the  amount  of  resist- 
ance in  series  with  the  arc  and,  therefore,  controls  the  current 
used.  This  is  regulated  as  required  by  the  work  to  be  done. 
The  automatic  control  equipment  gives  thorough  protection 
to  the  generator  without  affecting  other  operators  whose 
welding  circuits  may  be  connected  to  the  same  generator. 
This  equipment  consists  of  a  protective  relay  controlling  a 
shunt  contactor  in  the  welding  circuit.  The  relay  is  pro- 
vided with  an  oil  dashpot  and,  therefore,  will  not  operate 
on  momentary  fluctuations  of  current.  Before  starting  the 
arc,  the  operator  sets  the  dial  switch  for  the  amount  of 
current  required  for  the 
work,  so  that,  on  start- 
ing, the  circuits  are  in 
the  normal  running  po- 
sition. Thus  there  is  no 
necessity  for  having  any 
relays  or  switches  open 
or  closed,  or  in  any  way 
disturbing  the  electrical 
circuit  in  order  to  weld. 

However,  if  the  opera- 
tor leaves  the  electrode 
in  contact  with  the  work 
too  long,  or  takes  too 
much  current  after  hav- 
ing drawn  the  arc,  the 
protective  relay  opens 
the  contactor  exciting 
coil,  which,  in  turn, 
opens  the  welding  cir- 
cuit. In  order  to  resume 
operations,  it  is  neces- 
sary only  for  the  opera- 
tor to  lift  the  electrode, 
breaking      the      circuit, 


Fi(.  38.     Woldlng  Oil  Stilli  by  Elootrlo  Aro 


Fig.  37.     Electrically  Welded  Tank,   showing  Character  of  Welds 

whereupon  the  relay  drops  out,  closing  the  contactor  and 
restoring  the  circuits  to  the  normal  operating  condition.  This 
system  gives  complete  protection  to  the  generator  and  assists 
the  operator  by  making  it  unnecessary  for  him  to  leave  his 
work  to  close  the  circuit-breaker,  or  to  lose  time  in  any  other 
way.  Other  operators,  whose  welding  circuits  are  connected 
to  the  same  generator,  are  not  involved  in  any  way,  since  this 
protection  affects  only  the  circuit  in  trouble.  In  case  of  an 
extremely  heavy  load  or  a  severe  short-circuit  in  the  cables, 
the  circuit-breakers  on  the  main  panel  will  open  the  generator 
circuit. 

Aside  from  the  use  of  judgment  in  the  application  of  the 
electric  arc-welding  process,  there  are  three  rules  that  the 
operator  must  observe  in  order  to  obtain  the  best  results  in 
welding:  (1)  Hold  a  short  arc.  (2)  Use  a  low  current. 
(3)  Always  work  on  clean  metal. 

Electrode  Holders  and  Cable 

The  electrode  holders  are  generally  designed  in  a  simple 
manner  mechanically,  and  provided  with  means  for  holding 
the  electrode  firmly.  Generally  a  new  electrode  is  held  in  the 
holder  about  half  way  down  on  the  electrode,  and  moved  out 
as  required.  The  holder  is  insulated  where  the  hand  grips  it, 
and  provides  for  the  connection  from  the  source  of  current 
supply  to  the  electrode.  In  the  design  of  electrodes,  small, 
flimsy,  or  light  projecting  parts  should  be  avoided,  as  they  are 
likely  to  be  broken  off  or  bent.  It  is  highly  important  in  the 
design  of  a  holder  to  make  it  fool-proof  to  the  extent  that  it 
is  practically  impossible  to  burn  or  damage  it  by  accidental 
contact,  so  that  it  would  become  inoperative.  Fig.  13  shows 
a  recent  design  of  electrode  holder. 

The  cable  leading  to 
the  electrode  holder 
should  be  exceedingly 
flexible,  so  that  the  opera- 
tor has  absolute  control 
of  the  holder  and  the  arc. 
The  cable  generally  spec- 
ified is  extra-flexible, 
stranded,  dynamo  cable, 
with  varnished  cambric 
insulation,  covered  with 
weather-proof  braid.  The 
following  sizes  of  cable 
have  been  found  suitable: 
Up  to  200  amperes,  size 
of  cable,  225/24  of  90,000 
circular  mils;  from  200 
to  500  amperes,  size  of 
cable  375/24  of  150.000 
circular  mils;  from  500 
to  1000  amperes,  size  of 
cable.  650/24  of  260,000 
circular  mils.  The  fig- 
ures Indicating  the  size 
of    the    cable    designate 
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Fig.   39.     "Welding  Air  Compressor  Intercoolers  by   Electric   Arc 

the  stranding;  for  example,  a  225/24  cable  is  one  formed  by 
stranding  together  225  wires,  each  of  which  is  No.  24  Browu 
&  Sharpe  or  American  standard  wire  gage. 

Striking:  Arc  and  Handling:  Electrodes 

The  arc  is  established  by  momentarily  touching  the  elec- 
trode to  the  work  and  then  withdrawing  it  a  short  distance. 
Practice  is  necessary  in  order  to  manipulate  the  electrode  so 
as  to  maintain  an  approximately  constant  length  of  arc  while 
welding.  Skill  in  this  respect  is  of  importance  to  a  welder, 
as  variations  in  the  length  of  the  arc,  in  strictly  constant- 
voltage  machines,  cause  corresponding  variations  in  the 
amount  of  current,  which,  in  turn,  causes  variations  in  heat 
and  thus  in  the  quality  and  uniformity  of  the  metal  in  the 
weld.  As  the  carbon  arc  is  considerably  longer  than  the  me- 
tallic arc,  it  is  more  stable  and  less  likely  to  break.  The 
metallic  arc  is  very  short,  being  only  from  1/8  to  1/4  inch  long. 
After  the  arc  is  established,  it  can  be  moved  about  along  the 
w^ork  by  merely  moving  the  electrode.  The  carbon  electrode 
is  frequently  used  for  preheating  such  work  as  castings,  the 
preheating  being  extended  a  distance  from  the  weld  by  keep- 
ing the  electrode  moving  rapidly  enough  so  as  not  to  melt  the 
work.  In  welding  with  the  carbon  electrode,  the  operator  holds 
the  electrode  holder  in  one  hand  and  feeds  the  rod  of  filling 
material  into  the  arc  with  the  other.  The  filling  material  is 
melted  into  the  weld  and  mixes  with  the  molten  material  of 
the  work,  forming  a  homogeneous  mass  of  metal  in  the  weld. 
As  mentioned,  the  carbon  arc  is  largely  used  for  building  up 
worn  surfaces,  owing  to  the  rapidity  with  which  a  large 
amount  of  metal  can  be  built  up;  but  there  are  certain  advan- 
tages In  using  the  metal  electrode  for  some  classes  of  work, 
as  will  be  mentioned  in  connection  with  the  application  of 
electric  arc  welding  to  railroad  shops. 

When  heavy  plate  is  welded  with  more  than  one  layer  of 


Fig.  40.     Repairing  a  Locomotive  Boiler  by  Arc  Welding 

metal  in  the  joint,  the  operator  should  brush  off  the  layer  of 
oxide  from  the  metal  with  a  stiff  brush,  commonly  known  as 
a  "casting  brush"  or  a  "painter's  wire  brush."  This  is  done 
in  order  that  the  metal  throughout  the  weld  may  be  free  from 
slag  and  oxide.  If  this  is  not  done,  there  will  not  be  a  proper 
adherance  between  the  two  layers  of  metal,  which  may  result 
in  a  leaky  or  spongy  weld.  In  work  on  tanks  that  will  contain 
liquids  under  pressure,  and  where  a  homogeneous  weld  free 
from  blow-holes  is  necessary,  a  short  arc  and  slow  speed  in 
the  work,  with  a  comparatively  low  current,  the  metallic 
electrode  being  used,  will  insure  the  best  results. 

Protection  of  Operator 

Owing  to  the  intensity  of  the  light  and  heat  rays  from  the 
arc,  careful  protection  of  the  operator's  hands,  face,  and  eyes 
is  extremely  important,  especially  in  the  case  of  the  carbon 
arc,  where  the  volume  of  light  and  heat  is  very  great.  Heavy 
gloves  serve  to  protect  the  hands,  while  for  the  face,  some 
form  of  shield  held  in  the  hand  or  supported  from  the  head 
is  used.  This  is  provided  with  an  opening  filled  with  sev- 
eral thicknesses  of  ruby  or  blue  glass,  which  affords  pro- 
tection to  the  eyes  and  still  permits  the  welding  operation  to 
be  closely  followed.  A  satisfactory  shield  for  building-up 
operations  can  be  made  of  a  soft  pine  board  or  sheet  metal 
with  a  small  slot  in  it  for  the  protective  glass.  Firebox  work 
requires  a  head  shield  which  should  be  made  of  hard  fiber. 
The  color  combination  in  the  protective  glass  is  of  importance. 
Two  red  glasses  and  one  blue  glass  or  two  reds  and  a  green 
give  good  results.  Special  glass  put  out  under  various  trade 
names  is  also  satisfactory.  As  a  rule,  the  operator  tries 
several  combinations  until  he  finds  one  that  seems  to  suit 
his  eyes  best.  While  the  operator  is  working  outside  the 
firebox,  the  other  men  should  be  protected  from  the  light  of 
the  arc  by  screens.     Portable  screens  should  be  used  where 
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work  is  done  on  the  floor. 
Where  there  is  a  regular 
welding  bench,  perma- 
nent curtains  should  be 
provided.  The  screens 
should  always  be  design- 
ed to  protect  the  crane 
operators  from  the  flash 
of  the  arc.  Figs.  14  and 
15  show  front  and  rear 
views,  respectively,  of 
two  types  of  face  shields 
used  by  the  General  Elec- 
tric Co.  A  number  of  the 
illustrations  in  this  ar- 
ticle showing  operators 
at  work  also  indicate  the 
different  types  of  shields 
that    are   employed. 

Capacity  of  Outfits 


Fig.  43. 


The  C  &  C  Electric  & 
Mfg.  Co.,  Garwood,  N.  J.,  builds  constant-voltage  equipments 
in  sizes  of  from  300  to  1500  amperes,  and  constant-current 
machines  from  25  to  GOO  amperes.  The  company  recommends 
the  constant-current  type  on  the  score  of  economy  and  higher 
efficiency  in  the  welds.     For  large  castings  and  forgings  and, 
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Cost  of  Electric  Arc 
Weldingr 

It  is  diflicult  to  give 
accurate  figures  covering 
the  cost  of  welding, 
whether  the  work  be  done 
by  the  electric  arc  or  by 
some  other  method.  The 
work  varies  to  such  an 
extent  that  it  would  be 
impossible  to  give  the  ex- 
act cost  of  any  particular 
job  in  advance.  Further- 
more, the  cost  of  the  cur- 
rent, the  wages  paid,  and 
the  skill  of  the  welder 
will  vary.  All  these  fac- 
tors, of  course,  have  a 
direct  influence  on  the 
cost  of  making  the  weld. 
Of  the  three  factors  men- 
tioned, the  first — the  cost 


of  the  eurrent — varies  between  the  widest  limits,  as  wages  are 
fairly  well  standardized  for  this  work,  and  the  time  required 
for  making  the  weld  should  not  vary  much  where  good  welders 
are  employed.  The  costs  in  the  following  paragraphs  are 
figured  on  the  basis  of  labor  at  30  cents  per  hour;   at  the 
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Fiff.  44.     Superheater  Flues  Ready  for  Welding 

in  general,  for  all  sections  of  from  1  to  6  inches  in  thickness. 

machines  of  from  400  to  600  amperes  capacity  are  required. 

Large  shafting  or  parts  of  very  heavy  section  require  machines 

of  from  600  to  900  amperes.     In  steel  foundries,  for  example, 

machines  of  from  750  to  900  amperes  are  used,  providing  there 

is  not  much  cutting  or  burning  to  be 

done.    In  the  latter  case,  when  heavy 

risers  are  removed  and  similar  work 

is  done  by  the  arc,  a  capacity  of  from 

800  to  1000  amperes  will  be  required. 

The  welding  of  sheet  metal  and  steel 

plate   does   not    require   more   than    a 

maximum   of  200   amperes,   according 

to  the  thickness  of  stock  used. 

The  General  Electric  Co.,  Schenec- 
tady, N.  Y.,  builds  outfits  in  capacities 
from  200  to  1250  amperes  for  station- 
ary use,  and  from  200  to  400  amperes 
for  portable  use.  For  metallic  elec- 
trode welding,  machines  having  200 
amperes  capacity  are  sufficient  for  one 
operator,  and  where  a  number  of  oper- 
ators are  working  from  one  set,  un- 
der average  conditions,  from  125  to  150 
amperes  per  operator  should  bo  pro- 
vided. For  light  welding  by  the  car- 
bon electrode,  about  200  amperes  is 
sufllclent;  for  medium  welding,  up  to 
400  amperes;  and  for  heavy  weldiiij;, 
up  to  500  amperes.  For  cutting  or 
melting,  from  300  to  1000  amperes  is 
needed,  according  to  thickness  of  metal. 
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Fig.   45.     Superheater  Flues   after  Welding  is  completed 

present  time  the  cost  of  labor  will  be  higher  than  that,  plants 
employing  arc  welding  as  a  regular  manufacturing  process 
paying  good  welders  as  much  as  50  cents  an  hour. 

The  C  &  C  Electric  &  Mfg.  Co.  furnishes  the  following  data 
showing  the  time  required  for,  and  the  cost  of,  a  number  of 
actual  jobs  done  with  the  company's 
70-volt  constant-voltage  arc-welding 
outfit,  labor  being  paid  at  30  cents  per 
hour  and  current  figured  at  2  cents 
per  kilowatt  hour:  Forged  steel  loco- 
motive frame  broken  in  two  places: 
time,  20  hours;  cost,  $1S.2S.  Welding 
i!7  cracks  in  old  firebox  (saving  over 
$1000):  time,  two  weeks;  cost,  $52.60. 
Steel  shaft,  2  inches  in  diameter:  time, 
1  hour;  cost,  60  cents.  Cutting  oft 
riser  of  steel  casting  4  by  4  inches: 
time,  4  minutes:  cost.  5  cents.  Build- 
ing up  2-inch  armature  shafts  worn  in 
JDurnals:  time,  3  hours;  cost,  $1.80. 
These  figures,  of  course,  include  only 
labor  and  current  required,  and  not 
overhead  costs.  As  regards  the  com- 
parative cost  of  electric  arc  welding 
and  oxy-p.cetylene  welding,  it  is  gen- 
erally conceded  that  oxy-acetylene 
welding  Is  cheaper  for  the  welding  of 
steel  plate  thinner  than  1/8  inch,  but 
that  arc  welding  is  cheaper  when  the 
plate  is  thicker  than  1/8  inch,  and  the 
cost  is  materially  reduced  by  arc  weld- 
ing tor  plates  as  thick  as  1/2  or  3/4  Inch. 
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Fig.  47.     Four  Operators  working  independently  from  Same  Generator 

The  Lincoln  Electric  Co.,  Cleveland,  Ohio,  in  comparing  the 
cost  of  welding  with  that  of  riveting,  estimates  that  the 
ratio  of  the  cost  of  labor  for  arc  welding  to  the  cost  of  labor 
for  riveting  is  as  G.5  to  10.  The  cost  of  power  required  for 
arc  welding  as  compared  with  that  of  riveting  is  as  1  to  2.  The 
investment  required  by  the  arc-welding  apparatus  is  about 
25  per  cent  higher  than  the  cost  of  riveting  machinery,  but 
this  is  easily  offset  by  the  lower  operating  and  power  cost. 

Strength  of  Electric  Welds 
By  careful  selection  of  metal  electrodes  and  skill  in  making 
the  weld,  it  has  been  found  possible  to  make  welds  having  a 
tensile  strength  of  from  95  to  97  per  cent  of  the  strength  of 
the  original  section,  but  for  average  conditions  it  may  be 
assumed  that  the  electric  arc  weld  has  a  strength  of  from  80 
to  90  per  cent  that  of  the  metal.  It  is  possible,  however, 
to  reinforce  the  welded  section  in  many  instances  by  building 
up  at  the  point  of  the  weld,  thereby  making  the  cross-section 
of  the  weld  greater  than  the  metal  itself.  Electrically  welded 
joints  are  stronger  than  riveted  joints,  and  when  the  joint  is 
hammered  while  hot  the  ductility  of  the  metal  will  be  in- 
creased. 

Foster  superheater  flues  made  by  the  Power  Specialty  Co., 
and  welded  by  the  C  &  C  Electric  &  Mfg.  Co.'s  outfit,  were 
tested  at  Columbia  University  with  a  hydraulic  pressure  of 
5500  pounds  per  square  inch  without  leakage  or  fracture.  A 
receiver  made  of  1/2-inch  steel  plate  with  5/8-inch  flat  heads, 
all  Joints  being  welded,  was  tested  with  a  pressure  of  3600 
pounds  per  square  inch,  without  leakage  or  fracture. 

In  order  to  test  the  relative  values  of  different  kinds  of 
welded  Joints,  steel  plate  3/8  inch  thick  was  welded.  It  the 
original  piece  of  steel  be  assumed  to  have  a  strength  of  100 
per  cent,  the  electric  arc-welded  lap-joint  was  found  to 
have  a  strength  of  93.5  per  cent,  and  the  electric  arc- 
welded  butt-joint,  a  strength  of  81.5  per  cent.  A 
riveted  lap-joint,  single  riveting,  had  a  strength  of 
only  about  60  per  cent.  With  heavy  ser.tions  like 
boiler  plates,  the  strength  after  welding,  given  in  the 
case  of  butt-joints.  It  properly  made  should  average 
about  90  per  cent  of  the  original  strength  of  the 
plate.  The  elongation  In  the  welded  material  Is  less 
than  In  the  original  plate,  bccauHC  It  Is  not  as  tena- 
cious, but  the  ductility  can  be  Improved  by  hammer- 
ing the  weld  while  still  hot,  and  this  Is  frequently 
done  on  heavy  sections. 

In  one  case,  200  steel  specimens  welded  togellicr 
by  the  arc-wcldlng  method  were  tested  to  rtotcrmlnn 
the  strength  of  the  weld.  The  roHulls  of  these  tcslH 
indicated  that  the  elastic  limit  of  the  original  spocl- 
mens  was  46,900  pounds  per  square  Inch  and  of  iho 
wcld'!(l  Hperlinens,  45,600  pounds  per  square  liicli. 
The  ultimate  strength  of  llic  original  HpcrlmenH  wiis 
61,600  pounds  per  square  Inch,  and  that  of  the  welded 


specimens,  48,600  pounds  per  square  inch.  These  speci- 
mens were  steel  bars,  1  1/2  by  -3/8  inch,  gripped  18 
inches  apart.  The  bars  tested  had  been  beveled  on  both 
sides  and  welded. 

Pigs.  16  and  17  show  two  interesting  examples  of 
electric  welding,  the  welds  having  been  tested  for 
strength.  Fig.  16  shows  a  six-inch  standard  wrought- 
iron  pipe  on  which  one  cap  at  the  end  and  one  seam  at 
the  center  were  welded  by  the  electric  arc.  A  cap  was 
then  screwed  onto  the  other  end  and  the  pipe  subjected 
to  a  test  pressure  of  1000  pounds  per  square  inch,  which 
it  withstood  successfully.  Fig.  17  shows  an  8-inch 
standard  wrought-iron  pipe  welded  in  the  same  manner. 
Here,  when  subjected  to  an  internal  pressure  of  800 
pounds  per  square  inch,  the  cap  screwed  onto  one  end  of 
the  pipe  broke  as  indicated,  but  the  welds  did  not 
fracture.  These  tests  were  made  by  the  General  Electric 
Co.  Fig.  22  shows  the  electric  welding  of  a  steam  plate 
for  a  hydraulic  press.  Two  3/4-inch  steel  plates  are  held 
with  keys  and  the  joint  between  them  is  welded.  The 
size  of  the  plate  is  40  by  40  inches  and  the  steam  pres- 
sure is  150  pounds  per  square  inch.  Of  course,  the  keys 
in  this  case  take  the  main  strain,  as  far  as  holding  the 

parts  together   is  concerned,  but  the  welding  provides  for  a 

steam-tight  joint  at  the  pressure  mentioned. 

Quality  of  Weld 

With  regard  to  the  nature  of  the  weld,  the  Lincoln  Electric 
Co.  calls  attention  to  a  fact  that  should  not  be  overlooked, 
namely,  that  the  new  metal  in  a  weld  is  simply  metal  that 
has  been  melted  and  cooled  again,  and  it  partakes  of  the  prop- 
erties of  cast  metal  rather  than  of  rolled  or  wrought  metal. 
For  instance,  in  welding  two  pieces  of  boiler  plate,  the  weld 
will  have  nearly  as  great  a  tensile  strength  as  the  original 
plate,  but  the  weld  is  really  cast  steel,  and  therefore  has  not 
the  ductility  that  the  rolled  steel  plate  possesses.  By  the  use 
of  special  welding  material,  however,  the  Wilson  Welder  & 
Metals  Co.  has  produced  welds  that  will  bend,  when  tested, 
almost  the  same  as  wrought  iron  or  mild  steel;  this  has  also 
been  the  experience  of  the  C  &  C  Electric  &  Mfg.  Co.,  when 
using  its  constant-current  machine  and  regular  Swedish 
iron  electrodes,  as  advocated  by  this  company. 

It  has  often  been  stated  that  the  welds  are  too  hard  to  be 
machined,  but  this  is  a  mistaken  idea.  A  properly  made  elec- 
tric arc  weld  can  be  machined  as  readily  as  a  steel  casting  or 
a  piece  of  flange  steel.  This  characteristic  of  the  weld  has 
made  it  possible  to  employ  the  arc-welding  process  not  only  for 
repair  work,  but  also  in  regular  manufacturing  practice. 

Tank  Weldinsf 
The  best  method  to  employ  when  welding  tanks  from  plates 
that  are  1/4  inch  or  more  in  thickness  is  to  make  a  lap-joint 
and  weld  at  the  joint  on  both  sides.  In  making  lap-welds,  the 
plates  are  overlapped  an  amount  about  equal  to  that  required 
for  single-row  riveting.     The  best  way  of  holding  the  plates 
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Fig.   49.     Appearance    of   Cuts   made   by   Carbon   Electrode 

together  while  welding  is  by  drilling  holes  for  bolts  about  18 
inches  or  2  feet  apart,  and  inserting  bolts  to  hold  the  plates 
together  while  welding.  When  the  welding  is  completed,  the 
bolts  are  removed  and  the  bolt  holes  are  filled  up  by  using  the 
carbon  arc  and  some  filling  material.  The  cost  of  making 
Joints  by  lap-welding,  when  the  preparation  in  handling  the 
plates  is  considered,  should  be  less  than  for  butt-welding,  be- 
cause it  is  easier  to  assemble  and  hold  the  plates  for  lap- 
welding.  When  plates  are 
greater  than  1/4  inch  in 
thickness,  however,  they 
may  be  beveled  and  butt- 
welded.  For  plates  more 
than  1/2  inch  in  thick- 
ness, it  is  best  to  bevel 
the  plates  from  both  sides 
toward  the  center,  form- 
ing a  vee  on  each  side, 
and  then  weld  the  plate 
from  both  sides.  As  this 
reduces  the  amount  of 
filling  by  50  per  cent,  the 
time  may  be  considered 
as  reduced  to  40  per  cent. 
This  method  can  be  ap- 
plied, of  course,  only 
when  both  sides  of  the 
plate  are  accessible. 

For  plates  3/4  inch  and 
heavier,  carbon  or  graph- 
ite electrodes  are  some- 
times preferable  to  metal- 
lic electrodes.  Especially 
is  this  true  when  plates 


Fig.  so 
1    inch   thick   or   over   are   welded. 
Applications  of  Electric  Welding  in  Repair  Work 

Electric  welding  is  used  in  the  machine  industries  both  in 
repair  and  manufacturing  work.  It  provides  a  rapid  and  sim- 
ple means  for  quickly  repairing  broken  castings,  so  that  ma- 
chinery that  has  broken  down  may  be  rapidly  put  back  into 
operation.  By  the  aid  of  the  electric  arc,  machines  with  broken 
parts  may  be  put  in  running  condition  in  a  few  hours,  where  it 
might  require  days  or  weeks  if  the  parts  had  to  be  cast  and 
machined.  Pig.  18  shows  a  broken  lathe  steadyrest,  and  Fig. 
19  shows  the  same  steadyrest  after  being  welded.  Fig.  20  indi- 
cates the  value  of  electric  arc  welding  in  cases  of  a  serious 
breakdown.  Here  the  arm  of  a  radial  drilling  machine  is 
broken  at  the  post.  In  this  case,  the  making  of  a  new  casting 
and  the  machining  of  the  arm  would  have  required  consider- 
able time.  Fig.  21  shows  the  break  welded  and  the  drill  ready 
for  operation.  In  Fig.  24  is  shown  another  large  welding  job 
In  a  casting  that  would  be  costly  to  make  in  the  foundry  and 
equally  costly  to  machine.  This  is  a  bearing  cap  for  a  500- 
ton  punch  press.  The  carbon  arc  was  used  in  making  this 
repair.  This  work  was  done  at  the  Pressed  Steel  Products 
Co. "8  plant  with  a  C  &  C  Electric  &  Mfg.  Co.'s  equipment. 

Broken  gears  can  be  successfully  welded  with  the  electric 
arc,  both  In  the  case  of  broken  arms  and  rims  and  broken 
teeth.  In  the  latter  case,  of  course,  the  tooth  that  has  been 
built  up  must  be  machined.    Fig.  23  shows  a  large  spur  gear 


with  one  arm  broken  in  two  places  and  the  rim  fractured 
in  three  places,  which  has  been  successfully  repaired  by  a 
General  Electric  Co.'s  equipment,  while  Fig.  26  shows  an  exam- 
ple of  repairing  the  teeth  in  a  bevel  pinion  with  a  Lincoln 
Electric  Co.'s  equipment.  This  illustration  also  shows  a  good 
form  of  face  and  head  protector. 

Another  important  field  for  electric  arc  welding  is  that  of 
building  up  worn  parts  and  filling  in  holes  or  defects  in  cast- 
ings that  would  otherwise  be  scrapped.  In  Fig.  27  is  shown  an 
example  of  a  casting  with  a  large  blow-hole  that  is  being  filled 
in  and  built  up  by  using  the  carbon  arc  and  a  metal  filling 
rod,  so  as  to  save  the  casting.  In  Fig.  25  is  shown  the  reclama- 
tion of  worn  freight-car  knuckles  by  building  up  the  worn 
parts  on  the  knuckles  so  that  they  can  be  used  again.  On  one 
railroad  line  alone  it  is  stated  that  the  saving  in  one  year 
in  the  reclaiming  of  freight-car  knuckles  that  would  otherwise 
be  scrapped  amounts  to  more  than  $20,000.  This  work  is  done 
with  the  Wilson  Welder  &  Metals  Co.'s  equipment. 

An  interesting  application  of  the  electric  arc  is  in  building 
up  flat  spots  on  locomotive  and  car  wheels.  In  Fig.  28  is 
shown  an  example  of  how  the  welding  is  done  on  a  locomotive 
driving  wheel  in  place  on  the  engine.  The  cost  of  building 
up  a  flat  spot  amounts  to  about  f  2,  and  the  saving  is  estimated 
at  about  $200.    In  Fig.  29  is  shown  a  locomotive  trailer  wheel 

with  a  flat  spot,  the  wheel 
having  been  prepared  for 
welding  by  the  electric 
arc.  Fig.  30  shows  the 
same  wheel  with  the  flat 
spot  built  up  by  welding. 

Saving-  Worn  or  Wrongrly 

Machined   Parts  by 

Building'  up  by 

Welding 

An  important  and  in- 
teresting application  of 
electric  arc  welding  is 
met  with  in  cases  where 
parts  that  fit  other  ma- 
chined surfaces  are  worn 
to  such  an  extent  that 
they  would  have  to  be 
scrapped.  By  building  up 
by  welding  it  is  possible 
to  replace  enough  metal 
on  the  worn  surfaces  so 
that  they  may  be  again 
machined  to  fit  the  parts 
into  which  they  are  as- 
sembled. This  method  is  also  applied  in  cases  where  shafts 
may  have  been  machined  too  small  for  the  journals  into  which 
they  fit,  or  where,  by  an  error,  a  boss  or  small  projection  may 
have  been  omitted  in  a  casting  or  forging.  The  electric  arc 
provides  a  cheap  and  simple  method  of  correcting  errors  of 
this  kind.  In  Fig.  33  is  shown  a  valve  yoke  on  which  the  stem 
has  been  liuilt  up  by  welding  so  that  it  can  be  again  machined 


A  Collection  of  Castings  with  Heavy  Risers  wiiich  are  cut  off  by  a 
Carbon  Arc 


Fig.  61.     Cutting  Spoedi  when  cutting  Shoot  Stool   by  Carbon  Eloctrodo 
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to  full  size.  In  Fig.  31  is  shown  an  example  of  a  10-iuch  elec- 
tric generator  shaft  which  has  been  machined  1/16  inch  too 
small.  The  scrapping  of  this  shaft  would  have  meant  a  con- 
siderable loss,  but  by  building  up  on  the  surface  that  was  too 
small  in  diameter,  as  indicated  in  Fig.  32,  and  remachining, 
the  shaft  was  saved. 

Fig.  34  shows  an  example  of  a  forging  that  required  a  center 
in  one  end,  which  was  not  to  be  present  in  the  finished  piece. 
A  lug  for  the  center  was  omitted  in  making  the  forging.  It 
therefore  became  necessary  to  weld  a  small  punching  onto  the 
end  of  the  forging  for  a  center.  This  simple  means  of  provid- 
ing a  projection  on  the  end  saved  these  forgings  from  being 
scrapped.  Incidentally,  the  illustration  shows  the  C  &  C  Elec- 
tric &  Mfg.  Co.'s  face  shield,  which  provides  ample  protection 
for  the  face  and  throat,  as  well  as  the  upper  part  of  the  head. 

Application  in  Manufacture  of  New  Work 

In  addition  to  its  use  for  repair  and  reclamation  work,  elec- 
tric arc  welding  is  employed  to  a  great  extent  in  the  manufac- 
ture of  many  sheet-metal  articles.  Fig.  35  shows  the  welding 
of  steel  sheets  for  gear-cases,  the  outfit  used  in  this  case  being 
that  of  the  Lincoln  Electric  Co.  The  lugs  on  the  inside  of  the 
gear-case  are  also  welded  into  place.  The  welding  of  annealing 
boxes,  oil-tempering  tanks,  etc.,  by  means  of  the  arc  process 
has  been  found  to  be  not  only  the  most  successful,  but  also 
the  cheapest  method  of  making  these  boxes  and  tanks.  Fig. 
36  shows  a  plating  tank  that  has  been  electrically  welded. 
This  tank  is  8  feet  long,  3  feet  wide  and  2  feet  high,  and  is 
made  from  1/4-inch  plate  with  a  rim  around  the  upper  edge  of 
1/4  by  1  1/4  inch  angle-iron.  A  tempering  tank  made  from 
3/16-inch  sheets  with  a  rim  of  1/2-inch  boiler  plate  is  shown 
in  Fig.  37.  The  size  of  the  tank  is  30  by  21  by  15  inches.  The 
illustration  shows  clearly  the  nature  of  the  welded  seams. 
Fig.  38  shows  some  very  large  work  being  done  by  the  arc- 
welding  process.  The  work  consists  of  oil  stills  at  the  Stand- 
ard Oil  Co.'s  plant  in  Whiting,  Ind.,  welded  by  the  General 
Electric  Co.'s  equipment.  The  stills  are  riveted,  but  the  joints 
are  made  tight  by  means  of  electric  welding.  Another  example 
of  the  application  of  the  electric  arc  to  manufacturing  work 
is  shown  in  Fig.  39,  where  the  tubes  of  air  compressor  inter- 
coolers  are  welded  in  place  at  the  plant  of  the  Worthington 
Pump  &  Machinery  Corporation,  Cincinnati,  Ohio. 

Another  example  of  electric  arc  welding  is  found  in  the 
welding  of  steel  barrels  by  the  Standard  Oil  Co.,  using  the 
0  &  C  Electric  &  Mfg.  Co.'s  equipment.  In  these  barrels,  the 
longitudinal  seam  is  welded  electrically.  The  bulge  of  the 
barrel  is  then  obtained  by  hydraulic  pressure,  showing  that  the 
efficiency  of  the  weld  is  high  and  that  the  heat  of  the  arc  has 
not  affected  the  strength  of  the  steel  to  any  appreciable  extent. 

Application  of  Electric   WeldinR-  to   Railroad  Shops 

There  are  a  great  number  of  instances  where  electric  arc 
welding  may  be  used  to  advantage  in  railroad  shops.  In  fact, 
the  railroad  shop  offers  one  of  the  greatest  opportunities  for 
the  application  of  the  process.  It  is  used  to  a  large  extent  in 
many  shops  In  building-up  operations.  Practically  every  steel 
casting  on  a  locomotive  is  subject  to  wear  at  several  points. 
Where  worn,  the  metal  may  be  built  up  again,  by  means  of 
the  metal  electrode  process,  both  cheaply  and  rapidly.  Most 
of  these  bulldlng-up  operations  are  done  with  a  5/32-  or  3/16- 
Inch  electrode.  The  use  of  smaller  electrodes  is  not  economi- 
cal, owing  to  the  Blow  progress  of  the  operation.  The  u.se  of 
larger  electrodes  Is  InadvJHable  on  account  of  the  difllculty  In 
controlllDg  the  metal.  Metallic  electrodes  should  bo  used  In 
preference  to  carbon  electrodes  foh  welding  of  this  kind,  for 
the  following  reasons:  (1)  Steel  castings  welded  with  a  car- 
bon arc  would  have  to  bo  annealed,  which  (Mitalls  additional 
C08t  and  delay.  (2)  The  metal  <!an  be  depoHlted  at  the  exact 
place  where  It  In  required  more  accunitely  by  the  metal  elec- 
trode proncHH  than  by  the  carbon  electrode  method;  and,  there- 
fore, while  the  carbon  arc  pronoBS  Ih  Homowhat  more  rapid 
than  the  metallic  arc  method,  the  time  saved  In  the  welding 
operation  by  the  carbon  arc  would  bo  loBt  In  the  machining 
oiwralinn  on  account  of  the  Ituicciiracy  of  the  locution  of  the 
dopoHlted  metal.  (.1)  The  operator  requlrfH  Iqbh  nklll  In  the 
ti»e  of  the  metallic  arc  than  In  the  UHe  of  the  carbon  am  when 


the  process  is  used  for  building-up  operations;  when  applying 
metal  with  a  metallic  electrode,  the  operator  is  forced  to  move 
along  as  fast  as  the  metal  is  deposited;  with  the  carbon  elec- 
trode, he  may  dwell  longer,  but  is,  however,  likely  thereby  to 
produce  a  burned  spot.  (4)  Hard  spots  are  not  produced  when 
the  metal  electrode  process  is  used  for  building  up. 

Flue  Welding 

Electric  arc  welding  is  also  frequently  used  for  welding  in 
the  firebox  and  for  flue  welding.  The  process  recommended 
by  a  sub-committee  of  the  Association  of  Railway  Electrical 
Engineers  is  as  follows:  Welding  in  the  firebox  should  be 
done  with  a  1/8-  or  5/32-inch  electrode.  The  best  metal  is 
obtained  in  the  weld  with  these  sizes.  The  amount  of  heat 
is  as  small  as  can  be  economically  used.  It  is  evident  that, 
owing  to  trouble  from  expansion  and  contraction,  the  quantity 
of  heat  it  is  possible  to  use  in  welding  flues  or  firebox  sheets 
is  limited.  The  ideal  preparation  of  a  set  of  flues  for  welding 
is  as  follows:  (1)  Put  flues  in  exactly  as  if  they  were  not  to 
be  welded.  (2)  Fire  the  boiler,  or,  better  still,  send  the  engine 
out  for  a  run.  The  object  is  to  burn  the  oil  out  from  under 
the  beads  of  the  flues.  (3)  The  flue  sheet  should  then  be 
brushed  with  a  stiff  wire  brush  or  sand-blasted.  The  object 
is  to  eliminate,  as  far  as  possible,  the  scale  of  oxide  on  the 
flue  sheet  and  flues.  Iron  oxide  is  not  a  good  conductor  of 
electricity  and  causes  difliculties  with  the  arc,  which,  in  turn, 
may  produce  a  poor  weld. 

The  welding  of  2-inch  flues  is  best  done  with  a  1/8-inch 
electrode.  On  sand-blasted  flue  sheets,  from  90  to  100  amperes 
is  enough  current.  Flue  sheets  that  have  a  thick  coat  of 
oxide  require  from  120  to  130  amperes  with  this  size  of  wire, 
and  the  weld  will  not  be  satisfactory.  Five-inch  flues  should 
be  welded  with  a  5/32-inch  electrode  and  with  from  120  to 
140  amperes,  depending  upon  the  condition  of  the  flue  sheet. 

Cracks  or  Seams 

Cracks  and  patch  seams  offer  the  most  difficult  problems 
to  the  operator.  A  crack  should  be  located  and  a  ^A-inch  hole 
drilled  at  least  two  inches  beyond  each  end.  The  edges  of 
the  crack  should  then  he  beveled  so  that  the  operator  can 
reach  them  to  make  the  weld.  On  horizontal  cracks,  the  lower 
edge  does  not  need  to  be  beveled,  but  should  be  chipped  to 
produce  a  square  edge.  The  upper  edge  should  be  beveled  at 
least  45  degrees.  Vertical  cracks  should  be  beveled  from  30 
to  45  degrees  on  each  side.  The  less  material  removed  from 
the  crack  the  better.  All  welds  should  be  made  with  the  least 
possible  amount  of  metal  between  the  edges  of  the  original 
material. 

If  the  crack  or  seam  is  a  long  one,  the  metal  should  be  put 
in  alternate  sections  of  from  four  to  six  inches  long.  The 
operator  should  put  one  layer  of  metal  in  each  of  these 
alternate  sections,  starting  near  the  center  of  the  seam  or 
crack.  The  open  sections  can  then  be  filled,  starting  at  the 
coolest  point.  Successive  layers  of  metal  can  then  be  applied 
until  the  seam  is  completed.  Wherever  possible,  at  least  30 
per  cent  of  reinforcing  should  be  applied  so  that  the  cross- 
section  through  the  weld  is  30  per  cent  greater  than  the  sec- 
tion of  the  original  plate.  After  each  layer  of  metal  is  welded 
into  the  seam,  it  should  be  thoroughly  brushed  with  a  stiff 
wire  brush  to  remove  as  much  of  the  oxide  as  possible.  Where 
the  sand-blast  is  available  and  can  bo  used  on  the  Job,  the  re- 
sults will  Justify  the  expenditure  of  time  necessary  to  clean 
the  melal  between  the  layers.  The  same  general  caro  should  ' 
be  taken  In  the  welding  of  locomotive  frames  as  in  the  case 
of  the  boiler  plate  of  the  firebox. 

A  number  of  examples  of  the  application  of  electric  weld- 
ing to  railroad  work  are  shown  In  I'Mrb.  40  to  47,  inclusive. 
Fig.  40  shows  the  repairing  of  a  locomotive  holler  at  the 
Toledo  &  Ohio  (Central  shops  at  Ducyrus;  Ohio,  the  niotalllc 
arc  with  the  (ieneral  Electric  Co.'s  outfit  being  used.  Figs.  41 
and  42  show  a  patch  10  Inches  wide  and  5  feet  long  bolng 
riveted  to  the  mud  ring  of  a  locomotive  on  the  Central  Rail- 
road of  Now  Jorsoy.  The  vacant  space  Indicated  Is  left  for 
welding.  Fig.  42  hIiowh  the  patch  after  being  welded  In  place. 
FlgH.  44  ond  45  show  Mio  application  of  electric  welding  of 
Huperhnnlor  nuoB  on  the  Atlantic  Coast  Line,  the  work  shown 
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in  Figs.  41,  42,  44  and  45  being  done  by  using  a  C  &  C  Elec- 
tric &  Mfg.  Co.'s  equipment.  Fig.  44  shows  the  flues  ready  for 
welding,  and  Fig.  45,  the  job  completed.  Fig.  43  shows  a  loco- 
motive firebox  with  electric  arc-welded  flue  sheets,  side  sheets, 
flues,  superheater  tubes,  and  brick  arc  studs,  indicating  the 
wide  range  of  work  for  which  the  process  is  adapted. 

Welding-  Non-ferrous  Metals 

An  interesting  application  of  electric  arc  welding  is  that 
of  welding  locomotive  bells.  Fig.  46  shows  the  cracked  bell 
repaired,  the  dotted  lines  indicating  the  weld.  The  cost  of 
this  welding  is  |2.60,  and  the  saving  by  welding  is  $7.50.  This 
example  of  electric  welding  is  especially  interesting  on  ac- 
count of  the  fact  that  bell  metal  is  being  welded.  Fig.  47 
shows  the  welding  work  on  the  bells  being  carried  out.  The 
work  is  done  by  the  carbon  arc,  using  a  fllling-in  rod.  Other 
welders  are  also  shown  at  work  using  current  from  the  same 
generator,  but  each  welder  having  a  separate  control  panel. 
The  control  equipment  shown  in  the  background  is  that  of 
the  Wilson  Welder  &  Metals  Co. 

Another  example  of  the  welding  of  non-ferrous  metals  by 
the  electric  arc  is  shown  in  Fig.  4S,  where  a  General  Electric 
Co.'s  equipment  is  used  for  welding  bronze  sleeves  for  a  steam- 
ship tailshaft  by  using  a  bronze  electrode.  The  shaft  is  13 
inches  in  diameter  and  the  sleeve  is  welded  together  from 
three  sections,  the  total  length  of  the  sleeve  being  13  feet.  The 
metal  being  welded  is  3/4  inch  thick;  the  edges  are  beveled 
preparatory  to  welding. 

Cutting  or  Melting-  Metal  with  a  Carbon  Electrode 

When  cutting  or  melting  metal  with  the  electric  arc,  a  car- 
bon electrode  must  be  used.  The  electrode  is  operated  in  a 
manner  similar  to  that  used  when  employing  a  gas  torch  for 
metal  cutting.  The  electric  arc  actually  melts  the  metal  away, 
it  being  held  at  one  point  until  fusion  occurs  and  the  melted 
metal  runs  off,  after  which  the  arc  is  slightly  advanced,  and 
in  this  way  a  path  through  the  metal  is  gradually  melted.  The 
width  of  the  groove  cut  depends  upon  the  size  of  the  electrode 
nsed  and  on  the  skill  of  the  operator  in  advancing  the  elec- 
trode along  a  straight  line.  The  cut  will  be  slightly  wider 
than  the  diameter  of  the  electrode,  and  is  also  wider  for  thick 
sections  than  for  thin  ones,  as  the  electrode  will  melt  away 
more  metal  when  the  arc  has  to  be  played  on  the  bottom  of 
the  cut.  It  is  not  possible  to  obtain  very  smooth  edges  of 
the  cut  on  account  of  the  fact  that  some  parts  of  molten  metal 
will  not  run  away  evenly,  and  also  because  the  arc  has  a 
tendency  to  jump  from  one  point  to  another,  causing  an  un- 
even cut.  Fig.  49  shows  an  illustration  of  cuts  made  by  the 
carbon  arc  in  1/2-inch  boiler  plate.  For  cutting  steel  plate 
where  a  smooth  edge  is  required  and  much  cutting  is  to  be 
done,  the  oxy-acetylene  process  is  conceded  by  the  makers  of 
arc-welding  apparatus  to  be  preferable,  because  a  smoother 
cut  is  obtained.  For  cutting  cast  iron,  however,  the  electric 
arc  is  equal  or  superior  to  the  gas  torch,  and  for  cutting  off 
heavy  risers  in  the  foundry  on  both  steel  and  iron  castings, 
and  for  cutting  up  scrap  where  a  ragged  edge  is  of  no  im- 
portance, the  electric  arc  is  used  to  advantage.  Fig.  51  shows 
a  diagram  of  approximate  cutting  speeds  for  different  thick- 
nesses of  sheet  steel  and  for  various  current  values.  The  cut- 
ting speed  is  lower  than  is  possible  with  the  gas  process,  which 
bnrns  away  the  metal  rather  than  melts  it,  but  with  a  reason- 
able power  rate,  the  cost  of  cutting  by  the  arc  is  much  lower 
than  the  cost  of  cutting  by  means  of  gas,  In  a  great  many 
cases.  Where  the  metal  is  rusty  or  where  blow-holes  are  en- 
countered In  steel  castings,  the  electric  arc  will  cut  the  metal 
with  equal  ea.se,  while  the  gas  process  cannot  be  employed 
In  cases  of  this  kind.  The  metallic  electrode  cannot  be  used 
(or  cutting  metals. 

Fig.  60  shows  a  number  of  steel  castings  in  the  shops  of  the 
Marlon  Steam  Shovel  Co.,  showing  heavy  risers  which  are  to 
be  cut  by  means  of  the  electric  arc. 

In  the  preparation  of  this  article  on  electric  arc  welding, 
the  writer  has  been  assisted  by  the  C  &  C  Electric  &  Mfg.  Co., 
the  General  Electric  Co.,  the  Lincoln  Electric  Co.,  and  the 
Wilson  Welder  &  Metals  Co.,  to  all  of  whom  he  Is  Indebted 
for  the  courtesy  shown  and  the  assistance  they  have  rendered. 


MAKING  A  FORMING  TOOL 

BY   FRED  J.   MILLER  1 

Many  articles  have  been  published  In  technical  journals  ex- 
plaining how  to  develop  the  curves  of  a  forming  tool  that 
when  set  either  above  or  below  the  center  of  the  work  will 
reproduce  the  form  of  the  templet  made  to  fit  the  work.  All 
this  is  entirely  unnecessary  if  we  remember  that,  when  fin- 
ishing a  forming  tool  in  the  lathe,  the  shaping  tool  should 
be  placed  as  much  above  the  center  of  the  cutter  being  turned 
as  the  cutting  edge  of  the  cutter  will  be  below  the  center  of 
the  work  when  it  is  in  use.  This  will  automatically  modify 
the  form  of  the  cutter  and  will  do  it  with  absolute  precision 
without  any  necessity  for  developing  curves  or  for  making  any 
calculations  whatever.  In  the  illustration  at  A  is  a  forming 
cutter,  and  if  we  mill  a  gap  in  this  cutter  as  shown  at  B,  the 
outline  formed  by  the  intersection  of  this  gap  with  the 
periphery  of  the  cutter  will  be  the  same  at  both  sides  of  the 
gap.  This  principle  when  applied  to  the  forming  of  the  cutter 
is  shown  at  C,  where  D  is  the  cutter,  set  with  respect  to  the 
center  line  of  the  work  as  shown;  cutter  D  is  supposed  to  have 
been  formed  by  a  forming  tool  placed  on  the  upper  line  indi- 
cated, and  this  forming  tool  should  be  the  exact  shape  of  the 
work  to  be  produced.  It  may  thus  be  made  from  the  work 
itself  or  from  a  templet  prepared  for  the  purpose,  which  rep- 


Position  of  Cutter  Forming  Tool 

resents  the  form  of  the  work  and  may  be  of  thin  steel  clamped 
in  a  suitable  holder. 

This  same  principle  can  be  and  has  been  applied  to  fly  cut- 
ters such  as  are  used  for  temporary  jobs  in  cutting  gears,  etc., 
in  a  milling  machine;  clearance  is  obtained  by  forming  the 
cutter  when  its  face  is  set  a  certain  distance  back  of  the  cen- 
ter line,  the  cutter  being  afterward  used  with  its  face  set  the 
same  distance  ahead  of  the  center  line.  The  same  principle 
is  also  applicable  to  form  milling  cutters  which  have  what 
is  known  as  "rake"  in  the  cutting  teeth.  Not  only  is  it  true 
that  by  this  method  a  great  deal  of  time  and  labor  are  saved 
in  developing  curves,  making  templets,  forming  tools,  etc.,  but 
much  better  and  more  accurate  results  are  obtained  than  can 
possibly  be  obtained  by  the  method  of  calculation  and  de- 
velopment. 

*     •     • 

THE  LIBERTY  MOTOR 
The  recently  designed  "Liberty"  motor  is  shown  by  tests  to 
be  an  especially  efficient  engine,  and  it  will  be  used  on  all 
U.  S.  airplanes  and  motor  trucks;  the  twelve-cylinder  engine 
has  surpassed  the  expectations  of  its  designers.  While  this 
motor  will  be  made  with  four,  six,  eight  and  twelve  cylinders, 
the  design  allows  the  maximum  interchangeability  of  parts; 
thus  the  valves,  camshaft  drive,  pistons,  single  cylinders,  and 
many  other  parts  can  be  used  on  any  of  the  four  models.  A 
twelve-cylinder  engine  can  be  made  up  from  eight-cylinder 
parts  with  the  addition  of  the  extra  cylinders,  etc.,  and  the 
crank-case  and  crankshaft.  In  the  same  way  a  six-cylinder 
engine  ran  be  made  up  from  four-cylinder  parts  with  ease. 
Although  this  motor  has  been  developed  largely  by  two  engi- 
neers, one  connected  with  the  automobile  Industry  and  the 
other  with  aviation,  it  is  a  combination  of  the  best  features 
of  engine  design,  both  American  and  foreign.  It  has  been  so 
designed  that  It  can  be  manufactured  cheaply  In  great  quan- 
tities, and  differs  from  the  best  foreign  engines  in  the  elimlnar 
tlon  of  the  great  amount  of  hand  work  the  latter  require. 

■Addroaa:    Itrinington  Bldg.,  826  Broadwij,   New   York  City 
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ORGANIZATION   AS  AN  ASSET 

It  is  said  tliat  Carnegie,  when  asked  what  \»ould  happen  if 
his  mills  should  be  destroyed  by  fire,  or  if  he  should  suddenly 
lose  all  his  material  wealth,  answered:  "If  I  had  my  organiza- 
tion intact,  I  could  regain  It  all  in  ten  years."  No  doubt 
the  remarkable  success  of  Carnegie  as  a  steel  manufacturer 
was  partly  due  to  his  realization  that  the  physical  assets  of 
his  business  in  buildings  and  machinery  were  but  a  minority 
of  the  factors  that  contributed  to  the  building  up  of  his 
fortune,  and  that  the  important  one  was  an  organization  of 
men  properly  trained  and  willing  to  cooperate  toward  a  com- 
mon end.  Many  manufacturers  lose  sight  of  this  fact.  They 
appear  to  look  upon  the  machinery  and  the  buildings  as  the 
main  assets  of  their  business,  and  prize  but  lightly  the  or- 
ganization that  stands,  or  should  stand,  behind  the  physical 
assets.  A  strong  man  may  be  able  to  manage  successfully  an 
organization  that  is  only  loosely  tied  together;  but  as  soon  as 
he  hands  the  reins  over  to  someone  without  executive  ability, 
the  whole  organization  may  go  to  pieces.  Everyone  who  has 
observed  the  history  of  industrial  business  has  seen  examples 
of  this.  It  is  of  the  highest  importance,  therefore,  to  the 
permanency  of  any  business  that  the  organization  be  such 
that  It  can  continue  in  the  absence  of  any  one  man,  and 
also  such  that  the  people  who  compose  it  are  so  closely 
tied  to  the  organization  on  account  of  the  appreciation  of  its 
Ideals  and  the  things  that  it  stands  for,  that  they  do  not 
scatter  when  some  break  occurs.  Recently  we  saw  an  example 
of  an  excellent  organization  that  was  greatly  impaired  be- 
cause one  executive  left  and  took  with  him  a  dozen  other 
of  the  beHt  men,  forming  a  new  concern;  and  he  was  able 
to  do  this  because.  In  the  old  organization,  nothing  had  been 
done  to  tie  those  men  to  the  enterprise  either  by  sympathy, 
cooperation  or  otherwise.  As  to  physical  assets,  the  old  com- 
pany Is  as  well  off  as  ever.  All  Its  machines  and  all  Its 
buildings  are  there;  but  the  men  who  could  got  the  best 
results  out  of  the  machines  have  gone,  and  a  considerable 
part  of  the  assets  has  gone  with  them. 

•     •     • 
IMPORTANCE  OF  MECHANICAL  TRAINING 

The  Kiiropoan  war  haw  demonBtrated  the  vital  need  of  ma- 
chinery and  mechanical  training  In  carrying  on  the  conflict. 
We  know  that  the  mechanical  engineer  Is  the  moving  spirit 


of  our  modern  life,  in  which  machinery  plays  so  important  a 
part;  but  the  effect  of  the  training  received  by  the  mechanical 
engineer  on  his  mental  attitude  is  not  so  fully  appreciated. 
As  a  result  of  his  training  and  experience,  he  has  learned  to 
reason  straight,  to  separate  cause  from  effect,  and  to  accept 
no  effect  without  a  cause.  He  has  become  imbued  with  the 
spirit  of  cooperation,  and  therefore  is  liberal  minded.  The 
training  of  the  mechanical  engineer  should  make  him  broad 
and  constructive,  while  the  training  of  some  professions  often 
tends  to  produce  opposite  results. 

We  venture  the  prediction  that  in  fifty  years  the  so-called 
classical  education  now  often  inflicted  on  young  men  will  be 
greatly  modified.  Instead,  they  will  be  trained  to  think  and 
act.  Culture  for  culture's  sake  will  be  at  a  discount.  The 
change  will  come  because  of  greater  liberality  and  democracy 
and  the  elimination  of  caste.  The  training  received  by  the 
mechanical  engineer  should  fit  him  for  any  business  activity; 
that  is,  his  educational  foundation  is  a  basis  on  which  any 
business  man  may  work  effectively.  Engineers  will  be  trained 
not  merely  to  be  engineers,  but  to  be  business  men  having  the 
capacity  to  grapple  with  the  mechanical  problems  Incident  to 
manufacturing,  railroading,  transportation,  municipal  govern- 
ment, etc.  The  prime  cause  of  much  inefficiency  in  municipal 
government,  as  well  as  in  business  generally,  is  that  the  men 
at  the  head  do  not  think  straight  and  have  little  capacity  to 
organize  and  direct. 

•     •     • 

SIMPLICITY   OF  FASTENING  DESIGN 

Machine  designers  often  miss  a  golden  opportunity  for 
saving  in  the  cost  of  manufacture  of  details  by  being  too  care- 
ful in  proportioning  the  fastening  details.  It  is  not  uncom- 
mon to  find  a  machine  well  designed  in  all  Its  essential  mech- 
anism which  requires  a  large  variety  of  screws,  studs  and 
bolts  to  hold  the  parts  together.  The  screws  may  have  been 
carefully  selected  with  due  consideration  of  their  respective 
stresses  and  functions,  but  that  scrupulous  care  may  have 
resulted  in  carrying  out  the  design  with  too  little  regard  for 
the  cost  of  production.  It  might  have  been  better,  from  the 
manufacturing  standpoint,  to  have  made  some  of  the  screws 
larger  than  actually  required  for  strength,  or  to  have  used 
two  small  screws  in  place  of  one  large  one  so  that  as  many 
as  possible  could  be  of  one  size  and  type.  Thus  time  would 
be  saved  in  drilling  and  tapping,  and  less  variety  of  screws 
would  be  required  in  stock. 

An  eighteen-inch  engine  lathe  is  being  built  in  which  the 
fastening  screws,  with  a  few  exceptions,  are  %  inch  diameter 
and  of  the  same  length.  In  some  places,  of  course,  a  %-inch 
screw  is  too  large,  and  in  others  it  is  necessary  to  use  two 
screws  Instead  of  one.  Some  holes  have  to  be  drilled  and 
tapped  deeper  than  is  really  necessary;  but  the  gain  out- 
weighs the  loss.  By  standardizing  to  one  diameter  and  length 
of  screw  only,  much  time  is  saved  In  machining  and  assem- 
bling, and  the  Job  of  making  and  keeping  stock  Is  simplified. 

Substantial  economies  have  been  effected  in  the  manufacture 
of  typewriters  by  standardizing  machine  screw  body  sizes  and 
heads  and  by  eliminating  many  odd  shapes  and  lengths.  In- 
stead of  using  thirty  different  screws  in  a  carriage,  only  seven 
are  used  In  the  same  part  of  a  new  machine.  The  same  com- 
pany has  also  discontinued  using  some  gages  of  sheet  metal 
stock  and  now  uses  as  few  as  practicable.  In  these  times, 
when  it  Is  extremely  difficult  to  get  anything  but  standard 
sheets  from  the  mills,  it  Is  highly  Important  that  tho  use  of 
odd  gages  be  avoided;  but  It  their  use  can  be  avoided  In  ab- 
normal Mnios,  why  not  always  in  the  interests  of  simple  stock 
keeping  and  efficient  manufacture? 

Bolts  fitted  In  reamed  holes  rarely.  If  ever,  require  hexagon 
or  square  heads.  The  fit  of  tho  body  In  the  hole  should  be 
sufficient  to  resist  the  torsion  of  the  nut  when  tightening  or 
looHonlng  It,  but  tho  practice  of  using  forgiid  hoxngon  head 
bolts  Is  general  In  lorniuotivo  building  and  repair  sliops.  Con- 
sidorablo  saving  (iiii  be  niiido  by  u.sing  round  head  bolts  with 
narrow  shouldors  under  tho  heads.  Tho  height  of  tho  head 
need  not  bo  nioro  than  throo-fourtliH  tlio  body  dlaniotor.  Bolts 
of  this  Khupo  Clin  bo  turned  frnni  liar  HtncU  when  neodod  for 
quick  ropnlrs. 


December,  1917 


MACHINERY 


305 


TOOL  DESIGN  IN  THE  MANUFACTURE   OF 
MUNITIONS 

BY  D.  B. 

Not  many  months  ago  the  writer  was  a  toolmaker  in  a 
watch  factory  that  had  turned  its  plant  over  to  the  making 
of  time-fuse  parts.  The  work  was  of  unusual  interest  on 
account  of  the  numerous  accurate  gages,  jigs,  fixtures,  and 
special  machines  that  had  to  be  designed  and  built.  It  was 
a  line,  in  fact,  that  put  to  the  test  all  the  skill  acquired  in 
sixteen  years'  experience  as  a  general  machinist,  tool-,  die-, 
and  gage-maker.  In  love  with  the  work  and  with  no  reason 
to  complain  of  conditions,  the  writer  might  have  been  there 
yet  had  not  one  of  those  pests  that  occasionally  trouble  the 
best  of  us — a  tool  thief — gone  off  with  one  of  his  pet  tools. 
To  the  layman^  this  might  be  passed  over  lightly  as  a  matter 
of  only  a  few  cents,  but  to  the  real  toolmaker  it  is  a  most 
serious  matter.  So  when  a  second  tool  was  missed,  "wander- 
lust" seized  the  writer,  with  the  result  that  he  answered  an 
advertisement  for  tool  designers  on  time-fuse  parts.  As 
the  place  was  near  by,  the  writer  was  soon  on  his  way,  al- 
though his  previous  efforts  to  get  on  to  the  board  with  various 
concerns  were  unsuccessful,  notwithstanding  the  fact  that  he 
had  had  some  night-school  and  correspondence-school  work. 
In  the  interview  that  followed,  the  superintendent  said  that 
he  wanted  a  designer,  a  man  of  ideas,  rather  than  a  drafts- 
man, but  he  finally  decided  to  give  the  writer  a  trial  even 
though  he  had  no  drafting-room  experience. 

The  plant  he  now  entered  had  all  new  equipment,  which 
had  cost  close  to  a  million  dollars.  Its  drafting  department 
for  nine  months  had  been  in  charge  of  a  draftsman  who 
had  been  paid  about  $30  a  week.  He  was  a  good  draftsman 
but  had  no  shop  experience,  which  is  absolutely  essential  to 
a  thoroughly  eflBcient  tool  designer;  yet  he  had  been  put  in 
charge  of  the  most  important  and  vital  part  of  the  plant. 
The  result  was  that  some  of  the  tools  were  too  complicated 
and  costly,  as  well  as  ineflBcient  for  the  work  for  which  they 
were  intended,  while  other  tools  were  as  crude  and  elementary 
as  if  they  were  designed  for  only  a  dozen  pieces  rather  than 
for  the  thousands  they  were  expected  to  handle.  To  make 
matters  worse,  practically  all  the  tools  had  been  built  in 
quantities  that  had  been  estimated  as  sufficient  to  finish  the 
contract,  or  were  in  process  of  construction  at  the  time 
the  writer  was  employed.  Thus  the  design  of  new  tools  and 
the  redesign  of  such  as  could  be  made  to  answer  the  purpose 
meant  the  scrapping  of  thousands  of  dollars'  worth  of  tools, 
jigs,  and  fixtures;  but  it  was  done,  and  results  proved  that 
it  paid. 

Before  this  was  done,  however,  it  was  necessary  to  reor- 
ganize the  drafting  department,  which  consisted  of  about 
half  a  dozen  draftsmen,  none  of  whom  had  had  shop  experience 
along  toolmaking  lines.  They  were  men  with  technical  edu- 
cation and  a  knowledge  of  drafting,  and  were  slow  to  grasp 
new  ideas  or  to  originate  such  as  could  be  put  to  practical 
use,  and  so  required  constant  attention  and  instruction  on 
every  detail. 

The  drawings  were  being  made  on  detail  paper  and  turned 
over  to  a  tracer  to  be  inked  in  on  tracing  cloth,  and  this 
took  so  much  time  that  it  often  required  several  days  to  get 
out  a  comparatively  simple  drawing.  Realizing  that  the 
drawings  would  only  be  used  for  a  short  time,  or  until  the 
tools  were  made  and  in  use,  and  were  not  likely  to  be  re- 
quired for  a  permanent  record  over  a  course  of  years,  the 
writer  decided  to  eliminate  tl^  tracing  as  far  as  possible. 
Yet,  as  a  number  of  blueprints  were  required  for  use  in  the 
various  tool  shops  engaged  on  work  for  the  plant,  it  was 
necessary  to  make  the  drawings  on  some  transparent  medium. 
After  various  trials  a  tracing  paper  called  "Vellum"  was 
adopted,  being  very  transparent,  fairly  easy  to  work  on,  and  of 
fair  erasing  quality.  Except  for  work  that  required  very 
accurate  lay-outs,  all  drawings  were  made  directly  on  this 
paper  with  a  soft  pencil,  about  211  or  3H.  Excellent  blue- 
prints could  then  be  made  direct  from  the  original  drawings 
without  the  necessity  of  Inking  In.  This  change  speeded  up 
the  work  of  the  department  considerably,  but  did  not  give 
the  kind  of  men  wanted,  so  an  advertisement  was  published 


for  toolmakers  with  a  knowledge  of  drafting  for  a  tool- 
designing  department.  For  this  the  writer  was  roundly 
criticized  by  one  of  the  men,  who  said  that  it  looked  as 
though  toolmakers  rather  than  draftsmen  were  wanted.  This 
was  the  case,  as  he  discovered  when  he  received  his  next 
pay  check.  That  the  plan  of  using  toolmaker  tool  designers 
was  satisfactory  was  proved  by  the  number  the  superintend- 
ent transferred  to  more  responsible  positions  in  the  organiza- 
tion, and  by  the  writer's  advancement  two  months  later, 
when  the  tooling  proposition  was  well  in  hand,  to  the  posi- 
tion of  assistant   superintendent. 

Changes  Made  in  a  Canadian  Plant 

Later,  an  attractive  offer  from  a  Canadian  firm  engaged 
in  the  same  line  took  the  writer  to  Canada,  ostensibly  to 
become  tool-room  foreman  but  actually  to  improve  upon 
methods.  Conditions  there  were  much  the  same  as  they  had 
been  with  the  firm  he  had  Just  left.  The  drafting  department 
consisted  of  two  men.  One,  who  had  the  title  of  chief 
draftsman  and  received  $25  a  week,  was  as  fast  a  worker 
as  the  writer  has  met,  but  he  had  absolutely  no  knowledge  of 
shop  practice  and  could  only  work  to  sketches  or  at  the 
direction  of  someone  else.  The  other  man  was  employed  as 
a  tracer.  Ideas  had  been  furnished  by  the  various  depart- 
ment heads  and  by  the  superintendent.  The  former  had 
little  knowledge  of  time-fuse  manufacture,  while  the  latter, 
though  a  fine  mechanic,  had  his  attention  so  taken  up  with 
his  executive  duties  that  it  was  impossible  for  him  to  give 
the  matter  the  attention  that  was  needed. 

The  principal  trouble  was  with  the  large  parts  of  the  time 
fuse,  namely,  the  body,  rings,  cap  and  base  plug.  The  brass 
forgings  were  extremely  hard  and  gritty,  probably  having 
been  made  of  sweepings  and  other  miscellaneous  scrap  metal. 
In  fact  they  were  so  bad  that  the  New  Britain  chucking 
machines  used  on  the  roughing  operations  were  not  strong 
enough  and  consequently  were  frequently  in  need  of  re- 
pairs. Also,  the  tool-heads,  each  of  which  required  a  half 
dozen  tools,  were  designed  to  take  square  tool  bits  through 
broached  holes,  which  are  almost  impossible  to  machine 
accurately.  As  a  result,  no  two  heads  were  standard  in  that 
respect,  so  that  the  tools  had  to  be  ground  according  to  th6 
head  for  which  they  were  intended.  Later  heads  were  made  to 
take  a  form  tool  that  could  be  ground  on  the  face  and  always 
retain  its  shape,  and  care  was  exercised  to  make  them  inter- 
changeable. 

For  the  finishing  operations  on  the  body  and  cap,  the  firm 
had  designed  semi-automatic  machines,  which  were  built  in 
shops  that  were  more  familiar  with  agricultural  implements, 
or  wheel-barrows  than  with  the  exacting  requirements  of  high- 
grade  tool  work.  All  fits  on  the  machines  had  been  "cata- 
leptic." The  spindles  {2^  to  3  inches  in  diameter)  were  mad© 
from  a  poor  grade  of  wrought  iron,  were  full  of  seams,  and 
were  run  direct  in  cast-iron  bearings;  but  oftentimes  the 
oil-holes  had  no  connecting  oil-grooves,  although  the  machines 
were  designed  to  run  at  speeds  of  about  1500  revolutions  per 
minute.  These  machines,  over  thirty  all  told,  were  designed 
primarily  to  do  the  work  ordinarily  done  on  plain  turret 
screw  machines.  How  well  they  served  the  purpose  may  be 
gathered  from  the  writer's  experience  with  them. 

The  machines  that  were  intended  to  form  the  outside  of 
the  cap  had  two  slides  working  up  and  down  in  a  vertical 
plane;  one  of  these  carried  the  roughing  tool  and  the  other 
the  finishing  tool.  These  slides  received  their  motion  from 
cams,  which  had  to  have  a  rather  long  dwell,  as  they  were 
driven  direct  from  the  workspindle,  which  had  to  be  stopped 
with  a  hand-brake.  This  brake  consisted  of  a  block  of  wood 
that  was  wedged  In  between  the  belt  and  the  frame  of  the 
machine  after  the  overhead  clutch  was  thrown  out.  The 
caps  were  screwed  onto  an  arbor  that  was  operated  by  means 
of  an  eccentric  stud  and  a  socket  wrench.  As  the  production 
per  machine  never  exceeded  500  caps  per  day,  ten  machines 
had  been  built  for  a  daily  production  of  5000  caps.  As  a 
matter  of  fact.  It  took  all  ten  machines  to  get  a  production 
of  from  1000  to  1500  caps  per  day,  for  there  was  a  con- 
tinuous procession  of  these  machines  to  and  from  the  tool- 
room, In  the  care  of  toolmakers,  machinists,  and  belt  men. 
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As  the  oil-holes  were  uncovered,  they  served  as  excellent 
catch-alls  in  vphich  were  collected  the  flying  particles  of  brass 
thrown  off  by  the  tools  when  the  machines  were  in  use.  The 
result  was  the  wearing  away,  in  a  twenty-four-hour  run,  of 
as  much  as  one-sixteenth  inch  of  metal  from  the  top  of  the 
bearings,  where  the  pressure  of  both  the  cut  and  the  pull  of 
a  heavy  four-inch  belt  came.  In  addition,  the  cap  forgings 
were  not  uniform  in  size,  so  the  machines  frequently  stalled, 
jamming  the  cutters  into  the  work  and  often  breaking  the 
threaded  arbor  on  which  the  work  was  held. 

The  writer  fitted  all  these  machines  with  hollow  spindles  of 
pack-hardened  and  ground  machinery  steel  that  were  fitted 
with  draw-back  arbors  operated  by  a  hand-lever  at  the  left, 
of  similar  construction  to  that  found  on  the  usual  run  of 
hand  screw  machines.  The  automatic  slides  were  replaced  by 
a  heavy  cross-slide  operated  by  a  rack  and  pinion  and  a 
hand-lever;  this  also  was  like  a  screw  machine  cross-slide 
except  that  it  was  about  seven  inches  wide  while  in  screw 
machines  of  approximately  the  same  size  the  slide  is  about 
four  inches  wide.  A  roughing  and  a  finishing  tool  were 
mounted  on  this  cross-slide,  one  in  front  and  the  other  at  the 
back.  Felt  wipers  placed  in  grooves  cut  at  the  bottom  of 
the  bearings  and  sight-feed  oil-cups  insured  a  good  supply  of 
oil  to  the  bearings.  The  production  immediately  rose  from 
a  possible  500  to  an  actual  2000  rings  per  day  per  machine, 
and  the  procession  of  machines  to  the  tool-room  ceased. 

Besides,  there  were  seven  of  these  cap  shavers  that  could 
then  be  converted  to  other  purposes.  These  were,  therefore, 
fitted  up  the  same  as  the  machines  just  described,  with  the 
exception  of  the  chucks  and  tools  and  were  then  used  for 
turning  the  bevel  and  facing  the  rings.  These  operations 
had  previously  been  done  on  Xo.  4  Stark  bench  lathes,  fitted 
with  simple  expansion  chucks  and  using  the  regular  com- 
pound cross-slide,  with  a  special  tool-block  fitted  up  to  take 
two  tools.  This  change,  from  a  light  and  inadequately 
powered  machine,  to  a  high  power  and  efficient  one,  raised 
the  production  from  about  1500  to  4000  rings  a  day.  In  addi- 
tion, it  gave  the  nucleus  of  a  bench-lathe  equipment  for  the 
tool-room,  something  that  was  badly  needed.  As  some  grind- 
ing attachments,  collets,  countershafts  with  grinding  counters 
attached,  etc.,  that  had  been  ordered  long  before  were  re- 
ceived at  this  time,  the  plant  then  had  the  necessary  equipment 
for  making  the  hundred  and  one  kinds  of  small  gages  that 
had  previously  been  made  outside,  as  well  as  bushings  for 
drill  jigs,  etc.  The  lack  of  this  equipment  had  handicapped 
the  plant,  for  large  machines  that  were  badly  needed  tor  other 
purposes  were  frequently  tied  up  with  this  work. 

These  are  only  a  few  of  the  many  instances  where  changes 
were  made.  Machinery,  jigs,  fixtures,  and  tools  were  discarded 
and  in  most  instances  replaced  with  better  that  not  only 
cost  less  money,  but  Increased  production  greatly.  For  In- 
stance, a  special  milling  machine  that  weighed  about  a  ton 
and  had  cost,  duty  and  all,  probably  a  couple  of  thousand 
dollars,  failed  to  produce  sufficiently  accurate  work,  was 
always  getting  out  of  repair,  and  never  produced  more  than 
1200,  good,  bad,  and  indltCerent  pieces,  so  it  was  replaced 
by  a  milling  machine  that  was  built  In  the  tool-room,  weighed 
less  than  seventy-five  pounds,  and  cost  less  than  |200,  but 
which  had  a  capacity  of  5000  pieces  and  could  be  depended 
on  to  produce  uniformly  good  work. 

Economies  Effected  by  Rearranfrement  of  Plant 

Ueccntly  the  writer  was  anked  by  a  man  for  whom  he  onco 
worked,  and  who  Is  mechanical  superintendent  of  one  of  the 
plants  of  a  very  large  concern,  to  join  his  organization,  If 
only  for  a  month,  and  help  push  through  the  tooling  up  of  a 
new  job.  The  work  was  along  the  Hanx'  IlnoH  hh  thiit  they  had 
Just  complotftd,  but  thnro  were  Home  changcK  In  kIzo  and  con- 
struction; the  plant  employs  about  fiOOO  mi-n,  moHt  of  whom 
are  machine  operators.  As  It  was  posslblo  for  the  writer 
to  get  away  from  the  work  ho  was  then  on,  arrnngctmonts 
were  made  whereby  he  was  able  to  join  the  organization  for 
two  months. 

ThlR  plant  had  jiint  finished  a  largo  contract  on  a  certain 
clasB  and  size  of  work,  ami  the  min  were,  or  should  havi- 
been,  fninllliir   with   nil   Uic  bcHt   methods  for  producing  this 


particular  line.  Yet  It  was  possible  for  the  writer  after 
going  through  the  plant  under  the  guidance  of  the  chief 
draftsman  one  Saturday  afternoon,  to  lay  out  between  then 
and  the  following  Monday,  changes  that  saved  in  labor  costs 
alone  upward  of  $5000,  and  this  with  very  little  expense.  This 
alone  would  pay  the  writer's  salary  for  the  period  he  was 
there  several  times  over,  even  though  he  accomplished  no 
more.  A  few  days  later,  while  strolling  through  the  plant, 
his  attention  was  called  to  a  group  of  men  who  were  coiling 
lead  cable  on  reels  as  it  came  from  the  extrusion  presses. 
There  were  thirty-two  reels  in  the  installation,  sixteen  being 
wound  at  one  time  while  the  others  were  spare  reels  mounted 
alongside  the  live  reels  and  were  used  as  soon  as  the  others 
were  filled.  Sixteen  men  were  required,  one  man  to  a  reel, 
so  the  writer  immediately  tried  to  devise  some  way  to  do  the 
work  by  machinery  and  do  away  with  the  mem.  At  once  the 
bobbin  winder  on  the  common  household  sewing  machine 
came  to  his  mind,  so  it  only  remained  to  put  the  idea  in 
practical  shape  and  to  keep  the  cost  low  enough  to  make  it 
a  paying  proposition.  He  was  told  that  to  be  on  the  safe  side 
he  should  figure  the  job  as  if  it  were  only  to  last  three  months. 
On  that  basis,  a  winding  mechanism  was  designed  the  esti- 
mated cost  of  which  did  not  exceed  $2000.  At  this  rate  and 
estimating  the  time  of  the  fourteen  men  that  it  will  replace, 
two  being  kept  to  change  the  cable  from  the  full  reels  to  the 
empty  and  to  look  after  the  oling,  etc.,  of  the  machinery, 
the  saving  would  amount  to  about  $3000.  Should  the  work  last 
longer  than  the  three  months,  as  it  undoubtedly  will,  the 
saving  would  be  greater  in  proportion. 

In  practically  every  instance,  the  loss  occasioned  by  these 
mistakes  would  have  been  avoided  had  an  experienced  tool 
designer  been  put  on  the  job  in  the  first  place  and  been  al- 
lowed to  devote  all  his  attention  to  this  work.  Some  may 
say  that  it  is  hard  to  get  such  men,  but  to  statements  of  this 
kind  there  is  only  one  answer.  "Pay  the  price  and  the  men 
can  be  had."  Their  salary,  no  matter  how  large  it  may  seem, 
will  be  very  small  in  proportion  to  the  price  that  will  be 
paid  for  such  mistakes  as  those  that  have  been  described  and 
which  seem  to  be  very  common  in  munition  work.  These 
mistakes  are  also  due  to  the  tendency  of  executives  to  turn 
their  hands  to  tool  design  rather  than  place  the  matter 
entirely  in  the  hands  of  specialists,  and  make  them  entirely 
responsible  for  the  results. 

Lessons  Taught  by  Experiences  of  Munitions  Manufacturers 

Summing  up  the  results  of  his  experience,  it  would  seem 
to  the  writer  that  there  is  an  unlimited  field  for  the  mechanic 
draftsman,  and  toolmaker  tool  designer  to  replace  the  tech- 
nical mechanical  draftsman.  The  former,  at  least  the  kind 
the  writer  has  in  mind,  has  put  in  the  greater  part  of  his 
working  life  at  the  actual  making  and  designing  of  tools 
in  the  shop  where  they  are  to  be  used,  and  more  often  than 
not  he  has  had  to  set  them  up  and  give  them  a  thorough 
trial  before  they  were  turned  over  to  the  manufacturing 
department.  He  has  learned  from  experience  about  what 
any  given  piece  of  metal  will  stand  before  it  will  break,  and 
his  judgment  is  not  based  on  the  working  out  of  elaborate 
formulas  of  strength  of  materials,  but  Is  quite  frequently 
the  result  of  failures  on  the  part  of  the  technical  draftsman 
to  use  a  high  enough  factor  of  .safety  when  designing  the 
part.  In  other  words,  the  best  part  of  his  knowledge  has 
frequently  been  gained  through  the  mistakes  of  others.  In 
addition,  he  has  a  knowledge  of  cutting  tools  and  their  action 
and  has  had  the  opportunity  of  sharpening  them  In  different 
ways  and  of  noticing  how  they  worked  under  different  condi- 
tions. He  has  also  run  them  to  the  breaking  point  In  the 
effort  to  find  out  tliclr  limitations  and  the  limitations  of 
the  nmililnos  In  wlilcli  they  wore  being  used.  Speeds,  foods, 
and  many  other  tliliigH  for  which  tlicro  iiro  no  formulas 
have  become  ninltcrH  of  Instinct,  to  bo  used  when  and  where 
thny  aro  needed  without  hosltatlon.  Desldos  he  has  been 
handling  the  work  of  other  draftsmen  In  Iho  form  of  blue- 
IirlnlH,  etc.,  from  the  time  ho  ontorod  the  shop  as  an  appren- 
tice; Im>  has  been  In  a  i)OHltlnn  to  criticize  tliclr  work,  to 
dlwrlnilnatd  bnlwccii  tli(«  good  and  the  bail,  and  If  ho  has 
had    the   Inltlutlvo   he   should    have   to   bo   a   success,   there 
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have  probably  been  many  times  when  he  has  been  allowed  to 
work  out  his  own  ideas  as  opposed  to  the  ideas  sent  out  from 
the  drafting  department.  He  cannot  have  failed  to  notice 
the  innumerable  useless  dimensions  put  on  the  average  draw- 
ing, and  having  noticed,  and  being  in  a  position  to  know 
very  nearly  what  his  brother  mechanic  will  require,  his  draw- 
ings will  not  have  this  fault.  Knowing  also  the  methods 
that  will  be  used  in  machining  every  detail  of  the  parts 
which  he  designs,  each  part  is  machined  mentally  as  it 
takes  form  under  his  pencil,  and  so,  as  he  puts  himself 
in  the  place  of  the  man  at  the  machine,  he  is  very  careful 
to  see  that  so  far  as  possible  difficult  machining  operations 
are  eliminated  from  his  designs.  Also,  as  the  work  on  the 
board  progresses  he  is  mentally  assembling  the  parts  one 
by  one  in  the  rotation  the  man  in  the  shop  will  afterward 
use,  and  in  that  way  he  avoids  the  expensive  mistakes, 
which  are  all  too  common,  of  forgetting  to  allow  proper 
clearance.  For  instance,  not  long  ago  an  expensive  and 
elaborate  jig  was  given  to  the  writer  to  assemble,  the  rough 
work  on  the  parts  having  already  been  done  by  various 
machine  operators  who  had  not  seen  the  assembly  drawing 
or  were  not  in  position  to  criticize  it.  This  jig  had  been 
designed  by  a  young  man  fresh  from  school  who  was  not 
accustomed  to  work  of  this  kind,  and  while  it  looke^.  all 
right  on  paper,  at  first  glance,  a  shouldered  spindle  could  not 
be  placed  in  its  bearing  because  of  its  length,  another  bear- 
ing in  front  of  it  interfering;  this  bearing  was  also  too 
small  for  the  spindle  to  pass  through  and  into  its  own  bear- 
ing. As  a  result,  the  parts  had  to  be  scrapped  and  a  new 
design  made.  Had  this  jig  been  assembled,  even  mentally, 
as  it  was  being  drawn,  this  mistake  would  not  have  oc- 
curred. And  so,  henceforth,  give  the  writer  men  who  have 
had  their  hard  knocks  in  the  shop  first;  even  though  they 
cannot  write  the  name  of  some  famous  school  on  their 
application  blank,  if  they  have  been  students  of  the  "College 
of  the  Midnight  Lamp"  they  will  not  go  very  far  wrong. 


PIECEWORK  PRICES 
A  workman  is  paid  for  what  he  does,  no  matter  whether 
he  is  working  by  the  day,  week  or  month.  Actual  production, 
in  the  last  analysis,  is  what  determines  his  rate  of  pay.  Hence, 
the  piecework  system  under  which  a  workman  is  paid  directly 
in  proportion  to  efilort  is  undoubtedly  the  most  equitable  and 
satisfactory  system  of  compensation,  when  honestly  admin- 
istered, that  has  ever  been  devised.  The  difficulty  with  the 
piecework  system  is  the  lack  of  mutual  honesty.  Secretary 
William  C.  Redfield  of  the  Department  of  Commerce  and  Labor, 
at  an  editorial  conference  meeting  in  New  York  in  October, 
quoted  from  an  address  of  the  Right  Hon.  Christopher  Addison 
to  the  British  Parliament  on  the  work  of  the  administrator 
of  munitions  in  Great  Britain,  as  follows: 

Nothing  in  the  relations  between  labor  and  capital  gives 
rise  to  more  difficulty  and  distrust  than  two  customs  which 
are  dependent  upon  each  other.  The  first  is  the  cutting  of 
rates  of  pay  on  piecework,  so  as  to  limit  the  increase  of 
earnings  when  improved  methods  of  manufacture  leading 
to  a  greater  output  are  introduced.  It  is  not  the  pra/Ctice  of 
the  best  employers,  but  it  is  adopted  by  many.  This  prac- 
tice, or  the  fear  of  it,  has  inevitably  led  to  the  second  and 
retaliatory  practice  of  the  reduction  of  output.  The  influ- 
ence of  these  two  practices  in  our  industrial  life  is  poison- 
ous. We  must  establish  a  system  whereby  both  classes 
have  a  direct  interest  in  the  Introduction  of  improved  meth- 
ods. Without  it  our  progress  will  inevitably  be  accom- 
panied by  endless  disputes.  The  accounting  side  of  the 
ministry  has  abundantly  proved  that  modern  methods  of 
production  are  not  only  well  able  to  afford  good  wage  rates. 


but  are  benefited  by  so  doing. 


On  account  of  the  present  high  price  of  coal  in  the  Scan- 
dinavian countries,  a  wrecking  company  has  started  work  In 
an  effort  to  recover  a  cargo  of  1200  tons  of  coal  that  has  lain 
at  the  bottom  of  the  fireat  Belt,  a  mile  north  of  Nyborg, 
Denmark,  for  thirty-four  years.  The  cargo  was  that  of  the 
stPumer  Dorka.  which  sank  In  1883.  It  Is  believed  that  nearly 
a  thousand  tons  can  be  recovered.  Samples  recovered  show 
the  coal  to  be  undamaged  by  Its  long  Immersion. 


COMBINED  TWISTING  AND  BENDING 
MOMENTS ' 

BY    VICTOR  M.   SDMMA  - 

It  would  seem  that  an  article  on  the  subject  of  combined 
twisting  and  bending  moments  should  not  require  publication, 
as  the  subject  is  dealt  with  in  all  text-books  and  handbooks 
on  the  strength  of  materials  and  machine  design.  However, 
there  seems  to  be  considerable  confusion,  not  only  among 
mechanical  men  generally  but  also  among  well-informed  engi- 
neers, as  to  the  proper  application  of  the  formulas  that  are 
available  in  the  engineering  handbooks,  the  two  most  well 
known  being  the  Rankine  formula  and  the  Guest  formula. 
Hence,  an  elementary  article  on  the  subject,  stating  the  con- 
ditions in  simple  language,  will  probably  be  of  value  to  many. 
The  writer  would  say  at  the  start  that  in  his  opinion  there  is 
absolutely  nothing  the  matter  with  either  of  the  two  formulas 

r«  =  jf  -f  vM-  +  T" 

Me  =  %M  +  %  ViP~+T^ 
which   are  generally  known  as   the  Rankine   formulas,   and 
in  which 

Te  =  equivalent  twisting  moment  due  to  combined  bending 

and  twisting  stresses; 
Me  =  equivalent  bending  moment  due  to  combined  bending 

and  twisting  stresses; 
J/ =  bending  moment  due  to  bending  stresses  alone; 
T  =  twisting  moment  due  to  twisting  stresses  alone. 
The  two  formulas  above  are  based  upon  two  others,  namely, 

in  which  S  =  unit  stress  in  tension  or  compression; 
Ss  =  unit  stress  in  shear; 

■Pi  =  greatest  unit  stress  in  tension  or  compression 

produced  by  the  simultaneous  stresses  S  and  Ss ; 

P2  —  greatest  unit  stress  in  shear  produced  by  the 

simultaneous  stresses  S  and  Ss. 

In  order  to  show  the  application  of  these  formulas,  a  few 

examples  will  be  worked  out.    It  should  be  noted  at  thi^  point 


t  ^J 


2fachinrry 


Figs.  1  and  2.     Notation  used  in  Formulas  and  Examples 

that  in  the  derivation  of  these  equations  no  account  is  taken 
of  the  shape  of  the  cross-section  of  the  strained  body  and  that 
the  formulas  are,  therefore,  of  general  application.  The  only 
assumption  made  is  that  an  "indefinitely  small  particle  of 
material"  is  subjected  to  stresses,  as  indicated  in  Fig.  1 ;  that 
is,  that  the  tension  or  compression  stress  and  the  shear  stress 
act  normally  to  each  other  at  that  point.  The  examples  that 
follow  will  make  this  clear. 

Example  1 — It  is  required  to  find  the  maximum  resultant 
unit  stress  In  a  %-inch  square  rod,  subjected  to  a  longitudinal 
pull  of  7500  pounds  and  at  the  same  time  to  a  transverse  shear 
of  5000  pounds. 

It  is  first  necessary  to  find  the  values  of  the  unit  stresses 
S  and  S,.    These  are  obtained  by  dividing  the  given  forces  by 
the  area  of  the  cross-section  of  the  rod.    Thus, 
7500  5000 

S  =  =  13,330  pounds,  and  S.  =  =  8880  pounds 

0.75'  0.75' 

Then,  by  substitution,  we  have  as  maximum  stresses: 

I*)  =  17,770  pounds 


11,000  pounds  per  square 


P,  =  %  (13,330  +   V  13,330'  -f  4   X 
per  square  Inch  in  tension,  and 

Pt  =  %  V  13,330'  -f  4   X  8880 
inch  In  shear. 

Example  2 — A  pin  2^  Inches  In  diameter  supports  a  load  of 
10,500  pounds  as  shown  In  Fig.  2.    Find  the  greatest  stresses. 

■gco  alBO  Maohineut,  AiiiiiBt,  1014.  "rompoiinrt  StreRRos."  nnd  Mnr^•^.  lOic, 
"Formulas  for  Oomblncd   Hcndlnf;  nnd  Torttlonnl  StroRROR." 
■ExamlnlOK   Knglnevr,    American   Drake   Co.,   St.   Louis,   Mo. 
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These  stresses  obviously  occur  at  cross-section  a-a,  where  there 
is  a  combination  of  shear  and  bending. 
In  this  case,  the  unit  values  of  S  and  S,  are 
M  W 

S  =  — ,  and  S,  = 

Z  A 

in  which  M  is  the  bending  moment  of  load  W  about  a-a;  Z,  the 
rectangular  modulus  of  resistance  of  cross-section  a-a;  and  A, 
its  area;  or 

10,500  X  2  X  10.2 
g  = =  18,800  pounds  per  square  inch,  and 


2.25= 
10,500 


S.  =  - 


:  2640  pounds  per  square  inch 


3.14  X  1.125' 

Then  their  maximum  combined  effects  are: 

p,  =  1^  (18,800  +  VUMO'  +  4  X  2640=)  =  19,160  pounds 
per  square  inch  in  tension  or  compression,  and 

Pj  =  %  V  18,800=  +  4  X  2640'  =  9760  pounds  per  square 
inch  in  shear. 

Example  3 — A  square  shaft  is  subjected  to  a  torsional  mo- 
ment of  80,000  inch-pounds  and  at  the  same  time  to  a  bending 
moment  of  100,000  inch-pounds.  Find  the  size  of  the  cross- 
section  required  to  withstand  the  combined  moments  safely, 
taking  the  working  unit-stresses  of  the  material  at  12,000 
pouBds  in  tension  and  9600  pounds  in  shear. 

Let  a  be  the  side  of  the  required  square.     Then  the  unit 

stresses  are: 

100,000  80,000 

S  = and  S,  = 

a=^6  2/9  a' 

where  a"  -^  6  and  2/9a.'  are  the  rectangular  and  polar  section 
moduli  for  square  sections.     Substituting,  we  have: 

100,000  X  6 
12,000  =  %| +, 


/100,000  X  6  I 


100,000'  X  36       4  X  80,000'  X  81 

+ 


a'  M  a'  4a' 

from  which 

a'  =  64,  and  a  =  4  inches 
Similarly,  as  we  were  requested  not  to  exceed  9600  pounds 
in  shear,  we  must  ascertain  the  value  a  would  have  in  shear. 
So,  by  using  the  second  formula,  we  have  also: 


9600  =  % 


si 


100.000'  X  36         4  X  80,000'  X  81 


■  +  ■ 


a'  4o' 

a'  =  48.8,  and  a  =  3.66  inches,  thus  showing  that  the  side 
of  the  required  square  must  be  4  inches,  as  found  by  the  first 
equation. 

These  examples  will  suffice  to  give  a  fair  idea  of  the  many 
and   varied   uses   to   which   the   two    fundamental    equations 

Pi  =  %(.S  +  V  SM^  4S.')  and  P,  =  Vj  V  S'  +  iS,' 
can  be  put,  and  of  their  great  value  in  structural  and  machine 
designing.  There  are  few  cases  in  practice  where  some  mem- 
ber at  least  is  not  subjected  to  a  combination  of  simultaneous 
strains,  such  as  pull  and  twist,  bending  and  cross-shear,  or  a 
wrenching  of  some  sort;  and  the  steel  designer  could  learn 
nothing  more  useful  than  these  formulas. 
Now  we  win  return  to  Ranklne's  well-known  expressions 
T.  =  M  -f  VM'  +  T* 

and  

M.  =  ViM  +  %  V3P  +  T' 

As  already  stated,  there  is.  In  the  writer's  opinion,  nothing 
the  matter  with  them  except  that  they  have  been  widely  mis- 
understood and,  of  cour.se,  misapplied. 

Take  the  case  of  a  round  shaft  subjected  to  a  bending  mo- 
ment if  and  at  the  same  time  to  a  twisting  moment  T.  Then, 
remembering  that  for  circular  cross-sections  the  modulus  of 
section  for  torsion  Is  double  the  modulus  of  section  for  bend- 
ing, that  Is,  that  Z,  =  2Z,  wo  have  as  unit  stresses: 

if  r 

B  = and  8.  = 

Z  2Z 

By  Bubstltuting  those  values  In  thu  formula  for  P,  given 
above,  we  have: 
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The  numerator  M  +  V iP  +  T^  ot  the  first  fraction,  being 
divided  by  2Z  (or  Z,,),  that  is,  by  the  polar  section  modulus, 
is  called  the  "equivalent  torsional  moment,"  abbreviated  Te; 
while  the  numerator  of  the  second  fraction,  being  divided  by 
the  section  modulus  for  bending,  is  termed  the  "equivalent 
bending  moment,"  abbreviated  Me.  Hence,  the  two  important 
results: 

Te  =  M  +  ViP  +  T'  and  Me=VnM  +  Vz  VM'  +  T" 

These  expressions  refer  only  and  always  to  Pj,  that  is,  to  the 
tensile  or  compressive  stress,  and  not  to  P,,  the  shear  stress, 
as  is  generally  thought  when  the  equivalent  torsional  moment 
is  used.  It  is  also  clear,  now,  why  it  would  be  an  error  to  apply 
them  to  non-circular  bars,  as  is  too  often  done,  to  the  discredit 
of  Rankine  and  his  formulas.  The  fact  to  keep  in  mind  is 
that  the  metamorphosis  of  P,  =  %(/S  +  VS'  +  488=)  was 
made  possible  because  the  Zp  and  the  Z  for  circular  cross- 
sections  happen  to  be  one  double  the  other,  as  the  following 
values  clearly  indicate: 

Trd'  ird' 

Zp  = ,  and  Z  = ,  for  solid  shafts; 

16  32 

v(,D'  —  d*)  w(D*  —  d*) 

Zp  = ,  and  Z  = ,  for  hollow  shafts. 

16Z)  Z2D 

But  the  same  thing  cannot  be  said  of  other  sections;  and 
an  inspection  of  the  following  values  for  square  and  rectangu- 
lar shafts,  as  an  instance, 

2a'  a'  2  6o' 

Zp  = ,  Z  =  — ;  and  Zp  =  —  ab',  Z  = 

9  6  9  6 

proves  that  Zp  is  far  from  being  double  Z. 
In  a  similar  way,  P.  =  V2V8'  +  48,'  would  become: 
VAf  +  y  %  VM'  +  T» 

P2  = ,  or  P,  = 

Zp  Z 

and  we  could  write  down  two  more  important  results,  viz.. 

To,  =  V~M^'+  'P  and  M.,  =  %  VM' +  y 
where  T„s  and  Jlfe,  are,  respectively,  the  equivalent  torsional 
and  the  equivalent  bending  moments  for  shear,  corresponding 
to  Te  and  M,.,  the  equivalent  moments  for  tension  or  com- 
pression. 

The  second  of  these  two  expressions  is  known  as  the  Guest 
formula,  since  Mr.  Guest  seems  to  have  been  one  of  the  first 
to  prove  experimentally  the  correctness  of  an  otherwise  purely 
theoretical  deduction.  The  dropping  of  the  coefficient  before 
the  radical  is  due  to  the  fact  that  he  gives  to  P3  (the  safe 
working  stress  in  shear)  a  value  in  tension  which  is  assumed 
as  twice  that  in  shear.    In  other  words, 

p,z  =  %  ^WVt'' 

can  take  the  following  specific  forms: 

GOOOZ  =  %  VM»  -f  2",  or  12,000Z  =  VM'  +  7";  or 
8Z=  VM"  +  7" 
8  standing,  of  course,  for  the  maximum  allowable  working 
stress  in  tension  or  compression. 

The  meaning  of  Guest's  formula  deduced  above  does  not 
agree  with  that  given  by  G.  B.  Upton,  and  published  in 
Maciiineky,  IVIarch,  1916.  There  seems  to  be  a  great  deal  of 
confusion  as  to  the  exact  meaning  of  the  symbols  in  this  for- 
mula, and  further  discussion  Is  Invited.  It  has  been  generally 
understood,  we  believe,  that  Guest's  formula  Is  empirical,  and 
probably  the  attempt  at  a  mathematical  deduction  above  ac- 
counts for  the  discrepancy.  In  Guest's  original  paper,  pub- 
lished In  the  Philosophical  Mnoazine,  July,  1900,  he  does  not 
specify  whether  S  Is  to  he  understood  ns  maximum  working 
stress  In  tension  or  In  shi'ar;  hence  some  have  Interpreted  the 
formula  one  way  and  some  another. — Editor 


The  Pennsylvania  Uallroad,  on  the  lines  oast  of  Pittsburg 
and  lOrlo,  was  employing,  at  the  beginning  of  August  this 
year.  In  the  oporiitliig  deparlmont  alone,  2.'!<!0  women  in  posi- 
tions formerly  filled  by  men.  Tlioao  Included  slgnalwomon, 
dispatchers,  station  cluanors,  draftswomon,  moBHongers,  sta- 
tion agents,  ticket  nollorH,  pump  attendants,  block  operators, 
machine  hands,  watch  women  and  drawbridge  tenders. 
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ADVANTAGES  AND  LIMITATIONS   OF  PHOSPHATIC  TREATMENT 

BY  JOSEPH  W.  WONSCH  ' 


THE  object  of  this  article  is  to  show  the  principles  of  the 
phosphatic  treatment  of  iron  and  steel  as  a  preventive 
of  rusting.  There  has  been  no  intention  to  convey  in- 
formation that  will  enable  the  reader  to  engage  in  processing, 
cook-book  fashion.  The  various  patented  processes  have  been 
merged  and  presented  so  as  to  be  most  easily  understood 
by  the  engineer  and  machine  builder.  The  basic  principle  of 
all  processes  lies  in  the  deposition  of  a  coat  of  insoluble  ferrous 
phosphate  on  the  iron  or  steel  to  be  protected.  The  obstacles 
encountered  have  been  in  the  control  and  regulation  of  the 
processing,  particularly  in  obtaining  a  permanent  deposition, 
and  the  developments  during  the  past  decade  have  been  mainly 
improvements  in  that  direction. 

Iron,  when  placed  in  a  solution  of  such  acids  as  hydro- 
chloric, sulphuric  or  nitric  acid,  is  attacked  and  dissolved, 
precipitating  ferrous  salts.  If  a  dilute  phosphoric  acid  is  used, 
a  more  or  less  adherent  coat  of  Insoluble  ferrous  phosphate  Is 
formed,  which  in  the  presence  of  an  oxidizing  agent  becomes 
basic  in  character  and  black.  If  a  piece  of  iron  is  placed  in  a 
hot  basic  solution  of  ferric  chloride  or  ferric  sulphate,  a  black 
basic  salt  is  formed  which  adheres  to  the  metal.  When 
the  iron  is  removed  and  placed  In  a  hot  solution  of  an  alkali 


Tig,  1.    Section  of  Sandblast  Department  of  Parker  Eust-proof  Co.,  Detroit 

phosphate,  such  as  disodium  or  trisodium  phosphate,  the  ad- 
herent film  becomes  permanent. 

The  governing  of  these  reactions  is  quite  difficult  and  the 
various  processes  described  here  differ  essentially  only  in 
the  chemical  or  mechanical  agencies  introduced  for  the  more 
efficient  regulation  and  control  of  the  processing.  In  the 
earliest  application  of  the  phosphatic  process,  the  iron  was 
treated  with  a  solution  of  glacial  phosphoric  acid  in  water. 

Iron  Phosphate  Process 

Thomas  Watts  Coslett,  an  English  chemist,  was  granted  let- 
ters patent  in  1907  for  a  process  in  which  dilute  phosphoric 
add  Is  employed,  with  iron  in  the  form  of  iron  filings  or  fer- 
rous phosphate  as  the  regulating  agency.  A  solution  that  has 
been  found  to  give  satisfactory  results  In  rustproofing  iron 
and  steel  contains  1  ounce  of  iron,  in  the  form  of  powder,  4 
fluid  ounces  of  concentrated  phosphoric  acid,  and  160  fluid 
ounces  of  water. 

In  carrying  out  the  process,  a  quantity  of  this  solution  Is 
placed  In  an  enameled  iron  bath  and  heated  to  the  boiling 
point.  The  article  to  be  treated,  after  being  thoroughly 
cleaned,  is  then  immersed  and  the  solution  evaporated  until 
the  desired  coating  of  ferrous  phosphate  has  been  deposited. 
The  articles  are  then  withdrawn  from  the  solution  and,  after 
being  wiped  and  dried,  may  be  oiled  to  set  the  tone  of  the 
deposit. 

■AililrpM:  0*r«  of  Wunsch  &  Waahbum,  207  Center  St.,  New  Tork  City 


Zinc  Phosphate  Process 

In  a  later  process,  zinc  is  employed  as  the  controlling  agent. 
By  this  method  the  iron  is  subjected  to  the  action  of  phos- 
phoric acid  in  the  presence  of  zinc,  zinc  oxide,  or  zinc  phos- 
phate. The  solution  obtained  by  the  action  of  the  phosphoric 
acid  upon  the  zinc  is  preferably  made  in  concentrated  condi- 
tion. The  concentrated  solution  may  afterward  be  separated 
from  any  sediment  or  excess  of  zinc,  and  then  applied  to  the 
iron  or  steel  articles  in  concentrated  or  dilute  solutions.  The 
concentrated  solution  has  about  the  following  proportions: 
zinc,  6  ounces;  phosphoric  acid,  1  pint;  water,  1  pint.  A  suit- 
able dilute  solution  contains  one  ounce  of  the  concentrated 
solution  to  one  gallon  of  water. 

Under  certain  circumstances,  it  may  be  of  advantage  to  treat 
the  iron  or  steel  with  a  solution  containing  not  only  zinc  phos- 
phate, but  also  iron  phosphate.  In  such  cases,  the  iron  filings 
or  ferrous  phosphate  is  dissolved  with  the  zinc,  or  zinc  com- 
pound, in  the  phosphoric  acid;  or  the  solution  of  zinc  phos- 
phate may  be  added  to  the  solution  in  which  the  deposit  of 
phosphate  of  iron  on  the  article  is  being  effected.  The  effect 
of  the  zinc-phosphate  solution  on  the  surface  of  the  iron  or 
steel  under  treatment  is  similar  to  that  of  the  phosphoric  acid 
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Fig.  2.     Tank  in  which  Two  Ford  Cars  can  be  processed  at  One  Time 

on  metallic  zinc,  as  a  certain  amount  of  zinc  must  be  dissolved 
to  form  phosphate  of  zinc  before  any  deposition  is  formed. 
The  coating  consists  essentially  of  normal  zinc  phosphate 
mixed  with  small  amounts  of  normal  ferrous  phosphate  and 
free  phosphoric  acid.  The  latter  can  be  reduced  by  thorough 
washing.  The  normal  ferrous  phosphate  is  formed  by  the 
interaction  of  the  free  phosphoric  acid  with  the  metal  treated. 
Iron  or  steel  coated  with  phosphate  of  iron  may  be  subjected 
to  the  zinc  solution. 

The  formation  of  the  deposit  on  Iron  or  steel  may  be  ac- 
celerated by  passing  an  electric  current  through  the  dilute 
solution,  as  when  electroplating.  Iron  plates  are  connected 
with  the  positive  pole  of  the  battery  or  low-voltage  dynamo 
and  the  article  to  be  rustproofed  Is  connected  to  the  nega- 
tive pole. 

Mangranese  and  Iron  Phosphate  Process 

A  permanent  protective  phosphate  deposit  on  Iron  and 
steel  may  also  be  obtained  by  the  use  of  a  solution  of  man- 
ganese dioxide  dissolved  In  phosphoric  acid.  A  satisfactory 
deposit,  which  consists,  substantially,  of  manganese  and  iron 
phosphates,  may  be  obtained  after  an  Immersion  of  from 
thirty  to  ninety  minutes  in  a  solution  prepared  by  dissolving 
manganese  phosphate  In  phosphoric  acid  and  diluting  to  an 
acidity  of  0.1  per  cent. 

The  manganese  phosphate  may  be  prepared  by  decomposing 
the  sulphate  with  phosphate  of  sodium.     The  process  Is  car- 
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Tied  out  by  heating  the  solution  nearly  to  the  boiling  point 
and  immersing  the  metal  articles  to  be  treated.  A  very  small 
amount  of  the  iron  goes  into  solution  and  some  hydrogen  is 
set  free,  gradually  diminishing  to  a  slight  reaction  after  about 
half  an  hour.  The  metal  remains  in  the  hot  solution  for  from 
one  to  three  hours,  or  until  all  action  ceases,  and  the  surface 
of  the  metal  Is  changed  to  basic  phosphates,  which  cannot  be 
penetrated  by  the  acids  of  the  bath.  The  articles  are  then 
removed,  dried  and  oiled.  Fresh  pieces  of  iron  placed  in  the 
bath  will  be  acted  upon  at  once  until  the  bath  is  exhausted. 
This  process  has  a  great  advantage  over  that  employing  man- 
ganese dioxide,  for  the  solution  is  clear  and  can  be  adjusted 
In  strength  at  the  beginning  to  suit  the  different  classes  of 
articles  to  be  acted  upon.  The  bath  remains  a  solution  of 
manganese  phosphate  until  the  introduction  of  iron  or  steel 
upsets  the  equilibrium  of  the  solution  by  some  of  the  iron 
being  dissolved. 

Alkali  Earth  Metals  and  Iron  Phosphate  Process 

The  violent  reactions  of  free  phosphoric  acid  with  the  iron 

in  the  processing  solution  may  also  be  avoided  by  the  use  of 

an  acid  phosphate  salt  of  the  alkali  earth  metals    (calcium, 

magnesium,  etc.)  In  the  presence  of  hydrated  manganic  oxide. 

As  the  radical  PO,  is  In  union  with  the  alkali  earth  metal, 

calcium,  for  example.   It  will   not  readily   form  soluble  Iron 

phosphate,  but  forms  the  Insoluble  ferrous  phosphate  at  the 

points  of  contact  when  Iron  Is  Introduced.     The  soluble  acid 

calcium   phosphate,   2Ca   H.(PO,)i    (nionocalclum    phosphate), 

Is    converted     Into     the     insoluble    uclil     calcium     phosphate 

Ca,H,(POj,  (dicaldum  phosphate).     If  iliirlnK  the  formation 

of  the  deposit  of  ferrous  phosphate  an  oxidizing  agent  is  pros 

ent,  gome  ferrosoferrlc  phosphatCB  are  formed  and  the  surface 

of  the  Iron  becomes  black.  The  reaction  Is  probably  as  follows: 

4CaTI.(P0.),  -f  8Fe  +  20,  =  2Ca,H,(P0.), 

+  Fe,(PO.).Fe.O.Kf,(PO,),  +  CH, 

Th*!   oxidizing   agents   used    are   hydrated    manganic    oxide. 

Mn,0,H,0.  and   nlr,   which   Is  forced   up  through   the  solution 

In  fine  spruys,     U  Is  noteworthy  that  practically  no  free  phos- 


phoric acid  is  present  in  this  solution  and  that  the  affected 
surface  of  the  article  of  iron  or  steel,  in  the  solution,  has  no 
tendency  to  separate  from  the  body  of  the  article.  As  the 
acid  radical  is  in  union  with  the  calcium,  it  will  not  form  the 
soluble  iron  acid  phosphate,  as  in  the  case  where  free  phos- 
phoric acid  is  used. 

Ferric  Phosphate  Process 

In  the  ferric  phosphate  process,  the  iron  is  oxidized  outside 
the  bath.  F'erric  phosphate  prepared  by  any  well-known 
method  is  dissolved  in  phosphoric  acid,  forming  a  soluble  acid 
ferric  phosphate.  One  of  the  advantages  of  this  method  is 
that  the  strong  solution  of  acid  ferric  phosphate  can  be  shipped 
to  factories  ready  for  use  by  diluting  with  water,  thereby  pro- 
ducing an  oxidizing  bath  of  known  acid  ferric  phosphate  con- 
tent; the  bath  is  made  of  approximately  the  same  acid  atrength 
as  previously  mentioned. 

Preparation  of  Articles  for  Rustproodni?  Bath 

Articles  to  be  treated  by  the  phosphalic  process  must  be 
chemically  clean  to  insure  a  porfcct  deposition  of  the  protec- 
tive coat  of  phosphates  of  iron.  The  articles  are  cleaned  much 
the  same  as  in  electroplating,  using  the  sandblast,  acid  pickling 
and  alkali  washes  to  remove  coarse  dirt,  scale  and  grease,  re- 
spectively. Sulphuric  acid  has  generally  been  employed  for 
the  pickling  bath. 

Patents  have  recoiilly  been  granted  for  the  use  of  a  strong 
phosphoric-acid  pickling  solution.  It  Is  claimed  that  the 
pickling  cannot  ho  properly  performed  by  sulphuric  acid  for 
the  reason  that  the  removal  of  all  traces  of  Its  basic  salts  Is 
prucllcally  Impossible,  and  as  these  basic  sulphates  are  In- 
soluble In  the  rustprooflng  bath,  blotches  result  which  rust 
almost  Immediately  upon  exposure  to  the  air.  This  la  also 
true  whi'n  hydrochlorif'  and  nitric  adds  are  \i8od.  It  Is  well 
to  rerneniber  that  wlicti  pliospliorlc-acld  pickling  Is  employed 
and  the  acid  Is  pornilttcd  to  dry  on  the  articles  to  bo  treated, 
or  time  Is  allowed  for  the  action  of  tho  adherent  acid  phos- 
phate solution,  forrouB  phosphates  will  be  deposited  upon  the 
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articles  to  be  treated,  which,  when  once  formed,  will  not  dis- 
solve in  the  rustproofing  bath.  But  when  the  articles  are 
taken  from  the  hot,  strong,  phosphoric-acid  pickling  bath  and 
plunged  immediately  into  the  rustproofing  bath,  before  the 
solution  can  evaporate,  no  such  insoluble  salts  will  be  formed; 
the  acid  clinging  to  the  articles  will  be  taken  up  by  the  rust- 
proofing bath  and  there  will  be  formed  on  the  articles  the 
desired  black  surface  of  basic  phosphates  of  iron. 

Finish  of  Rustproofed  Articles 

The  natural  finish  from  the  process  is  a  steel  gray,  which 
when  oiled  becomes  a  uniform  soft  matte  black.  The  phos- 
phatic  process  may  be  often  employed  advantageously  in  com- 
bination with  any  other  finish  that  may  be  desirable.  Articles 
that  are  to  be  painted  are  not  oiled,  and  the  metal  is  left  just 
as  it  comes  from  the  chemical  bath.  The  surface  of  the  phos- 
phatic  processed  metal  is  exceptionally  well  adapted  for  enam- 
eling, since  there  is  a  fine  microscopic  etching  that  helps  to 
bind  the  enamel.  If  for  any  reason  the  enamel  should  crack, 
the  exposed  surface  of  the  processed  article  will  not  rust,  and 
consequently  no  peeling  off  of  the  enamel  will  occur,  as  is  the 
case  with  enamelware  that  is  not  rustproofed.  In  cases  where 
two  or  more  coats  of  enamel  are  given  to  articles,  one  coat 
over  the  phosphate  rustproof  deposit  may  give  better  results. 

The  electroplating  of  the  non-ferrous  metals  on  iron  and 
steel  articles  may  also  advantageously  be  preceded  by  pbos- 
phatic  treatment,  resulting  in  a  more  durable  protective  de- 
posit and  not  seldom  in  a  reduction  in  cost.  In  electroplating 
with  nickel,  the  article  is  first  finished,  then  greased,  buffed, 
dipped  in  a  hot  potash  solution,  brushed  with  pumice,  dipped 
in  cold  water,  copper-plated,  buffed,  dipped  in  a  potash  solution 
and  in  hot  water,  brushed  with  pumice,  dipped  in  cold  water, 
and  then  nickel-plated.  By  employing  the  phosphatic  process 
previous  to  the  nickel-plating,  the  operations  may  be  reduced 
to  finishing  the  article,  immersion  in  the  phosphoric-acid  solu- 
tion, and  immediately  nickel-plating.' 

Advantages  and  Limitations  of  Process 

The  field  for  an  effective  and  economical  rustproofing  process 
is  really  limitless  as  long  as  iron  and  steel  will  rust.  The 
predominant  advantage  of  the  process  is  its  effect  of  increas- 
ing the  longevity  of  iron  and  steel,  because,  when  they  are 
thoroughly  processed,  such  metals  are  positively  immune  from 
corrosion  due  to  atmospheric  attack.  Government  statistics 
show  that  23  per  cent  of  all  the  iron  and  steel  output  in  a 
year  is  "junked"  because  of  rust.  All  forms  of  iron  and  steel 
articles  can  be  processed,  from  dental  needles  to  structural 
steel  beams.  The  rustproofed  article  has  its  selling  power 
Increased  to  an  extent  that  it  would  be  diflicult  to  estimate. 
Ranges,  radiators,  hardware,  ornamental  ironwork,  iron  fences, 
steel  furniture,  in  fact,  all  iron  and  steel  articles  can  be  made 
commercially  100  per  cent  more  valuable  if  rustproofed. 

Another  economical  feature  of  rustproofing,  particularly  in 
the  machine-building  industry,  is  the  substitution  of  processed 
Iron  and  steel  for  articles  heretofore  made  of  copper,  brass  and 
aluminum.  The  substitution  of  rustproofed  steel  for  an  ex- 
pensive alloy  for  automobile  carburetors  resulted  in  the  sav- 
ing of  from  sixty  cents  to  over  a  dollar  on  every  carburetor. 

While  the  phosphatic  processed  article  is  absolutely  immune 
from  corrosion  when  exposed  to  severe  atmospheric  corrosive 
agencies,  it  will  not  withstand  actual  exposure  to  hydrochloric, 
muriatic,  acetic,  sulphuric  or  similar  acids.  Neither  is  it  pro- 
tected against  corrosion  when  subjected  to  the  constant  attack 
of  chemical  fumes,  although  it  will  resist  Intermittent  attacks 
well  enough.  Sterilizing  solutions  have  no  effect  on  processed 
Iron  and  steel. 

The  mechanical  equipment  of  a  processing  plant  consists 
essentially  of  sandblasting  apparatus,  pickling  tanks,  tumbling 
barrels,  and  special  tanks  for  the  phosphatic  processing.  The 
latter  are  double  steel  tanks  equipped  with  steam  coils  to  cause 
a  constant  and  uniform  agitation  of  the  solution.  The  accom- 
panying Illustrations  are  from  a  well  equipped  plant.  In  De- 
troit, that  covers  an  area  of  four  acres,  and  has  a  processing 
capacity  of  200  tons  of  metal  a  day. 


'For  the  ruitprooflDg  of  Iron  anil  iitc«l  by  pmreiifton  of  slnc-deiwsltloD.   see 
"Protectlre  mactrapUtlDK,"  In  Uaobinibt  tor  June,  1017. 


ANNUAL  MEETING  OF  A.  S.  M.  E. 

The  annual  meeting  of  the  American  Society  of  Mechanical 
Engineers  will  be  held  in  New  York  City,  December  4  to  7, 
inclusive,  the  Engineering  Societies  Building  being  the  head- 
quarters. On  Tuesday,  December  4,  honorary  membership  will 
be  conferred  upon  Major-General  George  W.  Goethals.  On 
Wednesday  morning,  following  the  regular  business  meeting, 
there  will  be  what  is  known  as  the  "keynote  session"  of  the 
meeting,  dealing  with  "the  service  of  the  engineer  to  the  pub- 
lic in  times  of  crises,"  opened  by  the  presidential  address  of 
Dr.  Ira  N.  Hollis  on  "Universal  Public  Service  in  Peace  and 
War."    The  technical  papers  to  be  presented  follow: 

"Preventable  Waste  of  Coal  in  the  United  States,"  by  David 
Moffat  Myers. 

"The  Cooling  of  Water  for  Power  Plant  Purposes,"  by  C.  C. 
Thomas. 

"Bagasse  as  a  Source  of  Fuel,"  by  E.  C.  Freeland. 

"The  Steam  Motor  in  the  Automotive  Field,"  by  E.  T.  Adams. 

"The  Transfer  of  Heat  between  a  Flowing  Gas  and  a  Con- 
taining Flue,"  by  Lawford  H.  Fry. 

"A  Study  of  Surface  Resistance  with  Glass  as  the  Transmis- 
sion Medium,"  by  H.  R.  Hammond  and  C.  W.  Holmberg. 

"Cooling  and  Drying  Air  and  the  Removing  of  Infinitesimal 
Dust  Therefrom,"  by  W.  J.  Baldwin. 

"Recent  Developments  in  Balancing  Apparatus,"  by  N.  W. 
Akimoff. 

"Plotting  Blower-test  Curves,"  by  A.  H.  Anderson. 

"Cross-current  Predeterminations  from  Crank-effort  Dia- 
grams," by  Louis  Illmer. 

"An  Account  of  the  Engineering  Work  of  E.  D.  Leavitt,"  by 
F.  W.  Dean. 

"Expenses  and  Costs,"  by  H.  L.  Gantt. 

"By-product  Coke  and  Coking  Operations,"  by  C.  J.  Rams- 
burg  and  F.  W.  Sperr,  Jr. 

"The  Submarine,"  by  C.  H.  Bedell. 

"Combined  Stresses,"  by  A.  L,  Jenkins. 

"The  Trumble  Refining  Process,"  by  N.  W.  Thompson. 

"The  Logic  of  Inspection,"  by  A.  L.  DeLeeuw. 

"The  Relation  of  Inspection  to  Product,"  by  F.  A.  Waldron. 

"General  Principles  of  Government  Inspection  and  Relations 
between  Inspectors  and  Manufacturers,"  by  Col.  B.  W.  Dunn. 

"Labor-turnover  Records  and  the  Labor  Problem,"  by  Rich- 
ard B.  Gregg. 

"Accident  Prevention  in  the  Textile  Industry,"  by  David  S. 
Beyer. 

"The  Moisture  Content  of  Textiles  and  Some  of  Its  Effects," 
by  William  D.  Hartshorne. 

"The  Engineer,  the  Cripple  and  the  New  Education,"  by 
Major  Frank  B.  Gilbreth. 

In  addition  to  the  papers  read,  there  will  be  an  industrial 
safety  session  on  Wednesday  afternoon,  when  several  codes 
will  be  presented  for  discussion  by  the  sub-committee  on  pro- 
tection of  industrial  workers,  among  them  the  codes  of  safety 
standards  for  elevators  and  wood-working  machinery. 

The  machine  shop  session  will  take  place  on  Thursday  after- 
noon, when  there  will  be  a  topical  discussion  on  the  subject  of 
inspection.  On  Friday  morning  there  will  be  a  management 
session,  including  a  topical  discussion  on  the  employment  of 
women  in  the  skilled  industries,  with  particular  reference  to 
war  conditions;  and  also  a  power-test  hearing,  preliminary 
to  a  proposed  revision  of  the  power-test  code  of  the  society 
which  comprises  rules  for  conducting  tests  on  prime  movers 
of  different  types  and  auxiliary  apparatus. 

There  will  be  a  reception  to  the  preside  it  and  president-elect 
on  Tuesday  evening,  a  smoker  and  acquaintance  meeting  for 
members  on  Wednesday  evening,  and  a  lecture  by  Dr.  John  A. 
Brashear  on  "The  Beautiful  in  Commonplace  Things"  on 
Thursday  evening. 

•     •     • 

The  first  locomotive  for  American  war-service  railroads  In 
France  was  completed  by  the  Baldwin  Locomotive  Co.  in 
twenty  working  days,  and  thirty  engines  of  this  type  are  now 
being  turned  out  each  day.  This  is  In  spite  of  the  fact  that 
the  superheater  boiler  Is  used  and  must  be  constructed  espe- 
cially for  this  engine.  The  locomotive  weighs  about  166,400 
pounds,  and  with  the  tender,  about  275,000  pounds.  Like  all 
the  equipment,  It  Is  painted  battleship  gray  and  bears  the 
letters  "U.  S.  A." 
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PERIPHERY   OF  THE  ELLIPSE 

BY  J.   J.  CLARK  1 

Many  formulas  have  been  printed  concerning  the  periphery 
of  the  ellipse,  all  of  which  are  practically  worthless  when  the 
ratio  of  the  axes  exceeds  8  or  9  to  1.  The  only  exact  expres- 
sion for  the  periphery  is  by  means  of  formulas  that  contain 
an  infinite  series,  and  no  simple  expression  for  the  sum  of 
these  series  has  yet  been  derived.  For  about  twenty-five  years, 
the  writer  has  been  seeking  a  formula  that  would  give  reason- 
ably accurate  results  for  all  ellipses,  but  without  success.  Sev- 
eral years  ago  he  was  desirous  of  checking  the  accuracy  of  an 
approximate  construction  of  an  ellipse  by  circular  arcs  by 
comparing  the  peripheries  of  the  approximate  ellipses  with 
the  corresponding  true  ellipses,  but  could  find  no  formula  that 
would  apply  to  flat  ellipses.  However,  a  table  was  found  in  a 
well-known  mechanical  engineer's  reference  book  that  looked 
as  though  it  would  answer  the  purpose;  but,  unfortunately, 
the  table  was  so  full  of  errors  that  it  could  not  be  used. 
Later,  the  writer  recalculated  the  table  and  found  that  of 
ninety-nine  printed  values  only  twenty-five  were  correct.  The 
errors  were  evidently  caused  by  not  using  a  sufficient  number 
of  terms  of  the  series. 
In  order  better  to  understand  the  nature  of  the  difficulty,  let: 

p  =  periphery; 

a  =  semi-major  axis; 

b  =  semi-minor  axis; 

D  =  long  diameter  =  2a; 

d  =  short  diameter  =  26; 


n  =  ratio  of  difference  and  sum  of  axes  = 

D  a 
r  =  ratio  of  axes  = = ; 

d  b 

fc  =  a  constant. 


D  —  d       a —  6 


D  +  d     ■  a  +  b 


When  r  =  1,  the  axes  are  equal,  and  the  ellipse  becomes  a 
circle;  n  is  then  0,  and  by  Formula  (2),  fc  =  1.  When  r  =  00. 
6  =  0,  and  the  ellipse  becomes  a  right  line,  the  periphery  being 
equal  to  twice  the  major  axis,  or  4o.    Substituting  in  Formula 

4 
(1),  fc  =  —  =  1.2732395  -f.    Therefore,  the  limits  of  fc  are: 

IT 

for  ji  =  0,  fc  =  1;  and  for  n  =  1,  fc  =  1.2732395  +.  A  little 
consideration  of  the  limits  of  r,  n,  and  fc  will  make  it  evident 
why  it  is  so  difficult  to  obtain  a  formula  that  will  work  well 
for  all  values  of  r.  The  best  formula  that  the  writer  has  been 
able  to  find  is  one  that  was  published  about  twenty  years  ago 
by  Carl  G.  Barth,  which  is  as  follows: 
64  —  371* 

fc  = (5) 

64  —  16ji' 
This  formula  is  evidently  an  approximate  summation  of  the 
series  in  Formula  (2),  since  when  the  numerator  is  divided 
by  the  denominator, 

111  1 

fc  =  1  -^ n^  -{ n'  -\ n'  -\ n'  +  etc.       (6) 

4  64  256  1024 

The  series  in  Formula  (2)  becomes,  when  reduced, 
111  1 

fc  =  1  -I n'  -I n*  -\ re'  -\ re'  +  etc.       (7) 

4  64  256  656.36 

The  first  four  terms  of  Formulas  (6)  and  (7)  agree;  but, 
beginning  with  the  fifth  term,  this  agreement  ceases,  and  the 
two  formulas  drift  apart  rapidly.  It  recently  occurred  to  the 
writer  that  a  formula  might  be  obtained  based  on  the  values 
calculated  for  the  table,  and  by  means  of  these  values  the 
following  formula  was  derived: 

fc  =  1  +  0.002011n  +  0.228989ra»  +  0.075834n"  —  0.09974n* 

+  0.066146n'  (8) 

This  gives  very  good  results  for  all  values  of  n,  as  will  be 
seen  by  comparison  with  the  tabular  values  in  the  following 
table: 


Then: 


ir(a  +  6)fc  =  —(.D  +  d)k 
2 


fc  =  1  -f  I  —     n=  + 


+ 


2X4 
1X3X5 


n'  + 


1X3 
2X4X6 


n'  +  etc. 


(1) 


(2) 


,2X4X6X8 

Before  discussing  this  series,  it  will  be  well  to  establish  the 
relation  between  r  and  n,  which  is  easily  done;  thus: 


-  — 1 


a  +  b 


■  +  1 


r  — 1 


r  +  1 


From  Equation  (3): 


l-fn 


(3) 


(4) 


1  — n 
The  limits  of  r  are  1  and  00.  and  the  limits  of  n  are  0  and  1; 
In  other  words,  as  re  Increases  from  0  to  1,  r  increases  from 
1  to  CO.  Thus,  from  Equation  (3),  for  r  =  1,  n  =  0,  and 
from  Equation  (4),  for  n  =  1,  r  =  00-  Moreover,  compara- 
tively small  values  of  r  give  values  of  n  that  approach  1;  and 
the  nearer  n  is  to  1,  the  greater  must  be  the  number  of  terms 
used  In  Equation  (2)  to  obtain  an  accurate  value  of  fc.  For 
example,  for  n  =  O.l'O,  r  =  19,  that  la,  the  ratio  of  the  axes 
l8  19  to  1;  and  to  obtain  fc  correct  to  five  significant  figures,  it 
will  be  necessary  to  use  about  twenty  terms  of  the  series. 
When  the  writer  calculated  the  table  above  referred  to,  he  ex- 
tended the  series  (the  law  of  which  Is  evident)  until  the  last 
term  used  gave  a  value  less  than  0.000000005,  the  result  being 
to  obtain  the  value  of  fc  to  eight  decimal  places,  with  a  pos- 
sible error  of  one  unit  In  the  last  place,  but  guaranteeing  the 
correctness  of  the  figure  In  the  seventh  place.  For  n  =  0.98, 
It  was  neccBsary  to  use  eighty-four  terms  of  the  series.  But 
when  n  =  0.98,  r  =  99;  hence  when  n  Incroasos  from  0.98 
to  1,  r  must  Increase  from  99  to  00.  In  fact.  If  n  oxcoeds,  say, 
0.70  (for  which  r  =  5  2/3),  It  becomes  Increasingly  difflcult 
to  obtain  an  accurate  value  for  k. 

•A(Mr«u:  610  HuoMt  Ut.,  BrriDtOD,  Vm. 


Formula 

Table 

a 

k 

k 

Error 

0 

1 

1 

0 

0.1 

1.00256 

1.00250 

-1-0.00006 

0.2 

1.01003 

1.01003 

0 

0.3 

1.02261 

1.02263 

—  0.00002 

0.4 

1.04042 

1.04042 

0 

0.6 

1.09224 

1.09224 

0 

0.5 

1.06357 

1.06354 

-1-0.00003 

0.7 

1.12679 

1.12683 

—  0.00004 

0.8 

1.16781 

1.16781 

0 

0.9 

1.21619 

1.21600 

-f  0.00019 

1.0 

1.27324 

1.27324      ■ 

0 

As  might  be  expected,  the  greatest  departure  is  between  0.9 
and  1.  Since  Formula  (5)  will  give  five  significant  figures 
correct  up  to  n  =  0.70  (by  Formula  (5),  fc  =  1.126775  +  for 
n  =  0.70),  and  since  it  is  easier  to  apply  than  Formula  (8), 
it  occurred  to  the  writer  than  it  would  be  well  to  use  For- 
mula (5)  for  all  values  of  n  up  to  0.70,  and  to  derive  a  new 
formula  for  values  of  n  between  0.70  and  1.  The  formula 
thus  obtained  is: 

fc  =  0.147202  +  5.355178n  —  13.197449n'  -f-  16.892262n' 

—  10.613854J1'  -I-  2.689901ra'  (9) 

This  must  not  be  used  for  values  of  n  less  than  0.70,  for 
which  r  =  5  2/3.  The  following  table  shows  a  comparison 
between  values  calculated  by  Formulas  (8)  and  (9)  and  the 
table,  for  values  of  n  between  0.90  and  1 : 


Formula  (8)         Table 


Fo 


uln  (0) 


0.90 
0.91 
0.92 
0.93 
0.94 
0.95 
0.96 
0.97 
0.98 
0.99 
1.00 


1.21619 
1.22148 
1.22686 
1.23233 
1.23788 
1.24353 
1.24928 
1.25512 
1.26106 
1.26710 
1.27324 


1.216001 
1.221268 
1.226626 
1.232074 
1.237620 


243266 
249016 
254878 
260X59 
260972 
27.1240 


-f- 0.00019 
+  0.00021 
-1-0.00024 
+  0.00026 
+  0.00026 
-f  0.00026 
-f  0.00026 
-f  0.00024 
■f  0.00020 
-f  0.00013 
0 


1.215999 
1.221264 
1.226629 
1.232071 
1.237020 
1.243270 
1.249028 
1.254897 
1.260S.S5 
1.2fif,!)97 
1.27:!240 


Error 

—  0.000002 

—  0.000004 
-f-  0.000004 

—  0.000003 

0 
-1-0.000004 
+  0.000012 
4-0.000019 
+  0.000026 
+  0.000025 

0 


The  right-hand  error  column  shows  that  Formula  (9)  will 
give  at  least  five  Blgnlficant  flguroa  correct  for  all  values  of 
n  botwoon  0.70  and  1,  or.  In  other  words,  for  all  values  of 
r  between  6  2/3  and  oo;  It  Is  therefore  sulficlontly  accurate  (or 
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all  practical  purposes.  In  the  following  table,  which  may  be 
used  Instead  of  the  formula,  the  values  of  k  have  been  lim- 
ited to  five  significant  figures,  because  if  they  were  given  to  a 
greater  number  of  figures,  it  would  be  necessary  to  use  second 
and  even  third  differences  for  the  larger  values  of  n,  when 
interpolating  for  intermediate  values  of  k: 


0 

1 

0.25 

1.0157 

0.50 

1.0635 

0.75 

1.1465 

0.01 

1.0000 

0.26 

1.0170 

0.51 

1.0662 

0.76 

1.1506 

0.02 

1.0001 

0.27 

1.0183 

0.52 

1.0688 

0.77 

1.1548 

0.03 

1.0002 

0.28 

1.0197 

0.53 

1.0716 

0.78 

1.1591 

0.04 

1.0004 

0.29 

1.0211 

0.54 

1.0743 

0.79 

1.1634 

0.05 

1.0006 

0.30 

1.0226 

0.55 

1.0772 

0.80 

1.1678 

0.06 

1.0009 

0.31 

1.0242 

0.56 

1.0801 

0.81 

1.1723 

0.07 

1.0012 

0.32 

1.0258 

0.57 

1.0830 

0.82 

1.1768 

0.08 

1.0016 

0.33 

1.0274 

0.58 

1.0860 

0.83 

1.1815 

0.09 

1.0020 

0.34 

1.0291 

0.59 

1.0891 

0.84 

1.1862 

0.10 

1.0025 

0.35 

1.0309 

0.60 

1.0922 

0.85 

1.1909 

0.11 

1.0030 

0.36 

1.0327 

0.61 

1.0954 

0.86 

1.1958 

0.12 

1.0036 

0.37 

1.0345 

0.62 

1.0987 

0.87 

1.2007 

0.13 

1.0042 

0.38 

1.0364 

0.63 

1.1020 

0.88 

1.2057 

0.14 

1.0049 

0.39 

1.0384 

0.64 

1.1053 

0.89 

1.2108 

0.15 

1.0056 

0.40 

1.0404 

0.65 

1.1088 

0.90 

1.2160 

0.16 

1.0064 

0.41 

1.0425 

0.66 

1.1123 

0.91 

1.2213 

0.17 

1.0072 

0.42 

1.0446 

0.67 

1.1158 

0.92 

1.2266 

0.18 

1.0081 

0.43 

1.0468 

0.68 

1.1194 

0.93 

1.2321 

0.19 

1.0090 

0.44 

1.0490 

0.69 

1.1231 

0.94 

1.2376 

0.20 

1.0100 

0.45 

1.0513 

0.70 

1.1268 

0.95 

1.2433 

0.21 

1.0111 

0.46 

1.0536 

0.71 

1.1306 

0.96 

1.2490 

0.22 

1.0121 

0.47 

1.0560 

0.72 

1.1345 

0.97 

1.2549 

0.23 

1.0133 

0.48 

1.0585 

0.73 

1.1384 

0.98 

1.2609 

0.24 

1.0145 

0.49 

1.0610 

0.74 

1.1424 

0.99 

1.2670 

0.25 

1.0157 

0.50 

1.0635 

0.75 

1.1465 

1.00 

1.2732 

Example — Find  the  periphery  of  an  ellipse,  the  long  and 
short  diameters  of  which  are  7  feet,  5  inches,  and  9  inches, 

89  —  9 

respectively.    Since  7  feet,  5  inches  =  89  inches,  n  =  — •  = 

89  +  9 
0.816326.    From  the  table,  obtain  by  interpolation  k  =  1.1723  + 
(1.1768  —  1.1723)  X    0.6326   =   1.1751.     The  value   0.6326   = 
0.816326  —  0.81 

.    Hence,  by  Formula  (1), 

0.82-0.81 
3.1416 
P  = (89  +  9)  X  1.1751  =  180.89  in.  =  15  ft,  0.89  in. 


AIR-RIFLE   PISTON   DIES 

BY  W.    B.   GREENLEAP  I 

The  accompanying  illustrations  show  the  piston  for  an  air 
rifle  and  the  dies  for  making  it.  In  Fig.  1  the  piston  is  shown, 
with  the  main  spring  in  position  and  the  leather  washer 
riveted  on  the  end,  ready  to  go  into  the  air  barrel  of  the  rifle. 
The  projection  on  the  lower  side  is  engaged  by  a  lever  to  com- 
press the  spring  and  also  by  the  trigger.  The  metal  used  is 
0.065-lnch  steel  and  the  strip  is  wide  and  heavy.    Considerable 

^Address:   Plymouth.   Mich. 


clearance  must  be  left .  between  the  guides  for  variation  In 
width,  so  that  four  pilots  are  necessary  to  obtain  the  required 
accuracy;  three  automatic  trigger  stops  locate  the  strip  from 
the  flrst  to  the  last  stroke.  In  Fig.  2  are  shown  the  stages 
in  the  development  of  the  piston.  A  is  the  blank,  B  shows  the 
second  stage,  and  C  is  the  completed  piston. 

As  shown  in  Figs.  3  and  4,  the  blanking  die  is  a  double 
follow  die,  with  the  two  blanks  interlocking,  so  that  the  waste 
is  reduced  to  a  minimum.  A  forming  station  is  set  between 
the  piercing  and  blanking  stations  to  bend  the  web,  which 


Fig.  2.     stages  of  Development  of  Piston 

makes  the  lever  and  trigger  hold.  This  forming  punch  is  made 
in  one  piece  with  a  large  heavj'  pilot  which  enters  the  tri- 
angular hole  and  locates  the  strip  at  the  second  stroke;  there 
Is  also  a  pilot  on  each  blanking  punch. 

The  second-operation  die.  Fig.  5,  bends  the  two  legs  of  the 
blank  together  edgewise,  and  forces  out  and  doubles  up  the 
web,  which  has  already  been  started  in  the  blanking  die.  The 
working  parts  of  the  punch  and  die  are  the  same,  each  being 
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Fig.   3.     Arrangomont  of  Bluiklng  Punch  and  DIo 
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Fig.  4.     Blanking  Punch  and  Die  for  forming  Air-rifle  Piston 

a  piece  of  steel  with  a  slot  0.09  inch  wide  and  just  deep  enough 
to  take  one  leg,  or  halt  the  finished  piece.  A  recess  across  the 
face,  0.065  inch  deep,  takes  the  web  when  it  buckles  out,  and 
flattens  it  into  shape.  Two  pins  across  the  slot  in  the  die 
locate  the  piece  endwise.  Two  spring  pads  in  the  punch,  with 
vees  in  the  lower  ends  and  keyed  to  prevent  their  turning, 
cause  the  piece  to  enter  the  upper  slot. 

Fig.  6  shows  the  third,  and  final,  die,  with  a  blank  from  the 
second  operation  in  place  ready  to  be  formed.    The  piece  rests 


Fig.  5.     Punch  and  Die  for  obtaining 
Shape  B,  Fig.  2 


Fig.    6, 


Punch   and  Di( 
finishing  Piston 


against  a  guide  and  on  a  spring  pad  at  the  left,  while  the 
folded  web  drops  into  a  slot  in  a  spring  pad  at  the  right.  The 
right-angle  bend  is  made  first,  and  at  the  bottom  of  the  stroke 
the  half-round  body  and  saucer-shaped  end  are  formed. 

•     •     * 

FLEXIBLE   TURBINE    GEARING 

BY    MARK    MEREDITH  ' 

The  problem  of  insuring  equal  distribution  of  pressure  over 
the  w^hole  surface  of  the  wide  fine-pitched  gears  now  coming 
Into  use  for  marine-turbine  speed  reduction  is  being  tackled 
in  many  ways.  John  H.  Macalpine,  who  was  the  first  to 
offer  a  practical  solution  of  the  matter,  supports  the  pinion 
In  a  rocking,  or  floating,  cradle  designed  to  permit  of  a  con- 
tinuous self-adjustment  of  the  pinion  to  the  wheel.  In  one  of 
his  arrangements,  the  frame  supporting  the  pinion  is  con- 
structed so  that  the  solid  metal  affords  a  certain  amount  of 
spring  whereby,  when  the  tooth  pressure  becomes  unduly  heavy 
on  one  side  of  the  gears,  due  to  unavoidable  imperfections  in 
gear-cutting  or  lack  of  alignment  of  the  two  shafts,  that  side 
yields  just  enough  to  allow  the  pressure  to  spread  equally 
over  the  whole  face.  In  another  arrangement,  the  same  effect 
Is  obtained  by  sustaining  the  pinion  bearings  on  interconnected 
hydraulic  pistons.  The  Macalpine  device  has  been  tried  on 
both  large  mercantile  vessels  and  battleships;  and,  though 
there  has  been  a  good  deal  ot-^lscusslon,  the  device  may  be 
said  to  have  shown  Its  superiority  over  the  usual  type  of 
gearing  In  respect  to  efUclency,  durability,  smoothnesH,  silence 
of  working,  amount  of  lubrication  required,  degree  of  reduc- 
tion possible,  and  weight  of  gearing  set. 

Sir  Charles  Parsons  believed  the  solution  lay  in  eliminating, 
aa  far  as  possible,  the  Inaccuracies  that  the  teeth  of  all  large 
gears  revealed,  and  set  to  work  to  discover  and  ellniluale  tholr 
source.     He  arrived  eventually  at  the  Ingenious   methods  by 
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which  the  errors  in  the  master  gear  of  the  gear-cutting  ma- 
chine are  distributed  over  the  face  of  the  cut  gear.  By  this 
means  a  considerable  improvement  was  effected  in  the  work- 
ing of  reduction  gears  without  interfering  with  the  solidity  of 
the  pinion-journal  supports.  But  it  is  doubtful  whether  even 
absolute  initial  accuracy,  could  that  be  obtained,  would  give 
as  good  results  as  some  system  of  automatic  continuous  self- 
adjustment.  Initial  gear-tooth  errors  are  only  one  part  of  the 
derangements  of  alignments  that  have  to  be  provided  against; 
there  are  also  the  torque  of  the  pinion,  gradual  wear  of  bear- 
ings, and  distortion  of  gear  under  varying  loads. 

A  third  solution  of  the  problem  consists  of  building  up  the 
main  gear  with  a  series  of  disks,  chambered  at  the  sides, 
threaded  upon  the  second-motion  shaft.  When  put  together, 
these  disks  are  in  close  contact  both  at  the  hubs  and  at  the 
rims,  and  the  built-up  gear  blank  is  turned  and  cut  Just  as 
though  it  were  a  solid  gear;  but  when  the  cutting  is  finished, 
a  parting  tool  is  run  between  each  pair  of  disks,  so  that  the 
gear  in  its  final  working  form  appears  as  a  row  of  disks  se- 
cured rigidly  to  the  shaft  and  to  each  other  at  their  bosses, 
but  separate  at  their  peripheries.  The  teeth  are,  of  course, 
cut  helically.  The  effect  of  this  construction  is  that  when,  in 
working,  undue  pressure  comes  upon  any  disk  at  any  point 
of  its  circumference  it  deflects  sidewise,  and  thereby  allows 
the  load  to  spread  over  the  rest  of  the  disks.  The  propor- 
tioning of  the  disks,  particularly  as  regards  strength  and 
contour  of  cross-section,  requires  careful  calculation  and  ex- 
periment in  order  that  the  lateral  deflection  may  at  no  time 
involve  fiber  strains,  which  could  possibly  cause  destructive 
fatigue,  but  a  very  small  side  movement  is  suflScient  to 
afford  even  distribution  of  load  across  the  entire  surface  of 
the  gear.  This  type  of  flexible  disk  has  been  successfully 
applied  to  eighty  sets  of  turbo-generators  and  is  being  tried 
as  a  turbine  reduction  gear  for  steamships. 

•     *     • 

PISTON  ,  GRINDING    FIXTURE 

The  illustration  shows  a  simple  and  effective  means  of  hold- 
ing a  piston  for  grinding.  Simply  slide  into  place  the  loose 
pin  that  fits  snugly  into  the  wrist-pin  holes  of  the  piston,  slide 
the  back-plate  onto  the  base  of  the  piston,  then  drive  the  drift 
in  until  all  are  bound  together.  It  is  then  ready  to  be  placed 
on  the  centers.  The  driver  is  furnished  by  the  bridge  part 
of  the  back  end,  which  engages  a  driving  pin.  To  remove  the 
piston,  knock  out  the  drift  and  withdraw  the  pin.  All  parts 
of  this  fixture  should  be  hardened,  except  the  base.  In  several 
concerns  where  this  fixture  is  in  use,  from  twenty-five  to 
thirty-five  pistons,  ZYz  to  3%  Inches  diameter,  are  produced 
per  hour,  removing  from  0.025  to  0.030  Inch  stock  to  0.001 
inch  limit,  there  being  three  diameters  to  grind. 

The  operation  is  performed  by  sizing  the  body  over  the  en- 
tire length,  which  is  the  largest  diameter.  This  is  done  by 
two  methods:  by  feeding  the  wheel  straight  in  for  a  full  width 
cut  (no  traverse),  using  a  wide  wheel,  or  by  stroking  the 
work  with  a  2-inch  wheel.  Then  grind  the  two  bottom  rings, 
the  next  largest  diameter,  with  a  straight-In  cut,  and  the 
ring  or  smallest  diameter,  also  with  a  straight-in  cut,  and  the 
piston  is  finished.  Two  fixtures  are  usually  used,  the  opera- 
tor loading  one  while  the  cut  is  being  taken  on  the  piston 
mounted  on  the  other.- — H.  W.  Dunhar  in  Grits  and  Qrinds 
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ECONOMICAL  PRODUCTION  OF  ACCURATE  HARDENED  GEARS 


METHODS   AND  FIXTURES  USED  BY  PROGRESSIVE  AUTOMOBILE  MANUFACTURERS 

BY  F.  B.  JACOBS  ' 


TO  produce  hardened  spur  gears,  such  as  are  used  in  auto- 
mobile transmissions,  economically  involves  many  opera- 
tions of  equal  importance,  as  the  quality  of  the  finished 
product  depends  on  the  care  exercised  in  the  various  stages  of 
manufacture.  Not  all  the  operations  described  here  are  found 
in  one  manufacturing  plant,  but  they  are  used  in  the  plants  of 
progressive  manufacturers  of  the  Middle  West.  In  the  manu- 
facture of  transmission  gearing,  the  grinding  wheel  plays  an 
important  part;   it  furnishes  a  rapid  and  efficient  means  of 


turning  out  accurate  work  and  also  a  means  for  correcting 
the  errors  due  to  the  expansion  and  contraction  of  the  metal 
during  the  annealing  and  hardening  processes. 

The  gear  adopted  by  many  prominent  automobile  manufac- 
turers is  made  of  forty-point  carbon  steel,  and  in  the  process 
of  manufacture  goes  through  five  principal  stages,  viz.,  ma- 
chining to  rough  dimensions,  annealing,  machining  to  finish 
dimensions,  oil  tempering,  and  grinding.  The  first  step  is  to 
chuck  the  blank  by  its  largest  diameter,  bore  and  ream  the 
hole,  and  face  the  hub  and  one  side.  This  operation  is  simple 
and  well  known;  the  method  used  is  familiar  to  every 
mechanic  who  has  had  occasion  to  watch  a  Gisholt,  Potter  & 
Johnston  or  other  machines  used  for  similar  purposes  in 
operation.  Due  care  is,  of  course,  exercised,  and  the  opera- 
tor is  provided  with  limit  gages  for  maintaining  the  correct 
dimensions. 
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Fig.  3, 


The  next  opera- 
tion is  to  ■  rough- 
turn  the  periphery 
and  face  the  other 
side  of  the  gear. 
This  is  generally 
done  on  a  heavy- 
duty  engine  lathe, 
the  blank  being 
preferably  held  on 
a  nose  arbor,  as 
this  method  facili- 
tates taking  heavy 
cuts,  thus  keeping  production  up  to  the  maximum.  A  good 
design  of  arbor  for  this  purpose  is  illustrated  in  Fig.  1.  It 
consists  of  an  arbor  A  with  a  taper  shank  to  fit  the  tapered 
hole  in  the  spindle,  an  expanding  bushing  B,  which  is  pre- 
vented from  turning  by  the  key  C,  and  a  substantial  nut  D, 
which  is  provided  with  a  coarse  right-  and  left-hand  thread. 
This  is  a  convenient  device,  as  a  half  turn  of  the  nut  is  suffi- 
cient to  grip  the  work  firmly  and  the  action  of  the  right-  and 
left-hand  threads  quickly  collapses  the  expanding  bushing 
when  the  work  is  to  be  removed,  thus  eliminating  the  neces- 
sity of  resorting  to  the  lead  hammer.  The  latter  tool  has  its 
uses,  but  it  has  been  the  means  of  springing  and  thus  unfitting 
for  accurate  use  many  expanding  holding  devices  that  often 


Fl(.  2.     FIxtiirn  for  grinding  Sldo  of  Goar  Blanka 


fail  to  operate  readily.  This  arbor  can  be  made  of  tool  steel 
or  thirty-point  carbon  steel;  in  either  case,  the  parts  should 
be  hardened  to  prevent  undue  wear  and  the  arbor  and  bushing 
should  be  ground  to  insure  accuracy. 

To  Insure  quiet-running  gearing,  so  necessary  in  the  modern 
high-powered  car,  it  Is  of  absolute  importance  that  the  teeth 
be  both  concentric  and  parallel  with  the  axis.  Through  care- 
lessness on  the  part  of  the  operator,  as  well  as  through  the 
use  of  arbors  that  do  not  run  perfectly  true,  it  is  easy  to 
bring  about  the  condition  shown  in  Fig.  3,  which  represents 
two  gears  placed  back  to  back  on  a  gear-cutting  arbor.  The 
sketch  is  exaggerated  to  illustrate  the  error  and  shows  what 
happens  when  the  sides  of  the  gear  are  not  parallel  with  the 
hole.  When  the  nut  is  tightened  the  gears  are  sprung  to- 
gether. Although  when  in  this  position  the  teeth  cut  are 
parallel  with  the  axis,  as  soon  as  the  pressure  is  removed 
the  blanks  spring  back  to  their  original  position,  which  re- 
sults in  faulty  teeth  that  are  bound  to  produce  an  unsatisfac- 
tory gear.  To  eliminate  this  difficulty,  a  preliminary  grinding 
operation  is  brought  into  play  before  the  teeth  are  cut. 

First,  the  gear  blank  is  located  by  its  hole  and  one  side  of 
the  rim  is  trued,  as  shown  in  Fig.  2,  where  .1  Is  a  faceplate 
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fixture  which  Is  bolted  to  the  faceplate  of  a  universal  grinding 
machine.  Care  is  taken,  of  course,  to  see  that  it  shows  true 
when  tested  with  a  dial  indicator.  The  faceplate  of  the  grinder 
is  shown  at  B.  The  faceplate  A  is  provided  with  a  taper  arbor 
C,  over  which  is  fitted  a  bushing  D  that  carries  the  gear.  The 
bushing  is  expanded  to  grip  the  gear  blank  by  means  of  the 
screw  E  and  the  collar  F.  The  grinding  wheel  is  shown  at  G. 
For  the  sake  of  the  tool  designer  who  may  wish  to  utilize  this 
feature,  the  bushing,  collar  and  screw  are  illustrated  in  detail 
in  Fig.  4,  which  is  self-explanatory.  As  the  face  grinding  is 
in  reality  the  first  finishing  operation,  it  is  done  after  the 
gear  blanks  have  been  annealed. 

The  next  operation  is  to  rough-grind  the  hole.  This  is  done 
by  locating  the  blank  by  the  ground  surface  just  finished  on 
the  fixture  shown  in  Fig.  5,  which  consists  of  a  faceplate  A 
and  three  blocks  B  for  locating  the  gear  by  its  periphery. 


Fig.   6.     Fixture   for  raugta-grisding   Hole  in   Oear  Blank 

Three  straps  are  also  provided  for  clamping  the  gear  in  place. 
This  faceplate  is  bolted  to  the  faceplate  of  an  internal  grind- 
ing machine,  care  being  used  to  see  that  it  runs  true.  The 
hole  is  ground  to  within  0.0001  inch  of  the  finish  size,  this 
amount  being  allowed  for  grinding  after  the  gear  is  hardened. 
The  next  operation  is  to  turn  the  outside  diameter  of  the 
gear  true  with  the  hole.  This  is  generally  done  with  an  arbor 
like  the  one  shown  in  Fig.  1,  although  some  manufacturers 
prefer  to  do  this  operation  on  the  grinder.  As  a  matter  of 
fact.  It  can  be  done  on  a  heavy  type  of  grinding  machine  in  a 
very  efficient  manner  if  a  holding  device  similar  to  the  one 
shown  in  Fig.  2  is  used.  To  many  it  may  appear  to  be  an 
undue  precaution  to  size  the  outside  diameter  of  a  gear  by 
grinding,  but  modern  grinding  practice  often  furnishes  a 
quicker  means  of  removing  stock  than  the  engine  lathe,  within 
reasonable  limits,  and  the  results  are  generally  far  more 
accurate. 

Cutting-  Teeth  of  Automobile  Transmission  Gears 

The  teeth  of  automobile  transmission  gears  can  be  cut  in 
three  ways:  on  an  automatic  gear-cutter  of  the  type  carrying 
but  one  cutter  working  on  one  tooth  at  a  time,  although  a 
multiple  cutter  for  cutting  two  or  three  teeth  at  once  may 
be  used;  on  the  Fellows  gear  shaper;  or  on  gear-hobblng  ma- 
chines of  the  Barber-Colman  type.    Whatever  type  of  machine 


Fig. 


Two  Methods  of  locating  Hardened 
Gears   for  grinding  Holes 


is  used,  care  should  be 
exercised  to  see  that 
the  arbor  for  holding 
the  gear  blanks  runs 
true  when  tested  with 
an  indicator.  This  may 
seem  unnecessary  to 
those  who  expect  ar- 
bors used  on  production 
machines  to  run  out  of 
true  a  little,  but  true 
gears  cannot  be  cut  on 
an  arbor  that  runs  out 
of  true.  One  object  of 
the  rough-grinding  of 
the  hole  is  to  make  a 
good  fit  on  the  gear- 
cutting  arbor,  so  if  the 
arbor  runs  out,  this 
precaution    is   needless. 

In  Fig.  6  is  shown  a  gear-cutting  arbor  of  novel  design  that 
is  used  on  a  Barber-Colman  gear-cutting  machine  with  great 
success.  The  faceplate  A,  which  is  made  integral  with  the 
shank  B  that  fits  the  taper  hole  in  the  spindle,  is  a  machine- 
steel  forging.  After  being  finished,  it  is  driven  securely  into 
place,  as  it  is  to  remain  there  indefinitely;  then  the  face  C 
is  carefully  finished  by  grinding.  This  operation  is  done  with 
a  portable  center  grinder  fastened  to  the  machine  for  this  pur- 
pose. It  is  evident  that  a  surface  finished  in  this  manner  is 
bound  to  run  true  with  the  spindle,  which  is  the  object  desired. 
The  arbor  D  and  the  inner  face  of 'the  plate  E  are  also  finished 
by  grinding,  great  care  being  taken  to  see  that  they  are  true 
and  square  with  each  other.  Thus,  when  the  two  members 
are  securely  bolted  together  by  means  of  the  four  bolts  shown, 
it  is  an  easy  matter  to  get  the  arbor  to  run  dead  true  by  means 
of  a  dial  indicator.  Several  arbors  to  accommodate  different 
sized  gears  can  be  provided  to  fit  the  permanent  faceplate,  and 
while  it  takes  a  little  time  to  indicate  them  after  placing  them 
in  position,  the  accuracy  gained  more  than  compensates  for 
the  time  spent. 

It  is  not  the  writer's  intention  to  enter  into  a  long  discourse 
on  gear  cutting;  it  will  suffice  to  say  that  the  cutters  should 
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Flir.  0.     Oear-cuttlni  Arbor  of  Novel  Doiign 


Fig.    8.     Quill  Gear  ground   in  Fixtures   shown   in   Figs*.   8  and   10 

be  sharp  and  correctly  ground.  The  depth  of  the  teeth  should 
be  kept  within  close  limits,  preferably  by  testing  on  a  vernier 
gear  measuring  machine,  as  this  means  allows  slight  errors  to 
be  readily  detected.  While  a  varied  mechanical  experience  is 
not  necessary  to  operate  a  gear-cutting  machine,  the  gear- 
cutting  department  should  be  In  charge  of  a  man  who  has 
specialized  on  gearing  and  understands  both  the  technical  and 
the  practical  sides.  After  cutting,  the  gears  are  hardened  and 
then  tested  for  the  proper  degree  of  hardness  and  to  determine 
freedom  from  cracks;  they  are  then  ready  for  the  final  grinding. 

arlndlnR-  Hole  In  Hardened  Gears 

The  jiroduction  of  accurate  hardened  gears  Is  a  dlflicult  prob- 
lem, but  if  care  Is  exercised  In  grinding  the  hole  after  hard- 
ening, particular  attention  being  given  to  the  manner  in  which 
the  gear  is  located  in  the  grinding  operation,  commercial  accu- 
racy Is  possible  even  when  It  Is  necessary  to  turn  out  a  large 
number  of  gears  In  a  given  time.  To  facilitate  production  as 
much  !iH  p(iH.si))lc,  the  grinding  sliould  bo  done  In  an  Internal 
grinding  maclilne  de.slgned  especially  for  economical  produc- 
tion. There  are  three  methods  employed  for  locating  hardened 
gears  for  grinding  the  holes:  locating  the  gear  by  the  outside 
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Fig.   9.     Chucking  Bevice   used   in   grinding 
Hole  in  Gear  shown  in  Fig.  8 


diameter  as  shown 
at  A,  Fig.  7;  locat- 
ing from  the  bot- 
tom of  the  teeth, 
sometimes  termed 
"root  control,"  as 
shown  at  B;  and 
pitch  -  line  control, 
as  illustrated  in 
Fig.  10.  The  first- 
named  method 
would  be  correct  if 
the  gear  were  not 
hardened  and  if  it 
were  positively  as- 
sured that  the  teeth 
were  concentric 
with  the  axis  of  the 
gear.  The  second 
method  would  give 
excellent  results  on 
soft  gears,  provided 
the  bottoms  of  the  teeth  were  not  rough,  which  is  sometimes 
the  case  with  planed  gears,  or  gears  the  teeth  of  which  are 
generated  by  planing.  The  third  method  is  an  ideal  one  to 
use  with  hardened  gears,  and  if  the  grinding  fixture  is  cor- 
rectly designed  and  constructed,  excellent  results  will  be  ob- 
tained. The  pin  should  be  the  same  diameter  as  the  tooth 
opening  at  the  pitch  line;  it  could  locate  a  little  above  or 
below  the  pitch  line  and  perhaps  cause  no  harm.  The  chuck- 
ing fixture  consists  of  a  body  A  which  is  fastened  directly 
to  the  faceplate  of  the  grinding  machine  by  means  of  bolts  put 
through  from  the  back;  a  split  collapsible  ring  B  that  grips 
the  gear  through  the  medium  of  eight  pins;  and  a  tapered 
ring  C  that  collapses  the  split  ring  by  screwing  into  the  body 
of  the  chuck  as  shown.  The  fixture  should  be  carefully  made 
and  the  tapered  rings  casehardened  and  finished  by  grinding. 
Care  should  be  exercised  to  see  that  the  outside  of  the  chuck 
and  the  flat  wearing  surface  for  the  collapsing  ring  are  con- 
centric with  each  other,  as  the  chuck  is  indicated  to  run  true 
by  means  of  a  dial  indicator  each  time  it  is  set  up  on  the 
grinding  machine  faceplate.  If  these  surfaces  are  concentric, 
it  is  easy  to  true  up  the  chuck  by  indicating  its  outside.  The 
chuck  could  be  provided  with  a  thread  and  boss  for  screwing 
it  directly  to  the  grinding  machine  spindle;  experience,  how- 
ever, has  proved  that  the  design  illustrated  is  more  economical 
and  productive  of  better  work,  as  it  is  easy  to  keep  the  fixture 


running  perfectly  true  at  all  times.  jf  thei  chuck 

can  be  made  of  cast  iron,  but  vphere  .    ired  thousand 

gears  are  to  be  made  it  should  be  foi'e^      .'■'    >'-  machine  tf^el 
and  protected  from  undue  wear  by  caseharaening.     In  ttfa 
case  the  thread  should  be  a  rather  loose  fit  to  allow  for  errors^, 
that  are  bound  to  develop  in  hardening. 

The  quill  gear  illustrated  in  Fig.  8  is  comparatively  long 
for  its  diameter.  A  good  way  to  finish-grind  this  gear  is  to 
chuck  it  by  its  teeth,  using  the  type  of  fixture  shown  in 
Fig.  10  fitted  to  the  plain  grinding  machine,  where  the  out- 
side diameter  is  ground  to  size,  the  end  of  the  work  being  sup- 
ported by  a  special  center.  In  finish-grinding  the  hole,  it  is 
necessary  that  the  hole  be  concentric  with  the  outside;  other- 
wise a  noisy-running  gear  will  result.  The  hole  is  ground 
on  the  internal  grinder  by  means  of  the  simple  chucking  de- 
vice shown  in  Fig.  9,  which  consists  of  a  cast-iron  piece  bushed 
with  hardened  steel.    This  fixture  is  strapped  to  the  faceplate 


Hk.    10.     Fixture  In  which  Gear  Is  located  by  Pitch  Line 


Fig.  11.    Square-hole  Type  of  Shifting  Gear,  which  is  held  in  Fixture  shown 
in  Fig.   10 

of  the  machine  and  carefully  trued  up  by  means  of  a  dial  indi- 
cator every  time  it  is  placed  in  position.  The  hardened  bush- 
ing should  be  a  nice  fit  with  the  gear,  which  is  prevented  from 
turning  by  a  pin,  fitting  loosely  between  two  of  the  teeth. 
The  grinding  operation  is  simple  in  itself,  as  it  does  not  differ 
from  any  other  operation  of  the  same  kind. 

The  square-hole  type  of  shifting  gear  illustrated  in  Fig.  11 
is  sometimes  considered  a  difiicult  piece  to  machine  in  cases 
where  accurate,  quiet-running  gears  are  desired.     Inasmuch 
as  this  gear  is  bound  to  warp  to  a  certain  extent  in  hardening, 
it  is  good  practice  to  grind  the  hole 
to  bring  its  axis  concentric  with  the 
pitch-line  circle.    To  grind  a  square 
hole  accurately  is  sometimes  consid- 
ered a  difficult  and  expensive  prob- 
lem, but  if  a  suitable  fixture  is  pro- 
vided for  the  work  and  the  operator 
exercises  due  care  in  the  grinding 
operation,  satisfactory  and  economi- 
cal results  are  possible. 

The  gear,  after  hardening,  is 
chucked  in  the  type  of  fixture  illus- 
trated in  Fig.  10,  which  in  this  case 
is  made  to  fit  the  faceplate  of  a 
Brown  &  Sharpe  or  other  universal 
grinder.  The  grinding  wheel  fix- 
ture used  is  shown  in  Fig.  12.  It 
is  fastened  to  the  wheel-base  platen, 
if  a  Brown  &  Sharpe  grinder  is 
used,  in  the  position  occupied  by 
the  internal  grinding  fixture,  or 
speed  spindle,  as  it  is  sometimes 
called.  It  is  driven  by  the  pulley 
.1,  which,  in  turn,  drives  the  wheel- 
spindle  B  through  the  medium  of  a 
round  belt,  running  over  the 
grooved  pulleys  C.  In  making  this 
fixture,  care  should  be  used  in  get- 
ting dimension  D  correct  to  bring 
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the  grinding-whetl  spindle  approximately  central  with  the 
headstock  spindle.  Also,  dimension  E  should  be  slightly  less 
than  the  diameter  of  the  hole  to  be  ground. 

To  perform  the  grinding  operation  successfully,  attention 
must  be  paid  to  the  wheel  speed.  In  ordinary  internal  grind- 
ing, it  is  permissible  to  use  a  peripheral  speed  as  high  as  6000 
feet  per  minute.  In  the  present  case,  however,  where  the 
side  instead  of  the  periphery  of  the  wheel  is  utilized,  the 
surface  speed  of  the  outside  diameter  should  not  exceed  2500 
feet  per  minute;  otherwise  the  wheel  will  glaze  and  burn  in- 
stead of  cutting.  The  grit  and  grade  of  the  wheel  should  be 
suited  to  the  work,  and  in  ordering  these  wheels,  which  are 
special,  the  grinding  wheel  manufacturer  should  be  furnished 
,  with  full  data  regarding  the  work  to  be  performed,  type  of 
machine  used,  5nish  desired,  kind  of  material  to  be  ground, 
wheel  speed,  etc.,  for  this  is  a  special  grinding  operation  and 
cannot  be  performed  well  with  wheels  picked  up  at  random. 

In  the  grinding  operation,  the  work  must  be  carefully 
chucked  and  the  wheel  brought  to  bear  lightly  against  the  side 
of  the  hole  away  from  the  operator.  The  wheel  is  then  fed  in 
and  out  of  the  hole  by  means  of  the  automatic  feed  until  it 
sparks  but  faintly.  The  spindle  is  then  indexed  around  90 
degrees  and  another  surface  ground.*  After  all  four  surfaces 
have  been  ground,  the  hole  is  tested  for  size  by  means  of  a 
square  plug  gage,  and  if  undersize,  a  few  more  cuts  are  taken. 
The  operator  has  to  work  in  the  dark,  as  it  were,  as  he  has 
to  grind  four  sides  before  gaging  the  work  each  time;  a  little 
practice,  however,  soon  brings  about  efficient  results. 

In  conclusion,  it  can  be  safely  stated  that  the  several  opera- 
tions necessary  to  produce  accurate  gears  of  the  kind  described 
in  this  article  are  really  simple  in  themselves;  the  secret  of 
success  lies  in  a  few  simple,  accurate  tools,  as  here  described. 


BRASS   FOUNDRY   PROBLEMS' 

With  the  introduction  of  oil  as  a  fuel,  the  utilization  of 
labor-saving  machines  of  all  kinds,  and  the  advent  of  the 
efficiency  engineer  and  the  chemist,  brass  foundry  operation 
is  quite  a  different  proposition  to  what  it  was  thirty  years  ago. 
Still  the  resourcefulness  of  foundries  is  frequently  taxed.  A 
proposition  recently  put  up  to  one  foundry  was  the  manufac- 
ture, commercially,  of  duplex  thermostatic  plates.  These  plates 
had  to  contain,  when  finished,  50  per  cent  nickel  steel  and 
50  per  cent  brass  alloy,  the  nickel  steel  and  the  brass  plates 
being  cast  or  otherwise  fused  together.  The  brass  alloy  had 
to  be  of  such  a  nature  that  it  could  be  rolled  down  to  sheets 
0.003  inch  thick,  and  even  less.  Curiously,  only  one  brand 
of  zinc  was  found  that  would  consistently  give  satisfactory 
results  in  the  alloy. 

A  common  foundry  problem  is  when  and  where  to  commence 
using  metal  patterns  for  repeat  work.  Because  of  the  ease 
with  which  changes  in  design  may  be  made,  wooden  patterns 
are  preferred  at  the  beginning.  If  these  patterns  are  coated, 
by  means  of  a  Schoop  pistol,  with  copper  or  lead,  they  become 
much  better  able  to  resist  the  wear  and  tear  incident  to  the 
molding  process. 

Another  difficult  problem  is  the  manufacture  of  aluminum 
castings  that  will  take  a  high  polish.  Castings  made  from  the 
standard  alloys  are  invariably  full  of  small  black  specks,  due 
to  gas  in  the  metal;  but  the  addition  of  from  8  to  10  per  cent 
of  tin  to  the  alloy  produces  satisfactory  castings.  To  make 
this  aluminum-copper-tin  alloy,  it  is  necessary  to  make  up  a 
rich  alloy  and  then  add  bars  of  it  to  the  aluminum  at  the 
proper  time. 

Tough,  perfect,  homogeneous  brass  and  aluminum  parts  are 
now  made  by  the  pressed-metal  process.  A  hot 
blank  is  forced  into  a  steel  mold  of  the  exact 
design  and  dimensions  of  the  desired  metal 
part,  powerful  hydraulic  presses  being  used. 
The  enormous  pressure  to  which  the  blank  is 
subjected  raises  the  temperature  of  the  metal 
and  causes  it  to  flow  into  every  part  of  the 
mold.  By  this  process,  it  is  possible  to  make 
the  most  intricate  shapes;  the  parts  are  formed 
so  accurately  to  size  and  the  surfaces  are  so 
smooth  that  in  many  cases  no  machining  is 
required,  and  the  parts  are  absolutely  free  from 
air-  and  gas-holes  and  sand.  Because  of  their 
strength,  it  is  often  possible  to  substitute 
pressed  metal  parts  for  bronze  and  English 
gun  metal  parts. 


•Abstract  of  a  paper  read  before  tl^e  Amoriean  Institute 
nf  Metals  in  Cleveiand,  Ohio,  September,  1916,  l).v  B.  A. 
I 'a  rues. 
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AUXILIARY  APPLIANCES  FOR  TAPPING  ON  DRILLING  MACHINES-VARIOUS  TYPES  OF  SPECIAL  TAPPING  MACHINES- 
METHODS  OF  HOLDING  WORK  WHILE  TAPPING— TAPPING  SPEEDS 

BY   FRANKLIN   D.   JONES  - 


Fig.    1.     Erringto: 


THE  machines  used  prin- 
cipally for  tap  driving  in- 
clude drilling  machines, 
turret  lathes,  automatic  screw 
machines,  and  special  tapping 
machines.  The  type  of  ma- 
chine or  attachment  used  for 
tapping  may  depend  alto- 
gether on  the  relation  of  the 
tapping  operation  to  other 
operations.  The  number  of 
holes  to  be  tapped  and  the  ad- 
vantages or  disadvantages  of 
doing  both  drilling  and  tap- 
ping on  one  machine  should 
also  be  considered.  Regular 
drilling  machines  are  ex- 
tensively used  for  tapping,  be- 
cause the  latter  operation 
naturally  follows  the  drilling 
of  the  hole.  In  many  cases, 
the  work  is  so  large  and  cum- 
bersome that  there  is  a  de- 
cided advantage  in  tapping  it 
on  the  same  machine  used  for  drilling.  The  drill  press  is  also 
used  for  tapping  a  great  many  small  parts,  but  when  large 
numbers  of  pieces  are  required,  special  tapping  machines  are 
frequently  used.  Tapping  operations  in  turret  lathes,  auto- 
matic screw  machines,  horizontal  and  vertical  boring  mills 
naturally  follow  the  turning,  drilling  or  boring  operations  in 
these  machines.  A  special  tapping  operation  is  thus  avoided 
and  greater  accuracy  is  secured  between  the  tapped  hole  and 
other  machined  surfaces. 

Auxiliary  Attachments  for  Reversing'  Tap  Rotation 

When  drilling  machines  are  used  for  tap  driving,  the  re- 
verse movement  for  backing  non-collapsible  taps  out  of  holes 
after  the  thread  is  cut  to  the  required  depth  may  be  obtained 
either  by  reversing  the  spindle  of  the  machine  or  by  using  a 
special  chuck  or  attachment  designed  to  reverse  the  motion 
of  the  tap.  Many  drilling  machines  are  not  equipped  with  a 
mechanism  for  reversing  the  rotation  of  the  spindle  and  a 
special  attachment  is  then  required.  An  automatic-reverse  tap- 
ping chuck  or  attachment  (manufactured  by  the  Errington 
Mechanical  Laboratory,  39  Cortlandt  St.,  New  York  City)  is 
shown  applied  to  a  drilling  machine  in  Fig.  1.  This  chuck 
has  a  taper  shank  which  is  inserted  in  the  spindle  of  the 
machine.  The  body  of  the  chuck  and 
the  gage  B  (Fig.  3),  which  may  be  used 
to  control  the  depth  to  which  holes  are 
tapped,  are  both  prevented  from  rotat- 
ing with  the  machine  spindle  by  a  rod  .1 
which,  in  the  case  of  a  drill  press,  rests 
against  the  left-hand  side  of  the  ma- 
chine column  and  slides  up  or  down  the 
column  as  the  spindle  is  raised  or  low- 
ered. When  tapping  a  hole,  the  regular 
feed  lever  or  handwheel  of  the  machine 
Is  used  to  lower  the  spindle  as  the  tap 
passes  down  Into  the  hole;  when  the 
lower  end  of  stop-rod  B  comes  Into  con- 
tact with  the  face  of  the  work,  the  di- 
rect forward  motion  drive  is  released 
and  the  tap  stops  revolving.  The  ma- 
chine spindle  is  then  raised;  this  move- 
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ment,  by  the  engagement  of 
gearing  within  the  chuck 
body,  causes  the  tap  to  back 
out  of  the  hole  rapidly.  Rais- 
ing or  lowering  the  machine 
table  or  work  would  have  the 
same  effect.  The  tap-holder 
used  in  conjunction  with  this 
automatic  reversing  chuck 
may  or  may  not  have  an  ad- 
justable friction  drive  for 
safeguarding  taps  against 
breakage.  For  tapping  holes 
in  cast  iron,  brass,  etc.,  or 
where  blind  holes  are  deep 
enough  to  prevent  the  tap 
from  striking  the  bottom,  the 
frictional  form  of  holder  may 
not  be  required.  The  latter 
is  intended  especially  for  tap- 
ping in  steel  or  for  bottom 
tapping.  This  automatic- 
reverse  tapping  chuck  Is 
sometimes  used  with  advan- 
tage for  tapping  two  or  more  holes  at  the  same  time.  The 
exact  method  of  arranging  these  chucks  for  multiple  tapping 
operations  depends  to  some  extent  upon  the  nature  of  the 
work.  Fig.  2  Illustrates  how  four  holes  were  tapped  in 
malleable  iron  gear-cases  simultaneously.  The  chucks  are  pre- 
vented from  revolving  and  are  held  In  the  right  position  by  a 
plate  or  fixture  at  the  top,  which  Is  special  for  this  par- 
ticular job. 

TsCpping  Attachments  having  an  Oscillating  Movement 

When  tapping  holes  in  steel  and  other  hard  materials  with 
hand-operated  taps,  it  is  common  practice  to  alternately  ad- 
vance the  tool  and  then  turn  It  back  through  part  of  a  revolu- 
tion in  order  to  assist  in  breaking  up  and  clearing  the  chips 
to  prevent  breaking  the  tap.  This  practice  is  duplicated  au- 
tomatically in  a  tapping  attachment  (see  Fig.  4)  manufac- 
tured by  the  Wahlstrom  Tool  Co.,  5520  Second  Ave.,  Brooklyn, 
X.  Y.  For  tapping  cast  iron  and  similar  materials,  this  oscil- 
lating movement  is  not  required,  and  for  work  of  this  kind, 
provision  is  made  for  disengaging  the  oscillating  drive  and 
engaging  a  continuous  forward  drive.  This  change  is  made 
by  turning  the  knob  seen  in  front  of  the  attachment.  When 
either  the  oscillating  or  continuous  forward  drive  is  used,  the 
tap  Is  backed  out  by  raising  the  lever 
that  controls  the  hand  feed  of  the  drill- 
ing machine  spindle.  This  results  in 
positively  clutching  a  continuous  drive 
that  backs  out  the  tap  at  high  speed.  A 
special  chuck  furnished  with  the  attach- 
ment grips  the  round  shank  of  the  tap 
as  well  as  the  squared  end,  so  that  the 
shank  Is  supported  right  down  to  the 
end  of  the  chuck. 

Variable-speed  and  Reversing:  Attachment 

The  attachment  Illustrated  in  Figs.  ^ 
and  6  has  three  forward  speeds  and  a 
reverse  motion,  and  It  Is  adapted  either 
for  tapping  operations  or  for  speeding 
up  small  drills.  The  speed  changes  are 
controlled  by  turning  the  knurled  knob 
at  the  front,  which  is  provided  with  a 
suitable  handle  or  lever  that  also  serves 
to  reverse  the  motion.  Fig.  6  Illustrates 
Muitipk.  Tapp.r  the   geared    speed-changing   mechanism. 
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Fig.  3.  Diagram  illustrating  General  Arrange- 
ment of  Errington  Automatic-reverse  Tapping 
Chuck    and    Application    to    Drilling    Machine 


These  changes  are 
effected  by  means 
of  two  positive 
clutches,  which  are 
shifted  by  turning 
the  knurled  knob 
referred  to.  When 
using  the  slow  or 
direct  speed  for  tap- 
ping or  driving 
large  drills,  the 
gears  run  idle,  the 
direct  speed  being 
the  same  as  the 
spindle  speed.  Fig. 
7  shows  this  attach- 
ment applied  to  a 
drill  press.  A  bar 
extends  from  the 
attachment    to    the 


column  of  the  machine  to  prevent  the  attachment  from  rotat- 
ing with  the  spindle.  The  variable-speed  feature  makes  it  pos- 
sible to  drive  a  small  drill  at  high  speed,  a  large  drill  at  the 
low  or  direct  speed,  whereas  the  reversal  of  motion  may  be 
used  for  backing  a  tap  out  of  the  hole  after  the  tapping  opera- 
tion. The  tapping  may  also  be  done  at  a  slow  speed  and  the 
tap  backed  out  at  a  higher  speed.  This  attachment  is  made 
by  the  McCrosky  Reamer  Co. 

Tapping  Mechanism  of  Drilling  Machines 

The  tapping  mechanism  of  a  drilling  machine  for  use  with 
non-collapsing  taps,  may  be  arranged  not  only  to  reverse  tlie 


Fig.   4.     Wahlitrom    Tapping    Attachment   designed    to    givu   Tap    an 
Otoillating  Movement  when  tapping  Steel 

rotation  of  a  tap  for  backing  it  out  of  the  hole,  but  also  to 
safeguard  the  tool  against  excessive  torsional  stresses  by 
means  of  an  adjustable  friction  located  somewhere  between 
the  tap  and  the  source  of  power,  which  slips  in  case  an  un- 
usual amount  of  reHlstance  Is  encountered.  A  frlctlonal  chuck 
may  be  used  for  this  purpose,  or  an  adJuHtuble  friction  may 
be  introduced  somowhere  in  the  spindle  driving  mechanism 
of  the  machine.  A  tap  reversing  meclianlHui  of  the  kind  that 
Is  Incorporated  In  the  design  of  the  machint}  Instead  of  being 
In  the  form  of  an  auxiliary  attachment  is  shown  In  Fig.  8. 
Tills  tapping  attachment  (which  Is  applhMl  to  some  of  the 
vertical  drilling  machines  made  by  the  Cincinnati  Jilckford 
Tool  Co.),  when  used  In  conjunction  with  the  friction  back- 
gear,  provides  for  drlllliiK  at  a  fast  spfi'd,  tupping  nt  a  re- 
duced speed,  and  then  bucking  out  the  tap  at  a  rcliitlvoly  high 


speed.  Motion  is  transmitted  through  the  lower  bevel  gear 
shown,  when  tapping,  and  through  an  intermediate  spur  gear 
and  the  upper  bevel  gear  for  backing  out  the  tap.  The  inter- 
mediate spur  gear  is  mounted  on  a  sector,  so  that  it  can  be 
disengaged  when  not  required  for  tapping.  The  forward  and 
reverse  motions  are  controlled  by  the  lever  shown,  which  oper- 
ates a  friction  clutch  connecting  with  the  bevel  gears  previ- 
ously referred  to.  The  method  of  operating  this  attachment 
is  to  start  the  spindle  backward  at  the  same  speed  as  that 
for  tapping  until  the  tap  frees  itself,  and  then  the  speed  is 
greatly  accelerated  by  a  pull  on  the  friction  back-gear  lever. 
The  illustration  shows  the  attachment  with  the  gear  guards 
removed.     While   tapping   attachments   on   various  makes   of 


Fig.   6.     "Wizard"  Variable- 
speed  and  Reversing 
Attachment 


Fig.    6.     Interior    Mechanism    0. 

"Wizard"  Variable-speed  and 

Reversing  Attachment 


drilling  machines  differ  somewhat  as  to  their  general  arrange- 
ment, these  variations  usually  pertain  to  details  of  construc- 
tion, and  as  they  all  operate  on  the  same  general  principle, 
other  designs  for  upright  drilling  machines  will  not  be 
described. 

On  radial  drilling  machines  the  mechanism  used  for  tapping 
and  commonly  known  as  the  "tapping  attachment"  is  incor- 
porated in  the  design  of  the  drill  spindle  headstock.  This 
mechanism,  like  that  applied  to  an  upright  drilling  machine, 
is  simply  a  combination  of  gearing  through  which  motion  is 
transmitted  for  reversing  the  roation  of  the  tap.  The  tapping 
attachment  of  the  Fosdick  radial  drilling  machine  (Fosdick 
Machine  Tool  Co., 
Cincinnati,  Ohio)  is 
shown  in  detail  in 
Fig.  9  as  an  exam- 
ple of  this  class  of 
mechanism.  For- 
ward and  reverse 
motions  are  ob- 
tained through  the 
combination  of 
three  bevel  gears 
shown.  This  re- 
verse mechanism  Is 
mounted  on  the 
horizontal  driving 
shaft  A,  which  ex- 
tends along  the  ra- 
dial arm.  The  di- 
rection In'  'which 
the  driven  shaft  B 
revolves  depends 
upon  whether  mo- 
tion Is  transnilttod 
through  gears  O 
and  D  or  K  and  D. 
lOlthcr    of   the    two 
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Fig.   8.     lapping  Attachment  of  Upright  Drilling  Machine 

is  engaged  with  the  driving  shaft  by  means  of  expanding  ring 
clutches  controlled  by  a  lever  or  handle  located  at  the  right 
of  the  lower  end  of  the  drill  spindle.  Motion  is  transmitted 
to  the  drill  spindle  through  back-gears  which  give  three  for- 
ward and  three  reverse  speeds,  with  ratios  of  three  to  one 
and  nine  to  one.  This  back-gearing  is  controlled  by  a  lever 
located  at  the  left  of  the  spindle.  With  this  arrangement, 
taps  may  be  backed  out  at  the  same  speed  as  is  used  for  tap- 
ping, or  at  three  times  or  nine  times  the  tapping  speed,  with- 
out changing  the  regular  speed-changing  mechanism  of  the 
machine. 

Special  Tapping  Machines 

Tapping  machines  may  be  intended  either  for  general  tap- 
ping operations  or  for  use  on  one  class  of  work,  like  the  tap- 


are  convenience  of  control  and,  for  small  tapping  operations,  a  sensi- 
tive drive  that  will  transmit  enough  power  for  operating  the  tap  under 
normal  conditions  but  not  enough  to  break  it  in  case  the  resistance 
to  rotation  becomes  excessive.  Several  different  makes  of  tapping 
machines  will  be  described  to  illustrate  variations  in  design. 

Tapping  Machines  of    Horizontal-spindle  Type 

A  simple  form  of  tapping  machine,  made  by  the  Garvin  Machine  Co., 
New  York  City,  is  shown  in  Pig.  10.  This  machine  has  two  belt  pulleys 
driven  by  open  and  cross  belts,  so  that  they  revolve  in  opposite  direc- 
tions. A  clutch  is  located  between  the  pulleys  for  controlling  the  for- 
ward, and  reverse  motions.  The  parts  to  be  tapped  are  supported 
by  a  pad  A  and  are  held,  preferably,  in  a  socket  type  of  fixture  designed 
to  prevent  the  work  from 
revolving  with  the  tap  and 
to  permit  rapid  insertion 
and  removal  of  the  work. 
The  part  to  be  tapped  is 
moved  up  into  contact  with 
the  tap  by  hand-lever  B  con- 
nected to  the  tailstock  spin- 
dle. The  depth  to 
which  the  tap  en- 
ters the  hole  is  con- 
trolled by  an  ad- 
justable stop  C 
When  this  stop  en- 
gages the  tailstock, 
thus  arresting  the 
forward  movement 
of  the  tailstock 
spindle,  the  tap  im- 
mediately draws 
the  tap  spindle  for- 
ward and  disen- 
gages     the      clutch  ^*®"    ^''     ®"vin  Horizontal  Tapping  Machine 

When  the  feed  lever  is  moved  in  the  opposite  direction  the 
tap  spindle  is  shifted  over  still  farther,  thus  engaging  the 
clutch  with  the  reverse  pulley,  which  is  narrower  than  the 
driving  or  forward-motion  pulley  and  is  located  nearer  the 
chuck.  This  particular  machine  (which  is  the  No.  2  size) 
has  a  capacity  for  taps  varying  from  3/16  up  to  1/2  inch  in 
diameter. 

Another  design  of  horizontal,  single-spindle  tapping  machine 
is  shown  in  Fig.  13.  This  machine  (manufactured  by  the 
Rickert-Shafer  Co.,  Erie,  Pa.)  derives  its  forward  and  reverse 
motion  from  a  combination  of  three  friction  wheels,  consisting 


Fig.  9.     Mecha 
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ping  of  nuts.  The  designs  vary  considerably,  including  verti- 
xial  and  horizontal  designs  in  single-  and  multiple-spindle  types. 
The  spindles  may  be  adjusted  on  some  machines  for  varying 
the  center-to-center  distance,  or  they  may  be  fixed  in  the  case 
of  machines  used  exclusively  for  tapping  duplicate  parts.  Tap- 
ping machines  also  vary  in  regard  to  the  mechanism  for  ob- 
taining the  forward  and  reverse  motions  of  the  tap  spindle  and 
the  method  of  controlling  these  motions.  A  common  arrange- 
ment for  obtaining  the  two  motions  is  by  means  of  a  clutch 
which  Is  Interposed  between  two  pulleys  revolving  in  opposite 
directions  and  is  alternately  engaged  with  these  pulleys.  The 
clutch  may  be  controlled  by  (1)  a  hand-lever  connecting  with 
the  clutch;  (2)  a  foot-lever  connecting  with  the  clutch; 
(3)  pushing  the  work  and  Its  fixture  forward  until  contact 
Is  made  with  a  stop-rod  or  lever  which  shifts  the  clutch  for 
backing  out  the  tap;  (4)  pushing  the  work  against  the  tap 
while  tapping  and  by  pulling  In  the  opposite  direction  for 
backing  out  the  tap,  the  clutch  being  shifted  by  the  direct 
thrust  from  the  part  being  tapped  and  the  resulting  longi- 
tudinal motion  of  the  tap  spindles.  The  latter  method  is  ap- 
plied only  to  machines  used  for  the  lighter  classes  of  work. 
The  characteristic  features  of  well-designed  tapping  machines 
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of  two  drivers  and  one  driven  wheel,  which  is  alternately  en- 
gaged with  the  driver.  The  driven  wheel  A  is  made  of  alumi- 
num and  is  located  between  the  driving  wheels  B  and  C,  which 
have  friction  board  driving  surfaces.  When  the  part  to  be 
tapped  is  pushed  against  the  tap,  the  driven  wheel  is  held 
against  the  rear  driving  wheel  C,  which  is  larger  than  B  and 
revolves  at  a  slower  speed.  As  soon  as  the  hole  has  been 
tapped  to  the  required  depth,  a  backward  pull  of  the  spindle 
forces  the  driven  wheel  A  into  contact  with  driving  wheel  B, 
thus  reversing  the  direction  of  rotation  and  backing  out  the 
tap.  This  machine  is  driven  by  a  single  belt,  which  passes 
over  the  forward  and  reverse  motion  driving  pulleys,  as  the 
illustration  shows.  These  two  wheels  rotate,  of  course,  in  the 
same  direction,  but  the  driven  wheel  is  reversed,  because  it 
engages  pulley  B  on  the  rear,  side  and  pulley  C  on  the  front 
side.  A  work-holding  fixture  is  not  used  for  the  particular 
tapping  operations  illustrated,  because  the  tap  first  passes 
through  a  clearance  hole  which  holds  it  in  alignment,  so  that 
it  is  not  necessary  to  provide  means  for  holding  the  work, 
which  is  simply  applied  directly  to  the  tap. 


Fig.    12.      Oarvln    Vcrtical-spindlo    Tapping    Machine 

The  horizontal  tapping  machine  illustrated  in  Pig.  11  (built 
by  the  Meriden  Machine  Tool  Co.,  Meriden,  Conn.)  operates  on 
the  same  general  principle  as  the  one  Just  described,  but  differs 
In  regard  to  the  arrangement  of  the  driving  mechanism.  The 
tapping  spindle  carries  two  bevel  or  conical  faced  wheels  A 
and  B,  which  are  alternately  engaged  by  a  third  conical  faced 
wheel  0  mounted  on  the  belt-driven  driving  shaft.  The  tap- 
carrying  spindle  has  a  free  longitudinal  movement,  and  when 
a  piece  of  work  la  forced  against  the  tap,  the  forward  cone  B 
Ib  held  In  contact  with  the  driving  cone,  thus  causing  the  lap 
to  revolve.  When  the,tap  has  entered  to  the  required  depth 
and  the  work  Is  pulled  backward,  the  rear  driven  cone  A  l.s 
brought  Into  contact  with  the  driving  cone  C,  thus  reversing 
the  rotation  of  the  tap.  The  two  driven  cones  are  made  of 
cast  Iron  and  the  central  rlrivlng  cone  is  of  cast  Iron  faced 
with  leather  to  IncreaHC  the  fricllonal  rcHlHlaiico.  The  ma- 
chine ba»  a  slide  D,  which  Is  mounted  on  V-Hhapod  ways,  and 
l8  Intended  to  hold  whatever  form  of  fixture  may  bo  needed. 
The  slide  has  an  adjustable  Btop-rod  which  limits  the  travel 
or  movement  of  the  work  toward  the  tap.     This  machine  Is 


Fig.  13.     Rickert-Shafer  Horizontal  Tapping  Machine 

designed  for  tapping  holes  1/4  inch  in  diameter  or  less.  The 
horizontal  tapping  machines  of  the  type  previously  described 
are  adapted  especially  for  small  parts  which  are  easily 
handled. 

Vertical-spindle  Tapping-  Machine 

For  many  classes  of  work  a  machine  with  a  vertical  spindle 
is  preferable  to  the  horizontal  type.  One  of  the  Garvin 
tapping  machines  of  the  vertical  type  is  shown  in  Fig.  12. 
The  spindle  carries  two  belt  pulleys  which  are  driven  in 
opposite  directions  by  one  continuous  belt.  A  friction  clutch 
between  these  two  pulleys  is  brought  into  engagement  with 
one  pulley  for  starting  the  tap,  by  means  of  the  operating 
hand-lever  or  by  a  foot-pedal  on  some  machines.  The  connec- 
tion between  this  lever  and  the  friction  clutch  is  through  a 
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spindle  carries  two  rollers,  one  being  above  the  center  of  the 
driving  disk  and  the  other  below  it.  The  rotation  is  reversed 
by  engaging  the  disk  with  first  one  roller  and  then  the  other. 
The  motor  is  pivoted  in  the  frame  of  the  machine  at  the 
center  of  the  spherical  face  of  the  friction  driving  disk.  By 
inclining  the  motor  and  armature  shaft  to  various  angles, 
changes  in  the  tapping  and  return  speeds  may  be  secured. 
With  this  arrangement,  if  the  speed  is  reduced  in  one  direc- 
tion it  will  be  increased  in  the  opposite  direction.  For  in- 
stance, if  the  spherical  driving  disk  is  so  located  that  the 
spindle  makes  1000  revolutions  per  minute  in  the  forward 
and  reverse  directions  and  the  position  or  adjustment  is  then 
changed  to  reduce  the  tapping  speed  to  500  revolutions  per 
minute,  the  reverse  movement  w^ill  be  increased  to  1500  revo- 
lutions per  minute.  The  work-table  of  this  machine  is  moved 
upward  by  means  of  a  foot-treadle,  as  the  illustration  shows, 
for  bringing  the  work  into  contact  with  the  tap.  The  connec- 
tion from  the  floor  to  the  machine  is  adjustable  and  is  pro- 
vided with  a  safety  spring  so  that  the  leading  movement  of 
the  tap  will  not  be  affected  by  a  sudden  application  of  pressure 
on  the  foot-treadle.  The  weight  of  the  table  is  counterbalanced 
by  an  adjustable  spring  which  gives  a  sensitive  control  of  the 
table  movement.  The  column  supporting  the  table  is  hollow 
and  may  be  filled  with  oil  so  that  when  tapping  parts  which 
permit  the  tap  to  go  through  the  hole,  the  tap  will  dip  into 


Fig.  15.     Baker  SUteen-inch  Tapping  Machine 

mechanism  which  provides  an  adjustment  for  varying  the 
tension  in  order  to  safeguard  taps  against  breakage.  After 
the  tap  is  started  the  machine  operates  automatically,  the  tap 
feeding  down  to  whatever  depth  the  machine  is  adjusted  for 
and  then  backing  out  of  the  tapped  hole.  The  point  at  which 
the  reversal  of  the  tap  spindle  occurs  is  controlled  by  an 
adjustable  screw  stop  on  the  upper  end  of  the  spindle.  This 
screw  stop  strikes  a  tripping  lever  on  top  of  the  machine  and 
shifts  the  friction  clutch  located  between  the  two  friction 
pulleys.  Fixtures  for  a  machine  of  this  general  type  should 
be  so  designed  that  the  work  will  not  be  lifted  by  the  screwing 
action  of  the  tap. 

The  vertical-spindle  tapping  machine  illustrated  in  Fig.  14 
has  a  spherical  friction  driving  disk  which  is  mounted  di- 
rectly   on    the    armature   shaft    of    the    motor.      The    tapping 


Fl(r.  16.     Klokort-Shafor  Tapping  Mncliino  of  Hadlal  Type 


Fig.   17.     Molina   Multiple-spindle  Tapping  Machine 


the  oil.  In  this  way,  the  tool  is  automatically  lubrica.ted  and 
the  chips  washed  off  the  end  so  that  they  will  not  injure  the 
thread  when  the  tap  backs  out  of  the  hole.  As  this  oil 
chamber  gradually  fills  with  chips,  the  oil  level  is  automati- 
cally maintained.  A  spring  at  the  upper  end  of  the  spindle 
can  be  adjusted  to  counterbalance  the  spindle  weight.  This 
machine  is  capable  of  tapping  holes  in  cast  iron  ranging 
from  1/16  to  1/4  inch  in  diameter  and  for  tapping  holes  in 
steel  varying  from  1/16  to  3/16  inch  in  diameter.  The  maxi- 
mum depth  to  which  holes  may  be  tapped  is  1%  inch.  This 
tapping  machine  is  built  by  the  Anderson  Die  Machine  Co., 
Bridgeport,   Conn. 

One  of  the  large  tapping  machines  made  by  Baker  Bros . 
Toledo,  Ohio,  is  illustrated  in  Fig.  15.  This  is  a  16-inch  size 
r.  .d  is  designed  to  tap  cast-iron  pipe  fittings  varying  from 
2V2  to  16  inches  in  diameter.  This  machine  is  semi-auto- 
aiatic  in  its  action,  the  reversal  of  the  tap  being  controlled 
by  means  of  a  pneumatically  operated  reversing  mechanism. 
The  spindle  is:  fed  downward,  when  tapping,  through  chan.ge- 
Kours  which  positively  control  the  advance  movement  of  the 
(ap.  Those  gears  may  be  arranged  for  tapping  either  S  or 
1 1 14  threads  per  inch,  which  covers  the  pitches  of  pipe 
threads  for  which  the  machine  is  intended.  One  of  the  in-- 
tcrosting  features  of  this  machine  is  the  method  of  driving 
the  spindle.     Attached   to  the   top  of  the  spindle   there   is  a 
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cross-arm,  the  ends  of 
which  engage  vertical 
slots  in  a  gear-driven 
driving  head.  This 
head  is  rotated  through 
a  pinion  attached  to  a 
vertical  shaft  which 
connects  through  bevel 
gearing  with  a  horizon- 
tal shaft  that  may  be 
driven  from  the  belt 
pulley  shown,  either  di- 
rect or  through  back- 
gearing.  As  the  driv- 
ing head  engages  the 
outer  ends  of  the  cross- 
arm  on  the  spindle, 
there  is  a  relatively 
low  unit  pressure  on 
the  bearing  or  driving 
surfaces ;  consequently, 
the  frictional  resistance 
to  a  vertical  movement 
of  the  spindle  is  re- 
duced  and   the   spindle 

follows  the  tap  more  readily  than  it  would  if  the  drive  were 
through  a  key  or  spline  connecting  directly  with  the  spindle. 
This  feature  is  of  especial  importance  in  a  machine  intended 
for  such  heavy  work  because  considerable  power  is  required 
for  driving  the  large  pipe  taps.  When  the  tap  has  fed  down 
to  the  exact  depth  required,  the  spindle  reverses  and  stops 
after  the  tap  has  locked  out  far  enough  to  clear  the  work. 
This  machine  is  also  adapted  to  drilling  and  boring  operations. 

Vertical-spindle  Tapping'  Machine  of  Badial  Type 

The  tapping  machine  to  be  described  is  adapted  especially 
for  tapping   parts   that   are   so   large   and   cumbersome   that 
there  is  a  decided  advantage  in  being  able  to  move  the  tap 
spindle  from  one  hole  to  another.    The  tap  spindle  (see  Fig. 
16)   is  mounted  at  the  end  of  a  radial  arm  which  not  only 
swivels  about  the  vertical  column   of  the  machine  like  the 
arm  of  a  radial  drilling  machine,  but  is  pivoted  in  the  center 
as  well.     This  is  a  Rickert-Shafer  machine  and  the  driving 
mechanism  is  similar  to  that  applied  to  the  horizontal  ma- 
chine previously  described.    The  tap  spindle  carries  an  alum- 
inum disk  which  is  located  between  two  paper-faced  driving 
frictions.    By  means  of  the  operating  lever,  the  driven  wheel 
may  be  engaged  with  either  of  the  driving  friction  wheels  for 
obtaining  the   forward   or   reverse  motions.     The  aluminum 
driven  disk  has  about  the  same  coefficient  of  friction  as  cast 
iron,   but   its   centrifugal    force   is    only    about    one-third    as 
great.    The  radial  arm  is  sup- 
ported by  the  vertical  column. 
The  driving  motor  is  carried 
by   the   outer   section   of   the 
pivoted  arm  and  it  drives  the 
friction  wheels  through  gear- 
ing.    This  machine   will   tap 
any  bole  within  a  radius  of 
48  Inches  and  by  folding  th(; 
radial   arm,   the   tap   may  be 
located  within  8  Inches  of  the 
column.     The  machine  has  a 
capacity    for    holes    in    steel 
varying  from  1/4  to  1/2  Inch 
and  for  holes  up  to  5/8  Inch 
in  diameter  In  cast  iron. 

Jifultlple-Hplndle  Tappinu' 
MnchlneH 

Multiple -spindle  tapping 
machines  are  usually  Intend- 
ed for  special  clasaos  of  work, 
although  they  are  sometlmcH 
arranged  for  general  tapping 
operatlonH.      The    two-splndle 


Fig.    19.     Garvin   Four-spindle   Tapping 
Machine  of  Special  Design 
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machine    illustrated    in 
Fig.  18  is  a  Garvin  com- 
bination type.  This  par- 
ticular machine  is  espe- 
cially   applicable    when 
there  are  two  holes  to 
be  tapped  in  a  part  that 
differ  in  size  to  such  an 
extent    that    it    would 
not     be     advisable     or 
practicable  to  have  both 
heads    of    the    machine 
of    the    same    capacity. 
The  machine   is  equip- 
ped   with    foot-treadles 
so    that    the    operator's 
hands  are  free  for  ma- 
nipulating    the     work. 
A     four-spindle     ma- 
chine is  shown  in  Fig. 
19,    the   spindles    being 
operated  in  pairs  which 
are  controlled  by  inde- 
pendent    levers.       One 
pair    of  spindles    is   In- 
tended  for  rough-tapping,  and  the  other  pair  for  finishing. 
The  parts  tapped  on  this  particular  machine  are  made  of  tool 
steel  and  have  a  comparatively  deep  hole  to  be  tapped.    The 
work  is  held  by  a  transverse  slide  or  fixture  which,  after  the 
rough-tapping,  is  simply  moved  over  to  locate  the  holes  under 
the  finishing  taps.     The  general  operation  of  these  two  ma- 
chines is  the  same  as  that  of  the  regular  Garvin  tapping  ma- 
chines previously  described. 

The  special  multiple-spindle  tapping  machine  illustrated  in 
Fig.  17  was  made  by  the  Moline  Tool  Co.,  Moline,  111.,  for  per- 
forming multiple  tapping  operations  on  automobile  cylinders 
which  are  cast  in  block  and  for  a  variety  of  other  tapping 
operations  of  the  same  general  class.     The  spindles  of  this 
machine  are  driven  from  the  large  crank  at  the  left  which 
connects  through  a  rod  with  a  horizontal  rack  from  which 
motion  is  transmitted  to  the  spindles  through  pinions  meshing 
with  the  rack.    The  crank  gear,  which  drives  the  reciprocating 
rack,  is  driven  through  a  train  of  spur  and  spiral  gears  which 
receive  motion  from  a  shifting  belt.    The  upper  end  of  each 
tap  spindle  has  a  shell  lead-screw  of  the  same  pitch  as  the  tap. 
The  part  to  be  tapped  is  held  either  on  a  wheeled  jig  or  on  the 
table.     The  cross-rail  is  lowered  against  a  positive  stop  for 
locating  the  ends  of  the  taps   in  position   for  entering   the 
holes  in  the  work.     When  the  machine  is  started,  the  crank 
gear  makes  one  complete  revolution  which  causes  the  taps  to 
feed  downward  a  predetermined  distance  and  then  withdraw, 
after   which   the   machine   is 
stopped    by    a    brake.      This 
crank  and  rack  control  is  em- 
ployed  when   it  is  necessary 
to  tap  to  an  exact  depth.     A 
machine    of    this    type    may 
have  either  fixed  or  adjusta- 
ble tap  spindles.     This  is,  of 
course,  a  special   design  and 
ordinarily  would  be  construct- 
ed to  meet  the  particular  re- 
quirements  of  a   given   class 
of  work. 

Seml-automntlc    Mnltlple- 
splndle     TbppIhk 
Machine 
The    niultlplo-.splndle     tap- 
ping   machine    Illustrated    In 
Fig.    20   has   spindles   located 
fixed   distances   apart  and   Is 
Intended     for     tapping    largo 
numl)or8   of   duplicate   pieces. 
The  machine  may  bo  adapted 
for  tupping  ahiioHt  any  num- 
>tlo  Muiiipln-nplndli.  Tnpplnf  Maciiino  hop   of   holes   grouped   wlthln 
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a  five-inch  circle.  The  head 
carrying  the  tap  spindles  is 
arranged  to  suit  the  work. 
Each  spindle  is  fitted  with  a 
special  compensating  device 
which  allows  every  tap  in  the 
head  to  follow  its  own  lead. 
This  feature  also  permits  op- 
erating taps  of  different 
pitches  simultaneously.  The 
main  spindle  is  driven 
through  spiral  and  spur  gear- 
ing from  a  set  of  three  groov- 
ed pulleys  mounted  side  by 
side  at  the  back  of  the  ma- 
chine near  the  top.  The  in- 
ner of  the  three  pulleys  drives 
the  taps  forward  and  operates 
the  mechanism  which  raises 
the    machine    table    at    the 


is  done  by  hand  as  the  Il- 
lustration shows.  The  spin- 
dle and  tap  feed  downward 
by  their  own  weight  and 
meanwhile  the  operator  is  in- 
serting a  blank  nut  beneath 
the  next  successive  tap,  so 
that  the  machine  operates 
continuously.  The  vertical 
tap  spindles  carry  gears 
which  mesh  with  long  pin- 
Ions,  allowing  the  spindles  to 
be  raised  or  lowered  without 
interfering  with  the  drive.  A 
lever  that  projects  outward 
in  front  of  each  spindle  is 
used  for  controlling  the  drive, 
and  enables  any  one  spindle 
to  be  stopped  independently 
of    the    others    if    necessary. 


proper  rate  for  the  pitch  of  tap  being  used.  The  outer  pulley 
reverses  the  taps  and  also  lowers  the  table  at  twice  the  tapping 
speed.  As  soon  as  the  taps  clear  the  work  or  jig,  the  machine 
stops  automatically  for  a  long  enough  period  to  permit  re- 
moving the  tapped  piece  and  inserting  another  blank.  The 
driving  belt  is  then  shifted  mechanically  and  the  cycle  of 
operations  repeated.  The  central  pulley  is  an  idler  to  which 
the  belt  is  shifted  for  stopping  the  machine.  This  shifting  of 
the  belt  is  controlled  by  a  pilot  gear  which  is  driven  through 
change-gears.  Adjustable  dogs  on  this  pilot  gear  operate  the 
belt-shifting  fork.  One  dog  shifts  the  belt  to  the  idler  pulley 
for  stopping  the  machine  and  the  other  one  shifts  it  to  the 
outer  pulley  for  reversing  the  motion  of  the  taps  and  the  table 
movement.  The  position  of  the  dog  that  shifts  the  belt  to  the 
loose  pulley  remains  the  same,  but  the  reverse  dog  is  et 
with  reference  to  the  thickness  of  the  part  being  tapped.  The 
vertical  motion  of  the  table  is  derived  from  a  face  cam  formed 
on  the  side  of  the  pilot  gear.  This  machine  is  the  product 
of  the  Langelier  Mfg.  Co.,  Providence,  R.  I. 

Nut-tappingr  Machines 

Some  of  the  most  highly  developed  and  ingenious  tapping 
machines  are  used  for  tapping  nuts.  These  machines  are 
made  in  reversing  and  non-reversing  types  and  may  be  hand- 
operated,  semi-automatic,  or  fully  automatic.  Reversible  ma- 
chines are  used  for  tapping  nuts  having  closed  ends  which 
make  it  necessary  to  reverse  the  tap  and  back  it  out.  The 
non-reversible  machines  may  be  so  arranged  that  the  nuts 
pass  onto  a  long  tap  shank  from  which  they  are  removed 
periodically,  or  the  tap  may  be  so  held  and  driven  that  the 
tapped  nuts  pass  over  it  completely  without  removing  it  or 
stopping  the  machine. 

The  six-spindle  nut-tapping  machine  illustrated  in  Fig.  21 
is  manually  operated,  a  foot-treadle  being  used  to  raise  the 
tap  spindle  each  time  a  blank  Is  inserted  under  the  tap,  which 


rig.  21.     Acme  Six-splndle  Nut-tapping  Uachine 

This  machine  may  be  used  for  tapping  either  square  or  hex- 
agon nuts.  While  nut  tappers  of  this  general  type  have  been 
used  extensively,  the  semi-automatic  design  to  be  described 
represents  a  more  modern  type. 


Semi-automatic  Nut-tapping  Machine 

The  semi-automatic  nut-tapping  machine  is  so  arranged 
that  vertical  movements  of  the  tap  spindles  are  controlled 
mechanically  instead  of  manually.  When  the  six-spindle  ma- 
chine illustrated  in  Fig.  24  Is  in  operation,  the  square  or 
hexagonal  nuts,  as  the  case  may  be,  are  placed  by  the  operator 
in  adjustable  chutes.  Each  of  these  chutes  or  magazines  holds 
a  sufficient  number  of  nuts  to  supply  the  tap  which  it  feeds 
for  some  time.  The  chutes  are  placed  in  front  of  the  machine, 
above  the  nut  storage  space  provided  in  the  bed,  and  are  at  an 
angle  of  from  30  to  45  degrees  with  the  axis  of  the  tap  spindle, 
and  a  distance  to  the  right  depending  on  the  size  of  the  nut. 
On  the  top  end  of  each  tap  spindle  and  revolving  with  it  is 
mounted  a  special  form  of  hardened  steel  worm.  This  worm 
performs  the  work  of  raising  the  spindle.  When  the  spindle 
and  tap  are  in  the  lower  position,  caused  by  the  tap  feeding 
through  the  nut,  a  finger  or  key  is  automatically  projected 
into  the  space  between  the  worm  threads.  The  finger  Is  sta- 
tionary in  the  vertical  plane  and  the  worm  engaging  it  travels 
upward  and  raises  the  spindle  a  distance  equal  to  the  length 
of  the  worm  cylinder.  The  spindle  and  tap  are  then  lowered 
and  the  tap  enters  the  blank  nut,  which  is  in  position  under 
and  in  line  with  the  tap. 

An  arrangement  of  adjustable  counterweights  almost  bal- 
ances the  weight  of  the  tap  spindle,  so  there  is  no  appreciable 
shock  imparted  to  the  tap  when  entering  the  nut.  The  nut 
is  delivered  from  the  base  of  the  chute  to  the  tapping  posi- 
tion, by  a  swinging  arm  that  derives  its  movement  from  the 
mechanically  lifted  tap  spindle.  This  swinging  arm  carries 
a  relief  device,  so  that  in  the  event  of  any  obstruction  in  the 


Fl(.  23.     National   Automatic  Nut-tapping  Uaoblna 


Fig.  83.     Hoppor  from  which  Blank  Nuts  are  fed  automatically 
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path  of  the  nut,  the  parts  delivering  the  nuts  are  relieved  from 
undue  strain.  When  the  tap  shank  is  filled  with  nuts,  the 
spindle  automatically  ceases  to  rise,  but  continues  to  revolve. 
This  function  is  controlled  by  the  tapped  nuts  on  the  shank 
of  the  tap,  so  that  the  tap  spindle  continues  to  rise  after  each 
nut  is  tapped  until  the  tap  shank  is  filled.  The  operator 
then  raises  the  spindle  with  the  foot-treadle,  removes  the  tap 
from  its  socket,  empties  the  nuts  from  the  tap  shank  and 
returns  the  tap  to  the  socket;  the  work  then  continues  auto- 
matically. The  sockets  or  chucks  for  holding  the  taps  are 
designed  to  permit  rapid  insertion  or  removal. 

The  automatic  feature  of  raising  the  tap  spindle  and  deliv- 
ering the  blank  nut  to  the  tap  is  an  individual  one  with  each 
spindle,  so  when  the  operator  is  removing  nuts  from  one  tap, 
the  other  spindles  continue  to  work  automatically.  A  small 
latch  or  lever  attached  to  each  spindle  enables  the  operator 
to  discontinue  the  automatic  lifting  function  on  one  or  more 
spindles  if  desired.  The  nut-holder  plates  are  fitted  with  ad- 
justable hardened  steel  blocks  that  can  be  adjusted  to  suit 
any  size  nut  within  the  range  of  the  machine.  The  front 
block  is  attached  to  the  adjustable  chute  and  the  chute  is 
fastened  to  the  holder  plate.  The  gear  through  which  each 
spindle  is  driven  meshes  with  a  long  driving  pinion  and 
moves  vertically  over  the  face  of  the  pinion.  This  produces 
an  action  free  from  tendency  to  raise  the  nut  from  the  holder 
plate  during  the  tapping  operation.  Power  is  transmitted  to 
the  machine  by  means  of  cone  pulleys,  giving  a  range  of  speeds 
necessary  for  each  size  nut  within  the  capacity  of  the  machine. 
A  suitable  compound  is  supplied  by  a  rotary  pump,  each  tap 
having  an  individual  spout  and  control  cock.  The  machines 
shown  in  Figs.  21  and  24  are  manufactured  by  the  Acme  Ma- 
chinery Co.,  Cleveland,  Ohio. 

Automatic  Tapping-  Machine  of  Bent-tap  Type 

Many  attempts  have  been  made  to  design  tapping  machines 
that  would  operate  automatically  and  continuously.  The 
principal  problem  has  been  to  separate  the  tapped  nuts  from 
the  tap  without  removing  the  tap  from  its  holder.  One  method 
of  securing  continuous  operation  and  avoiding  the  reversal 
of  the  tap  spindle  is  by  the  use  of  a  tap  having  a  bent  or 
curved  shank.  This  shank  is  curved  to  form  a  right-angle 
bend  of  rather  large  radius  and  it  is  held  in  a  groove  in  the 
tap-holder.  This  groove  is  large  enough  to  allow  the  tapped 
nuts  to  slide  over  the  shank.  The  right-angled  bend  of  the 
tap  shank  causes  the  tap  to  revolve  with  the  spindle  and  the 
tap  is  steadied  by  the  nuts  which  are  continually  passing 
over  the  shank  when  the  machine  is  in  operation.     An  auto- 
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Fig.  25,     Baush  Station-type  Tapping  Machine 

matic  nut-tapping  machine  in  which  the  bent  tap  principle 
has  been  utilized  successfully  is  illustrated  in  Figs.  22  and 
23.  In  Fig.  22  the  tap-holder  is  opened  to  show  how  the  tapped 
nuts  pass  over  the  curved  tap  shank  before  being  ejected  at 
the  end.  The  nut  blanks  are  fed  automatically  from  a  hopper 
(see  Fig.  23)  down  through  a  chute  to  the  tap.  The  nut 
blanks  are  delivered  from  the  hopper  to  the  feed  chute  by 
means  of  a  vane  feed  and  they  are  carried  down  by  gravity 
against  the  plunger  or  "starter"  which  starts  them  onto  the 
tap.  There  are  four  of  these  feed  vanes  which  are  enclosed 
in  a  case  in  the  center  of  the  hopper  to  prevent  interference 
from  the  mass  of  blank  nuts  in  the  hopper.  The  vanes  are 
rotated  through  a  ratchet  and  pawl  mechanism.  The  ratchet 
is  held  between  friction  flanges  so  that  in  case  there  Is  any 
wedging  in  the  nut  groove  and  retardation  of  the  feed  vanes, 
the  ratchet  merely  slips  and  damage  to  the  mechanism  is 
avoided. 

The  tap  spindle  is  inclined  at  an  angle  as  shown  in  Fig.  22. 
The  starter  which  transfers  the  blank  nuts  from  the  lower  end 
of  the  chute  to  the  tap  is  also  inclined.  The  nut  blanks  leave 
the  end  of  the  chute  at  a  corresponding  angle  so  that  they  are 
in  the  proper  position  for  starting  on  the  tap.  The  tap 
spindle  has  a  slight  lateral  travel  or  the  equivalent  of  a 
floating  movement.  After  a  blank  has  been  fed  part  way  onto 
the  tap  by  the  starter,  the  spindle  descends  during  the  com- 
pletion of  the  tapping  operation.  With  this  arrangement  the 
blank  is  held  stationary  while  being  tapped  instead  of  pulling 
it  through  a  nut-holder  or  guides.  This  machine  was  designed 
primarily  for  tapping  square  nuts  although  hexagon  nut 
blanks  of  good  quality  can  also  be  tapped  with  It.  One  of 
these  machines  may  also  be  arranged  for  tapping  several  dif- 
ferent sizes  and  by  making  a  simple  gear  change  the  number 
of  nuts  tapped  per  minute  can  be  regulated  to  suit  the  work. 
For  instance,  on  a  3/8-inch  machine  forty  nuts  of  "shop"  size 
can  be  tapped  per  minute  if  the  stock  is  free  cutting,  the 
holes  of  the  proper  size,  etc.  II.  S.  standard  niits,  which  are 
thicker,  require  more  turns  of  the  tap  for  each  nut,  so  that 
the  production  would  be  reduced  to  thirty  nuts  per  minute.  A 
similar  reduction  would  have  to  be  made  if  the  nut  blanks 
were  of  tough  stock  or  the  holes  smaller  than  they  should  be. 
This  type  of  machine  is  manufaclurcd  by  the  National  Ma- 
chinery Co.,  Tlffln,  Ohio. 

Station-type  TnpplnK:  Machine 

A  special  design  of  tapping  machine  intended  for  lapping 
tlio  receivers  and  bolts  of  military  rifles  Is  shown  in  Fig.  25. 
The  work-holding  fixtures  are  mounted  on  the  six  faces  of  a 
<cntral  turret,  and  mirrnundlng  this  turret  nre  five  tapping 
uplndles.  This  leavcH  one  blank  poHlllon  which  Is  located  at 
the  front  of  the  nmihino  for  the  purpose  of  removing  the 
llnlHhod  product  and  replacing  now  blanks.  The  taps  work 
progroBBlvoly  for  topping  the  holes  to  the  required  depth. 
The  five  Hplndlos  carry  pinions  which  mesh  with  a  common 
central   driving  gear.     At  the  lower  end  of  the  central   gear 
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shaft  there  is  a  combination  clutch  and 
bevel  gear  type  of  reversing  mechanism  by 
means  of  which  the  forward  and  reverse 
motions  for  the  tapping  spindles  are  ob- 
tained. The  reversing  clutch  operates  auto- 
matically. The  rate  at  which  the  taps  are 
fed  to  or  withdrawn  from  the  work  is  gov- 
erned by  independent  lead-screws  of  the 
proper  pitch.  The  indexing  movement  of  the 
turret  is  effected  by  the  hand-lever  seen 
above  the  turret.  When  this  lever  is  moved 
to  the  right  it  withdraws  a  locking  bolt  and 
allows  the  turret  to  drop  onto  a  ball  bearing 
track  over  which  it  is  suspended.  The  same 
lever  is  then  moved  in  the  opposite  direction 
to  advance  the  work  to  the  next  station, 
after  which  the  locking  bolt  springs  into  ' 
place.     A  slight  additional  movement  of  the  ^'^' 

index  lever  then  lifts  the  turret  off  the  roller 
bearing  track  and  its  upper  face  comes  into  contact  with  the 
finished  face  of  an  aligning  block.  The  fixtures  attached  to 
the  turret  are  designed  in  accordance  with  the  part  being 
tapped.  The  usefulness  of  the  machine  is  not  confined  to 
the  tapping  of  rifie  parts,  as  it  may  also  be  applied  to  other 
classes  of  work.  This  machine  is  made  by  the  Baush  Ma- 
chine Tool  Co.,  Springfield,  Mass. 

Work-holding'  Fixtures  lor  Tapping- 
Parts  to  be  tapped  may  be  held  in  position  during  the  tap- 
ping operation  either  by  their  own  weight  or  by  some  kind 
of  special  fixture  in  the  case  of  comparatively  light  parts.  A 
simple  and  effective  method  of  holding  pieces  on  the  table  of  a 
drilling  machine,  provided  the  work  is  light  enough  to  center 
itself  with  the  tap,  is  illustrated  by  diagram  A,  Fig.  26.  Two 
parallel  strips  a  are  bolted  to  the  table  of  the  machine  far 
enough  apart  to  allow  whatever  piece  b  is  to  be  tapped  to 
slide  freely  into  position.  These  parallel  strips  simply  pre- 
vent the  work  from  rotating  when  the  tap  is  entering  or  back- 
ing out  of  the  hole.  Fig.  1  illustrates  the  use  of  long  parallel 
strips  for  holding  rectangular  blocks  while  tapping  holes  in 
the  ends.  If  the  work  does  not  have  parallel  sides,  an  auxiliary 
plate  may  be  used  to  hold  it.  This  plate  may  simply  have  a 
pocket  or  depression  shaped  to  receive  the  work.  In  any  case, 
the  arrangement  should  be  such  that  the  part  may  be  inserted 
and  removed  as» rapidly  as  possible.  By  having  the  parallel 
strips  under-cut  to  form  a  T-slot  as  shown,  the  screwing  action 
of  the  tap  cannot  lift  the  work  away  from  the  machine  table. 
Parts  to  be  tapped  in  this  way  are  first  drilled  and  then  tapped 
Instead  of  performing  the  drilling  and  tapping  operations 
without  rehandling  the  work,  as  is  frequently  done  when  tap- 
ping pieces  that  are  clamped  to  the  machine  table  or  are 
too  heavy  to  center  themselves  when  the  tap  enters  the 
drill  hole. 

When  tapping  nuts,  small  blocks,  etc.,  on  a  drilling  machine, 
instead  of  placing  one  untapped  blank  at  a  time  between  the 
parallels,  there  may  be  an  advantage  in  having  a  row  of  parts 
which  is  advanced  for  tapping  each  successive  part,  whenever 
an  untapped  blank  is  inserted  at  the  feeding  end  of  the  paral- 
lels.    With  this  method,  the  untapped  pieces  are  pushed  in 


Design    of    Fixture    which,    with     Modification,    has  be 
holding  SmaU  Parts  while  tapping 


extensively  used  for 
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between  the  parallels  at  one  end  and  the  tapped  pieces  are 
ejected  at  the  other.  These  parallels,  with  whatever  modifi- 
cation may  be  necessary,  are  often  convenient  for  holding  rods, 
etc.,  while  tapping  holes  that  extend  crosswise  through  the 
work.  The  sketch  at  B,  Fig.  26,  illustrates  how  an  auxiliary 
plate  c  may  be  used  for  holding  a  cylindrical  part  d  when 
tapping  a  hole  in  the  end.  The  work  is  clamped  against  the 
V-shaped  side  of  the  plate  opening  by  a  set-screw. 

The  special  tapping  fixtures  sometimes  used  on  tapping  ma- 
chines for  holding  duplicate  parts  are,  as  a  general  rule,  so 
designed  that  the  work  is  held  by  some  form  of  pocket  or  ar- 
rangement of  stops  so  that  clamping  is  unnecessary.  It  is 
also  important  to  so  construct  the  fixture  that  the  tap  cannot 
lift  or  draw  the  work  out  of  place  during  the  tapping  opera- 
tion. The  tapping  fixture  illustrated  in  Pig.  27  embodies  these 
fundamental  points,  and  the  general  features  of  this  construc- 
tion are  found  in  many  fixtures  of  the  class  used  for  holding 
small  duplicate  parts  which  are  tapped  in  large  quantities. 
The  small  sheet  metal  part  held  in  this  particular  fixture  is 
shown  at  A.  The  fixture  is  provided  with  slots  or  pockets  for 
holding  the  work  in  position  as  indicated  at  B.  The  flange- 
shaped  member  C,  in  which  the  work-holding  slots  are  formed, 
is  mounted  on  the  end  of  a  spindle  D  which  is  free  to  slide 
through  the  bearing  E  attached  to  the  stand  F.  The  shape  of 
the  slot  for  receiving  the  untapped  blanks  may,  of  course,  be 
varied  according  to  the  shape  of  the  work.  In  this  particular 
instance,  plain  radial  slots  serve  the  purpose.  Bearing  E  may 
be  adjusted  vertically  in  stand  F  to  align  the  tap  clearance 
hole  of  whatever  fixture  C  may  be  carried  by  spindle  D  with 
the  tap  of  the  machine.  Fastened  to  spindle  D  there  is  an 
index  plate  G  provided  with  holes  spaced  to  correspond  with 
the  work-holding  slots  in  part  C.  These  index  holes  are  en- 
gaged by  a  pin  H,  which  is  fixed  to  the  rear  side  of  bearing  E. 
When  this  fixture  is  in  use,  the  operator  with  his  left  hand 
inserts  an  untapped  blank  as  each  slot  arrives  at  position  J; 
the  spindle  D  is  pushed  forward  or  withdrawn  by  the  right 
hand,  which  grasps  knob  K.  When  applied  to  one  design  of 
tapping  machine,  the  spindle  of  the  fixture  is  pushed  forward 
until  the  hole  has  been  tapped  and  engagement  with  lever  L 
causes  a  reversal  of  motion;  spindle  D  is  then  forced  back- 
ward by  the  action  of  the  tap,  and  as  soon  as  the  tap  is  with- 
drawn from  part  C,  the  latter  is  turned  one-quarter  revolution 
as  determined  by  the  engagement  of  pin  H  with  a  hole  in 
plate  G.  This  indexing  movement  locates  the  blank,  previ- 
ously inserted  at  J,  in  the  tapping  position.  By  means  of 
a  foot-treadle,  the  tap  is  again  reversed  so  that  it  rotates  in  a 
forward  direction  and  then  the  cycle  of  movements  Is  repeated. 
As  the  tapped  parts  are  indexed  around  they  fall  out  of  the 
fixture  by  gravity.  The  index  pin  H  is  of  such  a  length  that 
it  will  not  release  plate  G  until  the  tap  clears  the  end  of  the 
fixture.  A  great  many  tapping  fixtures  for  small  work  have 
been  designed  on  this  general  principle,  the  details  being  modi- 
fled  more  or  less  according  to  the  requirements  in  each  case. 

Speeds  for  Tapping- 

The  speeds  for  tapping  vary  between  15  and  30  feet  per 
minute,  according  to  common  practice,  these  figures  represent- 


328 


MACHINERY 


December,  1917 


Ing  the  surface  or  peripheral  speed  of  the  tap.  When  tapping 
cast  Iron,  drop-forgings,  or  tough  alloy  steels,  a  surface  speed 
of  about  18  or  20  feet  per  minute  is  common.  For  tapping  the 
softer  grades  of  steel,  such  as  Bessemer,  open-hearth,  screw 
stock,  etc.,  the  speed  is  generally  increased  to  20  or  25  feet 
per  minute  and  may  be  higher  under  favorable  conditions. 
In  the  case  of  tool  steel,  the  speed  may  be  reduced  to  10  or 
12  feet  per  minute.  Speeds  for  tapping  brass  are,  as  a  rule, 
several  times  as  fast  as  speeds  for  cast  iron  or  steel,  there 
being  a  wide  variation  owing  to  the  difference  in  the  com- 
position of  alloys  designated  as  brass.  While  taps  are  fre- 
quently operated  at  approximately  the  same  speed  as  dies, 
the  speed  is  usually  somewhat  less  for  tapping,  partly  because 
taps,  as  a  class,  do  not  discharge  chips  as  readily  as  dies  nor 
cut  as  freely;  moreover,  cooling  compounds  or  oil  may,  as  a 
rule,  be  applied  more  effectually  to  dies  than  to  taps.  In  most 
shops  where  tapping  is  done,  the  speeds  in  feet  per  minute 
are  not  known.  In  many  of  these  shops,  it  has  been  demon- 
strated by  actual  practice — which  may  in  some  cases  extend 
over  a  long  period — that  if  the  driving  belt  of  the  machine 
is  on  a  certain  step  of  the  cone  pulley,  or  the  speed  controlling 
levers  are  set  in  a  certain  position,  the  tap  will  be  driven  at 
the  proper  speed.  There  is  no  particular  reason  why  the 
speed  in  feet  per  minute,  or  even  revolutions  per  minute, 
should  be  determined,  which  suggests  an  important  point  re- 
garding all  speed  and  feed  data,  namely,  that  at  best  they 
are  only  guides,  and  that  the  correct  speed  for  a  given  tap, 
material,  and  other  conditions  affecting  the  speed,  should,  in 
each  case,  be  determined  by  actual  tests. 

*     *     * 
INDUSTRIAL    ASSOCIATION    OF    CLEVELAND 

A  society  known  as  the  "Industrial  Association  of  Cleve- 
land" has  been  formed,  the  object  of  which  is  to  create  better 
understanding  between  employers  and  employes.  The  chief 
classes  of  membership  in  the  society  are  employers  and  sala- 
ried employes,  the  general  affairs  of  the  association  being  in 
the  charge  of  a  governing  board  composed  of  twenty-five  em- 
ployers and  twenty-five  employes.  The  routine  business  of 
the  association  is  conducted  by  an  executive  committee  con- 
sisting of  seven  members  elected  by  the  governing  board.  It 
is  worthy  of  note  that  in  the  election  of  members  of  the  gov- 
erning board,  only  employer  members  can  vote  for  employer 
representatives  and  only  salaried  employes  can  vote  for  sala- 
ried employe  representatives  on  the  board. 

The  purpose  of  the  association,  as  stated  in  a  leaflet  issued 
by  the  approval  of  the  executive  committee,  is  to  educate, 
enthuse  and  energize,  to  make  men  more  efficient  and  to 
harmonize  effort.  In  general,  the  object  is  to  accomplish  co- 
operation in  the  industry  and  to  organize  the  men  in  indus- 
trial work  in  one  efficient  organization  for  economic  and  in- 
dustrial betterment.  The  officers  and  executive  committee  are 
as  follows:  Charles  Woodward,  president;  H.  B.  Bole,  vice- 
president;  Edward  Hobday,  counsel  and  secretary;  Melvin 
PattlBon,  treasurer;  James  H.  Foster,  C.  E.  Thompson,  Willard 
Fuller,  and  W.  H.  Watkins,  members. 


Statements  have  been  made  In  the  press  to  the  effect  that 
there  were  prospects  that  the  government  would  commandeer 
machine  tools  and  machinery.  This  belief  apparently  has 
been  due  to  the  fact  that  some  manufacturers  of  machine  tools 
have  been  asking  customers  to  state  the  purposes  for  which 
machine  tools  and  machinery  ordered  by  them  wore  intended. 
This  has  been  taken  to  be  an  Indication  that  the  government 
will  assume  control  of  the  machine  tool  and  machinery  situa- 
tion. However,  this  Idea  Is  duo  to  a  misconception.  Machine 
toolB  that  are  to  be  used  on  government  orders  for  the  manu- 
facture of  war  materials  are  given  priority  by  request  of  the 
Ordnance  lJepartm<;Mt;  henco  otiU-.th  that  are  not  Inlnndod 
for  the  manufactiiro  of  war  material  will  have  to  wait  until 
thoHo  orders  that  are  directly  connected  with  the  prosecution 
of  the  war  are  completed.  There  does  not  aoom  to  be  any 
other  foundation  for  Iho  bollof  that  the  Kovornmont  Intends 
to  control  the  machine  tool  Inilustry  unloHS  some  unexpected 
dovelopmenta  should  make  It  necessary. 


WAR-TIME    ECONOMY 

BY  J.  S.  M. 

General  Sherman  said  something  when  he  uttered  that 
famous  definition  of  war;  yet,  while  we  in  the  mechanical  field 
are  making  every  effort  to  meet  the  demands  of  the  times,  and 
everyone  is  prating  about  war-time  economy,  there  seems  to 
be,  through  lack  of  efficient  management  or  cooperation,  much 
wasted  effort. 

Many  of  the  young  men  of  the  profession  have  volunteered; 
many  have  been  taken  in  the  selective  draft.  Good,  capable, 
dependable  men  are  not  nearly  so  numerous  as  a  year  or  so 
ago,  and  some  of  the  engineering  offices  look  lonesome.  Yet, 
in  many  cases,  due  recognizance  of  this  fact  is  not  apparent. 
For  instance,  corporation  A,  under  government  direction, 
sends  out  drawngs  for  estimates  on  cost,  time,  etc.,  to  corpora- 
tions or  companies  B  to  Z,  yea,  more  than  the  characters  of 
the  Chinese  alphabet.  Each  one  of  these  must  carefully  esti- 
mate the  weight  of  all  the  intricate  details  entering  into  the 
design;  whereas,  if  corporation  A  had  done  this  work  and 
stated  the  weights  clearly  on  the  drawings,  it  would  not  have 
been  necessary  for  a  hundred  or  more  concerns  to  take  up  the 
time  of  their  depleted  forces  going  over  the  same  ground. 
This  is  a  sample  of  war-time  economy. 

Again,  a  lot  of  machinery  of  various  kinds  is  needed,  and 
perhaps  the  concerns  who  manufacture  these  machines  are 
so  loaded  up  with  work  that  they  cannot  turn  them  out  in  the 
desired  time.  What  are  they  loaded  up  with?  Often  work 
out  of  their  line  and  for  which  they  are  not  properly  equipped. 
They  are  going  along  without  jigs,  fixtures,  gages,  etc.,  and 
doing  the  work  in  primitive  fashion,  or  to  equip  themselves, 
are  expending  labor  that  should  not  be  so  spent  when  Sam 
Jones  in  the  neighboring  town  has  all  the  machinery  for  this 
very  line  but  is  devoting  his  energies  to  something  for  which 
he  is  probably  not  any  better  equipped. 

Concern  S  is  shy  on  designers  and  draftsmen  but  is  taking 
orders  for  tools  in  a  new  line  and  will  have  to  design  them 
from  the  ground  up,  putting  the  design  into  the  hands  of 
men  who  are  not  familiar  with  the  class  of  machinery  at  all. 
The  tools  are  wanted  in  a  hurry,  yet  the  designer  has  to 
familiarize  himself  with  an  entirely  new  machine,  while  a 
dozen  other  concerns  have  been  building  this  class  of  ma- 
chines for  years,  have  all  the  experience,  designs,  patterns, 
tools,  jigs,  etc.  It  seems  to  the  writer  that  if  concern  T  cannot 
build  these  machines  on  account  of  limited  output,  the  govern- 
ment should  say  to  T,  "Lend  drawings,  patterns,  jigs,  even  fore- 
men if  necessary,  to  S."  Of  course,  S  may  swipe  T's  designs 
and  go  into  the  business  later  on;  besides  it  may  batter  up  T's 
jigs,  etc.  Well,  what  of  it?  Cannot  a  written  agreement  be 
entered  into  which  will  protect  T?  Or  perhaps  S  suffers  from 
false  pride  and  does  not  wish  to  build  from  T's  designs,  but 
blindly  expends  time  to  prepare  new  designs  that  are  no  bet- 
ter but  are  different.  It  seems  as  though  such  unpatriotic 
short-sightedness  should  be  shown  where  to  get  off.  There  are 
by  far  too  many  concerns  and  men  working  their  lieads  off 
at  tasks  they  cannot  perform  economically,  while  the  concerns 
and  men  who  can  do  the  trick  with  ease  and  rapidity  are  given 
some  other  task. 

All  sorts  of  strange  things  crop  up.  For  instance,  concern  A 
controls  B  and  owns  outright  C.  A  places  an  order  with  X, 
which  sublets  part  to  B,  which.  In  turn,  sends  to  C  an  order 
for  castings  that  It  sends  to  A  for  machining.  B  does  some  fit- 
ting and  ships  to  X,  which  has  sublet  other  parts  that  go 
through  similar  pcriKrlnatloiis,  does  part  of  the  work  in  Its 
own  shop,  assembles  and  ships  it  to  A.  A  consigns  to  Y,  which 
has  sold  to  Z.    Is  this  wartime  economy? 


In  recent  experiments  on  Canadian  railways,  telephone 
mosHagcs  were  successfully  sent  from  the  dispatcher's  office 
In  Mrinclon  to  Iho  moving  train.  The  experiment  was  made 
on  a  doul)lo-track  line  whore  tlia  rails  wore  properly  bonded 
for  tho  block  signal,  the  transmission  to  the  car  l)olng  made 
through  tho  wheel  and  axle.  It  Is  claimed  that  as  good 
rosults  can  bo  obtained  on  any  track  where  tho  rails  arc 
similarly  bonded,  even  If  tlioro  Is  no  block  signal. 
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A  WELL-ARRANGED  CARBURIZING  PLANT 

BY  C-  B.  LANGSTROTH  1 

From  the  ever-increasing  use  of  alloy  steels,  one  would  be- 
lieve that  the  process  of  carburizing  low-carbon  steel  was  on 
the  wane.  This  may  be  the  case  with  many  concerns,  but  the 
Barnes  Mfg.  Co.,  of  Indianapolis,  Ind.,  still  finds  carburizing 
profitable,  and  the  New  England  branch  of  this  company  has 
one  of  the  most  up-to-date  plants  for  this  class  of  work  that 
is  to  be  found.  This  plant  has  so  simplified  the  process  of 
carburizing  and  has  brought  the  cost  so  low  that  it  has  com- 
pletely done  away  with  most  of  the  objections  to  this  method 
of  treating  steel. 

When  designing  the  buildings  for  this  plant,  the  aim  was 
to  have  the  work  progress  from  beginning  to  end  without  un- 
necessary handling,  to  perform  the  required  work  as  cheaply 
as  possible,  and  to  have  the  working  conditions  of  the  em- 
ployes as  clean  and  comfortable  as  the  work  would  permit. 
The  modifying  factor  was  that  the  primary  cost  must  not  be 
excessive.  The  buildings  adopted  were  of  standard  mill  con- 
struction, steel,  with  brick  walls  and  concrete  floors,  54  feet 
wide  by  100  feet  long.  As  shown  in  the  accompanying  il- 
lustration, two  of 


these  buildings 
are  placed  side  by 
side  and  have  one 
side  wall  in  com- 
mon. One  build- 
ing has  a  lantern 
type  roof  and  con- 
tains the  fur- 
naces, while  the 
other  has  a  flat 
roof  and  is  used 
for  storage,  pack- 
ing, pot  room,  etc. 

The  furnaces 
are  oil-burning,  of 
the  over-fired 
twi  n  -  chamber 
type.  They  are  en- 
tirely encased  in 
steel  plates  and 
are  securely  tied 
together  with  steel 
binding  rods.  The 
walls  and  arches 
are  built  of  the 
best  quality  fire- 
brick and  there  is 
a  double  laj^er 
of  insulating  brick 

outside.  The  furnaces  are  arranged  in  two  rows  down  the 
center  of  the  room,  with  a  four-foot  walk  between  the  rows. 
Under  this  walk  is  an  opening,  which  contains  all  the  oil,  air, 
water  and  pyrometer  pipes  and  other  accessories.  This  open- 
ing is  covered  with  steel  latticework  that  is  easily  removed, 
thus  making  it  accessible  at  any  point.  A  two-foot  space  be- 
tween each  pair  of  furnaces  allows  the  attendant  to  pass  be- 
tween the  furnaces  to  adjust  the  valves.  Over  the  burned-gas 
ports  and  the  shelf  in  front  of  the  furnaces  is  a  steel  hood, 
which  is  connected  to  one  of  the  two  unlined  steel  stacks; 
these  hoods  and  stacks  carry  off  the  spent  gases,  heat  and  dust 
from  the  furnaces.  The  hood  In  front  of  the  furnaces  over  the 
shelf,  or  lattice-iron  grate,  on  which  the  carburized  parts  are 
dumped  before  being  raked  into  the  quenching  bath,  takes 
away  the  greater  part  of  the  smoke  and  dust  due  to  this 
operation.  All  the  work  is  quenched  as  quickly  as  possible 
after  dumping,  In  order  to  avoid  slow  cooling,  as  this  Is  one 
of  the  causes  of  exfoliation. 

In  front  of  the  furnaces  is  a  track  sunk  level  with  the  floor, 
upon  which  are  run  the  tanks  for  the  quenching  bath  of  water 
or  oil  and  the  cars  for  the  used  compound.  The  compound 
cars  fit  directly  under  the  grates  where  the  pots  are  dumped, 
BO  that  the  used  compound  falls  directly  Into  them.    Both  the 
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quenching  tanks  and  the  cars  for  old  compound  are  fitted  with 
roller  bearings,  so  that  they  may  be  easily  moved  by  one  man. 
A  switch  on  each  side  of  the  room  permits  the  cars  to  pass 
one  another. 

In  discharging  a  furnace,  only  two  men  are  needed,  although 
in  summer  it  is  the  practice  to  employ  four  men  working  in 
pairs.  One  man  takes  the  pots  out  of  the  furnace,  dumps  them, 
and  places  the  empty  pots  on  a  steel  buggy.  For  this  purpose 
he  uses  the  regular  U-shaped  fork,  which  is  suspended  from 
an  overhead  track  and  works  on  ball-bearing  rollers,  so  that 
it  is  easily  handled.  The  second  man  knocks  the  cover  off  the 
pots  and  rakes  the  carburized  parts  from  the  grate  into  the 
quenching  bath.  After  the  quenched  parts  have  cooled,  the 
outlet  and  inlet  of  the  quenching-medium  pipes  are  discon- 
nected and  the  car  is  pushed  to  the  end  of  the  room.  Here 
an  overhead  motor-driven  hoist  lifts  the  basket  containing  the 
work  out  of  the  tank  and  carries  the  work  to  the  tumbling 
barrels,  where  the  work  is  cleaned.  Before  leaving  the  de- 
partment, a  part  of  each  heat  is  tested  by  a  representative 
of  the  inspection  department. 

The  other  building,  used  for  the  packing  and  storage,  is 
divided   into   approximately   three   equal  sections.     The   first 

section  has  large 
reservoirs  below 
the  floor  for  the 
fuel  and  the 
quenching  oils. 
The  reservoir  for 
the  quenching  oil 
contains  coils  of 
pipes  by  which 
the  oil  may  be 
cooled  or  heated; 
a  secondary  sys- 
tem of  cooling 
coils,  located  on 
the  roof,  is  put 
into  service  dur- 
ing the  summer 
months.  The 
quenching  oil  is 
thus  always  kept 
below  100  degrees 
F.  The  pumps  for 
keeping  both  the 
quenching  and  the 
fuel  oils  in  circu- 
lation are  on  the 
main  floor.  The 
remainder  of  the 
space  is  taken  up 

Plan  of  Well-arranged  Carburizing  Plant  ^g  ^  storage  TOOm 

for  the  parts  to  be  carburized.  A  small  overhead  electric  crane 
facilitates  the  storage  and  handling  of  the  barrels  of  work. 

In  the  middle  division,  or  pot  room,  all  the  various  sizes 
of  pots  are  stored.  The  pots,  after  being  dumped,  are  carried 
by  the  steel  buggies  and  left  near  the  outside  door  of  this 
room;  when  cool  they  are  taken  inside  and  stored  in  the  sec- 
tion allotted  to  their  particular  size.  Pots  that  are  warped 
are  laid  to  one  side  until  a  sufficient  number  have  accumulated 
for  it  to  be  worth  while  starting  the  furnace  in  which  they 
are  heated  for  the  straightening  machine.  This  machine  is 
simply  a  press  that  pushes  the  red-hot  pots  down  over  a  form, 
and  at  the  end  of  the  down  stroke  pushes  the  four  sides  against 
the  form.  Besides  the  pots,  all  the  spare  castings,  forks  and 
other  parts  for  the  department  are  stored  in  this  room.  A 
visible  record  is  kept  of  the  supplies  used  by  each  furnace  man. 

The  rest  of  the  building  is  given  over  to  the  packing.  The 
compound  is  stored  in  steel  bins  overhead  and  is  brought  down 
to  the  packers  by  chutes  provided  with  the  necessary  shut-otfs; 
there  are  two  chutes  for  each  packer.  The  absence  of  all 
benches,  pots,  and  the  like  makes  It  easy  to  keep  the  room 
clean,  which  is  quite  the  opposite  from  most  packing  roome. 
Adjoining  the  packing  room  Is  a  building  In  which  the  com- 
pound is  sifted,  weighed  and  mixed.  The  cars  carrying  the 
used  compound  are  left  outside  this  building  until  the  com- 
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pound  is  cool,  when  it  is  removed  to  the  sifter,  where  all 
the  clay,  scale  and  foreign  substances  are  removed.  Then  the 
old  compound  is  weighed  and  placed  in  the  mixer  with  the 
proper  proportion  of  new  compound.  The  blended  compound 
is  taken  from  the  mixer  to  the  overhead  storage  bins  by  a 
conveyor. 

In  routing  the  material  through  the  carburizing  department, 
the  orders  are  sent  to  the  stock-room,  where  the  quantity  of 
work  for  one  furnace  is  weighed  out  and  placed  on  the  shelf 
of  a  truck  and  the  routing  card  is  placed  in  a  convenient  steel 
pocket  on  the  truck.  These  steel  trucks  are  about  thirty 
inches  in  height  and  of  sufficient  size  to  carry  the  pots  for  one 
furnace  side  by  side.  The  truck  is  then  taken  into  the  pot 
room,  where  the  required  number  of  pots  of  the  proper  size 
are  placed  on  it.  The  trucks  are  then  sent  to  the  packing 
room  and  placed  under  the  proper  compound  chute.  As  the 
packer  has  the  pots,  work  and  compound  all  ready  for  assem- 
bling and  everything  is  at  hand,  the  work  is  accomplished  in 
an  amazingly  short  time.  As  soon  as  one  truckload  is  finished, 
the  packer  has  only  to  turn  around  to  begin  work  on  a  truck- 
load  that  is  waiting  to  be  assembled  under  the  other  chute. 
When  the  packing  is  completed  the  truck  is  taken  to  the  fur- 
nace room,  where  the  pots  are  luted.  As  soon  as  the  proper 
furnace  is  empty,  the  pots  are  charged  into  it  and  the  truck 
is  returned  to  the  stock-room,  where  any  excess  work  is 
weighed  and  returned  to  the  stores. 

For  the  control  of  the  temperatures,  four  multiple  recording 
instruments  are  used;  these  are  located  on  the  side  aisles,  half 
w^ay  between  the  ends  of  the  room  and  the  center.  The  at- 
tendant obtains  the  temperature  for  the  work  from  the  rout-  ■ 
ing  card,  which  is  carried  by  the  truck  with  the  packed  work, 
and  puts  down  on  the  card  the  time  that  he  charges  and  draws. 
By  this  means  the  company  has  a  complete  record,  along  with 
the  pyrometer  chart,  of  the  work  the  entire  time  that  it  is  in 
the  furnace.  Most  of  the  work  receives  only  one  quenching 
after  carburizing,  but  where  it  is  desired  to  give  the  work  a 
second  treatment  the  parts  are  placed  on  a  number  of  large 
pans  and  charged  into  the  furnace.  This  method  has  been 
found  the  most  convenient  for  handling  a  large  output  of 
small  parts. 

*     *     * 

LIMITATIONS   AND   WARRANTIES 

BY  CHESLA  C    SHERLOCK  1 

Manufacturers,  wholesalers  and  jobbers  do  business  every 
day  that  involves  the  law  of  warranties  in  some  form  or  other. 
One  of  the  closest  questions  under  this  subject  is  the  proposi- 
tion of  when  the  statute  of  limitations  commences  to  run  in 
case  of  breach  of  warranty  on  the  sale  of  chattels.  Generally 
speaking,  the  statute  of  limitations  provides  that  one  having 
a  cause  of  action  must  bring  it  before  the  courts  within  a 
specified  time  or  any  claim  that  he  might  have'arising  there- 
under will  be  forever  barred.  Suppose,  for  instance,  a  jobber 
of  machinery  purchases  some  defective  engines,  which  a  little 
later  he  sells  to  a  retail  dealer,  who,  in  turn,  sells  them  to 
the  "ultimate  consumer."  The  time  required  to  move  the  en- 
gines from  the  manufacturer  to  the  consumer,  though,  has 
been  long  enough  to  get  beyond  the  local  statute  of  limitations. 
As  soon  as  the  purchaser  attempts  to  use  the  engines,  he  finds 
that  they  are  of  faulty  construction  and  are  not  as  repre- 
sented, and  HO  turns  to  the  retail  dealer,  who,  In  turn,  looks 
to  the  wholesaler.  The  wholesale  dealer  finds  a  lot  of  defec- 
tive engines  thrust  back  upon  him  and  stands  to  lose  a  large 
Hum  of  money  unless  he  can  compel  the  manufacturer  to 
make  good  hU  warranty  on  the  goods.  The  questions  very 
naturally  arise:  Did  the  statute  of  limitations  commence  to 
run  at  the  time  of  the  original  traiisuction  or  sale  between 
the  manufacturer  and  th<;  Jobber?  or,  did  It  commence  to 
run  as  Hoon  an  the  defective  condition  of  the  machinery  was 
diHcovered  by  the  purchaiier?  It  Ih  needlosH  to  Hay  that  If  the 
answer  to  the  flrBt  question  Ih  In  the  amrmatlvf;.  that  the 
wholeHalcr  or  jobber  will  be  made  the  victim  of  the  clrcum- 
Htanceg  and  will  be  unable  lo  (over  hlH  Iohhch;  If  the  Hccond 
quciBllon  Ih  onHwcred  In  the  afllrmatlve,  the  primary  liability 
In  warranty  rancH  must  forever  rest  upon  the  maiiufncturer. 


The  courts  have  very  pointedly  held  that  the  statute  of 
limitations  does  not  commence  to  run  until  the  breach  of  war- 
ranty has  been  discovered,  or  should  have  been  discovered, 
by  the  retailers.  The  particular  case  under  consideration  by 
the  courts  was  where  the  sale  of  canned  goods  to  a  wholesale 
grocery  house  was  being  brought  up  on  a  breach  of  warranty. 
The  court  said  that  this  proposition,  so  far  as  it  related  to 
canned  goods,  should  hold  where  it  was  not  practicable  for 
the  wholesaler  to  open  the  cans  for  inspection.  It  might  be 
said  in  passing  that  this  ruling  will  hold  true  in  the  case 
of  other  chattels  where  it  is  not  practicable  for  the  wholesaler 
to  make  thorough  tests  of  the  particular  goods  he  might  be 
handling. 

Much  depends  on  the  nature  of  the  warranty  as  to  whether 
or  not  it  is  present  or  prospective.  The  courts  have  disagreed 
over  this  proposition.  Some  have  held  that  the  warranty  is 
present  and  broken  as  soon  as  made  and  that  the  statute  of 
limitations  commences  to  run  at  once;  others  have  held  that 
the  warranty  is  prospective,  as  relating  to  some  future  event, 
and  is  not  broken  until  the  happening  of  that  event.  If  a 
warranty  as  to  the  quality  of  an  article  is  assumed  to  be  pres- 
ent, the  general  rule  is  that  the  breach  occurs  as  soon  as  made 
and  the  statute  of  limitations  will  commence  to  run  at  once. 
This  rule  is  predicated  upon  the  theory  of  law  that  ignorance 
of  the  fact  that  one  has  a  cause  of  action,  apart  from  mistake, 
trust  relations,  fraud  or  laches,  does  not  prevent  the  statute 
of  limitations  from  commencing  to  run.  It  is  self-evident 
under  these  cases  that  the  statute  of  limitations  commences 
to  run  before  there  is  an  opportunity  for  the  aggrieved  party 
to  discover  that  fraud  has  been  done.  And  it  is  very  probable 
that  the  entire  time  under  the  statute  of  limitations  might 
run  before  there  was  even  a  reasonable  opportunity  offered  for 
the  injured  party  to  discover  the  deceit. 

The  earlier  decisions  in  the  law  of  warranties  were  over- 
whelmingly in  favor  of  the  proposition  that  the  breach  was  a 
present  one  and  the  statute  of  limitations  would  commence 
to  run  at  once.  The  later  cases,  especially  in  recent  years, 
have  been  leaning,  as  nearly  as  it  is  consistent  for  courts  to 
do  so,  toward  the  proposition  that  they  are  prospective  and 
do  not  take  place  until  some  future  time  and  upon  the  happen- 
ing of  an  event  at  such  time.  Probably  the  first  case  that 
turned  the  attention  of  the  bench  to  the  fact  that  it  was  not 
equitable  to  hold  the  breach  of  warranty  as  a  present  one  was 
where  a  farmer  purchased  a  high-grade  bull  that  had  been 
warranted  as  a  breeder.  He  had  had  no  opportunity  to  try 
out  the  warranty  thoroughly  until  after  the  statute  of  limita- 
tions had  run.  The  representation  had  been  made  on  the  sale 
of  the  animal  that  upon  satisfactory  proof  of  barrenness,  the 
purchase  money  less  the  value  of  the  beef  would  be  refunded. 
The  court  said  that  the  statute  did  not  commence  to  run  until 
such  proof  had  been  made.  Since  that  time  there  has  been 
an  ever-increasing  gap  between  the  line  of  decisions  as  to 
when  statutes  of  limitation  commence  to  run. 

The  rule  in  such  cases  may  be  summed  up  as  follows: 
Where  the  defect  is  apparent  or  readily  ascertainable  by  the 
immediate  purchaser,  the  breach  is  present  and  the  statute 
of  limitations  commences  to  run  as  soon  as  the  warranty  is 
made;  where  there  is  no  means  of  the  immediate  purchaser 
examining  the  goods  or  testing  the  warranty  as  made,  and 
where  such  an  examination  cannot  be  made  except  upon  the 
happening  of  some  future  event,  as  a  resale  to  one  in  a  posi- 
tion to  make  the  test,  then  tlie  warranty  is  prospective  and 
the  statute  of  limitations  does  not  commence  to  run  until  the 
breach  of  warranty  Is  discovered. 


At  this  time,  when  (he  <'OHt  of  wriling  ink  has  increased 
fully  100  pur  cent,  some  readers  of  Maciiink.kv  may  be  Inter- 
ested In  the  fact  that  very  Hatlsfuitory  Ink  can  be  made  from 
worn-out  copying  typewriter  ribbons.  The  stores  department 
of  the  M.  K.  &  T.  Hy.  has  called  tlio  attention  of  Its  depart- 
montH  to  the  poHHiblllty  of  making  this  Ink  as  follows:  Fill 
a  quart  bottle  with  water  and  ollow  the  ribbon  to  soak  twenty- 
four  lidurB  until  Mill  coloring  rniiltor  has  been  dlsHolvod.  The 
rcHult  will  bo  a  good  Mrado  iif  writing  Ink  as  good  ns  can 
bo  purchuHcil  on  the  market.     It  may  be  used  In  fountain  pons. 
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TOOL.  EQUIPMENT  AND  ATTACHMENTS  FOR  THE  GRIDLEY  MULTIPLE-SPINDLE  AUTOMATIC  SCREW  MACHINE 

BY  DOUGLAS  T.   HAMILTON  2 


Tig.    16. 


End-working    Knurl-holder    for 
Gridley  Automatic 


IN  the  preceding 
installment,  pub- 
lished in  the  Oc- 
tober number,  the 
standard  holders 
were  illustrated 
and  described; 
these  holders  serve 
to  carry  various 
types  of  end-work- 
ing tools,  such  as 
drills,  reamers, 
counterbores,  etc. 
The  bushings  used 
in  connection  with 


them  are  made  to  conform  to  the  shape  of  the  tool  used. 
When  straight-shank  drills  are  used,  a  plain  bushing  is  all 
that  is  necessary;  these  were  shown  in  Table  3  in  the  October 
number.  But  when  the  drill  is  of  the  taper-shank  type  having 
a  tang,  it  is  necessary  to  use  a  special  bushing.  Boring-tool 
holders  generally  consist  of  a  plain  split  bushing,  which  can 
be  clamped  on  the  shank  of  the  tool. 

End-working  Knurl-holder 

The  type  of  end-working  knurl-holder  used  on  the  Gridley 
automatic  is  shown  in  Pigs.  16  and  >7.     This  holder  is  pro- 


Fig.   17.     Detail  View  of  End-working  Knurl-holder  shov 


Fig.    16 


vided  with  a  shank,  which  is  gripped  in  a  standard  holder. 
The  knurls  are  held  in  slides,  which  may  be  adjusted  by  collar- 
head  screws.  Fig.  16;  the  slides  fit  in  grooves  in  the  holder 
proper  and  are  held  by  clamping  blocks  when  adjusted  to  the 
desired  position.  This  type  of  knurl-holder  can  be  used  only 
when  it  is  possible  to  advance  it  longitudinally  with  the  work, 
and  it  cannot  be  used  for  knurling  behind  shoulders.  When 
knurling  behind  a  shoulder  is  necessary,  a  holder  must  be 
fitted  up  on  either  of  the  forming  slides,  preferably  the  front. 

Under-cutting-  Tool-holder 

Fig.  18  shows  what  Is  known  as  an  under-cutting  tool;  thi» 

is  attached  to  the 
tool-slide  by  bolts 
and  T-nuts.  It  pre- 
sents the  turning 
tool  radially  to  the 
work,  instead  of 
tangent  to  it,  as  is 
the  case  with  the 
regular  turners. 
This  type  of  tool 
can  be  used  to  bet- 

'TlH-  nrxt  InRtnllmont 
nr  thlH  artli-le  wns  piili- 
IImIipiI  In  Ihc  October 
nunilH«r. 

'.\ililr(.i.»;  4R  WoolKon 
Avi...  Sprlngnolil,   Vt. 


ter  advantage  for  facing  and  light  cuts  than  the  tangent  cutter, 
and  is  adjustable  for  height;  the  entire  holder  is  adjustable 
for  position  along  the  tool-slide  in  the  regular  manner. 

Internal  Recessing  Tool-holders 

When  it  is  necessary  to  enlarge  a  hole  back  from  the  front 
end  of  the  bar,  a  recessing  tool  must  be  used.  Fig.  19  shows  a 
tool-holder  used  on 
the  tool-slide  for 
recessing  purposes. 
This  holder  de- 
pends for  its  tra- 
verse movement  on 
a  bracket  attached 
to  the  forming  slide 
of  the  double-tool 
type.  The  top  part 
of  the  forming  slide 
is  provided  with 
two  tapped  holes  in 
which  screws  are 
inserted  for  hold- 
ing the  bracket. 
The  bracket  carries 
an  adjusting  screw, 
which  comes  in  con- 
tact with  the  mov- 
able slide  of  the  re- 
cessing tool  when 
the  forming  slide  is 
advanced.  The  adjustable  slide  that  carries  the  cutting  tool 
is  forced  forward  against  the  tension  of  a  spring,  which  re- 
turns it  to  its  normal  position  as  soon  as  the  pressure  is  re- 
moved. In  order  to'use  this  internal  recessing  tool,  it  is  neces- 
sary to  furnish  a  special  cam  for  the  forming  slide,  so  that 
the  slide  can  be  brought  up  to  the  desired  position,  and  then 
made  to  dwell  there  while  the  necking  tool  is  advanced  longi- 


Fig.    19. 


Fig.   20.     Internal  Rocossing  Tool-holder  for  Use   In   Second  and  Third 
Positions 

tudinally  with  the  work.  The  depth  of  cut  is  controlled  by 
the  advance  of  the  forming  slide,  which  forces  the  tool  into 
the  work.  When  the  operation  has  been  completed,  the  form- 
ing slide  Is  withdrawn  and  the  tool-slide  moves  the  recessing 
tool  away  from  the  work.  This  tool  can  be  used  In  the  sec- 
ond or  third  position. 

Another  type  of  recessing  tool  Is  shown  In  Fig.  20;  this  Is 
adapted  for  use  in  the  second  and  third  positions.    The  tool- 
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holder  is  attached  to  the  tool- 
slide,  and  is  additionally  sup- 
ported and  controlled  when 
in  operation  on  the  work  by 
the  slide  that  ordinarily  car- 
ries the  die-spindle  bracket. 
The  movable  member  of  the 
holder  carries  two  cutting 
tools  of  the  circular  type, 
which  are  sharpened  like  a 
regular  circular  forming  tool. 
Careful  inspection  of  this 
special  tool  will  show  that  it 
is  provided  with  two  slides. 

The  lower  slide  is  attached  to  the  tool-slide,  and  consequently 
moves  with  it,  whereas  the  top  slide  is  attached  to  the  top 
bracket  that  connects  the  two  ends'  of  the  machine.  The  tool- 
holder  must  have  two  movements;  one  to  advance  the  tools 
into  the  work  to  the  required  depth,  relative  to  the  end  of  the 
work  or  the  face  of  the  spindles,  and  the  other  to  produce  the 
required  depth  of  cut.     The  movement  for  position   is  con- 


the  outside  surface  of  the  bar, 
it  cuts  on  the  end.  The  tool- 
holder  has  a  set-over  adjust- 
ment, so  that  the  same  cut- 
ting tool  can  be  used  for  ma- 
chining various  diameters  of 
holes.  It  is  not  necessary  to 
use  a  starting  drill  in  connec- 
tion with  this  tool,  and  it  can 
be  used  for  producing  accu- 
rate work. 

High-speed  Drillingr  Attach- 
ments 
Although  the  tools  of  the 
Gridley  automatic  are  held  rigidly  to  the  tool-slide,  it  is  neces- 
sary in  some  cases  to  rotate  the  drill  as  well  as  the  work  in 
order  to  increase  the  cutting  elHciency  of  the  tool.  For  this 
purpose  a  high-speed  drilling  attachment,  one  type  of  which 
is  shown  in  Fig.  21,  is  used.  This  attachment  is  of  the  uni- 
versal type  and  can  be  used  in  either  the  first  or  second  posi- 
tions on  the  %-  and  114-inch  machines. 


Fig.  22.     Detail  View  of  High-speed 

trolled  by  the  forward  movement  of  the  tool-slide  in  conjunc- 
tion with  the  stud  held  in  the  special  Y-shaped  bracket  on  the 
tool-slide,  which  carries  the  stop-rod  shown;  this  rod  is  pro- 
vided with  a  nut  which  can  be  adjusted  for  position.  The 
other  movement  is 
controlled  by  the  spe- 
cial bracket  on  the 
tool-slide.  The  cut- 
ting tool  in  the  sec- 
ond position  is  used 
for  roughing  the  re- 
cess, while  that  in 
the  third  position  Is 
used     for     flnlshtng 

Set-over  Tool-holder 

The  tool-holder 
shown  In  Pig.  24  iv 
used  for  enlarging 
holes  of  comparatlvi- 
ly  little  depth  or  for 
counterborlng.  It  Is 
also  Moraetimoa  used 
In  the  plate  of  a 
drill  for  boles  that 
are  not  more  than 
1V&  times  their  dlam 
oter  In  depth.  Tbi 
cutting  tool  work 
and  artH  tho  Htirrn:  uh 
a  ForniinK  tool,  but 
Instead  of  cutting  on 


Fl(.   M.      Mlirh  I 


Drilling  Attachment  shown  in  Fig.  23 

Fig.  27  shows  a  sectional  view  of  the  attachment,  which, 
when  in  use,  is  held  on  'the  main  upright  frame  of  the  machine 
and  is  driven  from  the  spindle  gear  through  a  gear  A  carried 
on  a  shaft  B.    Gear  C  on  shaft  B  meshes  with  a  gear  D  on  the 

main  drive  shaft  E, 
which  has  a  spline 
its  entire  length  and 
carries  a  sliding  gear 
F  which  is  keyed  to 
it.  This  gear  F, 
through  an  idler  gear 
<f,  drives  the  gear  H 
that  is  carried  on  the 
drill  spindle.  Gears 
/',  (/  and  //  are  eu- 
<losed  in  a  case, 
which  is  formed  Into 
a  bracket  attached 
to  the  tool-slide.  As 
this  forward  member 
moves  with  the  tool- 
slide,  the  splinod 
shaft  permits  tho 
Kcars  C,  D,  F,  O  and 
//  to  drive  the  drill 
:it  a  positive  speed, 
Irrospoctlvo  of  tho 
jiosltlon  of  tho  tool- 
.slldo.  Tho  drill  spin- 
(lln  Ih  of  tho  collet 
typo  and  Is  opnnitcd 
from  tho  rear  end  by 


nt   for    IH-inoh  Orlillnjr    An 
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means  of  a  nut.  It  is  also 
provided  with  a  split  bushing 
of  the  required  size  to  fit  the 
shank  of  the  drill.  With  this 
arrangement  of  gearing  it  is 
possible  to  increase  the  speed 
of  the  drill  greatly,  and  there- 
fore operate  a  small  drill  at 
its  proper  cutting  speed. 

Figs.  22  and  23  show  the 
high-speed  drilling  attachment 
for  use  on  the  1%-inch  Grid- 
ley  automatic;  this  particular 
attachment  can  be  used  only 
in  the  second  position.  It  is 
driven  in  the  same  manner  as 
the  one  just  described,  with 
the  exception  that  the  set-off 


rig.    24,      Set-ov 


arrangement  makes  the  drive  direct,  and  consequently  no  idler 
gears  are  necessary.  In  order  to  get  the  correct  speed  for 
certain  size  drills,  it  is  necessar>  to  use  an  Idler  or  inter- 
mediate gear  at  the  source  of  power,  as  shown  in  Fig.  23.  This 
gear  is  held  on  an  adjustable  arm,  and  can  be  swung  into  con- 
tact with  the  gear  on  the  pulley  spindle.    The  drive,  as  shown 


tioned  that  the  spindle  was 
operated  entirely  independent- 
ly of  the  movement  of  the 
tool-slide,  and  was  driven  by 
a  separate  spindle  through 
gearing  and  a  clutch  mechan- 
ism. Fig.  26  shows  a  close 
view  of  the  die  mechanism 
with  the  die-spindle  advanced 
to  the  position  that  it  occu- 
pies when  feeding  on  to  the 
work,  just  before  the  clutch 
Is  disengaged.  It  will  be  no- 
ticed that  the  die-holder  is  a 
separate  member  held  in  the 
die-spindle,  and  that  it  is 
moved   back   and   forth  by  a 

Tyre  of  Tool-holder  ^^j.^  ^jjj^j  ^^^.^^  ^  p^^j  qj  ^jjg 

die-slide.  The  die-holder  is  free  to  rotate  in  this  yoke,  and 
end  play  is  taken  up  by  adjusting  collars.  The  spring  screw 
die  which  is  being  used  in  this  case  is  held  in  the  holder  by 
means  of  a  screw  hidden  by  the  knurled  collar  that  protects 
it.  A  button  die  can  also  be  used  by  substituting  a  holder 
designed  for  that  purpose. 
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Fig.  25.     Special  Attachment  for  operating  Automatic  Dies  on  Gridley  Automatics 

When  it  is  desired  to  use  an  automatic  die  on  the  Gridley 
automatic,  a  separate  attachment,  illustrated  in  Fig.  25,  Is 
necessary.  The  automatic  die  is  held  in  the  die-spindle  by  its 
shank,  and  is  opened  and  closed  by  a  forked  arm  A,  which  is 
made  in  the  form  of  a  slide  and  fits  on  the  same  member 
as  the  die-slide.     The  forked  arm  has  an  extension  that  is 

drilled    to    fit    over 


in  Fig.  22,  is  then  direct  through  gear  A  on  shaft  B  to  the 
drill.     Spindle  B  is  supported  in  a  bracket  on  the  frame  of 
the  machine.    This  bracket  is  so  placed  that  the  spindle  B  is 
made  to   line   up   directly   with   the   tool-holder   C  which    is 
clamped  to  the  face  of  the  tool-slide.     Adjusting  collars  are 
held  on  the  main  spindle  to  provide  for  wear  due  to  end  thrust. 
The  drill  spindle   is 
arranged     to     carry 
taper-shank    drills, 
and  is  provided  with 
a   drift   slot   for   re- 
moving them;  this  is 
covered  by  a  collar, 
which     is     held     in 
place  by  a  lock-nut. 
To  remove  the  drill, 
the    headless    screw 
In  the  lock-nut  is  ro- 
leased,   and   the   col- 
lar pulled   back,   ex- 
posing the  drift  slot: 
the  drill  can  then  b<> 
removed  In  the  usual 
manner,    a    plug    /: 
serving    to    force    it 
out    of    the    socket. 

DIe-splndle  and  Die- 
holder 
The  die-spindle  has 
been  described  in  a 
previous  article, 
where    It    was    men-  fik.  26.    Dii-.npindir 


of   Gridloy    Automatlct 


the  operating  rod  B. 
This  rod  is  carried 
In  a  bracket  at- 
tached to  the  tie- 
member  that  con- 
nects the  two  ends 
of  the  machine  and 
also  carries  the  die- 
Blide.  Adjustable 
lock-nuts  are  carried 
on  rod  B,  which  can 
be  set  to  open  and 
close  the  chasers  at 
the  desired  point  of 
travel  of  the  die-head. 
The  first  and  sec- 
ond installments  of 
this  article  on  the 
tool  equipment  of  the 
Gridley  multiple- 
spindle  automatic 
screw  machine  have 
covered  forming  and 
cutting-off  tools  and 
holders,    turners. 
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Fig.  27.     Detail  View  of  High-speed  Drilling  Attachment  shown  in  Fig.  21 

back-rests,  tool-slide  tool-holders,  knurl-holders,  recessing  tools, 
drilling  attachments,  and  die-holders.  The  next  installment 
will  deal  with  self-opening  die-heads,  spring  screw  threading 
dies,  speeds  for  threading,  reaming  attachment,  and  taper- 
turning  attachments. 

•     *     * 

HEAT-TREATED   GEARING 

BY  W.  H.  PHILLIPS  1 

Steel  gears  may  be  divided  as  to  material  and  structure  into 
two  general  classes — alloy  steels  and  carbon  steels.  Alloys  of 
nickel,  chrome-vanadium  and  similar  elements  with  steel  pro- 
duce a  strong,  tough  gear,  which,  however,  because  of  its  high 
cost,  is  practicable  only  for  a  few  special  uses.  The  great 
field  of  gearing  is  served  by  carbon  steel  products  with  entire 
satisfaction.  Since  it  is  possible  by  heat-treatment  to  increase 
the  life  of  carbon  steel  gears  by  as  much  as  200  to  400  per 
cent,  with  a  cost  increase  of  but  25  to  50  per  cent,  these 
processes  have  received  much  attention.  There  are  now  three 
general  classes  of  treatment;  oil,  casehardening,  and  a  special 
treatment.  The  first  two  classes  mentioned  were  introduced 
in  the  above  sequence  and  have  met  many  problems.  Each 
has  its  advantage  for  different  services  and  has  proved  very 
efficient.  There  are  conditions  encountered,  however,  in  which 
these  two  grades  are  not  applicable.  The  third  grade  men- 
tioned has  been  developed  after  a  careful  study  of  actual  con- 
ditions and  embodies  the  best  qualities  found  in  both  former 
grades. 

There  are  applications  where  the  service  is  so  light  that  the 
resultant  long  life  and  low  maintenance  cost  does  not  recom- 
mend a  high-grade  product.  There  are  other  services  where 
the  gear  must  transmit  a  uniformly  high  torque  without  sud- 
den Jars  or  dynamic  blows,  in  which  case  it  is  a  question 
of  wear  alone,  requiring  such  surface  hardness  as  is  found  in 
the  casehardened  product.  There  are  other  applications  where 
the  load  to  be  transmitted  is  uniformly  low  but  with  occa- 
sional shocks.  This  last-named  condition  requires  a  gear  with 
only  medium  hardness  but  with  high  ductility,  such  as  tli" 
first  class  or  oil-treated  gear.  There  are  installations  where 
the  service  impOHes  heavy  duty  with  its  resultant  wear,  and 
shocks  with  the  liability  of  breakage.  It  is  for  such  service 
that  the  third  class  or  special  grades  have  been  developed. 
By  analyzing  the  conditions  and  selecting  the  proper  grade. 
It  will  be  poHHibIc  to  obtain  the  best  results. 

With  the  ever-Increasing  knowledge  of  steel  and  Its  heat- 
treatment  being  accumulated  year  by  year,  the  first  two  grades 
were  Improved  gradually  until  now  tlioy  have  been  perfected 
aa  far  aa  possible,  and  the  metallurgist  for  some  time  has  been 
looking  to  other  fields  for  a  grade  that  would  Include  the 
good  qualities  of  both  the  other  grades  and  yet  supply  what 
they  lacked  and,  If  poHslble,  reduce  the  cost  of  the  heat- 
treatment.  As  stated  before,  the  alloy  steel  hud  to  be  elimi- 
nated becauHO  of  Its  cost,  and  the  only  course  left  was  to  de- 
velop a  treatment  for  carbon  stt'd  that  would  give  the  required 
results.  Several  of  these  so-called  special  grades  were  Intro 
duced,  one  of  the  most  notable  being  the  III'  grade  maniifin' 
turod  by  the  R.  D.  Nuttall  Co,,  I'lttsburg,  I'a. 

It  was  found  that  by  slight  changeH  In  cliemlcnl  struclure,  n 
combination   could    be   obtained,    which    when   subjected    to   a 

'  Ki-wnrrh    KnclnnT,    ItT    DrNlllInll   Co.,    I'llt.l.urK.    I'o. 


special  treatment  would  produce  physical  properties  peculiarly 
adapted  for  gearing.  The  hardness  at  the  surface  of  the  steel 
is  from  three  to  four  times  that  of  untreated  steel,  and  grades 
oft  slightly  toward  the  center  of  the  tooth  until  it  is  from  two 
and  one-half  to  three  times  as  hard  as  untreated  steel.  This 
reduction  in  hardness  is  in  a  straight  line  ratio,  and  each 
fiber  of  the  steel  from  the  surface  to  the  center,  or  neutral 
axis  of  the  tooth,  which  may  be  slightly  to  one  side  of  the 
geometric  center,  will  be  stressed  in  proportion  to  its  ability 
to  carry  the  load,  so  that,  when  the  tooth  receives  a  blow  or 
shock,  every  fiber  is  carrying  its  share  of  the  load.  The  duc- 
tility of  this  steel  is  comparatively  high  and  is  in  inverse  ratio 
to  the  strength.  The  metal  is  homogeneous,  there  being  no 
line  of  demarcation  between  any  two  fibers.  While  the  sur- 
face of  the  tooth  is  hard,  it  is  of  a  tough  hardness  and  will 
not  check  nor  spall.  It  is  often  advisable  to  treat  the  pinion 
only  of  a  combination,  it  being  the  weaker  and  harder  worked 
member.  A  pinion  so  treated,  due  to  the  nature  of  the  hard- 
ness, is  not  likely  to  cause  excessive  wear  on  the  meshing 
untreated  gear.  It  can  be  readily  seen  that  a  gear  of  this 
type,  which  is  of  moderate  price,  will  have  a  great  tendency 
to  overcome  breakage  and  at  the  same  time  give  a  high  re- 
sistance to  wear.  It  should  at  least  triple  the  life  of  untreated 
gearing,  and  eliminate  the  cost  of  consequential  damage  and 
delays  caused  by  gear  breakage. 

If  by  increasing  the  cost  of  gearing  from  25  to  50  per  cent  a 
gear  is  produced  that  will  more  than  triple  the  life  of  the  un- 
treated steel  gear  and  at  the  same  time  eliminate  breakage 
with  its  consequent  damage,  there  can  be  no  doubt  of  its 
economy.  A  few  of  the  advantages  to  be  derived  by  such  a 
step  are:  lower  ultimate  cost  of  gearing;  reduction  of  time 
loss;  reduction  of  labor  maintenance;  and  reliability.  For 
example,  the  untreated  gear  costs  twenty  dollars  and  runs  one 
year,  while  the  treated  gear  costs  thirty  dollars  and  runs  three 
years.  This  would  show  a  saving  of  thirty  dollars  on  initial 
cost.  It  it  requires  two  hours  to  make  replacement,  it  would 
require  six  hours  to  replace  the  untreated  gear  three  times 
and  but  two  hours  to  replace  the  treated  gear;  thus  four  hours 
is  saved  in  labor,  and  four  hours  is  saved  in  the  production 
of  the  machine.  The  hazard  of  breakage  with  its  consequences 
is  an  unknown  factor,  but  it  may  be  serious  in  some  services. 

The  wide  application  of  the  heat-treated  gear,  not  only  in 
the  railway  and  automobile  field  but  also  in  many  branches 
of  the  industrial  field,  among  the  more  notable  being  the  steel 
mills,  foundries,  glass  plants  and  mines,  has  been  so  success- 
ful that  it  is  not  a  question  of  heat-treated  versus  untreated 
gearing,  but  rather  the  selection  of  the  proper  grade  of  treated 
gear  for  the  service  to  be  performed.  With  many  industries  of 
the  country  working  over  capacity,  the  necessity  for  reliability 
of  machine  parts  was  never  before  so  urgent  or  the  conse- 
quences of  breakdown  so  costly.  A  careful  study  of  the  gear 
situation  in  tlie  plant  or  mine  should  be  made,  and  any  changes 
insuring  this  reliability  acted  upon  at  once. 


UNITED    STATES   EXPORTS 

Since  the  beginning  of  the  European  war,  exports  from  the 
United  States  to  the  neutral  world  have  doubled,  and  those 
to  the  belligerent  world  have  trebled.  In  the  government's 
fiscal  year  of  1917,  the  total  exports  to  the  neutral  world  were 
$2,2.52,000,000,  as  compared  with  $1,001,000,000  in  1914,  and 
to  belligerent  Europe,  $4,042,000,000,  against  $1.:!04,000.000  in 
1914.  The  Increase  In  exports  to  the  nnn-lOuropean  world  was 
110  per  (!ent;  to  the  entire  neutral  world,  112  per  cent;  and 
to  the  belligerent  countries  of  Kurope,  210  per  cent.  The  chief 
gains  In  this  cxpoiialinn  to  the  neutral  countries  outside  of 
Europe  occurred  in  I  lie  I  rude  with  ('unada,  Mexico,  Cuba, 
Argentina,  Ilra/.ll,  Chile,  (Miina,  .lupan  and  India.  These  coun- 
tries havo  Inireased  tlielr  purchuses  from  the  United  States 
largely  by  reason  of  tin-  dlllhMilty  In  obtaining  morchnndise 
from  I'luropc.  South  America  drew  from  (lernumy  about  $175,- 
(100,000  wiirlh  of  Imports  In  the  year  Ix^fore  the  war;  from 
AuHtrla-llungary,  about  $10,000,000;  from  (Iroat  Hrllain,  ap- 
proxinnitely  $250,000,000;  and  from  Krnnce,  approximately 
$75,000,000, 
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THE   GENERAL    MACHINE  SHOP-STARTING  THE  NEW  JOB  RIGHT-GIVINQ  A  FELLOW  A  CHANCE-A  FISHERMAN'S  GUIDE- 
LAYING  OUT  A  FOUB-PITCH  THREAD-EFFICIENCY  AND  COOPERATION 

BY  THE  FIELD  EDITORS 


THE  days  of  the  general  machine 
shop,  the  kind  that  would  repair 
anj'thing  made  of  metal,  are  cer- 
tainly numbered,  and  to  find  a  real 
example  of  this  kind  is  a  rarity.  We 
discovered  one  of  these  shops  re- 
cently in  a  Connecticut  seacoast 
town,  and  the  aged  proprietor  told 
us   of   his    work    about   as    follows: 

"Yes,  business  is  pretty  good — great 
variety,  great  variety.  Why,  just 
yesterday  a  farmer  drove  in  here  to 
have  his  mowing  machine  repaired 
and  ten  minutes  later  in  came  an  old 
Dutch  musician  to  have  the  wind- 
pipe on  his  slide  trombone  soldered. 
Dutchy.  had  been  playing  the  night 
before  at  a  charity  ball  and  made 
several  detours  on  his  way  home, 
leaning  too  heavily  on  his  trombone. 
This  just  illustrates  the  class  of  work 
we  get,  and  my  chief  difficulty  is  the 
fact  that  I  can't  get  the  right  kind 
of  men.  I  have  one  man  who  can  handle  a  micrometer  or  a 
wheelbarrow  with  equal  dexterity,  but  his  kind  are  scarce." 

We  predict  that  this  shop  proprietor  will  find  men  of  the 
last-mentioned   type  increasingly  diificult  to  locate. 

Starting-  the  New  Job  Right 

We  often  hear  some  good  stories  of  the  early  days  of  men 
who  have  made  good,  and  here's  one  from  a  successful  super- 
intendent whom,  for  the  sake  of  brevity,  we'll  call  Ed:  Back 
in  the  shop  where  Ed  served  his  apprenticeship  he  was  con- 
sidered a  pretty  good  planer-hand,  and  because  of  this  fact,  he 
liad  worked  on  the  planers  in  the  old  shop  for  a  year  after 
he  finished  his  time.  So  naturally  he  wasn't  worried  when 
he  applied  for  a  planer-hand's  job  in  the  Dayton  Ship  &  Engine 
Co.'s  plant.  "Yes,  sir,"  he  told  the  employment  manager,  "I've 
run  planers  for  the  best  part  of  four  years,  and  I'll  take  a  job 
as  a  planer-hand  if  you  have  one."  So  Ed  was  hired  and  went 
down  into  the  engine  shop  and  was  assigned  to  a  machine.  But 
when  he  saw  that  planer  his  heart  nearly  dropped  two  feet, 
because  the  planer  they  had  assigned  to  him  was  twelve  feet 
between  the  housings,  with  a  table  thirty  feet  long!  The  man 
who  had  run  the  machine  for  years  and  was  considered  the 
planer  expert  of  the  shop  had  met  with  an  accident  and  was 
laid  up  with  a  broken  leg,  and  no  one  else  in  the  shop  had 
had  the  courage  to  start  that  machine. 

Ed  was  a  pretty  cool-headed  young  chap  and  one  of  those 
fellows  who  "never  says  die";  so  without  making  any  com- 
ment he  started  to  set  that  big  planer  up  for  the  first  job. 
Meanwhile  the  other  men  of  the  shop 
were  watching  him  out  of  the  corners  of 
their  eyes  to  see  what  would  happen. 
After  a  few  hours  of  setting-up  time,  Ed 
had  the  big  engine  bed  located,  strapped 
down  and  ready  for  the  first  cut.  He 
ground  up  the  big  tools  and  located  them 
In  the  right  positions  In  the  heads  ready 
to  start.  He  knew  the  eyes  of  the  shop 
were  on  him  and  he  wasn't  any  too  sure 
that  things  were  right  himself;  never- 
theless It  wouldn't  do  for  him  to  show 
the  white  feather  at  this  time.  So,  when 
all  was  ready,  he  walked  around  the  table 
to  the  starting  box,  and  without  paying 
any  attention  to  the  chaps  who  were  steal- 
ing glances  at  him,  he  reached  up  with 
hU   foot   and    kicked    the   starting   lever 


— a  farmer  drove  in  here  to  have  his  mowing  machine 
epaired  and  ...  in  came  an  old  Dutch  musician  to 
have   the   wind-pipe   on  his   slide   trombone   soldered'' 


" — flnds    the   chapters   on    'Cutting   HorrinK- 

bonei*  and  'Fishtail  Cutters'   helpful 

on  his  flshlnff  trips" 


over  carelessly,  as  though  he  had 
started  a  big  planer  so  many  times 
he  was  bored  at  the  thought  of  doing 
it  again.  That  little  act  was  enough. 
As  soon  as  the  other  chaps  around 
the  shop  saw  the  careless  way  in 
which  he  started  the  machine,  they 
made  up  their  minds  that  he  was 
master  of  the  planer.  Ed  had  the 
stuff  to  back  up  his  confidence,  be- 
cause he  did  know  planers,  and  he 
had  no  trouble  in  showing  that  shop 
he  could  fill  the  old  planer-hand's 
shoes — not  a  little  credit  of  which 
was  due  to  the  way  he  started. 

Givingr  a  Fellow  a  Chance 

There  are  many  factory  clerical 
jobs  that  are  filled  by  bright  young 
fellows  who  have  ambition  to  rise, 
but  rising  through  the  medium  of 
factory  clerical  work  is  generally 
conceded  to  be  difiicult,  if  not  impos- 
sible. A  certain  young  clerk  with  a  prosperous  up-to-date  fac- 
tory, realizing  the  limitations  of  his  position  and  noting  a 
recent  vacancy  in  running  one  of  the  large,  complicated  ma- 
chines in  the  department,  asked  his  foreman  for  an  oppor- 
tunity to  be  transferred  from  his  work  to  the  machine.  The 
foreman  laughed  at  the  young  fellow,  the  first  thought  com- 
ing to  his  mind  being  the  difiiculty  of  breaking  a  new  man  in 
on  the  clerical  job,  which  this  fellow  could  do  to  perfection. 
Because  of  his  insistence,  however,  the  foreman  took  the  mat- 
ter up  with  the  superintendent,  who  is  a  man  of  some  fore- 
sight. The  superintendent  said,  "By  all  means,  give  the  boy 
a  chance.  We  can  get  somebody  else  for  clerking,  and  why 
isn't  that  a  logical  way  to  secure  coming  young  men  for  our 
organization?"  This  young  man  proved  to  be  a  star  operator 
and  his  previously  obtained  knowledge  of  the  systems  in  vogue 
in  the  shop  soon  made  him  one  of  the  most  valuable  men  in 
that  department.  He  studies  constantly,  and  if  he  doesn't 
contain  the  material  for  a  future  superintendent  or  manager, 
the  present  indications  are  misleading. 

A  Fisherman's  Guide 

Machinebt's  Handbook  is  generally  conceded  to  be  useful, 
ornamental  and  in  every  way  helpful  to  the  practical  man. 
It  covers  almost  every  subject  that  pertains  to  modern  mechan- 
ical work,  but  one  of  our  readers  apparently  finds  the  chap- 
ters on  "Cutting  Herringbones"  and  "Fishtail  Cutters"  help- 
ful on  his  fishing  trips.  We  arrived  at  this  conclusion  after 
receiving  his  order  last  Thursday  for  a  handbook  which  read 
as  follows:  "Enclosed  please  find  $5  for 
a  copy  of  MAcnixKRY's  HANonooK.  Please 
send  so  that  I  will  receive  it  before  Sun- 
day, as  I  am  going  fishing  and  want  it." 
That  is  our  deduction;    what   is  yours? 

Layingr  Out  a  Four-pitch  Thresid 

Down  at  the  old  windlass  plant,  we 
dropped  in  to  see  our  friend  Jones,  the 
superintendent.  Jones  is  a  philosophical 
sort  of  chap  and  he  always  sees  the  in- 
teresting things  in  life,  the  writing  of 
which  helps  to  make  bread  and  butter 
for  the  man  who  has  a  nose  for  news. 
This  time  it  was  an  interesting  story 
with  a  moral  that  he  had  to  tell. 

"A  bright-looking  young  chap  came  Into 
the  office  the  other  day  and  wanted  a  Job. 
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"There  was  no  time  wasted  i 


To  my  questions  as  to  what  he  could  do,  he  assured  me  that 
he  could  do  anything,  and  when  a  man  tells  me  that,  I'm 
always  suspicious.  I  told  him  we  had  an  opportunity  for  a 
lathe-hand  on  the  night  shift,  and  he  promptly  informed  me 
that  he  was  a  good  lathe-hand,  so  I  started  him  in.  His  first 
Job  was  to  cut  a  big  windlass  screw  with  a  four-pitch  square 
thread.    It  afterward  developed  that  this  chap  had  never  even 

seen  a  lathe  before,  let 
alone  run  one,  or  cut  a 
thread.  By  some  hook 
or  crook  he  found  out 
how  to  get  his  shaft  on 
centers  and  how  to  put 
on  the  power,  and  as 
the  man  before  him  had 
left  a  tool  in  the  lathe, 
his  common  sense  helped 
him  to  find  out  how  the 
feed  handles  operated. 
But  cutting  the  thread 
was  certainly  some  mys- 
tery to  him!  After  much 
1  argument'-       gj^^y    j,j    ^j^g    drawing 

and  measuring  with  calipers  and  scale,  he  decided  to  lay  that 
thread  out  and  get  it  right.  So  he  carefully  laid  out  the  shaft, 
prick-punching  every  quarter  inch  for  the  entire  length,  after 
which  he  drew  in  the  spiral  around  the  circumference  at  each 
%-inch  interval.  His  courage  was  fine,  for  he  intended  to 
chew  that  thread  out  by  operating  the  cross  and  longitudinal 
feed  handles  by  hand!  But  about  the  time  he  got  fairly  well 
Into  a  cut,  and  had  wobbled  along  a  little  way,  I  came  up  and 
looked  over  his  shoulder.  There  was  no  time  wasted  in  argu- 
ment; we  both  understood.  He  reached  for  his  coat  and 
beat  it." 

Efficiency  and  Cooperation 

A  state  of  efficiency  in  an  organization  is  certainly  highly 
desirable,  and  attempts  to  arrive  at  this  state  have  been  made 
in  many  ways.  Along  these  lines  we  recently  noticed  a  framed 
motto  in  the  factory  of  a  successful  New  York  manufacturer. 
It  is  In  the  form  of  a  suggestion  to  be  kept  constantly  before 
the  employes  and  reads  as  fol- 
lows: "The  efficiency  of  this 
organization  depends  upon  the 
cooperation  of  its  units."  This 
is  mighty  good  logic,  and  there 
is  hardly  an  organization  in 
existence  that  could  not  apply 
this  motto  to  its'  everyday 
transactions.  The  need  of  co- 
operation among  departments 
is  as  great  as  among  individual 
rrnployes.  The  departments  of 
many  large  concerns  often  con- 
i'lf  !■  tliat  they  have  very  little 
'  ■    ii'>    with   the   other    depart- 

"It  In  In  th.-   fn.'  .     s:  .IT.  .  .  ,      .,  ,1      .        , 

lion  to  b»  k.3,,v  ..,ni.iantij.  iu'-iit:i,    and    the    result    Is    in- 

befor.  the  ompioyoi— ■  ternal    blckcrlng    rather    than 

efficient  co-working.     The  manager  who  can  Instill   Into  the 

employes  the  principle  of  this  motto  Is  assured  of  a  stable 

and  efficient  organization. 


According  to  a  recent  bulletin  Issued  by  the  Bureau  of 
MlncH,  100,000,000  gallons  of  gasoline  was  obtained  from  natu- 
ral gaB  by  the  nompresHlon  and  condensation  method.  This 
Ka«ollne  can  be  blended  with  naphthas  that  otherwise  aro  un- 
BatlHfactory  for  uhc  In  the  automobile  and  made  Into  an  ac- 
ceptable motor  spirit.  By  the  absorptlor.  procoss,  which  has 
been  but  recently  perfected,  the  gnHolIno  In  natural  gas, 
though  extremely  lean,  can  bo  absorbed  In  oil,  from  which  It 
Is  Beparaled  by  diBllllallon.  Natural  gaBCB  yielding  less  than 
one  pint  of  gaBolIno  from  each  thouHand  cubic  feet  have  been 
treated  with  commercial  buccobb,  where  formerly  tlilB  gnBolIno 
had  gone  to  waBte  and  had  conBtltulcd  a  source  of  much 
trouble  and  cxpenBo  In  Iho  pipe  linos. 
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PATENTS    OWNED    OR    CONTROLLED    BY 

AN   ENEMY' 

The  Act  of  Congress,  approved  on  October  6,  known  as  the 
"Trading  with  the  Enemy  Act,"  gives  the  president  the  au- 
thority to  grant  licenses  for  the  use  of  patents  owned  or 
controlled  by  an  enemy,  or  ally  of  an  enemy,  provided  he  shall 
be  of  the  opinion  that  such  a  grant  is  for  the  public  welfare 
and  that  the  applicant  is  able  and  intends  to  make  use  of  the 
patent.  This  power  and  authority  he  has  vested  in  the  Federal 
Trade  Commission. 

Such  a  license  will  be  a  complete  defense  to  any  suit  at  law 
or  in  equity  instituted  by  the  owners  of  the  patent  against 
the  licensee  for  infringement,  or  for  damages,  royalty  or  any 
money  award  on  account  of  anything  done  by  the  licensee 
under  such  a  license.  The  act  provides  that  a  license  fee  not 
exceeding  $100  shall  be  charged,  and  not  exceeding  1  per  cent 
of  the  sum  deposited  with  the  alien  property  custodian.  This 
sum  is  not  to  exceed  5  per  cent  of  the  gross  sums  received  by 
the  licensee  from  the  use  of  the  patent,  or  5  per  cent  of  the 
value  of  the  use  as  established  by  the  Federal  Trade  Commis- 
sion, and  is  to  be  a  trust  fund  for  the  licensee  and  for  the 
owner  of  the  patent,  to  be  paid  from  the  treasury  of  the 
United  States  upon  order  of  the  court  in  case  the  owner  of  th' 
patent  may,  after  the  end  of  the  war,  file  a  bill  in  equity 
against  the  licensee  in  the  District  Court  of  the  United  States 
for  recovery  for  the  use  of  the  patent,  and  the  court  may 
adjudge  and  decree  to  the  owner  payment  of  a  reasonable 
royalty  from  this  fund.  If  no  suit  is  brought  within  one  year 
after  the  end  of  the  war,  the  licensee  shall  not  be  liable  to  make 
any  further  deposits,  and  all  funds  deposited  by  him  shall  be 
repaid.  For  this  fund  the  licensee  must  file  with  the  Federal 
Trade  Commission  semi-annually,  and  oftener  if  required,  a 
full  statement  of  the  extent  of  the  use  of  the  licensee,  and  of 
the  prices  received  from  the  sale  for  use  of  the  patent.  If 
suit  is  brought,  the  court  may  at  any  time  terminate  the 
license  and  may  issue  an  injunction  to  restrain  the  licensee 
from  infringement  thereafter,  or  in  case  the  licensee  shall  have 
made  investment  of  capital  based  upon  the  possession  of  a 
license,  the  court  may  continue  the  license  for  such  a  period 
as  it  shall  find  to  be  just  and  reasonable. 

Applicants  for  such  a  license  are  required  to  file  a  verified 
statement  with  the  commission  covering  the  following  points: 

1.  If  an  individual,  that  he  is  a  citizen  of  the  United  States, 
or  if  a  corporation,  that  it  is  organized  within  the  United 
States. 

2.  That  the  patent  desired  to  be  licensed  is  owned  or  con- 
trolled by  an  enemy  or  an  ally  of  an  enemy,  and  what  the 
nature  and  origin  of  the  control  is. 

3.  There  shall  be  attached  to  the  application  a  Patent  Office 
copy  of  the  patent  and  a  certified  abstract  of  title  to  it,  and  a 
certified  copy  of  the  petition  and  all  powers  of  attorney  in  the 
file  of  the  application. 

4.  That  there  is  a  demand  for  the  patented  article  or  the 
product  of  the  patented  process  which  is  not  being  met. 

5.  That  the  applicant  is  able  to  make  the  patented  article 
or  exercise  the  patented  process.  Specifically,  that  the  appli- 
cant is  technically  and  otherwise  equipped  to  undertake  or 
procure  the  manufacture  or  operate  the  process,  and  Is  in 
fact  able  to  do  so. 

G.     That  the  applicant  intends  to  do  so  in  good  faith. 

7.  The  application  must  be  voridod  by  the  person  applying 
for  the  license  and  in  case  of  a  corporation,  by  an  officer 
thereof  acquainted  with  Mie  facts  recited. 

Each  application  shall  be  accompanied  with  a  remittance 
of  .flOO.  The  application  should  be  prepared  In  duplicate,  and 
for  convenience  In  filing,  on  good  unglnzod  paper,  8  Inches  by 
lOMi  inclicH,  directed  to  the  Foiloral  Trade  Commlaslon, 
Patent,  Trademark  and  Copyright  Division.  If  the  licensee 
Is  not  to  be  the  actual  manufacturer,  the  licensee  will  bo  held 
acrounlablc  for  the  observance  of  the  terms  of  his  license  by 
the  actual  manufacturer  of  the  nrllclc. 

The  burden  of  eHtabllHlilng  alTlnniillvely  the  facts  upon 
which  licenses  may  bo  grniitcd  Is  placed  upon  the  applicant 
for  license.  Llconsea  hIiuII  continue  during  the  terms  fixed  In 
the  Ilconso,  or  during  the  term  of  the  patent,  and  upon  viola- 
tion by  the  lIconHCO  of  any  of  the  provisions  of  tho  act  or 
conditions  of  tho  lIconHo,  tho  Ilconso  may  be  cancelled. 

■AliRlrnrt  iif  "InNtnirtlonft.  Hiilrti  nnil  FnrmH  Oonri-rnlnK  PiitctilM,  'I'radp- 
markii,  I'rlnln,  Lnlu'In  nnil  r.i|i)rrlKht«."  IiwihmI  lijr  Iho  ri.,iinil  Trnilo  Com- 
mlrmlon  under  8«ctl(>n  10  of  Iho  TriiillMK  ullh  Iho  Knom)'  A'l. 
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POWER    REQUIRED    FOR    DRIVING 
REAMERS 

In  order  to  determine  the  amount  of  power  required  for 
driving  chucking  reamers,  a  series  of  tests  was  made  at  the 
Worcester  Polytechnic  Institute  by  Leon  H.  Rice  and  F.  Stan- 
ley Riggs,  seniors  in  mechanical  engineering.  While  the  pri- 
mary object  of  these  tests  was  to  ascertain  the  effect  of  reamer 
design  on  the  power  required  for  driving  reamers  of  different 
types,  it  was  found  that  the  general  type  of  reamer  and  the 
form  of  its  flutes  is  of  far  less  importance,  so  far  as  the  neces- 
sary driving  power  is  concerned,  than  the  keenness  of  the  cut- 
ting edges.  The  results  of  these  tests  are  not  regarded  as  con- 
clusive, since  there  was  no  method  of  standardizing  the  keen- 
ness of  the  cutting  edges  nor  of  determining  the  relative  ef- 
fects of  sharpness  and  the  shape  or  contour. 

The  apparatus  used  consisted  of  an  upright  drilling  ma- 
chine, a  special  form  of  dynamometer  for  measuring  the  torque 
and  platform  scales  for  weighing  the  downward  pressure  or 
endwise  thrust.  The  test  piece  was  held  in  a  lathe  chuck 
mounted  upon  the  dynamometer,  which  was  supported  by  the 
platform  scale.  The  dynamometer  has  a  circular  table  12 
inches  in  diameter,  and  a  strap  made  of  annealed  clock  spring 
was  attached  to  the  periphery  of  this  table.  The  other  end 
of  this  strap  connected  with  a  weighing  scale  of  the  spring 
type  which  gave  the  torque  readings.  In  order  to  avoid  in- 
accurate results  due  to  a  turning  tendency  of  the  platform 
of  the  scale  used  for  recording  the  downward  pressure,  this 
platform  was  stayed  by  means  of  rods  and  knife-edge  bearings. 
This  method  proved  successful  and  interfered  little,  if  any, 
with  the  vertical  action  of  the  platform  itself.  In  addition  to 
this  equipment,  it  was  found  necessary  to  use  an  oil  dashpot 
to  prevent  the  pointer  of  the  torque  scale  from  vibrating  to 
such  an  extent  as  to  make  it  almost  impossible  to  obtain  read- 
ings. This  dashpot  consisted  simply  of  a  pail  containing  heavy 
cylinder  oil  and  a  large  disk  submerged  in  the  oil  and 
connected  to  the  table  of  the  dynamometer  by  means  of  suit- 
able rods  and  an  intervening  bell-crank.  With  this  dashpot 
connected  to  the  table,  any  sudden  motion  of  the  latter  was 
reacted  upon  by  the  resistance  of  the  thick  oil  as  it  flowed 
from  one  side  of  the  submerged  disk  to  the  other  side. 

The  pieces  to  be  tested  were  made  of  a  good  grade  of  gray 
cast  iron  and  each  one  was  tested  for  hardness.  New  reamers, 
furnished  by  the  Cleveland  Twist  Drill  Co.,  were  used 
and  were  for  1-inch,  1%-inch  and  2-inch  holes,  respectively. 
The  two  principal  types  of  reamers  tested  were  the  straight 
and  spiral  fluted  forms.  The  number  of  flutes  varied  from 
four  to  fourteen,  the  four-fluted  spiral  reamers  resembling  a 
four-fluted  drill  in  their  action.  These  reamers  were  all  of 
the  so-called  chucking  reamer  type  and  cut  mostly  on  the  end, 
very  little  material  being  removed  along  the  sides.  The 
holes  in  the  test  pieces  were  cored  to  7/S  inch,  1 3/8  Inch 
and  1 3/4  inch  diameters,  and  were  drilled,  prior  to  the 
reaming  test,  to  diameters  of  15/16  inch,  1 7/16  inch  and 
1 15/16  inch,  respectively.  The  torque  fluctuated  considerably 
when  drilling  these  holes,  which  was  due  to  the  irregular- 
ity of  the  cored  holes.  When  reaming  the  holes,  these  ex- 
cessive fluctuations  did  not  occur.  Readings  to  determine  the 
general  variation  in  the  hardness  of  the  cast-iron  test  pieces 
were  taken  by  drilling  3/8-inch  holes  in  the  ends  of  the  pieces 
and  measuring  the  pressure,  the  average  pressure  being  used 
in  the  comparison.  The  drill  was  also  tested  for  sharpness 
by  drilling  into  a  sample  test  bar.  Four  test  pieces  were  used 
for  each  reamer  tested,  and  in  this  way,  by  taking  the  average 
of  the  readings,  a  mean  value  for  the  variations  in  the  cast- 
ings was  obtained. 

The  tabulated  results  of  these  tests  are  given  In  the  accom- 
panying table.  The  four-fluted  chucking  reamers  gave  the  low- 
est pressure  and  the  least  torque  In  inch-pounds,  although 
this  typo  of  tool  left  a  comparatively  rough  hole.  The  spirally 
Muled  reamers  having  ten,  twelve  or  fourteen  flutes  required 
a  little  more  power  than  the  straight-fluted  ones.  This  differ- 
cnro  might  have  been  greatly  reduced  If  the  amount  of  metal 
removed  had  been  less.  The  Increase  In  pressure  for  the  spiral 
flutes  rould  easily  be  ao<'ounted  for,  since  the  flutes  were  left- 
handed  and  Inclined  backward  with  reference  to  the  direction 


TORQUE  AND  PRESSURE  FOR  DRIVING  CHUCKING  REAMERS 
OF  DIFFERENT  KINDS 


Reamer 

Number  of 

Form  of 

Reamer 

.XoEqne, 

Pressure, 

Diameter, 

Speed. 

IDC^- 

laches 

Flutes 

Flutes 

R.P.M. 

Pounds 

Pounds 

1 

10 

Straight 

125 

45.00 

31.75 

1 

10 

Spiral 

125 

51.06 

57.25 

1 

4 

Spiral 

125 

42.12 

27.50 

li 

12 

Spiral 

76 

54.75 

39.60 

li 

10 

Straight 

76 

57.00 

36.75 

lA 

10 

Spiral 

76 

100.00 

68.00 

li 

12 

Spiral 

76 

103.8* 

56.50 

li 

12 

Straight 

76 

76.20 

40.25 

ij 

8 

Straight 

76 

70.92 

34.25 

1* 

4 

Spiral 

76 

64.02 

20.25 

1^ 

12 

Spiral 

76 

75.00 

138.00 

2 

8 

Straight 

76 

147.72 

46.25 

2 

14 

Straight 

76 

126.00 

51.00 

2 

14 

Spiral 

76 

126.72 

63.00 

2 

4 

Spiral 

76 

93.00 

27.50 

Note:  Feed  of  reamers  per  revolution,  0.0133  inch 

of  rotation.  As  the  table  shows,  the  pressure  was  always  less 
where  there  was  a  reduction  of  the  number  of  cutting  edges. 
In  making  experiments  to  determine  the  effect  of  the  keen- 
ness of  the  cutting  edges,  a  reamer  approximately  one  inch  in 
diameter  was  used.  This  reamer  had  been  used  in  the  shop 
for  some  time,  but  did  not  appear  to  be  very  badly  dulled.  The 
torque  and  pressure  readings  were  126  inch-pounds  and  134.5 
pounds,  respectively.  The  tool  was  then  sharpened  and  the 
torque  was  reduced  to  45  inch-pounds  and  the  pressure  to  31.7 
pounds,  thus  giving  a  reduction  of  64.3  per  cent  in  torque  and 
76.4  per  cent  in  pressure.  This  difference  showed  very  de- 
cidedly that  the  sharpness  of  the  tool  has  far  more  influence 
than  the  design  on  the  amount  of  power  consumed.  Ream- 
ers from  the  tool-rooms  of  local  manufacturing  plants  were 
tested,  and  the  results  emphasized  the  fact  that,  for  the  same 
degree  of  sharpness,  the  amount  of  power  required  to  drive 
chucking  reamers  of  different  styles  would  not  differ  greatly. 
The  design  of  the  tool,  however,  might  have  a  decided  effect 
on  the  length  of  time  that  the  cutting  edge  remained  sharp. 
It  was  not  considered  practicable  to  make  tests  for  durability. 
The  tests  showed  that  the  most  important  requirement  is  keep- 
ing the  reamer  sharp. 

*     •     • 

SKILLED  MECHANICS    REQUIRED  BY  THE 
GOVERNMENT 

The  War  Department  announces  that  the  army  air  service 
needs  many  more  skilled  workmen  behind  the  lines  abroad. 
These  men  must  be  recruited  continuously.  The  air  flghters 
need  the  backing  of  skilled  men  to  keep  each  airplane  ready 
for  instant  and  constant  service,  to  bring  up  supplies,  ammu- 
nition, etc.,  and  to  construct  and  maintain  airdromes.  There 
is  room  for  men  with  special  qualifications  to  become  non-com- 
missioned officers.  Men  are  being  enrolled  from  various 
classes  of  skilled  workers.  These  men  will  be  given  special 
training  according  to  their  vocation  in  the  actual  work  on 
airplane  motors,  trucks,  airdrome  construction,  etc.,  that  they 
will  be  required  to  do  in  France.  Among  the  skilled  workers 
needed  are  automobile  engine  repair  men  and  machinists 
acquainted  with  automobile  work,  electricians,  repair  men  for 
instrument  work,  machine  gun  repair  men,  machinists  and 
blacksmiths  in  general,  motorcycle  repair  men,  mechanical 
draftsmen,  magneto  repair  men,  metal  workers  in  general, 
automobile  engine  testers,  airplane  propeller  makers,  airplane 
assemblers,  toolmakers,  welders,  molders  and  patternmakers. 
Applicants  must  be  physically  sound  and  from  eighteen  to 
forty  years  of  age.  Applications  should  be  sent  to  the  Aviation 
Section  of  the  Signal  Corps,  Volunteer  Bureau,  119  D  St.,  N. 
R.,  Washington,  D.  C.  The  application  need  merely  state  as 
follows:  "I  desire  to  enlist  as  a  skilled  workman  in  the 
Aviation  Section  of  the  Signal  Corps,"  giving  the  name  and 
address  of  the  applicant,  his  present  employer,  the  name  of 
his  trade,  the  number  of  years  he  has  been  employed  in  the 
trade,  and  whether  he  expects  to  be  drafted  under  the  selective 
service  provisions  or  not. 
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CUTTING  BOLT  CAMS  IN  RIFLE  RECEIVERS 

BY  H.  C.  EVANS 

In  all  fixture  work  there  are  certain  operations,  now  and 
again,  that  present  special  difficulties  because  of  the  peculiar 
shape  of  the  cut  to  be  taken  or  the  inaccessibility  of  the 
surface  to  be  worked  upon.  In 
the  manufacture  of  rifle  receivers 
the  operation  of  cutting  the  bolt 
cams  was  one  in  which  both  of 
these  difliculties  were  encountered, 
and  they  were  overcome  by  means 
of  the  special  fixture  described  in 
the  following  article: 

The  front  end  of  this  receiver  is 
shown  in  section  in  Fig.  1.  The 
problem  presented  was  cutting  away 
two  diametrically  opposite  corners 
at  the  ends  of  the  bolt  splines.  The 
purpose  of  this  is  to  furnish  two 
spiral  faces,  on  which  the  recoil  lugs 
of  the  bolt  will  be  drawn  forward 
out  of  the  splines  to  their  position 
against  the  face  AB  when  the  bolt 
is  rotated  a  quarter  turn  in  push- 
ing the  handle  down.  These  two 
faces,  which  are  alike,  are  portions 
of  right-hand  spirals  of  1%  inch 
lead,  and  extend  34  degrees  from 
the  corner  G  of  the  bolt  splines. 
The  cutter,  which  is  shown  at  C, 
Fig.  2,  is  similar  to  a  boring  tool 
with  radial  cutting  edges,  being 
held  in  the  slot  of  a  boring-bar  by  means  of  the  set-screw 
D.  It  differs  from  an  ordinary  boring  cutter  only  in  the 
angles  of  rake  and  clearance,  for  it  must  be  borne  in  mind 
that,  instead  of  moving  like  a  boring  tool  with  only  the  slight 
advance  per  turn  necessary  for  feed,  this  cutter  must  move 
along  a  spiral  of  l^i  inch  lead,  making  the  direction  of  the 
cut  along  EF.  It  is  also  evident  that  as  soon  as  the  proper 
corners  have  been  cut  off,  the  cutter  must  recede  along  a  left- 
hand  spiral  in  order  that  the  other  corners  will  remain  un- 
touched. This  receding  movement  must  be  sufficient  to  bring 
the  cutter  into  the  position  shown  in  Fig.  2,  clearing  face  AB 
as  indicated,  where  it  must  remain  until  it  has  turned  to  the 


point  where  it  must  begin  to  cut  the  opposite  corner.  This 
motion  was  imparted  by  means  of  the  barrel  cam  O,  which 
was  clamped  on  the  boring-bar  and  turned  with  it.  While  the 
construction  and  lay-out  of  this  cam  will  be  taken  up  later, 
it  is  well  to  explain  here  that  two  forward  and  backward 
movements  were  given  in  each  revolution,  both  edges  of  the 


Mnrhincrij 


Fig. 


Front  End  of  R^ 


Fig.     2.    Barrel  Cam,  Cutting  Bar  and  Cutter 

cutter  doing  an  equal  share,  and  working  on  each   cut   in 
alternation. 

Fig.  3  shows  the  top  and  front  views  of  the  fixture.  This 
was  used  on  a  plain  milling  machine,  the  feed  being  to  the 
right  as  is  shown.  The  cutter-bar  A  turns  in  the  two  bush- 
ings B  and  C,  both  of  which  are  sliding  fits  in  their  supports. 
The  bushing  C  is  retained  by  a  slotted  spacing  piece  D,  swing- 
ing on  the  stud  E.  By  lifting  this  spacing  piece  out  of  the 
way,  the  bushing  C  may  be  withdrawn  and  the  receiver  slipped 
onto  the  cutter-bar,  the  latter  having  been  turned  to  bring  the 
projecting  ends  of  the  cutter  horizontal,  allowing  them  to 
pass  through  the  bolt  splines  which  have  already  been  cut.    A 
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slotted  plate  F  on  the  base  engages  the  projecting  lug  on  the 
receiver  and  prevents  it  from  turning.  The  bushing  C  is  then 
replaced  and  the  spacing  piece  D  swung  down  to  retain  it. 
The  threaded  nose  of  the  other  bushing  B  carries  a  nut  J, 
which  is  prevented  from  turning  by  the  projecting  stud  K. 
The  latter  is  engaged  in  a  slot  in  the  base,  so  that  by  giving 
bushing  B  a  partial  turn  by  means  of  the  handle  L,  nut  J  is 
brought  against  the  rear  end  of  the  receiver,  clamping  it 
firmly  in  place.  An  ordinary  vertical  milling  attachment  was 
utilized  for  driving  the  cutter-bar.  Its  spindle  was  set  hori- 
zontal and  provided  with  a  special  collet  A',  driving  the  cutter- 
bar  by  means  of  a  slot  and  pin  so  as  not  to  interfere  with  its 
longitudinal  movement.  The  barrel  cam  0.  referred  to  above, 
which  is  carried  on  the  cutter-bar,  turns  in  the  housing  P. 
This  housing,  which  carries  the  studs  on  which  the  cam  rolls 
turn,  is  of  cast  Iron  and  is  arranged  to  slide  in  guides  on  the 
base.  A  link  Q  between  the  frame  of  the  milling  attachment 
and  the  housing  P  serves  to  keep  the  latter  stationary  regard- 
less of  table  travel,  so  that  the  cutter  always  describes  the 
same  path  in  space.  Evidently  when  the  table  feed  is  thrown 
in,  the  fixture  bearing  the  work  will  be  carried  to  the  right 
and  the  work  fed  against  the  revolving  cutter.  The  table 
movement  is  small,  less  than  %  inch,  and  the  fixture  is  so 


Fig.  4.     Development  of  Cutter  Path 

set  up  that  at  first  the  cutters  barely  clip  the  corners  to  be 
cut  off,  each  chip  being  a  little  wider  until  the  required  depth 
is  reached. 

To  return  to  the  cam.  It  was  at  first  thought  that  there 
must  be  two  waves  opposite  each  other,  since  two  throws  were 
needed  per  revolution,  but  a  little  study  revealed  the  possibil- 
ity of  using  a  cam  with  but  a  single  wave  and  obtaining  two 
throws  per  revolution  by  using  two  cam  rolls  placed  diametri- 
cally opposite.  The  appearance  of  this  cam  is  shown  in  Fig.  2. 
The  active  path,  which  contains  but  one  wave,  extends  over 
an  arc  of  190  degrees.  It  is  evident  that  this  single  wave, 
acting  In  alternation  on  two  diametrically  opposite  cam  rolls, 
produces  exactly  the  same  effect  as  two  diametrically  opposite 
waves  acting  on  a  single  cam  roll.  Thus  during  the  dwell 
the  action  passes  from  one  roll  to  the  other,  and  the  cam  path 
is  widened  for  the  remaining  170  degrees  so  as  not  to  interfere 
with  the  inoperative  cam  roll.  The  advantages  of  this  plan 
are  obvious,  for  it  one  wave  of  a  two-wave  cam  differed 
slightly  from  the  other,  one  lip  of  the  cutter  would  take  a 
thicker  chip  than  its  mate.  Furthermore,  the  cost  of  the  cam 
Is  materially  reduced. 

A  development  of  the  path  of  the  cutter  is  reproduced  in 
Klg.  4.  This  was  obtained  by  laying  in  a  development  of  the 
work  on  the  developed  cam  surface  as  follows:  The  line  AB 
Is  first  drawn  to  represent  the  position  of  the  cutting  edges 
during  the  dwell.  As  this  occurs  while  the  cutters  are  op- 
•  poslte  the  face  AB,  Fig.  1,  there  must  be  a  clearance  between 
them,  so  a  line  3/64  Inch  above  line  AB  can  be  taken  to 
represent  this  face.  The  left-hand  boundary  represents  point  P. 
Klg.  1.  A  line  /•;/•',  :!0  degrees  from  this,  represents  point  F, 
Klg.  1,  or  the  beginning  of  the  cut,  and  (HI  and  I.f  at  intervals 
of  34  degrees  and  ,M!  degrees  represent  the  corners  of  the  bolt 
spline  (7  and  /,  Fig.  1.  Next  the  lead  of  the  spiral— IVij  inch — 
Ih  laid  off  at  th('  right  of  the  diagram  and  Kfj  Is  drawn  to  ob- 
tain its  elope.  A  line  MN  parallel  to  this  Is  drawn  through  M 
and  represents  the  spiral  cut  which  Is  to  be  taken.    As  is  Indi- 


cated by  the  shading,  we  have  now  a  complete  picture  of  one 
of  the  cuts  to  be  taken,  and  the  missing  portions  of  the  cutter 
path  can  be  readily  laid  in,  only  taking  care  to  have  it  clear 
point  0,  as  this  corner  of  the  work  must  remain  untouched. 
The  diagram  also  indicates  how  the  cam  path  is  cut  away 
where  necessary  to  clear  the  inoperative  cam  roll.  Now  if  the 
left-hand  part  of  the  development  is  redrawn  on  a  10:1  scale, 
tlie  successive  values  of  P  at  2-degree  intervals  can  be  readily 
scaled  off  and  tabulated,  giving  the  necessary  information 
for  cutting  the  cam.  It  should  be  noticed  that  what  we  have 
drawn  is  really  a  development  of  the  cutter  path  and  not 
of  the  cam  roll  path,  and  that  in  cutting  the  cam  the  distance 
P  is  to  be  laid  off  from  the  bottom  end  of  the  cam  instead  of 
from  the  top  end  as  measured  in  the  diagram.  This  is  due 
to  the  fact  that  since  the  cam  is  turning  and  the  cam  rolls 
are  stationary,  the  path  must  swing  to  the  right  in  order  to 
move  the  cam  and  cutter  to  the  left.  In  conclusion  it  may 
be  said  that  while  milling  the  cam  it  should  be  marked  as 
shown,  and  it  should  be  secured  to  the  shaft  with  these  marks 
opposite    the   edges   of   the   cutter    to    insure   correct   timing. 


FINANCING  THE  WAR 
In  a  series  of  articles  in  The  Public  on  the  subject 
"Financing  the  War,"  Louis  F.  Post,  assistant  secretary  of  the 
Department  of  Labor,  Washington,  D.  C,  calls  attention  to 
some  of  the  misconceptions  in  regard  to  the  importance  of 
money  in  carrying  on  the  war.  The  subject  is  explained  by 
Mr.   Post  as  follows: 

Where  will  the  money  come  from?  This  question  in  one 
form  or  another  is  on  the  tongue  of  most  persons  who  talk 
about  financing  the  war,  and  at  the  pen-tip  of  most  of  those 
who  write  about  it.  The  unusual  but  absolutely  true 
answer  is  that  very  little  money  will  come  from  anywhere, 
and  that  not  much  would  be  needed  if  it  came. 

The  war  cannot  be  financed  with  money.  This  is  not  a 
dogmatic  pronouncement,  but  a  statement  of  fact  which 
needs  only  to  be  considered  thoughtfully  in  order  to  be 
recognized  as  true.  No  wars  are  financed  with  money.  It 
is  not  money  that  is  borrowed  when  war  bonds  are  issued, 
nor  money  that  is  confiscated  when  war  taxes  are  levied. 
Labor  products,  not  money,  are  the  things  needed  and  used 
in  war. 
The  few  pieces  of  money  that  are  paid  for  bonds  or  taxes 
•  are  taken  by  the  government  only  as  tokens  to  be  passed 
on  for  the  consumable  and  destructible  things  it  really 
needs.  What  it  borrows  with  the  bonds  which  it  issues, 
or  confiscates  by  the  taxes  which  it  levies,  is  not  the  money 
even  when  it  takes  money  in  payment.  Muncii  can  neither 
be  eaten  nor  \corn,  nor  yet  loaded  into  guns  and  shot  at 
the  enemy.  The  subjects  of  governmental  borrowing  or 
confiscating  for  war  purposes  are  the  food,  the  clothing, 
the  munitions,  and  the  like,  which  come  to  the  government 
as  the  pieces  of  money  it  happens  to  take  pass  on  and 
round-about — mere  counters  in  the  flow  of  exchanges. 

Except  as  a  temporary  makeshift  until  equitable  and 
efficient  tax  legislation  for  war  necessaries  can  be  formu- 
lated and  adopted,  bonds  have  no  justifiable  place  in  the 
prosecution  of  a  war  for  democracy.  By  every  democratic 
test,  they  at  their  best  are  worse  than  taxation  at  its  worst. 
In  this  connection  let  the  economics  of  war  supplies  be 
remembered.  Whether  borrowed  on  bonds  or  taken  by 
taxation,  war  supplies  must  be  got  from  the  labor  of  the 
present  time.  They  cannot  by  any  possibility  be  got  from 
the  labor  of  the  future. 

*  *  * 
HIGH-POWER  RADIO  STATION 
The  Navy's  new  high-power  radio  station  in  the  Hawaiian 
Islands  is  the  most  powerful  in  the  world.  It  is  designed  for 
direct  communication  with  Washington  and  the  Philippines. 
Messages  have  been  exchanged  between  the  stations  at  Say- 
ville.  Long  Island,  and  Honolulu,  a  distance  of  approximately 
SOOO  miles,  which  Is  the  world's  record  for  long-distance  ex- 
change of  coninuinication  by  radio.  Communication  between 
Wasliington  and  the  Philippines  will  easily  be  accomplished 
with  a  relay  through  the  Hawaiian  station.  This  station  is 
one  of  a  chain  of  high-power  radio  stations  under  construction 
by  the  Navy  Department;  the  other  stations  in  this  chain  are 
Arlington,  Darlen  (Canal  Zone),  San  Diego,  Cavlte  (Philip- 
pines), Quain  and  Tutulla.  Each  station  consists  of  three 
steel  self-supporting  masts  to  support  the  aerlnl.  The  ap- 
paratus Is  of  the  I'oulsen  arc  type. 
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FORMING  CARDBOARD  SHAPES' 

BY  G.  B.   SMITH  -' 

In  the  April  number  of  Machinery  there  is  a  request  for 
information  on  the  blanking  and  forming  of  pasteboard,  paper, 
cardboard,  plaque  and  pressboard  shapes.  As  the  writer  has 
had  quite  an  extensive  experience  in  this  line  of  press  work, 
he  will  give  a  brief  description  of  the  manufacture  of  this 
product,  confining  it  chiefly  to  the  machines  employed.  Con- 
trary to  general  belief,  a  large,  powerful  machine  is  required 
to  form  and  draw  cardboard  shapes  successfully.  The  cutting 
and  blanking  may  be  done  on  small  light  presses,  but  the 
drawing  and  forming,  to  be  permanent  and  successful,  must 
have  a  press  with  suflicient  power  to  force  the  cardboard  to 
its  required  shape  and  hold  it  there  briefly  under  great  pres- 
sure. In  nearly  all  paper  and  cardboard  forming,  such  as  pie 
plates,  picnic  plates,  candy  dishes,  labels,  covers,  drawn  paste- 
board boxes,  etc.,  the  shape  must  be  blanked,  or  cut,  first,  as 
the  forming  dies  cannot  be  so  constructed  as  to  blank  and 
form  with  the  same  stroke,  as  in  metal  drawing,  and  the  dies 
for  such  blanking  are  the  regular  solid  steel  punch  and  blank- 
ing die,  both  of  which  are  hardened.  These  dies  may  be  of 
the  two-  or  four-post,  bolster,  sub-press  type,  or  the  push- 
through  type,  depending  on  the  nature  of  the  work  to  be  done 
and  the  degree  of  accuracy  required. 

About  all  the  average  cheap  paper  and  pasteboard  forms 
are  blanked,  several  sheets  at  a  time,  on  automatic-feed  presses 
with  push-through  dies.  The  die  must  not  be  too  hard,  for 
with  dry  cutting  of  this  nature,  chipping  takes  place  very 
easily,  which  soon  destroys  the  dies.  These  dies  are  generally 
drawn  down  just  a  trifle  softer  than  dies  required  to  cut  sheet 
metal,  and  they  cannot  be  of  the  water-tight,  ground-to-fit 
style.  Of  course,  if  they  are  too  loose  a  fit,  the  paper  will 
be  torn  off  and  not  cut,  but,  on  the  other  hand,  if  a  perfectly 
tight  punch  and  die  is  used  on  this  dry  work,  the  stock  fiakes 
off  and  clogs  the  dies,  causing  no  end  of  trouble.  The  fit  of 
the  punch  and  die  is  largely  a  matter  of  individual  choice, 
dependent  on  the  thickness  and  nature  of  the  stock  to  be  cut. 
The  writer  has  found  a  good  working  fit  for  tools  used  to 
•cut  paper  and  cardboard  from  0.005  to  0.060  inch  in  thickness 
is  obtained  by  grinding  the  punch  from  0.004  to  0.005  inch 
smaller  than  the  die,  which  gives  a  0.002  inch  clearance  all 
around,  and  then  lapping  the  die  0.010  to  0.012  inch  well  up 
to  the  cutting  edge.  If  the  dies  are  so  built,  clogging  will 
seldom,  if  ever,  occur,  except  on  pulpy  stocks.  Of  course,  it 
is  understood  that  the  thinner  stocks,  such  as  tissues  and 
bonds,  are  always  blanked  several  sheets  at  once  and  work 
perfectly  on  these  dies.  This  work  is  cut  and  blanked  dry 
unless  the  pulpy  or  composition  stock  being  worked  has  a 
tendency  to  cling  to  the  punch,  when  a  little  clean  water  or 
wood  alcohol  is  used  to  wash  out  the  dies  and  keep  them  from 
clogging.  On  hard-paper  stocks,  from  0.004  to  0.015  inch  thick, 
three  to  ten  sheets  are  cut  at  a  time,  while  with  the  pulp 
papers  and  heavy  cardboards  fewer  sheets  may  be  cut  at  one 
stroke.  In  some  cases  but  one  thickness. 

For  single-action  presses  for  blanking  cardboards  and  papers, 
such  styles  as  the  Bliss  No.  21  Is  generally  used.  It  is  very 
efllclent,  as  It  is  Inclinable,  arranged  for  gravity  feeds,  and  has 
many  automatic  attachments.  If  automatics  are  preferred, 
which  really  are  the  producers  for  such  work,  a  press  like 
the  BI188  "No.  3'/^  Special"  may  be  used.  This  press  takes  a 
Khcet  up  to  40  Inches  square,  or  can  be  arranged  to  take  rolled 
nto<:k  40  Inches  wide,  and  Is  a  full  automatic.  The  stock  Is 
placed  on  a  feed  belt,  which  Is  fitted  with  adjustable  stop- 
flngcrs  that  hold  the  sheet  In  position  while  several  blanks 
are  being  cut  at  one  stroke  of  the  press.  These  presses  are 
oxlenHlvely  used  on  plain  sheet,  cover,  card  and  blanking 
work,  where  only  average  accuracy  Is  required. 

Kor  blanking  from  lithographed  or  printed  shcotH,  a  press 
like  the  HIIhh  No.  20— I'K.  zlg/.ug  fend,  sliDuld  hn  used.  This 
proHH  takes  the  shectg  on  an  automatic  slicct  carrier,  and 
after  the  thoel  Is  placed  In  position,  tho  ojxTulor  trips  the 
preas,  but  gives  It  no  more  attention  until   It  autnniatlrally 
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stops  when  the  last  blank  in  the  sheet  is  cut.  The  sheet  car- 
rier then  returns  to  its  initial  position  ready  to  receive  the 
next  sheet.  This  carrier  feeds  very  accurately  and  is  adjust- 
able so  that  the  printed  matter  on  the  sheet  will  register  ac- 
curately with  the  dies.  All  scrap  is  divided  from  the  work 
as  it  is  cut,  and  the  press  may  be  used  for  heavy  cardboard, 
pasteboard  and  plaques. 

For  smaller  work,  such  as  cards,  labels,  etc.,  the  Bliss  No. 
103  is  very  efiicient.  This  press  takes  the  stock  in  strips 
or  rolls  and  is  equipped  with  a  blank-holder  and  a  trip  gong, 
which  rings  when  the  pile  of  blanks  reaches  a  certain  number; 
the  number  may  be  varied  at  will.  This  press  is  adjustable, 
universal,  and  very  rapid,  as  well  as  accurate;  one  operator 
is  able  to  attend  to  from  one  to  four  presses.  Aside  from  the 
increased  production  and  room  space,  the  automatics  are  a 
great  safety  factor,  as  the  operator's  hands  need  never  be  very 
close  to  the  working  dies.  This  feature  alone  should  com- 
mend their  use  in  all  shops  and  on  all  classes  of  work  for 
which  they  are  adapted.  Their  saving  in  production  and  acci- 
dents more  than  pays  for  their  initial  cost. 

After  the  blanks  are  cut  and  ready  to  be  formed,  or  drawn, 
they  are  steamed  or  dampened.  This  is  as  essential  an  opera- 
tion as  is  annealing  in  sheet-metal  working.  Of  course,  it  is 
understood  that  all  grades  of  paper  or  cardboard  will  not  form, 
any  more  than  all  grades  of  metal  will  draw.  The  stock  must 
be  of  such  grade  as  to  withstand  the  stress  of  drawing,  or 
forming,  as  well  as  any  excessive  local  stress  that  may  exist 
in  the  shape  being  manufactured.  After  steaming  or  dampen- 
ing, the  blanks  are  ready  for  the  forming,  or  embossing,  press. 
Either  the  forming  dies  or  the  bedplate  of  the  press  to  which 
they  are  bolted  are  steam  heated;  that  is,  they  contain  a 
chamber  through  which  live  steam  is  conveyed,  thus  keeping 
the  dies  hot  at  all  times.  The  dies  may  be  made  of  almost 
any  shape  or  size  and  of  cast  iron,  machine  steel  or  tool  steel. 
There  is  little  choice  in  regard  to  the  metal  in  the  dies,  as 
they  are  subject  to  little  wear  or  strain. 

Steam-heated  dies  are  required,  for  they  dry  the  blank  as 
it  is  held  in  position  under  considerable  pressure,  thus  making 
a  permanent  shape.  The  presses  generally  used  for  such  work 
are  those  like  the  Bliss  "No.  55  Paper  Drawing"  press.  The 
upper  die  is  bolted  to  the  top  plate  of  the  press  and  remains 
stationary.  This  plate  may  be  adjusted  for  pressure,  arrange- 
ment of  dies,  etc.,  by  means  of  the  bolts  at  the  top  of  the  press. 
The  amount  of  pressure  required  is  entirely  dependent  on  the 
stock  being  run  and  the  style  of  work  manufactured,  the  same 
as  when  drawing  sheet  metal;  but  in  any  case  very  little  pres- 
sure is  required.  The  bottom  bed,  or  bolster,  to  which  the 
lower  die  is  bolted  moves  upward  and  has  an  extra  long  dwell, 
thus  holding  the  paper  or  cardboard  form  under  pressure  for 
a  brief  time  while  it  dries  in  the  dies.  Thus,  at  the  highest 
point  of  the  stroke,  the  article  assumes  a  permanent  shape 
under  the  action  of  the  steady  pressure  and  heat. 

There  are  many  presses  on  the  market  for  embossing  work 
in  metals,  papers,  cardboards,  leather,  etc.,  but  the  most  satis- 
factory has  an  adjustable  bed  and  is  equipped  with  automatic 
die  slide  and  feeds,  so  that  the  operator's  hands  are  never 
very  near  the  dies.  Paper  may  be  embossed  on  light  presses, 
but  for  a  successful  emboss,  even  on  light  post-cards  and 
magazine  covers,  a  press  should  have  sudlcient  pressure  to 
smash  the  very  texture  of  the  paper  Into  the  forms  so  that 
It  will  assume  a  permanent  shape.  This  takes  a  lot  of 'power 
and  requires  a  largo,  heavy  press.  While  a  great  deal  of  form- 
ing and  embossing  Is  done  dry  on  light  single-action  presses, 
the  .sleainoil  slock  iinilor  the  action  of  alendy  pressure  and 
heat  makes  a  much  better  piece  of  work  and  Is  permanent, 
which  cannot  be  said  of  the  lightly  formed  or  embossed  goods. 
Besides  the  working  on  paper  and  cardboards,  those  presses, 
are  extensively  used  for  forming  and  embossing  leather  goods, 
chair  backs,  furniture,  and  many  wooden  products,  metals, 
preHHboarilH,  plaqui'H,  rawhldeM,  cDinpoHltloiis,  etc. 


The  Minister  of  Munitions  of  Uroat  Britain  has  IsRucd  an 
order  by  which  all  Iron  ore  mines  In  the  counties  of  Cumber- 
land  iiMil  Lancaster  pans  Into  tho  posseHHlon  of  the  govern- 
iiicril,  mill  uniler  the  nianagi  ment  of  the  Mlnlntry  of  Munltlnns. 
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PORTABLE   TUBE-BENDING   MACHINE 

Having  various  sizes  of  tubing  to  bend  and  set  up  in  differ- 
ent parts  of  the  factory,  it  was  decided  to  make,  at  small  cost, 
a  machine  that  could  be  brought  close  to  the  job  being  set  up. 


Fig.  1.     Handy  Tube  Bender.     Figs.   2  and  3.     Bends  that  are  made 

and  thus  save  the  time  spent  in  going  to  the  machine  to  make 
the  bend  and  then  back  to  the  work  to  try  the  tube  in  place. 
Most  of  the  work  was  special  and  required  more  or  less  cut- 
ting and  trying  so  as  to  make  a  good  job.  The  machine  de- 
signed is  shown  in  the  accompanying  illustration.  It  was 
made  in  tandem  so  as  to  enable  two  men  to  work  simul- 
taneously or  so  that  each  side  could  be  set  for  a  different  bend, 
thereby  eliminating  the  necessity  of  changing  the  positions  of 
the  rolls.  One  of  the  air  cylinders  D  is  twelve  inches  by  twelve 
inches  and  the  other  is  eight  inches  by  twelve  inches,  as  these 
were  on  hand. 

The  roll-holder  A  has  several  slots  on  each  side,  cut  opposite 
each  other,  to  hold  the  shaft  that  contains  the  rolls;  these 
slots  are  spaced  so  as  to  obtain  the  necessary  bends.  The 
holes  M  are  used  for  hold-down  bolts  (not  shown)  when  bend- 
ing pipe  as  shown  in  Fig.  3.  The  former  B  and  the  rolls  C 
are  made  to  suit  the  diameter  of  tube  and  the  radii  of  bend. 
The  control  of  the  cylinders  D  is  obtained  by  the  air  valve  E, 
which  is  connected  to  the  main  line  by  a  flexible  shaft  F.  The 
frame  of  this  machine,  consisting  of  the  base  G  and  the  up- 
rights //  and  /,  was  made  of  heavy  pine  logs  bolted  together. 
The  cylinders  D  are  bolted  to  three  steel  straps,  which  are 
held  to  the  column  by  six  heavy  bolts  J  and  A'.  The  bail  L 
la  for  the  crane  hook.  Figs.  2  and  3  show  two  of  the  bends 
that  are  made;  right-angle  bends  can  ho  made,  if  desired,  by 
Htrapplng  down  one  end  of  the  tube.  Miscellaneous  straps  and 
bolt.s  are  used  in  connection  with  the  bending,  but  are  not 
shown.  G.  E.  P. 


quirements,  it  was  decided  to  do  the  work  in  an  ordinary  in- 
clinable punch  press  with  sufficient  power  to  operate  the  com- 
pound punch  and  die  used  for  making  the  covers.  At  A  in 
Fig.  1  is  shown  the  form  of  rectangular  blank  from  which 
these  covers  were  drawn  and  formed.  This  blank  is  3/32  inch 
wider  at  the  center  than  at  the  ends,  to  allow  for  the  stock 
which  is  drawn  toward  the  center  due  to  the  concave  form 
of  the  cover.  In  order  to  overcome  the  tendency  of  the  steel 
to  warp  slightly  one  way  or  the  other,  it  was  necessary  to 
develop  the  work  gradually  so  as  to  produce  uniform  shape 
and  flexibility.  In  this  connection  it  may  be  mentioned  that 
when  one  of  these  covers  is  in  use  it  must  fit  close  at  all 
points;  and  in  order  to  meet  this  condition  it  is  necessary 
to  have  a  reverse  curve  in  the  cover,  so  that  when  it  is  put 
in  place  and  tightened  with  a  nut  on  boss  X,  the  cover  will 
settle  1/16  inch  at  the  center,  making  it  perfectly  straight 
and  at  the  same  time  putting  sufficient  tension  on  the  nut 
to  keep  it  from  turning  off  through  vibration  or  any  other 
cause. 

Fig.  2  shows  the  compound  blanking  punch  and  die  in  which 
these  tension  covers  are  made.  In  order  to  provide  the  neces- 
sary curvature  in  the  work,  blanking  punch  B  is  tapered  3/32 
inch  on  the  cutting  edge  and  flanging  section  from  center  D 
to  ends  E.  Blanking  punch  B  consists  of  four  triangular 
shaped  sections  made  of  tool  steel  and  hardened  in  oil,  three 
views  of  one  of  these  sections  being  shown  in  detail  at  the 
extreme  right-hand  side  of  Fig.  2.  In  working  out  the  design 
of  these  punch  sections,  particular  attention  was  paid  to  sim- 
plifying the  work  of  repairing  and  grinding  the  punches  as 
far  as  possible.  When  it  becomes  necessary  to  grind  a  blank- 
ing punch,  these  triangular  shaped  sections  are  set  up  on  a 
surface  grinder  and  ground  along  the  cutting  edge  and  also 
on  the  3/32-inch  taper  which  runs  horizontally  from  the  cen- 
ter of  the  punch  to  the  end  of  flange  y.  When  this  flange  has 
been  properly  ground,  the  inside  of  the  punch  is  ground  at 


MAKING   STEEL   TENSION   COVERS 

An  order  was  received  for  some  ateel  tension  covers  of  the 
form  shown  at  B  and  C  In  Fig.  1.  Either  cold-rolled  or  hot- 
rolicd  20  gage  steel  could  be  used,  and  after  studying  the  re- 
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Fig.  1.    Shoot  Stool  Blank  A  and  Finiihod  Tonslon  Covor  ihown  at  B  and  C 
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Yig.  2.     Punch  and  Die  used  for  Production  of  Steel  Tension  Cover  shown  at  B  and  C  in  Fig,  1 


the  same  setting  in  order  to  maintain  the  proper  depth  at 
face  Z.  The  punch  is  then  assembled  ready  for  subsequent 
service. 

Two  views  of  the  blanking  punch  and  die  are  shown  m 
Fig.  2.  The  die-shoe  A  and  punch-shoe  C  are  made  of  cast 
iron  properly  aligned  by  tool-steel  guide  pins  F  and  bronze 
bushings  G.  Blanking  punch  B  is  seated  in  shoe  A  and  held 
in  place  by  screws  H.  In  working  out  the  design  of  this  punch 
and  die,  perforating  punch  I  was  left  long  so  that  the  perforat- 
ing operation  can  be  performed  before  the  actual  drawing  and 
forming  of  the  tension  cover  is  commenced.  In  this  way  the 
hole  is  stretched  and  makes  stripping  of  the  cover  an  easy 
matter  without  danger  of  distortion.  Knock-out  pins  J  are 
made  of  machine  steel  and  actuated  by  springs  K,  which,  in 
turn,  are  held  in  place  by  set-screws  L. 

The  blanking  die  M  is  made  of  four  steel  sections  and  seated 
in  a  cast-iron  shoe  and  bolster  plate  C,  being  held  by  screws  J^\ 
These  sections  have  the  propet  cutting  shear.  Forming  plate 
P  is  made  of  one  piece  of  tool  steel  with  an  inserted  section  Q 
for  forming  beads  in  the  cover.  These  sections  are  both  hard- 
ened in  oil,  and  the  under-cut  in  section  M  assists  in  holding 
the  forming  section  P  in  place.  Knock-out  pins  if,  actuated 
by  springs  6',  serve  to  eject  the  finished  cover  instantly,  and 
by  the  aid  of  gravity  allow  it  to  slide  away  through  opening  T. 
Stripper  U  is  held  in  position  by  flat-headed  screws.  A  posi- 
tive stripper  of  this  type  was  found  desirable  because  it  is 
safer  than  a  spring  stripper.  As  the  stripper  is  held  station- 
ary, it  cannot  accidentally  crush  a  workman's  finger  if  he 
leaves  hia  hand  in  an  exposed  position.  Oil-holes  leading  to 
the  bearings  of  guide-pins  F  are  shown  at  W,  these  pins  being 
of  the  stationary  type  and  secured  by  set-screws  V.  Bolt  holes 
in  bolster  C  are  used  to  fasten  the  die  to  the  press  bed. 

Highland  I'ark,  Mich.  Ebnest  A.  Walters 


These  arcs  were  cut  by  the  aid  of  an  indexing  head  and  a 
milling  cutter  in  a  milling  machine,  but  the  indexing  heads  on 
hand  would  not  give  results  accurate  enough  when  dividing 
the  periphery  of  steel  disks  11%  inches  in  diameter.  As  a 
result,  the  following  method  was  adopted,  as  it  was  more 
positive. 

An  angle-iron  was  laid  out,  as  shown  in  Fig.  2,  with  a  cen- 
tral hole  coinciding  with  the  central  hole  in  the  dial  plate 
to  be  cut,  and  three  small  holes  A,  B  and  C  were  made  at  a 
given  radius.  Hole  A  was  used  to  line  up  the  center  of  the 
spindle  of  the  milling  machine,  hole  B  was  used  for  a  stop 
during  the  operation  of  cutting  the  arcs,  and  hole  G  was  used 
for  a  stop  while  milling  the  driving  slots.  This  angle-plate  was 
strapped  to  the  table  of  the  milling  machine  and  a  hole  A  V4 
inch  in  diameter  was  indicated  up  to  the  center  of  the  milling 
machine  spindle.  The  dial  to  be  cut  was  then  strapped  to  the 
angle-plate  and  twelve  holes  were  bored  through  the  dial  near 
its  periphery,  as  shown  in  Fig.  1.  These  holes  formed  the  back 
end  of  the  driving  slots  when  the  latter  were  finished  as  shown 
in  Fig.  3.  After  these  holes  were  bored,  a  stop  was  put 
through  one  into  a  hole  in  the  angle-plate,  the  milling  machine 
table  was  run  back  the  required  distance,  a  cutter  3%  inches 
in  diameter  was  inserted  into  the  milling  machine  spindle, 
and  the  arcs  roughed  out  to  within  1/16  inch  of  the  correct 
radius  around  the  dial  plate.  This  cutter  was  then  replaced 
by  a  fly  cutter  and  finish  cuts  taken  until  the  arcs  and  driv- 
ing slots  were  true  to  a  templet.  The  driving  slots  between 
the  arcs  were  milled  to  maximum  and  minimum  plug  gages. 
There  was  very  little  file  finishing  to  be  done,  and  when  the 
presses  were  assembled  the  timing  of  the  dials  was  practically 
as  good  as  it  is  possible  to  obtain. 

New  Haven,  Conn.  Ehic  Lee 


MACHINE   DIAL  FEEDS 
Considerable  difficulty  was  encountered  In  the  manufacture 
of  automatic-press  dial  feeds  In  a  Jobbing  shop,  the  trouble 
arising  In  the  arcs  used  for  timing  the  movement  of  the  dial. 


SIMPLE   SPRING  WINDING   METHOD 

A  method  of  winding  springs  was  given  in  the  November 
number  of  Maiiiinkhy  by  George  Werner,  Jr.  The  writer 
used  this  method  years  ago,  and  discovered  a  kink  that  may 
be  of  Interest.    Light  springs  of  music  wire  about  0.025  Inch  in 
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diameter  were  wound  by  the  method  described,  but  the  spacer 
was  continuously  pressed  toward  the  chuck,  and  the  result 
was  a  closely  wound  spring  on  the  arbor.  When  the  spring 
was  released,  the  coils  expanded  to  the  pitch  determined  by 
the  pitch  of  the  spacer.  In  this  manner  it  was  possible  to 
make  a  much  longer  spring  than  the  arbor  ordinarily  allowed. 
Orange,  Mass.  H.  F.  Misener 


EFFICIENCY  POINTS  IN  BORING  FIXTURES 

As  extreme  accuracy  is  the  prime  requisite  in  any  boring 
operation,  boring  jigs  and  tools  are  generally  more  accurate 
than  most  machining  fixtures.  There  are  many  points  in 
boring-fixture  design  that  are  being  contested,  but  the  details 
shown  in  the  accompanying  illustration  have  been  adopted 
by  expert  tool  engineers  in  the  production  of  United  States 
aviation  motors.  The  limits  allowed  on  machined  surfaces  on 
this  work  are  less  than  on  much  work  of  equal  importance, 
so  that  the  accuracy  of  the  jigs  cannot  be  disputed. 

To  line  up  the  jig  on  the  table  of  the  machine  a  planed  slot 
In  the  casting,  used  with  a  steel  strip  in  the  table  T-slot,  as  in 


This  method  always  insures  the  proper  fit  of  the  bars  In  the 

slip  bushings. 

Fig.  5  shows  a  simple,  but  effective,  driving  joint  for  borlng- 
and  reaming-bars.  Rounded  rims  are  turned  on  the  knuckles 
A,  which  are  pinned  to  the  sleeve  B,  as  shown,  with  pins  at 
right  angles  to  each  other.  The  pin-holes  in  these  knuckles 
are  tapered  from  the  center  out,  which  insures  a  good  driving 
surface  for  the  pins.  The  sleeve  C  is  merely  a  sheet-metal 
cover  to  keep  the  pins  from  falling  out. 

Single-point  boring  tools  are  used  rather  than  the  double- 
edged  ones.  Fig.  6.  One  favorable  feature  of  single-point  tools 
is  that  where  several  bearings  are  to  be  bored,  covering  a 
great  length,  the  tools  (one  for  each  bearing)  can  be  inserted, 
adjusted  and  tightened  in  the  bar  before  sliding  it  into  the 
fixture  and  casting.  The  guide  bushings  are  removed  and 
the  bar  slid  through  the  fixture  and  through  the  casting  with 
the  tools  pointing  upward.  This  allows  the  bar  to  slide  on 
the  bottom  of  the  cored  hole  and  gives  plenty  of  clearance, 
as  shown  in  Fig.  7.  The  bars  are  inserted  from  the  rear  end, 
so  that  the  table  of  the  machine  need  not  be  removed  after 
being  set. 


Figs.  1  to  9.     Boring  Fixture  Details   approved  by  Tool  Engineers  in  Production  of  Aviation  Motors 


Pig.  1,  seems  to  be  preferred  over  the  method  of  planing  a 
tongue  on  the  Jig  base,  as  in  Fig.  2.  In  the  latter  method  the 
tongue  is  likely  to  become  battered  and  worn  and  cannot  be 
replaced.  The  former  method  is  the  cheaper;  and,  besides,  if 
the  Jig  Is  made  to  fit  a  certain  machine  it  cannot  be  used  on 
a  machine  that  has  a  narrower  T-slot. 

Fig.  3  shows  an  excellent  design  of  guide  bushings.  The 
clearance  between  the  large  locating  bushing  and  the  cored 
hole  In  the  jig  permits  a  readjustment  of  the  bearing  after  it 
has  become  out  of  alignment,  which  always  happens  in  time. 
This  bushing  Is  doweled  to  the  Jig,  so  that  to  realign  it  the 
bushing  Is  loosened,  reset,  drilled  and  again  doweled.  The 
guide  bushing  slips  Into  a  hardened  steel  stationary  bushinc 
Inside  the  large  locating  bushing.  This  construction  does 
not  require  the  accurate  boring  of  the  jig  at  the  beginning. 

Wearing  strips  are  provided  on  wearing  surfaces  of  all 
boring-bars,  as  In  Fig.  4.  These  are  of  hardened  steel,  Inserted 
In  four  slots  In  the  bar,  and  after  being  peenod  In  place,  they 
arc  ground  to  size  with  the  bar.  After  wear  takes  place,  the 
■trips  are  removed,  the  bottom  of  the  slot  packed  up,  the 
strips  replaced,   fastened   and   reground   to   size   on   the  bar. 


Fig.  8  shows  an  arrangement  of  reamers  and  reamer-bar  for 
reaming  a  casting  of  several  bearings.  Shell  reamers  are  used 
in  this  operation,  and  if  the  standard  taper  hole  shell  reamer 
were  used,  the  bar  would  necessarily  have  several  shoulders, 
one  for  each  taper,  giving  the  telescopic  eflfect.  and  the  small- 
est diameter  of  the  bar  would  be  entirely  too  small  for  accu- 
rate alignment.  So  the  reamers  are  made  with  a  straight 
hole  and  the  bar  has  one  diameter.  The  reamers  are  strung 
along  the  bar,  and  a  disappearing  driving  screw  with  a  shoul- 
der pin  Is  raised  with  a  screwdriver  into  each  reamer  after 
It  is  put  In  place,  as  shown  In  Fig.  9. 

Cincinnati,  Ohio  Joseph  A.  Aiilers 


TRIGONOMETRIC   FUNCTIONS   FOR   ANY 
ANGLE 

In  the  August  number  of  M.miiinkhy  an  answer  was  given 
to  an  Inquiry  for  an  easy  method  of  remembering  the  signs 
of  the  various  trigonometric  functions  of  an  angle  in  any 
quadrant.  The  writer  considers  the  following  rule  much 
simpler  than  the  one  that  was  submitted:     It  Is  necessary  to 
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memorize  the  following  sentence: 
"All  who  sin  are  tanned  as  cost 
of  transgression."  The  parts  of 
this  sentence  that  are  in  italics 
fit  in  the  respective  quadrants 
commencing  at  the  first,  and  in 
this  way  give  the  positive  func- 
tions of  that  quadrant;  referring 
to  the  illustration,  all  functions 
are  positive  in  the  first  quad- 
rant, sine  is  positive  in  the  sec- 
ond, tangent  is  positive  in  the 
third,  and  cosine  is  positive  in 
the  fourth.  Of  course,  the  signs  of  the  cosecant,  secant 
and  cotangent  have,  respectively,  the  same  signs  as  the  sine, 
cosine  and  tangent,  as  they  are  the  reciprocals  of  the  latter. 
It  follows  that  all  the  functions  not  positive  in  the  various 
quadrants  must  takes  the  negative  sign. 

Sheffield,  England  G.  S.  Bowling 
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WHO  BLUNDERED-THE  DRAFTSMAN  OR 
THE   MACHINIST? 

The  writer  read  with  interest  the  article  in  the  November 
number  entitled  "Who  Blundered— the  Draftsman  or  the  Ma- 
chinist?" Mr.  Baker's  state  of  mind  upon  receipt  of  the 
spindles  was  evidently  not  an  enviable  one,  but  nevertheless, 
the  shop  was  not  entirely  at  fault.  It  is  the  contention  of 
the  writer  that  instructions  should  have  accompanied  the 
sketch,  and  for  this  reason  the  management  should  not  be 
absolved  from  responsibility  for  the  error,  and  neither  the 
draftsman  nor  the  machinist  should  shoulder  the  whole  blame. 

East  Rutherford,  N.  J.  Geobge  F.  Ktjhne 

The  writer  finds  the  draftsman  at  fault  in  the  article 
entitled  "Who  Blundered — the  Draftsman  or  the  Machinist?" 
on  page  250  in  the  November  number  of  Machineey.  The 
accompanying    illustration   shows   the   correct   drawing   that 


Correct  Drawing  of  S 


Spindle 


should  have  been  sent  to  the  shop.    The  machinist  should  not 
be  blamed  for  turning  down  the  spindles  as  the  sketch  indi- 
cated.    A  blueprint   of   the   entire  spindle   could   have   been 
used,  with  the  changes  denoted  in  red  or  black  ink. 
Hartford,  Conn.  E-  H.  Bbuce 

Referring  to  the  article  entitled  "Who  Blundered— the 
Draftsman  or  the  Machinist?"  In  the  November  number.  It 
Is  the  writer's  opinion  that  the  break  of  the  spindle  Is  Incor- 
rect, because  It  represents  a  straight  spindle  without  a  step. 
A  break  should  only  occur  on  a  straight,  or  uniformly  chang- 
Ing  pifce  of  material,  and  should  not  omit  any  details.  The 
sketch  shows  a  rhange  In  the  diameter  of  llio  spindle  In  back 
of  the  flange  and  If  It  were  not  Intended  to  bo  different  from 
the  original  splmlle  It  should  have  been  dimensioned,  to  Indi- 
cate that  the  scale  was  Incorrect.  The  machinist,  unless 
(lennllely  Instructed  that  the  slot  was  to  bo  the  only  change, 
would  scale  the  drawing  when  ho  noticed  that  Iho  Bkol<'h  was 
dlfr<rcnt  from  the  spindle,  and  nssumo  that  tho  dimension 
had  been  omitted  and  ttint  II  was  to  bo  the  Hamo  as  at  tho 
small  end.     I  say  that  tho  draftsman  blundered. 

RocVford,   III.  M    T    Kiiiiam 

In  tho  November  number  pf  MA<iiiNrKY  Donald  A.  Hoker 
shows  a  sketch  for  altering  some  splndleg  and  asks  whether 


the  draftsman  or  the  machinist  blundered.  The  answer,  of 
course,  will  be  unanimous.  The  machinist  blundered.  Possi- 
bly this  sort  of  thing  is  new  to  Mr.  Baker,  but  it  occurs  not 
only  on  work  sent  out,  but  on  work  done  right  in  one's  own 
shop.  Too  much  care  cannot  be  exercised  in  making  drawings 
fool-proof.  With  no  desire  to  excuse  the  machinist,  it  is 
nevertheless  unfortunate  that  the  part  of  the  spindle  directly 
to  the  right  of  the  break  in  the  sketch  B  scales  the  same 
diameter  as  the  part  that  was  to  be  slotted.  In  fact,  it  is 
unfortunate  that  anything  beyond  the  break  was  shown  at 
all.  If  nothing  beyond  the  break  had  been  shown,  there 
would  not  have  been  the  slightest  excuse  for  even  considering 
any  other  operation  than  slotting.  Even  at  that,  some  bright 
youth  might  cut  the  spindle  in  two  just  beyond  the  slot 
without  bothering  to  ask  about  the  teeth. 

Jersey  City,  N.  J.  H.  D.  Mubphy 

SPACING    AND    THICKNESS    OF    LINES    IN 
CROSS-HATCHING 

The  clearness  of  a  mechanical  drawing  is  largely  a  matter 
of  contrasts.  The  lettering  and  variations  in  thickness  of 
lines  make  the  drawing  clear  in  proportion  to  the  skill  used 
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Spacing  and  Thickness  of  Lines  in  Cross-hatching 

in  arranging  them  to  secure  the  most  effective  results.  The 
uses  of  various  lines  and  letters  are  generally  understood  and 
adopted,  yet  one  of  the  best  ways  of  making  a  drawing  clear 
is  commonly  overlooked,  although  no  additional  time  or  skill 
is  required.  The  accompanying  illustration  shows  the  results 
obtained  by  varying  the  angles,  thickness  and  spacing  of  lines 
used  in  cross-hatching.  When  skillfully  used,  this  plan  makes 
It  possible  to  secure  an  effect  having  the  appearance  and  easily 
comprehended  qualities  of  a  bas-relief. 

Pittsburg,  Pa.  F.  D.  Buffum 

PLACING  TIGHT  BELTS   ON  PULLEYS 

The  writer  has  experienced  the  difficulty  of  placing  a  tight 
belt  on  a  pulley,  and  the  method  employed  was,  in  some  re- 
spects, similar  to  that  mentioned  in  the  November  number  of 
Machineuy,  page  24G,  but  by  the  following  method  the  same 
results  can  be  obtained  with  a  greater  degree  of  safety.  A 
rope,  the  length  of  which  should  be  at  least  three  times  the 
diameter  of  the  pulley  upon  which  the  belt  is  to  be  placed,  is 
folded  over  the  belt  and  the  ends  made  of  even  length.  The 
ends  are  then  passed  over  the  pulley  and  wrapped  once  around 
the  shaft,  on  tlio  opposite  side  of  the  pulley  from  tho  belt, 
in  the  direction  of  rotation  of  the  shaft  so  that  tho  rope  will 
unwind  when  the  shaft  is  revolved.  The  belt  Is  then  raised  to 
about  the  same  position  that  It  would  be  if  thrown  on  the 
pulley  In  tho  usual  manner,  and  the  rope  drawn  tight.     The 

power  may  now  be  ap- 
plied,   and    as    the    bell 

starts    up    slowly    It    Is 

automat  Ically  thrown  on 

tho  pulley.     During  this 

time  the  rope  should  be 

belli    In    tho   hand,   and 

wlieii     Die     pulley     has 

made      about      one  half 

revolution     It     will     tn' 

clear  of  tho  pulley  and 

lond  to  travel  with  the 

bolt.      Ono    end    of    the 

ropo  should  now  bo  lot 

loose,   and    pullod   clear 
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of  the  belt  by  the  other  end.  This  method  removes  all  danger 
from  the  rope  hanging  to  the  belt  to  become  a  menace  to  the 
belt  and  workmen  when  delivered  to  the  driving  pulley.  After 
a  few  trials,  a  tight  belt  can  be  placed  on  the  pulley  with  com- 
parative ease  by  this  method,  and  often  without  stopping  the 
main  shaft. 
Moline,  111.  C.  C.  Hermann 


GREASE  GUN  FOR  FILLING  NEW  BEARINGS 

By  using  the  grease  gun  here  shown,  much  time  may  be 
saved  in  filling  new  bearings.  The  usual  way  of  lubricating 
new  machines  is  for  the  man  to  screw  on  the  grease  cup,  fill 
it  with  grease  and  screw  down  the  cap  to  fill  the  bearing,  then 
remove  the  cap  and  refill  the  cup.  Oftentimes  it  is  necessary 
to  refill  the  cup  several  times  before  the  bearings  are  full  of 
grease;  if  the  gun  is  used,  the  bearings  are  filled  before  the 
grease  cups  are  put  in  place.  The  nozzle  A  is  placed  in  the 
grease-cup  hole  and  grease  is  forced  into  the  bearings  with  air 
at  a  pressure  of  between  sixty  and  one  hundred  pounds. 

The  gun  is  made  of  pipe  that  is  bored  smooth  on  the  inside. 
To  fill  it,  the  lower  reducing  coupling,  to  which  the  valve  and 
nozzle  are  attached,  is  removed  and  the  piston  is  pushed  back 
to  the  farther  end.    The  nozzle  A  is  protected  with  a  rubber 


Grease  Gun  operated  by  Compressed  Air 

or  leather  cone  as  shown.  This  gun  may  be  used  to  fill  roller 
bearings,  plain  bearing  grooves,  grease  holes,  or  other  parts 
with  grease,  and  as  the  grease  is  forced  in,  all  the  parts  are 
well  lubricated. 

Flint,  Mich.  C.  C.  Spbeen 

DRILL   PRESS   WORK-HOLDER 

The  illustration  shows  a  fixture  that  was  designed  for  the 
purpose  of  holding  in  proper  position  pieces  to  be  burred,  coun- 
tersunk or  drilled,  and  handling  them  rapidly.  It  consists  es- 
sentially of  a  stationary  bed-plate,  attached  to  the  drill  press, 
and  a  movable  arm.  In  the  movable  arm  is  a  semicircular 
recess  opposed  to  a  similar  recess  in  the  fixed  piece.  In  these 
recesses  are  fastened  bushings  A  of  a  size  and  shape  corre- 
sponding to  the  exterior  of  the  piece  on  which  the  work  is  to 
be  done.  The  arm  swings  on  a  stud,  and  has  a  handle  of  suit- 
able length  to  furnish  suflBcient  leverage  to  hold  the  piece 
firmly  in  position  during  the  operation.  It  opens  or  closes 
with  a  single  movement,  permitting  the  rapid  insertion  and 
withdrawal  of  the  work,  so  that  the  speed  to  be  attained  de 
pends  only  upon  the  quickness  of  the  operator  and  the  time 
required  for  the  operation  of  the  machine.  By  the  use  of  dif- 
ferent sizes  and  shapes  of  bushings,  this  device  is  adaptable 
for  many  drilling  operations. 

Boston,  Mass.  John  A.  Shand 


m 


IL 


-w- 


Fr 


SPOT-FACING  TOOL  AND 
COUNTERBORE 

The  accompanying  illustration 
shows  a  form  of  spot-facing  tool  and 
counterbore  not  included  by  F.  B. 
Jacobs  among  the  spot-facing  tools 
described  by  him  in  the  August  num- 
ber of  Machinery.  The  economy  of 
material  and  time  in  this  form  com- 
mend it,  for  each  side  is  notched  and 
ground  for  cutting.  Projecting  pins 
on  the  bar,  engaging  the  notches  not 
in  use  for  cutting,  serve  as  drivers, 
as  shown  in  the  illustration. 

WrLLIAM    S.    ROWEIX 

Wilkinsburg,  Pa. 


RIGHT-  AND   LEFT-HAND   TOOLS 

In  the  September  number  of  Machinery,  page  60,  was  an 
article  on  right-  and  left-hand  tools,  some  of  the  statements 
in  which  the  writer  does  not  agree  with.  Suppose  a  workman, 
in  picking  up  a  tool,  holds  it  with  the  butt  end  toward  him 
and  the  cutting  edge  from  him;  if  the  cutting  edge  is  on 
the  left-hand  side  it  is  a  left-hand  tool  because  it  cuts  toward 
the  left;  If  the  cutting  face  is  on  the  right-hand  side  it  Is  a 
right-hand  tool  because  it  cuts  toward  the  right.  This  is  the 
opposite  to  the  claim  made  in  the  article  mentioned.  The 
writer  knows  of  a  number  of  well-equipped  and  efficient  ma- 
chine shops  where  the  terms  here  given  have  been  adopted. 
These  tools  are  shown  in  the  illustration  at  A  and  B.  In  the 
writer's  opinion  the  terms  "left-bend"  and  "right-bend"  are 
awkward.  If  a  workman  desired  to  cut  close  to  a  shoulder 
with  a  left-hand  tool,  he  would  require  a  tool  bent  to  the  right 
to  give  the  desired  result,  or  a  left-hand  tool  bent  right,  and 


Names  of  Lathe  Tools  that  are  commonly  used 

this  wording  would  follow  his  line  of  thought.  This  contrasts 
favorably  with  left-hand  tool  right-bend.  The  terms  "offset" 
and  "bent"  are  also  confused.  "Offset"  defines  a  tool  on  which 
the  cutting  edge  retains  the  same  relation  to  the  shank  as 
on  an  ordinary  tool  but  Is  set  either  to  the  left  or  right,  as 
illustrated  by  C  and  D.  "Bent"  defines  a  tool  that  has  the  line 
of  the  cutting  edge  bent  either  left  or  right  at  an  angle  with 
the  shank  as  shown  by  E  and  F. 

It  would  seem  that  In  these  days  of  unskilled  workers  In 
the  machine  shops,  the  names  of  tools  should  be  simplified  in 
favor  of  the  most  obvious  term.  The  writer  is  of  the  opinion 
that  if  several  men  who  knew  nothing  of  machines  or  tools 
were  shown  tools  of  various  hands  and  bends,  their  definitions 
of  the  tools  would  coincide  with  his  views.  Therefore,  If  men 
new  in  the  nieclianical  field  define  something  in  its  most 
obvious  form,  which  men  long  in  the  field  admit  but  lack  the 
courage  to  cliange,  why  place  the  new  man  under  a  handicap 
Imposed  by  improper  reasoning  and  custom?  R.  L. 


Dovloe   for   holdinf    Work    on    Drill    Fr 


ANGLE   OF   REST    OF   SHELLS 

The  angle  of  rest  of  shells  can  bo  found  by  a  much  simpler 

method  than  that  given  in  the  September  number  of  MAniiNEBT; 

the  method   given  In  the  following  does  not  require  an  ex 

tensive  knowledge  of  mathematics.    The  diagram  given  In  that 
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]>iagrain  illustrating 

Angle  of  Best 

of  Shells 


solution  is  slightly  modified,  aod  all  un- 
necessary lines  are  omitted.  Points  C  and 
D  are  the  centers  of  the  two  given  circles. 
The  horizontal  distance  GC  between  the 
centers  is  60  inches.  The  vertical  dis- 
tance DG  between  the  centers  is  the  sum 
of  the  radii  of  the  circles  minus  the  dis- 
tance they  would  overlap,  If  their  cen- 
ters were  in  the  same  vertical  line,  or 
(56  —  6)  -f  48  =  98  inches.  lu  the  right 
triangle  DGC.  the  length  of  hypotenuse 
DC  =  VDG'  +  GC  =  V98'  +  60^  = 
114.90866.  In  the  right  triangle,  DEC, 
the  side  C£  =  CA  +  AE  =  48  -f  56  = 
CE  104 

104  inches.    Hence,  cos  a  =  =  =  0.90507  and 

CD         114.90866 

angle  a  =  25  degrees,  10  minutes.     From  the  triangle  DGC, 

DG  98 

angle  S  mav  also  be  easily  found  for  tan  (3  =  =  = 

GC  60 

1.6333;  so  /3  =  58  degrees,  32  minutes.    The  required  angle  x 
is  therefore  90  —  (a  -f  /3)  =  90  degrees  —  83  degrees,  42  min- 
utes =  6  degrees,  18  minutes. 
Fitchburg,  Mass.  V.  Chakushin 

The  following  method  of  finding  the  angle  of  rest  of  shells 
differs  somewhat  from  that  given  in  the  September  number 
of  Machinery;  yet  it  produces  absolute  results.  Using  the 
dimensions  given  by  L.  J.  F.,  in  the  accompanying  illustration, 

60 

CD  =  48  -f  56  —  6  =  98.     Tan  a  = =  0.61224  =  tan  31 

98 

98  98 

degrees,  28  minutes,  37  seconds.    AC  = =  = 

cos  a  0.85285 

104 

114.909.    Cf  =  48  -f  56  =  104.    Cos  a  = =  0.90506  = 

114.909 
cos    25    degrees,    10    minutes,    3    seconds.     7  =  0  —  /3  =  31 
degrees,  28  minutes,  37  seconds  —  25  degrees,  10  minutes,  3 
seconds  =  6  degrees,  18  minutes,  34  seconds. 

Another  solution  was  suggested  by  one  of  the  boys  at  the 
shop,  W.  J.  Billerbeck.  This  method,  with  the  figures  pre- 
sented   by    B.    V.    D.,    is    also    shown    by    the    illustration. 

0.16 
CD  =  0.125  -t-  0.045  —  0.05  =  0.12.    Tan  a  =  =  1.3333  = 


Cos  /3  = 


CJ 


0.125 


0.84999  =  cos  31  degrees,  47 


0.12 


0.16 


tan    53    degrees,   7    minutes,   45   seconds.     AC  = 
0.16 


sin  a 
0.2.    AE  and  EC  are  proportional  to  AH  and  CJ, 


0.79999 

respectively;  therefore: 

CJ                        0.125X0.2 
EC  = X  AC  = =  0.14706 


AH-f  C/ 


0.170 
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EC  0.14706 

minutes,  20  seconds.  7  =  a  —  /3  =  53  degrees,  7  minutes,  45 
seconds  —  31  degrees,  47  minutes,  20  seconds  =  21  degrees, 
20  minutes,  25  seconds. 

Philadelphia,  Pa.  Harry  S.  Kabtsheb 


BALANCING   SCREW   PROPELLERS 

The  method  of  balancing  a  propeller  on  horizontal  ways 
shown  on  page  137  of  the  October  number  of  Machinery  ap- 
pears to  be  incorrect;  a  balance  so  obtained  on  a  screw 
originally  out  of  balance  on  the  ways  might  result  in  its 
being  worse  than  before,  when  in  actual  service;  especially  a 
three-bladed  wheel.  The  method  is  unsuitable  when  used 
with  driving  pulleys,  but  should  never  be  applied  to  a  ship 
screw. 

We  will  assume  that  one  blade  A  is  light  and  that  the  over- 
weight is  due  to  insuflScient  thickness  on  the  advancing  side, 
or  lack  of  density  of  the  metal  in  the  part,  say  near  the 
periphery.  All  three  blades  might  be  of  exactly  the  same 
weight,  as  shown  by  platform  scales,  yet  unless  the  weight  were 
equally  distributed  from  hub  to  rim  in  all  three,  the  assembled 
wheel  might  be  out  of  balance  on  the  testing  ways. 

That  one  blade  is  preponderant  will  be  indicated  on  the 
horizontal  ways  (preferably  knife-edges;  and  the  arbor  must 
be  smooth  and  perfectly  cylindrical).  But  this  will  not  shovv 
whether  the  extra  weight  is  equally  distributed,  or  near  the 
hub  or  the  rim,  or  at  the  advancing  or  following  edge  of  the 
blade  in  question.  So,  as  the  addition  of  weights  to  the  light 
blade  is  not  permissible,  as  in  the  case  of  driving  pulleys, 
some  weight  must  be  taken  off  the  two  heavy  blades  until  the 
propeller  rolls  easily  and  stays  still  with  any  one  blade  up. 

If  the  deficiency  on  blade  A  should  happen  to  be  on  the 
advancing  edge  and  the  other  blades  are  lightened  equally 
over  their  entire  width,  or  still  worse  if  they  are  chipped  on 
the  following  edge,  until  the  wheel  is  in  indifferent  balance 
(that  is,  stays  put,  no  matter  which  blade  is  vertical)  the 
wheel,  when  in  service,  will  be  more  out  of  true  than  before 
the  "cure."  The  heavy  following  edge  of  A  will  tend  to  cock 
that  blade  outward  and  forward,  and  the  heavy  advancing 
edges  of  B  and  C  will  tend  to  cock  these  blades- outboard  and 
sternward;  especially  when  the  wheel  races  as  the  ship 
pitches. 

It  is  just  as  true  of  a  ship  screw  as  of  a  driving  pulley  or  a 
millstone,  that  the  only  way  to  secure  running  balance  is  to 
mount  the  screw  on  a  cock-head  at  its  center  of  volume  and 
run  it  about  a  vertical  axis  at  the  maximum  speed  at  which 
it  is  to  be  driven  in  actual  service.  It  stands  to  reason  that 
a  three-blade  screw  is  more  difficult  to  balance,  either  on  ways 
or  on  a  cock-head,  than  one  with  only  two  wings. 

New    York   City  RoitKitr   Ghimshaw 


Ii;:.irain   llluilritlnf    An|l<i  of    Hot  of    Hh«U» 


WEAR   IN   MICROMETER   SCREW 

W.  S.  Rowell's  article  entitled  "Wear  of  Micrometer  Screw 
and  Nut,"  on  page  l.'JG  of  the  Octol)er  number  of  Maciunkry, 
seems  to  need  a  few  additions.  It  lias  correctly  described 
adjustment  and  said  little  about  wear.  Wear  will  take  place 
80  differently  in  the  two  cases  shown  that  it  deserves  atten- 
tion; both  cannot  be  right.  The  differential  s<'rew  has  been 
used  (UH  shown)  In  a  number  of  makes  and  styles  of  microm- 
eters for  years;  but  as  part  /•'  has  approximately  twice  the 
niiMiber  of  I  breads  of  |)art  E,  It  should  be  llio  nut  and  take 
till'  lliruHt  and  wear,  and  /'/'  slioiild  1)0  Itie  auxiliary,  or  leiisiou 
nut.  In  other  wordH,  a  two-part  nut,  propDrtlimed  as  shown, 
Khould  b(!  adjuHtcd  us  In  Fig.  2,  ho  that  twelve  threads  will 
take  the  thriiHt  and  wear.  Instead  of  as  In  Fig.  1  where  but 
Hovcn  threads  receive  them. 

All  the  thrust,  and  tlH-refore  the  wear,  on  a  mlcronietor 
Hcrow  1m  from  the  anvil,  and  ailjuHtnient  hIiouIiI  he  nnide  so  as 
lo  receive  It  on  u  reaHoiiahln  iiiiinber  of  tlireadH,  leaving  the 
Hinuller  niiinbor  to  act  as  Kuldes  and  prodMcers  of  the  desired 
frIilloM,  or  "feel,"  Ilonce,  If  the  lend  of  thread  T  Is  more  rapid 
than    Hint   of   h<tow   Af,   |)arl   /''   should    bo   screwed    Into   the 
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micrometer  hub  to  obtain  correct  wearing  conditions;  if 
slower,  it  should  be  screwed  out  of  the  hub  to  obtain  the 
correct  wearing  conditions  shown  in  Fig.  2. 

Buffalo,  N.  Y.  Wllfbid  J.  Tnosrpsox 


PROBLEM  IN   TRIGONOMETRY 

The  method  used  in  solving  the  "problem  in  trigonometry," 
on  page  245  of  the  November  number  of  Machinery,  is  un- 
necessarily laborious,  as  the  problem  does  not  involve  any 
trigonometric  computations  at  all.  A  line  joining  point  D 
with  apex  B  is  exactly  the  same  length  as  the  line  DC;  there- 
fore, 9/16=  +  (7  1/4  —  x)=  =  ar"  +  3  11/16=.  Expanding,  can- 
celling, transposing  and  reducing  gives  x  =  2.709.  Then 
DC  =  V  2.709=  +  3.6SS=.  W.  S.  M. 

In  his  solution  of  a  problem  involving  a  gear  and  three 
pinions,  C.  O.  H.  does  not  state  that  the  pinions  are  of  equal 
diameter,  although  his  solution  seems  to  indicate  that  they 
are.  The  following  solution  is  much  easier  than  the  one  given. 
Designating  the  triangle  to  the  right  of  BC  as  BCM  gives 
three  similar  triangles,  BCM.  CEG,  and  EDF.  The  dimensions 
of  triangle  CEG  are  exactly  one-half  the  corresponding  dimen- 
sions of  triangle  BCM.  Hence,  GC  =  2.125  and  EG  =  3.625. 
DF  =  3.6875  —  GC  =  3.6875  —  2.125  =  1.5625.  Now  CM.DF  = 
BM-.EF,  or  7.25:1.5625  =  4.25 :£F.  EF  =  0.91594.  X  =  EG  — 
EF  =  3.625  —  0.91594  =  2.70906.  DC  =  v' 2.709-  +  3.6875=  = 
4.5756. 

South  Meriden.  Conn.  D.  F.  Moriarty 


DEOXIDINE   PROCESS   FOR   CLEANING 
STEEL 

In  the  October  number  of  Machixeby  is  an  article  entitled 
"Removing  Iron  Plate  Rust."  The  method  of  removing  rust 
suggested  may  be  satisfactory  for  that  purpose,  but  if  paint 
should  be  applied  over  the  surface  thus  treated,  it  would  prove 
very  unsatisfactory,  owing  to  the  fact  that  enough  of  the  chem- 
icals would  be  left  to  cause  rust  under  the  paint.  In  order 
to  produce  a  satisfactory  surface  for  painting,  after  applying 
the  sodium  acid  sulphate  and  then  washing  with  alkaline  solu- 
tion, the  surface  should  be  treated  with  a  neutralizing  agent 
such  as  "Deoxidine,"  a  relatively  new  chemical  which  is  being 
used  extensively  by  the  steel  automobile  body  makers  for  pre- 
paring the  surface  for  painting.  This  chemical  removes  all 
rust-forming  substances  and  leaves  a  perfect  surface. 

New  York  City  J.  H.  Gra\t;ll 


KINK  FOR  CROSS-SECTIONING  DRAWINGS 

A  suggestion  for  uniformly  spacing  cross-section  lines  on 
drawings,  was  made  in  the  November  number  of  Machixeby, 
page  249,  and  the  writer  desires  to  make  several  criticisms. 
The  draftsman  would  need  to  wait  until  the  line  drawn 
had  become  dry,  before  being  able  to  draw  the  next  one, 
as  it  is  necessary  to  move  the  triangle  over  the  line  drawn  in 
order  to  measure  the  distance  to  the  next.  The  writer  also 
contends  that  uniformly  spaced  lines  are  not  required  in 
drafting  or  engineering,  and  in  some  concerns  the  cross-section 
lines  are  simply  drawn  free-hand.  The  uniformly  spaced 
lines  do  not  add  to  the  technical  value  of  the  drawings,  but 
are  used  for  appearance  only. 

Cincinnati,  Ohio  Taft  S.  ArtMAXDKOFF 


STRAIGHTENING  THIN-WALL  TUBING 
In  tlio  Novi-riibcr  number,  page  :;.'i-,  II.  E.  G.  reiiucsted  infor- 
mation concerning  the  straightening  of  brass  tubing.  A  large 
tube  manufacturer  In  Waterbury,  Conn.,  uses  a  straightening 
machine  that  is  built  by  the  Torrington  Mfg.  Co.,  Torrington, 
Conn.  It  contains  twelve  rolls  having  grooves  to  fit  the 
tubing.  The  work  is  fed  in  at  one  end  of  the  machine,  and 
at  the  other  end  a  man  Is  stationed  who  re<'eivos  the  tubes 
and  snaps  them  on  a  long  wooden  table.  The  machine  does 
not  straighten  the  tubes  perfectly,  but  takes  out  the  short 
bends     and     kinks,     and     by     snapping     them     against     the 


table  they  are  made 
so  straight  that  no 
error  can  be  de- 
tected by  the  eye. 
The  tubes  are  then 
rolled  on  a  long, 
flat  table  for  the 
purpose  of  inspect- 
ing. 

Wallace  B.  Ssiith 
Waterbury,  Conn. 


Dog   with   Safety   Device 


GUARD  FOR  DOG 

The  illustration  shows  an  admirable  safety  appliance  for  a 
dog.  A  piece  of  round  cold-rolled  steel  wire  is  bent  and  ma- 
chined as  shown,  and  then  fastened  to  the  finished  sides  of  the 
dog  by  button-head  screws. 

Milwaukee,  Wis.  Fred  Fbuhxer 


PUNCHES   AND   DIE   FOR   FLANGING 
COPPER   TUBING 

A  shop  having  a  large  quantity  of  copper  tubing  to  be  flanged 
for  gasoline  connections  found  it  impossible  to  get  a  leak- 
proof  fit  unless  a  fold  flange  was  made.  Therefore  the  punch 
and  die  arrangement  here  shown  was  designed.  The  single 
die  used  is  split  in  the  center,  one  half  being  stationary  and 
the  other  half  being  actuated  by  a  cam  and  lever.  The  tubing 
is  pushed  into  the  die  from  the  bottom  and  is  held  by  the 
threads  in  the  lower  portion.  A  simple  gage  insures  the 
tubing  being  pushed  in  the  correct  distance  each  time. 

The  first  punch  A  merely  enlarges  the  tubing  slightly,  the 
second  punch  B  starts  it  in  a  curve  toward  the  center,  and 
the  punch  C  presses  it  firmly  upon  itself,  forming  a  well  folded 
flange.  These  punches  are  screwed  into  a  rotating  plate  D. 
which"^ndexes  about  at  each  stroke,  bringing  the  punches  into 
line  in  rotation.  They  are  threaded  into  this  plate  and  are 
provided  with  lock-nuts  for  adjustment.  This  plate  is  set  so 
that  the  center  of  the  ram  is  directly  over  the  punch  in  opera- 
tion, and  clearances  are  provided  in  the  bed  for  the  other  two 
punches.  This  fixture  works  rapidly  and  the  tubing  is  so 
flanged  that  no  trouble  is  experienced  in  assembling.  The 
press  is  turned  on  its  side  to  make  it  easier  to  place  the  tubing 
in  the  die,  and  a  conical  recess  is  used  to  guide  the  piece. 

Alma,  Mich.  Lloyd  L.  Lee 


Punchot  and  Dios  for  forminff  Fold  Flangps  on  Copper  Tublnf 
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QUESTIONS  ON  PRACTICAL  SUBJECTS  OF  GENERAL  INTEREST 


GRADUATION  OF  TAPER  ATTACHMENTS 
ON    METRIC   LATHES 

T.  A. — In  furnishing  taper-turning  attachments  on  metric 
lathes  for  use  in  France,  should  the  attachment  be  graduated 
in  degrees  or  millimeters  taper  per  meter? 

A. — The  taper  attachment  on  metric  lathes  for  use  in  France 
should  be  graduated  in  degrees  and  not  in  millimeters  taper 
per  meter. 


WHICH  WAY  IS   CHEAPER  ? 


■  R.G. — We  recently  had 
an  order  for  several 
hundred  taper  spring 
chucks,  to  hold  triangu- 
lar stock,  that  could  be 
slit  in  either  of  the 
ways  shown  here.  Which 
is  the  cheaper  method 
and  how  should  the  slit- 
ting be  done? 


Two  Ways  of  slitting  Taper  Spring  Chucks 


RADIUS   AND   ARC 

O.  L.  B. — What  is  meant  by  the  term  often  used  in  tool- 
making  "formed  to  a  radius"?  I  maintain  that  it  is  not 
correct. 

A.— The  term  "radius"  is  often  misused  for  "arc."  The 
radius  of  a  circle  is  the  distance  from  the  center  to  the  circum- 
ference; and  the  arc  is  a  portion  of  a  circumference.  To  say 
that  a  tool  is  formed  to  a  radius  of  %  inch  is  not  strictly  in- 
correct, but  hardly  good  form.  The  meaning  is  that  the  tool 
la  made  with  a  cutting  edge  conforming  to  an  arc  having  a 
radius  of  14  inch.  A  better  expression  would  be  "formed  to 
an  arc  having  a  radius  of  V4  inch." 


EFFECT    OF   TOOL    HEIGHT   WHEN 
TURNING    ANGLES 

A.  V.  M. — The  seat  on  a  valve  disk  Is  faced  off  in  a  lathe 
with  the  compound  rest  set  at  an  angle  of  45  degrees.  A  cut 
Is  taken  off  the  disk  with  the  tool  set  on  the  level  of  the  cen- 
ters of  the  lathe.  Now,  if  another  cut  is  taken  with  the  tool 
slightly  above  or  below  the  lathe  centers,  will  there  be  any 
change  in  the  angle  of  the  seat,  the  compound  rest  remain- 
ing set  at  an  angle  of  40  degrees? 

A. — The  tool  point  will  turn  the  valve  seat  at  an  angle  of 
45  degrees  only  when  set  at  the  height  of  the  lathe  centers; 
It  set  above  or  below  the  level  of  the  lathe  centers,  it  will 
generate  a  curve,  and  the  angle  will  differ.  It  is  Important 
when  turning  tapers  and  angles  in  the  lathe  always  to  set  the 
tool  point  at  the  height  of  the  lathe  centers. 


PROBLEM  IN  TRIGONOMETRY 

F.  I-..  L. — Will  you  plcaHC  tell  me  how  to  find  the  angles  of  a 
right  triangle  when  the  difference  between  the  hypotenuse  and 
the  greater  leg  Is  equal  to  the  difference  between  the  two  legs? 
A. —  Referring  to  the  llluHtrallon,  0  Is  the  hypotenuse,  A  Is 
the  greater  leg,  and  IS  is  the  shorter  leg.  Then,  V  —  A  —A  —  li, 
from  which,  C/  =  2/1  —  li.  But  C  =  A'-+ 
IS'.  Substituting  the  value  of  0  previ- 
ously found,  4A'  —  4/lB  -|-  It'  =  A'  +  W; 
from  which  li  =  3/4/1.  Ilenro,  when  A  = 
4,  n  =  3,  and  C  =^  2  X  4  —  3  =  6.  There- 
fore, iln  p  -=  3/5  =  0.6.  and  p  =  30  dc- 
grccB,  52  minutes,  11.63  soconds.  Anglo  a 
=  90  degrccH  —  /3  --^  90  dogroes  —  36 
dcgrooB,  52  minutes,  11.63  Boconds  ■ --  53 
degrccB.  7  minute*,  48,37  Beconds.  Any  other  value  limn  4 
might  have  )K.-en  BUlmtltutod  for  A,  and  tho  result  would  linvn 
been  tho  Bamo.  J.  J. 
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STRENGTH   OF   CAST-IRON  CYLINDERS 

J.  D. — The  cast-iron  cylinder  A  shown  in  the  accompanying 
illustration  is  finished  all  over  and  has  a  stem  B  that  is 
clamped  in  a  bearing  C  by  a  cap  D;  is  the  cylinder  safe  against 
rupture  at  point  Ef 

Ans-wered  by  John  S.  Myers,  Philadelphia,  Pa. 

The  question  as  propounded  does  not  state  the  purpose  of 
cylinder  A  or  whether  there  are  any  external  forces  acting 
upon  it.  In  the  absence  of  such  information  it  may  be  as- 
sumed that  the  weight  of  the  cylinder  is  the  acting  force. 
The  weight  of  the  over- 
hanging part  is  W  = 
0.7854  X  18'  X  40  X 
0.26  =  2646  pounds. 
This  force  acts  at  the 
center  of  gravity  of  the 
cylinder,  or  a  distance 
1/  =  20  inches  from  the 
face  of  the  bearing.  If 
the  stem  2?  extended 
through  the  bearing, 
was  threaded,  and  had  a  liberal  sized  nut  clamping  the  shoul- 
der against  the  bearing,  it  would  be  proper  to  consider  the 
influence  of  the  shoulder.  In  this  case  a  rough-and-ready  ap- 
proximation of  what  takes  place  is  about  all  that  the  uncer- 
tainties of  the  problem  seem  to  warrant.  Such  an  approxima- 
tion is  to  take  the  fulcrum  point  F  about  in  the  center  of  the 
shoulder,  and  the  center  of  the  tensile  forces  T  about  one-half 
the  radius  of  the  stem  above  the  center  line.  These  forces 
P  and  T  are  equal  and  opposite,  and  constitute  a  couple  hav- 
ing a  lever  arm  of  8^^  inches.  The  bending  moment  is  then 
2646  X  20  =  52,920  inch-pounds,  and  the  value  of  the  tensile 
forces  r  is  52,920  -h  8.5  =  6226  pounds.  The  area  of  metal 
resisting  this  force  may  be  taken  as  one-third  the  area  of  the 
stem  or,  area  =  1/3  X  0.7854  X  8'  =  16.75,  say  16  square 
inches.  The  tensile  stress  is  then  6226  -^  16  =  389  pounds 
per  square  inch,  a  very  low  stress. 

Without  some  such  clamping  medium  as  a  nut  on  the  back 
of  the  stem,  it  would  not  be  good  engineering  practice  to  con- 
sider the  influence  of  the  shoulder.  In  this  case,  it  is  neces- 
sary to  consider  the  bending  moment  as  maximum  a  short 
distance  inside  the  bearing,  say  1  inch  from  the  shoulder. 
The  lever  arm  L  is  then  21  inches  and  the  bending  moment 
is  2646  X  21  =  55,566  inch-pounds.  The  section  modulus  of 
3.1416  X  8' 

the  stem  is =  50.26;  say  50.    The  stress  is  then 

32 
55,566  H-  50  =  1111  pounds  per  square  inch,  which  is  a  safe 
value  for  cast  iron.  In  constructions  of  this  sort  It  is  con- 
sidered good  practice,  however,  to  put  a  liberal  flUet  in  the 
corner  where  the  stem  Joins  the  body  of  the  cylinder,  in  order 
to  avoid  concentration  of  stresses  at  this  point. 


SOMETHING  FROM   NOTHING 

The  fdlldwIiiK  aisvn  an  exact  solution  of  the  problem  givpn 
by  J.  B.  In  tho  How  and  Why  column  In  tho  July  number  of 
Machinkhv:  Divide  tlie  figure  as  shown  in  Fig.  1  and  arrange 
tho  parts  as  in  Fig.  2.  From  Fig.  2  A  DUO  Is  a  parallolograni, 
AD  being  parallel  to  CH  and  AV  parallel  to  1)11.  with  OB  per- 
pendicular to  /;/?.  Hence  Us  area  =^  /)/{  X  CI'].  To  find  Oil, 
we  must  find  the  angle  HIIC  r  -  x.  which  oiiuals  the  dlfforpnco 
belwecfi  the  sum  of  llio  arigleH  DISI'  iiiiil  CIUI  and  90  degr<'('s. 
Since  J/  -f-  s  -|-  X  =  90  dcgreeH,  then  tan  (;/  -)-  e  -}-  x)  =  a;  and 
from  trigonometry  wo  havo  tho  relation: 

Tan  V  tan  z  ■\-  tan  y  tan  x  -|-  tan  z  tan  x  =  1  (1 ) 

From  tho  right  frlnnglps  DUF  and  0H(1,  wo  find  tan  j/  =  3/8, 
and  tan  :        5/2.     InHiTling  IIicho  vuIih-h  In  10(|iialion   (1),  wo 
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Figs.  1  and  2.     Diagrams  illustrating  Fallacy  of  attempting  to  obtain 
Something  from  Kothing 


find  tan  x  =  1/46.     Length  of  CB  =   V2-  +  5-  =   V29,  and 

tana- 

CE  ^  CB  X  sin  x.    Since  tan  x  =  1/46,  sin  x  = = 

V 1  +  tan'  X 


V2117 


-,  and  DB  =  V  3"  + 


V73 


V2117  VTS 

Therefore  the  area  of  paraHelogram  ADBC  =  DB  x  CE  = 

1 

V73   X  =  1  square  inch. 

VT3 
The  above  gives  an  exact  proof  that  the  area  of  the  material 
in  either  figure  is  64  square  inches.     The  apparent  possibility 
of  this  problem  lies  in  the  fact  that  angle  x  is  a  very  small 
angle,  i.  e.,  1  degree.  14  minutes.  43.3114  seconds.         W.  W.  J. 


CONCERNING  SHELL  FUSE   GAGES 

J.  J.  W. — The  inquirer  sends  two  geometrical  problems  that 
he  states  recently  came  up  in  connection  with  shell  fuse  gages; 
he  gives  a  trigonometrical  solution  and  asks  if  there  is  a  sim- 
pler solution. 

A. — In  the  problem  shown  in  Fig.  1,  distances  a,  6  and 
radius  r  are  known  and  it  is  required  to  find  x  and  y.    The 


solution  given  is  as  follows:    c  =   Vd'  +  b';  sin  o  = 


This  gives  the  value  of  a.    /3  =  90  degrees  —  a;  tan  7  =  — ; 

(I 
^  =  ^  —  7;  «  =  r  X  sin  0;  J/  =  r  X  cos  e.  This  solution  is 
probably  as  simple  as  any  that  can  be  derived  by  trigonometry; 
the  following,  however,  is  much  simpler.  In  the  right  tri- 
angles ODC  and  OBA,  CD  =  x.  OD  =  y,  AB  =  x  +  6, 
and  OB  ^  y  —  a;  hence: 

jr'  +  3/^  =  r'  (1) 

(ar  +  6)=+ (2/  — a)^  =  r'  (2) 

Expanding  Formula   (2)   and  subtracting   (1),  we  have: 
26a;  +  6=  —  2ay  +  a'  =  0 
from  which: 

2ay—(a'-\-V) 

X  = . 

2& 


Substituting  this  value  of  a;  in  (1) : 

ia'y^  —  4a(a=  +  V)y  +  (a?  +  6=)  = 

46= 


+  j/=  =  r= 


Clearing  of  fractions,  combining,  reducing,  and  rearranging 
terms: 

4(a'  +  V-)y'  —  ia{a'  +  6=)i/  =  46V—  (a=  +  6=)=,  or 


Fig.  2.     Diagram  illustrating  Second  SheU  Fuse  Gage  Problem 


y'  —  ay  =  - 


0'  +  6" 


o»  +  6'  4 

Solving  this  quadratic  equation  for  y: 


6V 


FIf.    I.     Dtatram   llluitrttini   FIrit  Bholl   Fuse   Oago   Froblo 


2        \   a'  +  6'  4 

This  is  a  simpler  solution,  because  it  does  not  require  the 
use  of  trigonometric  functions  and  will  give  results  correct 
to  as  many  figures  as  are  required;  it  also  employs  simpler 
branches  of  mathematics. 

In  the  problem  shown  in  Fig.  2.  the  distances  c  and  d  and 
the  radii  «  and  6  are  known  and  it  is  required  to  find  x  and  y. 
The  Inquirer's  solution  Is:    e  =  a  —  d;  /  =    v'c"  -+-  c: 
e  b'  +  p  —  (a  +  b)'  bX8in/3 

tan  a  =  — ;  cos  p  =  ;  sin  7  =  . 

c  26/  a  +  b 

Then,  x  =  (a  +  b)  cos  (a  +  7)  and  j/  =  (a  +  6)  sin  (a  +  7). 
As  In  the  case  of  the  first  problem,  there  is  a  solution  that 
uses  only  the  most  elementary  principles  of  algebra  and  geom- 
etry. Consider  the  two  right  triangles  ACU  and  ADE.  AC  =  y, 
BC  =  X  —  c,  AD  =  X.  and  DE  =  0  —  (1  +  3/.     Hence: 

y'  +  {x  —  c)'=h'  (1) 
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(y  +  a  — dy  +  x' =  (a  +  b)'  (2) 

Equations  (1)  and  (2)  contain  x  and  y  and  the  four  known 
quantities  a,  b,  c,  and  d.    Expanding: 

y"  +  x'  —  2cx  +  (f  =  b-  (3) 

j/^  +  a;=  +  2(a  —  d)y  +  o=  —  2ad  +  d'  =  a'  +  2ab  +  V    (4) 
Subtracting  (3)  from  (4),  transposing  and  collecting  terms: 
2(a  —  d)y  +  2cx  —  cr  —  2ad  +  d'  =  2ab,  or 
2a(&  +  d)  +  c-  —  d"  —  2cx 

y  =  — 


To  simplify  tlie  work,   let 
2c  c 


2(a  —  d) 
2o(b  +  d)  +&- 


2{a  —  d) 
=  n;  then  y  ^  m  —  nx 


=  m,   and 


2(a  —  d)        a  —  d 
Substituting  in  Equation  (1): 

m'  —  2mnx  +  n'x'  +  sc'  —  2cx  +  c^  =  6- 
Transposing  and  collecting  terms: 

in'  +  l)3x'  —  2(mn  +  c)a;  =  6=  —  m'  —  c^ 
from  which: 

mn  +  c          b'  —  m/'  —  c' 
a?  — 2  X x  = 


(5) 


n=  +  1 


Now  let  r  = 


m/n,  -\-  c 

M=  +  1 


and  s 


6^  —  m-  —  (? 


n^  +  1 


then  3?  — 


2rx  =  s.  Solving  this  quadratic,  x^r±\ls-\-r'.  In  appli- 
cation, the  method  is  very  simple:  first  calculate  the  values  of 
m  and  n;  then  calculate  r  and  s;  finally,  calculate  x,  and  sub- 
stitute in  Formula  (5)  to  get  y.  In  practice,  it  will  be  found 
that  it  will  be  necessary  to  use  the  minus  sign  in  the  double 
sign  before  the  radical  when  finding  x.  While  this  solution 
may  look  somewhat  complicated,  it  is  in  reality  very  simple, 
as  will  be  seen  when  actual  values  are  substituted.  J.  J. 


BENDING   I-BEAMS 

H.  D.  M. — Are  the  I-beams  used  in  road  graders,  etc.,  bent 
in  the  bulldozer,  or  are  they  drawn  through  special  rolls?  So 
far,  we  have  had  no  success  with  the  bulldozing  process,  as 
the  flange  on  the  inside  of  the  curve  refuses  to  upset,  and 
therefore  leaves  the  beam  somewhat  crooked,  as  shown  by 
the  dotted  lines  in  Fig.  1. 

Answered  by  John  8.  Myers,  Philadelphia,  Pa. 

It  is  generally  realized  that  the  compression  side  of  a  mem- 
ber being  bent  does  not  upset  as  much  as  the  tension  side 


Fi(.   1.     Dolrod   and  Actual  Rosultl  obtainod  with  BulldozinK  FrocosB 

elongates,  but  the  reason  Is  perhaps  not  so  well  understood. 
If  a  body  A,  Fig.  2,  Is  compressed  between  two  surfaces  li  and 
0,  It  spreads  out  In  the  direction  of  the  arrows  J).  Such  a 
body  l8  under  an  apparent  compressive  stress  equal  to  the 
force  with  which  the  acting  membera  B  and  G  are  pressed  to- 
gether. It  Is,  however, 
also  under  a  tensile 
HtrcHH  acting  In  the  dl- 
rccllon  of  arrows  /),  tlie 
Inli.'MKlty  of  which  Is  a 
HtrcHH  that  will  produce 
a  deformation  In  this 
illrocllon  equal  to  that 
produced  In  tlio  same 
direction  by  tho  rom- 
pri'HKlvo    force.      Now, 

_,     ,     „  ...  when  a  boily  Ih  bont  iiii 

nr.   a.     Forr««  prodiirftd   wh«n  romprnia- 

Ind    •    M.<rn)><r  dor     the    aCtlOH     of    dloH, 


Fi^.   3.     Forces  produced   when  bending  a  Body  in  Dies 

the  pressure  of  the  dies  acts  on  both  sides  of  the  member  being 
bent  and  induces  a  tensile  stress  in  the  member  as  mentioned. 
This  acts  in  direction  T,  Fig.  3,  on  the  tension  side,  adding  to 
the  tension  produced  by  the  bending  action;  but  on  the  compres- 
sion flange  B,  it  acts  in  the  direction  indicated  by  arrows  t  and 
opposes  the  upsetting  of  the  compression  flange.  Another 
reason  that  the  compression  flange  B  does  not  upset  as  much 
as  the  tension  flange  A  elongates  is  illustrated  by  Fig.  4. 
Here  the  dies  in  coming  together  bear  upon  the  tension  flange 


Fig.  4.     Influence  of  Friction  on  Bending 

A  at  points  F  and  bear  upon  the  compression  flange  B  at 
point  F,.  The  pressure  applied  on  flange  B  at  F,  induces  ten- 
sile forces,  acting  as  at  t,  opposing  the  upsetting  of  the  com- 
pression flange.  The  forces  acting  at  F  induce  tensile  stresses 
acting  in  the  direction  T,  assisting  the  elongation  of  this 
flange;  but  the  friction  of  the  points  F  opposes  motion  with 
a  force  as  indicated  at  /.  This  frictional  resistance  /  and  the 
extra  elongation  due  to  the  forces  t  tend  to  bend  the  member 
as  indicated  by  the  dotted  lines  0.     A  suggested  method  of 


Fig.  ft.     Burrotlod  Form  of  Boodlnf  Dloa 
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Fig.  6.     Method  of  bending  by  Hand 

overcoming  this  tendency  is  indicated  in  Fig.  5.  Here  the  dies 
A  and  B  clamp  the  beam  and  the  dies  G  and  D  do  the  bending. 
When  bending  by  hand  on  the  bending  floor,  the  preliminary 
bend  is  generally  made  by  applying  the  force  at  some  little 
distance  from  the  actual  point  of  bend,  as  at  A,  Fig.  6,  and 
the  bend  is  brought  to  the  line  more  closely  with  the  force  ap- 
plied nearer  to  the  bend,  as  at  B.  This  method  is  more  natural 
and  brings  the  member  to  the  desired  shape  more  readily; 
but  even  then  it  squirms  out  of  shape  and  is  afterward  bent 
cold  to  correct  the  errors.  This  subsequent  operation  is  called 
"fairing"  among  shipbuilders.  In  general,  if  a  fairing  opera- 
tion is  to  be  avoided,  the  peculiarities  of  the  problem  are  to 
be  noted  and  modifications  of  the  bending  dies  made  to  rectify 
the  errors. 


DEPTH   OF   TANK   PARTLY  FILLED 

J.  F.  F. — The  illustration  shows  an  oval  tank  that  is  30 
inches  long.  Radius  OA  is  20  inches,  radius  GA,  3  inches,  and 
chord  AB,  10  inches.  What  will  be  the  depth  EC  when  the 
tank  is  horizontal   and  contains   231   cubic  inches  of  liquid? 

A.— The  area  FHBCAF  =  231  -h-  30  =  7.7  square  inches 
and  is  made  up  of  two  equal  segments  FA  and  BE,  the  seg- 
ment ACB,  and  the  trapezoid  FABH.  Denote  the  angle  AOB 
by  <f>,  angle  FGA  =  BIH  by  v,  and  distance  ED  by  x.  Sin 
0         5  0 

—  = =  0.25;  whence —  =  0.25268,  and  0  =  0.50536.    Area 

2        20  2 

.    20' 

of  segment  ACB  =  (0  —  sin  0)  =  4.24752  square  inches. 

2 
Therefore,  area  FHBAF  =   7.7  —  4.24752  =  3.45248  square 
inches.    Draw  AK  perpendicular  to  FH.  Angle  FAE  =  FAL  — 


KAL  =  FAL 


V 


and  FAL  = 


2 

0.25268 

2 
FE  =  X  tan  FAR 

X  tan  (  1.31S12 


hence,  FAE  = 


=  1.31812  — 


and  area  of  trapezoid  FABH  = 
'FH  -\-  AB 


10  -f  X  tan  (  1.31812 


Area   segment  FA 


-(V   — 


sin  v),  and  area  of  segments  FA 
and  BH  =  9(v  —  sin  v) ;  hence. 


area   FHBAF 


1 1.31812 j     x  +  9(u  —  sin  V)  =  3.45248.    Or, 

/(v)  =    10  -f  a;  tan  (  1.31812 )  M'  + 

9(i;  —  8ln  V)  — 3.45248  =  0 


10   4-   a;  tan 


This  equation  contains  two  unknown  quantities  x  and  v,  and 
it  is  necessary  to  express  x  in  terms  of  v.     Draw  ON  perpen- 
dicular to  AB;  it  will  be  also  perpendicular  to  FH.  which  is 
0  0 

parallel  to  AB.     Since  AGN  =  ,  GM  =  3  cos x  = 

2  2 


2.90474 


GM 


Angle  GFM  = Iv  + 


1.31812  —  V, 


3  sin  (1.31812  —  1;)   =  2.90474  —  x.     Solving  for  a;; 
X  =  2.90474  —  3  sin  (1.31812  —  v)  (2) 

The  procedure  now  is  to  assume  a  value  for  v,  substitute  it 
in  Equation  (2)  and  find  x.  and  then  substitute  these  values 
of  X  and  v  in  Equation  (1).  To  find  a  tentative  value  for  v, 
note  that  .r  must  be  less  than  3.45248  -h-  10  =  0.345248;  call 
it  0.34;  then,  0.34  =  3  sin  (1.31812  —  v),  from  which  v  = 
0.292,  approximately.  Substituting  this  value  of  v  in  Equation 
(2),  X  =  0.33884.  Substituting  these  values  of  v  and  x  in  Equa- 
tion (1),  Uv)  =  0.24563.  Trying  0.282  for  v,  flv)  =  0.06704; 
and  for  v  =  0.272,  f{v)  =  — 0.10766.    Tabulating  these  values 


f(v) 
0.10766 


17470 
17859 


and  using  the  second  difference, 
V   =   0.27S20   when   f(v)   =   0. 


389 


DC 


20 


0.272 

0.282  0.06704 

0.292  0.24563 

0.63508;    for  v   =   0.27820,  x  =   0.31763,   from  Equation    (2). 

Therefore,  EC  =  x   +  DC  =  0.31763   +   0.63508   =   0.95271 

inch. 


/                 0  \ 
I  20   cos  1 


J.  J. 


GIVEN   AREA   OF  LUNE   TO   FIND   RADIUS 


H.    E.    L. — Referring     to     the     accompanying 
please  show  how  to  find  the  radius  AC  =  CH, 
be  such  that  the  area  of  the  lune  AHBC 
shall   be   equal   to   one-tenth   the   area   of 
the  circle  ADEFB. 

A. — Let  R  =  radius   OA,  x  =  radius 
CA,   and   v   =   angle   AOC   =    1/2   AOB. 
Area  of  segment  ACB 
=  R'(v  —  1/2  sin  2v) 


illustration, 
which  must 


V 

X  =  2R  sin  — 

2 
1/2  (^ 


(1) 

(2) 


0                 L 

aCJL3b 

c 

Since  angle  ACE  =  1/2  (tt  —  v), 
x' 

Area  of  segment  AHB  = [{-n-  —  v)  —  sin(jr  — t^)] 

2 

V 

=  2B=sin' — (tt— 1;  — sinr)      (3) 
2 
Adding  Equations   (1)   and   (3), 

Area  of  lune  AHBC  =  R'[v  —  1/2  sin  2v  + 


2  sin' 


(tt 

2 


V  —  sin  v)  ] 


(4) 


(1) 


But  1/2  sin  2v  =  sin  v  cos  v  and  2  sin'  =  1  —  cos  v. 

2 
Substituting  these  values  in  Equation  (4),  and  reducing. 
Area  . IHBC  =  B' [  JT  — sin  t;  —  (7r  —  «)  cost-]  =  1/10  X  ^R"    (5) 
Equation  (5)  reduces  to: 
f(v)  =  sin  t)  -f  (ff  —  1;)  cos  V  —  9/10  X  t  =  sin  r  + 

TT  cos  V  —  V  COS  V  —  9/10  X  T  =  0  (6) 

Now,  substituting  in  Equation   (6)   the  first  three  terms  of 
the  sine  series  and  the  cosine  series  for  sin  v  and  cos  v, 
x:'  v'  irf'        w'  v'  f'  9ir 

6  120  2  24  2  24  10 

Clearing  of  fractions,  combining,  reducing,  and  letting  ir  = 

3.1416, 

t)"  —  3.927i;"  —  IDv'  +  47.124t)'  —  9.424S  =  0  (7) 

Solving  Equation  (7),  v  =  0.4761.  Substituting  this  value 
of  r  in  Equation  (6),  /(«)  =  —0.00005;  substituting  0.4760 
for  V,  t(v)  =  0.00006;  hence,  v  =  4760  +  6/11  X  1  =  4760.54 -f 
=  0.476054,  after  restoring  the  decimal  point.  Substituting 
this  value  of  v  In  Equation  (2), 

0.476054 

X  =  2R  sin =  0.4715SR 

2 
If  a  table  giving  the  angles  in  radians  is  not  available.  It 
will  be  necessary  to  express  v  in  degrees,  minutes,  and  seconds 
before  interpolating  In  the  table  of  trigonometric  functions; 
the  writer  used  radians  for  the  foregoing  calculations.     J.J. 
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PRACTICAL  FEATURES  OF  FACTORY  LIGHTING' 


PRINCIPAL  REQUIREMENTS  OF  ARTIFICIAL  LIGHTING 

BY  C.  E.  CLEWELL  2 


Fig.  1.     Minimum  Values  of  Illumination  at  the  Work.    The  Case  Numbers 
are  the  Same  as  those  used  in  Table  2 

IT  is  proposed  in  this  article  to  outline  the  requirements 
of  proper  artificial  lightiiTg  for  factory  spaces  and  to  in- 
dicate some  of  the  ways  in  which  these  requirements  can 
be  met  with  modern  lamps.  It  is  well  to  note  at  the  outset  of 
this  discussion  that  there  are  two  parts  to  the  general  prob- 
lem of  factory  lighting,  one  of  which  relates  to  the  source  of 
light,  that  is  to  say,  the  lamps  of  the  system,  and  the  other 
to  the  general  question  of  the  effect  of  the  lamps  in  illuminat- 
ing the  objects  to  be  seen  and  thereby  in  fulfilling  the  condi- 
tions for  clear  vision.  These  two  parts  of  the  lighting  prob- 
lem may  be  briefly  summarized  as  cause  and  effect,  and,  as 
we  shall  show,  each  of  these  involves  careful  determination 
if  the  net  result  is  to  be  satisfactory.  One  of  the  major  ob- 
jects of  this  article  is  to  show  that  the  problem  of  lighting,  as 
it  is  looked  upon  today,  is  a  scientific  one,  and  that  every  fac- 
tory should  make  it  a  point  to  see  that  the  two  fundamental 
qualities,  which  may  be  termed  a  maximum  in  the  excellence 
of  the  system  and  a  minimum  in  the  cost,  are  realized  in  the 
lighting  equipment  chosen.  In  other  words,  it  will  be  shown 
that  the  lamps  for  a  factory  section  should  no  longer  be  merely 
a  matter  of  haphazard  selection  without  regard  to  their  cost 
and  lighting  efficiency,  nor  that  the  arrangement  of  the  lamps 
should  be  determined  on  the  basis  of  guesswork  or  random 
judgment. 

Principal  Requirements 

In  the  article  "Daylight  Facilities  In  Industrial  Plants," 
publlfihed  In  the  November  number,  Is  shown  a  greater  need 
for  artificial  light  In  the  average  factory  than  Is  commonly 
Bupposed.  It  Ih  not  only  necessary  to  have  an  adequate  supply 
of  artincial  light  for  those  who  comprise  the  night  force,  but 
It  l8  also  nei^esHary  to  provide  artificial  lighting  during  a  por- 
tion of  the  day,  as  practically  every  winter  day  has  two  dark 
Intcrvalu,  namely.  In  the  early  morning  and  at  the  close  of 
the  working  day,  and  unless  artificial  light  Is  available  these 
Intcrv.tlH  are  likely  to  form  a  relatively  nonproductive  part 
of  the  day's  work.  To  thcHi;,  there  must  be  added  other  ilark 
IntervaiN  ilue  to  cloudy  or  stormy  wciilluT  condlllDnK  and  to 
fogd  or  a  Mmoky  atmoHpher<-,  all  of  which  go  to  inakc  lln!  artifi- 
cial IlKhtlng  problem  of  more  than  ordinary  Iniporlanco  In 
the  fall  and  winter,  and  aluo  of  conMlderabln  Importanru  In  the 
Rprlng  and  summer  monthn. 

In  ordiT  to  meet  these  dark  conditions,  It  follows  that  every 
factory  iihoutd  have  a  general  nyslem  of  artificial  Illumination 
with  a  safnclent  intenalty  at  all  parts  of  the  floor  space,  first 

>rnr  nih-r  •rllrlr.  on  lht>  .iil.Jrrt.  ■«..  "|>.,n(hl  irirMlllo  In  IciOiialrlnl 
inanla."  In  l>i»  NrxPtntor  niimUr  ..f  Ma' ni-trnr. 

•  AMiilani  l-rofcMr.r  of  Kl>»-(r|r>|  Knilnwrlns,  UnlTdrnllr  of  I-cnn>/lranla. 
I'hlla<l<.|pbla,  ra.  ' 


of  all,  to  make  it  possible  for  employes  to  get  around  their 
machinery  and  to  use  the  aisles  and  passages  without  risk 
of  accidents,  and,  second,  to  enable  materials  to  be  handled 
easily  as  well  as  the  ordinary  operations  that  confront  a  work- 
man outside  of  the  actual  work  in  hand.  This  initial  require- 
ment means  that  a  certain  fairly  well  defined  degree  of  gen- 
eral illumination  is  a  necessity  without  regard  to  the  work- 
ing operations  themselves,  but,  of  course,  in  addition  to  this 
there  must  also  be  available  a  sufficient  degree  of  illumination 
at  the  work  to  make  it  possible  for  the  operative  to  see  clearly 
all  the  details  of  his  work  without  undue  tax  on  his  vision. 
While  the  latter  intensity  is  naturally  higher  than  that  usually 
specified  for  aisles  and  passages,  it  is  entirely  practicable  to 
make  the  general  illumination  adequate  not  only  for  the  pre- 
vention of  accidents,  but  also  for  the  work  itself,  with  a  some- 
what lower  intensity  for  aisles  and  passages  and  such  spaces 
as  storage  and  the  like. 

The  foregoing  points  constitute  the  principal  requirements 
of  the  lighting  system  from  the  standpoint  of  its  effect  in 
illuminating  the  work.  To  these  there  must  be  added  a  num- 
ber of  important  points  concerned  with  the  lighting  equipment. 
First,  and  possibly  most  important,  is  the  use  of  proper  shades 
or  reflectors  in  connection  with  the  lamps  for  the  purpose  of 
directing  the  light  from  the  lamps  most  advantageously  to  the 
working  surfaces  beneath.  This  statement  implies  that  the 
lamps  are  mounted  overhead  near  the  ceiling  and  that  they 
are  distributed  symmetrically  over  the  ceiling  area  so  that  the 
illumination  can  be  made  practically  uniform  over  the  entire 
floor  space.  However,  it  may  be  noted  that  even  where  the 
lamps  are  located  fairly  close  to  the  machinery  in  the  form  of 
individual  units  for  each  workman,  they  should  likewise  be 
supplied  with  suitable  auxiliaries  for  directing  the  light  to 
the  space  where  it  is  required.  There  is  another  Important 
reason  for  the  use  of  reflectors  or  shades,  namely,  to  serve  as 
a  protection  for  the  eyes  of  those  employes  who  may  have 
occasion  now  and  then  to  look  into  or  toward  a  lamp,  thus 
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TABLE  1 .    DESIRABLE    AND    MINIMUM  INTENSITIES    OF    ILLUMINATION   TO  BE  MAIN- 
TAINED AT  THE  WORK  AS  STIPULATED  IN  THE  FACTORY  LIGHTING  CODE  ISSUED  IN 
1915  BY  THE  ILLUMINATING  ENGINEERING  SOCIETY  AND  REVISED  IN  JUNE  1917 


Classificatioii 


(a)  Roadways  and  yard  thoroughfares 

(b)  Storage    spaces 

(c)  Stairways,  passageways,  aisles 

(dj   Rough     manufacturing,     such     as     rough    machining, 

rough  assembling,  rough  bench  work 

(e)  Rough  manufacturing  involving  closer  discrimination 

of  detail    

(f)  Fine  manufacturing,  such  as  fine  lathe  work,  pattern- 

making  and  toolmaking,  light-colored  textiles 

(g)  Special  cases  of  fine  work,  such  as  watch-making,  en- 

graving, drafting,  dark-colored  textiles 

(h)   Office  work,  such  as  accounting,  typewriting,  etc.... 


Foot-candles  at  the  Work 


Ordinary  Practice 

Mit^imnm 

0.05  to  0.25 
0.50  to  1.00 
0.75  to  2.00 

0.02 
0.25 
0.25 

2.00  to  4.00 

1.25 

3.00  to  6.00 

2.00 

4.00  to  8.00 

3.00 

10.00  to  15.00 
4.00  to  8.00 

5.00 
3.00 

Machinery 

TABLE  2.     CLASSIFICATION  OF  WORK  AS  OUTLINED  IN 

THE  REVISED  CODE  OF  FACTORY  LIGHTING  OF 

THE  ILLUMINATING  ENGINEERING  SOCIETY 


Rough    manufacturing.. 


Rough  manufacturing.... 


„.                  .:     i     •  Patternmaking 

Fine   manutacturing Toolmaking 


receiving  the  total  light  in  their  eyes.  If  the  lamp  is  very 
bright,  as  is  the  case,  for  example,  with  tungsten  lamps,  when 
one  looks  directly  at  the  bare  filament  of  the  lamp,  the  glare 
not  only  produces  a  most  unpleasant  blinding  effect,  but  if 
such  abuse  of  the  eyes  is  long 
continued,  that  is,  day  after 
day,  permanent  injury  may 
result.  A  suitable  reflector 
may  be  used  with  such  lamps 
not  only  to  increase  the  down- 
ward light  and  thus  raise  the 
efficiency  of  the  system,  but 
also  to  serve  as  a  medium  for 
softening  the  light  and  re- 
ducing the  objectionable  glare 
and  blinding  effect  otherwise 
present. 

The  lighting  equipment 
should  be  supplied  from  cir- 
cuits or  mains  which  are  so 
planned  out,  both  as  to  size 
and  arrangement,  that  there 
may  be  an  adequate  pressure 
at  the  lamps  at  all  times. 
This  follows  at  once  when  it 
is  considered  that  only  slight 
changes  in  the  supply  pres- 
sure (the  voltage  in  the  case 
of  electric  lamps)  cause  con- 
siderable changes  in  the 
amount  of  light  given  off  by 
the  lamps.  Hence,  if  such 
voltage  changes  are  rapid,  due 
possibly  to  changing  loads 
taken  by  motors  on  the  same 
circuits,  an  unpleasant  flicker 

of  the  light  will  result;  whereas,  at  times  of  heavy  load,  for 
example,  when  all  the  lamps  in  the  factory  are  turned  on,  if 
there  is  an  undue  steady  decrease  in  the  supply  circuit  voltage, 
then  a  part  or  all  of  the  lamps  will  burn  dim  and  the  resulting 
illumination  may  prove  inadequate  and  unsatisfactory.  The 
supply  circuits,  however,  should  not  only  be  capable  of  main- 
taining a  steady  pressure,  but  they  should  also  be  so  protected 
that  an  Interruption  of  the  service  is  unlikely.  In  other  words, 
dependence  is  placed  on  the  circuits  for  a  steady  and  reliable 
supply  at  all  times,  and  these  requirements  are  also  apparently 
related  closely  to  the  machinery  In  the  power  plant  which, 
coupled  with  the  circuits,  largely  determines  the  reliability  of 
the  lighting  service. 

Rules-Old  and  New 

The  average  person  who  is  confronted  with  llie  problem  of 
deciding  on  the  way  In  which  to  light  a  fa<-tory  naturally  di-- 
Blreg  to  have  available  rules  for  his  guidance.  In  earlier  prac- 
tice, one  method  of  specifying  the  lamps  for  electric  lighting 
wan  In  terms  of  watts  per  square  foot  of  floor  space  requlroil 
to  produce  enough  light  for  the  given  conditions.  Thus  we 
might  say  that  the  lamps  for  a  system  of  a  certain  type,  to  be 


I  Special  cases  of  fine  work 
I 


8     I  Office    work. 


satisfactory  for  a  given  floor  area, 
must  be  installed  in  such  density 
over  the  ceiling  area  as  to  result 
in  a  value  of,  say,  1.25  watt  per 
square  foot  of  floor  space.  For  a 
floor  area  of  800  square  feet,  then, 
it  would  be  necessary  to  install  an 
aggregate  of  800  X  1.25,  or  1000 
watts,  so  that  eight  lamps,  each  con- 
suming 100  watts,  would  meet  the 
requirements. 

A  rule  of  this  kind  has  certain 
clearly   defined   disadvantages,   and 
to  make  these  disadvantages  under- 
stood it  is  only  necessary  to  point 
to  the  kind  of  errors  that  can  easily 
be  made  in  attempting  to  apply  it 
to    any   given    case.     One    instance 
that  came  to  the  writer's  attention  about  eight  years  ago  will 
serve  as  a  good  example.     At  that  time  tungsten  lamps  were 
coming  into  use  for  factory  lighting,  and  Nernst  lamps  were 
also  quite  generally  used  for  certain  purposes.     The  electrical 
man   in   a  factory  had   been 
told   that   if  a  figure  of   1.25 
watt  per  square  foot  of  floor 
was  used,  good  office  lighting 
would  result.     The  same  per- 
son   was    later    requested    by 
the  works  department  to  plan 
out  the  lighting  for  an  office 
where  Nernst  lamps  were  to 
be  used.     He  applied  the  fig- 
ure of  1.25  watt  per  square 
foot,   which   had   been   given 
him  for  tungsten  lamps,  for 
the  determination  of  the  num- 
ber of  Nernst  lamps  required, 
and  when  the  system  was  in- 
stalled  the   illumination  was 
found    to    be    inadequate — ap- 
proximately one-half  of  what 
it  should  have  been — and,  as 
a  result,  an  entire  rearrange- 
ment was  necessary.    The  ex- 
planation of  the  discrepancy 
in  this  case  is  found  to  be  due 
to     the     difference     in     the 
amount  of  light  given  off  by 
the  two   types  of  lamps   per 
watt     of    energy     consumed. 
Thus  the  Nernst  lamps  pro- 
duced only  about  one-half  as 
much  light  for  each  watt  as 
the  tungsten  units,  and,  as  a 
result,  the  total  number  of  watts  calculated  on  the  basis  of 
the  constant  1.25  (for  tungsten  lamps)  produced  an  effect  only 
one-half  as  great  as  it  should  have  been.     In  other  words,  a 
higher  constant  of  about  2.5  should  have  been  applied  for  the 
Nernst  lamps  for  satisfactory  illumination.     This  simple  yet 


Roadways 
Thoroughfares 


Storage    Storage  spaces  in  general 

Stairways 
airs    Passag 

Aisles 


Rough  machining 
Rough  assembling 
Rough  bench  work 

Involving  closer  discrimi- 
nation of  detail 

Fine  lathe  work 


Light-colored  textiles 

Watch-making 
Engraving 
Drafting 
Dark-colored    textiles 

Accounting 
Typewriting 


libers   UFed  in   this  table   correspond  with  the  numbers  in    Fijs. 


ri».  3.     Now  PP  Lamp  of  Morcury  Vapor  Type 
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Fig.  4.     TnnBsten  Lamp  equipped  with   Flat   Glass  Reflector.     Note   that 

Huch   of   the    Light    can    pass   off   in    Horizontal   Directions,    thus 

wasting  Light  and  causing  Ohjectionable   Glare 

important  illustration  will  serve  to  show  that  a  rule  of  this 

kind  is  not  satisfactory,  primarily  because  it  concerns  itself 

with  the  power  consumed 


Fig.  6.     Large  Tungsten  Incandescent  Lamp 

housed  in  Metal  Reflector  and  suspended 

by  Automatic  Disconnecting  Hanger 


by  the  lamp  rather  than 
with  the  effect  of  the  light 
from  the  lamp  in  pro- 
ducing illumination  on  the 
work.  This  very  weakness 
of  earlier  lighting  rules 
has  led  in  more  recent 
years  to  the  beginning  of 
a  movement  on  the  part  of 
certain  authorities  to  adopt 
a  form  of  specification  of 
the  quantity  of  light  neces- 
sary at  the  work  for  vari- 
ous industrial  operations 
and  to  work  back  from 
this  specification  to  find 
the  number  and  size  of  the 
lamps  that  are  required. 
Without  going  into  de- 
tails of  the  theory  involved 
in  this  more  recent  method,  it  may  be  outlined  briefly  by 
saying  that  if  we  multiply  the  intensity  of  the  illumination 

at  the  work  by  the  area 
of  the  floor  space  to  be 
lighted,  the  product  of 
these  two  factors  gives 
us  a  measure  of  the  to- 
tal light  required  over 
the  entire  working  sur- 
face. Dividing  this  prod- 
uct by  the  efllciency 
with  which  the  light 
from  the  lamps  Is  sent 
to  the  work  Indicates 
directly  the  amount  of 
light  that  all  the  lamps 
muHt  generate.  The  re- 
sult of  this  operation  Is 
expressed  In  a  unit 
called  the  "lumon," 
which  Is  now  common- 
ly used  by  the  lamp 
manuracturcrs  to  Indi- 
cate the  amount  of  light 
produced  by  a  given 
lamp.  A  Hiniplu  exam- 
ple of  IhlB  more  nicont 
rulo  will  Borvn  to  Hhow 
thn  m<'thoil  anil  will 
innkn  rioar  tho  nioanlng 
of  tho  two  or  throo 
dliipit     In     Ihn     prorogH 

rum.    Cuba*    Aro    I.tmn   whl>-h  .SUppORO       for       a      glVOIl 

whiu  «r  T.lUw  Mfhi  cIniiH   of   work    thai    an 


Fig.    5.     Tungsten    Lamp    with    Holophane    Bowl-shaped    Prismatic    Glass 

Reflector.     Note  that  Most  of  the  Light  is  directed  downward 

by   the  Prisms  that  constitute   the   Reflector 

intensity  of  5  foot-candles   (the  unit  of  illumination  intensity 
was  described  in  the  article  "Daylight  Facilities  in  Industrial 

Plants,"  in  the  November 
number)  is  required  at  the 
work,  and  that  the  area  of 
the  floor  or  working  sur- 
face to  be  lighted  is  4000 
square  feet.  Multiplying 
these  two  factors,  we  have: 
5  X  4000  ==  20,000  lumens, 
which  is  the  quantity  of 
light  that  must  be  incident 
or  at  the  working  surface. 
If  now  we  divide  this  total 
light  at  the  work  by  an 
assumed  efficiency  of,  say, 
50  per  cent,  which  means 
merely  that  of  the  total 
light  generated  by  the 
lamps  50  per  cent  is  effec- 
tive at  the  work  while  the 
remainder  is  lost  or  dissi- 
pated in  various  way,  the 


Fig,  7,     Quartz  Mercury  Vapor 

Lamp  for  High  Interiors  and 

for  Exterior  Lighting 


ekt 


result  indicates  the  total  amount  of  light  that  must  be  pro- 
duced by  all  the  lamps,  or  20,000  -^  0.50  =  40,000  lumens. 
The  remainder  of  the 
problem  is  merely  to  de- 
cide on  the  size  of  lamp 
to  be  used,  and  if  each 
lamp  produces,  accord 
ing  to  the  manufac- 
turer's rating,  a  value 
of,  say,  1000  lumens,  we 
know  at  once  that  40 
lamps  distributed  over 
the  ceiling  area  will 
produce  the  required  re- 
sult. The  application  of 
this  rule  depends  on  tlw 
proper  choice  of  In- 
tensity and  on  a  care- 
ful selection  of  the  olll- 
deiicy  constant,  as  the 
latter  depends  on  the 
type  of  roflcc'lor  and  nn 
the  surrounding  conill 
tloDH,  whether  light  col- 
ored or  (lark,  and  also 
to  Home  (sxlonl  on  the 
iirniiiRoiiK-iit  of  t  li  (' 
laiiipH  and  tho  Mi/n  cil 
ihi'  IlKhtInK  nystom. 

Ah  a  RUldu  to  IIiIh 
llTHt  factor  of  Intanslty, 
Tublo  1  nhown  thu  r« 
cent    n'comninndtttl»nn        >'«■  »     Moi.iiio  n.mr  t 
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Fig.    10.     Interior    of    Machi] 


Shop    Space    wbeie    Uniform    lUuminatloo   : 
with  Lamps 


lighting  legislation  of  the  Illuminating  Engineering  Society 
for  various  classes  of  work,  while  Table  2  gives  the  divisions 
that  have  been  employed  in  classifying  the  spaces  and  opera- 
tions in  a  number  of  typical  industries.  Figs.  1  and  2  show 
graphically  the  minimum  values  of  the  illumination  intensity 
and  the  ranges  dictated  by  ordinary  practice  for  each  given 
class  of  work.  The  industrial  commissions  of  several  states 
have  adopted  tables  of  this  same  nature. 


produced    on    Work    by    Tungsten    Lamps    and    Efficient    Reflectors 
ell  overhead 

The  values  of  the  efficiency  factor  (commonly  called  the 
utilization  efficiency)  used  in  various  practical  cases  is  some- 
what more  difficult  to  determine.  The  writer  has  found  that 
values  of  about  30  per  cent  apply  to  average  industrial  condi- 
tions with  the  usual  dark  surroundings  due  to  dirt  on  walls 
and  ceilings  and  where  due  account  is  taken  of  the  giadual 
deterioration  of  any  system  due  to  the  unavoidable  gathering 
of  dust  and  dirt  on  the  lamps  and  reflectors.     Certain   lamp 


Lirito   Foundr;   Spioo   lllumlnalod   by   Oviirhoad   Biritgm  of   Lunpi.      Note    Eioellent    Dlitrlbution    of    Light    on    WorkUi    Surfaou,    Little 
Olu-e   bolnc   produced   on   Ejroi   of    Employe!    in   looklnr   up   and   down   AUlei    bocRuio  Lampi  are  lo  High 
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Fig.   13.     Example 


manufacturers  publish  values  ranging  from 
somewhat  below  30  per  cent  for  some  types 
of  reflectors  and  small  installations  up  to 
71  per  cent  in  large  installations  and  pre- 
sumably with  more  or  less  ideal  surround- 
ings. As  a  general  policy  it  will  be  found 
desirable  in  factory  lighting  work  to  be 
conservative  in  the  selection  of  this  con- 
stant and  to  use  smaller  rather  than  too 
high  values,  because  too  high  a  value  means 
that  not  enough  light  will  be  produced  at 
the  work,  whereas  a  conservative  value 
means  that  some  allowance  has  been  made 
for  the  accumulation  of  dirt  on  the  equip- 
ment between  the  times  regularly  assigned 
for  cleaning. 

Lamps  Available 

The  discussion  thus  far  has  related  mainly 
to  ways  for  accomplishing  given  results. 
This  feature  is  obviously  an  important  one 
to  the  practical  shop  man  who  may  be  en- 
trusted with  this  division  of  the  factory 
equipment.  Of  almost  equal  importance  is 
the  question  of  the  kinds  of  lamps  that  are 
available  for  producing  the  results.  It  is  not  generally  recog- 
nized, perhaps,  that  great  limitations  were  imposed  in  earlier 
lighting  practice  by  a  lack  of  a  suitable  range  of  lamp  sizes. 
For  example,  until  ten  or  fifteen  years  ago,  practically  the 
only  types  of  electric  lamps  in  use  or  available  for  factory 
lighting  were  the  arc  lamps,  of  rather  bulky  size  and  un- 
suited  to  many  conditions,  and  the  carbon  filament  glow  lamp, 
which  was  mostly  employed  in  the  form  of  a  hand  lamp  on 
an  extension  cord  or  possibly  as  a  drop  lamp  located  close 
to  the  bench  or  machine.  These  two  extremes  left  much  to 
be  desired  in  earlier  practice,  since  many  factory  spaces  could 
not  be  effectively  illuminated  by  either  type.  Today  new 
and  improved  types  of  lamps  are  available. 

Lamps  are  rendered  more  efficient  by  the  use  of  properly 
designed  shades  or  reflectors,  and  this  important  feature  is 
well  illustrated  by  Figs.  4  and  5;  from  Fig.  4  it  will  be  seen 
that  the  bare  tungsten  lamp  or  the  same  lamp  equipped  merely 
with  a  flat  glass  shade  makes  it  possible  for  much  of  the  light 
to  pass  off  in  horizontal  directions  from  the  lamp.  Fig.  5, 
by  way  of  contrast,  shows  a  similar  lamp  equipped  with  a 
superior  reflector  which  has  the  property  of  sending  the  light 
of  the  lamp  effectively  to  the  work  and  at  the  same  time  of 
protecting  the  eyes  of  workmen  from  the  blinding  glare  of  the 
bare  lamp  filament.     Figs.  3,  6,  7,  8  and  9  illustrate  various 


Fl(.   It.      Jatcrlsr  of  Larc-  Onr.   wh.r*   Iti'llr.nt     flr«t<<ni    ol    Illiimlnallon    wll 
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of  Flood  Lighting   by  Lamps    equipped  with  Efficient  Projectors  and  mounted 
on    Adjacent    Structures 

types  of  modern  electric  lamps,  each  type  being  suited,  in  a 
general  way,  to  given  conditions  of  service.  The  two  types 
that  are  most  widely  used  for  shop  and  factory  interiors 
are  the  mercury  vapor  and  the  tungsten  lamps  illustrated  in 
Figs.  3  and  6.  The  lamp  shown  in  Fig.  3  operates  on  direct- 
current  circuits  and  is  designed  mainly  for  high  areas.  It 
consumes  770  watts  at  220  volts.  Other  types  for  use  on 
alternating-current  circuits  are  also  available.  The  lamp  in 
Fig.  8  gives  off  920  mean  lower  hemispherical  candlepower  and 
consumes  500  watts.  It  is  occasionally  used  for  very  high 
interiors.  The  lamp  in  Fig.  9  gives  off  a  mean  lower  hemi- 
spherical candlepower  of  495  with  an  energy  consumption  of 
272  watts.  The  lamp  in  Pig.  7  produces  a  very  high  candle- 
power  with  a  low  energy  consumption.  This  type  is  not  on 
the  market  at  present,  because  of  the  inability  of  the  manu- 
facturers to  secure  quartz  tubing  from  abroad. 

Systems  and  Special  Cases 

As  a  final  consideration,  brief  mention  should  be  made  of  the 
general  systems  of  illumination  that  have  come  to  be  looked 
upon  as  standard  for  factory  work.  It  may  be  stated  at  the  out- 
set that  the  use  of  individual  lamps  close  to  the  work  is  dis- 
couraged as  inferior  to  the  scheme  of  general  lighting  illustrated 
in  Figs.  10  and  11,  where  the  lamps  are  shown  mounted  well 
overhead  according  to  a  symmetrical  arrange- 
ment. Sometimes  a  modified  form  of  general 
lighting  is  found  desirable  in  which  the  posi- 
tions of  the  lamps,  instead  of  being  symmetri- 
cal throughout,  are  determined  by  the  loca- 
tions of  the  machines  on  the  floor  space.  Such 
a  plan  embodies  some  of  the  features  of  the 
local  or  individual  method  of  lighting  along 
with  the  advantages  that  usually  accompany 
the  placing  of  the  hiiiips  well  overhead. 
Other  interesting  and  important  schemes  In- 
volve the  use  of  enclosing  bowls  for  sending 
some  or  all  of  the  light  of  the  lamps  to  the 
celling,  from  which  It  Is  redirected  to  the 
working  surfaces  beneath.  Such  Bchemes. 
one  of  wlilcli  is  shown  In  Fig.  12.  depend  for 
HUiccHsful  oiicratlon  on  IIkIiI  colored  collings 
and  HurrDunding.s  Kciu'iiiUy,  aiul  hence  their 
use  Is  llmltiMl  largely  to  the  olllco  or  drafting 
rniMu.  One  feature  which  Is  of  unusual  value 
ii  (IiIh  lime  Is  the  use  of  ijrojootors  with 
iiiiiKstcii  lamps  for  lllunilnatInK  building 
iriinlH  or  yiirils  iil  nlglil  as  a  proloctlvc  foii- 
lurc.  Such  II  caHc  Is  llhistrnlcd  In  Klg.  I'l. 
wlicrc  II  will  he  iiiilcd  that  the  projectors 
iirr'  H<i  niiiuiili'd  I  hill  th(>  front  and  sldos 
of    llu>    building    uru    brightly    Illuminated. 
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CRALEY  "MASTER  TOOLMAKER" 


FOR  use  in  drilling  holes  in  jigs,  fixtures  and  other  work 
where  accurate  spacing  is  required,  the  Craley  Mfg.  Co., 
Lancaster.  Pa.,  has  developed  a  machine  known  as  the 
"master  toolmaker,"  which  is  illustrated  and  described  here- 
with. This  equipment  is  clamped  to  the  table  of  a  drilling 
machine  with  the  drill  bushing  in  line  with  the  axis  of  the 
machine  spindle,  so  that  holes  may  be  drilled  as  in  the  case 
of  an  ordinary  jig.  The  "master  toolmaker"  is  equipped  with 
a  compound  table  with  slides  at  right  angles,  which  are  oper- 
ated by  the  usual  screw  and  ball  crank  combination.  These 
screws  are  merely  employed  for  making  approximate  settings; 
the  actual  locations  which  are  depended  upon  to  secure  accu- 
rate spacing  of  the  holes  are  made  by  means  of  micrometer 
heads  and  standard  distance  bars.  The  work-table  is  adjusted 
until  both  micrometers  read  zero  against  stops  on  the  table 
which  act  as  the  micrometer  anvils,  and  in  this  position  the 
center  of  the  drill  bushing  is  located  over  the  intersection  of 
the  guide  strips  on  the  work-table.  Work  is  clamped  against 
these  guides,  and  in  starting  to  locate  the  first  hole,  the  two 
table  slides  are  manipulated  so  that  an  approximate  setting 
is  secured,  after  which  the  distance  bars  and  micrometer  heads 
are  used  to  obtain  the  final  location  in  the  manner  to  which 
reference  has  already  been  made.  In  this  connection,  atten- 
tion is  called  to  the  fact  that  the  arm  which  supports  the  drill 
bushing  should  be  set  to  bring  the  bushing  as  close  to  the 
work  as  possible.     Obviously  it  is  possible  to  use  this  equip- 


ment to  locate  any  number  of  holes  in  the  work  in  the  desired 
relation  to  each  other,  as  the  table  slides  may  be  manipulated 
and  final  settings  made  with  the  micrometer  heads  and  dis- 
tance bars,  so  that  each  hole  is  located  in  the  proper  relation 
to  the  preceding  hole.  Clamps  are  provided  to  lock  the  table 
in  each  position  before  the  drilling  operation  is  started. 

It  will  be  apparent  from  the  illustrations  that  the  distance 
bars  are  supported  by  bushings  held  in  V-shaped  seats,  which 
support  them  at  the  proper  height  to  line  up  properly  between 
the  micrometer  spindles  and  stops  on  the  table  which  come 
in  contact  with  the  micrometer  spindles  when  the  table  is  set 
in  the  zero  position.  A  set  of  distance  bars  is  provided,  so 
that  any  desired  combination  of  whole  inches  may  be  obtained 
up  to  the  full  capacity  of  the  machine,  and  thousandths  of  an 
inch  are  then  secured  with  the  micrometer  heads.  Johannson 
gages  may  be  used  in  place  of  the  distance  bars,  if  .so  desired. 
An  important  feature  is  that  by  the  use  of  this  machine  there 
is  no  danger  of  introducing  a  cumulative  error,  as  each  meas- 
urement is  taken  from  the  intersection  of  the  guide  strips. 
The  capacity  of  the  machine  is  for  holes  up  to  %  inch  in 
diameter,  but  should  it  happen  that  the  necessity  arises  for 
drilling  a  hole  of  larger  size,  this  can  easily  be  done  by  drill- 
ing and  reaming  a  smaller  hole  in  the  desired  location;  then, 
after  all  other  holes  have  been  drilled  and  reamed,  a  plug  is 
placed  in  the  hole,  which  marks  the  position  at  which  the 
larger  hole  is  to  be  drilled.    The  work  is  next  transferred  to 

> 


Fl(.   1.     "Matlor  Toolmaker"   built  by  tho  Craloy  Mff.   Co. 
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a  lathe  and  indicated  by  means  of  this  plug; 
then,  after  the  desired  location  has  been  se- 
cured, the  hole  can  be  bored  and  reamed  on  the 
lathe.  The  advantage  of  using  a  machine  of 
this  type  in  shops  where  there  is  a  lot  of  accu- 
rate drilling  to  be  done  will  be  obvious  to  any 
experienced  mechanic,  and  it  is  claimed  that 
in  such  shops  the  machine  will  pay  for  itself 
in  a  relatively  short  time. 

Among  the  classes  of  work  in  which  holes 
may  be  drilled  and  reamed  with  the  "master 
toolmaker,"  the  following  may  be  mentioned: 
jigs,  dies,  templets,  master  plates,  models,  etc. 
Its  use  does  away  with  the  necessity  of  laying 
out  work,  and  the  accuracy  of  the  "master" 
may  be  depended  upon  without  requiring  a 
high-priced  mechanic  to  spend  a  lot  of  time  on 
inspection.  The  work-table  is  8  by  11  inches 
in  size,  and  it  has  a  maximum  longitudinal 
movement  of  8 14  inches,  a  maximum  transverse 
movement  of  614  inches,  and  the  drill  bushing 
arm  has  a  maximum  vertical  movement  of  6  inches.  The  ma- 
chine weighs  approximately  125  pounds.  The  regular  equip- 
ment furnished  includes  two  special  Brown  &  Sharpe  microm- 
eter heads,  eleven  hardened  and  lapped  distance  bars  1/4  inch 
in  diameter  and  varying  in  length  in  intervals  of  1  inch,  eight 
bushings  from  3/16  to  5/8  inch  in  diameter,  inclusive,  vary- 
ing by  intervals  of  1/16  inch,  and  four  clamps  and  screws 
for  the  T-slots. 


CRAWFORD 


FIFTEEN-INCH 
LATHE 


ENGINE 


The  Joseph  Crawford,  Jr.,  Co.,  Erie,  Pa.,  is  manufacturing 
the  improved  design  of  fifteen-inch  lathe  shown  in  the  illus- 
tration. Thi.s  lathe  differs  from  the  design  previously  built  in 
regard  to  the  arrangement  of  the  gear-  and  feed-boxes  and  in 
the  separation  of  the  screw-cutting  mechanism  from  the  feed- 
ing mechanism.  This  machine  also  has  an  increased  range  of 
feeds  and  a  larger  thread-cutting  capacity.  The  bed  of  this 
lathe  has  three  large  vees  and  one  flat  way.  The  spindle  is 
made  of  high-carbon  steel  and  has  a  l^-inch  hole  extending 
through  it.  The  tailstock  is  so  arranged  that  the  compound 
rest  can  be  set  at  right  angles  to  the  cross-slide.  The  longi- 
tudinal and  cross  feeds  are  friction  driven  and  the  cross-feed 
screw  is  provided  with  micrometer  adjustment.    By  changing 


Crawford  Fifteen-inclr  Engine  Lathe 

the  positions  of  the  two  handles  (see  illustration)  forty-eight 
different  speeds  can  be  obtained  for  threading  and  feeding. 
There  is  an  independent  feed-rod,  so  that  the  lead-screw  can 
be  used  exclusively  for  thread  cutting.  The  taper  attachment 
is  of  simple  design  and  so  connected  to  the  back  of  the  car- 
riage that  it  is  within  easy  reach  of  the  operator.  The  spiral 
relieving  attachment,  which  is  shown  in  position  in  the  illus- 
tration, may  be  used  for  straight  or  taper  parts  and  for  inside 
or  outside  relieving  on  both  right-  and  left-hand  work  with 
any  number  of  flutes  from  2  to  28,  inclusive.  A  universal  joint 
and  a  bearing  block  will  be  provided  when  axial  relieving  is 
desired.  The  taper  attachment  and  relieving  attachment  are 
part  of  the  special  equipment.  This  lathe  swings  16%  inches 
over  the  ways  and  9%  inches  over  the  carriage.  The  maxi- 
mum distance  between  the  centers  is  34  inches.  The  ma- 
chine has  a  thread-cutting  capacity  varying  from  2  to  120 
threads  per   inch. 


la/lur   k    rnriii    Vsrllcial.iplDdlo    Mllllni    Machln 


TAYLOR  &   FENN   VERTICAL-SPINDLE 
MILLING   MACHINE 

The  Taylor  &  Fenn  Co.,  Hartford,  Conn.,  is  now  manufac- 
turing a  vertical-spindle  milling  machine  designed  for  light 
vertical  milling  operations.  This  machine,  as  shown  in  the 
accompanying  illustrations,  is  sufllciently  rigid  and  powerful 
to  permit  of  high  cutter  speeds  and  may  be 
adapted  for  light  profiling  work.  The  machine 
is  equipped  throughout  with  double-row  self- 
aligning  ball  bearings.  The  unit  system  of 
construction  is  followed  throughout,  the  in- 
dividual parts  being  assembled  in  groups. 
The  spindle  is  mounted  in  a  steel  sleeve  in 
the  head,  which  has  a  vertical  movement  of 
two  inches,  controlled  by  a  hand-leVer  at  the 
side  of  the  head.  The  spindle  is  locked  in 
position  by  a  clamp  ring  and  handle  seen 
at  the  front  of  the  head.  Positive  stops  are 
provided  for  regulating  the  depth  of  the  cut, 
and  there  are  adjustable  stops  for  controlling 
the  longitudinal  and  cross  movements  of  the 
table.  A  four-stop  cone  pulley,  in  conjunc- 
tion with  a  two-step  friction  counU'rshaft, 
provides  eight  spindle  spoods,  ranging  from 
24G  to  4000  revolutions  per  minute.  The  ma- 
chine table  has  a  longitudinal  movement  of 
11  inches,  a  cross  niovumoat  of  6  hu'lies  and 
a  vortl(uil  movement  of  O'/j  inches.  The 
maximum  dlslanco  from  the  end  of  the  spin- 
dle to  llio  top  of  the  table  Is  11 '/j  Inches,  and 
the  center  of  thu  splndlo  Is  10  Inohos  from 
the  column.  The  table  luiH  a  working  Hurfaco 
0  by  18  InclieH.  The  Htiindard  eiiulpment  In- 
cIudoH  a  Koiircil  iiuinp  wllh  tiitik  and  piping 
comploto. 
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vided  which  may  be  clamped  in  the  desired  position  by  tight- 
ening the  two  binding  levers  seen  at  the  front  of  the  machine. 
This  sleeve  affords  adequate  protection  for  the  spindle  bear- 
ings, etc.,  against  damage  from  grit  and  other  foreign  matter; 
and  the  vertical  position  of  the  sleeve  may  be  adjusted  so  that 
it  affords  the  maximum  amount  of  support  for  the  spindle  at 
the  exact  position  in  which  it  is  working. 

On  the  Nos.  30  and  31  machines,  the  spindle  is  7/16  inch  in 
diameter,  and  on  the  No.  32  machine  the  spindle  is  11/16  inch 
in  diameter.  The  principal  dimensions  of  all  the  machines 
are  as  follows:  distance  from  center  of  spindle  to  column  in 
gap  of  the  machine,  8  inches;  distance  from  center  of  spindle 
to  planed  surface  of  column,  Tl^  inches;  maximum  traverse 
of  spindle,  8  Inches;  maximum  traverse  of  feed  rack,  4  inches; 
maximum  traverse  of  table,  15  inches;  width  of  belt  for  spin- 
dle drive,  1  inch;  number  of  spindle  speeds,  5;  width  of  oil- 
groove  around  table,  1%  inch.  In  addition  to  the  single- 
spindle  machines  shown  in  the  accompanying  illustrations, 
these  machines  are  built  in  one-,  two-,  three-,  four-  and  six- 
spindle  gangs. 


Grinder  made  by  United  States  Electrical  Tool  Co. 

UNITED   STATES    ELECTRICALLY   DRIVEN 
GRINDER 

The  electrically  driven  grinder  illustrated  herewith  is  an 
addition  to  the  line  of  grinding  machines  made  by  the  United 
States  Electrical  Tool  Co.,  6th  Ave.  and  Mt.  Hope  St.,  Cincin- 
nati, Ohio.  This  type  of  grinder  may  be  equipped  with  either 
a  5-horsepower  motor  and  two  18-  by  3-inch  wheels,  or  with  a 
7%-horsepower  motor  and  two  24-  by  4-inch  wheels.  These 
grinders  are  fitted  with  ball  bearings,  instead  of  using 
phosphor-bronze  or  babbitt  metal.  The  grinder  of  5-horsepower 
capacity  has  a  Westinghouse  Type  CS  motor,  having  a  speed 
of  1120  revolutions  per  minute.  The  grinding  wheel  guards 
are  made  of  steel  and  can  be  furnished  with  or  without  ex- 
haust connections.  These  machines  can  also  be  equipped  with 
a  push-button  switch  tor  starting  and  stopping  the  motor,  it 
desired. 


"DEMCO"  SENSITIVE  DRILLING  MACHINES 

The  De  Mooy  Machine  Co.,  706  Frankfort  Ave.,  N.W.,  Cleve- 
land, Ohio,  has  added  to  its  line  of  drilling  machines  three  high- 
speed ball  bearing  machines,  which  are  known  as  Nos.  30,  31 
and  32.  It  will  be  apparent  from  the  Illustrations  that  the 
Nos.  30  and  31  machines  are  of  es- 
sentially the  same  design,  except 
that  one  is  of  the  bench  type  while 
the  other  is  furnished  with  a  pedes- 
tal base,  so  that  it  can  be  set  up  on 
the  floor.  The  No.  32  machine  is  of 
practically  the  same  design  as  the 
No.  31,  except  that  the  former  is 
adapted  for  a  maximum  speed  of 
12,000  revolutions  per  minute,  while 
the  latter  machine  can  be  run  up 
to  3500  revolutions  per  minute.  On 
all  machines  provision  is  made  for 
adjusting  the  position  of  the  idler 
pulley  at  the  back  of  the  machine 
to  provide  compensation  for  the  belt 
when  it  is  shifted  from  one  step  on 
the  cone  pulley  to  another.  This  i." 
done  by  means  of  a  rack  and  pinion 
operated  by  a  capstan  wheel,  which 
results  in  sliding  the  bracket  on 
which  the  Idler  pulley  i.i  carried. 
In  addition  to  the  sliding  move- 
ment, this  Idler  pulley  bracket  is 
supported  on  a  pivot,  so  that  a  com- 
pression spring  of  the  proper 
strength  may  be  employed  to  give 
the  desired  belt  tension.  Another 
diHtliii'llvo  feature  of  the  design  Is 
that  an   Independent  sleeve  Is  pro-  Driiiini  Maokino 


WESTINGHOUSE    DRUM    REVERSE 
SWITCH 

One  of  the  latest  products  of  the  Westinghouse  Electric  & 
Mfg.  Co.,  East  Pittsburg,  Pa.,  is  a  small  drum  reverse  switch 
for  operating  motors  in  machine  tool,  wood-working  and  other 
services  requiring  reversing  of  the  motors.  The  small  size 
of  this  reverse  switch  makes  it  especially  adapted  for  mount- 
ing directly  on  the  machine.  A  terminal  board  of  heavy 
micarta  forms  the  back  of  the  switch,  and  on  the  front  side 
of  this  board  are  mounted  the  stationary  contacts.  The 
movable  contacts  are  mounted  on  cast-brass  brackets  clamped 
on  the  shaft,  from  which  they  are  thoroughly  insulated.  Good 
contact  is  insured  by  phosphor-bronze  springs,  on  the  movable 
contacts,  these  being  protected  by  copper  shunts.  Heavy  bar- 
riers of  asbestos  lumber  separate  adjacent  sets  of  contacts,  so 
that  cross-arcing  is  impossible.  All  live  parts  are  protected 
from  exposure  by  an  enclosing  cover  of  sheet  steel,  lined  with 
asbestos,  and  held  in  place  by  two  ring  latches,  which  per- 
mit easy  removal  for  inspec- 
tion  or    renewal    of   contacts. 

These  switches  are  made 
for  alternating  -  current  or 
direct-current  circuits.  For 
alternating  -  current   service 


Fl(.  1.    N 
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and  for  direct-current  service  without  dynamic  braking, 
they  are  provided  with  "Forward,"  "Off"  and  "Reverse"  posi- 
tions. For  alternating-current  service,  the  motor  is  connected 
directly  across  the  line.  For  direct-current  applications  with 
dynamic  bralving,  the  switch  handles  have  five  positions,  as 
follows:  "Forward,"  "Drift,"  "Off  and  Brake,"  "Drift,"  and 
"Reverse."  They  maj^  be  used  with  automatic  starters  for 
shunt-  and  compound-wound  motors.  With  compound-wound 
motors  having  heavy  series  winding  for  tailstock  and  cross- 
rail  service,  they  may  be  used  to  connect  the  motor  directly 
to  the  line,  either  with  or  without  resistors  permanently  con- 
nected in  series  with  the  armature.  When  remote  mechanical 
control  is  desirable,  both  alternating-current  and  direct-current 
switches  can  be  furnished  with  extended  shaft,  permitting 
either  gear  or  sprocket  operation. 


MORRIS   UNIVERSAL   TILTING   TABLE 

For  use  in  connection  with  its  line  of  radial  drilling  ma- 
chines, the  Morris  Machine  Tool  Co.,  Court  and  Harriet  Sts., 
Cincinnati,  Ohio,  is  building  a  universal  tilting  table,  which 
is  illustrated  in  position  on  the  base  of  a  radial  drilling  ma- 


chine. This  table  can  be  furnished  in  place  of  the  regular 
box  table  and  is  so  designed  that  it  can  be  tilted  to  any  angle 
by  means  of  a  worm  and  worm-wheel  segment  graduated  in 
degrees.  In  addition  to  being  tilted  to  any  angle,  the  table 
can  be  swiveled  around  and  clamped  in  any  desired  position. 
When  brought  to  the  straight  position  it  rests  on  positive 
stops.  The  working  surface  of  the  top  of  this  table  is  18  by 
18  Inches,  and  the  side  is  11  by  18  inches.  The  T-slots  are 
%  inch  In  width. 


CLEVELAND    MILLING   MACHINE    VISE 

A  plain  niilliiiK  machine  viwe  made  by  the  Cleveland  Milling 
Machine  Co.,  18511  Euclid  Ave.,  Cleveland,  Ohio,  is  shown  in 
Figs.  1  and  2.  This  vise  Is  made  as  low  as  possible  without 
Hacrlflclng  Htrcngth  and  the  facilities  for  clamping.  It  has  a 
machlncflnished  flange  extending  completely  around  It,  so  It 
can  be  pla<'cd  in  any  poHltlun  on  the  mat^hlne  table.  The  Jaws 
are  of  atcel  and  can  be  removed  readily  If  Kpeclal  Jaws  are 
refjulred.  The  ways  of  the  vise  are  solid  and  the  block  and 
gibs  are  so  arranged  that  they  wipe  the  ways  free  from  chips 
and    foreign    msLtor.     The    tongue   hIoIh   arc   rallied    at   right 
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Fiff.   2.     Sectional  View  of  Cleveland   Vise 

angles  to  each  other,  so  that  the  vise  can  be  held  either  parallel 
or  at  right  angles  to  the  machine  spindle.  The  tongue  slots 
on  all  vises  are  the  same  distance  from  the  face  of  the  solid 
jaw.  This  facilitates  using  the  vise  in  place  of  a  fixture.  The 
solid  jaw  and  the  opposite  end,  in  which  the  screw  bearing  is 
formed,  are  cored  out  as  shown  in  Fig.  2.  The  object  of  coring 
out  these  sections,  instead  of  making  them  solid,  is  to  secure 
an  even  distribution  of  metal  and  a  stronger  construction  by 
eliminating  spongy  metal  at  these  points  and  shrinkage  strains. 
The  movable  jaw  is  gibbed  on  the  outside,  so  that  there  are 
no  slots  cut  in  the  base  of  the  vise.  These  external  gibs,  how- 
ever, do  not  interfere  in  any  way  with  the  clamping  of  the 
vise  onto  the  milling  machine  table. 


OTT  VALVE    SEAT   GRINDING  MACHINE 

The  Ott  Grinder  Co.,  Indianapolis,  Ind.,  is  now  building  a 
machine  that  is  especially  adapted  for  grinding  motor  valve 
seats — usually  to  an  angle  of  45  degrees.  A  special  wheel-base 
provided  on  this  machine  can  be  set  so  that  work  may  be 
ground  to  any  angle  from  15  to  60  degrees.  It  will  be  apparent 
from  the  illustration  that  the  wheel-slide  is  operated  by  a 
hand-lever  to  provide  for  traversing  the  wheel  across  the  face 
of  the  work  while  it  is  being  ground;  the  table  reverse  is  also 
operated  by  hand  turnstile  levers.  When  centers  are  not  pro- 
vided in  the  head  of  the  valve  stems,  a  draw-in  collet  chuck 
is  furnished,  which  may  be  operated  by  a  treadle  to  facilitate 
handling   the  work,   as  a   treadle-operated   chuck  leaves  both 


Valve  Boat  Orindor  built  by  Ott  Grindor  Co. 

of  the  ojH'rator's  hands  free.  This  provision  made  for  rapid 
handling  of  the  work,  together  with  moans  of  traversing  a 
Btralghtfacod  wheel  across  the  valve  seat,  Insures  the  rapid 
productWni  of  ncmrnto  work. 


ri|.    1.     ClnvoUnd    PUIn    Vlu    for    MIMInl   Maohin 


BOLT   AND   NUT   LOCKING    DEVICE 

The  nut  and  Imll  loikliig  ilrvlcc  di-HcrilxMl  lii  tlic  rollowliig 
Ih  liilended  primarily  to  provide  a  Hiniple  and  Incxpcnslvo  hut 
effectlvu  ni«tliod  of  preventing  the  unHcrewIng  of  iiuIh  or  bolts. 
After  a  nul  Ih  placed  on  a  bolt,  It  Ih  held  In  position  by  a 
Hpriiig  locking  member  A  (hoo  accompanying  lUuHtrntlon ).   One 
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Zeman  Bolt  and  Nut  Locking  Device 

end  of  this  flexible  spring  is  secured  in  the  narrow  end  of  a 
V-shaped  recess  formed  in  one  side  of  the  nut.  This  recess  is 
wide  enough  on  the  bearing  side  of  the  nut  to  allow  the  flexible 
locking  member  A  a  certain  amount  of  movement,  and  this 
spring  is  of  such  a  length  that  it  tends  to  project  beyond  the 
surface  of  the  nut;  consequently  any  backward  movement  of 
the  nut  will  cause  the  locking  spring  to  bend  in  a  direction 
opposite  to  the  rotation  of  the  nut  so  that  it  "bites"  into  what- 
ever part  is  held  by  the  nut  and  the  latter  is  prevented  from 
unscrewing.  When  it  is  desired  to  remove  the  nut  it  is  simply 
necessary  to  insert  the  point  of  a  knife  blade  or  other  pointed 
instrument  back  of  spring  A  and  force  it  outward.  The  view 
to  the  right  shows  this  same  locking  device  applied  to  a  cap- 
screw  or  bolt.  The  spring  B  in  this  ease  is  inserted  in  a  slot 
In  the  bolt-head.  When  the  nut-locking  device  is  employed  in 
connection  with  a  cap-screw  or  bolt  having  a  round  shank, 
means  must  be  provided  to  prevent  the  rotation  of  the  bolt. 
A  small  locking  pin  C,  which  projects  from  the  under  face  of 
the  bolt-head,  is  used  to  bite  into  the  surface  beneath  the  bolt- 
head,  thus  preventing  rotation  in  either  direction.  This  lock- 
ing device  has  been  brought  out  by  Joseph  F.  Zeman,  15  E. 
Stonewall  St.,  Charlotte,  N.  C,  and  is  manufactured  by  the 
Inter-State  Machine  Products  Co.,  of  Rochester,  N.  Y. 


LANSING   ELECTRIC    TRUCKS 

Savings  to  be  made  through  the  substitution  of  power-driven 
equipment  for  manual  labor  in  transferring  materials  and 
products  through  a  factory  are  of  exceptional  importance  at 
the  present  time,  due  to  the  scarcity  of  labor  and  the  abnor- 
mally high  wages  which  are  being  paid  to  all  classes  of  fac- 
tory employes.  To  facilitate  the  handling  of  loads,  factory 
trucks  are  now  being  equipped  with  electric  motors  which 
obtain  their  power  from  individual  storage  batteries  carried 
on  the  trucks.  The  Lansing  Co.,  Lansing,  Mich,  builds  three 
types  of  load  carriers,  which  comprise  a  truck,  a  tractor  and  a 
trailer.  The  truck  and  the  tractor  are  power-driven,  the  truck 
being  used  for  ordinary  classes  of  transfer  work,  while  the 
tractor  is  employed  to  pull  a  train  of  trailers  loaded  with  ma- 
terials or  products  in  course  of  manufacture. 

Two  types  of  tractors  are  made,  which  have  rated  trailer 
load  capacities  of  .5000  and  12,000  pounds,  respectively.  The 
tractor  carries  no  load  itself,  but  is  essentially  a  small  electric 
locomotive.  Both  the  tractor  and  trailers  are  of  sufl3ciently 
narrow  gage  so  that  they  can  be  run  in  factory  aisles  wherever 
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hand  trucks  may  be  used.  Two  types  of  steering  apparatus 
are  used,  one  of  which  is  controlled  by  a  wheel  and  the  other 
by  a  lever.  The  operator's  platform  and  seat  are  so  placed 
that  the  driver  may  either  stand  or  sit.  Where  the  steering 
wheel  is  used,  the  operator  has  the  wheel  and  controller  handle 
at  his  right;  and  with  the  lever-controlled  steering  gear,  the 
lever  is  at  the  right  and  the  controller  handle  at  the  left  of 
the  operator.    The  brake  pedal  is  operated  by  the  left  foot. 

So  far  as  the  design  of  the  mechanism  is  concerned,  the 
Lansing  trucks  are  identical  with  the  tractors,  except  that 
the  trucks  are  mounted  on  springs  at  the  rear  as  well  as  at 
the  front,  and  that  the  front  tires  are  widened  to  take  care 
of  the  increased  load  they  must  carry.  The  point  of  difference 
lies  in  the  fact  that  the  truck  has  a  "loading  area"  on  which 
the  raw  material  or  product  is  carried  by  the  truck,  while  the 
tractor  is  simply  employed  to  haul  a  load  of  trailers  in  the 
manner  to  which  reference  has  already  been  made. 


NOBLE  &  WESTBROOK  SURFACE  GRINDER 

One  of  the  recent  products  of  the  Noble  &  Westbrook  Mfg. 
Co.,  Hartford,  Conn.,  is  the  automatic  surface  grinder  which 
forms  the  subject  of  the  following  description.  All  working 
parts  of  the  machine  are  carefully  designed  to  provide  for  ex- 
cluding abrasive  dust  and  other  foreign  matter  which  would 


Eloctrlo  Trictor  built  by  the  Laming   Co. 


Surface  Grinder  built  by  the  Noble  &  Westbrook  Mfg.  Co. 

cause  undue  wear.  A  thrust  bearing  is  provided  on  the  table 
raising  and  lowering  mechanism,  which  provides  tor  having 
this  mechanism  operate  easily;  and  the  usual  practice  is  fol- 
lowed of  graduating  the  feed-screw  dials  to  read  to  0.001  inch. 
All  slides  and  spindle  bearings  are  furnished  with  means  of 
compensating  for  wear.  The  cross-slide  is  equipped  with  an 
automatic  stop  which  limits  its  travel  in  both  directions,  and 
the  platen  can  be  instantly  started  or  stopped  by  use  of  a 
hand-lever  which  engages  or  disengages  the  clutch  in  the  driv- 
ing pulley.  Tills  provision  for  stopping  or  starting  the  table 
without  stopping  tlie  wheel-spindle  or  other  parts  of  the  ma- 
iliiiie  is  an  exceptionally  convenient  feature.  It  will  be  ap- 
parent from  the  illustration  that  this  machine  Is  simply  de- 
signed and  particularly  well  adapted  for  the  requirements  of 
many  manufacturing  departments  where  surface  grinding 
operations  must  he  performed  on  the  work. 

At  the  front  of  tlie  table  there  will  be  seen  a  horizontal  bar 
on  whi<'h  the  reversing  stops  are  carried.  These  stops  may  be 
set  in  any  desired  position  along  the  bar,  so  that  they  reverse 


362 


MACHINERY 


December,  1917 


the  direction  of  table  travel  in  the  required 
points.  It  will  be  seen  that  motion  for  the 
table  traverse  is  taken  direct  from  the  main 
drive  by  means  of  an  auxiliary  shaft  at  the 
right-hand  side  of  the  machine,  from  which 
power  is  transmitted  to  the  table  through 
gearing.  The  large  handwheel  at  the  front 
of  the  machine  provides  for  raising  or  lower- 
ing the  table,  and  it  will  be  seen  that  a 
graduated  dial  on  the  same  shaft  with  this 
handwheel  reads  to  0.001  inch,  which  pro- 
vides for  raising  the  table  to  take  a  cut  of 
the  desired  depth.  Transverse  adjustment 
of  the  table  is  made  by  a  wrench  placed  over 
the  end  of  the  squared  shaft,  which  will  be 
seen  above  the  handwheel.  The  principal 
dimensions  of  this  machine  are  as  follows: 
capacity  of  machine,  8  by  20  inches;  dis- 
tance between  bottom  of  12-inch  grinding 
wheel  and  top  of  platen,  7  1/2  inches;  diameter  of  spindle, 
19/16  inch;  size  of  grinding  wheel,  12  inches  in  diameter  by 
3/4  inch  face  width;  and  size  of  tight  and  loose  pulleys,  7 
inches  diameter  by  4  inches  face  width.  This  machine  can 
be  furnished  either  with  or  without  a  magnetic  chuck. 


KANE  &,  ROACH  CHANNELING  MACHINE 

For  the  formation  of  irregular  sections  of  sheet  metal  of 
indefinite  length  for  use  in  the  manufacture  of  metal  furni- 
ture, automobile  rims,  show  cases,  etc.,  in  the  small  sizes, 
and  for  structural  steel  work,  gutters,  molds  for  cement  forms, 
steel  car  manufacture  and  kindred  uses  in  the  large  sizes,  the 
process  of  rolling  or  channeling  is  being  largely  developed. 
Sheet  stock  of  any  metal  may  be  formed  cold  by  channeling, 
and  any  thickness  up  to  14  inch  may  be  worked  without  diffi- 
culty. The  speed  at  which  this  class  of  work  is  handled  varies 
from  fifty  to  ninety  feet  per  minute,  according  to  the  metal 
and  the  shape  to  be  produced. 

Generally  speaking,  a  machine  for  channeling  has  two  or 
more  pairs  of  steel  rolls,  although  when  the  shape  is  particu- 
larly intricate  the  number  sometimes  runs  as  high  as  twelve 
or  fourteen  pairs.  These  rolls  are  spaced  at  equal  distances 
along  the  machine,  and  each  pair  gives  the  metal  strip  a  bend 
that  is  slightly  more  pronounced  than  that  given  by  the  pre- 
ceding pair.  The  rolls  are  geared  together  and  are  driven  by 
connecting  gears,  so  that  each  pair  helps  to  drive  the  sheet 
forward  as  well  as  to  form  it.  On  machines  built  by  Kane  & 
Roach,  Niagara  and  Shonnard  Sts.,  Syracuse,  N.  Y.,  the  rolls 
are  always  of  the  overhanging  type,  that  is,  the  forming  rolls 
operate  on  the  outside  of  the  machine  housing.  This  permits 
changing  them  without  difficulty  when  it  is  desired  to  produce 


Fi^.  2.     Opposite  Side  of  Kane  &  Koach  Channeling  Machine 

different  sections.  In  addition,  the  work  is  more  readily 
reached  and  controlled  than  would  be  possible  if  the  rolls 
were  within  the  housings.  Adjustable  outer  bearings  are  fitted 
to  the  outer  ends  of  each  pair  of  rolls  tying  the  upper  and 
lower  shafts  together  so  they  cannot  spring  apart  under  the 
pressure. 

In  very  heavy  channeling  machines,  the  outer  shaft  bearings 
are  connected  in  the  horizontal  direction  as  well.  The  gears 
for  driving  the  rolls  are  made  of  steel  in  order  that  they  may 
have  the  necessary  strength.  The  driving  gear  is  always  lo- 
cated as  near  the  center  of  the  machine  as  possible  in  order 
to  distribute  the  strain  on  the  roll  gears.  In  view  of  the  fact 
that  vertical  adjustment  of  the  rolls  is  often  necessary,  the 
gear  teeth  must  be  cut  fairly  long  to  allow  considerable  lati- 
tude in  meshing.  The  vertical  adjustment  is  made  possible  by 
mounting  the  upper  roll  bearings  in  eccentric  sleeves.  The 
drive  is  always  to  the  lower  rolls  first,  in  order  to  keep  the 
gearing  as  compact  and  as  low  down  on  the  machine  as  pos- 
sible. In  order  to  start  the  stock  correctly,  so  that  it  will  not 
start  off  center  or  on  a  slant,  a  long  table  or  guide  is  provided 
before  the  first  pair  of  rolls.  The  design  of  these  parts  and 
their  functions  will  be  touched  upon  later. 

Rolls  for  Channeling 

Except  for  the  very  smallest  and  lightest  work  where  there 
are  delicate  shapes  to  be  produced,  the  rolls  for  channeling 
machines  are  made  from  80-point  carbon  steel  castings.   When 
the  size  and  shape  permit,  they  are  cored  out.    The  rolls  are 
turned  to  the  finished  shape,  and  after' hardening,  are  ground. 
In  case  of  delicately  shaped  or  small  work,  tool  steel  is  used, 
which   is  hardened  and  afterward   ground   and   shaped  even 
more  carefully  than  is  necessary  on  the  larger  size  work.    The 
dimensions    and    proportions    of   channeling 
rolls  cannot  be  laid  down  by  any  arbitrary 
rule,  but  depend  on  the  depth  of  the  bend 
and  the  thickness  of  the  stock.    In  general, 
the  ideal  condition  is  to  have  the  rolls  as 
small    as    practical,    still    maintaining    the 
strength   nece.s8ary   for   mounting   the  rolls 
properly.      Kane    &    Iloac^h    channeling    ma- 
chines are  made  standard,  so  that  rolls  for 
different  sections  may  bo  used  on  the  same 
much  I  no. 

On  thcHo  nmchlnes  the  distances  between 
roll  centers  are  arbitrarily  fixed;  on  the  ma- 
clilnoH  Hhown  tlioy  are  IG  to  20  Inches,  which 
would  make  the  roll  dlaniclor  about  8  or 
10  Inches.  It  should  bo  homo  In  mind  that 
the  smaller  the  roll  dlametor,  tlio  loss  will 
bo  the  Krip  of  the  rolls  on  llio  metal  for  driv- 
luK  luirpoHcm.  ThiH  Is  an  liniiorliiiil  point, 
as  It  Ih  HoniotlmcH  hard  to  Hocuru  a  Hiillhlonl 
grip  on  thn  Hlock  for  driving  H.  tliroiigii  tho 
rollH,  fHpoclally  wlion  the  Bi<ctlon  Ih  a  dllTor- 
ent  ono  to  produce.  TIiIh  Ih  OHpnclully  true 
when  It  Ih  noruHHary  to  form  inelal  Btrlpn 
tliiil  liavii  IxHin  pnrrorntnil  Ixtforo  c  lianncllnK. 
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downward,  depending  on  the  shape,  as  it  emerges  from  the  ma- 
chine. To  obviate  this,  a  small  roll,  formed  to  fit  one  face  of 
the  finished  stoclc,  is  fitted  on  the  machine,  following  the  last 
pair  of  rolls,  either  above  or  below  the  stock,  as  found  neces- 
sary. When  properly  applied,  one  roll  is  sufficient  to  hold  the 
metal  straight,  delivering  the  channeled  strip  in  a  perfectly 
straight  condition.  In  the  case  of  channeling  stock  for  hoops 
or  rims  of  any  kind,  it  is  sometimes  possible  to  put  a  bending 
attachment  on  the  end  of  the  channeling  machines,  so  that 
as  the  stock  runs  through  the  last  pair  of  rolls  it  enters  the 
bending  rolls  and  is  formed  into  the  required  circle.  In  this 
case  the  stock  cannot  be  run  through  in  indefinite  lengths,  but 
each  strip  must  be  cut  to  the  proper  length  for  rolling  into  a 
ring  of  the  required  diameter  before  it  is  fed  to  the  machines. 


Fig.   3.     BoUs 


In  such  cases  the  amount  of  metal  left  for  the  rolls  to  obtain 
the  grip  on  is  limited,  and  it  is  sometimes  necessary  to  throw 
a  fine  sand  on  the  stock  as  it  is  going  through  in  order  to 
make  the  rolls  "take  hold."  Under  no  circumstances  is  a  lubri- 
cant used,  as  it  would  destroy  the  driving  power  of  the  rolls. 

Guiding-  the  Stock 

The  metal  to  be  formed  by  channeling  must  be  kept  under 
perfect  control  by  guides  before  it  enters  the  first  pair  of  rolls 
and  while  it  passes  from  one  pair  of  rolls  to  the  next;  it  must 
also  be  guided  or  straightened  after  it  emerges  from  the  last 
set  of  rolls,  to  counteract  the  tendency  to  curl.  It  is  not 
necessary  to  have 
stra  i  ghtening 
rolls  before  the 
first  set  of  rolls, 
as  the  latter  are 
sufficient  to  re- 
move any  kind 
of  irregularities 
from  the  strips, 
but  whenever 
the  shape  to  be 
produced  can  be 
secured  without 
the  help  of  the 
first  pair  of 
rolls,  they  should 
be  used  perfectly  '^^^^^  "^^""^  Machine  built 

straight  as  feed  rolls.  These  assist  in  straightening  and  driv- 
ing the  stock  into  the  first  part  of  forming  rolls.  In  fact,  this 
feature  is  absolutely  necessary  when  the  metal  is  so  thick  that 
it  cannot  be  readily  started  into  a  pair  of  rolls  that  will  give 
it  the  first  slight  form.  It  is  essential  to  start  the  stock  abso- 
lutely central  and  straight,  and  for  this  purpose  a  long  table 
guide  is  fitted  in  the  front  of  the  machine.  This  facilitates 
starting  the  strip,  and  when  it  has  once  entered  correctly  be- 
tween the  first  rolls,  it  will  retain  its  alignment  unless  there 
is  some  serious  defect  in  the  channeling  rolls. 

Between  each  pair  of  channeling  rolls,  there  must  be  means 
for  guiding  the  stock  to  the  next  set  of  rolls,  as  mentioned. 
The  usual  method  of  doing  this  is  to  provide  guides  in  the 
form  of  enclosed  boxes  in  which  the  stock  fits  fairly  close, 
which  gives  it  the  proper  direction  to  enter  the  next  pair  of 
rolls.  Sometimes,  however,  smaller  rolls  are  used  for  guiding 
the  partly  channeled  stock  in  place  of  the  solid  guides,  and 
In  addition  to  guiding  the  stock,  these  intermediate  rolls  are 
made  to  help  in  forming  the  stock  as  it  passes  through. 
At  times,  the  shape  of  the  section  is  such  that  it  cannot  l)e 
formed  with  rolls  operating  in  one  plane  only;  this  is  espe- 
cially true  when  the  section  is  deeply  under-cut.  In  such  cases. 
Bide  rolls  are  employed  that  operate  in  the  opposite  plane. 
These  are  located  In  the  same  manner  as  the  intermediate 
rolls,  except  that  they  are  turned  at  right  angles  and  do 
presBing-ln  operations  on  the  sides  of  the  stock. 

It  was  also  niontlonod  that,  In  order  to  produce  accurate 
work.  It  Is  nor'csaary  to  have  a  HtralKhtenlng  roll  at  the  end 
of  the  channeling  machine  to  guide  the  stock  as  it  leaves  the 
last  pair  of  rolls.  On  almost  every  channeling  operation  there 
U  a  tendency  for  the  formed  strip  to  curl  either  upward  or 


SMALLEY- GENERAL   THREAD   MILLING 

MACHINE 
The  Smalley-General  Co.,  Inc.,  Bay  City,  Mich.,  has  added  to 
its  line  of  thread  millers  the  machine  which  is  illustrated  and 
described  herewith.  This  thread  miller  is  motor-driven  and 
equipped  with  separate  motors  on  both  heads  with  a  speed 
variation  of  4  to  1.  An  air  collet  chuck  is  provided  which 
will  take  14-inch  armor-piercing  shells,  and  liners  may  be  pro- 
vided for  use  in  this  collet  to  adapt  it  for  holding  12-inch 
shells.  The  cutter-spindle  head  is  composed  of  only  two  slides, 
this  simple  construction  providing  the  exceptional  rigidity 
which  is  required  in  a  heavy-duty  machine  of  this  kind.     The 

machine  will  cut 
threads  having  a 
pitch  of  14  inch 
in  openings  9% 
inches  in  diame- 
ter by  4%  inches 
long,  and  the 
complete  thread- 
forming  opera- 
tion is  finished 
in  one  revolu- 
tion of  the  work. 
The  armor-pierc- 
ing shells  which 
are  to  be  milled 
are     made     of 

by  the  Smalley-General  Co.  nickel      Steel 

which  is  exceptionally  tough,  and  to  provide  for  standing  up 
under  this  service,  the  cutter-spindle  is  made  of  ample  size 
and  tapered  as  in  the  case  of  milling  machine  construction. 
The  cutter-spindle  is  driven  by  large  steel  herringbone  gears 
which  eliminate  vibration. 

In  working  out  the  design  of  the  feed  mechanism  provision 
has  been  made  to  enable  the  operator  to  throw  in  the  feed  at 
any  instant  without  having  to  wait  for  a  split  nut  to  pick 
up  the  thread.  In  addition,  the  lead-screw  on  the  machine 
is  18  inches  in  length,  and  as  the  wear  is  distributed  over  this 
long  screw,  ample  life  and  accuracy  are  insured.  Cutting  com- 
pound drips  down  into  a  pan  cast  integral  with  the  bed  and 
from  there  runs  to  the  tank  in  the  base  of  the  machine  under 
the  main  head.  In  this  tank,  the  oil  is  strained  before  it  can 
find  its  way  into  the  pump.  All  bearings  except  the  chuck 
bearings  are  bronze  bushed,  and  the  machine  is  entirely  con- 
trolled by  a  push-button  control  system.  Two  changes  of  speed 
are  available,  either  of  which  may  be  instantly  obtained.  These 
speeds  comprise  a  milling  speed  and  a  turning  speed.  On  the 
far  side  of  the  head  there  is  located  a  tool  with  which  a  finish- 
ing cut  is  taken  on  the  plug  seat  and  recess  of  the  shell,  this 
being  done  at  the  same  chucking  with  the  milling  operation 
to  assure  obtaining  true  alignment  and  concentricity  between 
the  threads  and  the  plug  seat  and  recess,  which  is  a  highly 
Important  point  to  observe  In  shell  manufacture. 


DRAPER    &    HALL   UNIVERSAL   GRINDING 
MACHINE 
To  meet  the  requirements  ot  grinding  milling  cutters,  ream- 
ers, counterbores,  taps,  end-mills,  gages,  etc.,  and  also  for  the 
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Fig.    1.     Universal    Grinding    Machine    built    by   Draper   &    Hall   Co. 

performance  of  internal  and  surface  grinding  operations,  the 
Draper  &  Hall  Co.,  Middletown,  Conn.,  is  now  building  a  uni- 
versal grinding  machine  which  is  shown  in  the  illustrations 
that  accompany  this  description.  Attention  is  called  to  the 
fact  that  the  internal  attac-hment  is  equipped  with  ball  bear- 
ings and  is  adapted  for  accurately  grinding  small  work.  The 
table  is  supported  for  its  entire  length  by  the  longitudinal 
slide,  so  that  there  is  no  overhang.  The  slide,  in  turn,  rests 
for  its  entire  length  upon  the  main  column.  The  table  is  pro- 
vided with  a  screw  adjustment  for  accurately  aligning  the  cen- 
ters; and  a  scale  at  one  end  is  graduated  to  set  the  table  for 
grinding  tapers  denoted  by  inches  of  taper  per  foot,  while  the 
scale  at  the  other  end  is  graduated  to  indicate  tapers  in  de- 
grees. Dials  graduated  to  0.001  inch  are  furnished  on  the 
mechanism  for  the  longitudinal,  vertical  and  cross-feeds.  The 
spindle  is  made  of  60-point  carbon  steel  and  is  carried  by  care- 
fully scraped  bronze  bearings,  which  are  protected  against 
damage  from  abrasive  dust  by  means  of  felt  washers.  All 
slides  on  the  machine  are  carefully  scraped  and  fitted  with  gibs. 


The  standard  equipment  furnished  with  this  machine  in- 
cludes a  V-combination  attachment,  a  universal  vise,  a  three- 
inch  chuck,  an  internal  grinding  attachment,  an  adjustable 
tooth-rest,  a  tooth-rest  holder  for  spiral  cutters,  dogs,  wrenches, 
etc.  The  principal  dimensions  are  as  follows:  swing,  8  inches; 
maximum  distance  between  centers,  17  inches;  maximum  longi- 
tudinal feed,  18  inches;  maximum  cross-feed,  7  inches;  maxi- 
mum vertical  adjustment,  7  inches;  size  of  top  platen,  26  by 
4  inches;  size  of  grinding  wheels  used,  up  to  6  inches  in  diam- 
eter; and  net  weight  of  machine  with  attachments  and  counter- 
shaft. 700  pounds. 


GARDNER  VERTICAL  DISK   GRINDER 

Tlie  Gardner  Machine  Co.,  Beloit,  Wis.,  is  now  building  a 
new  vertical-spindle  disk  grinder  which  embodies  several  in- 
teresting features.  Most  conspicuous  of  these  is  the  hoisting 
attachment,  designed  to  handle  the  heavy  pieces  which  this 
machine  is  built  to  grind,  and  also  to  apply  and  remove  pres- 
sure weights  used  in  grinding  lighter  castings.  This  attach- 
ment consists  of  a  hand  i/4-ton  chain  hoist,  mounted  on  a 
trolley  and  swinging  Jib.  A  crane  column,  to  which  this  Jib 
is  attached,  is  rigidly  fixed  on  the  base  of  the  machine.  By 
means  of  this  arrangement,  any  heavy  parts  can  easily  be 
lifted  from  the  floor  and  swung  onto  the  surface  of  the  grind- 
ing wheel. 

Another  feature  of  this  machine  is  the  dust  exhaust  system, 
which  is  claimed  by  the  makers  to  practically  eliminate  the 
dust  problem.    A  channel  is  cast  into  the  base  of  the  machine 


rif.     a.       C-IOK.     Vkw     r,f      Mo 
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Gardner  V.Ttinal-apindli'  Diak  Orinilor  «quippe>l  with  Iniliviiliial  Motor  Drive 

Ju.st  below  and  around  the  edge  of  the  disk  wheel.  Above  this 
and  Just  over  the  edge  of  the  disk  wheel  Is  fixed  a  detachable 
guard  ring,  which  pormlls  llio  occaslonnl  removal  of  any  coarse 
grInilliigH.  AttiU'hc'd  to  fniir  opciiliiKM  In  llic  bolloiu  of  the 
(Mist  chaniii'l  llicrc  l.s  an  cvliiiUHt  nuinirolil  vvliUh  connects  with 
a  powerful  exhauHter.  This  exhauster  Is  driven  from  un  extra 
pulley  on  the  driving  shaft  of  the  mnchinc,  and  In  this  way 
111!'  grliidliiK  Hurfnco  of  the  machine  Is  left  entirely  clear,  yot 
ilii'  (luHl   Ik  Hiniply  uiid  effectively  roniovcil. 

A  valuable  I'hanKC  In  the  coiiHlructloM  of  this  machlnu  Is 
that  by  whU'li  It  Ih  niiiile  iidaptiihle  to  direct  roniuvted  motor 
drive.  In  the  bell  ilrlveti  type,  the  couiilerKliaft,  iir  outer  por- 
tion of  tho  driving  Hhnft  which  carrloH  the  light  and  loose 
putleyM,  Ih  connected  to  the  driving  Hliafl  proper  by  a  flange 
coupling.  Uy  removing  tlilH  cnunterHliiirt  and  the  outer  benr- 
liiK.  n  motor  may  be  niounte<l  on  a  plate  bolted  to  tin'  hiiIi 
hiiHe,   aH   Hliown    In    the    llliiHtratlon.      The    rotor   Hluifl    of   llii' 
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motor  is  connected  to  the  driving  shaft  by  means  of  a  flexible 
coupling.  Thus  the  necessity  of  mounting  the  motor  on  a  side 
bracket  and  driving  the  shaft  through  sprockets  and  chain  is 
eliminated.  The  direct  connection  with  the  driving  shaft  does 
away  with  all  lost  motion  and  friction  incident  to  the  old  type, 
reduces  the  number  of  wearing  parts,  and  produces  a  more 
compact  and  efficient  machine.  Also,  the  interchangeable  fea- 
ture may  appeal  to  those  who  contemplate  a  change  to  motor- 
driven  machinery  at  some  future  time. 

The  design  and  construction  of  this  machine  have  been 
worked  out  to  make  it  adaptable  for  heavy  grinding  operations. 
The  53-inch  disk  wheel  is  carried  on  a  spindle  3%  inches  in 
diameter,  and  supported  by  a  heavy  cast-iron  flange  20  inches 
in  diameter  by  1%  inch  thick.  The  spindle  is  mounted  in  two 
self-aligning  radial  ball  bearings,  and  the  end  thrust  is  taken 
on  an  exceptionally  heavy  thrust  bearing,  the  balls  of  which 
are  1%  inch  in  diameter;  in  fact,  this  equipment  has  been 
made  ball  bearing  throughout,  which  represents  another 
change  from  the  old  type,  insuring  smooth  running  quali- 
ties and  a  marked  saving  in  power.  The  spindle  has  a  speed 
of  500  revolutions  per  minute  and  is  driven  by  means  of  a 
pair  of  hardened  steel  bevel  gears,  having  a  ratio  of  2.4  to  1. 
These  gears  are  enclosed  in  a  dust-protected  housing,  and  pro- 
vision is  made  for  ample  lubrication.  The  entire  weight  of 
this  equipment  is  4600  pounds. 


OAKLEY  UNIVERSAL   GRINDER 
In  the  July,  1917,  number  of  Machineby,  a  description  was 
published  of  a  No.  2  cutter  and  tool  grinder  which  had  just 
been  placed  upon  the  market  at  that  time  by  the  Oakley  Ma- 


rt*. 1.     Oakley   No.    2  ITniTersal   Orlnder  with   Power  Longitudinal  Teed 
and  Wet  Qrinding  Attachment 

Chine  Tool  Co.,  Cincinnati,  Ohio.  Recently,  this  firm  has 
added  to  Its  lines  the  machines  shown  in  Figs.  1  and  2,  which 
are  of  similar  design  except  that  Fig.  1  shows  a  machine 
equipped  with  longitudinal  power  feed  and  a  wet  grinding 
attachment,  while  in  Fig.  2  the  machine  is  simply  equipped 
with  the  longitudinal  power  teed. 

The  advantage  secured  through  the  use  of  power  feed  is  a 
imooth  and  even  travel  of  the  table,  which  increases  the  speed 
at  which  grinding  operation.s  can  be  performed.  A  small  han- 
dle at  the  front  of  the  machine  controls  the  power  feed,  and 
the  drive  Is  through  the  table  feedscrew,  which  provides  an 
exceptionally  smooth  and  uniform  table  travel.  To  enable  the 
wheel  to  grind  clean  at  shoulders  on  the  work,  a  short  "pause" 
of  the  table  Is  allowed  before  reversal  takes  place.  The  re- 
verse mechanism  la  po.illlve  and  accurate  In  operation.  I'ro 
Vision  Is  made  for  operating  the  machine  by  hand  by  simply 


Fig.  2.     Oakley  No.  2  XTniversal  Grinder  with  Power  Lonsitndinal  Feed 

disengaging  the  clutch.  Three  rates  of  power  feed  are  pro- 
vided, which  are  6,  10%  and  18  inches  per  minute.  The  stop- 
dogs  are  hinged,  making  it  easy  for  the  operator  to  run  the 
work  past  the  setting  to  measure  both  external  and  internal 
diameters. 

For  rapid  grinding  of  tools,  and  especially  carbon  tools,  it 
is  often  desirable  to  be  able  to  deliver  water  to  the  wheel 
and  work.  This  is  indispensable  where  an  exceptionally  fine 
finish  is  desired:  and  to  meet  the  requirements  of  wet  grind- 
ing operations,  the  Oakley  grinder  may  be  furnished  with  a 
wet  grinding  attachment  which  may  be  applied  in  a  few  min- 
utes to  any  machine.  The  provision  of  power  longitudinal  feed 
and  a  wet  grinding  attachment  does  not  alter  the  capacity  of 
the  machine,  which  is  the  same  as  that  of  the  machine  wit>> 
hand  feed,  namely,  longitudinal  movement,  17  inches;  vertical 
movement,  10%  inches;  and  cross  movement,  9  inches.  All 
parts  are  easily  accessible  and  no  extra  countershaft  is  re- 
quired. Machines  of  this  type  may  be  furnished  with  either 
plain  or  universal  equipment. 


TAYLOR   ELECTRIC   WELDER 

Fig.   1   shows   an   electric   welding   machine   which   has   re- 
cently been  developed  by  the  Taylor  Welder  Co.,  Warren,  Ohio, 


Fig.  1.     Eleolrlo  Spot-weldtnc  Maohino  built  by  Taylor  Woldor  Co 
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and  Fig.  2  shows  diagratnmatically  the  principle  upon  which 
this  machine  operates.  The  diagram  represents  the  electrodes 
or  welding  dies  as  seen  from  the  front  of  the  machine.  The 
lower  horn  and  the  upper  point  holder,  together  with  the 
welding  electrodes  themselves,  are  split  and  a  suitable  insu- 
lating material  placed  between  each  piece.  The  secondary 
leads  from  the  transformer  are  likewise  separated  and  cross 
where  the  connection  is  made  to  the  lower  horn,  causing  the 
current  to  be  crossed  over  the  path  on  crossed  and  intersect- 
ing lines  as  illustrated  by  dotted  lines.  It  is  claimed  that  a 
weld  so  produced  is  stronger  and  also  made  in  a  shorter 
space  of  tim»  than  has  heretofore  been  possible.  The  use  of 
the  electric  welder  for  welding  material  above  V4  inch  in 
thickness  has  heretofore  been  a  comparatively  slow  and 
doubtful  operation  in  that  the  electrode,  being  of  copper,  re- 
quires frequent  dressing  due  to  the  fact  that  the  pressure 
which  it  is  always  necessary  to  apply  to  set  the  work  together 
properly,  causes  these  parts  to  "mushroom"  or  flatten  out, 
and  the  time  spent  to  redress  them  oftens  offsets  the  saving 
which  would  have  been  shown  over  the  old  riveting  method. 
By  means  of  the  new  process  it  is  possible  to  spot-weld 
much  heavier  material  than  has  been  practicable  heretofore. 

This  is  due  to  the 
fact  that  the  elec- 
trodes may  be  sep- 
arated and  steel 
pressure  dies  used 
between  them,  and 
two  or  more  sepa- 
rate currents  of 
larger  volume  may 
be  passed  in  bias 
directions  through 
the  metal  and 
through  each  oth- 
er's path;  then 
when  the  metal 
has  reached  a 
welding  tempera- 
ture additional 
pressure  may  be 
applied  with  the  sl.  el  dies  to  complete  the  weld.  All  this  is 
done  without  subjecting  the  copper  electrodes  to  pressure  be- 
yond the  need  of  a  good  electrical  contact.  In  other  words, 
the  electrodes  are  used  only  to  carry  the  current  and  not  to 
sustain  a  heavy  pressure  required  to  force-  the  plates  together 
to  complete  the  weld.  Another  feature  which  makes  this 
process  unique  Is  that  it  can  be  arranged  to  operate  on  multi- 
phase current  without  unbalancing  the  line.  This  is  a  very 
important  feature,  as  all  other  spot-welding  machines  are 
required  to  be  operated  on  a  single-phase  current,  and  when 
operated  on  a  multiphase  current  have  a  tendency  to  unbal- 
ance the  line,  which  is  very  objectionable  when  the  generator 
la  of  small  capacity  or  the  lines  heavily  loaded. 


SIMMONS   MAGNETIC   CHUCKS 
The  Taftl'ch-ce  Mfg.  Co.,  Woonsocket,  R.  I.,  la  now  manufac- 
turing and  HL-IIIng  a  line  of  rotary  and   reciprocating  or  su- 


Fig.    2.     Simmons    Reciprocating   or   So-called    "Surface" 
made  by  Taft-Peirce  Mfg.  Co. 


Magnetic    Chuck 


called  "surface"  magnetic  chucks,  which  are  shown  in  the  ac- 
companying illustrations.  These  are  known  as  the  "Simmons" 
magnetic  chucks,  A  feature  of  all  of  these  chucks  is  the  way 
in  which  the  faceplate  has  been  designed  to  provide  for  hold- 
ing very  small  parts  at  any  point  on  the  working  surface. 
There  is  only  a  strip  of  non-magnetic  spacing  material  one- 
eighth  inch  in  width  between  poles  of  opposite  polarity,  and 
in  addition  to  extending  between  the  poles,  this  non-magnetic 
spacing  material  runs  all  the  way  around  the  working  surface 
of  the  chuck.  So  well  has  this  result  been  carried  out  that 
a  piece  of  work  the  size  of  a  twenty-five-cent  piece  can  be 
dropped  in  any  position  with  assurance  that  a  sufficient  part 
of  it  will  lie  over  the  poles  of  opposite  polarity  to  be  sure 
of  having  the  work  held  firmly  by  the  chuck.  Both  the  frame 
of  the  faceplate  and  the  body  of  the  chuck  are  non-polarized, 
and  there  are  no  dead  spots  in  the  face. 

An  important  feature  of  the  Simmons  magnetic  chucks  is 
the  care  which  has  been  taken  in  designing  the  switch,  which 
is  both  watertight  and  fool-proof.  All  contact  points  are  en- 
closed, so  that  the  operator  cannot  get  an  electric  shock,  and 
having  the  contacts  enclosed  also  makes  it  possible  to  pile  up 
chips  level  with  the  top  of  the  chuck  without  any  danger  of 


Fig.   3.     Chuck  with  Switch  Box  removed  to  reach  Terminal   Connoctions, 

whloh  may  bo  adjusted  to  adapt  Chuck  for  Use  on 

110-  or  220-volt  Circuits 

producing  a  short  circuit.  A  single  movement  of  the  switch 
lever  provides  for  first  reversing  the  polarity  of  the  chuck 
and  then  breaking  the  electric  circuit.  This  effectually  demag- 
netizes the  chuck,  so  that  no  trouble  is  experienced  in  remov- 
ing work  due  to  the  presence  of  residual  magnetism.  The 
switch  covers  a  terminal  bracket  in  which  there  are  mounted 
connections  which  may  be  Instantly  adjusted  to  provide  for 
taking  current  for  the  chuck  from  a  110-  or  220-volt  circuit. 
These  connections  arc  accosalble  by  merely  removing  four 
screws  that  hold  llic  switch  in  place.  The  connections  con- 
Hist  of  two  pairs  of  short  brass  lovers  carried  on  pivots;  by 
swinging  these  levers  Into  engagement  with  the  proper  contact 
points,  the  chuck  Is  ready  for  connection  with  either  of  the 
electric  circuits  of  the  two  commonly  used  vollagcs. 

In  working  out  the  design  of  those  chucks  groat  care  has 
boon  taken  In  the  Hclocllon  of  niuterlals  that  exporlonro  ha<i 
mIiowii  to  1)0  boHt  suited  for  tho  respective  parl.M  of  magnetic 
iliucUa.  Swedish  Iron  Is  used  for  tho  poles,  bucauso  this  inn- 
ti-rlal  has  exceptionally  high  mngnotlc  pormeablllty  and  may 
1)0  Instantly  doninKnotlzcd  and  left  free  from  residual  mag- 
iir'tlBm.  TIk'bo  polna  are  drop-forglngs.  The  cores  on  which 
I  ho  cli'ctronuiKnut  colls  are  nionntod  uro  sot  on  non-magnotlc 
wiiHliers,  which  provide  for  efroctually  InsuIatlnT  tho  cores 
froin  the  rlmck  body.  Tlin  cnllH  lire  wound  with  Hlngle  cotton- 
covitimI  niiiiMi'lcil  iii;ii,;iii'l    wire;    llii'v  iiic  wdiiiul  on  culliiiiHlhlo 
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forms  on  a  universal  winding  machine.  A 
fiber  casing  is  placed  inside  each  coil  which 
serves  the  double  purpose  of  insulating 
the  coil  from  the  core,  and  also  protecting 
the  insulation  on  the  wire  while  the  coil 
is  being  slipped  over  the  steel  core.  Brass 
clips  are  also  placed  at  the  center  of  each 
coil  to  prevent  its  shape  being  distorted 
during  the  performance  of  manufacturing 
operations  which  come  between  the  comple- 
tion of  winding  the  coil  and  the  time  that 
it  is  slipped  onto  the  core.  The  coils  are 
impregnated  with  "Sterling"  extra  insulat- 
ing varnish,  after  which  they  are  baked. 
The  next  step  is  to  give  the  coils  a  dipped 
coat  of  varnish,  after  which  they  are  baked 
a  second  time;  each  coil  is  then  given  a 
brush  coat  of  varnish,  and  baked  for  the 
third  and  last  time.  All  the  coils  in  a 
chuck  have  the  same  number  of  ampere 
turns  of  wire,  so  that  equal  holding  power 
is  provided  on  all  surfaces  of  the  chuck. 
The  rotary  chucks  are  made  in  various 
standard  and  special  sizes.  These  chucks 
are  made  in  two  types,  one  of  which  has  the  interlocking 
arms  of  opposite  poles  arranged  on  concentric  circles,  as 
shown  in  Fig.  1,  the  object  being  to  bring  the  poles  of  opposite 
polarity  so  close  together  that  very  small  pieces  of  work  can 
be  held.  The  other  type  of  rotary  chuck  is  equally  service- 
able for  all  classes  of  work  which  are  not  of  extremely 
small  sizes.  The  so-called  "surface"  chucks  shown  in  Figs.  2 
and  3  are  also  made  in  various  standard  and  special  sizes 
to  accommodate  a  wide  range  of  work.  These  chucks  are 
made  in  two  types,  those  for  use  on  planers  and  milling  ma- 
chines having  a  T-slot  at  the  front  in  which  a  work  finger  is 
held  to  provide  for  holding  the  work  against  the  back-rest. 
This  additional  support  is  not  required  in  the  case  of  mag- 
netic chucks  used  on  surface  grinders. 


"FUsmith" 


Gap  lathe,   which  swings  22  Inches  in  Gap  and   14  Inches  Over   Ways 

tion.  A  20-inch  pulley  with  a  4-inch  face  is  shown  in  place  on 
the  lathe,  and  below  is  shown  the  section  of  bed  which  can  be 
secured  in  the  gap  when  only  the  normal  swing  of  the  ma- 
chine is  required.  To  enable  the  lathe  to  stand  up  under  the 
exceptional  conditions  of  service  for  which  it  is  occasionally 
employed,  in  addition  to  giving  satisfactory  results  on  gen- 
eral lines  of  work,  the  machine  is  rigidly  constructed.  The 
swing  over  the  ways  is  14  inches,  while  a  swing  of  22  inches  is 
obtained  in  the  gap.  It  only  takes  a  few  minutes  to  remove 
the  gap  piece  or  replace  it  to  adapt  the  machine  for  handling 
work  that  comes  within  the  range  of  a  14-inch  lathe.  This 
machine  is  built  with  5-,  6-,  8-,  10-  and  12-foot  beds,  and  it  is 
also  furnished  with  a  quick-change  gear-box  if  so  desired. 


"FILSMITH"   GAP  LATHE 

There  are  many  shops  where  it  is  occasionally  necessary 
to  turn  a  large  pulley  or  plate,  although  the  amount  of  work 
of  this  kind  is  not  sufficient  to  justify  investment  in  a  lathe 
of  the  required  swing  for  handling  such  operations.  To  meet ' 
the  requirements  of  shops  of  this  kind,  a  gap-bed  lathe  is 
usually  selected  because  it  can  be  used  on  regular  production 
work,  and  when  the  exceptional  job  comes  along,  the  addi- 
tional swing  provided  by  the  gap  bed  is  found  very  useful. 

The  Philip  Smith  Mfg.  Co.,  Sidney,  Ohio,   is  now  building 
the  "Filsmith"  gap  lathe  shown  in  the  accompanying  illustra- 


Eniino  Lttha  with  Sami-quiok-ohcinia  0«u  boUt  bjr  Bhopard  Lathi 


SHEPARD   ENGINE   LATHE 

The  12-inch  semi-quick-change  engine  lathe  shown  in  the 
accompanying  illustration  is  a  recent  product  of  the  Shepard 
Lathe  Co.,  217  E.  8th  St.,  Cincinnati,  Ohio.  Attention  is  called 
to  the  following  features  of  design:  A  reversing  clutch  in 
the  headstock  makes  it  unnecessary  to  reverse  belts  or  watch 
a  dial  when  chasing  threads,  because  this  reversing  clutch 
enables  the  lead-screw  nut  and  change-gears  to  remain  in 
constant  engagement,  the  feed  of  the  lathe  being  instantly 
reversed  by  operating  the  small  lever  which  will  be  seen  on 
the  headstock.  It  will  be  obvious  that  this  is  the  means  of 
saving  time  when  chasing  threads  in  addition  to  simplifying 
the  operation.  Another  feature  is  the  de- 
sign of  the  semi-quick-change  feed  mechan- 
ism which  locates  and  locks  all  of  the 
change-gears  in  a  cone  on  the  feed-rod.  By 
shifting  this  cone  of  gears  back  and  forth, 
the  required  gear  is  swung  into  mesh.  All 
gears  are  always  in  place  on  the  machine, 
so  that  no  time  is  lost  in  finding  the  desired 
gears  for  a  given  combination.  It  will  be 
apparent  from  the  illustration  that  the  car- 
riage has  a  bearing  of  ample  length  on  the 
ways  and  also  that  the  bearing  on  the  com- 
pound rest  is  of  ample  size  to  assure  free- 
dom from  vibration. 

The  headstock  is  of  the  back-geared  type 
and  furnished  with  a  hollow  spindle  made 
of  50-point  carbon  steel.  This  spindle  runs 
in  phosphor-bronze  bearings  and  has  a  hole 
1  Inch  In  diameter  extending  all  of  the  way 
through.  The  three-step  cone  pulley  carries 
a  2-lnch  belt.-  The  tailstock  is  of  the  offset 
type  and  provision  Is  made  for  setting  It 
over  to  provide  for  the  performance  of  taper- 
turning  operntlonB.  This  machine  Is  built 
In  10-  and  12-Inch  sizes  and  both  machines 


368 


MACHINERY 


December,  1917 


may  be  furnished  for  drive  from  an 
overliead  countershaft  or  by  an  individual 
motor.  In  addition  to  the  cone-pulley 
driven  machine,  lathes  of  this  type  are 
built  with  a  geared  head.  Extra  attach- 
ments made  for  use  with  this  machine  in- 
clude a  milling  attachment,  taper-turning 
attachment,  turret  attachment,  and  draw-in 
collet  chuck.  A  compound  rest,  steady- 
rest,  faceplate,  friction  countershaft,  gear 
guards,  and  the  necessary  wrenches  for 
making  all  adjustments  are  furnished 
with  the  lathe  as  part  of  the  regular 
equipment. 

The  principal  dimensions  of  the  12-inch 
machine  are  as  follows:  actual  swing 
over  bed,  12%  inches;  diameter  of  hole 
through  spindle,  1  inch;  size  of  front  and 
rear  spindle  bearing,  19/16  by  2  1/4  inches;  cone  pulley 
diameters,  6,  iVs,  and  3  inches;  ratio  of  back-gears,  7  to  1; 
diameter  of  lead-screw,  15/16  inch;  length  of  carriage  bear- 
ings on  bed,  14%  inches;  size  of  lathe  tools,  %  by  1  inch; 
speed  of  countershaft,  225  R.  P.  M. ;  range  of  spindle  speeds, 
25  to  425  R.  P.  M.;  length  of  bed,  4  feet,  3  inches;  5  feet,  3 
inches,  or  6  feet,  3  inches;  and  capacity  between  centers  for 
above  lengths  of  bed,  25,  36,  and  48  inches,  respectively. 


limits  may'  be  provided  to  meet  require- 
ments of  different  shops.  No  change  can 
take  place  except  as  the  result  of  wear, 
and  adjustment  is  easily  effected  by 
means  of  screws  set  in  the  end  of  the 
plugs.  Similar  adjustment  is  furnished 
for  the  micrometer  anvil.  After  making 
the  required  adjustment,  the  screws  are 
sealed. 

The  micrometer  screw  is  essentially  the 
same  as  that  in  the  standard  instrument, 
being  V4,  inch  in  diameter  and  40  pitch, 
with  a  head  graduated  to  read  to  0.001  inch 
from  0.0005  to  0.125  inch  over  size.  The 
object  of  having  a  limit  of  0.0005  is  to 
serve  as  a  check  to  prevent  the  operator 
making  work  too  small.  This  screw  is 
provided  with  positive  stops  in  either  di- 
rection. It  will  be  seen  that  the  frame  is  of  double  ribbed 
section,  which  affords  stiffness  without  unduly  increasing 
the  weight  and  also  provides  a  convenient  and  secure  grip  on 
the  gage.  The  frame  is  finished  with  baked  black  enamel  and 
the  gage  limit  sizes  are  stamped  on  a  polished  pad  where  they 
are  easily  seen.  The  accompanying  table  shows  the  series  of 
sizes  in  which  the  Scusa  combination  limit  snap  gages  and 
micrometers  are  made. 


Roller  Bearing  Friction  Clutch  built  by  Accurate  Machine  Co.  and  equipped    with   Hyatt    Roller   Bearings 


SCUSA  SNAP  GAGE  AND  MICROMETER 
L.  Scusa  &  Co.,  Syracuse,  N.  Y.,  are  now  making  a  line  of 
combination  limit  snap  gages  and  micrometers  of  the  type 
illustrated  and  described  herewith.  These  tools  are  designed 
to  meet  the  demand  for  gages  which  can  be  used  for  measur- 
ing those  classes  of  work  on  which  ordinary  snap  gages  are 
employed  and  also  provide  means  of  rapidly  determining 
Just  the  amount  of  stock  which  it  Is  necessary  to  remove  In 
order  to  enable  a  piece  of  work  to  enter  the  limit  gage  with- 
out In  any  way  Interfering  with  the  usual  function  of  such 
a    gage.      An    advantage    of 


this  combination  Is  that  gag- 
ing may  be  accomplished 
without  offering  any  temp- 
tation for  the  Inspector  to 
force  the  gage  onto  the  work, 
thus  removing  the  danger  of 
springing  tho  gage  open 
and  reducing  wear  on  the 
"go"  surface  to  a  minimum. 
Hardoned  tool-Btool  mca«ur- 
Ing  plugH  are  forced  Into  ac- 
curately roamed  Hoata  In  the 
frame  and  are  sealed  by  the 
Inspector.  These  plugs  are 
ground  and  lapped  on  thoir 
measuring  facf-H  and    varlr)ii« 


SIZES  IN  WHICH    SCUSA    COMBINATION   SNAP    OAOE8    AND 
MICROMETERS   ARE  MADE 
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ROLLER  BEARING  FRICTION  CLUTCH  FOR 
MACHINE  TOOLS 

The  average  machine  shop  has  at  times  experienced  con- 
siderable trouble  with  countershaft  clutches,  due  to  slipping 
of  the  friction  surfaces  and  worn  or  hot  bearings.  This  has 
resulted  In  the  Inefficient  operation  of  the  machine  and  in- 
volves time  and  expense  in  making  the  necessary  repairs. 
A  clutch  built  by  the  Ac-curate  Machine  Co.,  Cleveland,  Ohio, 
Is  designed,  under  the  patents  of  P.  Dcmuth,  to  overcome  these 
objections.  The  distinguishing  features  of  this  design 
are  the  large  area  of  friction 
surface,  the  automatic  self- 
tightening  friction  ring  and 
tlio  llyalt  roller  bearing 
with  which  It  Is  equipped. 
The  Illustration  shows  the 
general  construction  of  the 
<lutcli,  which  consists  priii 
cipally  of  a  pulley,  frlctldu 
ring  and  spider.  The  count- 
iTlmlimcod  .spider  supporla 
ami  drlvoH  the  friction  ring, 
and  the  driver  fits  In  the 
Hpaco  which  is  formed  be- 
tween the  two  lugs  cast  at 
each  side  of  tho  spilt  on  tlii' 
friclloii  ilii^;  ThiH  driver  boniM 
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against  either  of  the  lugs,  and  as  the  pressure  increases  a 
corresponding  pressure  will  be  increased  between  the  friction 
ring  and  friction  surface  on  the  pulley,  thereby  making  an 
automatic  self-tightening  clutch. 

Slots  in  the  spider  on  each  side  of  the  driver  allow  sufficient 
space  for  the  operation  of  the  clutch  fingers.  Both  clutch 
fingers  are  supported  on  pins  which  are  mounted  in  the  lugs 
on  the  friction  ring.  As  the  thimble  forces  the  fingers  apart 
and  the  other  ends  of  the  fingers  act  against  each  other,  the 
pins  act  as  a  fulcrum  which  expands  the  friction  ring  out 
against  the  friction  surface  of  the  pulley.  It  requires  a  slight 
pressure  to  force  the  thimble  between  the  clutch  fingers,  and 
then  the  tightening  of  the  clutch  is  automatic.  The  use  of  a 
roller  bearing  in  the  clutch  pulley  will  eliminate  wear  and  hot 
bearings,  due  to  the  self-lubricating  and  anti-friction  qualities 
of  the  bearings.  A  large  supply  of  lubricant  is  retained  in 
the  bearing  housing,  so  that  an  additional  supply  of  oil  is 
required  only  at  long  periods  of  time.  This  provision  of  an 
oil  reservoir  carrying  a  supply  of  lubricant  sufficient  to  last 
for  several  months  greatly  reduces  danger  of  damage  to  the 
mechanism   through   failure  of  the   attendant   to   provide   oil. 


T.  P.  WALLS  MULTIPLE  SAW  AND  BEVEL- 
ING  TABLE 

The  T.  P.  Walls  Tool  Co.,  Inc.,  75  Walker  St.,  New  York  City, 
is  placing  on  the  market  a  multiple  saw  and  beveling  table, 
consisting  of  eleven  circular  saws  and  ten  bevel  cutters  placed 
one  inch  apart  on  an  arbor  1%  inch  in  diameter  and  driven  by 
a  %-horsepower  motor.  The  saws  are  adequately  guarded  and 
the  work  is  held  in  position  by  ten  spring  steel  fingers  oper- 
ated by  a  handle  behind  the  finger  plate.  This  machine  was 
originally  built  for  the  purpose  of  cutting  player-piano  action 
air-valves  into  one-inch  units  and  beveling  them  on  one  edge. 
These  air-valves  are  made  in  strips  about  eleven  inches  long, 
each  strip  containing  ten  valves.  Heretofore  it  has  been  the 
practice  to  cut  these  valve  units  one  at  a  time,  and  then  to 
bevel  the  edge  of  each  valve  unit  separately.  By  the  use  of 
the  multiple  saw  and  beveling  table,  what  formerly  consisted 
of  twenty-one  operations  is  done  in  a  single  operation.  The 
saws  on  the  multiple  table  may  be  adjusted  any  distance  apart 
down  to  1/32  inch,  thus  making  the  table  adaptable  for  many 


Tig.  2.     Close  View  of  Saws  and  Bevel  Oatters 

purposes,  such  as  making  combs,  box  corners,  strips  for  wood 
dowels,  etc.  These  machines  are  furnished  in  such  sizes  as 
may  be  required  for  any  specified  multiple  cutting  or  beveling. 


NEW  MACHINERY  AND  TOOLS  NOTES 


Fl(.   1.     T.  F.   WalU  Multiplo  Saw  ud  Bi>v«UnK   Tablo 


Drilling  Machine:  Smith  Engineering  Works,  32nd  and 
Locust  Sts.,  Milwaukee,  Wis.  A  24-inch  high-duty  drilling  ma- 
chine on  which  ten  speed  changes  are  obtainable  covering  a 
range  from  30  to  446  revolutions  per  minute.  Six  changes  of 
feed  are  provided,  covering  a  range  from  0.007  to  0.071  inch 
per  spindle  revolution. 

Demagnetizer:  W.  F.  Davis  Machine  Tool  Co.,  549  W. 
Washington  St.,  Chicago,  111.  A  device  made  in  different  sizes 
and  claimed  to  be  able  to  completely  demagnetize  metal  parts 
as  fast  as  they  can  be  passed  through  it.  This  device  is  par- 
ticularly adapted  for  demagnetizing  parts  that  have  been 
machined  on  magnetic  chucks. 

Diamond  Tool-holder:  National  Machine  Co.,  135  Sheldon 
St.,  Hartford,  Conn.  This  firm  is  now  making  the  "Hartford" 
diamond  tool-holder  for  use  in  truing  the  wheels  on  surface 
grinders.  Provision  is  made  for  holding  the  diamond  tool 
at  any  angle,  and  the  tool  is  firmly  supported,  which  is  claimed 
to  add  to  the  accuracy  that  can  be  obtained  in  wheel  truing. 

Plug  and  Ring  Gages:  Reliable  Machine  W'orks,  48  Lafay- 
ette St.,  Ridgewood,  L.  I.,  N.  Y.  A  line  of  plug  and  ring  gages 
equipped  with  revolving  grips  which  are  convenient  to  use. 
With  this  arrangement  the  gages  may  be  used  for  testing  the 
size  of  a  piece  being  machined  without  requiring  the  machine 
to  be  stopped,  as  the  revolving  handle  may  be  conveniently 
held  while  the  gage  is  revolving  with  the  work. 

Grinding  and  Polishing  Stand:  St.  Louis  Machine  Tool 
Co.,  St.  Louis,  Mo.  A  line  of  grinding  and  polishing  stands 
which  are  provided  with  0.40  carbon  steel  arbors  that  run  in 
dustproof  bearings  lined  with  anti-friction  metal  and  pro- 
vided with  automatic  lubricators.  The  work-rests  are  of  im- 
proved design  and  back-rests  are  furnished  for  receiving  a 
wheel-guard  or  other  fixture. 

Tapping  Machine:  Rickert-Shafer  Co.,  612  W.  12th  St., 
Erie,  Pa.  A  vertical  tapping  machine  for  tapping  holes  from 
14  to  14  inch  in  steel,  and  from  Vi  to  %  inch  in  cast  iron.  It 
is  styled  a  i^-inch  Model  R  tapping  machine.  Forward  and  re- 
verse motions  are  obtained  through  a  patented  friction  drive 
in  which  there  is  said  to  be  practically  no  lost  motion  between 
the  driving  and  reversing  of  the  tap. 

Pyrometer  Tube:  Charles  Engelhard,  30  Church  St.,  New 
York  City.  A  line  of  pyrometer  protecting  tubes  which  are 
sold  under  the  trade  name  of  "Impervite."  The  claim  is  made 
for  the  properties  of  these  tubes  that  they  are  practically 
Identical  with  that  of  the  Marquardt,  including  the  coefficient 
of  expansion,  mechanical  strength  and  porosity.  The  melting 
point  of  the  tubes  is  claimed  to  be  above  3500  degrees  F. 

Thread  Gage:  Coats  Machine  Tool  Co..  30  Church  St.,  New 
York  City.  A  special  thread  gaging  fixture  which  is  made  by 
the  H.  E.  Harris  Engineering  Co.,  and  is  sold  by  the  above 
concern.  The  stand  of  this  fixture  is  of  new  design,  but  the 
gage  Is  the  standard  type  of  Prestwich  fluid  gage.  Gradua- 
tions on  a  vertical  scale  are  'h  inch  apart  and  each  represents 
a  variation  of  0.0001   inch   in  the  work. 

Spotlcator:  Reliance  Tool  Co.,  Merlden,  Conn.  A  tool  for 
use  on  milling  machines  for  spotting  holes  and  for  perform- 
ing lining  operations  on  Jig,  die  and  similar  work.  This  In- 
strument will  spot  holes  on  the  work  as  accurately  as  the  table 
of  tho  milling  machine  may  be  moved  by  its  screws.  The 
spotting  Is  done  by  a  prick-punch  that  Is  normally  held  out 
of  engagement  with  the  work  by  a  spring 
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Two    Handy    Levers    Provide 


■  without  shifting  a  belt  or  stop- 
ping the  machine  and  the  oper- 
ator doesn't  even  have  to  chcinge 
his  position  to  operate  them. 


The  simple  movement  of  one  or  both  of  these  levers  is  all  that  is  required  to  get  the  most 
productive  feed  for  each  turret  operation,  eight  feeds  in  geometrical  progression  being 
instantly  available  for  each  spindle  speed. 

Practically  no  more  effort  is  required  to  use  the  correct  feed  for  each  oporation  than  to 
use  the  same  feed  for  the  entire  seven  tools. 

This  ".self-contained-turret-slide-feed"  feature  of  Nos.  4  and  6  B  &  S  Wire  Feed  Screw 
MachinoH  is  but  one  of  their  many  points  that  make  for  handinoss  and  consequently  FAST 
PRODUCTION.     It  will  pay  you  to  investigate  these  efficient  machines  in  detail. 

Send     for    Catalog    21-G  ' 


Brown    &    Sharpe    Mfg.    Co., 

OFPICES:  NEW  YORK,  N.  Y.,  20  Vi'iiey  HI.  PHILADELPHIA,  PA.,  lloS-linr,  Mbcrlv  llldK.  CHICAGO,  ILL.,  (12(1-630 
WimhlnKlfin  I'.lvrl.  ROCHESTER,  N.  Y.,  4ir.  Clmnitiii  of  CirnirnMi'  111. Ik  SYRACUBE,  N.  Y.,  Itni.m  41!i  IliilvorxUy 
fflocV.  PITT8BUROH.  PA.,  Sr.an  llonry  W.  r)llv<T  III-Ik  CANADIAN  REPRESENTATIVE;  MONTREAL,  TORONTO, 
WINNIPEO,    CALOARY,    VANCOUVER.    ST.    JOHN.    SASKATOON,  Th<-   rBniirtinn    KnIrhiinkH-MotHo  Co.,   I.td. 


December,  1917 


MACHINERY 


105 


the    Correct    Speed    and 
For  Every  Operation 
on  This  Piece 


Brown  & 
Sharpe 

Nos.  4  and  6 

Wire  Feed 
Screw  Machines 


Screw  Machine  Operators 


the  same  as  all  mechanical  workers,  demand  an  ac- 
curate, handy,  adaptable  way  of  keeping  their  work 
to  predetermined  limits.  Accuracy  must  not  be 
sacrificed  for  fast  production.  Both  can  be  main- 
tained by  the  use  of  "Brown  &  Sharpe  Equipment." 
A  small  but  important  part  of  this  equipment  are 
the  precision  tools  employed.  Brown  &  Sharpe 
Tools  have  supplied,  for  three  generations,  the 
handy,  adaptable,  sure  method  of  keeping  the  work 
of  the  machine  tool  operator,  the  machinist  and  the 
toolmaker  up  to  the  highest  standards  of  accuracy. 


Brown  &  Sharpe 

Machinists' 

Tools 


Not  only  should  shop  superintendents  and  foremen  specify  B  &  S  Tools  for  their  tool  cribs, 
but  they  should  encourage  their  men  to  buy  them  for  their  kits.  Better  work  and  faster 
production  naturally  follow  such  a  course. 

Send    for    Catalog    27 
listing  tKe  tKousand  varieties  of  tKese  ivorld-Known   and   'world-endorsed  tools 


Providence,  Rhode  Island,  U.S.A. 

REPRESENTATIVES:  BALTIMORE.  MD..  Carey  Machinery  &  Supply  Co.  CINCINNATI,  O.,  INDIANAPOLIS,  IND., 
Tlio  I-;.  A.  Kliiscy  Co  SAN  FRANCISCO,  CAL.,  Paclflo  Tool  &  Supply  Co.  CLEVELAND,  O.,  DETROIT,  MICH.,  StrotiK. 
Carlisle  *  IlammDiul  Co.  ST.  LOUIS,  MO.,  Colcord-Wrlght  Machinery  &  Supply  Co.  SEATTLE,  W/ASH.,  Ferine  Machinery 
Co.     PORTLAND,  ORE.,   rortland   .Machl"ory  Co. 
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Electric  Riveting  Machine:  New  England  Machinery- Co., 
New  Haven,  Conn.  A  machine  known  as  the  "Kobert"  electric 
riveting  and  forging  machine.  It  is  o£  the  two-unit  single- 
cycle  power  type,  in  which  the  rivets  are  heated  and  driven  at 
a  single  operation.  The  two  units  employed  are  the  copper 
heating  electrodes  and  the  steel  forging  set,  both  of  which  are 
mounted  on  a  swinging  frame  so  that  either  set  can  be  brought 
over  the  work. 

Power  Hacksaw:  Peerless  Machine  Co.,  1611  Racine  St., 
Racine,  Wis.  A  high-speed  power-driven  hacksaw  which  is 
provided  with  six  changes  of  speed,  covering  a  range  from  50 
to  150  strokes  per  minute.  These  speed  changes  are  obtained 
by  gears.  If  desired,  the  machine  can  be  equipped  with  in- 
dividual motor  drive,  with  the  motor  mounted  above  the  ma- 
chine to  economize  floor  space.  The  capacity  of  the  machine 
is  for  work  up  to  6  by  6  inches. 

Gear-hobbing  Macliine:  Goss  Printing  Press  Co.,  1535  S. 
Paulina  St.,  Chicago,  111.  An  automatic  gear-hobbmg  machine 
•which  was  originally  constructed  for  cutting  gears  used  m 
printing  presses  of  this  company's  manufacture.  The  machine 
is  now  being  built  for  the  market.  It  is  made  in  one  size 
with  a  rated  diametral  pitch  capacity  of  2 1/2  in  cast  iron  or 
steel,  a  maximum  pitch  diameter  of  36  inches,  and  a  maxi- 
mum face  width  of  12  inches. 

Surface  Grinding  Maciiine:  Abrasive  Machine  Tool  Co., 
Providence,  R.  I.  A  machine  in  which  the  entire  frame  is  a 
one-piece  casting  which  is  rigidly  braced  internally  to  resist 
distortion,  and  supported  at  three  points  located  in  a  way  to 
insure  equilibrium  of  the  machine.  The  unit  system  of  con- 
struction has  been  adhered  to  in  designing  and  planning  for 
the  manufacture  of  this  grinder,  and  any  unit  can  be  removed 
from  the  machine  without  materially  disturbing  other  parts. 
Tliread  Milling  Machine:  Newton  Machine  Tool  Works, 
Inc  23rd  and  Vine  Sts.,  Philadelphia,  Pa.  A  machine  used 
for  milling  worms  and  screws  up  to  6  inches  in  diameter  by 
16  feet  in  length.  In  operating  this  machine  the  work  blank 
is  placed  on  a  mandrel,  the  end  of  which  is  inserted  into  a 
tapered  draw-in  chuck  carried  in  the  hollow  spindle  of  the 
machine.  The  mandrel  is  not  released  until  the  work  is  en- 
tirely completed,  as  adjustment  for  successive  leads  is  con- 
trolled by  a  tooth  clutch. 

Drilling  Jig:  Lapointe  Machine  Tool  Co.,  Hudson,  Mass. 
A  universal  master  drilling  jig  which  consists  essentially  of  a 
movable  guide  bushing  fitted  into  a  bushing  carried  by  a 
slide  This  slide  is  moved  longitudinally  by  a  screw,  and 
the  work  is  held  between  two  stationary  and  two  adjustable 
gripping  jaws.  The  table  is  fitted  to  a  circular  base  and  may 
be  rotated  through  360  degrees.  Graduations  are  provided 
indicating  movements  of  0.5  degree,  and  both  adjusting  screws 
are  provided  with  dials  graduated  to  0.0005  inch. 

Turret  Lathe:  W.  K.  MillhoUand  Machine  Co.,  Indianapolis, 
Ind  A  21/2-  by  30-inch  manufacturing  turret  lathe  which  has 
been  especially  designed  to  meet  the  requirements  of  fac- 
tories where  unskilled  labor  has  been  employed  to  take  the 
Place  of  skilled  mechanics.  As  far  as  possible,  unnecessary 
parts  have  been  eliminated,  and  the  operation  of  the  machine 
has  been  simplified  so  that  a  minimum  number  of  movements 
are  made  by  the  operator.  All  parts  are  of  substantial  design, 
and  this  coupled  with  simplicity  of  operation,  makes  the  ma- 
chine practically  fool-proof. 

Universal  and  Plain  Milling  Machines:  Ford-Smith  Ma- 
chine Co..  Ltd..  Hamilton,  Ont.,  Canada.  One  of  these  is  a 
No  3  universal  milling  machine,  with  a  longitudinal  teed  ot  30 
Inches,  cross-feed  of  10  inches,  and  vertical  feed  of  19  meshes; 
twelve  changes  of  feed  are  obtainable,  ranging  from  0.006 
to  0  092  Inch  per  revolution.  The  other  machine  is  a  No.  3 
Dlaln  milling  machine  which  has  a  maximum  longitudinal 
feed  of  34  Inches,  vertical  feed  of  20  inches,  and  cross-feed  of 
10  Inches;  twelve  changes  ot  feed  are  available,  covering  the 
Ham<;  range  as  given  for  the  universal  machine. 

Cutting-off  Machine:  George  Gorton  Machine  Co.,  Racine, 
Wis  A  No  2  U  cuttlngoff  machine  which  is  equipped  with  a 
head  carrying  ten  cutters  supported  In  blocks  driven  into 
pocket*  In  the  bore  of  the  head.  One  edge  of  each  block  Is  tap- 
ered and  fits  Into  a  corrcHpoiKllng  tai)er  In  the  pocket.  The 
cutters  and  blocks  are  located  centrally  by  means  of  a  tongue 
and  groove  construction.  An  automatic  adjustable  power  feed 
iiiMhanlBra  la  provided,  making  it  unnecesHary  for  the  oper- 
ator to  reverse  clutches  when  he  Is  ready  to  raise  the  cutter- 
h.-ad  aflf-r  finishing  a  cut.  A  handwhecl  is  employed  to  raise 
or  Iow(;r  the  cultf.T  head,  and  It  automatically  dlsengageB  the 
fed   nicchaulsm   when   raising  the  cuttor-hcad. 

Turbine  Grinder:  Henry  Perkins  Co.,  Drldgewuter,  Mass. 
An  alrdrlvon  turbine  grinder  of  the  portable  or  socalled 
"hand"  typo,  which  Is  UBcd  for  grinding  Inlrlcule  casllngB. 
Air  IH  supplied  to  a  single  row  of  turbine  bladcH  llirough  six 
nozzlPH.  and  after  expansion  it  (lows  through  open  ports  lix  atod 
at  the  Hide  of  the  housing.  The  axinl  thrust  develDpcd  through 
tlie  UK«)  of  only  a  single  row  of  bladcH.  Is  carried  \>y  a  thrust 
bfiirlng.  The  rotor  Is  0  Inches  In  diameter  and  runs  at  a 
maximum  speed  of  12,000  rcvolullons  per  minute  when  oper- 


ating with  air  at  a  pressure  of  sixty  pounds  per  square  inch. 
The  normal  operating  speed  is  from  10,000  to  11,000  revolu- 
tions per  minute,  and  the  machine  carries  a  grinding  wheel  2 
or  2%  inches  in  diameter. 

Crankpin  Forcing  Press:  Watson-Stillman  Co.,  192  Ful- 
ton St.,  New  York  City.  A  portable  press  used  for  forcing 
crankpins  into  locomotive  and  engine  wheels  and  for  mis- 
cellaneous shop  and  field  work.  The  press  is  mounted  on  a 
four-wheeled  truck  so  that  it  may  be  conveniently  pulled 
around  the  shop.  A  power-driven  pump  is  substituted  for 
the  hand-pump  used  on  previous  equipments  of  similar  type 
built  by  this  company.  Aside  from  reducing  the  number  of 
men  required  by  one,  it  is  stated  that  the  increased  speed  of 
operation  is  300  per  cent  through  the  use  of  a  power-driven 
pump.  Presses  of  this  type  are  built  in  capacities  ranging 
up  to  300  tons,  and  each  is  equipped  with  a  gage  to  indicate 
the  pressure  required  to  sink  the  pin  into  place. 

Boring  Mill:  Pawling  &  Harnischfeger  Co.,  Milwaukee, 
Wis.  A  horizontal  drilling  and  boring  machine  that  incorp- 
orates a  number  of  unusual  features  in  its  design.  Dynamic 
braking  is  used  to  control  the  forward  and  reverse  motions 
of  the  spindle,  this  being  especially  useful  in  the  perform- 
ance of  tapping  operations.  The  spindle  is  supported  by 
bronze  bearings  and  a  heavy  sleeve  that  runs  out  to  the  end 
of  the  spindle's  travel.  The  operating  switch  is  mounted  at 
the  top  of  the  column  and  the  switch  control  handle  is  placed 
at  the  front  of  the  carriage.  Control  of  the  motor  field  rheo- 
stat is  by  a  lever  located  near  the  control  switch  lever.  All 
other  operating  levers  and  handwheels  are  centralized  so  that 
all  mechanism  may  be  readily  controlled  from  the  operator's 
position  near  the  carriage. 


THE  CRUCIBLE  SITUATION' 

The  important  and  essential  ingredients  of  the  plumbago 
crucible  are  the  plumbago  itself  and  the  clay  which  serves  to 
hold  the  crucible  together  in  the  process  of  manufacture  and 
in  use.  Before  the  war,  all  the  clay  for  crucible  purposes  was 
imported,  and  probably  95  per  cent  of  the  plumbago.  The  clay 
came  almost  exclusively  from  Germany.  Shortly  after  the  war 
opened,  Germany  prohibited  the  shipment  of  this  clay,  perhaps 
foreseeing  the  large  demand  of  the  Allies  for  ammunition  and 
metals  from  this  country,  so  that  the  manufacturer  was 
launched  on  the  sea  of  experiment  at  a  time  of  rapidly  in- 
creasing demand.  The  chemical  and  physical  laboratories 
have  been  called  upon  in  the  search  for  a  suitable  substitute 
for  the  German  clay,  but  the  results  of  such  investigations 
have  for  the  most  part  been  negative;  that  is,  such  investiga- 
tions enabled  only  the  elimination  from  real  test  such  metals 
as  did  not  measure  up  to  such  standards  as  have  come  to  be 
recognized. 

A  great  many  clays  have  been  examined,  and  perhaps  a 
score  have  given  indications  of  possible  successful  use.  A  clay 
giving  favorable  indications  is  mixed  in  varying  proportions 
with  the  other  ingredients  of  the  crucible,  among  which  may 
be  other  clays  (for  at  the  present  time  a  blended  clay  seems  to 
be  the  solution),  and  trial  lots  are  made  of  each  mixture. 
Owing  to  the  long  time  required  to  make  and  burn  crucibles, 
and  adding  to  the  time  required  for  transportation  and  actual 
use.  two  months  is  the  least  period  required  to  get  results 
from  such  tests.  If  the  result  of  such  a  trial  is  favorable, 
another  lot  is  made  up,  this  time  of  fifty  or  one  hundred,  and 
sent  out  to  different  users.  If  the  results  obtained  by  the  dif- 
ferent users  are  in  practical  agreement,  the  Information  1b  of 
real  value;  but  when  the  reports  are  not  in  agreement,  aa  Is 
often  the  case,  the  test  must,  of  course,  be  repeated. 

In  order  to  gain  results  as  quickly  as  possible,  many  experi- 
ments have  to  be  carried  on  simultaneously.  Under  such  cir- 
cumstances, a  long  time  must  ellipse  before  iiil'orination  be- 
comes available,  but  us  the  Information  accumulates  tlioro  Is 
steady  progress  toward  the  desired  end.  The  results  secured 
by  the  early  attempts  to  use  domestic  days  were  very  unsatis- 
factory. In  certain  cases  the  average  heats  secured  were  four 
or  five,  as  against  twenty-five  to  thirty  previous  to  the  war. 
At  the  present  time  roRUlls  am  much  bntlcr,  from  fll'leen  up 
to  twenty  and  twc'iity-fivc  licals  being  the  range  of  average 
service.  The  above  figures  refer  to  an  average  size  crucible, 
Hiiy  No.  80,  used  In  standard  rolling  mill  practice. 


■AtMtrnrt  of  lin  arllrlo  liy  M.  McNriiiKlilon. 
I.,  iiiihllalipil  In  lli<<  "Joiininl  of  llin  Ainorli'iii 
■r,   1K17. 
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The  Cincinnati  Number  1 
Gutter  Grinder 


FOR  the  medium  and  smaller  sizes  of  spiral  mills,  end  mills,  side  mills,  angular 
cutters,  etc.— in  other  words,  for  the  cutters  which  are  used  most  extensively— 
this  No.  1  Grinder  has  been  popular  for  many  years. 
Practically  every  shop  of  any  consequence  has  at  least  one.  Many  large  shops  use 
dozens.  They  find  it  just  as  valuable  for  sharpening  reamers  as  it  is  for  sharpening 
cutters. 

It  is  handy.  Can  be  quickly  set  to  any  angle.  The  knee  carrying  the  table  swings  through 
a  complete  circle,  and  in  addition,  the  table  may  be  set  at  an  angle  with  the  slide.  Has 
graduated  dials  for  all  settings,  and  the  lever  feed  can  be  operated  from  any  position 
handiest  for  the  work  being  done. 

We  are  offering  these  machines  for  quick  shipment 

The  Cincinnati  Milling  Machine  Co. 

CINCINNATI,  OHIO 
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A  REINFORCED  CONCRETE  BORING  MILL 

The  general  use  of  reinforced  concrete  for  constructing 
bridges,  viaducts,  retaining  walls,  buildings  and  foundations 
has  become  accepted  practice  within  the  past  decade.  When 
properly  mixed,  placed  and  waterproofed,  it  is  the  most  satis- 
factory and  enduring  building  material  known,  but  few  are  yet 
prepared  to  regard  it  as  suitable  for  anything  but  fixed 
structures.  It  is  true  that  reinforced  concrete  barges  and  even 
ships  are  in  successful  use,  and  the  number  promises  to 
become  rapidly  greater  as  their  seaworthy  quality  and  com- 
paratively low  cost  are  demonstrated.  Notwithstanding  this 
remarkable  proof  of  the  value  of  concrete  for  purposes  ful- 
filled almost  exclusively  by  iron  and  steel,  there  are  few 
machine  designers  and  users  who  would  concede  that  satis- 
factory machine  tools  could  be  designed  and  built  of  this 
material.  But  war  brings  revolutionary  changes  in  social  or- 
ders and  industrial  methods,  and  one  of  the  changes  we  are 
likely  to  see  is  the  use  of  concrete  for  the  principal  members 
of  large  special-purpose  planers,  boring  mills  and  gun  lathes. 

Lucien  I.  Yeomans,  consulting  engineer,  72  W.  Adams  St., 
Chicago,  who  developed  a  shell  lathe  that  is  built  without 
planing  or  boring  the  bed,  headstock  and  tailstock,  has  de- 
signed a  fifty-foot  boring  mill  for  emergency  war  work  that  is 
radical  in  conception  throughout.  Metal  is  used  only  for  the 
driving  parts,  pivot,  supporting  strips  or  "skates,"  tool-slides, 
T-slots,  table  pan  and  reinforcing  rods.  The  weight  of  steel 
and  cast  iron  is  thus  reduced  to  a  small  percentage  of  the 
total  weight  of  the  machine. 

The  foundation  and  upper  part  of  the  bed  are  built  of 
reinforced  concrete  following  approved  methods  of  mixing  and 
placing  in  wooden  forms,  and  the  table-supporting  strips  are 
set  with  the  aid  of  an  engineer's  transit  by  which  accurate 
location  is  insured.  The  table  foundation  is  a  sheet  steel 
pan  filled  with  concrete  reinforced  radially  and  concentrically. 
The  T-slots  are  formed  with  rails  set  as  shown  in  Fig.  3. 
The  ring  gear  is  made  in  sections  which  are  bolted  to  the  re- 
inforcing bars  and  two  driving  pinions  are  provided  on 
opposite  sides.  Only  one  is  shown  in  Fig.  1,  which  is  a 
diagrammatic  sketch  only.  The  housings  and  cross-rail  are  a 
heavy  monolithic  structure,  no  provision  being  made  for 
raising  or  lowering  the  rail,  as  the  machine  is  for  single 
purpose  only.  The  reinforcing  bars  shown  in  the  housing 
and  coiled  in  the  cross-rail  in  dotted  lines  are  wrapped  in 
the  opposite  direction  in  the  other  housing  in  order  to  oppose 
the  thrust  on  the  tool  on  that  side.  The  cross-rail  is  faced 
with  a  cast-iron  rail  which  is  machined  and  fitted  as  usual. 

The  advantages  of  reinforced  concrete  construction  for 
large  machine  tools  are  low  cost  and  quick  erection.  The 
principal  members  can  be  built  in  less  time  than  is  ordinarily 
required  to  make  the  patterns.  The  pattern  work  on  the  metal 
parts  is  comparatively  insignificant  and  foundry  costs  and 
delays  are  minimised.  The  heavy  work  is  done  on  the  ground. 
and  the  dlfiflcultles  of  railway  transportation  are  largely  elim- 


Fig.  3.    T-slots  formed 
by  Kailroad  Kails 

inated.  which  is  a  most  important  consideration  at  present. 
It  is  estimated  that  this  fifty-foot  boring  mill  could  be  erected 
complete  in  any  locality  where  building  materials  and  ordi- 
nary machine  shop  facilities  are  available  in  three  months 
and  at  a  cost  of  less  than  one-fifth  of  that  of  the  common 
design  of  mill  having  equal  capacity. 

•     •     • 
COKE  PROM  PEAT 

The  Peat,  Coal  &  Oil  Syndicate  of  Doncaster,  Yorkshire, 
England,  is  developing  a  new  method  for  treating  a  special  dry 
black  peat  and  converting  it  into  a  liard  foundry  coke,  the  by- 
products being  tar  and  tarry  liquids  from  which  automobile 
oils  can  be  obtained  by  distillation.  It  is  not  claimed  that  all 
varieties  of  peat  can  be  profitably  used,  but  it  is  said  that 
hundreds  of  acres  containing  millions  of  tons  of  peat  can  be 
commercially  utilized  by  this  process.  The  black  layer  at  the 
bottom  of  the  bog  is  most  suitable  for  the  manufacture  of  coke. 
This  material  is  freed  of  its  excess  of  water  and  subjected  to 
a  carbonizing  process  by  means  of  which  by-products  are  re- 
covered, the  residue  being  a  soft  and  friable  coke.  Notwith- 
standing that  peat  coke  has  a  lower  sulphur  content  than  any 
other  combustible,  up  to  this  time  its  insufficient  hardness  has 
been  an  obstacle  to  its  application  in  blast-furnace  operation. 
This  fault,  it  is  claimed,  is  now  overcome,  and  a  hard,  strong 
and  pure  coke  is  now  obtained.  A  German  chemist  has  proved 
by  analysis  that  1000  tons  of  air-dried  peat  will  produce  400 
tons  of  coke,  40  tons  of  tar,  and  400  tons  of  tarry  liquids. 
The  tar  can  be  further  distilled  to  yield  18  tons  of  crude  oil, 
2  tons  of  creosote,  2  tons  of  pitch  and  8  tons  of  paraffin. 
The  tarry  liquids  will  yield  4  tons  of  sulphate  of  am- 
moiiiuni,  t;  tons  of  acetate  of  lime  and  2  tons  of  methyl  alcohol. 
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The  LUCAS 


(OF  CLEVELAND) 


"PRECISION" 

BORING,  DRILLING  AND 

MILLING  MACHINE 

ALWAYS  GOOD 

and  as  time  goes  on 

ALWAYS  BETTER 


Lucas  Machine  Tool  Co.,  ^^m  Cleveland,  0.,  U.S.  A. 


376 


MACHINERY 


December,  1917 


DRAFTSMEN  BADLY  NEEDED  FOR  ORD- 
NANCE DEPARTMENT 

BT  DYER  SMITH  1 

The  Ordnance  Department  of  the  United  States  Army  is  in 
great  need  of  a  considerable  number  of  mechanical  draftsmen. 
Some,  and  it  is  to  be  hoped  many,  of  the  readers  of  Machinery 
may  be  able  to  do  a  real  patriotic  service  in  this  connection. 
There  is  so  much  opportunity  for  profitable  employment  every- 
where these  days  that  the  supply  of  draftsmen  for  the 
Ordnance  Department  has  been  far  behind  the  demand.  So 
far  there  has  been  no  conscription  of  any  sort  which  would 
include  them.  Therefore,  the  recruiting  for  this  service  must 
be  accelerated  by  volunteer  work.  The  National  Civil  Service 
Reform  League,  79  Wall  St.,  New  York  City,  is  aiding  the 
Ordnance  Department  in  this.  The  lack  of  designers,  detail 
men  and  tracers  is  causing  important  contracts  for  shells, 
guns  and  other  equipment  to  be  held  up.  Anyone  who  volun- 
teers for  this  work  aids  in  winning  the  war;  five  hundred  more 
draftsmen  in  Washington  now  may  considerably  lessen  the 
number  of  Americans  who  will  never  come  home  from  France. 

There  are  two  grades  of  draftsmen  called  for:  Grade  1,  start- 
ing at  ?800  to  $1400  a  year,  and  Grade  2,  starting  at  $1400  to 
$1800  a  year.  Applicants  will  not  be  required  to  report  for 
examination  at  any  place,  but  will  be  rated  on  general  educa- 
tion, technical  training  and  experience,  and  practical  tests  on 
work  submitted.  The  requirements  for  the  positions  are  listed 
in  a  number  of  alternative  groups,  including  different  amounts 
of  drafting-room  experience,  graduation  from  or  attendance  at 
mechanical  engineering  courses,  and  combinations  of  both. 

All  interested  are  asked  to  write  or  call  on  the  secretary  of 
the  National  Civil  Service  Reform  League,  79  Wall  St.,  New 
York  City,  for  further  information  and  application  forms. 
Anyone  may  help  by  applying  himself,  or  by  encouraging  men 
employed  by  him  to  apply,  or  by  telling  his  friends  about  the 
matter.  The  writer  knows  of  no  ofiRcial  ruling  on  the  question 
of  exemption  under  the  draft  for  these  men,  but  it  seems  evi- 
dent that  they  will  be  "necessary  employes  of  the  government," 
who  will  be  in  a  deterred  class  under  the  draft.  Anyone  who 
takes  one  of  these  jobs  may  feel  that  he  is  doing  his  patriotic 
"bit"  in  the  way  he  knows  best  how  to  do.  Many  men  who 
are  unable  to  fight  have  wanted  to  help  the  government  and 
have  not  known  what  to  do.  Here  is  an  opportunity  for  effec- 
tive service.  Appointments  will  be  made  promptly  on  the 
basis  of  the  training  and  skill  of  the  applicant. 

•     •     • 
A  GREAT  ENGINEERING    WORK    COMPLETED 

A  meeting  was  held  Wednesday  evening,  November  14,  at 
the  United  Engineering  Societies'  Building,  New  York  City, 
under  the  auspices  of  the  United  Engineering  Society,  to 
celebrate  the  completion  of  the  Catskill  water  supply  for  the 
city  of  New  York.  At  this  meeting  were  present  members  of 
the  four  national  engineering  societies — the  American  Society 
of  Civil  Engineers,  the  American  Institute  of  Mining  En- 
gineers, the  American  Society  of  Mechanical  Engineers,  and 
the  American  Institute  of  Electrical  Engineers.  George  H. 
Pegram,  president  of  the  AmerUan  Society  of  Civil  Engineers, 
presided,  and  an  address  was  made  by  the  mayor  of  New 
York  City,  John  Purroy  Mitchell,  who  gave  credit  to  the 
engineers  who  had  carried  this  remarkable  engineering  work, 
claimed  to  be  the  most  difficult  englneeririK  feat  ever  com- 
pleted, to  a  successful  end.  A.  D.  Kllnn,  deputy  chief  engineer 
of  the  New  York  Board  of  Water  Supply,  then  gave  a  com- 
plete doHcrlptlon  of  the  work  lllustratod  with  lantern  slides. 

The  water  Is  carried  by  aqiU'ducls  and  tunnels  120  miles 
from  the  Catskill  mountains  to  Now  York.  One  of  the  most 
difficult  engineering  problems  In  connorllon  with  the  work 
was  the  croBBlng  of  the  Hudson  Rlviir  which  was  done  by  a 
tunnel  1200  feet  below  the  surface  of  the  rlvor.  It  Is  of 
n^markablo  Interest  to  note  that  this  work  was  completed 
over  a  year  before  the  estimated  time  of  romplollon,  or  In 
IcHH  than  nine  years  Inslcad  of  In  ton  years  iih  wjih  I'xpocti'd, 
and  also  that  the  cost  wait  below  that  osllinatod,  tlio  total 
coiit    havInK    been    $140,000,000    or    $7,000,000    loss    than    llio 

•AtWnm:  R3  lM>-rlr  Ml  ,    N<rw   ToTk   OHr 


original  estimates.  Great  credit  is  certainly  due  those  en- 
gineers whose  ability,  integrity  and  sense  of  public  duty 
made  it  possible  to  complete  this  tremendous  engineering 
work  in  so  short  a  time  and  with  such  economy. 


*     •     • 


RESIGNATION  OF  PRANK  A.  SCOTT 
The  resignation  of  Frank  A,  Scott  from  the  chairmanship 
of  the  War  Industries  Board,  in  which  position  his  unremit- 
ting devotion  to  duty  seriously  impaired  his  health,  is  only 
one  instance  of  the  strain  to  which  such  men  are  subjected. 
Executives  who  leave  the  management  of  well-organized  and 
smoothly  running  business  concerns  to  take  government  posi- 
tions encounter  diflJculties  in  pushing  the  work  forward  to 
their  satisfaction  on  account  of  the  lack  of  organization  and 
of  efficient  help.  These  troubles  are  inseparable  from  war 
conditions,  and  in  most  departments  are  being  gradually 
remedied.  The  magnitude  of  the  task  we  have  assumed  is 
visible  to  those  behind  the  scenes,  but  on  the  great  mass  of 
our  people  it  is  only  dawning. 


With  the  help  of  able  and  eflicient  men  in  the  machine  tool 
and  other  industries,  constant  progress  is  being  made  in  the 
organization  of  important  work  connected  with  the  War  In- 
dustries Board.  G.  E.  Merryweather,  of  the  Motch  &  Merry- 
weather  Machinery  Co.,  Cleveland,  whose  office  is  now  in  the 
War  Industries  Building,  has  collected  a  large  amount  of  sta- 
tistical material  in  regard  to  the  capacity  and  product  of  ma- 
chine tool  builders  in  this  country  and  the  condition  of  their 
orders,  output  and  deliveries  up  to  date,  so  that  a  glance  at 
the  card  for  each  shop  will  show  almost  exactly  what  ma- 
chines the  government  can  count  on  from  that  shop  and  when 
they  can  be  delivered. 

It  is  mentioned  in  a  French  contemporary  that  the  machine 
works  of  Fonderie  des  Gobelins,  in  Paris,  have  recently  sub- 
stituted stellite  for  high-speed  steel  for  use  in  turning  shells. 
By  the  use  of  stellite,  a  daily  production  of  120  six-inch  shells 
was  increased  to  200.  With  high-speed  steel,  twenty  minutes 
was  consumed  in  taking  a  roughing  cut  at  a  speed  of  60  feet; 
for  finishing,  the  same  speed  was  used.  With  stellite,  the 
roughing  speed  was  increased  to  85  feet,  and  the  finishing 
speed  to  125  feet  per  minute.  For  completely  finishing  1000 
six-inch  shells,  the  cost  of  stellite  was  found  to  be  six  cents 
per  shell. 

•     •    • 

STATEMENT  OF  THE  OWNERSHIP.  MANAGEMENT,  ETC.  RE- 
QUIRED BY  THE  ACT  OP  CONGRESS  OF  AUGUST  24.  1912 


tlio   l8t   nt  Nc 


York.    N.    T.,   for  Octo- 


Slnto  of  New  York       I 
County  of  New  Y'ork  f 

Hefore  me,  a  Notary  Pul)Ili'  in  nnti  for  the  state  oncl  county  aforefiald, 
personally  appeared  Matthew  J.  O'Neill,  who,  having  been  duly  sworn  ac- 
cording to  law,  deposea  and  aaya  that  he  la  the  General  Manager  of 
MAcniNKUY  and  that  the  foUowlnR  Is.  to  the  best  of  his  knowledge  and 
belief,  a  true  statement  of  the  ownership,  management,  etc.,  of  the  afore- 
said publication  for  the  date  shown  In  the  above  caption,  required  by  the 
Act  of  August  2-1,  1012,  embodlert  In  section  413.  Postal  Laws  and  Itegula- 
tlons.  prjnicil  on  the  reverse  of  this  form,   to  wll: 

1.  That  the  names  and  addresses  of  the  publisher,  editor,  managing  crtllor. 
and  t)uslnosa  managers  ore: 

Publisher.  The  Industrial  Press  1I01-I8  T,afoyotte  St.,   New  York 

Editor,   Kred   10.   Hogers  "  "  

Managing    lOdllor,   None 

Ituslncss      (  Alexander  Luchars,    President  "  "  

Managers    /  Matthew  J.  O'Neill.  Oen'l  Manager   "  "  

2.  That  the  owners  of  I  per  cent  or  more  of  the  total  amount  of  stock  are: 
The  Industrial   Press  MO-US  Lafayette  St.,  New  York 

Alcxamler  Luchars  "  "  

Matthew   J.    O'Neill  "  "  

I'red   1).    Ilogera  "  "  

Ixpuls  Pelletler  "     .  "  

lOrlk    Oberg  "  "  

8.     That    thiTC    are    no   hondholilers.    mortgagees   or   other    security    holders. 

4,  That  the  two  paragraphs  next  above,  giving  the  names  of  the  owners, 
stockholders,  and  security  holders.  If  any,  ccmlain  not  only  the  list  of  stock- 
holders and  security  holders  aa  they  appear  upon  the  books  of  tho  company 
but  also.  In  cases  where  the  sto.kholdcr  or  security  hcdibr  appears  upon  the 
iHKiks  of  the  company  as  Iruslce  or  In  any  other  lldudary  relation,  the  name 
of  tho  person  or  corporation  for  whom  such  trustee  Is  acting,  Is  given;  also 
that  Ihe  said  two  paragraphs  contain  statements  embracing  alflant's  full 
knowledge  and  belief  as  to  the  circumstances  and  c.uullllons  under  which 
slfickholders  nnd  security  bidders  who  ilo  not  apiiear  ui>c>u  the  books  of  the 
eompanr  «"  trustees,   hold   Block   and   securities  In   a   cnpsclly   other   than   Ihnt 


and  this  alllsnl  has  no  reason  to  IhII 
person,    association,    (»r   corporatliui    has   sny   Int 
said   stock,   bonds 


Ihnt   any  oihe 
Indirect   In    the 
uritles   than   as  so  slatc.l   by   bim. 
MATTIIIOW   J.   O'NIOII.L.   Oenerol   Manager. 
Hworn  to  nnd  subscribed  Iwfore  me  this  1st  day  of  October,   1017. 
TnOMAH    II.    WILLIAMS, 
Notary  Public,   New   York  rounly.    No    2M. 


(HHAL) 


(My  commission  expires  M'arch  no.  1018.) 
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PERSONALS 


Fred  J.  Miller,  who  for  tlie  past  nine  years  lias  been  general 
manager  of  the  factories  of  the  Remington  Typewriter  Co., 
has  resigned. 

Clarence  M.  WooUey,  president  of  the  American  Radiator 
Co.,  New  York  City,  has  been  appointed  a  member  of  the  War 
Trade  Board. 

C.  F.  Heckman,  formerly  superintendent  of  the  Russell 
Motor  Car  Co.,  Ltd.,  Toronto,  Canada,  is  now  superintendent 
of  the  Russell  Motor  Car  Co.,  of  Buffalo,  N.  Y. 

J.  E.  MacArthur,  formerly  factory  manager  of  the  Russell 
Motor  Car  Co.,  Ltd.,  Toronto,  Canada,  has  been  made  factory 
manager  of  the  Russell  Motor  Car  Co.,  Buffalo,  N.  Y. 

L.  R.  Brink,  superintendent  of  Barnhart  Bros.  &  Spindler, 
Chicago,  111.,  has  resigned  to  become  general  manager  of  the 
Fort  Dearborn  Mfg.  Co.,  Sterling,  111.,  manufacturer  of  special 
machinery,  gears  and  metal  stampings. 

W.  C.  Webster,  who  has  been  secretary  and  general  manager 
and  director  of  the  Nichols  Copper  Co.,  25  Broad  St.,  New  York 
City,  for  several  years,  has  resigned.  Mr.  Webster  expects  to 
take  a  rest  before  assuming  further  duties. 

C.  R.  Burt,  for  the  past  four  years  assistant  general  man- 
ager of  the  Russell  Motor  Car  Co.,  Ltd.,  Toronto,  Canada,  has 
been  appointed  general  manager  and  a  director  of  the  Russell 
Motor  Car  Co.,  of  Buffalo,  located  at  93  Dewey  Ave. 

W.  F.  Trenary,  Jr.,  now  represents  the  Harrison  Safety 
Boiler  Works,  Philadelphia,  Pa.,  manufacturers  of  the  Cochrane 
heaters  and  other  steam  plant  appliances,  succeeding  W.  R. 
Jennison.  Mr.  Trenary's  headquarters  will  be  419  Brown- 
Marks  Bldg.,  Birmingham,  Ala. 

R.  J.  Morgan  has  resigned  his  position  with  the  Midvale 
Steel  &  Ordnance  Co.,  and  has  been  appointed  supervisor  of 
sales  of  the  American  Steel  Export  Co.,  Woolworth  Bldg., 
New  York  City.  Prior  to  his  connection  with  the  Midvale  Steel 
&  Ordnance  Co.,  Mr.  Morgan  was  with  the  Carnegie  Steel  Co 
for  thirteen  years. 

Walter  C.  Voss,  formerly  in  charge  of  the  Detroit  office  of 
the  rim  and  tube  division  of  the  Standard  Parts  Co.,  has  been 
transferred  to  Washington,  D.  C,  to  look  after  the  business  of 
the  Standard  Parts  Co.,  at  that  important  center.  Mr.  Voss  is 
being  replaced  by  Art  A.  LoefHer,  formerly  of  the  Jackson- 
Church-Wilcox  Co.,  of  Saginaw,  Mich. 

J.  F.  Sells,  of  the  engineering  staff  of  the  National  X-Ray 
Reflector  Co.,  Chicago,  111.,  has  been  appointed  consulting 
illuminating  engineer  for  the  new  business  departments  of 
the  Henry  L.  Doherty  Co.,  Central  Stations.  Mr.  Sells  is  at 
present  located  at  Mansfield,  Ohio,  where  the  Henry  L.  Doherty 
Co.  operates  the  Mansfield  Electric  Light  &  Power  Co. 

Roy  B.  Woolley,  formerly  sales  and  advertising  manager  of 
the  Standard  Electric  Stove  Co.,  Toledo,  Ohio,  has  returned  to 
America,  having  served  his  enlistment  in  the  American  Am- 
bulance Field  Service  at  the  Verdun  front  in  France.    He  is 


now  with  the  Society  for  Electrical  Development,  29  W.  39th 
St.,  New  York  City,  as  an  executive  in  the  advertising  de- 
partment. 

J.  L.  Replogle,  vice-president  of  the  American  Vanadium  Co., 
has  been  appointed  Director  of  Steel  Supply  by  the  Council  of 
National  Defense.  He  will  receive  weekly  reports  from  the 
iron  and  steel  producers,  which,  in  cases  of  retarded  output, 
will  state  the  reasons  therefor.  Every  effort  will  be  made  to 
remove  obstacles  that  prevent  the  maximum  output  of  war 
necessities. 

Samuel  McRoberts  has  retired  from  the  board  of  directors 
of  the  Allied  Machinery  Co.,  as  government  work  takes  all 
his  time,  and  has  been  succeeded  as  chairman  by  R.  P.  Tinsley, 
vice-president  of  the  American  International  Corporation. 
R.  B.  Sheridan  has  also  retired  as  president  of  the  Allied 
Machinery  Co.,  but  will  continue  as  a  member  of  the  executive 
committee.     J.  W.  Hook  succeeds  Mr.  Sheridan  as  president. 

Arthur  C.  Rogers,  formerly  connected  with  the  advertising 
agency  conducted  under  his  name  at  Cleveland,  Ohio,  has  been 
appointed  a  Major  in  the  Ordnance  Section  of  the  Officers' 
Reserve  Corps  of  the  United  States  Army,  and  will  shortly  re- 
ceive orders  to  active  duty.  The  agency  conducted  under  Mr. 
Rogers'  name  has  been  incorporated  under  the  laws  of  Ohio 
as  the  Rogers-Brett-Baker  Co.,  of  which  Mr.  Rogers  will  still 
remain  president. 

Louis  A.  Freedman  has  been  elected  secretary  of  the  Aero- 
nautical Society  of  America,  29  W.  39th  St.,  New  York  City. 
Mr.  Freedman  in  the  past  has  been  engaged  in  some  important 
aerodynamical  research  studies,  is  a  member  of  several  of  the 
society's  committees,  a  graduate  of  the  Massachusetts  Institute 
of  Technology,  and  has  followed  the  profession  of  mechanical 
engineering  for  a  number  of  years.  His  achievements  in  in- 
venting, designing  and  building  automatic  machinery  for  the 
production  of  dry  batteries  are  especially  noteworthy. 


OBITUARIES 


William  R.  Griswold,  mechanical  engineer  with  the  Standard 
Tool  Co.,  Cleveland,  Ohio,  died  October  6,  aged  forty-nine  years. 
Mr.  Griswold  had  been  with  the  Standard  Tool  Co.  fifteen  years. 

Albert  P.  Bowe,  formerly  advertising  manager  of  the  Hy- 
draulic Press  Mfg.  Co.,  Mount  Gilead,  Ohio,  was  accidentally 
shot  and  killed  October  27  on  the  rifle  range  at  Camp  Perry. 
Mr.  Bowe  was  called  to  the  colors  in  September  and  had  the 
rank  of  sergeant.  He  was  not  only  capable  and  conscientious 
in  his  publicity  work,  but  was  representative  of  the  standards 
that  make  for  good  citizenship. 

William  Thompson  Her,  Jr.,  assistant  works  manager  of  the 
Slocum,  Avram  &  Slocum  Laboratories,  Inc.,  New  York  City, 
died  on  October  18  of  a  complication  of  typhoid  fevor  and  pneu- 
monia, aged  twenty-five  years.  Mr.  Her  was  a  graduate  in 
mechanical  engineering  of  the  New  York  TTniversity  and  a 
junior  member  of  the  American  Society  of  Mechanical  Engi- 
neers.   He  contributed  a  number  of  articles  to  Maciiineuy. 


l: 


COMING  EVENTS 


NEW  BOOKS  AND  PAMPHLETS 


December  4-7 — Annaal  meeting  of  the  American 
8o<l<;t)-  of  M'-'linnlcal  EnKincerii  In  New  York  City; 
Bnnlncerini!  Hocl>-ile»  Bldg.,  29  W.  38lh  St..  bcud- 
qiiurlcni.     Culvlii  W.  Ulcc,  rjecretary. 

December  27 — Monthir  meeting  of  the  Rochester 
SwIclT  of  Technical  Uraf lumen,  In  Roomii  131-137, 
fllMi-T  Block,  828  Main  8t.,  B.,  Itocheatcr,  N.  Y. 
O.  U.  Angerlne,  Jr.,  •eorctar]',  857  Ocneaee  St., 
IO,'h>!«ter. 


SOCIETIES,    SCHOOLS  AND 
COLLEGES 


oht»»n      C',\t't-      ol      Mln^«,      lloin;lit<,ri.      Ml'h. 
U^,k    for    11/1>;IU17.    .•./iihilrilnlt    nnn.,iin.-liii-nt 
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llate.1  In  the  fllrerlorjr,  and  catalnirtie 

innfmlurera  are  Blren. 


Tear  Book  of  the  Bureau  of  Mines,  1916,  By  Tan 
H.  Mnnnlne.  174  pages.  6  l).v  0  Inches.  Pub- 
liHhed  by  the  Government  Printing  OlUce,  WiisU- 
Ington.  D.  C.     Prlrc,  :iO  cents. 

Effocta  of  Storage  upon  the  Proportioa  of  Coal. 
By  K.  W.  Parr.  Mt  pmren.  Il  by  11  In.hea;  lUua- 
trntpd.  PuliIlBlied  by  the  University  of  Illinois, 
nrbiinii.  III..  n»  Bulletin  No.  07  of  the  Rnglncer- 
Ing   Kxperlnient  .Stiillon.     Prlie.  20  cents. 

German  Forelgn-tr&de  Organization.  By  Chauncey 
Di'pew  .Snow.  182  pugcs,  (I  by  0  Inclios.  Pnb- 
llHherl  by  the  Biirr>iiu  of  Foreign  and  Domestic 
tViniriiiTre  of  the  Depnrtment  of  Commerce. 
Wnsbliiiflon.    H.   C.   as  MlHcpllnncoiis  Herlea  No. 


Trie 
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Comparatlvo   Baalc    Costa   of   Typoaettlng,    by   Hand, 

Linotype    and    Monotype,      frt    pngcH.    r»>/j    by    N 

Inches.      Publlsbid    by    (he    Oradiiiile    K.  biml    iit 

Business     AdiiilMl«(ri>(lon.     Ilnrviiril     University. 

Cnmbrlilge,   MiiKH.,    ns  SdidenI    lli'porls  on   Busl- 

ne»«  Problems  No.    I.     Prlr...   no  cents, 

Oloiiary    of    Aviation    Terms.      By    Vblor    W.    Page 

and   I'niil   Monlnrbd.     04  iinges,   r,  by  T%   Inches. 

Piilill.hed  by  Noriiwin  W.   Henley  Pulillslilng  Co.. 

2   W.    •ir.th   Kt.,    Niw    York    City.     Price,    »1, 

The  iKMik  contains  ll«(s  of  the  neronsudciil   (erms 

in     Kngllsh    vrlth    the     French    r<]iilTnlen(s,     iiixl    In 

rrerK'h    wKh    the    rorr.  siwnillnK    Knglish    words.      It 

Is  nrrnnged  In  four  pnr(a:    Plying  Field  Terms;  The 

Alrplnne    and    Its    Parts;    tOnglne    Parts;    and    Tiiola 

nnd   Hhop  Terms. 

Home  Unusual  Features  In  the  Mlnroslruelure  of 
Wrought  Iron,  By  lliiiry  H,  Knwdon.  2n  pages. 
7  by  10  Inches.  Pijbll.hert  by  the  OovernmenI 
Printing  OlDce.  Washington.  I).  C.  Price. 
n  rents. 
This  is  Technologif   Ps|>er  No.  07.   Issued  by   the 


Burciu  of  Standards.  It  contains  a  number  of  pho- 
tomicrographs nnd  diagrams  of  wrought-iron  Btruc- 
tiircs,  which  will  prove  of  interest  to  any  student 
of   uietallography   and   metallurgy. 

Experimental   General   Science.     By   Wlllard   Nelson 

CliKc.     303   pages.    1%    by   TV,    inches:   00   lUus- 

trntions.      Published    by    P.    Klaklston's    Son    & 

Co..   Pbllndelphla.   Pa.     Price.   $1.25. 

This  is  a  general  text-book  on  a  number  of  dlt 

ferent    scientific    aubjects    written    In    popular    form 

nnd    Intended    particularly     for    school    use.       It    Is 

divided   into  flfty-two  chapters,   giving  a   brief  out- 

line  of  astronomy,  chemistry,  physics.  Including  tlic 

science  of  heat,   light,   sound,   electricity,   and   many 

olher  aubjects. 

Mechanical    Prooossoa,       Il.v    Q,    W.    Dnnforlh.      423 

pages,    l\    bv    0    III,  lies;    270    lIluBtrations,      Pub- 

liKhcd    Il.v     (he    ('lilted    Statea    Naval    Inatltute. 

Annniiolls.   Md. 

This  book  Is  Intended  as  an  elementary  coume  for 

engineering    schools    on    the    processes    employed    In 

shaping    nmterlnis    of    construction    for    vitrious    ine 

clinnlcnl    uses,    and    shows    briefly    the    steps    of    the 

niiiniifactiire   of   metal    from    (he   ore    to   the  llnlshed 

product.     II   contains   thirteen  chapters  dialing  with 

engineering     materials;     metal. producing     proccsaes; 

fuels;     Iron    and     steel;     mechanlcnl     treatment     o; 

melala    nnd    hca(-(rentment    of    metals;    remanurnc 

tore    4if    metals;    machinery    building    and    repairing 

lilants;    ilniwlngs    for    shop    use;    the    pattern    shop. 

Ihe  foundry;   the  lilncksmKh  shu|i;   (he  machine  shop. 

the  boiler  Hhop;  and  special  proccsscH. 

Thomas'   Register  of  American  Manufnoturers.     800< 

pagea.     U%     by     12     Inches,       Published     by     llh 

Thomas  Publishing  (^i..    120  Lafayelle  Rl,,   Neu 

York  City.     Price,  lin. 

This    Is    the    ninth    editlnn    of    (he    Thomiis-    Iteg 

isier.    published   October.    1017.   The   work    Is  divided 

Into  Ave  sections.     The   Orst   contains  a    Ondlng   lla( 

and    Indei.      The    second    cnnlalns    a    coniplelo    list 

of    all    manilfnclurers    in    Ihe    United    Rtates    classl. 

fled    ncrordlng    to    business    or    product.      The    third 

section     gives     the     mnnilfacliirers     In      (he      tlnlled 


December,  1917 


MACHINERY 


113 


FORGING  MACHINERY 


And The 

Electrical 
Industry 


yVr  the  very  fore- 
/A^front  of  all 
American  progress 
stands  the  electrical 
industry,  and  in  this 
industry  a  few  names 
are  dominant. 

It  has  been  the  privi- 
lege of  the  Ajax 
organization  to  work 
with  these  and  other 
great  electrical  manu- 
facturers. 

Ajax  Forging  Machin- 
ery is  making  many 
of  the  parts  that  enter 
into  these  famous  pro- 
ducts, making  them 
better,  faster  and  at 
lower  cost  than  would 
be  possible  by  other 
methods. 


THE  AJAX   MANUFACTURING   CO. 


621  Marquette  Bldg. 
CHICAGO,  ILLINOIS 


CLEVELAND,  OHIO 


1369  Hudson  Terminal 
NEW    YORK     CITY 
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Staus  arranged  alphabetically  by  name,  giving  this  instrument  the  causes  of  trouble  are  detected.  Chicago  f-^i-i^^„^f'„°„-'„13«l,^;f„'-,„^--'pl;''„'; 
the    home    offices,    branches,    and    in    many    cases    and  shut-downs  avoided.  ofsb  000  square  te"t^Thl  compan^^^ 

names  of  officers,  sales  managers  and  purchasmg  National  Machine  Co  Hartford,  Oonn.  Circular  "^  etmplete  line  of  mechanical  leather  goods-raw- 
agents.  The  fourth  section  gives  leading  trade  aescriptive  of  the  Hartford  improved  automatic  sur-  ^j  ™"^  '^^^'^  °|  J  blanks,  belting,  lace  leather  ana 
names,    brands,    etc.      An   appendrs    or   fifth    section     f^^.^  grinder,    with  a   capacity   for  grmding   work    8    "' -Ln'"        "   ^         ""•"»■'. 

is    included,     giving    banks,     boards     of     trades    or    inches    wide,    30    inches    long    and    12    inches    high.     '  ^  '      ,     ^  .     „    ,      , .,     .  i.  „>.„„  .„  «,.ii„ 

other  commercial  organizations.  leading  trade  xhe  circular  gives  specifications  for  the  grinder,  General  Electric  Co.'s  Atlanta  repair  shop  is  fully 
journals,     leading     manufacturers'      representatives,     details  of  Installation  and  operation,  and 

'■      description  of  the  various  parts. 

American   Pulley   Co,,    4208-60  Wissahickon   Ave. 
"biuerseTtionTon    Philadelphia,    Pa.     Booklet  entitled  "Getting  Maxi 


In   order    to    simplify    the    use    of    the    work, 

the  different  sections  are  printed  on  paper  of  dif- 
ferent   colors.    Section    1    being    printed    on    yellow. 
Section  2  on  white.  Section  3 
pink,   and  Section  5  on  white  paper.     This  work  is 


claimed    to   be    the   largest   publication    of    its    kind 
ever   issued.      The    revisions,    new    matter    and    Im 


Pulley  Efficiency,"  describing  the  mechanical 
construction  of  American  steel  split  pulleys,  giving 
the  results  of  tests  for  belt  slip  made  by  eng' 


nd    pointing   out    the    advantages    that 


provements    in    the    new    edition    have    required    4OO     -?^//XTugr\hr  urrf^Tt^eran    steelsplTt    chine     has    erected 
additional  naees.     A  valuable   feature  of   the  work     petieu    luiuugi.     luc    u  ^  r  ^j. 


detailed  equipped  to  give  its  customers  repair  service  on 
all  classes  of  direct-  and  alternating-current  appa- 
ratus. Correspondence  in  regard  to  repair  work 
should  be  addressed  to  the  engineering  department. 
General  Electric  Co.,  Third  National  Bank  Bldg., 
Atlanta,  Ga. 
•W.  B.  Knight  Machinery  Co.,  St.  Louis,  Mo.,  man- 
facturer    of    the    Knight    milling    and    drilling 


be 


additional  pages.     A  valuable   feature  —    — .    „„iibvs 

is    that    successors    to    firms    are    given;    in    cases  l'o"ejb. 

where    there    have    been    business    reorganizations,         _   _  _ 

both  the  new  and  old  firm  names  are  listed  in  the  logue    entitled     "Wood-working    Precision    at    High 

alphabetical     list     of     manufacturers.       The     work  Speed,"    containing    information    on    the    application 

should   be   of   special   value   not   only    to   purchasing  of  S  K  P  ball  bearings 
agents    and    men    directly    interested    in    the    pur- 
chasing   of    machinery    and    supplies,    but    also 


factory  at  Vandeventer 
nd  Pine  Sts.,  which  it  expects  to  occupy  about 
December  15.     The  shop  Is  a  one-story  brick  build- 


S  K  F  Ball  Bearing  Co.,    Hartjford,   Conn.^    Oataj    j^g    jqq  (,y  15O  feet.     All  the  machines  wUl  be  elec 
^       '''  lly  driven 


foremen,  superintendents  and  others  who  have  to 
do,  in  an  Indirect  way.  with  the  buying  or  speci- 
fying  of   machinery   or   supplies. 


NEW  CATALOGUES  AND 
CIRCULARS 


Frank  P,  Biokow,  83-35  S.  DesPlalnes  St.,  Chi- 
cago, ni.     Circular  of  lO-inch  index  universal  centers. 

Metalwood  Mfg.  Co.,  Detroit,  Mich.  Folder  B-40. 
descriptive  of  Metalwood  single-lever,  quick-operat- 
ing  hydraulic   valves. 

Morris  Machine  Tool  Co.,  Cincinnati,  Ohio.  Circular 
descriptive  of  Morris  lubricating  attachment,  uni- 
versal tilting  table  and  constant-speed  motor  drive,     ^^^g  "j^g"); 

Ingersoll-Band  Co.,  11  Broadway,  New  York  City,    screw-slotting 
Form  3118,    descriptive  of  compressors   and  vacuum 
pumps  for  the  extraction  of  gasoline  from  natural 


■ood-working  machinery, 
ncluding  band  saws,  circular  saws,  planers,  sur- 
facers  and  jointers,  shapers,  dowelers,  lathes,  veneer 
machinery,  borers  and  wood  milling  machines  and 
special  machinery. 

Borden  Co.,  Warren,  Ohio.  1918  catalogue  of 
"Beaver"  die-stocks  and  square-end  pipe  cutters, 
illustrating  the  complete  line  of  cutting  and  thread- 
ing tools  made  by  the  company.  Several  new  "Beaver" 
tools  are  shown  for  the  first  time,  one  of  these 
being  the  No.  3   "Beaver  Junior"  ratchet  die-stock, 

which  is  built  on  the  unit  plan  to  thread  pipe  from    ^j"  machine"tool8 
1^  to  1  inch  diameter,  inclusive. 

Simonds  Mfg.  Co..  Pitchburg,  Mass.  Catalogue 
entitled    "Saws    Sammy    Showme    Saw,"    containing 


Alfred  Herbert,  Ltd,,  has  removed  Its  New  York 
offices  from  30  Church  St.  to  54  Dey  St.,  where 
much  larger  quarters  have  been  secured  by  W.  J. 
Fuller,  the  manager.  This  move  has  been  made 
necessary  by  the  great  increase  in  the  work  of  this 
oflice.  which  made  it  impossible  to  get  along  in  the 
former  quarters. 

Russell  Motor  Car  Co.,  93  Dewey  Ave..  Buffalo, 
N.  Y.,  has  been  incorporated.  The  company  has 
purchased  a  large  factory  and  is  now  equipping  It 
with  machinery  for  undertaking  a  large  contract  for 
the  United  States  Navy  Department.  Manufacturers 
requested  to  send  copies  of 
their  catalogues  to  the  company. 

J.  T.  Slocomb  Co.,  Providence,  R.  I.,  manufac- 
achinists'   tools,   announces   that  improve- 


reproductions    of    twelve    advertisements    that    were  ments    in    the    company's   building    have    been   com- 

published  in   Machinery.     This  series  of  advertise-  pieted  and  that  in  the  past  year  the  floor  area  has 

ments  shows  the  quest  of  Sammy  Showme  for   the  jj^^^    almost    trebled,    the    new    space    being    almost 

best  metal  selling  practice   throughout   the  country,  entirely  equipped  with  new  machinery.     One  of  the 

The    work    done    by    Simonds    semi-high-speed    steel  departments    is    now    running    night    and    day    with 

"      ■              high-speed  steel  inserted-tooth  saws,  ,1,^^^,  g^jftg  ^f  ^en. 

ws    and   slitting    saws     as   seen    by  jj             Stellite   Co,,    Kokomo,   Ind..   is  sending  to 

IS  strikingly  illustrated.  .„stomers   an   announcement  of   the   exchange   value 


Scientific  Materials  Co.,  711  Forbes  St.,  Pittsburg. 


Sammy  Show 

Fellows  Gear  Shaper  Co.,  Springfield,  Vt.     Hand 
book    for   operators    of    Fellows    gear    shapers,    com 


treatise    on    commercial    gear    cutting    of    pound  in  exchange.     For  example:  if  ten  pounds  of 


a--      '  '  .  spur,     ut;iii:ai    auu    »iiiciu.i»    e,i,«..^.        ^-.%.    ^ r-- 

BrlneU  hardness  testing  machine  with  special  depth-  ^.^^^^  generation  by  the  gear  shaper  Is  clearly  de- 
measuring  gage.  scribed,  as  is  also  the  method  of  generating  the 
Lovejoy  Tool  Co.,  Inc.,  Springfield,  Vt.  Catalogue  cutters.  The  three  kinds  of  cutters — form,  hob  and 
of  Lovejoy  turning,  facing  and  planing  tools,  of  g^^p  shaper  cutter — are  compared.  A  complete  de- 
the  positive-lock,  Inserted-cutter  type,  giving  dimen-  geription  of  the  generated  cutter  at  work  is  given, 
sions  and  prices.  and   its   various   advantages   are    pointed   out.      "^^~ 


The 


will    be    credited    $40    on     "Stellite"    standard    bar 
stock,  which  will  be  billed  at  the  current  price. 

Niles-Beraent-Pond  Co.,  Ill  Broadway  New  York 
City,  has  purchased  fifty  acres  of  land  in  the 
Kearney    section    of    the    Newark     meadows.       The 


ions  ana  prices.  and   its   various   advantages   are    pointeu   oui.      xuc    ^^^^^^^  ^^g  frontages  on  the  Lincoln  Highway  and 

IngersoU-Eand  Co.,  11  Broadway,  New  York  City,    book    concludes    with    descriptions    of    the    No.     0    ^^^^  Hackensack  River  directly  opposite  the  site  of 


Form  859.   advertising  a  convenient  pocket  oil-flask.  •  Fellows    gear    shaper.    No.    65    helical    gear    shaper, 

weighing  SM  ounces  and  having  a  capacity  for  one-  and  other  sizes  of  gear  shapers.     Examples  of  work       _^^^       ^  „,.-.„   o.^   „„   „„„^„.„.,    ,,.„_„ 

third  pint  of  lubricant.  cut  on  the  gear  shaper  are  shown,  including  shoulder        o,,|.'mj.„t    „{    t^jg    property,    although    It   Is   under 

Draper  Ic  HaU   Co.,    Middletown,    Conn.     Circular  gears,    cluster  gears,    helical   gears,    internal  helical    ^^^^    ^^^^    j^    ^^^^    future    it    will    be    used    for    an 

lUnstratlng    and    describing    the    D.    &   H.    universal  gears,    herringbone    gears,     silent    chain    sprockets     ^^(^^5;,.^    manufacturing    plant. 

grinder,    which    Is    adapted    for    external,    internal,  -'j^-^t^'^ -^-J^^'    '^.'^l    de'scrtHve    maUer    i7'maSe        Cincinnati  Lubricant  Pump  Co,,   Cincinnati.   Ohio, 

surface  and  cutter  grinding.  ZTLaTbTibels^  otZTro^s  bMtone  aui  liue    manufacturer    of    the    "Pulflo"    pump    for    machine 

National    Machinery    Co..    Tiffin.    Ohio.      National  ;„  ,';^,',f„   "'  tools,    is    building    a    new    factory    and    foundry 

Forging  Machine  Talk  29.  descriptive  of  the  dies  for 
forging  the  nose  piece  for  a  4.5-lnch  shell  on  Na- 
tional heavy-pattern  forging  machines. 

HaU   Ga»  Engine  Co.,   Inc.,   Brldesburg,   Philadel- 
phia,   Pa.     Booklet   descriptive  of   the   Hall    thread 

milling    fixture    for    cutting    external    or    Internal  --    „...,_  -       ^  „n. »^  -^  --"^  •--- -^  -■• 

threads  of  any  form  or  pitch,   straight  or  taper.  talned  direct  from  the  British  government  and  other    ^^^^^^  ^^  include  those  used  in  airplanes  and  auto 

.r^fw^,Tew^ro?k%i^*tSIfetrDT3rtreV^    ^fT^^'B^'Sl^^^    TnTpoundry  .  Machine  Co,,   Manhe.m,  Pa.,   has 


the    United    States   Steel    Co.'s    federal    shipbuilding 
plant.     There   are   no   immediate   plans   for  the   im- 


iUustrations.                  ,„..„<,„,,„.„     .„„  Blanchester,    Ohio,    about    thirty   miles   from   Cincln- 

Merchants   National   Bank,    28   State   bt.,    Boston,  ^^^.^   ^^   ^^^   j,     ^,^   q     Railroad.     The   company   will 

Mass.,    has    issued    a    pamphlet    entitled    '  Women  8  ^^.^^^  ^  two-story  brick  building,  50  by  100  feet,  for 

Work   In   War  Time,"    for   the  purpose   of  assisting  manufacturing    purposes,    and    a    foundry,    30   by   75 

ufacturers  In  this  country  to  meet  the  shortage  j^^^,    .^^.^,j,^  ^^  g^p^cts  to  occupy  about  January  15. 

"fixture"    for    cutting     external    or     Internal    of    labor.      Much    of    the    Informatlon^has    been  ^ob-  j^  ,^  ^^^  Intention  to  citcnd  the  line  of  lubricating 


receivers,  of  the  single,  duplex  and  triplex  types 
Olinr  Machinery  Co.,  Grand  Rapids.  Mich.  Cir- 
cular descriptive  of  the  Oliver  No.  74  universal  ver- 
tical and  horizontal  wood-boring  machine,  belt-  or 
motor-driven.  The  machine  Is  equipped  with  ball 
bearingtt  throughout. 
American    Potrolaum    Products     Co..     Williamson 

Bl.. 

reprint  of  an  article 


Queen    City    Foundry    Co 
plant 
leather    Worki 


country.     The  Industries  covered  are  wool  Industry,       ,     .       „,    ^  .    , 

cotton  Industry,  printing,  bleaching  and  dyeing,  Pl"nt  will  be  operated 
hosiery  and  knitting,  clothing  manufacture,  leather 
tunning  and  currying,  boot  and  shoe  manufacture, 
Klove  Industry,  soap  and  candle  trades,  paper  mak- 
iuK,  glass  bottle  trade,  woodworking  trades,  pot- 
tery and  brick   trade,   china   and  earthenware  trade, 


Toronto,    Canada.      The 
the    Bond    Engineering 
Ltd.;    It  win  continue   to  manufacture  gray 
astlngs    for    the    trade,    and    in    addition    will 
make  a   line  of  power  transmitting  specialties  con- 
sisting   of    shaft    hangers,    couplings,    collars,    etc. 
Additional  buildings  will  be  erected  to  take  care  of 


amencao    iroiroiaum    r^rouucv.     \j>i..     i. iii.«u.ov«    |,.ry  and  bricK  trade,  cuina  ana  eariueuwure  iraue,    ;:„    r  -7"  :.    i„,„i„„„„      n.h»   mnru^   «iii    ho   nn.iAr 
Ig..  Cleveland.  Ohio.     Pamphlet  entitled,   "Use  of    „i^j!„   „„d    electroplate    trades,    chemical    Industries,       'e    Increased    bualness.      The    works   will   be    under 

I     ..     .      B..,..!    .•     »,.n.r.rl.lr.<r     u      r..„rlllt     nf     nn     article  ,     _      ......     ..„,, 1.1,     ..».!„      nn.l     „,....r     rnnn.,rl<»         "IP    management    Of     II.     M.     IjCC. 


^_„iut  and  varnish  trade,  and  sugar  refineries. 
MACiirsEni    treating   of    economy    .(.jie   book   also   Includes   a    compilation  of   the   state 
nd    feeding    Hystcms,    and    types    i„|jor  laws  relating   to  female  and  child  labor,   and 
a  chapter  on  welfare  work  In  war  time. 


Fuel,"   comprising 
that    appeared    \ii 
of    fuel,    storage 
of  burners. 

CharlM  H.  Besly  ft  Co.,  120-B  N.  Clinton  St., 
Chlcsgo,  lU.  Catalogue  containing  Illustrations  of 
the  Benly  flat  surface  grinder  In  use  on  various 
classes  of  work,  showing  how  production  can  be 
speeded  up  and  manufacturing  routs  reduced  wltb 
this  machine. 

V.  B,  Gutla  Porcha  Paint  Co.,  19  Dudley  St., 
I'roildBDce,  II.  I.  Circular  a.lKrllHlng  Kl.-o's  "Mill- 
While"  paint  "Hnrreled  Bunllnht."  for  ihc-  Interior 
of  pIsnU,  which.  It  U  rlslmed,  will  niulcrlnlly  lo- 
'-reasn  the  amount  of  dsyllght  ond  dccreaw  the  cost 
of  artlOclal  llichlliig. 

CIsToland  Mllllnf  Machlna  Co.,  Cleveland,  Ohio. 
Kt<«  k  ll»t  of  cullers,  giving  the  dimensions  of  Cleve- 
land slandard  cutters  which  are  In  stock  and  from 
which  Iniinedlnle  shipment  cnn  Im!  made.  This  book- 
let Is  publlahed  on  the  I.'>th  of  es'h  month  and  will 
!«•  »«.nt  fre..  uiK.ri  ri'iuenl 

ChslUn  Elootrlc  Co..  I'kllsdelphlo.  Pa.  Catalogue 
of  Ch'-ll'-n  .li-.-trb-nl  sp<>lnllle»,  giving  list  prices 
of  switches,  (doles,  receptacles,  slls'-hment  plugs, 
rord  conric'lors,  Indl'sllnic  hesler  receplacles,  Indl- 
rsllng  switch  reieptscles.  fuses,  ground  clsmps. 
switch    l».ies.   rssl  Iron   c.iidolt   boi^s,    it'. 

Standard  Prsssad  Bt«sl  Co..  Philadelphia.  I's. 
Cslalnaua  of  the  romplein  lino  of  milled  si'rews 
tnsDofsrlurpd  by  this  coinpsny.  which  Includes  hol- 
low safety  set-Ncr«w«,  cup    an<l  oral-pfdnt  set-screws, 


TRADE  NOTES 


Pnou 


■d    fr 


Fond 


Mich. 


Kello) 
du   l.uc.   Wl 

Precision  Dio  Casting  Co.,   Inc.,  Syracuse,   N.   T., 
has  changed  Its  name  to  Prc-i  l»lon  CaHllngs  Co.,  Inc. 

A.  L,  Ryder,  Inc.,   KW)  K.  Colorado  St.,  Prisudeno 
('III.,  has  chiingcd  lis  Uriii  name  to  Pioneer  Motor  Co.    Hon.     These  two  organlsallonH,  unde 


gement 

Sonooa  Falls  Mfg,  Co,,  830  Fall  St.,  Seneca  Falls. 
N.  Y..  has  been  reorganized  as  a  result  of  the  pur- 
chase of  the  Interests  of  Messrs.  Davis  and  others. 
The  board  of  directors  coinprlses  Patrick  Sweeney. 
William  H.  Foxnll.  L.  Sherman  Adams  and  Levi  S. 
Chapman.  The  olllcers  are  Marcus  A.  Coolidgo, 
president;  Alton  F.  Tupper,  vice-president;  and 
Marshall  J.  Root,  secretary  and  treasurer.  The  gen- 
eral management  of  the  business  will  bo  under  the 
charge  of  Mr.  Root.  Adilltlonnl  equliiment  will  be 
Installed    mid    the  output   will   soon   be  doubled. 

Standard  Aero  Corporation  of  Now  York,  orgonlzod 
In  June,  191(1,  hii"  found  It  necessary,  due  to  busi- 
ness expaiiHlon,  lo  organize  an  additional  company 
under  the  uiimo  of  the  Standard  Aircraft  Corpora- 
practlcally  the 


same  ni 
follows: 
York  w 
mental 


Brown  &  Sharpo  Mfg.   Co..  Providence.   11.    I.,  hn 
removed    Its   Phlladelphin    ollU-i 
llldlt. 

Burton,   Orlffltha  ft  Co.,    formerly   at    110  W.   4Ulh    ij'„r"j,o,.'u (I 

St..   .Niw   York  Clly,   an-   now   located   In  f  ■  " 

liolllan   lliilldlng. 

Excelsior  Nssdis  Co..  'I'orrlngton,  Com 
fn. 'Hirer  of  Ilaylon  swiixliig  machines,  ha 
lis  name  to  Torrlnglon  Co. 

A/8  National  Industrl,  Clirlstlanla.  Norway,  hss 
moved  lis  New  York  olllie.  In  charge  of  Itjnrno 
Holm  Hansen,    frtim   .'IIKI    llroiidwny    to  IXI   West   Ht. 

WsgDsr    Elsotrlo    Mfg.    Co.,    Ht 


llvlde  their  sctlvllica 
The  Slaiidard  Aero  Corporation  of  New 
I  continue  as  an  cnglneerliig  and  experl- 
rgnnlsallon,  while  Ihe  Sinlldnrd  Aircraft 
HI   will   devote  Itself   lo  the  mnnufaclurlng 


changed 


Id 
flathead 


olllc 


ltd   A 


In-I  .    I.    U.ulni 


n  clinrue  of  Chnrles  li 
ter  of  (he  IndlanaiHdl 
Nutter  ft  Barnes  Co,  has  i 
"b  field.  Mn»»..  forming  a  par 
Ich  alon  of  the  (Ireenneld  Tnp  A  llln  Cor|K 
cr.  corrcBiMindnnce  ahoiild  lie  addressed.  Or 
of  *  DIs  (JoriMirsllon,  Mschliiery  IMvlslon 
of    Mass. 


IrplnncH.  with  plants  iil  IMnlnlleld  and  Hllsabelh, 
N.  J.  Ilolli  I'oriionilloim  liiive  their  olllces  at  Dllss- 
liilh,    N.    J. 

Botts    Haohino    Co..    Wllmlnglon,    Del.,    has    sold 

Us    real    estate,    buildings    and    ri|iilpiui'ut    to    10.    I. 

du   Pont  de   Nemoiira  ft  Co.,   Wilmington,   Del.,  who 

also   look  over  the  acrouiils  receivable  and  assumed 

nil    oiilslandlng    uldlgatlons,    nnd    will    coinpleta    all 

nnlllled    orders    on    the    bonks    of    the    company    nl 

the    lltne    Ihe    sain    was    made.      The    du    Pont    Go. 

will    also    use    (he    plant     for    the    conslrilctlon    of 

iiinchlne    tools    riM|ulri'il     In    llioir    various    niaehlne 

■  iiinli.  shops.      The    Hells    Machine    Co.,    now    of    Phllsdel- 

,.d  IIS  plant  to  Or»en-    phhi,  Pn.,  Iins  relnliied  the  imlenls,  patterns,  drav 

r   the   msehlnery  dlvl-    Inns,  Jigs,  n> lures. 


>.,    Atlanta. 
Welch,   formerly  olUc* 


All 


I  lion 
enfield 
Greenlleld 


P    II 


«y    f.. 


nd  lins  negotiations  undo 
of    the    inaiuifsclure    of    II 
M.     A.     Hherrltt    Is     nov 
Hloer  Is  secretary  and  treasure 
r    the    hells    Maehlno    Co. 


.'onllnimtio 
chine    li»d 


Kl.lenI    nnd  C.    II 


JANUARY 


MACHINERY 


19     18 


Jdy  Edwdrdii.HaTnmond^ 


N  those  shops 
where  the  most 
remarkable  im- 
provement has 
been  made  in 
rates  of  produc- 


Ma 


lion  secured  on  drilling  ma- 
chines, the  increase  has  been 
largely  due  to  constantly 
higher  speeds  and  rates  of 
feed  which  are  employed  in 
the  performance  of  drilling 
operations,  but  more  particularly  as  a  result  of  increasing  the 
speed.  There  are  many  noteworthy  advantages  secured 
through  drilling  at  high  speed,  and  these  will  receive  detailed 
consideration  in  a  later  section  of  this  article.  The  remark- 
able increases  in  the  speed  at  which  drilling  operations  are 
performed  has  created  a  condition  which  was  formerly  unim- 
portant, i.  e.,  in  regard  to  the  relation  between  the  time  actually 
consumed  in  the  performance  of  a  drilling  operation  and  the 
time  required  for  setting  up  the  work.  Obviously,  increasing 
the  speed  and  rate  of  feed  cuts  down  the  time  required  to  drill 
a  hole,  and  so  jigs  and  work-holding  fixtures  must  be  so  con- 
structed that  the  setting-up  time  does  not  become  the  limiting 
faictor  In  performing  the  drilling  operation.  The  steps  which 
must  be  taken  to  secure  this  result  will  vary  according  to  the 
depth  of  the  hole,  and  consequently  according  to  the  time  re- 
quired to  complete  the  drilling  operation.  In  any  case,  the 
two  chief  points  which  require  consideration  are  to  design  Jigs 
and  fixtures  with  clamping  devices  which  may  be  quickly 
operated,  so  that  the  minimum  amount  of  time  is  required  to 
secure  the  work  in  place  ready  to  be  drilled,  or  to  provide 
Itgs  or  fixtures  of  the  so-called  indexing  type,  so  that  the  opera- 
tor may  be  setting  up  a  piece  In  the  fixture  while  the  machine 
Is  engaged  in  drilling  work  hold  in  other  sections  of  the  fix- 
ture. Thl.'t  point  will  receive  detailed  consideration  in  con- 
nection  with  a  description  of  examples  ot  drilling  machine 

'For  prcvtouii  nrllrlpn  on  drlHlnir  prnr-licc,  ape  "nolnK  Lntho  Work  on  All- 
gurad  DrMln,"  Mny.  191B;  "Drilllnit  Coltcr-pin  nolen,"  AprU,  lOir.;  "llow 
the  Chlnol  roint  of  n  DrUI  Wearn."  Mnr.-h.  IDin;  "A  Sppod  Kprord  In  HrlU- 
ln»,"  DcromlMT.  H)l.|;  "Cilttlnit  SpccdB  and  Feedn  for  TwiBt  DrIllB."  Mny. 
1912;  ••Twlnt  Drill  Orlndlnii."  Jnno.  1»00;  "EipcrlnicntH  on  Twlut  Drills." 
Uar,  loot),  and  Juno,  lOOR;  "nrllllnK  Adding  Mnchlno  Side  Franioa  l<y  rinto 
Uclhod."  Septcniher.  ItllO;  "MInlnilllnit  the  Time  of  DrlUlnK  OperntlonB." 
July,  tnnn.  nml  AiikuhI.  1000:  -'Dntn  on  HlKh-iiprrd  DrIlllnK."  May.  1000: 
"Deep  Drilllni."  Jnnunry.  10(VI:  ••D.'op  Hole  Drllllnir  In  Oiin  ronatmollon." 
Mny.   100-J;  and   "Drop  Ilnli.   Iirllllnit.'    I imlM.r,    llKIl, 

'Aawnlnle  Editor  of   Mi.itlvrliv 


users  of  drilling  machines  fail  to  appreciate  the  full  possi- 
bilities of  this  type  of  machine  tool;  and  it  is  probably  safe  to  say 
that  the  average  user  of  drilling  machines  gives  more  thought  to 
planning  methods  for  the  operation  of  practically  every  other  type 
of  mechanical  equipment  used  in  his  factory.  In  this  series  of  arti- 
cles it  is  the  Intention  to  explain  the  basic  principles  which  must 
be  observed  in  designing  jigs  and  work-holding  fixtures,  handling 
the  work,  selecting  suitable  speeds  and  feeds,  grinding  drills,  etc., 
in  order  to  secure  the  maximum  efficiency  in  performing  drilling 
operations.  The  examples  of  shop  practice  that  are  illustrated  and 
described  have  been  selected  with  the  view  of  showing  the  great 
improvement  in  average  results  that  could  be  obtained  on  the 
different  types  of  drilling  machines  if  they  were  always  operated 
under  favorable  conditions.  In  every  case  the  machines  selected 
for  the  purpose  of  Illustration  have  been  chosen  because  the  work 
performed  on  them  is  representative  of  modern  factory  practice 
and  not  because  the  machines  themselves  are  superior  to  other 
machines  of  similar  type  which  are  built  In  this  country. 


equipment   w^hich    will    be    il- 
lustrated and  described. 

Object  of  Using  Drilling-  Jigs 
and  Fixtures 
A  jig  or  work-holding  fix- 
ture may  be  used  on  a  drill- 
ing machine  to  provide  for  in- 
terchangeability  of  the  drilled 
pieces,  or  it  may  be  used  for 
the  sole  purpose  of  holding 
the  work  and  preventing  it 
from  turning  while  the  drill- 
ing operation  is  being  performed.  By  far  the  most  important 
object  of  using  a  jig  or  fixture  for  drilling  parts  that  are  to 
be  assembled  together  is  to  provide  for  accurately  locating 
holes  in  all  duplicate  parts  produced  on  the  drilling  machine, 
so  that  bolts,  screws,  etc.,  will  enter  holes  in  all  of  these  parts 
without  the  necessity  of  subsequent  hand  fitting.  Obviously, 
the  use  of  jigs  and  fixtures  provides  means  of  greatly  reducing 
the  ultimate  cost  of  producing  such  parts.  A  further  economy 
is  secured  through  their  use,  owing  to  the  fact  that  both  the 
jig  or  fixture  and  the  drilling  machine  can  be  made  so  simple 
to  operate  that  unskilled  labor  may  be  employed  with  assur- 
ance that  the  work  will  possess  the  desired  degree  of  accuracy. 
Aside  from  the  actual  saving  in  the  cost  of  performing  drilling 
operations,  it  is  obvious  that  an  even  greater  saving  will 
usually  be  effected  through  the  production  of  interchangeable 
parts  which  may  be  sent  directly  to  the  assembling  department, 
where  they  are  ready  to  bo  assembled  into  the  finished  product 
without  requiring  any  hand  work.  Still  another  claim  in  favor 
of  the  use  of  Jigs  and  fixtures  is  that  the  production  ot  inter 
changeable  parts  makes  it  a  very  simple  matter  for  broken 
pieces  to  be  replaced,  with  perfect  assurance  that  such  pieces 
will  fit  properly  when  received  by  the  customer. 

In  practically  all  up-to-date  manufacturing  establishments 
interchangeable  manufacture  is  now  in  vogue,  and  one  ot  the 
great  advantages  of  this  system  is  that  where  a  complete  equip- 
ment of  Jigs  and  fixtures  is  employed  for  the  performance  ot 
all  machining  operations,  work  may  continue  on  the  produc- 
tion of  all  different  parts  of  the  product,  which  are  machined 
in  different  departments  ot  the  factory,  with  assurance  that 
these  parts  will  assemble  together  properly.  This  saves  the 
necessity  of  waiting  for  one  part  to  be  finished  so  that  other 
parts  may  be  titled  lo  it.  as  was  the  case  under  the  old  method 
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of  "building"  a  machine,  whicli  stands  out  in  strong  contradis- 
tinction to  the  modern  metliods  of  "manufacturing"  whicli  are 
now  employed.  Necessarily,  the  attainment  of  this  result  calls 
for  the  use  of  a  set  of  jigs  and  fixtures  which  have  been  very 
carefully  designed  so  that  the  relation  of  all  machined  holes 
and  surfaces  are  not  only  accurate  in  a  given  piece,  but  are 
also  accurate  in  relation  to  each  other. 

Defiuition  of  Terms  "Jig"  and  "Fixture" 

The  terms  "jig"  and  "fixture"  are  loosely  used  as  if  they 
could  (be  properly  applied  to  the  saHie  class  of  equipment, 
although  this  is  not  the  case.  Jigs  and  fixtures  are  made  in 
such  a  great  variety  of  types  that  it  is  hard  to  cover  the  sub- 
ject comprehensively  without  going  into  a  great  deal  of  detail. 
Probably  the  best  general  distinction  to  make  is  that  a  jig 
is  furnished  with  hardened  steel  bushings,  through  which  the 
drills  are  guided  into  the  work,  while  in  the  case  of  a  fixture 
the  desired  location  is  secured  through  the  provision  of  gage 
points  on  the  fixture  or  by  some  other  means.  A  combination 
of  gage  points  and  bushings  is  often  employed  in  working  out 
the  design  of  a  jig.  In  both  jigs  and  fixtures,  provision  is 
commonly  made  for  holding  the  work  to  prevent  it  from  turn- 
ing, although 
there  are  special 
cases  where  jigs 
are  clamped 
to  the  work  or 
dropped  over  a 
machined  sur- 
face which  af- 
fords the  desired 
location  for  the 
jig.  In  the  ma- 
jority of  cases, 
however,  both 
jigs  and  fixtures 
are  furnished 
with  means  of 
securing  them 
to  the  table  of 
the  drilling  ma- 
chine, common 
methods  of  ob- 
taining this  re- 
sult being  to  pro- 
vide a  tongue  on 
thf  bottom  of  the 
fixture  which  en- 
ters a  T-8lot  in 
the  table,  or  to 
employ  some 
similar    method. 

In  working  out  the  de.sign  of  either  jigs  or  fixtures,  there 
are  a  number  of  points  which  must  receive  careful  oonsidera- 
llon  If  the  most  satl8fa<^tory  results  are  to  be  obtained.  Among 
these  there  Is  none  of  greater  Importance  than  to  be  sure  that 
the  design  of  clamping  devices  which  are  furnished  to  secure 
the  work  In  place,  and  the  form  of  the  fixture,  are  both  such 
that  the  work  may  be  put  In  and  taken  out  after  the  drilling 
operation  has  been  completed  without  entailing  an  unneces- 
sary loss  of  time.  This  point  has  a.ssumed  exceptional  Im- 
portance on  account  of  the  steadily  Increasing  rates  of  speed 
and  feed  employed  In  the  performance  of  drilling  operations, 
boraiise  the  consequent  reduction  In  drilling  lime  means  that 
lh»r  ratio  of  scttlng-up  time  to  drilling  time  will  become  con- 
stantly less  favorable  unless  great  euro  Is  taken  to  eliminate 
all  unnecoHsary  loss  In  sotting  up  the  work,  flf-ncrnlly  spoak- 
Ing,  It  Is  necessary  to  provide  n  Jig  or  (Ixturo  for  uso  In 
drilling  the  hole  In  a  part  which  Is  to  be  assomblfd  with  a 
second  part  that  haa  boon  drilled  with  the  use  of  similar  equip- 
ment. Thore  are  certain  rases,  however,  whore  this  Is  not 
advisable,  as  It  may  be  Impossible  to  properly  locate  a  jig 
on  one  of  the  parts  to  bo  drilled,  or  If  llio  attonipt  were  made 
to  d'•■^lKn  a  Jig,  It  would  bo  ho  compllciitod  ns  to  prove  Im- 
VTtirfUa].  In  such  casos  llio  part  drlllod  In  a  Jig  Is  usod  ns 
Hx'  Jij;  fnr  drllllnit  the  m-rcui]  imrl  mi  wlilili   H   Ih  In  lir-  nnHom- 
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bled,  and  where  this  method  is  followed,  satisfactory  results 
are  secured,  although  the  production  time  is  likely  to  appear 
somewhat  high. 

One  of  the  most  important  questions  that  should  be  de- 
cided before  making  a  jig  is  the  amount  of  money  that  can 
be  profitably  spent  on  special  tools  for  the  operation  under 
consideration.  In  many  cases  greater  efficiency  could  be  secured 
by  making  a  complicated  and  expensive  tool,  but  this  addi- 
tional investment  would  not  be  warranted  by  the  slight  saving 
in  production  cost  that  would  be  effected  through  its  use.  In 
all  cases  where  the  question  of  jig  and  fixture  design  comes 
up,  a  careful  comparison  should  be  made  of  the  cost  of  drilling 
under  the  present  method  and  the  estimated  cost  of  perform- 
ing the  same  operation  in  the  new  jig  or  fixture;  and  unless 
the  saving  is  sufficient  to  warrant  adoption  of  the  new  method, 
it  is  obvious  that  further  work  should  be  done  by  the  tool 
designer  to  see  if  a  greater  reduction  in  production  cost  is 
not  possible.  While  discussing  the  question  of  cost,  attention 
is  called  to  the  fairly  obvious  fact  that  the  number  of  parts 
to  be  machined  will  determine  the  expenditure  that  is  war- 
ranted for  jigs  and  fixtures,  as  it  would  be  obviously  impracti- 
cal to  spend  a  lot  of  money  for  special  work-holding  equip- 
ment —  regard- 
less of  the  effi- 
cient results  that 
could  be  secured 
through  its  use 
— u  n 1 e  s  s  the 
number  of  parts 
to  be  drilled 
were  great 
enough  to  return 
a  satisfactory  in- 
come on  the  tool 
investment. 
Selection  of  Lo- 
cating- Points 
In  choosing  the 
locating  surface 
of  gage  points 
on  the  work  to 
be  drilled,  con- 
sideration must 
be  given  to  the 
facilities  for  lo- 
cating the  corre- 
sponding part 
with  which  it  is 
to  be  assembled. 
This  is  a  highly 
important  point, 
because,  al- 
though  jigs  may  bo  alike  as  far  as  their  provision  for  locating 
the  holes  is  coiuorned.  there  may  be  no  facility  for  locating 
holes  In  the  corresponding  part  in  the  same  manner  that  was 
used  In  the  one  for  which  a  satisfactory  selection  of  locating 
points  was  made.  In  such  casos,  while  the  drilled  holes  may 
coincide,  other  surfaces  which  are  required  to  come  Into  coin- 
cidence may  be  considerably  out  of  line.  Therefore,  one  of 
the  main  principles  of  location  is  to  have  tho  two  component 
parts  located  from  corresponding  points  or  surfiicos  on  the 
castings.  This  naturally  draw.s  attention  to  tho  Importance 
of  designing  patterns  for  uso  In  the  foundry  with  suitable  pro- 
vision for  holding  tho  castings  whilo  thoy  aro  being  drilled. 
It  Is  sometimes  apparent  tliat  lack  of  cooperation  between  the 
ilraftlng-room  and  niachliio  shop,  which  results  In  failure  to 
lirovldo  olllclont  moans  for  holding  tho  work.  Is  responsible 
for  adding  groatly  to  tho  cost  of  performing  maclilnlnx 
operations. 

Wlicrovcr  It  Is  posHlhlo,  special  nrrnngomonts  should  be 
nindo  In  doslgiilng  jigs  and  nxliircH  so  that  It  Is  Impossible 
to  Insert  tho  plocn  In  any  but  tho  correct  way.  This  Is  espe- 
cially Important  In  developing  tools  for  uso  In  those  shops  I 
where  a  groat  deal  of  iinHklllod  labor  la  oniployod,  as  care  i 
Inkon  by  tho  tool  doslgiiors  will  nfton  bo  tho  inciiuH  of  saving 
a  groat  donl  of  monoy  which  would  bo  Inst  lliniugli   spnllliig 
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Tig.   2.     Indexillg  Fixture   used  on  Brilling  Machine   shown   in  Fig. 
for  driUing  Four  Holes  in  Universal  Joint  Bings 


work.  The  use  of  fool-proof 
jigs  and  fixtures  in  which  it 
is  impossible  to  insert  the 
work  upside  down,  etc.,  will 
also  be  the  means  of  making 
important  savings  in  plants 
where  the  labor  is  fairly  well 
trained  in  the  performance  of 
the  different  classes  of  work, 
but  where  the  use  of  a  piece- 
work system  may  be  responsi- 
ble for  some  slight  careless- 
ness on  the  part  of  machine 
operators.  Another  important 
point  is  that  where  the  work 
may  vary  in  size,  as  In  the 
case  of  rough  castings,  etc., 
it  is  necessary  to  have  at 
least  some  of  the  locating 
points  made  adjustable  and  placed  so  that  they  can  be  easily 
reached  to  make  the  necessary  adjustment,  and  then  fastened 
so  that  they  are  reasonably  positive  in  their  function  of  lo- 
cating the  work. 

Clamping  Devices 

In  designing  clamping  devices,  care  should  be  taken  to  ar- 
range each  clamp  so  that  the  direction  in  which  the  strain 
of  the  tool  or  cutter  acts  upon  the  work  is  such  that  the  clamp 
will  possess  the  maximum  strength  to  resist  the  pressure  of 
the  cut.  Another  important  point  is  to  design  the  clamps  so 
that  they  may  not  readily  be  detached  from  the  fixture  and 
require  a  lot  of  time  to  be  spent  in  finding  clamps  which  have 
been  mislaid.  In  all  cases,  clamping  devices  should  be  made 
as  simple  as  possible  and  they  should  be  made  to  operate 
quickly  for  reasons  that  have  already  been  mentioned.  In 
addition  to  designing  clamps  so  that  they  are  strong  enough  to 
resist  the  pressure  of  the  cut,  it  is  highly  important  to  see 
that  such  pressure  will  not  result  in  springing  the  work  out 
of  place  and  cause  inaccuracy  in  the  location  of  holes  and  ma- 
chined surfaces.  This  point  can  best  be  taken  care  of  by  pay- 
ing attention  to  the  selection  of  locating  and  bearing  points 
for  the  work  and  clamps,  respectively,  so  that  the  probability 
of  springing  the  work  is  reduced  as  far  as  possible.  One  point 
to  observe  In  providing  for  rigidity 
is  to  locate  clamps  or  straps  so  that 
they  are  exactly  opposite  some  bearing 
point  on  the  surface  of  the  work,  when- 
ever such  a  location  is  found  feasible. 
Another  point  of  importance,  in  so  far 
as  It  may  affect  the  accuracy  of  work 

produced  in  a  Jig  or  fixture,  is  to  work 

out   the   design    in   such    a   way   that 

chips  may  be  readily  cleared  out  of  the 

fixture  to  avoid  danger  of  inaccuracy 

resulting  from  chips  accumulating  on 

the  locating  points. 
Jigs  and  fixtures  should  be  made  as 

light  as   possible  in   order   that   they 

may  be  easily  handled.     One  way  of 

securing  this  result  is  to  design  the 

castings    with    cored    holes    wherever 

metal  may  be  eliminated  without  un- 
duly affecting  the  strength  of  the  tool. 

Where    jigs    are    provided    with    feet, 

some  designers  favor  the  use  of  three 

feet,   because   with   such   an   arrange- 
ment they  are  always  sure  of  the  jig 

taking  a  firm  bearing  on  the  machine 

table.    As  a  matter  of  fact,  this  Is  an 

undesirable    form    of   design,    because 

there  Is  nothing  to  show  the  presence 

of  chips  or  other  foreign  matter  under 

one  of  the  feet  of  the  Jig  or  fixture. 

which  would  cause  Inaccuracy  In  the 

letting  of  the  work.     With  a  design 

In  which  four  feet  are  provided,  the 
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with  Special  Jl(  for  drllUnc  Orou-holes  In  Pint 


presence  of  anything  under 
one  of  the  feet  will  immedi- 
ately be  shown  by  the  fact 
that  an  improper  bearing  Is 
provided  and  the  jig  will  tend 
to  rock  in  an  unsteady  man- 
ner until  the  trouble  has  been 
corrected. 

Materials  Used  in  Making  Jigs 
and  Fixtures 
Opinion  differs  as  to  the 
relative  merits  of  cast  Iron 
and  steel  for  use  in  making 
the  bodies  of  jigs  and  fixtures. 
In  deciding  this  point,  atten- 
tion should  be  given  to  the 
use  to  which  the  tool  is  to  be 
put  and  the  character  of  the 
work  which  it  is  to  handle. 
It  is  difficult  to  make  a  general  statement,  but  the  best  opinion 
seems  to  be  that  for  small  and  medium  sized  work,  such  as 
parts  of  sewing  machines,  typewriters,  adding  machines,  cash 
registers,  phonographs,  guns,  etc.,  the  steel  jig  offers  decided 
advantages;  but  in  the  case  of  large  work  of  the  kind  that 
has  to  be  machined  in  factories  engaged  in  the  manufacture 
of  machine  tools,  engines  and  automobiles,  cast  iron  is  un- 
doubtedly the  cheaper  and  more  satisfactory  material  from 
which  to  make  the  castings. 

Stimmary  of  Desirable  Features  to  Include  In  Desig-n  of  Jigs 

and  Fixtures 
In  presenting  the  following  summary  of  the  features  which 
should  be  provided  in  designing  jigs  and  fixtures,  the  idea  Is 
to  furnish  data  which  the  tool  designer  may  run. over  in  check- 
ing up  his  design.  Experienced  men  will  not  find  it  necessary 
to  take  such  precautions,  but  in  the  case  of  designers  who  have 
not  had  an  opportunity  to  gain  the  necessary  experience  to 
make  their  judgment  absolutely  reliable,  checking  over  a  de- 
sign to  see  that  it  meets  the  following  requirements  will  often 
be  the  means  of  saving  costly  mistakes.  These  requirements 
may  be  briefiy  summarized  as  follows: 

(A)  Does  the  estimated  production  cost  of  drilling  work  in 
the  new  jigs  and  fixtures  show  sufficient  saving  over  the  cost 
with  existing  tool  equipment  to  warrant  ordering  new  tools? 

(B)  Were  locating  points  selected  and 
the  method  of  clamping  decided  upon 
before  laying  out  the  jig  or  fixture? 

(C)  Have  all  clamping  devices  been 
made    as    quick-acting    as    possible? 

(D)  Were  locating  points  for  use  in 
machining  component  parts  selected 
on  corresponding  surfaces  on  these 
parts?  (E)  Has  the  jig  or  fixture  been 
made  fool-proof,  t.  e.,  is  it  arranged  so 
that  work  cannot  be  inserted  except  in 
the  correct  way?  (F)  If  the  Jig  is 
used  for  holding  rough  castings,  has 
adjustment  been  provided  for  the  lo- 
cating points  to  compensate  for  varia- 
tions in  the  size  of  the  castings? 
(G)  Are  all  clamps  located  In  the  best 
position  to  resist  pressure  of  cutting 
tool?  (H)  Have  all  clamps  been  made 
integral  parts  of  the  jig  or  fixture 
where  possible?  (I)  Has  the  design 
of  the  clamping  mechanism  been  sim- 
plified as  far  as  possible?  (J)  Has  pro- 
vision to  avoid  springing  the  work 
been  made  by  placing  all  clamps  as 
nearly  as  possible  opposite  to  bearing 
points  on  the  work?  (K)  Has  the  Jig 
or  fixture  been  made  as  light  as  Is 
consistent  with  rigidity  and  stiffness 
by  coring  out  unnecessary  metal? 
(L)  Have  all  corners  been  made  round? 
(M)  Have  handles  been  provided  where 
these  will  make  handling  of  the  Jig  or 
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fixture  more  easily  accom- 
plished? (N)  Has  adequate 
support  been  provided  by  plac- 
ing feet,  etc.,  directly  beneath 
all  points  where  the  pressure 
of  cut  will  come?  (O)  Has 
ample  clearance  been  pro- 
vided in  jigs  or  fixtures  used 
for  drilling  rough  castings' 
(P)  Have  all  locating  points 
been  made  visible  to  the  op- 
erator while  placing  work  in 
position  in  the  jig  or  fixture? 
(Q)  Have  holes  been  provided 
for  the  removal  of  chips  from 
the  jig  or  fixture?  (R)  Have 
clamping  lugs  been  located  in 
such  a  way  as  to  prevent 
springing  the  fixture  in  cases 
where  the  fixture  must  be  se- 
cured to  the  drilling  machine 
table?  (S)  Have  instructions 
been  given  for  the  jig  or  fix- 
ture to  be  tested  before  it  is 
sent  to  the  shop  to  be  used? 

Tjrpes  of  Jlg-s  and  Fixtures 

The  variety  of  different  jigs 
and  fixtures  which  are  in  use 
at  the  present  time  is  so  great 
that  the  scope  of  an  article  of 
this  kind  does  not  include 
complete  discussion.  At  the 
same  time,  the  principles 
which  have  just  been  enunci- 
ated apply  to  all  of  these  different  types,  and  if  carefully  fol- 
lowed will  be  the  means  of  greatly  improving  the  efficiency 
of  results  secured  with  the  auxiliary  equipment  designed  for 
use  on  the  drilling  machines.  Briefly  stated,  there  are  three 
different  types  of  jigs  and  fixtures  used  on  drilling  machines, 
and  mentioned  in  the  order  in  which  they  are  most  generally 
employed,  these  are  as  follows:  (1)  Jigs  or  fixtures  in  which 
work  is  held  to  have  one  or  more  holes  drilled  in  its  top  face. 
(2)  Indexing  jigs  or  fixtures  used  to  provide  for  the  per- 
formance of  a  sequence  of  operations;  such  fixtures  are  fur- 
nished with  a  loading  station  at  which  finished  pieces  may 
be  removed  and  new  parts  substituted  while  pieces  held  in 
other  sections  of  the  fixture  are  being  drilled.  (3)  Box  jigs 
In  which  the  work  Is  secured;  such  jigs  are  furnished  with 
feet  on  two  or  more  surfaces,  so  that  the  jig  may  be  turned 
over  to  provide  for  drilling  one  or  more  holes  in  two  or  more 
surfaces  on  the  work. 

Types  of  DHUlng-  Machines 

Drilling  machines  which  find  the  most  general  application 
In  American  manufacturing  plants  may  be  roughly  divided 
Into  three  general  claHses,  as  follows: 

1.  Vertical  drilling  machines. 

2.  Radial  drilling  machines. 

3.  Multlplc-spindlc  drilling  machines. 

Each  of  these  general  classes  Is  capable  of  further  sub- 
dlvlHlon;  80  that  drilling  machines  are  finally  classified  under 
the  following  headings: 

1.  Vertical  or  "upright"  drilling  machines. 

2.  Vertical  sensitive  drilling  machines. 

3.  Vertical  high-duty  drilling  machines. 

4.  Radial  drilling  machines. 

».    Multiple  spindle  drilling  nuwOilncs  of  Btralght-llno  typo. 

fi.     Multiple  Bplndio  drilling  niachlncH  of  cluster  type. 

7.     Automatic  drilling  machines. 

R.    Turreltypo  drilling  machines. 

In  addition  to  the  eight  preceding  types  of  machines  a  great 
deal  of  uMcful  work  Is  done  by  special  machines  built  to  meet 
the  requirements  of  Individual  cases.  Such  machines  are  gen 
erally  of  the  multiple  spliulle  typo,  hut  they  are  especially  de 
•Igncd  for  sporinc  classes  of  work. 


Vertical  or  Upright   DriUlntr 
Machines 

This  is  the  most  commonly 
used  type  of  "drill  press"  used 
in  the  machine  shop.  It  Is 
usually  equipped  with  power 
feed,  and  a  tapping  attach- 
ment is  often  provided,  which 
may  be  engaged  to  provide 
for  handling  work  in  which 
holes  have  to  be  tapped. 
Vertical  Sensitive  DrilHng 
Machines — The  term  "sensi- 
tive" is  applied  to  those  types 
of  light  drilling  machines 
which  are  equipped  with  hand 
feed,  so  that  the  operator  Is 
able  to  judge  the  amount  of 
feed  pressure  with  which  the 
drill  is  being  driven  into  the 
work.  These  machines  are 
usually  adapted  for  drills 
from  the  smallest  sizes  up  to 
from  %  to  %  inch  in  diam- 
eter. They  are  used  on  a 
great  variety  of  work,  and 
for  handling  small  parts  in 
quick-acting  jigs  or  fixtures 
they  are  capable  of  giving 
very  satisfactory  results.  One 
advantage  of  the  hand  feed  is 
that  an  experienced  operator 
may  use  his  judgment  in  re- 
leasing the  feed  pressure,  if 
he  finds  the  drill  has  struck  a 
hard  spot  in  the  work.  This  is  the  means  of  saving  the  break- 
ing of  drills.  Machines  of  this  type  are  now  being  built  for 
operation  at  speeds  which  were  unheard  of  a  few  years  ago. 
For  instance,  some  types  of  sensitive  drilling  machines  are 
built  for  operation  at  speeds  ranging  from  10,000  to  15,000  revo- 
lutions per  minute. 

Teriical  High-duty  Drilling  Machines — As  their  name  im- 
plies, high-duty  drilling  machines,  are  adapted  for  the  per- 
formance of  heavy  work,  and  they  are  commonly  employed  for 
using  a  range  of  drill  sizes  running  from  the  maximum  ca- 
pacity of  sensitive  drilling  machines  up  to  the  largest  sizes  in 
which  drills  are  made.  In  addition  to  the  performance  of 
drilling  operations,  high-duty  drilling  machines  are  used  for 
a  great  variety  of  other  classes  of  work,  including  such  opera- 
tions as  hollow-milling,  spot-facing,  facing,  counterboring, 
threading,  tapping,  etc.  In  general,  machines  of  this  character 
may  be  employed  to  advantage  wherever  it  is  desired  to  use  a 
rotating  tool  on  stationary  work  under  conditions  where  heavy 
cuts  are  to  be  taken.  To  meet  the  requirements  of  such  severe 
service,  the  high-duty  drilling  machine  is  equipped  with  power- 
driven  feed,  and  the  rates  of  feed  are  commonly  much  greater 
than  that  employed  on  sensitive  drilling  machines,  while  the 
speed  at  which  the  drill  is  operated  is  correspondingly  reduced, 
owing  to  the  greater  diameter  of  the  drill.  Tlicro  are  various 
forms  of  mechanisms  used  on  these  maclilnes,  but  In  all  cases 
provision  is  made  for  obtaining  any  of  a  range  of  speed  and  i 
I'oed  changes  suitable  for  the  work  on  which  the  machine  Is  j 
ongaged. 

Riiilial  DrilHng  Machines — On  the  familiar   type  of  radial  | 
drilling  machine  the  spindle  head  Is  carried  on  an  arm,  which 
may  be  swung  around   the  column   of  tlic   inucliiiu',   and   the 
Hplndle  head  may  nlso  bo  moved  buck  and  forth  along  the  arm.  . 
This  comblnntlon  of  movements  makes  It  possible  to  locate  the  ; 
spindle  of  a  radial  drilling  machine  at  any  desired  point  over  I 
work   which   comes   within   this  range  of  movement.     Uadlal  , 
drilling   machines   are   commonly   claHHlflcd   according   to   the 
length  iif  arm,  i.e.,  a  IJ-foot  radial  drill  has  sin  arm  (i  foot  In 
length.     SIzoH  In  which  the.se  inachinos  uro  goncriilly  built  run 
from   about  2'/^   to   0   foot.     Obviously,   tlio   size   of   the   work  | 
which  can  bo  handled  with  a  nuichino  of  this  type  Is  governed  i 
liy  the  length  of  arm  and  vertical  adjust niont  of  the  arm  on  thei 
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machine  column.  Radial  drilling  machines  are  generally  em- 
ployed for  handling  those  classes  of  work  where  there  are  a 
number  of  holes  to  be  drilled  and  where  the  work  is  either 
too  heavy  or  too  large  to  be  conveniently  set  up  on  multiple- 
spindle  drilling  machines. 

Multiple-spindle  Drillitig  Machines  of  the  Straight-line  Type^ 
The  familiar  vertical  drilling  machine  is  commonly  built  with 
from  one  to  six  spindles,  and  the  terms  "multiple  spindle"  and 
"gang"  are  used  somewhat  indiscriminately  In  referring  to 
machines  of  this  type.  Probably  the  best  opinion  favors  the 
use  of  the  term  "gang"  in  cases  where  separate  drilling  ma- 
chine units  with  individual  drive  are  bolted  to  a  common  bed 
casting,  while  the  term  "multiple  spindle"  is  understood  to 
designate  machines  of  this  type  on  which  all  of  the  spindles 
are  carried  in  a  machine  frame  of  unit  construction  and  are 
driven  by  a  common  driving  shaft.  In  any  case,  the  use  made 
of  both  gang  and  multiple-spindle  machines  covers  two  general 
classes  of  work.  In  one  of  these  the  machine  is  employed  for 
the  performance  of  a  sequence  of  operations  on  a  piece  of 
work  which  is  passed  along  from  spindle  to  spindle.  On  work 
of  this  type  one  or  more  operators  are  employed,  according  to 
the  length  of  time  required  to  perform  the  various  drilling, 
counterboring  and  tapping  operations.  The  other  general  class 
of  work  handled  on  straight-line  multiple-spindle  or  gang  drill- 
ing machines  is  where  it  is  required  to  drill  a  number  of  holes 
In  a  piece,  a  case  in  point  being  where  a  line  of  holes  are  to 
be  drilled  in  a  pipe.  F'or  operations  of  this  kind  the  machines 
are  so  equipped  that  all  of  the  spindles  feed  down  and  re- 
turn together. 

Multiple-spindle  Drilling  Machines  of  the  Cluster  Type — To 
obtain  efficient  results  In  the  performance  of  drilling  opera- 
tions, the  keynote  of  success  In  securing  a  satisfactory  rate 
of  production  Is  often  found  In  a  satisfactory  solution  of  the 
problem  of  properly  balancing  the  ratio  of  drilling  time  to 
■ettlng-up  time.  If  proper  moans  are  not  provided  to  re- 
duce setting-up  time,  this  will  often  become  so  excessive  that 
the  production  of  the  machine  is  far  below  the  normal  rate 
which  ought  to  be  secured.  For  work  where  there  are  a  large 
number  of  holes  to  bo  drilled,  profitable  use  may  be  made  of 
multlple-splndle  drilling  machines.  These  are  built  with  dif- 
ferent numbers  of  Hplndl»>s,  arratigod  In  a  "<'luster,"  and  fur- 
nished witli  the  iipcpssary  adjustment  to  cnnble  the  spindles 
to  be  Bct  iti  the  desired  positions  for  drilling  different  groups 


Fig.   6.     Baker  Bros.   High-duty  Drilling  Machine  equipped  with  Indexing 

Fixture   and   Special   Three-spindle   Head   for  driUing, 

reaming    and   facing 

of  holes.  The  possibility  of  drilling  a  number  of  holes  simul- 
taneously, after  setting  up  the  work  once,  is  obviously  the 
means  of  greatly  increasing  the  productivity  of  the  machine. 

Automatic  Drilling  Machines — For  drilling  holes  in  small 
parts,  and  particularly  in  those  cases  where  the  diameter  and 
depth  of  the  holes  are  not  great,  profitable  use  may  often  be 
made  of  automatic  drilling  machines.  These  are  built  in  vari- 
ous types,  which  will  be  illustrated  and  described,  but  in  each 
case  the  aim  is  to  provide  means  of  keeping  the  drilling  spin- 
dle or  spindles  constantly  employed  while  the  operator  is  re- 
moving drilled  pieces  from  the  work-holding  fixtures  and  load- 
ing fresh  blanks  into  these  fixtures,  so  that  the  parts  may  be 
drilled  when  they  have  been  carried  around  under  the  drilling 
spindles.  Surprisingly  high  rates  of  production  can  be  ob- 
tained from  riiachines  of  this  type. 

Turret  Type  of  DriUing  Machines — Drilling  machines  of  the 
turret  type  fill  the  same  general  place  among  drilling  ma- 
chines that  is  taken  by  the  turret  lathe  among  machines  of 
that  type.  In  other  words,  turret  drilling  machines  are  used 
in  those  cases  where  there  is  a  sequence  of  such  operations 
as  drilling,  counterboring  and  tapping  to  be  performed  on  a 
piece  of  work.  Machines  of  this  type  are  equipped  with  a 
turret  carried  on  a  horizontal  axis  about  which  the  turret 
may  be  revolved  to  bring  the  sequence  of  tools  into  the  operat- 
ing position.  In  general,  turret  type  drilling  machines  are 
used  as  an  alternate  method  of  handling  those  classes  of  work 
which  are  commonly  handled  on  multiple-spindle  drilling  ma- 
chines of  the  straight-line  type,  where  work  is  passed  along 
from  spindle  to  spindle. 

Having  made  a  brief  statement  concerning  the  different 
types  of  drilling  machines  and  classes  of  work  for  which  each 
is  adapted,  we  are  ready  to  enter  into  a  detailed  discussion  of 
installations  of  the  different  types  of  machines,  showing  exam- 
ples of  work  for  which  each  type  Is  well  adapted,  and  ex- 
plaining the  methods  of  setting  up  the  work  and  giving  rates 
of  production  that  are  obtained  under  favorable  conditions. 
The  same  order  will  be  followed  In  discussing  the  use  of  these 
machines  as  that  which  was  followed  In  mentioning  the  dif- 
ferent types. 

Operation  of  Vertical  or  Uprlirht  Drllllni?  Machine 

Klg.  1  shows  a  group  of  three  upright  drilling  machines 
built  by  the  Rockford  Drilling  Machine  Co.,  engaged  In  drilling 
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universal  joint  rings;  and  a  fourth  machine  to  the  left  is 
employed  tor  reaming  the  holes.  It  will  be  seen  that  the  three 
drilling  machines  are  equipped  with  indexing  jigs  to  provide 
for  bringing  the  work  into  the  required  positions  for  suc- 
cessively drilling  each  of  the  four  holes.  A  detailed  view  of 
the  indexing  jig  is  shown  in  Fig.  2.  Referring  to  this  illus- 
tration, it  will  be  seen  that  work  A  is  clamped  in  place  under 
bushing  B  and  that  provision  for  locating  the  work  in  the  four 
drilling  positions  is  made  by 
means  of  index  plate  C  and 
spring  plunger  D.  The  work 
to  be  drilled  is  a  drop-forging 
containing  from  0.15  to  0.25 
per  cent  carbon,  from  0.30  to 
0.60  per  cent  manganese,  sul- 
phur below  0.045  per  cent,  and 
phosphorus  below  0.05  per 
cent.  The  holes  to  be  drilled 
are  1  inch  in  diameter  by 
9/16  inch  in  depth.  The  pro- 
duction is  approximately  600 
completed  rings  on  the  three 
right-hand  drilling  machines 
in  a  ten-hour  working  day, 
i.  e.,  2400  holes  are  drilled  per 
day  in  these  forgings. 

High-speed  Ball  Bearing  Sensi- 
tive Drilling-  Machines 

To   take  advantage   of   the 
benefits    which    are    secured 
through    the   performance    of 
drilling    operations    at    high 
speed,  the  Leland-Gifford  Co. 
builds  a  line  of  ball  bearing 
sensitive     drilling     machines 
which  are  adapted  for  opera- 
tion at  speeds  ranging  from 
10,000  to  15,000  R.P.M.    These 
machines  are  built  in  a  bench 
type  or  with  a  pedestal  base 
so  that  they  may  be  set  up  on 
the  floor.    Fig.  3  shows  one  of 
the    pedestal    type    machines 
equipped  with  a  special  drill- 
ing jig  built  by   Caulkins  & 
Carpenter,  and  a  better  idea 
of  the  way  in  which  this  out- 
fit operates  will  be  gathered 
from  Fig.  4.    This  jig  Is  espe- 
cially suited  tor  use  in  drill- 
ing   cross-holes    in    pins   and 
similar  shaped  parts,  and  to 
meet     the     requirements     of 
such    work    it    is    furnished 
with  a  V-block  A  to  hold  the 
work  and  an  end-stop  B  to  lo- 
cate the  work  In  the  desired 
position     In     the    jig.      End- 
stop  B  Is  connected  to  a  pis- 
ton In  air  cylinder  C,  and  this 
cylinder    Is    connected    by    a 
rubber  hose  with  cylinder  D. 
A    rack,   which   meshes   with 
the   feed    pinion   on    the  ma- 
chlhe,  Is  carried  at  the  upper 
end  of  a  rod  oonnoctcd  with 
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the  Production  is  10.000  Bushings  in  a  Ten-hour  Day 


the  piston  In  cylinder  D.  and  It  will  bo  apparent  that  dur- 
ing the  time  that  the  drill  Is  being  fed  Into  the  work,  the 
rack  carried  at  llio  back  of  the  feed  pinion  Is  raised,  IIuih 
ralHlnK  the  piston  In  cylinder  D. 

After  the  drIllInK  operation  has  been  conipletofl  and  the 
drill  itplndle  starts  to  rise,  the  revorso  movement  of  the  feed 
pinion  rcHUltB  In  drIvInK  down  the  piston  In  cylinder  /),  nnd 
thlB  rcHullB  In  driving  air  IhrouRh  the  fiexlblo  lube  Into  cylln 
der  0.     The  rcnult  la  that  end-stop  1}  Is  driven   forwnnl   and 


ejects  the  drilled  piece  from  the  V-block.     During  this  time 
the  operator  has  picked  up  another  piece  of  work  which  he  can 
immediately  place  in  position  ready  to  be  drilled,  so  that  the 
operation  of  the  machine  may  be  practically  continuous.  When 
the  work  has  been  placed  in  the  V-block,  and  the  drill  starts 
to  feed  down,  raising  of  the  piston  in  cylinder  D  results  In 
actuating  a  link  mechanism  at  the  back  of  the  jig,  which  is 
responsible  for  clamping  the  work  in  place.     It  will  also  be 
apparent    from    the    illustra- 
tion  that  the  V-block  which 
supports  the  work  is  carried 
on  a  knee  which  may  be  ad- 
justed   vertically    to    provide 
for  holding  pieces  of  various 
diameters;  the  rod  which  car- 
ries end-stop  B  and  cylinder  C 
may  also  be  adjusted   in  its 
bearing   in  the  knee  to  pro- 
vide for  drilling  pins  of  dif- 
ferent lengths,  and  it  is  obvi- 
ously an  easy  matter  to  sub- 
stitute drill  bushings  of  the 
correct  size  for  handling  dif- 
ferent    operations.      Drilling 
holes  through   pins  made   of 
screw  stock  3/16  inch  in  di- 
ameter with   a  No.   51   drill, 
the  machine  was  operated  at 
6700     R.P.M.     and     produced 
2200  pieces  an  hour.    Such  a 
high  rate  of  production  would 
not  be  possible  were  it  not  tor 
the  provision  made  in  design- 
ing this  jig  for  rapid  handling. 
Fig.  5  shows  a  high-speed, 
l)all-bearing     sensitive     drill- 
ing   machine    built    by    the 
Leland-Gifford  Co.    The  spin- 
dles are  mounted  in  ball  bear- 
ings, so  that  it  is  adapted  tor 
running  at  speeds  up  to  3500 
revolutions  per  minute.    It  Is 
known    as    a    semi-automatic 
machine,  and  in  this  respect 
deviates    from    what    is    gen- 
erally   understood    to    consti- 
tute a  sensitive  drilling  ma- 
chine,   because    the    spindles 
are  equipped  with  power  feed. 
In  operating  the  machine  one 
man  attends  to  both  spindles; 
he  sets  a  piece  of  work  up  In 
one   fixture  and  engages  the 
power  teed,  then  reaches  over 
to  the  second  fixture,  removes 
the  drilled  piece  of  work,  sets 
up   a   fresh   piece  In   the  fix- 
ture, and  engages  the  power 
feed.    By  this  time  the  drill- 
ing operation  on  the  piece  un- 
der the  first  spindle  has  been 
completed,  at  which  time  the 
feed  is  automatically  tripped 
and   the   spindle   returned    to 
the  starting  point,  so  that  the  i 
operator    merely    has    to    ro-J 
move    tlio    drilled    piece    andl 
111  this  way  both  spindles  of  thejj 
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HuhKlltiile  a  fresh  blank 
ilrlUlnK  iiiHchIno  and  the  man  employed  to  operate  them  are' 
kept  busy  almost  all  of  the  time,  so  that  an  unusually  high 
rule  of  edlelonry  Is  secured.  The  lover  which  ongaKes  thf 
power  feed  clutch  may  also  bo  used  to  food  the  drill  by  hand; 
and  by  Hlniply  puHliIng  up  this  lover,  tho  power  feed  may  b( 
InHlaiilly  dlHonKaged  In  any  position,  without  waiting  for  thi 
full  downward  movement  to  bo  completed,  'I'hls  Inst  iiamet 
feiiliire  Ih  often  of  groat  convenience. 


January,  1918 


MACHINERY 


387 


Particular  attention  is  called  to  the  design  of  the  jigs  used 
on  this  machine.  In  the  case  of  the  7/8-inch  set-collar  shown 
under  the  left-hand  spindle,  the  operation  consists  of  drilling 
a  1/4-inch  tap-hole  which  is  3/8  inch  deep  in  a  malleable  iron 
part.  The  work  is  slipped  over  pilot  A  and  secured  by  a  bell- 
mouthed  bushing  operated  by  lever  B.  In  the  case  of  the 
malleable  iron  cranks  which  are  being  drilled  under  the  right- 
hand  spindle,  a  bell-mouthed  bushing  is  also  employed  to 
secure  the  work,  this  bushing  being  operated  by  lever  C.  In 
this  case  a  stronger  spring  is  required  to  hold  the  work,  and 
so  it  was  necessary  to  make  the  lever  longer.  The  hole  being 
drilled  in  these  cranks  is  3/8  inch  in  diameter  by  3/4  inch 
deep.  It  will  be  apparent  that  in  both  cases  work  may  be  set 
up  and  removed  with  a  minimum  expenditure  of  time,  which 
is  important,  because  the  operations  are  soon  finished.  In 
drilling  the  set-collars  the  operation  is  performed  at  1100 
R.P.M.  with  a  feed  of  0.005  inch  per  revolution  and  the  pro- 
duction is  4800  pieces  per  eight-hour  day.  In  drilling  the  small 
cranks,  the  drill  runs  at  the  same  speed  and  feed  and  2400 
pieces  are  produced  in  eight  hours.  The  power  feed  used  in 
this  machine  is  so  designed 
that  when  the  operator  grasps 
either  of  the  feed  levers  D 
and  pulls  it  forward,  feed  is 
engaged  and  the  drill  is  ad- 
vanced into  the  work  by 
power  until  an  automatic  trip 
throws  out  the  feed  clutch,  at 
which  time  the  spindle  is  au- 
tomatically returned  to  the 
starting  position.  Graduated 
circles  which  are  furnished 
on  each  of  these  feed  clutches 
provide  for  setting  the  feed  to 
be  tripped  after  a  hole  has 
been  drilled  to  a  predeter- 
mined depth. 

Fig.  7  shows  a  No.  21,2  high- 
duty,  ball-bearing  sensitive 
drilling  machine  built  by  the 
Cincinnati  Pulley  Machinery 
Co. '  .  This  machine  is  illus- 
trated in  use  drilling  steel 
bushings  where  it  is  required 
to  drill  a  17/64-inch  hole 
through  a  wall  9/32  inch  in 
thickness.  These  pieces  are 
turned  out  by  an  unskilled 
operator  at  the  rate  of  1186 
pieces  per  hour,  or  approxi- 
mately 10,000  pieces  in  a  ten- 
hour  day.  The  daily  figure 
allows  time  for  changing 
drills  and  for  further  un- 
avoidable losses.  Machines  of 
this  type  are  built  with  either  plain  hand  feed  or  with  power 
feed,  and  means  are  provided  for  automatically  reversing  the 
travel  of  the  spindle  in  one  or  both  directions.  The  machine 
equipped  with  automatic  feed  mechanism  is  quite  flexible,  it 
being  possible  to  operate  it  as  a  fully  automatic  or  semi- 
automatic machine,  or  the  automatic  mechanism  may  be  en- 
tirely disconnected  and  the  machine  fed  by  hand.  In  shops 
which  have  pieces  that  are  manufactured  in  large  quantities, 
and  where  the  nature  of  the  work  is  such  that  it  may  be 
rapidly  set  up  and  removed  from  fixtures,  the  fully  automatic 
mechanism  is  usually  employed.  On  the  other  hand,  where 
the  work  is  comparatively  difficult  to  handle,  more  time  will 
be  required  between  successive  strokes  of  the  drill,  and  for 
such  work  the  automatic  trip  for  the  down-teed  of  the  drill 
Is  thrown  out.  In  this  case  the  return  of  the  spindle  is  auto- 
matic, but  the  power  feed  clutch  must  be  engaged  by  hand. 
For  still  other  classes  of  work  all  of  the  automatic  movements 
are  disconnected.  The  trips  for  the  automatic  movements  may 
be  set  so  that  the  time  between  strokes  Is  Just  enough  to  allow 
the  operator  to  remove  the  drilled  piece  and  substitute  a 
fresh  casting. 
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Tig.  9.     Baker  Bros.   High-duty  Drilling  Machine   equipped  with  Indexing 
Fixture  and  Two-spindle  Head  for  hollow-mlUing  Steering-gear  Housings 


Vertical  High-duty  Drilling-  Machines 
For  drilling,  reaming  and  facing  the  0.998-inch  hole  in  rear 
spring  center  brackets  used  in  the  construction  of  automobiles 
of  its  manufacture,  the  Willys-Overland  Co.  employs  high-duty 
drilling  machines  built  by  Baker  Bros.,  one  of  these  machines 
being  shown  in  operation  in  Fig.  6.  On  this  job  the  nature  of 
the  work  is  such  that  a  considerable  amount  of  time  must 
necessarily  be  employed  in  setting  the  work  up  in  the  fixture, 
but  as  the  depth  of  the  hole  to  be  drilled,  reamed  and  faced 
is  also  considerable,  this  need  not  constitute  an  unsurmount- 
able  barrier  against  the  attainment  of  efficient  production. 
The  problem  has  been  adequately  solved  through  adoption  of 
the  use  of  an  indexing  work-holding  fixture.  The  pieces  have 
to  be  drilled,  reamed  and  faced,  and  these  operations  are  per- 
formed by  tools  shown  at  A,  B  and  C,  respectively.  The  drill- 
ing operation  naturally  consumes  the  greatest  amount  of  time, 
and  while  the  drill  is  in  operation  the  workman  has  ample 
time  to  remove  one  drilled  piece  from  the  loading  station  at 
the  front  of  the  fixture  and  substitute  a  fresh  blank;  then, 
when  the  machine  spindle  lifts  the  multiple  head  which  drives 
the  three  tools,  the  operator 
pushes  the  fixture  around  un- 
til the  index  pin  locates  it  at 
the  next  station.  For  each 
traverse  of  the  drilling  ma- 
chine spindle  it  will  be  ap- 
parent that  one  finished  piece 
is  produced,  as  the  drill- 
ing, reaming  and  spot-facing 
operations  are  performed 
simultaneously.  "  ■ 

The  work  is  malleablferiron, 
and  referring  to  the  piece 
shown  leaning  against  the  fix- 
ture at  the  front,  attention  is 
called  to  the  fa'et  that  two  lo- 
cating pins  enter  holes  D  and 
E,  which  were  drilled  in  a 
previous  operation.  Swinging 
olamp  F  is  then  brought  up 
against  the  front  of  the  work 
and  secured  by  nut  G  that  is 
tightened  with  a  wrench.  The 
hole  H  to  be  drilled  Is  0.99S 
inch  in  diameter  by  3 1/16 
inches  deep,  and  the  rate  of 
production  is  600  pieces  per 
eight-hour  day.  The  opera- 
tion is  performed  at  a  speed 
of  300  R.P.M.  with  a  feed  of 
0.024  inch  per  revolution. 
The  machine  Is  eqjwpped  with 
a  three-spindle  auxiliary  head 
built  in  the  Willys-Overland 
factory,  and  attention  is  called 


to  the  pilots  J  and  E.  which  extend  up  from  the  work-holding 
fixture  into  bushings  in  the  drill  head,  thus  assuring  perma- 
nent alignment. 

In  connection  with  th8  general  discussion  of  high-duty  drill- 
ing machines,  mention  was  made  of  the  fact  that  machines  of 
this  type  are  well  adapted  for  the  performance  of  many  other 
operations  besides  drilling.  In  Fig.  8,  one  of  the  Baker  high- 
duty  drilling  machines  is  shown  set  up  to  provide  for  simul- 
taneously spot-facing  three  pads  on  a  universal  joint  spider. 
The  machine  used  for  this  purpose  is  equipped  with  a  three- 
spindle  multiple  head,  and  this  head  is  piloted  from  the  fix- 
ture, as  in  the  preceding  case.  The  pads  on  these  spiders  have 
to  be  spot-faced  on  both  sides,  and  to  provide  for  turning  over 
the  work  or  for  removing  a  finished  piece  from  the  fixture  and 
substituting  a  fresh  malleable  iron  casting,  so  that  idle  time 
of  the  machine  may  be  reduced  as  far  as  possible,  use  is  made 
of  a  sliding  fixture  of  the  type  shown.  This  fixture  is  fur- 
nished with  two  stops,  one  of  which  Is  shown  at  A,  which 
limit  the  travel  of  the  fixture  in  either  direction  to  provide 
for  locating  the  work  supported  at  one  or  the  other  of  the 
two  stations  on  the  fixtiiro  under  the  spot-facing  tools.     The 
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holes  in  these  spiders  have  already  been  drilled,  and  these  are 
employed  as  locating  points;  in  addition,  the  pins  B  which 
locate  the  work  from  these  holes  extend  up  sufficiently  through 
the  work  so  that  the  spot-facing  tools  may  be  piloted  over 
them  to  assure  rigidity.  Owing  to  the  clever  way  in  which  the 
design  of  this  fixture  has  been  worked  out  and  applied,  these 
malleable  iron  spiders  may  have  three  pads  spot-faced  on  both 
sides  with  a  production  of  288  parts  per  eight-hour  day  from 
each  machine.  The  machine  is  run  at  200  R.P.M.  with 
hand  feed. 

Another  example  which  tends  to  show  the  range  of  work 
that  may  be  efficiently  handled  on  high-duty  drilling  machines 
is  illustrated  in  Fig.  9,  which  shows  the  operation  of  hollow- 
milling  steering-gear  housings  for  the  Willys-Overland  car. 
Here,  again,  use  is  made  of  an  indexing  work-holding  fixture, 
and  the  machine  is  equipped  with  a  special  two-spindle  auxil- 
iary head.  To  provide  the  degree  of  rigidity  that  is  required 
under  severe  service  of  this  kind,  however,  the  system  of  pilot- 
ing is  somewhat  different  from  that  shown  on  preceding  ma- 


studs  on  which  the  work  is  carried,  so  that  further  provision 
is  made  to  guard  against  vibration.  The  length  of  time  con- 
sumed by  this  hollow-milling  operation  is  ample  to  allow  the 
finished  pieces  to  be  removed  from  the  fixture  and  new  blanks 
to  be  set  up.  The  material  is  malleable  iron;  and  the  surface 
finished  during  this  operation  is  3%  inches  in  length  by  2% 
inches  in  diameter;  the  rate  of  production  is  160  pieces  per 
eight-hour  working  day.  This  operation  is  performed  at  70 
R.P.M.  with  a  feed  of  0.010  Inch  per  revolution. 

By  employing  a  carefully  worked  out  design  for  tools  and 
work-holding  fixtures,  there  are  many  classes  of  work  on  which 
a  considerable  sequence  of  operations  may  be  performed 
through  the  use  of  high-duty  drilling  machines.  An  excellent 
example  of  this  kind  is  shown  in  Fig.  10,  which  illustrates 
one  of  the  Baker  high-duty  drilling  machines  equipped  with 
tools  and  an  indexing  fixture  to  provide  for  boring  and  ream- 
ing holes  of  three  diameters  in  the  Willys-Overland  steering- 
gear  housing,  facing  the  surface  at  the  top  of  this  housing, 
facing  off  a  seat  for  the  ball  bearing,  and  tapping  one  of  the 


Tig.   10.     Bak<:r   Bro«.    High-duty   Drilling   Machine   with  Indexing    Fixtun> 

md   Thr..-»plndle   Head  for   boring  and  roaming  Throe   Holo«, 

facing   Two   Surfaces   and    tapping   One   Hole 

chines  of  this  type.  In  this  case  two  pilots  are  employed;  the 
central  pilot  A  Is  carried  by  the  fixture  and  runs  in  a  bushing 
In  the  drill  head,  while  pilot  li  Is  carried  by  the  head  and  runs 
In  sockets  carried  by  the  fixture.  This  fixture  Is  Indexed 
through  180  degrees,  and  In  this  position  pilot  B  will  run  In 
socket  C  In  performing  this  hoUownillllng  operation,  the 
two  plw;es  of  work  D  and  /■;  are  dropped  over  pilots  on  the 
fixture  and  the  ends  of  these  pieces  simply  bear  against  lugs 
on  the  fixture  which  prevent  them  from  turning.  Where  this 
method  of  securing  work  can  be  employed,  It  Is  extremely 
satisfactory,  because  the  length  of  time  required  to  set  up  the 
work  In  piano  for  machining  Is  reduced  very  dose  to  a  mini- 
mum. The  holes  have  been  machined  by  a  previous  operation 
and  are  employed  as  the  loratlng  points.  After  setting  ui)  tlio 
work  the  fixture  Is  Indexed  through  ISO  degrees,  as  previously 
mentioned,  and  this  brings  tbe  blanks  Into  the  pnHlllon  shown 
In  the  Illustration  where  two  pieces  may  he  nilllod  simul- 
taneously. The  hollow-mllllng  cutlers  used  on  this  machine 
ore  provided  with  pilots  which  enter  bushings  /•'  and  O  In  the 
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Fig.    11.      Radial    Drilling    Machine    liuill    by    American    Tool    Works    Co. 

engaged   in  Operation  of  machining  Air-head  of 

Mesta    Blowing    Engine 

bored  holes.  As  In  the  preceding  case,  a  double  system  of 
pilots  is  employed,  one  of  which  is  secured  to  the  work-holding 
fixture  and  enters  a  bushing  In  the  three-splndle  auxiliary  head 
provided  on  the  machine,  while  the  other  pilot  Is  carried  by 
this  special  auxiliary  head  and  runs  In  a  sequence  of  bushings 
provided  for  that  purpose  In  the  work-holding  fixture.  Rnugli- 
boring  of  the  holes  of  different  diameters  Is  performed  by  bits 
carried  In  bar  .1.  Then,  when  the  work  Is  Indexed  to  the  next 
position,  the  combination  roaming  and  facing  tool  /{  roam.s 
the  throe  bored  holes  and  faces  both  the  top  of  the  steering- 
gear  housing  and  the  ball  bearing  seat.  After  this  has  been 
ai'compllKlied,  the  work  Is  Indexed  once  more  and  the  tap  C 
cuts  the  thread  In  the  large  hole.  To  provide  for  this  last 
operation,  the  tapping  spindle  Is  furnlsliod  with  a  hand-feed 
lever  D.  and  after  the  tap  has  penetrated  to  the  desired  depth, 
It  Ih  reversed  and  hacked  out  of  the  hole  by  gearing  operated 
by  lever  /■;. 

In  this  connection  attention  Is  called  to  the  fact  that  all  the 
auxiliary    heads   employed    on    these   heavy-duty    Baker   Bros. 
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drilling  machines  are  counterweighted,  the  arrangement  being 
clearly  shown  at  the  right-hand  side  of  the  machine  shown  In 
Fig.  10.  The  fixture  used  to  support  the  work  for  performing 
the  preceding  operations  is  quite  interesting.  The  work  is 
placed  over  a  pilot  that  enters  a  hole  bored  by  a  preceding 
operation,  and  is  then  clamped  at  either  end  by  jaws  actuated 
by  a  screw  threaded  right-  and  left-hand  at  opposite  ends, 
which  is  turned  by  crank  F.  The  work  is  further  secured  in 
place  by  clamp  G,  and  in  this  connection  attention  is  called 
to  the  second  clamp  H,  which  is  not  in  use.  The  reason  for 
this  is  interesting,  as  it  shows  an  economy  effected  in  the 
design  of  work-holding  fixtures.  Cars  built  for  American  use 
are  generally  equipped  with  the  steering-wheel  at  the  left, 
while  those  exported  to  Europe  have  the  steering-wheel  at 
the  right.  This  makes  it  necessary  to  machine  steering-gear 
housings  for  both  types  of  design,  but  to  avoid  the  necessity 
of  an  additional  investment  in  jig  and  fixture  equipment,  or 
the  loss  of  time  and  incidental  expense  which  would  be  in- 
volved in  changing  from  one  type  of  work-holding  fixture  to 
another,  the  fixture  shown  in  Fig.  10  is  made  "universal,"  in 
that  it  will  hold  either  type  of  steering-gear  housings.  The 
only  change  is  that  for  holding  a  housing 
of  the  opposite  hand,  the  piece  will  rest  in 
the  fixture  in  the  opposite  direction,  and  in 
that  case  clamp  H  will  be  employed  and 
clamp  G  will  remain  idle.  The  holes  bored 
and  reamed  during  this  series  of  operations 
are  2  3/8  by  13/16,  2  1/16  by  11/16,  and  1 1/2 
by  1  3/4  inch  in  diameter  and  depth,  respec- 
tively; the  first  of  these  three  holes  is  the 
one  to  be  tapped.  These  pieces  are  made  of 
malleable  Iron  and  the  rate  of  production 
1b  120  pieces  per  eight-hour  day. 

Radial  DrlUlner  Machines 

Where  there  are  a  number  of  holes  to  be 
drilled  over  the  area  of  a  piece  of  work  that 
Is  too  large  or  too  heavy  to  enable  all  of 
the  holes  to  be  conveniently  reached  by  a 
multiple-spindle  drilling  machine,  use  is  gen- 
erally made  of  a  radial  drilling  machine  on 
which  the  combined  movement  secured  by 
swinging  the  radial  arm  and  adjusting  tlie 
position  of  the  drill  spindle  head  on  tliis 
arm  will  enable  all  of  the  holes  to  be  reached 
with  a  single  setting  of  the  work.  Hadiiil 
drilling  machines  are  also  employed  in  some 
cases  where  the  size  of  the  holes  to  be  drilled 
and  the  material  Is  such  that  the  service 
would    be   too   severe    for   many   classes   of 


multiple-spindle  machines.  Fig.  11  shows  a 
typical  example  of  radial  drilling  machine 
work,  which  consists  of  drilling  holes  in  the 
air-head  of  a  blowing  engine.  The  view 
shown  is  in  the  shops  of  the  Mesta  Machine 
Co.,  and  the  radial  drilling  machine  is  a 
product  of  the  American  Tool  Works  Co. 
In  the  Mesta  Machine  Co.'s  shops  radial 
drilling  machines  are  also  used  to  a  consider- 
able extent  for  the  performance  of  ma- 
chining operations  on  castings  of  such  size 
and  weight  that  they  sometimes  exceed  the 
maximum  capacity  of  the  75-ton  electric 
cranes  in  the  shop,  and  in  any  case  would 
be  far  too  heavy  to  enable  them  to  be  set 
up  on  any  drilling  machine.  For  this  class 
of  work  the  radial  drills  are  furnished  with 
eyes  so  that  they  can  be  picked  up  by  the 
crane  hook  and  carried  to  the  work  instead 
of  following  the  general  practice  of  taking 
work  to  the  machine.  For  handling  these  ex- 
ceptionally large  pieces  which  are  constantly 
going  through  the  Mesta  shops,  the  use  of 
portable  machines  is  practically  a  matter  of 
necessity;  at  the  same  time,  their  application 
has  been  found  beneficial  in  that  it  is  possi- 
ble to  have  a  number  of  machines  working  simultaneously  on 
one  of  these  large  castings,  so  that  the  time  required  to  com- 
plete the  various  machining  operations  is  substantially  reduced. 
Fig.  12  shows  a  radial  drilling  machine  built  by  the  Cin- 
cinnati Bickford  Tool  Co.  This  machine  is  shown  engaged 
on  a  typical  radial  drilling  operation,  namely,  drilling  all 
of  the  holes  in  a  machine  bed  casting.  This  machine  is  used 
in  the  plant  of  the  Cleveland  Automatic  Machine  Co.,  where 
it  is  engaged  in  drilling  fifty-two  holes  in  the  bed  of  a  Cleve- 
land automatic.  The  operations  comprise  drilling,  reaming, 
counterboring  and  tapping  holes  varying  from  2^4  down  to  Vi 
inch  in  diameter;  the  largest  counterbore  is  4  inches  in  diam- 
eter. The  spindle  of  the  machine  is  equipped  with  a  quick- 
change  chuck,  and,  located  conveniently  for  the  operator,  there 
will  be  seen  a  portable  stand  on  which  are  carried  the  different 
drills,  counterbores,  reamers,  etc.,  which  are  required  in  carry- 
ing out  the  work. 

Multiple  Drilling'  Machines  of  Straight-line  Type 

In   connection   with   the   introductory   statement   concerning 
the    classes    of    work    handled    on    multiple-spindle    drilling 


Fonr-iptndla   Drillinc   Machlno   buUt  by  Foote-Burt  Co.  enca(«d  In  alraultRneoutty 
drlUtnc  Both  Holes  in  Two  Connectin(-rod« 
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Fig.    14.     Battery   of    Two    Four-spindl 
lor   ilrilUng 

machines  of  the  straight-line  type,  mention  was  made  of  the 
fact  that  such  machines  are  commonly  employed  for  either 
simultaneously  drilling  a  number  of  holes  located  in  a  straight 
line  in  a  piece  of  work,  or  else  that  the  machines  are  arranged 
to  perform  a  sequence  of  operations  on  parts  which  are  set 
up  successively  under  the  different  spindles  of  the  machine. 
In  the  latter  case  the  operator  moves  progressively  from  spin- 
dle to  spindle,  removing  drilled  pieces  and  substituting  blanks 
in  their  place  ready  to  be  drilled.  Fig.  13  shows  a  special 
multiple-spindle  machine  of  the  straight-line  type  built  for 
the  Willys-Overland  Co.  by  the  Foote-Burt  Co.,  which  is  en- 
gaged in  the  performance  of  drilling  operations  on  connecting- 
rods.  Here  the  work  is  of  such  character  that  two  spindles 
are  required  for  drilling  each  piece,  but  the  length  of  these 
operations  is  sufficient  so  that  a  four-spindle  machine  may  be 
employed  to  allow  the  operator  to  busy  himself  setting  up 
work  under  one  pair  of  spindles,  while  the  other  pair  is  en- 
gaged on  the  drilling  operation  on  another  part.  In  this  way 
the  operator  is  kept  constantly  employed.  The  work-holding 
fixtures  used  on  this  machine  employ  two  principles  which 
are  often  used  in  jjg  and  fixture  design  for  locating  and  se- 
curing the  work  In  place.  The  small  end  of  the  connecting-rod 
Is  pushed  into  ^  V-block,  which  locates  it  under  the  drill, 
and  after  this  has  been  done,  a  bell-mouthed  bushing,  through 
which  the  other  drill  operates,  is  screwed  down  onto  the 
large  end  of  the  connecting-rod,  thus  locating  this  end  in 
place  to  be  drilled  and  also  clamping  the  work  in  the  fixture. 
With  an  arrangement  of 
this  kind  the  time  In- 
volved In  setting  up  the 
work  Is  reduced  to  a  point 
where  lost  time  becomes 
unimportant.  The  mate- 
rial to  be  drilled  Is  drop- 
forglngs,  the  large  hole  be- 
ing 2.188  by  1.688  Inch 
deep;  and  the  small  hole 
is  1.123  by  1  5/16  Incn 
deep.  The  operation  is  per- 
formed at  a  speed  of  325 
R.P.M.  and  a  feed  of  O.OOr, 
Inch  per  revolution;  the 
production  Is  720  crank- 
shafts per  eight-hour  day 
from  each   machine. 

For  use  In  drilling  and 
tappInK  nose  adapters  for 


Team"   of  Ten  Men 


shrapnel  cases,  excellent  results  have 
been  obtained  with  an  equipment 
consisting  of  two  four-spindle  drill- 
ing machines  built  by  the  Washburn 
Shops.  These  machines  are  of  the 
power  feed  type  and  are  placed  back 
to  back,  as  shown  in  Fig.  14,  with 
metal  covered  shelves  extending 
across  the  ends  of  the  machines  to 
provide  for  sliding  jigs  from  one 
machine  to  the  other.  The  work 
consists  of  drilling  two  holes,  each 
of  which  must  subsequently  be 
tapped,  the  sizes  being  3/8-  and 
3/16-inch  tap  holes.  The  interesting 
feature  of  this  installation  is  the 
careful  way  in  which  plans  were 
made  to  increase  production  as  far 
as  possible.  About  three  dozen  jigs 
were  supplied  and  the  "team"  which 
operates  this  pair  of  machines  con- 
sists of  ten  operatives,  one  at  each 
of  the  spindles  and  one  stationed 
at  each  end  shelf,  whose  duty  it  Is 
to  remove  finished  pieces  from  the 
jigs  and  substitute  fresh  blanks.  A 
piece  is  placed  in  a  jig  by  one  of 
the  men  stationed  in  the  loading 
position,  and  this  piece  is  passed  along  from  spindle  to 
spindle,  so  that  the  two  holes  are  drilled  and  tapped  by 
the  four  spindles  of  one  machine  unit.  This  piece  is  then 
removed  from  the  jig  and  a  fresh  blank  substituted,  after 
which  the  jig  is  pushed  across  the  shelf  to  the  four  men  oper- 
ating the  machine  at  the  opposite  side  of  the  group.  In  this 
way  each  jig  goes  round  and  round  in  a  continuous  circuit, 
and  there  is  practically  no  loss  of  time.  The  order  in  which 
the  operations  are  performed  is  as  follows:  drill  3/8-inch  hole, 
drill  3/16-inch  hole;  tap  3/8-inch  hole  and  tap  3/16-inch  hole. 
These  men  work  ten  hours  a  day  on  a  piece-work  basis,  and 
the  normal  rate  of  production  is  about  5500  pieces  per  work- 
ing day  for  each  gang.  At  times  the  production  was  increased 
to  a  considerable  extent,  but  this  is  regarded  more  in  the  light 
of  a  "spurt"  than  normal  operating  conditions. 

In  the  plant  of  the  Hupp  Motor  Car  Co.  heavy-duty  drilling 
machines,  built  by  the  Colburn  Machine  Tool  Co.,  are  used 
for  drilling  and  reaming  connecting-rods.  A  gang  of  four  ma- 
chines are  used,  which  are  equipped  with  a  special  combina- 
tion table  or  track  on  which  the  jigs  are  slid  along  from  one 
spindle  to  another,  the  arrangement  being  clearly  shown  in 
Pig.  15.  Looking  at  the  spindles  from  right  to  left,  the  first 
spindle  at  the  right  drills  out  the  hole  at  the  large  end  of 
the  connecting-rod  and  the  second  spindle  reams  this  hole; 
the  third  is  a  reserve  spindle,  the  use  of  which  will  be  ex- 
plained later,  and  the  fourth  spindle  drills  the  hole  in  the 
small  end  of  the  connorting-rod.     One  operator  attends  to  the 


Ouni    of    Four    Colburn    Hl(l|.|luty    DrIIIInf     Miohlnol  oqulppnd   with  SlldlnR  JIrh   for  ilrlllInK    IIiiiip 
Connootlnv-rotlH.     One  Splndlo  ia  bold  lo  roiorvo  to  Rubttituto  ah  roqulroil 
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Fig.  16.     Multiple-spindle  Drill  Head  provided  with  Jig-plate  that  is  lifted 

with  Head  when  Spindle  of  Drilling  Machine  rises  in  order 

to  facilitate  Bemoval  of  Work  from  Fixture 

whole  battery  of  machines,  and  after  he  has  started  a  drill 
working  on  one  hole,  he  goes  along  to  the  next  jig  and  gets 
it  ready  for  operation.  The  jigs  are  never  lifted,  it  being 
merely  necessary  for  the  operator  to  remove  the  drilled 
connecting-rod  and  insert  a 
new  forging  after  each  opera- 
tion. By  having  the  drilling 
machines  independently  belt- 
ed, it  is  possible  to  obtain  any 
speed  for  any  particular  re- 
quirement, and  should  a  break- 
down occur  on  any  spindle 
the  other  three  spindles  are 
not  affected,  as  would  be  the 
case  with  a  multiple-spindle 
machine  of  the  straight-line 
type.  In  case  of  emergency, 
the  reserve  spindle  can  be 
quickly  changed  over  to  either 
tool  that  requires  this  spin- 
dle, so  that  production  is  not 
held  up.  The  way  in  which 
the  connecting-rods  are  held 
in  the  jigs  is  fairly  apparent 
from  the  illustration.  Both 
ends  of  the  rod  rest  on  fin- 
ished pads  in  the  jig,  and  by 
tightening  the  clamping  screw 
the  large  end  of  the  rod  is 
forced  between  the  ends  of  two  converging  studs  that  form 
the  equivalent  of  a  V-block.  It  will  be  seen  that  the  clamping 
screw  is  inclined  slightly  downward  so  that  it  holds  the  work 
down  on  the  supporting  surfaces  of  the  jig.  The  drop-torgings 
to  be  drilled  contain  from  0.035  to  0.045  per  cent  carbon.  The 
hole  to  be  drilled  in  the  large  end  of  the  rod  is  2  1/16  inches 
in  diameter  by  1  3/8  inch  deep;  and  the  hole  in  the  small  end 
of  the  rod  is  0.864  inch  in  diameter  by  7/8  inch  deep.  The 
rate  of  production  secured  on  this  job  is  400  connecting-rods 
in  a  nine-hour  working  day. 

Pig.  17  shows  an  interesting  installation  of  vertical  drilling 
machines  built  by  the  Rockford  Drilling  Machine  Co.,  and 
equipped  with  multiple-spindle  drill  heads.  The  feature  of 
this  equipment  Is  the  provision  of  a  jig-plate  carried  by  the 
drill  head,  the  idea  being  more  clearly  shown  in  Fig.  16,  which 
gives  a  detailed  view  of  the  jig  construction.  It  will  be  seen 
that  this  jig-plate  oomes  down  to  the  points  of  the  drills,  so 
that  adequate  support  is  provided  during  the  intervals  at 
which  the  drills  are  being  started  into  the  work;  then  the  jig- 
plate  remains  on  the  work  while  the  drills  are  fed  in  to  the 
desired  depth.  While  the  drilling  machine  spindle  is  raised, 
the  head  carries  the  jig-plate  up  with  It,  so  that  there  is  no 
obstruction  to  hinder  the  oporator  in  removing  work  from 
the  fixture.  The  way  in  which  this  result  is  secured  Is  as 
follows:  When  the  drilling  machine  spindle  is  raised,  heads 
at  the  lower  ends  of  rods  A.  carried  by  the  m\iltiple  head,  lift 


Fig.    17.     Bockford   Vertical   Drilling   Machines   with   Multiple   Heads 


the  jig-plate.  These  arms  are  so  adjusted  that  the  jig-plate 
is  held  with  its  lower  surface  just  above  the  drill  points,  as 
shown  in  Fig.  17.  When  the  drills  are  fed  down  to  the  work, 
the  jig-plate  drops  until  further  movement  is  retarded  by 
flanges  on  rods  B  carried  by  the  work-holding  fixture.  In  this 
position  the  jig  continues  to  support  the  drills,  but  the  drills 
may  be  fed  through  to  the  desired  depth.  It  will,  of  course, 
be  apparent  that  jig-plate  C  is  furnished  with  the  usual  ar- 
rangement of  hardened  steel  bushings;  and  the  work  is  held 
in  the  fixture  by  an  arrangement  of  clamps  which  is  quite 
apparent  in  the  illustration.  It  will  be  seen  that  the  drill 
heads  shown  on  the  machines  in  Fig.  17  are  of  four-  and  eight- 
spindle  types,  respectively,  and  the  work  to  be  drilled  is  two 
types  of  universal  joint  rings.  The  holes  drilled  by  the  four- 
spindle  head  are  5/16  inch  in  diameter  by  3/8  inch  deep,  and 
the  holes  drilled  on  the  eight-spindle  head  are  5/16  inch  in 
diameter  by  1/2  inch  deep.  The  material  is  drop-forgings  con- 
taining 0.025  to  0.035  per  cent  of  carbon.  The  rate  of  produc- 
tion is  from  1400  to  1500  rings  in  a  ten-hour  working  day. 

Compressed  Air  for  Ejecting  W^ork  from  Fixtures 

Mention  has  already  been  made  of  the  increased  importance 
of  designing  fixtures  to  provide  for  the  rapid  handling  of  work 
on  account  of  the  reduction  in  drilling  time  which  has  been 
made  possible  through  the  design  of  high-speed  machines. 
Fig.  IS  shows  the  fixture  used  on  a  machine  equipped  with  a 
two-spindle  head  which  Is 
used  for  drilling  holes  0.107 
inch  in  diameter  in  disks 
shown  at  A.  A  feature  of  this 
equipment  is  the  provision 
tor  rapid  handling  of  the 
work.  A  supply  of  disks  is 
kept  in  feed-trough  B,  and  as 
soon  as  one  piece  has  been 
engaged  by  the  drills,  the 
operator  lays  his  thumb  on  a 
second  piece  and  starts  to  ad- 
vance it  to  the  drilling  posi- 
tion. Location  of  the  work 
is  very  simple,  as  it  is  merely 
necessary  to  slide  the  work 
into  the  notch  C,  which  lo- 
cates it  under  the  drill  spin- 
dles. When  the  drilling  op- 
eration has  been  completed, 
the  Operator  removes  his 
thumb  from  the  piece  of  work 
and  reaches  for  another  piece. 
As  the  spindle  on  the  machine 
rises,  a  blast  of  compressed  air 
through  tube  D  blows  the  drilled  work  off  the  fixture  and  it 
drops  through  opening  E  into  a  receiver.    At  the  back  of  the 


2 

r^-.- 

L ^m\ 

]3 


t  OLAST  FOR  SLOWINO 


18.     Work*holding     Fixture     provided    with     automatically    operated 
Air  Ejector  to  diacharre  Work  through  Chute  into  Receiver 
placed    under   Drilling    Uachine 


392 


MACHINERY 


January,  1918 


Fie.    19. 


rilling   Machine    built    by   National    Automatic    Tool 
drilling  and  reaming  Hear  Axle  Spiders 


drill  head  it  will  be  seen  that  there  is  a  stud  F  that  engages  a 
trip  which  actuates  air-valve  G  to  provide  for  the  admission 
of  air  into  tube  D  at  the  proper  time  to  eject  the  work.  Such 
an  apparatus  can  be  worked  very  rapidly. 

Multlple-splndle  Drillin?  Machines  of  Cluster  Type 

Machines  which  will  be  discussed  under  this  heading  may 
be  rouglily  subdivided  into  standard  and  special  equipments. 
Standard  multiple-spindle  drilling  machines  are  built  by  sev- 
eral firms  and  are  practically  universal  in  their  application, 
in  so  far  as  drilling  holes  over  an  area  within  their  range 
Is  concerned.  The  only  limitation  in  the  use  of  these  machines 
is  In  regard  to  the  minimum  distance  between  centers  of  dif- 
ferent holes  that  must  be  drilled.  As  compared  with  this  con- 
dition, we  have  the  special-purpose  multiple-spindle  drilling 
machine,  which  is  adapted  for  the  performance  of  one  specific 
manufacturing  operation;  machines  of  this  type  are  being  used 
to  extremely  good  advantage  in  the  performance  of  drilling 
operations  on  automobile  crankCBses,  etc.,  but  it  necessarily 
follows  that  a  plant  that  can  afford  to  buy  a  single-purpose 
multlple-splndle  drilling  machine  must  have  a  large  volume 
of  work  In  order  to  be  able  to  earn  a  fair  return  upon  the 
Investment.  After  reading  the  following  description  of  opera- 
tions performed  on  machines  of  each  type,  the  reader  will 
have  a  good  Idea  of  the  scope  of  work  that  comes  within  the 
province  of  the  cluster  type  multlple-splndle  drilling  machine. 

Fig.  19  shows  one  of  the  No.  14  "Natco"  multlple-splndle 
drilling  machines  built  by  the  National  Automatic  Tool  Co.; 
this  machine  Is  used  at  the  plant  of  the  Wlllys-Dverland  ("o. 
for  drilling  and  reaming  one  hole  3/4  Inch  In  diameter  by 
1%  Inih  deep  and  two  holes  5/8  Inch  in  diameter  by  1  Inch 
deep;  In  addition,  four  17/r,4lnch  holes,  7/32  Inch  deep,  are 
drilled  In  the  flange  of  the  rear  axle  spiders,  but  thi!S('  holes 
are  not  reamed.  This  Installallon  Is  somewhat  exceptional 
In  that  It  Involves  the  use  of  an  Indexing  fixture  on  a  multlple- 
splndle  drilling  machine.  This  fixture  Is  furnished  with  three 
stations,  one  of  which  Is  a  loading  station;  at  one  station  the 


Fig.   20.     Baush   Multiple-spindle   Drilling   Machine   equipped   with   Sliding 
Fixture  to  facilitate  loading  Casting  in  Fixture  and  removing  Drilled  Work 

three  large  holes  are  drilled  and  two  of  the  17/64-inch  holes 
are  also  drilled,  and  at  the  third  station  the  three  large  holes 
are  reamed  while  the  other  two  17/G4-inch  holes  are  drilled. 
Evidently  this  calls  for  the  use  of  a  ten-spindle  drilling  ma- 
chine with  the  spindles  arranged  in  two  groups  of  five  spin- 
dles each.  In  the  first  group  there  are  one  3/4-inch  drill,  two 
5/8-inch  drills  and  two  17/64-inch  drills;  in  the  second  group 
there  are  one  3/4-inch  reamer,  two  5/8-inch  reamers  and  two 
17/64-inch  drills.  The  arrangement  of  these  holes  in  the  work 
will  be  apparent  after  studying  the  piece  shown  lying  at  the 
base  of  the  machine  just  under  the  fixture.  The  3/4-inch  hole 
is  shown  at  A.  the  two  5/8-inch  holes  at  li  and  the  four  17/64- 
inch  holes  at  C. 

The  preceding  description  has  explained  the  manner  in 
which  the  indexing  fixture  carries  the  work  under  the  two 
groups  of  spindles  in  order  to  provide  for  drilling  and  ream- 
ing three  holes,  and  drilling  four  other  small  holes.  The  ar- 
rangement of  this  work-holding  fixture  is  quite  interesting. 
A  pilot  carried  on  pivoted  bar  I)  enters  the  hole  in  the  lower 
end  of  the  work  and  raises  the  work  so  that  a  pilot  carried 
by  frame  E  enters  the  upper  end.  After  the  pivoted  bar  D 
has  been  clamped  by  T-screw  /•'.  the  work  is  secured  in  the 
fixture,  as  regards  its  vertical  position.  It  is  still  necessary, 
however,  to  locate  the  work  about  Its  vertical  axis  so  that 
all  seven  holes  A.  li  and  C  will  be  properly  positioned  in  the 
spider.  This  is  accomplished  by  a  sliding  V-block,  which  Is 
pushed  over  the  end  of  the  work  adjacent  to  the  3/4-inch 
hole  A  by  means  of  screw  O.  Of  course,  there  are  three  com- 
plete sets  of  mechanism  corresponding  to  each  of  the  three 
stations  on  the  work-holding  fixture,  and  for  each  traverse 
of  the  niultlplosplndlp  drill  bcail,  one  spider  Is  finished,  so  that 
the  (ipcnitor  iiiiiy  remove  one  piece  at  the  loading  station  and 
HUl)Hlltute  n  fresh  blank.  These  sphlers  are  niiiile  of  inalleable 
lrr)n  and  the  rate  of  production  Is  960  pieces  per  eight-hour 
working  day.  Owing  to  the  length  of  time  required  to  load 
pieces  Into  this  fixture,  the  speed  and  feed  at  which  the  opera- 
tion  Is  performed   In  less  than  would  ordinarily  be  employed 
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Fig.  21.     Traveling  Jiss  used  in  Connection  with  Multiple-spindle^  Bnllu..^  MacMnes^built   ..   Baush    Mac,, 


Tool    Co.    for   machininB    Automobile 


for  drills  and  reamers  of  these  sizes.  This  loss  is  partially 
offset  by  the  fact  that  more  parts  are  obtained  for  each  grind- 
ing of  the  tools. 

At  the  plant  of  the  Continental  Motors  Co.  there  is  an  ex- 
tremely interesting  equipment  of  multiple-spindle  drilling  ma- 
chines built  by  the  Baush  Machine  Tool  Co.     These  machines 
are  used  for  the  performance  of  drilling  operations  on   the 
engine  cylinder  blocks,  and  to  facilitate  handling  of  the  work 
as  far  as  possible,   an   interesting  arrangement  of  traveling 
jigs  has  been  developed.    Reference  to  Fig.  21  will  show  that 
each  of  these  fixtures  is  carried  on  a  truck  running  on  tracks 
that  pass  along  under  the  heads  of  the  multiple-spindle  drill- 
ing machines.     The  jigs  are  supported   on   trunnions   in  the 
truck  frames,  which  make  it  possible  to  swing  the  work  around 
to  provide  for  the  performance  of  drilling  operations  in  dif- 
ferent planes  on  the  work.    Each  drilling  machine  is  equipped 
with  a  cluster  head  in  which  the  spindles  are  grouped  to  pro- 
vide for  simultaneously  drilling  all  of  the  holes  in  one  face  of 
the  cylinder  block.    After  the  groups  of  small  holes  have  been 
drilled,  the  work  goes  on  under  straight-line  multiple-spindle 
drilling  machines   which   provide   for  drilling  the   valve-stem 
holes,  valve  push-rod  holes,  etc.     The  work  is  then  removed 
from  the  jig  and  the  empty  truck  is  run  onto  a  section  of 
track,  which,  in  turn,  is  supported  on  truck  wheels  so  that 
the  track  may  be  moved  over  into  alignment  with  the  return 
track  rails,  which  will  be  seen  in  the  foreground  of  the  picture. 
As  the  truck  jig  moves  down  this  track  a  new  casting  is  put 
in  place,  after  which  the  jig  is  moved  along  onto  a  second 
transfer  truck  on  which  it  is  moved  over  to  the  rails  which 
will  carry  it  under  the  drilling  machines  for  the  performance 
of  successive  operations.    With  this  arrangement  it  is  possible 
to  employ  a  sufficient  number  of  reserve  jigs,  so  that  work 
may  be  constantly  available  for  the  machines  as  fast  as  they 
complete  operations  on  a  given  cylinder  block.    Consequently 
Idle  time  of  the  machines  and  operators  is  reduced  very  close 
to  the  absolute  minimum. 

Fig.  20  shows  another  application  of  a  Uaush  multiple- 
spindle  drilling  machine  on  cylinder  block  work.  In  this  case 
the  machine  is  employed  in  the  plant  of  the  Lozler  Motor  Co.. 
and  the  arrangement  of  work-holding  fixture  and  jig-plate 
bring  out  two  principles  which   are  of  Interest.     In   the  first 


place  the  base  A,  on  which  the  work  is  supported,  is  mounted 
on  ways  which  enable  it  to  be  slid  out  from  under  the  multiple- 
spindle  drill  head  to  provide  for  the  convenient  removal  of 
drilled  work  and  substitution  of  a  fresh  casting.  The  other 
point  of  interest  in  connection  with  this  job  is  the  use  of  a 
jig-plate  B,  which  is  secured  to  the  work  to  provide  for  main- 
taining a  positive  relation  of  the  drills  to  one  another.  This 
idea  of  employing  a  jig-plate  which  is  secured  to  the  work, 
instead  of  having  the  jig  part  of  a  work-holding  fixture  which 
carries  the  piece  to  be  drilled,  may  be  employed  in  many  cases 
with  very  satisfactory  results. 

The  next  installment  will  take  up  single-purpose  cluster-type 
multiple-spindle  drilling  machines,  station-type  machines,  ap- 
plications of  inverted  drilling  principle  for  deep-hole  work,  ma- 
chining shells  on  drilling  machines,  auxiliary  drilling  heads  and 
speeders,  automatic  and  semi-automatic  drilling  machines,  etc. 
*     »     * 

MEN  REQUIRED  FOR  MECHANICAL  WORK 
ON  AIRPLANES 

In  order  to  further  extend  the  aviation  branch  of  the  U.  S. 
Navy,  Secretary  Daniels  has  authorized  the  enlistment  of  8000 
men  for  mechanical  work  on  airplanes.  These  men  will  not 
be  enlisted  for  pilot's  duties,  but,  coming  into  the  service  as 
mechanics,  will  receive  a  special  and  unusual  training  in  the 
building,  handling,  repairing  and  overhauling  of  aircraft,  and 
will  be  the  ground  personnel  of  the  flying  corps.  The  require- 
ments for  enrollment  will  be  the  same  as  for  the  regular 
service  in  the  U.  S.  Navy,  the  enlistment  being  as  machinist  s 
mate.  The  training  will  last  about  three  months,  and  on  the 
completion  of  the  training  course,  those  who  pass  the  examina- 
tion will  be  rated  as  first-  or  second-class  petty  oflicers,  and 
will  be  eligible  for  promotion  to  the  next  higher  grade  if  they 
show  fitness,  the  promotion  in  the  aviation  field  being  un- 
usually fast.  The  age  limit  for  enlistment  is  from  21  to  3o 
vears  Besides  machinists,  coppersmiths,  blacksmiths,  acety- 
lene welders,  gas-engine  repair  men,  Instrument  makers  and 
electricians  are  wanted.  Machinists  who  have  had  Previous 
experience  in  gasoline  engines  or  In  any  similar  skilled  trade 
will  have  preference.  Applications  should  be  sent  to  the  U.  S. 
Xavv  Recruiting  Bureau,  318  W.  39th  St..  New  York  City. 
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GRINDING    MACHINE    TOOL    PLANE 
SURFACES 

Milling  machine  tables  may  be  finished  at  low  cost  by  grind- 
ing the  top  on  a  surface  grinding  machine  after  the  slide  has 
been  scraped  and  finished.    The  resulting  surface  is  true,  hard 


Fig.   1. 

of  Lock  Knob 

and  smooth,  and  well  fitted  for  long  wear.  Not  only  is  the 
finishing  by  grinding  an  economical  practice,  but  it  gives  a 
pleasing  effect  of  material  advantage  in  selling  the  machine. 
The  grinding  of  plane  surfaces  on  machine  tools  is  being 
developed  still  further,  and  it  would  not  be  at  all  surprising 
to  find  some  enterprising  ma- 
chine tool  builder  who  has  de- 
veloped a  method  of  grinding 
lathe  ways  and  thus  eliminated 
the  slow,  laborious  and  costly 
job  of  fitting  and  scraping.  A 
ground  lathe  bed  should  be  su- 
perior to  a  scraped  bed  both  as 
regards  acouracy  and  durability. 
No  one  questions  the  accuracy 
of  a  ground  surface.  It  is  easy 
to  produce  plane  surfaces  true 
within  limits  of  it  0.00025  in  a 
length  of  18  inches,  and,  in  fact, 
closer  limits  can  be  worked  in 
actual  practice.  Another  advan- 
tage of  great  importance  on  a 
lathe  bed  is  that  the  ground  sur-  ' 

face  is  hard  and  dense,  and  in  first-class  condition  to  resist 
long  wear.  Any  fitter  who  has  tried  to  scrape  a  ground  cast- 
iron  surface  knows  how  hard  and  dense  the  surface  is  when 
ground.  Unfortunately,  lathe  designers  have  not  yet  been  able 
to  design  an  engine  lathe  in  which  the  ways — the  vital  work- 
ing surfaces — are  fully  protected  from 
cast-iron  dust  and  its  abrading  action. 
The  ground  chilled  vee  Is  a  partial  solu- 
tion of  the  problom. 


LOCK   KNOB   DIES 

BY  W.   B.  GREENLEAF  ' 

In  Pig.  1  are  shown  the  four  stages  in  the  process  of  trans- 
forming the  stamping  A  into  the  lock  knob  D,  which  is  in- 
variably taken  to  be  a  drop-forging.  As  the  ball  Is  stamped 
from  %-inch  stock  and  the  out- 
side diameter  is  V2  inch,  the  in- 
side diameter  is,  approximately, 
only  1/4  inch;  consequently  the 
area  of  the  outside  of  the  ball  is 
four  times  as  great  as  the  inside, 
and  as  these  two  sides  are  about 
the  same  in  the  blank  A,  it  is 
necessary  to  compress  one  face 
and  stretch  the  other.  This 
stretching  and  compressing  of 
the  metal  must  be  done  in  the 
second  operation.  If  any  of  It 
is  done  in  the  third,  the  punch, 
which  is  only  %  inch  in  diam- 
eter, will  push  through  the  metal;  if  any  of  it  is  done  In 
the  fourth  operation,  a  fin  will  be  squeezed  out  between  the 
upper  and  lower  dies.  On  the  other  hand,  it  can  easily  be 
done  in  the  second  operation,  because  the  piece  is  flat  and 
can  be  worked  on  both  sides  by  the  punch  and  die;  besides. 
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f.  3.     Die  and  Punch  for  making  Stamping 

it  can  be  enclosed  and  kept  from  flowing  out  of  bounds.  The 
process  of  making  this  knob  was  developed  only  by  spending 
considerable  time  experimenting,  for  a  slight  variation  in  the 
blank  changes  the  result.  For  working  purposes,  the  finished 
ball  is  considered  as  being  divided  Into  flve  sections.  The 
largest  of  these  is  approximately  a  half 
ball  and  handle,  or  shank,  as  shown  at  B, 
Fig.  2;  the  other  four  are  triangular  sec- 
tions, shown  at  B  and  C,  Fig.  1,  each  of 
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which  forms  about  one-eighth  of  the  finished  ball.  At  A,  Fig.  2, 
is  shown  a  section  through  the  ball  at  right  angles  to  the 
section  shown  at  B. 

The  suctess  of  the  whole  process  depends  on  the  results 
obtained  in  the  second  operation,  in  which  the  flat  blank  A, 
Fig.  1,  is  swaged  into  such  a  shape  B  that  it  may  be  trans- 
formed into  a  ball  in  the  following  operations  without  much 
pressure.  In  this  operation,  each  of  the  five  sections  of  the 
ball  is  correctly  formed,  but  the  sections  are  left  spread  out, 
as  shown.  However,  as  the  metal  still  has  a  tendency  to 
back  up  in  the  final  rounding,  in  the  third  operation,  the 
diameter  is  reduced  1/32  inch  to  allow  for  this  and  prevent 
a  fin. 

The  dies  used  are  shown  in  Figs.  3,  4,  5  and  6.  The  blank- 
ing is  done  on  a  gang  follow  die,  shown  in  Fig.  3,  the  two 
pieces  interlocking  to  save  metal;  as  shown_  by  Fig.  7,  there 
is  little  waste.  No  pilots  are  necessary,  as  a  large  variation 
is  allowable  in  the  position  of  the  small  hole.  In  a  follow 
die  of  this  kind,  there  is  likely  to  be  considerable  waste  from 
bad  pieces  at  the  beginning  of  each  strip,  unless  some  sort 
of  positive  stop  is  used  at  the  first,  second  and  third  stages. 
Of  course,  any  of  several  styles  of  temporary  stops  may  be 
used,  but  they  all  have  disadvantages.     In  this  die,  three  auto- 


Knurl  before  and  after  mUling  Belief 
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Fig.  7.     Strip  showing  Waite  left  by  Stamping 


matic  trigger  stops  are  hinged  about  flush  with  the  top  of 
the  stripper;  this  increased  the  first  cost,  but  the  plan  worked 
so  well  that  the  same  scheme  has  been  used  on  several  similar 
dies.  The  operator  is  thus  relieved  of  all  trouble,  and  can 
run  the  strip  against  the  first  stop  and,  after  the  press  is 
tripped,  the  strip  will  go  right  through  without  stopping  to 
the  end,  and  all  the  blanks  possible  will  be  made  from  this 
strip. 

The  punch  in  the  third  operation,  shown  in  Fig.  5,  enters 
a  seat  made  in  the  piece  in  the  second  operation,  which  locates 
it  exactly  and  keeps  it  central  during  the  bending.    The  face 
of  the  die  is  worked  out  to  fit  the  piece,  and  the  opening  has 
a  long  gradual  taper  at  the  mouth  to  make  the  bend  as  easy 
as  possible.     A  posi- 
tive ejecting  pad,  not 
shown,   is   joined   to 
the  punch-holder  by 
a  yoke  and  rods.    In 
the  fourth,  and  final, 
operation,   the    piece 
is     located     by     the 
shank,  and  a  spring 
pin     in     the     punch 
shown     In     Fig.     6 
strikes    the    end    of 
the   shank   first  and 
keeps  the  points  up- 
right   so    that    they 
will  enter  the  upper 
form.    A  and  B,  Fig. 
2.    show    how    effec- 
tive    Is    the     closing.  rig.  a.     r.  C.  U.  Thnid  HllUnc  Maohino  let  up  to  mill  Bollef  in  KnurU 


MILLING  RELIEF  IN  KNURLS 

At  the  Frankford  Arsenal  use  is  made  of  the  type  of  knurl 
shown  at  B  in  Fig.  1.  These  knurls  are  made  of  high-speed 
steel,  and  the  first  operation  consists  of  setting  the  blanks  up 
on  a  gear-cutting  machine  to  provide  for  cutting  the  teeth. 
After  this  operation  has  been  completed,  the  condition  of  the 
work  is  that  shown  at  A  in  Fig.  1.  A  concern  which  had  a 
contract  to  furnish 
the  government 
with  a'  large  num- 
ber of  knurls  of 
this  type  experi- 
enced trouble  in 
milling  the  relief. 
This  matter  was 
mentioned  to  the 
management  of  the 
T.  C.  M.  Mfg.  Co., 
Hunterdon  and 
First  Sts.,  Harri- 
son, N.  J.,  with  the 

Fig- 
result  that  this  firm 

undertook  to  mill  the  relief  on  a  contract  basis.  For  this  pur- 
pose a  T.  C.  M.  thread  milling  machine  was  set  up  as  shown 
in  Fig.  2.  Here  it  will  be  seen  that  the  work  A  is  mounted 
on  an  arbor  in  the  spindle  which  is  driven  by  pulley  B,  power 
being  transmitted  through  a  worm  on  the  pulley  shaft  to  worm- 
wheel  C,  which  is  keyed  to  the  spindle.  It  will  be  seen  that 
milling  cutter  D  is  driven  by  an  independent  belt  on  pulley  E, 
from  which  power  is  transmitted  by  a  silent  chain  drive  to 
sprocket  wheel  F,  keyed  to  the  rear  end  of  the  cutter-spindle. 
In  handling  this  milling  operation,  the  cutter-head  is  set  at 
such  an  angle  to  the  work-spindle  that  the  helical  relief  will 
be  milled  as  the  work  is  fed  past  the  cutter.  In  order  to  ob- 
tain this  result,  provision  is  made  for  setting  the  cutter-spindle 
at  the  required  angle  to  the  work-spindle,  and  also  to  feed  the 
work  past  the  cutter.  This  feed  motion  is  obtained  by  having 
the  work-spindle  designed  to  move  longitudinally  in  its  bear- 
ings as  feed  motion  is  imparted  to  the  spindle  by  worm  G, 
which  runs  in  a  half-nut  carried  in  a  bracket  bolted  to  the 
bed  of  the  machine. 

Attention  is  called  to  the  half-nut  engaging  worm  G  and 
the  head  carrying  the  cutter-spindle,  which  are  arranged  on 
slides,  so  that  the  half-nut  and  cutter  may  be  dropped  out  of 
engagement  with  the  worm  and  work,  respectively.  This  re- 
sult is  obtained  by  having  a  trip  arranged  on  the  work-spindle 
in  such  a  way  that  when  this  spindle  has  been  advanced  to  a 
point  where  the  milling  operation  has  been  completed,  the  trip 
engages  a  dog  carried  on  horizontal  shaft  H.  Engagement  be- 
tween this  trip  and  dog  results  in  turning  shaft  H;  and  this 
shaft  carries  two  cams  which  hold  the  nut  in  contact  with 
worm  O  and  the  cutter-spindle  head  in  its  upper  position. 
Hence,  turning  shaft  H  allows  disengagement  of  the  half-nut 
and  cutter,  respectively.  The  work  is  then  removed  from 
the  machine  and  the  work-spindle  pushed  back  to  the  starting 
point,  after  which  a  hand-lever  is  used  to  swing  shaft  H  back 

so  that  the  cams  car 
ried  by  this  shaft 
will  raise  the  half- 
nut  and  cutter  Into 
their  working  posi- 
tions. After  a  fresh 
piece  of  work  has 
been  set  up,  the  ma- 
chine is  ready  to  be 
started.  Eighteen 
knurls  are  milled  per 
hour,  the  rate  of  pro- 
duction being  kept 
down  by  the  hard- 
ness of  the  steel  and 
by  the  small  size  of 
the  hole,  which  Is 
only  5/16  Inch  In  di- 
ameter.      B.  K.  H. 
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DRILLING  PRACTICE 

Drilling  holes  is  the  most  common  machine  shop  operation, 
and  the  drilling  machine  the  most  common  of  machine  tools. 
Even  a  blacksmith  shop  has  some  sort  of  drilling  machine, 
and  in  hundreds  of  small  shops  the  drilling  machine  is  the 
only  machine  tool  provided.  Drilling  or  boring  a  hole  in 
wood  and  stone  is  essentially  a  primitive  operation  that  was 
practiced  by  the  human  race  before  the  dawn  of  history.  In 
this  age  of  manufacture  the  production  of  holes  runs  into 
millions  dally. 

The  development  of  high-speed  steel  has  made  a  great 
change  in  drilling  practice  as  in  other  metal  working  with 
machine  tools.  High-speed  drilling  machines  have  been 
greatly  improved  as  regards  dynamic  balance,  those  capable 
of  driving  a  1/32-inch  drill  at  a  cutting  speed  of  80  feet  per 
minute  being  dynamically  balanced  and  provided  with  bear- 
ings offering  a  minimum  of  frlctlonal  resistance. 

War  needs  must  be  supplied  quickly,  and  rapid  drilling  of 
motor  parts  Is  necessary  for  the  rapid  production  of  the  great 
number  of  engines  needed  for  motor  trucks  and  airplanes.  The 
multiple-spindle  drilling  machine  Is  a  most  important  factor, 
and  80  highly  are  these  machines  developed  that  all  the  holes 
In  a  crankcaae  numbering  more  than  one  hundred  are  drilled 
In  a  minute,  thus  making  the  drilling  production  on  crank- 
'•ase  work  to  exceed  five  hundred  In  a  nine-hour  day.  This 
r<;markable  result  Is  obtained  on  a  high-grade  machine  tool, 
strictly  Interchangeable  throughout,  the  parts  being  standard- 
ized In  units,  and  the  gears  and  shafts  being  hardened  and 
ground.  The  lime  when  a  drilling  machine  was  a  cheaply 
made  tool  la  past,  especially  for  rapid  production  work.  Only 
the  best  design  and  construction  will  stand  the  strain  of  such 
intensive  work. 

In  drilling  practice  everything  depends  on  llio  drill  iiolnt, 
!ind  more  trouble  Is  due  to  Improper  drill  grinding  than  to 
liny  other  cause,  necauno  of  Its  simple  character,  the  drilling 
iiiiirhlne  Is  commonly  operated  by  men  of  Illllo  or  no  mechanl- 
I  ;il  training,  who  have  but  a  moderate  compn-henalon  of  the 
|irlric|pl«  of  motul  cutllng,  and  If  required  to  keep  their  drills 
Hharp,  they  are  likely  to  produce  some  harrowing  cxuniplcs  of 
drill  grinding.  The  result  Is  broken  drills.  Inaccurate  holes, 
h]i,w  production,  broken  feed  gears  and  many  other  troubles 
that  lire  caused  solely  by  dull  and  Improperly  shaped  points. 


It  is  hardly  possible  to  exaggerate  the  importance  of  correct 
drill  grinding.  It  means  longer  life  for  the  drill  and  the 
machine,  better  work,  less  lubricant  consumptiop  and  greater 
efficiency  all  along  the  line.  Drill  grinding  is  too  important 
a  tool-sharpening  operation  to  be  entrusted  to  the  ordinary  run 
of  operators.  That  practice  is  uneconomic  and  wasteful.  Drills 
should  be  ground  by  experts  and  furnished  to  the  operators 
ready  for  use.  This  is  an  established  fact,  but,  unfortunately, 
one  not  generally  practiced. 

*     *     * 
MACHINERY  FOR   CRIPPLED   SOLDIERS 

Although  machinery  is  designed  for  operation  by  normal 
men  and  not  by  cripples,  and  much  has  been  done  to  simplify 
its  operation,  the  designer  has  always  had  in  mind  operators 
with  both  hands  and  feet.  The  war  is  making  an  enormous 
number  of  cripples  who  must  be  provided  with  ways  and 
means  of  earning  a  living.  A  percentage  of  those  cripples 
who  before  enlisting  were  working  in  machine  shops,  because 
of  their  disability,  will  be  unable  to  continue  their  vocations 
unless  means  are  provided  that  will  enable  them  to  produce 
at  least  an  average  day's  output.  We  suggest  that  machinery 
be  designed  with  simple  auxiliary  control  devices  which  will 
enable  men  who  have  lost  their  hands  to  work  the  levers  by 
their  feet.  Electrical  control  probably  offers  the  best  solution, 
as  push-buttons  that  may  be  worked  by  either  foot  or  by  an 
arm  stump  could  be  readily  adjusted  to  suit  the  convenience 
of  almost  any  cripple  who  is  able  to  move  himself  about.  The 
development  of  electrical  control  along  these  lines  would  be 
a  step  toward  making  machinery  more  efficiently  operated  by 
normal  workmen  generally. 

The  problem  of  designing  machinery  for  the  use  of  cripples 
will  never  be  of  greater  importance  than  now;  and  it  should 
receive  immediate  attention  from  designers,  because  the  num- 
ber of  industrial  cripples  created  each  year  is  great,  and  the 
number  created  by  the  war  will  be  enormous.  Machinery 
should  be  so  designed  that  the  industrial  as  well  as  the  war 
cripples  will  be  able  to  continue  earning  an  honorable  and 
self-respecting  livelihood. 

GAGING  AND  INSPECTION  OF  MUNITIONS 

There  was  considerable  discussion  on  the  subject  of  gaging 
and  inspection  of  munitions  at  the  last  annual  meeting  of  the 
American  Society  of  Mechanical  Engineers,  but  except  for  the 
resolution  which  was  passed  recommending  that  the  Bureau 
of  Standards  be  designated  as  a  central  bureau  for  verifying 
and  certifying  all  gages  used  in  the  carrying  out  of  govern- 
ment contracts  requiring  accurate  measurements,  the  discus- 
sion brought  out  but  few  definite  and  conclusive  ideas.  There 
are  two  general  and  fundamental  principles  which,  if  suitably 
recognized  and  applied,  would  eliminate  much  confusion  and 
most  of  the  criticism  to  which  the  Ordnance  departments  have 
been  subjected  on  account  of  the  methods  they  have  pursued 
and  the  inspectors  they  have  employed.  The  first  of  these 
principles  is  that  as  great  tolerances  as  possible  should  be 
permitted  in  every  case,  the  only  limiting  condition  being  that 
the  parts  should  properly  fill  the  function  for  which  they  are 
designed.  The  widest  permissible  limits  In  dimensions  make 
for  economical  manufacture  and  rapidity  of  production — two 
factors  of  the  highest  Importance  In  the  making  of  war  ma- 
terials. It  Is  the  general  belief  that  the  Ordnance  departments 
demand  too  close  limits,  anil  In  ninny  cases  It  is  well  known 
that  the  drawings  call  for  an  oxcossivo  degree  of  accuracy 
where  It  Is  of  no  practical  Iniporliincc  nnd  only  Increases  the 
expense  of  manufacture. 

When  the  widest  possible  tolcrancos  liuvo  been  allowed,  the 
second  principle — that  of  providing  gages  so  designed  and 
having  themselves  such  limits  of  accuracy  as  to  make  their 
manufacture  a  simple  commercial  jiroposltlon — Is  compara- 
lively  easy  lo  apply.  The  degree  of  accuracy  of  limit  gages, 
for  example,  need  not  bo  as  great  where  largo  limits  are 
allowed  on  the  work  and  where  the  tolerances  are  small.  The 
tolernncos  on  the  gagi's  thomsolves  should  be  a  certain  per- 
centage of  the  tolol  tolerance  In  the  work,  ond,  furthermore, 
the  working  guges  shiiuld  bo  so  designed  that  any  part  that 


January,  1918 


MACHINERY 


397 


is  correct  according  to  the  working  gage  passes  the  inspection 
gages  without  question.  In  other  words,  the  working  gages 
should  allow  slightly  smaller  tolerances  than  the  inspection 
gages. 

These  two  main  principles  having  been  correctly  worked 
out,  all  other  questions  connected  with  the  inspection  of  ma- 
chine parts  become  merely  a  matter  of  detail  and  routine.  Of 
course,  the  inspector  requires  a  certain  amount  of  judgment, 
but  by  the  use  of  proper  gages  the  need  for  the  exercise 
of  this  faculty  may  be  reduced  to  a  minimum.  It  is,  however, 
highly  desirable  that  when  close  limits  are  required  on  work 
that  may  seem  of  little  importance  to  the  mechanic  not  fa- 
miliar with  the  construction  or  purpose  of  the  product,  the 
specifications  should  state  the  reasons  for  requiring  a  highly 
accurate  finish,  as  this  would  help  to  create  a  proper  attitude 
of  mind  toward  the  work  on  the  part  of  all  concerned.  As  an 
example,  it  may  be  mentioned  that  shell  manufacturers 
thought  the  high  finish  required  on  the  inside  of  the  shells  a 
mere  fad,  when,  in  practice,  it  has  been  found  that  rough  shell 
Interiors  may  cause  premature  explosion,  due  to  the  friction 
set  up  in  the  revolving  shell  between  the  bursting  charge  and 
the  walls,  which  may,  with  rough  walls,  create  enough  heat 
to  ignite  the  charge.  The  Russian  shell  specifications  sent  to 
this  country  in  the  early  part  of  the  war  contained  explicit 
directions  and  explanations,  making  it  possible  for  the  manu- 
facturer not  only  to  understand  the  mechanism,  but  also  to 
see  the  reasons  for  many  of  the  peculiar  requirements. 
*     *     * 

COST  PLUS  TEN  PER  CENT 

In  order  to  avoid  paying  exorbitant  prices  for  war  materials 
ordered  by  the  government,  a  policy  was  adopted  almost  im- 
mediately after  the  United  States  entered  the  war  to  pay 
manufacturers  undertaking  contracts  for  the  government  on 
the  basis  of  cost  plus  a  percentage.  The  percentage  differs 
according  to  the  trade  and  conditions,  being  adjusted  in  each 
case  to  what  is  assumed  as  a  fair  profit. 

Theoretically,  this  is  a  very  good  arrangement,  and  was 
entered  into  by  the  government  officials  with  the  best  of  in- 
tentions; but,  unfortunately,  it  has  not  worked  out  as  satis- 
factorily in  practice  as  was  at  first  expected.  As  the  con- 
tractor's profits  are  based  upon  his  costs,  it  is  not  to  his  inter- 
est to  keep  costs  down,  for  in  so  doing  he  also  keeps  his 
profits  down.  It  has  been  observed  by  people  who  have  seen 
this  principle  in  practice  that  it  does  not  work  to  the  ad- 
vantage of  the  government,  and  that  enormous  amounts  are 
wasted,  because  it  is  not  to  anybody's  direct  advantage  to  keep 
costs  down.  It  has  been  stated,  for  instance,  that  workmen 
engaged  in  building  cantonments  took  life  very  easy,  and  the 
contractors  did  not  interfere  for  the  simple  reason  that  their 
profits  rose  with  the  rising  costs  to  the  government.  It  has 
been  rumored  that  similar  conditions  exist  in  other  industries. 
Machinery  ventures  to  suggest  to  the  earnest  men  who  place 
government  contracts  that  it  should  be  practicable  for  them 
to  so  arrange  the  cost-plus-percentage  plan  that  it  would  be 
to  the  interest  of  the  contractor  as  well  as  the  government 
for  him  to  keep  his  costs  down.  Assume,  for  example,  that 
at  the  outset  a  maximum  fair  price  be  determined  as  nearly 
as  possible,  the  contractor  to  be  allowed,  say,  10  per  cent  for 
profit  (or  whatever  percentage  is  deemed  fair) ;  now  stipulate 
that  for  every  5  per  cent  the  contractor  saves  the  government 
on  this  estimated  cost,  he  be  allowed,  say,  2  per  cent  extra 
profits.  On  the  other  hand,  for  every  5  per  cent  that  he 
exceeds  the  stipulated  cost,  he  loses  2  per  cent;  in  other  words. 
If  the  actual  cost  of  a  contract  were  estimated  at,  say,  one 
million  dollars,  the  contractor's  profits  would  be  10  per  cent, 
or  (100,000.  If  the  contractor  could  cut  the  cost  20  per  cent, 
or  to  $800,000,  his  profits  would  be  18  per  cent  of  $800,000, 
or  $144,000.  But  If  his  costs  wont  up  to  $1,100,000,  his  profits 
would  be  cut  to  6  per  cent  of  this  amount,  or  to  $66,000. 

It  is  quite  evident  that  under  such  an  arrangement  It  would 
be  to  the  Interest  of  the  contracting  manufacturer  to  keep  his 
costs  down,  because  the  lower  the  costs  the  greater  his  profits. 
On  the  other  hand,  if  he  could  not  keep  his  costs  within  the 
predetermined  fair  figure.  It  Is  quite  equitable  that  he  should 
share  some  of  the  loss  with  the  government  In  the  form  of 


decreased  profits,  as  the  government  would  have  to  pay  the 
lion's  share  of  the  increased  cost. 

Of  course,  the  foregoing  figures  and  percentages  are  stated 
as  examples  only,  to  illustrate  the  principle,  which,  if  adopted, 
would  doubtless  overcome  the  evil  tendencies  of  the  straight 
cost-plus-percentage  principle.  With  business  men  acting  on 
so  many  of  the  advisory  boards  at  Washington,  we  believe 
that  some  such  arrangement  will  soon  be  adopted  to  meet  the 
criticisms  directed  against  the  straight  cost-plus-percentage 
method  of  letting  contracts. 

The  straight  cost-plus-percentage  plan  gives  an  undue  profit 
to  the  inefficient,  careless  or  unscrupulous  contractor,  while 
it  penalizes  the  efficient,  honest  and  painstaking  concern.  The 
proposed  differential  cost-plus-percentage  plan  would  place  a 
premium  on  ability  and  integrity.  It  would  encourage  con- 
tractors and  manufacturers  to  develop  efficient  organizations, 
to  employ  labor-saving  methods,  and  to  work  under  the  condi- 
tions of  high-pressure  efficiency  that  are  necessary  to  win  the 
war,  and  to  win  it  without  needless  cost  in  men  and  wealth. 
*  *  • 
GAGE   COMMITTEE   OF   A.   S.   M.   E. 

A  committee  was  appointed  at  the  spring  meeting  of  the 
American  Society  of  Mechanical  Engineers  held  in  Cincinnati, 
Ohio,  in  May,  1917,  to  take  up  the  question  of  securing  uni- 
formity in  gages  used  in  the  manufacture  of  all  kinds  of  war 
material  ordered  by  the  government  from  private  manufac- 
turers. This  committee  presented  a  report  at  the  annual  meet- 
ing of  the  society  in  Xew  York,  and  a  public  hearing  was  held 
by  the  committee  on  December  4  at  the  Engineering  Societies' 
Building.  At  the  meeting  a  resolution  was  passed  embodying 
the  principle  that  the  American  Society  of  Mechanical  Engi- 
neers recommends  that  all  master  and  reference  gages  and 
standards  of  measurements  used  in  the  manufacture  of  war 
materials  be  certified  by  the  Bureau  of  Standards,  as  in  this 
way  there  would  be  one  central  bureau  or  place  where  all 
gages  could  be  compared  with  accurate  standards.  It  was 
recommended  that  a  clause  to  this  effect  be  inserted  in  all 
contracts  placed  by  the  Ordnance  Departments,  and  incor- 
porated in  all  specifications  for  work  that  requires  accurate 
gages,  and  that  all  the  gages  used  by  the  various  government 
bureaus  also  be  certified  in  the  same  manner.  It  is  not  the 
intention  to  make  the  Bureau  of  Standards  responsible  for 
the  limits  set,  but  merely  to  have  the  Bureau  certify  that  the 
gages  submitted  are  made  according  to  the  limits  prescribed 
in  the  specifications. 

It  was  evident  that  considerable  interest  and  importance  is 
attached  to  this  method  by  both  the  government  and  manu- 
facturers of  gages  and  war  materials.  The  hearing  was  well 
attended,  there  being  present,  in  addition  to  many  members  of 
the  society,  a  number  of  officers  representing  the  government 
and  the  Ordnance  Department,  members  of  the  British  Minis- 
try of  Munitions  in  the  United  States,  representatives  from 
the  Canadian  Munition  Board,  and  a  number  of  the  leading 
manufacturers  of  gages,  munitions  and  other  war  materials 
in  the  United  States.  An  interesting  point  brought  out  by 
one  of  the  speakers  familiar  with  the  manufacture  of  rifles 
and  ammunition  was  that  the  cost  of  inspecting  small  arms, 
ammunition  and  rifies  was  about  equal  to  the  actual  cost  of 
manufacture.  The  great  importance  of  proper  gages  and  gaging 
methods  was  emphasized,  and  it  was  suggested  that  no  greater 
service  could  be  rendered  at  this  time  than  the  spreading  of 
information  relating  to  proper  gaging  methods,  properly  con- 
structed gages  and  the  principles  generally  involved  in  gaging 
and  inspection. 

•     •     • 

Sheet  lead  may  be  used  for  making  a  small  pattern  in  a 
hurry  when  a  casting  is  wanted  for  experimental  purposes. 
The  lead  can  be  easily  cut  and  formed  by  band  to  any  required 
shape  and  soldered  at  the  Joints  to  hold  the  pieces  together. 
By  the  judicious  use  of  Iron  rods  or  pipe  to  reinforce  and  hold 
the  shape,  long  slender  patterns  can  be  made  In  this  manner 
and  pressed  sheet  tin  pans  and  other  hollow  metalware  may 
be  used  also  to  build  up  a  fairly  complex  form  of  considerable 
size.  The  result  may  not  be  pretty,  but  It  often  serves  the 
purpose  when  time  and  cost  are  Important  considerations. 
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WELDING  TRANSFORMER  TANKS  BY  THE  ELECTRIC   ARC   PROCESS 


METHODS  DEVELOPED  BY  THE  PITTSFIELD  WORKS  OF  THE  GENERAL  ELECTRIC  CO.  IN  THE 
MANUFACTURE  OF  ELECTRIC  TRANSFORMER  TANKS 


BY   ERIK  OBERG  1 


THE  electric  arc-weld- 
ing process,  the  gen- 
eral principles  of 
which  were  outlined  in  an 
article  in  the  December, 
1917,  number  of  Machinebt, 
has  been  developed  and  ap- 
plied to  a  great  extent  in 
the  welding  of  seams  in 
transformer  tanks  at  the 
Pittsfield  Works  of  the 
General  Electric  Co.  The 
method  has  been  found  su- 
perior for  this  work  to  all 
other  methods  used  or  in- 
vestigated by  the  company. 
At  one  time,  many  of  the 
transformer  tanks  were 
riveted;  this  was  more  ex- 
pensive and  less  satisfac- 
tory than  the  welding  on 
account  of  the  fact  that  it 


Fig.   1.     Welding  Equipment,   showing  Part  of   Generator  Set  and   Switchboard 


was  difficult  to  obtain  absolutely  leakproof  tanks  by  the  rivet- 
ing process,  oil  having  a  tendency  to  seep  through  even  the 
most  minute  openings.  In  its  efforts  to  obtain  a  better  method 
than  riveting,  the  company  used  the  oxy-acetylene  method  to 
a  large  extent  for  several  years.  This  method  had  the  advan- 
tage of  producing  satisfactory  oil-tight  welds,  but  was  found 
to  be  quite  costly.  In  an  effort  to  reduce  the  manufacturing 
cost,  electric  arc  welding  was  tried  and  found  to  meet  the  re- 
quirements, producing  a  satisfactory  weld  at  a  decreased  cost; 
hence  practically  all  the  sheet-metal  transformer  tanks  made 
at  the  Pittsfield  Works  are  now  welded  by  the  electric-arc 
method.  In  addition,  the  electric  arc  is  used  on  miscellaneous 
welding  about  the  plant. 

Welds  are  made  in  metal  varying  all  the  way  from  1/16  to 
3/4  inch  in  thickness.  Steel  plate  as  thin  as  1/16  inch  is  lap- 
welded,  and  butt-welds  may  be  made  in  metal  as  thin  as  1/8 
Inch.  Thin  metal  like  this  requires  no  beveling  at  the  edges 
of  the  sheet  preparatory  to  welding.  It  metal  thinner  than 
1/16  inch  is  to  be  welded,  the  arc  process  is  found  unsuitable, 
because  the  arc  will  burn  the  metal.  When  metal  from  1/4 
to  5/8  inch  in  thickness  is  welded,  it  la  beveled  on  one  side, 
and  steel  plate  .3/4  inch  or  more  thick  is  beveled  on  both  sides 
when  seams  are  made. 
When  used  against  the 
transformer  shell  for  a 
bottom.  It  is  beveled  on 
only  one  side.  Transformer 
tanks  from  the  smallest 
size  up  to  those  10  feet  In 
diameter  and  14  feet  high 
(the  latter  belntf  made 
from  5/81nch  boiler  platti 
have  ail  their  longitudinal 
BcamH  welded  In  this  man 
ner,  and  the  sheet-steel  rlni 
at  the  bottom  Is  eIh" 
welded  to  the  tank  by  tli' 
elcctrlnarc.  Cast-iron baml 
at  the  top  of  some  trau 
formers  cannot  be  welfli'i 
to  the  cylindrical  «ti' 
flholl.  but  must  bo  rivot'  i 
or  Joln<!d  by  boltg;  but  tli. 
arc-wcldlng  pronosH  In  uh<v| 
for  welding  around  lh<> 
beads    of    the    rlvetg    or 

ri(.  (.      Wnlrllni  or  8«>in   In  Tranifo 
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bolts  on  the  inside  of  the 
tank  in  order  to  insure 
that  there  will  be  no 
leakage    at    those    points. 

Eauipment  Used  for  Welding 

The  equipment  used  for 
welding  in  the  Pittsfield 
plant  consists  of  a  motor- 
generator  set  which  gen- 
erates 75  volts  direct  cur- 
rent. The  capacity  of  the 
generator  is  150  kilowatts; 
it  is  driven  by  a  225-horse- 
power  induction  motor  sup- 
plied with  60-cycle  alter- 
nating current.  The  direct 
current  from  the  generator 
passes  to  direct-current 
busses  on  which  a  con- 
stant voltage  is  main- 
tained by  a  voltage  regula- 
tor. Attached  to  the  busses  are  twelve  separate  welding  cir- 
cuits, so  that  each  welder  can  work  independently.  On  the 
switchboard  panel,  shown  in  Fig.  1,  twelve  rheostats  are 
mounted  together  with  the  remote-control  switches  in  series 
with  each  welding  circuit,  so  that  the  welder  does  not  need 
to  leave  the  place  where  he  works  in  order  to  control  the 
current.  In  series  with  the  rheostats  is  a  reactance  coil,  the 
object  of  which  is  to  maintain  the  arc  if  drawn  out  too  far, 
and  also  to  reduce  the  rush  of  current  when  striking  the  arc. 
All  this  apparatus  is  mounted  on  or  adjacent  to  the  main 
switchboard  and  the  generator  set. 

On  the  floor  where  the  welding  is  done,  separate  stations 
are  provided,  with  one  panel  for  each  welder.  These  are  placed 
adjacent  to  the  spot  where  the  work  will  be  done.  From  these 
panels  the  welder  adjusts  the  current,  as  indicated  by  the 
ammeter  mounted  on  the  panel.  A  plug  is  provided  which  is 
pulled  out  when  the  operator  is  not  working.  On  the  holder 
for  the  electrode,  a  switch  is  also  provided  which  may  be 
snapped  to  open  or  close  the  circuit. 

Electrodes 

The  electrodes  for  welding  sheet  steel  and  boiler  plate,  used 
in  the  construction  of 
transformer  tanks,  are 
bought  in  the  form  of  wire 
coils  or  rolls,  from  which 
the  electrodes  are  cut  oft 
In  lengths  of  about  18 
inches,  and  straightened. 
Swedish  Iron  wire  Is  used 
for  this  purpose,  when  ob- 
tainable, but  similar  wire, 
known  as  "Toncan  wire," 
Is  also  obtainable  In  the 
United  Slates,  the  Pltts- 
lield  Works  obtaining  tholr 
.supply  from  llio  Wasliburn 
WIro  Co.,  Phllllpsdalo,  H.  I. 
The  wire  comes  In  sizes  ot 
from  1/16  to  3/16  Inch  In 
(llamotcr.  Tlio  cnrbon  elec- 
trodes used  for  certain 
work  am  tapered  In  shape, 
bi'Ing  about  1/8  Inch  In 
illiHiiolur  at  the  small  end, 
and  .'l/S  ln<'h  at  the  large 
end.     The  length  Is  about 
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5  inches,  when  new.  When  used,  the  carbon  electrode  grad- 
ually burns  away,  but,  being  tapered,  it  maintains  practically 
the  same  diameter  at  the  point  as  it  diminishes  in  length. 
The  carbon  elec- 


L     Arc  Weldine  of  Corrugated  Sheet  Steel  for  Small  Transformer  Tanks, 
using  Carbon  Electrode 

to  protect  the  colored  glass  from  the  deposit  of  atomized 
metal  which,  during  welding,  gradually  settles  on  the  glass. 
The  piece  of  plain  glass,  when  useless  on  account  of  these 

metal    deposits 


DATA  FOR  BUTT-WELDING  OF  SHEET  METAL  BY   THE  ELECTRIC  ARC 
(METALLIC  ELECTRODE) 


trodes  are  made 
from  a  composi- 
tion similar  to 
that  from  which 
arc -lamp  car- 
bons are  made. 
Graphite  elec- 
trodes may  also 
be  used,  but 
they  do  not  last 
such  a  long  time 
as  do  the  car- 
bon electrodes. 

Protection  of 
Welders 

The    welders 

wear   a  hood     as         *  Labor   estimated   at   30   cents   per  hour 

shown  in  Fig.  2,  to  protect  their  heads  from  the  rays  from  the 
arc  and  their  eyes  from  the  intense  light,  and  also  gloves  to 
protect  their  hands  from  burns.  The  glass  in  the  welding 
hood  consists  of  three  thicknesses:  one  medium  green  glass. 
one  dark  red  glass,  and  one  plain  white  window  glass.  The 
latter  is  placed  outside  of  the  colored  glass,  the  object  being 
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from  the  arc, 
can  be  replaced 
at  a  low  cost. 
Preparation  for 
Welding' 
Comparatively 
little  prepara- 
tion is  required 
for  the  welding 
of  sheet  metals. 
In  the  case  of 
thin  metals,  the 
pieces  are  mere- 
ly held  together 
by  suitable 
clamps  and  light- 
ly tapped  with  a 
hammer  so  that  they  will  fit  properly.  In  the  case  of  long 
welds,  it  is  necessary  to  separate  the  plates  slightly,  previous 
to  welding,  because  of  the  expansion  that  takes  place  during 
the  welding  operation.  The  usual  method  is  to  separate  the 
plates  1/8  inch  at  the  end  where  the  weld  is  to  begin,  and  to 
increase  the  space  between  the  edges  of  the  plates  at  the  rate 


Tank    with   Six    Soami   that    wars   woldod    by   Electric    Ar 
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Metal    forrod    throuBh   Soam    and    Reinforce- 
t  at  End  of  Seam 
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of  2  per  cent  of  the  length 
It  has  been  found  that,  by 
placing  the  plates  in  this 
position,  they  will  come  to- 
gether as  the  weld  pro- 
ceeds along  the  seam.  As 
already  mentioned,  thin 
work  is  not  beveled  or  pre- 
pared in  any  way,  while 
thick  plates  are  beveled 
on  one  or  on  both  sides. 
In  Fig.  2  is  shown  a 
longitudinal  seam  of  a 
tank  being  welded.  As  in- 
dicated, the  plates  are  held 
apart  by  a  clamp  and 
bolts  at  one  end  of  the 
seam,  while  the  welder 
works  from  the  other  end. 
An  assistant  holds  the 
plates  apart  a  short  dis- 
tance   from    the    weld    with  ^'^'   ''•     ^^"''^   welded   by  Electr 

a  bar  as  shown.  In  Fig.  3  is  illustrated  the  base  of  a  tank 
prepared  for  electric  arc  welding.  A  space  is  left  between  the 
tank  itself  and  its  base,  but  spot-welds  are  provided  along  the 
edge  of  the  shell  for  holding  the  base  and  shell  together  during 
the  arc  welding. 

■Welding-  Operation 

The  welding  operation  is  comparatively  simple,  and  opera- 
tors can  be  taught  to  become  proficient  in  a  comparatively 
short  time.  The  best  welders  are  those  who  have  had  previous 
experience  with  oxy-acetylene  welding.  They  will  learn  to  do 
good  arc  welding  in  about  four  weeks,  but  a  "green"  man  will 
require  from  eight  to  ten  weeks  to  become  proficient.  It  is 
somewhat  easier  to  manipulate  the  carbon  arc  than  the  metal- 
lic arc,  on  account  of  the  fact  that  the  former  is  longer  and 
does  not  break  as  easily  if  the  operator  does  not  hold  his  hand 
steady.  The  arc,  while  welding  by  the  metallic  electrode,  is 
not  more  than  1/8  inch  long,  and  it  requires  considerable 
practice  to  move  the  electrode  steadily  along  the  weld  with- 
out either  touching  the  work  or  bringing  the  electrode  so  far 
away  from  the  work  that  the  arc  is  broken.  The  metallic  arc 
is  used  for  welding  practically  all  the  sheet-metal  work  that 


i.s  butt-welded,  and  most  of 

that    which    is    lap-welded. 

The    carbon    arc    is    used 

only  in  the  case  of  welding 

thin   sheets   of   corrugated 

metal     used     for     smaller 

transformer  tanks.   In  that 

case,   sheets   from   1/16   to 

3/32  inch  in  thickness  are 

fitted     together,     side     by 

side,  so  that  the  edges  of 

both    sheets    face    upward, 

as  shown   in   Fig.   4.     The 

carbon    electrode    is    then 

moved     along     the     joint, 

melting   the   metal    at   the 

edges      and      welding      or 

fusing    together    the    two 

sheets     without     using     a 

welding   rod   or   supplying 

any  additional  metal.    The 
10  Arc,   using  MetaUic  Electrode  ^g^^^^    j^j.    ^gj^g    ^jjg    ^^^_ 

bon  arc  is  that  the  metal  is  melted  much  more  rapidly  in  this 
way  than  by  the  metallic  arc,  but,  for  general  welding,  the 
metallic  arc  is  preferred,  because  it  produces  a  neater  job,  the 
seam  being  much  more  uniform  in  thickness  and  the  metal 
deposited  more  evenly.  Most  of  the  welding  is  done  by  hand, 
but  special  welding  machines  have  been  developed,  in  which 
the  electrode  is  guided  along  the  seam  at  a  rate  of  advance 
that  has  been  determined  to  be  correct  for  each  kind  of  work. 
In  Fig.  7  are  shown  three  examples  of  tank  welding.  In  the 
small  tank  to  the  left,  the  longitudinal  seam,  as  well  as  the 
bottom,  is  arc-welded.  In  the  tank  in  the  middle,  the  longi- 
tudinal seam  is  welded,  and  in  the  tank  to  the  right,  the  longi- 
tudinal seam  and  the  seam  between  the  shell  and  the  base 
have  been  welded.  Fig.  5  shows  an  interesting  example  of  a 
shell  welded  together  from  six  separate  pieces  or  segments. 
Fig.  6  shows  the  upper  end  of  the  inside  of  an  electrically  arc- 
welded  seam  in  a  tank.  This  view  indicates  how  the  metal 
from  the  electrode  is  forced  clear  through  the  seam,  as  indi- 
cated to  the  right,  and  also  shows,  to  the  left,  the  reinforce- 
ment at  the  end  of  the  seam,  where  the  seam  is  also  welded 
from   the   inside.     Fig.   8   indicates  what  can  be   done  in   the. 
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Fig.  10. 


way  of  finishing  welded  tanks  so  that  the  joint  is  practically 
imperceptible.  The  tank  shown  has  welded  seams  at  the  cor- 
ners and  the  surface  of  the 
weld  has  been  ground  off 
to  present  a  smooth  ap- 
pearance, the  weld  being 
reinforced  on  the  inside. 
If  a  tank  made  in  this  man- 
ner were  painted,  it  would 
be  impossible  to  find  any 
joints  whatever  on  the  out- 
side. In  Fig.  9  is  shown  a 
view  of  the  bottom  of  a 
large  tank  where  a  3/4- 
inch  base  is  welded  to  a 
3/8-inch  shell.  The  size  of 
the  tank  is  about  6  by  12 
by  14  feet  high.  The  illus- 
tration shows  clearly  the 
character  of  the  weld. 

Kzamples  of  the  Application 
of  Arc  Welding 
In  addition  to  the  weld- 
ing of  the  longitudinal 
seams  of  the  transformer 
tanks,  the  electric  arc  is 
used  for  a  number  of  other 
welding  operations  in  con- 
nection with  the  manufac- 
ture of  transformers.  The 
tubes  are  welded  into  oil- 
cooled  transformers  by  the 
electric  arc.  The  tubes  are 
bent,  inserted,  expanded, 
and  then  welded.  It  has 
been  found  that  this  process 
Is  far  superior  to  using 
oxy-acetylene  for  welding. 

In     the     past,     out     of     100  ^''-  '^-     T"''"'"  Iransformor  Tank, 

tubes  welded  by  the  oxy-acetylene  process,  about  10  per  cent 
developed  leaks.     When  welded  with  the  arc-welding  process, 


however,  out  of  100  tubes,  only  an  average  of  one  tube  is  found 
to  leak.  Fig.  10  shows  the  tubes  in  one  of  these  tanks  ex- 
panded preparatory  to  elec- 
tric arc  welding.  Fig.  11 
shows  the  tubes  welded  to 
the  transformer  shell,  while 
Fig.  12  shows  the  com- 
pleted tubular  transformer 
tank  in  which  the  base  and 
tubes  are  welded  by  the 
arc-welding  process. 

Bolt  heads  and  rivets 
are  welded  around  the 
heads  in  order  to  insure 
oil-tightness.  Fig.  13  shows 
a  section  of  a  riveted  joint 
indicating  the  probability 
of  leakage  between  the 
rivets  and  the  plates,  were 
it  not  for  the  welding  at 
A,  which  provides  for  an 
oil-tight  joint.  Fig.  14  shows 
the  appearance  of  the  weld 
around  the  rivet  heads. 
Welding  around  the  rivet 
heads  by  means  of  the  oxy- 
acetylene  flame  was  tried, 
but  was  not  found  success- 
ful, because  the  heat  from 
the  flame  when  welding 
successive  rivets  caused 
the  weld  already  made  to 
i-rack. 

Malleable-iron  bosses  are 
welded  to  sheet-steel  tanks 
instead  of  being  fastened 
by  riveting.  In  this  case, 
carbon    electrodes    with    a 

Base,  and  Tubes  welded  by  Electric  Arc  „„p*    «,«*.«!    r ai - i 

soft  metal  feeding  rod  are 
used.  The  cast-iron  heads,  however,  cannot  be  welded  to  the 
sheet-steel  tanks,  mainly  because  of  the  different  expansions 


^^l„A^l\  ,"»"•',  P'»'°    ''"»•<»    torelhcr,    .howinc    Space    between    Rlret. 
ana  Plate,  and  how  Rivet  ia  made  Oll-tlfht  by  welding  Head  to  Plate 


Appearance  of  Weldi  when  Rivet  Heads  have  boon  welded 
to  Plate  by  Electric  Arc  Woldinf 
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in  the  two  metals  when  welding;  hence  the  cast-iron  heads 
are  riveted  to  the  shells  and  the  rivet  heads  welded  as  previ- 
ously explained.  Small  corrugated  tanks  have  the  sheet-steel 
shell  cast  directly  into  the  cast-iron  flange. 

The  work  is  always  the  positive  electrode,  and  the  carbon 
or  metallic  electrode  the  negative  terminal.  The  positive  elec- 
trode may  be  clamped  to  the  work  anywhere. 

Strength  of  Seams 

The  arc-welded  butt-joint,  if  properly  made,  has  been  found 
to  be  quite  as  strong  as  a  lap-welded  single-riveted  joint.  A 
lap-welded  joint  will  be  found  to 
be  stronger  than  a  single-riveted 
lap-joint,  and  as  the  joints  re- 
quired for  the  transformer  tanks 
are  sufiBciently  strong  when  single- 
riveted,  it  follows  that  either  butt- 
welded  or  lap-welded  seams  made 
by  the  electric  arc  are  amply 
strong. 


Data  for  Sheet-metal  Welding- 


Fig.   18. 


The  accompanying  table  gives 
the  thickness  of  metal,  diameter  of  electrode  used,  speed  per 
hour,  current  required,  and  cost  of  power  and  electrode  for 
sheet-metal  welding.  This  table  is  based  on  carefully  made 
records,  and  represents  actual  experience  in  manufacturing 
work.  Power  is  assumed  to  be  available  at  3  cents  per  kilo- 
watt-hour, and  the  electrode  metal  is  assumed  to  cost  5  cents 
per  pound.  The  total  cost  per  hour  includes  labor  cost  at  the 
rate  of  30  cents  per  hour,  but,  at  the  present  time,  with  the 
high  rate  of  wages,  this  is  not  sufficient. 

PhotomlcrographB  of  Arc-welded  Joints 

Figs.  15  to  21,  Inclusive,  show  the  appearance  of  arc-welded 
joints  as  seen  under  the  microscope.  At  the  left  in  Pig.  18 
la  shown  a  diagrammatical  Illustration  of  a  tube  welded  to  a 
flat  plate.    The  photomicrograph  in  Fig.  15  Is  taken  at  A.    The 


figures  1,  2  and  3  in  Fig.  18  correspond  to  the  figures  1,  2 
and  3  in  Fig.  15,  the  area  indicated  by  1  being  the  tubing; 
that  indicated  by  2  being  the  boiler  plate;  and  that  indicated 
by  3  being  the  weld,  which  is  of  Swedish  iron.  The  black 
spot  is  a  cavity  at  point  A  where  the  tube  and  the  plate  did 
not  come  together  perfectly,  there  being  a  minute  flaw  or 
cavity  at  the  edge  of  the  plate.  This  cavity  is  not  in  the  weld 
itself,  and  does  not  indicate  any  defect  in  the  weld.  In  Fig.  16 
is  shown  a  photomicrograph  of  the  same  weld  taken  at  B. 
where  the  figures  1,  2  and  3  indicate  the  tubing,  the  boiler 
plate,  and  the  Swedish  Iron  welding  material,  respectively,  the 
same  as  in  Fig.  15.  The  line  be- 
tween 1  and  2  shows  the  junction 
between  the  tubing  and  the  plate. 
The  homogeneity  of  the  weld  is 
quite  apparent.  Fig.  17  shows  a 
photomicrograph  of  a  weld  be- 
tween a  rivet  head  and  boiler 
plate,  the  welds  themselves  being 
shown  in  Figs.  13  and  14.  The 
line  of  the  weld  runs  vertically 
through  the  center  of  the  photo- 
micrograph between  two  areas 
that  are  slightly  different  in  color.  Fig.  19  shows  the  central 
part  of  the  same  weld  as  illustrated  in  Fig.  16,  but  at  a  higher 
magnification.  Fig.  20  shows  a  photomicrograph  of  the  joint 
at  E  between  plate  C  and  the  welding  material  in  the  case  of 
two  boiler  plates  being  welded  together,  as  shown  to  the  right 
in  Fig.  18.  The  figure  1  is  Swedish  iron  welding  material, 
and  2  is  the  boiler  plate.  Fig.  21  illustrates  the  joint  at  F 
and  is  made  with  a  slightly  higher  magnification.  Here  1  is 
again  the  Swedish  iron  welding  material,  and  2  the  boiler  plate. 

Cutting  Metal  by  the  Arc  or  Oxy-hydrogen  Flame 

The  ends  of  the  shells  for  the  transformer  tanks  must  often 
be  trimmed,  and  this  trimming  or  cutting  of  the  metal  Is 
performed  by  the  oxy-hydrogen  flame  rather  than  by  the  elec- 
tric arc,  on  account  of  the  clean,  smooth  cut  that  the  hydrogen 


Diagrammatical   View  of   Welds   illustrated   by 
Photomicrographs 
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flame  will  produce.  While  tlie  arc  could  be  used  for  tliis  pur- 
pose, it  has  not  been  found  advantageous,  on  account  of  the 
length  of  time  that  would  be  required  in  the  effort  to  obtain 
a  smooth  cut,  and,  furthermore,  the  result  would  not  be  as 
satisfactory  as  that  obtained  by  the  hydrogen  flame;  hence,  in 
the  manufacture  of  transformer  tanks,  it  has  been  found  that 
there  is  a  distinct  field  for  the  electric  arc  and  for  the  gas 
flame.  The  electric  arc  is  used  for  all  welding  operations, 
while  the  gas  flame  is  used  for  the  trimming  or  cutting  opera- 
tions. In  welding,  the  electric-arc  method  has  also  one  other 
great  advantage  over  the  oxy-acetylene  method,  in  that,  when 
using  the  metallic  electrode,  the  position  of  the  seam  or  weld 
is  of  no  importance.  It  may  be  overhead,  vertical  or  horizon- 
tal. The  weld  can  be  properly  made  in  every  case.  The  metal 
from  the  feeding  rod  is  actually  carried  over  with  considerable 
force  by  the  arc,  and  is  driven  against  the  welded  surfaces, 
even  when  the  electrode  is  held  underneath  the  seam  to  be 
welded.  Work  of  this  kind,  of  course,  cannot  be  accomplished 
by  the  oxy-acetylene  flame,  as  in  that  case  the  molten  metal 
from  the  feeding  rod  drops,  by  gravity,  into  the  weld,  and 
hence  the  weld  must  always  be  in  a  horizontal  or  nearly 
horizontal  position. 

The  author  wishes  to  express  his  indebtedness  to  R.  E. 
Wagner,  of  the  General  Electric  Co.,  for  assistance  rendered 
in  obtaining  the  information  on  which  this  article  is  based. 
Mr.  Wagner  is  responsible  for  the  development  of  the  arc- 
welding  process  as  applied  to  the  welding  of  large  transformer 
tanks  at  the  Pittsfield  Works. 

*  *  * 
GRINDING  FACTS  AND  SUGGESTIONS 
Truing  of  grinding  wheels  is  always  accomplished  by  the 
use  of  diamonds,  never  with  so-called  "wheel  dressers."  The 
dressing  is  done  with  wheel  dressers.  Truing  is  not  a  sharp- 
ening operation,  but  just  what  its  name  implies.  Dressing  can 
never  true  a  wheel,  but  it  can  and  does  break  up  the  surface 
of  the  wheel  and  cause  it  to  cut  more  roughly  and  more  rap- 
idly. Only  a  part  of  its  cutting  points  are  true  or  perfectly 
concentric,  and  not  all  are  the  same  radius.  Therefore,  the 
wheel  is  not  true,  although  it  is  a  fact  that  the  wheel  dresser 
can  make  a  wheel  approximately  concentric  by  its  use.  One 
should  never  attempt  to  grind  precision  work  with  a  wheel 
that  is  dressed,  although  some  rough  grinding  is  best  done 
with  wheels  that  are  dressed.  This  is  especially  true  in  the 
case  of  grinding  from  the  rough  stock,  or  forgings,  like  crank- 
shafts of  automobiles. 

There  is  a  popular  notion  that  water  and  lubricant  of  vari- 
ous kinds  is  used  to  keep  work  cool.  It  is  not  at  all  necessary 
that  the  work  should  be  kept  cool  when  grinding,  but  it  is 
necessary  that  it  be  kept  at  a  nearly  uniform  temperature 
during  the  passage  of  the  wheel  over  the  entire  length  of  the 
work  being  ground,  although  no  particular  temperature  need 
be  maintained.  It  may  be  cold  or  it  may  be  very  hot.  The 
work  does  not  have  to  be  of  the  same  temperature  for  different 
passes  over  the  same  piece  of  work;  it  is  only  necessary  that 
with  each  pass  the  temperature  shall  remain  nearly  constant 
from  one  end  to  the  other,  so  that  the  work  may  remain 
straight.  Increasing  the  temperature  from  the  end  to  the 
center  will  cause  the  work  to  spring  and  the  wheel  to  cut  on 
one  Bide  of  the  work  deeper  than  on  the  other  side;  then  when 
the  work  returns  it  will  cut  on  the  opposite  side;  and  at  the 
next  pass  It  will  cut  at  right  angles,  and  so  on,  as  long  as 
Krtnding  continues  with  Insufficient  lubricant  or  with  a  wheel 
too  hard  for  the  work,  or  both.  Any  liquid  can  be  used,  but 
clear  water  will  rust  both  the  machine  and  the  work.  Car- 
bonate of  soda  added  in  sufficient  quantity  will  prevent  rust- 
ing, and  many  use  this  mixture.  A  better  mixture  is  one  con- 
taining oil.  There  are  compounds  made  for  grinding  machines 
that  are  rich  In  oil,  and  those  are  no  doubt  better  than  water 
and  soda.  The  life  of  the  grinding  wheel  and  the  production 
are  both  Increased  by  Increasing  the  lubricating  feature  of 
the  liquid. 

There  Is  a  popular  belief  that  oil  will  prevent  grlndlnp; 
wheels  from  cutting.  This  belief  Is  so  strongly  fixed  In  the 
minds  of  some  that  when  they  discover  there  la  oil  In  the 
lubricant  furnished  with  their  machine  they  report  that  the 


compound  causes  the  wheel  to  glaze  and  prevents  cutting. 
Such  persons  should  know  that  the  best  cutting  wheels  are 
used  with  compound,  and  that  many  thousand  machines  are 
producing  the  best  quality  and  a  phenomenal  amount  of  work 
by  the  use  of  compound,  and  that  the  wheel  maintains  its 
shape  and  sharp  cut  as  by  no  other  known  method.  The  lubri- 
cant should  never  be  allowed  to  become  thick.  Keep  it  mixed 
as  directed  by  the  maker.  Never  assume  to  know  better  than 
the  maker  about  mixing  the  lubricant.  If  the  lubricant  is  too 
thick,  the  work  will  not  grind  true.  If  it  is  too  thin,  the  ma- 
chine and  work  will  rust. 

Wheels  give  service  according  to  the  conditions  surrounding 
their  use.  A  series  of  experiments  was  made  with  a  view  to 
using  a  wheel  under  ideal  conditions.  These  experiments 
showed  that  when  the  conditions  were  ideal  the  wheel  would 
give  a  service  of  20  cubic  inches  of  steel  removed  for  1  cubic 
inch  of  wear  from  the  wheel.  With  careless  or  ignorant  use, 
not  more  than  2  cubic  inches  of  steel  may  be  removed  to 
1  cubic  inch  of  wheel  wear.  In  everyday  practice  in  some 
places  the  wheel  removes  3  cubic  inches  of  steel  to  1  cubic 
inch  of  wheel  wear.  In  the  grinding  of  very  large  chilled  iron 
rolls,  16  cubic  inches  of  chilled  iron  to  1  cubic  inch  of  wheel 
wear  is  obtained.  In  some  places  where  steel  work  is  ground, 
10  cubic  inches  of  steel  is  removed  to  1  cubic  inch  of  wheel 
wear. 

The  causes  of  wheel  waste  are:  wheel  not  in  balance;  wheel 
too  soft  for  the  work;  work  speed  too  fast  for  the  wheel 
grade;  insufficient  steady  rest  support;  wheel-spindle  too  loose 
in  the  bearing;  very  careless  hand  feeding,  i.  e.,  feeding  too 
much  at  one  time  and  too  little  at  another;  any  vibration  of 
the  machine  or  work.  To  increase  the  wheel  service,  use  the 
automatic  cross-feed  at  all  times.  Sharp  corners  of  wheels 
may  be  preserved  and  yet  the  work  may  be  produced  rapidly 
by  using  the  automatic  cross-feed.  When  the  same  amount 
of  work  is  done  with  hand  feed  the  corners  of  the  same  wheel 
will  probably  be  destroyed. 

Support  the  work  rigidly  with  plenty  of  solid  non-yielding 
steadyrests  (no  spring). 
See  that  the  wheel  is  well  balanced. 

See  that  there  are  no  heavy  lacings  or  knots  in  the  belt 
that  drives  the  work  and  the  wheel. 
Look  after  all  things  that  cause  vibration. — Grits  and  Grinds 
•  •  • 
WEAR  IN  LARGE  GUNS 
In  an  article  in  Arms  and  Explosives,  the  subject  of  wear 
in  large  guns,  which  has  a  most  important  influence  on  the 
cost  of  the  war,  is  dealt  with.  The  increased  cost  due  to 
wear  depends  on  two  factors:  first,  the  expense  of  making  re- 
pairs, and,  second,  the  increase  in  the  amount  of  ammunition 
expended  to  attain  a  definite  object  on  account  of  the  inac- 
curacy of  firing  due  to  the  wear  of  the  gun.  The  author, 
Major  Tulloch,  of  the  British  Army,  says,  "If  a  few  thou- 
sandths of  an  inch  of  steel  at  the  beginning  of  the  rifling  of 
guns  could  be  prevented  from  wearing  away  in  so  short  a 
time  as  at  present,  the  reduction  in  the  cost  of  the  war,  so  tar 
as  guns,  ammunition,  transport,  etc.,  are  concerned,  would  be 
almost  incalculable."  The  damage  to  the  bore  near  the  breech 
is  known  as  "corrosion,"  while  that  near  the  muzzle  is  termed 
by  the  author  "erosion,"  as  it  is  due  purely  to  mechanical 
causes.  Corrosion  in  big  guns  is  caused  by  high  temperatures, 
(liemical  and  physical  qualities  of  the  powder,  weight  of  charge 
and  rapidity  of  firing,  escape  of  gas  past  projectile,  and  com- 
position and  physical  properties  of  steel  used  for  the  inner 
tubes  of  the  gun.  It  is  pointed  out  that  the  methods  of  making 
the  inner  tubes  and  their  heat-treatment  are  still  capable  of 
much  improvement.  As  an  Indication  of  the  erosion  that 
takes  place  when  a  projectile  is  fired,  it  is  mentioned  that, 
by  electrolytic  methods,  in  one  case  over  fifteen  pounds  of 
copper  was  removed  from  the  bore  of  an  eight-inch  gun  that 
had  fired  slightly  over  one  hundred  rounds,  this  copper  having 
been  torn  from  the  copper  bands  on  tlie  projectiles. 
•  •  * 
Because  of  gasoline  restrictions,  bicycles  are  again  becom- 
ing popular  In  England,  replacing  automobiles  and  motor- 
cycles. 
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SPUR   GEARING   PRODUCED    BY    THE    RO- 
TARY  CUTTER   PROCESS' 

The  present  highly  developed  state  of  the  gear-cutting  art  is 
not  an  over-night  growth.  What  we  know  as  an  accurate  gear 
today  is  not  the  result  of  the  automobile,  the  trolley  car,  or 
any  other  particular  demand.  It  is  the  product  of  a  slow, 
steady  growth  until  practically  every  class  of  machinery  re- 
quires cut  gears,  whereas  years  ago  the  cast-tooth  gear  was 
the  rule  and  the  cut-tooth  gear  the  exception.  But  in  those 
days,  when  lathes,  shapers  and  planers  had  cast-tooth  gears 
throughout,  the  gears  were  made  with  greater  nicety  than  the 
rough  cast  gears  seen  today  in  so-called  "rough  mill  work." 
Even  the  change-gears  on  screw-cutting  lathes  had  east  teeth, 
and  they  ran  much  better  than  some  of  the  rough-cut  work 
obtained  nowadays  from  concerns  that  know  very  little  about 
cutting  an  accurate  gear  and  employ  incompetent  workmen. 
It  does  not  matter  by  what  process  a  gear  is  cut;  if  the  arbor 
runs  out,  or  the  gear  is  otherwise  not  properly  mounted,  bad 
work  is  the  result  and  the  gear  will  be  noisy. 

In  1867,  exactly  fifty  years  ago,  the  writer  entered  the  ma- 
chine and  gear  industry,  by  being  bound  to  serve  six  and  one- 
half  years  as  an  apprentice  in  the  building  of  gear-cutting  en- 
gines, as  they  were  called  at  that  time.  His  master,  Ezra 
Gould,  was  a  master  of  the  now  lost  art  of  working  with  a 
hammer  and  chisel,  shoulder  and  hand  tools,  also  with  hand 
chasers  for  cutting  threads.  Few  of  the  lathes  had  lead-screws 
in  those  days.  Mr.  Gould  designed  a  gear-cutting  engine,  about 
1848,  that  used  a  disk  cutter  and  had  the  dividing  worm-wheel 
made  in  two  parts,  so  that  it  could  be  corrected.  The  machine 
was  fed  and  indexed  by  hand.  In  1852,  at  the  Crystal  Palace 
Fair,  New  York  City,  he  received  a  silver  medal  for  this 
machine. 

The  writer's  first  experience  in  cutting  gears  was  on  a  ma- 
chine of  this  type,  and  at  that  time  there  were  very  few  gear- 
cutting  engines  in  his  state  and  none  at  all  west  of  Pennsyl- 
vania, so  far  as  he  knows,  because  the  demand  for  cut  gears 
was  very  small.  Most  gears  coarser  than  ten  or  twelve  diame- 
tral pitch  were  generally  made  with  cast  teeth,  and  many 
wooden,  iron  and  brass  patterns  were  cut.  Coarse-pitch  gears 
with  cut  teeth  were  only  made  on  special  order  for  what  was 
considered  very  nice,  accurate  work. 

The  cutters'  were  not  the  form  cutters  of  today,  which  can 
be  purchased  right  out  of  stock  and  sharpened  without  trouble. 
They  were  all  homemade,  of  the  fine-tooth  type,  nearly  like  a 
circular  file,  and  had  practically  no  chip  room.  A  cutter,  say, 
of  six  diametral  pitch  and  three  inches  in  diameter  would 
nowadays  have  about  twelve  cutting  teeth;  in  those  days  it 
had  about  forty-eight  teeth,  on  the  supposition  that  the  more 
teeth  it  had  the  faster  it  would  cut.  However,  when  the 
cutter  became  so  dull  that  it  would  not  cut  but  would  practi- 
cally push  the  metal  out  of  the  back  of  the  wheel,  nearly  ruin- 
ing it,  the  operator  would  stop,  anneal  the  cutter,  remill  the 
cutting  teeth,  and  harden  the  cutter  again.  Sometimes  he  was 
fortunate  enough  to  maintain  the  previous  tooth  form,  but 
generally  each  cutting  produced  a  new  form.  In  fact,  to  show 
how  far  we  have  advanced  from  those  early  days,  where  we 
nowadays  have  eight  cutters  in  each  pitch  and  special  cutters 
for  more  refined  work.  In  those  days  we  had  only  two  cutters. 
One  was  marked  with  the  letter  L  and  the  other  with  the 
letter  S.  The  L  stood  for  large  gears  and  the  S  for  small 
gears.  When  the  gears  were  medium  sized,  the  operator  could 
decide  which  cutter  to  take.  The  writer  remembers,  when  a 
boy,  turning  up  about  a  dozen  of  these  cutters  In  the  lathe 
and  milling  the  teeth  on  them  for  a  rtustomcr  who  had  pur- 
chased a  gear-cutting  machine,  yet  when  It  was  time  to  mark 
these  cutters.  Just  before  hardening  them,  he  could  not  tell 
which  cutters  should  have  the  L  and  which  the  S.  The  gages 
used  for  obtaining  the  tooth  form  were  made  from  actual  gears 
that  showed  up  especially  good  In  practice.  Some  of  those 
gears  ran  smoother  and  with  less  noise  than  gears  cut  with 
cutters  made  from  temiiW^tK  laid  out  with  the  theoretical  In- 
volute curve,  bocBUHC  such  cjirly  Ki'ftrs  liad  ifcth  with  practi- 
cally modified  tooth  form,  whereas  the  geur-tooth  doBlgncr  or 
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draftsman  usually  laid  out  a  gear  tooth  without  any  modifica- 
tion whatever. 

You  can  imagine  the  writer's  interest  in  the  cutters  that 
were  being  introduced  by  Brown  &  Sharpe,  wliich  could  be 
sharpened  witliout  changing  their  form.  These  cutters  im- 
pressed him  as  being  good,  but  his  efforts  to  introduce  them 
in  the  shop  were  vigorously  opposed  by  his  superiors.  A 
demonstration,  however,  caused  the  new  cutters  to  be  adopted. 
Then  new  troubles  arose.  The  cutters  had  more  chip  room 
and  fewer  teeth,  and  therefore  took  a  heavier  chip.  This  gave 
the  operator  quite  a  jerk  when  he  was  operating  the  hand- 
lever  feed  with  which  many  of  the  machines  were  then  pro- 
vided. The  cutting  edges  were  so  far  apart  that  each  time 
the  cutter  touched  the  work  it  gave  the  operator  a  regular 
hammer  blow.  It  was  hard  on  the  cutters  also.  It  was  only 
a  few  steps  from  this  improvement  to  making  the  machine 
entirely  automatic,  which  was  a  little  before  1883. 

After  the  first  machine  proved  a  success,  the  firm  soon  had 
several  machines  running  night  and  day  because  the  demand 
for  cut  gears  was  continually  growing.  Electric  trolley  cars 
were  becoming  commercially  successful,  and  cut  gears  were 
just  as  important  as  the  motors.  Each  car  had  a  four-gear 
reduction:  a  rawhide  pinion  on  the  motor  driving  a  large 
gear  and  a  steel  pinion  on  the  intermediate  shaft  driving  a 
large  gear  on  the  axle.  The  wear  and  tear  were  great,  for 
the  gears  and  motor  were  not  encased,  so  that  dirt  and  grit 
destroyed  the  gear  teeth  rapidly.  The  cost  of  the  gears,  there- 
fore, became  the  important  factor.  Even  though  one  man 
could  attend  to  from  five  to  eight  automatic  machines,  the 
production  was  not  enough  to  reduce  the  cost  to  the  low  point 
demanded. 

It  seemed  to  the  writer  that  one  disk  cutter  per  machine 
was  not  enough,  so,  about  1892,  he  made  a  triplex,  automatic 
gear-cutting  machine,  having  three  separate  cutter-spindles. 
These  cutters  were  arranged  in  tandem,  one  behind  the  other, 
so  that  stock  cutters  could  be  used.  Three  gear  blanks  were 
mounted  on  the  work-arbor,  with  spacing  collars  between. 
Thus  the  cutter  carriage  traveled  only  the  width  of  the  face 
of  one  gear  to  cut  the  three  gears.  This  was  very  fast,  but 
was  not  the  maximum  production  desired,  so  the  radial  duplex 
cutter,  using  two  or  more  cutters  on  the  same  spindle  at  one 
time,  and  thus  cutting  more  than  one  tooth  at  one  time,  was 
devised.  By  putting  three  of  these  gang  cutters  on  each  of 
the  three  spindles  of  the  triplex  gear-cutting  machine,  it  was 
possible  to  finish  nine  teeth  at  one  passage  of  the  cutter 
carriage.  The  machine  was  good  in  every  respect,  but  was  too 
light  for  the  heavy  duty  demanded  of  it. 

The  cast-iron  motor  gears  in  general  use  in  those  days, 
which  had  sixty-seven  teeth  and  were  three  diametral  pitch, 
were  falling  behind  the  pinions;  so  it  was  decided  to  rough 
out  all  the  teeth  of  the  gear  at  once.  Therefore  a  machine 
was  made  that  had  a  cutter  for  each  tooth,  or  sixty-seven  cut- 
ters, all  acting  at  once.  The  cutters  were  made  of  %-inch 
square  steel  and  were  ground  to  14^4  degrees.  The  gear  blank 
was  moved  up  and  down  by  a  powerful  crank  motion,  while 
the  cutters  were  fed  toward  the  center,  simultaneously,  by 
means  of  a  circular  rack.  The  tools  released  themselves  on 
the  return  stroke.  The  machine  worked  well  and  would  stock 
out  the  sixty-seven  teeth  in  about  sixteen  to  eighteen  minutes. 
The  gear  was  then  placed  In  the  triplex  gear-cutting  machine 
and  finished,  using  a  gang  of  three  cutters  and  feeding  about 
six  Inches  per  minute. 

It  might  be  of  Interest  also  to  mention  that  the  writer  de- 
signed and  built  at  that  time  a  vertical  boring  machine  to 
turn  the  diameter,  face  off  both  sides  of  the  rim,  turn  the 
diameter  of  both  the  hubs,  and  bore,  rougli-roum  and  finish- 
roam  these  motor  gears  in  one  opiTation  or  sotting  The 
horlng-bars  were  driven  Indopondently,  thus  maintaining  the 
best  cutting  speeds  and  permitting  nearly  all  operations  to 
tako  place  simultaneously.  The  complete  time  was  about 
olghtcon  minutes  per  gear.  In  fact,  the  work  was  going  very 
nli'oly  when  the  order  cnino  to  make  all  the  gears  of  steel. 
New  troubles  iiroHc,  because  the  entire  eciulpiiieiit  was  alto- 
gether too  light  to  niukn  steel  gears  on  a  manufacturing  basis. 
This  brings  us  to  the  present-day  practice,  with  high-speed 
stool  cullers,  blgh-duty  machines  and  high  wages. 
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Through  all  these  fifty  years  the  disk  cutter  has  held  its 
own.  It  has  a  range  from  as  fine  as  sixty-four  diametral  pitch 
up  to  six  inches  circular  pitch.  The  work  can  be  forced  or 
it  can  be  done  carefully  to  produce  accurate  work;  the  disk 
cutter  can  also  be  depended  upon  where  low  cost  and  a  fair 
degree  of  accuracy  are  required.  As  to  the  form  of  tooth 
now  used — the  modified  involute — it  must  be  borne  in  mind 
that  it  was  easy  to  change  the  previous  forms,  after  practice 
had  indicated  what  was  wanted.  In  other  words,  where  the 
form  needed  modification,  the  disk  cutter  readily  lent  itself 
to  such  changes,  because  it  could  be  seen  in  advance  just  what 
form  would  be  produced.  In  December,  1908,  the  American 
Society  of  Mechanical  Engineers  appointed  a  committee  to 
investigate  and  report  upon  the  subject  of  interchangeable  in- 
volute gearing  and  to  make  recommendations.  A  report,  made 
by  a  majority  of  the  members,  in  1913,  touched  upon  some  of 
the  technical  points  relative  to  the  addendum,  also  to  the  pres- 
sure angles  in  use.  It  also  stated  that  the  gears  cut  by  the 
Brown  &  Sharpe  Mfg.  Co.  with  disk  cutters  ran  more  quietly 
than  those  cut  by  any  other  method.  Still  each  method  was 
evolved  by  necessity  and  has  its  individual  field.  No  one 
method  has  driven  the  others  out  of  the  field  as  yet,  because 
no  one  method  covers  the  entire  range  of  requirements. 


WORKMEN'S  COMPENSATION  IN  MUNITION 
PLANTS 

BY  CHBSLA  C.  SHERLOCK  ' 

The  effect  of  the  war  upon  the  workmen's  compensation 
acts  in  this  country  cannot  be  ascertained  at  this  time.  We 
may,  however,  surmise  the  general  attitude  the  courts  and 
commissions  will  take  where  injuries  are  received  through 
conditions  due  to  the  war  by  examining  the  decisions  handed 
down  by  the  English  courts.  One  decision  that  is  particularly 
interesting  is  the  case  where  an  engineer  was  engaged  in  his 
usual  occupation  in  an  English  town  on  the  east  coast  of  that 
country.  German  warships  appeared  in  the  harbor  and  com- 
menced to  shell  the  town,  and  the  claimant  sought  refuge 
under  a  truck  where  he  remained  for  some  time.  It  then 
occurred  to  him  that  the  injector  should  be  opened  or  the 
steam  pipes  on  the  engine  would  be  burned,  so  he  went  to 
perform  this  service  and  while  returning  to  his  place  of 
refuge  was  struck  by  a  fragment  of  a  shell  which  smashed 
his  left  arm.  Lord  Cozens-Hardy,  perhaps  the  foremost  com- 
pensation authority  in  the  British  Isles,  handed  down  the 
decision  of  the  court.  His  Lordship  held  that  no  compensa- 
tion was  allowable  for  the  reason  that  the  claimant  was 
subjected  to  no  greater  risk  than  others  in  the  vicinity; 
that  the  hazard  was  common  to  all  and  for  that  reason  the 
injury  did  not  arise  out  of  and  in  the  course  of  the  employ- 
ment. 

There  are  other  cases  of  general  interest  that  have  been 
decided  since  the  war  broke  out,  but  our  chief  attention  is 
directed  to  those  accidents  that  have  occurred  in  munition 
works.  The  English  courts  put  a  great  deal  of  stress  upon 
the  subject  of  notice.  If  the  employer  is  not  promptly  noti- 
fied of  an  injury  by  the  injured  employe  or  someone  on  his 
behalf,  it  is  customary  to  absolve  the  employer  from  all 
liability  under  tlie  law  for  the  payment  of  compensation. 
That  rule  is  not  usually  followed  in  this  country.  In  one 
English  case  a  young  woman  received  an  injury  to  her  left  eye 
while  working  in  a  munition  plant.  The  evidence  was  such 
as  to  justify  a  finding  that  she  received  her  injury  "by  acci- 
dent arising  out  of  and  in  the  course  of"  her  employment. 
Upon  appeal,  the  court  set  aside  the  award  upon  a  technical 
question  of  notice. 

In  another  case  a  workman  was  injured  prior  to  the  declar 
atlon  of  war  and  received  compensation  to  the  amount  of 
one-half  his  weekly  wages.  When  war  broke  out  his  employ- 
ers posted  a  notice  that  they  would  pay  their  employes,  who 
volunteorod  or  were  sent  to  the  front,  full  wages  after  de- 
durtlnK  wliat  they  received  from  the  government.  The  work- 
man continued  to  draw  hia  lialf-pay  until  the  following  year 
^hen   he  recovered   his   normal   physical   strength   and  com- 
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menced  to  draw  full  pay.  A  short  time  later  he  enlisted  in 
the  army  and  being  killed  his  widow  brought  action  for  com- 
pensation. The  court  found  that  the  workman  came  within 
the  terms  of  the  offer  posted  by  his  employers  and  that  as 
he  was  drawing  full  pay  at  the  time  he  enlisted,  he  was  en- 
titled to  receive  the  benefits  of  the  compensation  offered  by 
the  employers  according  to  the  restrictions  before  mentioned. 
The  question  has  frequently  arisen  in  England  as  to  whether 
or  not  compensation  should  be  cut  off,  where  paid  for  physical 
incapacity,  when  the  so-called  injured  man  has  been  accepted 
in  the  army.  Justice  would  seem  to  indicate  that  such  a 
rule   should   obtain   and   indeed   the   courts   have   so   decided. 

Where  compensation  is  based  upon  the  difference  between 
the  wages  that  the  workman  earned  at  the  time  of  injury  and 
those  that  he  is  able  to  earn  after  injury  in  the  same  em- 
ployment, the  question  has  come  up  that  if  he  enlists  in  the 
army  he  is  not  earning  wages  in  the  sense  intended  by  the 
act  and,  in  fact,  is  not  employed  in  an  industrial  employment 
at  all.  The  point  was  also  brought  out  that  the  employer  has 
no  means  of  ascertaining  the  amount  of  compensation  due 
and  for  that  reason  no  compensation  is  payable.  This  case 
came  up  and  the  arbitrator  held  that  the  employer  was  relieved 
from  liability,  but  the  court  on  appeal  reversed  the  decision, 
stating  that  the  estimate  could  be  made  upon  the  soldier's 
present  physical  condition  and  what  he  was  able  to  earn  in 
such  condition  if  employed  in  an   industrial   occupation. 

The  tendency  in  compensation  practice  in  England  seems 
to  be  to  preserve  the  compensation  rights  of  workmen  in 
every  case  where  it  is  possible.  In  fact,  the  integrity  of  the 
compensation  service  demands  that  it  should  be  preserved 
as  nearly  as  consistent  with  the  ends  of  justice  against  the 
inroads  of  war.  If  compensation  is  to  survive  these  times 
of  trial  and  suffering,  much  depends  upon  the  attitude  that 
the  employers  of  this  country  take  toward  it.  The  mere  fact 
that  a  man  is  called  to  the  colors  should  not  encourage  em- 
ployers to  take  advantage  of  his  absence  and  seek  to  relieve 
themselves  of  the  payment  of  the  compensation  due  to  his 
dependents  or  representatives.  The  English  courts  have,  as 
a  rule,  blazed  a  wide,  liberal  path  for  our  courts  and  commis- 
sions to  follow,  and  it  is  hoped  that  American  employers  will 
be  as  open-minded  as  English  employers. 


AN  AFTER-THE-WAR  MACHINERY  PROBLEM 
The  demand  for  scrap  metal  for  use  in  the  production  of 
munitions  has  brought  out  of  various  branches  of  industry 
considerable  machinery  that  up  to  the  beginning  of  the  war 
had  been  used,  but  has  now  become  obsolete.  The  high  prices 
of  scrap  metal  of  all  kinds  have  been  a  strong  inducement  to 
owners  to  sell  everything  that  can  be  spared  and  then  arrange 
to  re-equip  their  works  as  soon  as  possible.  There  are  two 
main  causes  of  this  clearing-out  process:  most  of  the  in- 
dustries that  were  diverted  to  war  purposes  found  a  propor- 
tion of  the  machinery  unsuitable;  if  it  were  old  or  badly  worn, 
it  could  not  profitably  be  installed  again,  and  so  was  put  on 
the  scrap  heap.  Capital  has  been  gradually  withdrawn  from 
the  industries  seriously  affected  by  war  conditions,  and  new 
industries  have  been  fostered.  In  Great  Britain,  vehicle  and 
furniture  factories,  builders'  plants,  etc.,  have  been  almost 
idle  so  long  that  some  of  the  unused  machinery  is  worth  only 
the  weight  of  the  metal.  Then,  too,  considerable  metal  has 
been  obtained  from  farms  where  the  motor  tractor  has  thrown 
into  disuse  old  types  of  plows  and  otlier  implements. 

Not  the  least  of  the  difficulties  of  industrial  reconstruction 
on  a  normal  basis  after  the  war  will  be  the  problem  of  un- 
suitable machinery,  no  inconsiderable  proportion  of  which  will 
probably  find  its  way  to  dealers  in  scrap  metals.  Manufac- 
turers of  machinery  will  require  lime  to  construct  new  equip- 
ments, in  whole  or  in  part,  and  therefore  to  owners  of  plants 
now  devoted  exclusively  to  war  work  the  question  of  readi- 
ness to  take  up  old  or  new  lines  of  production  immediately 
on  the  cessation  of  hostilities  is  an  urgent  one.  At  best,  the 
adaptation  of  present  plants  to  old  or  new  uses  will,  it  is 
thought,  be  a  slow  process,  and  for  some  time  alert  manufac- 
turing firms  have  been  thinking  and  acting  ahead. — United 
States  Commerce  Reports 
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PRINCIPLES  GOVERNING  PIN  MEASUREMENT  AND   DERIVATION   OF  FORMULAS  USED 

BY  REGINALD  TRADTSCHOLD  ' 


SPUR  gearing  enters  into  the  operation  of  many  intricate 
and  accurate  mechanisms,  and,  quite  obviously,  the  effi- 
ciency of  such  transmission  and  its  satisfactory  operation 
must  largely  depend  upon  the  accuracy  with  which  the  gears 
and  their  teeth  are  finished.  Yet  when  it  comes  to  checking 
up  spur  gears,  the  unusual  condition  is  encountered  of  having 
nothing  definite  from  which  to  measure.  Gears  are  propor- 
tioned from  what  may  be  termed  an  imaginary  line  or  circum- 
ference— the  pitch  circle.  The  teeth  may  have  long  or  short 
addenda,  the  pressure  angle  may  vary,  etc.  Of  course,  the 
pressure  angle  is  now  pretty  well  standardized,  but  this  does 
not  materially  affect  the  problem,  for  measuring  the  diameter 
of  gears  from  the  top  of  the  teeth  or  from  the  base  of  the  tooth 
spaces  cannot  establish  their  accuracy  on  the  pitch  circumfer- 
ence. The  latter  is  governed  by  one  dimension — the  pitch 
diameter — which  must  not  vary  and  which  must  be  accurately 
established  for  satisfactory  operation  and  exact  ratios. 

In  order  to  ascertain  accurately  the  measurement  of  this 
elusive  dimension,  pin  measurement  of  spur  gears  has  been 
developed.  This  system  consists  simply  in  measuring  the 
distance  between 
suitably  proper- 
tioned  pairs  of 
pins  that  bear  on 
the  profile  pitch 
lines  of  pairs  of 
adjacent  teeth.  In 
gears  with  an 
even  number  of 
teeth, the  pins  are 
inserted  between 
pairs  of  diametri- 
cally opposite 
tooth  spaces ;  in 
gears  with  an  odd 
number  of  teeth 
in  which  a  tooth 
is  diametrically  op- 
posite a  tooth 
space,  the  second 
pin  has  to  be 
placed  In  a  tooth 


Tig.    1.     Methods 


plane  of  the  tooth  space  and  the  point  where  planes  tangent 
to  the  tooth  profiles  on  the  pitch  circle  intersect  is  equal  to 
half  the  chordal  width  of  the  tooth  space  multiplied  by  the 
cotangent  of  the  pressure  angle.  This  establishes  the  location 
of  point  Z,  Fig.  2.  The  distance  H^  between  the  point  Z  and 
the  center  of  the  pin  is  equal  to  the  distance  between  this 
point  of  intersection  and  the  chordal  plane  of  the  tooth  space 
multiplied  by  the  square  of  the  secant  of  the  pressure  angle. 
The  distance  between  the  center  of  the  gear  and  the  chordal 
plane  of  the  tooth  space  is  then  equal  to  the  pitch  radius  of 
the  gear  multiplied  by  the  cosine  of  the  angle  subtended  by 
one-half  a  tooth  space.  With  such  dimensions  established,  the 
distance  between  the  center  of  the  pin  and  the  center  of  the 
gear  is  readily  obtained,  and  also  the  diameter  of  the  pin. 
For  convenience,  this  pin  diameter  may  be  designated  as  the 
"standard";  that  is,  it  is  the  diameter  of  a  pin  that  will  be 
tangent  to  adjacent  tooth  profiles  at  points  on  the  pitch  circle. 

Finding-  Size  of  Pin 

For  a  given  pitch,  the  standard  diameter  of  a  pin  is  ob- 
viously dependent 
upon  the  number 
of  teeth  in  the 
gear,  and  it  must 
increase  with  the 
number  of  teeth. 
In  other  words,  as 
the  curvature  of 
the  pitch  circle 
is  decreased  the 
chordal  width  of 
the  tooth  spaces 
increases,  while 
the  width  meas- 
ured on  the  pitch 
circle  remains 
constant.  For  in- 
stance, the  stand- 
ard diameter  of  a 
pin  for  a  gear  of 
five  diametral 
pitch    having    six 
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space  most  nearly  opposite  the  first  pin.  The  measurement  in 
this  instance  is  not  one  of  diameter,  but  of  a  chord  as  nearly 
the  length  of  what  would  be  the  corresponding  diameter  of  a 
gear  with  an  even  number  of  teeth  as  can  be  secured. 

The  method  of  making  pin  measurements  of  gears  with 
even  and  odd  numbers  of  teeth  is  shown  In  Fig.  1,  from  which 
It  is  evident  that  the  distance  between  pin  centers  or,  what 
Is  customarily  taken,  the  distance  over  the  pins  must  accu- 
rately measure  the  pitch  diameter  of  the  gears — directly  in 
one  case  and  In  the  other  by  a  chord  that  bears  a  definite 
relationship  to  the  diameter  of  the  gear.  The  diameter  of 
the  pin  employed  Is  an  Important  factor  and  Is  naturally  con- 
trolled by  the  width  of  the  tooth  spaces.  The  logical  size  of 
pin  would  appear  to  be  that  which,  when  resting  In  the  tooth 
Hpace,  will  bear  on  the  pitch  points  of  the  respective  tooth 
profllcB  In  such  a  way  that  radii  of  the  pin  to  such  points  will 
be  normal  to  the  tooth  profiles. 

Such  a  proportioned  pin  Is  shown  in  Fig.  2,  the  diameter 
of  which  can  be  readily  calculated  for  use  with  teeth  of  any 
SDCcinc  preHBure  angle.  The  angle  subtended  on  the  pitch 
circle  by  the  tooth  space  Id  easily  calculated,  for  one-half  this 
angle  Is  equal  to  3G0  divided  by  four  times  the  number  or 
360        90 

teeth  In  the  gear,  or  p  =  ■ ■  ■  =  ■ — .     The  chordal  width  of 

4N         N 
the  tooth  Bpaco  la  llkewiso  easily  calculated  and  the  prcHsurn 
angle  la  known.     Then  the  dlHtan'-c  //,  botwnnii   th«  chonlul 

'AOatna:  S»  Cli«rlM~at,  New  York  Cllr. 


of  taking  Measurements  of   Spur  Gears 

teeth — about  the  smallest  number  of  teeth  that  will  be  encoun- 
tered in  practice — will  be  0.320802  inch,  while  for  a  similar 
gear  with  fifty  teeth  the  diameter  of  the  standard  pin  will  be 
0.324434  inch,  an  increase  in  diameter  of  0.00363  inch. 


Notation  for  Formulas 

Pitch  diameter  D 

Pitch  radius  R 

Number  of  teeth N 

Diametral  pitch  P 

Circular  pitch   P, 

Pressure  angle   o 

Half  angle  subtended  by  tooth  space p 

Half  chordal  width  of  tooth  space Y 

Chordal  ordinate B 

Pin  center  amplitude iS 

Offset  of  pin  center  (gears  with  an  odd  number  of  teeth) . .  O 
Pin  center  gear  ordinate    (gears  with  an  odd  number  of 

tooth )   H 

Diameter  of  pin X 

Pin  center  spacing W, 

Pin  center  radius V 

WIdtli  over  pins W 

BackJHHh    /, 

Half  angle  Bubtendcd  by  tooth  space  plus  backlash j3, 

Half  cliorilal  wijili  of  toolli  siiacn  with  backlash Y, 

I'ln  i-(!nt(!r  amplltudi"  v 


H'ornmliiH  UhocI  Ii 


N 

-     (1) 
P 


III 

Pill   Mmim 

irtiiiiiintH 

/> 

(2) 

3.1416 

2 

P 

(3) 
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P  = (4)  /9,= 

N 
Yi  =  i?  sin  ft     (7)     B: 


45  (P,  +  L) 

1.5708D 
=  Rcosp     (8) 
(10) 
(12) 


(5) 


Y  =  Bsin/3 


S  =  V  0.25X-'  —  Y' 
V  =  B  +  8 
H  =  0  cot  2/3 


S,  =  V  0.25X'  —  Y." 
0  =  17  sin  2/3 
Wi  =  2P    Gears  with  even  number  o£  teetli 
Wj  =  V 0^  +  (H  +  U)'    Gears  with  odd  number  of  teeth 
W  =  Wi  +  X  (16)  X  =  2ie  sin  |3  sec  a 

X  >  2y   but  not  >  2Y  sec  o 


Discussion  of  Formulas 

A  different  size  of  pin  for  measuring  each  gear  that  differs 
in  the  number  of  teeth  or  in  pitch  will  result  in  such  a  mul- 
tiplicity of  gages,  however,  as  to  detract  seriously  from  the 
method  of  measurement,  particularly  if  the  number  of  pins 
is  to  be  also  increased  by  the  number  of  different  pressure 
angles  employed.  Fortunately,  this  can  be  avoided  without 
sacrifice  in  accuracy.  In  the  first  place,  the  pressure  angle 
factor  does  not  affect  the  diameter  of  the  pin  as  much  as  may 
be  imagined.  For  instance,  take  two  6-tooth  gears  of  3  diame- 
tral pitch,  one  having  a  pressure  angle  of  14.5  degrees  and  the 
other  one  of  20  degrees,  the  hypothesis  for  Example  1.  The 
standard  diameter  of  the  pin  will  vary  about  0.015  inch  for 
the  two  gears. 

Example  1 — Required  the  pin  diameter  X  for  6-tooth  gears, 
3  diametral  pitch,  with  14.5-  and  20-degree  pressure  angles. 
6 
Z)  =  —  =  2  inches       (1)  B  =  1  inch  (2) 

3 

90 
/3  =  —  =  15  degrees  (4) 

6 

For  gears  having  a  pressure  angle  of  14.5  degrees: 

X  =  2  X  0.25882  X  1.0329  =  0.53466  inch  (17) 

For  gears  having  a  pressure  angle  of  20  degrees: 

X  =  2  X  0.25882  X  1.0642  =  0.55006  inch  (17) 

Fig.  4  illustrates  how  a  pin  of  slightly  smaller  diameter  than 
that  which  has  been  referred  to  as  standard  can  be  employed 
for  the  accurate  measurement  of  gears,  thus  materially  re- 
ducing the  number  of  pin  diameters  required.  The  broken- 
line  circle  depicts  a  pin  of  standard  diameter  and  the  full-line 
circle  a  slightly  smaller  pin.  Both  circles  are,  however,  of 
greater  diameter  than  the  chordal  width  of  the  tooth  space, 
and  the  contacts  of  both  circles  are  at  the  pitch  point  of  the 
respective  tooth  profiles.  In  the  case  of  the  pin  of  standard 
diameter,  radii  to  the  points  of  contact  are  normal  to  the  tooth 
profiles,  while  in  the  case  of  the  smaller  circle  such  radii  are 
not  normal  to  the  tooth  profiles.  Below,  or  within,  the  pitch 
circle,  the  curvature  of  the  tooth  profiles  and  the  curvature  of 
the  pins  are  opposed  and  the  contact  between  the  pins  and  the 
teeth  must  take  place  at  the  extremities  of  the  common  line 
that  depicts  the  chordal  width  of  the  tooth  space  and  joins 
the  pitch  points  on  the  adjacent  tooth  profiles.  The  measure- 
ment of  the  pitch  diameter,  therefore,  may  be  as  accurately 
obtained  with  the  smaller  pin  as  with  the  one  of  standard 
diameter.  The  only  requirement  is  that  the  diameter  of  the 
pin   is  greater  than   the   chordal   width   of  the  tooth   space. 

Though  the  diameter  of  the  pin  used  may  be  slightly  less 


PITCH  CIRCLE 


Fig.   3.     Pin  Measurement  of  Spur  Gears  with   Odd  Kumber  of   Teeth 

than  that  of  the  standard  diameter  for  the  particular  gear,  It 
must  not  be  greater,  for,  immediately  above  the  pitch  cit-cle. 
the  curvatures  of  the  pin  and  of  the  tooth  profiles  are  in  the 
same  direction  and  that  of  the  pin  is  the  greater.  The  effect 
of  this,  with  a  pin  of  greater  diameter  than  the  particular 
standard,  would  be  to  cause  the  pin  to  rest  on  the  tooth  pro- 
files at  a  point  above,  or  without,  the  pitch  circle.  The  diam- 
eter of  the  pin  must,  therefore,  be  between  that  of  the  standard 
for  the  particular  gear  and  the  chordal  width  of  the  tooth 
space.  This  latitude  permits  the  same  size  pin  to  be  em- 
ployed for  measuring  a  number  of  gears  of  the  same  pitch, 
but  differing  considerably  in  the  number  of  teeth.  Within  the 
range  of  the  smallest  and  the  largest  gears  of  the  same  pitch 
cut  in  any  particular  shop,  several  diameters  of  pins  may  be 
required,  but  in  all  cases  the  diameter  of  the  pin  must  fall 
within  the  aforesaid  limits. 

The  amplitude  of  the  pin  center,  or  the  distance  it  lies  above 
the  chordal  plane  of  the  tooth  space,  is  equal  to  the  square 
root  of  the  square  of  half  the  pin  diameter  minus  the  square 
of  half  the  chordal  width  of  the  tooth  space.  This  relation- 
ship exists  for  any  pin  of  suitable  diameter. 

Allowance  for  Backlash 

The  foregoing  deductions  are  based  on  the  assumption  that 
the  width  of  the  teeth  and  the  tooth  spaces  are  equal.  Cases 
frequently  arise,  however,  in  which  a  certain  backlash  is  per- 
missible and  sometimes  it  is  essential.  The  effect  of  this  back- 
lash is  equivalent  to  increasing  the  arc  of  the  pitch  circle  con- 
fined within  the  tooth  space;  that  is,  one-quarter  the  backlash 
may  be  considered  as  being  removed  from  the  profiles  of  each 
of  the  bounding  teeth,  as  shown  in  Fig.  5.  The  effect  of  this 
is  to  cause  the  pin  to  sink  farther  down  between  the  teeth,  but 
the  contact  points  between  the  pin  and  the  respective  tooth 
profiles  remain  on  the  pitch  circle,  for  the  diameter  of  the  pin 
must  remain  greater  than  the  increased  chordal  width  of  the 
tooth  space. 

The  angle  subtended  by  a  tooth  space  permitting  backlash 
is  equal  to  the  angle  of  an  arc  on  the  pitch  circle  that  is  equal 
to  one-half  the  circular  pitch  plus  one-half  the  total  amount 
of  backlash.  The  chordal  width  of  the  tooth  space  is  then 
equal  to  twice  the  product  of  the  pitch  radius  by  the  sine  of 
the  increased  subtended  angle,  and  the  radius  amplitude  of  the 
pin  center  is  found,  as  before,  from  the  diameter  of  the  pin 
and  one-half  the  chordal  width  of  the  tooth  space. 

Example  2 — Required  pin  measurements 
for  30-  and  33-tooth  gears,  3  diametral  pitch, 
20-degree  pressure  angle;  first,  without  back- 
lash; second,  with  0.001  inch  backlash,  and 
third,  with  0.005  inch  backlash. 
For  a  30-tooth  gear: 
30 

D  = =  10  inches  (W 

3 
For  a  33-tooth  gear: 
33 
D  =  —  =  11  inches  (1) 

3 
3.1416 
f.  =  - 


Fly.   2.     Fin   Hotuiuroment  of   Spur   Qevs 


With  no  backlash, 
90 
^  =  —  ■■ 
30 


=  1.0472  inch  (3) 

for  the  30-tooth  gear: 
=  3  degrees  ( 4 ) 
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and  for  the  33-tooth  gear: 
90 

/3  = =  2.7273  degrees 

33 
With  0.001  inch  backlash,  for  the  30-tooth  gear: 
45  X  1.04S2 

ft  = =  3.0029  degrees 

1.5708  X  10 
and  for  the  33-tooth  gear: 

45  X  1.0482 


■  =  2.7299  degrees 
1.5708  X  11 
With  0.005  inch  backlash,  for  the  30-tooth  gear: 
45  X  1.0522 

ft  = =  3.0143  degrees 

1.5708  X  10 
and  for  the  33-tooth  gear: 

45  X  1.0522 

:  2.7403  degrees 


(4) 


(5) 


(5) 


(5) 


(5) 


1.5708X11 
With  no  backlash,  for  the  30-tooth  gear: 

y  =  5.0  X  0.05234  =  0.26170  inch  ( 6 ) 

and  for  the  33-tooth  gear: 

r  =  5.5  X  0.04758  =  0.26169  inch  (6) 

With  0.001  inch  backlash,  for  the  30-tooth  gear: 

y,  =  5.0  X  0.05239  =  0.26195  inch  (7) 

and  for  the  33-tooth  gear: 

Y,  =  5.5  X  0.04763  =  0.26197  inch  (7) 

With  0.005  inch  backlash,  for  the  30-tooth  gear: 

Yi  =  5.0  X  0.05259  =  0.26295  inch  (7) 

and  for  the  33-tooth  gear: 

Yi  =  5.5  X  0.04781  =  0.26296  inch  (7) 

With  no  backlash,  for  the  30-tooth  gear: 

B  =  5.0  X  0.99863  =  4.99315  inches  (8) 

and  for  the  33-tooth  gear: 

B  =  5.5  X  0.99887  =  5.49379  inches  (8) 

With  0.001  inch  backlash,  for  the  30-tooth  gear: 

B  =  5.0  X  0.99862  =  4.99310  inches  (8) 

and  for  the  33-tooth  gear: 

B  =  5.5  X  0.99886  =  5.49373  inches  (8) 

With  0.005  inch  backlash,  for  the  30-tooth  gear: 

B  =  5.0  X  0.99861  =  4.99305  inches  (8) 

and  for  the  33-tooth  gear: 

B  =  5.5  X  0.99886  =  5.49373  inches  (8) 

Maximum  2Y  =  0.5259  inch;  therefore,  from  Formula  (18), 
make  X  =  0.55  inch. 
With  no  backlash,  for  the  30-tooth  gear: 

0.08449  inch 


,S'  =  V  0.075625  —  0.068487 
and  for  the  33-tooth  gear: 

A" 


V  0.075625  —  0.068482  =  0.08452  inch 


(9) 
(9) 


nl    with    PIni    propi>rtl(>n>i<l    for    Hm«ll»r    Onu 


Fig.  5.     Pin  Measurement  for  Backlash 

With  0.001  inch  backlash,  for  the  30-tooth  gear: 

S,  =  V  0.075625  — 0.068618  =  0.08370  inch  (10) 

and  for  the  33-tooth  gear: 

S,  =  V  0^75625  —  0.068628  =  0.08365  inch  (10) 

With  0.005  inch  backlash,  for  the  30-tooth  gear: 

S,  =  V  0^5625  —  0.069143  =  0.0S051  inch  (10) 

and  for  the  33-tooth  gear: 

S,  =  VlK075625  —  0.069147  =  0.08048  inch  (10) 

With  no  backlash,  for  the  30-tooth  gear: 

V  =  4.99315  +  0.08449  =  5.07764  inches  (11) 

and  for  the  33-tooth  gear: 

U  =  5.49379  +  0.08452  =  5.57831  inches  (11) 

With  0.001  inch  backlash,  for  the  30-tooth  gear: 

U  =  4.99310  +  0.08370  =  5,07680  inches  (11) 

and  for  the  33-tooth  gear: 

U  -~-  5.49373  +  0.08365  =  5.57738  inches  (11) 

With  0.005  inch  backlash,  for  the  30-tooth  gear: 

U  =  4.99305  +  0.08051  =  5.07356  inches  (11) 

and  for  the  33-tooth  gear: 

U  =  5.49373  +  0.08048  =  5.57421  inches  (11) 

For  the  33-tooth  gear,  with  no  biu;klash: 

0  =  5.57831  X  0.09506  =  0.530274  inch  (12) 

For  the  33-tooth  gear,  with  0.001  inch  backlash: 

0  =  5.57738  X  0.09506  =  0.530196  inch  (12) 

and  with  0.005  inch  backlash: 

O  =  5.57421  X  0.09506  =  0.529884  inch  (12) 

For  the  33-tooth  gear,  with  no  backlash: 

//  =  0.530274  X  10.472  =  5.553029  Inches  (13) 

l''or  the  33-tooth  gear,  with  0.001  inch  backlash: 

//  =  0.530196  X  10.472  =  5.552213  inches  (13) 

anil  witli  0,005  Inch  backlash: 

n  =  0,529884  X  10.472  ^  5.548945  Inclips  (13) 

Willi  no  hiicklaHh,  for  the  30-tooth  gear: 

W,    -  2  X  5.07764  =  10.15528  Inches  (14) 

anil  for  the  33-tooth  gear: 

IV,        \M(,2H119052 -F]23l)0G7()8  =  11.14396  Inches      (15) 
Willi  0.001   Inch  ImcklnHh,  for  llie  30  tooth  gear: 

W,       2X5.0768     .  10,1536  Inchos  (11) 

anil  for  the  33toolh  gear: 

W,        VO.2K1107H0  +  123.867804     .  11,14221  Inchos      (IR) 
Willi  0,005  Inch  backluHh,  for  the  30-tooth  gear: 

W,  ^^  2  X  5,07356    -  10,14712  InchoB  ( 14  ) 

ami  fnr  Iho  SStooth  genr: 

VV,   ^  \/ 0.28077705  -j-  123.724577        1 1 .  13576  InrhoH      (15) 
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SIZES  OF  PINS  USED   IN  MEASUREMENT  OF   1  D.  P.   GEARS 


Pressure  Angle 

Pressure  Angle 

o-t 

Pressure  Angle 

Pressure  Angle 

II 

14  Degrees,  30  Minutes 

20  Degrees 

If 

14  Degrees,  30  Minutes 

20  Degrees 

Pin 

Over-all 

Pin 

Over-all 

Pin 

Over-aU 

Pin 

Ovcr-aU 

3    ^ 

Diameter 

Diameter 

Diameter 

Diameter 

?: 

Diameter 

Diameter 

Diameter 

Diameter 

12 

1.6179 

13.9199 

1.6668 

14.1339 

57 

1.6222 

58.9805 

1.6713 

59.1986 

13 

1.6183 

14.8341 

1.6673 

15.0431 

58 

1.6222 

60.0066 

'  1.6713 

60.2212 

14 

1.6189 

15.9359 

1.6679 

16.1502 

59 

1.6221 

60.9834 

1.6713 

61.1973 

15 

1.6195 

16.8594 

1.6686 

17.0725 

60 

1.6223 

62.0074 

1.6714 

62.2221 

16 

1.6199 

17.9486 

1.6689 

18.1628 

61 

1.6222 

62.9920 

1.6713 

63.2110 

17 

1.6203 

18.8798 

1.6693 

19.0938 

62 

1.6224 

64.0063 

1.6715 

64.2241 

18 

1.6204 

19.9576 

1.6695 

20.1718 

63 

1.6224 

64.9669 

1.6715 

65.1801 

19 

1.6204 

20.8894 

1.6695 

21.1081 

64 

1.6225 

66.0104 

1.6716 

66.2246 

20 

1.6208 

21.9649 

1.6699 

22.1794 

65 

1 . 6224 

66.9701 

1.6716 

67.1863 

21 

1.6211 

22.9147 

1.6702 

23.1282 

66 

1.6223 

68.0093 

1.6714 

68.2240 

22 

1.6211 

23.9710 

1.6704 

24.1854 

67 

1.6224 

69.0205 

1.6715 

69.2325 

23 

1.6212 

24.9164 

1.6707 

23.1324 

68 

1 . 6224 

70.0269 

1.6716 

70.2255 

24 

1.6213 

25.9754 

1.6704 

26.1900 

69 

1.6225 

70.9672 

1.6716 

71.1837 

25 

1.6214 

26.9230 

1.6705 

27.1376 

70 

1.6225 

72.0113 

1.6716 

72.2258 

26 

1.6214 

27.9800 

1.6704 

2S.1949 

71 

1.6222 

72.9784 

1.6713 

73.1909 

27 

1.6215 

28.9369 

1.6705 

29.1507 

72 

1.6223 

74.0120 

1.6715 

74.2267 

28 

1.6216 

29.9831 

1.6705 

30.1977 

73 

1.6222 

74.9844 

1.6713 

75.1973 

29 

1.6216 

30.9423 

1.6704 

31.1557 

74 

1.6222 

76.0126 

1.6713 

76.2278 

30 

1.6217 

31.9862 

1.6708 

32.2008 

75 

1.6224 

77.0302 

1.6715 

77.2422 

31 

1.6218 

32.9573 

1.6710 

33.1704 

76 

1.6223 

78.0142 

1.6714 

78.2282 

32 

1.6219 

33.9897 

1.6709 

34.2038 

77 

1.6224 

79.0069 

1.6716 

79.2187 

33 

1.6219 

34.9592 

1.6709 

35.1743 

78 

1.6224 

80.0083 

1.6716 

80.2271 

34 

1.6218 

35.9913 

1.6709 

36.2059 

79 

1.6224 

81.0389 

1.6714 

81.2613 

35 

1.6221 

36.9434 

1.6712 

37.1596 

80 

1.6224 

82.0109 

1.6715 

82.2291 

36 

1.6220 

37.9935 

1.6711 

38.2082 

81 

1.6224 

83.0203 

1.6715 

83.2350 

37 

1.6220 

39.0097 

1.6712 

39.1885 

82 

1.6223 

84.0114 

1.6714 

84.2267 

38 

1.6220 

39.9963 

1.6711 

40.2107 

83 

1.6225 

85.0660 

1.6717 

85.2788 

39 

1.6221 

40.9669 

1.6712 

41.1825 

84 

1.6223 

86.0135 

1.6715 

86.2286 

40 

1.6221 

41.9974 

1.6712 

42.2119 

85 

1.6225 

87.0445 

1.6716 

87.2608 

41 

1.6220 

42.9823 

1.6711 

43.2014 

86 

1.6222 

88.0143 

1.6713 

88.2286 

42 

1.6220 

43.9985 

1.6712 

44.2134 

87 

1.6223 

88.9796 

1.6715 

89.1987 

43 

1.6221 

44.9727 

1.6713 

45.1880 

88 

1.6225 

90.0147 

1.6716 

90.2292 

44 

1.6220 

45.9997 

1.6712 

46.2146 

89 

1.6222 

91.0297 

1.6713 

91.2389 

45 

1.6222 

46.9872 

1.6713 

47.2022 

90 

1.6224 

92.0119 

1.6715 

92.2300 

46 

1.6221 

48.0016 

1.6712 

48.2161 

91 

1.6222 

92.9743 

1.6713 

93.1955 

47 

1.6223 

48.9776 

1 . 6714 

49.4915 

92 

1.6225 

94.0166 

1.6717 

94.2309 

48 

1.6222 

50.0050 

1.6713 

50.2189 

93 

1.6225 

95.0353 

1.6716 

95.2535 

49 

1.6221 

51.0005 

1.6713 

51.2123 

94 

1.6225 

96.0156 

1.6716 

96.2301 

50 

1.6222 

52.0031 

1.6713 

52.2174 

95 

1.6226 

97.0651 

1.6718 

97.2769 

51 

1.6222 

52.9937 

1.6714 

53.2087 

96 

1.6224 

98.0129 

1.6715 

98.2310 

52 

1.6223 

54.0055 

1.6714 

54.2199 

97 

1.6223 

99.0448 

1.6714 

99.2494 

53 

1.6222 

54.9732 

1.6713 

55.1849 

98 

1.6223 

100.0143 

1.6715 

100.2296 

54 

1.6223 

56.0066 

1.6713 

56.2206 

99 

1.6225 

100.9448 

1.6717 

101.1635 

55 

1.6223 

56.9804 

1.6714 

57.1977 

100 

1.6224 

102.0118 

1.6716 

102.2304 

56 

1.6223 

58.0083 

1.6715 

58.2227 

Mnctiinerj/ 

With  no  backlash,  for  the  30-tooth  gear: 

W  =  10.15528  -t-  0.55  =  10.70528  inches  (16) 

and  for  the  33-tooth  gear: 

TV  =  11.14396  +  0.55  =  11.69396  inches  (16) 

With  0.001  inch  backlash,  for  the  30-tooth  gear: 

W  =  10.15360  +  0.55  =  10.70360  inches  (16) 

and  for  the  33-tooth  gear: 

W  =  11.14221  +  0.55  =  11.69221  inches  (16) 

With  0.005  inch  backlash,  for  the  30-tooth  gear: 

W  =  10.14712  +  0.55  =  10.69712  inches  (16) 

and  for  the  33-tooth  gear: 

W  =  11.13576  4-  0.55  =  11.68576  inches  (16) 

The  general  formulas  governing  the  pin  measurement  of 
spur  gears  are,  with  the  exception  of  the  pin  diameter,  quite 
Independent  of  the  pressure  angle  and  scarcely  require  further 
explanation,  for  the  general  formulas  and  those  applying  to 
speclflc  instances  can  be  readily  followed  by  reference  to  the 
illustrations.  The  principal  consideration  is  the  accuracy  of 
the  method,  and  this  is  best  illustrated  by  the  consideration 
of  a  concrete  example;  Example  2  is  quite  typical  and  gives 
the  calculations  required  for  ascertaining  the  distance  between 
centers  and  over  pins  for  30-  and  33-tooth  gears,  of  3  diametral 
pitch,  with  20-dcgree  tooth;  first,  without  backlash;  second, 
with  0.001  inch  backlash,  and,  third,  with  0.005  Inch  backlash. 
The  greater  backlash  Is  not  excessive  and  Is  frequently  found 
necessary  for  gears  of  ordinary  pitch. 

In  explanation  of  the  choice  of  pin  diameter,  the  fact  that 
the  maximum  chordal  width  of  tooth  space  with  0.005  Inch 
backlash  equals  0.5259  Inch  must  bo  taken  Into  consideration 
In  selecting  the  diameter  of  the  measuring  pin.  The  diameter 
of  the  pin  selected  la  0.55  Inch,  which   Is  greater  than  the 


chordal  width  of  the  tooth  space,  but  less  than  the  product  of 
half  the  chordal  width  multiplied  by  the  secant  of  the  pres- 
sure angle. 

The  presence  of  0.001  inch  backlash  in  a  30-tooth,  3-diametral 
pitch  gear  is  quite  apparent  by  the  pin  method  of  measure- 
ment, although  it  could  not  very  well  be  measured  in  any  other 
way.  It  is  shown  by  a  difference  in  measurement  of  about 
0.0016  inch,  while  a  0.005  inch  backlash,  an  amount  which  is 
frequently  allowed,  makes  a  difference  of  approximately  0.0078 
inch.  A  backlash  of  0.01  inch  would  be  apparent  by  a  reduc- 
tion in  diameter  of  0.0156  inch.  This  multiplication  of  back- 
lash in  pin-measurement  readings  is  one  of  the  chief  advan- 
tages of  the  system,  for  it  eliminates  the  necessity  of  the  care- 
ful micrometric  readings,  which  would  be  about  the  only 
other  way  in  which  such  small  variations  between  the  thick- 
ness of  the  teeth  and  the  width  of  the  tooth  spaces  could  be 
measured. 

In  the  case  of  the  33-tooth  gear,  or  any  gear  with  an  odd 
number  of  teeth,  the  variation  in  measurement  Is  not  quite 
so  proportionately  pronounced,  as  the  measurement  Is  made 
on  a  chord  slightly  shorter  than  a  diameter,  so  that  the  varia- 
tions are  proportionately  reduced.  Owing  to  the  fact  that  all 
teeth  may  not  be  quite  uniformly  proportioned  in  a  gear,  more 
than  one  pin  measurement  is  always  advisable,  particularly 
in  the  case  of  gears  with  an  odd  number  of  teeth.  The  various 
measurements  should  also  be  made  from  or  between  different 
sets  of  teeth,  so  as  to  obtain  a  reliable  average. 

The  accompanying  table  gives  the  pin  diameter  of  gears  of 
1  diametral  pitch  having  from  12  to  100  teeth,  with  14.5-  and 
20-degree  pressure  angles.  It  also  gives  the  diameter  of  the 
gears  when  measured  over  the  pins. 
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THE  REAR  AXLE  HOUSING 

BY  THOMAS  ORCHARD  ■ 


Clean  casting 

Anneal  and  pickle 

Mill  surface  of  joint  (rough 

and  finish)  and  burr 

Face-mill  eight  bolt  bosses 


Drill  eight  boll 
flange  and  ream 
for  locating 
Rough  straddle- 
and  outside  of  mi 


Dili  Inside 
in  bearings 
and  bosses  surrounding.  Al- 
low for  finish  cut 
Assemble  the  two  halves 
Bore  (rough  and  iinish)  and 
size  133-miilimeter  diameter 
bearing  holes;  finish  face, 
inside  and  outside  (except 
bosses) ;  index  worii  90  de- 
grees and  bore  (rough  and 
finish)  and  size  130-millime- 
ter diameter  hole:  rough- 
and  finish-face  flange  at 
same  end 

Turn  oat  and  size  recess  for 
rear  axle  tube  on  one  side; 
reverse  and  recess  other  side 
Drill  ten  holes  in  each  side 
of  case;  drill  six  boles  in  end 


Tap  six  10-mlllimeter  holes 

Drill  hole,  counterbore  end 
of  boss  and  tap  22-millime- 
ter hole 

Drill  hole,  face  boss  and  tap 
30-millimeter  hole 
Wash  in  soda  solution 
Inspection  i 


IN  this  and  following  arti- 
cles will  be  described  some 
interesting  jigs  and  fix- 
tures used  in  tooling  an  auto- 
mobile of  foreign  design.  This 
car  was  originally  built  by 
Russian  engineers,  who  em- 
ployed hand  methods,  and  it 
became  evident  that  in  order 
to  increase  the  production  a 
change  would  have  to  be 
made  in  their  methods  of 
manufacture.  Accordingly  con- 
tracts were  made  with  con- 
cerns in  America  to  provide 
them  with  jigs  and  fixtures 
for  interchangeable  manufac- 
ture, which  were  designed  by 
American  engineers  in  ac- 
cordance with  modern  prac- 
tice. The  tooling  of  the  rear 
axle  housing,  crankcase,  pis- 
ton ring  and  connecting-rod 
will  be  explained.  The  pres- 
ent article  takes  up  the  ma 
chining  of  the  rear  axle 
housing. 

By  glancing  through  the 
various  operations  necessary 
to  machine  the  rear  axle  housing,  it  can  readily  be  seen  that 
most  of  the  jigs  and  fixtures  are  very  simple  affairs  which  do 
not  involve  any  points  of  special  interest.  However,  the  de- 
signing of  the  jig  for  Operation  10  brought  out  some  interest- 
ing methods  of  tooling.  This  operation  is  performed  in  a 
trunnion  jig  and  involves  the  drilling  of  twenty  holes,  half 
of  which  are  located  on  opposite  sides  of  the  housing,  and  six 
holes  located  at  right  angles  to  the  twenty  holes. 

The  rear  axle  housing.  Fig.  1,  is  loaded  in  a  trunnion  jig  A, 
Pigs.  2  and  5,  in  the  position  shown.  Part  A  is  revolved  In  two 
bearings,  or  supports,  B  and  C,  at  each  end,  which  are  set  on 
the  base  D.  These  parts  are  all  of  cast  iron,  while  the  pins  E 
on  which  the  revolving  takes  place  are  of  steel,  pressed  into  A, 
and  having  a  running  fit  in  B  and  C.  The  supports  B  and  C 
are  tongued  in  the  base  by  means  of  the  keys  F,  to  insure 
proper  alignment.  Support  B  is  bolted  permanently  to  the 
base,  while  gup- 
port  C  may  be 
adjusted  in 
either  direction, 
should  the  re- 
volving part  .1 
turn  too  hard, 
or  should  there 
be  any  wear  at 
O  and  H.  The 
adjustment  Is 
made  by  the  set- 
Hcrewii  J  and  K 
after  looBoning 
the  nuts  L  and 
Jf,  elongated 
alotji  being  pro- 
vided to  permit 
thin  adjuBtmont. 
The  baHo  D  It 
equipped  with 
alx  RtccI  whoeld 
J/  and  runs  on  a 


Type  of  Machine 


Sand  blast  i 

Annealing  furnace 

Beaman  &  Smith  con-' Fixture    for    holding 

tinuous    milling    ma-  four  pieces 

chine 

Becker  vertical  mill-  Plate    with    locating 

Ing  machine  pins  and  clamps 

No.  14  "Natco"  mul-  Trunnion  jig 

tiple-spindle    drilling 

machine 

Le  Blond  milling  ma-  Fixture,  cutters  and 

chine  ;  arbor 


Bench 

Universal  boring 
chine 


Bolts 
-  Indexing  table.    Bor- 
ing fixture,  bars  and 
cutters 


No.  14  "Natco"  mul-  ' 
tiple-spindle    drUUng 
machine 

No.  30  "Natco"  mul- 
tiple-spindle drilling 
machine 

No.  30  "Natco"  mul- 
tiple-spindle drilling 
machine 

Kockford     horizoDtaV  Fixtun 
drilling   machine 


track  under  the  spindles  of 
two  "Natco"  multiple-spindle 
drilling  machines;  one  of  the 
machines  is  set  up  for  drill- 
ing the  ten  holes  on  opposite 
sides  of  the  work,  and  the 
other  for  the  six  holes  on 
the  end. 

The  revolving  part  A  has  a 
disk  Ai  on  each  end,  these 
disks  being  a  part  of  the  cast- 
ing itself.  They  revolve  with 
part  A,  their  purpose  being 
to  relieve  the  pins  E  of  the 
entire  weight  when  revolving. 
The  outside  diameters  of  these 
wheels  are  finished  and  they 
ride  on  cast-iron  shoes  P, 
which  rest  on  supports  B  and 
C,  and  are  held  in  place  by 
means  of  the  screws  and 
dowels  Q  and  R.  The  fric- 
tion of  the  disks  Aj  on  the 
shoes  P  also  serves,  to  a  cer- 
tain extent,  as  a  brake  while 
revolving  the  jig,  and  pre^ 
vents  the  operator  from  los- 
ing control  of  it  when  the  in- 
dexing plunger  is  not  in  place. 


•A<til 
■  In  M< 

Rrltalr 


■..!«« 


Loading:  the  Jig 

As  previously  stated,  Figs.  2  and  5  show  the  jig  in  the  load- 
ing position.  To  load,  the  clamping  arrangement  contained 
in  strap  8  is  removed,  and  plug  T  is  pulled  back  into  the 
counterbored  hole  U,  by  means  of  handle  V.  The  locating 
plug  W  is  drawn  back  until  pin  X  clears  the  top  of  boss  Y. 
It  is  then  given  a  quarter  turn,  spring  Z  bringing  the  pin  in 
contact  with  boss  Y,  thus  keeping  plug  W  in  the  clear.  The 
work  may  now  be  inserted  from  the  top  in  the  position  shown 
in  Fig.  1,  and  the  133-millimeter  hole  slipped  over  the  locating 
plug  By,  which  is  pressed  into  the  wall  of  the  jig  A. 

The  plug  T  is  then  pushed  Inward,  fitting  into  the  corre- 
sponding hole  on  the  opposite  side  of  the  work,  until  the  shoul- 
der on  the  plug  rests  against  the  finished  boss  on  the  work. 
In  order  to  allow  ample  loading  and  unloading  clearance  be- 
tween the  side 
walls  of  the  jig, 
it  was  found 
necessary  to  de- 
vise a  quick 
clamping  device 
to  be  used  in 
conjunction  with 
plug  T,  In  order 
to  save  time  in 
pulling  this  plug 
back  out  of  the 
way  and  moving 
It  forward  to 
clamp  the  work. 
The  following 
method  was 
used.  A  plato  0„ 
with  a  slot  I), 
cut  In  It  to  allow 
lh(>  pin  1>1,  to 
I)aHH  through  It, 
waH  arrowod  In 
poKltlon  on  top 
of   the   boss   F,. 
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Fig.  2,     Side  Elevation  of  Tmimlon  Jig 


Two  plates  G,  and  Hi  were  set  in  a  counterbored  hole  in  the 
bottom  of  C„  these  plates  being  cut  at  an  angle.  To  pull 
plug  T  back  from  the  work,  handle  T  is  turned  90  degrees, 
thus  allowing  pin  £,  to  pass  up  between  the  two  plates  Gi 
and  H,  and  through  the  slot  D,  in  the  plate  C,.  Handle  V  is 
again  turned  90  degrees  and  plug  T  is  held  back  in  the  coun- 
terbored hole  U  by  pin  £,  resting  on  top  of  plate  d.    When 


loading,  a  reverse  method  is  employed  to  get  plug  T  into  the 
133-millimeter  hole  in  the  work,  after  which  the  work  is 
clamped  by  the  cam  action  of  pin  E^  against  G^  and  H,  as 
handle  V  is  turned.  This  not  only  gives  the  work  horizontal 
alignment,  but  clamps  it  in  place  as  well.  As  soon  as  the 
work  has  been  slipped  over  plug  B,.  W  may  be  allowed  to 
spring  upward,  and  as  T  is  inserted  in  the  work,  W  will  find 


71ff.  3.     IndeiLiif  rluDgor  oofaceil   with  Trumilon  Jlv 


Fig.   4.     Indoxing   Flungor   withdrawn   from  Trunnion  Jig 
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its  place  in  the  130-millimeter  hole,  thus  taking  care  of  the 
vertical  alignment.  Strap  S  is  then  locked  on  the  Jig  by  means 
of  quarter-turn  screws  and  the  equalizing  clamp  J,  brought 
down  against  the  work.  This  clamp  is  free  to  rock  in  any 
direction  and  adjusts  itself  to  any  irregularities  there  may  be 
on  the  rough  casting.  The  method  of  obtaining  this  result  is 
clearly  shown  in  Fig.  6. 

The  jig  may  now  be  revolved  or  indexed  90  degrees  and 
run  along  the  tpaek  under  a  "Natco"  drilling  machine,  in 
which  the  ten  holes  are  drilled  at  once  by  a  bank  of  drills 
arranged  for  this  particular  operation.  The  fixture  may  then 
be  indexed  ISO  degrees  and  the  ten  holes  L-^,  Fig.  2,  drilled 
under  the  same  machine,  as  their  location  is  identical  with 
the  corresponding  holes  on  the  opposite  side  of  the  housing. 
The  fixture  is  then  run  along  the  track  and  under  another 
"Xatco"  drilling  machine,  which  is  set  up  for  drilling  the 
six  holes  M^. 

Indexing:  the  Ji^ 
The  method  of  indexing  is  very  simple  and  is  shown  in 
Figs.  3  and  4.    When  the  work  is  to  be  revolved,  the  lever  A'j 


1  ii-   6,     End  EI«TitloQ  of  Trunnion  Jig 

ralHCB  the  Indexing  plunger  f,  until  It  assumes  the  position 
shown  In  KIg.  4.  The  pin  Q,  drops  Into  the  slot  as  shown, 
thus  holding  tho  Indexing  plungi-r  In  the  clear,  so  that  the 
oporator  Is  freo  to  use  both  hands  In  revolving  the  fixture. 
An  soon  as  the  fixture  starts  to  revolve,  pin  Q,  may  ho  ralHod, 
allowInK  I'lunKftr  /',  to  sprluK  forward  and  rldo  aKalnsl  the 
nnlshod  surface  H,.  As  the  next  hole  Is  indexed  nroiind,  tlic 
plunger  will  automatically  drop  Into  place. 

Hllp  BuHhlnirs 

Tho  most  Important  ffiiliiro  of  this  JIk  was  the  discovery 
or  a  mothnd  whnri.'hy  u  slip  liushlriK  could  lie  made  a  pt-rnia- 
ncnt  part  of  the  JIk  rather  than  a  loose  plocn.  Tills  nictliiiil 
can  Im!  applied  to  slip  hushluKs  In  almost  any  JIk  >•>  Kroat 
advantAK'*.  duo  to  tho  fart  that  loose  ploccs  In  a  JIk  am  tiflcii 
mislaid  and  somollmos  lost.  It  was  non-snary  In  this  par 
tlcular  case  to  draw  tho  slip  hushltiKs  M,.  KIk.  (>.  back,  In  onlrr 
to  got  clearance  for  loadlnx  and  iinloadlnK,  which  would  moan 


Fig.  6.     Detail  of 
Equalizing  Clamp 


the  disengaging  each  time  of  whatever 
locking  device  was  used  in  order  to 
keep  the  bushings  from  falling  out  as 
the  jig  was  revolved.  This  difficulty 
was  overcome  by  a  method  that  is 
shown  in  Fig.  7.  A  hole  was  drilled 
in  the  liner  bushings  T,  and  a  steel 
ball  &\  inserted,  with  a  spring  Vi  be 
hind  it.  A  slot  W,  was  cut  in  the  slip 
bushings  to  receive  the  steel  ball. 
Owing  to  the  location  of  the  hole  to 
be  drilled  in  the  work,  the  slip  bush- 
ing must  be  in  the  position  shown  at  B  when  the  work  is  re- 
moved or  placed  in  the  jig.  However,  the  ball  and  spring  in 
the  liner  bushing  prevent  the  slip  bushing  from  falling  out  or 
being  removed.  After  the  work  has  been  clamped  in  the  jig, 
the  slip  bushing  being  in  the  position  shown  at  B,  the  drill 
will,  on  entering  the  bushing,  carry  it  down  until  it  assumes 
the  position  shown  at  .1.  After  the  hole  has  been  drilled,  the 
slip  bushing  will  be  carried  back  by  the  friction  of  the  drill 
to  the  position  shown  at  B,  thus  automatically  leaving  clear- 
ance for  loading  and  unloading  the  jig.  The  spring  pressure 
behind  the  ball  in  the  liner  bushing  holds  the  slip  bushing  in 
this  position  until  the  drill  again  carries  it  down  when  the 
holes  are  being  drilled  in  the  next  piece.  The  travel  required 
for  clearance  in  removing  the  work  from  the  jig  should  corre- 
spond to  the  length  of  the  slot  in  the  slip  bushing.  Taking 
into  consideration  the  amount  of  work  accomplished  in  this 
jig,  it  should  not  be  considered  an  expensive  arrangement. 
*     «     * 

AMERICAN  GRAPHITE  DEPOSITS 

According  to  a  pamphlet  published  by  the  United  States 
Geological  Survey,  the  largest  graphite  mines  in  the  world 
producing  the  best  quality  of  mineral  graphite  are  in  Ceylon, 
though  there  are  great  deposits  in  Mexico  and  Korea.  Before 
the  war,  the  clay  with  which  the  graphite  must  be  combined 
in  the  making  of  crucibles  came  from  Bavaria,  where  there 
are  also  extensive  graphite  mines.  Cut  off  from  Ceylon,  the 
Germans  have  made  Bavarian  graphite  serve  them,  but,  on 
the  other  hand,  cut  off  from  Bavaria,  American  manufacturers 
have  succeeded  in  developing  clay  beds  at  home  that  furnish 
the  material  for  making  as  good  crucibles  as  those  made  of 
Bavarian  clay. 

The  largest  American  graphite  mines  are  in  Alabama, 
Alaska,  California,  Colorado,  Michigan,  Montana,  Nevada, 
Texas,  Washington,  New  York,  Pennsylvania,  North  Carolina 
and  Rhode  Island.  At  Niagara  Palls,  graphite  is  also  made  in 
the  electric  furnaces.  In  1915,  the  total  American  mine  pro- 
duction of  amorphous  (finely  divided)  graphite  was  1181  tons; 
and  of  crystalline  graphite,  3500  tons.  In  191G,  tho  total  of 
amorphous  graphite  was  2fi22  tons,  and  of  crystalline,  5405 
tons.  To  this  must  be  added  2542  tons  of  artificial  graphite 
In  1915  and  4199  tons  In  191G.  But  it  will  be  some  time  before 
we  become  Independent  of  the  mines  In  Ceylon  and  elsewhere, 
for  while  home  production  has  been  doubled,  tho  demand  for 
graphite  has  also  Increased  so  that  imports  In  1916  amounted 
to  42,930  tons. 
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GENERAL  APPLICATION   AND  ADVANTAGES  OF  MILLING  PROCESS-DIFFERENT  METHODS  OF  FORMING  SCREW  THREADS 
BY  MILLING-VARIOUS  TYPES  AND  DESIGNS  OF  THREAD  MILLING  MACHINES  AND  ATTACHMENTS 

BY  FRANKLIN  D.  JONES - 


THE  formation  of  screw  threads  by  means  of  a  rotating 
cutter  or  by  the  milling  process  has  been  practiced  for 
nearly  half  a  century,  but  the  real  development  of  thread 
milling  is  relatively  modern  as  marked  by  the  introduction  of 
efficient  machines  constructed  especially  for  doing  this  work 
on  a  manufacturing  basis.     A  great  many  screw  threads  that 
formerly  were  cut  with  a  single-pointed  tool  in  an  engine  lathe 
are  now  milled.    Thread  milling  has  also  proved  superior  to 
the  use  of  dies  or  taps  for  certain  external  and  internal  screw- 
cutting  operations.  Before  con- 
sidering   the    relative    advan- 
tages   of    the    thread-milling 
process     as     compared     with 
other    screw-cutting    methods 
and  the  particular  classes  of 
work  for  which  thread  mill- 
ing is  especially  adapted,  the 
different  methods  of  forming 
screw  threads  by  milling  and 
various  types  of  thread  mill- 
ing machines  and  attachments 
will  be  described. 
Milling-  Tbreads  with  Single 
Cutter 
There  are  two  general  meth- 
ods of  forming  screw  threads 
by    milling,    which    may    be 
designated  as  the  single-cutter 
and  the  multiple-cutter  meth- 
ods.   The  way  a  single  cutter 
is   used   is   indicated    by   the 
diagram  Fig.   1.     The  profile 
of  the  cutter  or  the  shape  of 
Its  cutting  edge  conforms  to 
the    sectional    shape    of    the 
thread    groove.      This   cutter 
should  revolve  as  fast  as  pos- 
sible without  dulling  the  cut- 
ting edges  excessively,  in  or- 
der to  mill  a  smooth   thread 
and  prevent  uneveuness  such 
as  would  result  with  a  slow- 
moving  cutter  on  account  of 
the  tooth  spaces.    As  the  cut- 
ter rotates,  the  part  on  which 
a  thread   Is   to   be   milled   is 
also  revolved,  but  at  a  very 
slow  rate   (a  few  inches  per 
minute),   since   this   rotation 
of  the  work  Is  practically  a 
feeding  movement.     The  cutter   is  ordinarily  set  to  the  full 
depth  of  the  thread  groove  and  finishes  a  single  thread  in  one 
passage,  although  deep  threads  of  coarse  pitch  may  need  two 
or  even  three  cuts.     For  work  of  this  kind  a  roughing  cut  is 
sometlniHH    taken    with    a   special    cutter    which    is   somewhat 
narrower  than  the  finishing  cutter. 

Whenever  a  single  cutter  is  used,  the  axis  of  the  cutter  is 
Inclined  to  some  angle  a  Instead  of  being  parallel  to  the  axis 
of  the  screw,  in  order  to  locate  the  cutter  In  line  with  the 
thread  groove  at  the  point  wliero  the  lulling  action  takes 
place.  (Tangent  of  angle  a  lead  of  screw  thread  -;-  pitch 
circumference  of  screw.)  The  helical  or  "spiral"  thread  groove 
Is  generated  In  practically  the  same  way  as  when  an  engine 
lathe  Is  used.  In  the  case  of  a  thread  milling  machine,  how- 
ever, the  lengthwise  travorHlng  movement  Is  applied  to  the 
cutter  on  some  machines  and   to  the  screw  being   milled   on 
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Other  machines.  For  instance,  the  revolving  cutter  may  be 
traversed  in  a  direction  parallel  to  the  axis  of  the  work  a 
distance  equal  to  the  lead  of  the  thread  for  each  revolution 
of  the  screw  blank,  or  this  order  may  be  reversed,  the  cutter 
revolving  in  one  position  while  the  screw  blank  moves  in  a 
lengthwise  direction  as  it  slowly  rotates.  These  variations 
in  the  design  of  different  thread  milling  machines  will  be  con- 
sidered later.  The  single  cutter  process  is  especially  applicable 
to  the  milling  of  large  screw  threads  of  coarse  pitch,  multi- 
ple threads,  and  the  heavier 
classes  of  work.  For  fine 
pitches  and  short  threads  the 
multiple-cutter  method  to 
be  described  is  preferable, 
because    it    is    more    rapid. 

Milling:  Threads  with  Mul- 
tiple Cutter 

The  second  thread  milling 
method  referred  to,  which  re- 
quires the  use  of  a  multiple 
cutter,  is  illustrated  by  the 
diagrams  A  and  B,  Fig.  2. 
This  multiple  cutter  is  prac- 
tically a  series  of  single  cut- 
ters, although  formed  of  one 
solid  piece  of  steel,  at  least 
so  far  as  the  cutter  proper  Is 
concerned.  The  annular  rows 
of  teeth  do  not  lie  in  a  helical 
or  spiral  path,  like  the  teeth 
of  a  hob  or  tap,  but  coincide 
with  planes  which  are  per- 
pendicular to  the  axis  of  the 
cutter.  If  the  cutter  had  heli- 
cal teeth  the  same  as  a  hob, 
it  would  have  to  be  geared  to 
revolve  in  a  certain  fixed 
ratio  with  the  screw  being 
milled,  but  a  cutter  having 
annular  teeth  may  rotate  at 
any  desired  speed,  while  the 
screw  blank  is  rotated  slowly 
to  provide  a  suitable  rate  of 
feed.  (The  multiple  cutters 
used  for  thread  milling  are 
frequently  called  "hobs,"  but 
in  this  article  the  term  hob 
win  be  applied  only  to  cut- 
ters having  helical  teeth.) 
The  object  of  using  a  multi- 
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pie  cutter  instead  of  a  single  cutter  is  to  finish  a  screw  thread 
complete  In  approximately  one  revolution  of  the  work,  a  slight 
amount  of  over-travel  being  allowed  to  insure  milling  the 
thread  to  the  full  depth  where  the  cut  Joins  the  starting  point. 
In  order  to  finish  the  thread  complete  in  one  revolution  (plus 
the  over-travel  referred  to),  it  Is  necessary  to  use  a  cutter 
which  Is  at  least  one  or  two  threads  or  pitches  wider  than  the 
thread  to  be  milled.  When  using  a  multiple  cutter  it  Is  simply 
ted  In  to  the  full  thread  depth  and  then  either  the  cutter  or 
screw  blank  is  moved  In  a  lengthwise  direction  a  distance 
equal  to  the  pitch  of  the  thread.  Since  there  Is  an  annular 
row  of  cutting  teeth  for  each  thread  groove,  this  movement 
equal  to  the  pitch  Is  sufficient  to  finish  the  entire  thread  in  one 
revolution  of  the  work,  plus  whatever  additional  movement 
there  might  bo  duo  to  the  over  travel.  If  an  exceptionally 
smooth  thread  wore  required,  the  work  might  bo  revolved  two 
revolutions  and  the  cutter  be  traversed  a  distance  equal  to 
twice  the  pilch  of  the  thread.    During  the  first  revolution  the 
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Tig.   3.     Rear  View  of  Pratt  &  Whitney  Thread  Milling  Machine 

thread  would  be  rough-milled  and  a  light  finishing  cut  would 
then  be  taken  while  the  work  made  a  second  revolution. 
Sketch  B.  Fig.  2,  illustrates  the  application  of  a  multiple  cutter 
to  internal  thread  milling. 

It  is  apparent  that  the  length  of  the  thread  that  can  be 
milled  by  the  multiple-cutter  method  is  limited,  because  the 
cutter  is  supported  at  one  end  only  and  it  would  be  deflected 
considerably  if  the  length  of  the  cutting  end  and  the  "over- 
hang" were  increased  to  any  great  extent.  As  the  cutter  is 
milling  along  the  entire  screw  thread  at  the  same  time,  the 
lateral  thrust  is  relatively  large  as  compared  with  a  single 
cutter  operating  on  a  thread  of  corresponding  pitch;  there- 
fore, the  multiple  cutter  is  used  for  milling  comparatively 
short  threads  and  usually  for  medium  or  fine  pitches. 

Position  of  Multiple  Cutter  Relative  to  Work 

When  using  multiple  cutters  either  for  internal  or  external 
thread  milling,  the  axis  of  the  cutter  is  set  parallel  with  the 
axis  of  the  work,  instead  of  inclining  the  cutter  to  suit  the 
helix  angle  of  the  thread,  as  when  using  a  single  cutter.  Theo- 
retically, this  is  not  the  correct  position  for  a  cutter,  since 
each  cutting  edge  is  revolving  in  a  plane  at  right  angles  to 
the  screw  thread  while  milling  a  thread  groove  of  helical  form. 
It  might  be  supposed  that  there  would  be  serious  interference 
between  the  cutter  and  the  thread,  and  as  a  result  a  decided 
chahge  In  the  standard  thread  form.  In  practice,  however,  the 
defect  is  very  slight  and  may  be  disre- 
garded except  when  milling  threads 
which  incline  considerably  relative  to 
the  axlH.  as  when  the  pitch  is  large  in 
proportion  to  the  diameter  or  the  thread 
is  of  the  multiple  form  and  has  a  large 
helix  angle.  Threads  which  have  steeper 
slilen  than  the  I'.  S.  standard  or  Whit- 
worth  forms  should  ordinarily  be  milled 
with  a  single  cutter,  assuming  that  the 
milling  process  1b  preferable  to  other 
mothods.  Kor  Instance,  when  cutting 
an  Acme  thread  which  has  an  Included 
angle  between  the  sides  of  29  degrees, 
there  might  be  conKldfiruble  Inli-rfcn^iii-i! 
If  a  multiple  lulter  were  usfil,  and  for 
this  reason  the  single  cutter  Is  prefer 
abltt.  If  an  attempt  were  made  to  mill 
a  square  thread  with  a  multiple  cutter, 
the  results  would  be  wry  unsatisfactory 
owing  to  the  Interference.  If  a  multiple 
culler.  In  any  case,  were  Inclined  to 
align  It  with  the  threml  groove,  Mie 
■ame  as  Is  done  when  the  single  form 
of  rutinr  Is  employed,  the  advnntngp  of 
the  multiple  type  would  be  losi,  nnd  In- 


stead of  finishing  the  thread  in  one  revolution  of  the  screw 
blank,  it  would  be  necessary  to  traverse  the  cutter  along  the 
entire  length  of  the  thread. 

Interference  between  the  cutter  and  work  is  more  pro- 
nounced when  milling  internal  threads,  because  the  cutter 
does  not  clear  itself  so  well.  Experiments  have  shown  that 
multiple  cutters  for  internal  work  should  preferably  not  ex- 
ceed one-third  the  diameter  of  the  hole  to  be  threaded.  A  cut- 
ter that  is  one-quarter  the  diameter  of  the  thread  will  do  very 
satisfactory  work.  It  is  preferable  to  use  as  small  a  cutter  as 
practicable,  either  for  internal  or  external  work,  not  only  to 
avoid  interference,  but  to  reduce  the  strain  on  the  driving 
mechanism. 

Direction  of  Cutter  Rotation 

It  is  the  general  practice  when  milling  threads  in  steel,  cast 
iron  and  brass  to  revolve  the  cutter  and  screw  blank  so  that 
they  are  moving  in  opposite  directions  on  the  cutting  side. 
For  some  thread  milling  operations,  however,  it  is  preferable 
to  rotate  the  work  and  the  cutter  so  that  they  travel  in  the 
same  direction  on  the  cutting  side.  For  instance,  when  mill- 
ing threads  in  aluminum  castings,  celluloid  and  parts  made 
of  fiber,  smoother  and  better  threads  will  be  obtained  if  the 
cutter  and  work  revolve  together,  the  same  as  two  gears  in 
mesh,  except  that  the  cutter  revolves  quite  rapidly,  while  the 
part  being  milled  has  a  slow  feeding  movement. 

Milling  Multiple  Threads  with  Single  and  Multiple  Cutters 

If  a  multiple  thread  is  to  be  milled  witTi  a  single  cutter, 
the  method  followed  is  practically  the  same  as  when  using  a 
single-point  tool  in  the  lathe.  The  machine  is  arranged  to 
give  a  lengthwise  traversing  movement  equal  to  the  lead  of 
the  thread  (not  the  pitch),  and  then,  after  a  single  thread 
groove  is  milled,  the  screw  blank  is  indexed  a  half  revolution 
for  milling  the  second  thread  groove,  assuming  that  a  double 
thread  is  required.  Thread  milling  machines  and  attachments 
are  commonly  provided  with  means  for  indexing  when  cutting 
multiple  screw  threads. 

Multiple  threads  can  readily  be  milled  with  the  multiple 
style  of  cutter,  although  in  some  cases  difficulty  may  be  ex- 
perienced due  to  interference  between  the  cutter  and  the  sides 
of  the  thread.  Such  interference  is  more  likely  to  occur  in 
the  case  of  a  multiple  thread  on  account  of  the  increased  helix 
angle.  In  order  to  mill  a  multiple  thread,  it  is  simply  neces- 
sary to  arrange  the  machine  so  that  the  work  is  advanced  a 
distance  equal  to  the  lead  of  the  thread  instead  of  the  pitch, 
the  same  as  when  using  a  single  cutter  for  milling  a  multiple 
thread.  In  other  words,  the  advance  movement  of  the  cutter 
or  work,  as  the  case  may  be,  should  be  equivalent  to  the  dis- 
tance that  one  of  the  single  threads  advances  in  a  complete 


\^^,;sS-i^^ 


rif.  4.     Pratt  «  Whilnty  ••  by  it-lnoh  ThfMtd  Milling  Ihohln* 


January,  1918 


MACHINERY 


415 


turn.  Another  way  to  cut  a  multiple  thread  would  be  to  use  a 
cutter  having  a  pitch  equal  to  one-half  the  pitch  of  the  lead- 
screw,  assuming  that  the  machine  was  of  a  type  controlled  by 
the  direct  action  of  the  lead-screw  on  the  spindle. 

Types  of  Thread  Milling-  Machines 

Thread  milling  machines  may  be  classified  according  to  the 
kind  of  cutter  used,  that  is,  whether  single  or  multiple,  and 
also  with  reference  to  the  method  of  obtaining  a  lengthwise 
feeding  movement  for  generating  the  thread.  Some  machines 
are  so  designed  that  the  cutter-slide  or  carriage  is  traversed 
along  a  horizontal  bed  by  a  lead-screw  which  is  connected  to 
the  work-spindle  through  change-gears,  the  arrangement  being 
practically  the  same  as  on  an  engine  lathe.  With  this  general 
type  of  machine,  the  cutter  (which  may  be  single  or  multiple) 
moves  along  one  side  of  the  work,  while  the  latter  rotates 
but  remains  in  one  position.  This  order  is  reversed  in  another 
general  type  of  milling  machine  which  is  designed  to  move 
the  part  on  which  a  thread  is  to  be  milled,  in  an  axial  or 
lengthwise  direction,  while  the  cutter-slide  remains  stationary, 
except  when  it  is  traversed  laterally  or  at  right  angles  to  the 
screw  thread  for  moving  the  cutter  in  or  out  of  the  working 
position.  A  machine  of  this  kind  may  have  a  work-table  which 
is  traversed  by  a  gear-driven  lead-screw,  or  the  traversing  mo- 
tion may  be  imparted  to  the  work-holding  spindle  either  by 
the  direct  action  of  a  lead-screw  or  by  a  lead-screw  and  gear- 
ing combined.  When  a  lead-screw  is  applied  directly  to  the 
work-spindle,  the  lead  of  its  thread  is  the  same  as  the  lead  of 
the  thread  to  be  milled,  and  different  lead-screws  are  used  for 
milling  threads  of  different  pitches.  Some  of  these  "duplicat- 
ing" machines  are  designed  especially  for  milling  threads  on 
large  numbers  of  duplicate  parts,  and  they  are  less  complicated 
and  cheaper  than  a  machine  equipped  with  change-gears  and 
arranged  for  milling  threads  of  different  pitches.  Other  ma- 
chines which  derive  the  traversing  motion  directly  from  a 
lead-screw  are  so  constructed  that  one  lead-screw  may  easily 
be  replaced  with  another  of  different  pitch.  Such  machines 
are  intended  for  general  application,  but  lead-screws  are 
changed  for  milling  threads  of  different  pitch,  instead  of 
change-gears,  as  in  the  case  of  the  other  general  type  of  ma- 
chine mentioned.  Thread  milling  machines  embodying  the 
general  principles  of  operation  outlined  differ,  of  course,  in 
regard  to  the  arrangement,  as  well  as  to  the  details  of  con- 
struction, as  shown  by  the  following  descriptions. 

Pratt  &  Whitney  Thread  Milling-  Machine 

One  design  of  thread  milling  machine  having  a  gear-driven 
lead-screw  and  a  traversing  cutter-slide  is  shown  in  Fig.  4, 
which  illustrates  a  6-  by  48-inch  machine  manufactured  by 
Pratt  &  Whitney  Co.,  Hartford,  Conn.    This  machine  is  driven 


Tig.   6.    Kind  of  Cutter  used  on  Pratt  Sc  -Whitney  Thread  Hilling  Machine 

by  a  belt  connecting  with  a  cone  pulley  carried  by  a  horizontal 
shaft  extending  along  the  rear  side  of  the  bed,  as  shown  in 
Pig.  3.  This  shaft  drives  the  work-spindle  through  a  gear- 
box which  provides  for  the  necessary  speed  changes.  The  lead- 
screw  for  traversing  the  cutter-slide  is  connected  to  the  work- 
spindle  by  change-gears  selected  with  reference  to  the  pitch 
or  lead  of  the  thread  to  be  milled.  The  rear  view  illustrates 
how  motion  is  transmitted  from  the  driving  shaft  to  the  cutter- 
spindle  through  bevel  gearing  and  suitable  connecting  shafts. 
The  main  driving  shaft  at  the  rear  is  splined  to  permit  the 
cutter-slide  to  move  along  the  bed.  The  cutter-slide  has  a 
rapid  traversing  movement  and  automatic  stops  for  controlling 
the  length  to  which  a  thread  is  milled. 

The  work-spindle  is  indexed  when  cutting  multiple  screw 
threads  by  a  notched  ring  attached  to  the  inner  section  of 
the  compound  work-spindle.  The  outer  section  of  this  spin- 
dle is  normally  locked  to  the  inner  part  by  a  pawl  which  en- 
gages a  notch  in  the  ring  referred  to.  In  order  to  index  a 
screw  requiring  a  multiple  thread,  the  pawl  is  disengaged  and 
the  inner  part  of  the  spindle  is  turned  whatever  fractional  part 
of  a  revolution  may  be  required.  For  instance,  if  a  double 
thread  were  being  milled,  the  indexing  movement  would  equal 
one-halt  revolution,  whereas  for  a  triple  thread  it  would  be 
necessary  to  index  one-third  revolution,  and  so  on.  As  a  ma- 
chine of  this  type  is  used  for  many  other  helical  milling  opera- 
tions other  than  screw  threads,  the  index  ring  is  provided  with 
forty-eight  notches  for  accommodating  other  classes  of  work. 
When  it  is  necessary  to  mill  helical  grooves  of  exceptionally 
long  lead,  it  might  not  always  be  practicable  to  drive  the  lead- 
screw  from  the  work-spindle  in  the  usual  manner  because  of 
the  excessive  stresses  to  which  the  change-gears  would  be  sub- 
jected. One  method  of  avoiding  this  difficulty  in  connection 
with  lathe  practice  has  been  to  drive  the 
work-spindle  from  the  lead-screw.  The 
drive  can  be  changed  in  this  same  way 
when  using  the  thread  milling  machine 
shown  in  Fig.  4,  by  simply  shifting  clutches 
which,  for  work  of  the  class  mentioned, 
make  the  lead-screw  the  driver  and  the 
work-spindle  the  driven  member.  These 
machines  are  sometimes  provided  with 
what  is  known  as  a  "backing  out  attach- 
ment." This  is  simply  an  arrangomont  tor 
gradually  withdrawing  the  cutter  at  the 
end  of  a  thread  so  that  the  thread  groove 
will  gradually  taper  from  the  full  depth 
out  to  zero,  instead  of  abruptly  rising  from 
the  bottom  to  the  top  of  the  thread  groove. 
When  this  attachment  is  In  use  the  cutter 

<\viiliilraws  while  the  work  is  making  three 
^_  turns.     This  method  of  flnlshing  the  end 

of  a  screw  thread  Is  desirable  when  screws 
are  subject  to  severe  shocks,  as.  for  exam- 
ple, the  screws  of  rock  drills. 

The  style  of  milling  cutter  used  on  the 
I'ratt  &  Whitney  thread  milling  machine 
is  shown  In  Fig.  6.  This  Is  n  special  form 
of  cutler  having  staggered  ici'ih    Tho  teeth 
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rig.  7.     Detail  View  of  Lees-Bradner  Machine  milling  Screw  Thread  with  a 
Multiple  Type  of  Cutter 

do  not  extend  across  the  cutter,  but  are  arranged  to  cut  only 
on  one  side,  each  cutting  edge  being  midway  between  the  ad- 
jacent edges  on  the  other  side.  One  tooth  is  left  full  for  the 
purpose  of  gaging.  The  cutter  is  made  in  this  way  so  that 
the  oil  or  cutting  compound  has  free  access  to  the  cutting 
edges  and  the  chips  readily  escape  or  are  washed  away  by  the 
lubricant.  A  special  automatic  grinder  is  used  for  sharpening 
these  cutters.  This  grinder  has  three  wheels,  two  of  which 
are  for  grinding  the  angular  sides;  after  the  sides  are  finished, 
the  third  wheel  is  used  for  sharpening  the  points  of  the  teeth. 

Lees-Bratlner  Thread  Milling  Machine 

The  thread  milling  machine  shown  in  Fig.  5  is  another  ex- 
ample of  the  type  which  mills  a  screw  thread  by  traversing  a 
cutter  along  the  work  while  the  latter  revolves  but  remains 
in  the  same  lengthwise  position.  The  change-gear  mechanisms 
for  controlling  the  lead  of  the  thread  to  be  milled,  the  speed 
of  the  work-spindle  or  the  feeding  movement,  and  the  cutter 
speed  are  incorporated  in  the  design  of  the  headstock.  All 
movable  parts  are  driven  from  a  single  belt  pulley  at  the  rear. 
Motion  is  transmitted  to  the  cutter-spindle  A  by  means  of  a 
splined  shaft  which  extends  along  the  rear  side  of  the  bed  and 
1b  connected  to  the  cutter-spindle  through  suitable  gearing. 
The  cutter-head  Is  of  cylindrical  design  and  can  be  swiveled 
180  degrees  for  aligning  the  cutter  with  a  thread  groove  or 
any  other  helical  groove.  The  angular  position  of  the  cutter 
spindle  is  indicated  by  graduations  and  a  vernier  scale.  The 
lateral  position  of  the  cutter  is  controlled  by  handwheel  li. 
The  depth  of  the  cut  is  indicated  by  a  micrometer  dial  and  it 
may  be  regulated  positively  by  an  automatic  adjustable  stop 
which  Is  used  either  when  milling  duplicate  screw  threads  or 
multiple  threads. 

The  traversing  movement  of  the  cutter  carriage  along  the 
bed  may  be  controlled  automatically  by  stops  C  and  Z>  and 
also  by  hand  lever  /J,  with  which  the  trip-rod  F  Is  connected. 
The  machine  Is  Idle  when  clutch  lever  f:  Is  In  the  neutral  posi- 
tion shown  In  the  llluHtratlon.  When  this  lever  Is  shifted  to 
the  right,  thus  engaging  the  poHltlvc  feed  clutch,  the  carriage 
travelH  to  the  left  until  It  engugos  slop  collar  C,  which  Is  sel 
In  accordance  with  the  length  of  thn-ud  to  be  milled.  After 
the  culler  Is  withdrawn  from  the  work,  the  carriage  may  be 
rapidly  returned  to  the  HtartlnR  position  by  throwing  lever  /.' 
to  the  left,  which  engagcB  a  friction  clutch.  The  return  move- 
ment of  the  carriage  U  arrested  by  collar  D,  which  swIngH 
lever  /•;  to  the  neutral  position  again.  The  opcratliiR  parts  r)i 
the  ma'hlno  arc  slarlfd  or  slopped  by  lover  (I. 

The  work  may  be  held  between  centfrs  or  In  a  collet  chmU 
nt  the  headstock  enrl  and  on  a  <!anter  at  the  tallHtock  erwl,  ir 
this  additional  Hupport  Is  nocensBry.  Thn  collet  chuck  hIiduIiI 
)m  u»ed  If  posslbln.  The  work  may  bo  turned  Independently 
by  mcnnH  of  Iho  Indexing  mechanism  at  //,  which  Is  UMod  when 
cutting  multiple  Hcrew  threiulK  or  for  relocating  the  cuttiT 
with  a  provlounly  milled  thread  groovo. 

When  thrcadN  of  fine  pilch  are  to  bo  milled,  a  multiple  form 
of  cutler  la  aiicd,  Intilcad  of  a  single  cutter.  In  order  tn  (IiiIhIi  ii 
thread  complotn  In  practically  one  revolution  of  the  spindle 


The  detailed  view,  Fig.  7,  shows  a  multiple  cutter  milling  a 
thread  on  one  section  of  a  spindle.  The  steadyrest  shown  in 
this  illustration  and  in  Fig.  5  is  used  for  supporting  all  flexi- 
ble parts.  While  this  machine  is  designed  primarily  for  mill- 
ing such  parts  as  lead-screws,  worms,  etc.,  it  may  also  be  em- 
ployed for  milling  either  spiral  or  spur  gears.  It  is  manufac- 
tured by  the  Lees-Bradner  Co.,  Cleveland,  Ohio. 

Molina  Thread  Milling-  Machine 

The  machine  shown  in  Fig.  8  differs  from  the  designs  previ- 
ously described  in  that  it  has  a  traversing  work-table  and  a 
cutter  which  revolves  in  one  position  when  milling  a  thread. 
The  work-table  carries  the  headstock  and  tailstock  spindles 
for  holding  the  work  between  centers,  and  it  is  traversed  at 
the  proper  rate  for  generating  a  thread  of  the  required  lead  by 
means  of  change-gears,  seen  at  the  end  of  the  machine,  which 
connect  the  main  or  headstock  spindle  with  the  lead-screw. 
This  machine  is  adapted  for  milling  threads  of  coarse  pitch  or 
large  worms.  The  cutter,  of  course,  can  be  adjusted  to  the 
helix  angle  of  the  thread  as  well  as  laterally  for. feeding  it  in 
to  the  depth  of  the  thread  or  away  from  the  work.  This  ma- 
chine has  an  indexing  mechanism  for  use  when  cutting  multi- 
ple threads.  This  device  consists  of  an  index  plate  attached 
to  the  driving  gear  of  the  main  spindle  and  having  suitable 
holes  which  are  engaged  by  a  plunger.  The  work  may  either 
be  held  between  the  centers,  as  shown  in  the  illustration,  or 
in  a  collet  chuck  or  jaw  chuck  screwed  onto  the  spindle.  When 
parts  are  held  between  centers  a  steadyrest  block,  provided 
with  bushings,  may  be  used  for  supporting  the  work.  This 
machine  has  a  maximum  swing  of  8  inches  and  will  hold  parts 
30  inches  long  between  the  centers.  The  spindle  is  hollow 
and  a  3%-inch  shaft  may  be  passed  through  it.  This  machine 
is  made  by  the  Moline  Tool  Co.,  Moline,  111. 

Waltham  Thread  Milling  Machine 

The  thread  milling  machine  illustrated  in  Fig.  9  is  intended 
for  small  precision  work.  The  cutter-slide  of  this  machine  is 
traversed  along  the  bed  by  a  lead-screw  connecting  with  the 
work-spindle  through  change-gearing.  The  machine  is  driven 
from  a  constant-speed  shaft  mounted  in  brackets  on  the  rear 
side.  This  shaft  drives  the  work-spindle  through  the  cone 
pulleys  shown  and  worm-gearing.  The  four-step  cone  pulleys 
are  interchangeable  and  provide  the  necessary  speed  changes. 
The  milling  cutter-spindle  is  set  at  the  helix  angle  of  the 
thread  as  shown  by  graduations  on  the  circular  base  of  the 
swiveling  member.  When  a  thread  has  been  milled  to  the 
required  length,  the  machine  is  stopped  automatically  by  the 
disengagement  of  a  clutch  on  the  work-spindle.     Oil  or  some 
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Fig.  9.     Waltham  Thread  Milling  Uachine 

cutting  compound  is  supplied  to  tlie  cutter  by  means  of  a 
pump  driven  from  tlie  constant-speed  sliaft  at  tlie  rear  of  the 
machine.  Tapering  threads  may  be  milled  by  using  a  taper 
attachment  which  is  similar  in  principle  to  the  attachment 
found  on  engine  lathes.  This  machine  also  has  a  compensat- 
ing bar  for  obtaining  slight  variations  in  the  lead  of  a  screw 
thread  to  compensate  for  shrinkage  in  hardening,  as  when 
making  thread  gages  or  taps.  A  pointer  attached  to  the 
swiveling  bar  extends  through  to  a  graduated  index  at  the 
front  of  the  machine  and  shows  the  amount  of  increased  lead 
that  can  be  obtained.  The  angular  position  of  the  compensat- 
ing bar  can  be  changed  by  means  of  two  thumb-screws  at  the 
front  of  the  machine.  The  right-hand  bearing  of  the  lead- 
screw  is  threaded,  and  this  bearing  can  be  rotated  by  a  lever 
to  change  the  location  of  the  cutter  carriage  in  relation  to 
the  thread  groove.  This  fine  longitudinal  adjustment  may  be 
used  for  setting  the  cutter  to  match  a  thread  groove  that  has 
previously  been  milled.  This  machine  is  made  by  the  Waltham 
Machine  Works,  Waltham,  Mass.,  and  it  is  intended  for  tool- 
rooms and  experimental  laboratories,  as  well  as  for  universal 
use  on  work  within  its  range. 

Internal  Thread  Milling-  Machine  of  Single-cutter  Type 

The  Pratt  &  Whitney  internal  thread  milling  machine  shown 
In  Fig.  10  is  adapted  particularly  for  milling  threads  of  mod- 
erate pitch  in  holes  varying  from  H4  inch  in  diameter  up  to 
about  6  Inches.  The  work-spindle  and  cutter-spindle  are  both 
driven  from  a  horizontal  shaft  at  the  rear  carrying  a  three- 
step  cone  pulley.  The  speed  of  the  work-spindle  is  varied  by 
means  of  a  gear-box  at  the  rear  of  the  machine,  eighteen  speed 
changes  being  obtained  for  each  of  the  three  positions  of  the 
belt  on  the  cone  pulley.  The  cutter-spindle  is  driven  through 
gearing  from  the  shaft  referred  to,  and  in  order  to  eliminate 
any  tendency  on  the  part  of  the  cutter  to  chatter  owing  to 
lost  motion  in  the  driving  gears,  use  has  been  made  of  a  fly- 
wheel which  is  mounted  In  bearings  that  are  independent  of 
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the  spindle.  The  cutter-spindle  head  is  so  constructed  that 
the  angular  adjustment  of  the  cutter  for  aligning  it  with  the 
helical  thread  groove  does  not  disturb  the  central  relation 
between  the  cutter  and  the  thread  being  milled.  The  lateral 
position  of  the  cutter  may  be  regulated  by  means  of  a  microm- 
eter dial  and  a  positive  adjustable  stop.  The  latter  enables 
the  cutter  to  be  withdrawn  from  the  screw  thread  and  re- 
turned for  cutting  a  thread  groove  of  the  same  depth.  The 
spindle  of  this  machine  is  provided  with  a  notched  index  ring 
and  a  pawl  which  holds  the  inner  and  outer  spindle  sections 
together,  as  described  in  connection  with  the  machine  illus- 
trated in  Fig.  4.  When  cutting  a  multiple  thread  the  work 
is  indexed  by  simply  releasing  the  pawl  and  turning  the  inner 
spindle  whatever  fractional  part  of  a  revolution  may  be 
required. 

Taft-Peirce  Thread  Milling-  Machine 

A  thread  milling  machine  of  the  multiple-cutter  type  which 
completes  a  thread  in  practically  one  revolution  of  the  work 
is  shown  in  Fig.  11.  This  machine  is  manufactured  by  the 
Taft-Peirce  Mfg.  Co.,  Woonsocket,  R.  I.  The  cutter-spindle 
and  work-spindle  are  driven  by  separate  belts  leading  from 
the  same  countershaft.  The  work  is  held  in  some  form  of 
chuck  or  fixture  at  A.  and  the  cutter,  which  is  partly  enclosed 
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Fig.   n.     Taft-Peirce  Thread  Milling  Machine  of  Multiple-cutter  Type 

by  a  guard  for  the  protection  of  the  operator,  is  located  at  B. 
When  a  thread  is  being  milled  the  cutter  is  set  transversely 
for  milling  the  thread  to  the  proper  depth,  and  the  work-spin- 
dle then  advances  a  distance  equal  to  the  pitch  or  lead  of  the 
thread  as  it  turns  one  revolution  plus  a  slight  amount  of  over- 
travel.  The  work  is  held  either  in  a  self-centering  chuck  or  a 
special  fixture  which  may  be  fitted  to  the  counterbore  A,  Fig. 
12.  on  the  front  end  of  the  work-splndle.  This  spindle  is  of 
the  open  yoke  design  and  it  is  driven  from  a  cone  pulley  at 
the  rear  of  the  machine,  from  which  motion  is  transmitted 
through  bevel  gears  to  worm-shaft  E  and  a  worm  to  a  worm- 
wheel  on  the  work-splndle.  This  drive  is  controlled  by  the 
I'Mgagenient  of  a  sliding  clutch  operated  by  a  rod  F  extending 
tlirough  the  hollow  worm-shaft.  On  the  front  end  of  this  rod 
iliere  is  a  knob  S,  Fig.  11,  used  for  engaging  or  disengaging 
the  clutch.  The  teeth  in  the  worm-wheel  are  not  of  the  usual 
rnncave  or  curved  form,  but  extend  in  a  straight  path  diag- 
•  inally  across  the  face  of  the  worm-whocl,  so  that  the  work- 
splndle  win  be  free  to  move  longitudinally  when  milling  a 
thread.  This  longitudinal  inovomont  Is  derived  from  a  master 
mil  /)  and  a  lead-screw  (',  Fig.  12.  The  load  screw  is  made  in 
I  wo  parts,  and  when  nssomblod  In  the  master  nut  tliere  Is  a 
space  between  the  two  sections  which  provide  a  means  for  com- 
pensating for  wear.  The  lead-screw  and  work-splndle  rotate 
together  and  the  master  nut  I)  and  handwheol  M  are  hold  sta- 
tionary, when  milllnR  a  thread,  by  lock-pin  .Y.  so  that  the  work- 
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rig.   12.     Sectional  View  of  Headstock  of  Machine  shown  in  Fig 

spindle  moves  longitudinally.  The  pitch  of  the  thread  in  the 
lead-screw  and  master  nut  must  correspond  with  the  pitch  of 
the  thread  to  be  cut. 

The  cutter-spindle  slide  is  mounted  on  an  intermediate  slide 
T,  Fig.  11,  which  rests  upon  the  lower  slide.  The  upper  cutter- 
slide  is  adjusted  transversely  by  a  screw.  A  positive  stop  is 
provided  to  insure  returning  the  cutter-slide  to  the  same  posi- 
tion. The  intermediate  slide  also  has  a  transverse  movement 
for  withdrawing  the  cutter  at  the  completion  of  a  cut  or  for 
returning  it  to  the  working  position.  After  the  work-spindle 
completes  one  revolution,  a  cam  V  on  the  work-spindle  engages 
a  trip  pin  J  and  through  a  bell-crank  mechanism  operates  the 
horizontal  shaft  K  which  releases  the  knock-off  lever  L.  When 
this  lever  L  is  withdrawn,  a  spring  throws  the  cutter-slide  back 
so  that  the  cutter  is  removed  from  the  work;  the  work-spindle 
and  feed  motion  are  also  stopped  at  the  same  time.  The  cutter- 
slide  and  cutter  are  returned  to  the  working  position  by  pull- 
ing up  lever  Q.  After  the  cutter-slide  has  advanced  to  the 
right  location,  the  lever  L  drops  into  place  and  holds  the  slide 
until  another  thread  has  been  milled. 

The  saddle  which  rests  on  the  bed  and  carries  the  cutter- 
slide  may  be  adjusted  longitudinally  along  the  bed  by  turning 
handwheel  W,  the  shaft  of  which  carries  a  pinion  meshing 
with  a  rack.  For  most  external  thread  milling  operations  this 
saddle  la  locked  in  position  and  is  seldom  adjusted,  but  for 
most  internal  work  It  Is  necessary  to  move  the  cutter-slide 
along  the  bed  for  withdrawing  the  cutter  from  the  work  so 
that  the  piece  can  be  removed  from  the  chuck  or  holding  fix- 
ture. A  stop  Is  provided  on  the  bed  against  which  the  saddle 
is  located  In  the  operating  position  In  order  to  maintain  the 
same  relation  between  the  position  of  the  cutter  and  the  face 
of  the  fixture  or  work.  When  the  parts  to  be  threaded  are  In- 
serted through  the  opening  In  the  work-spindle  at  the  rear  of 
the  front  bearing  for  Internal  thread  milling,  It  Is  not  neces- 
sary to  move  the  saddle  when  a  part  Is  completed. 

PartB  3  1/4  Inches  In  diameter  by  10  Inches  long  may  be 
held  In  a  spring  chuck,  and  If  a  regular  lathe  chuck  Is  used. 
It  Is  poBHlble  to  hold  work  up  to  4  7/16  Inches  In  diameter  by 
approximately  18  Inches  long.  When  a  lathe  chuck  Is  applied 
to  this  machine  It  Is  fitted  to  the  couiiterhore  A,  Fig,  12,  iil 
the  front  end  of  the  work-splndle.  Special  chucks  or  llxlureH 
for  holding  flanges,  etc.,  may  bo  as  large  as  1«  Inches  In  diam- 
eter, which  roprescntfl  the  full  swinging  capacity  of  the  ma- 
chine. Pneumatically  operated  chucks  are  rocommondod  for 
one  In  this  machine,  &»  It  Is  posslblo  to  Increase  the  produ<lli>ii 
from  20  to  r,0  per  conl  an  compared  with  Iiiitid  operated  cliuckH. 
The  hondwhcfl  Mhown  at  It  Is  UHod  for  opiTiilliiK  rliucks  <if 
the  Hprlng  or  collet  typo.  Thin  type  of  niurlilnc  Im  OHporlally 
dedlgnod  for  milling  comparatively  nhort  Intornnl  or  oxlcrnal 
ihrnadii  lornled  nt  or  near  the  onils  of  parts.  Fig.  Kt  lUus- 
trnics  a  typical  example  of  external  work.  Th«  length  of 
thrc.iil  which  can  bo  milled  dcpondit,  of  coumo,  upon  the  pilch 
of  th<«  Ihrond   and   the  kind   of  matorlnl   that   In  to  be  cut. 

Home  njtnniplex  of  work  milled  on  the  Tafl  rolrce  machine 


are  shown  in  Fig.  14.  The  internal  thread- 
ing operation  on  thesmall  brass  parts  shown 
at  A  was  done  at  the  rate  of  90  pieces  per 
hour;  the  thread  in  this  case  is  13/16  inch 
diameter  and  20  pitch.  The  internal  thread- 
ing operation  on  the  part  shown  at  B  was 
done  at  the  rate  of  55  pieces  per  hour,  the 
threads  being  1 3/8  inch  diameter  and  6 
pitch.  The  brass  part  illustrated  at  G  has  a 
thread  2  inches  in  diameter  and  14  pitch, 
and  was  milled  at  the  rate  of  60  per  hour. 
The  pressed  aluminum  piece  shown  at  D  has 
an  external  thread  1 3/8  inch  in  diameter 
and  6  pitch;  the  thread  is  the  Whitworth 
form  and  these  parts  were  milled  at  the  rate 
of  70  per  hour.  The  clutch  housing  shown 
at  E  has  a  3-inch  thread  of  16  gitch,  and  26 
housings  were  milled  per  hour.  The  internal 
threading  operation  on  the  part  shown  at  F 
was  performed  at  the  rate  of  30  pieces  per 
hour,  the  thread  being  3  1/4  inches  in  diam- 
eter and  16  pitch;  the  external  thread  on 
this  same  part  is  4  1/2  inches  in  diameter  and  16  pitch,  and 
was  milled  at  the  rate  of  25  pieces  per  hour.  The  different 
rates  of  production  referred  to  are  not  given  as  representing 
the  maximum,  but  the  output  under  normal  conditions  in  regu- 
lar manufacturing  practice. 

Lees-Bradner  Multiple-cutter  Type  of  Thread  Milliner  Machine 

The  Lees-Bradner  special  or  "collet  type"  thread  milling 
machine  shown  in  Fig.  15  is  the  type  having  a  multiple  cutter 
and  a  lead-screw  driven  through  change-gears  selected  with 
reference  to  the  pitch  of  the  thread  to  be  milled.  The  work- 
spindle  is  driven  through  suitable  gearing  from  a  single 
constant-speed  belt  pulley  at  the  rear,  and  the  cutter-spindle 
is  revolved  by  a  belt  operating  on  pulley  G.  The  rotation  of 
the  work-spindle  as  well  as  the  feeding  movement  of  the  cutter- 
slide  may  be  started  or  stopped  by  operating  hand-lever  D, 
which  serves  to  engage  or  disengage  a  friction  clutch. 

The  cutter-spindle  is  carried  by  a  slide  E  (see  also  the  sec- 
tional view.  Fig.  16),  which,  in  turn,  is  mounted  on  an  in- 
termediate slide  A',  supported  by  a  bottom  slide  or  main  sad- 
dle J,  which  rests  upon  the  ways  of  the  machine  bed.  The 
main  saddle  J  may  be  adjusted  along  the  bed  by  handwheel  K 
for  locating  the  cutter  in  the  right  lengthwise  position  relative 
to  the  work,  and  this  saddle  may  be  locked  to  the  bed.  The 
intermediate  slide  A'  conne<;ts  with  a  short  lead-screw  R.  Fig. 
16.  This  lead-screw  is  driven  through  gearing  by  a  spllned 
shaft  B,  which  is  revolved  by  means  of  change-gears  selected 
according  to  the  pitch  of  thread  to  be  milled.  The  upper  slide 
which  carries  the  cutter-spindle  may  be  adjusted  in  a  cross- 
wise direction  by  means  of  handwheel  /•',  Fig.  15,  to  suit  the 
diameter  of  the  work  and  depth  of  thread  to  be  milled.  When 
the  feed  lever  Af  is  pulled  over  to  the  place  marked  "feed"  on 
the  quadrant,  the  cutter-slide  A'  operates, assuming  thatlever  D 
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Fig.  14.     Miscella 


mples  of  Thread  Milling  performed 
shown  in  Fig.   11 


is  in  the  right  position.  When  lever  M  is  thrown  in  the 
opposite  direction  as  far  as  it  will  go,  the  work-spindle  may 
be  revolved  with  a  rapid  reverse  motion. 

Motion  is  transmitted  to  the  intermediate  cutter-slide  by  the 
splined  shaft  and  lead-screw 
referred  to,  in  order  to  avoid 
a  reversal  of  the  rotating 
parts  each  time  a  thread  is 
milled  and  the  resulting  loss 
of  time  which  would  occur 
while  waiting  for  any  back- 
lash or  lost  motion  in  the 
transmission  to  be  taken  up. 
When  milling  a  thread,  the 
intermediate  and  upper  slides 
with  the  cutter-spindle  are 
traversed  along  the  bottom 
slide  or  main  saddle  J  a  dis- 
tance equal  to  the  pitch  of 
the  thread  plus  a  slight 
amount  of  over-travel.  This 
traversing  movement  is  away 
from  the  chuck  for  internal 
milling  and  toward  the  chuck 
for  some  external  milling 
operations.  If  ten  threads  to 
the  inch  were  being  milled. 
the  traversing  movement  of 
the  Intermediate  slide  on  the 
bottom  slide  would  equal  ap- 
proximately 1/10  inch  for 
each  thread  milling  operation. 
As  the  Intermediate  slide  has  a  total  travel  on  the  main  saddle 
of  about  five  inches,  obviously  threads  could  be  milled  on  about 
fifty  pieces  before  it  would  be  necessary  to  return  the  inter- 
mediate slide  to  the  starting  point.  The  number  of  parts  that 
could  be  milled  before  it  becomes  necessary  to  reverse  the  lead- 
screw  and  return  the  slide  depends,  of  course,  upon  the  pitch 
of  the  thread.  When  the  intermediate  slide  has  reached  the 
limit  of  its  travel,  the  clutch  at  7'.  through  which  the  lead- 
screw  R  Is  driven,  is  disengaged  by  pin  V.  The  operator  then 
revolves  the  lead-screw  In  the  opposite  direction  by  means  of 
handwbeel  \V,  or  by  means  of  the  quick-return  lever  M,  thus 
returning  the  slide  to  the  other  end  of  its  travel  preparatory 
to  milling  another  lot  of  parts.  Any  movement  of  the  main 
slide  on  the  hod  wlilch  may  be  nei-essary  for  inserting  the 
work  In  the  chuck  or  removing  it  does  not  necessitate  dis- 
engaging the  lead-screw  dutch  or  reversing  Its  driving 
mechanism. 

The  rrnsBwlHc  position  of  the  cutter  Is  Indicated  by  an  ad- 
justable mlcromt'tor  dial  reading  to  thousandths  of  an  Inch 
which  Ik  located  Just  back  of  hiindwheel  /■'.  This  dial  Is  set 
al  the  zero  position  when  the  ciittfr  just  touches  the  part  to  be 
milled.  The  mlcronictcr  dial  Is  then  locked  In  position  and 
the  hnndwheel  turned  far  enough  to  move  cutter-slide  E  an 
amount  depuudlng  upon  the  depth  of  the  thread  to  be  milled. 


Fig.   IB. 


When  the  cutter  has  been  fed  in  to  the  right  depth,  a  stop  on 
the  handwbeel  should  be  adjusted  so  that  it  is  in  contact  with 
stop  H.  The  latter  may  be  adjusted  by  means  of  a  binder 
screw  operating  in  cutter-slide  E,  so  that  stop  H  will  intercept 
the  stop  on  the  handwbeel  F  when  slide  E  is  in  position  for 
milling  a  thread.  The  engagement  between  the  two  stops  re- 
ferred to  is  such  that  stop  H  moves  far  enough  during  one 
revolution  of  handwbeel  F  to  clear  the  stop  on  the  wheel. 
When  the  cutter -slide  is  returned  to  the  milling  or  working 
position,  stop  H  will  again  engage  the  handwbeel  stop  auto- 
matically and  locate  the  cutter  at  whatever  depth  it  was  previ- 
ously set  to. 

The  collet  chuck  A  in  which  the  work  is  held  is  opened  or 
closed  by  handwbeel  B.  This  collet  chuck  (see  sectional  view, 
Pig.  16)  is  an  ingenious  design  so  arranged  that  the  collet 
is  positively  actuated  both  when  opening  and  closing.  This 
collet  is  made  of  machine  steel  and  the  jaws  are  easehardened, 
but  the  flexible  part  is  left  unhardened.  When  the  collet  is 
drawn  back  against  the  tapering  seat  X  in  the  spindle,  it  grips 
the  work,  and  when  moved  in  the  opposite  direction  one  side 
of  a  V-shaped  groove  on  the  outer  end  engages  another  taper- 
ing seat  in  ring  Y,  thus  positively  forcing  the  collet  jaws  out- 
ward. The  amount  of  this  expansion  is  regulated  by  the  dis- 
tance the  ring  Y  is  screwed  on  or  off  the  end  of  the  spindle. 
With  this  arrangement  it  is 
unnecessary  to  have  a  spring 
temper  in  the  flexible  part 
back  of  the  jaws.  The  detailed 
view.  Fig.  17,  shows  one  of 
these  machines  milling  ex- 
ternal threads  on  shell  fuses. 

Thomson  Thread  Milling 

Machine 
The  multiple-cutter  type  of 
thread  milling  machine  shown 
in  Fig.  IS  is  designed  for  mill- 
ing threads  on  such  parts  as 
rifle  barrels,  rifle  receivers, 
bronze  primers,  fuse  bodies, 
the  nose  pieces  for  the  smaller 
shells,  automobile  parts,  watch 
cases,  or  whenever  a  short 
thread  of  a  pitch  not  greater 
than  12  threads  per  inch  (in 
steel)  is  required.  When  a 
thread  is  being  milled,  the 
work-spindle  of  the  machine 
is  advanced  as  it  revolves  by 
a  short  lead-screw  which  is 
mounted  on  the  spindle  and 
engages  an  adjustable  nut  A. 
The  work-spindle  and  the 
cutter-spindle  each  have  a  separate  driving  belt.  The  large 
pulley  B  back  of  the  headstock  is  for  driving  the  work-spindle 
and  transmits  motion  to  it  through  worm-gearing.  The  belt 
pulley  C  drives  the  cutter-spindle  by  means  of  a  silent  chain. 
The  cutter-spindle  is  carried  by  a  vertical  sliding  head,  which, 
in  turn,  is  mounted  on  a  carriage  that  can  be  moved  along  the 
horizontal  ways  of  the  machine  bed  by  the  handwbeel  D.  The 
cutter  is  adjusted  for  the  right  depth  of  cut  by  means  of 
handle  E  attached  to  the  adjusting  screw  and  equipped  with  a 
micrometer  dial  reading  to  thousandths  of  an  inch.    After  the 
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cutter  is  once  set  in  the  right  position,  it  is  advanced  and 
withdrawn  from  the  work  by  the  action  of  a  cam  on  the  hori- 
zontal shaft  F,  which  is  turned  by  hand-lever  G.  One  move- 
ment of  this  lever  moves  the  cutter 
up  to  the  cutting  position  and,  at  the 
same  time,  engages  a  clutch  with  the 
worm-wheel  W,  which  revolves  loosely 
on  the  work-spindle  except  when  a 
thread  is  actually  being  milled.  As 
the  work-spindle  revolves,  it  also  ad- 
vances at  a  rate  depending  upon  the 
pitch  of  the  lead-screw  thread,  which 
must  correspond  to  the  pitch  of  the 
thread  to  be  milled.  Attached  to  a 
drum  on  the  work-spindle  there  is  a 
wire  cable  H  which  connects  with  a 
spring  drum  located  inside  of  the  ma- 
chine base.  This  cable  is  slowly  wound 
upon  the  work-spindle  drum  as  the 
spindle  revolves,  until  a  sleeve  attached 
to  cable  H  comes  into  contact  with 
trip  lever  J.  When  this  lever  is  raised, 
shaft  F  is  released  and  is  turned  back- 
ward by  the  tension  spring  A',  thus 
withdrawing  the  cutter  from  the  work 

and  stopping  the  spindle.  The  mechanism  is  so  arranged  that 
this  tripping  action  o<-curs  after  the  work  has  made  a  little 
over  one  revolution  and  the  thread  is  completed.    When  mill- 


ing internal  threads,  the  cutter-slide  is  withdrawn  by  means 
of  handwheel  D  after  each  operation,  in  order  to  remove  the 
work  from  the  chuck.  An  adjustable  stop-rod  L  on  the  cutter- 
slide  comes  into  engagement  with  stop  M  and  serves  to  relo- 
cate the  cutter  after  it  has  been  withdrawn  for  removing  work 
having  internal  threads.  The  cutter-slide  is  locked  to  the  ma- 
chine bed  when  a  thread  is  being  milled.  This  machine  is 
made  by  the  T.  C.  M.  Mfg.  Co.,  Harrison,  N.  J. 

Smalley-General  Thread  Milling-  Machine 

The  thread  milling  machine  illustrated  in  Pig.  19  Is  ar- 
ranged especially  for  shell  work,  although  it  can  be  equipped 
for  general  thread  milling  by  removing  the  special  shell- 
holding  chuck  and  attaching  some  other  form  of  chuck.  This 
machine  (manufactured  by  the  Smalley-General  Co.,  Bay  City, 
Mich.)  has  a  multiple  cutter  for  finishing  a  thread  in  practi- 
cally one  revolution,  and  the  particular  machine  illustrated  is 
equipped  for  milling  threads  in  the  bases  of  9.2-inch  high- 
explosive  shells.  The  chuck  for  holding  these  shells  is  pneu- 
matically operated,  and  by  the  use  of  liners  the  adapter  and 
plugs  for  these  shells  may  also  be  threaded  in  this  machine. 
The  cutter-spindle  is  mounted  on  a  carriage  which  is  traversed 
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Fig.    19.     Smallejr-General  Thread  Milling  Machine 

along  the  bed  by  a  gear-driven  lead-screw  when  milling  a 
thread.  The  carriage  can  also  be  traversed  by  turning  the 
large  handwheel  seen  at  the  front  of  the  machine.  The  cutter- 
spindle  and  the  work-spindle  are  driven  independently  by  sepa- 
rate belts.  The  drive  to  the  spindle  is  so  arranged  that  the 
comparatively  slow  speed  required  for  thread  milling  can  be 
increased  sufficiently  for  turning  operations.  In  order  to  per- 
form operations  of  this  kind  where  a  surface  or  shoulder  must 
be  absolutely  true  with  a  milled  thread,  the  machine  is 
equipped  with  a  turning  tool.  This  tool  is  located  near  the 
hob  and  it  is  used  on  the  9.2-inch  shells  referred  to  for  finish- 
ing a  recess  at  the  end  of  the  shell. 

The  tool  is  so  located  that  the  thread  milling  cutter  can 
be  used  without  moving  the  turning  tool,  or  the  latter  can 
be  used  without  removing  the  cutter.  The  normal  feed  for 
thread  milling,  which  Is  about  six  inches  per  minute,  is  In- 
creased to  twenty-flve  feet  per  minute  for  turning.  The  single 
belt  pulley  which  drives  the  main  spindle  transmits  motion 
to  II  llirounh  a  worm-gear  and  si)ur-Koar.  The  high  speed  for 
tiiriiiiig  is  obtained  by  driving  dlrcil  through  llio  spurgcar- 
ing,  and  the  speed  Is  reduced  for  thread  nillling  by  driving 
through  the  worm-gearing.  This  change  of  speed  Is  obtained 
l).v  slilfting  a  lever  located  on  tlio  main  head,  which  operates 
a  clutch.  This  lever  Is  held  In  cither  the  high-speed,  low-speed 
or  neutral  poHlllon  by  a  notched  quadrant.  The  gear  on  the 
imhIii  Hpliidlo  which  drives  the  train  of  change-goars  Is  froo  to 
■tllili!  In  or  out  of  mcHli  for  diHniigngIng  the  load-screw  drive. 

One  of  the  special  fcaturcH  of  this  niachliio  Is  the  method 
•  r  I'Dgagliig  the  load  screw  nut  with  the  cuttor-Bllde  or  carriage. 
Oil  the  load-Hcrow  there  Is  a  nut  which  Is  attached  rigidly  to 
II  wedge  bar  which  mnvcH  along  with  the  nut  whenever  the 
lead-Bcrew   Ih   In    motion.     On   the   liotliini    of   the  cutter-slide 
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there  are  two  wedge  blocks.  One  block  is  fixed  and  the 
other  is  controlled  by  means  of  a  lever  which  is  located  just 
above  and  back  of  the  large  handwheel  for  traversing  the 
cutter-slide  or  carriage  along  the  machine  bed.  These  two 
wedge  blocks  engage  grooves  on  each  side  of  the  wedge  bar 
for  transmitting  motion  from  the  lead-screw  to  the  cutter- 
slide.  The  advantage  claimed  for  this  arrangement  is  that 
the  operator  does  not  have 
to  wait  for  the  lead-screw  to 
engage  a  split  nut.  By  intro- 
ducing an  extra  idler  gear  in 
the  train  of  change-gears,  the 
lead-screw  is  made  to  rotate 
in  the  right  direction  for 
milling  either  right-  or  left- 
hand  threads  and  the  cutter- 
spindle  moves  outward  in 
either  case.  The  cutter- 
spindle  of  the  machine  illus- 
trated is  driven  through  her- 
ringbone gears  from  the  belt- 
pulley  shaft.  Machines  used 
for  comparatively  light  work 
have  the  belt  pulley  mounted 
directly  on  the  cutter-spindle. 

To  illustrate  the  method  of 
using  this  machine,  we  shall 
assume  that  an  internal 
thread  is  to  be  milled  and  a 
shoulder  faced  off  true  with 
the  thread.  After  the  work 
Is  chucked,  the  cutter-slide 
is  traversed  along  the  bed 
by  the  large  handwheel  until 
the  hob  or  thread  milling  cutter  is  properly  located  in  a 
lengthwise  direction,  the  feed  lever  for  engaging  the  lead- 
screw  being  released.  The  cutter  is  usually  located  by  means 
of  a  depth  gage  or  by  moving  it  in  against  a  shoulder  which 
serves  as  a  locating  point.  The  main  spindle  should,  of 
course,  be  revolving  at  the  slow  speed  of  five  or  six  inches 
per  minute  and  the  cutter-spindle  is  also  revolving.  The  cut- 
ter-slide Is  now  connected  to  the  lead-screw  by  means  of  the 
feed-lever  and  as  soon  as  the  cutter  is  fed  into  the  work. 
The  proper  depth  of  cut  is  indicated  by  a  micrometer  dial  on 
the  cross-feed  screw  and  the  work  should  revolve  until  the 
cutter  passes  the  point  at  which  it  started  to  cut  to  the  full 
depth  of  the  thread.  When  the  thread  is  completed  the  cutter 
Is  withdrawn  and  the  drive  to  tlie  lead-screw  is  disengaged 
by  means  of  a  control  lever  provided  for  this  purpose.  The 
main  spindle  is  now  revolved  at  the  higher  speed  for  turning, 
and   the  turning  tool   is   used   for  facing   the  shoulder  true. 

A  larger  machine  designed  along  the  same  general  lines  as 
the  one  illustrated  In  Kig.  19  has  been  used  for  milling 
threads  having  a  pitch  of  ',  i  Inch,  a  length  of  4%  inches, 
and  a  diameter  of  9'/i  Inches.  Threads  of  this  size  were  milled 
In  nickel  steel  armor-piercing  shells. 

Reed-Prentlce  Thread  MllllnK  Machine 

Fig.  20  shows  a  single-purpose  thread  milling  machine 
designed  especially  for  mllllnR  external  threads  on  rifle  bar- 


Fig.  20.    Reed-Prentice  Thread  Milling  Machine  arranged  for  Internal  Work 


rels  and  the  internal  threads  in  rifle  receivers.  The  machine, 
as  illustrated,  is  arranged  for  the  thread-milling  operation  on 
the  receivers.  The  special  work-holding  fixture  is  designed 
to  hold  each  receiver  in  the  same  position  so  that  the  thread 
will  start  at  a  predetermined  point,  thus  making  all  the  re- 
ceivers interchangeable.  When  the  machine  is  used  for  mill- 
ing the  external  threads  on  rifle  barrels,  the  receiver  fixture 
shown  in  the  illustration  is  removed  and  a  special  collet 
chuck  is  used  which  grips  the  barrel  at  the  breech  end  close 
to  the  part  that  is  to  be  threaded.  The  barrel  extends  through 
the  hollow  spindle  of  the  machine  and  provision  is  made  for 
accurately  locating  each  barrel  so  that  the  threads  start  at  a 
fixed  point  and  are  interchangeable  with  the  receivers.  The 
muzzle  end  of  the  barrel  is  supported  by  a  special  cam-action 
closer  which  holds  the  muzzle  end  concentric  with  the  breech 
end.  When  a  thread  is  being  milled,  the  carriage  upon  which 
the  cutter-spindle  is  mounted  is  traversed  along  the  bed  by  a 
lead-screw,  which  is  driven  through  change-gears.  This  lead- 
screw  is  engaged  by  a  split  nut,  the  arrangement  being  similar 
to  an  engine  lathe.  The  bearing  or  bracket  carrying  the  cut- 
ter-spindle is  pivoted  at  one  end,  so  that  the  cutters  can  be 
set  in  line  with  the  angle  of  the  thread,  an  adjustment  of  5 
degrees  each  side  of  the  per- 
pendicular being  provided 
for.  This  machine  is  made 
by  the  Reed-Prentice  Co., 
Worcester,  Mass. 

Classes    of    Work    for    which 
Thread  Milling  Machines 

are  Adapted 
Determining  when  the 
thread-milling  process  is  su- 
perior to  other  thread-cut- 
ting methods  may  be  very 
easy  in  some  cases  and  very 
difficult  in  others.  Each 
standard  method  of  cutting 
threads,  whether  by  milling, 
by  means  of  taps  and  dies, 
or  by  using  a  single-point 
tool  in  the  lathe,  has  its  own 
advantages  when  applied  un- 
der favorable  conditions. 
The  chief  competitors  of  the 
thread  milling  machine  are 
the  engine  lathe,  dies  for  ex- 
ternal threads,  and  taps  for 
internal  thread  cutting.  A 
thread  milling  machine  may 
be  used  (1)  because  the  pitch  of  the  thread  is  too  coarse  for 
cutting  with  a  die,  (2)  because  the  milling  process  is  more  eflB- 
cient  than  using  a  single-point  tool  in  a  lathe,  (3)  in  order 
to  secure  a  thread  which  is  smoother  and  more  accurate 
as  to  lead  than  would  be  obtained  with  a  tap  or  die,  (4) 
or  because  the  thread  is  so  located  relative  to  a  shoulder  or 
other  surface  that  milling  is  superior  to  any  other  method  if 
not  the  only  practicable  way  of  doing  the  work. 
When  making  comparison  between  thread-cutting  processes, 
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or  register  accurately  with  Other  Surfaces 


it  is  also  essential  to  consider  the  relation  that  may  exist 
between  the  thread  cutting  operation  and  other  operations 
which  may  precede  it.  To  illustrate  this  point,  a  lathe 
may  be  inferior  to  a  thread  milling  machine  for  cutting 
a  thread  of  a  certain  size  and  pitch,  and  yet  the  lathe  may  be 
preferable  because  cutting  the  thread  is  only  one  of  a  series 
of  operations  and  by  doing  this  work  in  the  lathe  the  piece  is 
finished  at  one  setting  and  the  thread  is  accurately  located 
with  reference  to  other  machined  surfaces.  Similar  conditions 
may  exist  in  connection  with  work  done  in  turret  lathes  or 
screw  machines.  For  example,  when  a  part  requiring  an  in- 
ternal thread  is  turned  and  bored  in  a  turret  lathe  there  is  a 
decided  advantage,  in  most  cases,  in  finishing  the  part  without 
removing  it  from  the  chuck  and,  ordinarily,  some  form  of  tap 
would  be  used,  or  a  die  in  the  case  of  external  threads.  In 
view  of  this  close  relationship  between  the  method  of  cut 
ting  the  thread  and  the  work  as  a  whole,  it  is  apparent  that 
any  comparison  between  thread  milling  and  other  thread-cut- 
ting processes  must  be  general  and  subject  to  modification. 
The  classes  of  work  for  which  the  different  thread-cutting  meth- 
ods are  particularly  adapted  also  merge  into  one  another  and 
there  is  no  well-defined  dividing  line  to  serve  as  a  guide. 

Determining  the  relative  merits  of  different  thread-cutting 
processes  is  further  complicated  by  the  fact  that  a  comparison 
between  thread  milling  and  the  use  of  a  lathe,  die  or  tap, 
might  be  based  either  on  the  rate  of  production,  accuracy  of 
thread  as  to  diameter  and  lead,  smoothness  of  thread,  or  its 
location  relative  to  other  surfaces.  The  importance  of  these 
different  features  may,  of  course,  vary  considerably  on  differ- 
ent classes  of  work.  It  might  be  possible  to  obtain  a  much 
higher  rate  of  production  with  a  die  than  with  a  thread  mill- 
ing machine  of  the  single-cutter  type,  but  milling  might  be 
preferred  In  order  to  secure  screw  threads  having  a  higher  de- 
gree of  accuracy  as  to  lead  than. is  usually  obtained  with  a  die. 

BUect  of  Diameter,  Pitch  and  Torsional  Strain  on  Method 

of  Cutting-  Thread 
As  the  diameter  and  pitch  of  threads  increase  beyond  the 
ordinary  sizes,  the  use  of  dies  for  external  work  and  taps  for 


internal  work  becomes  less  practicable.  If  the  screw  is  of 
large  diameter,  a  die  or  tap  must  also  be  large  and  cumber- 
some, and  the  cost  of  these  tools  for  cutting  one  size  and  pitch 
of  thread  may  be  prohibitive  in  view  of  the  amount  of  work 
to  be  done.  If  a  large  number  of  duplicate  threads  are  re- 
quired, dies  or  taps  may  be  used  in  preference  to  any  other 
method  even  though  the  diameter  is  large,  especially  if  the 
pitch  of  the  thread  is  not  so  coarse  as  to  cause  distortion  of 
the  work  as  the  result  of  torsional  strain  when  cutting.  Some 
parts  such  as  sleeves,  collar-nuts,  etc.,  are  difficult  to  hold 
firmly  enough  for  tapping  without  distortion,  but  work  of  this 
kind  can  easily  be  handled  on  a  thread  milling  machine.  As 
a  general  rule  the  best  method  of  cutting  large  screw  threads 
of  coarse  pitch,  multiple-threaded  screws,  or  any  form  or  size 
of  thread  requiring  the  removal  of  a  relatively  large  amount 
of  metal  is  by  means  of  a  thread  milling  machine  equipped 
with  a  single  cutter.  The  milling  process  is  particularly  de- 
sirable if  the  pitch  of  the  thread  and  size  of  the  thread  groove 
is  large  in  proportion  to  the  diameter  of  the  screw,  because 
the  metal  removed  by  each  cutting  edge  around  the  circum- 
ference of  the  cutter  during  one  revolution  is  small  and  the 
screw   being   milled    is   not   subjected   to   any   great   torsional 
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Fig.   25.     Milling  and  relieving  simultaneously  a  Tapering  Tap  hy  Means 
of  a  Multiple  Cutter 

strain.  When  a  die  is  used  for  work  of  this  kind,  the  ac- 
curacy of  the  screw  may  be  seriously  affected  by  the  torsional 
strain  or  the  twisting  of  the  screw  blank  when  cutting  the 
thread.  In  some  cases,  duplicate  screws  large  enough  as  to 
diameter  and  pitch  to  come  well  within  the  range  of  the 
single-cutter  type  of  thread  milling  machine  are  cut  by  dies, 
because  a  greater  production  is  obtained  and  the  finish  and 
accuracy  of  the  threads  are  within  the  allowable  limits. 

Advantagres  of  Thread  Milling-  Machine  as  Compared  with  Lathe 

The  single-cutter  type  of  thread  milling  machine  is  superior 
to  the  lathe  for  cutting  threads  on  lead-screws,  worms,  etc., 
because  It  gives  a  higher  rate  of  production  due  to  the  fact 
that  the  action  of  the  milling  cutter  is  continuous  and  a  single 
cut  usually  finishes  the  thread  complolc.  The  thread  milling 
machine  ha.s  little  if  any  advantage  over  tho  latlio  in  regard 
to  accuracy  of  lead  since  both  machines  dupllcnto  the  control- 
ling lead-Bcrew.  The  heat  generated  when  cutting  tho  thread 
may,  however,  affect  a  8<:rcw  cut  In  tho  latlio  more  than  one 
I  hill  is  milled.  When  inillinK  a  screw  tho  blank  revolves  very 
slowly  and  tho  small  amount  of  heat  gonoralod  by  tho  cutter 
Is  localized,  so  that  it  can  readily  bo  dissipated  by  ubIuk  suf- 
llrliMit  oil  or  I'Uttlng  compound.  Ah  Ihn  Hlnglo-polnt  tool 
niovi'H  along  more  rapidly  there  is  liable  to  bo  a  groator  ox- 
panHlon  of  tho  scrnw,  which,  when  cold,  may  not  ho  as  nccur- 
hIo  In  regard  lo  loud  an  ii  screw  that  has  boon  milled.  Tho 
riilutInK  milling  cutter  Is  also  more  durable  than  a  single- 
point  tool  and  It  ran  bo  UMod  for  cutting  longc^r  screw  threads 
without  Hhnrpcnlng  and  relocating  tho  tool;  moreover,  the 
cutltT  Ih  Huporlnr  In  niMlntalnlng  a  given  diameter. 
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Fig.  26.    Hand-operated  Type  of  Thread  UiUing  Fixture 

The  accuracy  of  a  milled  screw  may  depend  upon  several 
factors,  such  as  the  accuracy  of  the  lead-screw  on  the  machine, 
the  condition  of  the  cutter,  the  quality  of  the  material  of 
which  the  screw  is  made,  the  amount  of  oil  .or  other  cooling 
medium  that  is  supplied,  the  accuracy  of  diameter  of  the  screw 
blank,  and  the  rate  of  feed.  According  to  the  Pratt  &  Whit- 
ney Co.,  lead-screws,  when  milled  under  favorable  conditions, 
in  most  cases  will  not  show  an  error  of  over  0.001  inch  in 
any  foot  of  their  length.  For  accurate  work  of  this  kind,  it  is 
very  important  to  use  stock  that  is  uniform  in  diameter  and 
a  good  fit  in  the  follow-rest  bushing  of  the  machine;  in  fact, 
screws  that  are  to  be  milled  should  be  ground  if  they  are  to 
run  in  a  follow-rest  bushing.  Certain  kinds  of  steel,  which, 
because  of  their  composition  are  dilBcult  to  cut  smoothly  with 
a  stationary  tool  in  a  lathe  are  easily  cut  by  milling. 

Thread  milling  machines  as  a  class  have  a  further  advant- 
age, particularly  as  compared  with  the  engine  lathe,  in  that 
they  are  easier  to  operate  and  can  be  handled  by  unskilled 
labor.  The  fact  that  these  machines  are  usually  semi-auto- 
matic also  makes  it  possible  for  one  operator  to  attend  to  two 
or  more  machines  on  many  classes  of  work.  The  number  of 
machines  that  one  man  can  operate  to  advantage  depends 
partly  upon  the  time  required  for  milling  the  thread  in  one 


is  external,  and  a  tap  if  it  is  internal.  The 
multiple-cutter  type  of  thread  milling  machine  has 
been  used  extensively  in  preference  to  collaps- 
ing taps  when  the  thread  must  be  cut  close  up  to  a 
shoulder  or  close  to  the  bottom  of  a  hole,  as,  for 
example,  when  cutting  the  threads,  for  the  base 
plugs  in  shells.  The  sketches  in  Fig.  2  represent 
typical  examples  of  external  and  internal  work 
for  which  the  multiple-cutter  type  of  thread  milling 
machine  has  proved  very  efficient,  although  its  use- 
fulness is  not  confined  to  shoulder  work  and 
"blind"  holes.  The  milling  cutter  is  used  frequently 
in  preference  to  a  tap,  because  it  produces  a 
smoother  thread,  especially  if  the  metal  has  soft 
stringy  spots. 

The  diameter  of  the  hole  to  be  tapped  and  its 

length  often  have  a  decided  effect  on  the  preferable 

method  of  cutting  threads,  especially  when  comparing 

the  multiple  type  of  thread  milling  cutter  with  taps.   The  smaller 

the  hole  and  the  greater  its  length,  the  less  practicable  the 

milling  process  becomes.     If  the  cutter  is  too  large  in  proper- 
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Fig.   28.     Thread   Milling   Attachment   for   a  MiUing   Machine 

tion  to  the  diameter  of  the  hole  to  be  threaded,  the  cutter 
does  not  clear  itself,  and  if  it  is  too  long  in  proportion 
to  the  diameter,  there  is  not  enough  rigidity  for  milling 
a  straight  and  accurate  thread,  the  cutter  being  deflected  in  a 
lateral  direction.  The  limitations  of  the  milling  cutter  as  re- 
gards rigidity  are  subject  to  considerable  variation  and  may 
be  affected  decidedly  by  the  design  of  the  machine,  its  con- 
dition, and  whether  the  material  being  milled  is  hard  and 
tough,  or  soft  and  easily  cut. 

A  simple  method  of  increasing  the  maximum  length  of 
thread  which  can  be  milled  with  a  multiple  cutter  is  illus- 
trated by  the  diagram  Fig.  21.  Every  other  row  of  cutter 
teeth  is  omitted,  the  distance  between  the  teeth  being  equal 
to  twice  the  pitch  of  the  thread  to  be  milled.  By  using  a  cut- 
ter of  this  kind,  the  lateral  thrust  or  pressure  is  greatly  re- 


machine.  For  instance,  with  a  certain  type  of  thread  milling 
machine,  if  the  actual  milling  time  exceeds  forty  seconds,  it 
Is  possible  for  an  operator  to  run  two  or  more  machines. 

General  Application  of  the  Multiple-cutter  Type  of 
Thread  Milling  Machine 

As  the  multiple-cutter  type  of  thread  miller  is  applied  to 
different  classes  of  work  than  a  machine  having  a  single  cut- 
ter, its  relation  to  other  thread-cutting  methods  is  quite  dif- 
ferent. For  work  within  Its  range,  a  multiple-cutter  machine 
frequently  comes  Into  competition  with  dies  and  taps  espe- 
cially Sf'ir-opening  dies  and  collapsing  taps.  For  some  thread- 
cutting  operations,  It  is  generally  conceded  that  the  milling 
process  la  superior  and  more  efficient  -than  any  other  method. 
There  Is  a  decided  difference  of  opinion,  however,  regarding 
the  relative  merits  of  these  methods  of  cutting  threads,  partic- 
ularly as  applied  to  classes  of  work  which  are  within  the  range 
of  either  the  thread  milling  machine  or  a  die,  If  the  thread 
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duced  and  a  complete  thread  is  milled  by  simply  allowing 
the  work  to  make  two  revolutions  (plus  the  necessary  over 
travel)  instead  of  one  revolution. 

MiUlng:  Short  Threads  Close  to  a  Shoulder 

Very  short  threads,  especially  when  close  to  a  shoulder, 
are  difficult  if  not  impossible  to  cut  by  means  of  taps  or  dies, 
particularly  when  power  is  utilized  for  performing  the  oper- 
ation. The  throat  of  a  die  or  the  chamfer  of  a  tap  leaves 
that  part  of  the  thread  adjacent  to  the  shoulder  unfinished, 
and  if  the  throat  or  chamfer  are  omitted,  all  of  the  work  is 
done  by  the  first  row  of  teeth  which  is  objectionable.  The 
milling  process  is  very  effective  for  this  kind  of  work,  even 
though  only  two  or  three  threads  are  required,  and  the 
strength  of  the  part  will  not  permit  cutting  a  recess  or  clear- 
ance space  at  the  end  of  the  thread. 

An  example  of  work  illustrating  the  possibilities  of  the 
thread  milling  machine  for  milling  very  short  threads  close 
to  a  shoulder,  is  shown  on  an  enlarged  scale  in  Fig.  22.  The 
thread  milling  operation  to  be  described  is  on  the  central 
section  A  of  a  watch  case.  This  central  part  requires  a  thread 
on  both  sides  for  receiving  the  bezel  B  and  back  of  the  case  C, 
as  indicated  by  the  assembled  view.  The  thread  has  a  pitch  of 
1/54  inch  (54  threads  per  inch)  and  a  diameter  of  1.800  inch. 
Each  thread  makes  one  and  one-half  turn  approximately,  or 
in  other  words,  there  is  one  and  one-half  thread  on  each 
side,  and  both  of  these  threads  are  milled  at  the  same  time 
by  a  duplex  cutter  of  the  multiple  type.  The  cutters  D  and  E 
are  separated  by  a  collar  or  distance  piece  F  which  is  just 
wide  enough  to  allow  for  the  necessary  feeding  movement  of 
the  work.  This  operation  is  performed  on  a  Thomson  semi- 
automatic thread  milling  machine  similar  to  the  type  shown 
in  Fig.  18.  This  machine  is  so  arranged  that  the  work-spindle 
is  moved  longitudinally  by  the  direct  action  of  a  lead-screw 
when  milling  a  thread.  For  this  particular  operation,  the 
cutter-slide  is  adjusted  so  that  one  of  the  cutters  just  clears 
^u.  -•  ._.--—.    -. ,  fv,p  thread  is  milled,  the  work-spindle  and 

work  move  in  the  direction  luui^ ,  ,^    ^i.„ ^^   ^^  ^^^^ 

cutter  E  operates  from  the  shoulder  outward,  whereas.  <....»*,,  r) 
moves  inward.  This  is  a  sharp  V-thread  having  a  60-degree angle. 
The  work  is  held  in  position  on  an  expanding  arbor  G  having 
shoulders  for  accurately  locating  it.  These  pieces  were  milled 
in  this  way  at  the  rate  of  160  per  hour.  The  back  C  and  bezel 
B  of  the  case  are  also  threaded  on  the  same  type  of  machine. 

Screw  Threads  which  must  Qualify  or  Retfister  with  a 
Machined  Surface 
Thread  milling  is  also  especially  applicable  whenever 
screw  threads  on  duplicate  parts  must  "qualify"  or  maintain 
an  exact  relation  with  a  fixed  point  or  surface  on  the  work. 
The  external  threads  on  rifle  barrels  and  internal  threads  in 
receivers  Into  which  the  barrels  are  screwed,  are  examples 
of  work  requiring  threads  accurately  located,  relative  to  a 
shoulder  in  the  case  of  a  barrel,  and  a  finished  face  in  the 
case  of  a  receiver. 


«^-7       /     i^^^     r^ii 

Fig.    31.     Thread  Milling   Attachment   Designed   for   Use  on   Engine   Lathe 

Examples  of  the  kind  of  work  that  requires  great  accuracy 
in  regard  to  the  location  of  the  threads  are  shown  in  Fig.  23. 
The  thread  on  the  rifle  barrel,  the  end  of  which  is  shown  at  A, 
must  not  only  be  accurate  as  to  diameter  and  pitch,  but  must 
qualify  or  register  with  the  shoulder  a.  The  internal  thread 
in  the  receiver  shown  at  B  must  also  be  accurately  located 
with  reference  to  the  finished  face  &.  When  the  rifle  is  as- 
sembled, the  barrel  screws  into  the  receiver  and  if  both 
threads  did  not  register  properly,  the  barrel  would  not  be  in 
the  right  position  when  screwed  up  against  the  shoulder. 
For  instance,  if  the  thread  did  not  start  at  the  right  place 
and  was,  therefore,  in  a  different  location  relative  to  the 
shoulder,  the  sight  on  the  barrel  (or  the  seat  for  an  attached 

-  —Viti  when  the  latter  is  assembled,  would  not  be  in  a  vertical 
position  or  at  l^.  ,  ^ 

The  receiver  showu  ^^  ^  ^^g_  j^^  addition  to  the  internal 
thread,  an  external  thread  .  .^^^^  ^^^^  ^^^^.^^  ^.^^^  ^  shoulder 
c.  This  particular  receiver  is  i.  ,  ^  j^^^^^^  ^jg^  ^^^^^  ^^^  ^^ 
outer  tube  or  casing  surrounding  ,^^  ^^^^^j  .^^^^^^  „j  ^j^^ 
wooden  grip  such  as  is  found  on  most  m-.j^^^y  ^.g^g     ^^  ^^^^ 


outer  tube  carries  the  sight,  it  is  essential  i^ 


have  the  thread 


accurately  located  with  reference  to  the  slioi'i(jgr  -pnr  all 
work  of  this  general  nature,  the  thread  milliut,  machine  is 
particularly  adapted. 

Cutter  Interference  when  MUIiner  Square  Threa* , 

It   is  diflJcult  and  often   impossible  to  mill  a  suit's..    » 
square  thread,  even  when  using  a  single  cutter,  owing. ^     j, 
interference  between  the  cutter  and  the  sides  of  the  t)v^       ^ 
The  Acme  thread,   which   Is  superior   to  the  square  th       j 
may  be  milled  very  easily  with  a  single  cutter,  and  is  ' 

used   extensively   for  lead-screws   and   on   many   other   l,g_|.g 


pro- 


ri(.    ao.      Bllton    R«m|.>ulointtk    Worm     Mllllnc    M«rhtn« 


which  formerly  had  the  square  thread.  The  trouble  du  . 
cutter  Interference  when  milling  square  threads  is  more 
nounced  If  the  thread  Is  a  multiple  form  and,  tliorofore,  f^ 
a  greater  lead  angle.  The  cutter  sliould  profonihly  bo  sot  to 
the  helix  angle  of  the  tliroad  at  a  point  midway  between  the, 
toil  and  bottom  of  the  thread  groove.  If  the  cutter  Is  sot  \fg 
I  lie  angle  at  the  bottom  of  tlio  thread,  the  groove  will  bg 
iriUlod  wider  toward  the  top  and  have  slightly  curved  sides 
On  the  contrary,  If  the  cutler  Is  set  to  the  angle  at  the  top  of 
I  ho  throud,  the  sides  of  the  thread  groove  will  be  under-cut 
Momowhnt.  A  burr  may  also  bo  formed 
'  liilly  after  Uii'  coriiorM  hccoiiic  (hill.  Trc 
liTpnco  may  HometlmeH  be  parlly  avoided  by  grinding  the' 
HJdcH  of  the  cutter  sllghlly  tapering  or  to  an  atiglo  of  from 
three  to  flvo  degrees.  Intcrfcronro  of  the  UInd  referred  to 
ilooH  not  occur  when  mlllliig  threadB  having  angular  sides  bo-i 
raUHO  Iho  cutting  orlgoH  n'a<llly  clear  the  aiigulfir  sides  after, 
liMivIng  the  rulling  poHlllon.  , 


10  will  be  under-cut  / 
by  the  cutter  ospe-  / 
rouble   due   to   Inter-/ 
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Fig.  32.    Milling  the  Threads  of  a  Multiple-threaded  Screw  by  Means  of  a 
Hob  and  a  Regular  Gear-bobbing  Machine 

Mining  Taper  Threads 

The  milling  of  taper  screw  threads  may  be  done  on  a  single- 
cutter  type  of  machine  by  traversing  the  cutter  laterally  as 
it  feeds  along  in  a  lengthwise  direction,  the  same  as  when 
using  a  taper  attachment  on  an  engine  lathe.  The  taper  at- 
tachment which  is  applied  to  some  Pratt  &  Whitney  thread 
milling  machines  is  illustrated  in  Fig.  24.  When  the  attach- 
ment is  in  use  the  cutter-slide  is  controlled  by  a  guide-bar  A. 
This  guide-bar  is  inclined  relative  to  the  axis  of  the  screw 
and  it  is  engaged  by  a  sliding  block  B  on  the  front  side  and  a 
roller  on  the  rear  side,  which  constrain  the  cutter  to  follow  an 
angular  or  tapering  path.  This  guide-bar  is  formed  of  two 
sections;  by  setting  one  of  these  sections  parallel  to  the  axis 
of  the  screw  and  the  other  to  an  angle,  both  tapering  and 
straight  screw  threads  can  be  milled.  This  feature  is  some- 
times required  when  milling  the  threads  on  certain  classes  of 
taps  having  tapering  ends  followed  by  a  straight  section. 
The  roller  is  held  into  contact  with  the  rear  side  of  the  guide- 
bar  by  means  of  a  spring  which  permits  the  use  of  a  jointed 
guide-bar. 

Taper  threading  on  the  thread  milling  machine  can  also  be 
done  when  using  the  multiple  type  of  cutter.  One  method  of 
using  a  multiple  cutter  on  tapering  work  is  illustrated  in 
Fig.  25,  which  shows  a  detailed  view  of  a  special  machine 
used  for  cutting  threads  on  taper  taps.  This  particular 
machine  is  so  arranged  that  it  not  only  mills  a  tapering 
thread,  but  relieves  it  at  the  same  time.  The  cutter  is  similar 
to  the  multiple  type  previously  described  in  that  it  has  annular 
rows  of  teeth  which  lie  in  planes  perpendicular  to  the  axis 
and  are  not  helical  like  the  teeth  of  a  hob;  the  flutes  are 
helical  in  this  case  instead  of  being  straight  or  parallel  to 
the  axis.  When  a  thread  is  being  milled,  the  tap  moves  in  a 
lengthwise  direction  as  it  revolves,  at  a  rate  depending  on  the 
pitch  of  the  thread  for  which  the  tap  is  intended.  The  teeth 
of  the  tap  are  relieved  as  the  result  of  an  oscillating  motion 
which  is  given  to  the  multiple  cutter.  Each  time  the  tap 
revolves,  a  complete  cut  Is  taken  across  every  tooth  so  that 
two  or  three  revolutions  provide  for  both  roughing  and  fin- 
ishing cuts.  The  sriuare  end  of  the  tap  shank  is  finished  be- 
fore milling  the  thread  so  that  this  end  can  be  inserted  in  a 
Bocket  and  used  for  driving  the  tap,  while  the  other  end  is 
supported  upon  a  conical  center.  This  center  is  adjustable 
80  that  the  tap  can  be  located  at  the  correct  angle  relative 
to  the  multiple  cutter. 

Speeds  and  Feeds  for  Thread  Milling: 

The  rate  of  production  obtained  with  a  thread  milling  ma- 
chine may  be  affected  greatly  by  the  requirements  as  to  ac- 
curacy and  finish  of  the  milled  threads.  The  quality  of  the 
work  depends  considerably  on  the  speed  of  the  cutter  and 
Its  relation  to  the  feed.  If  the  speed  of  the  cutter  Is  too 
■low  for  a  given  feed,  the  thread  will  not  be  flnl.fhed  as 
Bmoothly  iih  It  would  bo  If  a  greater  number  of  cutting  edges 
passed  the  rutting  position  during  a  given  feeding  movement 


of  the  screw;  therefore,  to  obtain  a  high  rate  of  production 
and,  at  the  same  time,  a  smoothly  finished  screw  thread,  the 
cutter  should  revolve  as  rapidly  as  possible  without  dulling  it 
excessively,  and  for  this  reason  high-speed  steel  cutters  are 
generally  used  for  thread  milling  operations,  although  carbon 
steel  cutters  are  preferable  for  milling  such  materials  as 
aluminum,  bronze  and  fiber  as  they  will  cut  smoother  threads. 
The  surface  speed  of  the  screw  blank  may  not  exceed  2  or  3 
inches  per  minute  if  the  material  is  tough  and  especially  if 
the  thread  is  of  rather  coarse  pitch;  on  the  contrary,  the  sur- 
face speed  may  be  increased  to  6  or  8  inches  per  minute  when 
the  pitches  are  finer  and  the  material  cut  more  easily.  Faster 
feeding  movements  are  also  used  under  favorable  conditions. 

The  speed  of  the  milling  cutter  usually  varies  from  100  to 
125  feet  per  minute,  with  slower  and  faster  speeds  for  some 
thread  milling  operations.  The  design  of  the  machines  and 
the  general  type  may  affect  the  speeds  and  feeds  to  some  ex- 
tent. The  feeds  and  speeds  recommended  by  the  manufac- 
turer of  a  single-cutter  type  of  thread  milling  machine  when 
equipped  with  a  high-speed  steel  cutter  are  as  follows:  A 
surface  speed  for  the  cutter  of  about  100  feet  per  minute  is  a 
fair  average  speed  for  milling  threads  in  machine  steel, 
whereas  for  tool  steel  the  speed  should  be  reduced  to  about  70 
feet  per  minute.  When  milling  threads  of  moderate  pitch  such 
as  5  threads  per  inch  and  finer,  the  rate  of  feed  is  regulated 
somewhat  by  the  quality  of  finish  desired.  When  milling 
threads  in  machine  steel  and  using  a  cutter  2V4  inches  in 
diameter,  a  speed  of  177  revolutions  per  minute  is  considered 
satisfactory,  and  a  feed  of  about  414  inches  per  minute  pro- 
vided there  are  5  threads  per  inch  or  more;  if  the  thread  is 
coarser,  say,  3  or  4  threads  per  inch,  the  feed  should  be  re- 
duced to  3  or  3%  inches  per  minute,  and  for  2  or  2%  threads 
per  inch,  to  2  or  tYn  inches  per  minute.  When  milling  tool  steel, 
slower  feeds  are  recommended  and  when  milling  brass  much 
higher  speeds  and  feeds  may  be  employed.  According  to  another 
manufacturer,  a  speed  of  about  125  feet  per  minute  is  ap- 
proximately the  maximum  speed  for  tool-room  work  in  steel, 
whereas  for  manufacturing  operations,  especially  when  mill- 
ing soft  steel,  the  speed  may  be  considerably  higher.  When 
milling  lead-screws  or  other  accurate  screws  it  is  prerferable 
to  feed  rather  slowly  so  that  the  stock  may  be  thoroughly 
cooled,  in  order  to  avoid  errors  due  to  expansion  and  contrac- 
tion. The  cutter  must  also  be  kept  sharp  to  prevent  expan- 
sion or  distortion  of  the  stock  due  to  the  swaging  action  and 
the  friction  generated  by  the  dull  teeth.  The  condition  of  a 
cutter  should  be  noted  before  beginning  to  mill  a  long  screw 
so  that  it  need  not  be  changed  until  the  milling  operation  is 
finished. 

A  manufacturer  of  a  thread  milling  machine  of  the  mul- 
tiple-cutter type  recommends  a  feed  of  6  inches  per  minute 
and  a  cutting  speed  of  75  to  80  feet  per  minute  when  milling 
threads  in  soft  steel.  In  fact  the  feed  and  speed  mentioned 
have  been  used  when  milling  8  threads  per  inch  or  more  in 
steel  containing  0.55  per  cent  carbon.  The  feed  for  this  work 
has  also  been  increased  to  9  inches  per  minute  with  satisfac- 
tory results.    When  milling  threads  of  14  inch  pitch  in  nickel 
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Tig.   34.     UillinE  a  Double  Thread  on  i 
equipped  with  a  Single 

Steel,  a  feed  of  2  inches  per  minute  and  a  cutting  speed  of 
about  50  feet  per  minute  were  utilized.  While  this  is  ex- 
ceptionally heavy  work  for  a  multiple-cutter  machine,  the 
possibilities  and  limitations  in  any  case  may,  of  course,  vary 
greatly,  since  the  rigidity  of  a  machine,  its  condition  and  the 
relation  between  the  diameter  of  the  cutter  and  its  length  are 
very  important  factors. 

The  speeds  and  feeds  recommended  by  still  another  manu- 
facturer of  a  multiple-cutter  type  of  machine  are  given  in 
the  accompanying  table  which  applies  to  a  number  of  differ- 
ent materials,  ranging  from  tool  steel  to  brass.  It  is  claimed 
that  the  speeds  and  feeds  for  a  thread  milling  machine  may 
be  from  20  to  40  per  cent  faster  than  could  be  used  when 
milling  flat  surfaces  in  connection  with  regular  milling  ma- 
chine work.  If  the  best  results  are  to  be  obtained,  cutters 
must  be  kept  sharp  as  they  will  last  longer,  consume  less 
power  and  produce  more  and  better  work.  As  form  cutters 
are  used  the  face  of  each  cutting  tooth  should  be  ground  radial 
to  obtain  the  correct  form  of  thread. 


Thread  MlUingr  on  Standard  Milliner  Machines 
Thread  milling  is  frequently  done  on  machines  designed  for 
general  milling  operations,  such  as  the  plain  and  universal 
milling  machines  of  the  columnm-and-knee  type.  There  are 
two  general  methods  of  milling  threads  on  ordinary  milling 
machines.  In  the  first  place,  the  screw  thread  may  be  gener- 
ated by  using  the  spiral  or  dividing  head  the  same  as  when 
performing  any  helical  or  spiral  milling  operation.  The 
spiral  head  Is  geared  to  the  lead-screw  of  the  machine  for 
traversing  the  table  and  work  a  distance  per  revolution  cor- 
responding to  the  lead  or  pitch,  and  the  cutter  Is  held  and 
driven  by  some  attachment  such  as  a  vertical 
spindle,  universal  or  spiral  milling  attachment, 
the  alignment  of  the  cutter  with  the  thread 
groove  being  obtained  either  by  swiveling  thr 
work-table  or  by  adjusting  the  cutler  driving 
attachment.  While  this  method  is  commonly  (em- 
ployed for  a  variety  of  helical  or  spiral  mlllliiK 
opf.Tatlons,  Its  application  to  thread  milling  Ik 
largely  confined  to  the  milling  of  worms  or  rela- 
tively short  screws  of  coarse  pitch,  ospcrlally 
when  such  work  Is  not  done  on  an  extonslve  scale. 
The  second  general  method  of  mllilng  tlirr-iii|>i 
on  ordinary  mlllInK  machines  Is  by  ofjulpplng 
the  machine  with  a  spoclal  iittnclinii-nt  dc 
signed  for  this  work  exchislvoly.  Thcsn  at 
tochments  arc  usually  designed  for  milling 
threads  on  duplicate  parts  In  connection  wliti 
manufaHurlng.   and    they   are   nrrnnged    to   hold 


the  work  and  rotate  it  along  a  helical  path  while  a  cutter 
held  either  directly  in  the  machine  spindle  or  on  an 
ordinary  arbor  mills  the  thread  groove.  The  simplest  form 
of  attachment  consists  principally  of  a  base  or  frame  which 
carries  a  spindle  and  a  lead-screw  connecting  either  with 
a  hand  crank  or  some  combination  of  gearing  for  im- 
parting a  rotary  motion  to  the  spindle  and  work.  A  fixture 
intended  for  milling  threads  of  fine  pitch,  especially  in  ma- 
terials that  are  easily  cut,  may  have  a  hand  crank  attached  di- 
rectly to  the  end  of  the  work-spindle.  With  this  arrange- 
ment, as  the  crank  is  turned,  the  lead-screw  which  passes 
through  a  nut  attached  to  one  of  the  fixture  bearings,  causes 
the  work  to  advance  at  the  proper  rate  for  milling  a  thread. 
The  lead-screw  is  a  duplicate  of  the  thread  required,  as  far  as 
its  lead  or  pitch  is  concerned.  While  such  a  fixture  may  be 
used  for  the  lighter  classes  of  work,  in  general  it  is  prefer- 
able to  transmit  motion  to  the  work-spindle  through  worm- 
gearing.  The  worm-wheel  may  be  carried  by  the  work-spindle 
which  is  splined  to  permit  endwise  movement  through  the 
worm-wheel,  whereas  the  hand  crank  is  mounted  on  the  end  of 
the  worm-shaft.  Some  of  these  hand-operated  thread  milling  at- 
tachments are  provided  with  indexing  plates  for  milling  mul- 
tiple threads.  Fixtures  of  the  general  type  referred  to  may 
lie  used  in  conjunction  with  a  single  cutter  or  a  multiple  cut- 
ter may  be  employed  for  finishing  a  thread  in  one  revolu- 
tion of  the  work.  If  a  multiple  cutter  is  used,  it  is  particu- 
larly desirable  to  have  the  work-spindle  rotated  through  worm- 
gearing  in  order  to  obtain  a  more  powerful  turning  movement. 

Hand-operated  Thread  Milliner  Fixtures 

The  simple  form  of  thread  milling  fixture  shown  in  Fig.  26 
is  intended  for  use  on  an  ordinary  column-and-knee  type  mill- 
ing machine.  A  multiple-cutter  L  is  used  for  milling  the 
thread  and  the  work  is  held  in  a  spring  chuck  or  collet  E 
which  is  opened  or  closed  by  turning  hand-wheel  O.  The 
threaded  part  D  serves  as  a  lead-screw  and  passes  through  a 
tapering  split  bushing  B  which  is  held  in  position  and  ad- 
justed by  nuts  C.  The  plunger  H  prevents  the  lead-screw  from 
rotating  when  tightening  or  loosening  the  chuck.  After  the 
part  to  be  milled  is  fastened  in  the  chuck,  plunger  H  is  with- 
drawn and  is  held  in  the  outward  position  by  a  small  pin  at  J. 
The  cutter  is  next  fed  in  to  the  correct  depth  as  determined 
by  suitable  stops  and  then  the  lead-screw  D  and  work  are  ad- 
vanced by  turning  handwheel  G  through  one  revolution.  This 
turning  movement  is  controlled  by  a  sliding  stop  E  which  has 
elongated  holes  that  permit  it  to  move  from  one  side  of  the 
vertical  center  line  to  the  other,  so  that  the  lead-screw  can 
make  one  complete  turn.  After  a  thread  is  milled,  the  cut- 
ter is  withdrawn  and  the  spindle  rotated  back  to  its  starting 
position.  The  chuck  is  then  loosened  by  handwheel  0  after 
engaging  the  locking  plunger  //.  This  attachment  is  in- 
tended for  milling  fine  threads  which  are  easily  cut. 

The  hand-operated  thread  milling  attachment  illustrated  In 
Pig  27,  is  equipped  with  worm-gearing  for  revolving  the  work 
spindle.  The  worm-wheel  shaft  A  carries  a  crank  at  Its  outer 
end  which  is  revolved  to  impart  a  feeding  movement  to  the 
work.  The  worm-wheel  on  shaft  A  meshes  with  worm-wheel  B 
which    revolves    the    work-spindle.      A    threaded    sloove    C   at- 
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tached  to  the  work-spindle  passes  through  the  nuts  D  and 
serves  as  a  lead-screw.  The  parts  to  be  threaded  are  held  in 
the  collet  chuck  E  which  is  opened  or  closed  by  turning 
crank  F.  This  crank  is  also  used  to  return  the  work-spindle 
to  the  starting  position  after  a  thread  is  milled.  This  attach- 
ment is  used  in  conjunction  with  a  multiple  cutter  so  that 
the  thread  is  finished  in  practically  one  revolution.  It  is 
manufactured  by  the  Hall  Gas  Engine  Co.,  Inc.,  Bridesburg, 
Philadelphia,  Pa. 

Semi-automatic  Thread  Mlllingr  Attachment 

A  semi-automatic  thread  milling  attachment  which  may  be 
applied  to  milling  machines  having  either  a  hand  or  power 
feed  is  illustrated  in  Fig.  28.  This  attachment  was  designed 
for  performing  internal  and  external  thread  milling  opera- 
tions in  munitions  plants  although  it  may  be  used  for  other 
classes  of  work.  The  attachment  is  used  in  conjunction  with  a 
cutter  of  the  multiple  form  which  finishes  a  thread  In  prac 
tically  one  revolution.  The  feeding  movement  of  the  work 
spindle  is  derived  from  the  countershaft  which  connects  by 
means  of  a  round  belt  with  the  pulley  mounted  at  the  left- 
hand  end  of  the  worm-spindle  as  seen  in  Fig.  29.  This  pulley 
transmits  motion  to  the  work-spindle  through  the  worm  and 
worm-wheel  shown.  When  the  worm  is  in  engagement  with 
the  wheel  it  is  held  in  position  by  a  wedge-shaped  part  C 
connecting  with  rod  D  which  passes  through  an  arm  which 
as  the  illustration  indicates,  is  fastened  to  a  stationary  part 
of  the  machine.  Interposed  between  this  arm  and  a  collar 
at  the  end  of  rod  D  there  is  a  spring  E.  The  purpose  of  this 
mechanism  is  to  engage  the  worm  automatically  with  the 
worm-wheel  when  the  table  of  the  machine  is  moved  forward 
for  bringing  the  work  into  contact  with  the  milling  cutter; 
on  the  contrary  when  the  work  is  withdrawn  the  worm  is 
released.  This  mechanism  is  so  located  and  adjusted  that  the 
engagement  of  the  worm  and  the  rotation  of  the  work  begins 
before  the  cutter  comes  into  contact  with  the  part  to  be 
milled.  Additional  forward  motion  for  cutting  the  thread  to 
the  proper  depth  is  made  possible  by  the  compression  of  spring 
E.  In  operating  this  attachment  the  part  to  be  threaded  is 
placed  in  the  collet  chuck  which  is  operated  by  the  pilot  wheel 
shown.  This  motion  revolves  the  spindle  until  the  stop- 
plate  A  which  revolves  loosely  on  the  gear  hub,  comes  against 
the  stop  H.  The  table  is  then  run  forward  either  by  a  hand- 
lever  or  the  feed-screw  handle,  which  automatically  engages 
the  worm  and  starts  the  work  revolving,  the  rotary  motion 
beginning  just  before  the  cutter  comes  into  contact  with  the 
part  to  be  threaded.  When  the  work  has  made  about  one  and 
one-tenth  revolution  the  stop-plate  A  comes  into  position  F 
and  disengages  the  belt  pulley  driving  clutch.  As  the  screw 
thread  is  now  milled,  the  table  is  withdrawn  and  the  worm 
disengages  from  the  worm-wheel.  The  finished  part  is  then  re- 
moved from  the  chuck  and  another  piece  substituted.  Tight- 
ening the  collet  chuck  again  locates  the  stop  mechanism  in 
the  starting  position  G.  When  milling  internal  threads  it  is 
also  necessary  to  move  the  cross-slide  of  the  machine.  If  a 
final  finishing  cut  is  required  the  attachment  may  be  adjusted 
to  automatically  make  two  revolutions,  one  for  roughing  and 
the  other  for  finishing.  The  thread  is  generated  with  this 
attachment  by  means  of  a  lead-screw  engaging  a  nut  in  the 
usual  manner.  This  attachment  is  a  development  of  the 
American  Ammunition  Co.,  Inc.,  Bordentown,  N.  J. 

Thread  MlUlnir  Attachments  for  Eng'lne  Lathes 

Engine  lathes  eciuipped  with  special  attachments  have  been 
used  to  some  extent  for  cutting  threads  by  the  milling  pro- 
cess espe^'ially  in  connection  with  shell  work.  The  special 
mechnnlsni  for  converting  a  lathe  Into  a  thread  milling  ma- 
chine usually  consists  yt  an  auxiliary  slide  which  is  mounted 
on  the  carrlaKO  and  Is  arranged  to  carry  the  revolving  cutter- 
aplndlo  and.  In  addition,  some  form  of  drive  for  reducing  the 
■peed  of  the  worksplndle  so  that  the  surface  speed  of  the 
thrond  being  milled  will  bo  only  a  few  inches  per  minute.  A 
thrnnd  milling  attachment  for  the  lathe  designed  by  the  New 
Rngland  llutt  Co.,  I'rovlrionco,  R.  I.,  Is  lllu.itrated  In  Fig.  31. 
88  applied  to  an  ordinary  sixteen  Inch  lathe.  When  using  this 
attachment,  the  lathe  Is  georod  up  the  samo  as  when  cutting 


a  thread  with  a  single-point  tool  in  the  regular  way.  A  mul- 
tiple cutter  is  used  so  that  the  thread  can  be  completed  in 
practically  one  revolution  of  the  work.  The  lathe  spindle  is 
driven  from  belt  pulley  B  which  transmits  motion  through  a 
worm  to  a  worm-wheel  encased  at  A,  and  from  the  worm-wheel 
shaft  through  pinion  C  to  the  large  gear  on  the  machine 
spindle.  This  drive  gives  the  spindle  a  backward  motion  so 
that  the  work  revolves  in  a  direction  opposite  to  that  of  the 
cutter.  The  illustration  shows  an  internal  threading  opera- 
tion. The  cutter  is  located  longitudinally  by  moving  the  car- 
riage against  a  stop  at  F.  Another  stop  at  G  controls  the 
crosswise  position  of  the  cutter  and  the  depth  to  which  the 
thread  is  milled.  The  work  in  this  case  is  held  in  a  collet 
form  of  chuck,  and,  after  the  cutter  is  located  in  a  lengthwise 
direction,  it  is  fed  in  to  the  full  depth  of  the  thread.  Clutch 
H  is  then  engaged  by  pulling  forward  knob  J  which  starts  the 
rotation  of  the  work-spindle  and  the  work.  After  the  spindle 
has  made  about  1  1/10  revolution,  a  stop-pin  at  0,  which  is 
revolved  through  gearing  M,  releases  stop  K  which  disengages 
the  driving  clutch  and  the  drive  to  the  work-spindle.  The 
thread  is  generated  by  the  movement  of  the  carriage  along 
the  bed  the  same  as  when  cutting  a  thread  in  the  regular  way. 

Bilton  Worm  Milling:  Machine 

A  machine  designed  especially  for  milling  small  worms  or 
similar  parts  is  shown  in  Fig.  30.  This  machine  is  semi-auto- 
matic in  its  operation,  the  machine  stopping  automatically 
after  the  worm  thread  is  milled.  The  work  is  held  in  a  col- 
let chuck  A  (see  detailed  view.  Fig.  33)  and  is  additionally 
supported  by  a  center  B  which  may  be  either  male  or  female. 
The  spindle  to  which  the  chuck  is  attached  is  provided  with  a 
lead-screw  or  master  worm  C  which  is  a  duplicate  as  to  lead 
or  pitch  of  the  thread  to  be  milled.  This  lead-screw  is  revolved 
when  milling  a  thread,  through  worm-gearing  which  con- 
nects by  means  of  a  telescopic  shaft  and  universal  joint  with 
a  belt  pulley  seen  at  the  left  of  the  machine  in  Fig.  30.  The 
cutter-spindle  is  carried  by  a  slide  which  is  moved  downward 
for  locating  the  cutter  in  the  proper  position  by  the  hand-lever 
which  is  also  seen  at  the  left  of  the  illustration  in  Fig.  30.  The 
required  movement  is  imparted  to  the  cutter-spindle  slide  by  a 
cam  on  the  hand  lever  shaft  which  operates  a  lever  that  ex- 
tends forward  to  the  cutter-slide.  The  work-holding  fixture 
illustrated  in  Pig.  33  is  set  to  the  helix  angle  of  the  thread 
as  indicated  by  graduations  on  the  base  at  D.  When  a  thread 
has  been  milled  to  the  required  length,  the  trip  dog  E  comes 
into  engagement  with  the  adjustable  stop  F  which  releases 
lever  G  and  allows  the  worm  to  drop  out  of  mesh  with  the 
worm-wheel.  The  lead-screw  and  work-spindle  are  then  re- 
turned to  the  starting  point  by  means  of  handle  H.  This  ma- 
chine may  be  used  for  milling  single,  double,  triple,  and  quad- 
ruple threads.  The  spindle  is  indexed  for  milling  multiple 
threads  with  a  single  cutter,  by  means  of  index  plate  J  which 
has  holes  eiiRnsocl   by   a  plunger  or  pin  connecting  with  the 
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operating  lever  K.  For  milling  some  double  threads,  a  duplex 
cutter  is  used,  so  that  both  thread  grooves  are  milled  simul- 
taneously and  indexing  is  unnecessary.  This  machine  has  a 
capacity  for  work  IV2  inch  in  diameter  and  1%  inch  long,  but 
it  has  been  used  more  extensively  for  milling  the  small  worms 
required  in  phonographs,  auto-horns,  organs,  etc.,  which 
usually  vary  from  about  %  to  %  inch  in  diameter. 

Hobbing  Method  of  Thread  Milling: 

A  hob  is  sometimes  used  in  conjunction  with  a  gear-hob- 
bing  machine  for  milling  multiple  screw  threads.  A  hob  used 
for  this  purpose  has  teeth  which  lie  along  a  helical  path,  like 
a  hob  intended  for  cutting  spur  or  helical  gears,  and  it  must  be 
geared  to  revolve  with  the  work  at  a  definite  speed  ratio,  the 
same  as  when  bobbing  a  gear.  The  bobbing  method  is  particular- 
ly efficient  for  cutting  worms  having  several  threads,  because  the 
hob  finishes  the  different  threads  simultaneously.  A  hob  hav- 
ing teeth  of  special  form  must  be  used  for  milling  worms  or 
other  screw  threads  in  order  to  generate  threads  having 
sides  which  are,  at  least,  approxini,ately  straight.  Fig.  32 
shows  a  Farwell  gear-hobbing  machine  milling  a  five-threaded 
worm.  A  single-threaded  hob  is  used  and  the  threads  are  cut 
much  more  rapidly  than  when  an  ordinary  milling  cutter  is 
employed.  The  sides  of  the  threads  are  not  exactly  straight 
but  the  curvature  is  slight.  Multiple-threaded  worms  having 
four  threads  or  more  may  often  be  milled  to  advantage  with  a 
single-threaded  hob  by  the  general  method  illustrated  in  Fig. 
32,  but  if  the  worm  has  only  a  single  thread  or  a  double 
thread,  it  should  preferably  be  milled  by  using  a  single  mill- 
ing cutter  as  illustrated  in  Fig.  34,  instead  of  employing  a  hob. 
When  a  single  cutter  is  used  on  this  machine,  the  work-table 
of  the  machine  is  geared  to  the  down  feed  so  that  a  screw 
thread  of  the  required  lead  will  be  milled  but  without  refer- 
ence to  the  speed  of  the  cutter  which  may  be  regulated  to 
suit  the  thread  milling  operation.  When  a  screw  thread  is 
milled  in  this  way,  the  gear-hobbing  machine  is  practically  a 
thread  milling  machine,  so  far  as  the  principle  of  its  operation 
is  concerned. 

An  unusual  and  interesting  application  of  a  gear-hobbing 
machine  to  thread  milling  is  illustrated  in  Fig.  35,  which 
shows  a  No.  3  Barber-Colman  machine  cutting  a  worm  thread 
on  the  end  of  a  rather  long  and  slender  spindle.  Owing  to 
the  flexibility  of  this  spindle,  a  special  form  of  work  support 
was  required.  This  consists  of  a  plate  supported  by  the  over- 
hanging arm  and  having  two  bearing  surfaces  which  engage 
the  screw  thread  at  the  ends,  as  the  illustration  shows. 

THE  SELECTIVE   DRAFT 

In  the  effort  to  form  an  army  with  the  least  possible  confu- 
sion and  hardship  to  the  country,  and  especially  to  those  in- 
dustries on  which  the  army's  success  most  largely  depends, 
all  persons  within  the  draft  age  have  been  arranged  into  five 
classes,  which  are  as  follows: 

CUuH  1 — Single  man  without  dependent  relatives.  Married 
man,  with  or  without  children,  or  father  of  motherless  chil- 
dren, who  has  habitually  failed  to  support  his  family.  Married 
man  dependent  on  wife  for  support.  Married  man,  with  or 
without  children,  or  father  of  motherless  children;  man  not 
usefully  engaged,  family  supported  by  Income  independent  of 
his  labor.  Unskilled  farm  laborer.  Unskilled  Industrial  la- 
borer. ReglKtrant  by  or  In  respect  of  whom  no  deferred  classl- 
flcatlon  In  claimed  or  made.  IloglHlrant  who  falls  to  submit 
'lueRtlonnalrc  and  In  respect  of  whom  no  deferred  claHslflca 
tlon  Is  claimed  or  made.  All  reglHlrants  not  Included  In  any 
other  division  In  this  Bchcdulo, 

fJUuH  e — Married  man  with  rhildron  or  father  of  molherlosB 
children,  whore  surh  wife  or  <:hlldren  or  such  motherleHH  chil- 
dren are  not  mainly  dependent  on  his  labor  for  Huppurl  for 
the  reanon  that  there  are  other  reasonably  certain  sources  of 
adfl'iuato  support  (ozcludInK  parnlngs  or  posnlbln  onrnlnKH 
from  the  labor  of  the  wife)  available,  and  that  the  removal  of 
the  r^Klntrant  will  not  deprive  Hurh  dependents  of  support. 
Married  man  without  children,  whoso  wife,  aUhough  the  roKls- 
trant  Is  enRSKed  In  a  useful  occupation.  Is  not  mainly  depend- 
ent on  his  labor  for  support,  for  the  reason  that  the  wife  Is 


skilled  in  some  special  class  of  work  which  she  is  physically 
able  to  perform  and  in  which  she  is  employed,  or  in  which 
there  is  an  immediate  opening  for  her  under  conditions  that 
will  enable  her  to  support  herself  decently  and  without  suffer- 
ing or  hardship.  Necessary  skilled  farm  laborer  in  necessary 
agricultural  enterprise.  Necessary  skilled  industrial  laborer 
in  necessary  industrial  enterprise. 

Class  S — Man  with  dependent  children  (not  his  own),  but 
toward  whom  he  stands  in  relation  of  parent.  Man  with  de- 
pendent aged  or  infirm  parents.  Man  with  dependent  helpless 
brothers  or  sisters.  County  or  municipal  ofBcer.  Highly 
trained  fireman  or  policeman,  at  least  three  years  in  service 
of  municipality.  Necessary  customhouse  clerk.  Necessary  em- 
ploye of  United  States  in  transmission  of  the  mails.  Necessary 
artificer  or  workman  in  United  States  armory  or  arsenal. 
Necessary  employe  in  service  of  United  States.  Necessary  as- 
sistant, associate,  or  hired  manager  of  necessary  agricultural 
enterprise.  Necessary  highly  specialized  technical  or  mechani- 
cal expert  of  necessary  industrial  enterprise.  Necessary  as- 
sistant or  associate  manager  of  necessary  industrial  enterpr!--. 

Class  .'/ — Man  whose  wife  or  children  are  mainly  dependent 
on  his  labor  for  support.  Mariner  actually  employed  in  sea 
service  of  citizen  or  merchant  in  the  United  States.  Necessary 
sole  managing,  controlling,  or  directing  head  of  necessary  agri- 
cultural enterprise.  Necessary  sole  managing,  controlling,  or 
directing  head  of  necessary  industrial  enterprise. 

Class  5 — Officers,  legislative,  executive,  or  judicial,  of  the 
United  States  or  of  State,  Territory,  or  District  of  Columbia. 
Regular  or  duly  ordained  minister  of  religion.  Student  who 
on  May  18,  1917,  was  preparing  for  ministry  in  recognized 
school.  Persons  in  military  or  naval  service  of  United  States. 
Alien  enemy.  Resident  alien  (not  an  enemy)  who  claims  ex- 
emption. Person  totally  and  permanently  physically  or  men- 
tally unfit  for  military  service.  Person  morally  unfit  to  be  a 
soldier  of  the  United  States.  Licensed  pilot  actually  employed 
in  the  pursuit  of  his  vocation.  Member  of  well-recognized 
religious  sect  or  organization,  organized  and  existing  on  May 
18,  1917,  whose  then  existing  creed  or  principles  forbid  its 
members  to  participate  in  war  in  any  form,  and  whose  re- 
ligious convictions  are  against  war  or  participation  therein. 

The  class  into  which  a  selective  will  be  placed  depends  on 
his  answers  to  the  questions  sent  him.  These  questions  have 
been  arranged  in  twelve  series  and  provide  a  full  history  of 
each  man.  Every  question  in  the  first  series  must  be  answered, 
as  this  series  seeks  to  determine  the  place  for  which  each  man 
is  best  fitted.  Question  3  asks  for  a  list  of  all  occupations  at 
which  a  man  has  worked  during  the  past  ten  years,  and  Ques- 
tion 10  asks  for  the  length  of  time  he  has  been  engaged  at  any 
of  a  list  of  eighty-seven  occupations,  as  well  as  any  other 
occupation  in  which  he  may  have  become  adept.  In  most  of 
the  other  series  only  the  first  question  need  be  answered  In 
most  cases. 


The  Bureau  of  Labor  Statistics  of  the  United  States  Depart- 
ment of  Labor  has  recently  made  a  report  measuring  accidents 
according  to  the  time  lost.  A  fatal  injury  is  valued  as  a  loss 
of  thirty  years  of  a  man's  working  life,  while  total  permanent 
disability  Is  rated  at  thirty-five  years.  Other  injuries  are 
credited  with  losses  In  proportion  to  their  probable  effect  upon 
the  earning  capacity.  According  to  an  Investigation  made  In 
194  plants,  there  wore  13,647  accidents  In  1912,  resulting  In 
37  deaths,  411  permanent  Injuries,  and  13,199  temporary  dis- 
abllllleR.  This  is  equivalent  to  an  accident  frequency  rate  of 
118  per  1000  full  time  (300day)  workers,  and  a  severity  rate 
of  n.C  days  per  worker.  Those  rates  may  bo  contrasted  with  a 
repreHontativo  Kteol  jilaiit  during  tho  same  year,  for  which  the 
frequency  rate  was  iri4  an<l  tlio  severity, rate  of  14  days  lost  per 
worker,  tho  ai'ddonls  bolng  only  about  one  third  more  fre- 
quent, but  their  severity  was  two  and  onehalf  timos  as  great. 
Tho  character  of  tho  machines  built  In  the  plonts  from  which 
this  Inforniallon  was  taken  varied  greatly,  from  locomotives 
and  ships  to  delicate  nlertrliul  iipparalUH.  In  every  case  where 
the  plants  did  not  have  a  good  safety  organization  the  fre- 
quency niteH  were  three  or  four  times  as  lilgh  uh  those  having 
a  well  developed  system. 
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MEASUREMENT    OF    INTERNAL    THREADS 

BY  WILLIAM  S.  ROWELL  1 

When  a  toolmaker  has  mating  internal  and  external  threaded 
parts  to  make,  he  uses  a  gage  or  gages  if  possible;  but  owing 
to  the  cost  of  gages  and  the  time  required  for  their  production, 
this  is  not  always  possible.  The  measurement  of  external 
threaded  work  by  the  use  of  a  ball-point  or  special  type  of 
thread  micrometer  is  carried  on  to  a  limited  extent,  and  any 
up-to-date  mechanical  handbook  gives  instructions  for  using 
wires  and  a  standard  micrometer  for  this  purpose;  but  very 

little  in  this  line  is 
undertaken  in  the 
case  of  internal 
threads.  For  many 
years  the  writer 
has  used  an  inside 
micrometer  with 
ball-points  to  assist 
him  in  making  and 
gaging  internal 
threads  and  he 
highly  recommends 
the  use  of  such  an 
instrument.  Not 
only  can  it  be  used 
when  no  gage  is  ob- 
tainable, -but  it  is 
also  of  use  in  con- 
nection with  a  gage. 
It  tells  what  the 
gage  cannot,  name- 
ly, how  much  the 
gage  lacks  of  en- 
tering when  the 
thread  is  too  small; 
and  how  much  it 
is  loose  when  the 
thread  is  too  large. 
Inside  microme- 
ters are  not  yet 
_..-,,„        ^  „n.     :,  -^^        J.  made  small  enough 

Fig.   1.     U«eful  Typo  of  Thread  Micromater 

to  measure  small 
internal  threaded  work,  but  large  screws  present  the  greater 
difficulty,  and  the  toolmaker  can  usually  adapt  some  inside 
micrometer  for  their  measurement.  Some  enterprising  tool 
supply  firm  should  put  on  the  market  a  line  of  attachable  ball- 
points for  external  and  internal  thread  micrometers,  thereby 
doing  both  itself  and  the  toolmaker  a  favor.  As  there  is  a 
singular  lack  of  instruction  in  current  mechanical  works  on 
measuring  Internal  threads,  the  following  may  not  be  out  of 
place.  It  may  be  said  that  the  information  given  in  hand- 
books on  measuring  external  threads  can  be  adapted  to  in- 
ternal thread  measurement,  but  the  writer  rarely  finds  a 
toolmaker  who  can  use  the  information  given  in  such  books, 
because  of  the  difficulty  experienced  In  adapting  these  instruc- 
tions to  other  conditions  than  those  to  which  reference  is  made. 

Referring  to  Fig.  1,  if  distance  A  cannot  be  read  directly. 
It  can  be  taken  with  an  outside  micrometer,  after  which  the 
toolmaker  proceeds  to  determine  the  outside  diameter  D  of 
the  thread.  The  following  gives  an  expression  for  the  differ- 
ent elements  that  enter  into  measurement  D: 
D  =  gh  +  2b  —  2t 

Ball  diameter  a  is  known  or  easily  obtained  by  the  use  of 
an  outside  micrometer  and  t  is  given  by  the  following  equation: 
0.866? 

t  = 

8 

Bearing  In  mind  that  the  U.  S.  standard  thread  is  a  60- 
dogree  angle,  we  can  easily  find  the  value  of  6  from  the  follow- 
ing equation: 


By  construction, 


fh  = 


2 


gh  =  s/gf'  -  'h' 
We  are  now  ready  to  proceed  with  the  solution  of  an  actual 
problem.    Suppose  that  for  a  given  thread  the  following  data 
are  available.    A  is  measured  with  a  micrometer  and  found  to 
be  3.12  inches;  a  by  measurement  is  7/32  =  0.21875  inch. 
P 

fh  = =  0.1666  inch 

2 
Using  these  data,  we  proceed  as  follows: 
0.866P        0.866   X  0.333 

t  = = =  0.0361  inch 

8  .  8 

£r/  =  A  —  o  =  3.12  —  0.21875  =  2.90125  =  hypotenuse 
of  right-angle  triangle  fgh 

gh   =  \/^'  —  /h-  =  \/  2.90125"  —   0.1666' 
=   V  8.41725  —  U.02777  =   V  8.38947  =  2.8964 
6  =  a  =  0.21875 
D=  gh  +  21)  —  2t  =  2.8964  +  2  X  0.21875  —  0.0722 
=  3.2617  inches 
According  to  Mr.  Converse,  of  the  Pittsburg  Model  Engine 
Co.,    Homewood,   Pa.,   comparisons   of  external   and   internal 
thread  diameters   (when  measurements  are  taken  with  balls 
of  the  same  diameter  or  with  balls  and  wires  of  the  same  diam- 
eter)   may   be   readily   made.     When   internal   and   external 
threads  are  the  same  and  the  pitch  P  is  standard  or  less,  we 
have  the  following  condition,  illustrated  in  Fig.  2: 

2  X  0.866 

External  A  =  internal  A  +  ia  —  • — 

P 
2  X  0.866 


4a  + 


External  A  —  3a  =  internal  A  +  a 


P 

2  X  0.866 


26 


=  cos  60  degrees  =  0.6 


Therefore,  a  =  b 

•Addma:  1080  Owl  St.,  Wllklubuni.  Pa. 


If  pitch  P  is  more  than  one-eighth  the  diameter  of  the 
threaded  work,  or 
if  the  balls  used 
are  of  maximum 
size,  the  varying 
angularity  between 
internal  A  and  ex- 
ternal A  would  be- 
gin to  show  in  the 
manner  shown  in 
a  slightly  exag- 
gerated form  in 
Fig.  2.  Of  course, 
it  must  always  be 
borne  in  mind  in 
fitting  threaded 
parts  that  a  cer- 
tain amount  of 
clearance  must  be 
allowed  between  in- 
ternal and  external 
threads,  the  amount 
of  this  clearance 
varying  with  the 
nature  of  the  work, 
accuracy  of  thread- 
cutting  tools  and  machines,  and  type  of  thread— whether 
single  or  multiple. 

•     «    * 

Over  $163,000,000  is  now  invested  in  the  dye  industry  in  the 
United  States.  Thirteen  of  the  plants  are  annually  producing 
49,100  tons  of  vegetable  dycstuffs  and  extracts,  while  forty- 
six  factories  are  producing  30,000  tons  of  artificial  colors. 
Coal-tar  dyes  in  a  variety  of  colors  suitable  for  leather,  tex- 
tiles, straw,  paper,  inks,  stains,  pigments,  varnishes,  waxes, 
feathers,  furs,  and  many  other  purposes  arc  regularly  obtain- 
able from  domestic  sources.  During  the  year  ending  June  30, 
there  were  exported  from  this  country  $11,710,887  worth  of 
dyes. 


J.  8.    Diagram  explaining  Formula  for  Bela- 

tton  between  Moasuremonta  of  External 

anil  Internal  Threads 


430 


MACHINERY 
HELICAL  SPRING  COMPUTATIONS 


January,  1918 


CHARTS  FOR  DETERMINING  DIMENSIONS  AND  PROPERTIES  OF  SPRINGS  IN  TENSION  AND  IN  COMPRESSION 

BY  DONALD  H.  BEEVES  1 


THE  accompanying  charts  have  been  devised  for  the  pur- 
pose of  giving,  in  convenient  form,  a  method  of  determin- 
ing the  various  properties  and  dimensions  of  helical 
springs  in  tension  and  in  compression  without  the  necessity 
of  figuring  them  out  from  formulas.  There  are  instruments 
for  this  purpose,  but,  as  a  rule,  these  leave  some  of  the  factors 
to  be  computed;  in  addition,  they  are  rather  high-priced  and 
are  much  less  handy  to  carry  than  these  simple  printed  charts, 
■which  are  complete  in  themselves,  except  that  a  straightedge 
of  some  sort  is  required. 

The  chart  shown  in  Fig.  1  may  be  used  for  any  material  at 
any  stress  and  with  any  modulus  of  elasticity;  the  chart 
shown  in  Fig.  2  is  to  be  used  for  steel  only.  It  differs  from 
the  other  in  that  provision  is  made  for  the  varying  safe 
stresses  and  moduli  of  elasticity  that  are  correct  for  different 
sizes  of  wire.  The  two  charts  are  made  on  exactly  the  same 
principles,  have  the  same  scales,  and  are  used  in  exactly  the 
same  way. 

Each  chart  consists  of  ten  scales  and  a  reference  line,  which 
are  used  in  groups  of  three.  Knowing  the  factors  given  on  any 
two  of  the  scales  in  a  group,  the  value  of  the  factor  given  on 
the  third  scale  of  the  group  is  the  point  where  a  straightedge 
placed  across  the  two  known  values  intersects  the  third  scale. 
In  all  cases  the  straightedge  must  cross  the  vertical  line  where 
the  short  calibration  line,  representing  the  value  being  used, 
meets  it.  On  the  size  wire  scale  K,  the  size  in  inches  will  be 
found  to  the  right  of  the  vertical  line,  while  to  the  left  are 
several  columns  of  numbers,  which  are  the  numbers  of  the 
gages  most  commonly  used  in  measuring  wire.  In  each  case, 
except  the  very  top  row  of  figures,  the  line  immediately  under 
the  gage  number  is  the  one  to  be  used,  and  its  intersection 
with  the  vertical  line  is  the  point  through  which  the  straight- 
edge is  to  pass.  This  scale  can  also  be  used  as  a  means  of 
finding  the  size,  in  inches,  of  any  gage  wire.  The  scales  used 
together  in  groups  are  as  follows:  Group  1- — Rate  per  turn  A; 
total  rate  J ;  number  of  effective  turns  E.  Group  2 — Rate  per 
turn  A;  pitch  diameter  used  with  rate  scale  F;  size  wire  K. 
Group  3 — Rate  per  turn  A;  modulus  of  elasticity  B ;  reference 
line.  Group  4 — Total  rate  J ;  load  C;  deflection  G.  Group  5 — 
Load  C;  size  wire  K;  pitch  diameter  used  with  load  scale  H. 
Group  6 — Load  C ;  maximum  shearing  stress  D;  reference  line. 
Scales  B  and  D — those  giving  the  modulus  of  elasticity  and 
the  maximum  shearing  stress — are  to  be  used  only  for  the 
square-wire  correction  on  the  chart  for  steel  springs. 

Almost  any  Information  desired  may  be  obtained  by  using, 
successively,  different  combinations  of  these  groups.  In  some 
cases  the  Information  required  can  be  obtained  from  one 
group.  For  instance,  when  the  size  wire  and  pitch  diameter 
are  given  to  find  the  safe  load  tor  a  spring  stressed  to  the 
extent  tor  which  the  chart  Is  calculated,  a  straight  line  through 
the  size  of  wire  on  scale  K  and  the  pitch  diameter  on  scale  H 
will  give  the  safe  load  on  scale  C.  However,  It  is  often  neces- 
sary to  use  two  or  more  groups,  requiring  two  or  more  suc- 
cessive operations  In  order  to  get  the  desired  results,  owing 
to  the  fact  that  there  are  more  than  two  known  factors  enter- 
ing Into  the  dol'Tmlnatlon.  Such  Is  the  case  when  the  spring 
Ih  Klv<'n  and  II  Ih  deBlred  to  find  the  rate  per  Inch,  which  la 
the  load  required  to  deflect  the  spring  one  Inch.  In  this  case 
there  arc  three  known  factors,  the  size  wire,  the  pitch  diam- 
et(;r  and  the  number  of  turns.  As  all  of  these  Influence  the 
value  of  fho  unknown  factor,  two  opcratloiis  arc  necessary,  as- 
suming that  round  wire  Is  used  with  the  modulus  of  t'lastlclty 
for  which  the  chart  Is  calculated.  With  this  Information,  It 
Is  n«TPH»ary  to  pass  a  strulght  lino  through  the  size  wire  on 
■calf!  K  ond  Ihn  pitch  diameter  on  scale  /'',  which  Will  give  the 
rate  per  turn  on  scale  A.  This  result  In  Itsolf  Is  practlcolly 
never  usod,  but  by  passing  a  second  lino  through  It  and  the 
number  of  efTootlvo  turns  on  scale  /■;,  thn  total  rate  of  the 
spring,  which  Is  the  value  desired,  can  h"  found  on  male  J. 

•AOdrau:   1710  B.  nr«ni1  IiIti).,  bnlroll.  Ml-h. 


In  using  the  charts,  a  straightedge  that  is  transparent  will 
be  found  most  convenient.  Lines  should  not  be  drawn,  as 
these  would  soon  make  the  chart  unreadable.  An  easy  way  to 
locate  the  straightedge  correctly  is  to  find  the  position  of  one 
of  the  known  factors  on  its  scale  and  place  some  pointed  in- 
strument, such  as  a  hard  pencil  or  a  pin,  at  this  point.  The 
straightedge  may  be  swung  around  this,  as  on  a  pivot,  until 
it  passes  through  the  value  of  the  other  known  factor  on  its 
scale,  locating  the  value  of  the  unknown  factor  on  the  third 
scale.  If  this  result  is  simply  to  be  used  in  further  calcula- 
tions, as  in  the  illustration  just  given,  it  is  only  necessary  to 
locate  this  point  with  the  pointed  instrument  and  pivot  the 
straightedge  around  it  without  reading  its  value. 

The  two  groups  using  the  reference  line  require  a  little  dif- 
ferent operation  from  the  others.  These  groups  are  only  used 
to  find  rates  and  loads  for  square  wire  or,  on  the  chart  shown 
in  Fig.  1,  when  a  material  is  used  that  has  some  other  safe 
stress  than  60,000,  or  some  other  modulus  of  elasticity  than 
12,000,000  or  when  a  load  is  given  to  find  the  stress.  The 
method  of  using  the  reference  line  will  be  fully  described 
under  the  directions  for  finding  these  values. 
The  formulas  used  in  constructing  these  scales  are  as  follows:  • 
Sd"  PD' 

For  round  wire,  W  =  0.3927 ;  F  =  8 

D  Ed* 

Sd'  PD' 

For  square  wire,  W  =  0.471 ;    F  =  4.712 

D  Ed' 

in  which  W  =  carrying  capacity,  in  pounds; 

S  =  greatest  shearing  stress,  in  pounds  per  square 

inch; 
d  =  diameter  of  round  wire  or  length  of  one  side  of 

square  wire,  in  inches; 
D  =  pitch  diameter  of  coil,  in  inches; 
.P=  deflection  of  one  turn,  in  inches; 
£?  ^  torsional  modulus  of  elasticity; 
P  =  load,  in  pounds. 
For   getting   the   flat  wire   factors   on   the   chart   for  steel 
springs,  only  a  comparison  of  the  capacity  and  rate  of  the  flat 
wire  and  of  the  round  wire  is  wanted;  so  it  is  only  necessary 
to  get  the  formulas  for  torsional  deflection  and  stress  in  round 
and  flat  wire,  which  are  as  follows: 

16W  eitr*E 

For  round  wire,  S  = ;  W  = 

ltd' 


For  flat  wire,  S  - 


6  V  6'  +  d'W 


W  =  - 


ehd(.V  +  d') 


12L 


hd'  +  &'d 
in  which  9  =  angular  deflection; 
I J  =  length  of  wire; 
(;  =  long  side  of  flat  wire; 
d  =  diameter  of  round  wire  and  short  side  of  flat  wire. 

As  most  springs  in  general  use  are  subjected  to  moderate 
vibration,  the  charts  are  made  up  tor  a  factor  of  safety  of  2. 
For  brass  and  bronze  wire,  30,000  pounds  has  been  taken  as  a 
safe  stress  for  ordinary  service;  whore  the  service  Is  to  be  at 
all  severe,  lower  stresses  should  be  used.  For  music  wire  a 
slightly  greater  stress  can  be  used  than  tor  the  same  size 
ordinary  spring  wire  of  steel,  and  the  modulus  of  elasticity 
will  be  correspondingly  greater.  The  sate  stress  will  range 
from  70,000  to  SO.OOO,  while  the  modulus  of  elasticity  will  be 
from  14,000,000  to  1G,000,000.  On  I  ho  chart  shown  In  Fig.  1, 
avorago  values  of  7r.,000  for  stress  and  1^.000,000  for  the 
modulus  of  olasllrlty  have  boon  iiiiirkcd  for  music  wire;  the 
steel  chort  will  give  results  awurato  enough  for  most  work, 
howovor,  except  on  very  small  sizes  of  music  wire. 

From  the  formulas  given.  It  will  bo  found  that  square  wire 
win  stand  1.2  times  the  load  that  round  wire  of  the  same  size 
will  stand  and  that  the  rate  of  the  spring  will  be  1.7  times 
that  of  round  wire.  In  a  comprosslon  spring,  the  ends  should 
alwiiys  Im!  ground  squarn  with  the  axis  of  the  spring;  this  will 
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make  from  one  and  one-half  to  two  turns  ineffective.  A  com- 
pression spring  should  have  the  ratio  of  length  to  pitch  diam- 
eter as  small  as  possible;  if  the  ratio  is  more  than  1:3,  the 
spring  should  be  guided  to  prevent  bending. 

Directions  for  Using  Charts  for  Round  Steel  Wire 

Given  Rate  per  Inch  of  Spring,  Number  of  Turns,  and  Pitch 
Diameter  to  Find  Size  of  Wire— On  the  steel-spring  chart,  Fig. 
2,  pass  a  line  through  the  total  rate  on  scale  J  and  the  number 
of  effective  turns  desired  on  scale  E;  this  gives,  on  scale  A, 
the  rate  per  turn.  Pass  a  line  through  this  point  on  scale  A 
and  the  pitch  diameter  on  scale  F  to  find,  on  scale  K,  the  size 
of  wire  necessary.  The  nearest  standard  size  of  wire  should 
be  taken,  but  its  strength  should  be  found  to  insure  its  being 
strong  enough  for  the  purpose.  Then  pass  a  line  through  the 
size  of  wire  on  scale  K  and  the  pitch  diameter  on  scale  F  to 
find,  on  scale  A,  the  rate  per  turn;  pass  a  line  through  this 
point  and  the  total  rate  on  scale  J  to  find,  on  scale  E,  the  exact 
number  of  turns  necessary  to  give  the  desired  rate.  If  the 
exact  number  of  turns  given  must  be  used,  the  desired  rate 
may  be  obtained  by  varying  slightly  the  pitch  diameter;  but 
it  is  usually  more  important  to  keep  the  given  pitch  diameter 
than  the  given  number  of  turns. 

Given  Number  of  Turns,  Rate,  and  Size  of  Wire  to  Find 
Pitch  Diameter — On  the  steel-spring  chart.  Fig.  2,  pass  a  line 
through  the  total  rate  on  scale  J  and  the  number  of  effective 
turns  on  scale  E;  this  gives,  on  scale  A,  the  rate  per  turn. 
Pass  a  line  through  this  point  on  scale  A  and  the  size  of  wire 
-on  scale  K  to  find,  on  scale  F,  the  pitch  diameter  required. 

Given  Rate,  Size  of  Wire,  and  Pitch  Diameter  to  Find  Num- 
ber of  Turns — On  the  steel-spring  chart.  Fig.  2,  pass  a  line 
through  the  size  of  wire  on  scale  E  and  the  pitch  diameter  on 
:scale  F;  this  gives,  on  scale  A,  the  rate  per  turn.  Pass  a  line 
through  this  point  on  scale  A  and  the  total  rate  on  scale  J  to 
■obtain,  on  scale  E,  the  number  of  effective  turns. 

Given  Spring  to  Find  Rate — Pass  a  line  through  the  size  of 
■wire  on  scale  K  and  the  pitch  diameter  on  scale  F;  this  gives, 
on  scale  A,  the  rate  per  turn;  pass  a  line  through  this  point  on 
scale  A  and  the  number  of  effective  turns  on  scale  E  to  find, 
on  scale  J,  the  rate  of  the  spring. 

Given  Spring  and  Load  to  Find  Deflection — First,  find  rate 
-of  spring;  then  pass  a  line  through  this  point  on  scale  J,  and 
the  load  on  scale  G;  the  resultant  deflection  is  the  point  where 
the  line  intersects  scale  G. 

Given  Spring  to  Find  Maximum  Safe  Load — Pass  a  line 
through  size  of  wire  on  scale  K  and  pitch  diameter  on  scale  H ; 
this  gives  the  load  on  scale  C.  If  the  chart  shown  in  Fig.  1 
is  used,  the  load  found  will  be  that  which  gives  a  stress  of 
^0,000  pounds;  but  if  the  steel-spring  chart.  Fig.  2,  is  used, 
care  must  be  taken  to  insure  that  the  load  found  will  give  a 
factor  of  safety  of  2.  In  all  cases,  scale  H  is  to  be  used  when 
the  load,  scale  C,  Is  to  be  found,  and  scale  F  is  to  be  used  when 
the  rate  is  desired. 

Given  Spring  to  Find  Maxitnum  Safe  Deflection — First,  find 
rate  of  spring  and  its  maximum  safe  load,  then  pass  a  line 
through  points  on  scales  J  and  C  thus  found;  this  gives,  on 
■scale  G,  the  maximum  safe  deflection. 

Given  Load  and  Pitch  Diameter  of  Spring  to  Find  Size  of 
Wire — Pass  a  line  through  the  load  on  scale  C  and  the  pitch 
diameter  on  scale  H ;  this  gives,  on  scale  A,  the  size  of  wire 
required.  The  nearest  standard  size  of  wire  should  be  taken, 
but  its  strength  should  be  determined  to  Insure  that  It  Is 
•strong  enough. 

Given  Load  and  Size  of  Wire  to  Find  Pitch  Diameter  of 
Spring — Pass  a  line  through  the  load  on  scale  C  and  the  size 
of  wire  on  scale  K ;  this  gives,  on  scale  H,  the  pitch  diameter. 

Given  Spring  and  Load  to  Find  Stress  in  Wire — On  the  chart 
shown  In  Pig.  1,  And  the  load  for  the  spring,  which  is  for  a 
stress  of  60,000  pounds  per  square  inch.  Pass  a  line  through 
this  point  on  scale  C  and  a  point  marked'  "steel"  on  scale  D: 
this  gives  a  point  on  the  reference  line.  Pass  a  line  through 
this  point  on  the  reference  line  and  the  actual  load  on  scale  C 
«lves,  on  scale  D,  the  maximum  shearing  stress. 

Scale  D  consists  of  several  sets  of  values  between  10.000 
and  100,000.  If  the  point  on  the  D  scale  Just  found  lies  above 
the  first  10,000  point  above  the  "steel"  point  taken,  add  a  digit 


to  the  number  given  on  the  scale;  if  the  point  is  below  the 
first  10,000  point  below  the  "steel"  point  taken,  subtract  a  digit 
from  the  number  given  on  the  scale  for  every  10,000  point 
passed.  For  example,  if  a  spring  has  a  stress  of  60,000  pounds 
with  a  load  of  600  pounds,  if  the  load  is  1200  pounds  the  stress 
point  will  be  above  the  10,000  point  above  the  "steel"  point 
used  and  the  stress  will  therefore  be  120,000  pounds  and  not 
12,000.  On  the  other  hand,  if  the  load  is  only  SO  pounds,  the 
stress  point  will  be  below  the  first  10,000  point  below  the 
"steel"  point  used  and  the  stress  will  be  8000  pounds  and  not 
80,000;  if  the  load  is  only  8  pounds,  the  stress  point  will  be 
two  10^000  points  below  and  the  stress  will  be  SCO  pounds. 

Given  Load  and  Deflection  to  Find  Rate — Pass  a  line  through 
the  load  on  scale  C  and  the  deflection  on  scale  G;  this  gives 
the  rate  of  the  spring  on  scale  J. 

Given  Rate  and  Deflection  to  Find  Load — Pass  a  line  through 
the  total  rate  on  scale  J  and  the  deflection  on  scale  G;  this 
gives  the  load  on  scale  C. 

Given  Load  to  Find  Pitch  Diameter  and  Size  of  Wire — The 
combinations  of  pitch  diameter  and  size  of  wire  that  will  carry 
a  given  load,  with  a  factor  of  safety  of  2,  on  the  steel-spring 
chart.  Fig.  2,  will  be  any  points  on  scales  H  and  K  that  fall 
in  a  straight  line  through  the  load  on  scale  C. 

Special  Directions 

Using  Charts  for  Square  Wire — When  square  wire  is  used, 
the  load  causing  a  certain  stress  is  1.2  times  the  load  that  will 
produce  the  same  stress  in  the  same  size  of  round  wire;  the 
rate  per  inch  of  a  square-wire  spring  is  1.7  times  the  rate  for 
an  identical  round-wire  spring.  Therefore,  if  the  load  that 
will  give  the  same  stress  as  for  the  same  size  round  wire  is 
desired,  it  is  only  necessary  to  find  the  load  that  an  identical 
spring  made  of  round  wire  will  require  and  multiply  by  1.2. 
This  may  be  done  by  passing  a  line  through  the  load  for  round 
wire  on  scale  C  and  any  circle  on  scale  D,  finding  a  point  on 
the  reference  line.  Pass  a  line  through  this  point  and  the 
nearest  square  on  scale  D  to  find  the  desired  load  for  square 
wire  on  scale  C. 

If  the  load  is  given  for  a  spring  made  of  square  wire  and 
other  properties  of  the  spring  are  to  be  found,  it  is  necessary 
to  find  first  the  equivalent  load  for  the  same  size  round  wire. 
This  is  done  by  passing  a  line  through  the  given  load  on  scale 
C  and  any  square  on  scale  D,  finding  a  point  on  the  reference 
line.  Pass  a  line  through  this  point  and  the  nearest  circle  on 
scale  D  to  find  the  equivalent  load  for  round  wire  on  scale  C. 
Then  proceed  as  for  round  wire.  It  is  not  necessary  to  get 
the  equivalent  value  for  round  wire  when  the  load  and  rate 
of  a  spring  made  of  square  wire  are  given  to  find  the  deflec- 
tion, though  care  must  be  taken  to  make  sure  that  the  rate 
is  given  for  square  wire. 

If  the  rate  per  inch  of  a  spring  made  of  square  wire  is  given 
to  find  other  properties  of  the  spring,  find  the  rate  per  turn  on 
scale  A,  as  directed  for  round  wire,  and  divide  this  by  1.7 
to  find  the  equivalent  rate  of  an  identical  spring  made  of  round 
wire.  To  do  this,  pass  a  line  through  the  rate  per  turn  found 
for  the  square  wire,  on  scale  A,  and  any  square  on  scale  B, 
finding  a  point  on  the  reference  line.  Pass  a  line  through  this 
point  and  the  nearest  circle  on  scale  B  to  find  the  equivalent 
rate  per  turn  for  round  wire  on  scale  A  and  proceed  as  directed 
for  round  wire.  If  the  rate  of  a  spring  made  of  square  wire 
is  desired,  find  the  rate  per  turn  on  scale  A  for  an  Identical 
spring  made  of  round  wire.  Through  this  and  any  circle  on 
scale  B  pass  a  line  to  find  a  point  on  the  reference  line.  Pass 
a  line  through  tliis  point  and  the  nearest  square  on  scale  B, 
to  And  the  equivalent  rate  per  turn  on  scale  .1  for  square  wire. 
From  this,  the  total  rate  of  the  spring  may  be  found  on  scale 
./  by  passing  a  line  through  this  point  on  scale  A  and  the  num- 
ber of  effective  turns  on  scale  E. 

When  using  the  circles  and  squares  on  scales  B  and  D,  the 
two  tliat  are  nearest  together  must  be  used  or  an  Incorrect 
result  will  be  obtained. 

Using  Chart  Shown  in  Fig.  1  when  other  Stresses  than  60,000 
are  Desired — If  the  spring  is  given  to  find  the  load  that  will 
produce  some  given  stress,  find  on  scale  C  the  load  that  will 
produce  a  stress  of  60,000  pounds.  Passing  a  line  through  this 
point  on  scale  C  and  steel  point  on  scale  D,  find  a  point  on  the 
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Place  a  BtraJRhtedpc  through  the  known  valuen  on  two 
scaleH  to  dcterminf  a  value  on  a  third  acule. 

Given  Rate  and  Pitch  Diameter  to  Find  Size  of  Wire — 
Through  rale  on  HCale  J  and  approximate  number  of  effec- 
tive turnn  on  Hcale  E,  find  rate  per  turn  on  Bcale  A;  throuRh 
thin  point  and  pitch  diameter  on  Hcale  F,  And  point  on 
Bcale  K.  Through  neareHl  wire  Bize,  work  back  to  llnd  num- 
ber of  effccllve  turns  needed. 

Given  Rate,  Number  of  Turnt,  and  Size  of  Wire  to  Find 
Pitch  Diameter— Through  rate  on  Hcal.'  J  and  number  of 
efTecllvc  turnH  on  Bcale  E,  find  rale  per  lurn  on  Bcalc  A; 
throuKh  thiB  point  and  bIzc  of  Wire  on  Bcale  K,  llnd  pitch 
diameter  on  Bcale  F. 

Olven  Rate,  Size  of  Wire,  and  Pitch  Diameter  to  Find 
Number  of  Turn* — ThrouKh  bIzc  of  wire  on  Bcale  K  and 
pitch  diamet'-r  on  Hcuin  F,  find  rale  jier  turn  on  B<*ale  A; 
throufch  thiH  tuAnl  anrl  rate  on  Bcale  J,  find  number  of  effec- 
tive turnn  on  lu'ale  E. 

Olven  Spring  to  Find  Rate — Through  bIzc  of  wire  on  Hcale  K 
nnd  pilch  diameter  on  Bcale  F,  find  rate  per  turn  on  Bcale  A; 
throuKh  ihld  point  and  nniiiber  of  erfeiUlve  turnn  on  Bcalo  E, 
find  total  rate  on  B<'ale  J. 

Olven  Spring  to  Find  Deflection — ThroiiKh  total  rate  on 
Dcalc  J  and  load  on  H<uile  C,  find  deriecllon  on  HCnIn  Q. 

Olven  Spring  to  Find  Safe  Load — Throiiith  Bizn  of  wlrn 
on  B'ule  K  and  pIKl,  .llani-ler  on  niali'  H.  find  nafe  load 
on  wain  C. 

Olven  Load  to  Find  Pitch  Diameter  and  Size  of  Wire— Any 
nllrh  dliirni'liT  on  B<»le  H  and  Ml/.e  of  wire  on  u  Blralt;ht 
linn   throoKh    load   on   i.<-al<-   C   are   <<irre<l. 


Given  Spring  and  Load  to  Find  Stress — Find  safe  load  on 
scale  C  al  C.ii.diiii  pounds  .stre.s.s.  TlironKh  this  point  and  any 
BO.UOO  poini  on  .scale  D,  llnd  a  point  on  the  reference  line; 
through  thl.M  point  and  the  actual  load  on  scale  C,  find  atresa 
on  scale   D. 

Given  Load  and  Deflection  to  Find  Rate — Through  load  on 
scale  C  :ind   deMictlon  on   scale  G,   find   total   rate  on  scale  J. 

Given  Rate  and  Deflection  to  Find  Load — Through  rate  on 
scale  J  and  ilillectlun  on  scale  G,  find   load  on  scale  C. 

Square  Wire — If  rate  of  square  wire  Is  given  to  (Ind  other 
values,  find  rjite  per  turn  on  scale  A;  through  tills  am]  any 
sipiare  on  scale  B,  find  a  point  on  rcfeicnce  line;  through 
this  point  and  nearest  circle  on  scali'  B,  lliiil  e(|ulvalent  rale 
per  turn  for  round  wire  on  scaU*  A.  If  load  Is  given,  use 
scales  C  and   D  in  a  ainiilar  manner. 

If  load  or  rate  Is  wanted,  find  rale  per  turn  on  scale  A 
ami  iiiail  on  siale  C  for  same  size  of  round  wire;  tliroiigh 
rate  per  turn  on  scale  A  and  circle  on  scale  B,  llnd  a  point 
on  reference  line;  through  this  point  nnd  nearest  s(|Uare  on 
scale  B,  llnfl  rale  per  turn  for  B(|Uai'c  wire  on  scale  A.  Use 
Bcalus   C   and    D   In   a   simllnr  manner   for   finding   the   load. 

Materials  l-lavlna  Other  Stresses  or  Elasticities  than  60,000 
and  12,000,000— <;<'l  leMnlls  with  thi'Se  viiliieH  iiiiil  llinl  e.|nlv:i- 
lent    reslills   with  d'slii'd    values,      if  load   nnd   rule   are   given. 

llnd  .■MUlvaleiit   I<ni,I  and  rule  per  turn  at   fill. ami   r.iMiii.iiiio 

ami  figure  as  usual.  Kind  ei|iiiviilenl  vmIiu's  as  illnited  for 
Bfjuare  wire,  using  the  desired  and  given  values  in  tiie  place 
of  circle  and  Mf|uare 

illameler   of  a   xpring   shi 
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DIEECTIONS  rOR  USING  CHAKT 

-D 

isTooC 

Dn 

w^re:    through    rate    per    turn    on 

ora3 

o 

scale  A  and  any  circle  on  scale  B, 

j 

riaoe     a     straiglitfdgf     through 
kiKiwn  values  un  two  scales  to  de- 

-o 

lo.ooo" 

find    a    point    on     reference    line; 
through     this     point     and     nearest 

0.3 

0 

L 

termine   a   value  on   a   third  seale. 

square   on  scale   B,    find   rate   per 
turn   for   square   wire   on   scale   A. 

H 

Given  Bate  and  Pitch  Diameter 

H 

-I 

10 

60.000: 

to    Find    Size    of    Wire— Through 

~j 

Use  scales  C  and  D  in  a  similar 

-1 

.a 

ip.oool 

rate  on   scale  J   and   approximate 
number  of  .effective  turns  on  scale 
E.   find  rate  per  turn  on  scale  A: 

~: 

manner  for  finding   the  load. 
Oblong  or  Flat  Wire— Find  rate 

oj 

r 

10 

or  load  for  size  of  round  wire  hav- 

11 "2  22 

through  this  point  and  pitch  diam- 
eter on  scale  F,   find  size  of  wire 

Sooo: 

ing  a  diameter  equal  to  short  side 
of  flat  wire  and  multiply  by  fac- 

i- 

2 

}.000i 

3 

12 ,3 

lb.03 

on  scale  K.     Through  the  nearest 

■loool 

tors  given  in  tables. 

^ 

13 

- 

J 

standard  size  of  wire,  work  back 
to  find  exact  number  of  effective 
turns  needed. 

Given   Rate.   Number  of  Turns, 
and    Size   of   Wire   to   Find   Pitch 

: 

D- 
O 

0^ 

-n~'*'" 

EI 

20,000- 

3000: 

F 

0=3j 

15-ig^ 
16  16  — 

^    X 

-   0 

17 

z_ 

IE 

Diameter — Through  rate  on  scalej 

oToo: 

_!, 

OJ^ 

— 17 

— 

— E 

and   number   of   eCTective    turns   on 

2000- 

.0.07: 

IS 

oM 

— -^^ 

-0.04 

^ 

scale    E,    find    rate    per    turn    on 

: 

"10  — 

=, 

— 

scale   A;    through    this    point   and 

OjOS^ 

-^ 

20  ~— 

^ 

size  of  wire  on  scale  K,  find  pitch 

0.00 ; 

liooog 

diameter  on  scale  F. 

O.IO: 

-|j 

4 

21  21  ^g 

Er~ 

J 

Given  Rate,    Size  of  Wire,    and 

n 

22  22  — : 

r; 

Pitch   Diameter   to    Find   Number 

-n 

1000^ 

- 

23  23 

H).05 

of  Turns — Through  size  of  viire  on 

— 

— 1 

^ 

: 

~ 

scale    K    and    pitch    diameter    on 

* 

l| 

24  24il 

: 

scale    F,    find    rate    per    turn    on 

-o 

500o: 

scale    A;    through    this    point    and 
total  rate  on  scale  J,  find  number 

[> 

-a 

M 

25  ?g 

:Q.06 

J 

of  effective   turns  on  scale  E, 

Q- 

UJ   0.2I 

— ^ 

-= 

-i6-26J6 

: 

4000  E 

Given    Spring    to    Find    Rate — 

SOO- 

_l     -= 

J 

-51 

-gI-27— 

5- 

: 

Through   size  of  wire  on  scale  K 

<    = 

"3? 

= 

=0.07 

soooj 

and    pitch    diameter    on    scale    F. 
find    rate    per    turn    on    scale    A: 
through  this  point  and  number  of 

joq 

0        -H 

CO        = 

-» 

ffl:g-I5 

UJ   0-^ 

t-       -. 

<         ': 

CC    0..1J 

20Q0- 

effective    turns    on    scale    E,    find 
total  rate  on  scale  J. 
Given  Spring  to  Find  Deflection — 

300- 

11         y 

l_ 

_ 

i 
0 

I  0.08 

—. 

Through  total  rate  on  scale  J  and 

:!          0.-^ 

. 

10" 

i^a 

r"^ 

1 

load  on  scale  C,  find  deflection  on 
scale  G. 

Given  Spring  to  Find  Safe  Load — 
Through    size   of   wire   on    scale   K 
and    pitch    diameter    on    scale    H, 

— i 

n- 

E        ^  "M 
t""      ^  » J 
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S     J 

-'      UJ 
-1     0  < 
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S    36    , 
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find  safe  load  on  scale  C, 
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Given  Load  to  Find  Pitch  Diam- 

B-^" 5    -■    0  s- 

i~  H  0  »5 

_9     5^ 
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^ 

H 

J 

eter  and   Size  of  Wire— Any   pitch 
diameter  on   scale   H  and   size  of 

looT 

2 

^^i 

30^ 

UJ  " 

DC  J 

j    J,iO 

r      UJ 

i 

wire  on  scale  K  on  a  straight  line 
through    load   on   scale   C   will   be 

-u 

i 

Z 
O 

g.     i=   Q     ^ 

r         0     UJ         — 

^0  !^  CO      ^ 
P-?   0    C0~    ^ 
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500^ 

Given    Load    and    Deflection    to 

Q. 

—    1  = 

^'o,"^ 

r;  UJ  S 

_i  15 

*  ^ 

L      Ul 

0. 

ul 

■100: 

Find  Rate — Through  load  on  scale 
C  and   deflection  on   scale   G,    find 

o 

50  = 

Z 

L  ^ 

43^ 

^li 

J 

<  0 

1- 
< 

total  rate  on  scale  J. 

Given    Rate    and    Deflection    to 

40^ 

Q 

i  ° J 

-JoAi 

K  El 

100^ 

u. 

UJ 

li  -i 

L     *^ 

300: 

Find  Load — Through  total  rate  on 
s.ale  J  and  deflection  on  scale  G, 
flnil   load   on    scale   C. 

Square  Wire — If  rate  for  square 

4 

< 

O 

_l 
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:.  oj 

Z  z  10^ 

^  xS 

^0  t  = 

2001 

300  i 

5 
0 

oc 

!i 

eQ.20 

200- 

wire  is  given  to  find  other  values, 
find    rate    per    turn    on    scale    A; 
through    this    and    any    square    on 

20  = 

-  1          z       =1 

—       3:= 

ri 

Q- 

Q 

_i 

^.2S 

~ 

scale   B,    find    point   on    reference 

UJ       - 
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i^ 

Z 
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line;  through  this  point  and  near- 

-E 
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r 
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est  circle  on  scale  B.  find  equiva- 
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lent  rate  per  turn  for  round  wire 
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5001 

-^ 
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on  scale  A.     If  load  is  given,  use 

<     M 

^0.0!~ 

= 

— 

:_ 

^L. 

scales  C  and  D  in  a  similar  manner. 
If   load   or   rate    Is   wanted,    find 
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5    ct 
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-A 

^ 

P 

BO: 

rate  per  turn  on  scale  A  or  load 
on  scale  C  for  same  size  of  round 

■u 

1 

-   o.of 

loool 

3i, 
4/b 
6^ 

itM 

^ 

toll 

"l™i^c'" 

T02" 
.025 

56.000 
65.000 

13!00< 

000 
000 

n 

o 

f 

r 

.04 
.05 

72.'o00 

13.600 

E 

6Z0 
7/0 

g- 

1.7— q 

r~^             i.»-i 

— 1 

3000  i 

.06 

75!o00 

000 

y 

30  = 

— ■ 

~                                                9   ^ 

~ 

-= 

_= 

I^ 

.08 

74.000 

14|80fl 

000 

_i 

: 

Ai 

73.000 

14,'600 

000 

4000  E 

5 — ^ 

Z                                          'J 

~ 

:^ 

^ 

.16 

6S.0O0 

SOOffi 

3 

r 

20€ 

^20 

.20 

65.000 

isiooo 

:0.60 

20- 

I 

^                                     3_^ 

— 

.25 

61.000 

12,200 

000 

_| 

s 

-"       tn                      ~- 

—        f^ 

2- 

:= 

i; 

.30 

60.000 

12,000 

000 

i 

X 

-      0 

^ 

o      -i 

■~^    UJ            ^     4—^ 

^"2    u 

-^ 

-s 

F-_ 

.40 

57.000 

11.400 

000 

= 

4 

y-    lo-f 

P     9       g      4 

—        W             O      6— s 

Z      Q 

o 

.50 

55.000 

11,000 

000 

s 

2: 

-_  z 

— ^ 

O           3 

-—      <n 

~t 

3ffi 

1=30 

.60 

53.000 

10.600 

000 

10.000  3 

f 

1      J 

~-        \^             iJ          -1 

'—    O 

i 

o 

.80 

60.000 
44.000 

10.000 
8,800 

000 
000 

1 

:o.8o 

i£ 

1-   „„  ? 

<     20-_ 

Z     o 

'-3    2 

h 

!50 

40.000 

8,000 

000 

20.00(^ 

s 

VALU 
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ES  USED  IN  COM- 
NG  THIS  CHART. 
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NOTES  ON  DESIGN. 
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Pitch  diameter  should  never  be  less 
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than  three  times  diameter  of  wire. 
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Four  to  seven  times  is  best. 

Jn  compression  sprinifs  consider  one 
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and  a  half  to  two  turns  as  ineffective. 
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FACTORS  FOR  FLAT  WIRE 
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FIr.  2.    Chart  for  computing  Dlmonsionj  and  Properties  of  Stool  Helical  Springs 


reference  line;  pass  a  line  Uirougli  this  point  and  tlio  dosircd 
stress  on  scale  D,  and  find  the  corresponding  load  on  scale  ('. 

If  the  load  is  given  and  it  is  desired  to  And  a  spring  that 
will  have  a  certain  stress  when  subjected  to  this  load,  pass  a 
line  through  the  given  load  on  scale  C  and  the  given  stress 
on  scale  D,  flnding  a  point  on  the  reference  line.  Through  this 
point  and  any  "steel"  point  on  scale  D  pass  a  line  and  find  on 
scale  G  the  load  that  will  stress  the  same  spring  to  60,000 
pounds  and  proceed  as  previously  directed. 

It  win  be  noted  that  the  stresses  ordinarily  used  for  brass, 
bronze  and  music  wire  are  indicated  on  scale  £>.    However,  as 


tlie  safe  stress  and  modulus  o£  elasticity  for  brass  and  bronze 
are  Just  half  of  those  given  for  steel.  It  is  often  easier  to  mul- 
tiply or  divide  by  2,  as  the  case  may  require,  than  to  use  the 
D  and  B  scales  and  the  reference  line.  If  the  desired  stress 
is  between  10,000  and  100.000,  as  is  usually  the  case,  it  should 
bo  read  on  the  D  scale  between  the  same  consecutive  lO.OOO's 
as  the  steel  point  used.  If  the  desired  stress  is  between  1000 
and  10,000,  add  a  digit  and  read  between  the  two  10,000*8  Im- 
mediately below  the  steel  point  used.  If  the  desired  stress  Is 
above  100,000,  subtract  one  digit  and  read  between  the  two 
lO.OOO's  Immediately  above  the  steel  point  used. 
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Using  Charts  for  Flat  Wire — Either  chart  may  be  used  for 
flat  wire  by  using  the  flat-wire  factors  given  on  the  steel-spring 
chart,  Fig.  2.  If  a  spring  is  made  of  flat  wire,  find  the  load 
or  the  rate,  for  an  identical  spring  made  of  round  wire  having 
a  diameter  equal  to  the  length  of  the  short  side  of  the  flat 
wire.  From  the  tables  on  the  chart,  find  the  rate  and  load 
factors  for  flat  wire  having  the  same  ratio  of  sides  as  that 
being  used  and  multiply  the  load  for  the  round  wire  by  this 
load  factor  and  the  rate  for  the  round  wire  by  this  rate  factor. 
The  results  will  be  the  load  and  rate  for  the  spring  of  flat  wire. 
If  the  rate  or  load  is  given  to  find  other  properties  of  the 
spring,  divide  them  by  the  rate  factor  or  load  factor,  respec- 
tively; the  result  will  be  the  rate  or  load  for  round  wire  hav- 
ing a  diameter  equal  to  the  short  side  of  the  flat  wire.  With 
these  values,  proceed  as  for  round  wire. 

Using  Chart  for  Materials  having  other  Modulus  of  Elasticity 
than  12,000,000 — If  the  material  used  in  a  spring  has  a 
modulus  of  elasticity  other  than  12,000,000  the  only  effect  on 
the  use  of  the  chart  shown  in  Fig.  1  will  be  on  the  rate  per 
inch  of  the  spring  and  the  deflection  under  a  given  load.  In 
such  a  case  if  the  spring  is  given  to  find  the  rate,  find  the 
rate  per  turn  on  scale  A;  this  will  be  for  a  modulus  of 
12,000,000.  To  find  the  rate  per  turn  that  the  spring  will  have 
with  the  given  modulus  of  elasticity,  pass  a  line  through  the 
rate  per  turn  found  on  scale  A  and  any  steel  point  on  scale  B. 
finding  a  point  on  the  reference  line.  Through  this  point  and 
the  given  modulus  of  elasticity  on  scale  B,  find  the  correspond- 
ing rate  per  turn  on  scale  A.  A  line  through  this  point  and 
the  number  of  effective  turns  on  scale  E  will  give  the  total 
rate  on  J. 

If  the  rate  is  given  to  find  other  properties  of  the  spring, 
find  the  rate  per  turn  on  scale  A  by  passing  a  line  through 
the  rate  on  scale  J  and  the  number  of  effective  turns  on  scale 
E.  Through  this  and  the  given  modulus  of  elasticity  on  scale 
B,  find  a  point  on  the  reference  line.  Through  this  and  a 
point  marked  steel  on  scale  B,  find  the  rate  of  the  spring  if 
it  had  a  modulus  of  elasticity  of  12,000,000  and  proceed  as 
previously  directed. 

It  will  be  noted  that  the  modulus  of  elasticity  generally 
used  for  brass,  bronze  and  music  wire  are  indicated  on  scale  B 
for  convenience.  If  the  modulus  of  elasticity  that  is  being 
used  is  between  2,000,000  and  20,000,000,  as  will  usually  be 
the  case,  it  should  be  read  between  the  same  two  20's  as  in 
the  steel  point  used. 

Examples  for  Round  Steel  Wire 

Example  1 — Given  a  spring  of  No.  14  Washburn  &  Moen 
gage  steel  wire,  0.08  inch  in  diameter,  having  13  effective  turns 
and  a  pitch  diameter  of  1/2  inch,  to  find  the  safe  load,  rate 
per  Inch,  deflection  and  stress  that  will  be  caused  by  a  load 
of  7  pounds,  and  the  maximum  deflection  that  will  be  allowable. 

On  the  chart  shown  in  Fig.  2,  pass  a  line  through  14  on  the 
Washburn  &  Moen  gage  scale  on  scale  K  and  the  pitch  diam- 
eter 1/2  on  n.  On  scale  C,  the  safe  load  will  be  found  to  be  30 
pounds.  '  From  the  table  on  the  chart  the  stress  used  for  0.08- 
Inch  wire  Is  74,000  pounds  per  square  Inch.  On  the  chart 
shown  In  Fig.  1  pass  a  line  through  30  on  scale  O  and  74,000 
on  scale  D  and  And  a  point  on  the  reference  line.  Through 
this  point  and  the  load  to  be  Imposed,  7  pounds,  pass  a  line;  the 
resultant  stress,  17,500  pounds  per  square  Inch,  Is  read  where 
this  lino  croBHcH  scale  TJ  Through  the  sl/.e  wire  on  scale  K 
on  the  chart  shown  In  Fig.  2,  and  the  pitch  diameter  on  scale  F, 
pass  another  line  and  find  Its  point  of  Intersection  with  the 
rate  per  turn  on  scale  A.  Through  this  point  and  the  number 
of  effective  turns  13  on  scale  E,  pass  another  lino,  flndlng  the 
rate  of  the  sprlnK  47  pounds  per  Inch,  on  scale  J.  A  lino 
passed  through  this  and  the  load  to  be  ImpoHod,  7  pounds,  on 
scain  ('.  KlvcH  the  deflection  that  will  rcHiiIt  0.149  Inch  on  w-alo 
(I.  Another  lino  IhrouKh  the  rnto  47  on  scale  J  and  Iho  safe 
load  30  pounds  on  scale  0  rIvcb  the  maximum  allowable  do- 
flection,  on  scale  O,  of  0.G4  Inch.  Thus  the  live  desired  factors 
concomlDK  this  iprlng  are  found  by  the  use  of  sovon  lines. 

Einmplr.  t — Find  the  size  of  wire  required  for  a  spring  with 
a  pitch  dlnmetor  of  2  Inchcg  m\i\  a  load  of  300  pounds. 

On  the  chart  shown  In  FIk.  2  pass  a  line  thrrpuKli  300  on 
«calo  C  ond   2  on   b'-uIc   //.   flinlliiK  on  hchIo   K  Die  size  wire 


necessary  to  stand  this  load  to  be  0.29  inch.  As  this  is  not  a 
standard  size  for  steel  wire,  either  No.  1  or  No.  0  Washburn 
&  Moen  gage  should  be  used.  No.  1  will  give  a  factor  of  safety 
of  only  1.9,  but  as  a  rule,  this  would  be  permissible;  No.  0, 
being  larger,  will  of  course  be  safer. 

Example  3 — A  compression  spring  made  of  No.  0  wire  and 
having  a  pitch  diameter  of  2  inches  is  compressed  to  6  inches 
by  a  load  of  300  pounds  and  to  6  5/8  inches  by  248  pounds; 
find  the  free  length  of  the  spring  and  the  number  of  turns. 
The  difference  between  300  and  248,  or  52  pounds,  is  the  load 
required  to  compress  the  spring  the  difference  between  6  5/8 
and  6  inches,  or  5/8  inch.  Using  the  chart  in  Fig.  2,  a  line 
through  52  on  scale  C  and  5/8  on  scale  G  shows,  on  scale  J, 
that  the  rate  per  inch  is  85  pounds.  A  line  through  this  and 
300  on  scale  C  shows  on  G  that  the  total  deflection  due  to 
300  pounds  load  is  3.6,  so  the  free  length  of  the  spring  will  be 
6  +  3.6  =  9.6  inches.  Passing  a  line  through  No.  0  on  scale  K 
and  2  on  scale  F  gives  the  rate  per  turn  on  scale  A.  A  line 
passed  through  this  point  and  85  on  scale  J  gives,  on  scale  E, 
the  effective  number  of  turns  necessary,  which  is,  in  this  case, 

20.2  turns. 

Examples  lor  Bound  Bronze  Wire 

Example  i — Given  a  spring  of  No.  12  Brown  &  Sharpe  gage 
bronze  wire  having  10  effective  turns  and  a  pitch  diameter 
of  3/4  inch,  to  find  the  safe  load,  rate,  and  deflection  with  a 
load  of  5  pounds. 

Using  the  chart  in  Fig.  1,  pass  a  line  through  No.  12  on  the 
Brown  &  Sharpe  gage  scale  on  scale  K  and  3/4  on  scale  F; 
finding  the  rate  per  turn  on  scale  A  that  the  spring  would 
have  if  made  of  wire  having  a  modulus  of  elasticity  of 
12,000,000,  which  is  the  average  for  steel.  Through  this  point 
and  the  point  marked  steel  on  B,  find  a  point  on  the  refer- 
ence line.  Through  this  point  and  a  point  marked  bronze  on 
scale  B,  find  the  rate  per  turn,  on  scale  A,  for  the  spring 
made  of  bronze  wire.  A  line  through  this  and  10  on  scale  E 
gives  the  rate  of  the  spring  on  scale  J  to  be  7.7  pounds  per 
inch.  A  line  through  this  and  5  on  scale  C  gives  the  deflec- 
tion, on  scale  O,  for  a  load  of  5  pounds  to  be  0.65  inch.  A 
line  through  the  size  wire  on  scale  K  and  3/4  on  scale  H 
gives  the  load  of  16.6  pounds  on  scale  C,  which  will  produce 
a  stress  of  60,000  pounds.  Pass  a  line  through  this  and  a 
steel  point  on  scale  D,  finding  a  point  on  the  reference  line. 
A  line  through  this  point  and  a  bronze  point  on  scale  D  gives 
the  load  of  8.2  pounds,  on  scale  C,  which  will  produce  a  stress 
of  30,000  pounds. 

Example  5 — A  bronze  spring  is  wanted  that  will  stand  a 
load  of  10  pounds  and  have  a  rate  of  20  pounds  per  inch  with 
a  pitch  diameter  of  1  Inch;  find  the  size  of  wire  and  number 
of  turns  necessary.  « 

Using  the  chart  in  Fig.  1  through  10  on  scale  G  and  a  bronze 
point  on  scale  D,  find  a  point  on  the  reference  line.  Through 
this  point  and  a  steel  point  on  scale  D,  find  the  equivalent 
load  for  a  steel  spring,  which  is  20  pounds.  Through  this  and 
1  on  scale  H,  find  the  size  of  wire  necessary,  0.096  inch.  Taking 
thfc  next  higher  standard  Brown  &  Sharpe  gage  size,  which  is 
No.  10,  0.101  Inch  as  the  size  to  use,  pass  a  line  through  this 
and  1  on  scale  F,  finding  the  rate  per  turn  for  a  spring  of 
the  same  size  of  steel  wire  on  scale  A.  Through  this  and  a 
steel  point  on  scale  B  find  a  i)olnt  on  the  reforonoo  line. 
Through  this  and  a  bronze  point  find  the  rate  per  turn  for 
the  bronze  spring.  A  line  throuRli  this  and  the  rate  of  the 
spring  20  on  scale  J  gives  the  number  of  effootlvo  turns  nec- 
essary, on  scale  E,  which  In  this  case  Is  3.9. 

In  this  problem  It  Is,  of  course,  much  easier  to  And  the 
load  that  a  steel  Hprlng  would  carry  by  multiplying  the  load 
of  the  bronze  spring  by  2  than  by  the  metbod  described.  Also, 
In  fliulliiK  the  number  of  turns  necessary,  tlio  problem  could 
have  been  worked  through  to  conclusion  for  stool  wire,  which 
would  give  7.8  efre<!tlvo  turns  necessary,  and  this  Is  divided 
by  2  to  got  the  number  for  the  bronzo  spring. 

Bxamples  for  Square  and  KlnC  Wire 

F.riimplr  fi-Olvon  a  spring  made  of  1/8-Inch  square  steel 
wire,  I  Inch  pitch  diameter,  and  22  offocllvo  turns,  to  find  the 
Hiife  load  and  the  rnlo  per  Inch. 

In  Fig.  2  pass  a  lino  through  0.126,  on  scale  K  and  1  on 
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H,  finding  on  scale  C  the  load  of  54,000  pounds,  which  would 
be  the  safe  load  for  steel  wire  of  round  section.  Pass  a  line 
through  this  and  a  circle  on  scale  D,  finding  a  point  on  the 
reference  line.  Through  this  and  a  square  on  scale  D  find  the 
load  of  65  pounds  that  the  spring  made  of  square  wire  will 
stand  with  the  same  stress.  Pass  a  line  through  0.125  on 
scale  K  and  1  on  scale  F,  finding  the  rate  per  turn  for  round 
wire  of  that  size.  Through  this  and  a  circle  on  scale  B,  find 
a  point  on  the  reference  line.  Through  this  and  a  square  on 
scale  B,  find  the  rate  per  turn  on  scale  A  for  the  square  wire. 
A  line  through  this  and  22  on  scale  E  shows,  on  scale  J,  that 
the  rate  of  the  spring  is  35  pounds  per  inch. 

In  solving  for  square  wire,  the  process  is  the  same  as  in 
solving  for  some  other  material  than  steel,  except  that  the 
circles  and  squares  are  used  instead  of  the  points  marked 
steel  and  the  desired  values  of  stress  and  modulus  of  elasticity. 

Example  7 — Given  a  spring  made  of  1/8-inch  by  3/8-inch  * 
flat  steel  wire,  1  inch  pitch  diameter,  and  22  effective  turns, 
to  find  the  safe  load  and  the  rate. 

Find  the  load  for  round  wire  as  explained  in  Example  6, 
which  is  54  pounds.  The  tables  on  the  steel-spring  chart, 
Fig.  2,  give  8.1  as  the  load  factor  for  wire  having  a  ratio  of 
sides  of  3.  Multiplying  54  by  this  gives,  as  the  safe  load  for 
flat  wire,  437.4  pounds.  The  rate  per  inch  of  a  spring  made  of 
1/8-inch  round  wire,  in  this  case,  would  be  22.6  pounds.  The 
flat-wire  tables  give  the  rate  factor  for  wire  having  a  ratio  of 
sides  of  3  as  25.8,  so  the  rate  of  the  flat-wire  spring  will  be 
25.8X22.6=583.1  pounds  per  inch. 

HEAT-TREATMENT  OF  GRAY  CAST  IRON' 

The  rapid  deterioration  of  cast-iron  cylinder  components, 
the  liner,  piston,  and  valve  chambers,  is  a  subject  of  vital  im- 
portance to  the  internal  combustion  engine  manufacturer. 
Frequently  those  components  that  are  subjected  to  the  direct 
influence  of  heat,  crack  and  become  utterly  useless  after  a 
short  life.  This  troublesome  cracking  is  most  pronounced 
in  the  cast-iron  piston  heads  of  Diesel  engines. 

The  temperature  that  the  center  of  the  piston  heads  sustains 
during  working  is  very  high.  In  the  ordinary  four-cycle  gas- 
engine,  working  at  full  load,  the  center  of  the  head  is  at  a 
dull  red  glow,  approximately  650  to  700  degrees  C.  In  the 
Diesel  engine  the  flame,  resulting  from  the  spontaneous  igni- 
tion of  the  charge,  is  driven  directly  against  the  center  of  the 
piston  head  so  that  the  temperature  of  the  inner  surface  in 
the  center  of  the  piston  head  (directly  in  line  with  the  fuel 
admission  valve)  is  at  least  900  to  950  degrees  C.  The  char- 
acteristic star  cracks  produced  in  Diesel  engine  piston  heads 
after  short  periods  of  use,  in  many  instances,  ■tian  be  traced 
to  mechanical  defects,  such  as  bad  design,  defective  cooling 
arrangements,  etc.,  which  tend  under  the  influence  of  heat 
to  set  up  unequal  stresses  in  the  material.  As  the  strength  of 
gray  cast  iron  rapidly  falls  off  with  increasing  temperatures, 
the  influence  of  unequal  stresses  due  to  mechanical  or  other 
defects  will  be  considerably  more  pronounced.  The  only 
change  indicated  by  the  analyses  of  cracked  Diesel  engine 
pistons  is  that  the  combined  carbon  is  practically  wholly  con- 
verted into  free  or  graphitic  carbon.  There  appears  to  be  no 
indication  of  oxidation  of  the  carbon  or  silicon  contents. 

Tests  on  gray  cast-iron  bars  show  that  at  a  temperature  of 
750  degrees  C.  practically  all  the  combined  carbon  is  rapidlj 
converted  Into  the  free  carbon  form  and  that  slow  cooling  Is 
not  a  necessary  factor  In  the  dissociation  of  the  pearlite. 
These  tests  also  show  that  temperature  between  the  limits  of 
750  and  900  degrees  C.  has  little  influence  on  the  rate  of  de- 
composition, nor  does  there  appear  to  be  any  influence  ex- 
erted by  the  varying  phosphorus  content.  Sanrplcs  of  gray 
cast  Iron  heated  to  between  900  and  950  degrees  C.  for  varying 
periods  of  time  and  quenched  In  water,  showed  that  a  portion 
of  the  free  carbon  had  been  reabsorbed.  This  rcabsorptlon  of 
free  carbon  Is  most  Important,  both  from  a  practical  and  a 
theoretical  point  of  view. 

A  photomicrograph  of  a  part  of  the  piston  that  has  been 
directly  subjected  to  the  Influence  of  heat  shows  an  enormous 
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increase  in  the  dentritic  structure,  and  the  whole  of  the 
matrix  appears  to  be  intersected  by  graphite  plates.  Near 
to  the  extreme  upper  edge  of  the  piston,  directly  in  contact 
with  the  flame,  the  extent  of  the  dentritic  structure  is  much 
less,  and  the  matrix  appears  to  be  dotted  with  many  more 
finely  divided  graphite  plates;  there  also  seems  to  be  numer- 
ous small  holes.  It  is  probable  that  each  individual  bead  or 
globule  of  cementite  dissociates,  depositing  tiny  flakes  of 
graphitic  carbon,  and  no  doubt  while  some  of  these  flakes 
appear  to  be  drawn  alongside  the  pre-existing  plates  of  graph- 
ite, the  internal  pressure  consequent  upon  the  increase  in 
volume  of  these  newly  formed  free  carbon  plates  tends  to 
press  these  small  flakes  together,  producing  the  numerous 
larger  plates  of  free  carbon.  It  is  probable  that  the  swelling 
of  the  graphite  plates,  or  rather  the  replacement  of  these 
plates  by  holes,  is  in  some  manner  connected  with  the  reab- 
sorption  of  the  free  carbon. 

In  all  the  heat-treated  samples,  the  worm-like  graphite  forms 
appear  to  have  swollen  and  become  somewhat  thicker.  Un- 
doubtedly this  circumstance  exerts  a  great  influence  on  the 
weakening  of  the  cast  iron  after  subjection  to  heat  and  its 
consequent  fracture.  It  is  legitimate  to  conclude  that  as  a 
result  of  these  internal  changes,  which  take  place  only  in  a 
localized  portion  of  the  piston  top,  the  iron  is  rendered  con- 
siderably weaker,  and  the  slight  volume  changes  that  un- 
doubtedly accompany  these  changes  are  responsible  for  a 
condition  of  internal  strain.  Under  the  conditions  obtaining 
in  the  Diesel  engine  cylinder  such  a  state  of  affairs  will  rap- 
idly lead  to  fracture. 

It  has  been  found,  as  a  result  of  long  experience,  that  the 
ultimate  cracking  of  Diesel  engine  piston  tops,  apart  from 
those  cases  of  mechanically  defective  pistons,  can  as  a  general 
rule  be  traced  to  the  phosphorus  content  of  the  cast  iron. 
By  reducing  the  phosphorus' content  of  the  cast  iron  to  the 
lowest  possible  limits,  the  life  of  the  pistons  may  be  consid- 
erably prolonged  and  the  cracking  practically  eliminated. 
•  *  * 
THE   LIBERTY  MOTOR 

When  the  Congress  declared  that  a  state  of  war  existed  be- 
tween the  United  States  and  Germany,  there  was  immediate 
general  recognition  of  the  importance  of  the  airplane,  and 
steps  were  taken  to  build  a  large  number  for  the  Army  and 
Navy.  The  Liberty  motor  was  the  outcome  of  the  effort  to 
secure  a  composite  design  in  which  the  best  ideas  of  the  motor 
builders  of  the  United  States  were  incorporated.  Its  advent 
was  announced  with  a  flourish  of  trumpets,  but  no  details  of 
the  mechanical  design  were  furnished  for  publication.  Now 
we  are  informed  that  the  Liberty  motor  is  not  quite  as  near 
perfection  as  at  first  believed,  but  is  considered  suitable  only 
for  scout  duty  and  other  comparatively  minor  air  work.  Thou- 
sands of  dollars  have  been  expended  in  the  effort  to  build  the 
Liberty  motor  with  the  utmost  possible  speed,  and  the  discov- 
ery that  it  is  not  the  equal  of  the  best  European  motors  comes 
as  a  disagreeable  shock  to  the  American  people. 

This  unhappy  development  is  one  of  the  logical  outcomes  of 
secrecy  and  censorship.  Had  the  design  of  the  Liberty  motor 
been  published  in  the  technical  journals  the  government  oflJ- 
cials  would  have  had  the  benefit  of  the  constructive  and  de- 
structive criticism  of  hundreds  of  engineers  throughout  the 
country.  The  effect  of  these  criticisms  that  would  have  been 
leveled  at  the  design  could  not  have  been  anything  else  but 
beneficial.  One  Important  factor  would  doubtless  have  been 
better  taken  care  of  than  it  is,  and  that  Is  the  design  of  the 
motor  as  regards  manufacture.  It  has  been  found  by  tool 
engineers  having  to  solve  the  problem  of  tooling  for  rapid 
and  efllcient  manufacture  that  in  many  oases  the  design  could 
be  modified  with  no  resulting  injury  but  with  great  improve- 
ment In  the  speed  and  ease  of  machining. 

Secrecy  Is  a  firmly  established  war  policy,  but.  so  far  as  we 
can  judge.  It  servos  chiefly  one  purpose,  aiul  that  Is  to  keep 
the  common  people  of  the  country  In  Ignorance  of  conditions. 
The  German  military  authorities  doubtless  know  practically 
everything  of  military  Importance  transpiring  In  this  country. 
Their  agents  and  spies  are  not  dependent  upon  the  dally  and 
technical  press  as  sources  of  Information 
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BY  DOUGLAS  T.   HAMILTON  ' 


FIG.  28  shows  the 
National  Acme 
self -opening  or 
automatic  die-head, 
which  can  be  applied 
to  the  Gridley  auto- 
matics in  the  man- 
ner illustrated  in 
Fig.  25,  which  ap- 
peared in  the  De- 
cember number  of 
Machikebt.  a  shows 
the  die-head  closed 
and  assembled, 
whereas  B  and  C,  respectively,  show  the  die-head  in  detail 
open  and  closed.  The  chasers,  as  shown  in  Fig.  29,  are  ar- 
ranged to  slide  in  slots  in  the  body,  and  are  held  in  place  by 
plates,  to  which  they  are  fastened  by  screws,  the  plates  fitting 
in  the  T-slots  in  the  body.  These  chasers  are  closed  by  the 
action  of  the  cam  ring,  the  body  being  pulled  back  into  the 
hood,  thus  bringing  the  chasers  into  contact  with  the  bearing 
arms  of  the  cam  ring.    Variations  in  diameter  of  the  threaded 


Fig- 


A 

National-Ac 


Automatic  Die   used    on   Gridley  Automati< 
in  Open  and  Closed  Positions 


nbled    and 


of  the  center,  the 
amount  being  gov- 
erned by  the  diame 
ter  of  the  part  being 
threaded  and  the 
pitch  of  the  thread. 
It  is  generally  about 
one-tenth  the  diame- 
ter, although  to  pro- 
vide for  resharpen- 
ing  it  may  be  a  little 
more.  The  setting  of 
the  cutting  edge 
ahead  of  the  center 


gives  a  freer  and  cleaner  cutting  action.  The  faces  also  are 
set  at  a  certain  angle  with  reference  to  the  radius  of  the 
thread,  and  in  future  grinding  this  relation  should  be  pre- 
served. At  C  is  shown  a  spring  screw  die  that  is  improperly 
ground;  the  proper  face  angle  has  not  been  preserved.  Of 
course,  all  lands  must  be  ground  to  the  same  angle  and  at  the 
same  distance  ahead  or  back  of  the  center,  as  the  case  may  be. 
For  brass,  as  shown  at  B,  the  cutting  edge  of  the  prongs 


28,    dismantled  to   show 

in 

part  are  secured  by  means  of  an  adjusting  screw  operating  on 
the  principle  of  a  micrometer  and  located  in  the  side  of  the  head. 

Sprints  Screw  Threadlnff  Dies 

Spring  screw  threading  dies  are  also  used  on  the  Gridley 
automatlca,  and  are  to  be  preferred  to  button  or  round  dies, 
If  properly  handled,  because  of  the  poBsibillty  of  securing 
more  accurate  adjustment.  The  cutting  lands  are  wide,  giving 
ade<|uate  support  to  the  cutting  edges  and  insuring  the  cutting 
of  a  thread  to  correct  lead.  They  are,  in  a'Idltlon,  easier  to 
Bbarpcn,  and  have  more  chip  room  than  a  button  die. 

Sbnrpenlncr  Spiintr  Screw  Threadlnsr  Dies 

There  are  several  points  In  connection  with  the  sharpening 
of  spring  screw  threading  dies  that  should  be  closely  observed. 
These  have  particular  rela- 
tion to  the  location  of  the  cut- 
ting edges  of  the  prongs  rela- 
tive to  the  center,  and  to 
the  o<iual  contraction  of  the 
prongs  when  adjustment  for 
diamotor  Is  necessary. 

For  cutting  iilucl,  hh  iihown 
at  A,  FIJt.  31,  llK!  ciililriK  i!clK<' 
of  the  die  should  be  Hot  abcu't 


ir,  Wwilann  Aril..  Nprlnr 


.howln»  forr-nl 
Sprint    H<iriiw 


Fig.  30.     Spring  Screw  Threading  Die-holder  shown  In  Fig.  84, 
dismantled  to  show  Construction 

should  be  set  exactly  on  the  center,  or  a  little  behind  it.  When 
new,  the  cutting  edge  is  set  on  the  center,  which  allows  for  re- 
sharpening  without  impairing  the  cutting  action  of  the  die. 
At  A,  Fig.  32  is  shown  the  correct  form  of  grinding  wheel 
for  sharpening  spring  screw  threading  dies  when  grinding  on 
the  face  of  the  lands  or  prongs.  It  Is  known  as  a  "dished" 
wheel  and  should  be  of  a  coarse  enough  grain  and  soft  enough 
bond  not  to  burn  the  die.  It  Is  preferable  to  grind  dry.  taking 
light  cuts.  The  die  should  be  held  In  a  flxturo  provided  with 
an  accurate  indexing  head  so  that  all  prongs  will  be  ground  in 
the  correct  relation  to  the  center. 

It  Is  seldom  necessary  to  grind  a  spring  die  in  the  throat — 
that  Is,  where  the  first  few  threads  are  chamfered  to  facllllnte 
the  die  starting  on  the  work.  When  this  Is  necessary,  how- 
cviT,  the  i;rlndliig  should  be  carcfiilly  done  uixl  the  proper 
wlu't'l,  which  Is  shown  at  B, 
hIiiiuIiI  bo  used.  This  wheel, 
wliii'li  is  cone  shaped,  Is  used 
to  grind  each  prong  scpa- 
rntoly,  and  care  should  be 
luUeii  to  SCO  lliat  all  prongs 
aril  Kroiiiiil  lo  the  Hanii>  angle 
and  alHii  lo  tho  sanin  depth. 
If  I  ho  anglo  or  depth  varies 
on  tliu  dirfrn^nt  prongs,  the 
work  Ih  thrown  onto  two 
lands,    with    tho    result    that 
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Fig.    32.     Diagram   showing   Grinding   Wheels   used,    and   Uetliods   of 

sharpening  Spring  Screw  Threading  Dies  on  Faces  of 

Lands  and  in  Throat 

each  prong  does  not  perform  its  share  of  the  work.  If  con- 
siderable grinding  is  done  in  the  throat,  and  particularly  if 
there  is  a  shoulder  on  the  piece  to  be  threaded,  a  correspond- 
ing amount  should  be  ground  off  the  ends  of  the  prongs  to 
allow  the  die  to  cut  up  on  the  work  to  the  required  distance. 
Another  point  that  should  receive  careful  attention  is  the 
position  of  the  spot  on  the  die  for  the  set-screw  in  the  holder. 
In  the  case  shown  at  A,  Fig.  33,  the  flat  for  the  set-screw  has 


In  order  to  over- 
come the  objection 
of  improper  clamp- 
ing, the  National 
Acme  Co.  has  de- 
signed a  special  die- 
holder,  illustrated 
in  Fig.  34.  This 
holder,  shown  dis- 
assembled in  Fig. 
30,  comprises  a 
shank  on  which  the 
die-holder  is  re- 
tained by  a  locking 
nut.  The  spring  screw  die  is  held  in  an  adjustable  spring 
chuck  that  is  effectively  closed  on  the  die  by  a  collet  that 
fits  over  it.  A  good  feature  of  this  holder  is  that  it  allows  the 
die  to  float  and  thus  accommodate  itself  to  the  work;  in  addi- 
tion, it  is  not  driven  by  a  set-screw  clamped  onto  its  exterior 
surface  but  by  two  pins  fitting  in  slots  in  the  end  of  the  die. 
This  holder  holds  spring  dies  accurately  and  prevents  the 
troubles  usually  experienced  with  dies  of  the  spring  variety. 


33.     Incorrect  and  Correct  Methods  of 
spotting  Spring  Screw  Threading 
Dies  for  Set-screw 


Fig.   34.     National-Acme   Collet   Type   Spring   Screw   Threading  Die-holder 

been  placed  so  that  tightening  the  screw  closes  one  of  the 
prongs,  thus  throwing  most  of  the  cutting  onto  one  land.  In- 
stead, the  spot  should  be  located  between  two  prongs,  as  shown 
at  B,  and  it  should  be  small  enough  so  that  it  will  not  weaken 
the  die.  It  is  preferable  not  to  have  any  flat  at  all,  but  to  use 
a  cupped  set-screw,  which  will  effectively  prevent  the  die  from 
turning. 


Fig.  35.    Taper-turning  Attachment  for  Gridley  Multiple-spindle  Automatics 

Speeds  for  Threading- 
The  speed  of  threading  is  determined  by  the  type  of  die, 
material  from  which  it  is  made,  material  being  threaded,  diam- 
eter and  pitch  of  threaded  part,  and  the  cutting  lubricant  or 
coolant  used.  For  die-heads  of  the  chaser  type,  it  is  customary 
to  use  chasers  made  from  high-carbon  steel  for  threading  cold- 
rolled  steel  or  screw  stock,  Bessemer  open-hearth  steel,  3  to  5 


^,e»-,v..unL 


Fl(.    30.     Dotalla   of   T>pf>r-tnmln(    Attacbmont   shown    In    fit.   9i 
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Fig.    37.     Threading  Hechanism   being   used   for   Accelerated   Beaming 

per  cent  nickel  steel  when  of  low-carbon  content,  malleable 
iron,  brass,  bronze,  and  similar  alloys.  With  these  chasers  a 
cutting  speed  of  thirty  feet  per  minute  is  generally  found  to 
be  satisfactory.  The  question  of  cooling  the  work  and  the 
chasers,  however,  sometimes  makes  it  necessary  to  reduce  the 
speed  somewhat;  whereas  on  pitches  below  twenty  threads 
per  inch,  it  is  possible  to  increase  the  speed  20  per  cent. 

It  is  advisable  to  use  chasers  made  from  semi-  or  high-speed 
steel  when  cutting  chrome-vanadium  steel,  tough  alloy  steels, 
cast  iron,  drop-torgings,  and  all  other  heat-treated  steels. 
Under  average  conditions  a  cutting  speed  of  twenty  feet  per 
minute  will  be  found  satisfactory;  in  the  case  of  especially 
fine  pitches,  though,  it  may  be  possible  to  increase  the  speed 
from  20  to  50  per  cent  and  still  obtain  a  good  clean  thread, 
without  danger  of  damaging  the  chasers.  For  spring  screw 
dies,  the  speed  of  threading  is  generally  equal  to  that  of  the 
chasers,  although  in  some  cases  the  conditions  are  such  that 
a  high  speed  is  inadvisable. 

Dle-spindle  Used  tor  Accelerated  Beaming-  Attachment 

When  it  is  necessary  to  ream  a  hole  which  is  of  a  depth 
greater  than  the  maximum  travel  of  the  tool-slide,  the  die- 
spindle  in  the  third  position,  see  Fig.  37,  can  sometimes  be 
effectively  used  for  this  purpose.  As  has  been  previously 
stated,  the  die-spindle  is  independently  driven  and  is  advanced 
toward  the  work,  to  start  the  die,  by  a  cam  located  on  the 
edge  of  the  drum  carrying  the  cam  for  the  operation  of  the 
stock  feed.  By  changing  the  shape  of  the  die-spindle  cam  and 
substituting  one  having  the  required  throw,  the  die-spindle  can 
be  advanced  to  the  required  distance.  When  used  for  accel- 
'■rated  reaming,  the  dle-splndle  is  not  revolved,  but  Is  simply 
moved  back  and  forth  by  the  special  cam. 

Taper-tumlnif  Attachment 

In  the  production  of  taper  pins  and  similar  work,  when  the 
longth  of  the  taper  Is  too  long  to  be  produced  by  means  of  a 
forming  tool,  It  Is  neccHsary  to  use  a  taper-turning  attach- 
ment. The  standard  type  of  taper-turning  attachment  used 
on  the  Gridlcy  automatics  Is  shown  In  F'Igs.  35  and  36.  This 
;itla''hment,  as  shown  In  KIg.  30,  consists  of  a  bracket  or  arm  /v', 
whifh  Ik  faRtpned  by  bolts  to  thi?  main  frame  of  the  machine, 
.'it  tho  work  spindle  end,  and  carries  a  slide  that  can  bo  set 
to  thn  required  taper.  The  taper  turning  tool  proper  Is  pro- 
vided with  a  roll  that  works  In  a  holder  which  Is  hold  In  a 
Htandard  bolder  clamped  to  the  tool-slide  In  the  regular  man- 
ner. TTin  taper-turning  tool-holder  cnrrles  a  turning  tool  A. 
which  la  of  thi'  radlnl  typo  and  Is  adjusted  for  height,  relative 
to  tho  centur  of  the  work,  by  a  tapor  wcdgo  H  and  a  collar-head 
nrrew  C.  Tho  turning  tool  Is  rigidly  clamped  by  two  sot- 
scrows  D. 

Tho  bracket  B,  which  carries  the  iapor  guJdo  holder  F,  ha» 
a  dovetail  groove  cut  In  11  In  which  tho  taporturnlng  tool- 
holder  la  retained  by  means  of  tn  adjustable  gib,  aa  ahown  In 


the  end  view.  This  guide  can  be  swung  to  the  desired  angle 
by  operating  the  screws  O  and  H,  which  are  provided  with 
lock-nuts.  The  support  for  the  work  consists  of  a  fixture  with 
two  rolls  traveling  on  the  work  just  ahead  of  the  turning  tool. 
This  is  the  same  holder  that  is  used  in  the  first  position  to 
support  for  forming,  and  is  provided  with  a  turning  tool  to 
remove  a  chip  sufficient  to  give  the  rolls  a  smooth  travel.  The 
holder  carrying  the  turning  tool  is  operated  against  the  ten- 
sion of  a  spring,  and  on  the  return  stroke  the  tool  is  relieved 
from  the  work,  to  obviate  the  production  of  the  mark  generally 
produced  by  a  returning  tool  that  is  in  contact  with  the  work. 
This  taper-turning  attachment  can  only  be  used  in  the  second 
position. 

*     •     * 

SWELLING  OF  ZINC  BASE  DIE-CASTINGS' 

The  National  Cash  Register  Co.  has  had  the  die-casting 
process  in  operation  for  several  years,  and  many  parts  have 
been  produced  in  zinc  base  metal.  The  Cuban  oflBce  com- 
plained against  these  castings,  claiming  that  the  metal  swelled 
and  caused  trouble  by  binding.  The  castings  causing  most  of 
the  trouble  were  type  wheels.  These  wheels  have  a  hub  cast- 
ing on  one  side,  with  a  recess  on  the  other  in  which  the  hub 
of  the  next  wheel  runs.  The  dies  gave  0.001  inch  play  between 
the  hub  and  recess,  and  this  allowance  had  always  been  suffi- 
cient for  the  machined  bronze  wheels  which  had  been  in  satis- 
factory service  for  many  years.  It  seemed  incredible  that  this 
alloy  should  swell  after  having  been  die-cast  and  carefully 
inspected  with  gages,  so  twelve  type  wheels  were  carefully 
measured  at  four  points  on  each  wheel,  and  six  of  these  were 
sent  to  the  Havana  office,  while  the  other  six  were  kept  at 
the  factory.  Six  months  later  the  wheels  were  returned  and 
remeasured.  The  results  were  that  the  wheels  sent  to  Havana 
swelled  0.007  inch,  while  those  held  at  the  factory  swelled 
0.0017  inch.  Tests  were  then  conducted  at  various  tempera- 
tures, resulting  in  greater  swelling  at  higher  temperatures 
in  moist  air. 

The  following  lines  of  investigation  were  followed  up  to  de- 
termine the  cause  of  the  swelling: 

1.  The  effect  of  casting  temperature. 

The  casting  temperature  was  varied  between  wide  limits. 
This  did  not  have  any  influence  on  the  annealing. 

2.  The  effect  of  casting  pressure. 

The  pressure  was  varied  from  15  pounds  per  square  inch  to 
200  pounds  per  square  inch  without  changing  the  tendency 
to  swell. 

3.  The  effect  of  swelling. 

Castings  were  annealed  at  various  temperatures  in  ovens 
and  oil  baths.  They  were  given  different  rates  of  cooling, 
but  this  did  not  overcome  the  difficulty. 

4.  The  effect  of  oxidation. 

Oxidation  was  prevented  by  nickel-plating  and  by  lacquering. 
This  procedure  did  not  eliminate  the  swelling. 

The  effect  of  changes  in  the  composition  of  the  alloy  was 
then  tried.  The  zinc  base  alloy  which  was  used  for  the  cast- 
ing work  analyzed  as  follows:  copper,  5.5  per  cent;  tin,  7.5 
per  cent;  aluminum,  1  per  cent;  and  zinc,  86  per  cent.  The 
first  change  was  a  decrease  of  the  copper  content.  It  was 
found  impracticable  to  reduce  the  copper  below  3  per  cent. 
However,  this  reduction  did  not  reduce  the  swelling  tendency. 
The  fact  that  certain  aluminum  alloys  after  a  time  fail  by 
cracking  and  warping  suggested  trying  the  effect  of  different 
percentages  of  aluminum.  Throe  alloys  wore  made  and  com- 
pared with  the  regular  metal.  These  alloys  wore  cast  Into 
typo  wheels  for  comparison.  In  a  test  In  moist  atmosphere 
at  176  degrees  F.,  the  regular  metal  containing  1  per  cent 
aluminum  swelled  0.020  Inch  on  a  2lnch  dlanictor,  while  an 
alloy  containing  O.I  per  cent  aluminum  swelled  0.003  ln<:h. 
TheH<!  (IgurcH  are  averages  of  readings  on  six  illfforont  wheels 
at  four  points  on  each  wheel.  Tho  results  showed  conclusively 
that  tho  reduction  of  tho  aluminum  to  0.1  p(<r  cent  practically 
ollinlnatod  the  Hwolllng.  Tho  analysis  of  this  alloy  was:  cop- 
per. 3;  tin,  7.5;  aluniliium.  0.1;  zinr,  S9.4  por  <ont.  If  the 
regular  motal  Is  run  Into  pigs  and  allowed  to  cool  slowly,  as 
In  Hlandnril  foundry  pniclli-o,  no  swi'lllng  will  take  i)liire. 
Tills  has  iKM-n  demonstrated  on  a  cuho  which  has  boon  kept  In 
a  niolBt  ntnioHphoro  at  9K  degroos  F.  for  over  two  years. 

■Almtrnrt  nf  nn  artlrlr  li)r  II.  M.  WlllUma,  Chpmlat  nnd  Knilnxor  of  Tii>(a. 
Nntl'iniil  Cnnh  llralalpr  Cn  .  iiulillahcil  In  Iho  Jnurnal  of  tlm  Amcrlran  Initltut* 
of   Molala,   Hrplvmlwr,    IVI7. 
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CAUSE  OF  GEARS  WARPING  WHEN 
HEATED  IN  MOLTEN  LEAD 

The  illustration  shows  a  lead  pot  in  which  gears  are  being 
heated  in  lead,  with  charcoal  covering  the  molten  metal.  If 
the  lead  is  kept  at  1400  degrees  F.,  the  charcoal  will  he  1450 
degrees  F.  The  gear  will  float  on  top  of  the  metal  as  shown 
at  A;   consequently  the  bottom  becomes  hot  much  quicker 


Gears  being  heated  in  Lead  Pot 

than  the  top,  but  before  the  gear  is  ready  to  be  taken  out  and 
quenched  the  top  will  be  the  hotter.  If  the  gear  is  forced  to 
the  bottom  of  the  lead  pot  and  held  there  by  a  weight,  as 
shown  at  B,  the  gear  becomes  strained  and  warped.  The  fact 
is  that  a  gear  cannot  remain  true  if  heated  in  lead,  cyanide  or 
any  molten  baths,  because  they  heat  too  quickly.  The  outside 
of  the  gear  is  1400  degrees  F.  before  the  core  or  inside  is 
even  red,  and  unless  a  gear,  or  any  piece  of  steel,  is  heated 
slowly  so  as  to  allow  all  sections  to  heat  alike,  it  is  bound 
to  distort  and  lose  its  shape. 
Lansing,  Mich.  J.  F.  Sallows 


ERROR  IN  WIRE  METHOD  OF  MEASUR- 
ING WORM  THREADS 

Screw  threads,  worm  threads,  threaded  plug  gages,  taps, 
etc.,  have  for  many  years  been  measured  by  the  three-wire 
method,  which  is  Ideal  for  chocking  the  correct  pitch  diam- 
eter, and  the  angle  of  inclination  for  the  walls  of  the 
thread.  If  any  degree  of  accuracy  is  required,  it  is  neces- 
sary that  the  diameter  of  the  wire  be  correct  to  0.0001  inch 
and  that  the  exact  reading  he  known.  It  Is  desirable  for  the 
wires  to  come  tangent  at  the  pitch  circle,  but  In  the  case 
of  worm  threads  they  are  often  calculated  to  come  Just  flush 
with  the  top  of  the  thread.  This  brings  the  points  of  tan- 
gency  Just  below  the  pitch  circle,  but  it  decreases  the  chances 
of  making  an  error  when  taking  the  reading.  The  Illustra- 
tion shows  a  section  through  a  worm  thread  taken  parallel 
to  the  axis  of  the  worm,  showing  a  circle  that  comes  tangent 
at  D  and  Is  flush  with  the  top  of  the  thread,  the  points  B 
coming  Just  below  the  pitch  line.  From  the  formula  for  a 
standard   worm   thread  the  space  at   the   top  of  the  thread 


equals  0.665P.  Hence  the  diameter  of  the  circle  is: 
2(0.3325P  tan  37  degrees  45  minutes  =  0.5149P  =  0.5149 
divided  by  the  number  of  threads  per  inch. 

In  our  best  handbooks  are  found  several  tables  of  wire 
sizes  for  measuring  threads  that  were  computed  from  the 
above  formula,  and  while  this  formula  is  correct  for  a  circle 
or  for  a  knife-edged  disk  placed  parallel  to  the  axis  of  the 
thread,  it  cannot  be  used  for  a  wire  unless  the  wire  is  to 
be  used  in  a  groove  cut  at  right  angles  to  the  axis  without 
any  spiral  whatsoever.  Every  thread,  no  matter  how  slight 
the  lead,  must  form  a  series  of  spirals  and  every  spiral  must 
have  an  angle  to  the  axis.  Unless  these  angles  are  considered, 
a  correct  reading  over  three  wires  is  impossible.  The  error 
may  be  slight  for  fine  threads  or  for  large  diameters,  but  it 
increases  rapidly  as  the  angle  of  the  spiral  becomes  greater 
than  2  degrees.  As  an  example,  consider  the  worm  shown  in 
the  illustration  to  have  1%  inch  linear  pitch,  3.8  inches  pitch 
diameter,  4.596  inches  outside  diameter.  From  any  hand- 
book select  a  wire  size  that  is  supposed  to  come  flush  with 
the  top  of  a  standard  29-degree  worm  thread,  4/5  threads  per 
inch,  or  figure  the  size  from  the  formula  given  above,  and  the 


W^ 


Diagram  thawiiis  Error  In  measuring:  Worm  Thnada 

result  is  0.6436  inch  diameter.  If  this  wire  is  laid  in  the 
groove  of  a  finished  worm.  It  does  not  cross  the  axis  at 
right  angles  but  is  Inclined  an  amount  equal  to  the  angle 
of  spiral  C  formed  by  the  worm  on  which  the  points  of  con- 
tact A  fall.  The  tangent  of  this  angle  equals  pitch  of  thread 
divided  by  3.14159  times  diameter  of  circle  on  which  points 
of  contact  A  fall,  or  in  this  case  about  6  degrees.  The  length  of 
the  chord  B-B  equals  cos  14  degrees  30  minutes  X  0.6436  = 
0.G231  Inch.  The  length  of  the  chord  A-A  equals  cos  6  degrees 
X  0.6231  —  0.G19G  Inch.  This  moans  that  if  the  walls  of  the 
worm  are  reduced  until  the  0.6436  Inch  diameter  wire  will 
come  flush  with  the  top  of  the  thread,  the  walls  of  the  tooth 


440 


MACHINERY 


January,  1918 


will  be  0.0035  inch  too  thin.     This  error  becomes  greater  as 
the  angle  of  the  spiral  increases. 
Philadelphia,  Pa.  Howabd  H.  Wbioht 


TABLE  FOH  FINDING  EFFECTIVE  BEABING  AREA 
OF  SCREWS 


MICROMETER   TEST   GAGES 

It  is  the  work  of  the  writer  to  inspect  and  adjust  microm- 
eters to  get  uniform  and  accurate  results.  For  this  purpose 
he  has  designed  the  test  gages  shown  in  the  illustration,  which 
have  been  found  helpful.  In  testing  with  pin  gages,  the  pin 
often  expands,  due  to  the  heat  of  the  hand,  thus  giving  a 
false  test.  These  gages  were  rough-turned,  hardened  and 
ground  to  within  0.005  inch,  and  seasoned  for  a  period  of  six 
months  to  insure  retention  of  size  and  shape.  They  were 
then  finished,  ground  and  measured  on  a  Pratt  &  Whitney  pre- 
cision measuring  machine.  The  gage  A  was  made  to  standard- 
ize in  tenths  of  inch,  from  0.3  to  1  inch,  and  B  and  C  to 
standardize  in  quarters  of  an  inch,  from  1.25  to  3  inches.    The 


Convenient  Gaffes  for  testing  Micrometers 

handles  are  made  of  wood  to  reduce  the  weight,  but,  if  de- 
sired, the  gages  could  be  made  in  one  piece. 

Frequently  the  lead  of  a  micrometer  screw  will  vary  as 
much  as  0.0003  inch,  and  these  gages  are  extremely  useful  in 
detecting  such  a  condition.  In  large  shops  where  micrometers 
are  Issued  from  the  tool-cribs,  there  is  always  danger  of  send- 
ing the  micrometers  out  unfit  for  accurate  work,  and  here 
these  gages  are  Invaluable. 

Willow  Grove,  Pa.  Habby  Cbowtheb 

FINDING  EFFECTIVE  BEARING  AREA  OF 
ACME  SCREW  THREADS 
It  frequently  becomes  necessary  to  obtain  the  pressure  per 
square  Inch  on  Acme  screw  threads;  'he  accompanying  table 
has  been  arranged  to  reduce  to  a  great  extent  the  figuring 
re<|iiir<''i  In  finding  the  bearing  area.    The  projected  bearing 
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surface  for  the  various  threads  per  inch  has  been  calculated 
for  nuts  of  unit  dimensions  (one  inch  pitch  diameter  and  one 
inch  long) ;  therefore,  to  obtain  the  effective  bearing  surface 
for  any  nut  it  is  merely  necessary  to  multiply  the  value 
given  by  the  pitch  diameter  of  the  screw  and  by  the  length 
of  nut.    Stated  as  a  formula: 

A=  (D  —  W)  LC 
in  which  A  =  effective  bearing  area; 

D  =  outside  diameter  of  screw; 
W  =working  depth  of  thread ; 
L  =  length   of  nut ; 

C  =  projected  bearing  area  per  inch  of  screw. 
The  projected   area  per   thread   and  the  working  depth   of 
the  tooth  are  also  given  for  convenience. 

Example — Find  the  effective  bearing  area  of  an  Acme 
screw  that  has  an  outside  diameter  of  3%  inches,  1%  thread 
per  inch,  and  works  in  a  nut  6  inches  long.  The  table  shows 
that  the  working  depth  W  of  a  screw  having  1%  thread  per 
inch  is  0.3333  inch  and  that  the  projected  bearing  area  per 
inch  C  is  1.6053.  Substituting  these  values  in  the  formula 
given: 
A  =  (3.25  —  0.3333)  X  6  X  1.6053  =  18.4277  square  inches. 
Philadelphia,  Pa.  Habby  S.  Kabtsheb 

HANDY  DIAMOND  HOLDER 

The  device  here  shown  will  be  found  very  satisfactory  for 
holding  the  diamond  when  truing  the  face  of  wheels  in  a 
universal  grinding  machine.  A  is  the  holder,  B  is  the  tail- 
stock  center,  and  C  is  a  piece  of  round  stock  in  which  the 
diamond  is  set.    The  holder  is  held  in  position  by  the  set-screw 


Dovlce   for   truing   Whool  of   UniTorial   Orindor 

D  while  the  thumb-screw  !■]  serves  to  secure  the  diamond  In 
position  when  needed.  With  this  device,  it  is  possible  to  true 
up  the  wheel  without  removing  the  work.  S.  C. 


;fT"MlT.    B«sr1nc    Ar«a  of    Arm*   ll<;r«w   Thr>i')i 


FLY  CUTTER  ATTACHMENT  FOR  MILL- 
ING MACHINES 
In  the  arcompanying  llliislnilloii  Ih  hIidwii  a  tool  holder  at- 
tachment that  win  1)0  found  cHpocially  useful  In  cnsos  where 
there  are  a  numlior  of  dllToront  forms  to  bo  niillod  but  no  mill- 
ing rutlera  of  the  dOBlrcd  nhiiix's  on  hand.  Special  arbors  are 
not  roipilrod,  the  tool  Imlilnr  l>i<lnK  niiiiintcd  on  the  nnnio  arbor 
iiH  the  milling  cutlers.  'I'lio  tooMioldur  shown  Is  made  to  fit  a 
onO'lnrli  standard  arbor;  but  for  largo,  heavy  work,  a  holder 
hIx  InchoB  In  diameter  hIiouIiI  bo  mode.  With  hoIilurB  of  both 
those  sizes,  many  dlfToront  cIuhhob  of  work  can  ho  done.  The 
tool  n  Is  pincod  In  the  rodiiclng  sleeve  A   and  Is  sot  against 
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Fly  Cutter  Attachment  for  Milling  Machine 

the  arbor,  to  prevent  its  slipping  backward.  By  means  of  the 
reducing  sleeve,  any  tool  up  to  one-half  inch  can  be  used. 
Strap  C  holds  the  tool  in  place,  while  it  can  be  set  by  two 
screws  D.  Screws  E  take  all  lost  movement  out  of  the  re- 
ducing sleeve  A  and  also  serve  as  binding  screws. 
Ambridge,  Pa.  August  J.  Lejeune 


GEAR    CUTTING  ON   SLOTTING    MACHINE 

The  writer  desired  to  cut  a  spur  gear  with  49  teeth,  2  diame- 
tral pitch,  but  as  he  had  no  cutter  for  that  pitch,  it  was  im- 
possible to  do  the  work  on  a  gear-cutting  machine,  so  the 
gear  blank  was  mounted  on  a  slotting  machine.  The  shaft 
that  revolves  the  slotter  table  was  then  turned  until  the  table 
had  made  one  complete  revolution,  and  the  ratio  was  146:1. 
As  there  were  49  teeth  to  be  cut,  2  48/49  turns  of  the  crank- 
shaft were  required  for  the  correct  spacing.  The  worm-shaft 
of  a  dividing  head  was  then  connected  with  the  crankshaft, 
and  by  using  the  circle  with  49  holes,  the  correct  spacing  was 
easily  obtained.  By  the  use  of  Grant's  odontograph  table, 
the  outline  of  a  tooth  for  a  49-tooth,  2-pitch  gear  was  drawn, 
and  from  this  a  gage  was  made  for  grinding  the  finishing  tool. 
This  method  produced  a  gear  satisfactory  in  every  way. 

Washington,  D.  C.  William  F.  Gbo\'eb 


STOP-COLLAR  FOR   COUNTERSINK 

The  Illustration  shows  a  stop-collar  that  may  be  of  interest 
to  the  readers  who  design  or  use  counterbores,  boring  and 
facing  bars,  or  countersinks.     By  milling  slots  in  the  stop- 
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Slotted  stop-collar  mounted  on  Countersink 

collars  the  chips  can  readily  oscape,  and  friction  Is  reduced 
when  the  collar  strikes  the  work;  there  is  also  less  danger 
of  the  tanK  of  the  countersink  shearing  off,  due  at  times  to 
the  operator  forcing  the  stop-collar  against  the  work.  The 
slots  in  the  countersink  are  milled  slightly  beyond  the  depth 
of  the  thread,  and  the  number  of  slots  depends  upon  the  diam- 
eter of  the  countersink  and  the  size  of  set-screw  used.  A  prac- 
tical adjustment  is  assured  if  the  distance  between  the  slots 
Is  uniform. 
Covington,  Ky.  Frank  Lano 


TO   PREVENT   LOOSENING   OF  TAPER 

SHANK  DRILLS   AND   COLLETS 

When  the  taper  shank  of  drills  or  the  surface  of  drill  collets 

becomes  worn  and  scored.  It  I3  dimcult  to  make  them  stick 

In  the  drilling  machine  spindle.     Souiptlmca  rubbing  a  little 

chalk  on  them  helps  greatly.     When  this  falls,  as  it  will  on 


work  where  the  drill  Is  likely  to  "dig,"  the  drill  or  collet  can 
be  securely  held  by  rubbing  it  with  a  piece  of  waste  moistened 
with  turpentine.  It  will  be  found  that  even  the  hardest  ser- 
vice will  not  loosen  them.  In  fact,  the  only  way  the  drill  or 
collet  can  then  be  removed  is  by  using  the  drift. 
East  Walpole,  Mass.  James  A.  Kibk 

JIG  FOR  STRAIGHT  AND   ANGULAR 
DRILLING 

The  writer  designed  the  jig  shown  in  the  illustration  for 
drilling  two  holes,  one  of  which  was  on  an  angle.  By  the  use 
of  this  jig,  the  operator  can  bring  the  jig  quickly  into  the 
correct  position  for  drilling  the  two  holes.  When  drilling  the 
straight  hole,  the  jig  is  in  the  position  shown  at  A,  and  when 
the  operator  wishes  to  drill  the  angular  hole,  he  simply  lifts 
the  front  of  the  jig,  and  the  swinging  leg  C  falls  down,  thus 


(A)   Jig  in  Position  for  drilling  Straight  Hole.     (B)   Jig  in  Position  for 
driUing   Angular  Hole 

bringing  the  jig  into  the  position  shown  at  B,  and  placing  the 

hole  to  be  drilled  in  a  line  with  the  drill.     By  using  this  jig, 

extra  parts,  such  as  a  cradle  or  angle-block,  are  eliminated. 

Hartford,  Conn.  James  W.  Boyce 

USING  PLANER  AS  BORING  MILL 

Some  time  ago  it  was  necessary  to  do  a  large  boring  mill 
operation  in  a  shop  where  a  boring  machine  was  not  available. 
The  illustration  shows  the  method  used  in  doing  the  work.  A 
revolving  milling  machine  table  was  securely  bolted  to  the 
platen  of  a  planer.  Then  the  axis  of  rotation  of  the  milling 
machine  table  was  placed  in  a  line  perpendicular  to  the  travel 
of  the  tool  on  the  planer  head.  The  regular  planer  belts  were 
thrown  off  and  a  small  pulley  was  mounted  on  the  milling  ma- 
<hine  table  to  take  the  place  of  the  crank,  the  pulley  being 
driven  by  a  belt  from  a  convenient  countershaft.  The  opera- 
tion was  then  satisfactorily  performed. 

Jackson,  Mich.  Richahd  Qibbs 
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DRILL-HOLDER    FOR 
LATHE 


THE 


The  accompanying  illustration  shows 
a  tool-holder  for  small  drills  to  be 
used  in  the  toolpost  of  a  lathe.  Its 
convenience  will  be  evident  to  anyone 
who  has  had  to  drill  small  work  held 
in  the  lathe  chuck.  The  drill  may  be 
easily  removed,  ground  and  replaced 
in  identically  the  same  position.  As 
will  be  seen,  the  shank  A  has  two 
grooves  B  and  C,  one  larger  than  the 
other,  to  accommodate  varying  sizes 
of  drills.  The  clamp  D,  carrying  the 
clamping  screw  E,  can  be  swung 
around  pivot  F  and  used  with  either  groove. 

Brooklyn,  N.  Y.  Ebnest  Schwabtz 

CONCRETE  AGGREGATES 

Apropos  of  the  article  on  washing  concrete  aggregates  in  the 
November  number  of  Machineby,  the  writer  would  say  that 
general  usage  in  the  matter  of  proportion  of  cement  and  aggre- 
gate (for  instance,  the  1-2-3  method)  is  wrong,  being  either 
wasteful  of  cement  or  productive  of  a  non-homogeneous  mix- 
ture. Cement,  like  joiners'  glue,  should  be  used  as  a  bond  and 
not  as  constructive  material.  As  little  should  be  used  as  will 
exactly  cover  all  adjacent  surfaces;  and  the  surfaces  to  be 
joined  should  be  made  to  fit  as  accurately  as  possible.  This 
principle  of  making  a  glue  joint  applies  in  making  a  cement 
mixture;  the  aggregates  should  fit  each  other  closely,  and  not 
leave  large  spaces  between  to  be  filled  with  cement,  which  costs 
more  than  stone  or  sand. 

For  example,  take  a  granite  block  and  break  it  up  into 
chunks  that  will  pass  through  a  two-inch  ring.  These,  thrown 
together,  will  weigh  much  less  per  cubic  foot  on  account  of 
the  Interstices.  If  the  other  aggregate  is  granite  spalls  used 
in  the  proportion  of  3  to  2,  shoveling  the  two  together  dry  will 
result  in  a  bulk  exceeding  that  of  the  large  pieces.  The  proper 
proportion  of  spalls  may  be  found  by  filling  a  barrel  with  the 
chunks  in  layers,  filling  the  interstices  with  water  until  the 
barrel  runs  over,  then  tapping  off  the  water  and  measuring  it, 


Drill-bolder  to  fit  in  Toolpost  of  Lathe 


next  shaking  spalls  into  each  layer 
until  it  will  hold  no  more;  the  mix- 
ture will  then  contain  the  maximum 
amount  of  spalls  that  should  be  used. 
If,  after  all  is  dry  again,  sand  is  sifted 
into  the  layers  of  blocks  and  spalls, 
until  they  will  hold  no  more,  the  maxi- 
mum desirable  amount  of  sand  has 
been  added.  It  water  is  now  poured 
into  the  barrel  until  it  runs  over,  it 
will  be  seen  that  the  total  volume  of  all 
the  interstices  is  less  than  was  the  case 
just  after  the  spalls  had  been  added, 
and  still  less  than  that  among  the 
blocks  alone.  The  difference  between 
the   volume   of  the   interstices   among 


the  blocks  and  that  of  the  triple  mixture  will  represent  ap- 
proximately the  amount  of  cement  saved  by  properly  propor- 
tioning the  three  sizes  of  aggregate. 
New  York  City  Robert  Gbimshaw 


METAL  FLAG  POLE 

At  this  time  all  manufacturing  plants  should  display  the 
national  flag,  and  the  illustration  shows  a  drawing  for  a  pole 
that  the  writer  believes  to  be  far  superior  to  a  wooden  one. 
It  was  constructed  for  a  flag  12  by  20  feet.  The  pole  is  75 
feet  above  the  ground  level  and  is  constructed  of  six  sections 
of  iron  pipe  that  are  3,  4,  5,  6,  7  and  8  inches  in  diameter, 
with  the  joints  shrunk  together.  These  joints  are  made  by 
inserting  the  smaller  pipe  18  inches  into  the  larger  pipe,  while 
the  latter  is  at  a  red  heat,  then  swaging  down  the  heated 
portion  and  allowing  it  to  cool.  The  swaging  may  be  done 
either  by  a  hydraulic  press  or  under  a  hammer.  Surrounding 
the  lower  piece  of  pipe,  8  inches  diameter,  is  a  piece  of  12-inch 
pipe,  8  feet  long,  and  securely  held  in  place  by  concrete,  and 
the  latter  pipe  is  sunk  6%  feet  below  the  ground  level.  The 
space  between  these  pipes  is  filled  with  a  rich  concrete,  and 
then  collar  M,  which  can  be  moved  freely  over  the  8-inch  pipe, 
is  slipped  into  position  and  securely  pinned.  At  the  top  of  the 
pole  is  mounted  a  cast-iron  ball,  12  inches  in  diameter,  hav- 
ing two  6-inch  cast-iron  sheaves  with  brass  bushings,  securely 
held  in  pockets  in  the  ball  by  a  %-inch  bolt.    Computations 
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show  that  a  load  of  approximately  300 
pounds  applied  at  the  top  of  the  pole  will 
produce  a  stress  of  17,000  pounds  per 
square  inch  in  the  8-inch  pipe  near  the 
ground  level. 

Chester,  Pa.  George  W.  Childs 


KEYWAY  CUTTING  TOOL  FOR 
DRILL   PRESS 

The  illustration  shows  a  tool  that  was 
used  for  cutting  keyways  in  a  shop  where 
the  amount  of  work  did  not  warrant  the 
purchase  of  a  keyseater.  One  end  of  bar  A 
fits  into  the  spindle  of  the  drill  press,  and 
it  is  worked  up  and  down  by  the  rack  handle  on  the  machine. 
The  screw  B  is  given  a  slight  turn  for  each  stroke,  thus  caus- 
ing the  tool  bit  to  advance,  until  the  required  depth  is  cut. 
A  headless  set-screw  C  is  forced  against  the  tool  bit  to  keep 
it  rigid.  Bar  A  should  be  a  sliding  fit  in  the  bore  of  the  piece 
being  machined,  so  that  it  will  also  be  kept  rigid.  With  this 
tool,  keyways  %  and  %  inch  wide  have  been  successfully  cut. 

Philadelphia,   Pa.  M.   C.   Melincoff 


returns  his  tools,  the  attendant  draws  a 
short  red  line  across  the  blue  line  at  the 
proper  place.  The  distance  from  the  be- 
ginning of  the  blue  line  to  the  red  cross- 
line  shows  the  time  the  machine  was  busy. 
A  man  who  requires  any  kind  of  machine 
will  inquire  of  the  tool-crib  attendant,  who 
can  at  any  time  tell  immediately  what 
lathe,  planer,  shaper  or  drill  press  is  idle, 
and  thus  makes  it  unnecessary  for  the  men 
to  walk  about  the  shop  trying  to  locate  a 
suitable  machine  and  conversing  with  every 
workman  on  the  various  topics  of  the  day. 
New  Haven,  Conn.  Ebic  Lee 


IDLE  MACHINE   HOURS 


HOURLY  REPORT  OF  IDLE   MACHINE  HOURS 


The  proposition  of  dealing  with  idle  machines  in  the  shop 
has  come  to  the  front  much  of  late.  It  has  been  estimated  that 
the  cost  of  an  idle  machine  may  be  as  high  as  two  dollars  a 
day.  In  jobbing  shops  where  no  special  machine  is  assigned 
to  any  particular  person,  it  is  hard  to  get  a  correct  estimate 
of  the  number  of  hours  a  machine  works  each  day,  as  the  con- 
ditions governing  the  work  are  widely  different  from  those 
in  a  manufacturing  shop.  However,  in  shops  where  a  hundred 
or  so  machines  have  been  installed  it  is  essential  that  an  ac- 
count of  the  equipment  be  kept.  There  are  occasional  in- 
stances where  the  nature  of  the  work  is  such  that  one  or  two 
machines  may  be  idle  for  a  considerable  length  of  time  before 
any  oflScial  notices  it. 

Many  ingenious  schemes  have  been  devised  for  recording 
the  time  a  machine  is  in  use  and  the  time  it  is  idle.     The 
method  most  commonly  used,  however,  is  for  the  operator  to 
put  on  his  time  ticket  the  number  of  hours  worked   to   the 
nearest  tenth  of  an  hour.     This  method  is  objectionable,  as 
the  time  required  for  the  mechanic  to  do  this  clerical  work 
should  be  used  more  economically;   and  as  this  record  does 
not  affect  the  workmen's  pay  envelope,  it  is  often  far  from 
being  correct.    The  following  method  will  be  found  more  satis- 
factory;  the  lit- 
tle clerical  work 
necessary    is 
easily    done    by 
the  tool-crib  at- 
tendant marking 
the  correct  time 
on  a  chart  like 
the   one   shown. 
When  a  man  Is 
ready    to   use   a 
machine  he  goes 
to    the    tool-crib 
for    his    tools. 
When    he    gives 
the     man     his 
tools,  the  attend- 
ant puts  a  brass 
check  bearing 
the  man's  num- 
ber on   the   ma- 
chine chart  and 
at  the  same  time 
makes     a     blue 
mark     on      the 
chart    at    the 
proper    place. 

When     the     man  Chart  ihowinf  Tlmn  MaoMn»  ud  Tooli  aro  in  I) 


AMMONIA  FOR  FIRE  EXTINGUISHING 
In  a  recent  conversation  with  the  superintendent  of  a  man- 
ufacturing concern  relative  to  a  fire  in  its  storehouse,  it  oc- 
curred to  the  writer  that  the  use  of  ammonia  would  be  an 
improvement  on  the  present  method  of  using  water  for  protec- 
tion. Combustion,  in  the  sense  that  we  use  the  word  as 
applied  to  fire,  depends  entirely  upon  the  supply  of  uncom- 
bined  oxygen  obtainable.  The  greater  the  quantity  and  qual- 
ity of  this  gas,  the  more  rapid  and  effective  the  fire.  Naturally 
the  supply  of  oxygen  is  obtained  in  the  majority  of  cases  from 
the  atmosphere,  which  contains  but  23  per  cent,  the  remainder 
being  practically  all  nitrogen.  Oxygen  is  the  greatest  sup- 
porter of  combustion  known;  so  great  that  in  it  we  can  burn 
such  refractory  substances  as  iron,  steel,  diamonds,  etc., 
depending  on  the  purity  of  the  gas.  Nitrogen  on  the  other 
hand,  is  the  most  negative  element  there  is.  Ammonia  gas  is 
composed  of  one  part  of  nitrogen  and  three  parts  of  hydrogen. 
Notwithstanding  the  fact  that  hydrogen  is  itself  combustible, 
when  combined  with  nitrogen  to  form  ammonia,  it  has  a  pe- 
culiar effect  of  suffocation  on  the  respiratory  organs  and 
seems  to  exert  a  similar  action  on  combustion,  and  a  little 
ammonia  gas  will  go  a  long  way  toward  extinguishing  a  good 
sized  fire.  This  is  undoubtedly  due  to  the  fact  that  it  cuts  off 
the  air  or  oxygen  supply  which  is  so  essential  to  combustion. 
To  just  what  extent  this  will  work  can  be  determined  by  ex- 
periment. 

It  would  seem  that  if  a  building  were  piped  from  a  tank 
outside,  containing  ammonia,  either  in  the  liquid  or  gaseous 
state,  similar  to  the  present  water  system,  that  could  be  turned 
on  from  an  outside  valve  or  by  means  of  fusible  alloys.  It 
would  have  some  advantages  over  the  present  system.  There 
would  be  this  difference,  however,  that  In  case  of  ammonia  the 

pipes  slaould  be 
run  on  or  under 
the  floor  instead 
of  at  the  ceiling, 
for  the  reason 
that  ammonia, 
being  a  gas,  will 
naturally  rise 
and  in  this  man- 
ner will  imme- 
diately invade 
every  part  of  the 
building,  where- 
as if  It  were 
turned  loose 
from  above  It 
would  have  a 
tendency  to  re- 
main there,  and 
would  take  some 
time  tor  diffu- 
sion, especially 
so  In  the  case  of 
a  higher  tem- 
perature. It 
would,  of  course, 
be  necessary  to 
have   the    outlet 
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pipes  clear  at  all 
times,  which  could 
be  accomplished  by 
having  them  end  in 
a  T,  with  one  open 
end  of  the  T  larger 
than  the  other,  and 
the  smaller  opening 
uppermost,  which 
would  prevent  any 
possibility  of  clog- 
ging up  with  dirt. 
Two  advantages 
that  the  use  of  am- 
monia has  over 
water  are  that 
the  fire  can  be  ex- 
tinguished more 
rapidly,  and  that 
the  work  will  be 
done  by  a  gas 
which  can  be  re- 
moved by  ventila- 
tion and  which  has 
little  or  no  effect 
on  most  substances, 
el  i  m  i  nating  the 
enormous  loss  that 
is  frequently  caused 
by  water  alone. 

A.    SCHLEIMEB 

Rutherford,  N.  J. 


CYLINDER  VALVE   CHAMBER   TOOLS 

The  tools  here  described  are  used  in  machining  the  valve 
chambers  of  gas  engine  cylinders.  The  tool  shown  in  Fig.  2  is 
used  in  facing  off  the  surface  A,  Fig.  1,  being  used  before  the 
hole  is  tapped,  and  fitting  into  the  tap-drill  hole.  Referring 
to  Fig.  2,  stem  C  was  turned  up  with  a  shank  at  one  end  to 
fit  the  machine,  and  in  the  other  end  is  a  slot  for  tool-holder  D, 
which  is  held  in  place  by  pin  E  and  pivots  about  it,  the  latter 
being  a  drive  fit  in  C.  A  square  stellite  tool-bit  is  held  in 
holder  D  by  means  of  a  set-screw.  An  adjustable  stop-collar  y 
screws  on  stem  C,  and  is  held  in  place  by  lock-nut  O.  It  is 
readily  seen  that  as  the  tool  advances  into  the  work,  as  shown 
at  A,  the  tool-bit  will  swing  into  the  position  shown  at  B,  the 
stop-collar  governing  the  depth  of  cut.  As  the  tool  is  with- 
drawn, spring  n  forces  D  back  into  its  initial  position.  Pieces 
C  and  D  axe  tool  steel,  and  F  and  O  are  casehardened  ma- 
chinery steel. 

The  tool  illustrated  In  Fig.  3  Is  used  for  machining  the  valve 
plug  seats  B,  Fig.  1,  and  Is  used  after  the  hole  has  been  tapped. 
Part  D  Is  screwed  up  against  a  collar,  while  cutter  blank  C 


Tool  for  facing  around  Valve  Seat  Fig.   3.     Tool   for  machining:   Valve   Plug   Seat 

screws  under  and  against  D.  Four  stellite  tool-bits  F  are  held 
in  C  by  means  of  eight  set-screws  in  D.  and  are  ground  in  place. 
The  plug  seat  B,  Fig.  1,  has  a  right-  and  left-hand  set  of 
jaws  that  fit  into  corresponding  jaws  on  E  and  C.  The  tool 
is  shown  in  the  position  it  is  in  when  it  is  started  to  be  fed 
into  the  tapped  hole  in  the  cylinder.  The  threaded  part  of  B 
acts  as  a  pilot  for  the  tool,  making  the  counterbore  absolutely 
concentric  as  well  as  perpendicular  with  the  threads  in  the 
cylinder.  The  tool  is  fed  or  screwed  into  the  cylinder  until 
it  has  cut  to  the  required  depth.  The  machine  is  then  reversed 
and  the  tool  is  pulled  out  until  the  Jaws  of  E  interlock  with 
the  lower  jaws  on  B.  Part  B  will  then  unscrew,  releasing 
the  tool,  and  the  operation  is  complete.  Parts  A,  C,  D  and  E 
are  casehardened  machinery  steel,  and  B  is  tool  steel  left  soft. 
Chicago,  III.  Hakold  A.  Peters 


t  If.    1.      Vairo  ChainlMir  of   Ou   rndna  OjUwU. 


ECONOMICAL  DIE-MAKING 

The  time  required  in  die-making  may  be  reduced  by  the  use 
of  plaster  of  paris,  as  here  described.  In  the  illustration  at  A 
Is  shown  the  piece  that  is  to  be  produced  by  dies.    A  piece  of 

material  is  first  turned  to  the  required 

dimensions,  as  shown  at  B,  and  then 
sawed  lengthwise.  A  wooden  l)ox  O 
siiniowhat  larpcr  than  the  die  is  made. 
Plaster  of  parls  should  then  be  mixed 
with  water  until  It  becomes  a  thick 
paste,  and  box  C  Is  filled  with  it.  The 
niixlel  B  Is  carefully  laid  on  top  of  this 
jiiislo  and  gently  prcssod  downward 
until  It  Is  sIlKhtly  bolow  the  top  surface 
of  the  box,  as  lllustrntod;  us  this  mn- 
terlul  BOttlcH  and  Imrdens  rapidly,  the 
proHHuro  on  the  model  should  bo  nialn- 
tiilnod  until  the  planter  bocomos  hard. 
The  model  Ih  then  removed  mid  the 
mold  exlriiclcd,  which  may  \w  miiclilnt-d 
iiH  Htiown  at  I),  or  any  deHlrcd  Bliapi'. 
I'MIIIiiK  up  Mio  lioloH  In  tiKt  mold  and 
urnoolliInK  over  Is  the  hiHt  operation 
preparatory  to  making  a  Htoul  cantlnK 
illc.  Till'  punch  holder  /•'  Ih  nuido  of 
wood  and  llin  model  B,  or  a  lead  caHlIng 
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depth  of  the  holes  drilled  was  taken  as  an  indication  of  the 
machining  qualities  of  the  iron.  Test  specimens  were  taken 
from  each  mixture  of  iron  handled  in  the  foundry  under  ex- 
actly the  same  conditions  as  the  machined  rings.  A  condensed 
record  of  the  test  is  shown  in  the  accompanying  table.  The 
results  show  that  increased  difficulty  in  machining  is  to  be 
expected  with  an  increased  rate  of  cooling  of  the  metal.  There 
were  twenty  different  pieces  tested,  and  although  these  data 
may  not  be  sufficient  to  lay  down  definite  information  as  to 
exactly  what  could  be  expected  in  every  case,  they  indicate 
that  a  more  exhaustive  test  along  this  line  would  be  of  value 
to  manufacturers  and  result  in  a  more  easily  machined  and 
hence  a  cheaper  casting. 

Manhattan,  Kan.  W.  W.  C^lson 


Making  Dies  by  the  TJse  of  Plaster  of  Paris 

made  from  the  die,  is  fastened  to  E  as  shown.  A  piece  of 
cardboard  or  wood  equal  to  the  thickness  of  the  material 
is  placed  between  the  punch  and  its  holder  to  allow  for 
shrinkage.     The  punch  mold  is  then  ready  for  the  foundry. 

A  blanking  die  may  be  provided,  or  the  metal  may  be  cut 
into  strips,  as  shown  at  F,  and  located  upon  the  forming  die 
by  the  nest  illustrated  at  G.  After  the  forming  operation, 
the  strip  F  will  appear  as  shown  at  H,  and  it  must  be  trimmed 
by  the  trimming  punch  J  and  die  E.  The  formed  piece  H  is 
inserted  into  the  die,  the  punch  trimming  off  all  excess 
metal,  which  is  prevented  from  clinging  to  the  punch  by  the 
stripper  a.  If  forming  tools  are  to  be  frequently  made  in 
this  manner,  it  would  be  well  to  have  a  wooden  box  if  in 
which  the  plaster  of  paris  molds  could  be  formed  innumerable 
tfmes. 

East   Rutherford,    X.    J.  George    F.    Kuhne 


CUTTING  OFF  STOCK  FOR  LATHE  WORK 

In  these  days  of  efficiency  and  economy,  it  is  still  possible 
to  stop  many  leaks  of  high-price  material  and  time.  One  place 
needing  reform  in  many  shops  is  the  shop  order  department  or 
whatever  other  department  may  be  responsible  for  cutting  off 
stock  for  lathe  work  in  the  tool-room.  Stock  is  often  ordered 
cut  to  short  lengths  when  the  bar  would  be  more  economical 
of  both  time  and  material.  The  blade  of  a  power  hacksaw  is 
sometimes  thinner  than  the  cutting-ofC  tool  used  on  a  lathe, 
but  the  allowance  that  must  be  made  for  running  and  other 
inaccuracies  causes  a  serious  loss.  This  allowance  is  usually 
one-eighfh  inch  in  addition  to  the  metal  removed  by  the  saw; 
if  the  diameter  of  the  bar  is  more  than  one  inch,  this  allow- 
ance must  be  increased  in  most  cases.  In  the  case  of  high- 
speed steel,  which  costs  nearly  five  dollars  a  pound,  a  dollar's 
worth  of  material  is  soon  converted  into  shavings;  and  unless 
a  large  amount  of  the  material  is  being  worked,  the  salvage  on 
these  shavings  is  slight.  Besides,  the  saving  of  time  in  work- 
ing from  the  bar,  as  compared  with  the  short  pieces,  is  often 
considerable.  Most  tool-room  lathes  have  hollow  spindles,  and 
though  the  diameter  of  the  hole  is  slightly  larger  in  some  new 
lathes  than  it  was  twenty  years  ago,  in  the  opinion  of  many 
excellent  mechanics  it  might  be  still  further  enlarged  with 
benefit. 

Wilkinsburg,  Pa.  Wuxiam  S.  Roweix 
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EFFECT    OF    RAPID    COOLING    OF    CAST- 
INGS  ON    MACHINING 

One  of  the  important  factors  in  the  economical  production 
of  parts  from  cast  Iron  is  to  have  an  Iron  that  will  machine 
easily.  The  question  of  the  effect  of  slow  or  quick  cooling 
upon  castings  often  arises.  In  an  effort  to  arrive  at  some  con- 
clusion relative  to  this,  a  series  of  tests  were  run.  The  method 
of  procedure  was  as  follows:  Rings  were  cast  from  various 
mixtures  of  iron;  some  of  these  were  removed  from  the  sand 
as  soon  as  they  had  cooled  sufficiently  to  handle,  while  others 
were  left  in  the  sand  until  they  were  practically  cold.  These 
rings  were  then  placed  on  a  boring  mill  and  cuts  were  taken  to 
determine  the  relative  ease  of  machining,  after  which  they 
were  given  a  machining  test  by  using  a  3/16-lnch  "Novo" 
drill,  properly  ground.  This  drill  was  run  a  fixed  number  of 
revolutions  with  a  constant  weight  upon  it.    The  comparative 

EFFECT  OF  RAPID  COOLING  ON  HARDNESS  OF  CAST    IRON 


TEMPLET  FOR  LAYING  OUT  CAMS 
The  accompanying  figure  is  not  a  draftsman's  artistic  at- 
tempt to  draw  a  spider  web.  It  is  merely  a  convenient  method 
of  drawing  circular  cams.  In  places  where  automatic  ma- 
chinery is  designed  there  is  a  demand  for  such  cams,  and 
some  convenient  method  of  drawing  facilitates  experimenting 
with  different  cams,  and  also  saves  time  in  drawing  or  erasing 


CroM-ioollon   TonipUt  for  l«yln»  out  Circular  Canii 
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a  number  of  times.  This  templet  consists  of  concentric  circles 
spaced  about  one-eighth  inch  apart,  the  largest  being  about 
six  or  eight  inches  in  diameter;  radial  lines  extending  out 
from  the  center  divide  the  circles  into  segments  of  about  five 
degrees  each.  If  this  is  inked  on  tracing  cloth,  it  can  be  used 
a  number  of  times  by  merely  drawing,  in  pencil,  the  desired 
shape  of  cam  on  the  tracing  cloth  and  then  changing  this 
pencil  lay-out  until  the  right  contour  of  cam  is  attained. 
Chicago,  111.  Ralph  R.  Weddell 


WHO   BLUNDERED-THE   DRAFTSMAN   OR 
THE   MACHINIST? 

In  the  November  number,  page  250,  an  error  Is  described  and 
the  question  is  asked,  "Who  blundered — the  draftsman  or  the 
machinist?"  In  the  writer's  opinion,  both  were  to  blame;  the 
machinist  because  he  did  not  request  more  Information,  and 
the  draftsman  because  the  drawing  was  not  as  definite  as  was 
possible.  A  note  should  have  been  placed  on  the  drawing  in- 
forming the  machinist  that  the  only  work  required  was  to 
make  the  slot  to  the  dimensions  given.  The  great  fault  with 
many  drawings  seems  to  be  the  absence  of  notes.  The  drafts 
man  often  takes  It  for  granted  that  the  machinist  is  as  fa- 
miliar with  the  design  as  he  is  and  neglects  sufficient  informa- 
tion. The  results  are  mistakes  in  the  shops.  The  writer  has 
seen  drawings  showing  only  one  view  and  a  note,  as  "%  by  % 
inch."  It  can  readily  be  seen  that  these  dimensions  could  be 
covered  by  a  number  of  shapes,  such  as  rectangular,'  oval  or 
ellip'  ical.  The  correct  method  is  to  make  all  drawings  to  as 
larp-;  a  scale  as  is  practicable  and  to  make  them  as  simple  as 
pes.  Die.  A  drawing  should  not  look  like  a  crystal  maze,  and 
the  ordinary  machinist  be  expected  to  interpret  It,  because  he 
will  not.    He  will  do  the  best  he  can  and  guess  the  remainder. 

Some  time  ago  the  writer  was  given  a  job  and  was  supplied 
with  a  drawing  like  the  one  illustrated.  It  was  a  shaft  with 
a  number  of  holes  drilled  through  it,  and  the  end  view  indi- 
cated these  holes  by  dotted  lines.  At  one  end  of  the  shaft 
a  hole  was  to  be  drilled  through  its  center  for  about  three 
Inches.  One  of  the  holes  drilled  on  the  length  of  the  shaft 
went  into  this  hole  at  the  end,  on  one  side  only.  Owing  to 
the  fact  that  the  various  holes  were  shown  in  the  end  view,  the 
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Drawlas  of  Shaft  to  1m  drilled 

fact  that  the  hole  mentioned  only  went  part  way  through  the 
shaft  was  not  as  obvious  as  it  should  have  been,  and  the  result 
was  a  number  of  spoiled  pieces.  In  the  writer's  opinion  the 
draftsman  was  at  fault,  but  the  machinist  was  made  to  shoul- 
der the  blame.  It  the  following  note  (one  Vi-lnch  drilled  hole 
through  one  side  onlyj  had  been  placed  on  the  drawing,  the 
error  would  not  have  occurred. 

Providence,  It.  I.  Roukkt  Maw.son 

INCREASING  PRODUCTION  WITH  MORE 
RIGID   INSPECTION 

Increased  production  from  increased  InHpectlon  may  be  un- 
usual, but  It  Is  the  experience  of  a  largo  manufacturer  of 
cnKlne  lathes,  who  has,  with  the  Increased  demand,  tljchtened 
th<!  Inspection  all  tlirouKh  the  shop  Instoad  of  lotting  down 
III"  barn,  as  might  bo  the  tendency  vihi'u  tlio  plant  Ih  rushed. 
The  Inspt.'CtloD  has  boon  tied  up  with  the  production  ho  that 
It  li  constructive.  At  each  operation,  the  drat  ploco  of  every 
lot  !•  examined  to  ba  sure  the  workman  la  atarted  riKht.  In 
addition,  every  ploco  In  ovory  lot  la  Inape^ted.  It  la  not  moroly 
an  Inspection  that  places  ono  piece  Into  one  pllo  bocauao  It 
paaaea  "  ,  toala,  and  another  pluro  Into  anothi-r  plln 

b«caa»><  '   It  la  an  lnnportlon  lliot  flnda  tho  ronaon 

of  the  ■ .  I  provonta  Its  rcfurroncn.     That  Ii  why  In- 

crewed    production    haa   reaullod    from    Inrroaaod    lnapo<:tlo(i. 

The  Inspection  and  time  konpinc  hare  been  made  to  work 


together,  too.  Before  the  timekeeper  can  let  out  a  job,  the 
piece  must  have  been  inspected  for  the  last  operation.  This 
insures  the  piece  being  scrapped  the  moment  it  is  spoiled  with- 
out useless  machining,  and  at  the  same  time  makes  the  time- 
keeper a  "punch-up"  man  for  the  inspector.  Not  only  is  the 
work  in  the  shop  inspected,  but  every  purchased  piece  as 
well — every  cap-screw,  nut  and  bolt.  There  are  no  men  jam- 
ming over -size  cap-screws  into  a  hole  and  stripping  the  threads, 
nor  are  there  parts  poorly  secured  because  the  nuts  ran  on  too 
hard.  Also  the  work  is  standard,  and  there  is  no  special 
filing,  scraping  and  fitting  to  cause  grief  later  if  the  customer 
needs  a  repair  part.  As  a  result,  on  the  erection  floor,  with  70 
per  cent  of  the  force  used  in  1914,  the  men  are  erecting  100  per 
cent  more  machines  to  closer  limits  than  have  ever  been  used 
before.  It  is  small  wonder  that  the  works  manager  says  that 
it  seems  to  him  that  "Inspection  can  hardly  be  overdone  " 
Cincinnati,  Ohio  D.  M.  Perkill 


AN  UNUSUAL  SCREW 

Recently  it  became  necessary  to  make  screws  like  the  one 
shown  at  B,  Fig.  1,  and  at  D,  Fig.  2,  the  specifications  being  a 
screw    of   extreme    lightness,    cheapness    of    construction    and 


rig.  1.     Embossed  Disk  and  Finished  Screw 

having  a  neat  appearance.  A  circular  blanking  die  was  made 
that  was  used  to  stamp  the  disk  A,  Figs.  1  and  2,  from  sheet 
steel  0.032  inch  thick.  Then  an  embossing  die  was  made  by 
making  a  series  of  indentations  on  a  die-block,  by  the  use  of 
a  slotting  machine,  -jslng  a  60-degree  center  punch  and  setting 
the  stroke  to  the  pi  oper  height,  then  spacing  it  by  the  auto- 
matic feed.  The  clearance  in  the  center  of  the  die  was  then 
turned  out  on  a  lathe,  and  the  outside  was  also  turned  so  as 
to  make  a  concentric  die.  The  upper  half  or  the  punch  was 
flat.  This  die  completed  the  disk  as  it  Is  shown  at  A,  Figs. 
1  and  2. 

A  drawing  die  was  then  made  which  drew  the  disk  Into  the 
shape  shown  at  B.  Fig.  2.  The  screw  portion,  shown  at  C,  was 
turned  on  screw  machines  from  bar  stock.    A  fixture  was  then 


niiido  for  a  wuUIIiik  mnchliio,  holdliiK  thn  two  pieces  li  and  0 

In  place  while  they  wore  being  oloctrlcally  wolded.    The  screw 

la  ahown  In  ila  flnlahed  form  at  It  In  Fig.  1,  and  at  D  In  Fig.  2. 

Klizaheth,  N.  J.  ISdwaiid  ,I.  Bichsom 


HOW  AND  WHY 


QUESTIONS  ON  PRACTICAL  SUBJECTS  OF  GENERAL  INTEREST 


TO   GRADUATE   A    PLANER    HEAD  WITH- 
OUT  SPECIAL   APPLIANCES 

E.  J.  R. — Can  any  reader  of  Machineet  suggest  a  way  to 
graduate  the  head  of  a  36-lnch  planer  in  a  shop  where  there  are 
no  milling  machines  or  graduating  machines?  Any  informa- 
tion that  can  be  offered  on  the  subject  will  be  appreciated. 

The  question  is  submitted  to  readers  for  suggestions. 


HOW  TO  EXPAND  A  THREAD  PLUG  GAGE 

D.  D. — Can  any  reader  of  Machinebt  tell  me  of  a  way  to 
enlarge  or  swell  a  worn  thread  plug  gage  so  that  it  can  be 
lapped  to  the  original  siz€? 

A. — The  subject  of  salvaging  worn  gages  is  one  of  great  im- 
portance, but  very  little  has  been  done  In  this  line  because  of 
the  practical  impossibility  of  increasing  the  diameter  of  a 
hardened  plug  without  softening  it  by  heat  and  distorting  the 
shape.  If  any  reader  of  Machinebt  can  offer  a  practical  method 
for  expanding  plug  gages  and  thread  gages  so  that  they  can  be 
lapped  to  size,  we  shall  be  glad  to  give  his  article  space. 


TOOL  EQUIPMENT  FOR  MAKING  STUD  OF 
A   BICYCLE   PEDAL 

H.  E.  H. — The  accompanying  illustration  shows  two  designs 
used  for  the  central  part  or  stud  of  a  bicycle  pedal.  That 
shown  at  the  top  Illustrates  a  piece  of  tubing  drawn  at  the 


Two  DeslffM  for  Stud  of  Bicycle  Pedal 

ends  as  shown;  that  at  the  bottom,  a  part  made  from  three 
pieces,  the  central  part  being  a  piece  of  straight  tubing  into 
which  are  inserted  two  formed  pieces,  one  at  each  end.  What 
tool   equipment  would   be   required   for   making  these  parts? 


GIVEN  AREA  AND  RADIUS  OF  A  SEGMENT 
TO   FIND   THE   HEIGHT 

J.  F.  F. — A  cylindrical  tank,  30  Inches  long,  lies  with  its 
axis  horizontal.  The  radius  OA  ia  5  Inches;  what  must  be 
the  depth  DC  when  the  tank  contains  231  cubic  Inches? 
A. — The  area  of  the  segment  ACB  In 
the  accompanying  Illustration  Is  231  ■+- 
30  =  7.7  square  inches;  whence,  7.7  = 
5' 

—  (V  —  sin  v),  from  which: 
2 

/(«)  =  «  —  sin  V  —  0.616  =  0     (1) 

To  And  a  value  for  v,  substitute  In  this 

equation  the  first  three  terms  of  the  sine 

/  V'         V.  \ 

series,  obtaining  v  — (  v h  —  I  — 

■■""  \  6        120/ 

Clearing  of  fractions,   combining,  and   reducing, 

v*  —  20t)'  -f  73.92  =  0  (2) 

Solving  this  equation,  v  =  1.620  -|-.     Substituting  1.62  for 

In  Equation    (1),  f{v)  =   0.00521;    substituting   1.61   for   v, 

=  — 0.00623;  hence,  v  lies  between  1.61  and  1.62.  Tabulating 


Illuitratlnir  Mothod 
of  flnrlint  R«lf  ht  of 
B«rninnt  when  Ar«a 
andRadluiuoKlyen 

0.616    =    0. 


1.61 
1.62 


•0.00523 
0.00521 


1044 


the  results  and  finding  the  difference, 
523 

V  =  X  1  +  161  =  161.501,  or 

1044 

1.61501    after   restoring   the   decimal 
point,  when  f(v)=  0.    Substituting  this  value  of  v  in  Equa- 
tion   (1),  /(«)  =  — 0.00001,  showing  that  the  value  of  v  as 
calculated     is     exact     enough     for     all     practical     purposes. 
/  '^   \         /  1.61501  \ 

DC  =  5(  1  —  cos =  51  1  —  cos =  1.5435  Inch. 

\  2   /         V 2        /  J.  J. 

RULE    FOR    MEMORIZING    FUNCTIONS   OF 
30,   45   AND  60   DEGREES 

E.  N.  U. — I  should  like  a  rule  easily  remembered  for  the 
natural  trigonometric  functions  of  30,  45,  and  60  degrees; 
I  mean,  of  course,  when  these  functions  are  expressed  as  surds. 

A. — There  are  several  convenient  rules  for  this  purpose;  the 
one  preferred  by  the  writer  is  given  in  Table  1  and,  when 

TABLE    1.    FUNCTIONS  OF  30,  45  AND  60  DEGREES 


Odee. 

30  dee. 

45  deg. 

60  dee. 

90  dee. 

sin 

ii/o" 

4i/r 

il/2" 

i  V  3" 

ii/r 

cos 

il/T 

iv'3 

il/2 

ii/r 

*i/o 

tan 

0 

il/3 

il/3' 

il/3» 

CO 

cot 

00 

JV'S' 

il/3' 

iv/3 

i    « 

Ma/^hinery 

once  memorized,  is  not  easily  forgotten.  When  these  values 
have  been  reduced,  they  take  the  forms  shown  in  Table  2. 
If  the  secant  is  desired,  simply  take  the  reciprocal  of  the 

12  

cosine;  thus,  sec  30  deg.  =  =  — -_=  2/3  V3.    The 

1/2  V  3  V3 

cosecant    is    the    reciprocal    of   sine;    thus    cosec    45    deg.  = 

1                  2 
.=  —   V2.    It  will  be  noticed  that  it  is  neces- 

1/2  V2"         V2~ 

sary  to  remember  only  the  values  for  the  sines  and  tangents, 
since  the  cosines  and  cotangents  occur  in  the  reverse  order, 

TABLE  2.     VALUES  IN  TABLE    1   REDUCED 


Odee. 

30  dee. 

45  dee. 

60  dee. 

90  dee. 

sin 

0 

i 

n/3~ 

iV3 

1 

cos 

1 

il    3 

il/2 

i 

0 

tan 

0 

il    8 

1 

13 

00 

cot 

00 

.    1    •'" 

1 

il    3 

0 

yjachintiry 

being  thfi  corresponding  functions  of  the  complementary  angles. 
Thus  the  complement  of  0  degrees  is  90  degrees;  of  30  degrees, 
60  degrees;  and  of  45  degrees,  45  degrees.  To  ten  decimal  places, 
^2  =  1.4142135624—,  and   v'3  =  1.732050S076  — .  J.  J. 


A    GEOMETRIC   PROBLEM 

S.  C.  D. — Will  you  please  show  me  how  to  find  the  distance  • 
from  the  dimensions  given? 

A.— Referring    to    the    Illustration,    AC  —    V30*  —  s"  = 
y/  900  —  «",  and  BO  =  \/  400  —  s*.    From  the  similar  triangles 
AC  DE 

AOC  and  DOE. =  ,  or: 

00  OE 

\'900  — s'~        10  10s 

=  — ,  or  x  = (1) 

g  X  V  900  —  «• 
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Draw  DF  parallel  to  CO;  then,  from  the  similar  triangles 
BCO  and  BFD,  BO  -¥■  00  =  BF  ^  FD,  or: 

^400  — s'  V400  — s=  —  10 

= (2) 

s  X 

Substituting  in  Equation    (2)    the  value   of  x   from   Equa- 
tion (1),  and  clearing  of  fractions, 

90,000  — 100s=  =  400,000  — 1400s?  +  s*  — 20(400 —  s')  V900  — s' 
from  which: 

s'  — 1300«'  +  310,000  =  20(400  —  s»)  V^OO  —  s' 

Squaring,  transposing, 
and  combining  terms: 
S'^  —  22005'  +  1,630,000s' 
—  454,000,000s' 
+  38,500,000,000  =  0 
This  is  an  eighth- 
degree  equation;  but 
since  all  the  exponents 
are  divisible  by  2,  the 
equation  may  be  re- 
duced to  one  of  the 
fourth  degree  and  the 
coefficients  simplified  by 
substituting  10 Vy  for  s. 
The  equation  then  be- 
comes: 

y*  — 22y'  +  163j/» 

—  4541/ +  385  =  0 
Solving  this  equation, 
preferably   by   Horner's 
method,    y    =    1.5212; 
hence: 

s  =  10yy__ 
=  VlOOy 
=  VIOO  X  1.5212 


=  V  152.12 
=  12.334  inches 
If  the  angles  AOC  and 

lUuitratiDg    »    Oeom.trio   Problem  gpg     ^j.g     ^,3^     desired. 

substitute  the  value  of  «  in  Equation  (1)  and  obtain  x  =  4.5101 
10 

Inches.    Then,  tan  AOC  = ;  from  which  AOC  =  65  de- 

4.5101 
grees  43  minutes  27  seconds.  CE  =  s 
10 
7.8239.    Therefore,  tan  BCO  = 


7.8239 


degrees  67  minutes  39  seconds. 


X  =  12.334  —  4.5101  = 
from  which  BCO  =  51 
J.  J. 


CALCULATING    CHANGE-GEARS    FOR 
4.5-MILLIMETER   PITCH 

H.  S.  R. — The  lead-screw  of  my  lathe  has  five  threads  per 
Inch,  and  the  fixed  gear  on  the  stud  has  twice  as  many  teeth 
as  the  gear  It  meshes  with  on  the  spindle.  I  wish  to  cut  a 
thread  having  a  pitch  of  4.5  millimeters;  what  change-gears 
must  I  use  If  the  variation  Is  not  to  exceed  0.01  millimeter? 
A. — It  Is  assumed  that  your  lathe  Is  simple  geared  and  that 
the  arrangement  of  the  gears  Is  as  shown  In  the  Illustration. 
It  Is  first  necessary  to  express  the  pitch  of  the  thread  to  be 
cut  and  the  pitch  of  the  lead-screw  In  the  same  units;  this 
may  be  done  by  reducing  the  4.6  millimeters  to  Inches  or  the  • 
pitch  of  the  lead-screw  to  millimeters;  the  writer  prefers  the 
former.  Since  1  millimeter  = 
0.03937  Inch,  4.5  millimeters  = 
0,03937  X  4.6  =  0.177165  Inch. 
The  limit  of  variation  boing  0.01 
millimeter,  the  pitch  of  the 
thrend  must  ho  greater  than 
4.5  —  0,006  and  Iosb  than  4.6  + 
O.OOSmllllmutorR,  But  0,005  mllll- 
moler  ^  0,000197  Inch;  henco 
the  pitch  of  th<>  thread  must  l)r' 
irrpntcr  thnn  0  177166  —  0.000197 
■=■  0  1770  Inch  and  losii  thnn 
0.177IC6  -I-  0.000197  ".  0,1774 
Inch,  nxproMod  to  tho  noarost 
OOOOI  Inch.  Tba  pitch  of  the 
load-nrrew  li  1  -«-  C  ••  0,2  Inch. 


If  gears  A,  B,  C  and  E  have  the  same  number  of  teeth,  one 
spindle  turn  will  produce  one  turn  of  the  lead-screw,  and 
the  tool  will  advance  0.2  inch.  Assuming  for  the  present  that 
gears  A  and  B  have  the  same  number  of  teeth,  gear  G  must 
be  smaller  than  gear  E,  since  the  pitch  of  the  screw  to 
be  cut  is  less  than  that  of  the  lead-screw,  the  ratio  being 
0.177165       0.885825       35433 

= = .    Expressing  this  last  fraction  as 

0.2  1  40000 

a  continued  fraction  (see  Machineby  for  July,  1916,  page  989), 

0  1     7     8     31     225 
the  following  convergents  are  obtained :  — ,  — ,  — ,  — , , . 

1  1     8     9     35     254 
The  last  fraction  is  very  accurate,   being  equal   to   0.885826; 
that  is,  when  the  spindle  makes  one  turn,  the  lead-screw  makes 
0.885826  turn,  and  the  tool  advances  0.885826  X  0.2  =  0.1771652 
inch.    However,  the  terms  of  this  fraction  are  too  large;  hence, 

31 
trying  the  preceding  one,  —  =  0.885714,  and  0.885714  X  0.2  = 

35 
0.17714  -f,  a  value  that  Is  within  the  specified  limits.     Since 
gear  B  has  twice  as  many  teeth  as  gear  A,  gear  C  must  have 
31  X  2  =  62  teeth,  and  gear  E  must  have  35  teeth.  J.  J. 


HELIX  WITH  VARIABLE  PITCH 

M.  A. — I  wish  to  cut  a  helical  groove  in  a  cylinder  2.10 
meters  long,  having  a  diameter  of  0.25  meter.  The  helix  has 
a  variable  pitch,  being  3.70  meters  at  the  beginning  and  2.25 
meters  at  the  end  of  one  turn.  How  can  I  lay  out  the  devel- 
oped helix,  and  what  is  the  ordinate  corresponding  to  a  point 
on  the  helix  1.25  meter  from  the  beginning? 

A. — In  the  illustration,  ABCD  and  the  circle  represent  two 
projections  of  the  cylinder  and  A^BfiJii  represents  the  devel- 
opment of  the  cylinder,  the  length  A,Di  being  3.1416  X  0.25  = 
0.7854  meter.  It  will  be  more  convenient  to  express  all  dimen- 
sions in  centimeters.  This  being  understood,  the  length  of  the 
cylinder  is  210,  its  diameter  is  25,  the  circumference  A,Di  Is 
78.54,  the  pitch  at  the  beginning  (the  initial  pitch)  is  370,  and 
the  pjtch  at  the  end  (the  final  pitch)  is  225.  Assuming  that 
the  pitch  varies  uniformly  from  370  to  225,  a  point  on  the 
helix  at  the  end  of  one  turn  will  be  half  way  between  370  and 
225  and  situated  on  the  line  dDt  produced.  In  other  words, 
the  developed  helix  will  intersect  CD,  at  a  point  distant 
370  +  225 

=  297.5  from  D,.     Designate  this  point  by  H  (It  Is 

2 
omitted  from  the  diagram  for  lack  of  space) ;  then  D^H  =  297.5, 
which  is  the  pitch  at  the  point  H.     The  pitch  at  H  is  also 
370  —  225 

equal  to  370 =  370  —  72.5  =  297.5,  as  before. . 

2 
The    pitch    at    any    Intermediate    point    P    will    be    propor- 
tional  to  the  distance  EP  =   x;   that   Is,   the   pitch   at  P  Is 


72.5  X 


78.54 
pitch  at  P  multiplied  by 


The  distance  A^E  =  y  \a  equal  to  the 


Hence,  the  relation  between 


78.54 
y  and  x  Is  expressed  by  the  equation: 


-( 


370 


■72,5X 

78.54  /  78.54 
-0.011753*' 


Csttint 


=  4.710976J;- 

It  Is  to  bo  noted  that  If  tho  pitch  were  uniform  and  equal 
to  297.5,  the  developed  helix  would  bo  the  right  lino  A,F, 
which  cuts  C,D,  at  the  point  //,  297.5  contlmolcra  from  D,. 
Since  tho  pitch  Is  variable,  the  developed  hollx  cannot  be  a 
right  line,  but  a  i-urvo,  roproiontod  by  line  A,P(I.  To  draw  this 
curve,  divide  tlin  circle,  ropresentlng  tho  bottom  view  of  the 
cylinder.  Into  any  convenient  number  of  iMninl  parts,  sny  16, 
and   divide  A,l),  Into  tho  same  number  of  oquul    pnrta.     The 

78.64 

arc  0-1    -=   1-2  -^  0,-1,  —  1,-2,  '^  etc.  —  —  4.90876. 

16 

0,  2,  nvldiinlly  ••qualB  2  X  4,00876;  0,  3,  —  3  X  4.9087P;  etc. 
BuhiitltutlnR  thoao  valuo*  for  j-  In  tlin  foroRoIng  equntl'in,  tho 
correiponding  valuei  of  y  are   found,   which   are   the  polnti 

1,  2,  3.  ntc,  on  the  curve  A,PO,  and  throuKh  which  the  curve 
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Diagram  of  H«Uz  with  Variable  Pitch 

is  traced.  To  find  the  value  of  x  for  any  particular  value 
of  y,  substitute  the  value  of  y  in  last  equation  and  solve  for  x; 
for  instance,  if  a/  =  125,  as  shown  in  the  illustration,  x  =  28.57. 
Similarly,  the  value  of  x  tor  y  =  210  is  51.09  =  B^G. 

To  draw  the  projection  of  the  helix  on  the  cylinder,  draw 
vertical  lines  through  the  points  1,  2,  3,  etc.,  of  the  circle  and 
horizontal  lines  through  the  points  1,  2,  3,  etc.,  of  the  curve 
AiPG;  they  intersect  In  Ij,  2„  Sj,  etc.,  through  which  the  curve 
may  be  traced  as  shown.  When  applying  the  formula  to  cal- 
culate the  various  values  of  y,  first  substitute  the  value  of 
X  =  0,-1,  =  4.90875,  obtaining  y  =  23.1251  —  0.2832  =  22.8419. 
For  x  =  0,-2,  =  2  X  0,-l„  y  =  23.1251  X  2  —  0.2832  X  2'; 
for  X  =  0,-3,  =  3  X  0,-l„  V  =  23.1^51  X  3  —  0.2832  X  3';  etc. 
This  method  of  calculating  values  of  y  Is  much  easier  than 
direct  substitution  of  x,  and  is  one  of  the  reasons  for  dividing 
the  circle  Into  equal  parts.  Since  the  equation  giving  the 
value  of  y  is  of  the  second  degree  between  two  variables,  it 
Is  the  equation  of  a  conic  section.  Applying  the  usual  test, 
the  curve  A,PCr  Is  found  to  be  an  arc  of  a  parabola.  Note  that 
when  7R  r.4  Is  substituted  for  x,  y  =  297.5.  as  It  should.      J.  J. 


CORRECTION 

An  error  appeared  In  the  article  "Economical  Production  of 
Accurate  Hardened  Oears"  In  the  December  number.  The  sen- 
tence "The  hole  Is  ground  to  within  0.0001  Inrli  of  finish  size, 
this  amount  being  allowed  for  grinding  after  the  goar  Is  hard- 
ened," should  read,  "The  hole  is  ground  to  within  0  001  Inch 
of  finish  size,"  etc. 


MALLEABLE  IRON  AND  ITS  USES 

At  a  meeting  of  the  American  Iron  and  Steel  Institute  an 
article  on  malleable  iron  and  its  uses  was  presented  by  Henry 
F.  Pope.  He  said  that  iron  as  it  is  run  from  the  furnace  and 
poured  into  the  molds  in  the  process  of  making  malleable  iron 
castings  is  not  malleable  at  all,  but  is  extremely  hard  and 
brittle.  When  broken,  it  shows  a  white  fracture.  But  this 
brittle  iron  is  of  such  composition  that  when  subjected  to  the 
proper  annealing  heat  for  the  requisite  length  of  time,  it  is 
transformed  into  an  iron  with  entirely  different  physical  quali- 
ties. After  annealing,  instead  of  showing  a  white  fracture,  it 
shows  a  black  one,  giving  it  the  name  of  "black  heart."  This 
distinguishes  the  malleable  iron  made  in  this  country  from 
that  made  in  Europe,  which  has  a  steely  fracture,  due  to  the 
fact  that  the  carbon  is  almost  entirely  removed  by  oxidation 
in  the  annealing  process.  The  black  fracture  of  American  iron 
is  due  to  the  fact  that  in  the  annealing  process  the  carbon, 
which  in  the  original  casting  was  all  combined,  has  been  sepa- 
rated out  by  decarbonizatlon  and  is  now  found  as  free  carbon 
or  graphite  of  non-crystalline  form  deposited  between  the 
molecules  of  the  iron.  This  form  of  carbon  is  called  "temper 
carbon."  The  presence  of  a  large  amount  of  temper  carbon 
gives  the  material  its  black  appearance.  The  iron  itself,  there- 
fore, is  left  almost  entirely  free  from  any  combination  with 
carbon  and  possesses  the  malleable  quality  of  wrought  iron. 
It  can  be  bent  without  fracture  and  withstands  great  shock 
and  stress  without  breaking.  It  has  the  superiority  of  wrought 
iron  in  the  respect  of  malleability  without  the  sometimes 
objectionable  fibrous  structure  of  that  material.  Someone  will 
say,  "Why  use  malleable  iron  any  more  when  steel  castings 
may  be  had?"  That  is  a  pertinent  question,  for  great  strides 
have  been  made  in  steel  casting  production  and  certain  cast- 
ings have  been  changed  from  malleable  iron  to  steel  with  im- 
proved results;  but  there  are  several  reasons  why  steel  will 
never  displace  malleable  iron  for  a  multitude  of  articles.  In 
the  first  place,  in  most  cases,  if  the  steel  could  be  produced 
in  the  form  and  section  of  the  malleable  casting,  it  would  be 
more  expensive  and  no  better;  for,  while  the  tensile  strength 
of  malleable  iron  is  somewhat  below  that  of  soft  steel,  its  elas- 
tic limit  is  just  as  high,  which  means  that  it  will  stand  just 
as  severe  service  as  the  steel.  Years  ago  malleable  iron  began 
to  be  used  advantageously  for  agricultural  implements,  all 
sorts  of  farm  tools,  wagons  and  carriages,  harnesses,  stoves, 
pipe  fittings,  and  for  many  other  purposes.  Later  the  rail- 
roads began  to  use  "it,  for  many  parts  of  cars  could  be  made 
lighter  and  less  subject  to  fracture  by  the  substitution  of 
malleable  for  gray  iron.  The  railroads  also  used  it  in  places 
where  the  iron  is  exposed  to  the  corrosive  action  of  the 
w-eather,  for  malleable  iron  is  as  non-corrosive  as  any  of  the 
iron  products  and  much  more  so  than  steel.  More  recently 
malleable  Iron  has  become  popular  In  automobile  construction. 
Other  good  qualities  are  Its  high  permeability  and  its  low 
magnetic  hysteresis,  qualities  which  render  it  desirable  for 
certain  electrical  machinery. 


EDITORIAL  CONFERENCE  OF  ASSOCIATED 
BUSINESS  PAPERS 

At  the  Editorial  Conference  of  the  Associated  Business 
Papers,  a  society  representing  more  than  one  hundred  and  fifty 
trade  and  technical  journals,  held  in  Washington,  December  13, 
the  subject  of  the  excess  profits  law  was  explained  to  the 
editors  by  Internal  Revenue  Commissioner  Roper,  who  men- 
tioned that  it  was  Intended  to  make  the  tax  burden  as  light 
as  possible  under  the  law.  For  partnerships  and  Individuals, 
reasonable  salaries  would  be  allowed  as  reductions  from  prof- 
its before  determining  the  taxable  residue.  Competent  revenue 
offlcers  will  bo  sent  early  in  the  year  to  dilTeront  parts  of  the 
country  to  aid  In  the  making  out  of  Income  tax  returns.  An 
interesting  feature  of  the  meeting  was  the  address  by  Anna 
Howard  Shaw,  chairman  of  the  Women's  Section  of  the  Coun- 
cil of  Nutlonnl  Defense,  who  urged  the  editors  to  use  the  in- 
fluence of  their  journals  to  Induce  technical  schools  to  train 
women  for  engineering  work. 
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DIE-CASTING   DIES 

Some  remarkable  die-casting  dies  recently  made  by  the 
Marf  Machine  Co.,  New  York  City,  are  shown  in  the  accom- 
panying illustrations.  Fig.  1  shows  the  castings  that  are  pro- 
duced, which  are  made  of  pure  tin.  The  dies  used  in  pro- 
ducing casting  A  are  illustrated  by  Figs.  2  and  3. 

Fig.  2  shows  the  lower  member  of  the  die  in  position  for  the 
casting  to  be  ejected.  The  arms  of  casting  A,  Pig.  1,  serve  as 
tubes,  and  the  holes  are  formed  by  steel  cores,  which  must 
be  withdrawn  from  the  casting  before  it  can  be  ejected.  These 
cores  are  withdrawn  by  operating  levers  turning  shafts  hav- 
ing teeth  that  engage  with  racks  cut  on  the  rods  upon  which 
the  moving  parts  slide.  There  are  seven  operating  levers,  and 
six  of  these  must  be  turned  their  entire  movement  before  the 


Fig.   1.     Casting  that  were  formed  in  Dies  illustrated 

geventh  one,  which  ejects  the  casting,  can  be  operated.  This 
lever  raises  a  plate  on  which  there  are  twelve  vertical  pins; 
six  of  these  are  locking  pins,  and  the  others  are  ejectors.  The 
locking  pins  engage  with  holes  in  the  moving  parts  of  the  die, 
so  that  these  parts  must  be  placed  in  the  correct  position  by 
the  levers  mentioned  before  the  final  lever  can  be  turned ;  this 
makes  an  effective  locking  device.  Several  of  these  locking 
pins  may  be  seen  at  A,  B  and  C,  Fig.  2.  The  ejector  pins, 
which  raise  the  casting,  are  indicated  by  D  and  E.  A  part 
of  the  die  itself,  F,  rises  at  the  last  operation  and  assists  in 
ejecting  the  casting.  Instead  of  the  usual  method  of  cutting 
grooves  on  the  shafts  for  oiling,  there  are  drilled  spots  that 
form  oil-pockets  for  conveying  the  oil  to  the  bearings.  Fig.  3 
shows  the  upper  member  of  the  die  that  was  made  from  a 
solid  block  of  steel  and  has  no  moving  parts.  The  hot  metal 
Is  forced  in  at  hole  A,  into  which  the  sprue  cutter  extends. 
The  sprue  cutter  is  shown  at  O  in  Fig.  2.  The  upper  member 
Is  guided  by  pins. 

This  die  is  for  use  on  a  hand-operated  machine,  but  can 
also  be  used  on  machines  operated  by  steam  or  compressed 
air.     The  total  weight  of  the  die  is  about  500  pounds.     There 
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is  a  water  jacket  in 
the  die,  surrounding  the 
casting,  for  cooling  pur- 
poses. The  die  is  blown 
out  by  compressed  air 
after  each  use.  It  is 
estimated  that  one  hun- 
dred castings  can  be 
made  per  hour  with 
three  men  operating  the 
die-casting  machine. 

The  die  used  for  cast- 
ing B,  Fig.  1,  is  illus- 
trated in  Figs.  4  and  5. 
The  die  is  shown  in  Fig. 
4  in  position  for  remov- 
ing the  casting.  An  interesting  feature  of  this  die  is  that.  In 
order  to  get  the  form  of  the  under-cut  beneath  the  arms,  it  is 
necessary  to  have  two  loose  pieces  that  remain  on  the  casting 
when  it  is  removed.  One  of  these  is  seen  on  the  casting  at  A, 
while  B  shows  it  replaced.  After  these  pieces  are  again  in 
position,  the  operating  lever  is  turned,  and  through  the 
medium  of  the  teeth  on  the  shaft,  and  slanting  teeth  on  the 
slides  of  the  die,  these  slides  are  brought  forward,  holding  in 
place  the  loose  pieces  and  completing  the  shape  of  the  die, 
also  forcing  in  the  round  cores  that  make  the  holes  in  the 
arms  of  the  casting.  There  are  five  brass,  tapped,  hexagon 
inserts  cast  in  the  piece,  which  are  held  in  position  by  the 


Fig.    3.     Upper    Uember    of    Die    for 
Casting    A,    Fig.    1 


ri«.   i.     L«««r   Mamlwr  of  DIa  for  Outtnt  A.   ri(.    I 


Fig.  6.     Upper  Hemher  of  Die 
for  Casting  B.  Fig.   1 

pins  shown.  The  metal  is  forced  in  through  hole  C.  The 
sprue  cutter  is  illustrated  at  A,  Fig.  5.  The  method  of  form- 
ing the  under  side  of  the  casting  is  shown  in  Fig.  5. 

*     •     * 

IMPORTANT  SAVING  BY  NEW  METHODS  OF 
HANDLING  FREIGHT 

Lessthan-carload  freight  shipped  from  Philadelphia,  under 
the  new  "shipping  day"  or  "sailing  date"  plan,  is  moving  to 
destination  with  more  than  three  times  the  average  speed 
achieved  under  the  old  method  of  handling.  Observations  of 
actual  car  movements  from  Philadelphia  to  a  large  number  of 
points  on  the  Pennsylvania  lines,  both  east  and  west  of 
Pittsburg,  the  results  of  which  have  Just  been  tabulated,  show 
that,  from  the  placing  of  the  freight  In  the  car  until  It  reaches 
Us  destination,  the  average  speed  of  movement  has  been  more 
than  tripled.  For  instance,  where  the  average  time  in  transit 
was  formerly  tlirco  days,  it  Is  now  loss  than  one  day,  and 
wlioro  It  was  formerly  six  days,  It  Is  now  loss  than  two  days. 
Ill  lulditlon  to  the  benefit  resulting  to  shippers  from  greater 
hjummI  In  transit,  the  "shipping  day"  plan,  ua  hitherto  an- 
nouncod,  by  Baviiig  the  use  of  nearly  100  cars  per  day  In 
liiindllnK  loBstlum-cnrload  frolglit  from  Philadelphia,  Is  holp- 
liiK  to  IncrnoHo  (he  car  supply  for  other  purpoHOH. 

TlilH  Informiitliiii  nlvrm  out  by  Ihn  I'omiHylvnnlu  Hall- 
roiiil  vorinos  the  <'oiitontlon  llmt  American  rallroudH  wore 
liK'fllclenlly  miituiKi'd  as  rogardH  tholr  car  o(|ulpniunt  and 
HyHlum  of  handlliiK  both  frolKht  and  paBsongor  trofTlc.  It 
would  bo  well  If  tlio  war  would  loach  Ihoso  roaponalblo  for  the 
iimnaRomont  of  American  railroads  that  thoy  havo  a  Kroat 
doal  lo  Inarn  bofiini  the  roudH  will  be  run  offlclnnlly. 
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WILL   HIGH   PRICES  MAKE  TWO  CUTS  DO 
WHAT   TEN   DID   BEFORE  ? 

BT  D.  M.  PEBBILL  1 

The  conversation  had  been  about  tooling  and  cuts  taken  ' 
with  engine  lathes  in  the  average  manufacturing  plant.  Pos- 
sibly it  was  the  ability  to  see  the  silver  lining  in  any  cloud 
that  caused  the  visitor  at  a  large  machine  tool  plant  to  say 
that  he  believed  the  present  high  prices  of  machine  tools 
would  force  manufacturers  to  obtain  the  best  possible  pro- 
duction from  their  machine  tools;  certainly  this  has  not  been 
done  in  the  past. 

For  instance,  a  lathe  company  found  it  necessary  to  place^ 
one  of  its  demonstrators,  for  a  few  months,  in  a  plant  that 
was  turning  out  work  for  it,  to  test  the  work  and  see  that  it 
came  up  to  the  required  standard.  At  the  end  of  this 
time,  the  writer  visited  the  plant  and  was  surprised  to  see 
the  way  in  which  the  lathe  work  was  being  done.  In  explain- 
ing the  situation,  the  demonstrator  said  he  would  have  been 
only  too  glad  to  assist,  but  was  helpless  in  the  matter,  as  he 
had  no  authority  over  the  operators  or  methods  used  in  turn- 
ing out  the  work,  and  so  could  only  make  suggestions.  While 
there  had  never  been  any  particular  objection  to  his  showing 
the  men  the  proper  cuts  and  feeds  to  use  in  turning  out  work, 
when  he  stopped  watching  an  operation,  the  operator  imme- 
diately slipped  back  to  the  old  methods,  and  did  in  ten  cuts 
what  should  have  been  done  in  about  two  or  at  the  most, 
three.  In  this  case  the  fault  was  purely  a  matter  of  depth 
of  cut,  feeds,  and  speeds,  but  when  we  come  to  tooling,  exam- 
ples can  be  found  in  wholesale  numbers.  These  faults  are 
not  confined  to  the  use  of  engine  lathes;  failures  to  secure 
the  proper  results  from  every  kind  of  machine  tool  will  be 
found. 

It  is  the  belief  of  the  writer  that  this  is  a  form  of  lethargy 
on  the  part  of  the  operator,  foreman,  and  superintendent.  For 
the  two  latter  it  is  a  question  simply  of  what  point  they  shall 
apply  their  attention  to,  and  since  the  work  is  turned  out 
under  the  present  methods,  they  are  willing  to  let  it  drift. 
If  the  present  prices  of  machine  tools  will  cause  the  operators, 
foremen,  and  superintendents  to  concentrate  their  attention 
on  proper  methods  of  obtaining  the  greatest  production  from 
every  machine  tool,  the  silver  lining  seen  in  the  cloud  of 
high  prices  by  the  visitor  will  not  only  be  pure  metal  but  a 
lot  of  manufacturers  will  cash  in  on  it  at  their  banks. 

In  the  meantime  there  is  no  reason  why  every  machine  shop 
cannot  cash  in  on  some  of  the  silver  lining,  even  it  they  do 
not  have  to  buy  additional  machine  tools  at  the  new  prices. 
With  the  sales  limit  purely  a  matter  of  production  capacity 
in  every  metal-working  shop,  anything  that  will  increase  that 
capacity  is  naturally  of  greatest  interest.  The  first  step  is 
for  each  shop  to  find  out  what  is  possible  in  the  way  of  metal 
reduction,  remembering  that  these  things  are  most  profitable 
when  applied  to  standardized  work  and  quantity  production. 
And  by  Increasing  its  production,  a  shop  assists  in  meeting 
the  greater  demand,  in  offsetting  the  effect  of  the  diminishing 
labor  supply,  and  in  helping  the  government  through  the 
present  crisis.  It  is  like  buying  Liberty  Bonds;  you  are  per- 
forming a  helping  act,  but  really  no  one  is  helped  quite  as 
much  as  yourself. 


The  fire  waste  in  the  United  States  is  appalling,  being  con- 
siderably more  than  $200,000,000  yearly.  Some  fires  have  their 
origin  In  conditions  that  could  not  be  foreseen,  but  by  far 
the  greater  part  could  have  been  avoided  by  taking  the  simple 
precautions  that  experience  has  shown  to  be  effective.  When 
one  visits  a  manufacturing  plant  consisting  of  wooden  build- 
ings without  sprinkler  equipment  or  the  more  primitive  fire- 
fighting  apparatus,  and  sees  waste  piled  against  wooden  parti- 
tions, floors  littered  with  excelsior,  work-benches  set  against 
the  walls  with  greasy  boxes  and  litter  piled  beneath,  he  feels 
that  the  foolklller  Is  on  his  way  and  will  arrive  sooner  or 
later.  A  clean  and  orderly  shop  not  only  favors  production 
but  insures  against  accidents  and  fires.  The  Insurance  costs 
comparatively  little  and  is  worth  many  times  the  price. 

'Ailitreu:  846  ProlMiiro'AT*.,  Clnrlnnnil.  Ohio 


WOMEN  WORKERS   IN   THE   SHOP 

BY  DONALD  A.  BAKER  1 

There  has  been  much  discussion  of  late  as  to  the  advantages 
and  disadvantages  of  employing  women  to  replace  men  In 
the  mechanical  industries.  As  the  writer  has  had  considerable 
to  do  with  women  in  munition  factories  both  here  and  in 
Canada,  it  may  be  that  his  experience  will  be  of  value  to  others. 

While  on  general  principles  one  dislikes  the  thought  of  em- 
ploying women  on  work  that  hjis  been  done  entirely  by  men, 
industrial  conditions  seem  to  warrant  such  employment  at  the 
present  time;  and  as  the  conditions  have  been  forced  on  us, 
we  must  make  the  best  of  them.  Disregarding  sex  and  look- 
ing at  the  problem  from  a  purely  economic  or  commercial 
standpoint,  the  employment  of  women  in  mechanical  lines  has 
many  advantages.  When  proper  care  is  exercised  in  assign- 
ing work  that  is  fitted  to  a  woman's  strength,  when  the  hours 
of  labor  are  kept  well  within  reason,  and  other  things  are 
equal,  there  is  no  more  reason  why  women  should  not  be 
employed  than  in  other  lines.  Actually,  a  great  deal  of  the 
work  on  which  they  can  be  employed  in  machine  shops  is 
lighter  and  less  monotonous  than  many  occupations  that  have 
fallen  to  their  lot  in  the  past. 

The  fact  that  women,  as  a  rule,  are  not  naturally  of  a  me- 
chanical turn  of  mind  is,  strange  to  say,  one  of  the  best 
reasons  for  employing  them  on  repetition  work,  and  especially 
for  running  machines  of  a  more  or  less  delicate  and  compli- 
cated construction  that  require  some  adjustment  from  time 
to  time.  This  fact  is  illustrated  by  the  experience  of  a  Cana- 
dian fuse  factory.  When  men  were  employed  on  a  number 
of  semi-automatic  machines  it  was  almost  impossible  to  keep 
the  machines  in  repair.  In  spite  of  everything  that  could 
be  done,  the  men  insisted  upon  trying  to  make  their  own 
adjustments  and  minor  repairs.  Not  being  mechanics,  they 
were  not  provided  with  the  proper  tools  for  this  work,  and 
so  would  use  anything  they  could  lay  their  hands  on.  Fuse 
bodies  and  monkey-wrenches  were  used  for  hammers  and 
pieces  of  pipe,  old  files,  etc.,  were  jammed  into  the  mechanism 
of  the  machines.  Bearings  were  tightened  until  they  ran  hot 
and  scored.  Gibs  were  tightened  until  they  bound  and  re- 
fused to  work  or  were  loosened  until  the  slides  ran  out  of  true 
and  spoiled  work.  Sight-feed  oil-cups  were  stolen  and  pre- 
sumably sold  for  junk.  As  soon  as  the  men  were  replaced 
with  women,  the  repair  of  the  machines  became  normal.  Be- 
sides, production  began  to  increase  as  the  girls  acquired  the 
necessary  skill,  until  in  a  few  days  their  production  was  much 
greater  than  that  of  the  men. 

These  results  were  due  to  two  things:  the  misplaced  me- 
chanical initiative  on  the  part  of  the  men  operators,  and  the 
entire  lack  of  this  faculty  on  the  part  of  the  women  operators. 
The  men  would  not  give  the  mechanics  or  toolmakers  a  proper 
chance  to  keep  the  machines  in  repair,  while  the  women,  when 
anything  went  wrong,  instead  of  trying  to  fix  it  themselves, 
were  only  too  glad  of  the  chance  to  sit  back  and  take  a  rest 
while  a  competent  man  did  the  work. 

On  other  classes  of  work  it  was  found  that,  when  properly 
managed  and  disciplined,  the  women  operators  acquired 
greater  skill  and  speed  than  men  employed  on  similar  work. 
This  was  especially  true  of  work  of  a  light  nature  that  re- 
quired speed  and  accuracy  of  handling.  This  is  due,  in  part, 
to  the  fact  that  women's  hands  and  minds  are  practically  un- 
trained to  systematic  motion,  so  that  they  more  readily  lend 
themselves  to  Instruction,  and  when  once  taught  the  proper 
rotation  of  movements  required  to  do  a  given  task  In  the 
least  time,  they  stick  to  these  movements  and  soon  become 
efficient  operators.  Men,  on  the  other  band,  especially  It  left 
to  themselves  long  enough  to  acquire  a  wrong  method,  are 
more  inclined  to  be  stubborn  and  assume  that  because  the 
way  they  are  doing  the  work  seems  easy  to  them  their  way 
Is  best,  without  stopping  to  analyze  It. 

As  this  Is  the  case.  If  women  must  be  employed,  they  should 
be  paid  e(|ual  wages  for  equal  work.  Their  strength  must 
not  be  unduly  taxed,  suitable  convenience  must  be  provided 
for  them,  and  the  hours  of  labor  restricted.  In  return,  they 
win  give  higher  production  and  lower  operating  costs. 


■AddrcH:  C«r«  of  Anderaon  Porgp  Mnc-htro  Co..   Dotrolt,   Mich. 
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INSPECTION  OF  SCREW  GAGES  FOR  MUNITIONS  OF  WAR' 


MEASUREMENT  OF  PITCH  AND  OF  FULL,  EFFECTIVE  AND  CORE  DIAMETERS 


UNTIL  recently,  the  matter  of  accuracy  of  pitch  of  screw 
gages  has  been  almost  entirely  neglected,  attention  in 
the  inspection  of  such  gages  being  given  only  to  the 
correctness  of  the  ruling  diameters  of  the  thread;  that  is  to 
the  core-,  effective  and  full  diameters. 

This  measurement  must  be  made  with  great  exactness, 
since  any  error  in  the  pitch  of  a  plug  screw  requires  that  the 
pitch  diameter  be  reduced  by  about  twice  the  amount,  in  order 
that  the  gage  may  function  in  an  identical  way  to  a  similar 
gage  with  the  proper  pitch.  In  a  ring  screw  gage,  the  pitch 
diameter  must  be  increased  in  a  corresponding  manner. 
Within  the  last  two  years  the  question  of  pitch  has  forced 
itself  to  the  front  because  of  the  accuracy  required  in  the 
screw  gages  used  on  munitions  work,  where  the  allowances 
tor  incorrectness  of  workmanship  of  the  product  are  very 
small,  being  a  matter  of  only  a  few  thousandths  of  an  inch, 
as  a  rule,  especially  in  fuse  work.  For  example,  a  very  im- 
portant gage  used  on  British  shells  is  that  which  checks  the 
screw  in  the  nose,  into  which  the  fuse  is  fixed.  This  is  a 
"go"  or  "low"  plug  gage,  and  the  tolerances  for  the  accuracy 
of  the  gage  are  as  follows: 

+  0.0003  inch  Range 

Tolerance    _o.0006  inch       0.0009  inch 

/  Normal  effective  diameter:  1.9513  inch 
If  the  error  in  ^  Maximum  effective  diameter:  1.9516  inch 
the  pitch  =  0   )  ^jjiiijjmjj  effective  diameter:  1.9507  inch 

Thus,  for  each  0.000-1  inch  error  in  the  pitch  of  the  plug 
gage,  the  gage-maker  reduces  his  "high"  limit  of  the  tolerance 
for  the  pitch   diameter  by  0.0002;   and   finally,   if  the  error 

TABLE   1.    LIMITS  OF  EFFECTIVE  DIAMETER 


If  the  Error  tD 
*   the  Pitcb  is 


Limits  ot  Effective  Diameter 


±0.0001  inch 
i:  0.0002  inch 
It  0.0003  inch 
±0.0004  inch 
±  0.00045  Inch 


High 


1.9514  inch 

1.9512  inch 

1.9510  inch 

1.9508  inch 

1.9507  inch 


1.9507  inch 
1.9507  inch 
1.9507  inch 
1.9507  inch 
1.9507  inch 
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amounts  to  0.00045,  he  has  no  tolerance  left  on  the  pitch  diam- 
eter, but  must  make  it  to  the  low  limit.  In  practice,  an  error 
In  the  pitch  of  more  than  0.0002  inch  ought  not  to  be  exceeded, 
In  order  to  leave  sufficient  margin  of  tolerance  for  the  effective 
dlamc-ter,  to  meet  workshop  requirements. 

Errors  in  the  pitch  are  of  two  kinds:  (1)  Variable  error; 
that  where  the  distance  from  thread  to  thread  varies  in  an 
erratic  manner.  This  is  generally  due  to  distortion  after 
hardening  (through  want  of  proper  seasoning,  to  permit  the 
molecular  structure  of  the  steel  to  come  to  a  stable  form.  The 
great  demand  for  gages  during  the  war  has  prevented  suffi- 
cient lime  being  given  to  seasoning,  and  the  distortion  that 
arises  affects  not  only  the  pitch  but  also  the  roundness  of  the 
screw),  or  to  faulty  adjustment  of  the  thrust  bearing  of  the 
lead-screw  of  the  lathe  or  grinding  machine.  (2)  Progressive, 
or  gradually  Increasing,  error  is  due  to  a  bad  lead-screw  or 
else  to  the  lap  used  for  finishing  the  gage  not  having  an  Identi- 
cal pitch  to  that  of  the  lead-screw  on  the  machine  In  which 
the  gage  was  made.  The  latter  cause  of  bad  pitch  shows  the 
neccsMlly  of  making  both  the  lap  and  gago  on  the  same  lathe 
or  grinding  machine.  In  practice,  both  kinds  of  error  In  pitch 
usually  occur   In  combination;    thus  a  variable  error   Is  the 

'  Abatra'^l  "f  •  (rtiiniihlit  I.7  II.  J.  lllnKhnni  rowLlI,  lli»  »ti«iHTlor  In  i-linnt" 
of  (b*  A>Darlni«nt  of  (•(■■•  *n1  atanilnnlii  'if  llix  llrltlih  MInlatrjr  or  tliinltlunii 
of   War   Ifi    n,<i    I  n|i'-<1   HIalva,    IIK   llrnatwar,    Nvw   Yurk   Clt/.      rilliUahnil   lir 

IHirir.:  mlhor. 

'  ih"   tcmia  (•niplo/pfl   for  thtt  ruUnff  dlnniotara  ttl  a   a^row 

a,r  '  ;   th'-  KtidnixTlnr  HIanilarila  Onminllli'o  of  Orcnt   llrltnlri, 

am) "frill"   lor  major)   dlamntor;   "•(tirllr""   (or  iiionn)   illoin- 

•Ur,    ■\ii:c"    lor   minor)    dlamxlar,   rarraap<ini1ln(,   niapartlralx,    to   Iha   tarma 
"onlaKIa,"  "ptlrli,"  aoll  "root"  Alamatara,- uaoal  In  lh«  Unltoil  HIataa. 


resultant,  since  the  positive  progressive  error  is  reduced  or 
increased  in  places  by  variable  errors  of  the  opposite  or  same 
sign.  The  maximum  error  in  pitch  between  thread  and  thread, 
or  over  a  number  of  threads.  Is  the  ruling  error  in  determining 
the  reduction  to  be  made  in  the  effective  diameter.  Until  re- 
cently, it  was  a  common  practice  to  stipulate  the  maximum 
error  in  pitch  permissible  over  a  given  length  of  thread,  such 
as  one-half  inch  or  one  inch.  This  is  an  incorrect  manner 
of  specifying  the  correctness  of  the  pitch,  since  thereby  an 
assumption  is  made  that  the  error  is  of  the  progressive  type, 
whereas,  as  already  indicated,  it  is  usually  not  so.  In  fact, 
with  the  common  form  of  variable  error  in  pitch,  cases  may 
happen  where  a  positive  error  between  a  thread  or  two  is 
annulled  a  little  farther  on  by  a  similar  negative  error,  and 
over  one-half  inch  or  one  inch  the  resultant  error  would  meas- 
ure as  zero.  There  exist  a  number  of  devices  to  measure  the 
pitch,  based  on  the  idea  of  measuring  over  a  given  number  of 
threads.  For  example,  sometimes  two  blocks,  similar  to 
Johansson  blocks,  are  used  with  their  ends  ground  to  a  tri- 
angular form  of  the  same  included  angle  as  that  of  the  screw 
to  be  checked;  between  these  are  placed  Johansson  blocks  to 
give  the  correct  distance  corresponding  to  the  number  of 
threads  over  which  the  measurement  is  to  be  made.  The  piece 
is  then  inserted  into  the  screw  and  the  bearing  ot  the  points 
on  the  slopes  of  the  screw  observed  under  a  magnifying  glass; 
if  the  bearing  is  not  satisfactory,  the  Johansson  blocks  are 
changed  for  others  differing  by  the  number  of  tenths  of  a 
thousandth  of  an  inch  considered  convenient  to  give  the  de- 
sired bearing.  The  objection  to  this  method  of  measuring  the 
pitch  is  the  personal  equation  brought  in  by  the  observer  hav- 
ing to  watch  by  eye  for  the  proper  bearing  of  the  points  in 
the  thread,  and,  further,  the  fact  that  the  points  cannot  be 
brought  near  enough  together  to  measure  between  adjacent 
threads,  because  the  blocks  have  to  be  of  a  certain  minimum 
thickness.  Another  instrument  has  two  V-pointed  pieces,  one 
of  which  is  fixed  and  the  other  movable,  parallel  to  the  first. 
The  movable  point  is  connected  to  a  long  lever  arm  which 
moves  over  a  scale  graduated  to  give  readings  in  thousandths 
of  an  inch.  The  screw  is  inserted  between  centers  and  grad- 
ually raised  to  the  V-points,  being  turned  on  its  axis,  mean- 
while, until  both  V-points  bear  evenly  in  the  thread.  The 
bearing  is  observed  under  a  magnifying  glass,  assisted  by  a 
light  fixed  behind  the  screw.  This  instrument  does  not  give 
readings  reliable  to  more  than  0.0002  or  0.0003  inch,  and. 
further,  the  pitch  is  measured  on  the  fixed  distance  of  one- 
half  inch.  There  are  numerous  other  devices  of  a  similar 
nature,  which  all  suffer  from  the  fundamental  defects  noted 
in  the  instruments  described.  There  are  a  few  machines  to 
measure  the  pitch  from  thread  to  thread,  but  they  have  the 
defect  that  the  accuracy  of  the  operation  depends  on  the  care 
taken  by  the  user. 

In  England  an  ingenious  method  has  been  used  by  Mr. 
Vidal  In  his  patented  pitch  measuring  machine.  The  V-poInt 
is  substituted  by  a  ball,  so  that  it  can  bear  evenly  In  the 
Diread  whatever  the  Inclination  ot  the  spindle  to  which  it  Is 
llxed,  and  the  ball  Is  split,  with  a  lamina  of  mica  Interposed 
to  Insulate  the  two  portions.  Electric  circuits  are  made  be- 
tween the  halves  of  the  ball  and  the  screw,  and  will  close  only 
when  the  ball  Is  touching  the  slope  of  the  thread  on  both 
Hides.  The  splndlo  with  the  ball  Is  connected  to  a  longitudinal 
carrier  ot  a  trlaiiKular  truss  form  with  a  spring  arranged  to 
prcHB  It  toward  tlio  screw,  and  so  keep  the  bull  In  continual 
llKht  contact  with  the  thread.  The  adjustment  given  by  the 
spring  Is  so  delicate  that  the  carrier  can  bo  blown  away  from 
contact  by  the  breath.  The  carrier  Is  attached  to  a  microm- 
eter head.  To  obtain  a  porfort  contact  with  the  screw,  the 
latter  and  the  ball  must  bo  quite  clean  and  free  from  all 
grcBHi',  hIiico  oIIktwIho  tlu>  electric  circuit  will  not  close.  This 
Incidental  coiidltlon  of  wnrltliig  gives  a  fiirtbor  guaranloo  of 
accuracy,  bocauso  the  openitor  of  the  Inslriimciit  Uiidwh  (linl 


January,  1918 


MACHINERY 


468 


he  is  obtaining  a  true  contact  on  the  thread,  without  a  film 
of  oil  intervening. 

A  very  good  pitch  measuring  machine  is  used  by  the  Na- 
tional Physical  Laboratory  of  the  Department  of  the  British 
Government  in  charge  of  the  inspection  of  gages.  The  screw 
is  mounted  on  the  centers  of  a  stiff  bed  which  carries  a  saddle 
sliding  parallel  to  the  line  of  centers.  The  feeler  carried  by 
the  saddle  takes  the  form  of  a  small  spherical  ball  at  the 
end  of  a  bent  lever.  The  ball  is  held  pressed  into  the  threads 
of  the  screw  by  a  light  spring,  and  as  the  saddle  is  traversed 
along,  the  ball  moves  to  and  fro,  always  remaining  in  contact 
with  the  screw.  The  ball  is  too  large  in  diameter  to  reach  the 
bottom  of  the  thread.  In  its  motion  it  slides  down  one  flank 
of  the  thread  until  it  is  arrested  by  contact  with  the  opposite 
flank,  when  it  immediately  begins  to  move  up  this  flank;  this 
change  of  motion  is  very  sharply  defined.  By  noting  on  the 
micrometer  screw  the  positions  of  the  slider  at  which  these 
changes  of  motion  take  place,  we  clearly  have  a  means  of 
measuring  the  pitch  of  the  screw.  To  effect  this,  a  mirror  is 
attached  to  the  arm  carrying  the  small  sphere  and  rotates 
backward  and  forward  as  the  arm  moves.  A  spot  of  light 
reflected  from  the  mirror  onto  a  scale  moves  in  one  direction, 
then  stops  and  moves  back;  after  a  time,  its  motion  is  again 
reversed,  and  so 
on.  The  sharp 
reversals  caused 
by  the  point  of 
contact  of  the 
sphere  passing 
from  one  flank 
of  the  screw  to 
the  opposite 
flank  are  clearly 
defined,  and  by 
their  means  an 
accurate  meas- 
ure of  the  pitch 
is  obtained. 

By  a  suitable 
arrangement  of 
the  "feeler,"  the 
pitch  of  ring 
screw  gages  can 
be  measured,  the 
gages  being  fixed 
on  a  faceplate  at 
the  end  of  the 
instrument.  Fig.  1  shows  a  machine  used  by  the  gage  depart- 
ment of  the  British  Ministry  in  the  United  States.  It  consists 
of  a  base  A  in  the  form  of  a  surface  plate  supported  at  the 
corners  by  screwed  legs  B  for  leveling  purposes.  At  the  back 
of  the  base  are  two  cast-iron  brackets  C  with  double  V-ways 
of  hard  steel  D  to  carry  balls.  On  the  bracket  runs  a  "car- 
riage" E  made  in  the  form  of  a  long,  narrow  plate  of  suitable 
thickness  for  stiffness,  and  with  the  ends  carrying  V-ways  F 
corresponding  to  those  on  the  brackets.  The  carriage  is  pushed 
to  and  fro  by  a  micrometer  head  O  bearing  on  a  round-ended 
spindle  //  screwed  Into  the  carriage,  the  spindle  being  main- 
tained in  contact  with  the  micrometer  spindle  by  a  light 
weight  /  on  cords  passing  over  hooks  K.  The  micrometer  head 
carries  a  large  aluminum  disk  L  divided  into  250  divisions  on 
the  periphery,  each  spacing  being  1/10  inch  long,  so  it  is 
easy  to  read  to  ten-thousandths  of  an  inch  and  even  to  a  fifth 
of  that  amount,  If  a  good  micrometer  is  acquired.  On  the 
axis  of  the  carriage  Is  a  V-opening  M,  against  which  the  ball- 
ended  spindle  .V  rests  (at  a  point  about  two-fifths  of  its  length 
from  the  ball),  In  a  slightly  Inclined  position  (about  7  degrees 
with  the  vertical).  The  lower  end  of  the  spindle  Is  restrained 
from  side  movement  by  parallel  guides  0  ground  In  the  foot 
of  an  Lrpiece  fastened  to  the  under  jide  of  the  carriage.  The 
opening  In  the  guides  Is  only  about  0.00015  inch  wider  than 
the  diameter  of  the  spindle;  thus,  although  the  latter  has  en- 
tire freedom  of  movement  in  the  vertical  plane  containing  the 
axis  of  the  carriage  and  the  screw  gage,  It  has  none  in  a  plane 
at  right  angles.  The  spindle  Is  of  smaller  diameter  In  the 
portion   P  projecting  above  the  carriage,  and   nt   the  top  can 


Fig.    1.     Bingha 


be  brought  to  bear,  by  moving  the  carriage  to  and  fro,  into  con- 
tact with  a  knife-edged  electric  contact  Q  carried  on  a  small 
post  R  fixed  into  the  carriage.  The  screw  gage  S  is  carried 
on  V-blocks  and  held  from  longitudinal  movement  by  a  stout 
rubber  band  passing  through  hooks  in  the  base  of  the  ma- 
chine T.  The  blocks  have  ways  at  the  sides,  to  slide  on  care- 
fully adjusted  posts,  fixed  in  the  base  of  the  machine,  so  that 
the  axis  of  the  gage,  carriage  and  ball-ended  spindle  are  always 
in  the  same  vertical  plane.  The  V-blocks  can  be  slowly  raised 
or  lowered  by  fine  screw  motions  at  T.  It  is  most  important 
that  the  top  of  the  threads  of  the  gage  should  be  truly  hori- 
zontal; this  is  obtained  by  using  an  electric  level  W  in  the 
form  of  an  adjustable  arm  X  carried  on  a  post  whose  base 
rests  on  the  surface  plate  or  base  of  the  machine. 

The  level  is  brought  over  one  end  of  the  screw  gage  and 
the  latter  is  then  slowly  raised  by  screwing  up  the  V-block 
until  the  arm  of  the  level  just  lowers  at  the  back  from  con- 
tact with  its  adjustment  screw;  this  is  shown  by  an  electric 
circuit  being  broken  through  a  galvanometer  Y.  Then  the 
level  is  moved  along  to  the  other  end  of  the  screw,  which  is 
similarly  raised  to  the  proper  height  by  the  V-block  at  that 
end.  The  ball-ended  spindle  is  afterward  placed  into  the  first 
thread  of  the  screw,  and  the  carriage  slowly  moved  to  the  left 

or  right  until  the 
top  of  the  spin- 
dle  (which 
swings  about 
and  slides 
through  the  V- 
support)  just 
touches  the 
knife-edge,  as 
shown  by  the 
electric  circuit 
being  completed 
through  the  gal- 
vanorueter.  The 
reading  of  the 
micrometer  is 
noted.  The  spin- 
dle is  raised  and 
inserted  into  the 
second  thread 
and  the  carriage 
again  moved  un- 
til  electric   con- 

Fowell  Pitch   Machine  .       .  ■  *  i.      i\ 

tact  With  the 
knife-edge  is  obtained.  The  difference  of  readings  of  the 
micrometer  will  give  the  pitch  between  the  first  and  second 
threads;  and  so  on  for  the  succeeding  threads.  The  ball  point 
and  gage  must  be  free  from  oil  or  dirt,  to  obtain  an  electric 
circuit,  and  thus  an  additional  factor  in  favor  of  accuracy 
is  obtained. 

To  take  the  pitch  of  ring  screw  gages,  a  special  appliance 
has  been  designated  in  which  the  mold  is  made  and  afterward 
placed  Into  the  V-blocks  of  the  machine  and  treated  as  a  plug 
screw  gage.  This  appliance  has  centers  so  that  it  may  be  also 
used  to  carry  the  casts  in  the  projection  apparatus  for  throw- 
ing an  enlarged  (fifty  times)  image  of  the  thread  onto  a 
screen,  to  see  that  the  angle  of  the  slopes  and  the  rounding  at 
the  crest  and  root  are  correct.  It  is  useless  to  take  a  cast  fill- 
ing up  the  ring,  as  it  is  usually  spoiled  in  being  withdrawn, 
and,  further,  as  the  cast  has  to  be  unscrewed  to  do  this,  the 
material,  If  plastic,  will  take  the  form  and  pitch  of  the  last 
thread,  and  so  be  worthless.  Thus  only  a  small  segment  of 
the  thread  should  be  molded.  In  the  ordinary  way  It  Is 
troublesome  to  do  this;  also,  as  usually  obtained,  the  cast  has 
no  centers  or  reference  axis  parallel  to  the  thread  for  setting 
up  In  a  pitch  or  other  measuring  machine.  As  the  gage  Is 
made  against  a  faceplate,  the  cast  should  be  carried  in  an 
apparatus  with  Its  axis  exactly  at  right  angles  to  the  face 
of  the  gage  In  order  to  be  able  to  use  It  In  a  pitch  machine. 
The  apparatus  used  Is  shown  In  Fig.  2,  and  consists  of  a  small 
square  base  of  plate  steel  with  the  surfaces  ground  true.  Into 
the  plate  Is  screwed  exactly  at  rlrht  angles  a  spindle  with  an 
Inclined  wedged  shape  slot  at  the  bottom.    The  gage  Is  placed 
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diameter  of  a  correct  screw  are  known  as  "best"   diameter 
wires,  and  their  sizes  are  as  follows: 

TABLE  2.    BEST  DIAMETER  WIRES 


Tig.  2.     Apparatos  to  take  True  Casts  of  Hing  Screw  Gages 

on  the  plate  and  held  against  the  slot  of  the  spindle  by  a 
clamp.  The  sleeve  on  the  spindle  is  brought  down,  so  that 
the  slot  is  not  open  more  than  the  proper  length  where  the 
screw  bears.  A  melted  composition  of  7  per  cent  graphite  and 
93  per  cent  sulphur  is  poured  into  the  slot.  When  set,  the 
clamp  is  removed  and  the  gage  carefully  drawn  away  from  the 
spindle,  over  the  baseplate.  A  perfect  cast  of  the  thread  re- 
mains in  the  spindle,  and  it  cannot  fall  out,  as  the  smaller 
opening  of  the  wedge  is  below  when  the  spindle  is  placed  in 
the  pitch  machine.  The  cast  of  the  thread  as  taken  is  abso- 
lutely parallel  to  the  spindle  and  at  right  angles  to  the  base- 
plate, and  so  is  in   the  correct   condition   for  measurement. 

Measuring  Plug:  Screw  Gagres 

The  usual  way  of  measuring  the  full  diameter  of  plug  screw 
gages  is  by  an  ordinary  micrometer.  This  is  suflBcient,  since 
a  machine,  such  as  described  below  for  checking  the  other 
diameters,  is  not  suitable,  for  the  reason  that  the  micrometer 
spindle  face  may  not  be  absolutely  parallel  to  the  face  of  the 
screw,  and  so  give  a  false  reading;  whereas  for  the  effective 
and  core  diameters,  a  slight  want  of  squareness  of  the  microm- 
eter face  will  not  appreciably  alter  the  result,  because  the 
bearing  is  on  a  wire  or  triangular  piece,  and  is  therefore  self- 
adjusting.  However,  in  measuring  the  full  diameter,  care 
must  be  taken  to  see  that  this  is  done  on  several  diameters 
at  right  angles  to  each  other,  to  note  distortion,  and  also  at 
different  points  along  the  screw  for  taper.  The  effective  diam- 
eter is  measured  by  either  thread  micrometers  or  wires  or, 
preferably,  by  both,  as  any  difference  observed  by  the  two 
methods  shows  that  the  thread  is  of  either  bad  form  or  else 
Is  "staggered"  (inclined  to  one  side  along  the  axis  of  the 
screw);  but  these  defects  are  better  seen  in  a  projection  ap- 
paratus. The  thread  micrometer  should  never  be  used  alone, 
because  It  bears  only  on  protruding  points  on  the  slopes  of 
the  thread.  Also,  the  point  of  a  micrometer  wears  rapidly, 
and  It  Is  difficult  to  check  It  accurately,  the  V-pieces  supplied 
by  makers  being  generally  not  very  reliable. 

Screw  measuring  machines  have  been  devised  where  the 
thread  micrometer  principle  Is  used.  One  of  these  has  a  true 
surface  base  and,  suspended  above,  a  micrometer  head  with 
the  Bplndle  ground  at  the  point  to  the  angle  of  the  thread 
(55  degrees  for  the  Whltworth  thread,  60  degrees  for  the 
metric  and  V.  S.  standard  thread,  and  47'^  degrees  for  the 
British  Association  thread).  On  the  base  rest  little  blocks. 
with  the  tops  ground  to  a  Vedgc,  of  the  same  angle.  The 
screw  is  seated  on  two  of  these  blocks,  placed  as  near  together 
as  possible,  and  then  the  micrometer  point  brought  down  to 
bear,  the  "feel"  being  obtained  by  moving  the  screw  to  and 
fro  on  the  blocks.  The  objection  to  this  Instrument  Is  that 
the  bearing  on  the  blocks  must  be  at  a  number  of  threadH 
apart.  bo(»uiie  of  the  thickness  of  the  blocks,  and  so  the  re- 
■•■  i-l  Is  only  the  mean  effective  diameter  along  tin- 
•  n  that  number  of  threads,  which  Is  an  lnaccurat<! 
'     Uif  K'iKC  Is  ol  all  tttpored. 

The  wire  systom  of  mensurlng  the  offty^tlve  diameter  Is  thp 
most  satisfactory,  but  only  when  properly  carried  out.  The 
system  uiwd  by  tho  wrllor  Is  to  have  two  diamotors  of  wires 
for  each  pitch  of  the  thrnad:  one  to  Rive  the  wire  a  bi-urliiK 
Jnsl  '  "  ■■  •■  •  ~  •',.,,  iiinmoter  of  a  correct  scr<nv. 
and  '  !<•  ri'iitH  In  tho  srrow  jiiHl  nciir 

Its  T'  indlng  of  the  crest  in  tho  caw 

of  the  Whltworth  thread.    The  wires  rostlnfc  on  tho  trun  |iil<'li 


Number  of  Threads 
per  Inch 

Best  Diameter  Wire                                1 

Whltworth  Thread  . 

V.  S.  standard  Thread 

12 

0.0470  inch 

0.0481  inch 

14 

0.0403  inch 

0.0412  inch 

20 

0.0282  inch 

0.0289  inch 

24 

0.0235  inch 

0.0241  inch 

32 

0.0176  inch 

0.0180  inch 

36 

0.0156  inch 

0.0160  inch 

40 

0.0141  inch 

0.0144  inch 

Machinern 

These  diameters  are  calculated  from  the  simple  formula: 
Best  diameter  of  wire  =  D; 

1 

Pitch  of  thread  = =  P; 

Number  of  threads  per  inch 
Included  angle  of  the  thread  =  A; 
P  A 

then  D  = X  sec . 

2  2 

For  the  different  types  of  threads,  we  thus  have: 
Whltworth :  D  =  0.5637P; 

U.  S.  Standard:         D  =  0.5774P; 
British  Association:  D  ^  0.5463P. 
The  wire  that  bears  near  the  crest  of  the  thread  is  known 
as  the  "maximum"  diameter  wire,  and  for  both  the  Whitworth 
and  U.  S.  standard  threads  the  size  can  be  taken  as  1^  times 
the  best  diameter  wire  for  the  same  pitch. 

Therefore    the    maximum    diameter    wires    for    the    several 
pitches  will  be  as  follows: 

TABLE  3.    MAXIMUM  DIAMETER  WIRE 


Number  o(  Threads 
per  Inch 

Maximum  Diameter  Wire 

Whltworth  Thread          1      U.  S.  Standard  Thread 

12 

0.0705  inch 

0.0721  inch 

14 

0.0605  inch 

0.0618  Inch 

20 

0.0423  inch 

0.0434  inch 

24 

0.0353  inch 

0.0362  inch 

32 

0.0264  inch 

0.0270  inch 

36 

0.0234  inch 

0.0240  inch 

40 

0.0212  inch 

0.0216  inch 

ilacMnery 

These    maximum    diameter    D    wires    are    calculated    from: 

Whitworth   Thread:  i)  =  0.845GP; 

U.  S.  Standard  Thread:   /)  =  0.8G61P; 

British  Association:  i)  ^  0.S195P. 

It  Is  not  much  use  employing  wires  of  a  smaller  size  than 

the  best  diameter,  as  they  would  get  too  far  down  into  the 

thread  and  give  no  free  bearing  on  top  for  the  micrometer. 

The   thread   micrometer,   used   in   conjunction   with   the   two 

sizes    of    wire    recommended,    will    generally    show    anything 

wrong  In  the  thread  below  the  point  where  tho  wire  bears.  If 

the  screw  Is  correct  In  form.     Tho  wires  must  be  accurately 

ground  to  size  and  be  round;  also,  the  exact  size  of  the  wire 

must  be  taken   In   ii  measuring  niuchine  to  a  hundred   thou- 
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sandth  of  an  inch.  These  conditions  are  most  essential,  be- 
cause any  difference  in  the  diameter  of  the  wire  is  multiplied 
by  three  (or  more,  see  formula  for  K  below),  in  the  reading 
of  the  effective  diameter.  A  convenient  specification  for  wires 
is  as  follows: 

1.  Each  wire  must  be  round  and  to  the  diameter  given; 
the  combined  error  in  roundness  and  diameter  not  to  exceed 
0.00005  inch. 

2.  Each  wire  must  be  measured  on  a  measuring  machine 
to  OiOOOOl  inch  and  the  mean  diameter  given  on  a  label  at- 
tached to  the  wire. 

3.  Each  wire  will  be  two  inches  long  (this  is  an  average 
size;  for  very  large  screws  the  length  will  be  in  proportion). 
Only  the  center  half  inch  will  be  of  the  exact  dimensions 
specified;  the  remaining  portions  of  the  wires  can  be  black- 
ened, and  should  be  approximately  0.001  inch  to  0.002  inch 
less  in  diameter  than  the  central  portion. 

4.  The  wires  are  to  be  of  hardened  steel,  and  one  end  soft- 
ened, and  bored  or  turned  over  to  make  a  loop  to  fasten  the 
thread  of  the  label  to. 

To  use  these  wires  a  constant  K  must  be  calculated. 
Let  D  =  mean  diameter  of  the  two  or  three  wires  used ; 

A  =  included  angle  of  the  thread; 

P  =  pitch  of  the  thread. 


Then: 


K  =  D 


(^^"t)-(t^°^t) 


Thus,  for  the  several  types  of  thread,  we  have: 

a:  =  3.1657D  —  0.9605P/ 


Whitworth: 
U.  S.  Standard: 
British  Association: 


K  =  3.00000  —  0.8660P; 
£■  =  3.4829I>  —  1.1363P. 


Given  K,  the  micrometer  reading  over  the  wires  minus  K 
equals  the  pitch  diameter  of  the  screw.  In  use,  the  diameters 
of  the  wires  should  be  checked  from  time  to  time  for  wear, 
and,  if  necessary,  the  constant  K  recalculated. 

The  common  way  to  use  the  wires  in  workshops  is  to  employ 
three  in  number,  two  in  adjacent  threads  on  one  side  of  the 
screw  and  one  in  an  intermediate  position  in  the  correspond- 
ing thread  on  the  other  side.  The  wires  are  usually  held  down 
into  the  screw  by  elastic  bands.  If  the  wires  are  suflSciently 
large  in  size  not  to  bend  under  the  pull  of  the  bands,  there  is 
no  objection,  but  often  this  is  not  so,  and  should  the  wires 
bend,  a  false  reading  is  obtained.  A  better  method  is  to  use 
Johansson  blocks  in  the  holder  provided  with  the  set,  and  to 
make  the  distance  between  the  jaws  equal  to  the  measure- 
ment over  the  wires  corresponding  to  the  correct  effective 
diameter.  The  caliper  so  made  is  placed  over  the  screw  and 
the  needles  pushed  into  the  thread;  if  the  feel  is  not  satisfac- 
tory, the  distance  between  the  blocks  is  varied  by  0.0001  inch 
until  it  is.  But  the  best  system  of  measuring  the  effective 
diameter  is  to  have  a  special  machine  for  the  purpose.  In 
Fig.  3  is  shown  a  machine  designed  by  the  National  Physical 
Laboratory  of  England,  consisting  of  a  light  carriage  moving 
on  balls  in  V-ways,  across  a  platform,  or  base,  underneath.  On 
each  side  of  the  carriage  are  brackets,  one  of  which  carries 
a  micrometer  anvil  which  can  be  clamped  in  the  bracket  at 
any  position  along  Its  length,  and  the  other  has  a  fixed  microm- 
eter head.  By  adjusting  the  position  of  the  anvil,  the  gap  of 
the  micrometer  can  be  arranged  to  suit  the  diameter  of  the 
gage  being  Inspected,  the  zero  of  the  reading  being  fixed  by 
Johansson  blocks.  The  carriage  can  be  moved  along  the  plat- 
form laterally  to  bring  the  micrometer  opposite  any  thread 
of  the  screw;  this  motion  Is  over  small  cylinders  resting  In 
V-ways  In  the  platform  and  the  under  side  of  the  carriage 
Cylimlers  are  used  to  permit  an  easy  motion,  but  at  the  same 
time  allow  sufficient  friction  to  keep  the  carriage  In  any  given 
position.  The  screw  gage  is  carried  In  adjustable  centers  In 
brackets  on  the  ends  of  the  platform.  Across  the  carriage  Is  a 
light  steel  support,  with  a  narrow  groove  to  allow  the  thread 
of  the  wires  to  passi,  carrying  the  wires.  An  attachment  for 
the  Pratt  &  Whitney  niea.surlng  machine  has  been  mndo  from 
designs  by  the  writor.  based  on  the  principio  of  the  screw 
mensurlng  machine  Just  di'srrlbod.  With  this  attachment, 
master  plug  screw  gages  can  be  checked  to  about  0.0001  Inch. 

With  these  screw  measuring  InstrumctitR  it  is  hotter  to  use 


one  wire  only  at  each  side  of  the  screw,  of  diameters  as 
nearly  equal  as  possible.  The  wires  are  suspended  into  the 
thread,  opposite  one  another,  and  the  micrometer  head 
screwed  in  until  it  touches  them.  The  feel  is  almost  perfect 
because  of  the  frictionless  movement  of  the  carriage.  To 
check  the  core  diameter  of  plug  screw  gages,  small  triangular 
pieces  are  employed,  ground  to  an  included  angle  of  a  few 
degrees  less  than  that  of  the  screw,  the  edge  of  the  piece  that 
bears  on  the  thread  being  slightly  rounded;  these  pieces  are 
suspended  in  a  similar  way  to  the  wires.  The  width  across 
each  triangular  piece  being  known,  the  subtraction  of  the  sum 
of  the  widths  of  the  two  pieces  from  the  micrometer  reading 
gives  the  core  diameter  of  the  screw.  To  check  the  core  diam- 
eter, an  ordinary  micrometer,  with  the  spindle  ground  to  a 
convenient  angle  and  the  sharp  point  removed,  may  be  used, 
or  an  ordinary  micrometer  may  be  employed  in  conjunction 
with  triangular  pieces,  such  as  those  described  above  for  the 
machine.  When  the  three  ruling  diameters  of  a  screw  have 
been  checked,  in  planes  at  right  angles  to  each  other,  at  differ- 
ent points  along  the  thread,  the  concentricity  of  these  diam- 
eters should  be  measured  over  a  few  places.  This  is  an 
important  proceeding  if  separate  laps  are  used  for  bringing 
the  gage  to  size  on  the  core,  effective  and  full  diameters,  re- 
spectively, since,  as  this  is  thus  done  in  three  distinct  opera- 
tions, the  diameters  may  not  be  concentric.  Alterations  in  the 
structure  of  the  steel  after  hardening  would  also  cause  the 
same  defect.  The  same  reasoning  would  apply  to  screws 
ground  to  size,  when  employing  different  wheels  for  correcting 
the  three  diameters.  The  eccentricity  is  readily  found  by 
using  one  wire  or  one  triangular  piece,  in  the  diameter  meas- 
uring machine  previously  referred  to,  and  measuring  the  full 
diameter.  Observations  are  made  on  the  variation  in  reading 
the  full  diameter  obtained  during  one  revolution  of  the  gage, 
keeping  on  the  same  thread.  Eccentricity  of  core  and  effective 
diameters  can  be  similarly  found  by  using  the  triangular  piece 
and  wire,  respectively,  on  opposite  sides  of  the  gage.  Before 
leaving  the  subject  of  the  measurement  of  the  three  diameters 
of  plug  screw  gages,  attention  may  be  drawn  to  the  difficulty 
of  obtaining  the  core  diameter  correct  within  the  low  limit 
where  the  gage  is  ground  to  size.  Also  there  are  two  other 
important  objections  to  grinding  to  size.  (1)  The  surface  of 
the  thread  always  has  grinding  marks,  which  bring  about  more 
friction  when  using  the  gage  in  the  product,  and  so  increased 
wear.  (2)  The  rough  surface  of  the  thread  may  cause  seizing 
of  the  gage  in  the  product  in  the  cases  of  a  tight  fit.  Thus  It 
is  advisable  to  lap  threads  after  grinding. 

Checking:  Ring-  Screw  Gages 

The  checking  of  ring  screw  gages  is  very  little  understood, 
as  at  present  usually  practiced.  The  common  method  is  to 
employ  a  single  screw  plug  of  normal  dimensions  on  the  core, 
effective  and  full  diameters;  or  else  on  the  effective  and  full 
diameters  only  and  with  a  low  core  diameter,  so  that  a  plain 
plug  has  to  be  used  to  check  the  latter  element  of  the  thread 
of  the  ring  gage.  If  such  checks  go  into  the  gage,  the  test 
is  considered  satisfactory.  But,  of  course,  It  Is  not  so,  for  the 
plug  may  give  a  good  fit  If  it  bears  on  one  diameter  only,  and 
the  other  diameters  of  the  ring  gage  could  be  large,  beyond 
the  tolerance.  Logically,  If  In  the  case  of  a  plug  screw  gage 
each  diameter  is  checked  separately,  the  same  procedure  should 
be  observed  In  the  case  of  a  ring  screw  gage,  but  this  is 
rarely  done.  Of  course,  it  Is  practically  impossible  to  so  check 
a  ring  screw  gage  by  direct  measurements,  but  It  can  be  car- 
ried out  quite  easily  by  Indirect  methods.  For  Instance,  If  for 
a  ring  screw  gage  the  following  set  of  plug  checks  Is  provided, 
each  diameter  is  duly  taken  care  of.    The  checks  are: 

I.  A  "not  go"  full  diameter  check.  This  Is  a  screw  check 
of  a  full  diameter  equal  to  that  of  the  ring  screw  gage,  on  the 
high  limit.  The  angle  between  the  slopes  of  the  thread  at 
the  crest  Is  made  a  couple  of  degrees  less  than  the  Included 
angle  of  the  normal  thread.  The  rounding  at  the  top  of  the 
thread  Is  of  sharp  radius,  and  the  core  diameter  that  corre- 
sponding to  a  Vroot.  Such  a  check  can  only  bear  on  the  full 
(liamoter.  Not  more  than  a  couple  of  threads  are  advisable, 
to  minimize  the  effect  of  errors  on  the  pitch  entorlne  Into 
the  result. 
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2.  A  "not  go"  effective  diameter  check.  This  has  the  effec- 
tive diameter  equal  to  the  high  limit  of  that  element  of  the 
ring  screw  gage.  The  crest  of  the  thread  is  made  flat,  and 
the  root  of  the  thread  carried  down  to  a  vee.  Two  threads  are 
enough.  This  check  can  only  bear  on  the  effective  diameter 
of  the  screw  ring  gage. 

3.  A  "go"  effective  diameter  check.  This  is  similar  to 
No.  2,  only  the  effective  diameter  is  made  to  the  low  limit  of 
the  effective  diameter  of  the  screw  ring  gage. 

4.  A  full  form  "go"  check.  This  should  have  the  dimen- 
sions of  the  low  limits  of  the  ring  screw  gage  on  the  full, 
effective  and  core  diameters,  and  contain  the  same  number  of 
threads.  The  rounding  at  the  crest  and  root  must  be  correct. 
Such  a  check  tests  the  three  diameters  on  the  low  limit,  the 
roundness  at  the  crest  and  root,  and  also  proves  that  the  pitch 
is  correct  if  it  screws  right  home  into  the  gage. 

5  and  6.  "Go"  and  "not  go"  core  diameter  checks.  These 
can  be  In  the  form  of  a  double  ended  plain  plug,  with  the 
two  diameters  the  same  as  the  high  and  low  limits,  respec- 
tively, of  the  core  diameter  of  the  ring  screw  gage. 

The  ruling  diameters  of  each  of  these  checks  should  not 
have  a  greater  tolerance,  in  any  case,  than  +  0.0001  inch 
for  the  "not  go"  checks  and  —  0.0001  inch  for  the  "go"  checks. 
The  error  in   the  pitch  should  not  be  beyond   ±  0.0001   inch. 

With  a  set  of  checks  on  this  system  the  manufacturer  knows 
at  every  stage  of  the  finishing  of  the  ring  screw  gage  how 
the  work  is  proceeding,  and  a  great  number  of  spoiled  gages 
will  be  avoided  by  their  use.  For  inspection  purposes,  a  set 
of  checks  as  above  is  also  desirable,  but  not  essential,  since  a 
ring  screw  gage  can  be  satisfactorily  inspected  if  only  Nos. 
1,  2,  3  and  4  are  used. 

The  form  of  the  thread  of  a  ring  screw  gage  is  checked  by 
Xo.  4,  but  as  an  additional  measure  it  can  be  observed  by 
taking  a  cast  of  the  thread,  employing  such  an  apparatus 
as  that  shown  in  Fig.  2.  The  cast  should  be  placed  in  a  pro- 
jection apparatus,  so  that  an  exact  image,  enlarged  fifty  times. 
can  be  thrown  onto"  a  screen  and  compared  with  a  carefully 
drawn  out  enlargement  of  the  thread  made  on  cardboard  and 
adjusted  on  the  image. 

In  concluding  this  account  of  accurate  methods  of  checking 
screw  gages,  a  recapitulation  of  the  essential  equipment  may 
be  made.    This  should  consist  of: 

1.  A  pitch  measuring  machine  to  read  from  thread  to 
thread,  to  at  least  0.0001  inch. 

2.  An  appliance  to  take  casts  of  ring  screw  gages,  so  ar- 
ranged that  the  cast  may  be  accurately  set  up  In  the  pitch 
machine,  or  projection  apparatus. 

3.  A  screw  measuring  machine  to  check  the  governing  di- 
ameters of  a  plug  screw  gage  with  accuracy  to  0.0001  inch. 
An  equipment  of  best  diameter  and  maximum  diameter  wires, 
and  triangular  pieces  for  same. 

4.  Thread  micrometers,  checked  for  accuracy,  to  use  in 
conjunction  with  the  screw  measuring  machine. 

5.  Ordinary  micrometers,  to  measure  full  diameters,  with 
Johansson  blocks  to  keep  them  accurate. 

6.  Complete  sets  of  chef:k  plugs  for  the  several  diameters, 
Idt'h  and  form  of  thread  of  ring  screw  gages. 

Finally,  the  equipment  would  be  complete  with  a  projection 
apparatus  for  observing  the  angle  between  the  slopes  of  the 
thread,  and  the  form  of  the  thrond. 
•     •     • 
STATE  REVENUES 
Accord Inic    to    the    United    States    Bureau    of    the    Consus, 
twenty-six  states  are  not  paying,  from  their  revenues,  tholr 
total  expenses  for  governmental  costs,  Interest  on  IndobtodnoHH 
ftnd  outlays  for  pormannnt  Improvements;   and  of  this  nuin 
i'T  .  :-ven  are  not  even  moolInK  their  current  oxponsos  and 
■'':t.     In  twenty-two  states,  however,  the  rovonuos  exceed 

'  "•■-.TDn  for  current  oxpenBi-s,  Interest  uiid  out- 

■  revenues  of  nil  Ihi-  «tiilos  during  liiHt  year 
the  aKKrognte  nxp'indlturxs  for  current  gov- 
prnriiintni  timls.  inrliidlng  Interest  on  IndchtcdnosN,  |42G,071,- 
003;  and  the  aKKregato  outlays  for  permanent  Improvements, 
$86,048,206.  About  78  p"r  cent  of  the  total  revenues  Is  ro- 
celro'l  from  taxes. 


SPECIFICATIONS  AND  INSPECTORS 

A  little  knowledge  is  a  dangerous  thing,  and  nowhere,  per- 
haps, as  dangerous  as  in  the  mind  of  an  inspector  of  war 
materials  who  tries  to  fulfill  his  duties  conscientiously,  but 
whose  previous  training  for  this  work  has  not  made  it  possible 
for  him  to  master  all  the  little  details  of  mechanics  and  metal- 
lurgy. Recently,  at  a  large  factory  building  airplane  motors 
for  the  government,  the  superintendent  brought  the  inspector 
a  record  of  the  analysis  made  of  some  nickel  steel  specified 
in  the  contract.  The  specifications  called  for  3.5  nickel  steel 
with  certain  physical  properties,  and  the  analysis  read  as 
follows:  Nickel,  3.47  per  cent;  manganese,  0.63  per  cent; 
phosphorus,  0.03  per  cent;  sulphur,  0.02  per  cent;  carbon,  0.33 
per  cent.  When  the  inspector  came  to  the  carbon  content,  he 
promptly  pushed  the  paper  away  from  him,  saying,  "Rejected; 
this  should  be  nickel  steel  and  it  contains  carbon,  and  is  a  low 
carbon  at  that." 

In  another  case,  a  conscientious  inspector  carefully  added 
together  the  percentages  of  the  chemical  analysis  for  a  nickel- 
chromium  steel  and  found  that  the  total  of  the  chromium, 
nickel,  manganese,  carbon,  phosphorus  and  sulphur  added  up 
to  exactly  5.73  per  cent.  Turning  to  the  superintendent,  he 
said:  "Your  chemist  must  have  made  some  mistake  here;  his 
analysis  ought  to  add  up  to  100  per  cent,  and  it  only  adds  up 
to  5.73.  Probably  he  has  got  the  decimal  point  wrong  some- 
where!" 

*     *     • 

RESERVOIR  CONTROL  FOR  OHIO  RIVERS 

Plans  have  been  made  for  checking  floods  in  the  Miami 
Valley  of  Ohio  which,  it  is  confldently  believed,  will  prevent  a 
repetition  of  the  Dayton  disaster,  the  plans  adopted  being  a 
combination  of  channel  improvements  and  reservoirs.  The 
system  of  reservoirs  is  capable  not  only  of  taking  care  of  ordi- 
nary floods,  but  of  emptying  gradually  into  the  river  a  flood 
lasting  from  eight  to  twenty  days,  if  any  such  flood  should 
occur.  The  reservoir  control  is  to  be  accomplished  by  five 
retarding  basins,  one  above  Piqua,  four  above  Dayton  and  one 
above  Hamilton.  These  basins  will  be  formed  by  dams  built 
across  the  Miami,  Mad  and  Stillwater  Rivers,  and  some  of  the 
smaller  streams.  Each  dam  will  have  a  permanent  opening 
through  its  base  through  which  the  ordinary  flow  of  the  river 
will  pass  unimpeded.  During  large  floods  the  water  which 
cannot  pass  through  the  outlet  conduits  will  be  held  back 
temporarily  in  the  basins  above  the  dams.  The  conduits  are 
proportioned  so  that  no  more  water  can  pass  through  them 
tlian  can  be  carried  safely  in  the  channels  through  the  cities 
below. 


TECHNICAL  MEN  FOR  U.  S.  SERVICE 
The  attention  of  technical  graduates  is  called  to  the  oppor- 
tunities for  war  service  in  an  announcement  issued  by  Major 
J.  E.  Bloom,  U.  S.  A.,  Newark,  N.  J.  Men  skilled  in  any  line 
of  science  or  mechanics,  electrical  or  chemical  work,  ordnance, 
explosives,  raining  or  shipbuilding,  railroads,  motors,  metal- 
lurgy, building  of  airplanes,  water  supply  or  sanitation  are 
urgently  needed.  Tlic  Army  wants  sucli  men  between  the  ages 
of  eighteen  and  forty  years  to  enlist  for  I  lie  period  of  the  war. 
Men  with  a  technical  education  but  unable  to  volunteer  are 
invited  to  cooperate  by  organizing  guilds,  societies  and  other 
liodloH  that  can  bo  made  most  helpful  to  government  war  work 
by  expert  direct  Ion 


EXPERT  TOOLMAKERS  WANTED 
'I'he  Niitloniil  llureiiu  of  StiindiirdH  has  not  yet  oblninod  all 
llie  men  needed  to  fill  expert  toolniakor  positions  with  salaries 
of  $1500  per  year.  The  duties  In  such  poslMonR  are  Iho  mak- 
ing of  appuratuR  for  leHtlng  KngoH  for  military  purpoHeH.  Seven 
and  a  half  liourH  conHtltuto  a  day'H  work,  and  a  vacation  of 
thirty  days  with  pay  Ih  kIvc-u  exceiil  when  i-onilHlniiH  prevent. 
Men  who  are  qualinod  to  fill  such  ponltlonH  are  urged  to  com- 
municate at  once  with  llio  Durnnu  of  SlaiulnrdM,  WoshlnRton, 
I)  C  ,  stating  tlinir  training  nnd  expiTleiii'e.  ago,  place  of  birth 
and   reforenceH 
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WAR   DEPARTMENT   TOLERANCES   FOR 
SCREW   THREADS 

The  tolerances  recorded  in  the  accompanying  table  have  been 
established  by  the  Ordnance  Department  for  use  in  the  manu- 
facture of  artillery  ammunition,  trench  warfare  material,  and 
gun  parts,  in  cases  where  the  U.  S.  standard  form  of  thread 
is  used.  At  the  present  time,  nearly  all  ordnance  designs  ot 
screw  threads  are  based  upon  the  "medium  fit"  given  in 
the  table,  but  it  is  proposed  to  use  all  three  fits,  in  each  case 
allowing  the  largest  tolerance  that  can  be  permitted  without 
affecting  the  proper  function  of  the  parts  under  consideration. 

In  the  manufacture  of  artillery  ammunition,  where  the  parts 


are  only  expected  to  function  temporarily,  or  perhaps  only  one 
time,  it  would  manifestly  be  absurd  to  require  such  fits  as  are 
necessary  on  machinery  subjected  to  vibration  and  wear.  An- 
other consideration  of  great  importance  is  that  the  production 
is  decreased  when  the  closer  fits  are  required,  and  evidently 
production  is  one  of  the  main  requirements  at  the  present  time. 
It  is  believed  that  manufacturers  will  find  no  difliculty  in 
meeting  the  requirements  of  the  medium  fits,  and  judging  by 
the  experience  of  American  manufacturers  in  fulfilling  the  early 
requirements  of  the  British  and  Russian  governments,  there 
should  be  little  difficulty  in  meeting  even  the  close  fits. 
The  last  column  in  the  table,  which  gives  the  minimum 
strength  corresponding  to  the  various  fits  on  the  assumption 


ORDNANCE  DEPARTMENT  TABLE  OF  TOLERANCES  FOR  SCRE"W  THREADS 
(U.  S.  STANDARD  FORM) 


CIX)SK    FIT                                                                                                                                                            1 

Nnmber  of 
Threads 
per  Inch 

Tolerances  on  Screws 

Neutral  Space 
between  Max- 
imum Screw 
and  Mini- 
mum Nut 

Tolerances  on  Nots 

D                              E 
PnU                        Effective 
Diameter                 Diameter 

K 

Core 

Diameter 

D, 

Full 
Diameter 

E, 
Effective 
Diameter 

K, 

Core 
Diameter 

Percent 
Strength 
(Approxl- 
Aately) 

) 
.   -                 +  0.000 
*""                —  0.008 
7_^0               +  0.000 
'  ^"              —0.006 
11-18               +0.000 
^^  ^^              -0.005 

20-28               +  O""'' 
20-28               _  0.004 

30-40               +  0"00 
30-40               _  (J  QQ3 

44-56               +  OOOO 
44-5b                _  p  QQ2 

1 

+  0.000 

—  0.008 
+  0.000 

—  0.006 
+  0.000 

—  0.005 
+  0.000 

—  0.004 
+  0.000 

—  0.003 
+  0.000 

—  0.002 
+  0.000 

—  0.0015 

+  0.000 

—  0.025 
+  0.000 

—  0.016 
+  0.000 

—  0.010 
+  0.000 

—  0.008 
+  0.000 

—  0.006 
+  0.000 

—  0.004 
+  0.000 

—  0.003 

0.008 
0.006 
0.005 
0.004 
0.003 
0.002 
0.001 

—  0.000 
+  0.025 

—  0.000 
+  0.016 

—  0.000 
+  0.010 

—  0.000 
+  0.008 

—  0.000 
+0  .006 

—  0.000 
+  0.004 

—  0.000 
+  0.003 

—  0.000 

+  0.008 

—  0.000 
+  0.006 

—  0.000 
+  0.005 

—  0.000 
+  0.004 

—  0.000 
+  0.003 

—  0.000 
+  0.002 

—  0.000 
+  0.0015 

-0.000 

+  0.008                    ^^ 

—  0.000                    g, 
+  0.006                    '** 
-0.000        1 

+  0.005                    ^^ 

-0.000        1 

+  0.004                    ^0 

—  0.000                    -. 
+  0.003                    ""* 
-0.000 

+  0.002                    '" 

-0.000 

+  0.0015      1            ^0 

MEDIUM   FIT                                                                                                                                              1 

Nainb«r  of 
Threads 
per  Inch 

Tolerances  on  Screws 

Nentral  Space 
between  Max- 
imum Screw 
and  Mini- 
mum Nut 

Tolerances  on  Nats 

Minimum 
Per  Cent 
Strength 
(Approxi- 
mately) 

D 

FnU 

Diameter 

B 
EffectlTe 
Diameter 

K 

Core 

Diameter 

D. 

FuU 

Diameter 

E. 
EffectlTe 
Diameter 

El 

Cora 

Diameter 

4-6 
7-10 
11-18 
20-28 
30-40 
44-56 
64-80 

+  0.000 

—  0.016 
+  0.000 

—  0.012 
+  0.000 

—  0.008 
+  0.000 

—  0.006 
+  0.000 

—  0.004 
+  0.000 

—  0.003 
+  0.000 

—  0.002 

+  0.000 

—  0.016 
+  0.000 

—  0.012 
+  0.000 

—  0.008 
+  0.000 

—  0.006 
+  0.000 

—  0.004 
+  0.000 

—  0.003 
+  0.000 

—  0.002 

+  0.000 

—  0.035 
+  0.000 

—  0.022 
+  0.000 

—  0.014 
+  0.000 

—  0.010 
+  0.000 

—  0.007 
+  0.000 

—  0.005 
+  0.000 

—  0.003 

0.008 
0.006 
0.005 
0.004 
0.003 
0.002 
0.001 

—  0.000 
+  0.035 

—  0.000 
+  0.022 

—  0.000 
+  0.014 

—  0.000 
+  0.010 

—  0.000 
+  0.007 

—  0.000 
+  0.005 

—  0.000 
+  0.003 

—  0.000 
+  0.016 

—  0.000 
+  0.012 

—  0.000 
+  0.008 

—  0.000 
+  0.006 

—  0.000 
+  0.004 

—  0.000 
+  0.003 

—  0.000 
+  0.002 

—  0.000 
+  0.016 

—  0.000 
+  0.012 

—  0.000 
+  0.008 

—  0.000 
+  0.006 

—  0.000 
+  0.004 

—  0.000 
+  0.003 

—  0.000 
+  0.002 

78 
72 
65 
60 
60 
69 
63 

L008B  FIT                                                                                                                                    1 

Number  of 
Threads 
per  Inch 

4-6 
7-10 
11-18 
20-28 
30-40 
44-56 
64-80 

Toleraneu  on  Screws 

Neotral  Space 
between  Max- 
imum Screw 
and  Mini- 
mum Nut 

Tolermnces  on  Nats 

Minimum 
Per  Cent 
Strength 
(Appraxl- 
matelj) 

D 

Pull                      BffcctlTe 
Diameter                 Diameter 

K 

Core 

Diameter 

roll 
Diameter 

B, 

BflecttTC 
Diameter 

Ei 

Core 

Diameter 

+  0.000 

—  0.030 
+  0.000 

—  0.020 
+  0.000 

—  0.012 
+  0.000 

—  0.008 
+  0.000 

—  0.006 
+  0.000 

—  0.004 
+  0.000 

—  0,003 

+  0.000 

—  0.030 
+  0.000 

—  0.020 
+  0.000 

—  0.012 
+  0.000 

—  0.008 
+  0.000 

—  0.006 
+  0.000 

—  0.004 
+  0.000 

—  0.003 

+  0.000 

—  0.045 
+  0.000 

—  0.030 
+  0.000 

—  0.018 
+  0.000 

—  0.012 
+  0.000 

—  0.008 
+  0.000 

—  0.006 
+  0.000 

—  0  004 

0.008 
0.006 
0.006 
0.004 
0.003 
0.002 
0.001 

—  0.000 
+  0.045 

—  0.000 
+  0.030 

—  0.000 
+  0.018 

—  0.000 
+  0.012 

—  0.000 
+  0.008 

—  0.000 
+  0.006 

—  0.000 
-+-  0.004 

—  0.000 
+  0.030 

—  0.000 
+  0.020 

—  0.000 
+  0.012 

—  0.000 
+  0.008 

—  0.000 
+  0.006 

—  0.000 
+  0.004 

—  0.000 
+  0.003 

—  0.000 
+  0.030 

—  0.000 
+  0.020 

—  0.000 
+  0.012 

—  0.000 
+  0.008 

—  0.000 
+  0.006 

—  0.000 
+  0.004 

—  0.000 
+  0.003 

61 
56 
51 
48 
45 
48 
47 
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Figs.  1  to  3. 


that    the    male    and 

female  threads  have 

the    same   lead,   will 

prove     of     consider- 
able    interest      The 

figures      give      the 

strength  in  per  cent 

of    the    strength    of 

the  unthreaded  holt. 
In  connection  with 

drawings     of    screw 

threads,     the     Ord- 

nance  Department 
specifies  that  all  diameters  of  the  maximum  male  thread,  or 
basic  size,  are  to  be  expressed  in  the  closest  thousandth  of 
an  inch.  In  the  table,  the  expressions  "full  diameter,"  "ef- 
fective diameter,"  and  "core  diameter"  are  used.  The  full 
diameter  is  the  outside  diameter;  the  effective  diameter  is 
what  is  also  often  known  as  "pitch  diameter"  or  "angle  diam- 
eter"; and  the  core  diameter,  what  is  frequently  known  as 
"root  diameter."  The  tolerances  specified  in  the  various 
classes  of  fits  for  the  core  diameter  of  a  screw  and  the  full 
diameter  of  a  nut  differ  from  those  specified  for  the  other  diam- 
eters. This  condition  results  in  the  possible  production  of  a 
thread  of  which  the  flat  at  the  root  is  less  than  that  of  an 
accurate  U.  S.  form  of  thread.  This  is  permitted  in  order  to 
allow  additional  wear  of  the  cutting  tools  and  thus  facilitate 
the  manufacture.  The  tolerances  for  the  core  diameters  of 
screws  and  the  full  diameters  of  nuts  are  so  proportioned  that 
taps  and  threading  tools  may  be  made  with  a  flat  which  is  75 
per  cent  of  the  standard  flat.  In  order  to  prevent  errors  in 
the  construction  of  gages  and  threading  tools,  however,  a  note 
should  appear  conspicuously  on  all  part  drawings,  as  follows: 
"Threads  do  not  conform  at  root  to  U.  S.  form,  owing  to  the 
additional  tolerances  allowed." 

In  the  accompanying  illustration.  Fig.  1  illustrates  the  con- 
dition of  what  might  be  called  the  "neutral"  space,  when 
the  female  part,  or  nut,  is  at  its  minimum  and  the  male  part, 
or  screw,  is  at  its  maximum.  The  maximum  screw  is  the 
basic  size  from  which  all  dimensions  are  computed.  All  toler- 
ances applied  to  the  diameters  on  the  screw  are  "minus"  ( — ) ; 
all  tolerances  applied  to  the  diameters  on  the  nut  are 
"plus"  (4-)-  Fig-  2  Illustrates  the  dimensions  and  application 
of  the  tolerances  of  a  screw  as  they  would  be  given  on  a 
drawing,  and  shows  how  a  screw  thread  of  medium  fit  would 
be  dimensioned.  Fig.  3  shows  the  dimensions  and  tolerances 
of  a  nut  corresponding  to  the  screw  shown  in  Fig.  2. 
•  •  * 
CONTINUOUS  MILLING 
In  any  scheme  of  so-called  "continuous  milling"  the  object 
Is  to  keep  the  cutters  at  work  the  maximum  time  possible. 
Continuous  milling  machines  are  of  the  rotary  work-table  and 
planer-table  types.  The  rotary  table  machine  la  set  with  Its 
table  axis  either  vertical  or  horizontal.  The  vertical  axis  type 
has  tho  advantaRe  of  easy  loading  and  Inspection  of  the 
rutter  at  work,  while  the  horizontal  axis  table  can  be  made  to 
work  between  opposed  cutters,  which  mill  the  pieces  on  both 
ends  simultaneously  and  to  length.  This  machine  requires  a 
polygonal  work-table  with  work-holding  fixtures  on  the  re- 
spective faces.  More  time  Is  lost  while  the  cutter  Is  feeding 
from  one  piece  to  the  next  In  the  horizontal  axis  machine  than 
on  the  vertical  because  of  the  fixed  diameter  of  the  loading 
circle,  but  this  lost  time  may  bo  considerably  reduced  by  auto- 
mntlcnlly  speeding  up  the  food  motion  between  cuts. 

The  plannr-tnhic  typo  mnrhino  may  be  used  for  onntlnuous 
mlllInK  In  sovernl  ways.  The  work  ploros  may  ho  strung  on 
th«  table  and  milled  with  the  table  foodlng  "against  the  cutter" 
until  the  limit  of  traverse  Is  roa/rhoil.  and  Ihon  the  feed  Is 
rov<rK<'1  u,  irnvci  "with  the  cutler."  The  work  ptarea  are 
rornf.-.-'l  im  n.-ai  tin  flnlshod  and  replaced  by  others.  The  ob- 
Jocllon  I'.  (hU  motbod  Is  the  rtlffcronro  In  mtler  action  on 
the  forward  and  return  feed.  Another  moihod  siiccossfully 
nmployod  In  motor  car  work  Is  to  rnmovo  parts  as  soon  as  thoy 
are  mlllod  and  r«>turn  the  table  by  a  quick  traversing  motion 
The  work  pieces  In  the  first  rank  are  quickly  clomped  In  position 


ble" 


and  the  feed  thrown 
in.  The  filling  up  of 
the  table  is  done 
while  the  pieces  first 
placed  are  being 
milled.  This  plan  is 
most  successful  on 
large  machines  on 
which  two  men  can 
be  kept  busy.  On 
light  milling  suited 
to  Lincoln  type  ma- 
chines the  "drop  ta- 
may  be  employed  to  secure  rapid  production.    The  table 


Uethod  of  giving  TolerancoB  on 


is  reloaded  as  the  work  is  milled,  and  at  the  end  of  the  traverse 
it  drops  a  fraction  of  an  inch  to  clear  the  cutters  and  reverses. 
On  completing  the  reverse  motion,  the  table  rises  to  the  cut- 
ting level  and  the  operation  is  repeated.  In  this  way  the  work 
always  approaches  the  cutter  from  the  same  side. 

A  new  way  of  continuous  milling  on  planer-type  machines 
has  come  into  limited  use  during  the  past  few  years,  which  is 
known  as  the  removable  platen  method.  The  work  is  loaded 
onto  a  short  platen  while  at  rest  on  a  bench  alongside  of  the 
machine,  and  the  platen  is  then  hoisted  and  lowered  onto  the 
ways.  A  rack  on  the  under  side  engages  the  longitudinal 
feed-screw  and  feeding  toward  the  cutter  begins.  Meanwhile 
a  platen  ahead  carrying  similar  parts  has  passed  beyond  the 
cutters  and  is  ready  to  be  unloaded.  This  is  hoisted  and 
troUeyed  to  the  head  end  of  the  machine  and  lowered  onto 
the  bench,  where  the  work  is  removed  and  more  pieces  put  on. 
The  operation  is  thus  kept  up  continuously.  The  minimum 
number  of  platens  required  is  two,  but  three,  four  or  five  are 
often  used. 


ANNUAL    CONVENTION  OF  THE  AMERICAN 
SOCIETY  OF  MECHANICAL  ENGINEERS 

As  the  keynote  of  the  annual  convention  of  the  American 
Society  of  Mechanical  Engineers,  which  was  held  in  New  York 
City,  December  4  to  7,  was  the  service  rendered  by  the  me- 
chanical engineer  in  time  of  war,  it  is  evident  that  all  the  im- 
portant papers  and  sessions  had  some  bearing  upon  war  work. 
The  report  by  the  gage  committee  and  the  resolution  passed 
in  connection  with  the  presentation  of  this  report  Is  mentioned 
elsewhere  in  this  number;  the  machine  shop  session  also  being 
concentrated  upon  gaging  and  inspection,  gave  this  subject 
due  prominence  during  the  convention.  It  may  be  expected 
that  on  the  basis  of  what  was  said  and  done  further  progress 
will  be  made,  and  more  detailed  attention  given  to  many  of 
the  Important  problems  in  connection  with  the  manufacture 
and  inspection  of  war  materials. 

Charles  T.  Main,  who  was  elected  president  of  the  society, 
has  for  many  years  been  prominent  as  a  consulting  engineer 
In  Boston,  having  designed  and  supervised  the  construction 
of  many  steam  and  water  power  plants,  some  of  his  largest 
undertakings  being  the  Wood  Worsted  and  the  Ayer  Mills  in 
Lawrence,  Mass.,  and  four  hydraulic  developments  for  the 
Montana  Power  Co.,  aggregating  about  280,000  horsepower. 
Mr.  Main  has  been  a  member  of  the  American  Society  of 
Mechanical  Engineers  since  1886  and  has  served  on  Its  board 
of  managers  for  the  past  three  years.  Ho  Is  also  a  member 
of  the  American  Society  of  Civil  Engineers.  Since  1892  he 
has  practiced  as  a  consulting  engineer,  and  until  1907  was 
associated  with  P.  W.  Ooan  In  the  firm  of  Dean  &  Main. 

The  conferring  of  lionorury  nicnibcrHlilp  upon  Major  (ioneral 
fleorgo  W.  (locthalfl  In  niroKnltlon  of  IiIh  nchlovomonts  In  engl- 
noorlng  and  llio  prcsonre  of  ox-PrcRldont  Tnft,  wlio  uddroHsod 
llio  Bodnty  at  the  opening  soHwIon,  were  cvontH  thiit  tiiarkod  the 
convention  and  aided  In  making  It  an  important  event  In  the 
history  of  the  society.  Tho  spring  meeting  this  your  will  bo 
hold  In  Worcester,  Mass.,  the  exact  dato  not  having  boon  yot 
doflnltoly  snttlod  upon. 

•     •     • 

Of  tho  131  oloctrlc  stool  moiling  fiirnucoH  In  Oroat  Ilrltain, 
70  arn  In  Hlioffield,  which  Is  probably  llu>  largest  number  of 
such  furnarns  In  any  one  rontnr  In  tho  world. 
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WEBSTER  &  PERKS  NO.   1   UNIVERSAL  CYLINDRICAL  GRINDER 


In  a  No.  1  universal 
cylindrical  grind! n  g 
machine  which  has  re- 
cently been  placed 
upon  the  market  by 
the  Webster  &  Perks 
Tool  Co.,  Springfield, 
Ohio,  the  design  has 
been  worked  out  to  se- 
cure the  combined  fea- 
tures of  rigidity  In  the 
machine  and  accuracy 
of  the  work  produced 
on  It.  Of  course,  these 
two  conditions  are 
closely  related;  In 
fact,  they  represent  a 
typical  example  of 
cause  and  effect.  Ex- 
ceptionally heavy  slid- 
ing and  swivel  tables 
are  provided  on  the 
machine,     and     the 


wheel-stand  Is  fur- 
nished with  large 
bearing  surfaces.  The 
table  drive  and  cross- 
feed  mechanism  are 
assembled  in  a  unit, 
making  it  an  easy 
matter  to  remove  them 
from  the  machine.  The 
wheel-stand  and  head- 
stock  bearings  are  lib- 
erally proportioned, 
and  the  dead  center 
pulley  bearing  is 
equipped  with  a 
double-row  ball  bear- 
ing- Both  the  head- 
stock  and  tailstock  are 
aligned  against  the 
front  edge  of  the 
swivel  table  by  T-head 
bolts  engaged  in  a  45- 
desree  angle  T-slot  In 


rU.  I.     T—A  MtobuiUm  of  W»b«Ur  k  TttkM  Orindtr 
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43  by  112  inches;   and  complete  weight  of  machine,  approxi- 
mately, 3600  pounds. 


tely  aligning   Ball-bearing 

the  swivel  table,  which  insures  absolutely  accurate  alignment 
This  arrangement  will  be  best  understood  by  referring  to  Fig.  4. 

Automatic  cross-feed  permits  of  feeding  at  either  or  both 
ends  of  the  table  travel  by  means  of  a  movable  cam  roller. 
The  micrometer  feed  is  controlled  by  a  knurled  nut  which 
gives  a  quick  reading  from  0.00025  to  0.004  incOi.  The  ar- 
rangement of  this  feed  mechanism  is  shown  in  Fig.  2  and  it 
is  said  to  be  very  satisfactory  in  operation.  A  lever  at  the 
front  of  the  machine  provides  for  obtaining  either  fast  or 
slow  table  travel,  and  with  a  four-step  cone  pulley  on  the 
countershaft  eight  changes  of  table  speed  are  obtainable.  Fig. 
5  shows  the  arrangement  of  an  internal  grinding  attachment 
provided  for  use  on  this  grinding  machine;  the  internal  at- 
tachment and  countershaft  are  both  equipped  with  adjustable 
ball  bearings  which  are  required  in  this  connection  because 
the  internal  attachment  is  designed  for  operation  at  speeds  of 
15,880  and  19,000  R.P.M. 

In  developing  this  new  grinding  machine,  the  Webster  & 
Perks  Tool  Co.  has  made  every  effort  to  provide  an  equipment 
which  will  grind  work  within  the  most  exacting  limits  of 
accuracy  that  can  be  expected  from  machines  of  this  type; 
and  an  effort  has  also  been  made  to  simplify  the  design  and 
construction  In  order  to  reduce  as  far  as  possible  the  pos- 
sibility of  the  machine  getting  out  of  order,  and  also  to  elim- 
inate all  unnecessary  complications  from  the  operation. 

The  principal  dimensions  of  the  machine  are  as  follows: 
range,  for  handling  work  up  to  10  by  30  inches;  maximum 
diameter  of  work  that  can  be  ground  with  full  sized  wheel, 
10%   inches;   maximum  grinding  length,  32  Inches;   range  of 


n  V          \\ 
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Kradunlluiis  on  mwIvcI  tablu,  8  UegrcCH;  range  of  graduations 
on  boadatock,  90  degrees;  lenglb  of  hoadiitock  bcarlngn,  3  ami 
4  Inchvii,  reapectlvely;  range  of  graduations  on  wheel  h1I(1«> 
base,  90  decrees  co/rb  aide  of  renter;  width  of  wheel  driving 
biill,  2  Inrhes;  dlnienaionK  of  grinding  wliecl.  10  InchcH  In 
dIameliT  by  ^i  Inch  fac<i  width;  diamoler  of  hole  In  grlndlnK 
whe«l,  r;  Inchca;  dlmonalon*  of  end  grinding  wheel,  6  Inrhun 
In  dlanioter  by  '/^  Inch  faro  width;  diameter  of  hole  In  end 
grlndlriK  wbMl,  2  Incbea;  minimum  rt-ductlon  by  autnmatlr 
cross-feed,  0  0002C  Inch;  maximum  reduction  by  automatir 
rrossfMd.  0,004  Inrh;  minimum  reduction  Indlrnled  by  cross- 
I'll,  0  00020  Inrh;  iiunilinr  of  nvallable  work 
"f  nvullable  table  Hpoeds,  H;  runKn  of  tulilc 
•  i,..r  tnit,i|tn;  numbiT  of  wheel  apcoda,  2; 
•''»"  ii'l  2X00  roroliitlnns  per  minute, 

typ"  ihHTshnfl,  Hyatt  roller;   speed  'if 

connlirrBlij.'!,  .lOO  rKHiluUmi*  per  minute;    width  of  countiT 
shsft  drlvinit  belt.  4  Inchps;  floor  spare  occupied  by  marhlni!. 


NOBLE   &  WESTBROOK  MARKING 
MACHINE 

In  Fig.  1  there  is  shown  a  special  machine  for  impressing 
graduations  and  figures  on  circles  and  halt  circles  in  a  single 
operation.  This  machine  is  a  recent  product  of  the  Noble  & 
Westbrook  Mfg.  Co.,  Hartford,  Conn.,  and  represents  an  ad- 
dition to  the  line  of  marking  machines  of  this  company's 
manufacture.  It  is 
of  simple  construc- 
tion, accurate,  and 
easy  to  operate ; 
and  its  use  effects 
quite  a  saving  for 
the  manufacturer 
when  a  large  quan- 
tity of  pieces  has  to 
be  graduated.  The 
graduating  die  is 
carried  in  a  holder 
keyed  to  a  rotating 
shaft  which  runs  in 
bronze  bearings 
provided  with 
means  of  adjust- 
ment. The  work  is 
held  in  the  proper 
relation  to  the  die 
with  accurately  cut 
gears,  and  the  depth 
of  impression  is 
provided  by  foot 
pressure  applied 
through  a  lever  and 
cam,  which  is  ad- 
justable so  that  it 
is  possible  to  regu- 
late the  depth  of 
impressions  to  0.010 
inch.  This  means 
that  even  and  ac- 
curate   impressions 


,m\^Kmt 


Fig,  1.     Graduating  and  Marking  Machine 
built  by  Noble  &  Westbrook  Mfg.  Co. 


can  be  secured;  and  the  possibility  of  completing  the  graduat- 
ing and  numbering  operation  at  a  single  turn  of  the  machine 
assures  a  highly  satisfactory  rate  of  production.  Machines  of 
this  type  are  suitable  not  only  for  graduating  round  circles, 
but  also  half  circles  of  the  kind  used  on  compound  rests  for 
lathes  and  for  numerous  other  classes  of  work.  An  Idea,  of 
the   range    of    work    handled    will    be    obtained    from    Fig.    2 


ri«.  I.     Ka*m»l«  *t  WMk  d*M  kx  N*bU  *  Weilbrook  Muklnt  KiekiM 


January,  1918 


MACHINERY 


461 


SUNDSTROM   DIE   TESTING   PRESS 

The  "Rex"  die  testing  press  was  originally  designed  and 
built  by  the  Sundstrom  Mfg.  Co.,  3201  Shields  Ave.,  Chicago, 
111.,  for  use  in  its  own  shop  in  spotting  dies,  shearing  and 
scraping  in  punches,  etc.,  but  has  proved  so  satisfactory  a 
tool  that  a  decision  was  recently  reached  to  build  the  press 
for  the  market.  It  is  stated  that  the  ideal  way  to  use  this 
press  is  to  place  one  between  each  two  mechanics  in  the  tool- 
room, who  are  engaged  on  die  work,  so  that  the  press  may  be 
used  for  die  testing  without  requiring  men  to  leave  their 
bench.  With  such  an  equipment  no  time  is  lost  by  having 
men  carry  their  work  to  a  large  press,  and  there  is  not  the 

tendency  for  men  to 
stand  around  and  "visit" 
while  some  ,  other  me- 
chanic is  working  the 
machine  which  they  de- 
sire to  use,  but  serious 
as  this  loss  of  time  is 
sure  to  be,  it  is  liable 
to  be  cumulative  in  its 
effect,  because  a  me- 
chanic will  often  have 
to  go  back  and  forth 
several  times  between 
his  bench  and  the  press 
before  he  has  secured 
the  desired  result.  Also, 
the  heavy  press  may  de- 
stroy a  die  that  is  being 
tested  under  it.  With 
these  convenient  bench 
presses,  the  men  lose 
no  time  and  the  work 
of  testing  a  die  may  be 
performed  with  greater 
rapidity  than  on  a  large 
machine. 

The  principal  dimensions  of  the  "Rex"  die  testing  press 
are:  die  space  with  ram  down,  6i^  inches;  stroke  of  press. 
1V4  inch;  depth  of  throat,  7  inches;  capacity  of  square  shank' 
holder,  for  shanks  up  to  2  inches  in  diameter;  ratio  of  lever- 
age, 20  to  1;   and  weight  of  press,  about  260  pounds. 


PROGRESSIVE   DRILL   CHUCK 

The  Progressive  Machine  &  Metal  Products  Co.,  Inc.,  210- 
212  Canal  St.,  New  York  City,  is  now  manufacturing  the 
quick-change  drill  chuck  shown  in  Fig.  1.  Probably  a  better 
conception  of  the  way  in  which  this  chuck  operates  will  be 


gathered  by  refer- 
ring to  the  cross- 
sectional  view,  Fig. 
2.  This  chuck  is 
intended  for  driv- 
ing taper  shank 
drills,  and  it  will 
be  seen  that  the 
tang  at  the  end  of 
the  drill  shank  ex- 
tends up  into  a  slot 
A  which  is  cut  in 
the  chuck  body  that 
is  integral  with  the 
shank  of  the  chuck. 
To  provide  for  cen- 
tering the  drill  in 
the  chuck,  a  block 
B  is  provided  which 
has  a  taper  hole 
corresponding  to  the 
taper  of  the  drill 
shank.  When  the 
drill  is  not  in  con- 
tact with  the  work, 
two  springs  C  force 
block  B  down  onto 
the  drill  shank,  so 
that  frictional  re- 
sistance may  be  de- 
pended upon  to  hold 
the  drill  in  place 
in  the  chuck.  Shell  D  and  inner  case  E  are  held  together  by 
screws,  and  it  will  be  seen  that  there  is  a  1/8-inch  space  be- 
tween the  top  of  shell  E  and  the  annular  flange  on  block  B. 
When  it  is  desired  to  release  a  drill  from  the  chuck,  the  opera- 
tor grasps  shell  D  and  pushes  it  up  until  the  top  of  case  E 
strikes  the  flange  on  block  B.  In  this  position  the  drill  can 
be  removed  from  the  chuck  and  another  drill  substituted. 
These  drill  chucks  are  made  in  two  sizes  to  carry  drills  with 
No.  1  and  No.  2  Morse  taper  shanks. 


rig     2.     Cross-sectional    View    of    Progressive 
Chuck,    showing   Method   of    Operation 


HEALD   MAGNETIC   CHUCK 
In  the  accompanying  illustration  there   is  shown   a  Style 
1436  rectangular  magnetic  chuck  which  is  manufactured  by 


rig.    1.     Drill  Obuok   mads 


Rectangular  Magnetic  Chuck  made   by  Hoald   Machine  Co. 

the  Heald  Machine  Co.,  20  New  Bond  St..  Worcester.  Mass. 
Tills  chuck  has  a  large  working  surface,  and  it  Is  claimed  that 
the  holding  power  Is  approximately  200  pounds  per  square 
Incli  with  a  current  consumption  of  300  wutts,  this  high  efll- 
clency  being  olituliiod  tlirniiKli  ii  special  nrrangoniont  of  the 
magnetic  coils.  In  the  body  there  are  two  cores  and  two  coils 
for  each  pole  piece  In  the  working  surface  of  the  chuck,  and 
the  colla  arc  made  up  of  onamolod  Insulated  wire  of  large 
gaKe.  There  Is  plenty  of  space  In  the  Interior  of  the  chuck 
between  the  colls,  which  reduces  to  a  minimum  the  possibility 
of  developing  short  circuits.  Another  desirable  feature,  which 
Is  n  result  of  the  liberal  air  space  In  the  Interior  of  the  chuck, 
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is  that  no  ventilation  is  required  and  the  chuck 
can  be  used  wet  or  dry  without  change. 

At  the  right-hand  end  of  the  chuck  there  is  a 
"volt  box"  which  is  integral  with  the  body  and 
designed  so  that  the  user  may  change  the  voltage 
from  110  to  220  volts,  or  vice  versa,  without  re- 
turning the  chuck  to  the  factory.  Access  is 
made  to  the  box  by  removing  the  pipe  bushing, 
and  when  this  is  again  screwed  into  place  after 
the  change  has  been  made,  an  absolutely  water- 
proof connection  is  provided.  The  lead  wires  are 
protected  by  a  heavy  armored  conduit,  and  the 
end  of  this  cable  terminates  in  a  standard  attach- 
ing plug.  A  special  demagnetizing  switch  is  fur- 
nished with  the  chuck,  and  the  unit  coil  system 
of  construction  not  only  provides  liberal  holding 
power,  but  also  assures  a  practically  uniform 
holding  power  over  the  entire  chuck  surface. 
Another  feature  of  this  chuck  is  that  the  face- 
plate or  top  plate  is  removable  and  interchange- 
able, making  it  possible  to  replace  an  old  plate 
with  a  new  one  without  requiring  any  change 
in  the  original  body  and   complete  set  of  coils. 

The  top  plate  is  made  of  liberal  thickness, 
so  that  a  great  amount  of  wear  and  resur- 
facing can  be  obtained  before  it  is  worn  out.  This  plate 
is  attached  to  the  body  of  the  chuck  by  hex-headed  cap- 
screws  which  are  closely  spaced,  and  draw  the  plate  down 
firmly  onto  the  chuck  body.  The  screws  enter  the  top 
plate  from  the  under  side,  extending  up  through  the  body, 
so  that  there  are  no  screw  holes  in  the  working  surface  of 
the  chuck  where  water  and  grit  can  find  their  way  into  the 
interior.  The  front  edge  of  the  top  plate  is  provided  with  a 
T-sIot  to  receive  straps,  fingers,  etc.,  which  may  be  required 
to  hold  the  work;  and  adjustable  side-stops  and  end-stops  are 
also  provided.  The  ends  of  the  chuck  are  machined,  so  that 
it  is  possible  to  shove  one  chuck  tight  against  another,  in  cases 
where  two  or  more  chucks  may  be  used  to  advantage  for  hold- 
ing long  work.  As  previously  mentioned,  the  chuck  is  adapt- 
able for  either  110  or  220  volts  direct  current,  and  if  the  right 
current  or  voltage  is  not  readily  obtainable,  a  suitable 
direct-current  generator  can  be  furnished  to  belt  direct  to  a 
countershaft. 


"FILSMITH"  QUICK-CHANGE  LATHES 
In  Fig.  1  is  shown  a  high-power  14inch  quick-change  engine 
lathe  equipped  with  a  three-step  cone  pulley  and  double  back- 
gears,  which  Is  a  recent  product  of  the  Philip  Smith  Mfg.  Co., 
Sidney,  Ohio.  Lathes  of  this  type  are  also  built  with  a  geared 
head.  aH  shown  In  Fig.  2,  which  provides  twelve  changes  of 
speed;  this  head  Is  heavily  constructed  and  made  oll-tlght,  so 


ri».   I.    "rtUmllk"  li-lit«k  Qulik  rbanf.  tnilM  Ulk«  »llh  Con.  Pull-r 


Fig.  2.     "Filsmith"   14-inch  Quick-change  Engine  Lathe  with  AU-geared  Head 


that  flooded  lubrication  may  be  employed.  The  spindle  bear- 
ings are  bushed  with  phosphor-bronze  and  all  gears  are  pack- 
hardened,  with  the  holes  ground  true  to  the  pitch  line  of  the 
gears.  The  entire  transmission  runs  on  ball  bearings,  and 
all  changes  of  speed  are  made  from  the  front  of  the  head. 
The  range  of  available  speeds  is  from  18  to  479  R.P.M.  This 
head  is  of  the  friction  pulley  type  and  can  be  run  direct  from 
the  lineshaft  or  through  a  countershaft.  The  spindle  is  made 
of  SOpoint  carbon  crucible  steel  and  accurately  ground  to  size. 
This  machine  is  built  with  a  bed  which  has  heavy  walls  and 
box  girders  to  provide  the  necessary  strength.  The  tailstock 
is  rigidly  clamped  to  the  bed  and  so  shaped  that  the  com- 
pound rest  can  be  set  at  right  angles  when  the  lathe  is  en- 
gaged in  turning  pieces  of  small  diameter.  A  bearing  18 
inches  in  length  is  provided  for  the  carriage,  and  the  bridge 
is  7'/4  inches  wide.  The  compound  rest  is  furnished  with 
taper  gibs  and  is  graduated  in  the  usual  way.  When  so  de- 
sired, a  plain  rest  may  be  substituted  for  the  compound  rest. 
A  feature  of  the  apron  is  that  it  is  cast  with  the  bearings 
an  integral  part  of  the  apron,  which  affords  a  stiff  construc- 
tion. All  small  apron  gears  are  made  of  steel  and  the  studs 
are  hardened  and  ground  to  size.  A  safety  device  prevents 
throwing  in  the  half-nuts  when  either  feed  is  connected.  The 
power  cross-feed  and  compound  rest  st'rews  are  provided  with 
the  usual  graduated  dials  and  the  lead-screw  is  cut 
from  a  master,  which  is  frequently  tested  to  assure 
the  maintenance  of  Its  accuracy.  The  quick-change  gear- 
box Is  furnished  with  either  the  cone-driven 
machine  or  the  geared-head  machine  and  pro- 
vides for  cutting  threads  from  4  to  46  per  Inch. 
Special  gears  can  be  furnished  to  provide  for  the 
performance  of  special  operntlons,  which  do  not 
come  wllliin  the  range  of  the  mnchlno.  The 
loiwI-Hcrew  Is  dlsengngod  by  means  of  a  slip  gear. 
HO  that  It  only  runs  while  the  lathe  is  engaged 
In  the  porformniico  of  tlirciul  luttliig  operations. 
All  gears  are  thormiglily  KUiirdcd  to  provide  for 
the  Hitfoty  of  the  operator.  Kquipnipiil  fiinilBhed 
with  this  machine  liicludoH  n  compound  rest. 
riiUow-rest,  BloadyroHt,  (lnu))l«  friction  counter- 
Hlinft,  large  and  Hmall  riicopIatcH  and  the  nooos- 
Hury  wroni^liPB  for  making  nil  ndJuHtrnpnts. 

The  prinrlpnl  illmonHldim  of  thin  Hlnch  lathe 
uro  RH  fdllown:  swing  over  bud,  14  1/8  Inchnn; 
HwUiK  over  cnrrlnge.  9  Inrlies;  dlHlnnro  bctweon 
conlcrH  for  (I-fool  bed,  :16  InrhcH;  niiixltniim  lull 
Nlnck  trnvol,  C  1/4  InohcH;  dlnni«li<r  of  Inllgtnck 
Rplndio,  1  3/4  Inch;  liipor  of  <-i<nli>rR,  No.  3  Morse: 
(llnKiiislonii  lit  Ihn   front   Rplndio   boarInK,   2  3/8 
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by  4  inclies;  dimensions  of  the 
rear  spindle  bearing,  1 13/16  by  3 
inches;  diameter  of  hole  through 
spindle,  15/16  inch;  diameter  of 
spindle  nose,  2  1/16  inches;  range 
for  thread  cutting,  4  to  46  threads 
per  inch;  range  of  feeds,  three 
times  threads;  cone  pulley  diame- 
ters, 5  1/2,  6  1/4  and  8  inches;  width 
of  driving  belt,  2  1/2  inches;  size 
of  countershaft  pulleys,  10  by  3  1/2 
Inches;  ratio  of  back-gears,  3  to  1 
and  8  to  1;  number  of  spindle 
speeds,  18;  countershaft  speeds,' 300 
and  400  R.P.M. ;  range  of  spindle 
speeds,  27  to  600  R.P.M. ;  toolpost 
capacity,  for  tools  up  to  1 1/4  by 
6/8  Inch;  and  weight  of  machine 
with  6-foot  bed,  1350  pounds.  Ma- 
chines of  this  type  are  also  built 
In  a  16-inch  size,  and  similar  ma- 
chines of  the  gap  bed  type  are  built 
in  14-  and  16-inoh  swings. 


' 
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Fig.   2.     Details  of  Automatic  Feed  Mechanism  for  Wilmartli  &  Uonnan   Tool  Grinder 


AUTOMATIC  FEED  MECHANISM  FOR  WIL- 
MARTH  &  MORMAN  UNIVERSAL  CUTTER 

AND  TOOL  GRINDER 
The  Wilmarth  &  Morman  C».,  1180  Monroe  Ave.,  N.  •  W., 
Grand  Rapids,  Mich.,  is  now  equipping  its  No.  1  universal 
cutter  and  tool  grinder  with  an  automatic  feed  mechanism. 
As  will  be  noted  from  the  illustration  of  the  complete  machine 
shown  in  Fig.  1,  the  means  of  obtaining  the  drive  on  this 
reversing  mechanism  is  provided  by  a  gear-box  with  all  the 
mechanism  necessary  for  obtaining  the  eight  table  speeds 
contained  in  one  unit.  This  is  arranged  so  it  can  be  attached 
to  the  hand  feed  machines  of  this  type  already  in  service, 
with  very  little  work.  The  gear-box  is  attached  to  the  saddle 
on  a  pad  at  the  rear,  and  is  driven  by  a  two-step  cone  pulley 
A.  Fig.  2,  from  the  main  countershaft,  this  cone  pulley  provid- 
ing two  changes  of  speed.  The  sliding  pinion  shaft  B  engag- 
ing with  two-step  gear  C  provides  one  speed;  and  sliding  the 
pinion  shaft  out  of  engagement  and  engaging  the  key  with 
gear  D,  changes  the  speed,  making  a  second  speed  from  the 
same  pulley. 


Two  other  changes  of  speed  are  obtained  in  the  bracket  or 
bank  of  gears  with  the  starting  lever  E,  which  is  engaged 
with  the  sliding  shaft  /  by  a  key  working  through  a  slot,  being 
thrown  into  engagement  with  the  two  clutch  gears  F  and  G. 
This  starting  lever  E  is  held  in  position  by  a  plunger  actuated 
by  a  lever  and  spring  to  lock  it  in  position  when  a  change 
is  made  by  this  lever.  The  two  clutch  pinions  F  and  G  are 
spaced  by  a  collar  H,  which  allows  the  same  sliding  shaft 
I  to  be  held  in  a  neutral  position,  disengaging  this  shaft  and 
establishing  a  neutral  position,  and  in  that  way  disengaging  the 
mechanism  from  operating  the  table.  Engaging  the  key  on 
shaft  /  with  gear  F  by  moving  lever  E,  gives  a  third  speed 
of  the  table;  then  by  disengaging  lever  E  from  pinion  F  and 
engaging  it  with  pinion  G,  the  fourth  speed  of  the  table  is  ob- 
tained. To  obtain  four  other  speeds  in  the  mechanism,  simply 
shift  the  belt  onto  the  other  step  of  pulley  .1.  Lever  E  is  also 
used  for  stopping  the  table. 

It  will  be  noted  that  the  motion  of  the  table  is  obtained 
by  a  small  pinion  meshing  through  an  Idler  gear  with  the  rack 
/  which  is  secured  to  the  table.  The  pinion  shaft  K  is  so 
arranged  as  to  make  it  possible  to  disengage  it  from  the  idler 
gear  L.  In  this  way  the  power  feed  to  the  table  is  entirely 
disengaged  so  that  the  table  can  be  operated  by  the  handwheel 
at  the  front  of  the  saddle  or  the  lever  at  the  rear,  without 
operating  any  of  the  power  feed  mechanism  which  drives  the 
table.  The  gear-box  contains  a  bevel  gear  il,  two  bevel  clutch 
pinions  N  and  a  clutch  0.  Clutch  0  Is  free  to  be  engaged  Into 
clutch  teeth  on  clutch  pinion  >'  which  reverses  the  motion  at 
its  engagement  with  either  one  side  or  the  other.  Clutch  0  is 
secured  to  a  sh.xft  which  runs  through  the  above  mentioned 
clutch  gears,  and  this  shaft  carries  a  bronze  bushing  P  that 
has  a  double  spline,  on  which  the  clutch  0  is  free  to  be  en- 
gaged in  the  pinion  A'  by  the  lever  Q  which  is  operated  by 
bellcrank  li  connected  to  bellcrank  S  by  rod  T  operated  from 
the  table  by  lever  U  which,  iu  turn,  operates  from  the  table 
by  the  dogs  V.  These  dogs  are  carried  in  a  Tslot  In  the  front 
of  the  table  and  are  easily  adjusted  so  as  to  bring  the  work 
in  the  correct  position  in  relation  to  the  grinding  wheel, 
allowing  the  operator  to  shorten  or  lengthen  the  stroke  as 
desired. 

As  win  be  seen,  this  mechanism  is  entirely  self-contained 
with  none  of  the  working  parts  exposed  to  the  grtndtngs  or 
dirt,  and  all  of  the  gears  are  run  In  a  bath  of  oil  which  in- 
sures the  least  possible  wear.  The  eight  speed  changes  obtain- 
able on  this  machine  provide  table  speeds  as  follows:  12,  16. 
22,  28,  34.  41.  61  and  75  Inches  per  minute.  As  the  power  feed 
on  this  typo  of  machine  is  very  desirable  both  for  cylindrical 
and  Internal  work,  the  utmost  care  has  boon  taken  to  equip 
thp  Wilmarth  &  Mormnn  No.  1  universal  grinding  machines 
with   a  slniplo  iiutomntic  mechanism. 
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Boring,   Keaming  and   Facing  Machine   built  by  Eead-Prentice  Co. 

REED-PRENTICE    BORING,    REAMING   AND 
FACING   MACHINE 

A  special  boring,  reaming  and  facing  machine  built  by  the 
Reed-Prentice  Co.,  Worcester,  Mass.,  to  ream  and  face  a  steel 
forging  used  as  an  engine  support  in  an  automobile  is  illus- 
trated herewith.  The  work  is  held  in  quick-acting  clamps 
mounted  on  a  revolving  triangular  turret  on  the  carriage.  All 
the  operations  are  automatic,  with  the  exception  of  placing 
the  work  in  the  machine  and  indexing  the  turret.  Each  time 
the  work-holder  revolves  120  degrees,  the  finished  piece  at 
the  top  is  removed  and  another  rough  forging  is  placed  in 
position  with  little  loss  of  time.  There  are  four  spindles. 
Two  pieces  of  work  are  operated  on  simultaneously.  The  cycle 
of  operations  is  as  follows:  The  carriage  moves  to  the  right 
and  the  piece  is  drilled;  the  carriage  next  moves 
to  the  left  and  the  piece  is  reamed;  the  turret 
is  then  indexed  by  the  operator  and  a  new  piece 
Is  put  in;  the  carriage  now  moves  to  the  right, 
and  one  side  of  the  piece  is  faced;  and  the 
carriage  is  then  moved  to  the  left,  and  the  other 
side  of  the  piece  is  faced.  A  ten-horsepower 
motor  is  used  to  drive  the  machine. 


WESTINGHOUSE  PORTABLE 
PANELS  FOR  ELECTRIC 
WELDING 
An  electric  weldlns  outfit  to  be  of  maximum 
nervlce  should  be  ho  arranged  that  It  can  be 
taken  to  the  work  no  matter  where  the  latter 
may  be  located.  For  Instance,  in  a  railroad 
shop  there  Hhould  be  outlets  adjacent  to  each 
■lall  In  the  rouiidhouHe  and  In  various  placcH 
through  the  shop.  r)iic  solution  of  the  problem 
would  be  to  locate  a  panel  outlet  of  a  suitable 
typo  wherever  It  In  anticipated  that  electric 
wcldInK  miKht  b«  desired,  but  this  Is  rather 
an  expenHlvo  propOHltlon.  The  WuBtlnKhouHu 
Klectrlc  t  MfK.  Co.,  Kast  I'lttiiburK,  I'a  ,  has  d<- 
▼olopcd  a  iilmple  and  InoxpenHlvo  portable  out 
let  panel  (or  electric  woldlriK  gorvlrc.  Two  typt-M 
of  ftor'nhin  nutlet  panoU  are  furnlshod,  both 
li<'.  I  on  IlKht  trucks.     Thoy  coriHlHl  of 

n  inountlnK  a  handio  trip  rallwjiv 

l>i  lifakor  having  ovnrloud   rnU'iiH> 

w.'  Mow  out,  nnd  a  13  point  faroplat" 

<oii  ,   rniilntnr  moiintiMl   In   thn  roar  <>f 

the  pikjiul.  Ihe  faro  of  tho  panel  Is  protocUd  by 
a  metal  cover  throuKh  which  the  handlnii  of  the 
rheostat  and  circuit  hrcnkT  project.  The  Type  K 
panel   li   lntonile<l   for   metal   electrode   weldtnR 


only,  having  a  capacity  of  from  80  to  170  am- 
peres. With  this  outfit  one  metal  electrode  holder 
and  one  shield  are  supplied.  For  a  wider  range 
of  work  a  Type  F  panel  should  be  used.  This 
will  handle  metal  electrode  work  from  80  to  160 
amperes,  and  light  graphite  electrode  work  up 
to  300  amperes.  The  outfit  includes  one  metal 
electrode  holder,  one  graphite  electrode  holder 
and  one  mask. 

In  installing  an  electric  welding  system  using 
these  portable  panels,  a  Westinghouse  arc  weld- 
ing motor-generator  set  may  be  placed  at  some 
central  point.  Where  suitable,  low-resistance 
ground  connection  can  readily  be  made  through- 
out the  shop,  as,  for  instance,  where  metal  floors 
or  cast-iron  bed  plates  are  in  general  use  or  in 
a  railway  shop  where  the  track  system  can  be 
used,  only  one  connector  need  be  extended  to 
the  various  receptacles.  The  iron  floor-plates 
may  be  arc  welded  to  each  other  and  isolated 
sections  tied  together  by  an  iron  rod  or  heavy 
copper  cable,  while  the  track  rails  may  be  bonded 
by  arc  welding  the  fish  plates  to  the  rails.  Re- 
ceptacles should  be  provided  throughout  the  shop 
of  a  capacity  appropFiate  for  the  service  for  which  they  are  in- 
tended. These  receptacles  may  readily  be  mounted  out  of 
doors  if  they  are  provided  with  protection  from  the  weather. 
Only  single-pole  receptacles  and  a  single  wire  cable  to  the 
portable  panel  need  be  provided.  The  flexible  cable  leading 
from  the  panel  to  the  electrode  holder  should  be  as  short  as 
is  consistent  with  the  class  of  work  to  be  done.  Where  metal 
floors  or  tracks  are  not  available,  the  ordinary  two-wire  system 
of  distribution  with  double-pole  outlets  and  two-wire  cables 
should  be  provided. 


SOUTHWARK  500-TON  BILLET  SHEAR 
A  billet  shear  of  large  capacity,  intended  for  cutting  hot 
billets  in  rolling  mills,  has  recently  been  brought  out  by  the 
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Southwark  Foundry  &  Machine  Co..  Philadelphia, 
Pa.  The  machine  has  a  capacity  for  shearing 
two  6-inch  square  billets  simultaneously,  has  a 
knife  24  inches  long,  and  is  hydraulically  oper- 
ated, having  a  16-inch  ram  working  under  5500 
pounds  hydraulic  pressure  supplied  by  a  steam- 
hydraulic  intensifier  which  is  part  of  the  ma- 
chine. The  displacement  of  the  intensifier  is 
sufficient  for  the  10-inch  stroke  required  for  cut- 
ting off  the  billet.  On  the  return  stroke,  the 
water  in  the  working  cylinder  returns  to  the 
intensifier  and  is  used  over  again.  In  addition, 
a  valve  is  provided  for  supplying  the  slight 
amount  of  water  which  is  lost  by  leakage.  The 
pull-back    works    under    650    pounds    pressure. 

The  complete  control  for  the  cutting  of  billets 
is  obtained  by  one  lever,  which  takes  care  of 
both  the  press  and  intensifier.  There  are  three 
positions  for  this  lever — when  it  is  raised,  the 
ram  will  rise  also;  when  it  is  lowered,  the  ram 
will  descend;  and,  in  addition,  there  is  a  neutral 
position;  when  the  lever  is  at  this  position,  the 
ram  will  remain  at  rest. 

The  whole  design  of  the  machine  is  unusually 
heavy.     The   tension   bolts,   for   example,   are   12 
inches   in   diameter.     An   interesting   feature   in 
connection   with   the  design   of  the  nuts  on   the 
tension   bolts    is    that    the    latter    are    split    and 
clamped  by  smaller  bolts,  so  as  to  prevent  any      ' 
loosening  of  the  nuts.    All  castings,  except  those 
for  the  rams,  are  made  from  cast  steel.   The  rams 
are  made  from  close-grained  cast  iron.     The  sliding  block  to 
which  the  shear  blade  is  attached  is  provided  with  adjustable 
bronze   liners   which   slide   on   steel   liners   on   the   stationary 
part.    All  the  rams  are  outside-packed  with  flax  packing.     The 
total   weight  of  the  machine  without  the   intensifier   is   over 
100,000  pounds,  and  with  the  intensifier,  140,000  pounds. 


REED-PRENTICE   CRANKSHAFT   FLANGE 

TURNING    LATHE 
This  is  a  special-purpose  machine  designed  to  turn  and  face 
the  flywheel  flange  of  a  crankshaft.    The  spindle  is  a  large  iron 


Reed-Prentice  Special  Crankshaft  Flange  Turning  Lathe 

casting  with  a  7-inch  hole  through  its  entire  length.  Properly 
located  in  this  hollow  spindle  is  a  positive  dead  center  to  sup- 
port the  front  end  of  the  crankshaft.  So  that  this  center  can 
be  located  quickly,  a  cone-shaped  piece  is  pressed  into  the 
spindle,  which  directs  the  crankshaft  onto  the  center  imme- 
diately. The  shaft  is  held  to  the  faceplate  by  an  adjustable 
chuck  arrangement  which  holds  the  shaft  rigidly  and  accu- 
rately. It  is  clearly  shown  in  the  accompanying  illustration. 
The  flange  end  of  the  crankshaft  is  supported  on  a  tailstock 
center.  The  tailstock  is  of  heavy  construction,  and  is  fastened 
to  the  bed  by  four  large  bolts. 
A  compound  tool-block  is  fitted  to  the  rest,  and  three  tools 
are  placed  in  the  required  positions  to  turn  the 
flange  to  its  predetermined  thickness.  These 
tools  face  both  sides  of  the  flange  and  turn  the 
fillet  at  each  end  of  the  main  bearing.  There  is  a 
secondary  cam-actuated  tool-block  which  turns 
the  outside  diameter  of  the  flange  while  the  three 
other  tools  are  facing.  The  lathe  is  a  motor- 
i  driven  machine  with  the  reduction  accomplished 

I  through  heavy  gearing.    A  one-speed  and  one-teed 

system  is  used,  as  the  most  advantageous  speed 
and  feed  has  been  determined  for  the  work  at 
hand  for  which  the  machine  was  especially  de- 
signed. This  machine  is  a  recent  product  of  the 
Reed-Prentice  Co.,  Worcester,  Mass. 


Boutbwuk   V, 


l.a'i'   Bundlnt  Pruii 


SOUTHWARK   PLATE   BENDING 
PRESS 

The  accompanying  illustration  shows  an  im- 
proved vertical  hydraulic  plate  bending  press 
huilt  by  the  Southwark  Foundry  &  Machine  Co, 
I'hiladelpliia,  Pa.  These  presses  are  now  being 
usod  by  many  of  the  leading  marine  and  sta- 
tionary liollerniakers  for  bonding  boiler  shells 
and  similar  work,  and  especially  when  thick 
plates  liHvo  to  be  operated  upon,  as  they  bond 
plates  completely  up  to  the  end,  which  cannot 
bo  done  by  rolls;  they  can  also  be  used  for  bend- 
lug  the  butt  straps.  These  machines  will  bend 
plates  to  a  complete  circle,  as  the  top  tension 
member  can  bo  arranged  with  a  swinging  boll  so 
that  the  Bhells  can  bo  drawn  up  from  the  lop. 
Plates   ran    bo   bont    to   a   given    radius   by    onco 
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passing  through  the  machine,  and  unskilled  labor  can  be  used, 
as  when  the  stroke  of  the  ram  is  once  adjusted  the  required 
curve  will  be  given  independently  of  the  operator. 

One  of  these  machines  having  an  inclined  plane  and  roller 
arrangement  needs  a  much  smaller  ram  than  if  working  di- 
rect; it  is  therefore  much  more  economical  to  work,  a  saving 
of  fifty  per  cent  of  the  water  used  being  effected.  The  ad- 
vantages claimed  for  these  machines  over  rolls  are  economy 
in  work  and  power,  and  the  requirement  of  less  space.  They 
can  be  erected  at  any  place  without  considering  driving 
arrangements. 


and  proper  sequence  of  movements.  All  machines  have  been 
designed  so  that  they  will  develop  at  1500  pounds  line  pressure 
a  pressure  in  the  shell  body  equivalent  to  within  5  per  cent 
of  the  elastic  limit  of  the  metal.  In  this  way,  by  decreasing 
the  line  pressure,  the  machine  is  applicable  to  any  change  in 
pressure  which  our  government  may  deem  desirable  to  make 
at  some  future  date. 


SOUTHWARK  SHELL  TESTING  PRESS 

To  meet  the  demands  of  the  United  States  specifications  for 
common  steel  shells,  the  Southwark  Foundry  &  Machine  Co., 
Philadelphia,  Pa.,  has  developed  a  complete  line  of  hydrostatic 
shell  testing  presses.  The  general  arrangement  of  these  ma- 
chines is  as  illustrated  herewith.  Owing  to  the  fact  that  each 
type  and  size  of  shell  requires  a  different  test  pressure,  it  was 
found  necessary  to  develop  two  basic  designs,  to  which  modifi- 
cations have  been  made  to  provide  a  machine  for  each  particu- 
lar type  of  shell.  The  machine  illustrated  herewith  is  for  test- 
ing 75-millimeter  (3-inch)  shells.  As  will  be  noted,  the  ma- 
chine is  purely  hydraulic  in  its  operation,  is  of  the  two-  or 
three-column  type,  and  has  a  revolving  table  suitably  indexed, 
80  that  when  one  shell  is  being  subjected  to  the  hydrostatic 
test  pressure  (the  maximum  in  the  case  of  the  75-millimeter 
shell  being  18,000  pounds),  a  second  shell  has  been  revolved 
into  a  convenient  position  for  inspection,  while  a  third  shell 
is  being  filled  with  water  in  readiness  for  the  test. 

The  capacity  of  this  ma- 
chine, under  ordinary  work- 
ing conditions,  is  about  120 
shells  per  hour.  Its  operation 
may  be  briefly  described  as 
follows:  The  first  movement 
of  the  single  lever  operating 
valve  admits  the  line  pressure 
1500  pounds  to  the  lower  cyl- 
inder. This  cylinder,  moving 
upward,  engages  the  slotted 
base-plug  in  the  revolving 
table  and  forces  the  open  end 
of  the  shell  nose  into  an  in- 
genious sealing  gland.  When 
the  full  pressure  on  the  lower 
cylinder  has  been  reached,  the 
line  pressure  is  automatically 
admitted  to  the  top  cylinder, 
which  is  arranged  with  an 
Intensifler  ram  projecting 
through  a  suitably  packed 
gland  in  the  stationary  cross- 
ni(;mber  Into  the  open  nose  of 
the  shell,  which,  having  bei'u 
previously  filled  with  water, 
acts  uB  the  hiKh-prosHure  In- 
lonsinor  cylinder,  antj  the 
prr'HBuro  Is  InstantuncouHly 
ralHcd  to  the  prcdolLTmlncd 
iiTiiDunt.  Tills  prc'HHuro  Is  ri^ad 
frnm  a  Kiigo  ('oiiiiiMinlriiling 
wllh  the  chamlior  liitorvcnInK 
iH'twoon  Iho  circular  hIioH 
ii'iHo  nn<l  Iho  Inti-nHincr  rnni. 
Tim  »nmo  prinrlpla  applivs 
In  Kxnoriil  to  miu-hlniiM  for 
tho  4.7  Inrh,  n  Inch.  8  Inch. 
9.&-lnrh  iiii'l  larnor  nhell*.  From  thin  It  will  bo  nolml  tlml  Ihi- 
high  prr<iiiiiirn  of  Ihn  tout  Is  dovnlopud  only  In  Iho  body  of  llii- 
«h«ll;  all  olhor  pnrtu  of  the  mnchlno.  IncliidlnK  tho  oponitliiK 
valTM,  pIpInK  nnil  ihn  >-vllni|nrii,  nro  novor  mibjnot  to  n  hlKlior 
pr«Mara  than  n  ■  ii»nilnnl  ono  tif  inoo  poundR  p«r 

a/juaro  Inrh       I  w,n  of  Ihn  mnrhlno  In  controllod 

frrirn  n  olt.irii    :.  .  . '   ..    inmirlnK  rnpldlly  of  artloii 


MORRIS    PLAIN    RADIAL    DRILLING 
MACHINE 

The  illustration  shows  a  plain  radial  drilling  machine  with 
speed-box  drive,  which  is  built  in  4-  and  4%-foot  sizes  by  the 
Morris  Machine  Tool  Co.,  Court  and  Harriet  Sts.,  Cincinnati, 
Ohio.  This  drilling  machine  can  also  be  arranged  for  cone 
pulley  drive,  constant-speed  motor  drive  in  connection  with 
speed-box,  or  for  variable-speed  motor  drive.     The  arm  slides 


up  and  down  on  a  column  by  power,  with  safety  stops  in  the 
extreme  positions,  and  the  column  swings  around  a  stump 
that  runs  through  to  the  top  of  the  column.  At  the  top  of 
the  stump  a  combination  annular  and  thrust  ball  bearing  is 
mounted,  which  carries  the  entire  weight  of  the  column  and 
arm.  At  the  bottom  of  the  column  there  is  a  plain  bearing 
on  the  stump.  This  construction  permits  the  arm  to  swing 
with  ease.  The  stump  is  securely  mounted  on  a  heavy  base, 
which  is  deep  and  well  ribbed.  Around  tho  edge  of  the  base 
there  is  a  lubricating  channel  which  drains  to  a  reservoir,  and 
the  base  is  so  arranged  that  the  oil-pump  and  piping  can  be 
attached  at  any  time. 

The  lever  at  tho  bottom  of  the  stump,  standing  In  a  vertical 
position,  controls  the  friction  clutches  on  tho  pulley  shaft  in 
tho  speed-box.  This  lover,  which  Ih  convenient  to  tho  operator, 
when  In  tho  neutriil  poHltlon  Bt()i)H  every  gear  on  tho  maeliino, 
and  In  connection  with  tho  double  buck  gear  lover  on  tho  bend, 
tho  operator  can  Hiu'ure  any  of  kIx  spliiille  spi'ods  Instantly. 
With  Iho  speed  box,  eighteen  Hplmlle  Hpeedx  ari'  availablo,  and 
on  tho  rono  pulley  drivo  there  are  llfteon  Hpliidle  speedB.  The 
double  bnck-gour  Ih  niountud  at  Iho  bark  nf  the  hon<l  and 
Ih   fully  onrloHed. 

Ilack-gnnr  cIuIcIioh  and  claRh  gears  nro  made  of  niekol  hIooI. 
hi'nltronled  nnd  hnrdonod.  Tapping  nllnrhment  miter  gonrs 
arc  niHo  mounted  Ixiek  of  tho  liend  nnd  are  onelDHod  In  nn 
cill  light  raBo  nnd  run  In  oil.  FrIetloiiH  nro  of  Iho  oxpniidliiR 
ring  typo  rapablo  of  pulling  Iho  tnaximuiii  capacity  of  the 
ilrlll  nnd  ronlrollo<l  from  thu  front  of  Iho  ninehlnn.  Tho  fric 
lion  rlMK"  are  ndjunlnblo.  Thn  hnnd  In  honvlly  conntru<-tod 
wllh  looK  honrlnRii  for  tho  nplndlo.  It  trnvnlR  on  tho  nrni  on 
wide  lienrlnKB  by  iiinnnn  of  n  linnilwhnol,  niovonioiit  being 
throuKli   rodurlloii   gonrB   lo  n  rnrk    nnd    pinion      Tho  Bplmllo 
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is  equipped  with  a  ball  thrust  bearing,  and  the  bearings  through- 
out are  lined  with  bronze  and  provided  with  felt  wipers.  A  re- 
cess around  the  bearing  acts  as  an  oil  reservoir. 

Through  the  feed  gear  box  mounted  on  the  head,  six  rates 
of  feed  are  obtainable.  A  direct  reading  depth  gage  is  pro- 
vided, arranged  to  throw  the  feed  out;  and  a  safety  feed  throw- 
out  is  arranged  at  the  end  of  the  spindle  travel.  All  gears 
are  of  steel  except  the  spindle  gear,  which  is  semi-steel,  made 
of  a  one-third  scrap  steel  mixture.  The  speed-box  is  fully 
enclosed  and  gears  run  in  heavy  oil.  A  tool  tray  is  mounted 
on  top  of  the  box,  and  a  speed  plate  is  furnished,  giving  the 
operator  all  spindle  speeds  at  certain  positions  of  the  lever. 

The  principal  dimensions  of  this  machine  are  as  follows: 
drills  to  center  of  circle,  8  feet,  6  inches  in  diameter;  maxi- 
mum distance  from  spindle  to  base,  60  inches;  minimum  dis- 
tance from  spindle  to  base,  10  inches;  maximum  distance  from 
spindle  to  table,  39  inches;  maximum  spindle  traverse,  16 
inches;  diameter  of  spindle  above  sleeve,  115/16  inch;  spindle 
taper.  No.  5  Morse;  range  of  spindle  speeds  with  cone  pulley 
drive,  19  to  350  R.P.M.;  range  of  speeds  with  speed-box  drive. 
20  to  350  R.P.M.;  speed  of  countershaft  with  cone  drive,  400 
R.P.M.;  size  of  tight  and  loose  pulleys,  14  inches  in  diameter 
by  4%  inches  face  width;  size  of  single  pulley  for  speed-box 
drive,  14  inches  in  diameter  by  Z%  inches  face  width;  speed 
of  pulley  for  speed-box  drive,  400  R.P.M.;  size  of  working 
surface  of  base,  36  by  51  inches;  size  of  working  surface  of 
table,  18  by  24  inches;  diameter  of  column,  ll^i  inches;  over- 
all height  with  arm  and  spindle  in  highest  position,  120yo 
inches;  power  required  for  motor  drive,  5  horsepower;  ratio 
Of  variable  speed  motor,  4  to  1 ;  and  weight  of  machine  crated, 
approximately  7500  pounds. 


REED-PRENTICE   BRASS   DRILLING 

MACHINE 

The  four  spindles  of  this  machine  are  driven  by  hardened 

steel  spiral  gears  running  in  an  oil  bath,  and  the  gears  are 

equipped  with  ball  bearings.    All  spindles  are  adjustable,  and 


Fie    1.     Four.iplncllo    K.--,!  Prnntlcfi   Brus   DriUIng   Maohlno 

any  one  may  bo  worked  Independently  of  the  others.  The  feed 
for  oRch  spindle  Is  self-rontalned.  a  cam  boInK  mounted  with 
ball  thrust  boarinKS  In  each  post,  driven  by  a  hardened  steel 
worm  and  phosphor-bronze  worm-gear  running  In  oil.  After 
the  ram  haa  made  Its  cycle,  the  feed  Is  autnmntlonlly  stopped 
by  a  rod  disengaging  the  worm-gear  clutch.    The  starting  de- 


vice is  arranged  so  that  by  a  slight  pressure  from  the  opera- 
tor's knee  the  clutch  is  engaged  immediately.  This  is  a  sav- 
ing of  time,  when  it  is  considered  that  the  spindle  revolves 
770  R.P.M.  and  the  cam  makes  a  cycle  every  77  revolutions  of 
the  spindle.  The  rate  of  feed  is  0.07S  inch  per  revolution. 
Both  speeds  and  feeds  can  be  easily  changed. 

The  work  is  held  in  a  three-jawed  chuck  and  at  the  end 
of  the  operation  is  allowed  to  fall  through  into  a  chute.  The 
bottom  of  the  chute  is  perforated  to  allow  the  chips  to  fall 
through  into  one  pan,  while  the  work  is  collected  in  another. 


Fig.  2.     Opposite  Side  of  Brass  Drilling  Machine  shown  in  Fig.    1 

The  motor  is  mounted  on  the  back  of  the  machine  driving 
through  gears.  A  Detroit  force-feed  oiler_^  mounted  on  the 
back  of  the  machine  lubricates  the  twenty-two  principal  bear- 
ings, while  the  lubrication  of  the  less  important  ones  has  been 
adequately  taken  care  of.  All  gears  are  properly  guarded. 
This  machine  is  built  by  the  Reed-Prentice  Co.,  of  Worcester, 
Mass. 

The  principal  dimensions  of  this  machine  are  as  follows: 
size  of  spindle  bearing  in  head,  1  7/16  inch  in  diameter  by  10 
inches  long;  size  of  spindle  bearing  in  branch  head,  1  1/4  inch 
in  diameter  by  10  1/2  inches  long;  taper  of  hole  In  spindle, 
No.  4  Morse;  maximum  travel  of  spindle,  6  inches;  distance 
between  spindles,  13  inches;  power  developed  by  motor,  3  1/2 
horsepower;  over-all  height  of  machine.  SS  inches;  spindle 
speed,  770  R.P.M. ;  spindle  feed  per  revolution.  0.078  inch;  and 
floor  space  occupied  by  machine.  46  by  73  Inches. 


SIDNEY  POWER  PRESS 
The  Sidney  Power  Press  Co..  Sidney.  Ohio,  is  now  building 
I  line  of  open-back  inclinable  power  pri'ssos  ranging  in  siie 
Hum  No.  1  to  No.  6,  and  In  weight  from  1000  to  GOOD  pounds. 
Although  these  machines  represent  no  radical  departure  from 
ordinary  power  press  construction,  their  design  has  been 
worked  out  to  Incorporate  the  most  up-to-date  features  of 
machines  of  thi.s  type.  In  addition,  all  Sidney  presses  ure 
equipped  with  an  automullc  safety  clutch,  which  insur^^s  the 
combined  features  of  positive  action  and  safety  for  the 
operator. 


PERSONS-ARTER   MAGNETIC    CHUCK 
The  PorsonsArfer  Machine  Co..  72  Commercial  St.,  Worces- 
ter, Mass.,  has  recently  completed  what  Is  believed  to  be  the 
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Chuck   100  Inches  Long  and  26  Inches  Wide 


Fig.   1.     Persons-Arter  Magnetii 

largest  magnetic  chuck  ever  built  for  holding  precision  work. 
This   chuck  was  built   especially   for   the   Simonds   Mfg    Co.. 
Fitchburg,  Mass.,  for  use  on  a  large  grinding  machine  recently 
designed  and  built  by  that  company.    Fig.  1  shows  the  finished 
chuck  ready  for  mounting  on  its  machine.     This  chuck  is  100 
inches  long,  25  inches  wide  and  5  inches  deep,  and  an  idea  of 
its  size  may  be  gathered  by  comparison  with  the  yard  stick 
shown   with   it.     It  has   a   pulling   capacity   approaching   250 
pounds  per  square  inch  and  is  magnetically  alive  all  over  its 
face,  making  every  square  inch  available  for  the  holding  of  work. 
In  building  the  chuck,  advantage  was  taken  of  the  adapUbil- 
ity  for  such  a  purpose  of  the  Persons-Arter  rectangular  chuck 
units,  that  is,  four  standard  size  individual  chucks  were  used 
in  the  making  of  this  large  chuck,  each  individual  chuck  being 
constructed  of  standard  units.     Fig.  2  shows  the  units  used, 
including   the   polar   shell,    the   polar   core    and    the   coil    for 
magnetizing    the    shell    and    core.      Each    chuck    section    is 
composed   of   one   shell,   four 
cores  and  four  coils,  all  being 
interchangeable    and    readily 
replaceable.     Almost  any  size 
of  chuck  desired  can  readily 
be  supplied  by  using  standard 
sized  units  in  multiple.    This 
method    greatly    lessens    the 
necessity  of  carrying  a  great 
amount  of  various  sized  chuck 
parts    In    stock    and    insures 
quick    delivery,    as    require- 
ments can  be  met  without  any 
special   work   being   entailed. 
The  chuck  face  has  been  de 
signed  to  secure  a  large  amount  of  magnetic  edge  and  a  high 
holding  capacity   for  all   classes  of  work,   whether   large  or 
small.     In  building  the  circular  form  of  chuck  made  by  this 
company,  a  special   design   was  evolved,   viz.,  radiating  arms 
to   and    from    the  center   with    interlocking   concentric   arms. 
It  iB  a  well-known  fact  that  the  greater  the  magnetic  edge,  the 
greater  the   holding  capacity  of   the  chuck;    therefore,   when 
conalderlng  the  magnetic  face  alone.  It  Is  necessary  in  obtain- 
ing the  greatest  holding  effect  to  provide  the  greatest  length 
of  maKnetIc  edge  for  the  least  emlosed  area.   In  the  rectangular 
type  chucks,  this  Is  a  simple  mailer,  as  It  Is  only  necessary 
to  produce  a  sorles   of   narrow   magnet   poles   running   right 
acrosii  the  chuck  face  (the  narrower,  the  better,  within  prac- 
tical llmltB).    It  I»  obvious  that  any  divergence  from  a  plain 
narrow  rectangular  nhape  would  mean  less  magnetic  edge  for  a 
given  encloncd  area  and  loss  magnetic  effect. 

When,  however,  we  consider  the  eli-rlrlcal  magnetizing  force, 
or  the  roagnollc  coll,  the  condltlonH  are  the  opposite  to  those 
i.f  Ihe  maKnetIr  face.     Thus  to  produce  the  grralcMl  einclency 
It    In   noccnnary    to   enclone   the   groaieHt    area    for   the   least 
p«rlphory.     II  In  a  well-known  fact  that  a  greater  magnetizing 
force  can  Imj  obtained  by  uiiing  a  circular  coll  with  a  given 
«l<.rirl''(i|   power   than   by  any  other  iihape  of  <oll;   and   the 
'.f  lb<'  coll  dlvi-rgi'H  from  a  circle,  the  Iohr  the 
■    for  a  given   i-lciirlcal   power  conHiimptlon. 
,  ,     .  ,.,    :i,i'rnfore.  was  how  to  obtain  the  two  oppoHlto 

.  II. Ill  1. 1,  .\\\i\  Mwure  the  greati'iit  inagnotl<  face  and  the  groat- 
••»i  ••irriri,  ill  mngnptlzing  force  at  the  aamo  time.  Hy  ualng  a 
core  of  Ihe  nhaiK!  ■hown  In  Fl«.  2,  It  la  rlalmed  that  the  necoa- 
Mrr  conrtltlonii  were  ohtalntxl.  Thin  comprlncn  u  circular 
,.f,r<'  '     ■      ■  'iiig  plate  at  llii-  top,  from  which 

i>rn,i'  I'     "11  rnndo  InlcRral,  lo  Inlcrlork 

«in.  .°.o*   niilv  il'ii'fl  IhlN  nhape  m<-nt 


the  above  conditions,  but  it  provides  another 
important  feature  in  leaving  only  a  very 
narrow  space  between  the  walls  of  the  polar 
shell  and  the  distribution  plate.  The  im- 
portance of  this  is  apparent  when  consider- 
ing the  question  of  filling  in  between  the 
poles  with  white  metal.  Only  a  narrow  space 
is  left  between  the  shell  and  core,  and  it  is 
an  easy  matter  to  calk  this  space  and  make 
an  absolutely  water-tight  joint.  After  the 
coils  are  assembled,  all  open  spaces  are 
high-grade   insulating   and   water-proofing   corn- 


filled   with 

pound,  making  it  impossible  for  water  or  foreign  matter  to 

get  near  the  coils. 

The  material  of  which  the  chuck  is  made  is  another  fact 
of  great  importance.  A  metal  with  a  high  permeability  is  abso- 
lutely desirable.  Gray  iron  is  out  of  the  question,  and  a  soft 
steel  is  probably  the  only  solution.  All  the  chuck  parts  com- 
prising the  magnetic  circuit  are,  therefore,  made  of  a  soft 
steel  of  high  permeability;  an  electric  furnace  product,  equal 
in  quality  to  Swedish  or  Lancashire  iron,  is  sometimes  used 
for  chucks.  This  means  that  a  greater  number  of  magnetic 
lines  of  force  per  unit  area  are  obtained  for  a  given  magnetiz- 
ing force  than  would  be  if  some  other  material  were  used.  By 
carefully  following  these  details,  the  results  have  been  all  that 
could  be  expected.  The  chuck  is  powerful,  is  economical  in 
the  consumption  of  electrical  power,  and  has  a  liberal  sized 
magnetic  area.  On  this  100-  by  25-inch  chuck,  as  well  as  on 
all  Persons^rter  chucks,  the 
bottom  plate  is  made  in  one 
piece,  and  on  large  rectangu- 
lar chucks  hexagon  head  bolts 
are  used  to  bind  the  plate  to 
the  chuck  body.  Therefore,  a 
large  size  wrench  can  be  used 
and  the  plate  securely  fastened 
to  the  chuck  body,  thus  insur- 
ing freedom  from  water  enter- 
ing the  chuck.  The  rectangu- 
lar chuck  rests  on  a  number 
of  non-magnetic  supporting 
feet,  which  insulate  the  chuck 
from    the    machine    bed    and 


Construction  of  Persons-Arter  Hagnotic  Chuck 


also  pr"vide  a  clear  path  underneath  for  the  cutting  compound 
to  flow.  These  feet  also  make  it  an  easy  matter  to  true  the 
chui'k  in  position. 


PITTSBURG  STEEL   TYPE   HOLDER 

The  interchangeable  steel  type  holder  which  is  illuslralcil 
and  described  herewith.  Is  a  recent  product  of  thi-  Pittsburg 
Steel  Stamp  Co.,  316  Penn  Ave.,  Pittsburg,  Pa.  The  chief 
advantages  (claimed  for  this  device  arc  as  follows:     It  docs 
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not  require  grooved  type,  and  as  a  result  is  equally  efficient 
for  holding  all  kinds  of  grooved  and  straight  type.  The  claim 
is  also  made  that  it  is  the  only  holder  which  will  carry  un- 
grooved  type  on  heavy  stamping,  and  a  further  advantage  is 
that  type  can  be  quickly  changed.  No  strain  is  imposed  upon 
the  gripping  aiembers.  A  hole,  the  side  of  which  opens  into 
the  socket  for  the  type,  runs  at  an  angle  as  shown  in  the 
partial  cross-sectional  view.  A  steel  ball  A  backed  up  by  a 
spring  B  is  carried  in  this  hole.  When  the  type  is  pushed 
into  the  socket  in  the  holder,  the  ball  is  forced  upward  against 
the  spring  tension;  and  when  the  type  has  been  put  into 
place,  the  spring  forces  this  ball  down  between  the  type  and 
the  inclined  side  of  the  hole,  thus  preventing  the  type  from 
falling  out.  A  pin  C  held  by  a  light  bushing  D  is  used  to 
push  up  the  ball  when  it  is  required- to  change  the  type.  This 
interchangeable  steel  type  holdei'  was  developed  by  E.  T. 
Hudspeth,  tool-room  foreman  of  the  Pittsburg  Steel  Stamp  Co. 


NEW  MACHINERY  AND  TOOLS  NOTES 


Seam-welding  Machine:  Thomson  Electric  Welding  Co., 
Lynn,  Mass.  A  line  of  four  electric  seam-welding  machines 
which  are  for  welding  material  up  to  sixteen  gage.  These 
machines  are  known  as  Nos.  306,  312,  318  and  324,  and  are 
of  sizes  to  permit  work  to  be  handled  up  to  6,  12,  18  and  24 
inches  in  length,  respectively. 

Bench  Grinding  Stand:  Luther  Grinder  Mfg.  Co.,  289  S. 
Water  St.,  Milwaukee,  Wis.  A  No.  306  power  grinding  stand 
adapted  for  the  use  of  grinding  wheels  6  inches  in  diameter 
by  1%  inch  face  width.  The  machine  is  built  with  bearings 
of  ample  size  to  assure  smooth  operation,  and  it  is  adapted 
for  mounting  on  a  bench  or  heavy  table;  it  weighs  15  pounds. 

Ratchet  Tap  Wrench:  Moss-Ochs  Co.,  3387  E.  116th  St., 
Cleveland,  Ohio.  A  ratchet  tap  wrench  made  in  two  sizes, 
namely,  a  No.  1  wrench  with  a  capacity  up  to  '4  inch  and  a 
No.  2  wrench  with  a  capacity  from  M  to  V2  inch.  This  wrench 
is  furnished  with  a  T-handle  which  is  made  a  sliding  fit  to 
permit  of  operation  in  corners  or  other  places  where  the  space 
Is  limited. 

Six-splndle  Vertical  Lathe:  Bullard  Machine  Tool  Co., 
Bridgeport,  Conn.  An  automatic  vertical  lathe  which  com- 
prises six  independent  lathes  arranged  in  a  circle  and  five 
tool-heads.  This  machine  is  built  in  two  types,  viz.,  a  universal 
type,  facing,  boring  and  turning  to  any  angle;  and  a  compound 
type,  facing,  boring  and  turning  in  vertical  and  horizontal 
directions  only. 

Gas  Furnaces:  Capital  Die,  Tool  &  Machine  Co.,  Columbus, 
Ohio.  A  line  of  "Ever-Ready"  gas  furnaces  which  are  operated 
without  a  blower  and  are  claimed  to  be  economical  in  gas 
consumption.  They  are  made  in  a  number  of  different  sizes 
ranging  from  4  by  6  by  12  inches  with  a  gas  consumption  of 
30  cubic  feet  per  hour,  up  to  6  by  12  by  20  inches  with  a  gas 
consumption  of  90  cubic  feet  per  hour. 

Elevating  Truck:  Holyoke  Truck  Co.,  Holyoke,  Mass.  A 
Type  KL-10  truck  which  has  a  capacity  for  handling  loads  up 
to  BOOO  pounds.  The  truck  platform  is  40  inches  in  length 
and  the  extreme  width  of  the  truck  is  27  inches;  the  height 
with  the  platform  lowered  is  10  Inches  and  the  platform  may 
be  raised  a  distance  of  2  inches.  This  truck  has  two  closely 
spaced  wheels  at  the  front  and  two  wheels  at  the  rear. 

Blueprint  and  Drawing  Holder:  National  Co.,  273  Congress 
St.,  Boston,  Mass.  A  holder  for  blueprints,  drawings,  charts, 
eti-..  which  is  furnished  with  a  top  strip  or  binder  that  secures 
the  sheets  onto  the  holder.  This  top  strip  is  removed  By  means 
of  catches  which  may  be  (luickly  operated.  Three  catches  are 
used  so  that  provision  is  made  for  holding  narrow  prints. 
These  holders  are  made  In  three  sizes  of  30,  36  and  42  Inches 
In  length. 

Shell  Trimmer:  Oe  Manl  Tool  &  Machine  Co.,  79  E.  130th 
St.,  New  York  City.  A  semiautomatic  shell  trimmer  which 
Is  adjustable  for  trimming  shells  from  1/4  to  2  Inches  In  length 
and  from  1/16  to  1/2  Inch  In  diameter.  The  toolpost  is  de- 
slKned  to  permit  positive  operation  with  a  minimum  effort, 
anil  a  release  lover  ojocts  the  finished  work  without  the  neces- 
sity of  stopping  till"  machine.  Shells  may  also  be  fed  while 
llio  mnrhlnc   Ih   running. 

Blow  Torch:  Nnnb  Mfg.  Co.,  Cleveland,  Ohio.  A  blow 
torch  whicli  opcriiti's  with  oilhi-r  natural  or  llluhiinatlnK  gns 
and  which  Is  clcslgnrd  to  produce  hiRh  tcmporaturea  by  em- 
ploylnK  a  prossiiro  fan  which  Is  Integral  with  the  torch  to 
provide  for  mixing  gas  and  air  ready  for  combustion.  This 
apparatus  conslHts  primarily  of  a  portable  gas  torch  which  Is 
entirely  snlf-rnntnlned ;  the  pressure  fon  Is  attached  directly 
to  the  burner,  thus  tending  to  eliminate  any  air  leakage. 

Drilling    Machine   Turret    Head:     SpafTord   Tool    Works,    10 


Hoadley  Place,  Hartford,  Conn.  A  five-spindle  turret  head  for 
use  on  single-spindle  drilling  machines  to  provide  for  the 
performance  of  a  sequence  of  operations  at  a  single  setting 
of  the  work.  The  turret  may  be  moved  around  either  way  to 
bring  any  spindle  into  the  operating  position,  regardless  of 
whether  the  machine  is  running  or  at  rest.  All  of  the  spindles 
are  at  rest  except  the  one  which  is  in  the  operating  position. 
Expanding  Reamers:  Cutter  &  Wood  Supply  Co.,  68-70 
Pearl  St.,  Boston,  Mass.  A  line  of  expanding  reamers  which 
are  fitted  with  six  adjustable  blades,  so  that  a  micrometer 
may  be  used  for  setting  the  reamer  to  size.  Adjustment  is 
made  by  means  of  nuts  at  the  ends  of  the  blades  that  slide 
in  inclined  slots.  Each  reamer  will  expand  from  0.010  to 
0.015  inch  over  its  maximum  listed  size  so  that  provision  is 
made  for  considerable  grinding  before  new  blades  are  re- 
quired. 

Elevating  Truck:  Lewis-Shepard  Co.,  48  Binford  St.,  Boston, 
Mass.  In  the  November  number  of  Machinery  a  description 
was  published  of  a  Type  L  truck  built  by  this  company  for 
carrying  loads  up  to  2500  pounds.  Recently,  the  same  firm 
has  added  to'  its  line  a  Type  K  truck  which  is  of  the  same 
general  design,  except  that  it  has  a  capacity  for  handling 
loads  up  to  8000  pounds.  For  a  full  description  and  illustra- 
tion of  the  Lewis-Shepard  elevating  trucks  the  reader  is 
referred  to  the  November  number  of  Machxsery. 

Shell-heating  Furnaces:  Electric  Furnace  Co.,  Alliance, 
Ohio.  Automatic  electric  shell-heating  furnaces  which  are 
especially  adapted  for  the  performance  of  heat-treating  opera- 
tions on  shells.  They  represent  an  adaptation  of  furnaces  of 
similar  size  and  design,  which  have  been  used  for  the  heat- 
treatment  of  steel  parts  tor  railway  and  motor  car  equipment. 
The  outfit  consists  essentially  of  two  furnaces,  the  quenching 
mechanism  and  the  automatic  control  by  means  of  which  all 
operations  or  movements  of  the  shells  are  accurately  timed. 

Tool  and  Cutter  Grinder:  Woods  Engineering  Co.,  Alliance, 
Ohio.  An  improved  form  of  the  No.  2  universal  tool  and 
cutter  grinding  machine"  formerly  built  by  this  company.  The 
new  machine  is  equipped  either  for  belt  drive  or  with  self- 
contained  motor  drive.  The  knee  is  of  box  section  and  en- 
tirely encircles  the  column,  sliding  on  a  V-key  which  is  ad- 
justable for  wear.  Both  the  elevating  and  cross-feed  screws 
are  furnished  with  micrometer  dials.  The  head  may  be 
swiveled  through  180  degrees  and  is  provided  with  a  %-inch 
clamping  nut  and  graduated  column. 

Milling  and  Drilling  Machine:  Moline  Machinery  Co.. 
Moline,  111.  A  machine  designed  primarily  for  the  performance 
of  milling  and  drilling  operations  on  automobile  steering 
knuckles,  both  operations  being  performed  at  a  single  setting 
of  the  work  in  order  to  insure  proper  alignment.  This  ma- 
chine is  of  the  continuous-operation,  six-station  type,  and  is 
provided  with  a  revolving  table  that  enables  the  operator  to 
set  up  the  work  while  another  piece  is  being  operated  upon 
by  the  cutters.  In  addition  to  milling  and  drilling,  other 
operations  of  a  similar  character  may  be  performed. 

Truck  Platform:  McMyler  Interstate  Co.,  Cleveland,  Ohio. 
A  pressed  steel  platform  for  use  in  connection  with  hand  or 
power  elevating  trucks,  this  type  of  platform  being  designed 
to  meet  the  need  for  a  rigid  portable  platform  which  is  not 
excessively  heavy.  Platforms  of  this  kind  are  furnished 
with  grooves  or  ribs  which  are  pressed  into  the  single  steel 
plate  to  give  the  required  strength  and  rigidity.  Standard 
sized  units  are  made  with  inside  clearance  heights  varying 
from  5M:  to  10%  inches,  inside  clearance  widths  from  23% 
to  39',-4  inches,  and  standard  lengths  from  24  to  7S  inches. 

Drilling  Machine:  Buckeye  Tool  &  Machine  Co.,  New 
Philadelphia,  Ohio.  Single-spindle  17-inch  vertical  drilling 
machine,  with  upper  half  of  column  in  the  form  of  an  enlarged 
D-section  and  containing  the  gear-box.  There  are  eighteen 
spindle  speed  changes  and  six  feed  changes  ranging  in  geo- 
metrical progression  from  0.006  to  0.048  Inch  per  revolution  of 
the  spindle.  The  crown  gear  at  the  upper  end  of  the  spindle 
and  the  driving  pinion  are  mounted  in  Hyatt  solid  race  type 
roller  bearings.  This  machine  Is  equipped  with  a  tapping 
attachment  and  automatic  trip  and  depth  gage  with  suitable 
graduations. 

Expanding  Mandrel  and  Tool-holders:  H.  P.  Louden,  Sr, 
Lebanon,  Pa.  A  swinging  expansion  mandrel  adapted  for  all 
classes  of  hollow  work,  aithough  especially  designed  for  shell 
finishing.  It  can  be  arranged  for  either  a  friction  or  an  au- 
tomatic grip.  An  advantage  claimed  for  the  swinging  ar- 
rangement is  the  elimination  of  energy  consumed  In  lifting 
the  mandrel  in  and  out  of  the  machine.  The  tool-holders  are 
intended  for  diamond-point  and  round-nose  tools,  respectively, 
and  It  Is  claimed  that  Incrcosed  production  Is  secured  with 
these  holders  as  well  as  an  economy  In  tool  steel  obtained 
llirnugh  the  utilization  of  short  pieces  of  steel. 
•  •  • 
The  new  Quebec  Bridge  \\a»  formally  opened  to  trafBc  on 
December  4.  The  first  freight  train,  composed  of  sixteen 
frpight  cars,  one  van,  and  one  prlvote  car  with  a  total  weight 
of  1245  tons,  crossed  and  recrossed  the  bridge. 
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GIDDINGS    &    LEWIS    HORIZONTAL 
BORING  MILL 

In  the  October,  1913,  number  of  Machineby,  a  description 
was  published  of  the  No.  0  horizontal  boring,  drilling  and  mill- 
ing machine  built  by  the  Fosdick  Machine  Tool  Co.  Recently 
the  Giddings  &  Lewis  Mfg.  Co.,  Fond  du  Lac,  Wis.,  acquired 
the  manufacturing  rights  for  this  machine.  After  purchasing 
the  drawings,  patterns,  etc.,  the  Giddings  &  Lewis  Mfg.  Co.  at 
once  started  to  prepare  for  building  these  machines  on  a  large 
scale.  Many  features  of  the  design  were  revised.  There  are 
certain  shops  which  have  use  for  a  machine  of  this  type,  that 
require  a  long  traverse  tor  the  spindle.  The  standard  traverse 
is  26  inches,  and  to  materially  increase  the  production  and 
supply  this  demand,  provision  was  made  to  build  the  machine 
with  a  double-spindle  traverse  feed  which  doubles  the  standard 
spindle  traverse.  This  result  is  obtained  by  collars  on  "the 
spindle  placed  in  front  of  and  behind  the  driving  nut  portion 
of  the  ram.  Experience  has  shown  that  operators  of  all  types 
of  boring  mills  frequently  fail  to  know  when  they  have  fed 
the  spindle  to  the  end  of  the  rack,  and  to  overcome  this  trouble, 
an  indicator  has  been  provided  that 
shows  the  exact  travel  of  the  spin- 
dle at  all  times.  This  indicator  is 
positioned  directly  before  the  opera- 
tor, and  in  this  way  prevents  an 
over-feed  of  the  spindle  ram,  thus 
eliminating  danger  of  lost  time  in 
driving  the  rack  back  into  mesh 
with  the  pinion. 

Many  small  changes  have  been 
made  in  the  general  design  of  the 
machine  to  assure  additional  rigid- 
ity and  to  simplify  both  the  opera- 
tion of  the  machine  and  machining 
operations  involved  in  its  manufac- 
ture. Changes  have  been  made  in 
the  design  to  provide  a  perfect  sup- 
port for  all  moving  parts  and  to  af- 
ford efficient  lubrication  of  all  bear- 
ings. The  internal  gears  run  in  oil, 
80  that  they  are  thoroughly  lubri- 
cated at  all  times;  and  an  indicator 
placed  at  the  front  of  the  machine 

shows  the  level  of  the  oil  in  the  case,  which  is  a  feature  that 
not  only  adds  to  the  life  of  the  machine,  but  eliminates  wear 
and  aids  in  the  production  of  accurate  work  by  the  machine. 
To  avoid  the  probability  of  costly  shutdowns  of  the  machines 
while  In  operation,  due  to  carelessness  on  the  part  of  the 
operator,  "fool-proof"  safety  devices  have  been  provided  on  all 
feed  movements.  The  gearing  is  so  designed  that  the  machine 
is  started  at  a  slow  rate,  and  when  the  desired  rate  is  selected 
and  engaged,  a  disaHtrous  shock  is  prevented  because  the  load 
l8  already  in  movement.  Two  feeds  cannot  be  engaged  at  the 
same  time;  each  separate  feed  Is  selected  by  one  lever.  The 
single  clutch  lever  Is  supplied  with  a  spring  latch,  making  It 
Imp'JHMlblo  for  the  clutch  to  accidentally  engage.  The  same  lever 
controlH  the  rapid  traverse  friction  and  has  a  spring  release, 
causing  the  friction  to  be  released  as  soon  as  presHurc  Is  re- 
moved. The  location  of  several  of  the  operating  IcvcrH  han 
been  changed  so  that  the  entire  control  is  centralized  at  the 
operating  position,  making  It  posHlble  to  secure  maximum  re 
suits  from  the  machine. 

•     •     • 

DurlnK  December,  the  War  Department  took  control  of  the 
plants  of  the  General  Vohl>'lo  Co.  and  the  Stewart-Warner 
Speedometer  Co.  in  I^nK  Island  City.  Colonel  Gnorge  Mmil 
Komery,  In  command  of  the  Frankford  Arsenal,  I'hlladolphlii, 
P*,,  will  havf  chnrKo  of  both  plants.  These  plants  aro  among 
the  moMt  nio<l<Tii  mid  best  ojulppod  In  I.,oiik  Island  City.  It 
Is  sAld  that  the  KinwartWarner  plont,  which  has  not  hoen 
occupied,  will  be  used  for  the  manufacture  of  gas  masks  ami 
other  articles  used  by  the  soldiers  In  France.  The  other  plant, 
which  has  been  roanufocturlnR  Gnomo  motors  for  about  a  year, 
will  be  devoted  to  the  manufacture  of  airplane  motors  and 
other  parts. 


CLOSER  COOPERATION  OF  ENGINEERING 
SOCIETIES 

The.  removal  of  the  American  Society  of  Civil  Engineers 
from  its  former  home  on  57th  St.,  New  York  City,  to  new 
quarters  in  the  Engineering  Societies'  Building,  into  which 
they  were  formally  welcomed  in  conjunction  with  the  annual 
convention  of  the  American  Society  of  Mechanical  Engineers 
on  December  7,  marks  an  interesting  epoch  in  the  history 
of  American  engineering  societies,  as  now  all  the  national 
engineering  associations — the  civil,  mechanical,  electrical,  and 
mining — are  housed  under  one  roof.  It  is  believed  that  the 
four  national  societies  will  henceforth  be  able  to  do  greater 
things  because  of  the  strength  they  will  derive  from  closer 
cooperation.  The  union  of  the  societies  under  one  roof  is  a 
symbol  of  the  movement  toward  unity  in  the  engineering  pro- 
fession which  has  become  more  pronounced  during  recent 
years.  The  Engineering  Societies'  Building,  at  29  W.  o9th  St., 
New  York  City,  is  now  truly  the  center  of  engineering  activities 
in  the  United  States,  and  as  the  war  has  done  a  great  deal  to 
focus  attention  upon  the  importance  of  engineering  in  all  the 


No.  0  Horizontal  Boring,  DiilUng  and  Milling  Machine  built  by  the  Giddings  &  Lewis  Mfg.  Co, 

activities  of  civilized   life,  this  is  an  opportune  time  tor  an 
amalgamation  of  the  engineering  societies. 


TEMPERLESS  COLLETS 
It  is  one  thing  to  do  a  diffl<uU  Job  well  and  another  to  avoid 
the  necessity  of  doing  it  at  all.  An  example  in  point  is  tho 
collets  used  In  screw  machines  designed  for  handling  largo 
work.  Collets  as  ordinarily  made  must  have  a  spring  temper 
in  sections  back  of  the  Jaws,  In  order  that  they  will  open  and 
release  the  work  when  the  sleeve  is  withdrawn.  If  the  collet 
fingers  are  not  properly  tempered,  there  will  be  trouble.  If 
too  hard,  the  Angers  will  break;  and  If  too  soft,  they  will  lose 
their  springiness  and  refuse  to  release  the  work,  thus  causing 
the  operator  trouble  and  delay. 

One  machine  tool  manufacturer  was  clover  enough  to  recog- 
nize this  defect  of  spring  collets  and  succeeded  In  devising  a 
collet  chuck  that  Is  poHltlvcly  operated  both  when  closing  tho 
JuwH  on  the  work  and  when  reloaslng  thorn.  Ills  collets  are 
li-ft  soft  In  the  thin  purls  and  hardened  only  In  tho  JnwH.  The 
dlfTorenco  In  cost  on  liirgo  collets  Ih  an  Important  lli-in.  Out 
'if  Huverul  liuiidred  coIIcIh  made  for  0.2'lrich  Ilritlsh  nhcllH,  not 
»iiu  was  lost  In  the  heat-lreotlng,  because  tho  vital  and  delicate 
prirtUin  was  U'ft  as  It  came  from  tho  macl.Ino— thus  wo  hove 
a  cnKi-  of  avoiding  troiililo  rullior  than  correcllnn  It. 
•  •  • 
The  pxecullvo  <'(ininiltli>os  i)f  tho  Master  Car  IliilldorH'  an-t 
Aiiii-rlciiii  Kallway  MiihI<t  McchaTilcs'  AHSiiclatlons  linvo  do 
I'idi'd  to  ahandnn  ttm  aiiiiuiil  conventions  for  19tH  Hlinllarly 
OS  WON  done  In  1917.  The  Railway  Hupply  Manufai'lurers' 
AsNoclntInn  hos  olsn  onnouiicod  thi.t  the  annual  oxiilbltlon 
■  if  iipplliiiicos  Is  post[Hined. 


January,  1918  MACHINERY  471 

COMPARISON  OF  FORGE,  OXY- ACETYLENE  AND  ELECTRIC  WELDING 


ESSENTIAL  FACTORS  IN  FORGE- WELDING  AND  THEIR  IMPORTANCE  IN  THE  OTHER  PROCESSES 

BT   H.  JAMES 


THE  old  method  of  welding  in  a  forge  fire,  where  so  many 
variables  tend  to  produce  poor  work,  is  being  superseded 
on  certain  classes  of  work  by  the  electric  and  oxy- 
acetylene  processes.  Successful  forge-welding  is  dependent  on 
a  correct  analysis  of  the  material,  method  of  joining  the  work, 
fuel,  blast  pressure,  quality  of  flux  and  ability  of  operator. 
Other  important  factors  are  the  cost  of  labor  and  material. 
The  fuel  supplied  by  the  purchasing  department  is  sometimes 
bought  irrespective  of  analysis.  A  few  analyses  will  show 
what  is  required,  and  in  the  case  of  coal  with  which  the  smiths 
claim  that  good  work  cannot  be  done,  it  will  be  noted  that 
the  principal  difference  is  in  the  ash  content  and  the  number 
of  British  thermal  units.  Why  these  slight  variations  should 
cause  any  material  difference  is  hard  to  explain,  but  a  piece 
of  work  unsuccessfully  welded  in  a  fire  using  "bad  coal"  can 
be  successfully  welded  in  a  fire  using  "good  coal."  Sulphur 
is  not  considered  as  objectionable  in  coal  today  as  formerly, 
but  the  less  there  is  of  it  the  better.  The  analyses  of  smithing 
coals  are  given  in  Table  1. 

TABLE    1.    ANALYSES  OF  SMITHING  COAL 


Test  No.  2 
Sample  Heat  .Appearance 

A    Bright  yellow Good 

B    Bright  yellow Very  good 

C     Bright  yellow Very  good 


Bright  yellow Very  good 

Bright  yellow Fair 


Tensile 
Strengtb^ 
Pounds 

.26,810 
.28,280 
.26,920 
.31,440 
.23,860 


The  nrst  tour  samples  broke  at  the  weld,  but  did  not  pull 
out;  the  fifth  broke  back  on  the  steel  tube  about  one  inch  from 
the  weld,  at  a  point  where  it  was  overheated. 


Test  No.  3 

Sample  Heat  Appearam 

1  Very  bright  red Good 

2  Very  bright  red Good 

3  Very  bright  red Poor 

4  Very  bright  red Poor 

5  Bright  yellow  Good 

6  White  Fair  . 


Tensile 
Strengtb, 
Pounds 


.28.220 
.30.980 
.31,690 
.25,400 
.29,450 
.19,280 


Molature 

Volatile 

Combusllbl.- 

Matter 

1^ 
II 

SoS            So       ;         «1                   S 

S 

1 

D 

n 

0.64 
0.30 
0.34 
0.25 

18.18 
18.80 
19.66 
18.90 

18.82 
19.10 
20.00 
19.15 

91.18 
91.95 

89.21 
86.80 

73.00 
73.15 
69.55 
67.90 

8.18 

7.75 
10.45 
12.95 

81.18 
80.09 
80.00 
80.85 

2.82 
1.09 

0.89 
1.03 

14,170 
14,504 
14,033 
13,404 

Jachina'y 

Georges  Creek.. 

Good  Coal 

Bad  Coal 

One  of  the  disadvantages  of  forge-welding  is  that  regula- 
tion of  the  blast  is  difficult,  and  perfect  combustion  is  never 
realized.  Besides,  the  oxidizing  influences  that  are  present 
tend  to  produce  a  poor  weld.  The  flux  used  is  generally  borax 
or  sand;  but  very  little  is  used,  and  in  large  shops  the  welding 
la  done  at  a  high  temperature,  which  results  in  coarsening 
the  grain.  The  work  Is  then  annealed  to  restore  the  grain.  It 
It  were  not  for  this  high  temperature,  the  welds  would  be  con- 
siderably poorer. 

That  there  is  considerable  variation  in  the  strength  of  welds 
Is  well  known.  A  comparison  of  results  from  varied  sources 
shows  that  the  ratio  of  the  strength  of  welds  to  the  strength 
of  solid  pieces,  in  the  case  of  iron,  varies  from  60  to  85  per 
cent,  and  from  55  to  85  per  cent  In  the  case  of  steel.  Chain 
welding,  which  Is  probably  the  most  exact  work  done,  varies 
from  72  to  95  per  cent. 

Tests  on  the  safe  ending  of  boiler  tubes  give  a  good  idea  of 
the  erratic  results  one  may  expect  to  find  in  practice.  The 
point  to  be  settled  In  the  tests  was  the  feasibility  of  welding 
the  Parksburg  iron  safe  ends  onto  steel  tubes  supplied  by  the 
National  Tube  Co.  In  the  first  test,  Parksburg  iron  safe  ends 
were  welded  onto  Parksburg  iron  tubes;  In  the  second  test,  the 
five  iron  ends  were  welded  onto  National  Tube  Co.'s  steel 
tubes;  and  In  the  third  test,  steel  ends  were  welded  onto  the 
steel  tubes.  In  all  rases,  the  tubes  were  two  inches  in  diam- 
eter and  the  tensile  tests  were  on  elghteen-inch  lengths. 


The  first  four  samples  pulled  apart  at  the  weld;  the  fifth 
and  sixth  were  burned;  the  last  sam- 
ple broke  back  on  the  tube  about 
one  inch,  where  it  was  overheated. 
The  labor  element  is  also  an  im- 
portant factor  in  the  making  of  a 
successful  weld.  Even  in  a  well  or- 
ganized, up-to-date  shop  the  writer 
has  seen  two  smiths,  working  on  large 
work  at  separate  fires,  draw  the  work, 
knock  off  the  clinker,  rush  to  the  ham- 
mer a  few  feet  away,  and  find  the  ham- 
mer boy  far  down  the  shop  wrestling 
with  a  friend.     Then  after  the  piece 

was  welded  and  the  men  thought  a  good  job  was  done,  they 

found  that  the  weld  practically  fell  to  pieces. 

Oxy-acetylene   Welding- 

When  welding  with  acetylene,  the  analysis  of  the  material 
is  known  because  this  method  is  generally  used  on  parts  that 
have  failed  in  service.  Generally,  also,  the  quality  is  deter- 
mined; in  any  case,  the  difference  between  iron  and  steel  is 
not  so  noticeable.  The  material  used  to  make  the  weld  Is  pur- 
chased in  the  correct  form  and  to  the  right  analysis.  The  blast 
pressure  is  registered  by  a  gage,  so  that  there  is  less  danger  of 
oxidation,  and  the  quantity  of  acetylene  is  regulated.  A  flux 
is  nearly  always  used,  though  its  composition  may  vary  con- 
siderably, as  Is  here  shown: 

Analyses  of  Fluxes 

Per  Cent 

Borax  57.35  to  33.79 

Calcium  carbonate   6.47  to  38.16 

Siliceous  matter    33.03  to     1.06 

Carbon  3.15  to  26.99 

In  acetylene  or  electric  welding,  the  operator  generally  does 
little  else,  whereas  a  smith  may  do  several  other  kinds  of 
work,  and  the  old  saying  that  practice  makes  perfect  holds 
good.  An  Intelligent  handy-man  Is  generally  employed,  and 
his  wages  are  a  trifle  less  than  a  smith's.  The  cost  of  ma- 
terial, which  includes  gas,  is  greater,  however,  than  when 
the  welding  is  done  In  the  forge  fire.    The  cost  of  welding  in- 


TeHt  No. 

A  PI"' 


Tensllo 
Btrengtb, 
Pounds 


Bsniple  lli-a( 

1  Bright  yellow 

2  nrlglit  yellow,  plus Good  30,040 

3  Bright  yellow Poor   28,390 

4  Very  bright  yellow Very  good  31.730 

5  White  Fair  27,440 


The  foreman  said  that  the  first  three  samples  were  not  hot 
enough,  but  the  smith  contended  that  the  second  sample  was. 
The  first,  second  and  fourth  samples  broke  at  the  weld,  but 
did  not  pull  apart. 
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RESULTS  OBTAINED  WITH  ELECTRIC  WELDING  AND  OXY-ACETYLENE 
WELDING 


Method 

5g|       .al'sl    ||S    II          1=                                                 Remarks 

mSS,     om'zS.  ie^£   &aS    HsiS 

Electric 

19,420 

24,700 

78 

0.306 

I 
0.508   Ground  joint 

Electric 

23,790 

24,700 

96 

0.315 

0.513   Ground  joint 

Electric 

25,530 

24,700 

100 

0.324 

0.580   Not  ground,  broke  2%  inches  from  weld 

Electric 

24,230 

24,700 

100 

0.317 

0.621   Not  ground,  broke  2%  inches  from  weld 

Electric 

24,350 

24,700 

100 

0.322 

0.625   Not  ground,  broke  2%  inches  from  weld 

Osy-acetylene 

17,120 

24,590 

69 

0.305 

0.305   Ground  joint,  broke  at  weld 

Oxy-acetylene 

22,690 

24,590  1    92 

0.311 

0.311    Ground  joint,  broke  at  weld 

Oxy-acetvlene 

22,520 

24,590 

92 

0.317 

0.418   Not  ground,  broke  at  weld 

Oxy-acetylene 

24,590 

24,590 

100 

0.320 

0.463    Not  ground,  broke  2%  inches  from  weld 

Oxy-acetylene 

22,900 

24,590 

93 

0.320 

0.359  Not  ground,  broke  at  weld 

Oxy-acetylene 

19,900 

24,580 

81 

0.328 

0.415   Not  ground,  broke  through  weld 

Oxy-acetylene 

21,520 

24,580 

88 

0.317 

0.390   Not  ground,  broke  through  weld 

Oxy-acetylene 

19,610 

24,580 

80 

0.312 

0.420    Not  ground,  broke  through  weld 

Oxy-acetylene 

23,890 

24,580 

97 

0.318 

0.385   Not  ground,  broke  through  weld 

Oxy-acetylene 

22,410 

24,590 

91 

0.334 

0.415   Not  ground,  broke  through  weld 

Oxy-acetylene 

13,590 

21,500 

63 

0.279 

0.337    Not  ground,  broke  through  weld 

Machinery 

creases  with  the  thickness  of  the  work,  as  the  consumption 
of  gas  naturally  increases  with  the  cross-section  of  the  work. 
This  is  indicated  in  the  accompanying  chart,  which  shows  the 
cost  of  one  linear  foot  of  welding  for  stock  varying  from  0.03  to 
0.5  inch  in  thickness. 

When  welding  with  acetylene,  it  is  necessary  to  preheat  the 
surrounding  parts,  as  the  sudden  expansion  due  to  the  great 
temperature  of  the  gas  is  likely  to  cause  rupture,  particularly 
if  there  are  strains  in  the  casting  or  forging.   In  forge-welding, 
conduction  and  radiation  are  more  gradual,  so  that  this  pre- 
heating is  not  necessary;    moreover,   very  intricate 
castings    are    not    usually    forge-welded.     In    forge- 
welding,  the  amount  of  hot  work  performed  at  and 
continuing  until  the  right  temperature  is  reached  is 
sufficient  to  reduce  the  grain  size  of  the  metal,  but 
with  acetylene  welding  the  work  must  be  annealed. 
If  the  weld  is  poor,  failure  will  undoubtedly  occur 
through  it.    If  the  metal  around  the  weld  is  affected 
by  the  heat  and  the  work  is  not  annealed,  failure  will 
occur  adjacent  to  the  weld.     If  the  annealing  has 
been  done  correctly,  failure  will  occur  through   the 
weld,  but  the  tensile  results  will  be  higher  than  those 
obtained  with  a  poor  weld. 

Table  2  shows  the  results  obtained  by  electric  welding  and 
oxy-acetylene  welding.  Table  '■',  shows  the  results  obtained 
by  these  methods  and  the  oxy-hydrogen  process  as  well. 

Cast  Iron,  when  welded  and  annealed,  often  shows  consider- 
ably less  strength  after  treatment  than  before.  This  Is  be- 
cause annealing,  besides  relieving  Internal  strains,  causes  a 

TABLE  .3.    COMPARISON    OF    OXY-HYDROGEN.    OXY-ACETYLENE,    AND 
EI.KCTRIC  PROCESSES 


molecular  rearrangement  due  to  the 
graphite  change.  A  l^-inch  square 
bar  tested  on  24-inch  centers  had  a 
strength  of  3250  pounds  before  weld- 
ing and  3000  pounds  afterward.  In 
another  test,  the  strength  of  the 
bar  was  3350  pounds  before  weld- 
ing and  3200  pounds  afterward. 
The  welding  sticks  were  high  in 
silicon,  about  3  per  cent,  and  the 
outside  was  thoroughly  cleaned  so 
that  no  sand  or  dirt  could  get  into 
the  weld  and  cause  trouble  in  sub- 
sequent machining. 

The  whole   of  an   intricate   piece 
of  material  should  be  preheated  be- 
fore welding,  so  that  any  internal 
strains  that  may  exist  will  be  re- 
lieved.     This    preheating    and    an- 
nealing should,  of  course,  be  grad- 
ual and  the  parts  treated  should  be 
kept  away  from   drafts.     It  is  evi- 
dent that  the  nearer  a  piece  can  be  brought  to  the  welding 
heat  in  this  treatment  the  less  will  be  the  local  expansion, 
proportionately,  and  therefore  the  less  will  be  the  strains  set 
up.     Preheating  or  annealing  is  accomplished  by  an  oil  torch 
or  oven,  neither   of  which   is  as  expensive  as  acetylene  gas. 
The  chief  difference  in  the  cost  of  oxy-acetylene  welding  and 
forge-welding    appears    to    be    the    adaptability    of    the    oxy- 
acetylene  process  to  the  work  and  the  fact  that  in  many  cases 
stripping  of  a  machine  is  unnecessary.     A  smith  may  not  be 
available,  but  an  acetylene  apparatus  is  now  quite  easily  found. 

TABLE  4.     THERMIT  WELDS 


TensUe 

Strength, 

Pounds  per 

{    Square  Inch 

Percentage  of 

Reduction  in 

Area 

Percentage  of 

Elongation  In 

2  Inches 

Fracture  cparsely  crystalline 
Fracture  coarsely  crystalline 
Fracture  coarsely  crystalline 
Fracture  coarsely  crystalline 
Fracture  coarsely  crystalline 

50.750 

58,480 
56,800 
61,800 
61,000 

2.60 
4.92 
3.00 

9.66 

Not  measured 
Not  measured 

2.67 

1.00 

5.00 

Machinery 

IToTM   ini)    Trinl 


Oxy-bydrogen,  original  plate,  Vi  Inch  thick 

Oxy-hydrogen,  welded 

Oxy-hydrogen,  welded 

Oxy-hydrogen,  welded  and  annealed 

OxyhydroKen.  welded  and  annealed 

Oxy-acolylene,  original  plate 

Oxy-a':etylene,   welded 

Oxy-aicetylBue,  welded 

Oxy-arelylone,  welded  and  annealed 

Oty  ,i(;<!(yicne,  orlKltial   plate 

'ir-  ;,,  rty;r:nr',  wolded  with  Btool  plate 

'  I'lod  with  iron  wire 

I  rolled  Hliarting,  orlKlnal  bar' 

•I'id 

.'■'irway  iron,  original  bar' 

•  ,  Norway  Iron,  welded 

I  1,  'irlKlnal  plato 

i:  '  '  'r.c   v.old,   welded 

Kli'irlr  wold,  woldod 

Kl"  trii:  weld,  woldod  and  annoaled 


"J.    ".    •        n  .  Percentage 

Strain,  Pt-rcentage     „,  Reduction 

Pounds  p«r   of  filoDgatlOD       ^f  ^^^^ 
Square  loch 


68.400 
32.300 
29.800 
31.000 
41.300 
68,400 
69,450 
53,300 
66,900 
49,100 
46,900 
48,600 
73.740 
36.690 
4G.000 
36.900 
61.160 
44,000 
37.6S0 
30.400 


i-klMtl  to  i>li(ln»l   ar^a 


Electric  and  Thermit  Weldintr 
Locomotive   flue  welding  is  now   done  extensively   by   the 
electric  process.    A  comparison  of  costs  shows  that  the  electric 
method  is  cheaper  than  the  acetylene.    But  as  far  as  putting 
the  tubes  in  is  concerned,  both  are  dearer  than  setting  them 
by  band.     But  the  service  conditions  give  a  greater  mileage 
for  the  welded  tubes.    The  approximate  cost  by  beading  is  7.3 
cents  per  flue;  by  oxy-acetylene  welding, 
9.8  cents;   by  electric  welding,  7.7  cents. 
Firebox  sheets  are  welded  and  patched 
successfully  by  the  electric  process  with- 
out raniovlng  the  sheets.     Taking  out  the 
sheets  or  removing  a  locomotive  frame  is 
costly  In  time  and  money.     Fninies  have 
been  welded  in  place  by  blaiksmilhs,  but 
il    is   u   dinicult   Job;    the    better   method 
is  to  employ  thermit.     Thermit  has  also 
been   used  successfully   tor   welding  side 
ro<ls.     Ordinarily,  when  welding  a  chan- 
neled rod  the  flutes  are  fliled  with  Iron, 
which    is    allowed    to    project    over    the 
(!(Iko.h  (if  the  broak.     Iloloa  are  sometimes 
drilled    u    few    inches    fnini    the   ends   of 
the    break;     when    welding,    those    holes 
servo   to  rivet  the   work    loKothor.     Tho 
rodH,  after  woldlng,  arc  nMn<-nl(Ml  but  are 
not  rollutud,  being  loft  solid.     In  Table  4 
iiro  kIvi'M  Iho  rnRults  obliiiiicd  by  tlicrnilt 
wi'Idiiig.       All     Iho    toHl  rdcci'H    were    cut 
from    riHcrH.      The    coarno    frncturo    indl- 
I'liti'R   tliiu   this  steel   could    be    linprovril 
by  annealing. 


20.0 

3.0 

5.0 

3.0 

4.6 

20.0 

7.0 

12.0 

14.0 

33.4 

9.0 

13.6 

19.0 

1.6 

43.0" 

6.6" 

22.0 

60 

4.0 


64.00 

9.40 
60.99 

8.12 
66.42 

3.91 
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METHOD  OF  BRIQUETTING  AND  PRESS  USED 


Fig.  1.     Plan  View  of  Ronay  Briquetting  Press 

PRICES  of  metals  of  all  sorts  have  been  subject  to  rapid 
advances  during  the  last  twelve  months,  and  never  before 
has  there  been  so  great  a  need  for  rigid  economy  in 
metallurgical  and  melting  practice.  Ingot  metal  and  heavy 
scrap  have  shown  a  far  larger  proportional  increase  In  price 
than  have  the  light  scrap,  chips  and  borings.  It  is  evident 
that  if  the  light  scrap  can  be  so  treated,  or  pressed,  that  it 
will  be  cheaply  fabricated  into  a  form  metallurgically  equiva- 
lent to  the  heavy  scrap,  a  great  industrial  economy  will  be 
realized.  At  present  the  use  of  light  scrap  in  the  crucibles 
means  a  great  loss  in  handling,  charging  time,  and  also  actual 
metal  losses  from  burning,  oxidation  and  vaporization. 

Bundling  or  cabbaging,  whereby  long  strips  or  sheets  of 
metal  are  pressed  into  rectangular  bundles  suitable  for  melt- 
ing, has  long  been  an  established  practice.  It  is  a  recognized 
economy,  and  bundles  are  quoted  at  an  advance  over  the  loose 
scrap.  Bundling,  as  such,  is  limited  to  the  long,  flexible  turn- 
ings and  sheets.  Nothing  can  be  done,  so  far  as  these  cab- 
baging operations  are  concerned,  with  the  loose,  fine  needles, 
borings,  punchings  and  brass  washings.  That  is  the  function 
of  nietal  briquetting.  The  briquette  and  the  bale  are  in  no 
sense  competitive,  at  least  so  far  as  the  non-ferrous  metals 
are  concerned,  for  the  reason  that  they  use  material  in  abso- 
lutely different  forms.  The  bundling  or  baling  machine  calls 
for  the  long,  flexible  material,  while  the  usual  briquetting  ap- 
paratus handles  best  the  short,  easily  fed  boring.  The  follow- 
ing is  a  comprehensive  definition  of  briquetting:  The  process 
of  fabricating  small  or  fine  materials,  usually  the  breakage 
or  wastage  from  larger  blocks  of  the  same  nature.  Into  large 
sizes  more  convenient  for  the  purpose  in  hand,  that  purpose 
involving  the  destruction  of  the  product  or  briquette,  as  such, 
either  by  useful  consumption  or  as  a  step  in  a  melting  or 
reducing  operation. 

In  the  manufacture  of  metal  briquettes  for  the  melt,  it  is 
generally  advisable  that  no  binder  be  used  unless  the  binding 
material  Is  in  the  nature  of  a  flux.  Binders,  however  ap- 
parently harmless  in  themselves,  too  often  introduce  metal- 
lurgical complexities  in  the  final  product.  In  all  metal  briquet- 
ting It  Is  considered  desirable  to  achieve  the  desired  results 
through  the  medium  of  proHsure  alone.  When  heavy,  slow 
pressure  is  applied  to  metal  particles  or  chips,  a  condition 
arises  exactly  analogous  to  the  natural  formation  of  sand- 
stone or  conKlomerato  rocks  In  nature.  Hocks  formed  from 
sand  and  like  fine  material  are  of  two  aorts — those  formed  by 
pressure  alone,  and  those  cemented  by  a  natural  binding  ma- 
terial, or  chemical   action.     It  Is  from   the   first  variety   that 

'AhHlrnct  of  an  orllrin  b7  A.  L.  StIUman,  publlKlicd  In  tlic  ■'JournnI  of  (ho 
Aniirlrnn   InitltiKe  or  Molula,"   HvptoinlMr,   1017. 


we  draw  our  analogy.  Fine  materials,  whether  rock  particles 
or  metal  chips,  show  characteristic  strains  under  compression. 
In  some  cases  but  little  pressure  is  necessary  to  obtain  dis- 
tortion and  consequent  flow.  The  malleable  metals,  notably 
lead,  change  shape  under  compression.  The  surfaces  soften 
and  adhere  as  particles  of  ice  adhere  when  held  together. 
This  is  a  principle  applying  to  but  few  types  of  metal  or  rock 
particles.  Lead  alloys  and  babbitt  metals  are  consequently 
extremely  easy  to  briquette.  Copper,  aluminum  and  their 
alloys,  notably  brass — and  incidentally  to  a  greater  degree  iron 
and  steel — do  not  show  great  changes  of  shape  under  pressure 
other  than  simple  bending.  None  the  less,  a  strong  cementing 
action  takes  place  between  the  particles  under  pressure  here- 
tofore explained  by  the  term  "flow."  After  the  preliminary 
packing  pressure  has  been  exerted,  whereby  the  metallic  units 
are  interlocked  or  forced  against  each  other  and  the  included 
air  has  been  slowly  expelled,  the  building  up  to  extreme  pres- 
sures causes  a  new  interrelation  of  the  particles,  a  strong  bond 
of  adhesion,  resulting  in  a  briquette  that  is  so  strong,  so 
homogeneous  that  it  is  frequently  accepted  as  the  metallurgi- 
cal equivalent  of  heavy  scrap.  The  little  heat  generated  is 
insufficient  to  cause  binding  through  the  medium  of  melting. 
In  the  brasses,  aluminum  alloys  and  the  like  there  is  not  the 
pressure  flow  characteristic  of  the  more  malleable  metals — 
for  even  minute  surface  imperfections  are  not  greatly  affected. 
What,  then,  causes  the  bond,  assuming  that  mere  interlocking 
is  insufficient? 

Materials  under  strain  are  subject  to  what  is  known  as 
"skin  tension."  Considering  the  outer  layer  of  a  metallic  par- 
ticle as  the  "skin,"  we  may  imagine  it,  under  pressure,  to  be 
subjected  to  strains  within  and  without  which  will  cause  alter- 
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"Built  to  Stand  the  Steady  Drive  of  the  Busy  Shop 


No.  13 


BROWN  &  SHARPE 

SPUR  and  BEVEL 

GEAR  CUTTING 
MACHINE 

CAPACITY : 

Spur  and  bevel  gears  to  18  inch  diameter, 

4  inch  face.     Cast  iron,  4  diametral  pitch. 

Steel,  S  diametral  pitch. 


A  Time-tried 
Profit-proved 
INVESTMENT 


for  the  shop  using  Spur 
and  Bevel  Gears  In 
quantities  too  small  to 
warrant  the  installation 
of  both  a  spur  gear  cut- 
ting and  a  bevel  gear 
cutting  machine. 

This  Machine 
Cuts  with  Speed 
and  Precision  — 

Both  Spur  and  Bevel 
Gears  also  Sprock- 
ets and  Clutches 

Inde.xing  is  rapid  and 
independent  ot  speed  and 
feed  ot  cutter.  Rigid  de- 
sign allows  rapid,  heavy 

cuts  to  be  taken  without  loss  ot 

accuracy. 

Constant  speed  drive  with  high 
belt  speed  and  large  belt  contact 
Insures  ample  power  to  pull  heavy 
cuts. 

Their  handiness  in  operation  and 
their  adaptability  to  a  wide  range 
ot  worlt  Instantly  appeals  to  every 
gear  man  who  has  faced  the  prob- 
lem of  handling  the  variety  of  worlt 
that  can  be  cut  on  these  machines. 


Let 


5  tell  you  all  about  them. 
Send  for  literature. 


Brown  &  Sharpe  Mfg.  Co., 

OFFICES:  NEW  YORK,  N.  V.,  20  V<!i«-y  .SI.  PHILADELPHIA,  PA.,  lioa-linr.  Uberly  BIdK. 
CHICAGO,  ILL.,  r.ifl-r,30  WiinhlnKtoii  Hlvil.  ROCHESTER,  N.  Y.,  415  ('li:iiiil)(!r  of  Commoroe 
llldK.  SYRACUSE,  N.  Y.,  Ito.im  41!i  IFiiIv.imHv  HIimU  PITTSDUROH,  PA.,  253«  llmiry  W. 
Ollv.T  r.l.lK  CANADIAN  REPRESENTATIVE:  MONTREAL,  TORONTO,  WINNIPEG. 
CALOARY,  VANCOUVER,   ST.   JOHN,  SASKATOON,  'riio  ( •aiiiiillaii   I'^ili  liiiiiUn-MoiHc  <■(■..    I,td. 
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BROWN  &  SH ARPE 

INVOLUTE 

GEAR  CUTTERS 


This  cut  shows  con- 
dition of  cutter  after 
extensive  service.  Its 
record  shows  that  it 
has  cut  t  h  r  0  u  K  h 
thousands  of  feet  of 
stock  and  is  still 
capable  of  further 
service  —  its  form 
unchanged  —  its  ac- 
curacy  unimpaired. 


Every  time  a  gear  cutter  takes  a  trip 
to  the  grinding  wheel  its  period  of 
usefulness  is  lessened  in  exact  pro- 
portion to  the  number  of  resharpen- 
ings  the  cutter  will  stand.  The  less 
frequent  such  trips  are  necessary  and 
the  greater  number  of  resharpenings 
the  cutter  will  stand,  the  more  eco- 
nomical its  use  becomes.  That's  why 
the  use  of  B  &  S  Gear  Cutters 

In  Your 

Gear  Gutting 

Department 

is  a  big  help  toward  the  economical 
production  of  high-grade  gears.  They 
stand  up  under  heavy  cuts  for  long 
periods  between  resharpenings  owing 
to  careful  selection  of  materials  and 
improved  methods  of  heat  treatment. 
They  will  stand  many  trips  to  the 
grinding  wheel  because  the  way  they 
are  cut  and  relieved  allows  the  teeth 
to  be  ground  almost  to  the  back  edge. 

Send  for  Catalog  27. 

It's  a  reliable  guide  to  a 
reliable  cutter  service. 


Providence,  R.  L,  U.  S.  A. 

REPRESENTATIVES:     BALTIMORE,   MD..  Carey  Machlnorv  fc   Supply  Co.     CINCINNATI,  O., 

I^JOIANAPOLIS,  IND.,  The  K.  A.   Klii.m-y  Co.     SAN   FRANCISCO,  CAL.,  Pacific  Tool  &  Supply 

CLEVELAND,  O.,  DETROIT.   MICH.,  Strong.  Carll.slc  «:   H:immond  Co.     ST.   LOUIS,   MO., 

irl-Wrli:lit      M:i.liliiir.v      ^:      Supply     ro.       SEATTLE,      WASH.,      Perlne      Machinery      Co. 
TLAND,  ORE.,   I'drll.uul    Marhlncrv  Co. 
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natlng  minute  stretch  and  contraction,  with  or  without  fissil- 
ity.  Two  such  surfaces  in  contact  will  show  a  tendency  to 
merge  into  each  other.  If  microscopic  cracks  or  fissures  occur, 
it  is  reasonable  to  assume  that  the  bonding  action  is  height- 
ened thereby.  This  "skin  tension"  is  offered  as  an  explana- 
tion of  the  bonding  that  unquestionably  occurs  without  change 
of  shape.  It  is  not  "flow,"  as  such,  but  may  be  regarded  as 
the  preliminary  symptom  of  flow.  It  is  true  that  with  very 
hard  steels,  and  even  some  bronzes,  the  very  high  pressures 
today  realized  are  insufficient  to  produce  even  the  slight  skin 
tension  necessary  for  bond,  and  in  these  cases  it  is  the  prac- 
tice to  use  a  binding  material  to  assist  the  action.  In  the 
case  of  hard  bronze,  milk  of  lime  has  proved  satisfactory  as 
an  aid  to  briquette  making. 

Of  first  importance  in  the  manufacture  of  metal  briquettes 
is  the  expulsion  of  the  air  surrounding  the  loose  chips.  Sud- 
den application  of  force,  impact  by  hammer  blow  or  explosion 
will  not  make  briquettes  suitable  for  melting,  because  the 
sudden  force  gives  no  opportunity  for  the  escape  of  air. 
Briquettes  have  been  made  thus  all  to  frequently  in  the  past. 
They  contain  minute  chambers  of  air  under  high  compression. 
In  melting,  this  air  breaks  out,  rending  and  tearing,  and  the 
least  damage  to  be  expected  is  the  reduction  of  the  briquette 
to  its  original  state,  thereby  forfeiting  all  the  economy  antici- 
pated. An  ordinary  hydraulic  press  can  be  used  to  make  suc- 
cessful briquettes  provided  it  is  operated  slowly,  to  get  rid  of 
included  air.  The  result  is  usually  a  sacrifice  of  capacity  and 
consequent  expense.  The  few  who  have  attempted  commer- 
cial briquetting  in  ordinary  hydraulic  presses  are  gradually 
abandoning  it.  Special  design  is  necessary  to  obtain  simul 
taneously  high  capacity  and  quality  of  product. 

Some  progressive  firms  have  presses  especially  designed  to 
handle  their  chips  which  are  working  satisfactorily.  Latterly 
there  has  been  a  tendency  to  adopt  foreign  practice.  In 
Europe  the  necessity  for  conserving  resources  has  been  a  prob- 
lem far  more  pressing  than  in  the  United  States  tor  a  great 
many  years.  So  far  as  study  and  investigation  proceeded. 
the  result  may  be  said  to  be  standard  briquettes  of  all  classes 
of  metals  which  are  daily  quoted  as  a  market  commodity.  The 
problem  has  been  solved  in  many  ways;  but  the  most  success- 
ful and  indeed  the  one  system  originating  abroad  that  has 
made  a  definite  progress  in  this  country  is  the  Ronay  process. 
Here  the  problems  solved  may  be  summarized  as  follows:  The 
pressure  is  brought  to  the  maximum  commercially  permis- 
sible— the  capacity  is  high  and  the  cost  per  ton  extremely  low. 
The  illustrations  show  the  large  size  vertical  Ronay  press 
manufactured  by  the  General  Briquetting  Co.,  25  Broad  St., 
New  York  City,  under  the  name  "Type  A."  Briefly,  it  con- 
Blsta  of  six  molds  5  or  G  Inches  in  diameter  set  in  the  hori- 
zontal rotary  table.  This  table  Is  automatically  rotated,  one- 
sixth  revolution  between  each  operation.  The  operation  is 
controlled  by  the  automatic  hydraulic  valve  gear.  In  the 
operation,  three  molds  are  simultaneously  subjected  to  dif- 
ferent operalions  while  the  other  three  are  idle.  The  succeed- 
ing operation  brings  these  throe  Idle  molds  under  the  three 
plstone.  BrlquetlcH  are  turned  out  on  every  sixth  revolution 
of  the  table.  In  the  first  sector  the  mold  Is  filled  by  gravity 
from  a  filling  hopper  and  subjei-ted  to  the  action  of  a  hydraulic 
packing  plunger  working  from  above  In  the  center  of  the 
hopper.  Imagining  the  machine  In  oporatlot.  Immediately 
after  the  filling  and  packing  Ih  completed,  one-sixth  revolution 
of  the  tablo  brlngB  the  mold  to  the  Idle  poBlllon,  where  It 
waltB  the  filling  of  the  Hiirreedlng  mold  This  roniplete,  an 
other  onculxth  revolution  brings  It  to  the  heavy-prossuro  pis- 
ton. The  mold  In  directly  under  a  Hlallonary  couMler-plungor 
and  over  a  sliding  plunger  operated  by  a  hydraulic  pUlon. 
ProMuro  In  admitted  by  valve  gear  to  the  hydraulic  piston,  and 
th"   ■  .''-r   1*   forced   agaltiHt   the   rhlpH   In    iho   mold. 

Uri''  iti   the  mold   rlHe»,  thereby  avoiding  frlcllnn 

of  t;  .       ...iliiat  ItD  Kldofi  and  ramtlng  the  counter  plunger 

to  expri  a  prnnNura  practically  o'julvolont  to  thot  Of  tho  lower 
planter,  cAUKlng  eompreiiHlon  of  the  rhipii  on  both  Mldon.  To 
provent  Inclunlon  of  air,  a  downward  prcmiurn  In  exerted 
•Kalnat  tho  mold  by  ndJu*tmont  of  countnrwolKht*  to  obtain  n 
dlfferanco  of  preMuro  botwoon  upper  and  lower  plungerH 
thereby  th«  contained  olr  enrapas  from  the  top.    The  counter 


weights  prevent  too  rapid  rising  of  the  mold  and  the  main- 
tenance of  the  proper  differential  of  pressure.  The  counter- 
pressure  is  regulated  in  accordance  with  the  character  of  the 
material  briquetted.  The  increase  in  hydraulic  pressure  is 
not  continuous,  as  a  slight  decrease  in  pressure  takes  place 
with  each  stroke  of  the  pump.  Here  the  weight  of  the  mold 
overcomes  somewhat  the  frictional  resistance  and  the  mold 
recedes  slightly.  The  lifting  of  the  mold  is,  therefore,  some- 
what spasmodic,  resulting  in  a  movement  like  shaking,  which 
facilitates  the  expulsion  of  the  air  from  the  material. 

With  the  expulsion  of  the  air  the  pressure  is  brought  up  to 
maximum,  which  in  the  five-inch  molds  amounts  to  33,000 
pounds  per  square  inch.  Pressure  is  held  just  long  enough  to 
insure  a  permanent  set  to  the  briquette,  which  is  now  com- 
pletely formed.  The  pressure  is  removed  and  another  one- 
sixth  turn  brings  the  mold  to  the  idle  position.  Then  another 
one-sixth  turn  brings  the  mold  containing  the  finished  briquette 
to  the  ejection  plunger,  which  is  also  hydraulically  operated. 
From  this  point,  another  one-sixth  turn  brings  the  empty  mold 
to  an  idle  position,  preliminary  to  the  next  position,  where, 
the  revolution  having  been  completed,  it  is  again  under  the 
feeding  hopper.  It  is  seen  that  the  three  operations  of  feed- 
ing (with  packing  plunger),  pressing  and  ejection  take  place 
simultaneously  with  three  different  molds,  the  other  three 
being  in  intermediate  positions  awaiting  the  same  operations. 

This  press  is  designed  to  turn  out  four  briquettes  per  min- 
ute, and  the  table  is  designed  to  complete  forty  revolutions 
per  hour.  The  question  of  tonnage  capacity  depends  entirely 
upon  the  kind  of  material  fed  into  the  hopper.  Loose,  fiuffy 
stuff  is  difficult  to  feed  and  considerable  air  space  is  left  in  the 
mold  prior  to  the  preliminary  packing  operation.  Briquettes 
of  this  material  are  sometimes  but  1/2  to  2  inches  high.  This 
condition,  fortunately  exceptionally  rare,  would  bring  the  ma- 
chine down  to  a  little  over  a  ton  per  hour.  The  finer  material 
feeds  more  readily,  and  briquettes  as  heavy  as  forty  pounds 
apiece  can  easily  be  made — representing  a  capacity  of  a  little 
less  than  five  tons  per  hour.  In  general,  expressed  in  terms 
of  brass,  two  tons  per  hour  may  be  regarded  as  an  extremely 
conservative  estimate,  and  for  aluminum  it  would,  of  course, 
be  lower,  due  to  its  lightness. 

The  labor  required  depends  upon  the  degree  to  which  auto- 
matic operation  is  carried.  If  the  material  is  fine  and  uniform, 
automatic  feeding  is  practiced.  Usually,  however,  one  man  is 
necessary  to  watch  the  feeding  and  operation  of  the  machines. 
If  a  conveyor  is  installed,  the  delivery  of  finished  briquettes 
is  automatic;  if  not,  another  man  is  required  to  remove  and 
pile  the  briquettes.  A  first-class  mechanic  should  be  able  to 
give  part  time  to  this  machine,  but  the  entire  time  of  a  skilled 
artisan  is  not  required.  In  general,  the  cost  of  briquetting  by 
this  process — everything  included- -is  less  than  $1.50  per  ton 
(somewhat  more  for  aluminum).  So  far  as  repair  expense  is 
concerned,  it  is  common  experience  for  a  press  to  run  regu- 
larly for  several  years  without  repair  other  than  the  renewal 
of  the  dies,  which  is  done  about  once  every  throe  months.  This 
type  of  press  is  of  such  capacity  that  it  is  adapted  partloulnrly 
to  the  needs  of  the  larger  foundries  and  metal  Industries,  the 
scrap  dealers  handling  a  large  tonnage  and  custom  plants 
where  several  Interested  parties  unite  on  a  single  briquetting 
Installation. 


The  Society  of  Automotive  Engineers,  which  will  meet  In 
tho  Engineering  Socletlofl'  Building  In  New  York  City,  Janu- 
ary 9  and  10,  has  sulected  for  ono  of  the  topics  of  dlscuHslon 
"The  ReaHiins  behind  the  Liberty  Engine,"  this  dlsruHslon 
being  Hchedulod  for  'rhursdiiy  afternoon,  Jiinuiiry  10.  Major 
JeHHO  O.  Vincent,  who  was  largely  rosponslblo  for  tho  dcKlgn 
of  the  ongliin  and  who  Is  now  reHiiiiuHlhle  for  Its  dovoliipnx'iit 
al  llie  uvlntloti  lH'ii<l(|inirlerH  In  Diiyliin,  Ohio,  will  preHciil  :i 
Mpi'ilal  uddrcHM,  gulng  Into  the  reiisonH  for  the  pn>nent  twelve 
cylinder  Liberty  engine,  aflor  whii'h  the  dlBCUHsion  will  bo 
opened  by  Colonel  Chirk,  who  Ih  chli'f  In  charge  of  aviiitlon 
eiiglneerlng  In  the  Signal  CorpH.  IIIh  phaso  of  th<>  dlHcuHHlon 
will  ileal  with  the  military  requlrementH  of  aviation  englneH. 
A  niimher  of  other  avlatlmi  ex|ierlH  will  hIhd  lake  piirt  In  the 
dlRcumilon. 
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Read  This  Quotation; 

Then  Investigate  Your  Own 
Cutter-Sharpening  Facilities 


Our  wide  experience  in  milling  has  proved  the  neces- 
sity of  having  exactly  the  correct  clearance  on  cutters. 
But  cutter  grinders  were  too  incomplete  to  insure  re- 
production of  the  right  clearance  on  repeated  grind- 
ings.  We  set  ourselves  the  task  of  solving  this  diffi- 
culty. The  40  per  cent,  50  per  cent  or  60  per  cent  in- 
creased output  that  proper  clearance  means  was  cer- 
tainly worthy  of  our  best  efforts.  In  the  No.  IV2 
UNIVERSAL  CUTTER  AND  TOOL  GRINDER  we 
offer  you  the  result — a  simple,  correct  clearance  angle 
feature. 

The  machine  carries  a  graduated  dial  on  its  headstock 
spindle  from  which  the  clearance  angle  for  all  cutters 
may  be  read  direct. 

As  a  result  of  obtaining  this  correct  clearance  angle 
the  feed  may  be  greatly  increased,  the  cutter  cuts  -as 
it  was  designed  to;  the  tendency  to  chatter  is  re- 
moved— and  you  get  greater  efficiency  from  your 
millers. 


"It  has  long  been  recognized  that  proper 
clearance  and  rake  are  of  vital  import- 
ance to  cutting  tools.  Unfortunately,  mill- 
ing cutters  which  are  more  sensitive  and 
more  easily  affected  by  different  clear- 
ances have  received  little  attention.  It 
may,  therefore,  be  assumed  that  the  great 
majority  of  cutters  are  improperly  sharp- 
ened. The  user  can  correct  these  errors 
in  stock  tools  by  proper  sharpening.  There 
are  cases  on  record  where  a  cutter.  In- 
telligently sharpened  for  a  particular  cut, 
has  increased  the  output  of  a  milling 
machine  BO^r." 


Send  for  ihh  Bulletin   and  Get  the 
Whole    Truth  of  the  Matter 


CINCINNATI  MILLING  MACHINE  COMPANY 


CINCINNATI 


OHIO,  U.  S.  A. 
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HEAT-TREATMENT    OF   AUTOMOBILE 
PARTS ' 

The  art  of  improving  steel  by  heat-treatment  was  known 
and  used  by  a  few  men  for  quite  a  number  of  years,  but  it  has 
been  considered  a  commercial  manufacturing  possibility  only 
in  recent  years.  As  the  benefits  and  significance  of  heat- 
treatment  be<:-ame  recognized,  research  and  progress  in  all 
subjects  closely  allied  with  the  treatment  of  steel  were  stimu- 
lated. The  results  of  this  stimulation  were  better  furnaces 
to  produce  the  steel,  different  steels,  and  many  radical  changes 
in  the  design  of  machine  tools.  We  have  only  to  go  back 
fifteen  or  twenty  years  to  realize  what  this  progress  has  been. 
The  writer  can'  recall  one  time  when  a  gear  hob  six  inches  in 
diameter  and  eight  inches  long  had  to  be  hardened.  With  the 
aid  of  a  few  firebricks,  an  oven  was  built  in  the  coals  in  the 
smith's  forge,  which  was  in  a  dark  corner  of  the  shop,  the 
hob  was  put  into  this  oven,  and  the  blast  turned  on.  When 
the  human  pyrometer  guessed  that  the  hob  was  hot  enough,  it 
was  pulled  out  and  hung  on  a  wire  in  the  same  air  blast  until 
cool.  While  we  do  not  know  a  great  deal  more  about  the 
fundamental  principles  of  heat-treating  than  our  fathers  did, 
more  people  know  these  principles,  so  that  today  there  is  a 
special  kind  of  steel  for  almost  every  purpose. 

Few  men,  other  than  the  designing  engineers,  have  any  idea 
of  the  number  of  steels  there  are  and  the  great  variety  of 
treatments  these  steels  receive.  For  instance,  in  one  automo- 
bile the  wire-wheel  hubs  are  drawn  up  from  special,  soft,  deep- 
drawing  low-carbon  steel,  and  finally  given  a  treatment  to 
bring  the  steel  to  condition  after  drawing.  Vanadium  steel 
may  be  substituted  for  this  deep-drawing  steel  before  long. 
The  wire-wheel  spokes  are  a  high-carbon  steel  drawn  down 
with  extra  care  and  set  up  cold.  The  steering  knuckle  and 
arms  are  0.28  to  0.35  per  cent  carbon,  chrome-vanadium  steel, 
and  are  treated  to  have  about  105,000  pounds  tensile  strength. 
The  knuckle  ball  tups  and  races  are  of  0.15  to  0.22  per  cent 
carbon  chrome-vanadium  steel  and  are  easehardened  to  about 
75  on  the  scleroscope. 

The  front-axle  forging  is  a  straight  0.35  to  0.45  per  cent 
carbon  steel  forging  treated  to  a  tensile  strength  of  100,000 
pounds;  the  center  of  the  beam  is  drawn  back  to  65,000  pounds. 
The  ball  studs  in  the  knuckle  arms  are  0.15  to  0.25  per  cent 
I  arbon  chrome-nickel  steel  and  are  carburized.  The  cross-tie 
rod  tube  is  a  0.25  to  0.35  per  cent  carbon  3.5  per  cent  nickel- 
steel  tube  and  is  heat-treated.  The  springs  that  fasten  the 
axle  to  the  frame  are  of  0.42  to  0.52  per  cent  carbon  chrome- 
vanadium  steel  and  are  heat-treated.  The  frame  itself  is  from 
hot-rolled  sheets  about  0.12  to  0.20  per  cent  carbon;  special 
attention  Is  given  to  sulphur  and  phosphorus  to  allow  of  cold 
pressing. 

Practically  all  the  levers,  pedals  and  small  brackets  on  the 
chagsls  are  drop-forged  from  0.25  to  0.35  per  cent  straight 
carbon  steel  and  are  heat-treated  so  as  to  have  an  average 
tensile  strength  of  about  90,000  pounds.  The  motor  shell  is  a 
steel  casting  of  a  special  analysis  and  treatment  that  give  it 
the  magnetic  properties;  the  armature  core  plates  are  punched 
from  steel  sheets  especially  produced  for  that  purpose.  The 
armature  shaft  1b  a  0.28  to  0.35  per  cent  carbon  chrome- 
vanadium  steel  and  Is  treated  to  have  a  tensile  strength  of 
110,000  pounds.  The  universal  Joint  forgings  are  of  0.25  to 
0.35  per  cent  carbon,  3.5  per  cent  nickel  steel,  and  are  treated 
to  have  a  tensile  strength  of  100,000  pounds;  the  pins  for 
these  joints  are  Of  0.15  to  0.22  per  cent  carbon  chrome-vanadium 
steel,  c;a8ehardcned. 

The  propcllf-r  shaft  tube  Is  especially  swaged  from  0.25  to 
0.35  per  cent  carbon  steel  that  contains  3.5  per  cent  nickel. 
ThI.H  propeller  shaft  revolves  Inside  an  especially  swaged 
tori|ue  tube  made  from  Mayarl  0.25  to  0.35  per  cent  carbon, 
1.5  per  cent  nickel-chrome  steel,  and  Is  connected  with  the 
pinion  shaft,  which  Is  made  of  0.15  to  0.22  per  cent  carbon, 
5  per  cent  nickel  electric  steel,  and  Is  ospoctally  carburlxed 
••vllh  one  tempering  heat.  This  pinion  drives  the  roiir  axle 
.-'■ar,  which  Is  made  of  0.15  to  0,22  piT  cent  carbon,  3.5  per 
'ont   ntckol   i-lfctrlc  steel,   and    Is   especially   carburized   and 

■Kilrar-t  rrntii  nn  mannntT'dfUrPTfil  bcforn  Ihi-  Hlool  Trx'allDK  ltva<<nr>'h 
Hnrtmtf.  of  (:M-,t„,  ni,,  hf  Arthur  W.  MMIhiint.  nuKliitaot  gpnirnl  mniinKir 
of  tb«  AndtrMn  Klcrirlc  liir  O  .  <.f  Ix'tmll.  Ml<ti 


tempered  In  a  Gleason  tempering  machine.  Inside  this  driv- 
ing gear  are  the  differential  gears  made  from  drop-forged  0.15 
to  0.25  per  cent  carbon  chrome  nickel  steel  and  carefully  car- 
burized. Exactly  what  is  the  strength  of  either  the  driving 
gear  or  the  differential  gears,  it  is  impossible  to  say,  owing 
to  their  shape,  but  destruction  tests  show  them  to  possess 
enormous  strength  and  the  casehardening  gives  the  spiral 
gears  an  almost  indefinite  life.  The  drive  shafts  from  the  dif- 
ferential to  the  hubs  are  of  0.42  to  0.52  per  cent  carbon  chrome- 
vanadium  steel,  and  are  heat-treated  to  have  a  tensile  strength 
from  160,000  to  180,000  pounds;  the  driving  fianges  at  the 
hubs  are  of  0.25  to  0.35  per  cent  straight  carbon  steel  and  are 
heat-treated  to  have  a  tensile  strength  of  about  100,000  pounds. 
The  upper  bracket,  which  connects  the  main  spring  with  the 
chassis,  is  a  0.28  to  0.35  carbon  chrome-vanadium  steel  forging 
that  has  been  heat-treated  to  give  a  tensile  strength  of  from 
110,000  to  120,000  pounds.  Even  the  irons  that  support  the 
fenders  are  of  0.28  to  0.35  per  cent  chrome-vanadium  heat- 
treated  steel. 

This  list  shows  that  there  are  many  different  alloy  steels 
to  be  produced  and  treated  for  the  manufacture  of  automo- 
biles; and,  in  addition,  there  are  many  kinds  of  steel  sheets 
finished  in  all  conditions  from  dull  black  to  extra  bright  and 
having  a  wide  variation  of  deep  drawing  qualities.  If  the  mills 
are  required  to  produce  this  great  variety  of  steels  for  the 
automobile  trade  only,  how  much  more  must  they  have  to  do 
to  take  care  of  the  locomotive,  rolling  stock,  rails,  construc- 
tion work,  ammunitions,  guns,  armor  plates,  shipbuilding,  elec- 
trical engineering,  airplanes,  and  every  other  business  using 
any  form  of  steel?  Many  people  tell  us  that  the  war  in  Europe 
will  be  won  with  airplanes,  but,  indirectly,  heat-treating  will 
win  the  war,  for  the  success  of  the  trucks,  automobiles,  air 
engines,  guns,  ammunition,  etc.,  depend  upon  successful  heat- 
treating  of  the  steel  used  in  the  construction  of  these  articles. 


PERSONALS 


Sherwood  H.  Standish,  formerly  assistant  superintendent  of 
the  Northwestern  Malleable  Iron  Co.,  Milwaukee,  Wis.,  has 
become  associated  with  the  Stowell  Co.,  South  Milwaukee,  Wis., 
in  the  capacity  of  works  manager. 

Alfred  D.  Flinn  has  been  appointed  permanent  secretary  of 
the  Engineering  Council  for  the  United  Engineering  Society 
and  the  Engineering  Foundation,  succeeding  Calvert  Townley, 
who  has  held  ofl5ce  since  the  organization  of  the  council. 

George  A.  Rees  has  been  appointed  general  purchasing  agent 
of  the  Chicago  Pneumatic  Tool  Co.,  with  headquarters  at  913 
Fisher  Bldg.,  Chicago,  111.  Mr.  Rees  succeeds  R.  S.  Baker,  who 
has  found  it  necessary  to  devote  his  entire  time  to  his  official 
duties  as  auditor. 

Daniel  Willard,  president  of  the  Baltimore  &  Ohio  Railroad 
and  head  of  the  advisory  committee  of  the  Council  of  National 
Defense,  has  been  appointed  chairman  of  the  War  Industries 
Board,  succeeding  Frank  A.  Scott,  who  recently  resigned  on 
account  of  ill  health. 

L.  F.  Hamilton,  for  several  years  in  charge  of  the  advertis- 
ing department  of  the  National  Tube  Co.,  Frick  Bldg.,  Pitta- 
burg,  Pa.,  has  resigned  to  become  advertising  manager  of  the 
Walworth  Mfg.  Co.,  of  Boston,  Mass.  Mr.  Hamilton  is  suc- 
ceeded by  W.  L.  Schaeffer. 

A.  N.  Martin,  Industrial  agent  of  the  Baltimore  &  Ohio  Rail- 
way Co.  has  resigned  and  taken  the  position  of  general  sales 
manager  for  the  FuUlo  Pump  Co.,  of  Cincinnati,  Ohio,  manu- 
facturer of  small  centrifugal  pumps  for  machine  tools,  automo- 
bile motors,  airplane  motors,  etc. 

W.  H.  Barman,  vice-president  and  general  sales  manager 
of  the  Southwark  Foundry  &  Machine  Co.,  Philadelphia,  Pa., 
was  elected  president  of  that  company  on  November  I,  1917, 
to  nil  the  vacancy  caused  by  the  election  of  Robert  Radford 
to  the  chairmanship  of  the  board  of  directors. 

J.  H.  Schneider,  formerly  with  the  Lodge  &  Shipley  Machine 
Tool  Co.  and  later  assistant  superlntondcnt  In  charge  of  8i)0(  lal 
organization  and  (engineering  work  with  the  Curney  lOlectrIc 
Elevator  Co.,  HonoHdule,  Pa.,  has  been  made  head  of  the  effl- 
cloncy  d(!partment  of  the  American  Tool  Works  Co.,  Cincin- 
nati, Ohio. 

Raymond  0.  llut<lilnBon,  who  has  been  division  engineer 
f)r  all  branclicH  of  lln^  American  llrass  Co.  for  sc^voral  years, 
has  been  appointed  Hiiperlntciidi'nt  of  llio  lluHalo  branch  of  the 
American  Urass  Co.  In  Uuffulo,  N.  Y.  This  plant  was  formerly 
the  IliifTnIo  Copper  &  IlraKH  ItolllnK  Mill,  and  was  acquired  bv 
the  American  llrass  Co.  last  Juno. 
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The  LUCAS 


(OF  CLEVELAND) 


"PRECISION" 

BORING,  DRILLING  AND 

MILLING  MACHINE 

ALWAYS  GOOD 

and  as  time  goes  on 

ALWAYS  BETTER 


Lucas  Machine  Tool  Co.,  ^B^  Cleveland,  0.,  U.S.  A. 
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E.  W.  Ames,  manager  of  agencies  of  the  American  Steel 
Export  Co.,  Woolworth  Bldg.,  New  York  City,  and  A.  G. 
Dowden,  assistant  purchasing  agent  of  the  company,  sailed  on 
November  30  en  route  for  Japan.  Together  they  will  visit  in 
the  Par  East,  Japan,  China,  Philippine  Islands  and  Straits  Set- 
tlements. Mr.  Ames  will  also  go  to  India,  Australia  and  New 
Zealand. 

E.  F.  Lake,  metallurgical  engineer,  formerly  located  in  De- 
troit, Mich.,  has  moved  to  557  E.  50th  Place,  Chicago,  111.,  and 
taken  the  position  of  assistant  superintendent  of  the  Rich  Tool 
Co.  The  company  is  manufacturing  one-piece  valves  from 
high-speed  steel  for  airplane  and  automobile  engines.  It  Is 
also  making  valves  from  a  high  chromium  steel  similar  to  the 
stainless  steel  recently  placed  on  the  market. 

George  N.  Peek,  vice-president  of  Deere  &  Co.,  of  Moline, 
111.,  has  been  appointed  industrial  representative  of  the  War 
Industries  Board.  He  will  confer  with  manufacturers  who 
have  facilities  for  the  production  of  munitions  or  other  ma- 
terial required  by  the  government  or  the  Allies,  and  will  select 
his  own  assistants  subject  to  the  approval  of  the  chairman  of 
the  War  Industries  Board.  This  action  creates,  in  effect,  what 
has  been  forecasted  as  a  Bureau  of  Manufacturing  Resources. 

J.  C.  Bannister  has  been  made  a  vice-president  of  the 
Walworth  Mfg.  Co.,  Boston,  Mass.,  manufacturer  of  iron  pipe 
fittings,  valves,  Stillson  wrenches,  etc.  Mr.  Bannister  has  been 
connected  with  the  manufacture  of  this  type  of  product  for 
twenty-six  years,  starting  as  foreman  of  the  tapping  depart- 
ment of  the  Haxtun  Steam  Heater  Co.,  at  Kewanee,  in  1891. 
Mr.  Bannister  was  made  manager  of  the  Kewanee  Works  when 
purchased  by  the  National  Tube  Co.,  and  continues  in  the  same 
capacity  under  the  present  management. 

Charles  Piez,  president  of  the  Link-Belt  Co.,  Chicago,  has 
been  appointed  vice-president  of  the  Emergency  Fleet  Corpora- 
tion, Washington,  D.  C.  Mr.  Piez  entered  the  employ  of  the 
Link-Belt  Engineering  Co.  in  Philadelphia  immediately  follow- 


ing graduation  in  1889,  as  a  draftsman,  and  with  the  growth 
of  the  company  held  successively  the  positions  of  chief  engi- 
neer, general  manager,  and  vice-president  until  1906,  when 
the  Link-Belt  Engineering  Co.  was  merged  with  the  two  affili- 
ated companies  in  the  West,  forming  the  Link-Belt  Co.,  of  which 
Mr.  Piez  was  elected  president. 

John  S.  Myers,  contributor  to  Machinery  for  many  years, 
has  left  the  employ  of  the  Southwark  Foundry  &  Machine  Co., 
of  Philadelphia,  to  take  a  position  in  the  machinery  fabrication 
department  of  the  American  International  Shipbuilding  Cor- 
poration, Philadelphia,  Pa.  Mr.  Myers  was  one  of  the  original 
force  that  helped  to  build  the  New  York  Shipbuilding  Co.'s 
plant  at  Camden,  N.  J.  He  went  to  this  job  from  the  Cham- 
bersburg  Engineering  Co.  Mr.  Myers  later  had  charge  of  the 
design  of  a  general  line  of  ship  auxiliary  machinery  with  the 
Williamson  Bros.  Co.,  now  the  American  Engineering  Co.  For 
the  past  five  years  he  has  devoted  most  of  his  time  to  the 
design  of  steam  turbines. 


OBITUARIES 


Henry  Gaul,  employed  for  many  years  by  the  Ajax  Mfg.  Co., 
Cleveland,  Ohio,  and  widely  known  among  the  railroad,  loco- 
motive, car  building  and  industrial  forge  departments  as  a 
resourceful  and  brilliant  forging  machine  expert,  died  at  his 
home  in  Cleveland,  November  25,  aged  sixty-six  years. 

R.  B.  Dangeleisen,  sales  manager  of  the  Globe  Machine  & 
Stamping  Co.,  Cleveland,  Ohio,  died  at  Saranac  Lake,  N.  Y., 
November  12,  aged  thirty-one  years.  He  entered  the  employ 
of  the  company  in  1902  and  because  of  his  efficiency  and  ex- 
ecutive ability  was  advanced  rapidly  to  the  position  that  he 
held  at  the  time  of  his  death.  He  was  conspicuously  instru- 
mental in  developing  the  company's  resources  and  facilities. 


COMING  EVENTS 


January  14 — Annaal  meeting  of  the  American 
Institute  of  Consulting  Engineers.  New  York  City. 
F.  A.  Molitor,  35  Nassau  St..  New  York  City, 
secretary. 

January  16-17 — Convention  of  the  American  So- 
ciety of  CItU  Engineers  at  the  Engineering  Societies 
BuUdlng.  29  W.  39th  St.,  New  York  City.  Charles 
Warren   Hunt,   secretary. 

January  31 — Monthly  meeting  of  the  Rochester 
Society  of  Technical  Draftsmen,  in  Rooms  131-137. 
Sibley  Block,  828  Main  St.,  E.,  Rochester.  N.  Y. 
O.  L.  Angevlne,  Jr.,  secretary,  837  Genesee  .St.. 
Rochester. 

rehruary  7-9 — National  Foreign  Trade  Council 
conference  In  Cincinnati.  Ohio;  Gibson  Hotel,  head- 
quarters. Secretary.  O.  K.  Davis,  1  Hanover  Square, 
New  York  City. 

April  24-26 — Annual  convention  of  the  National 
Metal  Trades  Association  at  the  Hotel  Astor,  New 
York  City.  Homer  D.  Sayre,  secretary,  1021  Peoples 
Gas  Bldg..  Chicago,  111. 

Kay  16-17 — Joint  convention  of  the  National  Sup- 
rdy  and  i^Jachinery  Dealers'  Association,  Southern 
Supply  and  Machinery  Dealers'  Association  and  Ihe 
American  Supply  and  Machinery  Manufacturers'  As- 
nociation  In  Cleveland,  Ohio.  Secretary  of  the 
American  Supply  and  Machinery  Manufacturers  As- 
WKlatlon,  F.  D.  Mitchell,  Woolworth  Bldg.,  New 
York  City. 

June  20-22— Fifth  annual  convention  of  the 
American  Drop  Forge  Association  held  at  the 
IrMiuois  Hot.-i,  Buffalo.  N.  Y.  B,  B.  Home,  "The 
American  Drop  Forger,"  108  SmlthOeld  St,,  Pitts- 
burg.   Pa,,    wcretary. 


NBW  BOOKS  AND  PAMPHLETsI 


Optrator't  Handbook.     180  pages,  fl  by  9%   Inches; 

70    lllustraliona    and    diagrams,    and    18    tnldea. 

PiibilMhed     by     the     Fellowa    «cor    HhnpiT     Co,, 

HprlnKfleld.  VI, 
This  lxK<k  glvcM  aderjuati-  Inslrucllona  for  Ihe  nil- 
ting  np  and  op<Tiilion  of  the  Fellows  spur  and  heli- 
r«l  gesr  shapiTs.  and  the  numerous  lilustratlona 
make  lb<-«<.  Instnjctlons  easily  nndcrstwid.  It  also 
deals  wllh  the  ruri^  md  malnlennme  of  the  shapers, 
sharpening  Ih**  ffcnr-cntters,  cutting  Tom[K>rinds,  gag- 
ing and  in«iie.(|ng  gears,  etc.  Iliilos,  fornnilns  and 
•ismpics  nrr-  given  for  calcolatlng  spur.  Internal 
and  hHlcnl  gears,  as  well  na  several  tables  of  gear 
tooth  [inrts. 
Design  of  Bpltnas  and  OIntoh  Teeth.     22  pages,  0  by 

tt    Inches;    17    Illustrations    and    dlngrnnis,      Pul>- 

llahed  by  tha  PellowB  Gear  HhsiH<r  C'.,,,  Hiirlng- 

Held.  VI. 
This  p»mpM<-t  deals  with  the  application  of  the 
Involute  cirv..  Ih  the  production  of  splines  and 
cinlch  Icclh  l.y  the  gencrnting  pro'-ess.  The  f«a- 
tnres  In  favor  of  11,1a  •ppllcniion  are  acrurnle  gen- 
»ratl<rfi  end  do|.||,  nl|.,n,  ,„nlclng  |K»sitii<-  the  manu- 
facturing of  .Irl  llT  iM.r.hnr,itcnl,li>  pnrt..  nnd  also 
reducing  th.  ....I  ..r  „,,niirn.|,irc.  ThK  i.nmi.Mct 
describes  the  uu  '.t  111.,  ,,irvc  In  --onnectlon  wllh 
airplane,  antomoMlc-  prid  gun  I'oria,   t,|f„.tr|c  starter 


shafts     and     couplings,     and     shrapnel     and     hlgh- 
exploslve    shells. 

Ory-aoetylene    Welded    Joints    in    Steel    Plates.      By 
Herbert    F.    Moore.    21    pages,    6    by    9    inches; 
illustrated.      Published    by    the    Engineering    Ex- 
periment   Station,     University    of     Illinois,     Ur- 
bana.  III.,  as  Bulletin  No.  98.     Price,  ten  cents. 
The    pamphlet    records    the    result    of    a    series    of 
tests   of   osy-acetylene    welded    joints   in    mild    steel 
plates.      For  Joints   made  with   no  subsequent   treat- 
ment   after   welding,    the    Joint    efficiency    for    static 
tension    was    found    to    be    about    100    per    cent    for 
plates   one-half   inch    thick   or   less,    and    to  decrease 
for    thicker    plates.      For    static    tension    tests,    the 
efficiency  of  the  material  in   the  Joints  welded  with 
no     subsequent     treatment     was     found     to     be     not 
greater     than     75     per     cent.        The     Joints     were 
strengthened    by    working    the    metal    after   welding, 
and   were  weakened  by  annealing  at  800  degrees  C. 
Our  Army  and  Navy  and  How  to  Know  Them.     By 
Albert  A.  Hopkins.     124  pages,  4  by  B%  inches; 
illustrated.      Published    by    Munn    &   Co..    Wool- 
worth   Bldg.,    New   York   City.     Price.   25   cents. 
This  little  book   Is  really  two  books   In  one;   It  Is 
of  pocket  size,  and  thus  is  convenient  for  the  soldier 
and  sailor.     The  section  on   the  U.   S.   Army   Is  full 
of  useful   Information   In   condensed   form.     The  uni- 
forms are  described  and  the  meanings  of  the  various 
insignia.     The  location  of  the  army  ports,   barracks, 
arsenals   and    cantonments,    aviation   camps   and    na- 
tional guard  tent  camps  are  given,  as  well  as  a  war 
map  of  the  United  States.     The  section  on  the  V.  S. 
Navy    is    quite    similar    in    make-up    and    nature    of 
contents.     It  treats  on  the  naval  reserve  force,  the 
naval  militia,  how  to  tell  the  rank  of  a  naval  offi- 
cer, and  contains  a  map  showing  the  navy  yards,  etc. 
United    Btatoo   Blfles    and    Machine    Guns,      By    Fred 
H,    ('oivin    and    Kthiin    Viull.      882    pages,    9    l>y 
12    inches;    over    2300    illustrations.      Publislici 
by    the    McGraw-Hill    Book    Co,,     Inc.,    239    W. 
.30th   St.,    Now   York    City,      Price,   »3. 
This    took    Is   a    detailed    account   of    the    methoils 
used    In    the    manufacture    of    the    SprlngOeld    1903 
model     service     rlHe.      The    book     Is    composed    of 
reprinted     pages    from     the     "American     Machinist" 
In  which  articles  on  the  subject  have  been  running 
for    the    past    year.      It    goes    Into    extreme    detail, 
showing   oi>eratlons  on   all    the   component   parts  of 
the   Hprlngfleld   rille.      Brief   chapters   explaining    the 
principal    features    of    machine    guns    are    also    in 
eluded.       The     book     should     be     of     value     to     nie?i 
respfjnslble   for   the   di'Sign   of   tools   nnd   llxtures   for 
making     Hprlngneld     model     rilics,     and     it     is    also 
likely    that    men    engnged    In    the    making    of    rilles 
of  other   models   will    find    suggestions   of    value.      It 
should    be    understood,    however,    that    the    work    la 
specldcally    on    tlie    Hpr]ngfici<i    rifle    and    does    not 
attempt    lo   lay    down    general    principles. 
Xlnematloa     of     Machinery,       lly      Arthur      Warner 
Klein.       227     pagis.     II     liy    B    Inches;     numerous 
liluslrntlona.        fuiiitshed     by     the     Mi'Oraw  lliil 
ll<H,k  Co.,  Inc.,  2311  W.  8Uth  St.,  New  York  (^ity, 
Pric,  |2.r.O. 
This  book    Is   Ihe  outcome  of   many   yearn  of  ex- 
perience  In    leaching    Ihe   sulijeci   of   kinematics   at 
the    I,ehtgh    llnWernlty,    where    Ihe    author    is    pm- 
fesH'ir  of  fnectianical  engineering.     The  Imok  Is  espe. 
cinliy  Inleniled  as  a  teil-lsKik   for  use  in  engineering 
Bch>,<d«.  ond  Is  iHdIered   to  Ik'  particularly   timely  on 
account  of  Ihn  Increasing  attention  that   la  given   to 
this    sulijeci     at     the     present     time.       The     ImhiIi     la 
divided    Into    eleven    chn|itera,    denllng    with    general 
prinilples;    centrode   construction;    Inversions;    skeje. 


ton  diagrams;  displacement  diagrams;  velocity  dia- 
grams; special  locus  construction;  kinematic  analy- 
sis; acceleration  determinations;  governor  gear  ac- 
celerations; and  force  and  mass  reduction.  Unfor- 
tunately, tile  book  is  not  provided  with  any  index, 
so  that,  while  It  may  be  excellent  as  a  text-book, 
it  cannot  be  used  readily  for  general  reference.  In 
the  last  section  of  the  book,  the  figure  numbers 
do  not  follow  consecutively,  which  also  gives  a 
peculiar  appearance  to  the  make-up. 
MACHIlfEKY'S  Encyclopedia.  Compiled  and  edited 
by  Erik  Oberg  and  Franklin  D.  Jones.  Seven 
volumes,  8  by  11  inches;  3558  pages;  4634  Ulus- 
trations.  Published  by  The  Industrial  Press, 
New  York  City.  Price,  $36. 
This  encyclopedia  Is  a  work  of  reference  covering 
practical  mathematics  and  mechanics;  machine  de- 
sign; machine  construction  and  operation;  electrical, 
gas,  hydraulic  and  steam  power  machinery;  metal- 
lurgy; and  kindred  subjects  In  the  engineering  Held. 
There  are  articles  on  over  1200  different  subjects, 
alphabetically  arranged;  In  preparing  this  vast  num- 
ber of  articles  the  editors  were  assisted  by  a  large 
number  of  engineers,  specialists  In  their  respective 
Belds,  a  list  of  seventy  of  the  principal  contributors 
and  collaborators  being  given  in  conjunction  with 
tlie  preface  In  the  first  volume  of  the  work.  In 
addition,  the  editors  Iiitve  drawn  upon  all  the  sources 
of  nieclianical  Information  available  to  them.  Nu- 
merous articles  have  been  abstracted  and  condensed 
from  the  volumes  of  Machinery,  and  hundreds  of 
authorities  on  the  leading  engineering  subjects  were 
consulted.  It  was  found,  however,  that  there  was 
a  considerable  number  of  mechanical  subjects  that 
had  never  been  ndequately  treated  In  any  existing 
work,  and  It  became  necessary  for  the  editors  to 
lirepare  treatises  on  many  phases  of  machine  design, 
construction  and  operation.  The  encyclopedia,  there- 
fore, la  not  merely  a  compilation  In  convenient  form 
of  mechanical  data  that  had  from  time  to  time 
been  published  elsewliere,  but  contains  a  vast 
amount  of  original  matter  inibllshed  here  for  the 
first  time.  This  Is  true  not  only  with  regard  to 
the  subject  of  luacliine  design  and  machine  shop 
Iiractlce,  but  also  in  regard  to  the  articles  on  elec- 
tricity, all  of  which  were  speclflciilly  preparc-il  for 
this  work  by  electrical  engineers  of  high  standing 
and  under  the  suiiervision  of  lOrlc  A.  Ia}(,  engineer 
with  the  Power  and  Mining  Engineering  Department 
of  Uio  General  Electric  Co,,  who  acted  as  special 
editor  of  tlie  electrical  deparfuients.  Throughout 
tiie  work  the  |iracllcal  side  has  nlwaya  been  given 
careful  conNldcnitlou.  and  the  theory  of  any  mechan- 
ical subject  luiM  been  omitted  when  not  necessary 
to  make  the  subject  intelligible  or  more  easily  com- 
prehended. Acndemli'  discussions  have  iM-eu  iividdod. 
Rome  subjects  have  been  dealt  with  brielly,  either 
because  the  Information  relating  to  them  constitutes 
common  knowledge,  or  because  they  are  compara- 
tively tinlmiinrtatit.  Other  subjects,  again,  have 
lieen  dealt  with  In  great  detail,  either  berauso  of 
thilr  particular  Imiiortance  to  llio  flelil  covered  by 
the  encyidopedln,  or  because  they  deal  with  newly 
developed  fields  iiiiiin  which  Informnlion  Is  more 
dlinciilt  to  obtain  nnd  u|ion  which  a  coiniiiete  treat- 
ise, therefore,  is  more  vnlunblo.  The  work  Is  Illus- 
trated with  lino  engravings  mnde  by  the  wax 
process,  which  permits  nn  iinuniinlly  clear  nnd  dls. 
Unci  iiresentatlon,  and  tho  tyimgrnphlcnl  appearance 
hns  been  pronounced  uiiusunlly  good,  great  care 
having  lieen  taken  In  selecting  Ihe  proper  kind  of 
tyiie,  site  of  pnge,  and  generni  nrrnngenient.  The 
same  kind  of  type,  only  of  a  larger  else,  as  wni 
used  In  MAniiNniir's  Handbook,  and  which  has  bees 
gi'nernlly   commended,    la  enildoyed    In    this   work. 
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In  this  1200-page  (9  X  12  in.)  Catalog  we 
show  a  complete  line  of 

SMALL  TOOLS 
GENERAL  HARDWARE  AND  SUPPLIES 

It  is  full  of  items  requisitioned  every  day  in  every  large  factory,  many 
of  which  are  sometimes  difficult  to  locate. 

If  you  appreciate  the  advantages  of  concentrating  your  purchases  in  this 
line  you  should  write  today  for  a  copy  of  this  catalog.  Please  mention 
catalog  No.  97. 

Hammacher,Schlemmer&Co. 

New  York,  Since  1848  4th  Avenue  &  13th  Street 
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NEW  CATALOGUES  AND 
CIRCULARS 


true   size   and    in   alignment    that 
0.00025   inch. 

Metals  Coating  Co.  of  America,  100  Summer  St., 
Boston,  Mass.  Circular  of  the  Schoop  metal  spray- 
ing process  by  which  finely  divided  metal  is  sprayed 
on  the  object  to  be  coated,  thus  forming  a  metal 
protection  similar  to  electroplating  or  galvanizing. 
The  circular  illustrates  the  application  of  the  pro- 
to  bridge  work,  gas  ovens,  objects  of  art,   and 


correct   within    welding    equipment.      Considerable    InformatioD    Is 
given    on    arc    welding,    headstock    equipment,    mo- 
picture    service   and    battery-charging    service. 


TRADE  NOTES 


Economy    Drawing    Table    Co.,    has    moved    from 
Toledo,    Ohio,    to   Adrian,    Mich.  * 

Springfield     Grinding     Co.,     Chester,     Mass.,     will 
as   the   Maxf   Grinding   Wheel. 


Fred.  C.  Dickow,  33-35  S.  DesPlaines  St.,  Chicago 
111.     Circular  of  10-inch  index  universal  centers. 

Ready   Tool  Co.,    Bridgeport,    Conn.      Circular   ad 

vertising  "Red-B"   butt-welded  and  top-welded  stel-  shows  the  principle  of  the  Schoop  pistol, 

lite  tools.  (jld^g  Machine  &  Stamping  Co.,  1250  T 

Fulflo    Pnmp    Co,,    126    Opera    Place,    Cincinnati,  Cleveland,    Ohio.      Booklet    entitled    "Sherardizing—    hereafter  "he    k 

Ohio.      Circular   of    the    "Fulflo"    centrifugal   pump.  The    Globe    Way,"    discussing    the    subject    of   sher-    corporation 

for  use  on  grinding  machines.  ardizing  and  pointing  out   the  value  of  this  process 

J.  A.  MoUer,  57  Lawton  St.,  New  Rochelle,  N.  Y.  of  rustprooflng.     The  booklet  takes  up   the   applica-      ^^legs-Watterson  Co.   has  removed  Its  offices  from 

Circular  of   ball-bearing    lathe   centers,    suitable   for  tion    of    the    sherardizing    process    to    threaded    ma-    the    Guardian    Building    to    1<B5-1237    W.    atn    bt., 

high-speed    engine   lathe    work.  terial,    castings,    nails,    rivets,    etc.,    forgings,    steel    Cleveland,    Ohio. 

Nagle   Corliss   Engine  Works,    Erie,   Pa.      Bulletin  tubes    or    mandrels    and    piping,    as    well    as    other        United    Bearings    Co.,     formerly    at    2033    Mapes 

30    descriptive    of    Class    T-C-E    duplex,    direct-con-  special    work.                                                                               Ave.,   Bronx,   New  York  City,   is  now  located  at  63 

nected.    electrically    driven   air   compressors.  Globe  MaoMne  &  Stamping  Co.,  1250  W.  76th  St.,     Lincoln    Blvd..    Hempstead,    L.    I. 

Weaver    Mfg     Co.     Springfield,    111.      Circular    of  Cleveland,     Ohio.       Catalogue    entitled     "The    Globe        Driggs  Mfg.   Corporation,   New  Haven,  Conn.,   has 

Weaver   garage   equipment,    including   tire    spreader.  Tumbling    Book,"    illustrating    and    describing    the     bought   out    the    business    of    the    New    Haven    Mfg. 

-         -  ....  .        ;,...„    types    of    Globe    tumbling    and    burnishing     Co..    and    will    continue    to    manufacture    the    New 


auto  hoist,  auto  oiier,  tire  changer,  twi 
Oliver  Machinery  Co.,   Grand  Rapids 


Jacks,  etc. 
Mich. 


als 


cular  descriptive  of  the  OUver  No.  56  motor-driven    ^^^  catalogue  giving  the  prices  of  tilting  tumbling 
speed  lathe,   using  either  direct-  or  alternating-car-     ^^^^ig    equipped    with     sheet    steel,    cast    Iron    or 


motors 

David  A.  Wright,  568  Washington  Blvd.,  Chicago. 
111.  Price  list  of  the  line  of  triple-geared  Pifleld 
engine  lathes,  which  are  built  in  sizes  from  24 
to   96   inches   swing. 

Wetmore   Mechanical   Laboratory   Co.,    605   Enter 


wooden  shells. 
Norton   Co.,    Worcester,   Mas 


lathes. 

Craley  Mfg.  Co.  has  moved  Its  factory  from 
Mount  Joy.  Pa.,  to  Lancaster,  Pa.,  where  increased 
facilities  have  been  provided  for  making  the  locat- 
ing fixture  known  as  the  "Master  Toolmaker," 
which  was  described  in  the  December  number  of 
Machinery. 

Daniele  Stussi,   formerly  Stussi  &  Zwelfel,  Milan, 

Italy,    dealer    in    machine    tools    and    woodworking 

machinery,     announces     that     on     account     of     the 

In   metal'-'working     death  of  Frederich  Zweifel,   Mr.  Daniele  Stussi  ha: 


Pamphlet  entitled 
"Tool  Grinding"  applying  to  cutters,  reamers, 
drills,  taps,  lathe  and  planer  tools  and  dies.  The 
pamphlet   is  3%    by  6%    inches,   and   as   it   contains 

,, _  only    forty    pages,     is    of    convenient    pocket    size. 

prise  Bldg.,  Milwaukee,  Wis.  Circular  of  special  Machinists,  toolmakers  and  others  concerned  with 
tap*;  hobs,  reamers,  cutters  and  small  tools  for  the  maintenance  of  tools  in  use  In  metal-working 
shell   manufacturers.  will    find    much    valuable    material    in    this    Utile    '^''.™™t.' _!«?i'L  ' 

Link-Belt    Co.,    Chicago,    lU.      Book   310.    entitled    treatise  on   tool  grinding. 
"The  Ideal  Drive  for  Clayworking  Machinery,"  illus-        Ajax   Metal    Co.,    Frankford    Ave.    and    Richmond 

trating    the    Link-Belt    silent    chain    drive    InstaUed    gt       Philadelphia,    Pa.      Circular    of    Ajax    "Bull"    ^    .^    ...  .      „  ,    .  „,  „*„„.i„,.i   „„,i  „„,>,.i„i  „,iii,n<. 
in   a   dayworking  plant.  babbitt,     outlining     the     principles     on     which     the    tro.t    M    h.  ,  ,  „j  3ta„da,d 

EeUy  Reamer  Co.,  Cleveland,  Ohio.     Catalogue  G    J"-''''}  ''"J  '^'^.f ''.^^^^^^^^^  llTL'cZorlLT^n.........    .. .., 

of     Kelly     production     tools.     Including     adjustable    ^'"'™'''    '°'„,^,^„^_^.i„.''^'t\„y"^^^^^^                                    Goddard  &  Goddard  Co.     The  president  and  general 
,  o„H  i^,.in<r  tnola      The  catalogue  illustrates    of  wear,   cool  runnmg  at  any  speeo,   anu   low   cobi..     .      ,.,,_,,,„,,,  „    ri^^^„../i   „„.i  «.=  f,on=i,i.o,. 


proprietor  of  the  firm,   which 
henceforth     be     conducted     under     the     name 
Daniele    Stussi. 

Gorham  &  Goddard  Co,,   39  Congress  St.  W.,   De- 

lilling 
etired 


reamers  and  boring  tools.     The_ 
these  tools  in   use   a  ' 

obtained  with  them. 

Gisholt   Machine    Co.,    1200   E.    Washingti 
Mad 

in    the    Machine 
on  the  Gisholt 
giving   time   for  each   case. 

New    Departure    Mfg.    Co.,     Bristol,    Conn, 


adaptable   for   all    general 
ressure  is  very  great  or  \  ' 
the   shock  of  severe  pounding. 
Transmission    Ball     Bearing     Co 


cept    where    manager 


chiljald  N.  Goddard  and  the  treas 


Greaves-Klusman    Machine    Tool    Co.,    Cincinnati, 
BuCCalo,     Ohio,   has  acquired  the  plant  of  the  Champion  Tool 


i>„iiotin     ontitlort     "Stnndnrdizin?        Transmission    Joau     Bearing     kjo.,     inc.,     uuuaiu,  t->iiio,   uoo  «^v,«..^u^"..  ^ - —   - — .   "^  ^T         ; 

„  Shon"  ,hov^ inl  work  DcrJormed  N.  Y.  Catalogue  3  describing  the  Chapman  type  of  Works  Co.  on  Spr  ng  Grove  Ave.,  Oncinnatl,  and 
le  Shop.  showing  worn  periormea  ,,„,_;„„_  fnr  transmission  The  catalogue  gives  will  fit  it  up  for  the  manufacture  of  the  Greaves- 
turret  lathe  with  standard  tools,  and    f 'J^^J^^^^sJ^or^transmi^Mon^.^^The^c^a^^^^^^^^^  ^^^^^^^  ^^^^^^      ^^^  ^^^^^.^^ 

bearings,   and  reproduces  power  curves   for  different  built    a    new    plant    at    Winton    Place,    Cincinnati, 


Clf-    types     of     bearings.       Apparatus     for     testing     ball     which   will   be   occupied   in   the 


future. 


Greenfield     Tap     &     Die     Corporation,     Greenfield, 
al    bearings    and    Mass.,   has   purchased   the  Bickford   Machine  Co.    of 
Greenfield.      It   will   be  known   hereafter   as   a   divi- 
Vanderbilt    sion  of  the  Greenfield  Tap  &  Die  Corporation.     The 


culars  103  FE  to  105  FE  inclusive,  illustrating  New  bearings    is    described    and    the    results   of   compara- 

Dcparture    ball    bearing    mounting     In    combination  (jj.g    j^gts    made   on    ordinary    Jou 

grinders,    ball    bearings    in    centrifugal    pump,    and  chapman  ball  bearings  are  included. 

ball  bearings  in  small  generator  set.                                      ^^^^^    ^^^^^^    ^    ^^^^^^    ^^       ^^^       _ ,.....„           •       k     ,     =c    f„. 

Thompson    Grinder    Co.,     Springfield,     Ohio.       Cir-  ^^.e.    ana    45th    St..     New    York    City.       Catalogue  Bickford    Machine    Co.     has    been    in    business    tor 
cular    of    the    Thompson    10-    by    36-inch    universal  entitled  "Electric  Welding."  treating  specifically  of  about    ten    years    and    has    specialized    in    building 
grinding     machine,     illustrating     the     machine     ar-  the    Wilson    System   of   welding,    its    scope   and    ad-  milling     machines,     screw     machines,     special     ma- 
ranged    for    cylindrical    grinding,    surface    grinding,  vantages.       Specifications     of     the     equipment     are  chinery  for  tap  and  twist  drill  manufacture,   etc. 
knife  or  edge   grinding   and   Internal  grinding.  given,  and  results  of  tests  on  work  welded  by  this  Excelsior  Tool  &  Machine  Co,,  SOth  to  32nd  Sts., 

Bacharach  Industrial  Instmment  Co.,  Pittsburg,  system  are  included.  The  book  is  liberally  illus-  Ridge  to  Jefferson  Ave..  East  St.  Louis,  111.,  has 
Pa  Catalogue  D,  describing  the  design  and  con-  trated  with  halftones,  line  cuts  and  blueprints,  made  plans  to  extend  its  factory  and  add  to  Its 
ttriiction  of  "Hydro"  pressure  and  draft  recorders  showing  the  equipment  and  examples  of  work  foundry  building  a  steel  extension,  with  brick  and 
and  illustrating  the  different  types  of  recorders  as  done.  metal  sash  siding;  also  large  core  oven  and  ten- 
well  as  their  application  In  various  fields  of  industry.  Langelier  Mfg    Co.     Providence,    R.   I.     Catalogue  ton  and  two-ton  electric  cranes.     The  company  will 

Tate-Jones    i    Co.,    Inc.,    Pittsburg,    Pa.      Bulle-  of  drilling  and  tapping  machines  for  general  manu-  ^'^rn  shon'  slrktoom    anTgarai'e 'bundin'"''"'"' 

tin    160.    on    "Recuperative"    gas    oven    furnaces,    a  facturing    use,    giving    specifications    for    belt-driven  pattern-shop,    stock  room    ana    garage    ouiiain„. 

line  of  furnaces  for  accurate  temperature  work   for  plain-bearing      pedestal      drilling      machines,      belt-  Fulflo    Pump    Co.,    126    Opera    Place,    Cincinnati, 

use    In    hardening    carbon    steel,    preheating    or    re-  driven,    plain-bearing   bench   drilling   machines,    belt-  ohio,     manufacturer    of     "Fulflo"     pumps,     ■  ""     "- 
beating  high-speed  steels. 

Terminal  Machine  Co.,  30  Church  St.,  New  York 


City.      Catalogue    of    new    and    used    flrst-class 


ling  and  hardening,  driven  plain-bearing  floor-type  gang  drilling  ma-  quired  five  acres  of  ground  at  Blanchester.  Ohio, 
chines,  belt-driven  plain-bearing  bench  gang  drilling  (,„  the  main  line  of  the  Baltimore  &  Ohio  Railroad, 
machines,    motor-driven    plain-bearing    bench   drilling    on    whiC,    a    two-story    machine    shop    and    foundry 


i^iiy.      v^auiioKue    ui    iie«     uuu    ..Dcu    «,c,i  v»«„.>    ",.,      maphi 
chine    tools.    Including    drill    presses,    turret    lathes,   ^ 
engine  lathes,    grinders,    milling   machines,    planers,        * 
power  presses,   radial  drilling  machines,   screw  ma- 
chines,   Hhapers  and   tappers. 

New  Britain  Hacblne  Co.,  New  Britain.  Conn. 
Circular  descriptive  of  New  Britain  drop-head  polish- 
ing and  buffing  machines  equipped  with  either  plain 


motor-driven   plain-bearing   pedestal    drill- 


being 


company 


to    raise 
machines,    single-spindle    horizontal    bench    tap-  its  production   up  to   five  hundred  small   centrifugal 
ping     machine    with     and     without     tailstock,     and  pumps   per   day    by   March    1,    and    to   produce   one 
single-spindle     vertical     drilling     and     tapping     ma-  thousand    per   day    by    midsummer, 
chine  made  In  bench  and  floor  pedestal  types.  Bridgeport  Brass   Co.,   Bridgeport,   Conn.,   has  In- 
New    Britain    Machine    Co.,    New    Britain,    Conn,  stituted    group    insurance    for    its    workers    that    In- 
Catalogue  of  New  Britain  automatic  multiple-spindle  eludes  In  addition   to  life  ln.surancc.   benefit  for  ac- 
^^          V,      chucking   machines,    built   in    two   types,    the   single-  cidents    and    sickness   along    the    lines   of    the    com- 
or    ball    iH-arlngs.      TheM    machines    are    driven    by    ^p^j  f^^  machining  pieces  which  require  operations  pensation    laws    of    some    stales.      Under    the    corn- 
belt    from    below,    thiiB^  eliminating  ^jjountershafts,    ^^  „g,y  ^^^  ^nd,  and  the  double-head  for  machining  pany's  plan   any   employe   may   receive   half  of   his 

' "               "*  "**'  *'""  ^^  *'                             pieces  which   require  operations  on   both   ends.     The  wages   up   to   a   certain   maximum   for   a   period   not 

catalogue   gives   speclllcatious    for    the   various     '-'' 


I'KiHe  pulleys,  and  shifting  belts. 
J.  A.  MoUer.  57  Lawton  St.,  New  Uochelle,  N.  Y.  _  „  . 

Circular   of    the    MoUer   sbaper   saw.    which    consists  of  these  two  types  of  machines  and  contains  a   de-    ness,     and     a     maximum     life     insurance    policy    o( 

of  a    frame   made  In  two  sizes  that   Is  held   In   the  tailed    description    of    the   work-holding    devices   and    $]000.      The    company    has    Issued    n    pami>lilet    en- 

tool-block  of  a   shaper,    thus  converting  an  ordinary  various   parts.      An    intireating    section    of   the   book     ntled    "A    Cooperative    Plan    of    Benefits    Covering 

shaper  Into  a   powerful   hacksaw   machine.     Frames  Is  that   which   shows  illustrations  of  work   done   In 

are  famished   for  14-  and   18-lncb   blades.  New    Britain    automatics.      Line    drawings    of    the 

work    are    reproduced,    and    the    descriptive    matter 


exceeding   twenty-six    weeks,    for   disability  or   sick- 


ddents.   Sickness  and   Death.' 
Abell-Howo   Co.,    505    Washington    Blvd.,    Chicago, 


Bnndstrom  Mfg.   Co 


.,   3201  Shields  Ave.,   Chicago.    T"  ,„„.    .hr  Zt  .r ill     Zer, .  „ns    nerformed    and    '"  •  "»"  --stabllshed  branch  offices  at  .10  Church  St. 
e     "Rex"     die     testing     press.     "Cr.?.'"l".,  'j^L  T'^'li,. ,„'"',?:""""'    ""'""^"'^    "■">    New    York    Cl.y,    in    charge    of_  J.    H.    Shays,    Jr. 


and   size  of  machine   used 


teHtlng  prcHH, 
which  In  n  Kimplc  bent  hand  prettH  with  Blldes, 
that  !■  odApted  for  t<*HtlnK  punchfK  In  dies  when 
working  th^m  down  to  flt.  The  tenting  prcsn  may 
be  nlno  uiied  for  rutting  blankn,  itettlng  dowel  pins 
and  an  on  arlx^r  preaii. 

Eleotrlo  Faniao«  Co.,  Alliance,  Ohio.  Hullctln 
of  the  lially  automatic  electric  fiimacen  for  the 
heat-trealment  of  hlgh-cxplonlvc  and  ahrapnel 
abflla.  The  equipment  provide*  for  orcurnte  tern 
r>crntare  control  and  an  automatic  manlpulallnic 
device    by    whbh    the    Mhclla    are    cbarffed    Into    t)ic 

'  ,  ...  (_  A        J        A  <>.  •  1  "»         IlllllWIItl        BlftlT,        |M111'     111-11         ll» 

furnace  and  quenched   when   heated   to  the  required    ,,.„,  p,„.i,olh<,ok,   and  are   Ind 
temperature.  „,   ,li„    "Lefnx"    data    sheets   covering    the    i 

Pr»tt  k  Whltnay  Co.,  Ilsrtford,  Conn.,  has  through    hrnnches   of   engineering    and    general    subject 


at    5086    Jenkins    Arcade,    I'lllsburg.    in    charge    of 


Lofax,  Inc.,   Sheridan  Bldg..   Philadelphia,   Pa.,  Is  o.  W.  Wheeler  and  Wayne  Paulln;  and  at  803  Ford 

now    publishing    a    number    of    sheets    on    military  Hldg.,    Detroit,    Mich.,    In    charge    of    H.    O.    Hates, 

subjects  as  a   part  of  lis  loose-leaf  data   shoot  ser-  -j-jie  company  Is  also  repreaenled  In  connection  with 

vice.      The    sheets    so    far    Issued    consist   of    digest  t|,e   sale  of   Ilowe   trucks   at   Boston   by   the   Boston 

of  government  puMlcatlonH  on  such   subjects  as   the  steel  A  Mfg.  Co..  anil  In  the  Allanllc  Coast  states, 

denning    and    care    of    rifles,    semaphore    and    other  Pittsburg    and    Cincinnati     territory    by    the    Oowo 

forms  of   hlgnnllng.    drill    reKulntions,    range    tables,  scale  Co.   and  J.   S.   McCornilck  Oo.     lu  addition.   It 

description    and    openilion    of    rifles,    principles    and  i^    represented    In    New    Unglnnd    by    the    Wntklns 

modern      dcvelopnicnts      of      trench      warfare,      and  Knglneering  Supply  Co..  of  Boston,  and  In  the  North- 

Ihods   of    estimating    distances.      The    sheets    are  wi'st  by  Prank  J.   Rose  Co.,  Minneapolis,  Minn.,   for 


of  uniform   siz 


>'hed    to   nt   the  standard   lo 


welfare  deportment  l>egun  the  piililleatlon  of 
factory  newspsjK-r  called  "Bench  and  Hoard."  The 
first  numlier  contains  the  blrigraphy  of  Jeremlsfa  H. 
C<.(Tey,  who  hss  iH'en  In  the  servlro  of  the  I'rntf  A 
Whitney  Co.  flfly  yenm.  nnd  who  wn»  one  of  live 
employcR  wlio  recently  received  n  cnsli  Ikihus  In 
gold    for   long   wrvlci,. 

Taft-Fslrm    Mfg.    Co..    Woonsorket,    R.    I.      Bul- 
letin   101.    dencrllilng    In   detail    the    construction   of    Ing   nnd   dlmensl 
the    Msrtell    adjiistahts    renmers    and    the    nsea    lo    mnlnrs:    various   mndln^ 


Wostlngbouia    Elootrlo    &    Mfg.    Co.,    Rnst    I'lllS' 
liurg.    I'n.      Catalogue    80    on    Wesllnghouse    direct- 
current    motors    nnd    genera  lors,    covering    the    com- 
linny's    complete    line    of    dlrect-currenl    motors   and 
for  Industrial   service.     Several   pnges 


tlie   sale  of   "American"   high-speed   chain. 

Ollddon  Tarnish  Co.,  CIsvelnnd,  Ohio,  and  Its  sub 
sl.lhiry,    the  Ollddeu   Varnish   Co.,   Ltd.,   of  Toronto, 

Ciiiiiicla.    Iiave    1 11    luirchased    by    a    newly    formed 

corpi>rallrin    hcatlcd    by    Ailrlan    I).    Joyce,    who    was 
recently  director  and   Kciurnl    nuiiingcr  of  sales  nnd 

distribution  of  the  S wluWUllamB  Co.     The  now 

nipnuy    will    be    known    us    the    (Hidden    Co.,    and 
111   have  a   cnpllnlliatlon  of  ja.5on.000,    fully  paid 


lo    general    Inforninllon    regnrdlug     the    In.      Members   of    the    Ollddon    fsiully,    Including    V. 


ordering,    cjnsslflcnilon    and    selection    of    dlrectciir- 
rent    motors    following    which    are    doscrlpllon,    rat- 
Type   HK    commutnllng-iHde 
Ions    of   Typ< 


which  Ihey  mny  he  put.  My  the  use  of  a  Rang  motors;  reversing  planer  motor  equipment;  Typo  (JI) 
of  Marlell  reamers,  II  Is  pf»sslhle  lo  renin  slmul-  motors;  hesdstork  equliunenl  for  woodworking 
Uliwonsly  sny  numt>er  of  tfenrings  In   s   mschlue   lo    pinnis;  Type  HK  nnd  ('1>  motor  genernlors;  and  src- 


(llldden,  president  of  the  (Hidden  Vsmlsh  Co., 
will  retire.  The  officers  of  llie  now  coriioratlon  will 
bo  Adrian  D.  Joyce,  president;  O.  A,  Hnsse,  vlee- 
presldent;  nnd  II.  It.  Ilorshurgh,  secrelnry-trens- 
urer.  The  present  (Hidden  plant  occupies  nearly 
seventeen  neres  and  Is  n  model  In  eomplotonesa  of 
equipment   nnd    idodern   nrrnngemcnt. 
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Jby  Walter  D.Woodworih' 
Herman  H.  Bender' 


IXCE  the  beginning  of 
the  war,  the  demand 
for  thread  gages  has 
increased  greatly 
owing  to  their  use 
In  the  manufacture 
consequently  many 
position 


of  munitions 
concerns  that  were  in 
to  handle  this  kind  of  work  began 
to  make  thread  gages,  and  as  some 
of  these   manufacturers   who   had 
little    or    no    experience    in    gage 

making  were  obliged  to  do  more  or  less  experimenting,  a  large 
number  of  inaccurate  gages  was  the  natural  result,  especially 
where  certain  well  established  principles  of  gage  making  were 
not  followed.  In  this  article  the  methods  and  general  practice 
which  have  proved  satisfactory  in  the  production  of  accurate 
thread  gages  will  be  described,  and  as  the  Whitworth  thread 
presents  the  greatest  number  of  difficulties,  the  important  fea- 
tures connected  with  the  making  of  this  form  of  gage  will 
be  considered  in  detail.  The  different  operations  will  be  taken 
up  in  the  order  in  which  they  follow  in  actually  making  a 
gage  and  will  include  methods  of  machining  the  gage  blank, 
grinding  and  lapping  the  thread,  heat-treating  processes  that 
are  e.ssential  at  different  stages  of  the  work,  and  the  final  in- 
spection of  the  gage  to  insure  that  it  is  up  to  the  required 
standard  of  aw-uracy.  While  much  of  the  general  practice 
described  may  be  applied  to  the  making  of  any  thread  gage,  a 
specific  example  of  gage  making  has  been  selected  in  order  to 
enable  the  subject  to  be  presented  in  a  more  definite  manner. 
The  gage  selected  as  an  example  is  illustrated  in  Fig.  2.  This 
is  a  sectional  form  of  gage,  consisting  of  a  handle  .1,  disk  B 
(for  testing  the  angle  of  a  conical  seat  when  the  gage  is  inserted 
in  the  work),  threaded  shell  or  gage  proper  C,  screw  D  for 
holding  the  various  parts  together,  and  dowel-pin  E.  The  gage 
thread  has  two  flutes  or  "dirt  grooves"  F,  which  are  slightly 


The  Whitworth  screw  thread  having  an  included  angle 
of  55  degrees  and  a  rounded  crest  and  root  is  specified 
for  British  munitions.  Thousands  of  Whitworth  thread 
gages  have  been  made  for  use  in  the  manufactu.-e  and 
inspection  of  the  enormous  number  of  guns  and  shells 
that  have  been  manufactured  here  during  the  past  three 
years.  As  a  result  this  branch  of  gage  making  has  be- 
come highly  specialized  and  methods  have  been  de- 
veloped for  producing  highly  accurate  gages  at  compara- 
tively low  labor  cost.  This  article  reviews  the  practice 
followed  by  one  successful  gage  manufacturer.  It  in- 
cludes the  selection  and  preliminary  treatment  of  the 
steel,  and  the  operations  are  described  step  by  step. 
The  latter  include  machining  the  blanks,  preliminary 
annealing,  rough-threading,  carburizing,  finish-thread- 
ing, hardening,  grinding,  selection  of  wheels  for  grind- 
ing, shaping  the  wheel,  lapping,  wire  measurement,  final 
heat-treatment   and    hardness   testing. 


deeper  than  the  thread  and  ex- 
tend across  it  to  form  edges  that 
will  scrape  off  any  dirt  that  may 
be  in  the  thread  to  be  tested.  As 
it  is  the  object  of  this  article  to 
deal  principally  with  the  produc- 
tion of  an  accurate  thread  on  a 
gage  of  this  kind,  only  the  opera- 
tions on  part  G  will  be  considered. 


*  For  Informntlnn  on  mnklnfc  thrond  (fncPB  prevtotifily  pubHshed  In  M-vchinkiiy, 
MO  "Mnnter  Whitworth  Throne!  QnKOH"  and  "Production  of  Accurate  Thread 
QaKi>8."   In   tho  Septoml)cr,   11*17,    niimhpr. 

'Addrcax:  tM4  Onlpa  Avp..  Brnokljn,   N.  T. 

•Addreaa:  38  Fuunlaln  Ave.    IlrookU'n,   N.   T. 


Whitworth  Standard  Screw  Thread 

In  order  to  avoid  misunderstand- 
ing in  regard  to  the  different  terms  used  throughout  this  arti- 
cle, these  will  be  defined  at  the  outset  and  specifications  for 
the  Whitworth  standard  thread  will  also  be  given.  The  Whit- 
worth thread  consists  essentially  of  three  parts,  namely,  the 
top  or  crest  of  the  thread  (see  Fig.  3),  the  sides  or  slope  of 
the  thread,  and  the  root  or  bottom  of  the  thread.  The  top 
and  root  are  rounded  to  a  curvature  that  corresponds  to  an 
arc  having  a  radius  r  equal  to  0.137329  times  the  pitch  of  the 
thread.  The  radius  for  the  top  of  any  given  pitch  of  thread 
may  be  found  accurately  enough  for  practical  purposes  by 
dividing  0.1373  by  the  number  of  threads  per  inch.  For  exam- 
ple, if  there  are  14  threads  per  inch,  the  radius  of  the  top  and 
bottom  of  the  thread  =  0.1373  -^  14  =  0.009S  inch.  The  angle 
between  the  sides  of  the  thread  measured  in  an  axial  plane  is 
55  degrees.  The  depth  of  the  thread  or  distance  from  the  top 
to  the  bottom  measured  in  a  line  perpendicular  to  the  axis 
of  the  gage  is  equivalent  to  the  pitch  X  0.640327  or  0.640327  -^ 
number  of  threads  per  inch.  To  avoid  confusion  in  specifying 
dimensions,  the  following  names  will  be  used: 

rnU  Diiimi-lfi-:  The  full  diameter  ;•'  is  the  outside  diameter, 
and  is  the  distance  across  the  highest  points  of  the  threads. 

Effective  Diameter:  The  effective  diameter  E  (of  a  screw 
having  a  single  thread)  is  the  distance  between  the  points  at 
which  a  line  drawn  through  the  center  of  the  gage  perpendicu- 
lar to  Its  axis  intersects  the  sides  of  the  thread  and  is  equiva- 
lent to  the  full  diameter  minus  the  depth  of  one  thread. 

\omiii(il  Core  Diameter:  The  nominal  core  diameter  C  or 
the  root  diameter  is  equal  to  the  distance  across  the  lowest 
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points  of  the  thread  groove  measured  in  a  line  perpendicular 
to  the  axis  of  the  thready  when  the  latter  is  of  standard  depth. 
The  actual  core  diameter  of  the  gage  shown  In  Fig.  2  is  made 
from  0.001  to  0.002  inch  less  than  the  nominal  core  diameter. 
The  full  diameter  may  vary  from  1.997  to  1.9973  inch,  and  the 
effective  diameter  may  vary  from  1.9513  to  1.9516  inch.  The 
nominal  core  diameter  is  1.9056  inch  and  the  actual  core  diam- 
eter may  vary  from  1.9036  to  1.9046  inch.  There  is  a  tolerance 
of  0.0003  plus  or  minus  in  the  lead  of  the  gage  thread,  but  it 
is  advisable  to  reduce  the  lead  error  as  much  as  possible. 
In  spite  of  the  greatest  precautions,  however,  in  cutting  laps 
accurately  in  lead  and  grinding  gages  accurately,  slight  lead 
errors  are  usually  found.  If  a  gage  is  out  0.0001  inch  in  lead, 
it  is  necessary  to  make  it  approximately  0.00016  inch  smaller 
than  a  gage  that  has  a  perfect  lead  to  make  it  enter  the  same 
master  gage.  This  means  that  if  there  is  a  plus  tolerance  of 
0.0003  and  a  female  master  is  set  to  fit  a  gage  having  a  perfect 
lead  that  is  plus  0.0003  in  effective  diameter,  another  gage  that 
has  an  error  in  lead  of  0.0001  inch  would  have  to  he  0.00016 
Inch  smaller  on  the  effective  diameter  in  order  to  enter  the 
same  master  gage. 

Steel  for  Thread  Gages 

Machine  steel  containing  0.50  per  cent  carbon  and  pack- 
hardened  is  generally  specified  for  making  thread  gages.  In 
practice,  it  has  been  found  that  any  good  grade  of  machine 
steel  of  even  or  homogeneous  grain,  free  from  flaws  or  fissures, 
will  produce  a  good  thread  gage  if  given  the  proper  heat- 
treatment.  Some  fissures  occur  in  machine  steel  that  cannot 
be  detected  readily  until  after  a  gage  has  been  hardened  and 
is  being  ground.  Therefore,  it  is  advisable  before  cutting  up  a 
bar  and  machining  it  into  gage  blanks  to  cut  a  disk  about  1/4 
inch  thick  from  the  center  of  the  bar  and  examine  it  carefully. 
If  no  flaws  or  fissures  can  be  detected  with  the  naked  eye  or  =) 
magnifying  glass,  drill  a  hole  in  the  center,  take  a  cut  over 
the  outside,  carburize  and  quench  the  piece.  Then  grind  and 
lap  the  side  and  top,  and  if  no  defects  or  flaws  are  visible, 
fracture  the  sample  and  examine  the  case  and  core  carefully 
If  the  metal  appears  to  be  perfect,  it  is  safe  to  use  the  bar. 
All  bar  ends  should  be  discarded,  and  it  is  also  necessary  to 
use  a  bar  that  is  3/16  inch  larger  in  diameter  than  the  finished 
gage  in  order  to  avoid  all  surface  cracks. 

Machining:  Gagre  Blanks 

After  the  proper  material  has  been  selected  .and  tested,  it 
the  number  of  gage  blanks  is  large  enough  to  warrant  it,  the 
blanks  may  be  machined  in  a  turret  lathe  or  automatic.  A 
roughing  cut  is  taken  over  the  outside,  the  bar  faced  off,  a 
hole  drilled  and  reamed  about  0.005  or  0.006  inch  under  size 
and  the  blank  cut  off  about  3/32  inch  longer  than  specified. 
If  a  rigid  engine  lathe  is  the  best  machine  available,  one  end 
of  a  bar  of  sufficient  length  should  be  held  In  the  chuck,  while 
the  other  end  Is  supported  In  the  steadyrest.  The  bar  is  then 
centered  at  this  end,  and  after  the  tailstock  Is  brought  up  to 


Fig.  2.     Whitworth  Thread  Gage 

support  the  bar,  a  cut  is  taken  over  the  outside.  The  steady- 
rest  is  next  adjusted  to  the  turned  surface  and  a  hole  is  drilled 
and  reamed  and  the  blanks  cut  off.  The  bar  should  extend  far 
enough  to  allow  about  six  blanks  to  be  cut  from  it,  assuming 
that  a  number  of  gages  are  to  be  made. 

If  a  rigid  lathe  is  not  available,  the  blanks  may  be  cut  off 
about  one-eighth  inch  longer  than  required,  in  a  hacksaw  ma- 
chine. They  are  then  placed  in  a  chuck,  faced  off,  and  center- 
drilled  and  reamed.  The  blanks  are  next  driven  on  an  arbor 
placed  between  centers  and  a  roughing  cut  is  taken  over  the 
outside  and  the  other  fatce. 

Preliminary  Annealing  Process 

After  the  blanks  have  been  rough-machined  all  over,  suffi- 
cient material  has  been  removed  to  disturb  the  internal  strains 
in  the  metal  and  leave  it  in  an  unbalanced  state.  In  order  to 
avoid  warping  of  the  metal  as  much  as  possible  during  the  sub- 
sequent rough-machining  and  carburizing,  the  blanks  are  now 
placed  in  a  gas  furnace,  such  as  can  be  found  in  almost  any 
machine  shop  or  tool-room,  and  are  heated  slowly  to  a  tempera- 
ture of  1450  to  1550  degrees  F. ;  they  should  be  kept  at  this 
temperature  about  one  hour  to  allow  them  to  become  thor- 
oughly saturated  or  evenly  heated.  The  blanks  are  then  taken 
out  and  buried  in  a  mixture  of  sawdust  and  lime  and  allowed 
to  remain  there  until  cold.  This  is  practically  a  short  anneal- 
ing process,  and  if  this  heat-treatment  is  omitted,  it  will  be 
found,  after  finish-machining  and  pack-hardening,  that  a  large 
percentage  of  the  blanks  will  not  "clean  up"  in  grinding,  owing 
to  the  distortion  and  warping  that  takes  place  in  carburizing 
and  hardening. 

Reaming  and  Counterborlng 

When  the  blanks  are  removed  from  tlie  annealing  mixture, 
the  holes  are  cleaned  of  scale  and  reamed  out  to  within  0.001 
inch  of  size  with  a  machine  or  hand  reamer.  They  are  then 
taken  to  a  drill  press  and  arc  counterbored  deep  enough  to 
allow  for  facing  off  the  surplus  stock  on  the  sides  or  faces. 
Counterborlng  before  facing  off  makes  it  possible  to  face  off 
the  blanks  on  an  arbor  without  digging  into  it  or  Injuring  the 
point  of  the  tool.  They  are  then  driven  on  an  arbor  and  are 
turned  off  on  the  outside  0.012  inch  over  size  and  are  faced 
off  on  the  sides,  leaving  about  0.020  Inch  on  a  side.  The  holes 
for  the  key  pins  arc  next  spotlt><I  with  a  Jig,  which  Is  then 
removed  and  each  hole  drilled  about  0.010  Inch  larger  than 
the  key  pin  to  allow  for  the  change  that  takes  place  In  the 
.sl/.n  and  position  of  the  hole  during  carburl/.lng  and  hiirdenlug. 
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Rouirh-mactalnlnif  thu  Thread 
thread  on  the  blank  can  bo  rouglie<l  mit  on  any  lutho 
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haviiiK  a  fairly  iiicurale  lendarrew  iiiid  ii  liiol  of  the  proper 
Hliiipe.  The  compound  rest  of  the  lathe  Hhoiild  bo  set  to  an 
angle  "f  27'/j  degreoH  with  the  axis  of  the  work,  allowing  the 
tool  to  cut  on  one  side  only,  no  that  the  point  will  not  bo  sub- 
Jecind  to  llie  strain  which  Is  cauHod  by  the  crowding  of  the 
rhIpH  when  tho  tool  Is  rutting  on  both  Hides. 

A  Hlinpio  and  Im-xpenHlve  thread  nillllng  fixture  that  has 
iMM^n  iiHed  for  thlH  wi>rk  III  iriiijiiiictidii  with  a  hand  nilllliiK 
iiiiK'hliie  Ih  Hhown  III  Fig.  •!  TIiIh  fixture  conHlstR  eHsenHally 
of  n  lm«o  A,  which  Is  nincliliuMl  and  Blotted  at  J  for  lining  Up 
the  front  nnd  Imrk  liPurlngH  ('  and  fl  which  carry  shaft  /{. 
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of  Whitworth  Standard  Thread 

Bearing  C  is  babbitted  with  B  in  position,  so  that  the  babbitt 
surrounds  the  threaded  portions  of  B,  which  is  cut  on  a  fairly 
accurate  lathe  to  the  same  pitch  as  the  gage.  Bearing  E  is 
bored  out  to  a  snug  fit  for  the  straight  bearing  on  shaft  B. 
A  train  of  gears  F  from  pulley  H  to  shaft  B  reduces  the  speed 
to  about  6  inches  surface  travel  of  the  work  per  minute.  The 
fixture  is  constructed  so  that  gears  from  a  lathe  may  be  used. 
Shaft  B  is  machined  off  square  on  end  G  to  fit  the  handle  of 
the  milling  machine  for  a  quick  hand  return  movement.  The 
fixture  is  set  to  align  the  cutter  with  the  helix  angle  of  the 
thread.  After  a  thread  has  been  milled  on  the  blank  D,  the 
belt  is  thrown  onto  the  idler  pulley  and  the  shaft  is  returned 
to  its  original  position  by  turning  it  backward  with  a  handle 
placed  on  the  squared  end  G.  This  operation  is  repeated  until 
all  the  gage  blank  threads  have  been  milled.  The  form  of  cut- 
ter shown  at  K  is  next  removed  and  a  cutter  of  the  kind  illus- 
trated at  L  is  placed  on  the  arbor.  This  cutter  is  then  used 
to  mill  away  the  end  threads  up  to  the  point  where  a  full 
thread  begins.  This  operation  leaves  the  gage  0.025  inch  over 
size  on  the  effective  diameter  and  0.008  inch  under  the  core 
diameter  on  the  reduced  end  threads. 

Carburizingr  the  Threaded  Blanks 

For  carburizing  the  threaded  blanks,  any  good  gas  furnace 
may  be  used  which  has  a  heating  chamber  that  will  receive  a 
pot  sufficiently  large  to  provide  room  for  an  inch  and  a  half 
of  carburizing  material  all  around  the  blanks.  A  cast-iron  pot 
■having  a  heavy  cover  will  be  satisfactory.  The  material  for 
carburizing  can  be  granulated  raw  bone  or  any  other  good  car- 
burizing agent  or  compound  that  is  certain  to  give  good  re- 
sults. It  is  well  to  avoid  using  materials  that  penetrate  too 
rapidly  for  carburizing  thread  gages,  as  too  rapid  penetration 
causes  excessive  movement  in  the  structure  of  the  metal  and 
results  in  an  unusual  distortion  of  the  thread.  A  mixture  of 
«qual  parts  of  granulated  raw  bone,  charred  bone,  and  used 
bone  that  has  not  been  decarburizod  sufficiently  to  render  it 
practically  useless  as  a  carburizing  agent,  has  given  excellent 
results,  as  the  rate  of  penetration  is  not  too  rapid  and  the 
amount  of  phosphorus  contained  in  the  mixture  is  not  exces- 
sive. A  high  percentage  of  phosphorus  tends  to  cause  great 
brittleness  in  hardened  steel.  There  are  a  number  of  case- 
harderyng  and  carburizing  compounds  on  the  market  that  have 
given  very  good  results,  but  for  anyone  who  endeavors  to  pack- 
harden  a  gage  for  the  first  time,  bone  is  the  safest  to  use. 

In  packing  the  threaded  blanks  in  the  pot,  the  bottom  should 
be  covered  to  a  depth  of  at  least  1%  Inch 
with  carburizing  material,  and  the  pieces 
to  be  carburlzed  should  be  laid  upon 
it,  leaving  at  least  one  inch  of  space  tor 
material  between  them.  The  spaces  between 
the  pieces  and  the  pot  walls  should  be  filled 
In  and  packed  tightly,  using  a  thin  wooden 
stick  to  tamp  with,  thus  allowing  the  ma- 
terial to  fill  up  all  the  spaces  and  the  pieces 
to  settle  about  '4  Incli  deeper  in  the  bone. 
The  pot  Is  then  filled  up  to  the  top  and 
tamped  down  solidly,  more  material  being 
added  until  the  carburizing  agent  Is  packed 
firmly  to  the  top  of  tlie  pot.  There  should  bo 
a  space  of  about  1 '1  Inch  above  the  gage 
blanks  for  the  carhurlzlng  material.  The 
cover  Is  luted  carefully  all  around  the  edges 


of  the  pot  and  covered  with  moistened  fireclay.  The  pot  is  then 
put  in  the  furnace  and  allowed  to  heat  gradually  until  its  entire 
contents  have  reached  a  temperature  of  from  1750  to  1800  de- 
grees F.  This  temperature  should  be  maintained  for  at  least 
six  hours.  The  pot  is  then  allowed  to  cool  as  slowly  as  pos- 
sible. It  is  preferable  to  allow  the  pot  to  remain  in  the  fur- 
nace over  night  and  cool  in  it,  as  the  furnace  and  pot  will 
retain  the  heat  for  a  considerable  length  of  time,  and  allow 
the  process  of  penetration  to  continue.  If  this  method  of  cool- 
ing is  not  followed,  the  gages  are  likely  to  have  an  excessive 
amount  of  carbon  near  the  surface,  giving  them  a  tendency  to 
chip;  therefore,  under  no  conditions  should  the  blanks  be  re- 
moved from  the  pot  until  they  are  thoroughly  cooled. 

After  removing  the  blanks  from  the  carburizing  pot,  inspec- 
tion will  show  that  the  hole  in  the  blank  is  closed  in  from 
0.003  to  0.004  inch  during  carburization  and  cooling,  and  it  is 
necessary  to  again  ream  the  hole  to  within  0.001  inch  of  size. 
The  blanks  are  then  replaced  on  an  arbor  and  the  sides  faced, 
leaving  about  O.OOS  to  0.010  inch  on  a  side  for  grinding.  This 
facing  is  necessary  to  make  the  sides  square  with  the  hole. 

Finish-machining  alter  Carburizing 

A  light  finishing  cut  is  next  taken  over  the  threaded  part 
of  the  gage.  This  can  be  done  with  an  accurate  lathe  having 
a  tested  lead-screw.  The  gage  blank  is  placed  on  an  arbor 
held  between  the  centers  and  a  finishing  cut  is  taken,  prefer- 
ably with  a  gooseneck  tool-holder  carrying  a  tool  ground  and 
lapped  to  fairly  accurate  form.  The  effective  diameter  of  the 
thread  is  finished  to  within  0.012  inch  of  size.  Instead  of  using 
a  lathe,  the  finishing  cut  may  be  taken  with  a  milling  cutter, 
the  milling  fixture  shown  in  Fig.  4  being  employed.  The  dirt 
grooves  are  now  milled  on  an  ordinary  milling  machine.  A 
1/16-inch  radius  cutter  is  used,  and  the  grooves  are  milled  at 
least  0.015  inch  below  the  root  of  the  gage  thread.  These 
grooves  were  formerly  made  helical,  but  are  now  milled  paral- 
lel with  the  gage  axis  (see  Fig.  1). 

Finish-machining  after  carburizing  is  necessary  to  reduce 
the  number  of  defective  blanks  to  a  minimum.  If  the  blanks 
are  finish-machined  before  carburizing,  the  complete  change  in 
the  molecular  structure  of  the  metal  during  the  process  of 
carburizing  will  cause  such  distortion  of  the  thread  that  an 
allowance  of  0.015  inch  for  grinding  is  scarcely  sufficient,  and 
many  blanks  will  not  "clean  up"  in  spots.  Moreover,  if  the 
hole  is  not  reamed  to  size  after  carburizing  and  the  blank  is 
immediately  quenched  after  taking  it  out  of  the  furnace,  the 
hole  will  close  in  from  O.OOS  to  0.010  inch,  thus  leaving  an 
excessive  amount  to  be  lapped  out  and  making  it  almost  im- 
possible to  lap  the  hole  true  with  the  axis  of  the  thread  except 
with  an  excessive  expenditure  of  time  and  labor. 

Hardening-  Gagre    Blanks 

The  blanks  are  now  ready  for  hardening.  They  should  again 
be  placed  in  a  pot  and  decarburized  bone  should  be  packed  all 
around  them  in  the  same  manner  as  in  carburizing.  The  cover 
is  then  put  on,  packed  and  sealed  with  moistened  fireclay.  The 
pot  is  then  placed  in  the  furnace  and  heated  slowly  until  the 
entire  contents  reach  a  temperature  of  1550  degrees  F.  This 
temperature  is  maintained  about  thirty  minutes,  allowing  the 
work  to  become  thoroughly  saturated.    The  pot  is  then  taken 
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from  the  furnace,  the  cover 
removed  and  the  blanks 
quenched.  This  can  be  done 
by  taking  the  blanks  out  of 
the  pot  one  by  one  and 
quenching  them,  but  a  better 
way  is  to  dump  the  entire 
contents  of  the  pot  into  the 
bath.  The  latter  should  have 
a  sieve  or  net  suspended  in  it, 
and  a  free  circulation  of  run- 
ning water  entering  from  the 
bottom.  When  the  blanks  have 
been  dumped  into  the  sieve,  the  latter  should  be  moved  up 
and  down  to  allow  the  blanks  to  be  cooled  off  rapidly  and 
evenly.  The  latter  method  has  the  advantage  of  quenching 
all  blanks  at  the  same  heat,  thus  insuring  a  uniform  degree 
of  hardness  and  avoiding  the  scale  that  forms  when  the  blanks 
are  carried  through  the  air  before  immersing  in  the  bath. 
The  blanks  are  taken  from  the  bath  when  cool  and  placed 
in  a  pot  containing  a  solution  of  water  and  washing  soda,  in 
which  they  are  boiled  for  about  ten  minutes;  they  are  then 
removed  and  allowed  to  cool.  This  is  really  a  light  tempering 
or  "letting  down"  process  and  prevents  excessive  brittleness, 
or,  in  the  vernacular  of  the  toolmaker,  it  takes  the  "snap"  out 
of  them.  This  light  tempering  should  be  done  immediately 
after  taking  the  blanks  out  of  the  quenching  bath. 

Lapping  Hole  in  Gage 

The  hole  is  now  ready  to  be  lapped.  When  this  is  done,  the 
blank  should  be  held  in  the  hand  (using  a  piece  of  emery  cloth 
or  old  leather  belting  to  protect  the  hand  from  injury)  and 
the  lap  should  be  held  in  the  chuck  of  a  lathe  or  drilling  ma- 
chine. This  allows  the  lap  to  follow  the  hole  and  insures  fin- 
ishing the  hole  fairly  accurately  with  reference  to  the  thread. 
It  is  well  to  see  that  the  hole  cleans  up  evenly  all  around 
as  it  is  gradually  lapped  out.  The  hole,  previous  to  lapping, 
will  be  found  considerably  bell-mouthed,  and  may  be  about 
0.002  inch  under  size  at  the  ends  and  about  0.004  inch  under 
size  at  the  center  of  the  blank.  It  can  readily  be  seen  that 
if  a  blank  is  held  in  a  vise  in  the  drill  press,  or  is  confined  in  a 
similar  manner,  there  is  serious  danger  of  lapping  the  hole  out 
of  true  with  the  axis  of  the  thread.  Two  different  forms  of 
laps  are  shown  in  Fig.  5.  The  split  lap  shown  at  B  should  be 
used  for  roughing,  as  it  allows  of  rapid  and  easy  adjustment 
and  removes  the  stock  rapidly.  The  lap  shown  at  A  should  be 
used  for  finishing,  as  it  keeps  the  hole  straight  and  round. 
The  abrasive  used  for  lapping  may  be  Turkish  or  Chester 
emery  (grade  F),  as  it  is  tough  and  sharp,  and 
If  applied  properly,  will  charge  satisfactorily 
and  lap  out  the  hole  without  much  wear  of  the 
lap.  The  lap  should  be  adjusted  lightly  to  the 
work — Just  enough  to  make  the  abrasive  cut 
well — for  If  the  lap  grips  too  tightly,  all  tlie 
emery  will  be  crowded  out  and  the  operation 
will  be  greatly  lengthened.  The  hole  in  the 
gage  shown  in  Fig.  2  should  be  lapped  out  until 
a  0.62.5-Inch  standard  plug  passes  through  It. 
The  blank  is  now  driven  on  a  perfectly  true 
arbor  and  Is  placed  txftween  the  centers  of  a 
univiTsal  grinder  or  bench  lathe  and  both  faces 
are  ground  Just  enough  to  true  them.  The 
blank  is  then  ground  on  the  outside  or  full 
diameter  until  It  Is  from  0.003  to  0.004  Inch 
over  size. 


AdvantotfeB   of   Orlndlnit  Thraiid   before  Liiuplntr 

Uefore  taking  up  the  subject  of  rough-grind- 
ing the  thread,  the  advantages  of  a  preliminary 
grinding  operation  as  compared  with  lapping 
the  thread  to  size  will  bo  considered.  A  thread 
that  Is  to  bo  finished  after  hardening  by  lapping 
nlone  must  bo  very  arrurntcly  machined  In  or- 
der to  leave  as  llttlo  stork  as  posslblo  for  lap 
ping.  This  threading  npt-rntlon  Kern>rnlly  takim 
three  limes  longer  than  when  nulling  the  thri'od 
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for  grinding,  because  if  the 
thread  is  to  be  rough-ground, 
it  need  not  be  nearly  as 
smooth  nor  accurate  as  to 
size  and  angle  as  would  be  re- 
quired if  lapping  were  the 
only  means  employed  to  bring 
it  to  the  required  size.  As 
lapping  is  a  very  slow  process 
as  compared  with  grinding, 
two  or  three  times  the  allow- 
ance for  lapping  can  be  left 
for  grinding,  and  the  surplus 
stock  can  be  removed  in  this  way  much  more  rapidly  than  the 
smaller  amount  left  for  lapping.  The  amount  of  stock  left  for 
grinding  also  insures  that  all  threads  will  clean  up  when  re- 
duced to  the  finish  size. 

Another  great  advantage  of  grinding  threads  is  that  they 
can  be  finished  within  0.0004  or  0.0005  inch  of  size  on  the  ef- 
fective and  full  diameters,  and  the  core  diameter  can  be  ground 
right  down  to  size,  leaving  just  enough  to  remove  the  slight 
wheel  marks  and  lap  the  thread  to  a  high  finish.  As  threads 
are  ground  extremely  accurate  as  to  form  and  lead,  two  or 
three  laps  for  the  angle  or  slope  of  the  thread,  one  for  the 
crest  and  another  for  the  root  are  all  that  are  required,  be- 
cause, as  the  angle  and  lead  are  accurately  ground,  the  laps 
will  continue  wearing  accurately  and  will  need  little  correc- 
tion. On  the  other  hand,  if  the  thread  is  finished  exclusively 
by  lapping,  a  number  of  laps  will  be  required  for  roughing 
and  finishing,  because  the  thread,  after  hardening,  is  distorted 
and  inaccurate  as  to  lead,  thus  requiring  continual  correcting 
and  renewal  of  laps,  especially  where  many  thread  gages  are 
made.  Making  thread  laps  is  an  accurate  and  tedious  job  and 
may  greatly  increase  the  cost  of  production. 

Special  Thread-grinding   Machine 

Thread  grinding  can  be  done  on  a  lathe  having  an  accurate 
lead-screw  and  equipped  with  a  grinding  attachment  mounted 
on  the  cross-slide.  Better  results  can  be  obtained,  however, 
with  a  special  thread-grinding  machine  similar  to  the  one 
shown  in  Fig.  7.  This  machine  has  a  cast-iron  base  C  upon 
which  is  mounted  the  frame  for  supporting  shaft  X.  This 
shaft  carries  three  pulleys.  The  outer  pulleys  are  loose  and 
the  central  one  tight  on  the  shaft.  Two  bearing  brackets  A 
and  B  support  the  master  screw  shaft  E,  upon  the  outer  end 
of  which  is  mounted  the  gage  G  to  be  ground.  The  cross- 
slide  D  carries  spindle  F  and  grinding  wheel  R.  The  wheel- 
spindle  may  be  adjusted  to  locate  the  wheel  in  line  with  the 
thread.  The  belt  pulleys  for  driving  the  mas- 
ter screw  E  should  be  so  proportioned  that  the 
gage  will  have  a  surface  speed  of  about  40  feet 
per  minute.  The  surface  speed  of  the  grinding 
wheel  should  be  about  8000  feet  per  minute,  un- 
less a  lack  of  balance  in  the  wheel  or  other  con- 
ditions make  it  unsafe  to  revolve  the  wheel 
so  rapidly. 

When  this  machine  i.s  in  operation,  the  mas- 
ter screw  E  is  revolved  in  first  one  direction 
and  then  the  other  by  means  of  open  and  cross 
belts,  which  are  alternately  shifted  onto  the 
central  or  tight  pulley  Q.  The  drive  from  the 
pulley  shaft  to  the  master  screw  is  through 
faceplate  V,  stud  7j  and  a  dog  W.  The  threaded 
section  of  the  master  screw  E  passes  through  a 
babbitted  bearing  In  the  bracket  A.  This  screw 
must  be  cut  In  a  precision  lathe  that  has  been 
thoroughly  tested  for  accuracy  or  one  that  Is 
equipped  with  sonic  dcvlii^  that  will  compensate 
for  Blight  errors  in  the  lead-screw.  The  spindle 
of  the  grinding  machine  Is  driven  from  a  bench 
motor  by  a  belt  ruinilng  over  the  grooved  pulley 
shown  at  tho  right  hand  ond  of  tho  spindle. 
When  tho  machine  Is  first  started,  shaft  E 
travels  forward  iinil  the  grlmllng  wheel  Is  ad- 
JuHlcil  111  a  IcnKlliwlHc  dir(^rll<in  until  It  Is  In 
alignment  with  the  thread  groove.   After  shaft  K 
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Fig.  7.     Special  Machine  used  for  grinding   Gage  Threads    Preparatory  to  Lapping  Operation 


has  made  a  certain  number  of  turns,  the  gage  is  carried  past 
the  grinding  wheel  and  then  the  rotation  of  shaft  E  is  re- 
versed by  shifting  the  belt;  the  gage  then  traverses  past  the 
grinding  wheel  in  the  opposite  direction,  so  that  the  machine 
is  grinding  almost  continuously  and  is  more  rapid  in  its  opera- 
tion than  a  machine  arranged  to  grind  in  one  direction  only. 
The  gages  ground  on  this  machine  are  duplicates  of  the  mas- 
ter screw,  so  far  as  the  lead  of  the  thread  is  concerned. 

Wheels  Used  for  Thread  Grinding 

The  grain  of  the  wheel  used  for  grinding  thread  gages  should 
be  fine  enough  to  allow  the  wheel  to  be  dressed  to  a  point  or 
edge  sufficiently  sharp  to  meet  the  necessary  requirements. 
The  abrasive  should  be  free-cutting  and  the  bond  sufficiently 
tough  to  prevent  the  edge  of  the  wheel  from  crumbling  too 
rapidly,  but  not  so  hard  as  to  retain  the  abrasive  long  enough 
for  the  wheel  to  become  glazed.  Alundum  wheels  of  120  grain, 
grade  J,  and  120  grain,  grade  K,  have  proved  satisfactory  for 
thread-gage  grinding.  The  120  J  wheel  is  suited  for  rough- 
grinding  and  the  120  K  wheel  may  be  used  either  for  rough- 
ing or  finishing,  but  is  best  adapted  for  finishing.  Another 
grinding  wheel  that  is  giving  satisfactory  results  for  roughing 
is  a  180  M  aloxite  wheel.  If  the  threads  on  the  gage  are 
coarser  than  12  per  inch,  a  120  J  alundum  wheel  may  be  used 
for  finishing.  If  the  threads  are  finer  than  16  per  inch,  a 
200  M  alundum  wheel  should  preferably  be  used. 

The  grinding  wheels  used  for  this  work  should  be  mounted 
permanently  on  bushings  as  shown  in  Fig.  6.  The  face  A  of 
this  bushing  that  comes  into  contact  with  the  ground  shoulder 
of  the  wheel-spindle  is  finished  square  and  true  with  the  hole; 
consequently,  when  the  wheel  is  placed  on  the  grinding. ma- 
chine spindle,  it  will  always  run  true  and  be  in  the  same 
position  relative  to  the  master  screw. 

Adjustment  of  Grinding-  Wheel 

When  adjusting  the  grinding  wheel  so  that  the  working 
side  is  in  line  with  the  helix  angle  of  the  thread,  the  angle 
of  the  helix  may  be  determined  as  follows:  Multiply  the  full 
diameter  of  the  gage  by  3.14  and  divide  the  pitch  by  the  result. 
Then  find  in  a  table  of  natural  tangents  the  angle  having  a 
tangent  that  corresponds  to 
the  quotient.  For  example,  if 
the  full  diameter  is  2  inches 
and  there  are  10  threads  to 
the  Inch,  the  pitch  is  0.100. 
2  X  3.14  =  6.28 
0.100  s-  6.28  =  0.0159 

The  corresponding  angle  is 
about  55  minutes,  which  is 
the  amount  the  wheel  should 
be  inclined  from  the  vertical. 
After  the  wheel  has  been  set 
to  the  required  angle,  it  is 
dressed  to  an  angle  of  55  de- 
grees when  measured  In  u 
plane  Intersecting  the  axes  of 
the  gage  to  be  ground,  and 
the  edge  or  apex  of  the  wheel 
is  left  sharp.  The  diamond  l.s 
mounted  In  a  block  hold  in 
the  hand,  and  It  Is  guided  by 


the  dressing  fixture  shown  in  the  plan  view  Fig.  8.  The  plate  A 
of  this  fixture  lias  two  grooves  in  the  form  of  the  letter  X, 
which  incline  55  degrees  relative  to  each  other.  The  block  B 
carrying  the  diamond  tool  C  is  pushed  through  first  one  groove 
and  then  the  other  when  truing  the  wheel.  The  plate  A  is 
supported  upon  two  brackets  (only  one  is  shown),  each  con- 
taining two  guide-pins  D  which  engage  slots  in  the  plate  and 
hold  it  in  posititDn  when  in  use.  The  diamond  C  is  located 
at  the  same  height  as  the  grinding  wheel  center.  The  slope 
or  angular  sides  of  the  thread  are  now  ground  by  using  the 
machine  shown  in  Fig.  7.  The  wheel  is  set  central  with  the 
thread  groove  and  the  grinding  is  continued  until  the  thread 
has  been  ground  true,  so  that  a  measurement  can  be  taken. 
The  means  used  for  measuring  the  full  diameter,  effective 
diameter,  the  angle  of  the  thread  and  the  core  diameter  will 
now  be  described. 

Use  of  Wires  for  Measuring  Effective  Diameter 

The  effective  diameter  can  be  measured  with  a  thread  mi- 
crometer, but  as  this  tool  has  only  a  limited  range  as  to  size 
and  number  of  pitches  it  can  measure,  it  may  be  desirable  or 
necessary  to  check  up  the  angle  and  effective  diameter  by 
using  an  ordinary  micrometer  and  two  or  more  sets  of  differ- 
ent size  wires.  When  measuring  the  effective  diameter  by  the 
wire  method,  there  should  be  two  wires  on  one  side  of  the 
thread  and  one  on  the  opposite  side,  as  illustrated  by  dia- 
grams A  and  B.  Fig.  9.  The  two  wires  on  one  side  should  be 
spaced  as  far  apart  as  is  practicable.  In  some  cases,  if  the 
thread  is  of  fairly  coarse  pitch,  it  may  be  necessary  to  place 
the  wires  in  adjacent  thread  grooves,  as  illustrated  by  the 
full  and  dotted  lines  at  a  and  c.  whereas,  for  a  thread  of  finer 
pitch,  the  wires  may  be  spaced  farther  apart,  as  at  a  and  I). 
Table  1  gives  the  sizes  of  wires  to  be  used  for  checking  up 
Whitworth  threads  of  different  pitches  and  the  amount  to  add 
to  the  full  diameter  when  using  a  wire  of  given  size.  The 
smallest  and  largest  wires  that  can  be  used  conveniently  with 
ordinary  micrometer  calipers  are  listed  in  the  table.  In  apply- 
ing the  table  to  the  gage  shown  in  Fig.  2,  which  has  14  threads 
per  inch,  we  see  that  the  first  number  under  "Threads  per 
Inch,"  in  the  column  headed  14.  is  the  decimal  0.00437.  This 
is  the  amount  to  be  added  to 
the  outside  or  full  diameter 
1.997  to  obtain  the  measure- 
ment over  wires  0.0375  inch 
in  diameter,  which  is  the  size 
of  wire  in  the  column  to  the 
left  and  on  the  same  line  with 
the  decimal  0.00437.  This  is 
the  smallest  wire  to  be  used 
for  measuring  14  threads  per 
inch.  The  last  decimal  in 
the  column  under  14  is 
0.05977,  which  is  the  amount 
to  be  added  to  the  full  diam- 
eter when  using  wires  0.055 
Inch  in  diameter — the  largest 
wires  to  be  used  for  meas- 
uring 14  threads  per  inch. 
The  distance  over  the  wires 
or  the  micrometer  reading 
enuiils: 
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Full  diameter 


1.6008 


+  (3.1657  X 


number  of  threads  per  inch 

wire  diameter) 

This  formula  expressed  as  a  rule  is  as  follows:  Divide  the 
constant  1.6008  by  the  number  of  threads  per  inch;  subtract 
the  quotient  from  the  full  diameter  and  add  to  the  difference 
3.1657  times  the  wire  diameter.  The  result  equals  the  microm- 
eter reading  or  the  measurement  over  the  wires. 

The  difference  between  the  distance  over  the  wires  and  the 
full  diameter  represents  the  dimensions  given  in  Table  1  for 
various  pitches  and  sizes  of  wires.  It  may  not  always  be  con- 
venient or  advisable  to  use  wires  corresponding  to  the  diam- 
eters given  in  the  table.  For  instance,  it  may  be  preferable 
to  use  wires  that  are  0.0385  inch  in  diameter  instead  of  0.0375- 
inch  wires,  which  is  the  minimum  size  for  14  threads  per  inch. 
In  that  case,  multiply  the  difference  between  0.0385  and  0.0375 
by  3.1657  and  add  this  product  to  the  dimension  given  in  the 
table  for  the  0.0375-inch  wires  to  obtain  the  distance  over 
0.0385-inch  wires. 

The  multiples  of  3.1657  at  the  lower  part  of  Table  1  are  con- 
venient to  use  when  figuring  dimensions  over  wires.  Suppose 
wires  that  are  being  lapped  down  to  0.0375  inch  are  perfectly 
round  at  0.0381  inch.  It  would  be  inadvisable  and  a  waste  of 
time  to  lap  them  to  0.0375  inch.  The  difference  between  0.0381 
and  0.0375  is  0.0006;  therefore,  in  order  to  get  the  dimension 
over  0.0381-inch  wires,  take  the  number  18.9942,  which  is  six 
times  3.1657,  from  the  table  of  multiples,  and  move  the  decimal 
point  four  places  to  the  left,  which  makes  the  number 
0.00189942  and  is  the  same  as  multiplying  3.1657  times  0.0006 
Add  the  result  to  the  value  given  in  the  table  for  0.0375-inch 
wires  to  obtain  the  amount  to  be  added  to  the  outside  diam- 
eter of  the  gage  when  using  wires  0.03S1  inch  in  diameter. 
For  instance,  if  2.00137  equals  the  measurement  over  0.0375- 
inch  wires,  2.00137  +  0.001899  =  2.00327  equals  the  distance 
over  0.0381-inch  wires.  If  wires  become  worn  or  are  under 
size,  the  distance  over  them  can  be  figured  in  the  same  way  by 
subtracting  the  difference  instead  of  adding. 

Measuring  Core  Diameter 

The  core  diameter  of  the  gage  can  be  checked  by  using  the 
triangular  wedges  as  shown  at  C,  in  Fig.  9.   (See  also  the  detail 
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view  at  the  upper  part  of  the  illustration).  When  measuring 
with  these  wedges,  twice  their  height  should  be  subtracted 
from  the  micrometer  reading  in  order  to  obtain  the  core  diam- 
eter. Micrometer  points,  such  as  are  shown  at  D,  can  also  be 
used  for  checking  the  core  diameter.  These  points  are  so  made 
that  they  can  be  removed  from  the  anvil  and  spindle  of  the 
micrometer,  and  they  are  more  convenient  to  use  than  the 
wedge  blocks  in  roughing.  With  micrometer  points,  a  hardened 
plug  should  be  ground  down  to  a  diameter  corresponding  to 
the  size  of  the  core  diameter  and  the  micrometer  points  set 
from  it.  The  use  of  a  thread  micrometer  is  illustrated  at  E, 
and  at  F  are  shown  methods  of  testing  the  radius  of  the  root 
and  crest.  A  wire  of  the  correct  radius  is  laid  in  the  root, 
and  a  templet  is  used  for  the  crest. 

When  measuring  the  diameter  with  wires,  rubber  bands  are 
sometimes  placed  over  each  end  of  the  wires  to  hold  them  in 
place,  but  this  is  not  good  practice,  as  the  rubbers  cramp  the 
wires  and  make  it  impossible  to  obtain  a  good  measurement 
with  the  micrometer.  To  use  the  wires  properly,  two  should 
be  placed  in  the  threads,  the  micrometer  opened  about  0.010 
or  0.015  inch  more  than  the  probable  measurement  over  the 
wires,  and  the  spindle  brought  down  on  them  in  such  a  manner 
as  to  hold  them  in  place.  The  third  wire  is  then  slipped  in 
between  the  anvil  and  the  lower  thread  groove;  the  microm- 
eter is  then  adjusted  until  it  just  holds  the  wires  and  a  read- 
ing is  taken.  In  measuring  the  angle  and  effective  diameter 
of  the  thread  while  grinding,  three  sets  of  different  size  wires 
should  be  used.  Assuming  that  the  gage  has  14  threads  per 
inch,  as  in  this  particular  case,  the  0.0375-inch,  0.040-inch  and 
0.055-inch  wires  should  be  employed.  As  0.003  or  0.004  inch 
has  been  left  on  the  full  diameter  for  finish-grinding,  and  wires 
0.0375  inch  in  diameter  only  extend  0.00437  Inch  beyond  the 
full  diameter,  the  larger  wires  should  be  used  until  the  full 
diameter  is  ground  nearly  to  size.  The  wedge  blocks  for  meas- 
uring the  root  are  inserted  and  held  in  the  thread  groove  the 
same  as  wires. 

After  rough-grinding  the  gage  sufficiently  to  true  it,  a  meas- 
urement will  usually  show  that  the  amount  of  stock  left  for 
finishing  has  been  reduced  from  0.004  to  0.005  inch,  leaving 
approximately  0.007  or  0.008  inch  on  the  effective  diameter 
and  usually  0.008  to  0.009  inch  on  the  core  diameter.  The 
wheel  is  now  redressed  to  a  sharp  vee  as  before,  and  the  root 
is  ground  until  the  relation  between  the  root  and  effective 
diameter   is   right   and   the  size   is   plus   0.003   or   0.004   Inch. 

Heat-treatment  to  Prevent  Subsequent  Distortion  of  Qatre 

The  gage  Is  now  passed  through  another  hent-troatment  con- 
sisting of  an  Immorslon  in  boiling  soda  water  for  a  period  of 
at  least  thirty  minutes.  This  Is  absolutely  necessary,  espe- 
cially at  this  stage  of  the  work.  The  remainder  of  the  material 
to  bo  removed  from  the  gngo  by  machining  or  lapping  Is  ex- 
Ircmoly  Hllght,  and  the  precautions  to  bo  tuknn  to  Insure  a 
pcrnmnent  sot  of  motal  and  to  cllmlniito  as  much  as  possible 
any  likelihood  of  distortion  of  the  giigc  after  It  is  completed, 
iiiiikctf  It  nbsolutoly  noccssary  for  It  to  bo  flubjoctod  to  this 
udilltlonal  hcnt  trout mont. 

Since  the  khk''  bas  passfMl  through  the  liardcnlng,  there  has 
boon  nr)l)roxliimt('ly  O.OOS  Inch  of  slock  roniovod  from  almost 
all  the  BurfucoH.  This  ri'moviil  has  reduced  the  caso  or  binder 
of  the  gage  auniclontly  to  affect  Us  Interior  structure  In  such 
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a  way  as  to  cause  it  to  shrink  in  some  spots.  As  it  is  im- 
possible for  the  gage  to  assume  immediately  the  shape  which 
it  tends  to  take  as  the  result  of  the  strains  caused  by  the  re- 
moval of  metal,  this  change  of  form  should  be  quickened  as 
much  as  possible  by  a  heat-treatment  that  subjects  the  gage  to 
more  extremes  of  temperature  than  it  will  undergo  while  in 
use.  This  effect  is  obtained  by  the  heat-treatment  referred  to. 
After  the  gage  has  been  rough-ground,  enough  metal  has 
been  removed  to  alter  the  internal  strains  and  leave  the  struc- 
ture of  the  metal  in  an  unbalanced  state.  As  previously  men- 
tioned in  connection  with  carburizing  and  quenching,  the  hole 
in  the  gage  blank  closes  in  from  0.006 
to  0.008  inch.  If  the  outside  diameter  is 
carefully  measured  before  and  after  car- 
burizing, it  will  be  seen  that  there  is  an 
increase  of  from  0.003  to  0.004  inch.  The 
introduction  of  more  carbon  between  the 
molecules  of  the  steel  would  naturally 
tend  to  increase  the  distance  between 
them  and  the  size  of  the  gage  itself.  The 
diagram  Fig.  10  illustrates  in  a  general 
way  the  form  of  the  carburized  portion 
of  the  case,  which  is  represented  by  the 
vertical  section  lines,  whereas  the  soft 
core  is  shown  by  the  diagonal  lines. 
When  the  gage  blank  is  quenched,  the 
threads  cool  first,  so  that  the  interior  and 
the  hole  have  a  marked  tendency  to  con- 
tract. As  the  outside  surface  and  the 
faces  of  the  gage  are  gradually  reduced 
by  the  machining  processes,  these  parts 
of  the  gage  are  gradually  weakened,  and 
the  result  is  a  slight  contraction  due  to 
the  interior  strains.  The  gage  remains 
comparatively  cool  throughout  the  grind- 
ing operations,  so  that  the  hardened  sur- 
face does  not  become  very  elastic,  and, 
therefore,  is  not  affected  directly  by  the 
forces  acting  upon  it.  For  this  reason,  it 
is  necessary  to  subject  the  gage  to  a  high 
enough  temperature  to  insure  its  taking 
a  permanent  set.  A  pack-hardened  thread 
gage  that  has  not  been  seasoned  or  sub- 
jected to  some  rapid  seasoning  process 
will  change  in  diameter  and  lead  so  that 
It  becomes  practically  useless.  If  such  a 
gage  is  finished  at  the  normal  tempera- 
ture and  is  allowed  to  remain  near  a  fur- 
nace or  other  warm  place,  it  will  decrease 
in  size  and  lengthen  in  lead.  If  a  gage 
Is  heated  to  the  equivalent  of  a  light 
straw  color  and  allowed  to  cool  off,  accu- 
rate measurement  will  show  that  it  has 
reduced  In  size  from  0.0002  to  0.0003  inch. 
Frequently  in  shops  where  gages  are 
made,  rejected  gages  are  found  which 
have  changed  conslderul)ly  since  the  In- 
Bpectlon  previous  to  shipment,  owing  to 
the  lark  of  proper  sea.sonlng.  The  effect 
of  tho  lack  of  proper  heat-treatment  Is 
illustrated  by  tho  following  experience  of 


a  gage-maker:  All  the  operations  on  the  gage, 
such  as  grinding  and  lapping,  were  finished  with- 
out any  special  heat-treatment  of  the  kind  pre- 
viously referred  to,  and  the  gage  was  made  to 
the  required  size  and  passed  inspection.  This 
particular  gage  was  kept  as  a  master  to  be  used 
in  making  duplicate  gages.  In  less  than  two 
weeks,  this  gage  had  distorted  to  such  an  extent 
that  it  was  from  0.0002  to  0.0004  inch  out  of 
round  and  the  lead  had  shortened  about  0.0002 
inch. 

Changes  Due  to  Removal  of  Metal 

The  removal  of  metal  will  also  cause  appreci- 
able changes  of  form  or  size  which  are  often 
sufficient  to  spoil  the  gage  entirely.  For  instance,  a  gage  that 
had  been  finished  to  size  was  afterward  altered  by  cutting 
away  the  threads  at  the  ends  back  a  distance  of  about  one  inch 
farther  than  they  had  been  previously.  This  gage  at  the  time 
was  the  right  size  and  passed  through  a  female  master  gage 
perfectly  and  without  interference  of  any  kind.  In  less  than  a 
week  after  cutting  away  the  end  threads,  the  gage  had  changed 
so  much  that  it  would  not  even  enter  the  master  gage  one 
and  one-half  turn.  The  gage  had  a  longer  lead  at  each  end 
and  the  outside  diameter  also  decreased  from  0.0002  to  0.00025 
inch. 


TABLE  1.  AMOUNT  TO  BE  ADDED  TO  OUTSIDE  DIAMETER 
FOR  MEASURING  WHIT"WORTH  THREADS  WITH  WIRES 


Diam. 

of 
Wire 

Threads  per  Inch                                                       1 

36 

32 

30 

24 

20 

18 

16 

14 

0.015 

0.0175 

0.020 

0.0225 

0.025 

0.0275 

0.030 

0.0325 

0.035 

0.0375 

0.040 

0.0425 

0.045 

0.0475 

0.050 

0.055 

0.00302 
0.01093 
0.01885 
0.02676 

6! 00538 
0.01329 
0.02121 
0.02912 

0^66204 
0.00995 
0.01787 
0.02578 

6.66453 
0.01244 
0.02036 
0.02827 
0.03618 

6.66762 
0.01493 
0.02285 
0.03076 
0.03867 



0.00604 
0.01395 
0.02187 
0.02978 
0.03770 
0.04561 

0.66284 
0.01075 
0.01866 
0.02658 
0.03449 
0.04241 
0.05032 

6.00437 
0.01229 
0.02020 
0.02811 
0.03603 
0.04394 
0.05977 

Diam. 

of 
Wires 

Threads  per  Inch                                                       1 

12 

11 

10 

9 

8                7 

6 

5 

0.0425 

0.045 

0.0475 

0.050 

0.055 

0.060 

0.065 

0.070 

0.075 

0.080 

0.085 

0.090 

0.095 

0.100 

0.105 

0.110 

0.120 

0.140 

0.00114 
0.00906 
0.01697 
0.02489 
0.04071 
0.05654 
0.07237 

6.00484 
0.01276 
0.02859 
0.04442 
0.06024 
0.07607 

6! 61463 

0.02986 
0.04569 
0.06152 
0.07735 

6! 61268 

0.02790 
0.04373 
0.05956 
0.07539 
0.09122 





6.66567 
0.02150 
0.03733 
0.05316 
0.06899 
0.08481 
0.10064 

0.00874 
0.02457 
0.04040 
0.05623 
0.07206 
0.08788 
0.10371 

6.66229 
0.01811 
0.03394 
0.04977 
0.06560 
0.0S143 
0.11308 

6.01224 
0.02807 
0.05972 
0.12304 

Multiples  of  S.1657 

1X3.1657  =  3.1657              4X3.1657  =  12  8628             7X3.1657  =  22.1699 
2X3.1657  =  6.3314              5X3.1657  =  15.8285             8X3.1657  =  25.3256 
3  X  3.1657  =  9.»!)71               6X3.1657=18.9942             9X3.1657  =  28.4913 
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Fig.   12. 


Fmish-gTlndingr  Operations 
on  Gag-e 

After  the  last  heat-treat- 
ment previously  referred  to, 
as  much  time  as  possible 
should  be  allowed  to  elapse 
before  the  finish-grinding  op- 
eration, three  or  four  days 
usually  being  sufficient.  The 
finish-grinding  is  practically 
the  same  as  the  rough-grind- 
ing. The  gage  is  wrung  onto 
■an  arbor  and  the  sides  are  fin- 
ished   to    the    required    size 

The  full  diameter  is  also  ground  to  size  within  0.002  inch. 
After  the  sides  of  the  gage  are  ground,  the  hole  in  some  cases 
will  be  found  to  have  closed  in  from  0.0001  to  0.0002  inch  on 
the  ends  so  that  they  should  again  be  lapped  to  size.  The 
sides  of  the  thread  are  finish-ground  on  a  machine  of  the  type 
illustrated  in  Fig.  7,  which  represents  the  machine  used  for 
rough-grinding  as  well.  It  will  be  understood,  of  course,  that 
the  finishing  operation  requires  more  care  than  the  rough- 
grinding. 

One  of  the  things  that  requires  a  little  skill  and  experience 
is  finishing  the  root  of  the  thread.  The  actual  root  diameter 
is  from  0.001  to  0.002  inch  less  than  the  nominal  root  diam- 
eter, so  that  at  the  beginning  a  wheel  having  a  fairly  sharp 
edge  may  be  used.  No  attempt  is  made  to  dress  the  edge  of 
the  wheel  to  the  radius  of  the  root,  since  the  root  can  be  fin- 
,  ished  accurately  enough  for  practical  purposes  by  using  a 
wheel  which  has  an  included  angle  of  55  degrees  and  a  sharp 
edge  or  apex  to  begin  with.  As  the  grinding  proceeds,  this 
sharp  edge  naturally  crumbles  away  and  is  finally  rounded  off 
sufficiently  for  finishing  the  root  of  the  gage  thread.  After  a 
wheel  has  removed,  say,  0.001  inch,  the  effective  diameter  of 
the  gage  may  be  0.003  inch  over  size,  whereas  the  root  diam- 
eter is  perhaps  only  0.001  inch  over  size.  After  another  0.001 
inch  has  been  removed,  a  measurement  will  usually  show  that 
the  relation  between  the  effective  diameter  and  the  root  diam- 
eter has  changed  slightly.  For  instance,  when  the  effective 
diameter  is  +  0.002  inch,  the  root  diameter  may  be  -f  0.0005 
inch,  owing  to  the  fact  that  the  apex  of  the  wheel  has  worn 
down  slightly.  One  experienced  in  this  work  can  reduce  the 
gage  by  this  method  to  the  lapping  size  with  one  dressing  of 
the  grinding  wheel  and  maintain  the  proper  relationship  re- 
quired between  the  effective  diameter  and  the  root  diameter. 
In  the  case  of  the  particular  gage  selected  as  an  example,  when 
the  effective  diameter  is  +  0.0003  to  +  0.0004  inch,  the  root 
diameter  should  be  from  0.0012  to  0.0015  inch  less  than  the 
nominal  root  diameter. 

When  beginning  to  grind  a  gage,  it  is  well  to  consider  the 
effect  of  expansion  on  the  position  of  the  wheel  due  to  the 
heating  of  the  wheel-spindle.  Owing  to  the  slight  change  due 
to  this  cause.  It  Is  advisable  to  keep  the  wheel  running  con- 
tinuously when  taking  the  finishing  cuts.  If  it  Is  necessary 
to  stop  the  wheel  for  measuring  or  Inspecting,  when  the  wheel 
Ih  again  started  It  should  be  allowed  to  run  Idle  long  enough 
for  the  temperature  of  the  spindle  to  rise  to  the  normal 
working  temperature  before  taking  another  cut, 

arlndlntr  Crest  of  Thread 

After  the  angular  sides  of 
the  thread  gage  are  ground, 
the  Hame  machine  Is  used  for 
grinding  the  crest  or  top  of 
the  thread.  By  mounting  the 
wheelH  an  previously  men- 
tioned In  connection  with  Fig. 
f>.  It  Ih  poimlble  to  replace  one 
wheel  with  another  of  dlffer- 
<.-nt  form  with  the  maximum 
error  not  exceeding  0.0015 
Inch.  Before  grinding  the 
rroiit  of  the  thread,  It  Is 
neceuBBry  to  form  a  concave 
groovQ    In    the    periphery    of 


Marhlnrru 


the  wheel.   The  diamond-hold- 
er shown  at  A,  Pig.  11,  is  first 
used  in  conjunction  with  the 
fixture    illustrated   in   Fig.    8. 
The   V-shaped   tongue  on   the 
diamond-holder  is  placed  into 
engagement  with  the  slots  in 
the    fixture,    and    the    sliding 
bar  to  which  the  diamond  is 
attached  is  moved  forward  to 
bring  the   diamond   into   con- 
tact   with     the    wheel,     thus 
forming  a  slight  groove  in  its 
periphery. 
The  diamond-holder  is  next  removed  and  is  replaced  by  the 
fixture  shown  at  B,  Fig.  11.     This  fixture  also  has  a  V-shaped 
tongue  tor  engaging  the  slots  in  the  fixture  shown  in  Fig.  8, 
and  is  provided  with  projecting  arms  on  each  side,  containing 
holes  through  which  a  wire  is  inserted.     This  wire  is  used  in 
finishing  the  concave  groove  in  the  grinding  wheel  to  the  re- 
quired form.     The  cross-slide  of  the  grinding  machine  is  ad- 
justed in  far  enough  to  come  into  contact  with  the  wire  which 
passes  through  the  arms  of  the  fixture  and  is  held  taut.     The 
radius  of  this   wire   should   correspond   to   the  radius   of  the 
crest  of  the  thread.     In  this  particular  case  the  crest  radius 
equals  0.0098  inch,  so  that  the  wire  should  be  0.0196  inch  in 
diameter  or  slightly  larger.     This  wire  should  extend  at  least 
12  inches  beyond  each  guide  bushing  in  the  fixture  and  the 
ends  are  held  lightly  by  hand  when  forming  the  groove  in  the 
wheel.    As  the  wheel  revolves,  the  wire  is  pulled  tight  enough 
to  bring  it  into  contact  with  the  edge  of  the  wheel,  and  then 
the  wire  is  moved  in  first  one  direction  and  then  the  other 
a  number  of  times.     A  piece  of  thin  hardened  steel  is  next 
held  against  the  edge  of  the  wheel,  thus  forming  it  to  the 
shape    illustrated    in   Fig.    12.     The   depth   x   of   the   concave 
groove  is  measured,  and  if  it  is  not  deep  enough  the  wire  is 
again  used.     On  the  contrary,   if  the  groove  is  too  deep,  the 
top  of  the  wheel  may  be  dressed  off  with  an  ordinary  diamond. 
When  the  groove  has  been  properly  formed,  it  is  advisable  to 
use  the  fixture  shown  in  Fig.  8  for  dressing  the  angular  sides 
of  the  wheel,  so  that  they  will  not  come  into  contact  with  the 
gage  thread  when  grinding  the  crest. 

When  starting  to  grind  the  crest  the  revolving  wheel  is 
adjusted  inward  until  it  comes  into  contact  with  the  revolv- 
ing gage.  The  position  of  the  wheel  in  a  direction  parallel 
to  the  axis  of  the  gage  is  determined  by  noting  which  side 
the  sparks  come  from,  and  the  wheel-spindle  slide  is  adjusted 
accordingly  by  turning  the  knurled  screw  A',  Fig.  7.  As 
those  who  have  had  experience  in  grinding  know,  the  sparks 
indicate  inaccuracy  of  adjustment  with  greater  precision  and 
refinement  than  an  indicator,  and  the  wheel  may  be  adjusted 
by  this  method  until  it  Is  central  with  the  thread  within 
0.00015  inch. 

When  grinding  the  crest  of  the  thread  a  good  micrometer 
should  be  available,  and  it  is  preferable  to  have  one  of  the 
heavy  type  having  an  anvil  and  spindle  5/16  inch  in  diam- 
eter, because  such  a  micrometer  gives  a  better  bearing  surface 
on  the  top  of  the  gage  threads.    When  the  top  of  the  thread 
liaa  been  ground   until   the  gage   is  within   0.001   inch   of  the 
full  diameter,   it  is  advisable 
to  test  the  radius  of  the  crest 
by  using  a  templet  of  the  form 
shown    ill    Fig.    12.       This    is 
ii.sually  a  precautionary  meas- 
ure hocauKO  If  the  InHlrurtlons 
previously    given    havo    bo(>n 
followed  there  is  not  likely  to 
1)0    nn    error    in    the    radius. 
After  testing  tho  radius  with 
the   templot,    tho   grinding   In 
continued  until  tho  full  diam- 
lor    Is    -j-    0.0004    inch.      This 
coniplotoH  tho  griiKlliiK  of  tlio 
gnge,  and   tho  next  operntlon 
Ih  that  of  lapping  In  order  to 
d  L»p  for  u.n  on  Thro.d  Oiion  rcniovo    all    grinding    wheel 
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Figr.   14.     Sectional  Views  showing  Various  Fo 


of  Laps  used  on  Thread   Gages  and  Relation  between  their  Form  and  a  Standard  Wliitworth  Thread 


marks  and  reduce  the  gage  to  the  final  dimensions  within  the 
limits  specified. 

Laps  for  Thread  Gages 

While  power-driven  machines  may  be  used  for  the  lapping 
operation,  lapping  by  hand  will  be  described  in  the  follow- 
ing, since  it  is  regarded  by  the  writers  of  this  article  as  a 
better  and  more  rapid  method.  When  there  is  an  unusual 
amount  to  be  lapped  ofi:,  the  machine  will  remove  the  metal 
somewhat  faster,  but  it  is  important  to  remember  that  the 
time  required  for  actually  lapping  is  small  as  compared  with 
the  time  required  for  cleaning  the  work,  taking  measurements, 
etc.,  which   can  be  done  faster  when   lapping  by  hand. 

Gray  cast  iron  that  is  free-cutting  and  without  blowholes 
has  proved  to  be  the  best  material  for  the  laps  used  on  thread 
gages.  This  material  charges  well  and  is  less  subject  to 
changes  than  some  other  materials  that  are  used.  Cold- 
rolled  steel  and  machine  steel  have  been  employed,  but  are 
not  entirely  satisfactory.  These  materials  at  times  seem 
to  retain  the  form  of  the  thread  fairly  well,  but  there  is 
often  difl5culty  due  to  distortion.  In  order  to  obtain  the  best 
results,  the  lap  should  extend  beyond  the  ends  of  the  thread 
on  the  gage  at  least  one-half  inch.  Occasionally,  however,  a 
short  lap  is  required,  as,  for  example,  when  a  gage  is  slightly 
tapering  or  large  either  in  the  center  or  at  the  ends.  ■  For 
making  corrections  of  this  kind,  laps  having  only  three  or 
four  threads  are  used  because  one  covering  the  entire  gage 
could  not,  of  course,  be  used  to  correct  local  errors. 

A  convenient  form  of  lap-holder  is  shown  in  Fig.  13.  This 
consists  of  a  ring  or  shell  containing  three  adjusting  screws 
and  a  handle.  A  lap  of  the  kind  used  for  lapping  the  angular 
sides  of  the  thread  is  shown  in  position  in  the  holder.  There 
should  be  five  laps  and  holders  for  the  use  of  each  man 
working  on  thread  gages.  These  five  laps  differ  in  form  as 
illustrated  by  the  detailed  sectional  views.  Fig.  14.  The 
"perfect"  lap  illustrated  at  A  is  made  to  the  standard  angle 
of  55  degrees  and  it  bears  on  the  sides  only,  there  being 
clearance  spaces  for  the  root  and  crest  of  the  gage  thread. 
The  lap  illustrated  at  B  has  a  slightly  more  acute  angle  than 
the  lap  shown  at  .1.  This  is  known  as  the  "acute"  or  "bot- 
tom" lap  and  it  may  have  an  inclination  of,  say,  54  degrees. 
The  obtuse  lap  illustrated  at  C  has  an  angle  of  55V4  degrees, 
so  that  it  bears  on  the  upper  part  of  the  gage  thread.  The 
root  lap  D  is  made  to  bear  on  the  root  only,  as  the  illustration 
shows,  and  at  E  is  shown  the  lap  used  for  finishing  the  crest 
or  top  of  the  gage  thread.  These  different  laps  should  be 
plainly  marked  so  that  the 
wrong  one  will  not  be  used. 

Lapping:  Operations  on  Whlt- 
worth  Thread  Qagre 

The  thread  gage  to  be 
lapped  Is  placed  in  a  holder 
which  is  securely  held  in  a 
viae,  and  before  any  lapping 
Is  done  it  is  carefully  meas- 
ured. The  form  of  lap  Illus- 
trated at  A,  Fig.  14,  iB  first 
■used.  This  lap  la  slightly 
charged  with  an  abrasive 
mixed  with  vasellno  to  form  a 
paate,  this  mixture  being  In- 
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Flir.   18.     Slmplo  Form  of  OnRo  mod  for  toitlnit  Li-ad  of  Q»«o  Thread 


troduced  through  the  holes  A  shown  in  Fig.  13,  extending 
through  the  holder  and  lap.  The  screws  of  the  holder  should 
be  adjusted  so  that  the  lap  has  a  slight  drag,  as  it  is  screwed 
over  the  gage.  The  lap,  when  in  use,  is  turned  forward  and 
backward  for  several  minutes,  care  being  taken  to  see  that 
it  is  always  working  over  the  entire  gage  surface.  After 
removing  the  lap  and  thoroughly  cleaning  the  gage  with 
gasoline,  the  lead  of  the  gage  thread  is  checked  by  using 
the  form  of  gage  shown  in  Fig.  15.  This  gage  consists 
of  two  circular  disks  ground  accurately  to  the  standard 
thread  angle  of  55  degrees  and  spaced  a  distance  apart  equal 
to  some  multiple  of  the  thread  gage  pitch.  This  gage  is  used 
by  simply  placing  the  disks  into  mesh  with  the  thread  gage 
and  noting  whether  or  not  it  fits  perfectly  as  determined 
by  a  "light  test"  or  by  sight. 

It  is  also  essential  to  test  the  angle  of  the  thread,  which 
may  be  done  by  using  wires  and  a  micrometer,  the  same  as 
when  measuring  the  effective  diameter.  When  beginning  to 
lap,  the  angle  is  supposed  to  be  correct  and  the  effective  diam- 
eter of  the  gage  about  0.0004  inch  over  size  and  the  root 
diameter  0.0012  inch  less  than  the  nominal  root  diameter. 
Two  sets  of  wires  varying  in  diameter"  are  used  for  testing 
the  angle.  Suppose  in  this  case  that  a  measurement  over  the 
large  wires  of  0.055  inch  diameter  shows  that  the  gage 
is  +  0.0002  inch  and  that  the  measurement  is  +  0.0003  inch 
when  using  the  small  wires  having  a  diameter  of  0.0375  inch. 
This  shows  that  the  angle  of  the  gage  thread  is  slightly  obtuse 
or  over  55  degrees.  In  order  to  correct  this  error,  the  lap 
shown  at  B,  Fig.  14,  is  used.  When  this  lap  is  removed, 
measurements  may  show  that  the  gage  is  +  0.00015  inch  over 
the  large  wires  and  +  0.0001  inch  over  the  small  wires,  thus 
showing  that  the  error  in  angle  has  been  partly  corrected. 

Before  finishing  the  lapping  of  the  sides  of  the  thread,  the 
form  of  lap  shown  at  T),  Fig.  14,  is  used  for  reducing  the 
root  of  the  thread  to  the  required  size,  which  in  this  case  is 
about  0.0015  inch  less  than  the  nominal  root  diameter.  The 
lap  A  which  was  first  used  is  again  placed  on  the  gage  and 
is  charged  with  rouge.  After  the  lap  has  been  given  a  num- 
ber of  turns  in  each  direction,  it  is  removed  for  testing  the 
size  of  the  gage,  and  this  is  repeated  until  the  gage  has 
been  reduced  to  the  required  size.  The  first  abrasive  used, 
which  is  coarse  as  compared  with  the  rouge,  tends  to  creep 
up  the  sides  of  the  gage  thread  and  remove  more  material 
at  the  top,  which  accounts  for  the  fact  that  the  gage  thread 
angle  is  sometimes  a  trifle  wider  than  it  should  be.  When 
rouge  is  used,  the  lap  has  more  of  a  rubbing  than  a  cutting 
effect  and  the  abrading  action 
on  the  side  of  the  gage  thread 
is  more  even  than  when  using 
a  coarser  abrasive.  In  some 
cases,  the  gage  thread  is 
ground  to  an  angle  which  is 
slightly  less  than  required,  in 
which  case  the  obtuse  form 
of  lap  shown  at  C  is  employed. 
The  time  required  for  lap- 
ping one  of  these  gages  should 
not  exceed  two  and  one-half 
hours,  and  where  a  number  of 
duplicate  gages  are  being 
made.  It  Is  possible  under 
favorable   conditions   for  one 
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Fig.    16.     Diagram    illustrating    Type    of 

Lap  used  for  lapping  Crest  of 

Gage ,  Thread 


man  to  lap  twelve  gages 
a  day.  As  previously 
mentioned,  the  laps  for 
use  on  the  sides  of  the 
thread  are  made  so  that 
they  will  clear  the  crest 
and  root.  As  a  lap 
wears  down,'  however, 
the  clearance  space  de- 
creases and  it  may  be 
necessary  to  remove  a 
little  metal  from  the 
top  of  the  lap  thread. 
The  lap  may  be  tested 
for  clearance  by  first 
placing  it  on  a  thread 
gage  and  adjusting  the 
screws  until  it  turns 
with  a  slight  drag;  the 
lap  is  then  removed  and 
a  plug  gage  0.001   inch 


smaller  than  the  nominal  core  diameter  is  tried  into  the  gage. 
If  this  plug  passes  through,  the  lap  still  has  sufBcient  clear- 
ance, but  if  the  gage  cannot  be  inserted,  a  reamer  0.001  inch 
larger  than  the  core  diameter  should  be  run  through  the  lap. 

It  is  not  only  necessary  to  have  the  gage  thread  of  the 
correct  angle,  but  the  angle  between  each  side  and  the  axis 
of  the  gage  should  also  be  the  same.  A  gage  thread  that  is 
tilted  with  relation  to  the  axis  may  be  due  to  the  use  of  a  lap 
cut  with  a  tool  that  was  not  set  properly.  The  angle  of  the 
tool  may  be  correct,  but,  of  course,  it  is  essential  to  set  it  so 
that  each  cutting  edge  has  the  same  inclination  relative  to 
the  axis  of  the  lap.  It  is  good  practice  when  using  a  lap  to 
reverse  its  position  relative  to  the  thread  gage.  When  this 
is  done,  if  the  lap  thread  is  tilted  this  will  soon  be  apparent, 
owing  to  the  obtuse  angle  given  to  the  thread  gage. 

Sometimes  the  sides  or  slope  of  a  gage  thread  are  lapped 
concave  instead  of  extending  in  a  straight  line  from  the  crest 
to  the  root.  This  is  usually  due  to  the  use  of  a  lap  that  is  too 
acute.  Sometimes  the  opposite  effect  is  produced  and  the 
Bides  of  the  thread  are  lapped  convex  instead  of  concave. 
This  may  be  due  to  the  use  of  a  lap  that  is  not  properly 
adjusted  and  one  that  works  too  freely  or  wabbles.  If  the 
obtuse  lap  C,  Fig.  14,  is  used  too  long  it  will,  of  course, 
increase  the  angle  of  the  gage  thread  beyond  the  standard 
of  55  degrees,  and  if  the  root  lap  D  is  used  too  long  the  thread 
will  be  too  deep  and  the  angle  too  small. 

Lapplner  Crest  of  Thread 

The  form  of  lap  used  for  finishing  the  crest  is  shown  by 
the  sectional  view,  Fig.  16.  This  lap  has  a  helical  concave 
groove  corresponding  to  the  pitch  of  the  gage  thread  and  of 
the  same  radius,  In  cross-section,  as  the  crest  of  the  thread 
to  be  lapped.  This  lap  is  bored  out  to  a  diameter  D  equal  to 
the  full  diameter  of  the  gage  thread,  minus  twice  the  vertical 
distance  x  (see  Fig.  3)  from  the  top  of  the  thread  to  the 
point  where  the  crest  Is  tangent  to  the  side  of  the  thread. 


The  depth  of  the  concave  groove  in  the  lap  for  different 
pitches  is  given  in  Table  2  and  also  the  radius  of  the  thread 
crests. 

When  using  the  crest  lap  it  should  be  adjusted  so  that  it 
bears  very  lightly  on  the  thread  being  lapped.  Many  gages 
have  been  spoiled  by  adjusting  the  lap  too  tightly.  When 
lapping  the  angular  sides  of  the  thread,  there  is  at  least  six 
times  as  much  surface  being  lapped  as  when  lapping  the  crest. 
Notwithstanding  this  fact,  many  mechanics  apply  the  same 
amount  of  pressure,  and  the  result  is  that  the  lap  itself  is  cut 
instead  of  the  work.  The  lap  should  be  adjusted  for  this 
operation  so  that  one  is  just  able  to  feel  the  drag  or  pull. 
If  used  in  this  way,  the  lap  will  cut  properly  and  retain  its 
shape  while  lapping  a  number  of  gages.  This  lap  should 
also  be  reversed  frequently  the  same  as  when  using  the  angle 
laps.  If  the  lap  for  the  top  radius  or  crest  is  not  properly 
made,  this  section  of  the  thread  may  be  finished  slightly  off 
center.  It  is  important  to  remember  that  the  full  diameter 
is  reduced  quite  rapidly  when  lapping  the  crest.  The  radius 
should  be  tested  occasionally  by  using  a  templet  gage  similar 
to  the  form  illustrated  at  F  in  Fig.  9. 

TABLE  2.      RADII  OF  CREST  AND  ROOT  AND  VERTICAL 
DISTANCE  X  (SEE  FIG.  3)  TO  POINT  OF  TANGENCY 


Threads 
per 
Inch 

Radius   of 

Root  and 

Crest 

VcrUcal 

Depth  X  of 
Crest 

ITireads 
per 
Inch 

Radius    of 

Root  and 

Crest 

Vertical 

Depth  X  of 

Crest 

36 

0.00382 

0.00206 

13 

0.01056 

0.00568 

32 

0.00429 

0.00231 

12 

0.01144 

0.00616 

30 

0.00458 

0.00247 

11 

0.01248 

0.00672 

24 

0.00572 

0.00308 

10 

0.01373 

0.00740 

20 

0.00687 

0.00370 

9 

0.01526 

0.00821 

18 

0.00763 

0.00412 

8 

0.01717 

0.00924 

16 

0.00858 

0.00462 

7 

0.01962 

0.01056 

14 

0.00981 

0.00528 

6 

0.02289 

0.01232 

Machinery 

The  abrasives  that  have  proved  satisfactory  for  lapping 
thread  gages  are  carborundum,  alundum,  emery,  and  rouge. 
Carborundum  gives  excellent  results  in  rough-lapping,  espe- 
cially when  there  is  considerable  material  to  be  removed  and 
the  lap  does  not  have  to  retain  an  accurate  form.  Alundum 
(65F)  if  used  for  finish-lapping  ground  gages  will  produce 
a  finish  that  is  nearly  as  fine  as  that  obtained  with  rouge, 
and  the  thread  may  be  lapped  to  size  much  quicker.  Emery, 
being  tough  and  sharp,  will  cut  for  quite  a  long  time  without 
recharging  and  is  preferred  by  some  gage-makers.  Rouge  is 
used  when  a  high  polish  is  desired.  Satisfactory  results  may 
be  obtained  by  using  flour  emery  (grades  F  to  F4)  for  lapping 
gages  after  grinding  and  then  using  rouge  for  removing,  say, 
0.00005  Inch.  Lard  oil  has  proved  to  be  a  good  lubricant  to 
mix  with  abrasives  for  lapping  thread  gages. 

Tlmlner  Lapping-  Periods 

When  lapping  a  thread  gage  or  any  other  tool  or  part  which 
must  be  reduced  by  the  lapping  process  to  a  given  dimension 
within  small  linilts,  the  work  can  be  done  with  less  chance 
of  error  and  more  quickly  by  timing  the  lapping  period,  pro- 
vided the  relation  between  the  lapping  time  and  the  reduction 
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in  size  during  that  time  tias  been  determined  previously.  It 
is  generally  recognized,  of  course,  that  if  a  cutting  tool  removes 
a  given  amount  of  material  in  a  given  time,  the  same  tool  or 
one  similar  to  it  operating  under  corresponding  conditions  will 
approximately  duplicate  the  amount  of  work  done  during  equal 
periods  of  time.  It  also  holds  true  that  if  a  lap  removes  a 
certain  amount  of  metal  in  a  given  time  the  same  lap  or 
another  one  like  it  used  under  similar  conditions  will  repeat 
the  performance.  For  instance,  if  a  lap  freshly  charged  with 
a  certain  abrasive  is  used  continuously  for,  say,  ten  minutes, 
and  careful  measurements  show  a  reduction  of  0.0004  inch 
in  size,  it  is  reasonable  to  assume  that  this  relation  between 
the  lapping  period  and  the  amount  of  metal  removed  may  be 
used  as  a  basis  for  determining  the  time  required  for  making 
further  reductions  in  size.  To  illustrate,  suppose  in  this  case 
that  a  lapping  period  of  ten  minutes  reduced  the  size  of  the 
lap  0.0004  inch  and  that  a  measurement  showed  that  there 
was  0.0002  inch  more  to  be  removed;  in  that  case,  the  next 
lapping  period  might  be  five  minutes  in  order  to  remove  the 
0.0002  inch,  although  it  would  be  advisable  to  reduce  this 
time  somewhat  in  order  to  be  on  the  safe  side.  Thus,  instead 
of  lapping  continuously  for  five  minutes,  the  lapping  period 
might  be  reduced  to  four  minutes,  after  which  the  part  would 
again  be  measured.  This  simple  principle  as  applied  to  lap- 
ping, eliminates  largely  the  uncertainty  connected  with  the 
lapping  process,  and  makes  it  possible  to  reduce  a  precision 
tool,  such  as  a  thread  gage,  to  the  required  size  without  taking 
so  many  measurements  in  order  to  avoid  spoiling  the  work. 
In  fact,  by  carefully  timing  the  lapping  periods,  it  is  possible 
to  reduce  a  thread  gage  to  a  specified  dimension  in  three  or 
four  lapping  periods.  This  method  of  procedure  has  in  part 
made  it  possible  for  one  toolmaker  to  produce  from  ten  to 
twelve  gages  a  day,  when  the  gages  have  been  properly  ground 
to  begin  with. 

Hardness  Test  for  Thread  Gages 

The  thread  gages  are  tested  for  hardness  at  the  root  of  the 
thread  by  using  a  high-grade  knife-edge  file  instead  of  a 
scleroscope  or  Brinell  hardness  tester.  If  the  gage  is  not  as 
hard  as  it  should  be,  the  softness  may  readily  be  detected  at 
the  root  of  the  thread  because  there  is  less  carbon  penetra- 
tion at  the  root  than  at  other  sections  of  the  thread,  as  indi- 
cated by  the  diagram,  Fig.  9;  consequently,  if  the  root  is  suffi- 
ciently hard,  it  is  safe  to  assume  that  the  other  parts  of  the 
thread  are  satisfactory  in  this  respect.  Each  gage  is  tested  in 
a  number  of  places  on  the  root  of  the  thread,  and  if  the  file 
takes  hold  or  cuts  the  gage,  the  latter  is  considered  too  soft 
and  Is  rejected. 

Lead  and  Angrle  Checking  Gage 

The  gaging  fixture  shown  in  Fig.  17  has  proved  very  satis- 
factory for  testing  the  lead  of  the  thread  gage  and  also  the 
angle  of  the  thread,  as  well  as  its  position  relative  to  the 
axis.  Mounted  upon  the  base  A  of  this  gage  there  are  two 
blocks  B  and  C  which  are  hardened,  ground,  and  lapped. 
Block  C  carries  another  block  E  which  can  be  adjusted  by 
screw  G  and  has  a  90-degree  notch  on  the  side  for  receiving 
the  gage  T  to  be  tested.  In  the  opposite  block  D  there  is  a 
spindle  J  which  can  be  adjusted  in  or  out  by  the  knurled 
nut  K.  Spindle  J  Is  finished  very  accurately  on  the  point  to 
conform  to  the  standard  thread  angle  of  55  degrees.  The  arm 
or  finger  M  which  is  adjusted  by  nut  L  is  used  to  hold  the 
gage  In  position.  The  gage  to  be  tested  is  held  in  the  groove 
of  block  B  and  Is  then  adjusted  until  spindle  J  is  in  exact 
alignment  with  a  thread  groove  near  the  end  of  the  gage,  by 
adjusting  screw  O  and  nut  K,  as  may  be  required.  The  rela- 
tion between  the  end  of  spindle  J  and  the  gage  thread  Is  then 
noted.  The  electric  light  bulb  N,  which  is  opposite  an  open- 
ing In  the  gaging  fixture,  makes  It  possible  to  see  any  slight 
dltTerenco  between  the  contact  of  spindle  J  and  the  gage. 
If  the  contact  Is  satisfactory,  the  distance  between  the  finished 
surfaces  //  and  /  Is  then  measured  accurately  by  means  of 
size  blocks.  Spindle  J  Is  next  withdrawn  far  enough  to  clear 
arm  M,  and  block  B  Is  adjusted  to  locate  spindle  J  In  line 
with  a  tlircnd  grnovp  nnar  the  nppoHlto  end  of  the  gage.  After 
Kpindli-  ./  Is  placed  in  cnntnct  with  the  gagt'  thread  as  before, 


the  bearing  between  the  spindle  and  the  gage  thread  is  again 
noted.  If  the  end  of  the  spindle  and  the  gage  thread  coin- 
cide, the  distance  between  the  finished  surfaces  H  and  I  is 
again  measured  and  the  difference  between  the  two  measure- 
ments thus  taken  is  used  in  checking  the  lead  of  the  gage 
thread.  This  may  readily  be  done  by  simply  noting  the  num- 
ber of  threads  on  the  gage  between  the  two  places  where 
spindle  J  was  brought  into  contact  with  the  gage  thread. 
This  number  is  then  multiplied  by  the  required  pitch,  thus 
giving  a  result  which  should  correspond  to  the  distance  that 
surface  I  moved  from  surface  H  in  changing  spindle  J 
from  the  first  to  the  second  position. 
•     •     • 

INCREASING   WAR   PRODUCTION  AND  SAFE- 
GUARDING WORKERS 

In  view  of  the  urgent  necessity  for  a  prompt  increase  in  the 
volume  of  production  of  practically  every  article  required  for 
the  conduct  of  the  war,  vigilance  is  demanded  of  all  those  in 
any  way  associated  with  industry,  lest  the  safeguards  with 
which  the  people  of  this  country  have  sought  to  protect  labor 
should  be  unwisely  and  unnecessarily  broken  down.  It  is  a 
fair  assumption  that  for  the  most  part  these  safeguards  are 
the  mechanisms  of  efficiency.  Industrial  history  proves  that 
reasonable  hours,  fair  working  conditions,  and  a  proper  wags 
scale  are  essential  to  high  production.  During  the  war  every 
attempt  should  be  made  to  conserve  in  every  possible  way  all 
our  achievements  in  the  way  of  social  betterment. 

The  day's  work  should  not  exceed  the  customary  hours  in 
the  particular  establishment  or  the  standard  already  attained 
in  the  industry  and  in  the  community.  It  should  certainly 
not  be  longer  than  ten  hours  for  an  adult  workman,  and  should 
not  exceed  eight  hours  for  women  and  minors.  No  woman 
should  be  required  to  lift  repeatedly  more  than  twenty-five 
pounds  in  any  single  load.  The  theory  under  which  "time  and 
a  half"  is  paid  for  overtime  is  a  tacit  recognition  that  it  is 
usually  unnecessary  and  always  undesirable  to  have  overtime. 
Eight  hours  per  shift  should  be  a  maximum  in  continuous 
twenty-four-hour  work,  and  the  employment  of  women  on  night 
shifts  should  be  prevented.  The  half  holiday  on  Saturday  is 
already  a  common  custom  in  summer,  and  it  is  advantageous 
throughout  the  year,  especially  if  the  workday  is  ten  hours 
long  the  remainder  of  the  week.  The  working  period  on  Sat- 
urday should  not  exceed  five  hours.  An  occasional  shift  of  two 
or  three  hours  on  Saturday  afternoons  is  unobjectionable  if 
essential,  but  the  additional  hours  should  be  regarded  as  over- 
time and  paid  for  on  that  basis.  One  day  of  rest  in  seven 
should  be  a  universal  rule.  The  observance  of  national  and 
local  holidays  will  give  opportunity  for  rest  and  relaxation 
which  tend  to  make  production  more  satisfactory. 

Existing  legal  standards  to  prevent  danger  from  fire,  acci- 
dent, occupational  diseases,  or  other  hazards,  and  to  provide 
good  light,  adequate  ventilation,  sufficient  heat,  and  proper 
sanitation  should  be  observed  as  minimum  requirements. 
Processes  in  which  workers  are  exposed  to  excessive  heat 
(that  is,  over  SO  degrees),  or  excessive  cold  (that  is,  under  50 
degrees)  should  be  carefully  supervised  so  as  to  render  the 
temperature  conditions  as  nearly  normal  as  possible.  When 
extreme  temperatures  are  essential,  workers  should  not  only 
be  properly  clothed  but  should  avoid  sudden  changes. 

The  need  of  preserving  and  creating  methods  of  joint  negotia- 
tions between  employers  and  groups  of  employes  is  especially 
great  In  the  light  of  the  critical  points  of  controversy  that 
may  arise  in  a  time  like  the  present.  Existing  channels  should 
be  preserved  and  new  ones  opened.  It  required,  to  provide 
easier  access  for  discussion  between  an  employer  and  his  em- 
ployes over  controversial  points.  When  It  Is  necessary  to  em- 
ploy women  In  work  hitherto  done  by  men,  care  should  be 
taken  to  make  sure  that  the  task  Is  adapted  to  the  strength 
of  women.  The  standard  of  wages  hitherto  prevailing  for  men 
In  the  process  should  not  be  lowered  where  women  render 
equivalent  service.  The  hours  for  women  engaged  In  such 
processes,  of  course,  should  not  be  longer  than  those  formerly 
worked  by  men.  No  work  shall  be  given  out  to  be  done  in 
rooms  used  for  living  purposes  or  In  rooms  directly  connected 
with  living  rooms  In  any  dwelling  or  tenement. 
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PRECISION  SCREW  MEASURING  MACHINE 


APPAEATUS  FOR  MEASURING  PITCH,  PITCH  DIAMETER,  EXTERNAL  DIAMETER  AND  ANGLE  OF 

SCREW   THREAD 


Fig.  1. 


THE  precision  screw  meas- 
uring machine  to  be  de- 
scribed is  of  the  general 
type  which  is  provided  with  a 
microscope  for  accurately  set- 
ting the  screw  thread  to  be 
measured  in  different  positions 
and  micrometer  screws  for  de- 
termining whether  or  not  the 
dimensions  of  the  screw  thread 
conform  to  required  standards. 
A  general  view  of  this  machine 
is  shown  in  Fig.  1  and  a  side 
elevation  in  Fig.  2.  The  fixed 
microscope  A,  Fig.  2,  through 
which  the  screw  thread  is 
viewed,  is  mounted  so  that  it 
can  be  adjusted  in  a  length- 
wise direction  for  focusing  and 
provision  is  also  made  for  turn- 
ing the  microscope  about  its 
axis  for  making  tests  that  will 
be  referred  to  later.  When  a  screw  thread  is  to  be  inspected, 
the  microscope  is  inclined  either  to  the  right  or  to  the  left 
(depending  upon  whether  the  thread  is  right-  or  left-hand) 
so  that  the  axis  of  the  microscope  is  in  line  with  the  screw 
thread  instead  of  being  perpendicular  to  its  axis.  The  posi- 
tion of  the  microscope  relative  to  the  screw  thread  is  indi- 
cated in  Fig.  3.  The  object  of  this  adjustment  is  to  enable 
a  correct  view  of  the  profile  of  the  thread  to  be  obtained.  The 
angle  a  equals  the  helix  angle  of  the  thread,  and  the  position 
of  the  microscope  is  indicated  by  an  arc  graduated  to  half 
degrees. 

The  screw  to  be  tested  is  held  in  a  self-centering  split 
chuck.  A  set  of  these  chucks  is  provided  to  take  all  sizes 
of  screws  within  the  regular  capacity  of  the  instrument. 
The  chuck  in  use  is  held  at  one  end  of  a  cylindrical  spindle 
that  is  supported  in  vees.  These  vees  are  adjustable  so  that 
the  axis  of  the  spindle  may  be  set  true.  By  sliding  the  spin- 
dle In  the  vees  any  desired  part  of  a  screw  thread  may  be 
inspected,  and  by  turning  the  spindle  about  its  axis,  it  is 
poBsible  to  locate  under  the  microscope  as  many  different 
sections  or  profiles  of  the  screw  as  may  be  considered  desirable. 
This  chuck  spindle  is  turned  or  traversed  by  means  of  a  milled 
screw  located  on  the 
opposite  side  of  the 
Instrument  from  that 
shown  In  Fig.  1. 
The  outer  face  of 
this  milled  screw 
head  Is  divided  Into 
72  divisions  of  h  de- 
crees each  to  Indi- 
cate the  a  n  K  I  e  R 
through  which  the 
Hplndle  U  turned. 
UeadlnKM  are  taken 
with  r<'f<.Ti'nce  to  a 
pointer  which  Ih  dfill 
cately  pivoted  and 
has  most  of  Its 
weight  below  the 
point  of  support; 
ronse<|uently,  this 
pointer  Is  maln- 
taltiod  by  gravity  In 
the  upright  position 
with  OS  much  accur- 
acy OS  Is  necessary 
for   tho   adjastmentn 
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of  the  spindle.  In  addition  to 
the  movements  which  have  just 
been  referred  to  that  enable 
the  screw  thread  under  test  to 
be  set  in  a  position  suitable  for 
observation,  there  are  two  fine 
adjustments  controlled  by 
micrometer  screws.  One  of 
these  adjustments  enables  the 
screw  being  tested  to  be  moved 
in  a  direction  perpendicular  to 
its  axis.  The  micrometer  screw 
at  B,  Fig.  2,  serves  to  control 
this  adjustment.  In  conjunc- 
tion with  this  micrometer  there 
is  a  short  scale  (see  Fig.  1) 
for  registering  complete  turns 
of  the  micrometer  screw.  The 
range  of  movement  provided 
for  is  15  millimeters  (0.5906 
inch).  The  micrometer  screw 
is  of  Vo  millimeter  pitch  (0.0197 
inch)  and  the  screw  head  is  divided  into  50  parts,  enabling 
readings  to  be  taken  directly  to  0.01  millimeter  (0.0004  inch). 
The  screw  under  test  may  also  be  traversed  in  the  direction 
of  its  axis  by  means  of  another  micrometer  screw  which  is 
similar  to  the  one  just  referred  to  and  is  clearly  shown  in 
Fig.  1  attached  to  the  right-hand  side  of  the  instrument. 

Before  taking  any  measurements,  the  microscope  must  be 
focused  properly  so  that  the  profile  of  the  thread  under 
observation  is  clearly  defined.  This  is  done  by  first  focusing 
on  that  part  of  the  screw  thread  which  is  nearest  to  the  micro- 
scope. The  microscope  will  then  be  in  some  position  A,  Fig. 
3,  with  its  axis  in  the  same  plane  as  the  axis  of  the  screw 
to  be  tested.  When  the  microscope  is  in  correct  focus  for  this 
position,  it  is  then  adjusted  to  some  position  B  so  as  to  be  in 
focus  with  the  profile  of  the  thread  in  a  plane  x-x.  In  order 
to  do  this,  the  microscope  is  moved  downward  in  a  direction 
perpendicular  to  the  axis  of  the  screw,  a  distance  y  equal  to 
the  radius  of  the  screw.  Since  the  microscope  is  inclined 
an  amount  a  equal  to  the  helix  angle  of  the  screw  thread, 
the  actual  adjustment  y  of  the  microscope  in  an  axial  direc- 
tion is  equal  to  the  radius  of  the  screw  multiplied  by  the 
secant   of   angle  a.     The   microscope   is   first   focused   on   the 

uppermost  part  of 
the  thread,  as  pre- 
viously mentioned, 
and  is  then  adjusted 
by  measurement  to 
bring  It  into  focus 
with  the  profile  be- 
cause It  Is  easy  to 
focus  It  upon  the 
upper  part  of  the 
thread  by  noting  the 
clciirnoss  and  ahnrp- 
lU'SM  of  the  throad  as 
the  iiilcroscopo  la  ad- 
Ju.sli'd  axinlly  In  oiio 
diroctloii  or  the 
other,  ir  an  iittmipl 
worn  Miado,  how- 
ever, to  focus  the 
mlcroHcopo  In  this 
nmiinor  upon  the 
profllo  In  a  piano  x  x. 
It  would  lin  dimcult 
to  dotiTinliKi  wIkmi 
that  piirllculnr  part 
of    lli<>    pronio    Ih    In 
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the  proper  focus,  owing  to 
the  tangential  position  of  the 
microscope. 

The  microscope  is  provided 
with  two  fine  lines  extending 
at  right  angles  across  the 
field  as  illustrated  at  A,  Pig. 
4.  These  lines  are  used  in 
making  accurate  adjustments 
in  connection  with  the  tests 
described  in  the  following: 
The  two  settings  required  for 
determining  the  external 
diameter  of  the  screw  thread 
are  indicated  at  B  and  G, 
which  show  the  relative  posi- 
tions of  the  screw  thread  and 
the  cross-lines  in  the  field  of 
the  microscope.  When  meas- 
uring the  diameter,  the  screw 
is  first  adjusted  in  a  direction 
perpendicular  to  its  axis  by 


Fig.  3.     Angular  Position  of  Microscope  Relative  to  Sc 
Method  of  focusing  it 


porting  the  lower  plate  of 
the  carriage  and  three  for 
the  upper  plate.  The  design 
of  the  slides  is  strictly  "geo- 
metrical" and  all  play  or 
backlash  is  eliminated  by  ap- 
plying such  loads  to  the 
slides  that  the  thrust  against 
the  micrometer  screws  is  al- 
ways in  one  direction.  The 
weight  seen  at  the  right-hand 
side  of  the  instrument  in  Fig. 
1  is  utilized  for  this  purpose. 
This  instrument  is  equipped 
with  an  illuminating  appar- 
atus so  that  the  profile  of  the 
screw  thread  under  observa-. 
tion  will  be  clearly  defined. 
For  ordinary  work  an  elec- 
tric lamp  may  be  used,  but  to 
insure  accuracy  when  measur- 
ing   screws    of    different    an- 


means  of  the  micrometer  screw  B,  Fig.  2,  until  the  points  or 
tops  of  the  threads  exactly  coincide  with  one  of  the  cross- 
lines  as  illustrated  at  B,  Fig.  4.  The  reading  of  the  micro- 
meter is  then  noted,  after  which  the  screw  is  adjusted  until 
the  points  of  the  threads  on  the  opposite  side  coincide  with 
the  cross-line  as  indicated  at  C.  The  difference  between  the 
micrometer  readings  for  the  two  positions  represents  the 
external  diameter  of  the  screw. 

The  method  of  setting  the  screw  preparatory  to  testing  the 
pitch  of  the  thread  is  illustrated  at  D.  The  intersection  of  the 
two  cross-lines  coincides  with  the  slope  or  side  of  the  thread. 
After  the  screw  is  accurately  set  in  this  position,  it  is  traversed 
axially  until  the  cross-lines  again  intersect  the  slope  of  the 
adjacent  turn  of  the  thread.  The  pitch,  of  course,  is  equal  to 
the  difference  between  the  micrometer  readings  for  the  two 
positions.  This  test  for  pitch  may  be  applied  to  different  parts 
of  the  length  or  circumference  of  the  screw  thread,  owing  to  the 
adjustments  provided,  so  that  any  lack  of  uniformity  in  the 
pitch  can  be  detected  and  measured.  The  cross-lines  of  the 
microscope  may  also  be  set  as  indicated  at  E  for  testing  the 
pitch. 

For  measuring  the  angle  of  the  thread  one  of  the  cross- 
lines  is  set  to  coincide  with  the  slope  of  the  thread  as  indi- 
cated at  E,  by  turning  the  microscope  about  its  own  axis. 
The  inclination  of  the  cross-line  to  the  mean  position  may  be 
read  directly  on  the  graduated  disk  C,  Fig.  2,  which  is  located 
near  the  objective  end  of  the  microscope  (see  also  Fig.  1). 
In  order  to  determine  the  effective  or  pitch  diameter  of  a 
screw  thread,  the  intersection  of  the  cross-lines  is  set  to 
coincide  with  the  thread,  the  same  as  indicated  at  D,  Fig.  4,  for 
testing  the  pitch.  The  screw  is  then  adjusted  laterally  until  the 
cross-lines  intersect  the  slope  of  the  thread  on  the  opposite 
side,  and  the  difference  between  the  readings  for  the  two 
positions  represents  the  effective  diameter. 

While  the  adjustments  of  the  screw  in  a  lateral  and  an  axial 
direction  are  similar  to  those  obtained  with  the  well-known 
compound  slide-rest,  the  carriage  of  this  Instrument  differs 
from  such  a  slide-rest  in  that  the  upper  and  lower  members 
are  supported  directly  upon  the  same  bed-plate,  instead  of  the 
upper  member  being  mounted  on  the  lower  one.  This  cast- 
iron   bed-plate   has  alx  bearing  surfaces.     Three  are   tor   sup- 


gles,  it  is  necessary  to  use  a  parallel  beam  of  light  and  to 
provide  means  for  varying  the  angle  of  incidence  of  the  light. 
For  this  reason,  the  special  illuminating  apparatus  shown 
applied  to  the  instrument  in  Figs.  1  and  2  is  recommended. 
A  Xernst  lamp  D.  Fig.  2,  in  conjunction  with  a  prism  E 
illuminates  the  screw  from  below  and  throws  a  parallel  beam 
of  light  up  the  microscope  tube  parallel  to  the  optical  axis. 
This  illuminating  apparatus  can  be  adjusted  to  the  right  or 
left  in  accordance  with  the  angle  at  which  the  microscope 
is  incfined.  This  instrument  was  designed  and  constructed 
by  the  Cambridge  Scientific  Instrument  Co.,  Ltd.,  of  Cam- 
bridge, England.  It  was  made  for  the  small  screw-gage  com- 
mittee of  the  British  Association  for  testing  the  accuracy  of 
commercially  produced  screw  threads  and  taps. 
*     *     * 

TRANSPORTATION  OP  ARMY  TRUCKS  AND 

TRUCK  PARTS 
In  an  effort  to  relieve  the  congestion  at  freight  terminals 
and  at  the  same  time  test  the  trucks  that  are  being  built  for 
it,  the  Quartermaster's  Department  is  transporting  all  new 
army  trucks  under  their  own  power,  from  the  factories  in 
which  they  are  built  to  Baltimore,  where  a  large  repair  shop 
has  been  established.  It  is  expected  that  the  shipment  of 
30.000  war  trucks  to  the  coast  by  this  method  will  relieve 
15,000  freight  cars  and  also  permit  the  transportation  of 
90,000  tons  of  other  government  materials  to  the  coast  from 
the  interior  storage  depots.  These  trucks  will  move  in 
trains  ,of  thirty  each  and  will  be  in  charge  of  eighty  men. 
Twenty-nine  of  the  first  train,  carrying  sixty  tons  of  spare 
parts,  made  the  trip  from  Detroit  to  Baltimore  in  fourteen 
days,  on  three  and  a  half  of  which  they  did  not  travel. 
They  thus  averaged  fifty-five  miles  a  day,  though  the  tem- 
perature reached  eight  degrees  below  zero  and  large  snow- 
drifts were  encountered.  This  train  consisted  of  three-ton 
Paokards  and  included  tank  trucks,  with  gasoline  and  oil, 
and  a  kitchen  truck.  One  of  the  trucks  was  wrecked  by  a 
railroad  train  just  after  the  truck  train  left  Detroit.  Some 
of  the  trucks  will  undoubtedly  he  shipped  to  France  from 
lialtimore;  otliers  will  be  merely  assembled  there  for  ship- 
ment from  other  Atlantic  ports. 
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PLANING   COLD-DRAWN   STEEL   PARTS 

BY  DONALD  A.  HAMPSON  1 

Every  shop  man  knows  the  tendency  of  cold-drawn  steel  to 
spring  after  a  cut  has  been  taken  over  the  surface.  If  his 
experience  has  been  confined  to  lathe  work,  however,  he  does 
not  realize  to  what  an  extent  this  is  the  case,  for  in  turning 
the  bar  is  invariably  accurately  centered  and  the  same  amount 
is  removed  from  all  sides,  so  that  the  strains  are  nearly 
equalized  and  the  spring  is  usually  negligible.  But  on  the 
milling  machine  or  planer,  where  a  cut  is  taken  off  one  side, 
the  tendency  is  most  evident,  often  to  the  dismay  of  the  ma- 
chinist, who  expected  a  better  job.  The  amount  of  spring,  or 
bow,  in  a  piece  that  has  been  planed  depends  on  the  amount 
of  stock  taken  off,  the  grade  of  steel,  the  anneal  or  lack  of  it, 
the  length  of  the  piece,  the  setting  up,  and  whether  or  not 
the  bar  was  straightened  before  being  set  up.  If  a  straight 
bar  of  steel  three  feet  long  has  Ys  inch  taken  off  one  side. 
when  released  it  will  spring  in  the  middle  nearly  %  inch. 
The  bow  is  always  upward  in  the  middle  of  the  cut  side. 
Before  that  piece  can  be  used,  it  must  be  carefully  straight- 
ened; and  if  the  requirements  are  close  and  the  bar  must 
hold  a  piece  of  cigarette  paper  at  any  point,  the  skill  required 
is  of  the  highest  order.  Then,  if  a  cut  is  taken  from  the 
other  side,  the  straightening  must  be  done  all  over  again.  It 
is  possible  to  combat  this  springing  on  much  work  or  to  meet 
.  it   fully  half  way,   as   is   shown   in   the   following   examples: 

The  I-shaped  piece  shown  at  A,  Fig.  1,  is  planed  from  the 
solid,  no  other  construction  being  permitted.  The  maximum 
limit  is  0.001  inch  each  way  and  from  one  to  six  pieces  are 
required  at  a  time;  the  lengths  of  the  pieces  may  vary.  When 
only  one  piece  was  ordered,  the  entire  job  took  six  hours,  in- 
clnding  the  straightening  and  the  setting  up,  though  bars  less 
than  three  feet  long  were  often  completed  more  quickly.  In 
any  case,  it  was  work  that  no  one  liked  to  do,  because  it 
showed  so  little  results  for  the  time  it  demanded;  besides,  the 
bars  were  sold  at  a  fixed  price  per  inch  and  there  was  no 
money  in  them.  Short  lengths  were  planed  in  a  vise,  but 
most  of  the  bars  were  long  and  were  held  directly  on  the 
planer  table  against  a  rib,  using  the  regular  planer  equipment 
of  posts,  fingers  and  blocks.  It  was  decided  to  make  a  long 
rib  Just  adapted  to  the  work,  and  fixtures  that  would  be  self- 
contained  and  require  no  fingers;  the  outfit  was  to  be  made 
80  as  to  accommodate  from  one  to  four  bars  at  a  time.  This 
outfit  effected  a  saving  of  fifty  per  cent  on  orders  for  single 
bars,  and  more  when  the  orders  were  larger.  The  saving  was 
possible  beeau.se  there  were  fewer  parts  to  handle  and  because 
the  straightening  was  reduced  to  a  minimum. 

The  first  operation,  notching  the  ends  B  to  get  tool  clear- 
ance and  square  corners,  was  done  In  the  milling  machine  as 
before.  The  bar  C  was  then  fastened  against  the  long  rib  D 
by  screws  In  the  blocks  E.  There  are  two  screws  in  each 
block  and  enough  blocks  are  used  on  a  Job  for  a  screw  to  bear 
against  the  bar  every  seven  Inches  of  Us  length.  Slots  In 
the  under  faces  of  the  castings  allow  the  tongues  to  be  shifted 
to  Hive  a  working  space  that  will  accommodate  the  number 
of  bar«  planed  and  to  bring  the  contact  end  of  each  screw  at 
the  right  height.  A  ilrlp  //  prevents  the  screws  from  marring 
the  work. 

Before  setting  vp  the  work,  the  bar  of  drawn  steel  Is  In 
■peeled  and  straightened  to  within  O.OOG  or  O.OOG  Inch,  If  nocos- 
•*ry.  Then  one  side  In  planed  down  to  the  milling  cut,  finish- 
ing It  In  two  or  three  cul«.    This  ildo  Is  then  complrtod,  but 
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is  badly  bowed.  Instead  of 
straightening  it,  the  bar  is 
laid  on  blocks  F  %  inch 
thick,  and  a  clamp  G  is  put 
on  each  end,  drawing  these 
down  until  all  the  blocks  are 
tight.  The  shape  of  the  bar 
before  clamping  is  shown  by 
the  dotted  line.  After  clamp- 
ing, the  second  side  is  planed 
as  was  the  first;  but  when 
released  the  bar  is  perfectly 
straight — commercially — so 
that  not  more  than  one  piece 

out      of     thirty      has      to      be  Fig-  2.    Printers'  straightedges  made 

.         ,      ,  _,  ,  from  Cold-drawn  Steel 

touched  up.    The  amount  re- 
moved from  each  side  being  the  same,  the  strains  in  the  bar 
that  are  released  by  the  cuts  just  balance,  and  the  finished 
piece  comes  out  better  than  the  blank. 

In  the  printing  business  there  is  some  demand  for  long 
straightedges  of  the  form  shown  at  A,  Fig.  2;  but  as  printers 
object  to  paying  the  price  for  the  hardened  and  ground  ma- 
chine shop  variety,  they  are  made  of  cold-drawn  steel.  They 
are  supposed  to  hold  a  piece  of  newspaper  when  laid  flat 
side  down  or  when  stood  on  either  edge  on  a  press  bed,  and 
are  from  forty  to  seventy  inches  long.  A  cut  over  any  one  face 
will  create  a  "bend  in  the  steel  that  can  be  straightened  with 
time  and  patience,  but  the  bevel  cut  sets  up  a  double  bend 
that  makes  it  exceedingly  difficult  to  straighten  the  piece 
within  0.01  inch.  It  was  customary  to  take  a  light  cut  from 
both  edges,  releasing  and  resetting  for  each  cut,  but  after 
each  cut  the  strip  would  spring  again.  However,  it  was  found 
that  the  users  preferred  straightedge  B  with  two  beveled 
edges  instead  of  one,  it  they  could  get  it  for  the  same 
price.  So  after  the  piece  is  cut  from  the  bar,  it  is  inspected 
to  see  that  the  broad  side  is  flat  and  true.  Then  it  is  clamped 
down  as  shown  at  C  and  one  bevel  cut.  Before  the  clamps 
are  taken  off,  a  second  set  of  clamps,  shown  by  the  dotted 
lines,  is  put  on,  to  hold  the  piece  from  springing,  and  the 
second  bevel  is  cut.  There  is  then  only  one  bend  visible,  and 
that  one  is  easy  to  remove.  To  insure  the  narrow  edges  being 
straight,  the  piece  is  turned  over,  as  shown  at  D,  and  the 
same  clamping  system  employed  for  these  cuts.  Freedom  from 
wind  and  a  true  edge  are  the  pleasing  results. 

*     •     • 

CUTTING-OFP  OPERATIONS 

Cutting  off  is  a  fundamental  operation  of  manufacturing, 
and  the  importance  of  cutting-off  machines  in  all  kinds  of 
manufacturing  often  is  not  fully  realized.  Practically  every 
manufacturing  process  requires  that  material  be  cut  to  length 
and  width  before  or  after  other  operations  are  performed 
In  the  machine  shop  wo  have  hacksaws,  power  saws,  band- 
saws,  cuttingofl'  lathes.  i)ipo  machinos  and  other  tools  that 
are  used  as  much  for  cutting  off  as  for  actual  shaping.  Even 
the  planer  Is  sometimes  used  for  cutting  stock  Into  strips, 
removing  risers,  and  other  rultlng-off  operations.  It  is  very 
common  to  use  a  shapcr  for  this  purpose,  and  every  machinist 
has  had  the  Job  of  cutting  off  bar  stock  In  the  lathe.  The  mill- 
ing machine  with  a  gang  cutter  makes  an  excellent  cuttlngoff 
machine.  oHpcclally  for  strip  work.  The  holler  shop  has  power 
HliPars.  circle  shcarH  and  other  inacliliics  I'ur  itillliig  holler 
plates  Into  the  shapcH  roiiiilrcil. 

If  cutllnRorr  opiTnllonH  arc  linportiuit.  thiti  the  nuK'liincs 
UMcd  for  tliiiHi'  opcriil ions  arc  Important.  The  hand  hacksaw 
and  the  power  liaikHaw  aro  useful  If  not  aliHoliiloly  IndlspeiiHa- 
Jilc  tools  In  molnl  working  sliopH.  Often  lallicH  roHllng  Hcvcral 
liiindri'cl  (loltarH  arc  iihu<I  for  ciiltinK  bnrH  to  length  lii'i'aiiHO 
ihonpi'r  ami  HlniphT  culllngoff  machinoH  nrij  not  provided. 
The  power  linikHaw  In  commonly  looked  upon  im  a  cheap  and 
InconRcqucntlnl  miichlno,  but  It  Ih  one  of  th«  niost  Important 
In  till'  machine  nliop  and  dcHorvcH  lilglicr  rogiird  tinin  Is  com- 
monly boHtowod  on  II.  I'fjwcr  hnckHawn  should  lie  nrnt  cIubh 
mmtilno  toold  and  mild  at  prlccH  iiiniiniMiHuralo  with  llioir 
qunllly,  Tho  nbop  ninn»K<T  nlioiild  nini  lo  provide  Iheso 
liunihliT  (•KRiMillnl  toolR  Hint  NUpplcmiMil  the  more  costly  onog. 
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IMPORTANCE  OF  OBTAINING  PERFECT  STATIC  BALANCE  BEFORE   ATTEMPTING  TO  SECURE  DYNAMIC  BALANCE- 
NE'Wr  FORM  OF  DYNAMIC  BALANCING  MACHINE 
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Fig.    1.     Squirrel-cage   Type   of   Dynamic  Balancing   Machine 

BALANCING  machine  developed  by  the  writer  some  time 
ago,  shown  in  Fig.  1,  consists  of  a  lathe  bed,  in  the  form 
of  a  beam,  hinged  at  one  end  and  supported  by  a  spring 
at  the  other.  The  body  to  be  tested  is  brought  into  static  bal- 
ance and  then  rotated  in  bearings  supported  by  the  bed.  If  the 
body  is  dynamically  unbalanced,  its  rotation  will  cause  the 
bed  to  vibrate  in  a  vertical  plane  with  a  period  of  oscillation 
equal  to  the  period  of  rotation  of  the  body. 

Suspended  from  the  bed  is  a  so-called  squirrel  cage,  which 
consists  of  two  circular  disks  that  carry  an  even  number  of 
rods  arranged  to  slide  in  holes  in  the  disks.  The  cage  rotates 
in  unison  with  the  body  to  be  tested,  so  a  state  of  unbalance 
in  this  body  introduces  a  centrifugal  couple  that  is  neutralized 
by  displacing  the  rods  in  the  cage  until  an  equal  compensating 
couple  has  been  introduced.  The  distances  that  the  rods  are 
displaced  measure  the  amount  of  unbalance  to  be  provided  for 
and  counterbalanced  in  the  piece  under  test. 

The  improvements  upon  this  machine  are  as  follows: 
(1)  The  substitution  for  the  cage  of  a  two-point  element,  con- 
sisting of  two  disks,  each  with  a  pin  projecting  from  its  face, 
as  shown  in  Fig.  2.  The  disk  A  is  fixed  to  its  shaft  and  the 
disk  B  is  arranged  to  slide  on  the  shaft  through  the  use  of  a 
feather  key  F.  When  the  two  disks  are  in  contact,  they  bal- 
ance each  other;  but  when  separated,  they  introduce  a  cen- 
trifugal couple  according  to  the  weight  of  the  pins  and  the 
distance  between  the  disks,  which  can  be  varied  while  the 
apparatus  is  in  motion.  (2)  A  planetary  arrangement  by 
which  the  relative  angular  position  of  the  body  and  the  disks 
(or  cage)  can  be  varied  while  the  machine  is  in  operation. 
(3)  The  application  of  a  principle  whereby  the  disks  (or  cage) 
may  be  arranged  to  answer  the  problem  of  static  balance  as 
well  as  dynamic  balance. 

static  Balance 

In  the  study  of  static  balance,  too  much  has  been  taken  for 
granted.  Static  balance  is  not  a  trifling  problem  to  be  solved 
easily  by  placing  a  rotating  body  on  parallel  ways  or  rollers, 
as  has  commonly  been  supposed.  While  this  balance  can  be 
easily  found  In  the  rase  of  bodies  of  light  weight  or  where 
the  operating  speeds  are  comparatively  slow,  there  are  much 
more  dllTlcult  cases.  For  example,  a  gyroscope  wheel  that 
weighs  about  nfty  pounds  and  runs  at  10,000  revolutions  per 
minute,  or  a  turbo-rotor  weighing  10.000  pounds  and  making 
3600  revolutions  per  minute,  cannot  be  balanced  by  placing  the 

'AlwtrnrI  of  n  pnper  rpnil  liofnri?  tlip  Amcrl<'nn  Sorloty  of  Mcftinnlcnl  KhkI- 
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bodies  on  ways;  and  yet,  unless  static  balance  is  perfect,  no 
dynamic  balancing  machine  can  give  reliable  results. 

There  is  a  limit  to  the  load  that  can  be  safely  borne  by  the 
journals  in  contact  with  the  ways.  A  safe  load  for  each  jour- 
nal appears  to  be  750  pounds  per  inch  of  width  per  inch  diam- 
eter of  journal.  For  instance,  if  the  ways  are  1%  inch  wide 
and  the  journal  diameter  is  10  inches,  each  side  will  carry 
almost  12,000  pounds  without  any  danger  of  forming  perma- 
nent flat  spots. 

The  older  theories  of  roller  friction,  as  proposed  by  Coulomb, 
Morin  and  Dupuit,  do  not  seem  to  lead  to  very  reliable  results; 
Resal's  formula  is  probably  much  more  reliable,  and  in  simpli- 
fied form,  steel  on  steel,  is: 


/  =  0.056 


^77 


where  /  =  length  of  contact  of  shaft  with  way,  in  inches; 
D  =  diameter  of  shaft,  in  inches. 
The  diagram  in  Fig.  3  has  been  roughly  plotted  to  illustrate 
the  probable  sluggishness  or  residual  unbalance  that  may  re- 
main in  a  body  that  has  been  brought  into  apparent  balance 
by  testing  on  ways.  It  is  based  on  Resal's  formula,  and,  as 
it  is  intended  simply  to  illustrate  the  meaning  of  the  formula, 
values  have  been  exaggerated  by  plotting  shafts  of  small  diam- 
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Fig.  3.     Probable  Residual  Unbalanco  of  Bodies  balanced  on  Testing  Ways 

eter  against  weights  altogether  inconsistent  therewith.  The 
chart  is  easily  read;  for  instance.  If  a  rotor  weighs  4000 
pounds  and  the  diameter  of  its  shaft  is  t!  inches,  the  residua! 
unbalanco  may  be  as  great  as  4S0  ounce-inches,  or  say  2Vi 
pounds  on  a  12-lnch  radius.  It  is  useless  to  put  a  body  stati- 
cally unbalanced  to  such  an  extent  (or  even  to  50  per  cent  of 
this)  on  any  dynamic  balancing  machine.  Satisfactory  results 
cannot  possibly  be  derived  from  such  tests.  An  actual  case  of 
residual  unbalanco,  typical  of  many  others,  Is  of  a  shaft  hav- 
ing a  diameter  of  2  3/32  Inches,  a  weight  of  66  pounds,  and  a 
residual  unbalanco  of  0.844  ounce-inch.  The  balancing  ways 
were  made  of  cast  iron,  chilled  and  ground,  and  their  width 
was  5/16  Inch. 

Considering  Iho  phenomenon  of  rolling  friction  from  the 
.standpoint  of  higher  theories  of  elasticity,  the  following  tenta- 
tive formula  was  derived  for  residual  unbalance: 

,V  =  0,0004648 /'\'rO 
where  .V  —  residual  moment,  in  ounce-Inches; 

/'    :  weight  per  unit  of  contact  length,  that  Is,  per  Inch 
of  combined  width  of  ways; 

D  --  dlamotor  of  sboft.  In  Inches,  stool  on  steel. 
The  constant  may  bo  considered  to  bo  rother  tentative,  but 
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Fig.  4.     Clamps  used  in  securing  Static  and  Dynamic  Balance 

with  the  advent  of  a  machine  capable  of  establishing  perfect 
static  balance  it  will  not  take  long  to  find  more  reliable  values 
for  it.  According  to  this  formula,  if  an  armature  weighs 
12,000  pounds  and  has  a  shaft  diameter  of  8  inches,  the  slug- 
gishness or  residual  balance,  when  placed  on  ways  1  inch 
wide,  will  be: 

M  =  0.0004648  X  6000  V6000  X  8  =  611  ounce-inches 
or  over  3  pounds  on  a  12-inch  radius.    At  3600  revolutions  per 
minute  the  centrifugal  force  due  to  such  residual  unbalance 
will  be  more  than  14,000  pounds. 

Use  of  Centrifugal  Force  In  Balanclngr 

The  earlier  machine  for  dynamic  balancing  was  based  on 
the  introduction  of  centrifugal  couples,  created  by  the  opera- 


violent,  and  can  be  readily  registered  by  any  suitable  dial-gage 
indicator.  Here  the  body  is  imposing  its  own  period  on  the 
frame,  which  thus  performs  what  are  known  as  forced  vibra- 
tions of  the  same  period.  The  problem  is  to  adjust  the  speed 
of  the  body  so  that  the  period  of  such  forced  oscillation  will 
be  equal  to  that  of  the  natural  oscillation  of  the  frame  and 
body,  that  is,  at  rest.  Of  course,  a  clamp  K  can  always  be  so 
adjusted  as  to  nullify  the  oscillations  of  the  frame. 

Dynamic  Balance 

As  regards  dynamic  balance  due,  in  a  statically  balanced 
body,  only  to  the  presence  of  a  centrifugal  couple,  the  theory 
that  this  centrifugal  couple  is  due  to  the  fact  that  the  centers 
of  gravity  of  both  halves  of  the  body,  cut  through  its  center  of 
gravity,  do  not  lie  on  the  axis  of  rotation  is  radically  wrong. 
Take,  for  instance,  a  skeleton  body,  as  shown  in  Fig.  5.  Its 
center  of  gravity  is  exactly  on  the  axis  of  rotation,  as  also 
are  the  individual  centers  of  gravity  of  each  half,  to  the  right 
and  to  the  left  of  AB.  Yet  such  a  body  would  be  manifestly 
out  of  balance,  dynamically.  Inversely,  a  body  would  readily 
be  imagined  to  be  in  both  static  and  dynamic  balance,  although 
each  of  its  halves  were  statically  out  of  balance.  The  only 
correct  way  to  characterize  dynamic  balance  is  to  say  that  the 
products  of  inertia,  containing  the  axis  of  rotation,  vanish; 
or,  to  put  it  practically,  that  there  is  no  centrifugal  couple  in 
any  axial  plane. 

If  one  end  of  a  rotating  body,  statically  balanced  but  dynami- 
cally out  of  balance,  is  constrained  or  pivoted  while  the  other 
end  is  arranged  to  float  in  a  bearing  supported  by  springs 
so  that  it  may  move,  say,  in  a  horizontal  plane,  Fig.  6,  the 
oscillations  of  the  body  will  be  angular,  as  from  .-1  to  B.  Under 
these  conditions  the  observer  will  be  unable  to  tell  whether 


tor  to  offset  the  effect  of  the  disturbing  centrifugal  couple,  con- 
stituting unbalance  In  the  rotating  body.  While  a  machine 
for  static  balancing  can  be  based  on  the  same  principle,  a  long 
study  of  the  subject  has  led  to  the  conclusion  that  the  whole 
problem  of  balance,  static  and  dynamic,  can  be  reduced  to  the 
principle  of  a  single  centrifugal  force  acting  on  a  properly 
constrained  body.  Such  centrifugal  force  can  be  created  by 
the  operator,  within  a  rotating  body,  by  such  means  as  clamps, 
of  which  two  designs  are  shown  In  P'lg.  4.  These  clamps 
should  be  carefully  made  and  calibrated  so  that  the  centrifugal 
force  may  be  given  as  a  function  of  some  linear  dimension, 
read  directly,  or  measured  by  an  accurate  scale.  One  c^lanip  A 
In  eaJilcr  to  make  and  check  for  accuracy;  while  the  other  B  Is 
much  handler  for  (|ulrk  adjustment  on  the  shaft  of  a  rotating 
body. 

In  order  to  register  the  cfre<-t  of  static  unbalance  of  a  body, 
or  the  correction  Introduced  by  moans  of  a  clump,  the  body 
must  Im!  placed  In  such  a  condition  that  its  osclllntlons  are 
emphajilzfid  or  muKnlHed  to  un  extent  thai  they  will  be  visible 
to  Iho  eye;  otherwise  Its  unhiil»ni'i<  will  only  ri-Hiill  In  In- 
cri'imcd  pressure  on  lh<!  benrlnKH.  Tims,  in  a  Imdiy  iinlmliinccd 
automobile  enKlne.  It  Is  often  poHslble  t»  pick  out  n  rjiiiKC 
of  speeds  whcrfl  the  cnKlne  will  nppnnr  to  work  sMioothly; 
nnd  many  electric  motors  with  a  bndly  unliiilnnced  rotor  will 
npparently  run  wpII,  simply  because  their  sp^ed  niiiy  be  fur 
iiwuv  from  that  which  will  Insure  synchronism  of  llm  rotutlon 
illation  of  hnnrltiK  supports 

rrnnie,  suRpendeil  us  shown   In  Klit.  H,  Is  cupulile 

r:,,.|  of  swlHRliiK  ovulation.     If  the  body,  stnll 

operated  ot  a  sp«ed  correspond  Ink  to  the 

I"  ■'.  the  osrillatlons  of  the  frnmo  will  bocnine 


no  Bearing  pivoted  and  One 
Coil    Springs 

the  vibrations  are  due  to  a  force  acting  somewhere  on  the 
body  or  to  a  centrifugal  couple,  unless  he  knows  beforehand 
that  the  body  is  in  perfect  static  balance,  under  which  condi- 
tions the  vibratory  effect  can  be  due  only  to  dynamic  unbal- 
ance. This  being  the  case,  in  view  of  the  reaction  of  the  con- 
strained end,  it  Is  perfectly  possible  to  balance  the  effect  of  a 
centrifugal  couple  by  means  of  a  centrifugal  force.  Thus,  in 
Fig.  7,  if  the  dynamic  unbalance  is  assumed  to  be  due  to  the 
couple  AB,  It  will  always  be  possible  to  select  a  centrifugal 
force  0  that  will  ciuiet  the  vibrating  body,  and  because  of  its 
known  distance  from  the  bearing  D,  establish  the  exact  value, 
sign  und  angular  position  of  the  disturbing  centrifugal 
couple  AB. 

n  Is  thus  possible  to  utilize  a  centrifugal  force  to  good  ad- 
vantage  In   flnding   both   atatlc   and   dynamic   unbalance   of 
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Fig.    9.     Body  with   Oi 


e   Floating  Bearing,   supported 
securing  Dynamic  Balance 


Kigid  Frame  for 


bodies;  and  combining  the  principles  illustrated  in  Figs.  6 
and  8  gives  a  combination  static  and  dynamic  balancing 
machine. 

Description  of  Improved  Balancing:  Machine 

A  frame  F,  Fig.  9,  supports  the  bearings  B  and  C  that  carry 
the  body.  The  frame  has  a  swinging  period  of  its  own  and 
the  bearing  C  may  be  locked,  so  that  it  acts  exactly  like  the 
right  bearing  B,  or  it  may  be  allowed  to  float  in  a  vertical 
plane,  bringing  into  play  certain  resistances,  springs  that  op- 
pose its  deflection  from  the  neutral,  vertical  position.  The 
correcting  centrifugal  force  is  indicated  by  K.  Such  a 
system  is  known  as  a  system  with  two  degrees  of  freedom 
and  is  capable  of  two  kinds  of  motion:  swinging  of  the  frame, 
the  bearing  C  being  maintained  rigid,  and  swinging  of  bear- 
ing V,  the  frame  F  being  maintained  rigid  by  brackets  S.  The 
most  general  motion  consists  of  a  combination  of  these  two 
motions. 

The  operation  of  such  a  combination  machine  is  very  clear. 
In  order  to  secure  static  balance,  the  bearing  C  is  locked  and 
the  frame  supports  S  are  unlocked.  Then,  by  adjusting  the 
magnitude  and  direction  of  K.  the  body  oscillations  of  the 
frame  F  are  reduced  to  zero,  thus  establishing  the  exact  value 
and  sign  of  static  unbalance  in  ounce-inch  units.  As  soon  as 
this  has  been  corrected,  the  frame  F  is  locked  and  the  bear- 
ing C  unlocked;  then  the  centrifugal  force  K  created  by  a 
suitable  adjustment  of  the  clamp  can  be  made  to  correct  the 


body  for  dynamic  unbalance,  as  illustrated  in  Fig.  6.  The 
advantage  of  basing  the  results  on  the  centrifugal  force  in- 
stead of  on  a  centrifugal  couple  is  manifest;  the  former  is  a 
fundamental  and  the  latter  a  derived  unit,  so  that  the  former 
is  capable  of  much  greater  accuracy  in  adjustment  and  of 
more  direct  application  than  the  latter. 

Fig.  10  illustrates  a  balancing  machine  built  in  accordance 
with  the  scheme  of  Fig.  9.  The  yielding  support,  on  the  right, 
and  the  frame  are  easily  adjusted.  The  motor  is  of  one-third 
horsepower  capacity  and  operates  the  body,  through  a  coun- 
tershaft, by  a  rubber  belt.  The  balancing  clamp  is  on  the  ex- 
treme right  of  the  crankshaft.  The  oscillations  are  read  by 
means  of  ordinary  Starrett  dial  gages,  graduated  in  thou- 
sandths of  an  inch.  The  precision  that  can  be  secured  on  such 
a  machine  is  almost  uncanny;  it  enables  one  to  see  the  slug- 
gishness of  the  method  of  balancing  on  ways,  and  therefore 
the  absolute  lack  of  precision  of  dynamic  balance  that  might 
be  based  on  such  results.  A  well-designed  clamp  is  very  easily 
handled  and  its  correct  position  can  be  established  in  a  few 
minutes.  Its  indications  are  capable  of  tabular  interpretation, 
so  that  the  operator  has  merely  to  carry  out  the  simple  in- 
structions worked  out  beforehand.  Of  course,  it  is  clear  that 
such  a  machine  can  be  built  for  any  size  of  body  or  for  any 
speed  that  may  be  desired. 


HOBBING  SPIRAL   GEARS  WITHOUT 
TRAVERSING  HOB 

An  unusual  gear-hobbing  operation  is  shown  in  the  accom- 
panying illustration,  which  represents  the  cutting  of  a  spiral 


Cutting  Narrow 


•haft  without  travorsinir 


T   I       >0.     Comblnoil    Statin    anil    Drnamic    Balancinc    Machino 


gear  in  the  center  of  a  long  camshaft  on  a  Barber-Colman 
gear-hobbing  machine.  The  bearings  on  each  side  of  the  gear 
made  It  impossible  to  cut  the  teeth  by  traversing  the  hob 
across  the  face  of  the  gear  in  the  usual  manner.  The  gear 
face,  however,  was  so  narrow  that  It  could  be  cut  satisfactorily 
by  simply  feeding  the  work  down  onto  the  revolving  hob. 
Tlie  outer  end  of  tlio  camshaft  is  supported  by  a  center  from 
the  ovorlianKlng  arm  and  the  other  end  Is  held  in  a  spring 
collet  Inside  the  spindle,  the  collet  being  opened  or  closed  by 
a  handwheel  at  the  rear  of  the  machine.  The  thrust  of  the 
cut  la  taken  by  n  special  form  of  steadyrest,  consisting  of  four 
liurdoneil  rollers  which  are  In  contact  with  bearing  surfncos 
nil  each  side  of  the  pear.  These  rollers  are  supported  from 
I  ho  overhanglnK  arm.  as  may  bo  rlonrly  seen  In  the  lllu«- 
liatlon. 
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THE   DAYLIGHT   SAVING  BILL 

Practically  all  Europe  has  turned  the  clock  forward  one  hour 
to  make  better  use  of  the  daylight  in  the  early  morning  hours 
and  to  save  artificial  light  at  night.  The  "daylight  saving" 
bill  now  before  Congress,  having  a  similar  purpose,  is  of  great 
Importance  at  the  present  juncture  when  the  shprtage  of  coal 
makes  It  necessary  to  save  fuel  whenever  possible.  Statistics 
show  that  England  saved  300,000  tons  of  coal  in  the  summer  of 
1916  by  turning  the  bands  of  the  clock  forward  one  hour. 

It  would  be  possible,  but  hardly  practicable,  to  start  work 
an  hour  earlier  and  accomplish  the  same  result  without  mov- 
ing the  bands  of  the  clock;  but  this  simple  expedient  makes 
It  easy  for  everyone  to  begin  work  an  hour  earlier,  avoids 
any  change  in  the  railroad  time-tables  and  other  schedules 
and,  besides  saving  fuel,  allows  an  extra  hour  of  daylight  in 
the  evening  for  recreation  In  the  open  air  after  the  day's  work. 
The  objects  of  this  bill  can  be  accomplished  with  a  minimum 
of  trouble  and  no  expense,  and  we  hope  it  will  become  a  law. 
•     •     * 

PROGRESS   OF  MACHINE   TOOL  DESIGN 

The  I'ffect  of  the  motor  rar  on  machine  tool  design  is  an 
Inter'rMtlng  example  of  the  iiiuniicr  In  which  one  in<lu8try  re- 
acU  on  another.  The  first  motor  cars  were  built  after  the 
faahlon  of  other  muchlncB,  low-carbon  steel  being  used  for  the 
Rhmrta  and  cast  Iron  for  the  gears.  Each  hearing  was  oiled 
Individually  throuKh  Its  own  oil  cup,  shafts  were  cut  with  a 
ilngle  spline  for  sliding  gears,  and  all  the  mechanism  was 
Intorflnpnndent  as  regards  manufacture  and  asnombly.  The 
early  history  of  motoring  was  a  story  of  breakdowns  and  ex- 
p<nslvf  repairs  To  start  on  a  Ioiik  trip  was  to  bi'gln  an  ml 
vonluro  rjulto  llkoly  to  "nd  In  mishap  more  or  less  serious. 
Thi?  shocks  and  strains  of  road  locomotion,  ovon  at  moderate 
speeds,  soon  caused  fntlguo  and  falluro  of  some  of  iho  vital 
parts  In  th«  onxlnn  and  transmission.  It  was  quickly  ri-allzod 
thai  cast  Iron  would  not  do  fur  unars  nor  maclilni<  steel  for 
"I''  of  liibrlrnilon  and  soparallnn 
■iiil  units  worn  nnrrssary    Tln>n 

:.i!   tools  that  could   work    hont 

■'  at  an  economlral  apeod.     AksIh   was  tlm 

■«ino|  and  cast  Iron  ro^naclod  fn  Inlhcs  and 

-     ■■..■■  l,:iir».     Thn    rnconstrurtlon    found    nocpssary    In 

!l."  ti.'.i   r  rnr  was  also  n»reasary  In  Iho  mnclilnn  tool,     ll«at 


treated  steel  gears  and  shafts,  compact  and  strong  gear-shifting 
devices,  multiple  splines,  separation  of  the  feed  mechanism 
into  demountable  units,  automatic  lubrication  of  bearings  and 
other  features  of  modern  motor  cars  are  being  incorporated 
more  and  more  in  the  latest  types  of  machine  tools,  especially 
the  milling  machine.  The  result  is  a  long-lived  machine  that 
operates  with  less  friction  than  its  predecessor  and  seldom 
breaks  down.  A  break  is  less  serious  also,  as  the  defective 
part  can  be  removed  and  replaced  without  tearing  down  the 
whole  machine.  The  next  important  step  in  machine  tool 
improvement  will  be  the  general  use  of  ball  and  roller  bear- 
ings and  the  standardization  of  design  so  as  to  permit  of  the 
more  general  manufacture  of  interchangeable  parts. 

COOPERATION  WITH  THE  TOOL  ENGINEER 

To  design  a  machine  that  will  work  well  and  that  will 
be  also  practical  to  manufacture  comprises  two  distinct 
problems.  No  machine  or  apparatus  should  be  perfected 
to  the  state  where  it  is  to  be  manufactured  without  the  co- 
operation of  the  tool  engineer,  who  should  be  given  oppor- 
tunity to  study  the  design  and  modify  it  so  as  to  reduce  the 
cost  of  manufacture  and  provide  for  its  efficient  and  rapid 
handling  in  the  shop.  The  addition  of  a  lug,  the  thickening 
of  a  frame,  the  change  of  location  of  a  bolt  hole  or  any  one 
of  many  other  modifications  may  mean  all  the  difference  be- 
tween a  slow,  expensive  job  and  one  that  can  be  turned  out 
quickly  at  a  minimum  of  cost.  The  machine  designer  is 
usually  quite  jealous  of  his  design  and  slow  to  let  anyone 
tinker  with  his  pet  ideas,  but  he  should  recognize  the  fact  that 
it  is  one  thing  to  design  a  machine  to  secure  the  maximum 
mechanical  efficiency,  and  quite  another  to  design  it  to  secure 
the  maximum  manufacturing  efficiency. 
*     *     * 

ELIMINATE    UNNECESSARY   WORK    IN 
WAR  TIME 

It  is  unfortunately  true  that  a  great  deal  of  unnecessary 
work  is  frequently  done  in  the  large  industrial  plants,  which 
represents  a  loss  both  in  peace  and  war  times.  This  loss  l8 
theoretically  individual  under  normal  conditions,  but  under 
present  conditions  it  affects  the  entire  nation  and  should  be 
eliminated  wherever  possible.  In  machine  building,  time 
should  not  be  spent  on  unnecessary  finish  or  unimportant 
refinement  of  measurements.  Jigs  and  fixtures  should  never 
be  finished  on  any  surfaces  where  finish  is  not  absolutely  re- 
(luired  in  order  that  the  work  for  which  they  are  used  may  be 
properly  performed. 

It  requires  courage  to  change  customs  and  Ignore  precedents, 
but  during  these  critical  times  customs  and  precedents  must 
go  when  they  involve  useless  labor.  Systems  should  be  pruned 
of  all  unnecessary  red  tape,  and  forms  and  reports  divested 
of  all  information  except  what  is  of  actual  value  for  future 
reference.  Care  should  especially  be  taken  to  see  that  only 
necessary  Information  Is  required  and  placed  on  fecord,  be- 
cause procuring  Information  that  is  not  to  be  used  Is  a  waste. 
Inspections  will  often  prevent  tlio  collection  of  data  that 
win  never  bo  referred  to.  nlthoiiKli  thorp  may  not  bo  many 
cases  like  the  one  <'ltod  by  an  olllilcmy  cnghu'er  who  recently 
found  In  one  large  plant  a  highly  developed  cost  system  re- 
quiring the  time  of  four  men  to  compile,  the  data  for  which 
was  filed  In  cabinets  that  had  never  been  opened  except  to 
add  other  data. 

rniiGcoBRary  correspondence  should  be  avoided.  Many  com- 
niuiiicatloiis  riMiuIre  no  niiswer,  ond  the  aondor  expects  none 
I'xi'cpl  In  reply  to  an  Imiulry  or  In  the  ciiso  of  Important  lot- 
ters  which  may  bo  consldorod  ns  formliiK  part  of  an  agree- 
ment.    Kven  such  correHpondonco  mny  bo  considerably  reduced. 

The  dinicnily  of  obtiilnliiK  elllclent  help  of  nil  kinds  under 
war  condltlouH  miilies  tills  an  opportune  liiii(>  to  exnmtno  the 
work  of  every  hidlvliluiil  In  your  orKaiil/.iillon  so  as  to  deter- 
mine wluil  purl.  If  any,  can  be  economically  dlHpensed  with. 
Ill  I  lie  shop  the  siiiiie  thing  mny  be  true.  Foremen  and  work- 
men, unless  they  nre  rnrefiilly  looked  after,  are  lll(ply  to  con- 
tinue iinnnci'ssary  flnlsh  and  rellni'iiieiil  on  their  work,  which 
Nliiiiild  he  dispensed  with. 
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THE   DESIGNING   ENGINEER 

BY  JOSEPH  W.   WUNSCH  ' 

It  is  the  intention  to  review  here  the  most  common  troubles 
encountered  by  the  designing  engineer.  He  is  frequently 
confronted  by  problems  in  which  duty,  conscience,  and  com- 
mon practice  do  not  quite  coincide;  some  solutions  of  these 
problems  are  suggested.  What  do  you  imagine  are  the 
thoughts  of  a  designing  engineer  when  an  inventor  or  manu- 
facturer steps  into  his  office,  pulls  out  some  patent  letters, 
and  after  saying  what  that  invention  does  and'  others  don't 
do,  finally  asks  for  just  a  "few  rough  sketches"  for  the  ma- 
chinist, to  make  the  first  machine?  The  man  does  not  care 
to  have  assembly  drawings  at  all.  He  does,  however,  expect, 
possibly  within  a  few  days,  drawings  warranted  to  be  without 
error,  and  that  will  insure  the  correct  working  of  the  machine. 

Conscientiously,  the  engineer  may  tell  his  visitor  that  a 
perfect  set  of  drawings  of  a  special  machine,  made  within  a 
few  days,  is  impossible  of  accomplishment;  and  as  to  guaran- 
tees, if  his  last  month's  rent  is  paid,  the  engineer  may  have 
the  courage  to  tell  the  man  that  they  are  not  customary, 
unless  especially  paid  for.  After  studying  the  invention,  the 
engineer  may  also  decide  that  the  necessary  drawings  will  cost 
approximately  $500.  His  visitor  is  dumbfounded.  He  can 
hardly  understand  why  they  should  be  so  costly,  especially 
as  the  patent  drawing,  with  all  frills  and  fancies,  costs  only 
%5  and  there  is  lots  of  room  for  argument  between  $5  and  $500. 

A  large  number  of  manufacturers,  including  many  machine 
builders,  do  not  appreciate  creative  designing  work.  At  any 
rate,  that  may  fairly  be  concluded  from  their  attitude  when 
they  have  to  pay  for  such  services.  As  a  rule,  they  con- 
sider bills  rendered  for  designing  service  too  high,  no  matter 
how  modest  those  charges  may  be.  It  the  manufacturer 
takes  this  stand,  it  is  hardly  fair  to  expect  the  amateur  in- 
ventor to  be  more  reasonable.  One  of  the  common  sources  of 
disagreement  between  the  designer  and  his  client  is  the  latter's 
inability  to  differentiate  between  designing  a  new  machine 
and  a  standard  machine.  Another  source  of  disagreement, 
even  a  more  serious  one,  is  the  fact  that  the  client  expects 
the  drawings  to  be  entirely  devoid  of  error,  and  the  working 
of  the  first  machine,  upon  assembly,  to  be  guaranteed.  Given 
sufficient  time,  these  expectations  might  be  realized,  but  is 
the  client  willing  to  pay  the  premium  for  such  insurance? 
A  conscientious  and  complete  design  of  a  new  machine  usually 
requires  more  labor,  expressed  in  time,  than  the  building  of 
the  machine  in  the  shop.  In  fact,  assuming  no  ulterior  mo- 
tives on  the  part  of  the  dasigner,  the  cost  of  building  the  ma- 
chine in  the  shop  is,  to  a  certain  point,  inversely  proportional 
to  the  time  spent  on  the  design  in  the  drawing-room;  and  it  is 
cheaper  to  find  mistakes  there  than  in  the  shop. 

The  ethical  codes  of  various  engineering  societies  show 
that  the  engineer  Is  constantly  striving  to  establish  a  code 
of  conduct  similar  to  that  of  the  older  profession  of  medicine. 
There  Is  a  close  analogy  between  the  problems  that  confront 
the  physician  and  engineer,  which  may  be  classified  in  the 
departments  of  research,  original  creative  work,  and  routine 
work.  The  field  of  general  practice  In  both  professions  is  so 
broad  that  speclalista  must  frequently  be  consulted.  Inci- 
dentally, attention  may  be  called  to  the  quackery  from  which 
moat  professions  have  to  suffer,  and  this  Is  particularly  true 
of  the  engineering  profession.  While  the  physician  Is  pro- 
tected by  the  state  and  his  organizations,  the  engineer  has 
practically  no  equivalent  support.  It  Is  true  that  he  may 
often  easily  acquire  superficial  recognition  when  he  affixes 
to  his  name  a  numbor  of  letters,  which,  translated  into  the 
language  of  the  layman,  means  that  he  Is  a  member  of  va- 
rious societies  hocnusc  he  la  able  to  pay  his  duea. 

AnoHuT  serlnuB  problem  of  rather  frequent  occurrence 
resolves  Itself  Into  the  question:  Should  an  engineer  give  his 
client  what  he  asks  for  or  what  he  ncoda?  When  an  Inventor 
lays  hia  Ideas  before  an  engineer  and  aaks  him  to  develop  them 
Into  a  maohlno.  should  the  engineer  Inform  the  Inventor  that 
his  Ideaa  are  not  practical,  thereby  Incurring  his  wrath  ond 
Utter  contempt,  or  should  he  design  a  costly  machine  that  la 
Anally  to  land   In   the  Junk   heap?     Or   alioiild   an   cnRlnoer 
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gratify  the  request  of  the  small-shop  man,  who  says  that  all 
he  needs  is  a  "couple  of  sketches,"  to  build  his  machine? 
He  says  that  he  cannot  afford  to  pay  for  assembly  drawings, 
and  that  they  are  useless  anyway.  If  an  engineer  doesn't  do 
as  he  is  asked,  he  loses  the  job,  and  if  he  does,  he  will  sooner 
or  later  hear  of  violent  curses  and  sneers,  by  the  fraternity 
of  "practical  men,"  on  the  engineering  profession  in  general, 
and  this  engineer  in  particular.  That  is  the  ultimate  stage 
in  the  evolution  of  the  sketch-built  machine,  despite  the  story 
of  the  machine  that  Sammy  and  his  boss  built,  without  draw- 
ings, even  without  sketches.  It  was  put  together  and  worked 
without  a  hitch.  The  writer  likes  this  story,  it  is  a  perfect 
shop  story.  It  can  be  molded,  tempered,  and  adjusted.  It  can 
be  modified  to  suit  any  shop,  machine  or  condition,  with  the 
added  advantage  that  it  may  be  kept  in  stock  for  repeated  use. 

In  general,  drawings  should  be  accurate,  legible,  and  in 
appropriate  form  for  the  purpose  intended.  To  show  shade 
lines  and  other  unnecessary  adornments  on  a  shop  drawing,  is 
a  waste  of  time;  and  to  show  two  projections  in  a  drawing 
where  at  least  three  are  necessary,  is  worse  practice.  There 
seems  to  exist  a  general  lack  of  appreciation  of  the  value  of 
proper  assembly  drawings  and  a  sufficient  number  of  detail 
drawings.  The  opinion  apparently  prevails  that  it  is  more 
efficient  for  the  designer  to  hang  around  the  shop  as  the  work 
advances.  In  a  majority  of  cases,  the  need  of  such  supervision 
is  merely  the  consequence  of  incomplete  and  inaccurate  de- 
signs; it  should  not  be  at  all  necessary  for  the  designer  to 
supervise  the  execution  of  the  work  in  the  shop.  When  build- 
ing a  standard  type  of  machine,  his  presence  should  not  be 
required  even  when  putting  the  machine  into  operation. 

The  natural  development  of  a  new  type  of  machine  may  be 
properly  divided  into  three  stages,  which  are:  the  creative 
and  experimental,  the  development,  and  the  standardization. 
A  perfect  product  cannot  be  approached  if  any  function  in 
any  of  these  stages  is  neglected.  The  few  records  of  first 
drawings  that  are  extant  and  accessible  are  immensely  inter- 
esting and  instructive.  Designs  of  machines  in  the  process 
of  development  are  indeed  rare,  and  owe  their  existence  to 
lucky  accidents.  In  our  literature,  permanent  and  otherwise, 
first  drawings  are  not  considered  at  all.  Drawings  therein 
are  of  the  final  product  and  may  he  properly  called  post- 
mortem designs,  inasmuch  as  the  valuable  matter  of  the  stage 
of  development  is  withheld  from  the  reader.  Designs  of 
special  machinery,  which  often  represent  months  and  even 
years  of  designing,  embodied  in  a  beautifully  proportioned 
machine  of  the  most  ingenious  mechanisms,  are  usually 
buried  in  the  blueprint  bin  of  the  machine  shop  constructing 
the  required  number  of  machines,  and  never  see  the  light  of 
day.  The  inestimable  value  of  such  a  design  as  a  text  on  ma- 
chine design  is  thus  lost  forever.  Only  in  rare  cases  can  the 
publication  of  such  first  drawings  be  of  any  harm  to  the  de- 
signer or  owner  of  the  machine.  Does  it  harm  a  physician  to 
acquaint  his  colleagues  with  details  of  an  Interesting  case 
even  if  the  report  ends  "the  patient  died?"  This  brings  to 
mind  the  great  number  of  machines  that  never  reach  the 
market  and  of  which  no  Information  at  all  is  extant.  These 
designs  are  often  mines  of  valuable  data  and  experience  and 
their  utility  to  the  designer  of  new  machinery  can  hardly  be 
estimated. 


According  to  the  Engineering  News-Record,  conserving  the 
food  supply  of  the  country  by  turning  city  garbage  Into  alcohol 
Instead  of  iislng  grain  or  potatoes  for  the  purpose  Is  a  promis- 
ing possibility  ostabllahod  by  carefully  conducted  experiments 
reported  from  the  garbage-reduction  plant  of  Columbus,  Ohio. 
The  experiments  show  that  one  ton  of  Columbus  green  garbage 
will  yield  4.8  gallons  of  95  per  cent  alcohol  of  satisfactory  qual- 
ity. Raflmntcs  Indicate  that  a  $36,000  plant  would  produc« 
from  the  20.000  tons  of  garbage  treated  annually  nt  I  he  reduc- 
tion works  a  total  of  96.000  gallons  of  alcohol,  giving  a  profit 
of  i2  cents  per  gallon  at  war  time  prices,  or  30.5  cents  under 
normal  conditions.  A  year's  garbage,  the  tests  Indicate,  would 
yield  as  much  alcohol  aa  could  bo  produced  from  33,600  bushels 
of  shelled  corn,  39,500  bushels  of  wheat,  or  110.000  bualu'ls  of 
potatoes. 
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SINGLE-PURPOSE  CLUSTER  TYPE  MULTIPLE-SPINDLE  DRILLING  MACHINES-STATION  TYPE  MACHINES- 
APPLICATIONS  OF  INVERTED  DRILLING  PRACTICE  FOR  DEEP-HOLE  WORK 


BY  EDWAKD  K.   HAMMOND  ' 


rif.   22.      Foote-Bur 


Three-way  Multiple-spindle  Drilling  Machine  for  diilling  Eighty-four 
Holes  in  Automohile  Crankcase  at  One  Setting 


IN  addition  to  the  universal  multiple-spindle  machines  de- 
scribed in  the  January  installment,  there  is  a  very  important 
group  of  cluster  type  multiple-spindle  drilling  machines 
which  are  designed  and  built  to  meet  the  requirements  of  specific 
manufacturing  operations.  In  these  machines  the  spindles  are 
not  usually  made  adjustable,  because  they  are  intended  for  one 
given  class  of  -work  and  each  spindle  is  properly  located  to 
drill  the  particular  hole  in  the  work  for  which  that  spindle 
has  been  provided.  Fig.  22  shows  a  three-way  multiple-spindle 
drilling  machine  built  by  the  Foote-Burt  Co.  for  use  in  simul- 
taneously drilling  all  of  the  screw  holes  in  the  upper  half  of  a 
WlUyg-Overland  crankcase.  The  material  is  aluminum,  and 
this  machine  provides  for  drilling  eighty-four  holes  at  a  sinplo 
setting  of  the  work.  An  idea  of  the  remark- 
able rate  of  production  secured  through  the 

possibility  of  simultaneously  drilling  such  a 

large  number  of  boles  will  be  gathered  from 

the  fact  that  480  crankcases  arc  drilled  In  an 

eight-hour  working  day.    This  machine  Is  so 

designed  that  the  different  sizes  of  drills  are 

driven   at  approximately  the  correct   speed 

and  feed. 

Special-purpose    multlple-splndle    drilling 

machines  of  the  cluster  type  are  built  for  a 

rroai  variety  of  work,  although  the  autonm 

bile  Industry  represents  the  most  Importiiii' 

field  In  which  thoNe  machines  are  employed 

The  reason  for  this  Is  that  It  would  not  pin 

to   Invest   In   an   expensive   ninchinu   of   tlili 

kind  nnlesa  the  volume  of  work  to  bo  drilb'l 

wore  sufflrlontly  groat  so  that  It  would  h'- 

found    profitable   to    build    special    martiln>"' 

for   handling    Ihn   work.     Among   the   pari  . 

■        ' '• '-I'Titly     drilled     on     Sperliil 

I'lTidIc   drilling   marhlti<" 
iHi   menllonnd:    cyllndii 

l>i<»  KK,  IrnnsmlsMlon  rnjiea,  flywheels,  crnnk 

CARM.  rrankshafts,  <1lfr»r«nlln<  frames,  wheel 

hobs.  coTor  platen.  • 

•AMnrUI*  •lnil..f  „f  M  , 


Drilling-,  Reaming:  and  Counterborlng' ,  Rifle 
Floor-plates 

Fig.  23  shows  two  Langelier  multiple 
drilling  machines  used  in  couples  for  drill- 
ing, reaming  and  counterboring  four  holes 
in  the  floor-plate  of  a  foreign  rifle.  The  op- 
erations are  performed  without  removing  the 
work  from  the  jig.  The  drilling  is  done 
with  the  machine  at  the  lelt  in  two  opera- 
tions, and  the  reaming  and  counterboring 
with  the  machine  at  the  right  in  two  opera- 
tions. Fig.  24  shows  the  floor-plate.  Three 
of  the  holes  are  drilled,  reamed  and  counter- 
bored;  the  fourth  is  only  drilled.  The  holes 
are  drilled  half  way  through  from  each  side, 
the  meeting  of  holes  not  being  important, 
as  the  floor-plate  is  afterward  slotted  as 
shown  by  the  dotted  lines.  To  produce  the 
greatest  possible  output  from  these  ma- 
chines, an  operator  is  required  for  each  ma- 
chine, while  a  third  loads  and  unloads  the 
jigs.  A  set  of  three  jigs  is  used.  Thus 
the  machines  are  continually  at  work. 
Fig.  26  shows  the  lay-out  of  spindles  in  the 
drilling  head  for  the  two  drilling  operations. 
This  head  is  in  the  machine  to  the  left  in 
Fig.  23.  The  group  of  four  spindles  that 
carry  the  5.1-millimeter  and  the  three  No.  17 
drills  is  used  for  the  first  operation  with  the  cover  side  of 
the  jig  down.  The  four  that  carry  the  5.1-millimeter  and  the 
three  %-inch  drills  are  used  for  the  second  operation  with 
the  cover  side  up.  The  is-inch  holes  are  not  reamed.  The  Jig 
is  then  carried  to  the  second  machine.  Fig.  27  shows  the  lay- 
out of  spindles  in  the  drilling  head  in  the  machine  to  the 
right  in  Fig.  23,  which  is  used  for  reaming  and  counterboring. 
The  group  of  three  spindles  carrying  the  0.17S-inch  reamers  do 
the  reaming  with  the  cover  side  of  the  jig  down.  The  group  of 
spindles  carrying  the  two  0.275-inch  and  one  0.315-inch  counter- 
bores  do  the  counterboring  with  the^over  side  of  the  jig  down. 
Fig.  25  is  a  partial  side  elevation  showing  the  drill  head 
with    Its    sub-jig   attached    and    the   jig    on    the    tabic   of   the 
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Fig.  24. 

machine  In  position  for  the  first  drilling  operation.  The  sub- 
jigs  on  the  two  machines  are  the  same  in  principle.  The  bush- 
ings in  the  sub-jig  guide  the  tools,  and  the  bushings  in  the 
jig  guide  the  sub-jig.  By  this  method,  each  of  the  drills,  ream- 
ers or  counterbores  has  its  own  guide  bushing,  and  the  use  of 
interchangeable  slip  bushings 
in  the  jig  is  avoided.  The  sub- 
jig  is  attached  to  the  drill  head 
under  the  compression  of  a 
spring.  When  the  sub-jig 
comes  in  contact  with  the 
work  jig.  it  is  forced  upward 
while  the  drilling,  reaming 
or  counterboring  takes  place. 
The  sub-jigs  can  be  quickly 
removed  by  unscrewing  two 
tapering  thumb-pins  so  as  to 
provide  free  access  to  the 
tools  if  required.  All  the  spin- 
dles are  provided  with  adjust- 
ing screw  collets  so  as  to  com- 
pensate for  grinding  of  tools, 
also  for  individual  adjust- 
ment for  depth  of  holes.  The 
jigs  are  of  the  swing  cover 
type,  compensating  means  and 
stops  being  incorporated  for 
accurately  locating  and  hold- 
ing the  work  while  it  is  oper- 
ated upon.  The  machines  are 
of  the  round  column  and  base 
type.  The  table  has  a  work- 
ing surface  of  21  inches  by  14 


Tig.  25.     Partial  Side  Elevation  of  Drill  Head  used 
Fig.  23,  showing  Sub-jig  and  Jig  in  Position  for  Fii 


inches,  which  Is  ample  for  the  handling  of  the  Jigs.  It  is 
trunnloned  Into  a  supporting  arm  that  Is  clamped  to  the  col- 
umn and  can  be  adjusted  to  the  required  working  position. 
The  trunnion  of  the  table  has  a  rack  which  meshes  with  a 
pinion  shaft  having  bearings  in  the  supporting  arm  and  to 
which  Is  attached  the  long  feed  hand  lever.  A  single  feed 
stop  Is  provided  for  the  table  for  both  operations. 

Station  Type  MultlpIe-splndle  Drllllnif  Machines 

In  Fig.  21  in  the  January  Installment  there  was  shown  an 
illustration  of  a  battery  of  Baush  multiple-spindle  drilling 
machines  used  In  conjunction  with  a  traveling  jig  which  car- 
ried the  work  from  one  machine  to  another  In  order  that  ad- 
vantage could  bo  taken  of  the  possibility  of  performing  a  nuni- 
bor  of  groups  of  operations  without  the  necessity  of  resetting 
the  work.  When  the  Importanre  of  the  savings  that  are  pns- 
Bible  through  the  use  of  such  an  arrangement  has  been  fully 
appreciated.  It  will  be  apparent  that  a  still  further  benefit 
would  be  8e<'ured  by  the  combination  of  different  groups  of 
Bplndles  in  a  single  marhlno  that  would  provide  for  saving 
time  by  avoiding  the  norpsslty  of  frequent  resetting  of  the 
work,  and  at  llio  sanio  time  economizing  floor  space  through 
having  the  entire  outfit  contained  In  a  single  unit.  This  In 
the  Idea  thot  has  boon  sucresRfully  acrompllshod  through  ili> 
velopmcnt  of  the  "station  type"  of  multlple-splndle  drIllliiK 


machines  which  are  built  by  the  Baush  Machine  Tool  Co.  Ma- 
chines of  this  type  were  first  constructed  for  the  use  of  the 
Ford  Motor  Co.  in  drilling  all  of  the  holes  that  are  required 
in  flywheel  castings.  The  complete  machine  for  doing  this 
work  is  shown  in  Fig.  2S,  and  Figs.  29  to  31,  inclusive,  show, 
respectively,  the  loading  station  where  the  work  is  set  up  on 
the  machine,  a  view  of  two  multiple-spindle  drill  heads,  and  a 
view  of  heads  equipped  with  tools  for  the  performance  of  drill- 
ing and  reaming  operations. 

In  operating  the  machine,  each  flywheel  is  placed  on  a  sup- 
porting block  and  secured  by  means  of  an  expanding  center. 
The  loading  station  on  the  machine  is  illustrated  in  Fig.  29, 
and  in  this  view  the  wrench  used  for  expanding  the  center  on 
which  the  flywheel  is  held  will  be  clearly  seen  in  position. 
The  counterbore  in  the  wheel  is  used  to  locate  the  work  under 
each  jig,  this  result  being  obtained  by  a  tapered  leader  which 
enters  the  counterbore  as  the  jig  at  each  station  on  the  ma- 
chine comes  down  to  the  working  position.  In  addition  to 
this  counterbore,  there  is  a  fiat  dowel  in  the  supporting  block 
that  registers  between  two  jaws  on  the  extreme  outside  por- 
tion of  the  jig,  thus  securing  the  wheel  against  rotation.  The 
feed  is  accomplished  by  means  of  a  barrel  cam  which  is  of 
the  correct  form  to  give  a  quick  approach  and  the  desired  rate 
of  feed  and  return.  By  em- 
ploying different  cams  suit- 
able rates  of  feed  can  be  em- 
ployed for  the  tools  in  differ- 
ent heads.  The  table  is  ro- 
tated by  a  mechanism  which 
also  lifts  it,  thus  allowing  the 
weight  to  be  carried  on  a  cen- 
ter pintle,  while  it  is  in  mo- 
tion, and  the  provision  of  ball 
bearings  in  this  connection 
makes  it  possible  for  the  table 
to  be  easily  moved.  A  hard- 
ened steel  locking  bolt  is  pro- 
vided, which  is  actuated  by  a 
cam  and  comes  into  play  just 
before  the  table  is  lowered  to 
its  working  position,  where 
the  bolt  locks  the  table  in 
place. 

When  in  the  working  posi- 
tion, the  table  rests  on  a  cir- 
<ular  rail  which  is  slightly 
smaller  than  its  outside  diam- 
eter, this  rail  being  carried  up 
Inside  a  flange  at  the  periph- 
ery of  the  table  to  protect  the 
bearing  from  chips.    One  cen- 


tral oiling  system  is  provided  which  delivers  lubricant  to  all 
bearings,  the  pump  taking  the  oil  from  a  tank  in  the  base  and 
circulating  it  through  a  system  of  piping  provided  with  return 
connections.  There  are  eighty-one  drilling,  counterboring  and 
reaming  operations  to  be  performed  on  the  Ford  flywheel,  and 
with  this  machine  It  is  found  possible  to  perform  all  of  these 
operations  In  fifty-four  seconds.  Each  machine  has  a  capacity 
for  drilling  500  flywheels  in  an  eight-hour  working  day,  the 
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actual  rate  of  production  being 
510  flywheels  in  450  minutes. 
The  operations  consist  of  drill- 
ing sixteen  21/64-inch  holes  in 
the  inner  circle  through  lYs 
inch  of  metal,  and  sixteen  1/4- 
inch  holes  in  the  outei"  circle 
half  way  through  the  same 
thickness  of  metal;  second, 
counterboring  the  sixteen  holes 
in  the  inner  circle  to  a  diam- 
eter of  0.386  by  3/16  inch  deep, 
and  drilling  the  holes  in  the 
outer  circle  through  the  re- 
maining metal,  a  0.204-inch 
drill  being  used  for  this  pur- 
pose which  cuts  through  7/16 
inch;  third,  counterboring  three 
half  round  faces  0.936  inch  in 
diameter  by  3/8  inch  deep  in 
the  hub  of  the  wheel;  fourth, 
drilling  four  holes  0.386  by  5/8 
inch  deep,  two  holes  27/64  by 
5/8  inch  deep,  and  three  holes 
21/32  by  7/8  inch  deep;  fifth, 
reaming  three  holes  0.675  inch 
in  diameter  by  7/8  inch  deep 
and  two  holes  0.436  inch  in  di- 
ameter by  5/8  inch  deep. 

While  the  discussion  of  the 
work  of  this  machine  is  pre- 
sented in  connection  with  Its 
application  in  machining  fly- 
wheels of  Ford  motor  cars,  it 
must  not  be  thought  that  this 
is  a  single-purpose  machine,  be- 
cause there  are  a  great  many 
classes  of  work  that  could  be 
bandied  on  an  equipment  of 
this  type  with  beneficial  results.  Not  only  Is  the  use  of  this 
machine  responsible  for  saving  a  lot  of  space  in  the  shop, 
but  it  will  be  apparent  that  its  use  also  presents  the  possi- 
bility of  drilling  holes  on  centers  that  would  be  too  close 
for  an  ordinary  multiple-spindle  drilling  machine.    Where  the 
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center  distance  is  so  close  that 
it  would  be  impossible  to  ar- 
range spindles  in  a  cluster  head 
to  provide  for  drilling  them 
with  a  machine  of  this  type, 
one  hole  may  be  drilled  by  one 
head  and  the  next  hole  by  a 
following  head,  so  that  the 
question  of  distance  from  cen- 
ter to  center  becomes  relatively 
uuimportant.  The  multiplft  head 
feature  also  makes  it  possible 
for  heavy  and  light  drills  to  be 
grouped  together  in  different 
heads,  so  that  each  size  may  be 
operated  at  suitable  rates  ot 
cutting  speed  and  feed.  Differ- 
ent standard  spindle  clusters 
may  be  furnished  to  meet  the 
requirements  of  different  classes 
of  work,  and  these  heads  may 
be  readily  removed  to  enable 
different  ones  to  be  substituted. 
The  regular  adjustable  drill 
heads  built  by  the  Baush  Ma- 
chine Tool  Co.  can  also  be  used 
to  adapt  the  machine  for  more 
or  less  general  classes  of  multi- 
ple drilling.  A  switch  and 
starter  are  located  beside  the 
loading  station,  which  enable 
the  operator  to  control  the 
motor  with  his  left  hand,  while 
the  feed  mechanism  is  gov- 
erned by  a  small  lever  at  the 
right-hand  side  of  the  operat- 
ing position.  By  means  of 
this  lever  It  is  possible  to 
stop   all    the    feed    motions   ot 


the  machine  instantly,  Including  the  indexing  of  the  table. 

Application    of   Inverted  Drilling-  Principle  for  Deep  Bole  Work 

A  deep  hole  is  usually  defined  as  a  hole  tlie  depth  of  which 
is  equal   to  at   least   five   times   the  diameter,   although  some 
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authorities  define  it  as  one  in  which  the  depth  is  equal  to  four 
diameters.  In  deep  hole  drilling,  special  precautions  must  be 
taken  for  two  reasons:  In  the  first  place,  trouble  is  likely  to 
be  experienced  through  breaking  of  the  drill  as  a  result  of 
chips  clogging  the  drill  in  the  hole;  and,  secondly,  further 
trouble  may  result  through  failure  to  obtain  the  desired  cool- 
ing and  lubricating  action  on  account  of  having  the  chips  pre- 
vent lubricant  from  reaching  the  cutting  point  of  the  drill. 
Numerous  expedients  are  employed,  but  to  provide  for  prevent- 
ing trouble  from  chips  clogging  the  drill  in  the  hole,  it  is 
quite  general  practice  to  back  the  drill  out  of  the  hole  at  fre- 
quent intervals  in  order  that  the  chips  may  be  cleared  from 
the  drill.  This  also  guards  against  an  accumulation  of  chips 
preventing  lubricant  from  reaching  the  cutting  point.  A  bet- 
ter way  to  assure  efficient  lubrication  of  drills  used  in  deep 
holes  is  to  use  oil-tube  tools  which  are  furnished  with  ducts 
that  carry  the  oil  or  cutting  compound  direct  to  the  point  of 
the  drill  where  its  action  is  required.  Recently  it  has  become 
quite  general  practice  to  adopt  the  use  of  inverted  drills  for 
deep  hole  work,  because  it  has  been  found  that  where  an  in- 
verted drill  operates  from  below  the  work,  it  is  a  much  easier 
matter  for  the  chips  to  clear  themselves  from  the  hole.  Where 
this  inverted  drilling  is  employed,  it  is  not  often  necessary 
to  resort  to  the  practice  of  backing  the  drill  out  of  the  hole  at 
frequent  intervals,  in  the  manner  which  has  just  been  men- 
tioned. The  following  examples  of  inverted  drilling  will 
clearly  show  the  benefits  of  this  method  for  drilling  deep  holes. 
The  station  type  drilling  machine  shown  in  Fig.  32  was 
designed  and  built  by  the  Baush  Machine  Tool  Co.  for  drilling 
the  bolts  and  receivers  of  military  rifles.  At  first  sight,  this 
machine  may  appear  similar  to  the  preceding  type  for  drilling 
automobile  fiywheels,  but  as  a  matter  of  fact  there  are  note- 
worthy points  of  difference.  On  the  preceding  type  of  machine 
the  drills  are  carried  in  multiple  heads  and  the  work  is 
mounted  on  an  indexing  table  supported  by  the  base  of  the 
machine.  In  the  present  case,  it  will  be  seen  that  the  work 
is  supported  in  fixtures  carried  by  the  spindles  of  an  indexing 
turret,  while  the  tools  are  carried  on  a  fixed  spider.  In  both 
cases  the  drive  is  from  above,  but  in  the  case  of  the  present 
machine  the  work  revolves  and  the  tools  remain  stationary. 
Advantage  is  taken  of  the  inverted  drilling  principle,  which 
Is  beneficial  in  clearing  chips  from  the  work.  Feeding  the 
drills  to  the  work  Is  accomplished  by  raising  the  spider  on 
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which  the  drills  are  carried.  The  drills  increase  progressively 
in  length  in  order  to  obtain  the  required  depth  of  hole,  and  it 
will,  of  course,  be  evident  that  for  each  indexing  of  the  work 
one  finished  part  is  produced.  The  use  of  various  lengths  of 
drills  serve  the  same  purpose  as  backing  out  the  drill  at  the 
required  intervals,  which  is  the  practice  in  deep  hole  drilling 
operations  where  a  single  drill  is  employed.  On  this  machine 
the  drills  used  are  of  the  oil-tube  type,  which  provide  for  de- 
livering oil  direct  to  the  cutting  point  of  the  drill.  Drive  is 
provided  by  an  electric  motor  at  the  top  of  the  machine,  from 
which  power  is  transmitted  to  the  spindles  'which  carry  the 
work-holding  fixtures  by  means  of  a  central  gear  meshing  with 
pinions  on  each  of  the  spindles.  Feed  motion  is  furnished  by  a 
barrel  cam,  which  provides  for  raising  or  lowering  the  spider 
that  carries  the  drills.  Indexing  is  accomplished  by  rotating 
the  turret  that  carries  the  work-spindles;  and  the  release  of 
the  locking  bolt  that  secures  this  turret  in  place,  during  the 
performance  of  each  drilling  operation,  is  accomplished  by 
means  of  an  edge  cam  carried  at  the  bottom  of  the  feed  cam. 
Fig.  33  shows  a  four-spindle  gang  drilling  machine  built  by 
the  Rockford  Drilling  Machine  Co.,  which  is  equipped  with 
two-Jaw  chucks  mounted  on  the  spindles  so  that  work  may  be 
rotated  by  the  spindles  and  fed  down  onto  Inverted  drills 
which  are  held  stationary  on  the  table  of  the  machine.  The 
principle  will  be  clearly  understood  by  reference  to  the 
illustration.  As  In  preceding  cases,  the  advantage  of  this 
method  of  drilling  is  that  the  chips  are  cleared  more  easily 
from  the  deep  holes  than  would  be  the  case  with  the  usual 
relation  of  the  work  and  drill.  The  work  consists  of  yoke 
forgings  for  universal  Joints,  and  these  pieces  are  fed  down 
over  the  drills  so  that,  after  the  drilling  operation  baa  been 
completed,  the  end  of  the  forging  Is  faced  by  the  stationary 
tool  A,  which  will  bo  seen  in  the  holder  at  the  base  of  each 
drill.  The  work  to  be  drilled  is  a  drop-forging  containing 
0.1  B  to  0,25  per  cent  of  carbon,  0.30  to  0.60  per  cent  of  man- 
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ganese,  phosphorus  below  0.045  per  cent  and  sulphur  below 
0.05  per  cent.  The  holes  to  be  drilled  are  7/8  inch  in  diameter 
by  1%  inch  deep  and  approximately  1000  pieces  are  drilled  on 
this  four-spindle  machine  in  a  ten-hour  working  day.  Fig.  34 
shows  a  detailed  view  of  the  fixture  provided  for  handling 
a  somewhat  similar  job,  although  in  this  case,  after  being 
drilled,  the  work  is  turned  on  the  outside  and  then  threaded. 
As  in  the  previous  case  the  drill  is  held  stationary  on  the 
machine  table  and  a  chuck  Carried  on  the  drilling  machine 
spindle  provides  for  rotating  the  work  and  feeding  it  down 
onto  the  drill.  After  the  drilling  operation  has  been  com- 
pleted, the  fixture  is  indexed  to  bring  the  cup  turning  tool, 
or  hollow-mill,  into  the  operating  position  to  provide  for  turn- 
ing the  outside  of  the  work;  and  after  this  operation  has  been 
completed,  the  fixture  is  again  indexed  to  bring  the  Geometric 
self-opening  threading  die  into  position  for  threading. 

Macblnln?  Htffb-ezploslve  Shell  Blanks  on  the  Drill  Press 

Fig.    35   shows   an    Interesting    installation   of   drilling   ma 
chines  built  by  the  Barnes  Drill  Co.  for  machining  IS-pound 
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high-explosive  shells,  and  Fig.  37  shows  a  close  view  of  the  tool 
equipment  on  this  machine.  Selection  of  this  type  of  equip- 
ment was  decided  upon  at  the  factory  where  the  machines 
are  used,  due  to  inability  to  secure  reasonable  deliveries  on 
the  types  of  machine  tools  that  would  ordinarily  be  selected 
for  the  performance  of  machining  operations  of  this  kind. 
A  battery  of  eight  of  these  self-oiling  22-inch  machines  was 
installed,  and  the  results  obtained  have  been  entirely  satis- 
factory. It  will  be  apparent  that  the  shell  to  be  machined 
is  held  in  a  fixture  A  secured  to  the  drilling  machine  spindle, 
while  the  tools  required  for  the  performance  of  successive 
operations  are  carried  on  an  indexing  fixture  mounted  on  the 
machine  table.     With  this  arrangement  the  work  is  revolved 
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and  fed  down  onto  a  stationary  inverted  tool,  so  that  advan- 
tage may  be  taken  of  the  greater  ease  with  which  chips  clear 
themselves  from  an  Inverted  hole  of  this  kind.  Aflor  each 
nporallon  has  been  comploted,  the  tool-holding  fixture  Is  in- 
ilexcd  to  bring  the  next  tool  Into  the  opcnilliig  position.  The 
llrst  operation  Is  tn  8|)ot-ilrlll  and  rougli-form  the  noHo  of  the 
shell  with  tools  liuld  in  holder  ('.  It  will  be  soon  that  n  guldliig 
riiiK  Ib  provided  for  the  work  ho  that  It  cniinot  spring  away 
from  the  cut.  The  oporntlon  Is  perforinod  iit  92  II. P.M.  with  a 
fo(!(l  of  0.ni:i  liicli  per  rovDlullnii,  Tlio  HpollhiK  U  dmio  with 
a  short  twlMl  clrlll,  mid  rounh  rornilng  of  Iho  noKo  with  tliroo 
liirnlMK  IooIh,  wlilrh  arc^  sloppi'd  ho  thiit  thoy  out  Id  dllToreiit 
doptliH,  lonvliiK  III)  irroKuliir  Hurriu'o. 

The  Hocoiid  nponilliin  In  to  ilrlll  tbo  hole  hi  Iho  hIioII  to 
Iho  roiiiilrod  (lopth;  for  thin  purpoHi'  drill  />  In  uhoiI,  which  Is 
I  1.!  H!  Inch  III  (lliiiiioliT.  Tbo  ilrlllliiK  oporalloii  Ih  porfoniiod 
lit  Hfi  It  I'.M..  Willi  a  food  nf  (I0i:i  Inch  por  ri-vuliitlon  Tho 
third  <i|ii'riill<iii  Ih  In  rnuKli  romii  tho  Imlo  with  romiior  A;, 
which  U  furmod  at  the  ond  to  IIiiIhIi  Iho  bottom  of  tho  hIioII 
rnvlty  to  Iho  riwiiilroil  Hhnpo.  Tho  opornllon  In  porforiiind  nt 
.17  l(  I'  M  ,  with  n  fiKMl  of  O.0li:l  liii'li  piT  ruvolutlon.    Tho  fourth 
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operation  is  to  finish-form  the  nose  with  a  form  cutter  lo- 
cated in  holder  F,  which  is  bronze  lined.  The  spindle  runs 
at  45  R.P.M.,  and  is  fed  down  by  hand.  The  fifth  operation  is 
to  cut  the  step  and  bevel  on  the  nose  of  the  shell.  For  this 
operation  the  tool  is  supported  by  a  bronze  lined  tool-holder  G 
and  the  machine  is  operated  at  the  same  speed  and  feed  as  for 
the  fourth  operation.  The  sixth  and  final  operation  is  to 
finish-ream  the  hole  in  the  shell  with  reamer  H.  Great  care 
is  required  in  the  performance  of  this  operation,  as  specifica- 
tions for  the  shells  require  that  when  a  light  is  dropped  into 
the  hole  the  surface  will  show  a  uniform  polish  in  all  places. 
The  finish-reaming  operation  is  performed  with  the  spindle  ro- 
tating at  37  R.P.M.,  with  a  down  feed  of  0.093  inch  per  revolution. 

Drilling  Lathe 

Spindles 
The  deep -hole 
drilling  machine 
shown  in  Fig.  36 
was  built  original- 
ly by  the  Charles 
Stecher  Co.  for  drill- 
ing holes  in  the 
solid  forgings  from 
which  machine  tool 
spindles  are  made, 
and  the  first  ma- 
chine was  used  for 
drilling  the  spin- 
dles of  the  Stecher 
screw  machines. 
Several  machines  of 
this  design  were 
subsequently  sold 
to  other  machine 
tool  builders  for 
the  same  service. 
Recently  this  ma- 
chine has  been  en- 
larged and  its  de- 
sign has  been  al- 
tered to  adapt  it 
tor  drilling  recoil 
cylinders,  axles  for 
gun  carriages,  and 
gun  barrels  and 
jackets  for  the 
smaller  guns.  The 
largest  machines 
built   to   date   have 

a  bore  through  the 
Tig.    36.     stecher   Deep-hol.   DriUinir   Machine  ^pj^jig   3    ^^^^^^   ;„ 

diameter  and  a  feed  of  96  inches.  These  dimensions  can  easily 
be  Increased.  This  machine  is  used  for  roughing  out  the  first 
hole  from  the  solid  forging  and  on  finishing  operations  where 
wood-packed  reamers  are  used.  For  roughing  out  holes  from 
the  solid,  an  ordinary  drill  point  is  used.  Inserted  in  a  bar 
slightly  smaller  in  diameter  than  the  bore,  and  the  bar  is 
fluted  for  chip  clearance.  The  vertical  feature  allows  the  chips 
to  clear  freely  without  the  use  of  high  pressure  on  the  cutting 
compound,  and  It  is  not  necessary  to  give  special  consideration 
to  this  problem,  which  Is  the  chief  source  of  trouble  In  drlllinK 
deep  holes  In  a  horizontal  position.  Drilling  artillery  axles 
In  these  machines  with  a  drill  point  S.lSfi  Inches  in  dlametor. 
using  0.011;  Inch  fcecl  and  driving  the  spindle  at  48  rovolutlon.s 
per  minute,  llio  work  Is  drilled  to  a  depth  of  67  Inches  without 
trouble  from  chips  clogging,  and  us  the  work  revolves,  the 
hole  Is  straight  and  concentric  to  the  bottom. 

The  spindle  Is  equipped  with  an  air  chuck  at  each  end,  con- 
trolled by  an  operating  valve  which  Is  conveniently  reached 
from  the  floor.  The  work  can  be  lowered  through  the  splndli' 
with  an  overhead  tackle,  hut  whiTc  head  room  Is  llinllcd  tlic 
work  can  ho  placed  on  u  carrlagi*  and  raised  through  the  spin 
die  from  below.  An  operator  and  helper  can  operate  a  number 
of  these  machines,  depending  on  the  nature  of  the  work  accom- 
plished. Whore  wood-packed  reamers  ore  used,  the  reamer  Is 
drawn  down  through  the  work  by  a  draw-rod  and   la  guided 


Fig.   37.     Close  View  of  Tool  Equipment  of  Machine  shown  in  Tig.  35 

and  held  against  turning  by  a  rigid  bushing  above  the  spindle; 
or  the  work  can  be  changed  from  the  rougher  to  a  special  ma- 
chine designed  for  reaming,  which  is  constructed  with  the 
hollow  spindle,  in  which  the  work  is  rotated,  at  the  base  end 
of  the  column  and  the  drill  carriage  above,  feeding  the  reamer 
down  through  the  work  and  washing  the  chips  ahead.  By 
revolving  the  work,  the  best  results  are  obtained,  and  the 
vertical  lay-out  permits  the  use  of  simple  tooling,  with  conse- 
quent low  tooling  cost.  The  design  of  these  machines  permits 
of  grouping  the  equipment,  which  is  the  ideal  arrangement  for 
handling  four  or  five  machines  by  one  operator  and  helper 
without  decreasing  their  production. 

Horizontal  Deep-hole  Drilling  Machine 

The  machine  shown  in  Fig.  38  was  designed  for  the  special 
purpose  of  drilling  the  long  small  hole  through  the  length  of 
the  steel  block  shown  in  Fig.  39,  which  is  a  part  of  a  machine 
gun.  The  making  of  this  part  is  started  in  the  block  form  and 
the  hole  is  put   in   first,  as  it  is  the  most  difficult  to  locate 
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accurately.  All  the  subse- 
quent machining  is  gaged 
from  the  finished  hole.  The 
drilling  of  this  hole  is  diffi- 
cult, on  account  of  its  small 
diameter  as  compared  with 
its  length.  The  test  for 
straightness  of  hole  was  the 
free  fit  of  a  hard  ground 
arbor  sized  to  0.0005  inch  less 
than  the  low  diameter  limits 
given  in  Fig.  39.  To  pass  in- 
spection, the  pin  had  to  drop 
through  of  its  weight  to  the 
full  length  of  the  hole.  The 
limits  for  this  hole  diameter 
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Fig.   39.     Gun  Part  drilled  in  Machine  shown  in   Fig.   38 


are  0.002  and  0.003  inch,  and  for  depth,  ±  0.007  inch.  The 
leading  feature  of  this  machine  is  that  both  the  work  and 
tools  revolve,  the  proper  speed  for  each  being  determined  from 
experimental  tests.  A  set  of  seven  tools.  Fig.  40,  is  used  to 
produce  the  hole.  The  large  portion  of  the  hole  requires  a 
spotting  tool  A,  drill  B  and  reamer  C,  the  reamer  having  a 
spotting  tool  on  its  end  to  start  the  middle  hole.  The  middle 
hole  requires  a  drill  D  and  reamer  E,  the  reamer  also  having 
a  spotting  tool  on  its  end  to  start  the  small  hole.  The  small 
hole  is  drilled  with  drill  F  and  reamed  with  reamer  G.  Each 
individual  tool  is  fitted  with  a  knurled  taper  socket  lock  shank 
that  permits  the  tools  to  be  quickly  interchanged  and  locked 
firmly  in  place  on  the  tailstock  spindle. 

The  tailstock  has  two  drilling  positions,  the  outward  posi- 
tion being  used  for  the  three  operations  on  the  large  hole  and 
the  inner  position  for  the  operations  on  the  middle  and  small 
holes.  The  tailstock  is  moved  by  a  toggle  lever  motion  that  is 
self-locking  in  both  positions.  The  tailstock  spindle  runs  on 
ball  bearings  mounted  in  a  feed  sleeve  that  is  actuated  through 


a  rack  and  pinion.  The  head- 
stock  has  the  work  placed  in- 
side and  the  cover  closed  so 
as  to  lock  it  in  place  while 
revolving.  To  avoid  any  pos- 
sible flying  out  of  the  block  in 
case  the  cover  should  acci- 
dentally open,  a  guard  is  pro- 
vided that  surrounds  the  spin- 
dle on  all  sides.  In  Fig.  38 
the  guard  is  shown  open,  but 
when  closed  it  is  locked  by  a 
snap-catch.  After  a  block  has 
been  completely  drilled,  it  is 
necessary  to  bring  the  head- 
stock  spindle  to  a  dead  stop 
so  as  to  permit  the  operator  to  open  the  swing  cover,  remove 
the  block  and  put  in  a  blank  block.  Rotation  of  the  headstock 
and  tailstock  spindles  is  stopped  by  throwing  the  friction  drive 
plates  on  the  countershaft  out  of  contact.  This  is  done  by 
the  operator  by  a  foot-pedal  and  long  link  connection.  To 
bring  the  headstock  spindle  to  a  quick  stop,  toggle  joint  shoe 
brakes  that  act  on  a  pulley  on  the  jackshaft  are  automatically 
put  into  action  when  the  guard  is  opened  and  released  when 
it  is  shut.  To  the  front  end  of  the  inner  bearing  of  the  head- 
stock,  there  is  screwed  a  stationary  cover  which  supports  the 
guide  bushings  required  for  the  tools,  and  which  also  acts 
on  a  reservoir  for  forcing  the  cutting  oil  to  the  tools. 


According  to  figures  recently  published,  about  6,000,000 
shells  were  used  in  the  operations  that  resulted  in  the  capture 
of  Messines.  Reckoning  these  at  the  average  weight  of  slightly 
over  100  pounds,  this  represents  a  consumption  of  about 
300,000  tons  of  steel. 
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INCREASED  EMPLOYMENT  OF  WOMEN  IN  THE  INDUSTRIES 


A  REVIEW  OF  THE  PROBLEMS  INVOLVED  IN  THE  SUBSTITUTION  OF  'WOMEN  WORKERS 
TO  MEET  THE  PRESENT  LABOR  SCARCITY 


DURING  the  present  year  probably  not  less  than  a  million 
men,  most  of  them  formerly  engaged  in  gainful  occupa- 
tions, have  become  a  part  of  the  armed  forces  of  the 
United  States.  Many  others  have  left  their  regular  occupa- 
tions and  are  more  or  less  indirectly  in  the  war  in  munition 
factories,  in  shipbuilding  and  repair  plants,  and  in  other  in- 
dustries necessary  for  the  conduct  of  the  war.  It  is  not  known 
how  many  more  men  will  eventually  be  called  into  the  Army 
and  Navy,  or  how  many  may  be  required  in  the  manufacture 
of  ships,  munitions  and  other  war  materials,  but  it  is  not 
likely  that  this  number  will  be  small.  The  result  is  a  labor 
scarcity,  with  indications  of  worse  conditions. 

Investigation  Made  by  Merchants'  Association  of  New  York 

The  following  paragraphs  consist  of  an  abstract  of  a  report 
prepared  by  the  Industrial  Bureau  of  the  Merchants  Associa- 
tion of  New  York,  by  Alfred  L.  Smith,  manager  of  the  bureau, 
which  is  based  upon  an  investigation  of  present  conditions 
and  relates  to  the  present  substitution  of  women  in  the  indus- 
tries and  the  methods  now  in  vogue,  rather  than  to  the  pos- 
sible extent  of  their  substitution  in  case  the  industrial  situa- 
tion becomes  more  critical.  The  report  summarizes  the  opin- 
ions of  employers  who  have  made  such  substitution,  so  that 
other  employers  interested  in  the  possibility  of  increasing 
their  labor  force  in  this  manner  may  obtain  a  comprehensive 
idea  of  what  has  already  been  done  and  the  chief  problems 
which  have  arisen.  The  report  is  based  upon  correspondence 
and  interviews  with  a  number  of  employers  who  have  sub- 
stituted women  workers  for  men 'extensively,  upon  data  re- 
ceived from  manufacturers'  associations,  upon  reports  of  in- 
vestigators who  have  studied  the  conditions  in  various  fac- 
tories, and  upon  information  obtained  from  160  replies  to  a 
series  of  questions  sent  to  large  employers  of  labor. 

The  investigation  on  the  substitution  of  women  for  men 
workers  in  the  industries  was  made  with  the  idea  of  answering 
five  questions,  as  follows: 

1.  To  what  extent  are  women  being  substituted  for  men 
workers  at  the  present  time? 

2.  To  what  extent  do  employers  expect  that  such  substitu- 
tion will  be  necessary  in  the  future? 

3.  In  general,  on  what  types  of  work,  not  now  ordinarily 
performed  by  women,  are  they  satisfactory? 

4.  Are  the  wages  paid  women  the  same  as  those  paid  men 
in  the  same  or  similar  positions,  provided  production  is  the 
same  in  both  quantity  and  quality? 

5.  What  problems,  it  any,  arise  from  the  employment  of 
women  in  positions  ordinarily  filled  by  men? 

Ezt«nt  to  which  Women  Have  Been  Substituted  for  Men 

Careful  investigations  have  failed  to  reveal  that  there  has 
yet  been  a  substitution  of  women  workers  on  a  large  scale. 
For  Instance,  of  160  employers  who  reported  concerning  the 
substitution  of  women  workers  In  their  factories,  only  thirty- 
five  are  as  yet  using  women  workers  more  extensively  than 
formerly.  Of  these,  only  nine  have  substituted  any  large 
number  of  women  in  positions  formerly  filled  by  men  exclu- 
sively; fifteen,  while  using  women  more  extensively  than  in 
the  past,  are  doing  so  only  in  positions  which  have  always 
been  filled  by  women  to  some  extent;  and  the  remaining  eleven 
are  substituting  women  to  only  a  slight  extent. 

Probability  of  Increased  Bubatltutlon  of  Women  Durlngr 
Period  of  War 
Kmifluyers  do  not  agree  upon  the  extent  to  which  women 
will  have  to  be  substituted.  Many  employers  are  making  plans 
to  substitute  more  women  employes  and  to  fill  future  increases 
In  their  labor  fone  as  much  as  possible  through  the  employ- 
ment of  women.  Others,  who  have  not  yet  emi)li)yod  women, 
report  that  they  see  no  other  course  open  to  them  if  condi- 
tions become  much  worse.  On  the  other  hand,  many  em- 
ployers  do  not  expect  to  hire  any  women.  In  some  cases  be- 
cause they  expect  that  the  required  number  of  men  can  be 
obtalncil,  nnil  In  other  rases  because  they  feel  that  women  are 


unsuitable  for  their  particular  work.  The  indications  are, 
however,  that  during  the  next  year  there  will  be  a  rapidly 
increasing  tendency  to  employ  women. 

Type  of  Work  Satisfactorily  Performed  by  Women 

In  addition  to  the  many  occupations  in  which  women  have 
customarily  engaged,  as  well  as  those  occupations  taken  up 
by  them  in  recent  years  with  success,  they  are  today  entering 
a  surprisingly  great  variety  of  new  occupations,  on  account 
of  the  situation  caused  by  the  war.  Nevertheless,  the  type  of 
occupation  in  which  women  can  give  satisfaction  is  rather 
definitely  limited.  In  general,  the  woman  worker  is  either  ex- 
cluded from  or  at  a  disadvantage  in  occupations  requiring 
strength,  endurance,  control  over  others — particularly  men — 
willingness  to  work  under  particularly  disagreeable  conditions, 
long  period  of  apprenticeship,  and  natural  mechanical  ability. 
It  is  generally  considered  impracticable  to  employ  women 
where  it  is  necessary  to  lift  heavy  weights. 

On  the  other  hand,  the  female  worker  has  advantages  in 
many  occupations  usually  considered  distinctly  male.  On  all 
kinds  of  light  work  requiring  manual  dexterity,  quickness  of 
hand,  eye  or  brain,  which  can  be  accomplished  after  a  com- 
paratively short  period  of  instruction,  a  woman  generally 
learns  more  quickly  than  a  man,  and  eventually  turns  out 
more  and  better  work. 

Obviously,  women  cannot  be  substituted  for  skilled  mechan- 
ics; neither  has  the  average  woman  the  natural  mechanical 
ability  of  the  man,  so  that  operations  of  a  mechanical  nature 
which  a  man  easily  performs,  women  often  find  diflicult. 
Women  are  also  likely  to  prove  unsatisfactory,  or  at  least  not 
as  satisfactory  as  men,  on  mechanical  work  where  tools  or  ma- 
chine parts  have  to  be  changed  frequently.  Nevertheless,  they 
are  performing  satisfactorily  a  great  many  of  the  operations 
ordinarily  performed  by  skilled  mechanics.  One  manufacturer 
states:  "We  have  found  in  our  short  experience  that  women 
can  be  taught  to  perform  quite  a  number  of  the  operations 
of  our  work  so  long  as  the  work  is  not  heavy,  but  they  can 
only  perform  the  operations  that  have  been  taught  them. 
They,  of  course,  have  to  be  taught  these  various  operations, 
because  they  are  not  skilled  mechanics.  Skilled  mechanics 
do  not  have  to  be  taught  how  to  perform  these  operations, 
because  they  learn  to  do  all  kinds  of  mechanical  work  when 
they  serve  their  time,  and  all  they  need  is  to  be  given  the 
machines  with  which  to  do  the  work  and  the  blueprint  to  show 
them  what  is  required." 

Employers  have  stated  that  women  substitutes  have  proved 
to  be  superior  to  the  men  whose  places  they  have  taken  in 
picking  and  sorting  materials,  in  operating  automatic  ma- 
chinery, in  light  assembling,  in  winding  coils,  as  drill  hands, 
and  as  inspectors.  They  are  proving  successful  as  operators 
of  lathes  and  similar  machine  tools,  machinery  oilers  and 
cleaners,  timekeepers,  and  inspectors.  Undoubtedly,  they  are 
filling  many  other  occupations  satisfactorily,  but  these  give 
an  idea  of  the  kind  of  employment  which  is  evidently  most 
suited  to  women. 

In  Great  Britain,  France  and  Italy,  women  form  a  very  im- 
portant element  in  many  occupations  In  which  there  has  yet 
been  no  need  for  them  in  this  country.  In  European  countries 
women  have  been  used  in  any  position  they  can  fill  at  all, 
rather  than  In  only  those  positions  which  they  can  fill  as  well 
as  men.  This  has  resulted  In  radical  changes  in  machine 
operation  and  factory  management,  and  often  In  long,  careful 
and  especially  adapted  training  for  women  in  Industrial 
occupations. 

Watre.s  Usually  Paid  to  Women 

One  of  the  perplexing  problems  of  the  manufacturer  sub- 
stituting women  employes  Is  that  of  proper  wages.  Should 
a  women  be  paid  the  same  wages  as  the  man  whose  place 
nho  Is  fllllng?     In  theory,  there  seems  to  be  a  unanimity  of 
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opinion  that  if  women  can  fill  a  position  they  are  entitled 
to  the  usual  wage  for  that  position.  Nearly  all  employers  who 
report  that  they  are  substituting  women,  also  report  that  the 
same  wages  are  paid  women  as  were  formerly  paid  men.  The 
committee  on  standards  of  working  conditions  of  the  Detroit 
Executives'  Club  recommended  in  a  report  that  women  be 
given  equal  pay  for  equal  work;  and  that  while  learning  they 
be  paid  the  day  rate  paid  men  for  the  same  work  or  operation. 

Reasons  Given  for  Paying:  'Women  Less  than  Men 

Some  concerns  pay  women  less  than  men,  irrespective  of 
the  fact  that  the  woman  may  accomplish  as  much  as  the  man. 
In  some  instances,  this  is  because  the  employers  consider  that, 
because  the  average  man  is  married  and  has  greater  expenses 
than  the  average  woman,  he  should  rightly  receive  larger 
earnings.  Others  claim  that  wages  for  women  should  be  de- 
termined entirely  by  the  law  of  supply  and  demand;  and  that, 
therefore,  if  the  supply  of  female  labor  is  so  large  that  women 
will  accept  lower  wages,  a  lower  wage  should  be  paid. 

One  important  employer  does  not  believe  that  it  is  right  to 
argue  that  a  higher  wage  should  be  fixed  for  men  because  they 
have  a  family  to  support,  whereas  the  majority  of  women  have 
only  themselves  to  support.  He  states:  "The  hesitancy  of  the 
average  honest  employer  in  paying  a  woman  exactly  the  same 
rate  as  a  man  is  on  account  of  not  knowing  what  the  future 
may  bring  forth,  and  he,  therefore,  prefers  to  start  women 
at  a  somewhat  lower  rate  than  men  in  order  that  he  may  ex- 
periment on  their  relative  value.  As  time  goes  on,  however, 
it  is  reasonable  to  assume  that  the  difference  in  the  wage  rate 
between  a  man  and  a  woman  doing  the  same  work  will  be  com- 
paratively little."  This  same  employer  thinks  that  the  wages 
for  women  in  "war  industries"  may  rightly  be  determined  in 
a  different  manner  than  in  factories  producing  standard  prod- 
ucts. In  a  manufacturing  plant  used  exclusively  for  the  man- 
ufacture of  war  materials  during  the  war  time,  the  wage  rate 
for  men  and  women  should  be  the  same,  if  they  do  exactly  the 
Fame  work  and  can  produce  equal  amounts,  and  the  finished 
product  is  as  good  in  one  case  as  in  the  other.  There  seems 
to  be  no  reason  for  any  difference  in  the  rates,  as  the  manu- 
facture of  such  products  will  be  discontinued  after  the  war, 
and  the  considerations  that  must  be  given  to  the  question  of 
permanent  employment  need  not  be  entered  into  as  thoroughly 
as  In  the  cases  where  the  manufacturer  is  producing  a  stand- 
ard line  of  commercial  goods  that  will  be  continued  after  the 
war  Is  over,  where  consideration  must  be  given  to  competi- 
tion with  other  manufacturers  In  the  United  States  and  foreign 
countries. 

Difficulty  of  Determining  Relative  Efficiency 

Granting  that  women  are  entitled  to  the  same  wages  as  men 
If  they  do  the  same  work,  there  remains  the  practical  problem 
of  determlnInK  whether  or  not  the  woman  employe  does  turn 
out  equal  work.  Thig  Ib  a  problem  for  each  factory,  and  even 
for  each  type  of  work  upon  which  women  are  being  substituted. 
In  order  to  produce  equal  work,  a  woman  must  not  only  pro- 
duce as  much,  but  she  must  maintain  quality,  and  do  this  with 
the  same  cost  to  the  employer  per  unit  of  product  for  super- 
vision, machine  operation,  helpers  and  overhead.  In  casoH 
whf.TC  the  women  Huhstltutns  arc  paid  by  the  piece  at  the  uhuh! 
rale,  real  wages  urn  nctually  hiKhcr,  from  the  standpoint  of 
the  employer.  If  the  women  do  not  turn  out  the  averaRc  num- 
ber of  pieces  per  day,  for  the  reason  that  more  cmployos  are 
then  necessary  to  maintain  production,  thereby  nrTCHsltatlnK 
more  m«rhln«ry,  mora  supervision,  more  manufacturing  space 
snd  more  •  '  i.i-nse. 

It  In  In  rnpomilhlo,  or  at  IniiHt  vory  dldlruU,  to 

'Intcrmlne  v. :  Ixi  the  piece  rale  for  siibslltulod  fomaWi 

Kihor  In  factories.  If  It  Is  atlcmptod  to  make  the  labor  cost 
[•or  unit  of  product  the  same  for  work  done  by  women  as  for 
Hint  done  by  men.  On  operations  for  which  women  are  wall 
ndtipK"!,  Inbor  costs  may  be  lowi-r;  but  on  many  operations 
In  whlf-h  witwn  roqulro  moro  limp,  otira  mnchlnn  nppllnncnt 
and  extra  Ii<I|.<t«.  produro  a  poorer  nrilrle  or  spoil  morn  work, 
they  will  pfivc  In  Ik)  more  eipcnslvo  than  men.  In  factories 
where  brmus  psymnnls  are  made  for  certain  tasks  acpom- 
pllshed.  the  difrnrcnre  In  cost  of  female  labor  Is  sometimes 


more  or  less  accurately  offset  by  a  lower  bonus  rate,  although 
the  wage  rate  is  maintained. 

Difference  in  Value  of  Men  and  Women  Workers 

Some  employers  treat  women  and  men  employes  as  entirely 
distinct  in  the  matter  of  wage  payments,  and  the  wage  sched- 
ules are  determined  as  entirely  independent  of  each  other.   One 
large  employer  of  both  men  and  women  reports  as  follows: 
We  have  always  considered  the  two  groups,  male  and  fe- 
male,  as   distinct.     The  doctrine   of  "equal   pay  for  equal 
work"  does  not  apply.     There  are  inherent  differences  be- 
tween male  and  female  workers  which  affect  their  value  to 
industry  and  which  must  be  taken   into  consideration   in 
connection  with  the  question  of  equal  wages.     Among  the 
many  differences  are;    (1)  The  field  of  work  is  much  larger 
for  men  than  for  women.     (2)  The  average  life  in  industry 
for  men  is  many  times  longer  than  for  women.     (3)  Steadi- 
ness is  considered  greater  for  men  than  for  women.    (4)  The 
attitude  toward  the  work  is  different. 

Another  large  employer  gives  a  similar  idea,  as  follows: 
In  establishing  rates  of  pay  to  women  employes  con- 
sideration must  necessarily  be  given  to  the  particular  work 
which  they  are  to  do,  because  in  the  employment  of  an 
unskilled  boy  or  man,  or  in  the  employment  of  a  so-called 
handy  man,  the  average  manufacturer,  while  expecting  to 
spend  considerable  money  in  training  men  to  do  a  given 
job,  does  so  in  anticipation  of  the  employe's  remaining  per- 
manently and  continuing  to  learn  other  operations  or  de- 
tails from  observation  while  employed  on  the  less  important 
work,  and  as  time  goes  on  he  can  be  advanced  to  the  more 
important  work  without  much  waste  of  time  or  loss  of  ma- 
terial; while  in  the  case  of  the  employment  of  women,  an 
employer  will  naturally  assume  that  the  work  on  which  a 
woman  can  be  employed  is  limited,  and  she,  therefore,  does 
not  become  an  asset  in  the  same  way  as  in  the  employment 
of  boys  and  men.  The  average  woman  is  also  liable  to 
marry  and  leave. 
A  third  employer  writes: 

In  fact,  in  every  case  men  and  women"  should  be  paid,  in 
so  tar  as  it  is  possible  to  do  so,  according  to  a  number  of 
different  factors;  length  of  service,  ability  to  perform  vari- 
ous different  tasks  desired  by  the  employer;  quantity  of 
product  produced  upon  the  individual  employment;  and 
quality  of  product.  Our  records  prove  that  sickness  claims 
on  the  part  of  a  woman  are  much  greater  than  those  of 
men,  and  that  their  relative  absences  from  employment  are 
greater. 

Problems  Arising  from  the  Substitution  of  Women 

Employers  report  many  problems  arising  from  the  substitu- 
tion of  female  labor.  The  substitution  frequently  requires 
many  changes,  such  as  shorter  hours,  rest-room  facilities,  a 
welfare  superintendent,  seats  at  machines,  and  luncheon  room 
with  facilities  for  heating  food,  making  coffee,  etc.  Often  radi- 
cal changes  in  factory  organization  and  revolutionary  changes 
In  production  methods  are  required.  The  causes  of  problems 
reported  most  frequently  by  employers  in  this  Investigation 
are  as  follows: 

1.  Laws  regulating  the  hours,  time  and  conditions  of  labor. 
These  prevent  women  from  working  under  the  ordinary  condi- 
tions existing  In  many  plants. 

2.  The  greater  liability  of  women  for  accidents  due  to  style 
of  dress,  as  well  as  to  physical  causes.  Frequently  women  are 
required  to  wear  sleeve  holders,  and  caps  to  cover  the  hair. 
Additional  safety  ai)i)llances  must  be  Installed  on  machines. 
This  Is  of  prime  Importance  If  female  labor  Is  to  bo  satis- 
factory, as  one  accident  might  affect  the  morale  of  all  the 
female  machine  operators. 

.1.  The  neccRHlty  of  further  Hpoclnllzatlon  of  labor,  particu- 
larly whore  women  operate  maililni's.  Women  are  machine 
oporalnrH  and  not  mecbanlcH,  ami  tboroforc  special  occupa- 
llonH  need  to  bo  created  for  men  as  lielpers,  nmcliliie  repairers 
and  iidJUBlorH.  In  Home  cuhch  the  u.sual  operations  :irn  dlvlilod 
and  women  do  the  llgbtoHl  part  of  a  proccHH  formiTly  oiillroly 
pcrformi'd  by  mi-n,  and  to  the  men  Is  loft  only  the  heavier 
part  of  the  operation. 

•1.  TIk'  necessity  fr>r  special  machinery  or  mnchlno  parts 
iidapli'd  to  operation  by  women. 

r.  The  necessity  for  KiiliHtltiitIng  meclmnli'al  nppllnncoB.  as 
rniiv.'vliiK  macliliiiTv,  In  niliilnil/.n  physical  exertion. 

Iliiiullliiu'  of  Women  Workers 

;Siiiiii'  iiiipliiyiTH  llnil  women  employes  much  mnrn  dimcult 
to  haiidli'  llinn  nn-n  'I'liry  miy  Ibiil  they  are  llUi-ly  to  bn  more 
pxcltnbU',  espoclnlly  In  posit Innn  to  which  thi'y  ari>  iiiiaccus- 
Inmrd;  and  It  Is  rtnlmed  that  tlioy  am  often  mnrn  unreason- 
able.    One   employer   states   that   they   are   greiiter   agitators. 
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Friction  is  likely  to  result  in  cases  where  women  come  into 
contact  with  men  as  co-workers,  ami  particularly  when  they 
are  in  any  way  in  authority  over  men  or  boys.  Women  work- 
ers are  likely  to  regard  their  employment  as  temporary  and, 
therefore,  often  lack  the  same  degree  of  seriousness  and 
earnestness  toward  their  work  that  men  ordinarily  have.  On 
the  other  hand,  several  large  employers  report  exactly  the 
opposite  to  be  true.  Women  substituted  for  unskilled  male 
labor  of  the  lowest  grade  are  likely  to  be  of  a  better  type  than 
the  men  formerly  occupying  the  positions. 

Specific  Hecommendations  lor  Working  Conditions 

Employers  who  are  confronted  with  the  problem  of  substi- 
tuting female  labor  will  find  the  recommendations  of  the  com- 
mittee on  standards  of  working  conditions  of  the  Detroit  Ex- 
ecutives' Club  of  value.  This  committee  recommends  the  fol- 
lowing working  conditions  as  essential :  Separate  entrances  to 
be  provided  for  women  if  practicable;  if  not,  that  women  be 
allowed  to  report  for  work  fifteen  minutes  later  than  men  and 
leave  fifteen  minutes  earlier.  That  separate  workshops  be 
provided  if  possible;  if  not,  that  there  be  both  a  man  and  a 
woman  supervisor  stationed  in  the  mixed  departments.  That 
rest  rooms  and  toilets  adjoiaing  workshops  be  provided  with 
a  matron  in  charge.  That  a  sufficient  number  of  drinking 
fountains  be  installed  in  each  department.  That  the  period  for 
lunch  be  at  least  forty-five  minutes.  That,  if  possible,  a  res- 
taurant be  operated  on  the  premises;  if  not,  at  least  a  counter 
should  be  maintained  where  a  box-lunch  with  hot  coffee  and 
tea  and  milk  can  be  purchased  at  cost.  That  provision  be 
made  for  rest  periods  during  working  hours,  their  frequency 
and  duration  depending  on  the  nature  of  the  work.  That  seats 
be  provided  wherever  possible  to  avoid  injury  to  women  by 
standing  all  day  at  their  work.  That  sickness  insurance  be 
provided  to  care  for  workers  absent  because  of  sickness.  That 
workers  on  monotonous  and  tedious  operations,  to  avoid  undue 
fatigue,  be  transferred  from  time  to  time  as  seems  advisable. 
That  there  shall  be  provision  for  first-aid  attention  to  all  work- 
ers. That  there  be  first-class  supervision  of  working  condi- 
tions, with  particular  reference  to  safety,  sanitation,  ventila- 
tion and  lighting.  That  some  person  be  delegated  to  act  as 
"welfare  supervisor"  for  the  plant,  to  whom  women  shall  have 
access  and  whose  duty  it  shall  be  to  have  a  general  oversight 
over  welfare  conditions.  This  position  might  be  given  to  some 
woman  already  in  the  employ  of  the  company,  in  addition  to 
her  other  duties,  but,  it  possible,  a  trained  person  should  be 
secured  for  this  work. 

Supply  of  Female  Labor 

A  discussion  of  this  kind  is  usually  thought  to  presuppose 
the  existence  of  a  great  reservoir  of  female  labor  which  can 
at  any  time  be  called  upon.  Large  employers  of  women  have 
reported,  however,  that  there  has  recently  been  no  great  sur- 
plus of  female  labor;  and,  In  fact.  It  is  becoming  difficult  to 
obtain  women  workers.  The  manufacturer  who  substitutes 
female  labor  for  male  will  undoubtedly  obtain  most  of  his  new 
workers  from  other  factories  rather  than  from  a  surplus  reser- 
voir of  unemployed  women;  and  this  condition  is  likely  to 
continue  unless  a  great  many  more  men  are  called  into  the 
Army  and  Navy  or  Into  the  war  Industries  than  is  expected 
from  present  Indications,  In  which  case,  both  economic  condi- 
tions and  patriotism  will  cause  women  to  enter  Industry  as 
they  have  In  European  countries. 

If  the  supply  of  male  labor  further  decreases,  employers  will 
have  to  solve  more  than  the  problem  of  properly  adjusting  the 
labor  conditions,  so  that  women  can  be  employed  efficiently. 
The  necesHiiry  supply  of  female  labor  must  (Irst  bo  found,  and 
preferably  be  found  so  that  women  and  girls  will  not  bo  taken 
from  other  gainful  occupations  whore  they  are  already  of  great 
Importance  to  the  wolfaro  of  the  country  In  this  time  of  need; 
ttherwiBo  tlio  Introduction  of  women  Into  positions  usually 
occupied  by  men  In  Industry  la  likely  to  result  In  almost  as 
much  harm  to  Industries  already  employing  women  as  In  bene. 
Ill  to  Industries  Introducing  women  Into  omployniciit.  All  those 
problcni.M  will  have  to  bo  carefully  weighed,  and  a  solullon 
arrived  ot,  bcouuse  few  employers  will  bo  In  n  position  to 
entirely  sidestep  this  Issue. 


INSPECTION   OF  BRONZE   AND   BRASS' 

In  brass  and  bronze  castings,  the  defect  that  most  commonly 
occurs  is  caused  by  the  inclusion  of  oxide  in  the  metal  of  the 
casting.  As  the  admixture  of  oxide  is  Indicated  most  distinctly 
by  the  greatly  reduced  elongation  and  the  lowered  ultimate 
strength,  the  tensile  test  should  be  specified  for  all  important 
brass  and  bronze  castings  no  matter  whether  a  certain  strength 
and  elongation  are  of  mechanical  value  or  not.  If  a  tensile 
test  is  impracticable,  oxidation  in  the  metal  may  be  discovered 
by  bending  a  machined  specimen;  small  cracks  opening  on 
the  outside  of  the  bend  indicate  the  presence  of  oxide;  if  the 
oxidation  is  extreme,  it  is  shown  by  the  abnormal  color  of  the 
surface  of  the  fracture.  In  foundries  where  tensile  or  hydro- 
static tests  are  not  made,  the  metal  is  generally  allowed  to 
become  considerably  oxidized  in  the  crucible,  because  this  de- 
fect does  not  show  on  the  surface  of  the  casting.  To  specify 
bronze  castings  merely  by  the  mixture  is  therefore  useless. 

The  presence  of  included  dross  is  more  difficult  to  discover. 
If  a  hydrostatic  test  cannot  be  made,  it  is  practically  impossi- 
ble to  find  such  defects,  unless  they  happen  to  come  to  the 
surface  of  the  casting;  even  a  hydrostatic  test  does  not  always 
reveal  such  defects,  because  there  may  be  considerable  thick- 
ness of  good  metal  along  one  or  both  of  the  surfaces  of  the 
casting.  The  best  insurance  against  this  kind  of  defects  is 
correct  molding.  Minor  leaks  in  hydraulic  casting  may  be 
stopped  by  peening,  but  the  fact  that  the  casting  leaked  at  a 
certain  point  generally  indicates  that  the  metal  was  defective. 
It  is  commonly  believed  that  certain  brass  and  bronze  mixtures 
are  normally  porous  and  premit  water  to  pass  through  them 
under  high  pressure.  This  belief  is  erroneous,  at  least  up  to  a 
pressure  of  1000  pounds  per  square  inch.  If  water  passes 
through  the  walls  of  a  casting,  even  in  minute  quantities 
under  smaller  pressures,  the  metal  is  not  clean  or  the  casting 
is  porous  from  some  other  accidental  condition. 

The  presence  of  initial  stress  in  wrought  brass  may  be  de- 
tected most  quickly  by  cutting  a  longitudinal  slit  in  the  end 
of  the  piece.  If  the  initial  stress  is  of  sufficient  magnitude  to 
be  objectionable,  the  two  halves  of  the  piece  will  curve  out- 
ward sufficiently  to  be  detected  by  an  ordinary  micrometer; 
and  if  the  stress  is  great,  the  curvature  may  even  oe  visible. 
Extruded  brass  rods  sometimes  contain  piping.  The  presence 
of  this  defect  may  be  discovered  by  nicking  the  end  of  a  rod 
and  breaking  it  oft. 

Another  source  of  defects  in  brass  work  is  caused  by  over- 
heating by  men  unfamiliar  with  the  properties  of  brass.  This 
overheating  produces  an  interior  oxidation,  thus  greatly  re- 
ducing the  strength  of  the  material  and  the  ductility.  Defects 
of  this  kind  are  likely  to  be  very  troublesome,  because  they 
are  difficult  to  discover  by  surface  inspection  and  tests  cannot 
be  made  on  finished  material. 


Geared  turbines  were  developed  mainly  for  use  on  board 
ship  In  order  to  reduce  the  high  speed  at  which  a  steam  tur- 
bine will  work  economically  to  the  speed  at  which  the  pro- 
peller is  most  efficient.  Recently,  however,  geared  turbines 
have  been  applied  also  for  stationary  purposes,  an  example 
being  the  installation  made  in  the  Northwestern  Consolidated 
Milling  Co.,  Minneapolis,  Minn.,  where  a  1700-horsepower 
Westinghouse  high-pressure  condensing  turbine  operating  at 
3000  revolutions  per  minute  is  geared  to  a  flour  mill  shaft 
operating  at  140  revolutions  per  minute,  single  reduction  gear- 
ing being  used,  the  reduction  being  approximately  21  to  1. 
It  Is  estimated  that  the  efflolenoy  of  this  gearing  Is  98  per 
cent,  and  as  the  load  Is  practically  constant,  a  geared  turbine 
drive  Is  more  efficient  than  an  electrical  arrangement  with 
generators  and  motors  would  be.  Another  advantage  In  favor 
of  the  geared  drive  Is  that  It  occupies  a  very  small  space.  In 
this  particular  case,  the  turbine  and  gearing  are  Installed  In 
practically  the  floor  space  occupied  by  the  driving  pulley  alone 
of  the  reciprocating  engine  which  was  formerly  used.  The  old 
engine  required  altogother  four  times  the  floor  spH<'o  that  the 
new  Installation  occupies. 

'Ahnlmrt  of  ■  pnpcr  rrml  by  Brnut  Jonwin  licforo  the  Aiiiprlcnn  Itintlliito  of 
Mctala  In  CloTfliinil.  Ohio.  Si-ptrmtxr,  IVIO 
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AUTOMATIC  CONTROL  AND  MEASUREMENT  OF  HIGH  TEMPERATURES' 


IMPROVEMENTS  IN  SENSITIVENESS  ANB  RELIABILITY  OF  MEASURING  INSTRUMENTS) 
AND  IN  CONTROL  DEVICES 


PROBABLY  no  emplore  has  caused  the  average  works  man- 
ager more  sleepless  nights  than  the  furnace  man,  on  whom 
rests  the  responsibility  for  the  uniformity  of  the  product. 
Through  years  of  practice,  an  old  furnace  man  is  able  to  judge 
the  temperature  fairly  accurately;  but  we  can  pardon  the 
works  manager  for  thinking,  "Suppose  John  dies,  gets  sick, 
or  quits."  For  this  reason  much  study  has  been  given  to  both 
the  perfection  of  pyrometers  and  the  automatic  control  of  tem- 
perature. It  has,  however,  been  only  recently  that  real  re- 
sults have  been  accomplished  in  automatic  temperature  control. 
First  of  all,  it  was  necessary  to  perfect  the  temperature- 
measuring  instruments,  so  that  they  could  be  relied  on  to 
indicate  uniformly  the  actual  furnace  temperature.  It  was 
then  necessary  to  apply  to  the  pyrometers  attachments  that 
would  throw  the  switches  on  the  electric  furnaces,  or  open  or 
close  the  valves  on  gas  or  oil  furnaces.  For  industrial  service, 
an  instrument  actuated  by  the  expansion  of  nitrogen  gas  is 
the  most  satisfactory  for  tem- 
perature measurements  up  to 
800  degrees  F.  or  425  degrees 
C.  The  gas  is  in  a  bulb  of  cop- 
per, which  is  inserted  in  the 
beat  and  is  connected,  by 
capillary  tubing,  to  an  indi- 
cating or  recording  gage  con- 
taining a  helical  expansive 
spring.  The  expansion  of  the 
gas  exerts  a  pressure  in  the 
capillary  tubing  which  is  con- 
veyed to  the  spring  in  the  in- 
strument, and  the  pointer  at- 
tached directly  to  this  spring 
moves  across  the  scale  or 
chart.  The  capacity  of  the 
bulb  must  be  fifty  times  as 
great  as  the  capacity  of  the 
capillary  tubing  and  springs, 

so  as  to  reduce  to  a  minimum  ' 

errors  due  to  atmospheric  changes  in  temperature  along  tha 
capillary  tubing  or  at  the  instrument.  In  consequence,  thla 
instrument  is  not  desirable  for  use  where  the  gage  must  be 
placed  more  than  100  feet  from  the  bulb. 

For  use  at  moderate  temperatures  where  the  measuring  in- 
strument must  be  placed  at  a  considerable  distance  and  for 
temperatures  above  the  range  of  the  gas-expansion  Instrument, 
the  thermo-electric  pyrometer  has  been  almost  universally 
adopted  In  the  United  States.  A  thermo-couple  of  base  metals, 
usually  formed  of  one  wire  that  Is  90  per  cent  nUkel  and  10 
per  cent  chromium  and  a  wire  that  Is  98  per  cent  nickel  and 
2  i>«r  cent  aluminum,  is  preferred  for  temperatures  up  to  1800 
degrees  F.  or  1000  defcrccR  C.  F"or  temperatures  above  this, 
and  as  hiKh  as  2800  degrees  F.  or  1500  dogrocs  C,  thermo- 
electric pyrometers  using  a  platinum-rhodium  thermo-couple 
«re  the  most  satlafactory.  For  hiKher  tompuratures  still,  n 
radiation  typo  of  pyrometer  Is  avallnhln  This  consists  of  a 
thermocouple  In  the  focus  of  a  rofloclor  at  the  roar  end  of  a 
tube  that  Is  pointed  at  the  door  or  opening  of  the  furnace. 

For  measuring  the  voltage  producod  by  a  thormo-coupio, 
whether  of  baxo  metal,  platinum-rhodium,  or  the  radiation 
type,  mllllvoltmotorg  of  1000  ohms  roslntiinco  ore  aTallablo. 
This  high  rcslstnnrt'  U  dcslrnliln  to  praitlrnlly  i-llmlnato  the 
nrrom  duo  to  rhanK<'S  In  tho  ronlntanro  of  lh<>  lino  or  wiring 
connecting  the  Ihcrmo  couples  and  tlio  Instrumonl,  iind  hIho 
to  nalllfr  the  efToota  of  any  changes  In  tho  roftUtunro  of  the 
thermo-couples  duo  to  h(>«tlng.  Changoi  In  roalstnnco  may  ba 
dae  to  actual  <!hnngos  in  length  or  changoi  In  almoiiphprlr 
tomperaturn,  which.  In  turn,  afforl  tho  roaliilonro  of  the  lino 

llr.mn,  of  T»i<i  llmwn  Imlni- 
(h*  rarail'r  Hnrimtf,  of  l<jn 


or  wiring.    This  high  resistance  has  been  secured  by  reducing 
the  weight  of  the  moving  element  to  a  minimum. 

In  one  case  the  total  weight  of  the  moving  element,  includ- 
ing pointer  and  springs,  is  526  milligrams.  This  extreme  light- 
ness is  secured  by  the  use  of  an  enameled  aluminum  alloy  wire. 
As  the  enamel  coating  is  much  thinner  than  the  silk  insulation 
formerly  used,  more  turns  can  be  secured  on  a  coil  of  a  given 
width.  Likewise  the  weight  has  been  reduced  66  2/3  per  cent 
as  compared  with  copper  wire,  which  was  formerly  used  for 
these  moving  elements.  The  aluminum  wire  is  0.003  inch  in 
diameter  and  its  drawing  has  been  quite  a  mechanical  prob- 
lem. The  aluminum  pointer  tubing  has  an  inside  diameter  of 
0.008  inch  and  an  outside  diameter  of  0.012  inch,  or  a  total 
thickness  for  the  wall  of  the  tubing  of  0.002  inch.  Probably 
the  weight  of  the  tubing  could  be  reduced  by  using  magnesium, 
but  so  far  magnesium  has  not  been  satisfactorily  drawn. 
It  will  be  understood  that  the  electrical  system  described 
can  be  used  either  to  indicate 
or  record  the  temperature. 
By  the  introduction  of  suit- 
able switching  mechanism,  a 
record  of  the  temperature  of 
quite  a  number  of  thermo- 
couples can  be  made  on  the 
same  record  sheet.  These  tem- 
perature records  are  distin- 
guished by  the  use  of  differ- 
ent colors  for  each  record 
line,  using  numbers  corre- 
sponding to  each  thermo- 
couple, or  changing  the  form 
of  line  produced  on  the  chart 
lor  identification. 

Brown    Heatmeter 

For  greater  precision  in  tem- 
perature measurements  than 
is  secured  with  the  hlgh- 
the  Brown  heatmeter,  shown  In 
Fig.  1,  has  been  developed.  This  instrument  is  suitable  for 
either  temperature  measurement  or  automatic  control  of  tem- 
perature. The  idea  in  its  development  has  been  the  elimina- 
tion of  all  the  bad  features  or  drawbacks  found  In  using  a 
miUIvoltmeter  for  temperature  measurement. 

Among  the  possible  sources  of  error  In  the  use  of  a  millivolt- 
meter  (even  one  of  high  resistance)  are  changes  In  tho  re- 
sistance of  the  circuit  comprising  the  thermo-couple  and  the 
leads  or  wiring,  due  to  changes  In  length  or  atmospheric 
changes  In  temperature.  Errors  can  also  bo  caused  by  at- 
moHpherlc  changes  In  the  temperature  of  tho  meter  Itself  and 
by  changes  In  tho  actual  Indication  of  tho  Instrument,  due  to 
spring  fatigue,  abuse  or  sticking. 

Drietly.  tho  operation  of  tho  heatmeter  Is  as  follows:  With 
the  standard  hlKh-roslHtanco  mllllvoUmeter  there  are  furnished 
iin  ordinary  dry  cell  about  1 '4  Inch  In  diameter  by  2Vj  Inolios 
long,  and  rheoHtats  to  reduce  tho  voltuKO  of  tho  dry  cell  to  o 
rnuKe  of  0  to  CtO  millivolts,  tho  nmximum  voltngo  producod  by 
tho  tliermo^'ouplos.  First,  tho  voltiigo  dnvoloped  by  tho  thermo- 
couple Ib  opposed  to  tho  reduced  voltage  of  tho  dry  coll;  when 
tho  pointer  stands  on  zoro,  tho  voltage  from  each  source  Is 
nnual.  .Second,  tho  voUoko  of  the  thermocouple  Is  rut  out  and 
the  vnltnge  of  the  dry-roll  circuit  Ib  nmd  by  direct  deflection. 
This  eliminates  tho  line  reBlBlanco  entirely,  n»  In  n  potontlomo- 
tor,  and  Indicates  the  actual  tomporaturo  developed  by  the 
thnrmo-couplo  at  tho  moment  of  reading  tho  Instnimnnt,  but 
riucluntlons  In  temperature  of  tho  thermocouple  will  not  be 
indlratnd,  n*  tho  voltage  from  the  dry  cnll  In  being  road. 
Third,  the  thermo-couple  Is  connerlod  to  tho  meter  InHtoad  of 
111"   dry  roll    rlrcull    to   see    If   the    Indlcatlonn   are   the   nnmn. 


Brown  Freolilon  Heatmeter 

resistance    mlllivoltmeter, 
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By  switching  back  and  forth  quickly,  the  voltage  from  the 
thermo-couple  circuit  or  from  the  dry-cell  circuit  can  be  noted. 
If  excessive  line  resistance  has  caused  the  indications  of  the 
milllvoltmeter  to  be  lowered,  as  compared  with  the  dry-cell 
circuit,  a  rheostat  is  operated  to  bring  up  the  indications  of 
the  thermo-couple  circuit  to  that  shown  when  the  voltage  of 
the  dry-cell  circuit  was  read.  Leaving  the  instrument  indi- 
cating on  the  thermo-couple  circuit  eliminates  the  errors  that 
might  be  due  to  line  resistance  or  changes  in  temperature  of 
the  line,  and  a  direct-reading  millivoltmeter  indicating  the  cor- 
rect temperatures  ^s  obtained. 

The  temperature  coefficient  of  the  meter  has  been  eliminated 
by  furnishing  a  copper  resistor  in  the  meter  equivalent  to  the 
copper  or  aluminum  of  the  coil;  hence  in  balancing  the  voltage 
from  the  dry  cell  against  that  of  the  thermo-couple  errors  due 
to  the  temperature  coefficient  of  the  meter  itself  are  automati- 
cally eliminated.  To  obviate  errors  due  to  sticking  of  the 
pointer,  abuse  of  the  instrument,  spring  fatigue,  etc.,  the  in- 
strument, when  desired,  is  supplied  with  a  standard  cell  with 
suitable  resistors  and  can  be  checked  in  the  same  manner  as 
the  meter  can  be  tested  by  the  potentiometer  method.  Where 
the  Instrument  is  supplied  with  a  standard  cell,  the  tempera- 
ture of  the  instrument  should  always  be  between  5  and  40 
degrees  C.  or  40  and  105  degrees  P.  In  fact,  any  standard 
cells  used  in  instruments  will  be  injured  if  the  temperature 
rises  or  falls  beyond  these  limits. 

Automatic  Temperature  Control 

Attempts  have  been  made  to  operate  switches  and  valves 
electrically  by  permitting  the  pointer  of  the  pyrometer  to  come 
In  contact  with  adjustable  contact  arms  on  each  side  of  the 
pointer.  Unfortunately,  the  millivoltmeter  used  with  the 
thermo-electric  pyrometer  has  an  exceedingly  weak  control  for 
the  pointer;  in  fact,  the  pointer  may  be  easily  blown  across 
the  scale.  In  consequence,  simply  permitting  the  pointer  of 
such  a  pyrometer  to  move  into  contact  is  not  sufficiently  posi- 
tive to  be  satisfactory  for  automatic  control  work. 

An  automatic-control  pyrometer  recently  developed,  shown 
In  Fig.  2,  operates  in  the  following  manner:  A  thermo-couple, 
formed  of  a  nickel-chromium  alloy,  is  installed  in  the  electric 
furnace,  the  temperature  of  which  is  being  controlled,  and 
actuates  a  high-resistance  millivoltmeter.  Below  the  pointer, 
and  adjustable  throughout  the  whole  scale  range,  is  a  table 
carrying  two  contact  pieces  that  are  separated  by  a  piece  of 
Insulating  material  1/32  inch  thick.  The  depressor  arm,  which 
l8  driven  by  a  small  electric  motor,  or  by  a  clock  if  preferred, 
depresses  the  pointer  at  regular  intervals,  usually  every  ten 
seconds,  causing  the  two  contact  pieces  to  be  forced  together. 


riff.   t.     Automatic  Control   Initrumont  attaobod   to  Elootrlo  Furnaoo 


Fig.  3.     Automatic  Signaling  Lighting  Equipment 

Assume  that  it  is  desired  to  maintain  a  temperature  of  ex- 
actly 1400  degrees  F.  The  knob  on  the  left  of  the  instrument 
is  turned  until  the  index  in  front  of  the  scale  stands  at  1400 
degrees  F.,  at  which  the  thin  insulating  material  will  then 
separate  the  high  and  low  contacts.  The  switch  connecting  the 
furnace  in  the  line  is  closed  and  the  pointer  slowly  rises  across 
the  scale  as  the  temperature  of  the  furnace  rises.  As  the 
switch  is  already  closed,  when  the  pointer  is  depressed  on  the 
low  contact  the  switch  remains  closed  and  no  change  occurs 
until  the  pointer  passes  over  the  insulating  piece,  when  a 
switch,  indirectly  operated  by  a  solenoid  and  relay,  is  instantly 
actuated  and  the  circuit  opened.  The  temperature  of  the  fur- 
nace then  falls  until  the  pointer  is  again  depressed  on  the  low 
contact  and  the  circuit  is  again  closed.  This_  operation  con- 
tinues as  long  as  the  furnace  is  to  be  operated. 

When  the  switch  opens  or  closes  the  main  circuit,  the  cur 
rent  is  either  full  on  or  full  off,  and  the  fluctuations  are  con- 
tinuous within  narrow  limits  of  10  to  20  degrees  F.  This 
continuous  rising  and  falling  of  temperature  can  be  largely 
reduced  and  closer  control  can  be  procured  by  the  use  of  two 
rheostats  in  the  furnace  line.  The  solenoid-operated  automatic 
switch  is  then  used  simply  to  cut  in  and  out  of  circuit  the 
second  rheostat.  Assuming  that  it  is  desirable  to  maintain 
1400  degrees  F.  in  the  electric  furnace,  irrespective  of  fluctua- 
tions of  voltage,  the  two  rheostats  are  set  so  that  with  only 
one  in  the  circuit  the  temperature  will  rise  to  approximately 
1500  degrees  F;  with  the  second  rheostat  in  the  circuit  the 
temperature  drops  to  1300  degrees  F.  When  the  solenoid- 
operated  switch  is  used  to  cut  in  and  out  the  second  rheostat, 
the  temperature  Is  controlled  only  between  1500  and  1300  de- 
grees F.,  and  there  are  no  rapid  surges  in  temperature,  maxi- 
mum control  being  secured. 

The  same  form  of  switch  can  be  used  to  operate  a  valve  to 
control  a  gas  or  an  oil  furnace.  It  has  been  found  desirable 
to  use  an  automatic  valve  in  a  by-pass  to  control  part  of  the 
gas  or  oil  supply,  for  this  plan  eliminates  the  maximum  fluc- 
tuations caused  by  the  complete  opening  and  closing  of  the 
switch  or  valve.  For  Instance,  if  a  2-lnch  pipe  supplies  the 
gas  to  the  furnace.  It  Is  customary  to  by-pass  this  and  use  a 
•  i/j-inch  automatic  valve,  which  gives  approximately  25  per 
cent  control.  This  is  sufficient  to  control  the  usual  fluctua- 
tions In  gas  supply  and  secure  satisfactory  control. 

Temperature  Slgrnallnir  Pyrometer 

In  addition  to  an  instrument  to  control  furnace  temperatures 
automatically,  there  has  been  a  demand  for  an  Instrument  to 
signal  by  lights  whether  the  temperature  Is  too  high,  correct, 
or  too  low  In  any  particular  furnace.  It  has  been  common 
practice  for  plants  having  a  number  of  heat-treating  furnaces 
to  maintain  an  operator  at  a  central  pyroniotor.  and  by  colored 
electric  lights  at  the  furnace  to  signal  whether  the  tempera- 
tures are  right  or  not.  Usually,  three  lights  are  placed  above 
each  furnace,  red.  white  and  green;  the  red  light  burns  when 
the  temperature  Is  too  low.  the  white  light  when  the  tem- 
perature la  within  certain  limits,  for  example.  20  degrees  F. 
of  the  correct  Icmppraturo,  and  the  green  light  wiion  the  tem- 
perature Is  too  high.  The  flreniiin  who  operatca  the  furnace 
in  guided  entirely  l>y  the  lights. 
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Recently  there  has  been  developed  an  instrument,  shown  in 
Fig.  3,  that  automatically  signals  whether  the  temperature  is 
correct  or  not  by  lights,  and  in  this  way  the  operator  at  the 
instrument  is  eliminated.  The  same  form  of  instrument  is 
used  for  this  purpose  as  to  control  the  furnace  temp''  .-atures 
automatically,  and  the  pointer  is  depressed  at  intervals  of  every 
ten  seconds  onto  contacts  corresponding  to  the  red,  white  and 
green  lights.  Xo  special  battery  or  other  source  of  current 
than  an  ordinary  service  line  is  required  to  operate  these  lights. 

The  supply  may  be  110  or  220  volts,  either  alternating  or 
direct  current,  but  the  current  that  lights  the  lamps  does  not 
flow  through  the  instrument;  it  is  made  and  broken  by  an 
auxiliary  device  containing  the  necessary  mechanism.  A  high 
resistor  is  in  series  with  the  circuit  connected  with  the  pyrom- 
eter, which  reduces  the  current  flowing  through  the  contactors 
within  the  instrument  to  less  than  0.07  ampere.  This  prevents 
sparking  at  the  contactors  and  errors  due  to  the  heating  effect 
of  a  current  of  higher  amperage.  The  lamps  may  be  any 
reasonable  distance  from  the  pyrometer;  in  fact,  they  are 
operative  at  a  mile  or  more  if  desired.  The  various  thermo- 
couples in  each  furnace  are  connected  successively  to  the  in- 
strument through  switching  mechanism,  and  at  the  same  time 
a  switching  mechanism  connects  the  various  sets  of  lights  at 
each  furnace.  There  has  been  constructed  an  instrument  of 
this  type  to  take  care  of  the  signal  lights  at  twelve  furnaces. 

This  form  of  equipment  gives  the  fireman  or  operator  of 
the  furnace  an  indication  by  lights  that  he  can  easily  under- 
stand, and  he  adjusts  the  valves  or  fires  the  furnaces  accord- 
ingly. It  is  a  simple  method  to  instruct  a  man  to  keep  the 
white  lights  burning  and  to  explain  what  the  red  and  green 
lights  mean,  and  a  less  experienced  workman  is  required  to 
control  the  furnaces  in  this  manner  than  where  it  is  necessary 
to  read  temperatures  on  a  pyrometer  scale. 

The  extensive  use  of  pyrometers  to  measure  or  record  high 
temperatures  will  serve  to  eliminate  guesswork  as  to  the  tem- 
perature; reduce  fuel  consumption,  through  the  maintenance 
of  the  correct  temperature  and  not  excessively  high  tempera- 
tures; reduce  time  for  heating  the  product,  due  to  the  main- 
tenance of  the  correct  temperature;  and  Increase  the  eflSclency 
In  operating  a  plant.  Instruments  to  control  the  temperature 
automatically,  when  properly  constructed  and  applied,  will 
eliminate  the  personal  element  entirely.  The  maintenance  of 
the  correct  temperature  in  the  furnace  is  automatic,  and  this 
Is  one  step  further,  and,  in  consequence,  an  Improvement  over 
temperature  control  through  pyrometers.  The  next  few  years 
will  see  further  Improvements  In  pyrometers  and  temperature 
control.  There  will  always  be  room  for  improvement,  and  the 
cooperation  of  the  Industrial  works  and  the  pyrometer  manu- 
facturers will  hasten  the  development  of  practical  Instruments 
for  the  measurement  and  control  of  high  temperatures. 


UNITED  STATES  PUBLIC  SERVICE 
RESERVE 
A  special  bureau  oriiuiiUcd  under  the  direction  of  the  De- 
partment of  I>abor,  known  as  the  United  States  Public  Service 
Rc»«;rve,  has  been  created  to  obtain  Information  relating  to  the 
labor  resources  of  the  country  available  for  various  classes  of 
work  rcguired  In  connection  with  the  war.  The  object  of  the 
Public  Service  HeHcrvo  Is  to  provide  an  aKeni'y  where  all  men 
who  arc  wlllInK  to  work  at  their  own  trade  to  help  win  the 
war  may  place  thomsvlvcs  on  record,  notlfylnK  the  bureau  of 
their  readlnens  to  serve  anil  of  their  cupaclty  for  service. 
This  record,  when  once  pla<:ed  on  (lie,  will  lie  available  to  all 
branches  of  the  Rovernmont  concerned  with  the  war.  It  Is 
espcrinlty  Intondei]  for  men  who  are  wItlInK  and  ready,  when 
tb'  .to   Klve    up   Job*    which    am    not   vitally    Ini- 

I"  ■  limes  to  take  up  work  In  which  the  country 

nt=  ..:i:n  who  list  thumselvoH  with  llio  I'ubllc  Service 

Rmerve  are  carefully  Indexed  according  to  their  quulincatlonR. 
•o  that  thny  may  bo  located  at  onro  wh).>n  men  of  tlinlr  Mklll 
or  ability  ar«  needed.  They  are  then  promptly  nolinod  that 
tbey  are  r<K|ulr«<l  for  undertaklnx  work  In  n  civilian  rapacity, 
•Ither  for  lh«  gurernment  or  for  employer*  worklnic  on  Rovcrti 
mrot  war  rontrari*. 


Men  of  draft  age  who  are  likely  to  be  called  soon  are  not 
wanted  in  the  Public  Service  Reserve.  It  is  intended  mainly 
for  the  men  who  do  not  expect  to  do  military  service.  Enroll- 
ment in  the  Reserve  is  no  ground  for  exemption  from  military 
duties.  However,  it  gives  to  the  man  who  wants  to  serve  his 
country  the  assurance  that  when  he  has  enlisted  in  the  Re- 
serve he  has  done  his  full  present  duty,  and  he  can  continue 
to  work  at  his  present  task  with  a  good  cotiscience  until  called 
upon  to  serve  his  country  elsewhere. 

The  Public  Service  Reserve  is  needed  because  millions  of 
Americans  must  engage  in  industries  essential  to  the  war  if 
the  war  is  to  be  won  and  won  quickly.  An  ever-increasing 
number  of  men  will  be  needed  for  building  ships  and  airplanes, 
for  making  munitions  and  equipment  for  the  Army  and  Navy, 
and  for  other  purposes  in  connection  with  the  war.  In  order 
that  these  men  may  be  called  quickly  when  needed,  the  govern- 
ment must  know  in  advance  who  are  available  and  where  they 
are,  and  must  have  a  great  volunteer  reserve  of  men  who  stand 
ready  to  work  for  good  wages  under  reasonable  conditions  in 
the  industries  essential  to  war. 

All  classes  of  men  are  requested  to  join  the  Public  Service 
Reserve,  if  they  are  in  a  position  to  change  to  such  work  as 
may  be  designated  when  required  to  do  so.  Professional  men, 
engineers,  machinists,  toolmakers  and  all  other  classes  of 
skilled  mechanics  are  required.  In  fact,  every  man  who  wishes 
to  serve  is  asked  to  register,  no  matter  what  his  qualifications; 
but  only  men  who  are  really  ready  and  able  to  respond  when 
the  opportunity  for  service  requires  them  should  enroll.  The 
files  of  the  Reserve  must  not  be  swamped  with  records  of  men 
who  are  merely  expressing  patriotism,  but  who,  when  the  call 
comes,  would  not  be  able  to  respond  immediately. 

Most  of  the  positions  offered  will  be  well  compensated.  No 
obligation  exists  to  respond  to  a  call  when  it  comes,  but  it  Is, 
of  course,  expected  that  most  of  those  who  have  joined  will 
know  in  advance  that  they  will  be  able  to  take  up  whatever 
work  is  required  of  them.  Should  they,  however,  be  prevented 
from  doing  so  by  unforeseen  circumstances,  they  have  a  full 
right  not  to  respond  to  the  call.  Hence,  enrolling  in  the  Re- 
serve places  only  a  moral,  but  no  legal,  obligation  upon  the 
man  who  so  joins.  Applications  for  membership  may  be  ob- 
tained from  the  Department  of  Labor,  United  States  Public 
Service  Reserve,  1712  I  St.,  Washington,  1).  C. 

It  should  be  particularly  pointed  out  in  this  connection  that 
in  asking  a  man  of  engineering  or  mechanical  experience  to 
enroll  in  the  Public  Service  Reserve,  a  rare  combination  of 
opportunities  are  open  to  him  which  are  not  open  to  the  aver- 
age patriotic  American.  The  engineer  or  mechanical  man  can 
serve  the  country  in  his  most  effective  capacity  and  at  the 
same  time  keep  in  touch  with  his  own  profession  or  trade, 
with  the  result  that  his  patriotic  service  will  not  have  dimin- 
ished his  ability  in  his  chosen  life  work  at  the  time  when 
peace  returns,  but  the  added  experience  will  prove  helpful 
to  him.  His  earning  capacity  Is  not  diminished  because  of  his 
willingness  to  serve  the  government  where  he  Is  most  required, 
and  In  most  cases  ho  will  be  able  to  perform  his  service  to  the 
country  without  leaving  the  United  States. 


A  twIn-sIx  V-typu  gasoline  engine  has  boon  designed  for 
motor  boats  by  C.  D.  Holmes,  who  designed  a  motor  used  by 
the  Life  Saving  Service.  The  engine  weighs  3400  pounds,  Is 
eight  foot,  four  Inches  long  and  Ihrco  foot,  ten  Inches  high. 
ItH  oHpocliilly  high  crankcnxc  InrrciiHOg  the  accessibility  of  tho 
parts  ns  well  iin  the  rigidity  and  Htronglh  of  tho  mechanism. 
All  working  parts  nro  cncliiHod;  but  each  part  Is  accosslblo  by 
covered  handholcs,  through  which  the  working  parts  can  be 
taken  without  removing  tho  motor  from  Its  bnso.  At  1000 
ri'VolutloiiH  per  niliiulo,  this  oiiglno  will  develop  300  horse- 
power, without  any  stniln  wlintevor,  and  II  caii  ))c>  NixuKlcd  up 
to  1400  ri'votutloMH,  dovt<li>|)lnK  400  liorHciuiwcr,  wllli  Uttlo  ovl- 
doiico  of  extra  cfTort.  Ono  horHniiowcr  Is  produced  for  every 
nlno  pnuiiilN  of  cnRlnn,  wlilln  the  ratio  of  imikIiich  now  In  iiro 
In  about  I  to  20.  I'roductlon  of  parts  of  the  onglnos  has 
already  l>een  commoncod,  but  none  of  the  niiRlncs  will  bo  of- 
fered for  private  or  coniniiTclal  use  cliirliig  llir  period  of  the 
war. 
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IDENTIFICATION   MARKS   FOR   STEEL 

Every  metal-working  concern  buys  a  variety  of  steel  in  bars, 
and  many  use  some  means  of  identifying  the  various  kinds, 
especially  tool  steel.  A  common  method  is  to  paint  the  ends 
of  the  bars  when  received  in  the  store-room,  but  the  serious 
objection  to  this  is  the  fact  that  the  identification  mark  may 
be  lost  when  the  bar  is  cut  up.  Workmen  are  not  always  care- 
ful to  remove  the  desired  stock  from  the  same  end  of  the  bar, 
and  it  often  happens  that  the  paint  markings  are  removed  from 
both  ends  of  the  bar. 

The  plan  of  steel  marking  shown  in  the  identification  chart, 
used  in  modified  form  by  the  Rockford  Drilling  Machine  Co., 
Rockford,  111.,  was  worked  out  by  the  superintendent,  E.  K. 
Morgan,  and  it  eliminates  the  trouble  of  losing  the  identifying 
mark  when  both  ends  of  a  bar  are  cut  off.  When  the  steel  is 
received  in  the  store-room,  the  stock-keeper  lays  a  number  of 
bars  side  by  side  on  horses,  and  with  a  brush  paints  a  streak 
on  each  of  the  bars  lengthwise.  Then,  with  the  brush  bearing 
the  same  or  another  color,  he  paints  marks  across  the  bars 
at  intervals  of  about  three  feet.  By  using  red,  yellow,  green, 
black,  blue  and  white  length  marks  and  the  same  color  cross 
marks,  and  no  cross  marks,  forty-two  kinds  of  steel  are  pro- 
vided for.  It  will  be  noticed  in  the  chart  that  high-speed  steel 
has  red  cross  marks;  tool  steel,  yellow  cross  marks;  machine 


THE    AMERICANIZATION    OF    IMMIGRANT 
LABOR   IN   OUR  INDUSTRIES 

On  account  of  the  war  it  has  become  of  greater  importance 
than  ever  to  create  facilities  for  the  education  of  immigrant 
labor  in  the  English  language  and  in  American  ideals.  Em- 
ployers in  whose  works  great  numbers  of  foreign-born  men  or 
women  are  employed  could  do  no  greater  service  to  the  country 
at  the  present  time  than  by  creating  facilities  for  the  Ameri- 
canization of  these  immigrants.  The  city  of  Cleveland  has 
taken  active  steps  toward  the  installation  of  an  organized  sys- 
tem for  the  education  of  non-English-speaking  aliens.  An 
Americanization  information  bureau  has  been  installed  which 
gives  to  aliens,  free  of  charge,  information  in  all  languages 
regarding  the  draft,  proclamations  and  regulations  affecting 
aliens,  naturalization,  Liberty  bonds.  Red  Cross  work,  and 
other  war  measures.  The  bureau,  with  the  authorization  of 
the  draft  boards,  acts  without  charge  as  notary  public  for  all 
immigrants  filing  exemption  claims  and  sees  that  affidavits  are 
properly  filled  out.  War  information  centers  have  been  estab- 
lished in  350  places  throughout  the  city,  which  receive  regu- 
larly from  the  bureau  official  information  regarding  war  mat- 
ters and  Americanization.  All  industrial  plants  employing 
more  than  twenty-five  non-English-speaking  aliens,  that  have 
had  their  English-speaking  force  disorganized  by  the  army  or 


IDENTIFICATION   OF  DIFFERENT  GRADES   OF  STEEL 


STREAK   FULL  LENGTH 

■■) 

1                         \            -^           \                         1                         \                         \  1    ^ 

STREAK 

RED 

YELLOW 

GREEN 

BLACK 

BLUE 

WHITE 

NO  MARK 

BARS 

Hish-speed 

Blue  Chip 
Novo 

Tool  Steel 

Mach.  Steel 

Finished  Steel 

Nickel  Steel 

Special  Steel 

Screw  Stock 

Blue 

White    

Yellow 

0.80  Carbon 
0  90  Carbon 

0.15  Carbon 

n   9=;  Torhnn 

0.15-0.25  C. 
Turned  and  Gr. 
0  25—0  35  C 

3.50  Ni.— 
0.15  C. 

Low    Ni.    Chr.— 
Oil-treated 

1.00  Carbon          0.35  Carbon 
1.10  Carbon          0  4.5  Cnrhon 

Turned  and  Gr. 
0.35-0.45  C. 

Turned  and  Gr. 

Black 

1.20  Carbon 

Non- 
Shrinking 

Red 

Drill  Rod 

3  50  Ni 

Superior  • 

0.45  C. 

M>icl\inn-y 

Steel,  green  cross  marks;  and  so  on.    If  the  stock  has  no  cross 
marks.  It  Is  some  kind  of  screw  stock. 

The  plan  is  one  that  can  be  used  generally  by  machine  shops, 
and  may  be  applied  with  many  variations.  It  would  be  de- 
sirable to  have  it  worked  out  to  a  near  standard  form  and 
generally  adopted.  Then  workmen  going  from  one  plant  to 
another  would  know  instantly  that  steel  marked  lengthwise 
with  red  was  high-speed;  yellow,  tool  steel;  green,  machine 
steel;  and  so  on. 


Wood  patterns  must  be  protected  from  moisture  of  the 
molding  sand  or  they  will  swell  and  warp  out  of  shape. 
Shellac  serves  the  purpose  of  excluding  moisture  satisfactorily 
when  only  a  few  castings  are  required,  but  If  many  are  needed. 
It  Is  customary  to  use  metal  paltenis,  preferably  aluminum, 
liocauHo  of  It.R  lightness.  Dut  aluminum  now  Is  scarce  and 
higb'prlced  and  substitutes  arc  being  used.  The  fact  has 
lifcn  rcrognlzod  that  wood  patterns  may  be  waterproofed  by 
plating  them  with  copper  or  aluminum  by  the  Schoop  process. 
The  plated  pattern  Is  made  practically  moisture-proof,  and 
in  the  case  of  thin  sections  Is  considerably  strengthened  by 
Mio  thin  metal  cnntlng.  The  plated  pattern  has  practically  all 
'lO  advantages  of  a  iiietnl  pattern,  being  smooth,  llRht  and 
irong.  There  Is  a  llmltullon  to  tho  metal  protective  coating, 
liowovor.  Largo  patterns  are  likely  to  swell  with  changes  of 
loraperature  sufllclcntly  to  crock  tho  coating  and  pornilt  the 
ingress  of  moisture,  which  still  more  Increases  the  width  of 
the  cracks. 


navy  recruiting  and  the  draft,  have  been  circularized  and  vis- 
ited, and  plans  are  pending  to  train  their  alien  labor,  in  or 
near  the  plants,  in  English  and  civics.  An  Americanization 
institute  to  train  teachers  of  immigrant  classes  was  opened, 
with  an  attendance  of  450  drawn  from  the  alumni  of  the  West- 
ern Reserve  University,  the  Normal  School,  the  Training 
School,  and  the  College  Club. 

In  Detroit  similar  measures  are  advocated,  and  it  is  cer- 
tainly highly  important,  because,  if  the  United  States  is  to 
win  the  war,  foreign-born  men  and  women  must  of  necessity 
constitute  an  important  source  of  the  labor  supply  and  must 
be  made  entirely  dependable  and  reliable.  They  must  under- 
stand the  English  language  and  become  citizens  in  order  to 
have  a  stake  In  the  country  and  take  an  interest  in  it.  They 
need  American  standards  of  living  for  physical  efflclency.  In 
the  present  crisis  many  of  our  industries  absolutely  necessary 
in  the  conduct  of  the  war  are  largely  manned  by  Immigrants. 
Industrial  dldlcultles  with  these  men  due  to  the  misunder- 
standings that  arise  because  thoy  are  not  Americanized  may 
cause  national  diffloultles  of  great  magnitude.  Hence  manu- 
facturers In  both  large  and  small  industrial  centers  where 
foreign  labor  is  employed  should  exert  every  effort  toward 
making  these  men  good  Amerlciui  citizens. 
•     •     * 

U-boats  are  now  said  to  be  made  without  periscopes.  A 
lens  on  each  side  of  the  boat  Is  used  In  conjunction  with 
other  lenses  and  reflectors.  With  this  device,  however,  the 
boats  must  navigate  nearer  the  surface  than  when  peri- 
scopes are  used. 
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METHODS  AND  VALUES  BY  WHICH  STRESSES  IN  TURBINE  WHEELS  MAY   BE  DETERMINED 

BY  ■WTLUAM  KNIGHT  1 


AX  accurate  analysis  of  the  stresses  in  a  turbine  wheel  due 
to  the  centrifugal  forces  of  the  wheel  itself  and  to  the 
'■  centrifugal  forces  of  the  blades  fitted  at  the  periphery 
is  a  rather  complicated  analytical  problem.  Formulas  for  ob- 
taining stresses  under  these  conditions  refer  to  some  particular 
shape  of  disk,  and  how  the  difference  between  the  actual  shape 
and  the  shape  assumed  in  the  calculations  will  affect  the  re- 
sults is  left  to  the  designer  to  estimate  and  to  allow  for  in 
his  design.  This  is  because  a  strictly  accurate  determination 
of  the  stresses  in  a  rotating  disk  of  varying  thickness,  with 
a  hub  at  the  bore  and  a  rim  of  irregular  section  at  the  periph- 
ery and  carrying  blades  attached  to  the  rim,  is  very  difficult 
to  obtain. 

By  assuming  that  the  outline  of  the  disk  is  a  hyperbola  and 
that  the  effect  of  the  blades  is  equivalent  to  their  centrifugal 
force  uniformly  distributed  at  the  periphery  of  this  disk,  it 
is  possible  to  derive  a  formula  for  determining  the  radial  and 
the  tangential  stresses  produced  by  the  centrifugal  force  of 
the  disk  and  the  blades  at  any  point  between  the  bore  and 
the  periphery.  Such  a  formula  gives  only  an  approximate 
solution  of  the  problem,  because  it  does  not  take  into  con- 
sideration the  variation  of  the  actual  shape  of  the  disk  from 
the  hyperbolic  shape  assumed  (especially  at  the  periphery  and 
at  the  hub,  where  the  outline  of  the  disk  departs  the  most 
from  the  hyperbola),  and  yet  it  is  not  easily  applied.  A  long 
and  tedious  process  of  calculation  involving  the  probability  of 
making  errors  is  required  for  solving  the  formulas,  and  this 
must  be  repeated  several  times,  when  designing  a  disk,  before 
the  proportions  that  will  secure  the  most  efficient  design  can 
be  determined.  To  save  the  time  required  tor  making  these 
calculations  and  eliminate  the  probability  of  making  errors, 
the  accompanying  tables  have  been  prepared. 

At  any  point  of  a  rotating  disk,  there  is  a  radial  and  a  tan- 
gential stress  produced  by  the  centrifugal  forces  of  the  disk 

and  of  the  blades.    The  tangential  stress 

at  any  point,  due  to  the  centrifugal  force 
of  the  disk,  added  to  the  tangential  force 
at  the  same  point  due  to  the  centrifugal 
force  of  the  blades,  will  give  the  total 
tangential  stress  at  that  point  due  to  the 
centrifugal  force  of  both  the  disk  and 
the  blades.  In  the  same  way,  the  total 
radial  stress  at  any  point  Is  obtained  by 
adding  the  radial  stresses  produced  at 
that  point  by  the  centrifugal  force  of  the 
disk  and  of  the  blades.  The  radial  stress 
produced  by  the  centrifugal  force  of  the 
disk  Is  zero  at  the  periphery  and  at  the 
bore,  and  reachos  Its  maximum  value  In 
the  middle  portion  of  the  disk. 

The  radial  stress  produced  by  the  cen- 
trifuKal  force  of  the  blades  only,  assumed 
B8  being  unlfonnly  distributed  at  the  periphery  of  the  disk, 
varies  from  zero  at  the  bore  to  a  maximum  at  tlio  perlplicry. 
The  tanRffnllal  »trc«H  producod  by  the  ronlrlfuKal  force  of  the 
dUk,  and  the  tangential  stress  producod  by  the  centrifugal 
force  of  the  blades,  roach  a  maximum  either  at  the  bore  or 
at  the  p'rrlpberr,  depending  on  the  shopo  and  the  proportions 
of  tbo  disk.  For  Instanro,  the  larncr  Iho  ratio  of  th«  horo 
diamctpf  to  the  diameter  at  th«(  periphery,  the  more  pro- 
nonnccd  la  the  t'-ndcnry  of  the  slrcsii  at  the  bore  to  become 
larKer  than  tha  tanKontlal  stress  at  the  pnrlphnry. 

A  disk  of  hypi>rbollr  profllo  Is  such  thot  tho  thickness  y 
at  any  point  distant  r  from  the  center  In  o<Miil  in: 


where  n  ran  bo  p'>sltlve,  neKntlve,  or  zoro.     If  n  —  0,  1/  —  r 
for  »ny  value  of  x,  whirh  Is  the  rose  of  a  disk  of  uniform  thick- 

•Aa«l«lanl  M»rk*iik>l  r.ndnxr,  Oro<-k>r.Wh>«l«r  Oi>..  Amptf.   N    J. 


DiAfrain    Uluatrmt- 

loc  Str«ii   In   Tar- 

biiw  Wh«l> 


ness.  •  If  a  is  positive,  the  thickness  of  the  disk  is  larger  at 
the  bore  than  at  the  periphery,  which  is  the  case  with  all  tur- 
bine wheels.  Values  of  a  between  0  and  2  cover  a  wide  range 
of  wheel  shapes  commonly  used  in  turbine  design.  If  a  is 
negative,  the  thickness  of  the  disk  increases  from  the  bore  to 
the  periphery,  which  is  a  very  unusual  design. 

If  the  section  of  a  turbine  wheel  is  laid  out  and  it  is  de- 
sired to  find  the  values  of  c  and  a  that,  substituted  in 
Formula  (1),  will  give  values  of  y  for  various  values  of  x, 
which  will  more  closely  approach  the  thickness  of  the  wheel 
at  different  points,  as  laid  out.  Formula  (2)  may  be  applied: 
log  j/i  —  log  J/, 

a  = (2) 

log  X,  —  log  X, 
in  which  y^  and  y,  are  the  thicknesses  of  the  wheel  at  two 
points  distant  ir,  and  x,  from  the  center.  Having  found  the 
value  of  a,  c  =  y^x,"  =  y^x^".  Substituting  the  values  of  c 
and  X  thus  found  in  Formula  (1),  all  the  points  of  a  hyperbola 
that  will  coincide  with  the  outline  of  the  wheel,  at  least  at  x^ 
and  X,,  can  be  found.  Then  the  outline  of  the  wheel  can  be 
slightly  modified  so  as  to  make  it  follow  the  hyperbolic  profile 
as  far  as  possible,  or  a  hyperbola  that  will  fit  more  closely 
to  the  outline  of  the  wheel  as  laid  out  may  be  found. 

It  is  well  to  note  that  the  value  chosen  for  a  must  be  such 
as  to  give  a  hyperbola  that  will  follow,  as  closely  as  possible, 
the  profile  of  the  outer  portion  of  the  disk.  A  variation  of  the 
hyperbola  from  the  outline  of  the  disk  as  laid  out,  in  points 
near  the  bore,  will  have  only  a  small  influence  In  the  calcula- 
tion of  stresses;  but  any  variation  in  points  near  the  periphery 
will  have  a  decided  influence  In  the  stresses  calculated.  Con- 
sequently, the  addition  of  metal  at  the  hub  will  not  increase 
the  stress  at  the  bore  (which  is  the  point  where,  in  general, 
the  tangential  stress  is  a  maximum)  and  will  add  strength  to 
the  wheel  at  its  weakest  point;  an  addition  of  metal  at  the 
periphery  will  considerably  increase  the  tangential  stress  at 
the  bore  of  the  wheel. 

Having  found  the  value  of  a  giving  a  hyperbola  that  will 
more  closely  approach  the  outline  of  the  wheel,  the  values  of  T 
and  R  can  be  obtained  from  Tables  1  to  5  and  Tables 
G  to  10,  respectively,  for  values  of  o  =  0,  a  =  0.5,  a  =  1, 
o  =  1.5  and  a  =  2  and  plotted  on  cross-section  paper  against 
different  values  of  o.  Joining  with  a  curve  the  five  points 
thus  obtained  for  T  and  R,  the  values  of  T  and  R  for  any  in- 
termediate value  of  a  between  a  =  0  and  o  =  2  are  easily 
found.  All  the  tables  give  numerical  values  for  corresponding 
values  of  m  and  nu,  where 

Diameter  at  any  point 

m  = 

Outside  diameter  of  disk 

Diameter  at  bore 


Outside  diameter  of  disk 
The  tangential  and  radial  stresses  at  any  point  of  a  rotating 
disk  for  any  value  of  a  between  0  and  2  may  be  obtained  by 
plotting  Ave  values  of  T  and  R  for  the  corresponding  values 
of  TO  and  ?n„.  Tho  tangciillal  and  tlio  radliil  slrossos  of  tho 
disk  only,  at  any  polnl,  us  (Ictormlnod  by  m  :iiid  iiu,  are: 

V,  ^  HT  (8) 

7r  -   tin  (4) 

whore  Tand  R  =  factors  obtained  from  tho  tables; 

.S'  =  tangential  stross  of  a  thin  ring  rotating  at 
same  peripheral  speed  iih  disk. 
For  cast  Iron,  B  •—  O.OitTZV  pduihIs  per  H(|uara  Inch 
For  stool,  H  —  O.IOBV  pouiidH  per  squuro  Inch 
whnro  V  '-"  porlphoral  npood  of  disk.  In  foot  per  second. 
With  tho  motric  systoni, 

For  east  Iron.  N  —  0  OTXX\V  klloKrams  per  s<iunre  centimeter 
For  stool,  H  —  0.0791''  IdlngrntMH  por  squnro  rontlmotor 
whore   V   -^   porlphorni   speiMl   of  <llHk.   In   nietors   per   Horond. 
Thn  tangontlnl  and   llio  rndlnl   Htronnon  at  any  puliit  nf  tho 
didk    duo   to   Iho   ronlrlfiiKril    fnrre   of   llie   I)l:i(leH   iiml    tlie   rini 
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TABLE  1.  VALUES  OF  T  FOR 


TABLE  2.  VALUES  OF  T  FOR  o.  =  0.5 


§  -= 

Values  of  m                                                             1 

2=j  0.1 

0.2 

0.3    1    0.4 

1 

0.5    1     0.6    1    0.7 

1             1 

0.8    1    0.9    1    1.0 
1             1 

1 

0.1     0.815 

0.493  1  0.434  1  0.408 

0.369 

0.337  1  0.304 

0.266  1  0.225  I  0.181 

0.2     

0.823  1  0.584  1  0.488 

0.432 

0.385 

0.343 

0.299  1  0.254  1  0.206 

0.3     

1  0.830  1  0.636 

0.533 

0.461 

0.404 

0.347 

0.29»     0.:;4b 

0.4     

1 1  0.841 

0.675 

0.568 

0.490 

0.434 

0.362     0.303 

0.5     

1 

0.858 

0.706 

0.602 

0.517 

0.444     0.3T5 

0.6     

0.876 

0.739 

0.634 

0.545     0.467 

0.7     



0.897 

0.766 

0.660     0.570 

O.S     



0.927 

0.803     0.697 

0.9     

0.959     0.837 

1.0     

1 

.   .      .   .     t 

1.000 

1             1 

1 

1        ilachinery  | 

la 
5° 

Valnesofm                                                         1 

0.1 

0.2 

0.3         0.4          0.5 

0.6 

0.7 

0.8 

0.9        1.0 

0.1 

0.500 

0.323 

0.304 

0.299 

0.290 

0.284 

0.255 

1 

0.226  1  0.191 

0.145 

II. X 

0.617 

0.445 

0.392 

0.349 

0.320 

0.291 

0.255 

0.217 

0.175 

0,3 

0.706 

0.550 

0.465 

0.118 

0.364 

0.317 

0.270 

0.220 

0.4 



0.763 

0.619 

0.527 

0.450 

0.397 

0.335 

0.270 

(1.5 

0.818 

0.662 

0.575 

0.493 

0.425 

0.355 

O.fi 

0.853 

0.733 

0.630 

0.550 

0.475 

0,7 

0.905 

0.765 

0.659 

0.B70 

OR 

0.934 

0.811     0.700 

0.9 

0.968     0.840 

l.Ol 1  

1 

1.000 

1              1              1              1 
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TABLE  3.  VALUES  OF  T  FOR 


TABLE  4.  VALUES  OF  T  FOR  »=  1.5 


Values  of  m 

i  E 

l^ 

0.1 

0.2 

0.3         0.4 

0.5         0.6    1    0.7    1    0.8    1    0.9    1    1.0 

1             1             1             1 

0.1 

0.295 

0.201  1  0.205  1  0.216 

0.229     0.229 

0.207 

0.189 

0.159  1  0.120 

0.2 

0.463 

0.349     0.305 

0.286     0.271 

0.244 

0.220 

0.187  1  0.155 

0.3 

.<. . . 

0.584     0.438 

0.379     0.346 

0.303 

0.268 

0.231  1  0.186 

0.4 



0.680 

0.536     0.463 

0.399 

0.350 

0.304  [  0.250 

0.5 

0.759 

0.620 

0.530 

0.455 

0.395  I  0.330 

0.6 

0.819 

0.690 

0.5S6     0.512  i  0.445 

0.7 

0.865 

0.739  1  0.637  I  0.550 

0.8 

0.909  1  0.788  1  0.690 

0.9 



1  0.950  1  0.835 

1.0 

1 1  1.000 

^^^ 
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i  S 

Values  of  m                                                             1 

0.1 

0.2 

0.3         0.4 

0.5 

0.6 

0.7 

0.8         0.9    1    1.0 
1             1 

0.1     0.174 

0.125 

0.140    0.158 

0.172 

0.178  T  0.173 

0.158 

0.133     0.101 

()?. 



0.351 

0.255     0.229 

0.224 

0.216 

0.204 

0.1S2 

0.157     0.121 

0  3 

0.490     0.356 

0.312 

0.284 

0.259 

0.228 

0.196  1  0.167 

04 

0.610 

0.480 

0.417 

0.363 

0.311 

0.269  1  0.223 

0  5 

0.708 

0.584 

0.498 

0.421 

0.367  1  0.308 

06 



0.792 

0.664 

0.558     0.489  I  0.419 

0,7 

1 

0.860 

0.720     0.634  1  0.545 

OS 

I                          I                         ) 

0.905     0.775  1  0.673 

0.9 

i 1 1 

0.950  10.830 

1.01 1 1 i 

1             1             1             1 

11.000 

Machinerv 

TABLE  5.  VALUES  OF  T  FOR 


TABLE  6.  VALUES  OF  R  FOR 


a 

Values  of  m                                                             1 

^•5 

0.1 

0.2 

0.3 

0.4 

1 

0.5    1     0.6 

1 

0.7 

0.8 

1 
0.9    1    1.0 

1 

0.1 

0.070 

0.080 

0.097     0.118 

0.135 

0.145 

0.149 

0.131 

0.122     0.082 

0,2 

0.262 

0.192     0.180 

0.181 

0.180 

0.177 

0.157 

0.148     0.105 

0.3 

0.414     0.321 

0.278 

0.256 

0.239 

0.213 

0.191  1  0.152 

0.4 

0.550 

0.443 

0.376 

0.336 

0.292 

0.257  1  0.203 

0.5 

0.668 

0.550 

0.465 

0.401 

0.353     0.291 

0.6 

0.760 

0.643 

0.553 

0.478     0.399 

0,7 

0.850 

0.735 

0.646     0.545 

0.8 

0.903 

0.785  1  0.675 

0.9  1 

0.950  1  0.840 

"1 



1  1.000 

Slarhlneri/ 

11 

Values  of  m                                                         1 

0.1 

0.2 

0.3         0.4          0.5 

0.6 

0.7 

1 
0.8         0.9    1    1.0 
1 

0.1 

0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
1.0 

..... 

'. ... '. 

0.294 

0.330  1  0.322 
0.206  1  0.257 

1  0.151 

1 

1 

1 

1 

:::::|::::: 

0.294 
0.257 
D.198 
0.111 

0.254 
0.232 
0.196 
0.144 
0.079 

0.204 
0.192 
0.170 
0.141 
0.103 
0.057 

0.145 
0.138 
0.126 
0.110 
0.091 
0.0i",6 
0.035 

1 

0.07751 

0.07351  

0.06941 

0.06251  

0.05431 

0.0441    

0.0305    

0.0176    

TABLE  7.  VALUES  OF  R  FOR  <■  =  0.5 


TABLE  8.  VALUES  OF  R  FOR 


■'8 

Values  of  m 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1.0 

0.1 
0.2 

0.3 
0.4 

0  r, 
o.r, 

0,7 

o,s 

0.9 
1.0 

'.'.'.'.'. 

0.212 

0.264 
0.169 

0.278 
0.225 
0.135 

0.267 
0.235 
0.183 
0.099 



0.252 
0.232 
0.202 
0.150 
0.088 

0.202 
0.188 
0.174 
0.139 
0.101 
0.038 

0.145 
0.137 
0.132 
0.107 
0.088 
0.060 
0.034 



0.079 
0.076 
0.075 
0.063 
0.053 
0.042 
0.031 
0.021 

'"il'ar 



i  E 

Values  of  m                                                        1 

0.1 

0.2 

0.3 

0.4 

0.5        0.6        0.7 

1             1 

0.8    1    0.9    1    1.0 

1             1 

0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
1.0 

0.146 

0.204 
0.126 





0.227     0.235 
0.183  1  0.209 
0.116     0.166 
0.097 

'.'.'.'.'.      ..... 



0.231 
0.214 
0.188 
0.145 
0.085 

0.187 
0.176 
0.161 
0.134 
0.096 
0.051 

0.141 
0.133 
0.122 
0.109 
O.OSS 
0.061 
0.031 

1 

0.078  1 

0.076     

0.072     

0.068     

0.058     

0.046     

0.030     

0.016     

TABLE  9.  VALUES  OF  R  FOR  «   1.5 


TABLE  10.  VALUES  OF  R  FOR  »=  2 


•■8 

Viliii!'!  of  tn 

Values  of  m 

0.1 

0.2 

0.3 

0.4          0.5 

0.6 

0.7 

0.8 

0.9 

1.0 

g-a 

0.1 

0.2 

O.S 

0.4         0.6 

0.6 

0.7 

0.8        0.9 

1.0 

0.1 

0.2 

"  I 

II  r. 
n.7 
0.8 
0,9 
1.0 

. ... . 




0.101 

0.164 
0.104 

0.189 
0.161 
0.095 

0.194 
0.180 
0.142 
0.067 

0.198 

0.187 
0.156 
0.113 
0.061 

0.178 
0.173 
0.149 
0.123 
0.088 
0.051 

0.140 
0.133 
0.118 
0.101 
0.082 
0.060 
0.065 

0.087 
0.079 
0.067 
0.060 
0.063 
0.040 
0.081 
0.022 

0.1 
0.2 
0.3 
0.4 
0.6 
0.6 
0.7 
0.8 
0.9 
1.0 



0.069 





0.118 
0.084 



0.163 
0.180 
0.083 






0.174 
0.160 
0.127 
0.074 

0.178 
0.166 
0.149 
O.US 
0.059 

0.164 
0.156 
0.144 
0.128 
0.088 
0.038 



0.124 
0.120 

o.no 

0,100 
0.080 
O.O.M 
0.017 

0.069 
0.069 
0.069 
0.065 
0.052 
0.031 
0.013 
0.004 

"u'ar 

I 


7', I  and  7',,  Is  obtained  as  follows:  Tho  sliadcd  portion  of  the 
rim  shown  in  Fig.  1  In  equivalent  to  two  continuous  rings 
.ittnrliod  at  the  sides  of  the  disk  near  the  periphery.  These 
iwo  rltiKs,  If  they  were  free,  that  Is,  not  attached  to  the  disk, 
would  expand  a  good  deal  more  than  thoy  do  when  Integral 
with  tho  wheel  disk.  This  means  that  a  part  of  the  centrifugal 
forro  of  the  shaded  section  of  the  rim  Is  carried  by  tho  disk, 


and  tho  remainder  is  self  supporting.  A  good  approximation, 
In  average  cases,  Is  to  assume  that  two-thirds  of  the  weight 
of  the  shaded  portion  of  tho  rim  Is  concentrated  at  the  periph- 
ery of  tho  disk.  Calling  this  two-thirds  weight  W,  the  total 
weight  of  the  blades,  lu  pounds,  attached  at  the  periphery  of 
the  wheel  W,.  tho  diameter  at  the  center  of  gravity  of  the 
blades  In  feet  D„  and  the  number  of  revolutions  per  minute  .V, 
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TABLE  11.  VALUES  OF  T,  FOR 


TABLE  12.  VALUES  OF  T,  FOB  o  =  0.5 


1 1 

Values  of  m                                                         1 

0.1 

0.2 

0.3 

0.4 

0.5    1    0.6        0.7         0.8    1    0.9    1    1.0    1 

1             1             1             1             1             1 

0.1 

2.020 

1.263 

1.122  1  1.073     1.051 

1.038 

1.031 

1 
1.026     1.023  1  1.020 

O.ii 

2.080 

1.505  1  1.300  1  1.207 

1.156 

1.125 

1.105     1.091  1  1.0S2 

0  8 

2.200 

1.720     1.496 

1.375 

1.302 

1.255     1.222  1  1.199 

(14 

2.380     1.955 

1.720 

1.580 

1.489     1.426  1  1.381 

OS 

:  2.680 

2.270 

2.020 

1.860     1.750  1  1.670 

O.B 

3.120 

2.800 

2.440     2.250  J  2.120 

0  7 

3.920 

3.460     3.140     2.920 

OS 

5.560     4.9S0     4.560 

0.9 



10.560   9.540 

1.0 



00 

j                             1              I              1              1        ilachineri/ 1 

fi 

Values  of  m 

0.1    1    0.2 

0.3 

0.4 

0.5         0.6    1    0.7 

1 

1             1 
0.8    1    0.9    1    1.0 

1             1 

0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
1.0 
1 

0.985 

0.644 
1.275 

0.630 
0.933 

1.540 

0.657 
0.S44 
1.205 
1.735 

0.691     0.722 
0.820     0.819 
1.071     1.012 
1.500     1.335 
2.190     1.S60 
2.580 

"'""  1  

0.757     0.788 
0.838     0.853 
0.9SS     0.9S4 
1.248     1.195 
1.670     1.550 
2.410     2.170 
3.550     3.120 
5.190 



0.820  1  0.849 
0.S78  1  0.900 
0.988  1  1.020 
1.172     1.162 
1.485  1  1.445 
2.025  1  1.926 
2.850  1  2.660 
4.630  1  4.280 
10.1401  9.190 
1     00 

Mnrhiuerp 

TABLE  13.  VALUES  OF  T,  FOR 


TABLE  14.  VALUES  OF  T,  FOB  a=  1.6 


'■F 

Values  of  m 

2* 

0.1 

0.2 

0.3    i    0.4 

1 

0.5    1    0.6 

t 

0.7    1    0.8    1    0.9    1    1.0 

1             1             1 

0.1     0.456 

0.2     

0.3     

0.4     

0.5     

0.6     

0.7     

0.8     

0.9     

1.0     

0.322 
0.764 



0.353 
0.571 
1.058 

0.408 
0.540 
0.835 
1.315 

0.470 
0.559 
0.759 
1.180 
1.750 

0.539 
0.604 
0.749 
0.982 
1.500 
2.250 



0.600 
0.650 
0.760 
0.940 
1.400 
2.000 
3.186 

1             1 
0.654  1  0.703  1  0.781 
0.694     0.735  J  0.797 
0.782  1  0.807  1  0.882 
0.924  1  0.923  1  1.023 
1.304     1.252  1  1.290 
1.846    1.711  1  1.715 
2.846     2.576  I  2.490 
4.926     4.346  1  4.100 

1  9.760  1  9.000 

1 1     00 

I          Machinery 

u 

m 

Values  of  m                                                             1 

0.1 

0.2 

0.3    1    0.4 

1 

III                          1 
0.5    1    0.6    1    0.7    1    0.8         0.9    1    1.0 

III                          1 

0.192 

0.148 

0.186  1  0.243 

0.310 

0.373 

0.446 

0.518 

1 
0.B96     0.673 

or> 

0.440 

0.332  1  0.341 

0.374 

0.423 

0.485 

0.552 

0.626     0.698 

(1  3 

0.713  1  0.671 

0.542 

0.556 

0.587 

0.633 

0.698     0.764 

(1,4  1 

1  1.006 

0.973 

0.750 

0.710 

0.751 

0.855     0.898 

(1,S  1 

1.469 

1.251 

1.152  1  1.100 

1.110     1.131 

0  6  1 

1.930 

1.775 

1.613 

1.565     1.535 

0,7  1 

2.930 

2.556 

2.400     2.280 

0..S 

4.600 

4.100     3.850 

0.9 

9.670     8.710 

1.0 

1     00 

1             ' 

1 

1              1        Machinery  | 

TABLE  1 5.  VALUES  OF  T,  FOR  «  =  2 


TABLE  16.  VALUES  OF  R,  FOB 


!f 

Values  of  m                                                        1 

i^ 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6    1    0.7 

1 

1 

0.8         0.9     1    1.0    1 
1             1 

0.1 

0.077 

0.066 

0.099 

0.147 

0.206 

0.272 

0.349 

0.429 

1 
0.522  1  0.616 

0.2 

0.240 

0.188 

0.204 

0.246 

0.303 

0.373 

0.451 

0.539  1  0.633 

0.3 

0.466 

0.380 

0.371 

0.398 

0.451 

0.514 

0.596  1  0.684 

0.4 

0.768 

0.645 

0.607 

0.617 

0.654 

0.717  1  0.791 

O.B 

1.172 

1.012 

0.940 

0.925 

0.952     1.000 

0« 

1.710 

1.526 

1.395 

1.355     1.365 

0.7 

2.716 

2.425 

2.170     2.090 

0.8 

4.344 

3.910    3.650 

0.9 



9.250     8.420 

1.0 



1 





1     00 

1             1 

1                 1                1          MarMnrrv  \ 

Values  of  m                                                                  | 

1 

g'S 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6         0.7 

1 

1              1 
0.8         0.9    1    1.0    1 

1             1             1 

0.1 

0.66 

)     0.900 

0.950 

0.970 

0.985 

0.990 

0.995 

1 
0.999     1.000 

0.2 

0.580 

0.780 

0.8S0 

0.930 

0.960 

0.980 

0.990     1.000 

0  3 

0.480 

0.710 

0.825 

0.S95 

0.945 

0.980     1.000 

0.4 

0.380 

0.660 

fl.SOO 

0.890 

0.960  1  1.000 

05 

0.410 

0.655 

0.815 

0.925  1  1.000 

06 

0.415 

0.685 

0.870  1  1.000 

0,7 



0.460 

0.775  1  1.000 

O.S 



0.585  1  1.000 

(1.9 



1  1.000 

1.0 



1 

1             1 

1             1 

MncMnery 

TABLE  17.  VALUES  OF  B,  FOB  «  -  0.5 


TABLE  18.  VALUES  OF  B,  FOB 


?i? 

Valufs  of  m                                                                  1 

■3-S 

1 

0.1    1    0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1.0 

0.450 

0.601 

0.69S 

0.767 

0  844 

0.878 

0.920 

0.962 

1.000 

0.2 



0.406 

0.594 

0.709 

0.814 

0.863 

0.915 

0.969 

1.000 

0.3 

0.375 

0.580 

0.735 

0.813 

0.890 

0.948 

1.000 

0.4 

0.357 

0.600 

0.728 

0.837 

0.933 

1.000 

0.5 

0  385 

0.605 

0.770 

0.903 

1.000 

'i.« 



0.375 

0.645 

0.855 

1.000 

0.7 



0.440 

0.760 

1.000 

0.8 

0.680 

1.000 

O.t 

. . 

1.000 

1.0  \  









UiicMnerv  \ 

is 

Values  of  m                                                             1 

"■a 

0.1         0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1.0 

0.1 

0.249 

0.383 

0.490 

0,589 

0.692 

0.763 

0.845 

0.926 

1.000 

0.2 

0.264 

0.421 

0.548 

0.665 

0.746 

0.833 

0.921 

1.000 

0.3 

0.270 

0.453 

0.605 

0.706 

0.812 

0.912 

1.000 

n.4 

0.2S3 

0.499 

0.636 

0.775 

0.893 

i.noo 

n.5 

0.325 

0.525 

0.711 

0.870 

1.000 

0.6 

0.335 

0.597 

0.813 

1.000 

0.7 



0.410 

0.735 

1.000 

O.S 

0.560 

1.000 

(1.9 

1.000 

1.0 



\  

1        1 

1             1 

ilnr 

Mnrrj/ 

TADI.K  if*.  VALUES  OF  R,  FOR 


VALUES  OF  R,  FOR 


Value*  of  m 

0.1 

0.1        0.2        0.t        0.4 

O.S    1    0,6 

0.7   1    0.8 

.,. 

1  " 

•1  10.335 

0.440     0.587 

0.656 

0.767 

0.881 

1.000 

o.t 

.   ,      .                                               .    .  '1 

0.29K 

(1417     0.582 

0.«4< 

0.7fl4 

O.R83 

l.flOO 

0  3 

0.197 

0.353     0.490 

0.619 

0.747 

0.H70 

l.flOO 

»4 

, ,     ,  ,,,  , 

0.228     0.407 

o.5«r. 

(1.717 

<)M» 

1  000 

or.  1  1 

0.257 

0  470 

0.663 

fl,Ki;;i 

1  000 

(If, 



0  310 

0.570 

ll,7K7 

1   000 

0.7 

1 

0.403 

0.713 

1.000 

O.t 

.....  1  ..... 

0.585 

1 , 0(10 

O.t 

1.000 

1.0 

(^_ 

Un 

AInr'v 

tti'i  tolnl  coiilririiKnl   forrc  /•   (ikiuiiiIh)   nt  'IInIi   periphery   In: 
F  —  0  000I7A"  {WD  -f-  W,0,) 
If  TV  U  szpresced  In  klloRranm  and  D  In  molrm,  fh<«  rrn 
irlfiiKul  fore*  /■',  In  klloKrnmii.  li: 

F  —  coooscA"  ( wn  +  W,D, ) 
ir  tho  c«ntrifui[at  forco  of  the  proJectlnR  mnmioii,  !<•  >  >  juiirf 
Inch  of  aurfMO  at  th«  perlpherr  of  the  dlik,  It  B„ 


VnlilrH  i>f  III                                                                        1 

1 

0.1 

0.1 

0.2 
0.007 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8    1    0.9 

1 

1.0 
1.000 

0.139 

0.225 

0.325 

0.437 

0.561 

0.696 

0.842 

0.2 

0.105 

0.204 

0.312 

0.427 

0.555 

0.692 

0.837 

1.000 

0.3 

0.141 

0.270 

0.898 

0.538 

0.6SO 

0.R3B 

1.000 

0.4 

0.178 

0.33S 

0.498 

o,«r.7 

o.s:;6 

1.000 

0  5 

0.217 

0.417 

o.onK 

0.803 

1.000 

on 

0.270 

0  r.i'.i 

0.757 

1.000 

0.7 

o..n57 

O.flSS 

1.000 

OR 

0.610 

1.000 

0  9 

1  (1 



'.'.'., . 



'  ".W.I 

1.000 



«,. 


nDt 


(B) 


Mm  vnliioN  nf  /'  iiiiil  t  hnliiR  Nhnwn  In  tho  llluRtriitloii. 

'I'lio   InnKonlliil   iinrt   tho   riidlnl   Nlronnnii   at   nny   point   nf   u 
■IInIi,  iih  (lotnrmliind  by  m  nnd  7)i,„  iiro: 

7\,  —  N.r,  (6» 
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r,p  =  s,i?,  (7) 

The  values  of  r,  and  R^  may  be  obtained  from  Tables  11  to 
15  and  Tables  16  to  20,  respectively,  for  values  of  o  between 
0  and  2,  in  the  same  way  as  described  for  T  and  R. 

From  the  foregoing  it  is  possible  to  conclude  that,  in  similar 
disks,  where  the  values  of  a  and  to<,  are  the  same,  and  for  the 
same  peripheral  speed  and  the  same  value  of  Si,  the  stresses 
in  the  disks  at  points  determined  by  the  same  value  of  m  are 
exactly  the  same  in  a  very  large  wheel  and  in  a  very  small 
wheel.  This  point  may  be  useful  to  keep  in  mind  in  carrying 
on  experiments  on  small  models  of  large  wheels. 
*     *     * 

DECREASING  THE  LABOR  TURNOVER 

In  a  paper  read  before  the  American  Society  of  Mechanical 
Engineers  at  the  annual  convention,  December,  1917,  Richard 
B.  Gregg  called  attention  to  many  interesting  factors  of  value 
to  employers  in  determining  the  causes  for  a  large  labor  turn- 
over, and  pointed  out  that  the  percentage  could  be  greatly 
decreased.  There  is,  of  course,  a  certain  amount  of  labor  turn- 
over which  is  unavoidable  and  normal.  A  factory  will  always 
be  losing  employes  from  old  age  or  death,  marriage,  changes 
of  residence,  or  domestic  conditions  wholly  uninfluenced  by 
the  character  of  the  work  or  trade.  This  normal  labor  turn- 
over will  vary  according  to  local  conditions,  but  is  probably 
about  20  per  cent  of  the  total  working  force.  A  turnover  in 
excess  of  this  percentage  may  be  considered  as  an  indication 
that  some  abnormal  conditions  are  present,  and  the  manage- 
ment should  immediately  take  steps  to  determine  the  causes. 

Determining-  Causes  of  Excessive  Labor  Turnover 

The  first  thing  to  do  is  to  examine  the  pay-roll  and  keep  a 
record  of  the  number  of  people  hired  and  of  those  leaving  or 
discharged  in  the  entire  factory  for  a  given  period,  say  one 
year.  By  comparing  the  total  number  of  those  leaving  the 
company's  employ  with  the  total  number  of  workers  in  the 
factory,  the  labor  turnover,  expressed  as  a  percentage,  may  be 
obtained.  In  a  thorough  analysis  it  is  also  well  to  obtain  the 
percentage  of  turnover  for  each  department,  or  for  each  group 
working  under  one  foreman.  These  percentages,  when  re- 
corded, will  usually  point  quite  clearly  to  defects  in  the  or- 
ganization, unsuitable  working  conditions,  or  other  factors 
which  tend  to  increase  the  turnover. 

In  carrying  the  analysis  further,  it  is  well  to  group  those 
who  leave  according  to  their  actual  earnings,  which  will  show 
the  significance  of  the  wage  factor  as  a  cause  for  leaving.  In 
one  case,  such  an  analysis  made  it  possible  to  ascertain  that 
In  one  department,  where  the  turnover  was  unusually  high, 
the  reason  was  that  the  men  were  receiving  fifty  cents  a  week 
less  than  men  doing  similar  work  elsewhere  in  the  same  town. 
The  wages  were  raised  fifty  cents  and  the  men  did  not  leave 
their  Jobs  as  in  the  past.  Usually,  the  largest  percentages  of 
shirting  labor  will  be  found  in  the  low-paid  groups. 

A  further  aid  in  determining  the  causes  of  a  high  percentage 
of  labor  turnover  is  to  make  inquiries  from  the  foremen  and 
from  the  men  who  leave.  Too  mucli  reliance  should  not  be 
placed  upon  Information  obtained  in  this  way,  however,  as  it 
is  very  likely  to  be  distorted  by  personal  opinions.  It  is  a 
valuable  aid,  however,  In  determining  some  of  the  underlying 
lauses.  Sometimes  these  are  very  simple,  as  in  the  case  of  a 
machine-building  concern  which  learned  that  most  of  the  men 
who  left  resided  a  considerable  distance  from  the  plant.  By 
giving  preference  to  applicants  living  near  the  plant,  the  turn- 
over was  gradually  greatly  reduced.  Usually,  however,  there 
Is  a  complex  set  of  causes. 

Cost  ot  LoHlntr  a  Worker 

'I'hn  co.st  of  losing  an  old  worker  and  hiring  and  training  a 
11. 'w  nM(>  Is  lilgh.  It  may  be  roughly  divided  Into  overhead  cost 
anil  uii.TiitlnK  roat.  Among  the  overhead  costs  are:  (1)  More 
rapid  (Iciiri'iiatlon  of  machinery,  because  of  Ignoranio  or  lack 
of  Bklll  of  new  workers.  (2)  Extra  floor  spaco  and  extra 
machiiK'8  to  provide  agiilnst  Idleness  of  a  certain  amount  of 
machinery  due  to  shifting  labor. 

Among  the  operating  costs  the  following  may  be  nipntloned: 
(I)  Time  spent  by  the  foreman  or  Rupprintondont  In  disriiarg- 


ing  a  worker.  (2)  Time  spent  by  the  foreman  or  other  work- 
ers in  training  the  new  employe.  (3)  Time  spent  by  clerks 
on  additional  pay-roll  or  other  records.  (4)  Time  machinery 
is  idle  when  a  new  worker  cannot  be  obtained  immediately. 
(5)  Idle  machinery  or  temporary  stoppages  due  to  ignorance 
or  lack  of  skill  of  new  worker.  (6)  Repairs  to  machines  or 
renewals  of  tools  broken  for  the  same  reason.  (7)  Waste  or 
damaged  material  due  to  ignorance  or  lack  of  skill  of  new 
worker.  (8j  Difficulties  in  subsequent  processes  due  to  poor 
work  by  new  employes  in  previous  processes.  (9)  Lower  pro- 
duction while  new  employe  is  working  up  to  his  best  skill. 
(10)  Additional  accident  cost  due  to  higher  rate  of  accidents 
among  new  employes. 

Those  who  have  made  the  most  careful  studies  of  this  ques- 
tion find  that  it  costs  about  $10  to  replace  an  ordinary  laborer 
and  as  much  as  $300,  and  perhaps  more,  to  replace  a  skilled 
worker.  Mr.  Alexander,  of  the  General  Electric  Co.,  estimates 
the  losses  in  a  group  of  twelve  metal-working  factories  in  a 
single  year  to  have  been  not  less  than  $831,000.  In  another 
case,  the  annual  loss  from  a  high  labor  turnover  in  a  plant  em- 
ploying 2000  men  was  estimated  at  $20,000.  It  should  be  re- 
membered, moreover,  that  none  of  these  estimates  include  the 
losses  to  the  employes  themselves  or  to  the  community.  The 
subject  is,  therefore,  one  of  the  greatest  importance,  and  it 
is  to  be  expected  that  more  and  more  attention  will  be  given 
to  it  in  the  future.  Just  as  about  ten  years  ago  industrial 
managers  began  to  realize  the  enormous  waste  due  to  acci- 
dents, and  set  out  to  take  steps  to  prevent  the  waste  incident 
thereto,  so  it  is  probable  that  during  the  next  decade  attention 
will  be  paid  to  the  enormous  waste  incident  to  the  constant 
shifting  of  labor. 


THE    NEW    ZEPPELINS 

The  Zeppelins  that  came  to  an  untimely  ( ?j  end  in  France  a 
few  months  ago  were  643  feet  in  length,  had  a  total  height  of 
114  feet,  and  consisted  of  eighteen  balloons  enclosed  inside  an 
aluminum  framework,  these  balloons  containing  over  one 
million  cubic  feet  of  hydrogen.  The  total  lifting  capacity  was 
55  tons.  As  the  aluminum  structure  weighs  between  len  and 
twelve  tons  and  the  five  motors,  each  of  240  horsepower,  to- 
gether with  the  weight  of  the  cars,  balloons,  etc.,  weigh  several 
tons,  the  actual  carrying  capacity  of  the  complete  Zeppelin 
may  be  estimated  at  about  thirty-five  tons.  This  weight  is 
mainly  made  up  ot  the  weight  of  the  crew,  fuel,  ballast,  pro- 
visions and  other  necessary  appliances  required  for  the  Jour- 
ney, leaving  about  2^  tons  for  explosives.  These  Zeppelins 
are  built  with  a  view  to  flying  at  a  height  of  between  16,000 
and  20,000  feet.  At  such  an  altitude  their  designers  apparently 
considered  them  reasonably  safe  from  both  shells  and  heavier- 
thanair  craft,  but  as  a  matter  of  fact  there  appears  to  be 
some  slight  error  in  these  calculations,  since  one  Zeppelin 
was  brought  down  from  a  height  of  over  16,000  feet.  The 
Zeppelins  with  all  their  motors  working  at  full  power  can 
travel  at  more  than  sixty  miles  an  hour.  Three  of  the  motors 
are  in  the  forward  and  in  the  two  middle  cars,  while  the  stern 
car  carries  two  motors,  each  car  carrying  only  one  propeller. 
.\s  a  rule,  only  four  motors  are  used,  the  fifth  being  held  In 
reserve.  The  commander  is  in  the  forward  car  with  the  greater 
part  of  the  crew.  The  total  crew  for  short  raids  consists  of 
twenty  men.  and  for  long  raids,  of  eighteen  men. 

•     •     • 
BONUS  FOR  PUNCTUALITY  AND  ATTENDANCE 

A  nii'llioil  has  been  adopted  by  the  Cincinnati  Planer  Co., 
Cincinnati,  Ohio,  for  encouraging  employes  to  secure  a  perfect 
record  for  punctuality  and  attendance.  Eleven  of  the  em- 
ployes of  the  company  who  were  never  late  or  absent  during 
the  twelve  months  from  December  1,  1916,  to  December  1, 
1917,  were  awarded  o  5  per  cent  bonus  on  their  yearly  oarn- 
Ings,  this  5  per  cent  being  in  addition  to  the  regular  5  per 
cent  on  the  earnings  provided  for  by  the  company's  Christmas 
fund.  The  eleven  men  who  were  thus  awarded  were  Charles 
Marschel,  Oeorge  Hoemschemeyer,  C.  Corum,  J.  Murphy, 
J.  Elsenbrey,  N.  Doggcndorf.  Charles  Tope.  E.  Odor,  J.  Byrum. 
John  Bohrens  and  J.  L.  Uallmau. 
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Fig.  1.     Murcbey  Combination  Boring,  Beaming.  Chamfering  and  Tapping  Tool 

COMBINATION  TOOLS  AND  THEIR  APPLICATION 


TOOLS  FOR  PERFORMING  A  SERIES  OF  OPERATIONS  AT  ONE  SETTING  OF  THE  WORK 


IN  many  lines  of  manufacturing,  competition  has  become  so 
keen  that  a  great  deal  of  time  may  often  he  profitably  spent 
in  planning  methods  of  performing  machining  operations 
and  designing  special  tools  with  the  view  of  making  what  may 
appear  to  be  only  slight  savings  in  the  cost  of  production. 
Nevertheless,  there  are  many  factories  where  these  very  small 
savings  represent  the  difference  between  manufacturing  the 
piece  at  a  profit  and  at  a  loss;  and  when  these  savings  per 
piece  are  multiplied  by  the  yearly  production  of  a  large  plant, 
the  importance  of  careful  planning  of  the  methods  of  ma- 
chining and  pains  taken  with  the  designing  of  tools  at  once 
becomes  apparent. 


the  work.  With  the  view  of  explaining  how  these  tools  operate, 
a  description  is  given  of  four  typical  tools  and  of  the  work 
done  by  them.  While  these  are  representative  examples  of  the 
combinations  of  operations,  for  the  performance  of  which  a 
single  tool  may  be  designed,  the  tools  shown  do  not  represent 
by  any  means  all  of  the  combinations  which  are  possible. 

In  Figs.  1  and  2  there  is  shown  a  combination  boring,  ream- 
ing, chamfering  and  tapping  tool  developed  for  the  purpose 
of  machining  automobile  differential  gear  housings  of  the  type 
shown  in  Fig.  3.  The  tool  consists  of  two  sets  of  cutters,  com- 
prising boring,  reaming  and  chamfering  bits  and  a  collapsing 
tap,  carried  in  a  single  bar.    In  this  case  the  use  of  this  com- 
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Tig.  2.     Detail  View  of  Combination  Tool  ihown  in  Tig.  1 


It  Is  a  matter  of  general  knowledge  among  experienced  me- 
chanics that  the  time  Involved  in  setting  up  a  piece  of  work 
ready  for  the  performance  of  a  machining  operation  often 
takes  longer  than  the  actual  machine  work  that  is  required  on 
the  piece,  and  when  there  Is  a  sequence  of  operations  to  be 
performed,  this  Item  of  setting-up  time  may  become  a  serious 
limiting  factor.  With  the  idea  of  overcoming  this  limitation 
Imposed  upon  the  rate  of  production  on  pie<:e8  where  a  scries 
of  operations  has  to  be  performed,  the  Murchey  Machine  & 
Tool  Co.,  34  Porter  St.,  Detroit,  Mich.,  has  developed  a  num- 
ber of  Interesting  tools  which  provide  for  the  performance  of  a 
series  of  operations,  Including  boring,  reaming,  facing,  cham- 
fering, turning,  threading  and  tapping,  at  a  single  setting  of 


bination  tool  is  not  only  the  means  of  increasing  the  rate  of 
production  by  enabling  all  of  the  operations  to  be  performed 
at  a  single  setting  of  the  work,  but,  in  addition,  performance 
of  the  boring,  reaming,  chamfering  and  tapping  operations  in 
each  of  the  two  holes  in  the  work  with  a  single  tool  Is  the 
means  of  assuring  accurate  alignment  between  the  two  holes, 
whl<'h  is  a  matter  of  the  utmost  importance.  After  the  tool 
has  been  set  up,  each  hole  In  the  work  Is  located  to  the  right 
of  the  boring  and  reaming  cutters  A  and  B;  then,  as  the  tool 
Is  fed  to  the  right,  cutters  A  bore  the  two  holes  In  the  work 
and  these  holes  are  then  reamed  by  cutters  B.  This  movement 
of  the  tool  to  the  right  Is  continued  until  one  of  the  holes  has 
been  tapped  and  chamfered  by  cutlers  C  and  D;  and  when  this 
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result  has  been  accomplished,  the  direction  of  movement  of 
the  tool  is  reversed  in  order  that  the  other  pair  of  cutters 
C  and  D  may  tap  and  chamfer  the  other  hole  in  the  work. 
In  Fig.  3,  o,  6,  c  and  d  indicate  the  work  done  by  the  cutters 
A,  B,  C  and  D  in  Fig.  2. 

In  Fig.  5  is  shown  a  combination  tool  which  provides  for 
boring  and  reaming  one  hole,  reaming  and  tapping  a  second 
hole,  and  chamfering  and  facing  the  surface  at  the  top  of  the 
tapped  hole.  This  tool  consists  of  a  combination  of  the  re- 
quired boring,  reaming,  chamfering  and  facing  cutters  and  a 
collapsing  tap.  The  work  is  an  automobile  differential  case. 
In  this  illustration  the  tool  is  shown  in  operation,  so  that  a 
brief  description  will  suffice  to  explain  the  way  in  which  it 
works.  In  each  case  it  will  be  seen  that  capital  and  small 
letters  are  employed  to  indicate  the  cutting  tool  and  the  por- 
tion of  the  work  on  which  it  operates,  respectively.    The  order 


Fig.   5.     Combination  Boring,   Seaming,   Chamfering,    Facing  and   Tapping 
Tool  for  machining  Automobile  Differential  Case 

of  operations  is  as  follows:  Cutter  A  bores  hole  o  to  a  diameter 
of  4.351  inches;  cutter  B  reams  hole  6  to  a  diameter  of  4.371 
inches;  cutter  G  reams  hole  c  to  a  diameter  of  4.5625  inches; 
cutter  D  cuts  a  45-degree  chamfer  d  at  the  top  of  hole  c;  and 
cutter  E  faces  surface  e.  During  the  time  that  these  opera- 
tions are  being  performed,  the  chasers  of  the  tap  are  collapsed ; 
the  tool  is  next  drawn  back  and  the  tap  expanded,  after  which 
It  is  again  fed  into  the  work  to  provide  for  tapping  hole  c. 
Collar  F  engages  a  trip  on  the  fixture  to  provide  for  automati- 
cally collapsing  the  tap.  A  little  thought  will  suffice  to  show 
the  great  increase  in  production  which  is  made  possible 
through  being  able  to  perform  all  of  these  operations  at  a 
single  setting  of  the  work. 

So  far,  we  have  been  concerned  only  with  the  performance 
of  Internal  machining  operations,  but  the  cnmbination  toob; 
made  by  the  Murchey  Machine  &  Tool  Co.  are  not  in  any 
sense  restricted  to  this  class  of  service.  Fig.  6  shows  the 
combination  of  a  set  of  turning  and  facing  cutters  and  a  self- 
opening  threading  die,  which  is  used  for  machining  tl"  piece 
shown  in  Fig.  7.  The  operation  of  machining  this  piece  is 
divided  into  two  parts;  first,  the  tool  is  fed  over  the  piece  with 
threading  die  chasers  A  collapsed,  so  that  the  four  comblna- 
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Fig.   7.    Piece   which 


turned,   faced   and   threaded   by   Tool   shown 
in  Fig.  6 


tion  turning  and  facing  tools  B  may  turn  section  6  on  the  work 
and  face  surface  c.  The  form  of  these  combination  turning 
and  facing  tools  will  be  best  understood  by  referring  to  the 
cross-sectional  view  of  the  tool  on  the  line  X-X.  After  the 
first  part  of  the  operation  has  been  completed,  the  tool  is  with- 
drawn from  the  work  and  the  threading  chaserS  A  expanded, 
after  which  the  tool  is  again  moved  forward  to  provide  for 
cutting  threads  6.  This  automatic  die  is  of  the  type  provided 
with  an  inside  trip  which  is  operated  by  having  trip-points  C 
engaged  with  surface  c  on  the  work. 

In  the  manufacture  of  fuses  for  shrapnel  and  high-explosive 
shells,  the  necessity  has  arisen  for  machining  various  parts 
on  which  there  is  an  internal  and  an  external  thread.  To  pro- 
vide for  handling  this  work  in  the  most  expeditious  manner, 
it  is  obviously  desirable  to  perform  the  internal  and  external 
threading  operations  simultaneously.  Fig.  8  shows  a  combina- 
tion threading  die  and  tap  which  the  Murchey  Machine  &  Tool 
Co.  has  developed  to  meet  the  requirements  of  this  work,  and 
in  Fig.  4  are  shown  two  examples  of  the  kinds  of  work  for 
which  this  tool  is  adapted.    The  tool  consists  of  a  combination 
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sizing  tap  and  threading  die,  and  both  the  tap  and  the  die 
are  furnished  with  means  of  adjustment  to  control  the  size 
of  the  work.  To  provide  for  handling  work  where  the  pitches 
of  the  internal  and  external  thread  are  not  the  same,  the  tap 
is  made  free  to  move  longitudinally  in  order  to  compensate  for 
the  difference  in  rate  at  which  the  tap  ami  the  die  must  be  ad- 
vanced while  performing  their  respective  operations.  Although 
this  type  of  tool  was  espe<'lally  developed  to  meet  the  requlre- 
nu'nls  of  firms  engaged  In  the  production  of  fuse  parts,  it  will 
hi'  apparent  that  there  are  a  variety  of  other  threaded  pails 
on  which  It  could  be  used  with  excellent  results.  E.  K.  H. 

•  •  • 
Tlio  magnitude  of  the  operations  to  bo  undertaken  by  tho 
American  forces  In  Fronce  la  Indicated  by  the  fact  that  the 
government  has  purchased  150.000  tons  of  eighty-pound  rails 
for  use  overseas,  which  Is  equivalent  to  600  miles  of  double- 
trark  lino. 
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CARD   INDEX   PRODUCTION   SYSTEM 

BY  LE'WIS  JOHNSON  ' 

There  are  two  objections  to  most  routing  systems:  First, 
they  are  written  upon  large  sheets  of  paper,  usually  about  fif- 
teen by  twenty-four  inches,  which  makes  them  extremely  un- 
handy; and,  second,  no  provision  is  made  for  parts  made  up 
later  on  an  order  to  replace  spoiled  work  or  defective  castings 
or  for  parts  that  are  sent  twice  to  the"  same  department  for 
different  operations  or  on  which  there  is  some  intermediate 
operation  in  another  department. 

The  routing  card  shown  in  Fig.  1  takes  care  of  all  these  con- 
tingencies. It  measures  only  four  by  six  and  one-half  inches 
and  is  very  flexible,  yet  the  writer  has  never  seen  its  use  sug- 
gested in  any  text-book.  The  card  gives  the  part  number  and 
name  of  the  pieces  and  the  material  from  which  they  are  to 
be  made,  the  requisition  number  upon  which  it  was  ordered, 
the  lot  and  job  numbers  upon  which  the  pieces  are  to  be  used, 
and  the  date  the  order  was  made  out.  It  also  states  if  this 
material  is  special,  and  each  department  bears  a  number.  To 
illustrate  its  purpose,  the  card  is  filled  out  for  a  piece  that 
has  not  been  manufactured  before.    This  case  will  especially 
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uiiply  Ui  any  concern  building  spi-clat  muchinury,  but  thu  (juau- 
tity  of  pIocbH  made  on  an  order  would  ho  probably  Hmallor. 
The  rard  «bowB  that  Iho  pattern  «hop  <l<'llvcr(id  Itio  pattern 
to  Iho  foundry  Rtorc  hnuno  on  Soplcmbor  :ii'i,  that  (Ifly  coatlnRH 
were  flnlRho<l  and  In  the  nhcd  on  October  8,  and  woro  di^llvorccl 
to  tho  planer  depnrlnn;nt  on  October  10.  A  rocelpt,  shown  In 
KIg.  2,  Is  (tlven  by  carh  departnu-nl  for  alt  mntwrlal  It  recolvcii. 
On  Iho  planer  operation,  flvo  rastinRH  wore  found  to  be  do- 
fnrtlve,  so  a  ^ocn  rush  Ibk  was  Issund  for  custlnKs  to  roplaco 
those.  TJioso  wttrc  ordorod  from  Uio  foundry  on  rc'iulsltlon 
No  2654,  woro  dcllvorcd  to  the  casllnic  sh<wl  on  Onobor  20, 
and  sent  to  the  planer  department  on  Oclobur  23,  whore  Uioy 

•IVvdarUoollanifinriCBQrao'tfiirbiM  Tool  Co..  Ilamllloii,  Ohio 


rrii 

TRANSFER  RECEIPT 

DEPARTMENT 

Lot  No.    c^"?/             lob  No.   ^^7^ 

NO. 
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Pattern- 
shop 

Symhol              /I  ^0 
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Foundry 
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Casting 
Shed 

Name    cT-^urn^    C/JaAycryi/ 

4 

Steel 
Racks 

5 

Screw 
Machines 

r 

G 

Gear  and 
Milling 

7 

Planers 

8 

Lathe  and 
Grinding 

9 

Drills 

From  Dept.  No.         <^ 

10 

Blacksmith 

11 

Vise  and 
Polishing 

To  Dept.  No.              / 

12 

Unit 
Assembly 

13 

Planer 
Fitting 

Receivt^d  By          V-  J^-yriAjji 

14 

Paint 

15 

Stock-room 

16 

Defective 

ilacM 

o 

ORDER  TAG 
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^l>0 


ran  M.„.„     JU<r7t^i-    (2M^m/ 


Quantity  Rciiuircd- 


SO 


Fig.  2.     Transfer  Receipt 

were  planed  and  sent  forward,  with  the  other  forty-five  pieces, 
to  the  drilling  department  on  October  2S,  and  from  there  to 
the  unit  assembly  department.  On  November  3  the  work  was 
returned  to  the  drilling  department  for  further  drilling,  and 
was  then  sent  to  the  painting  department  on  November  5,  and 
finally  to  the  stock-room  on  November  12.  If,  in  the  stock- 
room, some  of  the  pieces  failed  to  pass  the  final  test  and  could 
not  be  used,  another  green  tag  would  have  been  made  out 
for  the  rest,  and  the  replacement  carried  through  as  before. 

The  classification 
chart.  Fig.  4,  shows  how 
these  cards  may  be  sort- 
ed into  special  groups; 
of  course,  in  each  group 
the  cards  run  with  the 
symbols  in  numerical 
order,  and  are  filed  with 
the  cards  constituting 
each  order  for  machines 
separately.  Group  1 
contains  route  cards  for 
all  orders  for  parts 
made  from  castings,  the 
patterns  for  which  are 
not  yet  completed.  As 
tho  patterns  are  made 
and  dellvorod  to  the 
loiiiiilry  Htoru  lioiKso,  an 
iiitry  1h  niado  on  that 
partlcuhir  curd  and  tho 
<ard  placod  In  Uroup  2; 
thug  Group  1  grows 
smallor  and  smaller.  At 
regular  IntnrvalH,  u 
Hbortago  Hlip  Ih  niailu 
out  and  dollvcrctl  lo  iho 
pulli'rnBhop  buHH,  ho  ho 
nan  toll  whoro  lo  con- 
contrato  the  onorglos  of 
his  forco.  This  also  In- 
sures that  piittiTiia  for 
■urh  pluros  as  are  made 
from  special  nmtorlal  or 
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MATERIAL  CREDIT 
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Inifs  return  iMith  rhariie  and  crmllt. 


ill.   .1.      Ordo 


February,  1918 


MACHINERY 


523 


cast  outside  the  plant  are  made  ahead  of  the  rest  of  the  pat- 
terns and  sent  out  to  the  foundries.  As  the  castings  are  made 
in  the  foundry,  they  are  sent  through  the  castings  shed,  and 
when  there  are  enough  to  satisfy  the  order  they  are  sent  to 
the  machine  department.  When  the  receipt  for  this  transac- 
tion comes  into  the  office,  the  entry  is  made  on  the  card,  which 
is  in  Group  2,  and  the  card  is  filed  in  Group  3.  As  all  castings 
are  finished,  Group  2  will  be  finally  eliminated,  and,  if  neces- 
sary, shortage  slips  can  be  made  out  from  time  to  time  on 
.the  foundry.  There  are  now  left  only  Groups  3,  4  and  5,  and 
as  the  parts  are  finished  and  sent  to  the  stock-room  ready  for 
assembling,  Groups  3  and  4  are  assimilated  by  Group  5,  which 
is  the  only  group  that  remains  at  the  end.  Of  course,  where 
any  parts  have  proved  defective  or  been  spoiled,  rush  tags 
have  been  made  out  to  replace  those  parts.  These  rush  tags 
bear  the  same  lot  and  job  number  as  the  original  order,  and 
the  work  is  pushed  through  to  the  stock-room,  so  that  the 
order  is  soon  completed  and  ready  for  assembling. 

The  transfer  receipt,  shown  in  Fig.  2,  is  four  by  five  and 
one-half  inches  and  is  furnished  in  duplicate  in  pads  of  fifty 
each.     One  copy  is  then  sent  to  the  production  office  and  the 


CLASSIFICATION  FOR  ROUTE  CARDS. 


Group  5 


Group  4 


Group  3 


Orders  for  pieces  which  have  been  com- 
pleted and  are  in  finished  stock-room 
awaiting  assembly. 


Orders  for  pieces   made  from  steel  in 
process  of  manufacture. 


Group  2 


jp  1 


Orders  for  pieces  made  from  castings 
which  have  been  completed  by  foundry 
and  are  now  in  process  of  machining- 


Orders  for  pieces  made  from  castings 
the  patterns  for  which  are  completed 
and  in  foundry. 


Orders  for  pieces   made  from  castings 
the  patterns  for  which  are  not  yet 
completed- 


Fig.  4.     Classification  Chart 

other  to  the  foreman  from  whom  the  material  has  just  been 
received. 

The  order  tag,  shown  in  Fig.  3,  is  made  out  in  the  produc- 
tion department,  attached  to  the  blueprint  and  sent  to  the  raw 
stock-room.  If  the  part.s  are  made  from  castings,  the  weight  is 
filled  In  and  the  two  lower  parts  detached  and  sent  to  the  office. 
The  two  upper  parts,  with  the  blueprint  and  castings,  are 
sent  to  the  machine  department.  If  the  parts  are  made  from 
steel  pieces  sawed  from  the  bar,  a  similar  procedure  is  fol- 
lowed. In  the  case  of  screw  machine  parts,  the  bar  of  steel 
or  brass  Is  weighed  and  the  weight  filled  in  on  the  lowest  part 
of  the  tag,  which  is  detached  and  sent  to  the  office.  The  rest 
of  the  tag.  with  the  blueprint  and  bar  8to<k,  is  sent  to  the 
machining  department.  When  the  Job  Is  finished,  the  part 
headed  Material  Credit  is  returned  with  the  surplus  stock  to 
the  raw  stockroom,  where  the  weight  Is  filled  In  and  the  slip 
iB  sent  to  the  cost  office.  If  there  Is  no  stock  left  over,  the  slip 
1b  80  marked  and  returned  to  the  raw  stock-room  and  thonce  to 
the  cost  offlce.  The  two  upper  parts  of  the  tag.  with  the  blue- 
print, remain  with  the  job  through  all  the  machine  operations 
to  the  finished  Btnckroom.  After  being  Inspected,  the  second 
part  of  the  tag  Is  <lotBched  and  sent  to  the  coat  office,  while 
the  top  part  of  the  tug  remains  with  the  pieces  as  a  means  of 
lilentlllcatlon.  A  Blnillarly  printed  tag.  but  colored  green  and 
liciidod  ruHh.  Is  used  aa  nn  order  for  those  pieces  that  are  being 


made  to  replace  defective  or  spoiled  pieces  and  which  follows 
exactly  the  same  routine  enumerated  above. 

The  advantage  of  this  system  is  that  most  of  the  clerical 
work  is  performed  in  the  office,  and  as  a  good  mechanic  is 
seldom  either  an  expert  chirographer  or  bookkeeper,  this  elimi- 
nates the  chances  for  error  and  also  reduces  to  a  minimum  the 
number  of  forms  required,  thereby  simplifying  the  working 
system.    On  the  route  card,  no  provision  is  made  for  the  cost 
record  figures,  but  the  reverse  side  of  the  card  may  be  used  for 
this  purpose.    This  card  was  designed  and  intended  to  fit  one 
particular  shop.    Many  forms  fail  in  their  purpose  simply  be- 
cause they  have  been  copied  piecemeal  from  some  form  that 
is  doing  excellent  duty  in  the  first  plant  hut  which  fails  to  fit 
the  conditions  in  the  second  plant.    Care  must  be  taken  with 
the  receipt  form  and  with  the  numbering  of  the  departments 
to  have  everything  clearly  defined  and  nothing  ambiguous,  so 
that  the  entries  on  the  route  cards  may  be  made  correctly  by 
a  junior  clerk  (the  writer  has  found  girls  much  more  careful 
and  thorough  for  this  class  of  work  than  boys) ;  this  leaves 
the  production   man's   time   open   for   more   important   work. 
*     *     * 
METHODS  OF  "WAGE  PAYMENT 
In  the  Pittsburg  district,   increases   in  wages   during  1917 
were  made  in  a  number  of  different  ways,  including  the  pay- 
ment of  bonuses,  straight  increase  in  time  rates,  and  increases 
by  means  of  premium,  piece-work  and  tonnage  rates.    Twenty- 
nine  per  cent  of  the  employers  pay  a  bonus  in  addition  to  the 
regular  wages.     Twenty-two  per  cent  use  the  premium  plan 
in  which  a  certain  time  is  set  for  the  completion  of  an  opera- 
tion, and  if  the  workman  completes  the  task  in  less  than  the 
time  set,  he  is  paid  a  certain  percentage,  usually  one-half,  of 
the  saving  thus  effected.    Twenty-nine  per  cent  of  the  employ- 
ers use  the  piece-work  plan  for  all  wage  payments.    In  some 
cases  even  common  laborers,  truckers  and  loaders  are  paid  by 
the  ton  or  piece  for  all  the  work  done.    In  10  per  cent  of  the 
cases  a  bonus  is  paid  upon  the  tonnage  output  and  the  num- 
ber of  hours  worked,  this  being  an  incentive  to  put  forth  the 
best  efforts  and  to  discourage  absence  from  work.    In  10  per 
cent  of  the  cases,  straight  wage  increases  have  been  paid  with 
out  the  use  of  bonus,  premium  or  piece-work  plans.    Bonuses 
are  frequently  paid  in  separate  envelopes  and  on  separate  days 
from  the  regular  pay  days.     In  some  cases  the  bonuses  are 
paid  at  the  same  time  as  the  regular  wage  payments,  but  are 
marked  on  the  outside  of  the  envelope  in  red  ink  as  "Bonus." 
Generally  the  bonus  is  from  10  to  20  per  cent  of  the  regular 
wages.     In  some  cases,  a  5  per  cent  bonus  is  paid  after  two 
months'  employment,  and  then  an  increase  of  1  per  cent  is 
made  for  every  two  months  of  employment  until  10  per  cent 
is  reached.    In  other  cases  the  additional  percentage  is  con- 
tinued until  20  per  cent  is  reached.    Some  firms  also  have  paid 
an  additional  bonus  of  8  per  cent  based  upon  punctuality  and 
attendance  to  business.     Absence  from  work  without  permis- 
sion forfeits  the  bonus,  but  absence  on  account  of  sickness  or 
other  unavoidable  causes  does  not  deprive  the  employe  of  his 
share.    It  has  been  noted  that  the  payment  of  a  certain  per- 
centage of  the  regular  wages  in  the  form  of  bonuses  under 
these  conditions  has  resulted  in  regular  attendance  at  work, 
so  that  there  has  been  a  marked  decrease  In  the  days  and 
hours  lost. 

In  the  Pittsburg  district,  the  customary  allowance  for  over- 
time is  time  and  one-half,  except  on  Sundays  and  legal  holi- 
days, when  double  time  is  paid.  Over-time  commences  after 
fifty-four  hours  for  the  week  have  been  completed.  Over-time 
and  long  hours  are  the  rule  rather  than  the  exception,  and 
from  the  present  outlook  this  will  continue  to  be  the  condition 
throughout  the  duration  of  the  war. 
•     •    • 

Norway's  first  relnforced-concrete  ship  was  launched  In  three 
weeks  from  the  time  work  on  It  was  begun.  As  the  forms  can 
bo  used  tor  all  other  ships  of  this  size.  It  Is  expected  that 
all  Inter  ships  will  bo  ready  for  launching  In  one-half  this 
time.  It  Is  thought,  too,  that  the  ships  of  1000  tons  that  are 
being  planned  can  be  launched  In  six  weeks  after  work  is 
begun. 
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STANDAED  AND  SPECIAL  MECHANISMS  AND  ATTACHMENTS  FOR  ENGINE  LATHES,  TURRET    LATHES. 

DRILLING  AND  BORING  MACHINES 

BY  FRANKLIN  D.  JONES  2 

Of  the  cone  pulley.  For  cutting  threads  of  large  lead,  the 
sliding  gear  is  engaged  with  the  cone  gear  and  the  back-gears 
are  thrown  into  mesh.  The  sliding  gear  will  then  make  ten 
revolutions  to  one  of  the  spindle;  consequently,  if  the  lathe 
were  geared  to  cut  one  thread  per  inch,  it  would  cut  a  thread 
groove  having  a  lead  of  ten  inches  when  driving  through  the 
sliding  gear  and  cone  pinion.  An  attachment  of  this  kind  may 
be  used  for  cutting  oil-grooves  in  cylindrical  parts  and  for 
similar  operations,  as  well  as  for  cutting  screws  of  large  lead. 

Special  Lead-screw  for  Cutting  Threads  of  Coarse  Pitch 

A  rear  view  of  a  Lodge  &  Shipley  lathe  having  a  special 
lead-screw  for  cutting  threads  of  large  lead  is  shown  in  Fig.  1. 
This  auxiliary  lead  screw  extends  along  the  rear  side  of  the 
bed,  and  when  in  use  the  back-gearing  of  the  headstock  is 
engaged;  the  drive  is  then  from  the  large  back-gear,  through 
the  change-gearing  shown,  to  the  special  lead-screw.  A  long 
half-nut  at  the  back  of  the  carriage  engages  the  threads  of 
the  lead-screw  and  is  so  arranged  that  It  may  be  raised  or 
lowered  by  a  cam  operated  by  a  handwheel  at  the  front  of 
the  apron.  The  lead-screw  is  supported  on  the  under  side  by  a 
number  of  long  shoes  attached  to  the  lathe  bed.  This  lathe  is 
equipped  with  the  regular  quick-change  gear  mechanism  and  a 
lead-screw  at  the  front  for  ordinary  thread-cutting  operations 
with  leads  ranging  from  1/32  inch  to  2  inches.  The  coarse- 
pitch  threading  attachment  is  used  for  leads  varying  from  2  to 
15  inches. 

Cutting  Threads  so  that  Pitch  is  Slightly  Greater  or  Less 
than  Standard 

It  is  sometimes  necessary  to  cut  a  screw  thread  having  a 
pitch  which  is  slightly  greater  or  less  than  standard.  A  very 
small  increase  of  pitch  may  be  required  in  order  to  allow  for 
shrinkage  of  the  steel  in  hardening,  or  if  a  screw  is  to  be  fitted 
into  a  hardened  part  having  an  internal  thread,  it  may  be 
necessary  to  make  the  pitch  of  the  screw  thread  less  than 
standard  on  account  of  shrinkage  in  the  nut  or  other  part 
which  is  to  receive  the  screw.  A  slight  increase  in  pitch  may 
easily  be  obtained  by  means  of  a  taper  attachment,  but  cutting 
a  pitch  less  than  standard  is  more  difficult. 

When  a  taper  attachment  is  used  to  Increase  the  pitch 
slightly  it  is  set  at  an  angle  and  the  part  to  be  threaded  Is 
located  at  the  same  angle  by  adjusting  the  tailstock  center; 
consequently,  the  thread  tool  will  cut  a  straight  thread  or 
one  of  uniform  diameter  throughout  its  length,  but  as  the 
tool  point  moves  along  an  angular  path  relative  to  the  move- 
ment of  the  carriage,  it  travels  farther  than  the  carriage. 
The  result  Is  that  the  pitch  of  the  thread  cut  by  the  tool  is  a 
little  greater  than  the  pitch  for  which  the  lathe  is  geared. 
The  amount  that  the  pitch  is  increased  depends  upon  the 
angle  between  the  axis  of  the  work  (or  the  angle  to  which  the 
taper  attachment  !s  set)  and  a  line  representing  the  movement 


Tig.   1.     Attachment  for  cutting  Threads  of   Coarse  Fitch  or  Large   Lead 

A  SPECIAL,  mechanism  or  some  form  of  attachment  may 
be  used  in  connection  with  thread-cutting  operations 
either  in  engine  lathes,  turret  lathes,  or  other  classes  of 
machine  tools  which  may  or  may  not  be  employed  ordinarily 
for  work  of  this  kind.  An  attachment  is  sometimes  applied 
to  an  engine  lathe  for  cutting  a  screw  thread  of  unusually 
large  lead  or  for  other  special  operations,  such  as  cutting 
threads  which  differ  slightly  in  pitch  from  the  standard  pitch. 
Thread-cutting  attachments  are  also  applied  to  some  turret 
lathes,  so  that  threads  may  be  cut  by  means  of  a  single-point 
tool  or  chaser  whenever  a  tap  or  die  cannot  be  used  to  advantage. 

Attachments  for  Cutting-  Screws  of  Large  Lead 

When  a  lathe  is  used  for  cutting  a  screw  thread  of  excep- 
tionally large  lead,  or  steep  pitch,  the  change-gear  mechanism 
may  be  subjected  to  excessive  stresses  if  the  power  for  travers- 
ing the  carriage  along  the  bed  is  transmitted  from  the  lathe 
spindle  to  the  lead-screw  in  the  usual  manner.  This  is  due 
to  the  unusual  distance  that  the  carriage  must  move  along 
the  bed  per  revolution  of  the  work  in  order  to  obtain  a  large 
lead.  For  instance,  it  the  lead  is  such  that  the  lead-screw 
must  be  revolved  quite  rapidly  to  move  the  carriage  and  tool  a 
distance  equal  to  the  lead  of  the  thread,  each  time  the  spindle 
makes  one  revolution,  the  teeth,  especially  on  the  first  gear  of 
the  train,  may  be  broken  as  a  result  of  the  excessive  stress. 
One  method  of  avoiding  trouble  of  this  kind  is  to  apply  power 
directly  to  the  lead-screw.  Instead  of  to  the  spindle;  motion 
is  then  transmitted  from  the  high-speed  member  of  the  gear 
train  to  the  low-speed  member,  as  the  lead-screw  drives  the 
spindle,  and  the  load  on  the  gear  teeth  Is  reduced.  Another 
method  of  overcoming  this  difllculty  Is  by  driving  the  lead- 
screw  from  the  gear  on  the  cone  pulley,  a  special  "attachment" 
or  gearing  being  used  to  transmit  the  motion.  On  one  design 
of  lathe  arranged  In  this  way,  the  cone  pulley  has  a  velocity 
ten  times  that  of  the  spindle  when  the  back-gears  arc  engaged; 
ronsequently,  by  using  the  rapidly  revolving  cone  gear  as  the 
driver  In  the  train  of  gearing  connecting  with  the  lead-screw, 
the  Btress  on  the  teeth  Is  reduced  proportionately.  It  we 
,iH(iume  that  the  lead  of  a  screw  to  be  <:ut  Is  '.i'/j  Inches,  and 
that  there  arc  4  threads  per  Inch  on  the  lathe  lead-screw,  thr- 
ratio  of  the  spindle  speed  to  that  of  the  lead-screw  Is  14  to  1 
liy  driving  directly  from  tbo  cone  gear,  however,  the  ratio 
will  be  changed  to  14  to  10,  bocauso  the  cone  pulley  revolves 
ten  times  as  fast  as  the  spindle;  thoroforo,  the  power  necessary 
for  travcrslHK  the  carriage  la  oostly  transmitted  through  tli'' 
K'-arliiK.   and    without  ovorstrosslng   the   tenth.     The   K'nrlur 

'  '   '-""  Uircadlng  attachment  of  this  kind  may  he  arranged 

A    double   sliding   gear    on    Uio    reversing    shaft 

li":i'lBlock  can  be  engaKod  cither  with  the  regular 

(Iriv'ii.  ".HI  spindle  or  with  a  small  gvur  at  the  end 

iilijarl.    MM    'TbrMd   Milling."   Januir/, 
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of  the  carriage.  The  cosine  of  the  angle  to  which  the  work 
and  taper  attachment  should  be  set  for  obtaining  a  given 
increase  in  pitch  equals  the  standard  pitch  (obtained  with  the 
regular  gearing)  divided  by  the  increased  pitch  necessary  to 
compensate  for  shrinkage. 

If  a  screw  thread  must  be  cut  having  a  pitch  slightly  less 
than  standard,  special  equipment  is  required.  One  method  is 
to  provide  special  gears  which 
give  a  somewhat  greater  re- 
duction of  pitch  than  is  neces- 
sary. The  taper  attachment 
is  then  used,  as  previously 
explained,  to  increase  the 
pitch  so  that  it  is  below 
the  standard  just  the  right 
amount.  For  instance,  if  the 
required  pitch  is  0.198  inch 
instead  of  the  standard  of 
0.200  inch  (five  threads  per 
inch)  gears  having  83  and  84 
teeth,  respectively,  could  be 
used  to  form  a  compound 
train  of  gearing  and  reduce 
the  0.200-inch  pitch  obtained 
with  the  regular  change-gears.  ^^'  *• 

This  reduction  would  equal  83/S4  of  0.200  inch,  or  0.1976  inch. 
In  order  to  increase  the  pitch  of  0.1976  inch  to  0.198  inch,  the 
taper  attachment  and  work  are  set  at  an  angle  the  cosine  of 
which  equals  0.1976  divided  by  0.198  equals  0.9979,  which  is 
the  cosine  of  3  degrees,  40  minutes.  As  this  example  indicates, 
the  pitch  for  which  the  lathe  is  geared  is  divided  by  the  pitch 
required,  to  obtain  the  cosine  of  the  angle. 

Special  Attachment  for  Obtaining-  Slight  Variations  in  Pitch 

Lathes  that  are  used  extensively  for  precision  screw  cutting 
are  sometimes  equipped  with  special  compensating  attach- 
ments for  varying  the  pitch.  These  attachments  may  be  used 
in  some  cases  to  cut  screw  threads  which  differ  slightly  from 
the  standard  pitch,  as  when  an  allowance  must  be  made  for 
shrinkage,  or  the  attachment  may  be  used  to  compensate  for 
slight  inaccuracies  in  the  lead-screw  in  order  to  cut  threads 
to  a  given  pitch  within  as  close  limits  as  possible.  Most  of 
these  attachments  are  designed  to  vary  the  pitch  either  by 
imparting  a  turning  movement  to  the  nut  engaging  the  lead- 
screw,  or  by  shifting  the  lead-screw  itself  in  a  lengthwise 
direction.  The  diagram  Fig.  2  illustrates  how  slight  varia- 
tions may  be  obtained  by  turning  the  lead-screw  nut  or  as  a 
result  of  a  diiterential  motion  between  the  lead-screw  and  the 
nut  connecting  with  the  tool  carriage.  A  nut  of  special  form 
is  mounted  In  a  bracket  attached  to  the  carriage  so  that  it  is 
free  to  turn.  Projecting  from  this  nut  there  is  an  arm  A, 
the  end  of  which  is  held  firmly  against  the  edge  of  a  com- 
pensating strip  B  by  weight  C.  The  strip  B  can  be  set  in  an 
inclined  position,  so  that  when  arm  A  is  traversed  along  it, 
the  nut  Is  turned  in  one  direction  or  the  other,  thus  increasing 
or  decreasing  the  pitch  of  the  thread  cut  by  the  lathe,  by  ad- 
vancing or  retarding  the  movement  of  the  carriage. 

The  diagram  Fig.  3  illustrates  a  type  of  compensating  at- 
tachment which  operates  by  moving  the  lead-screw  azially. 


The  lead-screw  bearing  at  one  end  is  in  the  form  of  an  ex- 
ternally threaded  sleeve  A,  which  is  screwed  into  an  outer 
stationary  sleeve  B.  The  lead-screw  is  free  to  rotate  in  sleeve  A, 
but  it  cannot  move  in  a  lengthwise  direction  relative  to  A 
except  when  the  latter  is  screwed  in  or  out  of  sleeve  B.  The 
turning  movement  of  sleeve  A  for  varying  the  pitch  is  derived 
from  a  pinion  attached  to  A  which  meshes  with  a  rack  C  hav- 
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Fl(.  3.     Anothu  Form  of  Altaobmoot   for  obtnlnliic  BUiht  Variation!  In  Fitch 


Quick-threading  Attachment  for  Engine  Lathe 

ing  at  its  lower  end  a  block  engaging  a  slot  in  plate  D.  This 
plate  D  is  attached  to  a  slide  E,  which  is  connected  to  the 
lathe  carriage  by  a  rod  F;  consequently,  slide  E  and  plate  D 
move  with  the  carriage,  and  when  slot  D  is  in  an  angular 
position  the  resulting  vertical  movement  of  rack  C  turns 
sleeve  A  and  shifts  the  lead-screw,  thus  varying  the  pitch  of 
the  thread  cut  by  the  lathe. 

Translating  Gears  for  Metric  Pitches 

Lathes  used  for  cutting  threads  based  on  either  the  English 
or  metric  systems  of  measurements  may  be  provided  with 
translating  gears,  ^here  are  two  gears  having  50  and  127 
teeth,  respectively.  The  numbers  of  teeth  in  these  gears  rep- 
resent the  relation  between  the  English  and  metric  systems 
of  measurement;  thus  1  inch  is  equivalent  to  2.54  centimeters, 

1  X  50  50 

and  = .   When  these  gears  are  in  the  train  of 

2.54  X  50         127 

gearing  connecting  the  lathe  spindle  and  lead-screw,  the  lathe 
may  be  geared  for  cutting  a  given  number  of  threads  per  centi- 
meter by  using,  in  addition  to  the  translating  gears,  the  same 
gears  that  would  be  employed  for  cutting  a  similar  number  of 
threads  per  inch.  For  example,  if  a  metric  thread  is  to  be 
cut  having  a  pitch  of  2  millimeters,  or  5  threads  to  the  centi- 
meter, and  translating  gears  are  used,  change-gears  for  cutting 
5  threads  per  inch  could  be  employed.  In  this  case,  5  threads 
to  the  centimeter  will  actually  be  cut  and  not  5  threads  to  the 
inch,  because  the  translating  gears  are  used  in  conjunction 
with  the  regular  gears,  thus  forming  a  compound  train  of 
gearing.  If  the  gears  for  cutting  5  threads  per  inch  should 
have  36  and  30  teeth,  respectively,  on  the  stud  and  lead-screw, 
the  compound  train  of  gearing  for  cutting  5  threads  per  centi- 
meter would  consist  of  driving  gears  having  50  and  36  teeth 
and  driven  gears  having  127  and  30  teeth.  The  positions  of 
either  the  driving  or  the  driven  gears  could  be  transposed,  it 
necessary.  In  order  to  make  the  gears  mesh  together  properly. 

Qulck-threadlnif  Attachment  for  Bng-ine  Lathe 

The  Hendey  quick-threading  attachment  shown  in  Figs.  4 
and  5  is  Intended  especially  for  cutting  comparatively  short 
threads  on  duplicate  parts  varying  from  one  to  three  inches 
In  length,  although  It  may  be  used  for  lengths  up  to  six  Inches. 
Thread  cntting  can  be  done  rapidly  with  the  attachment  owing 
to  the  high  speed  at  which  the  carriage  Is  returned  from  the 
end  of  the  cut  to  the  starting  point.  This  rapid-return  move- 
ment is  effected  by  a  quick-return  sleeve  having  a  multiple 
thread  of  coarse  pitch.  This  return  sleeve,  as  well  as  the 
thread  chasing  sleeve  from  which  the  forward  movement  Is 
derived,  rotates  constantly  when  the  attachment  Is  In  use. 
The  length  of  the  travel  In  either  direction  la  governed  by 
automatic  trip  dogs.     The  chasing  sleeve  V  and   the  quick- 
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return  sleeve  H  are  geared  to- 
gether and  rotate  at  the  same 
speed  as  the  lead-screw.  The  nuts 
Z  and  Z„  attached  to  rocker  Q, 
may  be  engaged  with  the  sleeves. 
Rocker  Q  is  connected  with  the 
apron  by  means  of  push-shaft  / 
through  the  handle  indicated  at  X. 
When  the  split  nut  in  the  apron 
is  disengaged,  rotation  of  the  lead- 
screw  will  move  the  carriage  in 
one  direction  when  nut  Z  is  en- 
gaged with  the  chasing  sleeve  Y, 
and  the  rapid-return  movement 
is  obtained  when  nut  Z,  and 
sleeve  H  are  in  engagement.  The 
dogs  Ti  and  T,  determine  the  lim- 
its of  travel  by  striking  stop-pins 
on  bracket  J,  which  throws  the 
handle  X  and  rocker  Q  to  the  neu- 
tral position,  in  which  position 
neither  nut  is  in  engagement. 
If  a  right-hand  thread  is  to  be 
cut,  the  change-gears  in  the  gear- 
box of  the  lathe  are  set  for  what- 
ever pitch  may  be  required,  and 
the  regular  reverse  handle  A  is  thrown  downward  and  left 
in  that  position.  The  attachment  should  be  clamped  tightly  to 
the  bed  by  means  of  clamp  screw  L  at  a  point  which  will 
allow  of  the  desired  amount  of  travel.  Handle  X  is  placed 
in  the  neutral  position  and  the  two  dogs  r,  and  T,,  marked 
"R"  (which  signifies  right-hand),  are  placed  on  shaft  /.  The 
latter  is  then  connected  with  X  by  the  taper  pin  S.  The  dogs 
are  set  by  running  the  carriage  by  hand  to  the  point  where 
it  is  to  stop,  and  then  sliding  the  corresponding  dog  along 
shaft  I  until  it  engages  the  stop-pin.  Assuming  that  the  first 
cut  is  to  be  taken  with  the  carriage  at  the  tailstock  end  and 
that  the  lathe  is  in  motion,  throw  handle  X  up  to  the  cutting 
position  (see  Fig.  5),  keeping  the  pressure  on  the  handle  until 
nut  Z  engages  the  thread  on  sleeve  Y.  The  carriage  will  then 
travel  along  until  the  dog  T^  throws  the  rocker  Q  and  han- 
dle X  to  the  neutral  position.  After  withdrawing  the  thread- 
ing tool,  handle  X  should  be  thrown  down  to  the  reverse  posi- 
tion with  a  rapid  movement,  thus  causing  the  carriage  to 
return  rapidly  to  the  starting  point;  then  dog  Tj  throws  nut  /, 
out  of  engagement  with  gleeve  H,  and  the  carriage  stops.  This 
cycle  of  movements  is  repeated  for  each  successive  cut  until 
the  thread  Is  completed.  When  cutting  left-hand  threads,  the 
dogs  marked  "L"  (left-hand)  are  substituted  for  those  marked 
"R"  and  the  regular  reverse  handle  A  is  placed  in  the  upper 
position.  The  operation  of  the  attachment  is  the  same  for  a 
left-hand  thread  as  for  one  of  the  opposite  hand,  except  that 
the  quick-return  movement  Is  toward  the  lathe  headstock. 
When  using  this  attachment, 
the  operating  handle  X  should 
be  thrown  quickly  from  the 
neutral  to  the  engaging  posl- 
tlona,  pre»gure  being  k«--pt  on 
the  handle  until  the  nutH  arr> 
In  engagement. 

■Huifiilatlni^    Pitch    of    Threatl 

whon  Unlntr  Qulclc-threod- 
\Tnc  Attnchment 

It  Is  Important  to  under 
stand  the  relation  between 
the  pitch  of  the  throad  to  bo 
cut  and  th>-  pitch  for  whl'h 
the  regular  chanKCKcnr  mech- 
anism of  the  latho  Is  set 
whon  uslnic  the  quick-thread 
iDg  attxkcbment  shown  In  Figs. 
4  and  G.  On  Hendoy  Inthns 
up  to  and  InrludlnR  20  Inchoii 
swInK.  Iho  l»nd'S<T(iw  has  f, 
threads  por  Inch,  and,  as  pro- 
vioasix  mentioned,  tha  ehu- 


Fig.    6.     End   View   of    ftuick-threading   Attachment    shown 
in  Fig.  i 


SmoTutllBS  AllaoliinKiil  far  Ltdm 


ing  sleeve  of  the  threading  attach- 
ment revolves  at  the  same  speed 
as  the  lead-screw;  therefore,  it  is 
evident  that,  when  the  lathe  gear- 
box is  set  for  6  threads  per  inch, 
the  pitch  of  the  thread  cut  by  the 
attachment  will  be  the  same  as 
that  of  the  chasing  sleeve  on  the 
attachment.  If  the  gear-box  were 
set  for  12  threads  per  inch,  a 
thread  of  one-half  the  pitch  of 
the  chasing  sleeve  would  be  cut, 
and  so  on,  it  being  possible  to  cut 
any  number  of  threads  per  inch 
listed  on  the  index  plate  of  the 
gear-box,  which  is  divisible  by  6. 
For  example,  suppose  that  the 
chasing  sleeve  of  the  attachment 
has  4  threads  per  inch;  then,  with 
the  gear-box  handle  set  at  6 
threads  per  inch,  a  4-pitch  thread 
will  be  cut;  with  the  handle  at  12, 
an  8-pitch  thread;  with  the  han- 
dle at  18,  a  12-pitch  thread;  with 
the  handle  at  24,  a  16-pitch  thread; 
with  the  handle  at  36,  a  24-pitch 
thread,  etc.  When  the  gear-box  handle  is  set  at  intermediate 
positions  or  for  pitches  not  divisible  by  6,  the  thread  cannot 
be  "picked  up"  again  when  the  second  cut  is  started,  because 
the  chasing  sleeve  is  always  in  motion.  When  cutting  threads 
which  are  finer  than  those  on  the  chasing  sleeve,  it  is  eviden* 
that  the  lead-screw  and  attachment  must  rotate  at  a  reduced 
speed,  which  reduces  the  speed  of  the  return  travel;  therefore, 
it  is  advisable  to  use  a  chasing  sleeve  having  a  pitch  as  near 
as  possible  to  the  one  that  is  to  be  cut. 

Thread-cutting  Attachment  lor  Lathe  ot  Manufacturiner  Type 

An  attachment  for  cutting  screw  threads  rapidly  on  a  lathe 
of  the  manufacturing  type  (see  Fig.  6)  is  so  arranged  that 
the  carriage  is  moved  along  the  bed  by  the  direct  action  of  a 
short  lead-screw  and  without  the  use  of  gearing  between  the 
lead-screw  and  the  spindle.  The  lead-screw  is  in  the  form 
of  an  externally  threaded  sleeve  and  is  mounted  on  an  exten- 
sion of  the  spindle.  When  a  cut  is  being  taken,  the  lead-screw 
is  engaged  by  two  segment-shaped  nuts.  One  nut  is  shown 
at  C  and  the  other  is  on  the  opposite  side  of  the  lead-screw. 
These  nuts,  by  traversing  bracket  J  and  the  pull-rod  K,  trans- 
mit motion  to  the  carriage. 

In  order  to  adjust  the  attachment,  the  carriage  is  located 
in  the  position  it  should  occupy  at  the  beginning  of  the  cut. 
The  right-hand  carriage  stop  is  then  placed  against  it  and 
fastened.  The  bracket  J  should  be  located  next  to  the  head- 
stock  and  should  be  attached  to  pull-rod  A',  which,  in  turn.  Is 
secured  to  the  carriage  by 
means  of  a  grip  screw.  With 
the  carriage  In  this  position, 
handwhcel  A  is  turned  to  the 
left,  thus  locating  the  two 
arms  /?  in  the  position  shown, 
which  cngaKCS  the  nuts  with 
the  lead-screw.  Stop  D  Is  next 
sot  so  that  linger  E  will  con- 
tact with  finger  /•'.  The  wheel 
.1  Is  now  turned  to  the  right 
for  dlBonKiiglng  the  nuts  from 
tli(>  lend  screw  and  the  cnr- 
rliigo  Is  moved  forward  to  the 
lioHltlon  II  occupies  at  llio  end 
of  the  cut.  After  wheel  A  Is 
turned  to  Ilio  right  ns  far  as 
It  will  go,  or  until  the  H(|uaro 
I  cirner  of  iirin  /?  comioh  Into 
I  ontact  with  tin-  Icft-hnnd 
Hide  of  block  (},  trlplntch  II 
Ih  Hot  so  that  It  cnKageH  trip- 
uf.oturtiK  Typ.  ""'K'T   '■ 
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When  cutting  a  thread  the 
carriage  is  located  in  the 
starting  position  by  the  stop 
at  the  right-hand  side.  When 
the  tool  has  been  fed  in  for 
taking  a  cut,  wheel  A  is 
turned  to  the  left,  thus  engag- 
ing the  nuts  and  lead-screw. 
The  carriage  moves  forward 
until  the  nuts  are  automati- 
cally disengaged  by  the  en- 
gagement of  finger  /  with 
latch  H.  The  tool  is  then 
withdrawn  and  the  carriage 
returned  by  hand  to  the 
starting  position.  This  cycle 
of  operations  is  repeated  un- 
til the  thread  is  finished.  The 
manufacturing  lathe  to  which 
this  attachment  is  applied  is  made  by  the  Porter-Cable  Ma- 
chine Co.,  Syracuse,  N.  Y. 

Thread-chasine:  Attachment 

The  lathes  of  the  Fox  or  monitor  type,  which  are  used  so 
extensively  in  the  manufacture  of  brass  fittings,  have  a  thread- 
chasing  attachment  that  affords  a  rapid  means  of  cutting  screw 
threads.  The  chasing  attachment  shown  on  the  universal  tur- 
ret lathe  in  Figs.  8  and  9  (built  by  the  Acme  Machine  Tool 
Co.,  Cincinnati,  Ohio)  will  serve  to  illustrate  the  important 
features  common  to  attachments  of  this  kind.  The  attach- 
ment has  a  round  bar  A  extending  along  the  rear  of  the  bed. 
This  bar  is  mounted  in  bearings  so  that  it  is  free  to  move 
in  an  endwise  direction.  Attached  to  one  end  of  the  bar  there 
is  an  arm  B  which  carries  the  follower  G.  The  follower  has 
several  arms  or  sections  which  are  threaded  like  the  segment 
of  a  nut.  These  segment-shaped  ends  have  threads  of  different 
pitches  to  match  the  pitch  of  the  thread  on  whatever  leader  C 
is  being  used.  When  the  chasing  attachment  is  in  use,  the 
follower  is  placed  in  engagement  with  this  leader  C,  which 
is  simply  a  short  lead-screw  and  is  connected  through  gearing 
with  the  machine  spindle.  As  the  leader  rotates,  an  endwise 
movement  is  imparted  to  the  chasing  bar  A  and  to  the  thread- 
chasing  tool  which  is  carried  by  a  toolpost  on  slide  E,  which, 
in  turn,  is  supported  by  arm  F  attached  at  the  rear  to  bar  A. 
The  leader  is  sometimes  applied  directly  to  the  spindle,  in 
which  case  its  pitch  must  coincide  with  the  pitch  of  the  thread 
to  be  cut.  Ordinarily,  however,  it  is  mounted  on  a  shaft  and 
Is  geared  to  the  spindle  in  the  ratio  of  2  to  1,  the  leader 
revolving  at  one-half  the  spindle  speed.  When  the  leader  Is 
driven  through  gearing,  the  relation  between  the  pitch  of  its 
thread  and  the  pitch  of  the  thread  on  the  work  depends  upon 
the  gear  ratio.  In  any  case  where  gearing  is  used,  the  leader 
revolves  slower  than  the  spindle  in  order  to  increase  its  pitch 
and  make  the  threads  coarser  and  more  durable.  If  the  ratio 
of  the  gearing  were  2  to  1,  the  pitch  of  the  thread  on  the 
leader  would  be  double  the  pitch   of  the  thread   to  be  cut. 

The  slide  which  carries  the  chasing  tool  is  operated  by 
crank  E,  which  serves  to  adjust  the  tool  in  accordance  with 
the  diameter  of  the  work.  The  slide  is  located  for  cutting 
threads  on  duplicate  parts  by  a  stop-screw  K.  The  arm  F  has 
an  extension  which  rests  upon  a  swivellng  plate  D  at  the  front 


Fig.  7.     Leader  Driving  and  Eeverse  lAechanism 


of  the  bed.  The  upper  edge 
of  this  plate  is  in  a  horizontal 
position,  except  when  cutting 
taper  threads.  When  arm  F 
is  shifted  by  the  handle  L  at 
the  end  of  the  extension,  the 
chaser  bar  is  turned  in  its 
bearings  and  the  follower  and 
leader  are  disengaged;  at  the 
same  time  the  tool  is  with- 
drawn from  the  work.  The 
tool-slide  is  prevented  from 
swinging  farther  back  than  is 
necessary  by  a  finger  y. 
which  engages  a  projection 
on  the  bed.  The  part  to  be 
threaded  may  either  be  held 
in  some  form  of  chuck,  on  a 
special  arbor  inserted  in  the 
spindle,  or  between  centers,  the  outer  center  being  carried 
in  a  hole  in  the  turret.  The  tool-rest  is  clamped  along  bar  A 
at  the  rear,  in  whatever  position  is  necessary  for  locating  the 
tool  relative  to  the  part  to  be  threaded. 

Method  of  Using-  Thread-chasing-  Attachment 

When  an  attachment  of  the  type  illustrated  in  Figs.  8  and  9 
is  in  use,  the  tool  or  chaser,  which  is  held  in  an  inverted  posi- 
tion, is  traversed  by  the  leader,  until  the  end  of  the  cut  is 
reached;  the  follower  is  then  disengaged  from  the  leader  and 
the  tool  returned  for  another  cut,  which  is  taken  as  soon  as 
the  tool  is  fed  downward  by  handle  E.  These  cuts  may  be 
taken  rapidly  and  a  thread  finished  In  a  surprisingly  short 
time.  The  action  of  the  chaser  bar  may  be  controlled  entirely 
by  hand  or  may  be  partly  regulated  by  adjustable  stops  on 
bar  A  and  a  return  spring.  One  method  of  using  stops  is  as 
follows:  When  the  chaser  has  moved  forward  the  required  dis- 
tance, a  stop  on  the  bar  makes  contact  with  a  fixed  stop  (which 
may  be  one  of  the  bearings  in  which  the  shaft  slides  and  oscil- 
lates), and  the  angular  flanks  of  the  leader  thread  force  the 
follower  out  of  engagement  and  cause  the  chaser  or  cutter  to 
withdraw  from  the  work.  Then  a  coiled  spring  or  weight 
acting  on  the  bar  causes  it  to  return  to  the  starting  position, 
which  is  also  regulated  by  an  adjustable  stop.  This  operation 
is  repeated  until  the  thread  is  finished.  The  method  of  using 
a  stop  on  the  machine  shown  in  Figs.  S  and  9  is  as  follows: 
The  stop  P  is  set  so  that  a  spring  (not  shown)  will  return  the 
chaser  just  beyond  the  end  of  the  piece  to  be  threaded,  and 
the  follower  G  is  so  located  relative  to  the  leader  C  that  it 
runs  off  the  thread  of  the  leader  when  the  required  length  of 
thread  has  been  chased. 

The  followers  of  chasing  attachments  have  teeth  formed  on 
them  by  means  of  a  hob.  This  hob  may  be  placed  on  the  leader 
spindle  temporarily,  or  cutting  teeth  may  be  formed  at  one 
end  of  the  leader,  thus  combining  the  leader  and  hob  in  one 
unit.  When  there  is  a  star-shaped  follower  having  teeth  of 
several  different  pitches  (as  shown  at  (;.  Fig.  9),  the  follower 
is,  of  course,  turned  to  locate  in  the  working  position,  whicli- 
ever  end  corresponds  to  the  pitch  of  the  leader  being  used. 
The  leaders  for  thread-chasing  lathes  should  be  made  of  tool 
steel  (not  necessarily  hardened)  and  the  followers  of  a  fairly 
soft  material,  such  as  brass. 
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Fig.   10.     (A)   Action  of  Follower  when  using  Rigid   Follower  Arm  while 

chasing  Taper  Threads,    (B)  Form  of  Leader  Thread  intended 

to  prevent  Loss  of  Fitch  when  chasing  Taper  Threads 

Cutting  Left-hand  Threads  with  Chasing-  Attachment 
The  gearing  connecting  the  spindle  and  leader  of  a  thread- 
chasing  attachment  of  the  Fox  type  is  commonly  provided 
with  an  intermediate  or  idler  gear  which  can  be  engaged  in 
order  to  permit  cutting  left-hand  threads.  This  idler  gear  is 
mounted  on  a  swinging  plate,  and  when  cutting  right-hand 
threads,  the  drive  is  direct  from  the  spindle  gear  to  the  gear 
which  drives  the  leader.  When  it  is  necessary  to  cut  left-hand 
threads,  the  idler  is  pushed  over  in  mesh  with  the  spindle 
gear,  and  at  the  same  time  the  leader  is  disengaged  from  the 
gear  on  the  spindle,  so  that  the  motion  is  transmitted  through 
the  idler.  This  reverses  the  motion  of  the  leader  and  the 
movement  of  the  chaser  on  the  cutting  stroke.  It  is  the  prac- 
tice in  some  brass-working  shops  to  reverse  the  lathe  spindle 
for  chasing  left-hand  threads  so  that  the  leader  will  continue 
to  revolve  in  the  same  direction  and  the  chaser  will  move 
toward  the  headstock  of  the  machine  when  cutting  a  left-hand 
thread,  the  same  as  for  a  right-hand  thread. 

The  leader  driving  and  reversing  mechanism  of  the  uni- 
versal monitor  lathe  built  by  the  Dreses  Machine  Tool  Co., 
Cincinnati,  Ohio,  Is  shown  in  Fig.  7.  Gear  A  is  on  the  main 
spindle  and  gear  B  drives  the  leader.  For  chasing  right-hand 
screw  threads,  motion  is  transmitted  directly  from  gear  A  to 
gear  B,  but  for  left-hand  threads  lever  D  is  shifted  to  the 
position  shown  in  the  lllu.stration.  The  drive  is  then  through 
gears  A,  C  and  B.  Lever  D  with  its  boss  /•'  swivels  in  a  bear- 
ing formed  In  the  headstock  and  is  held  In  place  by  a  set- 
screw  and  plug  engaging  the  annular  groove  7i.  Lever  D  also 
carries  the  small  Intermediate  gear  G.  Stud  E,  which  sup- 
ports the  leader  />  and  the  large  gear  B,  Is  located  eccentrically 
In  boss  F,  BO  that  by  swinging  lever  D  In  one  direction  or 
the  other,  the  direct  drive  or  the  drive  through  the  inter- 
mediate gear  Is  obtained.    The  lugs  O  and  H  on  lever  D  en- 


gage a  fixed  pin  K  attached  to  the  headstock,  which  limits  the 
movement  of  the  lever  and  brings  the  gears  into  proper  mesh. 

Application  of  Chasing-  Attachment  to  Tapering  Work 

When  a  chasing  attachment  of  the  type  illustrated  in  Figs. 
S  and  9  is  applied  to  the  cutting  of  tapering  screw  threads,  the 
plate  D  is  tilted  at  an  angle,  so  that  as  arm  P  is  traversed 
along  the  plate,  it  will  be  elevated,  thus  causing  the  tool  to 
cut  a  tapering  thread.  The  inclination  of  this  plate  depends 
upon  the  relative  lengths  of  the  two  arms  of  the  chasing  lever, 
the  distance  from  the  cutting  teeth  of  the  chaser  to  the  center 
of  bar  A  representing  one  arm  and  the  distance  from  plate  D 
to  bar  A  representing  the  other  arm. 

If  the  arm  B  to  which  the  follower  is  attached  were  rigidly 
connected  to  bar  A  when  chasing  a  tapered  thread,  the  follower 
would  move  away  from  the  leader  as  the  chasing  tool  and 
arm  F  were  elevated  by  the  inclined  plate  D,  while  traversing 
from  the  small  to  the  large  end  of  the  tapering  part  being 
threaded.  Any  such  movement  of  the  follower  relative  to  the 
leader  would  cause  the  chaser  bar  to  lag  behind  and  result  in  a 
loss  in  pitch,  as  illustrated  diagrammatically  at  A  in  Fig.  10. 
The  follower,  which  is  shown  in  full  mesh  at  the  starting 
point,  would  gradually  move  outward  on  the  angular  side  of 
the  leader  thread  and  there  would  be  a  loss  in  pitch,  as  indi- 
cated by  dimension  x.  For  many  classes  of  brass  work,  the 
error  in  pitch  resulting  from  this  action  of  the  follower  might 
be  of  little  consequence,  especially  when  mating  parts  are 
chased  in  the  same  way.  The  chasing  attachment  shown  in 
Figs.  8  and  9,  and  many  other  chasing  attachments  now 
in  use,  have  a  flexible  or  yielding  follower  arm  which  makes 
it  possible  to  chase  all  taper  threads  satisfactorily  and  with- 
out loss  of  pitch. 

In  order  to  overcome  the  loss  of  pitch  due  to  the  relative 
movement  between  a  rigid  follower  and  a  parallel  or  straight 
leader,  the  form  of  leader  thread  illustrated  at  B  in  Fig.  10 
has  been  employed.  As  will  be  seen,  one  side  of  the  thread 
is  perpendicular  to  the  axis  of  the  leader.  One  of  the  dis- 
advantages of  this  form  of  thread  is  that  the  bearing  between 
the  follower  teeth  and  the  leader  thread  decreases  as  the  fol- 
lower moves  outward,  due  to  the  difference  between  the 
helix  angles  of  the  surfaces  in  contact.  In  some  cases  this 
difficulty  has  been  partly  overcome  by  allowing  the  follower 
to  swivel  on  a  stud  located  at  right  angles  to  the  axis  of 
the  leader. 

Instead  of  using  parallel  leaders  for  chasing  taper  threads, 
taper  leaders  have  been  employed  in  conjunction  with  an  In- 
clined plate  for  guiding  the  chasing  arm.  When  using  a  taper 
leader,  it  is  necessary  to  consider  the  bearing  contact  with 
the  follower,  which  cannot  be  made  to  fit  the  leader  thread 
at  all  points.  For  instance,  it  the  follower  Is  fitted  to  the 
small  end  of  the  leader,  the  angle  of  its  teeth  will  be  greater 
than  If  It  were  made  to  fit  the  large  end  of  the  leader.  The 
contact  on  the  driving  side  will  be  at  one  point  only  on  each 
thread  or  tooth,  except  at  the  small  end.  If  the  follower  Is 
fitted  to  the  large  end  of  a  tapering  leader,  a  bettor  bearing 
will  be  obtained,  although,  in  any  case,  a  relatively  small 
amount  of  follower  surface  will  bo  in  contact  with  the  leader. 

Flexible  or  Sprlnvr-Hupported  Kollower  Arm  for  ChOHlnir 
Taper  ThroiidB 

The  dilTlculttes  previously  referred  to  In  connection  with 
taper  work  liavo  been  overcome  by  uslnt;  ii  flexible  or  spring- 
supported  follower  arm.  The  yielding  follower  nrni  or  holder 
of  a  DrcHOB  unlviTsal  monitor  lathe  la  lllustratpd  In  Fig.  11. 
TlilH  holder  conslRts  principally  of  a  short  lover  A,  which  Is 
r-lampod  to  the  chasing  bar  B,  and  a  ynUoshapod  arm  C,  to 
llio  upper  end  of  which  the  star-sliapod  follower  Is  attncho<l 
IiitorpoiiiHl  bolwpi'ii  lever  A  and  arm  C  Is  u  nplral  sprliiR  /), 
wlilch  boars  nKiilriHl  imc  sldct  of  lover  A  and  n-HlH  In  a  pocki^t 
fnrniod  In  arm  ('.  When  rliaslng  a  taporuil  thread,  this  spring 
connoctlon  holds  Iho  followor  Into  ongngomont  with  the  loader 
while  tho  rlmslng  tool  travuU  from  tlio  large  to  the  BniiiU  end 
of  the  tapering  flcrow  thrond. 

If  the  cliRNltiR  tool  nniHl  run  cIoho  In  n  Hhnulder,  tho  guide 
pliilo  (rorri'HpoiwIliiK  to  pliito  /).  Fig.  S)  may  bn  provided  with 
a  rnllier  iiliriipl  liipiTliiK  iiluxilder  fur  eliivnMng  tho  chasing 
tool  ciulckly  at  II ml  of  llin  iiU, 
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Thread-cutting:  Mechanism  of  Gisholt  Turret  Lathe 

While  most  thread  cutting  in  the  turret  lathe  is  done  by 
means  of  taps  or  dies,  special  sizes'  or  pitches  are  often  re- 
quired which  can  be  cut  to  better  advantage  by  using  either  a 
single-point  tool  or  a  chaser.  The  Gisholt  turret  lathe  is  so 
arranged  that  the  carriage  can  be  traversed  by  the  lead-screw 
when  a  single-point  tool  or  chaser  is  to  be  used.  The  lead- 
screw  is  driven  through  change-gears  which  provide  for  cut- 
ting'thirty-two  different  leads  or  pitches,  ranging  from  4  to  56 
threads  per  inch.  These  same  gears  also  furnish  sixty-four 
feed  changes,  the  necessary  reduction  of  movement  for  feed- 
ing being  obtained  by  shifting  a  pull-pin  which  changes  the 
ratio  of  the  gearing  through  which  motion  is  transmitted 
from  the  change-gears  to  the  lead-screw. 

The  arrangement  of  the  mechanism  on  the  carriage  which 
makes  it  possible  to  readily  "catch  the  thread"  each  time  a 
cut  is  taken  is  shown  in  Fig.  12.  The  view  at  A  illustrates 
the  old  type,  and  that  at  B,  the  new  type.  These  two  designs 
differ  somewhat,  but  are  the  same  in  principle.  The  lead-screw 
nut  has  a  number  of  equally  spaced  notches  in  flange  /, 
and  when  the  carriage  is  being  traversed  by  the  lead-screw, 
the  end  of  pull-pin  p  engages  one  of  these  notches.  When  the 
tool  reaches  the  end  of  its  cut,  pull-pin  p  is  withdrawn  and 
the  carriage  is  returned  by  hand  for  taking  another  cut.  The 
different  notches  in  the  lead-screw  nut  serve  the  same  purpose 
as  the  graduated  thread  indicator  on  an  ordinary  engine  lathe 
in  that  they  are  used  for  engaging  the  carriage  and  lead- 
screw  at  the  right  time,  so  that  the  tool  will  follow  the  original 
cut  or  thread  groove.  The  number  of  notches  in  any  lead- 
screw  nut  depends  upon  the  pitch  of  the  lead-screw  on  that  par- 
ticular machine.  The  lead-screw  nuts  with  pitches  of  3,  4  and 
5  inches  have  notches  so  located  that  they  represent  inches  of 
carriage  travel,  there  being  three  notches  in  the  lead-screw 
nut  of  3-inch  pitch,  four  notches  in  the  nut  of  4-inch 
pitch,  and  so  on.  The  lead-screw  nuts  having  pitches  of  S^i 
and  414  inches,  which  are  found  on  two  sizes  of  Gisholt  turret 
lathes,  have  notches  representing  I'o  inch  of  carriage  travel. 
When  cutting  threads  of  even  pitch,  such  as  four,  six  or 
eight  threads  per  inch,  the  pull-pin  p  may  be  engaged  with 
any  notch  on  the  lead-screw  nut,  regardless  of  the  pitch  of 
the  lead-screw,  and  the  tool  will  follow  the  original  cut.  The 
reason  why  any  notch  may  be  engaged  when  the  number  of 
threads  per  inch  is  even  is  illustrated  by  the  diagram  A,  Fig. 
13,  which  shows  a  screw  having  four  threads  per  inch.  Thus, 
if  the  movement  of  the  tool  is  1  inch,  as  represented  by  posi- 
tions a  and  6,  or  any  whole  number  of  inches,  it  will  still 
remain  in  alignment  with  the  thread  groove.  The  alignment 
would  also  be  maintained  for  half-inch  movements,  as  indi- 
cated by  positions  a  and  c.  If  there  were  an  odd  number  of 
threads  per  Inch,  as  Indicated  at  B,  it  would  be  necessary  to 
engage  the  pull-pin  with  notches  representing  an  inch  of  car- 
riage travel,  as  illustrated  by  positions  d  and  e.  This  requires 
two  notches,  or  any  number  evenly  divided  by  2  on  those 
machines  where  one  notch  represents  one-half  inch  of  car- 
riage travel,  whereas  on  the  other  machines  any  notch  will 
catch  the  thread.  A  movement  equivalent  to  I'l  inch,  1%  inch, 
etc.,  would  locate  the  tool  on  line  with  the  top  of  the  thread, 
as  Illustrated  at  /.  If  there  were  BV4  threads  per  Inch  to  be 
cut,  the  pull-pin  should  be  engaged  only  with  notches  repre- 
senting two  Inches  of  travel,  or  11  threads  on  the  screw,  be- 
cause a  movement  of  one  Inch  would  align  the  tool  with  the 
top  of  the  thread.  Diagram  C  shows  a  screw  having  5% 
threads  per  Inch.  In  this  case,  the  movement  should  be  equiva- 
lent to  4  Inches,  or  23  threads.  If  the  notches  represent  Inches 
of  carriage  travel,  the  engagement  of  the  pull-pin  with  the 
lead-screw  nut  should  be  at  points  either  four  notches  apart 
or  any  number  evenly  divided  by  4.  On  the  other  hand,  If 
the  notches  represent  half  Inches  of  carriage  travel,  engage- 
ment nt  points  eight  notches  apart,  or  any  number  evenly 
divided  by  8,  will  catch  the  full  thread.  The  various  positions 
of  the  tools  In  diagram  O  clearly  show  why  the  movement 
must  bo  equivalent  to  four  Inches,  or  some  multiple  of  4,  In 
order  to  again  lornfo  the  tool  In  alignment  with  the  thread 
groove. 


Fig.  12.  Thread-cutting  Hecbanism  of  Gisholt  Turret  Lathe 
Thread-Chasing-  Attachment  of  Hartness  Flat  Turret  Lathe 
The  screw-cutting  or  screw-chasing  attachment  shown  in 
Fig.  14  is  applied  to  the  Hartness  flat  turret  lathe,  built  by 
the  Jones  &  Lamson  Machine  Co.,  Springfield,  Vt.  This  attach 
ment  is  semi-automatic  in  operation,  the  cutter  or  chaser  ad 
vancing  and  returning  automatically  while  the  operator  regu 
lates  the  depth  of  cut  by  feeding  the  cross-sliding  headstock 
the  required  amount  for  each  stroke  of  the  thread-chasing  tool 
The  attachment  is  driven  from  the  bevel  gear  A  on  the  main 
spindle  through  spiral  gears  and  spline  shaft  B;  this  shaft 
transmits  motion  through  bevel  gears  C  and  D  to  vertical 
shaft  E.  the  lower  end  of  which  carries  a  spiral  gear  F  that 
meshes  with  spiral  gear  G.  keyed  to  the  special  lead-screw  H. 
The  cutter-bar  /  has  a  threaded  plug  or  sectional  nut  K  en- 
gaging the  lead-screw.  When  the  tool  has  been  fed  forward 
the  required  amount,  the  adjustable  collar  L  on  the  extension 
end  of  the  lead-screw  strikes  plug  M  with  its  projecting  end, 
thus  rocking  sMtft  .Y  and  allowing  nut  E  to  drop  down  on  a 
flat  part  of  the  shaft  and  out  of  engagement  with  the  lead- 
screw.  At  the  same  time,  the  rocking  of  shaft  2^',  through 
the  eccentric  pin  0,  withdraws  the  tool  from  the  work.  On 
the  lower  end  of  shaft  E  there  is  a  spur  gear  R  driven  by  fric- 
tion resulting  from  the  pressure  of  spring  S.  This  spur  gear 
is  constantly  in  engagement  with  rack  teeth  cut  on  the  cutter- 
bar  J.  As  soon  as  nut  K  is  withdrawn,  the  cutter-bar  is  re- 
turned rapidly  by  the  rack  and  pinion  motion  until  a  pin  in 
collar  T  engages  pin  U,  thus  again  turning  shaft  ^"  to  its 
former  position,  which  reengages  nut  K  with  the  lead-screw  H. 
and  then  the  cutting  stroke  is  repeated.  The  small  lever  W 
may  be  used  for  disengaging  the  nut  and  withdrawing  the 
tool  by  hand.     With  this  arrangement,  the  main  spindle  ro- 
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tates  continuously  in  one  direction.  A  separate  lead-screw  and 
nut  is  required  for  each  different  pitch,  which  must  correspond 
to  the  pitch  on  the  work.  For  taper  threading  operations  the 
attachment  is  swiveled  on  its  base.  The  chaser  type  of  cutter, 
or  one  hating  several  teeth,  is  used  for  U.  S.  standard  threads, 
V-threads  and  Whitworth  threads,  but  single-point  cutters  are 
recommended  for  square  and  Acme  threads,  as  well  as  for  all 
threads  that  must  extend  close  to  a  shoulder.  The  connec- 
tions at  both  the  headstock  and  turret  end  swivel  about  verti- 
cal axes  and  the  spline  transmission  shaft  B  slides  through 
the  headstock  connection,  so  that  lateral  feeding  movements 
of  the  headstock  or  the  indexing  of  the  turret  does  not  inter- 
fere with  the  connection  to  the  thread-chasing  attachment. 
This  attachment  is  adapted  for  internal  and  external  thread- 


The  controlling  lever  is  arranged  to  disengage  automatically 
at  the  end  of  a  cut.  In  order  to  chase  left-hand  threads  with 
this  attachment,  it  Is  simply  necessary  to  shift  the  feed  re- 
verse  lever   on  the   gear-box   at   the   front   of   the  headstock. 

Attachment  for  Cutting  Threads  on  Drilling-  Machine 

A  drilling  machine  is  sometimes  used  tor  cutting  internal 
threads  with  a  single-point  tool  when  the  part  will  not  swing 
in  the  lathe  and  the  use  of  a  tap  is  not  practicable.  A  lead- 
screw  of  whatever  length  may  be  needed  is  attached  to  the 
end  of  the  cutter-bar,  or  the  latter  is  extended  to  form  a  lead- 
screw  as  shown  at  A,  Fig.  17.  This  lead-screw  engages  some 
form  of  nut  that  is  bolted  to  the  baseplate  of  the  machine. 
The   thread   on   the  lead-screw   corresponds,   as  to   lead,  with 
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cutting  operations, 
ternal  thread. 


It   Is   shown    In   Fig.   15   cutting   an   ex- 


Thread-cbaiilnir  Attochniont  of  Acme  Flat  Turret  L-atbe 

The  tbread-cbaiiInK  attachment  of  an  Acme  flat  turret  lathe, 
built  by  the  Acme  Machine  Tool  Co.,  Cincinnati,  Ohio,  Ib 
applied  to  the  machine  lllualrated  In  Fig.  IC.  This  chasing 
attachment  may  be  uncd  for  either  right-  or  left-hand  threads 
on  Internal  and  external  work.  It  Is  Intended  espoclally  for 
cutting  threads  on  parts  which  are  either  too  largo  In  diam- 
eter or  rc<|ulrod  In  too  small  a  quantity  to  warrant  the  pur- 
''hose  of  special  taps  and  illcs.  An  (■xample  of  i/xtcrnal  throwl 
I'littInK  Is  shown  In  this  particular  Illustration.  A  slnglopolnt 
'■iiIHt  Ih  rnrrled  by  a  2-Inch  bar,  which  Is  rigidly  hold  In  u 
h'.lrliT  fjnmped  onto  the  flat  turrot.  The  action  of  the  carriage 
whi-n  cutting  a  threod  is  controlled  by  a  loader  shown  on  the 
fned-rod  of  the  machine.  The  pilch  of  the  thread  which  Is  cut 
rurrcsponds  to  the  pitch  of  the  tlin-ad  on  this  Imulrr.  The 
lirass  folUiwiT  whi'h  engngi'S  tbo  lender  Is  movi'd  Into  or  out 
of  ongagoriiont  by  Ibo  hand-lever  shown.  This  lever  Is  pivoted 
In  a  bracket  which  Is  bolted  to  the  end  of  the  rarrlngn  apron. 


the  thread  to  be  cut,  and,  as  the  spindle  revolves,  the  cutter 
forms  a  thread,  as  It  la  drawn  down  through  the  work  by  the 
direct  action  of  the  lead-screw.  The  spindle  may  be  returned 
to  the  starting  position  by  reversing  It,  assuming  that  the 
machine  has  a  tapping  attachment  or  other  means  for  re- 
versing the  rotation.  When  performing  an  operation  of  this 
kind,  the  drill  press  splndio  must  bo  froo  to  move  vorlicnlly. 
With  a  mnkoshirt  nrrangomont  of  this  kind  Intended  for  a 
special  operation,  the  cutter  would  not  require  a  spodal  device 
for  feeding  It  outward,  as  It  could  bo  reset  for  pa<'h  cut  with- 
out much  trouble. 

Thread  Cuttlnir  on    Vortical    Horliiu    Mill    with  Hlnirle-polnt  Tool 

The  vertical  boring  mill  Is  used  quite  frequently  for  cutting 
screw  (lireadH  In  order  to  finish  a  part  complete  nt  one  setting 
of  the  work  and  avoid  a  second  operation.  Taps  are  often 
used  for  threading  holes  of  small  or  medium  size,  but  occa- 
sionally It  Is  ncMi'sHury  to  iih<>  either  a  slnglopoliil  tool  or  a 
chaser  for  cutting  a  thread  which  Is  not  stniidanl  or  which 
Is  too  large  In  diameter  for  tapping.  When  a  single  point  tool 
or  chaser  Is  employed,  the  cuttcrbnr  must  bo  traversed   for 
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controlling  the  lead  of  the  thread.  This  traversing  movement 
is  usually  obtained  by  means  of  special  change-gears,  which 
are  inserted  in  the  feeding  mechanism  at  one  end  of  the  cross- 
rail.  The  change-gears  are  used  to  transmit  motion  to  the 
cross-rail  feed  shaft,  and  they  are  selected  with  reference  to 
the  lead  of  the  thread  to  be  cut,  the  same  as  the  change-gears 
of  a  lathe.  Whatever  special  equipment  may  be  needed  for 
holding  such  gearing  in  position  is  supplied  by  most  boring 
mill  manufacturers.  This  is  a  simple  and  inexpensive  arrange- 
ment, as  motion  is  transmitted  to  the  regular  down-feed  mech- 
anism of  the  boring-bar  or  tool-slide  through  these  extra  gears. 
Some  boring  mill  manufacturers  supply  this  type  of  thread- 
chasing  attachment  for  ordinary  threading  operations,  such 
as  the  cutting  of  threads  in  large  pipe  flanges,  etc.,  but  for 
more  accurate  work  a  special  lead-screw  is  used  to  control 
the  motion  of  the  tool-slide.  A  different  lead-screw  may  be 
used  for  each  pitch  or  lead  of  thread  that  is  cut,  or  variations 
may  be  obtained  by  driving  a  lead-screw  through  change- 
gearing,  the  same  as  on  an  engine  lathe. 

A  simple  method  of  applying  a  lead-screw  to  a  vertical 
boring  mill  is  shown  by  diagram  B.  Fig.  17.  This  is  not  rec- 
ommended for  general  application,  but  has  been  used  to  ad- 
vantage when  a  machine  was  not  equipped  with  a  regular 
thread-cutting  mechanism  and  it  was  particularly  desirable 
to  cut  the  thread  in  the  boring  mill.  Some  form  of  lead-screw 
is  attached  to  the  end  of  the  tool-slide,  and  a  nut  which  en- 
gages the  lead-screw  is  fastened  in  the  central  hole  in  the 
machine  table.  The  thread  tool  is  held  preferably  in  a  holder 
provided  with  some  simple  means  of  adjusting  it  when  taking 
successive  cuts.  As  the  machine  table  revolves,  the  lead-screw 
and  tool-slide,  which  should  be  free  to  move  vertically,  are 
drawn  downward,  thus  cutting  a  thread  corresponding  to  the 
pitch  of  the  lead-screw. 

One  design  of  vertical  bor- 
ing mill  has  a  central  boring- 
bar  with  an  Independent  ro- 
tary drive.  With  such  a  ma- 
chine, a  lead-screw  for  thread- 
ing operations  may  be  applied 
directly  to  the  upper  end  of 
the  bar.  The  split  nut  for  en- 
gaging the  lead-screw  may  bo 
mounted  on  a  stationary  arm 
or  yoke,  which,  in  turn.  Is 
held  In  position  by  shafts  or 
studs  far  enough  above  the 
end  of  the  bar  to  permit  mov- 
ing the  latter  to  Its  highest 
vertical  position.  The  nuts 
arc  opened  or  closed  by  n 
vertical  shaft  having  a  lever 
at  Its  lower  end  within  rc.ich 
of  the  operator.  With  thiH 
nrrangemont,  the  borlngbnr 
revolves  and  the  work  rc- 
Dinlns    stationary    while    the 


Tig.    16.     Flat   Turret   Lathe   built   by  Acme   Machine   Tool  Co.   equipped 
with  Thread-chasing  Attachment 

thread  is  being  cut.  If  much  thread  cutting  is  to  be  done  with 
an  attachment  of  this  kind,  provision  should  be  made  for 
adjusting  the  tool  radially  by  applying  some  form  of  independ- 
ent slide  at  the  end  of  the  boring-bar.  Threading  attachments 
of  this  kind  are  not  in  common  use,  because  comparatively 
few  boring  mills  are  equipped  with  an  auxiliary  boring-bar, 
such  as  is  found  on  some  of  the  larger  machines  for  perform- 
ing high-speed  boring  Independently  of  the  table  rotation. 


REPORTS 


BY   EMPLOYERS    ON    WAR 
INCOME    TAX 

Employers  of  labor  in  any  capacity  are  required  by  the  War 
Revenue  Act  of  October  3,  1917,  to  report  to  the  Internal 
Revenue  Collector  of  their  district  the  names  and  addresses 
of  all  employes,  past  and  present,  to  whom  they  have  paid  a 
wage  or  salary  of  $S00  or  more  since  January  1,  1917.  The 
object  of  this  provision  of  the  law  for  collecting  information 
at  the  source  is  to  give  the  Revenue  Department  as  absolute 
a  check  as  possible  on  all  persons  subject  to  the  war  income 
tax.  It  should  be  understood  that  the  expression  "employe" 
means,  in  this  case,  all  persons  employed  or  who  have  rendered 
service  in  any  capacity.  Attention  should  also  be  called  to  the 
fact  that  employes  who  are  not  now  in  the  employ  of  a  firm 
must  be  reported  if,  during  1917,  at  any  time,  they  were 
employed  and  received  a  total  salary,  wage,  fee  or  remunera- 
tion of  $800  or  more. 


BLACK  FINISH  ON   STEEL 
A  good  black  finish  can  be  produced  on  steel  by  the  following 
method:    Prepare  a  saturated  solution  of  caustic  soda  and  add 
a  small  amount  of  saltpeter,  say  a  small   handful   to  a   five- 
gallon  solution.   Boil  the  solu- 


Fl(.   17.     (A^   Method  of  ruttinf  Thrcada  on  Drtlllni  Marhinr  with  8in(lc<. 

point  Tool.     (Bl   Makrahirt  Arr«nnomi-nt  for  ruttlni  Throada 

on    Vortical    Borlni    Mill 


tion  for  a  short  time  and 
allow  it  to  cool  over  night. 
The  clear  liquid  should  only 
be  used,  and  this  should  be 
brought  to  the  boiling  point 
in  an  iron  kettle.  The  arti- 
cles should  be  wired  as  for 
plating  and  immersed  in  the 
blackening  solution.  The  arti- 
cles will  take  on  a  gray  color 
at  once  with  black  under- 
neath and  should  be  left  In 
the  solution  until  the  gray 
finish  disappears  and  a  beau- 
tiful black  remains.  Rinse 
the  articles  In  cold  water,  dry 
In  sawdust  and  oil  with  lin- 
seed oil,  and  wipe  dean.  The 
resulting  finish  will  be  a  fine 
blue  black  that  wears  well, 
and  Is  suitable  for  shears, 
razors,    etc. — Metal    Industry 
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THE  VALUE  OF  MANUFACTURING  PROPERTY' 


DIFPEEENT  APPRAISAL  METHODS  AND  ITEMS  THAT  COMPRISE    THE  REPRODUCTION  COST  METHOD 

BY   CHARLES  W.  MC  KAT  ■ 


PERHAPS  no  subject  has  attracted  such  universal  at- 
tention, during  the  past  decade,  as  the  appraisement  of 
public  utility  plants.  These  appraisements  have  been 
subjected  to  the  most  searching  scrutiny  by  the  legal,  engi- 
neering, and  accounting  professions,  for  public-utility  corpora- 
tions are  almost  universally  subject  to  regulatory  measures 
inaugurated  by  federal  or  state  public-utility  commissions. 
But  in  the  industrial  field,  appraisal  work  has  been  confined 
largely  to  the  valuation  of  the  purely  physical  assets  of  manu- 
facturing companies.  Although  it  is  only  natural  that  prog- 
ress in  the  public-utility  field  should  be  reflected,  to  some 
extent  at  least,  in  what  may  be  termed  the  private-utility 
field,  the  established  precedent  in  industrial-plant  appraise- 
ment has  been  largely  confined  to  a  consideration  of  the  pure- 
ly physical  assets.  In  other  words,  industrial  appraisers  have 
depended  largely  on  the  appraisement  of  the  so-called  "inven- 
toriable  property,"  or  that  part  of  the  property  which  can  be 
actually  seen  and  counted  in  the  field.  Public-utility  ap- 
praisers, on  the  other  hand,  have  long  recognized  the  fact  that 
many  elements  of  cost  enter  into  the  appraisement  of  the 
property  of  a  utility  corporation  besides  the  cost  of  the  in- 
ventoriable  property.  These  costs  include  what  are  usually 
termed  the  "collateral  costs";  they  may  be  divided  into  the 
four  general  classes:  Cost  of  general  and  legal  organiza- 
tions; cost  of  engineering  and  general  supervision  during  con- 
struction; taxes  and  insurance  on  property  during  the  con- 
struction period;  interest  on  investment  during  construction. 
Every  student  of  industrial  problems  realizes  that  the  value 
of  the  purely  tangible,  or  inventoriable,  property  is  only  one  of 
the  elements  component  to  the  total  value  of  industrial  prop- 
erty. In  a  paper  read  before  the  American  Society  of  Mechani- 
cal Engineers,  Professor  Gantt  says:  "The  following  factors 
are  important  elements  in  determining  the  value  of  an  indus- 
trial property:  Cost  of  product,  capacity  of  plant,  part  of 
plant  operated,  and  expense  of  maintenance  of  idle  portion." 
Or,  stated  in  a  different  way,  the  reproduction  cost  of  the 
tangible  and  the  Intangible  property,  the  depreciated  value 
of  the  property,  the  cost  of  producing  and  marketing  the 
plant  output,  and  the  production  capacity  of  the  plant  are  all 
factors  that  deserve  the  most  careful  consideration  in  attempt- 
ing to  place  a  value  upon  the  property  of  an  industrial  organi- 
zation. 

The  accompanying  summary,  which  Is  taken  from  a  recent 
reproduction-cost  appraisal,  will  convey  a  general  idea  of  the 
relation  of  the  so-called  "collateral  costs"  to  the  other  elements 
component  to  the  total  value  of  the  physical  property  of  an 
Industrial  company.  It  will  be  noted  that  besides  the  cost  of 
the  Inventoriable  property  there  have  been  included  In  the  di- 
rect construction  coBts,  omissions  and  contingencies,  purchasing 
expense  during  construction,  and  tools  and  tool  expense  dur- 
ing construction. 

SummHry  of  Physical  Property 
Direct  conatructlon  coBts —  ii«>pro(iiic-    Prpucnt 

,  ,  Hull  CoDt        Vnlilu 

I^ni\    

HuildlngB    v.'.'.'.' .' .' .' .' '. '. '. 

Muf!hlno  tools— lathOM,  boring  idIHb,  etc..!. 

Auxiliary  o'lulpmcnt — rhuclcH,  etc 

Klcftrlcal  c'lulpmont— molors,  rheoBtats,  etc. 
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Total  Invftntorinblf)  proporty — 

<')Tnliiiilon8  and  lontinKnrirlo* 

I'lir'-himlnfc  oxpon*);  durlnn  conBlructton 

ToolB  and  tool  cxporiBo  during  conBtrucllon 
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Collateral  construction  costs — 

General  and  legal  expense  during  construc- 
tion  

Engineering  and  general  supervision  during 
construction     

Taxes  and  insurance  during  construction... 

Interest  on   investment  during  construction 

Total   collateral   construction  costs 

Total  cost  physical  property 

Reproduction  Method  of  Appraisal 

To  one  unfamiliar  with  the  foregoing  method  of  appraise- 
ment, the  collateral  construction  costs  and  the  allowances  for 
omissions,  contingencies,  etc.,  may  seem  to  be  an  effort  to 
inflate  property  values.  But  after  a  little  consideration  even 
the  most  practical  industrial  men  will  agree  that  these  items 
are  a  real  part  of  the  cost  of  constructing  any  industrial  pro- 
perty. While  in  the  reproduction-cost  method  all  these  items 
will  be  estimated  by  a  method  necessarily  based  somewhat 
upon  assumptions,  if  the  actual  cost  of  original  construction 
could  be  ascertained  it  would  be  found  that  actual  expendi- 
tures had  been  made  for  just  such  items  as  those  included  in 
these  items.  The  reproduction  method  was  developed  by 
those  who  were  seeking  for  an  accurate  determination  of 
property  values  as  a  basis  for  cost  studies  and  the  determina- 
tion of  an  equitable  sales  price  for  the  product.  The  book 
values  did  not  always  represent  real  values;  nor  could  the 
latter  be  determined  by  finding  the  actual  cash  outlay,  for 
many  industrial  companies  were  not  very  particular  as  to  the 
segregation  of  operating  and  capital  expenditures.  When  oper- 
ating employes  were  used  for  the  installation  and  erection  of 
new  machinery,  the  cost  of  labor  was  frequently  charged  to 
operation  and  not  to  new  construction.  As  a  result,  the  cost 
shown  on  the  books  included  only  the  cost  of  the  machine  and 
possibly  the  freight;  no  allowance  was  made  for  the  labor 
costs  involved  in  building  the  foundations  and  erecting  the 
machinery. 

Relation  between  Cost  of  Inventoriable  Property  and 
Collateral  Costs 

The  accompanying  summary  shows  that  the  inventoriable 
property  includes  only  the  actual  visible  assets  as  inventoried 
In  the  field,  and  subsequently  priced  at  current  market  prices. 
Including  both  cost  of  material  and  labor  of  installation.  The 
close  connection  between  the  collateral  costs  and  the  cost  of 
the  inventoriable  property  may  be  made  clearer  by  making  the 
complete  appraisement  of  one  item  of  inventoriable  property, 
say  a  Corliss  engine.  The  reproduction  cost  of  this  engine, 
as  Included  In  the  appraisement  of  the  strictly  physical  prop- 
erty, will  be  computed  somewhat  as  follows: 

Cost  of  engine  f.o.b.  point  of  manufacture $ 

Cost  of  freight  from  point  of  manufacture  to  plant 
location     

Cost  of  transporting  and  erecting  engine  on 
foundations    \ 

Cost  of  material  and  labor  of  constructing  foun- 
dations   

Cost  of  direct  Hupcrvlslon,  actual  cost  of  time  of 
forcinun  who  Kupcrliitonds  erecting  and  erec- 
tion  operat  Iomh    

Total  reproduction  cost  of  engine $ 

It  Is  at  thiH  point  that  apprnlHcra  of  the  old  school  of  In- 
duBtrlal  evaluation  stop;  they  further  coiiloiul  that  this  cost 
repreHi'ntfl  tlio  total  reproduction  cost  of  the  property  under 
conHldiTutloii.  Ilut,  b(<foro  the  oiiglno  Is  bnught  tlio  purchas- 
ing OKi'iil.  the  ili'HlKiiIng  oiiKliioer,  iind  piiHsllily  tlio  plant  nx- 
ocutlvcH  will  di'cldo  upon  the  type  of  ciinlin'  nMiiilrnd  to  per- 
form llin  Bervico  In  the  plant  under  coiiHldcrnlloii.  BuliHe- 
qiK'iitly,  viirlniiH  t<nRliii<  roiiipiinli'H  will  Hiiliiiill  ciiinpotltlvo 
lildB  from  which  tlio  puri'haHliig  UKViit,  togotlier  with  IiIh  liii- 
modlatu  BUperlorB,  will  decide  which  Ib  tlio  nioHt  favorabla 
niid  nwnrd  llio  coiilrBcl.  There  are  two  oIciiiciiIh  of  oxpeiiBu 
Involved  In  thiB  opnrnlloii,  purcliaBliiK  niiil  oiiKlncerliiK. 
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After  the  engine  has  been  received,  the  expense  of  installa- 
tion may  materially  exceed  any  cost  estimate  made  by  an 
appraisal  engineer  in  evaluating  the  property.  For  instance, 
in  excavating  for  the  foundations,  quicksand  or  some  other 
unstable  soil  may  be  encoantered,  but  an  estimate  made  by  an 
appraisal  engineer  who  does  not  know  of  the  unusual  sub- 
surface conditions  will  be  based  entirely  on  normal  condi- 
tions; hence,  the  item  of  contingencies.  In  the  construction 
of  every  industrial  plant  certain  unusual  conditions  are  en- 
countered so  that  conservative  engineering  practice  is  to  make 
an  allowance  of  from  1  to  2  per  cent  of  the  cost  of  reproduc- 
tion for  contingencies. 

Again  in  the  installation  and  erection  of  an  engine,  certain 
tools,  like  hand  tools  and  pneumatic  tools,  may  be  required. 
While,  considered  alone,  this  item  is  of  relatively  small  im- 
portance, in  the  erection  of  a  large  industrial  property  it 
may  amount  to  an  appreciable  sum. 

General  and  Legal  Expense 

The  item  general  and  legal  expense  during  construction  in- 
cludes the  general  expense  of  the  executive  and  administra- 
tive organization  up  to  the  time  the  property  becomes  an 
operating  entity.  This  item  includes  the  salaries  and  ex- 
penses of  the  general  executives,  bookkeepers,  timekeepers,  and 
pay-masters,  and  the  retainer  for  legal  counsel  required  for 
the  organization  of  the  company.  Any  practical  industrial 
executive  will  realize  that  the  construction  of  a  new  indus- 
trial property  necessarily  involves  an  appreciable  expendi- 
ture for  engineering  and  general  supervision  during  construc- 
tion. Plans  must  be  prepared  for  the  general  lay-out  of  the 
buildings,  for  the  transportation  facilities,  and  for  the  dis- 
tribution of  the  machinery  in  the  buildings  themselves.  Many 
industrial  organizations  retain  the  engineer  employed  in  a 
consulting  capacity  prior  to  the  construction  period  through- 
out the  entire  construction  period  to  supervise  the  work  of 
building  the  plant  and,  in  many  cases,  as  a  plant  engineer 
lor  the  operating  company.  Nevertheless,  the  salary  and  ex- 
penses of  the  chief  engineer  and  his  assistants,  up  to  the  time 
the  property  actually  begins  to  operate,  is  a  capital  and  not  an 
administrative  charge. 

Taxes  and  Insurance  During-  Construction 

Taxes  and  insurance  on  real  estate  and  equipment  up  to  the 
time  the  plant  actually  begins  to  operate  are  unquestionably 
charges  against  the  capital  account.  Both  taxes  and  insurance 
may  be  computed  on  a  percentage  basis,  by  applying  a  pre- 
determined percentage  to  the  reproduction  cost  of  the  tax- 
able and  insurable  property,  or  they  may  be  determined,  per- 
haps a  little  more  accurately,  by  analyzing  the  taxable  and 
Insurable  items  and  estimating  the  actual  costs  of  taxes  and 
Insurance  by  applying  prevalent  insurance  and  tax  rates. 

Interest  During  Construction 

The  construction  of  an  industrial  property  costs  money  in 
two  ways:  The  real  estate,  machinery,  and  equipment  repre- 
sent an  appreciable  monetary  outlay  and  the  money  used  for 
the  purchase  of  land,  construction  of  buildings  and  construc- 
tion and  installation  of  machinery  and  equipment  must  be  paid 
for  at  the  current  market  rate  for  borrowed  money.  Interest 
on  the  Inyestment  in  an  industrial  property,  up  to  the  time 
the  plant  begins  to  operate,  Is  undeniably  a  part  of  the  con- 
struction cost. 

At  the  beginning  of  the  construction  period  there  are  no 
tangible  assets  that  can  be  mortgaged  to  raise  money.  The 
promoters,  therefore,  must  borrow  such  funds  as  they  may  re- 
quire for  Immediate  use  on  short-term  notes.  Subsequently, 
as  tangible  assets  are  brought  into  being,  these  short-term 
notes  may  be  replaced  by  permanent  mortgages  or  bonds  on 
the  property.  In  a  similar  manner,  additional  funds  for  carry- 
ing on  the  project  may  he  raised. 

The  cost  of  Interest  during  construction  may  bo  computed 
by  estimating  the  probable  length  of  time  that  Interest  on  th(> 
liivpHtnicnt  In  the  various  portions  of  the  plant,  such  as 
buildings,  marhlncry,  oqulpmont,  etc.,  will  have  to  be  carried 
as  a  capital  rather  than  an  operating  expenditure  and  by 
applying    prevalent    Interest    rates   to    tl)o   various   sums    In- 


volved for  the  time  periods  estimated.  A  simpler  way,  thougb, 
consists  of  estimating  the  average  investment  tied  up  in 
plant  construction  during  the  entire  construction  period  and 
applying  thereto  the  interest  rate  prevalent  at  the  time  of  the 
appraisal.  The  total  to  which  this  rate  is  applied  will,  of 
course,  include  all  the  direct  and  collateral  construction  costs. 

Conclusion 

From  the  foregoing  it  will  be  apparent  that  there  are  many 
costs  involved  in  the  construction  of  a  modern  industrial  prop- 
erty besides  the  actual  cost  of  the  inventoriable  property. 
While  these  costs  are  really  a  part  of  the  cost  of  the  Inven- 
toriable property,  for  obvious  reasons  they  cannot  be  included 
directly  in  the  unit  costs  as  generally  applied  to  the  inven- 
tory in  determining  the  reproduction  cost  of  a  plant. 

Many  industrial  executives  deceive  themselves  by  assuming 
that  the  inventory  and  appraisement  of  that  part  of  the  prop- 
erty that  can  actually  be  seen  and  counted  in  the  field  repre- 
sents the  entire  investment  in  physical  property.  They  en- 
tirely overlook  the  fact  that  many  other  elements  of  cost  are 
really  part  and  parcel  of  the  cost,  but  cannot  be  included  in 
the  unit  costs  as  applied  to  the  inventoriable  property.  Un- 
doubtedly there  may  be  reasons  why  some  industrial  execu- 
tives wish  to  limit  the  value  of  the  physical  property  carried 
on  the  books,  but  on  the  other  hand  industrial  executives  are 
constantly  confronted  with  problems  that  can  be  solved  only 
by  one  having  an  accurate  knowledge  of  total  plant  invest- 
ment, as  represented  by  the  reproduction  cost,  and  by  the 
present  value  of  physical  property,  as  represented  by  repro- 
duction cost  less  accrued  depreciation. 

Among  the  possible  uses  of  total  reproduction  cost,  includ- 
ing collateral  costs,  are: 

1.  The  determination  of  total  investment  as  a  factor  to  be 
considered  in  the  determination  of  a  proper  sales  price  for  the 
plant  output. 

2.  The  determination  of  the  total  value  of  the  physical 
property  as  a  basis  for  capitalization;  that  is,  the  issuance  of 
securities. 

3.  The  determination  of  total  value,  both  on  a  reproduction 
cost  and  a  reproduction  cost  less  depreciation  basis,  for  the 
purpose  of  ascertaining  the  real  value  of  the  physical  prop- 
erty in  the  event  of  a  proposed  sale  or  in  the  event  of  a  pro- 
posed consolidation  of  the  property  under  consideration  with 
other  similar  properties. 

4.  The  determination  of  invested  capital  for  computing  war 
profit  taxes. 

Whether  or  not  industrial  corporations  deem  It  advisable 
to  include  all  these  elements  of  collateral  cost  in  the  value  of 
the  property  as  carried  on  the  books,  any  student  of  industrial 
problems  will  realize  that  it  is  most  important  to  have  a  clear 
and  complete  record  of  total  physical  property  value  available 
for  ready  reference  in  solving  such  problems  as  those  Just 
enumerated. 

•    •    • 

ENGINEERING  STUDENTS  EXEMPT  FROM 

DRAFT 
The  order  of  the  secretary  of  war  exempting  engineering 
students  from  the  selective  draft  for  military  service  Is  a 
step  that  should  have  been  taken  Immediately  at  the  beginning 
of  the  war,  but  it  is  well  that  It  has  been  taken  as  soon  as  it 
has.  The  exemption  privilege  is  limited  to  those  students  to 
whom  the  engineering  school  Issues  a  certificate,  properly  at- 
tested by  the  president  of  the  school,  reading  as  follows: 

■  I  hereby  certify  that   is  a  regular  student 

of  the class  In  good  standing,  as  a  candidate  for  an 

engineering  degree  at  and  that  in  the  Judg- 
ment of  the  faculty  of  this  school,  based  upon  his  aca- 
demic record,  supplemented  by  his  relations  with  follow 
students  and  by  observation  of  his  Instructors,  he  may 
fairly  be  regarded  as  deserving  a  place  in  the  first  third 
qualitatively  of  the  young  men  graduating  from  this  iustl-' 
tutlon  during  the  past  fen  years. 

Hence.  It  Is  evident  that  the  mere  attendance  at  an  engineer- 
ing school  does  not  oxompt  a  student  from  being  drafted  for 
military  service;  the  regulations  governing  the  oxompt  ion  re- 
quire also  that  his  record  as  regards  his  engineering  studies 
be  of  a  high  character. 
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TOOLING  A  FOREIGN  CAR  IN  AMERICA— 2 


TOOLING  THE  REAR  AXLE   HOUSING 

BY  THOMAS  ORCHABD  ' 


IN  this  car,  the  rear  axle  housing,  which,  with  the  opera- 
tions required,  is  shown  on  page  410  in  the  January  num- 
ber, is  made  in  two  parts.  As  most  of  the  operations  are 
performed  with  these  parts  assembled,  it  is  necessary  first  to 
mill  the  surfaces  of  the  joint  and  then  drill  the  eight  holes 
in  each  flange,  reaming  two  for  locating  points  in  order  that 
the  assembling  can  be  done  as  quickly  as  possible.  The  drill 
Jig  used  for  this  purpose  is  similar  to  the  one  described  in  the 
preceding  installment,  but  a  different  method  of  indexing  is 
employed. 

The  fixture,  shown  in  Fig.  1,  consists  of  a  plate,  on  each 
end  of  which  are  two  wheels  A.    In  order  that  these  wheels 


jig  is  removed  and  the  work  set  on  the  finished  pad  and  moved 
to  the  left  until  the  flange  comes  against  the  two  stops,  which 
may  be  adjusted  to  suit  the  run  of  the  castings.  The  work 
is  next  squared  up  by  screwing  in  the  clamp  at  the  right-hand 
end  of  the  work.  After  this  has  been  done,  the  top  clamp  Is 
replaced  and  the  set-screw  brought  down  against  the  boss  on 
the  top  of  the  housing.  The  three  sliding  clamps  are  then 
brought  into  place  and  hold  the  work  down  at  their  respective 
locations  against  the  flange. 

The  fixture  may  now  be  indexed  180  degrees  in  order  to 
place  the  work  in  the  proper  position  for  drilling.  The  method 
of  indexing  is  very  simple.  Lugs  E  and  F  are  cast  on  one 
support  and  the  outside  of  one  wheel, 
respectively.  Each  lug  has  two  ad- 
justable stops.  The  indexing  Is  prac- 
tically done  by  gravity,  as  the  weight 
of  the  work  is  on  center,  in  both  the 
loading  and  the  drilling  position.  As 
a  result,  as  soon  as  the  operator 
starts  to  index  the  jig,  the  weight  of 
the  work  will  itself  turn  the  wheels  A 
until  the  stop  G  rests  against  the 
stop  H,  thus  placing  the  jig  in  the 
drilling  position.  The  set-screw  in 
the  top  of  the  support  should  then 
be  tightened  against  the  shaft  so  that 
it  cannot  move  while  the  drilling  is 
being   performed.     After   the   jig   is 
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1.     Tiunnlon  Jig  for  drilling   Flango   Hoi.. 


may  rotate,  slccl  Hhafts  are  prc8Hed  In  them  but  are  a  running 
lit  In  the  supports  D  at  each  end  of  the  flxture.  These  sup- 
ports arc  made  of  ctuit  Iron  and  arc,  In  turn,  tongued  and 
bolted  to  a  base  0  on  which  the  entire  flxture  rests.  The 
wheels  ride  on  cast-Iron  shoes  D,  whUh  arc  Hcrcwod  and  dow- 
eled to  the  baso  of  the  supports.  During  llio  rotation  of  lln' 
wheels,  the  friction  produced  by  Mio  rubbing  of  the  wheelH 
against  the  shoes  proventa  tbo  flxture  from  being  damaged 
should  the  operator  lose  control  while  indexing;  at  the  same 
time  It  relievos  the  shaft  at  each  end  of  a  n-rtaln  amount  or 
the  weight. 

Aftfrr  iho  Joint  of  each  half  of  the  houslni;  has  bcfn  milled, 
tho  parts  are  ready  to  bo  placed  In  the  flxturo,  which  nhoiild 
be  In  tho  position  shown.    Tho  clamp  acroBs  lli«  (-onicr  nf  ilio 
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loaded  and  Indexed  (or  drilling,  it  Is  run  along  a  track  that 
passes  under  a  No.  14  "Natco"  multiple  spindle  drilling  machine 
and  tho  eight  holes  In  the  flange  are  drilled  at  one  operation. 

Qtilck-clamplnir  Devlco 

A  qulckclumplng  device  Is  designed  for  clamping  and  squar- 
ing up  the  work  at  A'.  This  clamp.  Illustrated  In  Fig.  2,  Is 
operated  by  a  screw  /.,  and  a  hinged  clip  M,  tho  screw  being 
notched  at  K  to  receive  tho  clip.  To  release  Iho  clamp,  the 
clip  Is  swung  back  until  It  assumes  tho  jxisitlnn  shown  In  tho 
lower  view.  Tho  clamp  may  then  bo  brought  back  until  It 
touches  tho  face  of  tlio  Iuk  at  /'.  This  niotliod  Ih  rovcrsod  when 
Hiiuiirlng  up  iiM<l  cliinipliig  tho  work,  except  tliiit  a  quarter 
turn  Ih  glvon  to  thu  screw  after  tho  clip  Is  In  place  so  as  to 
exert  the  iiecoHsiiry  clamping  pressure  on  the  work. 
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Fig.  2.  Device  for  quickly  clamping  and  squaring  up  Work 
Ninth  Operation  on  Housing 
The  ninth  operation  on  the  rear  axle  housing  is  turning  out 
and  sizing  the  recess  on  both  sides  of  the  housing  to  receive 
the  rear  axle  tube,  after  both  halves  of  the  housing  have  been 
bolted  together.  This  operation  is  performed  on  a  No.  7A 
Potter  &  Johnston  turret  lathe.  Fig.  3  shows  the  tools  re- 
quired and  the  method  of  setting  up. 


held  in  a  tool-holder  or  head  bolted  to  the  turret  head;  there 
are  three  tool-holders  with  the  tool  set-ups  necessary  to  com- 
plete the  recessing  properly.  The  construction  of  the  tool- 
holder  and  the  method  of  holding  the  tools  are  shown  in  Fig.  4. 
On  the  first  operation,  three  tools  are  used;  V,  W  and  X  in 
Fig.  5  show  the  relative  position  of  these  tools  as  they  perform 
their  work. 

The  tool-holder  for  the  second  recessing  operation  contains 
two  tools,  which  finish  the  radius  and  carry  the  recess  to  the 
proper  depth.  These  two  tools  are  alike  and  are  wide  enough 
so  that  they  may  be  alternately  nicked  in  order  to  break  up 
the  chips.  In  the  third  operation,  the  tool  brings  the  outside 
diameter  of  the  recess  to  the  finished  size.  After  one  side  of 
the  housing  has  been  completely  recessed,  the  work  is  slipped 
off  the  arbor,  turned,  and  then  replaced  so  that  the  opposite 
side  is  in  position  for  recessing. 


The  Gazette  de  Lausanne  for  November  18,  1917,  published 
a  telegram  from  Berne,  Switzerland,  according  to  which  a 
member  of  the  Krupp  Co.,  of  Essen,  Germany,  has  attempted 
to  form  an  organization  which,  if  it  succeeds,  would  have  a 


for  recessing  Both  Sides  of  Housing 


This  fixture  consists  of  a  faceplate  Q  screwed  onto  the  spin- 
dle of  the  turret  lathe.  This  faceplate  serves  as  a  base  for  the 
rest  of  the  holding  mechanism  and  also  to  drive  the  work. 
A  shaft  R  is  pressed  and  keyed  into  the  faceplate  and  held 
in  position  by  a  nut  and  washer.  A  spider  S,  keyed  to  the 
shaft,  serves  to  locate  the  work,  a  U-washer  and  nut  holding 
the  work  in  position  after  it  has  been  slipped  over  the  spider. 
The  work  is  driven  by  clamping  the  flange  against  surface  T 
by  means  of  clamp  s<Tew  U. 

After  the  work  has  been  clamped  in  position,  the  turret  head 
Is  brought  forward  to  perform  the  recessing.     The  tools  are 


sinister  influence  upon  Swiss  journalism.  Briefly,  the  organ- 
ization is  to  sign  advertising  contracts  on  behalf  of  the  German 
industries  with  a  considerable  number  of  Swiss  trade  and  gen- 
eral Journals.  It  is  also  stated  that  the  object  of  the  proposed 
organization  is  to  purchase  the  business  of  Swiss  firms  that 
have  suffered  through  the  war.  Their  business  would  there- 
after be  continued  by  Germans,  but  under  the  former  Swiss 
names.  Through  these  Swiss  firms,  Germany  would  purchase. 
after  the  war,  raw  materials  and  goods  which  could  not  be  ob- 
tained directly,  and  would  sell  under  a  Swiss  label  the  products 
of  German  industry. 
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Fi(.  4.     Tool-holdgr  uiod   wli^n  rocoiilng  Houilng 


Ftf.  h.     Tool!  for  rocciilng  Houdng 
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DEFECTIVE   FIRE   ESCAPES 

BT  CHESLA  C.  SHERLOCK  ' 

Employers  are  more  or  less  familiar  with  the  law  requiring 
the  maintenance  of  proper  fire  escapes,  and  they  know  their 
liability  to  the  state  or  municipality  in  case  they  fail  to  com- 
ply with  the  various  statutes  and  ordinances.  Recently,  how- 
ever, the  question  has  been  raised  as  to  whether  an  employer 
is  liable  to  an  individual  in  an  action  for  damages  for  a  fail- 
ure to  provide  proper  fire  escapes,  as  contemplated  by  the 
statutes  and  ordinances.  Employers  have  been  compelled  to 
take  certain  measures  to  protect  the  individuals  In  the  com- 
munity from  the  fire  hazard  while  on  the  premises  used  or 
occupied  by  the  employer;  though  this  regulation  does  not 
limit  Itself  to  employers,  it  applies  to  all  owners  of  buildings, 
and  in  some  instances  to  tenants.  The  term  employer  is  here 
used  in  a  loose  sense,  as  it  is  the  purpose  to  limit  the  discus- 
sion to  cases  between  employer  and  employe. 

The  theory  upon  which  the  state  has  compelled  obedience 
to  its  safety  acts  has  been  that  it  is  a  valid  exercise  of  the 
police  power  of  a  state  to  make  such  requirement  of  employ- 
ers. It  can  be  seen,  then,  that  to  bring  up  a  situation  where 
an  employe  or  other  third  person  is  attempting  to  profit  indi- 
vidually from  the  employer's  failure  to  comply  with  a  statute 
that  involves  a  question  concerning  the  community  at  large 
is  unique,  to  say  the  least.  It  is  not  common  to  permit  an  indi- 
vidual to  bring  an  action  in  damages  for  a  breach  of  duty 
owed  to  the  community  at  large  and  not  to  the  individual  in 
particular.  In  a  recent  case  involving  this  point,  the  Supreme 
Court  of  Nebraska  was  of  the  opinion  that  the  violation  of 
any  statutory  or  valid  municipal  regulation  established  for 
the  purpose  of  protecting  persons  or  property  from  injury  Is 
sufficient  to  prove  such  a  breach  of  duty  as  will  sustain  a  pri- 
vate action  for  negligence,  if  the  other  elements  of  actionable 
negligence  concur.  The  mere  fact  that  the  statute  or  ordi- 
nance in  question  does  not.  In  terms,  impose  a  civil  liability 
for  Its  violation  does  not  affect  such  evidence  of  its  violation 
as  may  go  to  show  negligence. 

Th«  general  liability  of  an  occupant  of  a  building  has  had 
more  attention  from  the  courts  than  the  point  Just  mentioned. 
Many  courts  hold  to  the  opinion  that  a  tenant  has  a  right  to 
assume  that  the  landlord  will  comply  with  the  provisions  of 
the  statute  relating  to  Are  escapes  and  that  the  tenant  Is 
under  no  legal  obligation  to  perform  that  duty  in  the  failure 
of  the  landlord  to  act.  One  court  has  said  that  a  tenant  is 
under  no  obligation  to  act  even  though  he  discovers  that  the 
landlord  has  violated  the  provisions  of  the  statute,  for  he  has 
a  right  to  assume  that  the  landlord  will  not  continue  in  his 
breach  of  the  statutory  duty.  The  mere  length  of  time  of 
occupancy.  In  the  opinion  of  the  New  Jersey  court,  unaccom- 
panied by  some  afflrmatlve  act  or  circumstance  on  the  ten- 
ant's part  showing  an  Intent  to  relieve  the  landlord  from  the 
consequences  that  might  result  to  the  tenant  from  the  land- 
lord's failure  to  perform  the  statutory  duty  Imposed  upon  him 
of  ere<:tlng  fire  escapes,  cannot  relievo  the  landlord  from  re- 
sponding In  damages  In  case  a  fire  breaks  out  and  the  tenant 
Ruffcrs  Injury  by  reason  of  the  absence  of  flro  escapes. 

In  a  Minnesota  case,  where  a  statute  required  one  non- 
combustible  ladder  or  stairway  for  each  twenty  persons,  or 
fraction  thereof,  that  the  building  accommodated  above  the 
flMt  story,  but  did  not  Hluto  how  far  down  llio  laildtT  Hlioiild 
extend,  It  was  held  to  bo  a  quentlon  for  the  Jury  wIh'IIkt  I  hero 
was  negligence  on  the  part  of  the  landlord  In  not  brluKlng  the 
ladder  down  closer  to  the  ground  than  twenty  foot,  so  as  to 
afford  a  r'-asonubly  safe  escape  from  the  building.  In  a  Ken- 
tacky  case.  It  was  hold  that  the  mere  fact  that  the  building 
in  question  was  erected  boforo  the  enactment  of  the  ordinance 
docs  not  rcllev'i  the  landlord  from  liability  for  failure  tn  com- 
ply with  lis  iirovlNlrxiK,  n\nin  It  applies  to  buildings  erected 
before  as  well  as  after  Its  cna<'tmont. 

The  Naw  York  courts  have  plainly  said  that  an  omptoyor 
who  falls  to  equip  his  building  with  flrn  rsrapcs  as  required 
by  statute  Is  liable  for  the  death  of  nn  employe  duo  to  such 
falluro,  reKnrdless  of  the  question  of  his  noKlliconco  In  other 
reepects.    The  Itllnoli  courts  have  said  that  where  the  occu- 
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pant  of  a  building  fails  to  comply  with  the  law  requiring 
metal  fire  escapes  that  he  is  liable  in  an  action  for  negligence 
to  anyone  lawfully  in  the  building  at  the  time  the  fire  breaks 
out  and  injured  because  of  the  inadequate  means  of  escape. 

The  Indiana  court  has  gone  a  step  farther  and  said  that 
the  failure  of  the  owner  of  a  building  used  for  factory  pur- 
poses to  comply  with  a  mandatory  statute  requiring  the  erec- 
tion of  fire  escapes  was  the  proximate  cause  of  the  injury 
of  a  person  who  Jumped  from  the  third-story  window  in  an 
effort  to  escape  from  the  burning  building.  In  Pennsylvania, 
the  court  said  that  the  owner  of  a  building  failing  in  his  statu- 
tory duty  to  provide  an  adequate  means  of  escape  in  case  of 
fire  cannot  claim  that  injuries  sustained  by  one  in  escaping 
from  the  building  were  due  to  want  of  familiarity  with  the 
means  of  escape  that  had  been  provided.  It  is  not  the  lack 
of  familiarity  with  the  means  of  escape,  but  the  inadequacy 
of  the  means,  that  is  the  proximate  cause  of  the  injury  in 
such  case. 

In  another  Illinois  case,  it  was  held  that  the  mere  construc- 
tion of  a  fire  escape  pursuant  to  a  statute  does  not  relieve  the 
owner  of  the  building  from  further  responsibility  to  his  em- 
ployes, or  establish  the  fact  that  the  fire  escape  is  a  reasonable 
and  sufficient  means  of  escape,  as  the  statute  prescribes  no 
method  of  construction.  The  mere  fact  that  the  owner  of  a 
building  has  had  no  notice  from  a  state  or  municipal  officer 
to  construct  fire  escapes  is  not  a  sufficient  excuse  to  relieve 
him  from  the  penalties  provided  by  law  for  a  failure  to  per- 
form this  duty. 

*     *     • 

STANDARDIZATION  NECESSARY  IN  WAR  TIME 
A  great  many  airplane  engines  have  been  developed  both  in 
the  United  States  and  Great  Britain  during  the  past  year — 
more  so  probably  in  Great  Britain  than  in  the  United  States. 
It  has  been  proposed  in  England,  therefore,  that  a  halt  should 
be  called  by  the  government  to  the  multiplication  of  designs 
of  air  engines,  and  that  all  plants  having  facilities  for  work 
along  these  lines  should  concentrate  on  the  production  of  a 
limited  number  of  standard  types.  Progress  might  be  main- 
tained by  encouraging  promising  experimental  work  in  one 
or  two  factories  especially  intended  for  the  purpose.  Nobody 
but  a  practical  engineer  realizes  the  enormous  amount  of 
time,  money  and  skilled  labor  that  may  be  uselessly  expended 
at  the  present  time  in  making  jigs,  gages  and  special  tools  for 
the  production  of  engines  or  other  new  developments  that 
may  have  no  Justification  for  their  existence.  The  engines  of 
captive  airplanes  of  German  design  show  that  they  have  trav- 
eled far  along  the  road  of  standardization,  and  the  present 
policy  of  the  American  War  Department  indicates  that  the 
value  of  standardization  Is  fully  realized  here,  the  Liberty 
motor  and  the  commercial  motor  trucks  being  the  two  most 
notable  examples.  The  present  is  no  time  for  hit-and-miss  ex- 
perimenting, but  for  productive  work  along  certain  conserva- 
tive lines.  Speed  of  production  Is  the  niuln  object,  and  al- 
though there  niny  be  o|)portunl(y  for  lnii)rovoniiMils  hero  and 
there,  It  is  belter  to  accept  a  good  roUublo  ciiKino  that  meets 
the  main  requirements  than  to  waste  time  on  attempts  to  per- 
fect details  that  will  only  delay  victory  and  peace. 


Nothing  sliowH  the  rise  and  drcUiio  of  the  popularity  of  the 
hlryclo  more  than  the  coiihuh  of  I'JII,  which  lias  Just  boon 
published.  The  InduHtry  reached  Its  /.oiiitli  in  ISitfl,  when  there 
wore  312  cslubllHlimeiits,  which  had  I9,7ti0  employes,  who  re- 
ceived $29,7S:i,G00  In  wages  and  produced  goods  worth  |31,916,- 
000.  In  IKSO,  thoro  wore  but  27  OHtabllHlinionlH,  and  the  total 
value  of  their  output  was  $2.r.fi.s,:t0n.  During  the  flve-yoar 
period  ending  with  1001,  tho  Industry  declined  very  rapidly; 
but  the  Iihti'iihIiik  popularity  of  llio  molorcyrlo  lins  since 
cuunrxl  the  liidiiHlry  to  grow.  Although  the  nnnUn'r  of  ostab- 
llHlimunts^haM  steadily  decreased,  there  was  over  100  per  rent 
Increase  In  the  number  of  oniployes  In  tho  ten  yenrs  ending 
19M;  woges  were  Inireiined  over  300  per  cent,  and  the  viiluo 
of  flio  output  nearly  'tfiO  per  cent.  Htlll,  the  bicycle  bus  not 
entirely  disappeared  from  the  markets,  for.  In  I9H,  39.S,809 
were  manufactured  and  only  02.793  motnrrycleH. 
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Fig.  3.     Position  of  FUtur 


utting  Angular   Side  of  End  Slot 


Fig.  4.     Fixture  moved  so  that  Other  End  Slot  may  be  cut 


EXPORT  LICENSES  FOR  SWITZERLAND       SIMPLE  BUT  EFFICIENT  MILLING  FIXTURE 


The  War   Trade  Board  announces  that  a  trade  agreement 
has  been   drawn   up  between   the  War  Trade   Board   and  the 
Swiss  government,  covering  the  issuance  of  licenses  for  ship- 
ments   to    Switzerland,    and    announces    the    following    rules: 
Applicants  must  first  procure  an  S.  S.  S.  permit  and  show 
the  number  of  same  on  their  application. 

Applications  should  be  sent  by  the  applicants  to  the  Lega- 
tion of  Switzerland,  2013  Hlllyer  Place,  Washington.  D.  C, 
who  will  check  up  the  S.  S.  S.  permit  number  with  their 
records;  and  upon  their  endorsing  the  application,  it 
will    be    forwarded    by    the 


I.,egation  of  Switzerland  to 
the  War  Trade  Board. 

Licenses,  when  granted  by 
the  War  Trade  Board,  will 
he  sent  to  the  Legation  of 
Switzerland,  who  will.  In 
turn,  notify  the  applli-iint 
and   deliver  the  llronse. 

Should  applicants  be  ro- 
fUHCcI  by  the  War  Trade 
Board.  Ibn  Swiss  Legation 
anil  till*  applicant  will  both 
be  nolincd. 

Llconses  will  not  be  given 
until  Information  Is  lodged 
with  the  Swiss  consul  In 
New  York  or  with  the  Swiss 
Legation  In  Washington  as 
to  the  steamer  on  which  the 
commodities  are  to  go. 


BY   J.   P.   BROPHY  ' 

Occasionally  in  every  line  of  manufacture  we  have  a  piece 
that  is  simple  to  look  upon  but  difficult  to  machine.  Figs.  5 
and  6  show  a  part  of  a  belt  shifter  used  on  an  automatic  ma- 
chine, the  makers  of  which  use  eight  different  shaped  pieces 
of  this  kind.  The  stock  is  flat  and  one-half  inch  thick.  If  the 
sides  of  the  slots  were  perpendicular,  the  manufacture  of  these 
pieces  would  be  a  simple  Job,  but  the  sides  are  not  perpendicu- 
lar, and  the  angles  they  form  with  the  bottom  differ  with  each 
different  shaped  piece.  As  a 
result,  these  pieces  are  difh- 
cult  to  manufacture  without 
the  proper  form  of  fixture. 
The  fixture  shown  in  Figs. 
1  to  4  consists  of  two  parts  A 
and  H.  which  are  clamped  to- 
gether, when  in  the  proper  po- 
sition, by  bolts  passing 
through  holes  in  the  lower 
casting  .1  and  slots  In  the  up- 
per casting  li.  A  tongue 
planed  in  the  bottom  of  the 
base  .1  fits  a  slot  In  the  mill- 
ing machine   table,    to   which 


rig.   6.     Bolt   Shirtor   Parli  on   whirh   Fliluro   !• 


'  Vl.-r.|iiviiiili-m  mill 
ngcT.  ricvplnnil  Aulii 
L'o.,  CIcrcUnd,  Ohio 
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the  base  is  bolted.  The 
upper  part  B  is  turned  to 
fit  the  lower  part  so  that 
no  gib  is  required.  The 
parts  to  be  milled  are 
held  in  place  by  a  set- 
screw,  which  is  not 
shown.  Each  shape  has 
its  own  number,  and 
these  numbers  are 
stamped  upon  the  top 
surface  of  the  base  A. 
The  upper  part  of  the 
fixture  can  move  in 
either  direction  from  the  center,  so  by  placing  the  locating  pin  C 
in  the  proper  hole,  as  shown  by  the  number,  the  fixture  can 
be  quickly  set  for  machining  any  shape.  Fig.  1  shows  the 
different  size  cutlers  milling  projections  D  and  E.  Fig.  5;  in 
Fig.  2,  the  central  slot  F,  Fig.  5,  is  being  cut;  Figs.  3  and  4 
show  how  the  angular  slots  may  be  finished.  This  style  of 
fixture  can  be  used  for  all  kinds  of  angles,  as  holes  can  be 
placed  where  desired  from  zero  to  its  full  capacity. 


AUTOMOTIVE   ENGINEERING   AND    THE 
GREAT   WAR' 

In  the  last  analysis,  war  as  fought  today  is  substantially 
the  matching  of  great  engineering  enterprises.  In  the  long 
run,  the  side  with  the  best  engineering  genius  will  win  the 
contest.  The  organization  of  the  motor  transport  service  re- 
quired by  modern  armies  is  a  problem  worthy  of  the  best  engi- 
neering talent,  for  the  unusually  severe  service  conditions 
make  the  problems  of  keeping  a  fleet  of  army  trucks  in  opera- 
tion far  more  serious  than  those  encountered  in  normal  peace 
service.  Great  difficulty  has  been  caused  through  lack  of  stand- 
ardization of  motor  trucks  in  use  by  the  Allies.  It  was  left 
to  the  American  engineers  to  solve  the  problem  of  standardiza- 
tion; and  as  a  result  of  the  years  of  preparation  and  experi- 
ence along  standardization  lines  by  the  Society  of  Automotive 
Engineers,  the  government  now  has  in  process  of  production  a 
truck  that  is  not  only  rugged  and  finished,  but  can  be  rapidly 
produced  and  is  simple  and  easy  to  repair.  In  every  possible 
case,  the  standards  created  by  the  society  have  been  used  in 
the  design  of  this  United  States  war  truck. 

The  work  of  the  society  has  not,  however,  ended  with  the 
completion  of  the  design.  The  organization  within  the  quarter- 
master corps  that  will  handle  such  matters  as  the  production, 
iDspection,  and  the  operation  of  military  trucks  is  largely  made 
up  of  automotive  engineers,  practically  all  of  whom  are  mem- 
bers of  the  S.  A.  E.  who  have  entered  the  service.  In  addition, 
the  engineer  corps  will  use  a  large  number  of  trucks  for 
handling  the  materials;  In  all  probability  these  trucks  will  be 
Identical,  as  far  a8  the  chassis  Is  concerned,  with  those  now 
being  provided  through  the  quartermaster  corps.  Other 
brancheB  requiring  special  motor-propelled  equipment  are  the 
ordnance  department,  the  signal  corps,  and  the  medical  corps. 
LlKht,  hiKh-npecd  trucks  to  act  as  airplane  tenders  will  be  used 
by  the  Mlgnal  'orpH,  and  the  medical  corps  will  use  somewhat 
similar  rhasHls  for  ambulances. 

In  the  ordnance  dt-partmi-nt  another  group  of  automotive 
cnKlnei.TM,  8.  A.  K.  members  for  the  most  part  runilllur  with 
dirnlxn  of  tractors,  Is  working  on  the  problem  of  mnlorlzliiK 
the  oqulpmcnl.  Heavy  ordnance,  which  lioretofon-  It  would 
have  lK.-1-n  dlfniult  to  move  succesHfully,  Is  now  drawn  over 
Kround  almost  Impassable  otherwise.  In  addition,  a  lurKi-  imimi- 
iH-r  (if  four-wheel  drlvi-  trucks  will  \m  provided  for  llin  tinndlliik' 
of  ummunlilon;  these  vi'lilr|c«  iir<>  rdtiipiiratlvi'ly  modiTii  di' 
vnlopm«nts  sullablo  for  operation  over  rouKh  ground  and  uiidiT 
ronilltlons  where  the  ordinary  typn  of  mail  vohlrln  would  (liid 
It  (Itfncult  to  secure  the  n«w-essory  foothold.  So  far  as  known, 
ttu'  Kovi-mmnnt  has  made  no  nnnouncomnnl  as  to  Its  plans  for 
til"  'iKVi'lopmfnt  of  tanks.  It  Is  hy  no  moans  to  \m  doubled. 
how<'v»r.  when  tho  troops  of  this  country  urn  ready  for  serviro, 

'AMirtfi  tit  •  p*p«r  n»/\  Iwinf  )li»  Kniln'^rlnf  S'K-I^lr.  nt  IlnlTalo,  In 
Orttfi^T.  \rf  fitr^M*  w.  THinhatfi.  pr#«lrt*iit  of  ihp  H«Mli<t7  «f  AitfiinHiflT*  Kntfl 
mmf  •Ml  wnimt  <tt  llw  IVMrd  for  Molnrlilnt  n>ld  Arllll«r/  nt  lli*  t).  H.  A. 


that  they  will  be  provided  with  equipment  of  this  character 
second  to  none  in  use  by  the  Allies.  The  ordnance  depart- 
ment is  working  upon  the  development  of  these  vehicles;  the 
work  is  in  the  hands  of  competent  automotive  engineers,  many 
of  them  S.  A.  E.  members. 

The  motorcycle  used  for  war  purposes  is  made  in  two-  and 
three-wheel  vehicles  for  dispatch  work  and  for  transporting 
machine  guns.  Here  again  the  society  has  rendered  effective 
assistance  to  the  government  in  the  standardization  of  parts, 
the  secretary  of  war  having  delegated  officers  in  the  quarter- 
master corps  to  confer  with  a  society  committee  on  problems 
relating  to  the  development,  standardization,  and  use  of  the 
motorcycle. 

The  development  of  the  Liberty  engine  is  properly  credited 
to  engineers  who  are  members  of  the  Society  of  Automotive 
Engineers  and  whose  work  has  been  greatly  facilitated  by  the 
present  and  past  activities  of  the  society.  Due  credit  must 
be  given  to  the  Allied  Governments  for  data,  but  this  engine  is 
strictly  an  American  product  designed  for  rapid  production, 
standardization,  and  interchangeability  of  parts.  The  aviation 
engine  is  a  high-strung  piece  of  apparatus,  one  that  must  de- 
velop a  great  power  with  minimum  weight.  The  engine  oper- 
ates under  full  load  and  at  high  temperature  practically  all 
the  time,  so  that  its  depreciation  is  relatively  rapid.  This 
greatly  increases  the  service  problem  and  new  parts  must  be 
supplied  frequently  in  order  to  keep  the  maximum  number  of 
machines  in  operation.  The  society  is  justly  proud  of  the  work 
its  members  have  done  in  connection  with  the  production,  in- 
spection, and  upkeep  of  aeronautic  apparatus. 

The  submarine  problem  may  possibly  be  solved  by  the  adop- 
tion of  one  of  the  large  designs  of  seaplanes  now  being  per- 
fected. The  flying  boat  no  longer  is  a  matter  for  speculation. 
It  has  proved  possible  to  build  a  machine  with  the  seaworthy 
qualities  of  a  small  yacht  and  at  the  same  time  able  to  take 
the  air,  for  the  purpose  of  locating  and  destroying  submarines. 
The  seaplane,  however,  is  not  the  only  type  of  craft  used  in 
attacking  the  submarine  developed  by  the  automotive  engi- 
neers. Several  hundred  submarine  chasers  have  been  used  for 
months  on  the  British  coast  with  the  result  that  submarines 
seldom  attempt  navigation  less  than  one  hundred  miles  off 
shore.  The  design  and  construction  of  engines  used  in  many 
of  these  submarine  chasers  constitute  another  of  the  problems 
that  automotive  engineers  have  handled  with  marked  success. 
The  development  of  small  stationary  or  semi-portable  units 
for  the  operation  of  the  wireless  set,  the  searchlight,  pumps, 
isolated  electric  lighting  plants,  and  machine  tools  in  portable 
repair  shops  is  another  of  the  details  handled  by  automotive 
engineers.  While  many  of  the  types  of  automotive  apparatus 
are  as  useful  in  industrial  activities  as  in  what  may  be  termed 
direct  military  operations,  for  instance,  the  trucks  used  for 
handling  materials  in  our  great  munition  plants,  the  develop- 
ment and  production  of  the  farm  tractor  is  equal  In  importance 
to  any  direct  military  activities.  The  farm  tractor  is  playing  a 
tremendous  part  in  tho  production  of  food,  which  will,  after  all, 
be  the  determining  factor  In  winning  tho  war.  In  any  branch 
of  the  service,  whether  here  or  with  our  men  In  France,  where 
automotive  apparatus  Is  made  or  used,  there  will  bo  found  the 
automotive  engineer  striving  to  do  his  i)art.  always  willing  to 
cooperate- with  his  fellownicii,  and  always  looking  for  more 
work  to  do. 

•     •     • 

MECHANICAL  ENQINBERINO  IN  THE  BUILD- 
ING OF  THE  PANAMA  CANAL 
In  his  address  before  tho  American  Society  of  Mechanical 
lOMghieers  ot  tho  occasion  when  honorary  niomborship  In  the 
Hoclely  wiiH  conferred  upon  him.  Major  (ienenil  (ieorgo  W. 
(ioetlials  callerl  allotitlon  to  tho  work  perfcirmecl  by  meclianl- 
rul  engineers  In  the  construction  of  the  nmcliinery  required 
for  tho  carrying  out  of  the  great  civil  engliieerliiK  work  repre- 
senleil  by  the  canal.  He  also  ineiilloned  that  the  satlHfuctory 
wnrkliiK  of  the  canal  since  Its  completion  Is  In  a  great  meas- 
ure due  to  tho  machinery  of  tho  locks,  tho  dreilKlng  equlpinoiit. 
and  various  other  aptilliinceH  which  are  the  work  of  mechanical 
■•IIKllieiTH.  Hence,  while  the  cilllill  Ih  liiiikeil  uimn  ninliilv  as  a 
civil  euKlneerhiK  feat,  II  iieverlheleKS  Is  also  a  Irllilito  to  the 
skill  of  Iho  niochailical  envlneer 
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POSSIBILITIES    OF  DOUBLE   HEAT-TREAT- 
MENT  OF   STEEL' 

The  time  has  arrived  in  America  when  we  are  obliged  to  lay 
more  emphasis  than  ever  on  the  question  of  quality  and  higher 
standards  for  steel  for  special  work.  We  have  nearly  reached 
our  limit  of  quality  in  cheap  steel,  as  far  as  chemical  and 
mechanical  manufacture  is  concerned,  but  in  the  field  of  heat- 
treatment  there  is  a  great  deal  that  can  be  done  and  without 
much  expense.  Most  steel  workers  have  had  tools  burst  when 
quenching  and  are  familiar  with  the  hollow  that  frequently 
forms  down  the  entire  center  of  a  tool  due  to  the  stresses  in 
cooling.  Casehardened  articles  are  particularly  liable  to  these 
stresses.  It  is  the  same  way  with  armor  plate,  which  is  case- 
hardened  to  perhaps  as  high  as  2.5  per  cent  carbon  on  the 
surface  but  is  down  as  low  as  0.25  per  cent  in  the  back;  this 
naturally  causes  all  sorts  of  stresses,  particularly  in  curved 
plates.  One  famous  English  metallurgist  heats  his  armor 
plate  to  about  1000  degrees  C,  cools  it  very  slowly  to  about 
700  degrees,  and  quenches  it;  then  in  order  to  get  it  fibrous 
he  reheats  it  to  about  650  degrees  C.  and  quenches  it. 

That  heat-treatment  changes  the  molecular  structure  of  steel 
is  shown  by  the  fact  that  any  steel  heated  to  about  775  de- 
grees C.  will  lose  its  magnetism,  and  magnetism  is  usually  ad- 
mitted to  be  a  molecular  change.  Yet  the  magnet  steel  in- 
vented by  Sir  Robert  Hadfleld,  which  contains  about  2.75  per 
cent  silicon  and  has  as  little  of  any  other  ingredient  than  iron 
as  possible,  when  subjected  to  a  double  heat-treatment  is 
changed  to  the  most  magnetic  substance  we  know;  it  is  even 
more  magnetic  than  chemically  pure  iron.  One  of  the  most 
important  results  of  heat-treatment  is  to  change  the  size  of 
grain  for  the  reason  that,  every  other  condition  of  the  steel 
being  the  same,  if  the  grain  size  is  small,  the  steel  will  be 
strong  and  tough,  while  if  the  grain  size  of  the  same  steel 
is  large,  the  steel  will  be  weak.  The  object  of  almost  all 
double  heat-treatments  is  to  produce  a  small  size  of  grain  in 
steel,  for  the  highest  strength  and  ductility  is  invariably  ac- 
companied by  the  smallest  grain  size. 

The  large  size  of  the  ferrite  grains  produced  in  one  of  the 
heat  zones  has  given  rise  to  many  double  heat-treatments,  but 
it  has  not  been  understood  as  a  rule.  The  only  way  to  do  the 
thing  is  to  heat  to  between  700  and  900  degrees  C,  depending 
on  the  carbon  content  of  the  steel,  and  quench  as  rapidly  as 
possible;  then  heat  to  just  below  700  degrees  C.  and  quench 
again.  This  is  a  common  double  heat-treatment  for  all  steels 
of  medium  carbon  that  are  to  be  of  high  quality,  because  in 
these  medium-carbon  steels  the  ferrite  forms  a  large  portion 
of  the  mass,  and  if  that  can  be  obtained  in  small  grains,  a 
good  quality  of  steel  is  cheaply  obtained  from  a  steel  that 
would  otherwise  be  much  inferior.  Steel  containing  approxi- 
mately 0.30  to  0.35  per  cent  carbon  and  0.10  to  0.15  per  cent 
vanadium  without  chromium  or  nickel  is  commonly  heated  to 
900  degrees  C,  quenched,  heated  to,  say,  600  degrees  and 
quenched.  If  it  is  desired  to  have  the  steel  a  little  stronger' 
and  not  quite  so  ductile,  the  second  heat  should  come  to  500, 
400,  or  even  350  degrees,  depending  on  the  amount  of  strengtli 
desired.  Vanadium  also  has  the  effect  of  making  the  absorp- 
tion of  the  ferrite  in  steel  take  place  very  slowly;  consequently 
It  Is  necessary  not  only  to  heat  slowly  to  900  degrees,  but  to 
hold  the  metal  there  for  some  minutes  In  order  that  all  the 
ferrite  will  be  absorbed.  Some  advise  heating  above  950  di>- 
Krees,  cooling  to  875  degrees,  and  quenching.  Exactly  the 
sanio  result  is  obtained  by  heating  a  little  more  slowly  to 
exaflly  900  degrees,  or  else  heating  to  950  degrees  and  main- 
taining that  heat  a  while. 

Axles  are  heated  to  about  720  or  730  degrees,  quenched, 
heated  Just  below  700  degrees,  and  quenched  again.  Axl^ 
cnnliilnlng  chromium  and  vuiiudium  are  heated  a  good  deal 
higher,  (luonched  In  oil,  and  heated  nbovo  700  degrees,  whicli 
heat  Ih  nialntnined  for  about  twenty  mlnutcH  and  then  allowed 
to  cool  slowly.  The  chromium  has  so  slrong  a  tendency  to 
retain  the  carbon  dissolved  In  the  steel  that  If  the  steel  Is 
quenched  It  will  be  too  brittle. 

•Alolmrl  of  an  ailclri-mi  ilpHrrml,  In  OrlolHT.  1017.  Inrtri'  Iho  SIim-I  Troal 
ln(  llravar'-h  Borlfl)'  of  Detroit,  b;  I'rof.  llriKlli'jr  HIhiikIiImii.  u'cri'lnry  of 
Aiiirrli-an   InRlttute  of  MtnlDf  Koglncers 


Casehardened  gears  are  cooled  to  atmospheric  temperature, 
then  heated  to  between  700  and  900  degrees  C,  depending  on 
the  carbon  content,  quenched,  heated  above  700  degrees,  and 
quenched.  As  the  core  of  the  gear  contains  only  a  small  amount 
of  carbon,  so  that  it  is  rich  in  ferrite,  the  first  quenching 
toughens  the  core  by  bringing  it  rapidly  through  the  ferrite 
range,  thus  preventing  the  ferrite  grains  from  increasing  in 
size.  The  first  quenching  gives  a  tough  core  and  a  brittle  case, 
and  the  second  quenching  gives  the  fine  grain  case.  As  this 
is  quite  brittle,  it  is  usually  annealed  by  heating  to  about  200 
degrees  C. 

One  reason  the  double  heat-treatment  has  been  neglected  is 
that  when  steel  is  heated  up  to  the  austenite  range,  an  enor- 
mous size  of  grain  is  produced.  Steel  heated  up  to  this  point 
has  been  known  as  burnt  and  as  overheated  steel,  but  it  is 
^possible  to  remove  any  bad  effects  of  that  treatment.  The 
steel  is  heated  to  this  high  temperature  and  quenched,  and 
then  all  the  bad  crystallization  is  removed  by  heating,  say, 
to  1100  degrees  C,  quenching,  heating  to  800  degrees  and 
quenching,  and  finally  heating  to  700  degrees  and  quenching. 
If  ordinary  commercial,  Bessemer,  low-carbon  steel  is  heated 
to  1400  degrees  C,  quenched  in  water,  heated  to  750  degrees, 
and  quenched  in  water,  its  strength  will  be  increased  from 
two  to  four  times  without  decreasing  the  ductility  more  than 
25  per  cent.  If  a  little  more  elaborate  process  is  used,  a  steel 
over  200,000  pounds  per  square  inch  tensile  strength  with  a 
good  degree  of  ductility  will  be  obtained  at  only  a  slightly 
greater  cost  than  ordinary  Bessemer  bars  or  rods. 

Vanadium  keeps  the  cementite  from  segregating  into  coarse 
grains,  and  to  some  extent  keeps  the  austenite  from  coarsening 
in  this  range.  It  is  for  that  reason  that  vanadium  has  been 
used  in  high-speed  steel,  for  these  steels  may  then  be  heated 
to  a  very  high  temperature  without  acquiring  such  a  coarse 
grain.  The  result  has  been  an  increase  of  60  to  100  per  cent 
in  the  service  of  the  steel.  Nickel  has  a  similar  effect,  and  12.5 
per  cent  nickel  steel  will  stand  considerable  overheating  in 
the  austenite  range,  without  coming  to  as  much  harm  as 
straight  carbon  steel.  When  the  steel  contains  25  per  cent 
nickel,  it  can  be  heated  to  almost  any  point  without  getting 
coarse  crystallization.  Vanadium  exerts  its  influence  chiefly 
on  the  cementite,  and  nickel  chiefly  on  the  ferrite.  Most  of 
the  nickel  dissolves  in  the  ferrite  in  steel,  whereas  most  of 
the  vanadium  dissolves  in  the  cementite,  so  that  a  small 
amount  of  nickel  is  exceedingly  advantageous  in  steels  to  be 
heat-treated  in  the  ferrite  range  where  the  ferrite  is  to  be 
kept  small.  Manganese  has  the  same  effect  as  vanadium  and 
nickel  in  keeping  the  grains  of  austenite  small.  Nickel- 
vanadium  steel,  manganese-vanadium  steel,  chromium-vana- 
dium steel  give  many  combinations  that  afford  an  almost  end- 
less line  of  possibilities. 

By  cooling  steel  to  liquid-air  temperatures.  Sir  Robert  Had- 
fleld has  made  bars  of  manganese  steel  and  25  per  cent  nickel 
steel  that  are  strongly  magnetic  on  one  end  and  as  non- 
magnetic as  lead  on  the  other.  All  these  steels  are  normally 
non-magnetic,  but  by  cooling  to  the  temperature  of  liquid  air 
that  end  becomes  magnetic.  This  opens  a  line  of  possibilities 
with  heat-treatment  that  as  yet  have  scarcely  been  touched. 
•     *     • 

STRENGTH  OF  PIPE  JOINTS  AS  AFFECTED  BY 
TYPE  OF  THREAD 
The  Research  Department  of  the  National  Tube  Co.  has  con- 
ducted an  Investigation  with  a  view  to  developing  a  pipe  Joint 
luiving  greater  resistance  to  impact  and  vibration  than  the 
present  joints.  The  different  joints  tested  were  regular  Brlggs 
jilpe  thread  joints,  and  a  joint  in  which  the  pipe  had  a  thread 
with  a  round  bottom  and  top  and  the  coupling  had  a  regular 
llrlggs  pipe  thread.  According  to  the  American  Drop  Forger, 
these  tests  made  it  possible  to  draw  the  following  conclusions: 
(1)  The  round  thread  la  superior  to  the  Briggs  thread  In  ten- 
sile strength  of  joint.  In  Impact  resistance.  In  the  amount  that 
threaded  pipe  may  bo  bent,  and  in  resistance  of  the  joint  to 
vibration.  (2)  Annealed  joints  are  more  resistant  to  shock, 
bending  and  vibration  than  unannealod.  and  equally  strong  In 
tensile  strength.  (3)  Stool  Joints  are  superior  In  every  way 
to  those  made  from  wrought  Iron. 
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HE  ALSO  FIGHTS  WHO  HELPS  THE  FIGHTER  FIGHT— BUY   LIBERTY  BONDS 


THE  third  Liberty  loan  will  without  doubt  exceed  in 
amount  the  combined  total  of  the  two  preceding  Liberty 
loans.  The  probable  date  of  offering  will  be  March  1, 
but  the  details  have  not  yet  been  decided  upon,  and  are  sub- 
ject to  such  change  as  the  rapidly  changing  conditions  of  the 
war  may  warrant.  No  loan  of  such  proportions  can  be  success- 
fully absorbed  unless  the  entire  nation  responds  and  every 
citizen  prides  himself  on  the  practice  of  self-denial,  so  that 
he  may  subscribe  to  the  limit  of  his  ability.  All  Americans 
must  be  prepared  to  spend  less  on  themselves,  if  they  are  to 
do  their  full  share  for  their  government  in  this  hour  of  need. 
Luxuries  and  extravagance  must  go  completely  out  of  fash- 
ion; necessities  only  should  be  purchased,  and  no  one  should 
hire  others  to  do  for  him  the  things  which  he  can  do  himself. 

Complete  Readjustment  Inevitable 

As  a  belligerent,  this  country  has  outgrown  the  idea  of  "busi- 
ness as  usual."  There  is  not  enough  labor,  transportation, 
coal  or  other  raw  materials  to  go  around  if  those  industries 
which  are  not  essential  to  the  conduct  of  the  war  are  continued 
at  normal  productiveness.  The  expansion  of  the  essential  war 
industries  is  only  possible  if  other  industries  are  gradually 
absorbed,  the  same  as  they  have  been  in  England  and  France. 
Every  unessential  industry  which  continues  in  operation  bids 
against  the  nation. 

Everyone  must  feel  that  he  personally  places  himself  behind 
his  government — that  the  country  depends  on  him.  Each  must 
do  his  share.  The  war  requires  putting  men  in  the  field  and 
keeping  them  fed  and  clothed.  It  requires  the  production  of 
ships,  shells,  guns  and  rifles,  motor  trucks,  saddlery,  airplanes, 
hospital  supplies,  food,  and  a  great  variety  of  goods,  the  pro- 
duction of  which  calls  for  vast  Industrial  plants  from  one  end 
of  the  country  to  the  other,  manned  by  millions  of  men  and 
women  who  serve  their  country  as  effectively  as  our  soldiers 
and  sailors. 

If  the  American  people  continue  to  require  all  the  pleasant 
and  comfortable  luxuries  which  they  consumed  before  the  war, 
they  are  making  it  necessary  for  thousands  of  factories  and 
shops,  employing  millions  of  men  and  women,  to  produce  arti- 
cles that  do  not  help  to  bring  peace  a  day  nearer,  when  they 
might  be  devoting  themselves  to  the  production  of  the  neces- 
sary things  which  will  help  to  make  the  Allies  victorious. 
Both  things  cannot  go  on  together.  We  have  pledged  the  honor 
of  our  country  and  our  people  to  flght  this  war  to  our  last 
dollar  and  to  our  last  man,  it  necessary.  America  does  not 
break  her  word.  The  necessities  of  the  war  must  be  produced 
and  must  be  produced  quickly.  The  key  to  the  situation,  there- 
fore, rests  In  the  hand  of  the  average  man  and  woman,  who 
can,  by  refraining  from  everything  not  absolutely  necessary  to 
health  and  efflclenry,  release  strong  arms  to  the  production 
of  materials  of  war  and  the  support  of  our  army  and  navy. 
This  Ib  the  philosophy  of  labor  and  materials.  This  Is  the 
ICHHon  whlrh  muHt  be  Immediately  brought  homo  to  the  people 
of  America. 

KallucluB  whicli   Neod  Correction 

There  Ih  a  widespread  aHiumptlon  that  money  la  a  miracu- 
lou*  worker  and  can,  In  noma  myHlerlous  way,  produce.  Money 
produce*  nothlntc — It  tii  labor  and  materiiils  which  are  ruqulrod. 
and  money  la  only  needed  by  the  KovernriiBnt  to  buy  labor  and 
matorInU;  hencf  It  Ih  the  production  of  the  thlngB  that  aro 
needed  In  the  ronduft  of  thn  war  that  niUHt  b"  ImronHcd,  and 
the  production  and  u»q  of  the  thInKH  with  which  we  can  do 
without  for  a  time  that  should  ho  dlncnntlnucd.  Labor  and 
matnrlal*  arc  the  only  thlnics  that  count  In  the  roniliict  of  thn 
wnr.  and  thiy  cannot  bo  bouKht  If  Ihoy  do  not  PxlHt,  Every 
non  oKH'-ntlnl  Induiilry  which  Umtuk  cool  doprlvi-R  nn  oKHontlnl 
IndnRlry  of  the  unpply  nvnllnhlo  for  n.  ncrpumiry  iiurtioiio. 
Rvery  dollar  ipont  on  luxury  bidii  nKnInHt  tho  llnltnd  HtateR 
whtn  tho  nation  buy*  war  niBtorlnl*. 


It  has  been  believed  that  some  virtue  attaches  to  the  keep- 
ing of  money  in  circulation  by  freely  expending  it.  This  is  a 
fallacy.  Money  is  kept  in  circulation  in  a  useless  and  in- 
jurious way  at  the  present  time  if  spent  for  non-essentials  or 
luxuries;  but  it  is  kept  in  useful  circulation  if  invested  in 
Liberty  bonds  to  be  employed  for  a  successful  prosecution  of 
the  war.  Money  spent  in  the  buying  of  Liberty  bonds  gets  as 
wide  and  immediate  a  circulation  as  if  spent  on  theater  tick- 
ets and  it  goes  to  support  the  industries  which  produce  those 
things  which  the  government  needs. 

Importance  of  Present  Savings 

The  war  is  fought  entirely  on  present  savings,  labor,  and 
materials;  hence  the  imperative  necessity  for  thrift,  not  only 
on  the  part  of  those  who  have  never  before  put  aside  anything, 
but  also  on  the  part  of  those  who  normally  would  be  spending 
the  income  from  past  savings.  In  either  case,  it  is  the  duty 
in  the  present  situation  to  practice  self-denial  in  the  matter 
of  consumption,  in  order  that  more  may  be  turned  over  to 
the  government  in  the  form  of  Liberty  bond  investments. 
Briefly,  it  is  every  citizen's  double  duty  to  produce  more  and 
consume  less.  To  inspire  the  average  citizen  with  zeal  in  this 
twofold  effort,  and  to  justify  his  mind  in  this  unaccustomed 
sacrifice  for  the  common  good,  it  is  highly  necessary  that  he 
should  realize  that  with  every  dollar  put  into  Liberty  bonds 
he  stands  back  of  the  fighters  at  the  front. 

In  a  month  or  so,  the  subscription  lists  will  open  for  the 
new  big  war  loan.  Begin  to  prepare  for  it  immediately.  This 
loan  will  probably  be  so  much  greater  than  either  of  the  two 
preceding  bond  issues  that,  in  order  to  meet  the  demand,  every 
man  and  women  must  place  at  the  disposal  of  the  government 
every  dollar  that  they  can  spare.  All  must  feel  that  they 
and  the  United  States  are  one  in  this  fight  against  autocracy 
and  for  a  world  made  free  for  democracy. 


GERMAN  SHIPS  IN  AMERICAN  HARBORS 
REPAIRED 

All  the  damage  done  to  the  109  German  ships  in  American 
liarbors  by  their  crews  prior  to  their  seizure  by  the  United 
States  Government  when  war  was  declared  is  now  repaired, 
and  these  ships  are  all  in  service,  adding  more  than  500,000 
gross  tonnage  to  the  transport  and  cargo  fleets  In  the  war 
service  In  the  United  States.  There  is  evidence  that  a  German 
central  authority  gave  an  order  for  the  destruction  of  the  vital  ■ 
machinery  of  these  ships,  effective  on  or  about  February  1, 
1917,  or  simultaneously  with  the  date  set  for  the  unrestricted 
submarine  warfare,  the  object  being  to  effect  such  vital  dam- 
age to  tho  machinery  of  all  German  ships  In  American  porta 
that  they  should  not  be  able  to  put  to  sea  for  from  eighteen 
months  to  two  years.  There  Is  documentary  proof  that  those 
who  carried  out  these  orders  believed  that  tho  damage  was 
Irreparable.  This  purpose,  however,  was  defeated  In  a  signal 
fashion,  for  In  less  than  eight  months  all  tho  ships  wore  In 
Hervlce.  This  Is  all  the  more  romarknblo  when  It  Is  considered 
that  tho  campaign  of  destruction  was  carried  on  for  more 
than  two  months,  and  that  tho  Oi-rmans  were  convinced  that 
thoy  wore  doing  ii  lliorough  Job. 

Instead  of  obtaliihiK  new  machinery,  which  wmilil  Imvo 
greatly  delayed  tho  placing  of  tho  ships  In  service,  In  nearly 
i^ll  ca«CB  It  was  posslhlu  to  nmko  tho  rmjulrod  repairs  by 
ninuMH  of  clorlrlc  and  oxy  ucotylono  welding.  Tho  work  of 
placing  lliu  voHHols  In  Bcaworlhy  condition  also  involved  an 
oxtromoly  thorough  oxanilnallon  of  every  part  of  tho  vohboIb, 
a*  many  Inslani'OH  of  rli>vorly  ronci'ulod  Injuries  wcrn  found. 
Indli'iitlons  Hhow  lliat  lliiTn  wiir  n  pliiii  Id  burn  Ihn  bIiIph 
uiidiT  r'crtaln  condltloiiH,  mid  II  Ih  biillovod  that  Iho  Gorman 
crow*  wore  sol/.ed  and  InlurniMl  Homcwliivl  lii  iiilvanco  of  their 
oxpeclatloMM.  Allogpthor,  tho  problem  proHenlod  by  tho  Oar- 
tiiaii  Hlilp*  In  our  liiirborH  Iiiih  been  well  liniidb-il 
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WE  PAY  ONLY  FOR  ARTICLES  PUBLISHED  EXCLUSIVBLY  IN  MACHINERY 


CAM  CUTTING  ATTACHMENT  FOR 
MILLING  MACHINE 
When  the  designer  of  the  cam  cutting  attachment  shown 
In  Fig.  3  was  asked  what  he  would  call  it,  he  said  "just 
riggin."  In  the  midst  of  all  standardization  with  special  tools 
that  reduce  the  effort  and  error  of  production  to  a  minimum, 
amid  the  humdrum  life  of  jigs,  fixtures  and  gages,  there  exists 
in  the  heart  of  every  true  mechanic  a  good  deal  of  love  for 
"just  riggin."  For  him  life  takes  on  a  new  zest  when  the 
"Big  Boss"  comes  with  a  tale  of  woe  of  a  broken  machine  or 
something  else  that  has  smashed  the  everlasting  sameness  of 
the  usual  operation  on  the  regular  machine.  One  of  these  jobs 
came  up  at  a  machine  tool  plant  when  a  cam  with  a  7/16-inch 
rise,  as  shown  in  Fig.  1,  had  to  be  cut.  The  usual  method  of 
doing  this  when  the  rise  of  the  cam  is  less  than  the  small- 
est lead  of  the  machine  is  shown  in  Fig.  2.  A  milling  ma- 
chine with  a  vertical  attachment  is  used,  the  end-mill  being 
turned  parallel  to  the  axis  of  the  dividing  head  spindle.    The 


Fig.  1.     Cam  to  be  machined 

Sine  of  the  angle  A,  at  which  the  dividing  head  is  elevated, 
Is  equal  to  rise  of  cam  divided  by  lead  for  which  milling  ma- 
chine Is  geared.  This  gives  a  mathematical  relation  between 
the  forward  motion  of  the  table,  the  revolution  of  the  divid- 
ing head  spindle  and  the  angle  at  which  it  is  set,  which  gives 
the  lead  desired. 

However,  in  this  case  a  milling  machine  with  a  vertical  at- 
tachment was  not  available,  and  it  was  necessary  to  interpose 
sufficient  gearing  to  reduce  the  smallest  lead  from  1.55  inch  to 
7/16  inch.  To  do  this  the  dividing  head  was  set  at  right 
angles  to  the  travel  of  the  table,  the  dividing  head  spindle 
being  parallel  to  the  axis  of  the  milling  cutter.  A  pair  of  bevel 
gears  was  used  to  connect  the  revolving  motion  of  the  divid- 
ing head  with  the  table  traverse  motion;  these  were  1  to  1 
gears  taken  from  stock.  To  secure  the  reduction,  the  gears  at 
the  end  of  the  table  were  assembled  as  shown  in  Fig.  3.  The 
bevel  and  reducing  gears  were  held  in  place  by  means  of  two 


Tig.  3.     Special  Attachment  oaed  for  cutting  Cam 

special  castings  which  were  bolted  to  the  table  of  the  milling 
machine.  The  crank  shown  attached  to  the  bevel  gear  at  the 
dividing  head  was  used  to  revolve  the  work  and  move  the 
table.  The  resulting  cam  was  as  accurate  and  workmanlike 
in  every  particular  as  though  the  regular  method  and  machine 
had  been  used. 

Cincinnati.  Ohio  D.  M.  Perriu. 


GRINDING   SPHERICAL-END   PIN    GAGES 

Pin  gages  are  preferred  to  plug  gages  by  many  mechanics, 
especially  for  large  holes  that  must  be  round  and  straight. 
Taper  and  out-of-round  errors  can  be  easily  detected  with  the 
pin  gage.  Except  for  adjusting  micrometers,  pin  gages  of  the 
type  here  illustrated  are  seldom  used  for  shop  work,  due,  per- 


SCREWS  FOR  HOLDING  OAGES 
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Flf.    2.     Uiual    Molhod   of    lotllnf    Mlllint    Machine    for   Oporatio 


Mi'tlinil   of   Krinding   Sphcriral-rnd   Pis   Oacea 

haps,  to  tlio  diflli'ulty  experienced  In  grinding  the  ends  pcr- 
fiTlly  spherical.  Mo.st  nu'ilianics  Just  Hie  the  ends  to  a  sharp 
point  and  let  It  go  at  that,  making  a  fair  gage  but  rather 
unsatisfactory  for  permanent  use.  Quick  and  satisfactory  re- 
sults can  be  obtained  by  the  following  method  and  with  but 
one  special  tool: 

The  arbor  A  Is  made  of  tool  steel  and  has  several  holes 
drilled  and  reamed  through  the  center  to  toko  the  various 
diameters  of  stock  used  for  making  the  dlffereni  lengths  of 
gagos,  screws  being  provided  to  hold  the  gages  from  slipping 
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The  grinding  wheel  is  nothing  more  than  a  cup-wheel  B 
mounted  on  a  toolpost  grinder  and  used  in  a  lathe.  After 
roughing  the  gage  and  hardening  the  ends,  the  gage  is  placed 
in  the  proper  hole  in  the  arbor  A,  placing  the  arbor  on  the 
centers  of  the  lathe  as  illustrated  and  adjusting  the  wheel  as 
nearly  as  possible  by  the  eye  to  agree  with  center  lines  D  and 
E  and  having  the  face  of  the  wheel  parallel  with  the  arbor. 
By  rotating  the  gage  slowly  by  hand  past  the  wheel  and  noting 
the  sparks,  it  is  easy  to  see  if  the  wheel  is  too  high  or  too  low. 
When  the  wheel  just  sparks  on  the  top  and  bottom,  the  wheel 
is  right  for  center  line  E.  Center  line  D  must  be  determined 
by  measuring  the  pin  gage  and  adjusting  the  lathe  carriage 
sidewise  until  the  contact  points  of  the  micrometer,  when 
swung  back  and  forth  parallel  with  the  arbor,  strike  at  all 
points  on  the  gage.  The  wheel  revolving  in  the  direction  indi- 
cated by  the  arrow  and  the  work  being  swung  up  and  down 
past  the  wheel  by  hand,  generates  a  sphere.  The  accuracy  de- 
pends on  the  alignment  of  the  wheel  face  to  the  center  of  the 
arbor  and  the  center  lines  of  the  wheel  to  the  center  of  the 
arbor  and  the  center  of  the  gage. 

Care  should  be  taken  to  see  that  the  wheel  cuts  only  at  the 
inside  edge  of  the  wheel  and  that  the  screw  which  holds  the 
wheel  in  place  does  not  project  far  enough  to  strike  the  work 
when  swung  past  the  wheel.  If  care  is  taken  in  grinding, 
little  or  no  lapping  is  required. 

Derby,  Conn.  George  Slideb 

The  principle  of  this  method  of  grinding  spherical-end  pin 
gages  is  geometrically  correct,  but  it  may  be  somewhat  diffi- 
cult to  see  without  some  explanation.  The  inner  edge  of  the 
cutting  face  of  the  cup-wheel  lies  in  a  plane  that  intersects 
an  imaginary  sphere  whose  center  is  at  the  intersection  of  the 
axes  of  the  wheel-spindle  and  the  work-arbor,  and  whose  diam- 
eter is  equal  to  the  length  of  the  pin  gage  being  ground.  The 
cup-wheel  characteristic  in  this  case  is  that  it  grinds  with  the 
inner  edge  only.  The  end  of  the  pin  gage  ground  in  the  man- 
ner described  lies  within  the  section  of  the  spherical  surface 
intercepted  by  the  plane  coinciding  with  the  end  of  the  cup- 
wheel,  and  because  of  the  characteristic  of  the  wheel  referred 
to,  it  must  have  a  spherical  end  when  finished.  If  the  cup- 
wheel  had  an  internal  diameter  equal  to  the  length  of  the  pin 
being  ground,  it  would  have  to  be  moved  toward  the  work 
until  its  grinding  plane  would  intersect  the  axis  of  the  arbor 
in  which  the  pin  is  mounted,  which,  of  course,  is  impossible; 
but  when  considered  as  being  in  this  extreme  position,  the 
spherical  generating  action  becomes  somewhat  clearer. — Editob 


EFFICIENCY  POINTS  IN  BORING  FIXTURES 

special  emphasis  should  be  placed  on  the  superiority  of  the 
inserted  tongue  over  one  made  integral  with  the  fixture,  as 
described  in  the  December  number  of  Macuineby,  page  343. 
Some  may  question  the  statement  that  the  inserted  tongue 
design  is  the  cheaper  to  make,  for  the  integral  tongue  looks 
cheaper  to  the  fellow  who  never  made  one  and  to  the  shop 
man  who  regards  the  word  "cheap"  as  synonymous  witli 
shoddy.  The  table  slots  on  any  reputable  make  of  planer, 
milling  machine  or  boring  machine  are  practically  exact  to 
some  Htandard  size.  Ktock  sizes  of  cold-drawn  steel  will 
usually  fit  the  slots  closely  enough  for  all  practical  purposes, 
and  any  operator  of  a  planer  or  milling  machine  will  admit 
that  It  l8  much  easier  to  cut  a  slot  to  lit  a  piece  of  steel  that 
he  can  use  as  a  gage  than  to  try  to  form  a  tongue  on  the  base 
of  a  fixture  that  will  fit  a  slot  on  some  machine.  The  principal 
difficulty  la  usually  the  iQipoHHiblllty  of  using  a  micrometer 
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Fig.  2.     Boring-bar  that  may  be  removed  from  Fixture  without  disturbing 
Setting  of  Cutters 

on  the  tongue,  unless  it  projects  from  the  base  much  farther 
than  it  should. 

The  natural  tendency  of  designers  is  to  have  the  tongue 
enter  too  far  into  the  slot;  the  use  of  %-inch  stock,  %  inch 
in  the  fixture  base  and  %  inch  in  the  table  slot,  is  ample  for 
any  case,  while  %-inch  stock,  as  shown  in  Fig.  1,  will  usually 
give  complete  satisfaction.  Any  machine  table  that  has  seen 
much  service  will  have  slots  narrower  at  the  bottom  than  at 
the  top.  Edges  like  A  and  B  should  be  beveled.  The  bevel 
at  A  will  soon  be  there  anyway  as  the  result  of  filing  off  burrs 
raised  by  inevitable  bumps  the  tongue  will  receive.  If  a  square 
corner  is  left  at  B.  it  is  a  very  careful  man  who  will  keep  the 
corner  free  from  embedded  chips,  which,  of  course,  will  cause 
stresses  in  the  fixture  when  it  is  clamped  down.  When  beveled 
as  shown,  the  corner  is  easily  kept  clean. 

There  are  doubtless  advantages  to  the  design  of  guide  bush- 
ings that  do  not  fit  on  the  diameter  but  are  held  in  location 
by  dowel-pins  through  the  flange  or  head,  and  it  seems  that 
they  should  be  very  satisfactory  for  light  boring,  such  as  finish- 
boring  a  hole  that  had  been  drilled  slightly  under  size  so  that 
the  cut  would  be  light  and  of  practically  uniform  depth.  For 
boring  cored  holes,  however,  the  flange  of  the  bushing  should 
be  rather  thick,  the  dowels  of  large  size  and  hardened,  and 
the  screws  set  up  quite  tightly  to  prevent  the  bushing  from 
working  loose  within  a  short  time.  One  good  reason  is  given 
for  using  single-point  boring  tools  in  certain  cases,  but  these 
tools  are  often  better  for  another  reason.  The  first  cut  with  a 
single-point  tool  through  a  hole  cored  off  center  may  not  be 
quite  truly  round,  but  its  center  will  be  more  nearly  in  the 
correct  location  than  if  a  double-edge  cutter  had  been  used. 
In  case  of  the  springing  of  the  bar  in  boring  an  eccentrically 
cored  hole,  the  double-end  cutter  not  only  springs  from  the 
heavy  side,  but  into  the  light  side,  enough  perhaps  to  prevent 
the  finishing  cutter  from  finishing  the  entire  perpihery  of 
the  hole. 

Boring  bars  should  always,  if  possible,  be  designed  so  that 
they  may  be  removed  from  the  fixture  without  disturbing  the 
setting  of  the  cutters.  Fig.  2  shows  a  method  of  accomplish- 
ing this  without  the  necessity  of  having  an  extra  loose  bush- 
ing on  the  bearing  of  the  bar.  This  method,  of  course,  would 
be  hardly  practicable  except  on  a  part  having  but  one  hole 
to  be  bored  as  shown.  All  that  is  necessary  is  to  have  a  clear- 
ance between  the  liner  bushing  and  the  i)oint  of  the  cutter; 
also  to  have  length  A  somewhat  greater  than  II,  so  that  the 
tool  may  pass  well  through  the  work  before  the  bar  comes 
against  the  part  being  bored.  The  hole  for  the  pin  at  the 
extreme  left-hand  end  should  bo  slightly  tapered  or  bell- 
niouthed  from  caili  riiil  In  permit  allgnMipiit 

Atirlcrsoii,  liiil  l.i  lun    M.  Cimiv 
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METHODS  OF  SETTING  THREADING  TOOL 

The  writer  would  like  In  BUKKCHt  another  method  of  ii.sing 
III!'  thrciulliig  tool  Hcltlng  khKc  ilcHcribcd  in  the  Oclobcr  nuni- 
licr  of  Ma(1IIm:iiy.  piiKi"  Ifif).  InHteiiil  of  claiiipliiK  Hie  tool 
IlKliily  and  adviiiicliiK  It  gently  into  llio  Bixty-dcKroo  groove  of 
the  Ki>K''.  Ilio  tool  (thoiild  be  elnniped  rallier  (Irmly  at  the  exact 
lii'iKlit  of  Ihn  liitlie  centers  anil  iidviinced  into  the  groove  until 
ono  of  the  cuttinK  cdgos  Is  within  a  few  (hiMiHiiiidtlis  Inch  of 
Iho  iildo  of  Iho  (troOvo.  A  wliitu,  Htrongly  IlKliled  siirfaro  ho- 
iieiitli  tlio  gage  mill  the  toiil  niiiHl  bo  provlileil  in  order  to  set 
llio  •iiltlliK  eilKe  of  llie  tool  pariiliel  with  the  Klile  of  Hie  Rrndve 
iinlrkly  mid  iiecurnloly.  'riilN  Ih  dune  by  TiiitliiK  the  «lmpe  of 
the   line  iif  IlKlit   Hliown   between   the   tun!   mid   gage  when   the 
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tool  is  nearly  in  contact  with  the  gage,  and  tapping  the  back 
end  of  the  tool  with  a  hammer  until  parallelism  has  been  se- 
cured. The  tool  must  be  withdrawn  from  the  groove  before  it 
is  tapped,  and  each  advance  into  the  gage  groove  must  be 
carefully  made  to  avoid  damage  to  the  tool  or  gage  by  actual 
contact  between  them.  When  the  tool  has  been  correctly  set, 
it  is  clamped  tight.  If  the  tool  has  been  formed  accurately 
to  the  angle,  setting  correctly  on  one  side  is  enough;  but  as 
nothing  is  exact,  it  is  best  to  try  both  sides  of  the  tool.  It 
will  be  seen  that  in  using  this  method  the  bottom  of  the  gage 
groove  is  not  used.  This  relieves  the  maker  of  the  gage  from 
forming  that  part,  which  is  the  most  difficult.  Many  tool- 
makers  fail  to  realize  the  need  for  the  whole  of  the  cutting 
edge  or  edges  of  a  threading  tool  to  be  radial  to  the  work.  It 
is  not  uncommon  to  see  great  pains  taken  to  set  the  point  of 
the  tool  at  the  height  of  the  center  line  of  the  work  while  the 
cutting  edge  is  not  radial.  A  good  method  of  setting  the  tool 
is  to  provide  a  plate  A  and  block  B  as  illustrated.  The  top  sur- 
face of  the  plate  must  be  parallel  with  the  cross-slide,  and  the 
block  height  must  be  such  as  to  bring  its  top  surface  exactly 
in  the  plane  of  the  centers.  The  top  surface  of  the  plate  should 
be  slightly  higher  than  the  cross-slide  to  allow  the  block  to  be 
extended  over  to  the  tool  point  and  the  test  of  tool  height 
to  be  made  by  extending  a  scale  C  from  the  block  to  all  parts 
of  the  cutting  edge  of  the  tool.  The  required  height  of  the 
block  may  be  obtained  by  careful  measurement  from  a  cylin- 
der of  known  diameter,  between  the  lathe  centers,  to  the  top 
of  the  plate,  and  adding  half  the  diameter  of  the  cylinder. 
Wilkinsburg,  Pa.  William  S.  Roweix 


USE   OF   FLY   CUTTERS 

When  visiting  various  machine  shops  during  the  past  few 
years,  the  writer  has  noticed  an  almost  total  absence  of  fly 
cutters.  In  fact,  many  of  the  younger  machinists  have  never 
seen  one  in  use,  so  it  might  be  well  to  state,  therefore,  that 
this  Is  a  machining  tool  that  was  used  quite  extensively  by 
our  fathers  to  obtain  finished  surfaces.  Perhaps  one  reason 
why  the  tool  was  so  commonly  used  was  that  many  of  the  spe- 
cial tools  were  made  in  the  various  shops  where  they  were  em- 
ployed, with  the  result  that  the  cheapest  tool  that  would  per- 
form the  work  was  made.  A  different  procedure,  however,  is 
followed  today.  When  the  part  is  to  be  finish-machined  by  a 
form  milling  cutter,  say,  it  is  usually  made  by  a  shop  special- 
izing in  the  manufacture  of  milling  cutters.  The  cutter  is 
made  of  a  cylindrical  shape  and  with  the  conventional  num- 
ber of  cutting  edges,  or  teeth.  The  writer  has  no  objection  to 
these  tools;  but  when  only  a  few  parts  are  to  be  machined,  a 
cheaper  tool  is  to  be  preferred.  If  equal  results  can  be  obtained. 

The  fly  cutter  Is  made  of  carbon  or  highspeed  steel,  as  de- 
sired, and  of  a  flat  section,  say  V4  to  %  inch  In  thickness.  Its 
shape  Is  easily  obtained  and  the  cutting  rake  of  about  10  to 
12  degrees  formed  on  the  cutting  edge.  The  tool  Is  then  hard- 
ened to  suit  the  material  being  machined.  The  Inner  edge  or 
that  opposite  the  cutting  surface,  Is  best  machined  wHh  a 
notch  tho  widlli  of  the  holder  and  about  -Si  Inch  deep,  and  the 
shank  of  the  holder  should  bo  made  to  suit  the  spindle  of  the 
machine;  the  cutter  Is  then  held  In  the  bolder  by  either  a 
pin  or  a  set-screw. 

One  objection  that  has  been  made  to  the  fly  cutter  Is  that 
It  tends  to  pull  the  work  Into  It.  The  writer  has  used  this 
tool  on  both  milling  and  drilling  machines  and,  when  ordi- 
nary care  Is  used,  has  experienced  no  such  trouble.     On  tho 


other  hand,  almost  any  shape  can  be  machined  with  this  tool, 
but  the  conventional  type  of  cutter  cannot  be  made  for  intri- 
cate and  complicated  contours  of  surfaces.  Another  advan- 
tage of  the  fly  cutter  is  the  ease  with  which  the  tool  may  be 
sharpened  by  grinding  or  stoning.  It  is  simply  necessary  to 
remove  the  cutter  from  the  holder  and  grind  on  the  flat  side; 
no  tool  grinder  is  necessary.  This  advantage  is  of  especial 
value  to  the  small  shop  that  has  no  tool  grinder,  but  sends  out 
its  cylindrical  tools  when  they  must  be  ground. 

The  value  of  fly  cutters  is  shown  by  the  following  example: 
Some  time  ago  the  blades  of  a  steam  turbine,  when  received, 
did  not  have  the  correct  contour.  As  there  were  ten  sets  of 
blades  and  each  set  was  of  a  different  shape,  ten  milling  cut- 
ters were  needed  to  make  the  necessary  changes.  A  firm  that 
made  the  conventional  type  of  cutter  asked  ?2S0  for  the  set 
and  required  from  a  month  to  six  weeks'  time.  As  the  tur- 
bine was  an  experimental  one,  this  price  and  the  time  required 
were  considered  prohibitive;  so  ten  fly  cutters  were  made  and 
a  milling  machine  holder  was  changed  to  receive  them.  These 
cutters  were  made  in  two  days  and  cost  only  $20.  The  blades 
were  held  in  a  vise  on  the  milling  machine  table  and  no  trouble 
was  experienced  during  the  machining  operation.  The  sur- 
face produced  was  equal  to  any  obtained  with  an  ordinary 
milling  cutter  and  the  time  required  was  no  longer.  It  seems 
that  there  is  a  greater  field  of  usefulness  for  the  fly  cutter 
than  has  been  realized.  It  may  be  advantageously  used  in  solv- 
ing many  machining  problems  of  surfaces  on  both  the  milling 
and   the  drilling  machines. 

Providence,  R.   I.  Robert  Mawsox 


REASON  FOR  SUPERIORITY  OF  GUN  TAP 

Referring  to  the  article  relating  to  thread  cutting  in  the 
October  number  of  Machineby,  it  may  be  of  interest  to  note 
that  the  reason  why  the  so-called  "gun  tap"  cuts  better  than 
an  ordinary  tap  is  that,  on  account  of  the  angle  at  which  the 
teeth  at  the  end  of  the  tap  are  chamfered  off,  the  face  of  the 
teeth  is  at  right  angles  to  the  direction  of  the  helix  of  the 
screw  thread.  Hence  the  tap  will  naturally  cut  better  than  an 
ordinary  tap  with  straight  flutes.  The  relation  is  exactly  the 
same  as  in  a  hob  for  cutting  gears.  It  is  well  known  that 
the  cutting  action  is  better  when  the  flutes  are  at  right  angles 
to  the  direction  of  the  helix  of  the  hob  thread. 

Geneva,  Switzerland  A.  Boluxcks 


AN  ARC-FORMING  TOOL 
The  illustration  shows  an  arc-forming  tool  for  use  on  a 
shaper.  A  is  a  slotting  tool-holder,  made  of  tool  steel  and 
hardened.  Piece  B,  also  of  tool  steel,  has  a  shank  that  has 
a  bearing  in  A.  The  portion  of  B  containing  the  tool  bit 
should  be  an  even  diameter  so  that  it  will  be  convenient  tO' 
set  the  tool  bit  for  any  given  radius.  Arm  C  is  made  of  cold- 
rolled  steel  and  is  fastened  to  B  by  a  cap-screw.  Arm  D  is 
also  made  of  cold-rolled  steel  and  is  held  on  A  by  the  bolt 
that  secures  the  entire  tool  to  the  shaper.  Piece  E  is  tapped 
to  allow  screw  O  to  pass  through  it,  and  piece  F  is  drilled  and 
counterbored  to  form  a  bearing  for  this  screw.  E  and  F  turn 
on  their  axes  when  O  is  revolved.  This  fixture  can  be  made 
to  suit  almost  any  radius.  If  G  should  be  too  short  to  cut  the 
entire  arc,  0  can  be  loosened  and  brought  back  with  O,  and 
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the  same  cut  can  then  be  continued.    The  screw  could  be  placed 
in  a  vertical  position  if  so  desired. 
Schenectady,  N.  Y.  P-  Vuiixe 


I-BEAM  BORING  BAR 
The  writer  had  to  bore  out  six-inch  diameter  counterbores 
on  an  engine  lathe,  and  in  order  to  clear  a  projection  on  the 
casting  being  machined,  the  boring-bar  overhung  twelve  inches 
from  the  cross-slide  of  the  lathe.  The  Illustration  shows  the 
boring-bar  used,  which  was  a  three-inch  I-beam,  and  the 
methods  of  fastening  the  tool  and  beam.  The  edges  of  the 
lower  flange  of  the  beam  were  trimmed  off  to  allow  the  beam 
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I-beam  Boring-bar  used  on  Engine  Lathe 

to  slide  freely  in  the  toolpost  slot.  Four  holes  were  drilled 
in  the  top  flange  of  the  beam,  and  corresponding  holes  were 
drilled  and  tapped  in  the  cross-slide  for  the  bolts  used  in 
clamping  down  the  beam.  The  cutting  tool  A  was  held  in 
position  by  block  B  and  the  beam,  which  had  milled  grooves 
to  prevent  the  tool  from  pivoting;  hence  it  was  not  necessary 
for  bolts  C  to  be  drawn  so  tight  as  when  there  is  no  allowance 
for  this  feature.  This  boring-bar  was  especially  stiff,  con- 
sidering the  amount  of  overhang,  and  worked  satisfactorily. 
Worcester,  Mass.  C.  Anderson 

CIRCULAR  CUTTING  TOOLS 
In  the  manufacture  of  circular  tools  for  automatic  screw 
machines,  particularly  where  cut-off  tools  having  a  rounded 
proflle  are  required,  the  holder  and  tools  illustrated  will  be 
of  value.  In  addition  to  being  made  at  small  cost,  they  can  be 
used  for  ■:   ■  ■  •"'■!'r;ible  time  by  regrlnding  the  faces.     The 

holder  can  be  made 
of  soft  steel  and 
pack-hardened,  and 
the  tools  of  ordi- 
nary or  high-speed 
Bteel,  the  best  re- 
nults  being  obtained 
If  the  tools  arc 
Krouiid  after  harii- 
"■iilnK.  In  Fig.  1 
oro  Hliown  tools  for 
cultliig  nroii  of  varl- 
ouB  niilll,  A  boInK 
um-d  for  radii  from 
3/lC  to  1/2  Inch, 
and  n  for  rndll 
from  3/32  to  3/10 
Inch  Tool  rt  Nhnuld 
Iinvo  nn  ofTiii'l  of 
1/I<5  lii'h  when  Iho 
rmlluii  In  3/16  Inch. 
Iho    nrrHPt    Inrroim- 
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ing  as  the  radius 
decreases,  to  allow 
the  work  to  clear 
the  tool-holder. 

In  Fig.  2  is  shown 
a  tool  and  holder 
for  cutting  angles. 
When  a  tool  is  re- 
quired that  is  wider 
than  the  diameter 
of  the  hole  in  the 


Fig.  2.     Angle-forming  Tool  and  Holder 


holder,  larger  stock  may  be  used  and  a  suitable  shank  turned 
on  it.    The  tool-holder  shown  in  Fig.  1  could  also  be  used  for 
this  tool  if  a  hole  were  drilled  in  the  end  C. 
New  Haven,  Conn.  Feedebick  W.  Randall 


EXAMPLES  OF  POOR   PRACTICE  IN 
PATTERNMAKING 

In  the  making  of  a  great  many  patterns  much  labor  and 
time  are  wasted,  and  the  finished  pattern  often  does  not 
answer  the  requirements  of  the  foundry.  The  reason  for 
this  is  that  the  patternmaker  does  not  know  what  these 
requirements  are.  Without  a  knowledge  of  molding  practice 
it  is  impossible  for  a  patternmaker  to  plan  his  work  and 
predetermine  the  operations  of  the  molder;  he  has  to  resort 
to  guessing.  An  example  of  guesswork  patternmaking  was 
brought  to  my  attention  by  the  boss  molder  in  a  large 
jobbing  foundry.  The  first  casting  was  a  plate,  3  feet  wide 
by  8  feet,  6  inches  long  and  IVs  inch  thick;  in  it  were  cast 
eight  holes  of  the  shape  and  dimensions  shown  at  A.  These 
holes  were  made  in  the  pattern  to  be  molded  in  green  sand. 
The  work  of  cutting  the  holes  in  the  pattern  was  labor  and 
time  wasted,  and  molding  them  in  green  sand  was  contrary 
to  good  molding  practice. 

The  practical  method  is  to  core  these  holes.  Core-prints 
and    a    core-box    are    quickly    made,    and    the    cores    can    be 
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Eiamploi  of  Poor  Pracllco  In  Patternmnking 

made  in  a  few  minutes.  To  repair  one  green  sand  core  that 
has  boon  torn  up  or  lifted  with  the  pattern  requires  more 
time  and  labor  than  setting  the  eight  dry  sand  cores  In  the 
mold,  and  with  dry  Hand  cores,  clonncr  holes  correct  In  size 
are  produced  In  the  casting. 

Another  pattern  made  by  tho  sanio  pattornmakor  Is  shown 
at  B.  This  small  pnlU-rn  Is  easily  molded  and  lifted  from 
Iho  mold.  Tho  oblong  hole  is  produced  with  a  core,  niid  for 
this  a  core-print  and  core  box  wore  made.  Tho  core-box  was 
niadn  In  two  parlH  as  Hhown.  Now,  If  rutting  Iho  olght  holes 
In  tho  plate  to  bo  inoldcil  In  gri'iMi  Hiind  was  ci>nRld<-rod  by 
tho  pattornniakcr  to  bn  practical  pultoriinwiklnR,  why  niako 
the  small  palliTii  to  l>4<  nioldi'd  with  a  dry  sand  coro?  jXgaln, 
If  tli«  Inrgo  pliili',  wlilrh  Ih  tiiilianily  fur  tli«  inoldor  to  liiiiidle, 
ran  1)0  Uftoil  without  illHlurblnR  thu  grocn  sand  cores,  then 
what  Is  tho  sonsn  of  makInK  this  small  pattern,  that  Is  so 
poslly  Imndlod,  to  bo  moldi-d  with  a  dry  sand  core?  What 
was  th(t  objfH't  of  mnkliiK  tho  corobox  split  through  the 
middle? 

Kenosha,  Wis.  M    IC    DicmiaN 
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Tool  for  cutting  Rubber  Washers 

CUTTER    FOR    SOFT    COMPOSITION 
WASHERS 

The  writer  was  employed  where  it  was  often  necessary  to 
make  washers  from  rubber,  etc.,  and  a  cutter  like  the  one 
shown  in  the  accompanying  illustration  was  used  so  that  the 
washers  could  be  cut  out  on  a  drill  press.  The  cutters  were 
made  from  hard  brass  and  drilled.  The  bevel  is  on  the  Inside 
of  the  cutter  that  forms  the  hole  in  the  washer,  and  this  cutter 
is  soldered  or  held  in  place  by  a  small  brass  screw.  This  tool 
is  quickly  made  and  produces  accurate  washers.  A  wooden 
board  should  be  placed  beneath  the  composition,  and  the  stop 
on  the  drill-press  spindle  set  for  the  proper  depth. 

New  York  City  E.  J.  Higqins 


SAVING  A  BROACH 

When  a  straight  oval  hole  was  being  broached  through  light 
drop-forgings,  two  at  a  time,  the  broach  frequently  broke  be- 
cause too  much  stock  had  been  left.  As  a  result,  the  operator 
had  to  stay  at  home  until  the  broach  could  be  welded  and  the 
teeth  recut.  The  broach  used  Is  46  Inches  long  and  has  107 
teeth,  which  are  slightly  tapered  except  the  last  ten,  these 
being  made  straight  for  finishing.  The  work  Is  done  on  a 
Lapointe  machine.  After  the  broach  is  run  out  to  the  end  of 
Its  travel,  the  forglngs  are  inserted  over  it  and  pushed  onto 


tllWMMkJWMUUM}  ir-lii- 


WOODEN  PLUG 


Safe  Method  of  faatenlnr  Broach  In  Hachlne 

the  work-holding  bushing,  being  located  by  engaging  with  pins. 
As  the  slot  In  the  broach  is  1  inch  by  \i  inch,  a  key  that  was 
much  stronger  than  the  broach  was,  at  first,  used;  therefore, 
the  operator  substituted  for  it  a  wooden  plug  and  a  piece  of 
%-incb  drill  rod,  which  was  (lied  down  on  two  sides  to  V*  inch. 
Since  then,  whenever  too  much  stock  is  left  on  the  forgings, 
the  drill  rod  breaks  and  not  the  broach,  so  that  it  Is  only 
necessary  to  remove  one  forging  from  the  broach  and  the  other 
Is  easily  broached.  Since  making  this  chanKo,  there  have  been 
no  broken  broaches  and  20,000  pieces  were  broached  before  it 
became  necessary  to  discard  the  tool,  because  Its  teeth  had 
worn  down  so  much  that  the  hole  in  the  forging  was  too  small. 
New  Haven,  Conn.  Eric  Lee 


TUBE-BENDING   DEVICE 

The  accompanying  lllustrntlon  shows  a  dovloo  for  bending 
brass  or  steel  tubing  without  wrinkling  the  Inside  of  the  bent 
portion.  As  Is  well  known,  when  bonding  tubes  by  the  old 
method  of  filling  the  tube  with  lead,  rosin  or  sand  to  keep 
It  from  collapBlng,  the  bent  portion  loaves  much  to  bo  desired 


as  regards  smoothness  and  appearance,  and  It  plated  and  pol- 
ished, the  wrinkles  become  more  noticeable.  In  analyzing  the 
problem,  it  became  apparent  that  the  trick  consisted  merely 
in  stretching  the  outside  portion  of  the  bend  a  sufficient 
amount  to  keep  the  inside  from  crumbling.  The  Illustration 
shows  the  fixture  that  was  designed.  Arbor  A  is  a  snug  work- 
ing fit  Inside  of  the  tube  to  be  bent.  The  arbor  is  equipped 
with  an  adjustable  collar  to  maintain  the  proper  length  from 
the  end  of  the  tube  to  the  bent  portion.  Clamp  B  holds  the 
tube  in  place. 

The  tube  is  Inserted  on  the  arbor  and  clamped  In  position. 
Sheave  C  is  then  turned  by  handle  D,  and  the  tube  will  be 
drawn  off  the  arbor  and  stretched  over  the  sharp  edge  Y.  The 
distance  X  must  be  determined  by  experiments  and  will  in- 
crease with  the  hardness  of  the  material  being  bent.    In  the 


Fixture  for  bending  Brass  or  Steel  Tubing 

experience  of  the  writer,  this  dimension  was  5/32  inch  for 
seamless  brass  tubing,  1  Inch  inside  diameter  and  No.  20  gage, 
annealed.  For  the  same  size  of  steel  tubing,  also  annealed, 
A"  was  9/32  inch.  The  device  will  make  a  bend  of  any  number 
of  degrees  up  to  a  U-bend,  and  also  compound  bends.  The 
arbor  A  should  be  made  of  hardened  tool  steel.  Lard  oil  should 
be  used  as  a  lubricant  for  the  arbor. 
Oak  Park,  111.  H.  W.  Jespebsejj 

INSIDE  COUNTERSINKING 
The  illustration  shows  a  device  that  was  used  on  a  machine 
gun  part  for  countersinking  two  reamed  holes  from  the  Inside. 
The  driving  bar  A  is  held  in  place  by  a  chuck  on  the  drill 
press  spindle;  it  is  slightly  smaller  in  diameter  than  the  holes 
to  be  countersunk,  and  has  two  flat  surfaces  at  one  end.  The 
cutter  B  is  placed  over  the  hole  to  be  countersunk  and  bar  A 
is  brought  down  into  it,  the  flat  surfaces  loosely  fitting  into  an 
elongated  hole  in  the 
top  of  the  cutter.  When 
the  drill  press  Is  start- 
ed, the  revolving  of  bar 
A  causes  cutter  B  to 
revolve,  and  the  hole  is 
countersunk  to  the  de- 
sired depth.  The  shank 
on  the  cutter  Is  a  good 
fit  In  the  reamed  hole, 
and  this  centralizes  It 
during  the  operation. 
The  work  Is  then  re- 
versed and  the  counter- 
.sinking  operation  per- 
formed on  the  other 
hole. 

A.  C.  Baktman,  Jb. 
Hartford,  Conn. 


646 


MACHINERY 


February,  1918 


TT 


°r~! 


ri 


DIES  FOR  STAMP  COVER 

In  Fig.  1  is  shown  a  stamp  cover  for  which  the  writer  de- 
signed and  built  the  dies;  these  are  of  simple  construction 
and  perform  the  work  very  satisfactorily.  The  cover  is  made 
in  two  operations.  Fig.  2  shows  the  combination  die  for  the 
first  operation,  in  which  the  blank  is  drawn  and  trimmed  to 
the  form  shown  at  A,  Fig.  3.  In  this  operation,  the  blanks, 
which  have  been  cut  in  a  shear,  are  fed  against  stop  H,  Fig.  2. 
Then,  when  the  ram  comes  down,  the  metal  is  held  between 
A  and  B  while  the  knock-out  pad  E  draws  the  0.07-inch  chan- 
nel on  block  C.  Spring  G  must  be  strong  enough  to  hold  the 
metal  securely  during  the  remainder  of  the  operation.    When 

the  draw  is 
completed, 
blocks  A  trim 
the  blank  on 
block  D  as  in- 
dicated by  the 
arrows.  The 
rubber  pad  F 
must  be  stiff 
enough  to  hold 
B  tightly 
against  blocks 
A  so  as  to  pre- 
vent wrinkling 
of  the  stock. 
Fig.  4  shows 
the  d  i  e  that 
performs  the 
second  opera- 
tion, pressing 
the  cover  into 
the  form  shown 

at  B,  Fig.  3.  When  making  plate  D,  the  four  pieces  are  roughed 
out  within  0.02  inch  all  over,  then  hardened  and  ground  in 
a  surface  grinder,  the  wheel  of  which  has  been  trimmed  with 
a  radial  fixture  to  the  convex  shape  of  the  required  radius. 
New  York  City  Charles  Hardy 
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RIFLE  CHAMBER  REAMER 
In  the  manufacture  of  rifles,  the  chamber  reamer  is  a  tool 
of  prime  importance.  It  must  be  as  precise  In  its  measure- 
ments as  it  Is  possible  to  make  it;  otherwise  a  quick,  easy 
ejection,  which  Is  essential  in  a  rifle,  will  be  lacking.  If  the 
chamber  should  be  reamed  below  its  specified  dimensions,  the 
shell  would  Jam  and  would  not  eject;  if  the  chamber  should 
be  reamed  too  large,  the  shell  would  expand  on  explosion,  and 
again  the  ejection  would  suffer.  The  reamer  Is  made  of  high- 
grade  tool  steel. 
It  differs  from 
barrel  reamers 
primarily  in  Its 
shape,  which, 
in  the  finishing 
reamer,  la  the 
shape  of  the 
ca  rtrldge. 
Thoro  are  sev- 
eral different 
Kradesofcham- 
IxT  reamers, 
niMKliiK  from 
llio  flfHt  rouRh- 
liiK  rcamor  to 
the  linnd  An- 
IhIiIiik  roamor. 
Th(!  Ofst  rnuRh- 
Ing  ronmor  Ik 
ithortcr  than 
t  h  n  flnlshlnK 
rnnmiTs  a  n  il 
(t'lOM  not  tnko  n 
chip   from   tho 
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Fig.   3.     Stages  in  making  Stamp  Cover 


entire  length  of  the 
chamber,  but  merely 
cuts  from  the  large  or 
rear  end,  as  it  is  there 
that  the  greatest  amount 
of  stock  must  be  re- 
moved. It  is  this  rough- 
ing reamer  that  cuts  the 
biggest  chip,  and  it  has 
but  four  flutes,  the  edges 
of  which  are  cut  across  with  a  thread  tool.  There  are  about 
three  of  these  cuts  to  the  inch,  and  they  serve  to  break  up  the 
chips,  thereby  feeding  them  out  more  rapidly.  The  finishing 
reamers  have  preferably  a  greater  number  of  flutes,  probably 
six  or  eight  in  number,  and  this  increased  number  of  flutes  in- 
sures a  smoother  surface.  An  absolutely  smooth  surface  is  re- 
quired, as  a  rough,  uneven  chamber  would  cause  the  shell  to 
swell  when  exploded,  and  this,  as  before  stated,  would  oppose  a 
free  ejection. 

The  total  amount  of  stock  removed  by  the  chamber  reaming 
in  a  0.315-inch  caliber  rifle  is  0.2362  inch.  The  first  rough 
reaming  takes  away  0.2312  inch,  and  the  remaining  0.005  inch 
is  removed  by  the  roughing  and  finishing  operations  that 
follow.  By  this  may  be  seen  the  great  difference  in  the  size 
of  the  chips  of  the  first  rough-reaming  and  the  following  ream- 
ings.  During  the  chamber  reaming  process  the  rifle  barrel 
may  be  in  either  an  upright  or  a  horizontal  position.  In  either 
case,  the  oil-flow  that  cools  the  tool  enters  the  muzzle  end  of 
the  barrel  and  is  forced  through  to  the  other  end.  Although 
simple,  the  chamber  reaming  operation  is  very  important;  and 


r.inr|«    ■ti'l     Dl. 


liloto  sump  Cover 


iiH  lliu  HUiunBB  of  llin  opcnitlon  ilcpoiiclR  \ipon  nocunitcly  inailo 
tools.  It  will  1)0  scoii  llial  tho  cluinibfr  reamer  Is  an  Inslrumonl 
of  groat  Impnrlnnco  In  tho  niBiiiifncluro  of  rlllo  barrels. 

WoHl  Ilavon.  Conn.  Hahhv  W.  Ciiakb 

CLEARANCE    OF    CIRCULAR    FORMING 
CUTTERS 

I  «Kr<'<'  with  Mr.  Mlllor,  In  tlio  Doronitior  miinbcT.  Hint  n 
Krnit  (liMil  of  timo  Is  wnstcd  In  dovolnplnR  llio  nirvoH  of  form- 
ing (Millers  of  tho  circular  typo.     In   Ihln  ronnorllon   It   Is  of 
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Tigs.   1  to  3.     Diagrams  showing  Clearance  of  Circular  Forming  Cutters 

Interest  to  consider  the  importance  of  clearance,  and  for  the 
purpose  of  making  clear  what  I  have  to  say,  I  will  review  the 
situation. 

If  an  exact  outline  is  to  be  obtained  by  the  use  of  a  circu- 
lar forming  cutter,  the  cutter  must  be  formed  to  give  the 
exact  outline  on  its  cutting  edge  and  not  on  the  diametral 
section.  To  illustrate  this  rule,  in  Fig.  1  let  A  be  a  forming 
cutter  that  has  been  formed  to  give  an  exact  outline  on  Its 
diametral  section,  and  B  the  work.  The  cutter  and  the  work 
are  set  at  the  same  height,  that  is  with  the  cutting  edge  of 
the  cutter  on  the  line  WX  passing  through  their  centers.  The 
work  produced  will  be  the  correct  shape,  but  the  tool  can  cut 
only  while  it  remains  absolutely  sharp  because  the  cutter  is 
given  no  clearance  angle,  since  tangents  to  the  work  and,  to 
the  cutter  at  point  0  coincide  in  the  line  YZ.  The  cutting  edge, 
however,  is  strongest  in  this  position  and  becomes  weaker  as 
the  clearance  angle  increases,  because  of  lack  of  metal  directly 
beneath  the  cutting  edge.  This  angle  of  clearance  may  range 
from  3  to  15  degrees,  depending  on  the  work  and  the  material 
of  which  the  cutter  is  made.  In  Fig.  2,  the  forming  cutter  A 
has  been  formed  to  give  an  exact  outline  on  its  cutting  edge, 
which  is  a  distance  x  below  the  center  of  the  tool  and  is  set 

CLEARANCE  ANGLES  AND  VALUES  OF  x  OF  FORMING 
TOOLS 


ricarnnce 
Annie. 

Diameter  of  Cutter, 

[nches 

2 

2.6                    8 

8.6 

4 

Value  of  X,  Inc 

hes 

3 

0.052 

0.065 

0.078 

0.091 

0.102 

4 

0.069 

0.087 

0.103 

0.110 

0.138 

5 

0.087 

0.109 

0.130 

0.150 

0.174 

6 

0.104 

0.130 

0.156 

0.182 

0.208 

7 

0.122 

0.152 

0.183 

0.212 

0.244 

8 

0.139 

0.173 

0.208 

0.241 

0.278 

9 

0.156 

0.195 

0.234 

0.273 

0.312 

10 

0.174 

0.217 

0.261 

0.303 

0.348 

11 

0.191 

0.239 

0.286 

0.335 

0.382 

12 

0.208 

0.252 

0.312 

0.365 

0.416 

13 

0.225 

0.281 

0.337 

0.393 

0.450 

14 

0.242 

0.302 

0.303 

0.422 

0.484 

ir> 

0.259 

0.323 

0 .  388 

0.451 

0.518 

In  lino  with  the  center  ot  the  work  li.  This  distance  x  is 
dependent  on  the  clearance  angle  WO/,,  which  Is  formed  by 
the  Intor.icctlon  of  tlio  lino  1'/  drawn  tangent  to  the  work  and 
the  lino  WX  drawn  tnngonfto  the  tool  at  O.  In  the  aicom- 
panying  table  arc  glvi-ii  the  valwoH  of  x  and  the  clearance 
anglo  for  rornilng  tdol.i  of  glvon  dianiGtors.  In  the  table  the 
diBtanco  x  la  obtained  by  niiiltiplylnK  the  radius  of  (ho  cutter 
by  Iho  sine  of  tho  angle  AflH,  Fig.  3,  or  what  l.«i  the  same 
thing,  tho  clearance  anglo. 
Molino,  111.  C.  C.  Hkrmann 


PROBLEM   IN   TRIGONOMETRY 

Another  comment  on  the  "Problem  in  Trigonometry,"  on 
page  245  of  the  November  number,  is  as  follows:  In  any  tri- 
angle, the  product  of  two  sides  is  equal  to  the  product  of  the 
diameter  of  the  circumscribed  circle  by  the  altitude  upon  the 
third  side.    Thus: 

BC  =  V4.25'  +  7.25'  =  8.4038  inches 
AB  =  V3.125»  +  7.25'  =  7.8948  inches 

8.4038  X  7.8948 

Diameter  of  circumscribed  circle  ^ =  9.1512 

7.25 


Indianapolis,  Ind. 


:  4.5756  inches 

RoBEBT  W.  Smith 


The  geometrical  construction  given  on  page  245  of  the  No- 
vember number  of  Machinebt,  for  finding  the  center  of  a 
common  gear  for  three  pinions  is  simple  and  direct,  but  mv.cu 
of  the  accompanying  computation  is  unnecessary.  If  the  point 
of  intersection  of  the  vertical  line  through  C  and  the  horizon- 
tal line  through  B  is  denoted  by  H,  as  the  point  E  bisects  the 
line  BC,  the  line  EG  is  one-half  of  EC,  or  equal  to  3  5/8  inches, 
and  GC  is  one-half  of  BE,  or  equal  to  2  1/8  inches.  The  tri- 
angles DEF  and  CBE  are  similar  and  their  corresponding 
EF         BE  BE  X  DF 

sides  are  proportional.  Hence  — —  ^ -;  or  EF  = . 

DF        CE  CE 

Now,  DF  =  BE  —  GC  —  9/16;  or  DF  =  4  1/4  —  2  1/8  —  9/16  = 

41/4  X  19/16 
19/16.     Therefore,  EF  =  =  0.916;  whence 


X  =  3  5/8  —  0.916 
Ampere,  N.  J. 


2.709. 


71/4 


A.  A.  NiMS 


A  simpler  and  more  accurate  solution  of  the  problem 
stated  on"  page  245  of  the  November  number  of  Machinebt 
Is  possible  it  analyti- 
cal   geometry    is    used. 

Slope  m'  ot  BC?  = 

4V4 

4% 

Slope  m  of  DE  =  — 

^Vi 

Equation    of    line    DE, 

(y'  —  y)  =  m(x'  —  x) 

4  1/4 

(3  5/8   —  y)    =    

7  1/4 

(—2  1/8     +    3  11/16), 

from  which  y  —  2.709 

Hence  y  =  DF  =  2.709 

The  above  example  il- 

...  ,  „!„„!„  Problem   soWed   by   Analytical  Geometry 

lustrates     how     simple 

many    problems   may   be   made   by    using    the   principles   ot 
analytical  geometry. 
Newark,  N.  J.  Ormonde  Booebt 


RIGHT-  AND  LEFT-HAND  TOOLS 
In  the  December  number  of  Machinkrv,  R.  L.  decides  that  a 
tool  gets  its  name  of  "right-hand"  or  "left-hand"  from  the 
side  the  cutting  edge  or  inclination  is  on  rather  than  from  the 
side  of  tho  work  it  cuts.  The  writer  thinks  that  a  right-hand 
latho  tool  would  generally  be  considered  a  left-hand  tool  If 
used  In  a  planer  or  shaper,  as  the  tool  is  commonly  ted  from 
right  to  left,  when  the  operator  stands  facing  the  front  of  the 
machine.  Consequently,  tho  tool  gets  its  name  from  the  direc- 
tion ot  cut  In  tho  machine  rather  than  from  its  own  Inclina- 
tion or  side  ot  cut.  To  cut  a  right  hand  thread  the  tool  will 
be  inclined  to  the  left,  but  It  would  bo  hardly  correPt  to  speak 
ot  cutting  a  right-hand  thread  with  a  loft  hand  tool.  In  the 
case  ot  a  side  tool  for  tho  latho,  a  right  hand  tool  (as  com- 
monly called)  win  work  on  the  right-hand  end  ot  tho  work, 
and  a  right-hand  planer  or  shuper  tool  also  will  work  on  the 
right-hand  sldo  or  ond  of  the  work. 

lOast  Ilrldgowator,  Mass.  riHcY  S.  Thomas 


SHOP  AND  DRAFTING-ROOM  KINKS 


INGENIOUS  MEANS  AND  SHORT  CUTS  FOR   SAVING  LABOR  AND  MATERIALS 


REMOVABLE   HEAD   HAMMER 

The  advantages  of  the  soft  hammer  here  illustrated  are  that 

heads  of  any  material 
may  be  used  for  vari- 
ous classes  of  work, 
and  that  the  heads  may 
be  replaced  when  they 
become  worn.  The  body 
A  is  made  of  soft  steel, 
and  has  a  hole  in  the 
center  for  a  wooden  han- 
dle; it  is  threaded  at  the 
ends  for  the  knurled  nuts  B  which  hold  the  heads  C  in  place. 

Ambridge,  Pa.  August  J.  Lejeune 

THREADING-TOOL  SETTING  ARBOR 

The  illustration  shows  a  threading-tool  setting  gage  that  is 
similar  to  the  one  described  in  the  October  number  of  Ma- 
CHtxEBY,  except  that  it  is  hardened  and  ground.  The  advan- 
tage of  this  is  that  the  V-point  may  be  made  sharper  and  the 
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Soft  Hammer  with  Bemovable  Head 


Gage  for  setting  Threading  Tools 

tool  will  not  scratch  or  mar  the  gaging  surface.  The  arbor 
body  A  may  be  made  of  tool  steel,  hardened  and  ground,  or  of 
cold-rolled  steel,  pack-hardened  and  ground.  Bushings  B  are 
lapped  to  a  snug  fit  on  the  arbor  and  are  ground  square  on 
the  ends,  the  bevels  being  ground  while  on  the  arbor.  One  end 
may  be  used  for  U.  S.  standard  threads,  while  the  other  may 
be  made  for  either  Whitworth  or  metric  threads.  The  end 
grinding  of  the  bushings  Is  done  with  the  bushings  projecting 
over  the  end  of  the  arbor. 
Watertown,  N.  Y.  IlKiuiKriT  V.  Coui.ston 

HANDLE  FOR  DRAFTSMAN'S  SCALE 
The  scale  shown  in  the  illustration  Is  familiar  to  all  drafts- 
men or  engineers.    The  handle  is  made  from  either  brass  or 
IlKht-gage  Bteel  tubing,  about  %  Inch  diameter  and  2>/i  Inches 


for  Draftiman't  Hotia 

lonK.    Thn  tuliltiK  Is  slottod  the  entire  length  by  a  hackmiw. 
and  It  Rnappnd  over  the  ridge  of  the  «(-ale  Into  place, 
nint,  MIoh.  C.  C,  HriiKKN 


JIG   LOCATING  SYSTEM 

TiK-  wrll«r  iiUKK<')ttii  thi!  following  mimIIuhI  of  liiciilInK  JIkh. 
etc,  The  Hpeclal  loolii,  JIkn  and  KiigfH  iir<!  Hopiiriilud  Into  con- 
T«iilpnt  Rroupii,  nnd  each  group  I*  glvon  ii  numlx-r  TIiIh  num- 
b«r  In  glnmpod  wllhin  a  clrdo  on  onrli  ploco  of  Ihii  group  and 
on  the  proper  utorogo  rack.     Whoro  the  imo  of  n  Jig  or  gng" 


is  required,  the  group  number  is  placed  inside  of  a  circle  on 

the  drawing,  and  when  the  workman  studies  the  drawing  he 

sees  the  group  number  and  can  easily  locate  the  proper  tool. 

Los  Angeles,  Cal.  R.  H.  Welcome 

DIEMAKER'S    SQUARE 

In  filing  the  angular 
clearance  on  small  dies, 
the  square  shown  in  the 
accompanying  illustra- 
tion permits  the  light  to 
enter  through  the  space 
cut  from  the  inside  of 
the  beam,  while  the  hole 
serves  for  a  line  of 
vision  and  allows  the 
blade  to  be  clamped 
at  the  necessary  angles. 

New  York  City 


Handy  Di 


aker's  Square 

E.   J.   HiGQINS 


TOOLMAKER'S  BORING   TOOL-HOLDER 

The  illustration  shows  a  tool-holder  that  is  superior  to  the 
old  style  of  V-holders,  most  of  which  have  a  set-screw  project- 
ing over  the  tool  that  prevents  using  it  close  to  a  faceplate 


EQUALLY  SPACED 


^ — *i'^'^ — I    I 


?  GROOVES-^' DEE 


Handy  Boring  Tool-holder  for  Toolmakers 

when  the  work  Is  held  by  U-straps.    The  boring  tool  is  made 
of  5/16-lnch  drill  rod  and  Is  clamped  by  the  toolpost  screw. 
The  knurled  nut  at  the  end   prevents  unnecessary  spring  by 
means  of  tlio  taper  and  slots  that  are  shown. 
Frankl'ord,  Pa.  Ciiaui.io.s  W.  Cauvette 

DURABLE   BELT   SHIFTER 
Several  belt  shifters  became  worn  at  the  sides,  as  shown 
at  A  in  the  Illustration,  and  gave  trouble  by  curling  the  edge 
of  the  belt  when  shifting.    At  B  is  sbowu  the  chnngo  that  was 


^ 

/ 

^ 

n 

5 

Chunir   iiiailK  In  Hhirinr  Doiliin 

niiidi)  III  th(t  (triMlgii.  Two  rollors  nrn  used  for  guldos;  these 
rnvolvo  when  the  boll  tmii-hcH  IIh'mi,  nnd  tliiis  cillniliinlo  wear 
on  thn  Hhtrtnr  nnd  on  llin  oiIko  of  Mm  licit. 

(^onrord,  N.  II,  CiiAiiii.H  II.  WiiMTY 


now  AND  ^WHY 


QUESTIONS  ON  PRACTICAL  SUBJECTS  OF  GENERAL  INTEREST 


ENLARGINa  WORN  THREAD  PLUG  GAGES 

In  the  January  number  of  Maciiinert,  D.  D.  inquires  if  there 
is  any  way  of  enlarging  a  thread  plug  gage  that  has  worn 
small.    This  can  be  easily  accomplished  by  designing  the  plugs 

as  shown  in  the  accom- 
panying  illustration. 
The  taper  plug  is  made 
of  soft  steel  and  is 
forced  into  the  thread 
ring.  After  hardening 
the  ring,  the  soft  taper 
plug  is  forced  into  place 
by  a  screw  press  to  en- 
large the  threads  (which 
usually  contract  in  hardening)  for  lapping.  This  plug  may 
also  be  forced  farther  into  the  ring  when  the  threads  are 
worn  small.  A  Constant  Reader 


ilnrhinrrii 


Method  of  eolar^g  Worn  Thread 
Plug  Gages 


THREADING   TAPS 

C.  E.  C. — Is  the  following  method  of  sharpening  and  lubri- 
cating taps  in  general  use?  It  seems  to  be  opposed  to  the 
teaching  of  the  Pratt  &  Whitney  Co.  that  resharpening  should 
be  done  entirely  on  the  face  of  the  tap.  The  method  has  been 
used  on  taps  working  in  soft  steel,  with  a  water  solution  of 
soluble  oil,  and  on  sizes  from  5/16  to  3  inches,  with  fine 
threads.  The  taps  are  threaded  with  the  cutting  end  about 
0.002  inch  large,  fluted  and  relieved  with  a  three-cornered  Swiss 
file  to  within  about  1/32  inch  of  the  cutting  edge.  When  hard- 
ened and  drawn  in  oil,  they  are  placed  between  centers  in  the 
universal  grinder  and  the  chamfer  ground  to  include  four 
threads  on  the  smaller  sizes  and  six  on  the  larger.  As  this 
gives  no  clearance  on  these  ends,  the  clearance  is  obtained  by 
feeding  the  tap  in  from  0.005  to  0.008  inch  on  the  cross-feed 
handle  and  turning  the  tap  by  hand  until  all  but  1/32  inch 
of  the  previously  ground  surface  has  been  removed,  the  piece 
being  taken  from  the  centers  between  each  flute.  The  larger 
sizes  are  lubricated  by  having  a  1/4-inch  hole  drilled  entirely 
through  them.  The  releasing  holder  is  connected  to  the  pump, 
so  that  the  solution  is  forced  through  this  hole  ahead  of  the 
tap,  returning  through  the  flutes. 

This  question   is  submitted  to  the  readers  tor  discussion. 


GRADUATING  A  PLANER  HEAD 
In  the  January  number  of  Machinery,  a  correspondent  asks 
how  a  planer  head  may  be  graduated  in  a  shop  that  has  no 
special  appliances.  The  writer  would  suggest  that  the  diam- 
eter of  the  part  to  be  graduated  in  the  accompanying  illustra- 
tion be  multiplied  by  3.1416,  and  this  product  divided  by  360; 
the  result  will  be  the  distance  apart  the  graduations  should  be. 


These  graduations  may  then  be  marked  on  a  thin  narrow 
strip  A  of  cold-rolled  steel,  which  is  afterward  fastened  to  the 
head  as  shown.  For  instance,  if  the  diameter  should  be,  or 
could  be  made  to  be,  14  21/64  inches,  a  flexible  scale  grad- 
uated to  1/8  inch  will  do  the  trick,  as  14  21/64  X  3.1416  -i- 
360  =  0.125. 
Somerville,  Mass.  John  R.  Beckett 


PROBLEM   IN   GEOMETRY 

A.  B.  C. — -Prove  that  in  any  triangle  the  product  of  two  sides 
is  equal  to  the  product  of  the  diameter  of  the  circumscribed 
circle  and  the  altitude  upon  the  third  side. 

A. — Referring  to  the  illustration,  it  is  desired  to  prove  that 
AB  =  diameter  X  H. 

AB  sin  a 

The  area  of  the  triangle  = 

2 
Therefore,  we  will  prove  that 

AB  sin  a         DH  sin  a 


2  2 

If  an  angle  at  the  circumfer- 
ence of  a  circle,  between  two 
chords,  is  subtended  by  the  same 
arc  as  the  angle  at  the  center, 
between  the  two  radii,  then  the 
angle  at  the  center  equals  two 
times  the  angle  at  the  circumfer- 
ence, so  /3  =  2a. 

The  area  of  a  triangle  equals 
one-half  the  base  times  the  alti- 
tude. 

l/2C  =  Rsina 
Area  =  R  sin  oH 

AB  sin  a 
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Dia^am  illustrating  Problem 
in  Geometry 


Thus: 


Mothod   of  rraduAtiDi   a   Flannr   Hoaa 


CROWNING   OF  LOOSE   PULLEYS 

F.  M. —  (1)  Is  it  customary  to  make  drop-face  or  reduced- 
diameter  loose  pulleys  with  a  crowned  face?  (2)  Are  cone 
step  pulleys  made  with  crowned  face? 

A. — (1)  A  number  of  replies  have  been  received  to  this  ques- 
tion. In  the  opinion  of  the  Hall  &  Brown  Woodworking  Ma- 
chine Co.,  St.  Louis,  Mo.,  all  pulleys  where  the  belt  is  to  run 
in  a  fixed  position  for  a  period  of  time  should  be  crowned,  as 
this  will  hold  the  belt  in  position  better.  A  belt  running  on  a 
loose  pulley  having  a  straight  face  is  likely  to  run  against 
the  edge  of  the  tight  pulley,  and  even  to  climb  onto  the  pulley 
in  spite  of  the  fact  that  the  loose  pulley  is  made  with  a  reduced 
diameter.  The  Defiance  Machine  Works,  Defiance,  Ohio,  state 
that  it  Is  their  practice  to  crown  all  loose  pulleys.  The  Ameri- 
can Woodworking  Machinery  Co.,  Rochester,  N.  Y.,  follows 
the  same  practice,  but  also  advises  that  it  has  discontinued 
the  use  of  loose  pulleys  with  reduced  diameters  on  account 
of  the  effect  upon  the  belt,  which  is  stretched  on  the  side  run- 
ning against  the  flange  between  the  loose  and  tight  puUoy.  The 
only  advantage  of  the  reduced-faco  pulley  Is  on  countershafts 
which  are  placed  quite  close  to  the  llneshaft  and  whore  a  short 
tight  belt  Is  used.  When  the  belt  Is  shifted  from  the  tight  to 
the  loose  pulley  .some  of  the  strain  is  taken  off  the  loose  pulley 
bearing,  thus  giving  It  longer  life,  it  that  pulley  Is  made  with 
a  reduced  dlnmoter.  The  H.  H.  Smith  Machine  Co.,  SmithviUe, 
N.  J.,  states  that  In  this  company's  practice  loose  pulleys  with 
reduced  diameter  are  made  with  n  straight  face.  The  Bentel  4 
Margcdiuit  Co.,  Hanilllon.  Ohio,  also  makes  It  ft  practice  to 
provide  drop-face  loose  pulleys  with  a  straight  face,  but  crown 
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slightly  loose  pulleys  that  are  of  the  same  diameter  as  the 
tight  pulley.  The  J.  A.  Fay  &  Egan  Co.,  Cincinnati,  Ohio,  states 
that  drop-face  loose  pulleys  are  provided  with  a  crowned  face, 
in  the  company's  practice,  because  unless  so  made  the  edge  of 
the  belt  runs  against  the  bevel  flange  and  has  a  tendency  to 
climb  onto  the  tight  pulley  and  start  the  machine  without  the 
operator's  knowledge.  The  company,  however,  discourages  the 
use  of  drop-face  loose  pulleys,  because  they  are  very  hard  on 
the  belts.  The  elimination  of  the  drop-face  loose  pulley,  also 
known  as  the  "bevel-flange  pulley,"  would  mean  considerable 
economy  on  account  of  the  belt  cost. 

(2)  Cone  step  pulleys  are  crowned  the  same  as  other  pulleys 
of  corresponding  size. 


FINDING   THE   AMOUNT   OF   METALS 
IN   AN   ALLOY 

O.  0.  T. — We  have  an  alloy  that  is  known  to  contain  copper, 
tin  and  zinc,  and,  by  careful  weighing,  it  has  been  found  that  a 
cubic  inch  weighs  0.285  pound.  Is  there  any  way  by  which 
we  can  find  the  proportions  of  copper,  zinc  and  tin  without 
making  an  analysis? 

A. — Problems  of  this  kind  belong  to  the  class  called  inde- 
terminate; they  are  so  called  because  they  are  capable  of  an 
indefinite  number  of  solutions.  However,  by  imposing  certain 
restrictions,  a  satisfactory  solution  may  usually  be  obtained. 
In  the  present  ease,  it  is  assumed  that  the  density  of  the  alloy 
is  directly  proportional  to  the  densities  and  amounts  of  the 
metals  composing  it.  By  this  is  meant  that  there  is  not  a 
chemical  combination,  as  in  the  case  of  carbon  and  iron  in 
steel,  the  density  of  steel  being  greater  than  iron,  although 
the  density  of  carbon  is  less  than  iron.  It  is  also  assumed 
that  the  number  of  parts  of  each  metal  is  integral  and  less 
than  10.  With  these  assumptions  granted,  the  easiest  way 
to  solve  problems  of  this  kind  is  by  the  arithmetical  process 
known  as  alligation  alternate.  Referring  to  page  1245  of 
M.vchineby's  Handbook,  it  is  found  that  the  weight  of  one 
cubic  Inch  of  copper  is  0.3184;  of  zinc,  0.2476;  and  of  tin, 
0.2632.  Taking  the  weight  of  a  cubic  inch  of  the  alloy  as 
0.2850,  and  dropping  the  decimal  points,  arrange  these  quan- 
tities as  shown  herewith.  Subtract  (algebraically)  each  num- 
(2476  I  374  X  3  =  1122  }  i,.„ 
2850  -'  2632  i  218  X  1  =  218  f  ^''*" 
(  3184      —334  X  4  =  —1336 


ber  from  the  mean  number  2850  and  write  the  results,  as 
shown,  In  the  same  rows  as  the  corresponding  subtrahends; 
note  that  two  of  these  remainders  are  positive  and  the  other 
Is  negative.  Multiply  these  remainders  by  such  numbers  (to 
be  found  by  trial)  as  will  make  the  sum  zero,  or  approximately 
zero.  In  this  case,  the  multipliers  are  3,  1  and  4,  and  their 
Bum  Is  8.  It  is,  therefore,  assumed  that  in  eight  parts  of  the 
alloy  there  are  three  parts  zinc,  one  part  tin  and  four  parts 
copper.  Expressed  In  percentages,  the  alloy  contains  cop- 
per, 50  per  cent;  zinc,  37'/^  per  cent;  tin,  12 J^  per  cent. 
0.2476  X  3  -f  0.2632  X  1  -f  0.3184  X  4 

Proof: =  0.28495, 

8 
which  l8  very  nearly  0.285  and  coincldea  with  It  when  reduced 
to  three  slgnlflcant  figures.  J.  j. 


WHICH   WAY   IS    CHEAPER? 
The  proper  way  lo  make  the  chuck  Hhown  In  the  IJocomber 
number  on  page  348  under  the  head  "Which  Way  Is  Cheaper?" 

would  1)0  to  silt  as 
Hhown  at  A.  Cuttlnfc 
11)0  BlItH  nn  Hhown  at  A 
will  permit  the  broach 
lo  ho  nindo  with  flatH 
lit  the  rnrniTB  of  the 
width  of  the  Hnw  used 
to  cut  the  HlltH.  Thli 
not  only  m  o  a  n  r  a 
r    HprInK    churk. 

Joiin  HirANn 


By  slitting  as  shown  at  A  in  the  illustration  in  the  Decem- 
ber number  not  only  is  the  risk  of  cracking  in  hardening  elim- 
inated, but  accurate  chucking  on  burred  stock  is  secured;  the 
latter  fact  is  often  overlooked  by  makers  of  hexagon  and  tri- 
angular collets.  On  soft  stock  where  the  chucking  pressure  is 
great  enough  to  indent  the  stock,  the  method  shown  at  B  will 
be  of  greater  advantage.  Assuming  the  stock  to  be  soft  steel 
or  brass,  collets  slit  as  shown  at  A  will  undoubtedly  give 
more  accurate  results. 

A  quick  way  of  slitting  collets  in  three  parts  is  to  draw 
out  of  mesh  the  worm  in  a  regular  index  head,  and  index 
from  the  jaws  of  the  three-jaw  chuck.  This  method  means  no 
extra  equipment.  It  has  been  used  by  the  writer  on  various 
collet  and  bushing  jobs  with  good  results. 

Toronto,  Ontario,  Canada  A.  F.  Owen 


In  the  December  number  of  Machinery  R.  G.  shows  two 
spring  chucks  for  triangular  stock  and  asks  which  is  the 
cheaper  method  of  slitting.  If  he  is  making  these  chucks  on 
order  and  the  only  requirement  is  that  the  chuck  shall  have 
three  slots  in  the  stock-holding  end,  there  would  probably  be 
little,  if  any,  difference  in  the  cost  of  the  two  methods.  How- 
ever, if  he  is  in  any  way  responsible  for  the  satisfactory  per- 
formance of  these  chucks,  he  should  by  all  means  use  the 
method  shown  at  A.  A  chuck  split  as  shown  at  B  must  have  a 
relief  groove  in  each  corner,  as  the  triangular  stock  will  have 
occasional  dents  and  burrs  on  the  sharp  corners.  The  cutting 
of  these  relief  grooves  will  mean  an  extra  cost,  whereas  the 
other  method  eliminates  the  sharp  corners  entirely.  No  matter 
if  the  stock  being  operated  on  is  slightly  misshapen,  that  Is, 
not  a  true  equilateral  triangle,  the  chuck  shown  at  A  will  grip 
it  with  all  three  prongs,  while  only  a  slight  difference  between 
the  shape  of  the  stock  and  the  triangular  hole  of  chuck  B 
will  result  in  but  two  jaws,  or  prongs,  doing  all  the  gripping. 

Anderson,  Ind.  Leroy  M.  Curry 


In  the  December  number  of  Machinery,  R.  G.  asks  which 
is  the  cheaper  and  better  method  of  slitting  taper  spring 
chucks.  The  chuck  shown  at  A  in  the  illustration  in  the  De- 
cember number  is  slit  correctly,  as  it  allows  the  corners  of 
the  stock  to  protrude  into  the  slots  and  holds  the  work  by  the 
flat  sides;  as  dirt  and  chips  will  collect  in  the  corners  of  tne 


Twr,    w.r«    of    lUIIIni    Hprlni    CliDoka 

utronKxr    broach,   but    mnk<-n   a   holti 
Boitir>n.  ManR. 


Slitting  FIxtun  for  Tapor  SrrinK  Cliuoki 

chuck  shown  at  li,  this  chuck  cannot  grip  llio  work  properly; 
but  one  mtilhod  Is  nH  cheap  ns  tho  ollior. 

Tho  bOBt  hIIIMmk  llxturu  for  Hprliig  chiickH  where  tho  quan- 
tity of  work  to  1)0  produced  wiirraiilH  tho  oxpoiiso  of  manufac- 
ture Ib  Hhown  Id  tho  accompanyliiK  Illu.slraMon.  Tho  fixture 
IH  fantonod  to  tho  hod  of  n  bonch  lallio  In  placo  of  tho  sltde- 
roBt.  Tho  Haw  Ih  hold  In  tho  head  of  tho  bonch  latho.  Tho 
cnBtInK  A  Ib  drlllod  and  roaniod  for  tho  cliuck  holder  />,  on 
tho  end  of  which  Ib  a  ciiHt  iroi)  Ii)ili>x  plain  (',  having  throe 
hnlOB  that  fit  over  a  pin  t).  Vortical  adjUBtmont  Ih  provided  by 
nn  ocronlric  buBhluK  /'-'.  Ab  U.  O.  dooH  not  Hhow  a  flido  vlow 
of  tho  chuck,  It  Ih  ImpnHnlblo  to  nhnw  a  proper  holder,  but  tho 
wire  chuck  ahown  will  porhupB  HiiKKOHt  noniu  Hliullar  Bcliono 


February,  1918 


MACHINERY 


551 


of  holding  the  work.  This  method  of  sawing  by  pushing  the 
work  against  the  saw  will  be  found  more  sensitive  than  a 
screw  feed,  as  the  least  catching  of  the  saw  will  be  felt  at 
once  and  the  work  can  be  withdrawn  before  the  saw  is  broken. 
A  stiff  bristle  brush,  such  as  a  toothbrush,  dipped  in  cutting 
oil,  should  be  rubbed  constantly  across  the  teeth  of  the  saw. 
Jersey  City,  N.  J.  W.  H.  Dunbeack 

It  is  clearly  seen  in  the  accompanying  illustration,  where 
method  A  is  shown  in  full  lines,  and  method  B  in  dotted  lines, 
that  the  first  is  the  cheaper.  In  the  first  case  there  is  not 
as  much  stock  to  be  removed 
when  milling  the  slits  as  by  the 
other  method.  Also,  the  slits 
are  not  as  deep,  so  the  time  and 
the  power  necessary  for  remov- 
ing the  stock  shown  in  shaded 
lines  are  saved,  with  the  result- 
ing reduction  in  the  cost.  Of 
course,  the  operations  in  each 
case  are  the  same,  namely,  after 
the  piece  has  been  finished  on 
the  outside  and  broached,  it  is 
slit  on  the  milling  machine. 
While  method  A  is  the  cheaper, 
method  B  is  preferable,  as  the  slits  should  always  come  on  the 
sides  of  the  stock. 
Cincinnati,  Ohio  Taft  S.  ABMANDBorr 


TABLE    1.    INSPECTION  LIMITS  ON  TAPS 

Maximum   Limit:    Figures  given   in   Table   added   to   Standard 

Nominal   Diameter.     Minimum   Limit:     Standard 

Nominal  Biameter 


INSPECTION  LIMITS  FOR  TAPS  AND  DRILLS 

Q.  R. — What  are  the  generally  used  limits  for  taps  and  drills 
as  sold  in  the  open  market? 

A. — There  is  no  universal  agreement  among  manufacturers 
of  taps  and  drills  as  regards  the  limits  to  be  used  for  these 
tools.  All  taps  are  made  over  size  both  on  the  outside  diam- 
eter and  the  pitch  diameter,  the  size  that  would  pass  inspec- 
tion being  somewhere  between  standard  nominal  size  and  the 
over-size  limit  adopted.  In  Table  1  are  given  these  over-size 
limits  for  hand  taps  and  tapper  taps.  This  table  places  on 
record  the  average  limits  used  by  two  tap  manufacturers  and 
may  be  assumed  as  representing  good  practice.  As  the  outside 
diameter  is  not  vital  to  the  size  of  thread  cut  by  the  tap,  this 
being  determined  by  the  pitch  diameter,  the  dimensions  given 
in  the  table  for  outside  diameter  limits  need  not  be  so  strictly 
adhered  to  (provided  the  diameter  is  always  larger  than  nomi- 
nal) as  those  tor  pitch  diameter  limits.  The  over-size  dimen- 
sion on  the  outside  diameter  provides  for  clearance  and  wear, 
and,  in  fact,  many  makers  permit  much  larger  limits  than 
those  given. 

The  permissible  error  In  lead  (in  ordinary  single-threaded 
taps  the  lead  equals  the  pitch)  should  be  ±  0.002  inch  in  1 
Inch  length  of  thread.  Taps  on  the  market,  however,  indicate 
that  this  limit  is  not  adhered  to  by  all  makers,  as  taps  of 
several  makes  that  have  been  measured  have  proved  to  have  a 
lead  error  of  as  much  as  0.006  inch.  Only  a  few  makers  seem 
even  to  attempt  to  limit  the  lead  error  to  0.002  Inch. 

On  taps  where  great  accuracy  is  required,  as,  for  example, 
for  hob  taps  used  for  finishing  threading  dies,  the  limits  should 
be  made  from  0.00026  to  0.0005  inch  less  than  the  limits  given 
for  hand  taps  In  Table  1  for  the  finer  pitches,  and  about  0.001 
Inch  less  than  the  limits  given  for  the  coarser  pitches.  This 
also  applies  to  taps 

TABLE 


Number 

of 

Threads  per 

Hand 

Taps 

Tappet  Taps                 | 

Ootaide 

Pitch 

Outside 

Pitch 

Diameter 

Diameter 

Diameter 

Diameter 

80 

+  0.0012 

+  0.0007 

+  0.0025 

+  0.0020 

72 

-1-0.0014 

+  0.0010 

+  0.0027 

+  0.0022 

64 

-f  0.0015 

+  0.0011 

+  0.0030 

+  0.0025 

60 

-f  0.0016 

+  0.0012 

+  0.0033 

+  0.0028 

56 

+  0.0017 

+  0.0013 

+  0.0035 

+  0.0030 

48 

+  0.0018 

+  0.0014 

+  0.0037 

+  0.0032 

44 

+  0.0019 

+  0.0015 

+  0.0038 

+  0.0033 

40 

+  0.0020 

+  0.0016 

+  0.0039 

+  0.0034 

38 

+  0.0021 

+  0.0017 

+  0.0040 

+  0.0035 

36 

+  0.0021 

+  0.0017 

+  0.0041 

+  0.0036 

34 

+  0.0022 

+  0.0018 

+  0.0042 

+  0.0037 

32 

+  0.0022 

+  0.0018 

+  0.0043 

+  0.0038 

30 

+  0.0023 

+  0.0019 

+  0.0044 

+  0.0039 

28 

+  0.0023 

+  0.0019 

+  0.0045 

+  0.0040 

26 

+  0.0024 

+  0.0020 

+  0.0046 

+  0.0041 

24 

+  0.0024 

+  0.0020 

+  0.0047 

+  0.0042 

22 

+  0.0025 

+  0.0021 

+  0.0048 

+  0.0043 

20 

+  0.0026 

+  0.0022 

+  0.0049 

+  0.0044 

18 

+  0.0027 

+  0.0023 

+  0.0050 

+  0.0045 

16 

+  0.0028 

+  0.0024 

+  0.0051 

+  0.0046 

14 

+  0.0029 

+  0.0025 

+  0.0053 

+  0.0048 

13 

+  0.0031 

+  0.0027 

+  0.0055 

+  0.0050 

12 

+  0.0032 

+  0.0028 

+  0.0057 

+  0.0053 

11 

+  0.0033 

+  0.0029 

+  0.0059 

+  0.0056 

10 

+  0.0035 

+  0.0030 

+  0.0060 

+  0.0057 

9 

+  0.0037 

+  0.0032 

+  0.0062 

+  0.0058 

8 

+  0.0040 

+  0.0034 

+  0.0064 

+  0.0060 

7 

+  0.0044 

+  0.0036 

+  0.0066 

+  0.0062 

6 

+  0.0048 

+  0.0039 

+  0.0068 

+  0.0064 

5 

+  0.0052 

+  0.0043 

+  0.0070 

+  0.0066 

4 

+  0.0058 

+  0.0045 

+  0.0075 

+  0.0070 

Machinery 

certain    diameters    with    corresponding    number    of    threads 
only. 

With  regard  to  limits  for  drills,  the  principle  is  reversed. 
Drills  must  never  be  permitted  to  have  dimensions  over  the 
nominal  standard  diameter.  If  they  were,  they  would  not 
enter  drill  jig  bushings  of  standard  size,  and,  furthermore,  a 
drill,  no  matter  how  carefully  ground,  generally  will  drill  a 
hole  that  is  slightly  larger  in  diameter  than  the  size  of  the 
drill.  Hence  all  drills  should  be  between  a  limit  less  than 
the  standard  nominal  size  and  the  nominal  size.  For  exam- 
ple, a  1-inch  drill  should  be  between  0.999  inch  and  1.000  inch. 
The  limits  for  drills  of  all  classes  are  given  in  Table  2. 


made  to  the  Society 
of  Automotive  Engi- 
neers' standard 
(S.  A.  E.  standard). 
The  limits  In  the 
table  are  given  for 
"number  of  threads 
per  Inch,"  which  has 
been  found  to  be 
rational  and  much 
better  than  when  an 
attempt  Is  made  to 
give    the    limits    for 


Broaches  are  displacing  reamers  quite  generally  in  manufac- 
turing where  it  is  necessary  to  finish  many  holes  to  the  same 
diameter  for  a  push,  drive  or  running  fit.  The  broaching 
process  is  much  more  rapid  than  reaming,  and,  moreover,  the 
broach  stands  up  for  many  times  the  number  of  holes  that  a 
reamer  will  finish  before  becoming  very  dull.  The  Robbins  & 
Myers  Co.,  Springfield,  Ohio,  uses  a  novel  form  of  broach  for 
sizing  holes  in  a  part  that  is  a  push  fit  in  armature  construc- 
tion. The  broaches  are  made  of  high-speed  steel,  and  in- 
stead of  having  the  teeth  formed  by  parallel  circumferen- 
tial grooves,  they  are  formed  by  cutting  a  helix  or  thread 
of  buttress  shape.  The  broach  is  sharpened  by  grinding  the 
top  of  the  teeth  and  tapering  the  broach  so  that  the  leading 
end  is  a  few  thousandths  of  an  inch  smaller  than  the  rear 

end.     Of  course,  the 
INSPECTION  LIMITS  FOR  TWIST  DRILLS  backs     Of    the     teeth 

drag  in  the  hole,  as 
there  Is  no  cutter 
clearance,  but  this 
defect  seems  to  be  of 
little  practical  Im- 
portance, as  the 
broaches  do  good 
work  and  size  thou- 
sands of  holes  be- 
fore they  have  to 
to  be  reground  to  a 
smaller  size. 


Maximum  Limit:    Standard  Nominal  Diameter.    Minimum  Limit:    Figures  given 
below  siiblractod  from  Standard  Nominal  Diameter 


BUea    or 

nniii.  iDchM 

Value   for 

Findinz    Miiii- 

mtim  l.tmit. 

Inch 

Sliea    of 

DrUll, 

MlUlmetn* 

Value  for 

Flndlnx    Uinl- 

mum  Limit. 

Inch 

SlJea  of 

DriU«. 

Nambrr 

or  Letter 

Value   for 
Finding    Mini- 
mum l.lmit. 
Inch 

rhto     -ft 

—  0.00025 

0.6  to    1.75 

—  0.00025 

No.  80  to  No.  50 

—  0.00025 

A  to    i 

— O.OOOB 

1.8  to    6.3 

—  0.0005 

No.  49  to  No.  1 

—  0.0005 

i^}  to    i 

—  0.00076 

6.4  to  13 

—  0.00076 

A  to  D 

—  0.0005 

»  tolj 

—  0.001 

13.5  to  32 

—  0.001 

B  to  Z 

—  0.00075 

1«  to  2 

—  0.0016 

32.5  to  50 

—  0.0016 

2A  to  3 

—  0.002 

50.5  to  75 

—  0.002 

UorSint^lf 
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FORMULAS  FOR  COMBINED    BENDING 
AND   TORSION 

The  subject  of  combined  bending  and  torsion  is  one  that 
has  proved  more  confusing  to  machine  designers  than  any 
other  phase  of  the  strength  of  materials  that  is  ordinarily 
encountered  by  the  mechanical  engineer  engaged  in  ordinary 
machine  design.  Several  formulas  have  been  proposed,  but 
unless  they  are  used  with  a  thorough  understanding  of  their 
limitations,  mistakes  are  likely  to  be  made.  Prof.  A.  Lewis 
Jenkins  of  the  University  of  Cincinnati,  in  a  paper  presented 
before  the  annual  meeting  of  the  American  Society  of  Me- 
chanical Engineers  in  December,  1917,  thoroughly  analyzes 
the  subject  and  gives  formulas  which  may  be  directly  applied 
by  machine  designers  when  the  bending  moment,  the  twisting 
moment  and  the  permissible  working  stress  are  known.  Two 
formulas  are  given,  one  for  the  design  of  shafts  of  brittle  ma- 
terials and  one  for  soft  ductile  materials. 

The  following  formula,  known  as  the  Grashof  formula,  may 
be  used  for  the  design  of  shafts  and  similar  machine  parts 
constructed  of  brittle  materials,  such  as  cast  iron,  hardened  or 
annealed  tool  steel,  hard  bronze,  and  other  materials  having  a 
small  contraction  of  area  when  tested  in  tension: 

SZ  =  3/83/„  +  5/S  \/Jfb'  + Jft' 
in  which  S  =  permissible  or  working  stress  in  tension; 
Z  =  rectangular  (ordinary)  section  modulus; 
J/i,  =  bending  moment  to  which  member  is  subjected; 
if  t  =  torsional  moment  to  which  member  is  subjected. 

For  the  design  of  parts  made  of  soft  or  ductile  materials, 
such  as  mild  (low-carbon  or  machine)  steel,  copper,  soft  brass 
and  soft  steel  tubing,  the  following  formula  should  be  used: 

s.Zp  =  i.3  vMTTmT' 

in  which  Zt  =  polar  section  modulus; 

S,  =  permissible  or  working  stress  in  shear, 
the  notation  otherwise  being  the  same  as  above. 

The  accompanying  table  gives  values  for  the  unit  tensile 
and  unit  shearing  stresses  at  the  yield  point,  of  a  number  of 
different  materials.  By  using  a  suitable  factor,  of  safety,  the 
permissible  working  stresses  may  be  obtained  from  this  table. 

STRESSES  AT  YIELD  POINT  OF  DIFFERENT  MATERIALS 


Machine  Steel  (mild  carbon  steel) 

Rivet  steel  

High-carbon  steel  

Nickel  steel    

Steel  tubing  


Average  Tensile  Average  Shear 
Stress  per      I  Ing   stress    per 

Square  iDch  at  Square  loch  at 
Yield  Point  Yield  Point 


47,000 
39.000 
60,000 
70,000 

22,000 


30,000 
24,000 
27,000 
37.000 
13,000 

ilarhincr]/ 


If  these  two  formulas  are  generally  used  when  applicable, 
the  Guest  formula,  the  use  of  which  has  been  often  advocated 
during  recent  years,  will  be  found  unnecessary;  It  would  per- 
haps be  desirable  If  this  formula  were  not  so  generally  advo- 
cated. bccauHO  It  applies  only  to  ductile  materials,  and  If  used 
for  hard  or  brittle  materials,  would  lead  to  the  adoption  of 
unsuitable  dimensions. 

•     •     • 

The  DavlH  Mfg.  Co.,  Milwaukee.  Wis.,  has  developed  a  con- 
tinuous rotary  labln  mlUinK  machine  with  aoci-loratcd  food 
motion  which  automatically  goPH  Into  dcUoii  wIhti  the  cutter 
hiiM  nulKhird  a  piece.  The  lost  time  on  the  "wind  cut"  Is  thus 
reducnd.  A  hob  was  required  to  hob  the  worm-wheel,  and 
Mr.  Davis  ordered  an  Inscrtcdtooth  lioh  made,  a*  ho  believed, 
so  that  It  would  servo  the  purposn  as  well  as  a  solid 
hob  and  would  be  much  cheaper  In  liibor  and  niiitcrlal  cost. 
Th<!  body  wad  turned  from  rnrbon  tool  hIitI  .ind  Imios  wore 
drilled  In  a.  hollml  path  for  9/10  Inch  high  Hpued  Ht«'»l  plugs. 
The  pIuKH  wcrn  nhupcd  approximately  tn  the  ro<|ulred  hoh 
tooth  ahnpo  and  driven  Into  pla^n.  The  nssemblnd  hob  wun 
then  rhaaod  and  the  teeth  backed  off  In  regular  fashion  and 
hardened.  No  trouble  was  cxperlenrcd  bocauso  of  cuttorM 
loimriilnK  In  tho  body.  Ihe  shrlnkngo  of  the  tool  stool  and  high- 
npi.i.il  nir<>i  boing  practlrally  the  snmn. 


PERMANENT    MOLDS    FOR    SHELL 
CASTING 

In  a  paper  presented  before  the  American  Foundrymen's 
Association,  E.  A.  Custer,  the  inventor  of  the  Custer  process 
for  casting  in  permanent  molds,  which  was  described  in  detail 
in  Machineey,  May,  1911,  dealt  with  the  possibilities  of  cast- 
ing shells  in  permanent  molds.^  There  is  nothing  new  in  the 
use  of  cast-iron  projectiles,  as  before  the  present  steel  age 
they  were  the  sole  means  of  battering  down  defenses  and  of 
attack  at  long  range.  Some  of  the  reasons  why  the  use  of 
cast-iron  shells  was  abandoned  are  that  the  metal  has  never 
made  a  very  good  record  for  uniformity,  freedom  from  spongi- 
ness  and  gas-holes;  its  tensile  strength  is  low,  and  it  lacks 
toughness.  The  defects  commonly  found  in  cast  iron  will  seri- 
ously affect  the  trajectory  and  direction  of  a  shell  and  render 
it  comparatively  useless.  If  one  portion  is  spongy,  and  hence 
lighter  than  the  remainder,  it  will  wabble  in  its  flight  and 
its  main  purpose  will  be  destroyed.  The  weakening  effect  of 
sponginess  or  blow-holes  may  cause  the  shell  to  break  under 
the  impulse  of  discharge,  and  destroy  the  gun.  A  forged  steel 
projectile  meets  all  these  objections,  and  for  that  reason  has 
been  universally  adopted. 

As  early  as  May,  1913,  German  and  Italian  munition  makers 
were  discussing  the  manufacture  of  cast-iron  projectiles.  In 
August,  1913,  it  was  reported  that  shells  had  been  made  that 
were  satisfactory,  in  that  they  had  the  proper  degree  of  frag- 
mentation and  were  strong  enough  to  resist  the  effect  of  the 
propelling  charge.  These  shells  were  made  in  iron  molds  with 
iron  cores.  Their  peculiarly  destructive  effect  was  later  ob- 
served in  the  field,  not  only  in  the  open,  but  also  against 
earthworks,  and  the  then  prevalent  idea  that  the  German 
forces  were  using  cast-iron  shells  on  account  of  the  scarcity 
of  steel  was  abandoned.  Ordinary  foundry  iron,  when  prop- 
erly cast  in  a  permanent  mold  and  when  removed  at  the  proper 
time,  has  in  the  resultant  casting  the  same  degree  of  hardness, 
irrespective  of  any  variation  in  the  chemical  constituents,  so 
long  as  the  same  size,  weight  and  shape  of  casting  is  made. 
The  time  the  casting  remains  in  the  mold  is  the  determining 
factor.  A  casting  weighing  about  60  pounds  remains  in  the 
mold  4  or  5  seconds,  while  a  casting  of  the  same  general 
contour  weighing  500  pounds  will  require  25  to  60  seconds. 

The  low  cost  and  great  output  per  day  and  effectiveness  of 
cast-iron  shells  have  been  so  completely  recognized  that  two 
of  the  warring  nations  are  using  them  to  an  enormous  extent. 
Prance  is  casting  them  in  sand,  and  Germany,  from  the  best 
information  available,  is  casting  them  in  permanent  molds. 
A  steel  forging  for  a  4.7-inch  shell  costs  over  $7  at  the  present 
writing,  while  a  casting  of  the  same  shell  can  bo  made  for  a 
little  over  $2.  Furthermore,  a  liberal  saving  in  labor  and 
machine-tool  consumption  can  be  effected. 


REPEAL  OF  INCREASED  SECOND-CLASS 
POSTAGE  URGED 

It  is  expected  that  Congress,  during  tlu"  iiresont  session, 
will  repeal  that  part  of  the  War  Revenue  Law  passed  last 
October  which  provides  for  an  Increase  of  from  50  to  900  per 
cent  in  the  postage  for  iieriodlcal.s.  a  matter  that  is  of  vital 
interest  to  all  readers  of  mechanicul  and  trade  journals. 
Under  the  proposed  zone  system  tor  secoixl-class  mall,  It 
would  cost  21  cents  to  send  a  copy  of  Maiiiiinkiiv  to  Chicago, 
and  proi)ortlonately  more  to  send  It  to  places  further  away. 
It  Is  quite  evident  that  this  Is  a  prohibitive  rate,  when  sub- 
Bcrlbers  pay  loss  than  20  cents  a  copy  for  thoir  paper.  Any 
readers  of  niuchunical  Journuls  who  aro  iiilorostod  In  main- 
taining the  prosunt  UHcfulnosfl  of  the  eiiRinccrluK  press  could 
servo  their  trade  or  profosslun  in  no  better  way  than  by  writ- 
ing their  rongroHsman  asking  the  ropoal  of  the  7.m\o  system  for 
nocond'CluHH  nwill.  I'arllciiliirly  now,  when  the  winning  of  the 
war  depends  to  so  great  nn  extent  upon  the  mechanical  In- 
iltistrlvH,  It  Hooms  to  hi'  a  very  Inopportune  time  to  do  any- 
thing tlinl  will  throtllc  the  RpriMidliig  of  uHpfiil  Inforniatlon 
In  tlioHo  InduHtrit'H.  iiml  llioruhy  hainpiT,  to  a  couHlilorable 
dogroo,  the  ■uccossful  pruducllou  of  war  materials. 


■«••  ilM  HtoaiNsat'i  KNutci-oraiiu,  Vuluius  li,  luiiio  30, 
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HOLZ  PERMEAMETER  FOR  MAGNETIC-MECHANICAL  ANALYSIS 

OF  IRON  AND  STEEL 


RESEARCH  work  done 
abroad  and  at  the  U.  S. 
Bureau  of  Standards 
has  shown  that  the  magnetic 
properties  of  iron  and  steel 
afford  a  most  valuable  index 
to  the  structural  conditions 
existing  in  such  materials, 
which  is  of  special  importance 
in  those  materials  intended 
for  use  where  strength  or  cut- 
ting properties  are  the  essen- 
tial factors.  Not  only  do  the 
initial  processes  of  manufac- 
ture affect  the  magnetic  char- 
acteristics, but  subsequent  heat-treatment  also.  Therefore,  the 
magnetic  test  offers  means  of  examining  materials,  tools,  etc., 
during  and  after  manufacture,  without  injuring  or  marring 
them,  with  a  view  to  predetermining  their  mechanical  per- 
formance. It  also  presents  a  method  of  investigating  the 
"exceptional  tool"  or 
product,  looking  to- 
ward its  routine  du- 
plication. In  nearly 
every  plant  it  hap- 
pens that — by  a  com- 
bination of  circum- 
stances— a  tool  of  re- 
markable quality, 
otherwise  not  dlstin 
guisbable,  is  some- 
tiraea  turned  out 
which  stands  up  far 
better  than  the  aver- 
age run  of  the  prod- 
uct. It  is,  of  course, 
important  to  obtain 
data  to  enalilu  dupli- 
cation of  this  high 
quality,  and  by  the 
method  of  "magnetic- 
niechanicul  analysts" 
we  are  in  a  position 
to  ascertain  the  char- 
artorlatlcB  of  the  re- 
markable product,  so 
that  a  baslB  Is  ere-  pi^ 
ated     for     ItR     exact 


Research  work  of  scientists  in  this  country  and  Europe  has 
shown  conclusively  that  there  is  only  one  set  of  mechanical 
characteristics  corresponding  to  a  given  set  of  magnetic  char- 
acteristics, and  vice  versa.  Consequently,  the  magnetic  prop- 
erties of  iron  and  steel  give  valuable  information  concerning 
structural  conditions  existing  in  the  material.  Until  recently, 
this  method  has  found  little  practical  application  in  industrial 
plants  owing  to  the  difficulty  of  accurately  determining  the 
magnetic  properties,  but  this  difficulty  has  now  been  overcome 
through  the  development  of  the  Holz  "permeameter."  This  in- 
strument may  be  used  for  testing  milling  cutters,  reamers, 
twist  drills,  files,  etc.,  and  also  for  testing  such  products  as 
wire,  loire  rope,  drill  rod,  etc.  An  advantage  of  the  method 
is  that  the  entire  piece  is  tested  instead  of  a  sample,  and  the 
test  is  made  without  in  any  way  damaging  the  product,  so  tAat 
this  method  is  equally  applicable  for  use  on  raio  materials  and 
finished  work. 


Apparatiu   for  lOToitliratlan  of  Msohanioal  Frop«rtl<»  of  Iron  and  Stool  Wlroi 
Bodi,   otc,   bjr  Dotorminttlon  of  thoir  Oorrolatod   Miftiotlo   OhiLrnot«rli>lli-ii 


duplication.  The  method  of 
"magnetic-mechanical  analy- 
sis" is  based  upon  the  funda- 
mental fact  that  "there  is  one, 
and  only  one,  set  of  mechani- 
cal characteristics  correspond- 
ing to  a  given  set  of  magnetic 
characteristics,  and  converse- 
ly there  is  one,  and  only  one, 
set  of  magnetic  characteris- 
tics corresponding  to  a  given 
set  of  mechanical  characteris- 
tics."' The  International  As- 
sociation for  Testing  Ma- 
terials, the  American  Society 
for  Testing  Materials,  the  U.  S.  Bureau  of  Standards,  and  a 
number  of  private  investigators  are  actively  engaged  on  this 
important  work,  so  that  the  science  of  properly  correlating 
the  underlying  factors  will  surely  make  rapid  progress  in  the 
near  future,  especially  since  accurate  and  convenient  apparatus 

has  now  been  de- 
veloped to  permit  the 
practical  application 
of  this  method  of 
analysis  in  the  indus- 
tries. Therearemany 
advantages  of  "mag- 
netic-m  echanical 
analysis"  which  are 
of  great  importance. 
The  material  actual- 
ly entering  into  the 
construction  of  the 
linished  product  and, 
in  most  cases,  the 
flnal  product  itself 
can  be  subjected  to 
the  test  without  suf- 
fering the  slightest 
injury.  The  various 
methods  of  testing 
now  largely  used 
(chemical,    mlcro- 

'Prom  "Corrolntlon  of 
tho  Mnfrnotl.'  nud  Mix'bnn- 
lonl  ProporllcK  of  Stool." 
Solcntlflr  Pmwr  No.  272. 
publlalwd  l>7  the  IT.  B. 
Dnr«liu  of  St«ndnrd»,  Wnah- 
IdkIod,  D.  0. 
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STRENGTH  OF  FIELD 


Fig.  2.     Permeability  Curves  of  Heat-treated  High-speed  Steel 

scopic,  hardness,  tensile,  impact,  etc.)  are  either  destructive 
or  local  surface  tests.  As  Dr.  Henry  M.  Howe  says:'  "Our 
tests  destroy  the  part  tested.  That  is  a  crude  state  of  the  art 
of  testing.  A  wholly  different  line  of  testing  from  that  now 
employed  is  opened  by  these  magnetic  investigations;  that  is 
to  say,  the  reaction  of  the  material  to  forms  of  energy  which 
have  no  permanent  effect  on  the  material  itself.  ...  I  do 
fhtlJeve  that  we  need  radically  different  methods  of  testing; 
jthat  our  present  methods  are  those  of  a  crude,  ignorant  age, 
;and  will  give  way  in  time  to  radically  different  methods  of 
•testing  which  determine  the  reaction  of  the  substance  to  forms 
'Of  energy  which  do  not  injure  the  substance."  Besides  the 
;polal  of  destruction  emphasized  by  Dr.  Howe,  the  important 
question  of  "sampling  error"  enters  into  all  the  old  methods 
of  chemical  and  physical  tests.  As  the  science  of  testing  stands 
now,  we  are  pulling  to  destruction  a  bar  of  steel  or  piece  of 
wire  and  presume  that  the  rest  of  the  material  under  investi- 
gation is  exactly  the  same  quality  as  the  small  specimen  tested. 
We  cut  off  a  piece  of  steel  for  observation  under  the  microscope 
and  relieve  the  internal  stresses  in  the  metal,  which  are  an 
Important  factor  in  the  Investigation.  We  press  a  small  steel 
ball  Into  a  spot  of  a  forging,  casting,  etc.,  and  assume  that 
this  gives  us  the  hardness  of  the  entire  mass. 

Another  Important  feature  of  the  magnetic-mechanical  test 
Is  that  It  shows  quite  clearly  differences  In  the  mechanical 
properll'.'H  of  steel,  where  the  other  methods  of  tost  tall  to 
indicate  them,  and  where  practice  has  shown  that  such  dif- 
ferences do  exl«t.  Two  pieces  of  steel  may  have  the  same 
"Brlnell  hardness."  for  Instance,  and  still  posscsH  entirely 
dlfforont  mechanical  charactorlsllcs.  This  point  was  shown 
by  n.  I'.  Devrlcs,  who  states:'  "I  wish  to  call  attention  to 
three  spoflmons  of  steel,  one  annealed  and  two  In  the  hard- 
ened condition.  These  pieces  wore  teHled  by  meann  i)f  the 
Drlnell  hardness  tost,  notch  bar  Impact  and  the  Miirtens 
scratch  lest.  The  tests  easily  dlfremnllatod  between  the  an- 
nealed and  the  hardened  sporlmens,  but  did  not  dlHllnRulsh 
bolwoon  the  two  hardened  specimens.  In  Flu.  2  the  "D-H" 
fpormnnhlllly)  curve*  for  Iheso  sperlmons  are  reproduced. 
Ti  ^      thol   by   dIfforontlolInK   between   the   aiiiieujed 

H/.m*    Api.ll'-i 


and  the  hardened  state  the  magnetic  test  also  discloses  con- 
siderable differences  between  the  two  hardened  specimens 
which  the  mechanical  tests  do  not  show."  The  magnetic- 
mechanical  test  is  not  restricted  to  work  in  the  laboratory. 
Products  like  tools,  saw  blades,  drills,  ball  hearing  races,  mill- 
ing cutters,  etc.,  can  be  subjected  to  routine  tests  in  the  plant, 
and  in  case  some  of  these  show  distinct  differences  in  magnetic 
properties  against  the  average  run,  it  is  safe  to  assume  that 
something  is  wrong  with  their  mechanical  properties,  so  that 
"seconds"  can  be  easily  separated  and  the  quality  of  tools  of 
established  trademark  can  be  at  all  times  fully  maintained. 
Among  the  many  other  steel  products  which  readily  lend  them- 
selves to  this  method  of  test  are  files,  knives,  drill  rods,  wires 
and  wire  ropes,  springs,  steel  balls,  plates,  sheets,  strips,  etc. 
Fig.  1  shows  a  typical  outfit  for  magnetic-mechanical  analysis 
of  wires,  wire  ropes  and  rods,  and  this  apparatus  is  of  consider- 
able importance  at  this  time  for  testing  the  wires  used  in  air- 
plane construction.  Not  a  "specimen"  of  the  material  is  sub- 
jected to  the  test,  but  the  wires  and  cables  actually  entering 
into  the  construction  of  the  planes.  The  slightest  lack  of 
homogeneity  or  otherwise  invisible  defects  in  the  stranded 
wires  are  clearly  shown  up  and  danger  is  thus  prevented. 
Similar  tests  can  be  applied  to  elevator  and  hoisting  cables; 
in  such  cases  the  apparatus  is  mounted  permanently  and  de- 
fects can  be  detected  before  accidents  happen. 

The  main  reason  why  this  important  method  has  not  found 
considerably  wider  practical  application  heretofore  was  the 
difficulty  in  the  operation' of  the  instruments  which  had  been 
available  for  conducting  magnetic  tests.  Considerable  progress 
was  made  by  the  development  of  the  "Fahy"  permeameter, 
fully  described  in  Scientific  Paper  No.  306  of  the  U.  S.  Bureau 
of  Standards,  Washington,  D.  C,  which  has  already  found 
application  in  the  industry  for  conducting  magnetic-mechanical 
tests.  Further  progress  has  recently  been  made  in  the  design 
of  such  apparatus  by  the  development  of  a  still  simpler  and 
just  as  accurate  permeameter  requiring  no  compensation,  and 
of  a  new  type  of  sensitive  galvanometer — similar  to  the  portable 
instruments  used  in  pyrometry — so  that  any  metallurgical  and 
mechanical  engineer  or  assistant  will  be  able  to  make  accurate 
determinations.  This  new  line  of  magnetic  testing  instru- 
ments will  also  include  a  very  accurate  and  convenient  outfit 
for  testing  permanent  magnets,  such  as  are  used  in  magnetos, 
etc.  These  instruments  are  being  sold  by  Herman  A.  Holz, 
Metropolitan  Bldg.,  New  York  City. 


SEABOLDT  LAPPED  MEASURING  WIRES 

To  provide  for  accurately  testing  the  precision  of  thread 
gages  and   other  threaded   work   by   the   familiar   three-wire 
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method,  the  B.  Seaholdt  Corporation,  25  West  Broadway,  New 
York  City,  is  now  making  sets  of  three  steel  wires  which  are 
hardened  and  lapped  to  size  with  a  guarantee  of  absolute  accu- 
racy. In  order  to  give  satisfactory  results,  it  is  well  known 
that  the  wires  used  for  testing  by  the  three-wire  method  must 
be  of  exactly  the  same  size,  and  to  meet  the  exceptional  de- 
mand for  means  of  checking  the  accuracy  of  thread  gages 
which  has  been  created  through  placing  of  large  contracts  for 
a  variety  of  munitions  of  war,  parts  of  which  are  required  to 
be  absolutely  interchangeable,  these  sets  of  accurate  measuring 
wires  were  placed  upon  the  market.  The  accompanying  illus- 
tration shows  one  simple  way  of  using  the  wires,  which  con- 
sists of  placing  them  on  the  thread  gage  or  other  part  to  be 
tested  in  the  usual  way,  and  using  rubber  bands  at  either  end 
to  hold  the  wires  in  place.  The  measuring  is  then  done  with 
a  micrometer. 

Another  good  way  of  using  these  wires  is  in  connection 
with  a  Prestwich  fluid  gage  of  the  type  shown  in  Fig.  3,  in 
the  article  describing  thread  comparators  manufactured  by 
the  Coats  Machine  Tool  Co.,  which  appears  elsewhere  in  the 
New  Machinery  and  Tools  Section  of  this  number.  The  three- 
wire  method  of  measurement  has  been  adopted  by  the  United 
States  Government  for  all  thread  gage  Inspection  at  the  Bureau 
of  Standards  and  for  use  in  all  arsenals  and  for  field  inspection 
in  various  munition  manufacturing  plants.  These  sets  of  meas- 
uring wires,  made  by  the  B.  Seaboldt  Corporation,  have  been 
made  for  the  government  in  sizes  ranging  from  0.011  to  0.144 
inch  in  diameter,  and  sets  have  been  made  for  the  Bethlehem 
Steel  Co.  ranging  in  size  from  0.010  to  0.150  inch  in  diameter. 
Each  set  consists  of  three  wires  which  are  guaranteed  to  be  of 
the  same  size. 


COATS  THREAD   COMPARATOR 

In  manufacturing  airplane  engines,  motor  trucks,  ammuni- 
tion, field  guns,  rifles,  etc.,  one  of  the  difficult  problems  with 
which  manufacturers  are  confronted  is  the  production  of 
threaded  parts  which  are  interchangeable.  Owing  to  the  large 
scale  on  which  the  manufacture  of  various  munitions  of  war 
is  being  carried  on,  it  is  necessary  to  produce  different  parts 


WlltMlm-ProitwIoh   Fluid   Oafo  Pitch  Dlamotsr   CompuKlor 
by  tho  Coat!  Michlnn  Tool  Co. 


Fig.    2.     Use    of   Swedish   Gages   on   Fitch   Diameter   Comparator  for 
establishing  Size  of  Master  Thread  Gage 

in  widely  separated  plants,  and  under  such  conditions  the 
only  assurance  which  the  manufacturer  has  that  the  parts  he 
is  turning  out  are  interchangeable  with  other  parts  is  that 
they  measure  up  properly  under  the  different  gages  provided 
for  the  purpose.  It  is  usually  the  practice  to  have  "master" 
gages  which  are  simply  used  to  check  the  accuracy  of  the 
"working"  gages  at  specified  intervals  in  order  to  see  that 
these  working  gages  fulfill  all  requirements.  To  provide  for 
checking  up  thread  gages,  J.  H.  Wilhelm,  superintendent  of 
the  gage  division  of  the  Ordnance  Department  of  the  Frank- 
ford  Arsenal,  designed  a  thread  comparator  to  measure  the 
pitch  diameter  of  thread  gages  ranging  from  %  Inch  to  10 
inches  in  diameter.  It  furnishes  a  convenient,  accurate  and 
rapid  method  of  comparing  working  gages  with  master  gages, 
giving  the  exact  value  of  any  error  which  may  exist.  This 
comparator  may  be  used  for  establishing  the  size  of  a  "master" 
gage  through  the  use  of  Swedish  gage-blocks  or  other  stand- 
ards, the  accuracy  of  which  has  been  properly  verified  by  the 
Bureau  of  Standards. 

The  elements  of  the  thread  comparator  comprise  a  base 
and  an  upright  overhanging  standard.  In  the  base  there  Is 
carried  an  accurately  lapped  steel  plate  which  Is  set  square 
with  the  hole  through  the  center  of  the  standard;  a  bar  slides 
through  this  hole  and  carries  the  upper  measuring  points, 
which  are  in  the  form  of  a  double  roller  to  rest  on  both  walls 
of  the  upper  part  of  the  thread  to  be  measured.  Underneath 
the  thread  gage  to  be  measured  there  are  placed  two  five-sided 
parallel  blocks  that  are  made  with  the  same  accuracy  observed 
in  the  production  of  standard  gage-blocks,  the  upper  surfaces 
coming  together  at  an  angle  equal  to  the  angle  of  the  thread 
to  be  measured.  These  blocks  are  set  on  the  lapped  steel  base- 
plate and  the  gage  to  be  measured  rests  upon  them,  the  walls 
of  tho  thread  being  In  contact  with  the  angular  upper  sides. 
This  method  affords  an  accurate  and  convenient  comparator 
for  nionaurlng  tho  pitch  diameter  of  threaded  work. 

Extreme  accuracy  of  reading  Is  obtained  by  the  use  of  a 
Prcatwlch  fluid  gage  on  this  apparatus.  The  upper  thread 
measuring  contact  or  roller  la  carried  on  the  lower  end  of  a 
vertically  slldablo  spindle,  while  the  upper  end  of  this  spindle 
rests  against  the  bottom  of  tho  diaphragm  of  the  Trestwloh 
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Fig.  3.    Simple  Type  of  Thread  Comparator  built  by  Coats  Machine  Tool  Co. 

gage.  With  this  arrangement  the  slightest  movement  of  the 
upper  measuring  contact  gives  a  reading  on  the  column  of  the 
Prestwich  gage,  while  the  thread  gage  helng  measured  rests 
on  the  lower  angular  parallels  and  passes  under  the  upper 
measuring  contacts.  When  a  second  thread  gage  is  passed 
through  the  machine,  it  will  give  the  same  reading  on  the 
Prestwich  gage  if  it  is  of  the  same  size,  while  if  it  is  larger. 
It  will  cause  the  column  to  rise  proportionately  higher,  and 
if  it  is  smaller,  the  column  will  not  rise  as  high  as  the  position 
formerly  reached  while  measuring  the  preceding  thread  gage. 
Aa  a  result,  the  difference  of  readings  may  be  taken  from  the 
gage  with  great  accuracy,  as  the  scale  on  the  gage  is  graduated 
to  0.0001  inch. 

In  order  to  establish  the  size  of  a  thread  gage  with  this  com- 
parator In  conjunction  with  standard  gage-blocks,  the  required 
size  Is  first  built  up  with  the  blocks  and  one  of  the  angular 
five-sided  blocks  is  then  placed  at  the  top  of  them.  Then  the 
arm  carrying  the  upper  thread  measuring  contact  is  vertically 
adjusted  so  that  the  contact  fits  over  the  angular  sides  of  the 
block  and  the  Prestwich  gage  column  is  at  a  "mean  specific 
height."  In  this  way  the  comparator  may  be  set  for  any  size 
absolutely  without  recourse  to  any  other  measuring  machine. 
The  master  gage  and  the  amount  that  a  gage  is  above  or  below 
the  ref|ulred  pitch  diameter  may  be  read  direct  from  the  scale 
on  thp  Instrument.  The  Prestwich  fluid  gapie  is  manufactured 
under  license  for  the  United  States  and  Canada  by  the  Coats 
Machine  Tool  Co.,  Inc.,  30  Church  St.,  New  York  City.  The 
results  obtained  with  this  Ihrpad  comparator  are,  of  course, 
dependent  upon  the  use  of  th<!  Prestwich  gage,  and  the  com- 
parator has  recently  been  added  to  tin.-  line  of  specialties  made 
by  this  company. 

KlgH.  1  and  2  show  mclhodB  of  sfllliiK  up  the  thread  com- 
parator with  SwiwIIbM  KageblockH,  and  how  the  comparator 
la  uwtd  for  menHuring  a  niBHtr-r  tlirt-ud  gage.  It  has  already 
b«on  explained  tliiit  this  npparntuH  was  especially  built  to 
mct;l  the  refiulromenls  of  the  Ordnance  Department  of  the 
Krankford  Arsenal.  It  Is  provided  with  fourtoon  rollers  of 
different  pitrhos,  and  the  enuipmcnt  Is  of  a  character  which 
makes  the  machine  quite  expensive.  To  meet  the  reniilremonls 
of  thone  shops  that  do  not  have  enough  giigo  teslInK  to  do  to 
warrant  Invostmont  In  a  machine  of  this  typo,  tho  Coats  Ma- 
chine Tool  Co.  Is  building  a  simpler  typo  of  thread  comparator. 


which  is  shown  in  Fig.  3.  It  will  be  seen  that  this  operates 
on  the  familiar  three-wire  principle,  and  the  possibility  of 
using  the  Prestwich  gage  in  connection  with  this  method  en- 
ables the  accuracy  of  thread  gages  and  other  threaded  work 
to  be  rapidly  and  accurately  determined.  Complete  informa- 
tion concerning  the  application  of  the  three-wire  method  of 
measuring  threaded  work  is  given  on  pages  1031  and  1032  of 
Machineby's  Handbook. 


WOODS  TOOL  AND   CUTTER  GRINDER 

In  the  accompanying  illustration  is  shown  a  No.  21/2  uni- 
versal tool  and  cutter  grinder  which  is  a  recent  product  of 
the  Woods  Engineering  Co..  Alliance,  Ohio.  This  machine  is 
designed  to  meet  the  requirements  of  tool-room  grinding,  and 
it  will  be  seen  that  it  is  of  the  swivel  head  type  with  the 
work-table  located  directly  under  the  countershaft  at  all  times. 
All  parts  of  the  mechanism  are  readily  accessible  for  cleaning, 
which  is  an  important  feature  in  the  design  of  a  grinding 
machine.  As  its  name  implies,  the  machine  is  strictly  "uni- 
versal" and  will  grind  any  cutter,  reamer  or  other  work  which 
comes  within  its  range,  and  do  the  work  accurately  and  rap- 
idly. Changes  from  one  grinding  operation  to  another  are 
easily  made,  and  provision  for  making  all  adjustments  are 
worked  out  in  such  a  way  that  the  time  involved  in  making 
changes  is  not  excessive.  An  automatic  longitudinal  feed  is  a 
regular  feature  of  this  machine,  but  automatic  cross-feed  can 
also  be  furnished  to  special  order.  Twelve  changes  of  table 
travel  are  obtained  through  change-gears  and  cover  a  range  of 
from  24  to  143  inches  per  minute. 

Provision  is  made  for  swiveling  the  head  through  180  de- 
grees and  for  setting  it  at  any  angle  with  the  table  by  loosen- 
ing a  ~%-inch  clamping  nut  and  then  making  the  necessary 
setting  through  the  use  of  a  graduated  dial  at  the  top  of  the 
column.  Dust  guards  are  provided  for  the  table  slides  and 
adjustable  gibs  provide  means  of  compensating  for  any  wear 
which  may  develop  in  these  slides.  The  gibs  extend  the  full 
length  of  the  table  and  have  a  bearing  for  the  full  length  of 
the  saddle  guide.  The  bearing  surface  of  the  sliding  table  has 
one  vee  and  one  flat  way  with  ample  bearing  surface  to  main- 
tain accurate  alignment.  The  top  table  swivels  on  a  central 
pivot  with  binding  bolts  at  each  end,  so  that  the  table  may  be 
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set  for  grinding  ta- 
pered work  held  be- 
tween centers,  or  work 
tliat  is  clamped  to  the 
table.  Graduations  at 
the  ends  of  the  table 
read  to  1/16  inch  taper 
per  foot.  Adjustable 
stops  limit  the  table 
travel  when  grinding 
up  to  a  shoulder,  or 
for  similar  operations. 

For  grinding  opera- 
tions that  require  the 
top  table  to  be  held 
at  a  greater  angle 
than  is  possible  with 
the  screw  adjustment, 
two  dogs  are  provided 
for  securely  clamping  the  two  tables.  The  knee  is  of  the 
extended  and  box  section  type  and  slides  on  a  V-key  that 
is  adjustable  for  wear.  Both  elevating  and  cross  travel  screws 
are  provided  with  micrometer  dials.  The  saddle  slides  on  the 
knee  on  one  vee  and  one  flat  way,  and  these  bearing  surfaces 
are  never  exposed  for  any  position  of  the  table.  An  internal 
attachment  for  this  machine  has  two  speeds  and  is  so  con- 
structed that  the  spindle  has  a  bearing  next  to  the  emery 
wheel,  which  eliminates  vibration  due  to  a  long  overhang.  The 
universal  vise  has  three  swivels,  which  allow  it  to  be  set  in 
any  position.  The  countershaft  is  self-contained  and  provides 
three  changes  of  speed  tor  the  work-spindle  and  two  changes 
of  speed  for  the  grinding  wheel. 

The  principal  dimensions  of  this  machine  are  as  follows: 
longitudinal  travel,  22  inches;  cross  travel,  7^^  inches;  verti- 
cal travel,  10  inches;  maximum  distance  between  centers,  28 
inches;  swing,  9  Inches;  number  of  table  speed  changes,  12; 
dimensions  of  vise  jaws,  IVi  inch  high  by  5^4  inches  wide; 
opening  of  vise,  2%  inches;  and  net  weight  of  machine,  ap- 
proximately 1275  pounds. 


Heavy-duty  Type   H   18-inch  Engine  Lathe  built   by  David   A.   Wright 


WRIGHT  ENGINE   LATHE 

David  A.  Wright,  568  W.  Washington  Blvd.,  Chicago,  111.,  is 
now  manufacturing  an  18-inch  heavy-duty  engine  lathe,  adapted 
for  use  in  the  manufacture  of  shells,  artillery  hubs  and  other 
heavy-duty  work  of  a  similar  nature.  To 
stand  up  under  this  service,  the  machine 
is  heavily  constructed  with  bearings  of  lib- 
eral size,  and  with  a  lead-screw  2  inches 
in  diameter.  In  general,  the  machines  are 
capable  of  obtaining  the  maximum  produc- 
tion from  high-speed  steel  tools.  This  lathe 
is  regularly  equipped  with  a  three-step  cone 
pulley  and  double  back-gears  and  an  Ira- 
proved  locking  device,  by  means  of  which 
the  cone  pulley  and  spur  gear  can  be  in- 
stantly connected  or  disconnected,  without 
requiring  the  use  of  a  wrench.  This  per- 
mits the  back-gears  to  be  easily  thrown  in 
or  out.  Removable  guards  are  furnished 
over  all  gears.  The  spindle  is  machined 
from  a  steel  forging  and  is  accurately 
ground  with  a  hole  through  its  entire 
length.  The  spindle  bearings  arc  lined 
with  phosphor-bronze  and  equipped  witli 
oil  pockets  and  chain  oilers.  Anti-frlctlon 
thrust  bearings  arc  provided  with  a  nut 
for  adjusting  the  thrust  washer,  which 
Is   made    of   steel,    hardened    and    ground. 

In  working  out  the  design  of  the  tail 
Hiock,  provision  has  been  made  for  sotting 
the  compound  rest  at  right  angles  to  the 
rroR»-8llde;  and  the  tallstock  spindle  Is 
madn  of  steel,  accurately  ground  to  size. 
An  adjusting  screw  provides  for  sotting 
ovr   the  tallstock   for  the  performance  of 


taper  -  turning  opera- 
tions. The  carriage  is 
securely  gibbed  at  the 
front,  center  and  back, 
and  is  scraped  to  a 
solid  bearing  on  the 
bed  throughout  its  en- 
tire length.  Provision 
of  a  flat  top  for  the 
carriage  enables  work 
to  be  clamped  on  the 
carriage.  Power  longi- 
tudinal and  power 
cross-feeds  are  pro- 
vided, and  when  the 
cross-teed  is  used  the 
carriage  can  be 
clamped  to  the  bed  by 
|i  means  of  a  lever  which 
is  located  conveniently  for  the  operator.  The  compound  rest  is 
fitted  with  taper  gibs  which  require  only  one  screw  for  their  ad- 
justment; and  the  handle  of  the  compound  rest  is  removable, 
enabling  it  to  be  taken  off  when  not  in  use,  so  that  it  does 
not  interfere  with  manipulation  of  the  cross-feed  handle. 
Both  the  longitudinal  and  cross-feeds  are  reversible  from  the 
apron,  and  the  longitudinal  feed  is  so  arranged  that  it  is  im- 
possible for  the  lead-screw  and  feed-rod  to  be  engaged  at  the 
same  time.  The  feed  reverse  is  controlled  by  a  lever  placed 
near  the  bottom  of  the  apron,  which  is  used  for  the  turning 
feed  only  and  not  for  screw  cutting;  reversal  for  screw  cut- 
ting is  obtained  by  shifting  a  lever  located  at  the  end  of  the 
headstock.  A  range  of  feeds  and  provision  for  cutting  screw 
pitches  are  provided,  which  are  sufficient  to  take  care  of  all 
of  those  classes  of  work  that  are  handled  on  a  machine  of 
this  type. 

The  principal  dimensions  of  this  machine  are  as  follows: 
swing  over  bed,  19%  inches;  swing  over  carriage,  11  inches; 
capacity  between  centers,  4  feet;  length  of  carriage  bearing 
on  ways,  30  inches;  ratio  of  back-gears,  12  to  1;  dimensions  of 
front  spindle  bearing,  3%  by  6  inches;  dimensions  of  rear 
spindle  bearing,  2%  by  4%  inches;  diameter  of  hole  through 
spindle,  1%  inch;  diameter  of  spindle  nose,  3  inches;  capacity 
for  thread  cutting,  2  to  32  threads  per  inch;  width  of  driving 
belt,  5  inches;  size  of  tools,  %  by  1^4  inch;  capacity  of  steady- 
rest,  up  to  6  inches;  and  weight  of  machine  with  8-foot  bed, 
3600  pounds.  Regular  equipment  furnished 
with  the  machine  includes  a  compound  rest, 
double-friction  countershaft,  large  faceplate, 
steadyrest,  change-gears,  and  wrenches  for 
making  all  adjustments  that  may  be  neces- 
sary. 


Llttlo  David"  Alr.drlvon  PadpilrU  Orlnder 
buUt  by  Inionoll-RKnd  Co. 


INGERSOLL  -  RAND  AIR- 
DRIVEN  PEDESTAL 
GRINDER 

For  general  service  where  a  stationary 
pneumatic  grinder  is  preferred  to  a  port- 
able tool,  the  IngersoU-Rand  Co.,  11  Broad- 
way, New  York  City,  has  designed  and  is 
placing  on  the  market  the  machine  illus- 
trated herewith,  which  Is  designated  as 
No.  8  "Little  David"  grinder.  The  three- 
cylinder  motor  with  its  continuous  power 
impulse,  the  rotary  valve  Integral  with  the 
crankshaft,  and  the  triple  ball-bearing  spin- 
dle are  of  similar  design  to  the  Ingersoll- 
Rand  No.  7  "Little  David"  grinder.  The 
nvachlne  Is  rated  to  operate  at  3400  revo- 
lutions per  minute  with  compressed  air 
at  80  pounds  per  square  Inch  pressure. 
Control  Is  effected  by  means  of  a  con- 
venient foot-lever.  The  grinding  wheel 
usually  employed  Is  8  Inches  In  diameter 
and  1  Inch  face  width. 
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Fig.  1.     Front  View  of  K.  K.  LeBlond  38-inch  Gun  Boring  Lathe  with  32-foot  Bed 


LE  BLOND  GUN  BORING  LATHE 

To  meet  the  requirements  of  rough-boring  tubes  and  jackets 
for  guns  up  to  6  inches  in  diameter  from  solid  forgings, 
and  also  to  provide  for  finish-boring  the  rough-bored  forg- 
ings, the  R.  K.  LeBlond  Machine  Tool  Co.,  Cincinnati,  Ohio, 
has  placed  on  the  market  a  38-inch  gun  boring  lathe  which 
is  illustrated  and  described  herewith.  When  provided  with 
a  32-toot  bed,  this  machine  has  a  capacity  for  boring  holes 
8  feet  in  length,  and  an  addition  of  two  feet  to  the  length 
of  bed  must  be  made  for  each  additional  foot  of  length  of  the 
work  to  be  bored. 


top    which    forms   a   channel    for    carrying    lubricant    to    the 
reservoir,  no  separate  oil-pan  being  required. 

This  lathe  is  provided  with  a  headstock  of  the  all-geared 
type,  with  two  mechanical  changes  of  speed  obtained  through 
sliding  gears  operated  by  a  "lever  at  the  front  of  the  head- 
stock.  The  main  driving  gear  on  the  spindle  is  pressed 
on  and  keyed  to  the  spindle,  this  gear  being  34  inches 
in  diameter  by  7  1/2  inches  face  width,  and  2  1/2  diametral 
pitch.  Provision  is  made  for  bolting  the  headstock  to  the 
bed  by  means  of  six  1  1/4-inch  bolts  and  a  flange  12  inches 
in  diameter  by  1  3/4  inch  thick  at  the  front  end  of  the 
spindle   is   provided   with    four    1-inch    bolts    to   receive   the 


Tig,  2.    OppOBlto  Side  of  LeBlond  Gun  Boring  Lathe,  showing  Pump  and  Power  Traversing  Mechanism 


On  this  machine  the  bed  is  of  box  section  with  the 
center  portion  cast  to  form  a  reservoir  for  collecting  the 
cutting  lubricant.  Flat  shears  are  provided  on  the  bed 
and  the  machine  Is  equipped  with  a  boring  tailstock,  a 
steadyrest  and  a  support  for  the  boring-bar,  all  of  which  are 
Hquare-gibbed  to  the  bed.  Beds  up  to  and  including  32 
feet  In  length  are  made  in  one  piece,  while  beds  above  this 
length  are  made  In  sections  and  bolted  together.  Cross- 
ribs  are  provided  In  the  bed,  with  an  arched  web  cast  In  the 


driving  chuck.  Power  for  driving  the  lathe  Is  furnished  by 
a  25-horsepower,  three-to-one,  variable-speed  motor,  with  a 
range  of  from  500  to  1500  R.P.M.;  this  motor  is  mounted 
at  the  end  of  the  lathe  and  drives  through  spur  gears  and 
a  pinion.  Spindle  speeds  are  available  over  a  range  from 
5  to  60  revolutions  per  minute,  and  the  motor  controller  is 
operated  through  a  lever  located  on  the  carriage. 

Mention   has  been  made  of  the  fact  that  the  boring  tall- 
stock  is  gibbed  to  the  bed.     This  tailstock  is  furnished  with 
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double  bar  supports  which  have  counterbalanced  hinged  caps. 
These  bar  supports  are  bored  5  to  7  1/2  inches  in  diameter; 
and  the  tailstock  is  provided  with  rapid  power  traverse  and 
a  rack  and  pinion  for  hand  adjustment.  Feed  to  the  boring 
tailstock  is  obtained  through  a  screw  3  1/2  inches  in  diameter 
by  3/4  inch  pitch,  which  is  located  and  supported  in  bear- 
ings in  the  center  of  the  lathe  bed.  The  screw  engages 
bronze  half-nuts,  made  in  separate  pieces  and  easily  renew- 
able. The  drive  to  the  screw  is  through  a  worm  and  worm- 
wheel  provided  with  ball  thrust  bearings.  Feed  changes 
are  obtained  by  means  of  change-gears  and  cover  a  range 
from  0.004  to  0.064  inch  per  revolution  of  the  spindle.  The 
boring-bar  support  is  square-gibbed  and  clamped  to  the 
shears,  and  provided  with  a  counterbalanced  hinged  cap;  it 
is  bored  8  1/2  inches  in  diameter  and  bushed  down  to  suit 
the  boring-bar.  This  support  has  a  bearing  of  16  inches  on 
the  shears  and  the  bearing  for  the  boring-bar  is  8%  inches. 

The  carriage  is  furnished  with  automatic  feed,  quick- 
power  traverse  and  a  rack  and  pinion  for  hand  adjustment, 
the  same  as  the  boring  tailstock.  It  is  provided  with  a 
plain  tool-slide  with  cross  adjustment  by  hand  only.  The 
length  of  the  carriage  on  the  shears  is  24  inches  and  its 
width  is  38 1/2  inches,  provision  being  made  for  holding 
a  tool  1  by  2  inches  in  size.  Two  steadyrests  are  furnished 
with  the  machine,  which  have  a  capacity  from  1  to  18  inches 
and  1  to  24  inches  in  diameter,  respectively;  they  are  pro- 
vided with  five  jaws  and  a  removable  cap,  the  jaws  being 
faced  with  bronze.  Both  the  boring  tailstock  and  carriage 
have  rapid  traverse  in  either  direction,  which  is  obtained 
through  a  central  screw  in  the  bed  and  an  independent  motor 
mounted  at  the  rear  of  the  lathe.  This  motor  develops  5 
horsepower  and  runs  at  1150  R.P.M.;  it  is  controlled  by  a 
special  E.  C.  &  M.  controller  and  solenoid  brake  operated  by 
a  lever  on  the  carriage,  which  also  starts  and  stops  the  feed. 

A  triplex  single-acting  pump  of  4  by  4  inches  capacity  is 
direct-connected  to  a  3-horsepower  motor  for  forcing  lubri- 
cant onto  the  cutting  tool,  this  pump  having  a  capacity  for 
delivering  32  gallons  of  lubricant  at  a  pressure  of  from  40 


Tig.  6.     Close  Hoar  View  of  Head  End  of  Latho.  showing  Motor  MountiHK 

to  50  pounds  per  stiuarc  inch  when  runninK  at  50  revolu- 
tions per  minute.  A  boring-bar  is  not  furnished  with  the 
machine,  but  the  boring  tailstock  is  arranged  with  piping 
from  the  pump  to  deliver  lubricant  to  the  boring-bar.  The 
weight  of  this  machine  Including  the  motors,  pump,  etc.,  is 
approximately  36,000  pounds,  and  the  weight  per  extra  foot 
of  lathe  bed  Is  450  pounds. 


LANDAU  MULTIPLE   DRILLING  AND   TAP- 
PING MACHINE 
In   the  July,  1916,  number  of   MAciiiNEnv  there  was  pub- 
lUhcd  an  illustrated  description  of  a  multlplesplndlo  drilling 
and  tapping  machine  of  the  turret  head  type,  which  had  Just 


been  developed  and  placed  on  the  market  at  that  time  by  J.  N. 
Landau,  of  New  York  City.  Recently,  the  Landau  Machine 
&  Drill  Press  Co.  has  been  incorporated,  and  in  its  shop  at 
368-370  Broome  St.,  the  drilling  and  tapping  machine  shown 
in  the  accompanying  illustration  is  being  built.  Comparing 
it  with  the  machine  previously  described,  it  will  be  seen 
that  the  two  designs  are  essentially  the  same,  except  that  the 


Landau  Multiple  Drilling  and  Tapping  Machine  with  Cone  PuUey  Drive 

present  machine  is  furnished  with  means  for  quickly  obtain- 
ing any  of  three  speed  changes,  speeds  of  650,  1150  and  ISOO 
revolutions  per  minute  being  available.  It  will  be  seen  that 
at  the  right-hand  side  of  the  machine  there  is  a  sliding  bar, 
at  the  rear  end  of  which  is  carried  the  belt  shifter  which 
moves  the  belt  from  the  tight  to  the  loose  pulley  and  vice 
versa,  this  bar  being  manipulated  by  handle  A. 

Similarly,  at  the  left-hand  side  of  the  machine  there  is  a 
belt  shifter  manipulated  by  handle  B,  which  throws  the  belt 
to  one  of  the  three  steps  on  the  cone  pulleys.  A  long  idler 
pulley  of  the  same  width  as  the  three  steps  on  the  cone 
pulleys,  provides  for  maintaining  a  uniform  belt  tension. 
This  machine  has  a  capacity  for  drilling  holes  up  to  1/4 
inch  in  diameter;  and  for  the  performance  of  tapping  opera- 
tions in  iron  or  steel  the  capacity  is  3/16  inch,  while  1/4-inch 
holes  may  be  tapped  in  brass.  The  tapping  attachment  Is 
driven  from  the  main  spindle  when  the  latter  is  running 
at  1150  R.P.M.,  and  gives  a  speed  of  140  R.P.M.  for  the 
tapping  spindle.     Hand  feed  is  employed  on  this  machine. 


LANGELIER   TURNBUCKLE   DRILLING 

MACHINE 
The  machine  shown  in  Figs.  1  and  2  was  designed  by  the 
Langelier  Mfg.  Co.,  Arlington,  Cranston,  R.  I.,  especially  for 
drilling  the  central  tap  hole  in  tobiu  bronze  airplane  turn- 
buckles,  ranging  in  length  from  2  to  4  inches.  The  drilling 
is  done  simultaneously  from  both  ends,  thereby  reducing  the 
drilling  time  to  at  least  50  per  cent  of  that  required  by  a 
single-spindle  drilling  machine.  An  ordinary,  inexpert  opera- 
tor, will  easily  average  sixty  buckles  drilled  per  hour  on  4inch 
turnbucklos.  and  for  shorter  lengths  he  can  do  considerably 
more.  The  two  drilling  spindles  in  this  machino  advance  and 
withdraw  in  unison,  when  the  operator  moves  a  single  pilot 
connected  by  gearing  highly  compounded  for  easy  operation 
of  both  spindle  sleeves.  The  construction  of  the  machine 
consists  of  two  heads  fitted   with  these  sleeves  geared   to  a 
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vertical  pinion  that  meshes  with  interconnected  racks  inside 
of  the  bed.  The  feed  is  operated  by  a  three-armed  handwheel 
that  is  connected  by  gears  to  the  feed  sleeve;  and  the  drilling 
spindles  run  on  ball  bearings  that  are  mounted  inside  of  the 
feed  sleeves.  They  are  driven  by  flanged  pulleys  mounted 
on  their  outer  ends  and  are  belted  to  wide  drum  pulleys  on 
the  overhead  countershaft.  An  adjustable  drilling  stop  is  pro- 
vided on  the  right-hand  head. 

To  avoid  the  drills  coming  together  at  the  center,  the  left- 
hand  head  is  provided  with  a  feed  release  mechanism  that 
can  be  adjusted  to  operate  just  before  the  drill  ends  meet. 
The  spindle  is  returned  by  the  pull  of  a  long  spring,  seen 
at  the  left-hand  end  of  the  machine.  Both  spindles  have  ad- 
justing collets  with  sockets  to  take  No.  2  Jacobs  chucks  with 
taper  shanks.  The  size  of  drills  used  for  the  4-inch  turn- 
buckles  was  No.  12  drills,  6  inches  long;   they  were  made  of 
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Fig.  3.     Tobin  Bronze 


Airplane  Turnbuckle   drilled 
in  Figs.   1  and  2 


Machine  shown 


to  the  drills  only  when  they  are  cutting.  The  oil  is  fed 
directly  into  the  locating  bushings  by  means  of  metallic  flex- 
ible tubes;  and  the  oil-pump  is  belted  direct  to  the  counter- 
shaft. The  floor  space  occupied  by  this  deep-hole  drilling  ma- 
chine is  5  feet,  9  inches  by  2  feet,  2%  inches  and  the  machine 
stands  49  inches  high. 


Fig.   1.     Langelier  Two-spindle  Horizontal  Tumlittckle  DriUing  Machine 

high-speed  steel  and  run  at  a  speed  of  3000  revolutions  per 
minute.  The  expense  and  difficulty  of  getting  special  length 
drills,  that  would  be  required  when  drilling  from  one  end 
are  avoided,  as  the  drills  used  in  this  machine  are  standard 
stock  lengths.  The  turnbuckles  are  located  and  held  in  the 
drilling  position  by  a  specially  designed  vise,  which  is  lo- 
cated midway  between  the  drilling  heads,  and  this  vise  is 
controlled  by  one-half  turn  of  a  handwheel.  The  turnbuckles 
are  first  centralized  both  axially  and  lengthwise,  by  two 
opposed  CO-degree  cupped  bushings  mounted  in  T-slides  that 
are  operated  by  a  double  path  spiral  cam.  This  cam  is  geared 
to  the  handwheel  shaft.  After  the  turnbuckle  is  centralized, 
a  plier  type  of  vise  jaw  that  is  operated  by  a  circular  double 
wedge  cam,  mounted  on  a  handwheel  shaft,  grips  the  central 
portion  of  the  turnbuckle  and  holds  it  without  affecting  its 
alignment  while  It  Is  being  drilled.  The  vise  can  be  adjusted 
to  take  turnbuckles  from  2  to  4  inches  In  length.  This  ma- 
chine Is  provided  with  an  automatic  oil  feed  that  delivers  oil 


OLIVER  WOOD  MILLING  MACHINE 

In  the  accompanying  illustration  there  is  shown  a  No.  75 
wood  milling  machine,  which  is  a  recent  product  of  the 
Oliver  Machinery  Co.,  7  Coldbrook  St.,  Grand  Rapids,  Mich. 
In  general  respects  the  design  of  this  machine  follows  that 
of  an  Oliver  wood  milling  machine  which  has  been  on  the 
market  for  some  time,  but  the  design  has  been  improved  in 
certain  important  details.  Among  these  changes  the  most 
important   is   the   provision   of   a   new   form   of   table   which, 


rUr.  •.    OlM*  VUir  of  Drill!  tad  Work  on  MuklM  (bown  la  Flf.  1 


No.    76   Wood   HilUng   Machine   built   by    Olivi-r    Miulun.iy    Co. 

like  the  original  table,  may  be  tilled  mid  rotiitcd  in  a  hori- 
zontal plane,  in  addition  to  which  the  improved  table  may 
be  rotated  In  a  plane  at  any  angle  to  the  horizontal,  thus 
making  the  machine  entirely  universal.  Compound  cross- 
slides  are  located  above  the  double  swivel  and  tilting  mech- 
anism 80  that  these  slides  will  operate  in  any  position. 
There  was  only  one  slide  on  the  old  table.  In  addition  to 
the  change  In  table  design,  the  column  of  the  machine  has 
boon  broadened  and  made  of  heavier  constnirtlon,  while  the 
size  of  tlio  biiHo  has  also  l)oon  liKToasod,  tlic  result  of  these 
chanKc'H  belMK  to  render  the  tmicliliie  iir:i(l  li;illy  free  from 
vibration. 


HOOVER  INSERTED-POINT   CENTERS 

In  the  (irrompanylng  llliiHtrnllon  lliero  Ih  uhown  what 
In  known  dh  an  "InBortml-polnl"  lathe  eonlor,  which  Is  a. 
recent  product  of  the  Uonvor  Mfg.  ('o.,  Andnrson,  Ind.  It 
will  bo  itoen  that  this  nonnlHtu  of  a  holder  and  center  point, 
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Hoover  Inserted-point  Lathe  Centers 

and  the  use  of  this  form  o£  lathe  center  enables  new  points 
to  be  inserted  without  the  necessity  of  grinding  centers 
back  to  the  required  form.  In  this  way  the  production  from 
each  machine  is  increased  and  a  saving  of  steel  is  also  ef- 
fected. 


TURNER  TURRET  TYPE  DRILLING 
MACHINE 

In  the  accompanying  illustration  there  is  shown  a  Model 
B  turret  type  drilling  machine,  which  is  a  recent  product  of 
the  Turner  Machine  Co.,  Danbury,  Conn.  It  will  be  seen  that 
this  machine  is  built  with  a  round  column,  and  either  a  round 
or  square  table  is  provided.  The  table  is  swung  on  a  univer- 
sal knee  which  is  attached  to  the  column,  so  that  the  table 
may  be  tilted  to  any  desired  angle  required  for  handling  the 
work.    Graduations  on  the  universal  joint  enable  the  operator 

to  set  the  table 
readily  to  any  angle 
desired;  the  table 
can  also  be  re- 
moved, giving  the 
machine  a  very 
wide  range.  When 
a  square  table  is 
furnished  on  the 
machine  it  is  16  1/2 
by  24  inches  In 
size  and  fitted  with 
an  oil-pan.  The 
round  table  fur- 
nished on  the  ma- 
chine is  made  in 
two  sizes,  18  or  20 
inches  in  diameter. 
Mention  has  al- 
ready been  made  of 
the  fact  that  the 
table  may  be  re- 
moved from  the  ma- 
chine to  enable 
work  to  be  set  up 
on  the  floor  base, 
which  is  of  excep- 
tionally  large   size 

Turner  Model  B  Turret  Type  Drilling  Machine  ^jjj    planed    true 

with  the  column  to  assure  accuracy  of  work  machined  while 
held  on  the  base.  Four  spindles  are  provided  on  this  ma- 
chine, only  one  of  which  is  in  operation  at  a  time.  After 
each  operation  of  the  sequence  has  been  completed,  the  next 
spindle  is  indexed  to  the  operating  position  and  this  spindle 
then  becomes  operative  while  the  other  three  spindles  are 
idle.  An  oil  tank,  pump  and  piping  are  furnished  when  re- 
quired in  connection  with  those  drilling  operations  tor  which 
the  use  of  coolant  is  necessary. 


ROBINSON  ELECTRICAL  ENGRAVING 
MACHINE 
An  improved  machine  for  electrically  engraving  hardened 
steel  tools,  etc.,  with  any  kind  of  mark  or  name  has  just  been 
placed  on  the  market  by  the  Production  Equipment  Co.,  lis 
10.  2Sth  St.,  New  York  City.  The  machine  is  made  tor  this 
company  exclualvoly  by  the  U.  I.  Electrical  Tool  Co.,  Provi- 
dence, H.  I.  As  win  be  understood  from  its  name,  the  Robinson 
electrical  engraving  machine  does  not  require  the  use  of 
arid,  as  In  the  ordinary  etching  process,  thus  eliminating 
the  trouble  caused  by  acid  spots,  to  say  nothing  of  the  time 


taken  in  applying  the  wax  and  acid  process.  With  this  en- 
graving machine,  the  tool  or  piece  of  work  to  be  marked  is 
simply  placed  on  the  plate  shown  in  the  forepart  of  the  illus- 
tration, and  the  etching  pencil  is  used  in  the  same  way  as 
an  ordinary  pencil,  for  etching  in  the  steel  whatever  mark 
or  lettering  is  required.  A  special  resistance  block  with  ad- 
justing switches  is  supplied  for  regulating  the  depth  of  the 
etching  and  to  accommodate  various  thicknesses  of  steel, 
down  to  even  ribbon  steel. 

The  Robinson   electrical   engraving  machine  is  exceedingly 
simple  to  use.    Lettering  of  any  kind  can  be  marked  on  metals 


Robinson  Electrical  Engraving  Uachine  sold  by  Production  Equipment  Co, 

with  no  more  effort  or  time  than  is  required  to  write  with  an 
ordinary  pen  or  pencil.  Electrical  connection  is  made  from  an 
ordinary  electric  light  socket,  and  there  is  nothing  to  get  out 
of  order.  The  cost  of  operation  is  negligible.  The  standard 
equipment  is  suitable  for  use  on  alternating-current  circuits, 
but  a  special  converter  can  be  supplied  for  direct-current 
circuits.  This  machine  has  been  brought  out  principally  for 
use  in  marking  tools,  gages,  etc.,  such  as  are  used  in  every 
machine  shop,  not  only  in  the  case  of  new  tools,  but  also 
those  used  in  any  tool-room,  thereby  reducing  to  a  minimum 
the  liability  of  their  being  stolen.  The  chief  point  of  advan- 
tage of  this  method  of  marking  is  that  a  special  patented 
feature  prevents  sparking  each  time  the  pencil  is  applied  to 
or  removed  from  the  piece  of  work  to  be  marked. 


MUMMERT-DIXON   RADIAL   GRINDER 

The  8-inch  portable  radial  grinding  machine  which  forms 
the  subject  of  the  following  description  is  a  recent  product 
of  the  Mummert-Dixon  Co.,  Hanover,  Pa.  It  will  be  seen  that 
this  machine  is  motor-driven  without  the  use  of  belts,  and 
it  is  equipped  with  ball  bearings,  so  that  all  movements  are 
easily  made.     This  Is  said  to  be  an  exceptionally  convenient 


Munimort-Dixon  8-inoh  Portable  Radial  Ortndinff  Machine 
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machine  for  the  performance  of  grinding  opera- 
tions In  inaccessible  positions,  and  it  is  well 
adapted  for  general  classes  of  light  grinding  and 
buffing.  The  flexibility  of  the  machine  adapts  it 
for  handling  a  wide  range  of  work. 

To  adapt  the  machine  for  portable  service,  it 
is  made  self-contained,  with  the  grinding  wheel 
driven  by  an  electric  motor  mounted  at  the  rear 
end  of  the  tubular  arm.  This  motor  is  coupled 
direct  to  a  shaft  which  runs  through  the  tubular 
arm  to  a  set  of  hardened  spiral  gears  in  the 
head  that  drive  the  grinding-wheel  arbor.  The 
hardened  steel  spiral  gears  are  enclosed  in  an 
oil-tight  case  and  the  gears  are  packed  in  trans- 
mission grease.  The  head,  arm  and  motor  are 
carried  on  a  two-wheeled  ball  bearing  trolley, 
which  rolls  back  and  forth  on  a  steel  track  and 
is  kept  in  alignment  by  a  rack  and  gear  on 
each  side  of  the  carrying  frame.  By  attaching 
the  arm  to  the  trolley  at  the  proper  location,  the  motor  is 
made  to  accurately  balance  the  head  so  that  the  whole  weight 
is  in  equilibrium  when  the  workman  releases  his  hold.  The 
bolster  of  the  trolley-carrying  frame  is  mounted  at  the  top  end 
of  a  trunnion  which  turns  in  the  base,  so  that  the  arm  with 
the  grinding  head  can  be  turned  through  the  entire  circum- 
ference around  the  base,  making  a  full  radial  grinder. 

It  will  be  seen  that  the  head  can  be  twisted  or  turned  com- 
pletely around,  making  it  possible  to  use  this  machine  for 
grinding  on  the  top,  along  either  side,  or  on  the  under  surface 
of  a  casting.  The  machine  is  portable,  so  that  it  may  be  car- 
ried by  a  crane  or  rolled  over  the  floor  on  its  own  wheels. 
While  the  machine  is  being  moved  the  trolley  can  be  locked 
at  the  middle  of  the  frame,  and  by  dropping  a  lock-pin,  the 
bolster  can  also  be  locked  to  the  base  to  prevent  radial  move- 
ment. This  is  an  advantage  when  moving  the  machine  over 
the  floor,  as  the  arm  can  be  used  as  a  guide  similar  to  the 
tongue  on  a  wagon.  All  hand  movements  on  this  machine  are 
easily  made,  and  provision  for  the  operator's  safety  is  assured 
by  means  of  guards  covering  all  running  mechanism  except 
half  of  the  grinding  wheel.  The  electric  switch  is  conveniently 
located  within  reach  of  the  operator  and  the  electric  wires 
are  protected  by  a  steel  conduit  running  along  the  top  of  the 
arm.  The  grinding  wheel  arbor  is  driven  at  a  speed  of  2800 
R.P.M.  and  the  electric  motor  develops  one  horsepower.  A 
single-phase  or  other  type  of  motor  suitable  for  connection 
to  electric  lighting  circuits  is  most  convenient  for  use  on  this 
machine  when  it  Is  to  be  moved  about  from  one  place  to  an- 
other. The  length  of  the  arm  from  the  trolley  to  the  head 
is  7  feet  and  the  maximum  travel  of  the  trolley  is  .30  inches, 
while  the  vertical  movement  of  the  head  is  from  the  floor  to  as 
great  a  height  as  a  man  can  reach.  The  over-all  height  of  the 
machine  is  4  feet,  6  inches;  the  maximum  length,  9  feet;  the 
base  area,  30  by  30  Inches;  and  the  net  shipping  weight,  700 
pounds. 

The  flexibility  of  this  machine  makes  it  well  suited  for  han- 
dling a  wide  range  of  grinding  operations,  In  addition  to  those 
clEHHCS  of  work  for  which  a  radial  grinding  machine  Is  espe- 
cially a'laptfd. 
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Fig",   1.     Front  View  of  New  Britain  Multiple-spindle  Automatic  Chucking  Machine 


NEW  BRITAIN   AUTOMATIC   CHUCKING 
AND  BAR  MACHINES 

The  New  Britain  Machine  Co.,  New  Britain,  Conn.,  is  now 
building  an  automatic  multiple-spindle  chucking  machine  of 
the  work-revolving  type  which  is  shown  in  Figs.  1  and  2.  This 
machine,  although  designed  to  handle  much  the  same  variety 
of  work  as  the  regular  single-head  automatic  chucking  ma- 
chine, exhibits  two  main  points  of  difference,  i.  e.,  the  work 
is  held  and  revolved  by  the  spindles,  the  tools  being  fixed  in 
the  tool-slides;  and  the  use  of  cross-slide  tools  is  thus  rendered 
possible.  The  six  spindles  are  of  liberal  diameter,  hammer- 
forged  from  chrome-nickel  steel,  heat-treated,  hardened  and 
ground.  These  spindles  are  carried  in  bearings  of  ample  pro- 
portions, made  of  bronze  bearing  metal,  ground  straight  inside 
and  tapered  outside.  In  order  to  retain  the  original  accuracy 
of  the  machine,  provision  is  made  for  taking  up  the  wear  in 
the  bearings  without  disturbing  their  alignment.  Ball  thrust 
collars  are  provided  on  the  spindles  to  receive  the  end  thrust 
due  to  tool  pressure.  The  result  is  a  30  per  cent  reduction  in 
the  power  required  to  drive  the  spindles.  Change-gears  pro- 
vide five  rates  of  spindle  speed  and  twelve  variations  of  feed. 
The  spindle  cylinder  is  heavy  in  design  and  is  indexed  at 
constant  speed,  irrespective  of  production  and  spindle  speed. 
The  spindle  cylinder  housing  is  split  horizontally  and  has  a 
loose  cover,  which  permits  of  immediate  access  to  the  spindle- 
bearing  adjusting  nuts.  On  this  machine  the  indexing  mech- 
anism, which  is  patterned  after  the  "Geneva  motion,"  grad- 
ually accelerates  the  heavy  spindle  cylinder  at  the  time  of 
indexing  and  as  gradually  checks  its  motion  without  shock. 
Pinal  accuracy  in  indexing  is  controlled  by  means  of  a  wide 
rectangular  latch  entering  notches  in  the  circumference  of  the 
spindle  cylinder.  A  differential  or  hurry-up  motion  is  regu- 
larly fitted  to  this  machine  and  indexes  the  spindle  cylinder 
and  operates  the  tool-slide  at  high  speed  when  the  tools  have 
finished  cutting.  Draw-in  spring  collets  of  special  design  are 
employed,  which  will  operate  satisfactorily  where  pieces  do 
not  show  a  variation  exceeding  1/32  inch  in  diameter.  If 
there  Is  a  greater  variation  than  this,  the  parts 
should  be  sorted  Into  lota  and  the  spring  chucks 
adjusted  to  each  lot.  The  machine  Is  regularly 
oiiulppod  with  a  handwhool  for  operating  spring 
chucks  for  lioIdlMg  the  work,  and.  If  doslred,  an 
air-clmckinK  alliiclinicnt  may  bo  provided,  with 
an  ulr  cylinder  of  largo  hI/.o  to  Insure  successful 
operation  on  low  air  pressure.  This  dovico  makes 
chucking  a  simpler,  eiislor  and  quicker  opera- 
tion, roHultinR  111  uccclorntlng  production  whoro 
the  oporallons  nro  short. 

To  iMHurc  protection  of  the  (ipcralor,  llic  wpln- 
(Ho  Ih  autoniatlcnlly  dlHcoiiiipctcMl  frmn  the  drlvo 
while  loading  and  unloadliiK.  A  threading  al- 
lacliiiK-nt  may  ho  luHlallod  In  the  fourth  tool- 
Klldi-  poHillon.  Kor  work  which  is  to  ho  handled 
from  n  chuckInK  Iuk,  and  which  rnqulroH  no 
IhrnndlnR,  llio  machlno  may  be  arrnngiMl  to  liidox 
In  till-  iippoHlti'  illr<>ctlon  (iIocUwIhcI,  tliiiH  lirlng- 
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Fig.   3.     Front  View  of  New  Britain  Sextuple-spindle   Automatic  Bar  Machine 


struction  in  many  respects  to  the  six-spindle  au- 
tomatic screw  machine.  In  the  present  machine, 
however,  the  spindle  cylinder  does  not  index,  the 
machine  being  designed  to  feed,  drill,  chamfer 
and  cut  off  in  each  position.  On  simple  work, 
such  as  rolls,  sleeves,  couplings,  etc.,  this  makes 
possible  production  rates  six  times  those  obtain- 
able on  single-spindle  automatics.  Change-gears 
provide  six  rates  of  spindle  speed,  and  a  separate 
system  of  change-gears  is  provided  for  effecting 
changes  in  feed  by  varying  the  speed  of  the  cam- 
shaft. The  spindle  cylinder  housing  is  split  hori- 
zontally and  has  a  loose  cover,  which  permits  of 
immediate  access  to  the  spindle-bearing  adjust- 
ing nuts.  By  withdrawing  the  locking  pin,  the 
cylinder  may  readily  be  revolved  into  any  de- 
sired position.  A  differential  or  hurry-up  motion 
is  regularly  fitted  to  this  machine  and  operates 
the  tool-slide  at  high  speed  when  the  tools  have 
finished  cutting.  Standard  drills  are  used,  the 
rotation  being  right  hand.  In  other  respects  this 
machine  is  the  same  as  the  chucking  machine. 


ing  the  finished  piece  to  its  final  position  opposite  a  cross-slide, 
which  may  be  fitted  with  a  cutting-off  blade.  It  is  possible 
in  this  machine,  with  the  work  revolving,  to  handle  second- 
operation  work  so  that  the  first  and  second  operations  will 
be  concentric.  The  tool-slide  is  of  extremely  rigid  construc- 
tion and  so  designed  that  the  thrust  of  the  work  above  and 
below  the  center  line  is  evenly  balanced,  thus  eliminating  any 
tendency  to  bring  a  cramping  strain  upon  the  tools.  The  slide 
has  five  tool  positions.  The  tool-slide  cam  is  laminated  similar 
to  a  leaf  spring.  This  patented  construction  permits  of  ad- 
justment of  one  cam  to  all  lengths  of  work  within  the  ca- 
pacity of  the  machine.  Drive  to  the  camshaft  is  through  a 
large  internal  gear  on  the  inner  circumference  of  the  feed  cam 
drum,  and  the  thrust  of  the  tool-slide  against  the  feed  cam  is 
taken  by  a  hardened  steel  roll  fixed  to  the  frame,  which  bears 
against  the  edge  of  the  drum.  Standard  tools,  drills,  reamers, 
etc.,  are  used,  the  direction  of  spindle  rotation  being  right-hand. 
All  gearing  is  machine  cut,  largely  by  the  generating  process, 
which  produces  a  quiet,  smooth-running  machine.  Hand  con- 
trol levers  on  each  side,  within  easy  reach  of  the  operator, 
enable  the  power  feed  to  be  instantly  stopped  or  started. 
These,  in  connection  with  a  hand  feed  crank  for  testing  all 
feed  movements  and  tool  positions,  are  essential  features  of  a 
machine  of  this  type.  In  setting  up,  testing  and  adjusting 
tools  they  save  breakage.  The  oil  distributing  system  is  de- 
signed to  avoid  as  much  exterior  piping  as  possible.  This  is 
accomplished  by  conveying  the  oil  through  the  under  side  of 
the  tool-slide  into  a  chamber  at  the  center  surrounding  the 
driving  shaft  bushing,  from  which  it  is  tapped  off  at  the  cir- 
cumference through  short  tubes  to  the  individual  tools.  The 
oil-pump  is  driven  at  constant  speed.  The  base  forming  the 
chip-pan  extends  to  the  floor,  thus  dispensing 
with  legs;  and  the  broad  foundation  thus  ob- 
tained, together  with  the  stiff  construction  and 
ample  weight  of  the  machine,  tends  to  prevent 
vibration  and  insure  smooth,  accurate  work. 
That  portion  of  the  bed  directly  beneath  the 
work  has  a  45-degree  slant  toward  the  back  side 
of  the  machine,  so  that  chips,  as  they  are  cut  off. 
are  carried  to  the  side.  The  chip-pan  is  widest 
on  this  side  and  slopes  toward  the  rear  end, 
where  there  is  an  oil-well  with  a  strainer,  from 
which  oil  Is  distributed  to  the  work.  This  con- 
struction permits  the  oil  to  drain  off  before  tho 
chips  are  removed  and  makes  it  possible  to  rake 
out  tho  chip-pan  endwise  without  stopping  the 
machine  or  removing  tho  splash  apron.  The  New 
Ilrltalii  automatic  chucking  machines  may  be 
eiiulppcd  with  either  belt  or  motor  drive. 


VICTOR  ENGINE  LATHE 


The  Victor  Lathe  Co.,  151  Lafayette  St.,  New  York  City,  is 
now  manufacturing  the  9-inch  Victor  engine  lathe  which  is 
illustrated  and  described  herewith.  This  machine  is  built  in 
both  the  bench  type  shown  in  the  illustration  or  with  legs 
so  that  the  lathe  may  be  set  up  on  the  floor;  and  in  addition 
to  the  power-driven  machine,  a  lathe  of  this  type  is  built  to 
be  operated  by  foot  power.  These  Victor  lathes  have  been 
designed  to  meet  the  requirements  of  tool-rooms,  experimental 
departments  and  manufacturing  shops  handling  small  work. 
The  design  embodies  the  latest  improvements  in  lathe  con- 
struction, and  the  usual  power-driven  cross-  and  longitudinal- 
feed  movements  are  available.  A  reverse  lever  on  the  head- 
stock  enables  both  right-  and  left-hand  threads  to  be  cut,  and 
the  same  lever  provides  for  operating  the  longitudinal-  and 
cross-feeds  in  either  direction.  The  gears  are  all  covered  to 
meet  the  requirements  of  the  various  state  laws  concerning 
provisions  for  safety  of  the  operators. 

On  this  lathe  the  headstock  is  ribbed  to  provide  the  neces- 
sary rigidity,  and  the  hollow  spindle  is  accurately  ground  to 
size  with  a  5/8-inch  hole  extending  through  its  entire  length. 
The  three-step  cone  pulley  carries  a  1 1/4-inch  belt  and  the 
spindle  bearings  are  bushed  with  phosphor-bronze.  The  tail- 
stock  is  of  the  offset  type,  and  has  a  long  bearing  on  the 
bed;  this  tailstock  is  furnished  with  side  adjustment  for  the 
performance  of  taper  turning  operations.  The  carriage  and 
apron  are  securely  gibbed  to  the  bed  and  provided  with  liberal 
sized  bearings  on  the  ways.  The  design  has  been  so  worked 
out  that  only  one  of  the  two  power  feeds  can  be  used  at  any 
one  time,  thereby  avoiding  danger  of  breaking  the  gears.    A 


New  Britain  Sextuple  Automatic  Bar  Machine 

The  Now  Britain  sextuple  automatic  bar  ma- 
chine, shown  In  KIgs.  3  and  4,  Is  similar  In  con- 


Fig.  4.     Oppoilto  Side  of  Now  Britain  AutoniBtic  Bar  Machlno  iliowii  in  Flit.  3 
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locking  device  is  provided  which  secures  the  car- 
riage in  any  given  position  when  the  cross-feed 
Is  being  employed,  and  the  cross-feed  screw  is 
furnished  with  a  micrometer  collar  reading  to 
0.001  inch.  The  bed  is  reinforced  at  frequent 
intervals  to  provide  the  necessary  rigidity,  and 
the  feed  rack  is  cut  from  one  solid  piece  of  stock. 
The  compound  rest  is  securely  gibbed  and  gradu- 
ated in  degrees.  For  thread  cutting,  the  range  is 
from  4  to  40  threads  per  inch,  with  the  regular 
equipment  on  the  machine,  but  metric  threads 
and  finer  threads  than  indicated  above  may  be 
cut  through  the  use  of  special  gears.  The  split 
nut  is  so  constructed  that  it  cannot  be  engaged 
when  either  feed  is  in  use.  The  regular  equip- 
ment furnished  with  the  machine  includes  large 
and  small  faceplates,  a  steadyrest,  a  toolpost,  a 
compound  rest,  a  double  friction  countershaft  or  foot-treadle, 
a  full  set  of  screw  cutting  change-gears,  and  the  necessary 
wrenches  for  making  all  adjustments. 

The  principal  dimensions  of  this  lathe  are  as  follows:  swing 
over  ways,  10  inches;  swing  over  carriage,  6  3/8  inches;  diam- 
eter of  hole  through  spindle,  5/8  inch;  taper  of  center  hole 
of  spindle.  No.  2  Morse;  diameter  of  spindle  nose,  13/8  inch; 
number  of  threads  per  inch  on  spindle  nose,  8;  size  of  front 
spindle  bearing,  11/4  by  2  1/4  inches;  size  of  rear  spindle 
bearing,  1 1/16  by  2  inches;  dimensions  of  three-step  cone 
pulley,  2  1/4,  3  5/8  and  5  inches,  by  11/4  inch  face  width; 
ratio  of  back-gears,  7  to  1;  diameter  of  tailstock  spindle,  1 
inch;  maximum  distance  between  centers,  22  inches;  range 
for  thread  cutting,  4  to  40  threads  per  inch;  size  of  lathe  tools 
used,  3/8  by  3/4  inch;  size  of  pulleys  on  countershaft,  7  by  2  1/4 
inches;  speed  of  countershaft,  200  R.P.M.;  and  net  weight  of 
machine,  450  pounds. 


MARTIN  HYDRAULIC  MARKING  MACHINE 

The  Martin  Machine  Co.,  Greenfield,  Mass.,  has  recently 
placed  on  the  market  the  marking  machine  shown  in  the 
accompanying  illustrations.    This  is  a  hydraulically  operated 


Bench  Type  of  Engine  Lathe  built  by  Victor  Lathe  Co. 

machine  and  is  intended  for  the  rapid  marking  of  names, 
trademarks  and  nomenclature  upon  metal  products,  shells, 
etc.  An  important  feature  of  the  machine  is  that  it  will 
mark  evenly,  irrespective  of  the  working  surface  of  the  article 
to  be  marked,  that  is,  the  marking  pressure  varies  with  the 
resistance  of  the  die  in  impressing  the  lettering.  Fig.  1  shows 
the  front  view  of  the  Martin  marking  machine  and  Pig.  2 
shows  the  rear  view.  By  referring  to  these  illustrations  the 
operation  of  the  machine  may  be  cleaijy  followed. 

Referring  to  the  rear  view  of  the  machine,  power  is  received 
on  the  driving  pulley  as  shown  and  this  operates  a  rotary 
pump  within  the  column  of  the  machine,  for  the  purpose  of 
operating  the  hydraulic  system  which  controls  the  movements 
of  the  marking  slide  and  work-table.  By  means  of  this  pump 
the  oil  pressure  is  maintained,  and  this  pressure  operates  both 
the  vertical  table  that  raises  the  work  to  the  marking  dies 
and  also  the  horizontal  die-holding  slide.  In  operation,  pres- 
sure upon  the  foot-treadle,  that  may  be  seen  in  Fig.  1,  causea 
the  oil  pressure  to  raise  the  work-holding  table  to  the  operat- 
ing point,  and  when  this  point  has  been  reached  the  oil  pres- 
sure also  commences  to  act  upon  the  slide,  and  then  traverses 
the  die  across  the  work  to  be  marked.  As  soon  as  the  die 
has  completed  its  travel  across  the  work  an  adjustable  stop 


rif. 


_   .       It     ••     1.1. .  for  mirklnc  BhoUi  rni'  Othar  Mstal 


Fl(.    t.     OppoilU   Bid*   of   Martin    Hyilrtullo   Marking   Mmohtns   ihown 
In  FIf.   1 


February,  1918 


MACHINERY 


565 


on  the  slide  trips  the  reverse  lever,  shown  in  Fig.  2,  that 
operates  the  valve,  releasing  the  pressure  that  has  moved  the 
Elide  forward  and  allowing  the  oil  pressure  to  return  the  slide 
to  the  starting  point.  At  the  same  time  the  oil  pressure  be- 
neath the  work-table  is  immediately  released  and  the  table 
drops  back  ready  for  the  removal  of  the  work. 

Through  the  compounding  system  inside  the  column  of  the 
machine,  pressure  beneath  the  work-table  is  automatically 
increased  when  the  action  of  the  slid§  in  forcing  the  die  across 
the  work  becomes  harder.  Thus  should  the  pressure  required 
for  marking  suddenly  change  during  the  stroke,  the  result 
would  be  to  automatically  increase  or  decrease  the  hydraulic 
pressure  under  the  work-table  and  supply  an  amount  of  pres- 
sure to  give  an  even  impression,  irrespective  of  the  amount 
of  lettering  on  the  die  and  the  unevenness  of  the  surface  being 
marked.  On  the  machine  it  is  possible  to  mark  either  cylin- 
drical or  flat  work,  and  by  using  special  holding  attachments 
irregular  surfaces  may  be  handled.  In  marking  flat  work, 
cylindrical  or  roll  dies  are  used  that  turn  as  they  are  rolled 
across  the  article  being  marked.  Conversely,  in  marking 
cylindrical  work,  a  flat  die  is  used  in  a  die-holder  which  is 
inserted  in  the  slide,  and  the  work  turns  as  the  die  is  tra- 
versed across. 

All  adjustments  provided  are  readily  accessible  for  increas- 
ing or  decreasing  the  pressure  on  the  table,  the  speed  of  the 
slide,  etc.  The  capacity  of  the  machine  is  from  one  to  ten 
lines  of  %-inch  letters,  and  the  maximum  length  of  lines  is 
11  inches.  The  length  of  stroke  of  the  die-holding  slide  may 
be  quickly  and  easily  adjusted  to  any  desired  length  by  means 
of  the  adjustable  stops  shown  in  Fig.  1.  The  work-table  is 
readily  adjustable  from  0  to  6  inches,  according  to  the  require- 
ments of  the  work.  A  feature  of  the  machine  is  its  simplicity 
and  practically  automatic  operation,  requiring  almost  no 
adjustment  on  the  part  of  the  operator.  The  machine  may 
just  as  effectively  be  operated  by  girls  and  unskilled  labor. 
Provision  is  made  for  holding  interchangeable  die-holders  so 
that  the  change  from  one  class  of  articles  to  another  is  quickly 
made.  For  continuous  marking,  the  foot-treadle  may  be  de- 
pressed and  caused  to  catch,  allowing  the  operator  to  devote 
his  entire  time  to  inserting  and  removing  the  work.  In  this 
connection  the  machine  may  be  set  at  any  desired  speed  and 
run  continuously  just  fast  enough  to  allow  the  work  to  be 
removed  and  inserted  between  strokes.  The  machine  requires 
a  floor  space  of  24  by  30  inches  and  weighs  900  pounds. 


RED-E  BENCH  LATHE  TOOL-HOLDER 

The  Ready  Tool  Co.,  Bridgeport,  Conn.,  has  recently  added 
to  its  line  of  Red-E  tool-holders  a  Style  CO  tool  especially 
adapted  for  use  on  bench  or  watchmakers'  lathes.  This  tool- 
holder  is  5/16  by  1/2  inch  in  size,  and  it  takes  a  3/16-inch 
square  high-speed  steel  cutter.  Solid  tools  have  generally 
been  used  on  bench  lathes  and  watchmakers'  lathes,  and  it 
was  to  enable  the  users  of  such  machines  to  economize  in  the 


Red-E  Bunch  Lathe  Tool-holder  made  by  the  Ready  Tool  Co. 

use  of  tool  steel  through  employing  tool-holders,  that  this  new 
Red-E  tool  was  developed  for  use  on  machines  of  the  types 
to  which  reference  has  been  made. 


ROSS   GRINDING  WHEEL   TRUING  TOOL 

To  meet  the  requirements  of  truing  grinding  wheels  used 
for  precision  work,  the  Ross  Mfg.  Co.,  Cleveland,  Ohio,  is 
making  a  wheel  truing  tool  which  Is  shown  In  operation  in  the 
Illustration.  This  tool  consists  of  a  hardened  steel  cylinder 
milled  with   a  succession  of  slots  which   break   up  the  sur- 


nding   Wheel   Truing   Tool   ui 
Operation 


face  of  the  grinding  wheel  into  rows  of  diagonal  squares. 
This  cylinder  is  mounted  on  dustproof  ball  bearings  which 
are  furnished  with  means  of  adjustment  to  take  up  end 
play,  and  with  provision  for  adequate  lubrication.  The 
hardened  steel  cylinder  and  its  supporting  bearings  are 
carried  in  a  fork  made  to  fit  the  diamond  tool  holding  fixture 
on  grinding  machines.  When  the  truing  tool  is  applied  to 
the  grinding  wheel  there  is  little  grinding  action  on  the 
tool  because  both  contacting  surfaces  are  running  at  the 
same  speed;  the  effect  of  pressure,  however,  is  to  loosen 
the  top  layer  of  blunted  crystals  so  that  a  fresh  lot  of  sharp 
crystals  are  exposed  ready  to  be  applied  to  the  work. 

Advantages  claimed  for  the  Ross  grinding  wheel  truing 
tool  are  as  follows:  The  cost  of  upkeep  is  small,  because 
there  is  very  little 
grinding  action  to 
wear  out  the  work- 
ing face  of  the  wheel 
dresser.  Also,  it  is 
claimed  that  a  sav- 
ing is  made  in  the 
cost  of  grinding 
wheels  because  less 
frequent  dressing  is 
required  on  wheels 
where  the  Ross  tool 
is  used,  as  compared 
with  certain  other 
methods  of  dressing. 
It  is  further  claimed 
that  the  production 
of  grinding  wheels  trued  with  this  tool  is  greater  than  that 
of  wheels  trued  in  some  other  ways.  For  instance,  it  is  said 
that  a  certain  firm  in  Cleveland  using  these  truing  tools  finds 
it  necessary  on  a  certain  job  to  redress  the  grinding  wheels 
every  three  hours  where  they  were  formerly  redressed  every 
hour.  The  time  required  for  the  dressing  operation  averages 
five  minutes,  and  while  the  production  of  each  grinding  ma- 
chine was  formerly  1500  pieces  a  day,  this  production  has  been 
increased  to  1800  pieces;  i.  e.,  a  gain  of  20  per  cent.  It  is 
also  claimed  that  harder  grades  of  abrasive  can  be  used  be- 
cause the  wheel  structure  is  opened  up  and  does  not  "load" 
so  readily,  and  also  because  the  cutting  crystals  have  a 
keener  edge.  This  truing  tool  is  especially  valuable  for 
use  on  wide  faced  grinding  wheels,  due  to  the  fact  that  it 
does  not  heat  or  chip  when  held  in  contact  with  the  grind- 
ing wheel  for  the  period  of  time  required  to  dress  a  wide 
faced  wheel.  These  Ross  truing  tools  are  made  in  several 
grades  for  roughing  and  finishing  different  types  of  grinding 
wheels. 

DAVIE   GAGING  MACHINE 

To  meet  all  the  requirements  of  the  tool-room  or  Inspection 
department  for  gaging  tool  work  where  the  highest  attainable 
accuracy  is  required,  or  for  the  inspection  of  commercial  work 
where  it  is  only  required  to  maintain  the  dimensions  of  pieces 
within  ordinary  limits,  the  Davie  Tool  Co.,  1666  E.  118th 
St.,  Cleveland,  Ohio,  has  developed  a  gaging  machine  which 
is  illustrated  and  described  in  the  following  article.  This 
machine  Is  so  designed  that  it  may  be  arranged  to  give  read- 
ings to  three  different  degrees  of  accuracy,  namely,  0.001  inch, 
0.0001  inch  and  0.00001  inch,  respectively,  these  different  read- 
ings being  obtained  by  means  of  compound  levers  which  ac- 
tuate the  dial  indicator.  These  multiplying  levers  are  accu- 
rately balanced  and  provided  with  means  of  adjustment  to 
compensate  for  any  Inaccuracy  in  the  fulcrum.  Three  differ- 
ent mountings  are  provided  on  the  machine  for  the  dial  indi- 
cator, which  is  set  In  one  of  these  positions  according  to  the 
degree  of  accuracy  required  In  testing  the  work.  It  will  be 
seen  that  the  test  indicator  dial  is  arranged  to  road  plus  and 
minus,  so  that  the  amount  which  work  is  either  over  size  or 
under  size  may  be  accurately  determined.  The  machine  la 
Intended  for  use  In  place  of  snap  gages  or  micrometers,  and 
the  makers  claim  that  a  gaging  device  on  which  the  result  Is 
visually  Indicated  gives  uniform  results  when  used  by  different 
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operators,  while  the  "feel"  of  a  snap  gage  or  micrometer 
involves  the  personal  equation  and  may  vary  with  different 
men. 

A  good  idea  of  the  way  in  which  this  gaging  machine  oper- 
ates will  be  obtained  by  referring  to  Fig.  1  in  connection  with 
the  following  description.  Here  it  will  be  seen  that  work  A 
to  be  tested  is  supported  on  a  gaging  table  B,  this  table  being 
carried  by  a  vertical  column  C.  To  provide  for  adjusting 
the  position  of  the  table  for  gaging  different  pieces  of  work, 
lever  D  is  turned  to  secure  an  approximate  setting;  this  lever 
turns  a  pinion  that  meshes  with  rack  teeth  cut  in  column  C. 
When  the  gaging  table  has  been  set  in  the  desired  position, 


Fig.    1. 


eading    to    0.00001, 


the  table  is  clamped  by  means  of  binding  lever  E.  Multiplying 
levers  that  actuate  the  dial  test  indicator  are  contained  in 
case  F,  and  the  column  on  which  this  case  is  supported  may 
be  raised  or  lowered  and  clamped  in  any  desired  position  by 
lever  G  that  actuates  an  eccentric  binding  clamp.  In  Fig.  1 
the  gaging  machine  is  shown  set  to  read  to  0.0001  inch,  but  by 
Bimply  removing  a  screw  and  placing  the  dial  indicator  unit 
on  base  U  in  order  to  bring  the  indicator  into  contact  with 
"lifter"  7,  provision  is  made  for  obtaining  readings  to  0.00001 
Inch.  To  provide  for  obtaining  readings  to  0.001  inch,  it  is 
merely  necessary  to  loosen  screw  J  and  then  disengage  the 
indicator  and  mount  it  on  a  stud  (not  shown  in  the  illustra- 
tion) which  is  tapped  to  receive  screw  J.  It  will,  of  course, 
be  apparent  that  the  two  chief  uses  of  this  gaging  machine 
are  for  reading  to  0.0001  inch  and  to  0.00001  inch,  and,  as 
shown  In  the  Illustration  for  reading  to  0.0001  inch,  the  ma- 
chine is  most  useful  for  the  inspection  of  commercial  work. 
In  Fig.  2  are  shown  attachments  provided  for  use  on  this 
machine  for  testing  the  concentricity  of  milling  cutters,  gear 
cutters,  etc.,  and  centers  for  testing  the  concentricity  of  arbors, 
spindles,  etc.  It  will  be  seen  that  these  attachments  are 
provided  with  tapered  shanks  so  that  they  are  Interchange- 
able with  the  regular  gaging  table.      This  table  Is  also  shown 


WM 


in  Fig.  2,  and 
it  will,  of 
course,  be  ap- 
parent that  the 
tapered  shank 
of  either  the 
table  or  the 
other  two  at- 
tachments fits 
into  a  socket 
in  vertical  col- 
umn G  of  Fig 
1.  The  top  of 
this  column  is 
threaded  at  the 
nose  and  pro- 
vided with  a 
backing-off  nut 
which  is  used 
when  a  change 
must  be  made 
from  the  gag- 
ing table  to  one 
of  the  attach- 
ments, or  vice 
versa.  The  gag- 
ing table  is 
made  of  high- 
grade  tool  steel, 
hardened  to  a 
s  c 1 e  roscope 
hardness  o  f 
100,  and  then 
lapped  to  a  per- 
fectly flat  surface. 


testing  Ci 


Gaging  Machine  with  Attachment  for 
ncentricity  of  Gear  Cutters,   etc., 
shown  in  Operation 


The  balance  bearings  of  the  multiplying 
levers  are  made  of  the  best  tool  steel,  hardened,  ground  and 
lapped. 

The  principal  dimensions  of  this  gaging  machine  are  as 
follows:     distance  from  center  of  gaging  spindle  to  back   of 


I'Ir.  4.     D«vlo  Oiiitinft  Mmlilni.  with  Atlnnlim.'nt  for  t.'»tlng  Conconlrloity 
of  Cylliiilrlcul   Work,  ahowii   In  0i>oriitlon 

throat,  4'j  IiicIiuh;  niaxlnium  dlslnncc  fniin  lup  ot  table  to 
i'ikI  of  giiKliiK  Hplndlc,  4  ln<'ho8;  sl/.o  of  Knulug  lalilo,  0  by  6 
InclieH;  riingo  of  ndJuHliiiiMit  providcil  lor  giiKitiK  table,  4 
IrichoH;  vortlciil  adJUHlniiMit  of  Kngt'  brackut,  '/j  lii'li;  maxl- 
Miuiii  (llnnictor  of  cuttnrH  or  (IIhUh  that  may  bo  gnKi'd  for  con- 
ii^iilrlclly,  4  InchuH;  niuxlniuni  dlHtancu  botweon  contors  on 
iilliiilmii'iil  for  toHtlng  cyllndrlcul  work,  13  hichps;  swing  of 
alliuliniont  for  cylliidrlciil  work,  4  liicboH;  inaxlmuni  height 
iif  kiikIiik  ninrlilno,  18  InrlirH;  nrcii  of  biiHo,  15  by  9  Inches; 
and   wolKlit  nf  Knglni;  mnchlni'   with   iiilarliinmlH,  !M;   poiindH 
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NEW  MACHINERY  AND   TOOLS  NOTES 


Quick-action  Ball  Crank:  Cincinnati  Ball  Crank  Co., 
Oakley,  Cincinnati,  Ohio.  A  line  of  quick-action  ball  cranks 
which  have  the  spool  or  swivel  type  of  handle  to  allow 
heavy  work  to  be  brought  to  the  proper  position  with  a 
minimum  effort  on  the  part  of  the  operator.  These  cranks 
are  built  In  various  sizes,  the  largest  having  an  over-all 
length  of  13  inches. 

Ball-bearing  Centers:  J.  A.  MoUer,  57  Lawton  St.,  New 
Rochelle,  N.  Y.  These  ball-bearing  centers  have  been  developed 
for  use  on  lathes  and  other  machine  tools.  The  revolving 
center  is  of  the  familiar  cone  shape,  and  is  held  in  the  body 
by  means  of  a  bushing  while  support  is  furnished  by  a  three- 
ball  thrust  bearing  which  tends  to  distribute  the  radial 
stresses  on  the  stem. 

Oven  Furnaces:  Tate-Jones  &  Co.,  Inc.,  Pittsburg,  Pa. 
Two  "recuperative"  gas  oven  furnaces.  One  of  these  is  known 
as  a  Series  A  furnace,  while  the  other  is  designated  a  Series 
H  furnace.  The  Series  A  furnaces  are  designed  for  a  tem- 
perature range  from  900  to  1600  degrees  F,  while  furnaces 
of  the  Series  H  type  are  adapted  for  temperature  ranges  from 
1600  to  2400  degrees  F. 

Cone-head  Lathe:  National  Lathe  Co.,  15  W.  Second  St., 
Cincinnati,  Ohio.  A  lever-controlled  cone-head  lathe  built 
in  IS-  and  22-inch  sizes.  The  drive  is  through  a  three-step 
cone  pulley  carrying  a  3%-inch  belt  and  double  back- 
gears  having  a  ratio  of  3  to  1  and  9  to  1.  The  machine  is 
also  built  with  a  four-step  cone  pulley  and  single  back-gears 
having  a  ratio  of  5%  to  1. 

Milling  Cutters:  Bilton  Machine  Tool  Co.,  Bridgeport, 
Conn.  This  firm  is  now  making  a  line  of  milling  cutters 
which  are  made  in  both  plain  and  form  types.  This  line 
of  cutters  includes  regular  spiral  mills,  bayonet  grooving 
cutters,  cutters  for  milling  teeth  in  pliers,  thread  milling 
cutters  for  shells,  concave  cutters  and  a  number  of  formed 
cutters  for  munition  work. 

Geared-head  Lathe:  National  Lathe  Co.,  15  W.  Second 
St.,  Cincinnati,  Ohio.  Geared-head  lathes  built  in  18-  and 
22-inch  sizes  and  adapted  for  either  motor  drive  or  bell 
drive  from  the  line-shaft.  These  lathes  are  built  with  any 
length  of  bed  from  six  feet,  advancing  by  intervals  of  two 
feet,  and  they  may  be  furnished  with  plain  or  cabinet  legs. 
Either  metric  or  standard  lead-screws  and  gears  may  be 
furnished. 

Bench  Saw  Table:  S.  A.  Stewart  &  Co.,  85  Hall  St.,  Walt- 
ham,  Mass.  In  the  January,  1913,  number  of  Machinery  a 
description  was  published  of  a  bench  saw  which  had  just  been 
placed  on  the  market  by  this  firm.  Recently  a  pedestal  base 
and  special  countershaft  drive  has  been  developed  for  use  in 
connection  with  this  machine,  which  enables  the  bench  saw 
to  be  set  up  as  a  floor  machine  in  those  shops  where  such  an 
arrangement  is  desirable. 

Dynamic  Balancing  Machine:  Fitz-Empire  Double  Pivot 
Last  Co.,  Rochester,  N.  Y.  This  machine  is  adapted  for 
balancing  parts  weighing  from  5  ounces  up  to  75  pounds, 
and  machines  of  larger  size  could  be  built  to  special  order. 
The  standard  machine  weighs  650  pounds  and  a  1/2-horse- 
power  motor  is  required  to  drive  it.  Equipment  furnished 
with  the  machine  includes  a  balancing  arbor,  two  U-bearings, 
two  floor  stands,  two  marking  rests  and  a  driving  belt. 

Drop-light  Extension  Reel:  Cincinnati  Specialty  Mfg.  Co., 
Powers  and  Sylvan  Sts.,  Cincinnati,  Ohio.  An  automatic  elec- 
tric drop-light  e.\tension  reel  which  is  furnished  with  a 
swivel  Joint  to  enable  one  to  walk  in  any  direction  with  the 
lamp.  The  cord  furnished  with  the  outfit  Is  25  feet  long  and 
it  Is  automatically  wound  over  a  spring  pulley.  The  reel  is 
stopped  or  started  in  a  manner  similar  to  that  used  in  mani- 
pulating an  ordinary  window  blind  roller.  Ordinarily,  this 
reel  Is  attached  to  the  ceiling  and  connection  is  made  with 
the  electric  circuit  in  the  usual  way. 

Combination  Center  Drill  and  Countersink:  Apex  Drill 
Co.,  2455  McMickcn  Ave.,  Cincinnati,  Ohio.  A  combination 
center  drill  and  countersink  which  is  so  designed  that  It 
cuts  a  clearance  at  the  top  of  the  countersunk  surface  In 
the  work.  As  a  result,  a  center  entering  the  hole  produced 
by  this  drill  is  not  directly  In  contact  with  the  work  at  the 
periphery  of  the  hole,  and  so  It  Is  possible  to  face  the  end 
of  the  work  right  up  to  the  center  without  employing  half 
centers  or  adopting  the  somewhat  difficult  practice  of  par- 
tially withdrawing  the  tailstock  center  from  the  work. 

Wheel-truing  Device:  Precision  Truing  Device  Co.,  51!) 
Main  St.,  Cincinnati,  Ohio.  A  whecl-truing  device  which 
consists  of  a  self-contained  electrically  driven  grinding  nin- 
chlnc  that  may  cither  be  placed  In  a  holder  the  same  as  an 
ordinary  diamond  tool,  or  clamped  In  any  position  on  the 
machine  that  Is  convenient  for  the  operator.  The  small 
grinding  wheel  used  on  this  truing  device  Is  composed  of  a 
hard  abradant  and  the  wheel  runs  at  a  speed  of  approximately 
8000  feet  per  minute  In  the  opposite  direction  to  that  of  the 


grinding  wheel  which  is  to  be  trued.  The  truing  wheel  is 
moved  across  the  face  of  the  grinding  wheel  to  be  trued 
in  the  same  way  that  an  ordinary  diamond  would  be  em- 
ployed. 

Tool-room  Lathe:  Rockford  Tool  Co.,  Rockford,  111.  A 
16-inch  tool-room  lathe  in  which  the  number  of  controlling 
levers  has  been  reduced  as  far  as  possible.  This  feature  of 
simplicity  combined  with  a  heavy  construction  are  the  two 
outstanding  points  of  the  design  of  this  machine.  The  lead- 
screw  is  not  splined  and  a  graduated  chasing  dial  hung  on  a 
pivot  is  provided  to  facilitate  the  performance  of  thread  cut- 
ting operations.  An  independent  feed-rod  is  furnished  and 
motion  Imparted  by  this  rod  can  be  reversed  by  a  lever  at 
the  right-hand  side  of  the  apron.  There  are  thirty-six  avail- 
able rates  of  feed,  covering  a  range  from  0.003  to  0.166  inch 
per  revolution  of  the  spindle.  Any  number  of  threads  from 
Hi  to  80  per  inch,  including  the  11%-inch  standard  pipe 
thread,  can  be  cut  on  this  machine. 

Pneumatic  Drill:  Ingersoll-Rand  Co.,  11  Broadway,  New 
York  City.  A  light-weight,  high-power,  non-reversible  drill 
which  represents  an  addition  to  the  line  of  "Little  David" 
pneumatic  tools  of  this  company's  manufacture.  The  new 
drill  has  a  capacity  for  reaming  work  up  to  5/16  inch  and 
for  drilling  up  to  9/16  inch.  It  is  known  as  a  "No.  5"  drill, 
weighs  fifteen  pounds,  and  develops  a  free  spindle  speed  of  1009 
R.P.M.  The  motor  is  of  the  four-piston  type,  and  by  re- 
moving five  cap-screws,  the  entire  crankshaft  assembly  may 
be  withdrawn  as  a  self-contained  unit.  The  valve  is  of  the 
rotary  type  and  is  gear-driven.  This  machine  may  he  fur- 
nished with  either  a  breast-plate,  spade  handle  or  a  tele- 
scoping feed-screw;  and  where  power  feed  is  provided,  the 
maximum  length  of  feed  is  2^2  inches  at  one  setting. 

Heavy-duty  Drilling  Machine:  Defiance  Machine  Works, 
Defiance,  Ohio.  A  No.  3  24-inch  vertical  drilling  machine 
with  capacity  for  driving  3-inch  high-speed  steel  drills  in 
solid  steel  to  the  limit  of  their  cutting  capacity.  Among 
the  distinctive  features  of  this  machine  the  following  may 
be  mentioned:  Two  cones  of  gears  are  employed,  which  are 
operated  by  a  lever  to  provide  the  feed  changes,  while  the 
spindle  speeds  are  secured  through  two  cones  of  gears  and  a 
roll-in  gear.  A  gravity  oiling  system  is  employed  with 
special  provision  to  guard  against  unnecessary  use  of  oil. 
The  machine  is  equipped  with  a  single  driving  pulley  belted 
direct  to  the  lineshaft  and  eight  spindle  speeds  are  avail- 
able, ranging  from  51  to  408  R.P.M.  Four  feed  changes 
are  provided,  covering  a  range  from  0.046  to  0.007  inch  per 
spindle  revolution,  and  the  feed  is  transmitted  to  the  spindle 
by  a  large  worm-gear  which  runs  in  an  oil  bath.  Power 
feed  is  available  through  a  maximum  spindle  travel  of  16 
inches. 

•  *     • 

AMERICAN  CORPORATIONS  IN  NEUTRAL 

COUNTRIES 
The  War  Trade  Board  has  authorized  branches  of  American 
corporations  and  other  American  houses  established  and  en- 
gaged in  business  in  neutral  countries  and  in  countries  asso- 
ciated with  the  United  States  in  the  war  to  accept  and  pay 
drafts,  to  deliver  goods,  warehoused  or  otherwise  stored,  and 
to  perform  other  similar  acts,  notwithstanding  that  such  acts 
may  involve  trading  with  "enemies"  or  "allies  of  enemies," 
when  such  acts  are  necessary  to  prevent  a  breach  or  violation 
of  a  law  or  commercial  obligation  enforcible  in  the  courts  of 
the  country  in  which  such  branch  is  established;  provided, 
however,  that  nothing  herein  contained  shall  be  held  or  con- 
strued to  authorize  said  corporations,  houses  or  their  branches 
to  hereafter  undertake  or  enter  into  contracts  or  business  or 
commercial  transactions  which  will  Involve  trading  with 
"enemies"  or  "enemy  allies"  in  order  to  carry  out  or  perform 
the  same;  and  that  every  case  Involving  transactions  of  trad- 
ing with  the  "enemy"  or  "enemy  allies"  be  reported  to  the 
War  Trade  Board  within  thirty  days  after  the  occurrence 
thereof,  upon  a  form  to  be  furnished  by  the  War  Trade  Board. 

•  •     • 

OLD  TRACINGS  ASKED  FOR  BY  RED  CROSS 

The  American  Rod  Cross  requests  manufacturers  and  others 
using  tracing  cloth  to  donate  discarded  tracings  to  the  Red 
Cross.  The  tracings  are  washed  and  the  material — linen  or 
cotton — Is  employed  for  the  making  of  surgical  dressings  to 
be  used  In  the  field  hospitals.  The  Red  Cross  has  made  ar- 
rangements with  large  laundries  In  all  cities  to  collect  ma- 
terial of  this  kind,  and  any  manufacturer  who  wishes  to  aid 
should  call  up  the  local  Laundry  Owners'  Association  or  one 
of  the  large  laundries  In  his  city,  who  will  send  for  such  ma- 
terial as  he  will  give  them. 
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READJUSTMENT  AND   OPERATION  OF  IN- 
DUSTRY  IN    ENGLAND    SINCE    1914 

The  Merchants  Association  of  New  York  has  published  a 
report  dealing  with  the  statements  made  by  the  special  com- 
mission from  the  British  Ministry  of  Munitions  which  visited 
the  United  States  in  the  latter  part  of  the  past  year  with  a 
view  to  giving  manufacturers  in  this  country  the  benefit  of 
the  experience  of  England  in  munition  industries  since  the 
outbreak  of  the  war.  Although  the  representatives  of  the 
commission  did  not  offer  advice,  the  information  given  should 
prove  of  great  value  to  employers  at  this  time,  when  so  much 
depends  upon  the  successful  solution  of  our  industrial  prob- 
lems. 

Agreement  between  Government.  Manufacturers 
and  Labor  Unions 

All  legislation  in  Great  Britain  relating  to  the  regulation 
of  manufacture  and  labor  since  the  beginning  of  the  war  has 
been  the  result  of  agreement  between  the  government,  em- 
ployers, and  labor  unions,  and  covers  practically  everything 
that  is  manufactured  for  war  purposes.  There  is  not  a  single 
clause  in  the  legislative  acts  that  has  not  been  the  result  of 
discussion  and  agreement  between  the  three  interests  men- 
tioned. The  principal  features  of  the  legislative  acts  that 
have  been  passed  are  given  in  the  following  paragraphs. 

Power  of  Ministry  of  Munitions 

The  Minister  of  Munitions  received  power  to  control  fac- 
tories engaged  principally  on  the  manufacture  of  munitions. 
The  control  of  these  factories  amounted  to  a  right  of  the 
Minister  of  Munitions  to  take  over  the  plant  altogether  from 
the  owners.  That  right  has  been  rarely  exercised,  and  exer- 
cised only  when  the  management  failed  to  comply  with  the 
requirements  of  the  government.  Such  cases  have  been 
exceptional,  probably  only  two  or  three  in  number.  As  part 
of  his  powers  in  regard  to  these  factories  the  Minister  of 
Munitions  has  definite  authority  to  limit  the  profits  of  such 
plants.  The  profits  were  limited  to  an  increase  of  one-fifth 
over  an  average  of  the  profits  of  the  two  years  preceding  the 
war. 

The  trade  unions  agreed  that,  in  view  of  the  fact  that  a 
definite  limitation  had  been  put  on  profits,  the  wages  of  the 
employes  should  be  fixed  at  the  rates  which  existed  at  that 
time.  There  was  to  be  no  fluctuation  upward  or  downward 
in  the  wages  except  by  consent  of  the  Minister  of  Munitioois. 
It  was  agreed  that  neither  capital  nor  labor  should  make  a 
profit  out  of  the  nation's  needs.  The  government,  having 
fixed  wages,  appreciated  that  it  became  its  duty  to  see  that 
the  labor  so  dealt  with  should  not  suffer  from  the  increased 
cost  of  living.  It  set  up  a  Committee  on  Production.  One 
of  the  duties  of  this  committee  consisted  in  hearing  evidence 
aa  to  the  Increased  cost  of  living  three  times  every  year. 
Evidence  la  brought  before  it  by  trade  unions'  oflicials,  or 
anyone  concerned,  and  the  committee  has  all  the  government 
statistics  in  regard  to  the  Increased  cost  of  the  necessities  of 
life.  AsBumlng  that  the  living  costs  have  gone  up,  the  com- 
mittee then  makes  (In  the  nature  of  a  war  bonus)  a  national 
award  to  all  employes  on  war  work  payable  by  the  employer, 
but  to  be;  recovered  from  the  government. 

StiikeM  and  Lockouts 

Strikes  and  lockouts  became  Illegal  and  arbitration  became 
compulsory.  It  was  agreed  that  any  trade  disputes  In  war 
Industries  should,  for  Ibo  period  of  the  war,  be  submitted 
compulHorlly  to  arbitration,  which  the  government  should 
arrange.  The  government  took  llio  view  that  It  could  not 
tolerate  Interruption  of  suppllos  ruHultlng  from  dltToroncos 
betwoon  employers  and  employes.  It  took  the  view  that  Its 
duty  was  to  Interfere  bclwfcn  the  omployorH  and  employes  to 
prevent  Interruption  of  HUppllcR  vlliil  to  the  buccchs  of  the 
armies.  The  Rovornmcnl  viewed  thin  matter  with  such  grav- 
ity Ihnt  pow<!r  was  grantod  to  ImprlHon  for  llfo  anyone  who 
lnclt<!d  to  strikes  or  IntorfunMl  with  thu  operation  of  the 
ogroomont.  It  has  never  IxTomo  nfrpHmiry  lo  enforce  this 
penalty.  Public  opinion  hns  generally  enforced  the  act  very 
effocllvoly. 


Limitations  of  Rights  of  Labor  Unions 
The  trade  unions  agreed  to  waive  all  their  practice  and 
customs  which  tended  to  restrict  either  employment  or  output, 
such  as  the  employment  of  only  union  labor,  and  the  use  of 
only  skilled  persons  on  skilled  jobs;  and  they  promised  to  do 
their  utmost  to  see  that  that  agreement  was  carried  through. 
They  agreed  also  that  any  person,  man  or  woman,  would  be 
allowed  to  do  any  kind  of  work.  In  return  for  these  im- 
portant concessions  the  government  pledged  itself  to  restore 
pre-war  conditions  in  shops  after  the  war.  The  trade  unions, 
their  leaders,  and  the  rank  and  file,  have  abided  loyally  by 
that  agreement  and  act. 

Compulsory  Arbitration 

The  first  Munitions  of  War  Act  set  up  machinery  for  com- 
pulsory arbitration.  Despite  this  system  of  compulsory 
arbitration,  it  would  be  misleading  to  say  that  there  have  not 
been  labor  troubles  or  strikes,  but  there  have  been  only  three 
strikes  which  have  had  to  be  regarded  as  serious,  and  of 
these  none  has  lasted  more  than  a  week.  Not  a  strike  has 
arisen  for  higher  wages  since  the  war  began.  Moreover, 
there  has  not  been  a  single  strike  in  which  the  responsible 
trade  union  oflicials  have  not  stood  side  by  side  with  the 
government  and  done  their  utmost  to  bring  every  man  back 
to  work  at  the  earliest  possible  moment.  One  of  the  lessons 
which  has  been  learned  in  England  is  that  the  war  is  a  war 
of  the  civil  organizations — of  mechanism  and  mechanics,  of 
the  machine  shop  and  the  factory — just  as  much  as  it  is  a  war 
of  the  army.  Organization  of  industry  at  home  must  be  as 
complete  and  thorough  as  at  the  front.  If  one  leaves  organ- 
ization at  home  to  chance,  he  imperils  the  army.  Industrial 
peace  at  home,  continuity  of  supplies,  and  ever-increasing  out- 
put— these  things  are  vital  if  this  war  is  to  be  won  without 
useless  waste  of  life  and  supplies. 

Prevention  of  Shifting:  of  Labor 

The  shifting  of  labor  from  establishment  to  establishment, 
from  work  of  great  importance  to  work  of  less  importance, 
from  war  work  to  civil  work,  has  been  checked  by  a  system  of 
licenses.  No  non-essential  industry  which  uses  materials 
essential  for  war  purposes  or  employs  labor  which  could  be 
used  in  the  manufacture  of  munitions  now  exists  in  England. 
Therefore  there  is  little  risk  of  labor,  which  is  engaged  in  the 
manufacture  of  munitions,  leaving  for  civil  work.  It  was 
soon  found  in  England  that  some  manufacturers  had  taken 
on  orders  that  could  not  be  filled  without  a  large  increase 
in  their  labor  force.  Accordingly,  such  manufacturers  had 
sot  about  getting  the  necessary  workmen  in  the  most  uneco- 
nomic way  possible;  that  is,  they  tried  to  get  labor  from  other 
plants.  A  system  of  labor  auctioneering  and  enticement  was 
found  to  be  going  on  all  over  the  country.  This  situation 
was  ended  by  two  regulations  under  the  Defense  of  the  Realm 
Act,  which  stated  in  effect  that  no  employer  in  the  engineer- 
ing industry  (machine  shops  and  other  metal-working  plants) 
should  offer  an  enticement  or  endeavor  to  entice  away  an 
employe  from  any  other  employer  in  that  Industry.  Should 
ho  do  this,  he  was  liable  to  a  heavy  penalty.  Further,  the 
Ministry  of  Munitions  was  empowered  to  regulate  and  re- 
strict the  employment  of  labor  In  any  factory.  If  an  em- 
ployer offers  an  enticement  to  other  labor,  or  if  he  is  found 
using  the  labor  ho  has  in  an  uneconomic  way  (holding  labor 
for  future  contracts  or  using  a  skilled  man  on  a  machine 
which  a  loss  skilled  man  could  operate),  an  embargo  Is  laid 
on  that  firm  and  It  Is  not  permlltcd  to  engage  any  labor  of  any 
sort  except  undcf  llconso  from  the  Ministry  of  Munitions.  In 
this  way  n  plant  can  bo  watched  and  the  manpower  in  that 
plant  can  be  economized  as  much  as  poaalblo. 

Houra  of  Labor 

In  KriKliitid  llioru  aro  no  roKiilatlons  or  laws  as  to  hours  of 
labor.  TliJB  ninltor  Ih  alwiiya  dealt  with  by  moana  of  agree- 
niont  Ix'twnnn  (ho  trade  unions  and  the  employers'  fcderu- 
tloriH.  Tim  only  allcratldii  that  hiia  Ihtu  iuikIci  (luring  the 
war  Ih  that  tlm  lioura  wlilcli  a  woman  nilKJit  bn  woriu-il  were 
limited  to  sixty  per  week.  There  la  no  over  time  limit  for  men. 
In  gonoral,  tho  normal  hours  actually  worked  ot  the  present 
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time  in  England  amount  in  the  metal  trades  to  about  fifty- 
four  to  fifty-six  per  week  for  men  and  fifty-two  to  fifty-four 
hours  for  women,  with  perhaps  four  to  six  hours  over-time  for 
men  and  one  to  four  hours  overtime  for  women.  In  an 
explosive  factory  women  usually  work  forty-eight  hours. 

There  was  a  period  when  England  worked  her  men  and 
women  perhaps  one  hundred  hours  a  week.  There  was  an 
initial  output  during  the  first  four  to  six  months  which  was 
larger  than  was  expected ;  but  after  that  it  began  to  decrease 
to  less  than  that  of  normal  hours.  As  a  result,  an  effort  has 
recently  been  made  to  cut  down  the  excessive  hours  and  to 
get  rid  of  over-time  as  much  as  possible.  All  Sunday  labor, 
except  on  continuous  processes,  has  now  been  done  away 
with.  Similarly  an  effort  has  been  made  to  abolish  over-time 
or  to  reduce  it  to  a  minimum.  The  obstacle  in  the  way  of  any 
further  reduction  is  not  on  the  part  of  the  government,  nor 
employers,  but  because  the  workers  desire  to  earn  extra  pay. 

War  Munitions  Volunteers 

The  War  Munitions  Volunteers  system  has  been  of  tre- 
mendous assistance  to  England  in  stabilizing  the  labor  supply 
and  in  controlling  priority  of  labor  on  war  work.  The 
War  Munitions  Volunteers  are  skilled  workmen  who  have 
offered  their  services  to  the  Ministry  of  Munitions  for  the 
duration  of  the  war.  They  constitute  a  mobile  force — now 
numbering  about  200,000 — which  can  be  shifted  into  any  form 
of  munitions  work  that  the  Ministry  considers  especially  vital 
at  any  given  time.  Workmen  have  become  members  of  the 
War  Munitions  Volunteers  because  of  the  appeal  of  patriotism 
and  because  membership  carries  with  it  exemption  from  mili- 
tary service.  Members  receive  the  established  rate  of  pay 
in  the  plant  which  they  leave,  or  the  plant  to  which  they  go, 
whichever  may  be  the  higher.  The  formation  of  the  War 
Munitions  Volunteers  system  has  produced  many  of  the  bene- 
ficial results  of  industrial  conscription  without  any  of  the 
dangers.  The  government  can  now  select  men  scientifically 
whenever  there  is  special  need  of  additional  skilled  workmen 
in  any  factory  or  in  any  district,  and  these  men  can  be  taken 
from  work  on  which  their  loss  will  be  felt  least. 
*  *  * 
TREATMENT  OF  WOUNDS  DUE  TO  INDUS- 
TRIAL ACCIDENTS 
The  so-called  Dakin's  solution,  an  antiseptic  which  has  been 
developed  in  Paris  in  connection  with  the  treatment  of 
wounded  soldiers,'  will  find  a  valuable  application  in  the  treat- 
ment of  injuries  due  to  industrial  accidents.  The  solution  has 
been  tried  by  the  medical  departments  of  a  number  of  indus- 
trial plants  in  the  United  States,  and  the  report  of  its  success- 
ful application  in  the  dispensary  of  the  General  Electric  Co. 
at  West  Lynn,  Mass.,  has  brought  out  some  interesting  facts. 
The  works'  physician.  Dr.  Frank  E.  Schubmehl,  makes  the 
following  statement  relating  to  its  use: 

All  wounds  occurring  in  this  plant  are  considered  in- 
fected wounds  at  the  very  beginning  and  are  treated  as 
such.  A  dressing  is  applied  over  the  wounded  area  in  such 
a  way  that  the  denuded  or  exposed  tissue  laceration  is  free 
from  pressure.  First,  the  wound  is  thoroughly,  but  care- 
fully, cleansed  with  Dakin's  solution,  either  by  spray  or 
swabbing  off  with  cotton.  Pressure  is  made  around  and 
about  the  outside  edges  of  the  wound,  previously  covering 
the  uninjured  parts  to  be  included  in  the  bandage  with 
vaseline  gauze.  The  bandage  is  then  applied  and  the  pa- 
tient Is  Instructed  to  pour  through  the  depression  in  the 
bandage,  where  the  oi)oning  of  the  original  dressing  ap- 
pears, enough  nf  the  Dakin  solution,  every  two  hours,  to 
thoroughly  wasli  out  the  chamber  within.  The  patient  Is 
supplied  with  a  bottle  of  the  Dakin  solution  sufflclent  to 
carry  him  over  to  the  next  dressing.  When  the  injury  Is  a 
small  one.  the  dressing  Is  applied  as  above,  and  the  patient 
Is  supplied  with  a  medicine  dropper,  in  addition  to  the 
bottle  of  the  solution,  and  is  Instructed  about  the  use  of 
the  solution. 

From  an  observation  of  6000  Injuries,  large  and  small,  at 
the  General  Electric  Co.'s  plant  since  the  Introduction  of  this 
treatment,  It  Is  believed  that  the  method  described  Is  the  most 
edlclent  that  has  been  developed.  Several  cases  of  lacerated 
Angers  and  of  compound  fractures  of  the  bone  have  been 
treated  by  Dakin's  solution,  and  the  partially  severed  mem- 
bers held  only  by  a  slight  piece  of  Integument  have  been  saved. 


JOBBING-SHOP  PRODUCTION 

BY  CHARLES  A.  CAKPENTER  ' 

The  jobbing  machine  shop  offers  problems  in  production  that 
are,  in  general,  much  more  difficult  than  those  of  manufactur- 
ing establishments.  In  the  latter,  machinery  is  installed  to 
perform  certain  definite  functions.  Great  ability  is  needed  in 
designing  and  selecting  this  machinery,  and  a  versatile  repair 
gang  is  indispensable  to  maintain  full  output;  the  actual  pro- 
duction work  then  becomes  simple.  In  jobbing  shops,  the 
work  taken  must  conform  to  the  limitations  of  the  equipment. 
It  is  impossible  to  secure  work  to  keep  all  machines  working 
equal  hours;  hence  two  problems  confront  the  jobbing-shop 
manager.  He  must  balance  the  work  ahead  of  all  machines  by 
careful  sales  and  strict  attention  to  scheduling  production, 
and  he  must  increase  the  utility  of  machines  by  cheap  altera- 
tions, fixtures  or  other  accessories.  The  installation  of  new 
equipment  requires  shrewd  judgment  mixed  with  plenty  of 
gambling  faith,  and  the  repair  gang  should  be  in  charge  of  a 
mechanical  genius  who  is  an  all-around  machinist. 

In  order  to  get  the  best  results  and  the  largest  profits  from  a 
shop  taking  special  contract  work,  it  is  necessary  to  keep  all 
equipment  equally  busy  on  operations  suitable  for  the  ma- 
chinery involved.  To  secure  these  results  it  is  necessary  to 
keep  a  complete  and  detailed  record  of  all  machinery  and  small 
tool  capacities.  Thus  a  lathe  record  should  accurately  show 
the  diametral  and  length  limits,  thread-cutting  capacities, 
accuracies,  etc.  The  importance  of  this  information  is  easily 
shown.  Suppose  a  long  shaft  is  to  be  turned  to  close  limits. 
While  more  than  one  machine  may  be  satisfactory  for  swing 
and  length,  only  one  may  be  sufficiently  accurate  to  turn  to 
the  size  wanted.  Some  lathes  turn  out  of  round,  some  show 
chatter  marks  on  the  work,  and  some  may  not  have  thread- 
cutting  capacities  for  the  full  working  length.  It  may  often 
be  essential  to  have  an  extra  length  on  long  shafts  for  driving 
so  that  threading  or  other  special  work  may  be  done  at  the 
headstock  end.  A  little  experience  in  jobbing  work,  carefully 
recorded,  will  quickly  enable  an  alert  superintendent  to  secure 
the  necessary  data  on  small  machinery  and  small  tools.  In 
addition,  a  critical  study  must  be  made  of  all  blueprints  issued 
to  the  shop  to  determine  the  proper  assignment  of  work  to 
each  machine.  This  problem  requires  intimate  knowledge  of 
the  capacities  of  the  machines  and  an  understanding  of  the 
complete  shop  routing  system.  For  example,  some  work  is 
taken  that  must  go  on  one  particular  machine;  other  work 
might  be  handled  equally  well  on  two  or  more  machines. 

The  first  step  in  the  proper  assignment  of  work  is  to  list 
definitely  all  jobs  that  any  one  machine  must  handle.  For 
instance,  assume  that  a  shop  has  several  planers:  one  taking 
work  10  feet  wide,  another  work  8  feet  wide,  and  a  third  work 
7  feet  wide,  etc.  Any  planer  work  over  8  feet  wide  should 
go  on  the  10-foot  planer  unless  special  rigs  are  available  for 
one  of  the  smaller  machines.  After  he  has  scheduled  for  the 
10-foot  planer  the  work  it  should  take,  the  superintendent  may 
find  that  this  machine  has  more  work  than  it  can  complete 
in  the  time  desired;  or  that  it  is  Just  properly  balanced  with 
the  other  equipment;  or  that  it  has  too  little  work  ahead.  Each 
condition  must  be  considered  in  connection  with  the  entire 
production  system.  If  there  is  apparently  too  much  work 
for  the  time  available,  one  solution  of  the  difficulty  is  to 
Ignore  promised  deliveries  and  let  each  Job  take  its  turn;  that 
Is  an  admission  of  failure.  Another  plan  is  to  make  a  close 
study  of  one  of  the  smaller  machines  to  see  if  a  special  set-up 
will  take  care  of  one  or  more  of  the  jobs.  A  third  plan  Is  to 
run  the  10-foot  planer  extra  hours.  Subletting  part  of  the 
work  might  be  desirable.  It  the  work  ahead  is  just  right  for 
the  shipping  schedule,  no  adjustment  is  necessary  uulesat 
caused  by  overcrowding  of  other  machines.  Should  there  be 
too  little  work  ahead,  other  tools  might  be  relieved  so  as  to. 
balance  working  hours,  or  part  time  might  be  advisable.  Whea 
considering  work  suitable  for  two  or  more  machines,  an  elforti 
should  be  made  to  assign  work  to  secure  the  lowest  costs  andi 
at  the  annip  time  to  balance  the  equipment  In  so  far  ag  Is 
practicable. 
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Advantages  and  Disadvantages  of  Routing:  Work 
It  is  frequently  necessary  for  the  superintendent  to  decide 
when  the  routing  of  the  work  should  be  changed.  Men  who 
have  never  handled  a  jobbing  shop  may  say  that  no  inter- 
ference of  schedule  should  be  permitted,  while  most  jobbing- 
shop  foremen  will  say  no  schedule  is  worth  anything  because 
it  cannot  be  kept.  While  a  shop  taking  special  work  cannot 
develop  a  routing  system  that  will  eliminate  the  disruption 
of  schedule  plans,  tentative  schedules  of  the  work  should 
always  be  made.  Schedules  must  frequently  be  broken,  be- 
cause it  is  impossible  always  to  estimate  correctly  the  time 
that  will  be  required  to  do  a  job  never  before  attempted.  Be- 
sides, the  amount  of  finish  and  the  character  of  metal  may  ren- 
der ineffective  estimates  based  on  past  performances;  break- 
downs of  equipment  cannot  be  entirely  prevented;  defective 
material  is  frequently  manifest  only  after  considerable  ma- 
chining; desirable  contracts  may  be  taken  with  the  full  knowl- 
edge that  schedules  will  be  broken;  and  cancellations,  "hold- 
up" orders  and  requests  for  deferred  shipments  may  justify  a 
schedule  change. 

The  reasons  in  favor  of  making  tentative  schedules  are  just 
as  numerous.  By  carefully  studying  the  work  ahead  of  each 
machine,  a  larger  output  is  obtainable  because  the  tendency  is 
to  keep  all  machines  equally  busy,  and  by  studying  routing, 
new  methods  will  come  to  mind.  A  much  closer  watch  is 
kept  on  shipping  dates,  improving  the  reputation  of  the  firm; 
oftentimes  desirable  contracts  may  be  taken  for  quick  delivery 
that  otherwise  would  be  lost  through  haphazard  delivery  prom- 
ises. The  importance  of  hurrying  in  materials  purchased  out- 
side is  clearly  brought  to  mind.  The  most  important  reason 
for  making  a  tentative  schedule,  however,  is  the  better  grasp 
it  gives  the  superintendent  of  the  problem  of  production.  An 
executive  properly  in  touch  with  his  shop  can  head  off  unde- 
sirable contracts. 

Obtaining  Mechanism  Output  with  Greatest  Efficiency 

For  keeping  the  records  of  machine  and  tool  capacities,  a 
card  file  is  preferable,  the  cards  being  grouped  according  to 
machines,  such  as  lathes,  planers,  horizontal  boring  mills,  taps, 
drills,  boring  heads,  etc.  A  volume  might  be  written  about 
the  information  that  should  be  kept  on  these  cards,  but  any 
practical  shop  man  can  start  such  a  record  and  every  new 
job  will  afford  information  on  the  limitations  of  the  equip- 
ment, before  a  person  will  have  kept  his  file  many  weeks, 
he  will  be  surprised  to  find  the  number  of  jobs  that  have  been 
done  at  low  cost  on  tools  that,  before  the  file  was  kept,  were 
considered  unfit  for  that  purpose.  As  a  result,  the  shop  will 
be  running  nearer  to  100  per  cent  capacity  than  ever  before. 
Few  machinists  realize  how  many  things  a  good  machine  tool 
can  do,  so  that  it  is  only  by  a  careful  study  that  the  full  range 
of  capacity  can  be  determined.  But  such  a  study  will  show 
that  many  Jobs  formerly  assigned  to  a  very  few  machines  may 
be  done  with  commercial  efficiency  on  many  others  by  in- 
expensive special  rigging.  The  accumulation  of  this  rigging 
also  helps  the  management  to  obtain   100   per  cent  output. 

To  avoid  dependence  upon  memory,  a  route  sheet  should  be 
kept  of  every  nia<:hlne  or  small  tool  that  may  at  any  time  be- 
come ovcrscheduled  with  work.  Thus  there  should  be  a  sheet 
for  each  lathe,  planer,  vertical  mill,  etc.  Then  an  examination 
of  a  new  drawing  will  suggest  assigning  one  Job  to,  say,  an 
8-foot  planer,  another  to  a  42  Inch  lathe,  a  third  to  a  9  foot 
vertical  mill,  and  a  fourth  to  a  6-foot  radial  drilling  machine. 
The  complete  Hheet  for  each  machine  will  show  hcvituI  Jolm 
ahead,  giving  the  shop  order  numbers,  bill  of  material,  marks 
or  pattern  numbers,  descriptions  of  I  lie  pieces,  opcrulioim  to 
be  done,  approximate  number  of  hours  rc(|ulrod  for  each,  and 
the  tentative  date  of  completion.  From  these  routing  charts. 
It  Is  comparalivoly  simple  to  select  the  Jobs  that  should  be 
taken  up  as  each  preceding  Job  Is  completed.  To  tlcclde  llie 
order  of  future  asBlgnmcnts,  an  analysis  musl  bo  mailn  to 
determine  if  work  should  bo  shifted  from  one  mucliliio  to  ati 
other,  If  material  will  bo  recdivod  in  time  to  keep  srhcduios, 
and  the  Importance  of  keeping  provioiiHly  promlHod  delivery 
dates. 

With  adeiualo  Inforninlion  available,  It  Is  brst  to  nolo  n 
tentative  sequence  for  the  Jobs  ahead  of  each  tool.     F'roquont 


conferences  of  the  shop  executives  will  enable  the  management 
to  change  this  arrangement  readily  to  meet  new  conditions. 
Should  it  be  impossible  to  take  up  any  job  in  its  turn,  it  is 
generally  better  to  take  the  next  one  in  order,  leaving  the 
delayed  job  for  future  consideration.  Definite  instructions 
should  be  issued  whenever  this  procedure  is  desirable,  and  the 
foreman  in  charge  should  be  advised,  should  it  be  decided 
to  hold  any  machine  w&iting  for  its  scheduled  work. 

Because  of  the  many  factors  that  enter  into  the  work,  the 
man  in  charge  of  production  in  a  jobbing  shop  must  always 
be  "on  the  job."  He  must  clearly  understand  the  shop's  limita- 
tions and  possibilities.  He  must  be  conversant  with  the  status 
of  each  contract  and  must  be  ready  to  have  each  day  start  his 
problems  anew.  He  cannot  feel  any  sense  of  permanency  in 
the  plans  made  and  yet  he  must  have  faith  in  those  plans  when 
made.  With  these  characteristics  mixed  with  practical  judg- 
ment and  ingenuity,  a  production  man  can  maintain  a  high 
state  of  efliciency  in  his  plant  and  he  will  be  rewarded  by 
securing  a  greater  output,  lower  costs,  and  better  deliveries 
than  he  ever  thought  possible. 

*     *     * 

CONVENTION  ON  FOREIGN  TRADE 
The  Fifth  National  Foreign  Trade  Convention  will  meet  at 
the  Gibson  Hotel,  Cincinnati,  Ohio,  Thursday,  Friday  and  Sat- 
urday, April  18-20,  inclusive.  The  theme  of  the  conven- 
lion  will  be  "The  Part  of  Foreign  Trade  in  Winning  the  War." 
in  the  formal  call  to  the  convention,  James  A.  Farrell,  chair- 
man of  the  National  Foreign  Trade  Council,  calls  attention  to 
the  fact  that  American  participation  in  the  war  against  Ger- 
many has  laid  a  new  obligation  upon  the  foreign  trade  enter- 
prises of  the  United  States  and  at  the  same  time  presented  a 
new  opportunity.  The  object  of  the  convention  is  to  consider 
that  obligation  and  that  opportunity;  to  discuss  the  different 
elements  of  foreign  trade;  and  to  give  serious  thought  to  the 
demands  and  the  problems  of  the  future 

All  Americans  engaged  in,  or  desirous  of  entering  overseas 
commerce,  and  especially  all  chambers  of  commerce,  boards  of 
trade  and  other  commercial  and  industrial  organizations,  as 
well  as  firms  and  individuals,  are  invited  to  take  part  in  tne 
convention,  individually  or  by  appointment  of  delegates.  The 
discussion  will  be  led  by  men  who  are  foremost  in  the  foreign 
trade  experience  of  the  United  States.  Approximately  one-halt 
of  the  time  of  the  convention  will  be  given  to  the  presentation 
of  papers  and  reports  dealing  with  one  or  another  of  the 
numerous  phases  of  the  convention  theme.  The  remainder 
will  be  devoted  to  group  sessions  for  the  discussion  of  single 
problems  under  the  leadership  of  specially  qualified  experts. 


NEW  CLUB  HOUSE  OF  DAYTON  ENGINEERS* 
CLUB 
The  Engineers'  Club  of  Dayton,  which  was  organized  In 
February,  1914,  for  the  purpose  of  advancing  the  engineering 
knowledge  and  practice  and  the  professional  standing  of  its 
members  by  means  of  meetings  for  the  reading  and  discussion 
of  appropriate  papers,  as  well  as  by  the  opportunity  of  social 
and  professional  intercourse,  has  recently  erected  a  large  club 
house  In  Dayton,  which  will  be  dedicated  on  Saturday  after- 
noon and  evening,  February  2.  The  mouihcrahlp  of  the  society 
Is  about  throe  hundred,  Colonel  A.  K.  Deeds,  chief  of  the  Air- 
craft Production  Hoard,  being  president.  The  new  building 
Is  located  at  tlie  soulhonat  corner  of  Monument  Ave.  and  Jef- 
ferson St.,  facing  ir.O  feel  on  the  avenue  and  125  feet  on  Jeffer- 
son St.  It  Is  throe  stories  high  and  contains,  In  addition  to 
the  regular  club  house  accommodations,  nn  auditorium  with  a 
seating  capa<lty  for  4f>0  poopliv  The  building  iiiiil  grounds 
are  tlio  gift  <if  Colonel  K.  A.  Deeds  and  CluirlcH  F.  Koltorlug, 
members  of  the  club. 

•     *     • 

CORRECTION 

The    formula    on    piigu    455    In    tlio    Juiuniry    number    of 
MAdifiNKiiv,  left-hand  column,  should  road: 
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Fig.   1.     Gas  Furnaces  for  melting  Stellite 


NOTES    ON    THE    MANUFACTURE    AND 
FABRICATION    OF   STELLITE 

Some  years  ago  Elwood  Haynes,  of  Kokomo,  Ind.,  the  metal- 
lurgist and  engineer,  discovered  that  an  alloy  of  cobalt,  chro- 
mium and  certain  other  metals  resisted  oxidation  indefinitely 
at  all  ordinary  temperatures.  In  these  experiments  Mr.  Haynes 
was  intent  on  finding  an  alloy  that  could  be  used  as  a  sub- 
stitute for  tableware  silver.  He  was  successful  in  producing 
an  alloy  that  resisted  the  acids  of  apples,  lemons,  grapefruit 
and  other  common  fruits  and  foods.  In  the  course  of  his  in- 
vestigations he  discovered  another  alloy  of  much  greater  in- 
terest and  value  to  the  engineering  world,  which  also  is  a 
compound  of  cobalt  and  chromium  with  certain  other  metals, 
such  as  tungsten  and  molybdenum.  This  alloy,  called  "stellite" 
because  of  its  starry  and  untarnishable  luster,  was  found  to  be 
the  most  efficient  metal  for  cutting  tools,  especially  lathe  tools. 
In  tact,  stellite  is  in  a  sense  a  revolutionary  discovery,  as  it 
makes  possible  the  machining  of  metals  at  speeds  impossible 
of  attainment  with  any  known  high-speed  steel.  The  scarcity 
of  tungsten,  and  the  resulting  scarcity  of  high-speed  steels 
containing  tungsten,  has  given  a  great  impetus  to  the  manu- 
facture of  stellite.  The  object  of  the  present  article  is  to  give 
an  idea  of  the  general  processes  of  producing  it  and  fabricat- 
ing it  into  cutting  tools. 

The  cobalt,  chromium  and  tungsten  are  reduced  from  their 
native  ores  in  the  Kokomo  plant  and  are  mixed  in  the  various 
proportions  required  for  the  different  grades  required.  Stellite 
has  a  high  melting  point,  requiring  a  temperature  of  about 
1930  degrees  C.  (350G  degrees  F.)  to  render  it  sufficiently  fluid 
to  flow;  but  even  when  raised  to  this  high  temperature  it  does 


for  melting  Charge 


not  flow  the  same  as  molten  cast  iron,  but  rather  like  a  thick 
syrup.  Because  of  this  peculiarity,  some  difficulty  is  ex- 
perienced  in  casting  stellite  in  any  but  the  simplest  forms. 

Two  types  of  melting  furnaces  are  used,  electric  and  oil  gas. 
The  Snyder  electric  furnaces,  which  are  of  the  single  electrode 
type,  require  about  25  minutes  to  melt  a  charge,  while  the  gas 
furnaces  shown  in  Fig.  1  require  about  1%  hour.  The  gas 
furnaces  are  also  at  a  disadvantage  because  they  require  the 
use  of  crucibles,  which  have  been  nearly  unobtainable,  and  of 
poor  quality  and  high  price  since  the  outbreak  of  the  war. 
The  electric  furnace  hearth  is  lined  with  magnesite  and  the 
cost  of  lining  is  less  than  that  of  crucibles  required  for  an 
equivalent  output. 

The  Synder  electric  furnace  has  a  vertical  carbon  electrode 
mounted  in  the  center  above  the  hearth.  The  arc  extends  from 
the  electrode,  and  the  heating  takes  place  by  means  of  radial 
conduction  and  resistance.  When  the  stellite  is  melted,  the 
furnace  is  tipped  forward  on  its  trunnions  and  the  charge 
poured  into  a  large  crucible.  The  pouring  crucibles  are  filled 
from  the  large  crucible,  great  care  being  taken  to  skim  off  all 
oxidized  and  foreign  matter.  Stellite  is  molded  for  cutting 
tools  into  bars  of  varying  cross-section,  according  to  the  size 
and  weight  of  the  tool-bit  required.  The  molds  are  made  ol 
graphite  slabs  held  together  by  C-clamps,  as  shown  in  the  fore- 
ground of  Fig.  1.  These  molds  are  planed  on  a  shaper,  the 
grooves  being  cut  to  form  the  cross-section  required  when  the 
two  halves  of  the  mold  are  matched  together.  When  pouring 
the  metal,  the  utmost  care  must  be  taken  to  skim  off  all  dross 
and  slag,  but  notwithstanding  the  care  taken,  a  considerable 
percentage  of  the  bars  cast  are  found  defective  on  test  and 
must  be   rejected.     These   are  broken   up  and   remelted   with 


FIf,   3.     Snyder  Furnics  pourlnf  off   Holtod   StolUte  Ohur* 
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additional  cobalt,  chromium  or  tungsten  required  to  produce 
the  grade  of  stellite  desired.  The  stellite  bars  are  fabricated 
into  tool-bits  for  lathes  and  planer  tool-holders,  and  are  elec- 
trically welded  to  machine  steel  shanks,  thus  making  the  cut- 
ting point  integral  with  the  shank.  All  forming  is  done  by 
grinding,  as  it  is  impracticable,  if  not  impossible,  to  machine  it. 
No  method  is  known  by  which  it  can  be  annealed. 

The  electric  butt-welding  process  is  used  successfully  for 
welding  stellite  to  the  end  of  machine  steel  shanks  when  the 
cross-section  of  the  bit  and  the  shank  are  the  same.  The  elec- 
tric arc  process  is  preferred  for  welding  points  to  holders  when 
the  bit  is  of  a  smaller  cross-section  than  the  holder.  The  shank 
is  notched  to  receive  the  bit,  and  the  "saddle"  is  beveled  at 
each  side.  The  stellite  bit  is  also  beveled  on  the  lower  sides, 
as  indicated  at  A  in  Fig.  5.    The  beveling  is  done  in  order  to 
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Fig.  5.     Stellite  Bit  and  Machine  Steel  Tool  Shank  Beady  for  Welding 

secure  a  more  satisfactory  weld.  The  bit  is  first  "tipped"  in 
place  with  the  electric  arc  and  then  the  V-grooves  are  filled 
in  flush  with  stellite,  thus  forming  a  solid  union  with  the 
shank.  The  object  of  sloping  the  sides  of  the  saddle  is  to  in- 
sure a  solid,  dependable  stellite  cutting  material  clear  down 
to  the  machine  steel  beneath.  It  was  found  that  if  the  saddle 
was  not  sloped,  the  steel  and  stellite  alloyed  during  the  melt- 
ing process  and  produced  an  inferior  cutting  tool  when  nearly 
ground  away.  This  trouble  is  entirely  eliminated  by  the 
present  practice,  which  insures  to  the  customer  the  full  value 
of  his  investment.  F.  E.  R. 

*     *     * 

THE  LIBERTY  MOTOR 

At  the  annual  convention  of  the  Society  of  Automotive  Engi- 
neers, held  in  New  York  City  January  9  and  10,  one  session 
was  given  over  to  the  discussion  of  the  Liberty  motor,  at  which 
time  some  Interesting  facts  not  previously  published  were 
brought  out.  The  Liberty  motor  embodies  the  best  principles 
of  foreign  aeronautical  motor  design,  combined  with  the  ex- 
perience of  American  builders  of  automobile  and  airplane  en- 
gines. It  Is  Intended  for  fighting  planes,  and  can  develop  400 
horsepower  on  the  ground.  It  has  twelve  cylinders,  and  its 
weight  is  800  pounds,  or  approximately  two  pounds  per  horse- 
power. The  main  considerations  in  its  design  were  to  produce 
an  engine  that  was  compact,  had  a  small  number  of  parts  and 
was  reliable.  In  fact,  reliability  was  made  the  prime  consid- 
eration, and  hence  no  experimental  features  have  been  in- 
cluded, but  only  such  points  are  embodied  in  the  design  as 
have  been  thoroughly  tried  out  In  the  past.  The  engine  which, 
during  the  past  year,  has  been  most  commonly  used  In  air- 
plane service  In  Europe  develops  from  200  to  220  horsepower 
on  the  ground  and  weighs  520  pounds.  Hence  the  Liberty 
motor  Is  a  distinct  advance  for  high  power  and  proportion- 
ately reduced  weight.  The  Army  machines  are  not  provided 
with  self-starters,  as  the  engine  cannot  be  stopped  after  It  has 
left  the  ground,  unless,  of  course,  subjected  to  such  an  acci- 
dent that  even  the  self  starter  would  bo  without  avail.  The 
motors  for  tho-Navy  airplanes,  however,  are  provided  with 
Bcir-Btartors.  The  Ignition  Is  by  means  of  dry  batteries,  the 
ignition  equipment,  complete,  weighing  only  29  pounds.  This 
method  of  Ignition  was  iclcctod  because  of  being  the  lightest 
equipment  obtainable  In  combination  with  reliability.  The 
cylln'lprii  nro  sfil  at  on  nnglo  of  4G  dogrocs  with  each  other. 
The  pislon  clearance  Is  0.020  Inch  at  the  lower  end  of  the  pis- 
ton. Prossuro  ruol-fccd  Is  used,  and  the  carburetor  Is  man- 
ually controlled.  Mineral  oil  Is  used  for  the  lubrication,  but 
caator  oil  la  preferred. 

During  the  discussion,  an   Inlorosting  fart  rnlotlng  to  Iho 
life  of  airplanes  was  brought  out.     It  was  stated  that  nghtlng 

machine*  have  a  life  of  about  100  nylng  hours,  ecjulTalent  to 


about  two  months  of  service.  An  observation  plane  has  a  life 
of  about  three  months.  Bomb-dropping  planes  used  for  flying 
only  at  night,  and  hence  being  more  immune  from  attack, 
are  likely  to  have  a  longer  life.  In  speaking  of  the  life  of  an 
airplane,  it  is  not  intended  to  convey  the  idea  that  any  of  its 
working  parts  are  worn  out,  but  simply  that,  on  an  average, 
the  plane  meets  with  an  accident  or  is  brought  down  by  the- 
enemy  after  the  period  mentioned. 
•     *    • 

GROUP   INSURANCE  AT   THE   CINCINNATI 
PLANER    CO.'S   PLANT 

BY  A.  J.  SCHNEIDER  ' 

As  many  employers  are  now  studying  methods  tending  to- 
ward decreasing  the  labor  turnover  and  increasing  production, 
the  following  description  of  the  group  insurance  method 
used  by  the  Cincinnati  Planer  Co.,  Cincinnati,  Ohio,  may  prove- 
of  interest.  The  object  in  adopting  this  method  of  insurance 
was  to  make  this  plant  a  desirable  place  to  work  in,  so  that 
the  labor  turnover  would  in  that  way  be  decreased.  The  in- 
surance having  been  in  effect  only  since  October,  1917,  it  is 
too  early  to  state  positively  whether  the  expected  results  will 
be  forthcoming  or  not.  The  average  cost  is  about  ?4  per  year 
per  employe,  or  about  1 1/3  cent  per  working  day,  the  actual 
cost  in  each  case  depending  upon  the  age  and  length  of  service 
of  the  six  hundred  employes  covered  by  the  insurance. 

In  starting  the  system,  a  letter  was  typewritten  on  the 
company's  regular  stationary  addressed  to  the  employes  of 
the  Cincinnati  Planer  Co.  and  stating  in  plain  terms  the  ob- 
ject and  conditions  of  the  insurance.  The  letter  was  mailed 
on  a  Friday,  so  that  it  would  be  received  on  Saturday,  which 
would  give  the  men  an  opportunity  to  talk  the  matter  over 
with  their  families  during  Saturday  afternoon  and  Sunday. 
In  the  employment  department  an  immediate  increase  in  the 
number  of  applications  was  noticeable. 

The  insurance  includes  the  following  details:  Those  who 
have  been  in  the  company's  employ  for  three  months  are  in- 
sured for  $500;  those  who  have  been  in  constant  employ  for 
six  months,  for  $600;  those  who  have  been  continuously  em- 
ployed for  one  year,  for  $700;  and  for  every  additional  year 
of  continuous  employment  another  $100  is  added  to  the  insur- 
ance, until  a  maximum  amount  of  $1500  Is  reached.  The  com- 
pany pays  all  premiums,  no  deductions  from  wages  or  contri- 
butions of  any  kind  from  the  employes  being  required.  In* 
addition  to  offering  a  life  insurance  protection,  the  Insurance 
also  provides  an  income  in  case  of  permanent  disability, 
whether  resulting  from  disease  or  accident. 

One  part  of  this  proposition  which  received  considerable 
study  was  the  question  as  to  whether  the  amount  of  the  in- 
surance should  be  based  on  wages  or  on  length  of  service.  It 
was  decided  that  the  latter  plan  was  simpler  and  more  efficient, 
for  several  reasons.  In  the  flrst  place,  there  Is  a  speclflc  ad- 
vantage In  remaining  with  the  company,  as  the  insurance  In- 
creases with  length  of  service.  Hence  there  is  an  incentive 
for  remaining  with  the  organization  even  If  some  other  con- 
cern should  also  adopt  an  Insurance  plan,  because  the  new 
employe  with  another  concern  would  be  likely  to  be  Insure* 
for  a  smaller  sum  than  the  Insurance  carried  If  ho  stays  with 
the  old  concern.  Another  advantage  of  basing  Insurance  on 
length  of  service  Is  that  It  Is  very  simple  and  leaves  no  roonv 
for  doubt.  Insurance  based  on  wages  requires  considerable 
computation  In  order  to  be  equitable  under  the  present  pre- 
mium, piece-work  and  bonus  systems.  It  might  also  create  dis- 
satisfaction among  the  employes,  as  the  slxo  of  the  Insurance 
policy  would  bo  a  measure  of  the  wages  received. 

The  work  required  In  connection  with  the  Insurance  plan 
Is  simple  and  requires  very  llttio  time,  probably  not  mora 
than  two  hourw  a  week  for  a  force  of  six  hundred  nion.  Of 
course,  at  the  iriuuKuralloii  of  tho  system  a  record  cord  giv- 
ing complete  Irifnrnintloii  about  cnrli  employe  must  bo  llllod 
out,  stiitlnK  In  full  the  name  of  tlio  company  and  employe,  dato 
of  birth,  addroBH,  bniioflciury,  etc.;  afterword,  however,  no  fur- 
ther work  Is  required  unless  the  employe  loaves  tho  company 
or  dies,  except  for  tho  chocking  of  Invoices  and  reports,  whlcb 
can  bo  handled  by  a  vary  simple  system. 

•  Knii>l«)rn>'-nl    Miina(<<r,    C'IikIiiiiaII    l-lnnrr    (V>.,    Onklcj.    Olnrlnnitt,    Olilo 
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OBSERVATIONS   AROUND   THE   SHOPS 

BY  DONALD  A.  HAMPSON  1 

We  were  passing  in  the  rear  of  one  of  the  buildings  of  an 
up-state  specialty  foundry  while  several  men  were  cleaning 
out  the  cupola.  "See  that  slag  pile?"  said  the  proprietor. 
"Well,  we  used  to  dump  all  of  that  stuff  over  there  in  the 
swamp,  but  we  don't  do  it  any  more.  I  attended  a  foundry- 
man's  convention  in  Boston  four  or  five  years  ago  and  saw 
a  process  for  working  over  cupola  cleanings — wouldn't  have 
believed  it  possible  unless  I  had  seen  it — so  I  put  in  an  order 
for  a  machine  on  the  spot  and  learned  just  how  to  do  every- 
thing before  I  left.  Now,  we  wash  the  slag  and  run  it  through 
the  machine  and  we  have  been  reclaiming  five  tons  of  good 
iron  a  week.  That's  a  pretty  good  saving  for  a  foundry  of 
this  size  and  with  the  pig  where  it  is  today,  you  can  imagine 
what  a  nice  percentage  that  Boston  trip  is  paying." 

Maintaining  the  Proper  Speed  for  Grinding 

The  grinding  room  of  the  same  foundry  had  a  good  scheme 
for  keeping  the  emery  wheels  always  running  at  a  nearly 
correct  surface  speed.  The  machines  were  equipped  with  the 
best  of  hoods  and  exhausters  and  the  work  was  wide  or  long 
enough  so  that,  if  held  straight,  it  would  not  pass  between 
the  sides  of  the  hoods.  New  emery  wheels  were  twenty 
inches  in  diameter  and  the  hood  on  the  first  machine  was  cut 
so  that  by  the  time  the  wheels  were  worn  down  to  seventeen 
Inches  the  work  struck  the  hood.  The  wheels  were  then 
changed  to  the  next  machine  and  worn  to  fourteen  inches, 
and  so  on.  Each  machine  was  belted  to  give  a  fair  average 
speed  for  its  wheels. 

Reversing  a  Steam  Engine 

It  was  at  a  rather  unfortunate  time  that  the  writer  visited 
the  paper  mill  down  on  the  river  road.  The  boss  was  storm- 
ing, and  didn't  want  to  see  anyone,  naturally  enough,  for 
the  help  were  all  standing  around  idle  and  not  a  wheel  was 
turning.  Dry  weather  was  the  indirect  cause,  though  the 
machinist  who  had  just  been  fired  was  at  the  bottom  of  the 
trouble. 

The  mill  was  run  by  waterpower  but  it  had  a  steam  engine 
to  hook  up  in  case  of  emergencies,  which  had  been  so  rare 
that  the  engine  had  not  run  for  ten  j'ears.  During  that  time, 
the  machinery  had  been  changed  so  that  the  drive  from  the 
engine  would  have  to  be  in  the  opposite  direction.  Foreseeing 
this  while  the  drought  was  still  young,  the  boss  had  taken 
up  the  matter  with  the  machinist,  who  was  also  the  engineer 
to  be,  and  learned,  almost  against  his  will,  that  reversing  the 
engine  was  a  matter  of  a  few  minutes  and  could  be  put  off 
until  steam  was  up.  Well,  steam  had  been  gotten  up  that 
day  and  on  starting  up  the  engine  it  had  run  in  the  same  old 
direction.  Easiest  thing  in  the  world  to  fix!  Two  men  had 
been  put  at  the  flywheel  and  a  man  on  each  of  the  big  pulleys 
upstairs  with  instructions  to  "swing  her  over  good  and  lively 
when  I  shout — and  when  you  get  her  started  backward  I'll 
give  her  steam  and  we'll  be  all  right."  Repeated  attempts 
had  failed  to  turn  the  trick  and  the  machinist  had  been  asked 
to  leave  for  other  fields,  carrying  a  blessing  with  him. 

A  Newspaper  Job 

There  was  as  great  rivalry  between  the  Times  and  the 
Argus  as  between  any  of  the  papers  on  Park  Row,  and  every 
second  counted  In  getting  the  paper  on  the  street  after  the 
last  dispatches  were  In.  In  the  final  work  of  putting  the 
forms  on  the  press,  four  tap  bolts  had  to  be  Inserted  and 
tightened.  To  make  this  a  quicker  job,  the  heads  \v.ere 
rounded  and  a  strap  wound  on  them;  then  when  the  bolts 
were  Inserted,  the  pressman  gave  the  strap  a  pull,  as  a  boy 
does  a  top,  and  a  second  was  saved  that  would  otherwise  have* 
been  spent  In  screwing  the  bolt  In  Its  Inch  of  tlireadod  hole. 

It  Can't  be  Done 

The  hardest  tiling  to  combat  In  bettering  a  manufacturing 
process  Is  the  spirit  that  opposes  any  movement  because  It 
was  never  done  before  or  because  the  Individual  never  knew 
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it  to  be  done.  Such  was  the  situation  at  the  Ultra  Tool  Works. 
The  trouble  was  in  the  grinding  department:  the  men  wouldn't 
stay  or  they  were  always  behind  and  the  other  departments 
had  to  wait.  The  men  sat  in  rows  on  boards  over  the  tops 
of  the  grindstones  and  ground  as  best  they  could  in  that 
awkward  position.  They  were  covered  with  mud  from  head 
to  foot  and  wore  leather  breeches  to  keep  from  getting  soaked ; 
the  windows  were  also  covered  with  mud.  If  they  hadn't 
done  it  that  way  in  England,  perhaps  they  would  have  started 
it  differently  in  this  country,  but  once  started  with  some  is 
to  go  on  to  the  bitter  end.  No  one  could  blame  the  workmen 
for  disliking  their  working  conditions,  and  it  had  been  deter- 
mined experimentally  that  the  grinding  could  be  done  on 
emery  wheels  with  men  working  in  a  natural  position  and 
under  healthful  conditions.  This  experimenting,  of  course, 
had  to  be  done  outside,  but  the  management  took  the  stand 
that  such  methods  would  not  stand  the  test  of  time,  as  had 
the  old  way  with  Ohio  sandstones,  and  moreover  the  emery 
wheels  were  too  expensive.  And  yet  every  time  they  put  on 
another  grindstone,  the  total  handling  from  car  to  scrap  pile 
cost  from  $10  to  $14.    Yes,  the  Ultra  failed  several  years  ago. 

Building  Their  Own 

"Come  in  here  and  I  will  show  you  the  design  of  a  machine 
we're  going  to  have  built  to  stamp  our  parts,"  said  Mr. 
Hessler.  The  shop  made  hardware  specialties  and  had  here- 
tofore stamped  the  name  on  by  hand.  "We  had  thought  of 
buying  a  Bliss  press  but  they  cost  $600  so  Harry  laid  out  this 
machine  and  it  isn't  going  to  cost  us  more  than  half  of  that." 
Harry  was  an  electrician  who  had  bluffed  his  way  into  a 
created  position  of  mechanical  engineer.  The  design  was 
good,  but  by  the  time  the  patterns  had  been  made,  the 
machine  work  done  and  Harry's  time  added  in,  $500  would 
hardly  pay  the  bill;  yet  any  number  of  second-hand  No.  18 
Bliss  presses,  which  would  have  been  hea^-y  enough,  could 
have  been  purchased  for  $150  each. 

Machinery  in  Duplicate 

Montrose  is  not  a  manufacturing  center  so  when  Mr.  Aaron 
Bloomstein  appeared  before  its  Board  of  Trade  with  a  propo- 
sition to  establish  a  plant  for  making  his  patent  lock  washer 
and  nut  combined,  he  was  gladly  received  and  a  committer 
lost  no  time  in  soliciting  the  funds  required  to  buy  the  patent 
(first)  and  to  equip  a  plant.  Montrose  is  a  residential  village. 
Its  business  and  professional  men  and  the  farmers  close  by 
are  well  to  do  and  they  all  welcomed  the  chance  to  get  an 
industry,  such  as  this  promised  to  be.  Come  to  think  it  over, 
they  could  remember  instance  after  instance  where  a  nut  had 
come  loose  and  caused  disaster,  so  why  shouldn't  a  factory 
to  make  "safe"  nuts  pay? 

Mr.  Bloomstein  had  been  a  tailor  in  his  early  days  but  had 
given  that  up  when  he  invented  this  nut  and  made  a  study 
of  manufacturing  processes;  this  proved  him  to  be  the  logical 
man  to  buy  the  machinery  and  start  the  plant  going.  Many 
novel  ideas  of  Mr.  Bloomstein's  were  to  be  seen  when  th» 
appraisal  was  being  made  after  the  failure  of  the  Safe  Nut  Co. 
which  followed  Mr.  B's  unexpected  departure  with  his  family, 
mostly  salaried  officers  of  the  concern.  But  most  novel  of  all 
was  the  double  row  of  machines  down  every  aisle — machines 
in  duplicate,  Mr.  B  had  called  it  and  no  one  had  ever  ques- 
tioned his  statement  that  all  progressive  plants  are  run  that 
way.  "It's  the  surest  kind  of  a  guarantee  against  manufac- 
turing losses,  for  whenever  a  man  breaks  a  drill  or  his  spring 
coiling  machine  clogs,  all  he  has  to  do  Is  to  swing  around 
in  his  seat  and  there  is  a  duplicate  machine  ready  and  waiting 
to  bo  started  on  the  very  same  job.  That's  what  we  call  'guar- 
anteed production',"  said  the  inventor.  Just  who  were  included 
In  the  "we"  was  not  explained. 

The  lock  washer  and  nut  itself  was  also  a  novelty.  It  was 
guaranteed  to  stay  on,  yes,  even  to  tighten  up  a  bit  at  times. 
It  was  well  that  the  company  failed  before  the  customers  had 
fully  ai'(iuainted  themselves  with  all  the  good  qualities  of 
the  nut,  for  while  the  nuts  could  bo  turned  cither  way  on 
bolts  held  In  the  hand,  It  was  an  utter  Impossibility  to  unscrew 
them  when  set  up  against  a  surface,  for  the  only  release  was- 
from  the  Inner  face  of  the  nut. 
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fulfill  the  various  conditions  to  be  met  with  in  handling  a  wide  variety  of  cylindrical  vcrindinj?  in  a 
way  that  instantly  appeals  to  both  the  operator  and  the  production  man.  Work  of  larjrc  or  small 
diameter,  work  which  includes  both  lar^re  and  small  diameters,  such  as  the  piece  shown  above, 
or  ionj?  slender  pieces  are  all  the  same  to  the  oi)erator  of  one  of  these  machines  as  far  as  accuracy 
and  fast  production  are  concerned.  The  wide  ran^e,  complete  separation  and  ease  and  quickness  of 
obtaininfr  work  speeds  and  table  feeds,  while  especially  important,  are  but  a  few  of  the  many 
features  of  these  accurate  and  rapid  machines. 

May   wc   tell  you  about   them   in   detail?       Send  for  literature  and  Catalog   136. 

Brown  &  Sharpe  Mfg.  Co., 

•'i  ^ofk,     N.    v.,    :■"    \.i-.  V    St        Syr.K.uti-,    N.    Y.,    l:..,.iii     ll't.    I  :  nl  ■. .  rnlf  v    HIimU;    Rochcater,    N.    Y.,    1 1  r.    I 'llMlnhiT   of 

r.    Pltttburah,   Pa.,   l':.?S   llirirv   W     (iIIvit    IIiiIIiIIiik;    Phlladpl|ihln,    Pa.,    I  lii.l-l  liifi    l.llii'ily   IIIiIk  :    Chicago,    III., 

.     I'.lv'l  .     CANADIAN     REPRESENTATIVE:        Canadian     Falrbanki- Moras     Co.,     Ltd.,     Toronto,     Montreal, 
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The  close  limits  allowed  in  the  work  shown  above 
demand  the  accuracy  that  Brown  &  Sharpe  Equip- 
ment provides.  A  small  but  highly  important  part 
of  this  equipment  is  a  careful  selection  from  among 
the  many  varieties  of 
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Brown  &  Sharpe  Precision  Tools 

B.  &  S.  Micrometers  of  a  heavy  rugged  type  for  the  grinding  machine  operators  and  B.  &  S. 
Gauges  for  the  inspectors.  We  recommend  the  use  of  micrometers  for  grinding  operators  because 
by  their  u.se  the  operator  not  only  can  tell  at  any  stage  of  an  operation  that  more  stock  should  be 
removed,  but  it  tells  him  how  much  more  the  diameter  of  the  piece  must  be  reduced. 

Our  Catalog  27  provides  a  reliable  guide  for  the  proper  selection   of 
precision   tools.      Send  for  your  copy  today. 

Providence,  Rhode  Island,  U.S. A, 


REPRESENTATIVES:  Baltimore,  Md.,  Cni.y  M.icliliipiy  &  Supply  Co.  Cincinnati,  C,  Indianapolis,  Ind.,  The  !■ 
I'd.  San  Franclico,  Gal.,  I'mcIMc  Tool  &  .Siipi>ly  Co.  Cleveland,  O.,  Detroit,  Mich.,  Slronvr.  (\'\rll.'<lp  \-  U:unnion(l  Co 
Mo..   i'..I.  ..J.!   \ViU;lil    M.i.liln.TV   .*:•    S^ipply   Co.      Seattle,    Wa«h.,    f.rln.'   M:i.-lilii.-ry  Co.      Portland, 
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St.  Louli, 
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MANUFACTURING    AUTOMOBILE 
STEERING    POSTS 

BY  P.  J.  VISCO  1 

A  large  number  of  automobile  steering  posts,  as  shown  at 
A,  Fig.  1,  were  made  from  seamless  steel  tubing,  and  at 
one  end  it  was  necessary  to  turn  down  the  tubing  from 
2  1/16  inches  to  1 1/S  inch  in  diameter.  It  was  not  feasible 
to  rotate  the  tube  on  the  tailstock  center  on  account  of  the 
small  amount  of  surface  at  the  end  of  the  post  which  made  it 
impossible  to  get  truly  cylindrical  work.  So  a  special  center 
B  was  made.  This  center  was  hardened  and  ground  all  over, 
and  was  composed  of  three  parts:  the  body,  the  ball-thrust 
bearing,  and  the  60-degree,  conical-shaped  part  that  revolved 
on  the  body.  The  conical-shaped  part  was  corrugated,  thus 
making  certain  that  it  turned  on  the  body  and  not  that  the 
tube  turned  on  it.  The  first  center  made  did  not  have 
any  thrust  bearing  and  it  became  red-hot  from  the  friction, 
due  to  the  expansion  of  the  tube. 

The  length  of  these  tubes  was  approximately  four  feet  and 
they  were  turned  on  a  "Lo-Swing"  lathe  with  one  traverse 
of  the  carriage,  as  three  tools  were  used — two  for  roughing 
and  one  for  finishing.    A  roller  follow  rest  was  also  used. 


jv-va-VAaoA,' 
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Fig.   1.     Steering  Post  and  Special   Center  for  holding  on  Lathe 

Although  a  coolant  was  copiously  supplied,  the  tube  got 
hot,  expanded  and  crushed  the  balls  in  the  bearing  so  that 
it  was  necessary  to  find  some  way  to  hold  the  post.  A  wooden 
washer  C  w^as  made  to  replace  the  ball  bearing;  after  these 
•washers  became  glazed  they  gave  no  trouble. 

The  triple  thread  on  the  posts  and  the  series  of  grooves 
to  the  right  of  these  threads  were  cut  on  thread  milling 
machines.  These  grooves  are  used  to  take  the  end  thrust 
of  the  post  and  therefore  had  to  be  cut  within  close  limits. 
After  trying  several  methods  with  various  results,  a  set  of 
•cutters,  as  shown  In  Fig.  2,  was  made,  consisting  of  seven 
highspeed  cutters  and  five  machine-steel  washers,  carefully 
surface-ground  and  lapped  so  that  when  assembled  the  entire 
cutter  measured  within  0.0005  inch,  this  being  the  allowed 
limit.  This  cutter  was  placed  on  the  spindle  of  the  thread- 
milling  machine  and  after  making  sure  that  the  cutters  ran 
true,  the  carriage  of  the  machine  was  disengaged  so  that 
the  work  would  revolve  without  traveling  forward  or  back- 
ward. The  cutters  were  sunk  into  the  posts  to  the  required 
depth,  and  the  work  was  given  a  complete  revolution,  the 
result  being  a  satisfactory  job.  Lard  oil  was  found  suitable 
for  this  operation. 

•Adilreu:  STO  N.  Main  8t.,  SprlngOelil,  Masa. 
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Fig.   3.     steering-post  Nut 

One  end  of  the  posts  is  threaded  internally  to  a  depth 
of  about  %  inch.  These  threads  were  chased  in  a  lathe 
and  a  1-inch,  14-pitch  tap  (United  States  form)  was  used  to  size 
them,  until  a  description  was  read  in  Maciiinehy  of  the  Gun 
tap  made  by  the  Greenfield  Tap  &  Die  Corporation.  Then 
the  tap  used  was  ground  as  nearly  as  possible  to  the  shape 
of  the  tap  described,  which  saved  the  time  necessary  for  chas- 
ing. This  tap  performed  satisfactory  work,  whereas  the  ordi- 
nary tap  sometimes  seized  the  work  and  spoiled  the  threads. 

The  chasing  of  the  triple  thread  in  the  steering-post  nut, 
Fig.  3,  was  quite  a  problem,  as  the  material  was  very  tough 
and  it  was  necessary  for  the  thread  to  fit  well  on  the  post. 
After  experimenting  with  taps  it  was  concluded  that  the 
thread  should  be  chased  on  a  lathe,  but  indexing  for  each 
thread  was  too  expensive,  so  the  triple  chasing  tool,  shown 
in  Fig.  4,  was  made.  The  chasing  tool  A  was  made  of  a  piece 
of  carbon  steel  that  fitted  well  into  a  bar  B  and  was  held 
securely  by  two  taper  pins.  The  tool  was  then  turned  to  a 
diameter  of  1 11/16  inch,  after  which  the  three  teeth  were 
generated  on  a  thread  miller  in  the  same  manner  as  when 
cutting  any  other  thread.    The  tool  was  then  taken  out  of 


Mfjrhinrry 


lit.   2.      Tool    for   cuttlnc    Oroorni   on    Btnitrlnir    Poita 


Fig.  4.     Tool  for  cutting  Thread  in  Steering-post  Nut 

the  bar  and  some  material  shaped  off  the  top  so  as  to  bring 
the  cutting  edge  as  near  the  center  of  the  holder  as  possible, 
and  the  cutting  edge  at  C  filed  back  by  hand.  The  tops  of 
the  teeth  were  shaped  at  right  angles  to  the  sides.  The  pitch 
diameter  of  the  steering  post  was  different  from  that  of  the 
chasing  tool,  so  when  the  teeth  were  generated  the  head  angle 
of  the  machine  had  to  be  set  differently  than  for  the  thread 
on  the  steering  post.  The  assembly  of  the  toolpost  is  shown 
at  D,  the  center  piece  being  made  so  as  to  lit  In  the  T-slot  of 
the  compound  rest  and  bored  %  inch  larger  than  the  bar,  the 
two  side  pieces  on  which  the  bar  rests  being  bored  the  size 
of  the  bar  and  the  required  height  bo  as  to  align  the  bar  with 
the  center  of  the  lathe.  Those  nuts  wore  chased  on  an 
ordinary  engine  lathe  that  did  not  permit  the  disengagement 
of  the  carriage  from  the  lead-screw  and  the  return  preparatory 
to  taking  anotlior  chip.  So  a  load-screw  and  a  split  nut 
liaving  the  same  load  na  the  thread  to  bo  cut,  but  of  suitable 
dimensions,  wore  nindo.  The  load-screw  of  the  lathe  was 
then  replaced  by  this  special  load-screw.  This  made  certain 
the  correct  ongaglng  of  the  threads  and  of  course  dispensed 
with  tho  bolt  Hlilftor.  Aftor  chasing  those  nuts,  a  tap  was 
run  tlirnuKli  them  rr)r  sizing. 
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CLEARANCE 


The  No.  IM  Cincinnati  Universal  Cutter  and  Tool  Grinder 

Patent  Rights  Fully  Reserved 


You  wouldn't  think  of  using  lathe  tools  with 
the  wrong  clearance.  On  milling  cutters 
correct  clearance  is  even  more  important. 
Incorrect  cutter  clearance  will  reduce  the 
output  of  your  milling  machines  as  much  as 
twenty  per  cent. 

Clearance  depends  upon  certain  mathe- 
matical relations  between  the  cutter  and 
the  grinding  wheel. 

To  obtain  these  on  the  ordinary  grinder 
requires  several  measurements  and  refer- 
ence to  diagrams,  tables  or  charts. 
The  average  operator  doesn't  understand 
these  and  after  a  couple  of  trials  grinds 
until  the  clearance  looks  right— and  your 
milling  department  suffers. 
Compare  the  Cincinnati  method.     After  a 
simple  preliminary  setting  the  swivel  head 
is  revolved  the  desired  amount,  the  clear- 
ance angle  being  read  direct  from  the  dial— - 
the  cutters  are   ground  with  the  correct 
clearance—  and  your  milling  department 
profits. 
This  is  only  one  of  our  exclusive  features. 


^\ 


Method  of  KcltinB  for  clcarnnce. 


Catalog  tells  them  all. 


Cincinnati    Milling    Machine    Company 

OHIO,  U.  S.  A. 
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JANUARY  MEETING  OF  THE  AMERICAN  SO- 
CIETY OF  MECHANICAL  ENGINEERS 
In  a  paper  ou  "The  Relation  of  Manufacturing  to  Banking 
and  Research"  read  by  Walter  Rautenstrauch,  professor  of  me- 
chanical engineering  at  Columbia  University,  before  the  Janu- 
ary meeting  of  the  New  York  Section  of  the  American  Society 
of  Mechanical  Engineers,  special  emphasis  was  placed  upon  the 
necessity  for  a  closer  cooperation  between  the  banking,  manu- 
facturing and  engineering  interests.  Continued  development 
in  the  manufacturing  and  engineering  field  will  require  in- 
creased banking  facilities,  and  this,  in  turn,  necessitates  that 
bankers  either  directly  or  indirectly  acquire  a  more  thorough 
understanding  of  the  principles  of  manufacturing  and  engi- 
neering, so  that  they  may  thoroughly  appreciate  the  problems 
laid  before  them  by  manufacturers.  The  latter,  in  turn,  must 
be  made  to  appreciate  more  thoroughly  the  value  of  engineer- 
ing and  research  in  promoting  their  business.  In  the  discus- 
sion, an  example  was  cited  of  the  experience  of  one  well- 
established  concern  whose  production  had  been  increased 
nearly  70  per  cent  by  the  use  of  experts  to  do  research  work, 
while  the  overhead  cost  and  the  number  of  men  employed 
had  been  decreased.  Emphasis  was  also  placed  upon  thg 
necessity  of  broadening  the  scope  of  engineering  education 
so  that  the  young  man  passing  into  industrial  life  from  col- 
lege will  be  able  to  comprehend  more  fully  the  commercial 
requirements  and  limitations  that  must  be  considered  in  con- 
nection with  engineering  problems. 


A  TRADE  JOURNAL  EXHIBITION 

An  exhibition  of  about  one  thousand  trade  journals  is  being 
held  in  the  Library  Art  Gallery,  Newark,  N.  J.,  under  the 
direction  of  the  Newark  Free  Public  Library  and  the  Newark 
Museum  Association.  The  exhibition  opened  January  13  and 
will  continue  until  February  12.  The  journals  are  arranged 
on  sloping  screens,  presenting  an  attractive  appearance  and 
making  it  possible  to  see  the  papers  clearly  and  handle  them 
easily.  Exhibitions  of  this  kind  are,  no  doubt,  of  great  value 
in  industrial  centers,  as  they  make  it  possible  for  men  en- 
gaged in  business  and  the  trades  to  compare  the  various  jour- 
nals in  their  field  and  make  a  survey  of  the  many  trade  and 
technical  journals  published. 


PERSONALS 


K.  J.  Morgan,  formerly  supervisor  of  sales  for  the  American 
Steel  Kxport  Co.,  Woolworth  Bldg.,  New  York  City,  has  been 
appointed  assistant  general  manager  of  sales. 

Henry  M.  Shaw,  for  several  years  connected  with  the  sales 
department  of  Sherritt  &  Stoer  Co.,  Inc.,  is  now  associated 
with  the  Monarch  Machinery  Co.,  Philadelphia,  Pa. 

D.  H.  Macdonald,  of  the  sales  department  of  Young,  Corley 
&  Dolan,  Inc.,  115  Broadway,  New  York  City,  has  been  made 
general  sales  manager  of  the  machine  tool  department. 

C.  P.  Coleman  was  elected  president  of  the  Worthlngton 
Pump  &  Machinery  Corporation,  115  Broadway,  New  York 
City,  at  a  meeting  of  the  board  of  dlrottors  held  December  31. 

C.  Harper  Halfmann,  formerly  sales  manager  of  Slocum, 
Avrani  &  Slocum  Laboratories,  Inc.,  New  York  City,  is  now  In 
charKO  of  sales  In  the  small  tools  department  of  Young,  Corley 
ft  Dolun,  Inc.,  115  Broadway,  New  York  City. 

Robert  L.  Arms,  for  several  years  connected  with  the  sales 
departments  of  Manning,  Maxwell  &  Moore  and  Sherritt  & 
Stoer  Co.,  Inc.,  Is  now  sales  manager  of  the  Monarch  Ma- 
chinery Co.,  Philadelphia,  I'a. 

Charles  A.  Swan,  formerly  suporlntoiirlcnt  of  the  Becker 
8le<;l  Co.  of  Anicrlai,  has  Joined  ttii!  Hales  orguiilzallon  of  the 
Hess  Stf«!l  Corporation,  lialtliiiore,  M<l.,  and  will  repri'si-nl  the 
company  In  the  Cleveland  and  iJolroll  territory. 

Fred  J.  Miller,  recently  nHslHtanl  to  the  president  of  tlm 
Union  Typewriter  Co,,  New  York  City,  and  formerly  editor  of 
tho  Amrrir/in  Mn'hinlHl,  lins  boon  (flven  a  conimlsHlon  as  major 
In  tho  Orilnanci.  Kefiervo  f;orpH,  and  has  boon  OMHiKnod  for  duty 
at  ilio  Itofk  Island  Arsmal. 

f:b(irl<H  HpaldInK,  who  had  chorno  of  the  sales  for  tho  Olsholt 
Ma'hWi-  Co  In  the  Dolrolt  and  Michigan  districts,  roslKni-d 
t"   '  '  rul   niannK<T   of  Ibo   AninlKaiiiatiid    Machinery 


Corporation,  Chicago,  111.  Mr.  Spalding  had  been  connected 
with  the  Gisholt  Machine  Co.  for  twelve  years. 

Nelson  P.  Hall  has  been  made  district  sales  manager  tor  the 
Chicago  territory  of  the  Van  Dorn  &  Dutton  Co.,  Cleveland, 
Ohio,  and  will  devote  especial  attention  to  the  gear  and  pinion 
requirements  of  electric  railways  and  mines  in  the  Chicago 
field.  Mr.  Hall  will  occupy  ofBces  at  14  E.  Jackson  Blvd., 
Chicago,  111. 

P.  C.  Gunion  has  been  made  advertising  manager  of  the 
industrial  bearings  division  of  the  Hyatt  Roller  Bearing  Co., 
Newark,  N.  J.  Mr.  Gunion  has  been  in  the  sales  department 
of  the  Hyatt  Roller  Bearing  Co.  for  two  years.  Just  previous 
to  his  appointment  as  advertising  manager,  he  was  manager 
of  the  Pittsburg  ofiice. 

D.  Gleisen,  formerly  assistant  manager  in  charge  of  bush- 
ings sales  with  the  Hyatt  Roller  Bearing  Co.,  Newark,  N.  J., 
has  been  made  manager  of  the  industrial  bearings  division  of 
the  company.  Mr.  Gleisen  is  a  graduate  of  Stevens  Institute 
of  Technology  and  has  been  connected  with  the  Hyatt  Roller 
Bearing  Co.  for  the  past  six  years. 

George  A.  Lautz  will  discontinue  his  active  and  financial 
connection  with  the  Niagara  Machine  &  Tool  Works,  Buffalo, 
N.  Y.,  about  the  end  of  February.  Mr.  Lautz  has  been  general 
manager  of  the  firm  for  twenty-seven  years  and  president  for 
about  ten  years.  He  expects  to  take  a  much-needed  rest,  and 
has  not  yet  formulated  his  plans  for  the  future. 

George  S.  Thompson,  Paris  representative  of  the  Vulcan 
Steel  Products  Co.,  Inc.,  was  recently  appointed  to  the  pur- 
chasing board  of  the  American  Expeditionary  Forces  in  Prance. 
He  has  been  assigned  particularly  to  the  handling  of  steel 
matters.  This  board  is  composed  of  American  civilians  living 
in  France,  and  their  duties  consist  of  passing  upon  all  pur- 
chases made  in  Europe  by  the  American  Army. 

Franklin  T.  Chapman  has  become  assistant  general  sales 
manager  of  E.  F.  Houghton  &  Co.,  Philadelphia,  Pa.  Mr. 
Chapman  was  formerly  assistant  to  the  manager  of  the 
Olympian  Motors  Co.,  Pontiac,  Mich.,  and  has  had  a  wide  ex- 
perience in  the  manufacturing  field,  particularly  in  the  auto- 
mobile industry.  He  succeeds  W.  Burton  Piersol,  who  has 
become  assistant  general  manager  of  the  Bethlehem  Shipbuild- 
ing Corporation. 

Milton  Rupert  has  been  elected  vice-president  and  assistant 
treasurer  of  the  R.  D.  Nuttall  Co.,  Pittsburg,  Pa.,  manu- 
facturer of  gears,  pinions  and  trolleys.  Mr.  Rupert  has  been 
with  the  R.  D.  Nuttall  Co.  since  1S93.  In  1903  he  was  ap- 
pointed head  of  the  general  offices,  being  directly  in  touch 
'with  all  office  matters  and  manufacturing  operations.  He  was 
later  made  assistant  to  the  president  and  general  manager. 
In  his  new  position,  Mr.  Rupert  will  have  charge  of  sales  and 
manufacturing  activities. 

Arthur  N.  Talbot,  professor  of  municipal  and  sanitary  engi- 
neering at  the  University  of  Illinois,  has  been  elected  presi- 
dent of  the  American  Society  of  Civil  Engineers  for  the  com- 
ing year.  Prof.  Talbot  also  has  charge  of  the  departments  of 
theoretical  and  applied  mechanics  at  the  university,  and  under 
his  direction  laboratories  for  testing  the  strength  of  materials 
and  for  hydraulic  tests  have  been  developed.  In  1913-1914  he 
was  president  of  the  American  Society  for  Testing  Materials. 

Guy  E.  Tripp,  previously  chairman  of  the  Westinghouse  Elec- 
tric &  Mfg.  Co.,  has  been  appointed  by  the  War  Department 
as  chief  of  the  production  division  of  the  Ordnance  Depart- 
ment, intrusted  with  the  task  of  supervising  and  stimulating 
the  production  of  all  ordnance  supplies,  and  has  been  given  a 
commission  as  colonel.  Mr.  Tripp  was  selected  because  of  his 
experience  in  the  manufacture  of  munitions  of  all  kinds. 


OBITUARIES 


F.  A.  Driver,  for  many  years  a  director  of  the  Drlvcrllarrls 
Co.,  Harrison,  N.  J.,  died  January  21,  aged  eighty-two  years. 
Mr.  Driver  was  Idcntlllud  with  the  Driver-Harris  Co.  ever  since 
It  was  formed. 

JOHN  RIDDKLI. 

John  Iliddoll,  mechanical  suporlnlenilciit  of  tho  Sclicncclndy 
Works  of  the  Ueiioral  Klcctrlc!  Co.,  died  In  Sclioiioclady,  Do- 
ceinbcr  31,  1917,  agi'il  slxty-llvo  ycnr.s.  Mr.  Ulddcll  was  l)orn 
In  Ireland,  and  at  llio  ano  "f  twelve  was  iipprcntlccd  In  a  Job- 
liliiK  machine  shop  In  Jc'rwcy  City  owned  by  Nlcliolas  11.  ("nail- 
ing, who  made  olovators  and  repaired  nuKliinory,  especially 
marine  eiiKlnus.  Even  as  an  apprentice,  his  eniployers  soloctod 
lilni  to  handle  some  special  marine  onglncs  Hint  tlioy  wero 
rejialrlng,  hocausn  of  his  roniarUnblo  aptltudo  for  tho  work. 
The  work  brought  lilni  In  contact  wlHi  seafiirliiK  iiii'ii,  and 
lie  spent  two  years  as  second  engineer  on  tradliiK  steamers 
plyliiK  between  tlio  West  Indies  and  Central  America  and 
New  York. 

Ills  first  nsHorlatliin  with  tho  oinctrlcal  business  was  with 
tho  Daft  Electrical  Co.,  where  lin  was  rated  as  a  machinist, 
hut  WHS  really  doliiK  oxperlmeiitiil  mecliiinliiil  work,  ospoclally 
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The  LUCAS 


(OF  CLEVELAND) 


"PRECISION" 

BORING,  DRILLING  AND 

MILLING  MACHINE 

ALWAYS  GOOD 

and  as  time  goes  on 

ALWAYS  BETTER 


Lucas  Machine  Tool  Co.,  ^^m  Cleveland,  0.,  U.S.A. 
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In  the  railway  field.  In  1887  he  entered  the  employ  of  the 
Thomson-Houston  Electric  Co.,  at  Lynn,  Mass.  In  1888  he 
became  foreman  of  the  railway  motor  shop  and  was  recognized 
as  one  of  the  leading  mechanical  experts  at  the  time  the 
General  Electric  Co.  was  formed  in  1892.  He  moved  to  Schenec- 
tady in  1895,  and  shortly  after  his  arrival  was  appointed  me- 
chanical superintendent.  In  this  important  position  he  de- 
signed special  machine  tools  for  increasing  the  production  of 
the  machine  shops  and  also  for  carrying  on  the  many  special 
processes  involved  in  the  manufacture  of  electrical  machines. 
Many  of  these  machine  tools  were  built  by  the  General  Electric 
Co.  under  his  direction;  and  for  such  tools  as  were  purchased 
outside,  Mr.  Riddell  not  only  prepared  the  specifications,  but 
actually  purchased  them  himself  as  the  company's  representa- 
tive. He  was  consulted  in  regard  to  all  automatic  machinery 
and  was  called  upon  when  a  solution  was  sought  for  different 
mechanical  problems  that  baffled  the  average  expert. 

The  records  of  the  United  States  Patent  Office  show  that 
thirtv-seven  patents  were  taken  out  in  the  name  of  John 
Riddell.  There  are  hundreds  of  improvements  on  machine 
tools  which  he  either  invented  or  regarding  which  his  opinion 
was  sought  by  manufacturers  in  various  lines.  Frequently 
designing  engineers  of  machine  tools  have  taken  journeys  to 
Schenectady  to  show  Mr.  Riddell  a  suggested  machine  tool 
improvement  and  ask  his  opinion,  criticisms  and  suggestions. 
Among  the  notable  achievements  of  Mr.  Riddell  in  the  various 
works  of  the  General  Electric  Co.  is  a  boring  mill— the  largest 
In  the  world  at  the  time — which  was  built  from  his  design 
and  which  has  a  sixty-foot  swing.  This  was  so  successful  for 
machining  the  large  wheels  for  the  rotors  and  stators  of  water- 
wheel-driven  generators  that  he  designed  a  forty-foot  boring 
mill  embodying  the  same  principles  as  the  large  one  and  used 
for  turbine  work.  Another  one  of  his  machines  was  the 
bucket-cutting   machine   for   large   steam   turbines   which   he 


developed  in  1902.  It 
was  at  this  time  that 
the  General  Electric  Co. 
was  building  the  first 
5000-kilowatt  steam  tur- 
bine ever  constructed, 
and  this  labor-  and  time- 
saving.device  became  an 
important  factor  in  the 
development  of  the 
steam  turbine  industry 
at  the  time  when  the 
steam  engine  was  pre- 
eminent in  the  largest 
power  plants  in  the 
world.  Almost  auto- 
matic was  the  field-coil 
winding  machine  which 
he  built  and  which  was 
adopted  both  in  Lynn 
and  Schenectady.  In  the 
opinion  of  many,  there 
was  no  single  achieve- 
ment of  Mr.  Riddell's  which  advanced  the  electrical  industry 
more  than  this  winding  machine. 

Mr.  Riddell  was  a  member  of  the  American  Society  of 
Mechanical  Engineers,  the  Engineers'  Club  of  New  York,  the 
Society  of  Engineers  of  Eastern  New  York,  the  General  Elec- 
tric Quarter  Century  Club,  and  of  several  other  clubs  and 
societies.  He  delivered  several  papers  on  engineering  subjects 
before  various  associations.  He  was  awarded  a  gold  medal 
at  the  Panama-Pacific  Exposition  in  San  Francisco  in  1915  as 
collaborator  in  the  exhibit  of  the  General  Electric  Co.  He 
leaves  a  widow  and  a  daughter,  Mrs.  William  New  comb. 


JoJm  Eiddcll 


COMING  EVENTS 


February  28— Monthly  meeting  of  the  Bochester 
Society  of  Technical  Draftsmen,  in  Rooms  131-137, 
Sibley  Bloek,  828  Main  St.,  K..  Rochester,  N.  Y. 
O.  L.  Angevlne,  Jr.,  secretary,  857  Genesee  St., 
Rochester. 

AprU  18-20— National  Foreign  Trade  CoancU  con- 
ference In  Cincinnati,  Ohio;  Gibson  Hotel,  head- 
quarters. Secretary.  O.  K.  Davis,  1  Hanover  Square. 
New  Tork   City. 

April  24-28 — Annual  conTentlon  of  the  National 
Metal  Trades  Association  at  the  Hotel  Astor,  New 
Tork  City.  Homer  D.  Sayre,  secretary,  1021  Peoples 
Gas    Bldg.,    Chicago,    lU. 

Hay  15-17— Joint  convention  of  the  National  Sup- 
ply and  Machinery  Dealers'  Association,  Southern 
Supply  and  Machinery  Dealers'  Association  and  the 
American  Supply  and  Machinery  Manufacturers'  As- 
sociation in  Cleveland,  Ohio.  Secretary  of  the 
American  Supply  and  Machinery  Manufacturers  As- 
sociation, F.  D.  Mitchell,  Woolworth  Bldg.,  New 
York  City. 

June     20-22 — Fifth     annual     convention     of     the 

American     Drop     Forge     Association     held     at     the 

Irviu',i«  n'.tcl,  Butralo,  N.  Y.     E.  B.   Home,   "The 

■i     P    Forger."    108   Smithfleld   St.,    Pltts- 

■' retary. 


SOCIETIES,   SCHOOLS  AND 
COLLEGES 


LoweU  Textile  School,  Xx)well,  Mass.  Quarterly 
bulletin  11)171018  giving  a  list  of  the  names  and 
addresses  of  the  Kradiiates  and  undergraduates  of 
the  sch'Kd  who  are  In  military  service  and  the 
branch  of  service  which  they  have  entered. 

UalTerslty  of  lUlnola,  Urbana,  111.,  announces  that 
the  university  maintains  fourteen  engineering  ex- 
periment station  research  fellowships  and  that  one 
other  such  fellowship  has  been  established  under 
the  patronage  of  the  Illinois  Gas  Association.  These 
fellowships,  for  each  of  which  there  Is  sn  annual 
stipend  of  8500.  are  open  to  graduates  of  approved 
American  snd  foreign  universities  «nd  technical 
schools  They  are  for  two  consecutive  college  years, 
at  the  eipirntlon  of  which  period,  if  all  recjulre- 
ments  have  tieen  met.  a  degree  of  master  of  science 
Is  conferred.  Addltlonsl  Information  may  be  ob- 
talni-d  1./  il''-^'  ■■•■•'X  ■ll."  IMr...  l..r.  KnKlh.-rIng  Bl- 
PCT.|„  r   I,..;.   .       I     i.-ina.   111. 

NEW  liUUKtJ  AND  i'AMPHLBTSl 


NEW  t 


EI«<rtrio  PompUg.  Ily  II.  W.  Wsgner.  HO  pages, 
I)  by  B  lorhes;  17  lllustrstlons.  Published  by 
th»  Knglneerlng  Ktii^rlmenl  Hrollon,  lows  Hlnte 
r>,Il.g«  of  Agriculliire  snd  Mechsnicsl  Arts, 
Atn's.    lows,   ss  lliill"tln   No.  40. 

Dstarmiaatlon  of  AtisoluU  Tlsooslty  by  Rhort-tub* 
VisooilmsUri.  V.J  WIn.low  II.  Iler.ch.-I.  r,r. 
psges,  7  by  to  lnilie«  Publlslied  by  the  Gov- 
•mmiTil  ITInllng  (imc.  Wsshlngton,  D.  C. 
as  Technologic  Pspar  of  the  Dnrsan  of  Htand- 
ards  No.  lOQ.     Price,  10  cents. 

Tbe  ModsTB  OimIUm  AatomsblU.  Ily  Victor  W. 
Page.     10*3  pagM,  6Vi  by  H%  Inrbea;  T3n  Illus- 


trations.     Published    by   the   Norman    W.    Hen- 
ley Publishing   Co.,   2  W.  45th  St.,   New   York 
City.      Price,    %8. 
The   seventh   edition   of   this   treatise   on    the    con- 
struction,   operation,    and    maintenance    of    gasoline 
automobiles    has    been    revised    and    enlarged.       It 
contains    additional    material    relating    to    ignition, 
the   action    of    generators   and    the    basic    principles 
on   which    they   operate,    different   types   of    tractors, 
cycle    cars,    the    combination    gasoline-electric    drive, 
a   discussion   of  ball   and   roller  bearings,    the   latest 
types    of    gasoline    and    kerosene    carburetors,     and 
other    important    developments. 

Motion  Picture  Education.  By  Ernest  A.  Dench. 
353  pages,  6  by  7%  Inches.  Published  by  the 
Standard  Publishing  Co.,  Cincinnati,  Ohio. 
Price,  $2. 
This  book  relates  to  the  value  of  moving  pictures 
in  education,  and  deals  with  many  of  the  Important 
services  that  may  be  rendered  by  the  educational 
aim.  While  not  Intended  speclBcally  to  convey  any 
information  relating  to  the  use  of  moving  pictures 
in  the  study  of  mechanics  and  engineering,  except 
for  a  brief  section  relating  to  the  industrial  uses 
of  the  motion  picture,  the  book,  nevertlicless.  sug- 
gests how  moving  pictures  might  be  well  employed 
to  nn  increasing  extent  both  for  engineering  and 
industrial  education.  In  addition,  It  gives  some 
interesting  Information  relating  to  the  methods  by 
means  of  which  motion  pictures  are  made. 
Precision  Grinding  Machines.  By  Thomas  R.  Shaw. 
214  pages,  0%  by  8V4  Inches;  164  Ulustratlons. 
Published  by  D.  Van  Nostrand  Co.,  25  Park 
Place,  New  York  City. 
This  l)ook  deals  with  grinding  machines  used  for 
manufacturing  purposes,  omitting  tool  and  cutter 
grinders,  which  belong  to  another  class.  The  var- 
ious tyries  of  machines  and  their  uses  are  first  de- 
scribed, after  which  grinding  wheels  and  methods 
of  grinding  are  taken  up.  The  book  Is  divided 
Into  twelve  chapters  dealing  with  Importance  and 
Advantages  of  Grinding;  Cylindrical  Grinding  Mn 
chines;  Plane  Surface  Grinding  Machines;  li.il  and 
'I'ablo  Construction;  Driving  Arrangements;  Itcvcrs- 
Ing  Mechanism  and  Automatic  Feed;  Wlici  Ihciul; 
Work-heads  and  Tallstocks;  Work-holding  Devices; 
Profile  and  Form  Grinding;  Grinding  Wheels;  and 
Cure  and  Operation  of  Grinding  Machines.  In  order 
to  make  the  reader  more  familiar  with  grinding 
machines,  photographs  of  representative  machines 
are  Khown  and  a  number  of  line  Ulustrnllons  of  var- 
ious grinders  are  Included,  showing  the  lonstructlon  of 
the  principal  mechanisms.  The  theory  of  grinding, 
on  which  there  Is  much  difference  of  opinion,  has 
been  purposely  omitted.  The  book  should  bo  of 
Interest  both  to  designers  and  users  of  grinding 
machines. 

Steam    Power    Plant    Engtneorlng.      By    George    F. 
Gebhardl.       1057     pngcH.     (1    by    0    Inches;     (MO 
llluslratlons.        Published     by     John      Wiley      A 
Hons.    Inc..    482    Fourth    Avo.,    Now    York    City. 
Price,  84. 
This     Is     the     nflh     edition     of     Oebhsrdfs     well- 
known     work     on     steam     engineering.       The     same 
treslment   of   the   subject    has   ben    followed   In    llils 
edition    ns    In     those    prevloitsly    published,     but     Ihn 
book   Is  prnctlcslly  a   new  one  snd   has  twen   greatly 
Increnssd   In   voluina.      Psrtlculnr  emphasis   hns   been 
plnci-<l    M|iipn    the    subject    of    fuels    and    combustion, 
nnd     Biipplemnnlsry    chapters    on    elementnry     lh«r- 
inodynsmlcs.    properties    of    slenm,    nnd    properties 
of    dry    snd    sslurnted    sir    hnre    been    added.      The 
scpe    of    the    work     having    Iwen    greatly    enlarged. 
tb«   entire    leil    hss    been    rewritten    snd    reset    with 
the   eirepllon   of   a    few    minor   sections.      The    work 
Is    divided    Into    twnnly-nve    chapters    headed    as    fol 
lows:      Klementary    steam    power    plants;    fuels    and 


combustion;  boilers;  smoke  prevention;  superheat- 
ers; coal  and  ash  handling;  chimneys;  mechanical 
draft;  reciprocating  steam  engines;  steam  turbines; 
condensers;  feed  water  purifiers  and  heaters; 
pumps;  separators,  traps,  drains;  pipe  fittings; 
lubricants  and  lubrication;  testing  and  measuring 
apparatus;  cost  of  power;  specifications;  typical 
central  stations;  typical  modern  Isolated  stations; 
properties  of  steam;  elementary  thermodynamics; 
properties    of    air. 

Eye  Hazards  in  Industrial  Occupations.     By  Gordon 
L.    Berry,    field    secretary.    National    Committee 
for     the     Prevention     of     Blindness,     with     the 
cooperation     of     Lieutenant     T.     P.     Bradshaw, 
formerly    technical    assistant    to   the   director   of 
the    American    Museum    of    Safety.      150    pages, 
6     by     9     Inches;     49     illustrations.       Published 
by    the   National   Committee    for    the    Prevention 
of  Blindness.  130  E.  22nd  St.,  New  York  Olty. 
Price,    50    cents. 
In    this   volume    the    author   reviews    the   chief   in- 
dustrial   hazards    to    eyesight    in    the    Industries    of 
the    United    .States.       Case    reports    Illustrate    each 
section;     the     special     dangers     are     described     and 
recommendations    made    for    such    changes    of    work- 
ing    conditions    or     installations    of     protective    de- 
vices   as    have    been    found    effective    for    protecting 
workers.      The    following    section    headings    Indicate 
the    scope    of    the    book:        Statistics    of    Bye    Acci- 
dents;    Ohiiiping     Operations;     Machine     Operations; 
Abrasive      Wheels;      Sandblasting;      "Mushroomed" 
Tools;     Riveting;     Radiations     from     Intense     Light 
and    Heat    Sources;     Ultra-violet     Rays    in    lUumln- 
ants;    Radiant    Energy  in   Arc-welding  and   in   Mol- 
ten    Metal;     Metallurgic     Operations;     Glasablowers' 
Cataract;     Infections;     Gage     Glasses;     Adds     and 
Chemicals;     Treatment    of     Acid     Burns;     Industrial 
Poisons;     Removal     of     Dangerous     Fumes,     Vapors 
and    Gases;    Spray    Process    Hazards;    Methyl    Alco- 
liid;     Bottling     Accidents:     Mining     nnd     Quarrying; 
.\Kilcnltural      Hazards:      Oogales;      Oarnient      Trado 
llMz;irds:      InduKtrlal      Lighting;      and      the      Safety 
M.ivcnicnl. 


NEW   CATALOGUES  AND 
CIRCULARS 


Link-Bolt  Co.,  Chicago,  111.  Catalogue  200.  treat- 
ing of  the  n])pllcntlon  of  Link-Belt  silent  chain  In 
rubber    mill    machinery. 

Aluminum  Castings  Co.,  Cleveland,  Ohio.  Circu- 
lar of  Lyinii  bronzes.  Also  reprint  of  an  advertise- 
ment of  Lynni  bronze  gears  that  appeared  In 
MAiuiiNicuY    for   January. 

Olsholt  Maohlno  Co.,  1201  10.  Washington  Ave.. 
Madison.  Wis.  Circular  of  Olsholt  universal  tool 
grinder,  conlalulng  llluBtrnllons  showing  step  by 
step    the    operntliMiB    In    grinding    tools. 

Fafnlr  Bearing  Co.,  New  Britain,  Conn.  Catalogue 
treating  of  the  apidlcallon  of  Fnfnlr  ball  besrings 
In  pli'naure  rnra  snd  pointing  out  the  advantages  of 
this  lypo  of  bearing  for  this  particular  lino  of 
service. 

Sherman  flnrrloo,  10  State  St.,  Boston.  Mass. 
llcioklet  entitled  "Indn»try,  Society,  nnd  the  Hu 
muu  Ulenient."  descrllilng  the  various  activities  of 
the   Hhertunn  Service   In   cases  of   Industrial   disputes 


nnd 


rlke 


ritohburg    Grinding   Maoliinn    Co..    70   Winter   St., 
I'itrhburg.    Mnss.      Clrculnr    of    Kltchliurg   0-    by    20- 
Inch    hnnd-opernted    plain    grinding 
cnpnclty    for    work    vii>    to    thi 
nnd    twenty    Inches   In    length. 


Inches    In    diameter 
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IT'S  YOUR  DUTY 
TO  TEST  OUT 


METALITE 

CLOTH 


lists  handy  rolls.    1/4  to  21/2  In.  wide,. 
N08.  3/0  to  31/2. 


An  electric  fur- 
nace abrasive,  uni- 
form in  quality. 
Shows  unusual  en- 
durance and  cool 
cutting  qualities 
on  particular- 
ly hard  and  tough 
metals.  More  eco- 
nomical than  em- 
ery because  it  cuts 
faster. 


OT"" 


In     discs — any     size     and     grit. 


Tell  us  your  abrasive  troubles  and 
we  will  send  samples  for  tests 


n    sheets.     9    x    11     'n. 
Nos.  3/0  to  31 2- 


We  have  a  special  catalog  of  abrasives  listing 
Flint,  Garnet,  Emery,  Metalite  and  Durite  Paper 
and  Cloth,  and  will  send  copy  upon  request. 
Mention  Catalog  No.  125. 


Hammacher,  Schlemmer  &  Co. 

H.ARDWARE.  TOOLS  AND  SUPPLIES 
New  York.  Since    1  848  4th  Avenue  and  1  3th  Street 
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L.  S.  Starrett  Co.,  Atbol,  Mass.  Catalogue  en- 
titled "The  Tools  Mechaniea  Bny."  treating  of  meth- 
ods of  selling  Starrett  micrometers,  verniers,  cali- 
per squares,  height  gages,  dividers,  surface  gages. 
rules,  tapes,  screw-pitch  gages,  drill  gages,  wire 
gages,   hacksaws  etc. 

Titanium  Bronze  Co.,  Inc.,  Niagara  Falls,  N.  Y. 
Circular  descriptive  of  T  B  C  phosphor-bronze  cast- 
ings, pointing  out  the  essentials  of  a  high-grade 
phosphor-bronze.  Specifications  are  given  for  a 
phosphor-bronze  for  gears  and  one  for  bearings  that 
are  used  bj  this  company. 

Kamn  Machine  Co.,  Greenfleld,  Mass.  Circular 
of  the  Martin  No.  12  marking  machine  designed 
for  marking  trade  name,  size  or  patent  marks  on 
all  round  or  flat  surfaces  of  tools  or  similar  work. 
The  machine  is  operated  hydraulically,  giving  a 
smooth  and  even  movement. 

Lincoln  Twist  Drill  Co.,  Taunton,  Mass.  Booklet 
describing  the  group  insurance  plan  that  the  com- 
pany put  into  effect  beginning  January  1.  Copies 
of  the  booklet  were  distributed  to  the  employes  at 
Christmas  to  announce  the  insurance  plan  that 
will  be  put  into  effect  without  cost  to  them. 

Kational  Scale  Co.,  2  Mechanic  St.,  Chicopee  Falls, 
Mass.  Catalogue  of  National  counting  and  weighing 
machines,  National-Chapman  elevating  trucks.  Na- 
tional calling  system  and  "multi-unit"  sectional 
steel  shelving.  The  catalogrue  is  printed  in  two 
colors  and  Illustrated  with  excellent  halftone  and 
line  engravings. 

Beynolds  Machine  Co.,  Massillon,  Ohio.  Cata- 
logue E,  illustrating  Reynolds  screw-driving  ma- 
chines for  driving  wood  or  machine  screws  by  power. 
It  Is  claimed  that  one  of  these  machines  replaces 
from  three  to  sis  hand  operators,  driving  from  8000 
to  16,000  screws  per  day,  according  to  the  clasa  of 
work  and  the  dexterity  of  the  operator. 

L.  S.  Starrett  Co.,  Athol.  Mass..  Is  distributing 
two  pamphlets  entitled  "Building  a  Business"  and 
"Essentials  to  Success."  The  former  contains  the 
autobiography  of  L.  S.  Starrett  and  a  brief  account 
of  the  invention  and  development  of  some  of  the 
Starrett  tools.  The  other  pamphlet  also  contains  a 
collection  of  incidents  from  the  life  of  L.  S.  Starrett. 
L.  F.  Grammes  &  Sons,  Allentown.  Pa.  Circular 
of  safety  devices  including  circular  saw  guards, 
hand  Jointer  guards,  shaper  guards,  grinding  wheel 
hoods,  eye  protectors,  press  guards,  gage  glass 
protectors,  safety  oil-cans,  protective  gloves,  shoes, 
etc..  safety  flanges  for  emery  wheels,  safety  res- 
pirators, first-aid  outfits  and  many  other  safety 
devices. 

Oliver  Machinery  Co.,  7  Coldbrook  St.,  Grand  Rap- 
Ida,  Mich.  Circular  Illustrating  Oliver  universal  saw 
bench,  single-cylinder  surfacer,  universal  vertical  and 
horizontal  boring  machine,  hand  planer  and  Jointer, 
disk  Sander,  heavy-duty  engine  lathe,  tool-room  en- 
gine lathe,  motor-head  speed  lathe,  universal  and 
wood  milling  machine  and  other  woodworking  and 
metal-working   machines. 

PrecUlon  Tming  Derice  Co.,  519  Main  St.,  Cin- 
cinnati. Ohio.  Booklet  Illustrating  and  describ- 
ing a  grinding  wheel  for  truing  grinding  wheels. 
The  device  Is  a  self-contained  electrically  driven 
machine  that  drives  a  small  wheel  of  hard  abra- 
slre  at  a  peripheral  speed  of  about  8000  feet  per 
mlnnte.  This  high-speed  wheel  Is  moved  back  and 
forth  across  the  face  of  the  wheel  to  be  trued  the 
tame  as  a  diamond. 

Bacharach  Indaatrial  Instrument  Co.,  422  First 
Ave..  Pittsburg,  Pa.  Catalogue  B,  describing  "Hy- 
dro" gas  meters.  A  review  Is  given  of  the  vari- 
ous methods  employed  for  measuring  gases,  such 
as  Impact  and  pitot  tubes,  orifices,  nozzles,  vcnturl 
tubes,  etc.  A  detailed  deKcrlptlon  of  the  "Hydro" 
Instrument,  which  measures  and  records  the  dif- 
ferential pressure.  Is  Included.  This  Instrument  Is 
made  portable  for  the  umc  of  the  testing  engineer 
and   the  efficiency   expert. 

WestlngbouM  Electric  &  Mfg.  Co.,  East  Pitts- 
burg. Pa.  Catalogue  8-K.  treating  of  Westlng- 
bouiMr  lu'ltistrlal  p\t'<trlr  h<iiting  apparatus.  Incliid- 
lD(  itrcl-rlad  heatertt.  lmni<-rHlon  type  water  heat- 
ers, ntovffl  of  TsrIouN  formn.  electric  oven  heaters 
for  nw  lo  enameling,  etc.  Hereral  pages  are  6f- 
voted  to  the  subject  of  eler-trlcally  heated  ovens 
corerlDg  design  and  cons tni't Ion.  a  discussion  of 
the  various  types  and  their  uses,  and  the  cffiflen^y 
that  ran  be  mrurft]  In  opfratlon.  Wcstlnghouse 
electrlf'sl  hf-aters  of  the  rlblKin  typo  are  described, 
as  w^ll  ns  the  Wf'RtlnghouHi*  system  of  thermostatic 
'•onlrol, 

Fafolr  B«ajiDf  Co.,  New  Britain,  Conn.  Catalogue 
17,  rontalnins  s  dlsrusslon  t,t  the  principles  relat- 
ing to  th«<  npp)l'~atlon  of  bal!  Ixrorlngs  to  machinery. 
The  Ujf.k  \m  dlvldrd  Into  two  M-^tlons,  the  first  con- 
talnlnv  an  analysis  of  Xhf  loads  carried  by  ball 
b*arlnffa  «n<l  dealing  Bp«clflrany  with  the  d^algn  of 
tb*  Ksfnlr  radial  type  of  tnll  Waring.  This  sec- 
tion In  lllrjiilrBted  with  blueprints  and  drtallcd  llnr> 
drawing*.  The  serond  Sfctlon  lllustrst^«  machlni-a 
M|olpp<*d  with  Fsfnlr  ball  tfoarlnga,  soiong  whl<-b 
srs  drilling  oiachln^a,  chucking  machines,  scrtw  ma- 
sutornstlr    lathes,    turrt-t    lathes    and    grind- 
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Vixen  Tool  Co.  has  moved  from  Philadelphia,  Pa., 
to  8G5  Mt.  Prospect  Ave.,  Newark,  N.  J. 

W.  B.  Knight  Machinery  Co.,  St.  Louis,  Mo.,  haa 
moved  from  2019  Lucas  Ave.,  to  its  new  factory 
at  3920  W.  Pine  Blvd. 

Ott  Grinder  Co.,  Indianapolis,  Ind.,  had  its  plant 
destroyed  by  the  Are  which,  on  January  13,  burned 
down  the  Industrial  Building  In  Indianapolis. 

Walworth  Mfg,  Co.,  Boston,  Mass.,  has  opened 
a  branch  office  at  Seattle,  Wash.,  which  will 
be    in    charge   of   Thomas    Nickerson. 

Wagner  Electric  Mfg.  Co.,  St.  Louis,  Mo.,  has 
removed  Its  Seattle  office  to  535  First  Ave.,  S., 
where  a  service  station  will  also  be  maintained. 
0.  Kirk  Hillman  will  continue  in  charge. 

W,  K.  MillhoUand  Machine  Co.,  Indianapolis,  Ind., 
had  its  plant  destroyed  by  fire  January  13,  together 
with  thirty  other  industries  which  suffered  a  total 
loss  by  the  burning  of  the  well-known  Industrial 
Building. 

Bowen  Products  Corporation  is  the  successor  of 
the  Winkley  Co.,  manufacturer  of  grease-  and  oil- 
cups.  The  company  will  be  located  in  the  same 
quarters  at  866  W.   Warren  Ave.,  Detroit,  Mich. 

Panghom  Corporation.  Hagerstown,  Md.,  is  mak- 
ing plans  for  the  erection  of  a  foundry  150  by  100 
feet,  an  extension  to  its  machine  shop  of  100  by  60 
feet,  and  a  wood  shop  60  by  40  feet.  The  con- 
struction will  be  of  steel  and  brick  with  metal  sash. 
Boston  Scale  &  Machine  Co.,  Boston,  Mass., 
whose  factory  was  destroyed  by  flre  on  December 
23,  asks  the  indulgence  of  its  customers,  as  some 
delay  must  necessarily  ensue  in  filling  orders.  All 
orders  will  be  filled,  however,  with  as  little  loss  of 
time   as   possible. 

Panghom  Corporation,  Hagerstown,  Md.,  manufac- 
turer of  sand-blast  equipment,  presented  its  employes 
last  Christmas  with  life  Insurance  policies  ranging 
from  $500  to  $1000,  according  to  length  of  service. 
The  Pangborn  Corporation  bears  all  expense  of  main- 
taining the  insurance. 

Amalgamated  Machinery  Corporation,  72  W. 
Adams  St.,  Chicago,  111.,  at  its  annual  meeting  of 
the  board  of  directors,  elected  the  following  officers 
for  the  ensuing  year:  President,  T.  K.  Webster; 
vice-president,  L.  I.  Yeomans;  secretary,  Walter  A. 
Strong;    treasurer,    0.   M.   Moderwell. 

New  Standard  Hardware  Works,  Mount  Joy,  Pa.. 
manufacturers  of  hardware  specialties,  have  made 
an  addition  to  their  plant  and  organization  for  the 
hot-tinning  of  gray  Iron,  malleable  Iron,  steel  and 
brass  stampings,  and  are  now  in  a  position  to  take 
care  of  Increased  quantities  of  hot-tinning  work. 
Driver-Harris  Co.,  Harrison,  N.  J.,  announces  that 
it  is  now  prepared  to  supply  99  per  cent  cold-rolled 
pure  nickel  sheets  to  manufacturers  who  are  in- 
terested in  the  use  of  this  metal.  Many  former  uses 
for  thla  metal  have  been  abandoned,  due  to  the 
Inability  of  manufacturers  to  secure  the  necessary 
raw  material. 

W.  J.  Baird  Machinery  Co..  Detroit,  Mich.,  dealer 
In  new  and  second-hand  machine  tools  and  also  sup- 
plies, has  outgrown  its  old  quarters  at  54-56  E. 
Jefferson  St.  and  removed  to  265-269  E.  Jefferson 
St.  The  company  will  occupy  the  entire  building, 
which  will  provide  excellent  facilities  for  displaying 
Its  large  line  of  tools. 

Oueen  City  Machine  Tool  Co.,  Cincinnati,  Ohio, 
manufacturer  of  plain  cylindrical  grinding  ma- 
chines ■  and  back-geared  crank  shnpers,  has  in- 
augurated a  system  of  rewarding  regular  atten- 
dance In  the  shop  by  presenting  thrift  saving 
stamps  to  the  men  who  meet  certain  require- 
ments  for  a   given   period. 

Olaholt  Machlno  Co.,  1201  B.  Washington  Ave., 
Madison,  Wis.,  has  made  agency  sales  arrangements 
wllh  the  Charles  A.  Strellnger  Co.,  43  E.  Lamed 
St.,  Detroit,  Mich.,  to  look  after  the  sale  of  Olsholt 
machines  In  the  Detroit  and  Michigan  districts. 
Cliarles  Spniiling  who  heretofore  had  charge  of  the 
sales  In   these  districts  has  resigned. 

Slmonda  Mfg.  Co.,  Fltchburg,  Mass.,  has  appointed 
the  T.  P.  Walls  Tool  &  Supply  Co.,  75-77  Walker 
St.,  New  York  City,  Its  sales  agent  for  the  terri- 
tory of  Connecticut,  New  York  and  New  Jersey. 
A  complete  Block  of  SImonds  hacksaw  blades,  hand- 
anwa  and  cold-saws  will  be  maintained  In  the  T.  P. 
Walls  Tool  A  Supply  Co.'s  warehouse. 

Hydraulic  Prosa  Mfg.  Co.,  84  Lincoln  Ave.,  Mount 
Ollin.l.  Ohio,  Is  now  occupying  Its  lu'w  bulldlngB 
and  the  plant  Is  sgnln  In  operation  lo  Its  f\ill  ca- 
pnclly.  New  equipment  especially  nilnpted  for  the 
building  of  hydraulic  presses,  pumps  and  volvos  has 
iK'cn  Installed.  The  new  buildings  and  equipment 
will    double    Ihe    cagiaclly    of    the    plant. 

Vulcan  Bt.al  Frocluota  Co.,  120  llrosdway.  New 
York  ('lly.  denier  In  steel.  Iron  and  machinery  prod- 
ucl>,  hy  lla  assoclallon  wllh  Ihe  Olhophon  Rleam- 
Bhlp  (ViriKirnllon  la  aasured  direct  aervlc.  to  Drssll 
and  Ih.  Argrnllne.  ITaTornble  connectlona  wllh 
other  rnllrond  and  shipping  Inlereals  aeiure  Ihe  most 
prompt    drlln-rlea    lo   all   niher   countries. 

Amalgamated  Machinery  Corporation,  73  W. 
Ailnina  HI..  I'hlraiio.  III.,  haa  aecured  n  (750,000 
nrd.r  for  gun  iKirIng  ninchlnea  and  Inlhea,  and  a 
•r.(»i.n>Kl  ordir  for  sli-ll  Imrlng  machinery.  Wllh 
Its  preaent  rapacity  of  turning  out  l.n  machliicN 
a  day.  Ihe  plant  la  In  s  |M»lllon  lo  handle  these 
large  orders  aa  wril  aa  addlllonni  ones  nnd  allll 
aaaure    a    Ihlrly  day    delivery. 

Vlolor  B.  Browning  *  Co..  Mnnalleld.  Ohio,  bars 
ri-ccnily  bean  awarded  a  ■onlrarl  for  200  flve-lnch 
gun  mounia  hy  Ihe  Nary  lieparlraent,  and  are  In 
Ihe   market   for  »   Urge   anpply   of  amall   anl)   large 


size  machine  tools,  including  lathes,  vertical  and 
horizontal  milling  machines,  radial  drilling  ma- 
chines, grinding  machines  and  shapers.  The  com- 
pany would  also  like  to  hear  from  manufacturers 
who  are  making  parts,  both  raw  and  finished  pro- 
ducts, for  gun  mount  construction. 

American  Pneumatic  Chuok  Co.,  9  S.  Clinton  St., 
Chicago.  111.,  has  been  incorporated  in  Illinois  for 
the  manufacture  of  air  chucks  and  air-operated  de- 
vices for  mechanical  purposes.  John  Olson,  form- 
erly with  the  Detroit  Pneumatic  Chuck  Co.,  will 
be  in  charge  of  design  and  manufacture.  The 
company  will  specialize  for  the  present  in  stand- 
ard and  special  air-operated  equipment  for  the 
rapid  production  of  shells  and  other  munition  parts. 
Later  It  Is  the  intention  to  place  on  the  market  a 
complete  line  of  air  chucks.  Neidow  &  Payson 
Co.    of   Chicago   has   been   appointed    selling    agent. 

Deane  Machine  Co.,  Fltchburg,  Mass.,  maker  of 
machine  tools,  Jigs,  fixtures,  tools,  etc.,  has  recently 
been  incorporated.  The  officers  are  John  H.  Graves, 
president  and  general  manager;  A.  P.  Cate,  treas- 
urer; and  William  P.  Coyle,  secretary.  Mr.  Graves 
and  Mr.  Coyle  were  formerly  connected  with  the 
Putnam  Machine  Co.,  and  have  had  wide  experience 
in  the  machine  tool  trade.  The  company  is  at 
present  engaged  on  two  contracts  for  the  govern- 
ment and  is  seeking  a  site  for  a  larger  plant,  and 
is  prepared  to  do  general  repair  and  contract  work. 

Driver-Harria  Co.,  Harrison,  N.  J.,  announces  that 
on  January  1  a  life  insurance  policy  for  $500  was 
distributed  to  all  employes  having  been  with  the 
company  at  least  six  months.  The  extra  wage  dis- 
tribution for  this  year  was  also  increased  by  one 
per  cent  over  what  has  heretofore  been  paid.  This 
distribution  is  based  on  salaries  earned  and  terms 
of  service,  and  is  made  twice  yearly.  The  per- 
centage is  graduated,  beginning  at  6  per  cent  to 
employes  who  have  been  with  the  company  six 
months,  and  increasing  by  one-half  per  cent  for 
each    succeeding    year  of   continuous   service. 

Louisville  Industrial  Foundation,  909  Columbia 
Bldg.,  Louisville.  Ky..  has  made  an  announcement 
of  interest  to  manufacturers  of  war  materials,  to 
the  effect  that  the  Louisville  central  station  has  at 
this  time  more  than  10,000  kilowatts  surplus  elec- 
tric power  for  industrial  service,  and  is  one  of  the 
few  cities  in  the  United  States  having  electric  power 
in  excess  of  the  present  demand. 

Little  Giant  Truck  Co.  is  a  new  organization 
which  has  been  formed  to  take  over  the  motor 
truck  interests  of  the  Chicago  Pneumatic  Tool  Co. 
From  a  small  beginning  the  motor  truck  depart- 
ment of  the  Chicago  Pneumatic  Tool  Co.  had  grown 
to  such  proportions  that  a  separate  ogranizatlon 
to  handle  its  many  Interests  became  absolutely 
necessary.  The  Little  Giant  Tmck  Co.  Is  owned 
and  controlled  by  the  Chicago  Pneumatic  Tool  Co., 
and  the  officers  are  the  same,  viz.,  W.  O.  Duntley, 
president;  W.  B.  Seellg,  secretary;  L.  Beardsley, 
treasurer:  and  T.  J.  Hudson,  sales  manager.  The 
headquarters  will  remain  In  the  Little  Giant  Bldg., 
1615  Michigan  Ave.,  Chicago,  111. 

Root  &  Van  Dervoort  Engineering  Co.,  E.  Mo- 
line,  111.,  Is  a  consolidation  of  the  Moline  Automo- 
bile Co.,  maker  of  Mollne-Knlght  motor  cars,  and 
the  Root  &  Van  Dervoort  Engineering  Co.,  maker  of 
R.  &  V.  gasoline  and  kerosene  engines.  The  officers 
and  management  remain  the  same,  the  only  change 
being  In  the  name  of  the  company.  In  the  past 
these  two  companies  have  been  practically  identi- 
cal, being  under  the  control  of  the  same  general 
officers,  but  were  operated  under  the  two  firm 
names.  The  Hoot  &  Van  Dervoort  Engineering  Co. 
was  established  In  1808  to  manufacture  gasoline 
and  kercsene  engines.  In  1916  the  company  briiiiched 
out  Into  the  manufacture  of  special  munition 
lathes,  and  also  filled  a  large  contract  on  8-lnch 
high-exploslve  shells  for  the  British  government. 

Oostorlein  Machine  Co.,  Cincinnati,  Ohio,  manu- 
facturer of  milting  machines  and  cutter  and  tool 
grinders,  has  purchased  the  buildings  of  the  Sam- 
uel C.  Tntem  Co.  on  Coleraln  Ave.,  Cincinnati, 
Ohio,  consisting  of  a  four-story  and  basement  con- 
crete building  00  by  2(16  feet,  a  ono-story  building 
103  by  800  feet,  and  also  a  separate  power  house. 
The  ground  acquired  covers  270  by  480  feet  and  has 
a  spur  from  the  main  trock  of  the  Baltimore  A 
Ohio  Railroad.  The  building,  which  Is  only  a  few 
years  old.  Is  patterned  after  the  Dayton  Cash 
Register  Co.'s  bnlldlnga  at  Dayton,  Ohio,  and  Is 
light,  airy,  and  sanitary;  It  Is  considered  on.'  of 
the  most  up-to-date  manufacturing  plants  In  ('in- 
cinnall.  Tho  floor  apace  of  the  Oesterleln  Machine 
Co.  will  bo  considerably  greater  In  the  new  Imlld- 
Ings  than  In  tho  old  location,  providing  an  oppoi- 
tuidty   for   expansion   and   Increase   In   capacity. 

U,  8,  Ball  Bearing  Mfg.  Co,,  Palmer  81.  and 
Knlinnr  Ave.,  Chicago.  111.,  manufacturer  of  Imll 
lii'iirlngs,  nt  Ihe  Inst  meeting  of  the  board  of 
directors  elected  Ihe  following  ofllcera:  W.  II. 
Strom,  president  nnd  treasurer;  B.  N.  Strom,  vice- 
president;  and  O.  A.  Strom,  soeretory.  The  change 
In  ofllcers  was  brought  almiit  hy  the  recent  death  of 
A.  A.  HIrom,  father  of  the  three  menihera  of  the 
present  Imard,  who,  during  his  life,  waa  prealdeni 
of  Ihe  company,  but  who  was  associated  with  II 
In  an  advisory  capnclly  only.  No  actual  change  In 
nuinagenient  has  taken  place,  as  Ihe  present  presl- 
dent  retains  hia  |K>slllon  as  general  manager,  which 
he  has  occupied  for  Ihe  past  live  years.  Prevloua 
lo  Mr.  Strom's  dealh,  II  had  In-en  decided  by  the 
nclire  membera  of  Ihe  company  IhnI,  In  recogni- 
tion of  Mr.  HIrom'a  aucceasful  acllTltles.  the  name 
of  the  product  of  Ihe  coni|inny  should  lie  changed 
from  "I).  H.  ball  liearlngs"  lo  "Strom  bearings," 
niul  one  of  Ihe  laal  olHclal  acta  |>erforined  liy  the 
liile  Mr.  HIrom  In  his  advisory  capacity  wllh  the 
conipnnr  was  In  asncllon  the  change  of  name  as 
plonned  At  the  annnnl  ineellng.  approprliillons  for 
a  conaldrrnble  Increnae  In  Ihe  capacity  of  Ihe  prtis. 
enl    plant    were   made. 
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HEN  gear-hobbing  machines 
first  began  to  be  exten- 
sively used  for  cutting  the 
teeth  of  spur,  spiral,  and 
worm-gears,  there  was  a 
great    deal    of    discussion 


among  mechanical  men  as  to  the  relative 
merits  of  this  method  of  gear-cutting 
as  compared  with  other  methods  which 
were  known  to  give  satisfactory  results. 
That  higher  rates  of  production  could 
be  obtained  by  bobbing  than  by  using  certain  other  methods 
was  generally  conceded  by  all  manufacturers  who  had  had 
experience  with  the  operation  of  gear-hobbing  machines;  but 
among  builders  of  automobiles  and  other  products  in  which 
gearing  of  an  exceptionally  high  degree  of  accuracy  was  re- 
quired in  order  to  give  noiseless  transmission  of  power,  the 
bobbing  method  was  criticized  on  the  ground  that  the  quality 
of  gears  produced  was  not  up  to  the  required  standard.  Some 
manufacturers  became  so  convinced  of  the  seriousness  of  this 
la<k  of  accuracy  in  bobbed  gears  that  they  changed  over  to 
other  methods  of  gear-cutting,  regardless  of  the  fact  that  such 
methods  gave  lower  rates  of  production  and,  hence,  made  the 
cost  of  gears  considerably  higher. 

In  the  process  of  cutting  gear  teeth  by  the  application  of  the 
molding-generating  principle  which  is  employed  on  gear-hob- 
bing machines,  it  is  a  well-known  fSct  that  the  hob  teeth  are 
of  the  .same  shape  as  rack  teeth  and  that  generation  of  the 
gear  teeth  is  secured  through  rotating  the  gear  blank  and  bob 


In  order  to  produce  hobbed  gears  that  will 
transmit  power  with  a  minimum  amount  of 
noise  and  that  will  not  wear  rapidly,  the 
hobs  with  which  the  gear  teeth  are  gen- 
erated must  be  perfectly  accurate.  Regard- 
less of  the  care  taken  in  making  hobs  and 
the  degree  of  accuracy  attained  before  heat- 
treatment,  a  certain  amount  of  distortion  is 
sure  to  take  place  during  the  hardening 
process.  This  distortion  of  the  hob  intro- 
duces slight  inaccuracies  in  the  generated 
gear  teeth,  and  trouble  from  this  cause  can 
only  be  overcome  by  grinding  the  hob  after 
it  has  been  heat-treated.  This  article  de- 
scribes the  methods  used  by  the  Illinois  Tool 
Works,   Chicago,    III.,    in   grinding    hobs. 


is  impossible  for  such  a  tool  to  produce 
accurate  work.  It  is  absolutely  neces- 
sary for  all  dimensions  of  the  hob  teeth 
to  be  held  within  close  limits  of  toler- 
ance, and,  in  addition,  the  lead  of  the 
spiral  thread  of  the  hob  must  be  uni- 
formly accurate,  because  any  deviation 
of  the  thread  from  a  true  helix  of  the 
desired  lead  would  result  in  introducing 
inaccuracies  in  the  gear  teeth.  That 
this  is  the  case  will  at  once  become 
apparent  when  consideration  is  given  to  the  action  of  a  hob  and 
gear  blank  during  the  process  of  cutting  teeth  by  the  molding- 
generating  process.  Evidently,  any  lack  of  uniformity  in  the 
lead  of  the  hob  thread  would  result  in  causing  successive 
teeth  that  are  being  cut  in  the  gear  blank  to  engage  the  hob 
at  slightly  different  points,  with  the  inevitable  result  that  in- 
accuracies would  be  produced  in  the  gear  teeth. 

Where  experienced  toolniakers  exercise  the  necessary  care 
in  making  hobs  according  to  methods  used  by  up-to-date  tool- 
making  sliops,  the  accuracy  of  the  finished  hobs  will  be  all  that 
is  required  to  produce  the  necessary  degree  of  accuracy  in 
gearing  for  average  classes  of  service,  without  spending  addi- 
tional time  in  grinding  to  remove  distortion  produced  in 
hardening.  But  extremely  slight  errors  in  the  form  of  the  hob 
teeth  and  in  the  lead  of  the  thread  result  in  producing  errors 
of  corresponding  size  in  the  gear  teeth;  these  may  seem  almost 
too  small  to  he  worthy  of  serious  consideration,  but  for  the 
gears  of  automobile  transmissions,  for  the  timing  gears  of 
automobile  and  airplane  engines,  and  for  certain  other  exact- 


In   contact  with   each   other   to   produce   a   result   that   is   the 

eciulvalont  of  rolling  a  gear  in  mesh  with  an  ordinary  straight     ~ing  classes   of  service,   such   errors  are  sufficient   to   produce 

rack.    The  basic  principles  of  gear  bobbing  have  been  fully  dls-      gearing  which  will  prove  to  be  noisy  and  not  durable.     How 


cussed  In  previous  numbers  of  Maciii.nkhy,  so  that  at  this  time 
It  la  sufficient  to  call  the  reader's  attention  to  the  fact  that 
unless  the  hob  used  for  generating  gear  teeth   is  accurate.  It 
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ever,  particular  emphasis  is  laid  upon  the  fact  that  this 
article  In  no  way  condemns  the  usefulness  of  unground  hobs. 
Such  hobs  have  their  place  and  are  capable  of  producing  per- 
fectly satisfactory  gears  for  a  great  many  classes  of  service. 
It   Is  only  In  those  exceptional  cases  where  a  very  slight  In- 
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accuracy  in  hobbed  gears  would  prove  serious  that  the  need 
arises  for  using  a  hob  which  has  been  ground  to  make  it  as 
nearly  perfect  as  possible. 

Effect  of  Distortion  Produced  in  Hardening 

When  these  criticisms  concerning  the  accuracy  of  hobbed 
gears  came  to  the  attention  of  the  builders  of  gear-hobbing 
machines  and  manufacturers  of  hobs,  these  men  immediately 
started  to  investigate  the  justice  of  the  criticism,  and  when 
this  had  been  done,  the  next  move  was  to  develop  means  of 
removing  the  cause  of  the  trouble.  In  this  article  we  are  con- 
cerned with  the  steps  taken  to  correct  inaccuracy  in  the  hobs, 
the  article  being  based  upon  the  practice  of  the  Illinois  Tool 
Works,  154  E.  Erie  St.,  Chicago,  111.,  in  grinding  hobs  to  cor- 
rect the  inaccuracy  due  to  distortion  produced  during  the  proc- 
ess of  hardening.  Investigations  made  by  this  firm's  engineers 
showed  that  while  the  errors  in  unground  hobs  were  very 
slight,  they  were  of  sufficient  magnitude  to  give  trouble  in 
cases  where  production  of  gears  of  the  greatest  accuracy  and 
quiet-running  properties  was  required.  Hobs  made  in  this 
firm's  shops  were  produced  on  the  best  types  of  machine  tools. 


became  obvious  that  the  only  way  to  overcome  the  difficulty 
was  to  devise  some  method  of  grinding  the  hobs  after  they 
had  been  hardened  in  order  to  remove  the  distortion  produced 
while  heat-treating.  For  over  five  years,  engineers  employed 
by  the  Illinois  Tool  Works  have  been  working  upon  the  de- 
velopment of  this  grinding  process,  and  for  the  last  four  years 
hobs  have  been  ground  on  a  commercial  basis.  Patents  have 
been  granted  on  machines  developed  for  grinding  hobs  and 
for  performing  certain  other  operations  connected  with  the 
hob-grinding  Industry.  The  hob-grinding  department  of  the 
factory,  a  partial  view  of  which  is  shown  in  Fig.  1,  has  now 
been  fully  organized.  It  is  the  purpose  of  this  article  to  illus- 
trate and  describe  the  hob-grinding  machines  and  explain  the 
method  of  doing  this  work. 

Methods  and  Machines  Used  for  Hob-grinding- 

Briefly  stated,  the  method  of  grinding  hobs  used  in  this 
company's  shops  consists  of  grinding  the  space  between  the 
hob  threads  with  a  "grinding  point,"  the  shape  of  which  con- 
forms to  the  space  between  adjacent  threads.  A  little  thought 
will  make  it  evident  that  this  is  about  the  only  way  In  which 


of  Fart  of  Hob-grinding  Depart 


operated  by  specialists  of  experience  and  judgment,  so  that, 
HH  far  as  manufacturing  methods  were  concerned,  all  require- 
ments were  being  fulfilled.  The  most  rigid  inspection  of  the 
hobs  after  the  machining  operations  had  been  completed 
showed  them  to  be  perfectly  accurate,  but  after  the  hobs  had 
hititn  hardened,  the  same  claim  could  not  be  made. 

It  is  a  well-known  fact  that  there  is  a  tendency  tor  steel 
to  become  distorted  during  the  process  of  heat-treatment,  and 
reKardlCHH  of  the  care  which  Is  taken,  It  Is  very  dlfflcult  to 
overcome  thiH  trouble  entirely.  Where  the  proper  precau- 
llons  are  taken  In  hvattroatlng,  however,  there  will  be  only 
a  very  HllKht  dlHlortlon,  ho  that  the  error  produced  In  a  lioh 
will  not  be  of  Iniporlanco  In  I  Ik-  Imbbed  ni-arH  except  when" 
Kcarlng  of  an  exceptionally  hiKh  iU-ktih;  of  iiciurucy  Ik  nv 
qulrcrl.  In  the  cbhc  of  hobH,  the  trouble  cauHed  by  this  hIIkIiI 
amount  of  diHtortlon  In  hardening  wan  found  to  manlfcHt  llHolf 
particularly  In  lack  of  acniracy  of  the  lead  i>{  I  ho  liob 
thread,  and  with  hobH  dlBtorlcd  In  thin  way,  there  wnH  almost 
Huro  to  bo  la/'k  of  accuracy  In  tin-  Ki-iirH,  dii«<  to  the  mnHonH 
which  have  aln-ady  been  explained.  Ah  the  uroalcHl  caro  wan 
already  being  taken  In  each  Hlop  of  iho  proreHH  of  niaiiufac. 
luring  hobs  In  the  nhopn  of  Ihn  IlllnolH  Tool  WorkH,  and  aH 
the  moKl  rigid  Inspection  Hhowod  the  hobn  lo  bo  up  to  every 
roaRonnhlo    requirement    before    heal  trealment,     It    nt    once 


grinding  of  the  hob  could  be  accomplished,  but  in  order  to 
work  satisfactorily,  there  are  many  interesting  details  of  the 
process  which  have  been  cleverly  thought  out  and  applied; 
obviously,  it  is  necessary  for  the  spindle  which  drives  the 
grinding  point  to  be  carried  on  a  reciprocating  slide,  similar 
to  the  relieving  attachment  of  a  lathe,  so  tliat  the  grinding 
point  will  be  enabled  to  follow  tlie  thread  of  the  hob  continu- 
ously. 

Deslflrn  of  Hob-trrlndlnK'  Machine 

The  machine  on  which  the  hobs  are  ground  Is  a  special 
form  of  lathe  furnished  with  a  main  cnrrlago  running  on  ways 
whiili  exiciiil  the  whole  Icnplli  of  the  lathe  bed.  Hllhough  the 
<-arrlaKc  actually  extends  over  each  ciiil  of  the  liitlie  bed.  The 
hob  to  bo  ground  Is  carried  by  a  numdrel  supported  on  cen- 
ters and  driven  by  a  dog  nmklng  connection  wllh  the  live 
center.  As  the  hob  rotates,  It  Ih  uIko  traverKcd  past  Ihe  grind- 
ing point  through  the  action  of  u  lead-screw  whldi  Imparts  the 
noc<!H«ary  fi'cd  niovenionl  lo  Iho  main  carriage.  The  grinding 
l>oltit  Ih  driven  l)y  a  heml  HUiipnrled  on  a  slide  which  linfl  ii 
reciprocating  niovenient  at  right  angles  lo  tlio  line  of  travel  of 
the  nmin  carriage,  In  order  that  the  grinding  point  iniiy  follow 
the  relief  provided  on  tlio  hob  tenth. 

Having    brlelly    expliiliied    Ihe    fi'iilureH   nf   IIiIh    iiiiuliliie,    we 
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are  ready  to  take  up  a  discussion  of  the  way  in  which  the 
machine  is  constructed  to  secure  these  results,  and  there  is 
probably  no  better  way  than  to  start  at  the  driving  pulley  and 
explain  the  method  by  which  motion  is  transmitted  to  the 
different  machine  members.  In  Figs.  2  and  3,  are  shewn  two 
views  of  a  hob-grinding  machine  in  operation,  and  Fig.  4 
shows  plan,  front,  and  end  views  of  the  machine.  It  will  be 
seen  that  the  main  driving  pulley  A  is  carried  on  a  shaft  B 
journaled  in  the  frame  of  the  machine.  This  shaft  carries  a 
worm  which  transmits  power  to  worm-wheel  C;  the  hub  of 
worm-wheel  G  extends  out  at  each  side  for  a  sufficient  distance 
so  that  it  may  be  carried  by  bearings  in  brackets  on  the 
machine  frame. 

In  this  way,  provision  is  made  for  rotating  worm-wheel  C. 
although  it  is  maintained  in  a  fixed  position  as  regards  longi- 
tudinal movement.  Shaft  D,  that  is  driven  by  this  worm- 
wheel,  is  connected  to  the  wheel  by  a  spline,  so  that  it  may 
be  traversed  longitudinally  in  addition  to  being  rotated.  At 
the  left-hand  end,  shaft  D  is  carried  by  bearings  £  in  a 
bracket  projecting  down  from  the  under  side  of  main  carriage 
F,  so  that  the  longitudinal  movement  of  shaft  D  must  cor- 
respond with  any  longitudinal  traverse  movement  of  carriage 
F.  Through  pinion  G,  power  is  transmitted  to  gear  H,  secured 
to  the  head  spindle  /  that  rotates  the  work;  and  secured  to  the 
rear  end  of  spindle  /  there  is  a  lead-screw  J  that  runs  in  a 
nut  K  carried  in  a  bracket  on  the  main  frame  of  the  machine. 
As  a  result,  rotation  of  spindle  /  causes  lead-screw  J  to  rotate 
in  nut  K  and  the  main  carriage  F  to  be  traversed  along  the 
bed  of  the  machine. 

It  now  remains  to  describe  how  the  reciprocating  transverse 
motion  is  imparted  to  the  cross-slide  which  carries  the  grind- 
ing point.  At  the  end  of  main  driving  shaft  B,  there  is  a 
pinion  L  from  which  power  is  transmitted  through  spur  gears 
M.  N,  and  0  and  bevel  gears  P  and  Q  to  an  eccentric  R;  the 
latter  fits  into  a  slot  in  the  under  side  of  cross-slide  S  which 
supports  the  grinding  point  T,  with  the  result  that  rotation  of 
eccentric  R  results  in  imparting  a  reciprocating  transverse 
motion  to  slide  S.  By  providing  the  proper  arrangement  of 
gearing,  rotation  of  the  hob,  traversing  of  the  hob  past  the 
grinding  point,  and  transverse  reciprocation  of  the  grinding 
point  are  so  timed  in  relation  to  each  other  that  the  grinding 
point  follows  the  hob  thread  and  provides  for  grinding  it  to 
remove  distortion. 


Fit.  S.     BpcoUl  Orlndtnt  Mtohin*  dodmod  and  built  br  tha  nUnoli  Tool 
Work*  for  irlndinc  Hobi  to  remove  Dlitortlon  produosd  In  birdenln( 


Fig.  S.    View  of  Hob-grisdins  Uachine  showing  Method  of  driving  Grinding 
Spindle  and  setting  "Grinding  Point"  for  Different  Sized  Hobs 

It  will  be  seen  in  the  view  of  the  machine  shown  in  operation 
in  Fig.  3  that  there  is  an  additional  electric  motor  A  bolted  to 
a  bracket  at  the  end  of  the  machine.  The  motor  is  belted  to 
a  pulley  carried  at  the  rear  side  of  the  machine  on  a  trans- 
verse shaft  which  extends  through  the  bed  and  carries  pulley 
B  at  the  front  of  the  machine.  From  this  pulley  a  belt  trans- 
mits power  to  a  shaft  that  carries  pulley  C  from  which  a  flat 
woven  fabric  belt  drives  the  pulley  at  the  rear  end  of  spindle 
D.  the  grinding  point  being  carried  at  the  front  end  of  this 
spindle.  Reference  to  the  illustration  will  make  it  apparent 
that  the  speed  ratio  from  B  to  C  and  from  C  to  D  is  increased 
in  both  cases,  in  order  to  give  the  required  cutting  speed  of 
approximately  5000  feet  per  minute  for  the  grinding  point, 
which  is  of  small  diameter.  It  is  necessary  to  true  up  the  grind- 
ing points  used  on  these  hob-grinding  machines  at  frequent  in- 
tervals; this  work  can  sometimes  be  done  with  the  point  in 
place  on  the  hob-grinding  machine,  while,  at  other  times,  it 
is  necessary  to  remove  the  grinding  point  for  truing.  A 
detailed  description  of  this  work  and  an  explanation  of  the 
reasons  for  removing  the  work  in  some  cases  and  truing  it 
while  in  position  in  other  cases,  will  be  presented  in  subsequent 
sections  of  this  article. 

To  facilitate  the  work  of  removing  the  grinding  point  for 
truing,  a  special  spindle  was  designed  which  is  shown  in  detail 
in  Fig.  5.  Here  it  will  be  seen  that  the  spindle  A  is  furnished 
with  a  draw-rod  operated  by  thumb-nut  B  to  provide  for  pulling 
arbor  G,  which  carries  the  grinding  point,  back  into  the 
tapered  socket  of  the  spindle.  It  will  also  be  apparent  that 
thumb-nut  B  secures  driving  pulley  D  onto  the  tapered  rear  end 
of  the  spindle.  Spindle  A  runs  in  bronze  bushings  E  wljich 
are  furnished  with  means  of  compensation  for  wear;  and  these 
bushings  are  secured  in  each  end  of  a  main  sleeve  F  by  a  pair 
of  lock-nuts  G.  In  this  way,  bronze  bearings  F.  sleeve  F.  and 
lock-nuts  G  constitute  the  equivalent  of  a  single  bushing  in 
which  spindle  A  is  free  to  rotate,  making  it  possible  for  the 
spindle  and  its  bearing  to  be  removed  from  the  machine  as  a 
unit. 

Referring  to  Fig.  :'..  it  will  be  seen  that  on  the  cross-slide 
that  carries  the  grinding  spindle,  there  are  two  wing-nuts  E 
that  provide  for  tightening  a  cap  over  the  bracket  in  which 
the  grinding  spindle  is  mpunted.  In  setting  up  the  grinding 
point  in  the  carriage,  sleeve  F.  Fig.  5,  is  placed  in  the  socket 
in  this  bracket,  and  the  cap  is  placed  on  top  of  sleeve  F  and 
then  tightened  by  means  of  wing-nuts  to  secure  the  spindle 
llrmly  In  place  in  the  carriage.  After  this  has  been  done,  ball- 
crank  /•',  Fig.  3,  provides  means  of  adjusting  the  position  of 
the  grinding  point  relative  to  the  hob  which  is  to  be  ground. 
When  it  Is  necessary  to  true  the  grinding  point,  the  spindle  is 
removed  by  loosening  wing-nuts  F,  and  then  the  entire  spindle 
unit  can  be  taken  out  and  set  up  In  the  grinding  point  truing 
machine. 
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front,   and  End  Views  of  Hob-grinding  Uacbine,   showing   Arrangement  of  Driving  and  Feed  Mecha 


Truing-  Grinding-  Points 

In  grinding  hobs,  two  types  of  grinding  points  are  used,  one 
of  these  being  shaped  like  the  frustum  of  a  cone,  while  the 
other  is  of  similar  shape,  except  that  it  is  formed  on  the  side 
instead  of  being  straight.  Devising  methods  for  truing  up  the 
grinding  points  to  bring  them  accurately  to  these  forms  was 
one  of  the  most  difficult  problems  that  had  to  be  solved.  Fin- 
ally two  systems  were  devised,  both  of  which  give  satisfactory 
results  for  truing  the  two  types  of  grinding  points.  For  points 
the  shape  of  which  is  the  frustum  of  a  cone,  the  truing  device 
is  mounted  directly  on  the  hob-grinding  machine,  so  that  the 
grinding  point  may  be  trued  up  without  removing  it  from 
the  machine;  but  In  the  case  of  grinding  points,  the  sides  of 
which  are  formed.  It  la  necessary  to  remove  the  point  to  a 
special  truing  machine. 

Figs.  6  and  7  show  a  machine  using  a  grinding  point  formed 
to  the  true  frustum  of  a  cone,  and  the  means  provided  for 
truing  the  grinding  point.  Referring  to  the  first  of  these  illus- 
trations. It  will  be  seen  that  attached  to  the  hob-grinding 
machine,  thero  Is  a  plate  A,  the  lop  surface  of  which  Is  accu- 
rately nnlHhed  and  Inclined  to  the  horlzcxital  at  an  angle  cor- 
responding to  the  angle  that 
the  sides  of  grinding  point  J{ 
make  with  the  hori-/,ontal 
axis.  Sliding  over  the  top  of 
plate  A,  there  Is  a  plate  C  on 
which  in  carried  a  rod  /J  at 
the  lower  end  of  which  there 
Is  a  diamond  for  truing  up 
the  grinding  point.  An  ad- 
justing screw  A'  furnished 
with  two  lock  nuts  provides 
for  regulating  the  vortical 
position  of  rod  D  and  locking 
this  rod  In  the  denlred  posi- 
tion, so  that  the  diamond  Is 
lorntcd  prop«Tly  for  truing  up 


fU- J--1 


the  grinding  point.  In  this  connection,  attention  is  called  to 
the  fact  that  there  is  a  groove  extending  into  plate  A  from 
the  front  edge  (this  groove  is  covered  by  plate  C)  to  provide 
clearance  for  rod  D.  so  that,  when  plate  C  is  slid  back  and 
forth  over  plate  A,  rod  D  can  have  the  necessary  movement  to 
enable  the  diamond  to  true  up  the  grinding  point.  The  advan- 
tage of  this  method  is  that  when  the  grinding  point  requires 
truing,  the  operator  can  do  the  work  very  quickly  without  the 
necessity  of  either  stopping  the  machine  or  removing  the 
grinding  point.  The  method  of  truing  will  be  best  understood 
by  referring  to  Fig.  7  after  reading  the  preceding  description. 
In  Fig.  8  is  shown  the  type  of  machine  used  for  truing  up 
grinding  points  for  hobs  where  the  teeth  are  of  such  form  that 
it  is  necessary  to  true  the  grinding  point  to  some  shape  other 
than  the  true  frustum  of  a  cone;  and  Fig.  12  shows  part  of 
the  mechanism  of  this  machine.  In  connection  with  the 
description  of  the  hob-grinding  machine,  an  explanation  was 
presented  of  the  way  in  which  the  spindle  for  carrying  the 
grinding  point  is  constructed.  This  spindle  design  was  worked 
out  with  the  view  of  facilitating  truing  of  the  grinding  point. 
These  grinding  machine  spindles  arc  constructed  with  a  bush- 
ing, shown  at  A  In  Fig.  12,  which  enables  the  spindle  to  be 
set  up  interchangeably  in 
either  the  hob-grinding  ma- 
chine or  the  grinding  point 
Iruing  machine,  by  simply 
liglitcnliig  hand-screw  /*  that 
secures  a  bearing  cap  down 
onto  this  bimhing  which  sup- 
ports the  grinding  spindle.  It 
will  be  apparent  from  the 
Illustrations  (hat  this  machine 
Is  designed  on  the  panto- 
graph principle,  a  niiiHlor 
form  or  lomplet  C  being  made 
of  the  Hllapo  required  for  the 
grinding  iioint  and  a  reduc- 
I  Inn   niiiile   from   this   fonii   to 


W~l 
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■  l(n   1)1   Orlncllnf  Hplndin    wlili  li   ■•   Intxrohuf  nablo    botwo 
Orlnillnn   Maohlns  ui<l  Truing  liaohln* 
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'itliout   removing   it 


the  grinding  point  D  by  means  of  a  3  to  1  pantograph  link 
mechanism.  It  will,  of  course,  be  evident  that  at  one  ex- 
tremity of  the  pantograph  there  is  a  guide  pin  that  runs  in 
contact  with  master  form  C.  while  at  the  other  end  there  is 
a  diamond  which  trues  grinding  point  D  up  to  a  shape  exactly 


Grinding   Point    Truing  Device   of   Type 
Operation 


Fig.    6. 


carrying  the  diamond  point  Eind  the  outline  to  which  it  is 
required  to  true  up  the  grinding  point.  It  is  particularly  im- 
portant to  maintain  the  angle  between  the  diamond  bar  and 
the  grinding  point  constant  during  the  entire  truing  operation, 
because,  if  the  manner  in  which  the  diamond  is  presented  to 


•< 

/ 

Fig.    8. 


Special   Truing   Machine    for    Grinding   Points    formed    to   Some 
Other  Shape  than  Frustum  of  Cone 


Fig.  9. 


Method  of  gaging  Hob  during  Grinding  Operation  to  test  Accuracy 
of   Angle   of   Side   of   Thread 


the  same  as  form  C,  but  of  one-third  the  size.  Through  the 
use  of  a  3  to  1  pantograph  link  mechanism,  it  is  possible  to 
make  the  master  form  C  to  a  larger  scale,  which  facilitates  the 
work  of  toolmaking. 

As  the  guide  pin  runs  over  form  O  there  is,  of  course,  a 
definite   relation   between   the   angle   of   the   pantograph   bar 


the  grinding  point  varies,  a  difference  in  the  shape  of  the  dia- 
mond, which  is  always  irregular,  is  almost  certain  to  result 
in  inaccuracy  of  the  form  of  the  grinding  point.  Provision  for 
maintaining  the  required  relation  is  furnished  by  means  of 
the  guide-bar  E  which  is  attached  to  the  yoke  that  carries  the 
diamond.    While  truing  the  side  of  the  grinding  point,  bar  E 


FIc.    I*.     Front   Vlgw   ol    oxirm    Maohina    for   msaauring   and   recording 
Magnltndo  of  Error  in  L«ad  of  Hob  Thread  after  grinding 


Flf.  U.     Opposite  Side  of  Oaginr  Maohtns  shown  In  Tig.  10.  Ulnstratlng 
Arrsngomont  of  Reel  for  feeding  Record  Paper  past  Pen 
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Arrangement   of  Master  rorm,   Pantograph, 
Grinding  Point  Truing  Machine  of  Type  shown 


is  made  to  slide  in  contact 
with  pin  F  as  the  pantograph 
links  go  through  their  move- 
ment in  reciprocating  the  dia- 
mond and  guide  pin  back  and 
forth  over  the  diamond  point 
and  master  form,  respectively. 
Then,  when  the  side  of  the 
point  has  been  trued  up  and 
it  is  desired  to  true  the  end, 
which  is  accomplished  by  mov- 
ing the  guide  pin  over  the 
square  end  of  form  C,  rod  E 
is  brought  down  so  that  it 
slides  in  contact  with  pin  G, 
thus  maintaining  a  uniform 
relation  between  the  diamond 
and  grinding  point  while  the 
end  of  the  point  is  being 
trued  up.  After  this  opera- 
tion has  been  completed, 
hand-screw  B  is  loosened  so 
that  the  entire  grinding 
spindle  may  be  taken  out  of 
the  truing  machine  and 
transferred  to  the  hob-grind- 
ing machine  where  the  spindle  is  secured  in  place  in  a  similar 
bearing  holder. 

Determining-  when  Grinding:  Operation  is  Completed 

In  grinding  a  hob,  Ihe  machine  is  so  designed  that  the  grind- 
ing point  is  traversed  around  the  hob  until  it  has  traveled  from 
one  end  to  the  other,  after  which  it  is  backed  away  and  the 
carriage  traversed  back  to  the  starting  point,  where  the 
grinding  point  is  once  more  brought  into  contact  with  the 
hob  ready  for  the  next  traverse.  This  operation  is  analogous  to 
the  familiar  operation  of  thread  chasing,  but  in  grinding  a 
hob  to  eliminate  distortion  produced  in  hardening,  the  depth 
of  the  cut  is  extremely  light  and  the  greatest  care  must  be 
taken  not  to  grind  away  a  sufficient  amount  of  metal  to  make 
the  thickness  of  the  hob  thread  less  than  the  required  dimen- 
sion. During  the  early  stage  of  the  grinding  operation,  the 
machine  operator  is  guided  by  the  removal  of  the  steel  surface 
which  was  discolored  while  hardening,  but  when  this  means 
of  guidance  is  gone,  he  must  depend  upon  the  use  of  gages  to 
determine  what  results  are  being  produced. 

In  the  first  place,  it  is  necessary  to  watch  the  angle  of  the 
side  of  the  thread  carefully  to  see  that  this  is  maintained 
standard,  because  wearing  of  the  grinding  point  may  easily 
result  in  producing  an  inaccurate  thread  angle,  which  would 
make  the  hob  worthless.  For  this  purpose,  the  operators  of 
the  Uob-grinding  machines  make  use  of  gages  of  the  form  shown 
In  Fig.  9.  These  are  simply  flat  steel  gages  very  accurately 
formed,  which  are  used  by  placing  a  piece  of  plate  glass  in 
succeasive  bob  gashes,  so  that  the  glass  rests  against  the  cut- 
ting edges  of  the  teeth,  and  then  bringing  the  gage  up  against 
thiH  glas.H  In  the  manner  Hhown  in  the  Illustration.  If  there. 
Ih  any  Inaccuracy  In  the  thread  angle,  this  will  be  made 
apparent  by  the  appearance  of  light  between  the  gage  and  the 
aide  of  the  thread.  Repeated  uhc  Is  made  of  this  gage  during 
the  proceHs  of  grinding,  and  when  any  discrepancy  Is  discov 
ercd  In  the  thread  angle.  It  must  be  removed  by  truing  up  the 
Krinding  point  according  to  the  methods  which  have  already 
been  described. 

The  two  ultimate  testa  to  Hhow  when  the  grinding  operation 
has  been  completed  are  measurement  of  the  tooth  thickness  at 
the  pitcb  line  with  a  gear  tooth  caliper,  aa  shown  In  the  title 


illustration  of  this  article,  and 
proof  that  the  hob  has  been 
ground,  so  that  the  lead  of 
the  thread  is  both  accurate 
and  perfectly  uniform.  Uni- 
formity of  the  lead  is  deter- 
mined by  carefully  listening 
to  the  "hum"  of  the  grinding 
point  as  this  point  is  traversed 
from  one  end  of  the  hob  to 
the  other.  Experienced  opera- 
tors of  hob-grinding  machines 
become  proficient  in  judging 
the  uniformity  of  lead  by  this 
method,  and  if,  in  their  judg- 
ment, the  sound  made  by  the 
grinding  point  in  traversing 
over  the  full  length  of  the  hob 
is  quite  uniform,  it  will  gen- 
erally be  found  that  the  de- 
sired degree  of  uniformity  has 
been  obtained  when  the  hob  is 
sent  to  the  inspection  depart- 
ment and  subjected  to  a  rigid 
test  under  a  precision  gaging 
machine. 

Gagrlng  Machine  with  Recordins  Attachment  for  Testing-  and 
Tabulating:  Magnitude  of  Error  in  Lead  of  Hob  Thread 

In  Figs.  10  and  11,  are  shown  front  and  rear  views  of  a 
special  machine  built  for  use  in  testing  and  automatically 
recording  the  magnitude  of  errors  in  the  lead  of  the  hob 
threads  for  each  successive  tooth  of  the  hob.  It  will  be  seen 
that  this  machine  is  provided  with  centers  supporting  an  arbor 
that  carries  the  hob  to  be  tested,  and  that  a  dog  connects  the 
arbor  to  the  live  center.  By  turning  handwheel  A,  the  lead- 
screw  traverses  carriage  B  along  the  ways  of  the  machine  so 
that  gaging  point  G  and  the  recording  mechanism  D  are 
traversed  from  one  end  of  the  hob  to  the  other.  At  the  left- 
hand  end  of  the  lead-screw  which  traverses  carriage  B,  it  will 
be  seen  that  connection  is  made  through  gearing  with  the  live 
center,  which  provides  for  rotating  the  hob  as  gaging  point  C 
is  traversed  along  the  hob.  In  operating  this  machine,  hand- 
wheel  A  is  turned  until  gaging  point  C  comes  opposite  the 
space  between  two  adjacent  teeth  on  the  hob,  the  gaging  point 
being  normally  located  at  a  point  above  the  tops  of  the  hob 
teeth. 

Rotation  of  handwheel  A  is  then  stopped  and  lever  E  is 
pulled  forward,  which  results  in  forcing  the  gaging  point  G 
down  into  the  space  between  the  hob  teeth.  The  gaging  point 
is  pivoted  in  such  a  way  that  it  actuates  a  set  of  multiplying 
levers  which  manipulate  arm  D  that  carries  the  recording  pen. 
The  arrangement  of  this  recording  mechanism  will  perhaps  be 
better  understood  after  referring  to  the  rear  view  of  the 
machine,  where  it  will  be  seen  that  a  reel  is  provided  that 
feeds  a  strip  of  paper  through  rollers  which  move  the  paper 
through  the  machine  coiitinuoJsly  as  the  gaging  operation 
progresses  from  tooth  to  tooth  of  the  hob.  An  interesting 
feature  of  this  machine  Is  that  a  grooved  roller  F,  which  Is 
kept  continuously  Inked,  provides  for  ruling  the  graduation 
lines  on  the  paper  as  It  Is  fed  through  the  machine.  It  will  be 
seen  that  there  are  fifteen  lines  which  are  so  spaced  thot  the 
record  paper  Is  divided  Into  sovnn  spaces  on  each  side  of  the 
center  line,  lndl<'atlng  errors  In  the  hob  thread  from  0  to 
0.007  Incli.  ppspeotlvely.  Fig.  i:!  shows  one  of  the  records 
made  on  the  machine,  and  Indicates  clearly  how  close  the 
ground  hobH  come  to  being  perfectly  accurate.  While  the 
record  paper  Is  ruled  to  provide  for  an  error  of  0.007  Inch,  auch 
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an  error  is  never  found  in  ttie  grouiid  hob.  An  important 
feature  of  this  machine  is  that  by  having  the  gaging  point  C, 
Fig.  10,  enter  the  space  between  two  adjacent  teeth,  that  is 
to  say,  come  in  contact  with  opposite  sides  of  the  thread,  which 
are  separated  from,  each  other  by  one  revolution  of  the  thread 
around  the  body  of  the  hob,  the  machine  provides  for  gaging 
both  sides  of  the  thread  simultaneously  to  make  sure  that  the 
lead  of  both  sides  is  uniform  within  the  required  limits. 


SNAGGING   MAliLEABLE  IRON   CASTINGS' 

Malleable  iron  castings  are  important  factors  in  the  produc- 
tion of  agricultural  implements,  automobile  and  railway  equip- 
ment, and  various  other  classes  of  work  subjected  to  corrosion 
and  shock.  The  grinding  of  these  castings  has  become  a  sub- 
ject of  much  importance  to  the  foundry  superintendent  and 
the  grinding  wheel  manufacturer.  In  selecting  the  grinding 
wheel  best  adapted  for  any  particular  class  of  work,  the  physi- 
cal properties,  size,  and  shape  of  castings  must  be  taken  into 
consideration. 

A  malleable  casting  is  made  of  a  special  grade  of  cast  iron, 
chilled  in  a  sand  mold  and  then  annealed.  Before  annealing, 
the  castings  are  very  hard  and  brittle,  showing  a  white  frac- 
ture when  broken,  the  carbon  contained  then  being  in  the 
combined  form.  The  castings  are  annealed  by  being  packed 
with  rusted  rolling  mill  scale  in  cast-iron  annealing  pots  and 
heated  to  a  redness  for  a  period  of  about  sixty  hours.  The 
oxide  of  iron  yields  a  portion  of  its  oxygen  to  the  metal  which 
is  decarbonized,  giving  off  carbonic  oxide.  In  this  process 
most  of  the  combined  carbon  is  removed,  leaving  the  remainder 
in  the  form  of  graphitic  carbon  surrounding  the  molecules 
of  iron.  This  carbon  gives  the  fracture  a  black  appearance, 
termed  "black-heart,"  which  is  the  appearance  of  95  per  cent 
of  our  American  product.  The  European  methods  produce  a 
white-heart  casting,  due  to  a  longer  heat-treatment  in  which 
nearly  all  of  the  carbon  is  removed  by  oxidation. 

Physical  Characteristics 

The  American  malleable  iron  castings  have  an  elongation 
of  approximately  11  per  cent  in  two  inches,  and  a  tensile 
strength  of  from  40,000  to  50,000  pounds  per  square  inch.  As 
a  result  of  extensive  tests  carried  out  in  1914,  72  per  cent  of 
the  malleable  iron  castings  tested  showed  a  tensile  strength 
of  over  44,000  pounds  per  square  inch;  in  1915,  86  per  cent; 
and  in  1916,  nearly  90  per  cent  of  the  castings  tested  showed 
a  tensile  strength  of  over  44,000  pounds  per  square  inch. 
From  these  tests  it  will  be  seen  that  the  physical  properties 
of  malleable  iron  castings  are  changing  and  that  they  vary 
at  different  foundries.  The  surface,  at  least,  of  malleable 
cast  iron  is  essentially  a  low-carbon  steel  and  possesses  similar 
physical  properties. 

Wheels  and  Abrasives  for  Grinding- 

Alunduni  or  some  aluminous  abrasive  should  be  used  on 
annealed  malleable  iron  castings.  Small  castings  are  often 
ground  on  bench  stands  mounting  10-  or  12-inch  diameter 
wheels,  1  to  2  Inches  thick,  with  IVj-lnch  holes.  For  grinding 
heavy  castings,  18-  or  24-lnch  wheels  are  sometimes  mounted 
on  swing-frame  grinding  machines,  but  the  following  sizes, 
mounted  on  floor  stands,  are  most  commonly  used: 

Dlnmetpr  of 

Diameter,  loche*  Thloknc»«,  Inched  Arbor  Hole,  IiirhpM 

14  l%-2  1% 

16  l%-2-2%  1% 

18  i  2Mi-3  1% 

20  2  2M!-3  2 

24  2  2Vj-3  2 

Assuming  the  pliy.slial  propi-rtlcs  to  be  uniform,  the  size 
of  grain  to  be  used  would  depend  chiefly  on  the  size  of  the 
flns  and  gates,  the  rate  of  cutting,  and  the  flnish  desired 
Whllo  the  grade  depends  on  the  area  of  rontart  lietwcen  the 
wheel  and  the  work,  the  surfare  .speed  of  the  wlioel  depends 
on  the  size  of  the  castings  and  the  method  of  applying  the 
work  to  the  wheel.  The  following  three  types  of  wheels  are 
most  generally  used  on  annealed  cn.slings: 
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24-Q    alundum    vitrified,    for    castings    up    to    five    pounds. 

20-R  alundum  vitrified,  for  miscellaneous  castings  from  five 
pounds  to  twenty-five  pounds'. 

20-S  alundum  vitrified,  for  large  castings  and  castings  hav- 
ing sharp  fins  and  narrow  edges. 

For  grinding  unannealed  castings,  a  carbide  of  silicon  abra- 
sive is  best  adapted,  such  as  crystolon.  The  grains  employed 
range  from  16  to  24  and  the  grades  from  R  to  U  crystolon 
vitrified.  For  the  majority  of  work,  20-S  crystolon  vitrified 
will  be  found  eflicient.  The  surface  speed  of  wheels  should 
range  from  5000  to  6000  feet  per  minute.  Any  speed  below 
5000  feet  per  minute  results  in  a  rapid  wear  on  the  wheel  and 
a  lower  rate  of  production. 

In  order  to  know  exactly  what  each  grinding  wheel  is  doing, 
the  following  records  should  be  kept:  the  length  of  time 
that  the  wheel  is  in  continuous  service  and  the  tonnage  of 
castings  ground,  and  the  abrasive  consumed  or  lost  by  the 
wheel.  From  these  records,  and  knowing  the  cost  of  abrasive 
per  cubic   inch,  monthly   reports   should   be  made  showing: 

(1)  pounds    ground    per    hour,    indicating    rate    of    cutting; 

(2)  abrasive  cost  per  ton  of  castings,  ground;  (3)  abrasive 
cost  per  cubic  inch  for  ton  of  castings  ground.  The  use  of 
wheels  showing  the  lowest  abrasive  costs  may  not  show  a  low 
labor  cost  or  maximum  daily  production.  With  these  records 
at  hand,  it  should  be  an  easy  matter  to  bring  the  rate  of  pro- 
duction and  abrasive  costs  to  values  showing  the  highest  effi- 
ciency consistent  with  the  labor  costs. 

Testing  a  New  Wheel 

When  a  new  wheel  is  to  be  tested,  the  following  method  will 
be  found  simple  and  easily  carried  out;  Mount  a  regular  stock 
wheel  on  one  end  of  the  spindle  of  a  double  floor  stand,  and 
on  the  other  end  mount  the  new  wheel  to  be  tested.  Have  the 
two  grinders  take  their  castings  from  the  same  pile,  and  have 
them  change  daily  from  one  wheel  to  the  other.  By  keeping 
accurate  records  of  the  wheel  life  and  production,  the  com- 
parative efficiency  of  the  new  wheel  is  found  as  accurately  as 
can  be  determined. 

List  of  Wheels  Adapted  for  Grinding:  Annealed  Casting's 

1.  Use  alundum  wheels. 

2.  Most  commonly  used  wheels:  24-Q;  20-R;  20-S.  Railroad 
journal  boxes,  10-W.  Automobile  castings,  20-S.  Miscellaneous 
barn  hardware,  16-Q.  Heavy  railroad  castings,  16-S.  Journal 
boxes,  80  to  140  pounds,  10-T.  Miscellaneous  castings  large 
and  small,  16-R. 

List  of  Wheels  Adapted  for  Grinding  White  Iron 
(Unannealed)  Castings 

1.  Use  crystolon  wheels. 

2.  Most  commonly  used  wheels:  16-R;  20-S;  16-S.  Agricul- 
tural links,  16-S  and  T.  Pipe  fittings,  20-S.  Automobile  parts, 
20-S.  Parts  of  metal  beds,  24-V.  General  smoothing,  16-R. 
Small  automobile  castings,  16-R. 


Some  of  the  experiences  of  manufacturers  of  machinery  with 
users  of  their  product  are  almost  incredible.  They  indicate  in 
many  cases  profound  ignorance  of  mechanical  principles  and 
tool  action.  A  maker  of  drilling  machines  received  a  com- 
plaint that  a  machine  purchased  several  months  before  was  not 
giving  satisfaction.  The  superintendent  took  the  train  and 
went  to  the  plant.  On  presenting  his  card  and  explaining  his 
mission  he  was  taken  into  the  shop  to  the  Job.  The  foreman 
explained  that  the  feed  gears  broke  repeatedly  and  that  the 
production  of  drilled  holes  was  very  slow.  The  superintendent 
started  the  machine  and  began  to  drill  a  hole.  He  quickly  dis- 
covered that  the  drill  entered  the  piece  very  slowly,  and  dis- 
engaged the  feed.  The  center  of  the  hole  was  brightly  bur- 
nished. Removing  the  drill,  he  saw  that  it  had  been  ground 
with  no  clearance,  and  the  bearing  was  some  distance  back 
of  the  cutting  edges.  The  situation  was  critical;  he  courteously 
asked  permission  to  touch  up  the  drill  on  a  nearby  emery 
wheel,  and  in  a  few  moments  had  the  drill  rutting  metal  at  a 
lively  rate.  Neither  the  foreman  nor  the  superintendent  of 
the  plant  ai'emed  to  realize  the  Importance  of  correct  drill 
grinding,  althoagh  the  concern  was  a  large  manufacttirer. 
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Making  of  U.  S.  Ammu- 
nition—  By  Erik  Oberg 


WHILE  millions  of  shells  have  been      flyg^  qJ  ^  SeHeS   of  AHi- 
rU°  rJC/r/ra"    ^'^^  describing  Approved 

many  articles  have  appeared  relating  to  the     Methods  Employed  by  the 
methods    used    by    various    manufacturers,      American  Shell  Co.  in  the 
nothing  has   been   published   since   the   en- 
trance of  the  United   States   into  the  war 
on  the  making  of  the  shell  that  will  prob- 
ably be  most  generally  used  by  the  United 
States   Army.     One   of  the   most   highly   standardized   plants 
for  the  manufacture  of  these  shells  is  that  of  the  American 
Shell  Co.,  Paterson,  N.  J.,  which,   under   the  managership  of 
Carl  G.  de  Laval  and  under  the  direct  supervision  of  A.   H. 
Williams,  general  superintendent  of  the  company,  who  is  re- 
sponsible  for   the   mechanical    developments,    has   been   com- 
pletely  equipped   for   the   making   of   the   United    States   75- 
mlllimeter  high-explosive  shells.    The  reason  why  the  United 
States  is  using  the  75-millimeter  shell   is  because  the  guns 
used    for    this    shell   are   an    adaptation    of   the    French    75- 
milllmeter  type.     This  plant  will  be  likely  to  be  used  as  a 
model    for   some   fifty    other    plants    which    are    preparing   to 
make  the  same  shell,  and,  hence,  a  description  of  this  plant. 
Its  methods,  and  the  problems  that  have  been  solved  in  Its 
equipment,  will  prove  of  great  value  in  the  manufacture  of 
these  shells  all   over  the  United   States.     While   in   the   past 

this  factory  has  been 

making    Russian    3- 

Inch    shells.     It    has 

b<!f;n  entirely  re 

arranged     for     mak- 
ing   the    I,'  n  I  t  e  d 

Ktat(.-M    ammunition: 

dllTercnt     methods 

have     bcf-n     adopted 

for  many  operatlonH 

and    improved    faclll 

H«;ii     have     been     In 

Rtall<>'l    for   handlInK 

and     routlnic     work 
Tho    plant    of   the 

American    Hhell    Cn 

hns     tK><<n     laid     out 

with  n  view  to  flnlnh- 

InK  10,000  shells  per 

day.      It     has     been 

termed  an  "nutomnt 

Ic"  pUnt  nn  accriunl 

nSninr"  nt   Mi'^tai •  t 


of  one  of  the  prominent  features  involved 
in  its  lay-out — that  of  having  all  the  ma- 
chines  for   the  different' operations   so  ar- 
ranged  that   the   shells    pass    continuously 
through  the  shop,  an  efficient  conveyor  sys- 
tem  having   been   developed    for   this   pur- 
pose, so  that  there  is  no  trucking  of  ma- 
terial  of   any   kind   throughout   the   whole 
plant.     The  rough  forgings,  which  are  sup- 
plied by  an  outside  concern,  enter  on  a  conveyor  at  one  end 
of  the  shop,  and  the  finished  shells,  properly  inspected,  var- 
nished, and  ready  for  loading,  pass  out  of  the  shop  on  another 
conveyor  at  the  other  end,  to  be  packed  and  shipped.    The  con- 
veyor system  is  developed  to  such  an  extent  that  the  shells  are 
fed   and   timed    automatically    through   the   heat-treating   fur- 
naces, and  pass  on  conveyors  through  the  quenching  oil  tanks. 
The  shells  also   pass  by  the   same  conveying  system   to  and 
from  every  inspection  and  testing  table.     A  general  view  of 
one  department  in  the  plant,  typical  of  the  appearance  through- 
out the  shop,  is  shown  in  Fig.  1. 


General   Lay-out  of  Plant 

Fig.  2  shows  the  general  lay-out  of  the  plant.  As  the  forg- 
ings are  not  of  exactly  the  right  length  when  received  from 
the  forge  plant,  they  are  cut  to  size  in  a  shop  provided  with 

hacksaw  machines, 
which  is  located  out- 
side of  the  plant 
proper.  From  the 
saw  shop,  the  shells 
enter  the  main  plant 
on  nn  elevating  con- 
veyor at  .1  and  are 
clisiharged  onto  a 
gravity  conveyor,  ar- 
riving at  three  cen- 
terliiR  machines  lo- 
cated at  B.  From 
the  centering  ma- 
clilncH,  thoy  jiass  to 
11  liiillcry  of  rough- 
hiniliiK  nuK'liliioH  at 
('.  Ion  of  whii'li  are 
located  on  each  side 
of  tho  I'onvoyor. 
Kroni  tho  roughturn- 
Ing  miirhlnoH,  the 
•bolls    pass    to    the 
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Tig.   2.     Plan  of  Plant   showing  how 

inspection  table  at  D.  and  from  here  to  two  batteries  of  eiglit 
machines  on  each  side  of  the  conveyor  at  E,  for  rough-facing 
the  base.  They  are  again  inspected  at  F,  and  then  pass  to  two 
batteries  of  six  machines  each  at  G,  for  rough-facing  the  open 
end.  After  again  having  been  inspected  at  H.  they  pass  onto 
three  sets  of  conveyors  to  the  machines  at  I,  where  the  inside 
is  reamed  and  the  inside  of  the  bottom  finished.  For  these 
operations,  sets  of  three  machines  are  provided,  one  for  rough- 
reaming,  one  for  finish-reaming,  and  one  for  finishing  the 
bottom,  there  being  nine  sets  of  these  machines  in  all — three 
sets  along  each  conveyor. 

After  having  passed  the  inspection  tables  at  J,  the  work 
passes  to  the  two  centering  machines  at  K  for  a  second  center- 
ing, and  to  the  two  batteries  of  eight  machines  each  at  L  for 
the  second  rough-turning.  Another  inspection  table  is  located 
at  the  end  of  this  battery  of  machines,  from  which  the  shells 
pass  to  the  first  government  inspection  at  if.  In  the  space  at 
A',  the  shells  are  then  stored  in  piles,  according  to  the  heat 
number  of  the  forgings  which  is  stamped  on  them;  these  heat 


shells   pass   continuously  through   Works 

numbers  remain  on  the  shells  during  the  entire  passage 
through  the  shop.  It  is  necessary  to  keep  the  shells  in  sepa- 
rate piles,  according  to  the  lot  in  which  they  belong  at  the 
time  of  forging,  in  order  that  they  may  be  given  the  proper 
heat-treatment  in  the  shop.  From  the  storage  place,  they  are 
put  onto  a  conveyor  passing  in  front  of  five  heat  furnaces  at  0. 
from  which  they  are  transferred  across  the  passageway  to  the 
three  nosing  presses  P,  a  conveyor  in  front  of  which  carries 
them  to  the  furnaces  Q  in  which  they  are  heated  for  harden- 
ing. The  shells  are  carried  on  automatic  timing  conveyors 
through  the  hardening  furnaces  and  are  discharged  on  an 
automatic  conveyor  in  the  oil  tank  at  R.  by  which  they  are 
moved  up  an  incline  for  draining  and  deposited  in  a  draining 
box;  from  here  they  are  carried  by  a  conveyor  in  front  of  the 
tempering  furnaces,  through  which  they  pass  automatically, 
and  are  discharged  onto  automatic  conveyors  at  the  back  of 
the  furnaces  at  S.  These  conveyors  carry  them  into  the  cool- 
ing shed  V.  where  they  are  stored  until  cold.  They  then  pass 
by  a  conveyor  back  into  the  shop  proper  to  a  Brinell  testing 
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press  V,  where  10  per  cent  are 
tested  to  determine  if  the  heat- 
treatment  has  given  them  the 
proper  hardness.  A  conveyor  then 
carries  them  to  the  base-finishing 
machines  W,  which  are  grouped 
into  two  batteries  ot  four  ma- 
chines each.  After  an  inspection 
at  X,  the  shells  pass  to  the  boring, 
recessing  and  open-end  facing  ma- 
chines Y,  ten  of  which  are  located 
.on  each  side  of  the  conveyor. 
After  having  been  again  inspected 
at  Z,  they  pass  to  the  grooving 
and  knurling  machines  at  a;  there 
are  ten  grooving  and  two  spe- 
cial automatic  knurling  machines. 
After  inspection  at  6,  the  shells 
pass  to  the  four  rough-nosing  ma- 
chines c,  the  inspection  table  d, 
the  eight  finish-nosing  machines  e, 
the  inspection  table  /,  the  finish- 
turning  machines  g,  of  which 
there  are  seven  on  each  side  of  the 

conveyor,  and  the  inspection  table  h.  At  i,  there  are  four 
finish-base-turning  machines  on  each  side  of  the  conveyor.  An- 
other inspection  takes  place  at  j.  and  the  shells  then  pass  to 
the  four  beveling  machines  k.  An  inspector's  table  is  located 
at  I,  from  which  the  shells  are  conveyed  to  the  twelve  grind- 
ing machines  at  m  for  grinding  the  bourrelet.  After  an 
inspection  at  n,  two 
presses  o  are  passed, 
where  the  boss  for 
the  center  is  re- 
moved. The  Journey 
is  continued  past  the 
six  base-finishing  ma- 
chines p,  the  inspec- 
tion table  g,  the  eight 
machines  for  cutting 


carrying  Chips  from 


per  machine  per  hour  may  be 
roughly  calculated  in  each  case 
from  these  data.  In  most  in- 
stances, each  machine  requires  one 
operator,  as  the  operations  are 
very  brief.  There  are  some  excep- 
tions to  this  rule,  however.  The 
ten  hacksaws  for  cutting  the 
rough  forgings  to  length  are  oper- 
ated by  one  man;  two  of  the  ma- 
chines for  both  the  first  and  sec- 
ond rough-turning  operations  are 
run  by  one  man;  and  two  ma- 
chines are  also  operated  by  one 
man  for  rough-facing  the  base, 
rough-facing  the  open  end,  boring 
the  hole  for  the  fuse,  and  milling 
the  thread. 

On  all  the  machining  opera- 
tions, except  where  otherwise 
noted,  high-speed  steel  is  used  for 
the  cutting  tools;  stellite  is  used 
in  one  instance — for  the  first 
rough-turning. 


Conveying-  System 

Different  types  of  conveyors  are  used  for  carrying  the  shells 
through  the  plant  while  in  process  of  manufacture,  some  being 
power-driven  elevating  conveyors,  some  belt  conveyors,  and 
others  gravity   conveyors.     Fig.   3   illustrates   a   power-driven 

elevating  conveyor  to 


Fig.  6.    Diagrammatic  View  of  Pn 


and  under-cutting  the  base  cover  groove  r.  inspection  table  s, 
and  the  twelve  thread  milling  machines  (,  six  on  each  side 
of  the  conveyor.  After  inspection  at  «,  10  per  cent  of  the 
shells  are  tested  in  the  hydraulic  press  v  and  then  returned  to 


the  finish-tapping  machines  w, 
are  notched  for  the  detonator 
and  passed  through  the  wash- 
ing machine  i.  The  final 
shop  Inspection  then  takes 
place  at  y  and  the  government 
inspection  at  z;  then  the 
BtaellB  retam  to  the  shop  to 
have  the  copper  bands  pressed 
In  place  and  turned;  five  band 
presses  are  located  at  A,  and 
five  band-turning  machines  at 
B,.  An  Inspection  table  Is  lo- 
cated at  C,.  The  base  cover  la 
now  put  Id  place,  after  which 
a  second  Kovernment  Inspec- 
tion Ib  made.  The  shells  now 
paiiB  from  the  government  In- 
Mpectlon  room  to  the  number 
ing  machine  IJ„  and  laoquor 
Ing  machine  /■:„  after  which 
they  are  put  In  cartonB  at  !■', 
and  are  conveyed  directly 
Into  the  railway  car  by  a 
ronvoyor. 

The  machine  equlpmnnt 
iMiiiniorated  la  Intended,  an 
mentioned,  to  take  care  of  n 
production  of  10.000  NhdlH 
per  dny,  the  iihop  runnlnR 
thr<'<'  NhtrtH  nf  >-lf(ht  hnurit 
ea<  h     Tb>i  avoriiK''  production 


after    which    all    the    shells 


ri(.  7.      I>la«r 


the  left,  and  a  belt 
conveyor  in  the  cen- 
ter. The  shells  are 
generally  carried  up 
from  the  inspection 
tables  to  a  suitable 
height  by  an  elevat- 
ing conveyor  and  are 

Centering  Arbor  used  in  Centering  Machines  jjjgjj  passed  Over  pas- 

sageways by  belt  conveyors,  after  which  they  pass  by  grav- 
ity on  roller  conveyors  to  the  various  machines.  By  this  ar- 
rangement, the  shells  are  carried  clear  of  passageways  and 
at  the  same  time  to  a  height  which  makes  it  possible  to  give 
the  gravity  conveyors  the  required  inclination,  so  that  the 
shells  will  roll  along  on  the 
rollers  to  the  machines.  A 
view  illustrating  the  gravity 
conveyors  is  shown  In  Fig.  4. 
Two  conveyors  are  generally 
arranged  one  above  the  other, 
the  shells  to  be  operated  upon 
passing  along  upon  the  lower 
conveyor  and,  after  the  opera- 
tion is  completed,  being  placed 
by  the  operator  upon  tho  up- 
per conveyor,  on  whloli  thoy 
pass  to  the  next  Inspection 
table.  Tho  belts  for  the  belt 
conveyors  used  for  carrying 
tho  sliolls  over  passageways 
nro  provlilod  with  .siiinll  metal 
guide's  or  strips  upon  which 
tho  alioUs  rest.  Suitable  guides 
arp  also  provided  on  tho  sides 
Id  i)revotit  the  bIipIIs  from  full- 
ing from  thi-  ronvoyor. 

Holt  cdnvoyiirH  nro  used  for 
ourryliiK  th»  chips  tfom  tho 
marlilncR.  Th<i.  lit<H  has  ii 
fninio  around  It,  hh  Indlontod 
In  Fig.  n.  the  upper  part  of 
whirl)  Ih  formed  Into  a  trotiRh 
liild  which  lh«  rhIpB  nro 
Hlinvolod;  tho  troiiKh  hn«  ii 
:i  Inch  opening  In  the  center, 


•  w  or  TkMnt  Tool  uao'l  In  IIr<lraulloall)t  0p>raloil 
••   for   farlni    hmMm   of   Blinlll 
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Fi^.   10.     Type  of  Hydraulic  Machines  used  for  rou^h-tuming  and  facing:  Ends  of  Shells 


Machining  Operations 

In  the  following  paragraphs  a  brief  review 
of  the  machines  and  tools  used  for  the  ma- 
chining operations  that  precede  the  heat- 
treatment  will  be  given.  The  machining 
operations  after  heat-treatment,  the  gages 
used  for  inspection,  and  the  inspection  meth- 
ods and  tests  to  which  the  shell  is  subjected 
will    be    dealt    with    in    subsequent    articles. 

The  first  centering.  Operation  3,  is  per- 
formed in  a  lathe  provided  with  a  special 
pneumatically  operated  arbor  for  holding  the 
shell  while  centering,  as  shown  in  Fig.  6. 
There  are  three  points  at  each  end  of  the 
arbor  at  A  and  B.  which  are  pushed  outward 
and  hold  the  shells  central.  Part  G  of  the  arbor 
is  held  in  the  bearings  of  the  lathe.  Two  pis- 
tons are  provided,  so  that  when  the  air  is 
admitted  between  them  the  tapered  sections 


from  which  the  chips  fall  onto  the  conveyor  belt  below,  which, 
in  turn,  is  supported  by  concave  idler  pulleys  as  indicated. 
The  return  of  the  belt,  of  course,  is  supported  by  straight  rollers. 

Material  Used  for  Shells 

The  shells  are  made  from  a  low-carbon,  open-hearth  steel 
with  a  carbon  content  of  from  0.40  to  0.50  per  cent,  and  a 


D  and  E,  which  operate  the  binding  points,  are  moved  outward. 
To  release,  air  is  admitted  at  the  outer  ends  of  the  pistons. 
Operation  4,  the  first  rough-turning,  is  performed  on  a  spe- 
cial hydraulically  operated  machine  developed  by  the  Ameri- 
can Shell  Co.  This  machine  is  shown  in  Fig.  10.  It  is  pro- 
vided with  a  hydraulic  cylinder  A  of  the  duplex  type,  by  means 
of  which  the  center  is  hydraulically  moved  in  and  out  of  posi- 


ORDER  OF  OPERATIONS   ON  U.    S.   75-MIl.LIMETER  SHELL 


1.  Cut  off  on  power  hacksaw. 

2.  Inspect  for  length. 

3.  Center.    (A) 

4.  First  rough-turning  of  en- 
tire outside.    (B) 

4-  Inspect  turning. 

6.  Rough-face  base.    (C) 

7.  Inspection   of  base-facing 
for  thickness. 

8.  Rough-face  open  end.  (D) 

9.  Inspect  open-end  facing. 

10.  Rough-ream    inside.     (E) 

11.  Finish-ream    inside.     (F) 

12.  Finish  inside  bottom.    (G) 

13.  Inspect  entire  inside. 

14.  Recenter  to  make  follow- 
ing operations  concentric 
with  inside.    (H) 

15.  Second  rough-turning  of 
entire  outside.    (/) 

16.  Inspect  turning. 

17.  First  government  inspec- 
tion of  inside. 

18.  Heat  nose  for  closing-in 
operation, 

19.  Close  in  nose,  or  "bot- 
tle."   (J) 


20.  Heat  for  hardening. 

21.  Quench  in  oil. 

22.  Drain  previous  to  temper- 
ing. 

23.  Temper. 

24.  Cool. 

25.  Subject  10  per  cent  of 
shells  to  Brinell  test. 

26.  Finish  base  and  under-cut 
boss  for  center.    (K) 

27.  Inspect  base  and  under- 
cut. 

28.  Bore,  recess,  face,  and 
bevel  hole  for  fuse.    (L) 

29.  Inspect  previous  opera- 
tions. 

30.  Rough  and  finish  groove 
for  copper  band.  {M  and 
.V) 

31 ."  Inspect  groove. 

32.  Knurl  in  groove.    (0) 

33.  Inspect  knurling. 

34.  Rough-turn  nose.    (P) 

35.  Inspect  rough-turning  of 
nose. 

36.  Finish-turn  nose.    (Q) 


37.   Inspect    finish-turning    of 
nose. 

Finish-turn  body  above 
groove  for  copper  band. 
(R) 

Inspect  previous  finish- 
turning. 

Finish-turn  body  below 
groove  for  copper  band. 
(R) 

41.  Inspect  previous  turning. 

42.  Bevel  body  for  cartridge 
case.    (S) 

43.  Inspect     beveling     opera- 
tions. 

Grind  bourrelet.    (T) 
Inspect    grinding    opera- 
tion. 

Remove   boss    for    center 
by  shearing.     (U) 
Reface  base  surface.    (F) 
Inspect  refaced  surface. 
Cut    groove    in    base    for 
cover.    (17) 

Under-cut  for  base  cover. 
(X) 


38 


39 


40 


51.  Inspect   groove   for   base 
cover. 

52.  Mill  thread.    (Y) 

53.  Inspect  milled  thread. 

54 .  Subject  10  per  cent  to  hy- 
draulic test. 

55.  Size    thread    by    tapping. 
(Z) 

56.  Notch  for  detonator,    (o) 

57.  Wash  shells  in  oakite  so- 
lution. 

58.  Final   shop   inspection   of 
whole  shell. 

59.  Second     government     in- 
spection of  whole  shell. 

60.  Press     copper     band     in 
place.    ( b ) 

61.  Turn    copper    band,    (c) 

62.  Inspect  copper  band. 

63.  Assemble  base  cover,    (d) 

64.  Press     base     cover     in 
place. 

65.  Final  government  inspec- 
tion. 

66.  Stamp   number   on   shell. 

67.  Lacquer  and  dry. 

68 .  Pack  in  cartons. 


manganese  content  of  from  0.60  to  0.70  per  cent.  The  specifi- 
cations call  for  the  following  physical  requirements:  elastic 
limit,  45,000  pounds  per  square  inch;  ultimate  tensile  strength, 
90,000  pounds  per  square  Inch;  and  elongation.  15  per  cent  in 
two  inches.  The  reduction  In  area  is  not  speci- 
fied, but  usually  is  from  about  40  to  60  per 
cent.  The  shells  must  be  machine-finished  all 
over,  and  free  from  scale  on  the  inside.  The 
shell  wall  must  be  concentric  within  0.030 
Inch,  the  bourrelet  must  be  ground,  and  the 
base  must  be  concentric  with  the  band  to 
within  0.005  inch,  with  the  base  cover  se- 
curely fastened  in  place. 

Order  of  Operntlona 

The  work  Is  Inspected  after  almost  every 
machining  operation,  and  the  order  of  pro- 
ro<lur«  In  completing  a  sholl,  from  hcKlnnlng 
to  end.  Including  the  Inspection  to  which  It  Ih 
8ubJ<'ito(l,  Is  given  In  the  table.  The  ap- 
pearance of  the  sholl  after  the  most  Important 
operatlonH,  and  the  dimensions,  together  with 
the  required  limits,  arc  shown  In  Figs,  8 
and  9.  Tho  letters  In  parentheses  refer  to 
the  reference  letters  In  these  two  illustra- 
tlons. 


tion  and  the  tool  carriage  G  is  fed  along  by  hydraulic  power. 
The  carriage  is  not  mounted  on  a  bed  as  in  an  ordinary  lathe, 
but  on  two  heavy  rods  B  which  connect  the  front  and  rear  of 
the  machine.     The  base  is  rough-faced  in  a  machine  designed 
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%'ery  much  along  the 
same  lines  as  that 
shown  in  Fig.  10. 
In  this  case,  how- 
ever, the  carriage  is 
provided  with  a  lever- 
operated  cross-slide, 
the  lever  being  oper- 
ated from  the  hy- 
draulic piston-rod; 
this  construction  is 
diagrammatically  il- 
lustrated in  Pig.  7. 
The  cross-slide  C,  car- 
ried on  the  connect- 
ing-rods B  of  the  ma- 
chine, is  equipped 
with  a  special  tool- 
block  D,  which  holds 
two  tools  E  and  F, 
one  of  which  faces 
the    surface    on    the 

end    and    forms    the     '■^"^~"^^^^^~^^^^^~~~~~^^~^^^^"^"^'~~~"~~~~~^"^^^^^~ 
boss    for    the    center  ^^^'   ^^'     So°Sli^^  Beamer,  Finishing  Reamer,   and  Inside  Finishing  Bar 

while  the  other  faces  the  boss.  The  rough-facing  of  the  open 
end  is  done  on  the  same  type  of  machine  as  is  used  for  facing 
the  closed  end,  except  that  a  regular  parting  tool   is   used. 


veyor,  showing  the 
trough  into  which 
the  chips  are  shov- 
eled and  the  belt 
that  carries  the 
chips  away,  which 
passes  immediately 
beneath    the   trough. 

Recentering-   and    Se- 
cond Houg-h- 
turning 

After  the  inside 
has  been  finishad,  the 
shell  is  recentered  in 
order  that  all  subse- 
quent operations  may 
be  performed  on  a 
center  which  is  abso- 
1  u  t  e  1  y  concentric 
with  the  finished  in- 
side of  the  shell. 
This  recentering  is 
performed  on  a  ma- 
chine   of    the    same 


The  rough-reaming, 
inside  of  the  bottom 
are  performed  in  sets 
of  three  machines, 
each  placed  side  by 
side  as  shown  in  Fig. 
11.  These  machines 
are  specially  de- 
signed by  the  Ameri- 
can Shell  Co.,  hav- 
ing pneumatically  op- 
erated carriages.  Re- 
ferring to  Fig.  11, 
the  first  machine 
rough-reams  the 
shell;  it  is  then 
passed  to  the  second 
machine,  which  fin- 
ish-reams It,  and 
from  there  to  the 
third  machine,  which 
finishes  the  inside 
bottom.  For  the 
rough-reaming  opera- 


Finishing  Inside  of  Shell 

finish-reaming,    and    finishing    of    the 


Fig.   13.     Heating  Furnaces  and  Presses  for  nosing  Shells 


type  as  that  used  for  the  first  centering  operation.  After  this 
centering,  the  shell  is  subjected  to  a  second  rough-turning,  a 
16-inch  engine  lathe  being  used  for  this  purpose,  provided  with 
a  special  crank  on  the  tailstock  for  rapid  operation,  the  entire 
tailstock  being  moved  quickly  along  the  bed  in  this  way.  An 
expanding  mandrel  is  used  for  the  open  end  of  the  shell,  the 

design  of  which  ia 
shown  in  Fig.  14. 
Three  Jaws  A,  moved 
outward  by  the  ta- 
pered expander  B, 
center  and  hold  the 
open  end  of  the  shell, 
the  other  end  being 
supported  by  the 
regular  lathe  center. 

Nosing    or   "Bottling" 

After  the  second 
rough-turning  opera- 
tion, the  shells  are 
nosed  or  "bottled" ; 
that  is,  the  open  end 
of  the  shell  is  closed 
in  to  the  pointed 
form  required.  Five 
heating  furnaces, Fig. 
lo.  are  used  for  this 
work,  each  of  which 


lion  a  two-bladed  reamer,  as  shown  at  A  in  Fig.  12,  is  used, 
and  for  the  finish-reaming,  a  three-bladed  reamer,  as  shown 
at  H,  Is  employed.  The  inside  bottom  of  the  shell  is  machined 
by  means  of  a  special  tool-bar,  as  shown  at  C. 

Fig.  11  shows  In  the  upper  left-hand  corner  a  section  of  the 
gravity  conveyors  by  means  of  which  the  shells  pass  to  these 
machines.  The  operator«  put  the  Hhells  In  the  holdirs  shown 
while  passing  them  from  machine  to  machine  In  the  same 
lialtery.     On  the  right-hand  side  Is  a  view  of  the  chip  con- 


has  provisions  for  eight  shells.  The  openings  through  which 
the  shells  pass  into  the  furnace  are  water-Jacketed,  a  casting, 
as  shown  at  A  in  Fig.  15,  having  been  inserted  in  the  regular 
furnace  opening.  The  shells  project  from  this  casting  2i/4 
Inches  Into  the  furnace.  As  soon  as  the  shell  has  become  sufil- 
clently  heated,  It  Is  removed  and  placed  in  the  nosing  or  "bot- 
tling" press.  There  are  three  of  these  presses,  two  of  which 
are  Hhown  In  Fig.  13,  each  one  being  able  to  close  In  three  shells 
a  minute.     A  nosing  die  B,  In  Pig.  15,  is  used  for  this  work. 
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WOMEN  WORKERS  IN  MACHINE  SHOPS 
IN   GREAT  BRITAIN 

In  a  booklet  published  by  the  Merchants'  Association  o£ 
New  York,  relating  to  the  readjustment  and  operation  of  indus- 
try in  England  since  1914,  a  report  is  given  ot  labor  condi- 
tions in  Great  Britain,  the  information  having  been  obtained 
directly  from  a  Special  commission  from  the  British  Ministry 
of  Munitions  which  visited  the  United  States  in  the  latter  part 
of  the  past  year.  As  the  United  States  can  doubtless  profit 
by  the  experience  of  Great  Britain  in  regard  to  many,  if  not  all, 
of  the  various  problems  connected  with  the  war,  some  of  the 
more  interesting  points  brought  out  in  the  report  referred  to 
will  prove  of  value  in  American  industries.  One  of  the  most 
peculiar  conditions  in  the  British  industries  probably  is  that 
relating  to  the  employment  of  women  in  machine  shops,  rail- 
road shope,  and  other  industries,  where,  in  the  past,  men  only 
were  generally  employed.  ' 

Sources  from  which  Women  Workers  are  Drawn 

Women  workers  in  industries  have  not  been  extensively 
recruited  from  the  non-working  class,  as  has  often  been  be- 
lieved in  the  United  States.  The  patriotism  of  the  British 
women  has  not,  to  any  large  extent,  induced  those  not  gen- 
erally employed  in  gainful  occupations  to  enter  such  employ- 
ment. Instead,  the  supply  of  women  workers  has  come  from 
the  non-essential  industries,  from  small  stores,  from  millinery 
and  dressmaking  establishments,  from  homes  in  which  the 
bread-winner  has  been  called  into  the  army,  and  from  the 
servant  class.  The  best  age  for  women  who  work  on  muni- 
tions has  been  found  to  be  between  twenty  and  thirty,  and 
especially  between  twenty  and  twenty-five  years  of  age.  Their 
output  generally  compares  favorably  with  that  of  men,  and 
on  shell  work,  except  on  the  heavier  types,  the  output  from 
the  women  workers  has  been  better  than  that  of  men. 

Conditions  of  Work  Due  to  Employment  of  Women 

Practically  no  change  in  the  machines  on  which  the  women 
work  has  been  made,  except  that  lifting  appliances  have  been 
provided  to  an  increased  degree.  Apart  from  the  facilities  for 
lifting  heavy  weights,  little  change  in  processes  has  been  made 
necessary  in  the  machine  shops  by  the  employment  of  women. 
The  women  work  day  and  night  shifts,  the  same  as  men. 
Generally,  the  women  have  not  been  segregated,  except  in  a 
comparatively  few  cases.  It  has  been  found  that  in  machine 
shops  where  men  and  women  have  been  employed  in  separate 
departments,  there  is  a  slight  increase  in  production,  but  not 
great  enough  to  warrant  separate  departments,  if  the  work 
does  not  readily  admit  of  such  an  arrangement. 

Frequency   of  Accidents 

In  many  cases  there  has  been  a  substantial  decrease  in  the 
number  of  accidents  resulting  from  the  employment  of  women. 
Reports  from  many  employers  indicate  that,  since  the  intro- 
duction of  women  workers,  accidents  have  been  fewer  and 
there  has  generally  been  less  trouble  from  injuries.  For  in- 
stance, the  operation  of  practically  all  cranes  at  the  present 
time  is  done  by  women,  who  are  more  careful  and  cause  fewer 
accidents.  On  the  whole,  it  has  been  found  that  when  working 
on  dangerous  vork,  women  are  more  careful  than  men. 

It  was  with  extreme  reluctance  that  women  were  employed 
on  munition  work  In  England.  It  was  feared  that  the  women's 
nerves  would  not  stand  the  occasional  explosions  that  are 
practically  certain  to  happen  In  the  manufacture  ot  munitions. 
They  appear,  however,  to  stand  these  strains  as  well  as  the 
men.  In  one  factory  engaged  in  the  manufacture  of  picric 
acid,  a  fire  occurred  in  a  department  where  both  men  and 
women  were  working.  The  men  disappeared,  and  the  firemen 
put  out  the  Are  with  the  help  of  the  women.  The  women  gen- 
erally wear  some  kind  of  a  working  uniform.  For  any  work 
where  required,  they  wear  trousers,  and  In  machine  shops 
they  always  wear  caps  over  their  hair  to  avoid  accidents. 

Labor  Unions  of  Women  WorkerH 

Women  had  before  the  war  two  general  unions  of  their  own, 
which  are  now  largely  unions  of  munition  workers.     These 


unions  have  gained  greatly  since  the  beginning  of  the  war, 
and  have  been  a  source  of  assistance  to  the  government.  Since 
the  war,  women  have  also  been  admitted  to  the  railway  unions. 

Women's  Wages 

It  was  agreed  from  the  beginning  that  women  undertaking 
skilled  work  should  receive  the  same  day  rate  as  skilled  men 
and  the  same  piece  rate.  A  woman's  wage  could  differ  from 
that  of  a  man  only  when  employed  on  unskilled  or  semi- 
skilled work;  and  then  she  came  under  an  order  which  fixed 
the  minimum  wage  at  a  rate  which,  in  general,  came  to  about 
two-thirds  of  the  man's  wages,  varying  with  the  district  in- 
volved. The  lower  rate  on  unskilled  work  was  due  to  the  fact 
that  women  were  found  to  be  less  effective  on  these  general 
tasks,  because  on  heavy  lifting  and  such  work  it  was  found 
necessary  to  replace  two  men  with  three  women.  About  from 
30  to  40  per  cent  of  the  women  employed  work  at  the  rate 
of  two-thirds  of  men's  wages. 

The  conditions  of  pay  for  women  have  not  been  particularly 
advantageous  to  employers  directly,  but  indirectly  they  have 
been  of  great  value.  As  a  result  of  the  good  wages  that 
women  have  been  able  to  earn  on  munitions  work,  employers 
have  never  lacked  applicants  for  almost  every  kind  of  work. 
At  the  present  time  the  employment  of  women  in  England  is 
limited  only  by  the  facilities  for  training  them.  As  a  further 
result  of  equal  wages,  the  class  of  women  taken  into  the  muni- 
tions plants  has  been  much  above  the  class  of  the  factory  girl 
and  the  woman  employed  by  textile  works  before  the  war. 
Women  of  good  position  and  with  fair  education  have  been 
found,  and  this  has  undoubtedly  had  a  great  influence  on  the 
success  of  the  employment  of  women  In  shops. 

Work  on  which  Women  are  Employed 

Shell,  fuse,  grenade  and  similar  repetition  work  of  an  easy 
type,  calling  for  no  particular  accuracy,  is  obviously  women's 
work  as  far  as  the  operating  is  concerned;  but  there  are 
now  shops  that  employ  women  on  nearly  all  the  skilled  work 
in  shell  factories.  One  factory,  on  light  shells,  employs  about 
94  per  cent  women.  Taking  shell,  fuse  and  grenade  work  as 
a  whole,  the  average  number  of  women  employed  Is  about  80 
per  cent.  On  the  skilled  operations,  such  as  howitzer  work, 
the  averages  are  not  so  h'gh,  but  there  are  Individual  cases 
which  show  just  as  high  a  percentage  of  women  employes. 
In  the  largest  English  explosive  factory  there  are  15,000  em- 
ployes, and  of  these,  11,000  are  women.  On  trinitrotoluol  manu- 
facture the  average  is  about  80  per  cent  women,  and  on  picric 
acid  the  average  is  about  40  per  cent.  On  filling  fuses  and 
similar  classes  ot  work,  the  average  Is  generally  well  over 
90  per  cent.  There  are  now  in  England  over  a  million  women 
working  on  munitions.  They  have  undertaken  work  in  every 
industry  which  has  any  bearing  on  munitions.  Outside  the 
machine  shops,  their  work  is  largely  laboring  work,  and  they 
have  undertaken  laboring  in  every  Industry  and  under  the 
worst  possible  conditions,  even  under  such  conditions  as  exist 
in  blast  furnaces,  acid  works,  Iron  and  steel  plants,  etc. 

Training:  Required 

For  all  simple  repetition  work,  it  has  been  found  that  women 
need  no  training  at  all,  but  for  the  more  highly  skilled  work 
on  howitzers,  airplanes,  engines,  etc.,  the  Ministry  of  Muni- 
tions has  assisted  the  employers  by  equipping  training  schools. 
By  far  the  greater  part  of  the  women  on  that  work,  however, 
have  been  trained  in  the  factories  themselves,  but  the  smaller 
factories  have  found  considerable  difficulty  in  doing  their  own 
training,  and  in  many  factories  there  is  too  little  work  ot  this 
nature  on  which  women  can  gradually  acquire  skill.  The 
ministry  has.  therefore,  organized  two  classes  of  training 
establishments — training  schools  attached  to  various  technical 
coUcge.s  that  exist  In  most  Industrial  centers,  and  factories 
taken  over  by  the  ministry  equipped  as  instructional  plants. 
They  do  actual  munition  work  In  these  training  establish- 
ments. They  do  not  attempt  to  give  general  training,  but 
they  give  specialized  training  on  a  specific  type  of  machine, 
and  in  that  way  the  women  acquire  a  considerable  degree  of 
skill  In  a  period  of  from  six  to  eight  weeks.  On  the  whole, 
this  has  proved  very  satisfactory. 
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We  solicit  contributions  from  practical  men  on  subjects  pertaining  to  ma- 
chine shop  practice  and  machine  design.  All  contributed  matter  published 
exclusively  in  MACHINERY  is  paid  for  at  our  regular  space  rates  unless  other 
tennj  are  agreed  on. 

Fred  E.  Rogers,  for  nineteen  years  editorially  connected 
with  Machineky,  and  for  eleven  years  its  editor,  has  retired 
from  that  position  to  again  take  up  mechanical  constructive 
work.  His  first  undertaking  will  be  the  development  of  a  line 
of  special  machinery.  In  retiring,  Mr.  Rogers  takes  with  him 
the  good  wishes  of  everyone  connected  with  Machinery  in 
all  its  departments. 

Erik  Oberg,  who  has  been  an  associate  editor  of  Machinery 
since  1906,  becomes  the  editor  with  the  current  number.  Mr. 
Oberg  was  born  and  educated  in  Sweden,  and  is  a  graduate 
of  Boras  Technical  College.  After  some  practical  shop  ex- 
perience in  that  country  he  came  to  the  United  States  in  1901 
and  entered  the  employ  of  the  Pratt  &  Whitney  Co.  at  Hart- 
ford, where  he  remained  for  five  years,  except  for  a  short 
period  spent  with  the  Cincinnati  Milling  Machine  Co.  Mr. 
Oberg's  widely  varied  practical  experience  has  formed  the 
basis  of  many  articles  on  mechanical  subjects  published  in 
Machinery  since  1906,  and  for  a  "Handbook  of  Small  Tools" 
published  in  1908.  For  several  years  Mr.  Oberg  has  had  edi- 
torial charge  of  Macui.iikky's  book  publications,  and  is  well 
known  as  the  editor  of  Ma(  iiinkky's  Handuook  and  Ma- 
CHINrBY'S  Ehctlxdpzxia. 


PREVENTABLE   WASTE   OF   COAL 

Two  bundrc-il  and  fifty  million  dollars  a  year  is  going  to 
WBJit«  through  Improper  operating  methods  In  boiler  plants. 
By  the  lnlrodu''tlon  of  prop«,T  iiic-(Iioi1h,  ten  per  cent  of  all  the 
coal  now  burned  for  HtfaiiiriilHliig  purpones  might  bo  suvod. 
Such  a  Having  would  rclcnit'.-  for  other  Bervlco  freight  car  space 
O'iual  to  the  total  coal-carrying  capiiclly  of  the  I'onnHylvunla 
Railroad  oajil  of  I'lttahurg.  The  above  Htalcmcnls  were  made 
by  David  MolTal  Myers  In  a  paper  road  at  the  annual  mooting 
of  the  Amorlran  flocli-ly  of  Mechanical  Knglni'itrs.  Investi- 
gations made  In  one  steal  mill,  ho  also  iloclarml,  nhow(Ml  that 
It  was  possible  to  save  In  tho  bollor  funiari's  of  that  mill 
bIoiim,  40,000  tons  of  coal  yearly.  Yet  the  plant  In  (luostlon 
was  comparntlvoly  modnrn  In  Its  methods.  Thoro  are  many 
mor<^  cxtrems  cas«s. 

In  one  handHred  plant  tho  steam  ovapnratlon  was  ralsod 
from  six  to  nine  pounds  per  pound  of  coal  by  simply  giving 
a  f»w  days'  Instructions  to  the  employes.    Tho  saving  or  wast- 


ing of  one-quarter  of  the  coal  consumption  at  an  industrial 
plant  depends  entirely  on  the  efficiency  of  its  operating  man- 
agement. Yet,  under  present  conditions,  a  plant  operated  care- 
lessly at  an  efficiency  of  from  40  to  50  per  cent  receives  the 
same  consideration  in  the  delivery  of  coal  as  a  plant  having 
an  efficiency  of  from  70  to  75  per  cent.  This  is  unfair.  If 
food  products  were  thrown  away  as  fuel  is  at  hundreds  of 
plants,  public  condemnation  would  smite  the  delinquents  with- 
out delay.  Yet  waste  of  coal  is,  perhaps,  more  dangerous  than 
waste  of  food. 

Waste  of  fuel  in  power  plants  may  be  prevented  in  two 
ways:  by  enforcing  upon  coal  consumers  measures  of  economy, 
or  by  inculcating  patriotism  as  a  motive  and  emphasizing  the 
advantages  to  be  derived  from  coal  saving.  Coal  users  will 
probably  make  many  objections  to  the  first  plan;  yet,  were  it 
once  put  into  effect,  most  of  them  would  doubtless  realize  its 
pecuniary  value  to  themselves.  Were  the  second  method  to 
be  adopted,  the  necessary  educational  work  might  be  under- 
taken by  the  American  Society  of  Mechanical  Engineers,  and 
by  the  United  States  Bureau  of  Mines  and  other  government 
agencies. 

*     *     * 

FACILITATING  WAR  WORK  BY  PUBLICITY 

Cooperation  in  every  branch  of  war  activity  is  essential  to 
success  in  modern  warfare;  cooperation  between  the  various 
establishments  in  the  United  States  making  similar  munitions 
of  war  is  the  keystone  of  victory.  To  secure  such  cooperation 
there  is  no  better  way  than  to  give  widespread  publicity  to 
the  processes  used  in  munition  manufacture,  so  that  the  best 
of  them  may  be  widely  adopted  and  those  found  unsatisfactory 
discarded.  Great  Britain  points  the  way  for  us  in  this  phase 
of  cooperation.  The  headquarters  of  the  British  Ministry  of 
Munitions  of  War  in  the  United  States  has  issued  a  booklet 
of  instructions  for  the  gaging  and  inspection  of  screw  threads. 
It  describes  the  apparatus  that  has  been  found  most  accurate 
and  useful.  It  gives  the  information  and  formulas  required 
by  inspectors  of  thread  gages  and  screw  threads  in  general.  It 
is  a  booklet  that  should  be  imitated  by  the  War  and  Navy  De- 
partments of  the  United  States  in  order  to  facilitate  the  manu- 
facture of  all  kinds  of  war  materials. 

Why  should  not  the  United  States  Government  have  com- 
petent engineers,  with  experience  in  recording  technical  data 
for  publication,  study  the  methods  of  manufacture  and  inspec- 
tion used  in  making  the  different  classes  of  arms  and  muni- 
tions required  for  the  American  Army?  Having  obtained  and 
classified  the  data,  the  Government  could  then  place  in  the 
hands  of  every  manufacturer  with  whom  it  closes  a  contract 
a  set  of  Instructions  for  the  particular  work  to  be  done,  based 
on  the  reports  received  from  its  engineers.  In  this  way  the 
methods  employed  in  some  plant  already  manufacturing  the 
kind  of  munitions  desired,  which,  from  the  reports  of  the  en- 
gineers, had  been  adjudged  the  best  methods  for  that  kind  of 
work,  could  be  brought  to  the  attention  of  other  manufacturers 
about  to  engage  in  munition  making,  and  the  result  would  be 
that  tho  materials  needed  by  the  Goverumont  could  be  niiiiui- 
factured  much  more  rapidly  than  if  each  concern  should  be 
compelled  to  work  out  its  own  methods  without  such  valuable 
guidance. 

Tho  Government,  of  course,  Is  too  busy  just  now  to  publish 
a  great  many  booklets  of  this  kind.  It  should  do  the  next 
best  thing,  which  Is  lo  cooperalo  with  the  onginoerlnR  jour- 
nals of  the  llnlti'd  SIiiIoh,  allowing  thoni  to  study  niotliods 
of  manuFacturinK  war  material  In  hIioi)8  deslRnnted  by  the 
Goveriinioiit  iih  oniliodylnK  a  high  Htandnrd  of  accuracy  and 
oincloncy.  With  Iheso  fiullltlcs  iit  tholr  disposal,  tho  en- 
glnoorlng  journnlH  could  record,  for  tho  luMiudt  of  all  manu- 
facturors  working  on  a  certain  class  of  war  material,  infor- 
mation that  would  tond  to  iinprovo  tho  (iniillly  and  Incri'aso 
till'  (luiinlily  of  Iht'lr  output.  In  a  itIhIh  lllu'  llic  pri'M<Mil  llicro 
Is  notliliiK  to  III'  Knlnod  by  sucrocy  rugardlnK  manufarturlng 
prori>HHi'H.  I'liblli'lty  of  niothoilH  uhimI  In  thi<  nuinufacturo  of 
war  niatorlals  will  lii'lp  win  the  war,  and  that,  uflor  all.  Is  tho 
main  IhlnR,  Maciiikkiiv  places  Its  oilllnrlal  staff  at  tho  dls- 
posal  of  Iho  Oovornmont,  If  aid  of  tho  kind  oulllnod  abnvn 
should   bo  roijulrod. 
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VALUE  OF  TRADE  JOURNAL  ADVERTISING 
TO   ENGINEERS   AND   DRAFTSMEN 

BY  C.  C.  MARSH  ' 

The  advertising  section  of  the  engineering  trade  journals 
constitutes  a  valuable  source  of  information  for  engineers  and 
draftsmen;  but  the  value  of  this  material  depends  entirely 
upon  the  manner  in  which  it  is  collected  and  classified.  In 
plants  that  must  improve  their  products  from  year  to  year, 
in  order  to  be  able  to  compete  with  their  rivals,  many  changes 
in  design  call  for  improved  and  even  entirely  new  methods  of 
machining,  requiring  new  types  of  machine  equipment  from 
the  machine  tool  manufacturer.  The  new  ideas  thus  created, 
taking  the  form  of  new-  machines,  are  recorded  in  the  advertis- 
ing pages  of  the  trade  journals,  and  a  complete  file  of  these, 
classified  so  that  any  one  of  them  may  be  easily  found,  will 
be  of  great  value  to  both  the  engineer  and  the  draftsman. 
These  men,  therefore,  should  observe,  read,  and  take  note  of 
really  good  and  valuable  data  written  in  the  form  of  advertise- 
ments. There  are  many  clear  illustrations  and  much  useful 
information  to  be  obtained.  Trade  journal  advertising  always 
precedes  the  manufacturers'  catalogues;  in  fact,  it  is  first-hand 
information. 

The  machine  shop  foreman  is  the  one  who  generally  calls 
the  engineer's  or  draftsman's  attention  to  some  new  idea  in 
machine  tool  equipment.  Being  more  directly  concerned  with 
production,  he  is  the  one  who  is  looking  for  such  information, 
and  who  reads  these  advertisements  most  carefully.  He  is  also 
the  one  whom  the  purchasing  agent  asks  for  specifications 
before  buying.  The  machine  shop  foreman  often  remarks, 
"I  could  turn  out  these  parts  in  larger  quantities  and  with 
greater  accuracy  if  I  had  up-to-date  tools  like  these,"  pointing 
to  an  advertisement.  He  keeps  in  touch  with  the  progress  in 
the  development  of  machine  tools  and  he  watches  closely  the 
advertisements  of  manufacturers. 

That  filed  and  Indexed  information  and  records  of  machine 
tool  advertisements  is  labor  well  spent  is  easily  proved.  After 
a  plant  in  the  Middle  West  obtained  a  contract  for  war  muni- 
tions, in  which  time  was  one  of  the  essential  factors,  it  found 
that  it  did  not  have  the  proper  machine  shop  equipment  to 
make  the  parts  accurately  enough  to  pass  the  government 
inspection;  it  also  found  that  to  meet  some  of  the  require- 
ments the  new  equipment  must  be  of  the  most  improved  de- 
sign. Machining  operations  were  called  for  in  which  the  plant 
had  had  no  experience.  During  a  meeting  of  the  executives  a 
draftsman,  who  had  on  several  occasions  furnished  the  pur- 
chasing agent  with  machine  tool  specifications,  was  called  in. 
Someone  soon  noticed  that  he  constantly  referred  to  a  note- 
book and  asked  what  the  book  contained.  The  draftsman 
thereupon  placed  the  book  on  the  table  saying  that  it  was  an 
indexed  list  of  modern  machine  tools  and  their  manufacturers 
that  he  had  made  up  during  his  spare  moments;  in  addition, 
he  had  tried  to  make  note  of  some  special  improvement.  He 
then  showed  them  a  page,  which  read  as  follows: 
Tapping  Attachment  for  Drill  Press 
John  Smith  &  Co., 

Smithstown,  N.  Y. 
Features:  Fits  drill  presses  from  small  sensitive  type  up 

to  largest  radial.    See  cuts  and  advertisements  In  Manufac- 
turer's Review,  issue  July  14,  '17. 

By  means  of  this  Index  ho  said  that  he  could  Immediately 
find  the  advertisement  of  any  particular  kind  of  machine  tool 
or  attachment  therefor,  as  he  kept  all  copies  of  the  different 
trade  journals  for  which  he  subscribed  that  contained  any 
advertisements  of  new  tools  or  Improvements  on  old  ones. 
Recognizing  at  once  the  value  of  this  Index,  the  chief  engineer 
asked  him  to  make  a  list  of  machine  tools  as  the  various  opera- 
tions to  be  performed  on  the  different  parts  were  mentioned, 
which  the  draftsman  did,  and  the  next  morning  ho  gave  It  to 
the  chief  engineer  with  the  advertlsemontB  attached.  As  a 
result,  by  noon  letters  bad  been  mailed  to  the  various  manu- 
facturers for  catalogues,  speclflratlons  and  quotations,  together 
with  delivery  dates.  Thus  much  time  was  saved  and  one  re- 
quirement of  the  contract  was  compiled   with   at  once. 

Another  (Irm  In  tlin  same  locnllly  was  working  on  a  govern- 
ment contract,  when  the  govcrnrnpnt  onglneors  found  It  nocos- 
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sary  to  change  the  design  of  one  of  the  parts,  and,  as  often 
happens,  this  caused  changes  in  several  of  the  other  parts. 
Work  had  proceeded  to  the  point  of  starting  the  tool-room  on 
the  making  of  the  fixtures,  although  some  of  the  latter  had 
not  been  drawn  when  the  firm  received  a  message  that  some 
changes  were  necessary.  It  immediately  stopped  work  in  the 
tool-drafting  department  on  the  designing  of  the  jigs  and  fix- 
tures, hoping  to  receive  the  changed  Instructions  within  a 
few  hours.  The  chief  tool  designer,  not  wishing  to  see  his 
men  idle,  handed  each  one  a  machinery  trade  journal  with 
instructions  for  its  use.  Shortly  afterward  the  superintendent 
and  the  chief  engineer  entered  the  room.  When  the  former 
noticed  that  the  tool  draftsmen  were  diligently  reading  the 
magazines,  he  said  to  the  chief  tool  designer:  "Nice  way  to 
spend  time,  especially  government  time.  What's  the  idea;  do 
you  think  thft  is  a  good  place  to  start  a  class  in  reading,  or 
perhaps  you  think  this  is  a  public  library?  Why  are  those 
fellows  spending  their  time  like  that?" 

"While  we  are  waiting  for  information  concerning  these 
changes,  I  thought  that  I  could  keep  the  men  busy  obtaining 
some  useful  data  on  tool  design,"  answered  the  chief  tool  de- 
signer. "You  see,  each  of  these  men  is  working  on  the  design 
of  a  different  fixture  for  the  same  part.  So  when  we  received 
orders  to  stop  work  temporarily,  I  gave  each  one  a  trade 
journal  with  instructions  to  find  the  advertisement  of  a  ma- 
chine similar  to  the  one  on  which  the  jigs  they  were  draw- 
ing would  be  used,  and  pick  out  some  idea  that  they  could 
incorporate  into  the  drawing  they  were  making,  and  to  see  if 
other  ideas  would  not  be  suggested  by  the  cuts  and  pictures. 
I  think  that  this  is  a  better  idea  than  to  send  them  home  for 
the  rest  of  the  day.  Besides,  looking  over  the  various  adver- 
tisements whets  their  interest,  while  idleness  doesn't." 

There  are  many  other  little  incidents  that  could  be  related, 
but  these  show  that  the  valuable  data  printed  in  the  form  of 
advertisements,  together  with  many  clear  illustrations,  a 
great  number  of  which  are  made  from  actual  photographs,  can 
be  used  often  and  well  if  properly  classified.  It  is  interesting 
to  note  that  all  classes  of  mechanical  men  realize  more  and 
more  the  value  of  trade  journal  advertising  and  that  it  is  no 
longer  only  those  who  are  directly  interested  in  the  buying 
that  read  these  pages. 

•     «     • 

CARE    OF    SCREW    THREADS   WHEN 
ERECTING  MACHINERY 

The  erector  of  machinery  can  make  repairs  difl3cult  or  com- 
paratively easy,  according  to  the  care  taken,  when  inserting 
studs  and  screwing  on  nuts,  to  lubricate  the  threads  with  an 
oil  or  compound  that  prevents  rust.  The  careless  erector 
gives  little  or  no  thought  to  the  problems  of  the  men  following 
him,  who  at  some  future  time  will  be  called  upon  to  take 
the  machine  down  and  repair  broken  or  worn  parts.  If  studs, 
bolts,  screws  and  nuts  are  set  up  dry,  or  lubricated  with  a 
thin  oil  that  soon  evaporates  and  leaves  the  threads  unpro- 
tected, the  Inevitable  result  is  rusting  and  seizure  of  the 
threads.  When  the  repair  men  undertake  to  dismantle  the 
machine,  the  "seized"  nuts  have  to  be  split  and  rusted  bolts 
have  to  be  drilled  out,  thus  delaying  progress  and  Increasing 
the  cost  of  the  repairs. 

When  erecting  machinery,  especially  steam,  oil,  and  gas 
engines.  It  Is  good  practice  to  use  machine  oil  mixed  with 
graphite  on  all  screws,  especially  those  securing  the  cylinder 
heads,  valve  chambers,  and  covers.  Graphite  affords  a  pecu- 
liarly efficient  protection  for  metal  surfaces.  Studs  whose 
threads  are  covered  with  graphite  may  be  In  use  for  years 
on  steam  engines,  and  the  nuts  will  loosen  readily  when 
repairs  are  needed.  The  Importance  of  erecting  machinery  ao 
that  repairs  can  be  made  quickly  In  time  of  need  Is  empha- 
sized In  war  times.  The  designer  may  carefully  lay  out  and 
plan  a  machine  to  secure  long  life  and  high  efficiency,  but 
the  best  machinery  must  occasionally  bo  overhauled,  and  It  Is 
then  that  the  work  of  the  erector  assumes  the  greatest  Im- 
l)ort:uu-i\  o.spcchilly  If  an  cniergonoy  arises.  If  the  threaded 
parts  can  be  easily  removed,  the  probability  Is  that  the 
machine  can  be  repaired  and  reassembled  with  a  minimum 
of  expense  and  trouble. 
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Differential  Motions 
and  Planetary  Gear 


Combinations  -, 


First  Installment  o/a  Treatise  on  Mechanisms  that  Re- 
quire Differential  Motion  and  Methods  of  Determining 
Relative  Velocities  of  Planetary  or  Differential  Gears' 


A  DIFFERENTIAL  motion  may  serve  to  greatly  reduce 
the  movement  of  a  driven  member  in  a  train  of  mechan- 
ism, either  for  the  sole  purpose  of  securing  a  relatively 
small  motion  or  adjustment,  as  in  the  case  of  the  differential 
screw,  or  as  a  means  of  increasing  the  power  or  lifting  capacity 
by  sacrificing  speed,  as,  for  example,  when  utilized  in  connec- 
tion with  the  differential  hoist  to  be  described.  A  mechanism 
capable  of  differential  action  may  also  be  used  to  transmit  mo- 
tion between  two  driven  parts,  in  order  that  they  may  operate 
either  in  unison  and  at  the  same  speed  or  independently  and 
with  the  speed  of  either  part  ranging  from  zero  up  to  the  maxi- 
mum, as  may  be  required  by  variable  operating  conditions. 
The  application  of  the  differential  principle  has  often  made 
it  possible  for  machine  designers  to  accomplish  by  mechanical 
means  what  would  otherwise  have  been  impracticable  or  en- 
tirely impossible.  Some  of  the  more  important  forms  of  mech- 
anisms which  have  a  differential  action  will  be  described  to 
illustrate  the  practical  application  of  this  principle  in  ma- 
chine construction. 

DUterential  Screw  and  Hoist 

The  differential  screw,  which  is  a  simple  example  of  a  differ- 
ential motion,  is  a  compound  screw  from  which  a  movement 
is  derived  that  Is  equal  to  the  difference  between  the  move- 
ments obtained  from  each  screw.  The  diagram  A,  Fig.  1,  illus- 
trates the  principle.  A  shaft  has  two  screw  threads  on  It  at 
c  and  /,  respectively,  which  wind  in  the  same  direction  but 
differ  In  pitch.  Screw  /  passes  through  a  fixed  nut,  and  screw  e 
through  a  nut  that  Is  free  to  move.  The  motion  of  the  movable 
nut  for  each  revolution  of 
the  screw  equals  the  differ- 
ence between  the  pitches 
of  the  threads  at  c  and  /. 
Thin  combination  of  screws 
of  different  pitch  makes 
It  poMslble  to  obtain  a  very 
sllKbt  motion  without 
uhIdk  a  Hcrow  having  an 
ox<eptlonally  (Ino  pitch 
and  a  weak  thread.  An- 
other form  of  dlffiTi-ntlnl 
nrrnw  In  nhown  at  /*,  which 
llluRtrntrrs  n  Htop  that  on- 
ahlofi  fino  ndjunlmenls  to 
bo  obtnlnnd  roadlly.  The 
srrow  bunhlnfc  g  In  thronil- 
o>l  ••xl'Tnnlly  IhroiiKh  notne 
nlatlnnnry  part  and  In  aino 


threaded  internally  to  receive  screw  h.  which  is  free  to  move 
axially  but  cannot  turn.  Both  screws  in  this  case  are  right- 
hand,  but  they  vary  as  to  pitch.  If  bushing  g  has  a  pitch  of 
1/32  or  0.03125  inch  and  screw  h  a  pitch  of  1/36  or  0.02777 
inch,  one  complete  turn  of  g  will  advance  screw  h  only  0.e034S 
inch  (0.03125  —  0.02777  =  0.00348),  because,  as  bushing  g  ad- 
vances 1/32  inch,  it  moves  screw  h  back  a  distance  equal  to 
the  difference  between  the  pitches  of  the  two  threads.  By  turn- 
ing the  bushing  only  a  fractional  part  of  a  turn,  very  small 
adjustments  may  be  obtained. 

The  Chinese  windlass  shown  by  the  diagram  C,  Fig.  1,  is 
another  simple  example  of  a  differential  motion.  The  hoisting 
rope  is  arranged  to  unwind  from  one  part  of  a  drum  or  pulley 
onto  another  part  differing  somewhat  in  diameter.  The  dis- 
tance that  the  load  or  hook  moves  for  one  revolution  of  the 
compound  hoisting  drum  is  equal  to  half  the  difference  be- 
tween the  circumferences  of  the  two  drum  sections.  The  well- 
known  differential  chain  hoist  illustrated  at  D  operates  on  the 
same  general  principle  as  the  Chinese  windlass.  The  double 
sheave  a  has  two  chain  grooves  differing  slightly  in  diameter, 
and  an  endless  chain  passes  over  these  grooves  and  around  a 
single  pulley  6.  Pulley  6  and  the  hook  attached  to  It  is  raised 
or  lowered,  because  for  a  given  movement,  a  greater  length  of 
chain  passes  over  the  larger  part  of  sheave  a  than  over  the 
smaller  part.  If  the  upper  sheave  is  revolved  by  pulling  down 
on  the  side  d  of  the  chain  that  leads  to  the  groove  of  smaller 
diameter,  the  loop  of  chain  passing  around  pulley  6  will  be 
lengthened,  thus  lowering  the  pulley;  the  opposite  result  will 
be  obtained  by  pulling  down  on  the  side  r  of  the  chain,  which 
leads  up  to  the  larger 
diameter    of    the    sheave. 

Differential  Motion  between 
Screw  and  Nut 
Variations  of  movement 
are  soniotlmos  obtained  by 
the  difforontlal  motion  be- 
tween n  revolving  screw 
and  a  nut  which  Is  rotat- 
ing about  the  screw  at  a 
(llffcront  spood.  One  appll- 
ciitlon  of  tills  principle  Is 
llluHtrali'd  by  the  variable 
.spcc'il  tnochunlHm  of  ii  nilll- 
iiiK  niiichlnc  hIidwh  In  Fig. 
2.  This  mcchaiilsni  Is  de- 
Hlgnod  to  Incronso  the  oIH- 
iloncy  of  II  nincliiiin  by  oc- 
c-olnriitliiK  IIk^  Hpi'CMl  ot  tlin 
tiililn  when  Ihn  rnttcrn  nro 
mil  lit  work.  Tim  iiiiichhi" 
tjililc  niovcH  riiplclly  up  to 
till!  ciiMInK  point.  tluMi  th.' 
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speed  is  reduced  whilo 
milling,  and,  after  the 
operation  is  completed,  the 
tahle  is  quickly  returned 
to     the     loading     position. 

This  mechanism  is  lo- 
cated beneath  the  machine 
table  G,  which  is  traversed 
by  a  screw  D  that  passes 
through  the  plain  bearings 
E,  F  and  G,  mounted  upon 
the  base  of  the  machine. 
The  pinion  H  is  confined 
longitudinally  between 
bearings  E  and  F,  and  it  is 
splined  to  screw  D,  so  that 
the  latter  must  turn  with 
the  pinion  but  is  free  to 
slide  in  a  lengthwise  direc- 
tion. The  hole  through 
gear  I  is  threaded  to  fit  screw  D,  so  that  it  is  practically  a 
nut  and  gear  combined.  The  auxiliary  shaft  J,  supported  in 
bearings  K,  carries  two  pinions  L  and  M,  which  are  loosely 
mounted  upon  the  shaft.  This  shaft  J  is  rotated  continuously 
in  one  direction  through  spiral  gears  W  from  the  driving  shaft 
V.  Within  the  housings  N  and  0  are  clutch  sleeves  which 
encircle  the  shaft  J.  The  sleeves  are  splined  to  the  shaft, 
but  are  free  to  slide  upon  it,  and  they  may  be  locked  with 
teeth  formed  on  pinions  L  and  il.  These  clutches  are  con- 
trolled by  levers  T  and  V  at  the  front  of  the  machine,  which 
are  connected  by  the  shafts  shown,  with  the  clutch  shifting 
devices  at  R  and  Q.  The  action  of  the  clutches  is  controlled 
automatically  by  adjustable  stops  located  on  the  front  of  the 
machine  table. 

The  clutch  connecting  with  gear  L  is  first  engaged  by  hand- 
lever  T.  The  table  then  moves  forward  rapidly  (in  the  direc- 
tion indicated  by  arrow  A)  as  gear  H  revolves  screw  D  and 
causes  it  to  turn  through  the  gear  nut  /,  which  is  held  sta- 
tionary at  this  time.  Just  before  the  milling  cutter  begins  to 
act  upon  the  work,  lever  U  strikes  a  stop,  thus  engaging  the 
clutch  with  gear  M.  The  gear  nut  I  is  then  revolved  in  the 
same  direction  as  gear  H  but  at  a  slower  speed,  so  that  the 
forward  movement  of  screw  D  is  reduced,  because  of  the  dif- 
ferential action  between  the  screw  and  nut.  Both  sets  of  gears 
continue  to  operate  while  the  cut  is  being  taken;  when  the 
milling  operation  is  completed,  another  stop  engages  lever  T, 
thus  stopping  the  rotation  of  gears  L  and  H.  As  the  gear 
nut  /  continues  to  revolve  about  the  screw,  the  movement  of 
the  machine  table  is  reversed,  since  screw  D  is  not  rotating. 
The  motion  continues  in  the  direction  indicated  by  arrow  B 
until  a  third  stop  to  the  right  of  lever  U  trips  the  latter, 
thereby  stopping  gear  /  and  the  table  movement.  The  table 
Is  now  in  position  for  removing  the  finished  parts  and  re- 
placing them  with  others  that  require  milling. 

Differential  Motions  from  Planetary  Gearing- 
Most  differential  motions  are  derived  from  combinations  of 
either  bevel   or  spur  gearing.     In  some  applications,  all   the 
gears  of  the  train  revolve  as  a  unit  and  without  any  differential 
action,   except   when   such 
action    Is   essential    to   the 
operation  of  whatever  ma- 
chine   or    mechanism    the 
gearing      forms      a      part. 
Combinations  of  gears  ar- 
ranged  to  give  a  differen- 
tial    motion     are     known 
either    as    planetary    gear- 
ing,   cplcycllc    gearing,    or 
as  dlfferontlal  gearing.  The 
term    "planetary    gearing" 
Is,  of  course,  haBed  on  the 
Himllnrlty  between  the  mo- 
tion of  a  gear  or  pinion  re- 
voIvIhk  about  another  fixed 


with  gearing  of  this  gen- 
eral type),  and  the  move- 
ment of  a  planet  about  its 
own  a:xis  and  around  the 
sun.  The  name  "epicyclic" 
is  applied  to  these  gear 
trains  because,  when  a 
spur  gear  or  pinion  re- 
volves around  the  outside 
of  another  fixed  gear,  any 
point  on  the  revolving  gear 
describes  epicycloidal 
curves.  This  is  not  the 
case,  however,  when  bevel 
gearing  is  used,  so  that 
the  name  "epicyclic"  is  not 
altogether  appropriate  and 
is  less  expressive  or  ex- 
planatory than  "planetary." 
The  term  "differential"  in- 
dicates the  differential  action  and  is  almost  invariably  applied 
to  some  planetary  gear  combinations,  as,  for  example,  those 
applied  to  automobiles  and  to  certain  classes  of  textile 
machinery. 

The  planetary  bevel  gear  train  illustrated  by  diagram  A. 
Fig.  3,  is  applied  to  many  mechanisms  of  the  differential  type, 
and  its  action  under  different  conditions  should  be  thoroughly 
understood.  The  shaft  a  has  mounted  on  it  two  bevel  gears 
6  and  c  and  an  arm  d.  The  arm  is  attached  to  the  shaft  and 
carries  a  pinion  e  which  meshes  with  each  gear  and  is  free  to 
revolve  upon  the  arm.  There  are  several  conditions  that  can 
exist  with  a  gear  train  of  this  kind. 

First,  assume  that  gear  6  is  stationary  and  c  loose  on  the 
shaft.  If  the  shaft  and  arm  d  are  revolved,  motion  will  be 
transmitted  from  the  stationary  gear  b  to  gear  c,  through  pin- 
ion e,  and  gear  c  will  make  two  turns  for  every  one  of  arm  d 
and  in  the  same  direction  as  the  arm.  If  gear  6  should  rotate 
instead  of  being  stationary,  this  motion,  combined  with  that 
of  the  arm,  would  modify  the  motion  of  gear  c,  and  it  would 
also  make  a  difference  whether  gear  6  turned  in  the  same 
direction  as  the  arm  or  in  an  opposite  direction. 

Second,  suppose  the  preceding  conditions  are  reversed  and 
one  of  the  bevel  gears  6  or  c  is  revolved  while  the  other  gear 
remains  stationary,  and  that  arm  d  carrying  the  bevel  pinion 
constitutes  the  driven  element.  With  only  one  gear  revolving, 
the  arm  will  turn  in  a  direction  corresponding  to  that  of  the 
gear  and  at  half  its  speed.  If  both  gears  rotate  in  the  same 
direction  at  different  speeds,  the  arm  will  follow  in  that  direc- 
tion and  with  a  speed  intermediate  between  the  two.  If  the 
gears  are  driven  in  opposite  directions  at  different  speeds, 
the  arm  will  follow  the  more  rapidly  moving  gear,  and  if  the 
speeds  are  equal,  pinion  e  will  revolve  upon  the  arm,  but  the 
latter  will  remain  stationary. 

Third,  assume  that  arm  d  remains  stationary  and  gears 
b  and  c  are  loose  on  the  shaft.  If  gear  6  is  the  driver,  pinion  e 
will  simply  transmit  motion  to  gear  c  in  the  opposite  direc- 
tion, the  three  gears  in  this  case  forming  a  simple  train  with 
pinion  e  acting  as  the  idler.  The  force  tending  to  rotate  arm  d 
will  be  one-half  the  force  transmitted  from  gear  b  to  gear  c 

A  practical  application  of 
this  last  principle  Is  found 
in  the  Webber  differential 
dynamometer.  The  arm  of 
this  dynamometer  which 
supports  the  scale  pan  and 
weights  corresponds  to  arm 
d  anil  Is  pivoted  on  a  shaft 
carrying  two  bevel  gears. 
On  the  arm  and  meshing 
with  these  two  bevel  gears 
are  bevel  pinions,  and  the 
amount  of  power  transmit- 
ted through  this  train  of 
Bearing  Is  measured  by  the 
weights   In   the  scale   pan. 


gear     (which     Is    common 
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lug  Illustrated  by  diagram 

A.  usually  has  two  or  more 
pinions  meshing  with  the 
bevel  gears.  In  many  cases, 
there  are  two  pinions  lo- 
cated diametrically  oppo- 
site, as  indicated  by  the 
full  and  dotted  lines.  The 
addition  of  other  pinions, 
however,  does  not  aCect 
the  action  of  the  gearing. 

The  diagram  B,  Fig.  3, 
shows  an  arrangement  of 
planetary  spur  gearing. 
This  combination  consists 
of  an  ordinary  spur  gear  g, 
an  internal  gear  /i,  and  a 
pinion  fc.  This  pinion  is  free  to  turn  on  a  stud  that  is  at- 
tached to  arm  J.  In  the  application  of  this  gearing,  there  are 
three  possible  conditions.  In  the  first  place,  the  internal  gear  h 
may  be  stationary,  and  the  gears  g  and  fc  may  revolve.  Sec- 
ond, the  arm  I  may  be  stationary,  in  which  case  either  the 
internal  gear  ft  or  gear  g  may  be  the  driver.  Third,  gear  g 
may  be  stationary  and  the  motion  transmitted  in  either  direc- 
tion between  gear  ft  and  arm  \.  Fig.  4  shows  a  practical 
application  of  this  gear  combination.  In  this  design,  there 
are  two  intermediate  pinions  (corresponding  to  fc  in  diagram 

B,  Fig.  3),  which  are  mounted  on  an  arm  and  located  diametri- 
cally opposite  each  other.  This  arm  is  keyed  to  the  end  of  a 
shaft.  The  large  internal  gear  is  stationary  and  forms  part 
of  a  casing  enclosing  the  gears.  The  central  gear  is  keyed  to 
another  shaft  which  is  in  line  with  the  shaft  carrying  the 
pinion  arm.  This  arrangement  is  simply  used  to  obtain  a 
reduction  of  speed.  The  design  is  compact,  although  differen- 
tial or  planetary  gearing,  in  general,  is  Inefficient  as  a  trans- 
mitter of  power.  Such  gear  combinations,  however,  have  cer- 
tain mechanical  advantages,  and  they  are  often  utilized  by 
designers  for  a  variety  of  purposes,  as  indicated  by  the  differ- 
ent mechanisms  to  be  described. 

Differential  Governors  for  Water  Turbines 

Many  of  the  automatic  governing  devices  used  for  con- 
trolling the  speed  of  water  turbines  have  a  differential  action. 
A  simple  form  of  governor  Is  Illustrated  in  principle  by  the 
diagram  A,  Fig.  5.  An  auxiliary  *ater  motor  drives  the  bevel 
gear  a  by  belt  d,  and  bevel  gear  c  Is  driven  by  belt  e  from  a 
shaft  operated  by  the  turbine  to  be  governed.  Both  gears  o 
and  c  are  loose  on  their  shaft,  but  the  arm  n  which  carries 
the  bevel  pinions  6  Is  fast  to  the  shaft.  On  one  end  of  the 
shaft  there  Is  a  pinion  /  which  meshes  with  a  rack  g  that 
operates  the  turbine  gate,  and  thus  controls  the  flow  of  water 
to  the  turbine.  The  auxiliary  motor  has  no  work  to  do  ex- 
cept to  drive  part  of  the  governing  mechanism,  and  It  runs 
at  practically  a  constant  speed.  The  variations  due  to  the 
rise  or  fall  of  the  water  level  are  so  small  a  percentage  of  the 
total  head  of  water  that  the  speed  of  this  motor  Is  little  af- 
fected. It  will  bo  assumed, 
then,  that  the  speed  of 
«ear  a  la  practically  uni- 
form. The  speed  of  gear  c, 
however,  changcn  with  an 
Increase  or  decroano  of  the 
load  upon  the  turbine,  and, 
aa  gear  c  rung  faster  or 
■lower  than  Kcar  a,  the 
arm  n  follows  It  around 
one  way  or  the  other,  and 
Id  thia  way  opena  or 
cloaoa     the     turbino     Kato. 

Th«  icoTornor  alinwn  at  n 
alao  has  a  dlffnrentlal  ac- 
tion, but  It  la  ronlrollod  by 
rnnlrlfuKnl  forre  artlni  on 
a  ny-ball  RoromlnR  dorlco, 
Thw  Kovornor  la  o[>nrat«d 
by  a  bolt  n  connertod  with 
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the  turbine.  This  belt 
passes  around  idler  pulleys 
and  over  the  wide-faced 
pulleys  6  and  c.  These 
pulleys,  through  bevel  gear- 
ing, drive  the  differential 
gearing  composed  of  gears 
d,  e  and  /.  Gears  d  and  e 
are  loose  on  their  shafts 
and  pinion  /  is  pivoted  on 
an  arm  that  is  keyed  to  the 
shaft.  Gear  e  is  connected 
by  the  gearing  shown  with 
a  centrifugal  governing  de- 
vice at  g.  The  belt  pulley 
b  is  conical  and  the  diam- 
eter at  the  center  Is  the 
same  as  that  at  pulley  c.  When  the  turbine  is  operating  at 
normal  speed,  the  belt  Is  at  the  center  of  the  conical  pulley  & 
and,  consequently,  gears  d  and  e  revolve  at  the  same  rate  of 
speed  in  opposite  directions.  The  result  is  that  the  arm  carry- 
ing pinion  /  remains  stationary.  If  the  turbine  begins  to  run 
too  fast,  the  balls  at  g  move  outward  under  the  action  of 
centrifugal  force,  and  belt  o  is  shitted  by  a  mechanism  (not 
shown)  to  a  smaller  part  of  the  conical  pulley  6.  The  result- 
ing increase  in  the  speed  of  gear  d  causes  the  arm  carrying 
pinion  /  and  the  shaft  ft  to  which  it  is  attached  to  revolve 
in  the  same  direction  as  gear  d.  As  a  result  of  this  movement, 
the  turbine  gate  is  lowered  by  means  of  gearing  (not  shown), 
and  the  speed  of  the  turbine  wheel  is  reduced.  If  the  turbine 
should  begin  to  run  more  slowly  than  the  normal  speed,  the 
shifting  of  belt  a  by  governor  g  would  cause  gear  d  also  to 
revolve  slower,  thus  turning  shaft  ft  in  the  opposite  direction 
and  raising  the  gate. 

Another  modification  of  the  differential  governor  is  shown 
by  the  diagram  Fig.  6.  This  particular  type  of  governor  was 
installed  in  one  of  the  large  power  plants  at  Niagara  Falls. 
It  is  equipped  with  two  sets  of  epicyclic  gearing.  The  gears  A 
and  B  are  free  to  turn  on  the  shaft,  but  may  be  retarded  by 
brake  bands  at  E  and  F.  The  inner  gears  C  and  B  are  driven 
by  belts  connected  in  some  way  with  the  turbine.  One  of  these 
belts  is  open  and  the  other  crossed,  so  that  the  gears  revolve 
in  opposite  directions.  The  brake  bands  are  so  arranged  that, 
when  one  tightens,  the  other  loosens  its  grip  on  the  brake 
drum.  Both  of  these  bands  are  operated  by  a  shaft  O,  and  the 
tightening  of  the  bands  Is  effected  by  a  double  ratchet  mech- 
anism (not  shown)  having  two  pawls.  One  pawl  rotates  shaft 
G  in  one  direction  and  the  other  in  the  opposite  direction. 
When  the  speed  Increases  or  decreases,  one  pawl  or  the  other 
is  operated  by  a  fly-ball  governor  driven  from  the  turbine. 
As  the  result  of  this  motion  of  the  pawl,  one  band  Is  tightened 
and  the  other  released,  so  that  one  of  the  gears  A  or  B  is  held 
with  a  greater  or  less  degree  of  friction  or  Is  prevented  from 
turning  altogether,  while  the  other  one  runs  free.  If  gear  A 
is  held  by  the  brake,  the  arm  carrying  pinion  H  will  begin 
to  turn  In  the  same  direction  In  which  gear  G  turns,  whereas. 

If  gear  B  remains  station- 
ary, the  arm  carrying  pin- 
ion J  will  follow  gear  D: 
consequently,  the  pinion  K 
on  the  end  of  the  shaft 
will,  by  moans  of  a  rack, 
raise  or  lower  the  turbino 
gate.  This  governor  de- 
ponds  for  Its  BonHlttvenoas 
upon  tho  lly  Imll  governing 
device,  and  for  Its  power 
upon  tho  open  and  crossed 
holtH.  wlilrli  moy  bo  pro- 
portlonod  to  transmit  any 
roqulrod  amount  of  power. 

t;iiii)l"'uncl   Plniintnry  Uears 
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and  pinions  but  no  in- 
ternal gear.  This  is  a 
compound  or  reverted  train 
and  is  intended  for  an  au- 
tomatic screw  machine  of 
the  heavier  class  (the 
Cleveland),  in  order  to 
provide  a  slow  and  power- 
ful movement  to  the  spin- 
dle for  heavy  thread-cut- 
ting operations,  or  for  any 
other  heavy  work  that  re- 
quires a  powerful  drive. 
The  gearing  is  contained 
within  the  spindle-driving 
pulleys  on  the  back-shaft 
of  the  spindle  head.   There 
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are  three  pulleys,  and  the  slow  speed  is  obtained  by  shifting 
the  belt  to  the  center  pulley  A,  and  engaging  the  sliding 
clutch  B  with  gear  C;  as  this  clutch  slides  upon  a  square  shaft 
and  cannot  revolve,  the  gear  C  is  held  stationary.  There  are 
two  sets  of  planetary  pinions  D  and  E  located  diametrically 
opposite  each  other.  The  pinions  on  each  stud  are  locked  to- 
gether but  are  free  to  revolve  about  the  stud.  Pinions  D  rotate 
around  the  fixed  gear  C,  while  pinions  E  revolve  the  driven 
gear  F  at  a  slow  speed,  but  with  considerable  power.  Gear  F 
is  keyed  to  the  extension  of  pinion  O,  which  meshes  directly 
with  the  front  spindle  gear  of  the  machine.  When  this  slow 
speed  is  not  required,  clutch  B  is  disengaged,  so  that  the 
entire  train  of  planetary  gears  is  free  upon  the  loose  center 
pulley  A.  Two  spring  plungers  (not  shown)  attached  to 
pulley  A  engage  the  rim  of  pulley  L  and  cause  both  pulleys 
to  revolve  together  when  the  slow-speed  attachment  Is  not 
engaged,  so  that  the  planetary  pinions  will  not  revolve  upon 
their  studs  at  this  time.  Clutch  B  is  shifted  by  a  cam-operated 
rod  H  acting  in  conjunction  with  a  spring  J. 

With  this  arrangement  of  gearing,  the  differential  action 
and  reduction  of  speed  is  the  result  of  the  difference  in  the 
diameters  of  pinions  D  and  E  and  their  mating  gears.  When 
the  slow-speed  attachment  is  operating,  the  larger  pinions  D 
roll  around  the  stationary  gear  C  and  force  gear  F  to  follow 
slowly  in  the  same  direction.  This  action  will  be  more  ap- 
parent if  that  part  of  the  larger  pinion  D  which  is  in  engage- 
ment with  stationary  gear  C,  at  any  time,  is  considered  as  a 
lever  pivoted  at  the  point  where  the  teeth  mesh  with  the  sta- 
tionary gear.  As  the  pinion  D  revolves  and  the  imaginary 
lever  swings  around  its  fulcrum,  the  teeth  of  the  smaller  pin- 
ion E  in  contact  with  gear  F  force  the  latter  to  move  in  the 
same  direction  in  which  the  rolling  pinions  D  and  E  and 
pulley  A  are  moving. 

Planetary  Gearlngr  Combined  with  Cone  Pulleys 

The  use  of  a  cone  pulley  and  planetary  gearing  is  shown 
at  A,  Pig.  8.  The  cone  pulley  has  a  pinion  a,  which  meshes 
with  pinion  b,  mounted  on  a  stud  carried  by  plate  c.  Pinion  & 
also  meshes  with  an  Internal  gear  forming  part  of  casting  e. 
This  casting  and  the  cone  pulley  are  both  loose  upon  the  shaft, 
but  plate  c  Is  keyed  to  it.  When  lock-pin  d  engages  a  notch 
In  plate  c,  the  gears  are 
locked  together  and  the 
Hbaft  Is  driven  directly  by 
tbe  cone,  the  entire  mech- 
anism revolving  as  a  unit. 
When  lock-pin  d  is  en- 
gaged with  a  stationary 
arm  0,  tho  Internal  gear  is 
prevented  from  rotating 
and  motion  is  transmitted 
to  tho  spindle  of  the  ma- 
<hlno  from  tho  cone  pulley, 
as  pinion  a  causes  pinion  b 
to  revolve  about  the  sta- 
tionary Internal  Koar  and 
rarry  with  It  plate  c, 
which  tranimlta  a  slower 
speed  to  the  spindle  than 


is  obtained  with  the  direct 
drive.  This  design,  which 
has  been  applied  to  some 
upright  drilling  machines, 
is  sometimes  known  as 
a  "differential  back-gear." 
Another  cone  pulley-  con- 
taining planetary  gearing 
is  shown  by  the  diagram 
B,  Fig.  8.  Bevel  gears  are 
employed  in  this  case,  in- 
stead of  spur  gears,  and 
the  combination  is  known 
as  "Hiunpage's  gear."  This 
gearing  was  designed  origi- 
nally to  replace  the  back- 
gearing  of  a  lathe,  but  it 
has  been  applied  to  various  classes  of  machinery.  When  used 
in  conjunction  with  a  cone  pulley,  the  arrangement  is  as  fol- 
lows: The  cone  pulley  is  loosely  mounted  on  its  shaft  and 
carries  a  pinion  a  which  meshes  with  gear  6.  This  gear  is 
locked  to  pinion  c,  thus  forming  a  double  gear  that  Is  free  to 
turn  about  arm  d,  the  hub  of  which  Is  also  loosely  mounted 
on  the  spindle  or  shaft.  Gear  6  meshes  with  gear  /,  whereas 
pinion  c  meshes  with  gear  e.  Diametrically  opposite  arm  d, 
there  is  another  arm  which  carries  gears  corresponding  to 
6  and  c.  This  additional  gearing  is  included  because  of  its 
balancing  effect  and  need  not  be  considered  in  studying  the 
action  of  the  gearing.  Gear  e  is  keyed  to  the  spindle,  and, 
except  when  a  direct  drive  is  employed,  gear  /  is  stationary. 
With  fulcrum  gear  /  stationary  and  gear  a  revolving,  gear  e 
and  the  spindle  are  rotated  at  a  much  slower  speed,  as  arm  d 
and  the  intermediate  connecting  gears  roll  around  gear  /.  The 
direction  in  which  gear  e  rotates  for  a  given  movement  of 
gear  o  depends  upon  the  ratio  of  the  gearing,  and  the  direc- 
tion may  be  reversed  by  changing  the  relative  sizes  of  the 

fXc 

gears.     When  the  ratio  is  less  than  1,  gears  a  and  e 

hXe 

will  revolve  in  the  same  direction,  whereas,  if  this  ratio  is 
greater  than  1,  they  will  revolve  in  opposite  directions.  This 
is  a  very  compact  form  of  gearing  and  the  velocity  ratio  may 
be  varied  considerably  by  a  slight  change  in  the  relative  sizes 
of  the  gears. 

/X  c 
The  velocity  ratio  when  is  less  than  1  may  be  de- 
ft X  e 

termined  by  the  following  formula,  in  which  the  letters  repre- 
sent the  numbers  of  teeth  in  the  gears  marked  with  corre- 
sponding reference  letters  in  the  Illustration: 

/ 

— +  1 


/Xc 

1 

6  X  e 

It  gear  a  has  12  teeth,  6,  40  teeth,  c,  16  teeth,  e.  34  teeth,  and 
/,  46  teeth,  then: 


Ratio  =  - 


46/12  +  1 


46  X  16 
40X34 


4  5/6 
39/85 


10.53  -f 


Therefore,  gear  a  will 
revolve  10.53  times  while 
goar  c  is  making  one  revo- 
lution.    If  the  expression 

/Xc 


Is  greater   than   1, 
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6  X  r 

the     formula    may    be 
changed   aa   follows: 
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+  1 


/  X  c 


Differential  Gearing-  of  Automobiles 

One  of  the  important  applications  of  planetary  or  differential 
gearing,  at  the  present  time,  is  found  in  automobiles.  The 
object  of  transmitting  motion  from  the  engine  to  the  rear  axle 
through  difEerential  gearing  is  to  give  an  equal  tractive  force 
to  each  of  the  two  wheels  and,  at  the  same  time,  permit  either 


Fig.  8.     Planetary  Gear  and  Cone ,  PuUey  Combinations  for  varying  Speed 

Of  them  to  run  ahead  or  lag  behind  the  other,  as  may  be  re- 
quired in  rounding  curves  or  riding  over  obstructions.  The 
axle  is  not  formed  of  one  solid  piece,  but  motion  is  transmitted 
to  the  right-  and  left-hand  wheels  by  means  of  separate  sec- 
tions, the  inner  ends  of  which  are  attached  to  different  mem- 
bers of  the  differential  mechanism.  The  type  shown  in  Fig.  9, 
which  is  equipped  with  bevel  gearing  throughout,  is  very  gen- 
erally used,  although  some  "differentials"  have  spur  gears  in- 
stead of  the  bevel  form.  The  propeller  shaft  extends  from  the 
transmission  case  where  speed  changes  are  obtained,  and  re- 
volves the  bevel  pinion  A'  which  drives  the  large  bevel  gear  M. 
This  gear  M  and  the  casing  0  to  which  it  is  bolted  revolve 
freely  on  the  hub  of  gears  F  and  E.  Attached  to  the  casing  0 
are  radial  pivots  on  which  bevel  pinions  D  revolve  loosely. 
These  pinions  engage  bevel  gears  E  and  F  which  are  connected 
with  the  right-  and  left-hand  axles  or  shafts  T.  Under  ordi- 
nary conditions,  the  rotation  of  gear  M  causes  gears  F  and  E 
both  to  revolve  at  the  same  rate  of  speed,  since  the  connecting 
pinions  D  are  moved  around  with  the  casing  0,  but  do  not 
revolve.  To  illustrate  the  action,  assume  that  the  wheels  are 
Jacked  up  and  are  simply  revolving  In  one  position;  then.  It 
one  wheel  Is  held  from  turning  so  that,  say,  gear  E  is  sta- 
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tloDary,  the  rotation  of  \ki\k\  Ki^ar  SI  will  roll  pInlonH  D  around 
on  gear  E,  with  the  reiiult  that  Ktrar  F  will  revolve  twice  as 
faM  as  when  Kc-ar  E  Is  rovolvliiK  with  It  and  at  the  Ranic  speed. 
On  the  rithcT  hand.  If  the  opposlti-  whi!(!l  and  Kt'ar  F  wcro  hold 
stationary,  llic  Roar  /•;  woulil  run  at  twlrn  IIh  normal  spnod; 
mor'rovor,  If  fho  sp<;f(|  of  i-llher  of  the  ni'arM  Is  n'duc<«l,  the 
'.till  r  Hlilc  \n  xii>>-li' I  nil  A  I  orr<"iM>iii|leiK  iiiii'iunt 


W(i<r"  itK'  w.tiKTn  fllvldlon  of  tlii!  Kiinl  Wi'nl  'Iraimi otill- 
nonlal  Kallwny  of  AuRtralla  rronnoH  llin  Nullalior  Plain  Dioro 
Is  a  section  of  230  miles  of  absolute  strulKht  llti<!,  whirh  Is  the 
longMt  length  of  straight  line  nn  any  railway  In   thn  world. 


ROLLER   CHAIN   STANDARDIZATION 

A  joint  meeting  of  the  roller  chain  committee  of  the  Ameri- 
can Society  of  Mechanical  Engineers  and  the  roller  chain 
division  of  the  Society  of  Automotive  Engineers'  standards 
committee  was  held  in  connection  with  the  annual  convention 
of  the  American  Society  of  Mechanical  Engineers  in  New  York 
last  December.  It  was  recommended  that  roller  chain  be 
standardized  as   follows: 

The  pitches  are  to  be  the  existing  series  of  roller  chain 
pitches— %,  %,  %,  1,  114,  1%,  1%,  and  2  inches,  with  the 
addition  of  a  214-inch  pitch. 

A  series  of  roller  diameters  was  recommended  as  follows: 

Pitch   V2      %        %       1    1%  1%  1%    2      2% 

Roller  diameter..   0.306  0.400  15/32     %     %     %     1     1%  19/16 

The  width  of  chains,  defined  as  the  distance  between  the 
inside  links,  was  recommended  as  follows: 

Pitch   %       %      %     1        1%    1%     1%     2        2y2 

Width    Vi      %       Va       %      %     1        1        1%    1% 

The  serious  results  from  the  use  of  sprockets  with  over-size 
"bottom  diameters,"  and  chains  with  under-size  "lengths" 
were  emphasized.  It  was  also  recommended  that  the  trade 
numbers  of  roller  chains  giving  the  recommended  pitches  be 
prefixed  by  the  word  "Universal."  The  number  of  the  chain 
is  equal  to  the  number  of  quarter-inches  in  the  pitch;  thus, 


Nomenclature  of  Boiler  Chain  Parts 


"Uni- 


for  example,  a  chain  of  i^-inch  pitch  will  be  known  as 
versal  No.  2  roller  chain." 

The  nomenclature  indicated  by  the  accompanying  illustra- 
tion was  recommended  for  the  component  parts  of  a  roller 
chain:  A,  pin;  B,  bushing;  G,  roller;  D,  roller  link;  E,  pin 
link  plate;  F,  connecting  link  plate;  G,  inside  plate;  H,  pin 
link;  /,  connecting  link;  K,  offset  link. 

ECONOMY  IN   USE  OP  LUBRICATING   OILS 

Notices  arc  displayed  In  German  machine  shops  giving  hints 
on  economy  In  lubricants  which  should  be  valuable  in  any 
country.    These  are: 

Ubg  only  dosed  oilcans  with  spouts  that  will  deliver  drops 
or  at  most  only  a  thin  strcuni. 

TIho  all  lubricating  apparatus  strictly  according  to  the  In- 
structions and  put  tho  oil  only  whcro  It  will  lu'tuully  lubri- 
cate. If  a  machine  has  automatic  droppers,  shut  off  the  supply 
while  tho  machine  Ih  standing. 

Do  not  use  cylinder  oil  on  shafting  or  olsowbere  when 
cheaper  oil  will  answer. 

Keep  all  rubbinK  gurfaci-H  in  good  condition;  rough  surfaces 
and  loo  tiK'lit  boxcm  consuniu  more  oil;  worn  and  leaky  boar- 
IngH  waste  nil. 

Always  uso  drip  pans  and  arrange  to  flitor  and  doanso  tho 
oil  HO  cauKht;   It  Ih  an  Kood  as  now. 

Collcrt  all  grcaHy  wanlo  and  wiping  cloths,  ho  that  the  oil 
may  In'  recovered;   never  burn  tlieni. 

Ill'  careful  about  uBliig  lubricutlnK  oil  for  cooling  a  bonr- 
intt;    WBliT   will   often  do  nn  well. 

Ilo  careful  about  uhIiik  oil  for  <'loanlnR  and  iiolUhlnR.  Never 
clean  tho  hands  with  oil;  a  groasy  cloth  will  do  as  well. — Com- 
mrrrti  Rrportt 
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DEVICE   FOR   WINDING   SPRINGS 

BT   GUSTAVE  J.   HORAK  1 

No  doubt  everyone,  at  one  time  or  another,  has  experienced 
trouble  in  making  helical  expansion  and  compression  springs. 
While  most  springs  may  be  made  by  clamping  the  wire  be- 
tween two  pieces  of  brass  and  the  tool-holder  and  setting  the 
lathe  so  as  to  feed  a  certain  number  of  revolutions  per  inch, 
phosphor-bronze  or  brass  wire  often  gives  trouble  because  the 
tension  is  not  strong  enough  or  is  irregular.  It  is  well  known 
that,  although  phosphor-bronze  wire  is  not  as  hard  as  piano 
wire,  it  does  not  hold  its  shape  after  being  bent  as  well  as  the 
latter.  Springs  made  of  fine  wire  but  of  large  diameter  gen- 
erally give  trouble.  When  they  are  taken  off  the  mandrel, 
light  can  be  seen  between  the  coils,  and  the  springs  are  very 
weak,  because  the  larger  the  diameter  of  the  spring  the  smaller 
is  the  angle  at  which  the  wire  bends,  and  consequently,  as 
there  is  no  tension,  there  is  no  contracting  energy  in  the 
spring.    It  is  necessary,  in  such  a  case,  to  find  some  means  of 


Figs.    1    to   3.     Method   of   winding   Brass   or   Phosphor-bronze    Springs 

pressing  the  coils  against  one  another  as  the  spring  is  form- 
ing, in  order  that  there  may  be  no  air  space  between  the  coils 
when  the  spring  is  finished. 

To  accomplish  this  result,  the  writer  uses  two  pieces  of 
hard  wood,  which  are  hinged  and  grooved  as  shown  in  Pig.  1. 
Hard  wood  is  absolutely  necessary,  as  the  harder  the  wood  is 
the  longer  it  will  hold  the  thread  that  is  cut  into  it.  The 
strips  A  of  wood  should  be  about  eight  or  nine  inches  long, 
an  inch  wide,  and  a  half  inch  thick;  the  length  depends  on 
the  diameter  of  the  spring.  The  strips  are  fastened  together 
at  one  end  by  a  hinge  B,  and  a  groove  C  is  cut  near  the  other 
end.  This  groove  must  fit  the  mandrel  on  which  the  spring 
is  to  be  wound,  but  it  must  not  be  so  deep  that  it  will  entirely 
enclose  the  mandrel ;  the  ends  of  the  sticks  should  be  sepa- 
rated about  three-sixteenths  inch  when  the  strips  of  wood  are 
clamped  over  the  mandrel. 

Drill  rod  should  be  used  for  the  mandrel  because  its  sur- 
face is  hard  and  smooth  and  it  is  not  readily  cut  by  the  pres- 
sure on  the  spring;  but  if  only  a  small  number  of  springs  are 
to  be  made,  Bessemer  rod  will  do.  The  objection  to  using  a 
soft  rod  is  that  after  a  number  of  springs  are  wound,  the  sur- 
face of  the  mandrel  becomes  cut  and  grooved  so  that  the 
spring  becomes  uneven.  One  end  of  the  mandrel  should  run 
on  a  center  while  the  other  end  is  held  in  a  chuck  so  that 
the  rod  will  run  true.  A  small  hole  should  be  drilled  through 
the  rod  near  the  chuck  end  so  that  the  wire  can  be  passed 
through  It  and  fastened  by  being  bent  over  on  the  other  side. 

Now  as  the  wire  is  held  tightly  with  one  hand  the  machine 
should  be  turned  over  with  the  other  and  six  or  seven  coils 
formed  on  the  mandrel ;  then  form  two  colls  on  top  of  the  colls 
already  formed,  winding  the  wire  back  at  such  an  angle  that 
about  onehalf  revolution  will  bring  It  on  top  of  and  between 
the  second  and  third  rolls  of  the  spring.  Great  care  must  be 
taken  to  hold  the  wire  very  tightly,  so  that  when  It  Is  wound 
on  top  of  the  other  colls.  It  will  not  slip  down  between  the 
colls.  When  the  wire  Is  wound  on  top  properly.  It  should 
appear  as  Is  shown  In  Fig.  2,  where  li  represents  the  colls  of 
the  spring,  and  C  the  groove  In  the  block. 

The  blocks  should  then  bo  placed  over  the  mandrel  so  that 
the  grooves  will  fit  over  tho  spring  snugly  and  a  hand  vise  or 
t'lamp  fastened  ovor  tlicm  Just  tight  enough  to  hold  the  wire 
In  place.     As  the  niuchino  Is  ngnln  turned  by  hand,  the  wire 

'Ail.1r<>ii«:  2an  B.  7Bth  St..   New  York  Oltj 


should  cut  into  the  wood,  reproducing  the  shape  and  coils  of 
the  spring.  The  section  of  wire  that  is  laid  back  must  rest 
on  top  of  the  wire  and  not  down  between  the  coils.  This  is 
easily  done  by  holding  the  wire  very  tightly  until  the  clamp 
is  in  place.  When  the  spring  has  once  cut  a  thread  in  the 
wood,  this  part  of  the  wire  should  cut  a  deep  groove  in  the 
wood  running  diagonally  back  across  the  rest.  The  impression 
in  the  wood  should  be  as  shown  in  Pig.  2. 

The  point  where  the  wire  begins  to  turn  back  must  always 
be  embedded  in  the  wood;  it  must  never  come  in  the  space  be- 
tween the  strips  of  wood.  When  the  impression  is  once  made 
in  the  wood,  the  same  grooves  can  be  used  many  times  by  tak- 
ing care  to  see  that  the  wire  is  always  in  the  same  grooves  at 
the  beginning  as  in  the  case  of  the  last  spring  cut.  When  a 
few  turns  have  been  made,  after  clamping  the  strips  together 
and  making  sure  that  no  space  can  be  seen  between  the  coils, 
the  clamp  should  be  tightened  still  more.  If  a  space  appears 
between  the  last  two  turns  and  the  rest  of  the  spring,  the 
overlapped  wire  has  sunk  down,  showing  that  the  wire  was 
held  too  loose  at  the  beginning.  The  remedy  is  to  take  off 
the  clamp  and  start  over  again,  taking  care  to  hold  the  wire 
very  tightly. 

It  is  better  to  tighten  the  clamp  a  little  at  a  time,  making  a 
few  turns  between  each  tightening,  because  then  a  thread  is 
cut  in  the  wood  gradually  and  the  overlaid  wire  is  not  forced 
down,  as  it  will  be  if  the  clamp  is  tightened  too  much  at  once. 
This  precaution  is  necessary  only  when  a  new  groove  is  being 
started;  after  a  groove  is  once  formed,  the  clamp  may  be 
tightened  suflSciently  at  once.  If  no  space  can  be  seen  between 
the  coils  when  the  clamp  is  tightened  the  second  time,  the 
blocks  should  be  held  in  one  hand  and  the  power  started.  As 
the  spring  forms,  it  will  force  the  blocks  toward  the  end  of 
the  rod,  and  all  that  is  then  necessary  is  to  feed  the  wire  fast 
enough.  It  does  not  have  to  be  held  tight,  as  there  will  bo 
sufficient  tension  between  the  blocks. 

This  method  eliminates  all  the  trouble  of  setting  up  a  lathe 
to  a  certain  feed  per  inch  to  correspond  with  the  number  of 
turns  in  the  spring,  which  was  always  necessary  by  the  old 
method;  and  it  sometimes  happened  that  the  right  feed  could 
not  be  obtained.  As  high  a  spindle  speed  can  be  used  as  can 
be  obtained  without  overheating  the  wire.  The  spring  will 
become  heated  considerably,  but  this  does  no  harm  unless  the 
wire  begins  to  color;  in  this  case  a  little  lard  oil  should  be 
applied  to  the  mandrel ;  never  on  the  spring.  However,  oil 
should  be  used  only  when  absolutely  necessary,  as  the  slight 
heating  increases  the  strength  of  the  spring.  This  is  especially 
true  of  phosphor-bronze  and  spring  brass  wire,  which  will 
stand  considerable  heat  without  annealing. 

Sometimes  the  temper  of  wire  varies;  some  wire  will  be 
found  harder  and  more  brittle  than  another  section  off  the 
same  spool.  In  such  cases  it  will  be  necessary  to  vary  the 
tension  on  the  wire.  The  harder  the  wire,  the  less  it  will 
have  to  be  laid  back,  and  vice  versa.  Different  tensions  are 
easily  obtained  by  laying  the  wire  back  more  or  less.  Experi- 
menting with  different  kinds  of  wire  will  soon  show  the  exact 
tension  required.  If  after  the  spring  is  taken  off  the  mandrel 
it  forms  a  series  of  loops  when  expanded,  the  wire  was  laid 
back  too  far.  If  the  spring  has  no  strength,  the  tension  was 
not  sufficient.  For  average  wire,  two  turns  back  will  be  found 
about  right.  The  method  of  clamping  blocks  over  the  wire 
is  shown  In  Fig.  3,  where  A  is  the  clamp,  B  the  wire,  C  the 
mandrel,  and  D  the  wooden  blocks.  The  wire  should  run  up 
through  the  blocks  from  the  back  of  the  lathe.  Wire  up  to 
ono-elghth  Inch  in  diameter  can  readily  be  wound  by  using 
longer  clamps  and  blocks. 

Helical  compression  springs  can  also  be  made  by  this  method. 
In  this  case  a  hook  should  be  made  out  of  a  piece  of  wire,  tho 
exact  diameter  of  the  space  between  the  colls  of  tho  spring 
that  Is  to  be  made,  and  passed  over  tho  rod  between  two  coils 
of  the  wire.  The  wooden  strips  should  he  clamped  over  the 
mandrel  as  before  and  the  threads  cut.  When  this  Is  done 
the  wire  hook  can  be  removed. 

It  win  be  found  that  with  this  device  one  mnn  can  make 
three  or  four  times  as  many  springs  as  was  possible  before, 
and  they  will  be  more  uniform.  Although  used  In  many 
cases,  this  method  has  never  failed  to  produce  good  results. 
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GRAPHIC  METHOD  OF  GENERATING  AN  INVOLUTE  GEAR  TOOTH 


EASY  METHOD  OF  LAYING  OUT  GEAR  TEETH  ABOVE  AND  BELOW  BASE  CIRCLE 
BY  DOtJGLAS  T.  HAMILTON  ' 


X 


Fig.    1.     Laying   out    Tooth    Elements 


AN  involute  curve  is  one 
that  may  be  described 
'  by  the  end  of  a  cord 
as  it  is  unwound  from  a 
circle.  In  practical  gear-tooth 
design,  however,  the  string 
is  replaced  by  more  exact 
methods  of  generation,  which, 
however,  are  just  as  simple  in 
principle  and  are  easily  mas- 
tered by  any  draftsman  or  me- 
chanic. The  method  described 
here  is  a  practical  and  correct 
way  of  generating  an  invo- 
lute gear  tooth  like  that 
produced  by  the  gear  shaper. 
The  first  thing  necessary  is 
to  decide  on  the  scale  to  which 
the  drawing  is  to  be  made.  If 
an  analysis  of  the  tooth  action 
merely  is  desired,  an  enlarge- 
ment of  4  to  1  is  satisfactory. 
If,  on  the  other  hand,  it  is  desired  to  find  the  strength  of  a  gear 
tooth,  a  10  to  1  scale  is  preferable.  The  next  step  is  to  draw 
a  vertical  line  representing  the  axis  of  the  gear  tooth,  as  shown 
in  Fig.  1,  then  lay  off  on  this  line  the  various  elements  of 
the  tooth,  such  as  the  addendum  and  the  pitch  radius.  Now, 
placing  the  needle  point  of  a  pair  of  compasses  (or  trammels) 
on  the  center  of  the  gear,  describe  the  pitch  and  addendum 
circles,  and  the  base  circle,  from  which  the  involute  curve  of 
the  tooth  is  generated.  The  position  of  the  base  circle  can 
be  determined  by  means  of  a  protractor,  or  it  can  be  calcu- 
lated. To  find  the  base  circle  diameter  by  calculation,  multi- 
ply the  cosine  of  the  pressure  angle  by  the  pitch  diameter. 
If  a  drafting  machine  is  available,  set  it  at  14V^  degrees  or  20 
degrees,  depending  on  the  pressure  angle  of  the  gear  to  be 
Investigated;  then  move  it  until  the  horizontal  scale  is  on 
the  point  where  the  pitch  circle  cuts  the  vertical  center  line 
(this  is  known  as  the  pitch  point),  and  draw  the  angular  line 
that  represents  the  pressure  angle  or  line  of  action.  Tlftn 
describe  a  circle  that  is  tangent  to  and  cut8  this  line,  as  illus- 
trated In  Fig.  1.  With  a  pair  of  dividers,  lay  oft  the  distance 
Indicating  the  tbicknesB  of  the  tooth  on  the  pitch  line. 


Generating:  the  Involute 
Curve 


■Addrcu:  4S  WooItcd  Ave.,  Sprlngnclil,  ^'t 


The  involute  curve  for  a 
gear  tooth  can  be  very  accu- 
rately laid  out  on  the  drafting 
board  if  proper  care  is  taken. 
After  the  base  circle  diameter 
is  laid  out,  with  a  pair  of 
dividers,  space  off  on  it  an 
equal  number  of  divisions. 
The  number  of  divisions  is 
unimportant,  but  the  smaller 
the  divisions  the  more  accu- 
rate will  be  the  curve  that 
is  constructed.  As  a  gen- 
eral rule,  the  divisions  should 
be  such  that  the  arc  between 
the  axis  of  the  tooth  and  the 
point  of  tangency  of  the  line 
of  action  with  the  base  circle 
diameter  should  be  divided 
into  five  equal  parts. 
After  dividing  the  base  circle,  as  shown  in  Fig.  2,  draw  lines 
tangent  to  the  base  circle,  starting  from  the  various  points  of 
division  on  the  circle.  If  a  drafting  machine  is  not  available, 
this  can  be  accomplished  by  drawing  lines  from  the  division 
points  on  the  base  circle  to  the  center  of  the  gear  and  then 
using  a  regular  triangle  for  laying  off  the  tangent  lines.  If  a 
drafting  machine  is  available  and  has  a  scale  long  enough  to 
reach  from  the  base  circle  radius  to  the  center,  these  radial 
lines  are  not  necessary.  If,  on  the  other  hand,  the  scale  on 
the  drafting  instrument  is  not  long  enough,  the  radial  lines 
should  be  drawn  and  one  scale  of  the  drafting  instrument 
should  be  set  parallel  with  these  radial  lines  and  the  drafting 
instrument  moved  up,  as  shown  in  Fig.  3;  lines  tangent  to  the 
base  circle  may  then  be  drawn  from  the  points  of  tangency. 
This  procedure  is  continued  until  enough  divisions  have  been 
made  for  the  involute  curve  of  the  tooth  to  be  laid  off 
accurately. 

When  the  tangents,  as  indicated  in  Figs.  2  and  3,  are  drawn, 
the  involute  curve  of  the  tooth  above  the  base  circle  may  be 
laid  off.  Set  the  needle  point  of  a  pair  of  compasses  on  the 
division  point  A  of  the  base  circle.  Fig.  4;  this  is  the  starting 
point  on  the  tangent  line  nearest  to  the  point  on  the  pitch 


Hrni^""'"' 


pi*'         Point 

lllllil  olilli/ 
lliii  hlir.ss 
iifhii.l/, 


rif.    •.      V'-oad   Rtai*.    ikawlnf   Dlvlilnni   UM    nnl    an    !■•••   Cirri* 


rii     .1       Ualni    nriftlnr    InalnimonI    wli«n    Rrnln    la    (no    Hinall 


March,  1918 


MACHINERY 


607 


QUi     --    ^    _^  „    Pilchnint 


Coinjnon7Sn_qe!)t_ 

A 


Fip.  4.     Zayin^  ofip  Curve   above  Base   Circle 

circle  and  indicates  the  thickness  of  the  tooth.  Then  describe 
an  arc  cutting  the  point  on  the  pitch  circle  representing  the 
thickness  of  the  tooth  and  covering  the  distance  included  be- 
tween the  two  tangent  lines  B  and  C.  This  process  is  repeated 
with  the  other  points  of  division  on  the  base  circle  as  center 
points  and  describing  arcs  cutting  the  tangent  lines,  until  the 
involute  curve  is  complete.  Care  must  be  taken  in  all  cases 
to  see  that  the  arcs  accurately  join  each  other;  otherwise 
the  involute  curve  will  not  be  accurate.  When  the  curve 
above  the  pitch  line  is  complete,  the  flank  and  fillet^  or  that 
part  of  the  tooth  below  the  base  circle,  may  be  generated. 

Constructing  Diagram  for  Gear  Shaper  Cutter  Tooth 

Before  the  fillet  can  be  laid  out,  it  is  necessary  to  make  a 
diagram  of  the  gear  shaper  cutter  tooth  on  tracing  cloth.  This 
is  constructed  in  exactly  the  same  way  as  the  gear  tooth  just 
described,  with  the  exception  that  the  addendum  is  made  25 
per  cent  greater  than  that  of  the  gear  tooth.  Also,  the  pitch 
diameter  of  the  cutter  should  be  made  3  inches  for  gears  of 
7  pitch  and  finer,  and  4  inches  for  gears  of  6  pitch  and  coarser. 
The  scale  to  which  this  diagram  is  drawn  should  be  the  same 
as  that  used  for  the  gear  tooth.  The  form  of  the  diagram 
for  the  gear  shaper  cutter  tooth  is  shown  in  Fig.  5. 

Generating-  the  Flank  and  Fillet 

The  flank  and  fillet  of  the  gear  tooth  are  generated  in  a 
different  manner  from  that  used  in  constructing  the  involute 
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Fig.  5.     Diagram  of  Gear  Shaper  Cutter  Tooth 

curve  above  the  base  circle.  The  procedure,  however,  is  sim- 
ple if  the  proper  precautions  are  taken.  It  consists  simply 
in  rolling  the  cutter  tooth  diagram  on  the  diagram  of  the 
gear  tooth,  care  being  taken  to  keep  the  pitch  circles  of  the 
two  diagrams  tangent  to  each  other.  Place  the  diagram,  as 
indicated  in  Fig.  5,  with  the  two  pitch  circles  and  the  two 
involute  curves  tangent  to  each  other;  then,  by  means  of  a 
needle  point,  prick  through  the  tracing  cloth  into  the  draw- 
ing, holding  the  cutter  diagram  in  the  position  indicated.  The 
cutter  tooth  diagram  is  now  located  on  the  starting  point 
from  which  the  flank  and  fillet  are  generated.  To  proceed, 
hold  the  cutter  diagram  in  place  so  that  it  does  not  slip,  and 
move  the  needle  point  from  the  point  of  tangency  of  the 
involute  curve  to  the  place  where  the  two  pitch  circles 
start  to  separate,  moving  it  slightly  to  the  left  of  the  position 
shown  in  Fig.  5.  With  the  needle  point  in  this  position,  swing 
the  tooth  diagram  toward  the  gear  tooth,  and  with  another 
needle  point  prick  through  the  extreme  inward  point  A 
of  the  cutter  tooth.  Continue  this  process  until  the  tooth 
diagram  is  rolled  around  sufficiently  on  the  pitch  circle  of  the 
gear  for  the  point  of  the  tooth  to  pass  the  involute  base  circle 
diameter,  thus  completing  the  flank  and  fillet  of  the  gear  tooth. 
If  the  gear  has  a  small  number  of  teeth  and  the  pressure 
angle  Is  14 Vi  degrees,  the  point  of  the  tooth  will  not  come 
exactly  in  line  with  the  involute  curve  at  the  base  circle,  but 
will  fall  inside  the  curve,  indicating  that  there  is  a  certain 
amount  of  under-cutting  of  the  tooth. 
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The  only  precaution  that  need  be  taken  in  generating  an 
accurate  flank  and  fillet  is  to  draw  the  tooth  diagram  accu- 
rately, having  fine  inked  lines  for  the  pitch  circles  and  in- 
volute tooth  curves  and  using  a  very  fine  needle  point  so  that 
the  various  points  indicating  the  sweep  of  the  cutter  tooth 
will  be  accurately  located.  It  is  also  necessary  to  keep 'the 
cutter  tooth  diagram  from  slipping  on  the  drawing  and  to 
keep  the  two  pitch  circles  tangent  to  each  other,  or  the  curve 
generated  will  not  be  accurate.  If  proper  care  is  taken,  how- 
ever, a  very  accurate  flank  and  fillet  can  be  generated. 

Fig.  6  shows  the  gear  shaper  cutter  tooth  diagram  swung 
around  to  the  point  where  the  point  of  the  cutter  tooth  has 
practically  reached  the  base  circle  diameter.  A  comparison 
of  this  illustration  with  Fig.  5  will  give  a  clear  idea  as  to  how^ 
the  generation  of  the  flank  and  fillet  is  accomplished.  After 
the  cutter  tooth  diagram  is  swung  around  to  the  point  indi- 
cated in  Fig.  6,  the  construction  of  the  flank  and  fillet  is  com- 
pleted. The  only  step  remaining  to  complete  one  side  of  the 
gear  tooth  is  to  connect  the  various  needle  points  on  the  draw- 
ing by  means  of  an  irregular  curve,  as  indicated  in  Fig.  7. 
The  other  side  is  generated  in  a  similar  manner. 

Generating  the  flank  and  fillet  of  a  gear  tooth  produced  by  a 
hob  is  accomplished  by  using  a  diagram  that,  instead  of  hav- 
ing the  outline  of  the  gear  shaper  cutter  tooth  drawn  on  it, 
has  the  outline  of  a  rack  tooth.  The  method  of  generating 
the  lower  part  of  the  tooth  is  the  same  as  that  just  described, 
with  the  one  exception  that  for  small  numbers  of  teeth  the 
hob  tooth  should  be  corrected  for  interference,  this  being 
automatically  taken  care  of  in  the  gear  shaper  cutter. 

*  *  * 
PROPOSED  NEW  BRITISH  PATENT  LAW 
The  president  of  the  Board  of  Trade  of  Great  Britain  has 
introduced  into  the  House  of  Commons  a  bill  to  amend  the 
Patents  and  Designs  Act  of  1907.  The  main  purposes  of  the 
amended  bill  are  stated  to  be  the  prevention  of  abuses  of  the 
monopoly  rights  under  patents,  and  the  securing  of  new  in- 
ventions that  shall,  if  possible,  be  worked  on  a  commercial 
scale  in  the  United  Kingdom  without  undue  delay. 

The  section  in  the  1907  act  which  dealt  with  compulsory 
working  has  been  cancelled  and  in  its  place  there  is  a  new 
section,  according  to  which  any  person  may,  at  any  time,  pre- 
sent a  petition  to  the  comptroller  alleging  that  there  has  been 
abuse  of  the  monopoly  rights  under  the  patent,  and  asking  tor 
relief.  Monopoly  rights  under  a  patent  are  deemed  to  be 
abused  If,  after  the  expiration  of  four  years  from  the  date  of 
the  patent,  a  patented  invention  (being  one  capable  of  being 
worked  in  the  United  Kingdom)  is  not  being  worked  within 
the  United  Kingdom  on  a  commercial  scale,  and  no  satisfac- 
tory reason  Is  given  for  such  non-working.  It  will  also  be  an 
abuse  of  the  monopoly  rights  of  a  patent  If  the  working  of  the 
Invention  on  a  commercial  scale  is  prevented  or  hindered  by 
the  Importation  from  abroad  of  the  patented  article,  either  by 
the  patentee  or  by  Infringers  against  whom  the  patentee  has 
not  brought  action.  It  will  also  be  regarded  as  an  abuse  of 
the  monopoly  rights  of  a  patent  If  the  demand  for  the  patented 
article  Is  not  met  to  an  adequate  extent  and  on  reasonable 
terms;  or  If  the  patentee  refuses  to  grant  licenses  upon  reason- 
able terms;  or  If  any  trade  or  Industry  Is  unfairly  prejudiced 
by  the  conditions  attached  by  the  patentee,  to  the  purchase, 
hire,  or  use  of  the  palt-nted  artlcli-,  or  to  the  using  or  working 
of  the  patented  process.  The  petition  Is  heard  by  the  comp- 
trolfpr,  and  If  ho  Is  satisfied  that  the  allegations  are  true,  ho 
baa  several  alternative  modes  of  dealing  with  the  matter.  For 
Instance,  the  comptr.«ll<r  may  grant  the  petitioner  an  exclusive 
or  a  non  exclusive  license,  or  ho  may  order  the  patent  to  bo 
revoked.  If  the  comptroller  grants  an  oicIuhIvo  llrmBO  to  a 
petitioner,  the  patentee  Is  to  bo  precluded  from  himself  work- 
ing or  using  the  Invonllon,  but  Is  to  bo  protected  In  that  ho 
It  to  sftciirc  the  maximum  royalty  compatible  with  tho  llconsoo 
working  tho  Invention  on  a  commercial  scale  and  at  a  reason 
able  profit,  and  he  Is  also  to  bo  guaranteed  n  inrilmum  yearly 
royalty,  tho  license  to  bo  rovorablo  If  tho  licensee  falls  to  carry 
out  tho  terms  of  the  license.  Tho  now  proposal  a|ipeurs  to 
b«  murh  bettor  and  fairer  both  to  the  patontoo  and  to  tho 
public  than  are  tho  terms  of  the  present  law. 


The  term  of  a  British  patent  is  fourteen  years.  There  have 
been  constant  demands  that  the  term  should  be  lengthened, 
and  it  is  now  proposed  that  British  patents  shall  be  granted 
for  a  term  of  fifteen  years,  thus  bringing  British  practice  into 
line  with  that  of  many  foreign  countries. 

The  proposed  patent  law  also  provides  that  if  one  or  more 
claims  in  a  patent  specification  are  valid,  the  court,  in  an 
action  for  infringement,  may  grant  relief  in  respect  to  the 
infringed  claims  without  affecting  the  validity  of  any  other 
claims  in  the  specification.  Hence  a  patent  will  not  be  invalid, 
as  is  now  the  case,  if  one  single  claim  happens  to  be  invalid, 
but  as  much  of  the  patent  as  is  found  valid  will  be  upheld  and 
remain  in  force. 

Patents  of  addition  are  also  covered  by  the  proposed  law. 
At  the  present  time  a  patent  of  addition  expires  with  the  main 
patent.  This  sometimes  appears  unjust,  as  the  patent  of  addi- 
tion may  protect  valuable  new  inventions.  The  amended  law 
provides  that  if  the  main  patent  expires,  the  patent  of  addition 
shall,  if  a  court  or  the  comptroller  so  orders,  become  an  inde- 
pendent patent,  subject  to  renewal  fees  and  with  a  life  equal 
to  the  unexpired  portion  of  the  patent. 

A  bill  has  also  been  introduced  to  amend  the  Trademark's 
Act  of  1905.  This  bill,  if  passed,  will  effect  material  changes 
in  the  uses  of  American  trademarks  in  Great  Britain,  and  in 
some  instances  will  involve  the  practical  confiscation  of  trade- 
marks and  the  good  will  obtained  through  them.  This  bill 
provides  that  if  the  proprietor  of  a  word-trademark  registered 
after  the  passing  of  the  bill,  by  advertisement  or  otherwise, 
causes  the  general  public  to  make  use  of  the  word  so  registered 
as  the  name  or  general  description  of  an  article  or  type  of 
article,  and  not  as  denoting  an  article  or  type  of  article  specifi- 
cally made  by  the  manufacturer  himself,  the  trademark  shall 
be  removed  by  the  court  from  the  register   of  trademarks. 

It  further  provides  that  at  any  time  after  the  expiration  of 
four  years  from  the  passing  of  the  bill,  any  word-trademark 
registered  before  the  passing  of  the  bill  which  is  generally 
used  by  the  public  as  the  name  or  general  description  of  any 
article,  may  upon  the  application  of  any  person  aggrieved  be 
removed  by  the  court  from  the  register.  It  is  apparent  that 
there  are  a  number  of  trademarks  that  have  gradually  come 
to  refer  to  articles  of  a  general  class,  irrespective  of  who  is 
the  manufacturer,  and  such  trademarks  would  be  invalid  under 
this  act. 


STANDARD  SYMBOLS 
The  Committee  on  Technical  Nomenclature  of  the  Society 
for  the  Promotion  of  Engineering  Education,  consisting  of 
John  T.  Faig,  S.  C.  Earle,  W.  D.  Ennis,  F.  N.  Raymond  and 
Charles  Warren  Hunt,  has  prepared  the  accompanying  tenta- 
tive list  of  symbols  to  be  used  in  works  on  mechanics.  This 
list  was  prepared  through  consultation,  by  means  of  corre- 
spondence, with  a  large  number  of  professors,  editors  and 
engineers  In  the  mechanical  field. 


A  = 


/••  = 
/■ 
U  ' 

II 

II,.   : 


area; 

linear  acceleration; 
breadth ; 
constant; 

distance    of    extreme 
fiber  from  neutral  axis; 
diameter; 
depth; 

Young's     modulus    of 
elnstlclty ; 

eccentricity   of  applica- 
tion of  load; 
hydraulic  oIllcloMcy; 
morhanlcal  efficiency; 
volumetric  edlcloncy; 
force ; 

coofilclent  of  friction; 
acceleration  duo  to  grav- 
ity; 
head ; 

horsopower; 
height: 

rectangular  moment  of 
Inertia; 

roetllclent;   constant; 
radius  of  gyration; 
length ; 


M 

=  moment  of  force  or  sum 

of  moments  of  forces; 

m 

=  mass; 

N 

=  revolutions  per  unit  of 

time; 

0 

=  center  of  rotation; 

P 

-  concentrated  load; 

Q 

—  quantity  of  liquid  flx)w- 

Ing,  In  pounds; 

R 

=  reaction ; 

Hu 

=^  hydraulic  radius; 

r 

=  radius; 

£fi 

—  unit  stress  In  tension; 

.sv 

-^  unit  stress  In  compres- 

sion; 

N. 

==  unit  stress  In  shear; 

» 

^  distance  passed  over; 

r 

>=  torque; 

t 

=^  time; 

V 

^  volume; 

V 

=  linear   volorlly; 

W 

«^  weight    of    a    body,    or 

total  wcdght; 

w 

angular  velocity; 

]l 

defiectlon  of  beam; 

/. 

-  =  modulus  of  section. 
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ONE  does  not  get  a  comprehensive  view  of  the  workmen's 
compensation  acts  unless  a  thorough  study  is  made  of  the 
compensation  laws  enacted  by  each  state  of  the  union. 
An  individual  statute  may  be  taken  as  a  model  and  held  up  for 
purposes  of  illustration,  but  to  really  know  the  law  of  any 
one  state,  that  law  must  be  compared  with  the  laws  of  other 
states.  The  compensation  acts  of  the  different  states  are  mod- 
eled quite  generally  after  the  English  act  of  1906.  The  later 
American  laws  had  the  benefit  of  the  experience  of  sister  states, 
with  the  result  that  some  of  these  laws  are,  in  the  words  of 
the  Iowa  industrial  commissioner,  "the  product  of  the  shears 
rather  than  of  the  pen."  Because  of  this  use  of  the  shears, 
many  flaws  have  crept  in  which  have  quite  seriously  discrim- 
inated against  the  rights  of  workmen  and  have  unconsciously 
operated  to  the  gain  of  the  employers. 

Compensation  is  based  upon  the  principle  that  it  is  funda- 
mental justice  that  if  a  man  is  injured  while  engaged  in  the 
production  of  wealth  for  society,  society  should  share  the  loss. 
This  principle  is  so  well  grounded  in  common  sense  and  fair 
play  that  it  became  strong  enough  to  overturn  the  ancient 
common-law  rules  for  the  treatment  of  injuries  and  the  ad- 
justment of  the  rights  of  master  and  servant.  No  more  revo- 
lutionary or  drastic  legislation  was  ever  enacted,  and  at  the 
same  time  was  so  universally  upheld  by  the  courts.  Such  legis- 
lation, from  a  legal  standpoint,  would  have  been  impossible  a 
half  century  ago.  It  was  modern  industrialism  that  paved 
the  way,  and  it  was  the  increasing  interest  of  the  world  in 
this  game  of  industrial  achievement  that  eased  the  minds  of 
the  masses  and  created  the  popular  demand  so  necessary  to  a 
reform  movement. 

While  there  is  some  difference  in  the  industrial  situation 
of  the  different  states,  there  seems  to  be  no  valid  reason  for 
so  great  a  difference  in  the  actual  working  out  of  the  respec- 
tive statutes.  The  principle  underlying  the  compensation  laws 
is  the  same  everywhere.  Because  of  constitutional  objections, 
the  acts  are  largely  optional;  that  is,  an  employer  may  come 
under  the  provisions  of  the  law  at  his  pleasure  or  he  may 
reject  the  terms  of  the  law  and  run  the  risk  of  common-law 
action  for  damages.  The  acts  have,  however,  attempted  to 
save  the  employer  from  common-law  liability  where  he  has 
elected  to  accept  the  law,  and  have  taken  from  the  workman 
the  right  to  bring  suit  at  all.     In  cases  where  the  employer 

TABLE    1.    SCHEDULE  OF  RATES  PROVIDED  BY  WORKMEN'S 
COMPENSATION  ACTS 


state  of  Wickly 

Wbkc- 

Massachusetts   66} 

New  York 66? 

Ohio   66S 

California   65 

Wisconsin  65 

Kentucky   65 

Texas  60 

Indiana    55 

Ontario    65 

Arizona    50 

Colorado    50 

Connecticut  50 

Illinois 50 

Iowa  50 

Louisiana   60 

Maine 60 

Marylond    60 

Michigan 60 


state  of  Weekly 

WaKe 

Minnesota 50 

Montana    50 

Nebraska    50 

Nevada    50 

New  Hampshire 50 

New   Jersey 50 

Oklahoma   50 

Pennsylvania    50 

Rhode  Island 50 

Vermont    50 

West  Virginia 50 

Oregon,    $30    to    J60    per 

month   maximum 60 

Wnahlngton,    ?15    to    J35 

per  month  maximum..   60 
Wyoming,  $15  to  $35  per 

month 
Kansas    25  to  50 


elects  to  reject  the  law,  the  nct.s  have  talicn  from  hlni  hl.s  old 
common-law  doFcnscs  of  contributory  nogllKoiico,  assumption 
of  risk,  and  the  so-called  fellow-servant  doctrine.  The  rlTect 
of  this  action  Is  that  the  employer's  hands  are  virtually  tied 

~  'Adrlroiii:    Hin   258,   Don  MolmMtTlown 


SO  that  he  has  no  means  of  defending  himself  in  a  common- 
law  suit  for  damages.  The  tendency  has  been  to  make 
the  way  of  the  employe  easy  and  that  of  the  employer  hard. 
There  can  be  no  doubt  of  the  wisdom  of  the  attempt  to  take 
disputes  between  employers  and  employes  out  of  the  courts. 
Litigation  under  the  old  order  was  not  very  fruitful  of  results 
for  the  injured  workman,  and  in  the  few  cases  where  recovery 
was  had  they  were  generally  grossly  unjust  to  the  employer. 
One  man  might  win  $30,000  for  the  loss  of  a  leg,  while  dozens 

TABLE  2.    LENGTH  OP  PERIOD  BEFORE  COMPENSATION 
BEGINS 


Weeks 

Arizona   2 

California   2 

Colorado    3 

Connecticut  10  days 

Illinois    1 

Indiana    2 

Iowa'    2 

Kansas    2 

Louisiana    1 

Maine    2 

Maryland    2 

Massachusetts    10  days 

Michigan    2 

Minnesota    1 

Montana    2 

Nebraska    2 


Weeta 

Nevada  2 

New    Hampshire 2 

New  Jersey 2 

New  York 2 

Ohio   1 

Oklahoma    2 

Ontario    1 

Oregon    None 

Pennsylvania    2 

Rhode  Island 2 

Texas   1 

Vermont    2 

Washington    None 

West  Virginia 1 

Wisconsin  1 

Wyoming    10  days 

Machinery 


Mth,   ststh 


nth  weeks  of  incapacity 


of  others  became  public  charges  and  died  in  almshouses.  The 
common-law  theory  of  damages  was  based  upon  the  theory 
of  fault.  Locate  the  fault  for  the  injury  and  the  law  would 
then  assess  damages  against  the  offending  party.  But  our 
complex  industrial  system  was  fast  making  a  farce  of  this 
old  and  tried  legal  principle.  Justice  Brandeis,  in  his  dissent- 
ing opinion  in  the  case  of  the  New  York  Central  Railroad  Co. 
versus  Winfield,  very  ably  states  the  matter  in  the  following 
words: 

In  the  effort  to  remove  abuses,  a  study  had  been  made  of 
facts,  and  of  the  world's  experience  in  dealing  with  indus- 
trial accidents.     That  study  uncovered  as  fiction  many  an 
assumption  upon  which  American  judges  and  lawyers  hart 
rested    comfortably.      The    conviction    became    widespread 
that  our  individualistic  conception  of  rights  and  liability 
no  longer  furnished  an  adequate  basis  for  dealing  with  acci- 
dents in  industry.    It  was  seen  that  no  system  of  indemnity 
dependent  upon  fault  on  the  employer's  part  could  meet  the 
situation,  even  If  the  law  were  perfected  and  its  adminis- 
tration made  exemplary.     For,  in  probably  a  majority  of 
cases   of   injury,    there   was   no   assignable    fault;    and    in 
many  more  it  must  be  Impossible  of  proof.     It  was  urged: 
Attention  should  be  directed,  not  to  the  employer's  fault, 
but  to  the  employe's  misfortune.    Compensation  should  be 
general,  not  sporadic;  certain,  not  conjectural;  speedy,  not 
delayed;  definite  as  to  amount  and  as  to  time  of  payment; 
and  so  distributed  over  long  periods  as  to  insure  actual  pro- 
tection against  lost  or  lessened  earning  capacity. 
While   these   statements  are  equally   applicable   to   all   the 
states,  a  vast  difference  in  their  statutes  exists.     It  Is  worth 
16  2/3   per   cent   more   per   week    of   his   average   wage   for   a 
workman   to   bo   injured   in   Massachusetts   than   In   Iowa.     A 
workman  in  Indiana  receives  55  per  cent  of  his  average  weekly 
wages,  while  across  tlie  Ohio  River  in  Kentucky  he  would  re- 
cnivo    10    per   cent   moro.     A    workman    Injured    In   Michigan 
would  receive  50  per  cent  of  his  average  weekly  woge,  while 
If  ho  were  hurt  In  Wisconsin,  he  would   receive  15  per  cent 
more,  or  65  per  cent.     Table  1   shows  the  percentage  of  his 
weekly  wage  recovered  by  a  workman  for  all  Injuries  suffered 
by  accident  arising  out  of  and  In  the  course  of  the  employ- 
ment.    For   Instance,   If  a  workman  earns  twelve   dollars  a 
week,  his  weekly  payment  In  Illinois  will  bo  six  dollars,  while 
In  New  York  It  will  he  eight  dollars. 
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Length  of  Period  before  Compensation  Begrins 
Compensation  does  not,  however,  start  as  soon  as  a  work- 
man is  injured,  or  even  from  the  date  of  incapacity.  The 
acts  have  quite  generally  provided  a  "waiting  period"  for  the 
employer's  protection  against  workmen  who  »vould  rather 
feign  than  work.  As  a  result,  compensation  does  not  com- 
mence to  run  until  a  certain  date  after  the  date  of  incapacity. 
The  waiting  period  does  not  date  from  the  time  of  injury 
unless  the  incapacity  started  at  the  same  time.  This  distinc- 
tion between  the  date  of  injury  and  the  date  of  incapacity 
should  be  kept  in  mind,  for  a  man  may  be  injured  long  before 
he  Is  incapacitated  so  that  he  cannot  do  his  usual  work.  Take, 
for  instance,  a  mar  who  receives  a  scratch  on  his  hand.    He 

TABLE  3.    MBBICAL  AID  PROVIDED  BY  WOBBaiBN'S 
COMPENSATION  ACTS 


HtetA  length    of 

"""  Period 

Arizona None 

California  90  days 

Colorado   (|100)...  30  days 

Connecticut    30  days 

Illinois  ($200) 8   weeks 

Indiana   30  days 

Iowa   ($100) 4   weeks 

Kansas None 

Louisiana  ($150) . .  2  weeks 

Maine  ($30) 2   weeks 

Maryland    ($150).. 
Massachusetts  —  no 

limit 

Michigan    3   weeks 

Minnesota   ($200)..  90  days 

Montana    ($50) 2   weeks 

Nebraska  ($200)...  21  days 


8'«'«  '■"pfSxi"' 

Nevada   4  months 

New  Hampshire...  None 

New  Jersey   ($50) .  2   weeks 

New  York 60  days 

Ohio    ($200) 

Oklahoma   15  days 

Ontario    None 

Oregon    ($250) 

Pennsylvania  ($75) 

Rhode   Island 2  weeks 

Texas   2  weeks 

Vermont   ($75) 1  week 

Washington    2  weeks 

W.  Virginia  ($150)  None 

Wisconsin  90  days 

Wyoming   None 

Machinerj/ 


may  be  apparently  well  for  two  or  three  weeks,  when  blood 
poisoning  will  set  in  and  incapacity  result. 

It  Is  a  rule  that  not  more  than  one  waiting  period  can  be 
deducted  from  the  amount  of  time  lost  by  a  workman.  In 
many  Instances,  workmen  will  be  incapacitated  one  week  after 
the  waiting  period,  will  return  to  work  for  a  day  or  two, 
suffer  a  relapse  for  a  week  or  so,  and  return  to  work  again. 
Oftentimes  a  workman  will  make  several  attempts  to  return 
to  work  when  he  is  not  in  physical  condition  to  do  so. 

Table  2  shows  the  waiting  periods  in  the  various  Jurisdic- 
tions In  America.  The  Iowa  statute  is  unique  In  respect  to 
this  provision.  While  it  follows  the  beaten  path  and  provides 
for  a  waiting  period  of  two  weeks  during  Incapacity  from 
earning  full  wages,  It  reimburses  the  workman  in  case  his 
incapacity  extends  to  the  fifth,  sixth  and  seventh  weeks  by 
providing  that  one-third  of  two  weeks'  compensation  be  paid 
him  during  those  weeks  In  addition  to  the  regular  compensa- 
tion. In  this  way  all  the  advantages  of  a  waiting  period  are 
secured,  and.  In  aggravated  cases,  the  workman  is  not  deprived 
of  two  weeks'  compensation. 

Workmen  are  often  Inclined  to  feel  that  the  compensation 
acts  were  designed  to  favor  the  employer  and  to  discriminate 
against  them.  Perhaps  this  feeling  Is  never  so  noticeable  as 
when  they  realize  that  there  Is  a  waiting  period  during  which 
they  cannot  receive  any  compensation  at  all.  Workmen  who 
(Ind  themsolvffl  Incapaollatfid  and  destitute  are  well-nigh  des- 
perate when  thoy  must  face  a  waiting  period  ranging  from 
ton  days  to  three  weeks  In  length.  Those  who  feci  this  way, 
however,  have  lost  sight  of  the  underlying  principle  of  com- 
pensatlon,  namely,  that  the  bcIb  do  not  sock  to  provide  duiii 
BIOS  or  Indemnity,  but  to  share  the  loss  of  wages  through 
the  ledsencd  or  lost  earning  power  of  the  Injured  man.  I'or- 
haps  the  most  fruitful  source  of  dlsagrei-mont  In  componHatlon 
practice  Is  duo  to  a  mlsunderstandliiK  of  llio  purpose  of  the 
acts.  The  r.ld  common  law  thoorlos  of  damago  are  iilinont  aH 
firmly  Implanlod  In  the  minds  of  the  workninn  an  Ihvy  aro  In 
Iho  mind  of  the  old  fa«hlon«d  lawyer.  It  In  hard  to  porsuiulf 
thnso  people  that  the  "old  order  changoth"  and  to  mnku  llioin 
■o«  th«i  light.  Hut.  undor  Iho  old  nynloin.  tho  workman  wan 
In  a  sorry  plight.  When  ho  bornmo  Inonpa'-iinli'd,  his  Inronic 
•topped  and  he  had  slight  hope  of  rolmburscnnnnt,  evnn 
through  the  aid  of  tho  courts  Tho  •vorngo  walling  pcrl>"l 
under  tho  acts  Is  two  wooka.     This  nioatm  (hat  In  tho  gri'iit 


majority  of  jurisdictions  the  compensation  will  start  to  run 
on  the  fifteenth  day  of  incapacity  and  that  the  workman  will 
receive  his  first  compensation  at  the  end  of  the  third  week. 

Medical  Aid  Provided  by  Employer 

In  addition  to  the  compensation  provided  for,  the  acts  also 
provide  that  the  employer  shall  furnish  reasonable  medical, 
surgical  and  hospital  aid  to  the  workman  within  certain  limits. 
The  extent  of  time  during  which  this  aid  is  to  run  varies 
greatly  in  the  different  states.  Limitation  is  usually  placed 
upon  the  amount  to  be  expended,  as  shown  by  Table  3.  It  will 
be  noted,  however,  that  the  aid  provided  runs,  in  the  majority 
of  cases,  through  the  entire  waiting  period  at  least,  so  that 
the  workman  need  not  be  troubled  with  medical  bills  or  the 
dread  of  them  during  the  time  that  he  is  not  receiving 
compensation. 

The  provision  for  the  pajTnent  of  medical  aid  Is  of  great 
advantage  to  the  average  workman.  It  insures  competent  med- 
ical attention  at  a  time  when  it  is  greatly  in  demand.  Further 
than  that.  It  secures  this  attention  at  a  time  when,  under 
ordinary  circumstances,  no  attention  would  be  given  at  all 
if  the  workman  were  paying  the  bills  himself.  The  result  is 
that  the  workman  is  back  at  work  as  soon  as  the  medical  pro- 
fession can  remedy  his  injuries.  It  means  a  conservation  of 
our  industrial  forces  and  a  preservation  of  life  and  limb,  which 
was  not  possible  under  the  old  common-law  or  employer's  lia- 
bility systems  of  treating  these  cases. 

Then  there  is  another  feature  which  cannot  be  emphasized 
too  strongly.  The  acts  generally  provide  that  the  employer 
shall  have  the  right  to  designate  what  physician  the  injured 
workman  shall  consult  during  the  time  that  the  employer  is 
required  to  pay  the  bill.  Workmen  often  make  strenuous  ob- 
jection to  this  provision  of  law,  but  if  they  really  understood 
it  they  would  see  that  it  was  to  their  own  advantage.  Inex- 
perienced workmen  often  do  not  exercise  good  Judgment  in 
selecting  their  own  physicians.  Oftentimes  they  consult 
quacks,  fakirs  and  other  unscrupulous  shysters.  They  are 
quick  to  adopt  doubtful  remedies  and  are  easily  imposed  upon 
by  the  shyster  fraternity.  In  the  end  they  find  themselves 
stripped  of  the  amount  of  money  set  aside  for  medical  aid 
and  they  do  not  have  competent  care.  On  the  other  hand,  the 
employer  is  anxious  to  provide  competent  medical  attention 
because  he  wants  the  injured  man  cured  and  back  at  work. 
As  long  as  a  workman  is  incapacitated,  he  is  a  burden  upon 
industry;  as  soon  as  he  returns  to  work,  he  will  earn  more 
money  and  will  not  be  a  burden  to  industry. 

Amount  of  Compensation  Allowed 

The  amount  of  compensation  allowed  In  the  various  states 
is  limited  by  the  express  wording  of  the  statutes.    A  certain 

TABLE  4.    MINIMUM  AND  MAXIMUM  WEEKLY   PAYMENTS 
ALLOWED  BY  WORKMEN'S  COMPENSATION  ACTS 


Amount  of  Payment 

'*'»'"  Mln.  Max, 

Arizona    

(California   $4.16  $20.83 

Colorado    5,00  8,00 

Connecticut    ,  .  .  5,00  10,00 

Illinois    6,00  12,00 

Indiana     5,50  13,20 

Iowa 6,00  15.00 

Kansas    6,00  15,00 

Louisiana    3,00  10,00 

Maine    4,00  10.00 

Maryland    5,00  12.00 

MaHHachUHOttK  .,  4.00  1000 

Michigan   4,00  10,00 

MinnoHota 0,50  11,00 

Montana   6  00  10,00 

Nebraska 5,00  10  00 

Nevada'    20.00  6000 


.Stntu 

\moiint  o 
Mill. 

f  Fayment 
Mu. 

New  Hampshire 



New    Jersey.... 

$5.00 

$15.00 

New  York 

5,00 

16.00 

Ohio    

5.00 
6,00 

12.00 
10,00 

Oklahoma   

Ontario    

21.16 

Oregon'    

50.00 

I'oniiHylvanltt  . . 

5,00 

10.00 

Uhodo   Island .  .. 

4,00 

10.00 

'POXHH     

5,00 

15.00 

Vermont   

3.00 

12,00 

WiiHlilngtoii'    .  .. 

35,00 

WcHt  Virginia.. 

5.00 

JOOO 

WlHconHin     

4.69 

9,37 

6.25' 

K..63' 

WyiiiiiliiK    

liUi 


minimum  and  maximum  Is  sot  and  all  compoMHatlon  paymonls 
tniiHt  raiiRO  botwoiin  lh«!HO  limKa,  HpiMiking  broiully,  llm  pur- 
poHd  of  tint  aclH  In  to  make  a  payment  to  tho  workman  grad- 
uatdd  according  to  his  earning  power,  within  curtain  llmlta 
Mnn*.     In  New  Jorsoy,  for  Instancn,  a  workman   will  roceivr 
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50  per  cent  of  his  wages,  but  the  compensation  must  not  ex- 
ceed fifteen  dollars  a  week  nor  be  less  than  five  dollars.  In 
Arizona,  New  Hampshire  and  Wyoming  there  are  no  minimum 
or  maximum  amounts.  Some  of  the  states,  such  as  Nevada 
and  Washington,  base  the  limitation  upon  the  amount  to  be 
paid  per  month,  while  the  remainder  of  the  states  express  the 
minimum  and  maximum  payments  in  terms  of  weekly  pay- 
ments.   Table  4  shows  the  limitation  of  payments  fixed  by  law. 

Future  of  Compensation  Acts 

Compensation,  while  comparatively  new  in  this  country,  has 
withstood  the  most  severe  shocks  of  changing  industrial  con- 
ditions. It  is  about  to  be  put  to  a  new  test,  namely,  the  war 
test — the  fiercest  and  most  unrelenting  test  that  can  come  to 
any  legislation.  If  it  withstands  the  shock  of  war,  the  com- 
pensation system  will  be  assured  to  future  generations.  While 
this  is  of  untold  importance,  it  is  not  nearly  so  essential  as 
to  preserve  the  system  for  the  benefit  of  the  working  classes 
during  the  trials  that  are  bound  to  come  in  the  next  three  to 
five  years.  A  tremendous  strain  is  put  upon  the  industries 
of  this  country  by  the  war.  Every  effort  is  being  made  to 
increase  production,  to  speed  up  every  department  of  human 
activity,  and  to  make  prompt  deliveries.  All  this  means  that 
an  unusual  number  of  accidents  are  bound  to  occur  at  a  time 
when  they  will  be  doubly  costly.  Increased  accidents  will  mean 
an  increased  loss  In  life  and  limb  and  an  increased  insurance 
rate  to  provide  compensation  for  these  unfortunates.  All  of 
which  means  that  industry  will  be  taxed  with  a  heavier  burden 
In  respect  to  compensation  than  is  usually  the  case. 

Employers  and  workmen  are  beginning  to  study  the  com- 
pensation laws  as  they  never  did  before.  Workmen  are  look- 
ing to  them  as  a  possible  haven  in  case  misfortune  should 
overtake  them,  while  employers  are  making  closer  calculations 
as  to  the  burdens  that  they  will  likely  be  called  upon  to  bear. 
In  this  study  of  the  acts,  no  better  thought  could  be  kept  in 
mind  than  that  expressed  by  Justice  Pitney  in  the  case  of 
White  versus  New  York  Central  Railroad  Co.: 

Compensation  under  the  act  is  not  regulated  by  the  meas- 
ure of  damages  applied  in  negligence  suits,  but,  in  addition 
to  providing  medical,  surgical,  or  like  treatment,  It  is  based 
solely  on  loss  of  earning  power,  being  graduated  according 
to  the  average  weekly  wages  of  the  injured  employe  and 
the  character  and  duration  of  the  disability,  whether  par- 
tial or  total,  temporary  or  permanent. 

*  *  * 
PROGRAM  OF  WAR  LABOR  ADMINISTRATION 
Secretary  of  Labor  Wilson  denies  that  there  is  any  real 
labor  shortage  in  this  country,  and  says  that  the  scarcity  of 
workers  in  some  places  Is  due  entirely  to  the  improper  distri- 
bution of  the  men  and  women  available.  As  a  means  of 
remedying  this  condition,  the  plan  suggested  by  the  Council 
of  National  Defense  has  been  adopted.  This  provides  for  the 
establishment  of  the  following  six  agencies: 

1.  A  means  of  furnishing  an  adequate  and  stable  supply  of 
labor  to  war  Industries.  This  will  include  a  satisfactory  sys- 
tem of  labor  exchanges;  a  satisfactory  method  and  adminis- 
tration of  training  of  workers;  an  agency  for  determining 
priorities  of  labor  demand;  agencies  for  dilution  of  skilled 
labor  as  and  when  needed. 

2.  Machinery  for  the  Immediate  and  equitable  adjustment 
of  disputes  In  accordance  with  principles  to  be  agreed  upon 
between  labor  and  capital  and  without  stoppage  of  work. 

3.  Machinery  for  safeguarding  conditions  of  labor  In  the 
production  of  war  essentials;  this  will  Include  Industrial 
hygiene,  safety,  woman  and  child  labor,  etc. 

4.  Machinery  for  safeguarding  conditions  of  living.  Includ- 
ing housing,  transportation,  etc. 

5.  Fact-gathering  body  to  assemble  and  present  data,  col- 
lected through  various  existing  governmental  agencies  or  by 
Independent  research,  to  furnish  the  Information  necessary  for 
effective  executive  action. 

6.  Information  and  education  division,  which  has  the  func- 
tions of  developing  sound  public  sentiment,  securing  an  ex- 
change of  Information  between  departments  of  labor  adminis- 
tration, and  promotion  In  Industrial  plants  of  local  machinery 
helpful  In  carrying  out  the  national  labor  program. 

Some  of  thnae  agencies  are  already  In  existence  and  for 
several  months  the  Labor  Department  has  been  quietly  pro- 
paring  for  Its  employment  work.  It  Is  now  covering  the  entire 
continent  with  a  network  of  labor  exchanges  and  Is  utilizing 


the  facilities  of  state  and  municipal  employment  offices  and 
the  facilities  of  the  various  state  councils  of  defense.  Already 
more  than  two  hundred  exchanges  are  in  operation  and  fifty 
more  are  to  be  opened  immediately.  The  department  estimates 
that  it  must  furnish,  within  the  next  six  months,  1,000,000 
workers  for  agriculture,  400,000  for  shipbuilding,  1,000,000  to 
man  the  ships,  250,000  for  transportation,  and  250,000  for 
munition  manufacture.  Other  war  industries  will  demand  a 
similar  number  of  workers. 

John  Lind,  former  governor  of  Minnesota,  has  been  made 
chairman  of  the  Advisory  Council  that  will  assist  in  the  carry- 
ing out  of  this  program.  The  other  members  are:  Waddill 
Catching,  president  of  the  Sloss-ShefBeld  Steel  &  Iron  Co., 
Birmingham,  Ala.,  and  A.  A.  Landon,  general  manager  of  the 
American  Radiator  Co.,  to  represent  the  employers;  John  B. 
Lennon,  of  Illinois,  and  John  J.  Casey,  of  Pennsylvania,  to 
represent  the  employes;  Dr.  L.  C.  Marshall,  of  the  University 
of  Chicago;  and  Agnes  Nestor,  of  Chicago. 

*     *     * 

MILLING  MACHINE  ATTACHMENT  FOR  FAC- 
ING FEED  NUT  ABUTMENTS 
In  the  manufacture  of  milling  machines  of  the  knee  type 
it  is  necessary  to  provide  some  means  for  facing  off  the  abut- 
ments that  hold  the  table  feed  nut  in  position  in  the  saddle. 
These  abutments  are  cast  integral  with  the  saddle,  and  the 
problem  is  to  machine  them  square  with  the  axis  of  the  screw 


Kempsmith  Sp«oUl  MUlln(  Attaohment  for  facing  off  Food  Nut  Abutment* 

and  to  a  specified  width.  A  common  method  of  machining 
them  Is  to  employ  a  boring-bar  with  a  facing  attachment.  The 
boring-bar  Is  used  to  bore  the  hole  and  face  the  ends  at  the 
same  setting.  However,  this  Is  a  slow  and  rather  unsatisfac- 
tory device  for  the  purpose,  being  unsuited  to  straight  manu- 
facturing. Moreover,  It  makes  necessary  the  use  of  a  lathe 
or  similar  machine  tool  that  requires  considerable  floor  space 
The  Illustration  shows  a  milling  machine  fixture  used  by  the 
Kempsmith  Mfg.  Co.,  of  Milwaukee,  Wis.,  for  facing  the  abut- 
ments on  the  saddle  of  the  Kempsmith  machine.  The  attach- 
ment consists  of  a  bracket  mounted  on  the  over-arm  that  car- 
ries at  the  lower  end  a  short  spindle,  on  which  are  mounted 
two  milling  cutters,  one  at  each  end.  This  spindle  Is  driven 
by  a  train  of  gears  from  the  main  spindle.  The  cutters  ari> 
set  with  their  faces  the  distance  apart  required  for  the  length 
of  the  nut  that  fits  between  the  abutments,  and  the  saddle  Is 
fed  upward  until  the  cutlers  are  sunk  to  the  required  depth. 
The  attnrlinienl  Is  also  used  for  facing  the  outer  ends  of  the 
abutments. 
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F  the  many  parts 
that  make  up  a 
time  fuse,  the 
brass  timing  ring,  a 
typical  example  ot 
which  is  shown  in  Fig. 
1,  proved  one  of  the 
most  difficult  to  manu- 
facture on  account  of 
the  accuracy  required 
in  the  machining  of  the 
powder  train  groove  A. 
When  the  first  contracts  for  time  fuses  were  given  out  in  this 
country  at  the  beginning  of  the  war,  there  were  no  machines 
on  the  market  that  were  especially  designed  for  this  class  of 
work,  so  it  was  necessary  for  each  manufacturer  to  adopt  such 
machines  as  came  nearest  to  the  requirements  and  could  be 
purchased  in  the  open  market  or  design  and  build  his  own, 
and  in  either  case  it  was  a  matter  of  experiment.  To  some  it 
looked  like  a  simple  proposition,  and  machinery  in  quantity 
was  purchased  that  was  thought  suitable  but  had  not  been  first 
tried   out.     Results   were   anything   but   satisfactory    from   a 


Type  80  Time   Fuse   Bing 


became  a  serious  matter  when  side  thrust  was  applied.  It  was 
also  found  that  every  change  of  temperature,  such  as  would 
occur  from  the  high  spindle  speeds  and  the  heat  of  the  cut, 
transmitted  to  the  surrounding  metal  was  sufficient  to  affect 
the  setting  of  the  machine  and  produce  spoiled  work. 

There  was  a  special  machine  on  the  market  having  a  ball 
bearing  spindle  very  little  different  and  no  stronger  than  the 
average  drill  spindle.  The  stops  which  controlled  the  length 
of  the  groove  were  inconveniently  placed  and  entailed  con- 
siderable trouble  in  setting.  The  work-table  had  bearings  that 
were  hard  to  adjust  and  constantly  out  of  adjustment.  Alto- 
gether the  drilling  machines  before  described  were  more  satis- 
factory than  this  machine,  which  was  soon  abandoned  by  the 
manufacturer  and  the  user  as  far  as  possible. 

Next  came  a  horizontal  type  of  machine,  also  having  a  ball 
bearing  spindle.  With  the  work  and  cutters  running  dry  and 
with  a  low  production  of  thirty  or  forty  rings  per  hour,  these 
machines  gave  fair  satisfaction,  but  as  soon  as  it  was  at- 
tempted to  speed  them  up  and  oil  or  compound  was  used  to 
keep  the  cutter  cool,  the  fine  brass  chips  would  work  back 
into  the  spindle  ball  bearings,  in  spite  of  felt  washers  or  other 
means  provided  to  keep  them  out,   and  in  a  short  time  the 


Fig.    2.     Uacbino   for   routing   Powder   Groove 


productive  point  of  view,  and  In  the  majority  of  cases  the 
manufacturers,  instead  of  looking  around  for  better  means  of 
producing  the  parts  and  discarding  what  was  obviously  in- 
efllclent  ma'^hlnery,  struggled  along,  spending  a  great  deal  of 
money  In  making  changes  in  the  various  parts,  which  in  some 
Instances  amounted  to  practically  as  much  as  the  original  cost 
of  the  machine,  and  more  than  would  have  been  required  to 
design  and  build  entirely  new  and  efficient  machines. 

One  of  the  manufacturers  on  the  early  contracts  adopted 
blgh-speed  drilling  machines  to  which  had  been  fitted  suitable 
rotating  and  chucking  equipment.  These  machines  were  used 
for  taking  a  light  flnlsh  cut,  the  groove  having  been  prevl- 
ouHly  roughed  out  on  a  special  machine,  using  a  circular  cutter 
InRtcad  of  an  end-mill.  When  the  machines  were  put  Into  use. 
trouble  dovflopeil  In  the  ball  bearings  that  carrlfd  tlie  lower 
or  cutter  <:n(l  of  the  spindles,  due  to  the  unusual  side  tlirust 
to  which  those  machlnt-H  were  suhjcctod.  The  hall  bearings 
wore  replaced  by  solid  bronzo  bearings,  and  hardoned  and 
ground  Hplndles  were  used.  After  tho  iplndio  troubln  had  boon 
reduced  to  a  minimum.  It  was  found  that  tho  marhlnc-s  Inrknd 
rigidity,  the  groat  amount  of  ovorhnng  In  all  tlin  piirtM,  the 
large  numbor  of  gibs,  slides,  ctr..  nil  contributing  to  this  rtin- 
dltlon.  While  this  was  of  little  account  In  a  drltting  mai'lilnn 
In  which  the  thrust  Is  all  In  a  vertical  or  end  dlrctlnn.  It 


ball  bearings  were  ruined.  Replacing  the  ball  bearings  in  the 
front  end  of  the  spindle  housing  with  solid  cast-iron  or  bronze 
bearings,  and  substituting  a  hardened  and  ground  spindle  with 
double  taper  bearing  surfaces  such  as  are  used  in  high-grade 
bench  lathe  spindles  solved  the  spindle  trouble.  But  the  ma- 
chine was  still  handicapped  by  inconvenient  stops  and  chuck- 
ing arrangements,  and  also  by  an  elaborate  overhanging  spin- 
dle or  chuck-drlvlng  mechanism.  As  an  illustration  of  their 
Inconvenience,  It  may  be  mentioned  that  tho  operators  usually 
kept  a  piece  of  wood  handy  to  use  as  a  mnllot  or  plnch-bar 
for  operating  the  chuck  and  stops.  Fifty  to  sixty  rings  per 
hour  was  tho  production  of  these  machines,  as  attempts  to 
produce  more  usually  led  to  considerable  trouble  and  loss  of 
time  from  adju.stnionts  and  repairs.  Another  machine  that 
was  put  on  the  iiiiirltot  might  have  boon  a  success  but  for  Its 
work  and  cutler  chucking  arrangements.     Tho  cuttor-splndle 
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was  of  good  design,  except  possibly  a  little  heavier  than  neces- 
sary. The  chuck  which  held  the  cutter,  however,  could  not  be 
depended  upon  to  hold  the  cutter  true,  while  the  chuck  for 
holding  the  work  was  not  satisfactory.  Nevertheless  the  ma- 
chine was  of  rigid  construction,  and  when  the  cutter  ran  true, 
produced  good  work.  As  a  matter  of  fact,  one  Canadian  con- 
cern, after  remaking  the  machine  as  regards  the  chucking  ar- 
rangements, obtained  very  good  results. 

In  view  of  the  foregoing,  and  with  full  knowledge  and  ex- 
perience with  the  various  methods,  the  machine  shown  in 
Fig.  2  was  designed.  It  is  essentially  a  single-purpose  machine, 
built  with  rigidity,  accuracy  and  durability  as  a  basis  of  a 
continuous  and  uniform  product,  and  for  speed  and  con- 
venience of  operation  and  adjustment,  so  that  the  maximum 
production  would  be  obtained.  The  problems  presented  were 
simply  these:  the  rapid,  accurate,  and  secure  chucking  of  the 
time  fuse  ring;  the  accurate  and  positive  chucking  of  a  suit- 
able cutter;  a  spindle  for  carrying  the  cutter  and  its  chuck 
which  would  be  so  stiff  that  it  would  not  spring  out  of  line 
due  to  the  side  thrust  of  the  work,  and  having  suitable  bear- 
ings so  that  it  could  be  run  continuously  at  a  speed  of  from 
6000  to  7000  revolutions  per  minute;  a  spindle  for  carrying 
the  work  and  its  chuck,  and  having  means  of  rotating  it 
slowly  at  given  speeds  as  determined  by  the  ability  of  the 
cutter  to  remove  metal;  a  suitable  starting  and  stopping 
device  to  control  the  lengths  of  the  cuts;  and  means  of  ad- 
vancing the  cutter  to  the  work,  stops  for  depth  of  cut  and 
adjustments  for  position  or  diameter  of  cut. 

The  illustration  shows  the  principal  details  of  construction 
in  section.  A  finished  time  fuse  ring  A  is  shown  mounted  on 
the  expansion  chuck  B.  The 
construction  of  this  chuck  is 
better  shown  in  Fig.  3.  It 
consists  of  a  body  A  of  tool 
steel,  hardened  and  ground, 
an  expanding  mandrel  B  and 
the  three  expanding  Jaws  C, 
hardened  and  ground.  Man- 
drel B  is  lapped  to  a  good  slid- 
ing fit  in  A.  The  Jaws  are 
held  in  the  body  of  the  chuck 
by  three  pins  D  that  are 
driven  into  the  chuck  body 
but  are  a  free  fit  in  the  jaws. 
The  expanding  mandrel  passes 
through  the  Jaws,  has  a  bear- 
ing at  both  ends  of  the  chuck 
body  and  is  kept  from  turn-  ^'»'  «■    C'""^''  f"  '"'"'"s 

ing  by  the  key  E,  which  Is  driven  through  the  chuck  body 
and  engages  with  a  keyway  cut  at  the  end  of  mandrel  B. 
The  assembled  chuck  is  fitted  into  a  taper  in  the  front  end 
of  the  work-spindle  C,  Fig.  2.  The  chuck  is  opened  and  closed 
by  means  of  the  hand-lever  D,  which  operates  the  slide  E 
and  the  spool  F,  which,  in  turn,  acting  through  the  fingers  O 
and  the  nut  //,  draw  back  the  rod  /  and  also  the  expanding 
mandrel  J,  to  which  rod  /  Is  attached.  To  make  sure  that  the 
chuck  releases  properly  when  the  hand-lever  D  is  pulled  in 
the  opposite  direction,  carrying  the  spool  /•'  with  it,  the  spool 
strikes  the  pins  K.  which  project  through  slots  in  the  work- 
spindle.  These  pins  engage  with  a  groove  turned  In  the  draw- 
rod,  so  that  the  spool,  striking  against  them,  Is  sure  to  push 
rod  /  forward,  which,  in  turn,  will  force  the  expanding  man- 
drel out  a  slight  distance  so  that  the  chuck  Jaws  will  close 
and  release  the  work. 

The  work-splndle  Is  rotated  by  means  of  a  worm  and  worm- 
gear  /y,  the  worm  being  driven  by  means  of  a  round  rawhide 
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or  leather  belt  passing 
over  a  grooved  pulley. 
Two  stops  M,  one  for 
starting  and  the  other 
for  stopping  the  rota- 
tion of  the  spindle 
and  controlling  the 
length  of  the  powder 
groove,  are  carried  on 
the  drum  N,  a  groove 
being  turned  completely 
around  it  and  cut  away  ^'^'  '•    '^^^  '^  ^™^  '^^^^  ^"^ 

at  one  place  to  allow  the  inserting  of  the  stops.  These  stops 
are  held  in  place  by  headless  set-screws,  which  force  them  out 
against  the  angle  of  the  groove,  giving  them  a  wedging  action 
and  holding  them  securely.  As  the  spindle  revolves  the  stops 
strike  against  the  sliding  pin  0,  which  is  held  up  by  a  coil 
spring  but  is  operated  and  thrown  out  of  engagement,  allow- 
ing the  spindle  to  continue  its  travel,  by  means  of  a  foot- 
treadle  placed  conveniently  to  the  operator's  left  foot.  Adjust- 
ment for  end  play  of  the  spindle  is  made  by  means  of  the 
nut  P.  Adjustment  for  wear  of  the  work-spindle  hardly  had 
to  be  taken  into  consideration  on  account  of  the  slow  speed 
and  ample  bearing  surface,  but,  as  a  precaution,  one  side  of 
the  bearings  was  split  along  the  center  line  with  a  one-eighth- 
inch  milling  saw,  and  a  metal  shim  inserted;  then  holes  were 
drilled  and  tapped  through  it  and  cap-screws  inserted  before 
the  bearings  were  bored,  so  that,  if  necessary,  a  slight  amount 
of  adjustment  may  be  had  by  removing  the  shims  and  thinning 
them  down  a  little  and  replacing. 

The  cutter-spindle  has  a 
spring  collet  Q  of  somewhat 
similar  construction  to  a 
bench  lathe  collet,  which  was 
decided  upon  as  the  best  way 
to  hold  the  cutter.  The  type 
of  chuck  used  made  it  im- 
possible to  make  the  front 
end  of  the  spindle  so  small 
as  to  be  springy.  To  avoid 
making  a  hollow  spindle, 
which  would  have  been  neces- 
sary if  the  usual  draw-rod 
had  been  used  for  tightening 
tlie  chuck,  three  holes  were 
drilled  in  the  face  of  the 
chuck,  and  a  spanner  wrench. 

Type  96  Time  Fuse  BIng  having   pins   driven   into   it  tO 

fit  the  holes  in  the  chuck  and  a  hole  through  it  to  pass  over 
the  cutter,  is  used  to  tighten  the  chuck.  This  method  also 
eliminates  any  danger  of  buckling  the  spindle  from  tightening 
a  draw-rod  through  the  center  of  it.  As  a  stop  for  the  back 
end  of  the  cutter,  and  also  to  provide  a  positive  drive  without 
having  to  screw  the  chuck  into  the  spindle  with  unusual  force, 
the  cutter  is  made  as  shown  in  Fig.  4,  having  a  slot  at  the 
back  end,  while  a  hardened  steel  pin  is  driven  Into  the  bsusk 
end  of  the  collet,  as  shown,  and  pinned  securely  in  place. 
The  spindle  li.  Fig.  2,  has  a  double  taper  and  Is  made  of 
high-carbon  machine  steel,  pack-hardened  and  ground  all  over. 
It  is  carried  at  the  front  end  by  a  bronze  bushing,  ground  to 
fit  the  double  tapers  on  the  spindle,  the  spindle  being  care- 
fully lapped  to  a  perfect  fit  in  it.  Small  felt  pads,  inserted 
into  holes  drilled  through  the  bottom  of  this  bushing  and  con- 
nected by  oil-grooves  from  the  spindle  housing,  insure  a  con- 
tinuous and  plentiful  supply  of  oil  for  the  spindle.  The  end 
play  of  the  spindle  is  taken  up  hy  moans  of  the  nut  i?,  which 
is  placed  just  hack  of  the  front  bearing,  while  a  hardened 
washer  is  keyed  to  the  spindle  between  the  nut  and  the  bear- 
ing, taking  the  wear,  and  In  connection  with  a  locking  screw 
through  the  nut,  preventing  changes  of  adjustment.  As  the 
end  play  Is  taken  up  so  near  the  front  end  of  the  spindle,  the 
spindle  can  run  so  hot  that  It  cannot  be  touched  by  the  hand 
without  afro<tlng  the  adjustment  a  notlroable  amount,  and 
as  the  ball  bearing  at  the  other  end  of  the  spindle  has  plenty 
of  end  play,  the  spindle  always  runs  free,  yet  without  any 
loosonoss.     The  busliing,  or  front  bearing.  Is  made  removable. 
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so  that  in  case  of  damage  or  wear  It  can  easily  be  replaced. 
The  back  end  of  the  spindle  also  has  a  bearing  in  the  pulley 
housing  that  carries  the  stop-screw  T;  this  screw  is  used  to 
control  the  depth  of  the  cut  of  the  groove  in  the  time  fuse 
ring.  On  the  outside  right-hand  end  of  the  spindle  housing 
on  the  under  side  a  groove  was  milled,  into  which  was  fitted 
a  rack.  This  rack  meshes  with  a  pinion  connected  through 
the  shaft  U,  and  the  hand-lever  is  the  means  of  advancing  the 
cutter  to  the  work.  On  the  back  side  of  this  hand-lever  is  a 
simple  locking  device  that  engages  with  the  V-groove  shown, 
when  the  cutter  is  advanced  into  the  work  and  serves  to  hold 
it  there  until  the  end  of  the  cut. 

Operation  of  Machine 

The  setting  up  the  machine  is  usually  accomplished  by  the 
aid  of  a  master  ring  that  is  placed  on  the  chuck;  then  the 
cutter  Is  set  as  near  to  it  as  possible  and  the  stops  are  ad- 
justed. A  blank  ring  is  next  placed  on  the  chuck  and  a  trial 
cut  made  and  gaged.  When  the  stops  which  control  the  length 
of  the  cut,  and  the  cutter-head,  which  controls  the  diameter, 
have  once  been  set,  they  need  no  further  attention,  as  they 
will  retain  their  setting  indefinitely.  The  cutter-head  is  set 
by  opposing  screws  V  and  clamped  by  two  bolts  which  pass 
through  the  cutter-head  casting  and  enter  T-slots  in  the  base. 
The  setting  for  depth  of  cut  is  obtained  by  means  of  a  block 
of  proper  thickness,  which  is  held  against  the  face  of  the 
chuck,  the  cutter  being  brought  up  against  it  and  the  adjust- 
ments being  made  by  means  of  the  knurled  head  screw  T  and 
locked  by  screw  W.  This  adjustment  needs  attention  only 
when  changing  cutters,  as  the  cutters  vary  somewhat  in  length. 

After  the  machine  is  properly  set  up,  the  operation  is  as 
follows:  A  ring  is  placed  "on  the  chuck  by  the  right  hand,  and 
locked  in  place  by  operating  the  hand-lever  D  with  the  left 
hand.  The  right  hand  Is  then  free  to  bring  the  lever  on  the 
cutter-head  forward,  and  as  the  cutter  enters  the  work  it  is 
automatically  locked  by  means  of  the  lock  on  the  back  of  the 
hand-lever  which  engages  with  the  V-groove.  As  soon  as  the 
lever  is  locked  in  the  forward  position,  the  foot-treadle  under- 
neath the  machine  is  depressed,  disengaging  the  pin  0  from 
the  stop  M,  and  the  work-spindle  commences  to  revolve  and 
continues  until  the  leading  stop  again  strikes  against  pin  0 
when  the  cut  is  completed.  The  lever  on  the  cutter-head  is 
then  pushed  back  to  the  right,  removing  the  cutter  from  the 
work,  after  which  the  foot-treadle  is  again  depressed,  allowing 
the  work-spindle  to  move  forward  until  the  starting  stop 
strikes  against  the  locking  pin  0.  During  this  period  there 
is  time  to  release  the  work  by  pulling  the  lever  D  forward, 
remove  the  work  from  the  chuck,  and  replace  it  with  a  new 
piece.  By  this  arrangement  the  motion  of  the  work-spindle 
is  almost  continuous,  each  motion  being  so  arranged  and  timed 
that  the  hands  and  feet  follow  them  naturally  and  smoothly, 
hardly  any  exertion  at  all  being  required  on  the  part  of  the 
operator. 

To  those  who  are  familiar  with  the  various  types  of  ma- 
'blnes  that  have  heretofore  been  used  for  this  class  of  work, 
particular  attention  Is  called  to  the  simple  means  of  obtain- 
ing all  adjustments  and  movements,  the  rigidity  of  the  con- 
xtrucllon  throughout,  the  accesBlblllty  of  the  various  parts, 
the  compact  ronBtruction  and  the  almost  entire  lack  of  over- 
hang of  working  partH,  especially  the  chucks  and  spindles. 
There  Is  aliKi  entire  freedom  from  the  use  of  gibs  of  any  kind. 
Aa  previously  stated,  the  work-splndle  Is  driven  by  a  worm 
and  worm-Koar,  which,  In  turn,  receive  their  power  from  a 
round  belt  passing  over  a  grooved  pulley.  As  It  Is  ncrossary 
that  thlH  motion  b<>  Intermittent,  as  when  the  spindle  revolves 
against  the  Htops,  snme  moans  had  to  bn  provided  to  take 
naro  of  this.  However,  as  the  power  rof|ulrcd  to  drive  the 
worm  Is  very  small,  the  bolt  In  made  of  round  leather  or  raw- 
hide of  Just  Rumdent  strength  to  furnish  ampin  drive  for  the 
spindle,  and  yet  to  slip  over  the  pulleys  when  the  spindle  Is 
held  from  turning  by  the  stops.  The  production  of  the  mn- 
chlno  desf-rlbod  Is  about  120  hrasn  rings  per  hour,  such  as 
»ro  uned  on  the  Types  80  and  85  Itmn  fuses.  The  grooves  arc 
flnlshed  Rmnoth  and  nrniralo  In  one  rul. 

The  machine  as  Illustrated  Is  arranged  to  handle  the  Typo  80 
fOM  shown  In  KIg.  1,  while  a  different  typo  tif  rhuek   Ih  used 


for  the  Type  85  time  fuse  ring  shown  in  Fig.  5,  this  being 
made  necessary  on  account  of  the  small  bearing  surface  on 
the  inside  of  the  ring  A,  which  prevents  the  use  of  an  expan- 
sion chuck.  The  chuck  for  the  Type  85  time  fuse  is  shown 
in  Fig.  6;  the  body  A  is  made  of  machine  steel,  and  is  bored 
and  threaded  to  fit  the  nose  of  the  machine  spindle.  The 
chuck  Jaws  B  are  of  hardened  tool  steel,  are  fitted  into  reamed 
holes  in  the  chuck  body,  and  are  operated  by  means  of  the 
draw-rod  C  in  the  same  manner  as  the  expansion  chuck  B, 
Fig.  2,  the  draw-rod  in  this  case  being  connected  to  the  jaws 
of  the  chuck  through  an  equalizing  bar  D,  Fig.  6,  while  E  Is 
a  hardened  and  ground  nose  piece  over  which  the  work  Is 
accurately  located.  The  knurled  sleeve  F  is  used  to  cover 
over  the  holes  made  in  the  chuck  body  through  which  the 
equalizing  bar  D  was  inserted.  The  action  of  the  chuck  is  as 
quick  and  positive  as  the  expansion  type,  but  the  overhang 
is  slightly  more.  This  is  taken  care  of  by  moving  the  work- 
head  of  the  machine  back  to  the  left  the  required  distance, 
space  having  been  provided  for  it  on  the  base  as  shown  in 
Fig.  2,  and  suitable  holes  tapped  in  the  base  accordingly. 
The  spindle  speeds  recommended  for  brass  work  run  be- 
tween 6000  and  6600  revolutions  per  minute  for  the  cutter- 
spindle,  and  one  revolution  per  twenty-five  seconds  for  the 
work-spindle.  An  ideal  way  of  setting  up  these  machines  is 
to  place  six  of  them  on  a  bench,  back  to  back,  three  on  a  side. 
Then,  with  a  motor-driven  lineshaft  running  along  the  center 
underneath  the  bench  connected  to  the  machines,  a  self- 
contained  unit  is  formed  which  may  readily  be  moved  with- 
out the  necessity  of  having  to  shift  overhead  shafting. 


CONTACT-COUPLE  METHOD  OF  TEMPERA- 
TURE CONTROL' 

The  most  important  step  in  the  heat-treatment  of  a  piece  of 
steel  is  the  proper  control  of  temperature.  When  the  kind  of 
steel  being  used  and  the  method  of  treatment  are  known,  the 
next  step  is  to  know  that  it  is  given  the  treatment  laid  down. 
This  is  the  most  difficult  operation  in  the  entire  process.  In 
the  first  place,  there  is  no  metallic  substance  that  will  stand 
up  under  continual  application  of  heat.  Any  piece  of  material 
heated  from  time  to  time,  day  after  day,  will  gradually  break 
down;  therefore,  it  is  difficult  to  make  a  pyrometer  that  will 
maintain  its  accuracy  after  it  has  been  properly  standardized 
for  any  length  of  time. 

The  contact-couple  method  eliminates  the  necessity  of  close 
standardization  In  the  instrument  for  measuring  heats,  and 
can  entirely  eliminate  the  chemical  checks,  as  far  as  treating 
the  steel  wrongly  goes.  In  other  words,  the  steel  tells  when 
It  ought  to  be  treated,  and,  as  far  as  accuracy  of  the  Instru- 
ment goes,  it  can  vary  several  hundred  degrees  and  give  a 
better  result  than  was  obtained  without  it.  This  method, 
when  fully  developed  and  placed  on  the  market,  will  be  the 
greatest  step  forward,  from  the  standpoint  of  the  manufac- 
turer, that  has  been  accomplished  In  the  last  twenty  years. 
In  this  method,  a  standard  base-motal  thermo-couple  Is  placed 
In  contact  with  or  In  close  proximity  to  the  steel  that  Is  to 
be  treated.  In  order  to  obtain  a  result,  every  unit  of  time 
required  to  heat  the  furnace  must  show  an  equal  rise  of  tem- 
perature. When  the  decaloscont  point  la  reached,  the  heat 
that  hsis  been  used  In  raising  the  tompornlure  of  the  steel  Is 
consumed  In  the  work  of  transforming  the  interior  of  the 
stoel,  and  the  temperature  does  not  Increase  at  the  same  rate 
as  the  furnace.  As  a  result,  the  couple  Is  Influonrod  and 
shows  a  lag  In  temperature  on  the  chart  by  a  slinrp  dovlatlon 
In  the  heating  line. 

•     •     • 

ny  a  more  odlclent  use  of  lliolr  equipment,  Inst  May  the 
riillrdiidH  of  the  country  carried  2!l,r.22. 870,10!)  touH  one  mllp. 
an  Inrroaso  of  10.1  per  cent  over  May,  1910.  This  year,  the 
average  dally  run  of  the  locomotives  was  71.3  miles,  against 
cri.5  miles  last  year,  and  the  average  dally  mlloago  of  freight 
cars  was  raised  from  28.3  to  29.0  miles. 

■Kllrnrt  from  iin  mlilmaa  (tHlTorci)  IwforK  llip  Hlorl  Tronlliii:  Ilow.«rrh 
Nnrlvl)t  of  nolriill.  I.jr  K.  T.  Hodl.  tiro  iiri-.lilriil  of  iiinmifn.liirliiii.  I'nokur.l 
M'llnr  Car  Co..   Dulnill.   MIrli. 
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EXPLANATION  OF  PRINCIPLES  GOVERNING  CONSTRUCTION  AND  ILLUSTRATIONS  OF  USE 

BY  GEORGE  L.  HEDGES  1 


AN  alignment  chart,  often  called  a  "straight-line  diagram," 
is  a  form  of  calculation  diagram  that  is  often  much 
■■  simpler  to  make  and  to  use  than  is  the  ordinary  curve 
plot  on  rectangular  axes.  In  its  usual  form,  such  a  chart  con- 
sists of  three  or  more  parallel  axes,  usually  vertical,  the  num- 
ber depending  on  the  number  of  variables  in  the  formula  to 
be  plotted.  To  use  such  a  chart,  known  values  on  two  axes 
are  joined  by  a  straight  line,  the  intersection  of  which  with 
the  third  axis  gives  the  desired  value.  With  a  chart  of  more 
than  three  axes,  this  intersection  is  joined  to  a  known  value 
on  a  fourth  axis  by  a  straight  line,  and  its  intersection  with  a 
fifth  axis  gives  the  desired  value.  If  there  are  more  than  five 
variables,  the  straight-line  operation  is  again  repeated. 

Alignment  charts  are  additive  charts;   therefore,  a  formula 
to  be  plotted  with  this  type  of  chart  must  be  expressed  as  the 
algebraic  sum  of  functions  of  the  variables,  that  is,  in  the  form: 
F(Y)  =  F(.X)  +  F(Z)  +   .    .    . 
The  functions  of  the  variables  may  be  the  variable   itself, 
its  products,   logarithmic   functions,   trigonometric   functions, 
etc.     The  axes  are  named  for  the  variables  and  are  graduated 
to  the  functions  of  the  variables.     The  usual  engineering  for- 
mula.', consist  of  the  product  of  functions  of  the  variables,  as: 
F{Y)  =  F(Z)  X  FtZ)  X    .    .    . 
These  may  always  be  expressed  as  the  sum  of  functions  of 
the  variables,  as: 

Log  F(Y)  =  log  F(X)  +  log  F(Z)  -f  .  .  . 
in  which  form  they  are  adapted  for  an  alignment  chart.  The 
axes  are  named  for  the  variables  and  graduated  to  the  loga- 
rithmic functions  of  the  variables,  the  scales  used  depending 
on  the  formula  being  plotted  and  on  the  chart  size  desired. 
To  graduate  the  axes,  decimal-divided  scales  with  a  table  of 
logarithms  are  generally  used.  However,  if  many  charts  are 
to  be  made,  a  set  of  special  logarithmic  scales  on  different 
bases,  say  from  2  to  10  inches,  will  be  found  convenient.  Deci- 
mal scales  are  divided  into  parts  of  an  inch  and  numbered 
continuously  every  ten  divisions;  that  is,  one  unit  on  the  scale 
equals  ten  divisions. 

Let  S  =  scale  number  and 

I  =  length  of  unit  on  scale,  in  inches. 
Then  the  relation  between  the  length  of  unit  and  the  scale 
number  of  a  decimal-divided  scale  is: 

10  10 

iS  =  — ,  or  1  =  —  (1) 

2  B 

That  is,  on  the  50  scale  of  an  engineer's  scale  the  length  of 
one  unit  is  I  =  10/50  =  1/5  inch.    There  are,  of  course,  any 

TABLE     1.     VALUES    OF    SCALE    NUMBER    AND    SCALE    ON 

BNGINEEHS'  8CAL.B  CORRESPONDING  TO  DIFFERENT 

VALUES  OF  1 


1 

S 

■ 

S 

1 

s 

Scale  to 
Use 

100 

0.1 

10 

1 

1 

10 

10 

50 

0.2 

» 

2 

1/2 

20 

20 

33  1/3 

0.3 

3  1/3 

3 

1/3 

30 

30 

26 

0.4 

2  1/2 

4 

1/4 

40 

40 

20 

0.5 

2 

5 

1/5 

50 

50 

16  2/3 

0.6 

12/3 

6 

1/6 

60 

60 

number  of  possible  scales,  each  with  its  corresponding  value 
nt  I;  but  generally  the  10,  20,  30,  40,  50  and  60  scales,  and  the 
10  or  0.1  multiples  thereof,  are  used,  as  these  may  be  plotted 
with  the  ordinary  triangular  engineer's  scale.  The  values  of 
the  scale  nunibiT  and  the  scale  corresponding  to  dllTerent  val- 
u<-8  of  I  are  Klvm  In  Table  1. 

The  principal  Isibor  In  the  making  of  an  alignment  chart  Is 
In  arranging  the  lengths  of  the  axes,  or  the  distance  along  the 
axis  l)olw)'(Mi  extreniu  graduations,  so  that  available  decimal 
scales  may  be  used. 

'AiIdri^iirTBOT?  AldDiVo  HI.,  Loa  Angelca.  Cnl. 


Let    G  =  length  of  axis,  in  inches; 

d  =  function  difference,  or  numerical  difference  between 
extreme  values  of  function  plotted  on  axis. 
Then: 

G=U  (2) 

The  value  of  G  for  the  longest  axis  determines  the  height  of 

the  chart.     A  graduated  axis  is  used  tor  each  variable;  with 

formulas  of  more  than  three  variables,  "dummy"  axes,  which 

usually  are  not  graduated,  are  required.     These  dummy  axes 

TABLE  2.    TABULATED  VALUES  FOR  EIXAMPLE   1 


I 

t: 

z< 

1 

ZJ 

11 

- 

mz  1 

"5  "5 

10 

Breadth 

b 

ItolO 

Otol 

1 

10 

10 

1 

1 

Depth 

d^ 

IHo 
10' 

0to3 

3 

3,^ 

10 

3 

1 

10 

Moment 

0.083 
to  833 

2.921 

of 
Inertia 

1 

to 
2.921 

4 

2J 

10 

4 

4 

40 

Ma 

•himry 

represent  the  partial  additions  in  the  formula,  and  are  three 
less  in  number  than  the  number  of  variables. 

Tabulating  Data  for  Constructing  Chart 

The  procedure  in  the  making  of  an  alignment  chart  can  best 
be  shown  by  examples.  The  example  given  in  Fig.  1,  the  chart 
for  a  simple  formula  of  three  variables,  shows  the  general 
scheme  of  procedure;  the  charts  given  in  Figs.  2  and  3,  for  more 
complicated  formulas,  illustrate  special  features  of  the  work. 
It  is  desirable  to  make  use  of  a  tabular  form  as  shown  in  the 
examples.  With  a  formula  of  three  variables,  the  first  two 
lines  of  the  tabular  form  are  used  for  the  known  variables 
and  the  third  line  for  the  unknown  variable.  With  a  formula 
of  more  than  three  variables,  the  first  two  lines  of  the  form 
are  used  for  two  known  variables  and  the  third  for  a  dummy 
axis,  which  represents  the  sum  of  the  functions  of  these  two 
known  variables.  The  fourth  line  is  used  for  a  third  known 
variable,  and  the  fifth  line  for  the  resultant  of  it  and  the  first 
dummy  axis;  and  so  on  for  additional  variables.  The  tabular 
columns  of  the  form  should  be  filled  in  in  the  following  order: 

1.  Name  of  axis. 

2.  Symbol.  That  is,  the  symbol  of  the  quantity  whose  func- 
tion is  plotted.  This  quantity  must  be  some  function  of  the 
variable  represented  by  the  name  of  the  axis.  Constants  in  the 
formula  are  neglected  in  the  tabular  form;  the  constant  serves 
merely  to  locate  the  position  of  the  graduations  on  the  inter- 
mediate axis,  and  this  position  will  be  determined  in  a  more 
direct  manner,  which  is  explained  later. 

3.  Number  limits.  Assume  maximum  and  minimum  values 
of  the  known  variables  and  find  the  corresponding  values  of 
the  unknown  variable. 

4.  Function  limits.  The  values  of  the  functions  of  the 
variables  given  by  their  number  limits. 

.'■..  Function  dilTerenie.  The  arithmetical  difference,  fo' 
each  variable,  between  its  function  limits. 

6.  Length  of  unit  I  on  a  decimal-divided  scale,  or  the  factor 
by  which  to  multiply  the  function  difference  to  get  the  actual 
length  <r  between  extreme  graduations  on  the  axis. 

7.  Actual  length  O,  In  inches,  between  extreme  graduations 
on  an  axis. 

8.  Scale  number.  The  scale  number  for  an  unknown  varia- 
l)le  axis  Is  the  sum  of  the  scale  numbers  of  the  axes  of  whIcU 
It  Is  a  resultant. 

9.  Equivalent  siale.  This  is  the  scale  which,  used  with  the 
symbol  with  exponent  iimittcd.  will  give  the  identical  gradua- 
tion ns  by  the  given  scale  and  given  symbol.  The  equivalent 
scale  number  Is  obtained  by  dividing  the  given  scale  number 
by  the  exponent  of  the  symbol. 

Let   jr    -  exponent  of  symbol ; 

/•;       equivalent  scale  number. 
Then: 

S 
B= (3> 
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rig.  1.     Chart  for  detenQining  Moment  of  Inertia  of  a  Rectangle 

In  the  chart  in  Fig.  3,  for  the  axis  "Gallons  per  Minute,"  the 
symbol  is  Q"'  and  the  scale  number  is  2;  hence  the  equivalent 
scale  number  is  2  divided  by  2/5  =  5.  This  means  that  Q 
plotted  with  the  5  scale  (the  50  scale  should  be  used)  gives 
the  same  graduation  as  Q'  '  plotted  with  the  2  scale  (using  the 
20  scale),  and  is  much  easier  to  plot. 
10.  Scale  to  use.  shown  by  Table  1. 
« 

Plotting  the  Chart 

A  sketch  should  now  be  made  showing  the  positions  of  the 
axes  and  the  directions  of  graduations  thereon,  and  the  values 
of  maximum  and  minimum  numbers  whose  functions  are  plot- 
ted. The  width  of  the  chart  is  determined  by  the  fact  that 
for  accurate  reading  the  intersecting  line  used  in  reading  the 
chart  should  never  make  an  angle  much  greater  than  45  de- 
grees with  the  axes.  Where  it  may  be  necessary  to  draw  a 
line  from  the  upper  end  of  one  axis  to  the  lower  end  of  the 
other,  the  chart  should  be  approximately  squaro;  where  the 
line  will  usually  be  drawn  nearly  horizontal,  the  width  may 
be  considerably  less  than  the  height.  In  constructing  the 
chart,  the  axes  should  be  drawn  first  and  the  limit  values 
marked  thereon. 

For  a  formula  of  three  variables,  the  axis  of  the  unknown 
variable  Is  the  Intermediate  axis.  Its  distances  from  the  outer 
axen  are  Inversely  proportional  to  the  scale  numbers  of  those 
axeii;  for  example.  If  H,  and  K,  are  the  scale  numbers  of  the 
outer  axes,  «,  =  S,  -f-  N,  Is  the  scale  number  of  the  Inter- 
mediate axis.  Then,  If  D  Is  the  distance.  In  Inches,  between 
the  outer  axes,  the  position  nf  the  intermediate  axis  is: 

TABI.K  :«.    TABULATKD  VALUES   KOK   KXAMPLE  2 


ii    1 
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H 
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1     ■ 
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- 

1' 
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10 
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"Mm 
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tlOOOto 
$10,000 

3to4 

1 

'10 

10 

1       1 

$10  to  1  1  to 
$90     1  l.OM 

0.099 

10 

6,99 

1 

1 

10 

Timp  • 

(       .^«)    1866 

r, 

:!  01      2 

2 

•JO 

X  D  inches  from  the  S,  axis 


X  D  inches  from  the  Sj  axis 


(4) 


(5) 


For  a  formula  of  more  than  three  variables,  it  is  necessary 
first  to  consider  two  known  variables  and  find  the  position  of 
the  first  dummy  axis.  Then  this  dummy  axis  is  considered 
with  another  of  the  known  variables,  and  the  position  of  the 
second  dummy  axis  is  determined  in  the  same  manner  as 
the  first.  Finally,  from  the  last  dummy  axis  and  the  last 
known  variable,  the  position  of  the  axis  of  the  unknown  varia- 
ble is  found. 

To  find  the  directions  and  positions  of  graduations  on  the 
axes,  consider  the  axes  in  successive  sets  of  three.  The  outer 
axes  of  a  set  will  have  known  values,  and  the  intermediate 
axis  will  have  the  unknown  values.  The  corresponding  un- 
known and  known  limit  values  should  be  at  the  same  end  of 
the  chart.  The  graduation  for  the  maximum  unknown  value 
at  one  end  of  the  intermediate  axis  should  be  at  the  intersec- 
tion of  this  axis  with  a  line  joining  the  corresponding  known 
limit  values  on  the  two  outer  axes;  similarly,  the  graduation 
for  the  minimum  unknown  value  at  the  other  end  of  the  inter- 
mediate axis  should  be  at  the  intersection  of  this  axis  with  a 
line  joining  the  other  two  limit  values  on   the  outer  axes. 

In  graduating  an  axis,  it  is  well  first  to  check  the  chart  lay- 
out by  seeing  if  the  distance  between  the  extreme  graduations 
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Fig.    8.     Chart    for  dntorniining   Tin 
Faymonti,  a  Olvon  E 

nil  the  axis,  moasurod  with  the  scale  from  Table  I  correspond- 
liiK  to  the  Bcale  number  for  the  axis,  equnls  a  10  multiple  of 
the  function  (Ilffonwico  for  the  axis;  tlion  lay  olT  the  Kriuliia- 
tlons  for  O.I,  1,  10,  etc.,  and,  lastly,  till  In  thii  Intonnodlato 
KraduntlitiiH  desired. 

Kxaviplc   t — Construct   a   rlinrt    for    llin   fornuila    /  = , 

12 
which  Is  Iho  formula  for  tin*  iiii>iiii<ni  of  iniTtla  of  a  rectangle 
nf  bri'iulth  h  and  depth  d.  In  loKiirithnilc  form,  II  hocotnos 
l"K  /  lo({  h  (-  loK  rf'  —  loR  12.  Tim  functlnnH  of  Iho  variables 
nrn  loKiirlthmIc  fiincllonR.  As  Ihero  aro  threo  vnrlablps,  the 
chart  liiin  thron  axos;  the  known  variables  h  ami  il  aro  plotted 
as  th<'  oiilor  axes,  iinrl  thi'  iinkiuiwii  varliililc  /  iih  IIii<  Inter- 
mediate  nxis. 
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TABLE  4.    TABULATED  VALUES  FOR  EXAMPLE  3 
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Machinery  \ 

The  first  step  is  arranging  the  matter  in  tabular  form,  as 
shown  in  Table  2.  The  names  of  the  axes  are  Breadth,  Depth, 
and  Moment  of  Inertia,  and  the  symbols  are  6,  d',  and  /.  Maxi- 
mum values  of  10  inches  and  minimum  values  of  1  inch  are 
assumed  for  both  breadth  and  depth;  hence  the  number  limits 
will  be  1  to  10  for  breadth  and  1'  to  10"  for  depth,  the  cor- 
responding logarithmic  limits  will  be  0  to  1  and  0  to  3,  and 
the  logarithmic  differences  will  be  1  and  3.  An  inspection  of 
the  formula  for  the  example  shows  that  the  minimum  limit 
value  of  /,  the  unknown  variable,  will  be  obtained  from  &  =  1 
and  d  =  \,  for  which  values  /  =  0.083;  similarly,  the  maxi- 
mum limit  value  of  I  is  found  to  be  833.  The  logarithmic  lim- 
its are,  then,  log  0.083  =  J.921  and  log  833  =  2.921;  hence  the 
logarithmic  difference,  which  is  the  numerical  difference  be- 
tween these  quantities,  equals  4. 

For  the  axis  Breadth,  the  logarithmic  difference  of  which 
is  1,  according  to  Formula  (2)  and  Table  1,  when  I  is  5,  10, 
or  IG  2/3,  the  length  G  of  the  axis  is  5,  10,  or  16  2/3,  respec- 
tively. Adopting  the  value  I  =  10,  giving  a  length  of  axis  of 
10  inches,  the  chart  may  be  plotted  on  paper  8  1/2  by  11  inches. 
For  this  value  of  I,  Table  1  gives  scale  number  =  1  and  For- 
mula (3)  gives  the  equivalent  scale  number  =  1,  for  which 
Table  1  gives  10  as  the  scale  to  use.  Similarly,  for  the  axis 
Depth,  the  logarithmic  difference  of  which  is  3,  a  value  of 
I  —  3  1/3  will  be  used  to  give  a  length  of  axis  of  10  inches; 

Table    1    gives    the    scale 

number  3  and  Formula  (3) 
gives  the  equivalent  scale 
number  1,  for  which  Ta- 
ble 1  gives  10  as  the  scale 
to  use.  The  scale  number 
for  the  unknown  variable 
/  is  then  the  sum  of  these 
scale  numbers,  or  1  +  3  = 
4.  Formula  (3)  gives  the 
equivalent  scale  number  4, 
for  which  Table  1  gives  as 
the  scale  to  use  40. 

The  distance  between  the 
outer  axes  of  the  chart  Is 
made  7.2  lnohe.s,  which  is 
about  as  great  as  can  be 
used  on  a  letter-size  sheet; 
hence  the  position  of  the 
Intermediate  axis  Is,  from 
Formulas     (4)     and     (5): 

1/4   X  7.2  =  1.8  Inch 

from   depth   axis,   and 

3/4  X  7.2  =  5.4  Inches 

from  the  breadth  axis 

The  minimum  limit  value 
or  /  l3  0.083,  and  the  values 
of  h  and  d  corresponding 
thereto  are  6  :^  1  and  d  =  1. 
TliCRC  values  of  h,  (/  and  / 
niiinl  he,  therororo,  at  the 
name  end  of  the  chart,  say 
thn  lower  end.  and  a  line  fi».  3 


joining  the  value  of  6  =  1  on  one  outer  axis  to  d  =  1  on  the 
other  outer  axis  will  intersect  the  intermediate  axis  at 
/  =  0.083.  Laying  off  on  the  outer  axes  their  length  of  10 
inches,  determines  the  points  ft  =  10  and  d  =  10,  and  a  line 
joining  these  points  intersects  the  intermediate  axis  at  the 
maximum  value  of  7  =  833.  If  the  chart  is  correct  so  far. 
the  distance  between  these  points  for  7  on  the  intermediate 
axis,  measured  with  the  40  scale,  should  equal  a  10  multiple 
of  4,  the  logarithmic  difference  for  the  axis.  These  points  de- 
termine the  position  of  the  graduations  on  the  axis.  The 
logarithm  of  0.083  is  2.921,  and  of  833  is  2.921.  Place  the  40 
scale  so  that  9.21  on  the  scale  coincides  with  0.0S3  on  the  axis 
and  49.21  on  the  scale  coincides  with  833  on  the  axis,  and 
mark  off  the  points  10,  20,  30  and  40  on  the  scale  correspond- 
ing to  values  of  7  of  1,  10,  100  and  1000,  respectively,  on  the 
axis.  Intermediate  graduations  may  now  be  marked  off  as 
desired.  The  alignment  chart  for  Example  1  is  shown  in  Fig.  1. 
Example  ;?— Construct  a  chart  for  the  formula: 
1 


in  which  P  - 
P- 


log  k 
:  given  sum,  in  dollars; 

amount  of  each  monthly  payment,  in  dollars; 
=  time  to  pay  out,  in  months; 

yearly  rate  of  interest; 


fc  =  1  -|-  ,  constant   tor  a  given   rate  of  interest. 

12 
The  interest  rate  will  be  taken  as  7  per  cent,  for 
which  the  value  of  fc  is  1.005S33. 
This   is   the  formula   for  the  time,   in  months,   required  to 
pay    a    given    sum,    with    interest    compounded    monthly,    by 
monthly  partial  payments  made  at  the  beginning  of  each  month 
and  at  the  end  of  the  last  month.    This  formula  is  often  used 
in   selling   real   estate   on   the   pay-like-rent   installment   plan. 
This  formula  is  not  in  the  proper  form  for  an  alignment  chart, 
but  solving  for  P/p  gives: 

P         fc'»»"— 1 


fc°(fc  — 1) 


Chut  for  il«l«niiiiiln(  Flow  of  Wi 
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Log  P  —  log  p  =  log 


-  ;(;(»-i>_i  -1 
_fc°(S:  — 1)  J 


The  two  known  variables  are  P  and  p  and  their  functions 
in  th^"  formula  are  logarithmic;  the  unknown  variable  is  n 
and  its  function  is  logarithmic  and  is  the  quantity  making 
the  right-haad  half  of  the  formula.  In  plotting  the  alignment 
chart  for  this  formula,  the  value  of  this  function  of  n  must 
be  calculated  for  all  points  desired  on  the  n  scale  and  used 
for  laying  off  these  points.  Table  3  gives  the  tabulated  fig- 
ures for  this  formula  and  Fig.  2  is  the  alignment  chart.  The 
formula  gives  the  time  in  months,  but  the  chart  is  marked  in 
years.  The  position  of  the  graduations  on  the  intermediate 
axis  of  this  chart  were  determined  by  finding  values  of  P 
and  p  corresponding  to  the  value  of  the  function  of  n  for  maxi- 
mum and  minimum  assumed  values  of  n;  that  is,  when  n  =  24, 

P                                                         P 
=  23.25,  and  when  n  =  300, =  142.57.    As  is  shown  in 

p  p 

the  chart,  it  is  not  necessary  to  graduate  an  axis  full  length — 
only  such  graduations  as  are  desired  need  be  used. 

Example  3 — Construct  an  alignment  chart  for  the  formula 
for  finding  the  diameter  of  pipe  for  a  given  flow  of  water,  viz.: 


d  = 


Q'L 


\    3333F 
in  which  Q  =  gallons  of  water  per  minute; 

F  =  pressure  lost  by  friction,  pounds  per  square  inch; 

Z<  =  length  of  pipe,  in  feet; 

d  =  actual  inside  diameter  of  pipe,  in  inches. 

Arranging  this  into  the  proper  form  for  constructing  an 
alignment  chart  gives: 

Log  a  =  log  Q"-  —  log  F"»  +  log  !.'"■  —  log  (3333)'" 

Table  4  gives  the  tabulated  values  for  this  example  and 
Fig.  3  the  chart.  This  chart  is  handled  in  exactly  the  same 
manner  as  the  others.  From  Formulas  (4)  and  (5)  and  from 
the  scale  numbers  of  the  Q,  F  and  dummy  axes  is  found  the 
position  of  the  dummy  axis.  Then  the  position  of  the  L  axis 
is  assumed,  and  from  the  scale  numbers  of  the  L  axis,  dummy 
axis  and  d  axis  the  position  of  the  d  axis  is  found.  The  d 
axis  has  an  additional  set  of  graduations,  showing  standard 
iron-pipe  sizes.  This  use  of  two  scales  on  an  axis  will  often 
be  found  convenient;  for  example,  an  axis  for  velocity  may  be 
graduated  both   in   feet  per  second  and   in  miles  per  hour. 

The  lines  drawn  on  the  chart  to  indicate  the  order  in  which 
the  axes  are  used  show  that  Q  and  F  values,  say  10,000  and  1. 
are  Joined  by  a  straight  line,  and  from  the  intersection  of  this 
line  with  the  dummy  axis  a  line  is  drawn  to  the  value  of  />, 
say  10;  the  Intersection  of  the  latter  line  with  the  d  axis, 
which  Is  at  12  Inches,  gives  the  required  inside  diameter  of  pipe. 

The  size  and  number  of  graduation  marks  used  on  the  axes 
of  a  chart  depend  considerably  on  the  particular  chart  con- 
sidered. In  general.  It  will  be  found  desirable  to  have  'the 
graduations  between  1  and  10  repeated  between  10  and  100 
and  Ixrtwct-ti  100  and  1000,  etc.  The  longest  graduation  marks 
Hhould  be  used  for  the  digit  numbers  1,  2,  3,  .  .  .9,  and  their 
ten  multlplcfi;  the  marks  for  half  divisions  should  be  about 
twothlrdH  as  long,  and  the  marks  for  0.1  or  0.2  divisions  should 
be  about,  onethird  as  long. 


The  Hcarclty  of  coal  In  Sweden,  due  lo  the  war's  having  cut 
off  thp  ImportH  from  both  Fnglnnd  and  CJcrmany,  has  made 
It  nocemiary  to  And  RubstltuleH  to  be  used  on  tho  Swedish 
riillwayo.  It  has  been  found  that  ordinary  pine  conos,  Of 
which  there  In  an  ubundanco  In  Sweden,  form  a  Hiitlsfactory 
miliKlItuto.  About  two  tonii  of  pIno  conos  arc  r<i(|ulrod  to 
prodiiro  Ihfi  Namo  boat  effi-rt  nn  one  ton  of  ronl.  In  order  to 
pntvcnl  tho  oonen  from  burnlnK  too  fuHt,  they  iiri'  mixed  with 
cool  or  cokn.  Oni-  of  the  rallwavH  Iirh  u«od  tblH  fu<d  for  niori- 
than  a  year  and  nnds  It  choap<T  than  wood.  The  prlco  paid 
for  Oic  pIno  ronns  varlcii  from  »*!  to  IT.CO  p'T  Ion,  and  ImyM 
aro  rarnInK  from  |l.2r>  to  t2.r>n  a  day  plrkUiK  thnm  In  the 
wood*.  C'lnKldnrlng  tho  fort  that  roal,  won  when  obtalnnhlii, 
at  lh<'  proH^nt  llmo  rosls  oboul  ITH  n  ton  In  th»-  Hrniidliiiivliin 
countrlos,  tho  pln«  cones  ronstltuto  a  cheop  fuel. 


A   SUBSTITUTE   FOR  BRASS 

BY  MARK  MEREDITH  ' 

The  high  prices  of  copper,  brass,  zinc  and  tin,  as  a  result  of 
the  war,  have  caused  all  nations  to  seek  satisfactory  substi- 
tutes. Many  combinations  of  these  metals  have  been  made 
with  lead,  iron,  etc.,  in  an  effort  to  reduce  the  cost,  and  there 
has  been  a  large  increase  in  the  use  of  cast  iron  for  bearings. 
This  metal  makes  an  excellent  bearing  if  it  is  well  fitted  and 
has  sufficient  area,  but  when  it  begins  to  grip  at  any  ill-fitted 
part,  much  mischief  may  be  caused  in  a  short  time. 

Metal  is  far  from  being  the  only  material  available  for 
bearings.  Various  hard  woods  have  been  successfully  used 
for  the  purpose,  notably  in  the  case  of  screw  propeller  shafts, 
which  for  many  years  have  been  made  of  lignum-vitae.  This 
wood  is  obtained  principally  from  th^  West  Indies,  but  in- 
creasing demands  have  rendered  it  so  scarce  that  substitutes 
had  to  be  sought.  The  Philippine  Islands  are  famous  for  the 
quality  and  variety  of  their  hard  woods,  of  which  the  mancono 
is  said  to  be  the  best  and  most  durable.  Lignum-vitse  is 
greenish  brown  in  color  and  the  sapwood  is  bright  yellowish; 
its  specific  gravity  varies  from  1.17  to  1.39,  its  grain  is  fine 
and  the  wood  fibers  small  and  so  twisted  that  it  is  difficult 
to  split.  Mancono  has  a  brownish  heartwood  that  turns  pur- 
ple when  exposed  to  the  air;  the  sapwood  is  narrow  and  of  a 
pale  reddish  color.  The  wood  weighs  from  77  to  90  pounds 
per  cubic  foot,  or  44  per  cent  more  than  water;  it  is  double 
the  weight  of  teak.  Tests  show  that  it  is  impervious  to  decay 
and  is  proof  against  the  white  ant  and  the  teredo,  or  sea  worm. 
In  an  official  test,  in  which  it  was  used  in  the  stern  tube  of  a 
steam  launch  that  was  constantly  used  for  seven  months,  the 
commander  of  the  naval  station  reported  it  to  be  quite  equal 
to  lignum-vitae.  There  seems  to  be  a  field  for  mancono  in 
ginning  factories,  both  as  bearings  for  the  shafting  and  for  the 
connecting-rods  of  gins.  The  latter  may  be  made  in  any  speed 
lathe,  with  the  aid  of  a  small  circular  saw  and  a  revolving 
cutter. 

A  comparison  of  the  friction  of  hard  wood  bearings  with 
those  of  brass  may  be  easily  made.  The  coefficient  of  moving 
friction  of  a  smooth  plane  wrought-iron  surface  on  brass  when 
kept  perfectly  lubricated  with  olive  oil  is  0.07S,  and  of  wrought 
iron  on  elm,  0.055.  It  is  probable  that  mancono  would  have 
about  the  same  friction  coefficient,  but  would  be  more  durable 
on  account  of  its  resemblance  to  lignum-vitse.  The  durability 
of  wooden  bearings  depends  to  a  great  extent  on  the  smooth- 
ness of  the  metal  in  contact  with  them ;  therefore,  the  metal 
should  be  carefully  smoothed.  In  shafting,  a  longer  bearing 
might  be  used  to  compensate  for  the  inferior  hardness  of  the 
wood  as  compared  with  brass. 

With  brass  castings  at  such  high  prices,  it  might  be  well 
worth  the  trouble  for  factory  owners  to  experiment  with 
wooden  bearings  and  begin  with  the  hard  woods  of  the  country 
that  Is  nearest  to  them.  India  supplies  a  number  of  hard 
woods.  Including  babul  and  tho  various  Ironwoods  found  In 
the  Jungles.  It  must  not  bo  forgotten  that  until  tho  develop- 
ment of  wheel  cutting  in  stool  and  iron,  which  is  of  compara- 
tively recent  date,  power  was  transmitted  through  wheels 
with  wooden  teeth  and  that  these  rendered  very  good  service. 
Even  today  there  are  millions  of  carts  In  the  world  with 
wooden  axles  carrying  mcrchandlso  long  distances,  and  the 
JapanoHo,  who  arc-  now  making  and  exporting  electrical  plants 
and  InstrumontK  of  precision,  arc  using  machinery  of  wood 
to  manufacture  goods  for  export. 


Sti'lllte  1h  now  UHcd  exlenslvoly  In  manufacturing  plants. 
After  the  surface  haK  been  ground  lo  size,  the  nvprugi'  work- 
man liiiM  Honio  dinic'iilly  In  recognlzltiR  tho  tool,  uiiIcsh  ht;  has 
HDiiii'  idi'iilllb'jilliiii  iniirlt  <m  It.  Unwi'vcr,  the  ornery  wheel 
will  i'»Hlly  Hi'llli*  Unit  (|iii'Htlon,  iih  tlii>  motul  Ih  composed  of 
tinn  conibiiHtlble  olenienlH  at  grinding  temporal ures,  and  thorn- 
fori'  HhowB  no  spurkH  and  only  u  very  short  red  Ntronk  of  (Ire, 
which  In  doviOopod  only  when  the  samplo  is  prcHHi'd  with  con- 
Nld<>rulili'  force  agalnNt  the  emery  wheel.-  7'rorrr(/(»i(;»  of 
Hteel  'J'realino  Hmrarvh  Horirty  of  Prtrolt 
'  TAAHnim:  ifl  hnli.  HI.,  IjfnriKKil,   Knglon.l 
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AUXILIAEY  DRILLING  HEADS  AND  DRILL  SPEEDERS— AUTOMATIC  AND   SEMI-AUTOMATIC   DRILLING 
MACHINES-TURRET  TYPE  DRILLING  MACHINES 

BY   EDWARD   K.  HAMMO>rD  ' 


IN  the  operation  of  multiple-spindle  drilling  macliines,  where 
it  is  necessary  to  perform  a  sequence  of  operations  in  order 
to  complete  a  piece  of  work,  the  development  of  means  for 
attaining  the  highest  rate  of  production  from  the  machines 
involves  taking  into  account  the  relative  time  required  for  the 
performance  of  the  different  operations  necessary  to  complete 
drilling  the  work.  For  instance,  if  the  piece  to  be  machined 
has  one  short  hole  which  can  be  rapidly  completed  and  one 
deep  hole  which  takes  more  time  to  drill,  due  consideration 
must  often  be  paid  to  that  fact  in  laying  out  the  method  of 
handling  the  work.  If  this  is  not  done,  the  machine  engaged 
in  drilling  the  shallow  hole  will 
be  idle  for  a  substantial  portion 
of  the  day,  and  hence  will  be 
earning  only  a  part  of  the  pos- 
sible return  on  the  money  in- 
vested in  it.  An  example  of 
how  provision  has  been  made 
for  taking  care  of  a  set  of 
operations  which  vary  consider- 
ably in  length,  is  shown  in 
Fig.  41,  which  illustrates  a  spe- 
cial Foote-Burt  multiple-spindle 
drilling  machine  built  for  the 
Willys-Overland  Co.  for  use  in 
drilling  two  bolt  holes  and  an 
oil-hole  in  the  large  end  of  the 
connecting-rods.  To  arrange  the 
work  so  that  the  time  required 
for  drilling  the  two  deep  bolt 
holes  will  not  represent  the 
limiting  condition,  the  machine 
was  designed  with  five  spindles 
and  an  indexing  work-holding 
fixture. 

A  connecting-rod  forging  is 
put  in  place  at  the  loading  sta- 
tion, after  which  the  fixture  is 
indexed  to  bring  this  piece  un- 
der the  first  pair  of  drilling 
spindles.  These  cut  half  way 
through  the  bolt  holes,  after 
which  the  work  is  indexed  to  a 
second  pair  of  spindles  which 
complete  drilling  these  holes.  The  work  is  then  indexed  once 
more  to  br'ng  it  under  a  single  spindle  which  drills  the  oil- 
hole,  and  the  fourth  indexing  brings  it  back  to  the  loading 
station,  where  the  drilled  piece  is  removed  and  a  fresh  forging 
substituted.  It  will  be  apparent  that  tor  each  indexing  move- 
ment one  finished  piece  is  drilled,  and  by  dividing  the  drill- 
ing of  the  deep  bolt  holes  between  two  pairs  of  spindles,  a 
balance  is  secured  between  the  time  involved  in  drilling  these 
holes  and  that  required  for  drilling  the  oil-hole,  so  that  none 
of  the  spindles  on  the  machine  are  kept  idle  for  a  substantial 
length  of  time.  The  work  is  located  on  this  fixture  by  pilots 
fitting  Into  the  two  bearing  holes  that  were  drilled  by  a  pro- 
ledlng  operation,  and  a  C-washcr  at  the  upper  end  secures  the 
work  without  making  It  necessary  to  do  more  than  loosen  the 
bolt  sufficiently  to  slip  this  washer  out  so  that  the  work  may 
bo  lifted  over  the  nut.  The  material  Is  drop-forglngs  and  the 
connect  liigrorls  are  drilled  at  the  rate  of  720  per  eight  hour 
(lay  from  ciicli  machine.  The  two  bolt  holes  are  25/64  Inch 
In  diameter  by  1  11/lfi  liirli  deep,  and  the  ollholp.  which  Is 
for  II  l/.s  Inch  pipe  tap.  Is  2:t''fi4  ln<h  In  diameter  by  5/16  Inch 
deep.  The  ilrillInK  operation  Is  performed  at  a  speed  of  325 
11. 1'. M.  with  a  feed  of  0.005  Inch  per  revolution.  The  slow 
speed  at  which  this  operation  Is  porformed  Is  due  to  the  fact 


that  it  is  necessary  to  hold  the  distance  between  each  bolt 
hole  center  and  a  corresponding  milled  surface  on  the  con- 
necting-rod, and  if  the  drills  are  forced,  there  will  be  danger 
of  their  "running  out." 

Auxiliary  Miiltiple  Drilling-  Heads  and  Drill  Speeders 

There  should  be  a  clear  understanding  of  the  difference  be- 
tween the  terms  "auxiliary  multiple  drilling  head"  and  "drill 
speeder."  The  former  type  of  equipment  is  used  in  connection 
with  a  single-spindle  drilling  machine  to  provide  for  simul- 
taneously drilling  a  number  of  holes,  and  the  latter  is  em- 
ployed for  speeding  up  a  small 
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drill  which  is  used  for  drilling 
oil-holes  or  small  tap-holes  in 
large  castings  that  are  being 
handled  under  a  heavy  drilling 
machine.  The  use  of  such  a 
machine  is  necessary  for  drill- 
ing the  large  holes  and  also 
to  provide  for  reaching  these 
small  holes  in  large  pieces  of 
work.  As  the  spindle  speeds 
provided  on  high-duty  drilling 
machines  are  too  slow  for  the 
efficient  operation  of  small 
drills  used  for  drilling  tap- 
holes,  oil-holes,  etc..  it  is  neces- 
sary to  provide  for  the  per- 
formance of  such  operations  by 
making  use  of  a  drill  speeder, 
which  is  simply  an  auxiliary 
drill  head  mounted  on  the  drill- 
ing machine  spindle  and  pro- 
vided with  gearing  that  gives 
the  increase  of  speed  necessary 
for  driving  small  drills  at  the 
proper  number  of  revolutions 
per  minute. 

As  compared  with  these  con- 
ditions, auxiliary  multiple  drill- 
ing heads  may  be  provided 
with  the  necessary  arrangement 
of  gearing  to  increase  the 
speed  of  the  drills,  to  drive 
these  drills  at  the  same  speed  as  the  machine  spindle,  or  to 
make  a  variation  in  the  speeds  of  different  sizes  of  drills 
carried  in  the  head.  The  arrangement  of  gearing  in  any  drill- 
ing head  will,  of  course,  depend  entirely  upon  the  particular 
conditions  which  must  be  met.  The  spindles  of  auxiliary  mul- 
tiple drilling  heads  used  on  sensitive  highspeed  machines 
usually  run  at  the  same  speed  as  the  drilling  machine  spindle. 
The  following  instance  is,  perhaps,  typical  of  the  classes  of 
work  for  which  auxiliary  multiple  drilling  heads  are  employed. 
A  certain  firm  engaged  in  machining  clutch  rings  for  several 
different  automobile  manufacturers  often  has  orders  for  sev- 
eral thousand  of  each  kind  of  ring,  but  it  may  only  be  possible 
to  get  a  few  thousand  drop-forgings  for  these  rings  at  one 
time.  Experience  has  shown  that  it  is  economical  to  employ 
singlosplndle  drilling  machines  equipped  with  auxiliary  uiulti- 
plo  heads  for  each  different  type  of  ring  to  be  drilled.  These 
heads  can  be  readily  Interchanged  to  adapt  the  same  machines 
fur  drilling  (lirferent  types  of  rings.  The  Increased  production 
possible  with  niachliiea  equipped  In  this  way.  as  compared 
with  the  use  of  slngle-splndlo  machines,  will  be  readily  under- 
stood when  It  Is  learned  that  the  production  was  Increased 
rfrom  290  rings  per  day  for  one  man  on  a  singlosplndle  drilling 
machine  to  2700  rings  per  day  from  a  machine  equipped  with 
jin  auxiliary  inulllple  head     The  preceding  Instance  Is  typical 
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of  the  use  which  is  made  of  auxiliary  multiple  heads,  namely, 
to  enable  a  single-spindle  drilling  machine  of  moderate  cost 
to  drill  several  holes  simultaneously.  In  cases  where  holes 
of  different  sizes  have  to  be  drilled  at  the  same  setting,  it  is 
necessary  to  have  special  gearing  to  provide  for  driving  dif- 
ferent drills  at  the  proper  cutting  speeds.  Fig.  42  shows  a 
four-spindle  drilling  head  built  by  the  Sellew  Machine  Tool 
Co.,  which  is  used  in  the  plant  of  the  Peerless  Motor  Car  Co. 
for  machining  motor  cylinder  blocks.  In  this  case  the  drilling 
machine  is  rather  heavy  and  the  head  is  of  correspondingly 
rugged  construction. 


Fig.  42.     Fonr-ipindle  Auxiliary  Drill  Head  built  by  Bellow  Machine  Tool 
Co.  for  macbiniuK  Peerless  Motor  Cylinder  Blocks 

Fig.  44  shows  an  eighteenspindle  auxiliary  head  that  was 
designed  and  built  by  the  Langelier  Mfg.  Co.,  for  drilling  and 
countersinking  in  multiples,  the  ninety-flve  holes  of  the  center 
group  In  the  radiator  support  shown  in  Fig.  43.  The  illustra- 
tion shows  a  cold-rolled  steel  plate  1/8  inch  thick  by  2  9/16 
Inches  wide  and  22  1/2  inches  long.  The  six  end  holes  in  the 
plate  are  punched  and  the  17/G4-lnch  holes  are  drilled  and 
countersunk  with  the  multiple  head.  Fig.  43  also  shows  the 
arrangement  of  the  spindles  In  the  drilling  head.  These  spin 
dies  are  located  to  correspond  with  every  other  hole  in  the 
plate  In  a  group  of  thirty  holes;  this  staggering  of  the  spin- 
dles  was  necfiHsary   In   order  to  obtain  a  strong  spindle  con- 


struction. Each  group  of  thirty  holes 
in  the  plate  is  drilled  and  counter- 
sunk in  two  operations.  The  plate 
has  ninety-five  holes  and  the  attach- 
ment drills  them  in  groups  of  thirty 
holes,  two  operations  being  required 
to  drill  each  group.  There  are  three 
groups,  and  the  remaining  cross-row 
of  five  holes  has  to  be  drilled  singly. 
Eighteen  holes  can  be  drilled  and 
countersunk  in  five  seconds.  The 
plate  is  held  and  moved  to  its  dif- 
ferent drilling  positions  by  an  index- 
ing fixture  that  is  fastened  to  the 
table  of  the  drilling  machine.  The 
lengthwise  movement  of  the  fixture 
corresponds  to  the  shift  between 
groups  and  the  crosswise  index  to  the 
1/2-inch  movement  required  for  the 
two  operations  in  each  group.  For 
each  of  the  two  operations  on  a  group  of  thirty  holes,  fifteen 
of  the  eighteen  spindles  in  the  head  are  in  operation  and  the 
drills  carried  by  the  other  three  spindles  hang  over  the  side 
of  the  work. 

The  tools  used  are  a  combined  drill  and  countersink.  The 
shanks  are  squared  and  fit  into  a  square  socket  in  the  spindle 
collets.  Adjustment  of  the  tools  for  producing  uniform  coun- 
tersinking is  obtained  by  an  adjusting  screw  that  is  tapped 
into  the  squared  end  of  the  tool  and  butts  against  the  bottom 
of  the  square  socket  in  the  collet.  This,  of  course,  requires 
the  tool  to  be  taken  out  and  may  seem  a  slow  method  of 
adjustment,  but  it  has  been  proved  that,  after  they  have  once 
been  adjusted,  it  is  a  simple  matter  to  keep  them  so.  The  ends 
of  the  collets  are  taper  threaded  and  split,  and  the  tools  are 
held  in  the  collets  by  pinch  nuts.  The  pinch  nuts  are  tight- 
ened or  loosened  by  a  sleeve  T-wrench  which  telescopes  the 


Fig.  44.    Eighteen-spindle 

Langrelier  Auxiliary 

Drill  Head 


Condition  of  Work  dono 

Sooond,   Tbird,   Ftftb, 

bavu    b 


n  Maobino  shown  in  Fi(.  46  after  First, 
nd  Sixth  DriUinK  Operations 

»n    purfonutnl 


I       Radlslof    Rapport     In    whl-^h    lloU«    sr.    drlll.d     wllh    I.I 

II. .d   tlMwa  In   ri«.   44.    hf   tt«T"r»ln«   Wolk   IIIiI»Im   snd 

LMfthwlM  b«lw>»  BuoMMlTo  0p«t»llon>.     II.I0W 

Is  siMva  Laj.onl  of  llp)n<ll«s  In   Drill  ll«s>l 


tools.  The  drilling  head  Is  adjustable  rotatlvely  and  can  be 
set  In  any  position  In  the  housing  without  affecting  Us  run- 
ning. The  housing  Is  attached  to  the  feed  sleeve  of  the  drill 
press  by  a  clamp  nut. 

Indexing  Multiple  Drllllnir  Miiohlne 
III  u  loitulii  type  of  Intorcdolor  tube  plutu  It  Is  roqiilrod  to 
ilrlll  olKhty-four  %-lnch  holes,  and  us  the  plates  In  which  theHO 
holi'M  must  1)0  drilled  are  only  4%  Inches  In  dlmnptor  by 
•I,  Inrh  thick.  It  will  lui  uvldont  Unit  the  HpiicliiK  of  the  holos 
IH  loo  cloBO  to  miiWc  It  poKHlbli-  for  tho  w.irU  to  be  done  on 
liny  HlHiidiird  lypi-  i>r  niiiltlpb' Hplndio  drIllliiK  nmrlilni',  FIk. 
11;  HliowH  11  HpiM-liil  niiiltlplc  hi'iiil  iniicblnr  built  by  tlio  I/ungolliT 
MfK.  ('o.,  which  IH  (M|iilpp.Ml  Willi  im  IiuI.'xIiik  work  IioIcIIiik  llx 
tiirc;  thu  iiiulllplo  hciul  of  UiIh  drlllliiK  nmchhn-  him  fourtoon 
uplndlon,  unci  by  IndnxliiK  the  work  six  tlmi-H,  provlHlon  Is 
niarto  for  drIllliiK  nil  "f  lb«  oUbly  four  holi-w  wltlii.ul  loss  of 
tinio  In  romovInK  and  r.'iK-llliiK  Ihi'  w.irU  or  without  the  nocoii- 
Klly   or  uppMrlliiK   lliii"   III    liiyliiK   out    Ihn   holcH   and   drilling 
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them  in  a  single-spindle  machine.  Fig.  45  shows  at  A,  B,  G, 
D,  and  E,  respectively,  the  condition  of  the  work  after  the 
first,  second,  third,  fifth,  and  sixth  drilling  operations.  The 
piece  of  work  after  the  fourth  operation  has  been  performed 
on  it  is  missing  in  this  illustration.  The  distance  between 
holes  in  the  finished  sheet  is  only  114  times  the  drill  diam- 
eter, which  shows  how  closely  the  drills  have  to  be  spaced. 
For  holding  and  locating  the  work,  the  machine  is  provided 
with  a  three-jawed  indexing  fixture  mounted  on  the  table  of 
the  machine,  and  this  fixture  is  laid  out  so  that  the  work 
of  indexing  1/6  revolution  between  each  of  the  six  successive 
operations  may  be  accomplished  rapidly.  A  machine  of  this 
kind  could  be  built  with  a  suitable  drill  head  and  work-holding 
fixture  to  provide  tor  drilling  other  pieces  where  the  spacing 
of  the  holes  is  too  close  to  make  it  possible  for  the  work  to  be 
done  economically  on  machines  of  standard  design. 

Results  Obtained  with  Automatic  Drilling  Machines 

There  are  many  classes  of  work  where  automatic  drilling 
machines  may  be  used  to  extremely  good 
advantage.  As  a  general  proposition, 
the  work  adapted  for  being  drilled  on 
automatic  machines  is  of  relatively 
small  size,  although  this  is  not  neces- 
sarily the  case.  With  automatic  drill- 
ing machines  the  high  production  se- 
cured is  largely  due  to  the  possibility 
of  effecting  a  great  reduction  in  the  idle 
time  of  the  machine,  as  a  result  of 
means  provided  for  continuous  opera- 
tion of  the  drilling  machine  spindle  or 
spindles,  and  the  possibility  of  having 
the  operator  constantly  employed  in  re- 
moving drilled  pieces  from  the  work- 
holding  fixture  and  substituting  fresh 
blanks. 

Fig.  47  shows  a  five-spindle  semi- 
automatic drilling  machine  built  by  the 
Detroit  Tool  Co.  The  machine  shown  is 
used  in  the  factory  of  the  Willys- 
Overland  Co.,  and  it  will  be  seen  that 
two  spindles  are  engaged  in  drilling  a 
cross-hole  in  hood  catch  stems,  while  the 
other  three  spindles  on  the  machine  are 
employed  for  drilling  a  longitudinal  hole 
in  the  end  of  torsion  yoke  pivot  pins. 
In  each  case  the  work  is  secured  in  a 
cam-operated  V-block  fixture  which  is 
tightened  or  loosened  by  a  single  move- 
ment of  the  binding  lever.  The  five 
spindles  on  this  machine  are  controlled 
by  a  cam-actuated  feed  mechanism  ar- 
ranged in  Bucb  a  way  that  the  spindles 
are  advanced  to  the  work  in  consecu- 
tive order.     This  makes  it  possible  for 

the  operator  to  be  constantly  employed  removing  drilled  pieces 
and  substituting  blanks  In  the  work-holding  fixtures,  and  by 


Fig.    46.     Laugelier   Multiple  SrilUog   Uachine 

with  Indexing  Fixture  to  locate  Work  for 

Six   Successive   Operations   required    to 

driU  Eighty-four  Holes,   as 

shown  in   Fig.   45 


Semlaatotnalic    Srilllni    Machine    bull!    by    Detroit 
la  shown  In  Operation  In  WIUraOTerland  Plant 


Fig.  48.  Fixture  for  Use  in  drilling  Deep  Holes  on  Machine  shown  in  Fig.  47 

the  time  he  has  reached  the  fixture  at  the  right-hand  end  of 
the  machine,  the  piece  in  the  fixture  at 
the  extreme  left  has  been  drilled  and 
the  spindle  withdrawn ;  consequently 
the  operator  can  start  right  in  again 
removing  drilled  pieces  and  substitut- 
ing blanks,  this  order  being  kept  up 
continually.  On  the  hood  catch  stem 
the  cross-hole  is  drilled  with  a  No.  21 
drill  (0.159  inch  in  diameter)  and  the 
hole  is  11/32  inch  deep.  The  drills  are 
operated  at  990  revolutions  per  minute 
with  a  feed  of  0.002  inch  per  revolu- 
tion; the  use  of  this  low  speed  is  neces- 
sary on  account  of  the  larger  sized  drills 
used  in  the  other  three  spindles  of  the 
machine.  The  production  is  3600  pieces 
in  an  eight-hour  working  day.  In  drill- 
ing the  longitudinal  hole  in  the  torsion 
yoke  pivot  pin,  the  hole  is  drilled  to 
receive  a  3/8-lnch  tap  and  is  9/16  inch 
in  depth.  The  machine  is  operated  at 
the  same  speed  and  feed  employed  for 
the  previous  operation,  although  the 
feed  is  really  too  light  for  this  size  of 
drill.  The  production  is  3600  pieces 
per  eight-hour  working  day. 

Fixture  for  Increasing-  Feed  Rang-e 

In  Fig.  47  the  five-spindle  semi-auto- 
matic drilling  machine  built  by  the  De- 
troit Tool  Co.  is  shown  engaged  in  the 
performance  of  drilling  operations  on 
two  classes  of  pins,  but  it  must  not  be 
inferred  that  the  scope  of  this  machine 
is  in  any  way  restricted  to  the  drilling 
of  cylindrical  shaped  pieces.  Where 
suitable  work-holding  fixtures  are  made,  this  machine  Is 
adapted  for  drilling  pieces  of  a  great  variety  of  shapes  and 
sizes,  and  in  all  cases  advantage  is  taken  of  the  ability  of 
keeping  the  operator  constantly  employed  in  loading  work  Into 
the  fixtures  while  drilling  operations  are  being  performed  on 
pieces  held  in  other  fixtures. 

Where  the  pieces  to  be  drilled  are  of  such  a  character  that 
the  depth  of  hole  required  is  in  excess  of  the  maximum  teed 
movement  provided  by  the  throw  ot  the  cam,  provision  for 
drilling  such  pieces  may  be  made  by  designing  a  special  work- 
holding  fixture  of  the  general  type  shown  in  Fig.  48.  This 
particular  fixture  was  designed  tor  drilling  staybolts  which 
arc  held  in  Jaws  ^1.  these  Jaws  being  quickly  opened  or  closed 
by  means  of  lever  li.  It  will  be  seen  that  the  body  of  the  fix- 
ture on  which  the  work  Is  supported  is  carried  by  a  slide  C. 
and  provision  Is  made  for  traversing  this  slide  In  a  direction 
opposite  to  the  feed  movement  ot  the  drilling  machine  spindle 
by  means  of  hand-lever  D.  In  operating  a  drilling  machine 
oiiulppod  with  a  fixture  of  this  kind,  the  work  is  first  held  In 
the  fixture  with  slide  C  in  Its  position  farthest  away  from  the 
drilling  machine  spindle,  and  In  this  position  the  drill  Is  tod 
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rig.  49.     National-Acme  Six-spindle  Semi-automatic  Drilling  Hachine  with 

Double  Work-holdins  Fixture  which  provides  for  loading  Six  Sections 

of  Fixture  while  Work  is  being  drilled  in  Other  Six  Positions 

into  the  work.  After  the  hole  has  been  drilled  to  the  full  depth 
in  this  position  and  the  drill  has  been  backed  out  of  the  work, 
slide  C  is  advanced  by  manipulating  hand-lever  D  and  the  fix- 
ture is  secured  in  the  forward  position.  Then  the  next  time 
the  spindle  is  fed  forward  by  the  cam,  the  drill  completes  cut- 
ting the  hole  to  the  required  depth.  Suitable  fixtures  of  this 
kind  can  be  designed  to  meet  the  requirements  of  a  variety 
of  classes  of  work  where  deep  holes  have  to  be  drilled. 

A  somewhat  similar  type  of  semi-automatic  drilling  machine 
to  the  one  previously  described  is  shown  in  Fig.  49,  this  ma- 
chine being  built  by  the  National  Acme  Co.  It  will  be  seen 
that  this  is  a  six-spindle  machine,  and  while  In  general  appear- 
ance it  resembles  the  one  shown  in  the  preceding  illustration, 
the  method  of  operation  differs  considerably.  On  this  machine 
all  of  the  spindles  feed  forward  simultaneously,  and  to  provide 
for  reducing  the  idle  time  of  both  the  machine  and  operator, 
the  work-holding  fixture  is  designed  to  carry  twelve  pieces. 
This  nxture  is  arranged  In  such  a  way  that  while  six  pieces 
of  work  are  being  drilled,  finished  parts  may  be  removed  from 
the  other  six  work-holding  nxlures  and  fresh  blanks  substi- 
tuted. When  the  drilling  operation  has  been  completed  and 
the  drills  have  been  automatically  withdrawn  from  the  work, 
the  operator  rocks  the  work  holding  fixture  over  on  Its  oscll 
lallnK  Rupport  bo  that  the  fresh  blanks  are  brought  into  the 
drilling  poaitlon.  He  can  then  remove  the  drilled  pieces  and 
•Dubstltuto  blanks  In  the  manner  previously  described.  Some 
rpmnrkably  high  rates  of  production  are  si'iurcd  on  theso  ma- 
ihlne*.  For  Innlanco.  at  the  plant  of  the  Ford  Motor  Co.  mii- 
rhlno«  of  this  type  are  employed  for  drilling  (tokb  holes  In 
boltii  of  the  form  shown  In  Fig.  49.  In  drilling  a  1/8  Inch 
hole  through  a  3/8  Inch  bolt  body,  the  machines  am  operated 
at  1500  n  P.M  ,  and  th"  ralo  of  production  Is  10,000  bolts  per 
clKhl  hour  working  day.  Anothor  Job  performed  cm  IIiIh  niii 
chine  connlnts  of  drilling  a  1/8  Inch  hole,  »/ir,  ln<li  de..p, 
through  the  head  of  a  bolt.  Ilunnlng  the  spindles  at  the 
Mmn  spcod.  the  production  Is  1000  bolls  per  eight  hour  day. 

H«nil-itutoiniitlc  Drtlllnx  Mitchlna  with  Indaxlnv  Fixture 
In  Ihn  two  precndlng  types  of  drilling  machines  the  spindles 
■re  Bdvnncd  and   withdrawn   nnlomallrBlly,  hut   the  operator 


is  required  to  manipulate  the  work-holding  fixture  by  hand. 
In  Figs.  50  and  51  there  are  shown  two  machines  built  by 
Baker  Bros.,  which  are  equipped  with  an  automatic  indexing 
fixture.  Near  the  top  of  the  machine  there  will  be  seen  a  cam 
drum  on  which  cams  are  mounted  to  provide  for  automatically 
feeding  the  drills  into  the  work  and  withdrawing  them,  the 
amount  of  feed  motion  being  regulated  by  the  cams  according 
to  the  work  on  which  the  machine  is  engaged.  Extending 
down  from  this  feed  drum  on  the  left-hand  side  of  the  ma- 
chine, there  will  be  seen  a  shaft  which  is  driven  by  a  pair 
of  spur  gears.  This  shaft  transmits  motion  to  an  indexing 
mechanism  located  beneath  the  table  and  work-holding  fixture, 
and  by  this  means  provision  is  made  for  continuously  index- 
ing the  work-holding  fixture  to  bring  a  fresh  blank  or  blanks 
into  the  operating  position  to  be  drilled  during  the  time  that 
the  drills  are  being  raised  ready  to  start  the  next  downward 
stroke.  With  an  equipment  of  this  kind  it  is  merely  neces- 
sary for  the  operator  to  stand  at  the  front  of  the  machine  so 
that  he  can  remove  finished  pieces  and  substitute  fresh  blanks 
to  be  drilled. 

Fig.  50  shows  a  machine  engaged  in  drilling  external  brake- 
band anchors  in  the  plant  of  the  Willys-Overland  Co.  The 
operation  consists  of  drilling  eight  13/64-inch  holes,  whicb 
are  approximately  3/16  inch  in  depth.  Four  holes  are  drilled 
at  one  end,  after  which  the  piece  is  reversed  end  for  end  in 
the  fixture,  to  provide  for  drilling  the  other  four  holes.  In 
each  case  the  work  is  located  in  the  fixture  by  a  pilot  that 
enters  the  large  central  hole,  but  alternate  stations  on  the 
fixture  are  designed  to  locate  the  work  by  different  methods, 
according  to  whether  the  first  four  holes  have  or  have  not 
already  been  drilled.  When  the  piece  is  first  set  up  in  the 
fixture,  it  is  slipped  over  the  pilot  entering  the  center  hole, 
after  which  the  lever  A  is  turned  to  operate  an  "equalizer" 
that  lines  the  work  up  properly;  then  wing-nut  B  is  tightened, 
which  results  in  raising  a  clamping  lever  that  secures  the 
work  in  place  on  the  under  side  of  the  jig-plate  that  forms  the 
top  of  the  work-holding  fixture.  In  this  position  the  first  four 
holes  are  drilled,  and  when  the  piece  has  again  come  around 
to  the  front  of  the  fixture,  the  operator  releases  the  clamps, 
and  after  taking  this  piece  out  of  the  fixture,  sets  it  up  again 
in  a  work-holding  fixture  located  on  the  next  station.  In  this 
position  the  work  is  located  by  a  pilot  entering  the  large  cen- 
ter hole  and  by  a  small  pin  that  enters  one  of  the  holes  which 
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have  just  been  drilled.  Then,  by  tightening  the  wing-nut  B, 
the  piece  is  clamped  in  place.  At  each  downward  movement 
of  the  spindle  of  the  drilling  machine  eight  holes  are  drilled— 
four  in  a  piece  which  has  already  had  the  first  four  holes 
drilled  and  four  in  a  fresh  blank — so  that  one  drilled  piece  is 
obtained  for  each  traverse  of  the  spindle.  From  this  it  will 
be  apparent  that  the  index  mechanism  is  arranged  so  that 
the  work-holding  fixture  is  indexed  through  two  stations  on 
the  fixture  each  time  that  the  spindle  of  the  drilling  machine 
is  raised.  The  machine  is  operated  at  such  a  speed  that  the 
drills  run  at  1100  R.P.M.,  with  a  feed  of  0.002  inch  per  revo- 
lution; and  operating  under  these  conditions,  576  pieces  are 
drilled  in  an  eight-hour  working  day.  The  material  is  mal- 
leable iron. 

Fig.  51  shows  another  application  of  the  Baker  Bros,  semi- 
automatic drilling  machines  in  the  plant  of  the  Willys- 
Overland  Co.  This  illustration  shows  the  operation  of  drilling 
two  holes  3/S  inch  in  diameter  by  0.372  inch  deep,  and  25/64 
inch  in  diameter  by  1.120  inch  deep,  respectively,  in  the  rear 
axle  external  brake-band  lever.  The  material  is  malleable 
iron  and  the  operation  is  performed  at  a  speed  of  650  R.P.M., 
with  a  feed  of  0.003  inch  per  revolution.  The  production  is 
600  pieces  per  eight-hour  working  day.  It  will  be  seen  that 
the  drilling  machine  Is  equipped  with  a  three-spindle  auxiliary 
head,  but  that  only  two  of  the  spindles  are  provided  with  twist 
drills.  This  Is  not  due  to  the  fact  that  use  is  being  made 
of  a  three-spindle  head,  but  because  of  the  necessity  tor  drill- 
ing both  right-  and  left-hand  brake-band  levers.  In  drilling 
levers  of  the  opposite  hand,  the  drill  shown  in  the  right-hand 
spindle  is  removed  and  set  up  on  the  spindle  at  the  left  hand 
of  the  central  position.  In  the  work-holding  fixture  used  on 
this  machine,  the  end  of  the  work  is  located  by  means  of  a 
V-block,  and  clamping  is  effected  by  means  of  wing-nuts  A 
which  bind  the  outer  V-block  against  the  end  of  the  work. 
Supporting  pads  on  the  fixture  prevent  the  work  from 
springing. 

Cotter-pin  Hole  Drilling-  Machine 

Fig.  53  shows  a  machine  known  as  the  No.  1  semi-automatic 
continuous-feed  drilling  machine,  which  is  built  by  the 
Langelier  Mfg.  Co.  This  machine  is  particularly  adapted  for 
drilling  small  holes,  such  as  cotter-pin  holes  in  long  pina, 
balls,  screws,  nuts,  and  work  of  a  similar  nature.     It  is  built 
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Fig.    52.     Langelier    Multiple-head    Drilling    Machine    which    provides    for 

drilling    Parts    containing    practically    Any    Number    of    Holes 

without    Loss    of    Time    for    Ejection    of    Drilled 

Pieces    or    setting    up    Fresh    Blanks 

for  various  sizes  of  work,  with  any  number  of  drilling  heads 
up  to  and  including  ten.  In  the  illustration,  eight  heads  are 
shown,  each  head  having  two  drilling  spindles,  located  one 
above  the  other,  making  a  total  of  sixteen  drilling  spindles. 
The  piece  drilled  was  a  pin  5/S  inch  in  diameter,  having  two 
1/8-lnch  cotter-pin  holes  crosswise  through  the  ends,  the  dis- 
tance between  the  holes  being  1  21/32  inch.  The  drilling  spin- 
dles feed  outward  as  they  travel  around  the  center  of  the 
machine,  the  two  spindles  in  each  head  drilling  the  two  holes 
in  the  pins  at  the  same  time.  Each  of  the  drilling  heads  has  a 
vise  which  opens  and  closes  automatically  as  it  passes  the 
operator,  or  may  be  closed  by  the  operator  with  a  foot-pedal, 
the  instant  he  puts  the  work  in  the  vise.  Seven  of  the  drill- 
ing heads  are  drilling  continuously,  while  the  eighth  one  is  in 
the  loading  position,  where  the  operator  removes  the  finished 
piece  and  replaces  a  blank  which  is  to  be  drilled.  The  drill 
is  withdrawn  as  it  passes  the  loading  position  and  the  corre- 
sponding vise  opens  automatically  for  the  operator  to  remove 
the  work  and  replace  it  with  a  blank.  The  operator  can  either 
sit  or  stand,  as  desired,  while  inserting  fresh  blanks  in  the 
vises.  The  vises  are  closed  either  automatically  or  by  means 
of  a  foot  treadle. 

All  that  the  operator  has  lo  do  is  to  remove  the  finished 
piores  and  Insert  blanks  in  the  vises,  which  can  be  made  to 
hold  pieces  of  various  sizes  and  shapes.  Either  vertical  or 
horizontal  vises  may  bo  used,  the  style  being  determined  by 
the  class  of  work  upon  which  the  machine  Is  to  operate.  When 
long  pieces  are  to  be  drilled,  the  vises  are  made  lo  hold  the 
work  In  a  vertical  position,  the  work  exleiuling  up  any  reason- 
abli<  length  that  can  be  oporntod  upon.  On  some  classes  of 
work  an  automatic  ejecting  device  I'lin  lie  used  to  advantage, 
BO  that  when  the  Jaws  open  automatically  the  work  will  be 
forced  out.  With  n  machine  equipped  in  this  wny,  all  that 
the  operator  has  to  do  la  to  place  fresh  blanks  In   the  vises. 
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Fig.    53.     LanpeUer   Semi-automatic    Continuous-feed    Drilling:    Machine 
equipped  for  drilling  Cotter-pin  Holes 

The  maximum  leed  travel  is  IV2  inch,  and  the  chucks  will 
take  drills  up  to  1/4  inch  in  diameter.  The  feed  cam  that 
operates  the  spindles  is  easily  removed,  so  that  cams  to  give 
different  ranges  may  readily  be  substituted.  When  deep  holes 
are  to  be  drilled,  the  cams  are  made  to  withdraw  the  drills 
frequently,  thus  breaking  and  clearing  the  chips  from  the 
holes.  The  fee^  of  the  drills  can  be  changed  to  suit  the  depth 
of  holes  and  the  sizes  of  drills.  Provision  is  made  for  ample 
lubrication  of  the  drills,  the  lubricant  being  forced  between 
the  vise  jaws  and  the  work,  thus  keeping  the  work  flooded  at 
the  point  of  drilling  so  that  the  highest  possible  feed  and  cut- 
ting speed  may  be  employed.  A  circular  pan  surrounds  the 
drilling  heads,  this  pan  having  ample  capacity  for  holding 
the  drilled  work  and  chips.  The  oil  is  strained  and  drained 
Into  the  base,  where  it  is  pumped  back  to  the  work  by  a  cir- 
cnlating  pump.  An  idea  of  the  productive  capacity  of  the 
machine  will  be  obtained  from  the  following  example:  Auto- 
mobile chain  pins  1/2  inch  in  diameter  are  drilled  with  0.121- 
inch  drills  running  at  2200  revolutions  per  minute,  the  produr- 
llon  being  12.000  pins  per  ten-hour  day.  The  capacity  of  the 
machine  for  round  pieces  with  two  sets  of  vise  Jaws  is  from 
1/4  to  1  Inch,  the  flrst  set  taking  from  1/4  to  5/8  inch  and  the 
second  set  from  5/8  to  1  inch.  The  Jaws  carry  a  drill  guide 
bushing  which  centers  the  drill  accurately.  These  jaws  can 
be  quickly  changed  when  It  is  required  to  operate  the  ma- 
chine on  Bome  other  class  of  work. 

Blx-head  Contlnuoua-feed  Orilllnir  Machine 

Fig.  52  HhowH  a  six-head  conllnuouB-feed  multiple  drilling 
ma<:hlne,  with  which  parts  containing  practically  any  number 
of  holes  may  b<;  drilled  continuously,  without  any  loss  of  time 
for  the  ejection  of  drilled  pieces  or  Inserting  blank  ones.  It  is 
built  by  the  Langcllor  Mfg.  Co.  The  rate  of  production  at- 
tained with  thiH  machine  will  lie  readily  Kraspi-d  upon  noting 
that  the  work  wbh  drilled  by  an  average  unHklllod  operator 
at  the  rate  of  fourteen  completely  drlllerl  plmeH  per  minute, 
or  a  total  of  8400  pieces  or  42.000  holoH  In  ten  hours.  The 
work  Is  a  forglnx  3/16  Inch  thick,  and  Ihnre  are  two  holes 
0.19!t,  two  holes  0.261,  and  one  hole  0.09H  Inch  In  diamotor. 
The  Hpoeds  for  theiie  three  sizes  of  drills  are  585,  456,  and 
1200  It  P.M.,  renportlvcly.  with  a  feed  of  O.OOIH  Inrti  per  rnvn 
lutlon.  If  It  had  boon  noreimnrv  that  the  pieces  bo  drilled 
with  more  than  flvo  holes  each,  tho  total  number  of  lioleN 
drilloi)  In  ton  hours  would  have  boon  still  Kroiiler.  berauno 
nil  tho  holes  In  oarh  ploco,  no  mntler  how  Rront  the  riunibor, 
are  ilrlllod  In  practlenlly  tho  snmo  tinio  that  It  would  luko 
In  Orlll  n  KlnRlo  holo  Tho  marhlno  work*  on  sli  plocos  slmul- 
lanooimly  nnd  rontlnuously 


Each  head  is  fitted  with  a  "steady"  jig  for  supporting  and 
accurately  starting  the  drill  ends.  The  jig  is  adjustable  verti- 
cally to  compensate  for  the  shortening  of  the  drills  by  grind- 
ing, and  is  also  under  spring  tension  so  as  to  exert  pressure 
on  the  work  while  it  is  being  drilled.  The  pieces  to  be  drilled 
are  located  and  held  in  position  by  a  three-point  supporting 
pressure  lever  fixture,  the  fixture  body  being  screwed  to  the 
table  permanently.  Each  type  of  work  has  a  separate  fixture 
seat  of  its  own  that  can  be  quickly  removed  and  replaced. 
The  pieces  to  be  drilled  are  gripped  by  a  short  fulcrumed  lever 
under  spring  tension,  the  longest  end  being  depressed  to  re- 
lease the  work  by  passing  under  a  segment  cam  that  is  located 
directly  in  front  of  the  operator  and  fastened  to  the  rim  of 
the  oil-pan.  The  segment  cam  is  stationary  and  is  adjustable 
vertically  so  as  to  give  just  the  proper  amount  of  opening. 
The  machine  consists  of  a  box  base  having  a  vertical  station- 
ary post  at  the  center,  around  which  revolves  a  member  carry- 
ing the  six  drilling  heads  and  tables  upon  which  the  work- 
holding  fixtures  are  fastened.  Each  drilling  head  with  its 
table  revolves  in  unison.  The  drilling  teed  is  accomplished 
by  the  upward  movement  of  the  tables;  and  at  the  lower  ex- 
tremity of  each  table  slide  there  is  a  roller  having  contact 
with  a  circular  feed  cam  that  is  fastened  to  the  base  of  the 
machine.  The  drilling  is  done  against  the  tension  of  a  spring, 
as  a  safeguard  against  very  dull  drills  and  incorrect  chuck- 
ing of  work  in  fixtures  by  the  operator.  Tension  springs  pull- 
ing downward  on  the  tables  insure  them  having  contact  with 
the  feeding  edge  of  the  cam  at  all  times,  especially  on  the 
return. 

The  revolving  member  carrying  the  drilling  heads  and  tables 
is  actuated  by  a  Hindley  worm  and  gear  located  inside  of  the 
central  circular  flange  supporting  the  feed  cam.  The  work 
shaft,  in  turn,  is  belted  to  the  clutch  shaft,  on  one  end  of 
which  is  a  pair  of  miter  gears  that  receive  motion  from  the 
main  driving  pulley  inside  the  box  base.  The  drilling  heads 
are  driven  by  a  large  central  gear  keyed  to  the  vertical  main 
driving  pulley  shaft  extending  up  through  the  central  post. 
The  driven  gears  on  the  main  spindles  of  the  drilling  heads 
are  made  of  compressed  cotton  (Fabroil  gears)  so  as  to  avoid 
unnecessary  noise  and  insure  smooth  running.  A  large  sta- 
tionary chip-  and  oil-pan.  supported  by  the  standards,  is 
fastened  to  the  base  that  surrounds  the  machine.    On  the  outer 
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Fig.    65. 

end  of  the  miter  gear  shaft  Is  mounted  a  Johnson  clutch  that 
is  operated  by  a  foot-lever  which  is  conveniently  located  for 
the  operator.  This  clutch  is  used  to  make  the  circular  feed 
of  the  machine  independent  of  the  driving  of  the  drilling 
heads,  so  that  it  can  be  instantly  stopped  by  simply  unlocking 
the  foot-lever  by  a  side  thrust  of  the  foot. 

The  cutting  lubricant  is  a  special  mixture  that  is  pumped 
up  through  a  tube  passing  through  the  main  driving  pulley 
shaft  and  then  led  to  each 
drilling  head  by  branch  pip- 
ing. After  being  used,  it 
flows  to  the  bottom  of  the 
circular  oil-pan.  where  it  is 
freed  from  the  chips.  It  then 
passes  to  the  top  of  the  base, 
where  it  is  filtered  before  en- 
tering the  reservoir  located 
In  the  bottom  half  of  the  base. 
This  machine,  with  slight 
modification,  can  be  used  for 
drilling  a  large  variety  of 
pieces  having  one  or  more 
holes. 

Semi-automatic  Twelve-spindle 
Machine  for  Drilling  Pneu- 
matic Tire  Valve  Stems 
On  a  machine  built  by  the 
Langelier  Mfg.  Co.  for  drill- 
ing the  brass  stems  of  pneu- 
matic tire  valves,  a  shaft  to 
which  six  fixtures  are  fastened 
is  mounted  in  a  pan  sup- 
ported by  legs  at  a  convenient 
height  for  the  operator.  These 
fixtures  are  triangular  In 
shape,  having  their  apexes 
flattened  8ufl3ciently  to  re- 
ceive split  chucks  for  holding 
the  valve  stems.  These  chucks 
are    kept   closed    by    springs. 


Fig.    66.     Langelier    DrUUng    Machine    with    Four    Sets    of    Three    Opposed 
Spindles  for  drilling  Twelve   1/8-inoh   Oil-holes   in   Willys- 
Overland  Motor  Valve  Sleeve 


bushings  on  the  spindles,  and  force  the  drills  inward  toward 
the  work.  The  wedge  bars  are  returned  to  their  normal  posi- 
tion by  springs,  and  the  wedges  are  separately  adjustable,  so 
that  the  points  of  the  drills  may  be  kept  in  line. 

The  two  cam  drums  are  driven  by  a  worm  belted  directly 
from  the  countershaft.  At  every  revolution  of  the  cam  drums, 
a  wedge  under  the  run  of  the  right  drum  withdraws  a  spring 
lock-pin  from  a  notch  in  the  index  plate  on  the  right  end  of 
the  shaft,  carrying  the  triangular  fixtures,  while  a  toothed 
sector  on  the  left  drum  engages  with  a  pinion  on  the  left  end 
of  the  shaft,  turning  it  one-third  revolution,  where  it  is  locked 
by  the  pin  springing  into  the  next  notch  in  the  index-plate. 
A  lever  is  provided  for  unlocking  the  fixture  shaft  by  hand, 
and  the  cam  drums  may  be  revolved  by  the  handwheel  on 
the  worm  shaft.  When  the  machine  is  in  operation,  the  pan 
into  which  the  spindles  project  is  filled  with  oil,  so  that  the 
drills  and  work  are  completely  submerged.  The  oil  lubricates 
the  spindles.  A  large  pipe  with  a  stop-cock  is  provided  by 
which  the  oil  may  be  quickly 
drawn  off  into  a  pail  placed 
on  the  fioor.  The  whole  ma- 
chine stands  in  a  large  pan, 
which  insures  cleanliness, 
though  the  drills  never  throw 
the  oil,  and  it  could  only  be 
splashed  out  of  the  upper  pan 
by  the  carelessness  of  the 
operator.  The  valve  requires 
to  have  a  hole  0.081  inch  in 
diameter  drilled  to  a  depth  of 
7/8  inch,  and  then  a  hole 
0.0635  inch  in  diameter  is 
drilled  1/4  inch  farther.  The 
cam  plates  on  the  faces  of  the 
drums  are  so  made  that  the 
drills  are  fed  into  the  work 
about  1/8  inch,  then  entirely 
withdrawn,  and  after  the  oil 
has  cooled,  lubricated  and 
cleared  the  drills  of  chips, 
they  are  fed  in  1/8  inch 
farther,  and  so  on  until  the 
required  depth  is  reached. 
The  large  drills  are  in  the 
spindles  on  the  back  of  the 
machine,  and  the  small  ones 
in  front.  The  triangular  fix- 
tures run  from  front  to  back. 
The  operation  of  the  ma- 
chine is  as  follows:    A  valve 


and  are  opened  by  .small  levers  of  such  shape  that  when  the 
chucks  are  opened  by  resting  the  palm  of  the  hand  on  the 
levers,  the  work  may  be  inserted  or  removed  by  the  fingers 
of  the  same  hand.  The  machine  is  shown 
in  Fig.  64,  and  Fig.  55  shows  the  work  to  be 
drilled.  The  spindles,  which  are  provided 
with  chucks  for  holding  the  drills,  run  In 
bushed  bearings  in  brackets  attached  to  the 
outside  of  the  pan,  six  on  the  back  and  six 
In  front,  and  project  through  the  pan  at  an 
angle  of  30  degrees  l)t'low  the  horizontal, 
thus  being  in  line  with  the  chucks  that 
hold  the  work  in  the  apexes  of  the  triangu- 
lar fixtures  on  the  shaft  above.  There  are 
also  two  larger  brackets  attached  to  the 
pan  diagonally  opposite  e^rh  other,  and  ex- 
tending out  over  drums  at  each  end  of  the 
machine.  These  brackets  support  slides 
provided  with  rolls  to  engage  with  cam- 
plates  secured  to  the  faros  of  the  drums. 
Long  bars,  which  are  attached  to  the  slides, 
extend  through  the  spindle  brackets,  and 
carry  a  wodgo  for  each  spindle.  When 
IhoHO  bars  are  drawn  forward  by  the  re- 
volving cams  ongnglng  with  the  rolls  on 
the  sides,  the  wodgps  cnmo  In  contact  with 


stem  is  placed  in  each  of  the  six  chucks  in  the  upturned  apexes 
of  the  fixtures,  then  the  fixture  shaft  is  turned  one-third  revo- 
lution toward  the  back,  where  it  is  locked  by  the  sprlng-pla 
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in  position  for  drilling  the  large  holes.  While  the  large. drills 
are  operating,  the  six  chucks,  now  upturned,  are  filled  with 
stems,  and  when  the  large  holes  are  completed  on  the  first 
set  of  stems,  the  fixture  shaft  turns  one-third  revolution,  pre- 
senting the  first  set  of  stems  to  the  small  drills,  the  second 
set  to  the  large  drills,  and  the  third  set  of  chucks  to  the  opera- 
tor to  be  filled  with  stems.  The  machine  is  now  fairly  under 
way,  and  need  not  be  stopped,  except  for  accident,  until  work- 
ing hours  are  over,  as  the  operator  has  only  to  remove  fin- 
ished stems  from  the  chucks,  and  insert  blanks,  while  the 
drills  are  operating  on  the  other  two  sets  of  stems.  The  drills 
make  8000  revolutions  per  minute,  and  at  this  speed  the  ma- 
chine drills  six  valve  stems  every  minute,  or  3600  in  a  day 
of  ten  hours.  Although  designed  and  built  for  a  special  pur- 
pose, this  machine  may  be  adapted  for  a  great  variety  of  work. 

Motor  Valve  Sleeve  Multiple  Drilling-  Machine 

For  use  in  drilling  at  one  operation  the  twelve  1/S-inch  oil- 
holes  in  the  outer  sleeve  of  a  Willys-Overland  motor  valve, 
the  Langeller  Mfg.  Co.  designed  the  multiple  drilling  machine 


a  tapered  end  that  is  attached  to  the  cylinder  head.  A  slight 
travel  of  the  sleeve  on  this  tapered  portion  of  the  fixed  arbor 
causes  the  sleeve  to  expand  and  hold  the  work  securely,  extra 
movement  being  avoided  by  a  stop  collar  on  the  sleeve  and 
tapered  arbor. 

Admission  of  air  to  the  cylinder  is  controlled  by  a  small 
piston  valve  that  is  attached  to  the  tailstock  C  at  the  rear  and 
operated  by  contact  with  a  fixed  stop  attached  to  the  tail- 
stock  slide.  The  tailstock  is  shown  in  its  outer  or  loading 
position  in  Fig.  56,  movement  of  the  tailstock  slide  being  se- 
cured by  means  of  the  handwheel  at  the  front  of  the  machine. 
The  drilling  position  is  obtained  by  the  sleeve  to  be  drilled 
coming  into  contact  with  a  stop  E  located  inside  drill  jig  F ; 
this  stop  can  be  adjusted  at  the  left-hand  end  of  the  machine. 
The  tailstock  is  also  automatically  locked  when  in  a  drilling 
position,  and  is  unlocked  by  the  foot-treadle  shown  at  the 
front  of  the  bed;  this  lock  is  adjustable  and  can  be  set  to 
suit  the  requirements  of  the  work  being  drilled. 

Drilling  heads  G  are  located  radially  90  degrees  apart  upon 
a  circular  faceplate  H  that  is  mounted  on  column  J  attached 
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K.  E.  Quint   In   which 


Fig.    69. 


Illustrated  In  Fig.  56.  A  similar  machine  was  built  for  use 
In  drilling  four  1/8-lncb  holes  In  the  Inner  sleeve,  and  the 
output  of  each  machine  Is  3  1/2  sleeves  per  minute,  or  210(i 
per  day.  The  material  Is  cast  Iron  and  the  holes  are  approxi- 
mately 3/1 0  Inch  deep.  The  iiiiu-hlnoH  are  of  exactly  the  sunic 
design,  cx'i.-pt  that  ono  Is  <-i|ul|ipcd  with  twelve  drill  spindles, 
while  the  other  has  only  four  siilndlfH. 

Fig.  fi?  shows  a  rroHnseclJonal  view  through  the  drill  jig 
on  the  machine  for  drilling  the  outi^r  sleovo,  In  which  the 
work  Is  showD  In  the  drilling  position.  Uorerrltig  to  this 
Illustration  In  connection  with  tho  following  dosrrlptlon,  the 
rnQthod  of  oporatlng  the  machine  will  lie  clearly  iiiidorstnod. 
Hlc<!Vi<  A  Is  held  and  located  In  the  drilling  pnHltlon  hy  an 
Intornal  oxpiitidlng  arbor  II  mounted  on  tallstuck  0,  which 
slldnfi  upon  wnys  In  line  with  tho  axis  of  th«  marhlno.  Kn- 
pandliiK  iirtKir  W  Is  opened  or  riosed  aiitomatlially  hy  nxwiMH 
of  roDiprcssed  air;  tho  construction  consists  of  a  split  sli'i-vc 
that  Is  attachod  directly  to  the  piston  In  thn  mmpressod  iilr 
cylinder:  and  Inside  this  sloovc  thnro  Is  n  Oxed  iirhor  It  with 


to  the  bed  of  the  machine.  Drilling  spindles  K  are  driven  by 
spiral  gears,  the  drives  extending  to  the  rear  and  having 
pulleys  on  their  ends.  The  thrust  Is  taken  up  by  ball  thrust 
liearings.  Feed  of  the  drill  spindles  is  operated  hy  a  hand- 
wheel  at  the  rlKht-linnd  side  of  tho  marhino,  which  has  a  spur 
gear  connection  to  a  rini  gear  lociitiMl  Inside  and  coiicontriciilly 
with  faceplate  //.  Tho  rim  genr  iiirrloH  ii  MOKnienl  food  cum 
for  I'lich  head  that  has  roller  roiyucl  with  tho  feed  yoke  of 
each  drill  head.  These  yokes  liavo  a'clanip  connoi-lion  to  the 
sloovo  on  tho  outer  enti  of  tho  drilling  splndios,  and  this  clamp 
connection  provides  ready  means  of  adjusting  llio  fooding 
position  of  fh<'  drill  spindles. 

Turriit  Type  nrlllliiif  MiM-hln«« 

Turret  type  drilling  machines  fill  tho  same  place  In  the 
clrllilng  nmchino  group  that  Is  occupli'd  hy  turret  lalhos  In 
thn  lathe  group.  Kmin  this.  It  will  lie  ulivloiis  that  turret 
drilling  machines  are  eniploynl  for  the  iiiTfc.rnianco  of  a 
Biu|UPiice  of  operations  on  a   jiIimc  nf  work    wlllioiit  re<|iilrlnK 
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the  setting  of  the  work  to  be  changed.  Fig.  58  shows  a  ma- 
chine, built  by  A.  E.  Quint,  in  which  the  required  series  of 
drills,  counterbores,  taps,  etc.,  are  mounted  in  spindles  car- 
ried by  a  turret  which  can  be  revolved  to  bring  the  required 
spindles  into  successive  operation.  On  this  machine,  the  de- 
sign has  been  so  worked  out  that  the  only  spindle  which  re- 
volves is  the  one  carrying  the  tool  that  is  in  the  operating 
position.  One  of  the  chief  claims  made  for  this  type  of  ma- 
chine is  that  time  is  saved  through  avoiding  the  necessity 
of  resetting  the  work  for  performing  a  sequence  of  opera- 
tions, and  by  having  the  entire  equipment  for  performing  these 
operations  contained  in  a  single  unit  an  economy  is  effected 
in  both  floor  space  and  the  required  investment  in  machine 
tool  equipment.  Fig.  58  shows  one  of  these  machines  in  opera- 
tion, and  attention  is  called  to  the  fact  that  different  types 
and  sizes  of  machines  are  provided  for  the  performance  of 
various  classes  of  work. 

In  the  turret  type  drilling  machines  built  by  the  Turner 
Machine  Co.,  a  different  principle  is  employed  for  bringing 
the  required  sequence  of  tools  into  operation.  Fig.  59  shows 
one  of  these  machines  in  operation  at  the  plant  of  the  Green- 
field Tap  &  Die  Corporation,  where  it  is  engaged  in  the  per- 


Fl».   60.     Auxiliary  Turrot    Head   built   by  Newman   MfR.    Co.    to   adapt 

SlDKlo-spindlo  DriUing  Machine  for  Rapid  PerfDrniance 

of  a  Sequence  of  Operations 

formanre  of  a  series  of  operations  on  threading  dies.  This 
machine  is  shown  drilling  one  hole  to  two  different  diameters, 
and  It  is  necessary  to  ream  one  section  of  the  hole.  It  will 
be  apparent  from  (his  Illustration  that  the  method  of  bring- 
ing the  (lifTerent  tools  into  ojieralion  is  different  I'roni  thai 
of  the  machine  .sliown  in  the  preceding  illustration.  Mere  the 
turret  Is  carried  on  a  vertlial  spindle,  about  which  it  revolves 
horizontally  to  Index  the  different  spindles  Into  the  working 
position.  Only  the  spindle  In  the  operating  position  revolves. 
Machines  of  this  type  are  built  In  different  sizes,  so  that  a 
suitable  size  may  be  selected  lor  bandlinK  work  riwering  a 
considerable  range.  These  machlnea  are  designed  with  a  tur- 
ret case  that  holds  the  turret  rigidly  against  side  play,  and  a 
detent  anrl  socket  positively  lock  the  turret  against  rotary 
movement.  Different  styles  In  which  these  machines  arc  built 
provide  for  driving  tools  lifted  with  Nos.  2,  3,  and  4  Morse 
taper  shanks,  so  that  machlnw  of  this  type  may  be  used  for 
the  performance  of  machining  uperiitions  In  n  wide  range 
of  work. 


Another  equipment  of  somewhat  the  same  general  type  is 
built  by  the  Newman  Mfg.  Co.;  the  difference  between  this 
equipment  and  the  two  preceding  types  is  that,  in  the  present 
case,  a  turret  head  is  provided  for  use  on  a  single-spindle 
drilling  machine.  Fig.  60  shows  a  machine  equipped  in  this 
way,  from  which  it  will  be  seen  that  the  turret  head  is  fur- 
nished with  spindles  for  carrying  the  required  sequence  of 
tools.  The  drive  is  so  designed  that  the  only  tool  which  ro- 
tates is  the  one  in  the  operating  position.  The  different  spin- 
dles are  held  in  place  by  a  locking  mechanism  and  may  be 
quickly  changed  to  bring  successive  tools  into  the  operating 
position.  A  sleeve  on  the  head  is  attached  to  the  quill  sur- 
rounding the  drilling  machine  spindle,  and  provides  for  lock- 
ing the  head  at  the  proper  height.  These  drilling  machine 
turret  heads  are  made  in  two  sizes  for  No.  2  and  No.  4  Morse 
taper  shanks;  they  are  also  made  to  hold  straight  shanks,  if 
so  desired. 

«    «    • 

INEQUITY  OF  THE  INCREASE  IN  SECOND- 
CLASS   POSTAGE 

If  the  heavy  increase  in  the  postage  on  periodicals  and  the 
establishment  of  zones  having  different  rates  incorporated  in 
the  War  Revenue  Bill  (the  repeal  of  which  is  proposed  in  the 
new  Smoot  Bill)  were  based  on  known  costs  of  service,  there 
would  be  a  measure  of  defense  for  the  increase.  It  would  then 
have  been  accurate  from  the  bookkeeper's  point  of  view,  even 
if  inexpedient;   but  according  to  the  facts,   it  is  neither. 

It  has  been  shown  that  the  new  postage  rates  on  magazines 
and  periodicals  like  Machinery  are  in  some  instances  30  per 
cent  higher  than  the  express  rates — although  these  include 
returns  on  capital  invested  and  the  profits  of  the  express  com- 
panies. Yet,  the  post  office  was  not  established  for  profits  and 
earning  power,  but  to  serve  the  needs  of  the  country.  Hence, 
as  regards  the  cost  of  service,  the  new  rates — from  50  to  900 
per  cent  higher  than  the  old — are  indefensible. 

As  regards  expediency,  what  greater  harm  could  be  done  to 
the  nation  at  the  present  time  than  to  stifle  the  means  of 
spreading  accurate  information  on  vital  subjects?  The 
mechanical  world  freely  acknowledges  its  indebtedness  to 
M.vcHixERY  for  the  vast  amount  of  definite  technical  informa- 
tion this  periodical  has  collected,  verified  and  published  on  the 
manufacture  of  war  munitions;  and  new  articles  relating  to 
the  making  of  war  material  are  constantly  being  published. 
Information  of  this  kind  aids  mechanics  all  over  the  country 
in  making  munitions  that  will  win  the  war;  but  the  post 
office  would  prevent  this  information  from  reaching  as  large 
a  number  of  readers  as  possible,  by  the  creation  of  prohibitive 
rates  on  magazines  transmitted  through  the  mails.  One  depart- 
ment of  the  government  thus  appears  to  undo  what  other  de- 
partments in  this  hour  of  need  are  doing  their  utmost  to 
accomplish. 

The  section  of  the  Revenue  Bill  establishing  the  new  second- 
class  mail  rates  and  zone  system  should  be  repealed.  No  tax 
should  be  levied  on  the  information  that  reaches  the  producers 
of  the  country  through  the  trade  and  engineering  press.  Ma- 
chinery does  not  believe  in  the  policy  of  bombarding  members 
of  Congress  with  frantic  appeals  to  do  or  not  to  do  this,  that 
or  the  other;  but  this  is  a  government  of  the  people  through 
their  chosen  representatives,  and  the  people  must  bestir  them- 
selves to  make  their  wishes  known.  Hero  is  a  blow  aimed  at 
an  institution  which  means  more  to  democracy  than  any  other 
— an  efficient  periodical  press  circulating  freely  among  the  peo- 
ple of  this  great  nation.  The  zone  system  of  postage  rates  sets 
up  barriers  between  different  sections  of  the  country  when  the 
whole  purpose  of  our  lawmakers  should  be  to  cement  the  peo- 
ple Into  one  solid  Indivisible  American  democracy. 


Machinery  has  been  ordered  and  a  site  selected  In  south- 
western Virginia  for  the  new  government  nitrate  plant.  Out- 
side of  this  source  of  supply,  provisions  have  been  made  to 
secure  a  steady  Inflow  of  nitrate  from  Chile,  and  It  Is  Intended 
to  have  a  large  reserve  of  this  vital  raw  material.  Five  of 
the  enemy's  steamers,  which  were  seized  when  war  was  de- 
clared, are  to  be  used  exclusively  for  the  shipment  of  nitrates. 
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A  BRASS  RECLAIMING  PLANT 

BY  R.   W.  B. 

The  problem  of  reclaiming  metal  from  the  casting  shop 
ashes  and  floor  sweepings  of  the  large  brass  manufacturing 
companies  has  been  a  serious  proposition  from  the  beginning 
of  the  brass  industry.  For  a  long  time  and  up  to  the  present 
some  of  the  companies  have  depended  on  the  old  type  of  pound- 
ing mill  which  served  the  purpose  to  a  certain  extent.  The 
real  saving,  however,  of  the  modern  plant,  which  was  not 
taken  care  of  by  the  old  type  of  mill,  is  derived  from  what  forms 
a  large  part  of  the  "fill"  or  made  ground  in  the  yard  of  almost 
any  brass  mill  in  the  country  today.  The  writer  has  been 
connected  with  the  erection  and  running  of  a  modern  reclaim- 
ing plant,  a  general  lay-out  of  which  is  shown  by  the  accom- 
panjing  diagram.  Considerable  trouble  was  experienced  for 
a  year  or  more  after  the  plant  was  installed,  but  after  all  the 
equipment  was  properly  arranged  and  the  feeds  and  water 
supply  had  been  correctly  adjusted  and  regulated,  to  obtain 
the  proper  mixture  for  all  the  machines,  the  final  results  were 
considered  highly  satisfactory,  as  there  was  a  daily  average  of 
5000  pounds  of  metal  reclaimed.  This  was  a  very  favorable 
showing  in  comparison  with  the  old  mill  which  was  running 
up  to  the  time  the  new  mill  was  in  operation. 

While  the  old  mill  reclaimed  an  average  of  1100  pounds  of 
metal  in  twenty-four  hours  with  a  working  force  of  eight  men, 
or  four  men  for  each  twelve-hour  shift,  the  new  mill  reclaimed 
the  5000  pounds  in  ten  hours  with  a  working  force  of  six  men. 
The  amount  reclaimed  by  the  new  mill  included  an  average  of 


settling  tank  N.  The  concentrates  from  jigs  S  and  T  are 
discharged  to  bin  W,  whence  they  are  taken  to  a  rotary  dryer. 
After  leaving  the  dryer  the  concentrates  are  passed  over  a 
magnetic  separator  where  any  foreign  matter  that  would  be 
detrimental  to  a  good  brass  mixture  is  removed.  Prom  the 
separator  the  concentrates  are  sent  back  to  the  casting  shop 
where  they  are  melted  over,  the  amount  used  being  prppor- 
tioned  according  to  the  grade  of  the  mixture. 

Middlings  too  large  to  move  on  with  the  "tailings"  are 
passed  off  through  jigs  V  and  V  back  to  the  grinding  mill. 
Tailings  from  jigs  S,  T,  V  and  V  are  passed  off  through  jig  Y 
and  elevator  X  to  water  extractor  Y,  where  the  water  is 
removed  and  the  tailings  are  discharged  to  bin  Z,  whence  they 
are  taken,  mixed  with  bituminous  coal,  and  burned  in  the 
boilers  or  in  any  furnace  that  takes  bituminous  coal.  After 
the  "fines"  leave  the  fine  screen  they  pass  off  through  classifier 
M  and  settling  tank  A'  to  vibrating  tables  0  and  P.  Here  the 
very  fine  metal  is  separated  from  the  coal  and  slag  and  the 
metal  passes  to  bins  Q  and  R  for  the  finished  material,  while 
the  tailings  are  carried  to  water  extractor  7  by  elevator  X. 
The  "fines"  are  refined  and  cast  into  billets;  they  are  then 
sent  back  to  the  casting  shop  to  be  remelted.  As  the  tailings 
are  used  as  fuel,  the  only  loss  is  in  the  ash  and  dirt  that  float 
away  from  the  water  extractor.  The  particular  advantage  of 
the  water  extractor  is  in  the  saving  of  water,  as  the  jigs 
are  supplied  from  the  water  taken  from  the  tailings.  This 
is  a  great  saving  where  water  is  "metered"  or  where  a  city 
supply  is  limited.  This  reclaiming  plant,  with  a  few  altera- 
tions, could  be  used  on  any  material  where  grinding  and  sepa- 
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Diagram  of  Brass  Reclaiming  Plant,  showing  Course  followed  by  Matorial 


900  pounds  of  fine  concentrates  that  was  a  total  loss  In  the 
old  pounding  mill,  which  did  not  take  care  of  the  "fines." 
Nine  hundred  pounds  of  fines  from  a  total  of  5000  pounds  of 
material,  or  approximately  22  pounds  of  "fines"  per  100  pounds 
of  material  re'laimed,  means  a  lo.s8  of  220  pounds  of  fine  con- 
rentratea  for  every  1000  pounds  of  metal  reclaimed  In  the 
old  mill.  With  fine  concentrates  valued  at  twenty  cents  a 
pound,  tbl8  would  mean  a  saving  of  {220  a  day  In  the  new 
plant,  which  would  pay  the  operating  expenses.  Including  labor, 
power  and  aupplies  for  eight  days.  The  above  figures  are  taken 
from  the  actual  coHt  and  production,  and  are  not  assumed 
from  our  runnluK  condition. 

By  referring  to  the  lay  out  of  the  mill,  the  course  of  thj 
material  In  the  roclamHtlon  proccHs  can  easily  be  followed. 
The  anlK.-H  or  material  to  bo  reclaimed  Is  fed  from  bin  A  Into 
elevator  B,  which  carries  It  to  the  cnarMO  Hereon  0,  where  the 
•'»ar««  material  In  aoparatcd  from  the  "medium  fine."  The 
' 'p.irtio  material  piihh«'»  over  "pIckInK  bult"  n,  wlioni  a  man 
|..'1<!|  out  Iho  coal  tliiil  la  larRu  t'limiKh  lo  be  burn<Ml  at  the 
■.iMrijf  ahop.  The  lltii-  material  Ih  carried  by  conveyor  (I 
i»  atorage  bin  //.  The  coarae  material,  nftor  IuuvImk  plcklnic 
Iwlt  n,  la  carried  to  Jow  cruiher  K,  which  cruahoa  It  flno 
•■iiouKh  to  bo  taken  by  elevator  A'  to  atnrnKO  bin  /f.  Tim  mat<< 
rinl  la  taken  from  alorago  bin  //  hy  un  automatic  r<)<M|i<r  / 
t"  a  wet  (crlmlor  J.  From  lh<i  grinder  It  la  convoyod  lo  Dno 
a<r"«<n  /,  by  i-levntor  K.  At  fine  ii<Ti'on  /,  thi>  Imporlnnt  aopa- 
rnll'in  Inkca  plaro,  the  "mlddllnKx"  pnaalnx  over  Jlxa  K,  T,  V 
nn>l   y  and  the  "flnea"  paaaing  to  the  cloMinor  H  niid  lo  the 


ration  are  necessary.  It  was  the  aim  to  reduce  the  metal  con- 
tents of  the  tailings  as  much  as  possible,  which  we  were  in- 
structed by  a  well-informed  mining  engineer  would  be,  at  best, 
about  1  percent.  The  reclaiming  plant,  however,  did  better  than 
was  anticipated.  While  the  tailings  have  at  times  varied  from 
1  to  1  '...  per  <ent  iiu'lal,  tlie  Koneral  average  is  from  O.'i  to  0.6 
per  cenl.  wliidi  may  be  considered  a  highly  gratifying  result. 


REPORT  OF   THE   BUREAU  OF  STANDARDS 

The  annual  report  of  the  director  of  the  Bureau  of  Stand- 
ards, just  issued,  Indicates  that  since  the  war  began  all 
branches  of  the  bureau  have  been  conducting  researches  on 
technical  problems  of  military  u|)pll('ation.  Tho  regular  work, 
however,  has  not  been  overlooked.  In  fact,  tho  variety  and 
Importance  of  tho  reaults  obtained  during  tho  year  In  Hclontlflc 
and  tcchiiicHl  rcHcarclicH  are  of  unuHiial  iiitorost.  The  stand- 
ardlxatiiin  work  liim  coiiiprlHcil  llio  iiiiililiiK  of  ir)r.,0fl0  tests  of 
wnlghta, .  ineaHiircH,  niuaauring  iMHtruniciitH  and  materials. 
Among  the  many  IuhIh,  those  applied  to  gago  atandardn  for 
leHtlng  munition  gaKca  are  of  Hperlul  value  to  tbu  nio<'hunii-al 
Induatrlea.  In  addition,  a  lurK«  number  of  rexoiirchoa  In  the 
phyalra  of  mnterlala  have  been  nuido.  Tho  rogiilur  growth  of 
the  ai'lentin>'  bureau  and  lla  nperial  expaiialon  on  account  of 
war  work  Iiiih  reHulled  In  tUn,  roMHtruil  Ion  of  iievoral  new 
laboralorlea  and  In  an  liiiti'MHc  of  alioiil  r,(l  per  I'ent  In  lliii 
atnff. 
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HAND  SCRAPERS 

BY   C.    C.    MABSH  ' 

Owing  to  the  growing  demand,  especially  in  the  automobile 
and  airplane  industries,  that  all  parts  be  finished  all  over,  the 
hand  scraper  has  become  a  most  important  tool  for  the  ma- 
chinist. These  scrapers  may  be  easily  made  to  suit  the  work, 
but  care  must  be  taken  to  have  them  free  from  sharp  corners 
and  nicks  on  the  cutting  edge.     As  soon  as  a  nick  appears. 


Fig.  1.     Bearing  Scrapers 

the  tool  should  be  reground.  Nicks  may  be  caused-  by  im- 
proper hardening,  sand  on  the  casting,  dropping  the  tool,  or 
grinding  on  too  coarse  a  wheel.  A  hook  scraper  should  not 
be  bent  over  so  far  that  it  will  chatter  when  used. 

A  bearing  scraper  may  be  made  from  an  old  file,  provided 
the  temper  has  been  drawn  after  hardening;  a  good  grade  of 
tool  steel  is  better,  however,  as  the  temper  will  draw  more 
evenly  and  the  edge  will  last  longer.  To  avoid  scratching,  the 
point  should  have  a  slight  radius,  about  1/32  inch.  The  scraper 
may  be  ground  on  a  fairly  fine  wheel,  but  a  fine  water  grind- 
stone is  preferable.  Care  should  be  taken  to  have  the  cutting 
edge  even  and  prevent  it  from  being  burned  on  the  wheel. 
The  scraper  should  not  be  rubbed  on  a  whetstone,  as  this  is 
likely  to  give  an  uneven  edge,  especially  as  it  is  diflBcult  to 
whet  a  curved  surface  equally.  Bearings  of  soft  metal,  such  as 
white  brass  or  babbitt,  can  be  properly  scraped  only  by  a  tool 
that  has  not  been  rubbed  on  a  whetstone.  For  grinding  a 
scraper  it  is  a  good  plain  to  use  a  holder  similar  to  that  used 
for  grinding  drills.  When  sharpening  it  is  unnecessary  to 
regrind  the  bottom  face  if  it  has  been  properly  ground  when 
making  the  tool.  All  sharpening  should  be  done  on  the  side 
edges. 

Various  widths  of  scrapers  are  required  for  different  work. 
For  bearings  less  than  three  inches  in  diameter,  the  scraper 
should  be  one-third  the  diameter  of  the  bearing.    For  bearings 


Fi(.  i.     FlUot  Scrapoti 

three  inches  and  more  In  diameter,  a  one-Inch  scraper  should 
lio  employed,  as  the  use  of  larger  scrapers  will  be  found  Im- 
practicable. 

There  are  practlmlly  only  two  kinds  of  bearing  scrapers 
on  the  market.  The  llrHt,  shown  at  A,  Fig.  1,  costs  about  50 
cents  and  tnay  be  made  from  worn-out  half-round  files.  It  Is 
rurvpd  upward  at  the  cutting  end,  after  being  heated  fo  the 
proper  temperature,  shaped  by  rough-grinding,  and  thou  ro- 
hardened.    The  other  hearing  scraper,  shown  at  H.  has  a  much 
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shorter  blade  and  is  usually  hand-forged.  This  tool  seems  to 
be  the  only  one  generally  offered  by  dealers;  the  larger  one 
is  made  only  by  small  manufacturers.  Both  of  these  scrapers 
come  rough  and  are  ground  by  the  user.  The  shorter  scraper 
works  much  better  if  it  is  hollow-ground  on  the  flat  or  under 
side;  in  fact,  it  is  very  important  that  this  hollow  be  ground, 
as  a  good  cutting  edge  is  obtained  much  more  easily  and 
quickly  than  when  the  bottom  is  forged  round  and  left  rough. 
The  curve  for  the  hollow-grinding  should  be  evenly  made,  so 
that  it  leaves  a  regular  edge  when  the  sides  are  ground.  The 
edges  should  taper  so  that  the  blade  is  wider  on  the  under 
side  and  should  have  an  included  angle  of  about  30  de- 
grees as  shown.  The  handles  of  bearing  scrapers  should  be 
set  firmly,  but  should  not  be  too  long. 

Flat-plate  scrapers  were  probably  the  first  type  used  by  the 
machinist.  They  are  made  from  old  flat  files  or  forged  from 
hexagonal  or  round  bar  stock,  using  the  same  hardening  and 
tempering  processes  as  are  used  for  the  bearing  scrapers. 
They  are  not  usually  bent,  though  sometimes  bending  may  be 
necessary  for  certain  kinds  of  work.  They  may  be  whetted 
on  the  flat  sides  and  the  edges.  These  scrapers  are  used  for 
scraping  the  pads  and  ways  on  various  machine  tools  and  for 
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Fig.  3.     Scrapers  with  Straight  and  Large  Radius  Cutting  Edges 

spotting  plates  and  surfaces.  The  different  designs  vary  In 
width  and  length,  and  may  have  rounded  or  square  ends.  The 
cutting  edge  is  usually  on  the  end.  It  requires  more  practice 
and  skill  to  use  these  scrapers  than  to  use  the  bearing  scrapers. 
A  third  class  of  scrapers  consists  of  any  number  of  styles 
of  almost  any  shape,  depending  on  the  work  in  hand.  This 
class  may  be  used  on  such  work  as  crankcases  for  gasoline 
motors,  transmission  cases,  gear  housings,  pump  housings 
sheet-metal  work  and  automobile  bodies.  The  sand-blast 
finish  on  castings  for  these  parts  will  not  be  uniform  unless 
the  surfaces  are  first  scraped  or  polished,  tor  all  the  surfaces 
cannot  be  reached  by  polishing.  The  rough  and  uneven  sur- 
faces should  be  smoothed  and  the  scratches  and  marks  caused 
by  the  foundry  cleaning  removed  in  order  to  obtain  the  proper 
results  after  sand-blasting.  Since  the  practice  in  airplane 
motor  construction  requires  that  so  many  parts  be  finished 
all  over,  and  since  a  great  many  pieces  are  so  shaped  that 
they  cannot  be  directly  machined  or  polished  on  all  the  surfaces, 
such  as  crankcases,  gear  housings,  covers,  etc.,  it  is  necessary 
for  much  scraping  to  be  done.  The  necessity  of  scraping  in 
all  the  corners  and  pockets  In  castings  calls  for  an  unlimited 
design  of  tools.  It  Is  Impossible  to  design  a  combination  of 
scrapers  that  will  be  suitable  for  all  classes  of  work  of  this 
kind,  but  there  are  some  scrapers  that,  properly  designed, 
will  answer  many  requirements.  There  should  he  a  set  of, 
say,  ten  fillet  scrapers  of  various  shapes.  Some  of  these  are 
shown  in  Fig.  2.  The  shapes  shown  have  been  used  by  the 
writer,  though  others  would  have  to  be  designed  to  suit  a 
difforoiit  lino  of  work.  Those  sizes  should  vary  to  fit  fillets 
of  from  1/8  to  5/8  Inch  radius.  Inclusive,  each  size  being  1/16 
Inch  larger  than  the  next  smaller  size.  Some  of  these  scrapers 
can  be  bent  to  reach  an  Insldo  Allot  and  to  gtvo  enough  free- 
hand movement  In  scraping. 


630 


MACHINERY 


March,  1918 


Another  combination  of  this  class  should  consist  of  bent- 
hook  scrapers  with  larger  radii  on  the  cutting  edges.  These 
are  for  circular  surfaces,  such  as  the  openings  in  unfinished 
holes,  and  various  concave  surfaces;  there  should  also  be 
tools  with  convex  cutting  edges  for  the  outsides  of  such  open- 
ings. The  last  combination  of  this  class  should  consist  of  both 
flat  and  narrow  square-end  scrapers  with  both  short  and  long 
hooks.     Types  of  each  of  these  two  combinations  are  shown 


Fig.  4.     Scrapers  for  Woodworking 

in  Fig.  3.  Another  type  of  scraper  is  the  triangular  or 
three-cornered  tool.  This  is  similar  to  a  three-cornered  file 
and  may  be  made  from  the  latter  by  simply  grinding  the 
three  faces  hollow.  This  scraper  is  used  only  for  burring  and 
cleaning  out  a  hole  or  a  closed  bearing. 

On  all  types  of  scrapers  that  are  drawn  toward  the  operator, 
when  in  use,  the  handles  must  be  securely  fastened  to  the 
tool.  One  good  way  is  to  thread  the  shank  and  use  a  wing-nut 
on  the  end  after  the  handle  has  been  slipped  on.  Though 
rather  expensive,  this  method  has  the  advantage  that  the 
bandies,  If  made  of  hard  wood,  are  not  so  likely  to  split. 

Scrapers  for  the  woodworking  industry  are  shown  in  Fig.  4. 
That  shown  at  A  is  used  by  the  butcher  for  scraping  his  meat 
block,  while  at  B  and  C  are  shown  the  packing-box  and  cabinet- 
makers' scrapers.  The  hand  scraper  for  the  woodworker  is 
much  more  developed  than  is  the  machinist's  scraper;  that  is, 
many  efficient  types  of  wood  scrapers  are  more  easily  obtained 
from  tool  manufacturers,  because  the  requirements  have  be- 
come known  through  an  ever-increasing  demand  from  the 
woodworking  trades.  It  was  only  a  few  years  ago  that  cabiuec 
and  furniture  makers  used  pieces  of  broken  glass  to  smooth 
the  surfaces  on  various  kinds  of  work.  Now  such  a  thing 
would  be  ridiculed.  There  Is  no  doubt  that  within  a  short 
time  metal  hand  Hcrapcrs  also  will  become  standardized,  as 
far  an  re<|ulreracntfl  will  permit,  because  of  the  urowing  de- 
mand for  a  final  finish. 


A  new  pyroni«fl<T  hax  recently  been  developed  for  measuring 
tcmperaturen  above  the  range  for  which  the  thermo-couple  Is 
■ulUblc.  The  pyrometer,  nx  ilr-Hirlbod  In  the  i:i<:r.trical  World, 
coniilittii  of  tin  c.inlalnc*!  In  a  Kraphlti-  l)ulb  and  which  has  an 
opportunity  to  ox|>and  throuKli  n  Kniplilti!  capillary  lube.  The 
oxpaniilon  of  the  Kraphllo  Im  ulinoHl  m-Kllglblo  In  comparison 
with  that  of  tin,  and  an  the  tin  dooH  not  appreciably  (svuporate 
until  n  lempiTJituro  of  probntdy  2000  lU-Kn-i-n  C.  (about  3600 
doKfcei)  K.>  hn»  lii.'4-n  reachi-d,  high  tomperaluroH  can  ho  nogo- 
tl«l«d  with  orrurary.  A  utitH  tube  which  comIiiIiik  tin  Insu- 
lated contart  Is  |ower<'d  Into  lh<'  <Hpllliiry  lulii'  urilll  It  MiiikcH 
a  conUcl  wllh  Ihf!  Kurfaco  of  I  In-  I  In  and  thus  coinplnli-N  a 
circuit  IbrnuKh  an  eloctrlc  buz7.ar  or  sounder.  Tho  IwdKht  of 
Mio  tin  Is  Indlrnt'-d  by  Iho  position  of  the  uppiT  ond  of  tlin 
fitool  Uthf.  which  holds  n  pointer  movlnit  over  a  srali-.  it  will 
be  noted  that  this  pyromotor  inaki's  uim  of  tin-  prlmlpic  „t  ilni 
ordlnarr  th«rmoinet«r. 


INVERTED   DRILLING   OF   ARMATURE 
SHAFTS 

Deep-hole  drilling  is  defined  by  one  maker  of  drilling  ma- 
chines as  the  drilling  of  any  hole  that  has  a  depth  exceeding 
five  times  the  diameter.  Any  drill  point  sunk  to  a  depth 
greater  than  five  times  its  diameter  is  likely  to  give  more  or 
less  trouble  because  of  the  chips  clogging  and  the  difficulty 
of  getting  lubricant  to  the  point.  Deep-hole  drilling  as  often 
carried  out  is  a  rather  slow  and  costly  operation.  On  the 
other  hand,  it  is  sometimes  done  in  a  very  simple  and  efficient 
manner.  A  case  in  point  is  the  practice  of  the  Robbins  &  Myers 
Co.,  Springfield,  Ohio,  builder  of  electric  motors,  in  whose 
plant  the  drilling  of  a  3/16-inch  hole  to  a  depth  of  4%  inches 
in  a  small  armature  shaft  is  done  simply  and  effectively.  The 
3/16-inch  hole  is  drilled  longitudinally  in  the  armature  shaft 
in  order  to  feed  oil  to  a  bearing,  a  cross-hole  being  drilled  to 
admit  the  oil  from  the  longitudinal  hole  to  the  bearing.  To 
drill  this  deep  hole  in  an  automatic  screw  machine  or  speed 
lathe  would  be  a  troublesome  and  costly  operation  that  would 
be  bound  to  break  many  drills  and  spoil  many  shafts,  but 
the  following  method  gives  very  little  trouble,  and  the  drilling 
operation  is  reduced  to  a  low  cost. 

The  drilling  is  done  on  a  Leland-Gifford  sensitive  drilling 
machine,  which  is  provided  with  a  cast-iron  tank  as  shown  in 
the  accompanying  illustration.  This  cast-iron  tank  has  a  hole 
bored  in  the  bottom  for  the  mandrel  of  a  Jacobs  drill  chuck. 
Surrounding  the  chuck  is  a  shallow  wire  screen  basket  which 
is  provided  to  catch  the  chips  and  facilitate  their  removal. 
The  tank  is  filled  to  within  about  one  inch  of  the  top  with 
the  sal-soda  solution  and  the  shaft  is  immersed  in  the  solution 
when  being  drilled.  The  chuck  holds  a  3/16-inch  drill  in  an 
inverted  position  and  the  chuck  and  drill  thus  are  beneath 
the  water  level.  The  armature  shaft  is  held  in  a  Wahlstrom 
quick-acting  drill  chuck. 

The  operator  chucks  the  shaft  in  the  drill  chuck,  the  same 
as  though  it  were  a  drill,  and  feeds  it  to  the  drill  with  the 
hand-lever,  pumping  up  and  down  until  the  full  depth  is 
reached.     A  short  experience  enables  him  to  avoid  breaking 


-QUICK-ACTING  CHUCK 


y 


DrIIIIni  Arinaliiro  Slmfti  wllh  Drill  hold  StKtlonnry  In  nn  Invortnd  Poiitloo 
drills,  iiH   hu  boconioH  expert    In    roellliK   (he  sllRht  additional 
HlrcHH  wln>n  till"  drill  bcttliiH  to  heiil  and  cIok  wllli  clilps,    Tlin 
spliidleH  nru  drllicil  at  the  riitii  of  one  every  oiii'  aiiil   :i   liiilf 
niiniiti',  or  forty  piT  hour. 

•     •     * 

lnirliiK  till'  ti'ii  months  ondlliK  Ortobrr  111,  IIiIh  ruinitry  liii- 
pord'd  |2.r.O4,O3;i,»08  worth  of  nKTchaiidlHo.  or  nearly  ir.00,000,- 
000  niori>  limn  In  the  corrimpondliiK  period  of  ItUii.  Its  ex- 
ports durlMK  IhlH  piTlnil  v/rri'  vnliii'd  at  |ri,ir>0,riK!»,Osri,  a  Kain 
of  nvPF  J700.000,nOO 
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MANUFACTURE  OF  A  SELF-LUBRICATING  BEARING  MATERIAL 


PRODUCTION  OF  -GRAPHALLOY"  BY  A  METALLIZING  OB  IMPREGNATING  PROCESS  WHICH  COMBINES 
EITHER  A  ■WHITE  METAL  OR  BRONZE  WITH  GRAPHITE 


t; 


Fig.  1.    A  Group  of  "GraphaUoy' 
Bushings 


Bearing 


HE  advantages  of 
the  oilless  or  self- 
lubricating  bearing 
for  many  classes  of  serv- 
ice have  led  to  the  devel- 
opment of  several  differ- 
ent tj-pes,  each  of  which 
doubtless  has  its  advan- 
tages when  applied  under 
suitable  conditions.  One 
type  consists  of  wood  im- 
pregnated with  wax,  oil 
or  paraffin.  Another  is 
made  of  bronze  and  has 
graphite  inserts.  Still 
another  type  is  formed 
of  graphite  impregnated 
with  some  bearing  metal 
such  as  a  white  metal  alloy 
or  bronze.  For  many  years  the  attempt  has  been  made  to  mix 
or  alloy  graphite  with  metal.  This  proved  to  be  difficult  on 
account  of  the  great  difference  between  the  specific  gravity 
of  graphite  and  that  of  any  metal.  Within  the  last  few  years 
this  problem  has  been  solved  by  a  commercial  process  of  im- 
pregnating porous  solid  graphite  forms  with  molten  metal  by 
the  application  of  enormous  air  pressures.  As  this  process  is 
unique,  a  brief  description  of  it  will  be  given.  The  product 
known  as  "GraphaUoy"  is  manufactured  by  the  Graphite 
Metallizing  Corporation,  Yonkers,  N.  Y.,  and  is  used  both  for 
bearing  bushings  and  for  brushes  and  contacts  in  connection 
with  electrical  machinery. 

The  first  important  step  in  the  production  of  "GraphaUoy" 
is  the  selection  of  the  graphite,  which  is  obtained  in  the  form 
of  solid  bars  and  plates.  The  bars  are  used  for  making  bear- 
ings and  the  plates  for  the  production  of  brushes  and  contacts 
for  electrical  apparatus.  These  bars  or  plates  are  not  pure 
graphite  (except  in  the  case  of  bearings  intended  for  unusually 
light  service),  but  contain  a  small  percentage  of  carbon  to 
strengthen  the  graphite  and  make  it  more  durable.  It  is  essen- 
tial to  secure  graphite  which  is  uniform  in  texture  and  of  a 
porous  nature.  The  amount  of  carbon  in  the  graphite  stock 
is  varied  somewhat  according  to  the  intended  use. 

The  next  step  in  the  manufacture  of  "GraphaUoy"  bearings 
or  other  parts  is  cutting  or  grinding  the  bars  or  plates  to  what- 
ever form  is  required.  It  might  be  well  to  explain  that 
"GraphaUoy"  bearings  are  encased  in  a  housing,  so  that  the 
bearing  proper  is  in  the  form  of  a  bushing.  These  bushings 
are  machined  approximately  to  the  required  size  before  they 
are  Impregnated  with  metal,  because  It  is  much  easier  to  cut 
the  graphite  stock  than  the  metallized  graphite.  Standard 
machine  tools  are  employed  for  this  work.  For  instance,  the 
graphite  rods  may  be  drilled,  bored,  and  turned  to  size  in  a 
turret  lathe  or  screw  machine  and  grinding  machines  are  also 
used  to  advantage  In  connection  with  this  part  of  the  work. 
After  bearings  or  other  parts  have  been  metallized,  they  are 
then  finished  accurately  to  whatever  sizes  may  be  required 
Grinding  machines  are  used  almost  exclusively  for  these 
finishing  operations.  A  group  of  bearings  of  various  sizes  Is 
shown  In  Fig.  1.  Some  of  these  have  been  finished  to  size, 
whereas  others  have  been  metallized  but  not  ground.  The 
three  bushings  shown  In  the  lower  Ieft-han<I  corner  are  of  the 
oMcasod  type  having  a  nietalllzed  graphite  lining  which  is  sur- 
rounded by  0.  whllenic'tal  rasing  to  enable  the  bearings  to 
withstand  greater  shocks. 

Melnlllzlnii'  or  Impreirnatlnfr  Process 

The  graph Ito  bushings  or  other  parts  to  be  Impregnated 
with  metol  ore  first  heated  In  a  crucible  In  one  of  the  two 
oll-burnlng  furnaces  Illustrated  in  Fig.  3.  This  preliminary 
honting  is  done  at  a  rolatlvcly  low  temperature,  and  while  one 


furnace  is  used  for  this  purpose  the  other  is  melting  whatever 
metal  is  to  be  used.  As  soon  as  this  metal  is  molten,  it  is 
poured  into  the  crucible  containing  the  heated  graphite  parts. 
The  crucible  contains  a  perforated  plate  which  is  placed  on 
top  of  the  pieces  to  be  impregnated  and  serves  to  keep  them 
submerged  in  the  molten  metal.  As  soon  as  the  metal  has  been 
poured  in,  the  temperature  of  the  furnace  is  increased  to  the 
maximum  in  order  to  superheat  the  metal.  For  instance,  cop- 
per which  has  a  melting  point  of  about  1940  degrees  F.  is 
heated  to  approximately  3000  degrees  F.,  so  that  it  will  re- 
main in  a  molten  condition  and  not  become  sluggish  during  the 
metallizing  process. 

When  the  metal  has  been  heated  sufficiently,  the  crucible  is 
lifted  out  of  the  furnace  by  an  electric  hoist  and  is  placed  upon 
a  small  car  which  conveys  it  to  the  hydraulic  press  shown  in 
Figs.  2  and  3.  The  crucible  is  placed  on  top  of  a  hydraulically 
operated  plunger  (see  Pig.  3),  which  is  immediately  elevated, 
thus  lifting  the  crucible  up  into  a  chamber  in  the  upper  part 
of  the  press.  The  hydraulic  plunger,  which  is  simply  used  to 
lift  the  crucible  and  then  close  the  lower  end  of  the  chamber 
to  make  it  air-tight,  is  provided  with  a  copper  ring  or  gasket 
which  bears  against  the  lower  end  of  the  chamber.  Practically 
all  the  air  is  next  exhausted  from  this  chamber,  the  vacuum 
gage  recording  about  28  inches.  The  object  of  exhausting  the 
air  from  the  enclosed  chamber  prior  to  the  metallizing  process 
is  to  expel-  the  air  from  the  pores  of  the  graphite  to  insure 
thorough  impregnation. 

In  two  or  three  minutes,  the  valve  connecting  the  chamber 
with  the  vacuum  tank  and  pump  i.=  closed,  and  air  compressed 


Fig.  S.     Detail  View  of  Frcii,  ahowlng  Control  Valvci 

to  5000  pounds  per  square  Inch  Is  admitted  to  the  chamber. 
This  tremendous  pressure  forces  the  molten  metal  into  the 
graphite  so  thoroughly  that  It  permeates  every  part  of  a  bush- 
ing or  other  piece.  So  far  as  wo  know,  this  Is  the  highest 
pneumatic  pressure  that  is  used  In  a  conimorclal  way.  The 
air  Is  compressed  In  a  four-stage  machine  (see  Fig.  4) 
equipped  with  "suitable  intercoolcrs.  The  air  pressure  of  the 
four  stages  is,  rospectlvoly.  fiO,  275,  ISOO,  and  5000  pounds  per 
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square  inch.  The  air  pressure  is  also  applied  to  the  lower 
side  of  the  hydraulic  plunger,  as  otherwise  it  would  be  forced 
downward.  The  metallizing  process  is  completed  in  about  five 
minutes,  which  includes  the  time  for  exhausting  the  air  and 
applying  the  pressure.  The  crucible  is  removed  from  the  press 
by  lowering  the  plunger,  and  then  the  metallized  contents  are 
either  immersed  in  water  for  rapid  cooling  or  covered  with 
sand  to  obtain  a  more  gradual  cooling.  The  latter  method  is 
employed  except  in  the  case  of  very  small  parts  which  are  not 
likely  to  crack  as  the  result  of  sudden  cooling. 

The  metallized  parts  are  next  finished  to  whatever  size  may 
be  required  and,  as  previously  mentioned,  this  is  done  by  using 
some  form  of  grinder.  In  the  case  of  bushings,  the  work  is 
done  on  internal  or  cylindrical  grinders,  whereas  such  parts 
as  brushes  and  contacts  of  electrical  apparatus  are  finished  by 
means  of  a  disk  grinder  or  a  surface  grinder,  the  exact  method 
varying  according  to  the  size  of  the  work  and  the  nature  of  the 
machining  operation.  If  necessary,  the  parts  can  be  threaded 
or  tapped  the  same  as  pieces  made  of  brass. 

The  metal  used  for  impregnating  the  graphite  depends  upon 
the  class  of  work.  All  parts  such  as  shaft  bearings  are  im- 
pregnated with  a  white-metal  alloy  or  babbitt  metal  of  special 
composition.  The  parts  used  in  connection  with  electrical 
apparatus  are  impregnated  with  a  copper  alloy  which  is  also 
utilized  for  such  parts  as  steam  turbine  packing  rings,  etc., 
which  must  withstand  high  steam  temperatures.  The  use  of 
copper  for  the  electrical  work  is  essential  because  of  its  elec- 
trical conductivity. 

The  extent  to  which  the  graphite  is  impregnated  with  the 
metal  is  indicated  by  the  fact  that  the  weight  of  the  graphite 


The  use  of  "Graphalloy"  is  not  recommended  where  the  com- 
bination of  speed  and  pressure  is  excessive.  As  a  general  rule, 
a  bearing  pressure  of  50  pounds  per  square  inch  of  projected 
area  should  not  be  exceeded.  The  limitations  of  this  material 
are  indicated  by  the  following  rule  which  applies  to  a  bearing 
used  without  a  lubricating  oil.  The  surface  speed  of  the  shaft  in 
feet  per  second  multiplied  by  the  pressure  in  pounds  per  square 
inch  on  the  projected  bearing  area  should  not  exceed  a  constant 
of  about  200.  The  temperature  of  "Graphalloy"  bearings  is 
somewhat  higher  than  that  of  ordinary  bearings  lubricated 
with  oil,  which  is  principally  due  to  the  fact  that  "Graphalloy" 
is  a  relatively  poor  conductor  of  heat.  As  soon  as  a  "Graph- 
alloy"  bearing  is  put  into  service,  a  graphite  coating  begins  to 
form  on  the  shaft,  the  thickness  of  the  coating  depending  upon 
the  smoothness  of  the  shaft.  This  coating  soon  becomes  very 
smooth  and  hard,  which  greatly  reduces  the  coefficient  of  fric- 
tion and  the  temperature  of  the  bearing.  It  is  claimed  that  a 
temperature  as  high  as  200  or  300  degrees  F.  will  not  injure 
the  "Graphalloy"  or  cause  it  to  seize  the  shaft.  The  tem- 
peratures are  moderate  at  high  speeds,  provided  the  bearing 
pressure  is  low.  On  the  other  hand,  if  the  bearing  pressure  is 
relatively  high  and  the  speed  low  or  moderate,  the  temperature 
will  also  be  low.  F.  D.  J. 

<  •     *     * 

IMPORTANCE  OF  AUTOMOBILE  INDUSTRY 

According  to  a  statement  of  the  National  Automobile 
Chamber  of  Commerce,  $300,000,000  worth  of  raw  and  fab- 
ricated material  is  used  annually  in  the  automobile  industry. 
Part  of  this  material  is  used  by  the  550  manufacturers  of  pas- 


Fl(.   3.     FuniftO«a   for  heating  Met&l  and   Graphite,    and   Press  In   which 
Graphite  Parts  are  metallized 

is  0.057  pound  per  cubic  inch,  whereas  the  weight  of  the 
metallized  product  Is  0.145  pound  per  cubic  Inch  when  im- 
pregnated with  babbitt,  the  Increase  of  weight  due  to  the 
metallizing  proceHH  being  practically  150  per  cent.  The  metal 
In  "Graphalloy"  Ib  about  60  per  cent  by  weight,  or  25  per  cent 
by  volume.  The  Bpeclflc  Kravlty  Is  4  and  the  compressive 
Ntrength,  approximately  14,000  poun<lH  per  H(|uare  Inch.  One 
Important  fact  regarding  "Graphalloy"  Is  that  It  la  not  Injured 
by  the  application  of  lubricant.  In  fact,  the  uhc  of  an  applied 
lubri'-ant  Ih  recommendwl  when  the  bt-arlngs  un-  uBod  for 
rather  heavy  service. 

ClaJHMW  of  8ervlc«  for   wblcb  "Uraphalloy"  Ih  Adapted 

At  the  pr<'iM!nl  lime  "(Jraphiilloy"  in  llic  form  of  bcurlngB  Ih 
applied  to  tight-duty  ma<'hlnery  opi>rallnK  at  high  Hpoods  and 
to  heavier  Bcrvlce  whpri  thi)  Hpci-iln  arc  rnlallvcly  low,  Its  uh<^ 
In  r'M'ommi'tidpd  particularly  wlii-rt-  the  application  of  oil  Ih 
Bith'T  objcllonablr-,  dimrult,  or  likely  to  In-  neKli-cli-il.  ThoBo 
benrlnKii  aro  'omniorily  appllrd  to  Ioohk  piilli-yH.  viTtlcal  Hhnfl 
boarlnRB,  convoyor*,  Icxtlln  mnclilriory,  cannInK  iiinchlnory, 
••to.  Thoy  are  rnromm<>nd<'d  for  Idobo  pul|i<yN  In  cotton  and 
Bilk  mlllB  and  have  bIbo  bi-i-n  ulltlxod  Biicci-BBftilly  on  papnr 
nrnrhlnery,  Bho«  marhlnory,  wrnppInK  marhlnoB.  cotton  Bpln- 
nloK  frnmoB,  nlr.,  which  opcrnlo  on  a  product  iliat  may  bi> 
damaKod  by  th«  iiko  of  oil  i)ni<  nt  ihp  Important  u««b  of 
"Oraphalloy"  I*  for  vartlral  liParlngB,  biicIi  hb  nru  found  on  rov- 
ornnrn,  fana,  clc. 


FiB.    4. 


of    6000    Pounds    per 


senger  and  commercial  cars,  whose  factories  are  located  In  32 
states.  These  manufacturers  have  an  invested  capital  of  $736.- 
000.000;  employ  280,000  workers,  to  whom  they  annually  pay 
$275,000,000;  and  for  the  year  ending  June  30,  1917.  produced 
1,806.194  motor  vehicles.  The  gross  wholesale  value  of  these 
cars  was  $917,470,938;  $90,000,000  worth  of  these  cars  were 
shipped  abroad.  The  remainder  of  the  raw  and  fabricated 
material  was  used  by  the  1080  parts  and  accessory  makers. 
ThcHo  manufacturers  have  an  Invested  capital  of  $33t!,000,000 
and  employ  320,000  workers,  to  wlicini  they  iiiimially  pay  $228.- 
000.000.  During  the  year  eliding  .liin(^  :i(t,  1917.  the  lire  nianu- 
facturors  produced  18.000.000  tlroH.  wlilrli  woi-c  valued  nt  $450,- 
000.000;  nearly  ono-holf  of  those  were  uRod  on  cars  produced 
during  the  year.  On  July  1,  1917.  there  wore  In  the  United 
States  4.242.800  roglHtorod  automobile  owners;  400.000  of  the 
roglHterod  vchlt'lcH  were  commercial  cars.  Theso  cars  and 
thoir  HuppllcR  wore  hoM  by  27.800  dlHtrlbiitorH  iinil  dealerH.  The 
2800  diHtrlbutorH  have  iin  InvoHted  capital  of  $11,000,000  and 
annually  pay  their  28.000  einployeH  $2r..20().00().  The  25,000 
ri'tiill  dealern  liuvn  an  InveHted  capital  of  $184,000,000  nnil 
anniiiilly  pay  thoIr  202.000  BnleHnipn.  repairmen,  etc..  $159,000,- 
000.  In  addition,  2255  Hiipply  hoiiHOB  Boll  the  iinlnimilille  own- 
ora  thoIr  Biippllen,  Biippleiiienliil  i<iiiilpMii<nt.  etc 
•  •  • 
It  Ib  oatlmated  that  25  per  rent  of  the  enamntnd,  galvanized 
and  tin  hnuinhold  wnar  manufnctured  In  IIiIb  country  IIiIb  year 
will  bo  ro<)ulrnd  by  Iho  governniont. 
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MANUFACTURE   OF   GIB  KEYS 

Cold-drawn  shafting  and  screw  stock  of  a  variety  of  shapes 
and  sizes  is  the  principal  product  of  the  Pennsylvania  Shafting 
Co.,  Spring  City,  Pa.;  but  as  the  manufacture  of  keys  used 
for  securing  gears,  pulleys  and  other  machine  members  to 
shafting,  is  closely  allied  to  the  shafting  industry,  and  as  a 
superiority  quality  of  gib  keys  is  made  from  cold-drawn  steel 
bars,  this  firm  has  a  department  engaged  in  key  manufacture. 
The  chief  advantage  secured  through  making  gib  keys  from 
cold-drawn  bars,  is  that  these  bars  may  be  drawn  to  such  a 
size  that  the  machining  required  to  complete  the  keys  is  re- 
duced to  three  simple  operations.  The  first  step  consists  of 
cutting  off  blanks  of  the  required  length,  and  in  order  to  fa- 
cilitate the"  performance  of  this  operation,  a  number  of  bars 
—usually  the  maximum  number  which  can  be  placed  in  the 
vises  of  "Marvel"  hacksaw  machines  built  by  the  Armstrong- 
Blum  Mfg.  Co.,  343  N.  Francisco  Ave.,  Chicago,  111. — are 
worked  on  at  one  time.  Each  of  these  hacksaw  machines  is 
arranged  with  a  stop  so  that  the  bars  can  be  set  up  to  cut 
blanks  of  the  desired  length  without  the  necessity  of  gaging. 

After  the  blanks  have  been  cut  off,  they  are  taken  to  special 
manufacturing  milling  machines  of  the  type  shown  in  Fig.  3. 
These  are  simple  machines  with  a  table  which  runs  between 
housings  that  carry  the  spindle  and  an  outboard  bearing  for 
the  cutter-arbor.  It  will  be  seen  that  the  cutter  is  furnished 
with  a  cylindrical  section  A  which  mills  away  the  stock,  leav- 
ing a  portion  at  the  end  which  forms  the  head  of  the  key.  At 
the  same  operation  a  small  angular  section  B  of  the  cutter 
mills  off  the  corner  of  the  head  to  leave  it  of  the  desired  form. 
After  milling,  it  Is  simply  necessary  to  obtain  the  desired  taper 
on  the  key,  this  taper  being  %  inch  per  foot  for  keys  of  all 
sizes.     From  the  milling  machines  the  keys  are  taken  to  a 


Pratt  &  Whitney  surface  grinder  shown  in  Fig.  4,  which  is 
equipped  with  a  magnetic  chuck.  The  keys  are  placed  cross- 
wise on  this  chuck  with  the  heads  down  and  overhanging  the 
edge.  The  chuck  is  blocked  up  at  one  side  so  that  its  face  is 
at  such  an  angle  with  the  grinding  wheel  spindle  that  keys 
ground  on  the  chuck  will  be  given  the  desired  taper  of  hi 
inch  per  foot.  The  use  of  cold-drawn  steel  bars  for  the  blanks 
from  which  these  keys  are  milled,  makes  it  unnecessary  to 
perform  a  finishing  operation  on  the  sides  of  the  keys  or  on 
the  top  of  their  heads,  because  a  sufficiently  good  surface  is 
produced  during  the  process  of  cold-drawing.  E.  K.  H. 

«     *     • 

CADMIUM  FOR  RUSTPROOFING 
It  is  claimed  that  cadmium  in  combination  with  copper  or 
zinc  is  a  valuable  material  tor  preventing  cast  iron,  wrought 
iron  and  steel  from  rusting.  The  iron  or  steel  may  be  cov- 
ered with  a  coating  in  the  following  manner:  Double  salts 
of  cadmium  and  copper  cyanide  or  of  cadmium  and  zinc  cy- 
anide are  dissolved  in  water,  and  the  iron  or  steel  objects  elec- 
troplated in  this  solution;  in  a  few  minutes  the  objects  will 
be  covered  with  a  coating  of  cadmium  zinc  or  cadmium  copper. 
The  coating  is  silver-colored  and  permanently  protects  against 
rust.  The  double-salt  solution  may  be  made  by  dissolving  1 
part  of  cadmium  hydroxide  and  1  part  of  copper  oxide  in  100 
parts  of  water.  Cyanide  of  soda  or  of  potassium  is  added  to 
the  solution.  If  zinc  instead  of  copper  is  wanted  in  the  coat- 
ing, zinc  oxide  is  used  instead  of  the  copper  oxide.  Objects 
to  be  coated  are  first  cleaned  in  a  diluted  acid  solution,  and 
are  then  placed  as  the  negative  pole  in  the  solution.  For  the 
positive  pole  a  zinc  or  copper  plate  is  used.  Five  amperes  for 
each  square  foot  of  area  to  be  covered,  with  a  pressure  of  four 
volts,  is  claimed  to  have  been  found  satisfactory. 


Fir.   I.     Oiittinf  oir  K»j  Blinki  on   "Xanrol" 
Haokilw   Maohlnot   buUt   bjr   Armstroni. 

Blum   Mrir.   Co. 


FIf.  3.     millni  Olb  K«ri  on  Spoolal  Mtohlntil 

equlpjMtd    with    Ciittorw    thRt    eompUto 

Work  It  a  Rlniilo  Oporatlon 


FIf.  4.    Pratt  A  Whitnoy  Surfaov  Orindor  ' 
Maiinotic  Chuck  .«t  at   an   Anjlo   to  irrlnil 
Taper  of  H  Inch  por  Foot 
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GENERAL    THREAD    CUTTING    PRACTICE    IN    THE  LATHE' 


IMPORTANT  POINTS  ON  CUTTING  SINGLE.  MULTIPLE  AND  TAPERING    THREADS  BY  MEANS 
OF  SINGLE-POINT  TOOLS  AND  CHASERS 

BY   FRANKLIN  D.   JONES  - 

tion  is  that  of  cutting  the  screw  thread,  a  special  threading 
machine  of  the  die  class  or  a  thread  milling  machine  might  be 
used  in  preference  to  the  lathe.  If  a  thread-milling  machine 
or  dye  type  of  thread-cutting  machine  were  not  at  hand,  the 
lathe  would  generally  be  used,  unless  the  number  of  parts  to 
be  threaded  were  large  enough  to  warrant  installing  a  machine 
designed  especially  for  screw  cutting. 

Position  of  Tool  and  Traversing-  Movement 

The  cutting  end  of  a  single-point  thread  tool  is  shaped  to 
correspond  to  the  cross-sectional  shape  of  the  thread  groove  in 
a  plane  intersecting  the  axis  of  the  screw.  The  tool  should  be 
so  located  with  reference  to  the  part  to  be  threaded  that  the 
angle  of  the  thread  cut  by  the  tool  will  be  the  same  as  the 
tool  angle  and  so  that  the  sides  of  the  thread  will  incline 
equally  with  reference  to  the  axis  of  the  screw.  To  secure 
the  correct  thread  angle  (assuming  that  the  tool  is  properly 
ground),  the  upper  face  must  lie  in  a  plane  coinciding  with 
the  axis  of  the  screw;  in  other  words,  if  the  upper  face  were 
fiat  and  horizontal  it  should  be  at  the  same  height  as  the  lathe 
centers.  A  common  method  of  setting  a  tool  so  that  each  side 
will  have  the  same  inclination  is  by  using  the  gage  intended 
for  testing  the  tool  when  grinding  it.  This  gage  (one  form 
of  which  is  shown  at  A,  Pig.  6)  is  simply  placed  against  the 
turned  surface  to  be  threaded,  in  case  the  thread  is  straight 
or  cylindrical,  and  the  tool  is  adjusted  until  the  cutting  point 
fits  accurately  into  the  V-shaped  notch  in  the  gage.  The  cen- 
ter line  of  the  tool  or  a  line  bisecting  the  cutting  end  should 
be  at  right  angles  to  the  axis  of  the  screw,  regardless  of 
whether  the  screw  is  straight  or  tapering,  although  this  prac- 
tice is  varied  in  the  case  of  a  Whitworth  thread.  This  point 
will  be  considered   later. 

In  order  to  form  a  complete  thread  with  a  single-poiut  tool, 
a  number  of  cuts  are  required,  the  number  depending  upon  the 
pitch  of  the  thread  and  the  corresponding  depth  of  the  thread 
groove.  On  all  standard  engine  lathes,  a  gear-driven  lead- 
screw  is  used  to  traverse  the  tool  a  distance  equal  to  the  lead 
of  the  thread  for  each  revolution  of  the  part  being  threaded. 
Gearing  of  the  correct  ratio  may  be  placed  in  position  each 
time  a  screw  thread  of  different  lead  or  pitch  is  to  be  cut,  or 
the  gearing  may  form  an  integral  part  of  the  machine,  and  be 
so  arranged  that  the  necessary  <'ombination  can  be  engaged 
by  simply  shifting  the  controlling  handles  or  levers.  The  cal- 
culation of  change-gears  and  the  adjustment  of  lathes  for  cut- 
ting threads  of  different  pitches  have  been  t-overed  In  so  many 
technical  books  and  periodicals  that  this  part  of  the  general 
subject  will   not  be  considered  here. 

Stralgrht  and  Anifular  Methods  of  Feedlntr  Tool  Inward 

'I'lie  inward  feeding  movement  of  a  tool  for  each  successive 
cut   may  be  either  at  right  angles  to   the  axis  of  the  screw 


eding   Tool  when  cutting 

WHILE  the  use  of  the  engine  lathe  for  cutting  screw 
threads  is  very  common,  a  review  of  some  of  the  more 
important  features  of  thread-cutting  practice  will  be 
presented  even  at  the  risk  of  covering  ground  that  is  not  new 
to  many  interested  in  this  general  subject.  One  advantage  of 
the  engine  lathe  as  a  means  of  cutting  screw  threads  is  that 
it  is  adapted  for  a  wide  range  of  pitches  and  diameters.  The 
swing  of  the  lathe  either  over  the  bed  or  carriage  equals, 
approximately,  the  maximum  diameter  of  external  screw 
thread  that  can  be  cut,  and  the  number  of  pitches  varies 
according  to  the  change-gear  mechanism,  but  is  usually  large 
enough  for  all  ordinary  requirements.  There  is  also  an 
advantage  in  most  instances  in  being  able  to  cut  threads  on 
the  same  machine  that  is  used  for  the  turning  operation, 
because  the  thread  is  then  cut  concentric  with  other  finished 
surfaces.  A  well-constructed  lathe  is  also  capable  of  very  accu- 
rate thread  cutting. 

Conditions  Governing  Use  of  Engine  Lathe  for  Screw  Cutting- 

The  conditions  under  which  the  lathe  is  commonly  used  for 
cutting  screw  threads  are  as  follows: 

1.  When  a  part  has  been  turned  and  one  or  more  screw 
threads  must  be  cut  to  complete  it. 

2.  When  the  screw  thread  is  not  standard  or  is  so  large 
in  diameter  that  the  use  of  a  tap  or  die  is  not  practicable. 

3.  When  there  is  not  enough  thread  cutting  to  warrant  the 
use  of  machines  or  equipment  designed  primarily  for  screw 
cutting. 

4.  When  the  lathe  is  the  only  means  available.  In  which 
case  It  Is  sometimes  applied  to  screw-cutting  operations  which 
could  be  done  more  efficiently  in  some  other  way. 

5.  When  the  lathe  is  the  only  machine  available  that  will 
cut  threads  of  the  required  standard  of  accuracy. 

The  engine  lathe  equipped  with  a  single-point  tool  Is  almost 
Invariably  used  for  cutting  screw  threads  on  parts  that  are 
turned  In  It,  but  it  Is  seldom  used  for  threading  operations 
on  parts  that  have  been  previously  turned  In  anotlier  type  of 
machine;  In  fad,  when  threading  operations  arc  preceded  by 
turning  operations,  the  former  are,  as  a  rule,  performed  in  the 
ma<.'hlne  that  did  the  turning,  whether  It  Is  an  engine  lathe 
or  Home  other  form  of  lathe  or  turning  machine.  For  In- 
Nlancc,  In  the  turret  lathe  and  automatic  acrcw  machine  prac- 
tice, (lies  are  used  for  most  external  thrcad-cutllng  operations 
and  laps  for  intornal  work.  Ah  Ih  quite  I'vhlont,  the  object 
of  rutting  ibe  «< Tew  tlirenilH  In  the  Hnnii-  niarhlne  is  to  avoid  a 
Kocond  operation  on  another  machine,  and,  at  the  sanio  time, 
secure  arruracy  by  cutting  the  IhroadH  before  the  position  of 
the  work  hnit  hnon  diNturticd.  If.  for  oxamplu,  a  plMlnnrod 
has  >>een  turned  In  the  enxlnn  lathe  and  a  scrow  thread  Is  re- 
quired at  the  piston  end  for  receiving  a  nut,  the  lathe,  wouhl, 
of  course,  bo  u»<'d  for  <  uKIng  ihiit  (bread.  f)n  the  other  liand. 
when  ruttlnR  a  screw  lhri'»d  Ih  the  principal  operalloii,  the 
onRlno  Inthe  may  either  have  competitors  nr  he  out  of  iiie  race 
•ntlrnix.     If  the  part  la  almply  a  screw  nnd  the  only  opera 

'  rof  Infnrmailon  •m  thrmfl  ralllac  prurlmitlf  |nilillaho<1,  •<•••  "Thri-ml  ■■iiniiii! 
AlUrktMnta."    la    ilM    If'tmtrr   mmilwr   <.f    M<iiiiacai,    anil    iiri|.l<-«    lll^^.■ 
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thread,  as  indicated  at  A,  Fig.  1,  or  at  an  angle  of  30  degrees 
as  shown  at  B.  With  the  latter  method  the  compound  rest  is 
set  at  an  angle  of  30  degrees.  If  the  lathe  is  not  equipped  with 
a  compound  rest,  the  feeding  movement  must  be,  of  course, 
as  shown  at  A.  The  objection  to  this  method  is  that  the  cut- 
ting action  is  not  so  good  as  when  one  edge  of  the  tool  does 
practically  all  the  cutting,  as  at  B,  and  the  other  edge  moves 
parallel  to  the  opposite  side  of  the  thread.  The  angular  method 
of  feeding  the  tool  does  not  tend  to  tear  the  thread  as  when 
the  tool  is  fed  straight  in,  and  a  smoother  thread  is  cut.  After 
most  of  the  metal  has  been  removed  hy  the  angular  feeding 
method,  the  tool  may  be  moved  straight  in  to  take  a  light 
finishing  cut. 

The  thread  tool  illustrated  at  C  is  intended  especially  for 
feeding  in  at  an  angle.  This  tool  is  given  top  rake  and  all  the 
cutting  is  done  on  one  side.  As  the  illustration  shows  the 
compound  rest  is  set  at  an  angle  of  30  degrees  for  cutting 
60-degree  threads  such  as  the  U.  S.  standard  or  sharp  V- 
threads.  The  point  of  the  tool  forms  one  side  of  the  thread  as 
it  feeds  in  at  this  angle  and  the  cutting  edge  forms  the  oppo- 
site side.  This  form  of  tool  cuts  easily,  because  of  the  top  rake 
or  slope,  and  it  is  particularly  adapted  for  coarse  threading 
operations.  Sometimes  an  ordinary  thread  tool  is  used  for  tak- 
ing a  light  finishing  cut  after 
roughing  out  the  thread  by  a 
tool  of  the  type  referred  to. 

Return  of  Tool  for  Successive 
Cuts 
There  are  two  ways  of  re- 
turning the  lathe  carriage  and 
tool  to  the  starting  point  for 
taking  another  cut  after  one 
or  more  cuts  have  been  com- 
pleted. One  method  is  by  dis- 
engaging the  carriage  from 
the  lead-screw  and  returning 
it  by  hand;  the  other  is  by 
allowing  the  carriage  to  re- 
main in  engagement  with  the 
lead-screw  and  reversing  the 
lathe  or  lead-screw  at  the 
completion  of  each  cut.  If  the 
number  of  threads  per  inch 
on  the  screw  being  cut  is  a 
multiple  of  the  number  per 
inch  on  the  lead-screw,  the  carriage  may  be  disengaged  and 
re-engaged  with  the  lead-screw  at  random  and  the  tool  will 
always  follow  the  original  or  first  thread  groove  that  was  cut; 
when  the  number,  however,  is  not  a  multiple  of  the  number 
on  the  lead-screw,  the  tool  may  not  engage  the  thread  groove 
properly.  When  it  is  necessary  to  adopt  some  method  of  keep- 
ing the  tool  in  the  right  relation  to  the  work,  if  the  screw  is 
quite  short  the  carriage  may  remain  in  engagement  with  the 
load-screw  until  the  thread  is  finished,  but  for  cutting  com- 
paratively long  screw  threads  this  method  of  returning  the 
<'arriage  would  require  too  much  time  and  it  can  be  returned 
more  quickly  by  hand.  When  lathes  have  exposed  change- 
gears,  marks  are  sometimes  made  on  the  gears  to  insure  re- 
engaging the  carriage  lock-nut  with  the  lead-screw  at  the 
right  time;  most  of  the  modern  lathes,  however,  are  equipped 
with  an  Indicator  or  thread  chasing  dial  for  "cat<hing  the 
threads." 

Principle  of  Engine  Lathe  Cbaslntr  Dial  or  Thread  Indicator 

The  thread  chasing  dial  of  an  engine  lathe  Is  attached  to 
the  carriage  and  has  a  worm-wheel  {see  Fig.  2)  that  nieshea 
with  the  lead-screw.  The  vertical  spindle  or  shaft  of  this 
worm-wheel  carries  a  griiduated  dial  which  shows  when  to 
ro-engage  the  carriage  with  the  load-screw  when  cutting  screw 
threads  which  are  not  a  multiple  of  the  number  per  Inch  on  the 
li'adscrew.  The  number  of  teeth  in  the  worm-wheel  of  the 
Indicator  should  bo  a  multiple  of  the  number  of  threads  per 
Inch  on  the  load  screw,  and  the  number  of  main  divisions  on 
Iho  dinl  should  equal  the  number  of  leoth  on  the  wormwliool 
divided  by  tho  number  of  threads  per  inch  on  the  lead-screw. 
Kach   main   dlvislnn   will   then   represent  an   Inch   of  carriage 


Tig.  3.     Compound  Rest  set  FaraUel  to  Axis  of  Serf 
when  cutting  Multiple  Thread 


travel.    For  instance,  if  the  lead-screw  has  six  threads  per  inch 
and  the  worm-wheel  twenty-four  teeth,  then  there  should  be 

24 

—  =  4  main  divisions  or  graduations  on  the  dial.     We  shall 
6 

assume  that  11  threads  per  inch  are  being  cut  and  that  the 
carriage  was  engaged  with  the  lead-screw  when  graduation 
line  No.  1  was  opposite  the  zero  line  on  a  stationary  part 
of  the  indicator  as  illustrated  at  A.  If  the  tool  were  with- 
drawn from  the  thread  groove  and  moved  back  a  distance 
equal  to  one-sixth  inch,  or  one  lead-screw  thread,  it  would  not 
be  opposite  a  thread  groove  on  the  work;  the  same  would  be 
true  for  a  backward  movement  equal  to  two,  three,  four,  or 
five  threads  on  the  lead-screw,  but  a  movement  of  six  lead- 
screw  threads,  or  one  inch  (as  indicated  by  B)  would  bring  the 
tool  in  line  with  a  thread  groove  eleven  threads  away  from 
the  point  of  disengagement;  therefore,  by  always  re-engaging 
the  carriage  with  the  lead-screw  when  one  of  the  graduations 
representing  an  inch  of  travel  is  in  line  with  the  zero  mark,  the 
tool  will  follow  the  original  cut.  If  in  the  preceding  example 
the  number  of  threads  per  inch  being  cut  were  ten  instead  of 
eleven,  or  any  other  even  number,  a  half  inch  of  backward 
movement  would  have  located  the  tool  directly  opposite  a 
thread  groove;  hence,  if  the 
four  main  divisions  on  the  in- 
dicator dial  previously  re- 
ferred to  were  subdivided, 
making  eight  divisions  in  all, 
any  of  these  half  divisions 
could  also  be  used  for  "catch- 
ing the  thread"  when  cutting 
an  even  number  of  threads 
per  inch.  If  llio  threads  per 
inch  were  being  cut,  those 
graduations  on  the  dial  repre- 
senting a  movement  equiva- 
lent to  two  inches  or  twenty- 
three  threads  on  the  work 
would  be  used  when  re-en- 
gaging the  carriage  and  lead- 
screw.  For  instance,  suppose 
there  are  four  main  divisions 
on  the  dial,  each  representing 
one  inch  of  carriage  travel 
and  numbered  1,  2,  3,  and  4 
then  if  engagement  were  made  for  the  first  cut 
line  No.  1  was  opposite  the  zero  mark,  either  this 


for  adjusting  Tool 


as   shown ; 
when,  say. 

line  or  line  No.  3,  two  divisions  from  it,  would  indicate  the 
point  of  engagement  for  succeeding  cuts.  Some  indicator  dials 
have  a  circle  of  graduations  for  even  numbers  of  threads  per 
inch,  representing  a  half-inch  carriage  travel;  another  circle 
of  graduations  for  odd  numbers  representing  inches  of  carriage 
travel;  and  a  tliird  circle  for  fractional  pitches  (like  11% 
threads  per  inch)   representing  two  inches  of  carriage  travel. 

Cutting-  Multiple  Screw  Threads 

When  cutting  multiple  screw  threads,  the  general  method  of 
procedure  is  about  the  same  as  for  single  screw  threads  except 
that  the  lathe  must  be  geared  according  to  the  number  of 
single  threads  per  inch,  or  with  reference  to  the  Icnil  of  the 
thread,  not  the  pitch,  and  provision  must  be  made  for  locating 
the  tool  when  cutting  the  different  thread  grooves.  The  tool 
may  be  located  (1)  by  Indexing  or  turning  the  piece  being 
threaded  a  fractional  part  of  a  revolution:  (2)  by  setting  the 
compound  slide  parallel  with  the  screw  thread  being  cut  so 
that  the  slide  can  be  used  for  adjusting  the  tool;  (3)  by  dls- 
enguging  the  lock-nut  from  the  lead-screw  while  the  lathe 
spindle  is  stationary,  moving  the  carriage  the  required  dis- 
tance; (4>  by  engaging  the  lead-screw  at  the  proper  time  (with 
the  lathe  in  motion),  as  shown  hy  graduations  on  the  thread 
chasing  dial  or  Indicator. 

Indexlntr  (or  Multiple  Thread  CuttlnRr 

When  the  screw  Is  Indexed  for  locating  the  tool  In  connec- 
tion with  thread-cutting,  It  Is  given  one-half  turn  for  a  double 
thread,    oncthird    turn    for    a    triple    thread,    onefourth    turn 
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for  a  quadruple  thread,  and  so  on.  An  easy  method  of  index- 
ing for  a  double  thread  when  the  work  is  held  between  centers 
is  simply  to  remove  the  parts  from  the  lathe  and  turn  it  one- 
half  revolution  by  placing  the  driving  end  of  the  dog  in  the 
opposite  slot  of  the  faceplate.  The  objection  to  this  method 
is  that  any  error  in  the  location  of  the  faceplate  slot  would 
be  reproduced  in  the  screw  thread.  Another  common  method 
(when  using  the  change-gear  t>-pe  of  lathe)  is  to  disengage 
the  stud  gear  and  idler  gear  after  marking  whatever  tooth 
happens  to  be  in  mesh,  and  then  turn  the  spindle  half  a 
revolution  for  a  double  thread,  one-third  revolution  for  a  triple 
thread,  etc.    If  the  ratio  of  the  gearing  between  the  stud  and 


Fig.    4.     Multiple   Tool  for   ontting  Both    Grooves  of  Double   Thread   simultaaeouBly 

the  spindle  were  other  than  1  to  1.  this  would  affect  the  in- 
dexing movement;  moreover,  in  order  to  apply  this  method  the 
number  of  teeth  in  the  stud  gear  must  be  evenly  divisible  by 
2  for  a  double  thread,  3  for  a  triple  thread,  and  so  on.  A  con- 
venient method  of  indexing  multiple-threaded  screws  is  by 
means  of  a  special  faceplate  formed  of  two  parts,  one  of  which 
Is  free  to  rotate  after  loosening  the  clamping  bolt.  Gradua- 
tions on  the  edge  or  periphery  of  one  plate  are  used  for  turn- 
ing the  adjustable  section  the  required  amount. 

Use  of  Compound  Rest  for  Adjusting  Tool  when  Cutting- 
Multiple  Threads 
When  a  lathe  has  a  compound  rest,  this  may  be  used  for  ad- 
justing the  tool  when  cutting  the  different  thread  grooves  of 
a  multiple  screw  thread.  The  compound  rest  is  set  parallel 
to  the  axis  of  the  screw,  as  shown  In  Fig.  3,  and  after  one 
thread  groove  is  cut,  the  tool  Is  moved  a  distance  equal  to 
the  pitch  of  the  thread  or  one-halt  the  lead  for  a  double 
thread,  onethird  the  lead  for  a  triple  thread,  etc.  When  the 
feed-screw  has  a  graduated  dial,  this  adjustment  of  the  tool 
ran  eafllly  be  made.  The  compound  rest  method  Is  very  con- 
venient and  has  the  advantaKc  over  the  use  of  a  special  face- 
plate that  parts  may  be  held  In  the  chuck  for  Internal  thread- 
ing operations.  The  accuracy  of  the  tool  adjustment  and  of 
the  screw  that  Is  cut  depends  upon  the  accuracy  of  the  feed 
Hcrew  of  the  compound  rest  BJide;  ordinarily,  the  errors  from 
this  source  would  >bc  bo  small  as  to  be  negllglblo. 

AdluHtlnir  Tool  for  Multlplo  Thread  Cutting  by  Sblftlnir 
Currliwe 
When  a  tool  la  located  for  cultlnK  dlfrerent  tlirciid  groovoB 
of  a  mullipR-  screw  thread  by  HhiftlnK  tho  rjirrlagc  iint!  tool, 
the  adjustment  must  be  such  that  when  the  tool  Is  in  the 
correct  position,  tho  lock-nut  may  bu  rci^nKaKod  with  the  lead- 
scrow.  If  a  double  thread  Is  boInK  cut  havlntc  a  load  of,  say, 
on<!  inch  the  tool  could  bo  locatod  for  cuttinK  tho  munnd  thread 
Kroove  by  dlsenKOKlng  tho  lock-nut  (with  tho  latho  splndio 
Klntlonary)  and  movInK  tin;  rarriaKo  back  a  dlslanio  oquiil  lo 
Iho  pitch  of  th"  thrnad,  or  oni-half  Inch.  If  llw  a>l]iislMi»iil 
woro  o<]ual  to  tho  pitch  plun  tho  load  or  tho  pilch  plus  any 
multlplo  of  the  lead,  the  tool  would  still  l>o  In  position  for  nut- 
ting the  second  thread  groovo  In  actually  cutting  a  sorow 
Ihrond,  It  would,  of  course,  bo  norosnary  to  move  tho  rarringo 


far  enough  for  the  tool  to  clear  the  end  of  the  work  before 
starting  another  cut;  for  instance,  if  the  tool  were  10  inches 
from  the  starting  end  and  a  double  thread  having  a  one-inch 
lead  were  being  cut,  the  carriage  should  be  moved  at  least  lOVi 
inches.  This  adjustment  could  also  be  obtained  in  this  par- 
ticular case,  if  the  lead-screw  had  an  even  number  of  threads 
per  inch,  by  moving  the  carriage  and  tool  one-half  inch  (pitch 
of  thread)  and  then,  after  re-engaging  the  lock-nut,  turning  the 
lathe  backward  to  secure  the  necessary  additional  movement. 
Whether  or  not  the  lock-nut  can  be  re-engaged  with  the 
lead-screw  after  shifting  the  carriage  a  given  distance  may  be 
determined  as  follows:  If  the  carriage  is  moved  a  whole  or 
even  number  of  inches  (not  fractional),  the  lock-nut 
can,  of  course,  be  re-engaged  with  any  lead-screw  hav- 
ing a  whole  number  of  threads  per  inch.  If  the  num- 
ber representing  the  carriage  adjustment  is  fractional, 
the  number  of  threads  per  inch  on  the  lead-screw 
must  be  divisible  by  the  denominator  of  the  fraction. 

Use  of  Threap  Indicator  for  Multiple  Thread  Cutting- 

The  thread  chasing  dial  or  indicator  may  sometimes 
be  used  to  advantage  for  engaging  the  tool  with  the 
different   multiple    thread    grooves    when   cutting    a 
screw  thread  of  this  kind.    By  means  of  the  indicator, 
the  engagement  of  the  lock-nut  with  the  lead-screw  is 
so  timed  that  the  tool,  after  taking  a  cut  through  one 
thread  groove  will  be  in  position  to  cut  the  other 
groove  or  grooves,  as  the  case  may  be,  before  feeding 
the  tool  inward,  instead  of  finishing  one  groove  at  a 
time.     To  illustrate,  suppose  a  double-threaded  screw 
is  to  be  cut  having  a  lead  of  i/.  inch  (14  inch  pitch) 
or  two  single  threads  per  inch.    We  shall  assume  that 
the  lead-screw  of  the  lathe  has  4  threads  per  inch,  the 
indicator  worm-wheel  24  teeth,  and  the  dial  6  main 
divisions,    representing     inches    of    carriage    travel, 
and  6  subdivisions  representing  half  inches  of  carriage  travel. 
Since  the  number  of  threads  per   inch   is  even  in   this  case, 
the  lock-nut  may  be  engaged  with   the  lead-screw  when  any 
division  line  on  the  dial  is  opposite  the  zero  mark,  and  the  tool 
will  follow  the  original  cut.    After  taking  a  cut  in  one  thread 
groove  and  moving  the  carriage  back  to  the  starting  point, 
the  lock-nuts  are  next  engaged  when  the  zero  line  is  midway 
between  any  two  lines  on  the  dial;   the  tool  will  then  cut  an- 
other groove  midway  between  the  first  one,  or  a  distance  from 
it  equal  to  the  pitch  of  the  thread.    If  there  were  an  odd  num- 
ber of  single  threads  per  inch,  say,  three,  engagement  would 
be  made  on  any  main  division  line  for  cutting  one  groove  of 
a  double  thread,  and  on  any  subdivision  for  the  other  groove. 

Multiple  Tool  for  Cutting  Multiple  Threads 

The  different  thread  grooves  of  a  multiple  screw  thread  may 
be  cut  at  the  same  time  by  using  a  tool  for  each  groove. 


Fl|.  t.     Corroot  and  Incorrect  rotllloni  of  Tool  for  Ttpor  Tlirrnd  Outtlnc 

tho  tooiH  being  spac'od  accordiiiK  to  the  pitch  of  tlio  thread, 
Tho  Dale  multiplo-tool  holder  is  shown  In  Klg.  *■  This  par 
ticular  boldor  in  arranged  for  cutting  aquuru  Ihronds,  allluniKli 
tho  samo  K<'norul  typo  may  bo  applied  to  other  furms.  The 
main  part  of  tho  hoidc^r  /   is  cliannoled  or  Krnoved  to  rocolve 

the  culllliK  liladeH  or  tnoU.     The  Hpiire  l)etw 1   llieHe  toolH  Is 

ri'Kulaled  liy  the  diHtiiMcu  piece  H,  and  Ihi'v  lire  held  lit  an 
aiiglo  by  tapering  strips  f'  (hoo  ond  view).  'I'IiIh  inrllniillnii 
varies,  of  courHO,  with  the  pitch  and  dliiiiii'ler  of  the  scrow 
thread.  Tho  tools  and  strips  B  nnd  C  are  lii-ld  In  poHition  by 
set  srrows  /).     The  tapering  piirt  /•,'  nliovo  Die  tooJH  provldeH  11 
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horizontal  surface  for  clamping  the  tools  in  position  m  the 
tool-holder.  When  this  holder  is  used  for  cutting  Acme  or 
other  screw  threads  bt  angular  form,  the  tools  are  held  in  a 
horizontal  position  by  inserting  a  tapering  piece  beneath  them 
as  shown  at  F.  A  flat  plate  is  then  applied  to  the  top  to  form 
a  bearing  surface  for  the  tool-holder  clamping  screw.  The 
blades  used  in  this  holder  are  of  the  same  section  throughout 
their  length  to  provide  for  repeated  grinding. 

Position  of  Tool  for  Cutting  Taper  Screw  Threads 
It  is  the  general  practice  in  this  country  to  set  a  tool  for 


cutting  tapered  screw  threads  as  shown  at  A,  Fig.  5,  or  so 


Fig.   6.     Methods  of  gaging  Thread-cutting  Tools 

that  the  Sides  of  the  thread   incline  equally  with   reference 
to  a  line  perpendicular  to  the  axis  of  the  screw.    The  principal 
reason  why  taper  threads  should  be  cut  with  the  tool  in  this 
position  is  that  taper  taps   are  made   in   this  way   or  with 
the  threads  normal  to  the  axis.     If  the  tool  were  set  in  the 
position  shown  at  B  or  so  that  the  sides  of  the  thread  incline 
equally  with  reference  to  the  tapering  surface,  obviously  such 
a  thread  would  be  a  poor  fit  in  a  hole  tapped  with  an  ordinary 
taper  tap  having  threads  normal  to  the  axis  as  at  A.    If  the 
hole  and  the  tapering  part  which   screws  into  it  were  both 
threaded  normal  to  the  surface  as  at  B,  the  thread  would  be 
satisfactory  unless  there  were  an  unusual  amount  of  taper. 
In  extreme  cases,  angle  a  (see  diagram  B)  of  one  side  of  the 
thread  might  be  so  small  that  the  radial  or  bursting  pressure 
on  the  nut  would  be  excessive  owing  to  the  wedging  action. 
It  is  the  practice  to  cut  Whitworth   pipe  threads  and  most 
other  Whitworth  threads  which  are  tapering,  with  a  tool  set 
perpendicular  to  the  side  of  the  tapering  surface  as  shown  at 
r   because  the  same  tools  that  are  used  for  parallel  threads 
can  then  be  used  for  taper  threads.    If  a  tool  used  tor  parallel 
thread  cutting  were  set  at  right  angles  to  the  axis,  one  side  of 
the  crest  of  the  thread  would  not  be  cut  to  a  circular  form 
if  the  tool  were  of  the  shape  illustrated,  because  the  curved  cut- 
ting edges  would  be  the  same  distance  from  the  axis  of  the 
screw  and  only  one  side  of  the  circular  part  of  the  tool  would 
cut.      This  dimculty  is  not  encountered  with  the  thread  forms 
like  the  U.  S.  standard  or  V-threads. 

The  top  cutting  face  of  the  tool  should  lie  in  a  horizontal 
plane  coinciding  with  the  axis  of  the  work  for  all  taper  thread 
cutting.  It  Is  much  more  important  to  have  the  tool  at  the 
same  height  as  the  lathe  centers  when  cutting  taper  threads 
than  when  cutting  parallel  threads  for  the  reason  that  a  section 
parallel  to  the  axis  of  a  cone  la  not  straight  but  curved;  con- 
sequently, not  only  Is  the  angle  of  the  thread  changed  but 
a  curved  tapering  thread  also  is  produced. 

Adjustment  of  Lathe  for  Taper  Thread  Ciittlnif 
An  engine  lathe  equipped  with  a  taper  attachment  should 
bo  used  for  taper  thread  rutting  If  possible.  When  the  requlre.l 
taper  Is  obtained  l.v  setting  the  tailstock  oft  center,  the  thrca.l 
win  not  advan.o  at  a  uniform  rate  or  form  a  true  helix, 
eaporlally  when  an  ordinary  bentlall  driving  dog  Is  used. 
This  "drunken  thread"  or  error  Is  caused  by  the  angularity 


between  the  driving  dog  and  the  faceplate,  which  causes  the 
rotating  speed  of  the  work  to  vary  during  each  revolution. 
The  bearing  surface  between  the  lathe  centers  and  the  work- 
centers  when  the  tailstock  is  offset  is  another  cause  of  in- 
accuracy, because  as  the  work-centers  wear  rapidly  on  account 
of  the  poor  bearing  surface,  the  angle  of  the  taper  is  changed 
as  the  tailstock  spindle  is  tightened.  The  amount  of  these 
errors  depends  upon  the  angle  of  the  taper  and  the  distance 
that  the  centers  must  be  offset.  When  a  plain  (not  threaded) 
gage  of  the  required  taper  is  available  this  may  be  used  for 
adjusting  the  taper  attachment  accurately  prior  to  the  thread- 
cutting  operation.  The  taper  gage  is  placed  between  the  cen- 
ters (which  should  be  in  line)  and  a  dial  indicator  is  fastened 
in  the  tool-holder.  The  carriage  is  then  traversed  while  the 
indicator  is  in  contact  with  the  taper  gage,  and  the  taper  at- 
tachment is  adjusted  until  the  hand  of  the  indicator  remains 
practically  stationary  as  it  is  traversed  from  one  end  of  the 
gage  to  the  other.  This  method  has  been  employed  in  making 
thread  gages  of  the  plug  form.  Many  tapering  threads, 
especially  when  large  numbers  of  duplicate  parts  are  required, 
are  cut  by  means  of  chasers  or  special  dies. 

Internal  Thread-cutting  Operations 
The  general  methods  of  cutting  internal  threads  in  the 
engine  lathe  are:  (1)  by  means  of  a  single-point  tool;  (2)  by 
using  a  tap  supported  by  the  tailstock  spindle;  (3)  by  using 
a  single-point  tool  followed  by  a  tap;  (4)  by  using  a  multiple- 
point  tool  of  the  chaser  class.  The  single-point  tool  is  used  for 
most  internal  thread-cutting  operations.  If  the  hole  to  be 
threaded  is  quite  small  in  diameter,  it  is  difficult  to  cut  an 
accurate  thread  with  a  single-point  tool,  especially  if  the  hole 
is  quite  long  or  deep,  because  of  the  flexibility  of  a  tool  small 
enough  to  enter  the  hole.  On  work  of  this  kind  a  tap  may  be 
used  or  the  thread  is  sometimes  cut  slightly  under  size  with 
a  single-point  tool,  and  a  tap  having  its  shank  or  outer  end 
held  straight  by  the  tailstock  center  is  run  through  the  hole 
for  taking  a  light  finishing  cut. 


Gaging  Single-point  Thread  Tools 

The   accuracy   of   a   screw   thread   cut   in    a   lathe   may   be 

affected  as  to  pitch  or  lead  by  the  lead-screw,  and  as  to  the 

■angle  or  form  of  thread  by  the  tool  used  for  the  thread-cutting 

operation  or  its  position  when  in  use.    For  ordinary  work  the 

tool  is  ground  either  by  hand  or,  preferably,  by  the  use  of  a 
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lig.    7.     Hand    Chasers— ThrcadinR    Tool    Chasers 

special  tool  grinder  of  the  type  used  for  sharpening  turning 
and  planing  tools.  When  the  angle  of  the  cutting  edge  Is 
being  tested  bv  a  gage,  the  latter  should  be  held  in  the  same 
plane  as  the  cutting  edge,  as  at  .1.  Fig.  6,  and  not  at  right 
angles  to  the  front  side,  as  shown  by  the  dotted  lines,  assuming 
that  the  notch  In  the  gage  conforms  to  the  standard  thread 
aiiKle  If  the  clearance  angle  o  of  a  tool  Is  15  degrees,  the 
angle  In  a  plane  at  right  angles  to  the  front  face  is  about  61 
degrees  45  minutes,  when  the  angle  In  the  plane  of  the  cutting 
edge  Is  60  degrees;  hence.  It  the  tool  were  ground  to  fit  a  gage 
hold  as  shown  bv  the  dotted  lines  at  A.  the  angle  of  the  cut- 
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WIDTHS  OF  ENDS  OF  TOOLS  FOR  CUTTING    SQUARE 
THREADS 


Number  of 

Width  of  End  of  Tool 

Tlireads 
per  Inch 

For  Taps 

1          For  Internal 
For  Screws        |              Threads 

2 

2% 

3 

3% 

4 

4% 

5 

5^2 

6 

7 

8 

9 
10 
11 
12 
13 
14 

0.2475 
0.1975 
0.1641 
0.1408 
0.1235 
0.1096 
0.0985 
0.0894 
0.0818 
0.0699 
0.0615 
0.0545 
0.0490 
0.0444 
0.0407 
0.0375 
0.0352 

0.2500 
0.2000 
0.1666 
0.1428 
0.1250 
0.1111 
0.1000 
0.0909 
0.0833 
0.0714 
0.0625 
0.0555 
0.0500 
0.0454 
0.0417 
0.0385 
0.0357 

0.2525 
0.2025 
0.1691 
0.144S 
0.1265 
0.1126 
0.1015 
0.0924 
0.0848 
0.0729 
0.0635 
0.0565 
0.0510 
0.0464 
0.0427 
0.0395 
0.0362 
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ting  edge  would  be  too  small.  At  B  is  shown  a  simple  form 
o£  gage  for  testing  U.  S.  standard  thread-cutting  tools.  These 
tools  have  a  flat  end  or  edge  equal  in  width  to  one-eighth  the 
pitch  of  the  thread.  This  particular  gage  has  notches  marked 
for  different  pitches.  The  tool  is  first  ground  to  a  60-degree 
angle,  the  V-shaped  notch  in  the  gage  being  used  as  shown  at 
d.  The  point  is  then  ground  off  to  the  right  width  or  until 
the  tool  fits  into  a  notch  corresponding  to  the  required  pitch, 
as  illustrated  at  e. 

An  Acme  thread  gage  is  shown  at  C.  This  gage  also  has 
notches  for  different  pitches.  The  29-degree  notch  at  the  end 
of  the  gage  is  used  first  for  testing  the  angular  sides  of  the 
tool  when  grinding  as  at  g.  The  shallow  notches  are  used 
simply  for  testing  the  width  of  the  cutting  edge  at  the  end  as 
at  h.  the  numbers  opposite  the  notches  representing  the  number 
of  threads  per  inch.  The  angle  between  the  side  and  the  end 
may  be  tested  as  illustrated  at  ;.  The  tool  may  also  be  set 
square  with  the  work  by  placing  one  edge  of  the  gage  against 
the  turned  surface  and  adjusting  the  tool  until  it  coincides 
with  the  gage,  as  indicated  by  the  dotted  lines  at  ;.  The 
width  of  an  Acme  thread  tool  equals  0.3707  X  pitch  —  0.0052. 
Teatlnjf  Width  of  Flat  End  of  U.  8.  Standard  and  Acme 
Thread  Tools 
The  width  of  the  flat  or  end  of  either  a  U.  S.  standard  or 
Acme  thread  tool  may  be  measured  by  using  an  ordinary 
micrometer  as  Illustrated  at  D.  In  measuring  the  tool,  a  scale 
18  held  against  the  spindle  and  anvil  of  the  micrometer  and 
the  end  of  the  tool  Is  placed  against  this  scale.  The  microm- 
eter is  then  adjusted  to  the  position  shown,  and  for  a  U.  S. 
gUndard  thread  tool  0.2887  inch  Is  subtracted  from  the  read- 
ing; the  result  equals  the  width  of  the  tool  point  which  should 
equal  one-eighth  the  pitch.  For  an  Acme  thread  tool  0.1293 
Inch  Id  gublracled  from  the  mlirometer  reading  to  obtain  the 
width  of  the  tool  point.  The  constants  (0.2KS7  and  0.1293) 
which  arc  subtracled  from  the  micrometer  n-adlng  are  only 
correct  when  the  micrometer  Bplndlo  has  the  usual  diameter 
of  0.25  Inch.  The  value  or  constant  for  any  other  spindle 
diameter  could  be  obtained  by  multiplying  twice  the  spindlo 
diameter  by  the  tangent  of  one  half  thi-  thread  tool  bmkIc. 

An  ordinary  K'^ar  tooth  caliper  may  also  hi-  used  for  testing 
tho  width  of  a  thread  tool  point.  ii«  IllUMlnitiMl  nl  /■;.  If  the 
meanur<-mcnt  Ih  made  at  a  vertical  diHtuiKe  j-  of  '  i  ln<h  from 
Ihc  polnlii  of  tho  caliper  Jnwii,  the  vuIucm  prcviounly  given  for 
ir.  8.  Ktnndard  and  Acme  Ihri-ndH  nhould  be  Buhlracli'd  from 
ihn  rallptT  roadlnK  to  obtain  tho  aclunl  width  of  Ihc  lulling 
i>nd  of  tho  tool. 

Whpn  a  tool  for  rullInK  a  V.  H.  Htnndnrd  thr-md  U  iiccurato 
nil  lo  tho  •ngic  and  wlillli  r.r  point  or  llnl,  an  lururnlo  iicrow 
„,,,.  ...  1.  i.„  cut  by  tint  followinic  method:  Klmt  turn  (or 
yj  .  w  blank  lo  tho  outsldo  diameter  of  tho  mrow 

V  'T  llmlm  of  accurory  aro  ronnidcrod  iwrmnnry 

IMntu  nlMflinii  Iho  Ihroad  cutllnK  otxTnllon.  ndJuHt  Mn-  to.il  In 


ward  until  its  front  edge  just  touches  the  surface  of  the  blank, 
and  then  feed  the  tool  inward  for  taking  successive  cuts  until 
it  has  moved  a  distance  equal  to  0.6495  times  the  pitch  of  the 
thread.  If  the  cross-feed  screw  does  not  have  a  micrometer  dial 
for  measuring  the  movement  of  the  tool,  it  is  a  comparatively 
simple  matter  to  gage  the  movement  of  the  tool-slide  by  attach- 
ing a  pin  or  block  to  it  and  measuring  from  a  fixed  pin  or 
block.  In  the  case  of  an  Acme  thread,  the  inward  movement 
of  the  tool  should  equal  one-half  the  pitch  of  the  thread  plus 
0.010  inch. 

Width  of  Tool  Point  for  Cutting  Square  Tlireads 

In  order  to  provide  clearance  between  the  threads  of  a 
square-threaded  screw  and  nut,  the  width  of  the  thread  groove 
in  the  nut  is  made  somewhat  greater  than  one-half  the  pitch 
of  the  thread.  The  width  of  the  point  of  the  tool  for  cutting 
external  screws  with  square  threads  should  be  exactly  one-half 
the  pitch,  but  the  width  of  a  tool  for  cutting  internal  threads 
or  the  threads  on  taps  which  are  afterward  to  be  used  for 
tapping  nuts,  should  be  slightly  less  than  one-half  the  pitch 
so  that  the  cutting  teeth  are  a  little  wider  than  the  theoretical 
standard  width.  The  thread  groove  cut  in  the  nut  will  then 
be  slightly  wider  than  the  thread  on  the  screw,  thus  providing 
the  necessary  clearance.  An  inside  threading  tool  for  thread- 
ing nuts  evidently  should  be  of  the  same  width  as  the  teeth 
on  the  tap,  or  slightly  wider  than  one-half  the  pitch.  The 
widths  of  the  points  of  tools  for  all  ordinary  pitches  from 
2  to  14  threads  per  inch  are  given  in  the  accompanying  table, 
which  includes  tools  for  threading  taps,  cutting  screws  and  cut- 
ting the  threads  in  nuts. 

Use  of  Thread  Chasers  In   the  Lathe 

A  chaser  is  a  form  of  threading  tool  having  a  number  of 
teeth  instead  of  a  single  point  like  the  threading  tools  com- 
monly used  for  screw-cutting  in  the  engine  lathe,  although  the 
term  "thread  chasing"  is  often  used  to  indicate  the  cutting 
of  a  thread  with  a  single-point  tool.  The  two  general  classes 
of  chasers  (exclusive  of  those  used  in  dies)  are  hand  chasers 
and  threading  tool  chasers.  The  former  are  hand-controlled, 
and  the  latter  are  rigidly  held  in  a  tool-holder  and  used  like 
an  ordinary  lathe  threading  tool.  Two  types  of  hand  chasers 
are  shown  at  A  and  B  in  Fig.  7.  Form  A  is  used  for  chasing 
external  threads  and  form  B  for  internal  threads.  When  the 
tool  is  in  use,  the  cutting  end  is  supported  by  some  form  of 
rest  held  in  the  toolpost.  These  hand  chasers  are  convenient 
for  truing  up  battered  threads  or  for  reducing  the  size  of  a  part 
which  has  been  threaded  by  either  a  die  or  a  single-point  tool. 
Tools  of  this  kind  are  especially  adapted  for  brass  work.  The 
chaser  used  in  any  case  has  teeth  spaced  to  correspond  to  the 
pitch  of  the  thread.  This  form  of  tool  can  be  applied  to  the 
work  quickly  and  without  gearing  the  lathe  for  a  thread-cut- 
ting operation. 

Threading  tool  chasers  which  are  held  rigidly  in  the  tool 
holder  are  used  practically  the  same  as  a  single-point  tool,  the 
lathe  being  geared  for  traversing  the  tool  along  the  work  in 
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order  to  control  the  lead  of  the  thread.  Tools  of  this  kind  cut 
threads  rapidly  and  may  be  used  for  roughing  out  threads  pre- 
paratory to  finishing  them  with  a  regular  single-point  tool. 
Many  screw  threads  are  also  finished  completely  with  chasers 
of  this  type,  although  they  are  not  adapted  for  extremely  accu- 
rate work  unless  the  teeth  are  ground  after  hardening 
hecause  the  pitch  of  the  chaser  teeth  is  affected  more  or  less 
by  the  hardening  operation.  A  threading  tool  chaser  for  a 
U.  S.  standard  thread  is  shown  at  C.  The  spaces  between  the 
teeth  extend  to  a  sharp  vee  instead  of  having  flats  the  same  as 
the  cutting  ends,  in  order  to  provide  clearance  for  the  top  of 
the  thread. 

The  pitch  of  the  chaser  teeth  does  not  always  equal  the  pitch 
of  the  thread  to  he  cut.  For  instance,  the  chaser  illustrated  at 
D  has  a  pitch  double  that  of  the  screw  thread.  Every  alternate 
groove  is  engaged  but  as  the  lathe  is  geared  for  the  pitch  of 
thread  to  be  cut,  each  tooth  of  the  chaser  follows  the  thread 
groove  the  same  as  though  it  were  a  single  tool.  Chasers  are 
sometimes  made  as  shown  at  D  for  cutting  very  fine  threads, 
because  in  this  way  larger  and  stronger  teeth  are  obtained. 

Tools  for  Cutting-  Whitworth  Threads 

The  Whitworth  form  of  thread,  or  the  British  standard,  may 
be  cut  by  using  a  single  tool  of  the  form  illustrated  at  A.  Fig. 
8.  This  tool  is  so  shaped  that  it  finishes  the  rounded  crest  of 
the  thread  as  well  as  the  angular  sides  and  the  root.  As  this 
tool  is  rather  difficult  to  make,  many  Whitworth  threads, 
especially  in  jobbing  and  repair  shops,  are  cut  by  using  two 
tools  as  illustrated  at  B.  One  finishes  the  angular  sides  and 
the  root,  whereas  the  other  is  used  for  finishing  the  crest  of 
the  thread  as  the  illustration  shows.  In  English  machine 
shops,  threads  of  ordinary  pitches  are  often  cut  as  indicated 
at  C.  After  the  angular  sides  and  root  of  the  thread  have  been 
finished  by  a  tool  having  a  rounded  point,  the  crest  of  the 
thread  is  rounded  off  by  using  a  hand  chaser.  The  radius  of 
both  the  crest  and  the  root  of  a  Whitworth  thread  equal 
0.1373  times  the  pitch,  and  the  depth  of  the  thread  equals 
0.6403  times  the  pitch.  The  angle  between  the  sides  as 
measured  in  an  axial  plane  is  55  degrees. 

Automatic  Threading  Lathe 

The  automatic  threading  lathe  built  by  the  Automatic  Ma- 
chine Co.,  Bridgeport,  Conn.,  is  especially  adapted  for  thread- 
ing duplicate  parts  in  quantity,  because  the  movements  of  the 
lathe  are  automatically  controlled  after  the  work  is  placed  in 
position  and  the  lathe  is  started.  As  the  forward  and  return 
movements  of  the  carriage  and  the  movements  of  the  tool  are 
controlled  mechanically,  the  machine  operates  more  rapidly 
and  continuously  than  an  ordinary  engine  lathe.  A  detail  view 
of  the  machine  and  the  work  is  shown  in  Fig.  9.  The  head- 
stock  is  of  the  geared  type,  and  is  arranged  for  varying  the 
forward  cutting  speed  and  for  reversing  the  rotation  of  the 
spindle,  the  latter  being  effected  automatically  at  the  comple- 
tion of  the  cut.  The  carriage  has  front  and  rear  tools  and. 
when  the  machine  is  in  operation,  these  tools  are  fed  in  auto- 
matically to  the  required  depth;  the  carriage  is  then  traversed 
along  the  bed  by  a  central  lead-screw,  and  when  the  tools  reach 
the  end  of  the  cut,  they  are  automatically  withdrawn  and  the 
carriage  Is  returned  to  the  starting  point.  The  tools  are  then 
fed  In  again  far  enough  for  taking  a  new  cut,  and  the  cycle 
of  operations  Is  repeated  until  the  thread  is  finished  to  the  size 
for  which  the  machine  Is  set.  when  the  feeding  of  the  tools  Is 
automatically  stopped.  As  shown,  there  are  four  positions  or 
holders  for  the  cutting  tools.  For  external  work  two  tools  are 
used,  one  being  at  the  front  and  the  other  at  the  rear  as  pre- 
viously mentioned.  When  cutting  a  thread  close  to  a  left-hand 
Hhouldcr.  the  two  left-hand  positions  or  holders  are  utilized 
and  If  the  shoulder  Is  on  the  opposite  side  the  two  right-hand 
holders  are  employed. 

By  using  two  cutting  tools  for  external  work.  It  Is  possible 
to  have  one  tool  cut  one  wall  or  side  of  the  thread,  while  the 
other  tool  operates  on  the  opposllo  slile  of  the  thread. 
When  the  tools  arc  applleil  In  this  way,  Ihoy  may  ho  ground 
with  top  rnko  In  order  lo  socuro  a  better  cutting  action. 
When  cutting  an  angulnr  thread,  such  as  the  Acme  or  a  worm 
Ihread,  a  square  nosed  rouKhlng  tool  Is  sometimes  used  in  the 


rear  and  a  form-finishing  tool  in  the  front.  A  finishing  tool  of 
the  gooseneck  or  spring  type  is  recommended.  Another  method 
of  cutting  a  thread  of  similar  form  is  to  mount  a  single  square- 
nosed  roughing  tool  in  advance  of  the  front  and  rear  tools. 
The  square-nosed  tool  then  cuts  a  rough  groove  which  is 
finished  by  the  two  following  tools,  taking  shearing  cuts  on 
opposite  sides  of  the  thread.  When  cutting  a  square  thread,  a 
roughing  tool,  which  is  about  0.02  inch  narrow,  is  used,  and 
the  thread  is  finished  to  the  required  size  by  a  tool  in  front. 
When  cutting  a  double  thread,  both  thread  grooves  may  be  cut 
simultaneously  by  using  four  tools;  two  parallel  roughing  tools 
operating  in  adjacent  grooves  are  located  at  the  rear,  and  two 
finishing  tools  at  the  front  of  the  machine.  For  internal 
threading,  the  tool-holder  may  be  provided  with  a  roughing 
cutter  followed  by  a  finishing  cutter.  Cutters  of  the  circular 
form  type  are  used  ordinarily.  Change-gears  are  employed 
for  adapting  the  machine  to  cut  threads  of  different  pitch. 

One  of  the  important  features  of  this  lathe  is  the  back- 
shaft  which  controls  the  traversing  movement  of  the  carriage 
and  the  points  of  reversal,  as  well  as  the  inward  and  outward 
movements  of  the  cutting  tools.  When  the  carriage  reaches 
the  end  of  its  travel  at  the  completion  of  the  cut,  it  comes 
against  an  adjustable  collar  on  the  back-shaft.    The  result  is 


Tig.  9.  Automttlo  Threadinc  Laths  cuttinc  Sonw  Thread 
that  the  back-shaft  is  shifted  longitudinally,  and  this  endwise 
motion  throws  into  engagement  a  mechanism  at  the  head- 
stock  end  of  the  machine,  which  causes  the  back-shaft  to  re- 
volve one-halt  revolution.  This  rotation  serves  a  double  purpose 
in  that  it  withdraws  the  two  cutting  tools  from  the  work,  and, 
at  the  same  time  reverses  the  motion  of  the  lathe  spindle. 
When  the  carriage  reaches  the  end  of  the  return  movement, 
caused  by  the  reversal  of  the  spindle  and  lead-screw  rotation. 
It  encounters  another  stop  on  the  back  shaft,  so  that  the  latter 
Is  again  shifted  In  the  opposite  direction.  This  endwise  move- 
ment again  causes  the  back-shaft  to  revolve  one-half  revolu- 
tion, which  automatically  moves  the  tools  Inward  for  the  next 
cutting  stroke.  The  tools  are  moved  a  little  farther  Inward 
for  successive  strokes  by  a  ratchet  and  pawl  mechanism. 


The  War  Ilcpnrlnient  has  iiiinouiired  that  hereafter  the 
metric  system  of  measurement  will  be  employed  as  the  stand- 
ard for  all  artillery,  machine  guns,  and  maps  used  by  the 
American  Overseas  Forces. 
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WASTING  NATURAL  RESOURCES 

Attention  is  called  in  The  Little  Journal,  published  by 
Arthur  D.  Little,  Inc.,  of  Cambridge,  Mass.,  to  the  enormous 
loss  to  the  nation  due  to  waste  of  natural  resources.  If  coal 
ran  over  Niagara  Falls  only  to  feed  a  great  bonfire  at  the  base, 
we  should  all  be  shocked,  but  the  present  loss  is  just  as  great 
as  if  that  were  so.  Half  a  million  or  more  horsepower  easily 
available  at  Niagara  runs  to  waste;  meanwhile  the  lights  are 
turned  out  on  our  streets  to  save  a  few  tons  of  coal.  If  the 
water  of  Niagara  (equivalent  to  from  5,000,000  to  7,500,000 
tons  of  coal  annually)  was  used  for  power  and  once  a  month 
the  water  was  allowed  to  flow  over  the  Falls  for  a  day,  there 
would  still  be  a  scenic  Niagara,  and  probably  more  people 
would  actually  visit  it  than  at  the  present  time. 

Through  lack  of  supervision,  a  billion  cubic  feet  of  natural 
gas  has  been  permitted  to  go  to  waste  daily  for  long  periods. 
Through  lack  of  proper  regulation,  500,000,000  tons  of  coal 
have  been  wasted  at  the  mines  annually.  Three  tons  of  phos- 
phate rock  are  wasted  to  one  that  is  used,  and  only  50  per 
cent  of  the  zinc  mined  reaches  the  market  as  spelter.  Sulphate 
pulp  liquids  still  polute  the  streams,  while  a  wealth  of  alcohol, 
gas,  and  fuel  might  be  recovered  from  them.  Potash  is  wanted 
at  $450  a  ton,  but  most  of  the  cement  mills  waste  it.  Flax 
straw  may  be  made  into  the  finest  quality  of  writing  paper, 

but  it  is  burned  in 

the    fields;    so    are 

also     most     cereal 

straws,  which  may 

be   briquetted   Into 

excellent    fuel,    or 

baled  and  used  for 

gas  making.    If  we 

used    all    the    ma- 
terials that  nature 

provides,  Instead  of 

attempting    to    get 

rid  of  them  in  the 


easiest    and     most 


Fig.  2.    Various  Blanking,  Drawing,  and 


convenient  manner,  we  would  probably  be  able  to  pay  for  the 
war  out  of  waste  products  and  *tlll  have  something  to  spare. 


Buy  War  Savings  Stamps.  If  you  want  to  be  a  fighter  be- 
hind the  lines  In  the  war  for  democracy,  save  your  quarters 
and  Invest  them  In  Thrift  Stamps.  Many  of  us  cannot  go  into 
the  trenches,  some  of  us  cannot  buy  Liberty  Bonds,  but  every- 
one can  buy  War  Savings  Stamps.  It  you  want  to  do  more 
than  your  "bit,"  help  to  establish  War  Savings  Societies  and 
Induce  others  to  do  their  share  In  achieving  victory.  There 
are  only  two  requirements — ten  or  more  members  and  the 
promlBe  to  save.  There  is  a  place  for  a  War  Savings  Society 
in  every  buslnf-HS  office  and  factory.  The  spirit  to  take  part 
In  the  great  war  Is  swei-plng  the  country.  The  War  Savings 
Sonlelles  U  the  answer.    For  details,  Inquire  at  any  post-offlce. 
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ZAMBONI  PRESSED-METAL   WHEEL 

The  Zamboni  sheet-metal  wheel  is  interesting  both  as  a 
wheel  and  as  an  example  of  die  work.  The  prominent  feature 
is  the  interlocking  rim  which  binds  one  half  of  the  wheel  cen- 
ter to  the  other  half  and  at  the  same  time  strengthens  the 
wheel  and  makes  it  very  rigid.  The  most  important  applica- 
tion of  this  interlocking  sheet-metal  wheel  at  the  present  time 
is  in  roller  skates.  An  enlarged  sectional  view  of  the  skate 
wheel  is  illustrated  in  Fig.  1.  It  is  composed  of  two  main  sec- 
tions A  and  B  and 
an  inserted  hub  G, 
which  is  designed 
to  receive  a  double 
ball  bearing.  The 
two  sections  A  and 
B  are  locked  to- 
gether by  forcing 
the  annular  ridge  D 
of  one  section  into 
a  groove  formed  in 
the  other  section. 
Before    these    two 

Forming  Operations  on  Wheel  Sections  parts  are  locked  to- 

gether, the  interlocking  ridge  and  the  groove  are  both  parallel 
with  the  axis  of  the  wheel.  One  section  is  then  securely  inter- 
locked with  the  other  by  means  of  a  die  which  presses  the 
ridge  and  groove  over  to  an  angle  of  approximately  45  de- 
grees, as  shown.  The  two  main  sections  of  the  wheel  are 
drawn  up  from  flat  stock.  The  three-piece  hub  is  formed  of 
two  drawn  cups  connected  by  a  sleeve  at  the  center,  which  Is 
machined  and  riveted  to  each  cup. 

The  sequence  of  operations  for  producing  the  main  sections 
.1  and  B  is  illustrated  in  Fig.  2.  The  order  of  operations  on 
section  B  is  also  illustrated  in  Fig.  4.  The  operations  on  these 
two  parts  are  practically  the  same,  except  that  an  anii^ar 
ridge  is  formed  on  one  and  a  groove  on  the  other  at  the  point 
where  they  Interlock.  The  first  operation  on  section  B  is  per- 
formed In  an  ordinary  combination  blanking  and  drawing  die, 
which  forms  a  cup  as  shown  at  A  In  F'ig.  4.  This  cup  Is  next 
drawn  to  a  greater  depth,  as  illustrated  at  B, 
but  the  diameter  remains  the  aaiiio.  The 
third  operation  la  performed  in  a  ilrawInK 
and  forming  die,  which  pushes  tiio  top  of 
cup  /{  (obtained  from  thn  second-operation 
die)  downward,  thus  obtaining  the  shape 
shown  at  O.  The  punch  is  shaped  to  fit  the 
Inner  part  a,  whoroua  the  seat  In  the  die 
conforms  lo  tin'  KJiapo  of  the  opposlto  side. 
'I'lic  (III-  Ih  iMiuippcd  witli  n  linock  out,  of 
(•()urH(',  which  bciirs  nKuinHt  llio  end  (».  The 
rnurtli  npcrallon  Is  prnctlcally  the  Humo  na 
llio  llilrd.  tho  ol)J('ct  boInK  to  roduco  the 
dianiolor  and  dn<ip<'n  'ho  oontrnl  part  of  the 
wheel  rontnr,  an  lllUBtrntnd  at  /».  l''or  the 
third  iind  fourth  operatloiiH  the  work  Is  not 
III  the  priHitlon  llliiHlniled  ill  \''\k-  1.  but  Is 
liiverleil.  Kiir  Iho  flftli  operallon,  liowevor, 
tlie  part  rnBtn  In  thn  dlo  In  tho  poHltlon 
iiliown  III  !■:.  TIiIh  operiillon  Is  performed  by 
II   piineh   which    In   In   I  lie   rnriii   of  ii  Mieevo. 
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The  punch  fits  over  the  central  part  c  and  engages  the  work 
at  d.  The  operation  is  simply  one  of  pushing  down  this  central 
part  to  form  a  semicircular  channel  d  around  the  base  of  the 
central  part  c.  The  knock-out  or  ejector  is  located  within  the 
punch.  This  completes  the  drawing  and  forming  operations. 
The  flange  of  the  shell  is  next  blanked  out  in  a  die  that 
forms  V-shaped  teeth  around  it,  as  illustrated  by  the  plan 
view  at  F.  Bach  time  a  part  is  blanked,  a  ring  of  scrap  is 
pushed  up  onto  the  punch,  and,  in  order  to  remove  these  scrap 
rings,  there  is  a  double-ended  V-shaped  knife  or  blade  extend- 
ing through  the  punch  and  projecting  far  enough  at  each  side 
to  sever  the  scrap  rings.  This  scrap-cutting  blade  is  located 
about  3/4  inch  above  the  die,  so  that  the  punch  is  filled  with 
scrap  up  to  this  point  and  the  upper  scrap  ring  is  cut  in  two 
each  time  a  part  is  blanked  and  another  ring  is  forced  onto 
the  punch.  After  a  hole  has  been  blanked  at  /  (see  view  G), 
the  V-shaped  teeth  are  next  bent  downward,  as  at  H,  so  that 
they  will  be  parallel  to  the  axis  of  the  wheel.  A  simple  type 
of  bending  die  is  used  for  this  work.  The  punch  used  in  con- 
nection with  this  die  is  in  the  form  of  a  thin  sleeve  which 
surrounds  the  wheel  center  and  fits  into  the  space  e.  The  die 
has  a  plain  hole  through  it,  and  the  V-shaped  teeth  are  bent 
by  simply  pushing  the  part-  down  through  the  die.  This  com- 
pletes the  operations  on  this  part.  When  the  two  wheel  sec- 
tions are  forced  together  and  interlocked  as  previously  ex- 
plained, a  leather  rim  E,  Fig.  1,  is  placed  between  them,  which 
is  gripped  by  the  V-shaped  teeth  previously  referred  to.  The 
reason  for  using  this  leather  rim  in  preference  to  a  steel  ring 
is  that  it  is  practically  noiseless,  which  is  a  desirable  feature 
for  roller  skates,  especially  when  used  in  skating  rinks. 


REQUIREMENTS   AND    TREATMENT    OF 
CANADIAN  HIGH-EXPLOSIVE  SHELLS 

Canadian  high-explosive  shells  must  possess  an  elastic  limit 
or  yield  point  of  19  tons  per  square  inch,  and  an  ultimate 
breaking  strength  of  not  less  than  35  tons  and  not  more  than 
50  tons  per  square  inch,  with  an  elongation  in  2  inches  of  not 
less  than  14  per  cent.  The  maximum  carbon  content  is  0.55 
per  cent;  and  while  there  apparently  is  no  minimum,  the  forg- 
ing companies  are  not  required  to  accept  anything  under  0.4 
per  cent.  The  minimum  manganese  content  is  0.4  per  cent  and 
the  maximum  1  per  cent.  Sulphur  and  phosphorus  must  be 
under  0.05  per  cent  and  silicon  under  0.3  per  cent.  The  shells 
are  forged  from  either  rolled  or  cast  blanks;  while  many  of 
the  4.5-  and  6-inch  shells  have  been  forged  from  cast  blanks, 
the  tendency  is  to  produce  these  types  from  rolled  stock. 
The  6-inch  shells  and  under  are  forged  with  a  solid  base. 

For  the  forging  operation,  the  blanks  are  generally  heated 
to  a  temperature  of  from  2000  to  2200  degrees  F.,  either  in 
large  continuous  furnaces  or  in  smaller  batteries  where  the 
shells  are  all  brought  up  to  a  forging  temperature  together. 
The  piercing,  as  a  rule,  is  done  in  one  operation  and  the  shells 
are  then  cooled;  this  cooling  is  either  retarded  or  accelerated 
according  to  the  carbon  content.  Where  the  carbon  drops  to 
0.4  per  cent,  the  cooling  must  be  retarded  as  much  as  possible. 
Practice  in  this  respect  varies  in  different  plants  and  for  the 
different  types  of  shells.  As  a  rule,  low-carbon  heats  are 
stacked  in  the  open,  considerable  space  being  left  between 
each  shell  for  circulation  of  air.  High-carbon  heats  are  stacked 
closely,  well  protected  from  the  air,  and  may  be  covered  with 
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Tig.  4,     Order  of  Operations  on  One  Half  of  Sheet-steel  Wheel  Center 


The  use  of  this  interlocking  type  of  wheel  (which  is  the 
product  of  the  Apex  Steel  Corporation,  50  Church  St.,  New 
York  City)  is  not  confined  to  skate  wheels,  as  the  same  prin- 
ciple of  construction  may  be  applied  in  making  sheave  wheels 
(see  Fig.  3),  handwheels  for  valves,  belt  pulleys  for  motors, 
truck  wheels,  etc.,  and  for  many  other  purposes.  The  design  of 
the  wheel  is  varied  somewhat,  depending  upon  its  size  and 
width.  Wheels  that  are  comparatively  small  and  narrow  are 
formed  of  two  sections  that  interlock  directly,  the  same  as 
the  skate  wheel,  but  in  the  case  of  a  belt  pulley  or  sheave  of 
rather  large  size,  the  two  main  sections  are  connected  by  an 
intermediate  section.  F.  D.  J. 


RAILWAY  CONTROL  IN  ENGLAND 

The  English  government,  having  taken  control  of  all  the 
railways  In  Great  Britain  on  August  14,  1914,  agreed  to  pay 
the  stockholders  the  same  earnings  as  they  had  received  in 
1913.  On  account  of  the  great  number  of  men  employed  in 
the  railway  service  having  entered  the  Army  or  other  occu- 
pations not  suitable  for  women,  the  number  of  women  em- 
ployes of  the  British  railways  has  risen  in  the  past  three 
years  from  15,000  to  100.000.  Freight  cars  have  been  pooled 
without  regard  to  ownership,  and  the  loading  and  unloading 
of  cars  has  been  expedited  by  heavy  penalties  and  fines,  and 
even  IniprlHonment.  It  has  been  made  a  criminal  offense  to 
fall  to  load  and  unload  In  accordance  with  the  rules.  Many 
pasHonger  trains  have  been  removed  from  the  schedules,  reser- 
vation of  scats  haH  been  abolished,  and  the  passenger  rates 
advanced  HO  ppr  cent  with  a  view,  not  to  Increase  the  revenue, 
but  to  discourage  travel.  The  staff  of  each  railway  remained 
undlHturbed.  Wages,  hours  of  work,  and  other  labor  questions 
arc  settled  by  cnnrlllatlon  and  arbitration,  and,  on  the  whole, 
the  manageniciit  iiiul  the  employes  have  worked   In  harmony. 


cinders  or  some  similar  medium  to  retain  the  heat.  In  no  case 
is  it  permissible  for  the  shells  to  be  in  contact  with  one  an- 
other during  cooling.  Test  pieces  are  taken  from  each  heat 
after  forging,  and  any  heats  failing  to  pass  the  specifications 
are  set  aside  to  be  normalized  or  annealed.  Rejected  heats 
may  be  either  too  weak  or  too  strong,  and  must  be  brought 
up  or  toned  down.  Failures  generally  occur  in  those  heats 
close  to  the  minimum  and  the  maximum  carbon  content.  Low- 
carbon  heats  that  fail  to  reach  the  minimum  breaking  strength 
and  are  low  in  elastic  limit  and  high  in  elongation  should  be' 
brought  to  a  heat  slightly  above  the  critical  point  and  cooling 
accelerated.  High-carbon  heats  that  show  too  great  a  strength 
and  a  low  elt)ngation  should  be  heated  up  to  but  not  beyond 
the  critical  point  and  cooled  slowly.  It  is  not  often  that  re- 
jected heats  fail  to  respond  to  the  annealing  treatment.  Some 
low-carbon,  low-manganese  heats  failing  to  respond  to  ordinary 
air-cooling  have  been  brought  up  to  strength  by  forcing  cold 
air  into  the  interior  of  the  shell  and  against  the  exterior. 
A  Canadian  shrapnel  shell  recently  made  contained  0.52  per 
cent  carbon  and  0.75  per  cent  manganese.  After  it  was  heated 
to  1550  degrees  F.,  quenched  in  oil,  reheated  to  1000  degrees 
F.,  and  cooled  In  air.  Its  elastic  limit  was  42  tons  per  square 
inch,  ultimate  breaking  strength  70  tons  per  square  inch, 
and  elongation  15  per  cent  in  two  inches.  In  the  heat- 
treatment  of  these  shells  the  temperatures  vary  from  about 
1450  to  1600  degrees  F.  for  quenching,  and  from  800  to  1100 
degrees  F.  for  tempering,  depending  on  the  carbon  content. 
Ordinarily  twenty  minutes  is  about  the  average  time  required 
to  heat  the  shells  for  quenching,  but  a  little  longor  time  Is 
needed  for  tempering. 

•     •     • 

Canadian  manufacturers  now  produce  SOO.OOO  complete 
shells  every  week,  which  Is  more  than  was  produced,  before 
the  war.  by  any  nation  except  Germany. 


642 


MACHINERY 


March,  1918 


ORDERING    PARTS    FOR    MACHINE    TOOL 
REPAIRS 

BY  ■W.   G. 

When  it  becomes  necessary  to  obtain  repair  parts  for  ma- 
chine tools,  the  man  who  has  charge  of  repairing  does  not 
always  specify  exactly  what  is  wanted.  For  instance,  if  some 
part  is  required  for  a  planer,  the  requisition  may  simply  refer 
to  a  planer  built  by  the  Blank  Mfg.  Co.  This  requisition  is 
sent  to  the  purchasing  department  and  the  order  received  by 
the  planer  manufacturer  will  probably  read  "One  gear  for 
planer  of  your  make."  Now  the  Blank  Mfg.  Co.  may  have  been 
in  the  planer  business  for  fifty  years,  and  during  that  time 
machines  have  been  constructed  in  perhaps  twenty  different 
sizes,  to  say  nothing  of  the  various  designs  of  each  size;  con- 
sequently the  first  question  that  confronts  the  Blank  Mfg.  Co. 
in  attempting  to  fill  the  order  for  a  repair  part  is  what  par- 
ticular planer  this  gear  or  other  part  is  for.  As  the  order  is 
very  indefinite,  it  is  necessary  for  the  planer  manufacturer 
to  obtain  additional  information.     Perhaps  one  week  has  al- 


Owner's  Shop  Nu 
Name  of  Tool 


Maker's  Name  and  Address 

Manufacturer's  Shop  or  Serial  Number_ 

Purchase  Order  No 

Machine  Received^ 


Foundation  Plan  Numbers. 
Remarks 


Card  Becord  used  when  ordering  Bepair  Parts  from  Hanufacturer  to  enable 
Machine  to  be  identified  readily 

ready  elapsed  since  the  break-down  occurred,  thus  putting  the 
machine  out  of  commission. 

The  present-day  practice  of  some  manufacturers  is  to  attach 
to  their  machines  a  brass  nameplate  on  which  is  the  manu- 
facturer's address,  his  shop  or  serial  number  on  which  the 
machine  was  built,  and  possibly  the  following  instructions: 
"When  ordering  repair  parts  refer  to  this  number."  When  this 
practice  Is  followed  the  manufacturer  has  definite  information 
as  to  what  particular  machine  repair  parts  are  needed  for,  and 
unnecessary  delays  are  avoided.  This  custom  of  attaching  a 
plate  is  comparatively  new,  so  that  what  benefits  will  be  de- 
rived therefrom  remains  to  be  seen. 

In  any  one  shop,  such,  for  example,  as  an  average-size  rail- 
road shop,  there  are  likely  to  be  several  different  machines  of 
the  same  general  type  but  of  different  makes,  and  these  may 
have  been  purchased  during  a  period  of,  say,  twenty  or  thirty 
years.  It  no  record  Is  kept  of  the  machines  obtained  from 
lime  to  time,  ml.stakes  and  delays  will  often  occur  In  securing 
repair  parts,  especially  If  the  shop  engineer  or  whoever  has 
charge  of  repairs  Is  a  new  employe  and  is  not  familiar  with 
changes  that  may  have  been  made  In  the  machine  after  It  was 
purchased  from  the  manufacturer.  In  order  to  enable  a  manu- 
facturer to  Identify  any  machine  readily.  It  Is  HUKKcsli'd  that 
a  card  record  of  the  new  machine  be  kept  for  fulu^re  reference. 
This  card  nilght  be  arranued  as  shown  In  the  accompanying 
Illustration.  Kanh  part  could  be  numbered  to  correspond  with 
the  owner's  shop  number  of  the  machine  and  <'ontaln.  In  addi- 
tion, the  name  of  the  tool,  the  mnnuflicturer's  name  and  ad- 
dresH,  and  the  other  Information  Indicated  on  the  sample  r'ard. 

Krwiuently  Ih"  ownr-r  of  a  machine  tool  (•hiitiK''H  tlic  ion 
struction  somewhat  or  adds  a  speilal  (Ixturo  or  nituchment. 
and  when  this  Is  done  a  record  of  the  chnnKes  should  bo  added 
to  the  rnrord  card  under  the  hnadlnx  "Remarks,"  In  oriler  to 
kvold  tho  prisslblllty  of  orderInK  repair  parts  from  the  miinu- 
fartarer  to  replace  parts  that  wore  Incorporolod  In  the  deslicn 
of  the  machine  by  th"  owner  and  not  by  the  original  mnnufiic 
tnrer.  Hupposn,  for  "xninpli-,  llial  a  |dnner  wiih  purchased  In 
1900  and  that  slnn-  thai  tlnn-  there  have  been  several  fore- 
men of  rnpnirs.  so  that  th"  man  now  In  rharRe  simply  knows 
that  this  particular  planer  Is  In  the  shop.  Suddenly  snmethlnR 
happi'MN  to  the  machine  nnd  Inspection  shows  Hint   It  will  be 


necessary  to  obtain  some  parts  from  the  manufacturer.  Even 
if  there  is  a  nameplate  on  the  machine  or  other  means  of 
identification,  the  plate  or  symbol  may  be  invisible  because  of 
grease  or  dirt  and  the  repair  foreman  will  not  know  where 
to  look  for  it.  If  the  practice  of  designating  each  tool  with  a 
shop  number  and  with  a  record  card  kept  in  the  office  has 
been  followed,  the  foreman  can,  without  loss  of  time,  obtain 
information  that  will  enable  him  to  write  out  a  definite  requi- 
sition for  repairs. 

While  it  is  easy  to  compile  such  a  record  at  the  time  ma- 
chine^ are  purchased,  obtaining  the  necessary  information 
and  data  for  machines  that  have  been  in  use  some  time  will 
require  some  little  investigation,  hut  the  effort  and  cost  may 
be  slight  as  compared  with  the  advantages.  One  method  of 
obtaining  a  record  of  machines  already  in  use  is  as  follows: 
A  list  is  made  out  of  the  machines  of  any  one  manufacturer, 
containing  the  name  of  each  macl;ine,  the  different  sizes  or 
general  dimensions,  and  any  other  information  which  is  con- 
sidered essential  in  enabling  the  manufacturer  to  identify  each 
particular  machine.  This  list  is  sent  to  the  manufacturer, 
who  is  requested  to  send  the  shop  or  serial  order  number  of 
each  machine  and  any  other  useful  data. 

Within  the  last  two  or  three  years  there  have  been  more 
than  the  usual  number  of  machine  tools  sold  as  second-hand, 
and  many  of  these  machines  have  needed  immediate  repair. 
When  repair  parts  have  been  ordered  for  these  machines  it 
has  been  the  exception  rather  than  the  rule  for  the  owner  to 
give  the  manufacturer  a  definite  order  that  would  enable  the 
machine  to  be  identified  readily.  When  ordering  parts  for  a 
second-hand  machine,  the  owner  should  mention  the  fact  that 
the  tool  was  bought  second-hand  and  give,  if  possible,  the  name 
of  the  original  owner.  Sometimes  the  original  owner  of  a  tool 
which  has  been  sold  second-hand  has  put  a  plate  onto  it  on 
which  is  marked  the  shop  number.  If  this  plate  is  not  re- 
moved when  the  tool  is  sold  again,  the  number  on  it  is  occa- 
sionally used  when  ordering  repair  parts  frgm  the  manufac- 
turer, who,  of  course,  knows  nothing  about  the  number  or 
what   it   refers  to. 


CANADIAN   CRIPPLED  SOLDIERS 

In  an  article  in  American  Industries  attention  is  called  to 
the  fact  that  too  exaggerated  a  picture  of  the  number  of 
maimed  soldiers  that  will  return  from  the  front  has  probably 
been  drawn.  Canada  has  sent  about  half  a  million  men  into 
the  field  in  three  years.  A  considerable  number  of  these  went 
into  the  war  at  the  very  beginning.  During  the  first  three 
years  of  the  war  the  number  of  men  returned  who  had  under- 
gone amputation  was  less  than  900,  and  the  total  number 
blinded  was  32.  About  90  per  cent  of  all  wounded  who  have 
returned  are  capable  of  going  back  to  their  old  Jobs.  In  France 
it  is  stated  that  99  per  cent  of  the  wounded  return  to  their 
previous  occupations.  The  same  percentage  may  be  expected 
in  Canada  when  all  the  wounded  have  returned,  because  so 
far  only  those  more  seriously  disabled  have  been  sent  home. 

Of  the  200,000  men  that  have  been  sent  by  the  Province  of 
Ontario,  about  9000,  or  2  per  cent,  had  ret\irncd  up  to  Octo- 
ber, 1917,  because  of  being  incapu<;ltiiled  for  service  by  wounds. 
Of  these,  only  1  had  lost  both  hands.  101  had  lost  one  arm. 
4  were  blinded,  72  had  lost  one  eye,  \'i  had  lost  one  hand, 
12  had  lost  one  foot,  0  had  lost  both  logs,  and  :!  were  still 
more  seriously  mnlmed.  It  Is  believed  that  there  are  more 
men  seriously  Injured  annually  In  the  American  Industries 
than  miiy  bo  oxpcited  In  a  year's  war.  Hence  It  may  bo  that 
llie  problem  thai  will  confront  the  couiilry  iifter  tlio  war  with 
regard  to  nuilincd  iirid  crippled  Holdlors  is  not  as  si'rlous  as 
has  been  expected.  In  tlils.  niodcrn  warfare  probably  differs 
from  former  wars;   11  kills  rather  Ihiui  malms. 


Oreat  llrllaln  now  receives  |'100,000  n  month  for  the  "waste" 
of  Its  iirniy  kitchens  In  Orent  llrltain  mid  Franco.  From  this 
waste  Is  made,  besldos  candb-H  iind  rcrtlllzi'r.  onouKh  soap  for 
the  army,  navy,  wnrklmuso,  asylums  ami  other  piiblli'  Institu- 
tions, and  ntioiiKh  Klycerlnn  to  |irovlilu  the  propellanl  for 
1 7.000.000  NliellH  per  ynnr. 


LETTERS  ON  PRACTICAL  SUBJECTS 
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CRANKSHAFT   TURNING  FIXTURE 

A  heavy  crankshaft  is  a  difficult  job  of  machine  work,  unless 
the  proper  fixtures  are  provided  to  hold  it  firmly  and  to  facili- 
tate setting  up.  Figs.  1,  2  and  3  show  a  crankshaft  turning 
fixture  for  an  engine  lathe  that  I  used  successfully  a  few  years 
ago  when  working  on  heavy  crankshafts.  The  fixture  consists 
of  two  parts,  a  plate  and  a  sliding  head.  The  plate  is  made 
with  a  projection  on  the  back 
that  fits  into  a  counterbore  in 
the  faceplate  of  the  lathe.  The 
front  face  of  the  plate  is  made 
with  two  T-slots,  and  a  center 
groove  runs  the  full  length. 
The  sliding  head  is  provided 
with  a  tongue  that  fits  Into  the 
center  groove,  and  it  is  held 
firmly  in  place  by  four  bolts 
engaged  in  the  T-slots.  The 
side  of  the  head  is  graduated, 
and  it  is  set  at  zero  when  the 
shaft  is  centered  in  the  face- 
plate. The  head  is  bored  to 
some  size,  say  six  inches,  if 
that  happens  to  be  the  size  of 
the  crankshaft  to  be  clamped. 
If  the  fixture  is  used  for 
shafts  smaller  than  six 
inches,  a  split  cast-iron  bush- 
ing may  be  used  as  a 
reducer. 

When  the  fixture  is  set  up  to  turn  the  crankpin,  the  four 
bolts  are  loosened  and  the  head  is  dropped  to  the  required 
throw,  using  the  graduation  on  the  side  to  set  the  crank  center 
at  the  required  position.  The  outer  end  of  the  crankshaft  is 
swung  on  a  false  center  in  a  bracket  that  is  clamped  to  the 
shaft.  The  fixture,  because  of  its  rigidity,  serves  to  locate  the 
,  bracket  and  the  center  accurately  and  makes  a  lay-out  unneces- 
sary. When  offset,  a  weight  is  required  on  the  faceplate  to 
counterbalance  the  shaft. 

It  will  be  found  that  by  turning  the  crankshaft  with  this 
fixture  it  is  unnecessary  to  drill  or  slot  out  the  metal  between 
the  crank  web,  as  it  can  be  turned  out  much  more  quickly  on 
the  lathe  than  by  any  other  method  known  to  the  writer. 
Pig.  3  shows  the  fixture  clamped  in  the  center  of  the  lathe 
faceplate,  ready  for  boring  to  fit  the  crankshaft;  Fig.  2  shows 


the  shaft  clamped  in  position  for  turning  the  bearings;   and 

Fig.  1  shows  the  fixture  offset  for  the  required  crank  throw. 

Springfield,  Ohio  C.  W.  Feancis 
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METRIC   SYSTEM    IN  WATCH  INDUSTRY 

If  the  metric  system  of  measurement  is  to  replace  the 
present  system  with  the  inch  as  a  unit,  the  change  should  be 
made  with  the  least  amount 
of  confusion  possible.  This 
can  be  attained  by  using  the 
centimeter  as  the  unit  of 
measurement  in  general  ma- 
chine practice  and  not  the 
millimeter,  as  is  the  custom 
in  Europe  and  South  America. 
After  being  accustomed  to  .the 
inch  as  a  unit,  to  change 
abruptly  to  so  small  a  unit  as 
the  millimeter  is  not  practica- 
ble. But  adopting  the  metric 
system  as  it  is  used  in  the 
watch  industry  in  Waltham, 
Elgin,  Lancaster,  etc.,  need 
cause  no  confusion,  but  mere- 
ly an  adjustment  in  tools  and 
measuring  instruments.  The 
millimeter  is  not  referred  to, 
but  is  called  one-tenth  of  a 
centimeter,  that  being  the 
unit  of  measurement.  For  in- 
stance, the  diameter  of  the  famous  French  75's  will  not  be 
spoken  of  as  75  millimeters,  but  as  7.5  centimeters.  Reduced 
to  its  simplest  form,  measurements  are  stated  in  tenths,  hun- 
dredths and  thousandths  of  a  centimeter,  instead  of  an  inch, 
thus  eliminating  all  common  fractions  and  the  tenths  of  thou- 
sandths of  an  inch  used  on  the  English  micrometer.  As  the 
screw  of  the  metric  micrometer  ig  of  finer  pitch,  much  closer 
work  can  be  done  without  the  sensitive  touch  necessary  when 
using  the  English  micrometer  in  tenths  of  thousandths. 

Another  difference  between  the  European  and  the  watch- 
industry  use  of  the  metric  system  is  in  threads.  For  instance, 
the  watchmaker  speaks  of,  say,  ten  threads  per  centimeter, 
the  European  usage  is  to  speak  of  a  one-millimeter  thread,  or 
a  decimal  thereof.  One  other  point  in  favor  of  the  adoption 
of  this  system  is  that  the  measurements  are  finer,  so  that 


Crankshaft   Fixture    in    Offset   Position    for   turning   Crankpin 


FIf.  a.     Onnkthaft  Turning  Fixture  In  Petition  for  turning  BoannRn 


Fig.   3.     End   Vlow  of  Criink«li»ft   Flxluro.    ihowlng  Hlnito   nnd   damp 
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reamer  and  mandrel  sizes  run  closer  together,  making  pos- 
sible almost  any  English  measurement;  this  is  a  great  con- 
venience in  repair  work.  Reamers  should  vary  by  0.005  centi- 
meter up  to  0.5  centimeter  in  size;  then  by  0.01  centimeter  up 
to  1  centimeter;  by  0.05  centimeter  up  to  2  centimeters;  and 
by  0.1  centimeter  up  to  5  centimeters.  Mandrels  should  be 
developed  on  the  principle  of  a  continuous  taper;  they  will 
then  fit  almost  any  hole  whether  it  is  measured  by  the  English 
or  the  metric  system. 

To  one  who  has  never  employed  the  metric  system,  as  used 
in  the  watch  industry,  the  utility  and  simplicity  of  its  meas- 
urements are  equivalent  to  a  lost  art;  the  system  must  be 
used  to  be  appreciated.  By  its  extensive  use,  the  numerous 
number  gages,  such  as  Stubbs,  wire,  paper,  music-wire,  and 
others,  will  be  eliminated. 

Jersey  City,  N.  J.  Wabben  H.  Dunbeack 


FINDING  CONTENTS   OF   CYLINDRICAL 
TANKS 

The  writer  is  in  the  employ  of  a  company  manufacturing 
cylindrical  oil  and  gasoline  tanks  that  range  in  capacity  from 
10  to  40,000  gallons.  With  each  tank  a  wooden  gage  stick  is 
furnished  for  measuring  roughly  the  contents  of  the  tank. 
These  gages  are  divided  into  from  twenty  to  one  hundred 
parts;  depending  on  the  size  of  the  tank  in  which  they  are 
to  be  used;  the  graduations  read  in  even  number  of  gallons. 
The  method  of  using  these  gages  is  shown  in  Fig.  1.  It  can 
readily  be  seen  that  the  graduations  on  the  gage  will  in  no 
place  be  of  equal  length;  even  the  divisions  on  each  side  of 
the  center  are  not  symmetrical  unless  the  total  capacity  of 
the  tank  is  exactly  divisible  by  the  number  of  gallons  by  which 
the  graduations  advance.  The  task  of  computing  the  lengths 
of  the  graduations  for  these  gage  sticks  will  be  realized  when 
it  is  stated  that  20,000  computations  were  necessary  to  meet 
all  these  conditions,  and  when  the  lengthy,  complicated  equa- 
tion  for  the  solution  of  a  segment  of  a  circle   is  recalled. 

The  writer  thought  that  a  graphic  method  of  deriving  these 
graduated  lengths  would  be  sufficiently  accurate  and  require 
less  time  than  the  analytic  method.  So  the  simple  curve  of 
Fig.  2  was  plotted  and  found  to  be  so  broad  as  to  be  applicable 
to  any  depth  in  any  tank  of  any  diameter  and  any  length, 
when  supplemented  by  two  settings  of  the  slide-rule.  It  was 
also  found  that  to  construct  a  chart  that  would  give  the 
entire  solution  without  recourse  to  the  slide-rule  would  be  a 
task  almost  as  large  as  that  of  the  original  problem. 

The  curve  can  be  constructed  in  an  hour's  time,  by  the  use 
of  the  tables  found  In  any  handbook  giving  the  area  of  segments, 
to  any  scale  depending  on  the  desired  accuracy  of  the  results. 
The  original  was  constructed  as  follows:  A  tank  thirty  inches 
In  diameter  was  assumed,  and  the  total  number  of  gallons 
in  a  section  of  this  diameter  and  one  Inch  thickness  was  com- 
puted thus: 

/:{0\' 
»  X  (  —      X  1 
»  X  (radius)'  X  length  \  2  / 

= =  3.0C  gallons 

231  231 

there  being  231  cubic  Inches  In  a  gallon. 

The  abscissa  of  the  chart  was  laid  off  to  30.6  Inches  (scale 
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Fig.  8.    Chart  for  graduating  Gage  Sticks 


0.1  gallon  =  1  inch), 
and  the  ordinate  to  30 
inches,  the  diameter  of 
the  assumed  tank.  This 
gave  a  chart  nearly 
square  in  its  dimen- 
sions. Next,  the  heights 
to  which  the  liquid 
would  reach  for  thirty 
conditions  were  com- 
puted, and  a  curve  con- 
structed through  the 
points  laid  off  with  these 
values.  Thus  it  was  de- 
sired to  locate  the  point 
on  the  curve  for  30  per 
cent  of  the  total  capacity.  As  30  per  cent  of  a  section,  one  inch 
thick,  through  the  tank  is  3.06  X  0.30  =  0.918  gallon; 
0.918  X  231 

=  212  square  inches  in  segment  of  circle.    Then, 

1 
212  H-  d^  =  212  H-  30-  =  0.2355.  The  rise  of  this  segment 
divided  by  the  diameter  is  equal  to  0.34,  which  is  also  the 
percentage  of  the  diameter,  which  locates  the  point  30  X 
0.34  ^^  10.2  inches  above  the  abscissa.  In  this  manner  thirty 
points  were  obtained  and  a  smooth  curve  drawn  through  them. 

Example — Lay  out  a  gage  stick  for  a  tank  50  inches  in  diam- 
eter and  100  inches  long,  having  a  total  capacity  of  850  gal- 
lons, the  gage  to  be  graduated  by  20  gallons.  For  example, 
to  what  height  In  the  tank  would  the  first  600  gallons  reach? 
Dividing  600,  on  the  slide-rule,  by  850  shows  this  to  be  70.5 
per  cent  of  the  total  capacity.  This  70.5  per  cent  ordinate 
intersects  the  curve  at  the  same  point  as  the  horizontal  line 
for  66.35  per  cent  of  the  diameter.  Multiplying,  with  the  slide- 
rule,  50  by  0.6635  gives  33.175  inches  as  the  length  on  the  gage 
stick  at  which  600  gallons  will  be  indicated.  In  this  way 
each  value  can  be  quickly  found.  This  curve  may  also  be  used 
for  computing  the  area  of  a  segment  of  a  circle  by  merely  con- 
sidering the  abscissa  as  the  percentage  of  the  total  area  In- 
stead of  total  capacity. 

Fort  Wayne,  Ind.  Carlo  M.  Eysteb 


TO  FIND  ECONOMICAL  LENGTH  OF  STOCK 
FOR  FOUR-SPINDLE  SCREW  MACHINE 

Frequently,  in  multiple-spindle  screw  machine  work,  four 
bars  of  unequal  length  are  in  the  machine  and  one  bar  of 
stock  remains  to  be  cut.  The  problem  then  arises  of  cutting 
this  bar  into  four  pieces  of  such  lengths  that  all  the  stock  will 
be  finished  at  the  same  time,  yet  none  of  the  spindles  will  be 
running  empty  while  the  others  are  finishing. 

This  can  be  solved  by  finding  the  difference  in  the  lengths  of 
the  bars  in  the  machino  and  then  fliuiing  the  amount  that 
must  be  added  to  the  longest  bar.  For  example,  the  remain- 
ing bar  Is  eight  feet  long.  The  difference  between  the  longest 
and  the  next  longest  bar  Is  nine  inches;  between  the  longest 
and  the  third  longest  bar  Is  fourteen  Inches;  and  between  the 
longest  and  the  shortest  bar  is  seventeen  Inches. 

If     I  ==  number  of  Inches  to  be  added  to  longest  bar; 

X  +  9  "-  number  of  Inches  to  be  added  to  next  longest  bar; 
a:  -f-  14  number  of  Indies  to  bo  addeil  to  third  longest  bar; 
X  +  n  =  number  of  Inches  to  be  added  to  shortest  bar ; 


4x  -f  40  =  amount  to  bo  added  to  all  the  bars. 

As  tho  rumiiinliig  bar  Is  9G  Inchos  long,  4j  -)-  40  96; 
4x  ~  96  —  40  =  50  and  x  =  14.  So  tho  lengths  Into  which 
tho  bar  should  bo  cut  are  x  =  H  Inches;  x  -f  9  —  2;t  inclios; 
X  -f  14       28  Inches;  and  a  -f  17  »>  31  Inchos. 

("hlriiRd,  111.  CllAili.KH  G.  Kkiiiir 


rif.   I.     U>«  or  n>i«  Stiok  in  CrUn<lrlii>l  T>nli 


USING  'i'APER  WEDGES   IN    CUTTING 
S(MiUARE   THREADS 
Tho  writer  nflon  has  iHTuslon  to  cut  ollhur  loft-  or  right- 
hand  B(juaro  throndn  on  spliidlos  ot  %  or  %   inch  dlamotor, 
nluhl    tliriMiilH    pnr    Inch.      At    IIthI    thero    wiih    Irnuhle    In    not 


March, 

1918 

END  OF 
TOOL-HOLDES 

/ii\ 

W 

?^ 

^1 

1                                                       1               "             1 

\ 

i 

B 

Fig.  1 

C        ^"^ 

•^'^■2             yiachintry 

MACHINERY 


645 


Fig.    1.     Use   of   Taper  'Wedges   : 

Toolpost.     Fig.  2.     Method  of 

deriving  Angle  of  Wedge 


giving  the  tool  sufficient 
clearance  and  it  was  likely 
to  catch  and  break,  as  a 
1/16-inch  wide  threading 
tool  with  the  sides  ground 
away  for  clearance  is  not 
very  stiff.  For  cutting  these 
threads  the  writer  now  uses 
an  Armstrong  cutting-off 
tool-holder,  with  inserted 
tool-steel  strips  which  are 
about  1/16  inch  thick.  If 
wedge  A,  Fig.  1,  is  placed 
under  the  tool-holder,  it  will 
give  the  correct  angle  to  the 
tool  for  the  required  clear- 
ance. The  same  tool  can  be 
used  for  cutting  either  left- 
or  right-hand  threads,  it  be- 


ing necessary  only  to  change  the  direction  of  the  slope  of 
the  wedge.  The  angle  of  this  slope  is  the  same  as  the  helix 
angle  of  the  thread  and  js  found  as  shown  in  Fig.  2. 

B  =  pitch  of  thread  in  inches; 

C  =  external  circumference  of  thread; 

B 

—  =  tan  a  =  helix  angle. 
C 

In  the  case  of  a  %-inch  diameter  screw  with  eight  threads 
per  inch  the  calculations  would  be  as  follows: 
B  =  0.125  inch 
C  =  34  X  3.1416  =  2.3562  inches 

0.125 

tan  a  =  =  0.05305 

2.3562 
0  =  3  degrees  (approximately) 
A  slight  side  clearance  is  ground  on  the  tool  to  allow  for 
any  difference  between  the  helix  angle  and  the  angle  of  the 
wedge,  and  to  prevent  the  tool  from  rubbing  against  the  side 
of  the  threads. 
Worcester,  Mass.  C.  Anderson 


STRAIGHTENING  RODS  AND   TUBING 

In  a  certain  shop  an  everyday  job  is  to  straighten  %-inch 
steel  rods  from  18  to  26  inches  long,  the  rods  being  either  tem- 
pered spring  wire  or  drill  rod,  much  like  knitting  needles, 
which  is  so  hard  that  a  tool  will  not  cut  It.  These  rods  are 
commercially  straight,  but  are  required  to  be  within  0.0015 
inch  true,  and  up  to  the  present  time  no  maker  of  straighten- 
ing machines  has  been  of  assistance.  The  springy  nature  of 
the  material,  the  degree  of  accuracy,  and  the  fact  that  accuracy 
is  particularly  desired  near  the  ends  have  been  the  stumbling 
blocks.  As  a  consequence,  men  are  doing  hand  work  on  these 
rods.  A  square  cast-iron  block,  3  by  3  by  24  inches,  is  planed 
on  all  four  sides  and  set  up  so  the  top  is  level  with  the  eyes 
when  seated.  The  men  roll  the  rods  on  these  blocks  and 
straighten  by  the  use  of  a  four-ounce  hammer.  The  best 
stralghteners  are  men  past  fifty  years  of  age.  Much  of  the 
work  Is  done  at  night  with  a  sheet  of  white  paper  for  a  back- 
ground and  a  light  back  of  It.  As  many  as  185  spring  steel 
rods  per  day  of  nine  hours  are  straightened,  and  about  140 
drill  rods. 

The  same  method  is  used  to  straighten  brass  tubing  In 
lengths  a  little  longer.  A  typical  size  Is  %  Inch  outside  diam- 
eter with  0.040  Inch  wall  thickness.  The  blocks  are  made 
slightly  concave  In  the  direction  of  their  length,  and  on  this 
the  tube  is  hammered  straight.  Some  will  think  that  this 
dent.s  the  tube,  and  It  does,  but  not  any  more  than  the  amount 
the  tube  Is  out  of  round  as  It  Is  drawn,  which  Is  only  a  few 
thouHandths  Inch.  The  thick  wall  helps  to  preserve  the  shape. 
AnothiT  method  was  used  to  straighten  steel  tubing  l';4  Inch 
outside  diameter,  with  a  1/64-Inch  wall,  that  was  used  for 
printing  press  work.  A  mandrel  was  made  to  bo  Just  pushed 
Into  the  tube,  and  whon  the  high  spots  had  been  determined  It 
was  forced  In  with  a  mallet  and  the  tube  carefully  hammered 
on   those  spots.     This  was  a  good   scheme,   because   It   was 


known  that  the  tube  was  straight  when  the  mandrel  was 
jarred  out.  However,  on  the  tubes  that  were  to  be  inking 
rollers  the  little  flat  spots  left  by  the  hammer  were  objection- 
able, and  the  only  alternative  was  to  sort  the  stock.     D.  A.  H. 


REMOVING  IRON  PLATE  RUST 
In  the  October,  1917,  number  of  Machikebt,  page  155,  in 
the  article  entitled  "Removing  Iron  Plate  Rust,"  the  follow- 
ing statement  was  made:  "It  consists  in  applying  to  the 
surface  of  the  iron  a  mixture  of  two  parts  of  finely  crushed 
sodium  bisulphate  (sodium  acid  sulphate,  NajSO,,  HjSO,,  3HjO) 
and  one  part  of  common  salt,  which  is  moistened  just  enough 
to  make  it  cohesive."  There  is  an  error  here,  as  the  chemical 
formula  given  is  not  that  of  sodium  bisulphate  or  sodium  acid 
sulphate.  Sodium  bisulphate  is  a  definite  chemical  salt  having 
the  formula  NaHSO,.  It  is  a  weak,  unstable  compound,  de- 
composing in  the  presence  of  moisture  into  sodium  sulphate 
and  sulphuric  acid.  The  formula  given  in  the  October  number 
of  Machinery  Is  not  a  salt,  but  a  mechanical  mixture  of 
sodium  sulphate  and  sulphuric  acid,  which  is  the  same  as  the 
decomposition  products  of  sodium  bisulphate,  and  identical 
with  the  product  known  in  the  chemical  trade  as  "salt-cake," 
the  residue  remaining  after  the  treatment  of  sodium  chloride 
with  sulphuric  acid  in  the  manufacture  of  hydrochloric  acid. 
The  action  of  either  the  sodium  bisulphate  or  the  mixture  men- 
tioned would  be  the  same,  with  the  exception  that  the  bisul- 
phate would  act  more  slowly.  The  cleansing  action  is  due 
to  the  fact  that  the  sulphuric  acid  acting  upon  the  common 
salt  (sodium  chloride)  liberates  chlorine  in  the  form  of  hydro- 
chloric acid,  which  has  a  remarkable  aflSnity  for  iron.  For 
this  reason  it  is  commonly  used  as  a  cleaning  dip  for  iron 
and  steel.  The  sodium  sulphate  is  a  stable  compound,  inactive 
under  the  circumstances,  and  may  be  considered  simply  as  a 
vehicle.  Either  sodium  bisulphate  or  salt-cake  would  prob- 
ably produce  the  effect  desired  in  the  way  of  removing  rust, 
so  that  the  error  in  the  previous  article  is  merely  that  of 
giving  to  the  bisulphate  the  formula  for  salt-cake. 

Rutherford,  N.  J.  A.  Schiximer 


CUTTING  AN  OILSTONE 

After  completing  the  machining  and  hardening  of  two  dozen 
small  dies  to  be  used  for  drawing  purposes,  lapping  these  dies 
was  the  next  operation.  The  writer  generally  used  a  ^4-  by  %- 
by  4-inch  India  oilstone  for  this  purpose,  but  discovered  that 
he  did  not  have  a  stone  of  this  size  on  hand.  He  did  have 
some  %-  by  V2-  by  4-inch  stones,  but  anyone  who  has  worked 
hour  after  hour  lapping  dies  with  a  14-inch  stone  and  then  is 
called  upon  to  lap  a  set  of  dies  much  smaller  in  size  than  those 
he  has  worked  on,  with  a  stone  that  is  double  the  size  of  the 
one  that  he  has  been  accustomed  to  use,  will  realize  that  the 
change  Is  a  handicap  in  producing  good  work  and,  perhaps,  a 
waste  of  more  than  half  the  stone. 

The  writer  experimented.  The  oilstone  was  cut  with  a 
hacksaw,  but  not  with  the  ordinary  commercial  blade.  Teeth 
the  shape  shown  in  the  illustration  were  ground  on  a  9-Inch 
thin  blade  on  an  emery  wheel.  A  lubricant  of  one-third  water 
and  two-thirds  turpentine  was  used,  a  few  drops  at  a  time. 
The  saw  was  made  and  the  first  stone  cut  In  forty  minutes; 
the  cutting  of  the  remaining  stones  was  done  by  an  apprentice. 

Kenosha,  Wis.  M.  B.  Duqoan 
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IMPROVED   TRIANGLE  —  SPACING    BLOCK 
FOR   CROSS-SECTIONING 

An  improvement  that  can  be  made  upon  the  draftsman's 
30-  by  60-degree  triangle  is  indicated  at  A.  The  inner  edge  on 
one  Bide  is  given  an  inclination  of  7  degrees,  as  indicated  by 
the  dotted  line.  This  7-degree  angle  is  used  almost  univers- 
ally for  the  draft  of  drop-forgings  and  it  is  also  extensively 
used  on  pattern  drawings.  As  the  illustration  shows,  this 
change  does  not  injure  the  triangle  by  weakening  it. 

A  kink  for  cross-sectioning  drawings  was  published  in  the 
November  number  of  Machinery  on  page  249.  In  the  Decem- 
ber number  on  page  347,  this  method  was  criticized  and  the 
writer  believes  that  the  criticisms  were  well  taken.  Few  com- 
panies will  tolerate  the  use  of  the  method  suggested,  because 
of  the  time  required.  In  fact,  some  companies  eliminate  the 
cross-sectioning  entirely.  Occasionally  there  is  a  demand  for 
work  of  extreme  neatness,  as  when  illustrations  are  required 
for  catalogues  and  folders,  and  then  some  method  of  uniform 
cross-sectioning  is  desirable.  The  wooden  block  shown  at  B 
in   the   illustration   is   recommended   as   a   simple   method   of 
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lA)   Triangle  having  a  Seven-degree  Edge   for  drawing  Draft  Lines. 
CB)  Spacing  Block  for  Uniform  Cross.sectioning 

making  neat  and  uniform  section  lines.  This  block  is  about 
3/16  inch  thick,  and  in  using  it  the  triangle  is  held  with  the 
thumb  and  the  block  with  the  fore-finger.  The  block  and  tri- 
angle are  moved  alternately,  thus  giving  a  uniform  spacing. 
The  space  x  should  be  about  3/64  inch  if  the  section  lines 
are  to  be  1/16  inch  apart.  This  block  does  not  have  the  dis- 
advantage of  sliding  over  the  lines  drawn.  C.  A.  C. 


STOCK  BIN  FOR  CASTINGS 
A  flexible  stock  bin  for  castings  or  forgings  is  shown  in 
Fig.  1.  It  can  be  made  of  any  height  by  adding  boards,  and 
the  Blze  of  any  compartment  can  be  increased  by  removing  the 
boards  of  the  adjacent  compartments.  The  bin  is  easily  made 
and  Htands  considerable  wear.  It  consists  of  thick  boards  held 
in  place  by  channels  riveted  together  as  shown  In  Fig.  2. 
Angle-irons  are  placed  across  the  upper  ends  of  the  channels 
to  form  the  front  and  hack,  and  these  sides  are  held  together 
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Fig.  2.     Details  of  Flexible  Stock  Bin 

by  iron  bars,  across  the  top,  the  ends  of  which  are  twisted 
at  right  angles  to  the  body  and  secured  by  the  same  bolts  that 
secure  the  upper  corner  iron  at  every  other  section. 

Flint,  Mich.  C.  C.  Speeen 


BENDING  CONCRETE  REINFORCING  RODS 

The  illustration  shows  a  machine  that  has  been  useful  in 
bending  reinforcing  rods  for  concrete.  These  rods  are  %  and 
V2  inch  square,  range  from  ten  to  forty  feet  long,  and  may 
have  any  number  of  offsets  as  shown  at  A.  The  rods  are 
placed  between  two  angle-irons  at  B,  and  handle  C  is  pulled 
down  to  the  position  indicated  by  the  dotted  lines,  thus  form- 
ing the  two  bends  at  one  operation  as  indicated.    When  the 
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HiniliiiK    Concrnln    Reinforcing    Rodi 

rods  nro  sniiill,  llircc  or  four  may  be  bent  at  one  llino.     The 

handle   rolatcs   iiliout  a  liardoiiod   pin   und  Imrdencd   bushing 

at  D.     TIiIh  mncliino  was  made  from  scrap  malorlnl.  and  was 
therefore  Inexpensive. 

at.  Joseph,  Mo.  I..  M.  Hamlet 
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RAPID  CLAMPING   DEVICE 

The  wrIliT  rc'ccnily  iIchIkh'mI  the  llin-c  pnliil  IiImiIIiik  clump 
linwn  III  llio  llliiHtriitlon.  Ily  liiriiliiK  llio  wingcil  iiiit  A, 
which  Ih  pinnod  to  shid  It.  pin  <!  Is  forcnd  ngnluHt  clamp  I). 
chiihImk  It  tn  clnmp  tlin  work  nt  tho  ollior  end.  Ah  soon  as 
I  liiTiip  I)  Iii'kImm  to  liliiil.  111!'  cliinipInK  nrin  /■'.  IioImk  pivoted 
liy  plii  /•',  rides  bnrk  on  iilinl  /(.  iiiiikIiu:  the  (Mumllzliig  rliiiiip 
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removed. 


Three-point  Binding  Clamp 

the  work  in  front  at  the  top  and  bottom.  By  turning 
the  opposite  direction,  the  clamps  are  loosened  and 
pulls  clamp  D  back  so  that  the  work  may  be  easily 

B.  A.  C. 


STEAM  ENGINE   CYLINDER  REPAIRS 

The  accompanying  illustration  shows  what  happened  to  an 
old  14-  by  18-inch  slide  valve  steam  engine  when  the  piston-rod 
pulled  out  of  the  piston  while  the  engine  was  running  at  full 
speed,  and  on  the  return  stroke  shattered  the  rear  cylinder 


Broken  Cylinder  Parts  and  New  Pieces 

head,  cylinder  flange,  and  cylinder  barrel  up  to  the  inner  edge 
of  the  counterbore  as  shown  at  A  and  B;  the  illustration 
also  shows  how  the  repairs  were  made.  Immediate  repairs 
were  necessary,  and  so  the  cylinder  was  taken  to  the  shop 
and  bolted  onto  the  faceplate  of  a  40-inch  lathe.  The  broken 
end  of  the  cylinder  was  faced  off  to  the  inner  edge  of  the 
counterbore,  which,  of  course,  exposed  the  steam  port  but  gave 
a  smooth  face  about  '^i  Inch  wide  around  the  cylinder  barrel 
and  Bli'iim  port.  A  pattern  was  made  for  a  rasting  (shown  at 
C  and  D)  that  would  form  the  head  and  that  part  of  the  barrel 
taken  up  by  the  counterbore.  It  was  bored  out  to  the  original 
Blzo  of  the  counterbore  and  faced  off.  Dowel-pine  were  set  to 
locate  It  true  with  the  cylinder  and  to  facllttato  the  assembly. 
Moles  were  drilled   through   the  flange  to  coincide  with   the 


tapped  stud  holes  in  the  front  cylinder  flange,  with  the  excep- 
tion of  those  directly  in  line  with  the  steam  chest  where  holes 
were  drilled  for  studs  which  were  tapped  into  the  steam  chest 
wall.  The  tapped  stud  holes  in  the  front  cylinder  flange  fortu- 
nately came  outside  the  cylinder  barrel,  and  these  were  drilled 
large  enough  to  admit  long  stud  bolts  that  extended  from  the 
flange  on  the  engine  frame,  through  the  front  cylinder  flange, 
and  back  through  the  new  casting  flange,  giving  a  sort  of 
squirrel  cage  effect.  An  annealed  gasket  of  1/32-inch  copper 
was  made  for  the  new  joint,  and  with  a  new  piston-head,  rod, 
and  connecting-rod  strap,  the  engine  was  assembled  and  put 
into  operation  without  any  trouble  being  experienced.       Jat 


SMALL  TAP-HOLDER  FOR  TURRET  LATHE 

In  doing  small  jobs  on  a  turret  lathe  that  was  too  large  for 
the  work,  considerable  difliculty  was  experienced  in  tapping 
with  small  taps,  as  the  tap-holders  were  lacking  in  sensitive- 
ness, which  resulted  in  an  unusual  amount  of  breakage.  The 
size  of  the  tap  used  in  this  particular  work  was  1/16  inch.   To 
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Tap-holder  for  Use  on  Turret  Lathe 

eliminate  this  excessive  breakage,  a  releasing  tap-holder  was 
designed  which  is  here  illustrated.  It  consists  of  a  tube  or 
sleeve  A.  having  a  slot  milled  as  shown  at  B.  The  inside  mem- 
ber C  holds  the  tap  and  is  pulled  out  of  the  sleeve  by  the  tap. 
The  pin  D  slides  in  the  slot  B  and  prevents  the  inside  member 
from  rotating  until  the  tap  has  entered  the  work  so  far  that 
the  pin  no  longer  engages  the  slot,  this  distance  being  regu- 
lated by  a  stop  on  the  turret.  The  tap  then  rotates  with  the 
work  and  ceases  to  advance.  It  is  withdrawn  by  reversing  the 
lathe  and  grasping  the  knurled  head  E  with  the  tingers. 
Boston,  Mass.  John  A.  Shand 


LATHE-CHUCK  TRUING  DEVICE 
The  truing  device  here  shown  is  a  simple,  inexpensive,  a>'cu- 
rate  method  of  truing  lathe<'huck  jaws.  It  consists  of  a  large 
ring  A,  three  small  eccentric  rings  B,  and  three  ordinary  cap- 
screws.  In  the  large  ring,  holes  are  drilled  so  that  three  or 
four  screws  may  be  set  equidistant  from  one  another,  the  holes 
being  drilled  a  free  fit  for  the  screws.  The  eccentric  rings  B 
are  milled  out  to  fit  on  the  inner  angle  of  the  jaws  and  tapped 
opposite  the  opening  for  the  cap-screws.    The  fixture  is  placed 


Inexpensive  Method  of  tnitnic  Clunk  Jn" 
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on  the  chuck  and  the  jaws  tightened  to  give  them  the  proper 
stress;  in  this  way  the  grinding  wheel  can  pass  the  entire 
length  of  the  jaws.  This  device  can  be  used  equally  well  on 
four-jaw  chucks  by  using  four  eccentric  rings  B  instead 
of  three,  as  here  shown.  The  outside  of  the  jaws  can  be  ground 
by  placing  plain  rings  on  the  different  steps  or  by  wrapping 
ordinary  soft  wire  around  the  outside  so  that  it  will  be  in 
the  corrugations,  and  then  reversing  the  tension  of  the  jaws. 
Detroit,  Mich.  0.  F.  Schweitzer 


SIMPLE   SECTION   LINER 

In  the  November  number  of  Machinebt  was  given  a  kink  for 
cross-sectioning  drawings  by  means  of  a  triangle.  The  follow- 
ing suggestion  may  also  be  of  interest:  Two  screws  6  inches 
long,  Yo  inch  in  diameter,  with  sharp  V-threads,  were  turned 
up,  one  having  32  threads  per  inch  and  the  other  16  threads 
per  inch.  On  a  small  drawing,  by  using  the  32-thread  screw 
in  the  proper  location  and  exerting  a  slight  pressure,  each 
section  line  is  evenly  and  properly  located.  Then  with  a 
45-degree  triangle  the  lines  may  be  drawn  rapidly  in  the  usual 
manner,  thus  giving  a  neat,  even  appearance.  For  large  draw- 
ings the  16-thread  screw  is  used. 

North  Plainfield,  N.  J.  John  B.  Gray 


MEASURING  DIAMETERS  OF  SCREW 
THREADS 
The  diameters  of  screw  threads  are  usually  measured  by 
using  the  regular  Brown  &  Sharpe  thread  micrometer  or  by 
means  of  three  wires  used  with  the  regular  flat-anvil  microm- 
eter. Of  these,  the  thread  micrometer  is  the  more  reliable.  How- 
ever, by  substituting  a  sizing  block  for  the  micrometer  in  the 
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D«vlcn   for  rnrxurinf  DIamotnr  of  Screw  Tliroadi 

thrce-wlrc  HyHtcm  an  accurate  meuHureraent  can  bo  obtained. 
First  the  diameter  of  the  Hcrcw,  Including  the  wlrcB  to  be  used, 
in  found.  Then  a  slzlni;  block  la  made  to  the  dlmonHlon  (il)- 
talned;  alHO  a  pair  of  parallclH,  hardened  and  ground,  a)i»ui 
onnfourth  by  one  half  Inch  and  'imp  Incli  lonKor  than  the  block. 
A  C-clamp  for  IioIiIIhk  the  pariillclH  and  block  toKfither  com- 
pl<:tf:n  the  outfit,  and  a  moaMurlriK  Hurfaco  at  IobhI  live  times 
KPcatcr  than  that  of  the  mlcromctpr  la  obtained.  The  screw 
to  bo  KaKod  Is  plarod  between  the  prnjoctlng  ends  of  tho  paral- 
lels, and  by  pIncInK  two  wires,  as  far  apart  as  0obhIIiIo,  In  the 
(breads  of  one  side  of  the  screw  there  Is  no  danKT  of  monsur- 
IHK  out  of  sriunre  wKli  Ibn  screw.  On  the  opposite  parallel, 
the  single  wiro  can  be  moved  from  one  thread  to  another  and 
any  variation  can  ho  easily  dotectod. 

ir,    In    plaolng    tho    screw,    block,    and    parallels    mi    the 


surface-plate,  the  center  of  the  screw  is  found  to  be  higher  than 
the  parallels,  it  will  be  necessary  to  pack  up  the  block  and 
parallels  enough  to  bring  the  center  of  the  block  about  the 
same  height  as  the  center  of  the  screw.  The  placing  of  pieces 
of  thin  packing,  such  as  tin  foil,  tissue  paper,  etc.,  between 
one  of  the  parallels  and  the  size  block  will  enable  the  screw 
to  be  measured  if  it  should  be  over  size. 

Derby,  Conn.  F.  W.  Shbieb 


TAP   WITH   INSERTED   "DUTCHMAN" 

A  lot  of  Whitworth  thread  taps  were  found  to  be  cut  a  trifle 
too  deep,  so  that  the  root  diameter  of  the  tapped  hole  was  too 
small  and  would  not  allow  the  thread  gage  to  enter.    Rather 
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Tap  with  Inserted  "Dntcliman"  for  oorreotlng  Root  Diameter 

than  junk  them,  they  were  annealed  and  a  block  was  inserted, 
as  shown  in  the  illustration,  and  ground  to  the  root  radius. 
All  holes  that  were  too  small  were  then  reamed,  by  this  blade, 
to  the  proper  size. 
Boston,  Mass.  John  A.  Shand 


COST  PLUS  TEN  PER  CENT 

The  editorial  entitled  "Cost  Plus  Ten  Per  Cent"  in  the  Janu- 
ary number  of  Machinery  was  of  interest  to  the  writer,  who 
has  been  engaged  in  munition  work  for  some  years  past 
with  a  number  of  different  concerns.  After  being  pushed  to 
the  limit  in  shops  with  regular  contracts  in  an  effort  to  get 
a  greater  production  and  meet  delivery  dates,  it  was  a  relief 
to  get  into  a  cost-plus  shop  in  the  capacity  of  chief  tool  de- 
signer. We  were  supposed  to  tool  up  for  the  production  of 
20,000  three-inch  shells  per  day  in  the  least  possible  time,  but, 
strange  to  say,  everyone  seemed  to  take  life  easy.  Not  once 
during  the  time  he  was  there  was  the  writer  asked  to  crowd 
the  job,  to  get  a  little  more  out  of  his  men,  or  to  work  over- 
time. This  showed  plainly  that  no  particular  effort  was  being 
made  on  the  part  of  the  management  to  hurry  production,  as 
would  have  been  the  case  had  the  shop  been  working  on  the 
regular  contract  basis.  D.  B. 


TANKS   ANTICIPATED 

That  there  is  notliing  new  under  the  sun  is  exemplified 
once  more  by  the  discovery  that  the  famous  British  tanks 
so  effectively  used  In  Flanders  were  anticipated  by  that  uni- 
versal genius  of  tho  Renaissance,  Leonardo  da  Vinci.  Writing 
to  Ludovico  Sforza.  Duke  of  Milan,  more  than  four  centuries 
aKO,  ho  offered  to  make  known  various  I'liglnoering  secrets 
that  ho  thought  would  bo  useful  in  war.  Hla  sixth  Item  was: 
"I  can  also  construct  covered  wagons,  secure  and  indostrucllhlc. 
which,  entering  among  the  enemy,  will  break  tho  strongest 
body  of  men;  and  behind  these  the  Infantry  can  follow  In 
safety  and  without  Impediment."  Among  other  devices  that 
Leonarilo  iiKMitlons  are  bombs,  mines,  and  "powders  or  vapors 
for  the  offonHO  of  the  enemy." 

South  Orange,  N.  J.  Max  J.  Hicu/.iiEita 


MACHINE    LEG    DESIGN 

It  would  be  a  good  thIiiK  if  miuiuraclurcrs  of  mnclilncs  that 
stand  on  logs  would  make  tho  logs  A-shape  and  have  the  cross- 
piece  not  over  six  Inclii'S  frnm  the  floor.  Anyone  who  hiiM 
tried  to  tiiovi!  a  thuuHaml  pound  miicliliie  with  a  bar  when  tln' 
nearest  point  of  contact  available  la  u  foot  above  tho  floor 
will  apprecloto  this.  D.  A.  M. 


SHOP  AND  DRAFTING-ROOM  KINKS 


STORING   DRILL   RODS 

The  writer  has  found  that  the  following  system  of  keep- 
ing drill  rod  is  quite  satisfactory.  The  drill  rod  is  cut  into 
3-foot  lengths,  and  each  size  is  kept  in  a  can  made  of  sheet 
tin.  These  cans  are  all  3  feet  in  length,  but  vary  in  diameter 
from  11.^  to  5  inches.     The  size  is  stenciled  plainly  on  the  lid. 

Xew  York  City  E.  J.  Higgins 
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Use  of  fiabber  Tubin?  in  Place 
of  Spring  on    Clamping   Device 


Newark,  N.  J. 


RUBBER   TUBING   FOR 
CLAMPING  DEVICES 
The  accompanying  illustration 
shows  how  a  piece  of  rubber  tub- 
ing was  used  in  place  of  a  metal- 
lic spring  on  a  clamping  device. 
This    plan    has    been    found    to 
give    very    satisfactory    results. 
XiLS  Atterbeeg 


SAVING  TIME   IN  MAKING  DRAWINGS 

The  writer  has  used  successfully  in  two  drafting-rooms  what 
is  called  unprepared  "Albanene"  tracing  cloth.  Some  concerns 
use  bond  and  tracing  paper  for  permanent  drawings  to  save 
money  and  time;  but  paper  in  a  short  time  and  with  ordinary 
usage  becomes  torn  and  the  drawing  has  to  be  replaced.  Draw- 
ings can  be  laid  out  directly  on  the  cloth,  and  the  prints  ob- 
tained from  it  are  good,  if  a  relatively  soft  pencil,  say  a  3H 
or  4H,  is  used.  The  writer  has  also  found  that  a  triangle 
placed  under  a  tracing  facilitates  the  erasing  of  a  line,  and  if  a 
shield  is  used,  a  hole  is  seldom  made. 

When  a  number  of  circles  must  be  drawn  from  a  common 
center,  if  a  piece  of  celluloid  about  as  thick  as  ordinary  draw- 
ing paper  is  fastened  by  shellac  over  the  center,  a  large  hole 
will  not  be  made  in  the  tracing  or  drawing.  Some  people  use 
horn  centers,  but  these  make  holes  in  the  tracing.  The  celluloid 
comes  off  easily  by  lifting  with  a  knife.  It  has  another  ad- 
vantage, that  the  center  lines  can  be  seen. 

Roselle,  N.  J.  M.  B.  Peblm.\x 


SOLDERING  FORM  FOR  ROTORS 

In  soldering  the  brass  end-plates  to  the  brass  rods  on  three- 
horsepower  squirrel-cage  rotors,  an  electrical  foreman  rigged 
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Cast-iron  Ring  for  soldering 

up  a  .soldering  form  as  shown  in  the  Illustration,  which  con- 
sists of  a  cast-iron  ring  containing  a  recess  .1  sufficient  in  size 
to  accommodate  the  work.  The  end  of  the  rotor  shaft  is  slipped 
through  the  center  hole  B  of  the  form,  and  the  brass  end-plate 
fltted  into  the  recess  A,  which  Is  filled  with  molten  solder. 
Thi.K  la  an  appreciable  timo-saver  over  other  methods  In  use. 
Cincinnati.  Ohio  Joseph  Ploomann 


HIGH-SPEED   COUNTERBORES 

At  the  present  prices,  It  Is  seldom  that  purchasing  agents 
will  buy  htgh-spned  steel  for  use  lu  counterbores.  But  In  a 
large  number  of  shops  there  can  be  found  hollow-mills  that 
are  worn  down  too  much  for  use  on  screw  machines;   these 


can  be  made  into  very  good  counterbores.  They  already  have 
the  teeth  cut,  so  that  all  they  need  is  to  be  fitted  with  a  shank, 
from  which  the  teat  that  passes  through  the  hole  in  the  mill 
projects.  Sometimes  they  may  need  turning  to  the  right  diam- 
eter, but  as  these  mills  have  different  sized  holes  and  diam- 
eters, it  is  usually  possible  to  select  those  that  need  very  little 
work  before  being  ready  for  use. 
Providence,  R.  I.  Alfked  E.  Cabteb 

CENTERING  TOOL  FOR  LATHE  WORK 

For  work  that  is  laid  out  by  the  center  points,  such  as  holes 
in  dies,  the  tool  here  shown  is  convenient  for  use  in  con- 


Centering  Tool  for  Lathe  Work 
junction  with  a  test  indicator  as  illustrated.    The  device  is  so 
simple  as  to  need  no  description. 
Xew  York  City  E.  J.  Higgixs 

SLIP  BUSHING  WITH  RETAINING  DEVICE 
In  the  September,  1916,  and  April.  1917,  numbers  of  M.\- 
('iii.NERT  locks  for  slip  bushings  were  described.  The  accom- 
panying illustration 
shows  a  slip  bushing 
with  a  retaining  de- 
vice, which  was  used 
in  drilling  and  ream- 
ing operations.  The 
flange  of  the  bushing 
A.  was  milled  through 
to  the  diameter  of 
the  key  B.  The  bush- 
ing was  then  given  a 
slight  turn  and  the 
flange  again  milled 
to  half  Its  height. 
The  key  was  secured 
to  the  Jig  by  a  screw. 
In  order  to  remove 
the  bushing,  the 
knurled  flange  is 
given  a  slight  twist 
until  the  flange  can  s""  ""•""»  '''"'  ""''in'"'  »"'^« 

be  withdrawn  past  the  key  by  means  of  the  milled  groove.    If 
the  drill  rotates  eounler-olockwise,  the  location  of  the  key  In 
the  hushing  will  he  In  the  opposite  direction  to  that  shown. 
Uuelle  (Charente)  France  C.  JorvK 


now  AND  WHY 


QUESTIONS  ON  PRACTICAL.  SUBJECTS  OF  GENERAL  INTEREST 


QUARTER-TWIST  BELTS 

B.  C.  S. — I  should  like  a  good  rule  for  quarter-twist  belts,  one 
that  can  be  used  for  any  case  when  the  shafts  are  not  parallel. 

AJis^pered  by  John  R.  Beckett,  Somerville,   Mass. 

Here  is  a  rule  the  writer  has  never  known  to  fail:  Have  the 
pulleys  so  lined  that  the  leaving  faces  are  plumb.  By  "leaving 
faces"  is  meant  the  faces  from  which  the  belts  leave  the  pulleys. 


SEASONING  CASTINGS 

D.  A.  B. — High-speed  production  and  the  need  of  getting  out 
special  machines  in  the  least  possible  time  does  not  allow 
much  time  for  seasoning  of  castings.  A  short  time  ago,  the 
writer  had  occasion  to  make  some  special  drilling  machines 
that  required  beds,  or  cast-iron  ways,  ten  feet  long.  The  con- 
tract for  making  these  machines  was  given  to  a  company  that 
has  a  reputation  for  fine  tools  and  special  machine  work. 
When  the  question  of  seasoning  the  castings  came  up,  the  chief 
tool  designer  of  this  company  said  that  the  same  effect  could 
be  obtained  by  thoroughly  pickling  the  castings  before  machin- 
ing as  is  obtained  when  the  castings  are  rough-machined  and 
then  allowed  to  season  in  the  regular  way,  before  being  finish- 
machined  and  scraped.    Is  this  contention  true? 

This  question  is  submitted  to  the  readers. 


each  and  seven  layers  of  121  balls  each.  Hence,  the  total 
number  of  balls  that  can  be  placed  in  the  box  is  9  X  144  + 
7  X  121  =  2143  balls. 


NUMBER  OF  BALLS  THAT  CAN  BE  PLACED 

IN   A    CUBICAL   BOX 

L.  A.  O. — How  many  balls,  each  1  inch  in  diameter,  can  be 
placed  in  a  box  12  inches  by  12  inches  by  12  inches,  inside 
measurements? 

Anawered   by   J.    J.    Clark,   Scrancon,   Pa. 

A. — If  the  balls  are  arranged  in  layers,  as  indicated  in  Figs. 
1  and  2,  it  is  evident  that  12  X  12  =  144  balls  will  constitute 
the  first  layer  and  11  X  11  =  121  balls,  the  second  layer. 
The  distance  between  the  plane  of  centers  of  the  first  layer 
and  the  plane  of  centers  of  the  second  layer  is  represented 
by  the  altitude  C,D,  of  the  triangle  A,C,B„  Fig.  2.  The  side 
A,B,  is  equal  to  AB,  Fig.  1,  and  as  DA  =  DB  =  1  inch, 
AB  =  A,B,  =  VI'  +  1'  =  V  2  inches.  A,(7,  =  B.C,  =  1  inch. 
Hence,  OjD,  =  V  P  —  (1/2  V2)'  =  Vl/2  =  1/2  V2  =  0.707 
inch.    The  centers  of  the  first  layer  of  balls  must  be  1/2  inch 


rifi.    1    anil   2.     Dliiramn   for  dntcrmlnliiK    Numb' 
pUcod   In   a   Cubl':al   Bol 


of    Ball!    that 


from  the  bottom  of  the  box,  and  the  centers  of  the  top  layer 
rouat  be  at  least  this  distance  from  the  top  of  the  box. 
Therefore,  the  number  of  layers  must  be  at  least  equal  to 
12  —  0.6  —  0.5 

—  16,   to   the   neuritst   Integer.     It   there   are 

0.707 
lUtcen  layers,  eight  will  contain  144  balls  each  and  seven  will 
contain  121  balls  riach.  The  distance  bolwcon  the  plnno  of 
(■•■ntcrs  of  the  first  layer  and  the  plane  of  roiii<TH  of  Uio  nf- 
t^'onlh  layer  Is  14  X  0.707  —  9,898  Inches.  Tho  dlHtamo  from 
the  bottom  of  the  box  to  the  piano  tangent  to  Ihn  tops  of  the 
balls  in  the  nfteonth  layer  Is  9.898  f  0.6  +  0.6  ^  10.898  itu\wn. 
Consequently,  another  layer  of  144  balls  con  bo  lold  on  lop 
of  the  nfteonth  layer,  thus  making  nine  layers  of  144  balls 


A   PROBLEM   IN   MECHANICS 

A.  B. — A  force  of  200  pounds  is  exerted  behind  the  rod  C 
in  the  direction  D,  as  indicated,  and  is  transmitted  through  the 
roller  A  to  the  cylinder  £  by  a  groove  X  cut  in  the  periphery 
of  the  cylinder,  the  angle  of  which,  in  respect  to  line  D,  is 
45  degrees.  (1)  What  per  cent,  if  any,  of  the  200  pounds  will 
be  delivered  by  the  cylinder  E  at  its  center  Gf  (2)  How  much 
power  must  be  exerted  at  G  to  bring  C  back  to  its  original 
starting  point?  Distance  of  travel  is  16  inches;  weight  is 
20  pounds. 

Answered   by    J.    J.  Clark,    Scranton,    Pa. 

A. — It  is  not  possible  to  answer  the  questions  as  they  stand; 
not  only  is  insufficient  information  given,  but  conditions 
that  do  not  exist  have 
been  assumed.  Let  HF 
represent  the  force  of 
200  pounds,  and  resolve 
this  into  two  compo- 
nents, one,  IF,  acting 
parallel  to  the  groove, 
and  the  other,  HI,  act- 
ing perpendicular  to  the 
groove.  Then,  in  the  tri- 
angle EIF,  HI  =  HF  X 
cos  45  degrees  =  200  X 
1/2  V2  =  100  V  2^  Re- 
solving HI  into  the  two 
components  HE,  which 
is  parallel  to  the  force 
D,  and  KI,  which  is 
perpendicular  to  the 
force  D.  KI  =  HI  X  sin 
45  degrees  =  100  V2  X 
1/2  V2  =  100  pounds, 
which  is  the  tangential 
force  acting  on  the  cyl- 
inder E  in  a  plane  perpendicular  to  the  axis  through  the  cen- 
ter G.  It  is  easy  to  see  that  EI  =  100  pounds,  as  KI  =  BK 
and  HK  is  one-half  of  HF.  Assuming  that  the  point  of  con- 
tact P  between  the  roller  and  groove  is  situated  one-half  the 
distance  betwo^en  the  end  M  of  the  roller  and  the  surface  N 
of  the  cylinder,  the  moment  of  the  force  KI  is  100  X  GP.  KI 
acts  only  to  turn  the  cylinder,  and  the  turning  effect  is  meas- 
ured only  by  its  moment;  there  can  be  no  equivalent  force 
acting  at  the  center  O.  Hence  no  force,  however  large,  acting 
at  O  will  have  any  effect  In  producing  a  movement  of  the  roller 
as  long  as  there  is  no  lateral  movement  of  the  cylinder  E. 


Illustrating  a  Problem  In  Moohanics 


ANGLE   BETWEEN   CAMS   OF   A   FOUR- 
CYLINDER   ENGINE 

W.  M.  T.  A  I'our-cylliuUT  ciiKiiK!  liuving  n  flrlng  (inlcr  of 
l-.'i-4-2  Is  Ko  timed  tliat  the  inlet  vulve  Is  opened  15  ilpRrces 
after  the  upper  dead  center  Is  past  and  Is  oloHod  41  degrees 
after  the  lower  dead  center  Ih  past;  tho  exhaust  valve  Is  oponoil 
46  dcKrees  before  the  lower  dead  center  l.s  pnH.ied  and  In  closed 
18  doKreeH  uftor  the  upper  (loud  center  Is  passed.  Wliiit  should 
be  tho  size  of  iinKles  A,  H,  0,  and  I).  In  llio  accompanying 
Illustration,  and  iilso  of  the  angle  bolwoon  the  llrst  Inlet  and 
first  exhaust  cams? 

Anawnroil  by   M,   V,  Torry,   Kniit,   Mich 

In  answering  this  Inquiry,  certain  asBuniptlons  must  bo 
made,  because  sufllrlont  Information  has  not  boon  given.  The 
first  assumption  Is  that  the  questions  relate  to  a  four-cycle 
engine;  In  this  ease,  tho  raniMhaft  makes  one  revolution  for 
every  two  revolutions  of  the  cranltHhaft.     The  Inlet  valve   is 
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ordinary    conditions,    the   following 
practice : 


T  =  L 


iHL 


formula   works    well 


+  ■ 


8H 


+  HW 


rigs.  1  to  3.    Angles  of  Cams  of  Four-cylindeT  Engines 

open  from  15  degrees  past  the  upper  dead  center  to  41  degrees 
past  the  lower  dead  center,  or  a  total  of  206  degrees  of  the 
crankshaft  circle.  The  theoretical,  or  effective,  inlet  cam 
angle  is,  therefore,  one-half  206  degrees,  or  103  degrees,  as 
shown  in  Fig.  1.  Similarly,  as  the  exhaust  valve  is  open  from 
45  degrees  before  the  lower  dead  center  until  IS  degrees  after 
the  upper  dead  center  is  passed,  it  is  open  for  243  degrees  of 
the  crankshaft  circle.  The  theoretical,  or  effective,  exhaust 
cam  angle  is,  therefore,  one-half  of  243  degrees,  or  121  degrees 
30  minutes,  as  shown  in  Fig.  2.  In  most  cases,  cams  are  made 
symmetrical;  therefore,  angle  A  =  angle  B  =  one-half  of  103 
degrees,  or  51  degrees  30  minutes,  and  angle  C  =  angle  D  = 
one-half  of  121  degrees  30  minutes,  or  60  degrees  45  minutes. 

The  actual  total  angles  of  the  inlet  and  exhaust  cams  should 
be  greater  than  103  degrees  and  121  degrees  30  minutes, 
respectively,  by  twice  the  clearance  angle  of  the  cams.  The 
clearance  angle  depends  on  the  base  circle  of  the  cam,  the 
shape  and  size  of  the  cam  follower,  and  the  actual  clearance 
or  play,  in  thousandths  of  an  inch,  allowed  between  the  cam 
follower  and  the 
valve.  As  none  of 
these  data  are  given, 
it  is  impossible  to  cal- 
culate the  clearance 
angle,  which  may  vary 
from  2  to  6  degrees. 

As  the  exhaust 
stroke  of  a  four-cycle 
engine  immediately 
precedes  the  inlet  stroke,  the  exhaust  cam  leads,  or  precedes, 
the  inlet  cam  in  the  direction  of  rotation.  According  to  the 
conditions  given,  the  exhaust  valve  opening  point  E,  Fig.  3,  is 
240  degrees  (=  45  -}-  180  -f  15  degrees)  ahead  of  the  inlet 
valve  opening  point  F,  as  measured  on  the  crankshaft  circle. 
This  gives  an  angle  of  120  degrees  on  the  crankshaft,  which 
would  have  been  the  angle  between  the  center  lines  of  the 
two  cams,  were  it  not  that  the  exhaust  cam  angle  is  18  degrees 
30  minutes  wider  than  the  inlet  cam  angle,  for  121  degrees 
30  minutes  —  103  degrees  =  18  degrees  30  minutes.  The 
angle  between  the  center  lines  of  the  cams  is,  therefore,  120 
degrees  minus  one-half  18  degrees  30  minutes,  or  approxi- 
mately 111  degrees.    This  is  apparent  from  the  construction. 

Incidentally  It  may  be  pointed  out  that  the  practice  of  open- 
ing the  inlet  valve  before  the  exhaust  valve  is  completely 
closed,  which  Is  known  as  crossing  of  valves,  is  very  poor 
practice.  It  has  been  successfully  done  on  some  racing  en- 
gines Intended  to  operate  at  high  speeds  only,  but  on  ordi- 
nary engines  at  low  speeds  crossing  results  in  pre-ignition  due 
to  the  mixing  of  the  exhaust  gases  and  the  fresh  charge.  In 
the  example  given,  the  crossing  of  valves  amounts  to  3  degrees. 


4ff  S'W  +  2SL 

in  which  T  =  tension,  in  pounds; 
S  =  span,  in  feet; 
H=  sag,  in  feet; 
L  =  load  to  be  carried,  in  pounds; 
W  =  weight  of  rope  per  foot  of  length,  in  pounds. 
Since  W  is  unknown,  the  first  step  is  to  reject  all  terms  ex- 
cept the  first  in  the  right-hand  member  of  the  equation,  which 
LS 

then  reduces  to  T  =  .     In  the  present  case,  L  =  2000  X 

iH 
8  =  16,000  pounds,  &  =  1200  feet,  and  H  =  1200  h-  20  =  60 
feet.    Substituting  these  values  in  the  second  expression  for  T, 
16,000  X  1200 

T  = =  80,000  pounds  =  40  tons.     Referring  to 

4  X60 
page  404  of  Machinery's  Handbook,  a  2%-inch  crucible  steel 
wire  rope  of  six  strands  and  a  hemp  center,  with  nineteen 
wires  to  the  strand,  has  a  safe  working  load  of  42.2  tons,  with 
a  factor  of  safety  of  5.  Such  a  rope  weighs  11.95,  say  12, 
pounds  per  foot.    Substituting  12  for  W  in  the  main  formula, 

1200                            4  X  60  X  16,000  \ 

T  =  16.000  ( 1 I  -I- 


4  X  60 


1200'  X  12  -f  2  X  1200  X  16,000 


1200'  X  12 

h  60  X  12  =  117,823  pounds.    Referring  to  the  sec- 

8  X  60 
ond  table  on  page  404  of  M.\chinebt'.s  Handbook,  the  breaking 
strength  of  a  plow-steel  wire  rope,  2%  inches  in  diameter,  six 
strands,  nineteen  wires  to  the  strand,  is  275  tons  =  550,000 
pounds;  its  weight  is  practically  the  same  as  the  crucible  steel 

rope.  If  such  a  rope 
is  used,  the  factor  of 
safety  is  550,000  -^ 
117,823  =  4.66,  which 
is  ample  for  the  pres- 
ent case.  The  weight 
W  equals  the  tension 
in  the  rope,  or  117,823 
pounds.  A  sag  equal 
to  one-twentieth  of 
the  span  seems  to  be  a  reasonable  allowance,  since  the  smaller 
the  ratio  the  greater  is  the  tension  in  the  rope;  on  the  other 
hand,  too  much  sag  would  be  a  disadvantage. 


Loaded  Cable 


MEASURING  HORSEPOWER  OF  A  PULLEY 

E.  B.  J. — The  illustration  shows  an  arrangement  that  has  been 
suggested  to  us  for  measuring  the  horsepower  transmitted  by 
a  pulley.    S,  and  S.  are  spring  balances,  and  increasing  or  de- 


TENSION   IN   A   LOADED  CABLE 

N.  A.  S.— What  is  the  tension  in  a  cable  having  a  span  of 
1200  feet  when  the  sag  is  one-twentieth  of  the  span  and  the 
load  in  the  middle  Is  8  tons?  Referring  to  the  Illustration, 
what  is  the  necessary  weight  WT  Is  It  customary  to  use  a 
smaller  ratio  of  sag? 

Annworofl  by  J    J,  Clark,  aoranton.  Pa. 

A. — The  conditions  you  give  are  very  unusual,  and  It  may 
ho  doubted  whether  the  scheme  Is  practicable.  It  Is  impossible 
to  derive  a  formula  that  will  give  exact  results,   but  under 


>( 
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creasing  the  distance  between  tiiem  alters  the  tension  in  the 
brake-band  encircling  the  pulley.  Please  state  rule  for  finding 
the  horsepower.  What  is  the  horsepower  when  Sj  is  14  pounds, 
Sj  is  238  pounds,  diameter  of  pulley  is  8  feet,  and  the  pulley 
makes  225  revolutions  per  minute?  Does  the  thickness  of  the 
wooden  blocks  attached  to  the  brake-band  have  any  effect? 

Ajiswrered  by  J.  J-  Clark,  Scranton.  Pa. 

A. — If  the  force  equivalent  to  the  friction  between  the  band 
and  the  pulley  is  represented  by  F,  it  is  evident  that  when  the 
pulley  is  revolving  in  the  direction  of  the  arrow,  the  pull  Sj 
must  be  equal  to  F  plus  the  pull  Si;  that  is,  8,  =  F  +  Sj,  or 
F  =  S2  —  S,  =  force  acting  on  pulley.  This  force  acts  each 
minute  through  a  distance  equivalent  to  the  circumference  of 
the  pulley  multiplied  by  the  number  of  revolutions  per  minute. 
In  other  words,  the  work  done  on  the  pulley  is  irDA'(S.  —  S,) 
foot-pounds  per  minute,  where  D  is  the  diameter  of  the  pulley, 
in  feet,  and  X  is  the  number  of  revolutions  per  minute,  and 
this  divided  by  33,000  gives  the  horsepower.  This  must  evi- 
dently equal  the  horsepower  transmitted  by  the  pulley.  Hence, 
the  required  formula  is: 

ttDA'CSj  — Sj) 

Horsepower  =  — 

33,000 

Substituting  in  this  formula  the  values  given,  we  have: 

3.1416  X  8  X  225  X  (238  —  14) 
____ =  38.38  horsepower 

33,000 

The  thickness  of  the  band  or  blocks  makes  no  difference,  as 
the  friction  is  applied  only  to  the  circumference  of  the  pulley. 
Further,  in  so  far  as  the  horsepower  transmitted  is  concerned, 
it  makes  no  difference  whether  or  not  a  lubricant  is  used  be- 
tween the  blocks  and  the  pulley. 


A    PROBLEM   IN    STATICS 

E.  H.  S.— The  illustration  shows  a  beam  of  uniform  density 
throughout,  weighing  116  pounds;  it  is  hinged  at  one  end  and 
supported  near  the  other  end  by  a  rope  attached  to  an  eyebolt, 
which  passes  over  a  sheave  L  and  has  a  weight  X  attached  to 
the  other  end.  What  weight  is  required  to  hold  the  beam 
in  a  horizontal  position?  What  vertical  force  P  is  required  to 
keep  the  beam  in  the  dotted  position  under  the  pull  of 
weight  Xr 

Answered  by  J-  J.  Clark,  Scranton,  Pa. 

A.— Neglecting  friction  and  the  force  due  to  bending  of  the 
rope,  the  tension  T  in  the  rope  when  the  beam  is  horizontal  is 
equal  to  the  weight  X.  Let  AF  =  T;  then,  resolving  this  force 
Into  the  vertical  component  V  and  the  horizontal  component 
EF,  the  force  V  acting  at  A  is  equivalent  to  a  vertical  re- 
action R  acting,  at  H,  directly  under  A.  To  determine  this 
reaction  R,  take  /  as  the  center  of  moments;  then  i?  X  70  = 

80 
■\V  X  ■ — ,  or  ie  X  70  =  116  X  40  =  4640,  where  W  Is  equal  to 

2  ' 
the  weight  of  the  beam.  Hence,  R  =  V  =  4640  -h  70  =  66  2/7 
pounds.  AB  =  70  -f  12  =  82  Inches,  and  CB  =  90  —  8  =  82 
Inches;  whence  angle  OAB  =  45  degrees,  and  CA  =  82  X  V2  = 
115.966  inc.hbH.  DAC  Is  the  angle  the  sine  of  which  is  10  -f- 
115.966  =  4  degrees  56  minutes  49  seconds,  and  DAB  =  45 
degrees  +  4  degrecR  56  minutes  49  seconds  =  49  degrees  56 
minutes  49  sfifondH  =  JJFA.  Therefore,  T  =  X  =  AF  =  V  -i- 
Bln  EFA  ■-=  66  2/7  -:-  sin  49  degrees  56  minutes  49  seconds  — 
SG.597  pouikIh.  When  the  biraiii  l.s  In  the  position  Indicated  by 
iho  dotted  Ilnea,  the  wcIkIiI  W  of  the  beam,  which  acts  down- 
ward at  th»  center  0,  may  be  resolved  Into  two  lomponents, 
(>N  -  IV,  p<-rpendlcular  to  the  beam  and  A'A/  parallel  to  the 
))eam.  The  beam  may  then  be  considered  as  ln-ld  In  <M|ulllbrlum 
by  the  parallel  forces  H„  «,  and  W„  and  the  force  0;  «,  +  S,  «= 
VV„  and  Q  Is  parallel  and  equal,  but  oppowltn,  to  TiM.  The 
forro  P  acting  In  comlilnutloti  with  W,  the  w.  iilil  of  tlic  beam. 
JiiHt  balun'OH  IIk!  wclnht  ,V,- and  7",  =  /!,/•',        /  \        SO. 597 

pound*.     Angle  SOU   —  J1.1,;    IV,   "   W  con   .'.o,!/  116    y 

1/2 V a    ^    100.459   pounda,    slnco   co»    "SOM    '-^    cos   .//./, 


component  of  T,  by  F,  and  of  S,  by  T,  =  S,  X  cos  {E^Afi  = 
VOM)  =  57.405  X  1/2  V3~=  49.714  pounds.  To  find  y„  it  is 
first  necessary  to  find  the  angle  £?,F,A,  =  B^A-J)-^  =  B^A^G  -f 

8 
GAJi^.    Angle  AJ.J  =  JIJi  +  AIH.    Tan  AIH  =  ■ — ,  or  AlH  = 

70 
6  degrees  31  minutes  11  seconds.  AI  =  V70'  -f-  8'  =  70.456 
Inches.  In  triangle  AJK,  angle  AJK  =  30  degrees  +  6  de- 
grees 31  minutes  11  seconds  =  36  degrees  31  minutes  11  sec- 
onds, and  A^K  =  70.456  X  sin  36  degrees  31  minutes  11  sec- 
onds =  41.928  inches.  Also,  KI  =  70.456  X  cos  36  degrees 
31  minutes  11  seconds  =  56.623  inches.  Whence  B^C  =  EC  — 
A^K  =  90  —  41.928  =  48.072  inches,  and  A,B,  =  56.623  +  12  = 
68.623  Inches.  Then,  tan  B^A^C  =  48.072  h-  68.623,  or  B,A,C  = 
35  degrees  0  minutes  44  seconds.  A.,C  =  B,C  -^  sin  BiA,C  = 
48.072  -H  sin  35  degrees  0  minutes  44  seconds  =  83.785  inches. 
Sin  CA^D,  =  10  -=-  83.785,  or  CA^D^  =  6  degrees  51  minutes  17 
seconds.  Therefore,  Z)iA,B,  =  E^F^Ai  =  35  degrees  0  minutes 
44  seconds  +  6  degrees  51  minutes  17  seconds  =  41  degrees 
52  minutes  1  second,  and  Ti  =  £,A,  =  7",  X  sin  E.F^A^  = 
86.597  X  sin  41  degrees  52  minutes  1  second  =  57.795  pounds. 
Finally,  P  =  V,  —  V,  =^  57.795  —  49.714  =  8.081  pounds.    It 


■//////////////////////////////////////////// 


A  Problem  in  Statics 

will  be  noticed  that  the  calculation  is  quite  long  and  that  the 
chances  of  making  mistakes  are  numerous.  A  much  easier 
method,  and  one  sufficiently  exact  for  practical  purposes,  is  to 
calculate  V  and  .S',  and  determine  all  other  values  graphically. 


VI  —  iln'  ///,  =\  1  _  I  _  j       1/2^3.    n(<ii'<..  .//./,       ::o 

(leVTMa.    Axnln  taking  /  hh  the  renter  of  momenta,  fl,  X  70 
100.459   X   40,  or  ff,  =»  67  405  poundii.     Donotlng  Iho  vorllrnl 


TO    GRADUATE    A    PLANER   HEAD   WITH- 
OUT  SPECIAL   APPLIANCES 
R.  J.  It.    -Can  any  reader  of  Macuinkuv  suggest  a  way  to 
graduate  the  head  of  a  30lnch  planer  in  a  shop  where  there  are 
no  milling  niacliinos  or  gradual Ing  nincbines? 

AnBW«r<«l  by   II     H    (I 

One  method  of  graduating  a  planer  head,  which  Is  very 
crude.  Is  to  swing  the  head  In  a  lallio  and  use  a  tool  hold  in 
a  toolpost  for  scribing  the  graduation  linos,  and  a  change-gear 
on  the  lead-acrow  as  an  Index  plate.  The  results  are  what 
might  bo  anticipated.  Another  achonio  la  to  srJp  the  head  In 
a  graduated  planer  chuck.  This  noceBsltatos  locating  the  axlH 
about  which  tho  head  ruvolvoH  In  oxai't  colmiilcnco  with  that 
of  the  chuck.  This  iikiIIhhI  Ih  prcferalilo  to  the  llrat  one  men- 
tloiicil.  l)Ut  It  Ih  far  from  pcifnit,  A  third  i)lan  that  Is  some- 
times <'mpliivi'il  Ih  as  follows:  Tho  bend  Is  swung  In  the  lathe, 
and  a  point  In  Its  axis  of  rotation  Is  dotermlnod  by  "Indlcat- 
Iiik"  tho  uri's  on  tho  head  which  are  to  bo  graduated.  Next 
till'  head  Ih  transforred  to  an  angle  plate,  leveled  up  by  Us 
HlldfH  and  Is  then  lurnod   (plate  and  all)   through  90  degrees. 
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What  is  to  be  the  zero  point  is  next  located  at  the  height  of  the 
center,  and,  after  figuring  how  far  above  or  below  the  zero 
line  the  other  graduation  lines  should  be,  the  latter  are  scribed 
with  a  height  gage.  One  objectionable  feature  of  this  method 
is  that  the  zero  line  is  located  by  leveling  up  from  the  finished 
surfaces  of  the  head,  which  might  not  be  exactly  parallel  with 
the  vertical  travel  of  the  tool-slide.  The  products  obtained  by 
multiplying  the  radius  of  the  scribed  arc  by  the  tangent  of  the 


Method  of  setting  Flaner  Head  for  graduating  by  Application  of   Sine-bar 
Principle 

angle  included  between  two  consecutive  graduations  has  an 
awkward  way  of  coming  out  as  a  mixed  number  of  thou- 
sandths, to  which  it  is  impossible  to  set  the  height  gage. 

The  method  recommended  is  an  application  of  the  familiar 
principle  of  the  sine  bar.  The  revolving  part  of  the  head  is 
swung  in  a  lathe  and  its  axis  of  rotation  is  brought  into  coin- 
cidence with  that  of  the  lathe.  A  button  A.  carried  by 
a  bracket  B,  is  centrally  located  relative  to  the  swiveling 
member.  This  bracket  B  is  bolted  to  the  "wing",  and  it 
is  bent  so  that  the  projecting  end  carrying  the  button  is 
high  enough  to  clear  the  tool-block.  A  bar  G  having  at  one 
end  of  a  plug  D,  14  inch  in  diameter,  is  clamped  to  the  tool- 
block  and  so  adjusted  that  the  center  to-center  distance  be- 
tween A  and  D  is  IS  inches.  The  tool-block  should  be  so  set 
that  its  center  of  rotation  practically  coin- 
cides with  that  of  the  head.  An  accurate  cen- 
tering of  the  tool-block  is  an  advantage,  al- 
though not  absolutely  necessary. 

The  head  is  now  returned  to  its  place  on 
the  cross-rail  and,  before  tightening  the 
clamping  nuts,  it  is  carefully  adjusted  until 
the  travel  of  the  tool-slide  is  vertical  with 
or  perpendicular  to  the  planer  table,  as  indi- 
cated by  the  continuous  contact  of  plug  D 
with  the  blade  of  a  square,  the  stock  of 
which  rests  on  the  table.  When  this  adjust- 
ment Is  made,  the  head  is  clamped  and  the 
zero  graduation  line  is  scribed.  The  clapper- 
box  is  next  turned  (the  head  remaining 
fixed)  until  the  centers  of  button  A  and 
plug  D  coincide  with  a  line  that  is  perpen- 
dicular to  the  table.  The  nuts  holding  the 
clapper-box  are  then  tightened  and  the  tool- 
slide  readjusted  so  that  the  center  distance 
from  one  button  to  another  is  18  inches.  The 
handle  should  be  removed  from  the  tool-slide 
feed-screw  and  the  gibs  of  the  slide  tightened  to  insure  that 
there  will  be  no  movement  of  this  part  during  the  subsequent 
operation. 

Two  parallels  E  are  now  laid  on  the  planer  table  and  the 
croBB-rall  is  lowered  until  plug  D  just  louclu's  the  top  of  the 
parallels.  Another  parallel  F  is  next  clamped  In  a  horizon- 
tal position  across  the  parallels  E  and  In  contact  with  plug 


D.  The  head  is  now  swung  slightly  to  the  right,  and  a  plug 
of  the  same  diameter  as  D  is  clamped  in  contact  with  the  top 
parallel  F.  The  latter  is  then  removed  so  that  this  plug 
occupies  the  position  illustrated  at  G  in  the  view  to  the  right, 
this  position  corresponding  to  that  of  plug  D  in  the  view  to 
the  left.  Everything  is  now  ready  for  setting  the  head  to  the 
successive  angles  desired,  in  order  to  scribe  the  graduation 
marks  on  the  flange.  The  head  is  set  in  each  of  its  angular 
positions  by  measuring  the  distance  between  plugs  G  and  D 
with  a  vernier  caliper,  the  proper  distance  between  their  cen- 
ters for  any  angle  being  equal  to  36  times  the  sine  of  one- 
half  the  required  angle. 

The  reason  for  having  plugs  G  and  D  of  such  small  diam- 
eter is  because  the  setting  for  the  one-degree  position  could 
not  be  obtained  with  plugs  of  much  larger  size.  Obviously, 
when  the  desired  graduations  on  one  side  of  the  zero  point 
have  been  made,  the  head  can  be  set  by  the  same  method  for 
scribing  the  graduations  on  the  other  side  of  the  zero  line. 
The  reason  why  it  is  preferable  to  have  the  axis  of  rotation 
of  the  clapper-box  coincide  quite  accurately  with  that  of  the 
head  is  because  of  the  greater  accuracy  of  determining  small 
angles  than  larger  ones  by  the  sine-bar  method.  Thus,  if  these 
two  axes  were  in  exact  coincidence,  it  would  be  possible  after 
graduating,  say,  20  degrees,  to  return  plug  D  to  the  starting 
point  (by  turning  the  clapper-box  backward),  the  head  remain- 
ing fixed.  The  head  could  then  be  set  with  slightly  greater 
accuracy  for  graduating  the  angles  above  20  degrees. 

The  work  performed  by  a  planer  graduated  in  this  way 
compared  favorably  with  similar  work  from  a  planer  that  was 
later  installed,  which  had  a  head  graduated  by  the  manufac- 
turers. While  it  is  true  that  the  required  distances  between 
the  plugs  (like  those  for  the  height-gage  method  previously 
outlined)  were  fractions  to  which  the  caliper  could  not  be  set 
exactly,  this  was  of  little  importance,  owing  to  the  com- 
paratively large  radius  of  the  18-inch  sine  bar. 


Answered   by    Martin   H.   Ball.    Watervliet,    N.    T. 

The  accompanying  illustration  shows  a  method  of  graduating 
a  planer  head  by  hand,  the  assumption  being  that  E.  J.  R. 
has  no  dividing  head  of  any  kind.  The  plan  is  to  secure  a 
long  bar  A  having  a  pointed  end  as  shown,  and  fasten  the 
opposite  end  of  this  bar  under  the  tool  clamps.  The  clapper- 
box  should  be  wedged  to  one  side  to  take  up  any  lost  motion 
that  it  may  have,  and  the  head  should  also  be  adjusted  as 
closely  as  possible  and  still  allow  it  to  rotate.  Some  piece 
having  a  surface  large  enough  to  scribe  a  60-degree  arc  on. 


.W,ir»(nrrK 


Ortduatinr  a  Planer  Head  by  a  Direct  Transfer  Method 

such  as  a  smooth  well-seasoned  close-grained  board,  is  clamped 
across  the  upper  part  of  the  planer  housing  as  shown.  Two 
smaller  boards  are  clamped  at  the  ends  of  the  cross-rail,  as 
illustrated  at  B  and  C.  The  bar  .1  Is  used  to  scribe  arc  DE 
and  also  to  scribe  arcs  F  and  O.  The  distance  from  F  to  O 
is  transferred  by  means  of  trams  to  some  flat  surface,  such  as 
the  top  of  a  planer  table,  and  it  is  subdivided  to  And   the  radius 
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of  arc  DE.  This  radius  is  then  used  in  laying  off  a  60- 
degree  section  DE  on  the  board  at  the  upper  part  of  the  hous- 
ing. This  60-degree  arc  is  next  divided  into  30-degree  sec- 
tions, which  are  further  divided  into  15-degree  sections,  and 
this  work  of  subdivision  is  continued  until  the  arc  is  divided 
into  1-degree  sections.  This  can  be  done  quite  accurately  by 
using  small  trams  and  dividers.  A  small  block  H  is  clamped 
to  the  saddle  of  the  planer  head  and  is  used  as  a  guide  in 
scribing  the  graduation  lines,  as  the  end  of  bar  A  is  placed 
opposite  each  of  the  1-degree  divisions.  This  same  method  can 
be  used  to  graduate  more  than  GO  degrees  if  necessary. 


Answered  by    ■William   C.    Betz.    Newr   Britain,    Conn. 

A  36-inch  planer  head  can  be  graduated  in  an  engine  lathe. 
The  lathe  must  be  so  geared  that  the  last  gear  of  the  indexing 
train  will  have  360  teeth  passing  a  given  point  for  each  com- 
plete revolution  of  the  machine  spindle.  On  a  lathe  having 
a  simple  gear  train,  with  the  spindle  and  the  stud  gears  run- 
ning equal,  or  1  to  1,  the  following  method,  illustrated  in  Fig. 

1,  may  be  used: 

With  a  90-tooth  gear  on  the  stud  meshing  with  a  30-tooth 
gear  on  the  idler,  there  are  three  complete  revolutions  of  the 
idler  gear  to  one  revolution  of  the  spindle  (any  pair  of  gears 
with  a  ratio  of  3  to  1  may  be  substituted);  hence  it  follows 
that  if  another  gear  with  120  teeth  is  fastened  or  keyed  to 
the  30-tooth  gear,  this  gear,  making  three  times  as  many  revo- 
lutions as  the  spindle,  will  have  360  teeth  passing  a  given 
point  at  its  periphery  for  each  spindle  revolution.  This  would 
involve  two  large  gears  which  might  not  be  available,  due  to 
the  size,  so  this  multiplication  of  gears  may  be  broken  up. 
Assuming  that  the  spindle  gear  runs  equal  with  the  stud  gear, 
the  operation  of  gearing  is  as  follows:  Select  any  two  gears 
that  will  run  2  to  1,  using  for  illustration  SO  and  40,  as  in  Fig. 

2.  By  placing  the  80-tooth  gear  on  the  stud  and  the  40-tooth 
gear  on  the  idler,  the  idler  gear  will  run  twice  as  fast  as  the 
stud  gear.  If,  now,  a  90-tooth  gear  is  placed  on  the  same 
shaft,  keying  or  otherwise  fastening  it  to  the  40-tooth  gear, 
it  is  evident  that  twice  90  teeth  pass  a  given  point  at  the 
periphery  of  this  gear.  Now,  there  are  180  teeth  to  one  revo- 
lution of  the  lathe  spindle,  and  as  360  teeth  are  required, 
again  multiply  180  by  2,  or,  in  other  words,  use  a  gear  having 
half  as  many  teeth,  or  45,  to  mesh  with  the  90-tooth  gear.  This 
again  produces  a  ratio  of  2  to  1.  If  a  gear  with  90  teeth  is 
fastened  to  the  45-tooth  gear,  the  result  will  be  twice  180,  or 
360,  teeth  passing  a  given  point  at  the  periphery  of  this  last 
90-tooth  gear  of  the  train. 

If  the  lathe  is  geared  2  to  1,  that  is,  if  there  are  twice  as 
many  teeth  in  the  spindle  gear  as  there  are  in  the  stud  gear, 
the  first  example  can  readily  be  changed  by  using  a  45-tooth 
gear  on  the  stud,  instead  of  the  90-tooth  gear,  and  the  same 
results  will  be  obtained.  In  the  second  example,  two  gears 
of  the  same  size  on  the  stud  and  idler  will  also  produce  360 
teeth.  Other  combinations  of  gears  can  be  worked  out  with 
the  same  results  by  changing  the  ratios  and  the  gear  com- 
binations. In  indexing,  the  spindle  should  be  rotated  In  one 
direction  only,  and  a  hard  wood  wedge  should  be  driven  lightly 
between  the  cone  pullf-y  and  the  lathe  head  casting  to  prevent 
backlash.  To  Index,  a  small  angle-Iron  Is  clamped  to  the  Idler 
gear  yoke  and  to  this  Iron  an  Indexing  piece  shaped  to  the 
gear  tooth  space  Is  fastoned  with  a  clamp. 

For  graduating,  the  tool-slldt!  of  the  planer  head  Is  removed 
from  the  saddle  casting  and  mounted  on  the  lathe  faceplate 
HO  that  the  tool-slide  center  and  that  of  the  lathe  run  true. 
The  graduating  tool,  prefiirubly  on<!  of  60  degrees.  Is  set 
central  with  the  spindle  so  that  It  will  rut  when  the  tool-slide 
U  moved  from  the  center  Inward  the  pcrlpliory  of  the  faceplate 
and  toward  the  front  of  the  machine.  The  carriage  stop  Is 
net  to  give  the  tool  a  ccrluin  depth  of  rut,  and  the  cross-slide 
Is  llmlti!d  by  the  thread  Klop  to  produn-  inurkH  of  h  uniform 
length.  Aftir  going  over  the  saddle  once,  the  crosHsllilp  stroke 
should  bn  lengthened  a  lllllc.  ovcry  fifth  mark  made  longer 
to  make  calculating  oaslor,  and  every  tenth  lln<>  marked  from 
0  to  90  on  both  sides  of  0,  as  It  Is  only  nncessary  to  grnduatc 
onphnlf  of  the  saddle. 

The  saddle  should    bo   set  so   that    tlit-   lower   iMlgi-   or   hIiIo 


nearest  to  the  platen  is  at  an  angle  of  90  degrees  with  the 
cross-slide  and  the  index  piece  set  in  the  tooth  space  in  the 
indexing  gear  and  clamped  to  the  angle-iron.  The  tool  Is 
brought  into  contact  with  the  saddle  and  the  first  line  marked; 
the  tool  is  then  moved  away,  the  index  piece  withdrawn  from 
the  tooth  space,  and  the  spindle  rotated  by  hand  to  bring  the 
next  tooth  space  in  line  with  the  index  piece,  which  is  clamped 
and  the  next  mark  made.  This  operation  is  repeated  until  all 
the  graduations  are  marked  on  the  saddle. 

A  witness  line  is  scribed  on  the  tool-slide  casting  after  as- 
sembling on  the  machine  by  using  an  indicator  and  an  accu- 


Figs.  1  and  2.    Gear  Combinations  for  indexing  when  graduating  Planer  Head 

rate  angle-iron.  The  iron  is  clamped  to  the  planer  platen, 
and  the  indicator  clamped  in  the  toolpost  and  brought  into 
contact  with  the  iron.  The  indicator  is  worked  up  and  down 
by  means  of  the  tool-slide  and  screw  until  the  slide  is  adjusted 
to  a  vertical  plane  and  until  the  indicator  shows  no  move- 
ment of  the  needle.  The  witness  lines  may  then  be  scribed 
and  marked  0  on  both  sides  of  the  slide. 


COST  PLUS  TEN  PER  CENT 
As  a  result  of  the  publication  of  an  editorial  entitled  "Cost 
Plus  Ten  Per  Cent"  in  the  January  number  of  Machinebt. 
a  communication  has  been  received  from  the  Ferro-Concrete 
Construction  Co.,  Cincinnati,  Ohio,  stating  that  for  several 
years  this  company  has  done  building  work  on  a  "Profit  Shar- 
ing" or  "Cost-Plus-Fixed-Sum"  form  of  contract,  similar  to 
that  suggested,  and  that  most  of  the  present  business  is  now 
on  that  basis.  The  details  of  the  contracts  vary  with  the 
nature  of  the  work,  but  the  following  example  will  illustrate 
the  general  features:  After  describing  the  work  to  be  per- 
formed, the  contract  reads: 

The  owner  shall  pay  the  contractor  the  actual  cost  of  the 
work  plus  a  fixed  sum  of  $10,000.  It  is  agreed  that  in  case  the 
total  cost,  including  the  fixed  sum  mentioned  above,  is  more 
than  $102,660,  fifty  per  cent  of  such  excess  cost  shall  be  paid 
by  the  owner  and  fifty  per  cent  by  the  contractor;  provided, 
that  the  total  cost  to  the  owner,  for  the  work  covered  by  this 
contract,  and  exclusive  of  authorized  extras,  shall  in  no  case 
exceed  $107,660.  It  is  further  agreed  that  in  case  the  total 
cost,  including  the  fixed  sum  mentioned  above.  Is  less  than 
$102,660,  fifty  per  cent  of  the  saving  shall  be  added  to  the 
contractor's   fixed   sum. 

Of  course  the  great  advantage  of  such  a  form  of  contract  is 
the  mutuality  of  interest,  but  it  has  other  advantages  for  the 
owner  in  protecting  him  against  excessive  charges  for  extras 
and  In  permitting  him  to  make  an  advantageous  contract 
before  detailed  plans  iirc  coiiipleloly  developed. 


The  War  Trade  Hoard  haw  decided  that  goods  placed  along- 
side a  vessel,  but  not  loaded  upon  it,  are  delivered.  Frequently 
shipments  arrive  alongside  ii  Ht(Min)er  before  the  export  license 
has  expired,  but,  owing  to  the  liialilllly  of  the  nleiinii>r  to  load 
the  contents  of  the  lighter  promptly,  the  Hhipnient  la  hold  until 
the  license  expireH.  Tn  order  not  to  cause  any  unnecessary  in 
convenience  to  shippers  and  to  help  In  avoiding  any  congeHtlnn 
that  might  be  duo  to  Hlilpments  of  this  kind,  the  nureiiu  has 
ruli'd  that  the  lime  of  the  arrival  of  Iho  lighter  alongsido  of 
llie  ocnan-KoIng  vohhoI  or  stnamshlp  dock  will  bo  the  deciding 
factor  should  any  dispute  arise  as  to  the  validity  of  the  llconso. 
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METALWOOD  HYDRAULIC  SHELL-TESTING  PRESS 


THE  hydraulic  shell-testing  press  to  be  described  is  used  in 
connection  with  tests  tor  determining  whether  heat-treated 
shells  have  the  elastic  limit  required  by  specifications  and 
are  free  from  forging  defects  or  piping  through  the  base.  The 
inside  of  the  shell  is  subjected  to  hydrostatic  pressure,  and 
any  permanent  set  or  increase  in  shell  diameter  over  the 
specified  allowance  indicates  that  the  elastic  limit  is  too  low. 
This  press  is  the  product  of  the  Metalwood  Mfg.  Co.,  Leib  and 
Wight  Sts.,  Detroit,  Mich.  The  size  shown  is  designed  pri- 
marily for  shells  known  as  the  "75-millimeter  high-explosive 
projectile  Mark  I."  The  shell  to  be  tested  is  first  filled  with 
water  and  then  is  securely  held  between  the  upper  clamping 
ram  of  the  press  and  a  lower  member,  against  which  the  nose 
of  the  shell  bears. 

Fig.  1  is  a  view  of  the  press;  Fig.  2  shows  a  detailed 
view  of  the  top  part;  and  the  front  and  side  elevations  shown 
in  Pig.  3  illustrate  the  general  arrangement.  There  is  an  in- 
tensifying cylinder  of  correct  proportions  and  a  pull-back  cyl- 
inder under  constant  line  pressure  to  build  up  the  required 
internal  test  pressure  within  the  shell  and  resistance  head. 
A  cylinder  of  the  proper  size  also  exerts  an  excess  over  pres- 
sure between  the  shell  nose  and  resistance  head  beneath  the 
shell  which  has  a  fluid-tight  joint.  This  press  is  guaranteed 
to  deliver  a  maximum  intensified  pressure  within  the  shell 
chamber  of  18,500  pounds  per  square  inch,  with  variations 
down  to  a  minimum  pressure  of  2000  pounds  per  square  inch. 


The  sealing  pressure  exerted  by  the  upper  clamping  cylinder 
is  approximately  50  per  cent  in  excess  of  the  opposing  intensi- 
fied pressure.  The  arrangement  is  such  that  the  objectionable 
pre-filling  and  emptying  of  shells  outside  of  the  machine  is 
dispensed  with.  The  shell  is  filled  by  immersion  in  the  tank, 
which  is  clearly  shown  in  Fig.  2.  The  shell  is  held  in  an  in- 
verted position  or  with  the  open  end  downward.  When  held 
in  this  way,  there  can  be  no  uncertainty  or  dilBculty  due  to 
confusing  "water  sweat"  resulting  from  porosity,  with  a  leak- 
age or  drip  through  a  defective  seal  or  joint,  as  when  the 
open  end  or  nose  is  at  the  top.  In  order  to  avoid  any  confu- 
sion or  mistakes  of  this  kind,  the  shell  is  placed  in  the  inverted 
position  as  explained.  The  objectionable  trapping  of  air 
within  the  shell  is  avoided,  since  all  parts  of  the  high-pressure 
head  remain  under  water  and  all  displacement  due  to  the 
intensifying  ram  takes  place  beneath  the  water  column.  Abso- 
lute fluid  pressure  readings  are  obtained  only  by  the  elimina- 
tion of  such  air  pockets  within  the  shell  or  gage  ducts. 

The  clamping  pressure  has  been  carefully  calculated  to  avoid 
any  undue  column  stress  on  the  shell  structure.  The  detailed 
view.  Fig.  4,  shows  the  method  which  has  proved  successful 
for  making  the  sealed  joint  at  the  open  end  or  nose  of  the 
shell  when  the  intensified  ram  pressure  is  applied  within  the 
shell  chamber.  The  hardened  tool-steel  ring  A  has  a  V-shaped 
annular  bead  or  ridge  that  engages  the  end  of  the  shell;  the 
latter,   In  turn,  is  held  downward  by  the  over-pressure  from 
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the  clamping  ram 
above.  This  pressure 
is  partially  balanced 
by  the  intensified  col- 
umn pressure  due  to 
the  area  within  the 
sealing  ring.  Beneath 
ring  A,  which  is  sup- 
ported by  the  high- 
pressure  head  C,  there 
is  a  copper  gasket  B, 
which  makes  a  tight 
joint  between  the  high- 
pressure  head  C  and 
ring  A.  The  nose  of 
the  shell  is  centered 
by  ring  D.  The  plunger 
E  or  the  intensifier 
ram,  as  the  result  of 
hydrostatic  pressure  of 
the  lower  cylinder, 
causes  the  built-up 
pressure  within  the 
shell  chamber. 

The  standard  equip- 
ment consists  of  a 
complete  plant,  which 
is  installed  where  no 
hydraulic  power  is 
available.  This  plant 
includes  the  internal 
test  press  referred  to; 
a  triplex  single-acting 
pump;  a  multiple-yoke 
type  of  accumulator; 
and  a  positive-control 
by-pass  valve  to  re- 
lease excess  pump  de- 
livery. When  testing 
a  shell  the  pressure 
should  be  applied  for 
a  period  of  fifteen  sec- 
onds, according  to  the  Ordnance  Department  specifications, 
and  then  the  capacity  of  the  press  is  over  two  shells 
per  minute,  or  an  average  of  800  to  1000  shells  for  a 
ten-honr  period.  The  absolute  rate  of  production  depends 
upon  the  ability  of  the  operators  to  handle  the  shells  in 
placing  them  in  and  removing  them  from  the  press.  The 
displacement  of  water  due  to  one  operating  stroke  or  the 
press  1b  0.6  gallon. 


SHELL  IN  TESTINO  POSITION 


The  working  cylin- 
ders are  alloy  steel 
castings  having  pol- 
ished bores;  they  are 
tested  to  3000  pounds 
per  square  inch.  The 
pull-back  cylinder  is  a 
eteel  casting;  the 
lower  and  upper  main 
rams  are  40  per  cent 
semi-steel,  ground  and 
polished;  the  intensi- 
fier plunger  is  of  tool 
steel,  hardened  and 
ground;  and  the  cross- 
head  carrying  the  in- 
tensifier shell  plunger 
is  a  semi-steel  casting 
with  bronze  bearings. 
The  main  packings 
consist  of  boxes  and 
glands  suitable  for 
square  hemp,  or,  pref- 
erably, hydraulic  pack- 
ing. The  resistance 
head  is  provided  with 
packings  suitable  for 
fluid  -  tight  pressures 
ranging  up  to  18,500 
t>ounds  per  square 
Inch  maximum.  The 
machine  has  a  cast- 
iron  base  and  a  cast- 
iron  pre-filling  tank. 
In  addition  to  the 
No.  1  size  of  press  de- 
scribed in  the  fore- 
going, which  has  a  ca- 
pacity for  all  3-inch 
common  steel  shells  as 
well  as  the  75-millime- 
ter size  within  the  de- 
partment specifications,  the  Metalwood  Mfg.  Co.  also  builds  a  No. 
2  press  which  will  test  4.7-inch  shells  and  corresponding  5-inch 
sizes,  and  also  a  No.  3  press  having  a  testing  capacity  for  155- 
millimeter  shells  and  6-inch  gun  and  howitzer  shells  (Mark 
I  and  II).  The  handling  of  shells  corresponding  to  the  3-inch 
and  75-mIllimeter  sizes  is  accomplished  manually  where  the 
average  10-pound  weight  is  well  within  the  capacity  of  the 
operator.  The  6-inch  and  155-mlllimeter  shells  are  conveyed 
by  a  light  differential  hoist  and  monorail  carriage.  The  filling 
and  emptying  of  the  shells  with  water  is  manipulated  by  a 
segment  clamp  trunnion  provided  with  an  offset  hand-fulcrum. 
The  method  of  handling  155-mllHnieter  shells  with  this  device 
i.s  illustrated  by  the  views  shown  in  Fig.  5. 
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MAUGHLIN  PATTERN  LETTERS 
The  H.  P.  Maughlin  Co.,  Columbus,  Ohio,  has  placed  on  the 
market  a  pattern  letter  having  a  number  of  points  on  the 
under  side,  so  that  it  can  be  attached  permanently  to  a  pat- 
tern. These  letters  are  made  of  a  hard  aluminum  alloy  to 
withstand  severe  usage  and  prevent  the  surface  from  being 
marred,  as,  for  example,  when  they  are  being  driven  into  the 
pattern  or  in  case  they  come  into  contact  with  the  molder's 


chuck  (see  right-hand  view).  The  body  of  this  chuck  is 
formed  of  two  principal  parts,  namely,  the  housing  A  and  the 
back-plate  B.  These  parts,  after  being  machined,  are  forced 
together  and  held  by  screws.  The  housing  may  be  either  a 
steel  or  a  semi-steel  casting,  as  desired,  and  it  is  designed 
and  proportioned  to  give  ample  strength  at  those  points  where 
experience  has  proved  that  strength  is  required.  The  back- 
plate  is  fitted  to  the  finished  surface  inside  the  housing.  The 
spindle  faceplate  is  fastened  to  the  chuck  back-plate  by  three 
screws  C,  which  extend  through  the  chuck  body  as  shown. 
These  bolts,  in  conjunction  with  the  shoulder  D  on  the  chuck, 
which  fits  into  a  corresponding  recess  in  the  faceplate,  hold 
the  chuck  securely  in  position  and  provide  a  rigid  construction. 
Each  jaw  connects  with  a  sector  E,  which,  in  turn,  is  en- 
gaged by  a  cam  bushing  F  attached  to  the  draw-rod  spindle  G, 
the  latter  extending  to  the  air  cylinder  that  operates  the  chuck. 
A  sectional  view  taken  through  the  pin  on  which  sector  E 
swivels  is  shown  in  Fig.  2.  This  illustration  also  shows  the 
arrangement  of  the  chuck  jaw  and  its  slide.  There  is  no  open 
space  around  the  inner  part  of  the  chuck-jaw  slide,  which  has 
a  rigid  backing.  The  jaw  slide  A'  throughout  its  entire  length 
rests  on  both  the  milled  tongue  in  the  wall  of  the  chuck  hous- 
ing and  the  milled  seat  in  the  back-plate;  as  the  latter  extends 
to  the  hole  in  the  center  of  the  chuck,  the  jaw  slide  has  a 
complete  bearing  when  the  chuck  jaw  is  set  at  different  posi- 
tions. These  jaws  are  reversible,  and  master  slides  for  false 
and  special  jaws  can  be  furnished.  The  arrangement  of  the 
jaw  slide  for  holding  the  chuck-jaw  adjusting  screw  for  inde- 
pendent movement  is  a  noteworthy  feature.    The  jaw  slide  is 
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Fig.   1.     American  Double-acting  Air  Cylinder  and  Three-jaw  Universal  Cliaok 


vent  wire.  The  points  are  of  even  length  and  the  letters  or 
figures  can  be  located  temporarily  while  determining  the 
proper  arrangement,  alignment,  spacing,  etc.,  either  on  flat  or 
curved  surfaces. 

The  under  side  of  a  letter  and  a  figure  are  shown  at  A  and 
B  in  the  accompanying  illustration.  The  method  of  applying 
letters  and  numbers  to  a  pattern  is  illustrated  at  C,  one  figure 
being  shown  as  permanently  attached.  The  lower  view  D 
shows  how  a  letter  can  be  applied  to  a  curved  surface.  The 
points  that  are  driven  into  the  pattern  are  so  located  that  they 
hold  all  parts  of  the  letter  or  figure  firmly  in  contact  with  the 
pattern  surface.  When  attaching  a  number  of  letters  or  fig- 
ures at  a  time,  they  may  be  slightly  pressed  Into  the  pattern 
with  the  fingers  after  being  properly  aligned ;  then  a  blow 
from  a  hammer  will  serve  to  drive  one  or  more  letters  at  a 
time  without  dislodging  the  rest. 


AMERICAN  AIR-OPERATED  CHUCK 
An  air-operated  chuck  to  be  known  as  the  "American"  has 
recently  been  placed  on  the  market  by  the  American  Pneu- 
matic Chuck  Co.,  9  S.  Clinton  St.,  Chicago,  111.  This  chuck 
has  been  designed  along  the  lines  of  a  standard  combination 
lathe  chuck  having  the  universal  and  Independent  operating 
features.    Fig.  1  shows  a  cross-sectional  view  of  the  three-jaw 


in  the  back-plate  only  and  does  not  project  through  Into  the 
chuck  housing.  The  adjusting  screw  has  bearings  at  both 
ends  of  the  slide,  so  that  it  is  solidly  and  rigidly  supported. 
The  double-acting  air  cylinder  used  in  conjunction  with  this 
chuck  is  illustrated  at  the  left  in  Fig.  1.  This  air  cylinder 
is  attached  to  the  rear  end  of  the  machine  spindle,  and  it  is 
connected  to  the  chuck  by  draw-rod  H,  which  extends  through 
the  hollow  spindle  and  is  screwed  onto  the  threaded  end  of 
rod  G,  Fig.  1.  This  is 
a  10-inch  cylinder  hav- 
ing a  stroke  of  1  inch. 
The  air  inlets  are  lo- 
cated at  J  and  E.  The 
piston  Is  provided  with 
self-contained  springs  L 
to  keep  the  piston  pack- 
ing against  the  surface 
of  the  spindle  and  elimi- 
nate hand  adjustment  as 
well  as  leakage,  so  that 
the  full  air  pressure  Is 
utilized  and  the  air  con- 
sumption reduced  to  a 
minimum.     The   design       „,     „     „    .,      .,.       ^  «    ,_  . 
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quiring  packing  are  easy  of  access.  "When  air  is  admitted 
to  the  cylinder,  cam  bushing  F  (Fig.  1)  is  drawn  back  and, 
as  sector  levers  E  travel  with  it,  they  operate  the  three  jaws 
universally.  The  gripping  power  due  to  the  3  to  1  leverage 
of  the  sectors  is  considerably  increased  by  the  wedging  action 
of  the  cam  surfaces  acting  upon  the  ends  of  the  levers.  When 
the  chuck  jaws  are  properly  adjusted  for  a  given  diameter 
of  work,  each  sector  lever  is  forced  up  the  face  of  the  cam 
until  it  reaches  the  straight  surface  of  the  cam  bushing,  when 
the  jaws  are  locked  upon  the  work  and  the  latter  is  held 
firmly,  even  though  the  air  pressure  may  be  released.  The 
chuck  has  been  so  designed  that  if  it  is  not  desired  to  operate 
it  pneumatically,  the  air  mechanism  can  be  locked  and  the 
chuck  used  as  an  independent  hand-operated  type.  This  style 
of  chuck  is  also  made  in  the  two-jaw  design,  which  is  operated 
in  the  same  way  as  the  three-jaw  type.  Both  designs  are  made 
in  standard  sizes  of  6V2  inches,  8  inches,  10  inches,  12  inches, 
and  15  inches  in  diameter.  The  Neidow  &  Payson  Co.,  9  S. 
Clinton  St.,  Chicago,  111.,  is  the  selling  agent  for  the  Ameri- 
can Pneumatic  Chuck  Co.'s  products. 


GATES  DIAL  INDICATOR 

The  dial  indicator  which  is  made  by  B.  L.  Gates,  125  S. 
Wells  St.,  Chicago,  111.,  is  intended  for  setting  up  work  on 
machines  and  for  the  other  purposes  which  indicators  of  this 
class  are  generally  used  for.  This  indicator  is  so  arranged 
that  the  dial  is  always  visible  to  the  workman,  so  that  it  is 
unnecessary  to  walk  around  a  machine  when  setting  a  jig 


Gates  Dl&l  Indicator  applied  to  Machine  Spindle  and  to  Surface  Gage 

button  or  other  part  In  alignment  with  a  spindle  to  which  the 
indicator  Is  attached.  The  view  to  the  left  In  the  accompany- 
ing llluBtration  shows  the  position  of  the  dial  while  It  Is 
being  used  for  truing  a  button.  As  the  dial  Is  in  a  horizontal 
position,  It  remains  visible  as  the  spindle  revolves  and  a  look- 
ing glass  Is  not  rciulred  to  show  variations  in  the  movement 
of  the  Indicating  hand.  The  dial  is  graduated  to  road  to  thou- 
sandths Inch,  the  graduation  figures  giving  a  direct  reading  up 
to  0.130  Inch.  This  Indicator  may,  of  course,  be  applied  to  a 
Horface  gage  as  the  Illustration  shows,  or  It  may  be  used  In 
conjunction  with  limit  gages  and  other  forms  of  mcnRurIng 
tools. 


COOPER  UNIVERSAL  JOINT 

The  universal  Joint  shown  In  Fig.  1  Is  manufactured  by  the 
Cooper  Flexible  Transmission  Co  ,  Inc.,  8th  Ave.  and  ISth  St., 

Brooklyn.    N.    Y. 

This  joint  was  dc- 
Hignod  for  Iho  gon- 
iriil  machine  Inidc, 
;ind  It  Is  miiiiiiriii' 
lurod  In  varioiiH 
Mtock  sizos.  Thori 
iir«  no  sharp  rnr 
nnrH  or  projurtlons 
on    this   Joint,   and 
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Fig.    2.     Component   Parts   of   Cooper   Tlniversal   Joint 

concentric  with  the  shaft.  The  construction  will  be  more 
apparent  by  referring  to  Fig.  2.  The  drive  from  the  ball 
to  the  socket  is  by  means  of  two  "cross-heads,"  each  of  which 
has  a  pin  which  fits  into  a  hole  extending  through  the  ball. 
The  main  purpose  of  these  pins  is  to  guide  the  cross-heads 
and  to  keep  them  central.  These  pins  are  subjected  to  some 
load,  but  the  main  drive  between  the  ball  and  cross-heads 
is  where  the  flat  under  side  of  each  cross-head  rests  on  the 
face  at  the  side  of  the  ball.  The  cross-heads  engage  the  slots 
in  the  socket  when  the  joint  is  assembled. 

One  half  of  the  ball  is  engaged  by  the  socket  at  all  angles, 
which  allows  for  any  thrust  that  may  be  encountered.  The 
cross-heads  are  subjected  only  to  the  torsional  stresses,  so  that 
the  thrust  is  transmitted  directly  from  the  ball  to  the  socket, 
there  being  no  intermediate  parts  to  be  strained.  The  four 
parts  of  the  joint  are  held  in  position  by  an  outer  shell,  which 
is  forced  into  place  after  assembling  the  joint,  and  no  screws 
or  rivets  enter  into  the  construction.  The  outer  sleeve  is  se- 
cured by  pressing  the  end  into  a  groove  previously  turned  in 
the  socket  member.  This  construction  enables  the  joint  to 
resist  any  tension  ordinarily  encountered.  The  most  im- 
portant function  of  the  outer  shell  is  the  forming  of  an  oil 
receptacle  to  insure  adequate  lubrication  when  the  joint  is  In 
a  vertical  position  or  inclined  from  the  horizontal.  All  wear- 
ing parts  are  heat-treated  and  casehardened  by  the  most  ap- 
proved methods.  The  angle  is  limited  to  30  degrees,  as  it 
has  been  found  by  experiment  that  any  angle  exceeding  30 
degrees  causes  absorption  of  power  and  wear  out  of  all  pro- 
portion to  the  results  obtained. 


HEINKEL    GEARLESS    MULTIPLE-SPINDLE 
DRILLING   HEADS 

Multiple-spindle  drilling  heads  of  the  gearless  type,  as  shown 
in  Figs.  1  to  3.  Inclusive,  are  now  being  raimufiictured  by  the 
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Heinkel  Machine  Tool  Co., 
Sandusky,  Ohio.  Fig.  1  shows 
two  views  of  a  four-spindle 
drilling  head  of  the  adjustable 
type.  The  spindles  may  be 
adjusted  to  any  center  dis- 
tance within  the  range  of  the 
head  while  the  machine  is 
running,  so  that  the  operator 
has  a  better  opportunity  for 
accurately  locating  the  drills 
in  jig  bushings.  When  this 
head  is  adjusted,  it  may  be 
locked  rigidly  in  position. 
Fig.  2  shows  an  eight- 
spindle  drilling  head  of  the 
fixed-center  type.  This  design 
is  intended  for  drilling  large 
numbers  of  duplicate  parts. 
The  construction  of  the  fixed- 
center  type  is  illustrated  by 
the  sectional  view  in  Fig. 
3.  The  head  is  fastened  to 
the  sleeve  or  quill  of  the  drill- 
ing machine  by  clamp  screw 
A,  and  it  is  prevented  from 
slipping  upward  under  the 
drilling  strain  by  stop  B, 
which  bears  against  the  bot- 
tom of  the  rack.  The  annular 
ball  bearing  C  provides  extra 
support  for  the  head  and  the 
drill  press  spindle.  The  drive 
from  the  machine  spindle  is  through  the  hardened  and  ground 
taper  shank  D.  which  has  a  crank  on  the  lower  end.  This  crank 
has  an  annular  ball  bearing  E  mounted  on  it.  Bearing  E  is 
contained  within  the  driving  plate  F,  which  is  carried  around 
or  OBCiUates  when  the  taper  shank  revolves.  The  hardened 
and  ground  steel  bushings  G  are  inserted  in  the  driving  plate 
F,  and  the  hardened  and  ground  cranks  H  are  a  running  fit 
in  these  bushings.  The  spindles  J  on  which  cranks  H  are 
formed  are  provided  with  a  bronze  bearing  K  and  also  an 

annular  ball  bearing  L. 
In  addition,  a  ball  thrust 
bearing  .If  is  mounted 
on  each  spindle  and  is 
locked  in  place  with  the 
proper  degree  of  end 
clearance  by  the  nut  N, 
which  cannot  slip  and 
cause  tightening  of  the 
thrust  bearings.  The 
oscillating  motion  of  the 
driving  plate  /•'.  result- 
ing from  the  rotation 
of  the  crank  on  taper 
shank  D,  causes  spin- 
dles J  to  revolve,  the 
driving  plate  serving 
practically  the  same 
purpose  as  a  connecting- 
rod.  The  hardened  steel 
plug  P  Is  used  for  driv- 
ing the  taper  shank 
tight  into  the  drilling 
machine  spindle. 

The  head  is  oil-tight 
and  entirely  enclosed  to 
prevent  the  entrance  of 
dirt  or  dust.  It  Is 
packed  with  grease  in 
chamber  R  and  needs 
only  occasional  atten- 
tion from  the  operator, 
as,  for  example,  when 
ri».  3.    sactionai  viow  of  Driu  Hoad  chambor  H  ncods  reflll- 
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ing.  The  lubrication  is  automatic,  as  the  ball  bearings  L  con- 
vey grease  from  the  chamber  to  the  bronze  bearings  K,  which 
are  provided  with  oil-grooves.  These  grooves,  in  turn,  allow 
sufficient  lubricant  to  pass  down  to  the  thrust  bearings.  This 
drilling'  head  was  made  as  simple  in  design  and  construction 
as  possible,  in  order  to  eliminate  the  breaking  of  parts  and 
reduce  the  wear  and  upkeep  expense  to  a  minimum.  The 
claim  made  for  the  crank  method  of  driving  is  that  it  is  abso- 
lutely positive;  eliminates  gears  entirely;  provides  for  closer 
center  distances,  quiet  operation,  lighter  and  smaller  heads, 
both  in  over-all  length  and  diameter,  and  a  smaller  loss  of 
driving  power  through  bearing  friction. 


RIVETT  NO.  106  INTERNAL  GRINDER 
The  Rivett  Lathe  &  Grinder  Co.,  20  Riverview  Road, 
Brighton,  Boston,  Mass.,  is  now  manufacturing  a  heavy-duty 
large  capacity  internal  grinding  machine  which  is  designed 
along  the  same  general  lines  as  the  No.  103  internal  grinder. 
The  new  machine  is  known  as  the  "Xo.  106  automatic  internal 
grinder,"  and  it  is  suitable  for  manufacturing  purposes  where 
the  work  is  comparatively  heavy  and  the  amount  of  metal  to 
be  removed  above  the  average.  This  grinder  is  also  particu- 
larly adapted  for  precision  work  in  the  tool-room  or  experi- 
mental department,  as  the  necessary  adjustments  for  handling 
a  large  variety  of  work  can  be  made  readily. 

This  machine  is  driven  by  four  belts,  which  are  used  to  drive 
the  wheel-spindle,  the  work-carrying  head,  the  internal  mech- 


Rivett    Mo.    106    Internal    Grinder    designed    for    Heavy    Duty    and    for 
Manufacturing  Purposes 

anism  of  the  machine,  and  the  water  pump.  The  main  belt 
connects  with  a  three-step  cone  pulley,  which,  in  conjunction 
with  a  set  of  change-gears  having  six  combinations,  gives  a 
variety  of  eighteen  speeds  for  tlie  work-carrying  table.  The 
reciprocating  motion  of  the  table  is  derived  from  a  heart- 
shaped  cam  which  gives  a  variable  rate  of  travel  with  a  maxi- 
mum at  both  ends  of  the  stroke  and  a  minimum  at  the  center. 
The  object  of  this  varying  rate  of  travel  Is  to  overcome  any 
tendency  of  the  machine  to  grind  holes  bell-mouthed.  The 
wheel-spindle  is  carried  by  a  heavy  bracket,  which  Is  adjustable 
tor  position  on  a  cross-slide,  and  thi.s  is  mounted  on  a  rross- 
slide  table.  This  bracket  also  carries  the  wheolspindlc  coun- 
tershaft. The  proper  belt  tension  Is  maintained  by  a  self- 
adjusting  bolt  tightener. 

The  grinding  wheel  may  bo  adjusted  for  depth  of  cut  either 
by  hand  or  by  the  automatic  cross-feed  inechanlam.  Both  the 
grinding  wheel  and  the  countershaft  spindles  are  provided 
with   ball  beorlngs,  so  that  they  ore  suitable  tor  high  speed 
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operation.  The  work-carrying  head  is  mounted  on  a  sliding 
shoe  and  arranged  to  swivel  up  to  90  degrees.  This  head  is 
driven  direct  from  a  drum  on  the  overhead  countershaft.  The 
spindle  construction  is  exceptionally  heavy,  and  adjustable 
taper  steel  bearings  are  provided.  Rivett  chucks  of  the  collet 
or  step  types  may  be  used  in  addition  to  a  faceplate  or  chuck- 
plate  for  holding  either  a  standard  three-  or  four-jaw  chuck 
or  some  special  chucking  fixture. 

The  length  of  the  stroke  of  the  work-carrying  table  is  regu- 
lated by  means  of  a  crank  on  the  front  of  the  base,  which 
provides  stroke  adjustments  varying  from  1/4  to  8  inches.  To 
facilitate  measuring  or  gaging  the  work,  the  table  may  be  dis- 
connected at  any  time  from  the  reciprocating  mechanism  and 
be  returned  to  its  original  position  without  interfering  with 
any  adjustment.  The  grinder  is  provided  with  a  rack  and 
pinion,  and  is  equipped  with  a  pilot  wheel  for  rapid  move- 
ments of  the  work-table.  This  machine  will  swing  a  diameter 
of  14%  inches  over  the  table,  and  it  has  a  grinding  capacity 
for  diameters  varying  from  1/4  to  8  inches.  The  net  weight 
of  the  machine  is  3000  pounds.  The  regular  standard  equip- 
ment includes  a  complete  water  attachment,  an  overhead  ball 
bearing  countershaft,  a  heavy  work-head  or  wheel-spindle  with 
three  arbors,  a  light  work-head  or  wheel-spindle  with  three 
arbors,  a  bracket  for  a  diamond  holder,  a  5-inch  chuck-plate, 
six  canvas  belts  for  the  wheel-spindle,  and  a  gallon  can  of 
special  spindle  oil. 


TRIAD  COMBINATION  HARDENING,  PRE- 
HEATING AND  TEMPERING  FURNACE 
The  advantage  of  preheating  both  carbon  and  high-speed 
steels  is  constantly  being  more  generally  recognized  both  in 
this  country  and  abroad.  The  general  method  of  treating  high- 
speed steel  tools  is  to  first  preheat  the  steel  in  a  furnace  to 
about  1500  degrees  F.  The  steel  is  then  removed  and  placed 
in  another  furnace  already  heated  to  a  temperature  varying 
from  2200  to  2350  degrees  F.  The  steel  is  next  quenched  and 
cooled  from  a  high  temperature  and  then  the  temper  is  drawn 
by  means  of  an  oil  bath,  lead  bath,  or  dry  heat.  This  process 
requires  the  installation  and  operation  of  three  separate  heat- 
ing units,  and  even  though  the  primary  cost  of  installation 
is  not  considered,  the  extra  cost  for  the  fuel  consumed  by 
these  three  units  is  an  item  which  should  not  be  ignored. 
The  Triad  furnace,  which  has  been  developed  and  placed 
on  the  market  by  the  Bennett  Metal  Treating  Co.,  Elmwood, 


Conn.,  serves  a  threefold  purpose  in  that  it  is  adapted  for  pre- 
heating, high-temperature  heating,  and  heating  for  drawing 
the  temper.  This  furnace  operates  with  but  one  burner,  and 
is  so  constructed  that  the  three  heating  processes  can  be  car- 
ried on  simultaneously.  It  has  three  chambers  located  one 
above  the  other.  The  high-temperature  heating  is  done  in 
the  lower  chamber,  the  preheating  of  steel  in  the  intermediate 
chamber,  and  the  tempering  in  the  top  chamber.  With  this 
arrangement,  it  is  claimed  that  the  fuel  consumed  for  heating 
all  three  compartments  is  scarcely  greater  than  would  be 
required  for  a  single  high-speed  steel  furnace,  since  the  waste 
heat  is  utilized  for  preheating  and  tempering.  The  furnace 
operates  satisfactorily  with  either  fuel  oil  or  gas. 

The  furnace  is  cylindrical  in  shape,  to  insure  uniform  tem- 
peratures and  obviate  cold  corners.  The  interior  of  the  fur- 
nace is  about  12  inches  in  diameter.  The  lower  compartment 
has  a  base  brick  and  a  double-lined  wall  of  firebrick,  each  hav- 
ing a  thickness  of  4  inches.  The  intermediate  chamber  is  ap- 
proximately the  same  shape  and  size  as  the  lower  one,  and 
has  top  and  bottom  slabs  and  insulating  walls,  which  are  also 
4  inches  thick.  This  chamber  is  intended  for  temperatures 
up  to  1500  degrees  F.  and,  as  previously  mentioned,  is  used 
for  preheating.  One  important  advantage  in  having  the  pre- 
heating compartment  so  close  to  the  high-temperature  com- 
partment is  that  the  work  may  be  transferred  quickly  from 
one  part  of  the  furnace  to  the  other  without  injuring  it  by 
oxidation.  The  heat  arising  from  the  open  door  of  the  lower 
compartment  serves  to  protect  the  heated  steel  as  it  is  trans- 
ferred from  the  intermediate  or  preheating  chamber  down  to 
the  lower  one. 

The  bottom  of  the  upper  or  tempering  chamber  consists  of 
a  steel  plate  located  one  inch  above  the  top  firebrick  slab  of 
the  intermediate  chamber.  The  excess  heat  from  the  pre- 
heating chamber  passes  through  the  upper  slab  and  heats  the 
plate  referred  to.  As  the  excess  heat  is  frequently  greater 
than  is  required  for  tempering,  this  is  regulated  by  a  valve 
and  mercury  air  gage.  It  is  claimed  that  sufficient  heat  for 
hardening  tool  steel  can  be  obtained  in  the  lower  compart- 
ment of  this  furnace  in  ten  minutes  from  the  time  the  cold 
furnace  is  started.  The  time  specified  for  obtaining  a  hard- 
ening heat  for  high-speed  steel  from  a  cold  start  is  twenty 
minutes.  When  heating  a  3-  by  %-inch  milling  cutter,  the  time 
required  to  increase  the  temperature  from  a  preheat  of  1500 
degrees  F.  to  2250  degrees  F.  is  two  minutes,  thirty  seconds. 

According  to  the  manufacturer,  steel  may  be  heated  in  either 
the  intermediate  or  lower  chamber  under  absolutely  reducing 
atmospheric  conditions,  thus  preventing  pitting  or  scaling. 
The  temperatures  in  both  the  intermediate  and  lower  com- 
partments are  determined  by  a  pyrometer.  The  drawing  tem- 
perature In  the  top  compartment  is  indicated  by  a  thermometer. 
As  the  illustration  shows,  the  two  upper  sections  of  the 
furnace  are  equipped  with  handles.  These  are  provided  so 
that  if  the  lining  ol'  the  lower  compartment  should  require 
repair  nr  renewal,  the  upper  sections  may  readily  be  removed 
without  waiting  for  the  furnace  to  cool.  The  doors  of  the 
different  compartments  are  In  sections,  so  that  a  narrow  or 
wide  opening  may  be  obtained,  according  to  the  requirements. 
The  weight  of  the  ftirnace  complete  Is  750  pounds. 


Trt.^  Tnn»v  wtilo*  !•  a^itrU^  for  Pr>)w>(la(.  Rlfb-lamiwraliira  nMilni. 
•  n't  ll«ailiig  for  (Irawlnfl  Tiimp«r 
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Taper  Gage:  Diivln  Tool  Cii.,  Cli'vi'liind,  Olili).  TiipiT  plugR. 
iti-  ,  can  lie  leHted  with  thin  KUKc.  wlilcli  has  u  Vblock  nmunled 
(in  tliii  liaKii  and  iiii  iiilJuHlalile  liliiile  above  the  renter  of  the 
\' block,  wlilrh  Ib  held  In  tlic  re(|iilri<d  position  by  nieauB  of 
two  knurled  nutn.  TIiIh  KUKe  Ih  iiiiiile  In  viirlouM  Rl/en,  and 
.ilnri  witli  HtopH  to  Indlriile  the  priipcr  lenKlli  iM'  taper. 

Quick-acting  Vlie:  NnHtcir  MfK-  Co..  40  W.  l.'tlh  St.,  New 
York  City.  Vine  which  may  Im  applied  In  drllllnK  or  milling 
MiiicJilneH  or  to  tlio  fnceplnto  of  n  lathe.  II  In  niiiiln  In  throe 
mI/.on,  tlin  HninlleHt  of  which  hnR  a  niaxlniuni  iipcnlnK  of  2% 
liirlieH.  anil  llie  larKeHt,  a  inaxlniiiin  npeniiiK  of  (I  InrheR. 
FlanReH  extdnilInK  around  tlio  RiduH  iind  end  are  nun'lilnod 
Rqiwire.  M(i  Hint  thn  vIho  may  bo  hold  on  either  tlin  Hide  nr  end 
If  dOHlrnd. 

Pipe  VIm:  nnrolo  Mf(i.  ('o..  Old  Colony  HldK..  ClileHijo,  III. 
rortnlilo    plpo    vino    which    ran    bo    mounted    rnnillly    whorovor 
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required  on  any  kind  of  a  horizontal  or  vertical  support  and 
without  the  use  of  bolts.  Any  size  of  pipe  or  conduit  within 
the  capacity  of  the  vise  is  securely  held  by  the  slight  push  of  a 
lever,  no  previous  adjustment  being  necessary.  The  pipe  is 
gripped  between  a  double  set  of  steel  pipe  jaws  and  a  heavy 
close-linked  steel  chain. 

Magnetic  Brake:  Westinghouse  Electric  &  Mfg.  Co.,  East 
Pittsburg,  Pa.  Mill  and  hoist  motor  magnetic  brake  made  in 
two  styles  for  alternating  and  direct-current  motors.  The 
construction  of  the  two  types  is  similar  except  for  the  arma- 
ture lever  and  magnet,  which  is  of  the  clapper  type.  When 
the  current  is  turned  on,  the  magnet  is  energized  and  the 
armature  lever  overcomes  the  pressure  of  compression  springs 
through  a  toggle  and  releases  the  brake  shoe  grip  upon  the 
wheel. 

Grinding  Machine  for  Valves  and  Re-seating  Tools:  Currler- 
Koeth  Mfg.  Co.,  Coudersport,  Pa.  A  machine  adapted  for 
truing  the  poppet  valves  of  gasoline  engines  or  for  grinding 
the  cutters  used  for  truing  the  valve  seats.  The  grinding 
wheel  is  dressed  to  the  proper  angle  by  a  special  fixture,  and 
the  axis  of  the  valve  or  reseating  tool  is  parallel  with  the 
wheel-spindle  while  being  ground.  The  work-  and  wheel- 
spindles  are  connected  by  gearing  having  a  ratio  of  14  to  1. 
The  feed  is  controlled  by  a  micrometer  screw. 

Electrically  Driven  Drill  and  Grinder:  Gilfillan  Bros.  Smelt- 
ing &  Refining  Co.,  Los  Angeles,  Cal.  Portable  electrically 
driven  drill  provided  with  ball  bearings  throughout.  It  is 
equipped  with  gears  and  has  two  speeds  ranging  from  400 
revolutions  per  minute  on  low  speed  to  700  revolutions  per 
minute  on  high  speed.  This  concern  also  manufactures  a  tool- 
post  type  of  grinder  adapted  for  use  on  lathes.  It  is  provided 
with  a  6-  by  %-inch  wheel  and  an  extension  mandrel  for  in- 
ternal grinding  fitted  with  a  IVo-  by  %-inch  wheel. 

Storage  Battery  Truck  and  Tractor:  Elwell-Parker  Electric 
Co.,  Cleveland,  Ohio.  The  truck  is  equipped  with  a  revolving 
jib  crane  having  a  capacity  of  1000  pounds  and  a  maximum 
reach  of  48  inches.  The  truck  can  also  be  used  as  a  tractor. 
A  tractor  is  also  built  by  this  company  intended  for  medium 
surfaces  and  having  a  single  front  wheel.  The  tractor  has  a 
normal  draw-bar  pull  of  300  pounds  and  a  maximum  pull  of 
850  pounds.  The  speed  without  load  is  625  feet  per  minute. 
Both  the  truck  and  tractor  have  a  single  reduction  worm  drive. 

Cylinder  Reboring  Tool:  Universal  Tool  Co.,  Detroit,  Mich. 
This  tool  may  be  hand-operated  or  used  in  conjunction  with  a 
drilling  machine  and  it  is  made  in  several  sizes,  suitable  for 
reboring  cylinders  of  automobile  engines,  etc.  Each  tool  may 
be  adjusted  for  different  diameters,  the  No.  2  size  having  a 
range  of  expansion  from  2  1/2  to  3  1/4  inches,  and  the  No.  5 
size  from  21/2  to  5  1/16  inches.  The  cutter-head  is  equipped 
with  six  cutters,  which  may  readily  be  adjusted  in  unison. 
The  feed  mechanism  is  so  arranged  that  the  feeding  move- 
ment may  be  varied  from  6  to  30  turns  to  the  inch. 

Electric  Spout  Welding  Machine:  Thomson  Electric  Weld- 
ing Co.,  Lynn,  Mass.  This  ma<hine  is  arranged  especially  for 
welding  spouts  that  are  stamped  in  halves.  These  halves  are 
held  together  in  a  special  form  of  copper  die  and  the  project- 
ing edges  of  the  spout  are  brought  into  contact  with  a  revolv- 
ing vertical  die  extending  through  the  top  of  the  machine 
table,  which  is  made  of  copper.  The  current  passes  through 
this  plate  and  then  through  the  copper  die  and  projecting 
edges  of  the  spout  and  the  revolving  vertical  die.  In  this 
way,  the  spout  edges  are  rapidly  heated,  and  a  slight  pressure 
serves  to  force  them  down  practically  flush  as  they  are  welded. 

Electric  Seam-welding  Machine:  Thomson  Electric  Weld- 
ing Co.,  Lynn,  Mass.  Line  of  machines  for  welding  seams  in 
sheet  iron  and  steel.  There  are  two  distinct  types,  one  being 
driven  through  a  motor,  toothed  clutch  and  worm,  while  the 
other  Is  supplied  with  a  speed  reducer  and  crank  mechanism. 
Both  types  liave  traveling  upper  dies,  while  practically  any 
form  of  lower  die  or  jig  suitable  for  cylindrical  or  cone-shaped 
work  can  be  applied.  One  machine  is  Intended  primarily  for 
welding  longitudinal  seams  on  cans,  flat  pieces,  rectangular 
shapes  such  as  metal  boxes,  etc.,  and  the  other  is  used  for 
welding  cans,  stove  burners,  match  boxes,  revolver  magazines, 
and  similar  parts. 

Universal  Turret  Lathe:  Acme  Machine  Tool  Co.,  Cincin- 
nati, Ohio.  This  niaclilne  has  a  capacity  for  round  bar  stock 
up  to  :', i.j  Inches  In  diameter  and  for  chuik  work  up  to  17 
Inclu'.M  In  diameter.  A  carriage  between  llio  turret  slide  and 
hcadstock  may  bo  used  to  advantage  on  olthor  chuck  or  bar 
work.  The  machine  has  centralized  control,  all  operating 
levers  being  conveniently  locaterl.  The  geared  head  Is  ar- 
ranged to  give  nine  speed  changes,  varying  from  14  to  280 
rovolullonB  per  minute.  Tlieso  •■hangcs  may  bo  made  without 
stopping  tho  spindle  and  are  lonlrollcd  by  two  levers  Tlio 
turret  Is  the  flat  typo  and  has  a  crosH-slldo.  Both  the  side 
carriage  and  turret  have  power  feed  for  Die  cross  and  longl- 
tiidlnnl  movements.  The  simplex  roller  feed  for  bar  stock  la 
operated  by  the  same  lever  that  I'ontrols  the  chuck.  A  chasing 
attachment  Is  furnlslieil  with  the  mnchino  and  a  taper  iillarli- 
ment  may  bo  applied. 


HELPING   UNCLE   SAM 

The  Ordnance  Department,  Motor  Equipment  Section,  Pro- 
curement Division,  6th  and  B  Sts.,  N.W.,  Washington,  D.  C, 
has  announced  that  catalogues  from  all  automobile  manufac- 
turers, as  well  as  from  automobile  accessory  manufacturers, 
are  required  by  the  section.  Manufacturers,  therefore,  can 
render  a  service  to  the  Government  by  sending  such  catalogues 
directly  to  the  department. 


The  Bureau  of  Ordnance,  Navy  Department,  is  in  need  of 
draftsmen  who  have  had  a  number  of  years  of  drafting-room 
experience  and  who  are  competent  designers  of  heavy  ma- 
chinery, engines,  or  shop  tools.  The  pay  ranges  from  $4  to 
$6.88  per  day,  depending  upon  the  qualifications  of  the  drafts- 
man. Additional  information  may  be  had  by  addressing  the 
Commandant  and  Superintendent,  Navy  Gun  Factory,  Navy 
Yard,  Washington,  D.  C.  The  Federal  Civil  Service  Commis- 
sion, Washington,  D.  C,  also  requires  mechanical  and  struc- 
tural steel  draftsmen  for  the  government  service  as  ship 
draftsmen.  There  is  a  great  scarcity  of  ship  draftsmen  to 
carry  out  the  government  ship  building  program. 


The  United  States  Employment  Service  of  the  Department 
of  Labor,  Washington,  D.  C,  is  calling  for  250,000  men  suit- 
able for  work  in  shipbuilding  yards.  It  is  desired  to  bring 
men  from  parts  of  the  country  and  from  industries  where 
employment  is  scarce  to  the  seaboard  where  employment  is 
plentiful,  so  as  to  prevent  one  shipyard  taking  men  from  an- 
other. Men  who  wish  to  enroll  as  shipyard  workers  should 
notify  the  Public  Service  Reserve,  Department  of  Labor,  Wash- 
ington, D.  C,  to  that  effect.  The  classes  of  men  that  are 
wanted  in  the  mechanical  fields  are  oxy-acetylene  and  elec- 
trical welders,  blacksmiths,  drop-forge  men,  flange  turners, 
furnace  men,  boilermakers,  chippers  and  calkers,  electric  crane 
operators,  foundry  workers,  templet  makers,  machinists,  ma- 
chine hands  and  helpers,  sheet  metal  workers,  structural  iron 
workers,  and  laborers  of  all  kinds. 

Several  thousand  men  are  also  required  for  what  is  to  be 
known  as  the  Motor  Mechanics  Regiment,  in  which  are  to 
be  enlisted  automobile  and  gas  engine  men  who  understand 
manufacturing  and  repair  work  on  high-class  gasoline  engines. 
This  regiment  will  include  not  only  gas  engine  mechanics  but 
also  blacksmiths,  oxy-acetylene  welders,  wheelwrights,  and 
skilled  machinists  of  all  classes.  Men  who  would  like  to 
enlist  in  this  force  should  apply  to  the  nearest  Army  recruit- 
ing station.  More  than  50  per  cent  of  the  men  so  enlisted  will 
rank  as  non-commissioned  officers  with  rates  of  pay  ranging 
up  to  $100  a  month  for  those  especially  qualified,  plus  a  family 
allowance  for  dependents  ranging  from  $5  to  $50  a  month. 
The  work  will  consist  mainly  in  repairing  airplane  engines. 
Such  men  are  scarce,  and  it  is  expected  that  most  of  the  men 
who  enlist  will  be  from  eighteen  to  twenty  years  of  age.  Men 
of  draft  age  cannot  enlist. 

•     *     • 
FEBRUARY  MEETING  OF   A.    S.    M.    E. 

At  the  February  meeting  of  the  New  York  section  of  the 
American  Society  of  Mechanical  Engineers,  held  at  the  Engi- 
neering Societies  BIdg.,  29  W.  39th  St.,  New  York  City,  Feb- 
ruary 21,  the  subject  of  nonessential  industries  was  discussed. 
A  number  of  speakers  representing  various  industries  that  are 
generally  considered  nonessential  had  been  invited  to  present 
the  case  of  their  particular  line  of  endeavor  and  to  show  how 
their  industries  might  be  diverted  during  the  period  of  the 
war  to  the  manufacture  of  articles  that  are  required  in  the 
prosecution  of  the  war.  The  meeting  passed  a  resolution  to 
re(iuest  the  council  of  the  society  to  appoint  a  committee  to 
aid  manufacturers  In  gradually  converting  plants  manufactur- 
ing nonessentials  Into  plants  manufacturing  something  abso- 
lutely necessary  for  tho  nation  In  war  time.  The  dimcultles 
of  the  small  nianufn<turor  In  obtaining  contracts  for  war  work 
were  pointed  out.  the  Ooveninient  preferring  to  give  out  con 
tracts  to  largo  firms  only.  This  keeps  Idle  a  great  number  of 
sninll  plants  that  could  do  very  useful  work. 


662 


MACHINERY 


March,  1918 


SAFEGUARDING  WAR  INDUSTRIES   FROM 
ENEMIES   WITHIN 
The  National  Americanization  Committee,   29   W.  39tli  St., 
New  York  City,  has  issued  a  number  of  rules  which  should  be 
observed  by  American  industries,  particularly  those  making 
munitions  or  which  are  vital  to  the  conduct  o£  the  war.     The 
observation  of  these  rules  (given  below)  would  be,  no  doubt, 
of  value  in  safeguarding  against  the  efforts  of  our  enemies. 
Take  a  census  of  the  personnel  and  keep  thereafter  a  cur- 
rent   registration,    dividing    all    workers    into   six   groups: 
Native-born,  naturalized,  first  papers,  second  papers,  alien 
enemies,  all  others.    All  subjects  of  the  Central  Powers  as 
well  as  all  other  aliens  without  first  or  second  papers,  in- 
cluding both  men   and  women,   should   be  classified  as  of 
"doubtful  loyalty"  from  a  safety  viewpoint. 

Make  an  analysis  of  the  physical  conditions  of  the  plant, 
then  chart  or  map  the  location  of  the  vulnerable  points, 
noting  particularly  places  where  fire  and  explosions  will  do 
the  most  damage,  where  lights  are  important,  where  switch- 
boards are  placed,  and  where  water  supply  hydrants  are 
located.  The  location  of  indispensable  and  delicate  machin- 
ery which  can  be  easily  injured  and  which  is  difficult  to  re- 
place should  also  be  noted.  Include  in  this  analysis  the 
routing  of  products  to  local  shipping  points,  to  ascertain 
where  they  can  be  most  easily  tampered  with. 

Ascertain  how  each  vulnerable  spot  is  protected  and  how 
it  is  manned,  and  then  gradually  shift  into  these  places  only 
native-born  men  and  women,  who  are  in  sympathy  with 
present  war  policies,  at  the  best  possible  rate  of  pay. 

Provide  only  those  of  native  birth  to  act  as  guards  and 
sentinels,  and  place  them  in  accordance  with  the  results  of 
this  analysis,  both  as  to  the  plant  conditions  and  the  distri- 
bution of  employes. 

Secure  only  those  of  native  birth  to  act  as  watchmen, 
pay  them  the  best  possible  wage  rates,  and  constantly  re- 
move all  causes  for  dissatisfaction. 

Do  not  issue  a  general  tag  or  number  to  foreign-born 
workmen  which  entitles  them  to  visit  at  will  different  de- 
partments of  the  plant.  The  man  who  can  do  little  damage 
when  carefully  placed,  may  be  a  good  risk,  but  may  prove 
dangerous  if  allowed  to  roam  about  the  plant.  Place  re- 
strictions on  bringing  packages  into  the  plant  and  locate 
lunchrooms  away  from  danger  zones  or  vulnerable  spots. 
Require  credentials  and  verify  them,  and  see  that  visitors 
are  permitted  to  go  only  to  the  places  intended.  Escort 
them  in,  stay  with  them,  and  see  them  out. 

Decrease  the  labor  turnover  in  every  possible  way  so  as 
to  keep  down  the  number  of  new  men  and  women  taken 
into  the  plant.  Find  out  as  much  as  possible  about  all  new 
employes  and  keep  the  information  up  to  date. 

Appoint  some  employe  as  an  Americanization  captain  who 
understands  the  alien.  Give  him  a  committee  of  leaders  of 
the  foreign-born  if  he  wants  one.  It  will  be  his  duty  to  get 
in  touch  with  the  foreign-born  employes,  take  some  interest 


SUNDERLAND    SPUR    AND    SPIRAL    GEAR 
PLANERS 

The  Sunderland  generating  type  of  spur-gear  planer  which 
was  described  in  Machijjeby,  February,  1910,  has  been  re- 
designed, and  (according  to  a  recent  description  in  Engineer- 
ing) is  now  constructed  tor  cutting  either  spur  or  spiral  gears. 
The  spiral  gear  planer  operates  on  the  same  general  principle 
as  the  one  used  for  spur  gears,  but  the  cutter-slide  is  mounted 
on  a  swiveling  base  so  that  it  may  be  set  to  conform  with 
the  helix  angle  of  the  gear.  A  general  view  of  the  spiral  gear 
planer  is  shown  in  Fig.  1.  The  gear  teeth  are  generated  by  a 
rack  type  of  cutter  having  five  or  six  teeth  ordinarily. 
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Fig.  2.     Detail  View  of  Planer  cutting  a  Helical  Gear 

When  the  machine  designed  especially  for  spur  gears  is  in 
operation,  the  cutter  is  traversed  parallel  with  the  axis  of  the 
gear  blank  and  tangentially  to  the  periphery  of  the  blank  by  a 
feeding  movement  occurring  each  time  a  cutting  stroke  has 
been  made.  The  blank  is  also  given  a  rotary  feeding  move- 
ment, so  that  the  rack-shaped  cutters  will  generate  the  re- 
quired gear  tooth  form.  The  movements  of  the  cutter  and 
gear  blank  are  synchronized  to  correspond  to  those  of  a  rack 
and  gear  in  mesh.  After  a  distance  equal  to  one  pitch  has  been 
cut,  the  movement  of  the  cutter  is  arrested  and  the  rack  is 
indexed  backward  an  amount  equal  to  one  pitch,  after  which 
the  cutter  is  again  moved  tangentially,  and  so  on  until  the 
gear  is  finished.  The  main  shaft  of  the  machine  is  driven 
from  a  pulley  running  at  constant  speed,  and  it  makes  four 
revolutions  forward  to  impart  the  feed  to 
the  cutter  tangent  to  the  periphery  of  the 
blank  and  then  four  revolutions  backward 
for  returning  the  cutter  to  the  starting 
position. 

Helical  gear  teeth  are  generated  by  move- 
ments similar  to  tliose  required  for  spur 
gears,  except  that  tlie  cutter  is  traversed 
at  an  angle  with  the  axis  as  Indicated  by 
the  detailed  view.  Fig.  2.  The  cutters  used 
for  spur  gears  may  also  be  used  for  the 
spiral  or  helical  type,  provided  the  normal 
pitclips  of  tlio  spiral  gears  are  the  same  as 
llioso  of  stivniliird  si)ur  gears.  When  iiilling 
large  helical  gears  having  teolh  that  liiclino 
conHlderably,  or  those  of  steep  angles,  cut- 
ters "I'  greater  length  than  the  standard  will 
ho  re(|ulreil  In  order  to  Include  more  teeth. 
The  detailed  view.  Fig.  2,  shows  the  rim 
Ktay  .1  moved  buck  In  iiriler  to  ox|)oh(>  the 
I'uttcr.  When  Hcttlng  U|i  the  iiiaeliliie,  It  Ih 
iiierc'ly  iioceHHary  to  coiiHldor  the  pitc-li  and 
the  angle  of  Inclination  of  the  tooth.  The 
total  liail  i>r  till'  helix  dooB  not  need  to  bo  conHlderod  nn  In 
mlllInK  iiiadilnu  pructlco.  Tho  chuiiKo-gcurs  for  pilch  are  ho 
Idctod  for  the  real  circular  pitch  iiiiil  llio  cuttor  Ih  nlioHon  with 
roforonco  to  tlio  normal  pitch.  A  liniKer  Htroko  of  tho  cutter 
Is  ruqulrcil  when  (ilaiiliiK  lioUcnl  gearH  timn  Ih  neccHHury  fur 
Rpur  gnarH  of  oqual  width  In  order  that  the  cullnr  may  dear 
the  blank  at  each  end  of  tho  Htriihe.     'I'he  iiiachlnoH  arranged 
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for  helical  gears  may,  of  course,  be  applied  to  spur  gears.  The 
largest  machine  of  this  design  has  a  capacity  for  gears  vary- 
ing from  4  inches  to  4  feet  in  diameter  with  a  maximum  face 
width  of  9  inches.  This  machine  will  cut  gears  having  a  maxi- 
mum circular  pitch  of  2  inches  or  IV2  diametral  pitch.  These 
gear  planers  are  manufactured  by  J.  Parkinson  &  Son,  Shipley, 
Yorkshire,  England. 

A  TRAVELING  ANTI-WASTE  EXHIBIT 
In  a  large  manufacturing  plant  where  thousands  of  men  and 
women  are  employed,  large  quantities  of  food  products  and 
manufacturing  material  are  wasted  daily.  To  give  the  em- 
ployes of  the  Westinghouse  Electric  &  Mfg.  Co.,  East  Pitts- 
burg, Pa.,  some  idea  of  the  waste,  the  management  devised 
the  novel  scheme  of  fitting  up  a  storage  battery  truck  as  a 
traveling  exhibit,  upon  which  was  shown  a  collection  of  wasted 
food,  as  well  as  a  quantity  of  discarded  manufacturing  ma- 
terials such  as  copper,  zinc,  lead,  mica,  etc.,  much  of  which 
could  be  used  to  advantage.  It  is  estimated  that  the  food  stuff 
wasted  per  day  amounts  to  between  ?35  and  J50,  the  cost  of 
which,  of  course,  comes  out  of  the  employes'  pockets;  the  waste 
of  material  amounting  to  hundreds  of  dollars  per  day,  which 


As  Exlilbit  of  Food  and  Material  wasted  in  a  Large  Hanufacturing  Plant 

is  a  loss  to  the  company,  is  due  largely  to  the  thoughtlessness 
and  carelessness  of  the  employes. 

Above  the  material  on  the  exhibition  truck  is  a  sign  on 
which  appears  in  large  letters  the  word  "Wasted";  over  the 
food  are  the  words,  "Food  Brought  from  Your  Homes",  and 
over  the  wasted  material,  "Material  Belonging  to  the  Com- 
pany." This  truck  is  driven  up  and  down  the  shop  aisles  so 
that  the  employes  can  look  at  it  and  obtain  some  idea  of  the 
waste.  Such  an  object  lesson  is  valuable  at  this  time  when 
everyone  should  take  all  the  precautions  necessary  to  effect  as 
little  waste  as  possible. 

*     *     * 

ESTABLISHMENT    OF    INTERNATIONAL 
TRADEMARK   BUREAU   IN   HAVANA 

Dr.  Mario  Diaz  Yrlzar,  an  attorney  of  Havana,  has  been  ap- 
pointed director  of  the  international  bureau  for  the  registra- 
tion of  trademarks  to  be  estal)lished  at  Havana,  Cuba.  It  is  to 
be  expected,  therefore,  that  the  bureau  will  shortly  be  prepared 
to  assume  the  functions  conferred  by  the  convention  rcsard- 
Ing  trademarks  adopted  at  the  Fourth  Pan-American  Confer- 
ence In  liiii-nos  Aires  In  1910.  This  convention  agreed  that 
any  mark  duly  registered  In  one  of  the  signatory  states  shall 
be  considered  as  registered  also  In  the  other  states  of  the 
union,  without  prejudice  to  the  rights  of  third  persons  and 
to  the  provisions  of  the  laws  of  each  state  Rovernlng  the  same. 
The  twenty-one  republics  forming  the  PanAmorlran  union 
are  divided  Into  two  groups,  with  Havana  as  the  conler  for 
the  countries  of  North  and  Centrnl  America  and  the  West 
Indies  and  Hlo  do  Janeiro  as  the  center  for  the  South  Ameri- 
can countries.  For  the  administration  of  this  provision,  two 
bnrenuR  for  the   registration   of  trademarks  nro   to  be  estab- 


lished. Either  bureau  may  be  established  upon  the  ratification 
of  this  agreement  by  two-thirds  of  the  countries  of  the  respec- 
tive groups.  At  present  Mexico,  Salvador,  and  Hayti  are  the 
only  countries  of  the  northern  group  that  have  failed  to 
ratify  it. 

In  order  to  enjoy  the  benefit  of  the  foregoing,  the  manufac- 
turer or  merchant  interested  in  the  registry  of  the  mark  must 
pay,  in  addition  to  the  fees  or  charges  fixed  by  the  laws  of 
the  state  in  which  application  for  registration  is  first  made, 
the  sum  of  ?50  in  gold,  which  sum  shall  cover  all  the  expenses 
of  both  bureaus  for  the  international  registration  in  all  the 
signatory  states. 

The  bureau  at  Havana  will  be  supported  on  a  pro-rata  basis 
by  all  the  American  republics  of  the  northern  group  that  have 
ratified  the  agreement.  Its  operation  will  be  under  the  direc- 
tion of  the  Cuban  government,  with  the  consultation  of  the 
United  States  commissioner  of  patents  and  the  new  director 
of  the  international  bureau,  as  well  as  with  analogous  oflaclals 
in  the  other  countries  of  the  union.  Until  the  second  bureau 
is  established  at  Rio  de  Janeiro,  registration  at  Havana  will 
presumably  apply  only  to  the  countries  of  the  northern  group. 
Upon  the  establishment  of  both  bureaus,  however,  registration 
in  either  will  give  full  protection  in  all  countries  that  have 
ratified  the  agreement. 

*     *     « 

RULES   GOVERNING  INDUSTRIAL 
PRIORITIES 

Circular  No.  3  of  the  War  Industries  Board  states  that  dur- 
ing the  present  war  all  orders  and  work  done  by  individuals, 
firms,  associations,  and  corporations  engaged  in  the  produc- 
tion of  copper,  iron,  and  steel,  and  in  the  manufacture  of  prod- 
ucts thereof,  are  divided  into  classes  AA,  A,  B,  and  C.  For 
convenience,  these  are  also  subdivided  into  AA-1,  AA-2,  etc. 
Class  AA  comprises  only  emergency  war  work  of  an  excep- 
tional and  urgent  nature  and  takes  precedence  over  all  others. 
Class  A  comprises  all  other  war  work  and  takes  precedence 
over  all  others  except  class  AA.'  Class  B  comprises  orders  and 
work  which,  while  not  designed  for  the  prosecution  of  the 
war,  are  essential  to  the  national  welfare,  or  otherwise  of  ex- 
ceptional importance;  it  takes  precedence  over  class  C,  in 
which  all  other  orders  and  work  are  placed.  This  classifica- 
tion, however,  does  not  affect  the  standing  of  priority  certifi- 
cates already  issued. 

The  classification  of  an  order  simply  means  that  it  shall  be 
given  only  such  precedence  over  orders  of  a  lower  classifica- 
tion as  may  be  necessary  to  insure  delivery  on  the  date  speci- 
fied in  the  order.  It  does  not  mean  that  work  should  cease 
on  orders  of  a  lower  classification,  or  that  the  order  should  be 
completed  and  delivery  made  in  advance  of  orders  taking  a 
lower  classification  If  this  is  not  necessary  to  effect  delivery 
within  the  time  specified.  The  one  to  whom  a  priority  certifi- 
cate is  directed  should  make  his  own  production  plans,  so  as 
to  get  the  maximum  eflJciency  out  of  his  operations,  making 
all  deliveries  at  the  times  contracted  for,  if  possible,  and 
where  this  is  not  possible,  giving  precedence  to  the  orders 
taking  the  highest  classification.  In  case  of  doubt,  questions 
as  to  priority  should  be  laid  before  the  Priorities  Committee, 
War  Industries  Board,  Council  of  National  Defence,  Washing- 
ton. D.  C.  The  Priorities  Committee  does  not  issue  priority 
orders  for  fuel,  food,  transportation,  export  or  import,  nor 
will  It  grant  blanket  certificates  for  an  industry,  plant,  ma- 
terial, or  commodity. 


Before  the  war  practically  all  the  magnesium  used  In  the 
United  States  was  Imported  from  Germany.  Hence,  there  has 
recently  been  a  great  scarcity  of  this  metal.  A  few  months 
ago.  however,  a  corporation  was  organized  at  Niagara  Falls 
for  the  production  of  magnesium  and  magnesium  alloys.  A 
plant  has  been  built  which  Is  now  In  operation,  and  sufl^lclent 
quantities  have  already  been  placed  on  the  market  to  reduce 
the  price.  Magnesium  Is  used  mainly  In  an  alloy  of  magnesium 
and  aluminum  for  airplane  parts.  An  alloy  can  be  produced 
from  these  metals,  contnlnlng  other  metals  In  small  quantities, 
wlilch  has  a  specific  gravity  much  less  than  that  of  aluminum. 
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This  Typical  "Brown  &  Sharpe 
Equipped''  Department  is  in  a 
Prominent  Chicago  Plant 

where  machines  of  great  precision  and  efficiency 
are  necessary  to  make  possible  the  accurate  and 
fast  production  of  duplicate  work  demanded — at  a 
minimum  manufacturing  cost. 

Brown&SharpeMillingMachines 

have  the  points  in  design  and  construction  that  fiiHill  these  requirements — the  points  and 
features  that  modern  milling  demands. 

Investigation  and  comparison  will  quickly  show  you  the  reasons  why  this  company  installed 
H  &  S  Machines  and  why  you,  too,  should  specify 

Brown  &  Sharpe  Equipment  for  your  Milling  Department 

Send  for  Literature 

Brown  &   Sharpe    Mfg.   Co., 

OFFICES:  New  York,  N.  Y..  20  Vom-y  Ht.  Philadelphia,  Pa.,  1  lOS-llon  MliiTty  HIdif.  Chicago,  III.,  li2«-«30  WnHlilnKton 
I'.lvO  Rocheatar,  N.  Y..  41(1  Chnmbnr  of  Cominarco  Ulrtif.  Byracuaa,  N.  Y.,  Ilriom  41»  llnlvi-nilly  Hlork.  Plllnburgh,  Pa., 
2r.3H  n«Tiry  W.  Ollvfir  lllilK.  CANADIAN  HEPRE8ENTATI VE:  Montreal,  Toronto,  WInnlpoo,  Colaary,  Vniicouvor,  St. 
John.    Saakaloon.     The   Canadla.i    Knlrlmiikn'  Mcrno   Co.,    1A>\. 
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Trips  to  the  Grinding  Wheel 

Reduced  to  a  Minimum 

Cutters  that  stand  up  under  hard  service  for  long  periods  be- 
tween resharpenings  not  only  minimize  the  production-lowering 
periods  of  inactivity  while  cutters  are  taking  trips  to  the  grind- 
ing wheel,  but  the  profit-earning  life  of  such  cutters  is  consider- 
ably lengthened.  That's  why  Brown  &  Sharpe  Cutters  not  only 
boost  production  but  lower  cutter  costs. 

Send  TODA  Y  for 
Catalog  27— A  Reliable  Guide  To  a  Reliable  Cutter  Service 

^rovidence,  R.  I.,  U.  S.  A. 

Co.     St.    Louli,    Mo.,    Colcord-Wrlght    Machinery    &   Supply   Co.     Seattle,  Waih..  1  oUno  M.icnincrj  ..  i 
Imnd  Machinery  Co. 
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REMOVAL  OF  HEADQUARTERS  OF  WAR  DEPART- 
MENT AIRPLANE   PRODUCTION   SECTION 

It  has  been  announced  by  the  Office  of  the  Chief  Signal 
Officer  of  the  Airplane  Production  Section  of  the  War  Depart- 
ment that  the  headquarters  of  the  section  have  been  removed 
to  Union  Block,  1836  Euclid  Ave.,  Cleveland,  Ohio,  and  that 
all  correspondence  relative  to  airplanes,  engines,  and  spare 
parts  of  airplanes  should  be  sent  to  this  address. 
•     •     • 

Women  supervisors  will  be  stationed  by  the  Ordnance  De- 
partment of  the  Army  in  every  district  where  women  are  em- 
ployed in  munition  plants.  They  will  be  appointed  by  Mary 
Van  Kleeck,  chief  of  the  new  women's  division  of  the  Indus- 
trial Service  Section.  This  division,  besides  maintaining  prop- 
er working  conditions  for  the  women  in  the  munition  plants, 
will  concern  itself  with  the  housing  of  the  women  workers 
and  the  establishment  of  canteens  where  they  may  obtain 
wholesome  food  at  cheap  prices. 


PERSONALS 


Donald  A.  Baker  is  now  chief  engineer  for  the  Anderson 
Drop  Forge  &  Machine  Co.,  Detroit,  Mich. 

J.  B.  Phillips,  for  eleven  years  superintendent  of  the  Borden 
Co.,  Warren,  Ohio,  has  resigned  to  become  factory  manager  of 
the  Nye  Mfg.  &  Tool  Co.,  Chicago,  111. 

H.  D.  Gates  has  returned  to  the  Pangborn  Corporation, 
Hagerstown,  Md.,  as  sales  manager,  which  position  he  resigned 
about  four  years  ago  to  take  charge  of  the  Mott  Sand-Blast  Co. 

H.  F.  Finney,  who  covered  the  Chicago  and  St.  Louis  terri- 
tories for  the  Independent  Pneumatic  Tool  Co.,  Chicago,  III., 
has  been  placed  in  charge  of  the  company's  branch  offices  at 
Pittsburg,  Pa. 

C.  H.  Davies  has  been  made  publicity  manager  for  S.  F. 
Bowser  &  Co.,  Fort  Wayne,  Ind.  Mr.  Davies  has  been  in  the 
employ  of  the  company  for  several  years  and  was  recently 
manager  of  the  New  York  store. 

Leslie  A.  Holman,  superintendent  of  the  American  Watch 
Tool  Co.,  Waltham,  Mass.,  is  now  in  Montreal,  Canada,  design- 
ing special  machinery.  The  plant  of  the  American  Watch  Tool 
Co.  was  recently  sold  at  auction. 

George  L.  Hedges  has  resigned  his  position  with  the  Kelman 
Electric  &  Mfg.  Co.,  Los  Angeles,  Cal.,  to  report  at  Washing- 
ton, D.  C,  for  active  duty  as  First  Lieutenant  in  the  Officers' 
Reserve  Corps,  Ordnance  Department. 

Charles  O.  Watson,  formerly  of  the  NilesBement-Pond  Co., 
has  become  associated  with  Young,  Corley  &  Dolan,  Inc.,  115 
Broadway,  New  York  City,  in  the  capacity  of  assistant  man- 
ager of  the  Machine  Tool  Department. 

R.  T.  Scott,  formerly  office  manager  of  the  Pittsburg  branch 
of  the  Independent  Pneumatic  Tool  Co.,  Chicago,  111.,  has 
been  made  eastern  manager  of  the  company  with  headquarters 
at  170  Broadway,  New  York  City. 

Earl  E.  Eby,  who  was  manager  of  the  Pittsburg  office  (In- 
dustrial Bearings  Division)  of  the  Hyatt  Roller  Bearing  Co., 
Newark,  N.  J.,  for  the  past  two  years,  has  been  appointed  as- 
BlBtant  sales  manacer,  with  headquarters  In  the  Metropolitan 
Tower,  New  York  City. 

P.  J.  Hull,  who  was  connected  with  the  Pangborn  Corpora- 
tion. Hagerstown,  Md.,  aa  engineer  about  five  years  ago,  and 
who  baa  been  more  recently  in  the  employ  of  the  Mott  Sand- 
Blast  Co.,  baa  rfturnod  to  the  Pangborn  Corporation  In  the 
capacity  of  aaalatant  engineer. 

S.  W.  Bralnard.  formerly  mechanical  engineer  for  the  Clove- 
land  Pneumatic  Tool  Co.,  auperlntendent  of  the  Niagara  Flro 
Extlngulahfir  Co.,  and  general  Hupcrlntendcnt  of  the  Automatic 
Sprinkler  f.'o.  of  Amfrlca,  ha.t  been  appolntf^rl  factory  manager 
of  the  Borden  Co.,  Warren,  Ohio. 

H.  n.  Hammond,  formerly  of  the  Induatrlal  Department  of 
the  WcstlnKhouae  Klc.trlc  &  Mfg  Co.,  East  Plttaburg  Pa  baa 
now  Uur.omi:  aHHorlatcd  with  llie  llriii  of  Young,  Corlcy  &  Dolan 
Inc.,  nc  Broadway,  New  York  City,  na  manager  of  the  RIoc- 
Irlc  and  Hallway  Department  of  Sulea. 

K.  C.  Hoaalo  haa  purchaacd  alt  J.  n.  Stone's  holdings  In  the 
General  Mfg,  Co..  I)«troll.  Mich.,  and  sold  all  of  his  holdings 
n  tho  J.  n.  Stone  Tool  &  Hupply  Co  .  with  which  ho  has  boon 
Idontincd  for  n  number  of  ycirH.  Mr.  Hosslo  will  dovote  hia 
whole  timo  to  the  Intereats  of  tin-  flonoral  Mfg.  Co. 

It.  8.  Cooper,  vlcpproalflont  of  lhi>  Imlopnndont  Pnoumallr 
Tool  Co..  Chlrngo.  Ill  .  who  whh  for  miiny  yeiira  nmnnKor  of 
the  eastern  brnnrh  of  Die  roiiipnny  In  Ni-w  York  City,  has 
Msumed  tho  duties  of  general  sales  monuger,  as  well  as  thoso 


of  vice-president,  and  will  maintain  his  headquarters  at  the 
general  offices  of  the  company,  Thor  Bldg.,  Chicago,  111. 

Charles  T.  Bird,  who  has  been  identified  with  the  Produc- 
tion and  Engineering  Departments  of  the  Pangborn  Corpora- 
tion, Hagerstown,  Md.,  has  been  transferred  to  the  Sales  De- 
partment with  headquarters  at  Hagerstown.  His  territory  will 
include  eastern  Pennsylvania,  southern  New  York,  New  Jer- 
sey, Delaware,  Maryland,  District  of  Columbia,  and  Virginia. 

G.  F.  Evans,  formerly  with  the  W.  C.  Moore  Co.,  Columbus, 
Ohio,  has  been  appointed  supervising  engineer  by  the  National 
X-Ray  Reflector  Co.,  Chicago,  111.  Mr.  Evans*  territory  will 
comprise  the  state  of  Ohio  (with  the  exception  of  Toledo  and 
Cincinnati),  West  Virginia,  and  western  Pennsylvania,  and  his 
headquarters  will  be  at  825-826  Columbus  Savings  &  Trust 
Bldg.,  Columbus,  Ohio. 

Waldo  H.  Marshall,  formerly  president  of  the  American 
Locomotive  Co.  and  now  associated  with  J.  P.  Morgan  &  Co., 
has  been  appointed  assistant  chief  of  the  Division  of  Produc- 
tion of  the  Ordnance  Department.  Mr.  Marshall  is  first  vice- 
president  of  the  Merchants'  Association  and  was  on  the  staff 
of  Edward  R.  Stettinius  (now  surveyor  general  of  supplies  in 
the  War  Department)  in  the  Munitions  Department  of  J.  P. 
Morgan  &  Co. 

Sir  Harry  Smith,  chairman  of  the  board  of  management 
of  the  Keighley  National  Shell  Factories,  has  received  an 
appointment  of  knighthood  in  the  British  Empire  Order, 
as  a  fitting  recognition  of  the  valuable  work  that  he  has  done 
in  the  efficient  organization  and  conduct  of  the  Keighley  shell 
factories.  Sir  Harry  has  been  president  of  the  Keighley 
Chamber  of  Commerce  and  is  a  representative  of  the  Ministry 
of  Munitions.  He  is  also  one  of  the  owners  of  the  firm  Dean, 
Smith  &  Grace,  Ltd.,  which,  since  the  outbreak  of  the  war, 
has  been  engaged  night  and  day  in  the  manufacture  of  lathes 
for  all  kinds  of  munitions.  There  has  been  a  general  expres- 
sion of  satisfaction  throughout  the  British  machine  tool  trade 
in  consequence  of  the  recognition  that  has  been  given  to  Sir 
Harry. 

Eliot  A.  Kebler  has  become  president  of  the  Fawcus  Ma- 
chine Co.,  Pittsburg,  Pa.,  succeeding  the  late  Thomas  Fawcus. 
Mr.  Kebler  was,  for  many  years,  with  the  Cincinnati  Pipe  Co. 
and  their  successors,  the  Addyston  Pipe  &  Steel  Co.,  starting 
in  first  as  a  chemist  and  later  as  secretary  of  the  company, 
during  which  time  he  had  charge  of  the  building  of  the  new 
plant.  When  this  company  was  merged  with  the  U.  S.  Cast 
Iron  Pipe  &  Foundry  Co.,  he  remained  with  the  Matthew  Addy 
Co.,  of  Cincinnati,  Ohio,  devoting  his  time  principally  to  the 
sale  of  pig  iron.  He  was  one  of  the  incorporators  of  the 
Fawcus  Machine  Co.  and  has  been  secretary  and  treasurer  of 
that  company  from  its  incorporation.  As  president  of  this 
company,  he  will  still  remain  special  representative  of  the 
Matthew  Addv  Co. 


OBITUARIES 


George  J.  Althen,  treasurer  of  the  Driver-Harris  Co.,  Harri- 
son, N.  J.,  died  February  15.  Mr.  Althen  was  born  in  Newark, 
N.  J.,  in  1S57,  and  for  the  past  four  years  has  been  connected 
with  the  Driver-Harris  Co.  He  was  well  known  on  account  of 
his  affiliation  with  the  National  Credit  Men's  Association,  and 
was  a  member  of  the  executive  committee,  representing  New 
Jersey. 

Thomas  Fawcus,  president  of  the  Fawcus  Machine  Co.,  Pitts- 
burg, Pa.,  died  January  22,  aged  flfty-two  years.  He  organized 
the  Fawcus  Machine  Co.  in  1900,  and,  duo  to  his  executive  and 
Inventive  ability,  the  growth  of  the  business  was  rapid.  In 
1912  he  started  to  design  and  develop  the  Fawcus  herringbone 
gear-cutting  machine,  which  Is  covered  with  patents  in  the 
United  States  and  foreign  countries. 

ARTHUR   IRVING  JACOBS 

Arthur  Irving  Jacobs,  president  of  the  Jacobs  Mfg.  Co.  and 
the  Rhodes  Mfg.  Co.,  Hartford,  Conn.,  died  February  16,  at  St. 
Francis  Hnspllal,  in  Hartforil,  after  a  brief  Illness.  Mr.  Jacobs 
was  born  In  Hebron,  Conn.,  in  1S5S.  Hi.s  cducutlonal  advan- 
tiiKcH  were  iiioagrc  during  ]t\n  lioyluiod,  iiiiil  after  his  ninth  year 
Ills  schooling  was  llnillcd  to  a  slinrl  period  in  the  winter;  but 
liu  was  early  trained  in  habits  of  industry,  wdiUIiik  with  bis 
futlier,  Zalnion  Lunian  Jacolm,  In  moiliatilcal  worli  until  ho  at- 
laliii'd  hlH  majority,  wlion  ho  Hociired  oinployinniit  In  the 
KiKPwIcH  Loom  WorkH  at  Wnrcostor,  Ma«H.  'I'liorc  liis  niochan- 
Iral  licnl  anon  bocani(t  nianir<'Ht  and  In  a  nhnrt  Mine  ho  made 
aiirli  Iniproveinnnta  In  iniiniirui'turing  nii'llmdH  on  a  contract 
for  llii!  tiiiiklriK  of  hiiriK'HH  cliiilna  for  Iooiiih  that  ho  w»H  nlilo  to 
••arn  a  good  profit  wlicr<!  oIlKira  had  prcvlnualy  failed.  Mr. 
JncoliH  ri'iiinliii'il  at  llii'  Kiiciwlra  I,()oin  Works  until  1887,  dur- 
ing wliicli  period  he  Invi-nled  and  built  a  book  sewing  marhino 
of  which  Boverul  were  imri'linaed  by  Iloatoii  book  hinders.  Tho 
.Smyth  Mfg.  Co,  of  lliirlfonl,  Cimn..  wlilcli  also  iiiaiiufiK-tured 
sui'li  maelilnea,  became  Inlerealed  In  hia  Invention,  purchasi'd 
his  patents,  ond  ongBKud  Mr.  Jacobs  to  como  to  Hartford.    lie 
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Cincinnati  Verticals 


Unusual  Spindle  Power. 

Heat  Treated  Alloy  Steel  Hardened  Gearing. 
Massive  Spindle  Head  Construction. 
Handy — Can  mill  around  a  rectangle  without 
stopping  feed  or  speed. 

These  are  some  reasons  why  you  should  use  Cincinnati  Verticals 

THE  CINCINNATI  MILLING  MACHINE  CO. 

CINCINNATI,  OHIO,  U.  S.  A. 
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remained  with  the 
Smyth  Mfg.  Co.  un- 
til 1901,  during 
which  period  he  in- 
vented and  devel- 
oped several  ma- 
chines for  book- 
binding;  among 
these  were  two  ma- 
chines for  making 
book  covers  and 
for  cutting  cloth 
for  book  covers, 
which  marked  a 
great  advance  over 
methods  that  had 
formerly  been  em- 
ployed. 

In  1902,  he  in- 
vented the  drill 
chuck  that  is 
known  as  the  "Ja- 
cobs improved  drill 
chuck,"  patent  on 
which  was  allowed 
September  16,  1902. 
The  Jacobs  Mfg.  Co. 
was  incorporated  in 
1903;  manufactur- 
ing was  started  in 
rented  quarters, 
but  the  business 
now  occupying  a  large  modern  factory  on  Park  St.,  built 
to  suit  the  company's  needs.  Mr.  Jacobs  married  in  1880, 
Lucy  Ann  Backus,  of  Hebron,  Conn.,  who  died  in  1908.  He 
later  married  Marguerite  Serrell,  of  Park  Ridge,  N.  J.,  who 
survives  him.  Mr.  Jacobs  is  also  survived  by  three  children 
in  his  first  marriage;  one  son,  Raymond  Backus  Jacobs,  sec- 
retary of  the  Jacobs  Mfg.  Co.  and  the  Rhodes  Mfg.  Co.,  and 
two  daughters.  May  Louise  and  Clara  Bell,  the  latter  the  wife 
of  Louis  E.  Stoner.  treasurer  of  the  Jacobs  Mfg.  Co. 


Arthur  Irrinp  Jacobs 


H.  H.   HODELL 

Henry  H.  Hodell, 
president  of  the 
Van  Dorn  &  But- 
ton Co.,  Cleveland, 
Ohio,  gear  special- 
ist, and  of  the 
Cleveland  Galvaniz- 
ing Works  Co.,  man- 
ufacturer of  weld- 
less  wire  chain,  and 
a  director  of  the 
Van  Dorn  Electric 
Tool  Co.,  died  Feb- 
ruary 10,  aged  sixty- 
eight  years.  Mr. 
Hodell  was  born  in 
Alsace-Lorraine  and 
came  to  America 
with  his  parents  as 
a  small  boy.  After 
having  finished  his 
early  education,  he 
learned  the  pattern- 
maker's trade,  but 
it  was  not  long  be- 
fore his  business 
ability  was  recog- 
nized by  those  with 
whom  he  came  in 
contact.  As  a  re- 
sult, in  the  early  eighties  he  entered  the  galvanizing  business, 
and  from  a  very  modest  beginning,  he  soon  built  up  one  of  the 
largest  custom  galvanizing  businesses  in  the  country.  He  was 
also  a  pioneer  in  the  weldless  wire  chain  business,  one  of  the 
best  known  link-chains  bearing  his  name.  Later  he  became 
one  of  the  founders  of  the  Van  Dorn  &  Dutton  Co.  and  of  the 
Van  Dorn  Electric  Tool  Co.,  both  of  Cleveland,  Ohio.  He  leaves 
a  widow  and  two  sons,  F.  G.  Hodell,  and  H.  H.  Hodell,  who 
were  associated  with  him  in  his  many  enterprises. 


Henry  H.  Hodell 


COMING  EVENTS 


Karch  20-22 — Annual  meeting  of  the  American 
Railwaj  Engineering  Aasoaiation.  910  Michigan 
Ave..    Chicago,   HI. 

Harch  28 — Monthly  meeting  of  the  Rochester 
Society  of  Technical  Draftsmen,  In  Rooms  131-137. 
Sibley  Eloclt,  328  Main  St..  E.,  Rochester,  N.  T. 
O.  L.  Angevine.  Jr..  secretary,  857  Genesee  St., 
Rochester. 

April  10-12 — .Sixth  annual  meeting  of  the  Cbam- 
ber  of  Commerce  of  the  United  States  of  America, 
at   the   Congress  Hotel,    Chicago,    111. 

April  18-20 — National  Foreign  Trade  Council  con- 
ference In  Cincinnati,  Ohio:  Gibson  Hotel,  headquar- 
ters. Secretary,  O.  K.  DaTis,  1  Banover  Square, 
New  York   City. 

April  24-26 — Annual  convention  of  the  National 
MetsI  Trades  Association  at  the  Hotel  Astor,  New 
York  City.  Homer  D.  Sayre.  secretary,  1021  Peoples 
Gas   Bld(.,   Chicago,    III. 

Kay  16-17— Joint  convention  of  the  National  Sup- 
ply and  Machinery  Dealers'  Association,  Southern 
Supply  and  Machinery  Dealers'  Association  and  the 
American  Supply  and  Machinery  Manufacturers*  As- 
wxlatlon  In  Cleveland.  Ohio.  Secretary  of  the 
American  Supply  and  Machinery  Manufacturers'  As- 
•oclatlOD,  P.  D.  Mitchell,  Woolworth  Illdg.,  New 
Tork    City. 

Jane  20-22— Fifth  annual  cimvenlion  of  the 
American  Drop  Forge  Association  held  at  the 
Iroquois  Hotel,  Buffalo.  N.  T.  E.  B.  Borne.  "The 
American  Drop  Porger,"  108  SmIthAeld  St.,  Pltta- 
biirg.    Pa.,    secretary. 
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Bp*ollo   Htat   of   Liquid    Ammonia.      Ily   Nathan   R. 

I>.l,.,i..     ni,.1    Milton    H.    Van    Dnlvn.      afi    page*, 
7  I'ulillahed    by    the   C)o»emmi-nl 
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Engine    Guarding    and    Engine    Stops.      Published    by 
the    National    Safety    Council,    Continental    and 
Commercial    Bank    Bldg..    Chicago.    111.,    as   Safe 
Practices  Bulletin  No.  9.     Price.  10  cents. 
This   bulletin   describes   safety   devices    and    meth- 
ods of   guarding   engines   and    engine    stops;    it    con- 
tains information  on  safe  speeds  for  flywheels,  vari- 
ous  materials   for  flywheel   rims,    causes  of   flywheel 
accidents,    care   of   safety    stops,    piston   clearances, 
engine    piping    and    drains,    lubrication    of    air   com- 
pressor cylinders,   etc. 

Shafting,  Couplings,  PuUeys,  Gearing.     Published  by 
the    National    Safety    Council,    Continental    and 
Commercial    Bank    Bldg..    Chicago.    111.,    as   Safe 
Practices  Bulletin  No.   8.     Price.   10  cents. 
This  is  one  of  a  series  of  pamphlets  that  will  be 
sent  to  the  3470  industrial,  railroad,  and  other  mem- 
bers of   the   National  Safety   Council,    and   that   wlU 
be    accepted    as    standard    safe    practices    to    protect 
the    lives   and   limbs  of   workmen.      Bulletin   No.   8 
describes     safety     devices     for     shafting,     couplings, 
pulleys,  and  gearing. 

Combined    Table    of    Sizes    In    the    Principal    Wlrs 
Gages.     PubUshcd  by  the  Bureau  of  Standards, 
Department    of    Commerce,    Washington,    D.    0., 
as  Circular  No.   07. 
This  table  combines  in  one  series  the  sizes  In  the 
American     (B.    &    S.).    steel    Birmingham    (Stubs), 
British   standard,   and   metric  wire  gages,   arranged 
In  order  of  diameters  of  wires.     It  gives  the  diam- 
eters  of   all    the   gage   numbers   In    these    live   sys- 
tema   In    mils,    inches,    ond    millimeters,    an    well    as 
the    cross-sections    In     vquarc     mils,     circular    mils, 
square  Inches,  and  square  mllliuiolcrn. 
Industrial   Aria  Index.     Rr>8  pages.   7  by  0  Inches, 
Published  by   II.   W.   Wilson  Co.,  058  University 
Ave.,  New  Tork  City. 
This   in   the   flfth    onnual    cumulation,    giving    sub- 
ject    Index     to     a     list     of    engineering     and     trade 
iwrlodicals     for    1017.       The     work,     wlil.h     indexes 
nrtlclcn    that    have    appeared    In    practically    all    the 
leading    trade    Journals,    nhould    be    of    considerable 
value  to  Investigators  of  special   Industrial   subjects, 
libraries,    authors,    and    others    who    require    a    com- 
prehensive   Index    to    all    the    Information    that    has 
liecn   publlnhcd   on   any  one   suliject   during    the    post 
year. 

Finding     and     Htopping     Woato     In     Modern     Boiler 

Rooms.      274    pages,    5    by    7    Inchcn;    numeroun 

llluntrallonn.        Pulillnlied     by     Ilnrrlnnn     Safety 

Holler  Works,  Philadelphia,  Pa.     Price.  »l. 

Thin     iKKik     may     bo    considered     OS     n     reference 

riinniisl   to  aid    the  owner,    niannger,    and   iHiller-room 

operator  in  securing  and  maintaining  plant  economy. 

The    subject    matter    was   originally    Intended    ss    on 

apfM*ndlx    to  one   of   the   catalogues  of   the   Harrison 

Hafety  Holler  Works,   but  hn*  grirwn  Into  a   scpnrnic 

volume    with    Infnrmntlr.n    of    great    value    to    tlioiu' 

rrnponalbin    for    the   o|Hirntlon    of   liollcr   plants       At 

the     prevent     time,     when     the    flaring    of    coal     has 

liecome     ao     Important,     anything     relating     to     the 

eronontlcol   nperntton   of  a   iKiller   idnnt    la  of  great 

value.      The    iHN.k    rontnlna   Ore   separate   MTllonn   on 

riiela,    cnmliuallon,    heal    nbxirplloM.    ladler   etllclency 

and     teatlng,     ond     lioller     plant     pro|Hirl  Inning     and 

ninnogemenl. 

Location   of    Alrplan*    Power    Plant    TfoubUa    Mads 
Zasgr,     Chart   arranged   liy   Lieutenant    Victor  W, 


Page.  Published  by  Norman  W.  Henley  Pub- 
lishing Co.,  2  W.  45th  St.,  New  York  City. 
Price,  50  cents. 
This  is  a  large  wall  chart  showing  a  typical  air- 
plane engine  partially  in  section,  with  all  the  im- 
portant components  indicated.  The  chart  can  be 
conveniently  folded  up  to  be  put  into  the  pocket.  It 
is  printed  on  tough  paper  and  will  stand  consider- 
able handling.  In  addition  to  showing  clearly  the 
construction  of  an  airplane  engine,  the  chart  out- 
lines possible  troubles  likely  to  be  met  with  In  the 
operation  of  these  engines,  and  deals  with  the  cool- 
ing, lubrication,  carburetion,  and  Ignition,  as  well 
as  with  defects  in  the  engine  itself.  The  chart  has 
been  prepared  by  an  expert  on  airplane  engines,  and 
Is  based  on  practical  experience  gained  in  the  Gov- 
ernment aviation  service.  It  has  been  arranged  with 
special  reference  to  the  needs  of  the  student  and 
the  aviator  who  Is  not  an  expert  in  mechanics. 
Machine  Shop  Practice.  By  William  B.  Hartman. 
246  pages,  4'^  by  7  inches;  132  Illustrations. 
Published  by  D.  Appleton  &  Co.,  35  W.  82nd 
St.,  New  York  City.  Price,  $1.10. 
This  book  may  be  termed  a  primer  of  machine 
shop  practice,  the  object  being  to  set  forth  the  ele- 
mentary principles  only.  The  subject  has  been 
treated  in  a  simple  manner  and  arranged  in  logical 
order.  Measuring  tools  are  first  Illustrated,  then 
hand  and  machine  c\itting  tools  are  described,  and 
Anally  machine  tools  are  dealt  with.  The  book  la 
divided  Into  twelve  chapters  dealing  'kM^tically 
with  machine  shop  work,  covering  such  jMjects  an 
meaniirlng  tools;  chipping,  tiling,  and  scraping;  drills 
and  drilling  machines;  the  lathe;  straight  turning; 
taper  turning;  thread  cutting  on  the  lattie;  general 
lathe  work;  planer  and  shaper;  boring  mill;  milling 
machine;  and  milling  machine  work.  A  special 
chapter  on  the  automobile  la  Included  and  also  n 
iiiimber  of  useful   tables. 

Efflclonoy  Methods.  By  M.  McKlllop  and  A.  I>. 
McKlllop.  215  pages.  5  by  7  Inches.  Published 
by  1).  Van  Noslrand  Co.,  2.1  Park  Place,  New 
York  City.  Price,  »1.50. 
This  book  may  be  connidered  ns  an  elementary 
text-book  on  sclentillc  management.  It  contains  a 
ri'view  of  the  suliject  of  management  and  refers  to 
many  of  the  Imokn  nud  articles  on  the  sulijoct  that 
hiive  been  published  In  the  pant.  II  deals  npcclll- 
'•iilly  with  the  dllTerent  departments  urgatdxed  under 
tlie  scientific  management  nyntera— the  planning  de- 
partment, the  cost  department,  the  stores  dcpiirt- 
iiient,  and  the  tmil-rooni.  Other  ihoplers  deal  with 
the  functions  of  foremen,  time  study  and  motion 
Kludy,  fatigue  study,  and  task  work.  Methods  of 
remuneration  under  scientific  management  and  Ita 
relation  to  welfare  work,  trade  unions,  and  educa- 
tion are  also  treated.  On  the  whole,  the  book  may 
well  lie  recommended  to  anyone  who  wants  to  ob- 
tain a  preliminary  knowledge  of  the  prlnciploa  of 
ai-lentlflc  ninnngenient. 

Tranamlaalon  Gears.  Ily  Kdward  Ilutlor.  101  pages, 
n  by  0  Inches:  125  llluatrntlona.  hulinllug  0 
folding  pinteo.  Piihllahed  by  J.  II.  I.Ippliicutl 
Co..     flillndclphia,    I'n. 

'I'Ik'  ohjci'l   of  Ihta  Innllae  In  to  pr nt   In  a   eon- 

I'lai'  foriii  aii.li  liirorinallon  rclnling  to  luechanlcal, 
electric,  anil  hydraulic  Ironnmlnalon  meclianlamn  aa 
lo    en|M*clally     uaefiil     to    engineers,     dealgnera,    and 
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others  engaged  In  the  application  of  internal  com- 
bustion engines  for'  antomobile,  marine,  and  other 
general  purposes.  The  book  deals  specificaUy  with 
friction  clutches ;  speed  change-gear  mechanisms ; 
transmissions  between  gear-l>ox  and  road  wheels ; 
transmissions  used  in  street  railway  cars,  gasoline 
railway  cars,  and  oil  locomotives ;  marine  reversing 
gears;  reversible  screw  propellers;  and  electric, 
hydraulic,  and  compressed*air  variable-speed  trans- 
missions. The  relative  adaptability  of  gradually 
variable  transmissions — hydraulic  and  electric — have 
been  explained  in  order  to  point  out  means  for 
avoiding  some  of  the  inherent  faults  of  atep-by- 
step  gears.  The  subject  of  friction  clutches  has 
been  dealt  with  as  exhaustively  as  possible,  because 
of  the  importance  of  the  subject  and  the  difficulty 
of  obtaining  satisfactory  designs.  The  lxK>k  should 
be  of  value  to  those  interested  in  the  various  types 
of  transmission  mechanisms  that  have  been  em- 
ployed on  automobile  and  marine  internal  combus- 
tion engines. 

ATiation  Engines.  By  Lieutenant  Victor  W.  Page. 
589  pages,  5H  by  8%  inches.  253  illustrations. 
Pnblished  by  Norman  W.  Henley  Publishing 
Co.,  2  W.  45th  St..  New  York  City.  Price,  ;p3. 
Considering  the  scarcity  of  good  literature  on  air- 
plane engines  written  from  the  practical  point  of 
view,  this  book  should  prove  of  considerable  value 
to  the  great  number  of  people  who,  at  the  present 
time,  are  engaged  in  air  engine  work.  On  account 
of  the  rapidly  developing  art.  it  is,  of  course,  diffi- 
cult to  outline  in  a  book  all  the  latest  forms  or  to 
describe  current  engineering  practice,  completely, 
but  the  book  nevertheless  appears  to  be  accurate  In 
its  engineering  information.  Special  attention  has 
been  paid  to  instructions  on  tool  equipment,  use  of 
tools,  and  engine  repairs.  Theoretical  considerations 
have  been  avoided,  except  when  deemed  absolutely 
necessary  in  order  to  secure  a  proper  understand- 
ing of  the  action  of  the  engine.  The  writer's  efforts 
have  been  confined  mainly  to  the  preparation  of  a 
practical  series  of  instructions  that  would  be  of  par- 
ticular value  to  those  who  must  acquire  quickly  a 
diversified  knowledge  relating  to  internal  combustion 
engine  operation  and  repair.  The  writer's  exper- 
ience as  assistant  engineering  officer  in  the  Signal 
Corps  Aviation  School  at  Mineola,  N.  Y.,  has  made 
it  possible  for  him  to  determine  quite  accurately 
the  kind  of  information  relating  to  airplane  engines 
that  is  most  needed  for  instruction  purposes,  and 
the  book  is  especially  adapted  for  men  in  the  avia- 
tion service  of  the  Signal  Corps,  and  for  students 
who  wlah  to  become  aviators  or  aviation  mechanics. 
Taylor  System  in  Franklin  Management.  By  Major 
George  D.  Babcocb,  in  collaboration  with  Regi- 
nald Trautschold.  245  pages,  5%  by  8%  inches. 
Published  by  the  I-^gineering  Magazine  Co., 
6  E.  3&th  St.,  New  York  City.  Price.  $3. 
The  principal  author  of  this  book,  who  is  pro- 
duction manager  of  the  H.  H.  Franklin  Mfg.  Co., 
has  In  this  work  recorded  the  application  of  the 
Taylor  system  and  the  results  obtained  In  the 
plant  of  this  company.  The  work  Is  one  that  those 
Interested  in  the  details  of  sclentiac  management 
will  study  with  interest.  It  Is  divided  Into  ten 
chapters  beaded  as  follows:  Factory  Conditions  In 
1D08;  Investigation  of  the  Taylor  System;  Classifi- 
cation and  Standardization:  Establishing  Control: 
The  Scbednle;  Control  Boards,  and  Pneumatic 
Despat'h  Tubes;  Employment  and  Rate  Fixing;  Or- 
ganization ClaBsIflcation;  Changes  in  Product  and 
M(^tho<l:  Changes  which  have  AfTected  the  Men; 
The  Results  Graphically  Depicted.  Two  appendices 
are  also  added,  one  giving  wage  rates  In  the  Frank- 
lin shops,  and  one  containing  examples  of  the  ap- 
plication of  scientific  management.  Two  features 
of  the  work  might  particularly  be  mentioned — the 
description  of  the  control  boards  devised  by  Major 
Bobcock,  N^ginnlng  on  page  68,  to  which  are  largely 
due  the  remarkable  increasei  In  production  which 
bare  been  obtained,  and  the  detailed  description  of 
the  Prnnklin  wage  formula  in  the  appendix,  which 
has  enabled  the  company  to  reduce  its  labor  turn- 
over to  a  moet  remarkable  extent.  The  resultH 
obtained  from  the  Inauguration  of  the  TB7lor  sys- 
tem are  graphically  described  in  the  chapter  begin- 
ning on  page  147  and  will  be  reviewed  with  interest 
by  anyon**  ronfrontcd  with  management  and  pro- 
dij'tlon  proM'-mn. 


NEW  CATALOGUES  AND 
CIRCULARS 


BAlduln  I^.omotivii  Works,  I'hll.'.d.-Iphla.  Pa. 
lU'ord  Mi.  d'urrlptlTf  of  the  Houta  Fe  type  loco- 
mot  Iv^a. 

Baldwin  LooomotUe  Works,  Ptilludelphla.  Pa. 
fUrrrrd  ffii.  trfatlnr  of  th«  dfvHopmt-nt  of  the  eight 
drivloc    »l»«-<-l    I'i^omotlTe. 

RUTiiDi  InitttaU  of  Tnnhnolory.  llolKAfn,  N.  J. 
Annual  ratal»KUA  for  lUIK^lU,  (ontnlnlnic  rnb'ndar. 
rotir»»B   r,f   InntnirXUm.    Wtr. 

Cooper  FlniibU  Truumlsilon  Co.,  loo.,  Klichth 
Ava.  and  IHib  Ht..  Brf»oklyn,  N.  Y.  Priro  Hat  of 
Vxtrff^T   i.«i«-ntn,i   ina'hliiK  unlriraal   Jfdnt. 

Br«wn  UolatloK  Maohloary  Co..  CtcvHand.  Ohio. 
r'ataM"'*  K.  Illuatratlng  "Brfjwnholat**  Imrketa  end 
luiMi  In  oiK-ratlon  on  varloua  rlaaa^a  of  work. 

fflla  E.  Ooodactlre.  lU,x  ZV).  ChL.Kr,.  m  Cnia 
l'.giif  of  the  ••f»f»o«Iar!U«*'  t*f>lt  •hlfl»T  f'.r  ronfl  iM-lta. 
whlrh  la  applkable  to  any  inn*  hlna  wllh  ronr  Im>II 
drifP. 

Llak'BeU  Co.,  Chlraio.  111.  Book  SM>.  pntlll«'d 
"Chain  drlT«i  Motor  Tnirke  and  Trariora."  Ulna 
traltnx  \nntaUatU,nu  of  Mnk  lt^lt  rhain  In  tnirka 
and    fra-ir.r-. 

NalloaAl  Ma^hlaary  C«.,  TlfDn,  Ohio.  National 
rorglnf  Marhin*  Talk  No.  HI.  tr^atlnv  of  fnrxInK 
nolor  ItJtrk  ahafia  on  a  National  linavjr  patlirn 
forilnff  marblD*. 


Heinkel  Machine  Tool  Co.,  Sandusky,  Ohio.  Cir- 
cular descriptive  of  Heinkel  silent  multiple  drilling 
heads  designed  for  use  in  connection  with  single- 
spindle  equipment. 

Wright  Holler  Bearing  Co.,  1420  Chestnut  St., 
Philadelphia.  Pa.  Catalogue  of  Wright  taper  roller 
bearings,  describing  and  illustrating  in  detail  the 
construction  of  this  type  of  bearing. 

Shepard  Electrio  Crane  &  Hoist  Co.,  Montour 
Palls,  N.  Y.  Folder  illustrating  Shepard  electric 
cranes  and  hoists  and  their  installation  in  twenty- 
four  plants  for  various  classes  of  work. 

Link-Belt  Co.,  Chicago,  111.  Booklet  354,  describ- 
ing and  illustrating  the  gravel  washing  and  sand 
drying  plant  of  the  Abseoon  Sand  Co.,  which  was 
designed  and  equipped  by  the  Link-Belt  Co. 

Newman  Mfg.  Co.,  717-721  Sycamore  St..  Cincin- 
nati, Ohio.  Circular  of  "Spotlight"  factory  brackets, 
illustrating  the  different  types  and  their  application 
on  various  types  of  machines  and  giving  price  lists. 

Charles  F.  Elmes  Engineering  Works,  222  N. 
Morgan  St. ,  Chicago,  111.  Classified  collection  of 
loose-leaf  circulars,  illustrating  presses,  oil  ma- 
chinery, accumulators,  pumps,  valves,  fittings, 
gages,    etc, 

Gisholt  Machine  Co.,  1200  E.  Washington  Ave., 
Madison,  Wis.  Pamphlet  entitled  "Increasing  Pro- 
duction with  Gisholt  Machines,"  showing  some  in- 
teresting work  that  is  being  done  on  Gisholt  turret 
lathes  and  tool  grinders. 

Fulflo  Pump  Co.,  Cincinnati,  Ohio.  Circular  illus- 
trating essentials  ill  the  construction  of  the  Fulflo 
pump,  which  should  be  of  interest  to  purchasers  of 
coolant  pumps.  Letters  of  recommendation  from  a 
number  of  users  are  reproduced. 

National  Tube  Co.,  Pittsburg,  Pa.  Circular  show- 
ing a  piece  of  8-inch  National  line  pipe,  which  re- 
sisted without  fracture  a  twisting  force  of  713,000 
Inch-pounds.  The  circular  also  contains  other  Illus- 
trations showing  the  ductility  of  National  tubing 
and  pipe. 

Cleveland  Galvanizing  Works  Co.,  Cleveland,  Ohio. 
Circular  descriptive  of  a  new  swivel  repair  link, 
designed  to  facilitate  the  work  of  repairing  chains. 
The  "One-minute"  swivel  repair  link  is  made  in 
three  sizes  for  use  with  different  sizes  of  welded, 
weldless,  or  flat-link  chain. 

Cleveland  Automatic  Machine  Co.,  Cleveland,  Ohio. 
Pamphlet  containing  reprints  of  thirty-one  articles 
by  J.  P.  Brophy  which  have  been  published  in  vari- 
ous magazines.  The  articles  deal  with  mechanical 
information,  municipal  problems,  politics,  human 
qualities,  humor,  war,  and  general  business  adminis- 
tration. 

E.  E.  Senn  &  Co.,  52  Vanderbilt  Ave.,  New  York 
City,  has  Issued  the  first  number  of  a  house  organ 
called  "The  Belt-ol  Scrap  Book"  which  will  con- 
tain information  on  power  efficiency  and  the  use  of 
Belt-ol  for  increasing  the  transmission  efficiency 
of  belts.  The  intention  is  to  include  each  month 
items  covering  practical  methods  and  experiences 
of  prominent  production  and  power  plant  managers. 

Greenfield  Tap  &  Die  Corporation,  Greenfield,  Mass. 
Catalogue  of  the  Wells  self-opeuiug  die,  treating 
of  the  advantage  of  self-opening  dies  and  describing 
the  construction  of  the  Wells  die.  Dimensions  of 
the  pull  trip,  rim  trip,  and  face  and  lever  trip  types 
are  included.  The  book  is  illustrated  with  halftone 
and  line  engravings,  making  the  construction  clear 
to  the  non-technical  man  as  well  as  to  the  engineer. 

Walton  Co..  Hartford,  Conn.  Circular  70,  describ- 
ing the  Walton  tap  extractor  for  removing  broken 
pieces  of  taps.  The  device  consists  essentially  of 
prongs  or  fingers  suitably  mounted,  whli-h  are  pushed 
into  the  flutes  of  the  broken  tap;  the  tup  can  then 
be  easily  screwed  out.  The  prongs  are  made  of  n 
special  crucible  steel,  having  considerable  strength, 
which   is  neither  as  hard  nor  as  brittle  as  the  tap. 

WeatinghouBO  Electrio  &  Mfg.  Co..  East  Pitts- 
burg, Pa.  Pamphlet  A-2132.  containing  Informa- 
tion on  bakelite  mlcarta-D  gears.  The  distinctive 
features  of  this  material  for  nolKcless  gears  and 
pinions  are  listed,  together  with  ita  physical  prop- 
erties. Methods  of  turning,  drilling,  and  cutting 
gears  In  bakelite  mlcarta-D  are  described  and  Illus- 
trated. The  book  also  contains  other  Information 
of  valuo  to  those  who  are  interested  In  the  use  of 
nolKeluHN   gears.  « 

Followa  Gear  Shapor  Co..  Sprlngneld,  Vt.  Book- 
l.t  entitled  "The  Stub-tooth  r.ciir."  This  treatiso 
txplnlns  1"  Himple  terms  the  ndvaiitiigcs  of  the  coin- 
blna(l<-  ,t  a  Hhort  gear  tooth  with  an  Increased 
angle  U  obliquity.  The  troatnient  1h  M-ry  clear  and 
romplelo.  roviTing  some  fifty.  (I-  by  U-inOi  pagea.  and 
profuaely  llluatnilod  with  line  engravlnga  and  hnlf- 
tonea.  The  tr<'atlne  la  divided  into  five  chnpterH: 
IR.veIopment  of  Gear  Tei-th  nnd  Gonr  Tooth  I'ro- 
IK.rtlona;  Oraphlcnl  Anfitynla  of  (lenr  Tooth  Wenr 
nnd  Durriblllty;  ComiMirntlve  Strength  of  14^-  and 
2lfdi>Kree  Hlul»  getir  Tci-th;  AdvnnliiKea  of  the  Htub 
t<x*i)i  Gr>nr;  and  (Irnjililritl  Method  of  "Generattng" 
iin  liivuliito  Gear  Tmilli.  TriMitlaea  of  thla  kind  are 
II    vnluablo   addition    to   uiecbanlcal    literature. 


TRADE  NOTES 


Maif  Orlndlni  Whno]  Corporation.  (Miratrr.  Mnaa., 
hna  o[M>n*Hl  an  ofTIm  nt  ir>  17  H.  Clinton  Ht.,  Chlrngo, 
III.,  In  rhnrgf  of  HofTninn  A  Mnyor.  when*  ■  large 
atofk  of  grinding  whrria  will  bo  rnrrlid  on  hand. 

Bpeolal  Tool  Co.,  Whilmnn,  Mnaa.,  baa  rormlly 
lakrn  OTPr  all  Ihn  aa>Pla.  In'-lndlni  mnrhlnprj. 
atfKk.  palmtn,  ff'>od  will.  rtr..  and  llaldlltlpa  of 
iho  WorrPit«.r  KlotlbU  Ttibln«  Co.,  Worrralir, 
Maaa. 

Murrar-Mrlraa  Marhlne  Co..  Anll(o,  Wla..  haa 
Uiiiffbt  thA  diak  tfrlndiT  btialnoaa  rondiirlvd  In  tha 
[.nat    hf    thi>    Kanwtm    Mfg.    Co.,    Oabkoah.    Wis.     The 


Murray-Mylrea  Machine  Co.  will  continue  the  manu- 
facture of  the  disk  grinders. 

Crescent  Tool  Co.,  Jamestown,  N.  Y.,  Is  pre- 
paring plans  for  a  power  station  and  concrete  coal 
storage  bins  and  will  shortly  be  In  the  market  for  a 
1000-kilowatt  steam  turbine  generator  set  and  boil- 
ers, and  a  1500-horsepower  gas  producer  for  supply- 
ing gas  engines,  forges,  and  furnaces. 

High-Speed  Tools  Corporation,  manufacturer  of 
cast  high-speed  steel  tools  and  alloyed  steels,  has  re- 
moved its  offices  to  43  Exchange  Place,  New  York 
City.  The  company  is  enlarging  the  capacity  of  Its 
factory  considerably,  and  expects  to  be  able  to  assure 
its  customers  of  the  earliest  possible  delivery. 

Hetheringt on- Jones  Co.,  523  W.  Miami  St.,  Plqua, 
Ohio,  has  been  succeeded  by  the  Hetherington  Co., 
chartered  under  the  laws  of  Ohio  with  a  capitaliza- 
tion of  $25,000.  The  new  company  will  continue 
the  business  of  manufacturing  emery  wheel  dressers 
and  cutters,   and  other  specialties  In  metal  lines. 

Trimont  Mfg.  Co.,  55-71  Amory  St.,  Boston,  Mass., 
is  constructing  an  addition  to  its  plant.  Part  of 
the  Increased  space  will  be  given  up  to  the  office 
and  the  remainder  will  be  used  as  an  assembling 
room  for  the  "Trlmo"  line  of  wrenches  made  by  this 
company.  The  addition  will  be  ready  for  occupancy 
in  May. 

General  Mfg.  Co.,  93  Meldrum  Ave.,  Detroit, 
Mich.,  manufacturer  of  tools,  jigs,  and  fixtures,  an- 
nounces a  change  of  officers  due  to  a  transfer  of 
stock  holdings.  The  new  officers  are  F.  O.  Hossie, 
president;  M.  G.  Hossie,  vice-president;  and  H. 
Wild,  secretary  and  treasurer.  The  business  will  be 
conducted  along  the  same  lines  as  heretofore. 

Spartan  Saw  Works,  41  Taylor  St.,  Springfield, 
Mass.,  manufacturers  of  hacksaw  blades,  have  been 
formed  by  H.  F.  Strout  and  J.  W.  McQuillan,  both 
of  whom  were  formerly  engaged  with  the  Massachu- 
setts  Saw  Works,  the  latter  as  general  superintend- 
ent and  president.  Orders  for  hacksaws  are  now 
being  received  and  a  few  orders  have  already  been 
filled. 

Ransom  Mfg.  Co.,  Oshkosh,  Wis.,  manufacturer 
of  grinding  machinery,  has  sold  its  disk  grinder 
business  to  the  Murray-Mylrea  Machine  Co.,  Antlgo, 
Wis.,  which  will  continue  the  manufacture  of  the 
disk  grinders.  The  Ransom  Mfg.  Co.  will  confine 
itself  entirely  to  the  manufacture  of  motor-driven 
and  belt-driven  grinding  machines  and  water  tool 
grinders. 

Driver-Harris  Co.,  Harrison,  N.  J.,  announces  that 
on  January  31  its  Insulated  Wire  and  Electrical  Cord 
Departments  were  completely  destroyed  by  fire. 
However,  the  company's  business  in  the  production 
of  resistance  materials,  castings,  cold-rolled  strip, 
nickel  sheet,  and  other  products  has  not  been  in- 
terfered with  in  the  least,  and  business  will  con- 
tinue as  usual. 

W.  K.  Millholland  Machine  Co.,  Indianapolis,  Ind., 
manufacturer  of  turret  lathes,  whose  factory  was 
recently  destroyed  by  fire,  has  leased  the  plant  of 
the  Climax  Machinery  Co.  in  Indianapolis  and  has 
resumed  manufacturing,  some  shipments  having  hav- 
ing already  been  made.  Plans  have  been  completed 
for  a  90-  by  300-foot  fireproof  building,  on  which  con- 
struction work  will  be  started  at  once. 

Automatio  Machine  Co.,  Daytou,  Ohio,  designer 
nnd  manufacturer  of  automatic  and  special  ma- 
chinery, tools,  dies,  and  fixtures,  which  was  or- 
ganized about  eighteen  months  ago,  with  M.  O. 
Kepler  as  president  and  J.  S.  Kepler  as  vice- 
president  and  manager,  has  moved  Into  the  com- 
pany's new  building  on  W.  Second  St.  Thla  la  a 
two-story  and  basement  brick  building  with  excep- 
tionally good  light.  The  new  equipment  secured 
for  this  building  will  double  the  company's  present 
capacity. 

Whitman  &  Barnes  Mfg.  Co..  Akron,  Ohio,  maker 
of  drop-forginga.  elected  the  following  officers  at  ita 
annual  directors*  meeting:  A.  D.  Armltage,  presi- 
dent; W.  H.  Eager  and  A.  B.  Hall,  vice-presidents; 
W.  13.  Rowell,  secretary;  nnd  E.  A.  Fisher,  treas- 
urer. Mr.  Armltage  has  been  connected  with  the 
company  for  twenty-five  years.  He  started  as  a 
mechanic  In  the  Akron  factory  In  1802,  and  In  1915 
he  was  elected  vice-president  nnd  manager  of  the 
Chicago  and  Canadian  factories,  with  charge  of  sales 
at   those  offices. 

Ott  Grinder  Co.,  Indianapolis.  Ind.,  the  shops  of 
whlrh  were  completely  burned  January  18,  has  se- 
cured the  plant  formerly  occupied  by  8tut»  Auto 
Parts  Co.,  at  217-l.*2l  W.  10th  St.,  Indianapolis,  ami 
will  occupy  the  entire  building,  which  Is  of  thrcc- 
Htory  modern  concrete  construction.  Tho  new  fac- 
tory is  being  rapidly  equipped  with  an  entirely  new 
equipment,  and  regular  dellverlca  will  bo  mndo  about 
March  15.  Tho  company  has  Increased  tho  alios  of 
the  No.  2  universal  grinder  to  10  by  :\0  Inches, 
and  of   the   Nu.   8  plain   grinder  to  5   by    18  Inches. 

Fulton  Btool  Corporation,  105  Broadway,  New  York 
4Mty,  nniiouncea  that  Its  Heroult  electrical  plant 
lit  Fulton,  N.  Y.,  devoted  to  the  ninklng  of  alloy 
Hteeln  of  dlfTerent  klndx,  U  now  In  Hucceaaful  opera- 
tion. Tho  plant  lina  a  capacity  for  melting  alK>ut 
Hevcnieen  tons  of  ateel  per  day.  Irving  It.  Valen- 
tine. metflllurglHt  of  the  corporation,  who  bai  per- 
Honiil  HiiporvlHlon  over  the  ateel  melting,  worked 
for  alx  yenra  In  tho  rearnrcb  Inlmratory  of  the  Gen- 
eriil  Klerlric  Co..  and  hna  for  Hcvornl  yenm  boon 
In  rhnrffo  of  the  Heroult  eleclrlcnl  plant  of  that 
.onipnny. 

WlllUma  A  Thomas  Maohlnery  Co.,  Ino.,  baa  Item 
formed  (o  handle  n  complete  line  of  ninrblni*  t<M>la 
iind  rnllwny  nnd  alilpynrd  rr)ulpment.  Tho  company 
will  hnvn  ofllcra  nt  N21)  Counnerclnl  Trust  Bldg., 
I'hiladidphln.  Pn.,  nnd  1230  Kullon  llldg.,  Plttaburg. 
I'a.  Tho  prealdeni  of  the  new  conerrn  la  It.  V. 
Wllllnma.  who  hna  boen  rnnnocted  for  thr  pnst 
arvrn  yenra  with  Manning,  MnTwrll  A  Monro,  Inr.. 
nnd  nioro  rrconlly  with  Hliorrllt  A  Htoer  Vo.,  Inc. 
I'hilndrlphln.  Ocorgo  I*.  Thoniaa.  who  waa  formerly 
prraldent  of  the  Tliomna  Hpnclng  Co.,  uf  Plttaburg. 
la   ancrrtary  treaanrer. 


Loading /'^^ 
Assembling 

Time  Fuses  ^ 


by  O.C.AA/HITE  2 


The  complete  equipment  of  ^  J"!,^  ,  °°,  "^  •!.  -  ^  jai,  now  a 
;tsf rpeV^/tts^an^d^Lrtll^esCei;  erS,  to  tuse  ,oa.,n. 
in  the  order  in  which  the  work  rs  actually  done. 

HILE  much  has  been  written  about  the  machining 
operations  involved  in  the  manufacture  of  time 
fuses,  the  assembling  and  loading  has  not  re- 
ceived so  much  publicity.  The  practice  in  a 
loading  plant  may  not  seem  to  be  as  interesting, 
from  a  mechanical  viewpoint,  as  manufacturing 
the  different  parts;  but.  as  a  matter  of  tact,  the  various  opera- 
tions and  tests  performed  in  a  fuse  plant  must  be  done  care- 
fullv  and  accurately  and  require  the  use  of  some  very  in- 
genious mechanical  equipment.  Before  considering  in  detail 
the  successive  steps  in  the  loading  of  time  fuses,  the  particular 
design  of  time  fuse  (No.  80,  Mark  VII)  to  which  this  article 
refers  will  be  described. 

This  fuse,   which   is   shown   in   Figs.   1   and   2.   is   the   com- 
bination time  and  percussion  type  such  as  is  used  on  shrapnel 
shells      The  fuse  is  so  arranged  that  it  regulates  the  length 
of  time  that  elapses  between  the  instant  that  the  shell  is  fired 
and  the  explosion.     The  main  body  A  of  the  fuse  is  provided 
with  a  cap  B  and  two  timing  rings  C  and  £».    Within  the  cap 
there  is  a  time  pellet  E.  which  contains  a  detonator  and  is 
held   in   the   position   shown,   before  firing   the   shell,   by   the 
flanges  V  on  the  stirrup  spring.     Just  beneath  the  detonator 
there  is  a  needle  or  firing  point  C.     At  the  instant  that  the 
shell   is  fired,  time  pellet  E.  owing  to  its  inertia,  flies  back- 
ward relative  to  the  other  parts  of  the  fuse,  so  that  the  detona- 
tor strikes  pin  C,  and  is  discharged.  -Instantly  the  flame  passes 
out  through  the  flash  hole  H  in  the  fuse  body  and  the  flash 
hole  /  in  the  upper  ring  (which  contains  powder)  and  ignites 
a  train  of  powder  which  Is  tightly  compressed  in  the  groove 
or  channel  ./  of  the  upper  ring.     When  this  train  of  powder 
ha.  burned  around  to  a  point  opposite  flash  hole  K.  another 
powder  train  /.  in  the  lower  timing  ring  Is  Ignited.     As  soon 
as  this  second  powder  train  has  burned  to  a  point  opposite 
hole  M   which  Is  filled  with  a  powder  pellet,  the  flame  is  rap- 
Idlv   transmitted   to   the  base  charge,   and   thence,   through   a 
central  tube,  to  the  bursting  charge  in  the  base  of  the  shell. 
The  time  that  elapses  between  the  firing  of  the  sboU  and  its 
final  explosion  may  be  varied  by  changing  the  position  of  the 
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lower  timing  ring  relative  to  the  main  fuse  body  and  the 
upper  ring.  If  we  assume  that  flash  holes  H  and  /  are  in 
direct  line  with  K  and  M,  the  fuse  would  then  be  set  for  the 
minimum  length  of  time  and  the  explosion  of  the  shell  would 
occur  almost  at  the  instant  of  firing.  By  turning  the  lower 
timing  ring  D  so  that  the  flash  hole  K  is  some  distance  from 
holes  H,  I,  and  M,  it  is  necessary  for  the  train  of  powder  in 
channel  J  to  burn  around  in  one  direction  until  hole  K  is 
reached,  and  then  back  in  the  opposite  direction  to  opening  M 
before  the  shell  explodes.  This  adjustable  timing  ring  is  set 
by  means  of  graduations  which  indicate  seconds  of  time.  For 
instance,  if  it  is  estimated  that  the  shell  should  explode  within 
ten  seconds  after  firing,  the  lower  timing  ring  is  turned  until 
the  index  line  on  it  is  opposite  the  ten-second  graduation  line 
on  the  flange  of  the  fuse  body. 

If  for  any  reason  the  timing  arrangement  should  fail  to  oper- 
ate, or  if  the  shell  should  accidentally  strike  some  object  of 
sufficient  mass  to  arrest  its  motion  suddenly,  the  shell  would 
be  exploded  upon  impact  by  the  p  rcussion  pellet  N.  This 
pellet,  like  the  one  previously  referred  to,  contains  a  detonator, 
and  it  is  normally  held  in  the  position  shown  in  the  illustra- 
tion by  spring  0  and  the  flanges  F  on  the  stirrup  spring.  At 
the  same  time  that  the  pellet  strikes  the  needle  G,  flanges  P 
of  percussion  pellet  N  are  straightened  out  by  the  ferrule  or 
sleeve  y,  which,  by  reason  of  its  weight  or  inertia,  is  forced 
backward  over  flanges  P  at  the  instant  the  shell  is  fired.  The 
percussion  pellet  is  now  ready  to  be  effective  whenever  the 
flight  of  the  shell  is  retarded  sufficiently  to  enable  the  pellet  to 
overcome  the  resistance  of  the  coil  spring  0.     For  instance, 


Tig.   1.     Time  and  Percussion  Fuse 

If  th<-  iiiuvc-iiic'iit  of  the  shell  were  suddenly  arrested,  the 
momentum  of  pellet  A^  would  carry  it  forward,  thus  firing  tlie 
detonator  as  It  came  Into  contact  with  the  end  Q  of  the  firing 
pin.  The  flame  then  passes  down  through  the  center  of  the 
pellet  to  the  bane  charge  and  central  tube  previously  referred 
to  and  then  to  the  base  of  the  shell.  It  should  be  mentioned 
that  the  channels  J  and  I,  In  the  timing  rings  do  not  form 
complete  clr<:lo«.  When  the  solid  portions  between  the  ends 
of  th<;  channels  are  opposlli:  holos  //,  /,  and  M,  the  fuse  Is  then 
set  In  the  safely  position;  the  line  on  the  lower  ring  Is  then 
opposite  the  -f  on  the  body  Mango.  Henoath  the  flange  of 
needle  O  a  lead  washer  Is  provided  to  make  sure  that  the 
flash  or  flame  will  not  pass  strulKht  throuKh  the  fuse  to  the 
base  ''haPKc  and  cause  a  premature  explosion.  The  felt  wash- 
ers V  and  V,  which  are  placed  between  the  rings,  servo  sis 
(Caskets. 

Kach  time  rInK  has  an  escape  holo  and  vent  which  connects 
the  Initial  end  of  the  powder  train  with  the  exterior  or  the 
atmoHphero.  The  oblong  slots  seen  In  the  rings  of  the  fuse 
Illustrated  In  Klg.  1  are  the  osrupe  holes.  Kach  of  these  hfdes 
contains  a  powdi^r  pellet,  which  Is  rovor<?d  and  enclosed  by  a 
thin  brass  disk.  When  the  Initial  end  of  the  powder  train  In 
the   upper   rlnit    Is   iKnItod,    (ho   powder    pi-lli-t    In    the   escapi' 


Fig.  2.     Sectional  View  of  Time  and  Pi 

hole  burns  rapidly  until  the  pressure  is  great  enough  to  blow 
out  the  disk.  The  train  of  powder  is  then  in  direct  com- 
munication with  the  atmosphere,  so  that  it  burns  and  does  not 
explode.  If  there  were  no  vent,  the  powder  composition  in 
the  groove  would  explode  and  the  timing  quality  of  the  fuse 
would  be  eliminated. 

Drilling:  and  Routingr  Operations  on  Rings 
The  operations  performed  at  the  loading  plant  are  princi- 
pally on  the  top  and  bottom  timing  rings  {C  and  D,  Fig.  2), 
and  for  that  reason  these  rings  will  be  considered  first.  Before 
loading  with  powder,  certain  machining  operations  are  per- 
formed which  will  be  described.  The  rings  are  first  drilled 
at  points  corresponding  to  the  ends  of  channels  /  and  L,  and  a 
hole  is  also  drilled  in  each  ring,  which  is  used  as  a  locating 
point  for  all  subsequent  operations.  The  jig  used  for  drilling 
these  holes  in  the  upper  timing  ring  is  illustrated  in  Fig.  3. 
It  is  necessary  to  have  these  holes  in  a  certain  relation  to  the 
elliptical  escape  hole  in  the  side  of  the  ring,  and  the  work  is 
held  in  the  right  position  by  a  plunger  A.  This  plunger  en- 
Kages  the  escape  hole  and  the  end  is  rounded  off  and  made 
tapering  so  that  it  will  easily  enter  the  hole.  When  loading 
I  lie  jig  it  is  turned  over.  Nut  B  is  loosened  and  wing  C  is 
swung  back,  thus  allowing  tlie  timing  ring  D  to  be  inserted. 
Girls  can  drill  300  rings  per  hour.  The  diameter  of  the  hole 
is  0.138  inch,  and  the  depth,  0.1S8  inch.  The  drill  spindle 
runs  at  3000  revolutions  per  minute.  It  is  necessary  to  re- 
grlnd  the  drills  after  drilling  from  800  to  1000  rings.     The 
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Fig.    4.     Cutter   used   for   milling   Powder   Train   Channels 

drills  have  been  found  to  cut  better  if  the  lips  are  ground  so 
that  they  will  have  no  rake. 

Any  burrs  that  may  have  been  formed,  especially  by  dull 
drills,  are  next  filed  off  and  the  lighting  lines  are  scribed  or 
cut.  These  lighting  or  index  lines  will  be  in  line  with  the 
centers  of  the  flash  holes;  the  flash  holes  are  drilled  later. 
The  line  on  the  upper  ring  is  used  to  locate  it  when  drilling 
holes  for  the  "securing  pins"  which  hold  this  ring  permanently 
in  one  position.  The  line  on  the  lower  ring  is  used  for  setting 
the  fuse.  Bench  milling  machines  are  used  to  cut  these  lines, 
the  rings  being  mounted  upon  angle- 
blocks  and  fed  under  a  fine  cutter.  The 
channels  or  grooves  in  the  timing  rings 
are  next  formed  by  a  routing  operation. 
One  operator  runs  two  Gorton  machines 
and  the  channel  is  cut  to  the  full  depth 
in  one  passage  of  the  cutter.  The  cut- 
ters used  for  this  work  are  made  of  drill 
rod  and  are  of  the  form  illustrated  in 
Fig.  4,  which  shows  two  views  of  the 
same  cutter.  This  cutter  is  used  to  rout 
a  groove  of  a  width  not  less  than  0.137 
inch  and  not  greater  than  0.139  inch. 
No  cooling  compound  is  used  for  this 
operation  and  the  average  life  of  a  cut- 
ter is  300  rings.  The  spindle  speed  for 
this  routing  operation  is  8000  revolu- 
tions per  minute. 

The  composition  channels  are  now 
covered  with  a  lacquer  consisting  of  1 
pound  of  shellac,  8  ounces  of  turmeric, 
and  8  pounds  of  methylated  spirits.  The 
burrs  caused  by  the  routing  operation 
are  removed  from  the  face  of  the 
rings  by  a  disk  grinder.     The  timing 

rings  are  now  Inspected  for  diameter,  concentricity,  and  width 
and  depth  of  the  channel  formed  by  routing.  The  gage  used 
for  testing  the  depth  is  illustrated  at  A  in  Fig.  5.  The  pin 
which  does  the  gaging  passes  through  an  adjustable  bushing 
that  is  provided  to  compensate  for  wear.  It  is  surprising  how 
fast  a  gage  of  this  type  will  become  worn.  The  adjustment 
of  the  gage  is  necessary  after  testing  approximately  90,000 


rings.  The  gage  used  for  testing  the  position  of  the  index 
line  on  each  timing  ring  is  illustrated  at  B.  The  timing  ring 
is  located  in  the  right  position  relative  to  the  gage  by  the  pin 
shown,  which  engages  the  locating  hole  previously  drilled  by 
means  of  the  jig  shown  in  Fig.  3.  The  labor  cost  for  preparing 
each  ring  for  loading  is  0.7237  cent,  and  is  distributed  as 
follows: 

Goat. 
Operation  Cent 

Drilling  (three  holes) 0.1125 

Marking   0.0225 

Routing   0 .  2250 

Grinding   0.0225 

Cleaning   0.0375 

Inspecting  0 .  1575 

Drilling  land  0.0225 

Mechanics  (two  operating) 0.0750 

Mechanic  (repairs) 0.0375 

Compound  man  0 .  0112 

Labor  cost  per  ring 0.7237 

Preparation  ol  Powder  for  Fuses 

After  the  preliminary  machining  operations  referred  to,  the 
rings  are  sent  to  the  loading  department,  which  is  kept  at 
approximately  a  constant  temperature  by  means  of  humidifiers 
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Fig.  6.     Wiring  Diagram  of  Tuse-te'Sting  Plant 

in  conjunction  with  refrigeration  and  heating  plants.  Bristol 
recording  thermometers  are  used  to  keep  a  record  of  the  tem- 
perature, in  order  to  see  that  the  required  temperature  is 
maintained.  This  should  be  70  degrees  F.  and  the  humidity 
45  per  cent.  The  temperature  may  be  reduced  as  much  as 
20  degrees  when  a  new  lot  of  powder  is  brought  into  this 
department.  The  powder  is  kept  in  a  separate  building  con- 
necting with  the  blending  department  by  a  tunnel.  All  the 
employes  in  this  department  wear  rubber  soled  shoes,  and 
steel  parts  are  eliminated  as  much  as  possible.  All  surplus 
powder  is  collected  by  means  of  vacuum  machines,  the  fan 
motors  of  which  are  located  outside  to  avoid  danger  from  any 
sparking  of  the  motor.  The  powder  for  the  fuses  Is  tumbled 
and  mixed  In  a  wooden  box  which  contains  wooden  balls: 
then  It  Is  passed  over  riddles,  and  smaller  quantities  are 
placed  in  covered  receptacles  made  of  copper  or  brass.  The 
samples  obtained  In  this  way  are  next  tested  for  burning  and 
the  results  carefully  noted  and  recorded. 

Testins:  Burning  Time  of  Fuses 
To  test  the  powder,  sample  timing  rings  are  loaded  and  the 
fuse  Is  assembled.  An  apparatus  known  as  the  "chronoscope" 
(manufactured  by  F.  G.  Street,  60  Broadway,  New  York  City) 
Is  used  to  obtain  and  record  the  burning  time  of  the  fuses. 
This  apparatus  consists  of  the  recording  machine  Illustrated 
in  Fig.  7  and  the  firing  heads  shown  In  Fig.  8.  Two  of  these 
firing  heads  are  located  at  a  reasonable  distance  from  the 
recording  machine  and  are  connected  to  It  by  electric  wiring. 
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A  laboratory  clock  is  also 
connected  by  wiring  with 
the  recording  machine. 
The  fuse  to  be  tested  is 
placed  in  a  firing  head. 
The  fuse  cap  (B,  Pig.  2) 
has  a  hole  bored  through 
it  to  permit  inserting  a 
steel  plunger  that  can  be 
used  for  exploding  the 
detonator.  The  fuse  is 
screwed  into  the  firing 
head  beneath  a  suspend- 
ed weight,  which  falls  at 
a  given  instant  by  the  re- 
leasing of  a  clutch.  When 
the  weight  falls  and 
strikes  the  steel  plunger, 
the  detonator  explodes 
and  instantly  the  paper 
tape  of  the  recording  ma- 
chine begins  to  pass 
through  the  machine  and 
the  clock  records  on  this 
tape  each  second  of  time. 
The     explosion     of     the 


Fig. 


Machine  used  to  record  Burning  Time  of  Fuses 


detonator  also  ignites  the  powder  train  in  the  upper  timing 
ring,  and,  when  the  bottom  ring  escape  hole  disk  blows  out, 
it  strikes  a  conveniently  arranged  plate  which  breaks  the  con- 
tact, thus  giving  a  record  of  the  burning  time  for  the  upper 
ring.  This  record  is  on  the  paper  tape  referred  to.  The  lower 
timing  ring  burns  until  it  ignites  the  magazine  charge,  which 
breaks  another  contact,  so  that  a  record  of  its  burning  time 
is  also  obtained.  A  fuse  may  be  tested  in  approximately  one 
minute,  and  it  is  claimed  that  the  burning  time  obtained  is 
within  1/100  of  a  second  of  the  exact  time.  The  time  of  burn- 
ing is  scaled  off  from  the  tape  and  corrections  are  made  for 
atmospheric  conditions.  The  wiring  diagram  of  the  fuse- 
testing  plant  is  illustrated  in  Fig.  6. 

Loading  Fuse  Rings 

If  the  tests  are  satisfactory,  a  certain  number  (or  "lot")  of 
fuse  rings  are  sent  to  the  loading  department.  The  ten  men 
in  the  loading  gang  load  approximately  4000  rings  in  nine 
hours.  The  presses  used  in  connection  with  this  work  have 
a  capacity  of  75,000  pounds  and  are  located  at  the  curved 
end  of  the  U-shaped  loading  table.  The  work  is  divided  into 
assembling  and  disassembling  the  loading  tools  and  distribut- 
ing the  powder.  All  powder  is  blended  in  accordance  with 
the  results  obtained  by  the  tests,  and  is  sent  to  the  loading 
rooms  in  relatively  small 
brass-covered  containers. 
The  distribution  of  the 
powder  into  the  channel 
Is  accomplished  by  means 
of  the  funnel  shown  at  A 
in  Fig.  11.  This  opera- 
tion Is  Important,  as  the 
powder  must  be  uniform- 
ly distributed  and  of  the 
exact  quantity  required, 
which  Is  determined  by 
using  a  measure  that 
holdn  the  correct  amount 
If  the  powder,  which  Is 
fine  like  flour  or  meal, 
BH  the  i-aHC  may  be.  Is 
packed  or  heaped  up  tor) 
much  In  the  mcanure. 
there  will  be  a  variation 
In  the  loading,  hernum' 
the  preKdoM  are  Mi-f  in 
rnmprcHH  (o  a  ccrliilri 
load,  which  depondH  upon 
the  amount  of  powdi-r 
Varlatlona     In     dlNtrlhii        rit.  •     iinnK  ii 


tion  will  produce  hard 
and  soft  spots  of  powder, 
or  broken  trains,  etc.  The 
total  scrap  from  this  op- 
eration is  about  3  per 
cent.  The  powder  fun- 
nels should  preferably  be 
made  of  nickel,  because 
the  powder  will  not  ad- 
here to  the  sides  of  the 
funnel. 

The  powder  train  in 
the  upper  timing  ring  is 
subjected  to  a  pressure  of 
40,000  pounds  when  load- 
ing, and  the  train  in  the 
lower  ring,  to  a  pressure 
of  46,000  pounds.  An 
Olsen  testing  machine  ar- 
ranged for  this  work  is 
shown  in  Figs.  9  and  10. 
This  machine  applies  the 
necessary  pressure,  and 
it  has  a  scale  or  weigh- 
ing mechanism  to  indi- 
cate the  weight.  The 
ring  which  is  to  have  its  upper  train  compressed  is  inserted 
in  a  loading  tool,  which  is  inserted  in  the  press  through  the 
opening  at  A,  Pig.  9.  The  machine  shown  is  arranged  for 
hand  feeding,  but  some  of  the  presses  for  fuse  loading  are 
equipped  with  automatic  feeding  mechanisms.  The  loading 
tool  is  inserted  beneath  a  yoke  which  is  forced  downward  by 
screws.  These  screws  are  rotated  through  a  train  of  gearing 
and  a  silent  chain  drive  connecting  with  the  motor  shown  in 
Fig.  10.  When  the  loading  tool  is  properly  located  beneath 
the  yoke  that  applies  the  pressure,  the  operator  engages  a 
clutch  by  means  of  hand-lever  B,  Fig.  9,  and  when  the  weigh- 
ing scale  shows  that  the  required  pressure  has  been  applied, 
this  driving  clutch  is  disconnected.  The  automatic  press  feeder 
(manufactured  by  F.  G.  Street,  60  Broadway,  New  York  City) 
is  controlled  by  two  small  levers  at  the  outer  edge  of  the  table. 
If  both  these  levers  are  not  compressed,  the  die  or  loading 
tool  is  not  carried  under  the  press.  After  the  die  is  inserted 
in  the  carriage  of  the  feeding  mechanism,  the  operator's  hands, 
after  leaving  the  die,  compress  the  two  levers,  thus  releasing 
the  carriage,  which  conveys  the  die  to  the  proper  position  in 
the  press.  After  pressure  has  been  applied,  the  carriage  moves 
outward  and  remains  in  the  outer  position  until  another  die 
is  placed  in  it,  when  the  operation  is  repeated.  The  opening 
through    which    the   die    passes   is   automatically    opened    and 

closed  by  a  safety  door. 
The  loading  tool  used 
in  conjunction  with  this 
press  is  illustrated  in 
Fig.  12.  This  tool  is.  In 
reality,  a  box  which  en- 
closes the  timing  ring  In 
order  to  prevent  any  dis- 
tortion of  the  ring  or  un- 
cvonnoss  In  pressure  on 
llie  powder  train.  Pres- 
sure is  applied  to  the 
|i:irl  .1.  which  Is  shaped 
;ii  I  lie  lower  end  to  corre- 
s|>(inil  to  the  groove  or 
rliiuiiu'l  In  the  timing 
ling.  The  ring  //  to  bo 
l'>;i(lc(i  1h  pro.ssed  over  a 
'('111 nil  plug  H  In  an  nr- 
iior  i)roHH.  This  prevents 
(llHlortlon  of  the  bore. 
rii(-  purl  ('  has  u  local- 
liiK  lilii  li>  il.  which  la 
HhiiwM  111  l>  In  the  do- 
lulled  Hcctlonnl  view. 
nt-M  In  (Ik.  7      TIiIh   local Iuk   pin   Is   tho 
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means  of  guiding  the 
sleeve  .i  so  that  it 
does  not  shear  the 
ends  of  the  composi- 
tion channel.  The 
outer  casing  of  the 
loading  tool  is  held 
in  place  by  a  bayo- 
net lock  at  G,  which 
permits  it  to  be  re- 
moved quickly. 

After  the  rings  are 
loaded,  they  are  faced 
off,  because  the  pow- 
der may  be  either 
slightly  above  or  be- 
low the  surface  of 
the  ring.  Garvin  or 
other  suitable  shav- 
ing machines  are 
used  for  this  work 
and  the  rings  are 
held  in  place  on  pull- 
back  collet  chucks. 
These  chucks  (see 
Fig.  13)  are  so  constructed  that  they  are  not  easily  broken, 
and  they  have  eliminated  considerable  trouble  wherever  used. 
The  ring  is  gripped  by  loose  leaves  or  segments  B  that  are 
held  in  place  by  drill-rod  pins  A.  These  segments  are  ex- 
panded for  gripping  the  work  by  a  central  tapering  plug 
which  is  drawn  backward  in  the  usual  manner.  These  shaving 
machines  revolve  at  1000  revolutions  per  minute,  giving  a 
surface  speed  of  approximately  600  feet  per  minute,  which  is 
not  sufficient  to  ignite  the  powder.  The  chips  of  brass  and 
the  powder  dust  are  drawn  away  by  an  exhaust  pipe  and  con- 
veyed to  a  water  tank  which  "kills"  the  powder.  If  the  powder 
is  not  properly  pressed  into  the  composition  channel,  or  if 
the  tool  is  not  in  good  condition,  the  composition,  when  turned 
or  shaved  off,  will  have  a  pitted  appearance,  which  is  per- 
missible if  not  excessive.  It  is  interesting  to  note  that  stellite, 
when  used  as  a  cutting  tool,  will  not  generate  a  spark  like 
high-carbon   steel,   and   its   cutting   qualities  are   satisfactory. 

After  the  facing  operations,  the  rings  are  gaged.  One  type 
of  gage  that  is  used  to  test  the  concentricity  of  lip  R,  Fig.  2, 
with  the  bore  of  the  ring  is  illustrated  at  B  in  Fig.  11.  This 
is  a  double-ended  gage  having  pilots  which  fit  closely  into  the 
bore.  The  particular  gage  shown  is  for  testing  the  bottom 
ring,  which  must  enter  one  side  of  the  gage,  but  not  the  other. 
The  rings  are  next  varnished  by  using  a  sable  brush,  3/8  inch 
wide,  and  a  mixture  of  orange  shellac,  methylated  spirits, 
and  a  small  per- 
centage of  Venice 
turpentine.  This 
mixture  should  be 
evenly  applied. 

The  burning  time 
of  the  powder  is  per- 
haps the  most  be- 
wildering part  of 
fuse  loading,  because 
the  test  will  show 
one  result  today  and 
another  that  is  quite 
contradictory  tomor- 
row. It  has  been 
demonstrated,  how- 
ever, that  careful  at- 
tention to  the  vari- 
ous details  Involved 
In  fuse  loading  is 
manifest  later  by  the 
uniform  and  more 
satlBfactory  results 
obtained.  A  few 
points  will  llluHtrate 
the  necessity  of  care-  rig.  lo.    Rear  vuw  of  Twiint  M 


fully  watching  the 
details.  For  instance, 
if  the  escape  hole 
disks  are  fastened  in 
very  tight,  or  if  the 
hole  connecting  the 
escape  hole  and  the 
composition  channel 
is  not  drilled,  the 
burning  will  be  very 
rapid,  practically  an 
explosion.  If  the 
flash  hole  in  the  top 
ring  is  drilled  in  the 
wrong  location,  the 
burning  will  also  be 
affected.  If  the  pow- 
der is  broken  away 
while  drilling  the 
vent  hole,  the  re- 
sults are  likely  to  be 
erratic.  The  burning 
in  the  top  rings  is 
more  uncertain  than 
in  the  bottom   ones. 


Operations  on  Loa.ded  Timing  Rings 

The  assembling  department  which  now  receives  the  loaded 
rings  is  divided  into  sections,  each  of  which  is  capable  of  turn- 
ing out  10,000  rings  in  a  nine-hour  day.  All  the  component 
fuse  parts  are  conveyed  and  handled  in  lots  of  a  hundred  or 
multiples  of  a  hundred,  and  the  trays  in  which  they  are  placed 
are  standardized.  This  system  simplifies  the  storekeeping. 
The  sections  of  the  assembling  department  are  divided  into 
top-ring,  bottom-ring,  and  body  benches.  These  benches  are 
4  feet  wide  and  have  a  partition  in  the  center.  A  6-inch  strip 
across  the  top  of  the  partition  forms  a  convenient  shelf  for 
holding  trays,  etc.  The  total  length  of  each  bench  is  about 
36  feet. 

The  first  operation  is  to  ream  the  bore  of  each  ring,  which 
has  been  closed  in  slightly  in  the  loading  operation.  A  Henry 
&  Wright  drilling  machine  is  used  for  this  purpose;  the  fix- 
ture for  holding  the  rings  while  reaming  is  Shown  at  A,  Fig. 
14.  The  tapering  seat  in  this  fixture  which  receives  the  ring 
is  semicircular,  as  shown  by  the  plan  view,  and  is  open  on 
the  front  side  so  that  a  ring  can  easily  be  inserted  or  removed. 
The  ring  is  held  downward  by  fingers  o  and  b.  which  are  con- 
nected to  the  fork-shaped  handle  c.  This  particular  fixture 
is  intended  for  the  upper  timing  ring.  The  burr  caused  by 
facing  the  ring  after  pressing  in  the  powder  is  next  removed 

from  the  locating  hole, 
after  which  a  vent 
hole  is  drilled  in  the 
powder  at  the  end 
of  the  composition 
channel.  A  rather 
unusual  form  of  jig 
(shown  at  B)  is  used 
for  this  operation. 
This  jig  consists 
principally  of  a  base 
d  and  the  jig  plate  c 
to  which  the  handle 
is  attached.  The  ring 
to  be  drilled  is  held 
in  place  by  plug  / 
(which  fits  into  the 
bore)  and  pin  g. 
which  enters  the  lo- 
cating hole.  After  a 
ring  has  been  placed 
on  this  combined 
handle  and  jig  plate, 
the  latter  is  pushed 
back     into     the     V- 

howing  Drivinc   Mochanitni  shaped  nOtch  in  plate 
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Fig.  11.     (A)   Special  Funnel  used  for  loading  Fuse  Eings. 
(B)    Concentricity  Cage  for  Fuse  Kings 

h,  thus  locating  guide  bushing  j  under  the  drill.    This  type  of 
jig  can  be  loaded  and  unloaded  very  rapidly. 

The  flash  holes  and  the  holes  connecting  the  end  of  the  com- 
position channel  with  the  escape  hole  are  drilled  in  succession. 
The  Jig  used  for  drilling  the  flash  hole  in  the  top  ring  is  illus- 
trated at  B  in  Fig.  15.  The  method  of  testing  the  accuracy 
of  the  hole  in  the  jig  is  illustrated  by  the  detailed  sketch  A, 
Fig.  15.  The  end  of  a  close-fitting  rod  or  plug  which  projects 
through  the  jig  hole  should  just  make  contact  with  a  wire 
having  a  diameter  of  0.0934  inch.    The  flash  hole  in  the  bottom 
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Fig.  12.     Fuse  BIng  Loading  Tool 

ring  is  drilled  on  a  double-spindle  drilling  machine.  The  coun- 
lerbored  part  K  (Fig.  2)  is  first  formed.  The  wing  A,  Fig.  16, 
which  carries  the  drill  bushings  Is  then  swung  back  out  of  the 
way,  and  the  small  hole  Is  drilled  after  moving  the  jig  B  along 
the  base  C/  to  a  position  beneath  the  second  spindle  of  the 
machine  aa  determined  by  stop  D.  The  Jig  for  drilling  the 
hole  connecting  the  end  of  tlio  composition  channel  and  the 
escape  hole  la  of  the  sami!  general  type  as  tho  one  lUualrated 
In  Fig.  15,  except  that  the  guide  bushing  for  tho  drill  la  In  a. 
projecting  part  of  tho  Jig  body  which  extenda  out  over  the 
ring.    The  drill  enters  through  the  escape  hole.    The  rings  am 
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now  gaged  to  test  the  accuracy  of  the  drilling.  The  form  of 
gage  used  for  testing  the  diameter  and  depth  of  the  flash  hole 
in  the  bottom  ring  is  illustrated  in  Fig.  17.  The  step  at  A 
indicates  the  maximum  and  minimum  depths. 

Powder  pellets  are  next  inserted  in  the  escape  holes,  and 
the  escape  hole  disks  are  put  into  place  and  "stabbed,"  which 
is  accomplished  by  holding  the  ring  at  the  correct  angle  and 
stabbing  it  with  a  die  held  in  a  Baird  kick  press.  A  small 
spring  plunger  holds  the  disk  in  place  until  the  cutting  face 
of  the  die  strikes  it.  The  shellac  which  is  now  applied  to 
the  ring  acts  as  an  adhesive  for  the  paper  washers  which  are 
put  on  before  the  shellac  has  time  to  dry.  The  faces  of  the 
rings  should  not  be  handled  prior  to  this  operation,  because 
this  will  prevent  the  paper  washers  from  sticking.  These 
washers  are  applied  to  the  lower  faces  of  each  timing  ring. 
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Fig.  14.     (A)   Fixture  for  holding  Fuse  Kings  while  reaming.     (B)  Jig  for 
drilling  Vent  Hole  in  Powder  at  End  of  Composition  Channel 

and  their  purpose  is  to  exclude  moisture  from  the  powder. 
The  washer  which  adheres  to  a  ring  is  smoothed  out  on  a 
felt-covered  board.  After  the  shellac  has  been  given  a  little 
time  to  dry,  the  top  or  serrated  face  of  the  lower  timing  ring 
is  shellacked  and  a  felt  washer  is  placed  over  it.  This  washer 
is  shown  at  U  in  Fig.  2,  and,  as  will  be  seen,  there  is  an- 
other washer  between  the  lower  timing  ring  and  the  fuse  body. 
When  these  washers  are  placed  in  position  it  is  important 
to  see  that  the  hole  in  the  washer  left  for  the  flash  exactly 
coincides  with  the  hole  in  the  timing  ring  or  fuse  body,  as 
the  case  may  be.  The  gage  used  for  testing  the  position  of 
the  felt  washer  on  the  bottom  timing  ring  is  illustrated  in 
Fig.  18.  The  flash  hole  is  seen  through  hole  A  in  the  gage. 
This  gage  also  checks  the  position  of  the  flash  hole  and  its 


rii.  la.    Eipa 


I  IK,    16.     Jilt   for  drilling  Flaiih  Holo  in  Top  Fmo  BIng 

relation  to  tlin  Index  or  lighting  line,  which  should  coincide 
with  tho  l)evclod  edge  B. 

A  proHKurc  of  one  hundroil  pounds  Is  now  applied  to  each 
ring  by  using  a  sniiill  nrbor  press.  Tho  application  of  this 
prcsBuro  makes  It  unnecoHsary  to  allow  tlmo  for  drying.  Tho 
paper  washorH  nro  waxed  by  lightly  rubbing  them  over  an 
••Icclrlrnlly  liealod  wax-covorod  plate,  and  tho  rough  odgos  of 
impor  nro  renioved  with  a  Unlfi".  Tho  cxcfHH  bIicII.'IC  Is  next 
r.'iniivcd  from  tho  IbiHli  linlcH,  and  elllior  pnwdiT  pcUols  or 
inniili'd  powder  Is  Inscrlud.  Tho  Insorllon  of  mealed  powder 
la  a  Blower  operation  than  iDBorlIng  pellota,  and  consequently 
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rig.  16,     Jig  for  drilling  and  counterboring  Flash  Hole  in  Bottom  King 

the  former  is  not  used  much.  Inspectors  are  located  wherever 
necessary  along  the  assembling  benches,  which  eliminates  any 
congestion,  because  if  the  work  is  not  being  done  properly, 
it  is  stopped  immediately. 

General  Assembling  Operations 

The  assembling  operations  on  the  body  of  the  fuse  are  sim- 
ilar to  those  described  for  the  bottom  timing  ring  in  so  far 
as  applying  the  felt  washers  is  concerned.  These  washers,  by 
the  way,  are  kept  in  an  electric  heater  until  required,  so  that 
they  will  not  absorb  moisture.  Some  fuse  manufacturers  place 
the  rings  in  an  electric  heater  after  lacquering  them  as  a 
precaution  against  the  absorption  of  moisture.  After  the  felt 
washer  is  placed  on  the  fuse  body,  the  timing  rings  are  set 
roughly  in  place  and  a  drilling  machine  operator  spots  them 
accurately  and  drills  the  two  securing  pin-holes.  The  jig  for 
drilling  these  pin-holes  is  illustrated  in  Fig.  19.  The  end  of 
the  spring  plunger  A  engages  the  key  slot  in  the  body  of  the 
fuse,  and  pointer  B  is  set  on  the  index  line,  which  is  spotted 
by  tapping  the  end  of  the  pointer  with  a  wooden  mallet.    The 


Fig.   17.     Gage  for  testing  Diameter  and   Depth  of  Flash  Hole   in 
Bottom  Ring 

top  or  Jig  plate  C  is  next  put  into  place  and  the  holes  are 
drilled.  These  holes  are  half  in  the  stem  of  the  fuse  body 
and  half  in  the  upper  timing  ring.  Pins  are  afterward  in- 
serted Into  them  to  serve  as  keys. 

The  drilling  operation  just  described  is  not  performed  as 
quickly  as  the  others,  so  that  some  of  the  work  is  conveyed 
to  the  opposite  side  of  the  bench  by  means  of  a  mechanical 
conveyor  and  automatic  distributor,  which  is  illustrated  dia- 
grammatically  in  Fig.  20.  This  conveyor  is  equipped  with  a 
canvas  belt  which  operates  between  wooden  strips  along  the 
Bide,  as  shown.  The  fuse  bodies  are  carried  along  by  the  belt 
In  the  direction  indicated  by  the  arrow.  Some  of  the  fuse 
bodies  are  required  to  go  down  the  chute  D.  whereas  others 
move  straight  along  to  the  right-hand  end  of  the  conveyor. 
The  path  followed  hy  the  fuse  body  depends  upon  the  position 
of  the  distributing  arm  which  Is  pivoted  at  E.  Whenever  a 
body  strikes  the  arm  at  A  It  moves  straight  along,  but 
turns  the  distributor  about  pivot  E  so  that  the  next  fuse 
body  cornea  Into  contact  with  ami  B  and  slides  down  the 
chute  n.  thus  striking  arm  C.  which  returns  tho  distributor 
to  Its  original  position.  After  the  "rings  have  been  removed 
and  tho  burrs  formed  by  the  drilling  operation  have  been 
filed  off,  the  entire  fuse  la  reassembled  and  the  securing  pin 
Inserted. 


Screwing  on  Fuse  Caps  and  Testiner  Friction  of  Timing  Ring 
The  cap  JS,  Fig.  2,  is  next  put  on  and  tightened  down  with 
the  tensioning  fixture  illustrated  in  Fig.  21.  The  base  A  of 
this  fixture,  which  holds  the  fuse  body,  is  free  to  revolve  when 
subjected  to  a  load  that  will  permit  the  bottom  ring  to  bo 
turned  when  the  turning  moment  is  equivalent  to  144  inch- 
ounces  within  12  inch-ounces  plus  or  minus.  When  the  cap 
is  being  screwed  down  to  secure  the  right  amount  of  friction 
for  the  timing  ring,  it  is  engaged  by  two  pins  B  in  the  fixture, 
which  enter  small  holes  previously  drilled  in  the  cap.  When 
the  cap  has  been  tightened  sufficiently  to  lift  the  weight  C, 
the  fuse  is  removed  from  the  fixture  and  allowed  to  stand 
over  night. 

The  next  operation  is  testing  the  tension  or  friction  which 
is  done  by  using  the  fixture  Illustrated  in  Fig.  22.  This  fix- 
ture is  arranged  to  hold  the  base  of  the  body  stationary  in 
holder  G  and  revolve  the  lower  timing  ring.  The  ring  is  re- 
volved twice  to  remove  any  high  spots  on  the  wax  or  felt 
washer  before  testing  the  tension.  While  the  ring  is  being 
turned  in  this  way,  the  catch  A  is  in  the  position  shown  in 
the  illustration.  This  catch  is  then  released  so  that  the  spin- 
dle which  holds  the  fuse  is  free  to  turn  except  as  it  is  re- 
strained by  the  weight  G  attached  to  the  end  of  the  arm  or 
lever  shown.    The  amount  of  friction  or  tension  between  the 


Fig.  18.     Gage  for  testing  Position  of  Felt  Washer  on  Lower  Timing  Sing 


ring  and  the  fuse  body  is  indicated  by  the  height  to  which  this 
weight  is  lifted,  as  determined  by  graduations  on  the  housing 
of  the  fixture  and  a  finger  attached  to  the  lever  arm.  The 
cup-shaped  member  E  on  the  end  of  the  crank  spindle  has  pro- 
jecting lugs  F  which  engage  a  small  pin  on  the  lower  timing 
ring.  A  small  spring  pin  or  clip  B  engages  the  U-slot  in  the 
body  of  the  fuse  and  prevents  it  from  turning  relative  to  the 
holder  G  of  the  fixture.  The  cap-tightening  or  friction-setting 
fixture  illustrated  in  Fig.  21  also  has  a  similar  pin  for  holding 
the  fuse  body  against  rotation.  The  bottom  ring  is  now  lined 
up  to  safety  with  the  index  mark  on  the  top  ring  and  the  fuse 
is  gaged,  to  see  that  the  top  and  bottom  ring  lines  coincide  with 
the  left-hand  side  of  the  key  slot.  A  simple  form  of  gage  is 
used  for  this  purpose. 


Fig.    19.     Jig  for  drilling  Holo  in  which  Pins   are  Insi-rtcd   to   hold   Upper 
Fuso  Ring   in   Position 
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Fig.  20.     Diagram  illustrating  Principl 

One  of  the  important  points  In  connection  with  the  tension- 
ing test  is  to  make  sure  that  the  stem  or  central  part  of  the 
fuse  body  is  at  right  angles  to  the  platform  or  flange  on  which 
the  timing  ring  rests  and  that  the  central  stem  is  concentric 
with  the  projecting  lip  R  (see  Fig.  2).  The  concentricity  gage, 
which  is  shown  at  A,  Fig.  23,  is  a  very  simple  form.  This 
gage,  which  has  "Go"  and  "Not  go"  ends,  is  simply  inserted 
over  the  central  stem  of  the  fuse  body;  the  latter  is  accurate 
as  to  size,  and  the  gage  enters  the  projecting  lip  of  the  body 
platform  at  one  end,  but  will  not  enter  at  the  other  if  the  fuse 
body  is  properly  made.  This  insures  that  the  bottom  ring 
will  not  catch.  The  gage  for  determining  whether  or  not  the 
stem  is  at  right  angles  to  the  platform  or  flange  is  shown  at 
B.  Fig.  23.  This  gage  is  placed  over  the  central  stem  of  the 
fuse  body,  and  the  alignment  between  the  lower  ends  of  the 
gage  and  the  flange  of  the  fuse  body  is  noted.  This  gage  was 
used  because  the  serrated  surface  in  some  cases  was  formed 
by  a  separate  operation.  If  the  tool  used  for  this  serrating 
operation  were  not  properly  set,  or  if  this  surface  were  not 
square  with  the  central  stem,  the  friction  or  tension  of  the 
adjustable  ring  would  be  uneven,  and  if  the  inaccuracy  were 
considerable,  the  burning  time  of  the  powder  train  might 
be  seriously  affected  by  an  excess  amount  of  air  entering 
between  the  felt  washer  and  the  ring  face. 

Putting  In  Base  Charge 
The  hole  for  set-screw 
H.  Fig.  2,  which  holds 
the  cap  in  position,  is 
next  drilled  and  the 
screw  inserted.  The  per- 
cussion pellet  A'  and  the 
other  parts  connected 
with  it  are  now  insert- 
ed, after  which  the  base 
plug  T  is  s<,Tewed  into 
place.  The  base  charge 
Is  then  put  into  the 
fuse  through  the  filling 
hole.  This  Is  done  by 
placing  a  convenient 
number  of  fuses  In  a 
suitable  frame,  which  is 
carried  by  a  cradle  over 
which  are  suspended 
the  same  number  of 
funnels  as  there  are 
fuses  to  be  filled.  These 
funnels  contain  the  cor- 
rect amount  of  powdf-r 
which  is  deposited  in 
the  fuMfrs  when  the  (cra- 
dle Is  Jolted  by  a  cam 
which  lifts  It  and  al- 
lows It  to  fall,  strlklnK 
the  bench.  Homo  fon- 
rerns  use  pnouniallc 
vibrators  for  this  work, 
but  thi'HC  are  very  noisy 
as  wf'll  as  costly.  The 
funnels  may  convenlBnl- 
ly  h«  filled  with  powder 
by  havinK  a  horizontal 
tub«  with   n  rotary  lln- 


-loading    Plant 

ing,  which,  as  it  revolves,  permits  the  powder  to  fall  through 
holes  into  the  hopper  beneath.  After  the  filling-hole  screws 
are  driven  into  place,  a  waterproofing  material  is  rubbed  into 
the  junctions  of  the  ring,  cap,  and  body.  This  material  is 
composed  of  tlie  following  parts  by  weight:  beeswax,  2  parts; 
mineral  jelly,  1  part;  French  chalk,  2%  parts.  This  composi- 
tion is  put  on  with  a  flat  stick,  while  the  fuse  is  rotated  with 
the  hand  fixture  illustrated  at  A  in  Fig.  24.  The  end  of  the 
spindle  of  this  fixture  has  a  hole  which  is  threaded  to  suit  the 
fuse  body.     Any  excess   composition   is   removed   with   a   rag. 

Testing  Weather  Covers 

The  next  operation  is  that  of  soldering  the  weather  covers 
in  place.  These  covers  must  be  air-tight,  and  they  are  tested 
previously  by  using  a  special  vacuum  testing  apparatus  hav- 
ing a  barometer  tube  which  connects  three  valves  to  a  block 
that  carries  a  rubber  washer.  The  cover  to  be  tested  is  placed 
on  this  washer  and  is  connected  to  the  vacuum  chamber.  The 
gage  glass  is  first  connected  to  the  vacuum  chamber,  which 
causes  the  mercury  column  to  rise,  the  cover  at  this  time 
being  disconnected  from  the  vacuum.  The  vacuum  chamber 
is  next  disconnected  from  the  tube  and  the  cover  is  connected 
with  the  vacuum.  If  the  cover  is  tightly  jointed,  the  column 
of   mercury   will    fall    to   a   definite   level   and    remain   there, 

whereas  any  leaks  will 
be  indicated  by  the  fact 
that  the  mercury  con- 
tinues to  fall.  As  some 
time  elapses  before  the 
column  of  mercury 
comes  to  rest,  it  has 
been  found  that  if  ten 
covers  and  ten  tubes 
are  used,  by  the  time 
the  last  cover  is  placed 
ill  position  the  first 
nicnury  column  will  be 
ready   for  reading. 


There  are  a  few  minor 
operations  which  a  load- 
ing plant  gt'iu'rally  per- 
forms on  the  body  and 
siiKillcr  parts  which 
make  up  the  fuse.  One 
of  I  hose  operations  Ih 
assembling  t  h  c  time 
and  percussion  pellota 
/;  ami  .V.  Fig.  2;  this 
imiiides  liiserlliig  the 
ileliiiiadii'  and  the  serew 
lihii'.  wliirli  liiilds  the 
lieloiialiir  In  position. 
Ilir  liiuiil  fixture  H,  Fig. 
2t,  Is  used  for  McrewltlK 
tlii'He  jiluKH  Into  place. 
The  iiellel  Ih  held  In  the 
M|ilil  <  lamp  II,  which  Ih 
iilM'iied  iir  cldHed  by  li 
screw  coiiiiectltiK  with 
hiindlevor  h.  The  Hpin 
die  iiirryliiK  the  hiti'w 
driver  !■  Ih  preHHei!  iliiwii 
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by  hand  when  inserting  a  screw  and  then  is  automati- 
cally withdrawn  by  the  spring  shown.  These  screws 
are  fastened  into  place  by  a  "stabbing"  operation, 
which  is  done  in  an  ordinary  kicker  press  having  a 
dial  feed.  The  lot  numbers  and  dates  are  also 
stamped  on  the  bases  of  the  fuse  bodies  in  a  kicker 
press  which  has  the  foot-lever  removed,  the  ram  being 
lifted  by  hand  and  allowed  to  drop  freely.  A  blow 
was  found  necessary  in  order  to  stamp  the  figure 
properly.  An  operator  is  capable  of  stamping  6000 
fuse  bodies  in  nine  hours  by  this  method. 

The  felt  washers  V  and  V  (see  Fig.  2)  are  cut  out 
on  a  punch  press  equipped  with  an  automatic  roll 
feed  having  only  one  roll  at  the  pushing  end  and  two 
rolls  at  the  pulling  end.  The  felt  is  supported  on 
vulcanite  while  being  cut.  One  press  cuts  30,000 
washers  per  day  of  nine  hours.  As  the  washers  and 
blanks  are  not  separated  completely  from  the  felt 
stock  on  account  of  small  threads  which  hold  them, 
the  felt  is  passed  over  an  arm  attached  to  the  hous- 
ing of  the  press.  This  arm  has  a  projection  on  it 
which  is  jolted  by  the  descending  press  ram  striking 
it,   and   this   serves   to   shake   the   blanks   free   from  '^' 

the  stock.     The,  linen  washers  are  punched  from  four 
thicknesses  of  stock  with  a  gang  punch,  which  cuts  over  200,- 
000   in   nine   hours.     These   washers   are   punched   through    a 


hard  die  by  punches  which  were  left  soft  so  that  they  were 
trimmed  or  shaved  to  the  proper  shape  by  the  die. 

The  lead  washers  which  are  inserted  under  the  needle  (V, 
Fig.  2,  caused  trouble  at  one  time,  owing  to  the  metal  clinging 
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.     (A)    Fixture  for  rotating  Fuse   while   applying  Waterproofing   Composition. 
(B)    Hand-operated   Fixture  for  inserting   Screw   Plugs   that   hold 
Detonators  in   Time   and  Percussion  Pellets 

to  the  clearances  of  the  die.  A  small  percentage  of  antimony 
and  tin  was  added  with  satisfactory  results.  These  washers 
are  first  drawn  to  a  cup  shape,  so  that  when  they  are  after- 
ward flattened  out  beneath  the  flange  of  the  needle  or  firing 
pin,  the  recess  beneath  this  flange  will  be  completely  filled, 
thus  forming  a  tight  joint.  If  there  is  any  escape  of  the  time 
pellet  explosion  past  this  washer,  a  premature  explosion  will 
occur,  often  with  serious  results. 

The  rate  at  which  these  small  parts  are  assembled  is  indi- 
cated by  the  following  figures  representing  one  girl's  produc- 
tion in  nine  hours  for  each  of  the  respective  operations:  600 
needles  inserted  in  the  fuse  body;  SCO  ferrules  painted  with 
shellac;  5S00  detonators  put  in  the  percussion  pellet;  5S00 
detonators  put  in  the  time  pellet;  5800  disks  put  in  the  detona- 
tors; 5800  screws  driven  in  the  pellets;  and  12,000  pellets 
stabbed. 

Thie  making  of  the  powder  pellets  for  the  flash  and  escape 
holes  is  performed  in  an  isolated  department.  Formerly  power 
presses  equipped  with  accumulators  were  used,  but  the  opera- 


Fl(.  aa.     (A)   Oxn  for  toitlni   Conoonlrloitjr  anil   Diamotor  of    Fuio   Body 

Platform  or  Flanfo.      (B)    Rlihlanirlii  Oaso  for  toitlnic  Poiltton 

of    Flanc*    RvlatlTo    to    Contral    Btom    of    Fua«    Body 


Fig.   26,     Part   of   Dotonator   Testing   Apparatus 

lion  was  slow,  only  16,000  pellets  being  produced  in  nine  hours 
liy  three  machines.  Hoss  &  Barker  pill-making  machines  are 
now  used  for  this  work,  and  one  machine  produces  GOOO  pow- 
der pcllols  per  hour.  These  machines  are  automatic  In  their 
operation. 

Testlntr  Completed  Fuses 

The  fuses  wliich  are  soleclod  for  the  proof  test  are  treated 
as  follows:  The  percussion  mechanism  is  removed  from  ten 
fuses,  which  are  then  llred  In  the  electrical  testing  machine 
lo  dclormlne  the  mean  or  average  time  of  burning  when  the 
fuse  Is  at  rest.  When  the  time  fuse  is  set  for  the  greatest 
length  of  lime,  the  mean  time  of  burning,  when  corrected  for 
the  barometer,  should  be  22  seconds  plus  or  minus  0.2  second. 
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The  constant  used  when  correcting  for  the  barometer  is  at 
the  rate  of  0.023  of  the  mean  time  of  burning  for  every  inch 
the  barometer  is  above  or  below  30  inches.  This  value  is 
added  when  the  barometer  is  above  30  inches  and  subtracted 
when  it  is  below  that  point.  The  burning  time  of  each  fuse 
is  tested  while  the  fuse  is  revolving  at  2500  revolutions  per 
minute,  and  the  time  must  be  within  the  limits  specified.  The 
fuses  are  also  subjected  to  time  and  percussion  tests  by  attach- 
ing them  to  shells  and  firing  from  a  gun.  The  detonators  are 
tested  by  a  falling  weight,  and  if  they  fail  to  explode,  the 
entire  lot  is  rejected.  A  part  of  the  detonator  testing  ap- 
paratus is  illustrated  in  Fig.  25.  The  detonator  is  in  contact 
with  a  steel  needle  B,  upon  which  the  weight  falls.  The  detona- 
tor is  surrounded  by  a  strawboard  washer  C  about  1/8  inch 
thick  and  a  copper  disk  D  about  1/16  inch  thick.  The  base  E 
and  the  part  F  which  encloses  the  pin  and  detonator  are  made 
of  steel.  A  hole  G  is  drilled  through  part  F,  so  that  the  one 
making  the  test  can  see  whether  or  not  the  needle  is  resting 
properly  on  the  detonator.  The  weight  which  strikes  the 
needle  is  held  up  by  an  electric  magnet,  which  allows  the 
weight  to  fall  when  the  current  is  shut  off.  The  falling  part 
weighs  three  or  four  ounces  and  drops  from  heights  varying 
from  sis  to  ten  inches,  depending  upon  the  kind  of  detonator 
tested.  These  detonators  are  made  from  a  mixture  of  chlorate 
of  potash,  sulphide  of  antimony,  and  fulminate  of  mercury. 
They  are  highly  explosive  when  scratched  or  rubbed  even  very 
slightly,  and  for  this  reason  the  precaution  is  taken  to  have 
the  benches  on  which  the  detonators  are  handled  divided  from 
the  adjacent  ones  by  glass  partitions  to  guard  against  flying 
particles  of  copper. 

*     *     * 

SOLUTION  OF  THE  FUEL  PROBLEM 

BY  G.  C.   W. 

Now,  when  the  conservation  of  our  natural  resources  is  nec- 
essary and  when  transportation  facilities  are  uncertain,  the 
fuel  problem  is  becoming  more  difficult  to  solve;  but  is  it  the 
shortage  of  coal  that  is  troubling  us  as  much  as  the  question 
whether  we  are  using  what  we  do  receive  to  the  best  advan- 
tage? Ordinarily,  large  users  specify  the  number  of  British 
thermal  units,  the  quantity  of  ash,  moisture,  etc.,  that  the 
coal  shall  contain,  but  existing  conditions  do  not  permit  this 
to  be  done.  It  might,  however,  be  possible  to  make  a  change 
in  the  quality  of  the  coal  or  to  rearrange  the  furnace  or  ap- 
paratus, paying  particular  attention  to  the  personal  factor, 
and  make  complete  tests.    The  analysis  of  the  coal,  the  kind 


of  grate  and  draft,  size  of  coal,  etc.,  arc  also  contributing  fac- 
lorn. 

A  great  deal  of  thought  l8  being  given  to  the  burning  of 
duiit,  BweeplngH,  rulm,  slack,  scroenlngs,  strip  pit  products,  as 
well  as  llKiillf-,  peat,  and  the  Inrgor  hIzob  of  coal  when  dried, 
pulverized,  and  burned  In  suspension,  nurnlng  In  suHpi.-nslon 
develops  every  contained  heat  unit  Just  where  It  Is  wanted 
and  not  up  the  stack,  etc.  An  accurate  control  of  the  air 
blant,  which  Is  not  dependent  on  the  condition  of  the  atmos- 
phoro,  fcrales,  fuol  bed.  or  wind  velocity,  suppllos  only  tho 
nir  nocoMsnry  for  complete  combustion  and  tho  whole  boat  of 
the  fool  li  available  at  once.     Tho  air  presauro  should  be  1 


ounce  at  the  nozzle  and  4  to  G  ounces  in  the  coal  feed.  Pre- 
heating the  air  to  500  degrees  F.  saves  20  per  cent  of  the  fuel. 
This  preheating  is  easily  accomplished  by  passing  a  few 
lengths  of  blast-supply  pipe  through  a  chamber  heated  by  the 
waste  gases. 

Coal  containing  as  little  as  28  per  cent  volatile  combustible 
matter,  11  per  cent  ash,  and  2.7  per  cent  sulphur  is  being 
burned  successfully,  except  in  cases  where  it  is  important  that 
the  composition  of  the  material  being  worked  is  not  affected 
by  the  sulphur.  The  moisture  content  should  be  below  1  per 
cent  and  preferably  below  0.5  per  cent.  As  powdered  coal  ab- 
sorbs moisture  at  the  rate  of  0.01  per  cent  per  minute  for  50 
minutes,  when  the  rate  decreases,  care  must  be  taken  to  keep 
it  covered.     The  drier  the  coal,  the  easier  will  it  grind  and 

COST  OF  OPERATING  AVERAGE  PULVERIZING  PLANT 


Capacity  of  Plant, 
Short  Tons 
per  Hour 

Cost  per  Ton, 
Cents 

Capacity  of  Plant, 
Short  Tons 
per  Hour 

Cost  per  Ton, 
Cents 

2 
4 
5 

35  to   60 
30   to  55 
24  to  45 

10 
25 

22   to   40 
20  to  30 
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the  easier  can  it  be  handled,  for  it  will  not  then  tend  to  form 
lumps  and  clog  the  conveyors.  This  moisture  is  not  so  much 
that  produced  by  ice,  snow,  rain,  etc.,  but  it  is,  rather,  the 
inherent  moisture  of  the  coal,  and  in  drying  coal  the  more 
moisture  it  contains  the  more  expensive  will  be  the  drying 
operation.  When  the  moisture  in  the  coal  exceeds  10  per  cent, 
it  cannot  be  reduced  to  0.5  per  cent  by  drying. 

It  is  important  that  95  per  cent  of  the  pulverized  coal  should 
pass  through  a  100-mesh  sieve  and  80  per  cent  should  pass 
through  a  200-mesh  sieve.  The  feed-controlling  element  and 
the  size  of  the  burner  are  important  and  should  be  varied  ac- 
cording to  the  size  of  the  furnace. 

In  the  pulverizing  plant  shown  in  the  accompanying  illus- 
tration, the  cars  of  fuel  are  run  upon  a  siding  at  one  end  of 
the  milling  building  and  empty  the  coal  into  a  concrete  pit 
beneath  the  tracks.  This  pit  contains  a  hopper,  8  feet  square 
and  6  feet  deep,  made  of  3/8-inch  steel  plates  that  feeds  into 
a  standard  6-inch  U-shape  cable  conveyor  that  has  adjustable 
cast-iron  supports.  This  conveyor  takes  the  coal  to  a  crusher, 
which  is  able  to  break  8-inch  lumps  into  3/4-inch  cubes;  these 
are  then  fed  into  the  pulverizer.  Crushers  are  sometimes  pro- 
vided with  means  for  allowing  foreign  substance  to  go  through 
without  breaking  the  machine. 

From  the  crusher,  the  coal  is  elevated  35  feet  by  a  bucket 
conveyor  to  a  60-ton  bin,  which  has  a  hopper  bottom,  from 
which  it  is  fed  to  the  dryer  by  a  12-inch  standard  screw  con- 
veyor. This  dryer  is  composed  of  two  concentric  shells  made 
of  heavy  steel  plates;  the  inner  shell,  or  flue,  is  connected 
with  the  ouside  cylinder  at  the  center  by  six  heavy  cast-Iron 
arms  riveted  at  both  ends.  The  sliell  is  48  inches  in  diameter 
and  20  feet  long.  It  is  supported  by  rollers  and  is  revolved 
by  spur  gearing  at  a  speed  of  six  revolutions  per  minute.  Tho 
flue  is  connected  with  a  furnace  and  the  hot  air  passes  through 
to  the  space  between  the  inner  and  outer  shells.  A  beltdrlv- 
on,  centrifugal,  exhaust  fan  connected  to  the  dryer  removes 
tlio  spent  gases  from  the  shell  and  ilisiliargos  them  through 
a  contrifiigal  dust  collector,  which  giilhors  all  tlio  fine  parti- 
cles of  coal  dust  taken  up  In  passing  through  tho  dryer.  An 
elevator  now  carries  tho  coal  to  a  dry-coal  bin,  from  which  It 
passes  to  tho  pulverizing  mill.  Tho  coal  Is  then  stored  In  the 
powdered-coal  bin.  Tho  dryers  and  pulverizers  should  bo  lo- 
cated In  separate  buildings  on  account  of  the  liability  of  ex- 
plosions. . 

A  gennrnl  average  of  tlin  cost  of  operating  piilvcrlzlng  plants 
Is  given  In  tho  accompanying  table.  Tho  Initial  outlay  Is  not 
so  groat  If  one  Is  familiar  with  what  Is  required,  os  all  the 
appllancns  are  rough  work,  oonslsllng  of  holler  plate,  piping, 
etc.  The  location  of  the  plant  In  relation  to  the  source  of  sup- 
ply la  of  tlio  utmost  Importance  when  consldorlng  the  Instal- 
ling of  o  pulvorlzlng  plant,  as  on  It  (InpoiKls  llic  amount  of 
saving  that  will  bo  ofToctod. 
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TWISTING    AND    BENDING     MOMENTS    IN 
SQUARE  AND  RECTANGULAR  BARS' 


BY   VICTOR  M.   SUMMA^ 

The  section  modulus  for  square  bars  is  Z 


-,  in  wliich  a 


is  the  length  of  the  sides,  and  the  polar  section  modulus  is 
Zp  =  2/9  a'.  Calling  J/  and  T  the  bending  and  twisting  mo- 
ments, respectively,  the  stresses  are: 

6itf  9r 

S  = ,  andSs=- (a) 

a"  2a' 

The  values  are  then  substituted  in 


P,  =  1/2  (S  +   VS'  +  4Ss=)  and  P,  =  1/2  VS'  +  4Ss' 
(which   are  given   in   "Combined   Twisting  and   Bending  Mo- 
ments," December,  1917)  in  which: 

iS  =  unit  stress  in  tension  or  compression; 
Ss  =  unit  stress  in  shear; 
Pj  =  greatest  unit  stress  in  tension  or  compression  produced 

by  the  simultaneous  stresses  S  and  Ss; 
P.  =  greatest  unit  stress  in  shear   produced   by   the  simul- 
taneous stresses  S  and  Ss. 
The  results  are: 


=  1/2 

1  ZM             \    36ilf=        4  X  81  X  2" 

\    a?          \       a°                   4a° 
/6Jf          1                                    \ 

=  1/2 

( h  —  V36ir  +  81  X  7^ 

\  a?          a?                                  1 

/6M          6                             \ 

=  1/2 
3 

( •  -1 ■  V -If  +  2.25r-  ) 

a? 

(M+  Vil/=  +  2.25T=) 

M  -\-  \liP  ->r  2.252" 


Divide  the  terms  of  the  above  fraction  first  by  2  and  then 
by  9/2;  the  results  are: 


X— 

b 

\                  1 

"A 
/\ 

ifar) 

— X 

p,= 


1/2.1/  +  1/2  VM^  +  2.257" 


1/2M  +  1/2  VM'  +  2.252" 


(1) 


^i  =  - 


2/9M  +  2/9  VAP  +  2.257" 


a' 


2/9  X 


Diagram  for  obtain- 
iOK  Section  Moduli 
of  Rectangular  Bars 


2/3M  +  2/3  VM^  +  2.252" 


(2) 


Since  P.  is  nothing  else  than  P,  minus  the  term   outside 
the  radical: 

1/2  v''MM^^.25r  2/3  Vlf'^2.252" 


P, 


(3) 


Z 


ba'  ab' 

For  rectangular  sections  Z  — or and  Zf  =  2/9  6a' 

6  6 

or  2/9o6',  according  to  the  fibers  being  investigated  along 
side  a  or  side  ft  as  illustrated.  TTnder  flexure  about  axis  X-X, 
the  portion  of  the  material  that  is  most  strained  is  along  side 

ba' 

b,  and  the  moduli  to  be  used  are  Z  =  and  Z^  =  2/9  6a'. 

6 
Substituting  as  in  Formulas  (a) : 

r,M  97' 

S  =  and  R.  =  

6o'  26o' 


'tt  aln  MAcniKiRT,  Aiixuit,  1014.  "Compound  StroBwa";  March,  IDIO 
"Pormtilai  for  Comblnrd  Dondlnit  and  Tonlonal  Strcasra";  and  December 
1017,  "Combined  Twiallnrc  and  ItendlnK  Momenta." 

■Bxamlninc  Enilneer,  American  tlrake  Co.,  St.  Louin,  Mo. 


By  comparing  these  values  with  Formulas  (a)  it  will  be 
noticed  that  the  only  difference  is  in  the  denominators.  There- 
fore, substitute  ba-  for  a=  in  Formulas  (1),  (2),  and  (3)  and 
the  following  equations  result: 


P, 


l/2ilf  +  1/2  VAT  +  2.257"  1/2M  +  1/2  VM'  +  2.252" 


2/9M  +  2/9  V  itf'  +  2.252"  2/5M  +  2/Z  y/ AP  +  2.257" 


2/9  X 


P2  = 


1/2  VM'  +  2.257"  2/3  Vilf  +  2.252" 


Remembering  the  distinction  between  either  Z  or  Zp  for 
square  and  rectangular  sections,  the  following  formulas  give 
the  maximum  stresses  of  both: 


P, 


1/2M  4- 1/2  VJT'  +  2.252"  2/3M  +  2/3  VM'  +  2.2oT' 


P2  = 


1/2  Vilf'  +  2.257"  2/3  yj  M'  +  2.257" 


Z  Zf 

The  user  of  these  formulas  should  not  forget  their  deriva- 
tion, not  only  with  reference  to  the  cross-section  of  the  bar 
under  investigation,  but  also  to  the  two  expressions  of  section 
moduli  of  non-circular  members. 


TIME  EFFECT  IN  REHEATING  STEEL 
According  to  a  paper  read  before  the  American  Institute  of 
Mining  Engineers  by  A.  E.  Pellis,  metallurgist  of  the  Spring- 
field Armory,  the  time  effect  in  reheating  certain  steels  below 
the  critical  range  is  very  marked.  Increasing  the  drawing 
time  increases  the  machineability,  ductility,  and  resilience; 
though  the  elastic  limit  and  tensile  strength  are  lowered,  this 
loss  is  slight  compared  to  the  relatively  great  increase  in  duc- 
tility and  impact  strength.  It  was  found  that  at  least  a  two- 
hour  reheating  is  necessary  to  produce  satisfactory  machine- 
ability  in  a  steel  containing  0.54  per  cent  carbon,  0.05  per  cent 
sulphur,  1.22  per  cent  manganese,  and  0.065  per  cent  phos- 
phorus. Untreated,  this  steel  has  an  elastic  limit  of  69,800 
pounds  per  square  inch,  a  tensile  strength  of  128,700  pounds 
per  square  inch,  an  elongation  of  15  per  cent,  and  a  reduction 
of  area  of  35.2  per  cent.  At  the  end  of  one  hour's  reheating 
the  steel  has  an  elastic  limit  of  124,250  pounds  per  square 
inch,  a  tensile  strength  of  137,000  pounds  per  square  inch,  an 
elongation  of  17  per  cent,  and  a  reduction  of  area  of  42.2  per 
cent.  Twelve  hour's  reheating  decreases  the  elastic  limit  to 
98,750  pounds  per  square  inch  and  the  tensile  strength  to 
116,500  pounds  per  square  inch,  and  increases  the  elongation 
to  22  per  cent  and  the  reduction  of  area  to  57.2  per  cent. 
»  •  * 
LOST  TIME  THROUGH  ACCIDENTS 

A  report  recently  issued  by  the  United  States  Bureau  of 
Labor  Statistics  on  accidents  in  the  machine  building  industry 
indicates  that,  in  spite  of  all  that  has  been  done  to  prevent 
accidents,  there  are  still  too  many  industrial  casualties.  The 
bureau  investigated  194  plants  and  found  that  on  an  average 
each  worker  lost  5.6  working  days  out  of  300  in  a  year,  due 
to  accidents.  Yard  labor  shows  the  highest  percentage,  with 
29  days  lost  per  worker  due  to  accidents  in  a  year.  Boiler 
shops  also  show  a  high  rate  of  lost  time  due  to  accidents,  pri- 
marily as  the  result  of  insecure  trestles  and  scaffolding.  The 
high  rate  of  accidents  in  yards  is  due  to  general  neglect  of 
safe  location  and  construction  of  transportation  systems, 
coupled  with  a  lack  of  safety  precautions  and  instructions. 
Accidents  from  falling  objects  are  more  frequent,  apparently, 
than  any  other,  the  annual  rate  being  fourteen  per  one  thou- 
sand workers.  Cranes  and  hoists  appear  to  cause  the  most 
serious  accidents,  if  the  average  time  lost  through  accidents 
due  to  this  cause  Is  considered  as  a  measure  of  the  severity  of 
the  Injury. 


AT  the  time  when  the  industrial  inventory  was  taken  by 
the  Naval  Consulting  Board  in  order  to  ascertain  the 
■  resources  of  the  nation  for  war  purposes,  a  question 
which  was  put  squarely  up  to  each  manufacturer  was:  "To 
what  extent  can  women  be  employed  in  your  factory  to  re- 
place men?"  This  brought  widely  varying  answers.  On  the 
part  of  those  who  had  informed  themselves  as  to  the  extent 
to  which  women  were  being  successfully  employed  in  England 
and  on  the  continent,  the  answer  to  this  question  was  very 
different  from  what  it  would  have  been  a  year  or  two  earlier, 
before  the  success  of  women  in  such  work  had  been  demon- 
strated. Even  these  employers,  however,  had  little  realization 
of  how  quickly  and  effectively  women's  work  would  be  able  to 
fill  the  gaps  made  in  the  working  forces  in  our  machine  shops. 
The  estimates  made  at  the  time  of  taking  the  industrial  in- 
ventory as  to  the' extent  to  which  women  can  be  used  are 
now  being  put  to  the  test,  and  it  is  being  learned  that  women, 
under  proper  supervision  and  training,  can  quickly  fit  not 
only  Into  the  lines  of  work  whii^h  it  had  previously  been 
thought  they  were  adapted  for,  but  also  into  many  lines  which 
It  had  been  felt  could  be  performed  only  by  trained  mei:hanics. 

The  consideration  given  by  the  officials  of  the  Brown  & 
Sharpe  Mfg.  Co.  to  the  matter  of  the  employment  of  women 
at  the  time  of  filling  out  the  Inventory  referred  to  had  paved 
the  way,  so  that  as  soon  as  America  entered  the  war,  steps 
were  takon  to  make  use  of  woni^n's  Hervlccs  in  the  muchino 
Mhop.  Up  to  that  time  no  women  had  been  employed  by  the 
company  for  machine  nhop  operations  or  for  any  work  con- 
nected with  the  ma('hine  shop,  the  employes  holding  clerical 
poHltions  throughout  the  shop,  as  well  as  tool-room  attendants, 
and  thoHc  employed  In  the  packing  and  shipping  departmcntn 
having  been  men.  At  Ihi-  preMcnl  linn-  iiboul  TTiO  wiinion  lire 
employed  In  shop  pohIIIomh.  Th<-  llrst  stop  towiirri  the  (-ni' 
ployment  of  this  class  of  help  was  to  prepare  locki^r  and  rest 
roomH  at  accctiHlble  pnlnts  throughout  the  factory,  with  suit- 
able  protlnlon  for  their  convenience,  a  nerlouM  problem  being 
to  nnd  spaco  when  every  available  Inch  was  required  for  pro- 
duction. These  arcnmmndnllonfi  were  Anally  arrunK<><l  for 
with  compnrntlvely  Utile  i  iirlnllnienl  of  manufaclurlrig  Hinirc, 
one  of  Ihi"  liirgi-Bl  of  IhcMi'  rnoniH  ticltig  loralcil  on  llie  roof  of  ii 
onentory  building,  reached  by  a  covered  paasageway. 

'  IrHlualrld  MapniiiUodvlit,   Brcrwn  A  Nbarpc  Mtg.  Cn.,   I'mflilrnir.    11.    I. 


It  is  estimated  that  in  order  to  provide  satisfactory  accom- 
modations of  this  kind  for  women  employes  the  average  cost 
is  about  $25  and  the  space  required  about  ten  square  feet  per 
employe.  Figs.  3,  4,  and  5  show  the  furnishings  and  the  equip- 
ment provided.  A  gas  stove  is  placed  in  each  rest  room,  as 
shown  in  Fig.  5. 

It  was  felt,  in  order  to  secure  and  retain  the  services  of  the 
class  of  girls  desired,  not  only  that  the  legal  provisions  as  to 
such  accommodations  for  employing  women  should  be  met. 
but  also  that  the  condition  of  the  factory  should  be  maintained 
at  a  specially  high  standard  as  to  cleanliness,  orderliness, 
safety,  and  discipline.  The  success  of  efforts  in  this  direction 
was  indicated  by  a  remark  of  one  of  the  girls  who  stood  talk- 
ing with  her  foreman.  Picking  up  a  key  she  had  accidentally 
dropped,  she  said,  "I  must  not  lose  that;  It  is  my  key  to 
heaven."  The  foreman  asked  her  what  she  meant  by  calling 
that  her  "key  to  heaven,"  and  she  said:  "It  is  my  locker  key. 
Having  a  locker  all  to  myself  is  so  much  better  than  any  pro- 
vision I  have  had  in  any  other  place  where  I  have  worked 
that  I  call  it  my  key  to  heaven." 

From  our  experience  in  the  employment  of  women,  we  be- 
lieve that  by  starting  in  on  a  small  scale,  beginning  In  de- 
partments where  the  work  Is  most  directly  adapted  to  their 
employment,  and  gradually  extending  the  work  to  new  depart- 
ments, much  better  results  can  be  obtained  than  by  waiting 
until  I  lie  cMicrgency  in  so  great  that,  in  order  to  carry  on  the 
work  at  all,  large  numbers  must  be  hired  during  a  short  period, 
without   allowing    time   for    the    Individual    attention    needed. 

The  method  pursued  by  the  company  for  introducing  the 
employment  of  women  Into  their  maclilne  departments  was 
to  (Irst  set  aside  one  corner  of  a  room  for  training.  Six  girls 
wer<^  employed  and  each  taught  a  dllTcrenI  iipcratloii,  selecting, 
llrsl,  opcnillons  which  hci'MumI  miohI  sullalilc  for  such  etu- 
ploycH.  When  they  liad  become  HUlIlclciitly  prollcleiit  so  that 
their  production  was  on  a  commercial  ImslB,  they  wore  trans- 
ferred to  Ibo  departmoiitH  of  the  shop  where  such  work  as 
they  had  been  taught  was  being  done  and  occuplcxl  places 
among  the  regular  workers.  Within  a  few  days  a  second  girl 
was  pill  bi'Hldi-  each  of  these,  and  this  gave  not  only  a  sense 
(if  conipitiil'iiiHlilp  but  served  as  a  Hlimulus  lo  both  girls;  to 
the  (IrHt  lo  Hi'l  llie  pace,  and  lo  the  second  lo  keep  up  or  <>xiel. 
Thi'  Ice  tliiiH  being  lirolii'ii.  iidilll  liiniil  girls  were  ailili'd  lis  rii|i 
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Tig.  1. 


ught  to  set  up 


idly  as  they  could  be  assimilated,  and  their  employment  has 
since  spread  to  all  parts  of  the  shop,  so  that  now  there  are  tew 
departments,  except  the  foundry,  that  do  not  employ  women. 

Comparison  between  Men  and  Women  Workers 

In  our  own  experience,  without  doubt,  much  more  attention 
has  been  given  by  foremen  and  fellow-workmen  to  the  super- 
vision of  women's  work  than  has  been  given  to  the  average 
male  employe  in  the  past,  the  assumption  being  that  a  woman, 
having  less  mechanical  background  and  intuition  than  a  man, 
required  more  training  and  more  specific  instructions.  This 
has  been  the  reason  advanced  by  some  foremen  in  explain- 
ing why  women  were  doing  better  work  and  had  "broken 
in"  more  quickly  than  men,  and  they  have  added,  "If  we  had 
given  the  same  kind  of  attention  to  each  new  man  employed, 
he  would  have  done  just  as  well  as  the  girl";  this  is,  after  all, 
an  admission  on  the  part  of  the  foreman  that  he  had  not  in 
the  past  helped  all  he  could,  and  an  indirect  compliment  to 
the  girl  having  much  significance.  It  may  be  noted,  however, 
that  at  the  time  when  such  comparisons  were  made,  the  aver- 
age man  who  could  be  secured  was  of  an  unsatisfactory  and 
irresponsible  class,  as  so  few  trained  or  competent  men  were 
available  for  positions  in  the  industries,  while,  on  the  other 
band,  in  hiring  girls,  a  selection  from  a  large  number  of  appli- 
cants could  be  made,  so  that  it  was  possible  to  obtain  a  much 
better  average  having  the  qualities  to  make  successful  workers. 

Many  of  the  theories  which  some  officials  and  foremen  had 
held  regarding  the  troubles  and  problems  which  would  arise 
in  the  employment  of  women  have  been  exploded  when  put  to 
the  actual  test.  For  example,  it  was  believed  by  some  that 
the  best  results  would  not  be  obtained  by  having  men  and 
women  work  together  in  the  various  departments,  but  that 
there  should  be  separate  departments  for  each.  Experience  has 


Tig.   2.     Sharpening   Cutters  on   Tool   Grinding   Machines,    showing  Exhaust 
System  for  canying  off  Dust,  and  Comfortable  Chairs  for  Girl  Operators 

shown  that  there  are  advantages  in  having  both  in  the  same 
department,  as  it  tends  to  hold  the  same  standard  of  workman- 
ship and  speed  for  women  as  for  men.  while  it  is  believed  that 
having  a  separate  department  for  women,  may  establish  a 
separate  and  lower  standard,  the  tendency  being  to  make  more 
allowance  for  women  because  of  sex.  The  results  seem  to 
show  that  it  is  not  at  all  necessary  that  separate  standards 
should  be  established  and  that  in  some  lines  of  work  even 
more  can  be  expected  of  women  than  of  men  because  of  their 
nimble  fingers  and  quickness  of  motion.  As  to  questions  of 
discipline,  where  the  two  sexes  are  employed  in  the  same  work- 
room, little  or  no  difficulty  is  experienced  under  capable  fore- 
manship. 

Actual  results  have  proved  that  the  fears  in  the  minds  of 
some  that  there  would  be  opposition  on  the  part  of  foremen 
and  workmen  to  the  employment  of  women  in  the  shop  were 
ungrounded.  A  foreman  remarked  to  a  visitor:  "See  that 
girl  working'  beside  the  man  assembling  speed  indicators.  She 
is  working  with  him  so  as  to  learn  all  the  requirements,  and 
he  knows  that  she  is  to  have  his  job  as  soon  as  she  has  become 
sufficiently  proficient,  but  he  is  helping  her  in  every  way  pos- 
sible. Of  course,  we  shall  find  other  work  for  the  man;  and 
often,  with  the  present  shortage  of  help,  such  a  change  of 
work  can  be  in  the  line  of  promotion."  This  illustrates  the 
spirit  which  is  practically  universal  throughout  the  shop,  and 
which  has  been  an  important  factor  in  bringing  about  the 
success  of  the  plan. 

While  the  money  question — the  earning  power — is  upper- 
most in  the  minds  of  the  majority,  many  of  the  women  show 
also  a  distinct  ambition  to  equal  or  excel  men  in  the  work  they 
do.  Soon  after  the  employment  of  women  was  begun  in  the 
gear  department,  a  girl  who  was  cutting  sprockets  on  a  gear- 
cutting  machine  became  discouraged  and  said  she  was  afraid 


Fl(.   ».     Olrli-   Rett   Room,    •howinx   FaFillllni   for   Cookinc— Oai   8(on   In 
Raar.     Msdloim  and  FIrat-ald  CablMta  an  on  Wall  In  Raar  of  Room 
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she  could  not  make  a  success  of  the  job.  Her  foreman  was  sur- 
prised and  said  to  her,  "We  have  not  made  any  complaint  as 
to  your  work,  have  we?"  "No,"  she  said,  "but  the  man  who 
worked  on  the  night  job  turned  out  105  pieces,  while  the  best  I 
could  do  was  only  S5  pieces  in  a  day."  Her  foreman  asked  if 
she  realized  that  the  man  on  the  night  force  was  working 
three  hours  more  per  day  than  she  was,  and  after  learning 
this,  she  felt  less  discouraged  with  the  results  she  had  obtained. 

It  was  thought  when  girls  were  first  employed  that  practi- 
cally all  the  setting-up  work  would  have  to  be  done  by  men, 
and  that  the  girls  would  simply  act  as  operators.  It  has  been 
found,  however,  even  in  the  short  time  in  which  the  plan  has 
been  in  operation,  that  an  increasing  amount  of  the  work  of 
setting  up  can  be  performed  by  the  women  employes.  When- 
ever one  goes  through  the  shop,  girls  may  be  seen  sharpening 
their  own  tools,  and  resetting  them  in  the  machines  after 
sharpening. 

In  the  gear  department  where  a  number  of  girls  have  been 
"broken  in"  in  operating  gear-cutting  machines  (see  Fig.  1), 
the  foreman  said  that  they  had  taken  hold  as  quickly  as  the 
average  man,  and  some  of  them  are  doing  exceptionally  good 
and  intelligent  work.  This  has  partly  resulted  from  the  girls 
being  thrown  as  rapidly  as  possible  on  their  own  resources, 
being  taught  to  set  up  their  machines,  working  from  a 
blueprint,  to  measure  their  work,  and  do  everything  that  had 
previously   been   required    of   the   operator.     A    criticism   has 


spector  for  corrections,  these  criticisms  showing  muc^  dis- 
crimination on  her  part,  and  as  good  a  degree  of  judgment 
as  would  have  been  expected  from  the  experienced  inspectors 
who  had  previously  been  doing  the  work.  It  is  thus  found 
that  in  the  class  of  inspection  work  where  women  are  em- 
ployed the  standard  is  not  lowered  because  of  their  employment. 

Suitable  Kinds  of  Work 

The  lines  of  work  felt  to  be  best  adapted  for  women  in  the 
machine  shop  and  those  in  which  they  were  first  given  em- 
ployment at  the  Brown  &  Sharpe  works  have  been  referred  to. 
These  lines  have  been  extended  to  include  the  clerical  depart- 
ments of  the  shop,  such  as  the  routing  department,  stock- 
rooms, and  shipping  rooms;  positions  as  toolroom  attendants; 
also  light  bench  work,  including  riveting,  filing,  fitting,  as- 
sembling; the  operation  of  bench  and  speed  lathes,  drilling, 
milling,  and  grinding  machines,  including  surface  grinders; 
and  even  general  machine  work,  such  as  operating  engine 
lathes,  screw  machines,  gear-cutting  machines,  etc.  Their  em- 
ployment in  some  of  these  various  lines  of  work  is  shown  in 
Figs.  1,  2,  6,  7,  and  8.  Already  several  women  are  employed 
in  the  toolmaking  department.  One  of  these  employes,  who 
was  operating  a  lathe  turning  out  tool-steel  blanks  for  bits  and 
reamers,  doing  her  own  setting  up  and  measuring,  evinced 
enthusiasm  for  machine  shop  work,  showing,  in  reply  to  ques- 
tions,  that  her  work  was  opening  up  a  new  field   in   which 


recently  been  made  of  some  of  the  departments  to  the  effect 
that  the  foremen  were  giving  so  much  supervision  to  the 
women's  work  that  they  were  not  thrown  sufficiently  on  their 
own  resources,  and  thus  were  not  trained  to  be  responsible  for 
the  work  in  hand.  This  again  speaks  well  for  the  women,  as 
showing  that  there  Is  a  growing  appreciation  of  their  ability 
to  do  more  advanced  work  than  had  at  first  been  expected. 
In  Inspection  work,  a  field  has  been  found  tor  women  In 
which  they  are  making  an  exceptionally  good  showing.  The 
chief  Inspector  was  asked  whether  women  were  learning  to 
read  the  mlcromoter  caliper.  He  replied  that  they  learned  to 
read  It  and  read  It  accurately,  In  a  very  short  time,  and  that 
the  work  paHMlng  tlirouKh  their  hands  showed  much  dlwriml- 
natlOD  as  to  iho  points  criticized.  He  pointed  to  a  pile  of 
work  rcjectwl  l»y  one  of  the  women  Inspectors  and  said, 
"I  have  jURt  had  a  man  go  over  thiB  work,  and  he  has  found 
that  while  the  work  failed  to  puhh  InHpectlon  for  many  rcasonH, 
they  were  all  (?ood  TuaHonn."  Uv  Hald  further  tliat  In  liiHprii 
InK  KrIndIng  work,  he  wax  xurprlHed  iil  the  quIckncHH  willi 
which  Komo  of  hi*  women  InNpoclorH  would  pick  out  hatchuH 
of  work  IdentlfylnK  them  uh  coniInK  from  parllruliir  workmen 
whoae  work  wan  known  to  he  nbovo  the  avcruKO.  In  another 
dnpartmonl,  In  InHpnr'tlnit  mfUNurlnK  tool*,  a  almllar  condi- 
tion woa  Dotnd  by  the  fon-niun,  atid  he  Htaind  that  one  of  the 
Kirl  Inftpcctom  r'-'-cnlly  told  liim  that  hIic  Ilkod  to  lnK|i<-rt 
tho  work  of  Mr.  Illank,  bcrauiic  It  rpqulrod  no  few  rfJoctlonH 
"And,"  rrmarkod  Iho  foreman.  "Hhe  Rlr.od  the  oltuatlon  up 
Jimt  riKhl."  Mc  oliio  Hhowod  tho  wrllor  llin  nolfn  alliK-hnd  tf) 
a  nurolMir  of  toola  which  had  Im'I'm  hclil  out  by  tlin  wiiniiiii  In 


Fig.    6.     Operating    Polishing    Machines.      Girls    are    started    on    Polishing 
Work   and   advanced   to   Hand   Tooling   as   thoy  become  Profloient 

she  took  especial  interest;  and  she  remarked,  "No  more  house- 
work for  me,"  with  such  feeling  that  it  was  evident  her  In- 
terests strongly  leaned  in  a  mechanical  direction.  Girls  in 
the  toolmaking  department  are  working  on  universal  milling 
machines,  surface  grinders,  etc.,  as  well  as  lathes.  Some  of 
the  younger  girls  throughout  the  works  are  employed  as 
messengers. 

It  was  noted  that  the  girls  in  one  department  were  doing 
the  same  type  of  lathe  work  as  that  on  which  apprentices  are 
"broken  In,"  and  the  foreman  was  asked  as  to  their  success 
on  tills  work.  His  reply  was  that  they  were  doing  Just  as  well 
and  h'arnlnK  as  fast  as  the  average  boy;  he  then  added, 
"Around  the  <'orner  we  have  a  girl  running  a  planer,"  and 
from  the  way  ho  spoke  It  was  evident  she  was  making  a  suo- 
cess  of  the  Job.  This  was  later  conllnnod  by  the  oldtlmo 
niochanlc  who  was  running  the  adjoining  planer  and  who  was 
iicllng  UH  her  Instructor.'  In  the  ilriifting  iloi)iirtmont  about 
twenty  girls  arc  employed,  nllliougli  ii"!  a.-t  (Iral'Isnu'U.  Tliolr 
ilutlcH  Ibrrc  ciinHlHt  of  clerlra!  work  In  coniioil  Ion  with  the 
lllliig  and  haiidlliig  of  ilrawlngs,  and  work  in  llu<  blueprint 
and  photostat  ilrparlnic-ntH. 

HpiH'liil    MhIIkhIm  iind  Edulpiiiont  (or  Woiuon 

It  Ih  HoMirllnirH  dcHlralilo  In  order  to  obtain  tin-  boHt  ri>- 
HullR  In  the  <>nii>l"y"i<'nl  of  women  to  reorganize,  both  In  niolli- 
imIh  ami  equlpniiMit.  'I'Iiiih  In  the  screw  niiiclilno  depurtnicnl, 
whore  a  man  hod  formerly  boon  opernllug  four  auloniallc 
Hi-rew  niii'lilneH,  a  reorgiiMlzutlfm  by  which  he  Is  put  In  rliurgo 
lit  Heveii   Miai'lilneii   uHli   ii   woniiiii   lo  help  kIvi'n   llie  rei|ulreil 
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supervision,  due  to  his  experience,  and  at  the  same  time  trains 
the  woman  assistant  in  a  knowledge  of  the  machine  and  its 
operation.  In  the  same  department  it  is  found  of  advantage 
to  use  pneumatic  chucks  for  certain  screw  machine  opera- 
tions, this  being  of  special  importance  where  women  are  em- 
ployed, as  it  avoids  the  physical  work  of  adjusting  the  chucks 
by  hand,  the  average  woman  being  at  a  disadvantage  when 
performing  such  work  through  being  shorter  in  stature  and 
having  a  shorter  reach  than  the  average  man,  aside  from  the 
question  of  her  physical  endurance. 

It  has  been  found  that  girls  who  have  had  experience  work- 
ing in  mills  or  doing  other  work  where  they  have  acquired 
qualities  of  endurance  are  better  adapted  for  this  line  of  work. 
In  fact,  some  such  previous  experience,  or  the  bringing  up 
in  a  home  where  the  father  or  brothers  are  mechanics  or  have 
had  mechanical  experience,  gives  a  background  which  makes 
it  more  probable  that  a  girl  will  adapt  herself  to  and  be  suc- 
cessful in  any  line  of  machine  shop  work.  A  case  of  this  kind 
was  noted  by  one  of  our  foremen;  his  attention  was  attracted 
by  the  intelligent  and  practical  suggestions  made  by  one  of  the 
girls  as  to  the  methods  of  doing  her  work,  and,  on  inquiry, 
he  learned  that  her  father  was  a  good  mechanic  and  had  at 
one  time  worked  in  our  shop.  As  a  rule,  the  women  we  have 
hired  have  had  some  previous  experience  in  working  for  a  liv- 
ing, although  very  few  of  them  have  been  engaged  in  mechani- 


in  the  machine  shop,  and  that  she  should  be  alert  and  watch- 
ful to  avoid  them;  although,  in  order  that  she  may  not  be 
unduly  alarmed,  it  is  sometimes  pointed  out  that  statistics 
show  that  the  shop  is  not  so  dangerous  a  place  to  work  as 
the  home.  Owing  to  this  special  effort  in  the  line  of  instruc- 
tion, perhaps  as  well  as  to  the  fact  that  women  are  not  em- 
ployed on  the  whole  in  as  hazardous  operations  in  the  machine 
shop  as  men,  the  accident  record  so  far  shows  that  they  have 
had  but  four-fifths  as  many  accidents,  proportionately,  as  the 
men,  and  that,  therefore,  they  have  not  proved  to  be  an  added 
hazard,  as  it  was  predicted  by  some  that  they  would  be.  An 
up-to-date  dispensary  gives  aid  in  cases  of  accident  or  illness 
to  both  men  and  women,  and  first-aid  departments  are  estab- 
lished in  all  parts  of  the  works,  including  the  rest  rooms. 

Methods  of  Training  in  Different  Parts  of  the  CouBtry 

With  the  pressure  of  war  work,  many  steps  are  being  taken 
to  train  workers  for  the  industries  through  various  lines  of 
intensive  industrial  training.  By  the  "vestibule"  plan,  ma- 
chinery is  installed  at  the  factory  in  an  instruction  room  and 
working  conditions  are  simulated  as  nearly  as  possible  in 
order  to  train  inexperienced  workers  so  that  when  they  take 
their  places  in  the  shop  they  will  be  able  to  show  a  degree 
of  skill  from  the  start.  Technical  and  industrial  schools  are 
also  adopting  similar  plans  of  intensive  training.    The  needs 
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cal  work.  Many  have  been  recruited  from  department  stores. 
The  screw  machine  department  probably  requires  as  much 
physical  strength  and  endurance  as  any  of  the  work  which 
women  have  so  far  undertaken  in  our  factory,  and  for  that 
reason,  selection  of  employes  in  this  department  is  from  those 
who  have  previously  been  accustomed  to  work  requiring  physi- 
cal strength.  It  is  also  the  Job  where  the  greatest  protec- 
tion is  needed  against  accidents  and  also  against  oil  and  dirt. 

The  screw  machine  department  is  the  only  one  so  far  where 
skirts  have  been  discarded.  The  question  of  wearing  bloom- 
ers was  presented  to  the  employes  by  the  foreman  and  they 
were  adopted  by  their  own  decision.  These  garments  are  pro- 
nounced a  success  by  those  wearing  them.  In  order  to  pro- 
tect the  hair,  caps  are  worn  by  all  machine  operators.  As 
these  are  of  soft  material,  however,  and  do  not  always  cover 
the  side  hair,  it  Is  not  felt  that  they  are  a  sure  protection 
against  the  hair  being  caught.  Experiments  are  being  made 
with  a  very  light  hat  frame  of  starched  material,  with  wire 
rim,  which  guards  the  protruding  hair  dictated  by  modern 
fashion.  The  various  costumes  are  furnished  to  the  wearers 
nt  cost,  and  can  be  obtained  through  the  supply  department 
of  the  fnrtory,  In  sizes  fitted  to  the  wearer.  Short  sleeves  arc 
required  where  the  nature  of  the  work  Indicates  the  need  of 
such  precautions  for  safety. 

Aside  from  the  matter  of  costume.  It  is  felt  that  additional 
Ruanllng  should  bo  used  on  machinery,  to  protect  women 
workers.  Steps  are  being  taken  to  add  guards  In  places  where 
they  were  not  thought  necessary  before.  It  has  boon  stronKly 
IniproHsed  upon  each  cniployo  that  there  are  points  of  danger 


are  so  great  that  it  will  be  hardly  possible  to  overdo  this 
matter  of  training.  Where  there-  is  opportunity,  however,  for 
assimilating  workers  directly  in  the  shop  on  the  jobs  to  be 
done,  the  most  direct  and  satisfactory  results  can  be  obtained. 
There  is  no  quicker  way  for  developing  skill  and  making  com- 
petent workmen  or  workwomen  than  on  the  job  itself  under 
the  supervision  of  the  foremen  and  workmen  who  have  in  the 
past  been  doing  the  work,  provided  they  cooperate. 

When  showing  a  visitor  interested  in  the  employment  of 
women  about  the  works,  upon  coming  to  a  number  of  manu- 
facturing milling  machines  being  operated  by  girls,  the  tore- 
man  called  the  visitor's  attantion  to  a  particular  girl  and 
asked  what  he  thought  of  the  way  she  was  working.  The 
visitor,  after  watching  the  girl  complete  a  cycle  ot  operations, 
spoke  rather  enthusiastically  ot  the  efficient  way  in  which 
she  was  handling  the  work,  and  the  foreman  said  to  him, 
"That  girl  started  in  new  this  morning." 

In  order  for  the  schools  to  meet  the  needs,  they  also  should 
provide,  as  nearly  as  possible,  shop  conditions,  hours  of  work, 
discipline,  regard  tor  safety,  care  of  machines,  and  all  those 
details  which,  once  learned,  will  relieve  the  foremen  later 
of  such  elementary  training.  It  Is  believed  that  If  there  are 
practical  schools  open  to  girls  for  whom  there  might  not  be 
a  place  in  the  shop  at  the  moment,  so  that  they  can  be 
trained  for  particular  lines  ot  work,  one  girl  learning  to  oper- 
ate a  drilling  machine  and  sharpen  drills,  another  to  do  hand 
riveting,  another  to  opernto  a  punch  press,  another  to  attend 
a  tool-room,  and  as  a  part  of  her  duties  to  become  acquainted 
with  the  sharpening  of  cutters  and  the  reading  of  the  mlcrome- 


686 


MACHINERY 


April,  1918 


ter  caliper,  so  as  to  measure  drills,  stock,  etc.,  after  a  short 
training,  such  girls  can  be  recommended  to  the  shops  and 
will  be  in  demand  by  foremen.  This  method  should  also  re- 
duce the  turnover  by  avoiding  misfits,  evident  failures  being 
weeded  out  in  the  training  period. 

In  commenting  on  the  need  of  industrial  training  for  war 
work  before  the  New  England  manufacturers  of  munitions, 
at  a  recent  conference,  the  writer  expressed  the  thought  that 
there  are  today  millions  of  intelligent  women  in  our  American 
homes,  either  idle  or  inefficiently  employed,  who,  if  they  felt 
the  spur  of  duty  and  inspiration  of  loyalty  and  were  led  to 
believe  that  they  had  a  part  in  this  great  movement,  would 
quickly  respond  for  service  in  the  industries,  to  fill  gaps  made 
by  the  men  who  must  go  for  services  which  the  women  can- 
not render.  And  with  the  needs  now  existing  and  in  prospect, 
steps  to  more  fully  utilize  such  help  should  not  be  delayed. 

Discipline 

The  employment  of  women  introduces  new  questions  of  dis- 
cipline into  the  factory.  It  is  important  to  adopt  a  policy 
from  the  beginning  which  will  set  and  maintain  a  high  stand- 
ard, as  a  small  number  of  objectionable  employes  of  either 
sex  can  do  much  to  offset  the  advantages  which  would  other- 
wise be  obtained  from  the  employment  of  women.  While  it  is 
believed  to  be  important  to  have  men  as  foremen  throughout 
the  shop,  to  be  responsible  for  and  instruct  in  mechanical 
work,  it  is  also  important  to  have  matrons  in  each  depart- 
ment, who  will  have  direct  supervision  over  groups  of  girls 
and  who  will  act  not  only  as  counselors  and  helpers  tor  them, 
but  also  be  alert  to  prevent  objectionable  features  creeping 
into  the  shop,  by  cooperating  with  the  foremen  in  matters  of ' 
discipline.  These  matrons  can  be  occupied  as  producers  when 
not  otherwise  engaged.  For  example,  it  was  found  in  one 
department  that  young  men  were  coming  from  other  depart- 
ments and  stopping  to  visit  the  girls,  and  when  steps  were 
taken  to  break  this  up,  it  was  found  that  this  had  been  begun 
on  invitation  from  the  girls,  who,  after  becoming  acquainted 
with  a  young  man  employe,  would  say:  "I  work  in  such  and 
such  a  department.  Come  and  see  me."  This  is  harmless  in 
itself,  and  in  isolated  cases,  but  the  extension  of  this  prac- 
tice would  be  quickly  demoralizing  to  shop  efficiency.  It  is 
felt,  also,  that  girls  have  more  of  a  tendency  to  compare  notes 
as  to  the  pay  they  are  receiving,  as  to  whether  they  like  or 
dislike  their  foremen,  and  other  matters,  and,  after  getting 
their  heads  together,  trouble  is  sometimes  caused  which  would 
be  avoided  if  each  attended  to  her  own  affairs.  It  is  appre- 
ciated that  these  are  not  exclusively  feminine  traits. 

It  will  be  seen  by  reference  to  the  accompanying  table  that 
up  to  the  present  time  a  slightly  smaller  proportion  of  the 
women  who  leave  have  been  discharged  than  of  the  men 
who  leave.  When,  however,  the  number  of  discharged  as  com- 
pared with  the  number  hired  is  made  the  basis  of  the  compari- 
son, the  women  are  materially  better,  as  only  11  per  cent  of 
the  women  hired  during  the  last  year  were  discharged,  while 
17  per  cent  of  the  men  were  discharged.  A  smaller  percentage 
of  women  also,  as  compared  with  the  men.  have  been  dis- 
cbarKed  on  account  of  mattern  of  discipline  or  character,  which 
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speaks  well  for  the  girls.  On  the  other  hand,  the  largest 
percentage  of  women  are  discharged  because  of  lateness  and 
absence,  about  one-half  of  all  the  girls  discharged  having  been 
dismissed  for  this  reason,  which  shows  a  lack  on  their  part 
of  a  sense  of  responsibility  as  to  regular  attendance.  Unsatis- 
factory work  has  been  the  cause  of  discharge  of  only  about 
one-third  of  the  total  number  who  were  discharged.  Last  year, 
out  of  the  total  number  of  women  leaving,  only  25  per  cent 
were  discharged,  this  being  but  9  per  cent  of  the  total  num- 
ber employed. 

Turnover  of  Force 

Although  women  seem  to  be  more  ready  to  lose  time  than 
men,  they  have  on  the  whole  shown  more  stability  and  have 
not  been  so  ready  to  change  their  place  of  employment,  this 
greater  stability  being  shown  even  when  taking  into  account 
the  question  of  matrimony,  where  a  larger  percentage  of 
women  than  men  would  naturally  be  expected  to  leave  at  the 
time  of  marriage.  Of  the  total  number  of  women  hired  dur- 
ing the  last  year.  5IV2  per  cent  still  remained  with  us  at  the 
end  of  the  year,  while  of  the  men  hired  during  the  same 
period,  only  36%  per  cent  remained.  Of  those  who  left,  three- 
fourths  went  within  the  first  three  months — many  after  a  few 
days'  or  hours'  employment  only;  this  applies  to  both  men 
and  women.  Being  employed  for  such  short  periods  gave  little 
time  to  become  skilled,  so  that  their  loss  has  not  been  felt  so 
much.  Among  the  reasons  for  women  leaving  voluntarily, 
nearly  one-third  were  to  take  other  positions;  one-fifth  be- 
cause they  were  dissatisfied  with  their  work  or  pay;  and  one- 
sixth  on  account  of  poor  health,  this  being  a  larger  proportion 
than  of  men  leaving  because  of  poor  health.  Miscellaneous 
reasons  accounted  for  the  remainder. 

In  Investigating  the  relation  of  the  nationality  of  women 
to  turnover,  it  may  be  noted  that  up  to  the  present  time  a 
large  proportion  of  our  force  has  been  drawn  from  the  English- 
speaking  races.  Employes  of  this  class,  however,  have  shown 
practically  the  same  proportion  leaving  as  of  the  non-English- 
speaking  peoples,  although  a  somewhat  larger  proportion  of 
the  latter  were  among  those  discharged.  It  will  be  understood 
in  referring  to  employes  of  the  non-English-speaking  races 
that  all  such  women  in  our  employ  are  able  to  speak  English. 
Of  the  English-speaking  races,  judging  from  figures  based  on 
the  limited  data  at  hand,  the  American  girls  have  not  proved 
as  stable  as  the  Irish  and  Scotch,  although  more  so  than  the 
English  and  Canadians.  Among  the  non-English-speaking 
races,  the  Italians  and  Jews  have  shown  the  lowest  percentage 
leaving.  The  following  table  gives  the  general  comparison, 
and  shows  in  the  first  column  the  relative  proportion  for  each 
nationality  of  those  leaving  who  have  left  voluntarily,  and  the 
second  column  the  same  for  those  discharged,  while  the  third 
column  shows  the  proportion  of  each  nationality  who  left  of 
the  total  number  hired. 

NATIONALITY  IN    RELATION   TO  TURNOVER 

Women  Hired  In    1917  and  Lenvlnur  DurlnHT  Same  Year 

I'lr  Ciil  PiTC.Mlt 

l.iuvhii:  Tit  (Vlil  nf  T.iliil 

Niillnniilll.v  Voliinliirlly      l)li«'luirK<'>l  Lravlnic 

American    71  29  38 

p:nKli8h  and  Canadian 78  22  44 

Irish   75  25  22 

Scotch    80  20  25 

Total  KiiKll«h-8ponklnK  races 72  28  37.2 

French  and  French  Cnnndians...  69  31  59 

Swedi-H  and   NorweKlnns 62  3S  47 

ItallanH  60  1(1  33 

.fcwK   67  33  21.5 

ItUHHianH    100  38.3 

,'VllKi'ellHlicoUH    50  50  60 

Total  nun  ICnKliHliHiM'iiklng  races.  .     71  2!i  :'".i; 

Some  facts  have  hIho  Ikmmi  olilulncd  In  show  I  Ik-  ii'liit  Imi  of 
KKi'  to  turnover,  and  these  show  that  n  liu'Ker  perccnliiKc  have 
left  of  those  between  twenty  and  forty  years  nf  aKc  than  those 
youMKer  or  older.  The  rompHriillvely  few  hired  who  were  over 
forly  years  nf  aKe  (as  reportetl)  have  shown  the  lowest  turn- 
over. The  percenlnRc  (llschiirKcrl.  howi'vor,  linii  licnii  iilinnt  (ho 
Niinie  for  nil  ages 
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There  has  been  no  bar  to  the  employment  of  married  women, 
as  has  been  reported  to  be  the  case  in  some  factories,  and 
some  of  the  most  satisfactory  employes  are  from  among  this 
class.  It  is  believed,  however,  that  it  is  too  severe  a  strain  for 
women  to  endeavor  to  carry  full  home  duties  with  employment 
in  the  shop,  and  that  employment  should  not  be  given  in  cases 
where  this  would  be  necessary.  It  has  been  noticed  that  mar- 
ried women  sometimes  seek  employment  for  a  short  time  only 
with  the  view,  in  some  cases  apparently,  of  earning  a  certain 
amount  of  money  for  a  purpose  they  have  in  view,  and  when 
that  is  attained,  to  either  leave  or  to  show  indifference  to  their 
work,  so  that  their  services  become  unsatisfactory,  not  because 
they  cannot  do  good  work,  but  because  the  incentive  has  been 
removed.     Such  cases,  however,  are  not  the  rule. 

Relative  Cost  of  Work 

Besides  the  points  already  mentioned  which  add  to  the  cost 
of  employing  women,  such  as  extra  provision  for  their  com- 
fort, supervision,  employment  of  matrons,  etc.,  the  fact  that 
the  girls  work  shorter  hours  allows  the  machines  to  stand 
idle  for  a  greater  portion  of  the  time,  and  thus  reduces  pro- 
duction, as  compared  with  employing  men  for  the  same  work. 
Their  shorter  hours  necessitate  hiring  more  girls  and  taking 
more  shop  space  for  the  same  amount  of  production.  These 
drawbacks,  however,  are  being  largely  offset  by  the  results 
obtained  as  the  girls  become  experienced. 
The  shorter  hours  worked  by  women  em- 
ployes make  it  possible  to  arrange  for  them 
to  leave  work  before  the  men  do,  both  at 
noon  and  night,  a  precaution  which  is  felt 
to  be  of  advantage  in  avoiding  confusion  and 
any  tendency  to  annoyance  which  might 
otherwise  creep  in. 

While,  as  has  already  been  pointed  out, 
the  money  question  is  the  strong  incentive 
with  most  women,  it  has  been  found  that  in 
some  departments,  especially  where  the 
younger  girls  are  employed,  if  they  earn  a 
certain  amount  a  week,  they  are  satisfied, 
and  it  is  difficult  to  make  them  put  forth 
the  effort  necessary  for  increased  production. 
This  may  be  due  in  some  cases  to  the  fact 
that  the  pay  envelope  is  taken  home  and 
turned  over  to  the  parents,  and  it  makes 
no  direct  difference  to  the  girl  whether  she 
earns  more  or  less. 

It  will  be  understood  that  the  foregoing 
is  based  on  a  limited  experience  only  in 
the  employment  of  women,  and  that  many 
of  the  views  here  expressed  and  statistics 
given  may  change  in  the  light  of  further 
experience  and  show  quite  different  results  from  those  here 
pointed  out.  The  matter  is  presented  at  this  time  because  it 
is  felt  that  there  is  now  an  urgent  need,  and  one  which  will 
grow  more  pressing,  of  maintaining  and  increasing  the  work- 
ing forces  in  the  industries  essential  to  the  winning  of  the 
war,  and  that  there  is  no  time  to  be  lost  in  putting  into  opera- 
tion such  measures  as  will  be  of  direct  help  in  attaining  that 
end.  It  is  believed  that  there  is  no  present  source  of  labor 
supply  so  promising  or  so  important  to  develop  as  the  employ- 
ment of  women,  and  whatever  can  be  given  to  the  public  that 
will  be  in  any  way  helpful  in  either  starting  or  extending  the 
employment  of  such  help  and  making  it  fully  successful  will 
be  of  especial  service  at  this  time. 


USING  AUTOMOBILES  FOR  DRIVING  MACHINERY 
The  accompanying  illustration  shows  a  machine  shop  in 
which  three  automobile  chassis  A  drive  the  lineshaftings 
that  run  the  machinery,  because  the  electric  power  company 
had  to  shut  down  on  account  of  lack  of  coal.  The  automobile 
chassis  were  mounted  on  blocks  and  the  rear  wheels  replaced 
with  pulleys,  which  were  belted  up  to  the  lineshaft.  Not  only 
was  all  the  machinery  run  very  satisfactorily  by  this  method, 
for  several  weeks,  but  power  was  furnished  the  air  compressor 
and  elevators.  c.  C.  S. 

*     *     * 

LOADING  AND  GLAZING  OF  A  GRINDING  VP^HEEL 
The  difference  between  glazing  and  loading  of  a  grinding 
wheel  is  not  always  clearly  understood.  A  loaded  wheel,  as 
defined  by  Crrits  and  Grinds,  is  one  to  the  face  of  which  parti- 
cles of  the  metal  being  ground  adheres;  that  is,  one  in  which 
the  openings  or  pores  of  the  wheel  face  have  been  filled  with 
metal,  leaving  no  room  for  clearance.  The  presence  of  a  num- 
ber of  these  pieces  of  metal  on  the  face  of  a  wheel  prevents  the 
wheel  from  cutting  into  the  work,  and  the  loaded  places  create 
heat.  On  a  glazed  wheel,  the  cutting  particles  have  become 
dull  or  worn  down  even  with  the  bond,  the  bond  being  so 
hard  that  it  does  not  wear  away  fast  enough  to  allow  spaces 
between  the  cutting  particles  nor  to  allow  the  cutting  parti- 


Unusual  Method  of  driviDg  Hachii 


Uachinr  Shop 


cles  to  escape  when  dulled.  In  a  glazed  wheel,  the  cutting  par- 
ticles and  the  bond  at  the  extreme  surface  of  the  wheel  are  of 
the  same  radius.  A  wheel  will  not  load  unless  the  bond  is  too 
hard  or  unless  it  is  run  very  much  too  slow.  Glazing  may 
indicate  that  the  wheel  is  too  hard  for  the  work  or  that  it  is 
running  too  fast.  One  remedy  for  loading  is  to  increase  the 
speed;  a  remedy  for  glazing  is  to  decrease  the  speed.  If  the 
speeds  are  right,  a  softer  wheel  should  be  used  in  either  case. 
Loading  and  glazing  make  excessive  dressing  necessary,  and 
excessive  dressing  wears  wheels  faster  than  grinding.  In 
rough-grinding,  were  it  possible  to  obtain  an  ideal  wheel  for 
the  work,  dressing  would  not  be  necessary,  theoretically,  as 
the  face  of  the  wheel  would  automatically  sharpen  itself. 


In  his  inaugural  address  as  president  of  the  British  Institute 
of  Bankers,  Sir  Richard  V.  VassarSmlth,  chairman  of  Lloyd's 
Hank,  Ltd.,  said  that  means  would  be  found  for  a  better  re- 
muneration of  liihor  RUtllrk'nt  to  provide  a  higher  standard  of 
living,  with  shorter  hourH  of  work  and  better  hou.slng.  and. 
In  addition,  a  share  of  the  prollt  after  providing  n  proper 
return  on  the  rapltal  employed,  with  reserves  for  dopreclalion 
and  betterment.  He  snid  It  was  wrong  to  believe  that  low-paid 
labor  Ir  nerpsBarily  economical  or  that  a  high  rate  of  wages  Is 
a  liatidlcap  In  ronipctlng  for  the  niarketa  of  the  world. 


TESTING  MANILA  ROPE 
A  method  for  testing  nianlla  rope  has  been  developed  by 
C.  K.  Swett,  of  the  Arthur  V.  Little.  Inc.,  Laboratories,  Cam- 
bridge, Mass.  This  test  has  been  adopted  by  the  I'nited  States 
Bureau  of  Standards.  Briefly,  It  consists  In  freeing  the  rope 
from  oil,  soaking  It  for  twenty  seconds  In  a  solution  of  bleach- 
ing powder  acidulated  with  acetic  acid,  rinsing  In  water  and 
then  In  alcohol,  and  Anally  exposing  the  flbers  of  the  rope 
for  a  minute  to  the  fumes  of  ammonia.  Manila  fiber  turns 
russet  brown,  while  all   other  rope  flbers  turn  a  cherry   red. 
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THE  PROBLEM  OF  TRANSPORTATION 

Most  manufacturers  used  to  consider  transportation  none  of 
their  business.  Its  problems,  they  argued,  were  problems  for 
railroad  ofScials.  Now,  however,  we  know  that  transportation 
is  everybody's  business.  Every  mailufacturing  industry  is 
fundamentally  dependent  upon  transportation^  The  last  few 
months  have  taught  us  that.  Yet  how  many  manufacturers 
have  done  anything  toward  proper  cooperation  with  the  trans- 
portation systems?  Railroad  cars  are  kept  idle  on  sidings  for 
days.  They  are  used  for  the  storage  of  manufactured  articles 
and  raw  materials.  They  are  held,  loaded  with  coal,  on  sidings 
and  in  yards  for  days,  instead  of  being  immediately  unloaded 
and  made  available  for  further  service. 

Payment  of  demurrage  charges  absolves  nobody  from  re- 
BponHlblllty  for  holding  up  railroad  cars.  They  are  the  most 
vital  necessity  of  our  whole  industrial  system.  It  is  every 
manufacturer's  business  to  plan  In  such  a  way  that  he  will 
never  cause  railroad  cars  to  remain  idle.  He  must  cooperate 
to  the  limit  of  big  power  with  the  railroads.  Thus  will  the 
problem  of  transportation  congestion  be  half  solved. 

•     •     • 
WOMEN    WORKERS    IN    MACHINE    SHOPS 

Ih  IIi<'  Ini  ri';iH<il  criiiil'iyiiic-nt  of  women  In  maihlnc  MlmpH  a 
d(!Mlrablo  devclo|irniMit?  To  give  a  dennito  answer  now  would 
b«!  pr<-malure.  What  cnn  he  Bald,  however.  Is  Ihls:  SuiOi  em- 
ployment of  women  (toi-niH  to  be  nocossary  on  account  of  the 
abnormal  condltlotiH  rronled  by  the  war.  Much  ha«  boon  writ- 
ten about  the  NU'TKHN  n<'bli>v<-d  by  women  workorH  In  DrlUHh 
machine  Nhops,  Wom<-M  are  now  omployi'il  In  Oront  Ilrltaln 
on  all  cIbmich  of  machine  work,  nnil  Iho  working  forc»i  on  Huch 
hlKh-clanii  work  a*  the  mnkhiK  of  fuNns  l«  almoiit  cnllroly  com- 
po»od  of  womnn.  In  Honie  kIndB  of  work,  It  In  miilntalned, 
Ihojr    hnvo    provfd    HUpnrlor   to   Ihn    nion    formerly   employed. 

Thn  fact  (hnt  huge  numberN  of  mi-n  are  now  HxrvliiK  lhi<  na- 
ti<,..  ■,,  11,,  ^,,r,  rouplod  with  tho  I'xpnniilon  of  ihoHc  Induii- 
•r  men  workom  are  oNKanllal,  haii  lndur<<d  miiny 

A'  iifni'ttircrN  lo  xmploy  women  wlioru  only  men 

*'  I    In    tlio   pant.     Thl*    I*   holng   doiui   (|utte   ox- 

I'  iinltlon  plant*,  and   In  norno  of  tbo  Inritn  mn- 

<hn,..  ■,,  ,1  i,i|il'tlnK  planlH  It  ban  nlno  proved  niicrpiiiiful.  In 
fortnititf   n   )iidgm«>nl    n*   to   thn   dMlrnblllty   of  no  employing 


women,  one  must  bear  in  mind  that  things  must  be  done  in 
time  of  war  that  would  have  occurred  to  nobody  in  time  of 
peace.  What  has  been  established  so  far  is  that  the  women 
have  proved  satisfactory  in  the  work  to  which  they  have  been 
assigned  and  that  they  can,  by  doing  such  work,  assist  actively 
in  making  the  materials  which  will  win  the  war. 

*  *     • 

WATER  POWER  INSTEAD  OF  COAL 
The  stationary  power  plants  of  the  United  States,  according 
to  one  authority,  generate  49,000,000  horsepower  and  use  30 
per  cent  of  all  the  coal  mined  in  the  country.  Secretary  of  the 
Interior  Lane  has  estimated  that  35,000,000  horsepower  may 
be  obtained  from  the  nation's  wasted  water  power;  only  6,000,- 

000  horsepower  is  now  being  generated  hydraulically.  In  other 
words,  should  the  country's  wealth  of  water  power  be  fully 
developed,  more  than  two-thirds  oi  the  fuel  now  used  to  gen- 
erate power — a  total  of  139,000,000  tons — would  be  saved.  Not 
only  that — 380,000  men  now  required  for  mining,  transporting, 
and  firing  this  coal  would  be  released  for  other  work,  only 
40,000  men  being  required  for  the  hydraulic  plants.  Nearly 
200,000  railroad  cars  and  5000  locomotives  would  be  set  free. 

The  thing  to  do  with  water  power  is  to  develop  it.  What- 
ever retards  or  restricts  its  use  on  terms  fair  to  the  public  is 
contrary  to  public  policy,  hostile  to  the  nation's  best  interests. 
The  Administration's  Water  Power  Bill,  which  is  before  the 
present  Congress,  not  only  safeguards  the  people's  interest  in 
a  most  valuable  natural  asset,  but  provides  for  its  proper  de- 
velopment. Granting  to  private  interests  the  right  to  develop 
national  water  power  upon  terms  that  are  fair  to  all  concerned 
is  one  of  the  most  important  among  the  industrial  problems 
that  now  demand  solution,  since  it  affects  materially  the  ques- 
tion of  saving  of  coal.  The  present  coal  shortage,  it  must  be 
borne  in  mind,  instead  of  being  merely  incident  to  the  war,  is 
a  condition  that  will  affect  to  some  extent  the  development  of 
the  country's  industries  for  some  time  in  the  future. 

•  •     * 

SAVING  CAST  IRON  VS.  SAVING  TIME 

IN  MACHINING 
Machine  designers  generally  seek  to  reduce  to  the  minimum 
the  amount  of  material  used  in  a  machine  or  device,  without, 
of  course,  impairing  the  strength  or  spoiling  the  appearance. 
This  makes  for  cheaper  production,  as  it  eliminates  unneces- 
sary metal,  every  ounce  of  which  means  waste;  and  if  there  is 
one  thing  that  should  be  impressed  before  others  upon  Ameri- 
cans today  it  is  to  avoid  waste.  But  there  is  another  side  of 
this  question:  If  saving  a  few  ounces  or  pounds  of  material 
means  more  costly  machining  equipment,  more  hours  in  the 
machining  of  parts,  then  it  is  not  true  economy.  Sometimes 
such  false  economy  reduces  the  metal  in  castings  to  such  an 
extent  that  the  surfaces  spring  away  from  the  tool  during 
machining,  necessitating  spe<'ial  methods  to  prevent  distor- 
tion. In  other  cases  the  effort  to  save  a  sniall  amount  of  cast 
iron  means  the  introduction  of  dilllcult  foundry  work.  The 
whole  thing  comes  down,  after  all,  to  a  matter  of  Judgment  on 

1  he  part  of  the  designer,  who  must  h.ivo  experience  enough 
lo  determine  Just  how  far  ho  can  go  In  .tavlng  mctiil  with- 
out IniTonsliig  expenses  in  the  foundry  and  niacliliic  shop. 

llenuriilly  IlioHO  designs  are  best  In  which  the  machine  de- 
Hlgner,  the  tool  dcHlgner,  an<l  tho  practical  shop  man  have 
worked  together,  ho  modifying  tho  design  that  the  production 
cost  Is  kept  low  witliout  Hacrlllclng  any  of  the  esscntlnl 
foaturoH  of  the  dcHlgii.  If  the  dcHlgner  Is  more  of  n  shop  man 
than  an  engineer  ho  Ih  likely  to  think  of  production  only  and 
sacrinro  Home  of  the  engineering  foalurcH  of  tho  machine  In 
ardor  to  facllltnle  |)rodiicllon.  Ills  error  Ih  mon-  Horlous  than 
that  of  II  di'HlKner  who,  Ihciugli  ho  producen  a  good  mnchlne, 
nogluclM  In  I'onHlder  the  methodn  nt  molding  and  mai-hlnhig, 
borniiHO  excidlemc  In  tin-  produi't  Ih  IIik  prime  rixiulHlln.  The 
nmchlnhig  prin'cHHCR  are  merely  a  iiieanH  lo  iin  end. 

Tho  IdnnI  di'Klgnnr  Ih  a  man  with  good  prjictlnil  Judgment, 
nblo  to  bnlniH'o  Iho  dlfri>rent  problemn  iigiilniit  each  nihnr, 
capublc  of  producing  a  ninchlno  which  can  bn  mnnufiii'turiMl 
rlionply  and  yot  retnln  nil  the  i|iinllttoH  dcHlrulib'  rnim  an 
"iiKlnnorlnK  point  of  view. 
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How  Much  are  American  Institutions  Worth  to  You? 


OW  much  are  American  institutions  worth  to  j/oh.' 
That  is  the  question  that  every  American  will 
I'e  asked  in  the  next  few  days,  and  he  must 
answer  it,  not  in  flowery  words  and  high-sounding 
phrases,  but  in  dollars  and  cents.  He  must 
answer  it  by  the  figures  above  his  signature  on 
his  Liberty  Bond  subscription  blank.  It  will  be  an  answer 
that  will  ring  around  the  world — an  answer  that  will  give 
Kaiserism,  militarism,  and  autocracy  something  to  think  about. 
How  much  are  American  institutions  worth  to  youf  That 
is  the  question  that  you  must  answer,  whatever  your  station 
or  condition  in  life;  whether  employer  or  employe,  whether 
skilled  or  unskilled,  whether  native  born  or  of  foreign  extrac- 
tion, whether  man  or  woman.  How  much  is  it  worth  to  you  to 
live  under  the  institutions  that  have  developed  in  this  Repub- 
lic? How  many  of  your  present  pleasures,  luxuries,  or  com- 
forts are  you  willing  to  sacrifice  for  the  safeguarding  of  Ameri- 
can liberties?  How  large  is  your  subscription  for  Liberty 
Bonds  going  to  be? 

You,  Mr.  Manufacturer,  how  much  are  American  institutions 
worth  to  you?  Will  you  respond  not  only  with  the  surplus  of 
present  prosperity,  but  also  with  capital  that  you  could  more 
profitably  invest  elsewhere?  Is  it  a  sacrifice  or  is  it  a  privilege 
to  you  to  be  among  those  who  are  able  to  respond  to  the  call  of 
your  country  in  a  greater  measure  than  the  great  mass  of  citi- 
zens? Are  American  institutions  to  you  worth  the  sacrifice  of 
present  profits  in  order  that  these  liberties  may  remain  forever 
secure  in  the  future?  To  that  question  there  can  be  but  one 
answer.  But,  as  an  employer,  a  double  duty  and  a  double 
privilege  are  yours.  It  is  for  you  to  fire  the  enthusiasm  of  the 
hundreds  or  the  thousands  of  men  and  women  engaged  on  your 
work.  In  doing  so  you  can  meet  them  on  common  ground,  for. 
in  safeguarding  American  institutions,  you  and  they  are  part- 
ners. You  can  encourage,  you  can  stimulate,  you  can  develop 
a  spirit  that  will  completely  answer  the  question  of  how  mu<h 
American  institutions  are  worth  to  every  man  and  woman  in 
your  works  in  an  unmistakable  manner. 

And  you,  Mr.  Employe,  how  much  are  American  institutions 
worth  to  youf    When  the  cost  of  living  is  high  and  the  present 
mode  of  living  absorbs  nearly  all  that  you  can  earn,  are  you 
willing,  for  the  sake  of  American  institutions  for  your- 
self, your  family,  and  your  children,  to  change  that  mode 
of  living  for  the  time  being?    Are  you  willing  to  sacri- 
fice most  of  the  small  luxuries  and  comforts  that  you 
have  enjoyed,  in  order  that  you  may  help  to  safeguard 
the  institutions  that  have  grown  up  under  the  Stars 
and  Stripes?    Remember,  these  are  days  of  sacri- 
fice.    The  man   who   thinks   that  he   can   walk 
along  in  the  usual  way  in  this  world  upheaval 
will  find  that  he  is  mistaken.     Whether  you 
earn  little  or  much,  there  is  something  that 
you  can  spare,  something  that  can  go  into 
a  Liberty  Bond. 

But,  after  all,  is  it  really  a  sacrifice  that 
you  are  asked  to  make?  To  insure  your- 
self the  continued  enjoyment  of  Ameri- 
can Institutions,  you  are  afforded  an 
opportunity    to    invest    In    the    safest 
bonds  In  the  world,  and  lo  receive  a 
■'iRher  rate  of  Interest   than   is  paid 


by  any  other  institution  offering  absolute  safety  for  your 
money.  You  lose  nothing — for  some  day  you  will  have  your 
money  with  interest  to  enjoy  and  to  spend,  at  a  time  when  the 
cost  of  living  will  be  less  and  when  you  will  receive  a  great 
deal  more  for  your  money.  Purely  as  a  business  proposition, 
is  not  that  worth  while? 

What  if  Germany  should  win  this  war?  If  that  happens,  you 
will  not  be  asked  how  much  American  institutions  are  worth 
to  you;  but  you  will  help  pay  the  indemnity,  and  there  will 
be  no  repayment  of  the  principal,  nor  will  there  be  any  in- 
terest. Even  if  Germany  does  not  win  and  there  is  a  peace 
by  negotiation,  what  then?  The  world  will  remain  an  armed 
camp  ready  for  the  day  when  militarism  and  autocracy  will 
again  attempt  to  conquer.  American  institutions  as  we  have 
known  them  will  be  a  thing  of  the  past;  we,  too,  must  be 
armed  to  the  teeth,  the  burden  of  armaments  will  rest  upon 
us,  universal  military  service  will  become  a  fixed  national 
policy,  and  militarism,  with  all  that  it  implies,  must  be  ac- 
cepted.   The  choice  is  yours. 

Some  day,  when  the  war  is  a  thing  of  the  past,  when  the 
horrors  of  the  hour  have  faded  away  and  the  sun  again  shines 
over  a  peaceful  world,  you  will  think  back  upon  the  day  when 
you  were  asked:  "How  much  are  American  institutions  worth 
to  you?"  Would  you  not  then  like  to  be  able  to  say,  "When 
the  call  came,  I  responded  to  the  limit  of  my  ability";  or  will 
you  say,  "Others  fought  and  sacrificed,  but  I  shirked  it  all"? 

Over  there,  hundreds  and  thousands  of  our  countrymen  are 
answering  the  question  of  how  much  American  institutions  are 
worth  to  them.  They  have  placed  the  supreme  value  on  these 
institutions;  they  are  willing  to  defend  them  by  making  the 
supreme  sacrifice.  And  here  are  we,  safe  behind  the  double 
lines  of  navies  and  armies,  debating  how  much  these  institu- 
tions are  worth  to  us.  This  is  the  answer:  They  are  worth  all 
the  material  things  we  have;  they  are  worth  all  the  luxuries 
and  the  comforts,  the  automobiles  and  the  diamonds,  the  fancy 
clothes  and  expensive  foods — everything  above  the  very  neoe.« 
sities.  If  we  are  not  willing  to  answer  the  question  in  that 
manner,  we  are  cowards  hiding  behind  our  soldiers,  willing 
to  reap  the  benefit,  but  not  willing  to  make  what  is  only  a 
slight  sacrifice  compared  with  that  which  they  are  making, 
for  they  venture  all. 
How  much  are  American  institutions  worth  to  youf  Keep 
on  asking  yourself  that  question  until  you  have  answered  it 
in  full.  Do  not  side-step  it — answer  it.  Look  around  you — 
look  at  Europe — and  then  answer  it.  Get  the  subscription 
blank  and  the  pen  and  put  down  your  answer  in  writing. 
Make  it  a  big  answer.  Make  it  an  answer  like  that  of  the 
ten  million  men  and  women  from  the  Atlantic  to  the 
Pacific  who  will  answer  to  the  limit  of  their  ability. 
They  will  sacrifice  and  save  and  deny  themselves  in 
order  to  respond  to  the  call.  And  you.  too.  will 
answer  it  in  that  way. 
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FIRST  INSTALLMENT  OF  A  SERIES  ON  DIFFERENT  METHODS  OF  FORMING  SCREW  THREADS  BY  ROLLING.  VARIOUS  TYPES 
OF  THREAD  ROLLING  MACHINES.  ADVANTAGES  OF  ROLLING  PROCESS  AND  GENERAL  APPLICATION 

BY    FRANKLIN  D.   JONES- 

parts  are  required.  After  describing  tlie  method  o£  forming  a 
thread  by  rolling  a  cylindrical  blank  between  flat  dies,  some 
of  the  different  designs  of  thread-rolling  machines  and  their 
method  of  operation  will  be  considered. 

Thread  Rolling-  between  Flat  Dies 

Most  of  the  machines  designed  exclusively  for  rolling  screw 
threads  are  equipped  with  flat  dies.  There  are  two  of  these 
flat  dies  on  a  machine,  as  shown  by  the  diagram  Fig.  1,  which 
illustrates  the  general  principle  of  this  method  of  rolling 
threads.  One  die  A  is  stationary  and  the  other  die  B  has  a 
reciprocating  movement.  The  faces  of  the  dies  have  parallel 
grooves  and  ridges  of  practically  the  same  cross-sectional 
shape  as  the  thread  to  be  rolled,  and  are  spaced  to  correspond 
with  the  required  pitch.  These  ridges,  which  represent  a  de- 
velopment of  the  thread  the  dies  are  intended  to  roll,  incline 
at  an  angle  equal  to  the  helix  angle  of  the  thread,  so  that 
as  the  screw  blank  rolls  between  the  two  dies,  a  screw  thread 
of  the  same  pitch  and  helix  angle  is  reproduced  on  it.  The 
thread  is  formed  in  one  passage  of  the  bolt,  rod,  or  other  part 
to  be  threaded,  the  work  being  inserted  at  one  end  so  that  it 
simply  rolls  between  the  die  faces  until  it  is  ejected  at  the 
other  end.  The  ridges  on  both  dies  incline  in  the  same  direc- 
tion when  viewed  from  the  rolling  sides  or  faces,  but  when 
the  dies  are  in  the  thread-rolling  machine,  the  ridges  incline 
in  the  opposite  direction,  and  are,  therefore,  in  alignment  with 
the  thread  groove  on  the  work  at  the  two  lines  of  contact. 
The  face  of  a  die  for  rolling  a  right-hand  thread  is  shown  at  .1 
in  Fig.  3.  The  die  shown  at  B  is  intended  for  a  left-hand 
thread,  and  for  that  reason  the  ridges  incline  in  the  opposite 
direction.  So  far  as  the  inclination  of  the  ridges  is  concerned, 
each  of  these  dies  is  a  dupli- 
cate of  its  mate,  as  seen  from 
the  face  side. 

Relative  Positions  of  Dies  and 

Work 

The    relation    between    the 

position    of    the    dies    and    a 

screw   thread   being  rolled   is 

such     that     the     top     of    the 

thread-shaped     ridse    of    one 

die,   at    the   point    of    contact 

with  the  screw  thread,  is  directly  opposite  the  bottom  of  the 

thread   groove   in   the  other   die,   at  the   point  of   contact,   as 

indicated  by  the  line  x-x  of  the  enlarged  sectional  view.  Fig.  1. 

This  relation  between  the  dies  and  the  screw  thread  must  be 

maintained  throughout  the  thread-rolling  operation,  and  it  Is 

essential  to  start  tlio  work  between  the  dies  when  the  movable 

die  is  in  llie  right  position.     It  the  blank  to  bo  threaded  is 


Fig. 


rolled    between 

THE  rolling  process  of  forming  screw  threads  may  be  de- 
fined as  an  impression  or  displacement  method,  since  the 
thread  grooves  are  not  cut  by  an  edged   tool,  but  are 
formed  by  means  of  a  die  or  roll  having   threads  or  ridges 
which  are  forced  into  the  metal  and,  by  displacing  it,  produce 
a  thread  corresponding  to  the  required  shape  and  pitch.    The 
plain  blanks  upon  which  threads  are  to  be  rolled  are  somewhat 
smaller  in  diameter  than  the  finished  thread,  because  when  a 
thread    is    rolled    a    certain 
amount  of  metal  is  displaced 
and    is   forced   up   above   the 
original  surface  of  the  blank, 
thus  producing  a  screw  thread 
which   is   larger   in   diameter 
than  the  original  blank.    The 
Increase    in    diameter    is   ap- 
proximately    equal     to     the 
depth  of  one  thread.    No  ma- 
terial whatever  Is  removed  by 

the  rolling  process,  the  metal  from  the  depression  formed  by 
the  die  simply  being  forced  up  on  each  side. 

Screw  threads  may  be  rolled  (1)  by  using  a  circular  disk  or 
roll  having  a  threaded  periphery,  or  (2)  by  rolling  the  blank 
between  dies  which  may  be  either  flat  or  circular  in  form. 
The  circular  roll  is  employed  when  screw  threads  are  rolled 
on  automatic  screw  machines  or  turret  lathes,  and  the  dies  re- 
ferred to  are  used  when  thread  rolling  is  done  by  means  of 
machines  designed  exclusively  for  this  work.  Thread  rolling 
Is  done  In  automatic  screw  machines  when  a  thread  is  rc- 
(|ulre<l  behind  a  shoulder  or  other  Intervening  part,  which 
makPH  II  InipoHHihIe  to  <ul  It  by  using  a  regular  thread-cutting 
dUr,  The  advantage  of  rolling  the  thread  In  such  cases  Is  that 
H  Kcrond  opnrallon  Is  avoided.  The  Important  commercial  ap- 
plication of  the  thread  rolling  process  Is  found  In  llie  Hliops 
and  factories  using  machines  designed  especially  for  this  work. 
The««  machines  are  extensively  employed  In  certain  lines  of 
manufarturo  for  threading  such  parts  as  holts,  screws,  studs, 
ro«Is.  etc  ,  especially  where  such  threaded  parts  are  reiiulred 
In  large  'luantltlns.  Hcrew  threads  that  an-  within  the  riiiiK« 
of  the  rolling  process  may  he  prfiduc<><|  more  rapidly  by  this 
method  than  In  ony  other  way.  which  accounts  for  the  use  of 
ttir.  .'!  rillliiK  machlneM  In  connection  with  holt  and  screw 
'  nnd    wherovcr   thousands   nf  duplicate   threaded 

!••  nn  Itw  nrmtcirllnn  of  »/T»w   IhrMil".    •<•«■    '(Icn^rnl   Tlirnciil 

f"i!ii.(l   li».  ii..."  Marrh.  l6l»    anf)  arllrlaa  ih«r<-  rrf^rti-.l  In 
•AMn^ala  ndllnr  of  tltrnmimj. 
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started  at  exactly  the  right  time,  fhe  groove  rolled  into  it  by 
one  die  will  engage  or  match  with  the  ridges  on  the  other 
when  the  blanlf  has  turned  a  half  revolution;  therefore,  since 
the  two  dies  engage  the  screw  thread  on  opposite  sides  and  as 
one-half  turn  of  the  screw  corresponds  to  one-half  the  pitch, 
the  ridges  on  one  die  must  be  one-half  the  pitch  above  or  below 
corresponding  ridges  on  the  other  in  a  plane  intersecting  the 
axis  of  the  threw  thread  being  rolled. 

In  order  to  form  the  thread  gradually,  the  two  dies  may  not 
be  set  exactly  parallel,  but  a  little  farther  apart  at  the  end 
where  the  rolling  operation  begins,  so  that,  as  the  screw  blank 
moves  from  the  starting  end  through  the  dies,  the  thread  is 
formed  by  a  progressive  rolling  action.  This  method  of  setting 
is  sometimes  reversed,  the  dies  being  set  a  little  closer  to- 
gether at  the  starting  end.  A  full  thread  is  then  formed  more 
rapidly  at  the  beginning  of  the  rolling  operation.  The  object 
is  to  form  the  thread  as  quickly  as  possible  so  that  there  will 
be  comparatively  little  pressure  between  the  work  and  the 
die  during  the  remainder  of  the  stroke  in  order  to  obtain  a 
planishing  effect  and  a  smooth  finish.  There  is  a  difference 
of  opinion  among  the  users  and  manufacturers  of  thread- 
rolling  machines  regarding  the  relative  merits  of  these  two 
methods  of  adjusting  the  dies.  In  any  case,  the  adjustment 
from  a  parallel  position  is  very  slight. 

Thread-rolling  machines  are  equipped  with  some  form  of 
mechanism  which  insures  starting  the  screw  blank  at  the  right 
time  and  also  square  with  the  sides  of  the  dies.  These  ma- 
chines differ  in  regard  to  the  position  o£  the  dies  and  the 
arrangement  of  the  mechanisms  which  operate  the  moving  die, 
the  blank  starting  device,  and  other  parts.  Machines  of  this 
general  class  also  vary  in  that  some  have  automatic  blank 
feeding  mechanisms,  whereas 
others  of  simpler  construc- 
tion require  the  constant  at- 
tention of  an  operator  for 
feeding  each  blank  between 
the  dies  by  hand. 
Diameter  of  Screw  Blank  before 
Thread  is  Rolled 

The  diameter  of  the  blank 
or  cylindrical  part  upon  which 
a  thread  is  to  be  rolled  should 
be  less  than  the  required 
screw  diameter  by  an  amount 
that  will  just  compensate  for 
the  metal  that  is  displaced  and  raised  above  the  original  sur- 
face by  the  rolling  process.  If  the  screw  blank  is  too  large 
before  rolling,  there  will  be  an  excessive  amount  of  metal  and 
the  screw  will  be  larger  than  the  standard  size.  On  the  other 
hand,  it  the  blank  is  too  small,  either  an  incomplete  thread 
will  be  formed  or,  if  the  dies  are  adjusted  to  roll  a  full  thread, 
the  diameter  will  be  smaller  than  standard.  While  the  blank 
diameter  can  be  determined  mathematically,  it  may  be  neces- 
sary to  make  slight  changes  in  the  calculated  size  in  order  to 
secure  a  well-formed  thread.  If  the  diameter  Is  first  calcu- 
lated by  using  a  rule  or  formula  which  is  known  to  be  at  least 


Fig,  6.     Flan  View  of  Thread-rolling  Dies 


Fig.    5. 

approximately  correct,  the  results  should  be  verified  by  actual 
trial  if  possible.  The  importance  of  determining  accurately 
what  blank  diameter  is  required  to  form  a  full  or  complete 
thread  depends  somewhat  upon  the  class  or  quality  of  the 
threaded  work.  For  instance,  in  some  plants  where  screw 
threads  are  rolled  on  ordinary  bolts,  etc.,  it  is  the  practice 
to  use  blanks  that  are  slightly 
smaller  than  the  pitch  diam- 
eter of  the  screw  thread,  and 
in  many  cases  the  threaded 
ends  of  the  screws  or  bolts 
are  a  little  smaller  than  the 
standard  diameter,  so  that 
nuts  tapped  with  standard 
taps  will  screw  on  easily.  A 
full  thread  may  be  formed 
when  using  a  blank  that  is 
less  than  the  pitch  diameter, 
but  if  this  is  done,  the  screw 
will    be    slightly    under    size. 


ri».  «. 


When  completely  formed  screw  threads  of  standard  diameter 
are  required,  the  blanks  must  be  a  little  larger  than  those  used 
on  the  less  accurate  classes  of  work. 

Aside  from  the  question  of  accuracy,  the  blank  diameter  is 
affected  to  some  extent  by  the  nature  of  the  material  of  which 
the  screw  blanks  are  made;  that  is,  whether  it  is  hard  and 
offers  considerable  resistance  to  displacement,  or  is  soft  and 
easily  formed  by  the  threading  roll.  For  instance,  threads 
may  be  rolled  in  either  brass  or  steel,  but  the  action  of  brass 
is  different  from  that  of  steel.  The  condition  of  the  surface 
of  a  steel  blank  may  also  affect  the  diameter.  When  a  thread 
is  rolled  on  drawn  stock,  there  is  little,  if  any.  compression 
of  the  metal  as  it  is  displaced  to  form  a  thread,  because  the 
surface  is  already  quite  dense  as  the  result  of  the  cold-drawing 
operation.  If  this  dense  outer  surface,  however,  is  removed 
by  a  cutting  tool,  the  metal  will  be  subject  to  slight  compres- 
sion as  It  is  displaced;  consequently  a  larger  blank  diameter 
is  required  for  a  turned  piece  than  for  one  which  was  drawn 
to  size.  Brass  blanks  for  screws  of  a  given  size  should  be  a 
little  larger  than  those  made  of  steel  tor  the  same  reason; 
that  is,  because  there  Is  a  slight  compressive  effect  and  need 
for  a  little  more  stock  to  offset  this  action.  The  variations 
in  blank  diameters  due  to  this  cause  are  very  slight,  but  should 
not  he  di.srogarded  it  accurate  thread  rolling  is  to  be  done. 

The  blank  diameter  may  bo  dolennlned  quite  easily  by 
actually  rolling  threads  on  blanks  the  sizes  of  which  are 
changed  as  may  be  required  to  produce  a  well-formed  thread. 
While  tlil.s  Is  the  moat  rollablo  mcthoil.  It  cannot  always  be 
applied,  lis  the  .stock  from  which  fhe  blanks  arc  to  be  made 
soniQtImcs  Is  not  at  hand;  In  fact,  it  may  be  necessary  to 
order  the  stock  from  the  mill  long  before  it  is  needed,  and 
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then  the  blank  diameter  is  either  determined  by  calculation 
or  by  reference  to  blank  sizes  previously  tabulated  for  differ- 
ent screw  thread  diameters.  There  are  several  different  rules 
and  formulas  for  calculating  blank  diameters,  but  inasmuch 
as  this  diameter  is  affected  by  the  accuracy  required  for  the 
rolled  thread,  the  kind  of  material  to  be  rolled,  its  composi- 
tion, and  by  any  decided  variation  in  the  physical  condition 
of  the  surface  metal  (as,  for  example,  when  the  skin  of  cold- 
drawn  stock  is  removed  by  turning),  the  impracticability  of 
deducing  a  rule  or  formula  that  may  be  generally  applied  is 
apparent. 

According  to  the  practice  in  different  plants  where  thread 
rolling  is  done,  there  are  three  general  classes  of  blank  sizes, 
including  (1)  those  that  are  a  little  larger  than  the  pitch 
diameter;  (2)  those  that  are  approximately  equal  to  the  pitch 
diameter;  and  (3)  those  that  are  slightly  less  than  the  pitch 
diameter.  The  sizes  in  the  first  class  are  intended  for  screws 
that  are  to  be  rolled  as  accurately  as  possible.  The  difference 
between  the  blank  diameter  and  the  corresponding  pitch  diam- 
eter varies  somewhat  for  screw  threads  of  different  sizes,  but 
according  to  average  practice,  as  near  as  this  can  be  deter- 
mined, the  relationship  is  about  as  follows:  The  blank  diam- 
eters for  screws  varying  from  1/4  to  1/2  inch  are  from  0.002 
to  0.0025  inch  larger  than  the  pitch  diameter,  and  for  screws 
varying  from  1/2  to  1  inch  or  larger,  the  blank  diameters 
are  from  0.0025  to  0.003  inch  larger  than  the  pitch  diameter. 
Threads  of  the  second  class  mentioned,  or  those  rolled  from 
blanks  which  are  equal  to  the  pitch  diameter,  are  sufficiently 
accurate  for  many  purposes.  Blanks  of  the  third  class  or  those 
that  are  slightly  less  than  the  pitch  diameter  are  intended 
for  bolts,  screws,  etc.,  which  are  made  to  fit  rather  loosely,  a 
comparatively  free  fit  being  desirable  in  many  cases.  Blanks 
for  this  grade  of  work,  according  to  common  practice,  are 
from  0.002  to  0.003  inch  less  than  the  pitch  diameters  for 
screw  threads  varying  from  1/4  to  1/2  inch,  whereas  for  screw 
thread  sizes  larger  than  1/2  inch  the  blank  diameters  are  fre- 
quently from  0.003  to  0.005  inch  less  than  the  pitch  diameter. 
The  blanks  for  screw  threads  smaller  than  1/4  inch  are  usually 
from  0.001  to  0.0015  inch  less  than  the  pitch  diameter  for  ordi- 
nary gi-ades  of  work,  and  about  the  same  amount  larger  than 
the  pitch  diameter  for  more  accurate  screw  threads. 

The  reason  why  the  blank  diameter  should  be  somewhat 
larger  than  the  pitch  diameter  when  a  full  thread  of  standard 
size  Is  to  be  formed  is  that  the  volume  of  the  thread  groove 
extending  inside  the  pitch  line  or  surface  as  at  A,  Fig.  2,  is 
less  than  the  volume  of  the  section  B  of  the  thread  extending 
outside  the  pitch  surface,  the  mean  radius  of  section  B  being 
larger  than  the  radius  of  A.    If  the  blank  is  made  somewhat 
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Fig.    8.     Plan    View    showing    Helation    between    Thread-roUing    Dies    and 
Knock-off   Spring  which  ejects   Threaded  Blank  at  End  of   Stroke 

larger  than  the  pitch  diameter,  as  indicated  by  the  dotted  line 
marked  "blank,"  this  will  offset  the  difference  between  the 
volumes  of  sections  A  and  B. 

Reciprocating  Thread-rolling:  Machines  of  Horizontal  Desigrn 
The  thread-rolling  machine  illustrated  in  Fig.  4  is  a  horizon- 
tal type  which  operates  on  the  general  principle  illustrated 
by  the  diagram  Fig.  1.  This  machine  is  one  of  the  designs  and 
sizes  manufactured  by  the  Waterbury  Farrel  Foundry  &  Ma- 
chine Co.,  Waterbury,  Conn.  The  stationary  die  is  securely 
held  at  A  and  the  movable  die  B  is  attached  to  a  slide  con- 
necting with  pitman  C.  This  pitman  is  operated  by  a  large 
crank  gear  D,  which  is  driven  from  a  pinion  mounted  on  the 
driving  pulley  shaft.  This  particular  machine  is  arranged 
for  feeding  the  blanks  by  hand,  so  that  it  is  comparatively 
simple  in  design.  The  blanks  to  be  threaded  are  placed,  one 
at  a  time,  in  the  feeding  position,  the  lower  end  resting 
against  a  stop,  which  may  be  adjusted  vertically  and  insures 
rolling  threads  of  equal  length  on  the  different  blanks.  Each 
blank  is  placed  in  position,  while  the  slide  is  returning,  and 
when  the  moving  die  has  advanced  to  the  right  position  rela- 
tive to  the  stationary  die  a  push-finger  starts  the  blank  be- 
tween the  dies.  As  soon  as  the  blank  is  caught,  it  is  rolled 
along  between  the  die  faces  until  it  has  passed  entirely  across 
the  stationary  die;  the  thread-rolling  operation  is  then  com- 
pleted and  the  bolt  or  screw  falls  into  a  receptacle.  The  push- 
finger  is  operated  by  a  cam  located  on  the  opposite  side  of 
the  machine  from  that  shown  in  the  illustration.  This  cam 
transmits  motion  through  a  shaft  and  lever  E  to  the  slide 
carrying  the  push-finger  or  "starter,"  as  it  is  sometimes  called. 
When  exceptionally  long  blanks  are  being  threaded,  a  spe- 
cial holder  or  clip  is  applied  to  machines  arranged  for  hand 
feeding  to  insure  locating  the  blanks  square  with  the  dies. 
In  rolling  threads  on  shorter  blanks,  such  an  auxiliary  device 
is  not  necessary,  because  the  vertical  face  of  the  push-finger 
tends  to  start  a  blank  square,  even  though  It  may  be  slightly 
Inclined  when  the  push-finger  moves  forward.  On  some  of 
these  machines,  the  movable  die  has  a  vortical  concave  groove 
nr  pocket  cut  across  the  teoth  or  ridgus  near  the  starting  end. 
This  groove,  which  bus  a  depth  ap|)roxlinalely  equal  to  one- 
half  the  thread  depth.  Is  oppoalle  the  end  of  the  fixed  die  Just 
before  the  rolling  openitlon  begins,  and  the  blank  enters  It 
ii.s  the  puHh-llngor  advaiicos.  The  purpose  of  this  vortical 
groove  or  pocket  Is  to  Insure  atartliig  each  blank  sciuaro  with 
the  dIoH. 

AtiothrT  H<:roW'lhruad  rolling  inacliino  of  the  horizontal  re- 
i'lpro(  allng  typo  Ih  Bhown  in  Fig.  5.  This  Is  nno  of  the  dostgus 
iiiiidc  by  the  E.  J,  Manvllle  Miirhhiu  Co.,  Walcrliury,  Conn. 
The  (IrivliiK  iiii^clianlHni  of  thl8  iiiachlno  Ih  <|iilte  shnllar  In  its 
Konernl  urruiiKeinent  tfi  that  prevlouBly  dcHcrlbod  In  connec- 
tion with  tlx'  iniichinu  nhown  In  Fig.  4.  Thu  ruclprocntluK 
Hlldo  whl'h  iiirrii'H  llie  inoviibic  dli-  rci-clvcH  IIh  inolloii  from  a 
larg'*  cniiik  K<'i>r,  u*  In  tlio  former  ciiho,  which  inni*lii<H  witli  u 
pinion  <iii  tln'  llywhiM'l  iilinfl.  Tlic  crunk  gear  In  coiinc<'tod  to 
Ihn  rerlprociillnit  nlidi'  by  u  pllninn.  Thin  ntaclilno  Ih  known 
iiH  Ihn  (llrocl  drive  typr  In  dlHtlnKulHli  It  from  eiirllor  doBlgng 
ImviiiK  II  crnnk  K<'iir  ii-vmIvIiik  iilnnil  ii  verllcnl  iixIh  iitid  drivi'ii 
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Fi^.    9.     Feeding  Uechanism   of   UacMne   shown   in   Fig. 
the   Way  to   permit   Hand   Feeding 


swung   out   of 


through  bevel  gearing  from  a  horizontal  shaft  connecting  with 
the  belt  pulley.  The  arrangement  of  the  stationary  and  mov- 
ing dies  and  the  method  of  starting  each  screw  blank  between 
the  dies  at  exactly  the  right  time  is  shown  by  the  diagram 
Fig.  6,  which  represents  a  plan  view.  The  moving  die  A  is 
carried  by  the  reciprocating  slide  B,  and  the  stationary  or 
short  die  G  is  clamped  into  an  adjustable  holder  D.  This 
holder  may  be  adjusted  toward  or  away  from  die  A,  as  may  be 
required  by  the  diameter  of  screw  thread  to  be  rolled.  The 
moving  die  is  shown  at  one  end  of  its  stroke.  As  die  A  moves 
toward  the  left,  the  blank  to  be  threaded  is  pushed  between 
the  two  dies  by  the  starter  E.  This  starter  or  push-finger 
ordinarily  is  operated  by  an  adjustable  cam,  which  transmits 
motion  to  it  through  a  mechanism  so  arranged  that  either  a 
positive  or  yielding  pressure  may  be  given  to  the  blank  as  it 
enters  between  the  dies. 

At  the  starting  end  of  die  C  there  is  a  short  blank  space 
which  is  cut  down  level  with  the  bottom  of  the  grooves  in  the 
rest  ot  the  die  face.  This  provides  room  for  inserting  a  blank 
and  enables  another  blank  to  be  placed  in  position  as  soon 
as  starter  E  has  withdrawn  far  enough,  without  danger  of  the 
second  blank  being  dragged  in  by  the  moving  die  before  the 
latter  is  in  position  to  receive  it.  It  is,  ot  course,  essential 
to  have  the  dies  properly  located  relative  to  each  other,  and 
the  action  ot  the  starter  must  also  be  timed  so  that  the  blank 
is  pushed  forward  at  the  right  instant. 

Adjustment  or  Timlner  of  Starter 

The  starter  on  the  Manville  machines  is  set  by  lirst  placing 
the  moving  slide  at  the  extreme  end  of  its  stroke  toward 
the  right  and  then  moving  it  forward  about  one-eighth  inch. 
The  starting  cam  is  then  set  on  its  highest  point  and  the 
starter  is  adjusted  endwise  until  Its  end  is  in  line  with  the 
ends  of  the  threads  on  the  stationary  die.  After  these  approxi- 
mate adjustments  have  been  made,  a  blank  is  inserted  in  front 
of  the  starter  and  the  machine  is  turned  far  enough  to  revolve 
the  blank  forward  about  half  a  revolution.  The  ma^-hine  is 
then  turned  backward  and  the  blank  removed  to  see  If  the 
thread  rolled  by  one  die  coincides  with  those  rolled  by  the 
other  die.  If  the  thread  grooves  do  not  match  properly,  the 
poBlllon  of  the  starting  cam  is  i-banged  so  that  it  acts  either 
'■arllcr  or  later,  thus  forcing  the  blank  between  the  dies  when 
the  latter  are  In  tho  corrcit  position  relative  to  each  other. 
Another  method  of  renu'dylng  this  trouble  Is  by  raising  or 
lowering  one  of  the  dies  slightly. 

Elector  or  Knock-off  ot  Threiid-rollliiK-  Muchliie 

Holts  or  screws  sonictlines  stick  to  the  movable  die  after 
the  thread  Is  rolled.  In  order  to  prevent  o  screw  froni  lieiiig 
eniiKht  between  the  illoH  on  the  return  stroke,  the  simple  form 
of  knock  off  or  ejector  shown  In  Klg.  8  Is  used.  A  Hal  spring 
Imvlng  a  bent  end  Is  attached  to  thu  frnmo  of  the  machine  In 
Huch  a  position  Ihol  the  arrow  forces  the  spring  back  while 
It   Ih  still   between   both   dies  and   Is   firmly   hidd.     When    the 


spring  returns  to  its  normal  position  it  pushes  the  blank  tor- 
ward  and  away  from  the  movable  die  so  that  it  cannot  be 
caught  between  the  dies  at  the  beginning  ot  the  return  stroke. 
This  knock-off  is  located  at  F  on  the  machine  shown  in  Fig.  4. 
The  same  general  type  is  also  used  on  the  machine  illustrated 
in  Fig.  5. 

Semi-automatic  Feeding  Mechanisms 
Most  thread-rolling  machines  are  either  arranged  for  feed- 
ing blanks  to  the  dies  by  hand  or  are  equipped  with  an  auto- 
matic feeding  mechanism.  In  some  cases,  however,  a  semi- 
automatic feed  is  employed,  and  this  type  will  be  referred  to 
before  describing  the  kind  which  is  entirely  automatic  in  its 
operation.  Fig.  5  illustrates  how  this  semi-automatic  feeding 
arrangement  is  applied  to  some  of  the  Manville  thread-rolling 
machines. 

As  explained  previously,  when  blanks  are  ted  to  the  dies 
entirely  by  hand,  each  blank  must  be  placed  in  the  feeding 
position.  This  method  has  proved  very  satisfactory,  because 
the  operator  soon  l)ecomes  so  expert  that  the  feeding  is  done 
almost  as  regularly  as  when  some  form  of  mechanical  feeding 
device  is  employed.  The  hand-feeding  method,  however,  re- 
quires the  constant  attention  of  the  operator,  which  is  not  the 
case  with  the  semi-automatic  type.  When  the  latter  is  applied 
to  a  machine,  the  operator,  instead  of  inserting  a  blank  be- 
tween the  dies  for  each  stroke,  simply  transfers  a  number  of 
blanks  from  the  shallow  pan  A,  Fig.  5,  to  the  inclined  tracks  B 
which  convey  the  blanks  down  to  the  dies.  The  blanks  are 
ted  down  these  tracks  by  gravity  to  a  mechanism  which  auto- 
matically presents  each  successive  one  to  the  thread-rolling 
dies  for  every  stroke  of  the  machine,  the  same  as  when  an 
automatic  feed  mechanism  is  used;  therefore,  when  the  ma- 
chine has  a  semi-automatic  feed  it  is  simply  necessary  for 
the  operator  to  keep  the  chute  or  tracks  loaded  with  blanks. 
This  type  of  feed  mechanism  is  especially  adapted  for  certain 
classes  of  blanks  which  are  not  readily  lifted  and  caught  by  a 
slotted  swinging  plate  such  as  is  used  with  the  automatic  feed 
mechanism.  When  the  heads  of  the  blanks  are  comparatively 
large  and  the  shanks  short,  or  if  the  shanks  are  unusually 
long,  difficulty  may  be  experienced  with  a  feed  mechanism 
which  is  entirely  automatic. 
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Automatic  Feeding-  Mechanism  for  Thread-rollingr  Machine 
Many  o£  the  thread-rolling  machines  now  in  use  are  equipped 
with  an  automatic  feeding  mechanism  which  is  so  arranged 
that  the  blanks  to  be  threaded  are  transferred  from  a  hopper 
to  the  dies  entirely  by  mechanical  means.  A  machine  made 
by  the  Waterbury  Farrel  Foundry  &  Machine  Co.,  equipped 
with  an  automatic  feeding  mechanism,  is  illustrated  in  Fig.  7. 
The  entire  automatic  feed  mechanism  is  mounted  upon  a 
hinged  or  pivoted  member,  so  that  it  can  be  swung  to  one  side, 
as  illustrated  in  Fig.  9,  in  case  it  is  desirable  to  feed  the 
machine  by  hand.  For  instance,  if  only  a  few  thousand  screws 
or  bolts  of  given  size  were  required,  the  hand  feed  would 
doubtless  be  preferred  to  the  automatic  feed,  because  the  latter 
requires  more  or  less  adjustment  for  adapting  it  to  work  of  a 
different  size. 

A  number  of  the  blanks  to  be  threaded  are  placed  in  the  hop- 
per A,  and  extending  vertically  through  this  hopper  there  is  a 
blade  B.  This  blade  is  pivoted  at  the  inner  end  and  it  swings 
up  and  down  through  the  mass  of  blanks  when  the  machine 
is  in  operation,  the  swinging  movement  being  derived  from  a 
roller  C  attached  to  the  gear  E.  A  vertical  slot  or  opening 
extends  along  the  upper  edge  of  the  blade,  and  this  slot  is  a 
little  wider  than  the  diameter  of  the  screw  blank  bodies;  con- 
sequently, as  the  blade  moves  up  through  the  mass  of  blanks 
in  the  hopper,  some  of  them  fall  into  the  slot  and  are  caught 
by  the  heads.  When  the  blade  reaches  the  top  of  its  stroke, 
it  remains  stationary  for  a  short  time,  and  as  the  upper  edge 
is  inclined  considerably,  the  blanks  which  were  caught  slide 
down  to  the  lower  end  of  the  blade  and  then  pass  into  the 
chute  D  which  leads  down  to  the  dies  when  the  mechanism 
is  in  the  feeding  position.  The  plate  F  attached  to  the  oscillat- 
ing blade  or  center-board  of  the  hopper  has  a  circular  section 
which  is  concentric  with  the  path  of  roller  C  and  provides  the 
dwell  of  the  blade  at  the  top  of  the  stroke.  The  blade  remains 
stationary  long  enough  for  all  the  blanks  to  slide  down  into 
the  chute.  Near  the  point  where  the  blanks  leave  the  blade, 
there  is  a  rapidly  revolving  toothed  wheel,  so  located  and 
formed  that  any  blanks  which  are  not  suspended  by  the  heads 
and  in  the  proper  position  are  dislodged  and  thrown  back  into 
the  hopper.  In  this  way,  the  entrance  to  the  chute  is  kept 
clear  and  clogging  is  prevented. 

One  of  the  interesting  features  of  this  mechanism   is  the 


Tit.  II.    SM*  TUw  of  Aatamttlo  rnwllnf  Iboluuiliiii  ipplliid  to  Thratd- 
r«llla(  Maohla* 

oncapemont  at  the  lowor  enil  of  the  chutp  which  automatically 
fce<lii  one  blank  ul  n  lime  lo  the  iIIoh,  At  thi?  lowt-r  end  of  the 
rhutc  thcr'-  III  II  V  Mhtipcil  lut  off  ttnu'T  jI,  Fit?  I",  which  movcH 
in  at  the  proper  timi-  and  acparatcM  the  lowcNt  binnk  K  from 
the  othera  In  the  chute.  Thia  rut-off  nnxer  dcrlvcH  IIh  move 
fnont  from  a  cam  aarfocn  nn  the  main  nlldn.  The  blank  whli-h 
la  aepnratcd  from  the  othora  by  the  ••iitoff  (liiKiT  Im  pinipil  In 
front  of  thn  piiah  nntcftr  H,  wlilrh  nt  the  proper  llim-  lulvanrfM 
It  lo  a  point  wh'T)'  it  la  rauKht  Ix'twonn  tho  (Una.  The  nctloii 
of  the  rut  off  flnK'T  la  ao  timed  that  II  rcmalna  In  tlin  Inm-r 
poaltlon  and  prnvcnta  tho  column  of  blanka  from  (Ican.nillnK 
until  the  puah-flnicer  la  In  poaltlon  In  acrvo  iin  n  alfip:  Hh-  cut 


off  finger  then  withdraws  and  the  blanks  descend  far  enough 
to  allow  the  lowest  one  to  be  separated  from  the  others  as  the 
cut-off  finger  again  advances  on  the  next  succeeding  stroke. 
The  blank  passes  around  a  corner  after  leaving  the  cut-off 
finger,  so  that  its  movement  is  then  parallel  to  the  thread- 
rolling  dies.  While  the  blank  passes  through  this  parallel  sec- 
tion of  the  guide  plate  C.  the  head  is  held  downward  upon 
the  guide  by  a  spring  plate  D  above.  This  feed  mechanism 
is  so  arranged  that  the  blanks  are  suspended  by  their  heads 
from  the  time  they  are  caught  by  the  swinging  hopper  blade 


until  they  are  gripped  between  the  threading  dies,  unless  it  is 
necessary  to  roll  a  thread  close  up  to  the  head.  In  that  case, 
the  guide  plate  which  holds  the  blank  after  it  leaves  the  cut- 
off finger  is  changed.  The  surface  of  guide  plate  C  is  beveled 
and  plate  /•'  on  the  opposite  side  is  reversed,  so  that  the  blank 
is  lowered  to  a  point  where  the  under  side  of  the  head  is  level 
with  the  upper  edges  of  the  dies.  When  the  thread  does  not 
need  to  be  rolled  close  up  to  the  head,  each  blank  is  suspended 
from  the  head  until  it  is  pushed  forward  and  is  caught  be- 
tween the  dies;  consequently  the  length  of  the  threaded  part 
depends  upon  the  vertical  distance  x  between  the  guide  plate 
and  the  dies.  This  distance  (which  is  very  small  for  thread- 
ing close  to  the  head)  may  be  varied  for  rolling  threads  of 
different  length  by  adjusting  the  entire  feed  mechanism  verti- 
cally. The  screw  for  making  this  adjustment  is  located  at  (;. 
Fig.  9. 

In  adapting  this  mechanism  for  different  sizes  and  shapes 
of  blanks  a  certain  amount  of  adjustment  is  necessary,  as 
previously  mentioned.  In  some  cases  it  may  also  be  necessary 
to  alter  the  end  of  cut-oft  finger  A,  Fig.  10,  as,  for  example, 
when  the  blanks  have  countersunk  or  oval  heads.  For  in- 
stance, in  the  case  of  a  countersunk  head,  the  edge  of  finger  ,1 
would  be  provided  with  a  groove  tor  engaging  the  blank  heads, 
in  order  to  prevent  any  tilting  action.  The  chute  G  leading 
troni  the  hopper  to  the  dies  is  adjusted  in  accorilame  with 
the  dianioler  of  the  work,  and  tlic  pick-up  blade  in  tho  hopper 
liuH  a  riMiiovalile  top,  which  can  bo  replaced  if  nocossary.  A 
«ivon  width  of  slot  can  bo  used  for  a  limited  riwigc  of  blank 
diamotorK  without  chango.  Tho  automatic  food  inochanlani  of 
u  machine  Intunded  for  lonipnratlvoly  liglil  blanks  is  e<]ulppod 
with  what  Ih  known  as  a  vibrator.  This  conalHtH  of  a  rotnting 
Hhiift  carrying  pins  iuHorlod  in  a  ManKo  and  urriingod  to  Htrlko 
llxo<l  pliiH  and  tliUH  cauHo  a  rapid  huccchhIoii  ciT  liglil  blows. 
Tho  pur|)oH(>  of  the  vlliratur  is  to  prevent  tho  lilanU»  from 
Htlcklng  in  the  food  chulo,  as  thoy  somotinioB  tend  to  do  wlion 
very  IIkIiI.  and  oHpoclnlly  If  covered  with  oil. 

Tho  HUtomutIc  foodlnR  niochunlHin  of  a  throadrolling  ma- 
I'hino  nindo  by  llio  K.  .1.  Manvlllo  Machine  Co.  Is  shown  in 
Fig.  II.  Till'  Hloltod  blado  wlil<'li  ohcIIIiiIi'h  llirciUKli  the  rontor 
of  Ilio  lioppor  and  IIh  iiponilliiK  niorliaiilHin  iiri'  iloarly  hIhiwo 
In  IIiIh  llliinlrntlon.  Tho  lowor  odgii  of  IIiIm  blado  ,t  Ih  lioltod 
In  tho  awliiRlMK  arm  H.  which  ilorlvoa  IIh  million  from  tho 
oninkpln  mllor  I'  ntlnrliocl  in  Koar  I).  ThiH  blado  hna  n  pnal- 
tlvo  upward  and  downward   iiiolinii.  llio  rnlliT  oiiKaKlMK  a  Hint 
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formed  in  the  arm.  The  blade  is  shown  at  the  upper  end  of 
its  stroke,  the  roller  being  in  contact  with  the  circular  con- 
centric surface  of  the  swinging  arm.  This  mechanism,  like 
the  one  previously  described,  is  so  arranged  that  the  descend- 
ing row  of  blanks  is  held  back  by  a  cut-off  device  until,  at  the 
proper  instant,  the  lowest  blank  is  separated  from  the  others 
and  forced  outward  in  front  of  the  pusher  slide,  which  then 
starts  it  between  the  stationary  and  moving  dies.  In  conjunc- 
tion with  this  feeding  mechanism,  there  is  also  a  simple  me- 
chanical device  which  automatically  throws  back  into  the  hop- 
per all  blanks  that  are  not  hanging  In  the  right  position  as 
they  pass  into  the  inclined  tracks  leading  to  the  dies. 

Magazine  Feeding  Mechanism  for  Headless  Blanks 

The  thread-rolling  machine  illustrated  in  Fig.  12  has  a  maga- 
zine feeding  attachment  which  is  designed  for  feeding  auto- 
matically headless  blanks  that  may  require  a  screw  thread  on 
one  end,  both  ends,  or  a  thread  extending  the  entire  length. 
The  blanks  are  placed  horizontally  in  the  magazine  or  hopper 
by  the  operator.  At  the  lower  end  of  the  incline  in  the  maga- 
zine hopper  there  is  an  agitator  arranged  to  prevent  the  blanks 
from  becoming  clogged.  The  lower  blank  at  the  end  of  the 
incline  is  transferred  to  the  dies  or  starting  position  by  an 
oscillating  segment,  which,  as  each  successive  blank  is  trans- 
ferred,  changes   it   from   a   horizontal   to   a   vertical   position. 
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Fig.    13.     Examples   of    Work   threaded   by   Machine   shown   in   Fig.    12 

This  segment  has  a  notch  that  receives  the  lower  blank,  which 
is  in  a  horizontal  position  when  it  leaves  the  magazine.  The 
blank  is  then  placed  in  a  vertical  position,  after  which  it  drops 
by  gravity  from  the  segment  and  in  front  of  the  starting  slide 
plate.  The  position  of  the  blank  relative  to  the  dies  is  con- 
trolled by  an  adjustable  depth  gage,  and  at  the  proper  time 
it  is  pushed  forward  and  gripped  by  the  moving  die  and  is 
then  rolled  through  the  die  in  the  usual  manner.  The  turn- 
ing of  the  segment  for  changing  the  position  of  the  blank  from 
horizontal  to  vertical  is  effected  by  a  spring,  and  the  return 
movement  i.s  positive,  being  derived  from  a  cam.  This  ar- 
rangement is  to  avoid  any  damage  to  the  machine  in  case  a 
blank  should  become  lodged  partly  in  the  segment  and  partly 
in  the  magazine.  The  notch  in  the  segment  which  receives 
ihf  blank  has  a  spring  finger  so  arranged  that  when  the  seg- 
ment swings  the  blank  to  a  vertical  position,  if  it  should  fail 
to  drop  out  of  the  segment  or  drop  only  part  way,  no  damage 
could  occur  to  the  machine  or  the  feeding  mechanism. 

This  design  of  magnzinc  feed  is  adapted  especially  for 
threading  parts  such  as  are  found  In  harvester  miuhinery. 
various  forms  of  special  bolts,  turnbuckle  screws,  skate  screws. 
etc.  One  end  of  a  piece  may  have  a  right-hand  thread  and  the 
other  end  n  loft-hand  thread,  but  whenever  threads  are  rolled 
(tlmullancously  on  both  ends  of  the  blanks  the  diameter  and 
pitch  must  be  the  same.  A  few  examples  showing  in  a  general 
way  the  kind  of  work  for  which  this  thread-rolling  machine 
may  be  u.ied  arc  llluHtratcd  In  Fig.  U.  The  part  shown  at  .1 
has  a  thread  rolled  on  one  end  only.  The  rod  R  has  a  right- 
hnnd  thread  on  one  end  and  a  left-hand  thread  on  the  other 
••nd.     The  piece  shown  at  C  Is  an  example  of  work  requiring 


a  thread  the  entire  length  of  the  blank,  and  D  shows  a  lag 
screw  thread  and  a  gimlet  type  of  point.  When  threads  are  to 
be  rolled  simultaneously  on  each  end  of  the  part  and  an  un- 
threaded portion  is  to  remain  between  the  threaded  sections, 
as  illustrated  at  B,  the  dies  are  separated  by  one  or  more 
fillers,  according  to  the  length  of  the  unthreaded  part.     The 
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Fig.    14. 


Forms  of  Stops  for  regulating  Length  of  BoUed  Thread 


special  thread-rolling  machine  illustrated  in  Fig.  12,  equip- 
ped with  the  magazine  just  described  and  extra  deep  dies,  is 
made  by  the  Waterbury  Farrel  Foundry  &  Machine  Co. 

Length  of  Rolled  Thread  and  Methods  of  Begulating 

The  maximum  length  of  thread  that  can  be  rolled  in  any  one 
machine  depends,  of  course,  upon  the  size  and  design  of  the 
machine.  In  general,  the  maximum  length  of  thread  is  nearly 
equal  to  the  full  face  width  of  the  deepest  die  the  machine 
is  capable  of  using.  It  is  not  practicable  to  roll  a  thread 
the  entire  depth  of  the  dies,  as  an  allowance  of  about  1/S  inch 
should  be  made.  The  thread-rolling  machines  made  by  the 
Waterbury  Farrel  Foundry  &  Machine  Co.  for  rolling  excep- 
tionally long  threads  have  one  or  two  tie-rods  extending  across 
the  frame  above  the  dies  to  take  part  of  the  strain  when 
threads  are  being  rolled.  The  machine  illustrated  in  Fig.  12 
is  provided  with  one  of  these  tie-rods.  This  reinforcement 
prevents  the  dies  from  springing  apart  when  rolling  exception- 
ally long  threads,  and  insures  accurate  work.  A  tie-rod  does 
not  interfere  with  the  operation  of  an  automatic  magzizine 
feeding  mechanism  nor  with  feeding  the  machine  by  hand, 
although  the  work  must  not  project  above  the  dies  far  enough 
to  strike  the  tie-rod. 

The  length  of  the  rolled  thread  within  the  range  of  any  one 
machine  may  be  regulated  in  three  general  ways:  First,  by 
placing  the  end  of  the  blank  against  some  form  of  stop  which 
is  located  below  the  top  of  the  dies  a  distance  equal  to  the 
length  of  thread  to  be  rolled;  second,  by  suspending  the  blanks 
for  screws,  bolts,  etc.,  from  the  heads;  and,  third,  by  cutting 
away  the  ridges  or  threads  on  the  dies  down  to  a  point  from 
the  top  equal  to  the  length  of  the  unthreaded  section.  When 
a  thread-rolling  machine  is  fed  by  hand,  the  lower  end  of  each 
blank,  ordinarily,  is  placed  against  some  form  of  stop,  except 
when  a  thread  is  required  close  up  to  the  head,  in  which  case 
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St»rt<ir»  for  ThrcndrolUnK  Machine 


llie  under  side  of  the  head  serves  as  a  stop  and  drops  down 
to  the  level  of  the  dies.  A  stop  may  be  in  the  form  of  an 
adjustable  depth  gage,  as  Indicated  at  .1.  Fig.  14,  or  the  verti 
cal  position  of  the  blank  relative  to  the  dies  may  be  controlled 
by  a  projecting  end  or  shoulder  on  the  storter  or  push-flnger. 
as  Illustrated  at  H.  The  latter  has  the  disadvantage  of  not 
being  adjustable. 

With  a  machine  of  the  design  shown  In  Fig    7.  which  hos 
an  automatic  feed,  the  length  of  the  thread   Is  adjusted,  as 
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previously  mentioned,  by  simply  raising  or  lowering  the  entire 
feed  mechanism  by  means  of  a  single  screw.  This  method  of 
regulating  the  length  is  possible  because  the  blanks  are  sus- 
pended by  the  heads  until  caught  between  the  dies,  except 
when  the  lower  end  of  the  mechanism  is  changed  for  rolling 
a  thread  close  up  to  the  head,  in  which  case  the  blank  is,  of 
course,  pushed  down  to  the  level  of  the  dies. 

Shape  and  Location  of  Push-fingrers  or  Starters 

The  push-finger  or  starter  of  a  thread-rolling  machine  is 
usually  made  in  the  form  of  a  rectangular  plate  having  a 
vertical  edge  which  comes  into  contact  with  the  body  of  the 
blank  and  pushes  it  squarely  between  the  dies  at  the  proper 
time.  A  simple  form  is  illustrated  at  A,  Fig.  15.  The  width 
of  this  push-finger  should  be  a  little  less  than  the  space  be- 
tween the  dies.  It  is  essential  to  use  a  push-finger  which  tends 
to  hold  the  blanks  square  or  perpendicular  to  the  line  of  travel 
of  the  movable  die.  One  that  is  not  properly  formed  or  located 
relative  to  the  blank  may,  by  acting  against  one  end,  tilt  the 
blank  from  a  vertical  position.  If  a  comparatively  short 
thread  is  to  be  rolled  and  the  blank  extends  considerably  above 
the  dies,  an  offset  push-finger  may  be  required  (see  sketch  B) 
to  secure  greater  contact  along  the  blank  body. 

In  some  cases,  a  plain  vertical  edge  on  the  push-finger  is 
not  sufficient,  and  it  is  necessary  to  make  a  special  form.  An 
example  is  illustrated  at  C.  In  this  case,  the  blank  is  very 
short,  and,  as  a  space  is  required  to  clear  the  guide  plate 
of  the  automatic  feed  mechanism,  the  push-finger  is  made  with 
an  upper  section  or  extension  which  bears  against  the  oval 
head  of  the  blank  as  the  illustration  indicates.  By  supporting 
the  blank  at  both  ends,  it  can  be  pushed  forward  without  tilt- 
ing it.  The  exact  shape  and  position  of  these  special  push- 
fingers  depends,  of  course,  upon  the  length  of  the  blank  and 
the  shape  of  the  head. 

•     *     * 

DESIGN  OF  FRICTION  WHEELS 

BY  LUDWIO  BISBNKBAMERl 

Some  time  ago,  the  writer  was  asked  to  design  a  concrete 
mixer  on  which  friction  wheels  would  be  used  to  transmit 
motion  from  the  driving  to  the  driven,  or  drum,  shaft.  The 
requirements  were  as  follows:  The  driven  shaft  B,  Fig.  1, 
was   to   make  90    revolutions   per   minute   while   the   driving 


in  which  C  =  center  distance  of  shafts; 

X^  =  speed  of  driving  wheel  A; 

X;  =  speed  of  driven  wheel  B. 
The  diameter  £»,  of  the  driving  wheel  is,  therefore,  11  inches. 
The  radius  R,  of  the  driven  wheel  was  found  to  be: 

C  17% 

^2  =  X  N,  =  X  200  =  12%  inches. 

N^  +  N,  200  +  90 

The  diameter  D^  of  the  driven  wheel  is,  therefore,  24% 
inches,  approximately.  As  the  circumferential  velocity  V  of 
the  driven  wheel  B  is: 

IT  X  D^XN,        TT  X  24%  X  90 


y  =  - = ■ =115.4  inches  per  second, 

60  60 

or  577  feet  per  minute;  the  tangential  force  P,  is: 
H.P.  X  33,000 

Pj  =  •  =  286  pounds,  approximately 

577 
As  both  wheels  are  cast  iron,  the  coefl^cient  of  friction  fi  may 
be  taken  as  0.125;  therefore  the  normal  pressure  of  the  wheels 
A   and  B,  when   they  have   a   straight   surface,   as   shown   in 
Fig.  2,  is: 

P,  286 

P  = = =  2288  pounds 

M         0.125 

But  with  a  wheel  with  a  cone  surface,  having  an  angle  a  of 
15   degrees,  as  shown   in  Fig.   3,   the   normal   pressure  P  is: 
■  sin  a  +  ju  cos  a 

p  =  P.  X  ■ 


:286  X 


0.2588  +  0.125  X  0.9659 


=  SGS  pounds 


0.125 

This  pressure,  even,  is  so  high  that  it  would  injure  the  bear- 
ings: so  the  wheel  periphery  was  made  in  the  form  of  four 
cones,  thus  reducing  pressure  P  and  the  pressure  against  the 
bearings  to  one-fourth  this  amount,  or  868  -:-  4  ^  217  pounds. 
Although  friction  wheels  with  a  multi-cone  surface  cost  more 
to  manufacture  than  wheels  with  straight  surfaces,  the  rest 
of  the  machine  does  not  have  to  be  as  strong.  While  the  use 
of  friction  wheels  on  a  concrete  mixer  was  an  experiment, 
this  design  proved  very  satisfactory.  Thirty  engagements  of 
the  wheels  in  an  hour  are  possible  only  when  the  machine  is 
very  rigidly  constructed. 
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CADMIUM  FOR  RUSTPROOFING 

BY  A.   8CHLBIMER> 

In  the  article  entitled  "Cadmium  for  Rustproofing"  on  page 
6.i3  of  the  March  number  of  Machinkuy,  if  the  word  "adding" 
is  substituted  tor  "dissolving"  in  the  instructions  for  forming 
the  double-salt  solution,  the  article  will  be  strictly  correct. 
Both  cadmium  hydroxide  and  copper  oxide  are  insoluble  in 
water,  but  they  will  dissolve  upon  the  addition  of  cyanide  of 
potash,  in  which  process  of  solution  they  are  changed  to  cad- 
mium and  copper  cyanide,  respectively.  So  that  while  they  are 
themselves  insoluble  in  water,  it  may  be  said  that  they  are  dis- 
solved by  the  aildltlon  of  cyanide.  What  Is  really  done  Is  to 
change  them  to  cyanides,  wlildi  aro  soluble. 

The  pro<'08s  of  solution  Is  one  of  changliiK  a  substance  from 
a  solid  to  a  liquid  state  by  moans  of  a  lli|uid,  solid,  or  heul, 
wlilrh  change  l8  purely  mechanical  or  physical.  If  suKiir  l.s 
added  to  water.  It  (IIshoIvcb  and  asHiiiiics  a  liquid  condition, 
from  which  It  can  be  readily  recovorod,  In  Its  original  stiile, 
by  the  oviiporatlr)ii  of  the  water.  If  a  piece  of  metallic  zinc  Is 
added  lo  wali'r,  It  will  not  diHHolve  and  no  octlon  IiiUch  place, 
liut  ir  Hoiiii!  muriatic  add  la  adiloil  to  the  water,  lli(<  xiiic  Im- 
niodlaloly  IiorIiih  to  dlaaolvo  and  If  HUltlclont  acid  U  adilud  the 
/.Inc  will  I'ntiri'ly  dlnuppcar.  Ilowovor,  the  lliild  cannot  bo 
called  a  Holiillon  iif  zinc,  bocauHc  this  would  Infer  that  It  was 
a  Holiitloii  of  /.Inc  iiH  a  metal.  If  the  fluid  Ih  I'vaporiilcil,  an  wan 
tlio  HiiKar  Hnliitldii,  liiHliMid  of  thi>  inotiil  /.Inc.  a  wliltc  cryHtii! 
llm-  puwdiT  will  be  found;  Ihla  In  chloride  of  /Inc,  formed  by 
tho  rlinmical  union  of  llio  motal  and  the  acid.  In  other  wordd, 
thn  r.liic  wan  chanKod  from  thn  nii'lallic  form  to  the  form  of 
chloride  hnforo  It  was  diaaolvnd. 
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Business  Methods  in  the  Draiiiivl-ioom 


STATIONERY  for  business  correspondence  and  the  main- 
tenance of  office  records  is  made  to  a  standard  size  of  8V2 
by  H  inches.  Sheets  of  this  size  are  adapted  for  use  in 
standard  typewriters,  and  they  fold  up  to  fit  properly  into 
standard-sized  envelopes.  In  businesses  engaged  in  building 
machinery  or  other  engineering  work,  the  usual  offlce  station- 
ery is  employed,  but  until  recently  we  have  not  heard  of  the 
extension  of  this  standard  size  for  offlce  stationery  to  cover 
tracings  and  blueprints  made  in  the  drafting-room.  With  the 
view  of  economizing  in  tracing  cloth  and  paper,  many  drafting- 
rooms  have  been  in  the  habit  of  using  what  is  known  as  a 
"multiple  system"  of  sheet  sizes.  For  instance,  in  one  case 
the  largest  sized  tracings  and  blueprints  which  are  required 
are  3C  by  24  inches,  and  these  large  sheets  form  the  basis 
of  all  smaller  sized  tracings  and  blueprints  by  a  direct  method 
of  subdivision,  smaller  size  sheets  being  24  by  18,  IS  by  12, 
and  12  by  9  inches.  So  far  as  the  complete  using  up  of  tracing 
cloth  and  blueprint  paper  is  concerned,  such  a  method  of  cut- 
ting up  large  sheets  is  admirable;  but  in  filing  tracings  and 
blueprints,  confusion  is  likely  to  be  experienced  through  the 
necessity  of  handling  sheets  of  different  sizes;  and  when  mail- 
ing blueprints  in  connection  with  engineering  specifications, 
etc.,  there  is  almost  sure  to  be  trouble  because  of  the  lack  of 
conformity  of  size  between  the  offlce  stationery  and  the  sheets 
on  which  blueprints  are  made. 

In  the  plant  of  S.  P.  Bowser  &  Co.,  Fort  Wayue,  Ind.,  the  In- 
convenlenic  resuUlnK  from  this  lack  of  uniformity  In  the  size 
of  blueprints  And  offlce  stationery  led  Sherwood  Illnds,  fac- 
tory engineer  of  the  Bowser  plant,  to  make  a  study  of  the  sub- 
ject, and  ho  finally  reached  the  conclusion  that  there  was  no 
Rood  ri'iiHoii  why  the  S'/j-  by  Ulnch  standard  size  for  shectM 
of  buHliicsH  .Hialliincry  could  not  be  extended  to  cover  require- 
ments of  the  drafting-room.  Blueprints  of  working  drawings 
for  UHO  In  machine  shops  are  generally  made  on  sheets  of 
about  the  standard  buBlness  letter  paper  size;  for  Instance.  In 
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the  case  referred  to,  where  a  practice  is  made  of  subdividing 
large  sheets,  a  size  of  9  by  12  inches  is  frequently  employed 
for  shop  drawings.  On  the  other  hand,  there  are  a  great  many 
assembly  drawings  where  the  amount  of  detail  is  so  great  that 
the  scale  to  which  the  drawing  is  made  requires  the  use  of 
a  much  larger  sheet.  After  giving  the  matter  some  thought, 
however,  it  was  seen  that  this  need  not  represent  an  unsur- 
mountable  obstacle  to  the  use  of  the  8%-  by  11-inch  business 
standard.  For  small  shop  drawings,  blueprints  SVi  by  11 
inches  in  size  are  ample  to  meet  all  requirements,  but  in  cases 
where  larger  sheets  are  necessary,  these  are  made  in  multiples 
of  the  basic  size,  so  that  they  may  be  folded  up  and  mailed 
with  letters  and  specifications,  making  a  neat  package  which 
will  fit  into  an  ordinary  envelope  with  the  letter  unfolded. 
To  facilitate  folding  blueprints  to  the  standard  SVi-  by  11-incli 
size,  the  tracings  are  made  with  index  marks  on  them  to  indi 
cate  the  points  at  which  the  prints  should  be  folded. 

Fig.  1  shows  the  lay-out  for  different  sizes  of  tracings  that 
are  used  and  the  way  in  which  "folding  lines"  are  provided 
to  show  how  to  fold  the  blueprint  made  from  the  tracing.  It 
will  be  seen  that  the  sheet  size  numbers  run  1,  2,  3,  etc.,  for 
sheets  measuring  11  inches  from  top  to  bottom,  and  12,  IS,  14, 
etc.,  for  sheets  measuring  21'}i  inches  from  top  to  bottom.  For 
sizes  designated  by  numbers  higher  than  10,  the  2,  8.  4,  etc.. 
Indicates  the  width  of  the  drawing,  while  the  lO's  digit  indi- 
cates that  the  height  is  21-*4  inches.'  For  a  drawing  still  larger 
than  any  of  those  shown  in  Fig.  1.  the  same  system  of  number- 
ing Is  used;  for  example,  a  drawing  44-'^  Inches  wide  by  Hi'i 
Inches  long  would  be  called  size  No.  26,  the  6  denoting  the 
number  of  folds  right  to  loft  and  the  2  Indicating  that  there 
are  three  folds  from  toji  to  bottom. 

In  folding  up  a  blueprint,  the  bottom  Is  first  folded  under, 
and  then,  starting  at  the  right-hand  side,  the  print  Is  folded 
inward  continuously  until  the  last  fold  has  been  made.  The 
tracings  are  ruled  with  a  slight  taper  at  the  top  edge  of  the 
sheet,  starting  from  the  left-hand  edge;  this  taper  Is  1/16  Inch 
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per  fold,  although  1/4  inch  is  the  maximum  taper  which  is 
allowed  for  the  entire  length  of  a  sheet.  The  top  edge  was 
tapered  in  this  way  so  that,  when  the  sheet  is  folded  up,  the 
corners  will  not  project.  After  a  sheet  is  folded,  the  corner 
will  be  located  from  1/16  to  1/4  inch  below  the  top  of  the 
outside  sheet,  thus  allowing  the  folded  blueprint  to  be  turned 
over  more  easily  when  looking  for  a  print  in  a  binder. 

The  spacing  of  the  folding  lines  for  different  sizes  of  blue- 
prints is  clearly  indicated  in  Fig.  1,  and  in  the  case  of  the 
No.  14  size  of  sheet,  it  will  be  seen,  reading  from  right  to  left, 
that  these  lines  are  spaced  S%,  7%,  714.  and  7%  inches,  re- 
spectively, while  from  top  to  bottom  the  spacing  is  11  and  10% 
inches.  The  reason  for  having  the  distance  between  folding 
lines  decrease  by  regular  intervals  from  left  to  right  and  from 
top  to  bottom  is  that  in  folding  up  a  blueprint  the  bottom  of 
the  sheet  is  first  folded  in,  and  then,  starting  at  the  right-hand 
side,  the  sheet  is  folded  inward  until  it  has  been  reduced  to 
the  unit  size  of  8^4  by  11  inches.  Decreasing  the  distances 
between  folding  lines  as  indicated  makes  the  sheet  fold  flat, 
while  it  would  be  bulky  if  the  folding  lines  were  uniformly 
spaced.     The  reason  for  making  the  reduction  between  the 


is  an  extension  one  inch  in  width,  which  is  punched  with  four 
holes  to  fit  the  type  EA-3-R  loose-leaf  binders  made  by  the 
John  S.  Moore  Corporation,  of  Rochester,  N.  Y.  This  binding 
edge  is  punched  with  four  holes,  and  as  a  general  proposition 
trouble  is  not  experienced  through  the  blueprints  tearing  out 
of  the  binder.  Should  it  happen  that  a  print  is  punched  badly 
and  has  to  be  repunched,  or  if  the  blueprint  is  accidentally 
torn  at  the  points  where  the  binder  pins  pass  through  the 
holes,  the  blueprint  does  not  have  to  be  discarded.  In  such 
cases,  use  is  made  of  Dennison's  No.  2  gummed  rings,  which 
are  pasted  around  the  holes,  thus  making  the  blueprint  even 
stronger  than  when  it  was  new.  The  arrangement  of  these 
guard  rings  is  shown  at  A. 

Attention  has  already  been  called  to  the  practice  of  starting 
at  the  right-hand  side  of  the  sheet  and  folding  inward  con- 
tinuously. The  real  object  of  adopting  this  method  of  folding 
is  to  obtain  a  folded  print  which  acts  like  a  single  leaf  when 
mounted  in  one  of  the  loose-leaf  binders.  Evidently  by  follow- 
ing the  practice  of  folding  inward  continuously,  the  outer 
edge  of  the  folded  print  is  a  closed  fold,  so  that  the  entire 
print  turns  over  in  the  same  way  that  a  single  leaf  would. 


Flf.   1.     Reproduction  of  Blueprint  ibowlnf  Location  of  Title,   Provision  of 
Sheet!   sliould    be    folded    up,    and    Linen    Guard    Rings 

second  and  third  folding  lines  1/4  inch  and  then  making  sub- 
sequent reductions  by  Intervals  of  only  1/8  Inch  Is  to  make 
the  last  fold  a  clean-cut,  sharp  fold,  bo  that  the  tolded-up  print 
may  be  conveniently  turned  over  like  the  leaf  of  a  book. 

AdvantaifOB  of  Standardlzutlon  In  Malntalnlnir  Blueprint  I<'lleH 

Ho  far  we  have  dwell  upon  the  extension  of  business  station- 
cry  iiIz<;m  to  the  drafting-room,  as  n-gards  the  mailing  of  blue- 
prlnlH  with  Hpecinc.atlons,  etc.,  but  this  does  not  by  any  means 
reproHcnt  the  only  advantaxc  resulting  from  the  uppllcatlon 
of  this  systom.  Another  Important  udvuntiiKo  Is  in  llii!  maln- 
talnlPK  of  blueprint  (lies  In  the  (Iraftlng  room,  In  the  oIIIcch  nt 
the  company's  enginoers,  and  In  any  other  places  whore  11 
complete  let  of  blueprints  Is  required.  An  cxplunulion  liaii 
already  been  pro«<>nted  of  the  way  In  which  prints  are  folded 
up  for  mailing,  but  folded  up  In  this  way  tlin  prints  are  uIho 
mad<>  ready  for  binding  In  the  standard  looso-loaf  binders  useri 
for  nialnlaininK  vnrloiiH  fllex  of  data  written  on  the  reKiiliir 
business  paper.  The  way  In  whi'h  binillng  Is  i-ffneteil  will  lie 
most  readily  understood  by  referring  to  I'''lg.  1,  which  shows  11 
complete  blueprint  provided  with  an  extension  to  lit  into  the 
hinder.  Referring  to  this  Illustration.  It  will  he  so<'n  tluil 
at  the  left-hand  side  of  the  upper  section  of  the  print  there 


Extension    to    fit   Binder,    Folding    Lines   which    indicate    Points 
A  used  for  repairing   Prints  when  torn  out  of  Binder 

Perhaps  this  idea  will  be  more  clearly  understood  alter  refer- 
ring to  Fig.  2,  which  shows  two  binders  witli  the  blueprints 
folded  up  ready  for  the  binder  to  be  <lose(l,  and  a  third  binder 
with  one  largo  blueiirint  unfolded  ready  for  use.  Business 
odicc  methods  have  been  highly  standardized,  and  there  ap- 
peared to  be  no  reason  why  the  same  standardization  could 
not  bo  followed  In  developing  methods  for  use  in  the  Bow.ser 
drafting-room.  Conscciuently,  when  II  had  been  decided  upon 
as  to  the  different  sizes  in  which  Iraeings  were  to  lie  made 
In  order  to  produce  blueprints  which  could  be  folded  Into  the 
standard  H'/j-  by  ll-ln<li  hI/.o.  onlers  wore  l.ssued  for  sheets 
of  tracing  paper  to  bo  iirinled  with  the  border  line,  "folding 
lines,"  and  with  a  space  ruled  for  insertion  of  the  title,  draw- 
ing number,  etc.;  In  other  words,  these  sheets  were  printed 
HO  that  draftsmen  would  not  spend  their  time  in  doing  work 
by  hand  which  could  be  much  more  economically  done  In  the 
printing  ofllco. 

In  tills  conneelldn.  Ilie  arrangement  of  the  border  linos  for 
the  tracing  and  llii-  provision  made  for  cutting  away  Iho  sur- 
pliiH  paper  around  (he  edge  of  the  blueprint  are  of  interest. 
It  will  be  seen  that  each  side  of  the  blueprint  Is  ruled  with  a 
border  line  which  Is  loeali'd  closer  to  the  margin  than  Is  tho 
onllnnry  pracllei"   In   draft Ing-roonis.     II    Is  llie   Idea   lo   have 
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Fig.    2.      Bluepr 


Binder   with    One    Sheet   opened   out   for  Reference   and 
Two  Binders  with  Prints  folded  up 


this  border  line  extended  right  around  the  extreme  edge  of  the 
blueprint,  and  to  provide  for  obtaining  this  result,  each  tracing 
is  ruled  off  with  a  double  border  line  extending  around.  The 
lines  of  this  double  border  are  placed  1/16  inch  apart,  and 
the  reason  for  using  a  double  border  instead  of  a  single  line 
is  that  experience  in  trimming  blueprints  has  shown  it  to  be 
more  simple  for  a  man  using  shears  to  cut  between  two  lines 
than  it  is  for  him  to  follow  a  single  line.  Hence,  by  cutting 
between  these  two  lines,  a  margin  line  is  left  which  extends 
around  the  edge  of  the  blueprint,  giving  it  a  neatly  finished 
appearance.  The  arrangement  of  the  double  lines  between 
which  the  cut  is  made  in  trimming  the  edges  of  blueprints  is 
indicated  in  Fig.  1,  and  the  boys  employed  to  do  this  work 
are  carefully  watched  to  see  that  the  inside  line  is  clearly 
visible  all  the  way  around  the  blueprint,  while  all  of  the  out- 
side line  must  be  cut  away.  The  dotted  line  shown  around 
the  outside  of  the  double  border  lines  in  Fig.  1  indicates  the 
manner  in  which  the  tracings  are  trimmed  to  within  1/S  inch 
of  the  outside  margin  line. 

Particular  attention  is  called  to  the  position  of  the  frame 
for  the  title,  drawing  number,  etc.,  which  will  be  seen  in  the 
upper  left-hand  corner  of  the  blueprint  in  Fig.  1.  This  posi- 
tion, as  compared  with  the  usual  practice  of  placing  the  title 
in  the  lower  right-hand  corner  of  the  drawing,  will  seem 
strange  until  its  position  is  compared  with  that  of  the  first 
folding  line;  then  it  will  be  seen  that,  when  the  sheet  is  com- 
pletely folded  up  in  a  binder,  this  title  and  drawing  number 
appear  on  each  folded  sheet  as  successive  sheets  are  turned 
over  in  the  binder,  without  requiring  time  to  be  spent  in  un- 
folding the  sheets,  when  it  is  required  to  locate  a  given  blue- 


Fig.  3.    Comple 

print  by  its  drawing  number.  Two  files  of  blueprints  in  bind- 
ers are  maintained  in  the  drafting-room,  one  of  these  being 
arranged  numerically  according  to  the  drawing  numbers,  while 
the  other  has  the  blueprints  classified  according  to  the  parts 
which  are  shown.  In  the  latter  file,  prints  from  all  drawings 
of  stuffing-boxes,  valves,  pump  plungers,  etc.,  are  arranged  to- 
gether according  to  this  classification,  so  that,  if  it  is  required 
to  locate  a  drawing  of  a  given  part  without  knowing  the  draw- 
ing number,  the  task  is  greatly  simplified  by  referring  to  this 
file.    Figs.  3  and  7  show  these  two  files. 

Blueprints  of  Standard  Commercial  Parts 

In  making  out  bills  of  material  for  assembly  drawings,  diffi- 
culty was  sometimes  experienced  through  failure  of  draftsmen 
to  use  the  proper  commercial  names  in  specifying  parts  which 
it  was  their  intention  should  be  used  in  assembling.  To  cor- 
rect this  undesirable  condition,  each  piece  of  standard  com- 
mercial hardware  used  in  assembling  any  Bowser  product  was 
given  a  drawing  number.  In  handling  this  work,  the  cata- 
logues of  all  manufacturers  from  whom  such  parts  as  bolts, 
nuts,  washers,  set-screws,  etc.,  were  purchased  were  gone  over 
by  the  drafting  department  and  lists  of  the  proper  commercial 
names  of  these  parts  were  made  with  a  drawing  number  as- 
signed to  each. 

These  lists  were  copied  on  the  typewriter  on  8%-  by  11-inch 
sheets  of  tracing  paper  with  a  reversed  carbon  paper  on  the 
back,  and  these  made  good  clear  blueprints  for  the  use  of  the 
draftsmen  in  making  up  bills  of  material,  so  that  any  given 
part  could  be  specified  by  its  drawing  number,  thus  practically 
avoiding  any  chance  of  mistakes  being  made.     These  blue- 
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Fig.  7.     File  of  Blaeprints  classified  according  to  Parts  which  are  shown 

prints  giving  numbers  of  commercial  parts  are  bound  in  bind- 
ers and  placed  in  the  file  of  blueprints,  which  is  arranged 
numerically,  although  there  is  a  slight  difference  in  the  ar- 
rangement of  these  prints.  It  will  be  recalled  from  the  pre- 
ceding discussion  that  each  part  is  given  a  drawing  number, 
and  attention  is  called  to  the  fact  that  this  drawing  number 
is  the  same  as  the  part  number,  which  is  believed  to  be  a  much 
simpler  method  than  having  different  numbers  for  the  draw- 
ing and  the  part.  Ordinarily,  there  is  an  individual  blueprint 
for  each  number,  but  in  the  case  of  commercial  parts,  blue- 
prints are  arranged  with  twenty  numbers  on  each,  as  shown 
in  Fig.  4,  in  order  to  economize  space. 

There  are  many  parts  used  in  the  products  made  by  S.  F. 
Bowser  &  Co.  which  are  of  the  same  design  and  general  dimen- 
sions, although  one  individual  dimension  may  vary  for  differ- 
ent cases.  For  instance,  use  is  frequently  made  of  pieces  of 
3/4-inch  wrought-iron  pipe  which  are  threaded  at  both  ends 
and  all  dimensions  of  such  pieces  are  the  same,  except  the 
total  length.  In  all  such  cases,  a  blueprint  of  the  part  is 
made  with  the  variable  dimension  indicated  by  a  letter,  and 
pieces  of  each  different  length  used  are  assigned  different 
drawing  numbers.  These  blueprints  are  made  up  with  more 
than  one  drawing  number  to  a  page,  with  the  variable  dimen- 
sion tabulated  beside  the  drawing  number  under  a  letter 
which  indicates  this  dimension.  This  practice  of  putting  any- 
where from  one  to  twenty  numbers  on  a  sheet  is  not  at 
variance  with  the  idea  that  the  drawing  and  part  numbers 
are  the  same,  because  in  such  cases  it  is  assumed  that  a  single 
drawing  has  as  many  drawing  numbers  as  the  number  of 
parts  shown.  For  Instance,  Fig.  5  shows  a  case  where  there 
are  twenty  numbers,  and  so  It  Is  considered  that  this  drawing 
has  twenty  drawing  numbers  and  twenty  part  numbers.  In 
cases  ot  this  kind,  the  numbers  are  always  consecutive  In 
order  to  adhere  to  this  Idea.     There  are  not  always  twenty 


drawing  numbers  on  a  sheet;  the  number  may  run  anywhere 
from  two  up  to  twenty,  although  it  is  the  usual  practice  to 
have  either  five,  ten,  fifteen,  or  twenty.  Here,  again,  a  con- 
siderable economy  of  space  is  made  possible. 

Concerning-  Use  of  Partial  Assemblies 

Many  pieces  are  used  which  are  termed  "partial  assemblies" 
in  turning  out  completed  Bowser  products.  These  partial  as- 
semblies comprise  two  or  more  pieces  which  are  made  in  the 
factory,  assembled,  and  placed  in  stock  ready  to  be  drawn  out 
upon  the  requisition  of  the  assembling  department.  Each  of 
these  so-called  "partial  assemblies"  is  assigned  a  drawing  num- 
ber, just  as  if  it  were  an  individual  part,  and  in  making  up 
bills  of  material  on  assembly  drawings  of  complete  products, 
the  drawing  number  of  the  partial  assembly  is  used  as  if  it 
were  a  single  piece;  then,  to  avoid  the  possibility  of  confusion, 
a  double  star  is  placed  in  the  column  devoted  to  the  specifica- 
tion of  the  material  from  which  parts  are  made.  In  this  way, 
the  assembling  department  sees  at  once  that  drawing  numbers 
with  these  stars  placed  beside  them  are  partial  assemblies,  and 
so  there  is  no  danger  of  confusion.  The  idea  of  using  these 
partial  assemblies  will  be  clearly  understood  by  referring  to 
Fig.  6. 

Practice  Followed  in  Filing-  Tracings 

For  filing  tracings  where  the  system  of  cutting  large  sheets 
into  halves,  quarters,  etc.,  is  employed  for  making  various 
sizes  of  tracings,  a  number  of  cabinets  ot  different  dimensions 


Fig.  9.     Methort  of  grouping  Largo  and  Small  Tracings  to  socu 
Utilization  of  Blueprint  Paper 


nplote 


ri(.    I.     Arr*nf«mant   at  Trarlnf    rilai   In    rir-proor    Hli>r>i«    V>ull 


are  required  for  filing  sheets  of  various  sizes,  if  the  tracing 
files  are  to  be  kept  in  orderly  fashion.  The  same  is,  of  course, 
true  of  the  different  sized  tracings  required  for  making  blue- 
prints according  to  the  8'^-  by  11-inch  system  of  sizes  which 
we  are  now  discussing,  but  a  very  satisfacrory  solution  of  the 
filing  problem  has  been  worked  out.  Attention  has  already 
been  called  to  the  fact  that  a  majority  of  the  tracings  and 
blueprints  used  In  the  Bowser  shops  for  instruction  of  work- 
men In  the  performance  of  machining  operations  are  of  the 
si/j-  by  11-iiich  size,  and'all  of  these  traciiins  iiro  lUod  nuincri- 
i-ally  by  lliclr  drawing  numbers  in  standard  business  letter 
llllng  cabinets.  Cabinets  with  other  sized  drawers  are  pro- 
vided to  take  the  larger  tracings,  but.  In  order  that  thoir  loca- 
tion may  bo  readily  ascortaliiod,  the  fllo  of  S'/j-  by  11-Inch 
I  racings  Is  made  coniplcto  through  the  Insertion  of  the  upper 
left-hand  section  cut  out  from  blui'prints  of  all  other  sized 
lra<'lnKH.  whirli  gives  llio  title  of  the  drawing  and  is  llloci 
ininiorically  by  llie  training's  drawing  nunibur.  On  this  see- 
tIriM  of  the  blueprint  there  Is  written  with  a  rod  poncll  the 
hIzo  of  the  tniitlng  nnd  Its  location  In  other  bIzoh  of  cabinota 
riM|iilri!(l  for  the  proHorvatloii  of  the  larger  tracings.  Conse- 
quently roferonco  to  a  nlnglo  fllo  at  onco  rIiowb  the  exact  loca- 
tion of  any  tracing  lliut  Is  riMiulrcd.  This  niuthod  nnahli's  the 
roqulmd  tracliig  (o  liu  locali'd  In  Iohr  time  than  it  would  tal<« 
If  It  wore  noroHnary  to  refer  flrst  to  a  card  lllo  In  aHccrtalii 
the   location  ot  tho  'roqulrod   trBClng,   and    It   nlHo   makes    It 
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unnecessary  to  maintain  such  a  card  file.  Fig.  8  shows  a 
view  in  the  vault  where  tracings  are  filed;  the  letter  file  for 
8%-  by  11-inch  sheets  will  be  seen  in  the  foreground. 

Concerning-  Replacement  of  Obsolete  Prints 

In  every  plant  engaged  in  building  machinery  or  in  any 
other  line  of  engineering  work,  it  frequently  happens  that  cer- 
tain minor  details  of  an  existing  design  are  required  to  be 
changed,  but  quite  as  often  as  not  the  changes  are  of  such  a 
character  that  they  may  be  made  on  the  original  tracings  with- 
out requiring  entirely  new  tracings  to  be  made.  In  working 
out  the  new  drafting-room  system  for  the  Bowser  shops,  pro- 
vision has  been  made  for  keeping  a  record  of  all  changes  of 
this  kind  made  on  old  tracings,  and  also  of  cases  where  en- 
tirely new  tracings  were  found  necessary.  There  are  certain 
departments  in  the  factory  to  which  new  blueprints  of  changed 
tracings  must  be  sent  to  replace  obsolete  prints  in  the  files  in 
these  departments; 
and  it  is  the  duty  of 
the  drafting-room  to 
see  that  such  prints 
are  sent  out  just  as 
soon  as  they  are 
ready,  together  with 
a  written  notification 
of  the  change  which 
has  been  made  in 
the  design. 

At  the  time  the 
new  print  is  deliv- 
ered, the  obsolete 
print  must  be  taken 
up  by  the  messenger 
and  returned  to  the 
drafting-room.  Each 
department  to  which 
a  new  blueprint  is 
sent  receives  the 
written  notification 
concerning  the 
change  in  the  ma- 
chine detail  shown 
by  the  print,  and  as 
there  are  a  consider- 
able number  of  de- 
partments to  receive 
such  notifications  and 
also  because  there 
are  a  number  of 
these  changes  in  de- 
sign constantly  be- 
ing made,  it  will  be 
obvious  that  the  han- 
dling of  this  work 
takes  considerable 
time.  As  the  draft- 
ing-room system  de- 
veloped by  Mr.  Hinds  for  use  in  the  plant  of  S.  F.  Bowser  & 
Co.  was  worked  out  with  the  idea  of  securing  increased  efli- 
cicncy  through  the  use  of  modern  business  methods,  it  was 
fairly  obvious  that  this  work  of  preparing  notifications  for  the 
different  departments  to  which  blueprints  are  sent  sliould  be 
handled  by  a  stenographer  In  order  to  enable  the  work  to  be 
done  as  expeditiously  as  possible. 

A  card  file  Is  kept  on  f)-  by  8-Inch  cards,  which  constitutes  a 
complete  record  of  all  blueprints  that  are  sent  out  to  the  shop, 
and  of  all  changes  In  design  that  are  made  on  tracings.  This 
card  file  refers  not  only  to  prints  of  parts  whIcJi  go  Into  the 
latest  Bowser  products,  but  also  the  parts  that  have  been  de- 
claroil  obsolete  as  a  result  of  certain  changi's  In  doslgn.  Tlii<rc 
Is  a  separate  card  In  tlin  file  for  each  drawing,  and  on  tlio 
roverso  side  of  the  card  shown  In  Fig.  10  spaces  are  provided 
for  recording  the  sending  out  of  blueprints  and  the  return  of 
obsoleto  prints  from  each  department  to  which  now  prints  arc 
sent.  This  guards  againHt  any  department  keeping  obsoletp 
prints  In  Its  flics  and  making  parts  from  such  prints  through 
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mistake.  When  the  print  represented  by  a  given  card  in  the 
file  is  declared  obsolete,  a  small  star  is  stamped  in  the  upper 
right-hand  corner  of  this  card  and  a  new  card  is  made  out  for 
the  print  in  question.  Each  card  is  marked  in  its  upper  right- 
hand  corner  with  the  drawing  number  of  the  part  shown  by 
the  blueprint,  and  it  will  be  apparent  that  there  may  be  sev- 
eral cards  of  the  same  number,  each  having  the  star  stamped 
in  the  corner  with  the  exception  of  the  last  card  of  the  given 
blueprint  number,  which  represents  the  blueprint  that  shows 
the  part  in  its  latest  form. 

On  these  cards  there  is  a  ruled  space  on  which  is  typewritten 
a  statement  of  the  changes  made  in  the  design  shown  by  the 
print;  and  each  time  a  change  is  made  on  a  design,  requiring 
a  new  card  to  be  made  out  to  record  this  change,  the  card  is 
marked  with  the  number  of  changes  that  have  been  made  in 
the  design  of  the  part  shown  by  that  blueprint.  These  cards 
are  blocked  up  in  sets  of  one  card  for  the  drafting-room  record 

file  and  one  paper 
sheet  for  each  de- 
partment -which  must 
receive  a  new  blue- 
print and  notifica- 
tion of  the  changes 
in  design  of  the  part 
shown  by  the  print. 
There  is  also  one 
sheet  of  paper  for 
the  stenographer's 
use  in  taking  dicta- 
tion from  the  chief 
draftsman  concern- 
ing the  changes 
made  in  the  design, 
and  this  sheet  of 
paper  is  ruled  with 
lines  like  the  ordi- 
nary stenographer's 
notebook,  so  that  the 
usual  positions  above 
and  below  the  line 
may  be  used  in  writ- 
ing the  notations  in 
shorthand.  After 
taking  dictation  con- 
cerning the  changes 
in  design  in  each 
blueprint,  the  stenog- 
rapher tears  oft  from 
the  pad  the  top  sheet 
on  which  the  steno- 
graphic notes  were 
made  and  all  sheets 
on  which  notifica- 
tions to  department 
heads  will  be  type- 
written, together 
with     the     drafting- 
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room  record  card  on  which  a  typewritten  statement  of  the 
change  in  the  blueprint  will  be  recorded.  Tearing  off  the  com- 
plete set  of  sheets  is  an  easy  matter,  because  the  girl  simply 
runs  her  thumb  over  the  edge  of  the  pad  and  catches  the  card, 
which  is  torn  off  with  the  paper  sheets  that  are  above  the 
card.  Fig.  7  shows  the  record  card  file  and  a  set  of  new  blue- 
prints tor  which  the  stenographer  has  made  out  notification 
slips  and  clipped  them  onto  the  prints  ready  for  delivery  to 
tlie  factory  department. 

Carbon  paper  is  placed  between  each  of  the  lower  sheets  so 
that  all  of  the  notification  sheets  and  the  drafting-room  record 
card  may  ho  slipped  Into  the  typewriter  ai\d  written  at  one 
time.  At  the  bottom  of  each  of  the  notification  sheets  sent  out 
to  the  factory  wltli  now  blueprints,  there  Is  a  slip  separated 
from  the  main  sheet  by  a  perforated  line.  When  the  new 
print  Is  delivered  to  the  department,  the  old  print  Is  taken 
out  of  the  nio  In  that  doparlmenf,  and  a  receipt  signed  for 
the  new  print  on  the  slip  at  the  bottom  of  the  notification 
sheet.    This  receipt  Is  then  torn  oft  the  main  sheet  and  clipped 
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onto  the  obsolete  print,  so  that  both  may  be  returned  to  the 
drafting-room  office.  A  record  of  the  delivery  of  the  new  print 
and  return  of  the  old  one  is  then  made  on  cards  in  the  drafting- 
room  file,  and  the  old  print  and  receipt  are  destroyed.  The 
double  entry  on  the  back  of  a  drafting-room  record  card  serves 
to  indicate  that  the  card  refers  to  an  obsolete  print,  thus  serv- 
ing as  a  check  on  the  small  star  stamped  in  the  upper  right- 
hand  corner  to  indicate  the  same  thing. 

Points  Observed  in  Making  Blueprints 
Blueprinting  is  done  on  one  of  the  continuous  blueprinting 
and  drying  machines  built  by  the  Pease  Mfg.  Co.,  of  Chicago, 
111.,  and  in  making  blueprints,  care  is  taken  to  select  tracings 
of  such  sizes  that  the  blueprint  paper  will  be  used  up  as  com- 
pletely as  possible.  In  connection  with  Fig.  1,  an  explanation 
was  given  of  the  different  combinations  of  the  8%-  by  11-inch 
units  to  form  larger  blueprints  and  tracings  of  the  required 
sizes.  This  arrangement  provides  for  the  use  of  tracing  paper, 
tracing  cloth,  and  blueprint  paper  in  rolls,  either  36,  42,  or 
48  inches  in  width,  with  practically  no  waste.  This  economy 
is  due  to  the  fact  that  there  is  always  a  preponderance  of 
g:^.  by  11-inch  tracings,  making  it  possible  to  use  these  small- 
size  tracings  to  fill  in  the  space  on  the  blueprint  paper  at  the 
side  of  larger  tracings.  The  way  in  which  different  sizes  of 
tracings  are  matched  up  on  the  blueprinting  paper  in  order 
to  avoid  waste  will  be  appreciated  after  referring  to  Fig.  9, 
where  it  will  be  seen  that  the  printed  area  going  over  the  dry- 
ing section  of  the  machine  covers  practically  the  entire  sur- 
face of  the  blueprint  paper.  Both  tracing  paper  and  tracing 
cloth  are  used  in  the  drafting-room,  and  by  a  careful  selection 
of  grades  of  paper  and  cloth  which  are  equally  transparent, 
practically  no  difference  can  be  seen  between  blueprints  made 
from  tracings  on  cloth  and  those  made  from  paper  when  they 
are  run  through  the  machine  together  and  so  receive  the 
same  exposure. 


METRIC  SYSTEM  IN  WATCH  INDUSTRY 

BY   F.   A,   HALSEY' 

Referring  to  the  article  "Metric  System  in  Watch  Industry" 
by  W.  H.  Dunbrack  published  in  M.^chi.xeby  for  March,  1  quote 
as  follows:  "But  adopting  the  metric  system  as  it  is  used  in 
the  watch  industry  in  Waltham,  Elgin,  Lancaster,"  etc.  I  have 
before  me  a  letter  from  the  superintendent  of  the  Elgin  Nation- 
al Watch  Co.  from  which  I  quote  as  follows: 

So  far  as  I  know,  all  watch  manufacturers  in  this  coun- 
try with  the  exception  of  the  Waltham  and  the  Ingersoll 
companies  use  the  English  system  of  measures. 

Watch  case  making  is  very  highly  developed  as  a  separate 
Industry.  It  uses  neither  the  English  nor  metric  system, 
but  the  old  French  system. 

The  use  of  the  metric  system  at  the  Ingersoll  works  is  due 
to  the  fact  that  those  works  were  originally  fitted  out  by  men 
from  the  Waltham  works  who  carried  the  metric  system  with 
them,  but  beyond  this,  the  Influence  of  the  Waltham  works  has 
not  gone. 

A  recent  extended  investigation  from  this  office  has  dis- 
closed Ave  Industries  In  which  the  metric  system  was  really 
adopted — not  merely  introduced — at  their  original  foundation. 
These  IndUHtricH  are  watches  (the  Waltham  Works),  card  In- 
dexlHK  and  filing  ByHteniH  (Library  Huroau),  maKnetos  (the 
ErlcMson  MfK.  Co.),  crhcmical  nianufucluring  (the  Holvay  Proc- 
ess Co.),  and  steam  holler  InJectorH  (Wllllani  Sellers  &  Co.). 
or  these  five  InduHtrlcs,  the  syHtem,  after  trial,  boa  been 
abandoned  for  mechanical  purposes  In  three  cases.  In  the 
two  remiilnInK  cuhcm,  the  example  of  the  plotieers  Iiiih  not  been 
followo<l  by  their  competllorH,  uiul  In  f)iie  of  tlieni  (William 
Sellers  &  Co.)  the  Hystem  Is  unreHcrvedly  condeiniied,  altliouKh 
its  use  ts  continued  as  a  lesser  evil  than  the  effort  and  cost  of 
KettlDK  rid  of  It.  They  hiive  had  a  lonKer  eicpcrloiico  with  It 
than  any  other  American  mninifaclurer,  this  r-Aperlenre  diitlnK 
from  about  1860. 

It  will  bo  recognlKod  that  the  most  favorable  condltlonH  pos 
sible  for  the  adoption  of  iho  metric  system  arc  those  cxIstUiK 


'  I'nmmI'mUinfT.  Ain*rl>-an   lnillliil<'  of  WVIihli  rin<l  Mfnaiir 
Urn  Tort  aij. 


SO    Vr...,r    HI., 


at  the  foundation  of  an  industry;  since  then  no  change  is  in- 
volved. The  cost  due  to  scrapping  tools,  jigs,  gages,  etc.,  of 
which  we  have  heard  so  much,  is  then  absent,  the  chief  diffi- 
culty to  be  confronted  being  the  psychological  one  of  learn- 
ing to  think  in  the  system.  Nevertheless,  we  find  the  above 
history  of  these  five  real  and  serious  attempts  to  adopt  the 
system  under  these  favorable  conditions.  It  seems  to  me 
entirely  clear  that  if  the  metric  system  possessed  the  advan- 
tages claimed  for  it,  or,  indeed,  any  advantage,  the  above  con- 
dition of  things  could  not  be.  The  favorite  slogan  of  the  metric 
party  at  the  present  time  is:  "It  is  better,  and  we  want  the 
best,"  and  it  is  now  for  them  to  explain  why,  on  trial,  these 
advantages  did  not  appear. 

A  comical  element  is  injected  into  the  subject  by  the  fact 
that  twenty  years  ago  the  Library  Bureau  was  considered  the 
star  example  of  the  progress  of  the  metric  system.  I  have  in 
my  office  a  transcript  of  a  statement  made  by  the  then  presi- 
dent of  the  Library  Bureau  before  the  House  of  Representa- 
tives Committee  on  Coinage,  Weights  and  Measures  a  dozen 
years  ago  in  which  the  system  is  extolled  to  the  skies,  and 
especially  the  workmen  are  represented  as  taking  to  it  like 
ducks  to  water.     The  Library  Bureau  now  write: 

Our  draftsmen  and  mechanics  failed  to  make  any  attempt 
to  familiarize  themselves  with  the  metric  system,  but  simply 
translated  the  metric  dimensions  into  English  inches  or 
fractions  thereof,  and  worked  accordingly.  I  do  recall,  how- 
ever, having  known  one  man  connected  with  the  Library 
Bureau  in  former  days  who  was  inclined  to  brag  that  he 
had  mastered  the  metric  system  sufficiently  so  that  he  could 
actually  think  in  it  as  well  as  he  could  in  feet  and  inches, 
but  I  take  it  that  his  was  a  very  rare  case. 
The  Library  Bureau  abandoned  the  system  after  giving  it 
a  trial  of  more  than  thirty  years'  duration. 


WARNING— DANGEROUS  ETCHING  FLUID 

The  etching  fluid  formed  by  mixing  four  ounces  of  pyro- 
ligneous  acid,  one  ounce  of  alcohol,  and  one  ounce  of  nitric 
acid,  which  formula  was  contributed  to  and  published  in 
Machinery  some  years  ago  and  republished  in  Machinery''s 
book  of  "Shop  Kinks,"  though  an  active  etching  agent,  is 
dangerous  to  mix,  and  therefore  should  not  be  used.  Nitric 
acid  is  one  of  the  most  easily  decomposed  acids.  It  is  also 
one  of  the  most  powerful  oxidizing  agents  known;  in  fact,  it 
is  so  powerful  that  should  it  come  into  contact  with  organic 
matter,  such  as  paper,  straw,  wood,  turpentine,  oil,  etc.,  it  will 
invariably  cause  combustion.  Alcohol  is  an  organic  body,  and, 
at  ordinary  temperatures,  the  addition  of  nitric  acid  will  pro- 
duce a  violent  reaction;  if  the  heat  is  above  normal,  this  reac- 
tion will  tend  toward  an  explosion.  Combining  alcohol  and 
nitric  acid  produces  nitrous  ether,  which  is  a  very  light,  vola- 
tile, and  highly  inflammable  vapor.  Pyroligneous  acid  is  a 
product  of  the  destructive  distillation  of  wood — the  source  of 
acetic  acid,  wood  alcohol,  acetone,  etc.  Even  if  the  pyrolig- 
neous acid  is  mixed  with  the  alcohol  and  the  mixture  is  cooled 
before  the  nitric  acid  is  added,  the  etching  fluid  will  retain  its 
dangerous  properties.  The  dilution  will  retard  the  speed  of 
the  reaction,  but  will  not  prevent  it.  The  gas  will  form  Just 
the  same,  though  slowly,  and  when  the  pressure  exceeds  the 
strength  of  the  retainer,  an  explosion  will  result,  together  with 
fire  If  It  is  near  a  (lame  or  spark  Itosldes,  lire  may  be  caused 
.spontaneously.  Hence,  the  mixture  sluiuld  not  be  used.  The 
formula  was  contributed  to  M.miiinkuy's  columns  by  a  con- 
tributor who  apparently  had  not  made  use  of  the  et<'hlnK  fluid. 


As  alloys  of  Iron  with  boron  are  so  hard  Unit  Ihey  can 
scarcely  bo  ground  with  an  emery  wheel.  It  has  been  Hiiggostetl 
that  boron  be  used  for  casohardenlng.  Such  alloys  will  bo 
eHpeclolly  valniiblo  for  machine  parts  subject  to  great  woor. 
A  further  ailvantage  of  those  olloys  Is  that  llioy  do  not  need 
special  liealtreatment,  such  as  the  annealluK  process  required 
by  articles  i^aseliardeiied  by  oarlinn.  The  cementotlon  pro- 
ceeds niiire  quickly  and  easily  with  imwdered  ferni  imron  than 
with  anior|)liiMiH  boron,  and  a  inlcroHciipIc  uxumlinilli>n  will 
show  that  the  caHebiirdeiied  purl  iif  the  HpiM-lniiMi  icinHJHts  of 
compact  boric  poarllte  wllb  a  twin  crystal  Hiructure. 
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INVENTIONS  AND   INVENTORS 

BT    COLE    NEWMAN 

The  writer  has  spent  his  life  among  mechanics,  designers, 
and  scientific  men  and  owns  a  few  patents;  he  therefore  knows 
whereof  he  speaks  when  he  says  that  the  way  of  the  inventor 
is  thorny.  On  the  one  side,  the  hand  of  the  law  is  against  him, 
on  the  other,  the  hand  of  finance.  Whenever  clever  ideas  and 
inventions  have  been  incidentally  mentioned  by  mechanics,  the 
writer  has  usually  asked:  "Why  don't  you  use  this  in  your 
business?"  "Why  don't  you  interview  your  employers  about 
it?"  or,  "Why  don't  you  patent  it  and  try  to  do  something 
with  it?"  But  the  average  reply  has  been:  "What's  the  use? 
It  would  only  benefit  somebody  else,  who  would  not  share  the 
returns  with  me." 

When  a  human  being  conceives  an  idea,  his  greatest  pleasure 
is  to  put  this  idea  into  material  form.  It  is  his  pet;  employ- 
ers, however,  generally  take  the  stand  that  they  are  entitled 
to  the  inventions  of  their  employes,  and  that,  even  if  the  em- 
ploye has  developed  the  invention  in  his  own  home,  it  should 
be  turned  over  to  the  employer.  One  manufacturer  of  cash 
registers  told  the  writer  that  he  encouraged  inventions  in  his 
factory  and  amply  rewarded  every  creator  of  a  useful  idea. 
A  few  questions  developed  the  fact  that  this  reward  ran  from 
$5  to  $150,  although  some  of  the  inventions  had  netted  the 
manufacturer  hundreds  of  thousands  of  dollars.  During  a  con- 
versation outside  of  the  plant,  one  of  the  employes  revealed 
a  certain  brilliant  idea;  but  when  told  that  the  employers 
would  be  very  glad  to  hear  of  this,  the  employe  replied: 
"Nothing  doing!  I  have  sold  this  invention  for  $5000  and 
am  leaving  the  company  next  week;  the  company  would  prob- 
ably give  me  $25  for  it." 

Attitude  of  Large  Corporations 

When  the  average  corporation  learns  that  a  patent  has  been 
granted  for  something  which  may  be  of  use  to  it,  the  first 
step  is  to  learn  how  much  money  the  inventor  has  back  of  him 
and  what  is  his  ability  to  fight.  The  nest  step  is  to  approach 
the  inventor  with  a  "take  it  or  leave  it"  air  and  offer  him  a 
few  hundred  dollars.  If  the  man  refuses  and  the  corporation 
really  desires  the  patent,  the  patent  may  be  infringed  and  the 
man  drawn  into  litigation.  Inventors  are  considered  by  busi- 
ness men  to  be  fools  as  far  as  commercial  matters  are  con- 
cerned; they  are  not,  as  a  rule,  men  of  business  experience,  but 
rather  specialists  in  some  particular  line.  For  this  reason 
their  imagination  is  likely  to  be  highly  developed  along  one 
line  of  thought.  They  are  often  enthusiastic  dreamers,  very 
imaginative,  sensitive,  suspicious,  and  reclusive. 

A  few  business  men  have  given  their  support  to  an  inventor 
or  a  man  able  to  conduct  research,  with  -great  profit  to  them- 
selves as  well  as  to  the  inventor.  A  manufacturer  of  insula- 
tors in  the  United  States  built  his  entire  fortune  around  the 
genius  of  a  man  who  was  able  to  conduct  scientific  research, 
but  who  was  temperamentally  unable  to  take  care  of  himself 
in  matters  of  common  sense  and  finance.  One  large  electrical 
corporation  is  dominated  by  the  inventive  genius  of  its  chief 
engineer  to  whom  money  means  so  little  that  he  has  declined 
further  Increases  of  salary. 

Every  industry  In  the  United  States  is  founded  on  the  work 
of  an  Inventor;  but  the  writer  challenges  the  majority  of  firms 
In  this  country  to  prove  that  the  original  inventor  of  the 
product  they  are  marketing  was  properly  and  adequately  re- 
warded. Generally,  a  valuable  patent  Is  synonymous  to  a  law- 
suit. An  article  can  hardly  be  considered  as  properly  patented 
until  Its  merits  have  been  passed  upon  by  the  United  States 
Supreme  Court,  which  shows  that  a  patent  Is  potentially  a  law- 
suit. 

Vnluable  InventlonH  that  are  Unavailable 

The  writer  knows  of  Inventions  that  will  probably  die  with 
Ihelr  owners,  because  of  the  Impossibility  of  the  original  Inven- 
tor making  any  money  out  of  his  Idea.  One  Invention  Is  n 
sight  for  liirgn  guPB  to  be  used  on  battleRliips.  This  sight  l.s 
BO  arranged  that  the  offlccr  keeps  a  light  telescope  pointed  at 
the  target  and  It  Is  Impossible  for  the  gun  to  be  fired  unless 
It  Id  absolutely  parallel  with  the  telescope,  with  corrections,  of 


course,  for  windage,  etc.  When  tried  out  in  connection  witk 
a  small  rifle  at  distances  of  even  1000  yards,  100  per  cent  of 
hits  was  recorded.  This  inventor's  business  troubles  were  so 
great  that  he  destroyed  the  entire  apparatus. 

Another  invention  is  a  periscope  that  shows  the  entire  hori- 
zon, and  not  only  a  small  section  of  it.  This  periscope  depends 
on  a  device  similar  to  a  moving  picture  whereby  a  little  motor 
reflects  successively  all  points  of  the  landscape  in  such  rapid 
succession  that  it  appears  to  be  one  continuous  picture.  This 
inventor,  also,  has  taken  apart  his  apparatus  because  of  at- 
tempts made  to  make  use  of  his  idea  without  compensating 
him. 

A  third  invention  was  an  apparatus  that  measured  the  depth 
of  water  underneath  a  ship  by  the  principle  of  reflected  sound 
or  echo.  The  writer  saw  this  apparatus  in  action  and  was 
amazed  at  the  results.  A  ship's  oflBcer,  by  pressing  a  button, 
could  see  the  depth  of  the  ocean  at  any  time  on  a  differential 
scale,  in  the  form  of  a  spot  of  light.  The  details  of  this  instru- 
ment were  explained  to  the  writer,  and  they  are  quite  simple 
when  once  understood,  but  it  is  doubtful  if  they  could  be 
duplicated  by  anyone  but  a  mathematical  expert  in  physics. 
There  had  been  so  many  attempts  to  steal  this  idea  and  the 
people  approached  had  tried  so  hard  to  keep  the  lion's  share  for 
themselves,  that  the  inventor  abandoned  the  whole  proposition. 

Need  of  Greater  Protection  to  Inventors 

None  of  these  inventors  patented  their  inventions,  because 
the  patent  gives  absolutely  no  protection  (unless  there  is  capi- 
tal behind  it),  while  the  patent  laws  require  that  the  inventors 
must  reveal  their  invention  to  the  public.  The  inventor  is 
thrown  entirely  upon  the  mercy  of  the  business  man.  Roy- 
alties on  Inventions  are  largely  a  myth  of  dollar-and-a-halt 
novels.  Such  royalties  as  are  actually  received  by  inventors 
are  hardly  worth  mentioning,  and  those  who  receive  large  roy- 
alties are  very  few  in  number.  A  large  number  of  inventors 
lose  the  fruits  of  their  work,  and  many  ideas  are  appropriated 
without  compensation.  The  manufacturer  wants  new  ideas, 
improvements,  increased  production,  etc.,  but  he  does  little  to 
encourage  the  creative  type  of  mind.  He  ignores  the  fact  that 
the  inventor  »i«sf  be  a  type  of  man  entirely  different  from 
him.  Ideas  for  improvements  must  come  from  men  with  broad 
mechanical  and  scientiflc  vision,  who  are  encouraged  to  do  the 
necessary  research  work,  and  this  encouragement  must  come 
from  the  manufacturer. 


GERMANY  WANTS  TO  KEEP  ORE  FIELDS 
At  a  recent  meeting  of  the  Union  of  German  Iron  and  Steel 
Industries,  a  resolution  was  passed,  according  to  Engineering, 
to  the  effect  that  it  was  necessary  for  Germany  to  retain  pos- 
session of  the  iron  ore  deposits  in  northern  France  and  to  se- 
cure a  suflicient  supply  of  Russian  manganese  and  iron  ores. 
Before  the  war,  50  per  cent  of  the  iron  ore  necessary  for  Ger- 
man industries  had  to  be  imported,  and,  furthermore,  in  the 
course  of  forty  or  fifty  years  Germany's  present  known  iron  ore 
deposits  would  be  about  exhausted.  Hence,  it  was  thought 
quite  proper  that  France  should  give  up  to  Germany  such  parts 
of  that  country  as  contain  the  quantities  of  iron  ore  required 
for  Germany.  It  was  also  stated  at  the  meeting  that  Russia 
was  in  a  similar  position.  Polish  deposits  could  supply  iron 
ore  to  the  upper  Slleslan  Iron  works  and  Swedish  iron  ore 
would  also  be  of  importance  In  the  future.  It  was  also  men- 
tioned that  it  would  be  necessary  for  the  Gorman  Iron  works 
to  secure  their  share  of  the  extensive  and  valuable  ore  deposits 
in  Brazil.  It  was  emphasized  that  the  supply  of  iron  ore  and 
manganese  ore  should  be  kept  In  the  foreground  at  the  peace 
negotiations,  for  on  this,  It  was  said,  hung  the  continued  ex- 
istence of  the  German  Industry,  the  German  state,  and  the  Ger- 
man people.  Trobably  it  matters  little  whether  other  nations 
have  any  ore  supplies  so  long  as  the  German  requirements 
are  filled. 


In  Engl.md,  where  Illuminating  gas  is  used  as  motive  power 
for  motor  busses,  It  has  been  demonstrated  that  250  cubic  feet 
of  gas  Is  equivalent  to  one  gallon  of  gasoline. 
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SENSITIVE  DRILLING  MACHINE  SPINDLE  CONSTRUCTION 


DEVELOPMENT  OF  HIGH-SPEED  DRILLING  MACHINE  SPINDLES  AND  IMPORTANT  FEATURES  OF  THEIR  DESIGN 

BY  CHABLES  E.  BERNITT  ' 


DURING  the  period  of  introduction  of  high-speed  steel 
when  the  majority  of  machine  tools  were  redesigned 
and  developed  to  increase  the  production,  ease  of  opera- 
tion, and  the  speeds  and  feeds,  little  attention  seems  to  have 
been  given  to  one  of  the  most  important  machine  tools  in  the 
shop — the  sensitive  drilling  machine.  It  is  safe  to  say  that 
nine  out  of  ten  machine  shops  have  one  or  more  sensitive 
drilling  machines  in  operation,  and  in  numerous  manufactur- 
ing plants  the  high-speed  spindles  may  be  numbered  in  the 
hundreds.  Yet  for  a  score  or  more  of  years  the  possibilities 
of  the  sensitive  drilling  machine  were  not  realized,  the  design 
of  the  machine  was 
virtually  unchanged, 
and  each  new  ma- 
chine brought  out 
was  practically  a 
duplicate  of  its  pre- 
decessor. Today  the 
sensitive  drilling 
machine  is  built  in 
fifteen  different  types 
and  sizes  by  one 
maker  alone,  with 
from  one  to  eight 
spindles.  The  spindle 
speeds  recommended 
range  from  150  to 
12,000  revolutions  per 
minute,  and  no  mat- 
ter what  the  require- 
ments are — whether 
for  drilling  0.0135- 
Inch  holes  (No.  80 
drill  size)  In  brass 
or  aluminum,  or  1- 
Inch  holes  In  mild 
steel — there  Is  a  sen- 
sitive drilling  ma- 
chine adapted  tor  the 
work.  This  develop- 
ment was  brought 
about  In  a  compara- 
tively few  years,  and 
Is  the  result  of  a 
natural  demand  for  a 
machine  of  greater  efllclency  to  keep  pace  with  increased  quan- 
tity production,  and  the  need  for  correct  speeds  when  drill- 
ing small  holes  In  Interchangeable  parts  such  as  are  found 
In  typewriters,  adding  machines,  automobiles,  rifles,  and  simi- 
lar products,  where  a  fraction  of  a  second  i)er  drilled  hole  Is 
an  Item  of  no  small  Importance.  The  paramount  necessity  of 
meeting  these  and  other  rcqulremciita  has  brought  the  sen- 
sltlve  drilling  macblno  to  a  point  where  It  must  be  seriously 
coniildercd  when  estimating  drilled  hole  output. 

While  different  manufacturers  encountered  the  same  prob- 
lems, they  naturally  followed  dlfTcront  courses  In  Booking 
their  lolutlon.  CountlcRS  forms  of  columns  or  linusliigH, 
various  methods  of  driving  from  the  counti'rghafl  to  the  spin- 
din,  different  typos  of  tables  and  elevating  devices,  and  sun- 
dry ways  of  varying  the  belt  tension  and  of  obtaining  speed 
changes,  wore  adopted,  rodoslgnod,  and  perfected.  Hut  It  U 
the  spindle  and  Its  construction  to  wblcli  this  article  Is  cnn- 
fined,  hornuse  Iho  splndio,  Its  hearings  anil  their  mounting. 
and  Ihn  dpulgn  of  the  splndio  pulley  ro(|ulr<<d  the  most  nttcn 
tlon  In  d<!vnloplng  the  mudorn  scnnltlvo  drilling  niitcliltio 
I'osslbly  R  stronger  reinforcing  of  the  column  against  vibrii 
tlon  and  a  caraful  setoctlon  of  driving  belts  wore  contrlbutInK 
fsctora  to  lU  nltlmmt*  success.    It  may  bo  well  to  note  horx 
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that  it  is  not  the  purpose  of  this  article  to  describe  all  the 
existing  forms  of  spindle  design,  but  rather  to  relate  the  ex- 
periences of  one  manufacturer  in  improving  and  developing 
the  construction  to  its  present  degree  of  efficiency.  How- 
ever, the  spindle  arrangements  illustrated  and  described  may 
serve  very  well  as  an  index  to  general  practice. 

Old  Design  of  Sensitive  Drilling-  Machine  Spindle 

Fig.  1  is  an  illustration  of  what  is  commonly  known  as  a 
sensitive  drilling  machine.  Without  doubt  this  is  a  sensitive 
drilling  machine;  there  is  still  a  wide  field  of  usefulness  for 

a  machine  of  this 
type  and  at  the  pres- 
ent time  a  dozen  or 
more  manufacturers 
are  building  a  ma- 
chine that  Is  similar 
to,  or  that  varies 
only  slightly  from, 
the  original  design. 
But,  as  the  machine 
shown  in  Fig.  1  was 
designed  sometime 
in  the  eighties,  it  fur- 
nishes an  excellent 
example  of  the  old 
type  of  spindle  con- 
struction. A  cross- 
section  of  the  spin- 
dle, the  spindle  quill 
or  sleeve,  the  head, 
and  the  pulley 
mounted  on  the  top 
of  the  column  is 
shown  at  A,  Fig.  4. 
The  entire  machine, 
including  the  spin- 
dle, has  plain  bear- 
ings, with  a  result- 
ant loss  of  power 
due  to  friction.  Ad- 
ditional power  Is 
consumed  at  the 
point  where  the 
thrust  of  the  drill  Is 
taken  by  a  fiber  washer.  High  speeds,  of  course,  are  Imprac- 
ticable, and  a  machine  with  this  design  of  spindle  is  seldom 
recommended  for  drill  speeds  exceeding  500  or  GOO  revolu- 
tions per  minute. 

The  drive  Is  transmitted  to  the  spindle  by  means  of  screw- 
key  c  through  the  pulley  and  bushing  d.  This  sort  of  key  Is 
obviously  a  poor  design,  as  It  affords  very  little  driving  sur- 
face on  the  splndio  kcywiiy.  It  has  a  tendency  to  open  out 
the  koyway,  especially  when  tlrllling  a  groat  many  holes  with 
the  table  and  head  In  one  position,  so  that  Iho  key  bears  con- 
tinually on  n  short  length  of  the  sliding  ai)liidlo.  Some  makers 
of  the  more  recent  models  of  this  mnchlno  uho  a  longer  square 
key  In  place  of  the  screw.  The  bushing  d  Is  Inserted  for 
machining  purposes,  to  give  the  pulley  o  straight  bore.  In 
some  cuHcH  the  pulley  Is  bored  to  the  size  of  Iho  splndio  and 
then  counlerborcd  to  (It  the  pulley  sleeve.  Very  little  can 
bo  said  In  favor  of  Iho  Rtcip collar  c  on  the  upper  part  of  the 
splndio  except  that  It  Is  Iho  slniploHt  doRlgn  possible  and  Is 
most  easily  olta<hod.  It  Ih  loculcil  loo  high  up  to  bo  con- 
veniently adjusted,  and  the  operator  has  diniculty  In  setting 
It  In  conjunction  with  the  groduatlons  on  tlio  splndio  quill 
liclow.  The  revolving  screw  head  Is  objectionable,  besides 
ncci'Bsllallng  the  uso  of  a  wrench  or  screwdriver  for  tighten- 
ing.    A  scnslllvo  drilling  nuirhino  should  require  no  lools  ox- 


Fig.  2.    Modern  Typo  of  Hlifh-spccd  Ball-bonring  Sensitive 

DrUUng  Machine   having   Spinillo   Construction 

Illustrated  at  B,   Tig.  6 
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cept  those  incorporated  directly  in  the  machine.  This  state- 
ment, of  course,  excludes  the  drift  key,  which  is  indispensable 
and  is  usually  attached  to  the  column  or  table  by  means  of  a 
chain.  An  examination  of  the  repair  list  of  this  machine  for 
some  years  back  reveals  the  fact  that,  of  the  details  shown 
at  A,  the  spindle  sleeve  /  required  the  most  frequent  replace- 
ment due  to  wear  on  the  feed  rack,  which  was  cut  directly  in 
the  cast-iron  sleeve. 

Preliminary  Design  of  Spindle  for  Hig-h  Speeds 

One  of  the  first  attempts  to  evolve  a  spindle  construction  for 
high  speeds  is  shown  at  B,  Fig.  4.  The  natural  tendency  was 
to  use  ball  bearings.  Exhaustive  tests  conducted  with  sen- 
sitive drilling  machines  of  both  plain  and  ball  bearing  types 
have  proved  conclusively  that  the  loss  of  power  in  friction  on 
the  latter  type  of  machine  is  only  one-fourth  to  one-fifth  that 
of  the  former,  with  a  resultant  increase  in  efficiency  of  about 
200  per  cent.  The  bearings  shown  are  of  the  four-point  con- 
tact design  and  are  known  in  shop  parlance  as  the  "home- 
made" type,  which  means,  of  course,  that  they  are  made  in  the 
shop  where  the  machine 
itself  was  built.  There 
are  several  other  im- 
provements to  be  noted 
in  this  design.  One  of 
them  is  the  steel  feed 
rack,  which  is  inserted 
in  the  sleeve  between 
shoulders  h  and  further 
secured  by  screws  j. 
The  stop-collar  e  as 
placed  on  the  spindle 
sleeve  closer  to  the 
operator  than  the  pre- 
vious type.  It  can  be  set 
directly  to  the  gradua- 
tions on  the  sleeve  for 
the  desired  depth  of  hole, 
and  is  quickly  clamped 
in  position  by  means  of 
lever  k.  A  ball  thrust 
bearing  at  the  bottom  of 
the  sleeve  and  a  fiber 
washer  at  the  top  are 
noteworthy  additions.  It 
is  needless  to  say  that 
most  of  the  repairs  were 
occasioned  by  the  wear- 
ing of  the  balls  and  ball 
races  in  the  pulley. 

Although  the  type  of 
ball  bearing  previously 
referred  to  is  now  being 
used  extensively  on  some 
sensitive  drilling  ma- 
chines, nevertheless  on  many  high-speed  machines  this  bearing 
was  discarded  after  a  few  years  and  the  commercial  type  of 
radial  bearing  was  adopted  In  its  stead.  Manufacturers  ad- 
vance many  reasons  why  this  was  done.  In  the  first  place  the 
commercial  grooved  radial  bearing  has  a  capacity  for  much 
higher  speeds  than  the  other  type.  It  comes  to  the  user  com- 
pletely assembled,  adapts  Itself  readily  to  mounting  and  re- 
quires no  adjustments.  No  matter  how  thoroughly  a  machine 
tool  builder  may  "rig  up"  In  the  beginning  for  the  manu- 
facture of  his  own  bearings.  It  Is  not  probable  that  he  can 
achieve  the  same  accurate  results  as  those  who  devote  their 
entire  time  and  attention  to  the  making  of  ball  bearings  alone. 
The  manufacture  of  hearings  Is  conceded  to  bo  an  Industry  In 
Itself,  as  attested  by  the  fact  that  automobile  builders— prob- 
ably the  largest  users  of  ball  bearings— almost  without  excep- 
tion have  adopted  the  commercial  types  of  thrust  and  radial 
bearings.  So  many  elements  enter  Into  the  making  of  this 
product  that  It  Is  admittedly  beyond  the  scope  of  the  machine 
builder  to  turn  out  a  bearing  of  the  necessary  degree  of  pre- 
cision and  also  make  It  at  a  profit  without  seriously  Interfer- 
ing with  his  regular  line  of  work. 


Fig.    3. 


(A)    Spindle    which   proved    Succeufal  at  Speeds  up  to  6000  R.F.M. 
located  between  Bearlnfft 


Spindle  for  Speeds  up  to  2000  Revolutions  per  Minute 
A  relatively  modern  spindle  construction  is  shown  at  A,  Fig. 
5,  and  while  this  design  is  gradually  giving  way  to  a  still 
more  recent  one,  it  is  an  excellent  arrangement  for  a  general 
manufacturing  machine.  The  design  permits  of  efficient  drill- 
ing speeds  up  to  2000  revolutions  per  minute,  which  affords  a 
sufficiently  wide  range  to  meet  ordinary  requirements.  A  good 
film  of  oil  in  the  sleeve  bearing  and  the  ball  thrust  at  the  top 
and  bottom  assure  a  cool-running  spindle. 

Thus  far  we  have  seen  developments  in  the  production  of 
a  dependable  machine  for  general  shop  use,  with  ample  range 
to  satisfy  modern  demands  but  the  problem  of  really  high 
speeds  requires  greater  refinements  of  construction.  In  drill- 
ing brass  as  it  should  be  drilled  with  high-speed  drills,  at  300 
feet  per  minute,  the  smallest  hole  that  can  be  drilled  at  2000 
revolutions  per  minute  is  9/16  inch;  and  even  in  mild  steel, 
with  a  surface  speed  of  120  feet  per  minute,  the  smallest  hole 
is  about  M  inch.  These  cutting  speeds  are  maintained  by 
many  production  managers,  and  under  favorable  circum- 
stances are  often  exceeded.  It  is  not  difficult  to  recall  numer- 
ous industries,  such  as 
the  manufacture  of  add- 
ing machines,  electrical 
appliances,  timing  fuses, 
etc.,  where  the  majority 
of  drilled  holes  are  below 
%  inch  in  diameter  and 
where  a  large  number 
may  be  found  among 
the  eighty  different  drill 
gage  sizes.  In  work  of 
this  kind,  where  parts 
are  made  in  large  quan- 
tities, a  slight  saving  of 
time  in  drilling  each  hole 
augments  the  output  con- 
siderably and  Is  produc- 
tive of  enormous  results 
in  the  aggregate.  So  it 
is  evident  that  the  ulti- 
mate aim  of  the  design- 
er must  necessarily  be 
a  machine  that  Is  capable 
of  running  at  speeds  here- 
tofore unheard  of  In  a 
manufacturing  drilling 
machine;  and  that  these 
speeds  must  be  main- 
tained without  undue 
heating  of  the  bearings; 
without  constant  belt 
wear  or  slippage  due  to 
high  speeds;  and,  finally, 
without  serious  vibra- 
tion  or   noise,   and   with 


the  simplest  construction  possible. 

Spindle  Supported  by  Ball  Bearlnff  and  without  a  Plain 
Bearing  In  Sleeve 

The  first  step  toward  the  construction  of  a  machine  for  ex- 
tremely high  speeds  Is  shown  at  B,  Fig.  5.  This  design  is  in- 
tended to  eliminate  the  sliding  friction  in  the  spindle  sleeve 
bearing.  As  this  was  the  only  plain  bearing  In  an  otherwise 
ball  bearing  design.  It  naturally  limited  the  speed  capacity  of 
the  remainder  of  the  construction.  The  pulley  arrangement  Is 
the  same  as  shown  at  .4.  A  double-row  annular  bearing  has 
Its  Inner  race  clamped  to  the  spindle  and  its  outer  race  J 
held  securely  In  the  bottom  of  the  sleeve.  The  spindle  does  not 
touch  the  sleeve  at  any  point.  The  collar  k  Is  provided  aa  a 
dust-cap  and  revolves  with  the  spindle.  This  design  was  very 
short-lived,  both  because  It  failed  to  fulfill  its  promise  of  ex- 
tremely high  speeds  and  because  for  slower  speeds  and  heavier 
drilling  the  sleeve  construction  shown  at  A  Is  vastly  superior. 
The  distance  between  the  bearing  I  at  the  bottom  of  the  sleeve 
and  the  point  m  where  the  spindle  enters  the  pulley  bushing, 
was  great  enough  to  cause  a  "whipping"  of  the  spindle  mid- 
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way  between  these  two  points.  This  whipping  action,  in  turn, 
as  the  speeds  increased,  culminated  in  a  vibration  of  the  whole 
machine.  However,  the  design  served  the  purpose  of  emphasiz- 
ing the  need  of  strengthening  the  entire  machine  from  base 
to  pulley. 

The  general  idea  incorporated  in  the  design  shown  at  B, 
Fig.  5,  Is  applied  to  the  spindle  illustrated  at  A,  Fig.  3,  which 
is  for  a  small  bench  type  of  drilling  machine.  This  machine 
has  no  sliding  head,  adjustments  for  different  heights  of  work 
being  obtained  by  raising  or  lowering  the  table.  As  the  spin- 
dle has  a  comparatively  short  sleeve  travel,  it  has  proved  a 
complete  success  at  speeds  as  high  as  5000  revolutions  per 
minute,  notwithstanding  that  on  the  larger  machine  (of  the 
type  having  an  adjustable  head  and  longer  spindle  feed)  this 
design  was  a  pronounced  failure.     The  depth  gage  or  stop- 
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(B)    A  Dtiltn   Intended  for 


•crew  c  with  lock-nuta  d,  that  may  be  adjusted  to  any  pre- 
determined depth  of  hole.  Is  a  radical  departure  from  those 
■bown  prevloualy,  although,  pcrhapa  not  an  altogothor  wise 
one.  That  the  gaKe  can  ho  convonlontly  reached  by  the  opera- 
tor, and  can  b«  net  to  a  very  accurate  depth  Is  true,  and  there 
la  no  apparent  objection  to  lla  uppllratlon  to  a  Bplndlo  with  a 
short  rack  travel;  ncvcrthclcaa,  on  a  long  travel  aloovo  It  has 
fraqucntly  bo«n  found  to  pull  the  lower  end  of  the  sloovo  for- 
ward, and,  conac'juontly.  throw  the  aplndlo  out  of  allRnnicnt, 
under  ordinary  prnnNuro  on  the  feed  lovor  at  the  end  of  the 
alroko  What  thin  mcana  to  the  life  and  allKnm<nt  of  the 
niAchlna  la  apparant 

Bod  Thni»l  Tnkf>n  by   Kmllal  Typo  of  llnll 

The  spindle  ahown  al  /I,  Fl«  3.  baa  an  annular  l.nnrlnit  lo  take 
the  drill  thruat.  Knitlnoora  for  a  lonjc  time  woro— and  aomo 
•till  ar*— at  varlanrn  aa  to  the  advisability  of  applylnit  a  thruat 


load  on  a  radial  type  of  ball  bearing.  Some  makers  of  sensitive 
drilling  machines  and  even  a  number  of  bearing  manufactur- 
ers decry  the  use  of  the  radial  bearing  in  this  capacity.  While 
this  contention  may  be  justified  theoretically,  thorough  ex- 
perimenting, backed  by  subsequent  daily  observation  in  long 
running  tests,  has  shown  that  a  thrust  load  may  be  applied 
to  an  annular  bearing,  provided  that  the  thrust  load  is  from 
one-tenth  to  one-fourth  of  the  rated  radial  capacity.  It  is  even 
claimed,  with  good  reason,  that  at  speeds  above  1500  revolu- 
tions per  minute  a  radial  thrust  bearing  is  superior  to  the 
regular  collar  type  bearing.  This  would  be  especially  true  in 
a  sensitive  drilling  machine  where  high  speeds  go  hand  in 
hand  with  smaller  sizes  of  drills  and  proportionately  smaller 
thrusts.  It  is  rather  unfortunate  that  this  function  of  the 
radial  bearing  has  not  been  more  fully  comprehended  by  the 
average  designer.  This  type  not  only  absorbs  lees 
power  in  friction  than  the  ordinary  ball  thrust  but  it 
lends  itself  to  a  much  simpler  and  less  expensive 
mounting.  Its  substitution  for  the  thrust  bearing  on 
high-speed  machinery  is  often  the  deciding  factor  in 
the  success  of  the  design. 

Method  ot  Mountingr  Spindle  Pulley 

It  is  perhaps  relevant  at  this  point  to  describe  an 
Improvement  in  the  spindle  pulley  design  made  sim- 
ultaneously with  the  construction  just  described,  but 
applied  to  a  different  type  of  drilling  machine.  This 
improvement,  which  is  in  the  method  of  mounting  the 
pulley,  has  some  bearing  on  the  question  of  high 
speed,  although  the  change  was  made  for  an  alto- 
gether different  purpose.  The  view  B,  Fig.  3,  illus- 
trates a  method  of  mounting  the  pulley  with  a  bear- 
ing above  and  below  and  the  belt  pull  in  between. 
Heretofore,  the  drive  key  was  located  at  the  top  of 
the  pulley,  and  the  distance  between  the  drive  and 
the  drill  caused  the  entire  length  of  the  spindle  to  be 
subjected  to  considerable  torque  when  doing  heavy 
drilling.  This  causes  an  intermittent  jarring  and 
vibration,  to  the  detriment  of  the  bearings  and  the 
accuracy  of  the  machine  in  general.  With  the  pulley 
mounting  illustrated  at  B,  the  key  is  placed  farther 
down  and  has  more  driving  surface  on  the  spindle 
keyway.  This  form  of  drive  is  ideal  for  low  speeds 
and  heavy  work,  and  may  be  classed  as  the  "heavy 
pattern";  the  "light  pattern"  is  shown  at  A,  Fig.  5. 

Deslem  that  Proved  a  Failure  Due  to  Method  of 
Lubricating-  Ball  Bearings 

To  return  to  the  question  of  high  speeds,  the  sub- 
stantial design  of  pulley  mounting  shown  at  B,  Fig. 
3,  combined  with  the  spindle  quill  design  that  era- 
ployed  the  annular  type  bearing  for  radial  and  thrust 
loads,  was  used  as  a  basis  for  the  construction  illus- 
trated at  A  in  Fig.  G.  With  the  addition  of  bearing 
n  In  the  top  of  the  quill,  the  problem  was  thought  to 
resolve  Itself  Into  the  slniplo  one  of  maintaining 
ample  lubrication  on  the  balls.  This  pulley  (ieslgn 
and  others  resembling  It,  are  being  used  at  present  on 
different  types  of  machines,  sensitive  drilling  machines  In- 
cluded, but  all  of  these  run  at  more  or  less  modcrnlo  speeds. 
Any  claims  for  this  design  nt  cxtromoly  hlRh  speeds  are  un- 
founded. It  Is  well  known  that  the  most  satisfactory  lubricant 
for  ball  bearings  oporatlnK  at  speeds  below  2000  rovohittons 
per  minute  Ih  vuHclIno,  thinned  out  to  a  rnrtiiln  extent  with 
some  llKht,  ncid  free  mineral  oil.  As  the  speeds  are  Incrooaod 
and  the  temperatures  rise  accordingly,  Kroaso  of  any  kind 
naturally  Iobob  Its  conslatonry,  and  for  IIiIh  reason  a  thin  oil 
Is  HUlmtltutod  wlioro  high  speed  Ih  CHaenllal.  Some  bearing 
manufurturcra  Inalat  that  greaao  Is  proforablo  oven  at  the 
hlglieHt  diiooda.  but  oven  If  IliU  were  true,  the  proceHH  of  remov- 
ing the  (liiHt  cHpii,  rlnni|iliiK  initH  unci  Hiich  pnrtH  for  renewing 
llio  lubrlrant  nt  Intervals  mnlies  Us  uno  on  (be  sonnltlvo  drill- 
ing machino  undcalrablo.  The  task  of  lubrlratlnK  the  boar- 
Inga  on  n  mncliino  naually  dovolvoa  on  Iho  operator,  and  a 
ronowal  of  thia  aort  la  often  nogloi-ted,  wberona  an  Injocllon 
now  nnd  thnn  with  tho  oil  rnn  la  deemed  o  matter  of  routlno. 
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The  pulley  mounting  shown  at  A,  Pig.  6,  is  designed  to  in- 
sure ample  lubrication.  The  bushings  d  answer  the  purpose 
of  reservoirs  to  keep  the  lubricant  on  a  level  with  the  ball 
bearings.  The  chief  argument  against  this  design  is  the  great 
number  of  details  necessary  and  the  attendant  cost  of  construc- 
tion. This  point  would  be  well  taken  in  regard  to  a  slow-speed 
machine,  but  it  would  have  been  no  detriment  to  the  adop- 
tion of  the  design  had  the  latter  turned  out  to  be  suitable  for 
the  purpose  for  which  it  was  made.  The  first  test,  however, 
established  the  fact  that  a  bearing  may  be  given  too  much 
lubrication,  and  that  a  ball  bearing  made  to  run  at  high  speed 
in  an  oil  bath  is  a  predestined  failure.  The  churning  action 
of  the  balls,  at  the  test  speeds,  caused  the  oil  to  become  heated 
and  finally  to  smoke.  After  a  comparatively  short  period  of 
running,  the  bearings  and  adjacent  parts  were  found 
to  be  so  hot  that  the  design  was  pronounced  a  failure. 

Spindle  which  Operates  Successfully  at  Speeds 

as  High  as  18,000  Revolutions 

per  Minute 

Up  to  this  point,  many  things  had  been  learned  and 
unlearned  in  regard  to  spindle  construction,  but,  as 
is  apparent,  no  definite  design  was  evolved  that  proved 
satisfactory  at  extremely  high  speeds.  About  this 
time  the  demand  for  a  machine  of  this  kind  bej^me 
insistent,  whereupon  was  begun  a  thorough,  scientific 
study  of  the  numerous  problems  involved  and  a 
painstaking  search  for  the  solutions.  Strange  to  say, 
the  design  shown  at  A,  Fig.  6,  formed  the  basis  on  which 
the  successful  construction  was  built.  By  a  system 
of  addition,  elimination  and  substitution,  and  a 
strenuous  testing  of  the  machine  after  each  alteration, 
the  design  shown  at  B  was  developed.  This  type  of 
spindle  arrangement  is  now  in  operation  on  hundreds 
of  machines  and  many  of  them  run  constantly  at 
speeds  as  high  as  18,000  revolutions  per  minute  with- 
out heating  or  excessive  vibration.  It  has  undergone 
rigid  tests  at  22,000  revolutions  per  minute  and  Is 
recommended  for  a  regular  maximum  speed  of  12,000 
revolutions  per  minute.  There  were  so  many  vaguely 
defined  stages  in  the  development  of  this  type,  and  its 
final  achievement  effected  such  important  strides  in 
sensitive  drilling,  that  it  may  be  well  to  relate  in  de- 
tail the  difficulties  that  were  encountered  by  manufac- 
turers in  their  attempts  to  secure  excessive  speeds, 
and  to  summarize  the  methods  employed  in  overcom- 
ing these  obstacles  and  developing  this  final  construc- 
tion to  its  present  stage  of  perfection. 

The  first  question,  and  a  very  important  one,  is  that 
of  balancing.  It  is  essential,  of  course,  that  all  re- 
volving parts  have  a  perfect  running  balance  both 
before  and  after  assembling.  The  designer  who 
adopts  aluminum  as  the  material  for  those  pieces  of 
largest  diameters,  has  dispensed  with  seventy-five  per 
cent  of  the  trouble  from  vibration  due  to  centrifugal 
force.  The  spindle  is  ground  for  its  entire  length 
and  an  additional  keyway  to  balance  the  driving 
one  Is  absolutely  necessary.  The  long  projecting  spin- 
dle nose  that  provides  for  the  use  of  taper  shank 
drills  Is  discarded  and  the  chuck  shank  is  ground  directly  on 
the  spindle  close  up  to  the  lower  bearing,  as  shown.  This 
moans  that  the  chuck  must  be  furnished  with  the  machine  and 
must  be  of  a  type  that  Is  guaranteed  to  bo  In  running  balance. 
Nut  to  Is  provided  to  facilitate  the  removal  of  the  chuck. 

The  problem  of  bearings  has  already  been  discussed.  The 
annular  bearing  Is  used  throughout  the  design  and  solves  the 
problem  of  absorbing  the  thrust  of  the  drill.  For  the  reason 
that  most  drilling  Is  performed  with  the  head  and  table  In  the 
blgheRt  position,  bearing  n  In  the  upper  part  of  the  sleeve  Is 
clamped  some  distance  down  In  the  sleeve  to  diatrlbuto  the 
four  bearings  as  evenly  as  possible  over  the  entire  length  of 
the  Rpindlc  This  is  done  also  to  .ivoid  a  biiidliiK  action  of  the 
spindle  lirlwcni  drlvi'Ui'y  nut  n  and  llio  boarlng.  A  discrep- 
ancy of  a  fraction  of  a  thousandth  In  the  entire  length  from 
the  top  of  the  column  bore  to  thu  bottom  of  the  sliding  head 
dovetail  rauBos  a  retarding  action  of  the  splndio  and  a  con- 
Bcqiinnt  nllpping  of  the   bolt.     This   lowering  of   the  bearing 


tends  to  equalize  the  error  and  allows  the  spindle  to  turn  freely 
at  all  times.  The  pulley  is  mounted  on  a  sleeve  that  gives  a 
greater  part  of  the  spindle  a  sliding  bearing.  The  spindle 
never  projects  beyond  this  sleeve  enough  to  cause  it  to  "whip", 
and  is  never  visible  above  the  top  of  the  machine,  the  hood 
cap  p  covering  it  even  in  its  highest  position.  The  length  of 
pulley  sleeve  r  allows  the  bearings  to  be  set  far  apart.  The 
upper  bearing  m  is  held  securely  in  the  column  and  the  lower 
one  is  held  only  on  the  sleeve,  making  the  entire  construction 
easily  assembled.  Every  bearing  is  completely  guarded  against 
dust  or  grit;  guard  s  covers  the  belt  and  pulley  and  the  lower 
hood  t  covers  the  key  bushing.  The  only  exposed  revolving 
part,  aside  from  the  drill  chuck,  is  a  section  of  the  spindle 
between  the  spindle  quill  and  the  lower  hood. 


Fig. 


6.     (A>    Another   Step   In   Dovolopmont   of    High-apood    Spindle    ConBtniotloD. 
(B)   DeBign  intended  to  eliminate  Slldinr  Friction  In   Sloove  Bearing 

Next  In  importance  to  the  type  of  bearings  and  their  mount- 
ing Is  the  method  of  lubrication.  Many  highspeed  machines 
have  ball  bearing  arrangements  that  permit  the  oil  or  grease 
to  run  off  when  it  becomes  heated,  necessitating  frequent  re- 
newal. The  Ideal  way  of  oiling  the  bearing  would  be  to  sta- 
tion someone  with  an  oil-can  In  close  proximity  to  it  to  admin- 
ister a  drop  or  two  of  lubricant  at  frequent  Intervals.  This 
method,  everyone  will  agree.  Is  entirely  out  of  the  question. 
However,  the  design  illustrated  Is  a  close  approximation  to  this 
condition.  The  oil  Is  put  in  at  c  and  settles  In  the  cup  forma- 
tions In  lower  caps  c.  Attached  to  and  revolving  with  the  pul- 
ley sleeve  are  "flingcrs"  (/  usually  of  spun  copper.  Bushings  fc 
have  two  oil  holes  1  that  onlor  ooiintorlioros  In  the  top  leading 
to  the  bore  of  tho  bushing.  The  centrifugal  action  of  these 
(llngors  Impels  tho  oil  outward,  and  It  Is  forced  slowly  upward 
In  the  oil  holes  and  thence  onto  and  through  the  bearing.  This 
practically  amounts  to  a  continuous  circulation  and,  though 
tho  bearings  rorolve  ample  lubrication,  there  Is  no  opportunity 
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for  the  oil  to  become  heated.  Air  holes  6  are  provided  so  that 
there  will  not  be  a  vacuum  and  a  resultant  escape  of  the  oil 
beneath  the  fllngers.  This  hole  and  the  clearance  between  the 
flinger  and  the  lower  cap,  are  Just  large  enough  to  allow  a 
carefully  calculated  amount  of  lubricant  to  find  its  way  to  the 
bearings  in  the  quill  below.  An  occasional  application  of  oil 
to  the  keyway  above  the  spindle  quill  while  the  machine  is 
not  running  further  provides  for  lubricating  these  bearings. 

The  next  consideration 
is  the  spindle  itself. 
This  is  made  as  small  in 
diameter  as  possible — 
consistent  with  the  ca- 
pacity of  the  machine — 
to  keep  the  size  of  the 
bearings  and  the  relative 
velocity  of  the  balls  down 
to  a  minimum.  That  it 
must  be  made  from  a 
good  grade  of  steel  is 
obvious.  The  equal  dis- 
tribution of  the  bearings, 
the  location  of  the  drive 
key  as  far  down  as  pos- 
sible and  the  compact- 
ness secured  by  chucking 
the  drills  directly  below 
the  lowest  sleeve  bearing 
combine  to  lessen  the 
torsional  strain  on  the 
spindle  and  correspond- 
ingly reduce  the  vibra- 
tion of  the  machine. 

The  problem  of  driving 
belts  is  one  that  Is  solved 
only  by  the  cooperation 
of  sensitive  drilling  ma- 
chine manufacturers  and 
belt  makers.  After  many 
tests  with  numberless 
round  and  flat  belts  of 
different  materials  and 
texture,  a  closely  woven 
flat  cotton  belt,  with  a 
positive  belt-tension  ar- 
rangement, was  found  to 
be  the  type  with  the 
smallest  amount  of  slip- 
page at  high  speed.  With 
the  spindle  shown  at  B 
running  at  a  calculated 
speed  of  20,000  revolu- 
tions per  minute,  the  In- 
dicated speed  was  18,050 
revolutions  per  minute — 
an  actual  loss  of  about 
10  per  cent.  Many  sen- 
sitire  drilling  machines 
are  sold  at  the  speeds 
calculated  from  the  driv- 
ing and  driven  pulloya, 
and  no  thought  Is  given 
to  natural  loss  of  speed 


ALCOHOL   AS   A   FUEL  FOR   INTERNAL 
COMBUSTION    ENGINES 

A  report  has  been  published  by  the  Commonwealth  Advisory 
Council  of  Science  and  Industry  of  Australia  dealing  with 
alcohol  as  a  fuel  for  internal  combustion  engines.  The  com- 
mittee states  that  alcohol  has  been  used  with  success  for  a 
number  of  years  in  Germany  in  specially  designed  engines. 

Any  ordinary  gasoline 
engine  can  be  run  on 
alcohol,  except  that  it 
will  not  start  on  this 
fuel.  The  consump- 
tion of  alcohol  in  or- 
dinary gasoline  engines 
is  about  50  per  cent  great- 
er than  that  of  gasoline 
for  equal  power  develop- 
ment. Engines  specially 
designed  for  using  alco- 
hol, however,  will  not 
consume  any  more  alco- 
hol, by  volume,  per  horse- 
power than  the  gasoline 
consumed  in  the  opera- 
tion of  gasoline  engines. 
The  main  changes  re- 
quired in  the  design  of 
an  engine  that  is  to  use 
alcohol  are  increasing  the 
<'ompression  to  about  180 
pounds  per  square  inch, 
preheating  the  fuel  and 
air,  or  the  mixture  of  the 
two,  and  enlarging  the 
fuel  supply  pipes.  In 
starting,  the  carburetor 
should  be  preheated,  or 
an  arrangement  must  be 
made  for  using  gasoline 
to  start  the  engine.  Af- 
ter once  having  started, 
the  exhaust  gases  are 
used  for  preheating.  It 
is  easier  to  apply  these 
changes  In  design  and  to 
use  alcohol  tor  station- 
ary engines  than  for 
automobile  engines,  es- 
pecially on  account  of  the 
advantages  of  slow  speeds 
and  long  piston  strokes 
In  engines  using  alcohol. 
The  successful  -alcohol 
engines  In  Germany  are 
almost  wholly  of  the  sta- 
tionary type,  and  the  rec- 
ords available  Indicate 
tli;it  coinpnrnllvcly  Utile 
worU  liiis  ln'on  done  with 
11  view  to  using  alcohol 
us  a  fuel  for  automobile 
engines.      It    Is    possible 


)<nlfn  which   proTod   a  Fallurs  owlni   to   Mnlhoil   of   I.iibrlonllon. 
(B>  SplodU  Oonitruotlon  capable  of  Hlih  Spnmli 


dn«  to  the  air  cushion  between  the  bolt  and  the  pulley,  the 
small  arc  of  contact  on  the  spindle  pulley,  and  thn  "Jumping" 
of  the  belt  on  the  Idlers  of  belt-tension  devices  that  are  self- 
acting  nnd  not  positive. 

A  mod'-rn  lypo  of  highspeed,  ballbearing  sonslllvo  drilling 
machine  with  six  splndlos  Is  shown  In  FIk  2.  Thin  mudilno 
Is  oqulppod  with  the  spindle  construction  shown  at  U,  Pig.  G. 
A  few  yoars  ago  a  six-  or  olght-splndio  mnrhlno.  with  oarli 
■pindio  runnlnic  from  3000  to  18,000  rnvolutlons  per  minulo. 
was  coniildnrod  no  Impnuslblllty.  A  cnmpnrls'iii  of  this  mn 
chine  with  that  shown  In  V\g.  1  Illustrates  t)in  Kront  proicrosN 
made  In  a  shnr>  ><"  ■■  >"  *><"  doslgn  of  this  hitherto  nogloctod 
macblo*  tool. 


that  soniclliliiK  may  be  done  along  thoso  linos  In  the  future. 
*  •  • 
Cyllntlrlcnl  Krlndlng  of  all  shafts  In  niarhlnos  Is  becoming 
common  prnrllcn  tirciiiiHi'  of  Iho  economy  of  this  method  of 
morhliiInK  and  the  wupcrlor  <nmllty  of  tlio  work.  A  ground 
shaft  Is  tlio  Inst  word  In  lino  machine  work,  except  the  Jour- 
nols.  A  ground  short  Journal  Is  much  Improved  by  lapping 
In  order  to  reniovo  Ihit  microscopic  rIdKoa  loft  by  the  grlndhiK 
wheel  and  to  Impart  a  high  polish  Kntlio  spindle  JournalH 
iniiy  1)0  la|)piMl  advanlagoously  wllli  ruby  dust,  espoclally  If 
ntti'd  In  hnlplilll  liciirliiKFi.  A  lappi'd  Journal  IttlPil  to  n  woll 
proportioned  babhlll  licnrliiK  Is  a  lonKllvod  affair  Ihat  will 
give  no  trouhlo  If  kopt  frco  from  Rrlt  ami   mippll<Ml   wllh  oil 


Differential  Motions 
and  Planetary  Gear 
Combinations  ..F,^n.DW 


Second  Installment  of  a  Treatise  on  Mechanisms  that  Re- 
quire Differential  Motion  and  Methods  of  Determining 
Relative   Velocities  of  Planetary   or  Differential  Gears' 


IN  the  first  installment  of  this  article,  published  in  the 
March  number  of  Machiseby,  a  number  of  mechanisms 
having  differential  motions  were  described,  including  dif- 
ferential screw  and  hoist,  differential  planetary  gearing,  dif- 
ferential governors  for  water  turbines,  and  differential  gear- 
ing for  automobiles.  In  this  installment,  which  concludes  the 
treatise,  such  subjects  as  speed  regulation  through  differential 
gearing,  differential  hoisting  mechanisms,  reversal  of  motion, 
application  of  floating  or  differential  levers,  control  mechanisms 
with  differential  motions,  velocity  ratio  of  planetary  gears, 
and  compound  trains  of  planetary  gearing  will  be  taken  up. 

Speed  RegTJlation  throug-h  Planetary  or  Difterential  Gearing 

When  the  speed  of  a  driven  part  is  governed  by  drives  from 
two  different  sources,  differential  gearing  may  be  used  to  com- 
bine these  drives  and  allow  any  variations  in  speed  that  may 
be  required.  An  application  of  this  kind  is  found  on  the  fly 
frames  used  in  cotton  spinning  for  drawing  out  or  attenuating 
the  untwisted  fiber  or  roving,  by  passing  it  between  different 
pairs  of  rolls  which  move,  successively,  at  increased  speeds. 
After  the  fiber  is  attenuated,  it  is  wound  on  bobbins  and  at 
the  same  time  given  a  slight  twist.  The  diagram  Fig.  10  rep- 
resents a  mechanism  for  controlling  the  speed  of  the  bobbins, 
one  of  which  is  indicated  at  B.  This  bobbin  receives  its  mo- 
tion through  a  train  of  gearing  connecting  with  the  main 
shaft  of  the  machine  and 
through  another  combina- 
tion of  gearing  which  is 
driven  by  a  pair  of  cone 
pulleys  for  decreasing  the 
speed  of  the  bobbin,  in 
revolutions  per  minute,  in 
order  to  maintain  a  uni- 
form peripheral  speed  as 
the  roving  is  wound  upon 
the  bobbin  and  the  di- 
ameter    becomes     greater. 

The  main  shaft  is  driven 
by  pulley  A,  and  motion  Is 
transmitted  through  shaft 
8  and  the  gearing  shown 
to  the  cone  C  and  the  rolls, 
one  of  which  Is  Indicated 
nl  the  upper  part  of  the 
diagram.  The  rone  G  and 
the  rolls  move  at  a  con- 
stant speed,  and  the  rov- 
ing   Is    delivered    by    the 
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rolls  at  a  uniform  rate  of  speed.  On  the  shaft  S  there  is  a 
bevel  gear  E,  which  is  one  of  the  gears  of  a  planetary  train 
that  is  commonly  known  as  the  "differential  motion."  The 
large  gear  D  corresponds  to  the  arm  of  the  gear  train,  since 
it  carries  the  two  intermediate  bevel  pinions  J  and  K.  Gear  D 
is  driven  from  the  lower  cone  (7„  which  is  connected  by  belt 
with  the  upper  cone.  Bevel  gear  F,  which  meshes  with  the 
pinions  carried  by  gear  D,  is  loose  on  shaft  S  and  is  connected 
through  gearing  with  the  bobbin  B.  With  this  arrangement, 
the  speed  of  the  bobbin  depends  first  upon  the  speed  of  bevel 
gear  E,  which  is  constant,  and  also  upon  the  speed  of  gear  D, 
which  may  be  varied  by  shifting  the  position  of  the  belt  on  the 
cones.  Any  variations  in  the  relative  speeds  of  gears  D  and  E 
will  produce  twice  the  variations  in  the  speed  of  the  bobbin. 
The  roving  is  wound  on  the  bobbin  in  successive  helical  lay- 
ers by  means  of  the  flyer  U,  which  is  driven  at  constant  speed 
by  gear  M  on  shaft  S.  The  roving  passes  from  the  rolls  to 
the  flyer,  and  entering  the  top  of  its  hollow  spindle,  is  threaded 
down  through  one  arm  of  the  flyer  and  then  wound  on  the 
bobbin.  The  flyer  and  bobbin  revolve  in  the  same  direction, 
but  the  bobbin  has  a  higher  velocity  and,  for  that  reason, 
draws  the  roving  from  the  flyer  and  winds  it  in  successive 
layers  as  the  bobbin  travels  up  and  down,  so  as  to  cover  its 
entire  surface.  As  each  successive  layer  is  added,  the  bobbin 
increases  in  diameter,  and  its  rotative  speed  relative  to  that 
«  of   the   flyer   must   be   de- 

creased in  order  to  pre- 
vent breaking  the  roving. 
This  change  of  speed  is 
transmitted  to  the  bobbin 
through  the  differential 
gearing  referred  to  by 
gradually  shifting  the  belt 
on  the  cone  pulleys. 


Differential  Gear  and    Cam 
Combination 

The  differential  gear  and 
cam  combination  to  be  de- 
scribed Is  used  on  fly- 
frames  In  conjunction  with 
the  same  general  class  of 
mechanism  illustrated  by 
(ho  diagram  Fig.  10.  This 
mechanism  differs  from 
the  differential  ordinarily 
used  in  that  it  has  no 
planetary  train  of  gearing. 
.\s  previously  explained,  a 
differential  motion  Is  em- 
ployed In  connection  with 
a   shifting   belt    and    cone 


through    which 
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Fig.  11.     Differential  Gear  and  Cam  Combination 


Flf.   12.     Crane  equipped  with  Differential  Hoisting  Hechanis: 
matically  in  Fig.   13 


shown  diagra 


pulleys  for  changing  the  speed  of  the  bobbins.  The  differential 
action  is  obtained,  in  this  case,  by  means  of  the  crown  gear  .1, 
Pig.  11,  which  is  attached  to  the  main  driving  shaft  B;  the 
crown  gear  C  secured  to  sleeve  E,  which  carries  the  bobbin- 
driving  gear  Fj  and  the  double  crown  gear  D,  which  is 
mounted  on  a  spherical  seat  and  engages  gears  A  and  C  at 
points  diametrically  opposite.  This  double  crown  gear  oper- 
ates in  an  oblique  position,  so  that  a  small  part  of  the  gear 
meshes  with  gear  A  on  one  side  and  a  small  part  on  the  other 
Bide  meshes  with  gear  C.  The  spherical  bearing  allows  the 
Intermediate  crown  gear  D  to  swivel  in  any  direction,  and 
It  is  held  In  position  by  a  cam  surface  on  the  edge  of  sleeve  Q. 
Gear  C  has  the  same  number  of  teeth  as  intermediate 
gear  D,  but  gear  A  has  a  somewhat  smaller  number  of 
teeth. 

The  differential  action  Is  obtained  by  the  relative  mo- 
tions between  gear  A  and  cam  O.  This  cam  is  driven 
from  the  lower  belt  cone  of  the  machine,  which  is  con- 
nected with  gear  II.  If  cam  G  were  revolving  at  the 
same  speed  as  gear  A,  the  same  teeth  on  gears  A  and  D* 
would  remain  in  contact  and  the  entire  gear  combina- 
tion would  act  practically  the  same  as  a  clutch.  As  soon 
as  the  speed  of  the  cam  differs  from  that  of  gear  A,  the 
position  of  Intermediate  gear  D  Is  changed  so  that  dif- 
ferent teeth  are  succcBsively  engaged.  As  the  result  of 
tblK  differential  a<:tlon,  the  speed  transmitted  to  gear  C 
la  either  Increased  or  decreased.  The  extent  of  the  dif- 
ferential motion  depends  upon  the  difference  between 
the  iipc-cds  of  gear  A  and  iN-ini  (1,  Ah  this  dllTcrcncn 
diminishes,  the  speed  of  Kears  It  and  C  Inrreases;  when 
the  speed  of  cam  U  la  reduced,  the  speed  of  gear  U  Is 
also  reduced,  since  the  motion  from  gear  A  Is  lost  as  the 
result  of  dirrorentlal  action.  The  advantages  claimed  for 
this  moclinnlam  nm  ijuiet  operation  and  reduction  of 
friction. 

tJirinrnntlBl   Ilrilntlnv  MiKhanlitni 

An  InRonloua  method  of  utIllzInK  difforontlal  action  to 
vary  the  8p««d  of  a  holotlnK  mtv-hnnlxm  In  lllustratod 
by  the  dlaxram  KIk.  12.  whirh  Ik  not  shown  a*  iin  oxnm- 
plo  of  modern  rrann  diMilKn  but  mi-ruly  to  lllustriiln  uno 
of  tho  many  pomilblc  appltrnllonii  at  planotnry  K<'arlnK. 
Thnm  are  two  chains  atlarhi'd  to  tho  emtio  hook.  One 
of  those  chains  A  paasoa  over  a  pullny  on  tho  trolley 
and  over  pulley  /I  (o  the  wlndlnic  drum  C.  The  other 
chain  t>  paiuo«  upward  oror  lis  trolley  pulley  to  the  left, 


and  over  pulley  E  to  pulley  F,  and  then  down  to  a  drum 
located  back  of  drum  G.  These  chains  may  be  wound 
upon  their  respective  drums  either  in  opposite  direc- 
tions or  in  the  same  direction,  and  at  varying  rates  of 
speed.  If  both  drums  are  rotated  in  opposite  directions 
at  the  same  speed,  the  effect  will  be  to  raise  or  lower 
the  hoisting  hook,  whereas,  if  the  drums  rotate  in  the 
same  direction  and  at  equal  speed,  the  chain  will  be 
taken  in  by  one  and  given  off  by  the  other,  thus  causing 
the  hook  and  its  load  to  be  carried  horizontally  without 
raising  or  lowering  it.  Any  difference  in  the  speed  of 
the  two  drums  when  moving  either  in  the  same  or  oppo- 
site directions  will  evidently  cause  the  hook  to  move 
both  vertically  and  horizontally  at  the  same  time. 
The  mechanism  for  operating  the  two  hoisting  drums 
is  illustrated  diagrammatically  in  Fig.  13.  There  are 
two  electric  motors  J  and  A'.  Motor  J  drives  the  worm- 
wheels  L  in  opposite  directions  and  also  the  attached 
bevel  gears.  The  other  motor  E  drives  the  spur  gears  M 
and  the  upper  bevel  gears.  The  intermediate  pinions  N 
between  the  bevel  gears  revolve  on  arms  Q  which  are 
keyed  to  the  shafts  of  their  respective  drums.  The  bevel 
gears  with  which  the  pinions  mesh  are  loose  on  their 
shafts.  With  this  arrangement,  if  motor  K  is  stationary, 
motor  J  will  drive  the  drums  in  opposite  directions  and 
raise  or  lower  the  hook  as  previously  explained.  On 
the  other  hand,  with  motor  J  stationary,  motor  K  will 
operate  the  drums  in  the  same  direction  and  move  the 
m-  crane  hook  horizontally.  As  these  motors  may  be  re- 
versed or  operated  together  at  varying  speeds,  any  de- 
sired combination  of  movements  and  speeds  for  the  hook  and 
its  load  may  be  obtained. 

Reversal  of  Motion  through  Planetary  Gearing: 

A  train  of  planetary  gearing  may  be  designed  to  give  a 
reversal  of  motion.  This  form  of  transmission  has  been  ap- 
plied to  some  automobiles  of  the  smaller  sizes.  The  principle 
governing  the  operation  of  one  of  the  earlier  designs  is  shown 
by  the  diagram  Fig.  14.  Two  sets  of  differential  gears,  indi- 
cated at  A  and  B,  are  mounted  inside  drums.  These  drums 
may  be  revolved  independently  for  obtaining  the  slow  forward 
speed  and  a  reverse  motion,  or  they  may  be  locked  together 
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so  as  to  revolve  as  a  unit  with  the  crankshaft  for  obtain- 
ing the  direct  high-speed  drive.  The  central  gear  a  is 
the  driver  in  each  case,  and  is  keyed  to  the  crankshaft. 
The  slow  forward  speed  is  obtained  with  the  combina- 
tion illustrated  at  A.  To  obtain  a  reduction  of  speed, 
the  internal  gear  6  is  held  stationary  by  the  application 
of  a  brake-band  to  its  periphery;  the  pinions  c  carried 
by  the  driven  member  are  then  forced  by  the  driving 
gear  a  to  roll  around  inside  the  internal  gear,  thus  trans- 
mitting a  slow  rotary  motion  to  the  driven  member  at- 
tached to  the  pinions.  In  order  to  obtain  a  reversal  of 
motion  through  the  combination  of  gearing  illustrated 
at  B,  the  disk  carrying  the  pinions  is  prevented  from 
rotating  by  the  gripping  action  of  another  brake-band, 
so  that  the  pinions  merely  revolve  on  their  studs  and 
rotate  the  internal  gear  in  a  reverse  direction.  In  this 
case,  the  internal  gear  is  the  driven  member,  trans- 
mitting motion  to  the  driving  sprocket. 

A  reversal  of  motion  may  also  be  obtained  with  the  train 
of  planetary  gearing  shown  in  Fig.  16.  In  this  case,  there 
is  no  internal  gear.  Gear  A  is  mounted  on  the  sleeve  of 
sprocket  Aj.  gear  D  is  keyed  to  shaft  E,  and  gear  F  is  attached 
to  the  extended  hub  of  drum  H.  The  three  gears  B,  C,  and  E  are 
locked  together  and  revolve  upon  a  pin  carried  by  drum  G. 
A  duplicate  set  is  also  located  on  the  opposite  side  of  the 
drum,  as  the  illustration  shows.  When  this  drum  is  held  sta- 
tionary by  a  brake-band,  gear  A  and  sprocket  A^  are  driven  at 
a  slow  forward  speed  through  gears  D,  C,  and  B,  gears  D  and 
A  revolving  in  the  same  direction.  The  direct  high-speed  drive 
is  obtained  when  clutch  J  is  engaged,  the  whole  mechanism 
then  revolving  as  a  unit  with  shaft  E.  When  drum  H  is  held 
stationary  by  a  brake-band,  gear  D  causes  gear  E  to  revolve 
about  the  stationary  gear  F  in  a  direction  opposite  to  the  rota- 
tion of  D;  consequently,  gear  A  is  forced  to  follow  in  the  same 
direction  in  which  drum  G  and  the  planetary  gears  B,  C.  and 
E  are  moving,  thus  reversing  the  motion  of  gear  A  and  the 
sprocket. 

Application  of  Floating  or  Differential  Levers 

What  are  known  as  "floating"  or  "differential"  levers  are 
utilized  in  some  forms  of  mechanisms  to  control,  by  the  appli- 
cation of  a  small  amount  of  power  or  force,  a  much  greater 
force,  such  as  would  be  required  for  moving  or  shifting  heavy 
parts.  Floating  levers  are  commonly  applied  to  mechanisms 
controlling  the  action  of  parts  that  require  adjustment  or 
changes  of  position  at  intervals  varying  according  to  the  func- 
tion of  the  apparatus  subject  to  control.  The  initial  move- 
ment or  force  may  be  derived  from  a  hand-operated  lever  or 
wheel,  and  the  purpose  of  the  floating  lever  is  to  so  control 


rit.  It.     DIkvrami  tU»tratta(  AppllcttloB  and  Aotlsn  »t  Floatlni  L»r»t 


the  source  of  power  that  whatever  part  is  to  be  shifted  or 
adjusted  will  follow  the  hand-controlled  movements  practically 
the  same  as  though  there  were  a  direct  mechanical  connection. 
A  floating  lever  is  so  termed  because  it  is  not  attached  to  fixed 
pivots  and  does  not  have  a  stationary  fulcrum,  but  is  free  to 
move  bodily,  or  to  "float"  within  certain  limits  and  in  accord- 
ance with  the  relative  forces  acting  upon  the  different 
connections. 

Fig.  15  illustrates  one  application  of  the  floating  lever.  The 
diagram  at  the  left  represents  an  auxiliary  braking  apparatus 
for  a  large  hoist.  The  brake-shoe  A  is  applied  to  the  brake- 
drum  B  whenever  the  dead  weight  C  rests  upon  the  lever  D. 
This  lever  is  connected  by  rod  E  with  a  cross-head  attached 
to  the  upper  end  of  a  piston-rod  extending  through  the  oil 
cylinder  F  and  into  the  steam  cylinder  G.  'WTien  steam  is 
admitted  beneath  the  piston  in  cylinder  G  by  opening  a  valve 
at  H,  the  weight  is  raised  and  the  brake  released,  and,  if,  for 
any  reason,  the  steam  pressure  should  be  suddenly  reduced, 
weight  C  would  fall  and  the  brake  be  applied  automatically. 
The  movements  of  the  piston  in  cylinder  G  and,  consequently, 
of  weight  C  are  controlled  by  hand-lever  L  through  floating 
lever  J,  in  such  a  manner  that  the  weight  rises  and  falls, 
as  the  lever  is  shifted,  practically  the  same  as  though 
the  force  for  moving  the  weight  were  derived  directly 
from  the  lever  by  means  of  a  rigid  mechanical  connec- 
tion. The  action  of  the  mechanism  is  as  follows:  If  the 
weight  is  down  and  the  brake  applied,  and  lever  L  is 
moved  from  its  central  position  to  the  right,  the  left- 
hand  end  of  lever  J  will  be  raised  (as  shown  on  an  ex- 
aggerated scale  by  diagram  A'),  thus  lifting  rod  K  and 
opening  valve  //;  this  valve  has  no  lap,  so  that  any 
movement  of  the  lever  admits  steam  to  the  cylinder. 
As  soon  as  the  piston  begins  to  rise,  the  right-hand  end 
of  lever  J  also  rises  (see  diagram  V)  and,  turning  about 
pivot  0,  immediately  begins  to  close  the  steam  valve.  If 
lever  L  is  moved  through  a  small  arc,  the  valve  is  closed 
quickly  and  the  weight  only  rises  a  short  distance;  on 
the  contrary,  if  the  lever  is  thrown  over  to  the  extreme 
position,  the  piston  and  weight  must  move  upward  a 
proportionately  greater  distance  before  the  valve  is 
dosed.  If  the  lever,  after  being  thrown  to  the  right,  is 
moved  toward  the  left,  valve  H  opens  the  exhaust  port 
and  the  weight  descends;  as  soon  as  it  begins  to  move 
downward,  the  left-hand  end  of  the  floating  lever  is 
raised,  which  tends  to  close  the  exhaust  port  and  pre- 
vent further  downward  motion. 

An  apparatus  of  this  kind  responds  so  quickly  to 
adjustment  that  the  weight  follows  the  motion  of  the 
hand  lover  almost  Instantaneously  and  the  end  of  the 
floating  lover  connected  to  rod  K  has  little  actual  move- 
ment. The  oil  cylinder  F  Is  used  to  stabilize  the 
action  of  the  weight  and  prevent  over-travel  which 
would  occur  If  there  were  only  the  cushioning  effect  of 
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steam.  The  by-pass  valve  N  controls  the  flow  of  oil  from  one 
end  of  the  cylinder  to  the  other  as  the  piston  moves  up  or 
down,  so  that  the  motion  of  the  weight  ceases  as  soon  as  the 
steam  and  oil  valves  are  closed. 

Difierential  Controlling:  Mechanism  of  Steering- 
Gear 

The  practical  effect  of  the  floating  lever  previously  described 
for  controlling  the  movements  of  power-driven  apparatus  may 
be  obtained  by  other  mechanical  devices,  examples  of  which 
are  found  on  steamships  for  controlling  the  action  of  the  steer- 
ing engines.  Engines  used  for  this  purpose  are  commonly 
equipped  with  a  control  valve  which  distributes  steam  to  the 
engine  valves.  The  latter  are  generally  of  the  hollow  piston 
type  and  are  arranged  to  receive  steam  either  at  the  ends  or 
in  the  center,  ttie  exhaust  varying  accordingly.  The  admission 
of  steam  either  to  the  ends  or  in  the  center  is  governed 
by  the  position  of  the  control  valve.  For  instance,  if  the 
control  valve  is  moved  in  one  direction,  steam  may  be 
admitted  to  the  ends  of  the  engine  valves  and  be  ex- 
hausted in  the  center.  If 
the  control  valve  is  moved 
in  the  opposite  direction, 
this  order  is  reversed  and 
also  the  direction  in  which 
the  engine  rotates;  there- 
fore, each  engine  valve 
requires  but  one  eccentric, 
the  control  valve  acting  as 
a  reversing  gear.  The  me- 
chanism which  operates 
this  control  valve  is  so  de- 
signed that,  when  the  en- 
gine is  set  in  motion  to 
move  the  rudder  either  to 
port  or  starboard,  this 
same  motion  is  utilized  to 
shift  the  control  valve  in 
such  a  way  that  the  move- 
ment of  the  rudder  coin- 
cides with  the  motion  of 
the  steering  wheel.  While 
the  floating  lever  has  been 
used  in  connection  with 
this  controlling  mechan- 
ism, the  common  form 
of  control  depends  upon 
the  action  (which  is  often 
difierential)  either  of 
gearing  or  of  a  screw  and 
nut. 

With  the  arrangement 
Illustrated  at  A,  Fig.  17, 
the    control     valve    of    a 


(A)  ControUing  Device  for  Steering  Gear.     (B)  Mechanism  used  as 
Substitute  for  a  Floating  Lever 


Tig.  16.     Btoorlng  Ocar  Control  Mochanlam  bavlnf  DiiTorontlal  Bovol  Gearing 


Steering  engine  Is  governed  by  the  action  of  a  screw  that 
la  operated  by  the  steering  wheel,  and  a  nut  that  Is  re- 
volved by  the  engine.  The  shaft  a  Is  connected  with  the  steer- 
ing wheel  and  trannmlts  rotary  motion  to  screw  b  which  Is 
apllned  to,  and  free  to  slide  through,  gear  c.  The  rod  d  servos 
to  operate  the  control  valve  of  the  steering  engine.  Any  ro- 
tary motion  of  shaft  a  moves  screw  h  In  a  IcnKihwIsc  direc- 
tion In  or  out  of  the  nut  on  worm-wheel  c,  unlenH  this  nut  Is 
revolving  at  the  same  speed  as  the  screw.  Tlio  rn-llon  of  the 
m<:'hanl«m  is  as  follows:  If  worm-wheel  c.  which  meBlios 
wlih  a  worm  on  the  itocrlnK  onglno  crankshaft,  la  stationary, 
the  rotation  of  abaft  a  will  turn  screw  b  In  or  out  of  tlio  nut 
and  shift  the  control  valve,  thus  atartlnx  the  onKino  In  ono 
dlrortlon  or  the  olh'T,  depending  upon  wlili-li  way  the  control 
valve  la  niovcil  An  soon  a*  the  cnRlnu  ntnrtH,  worm  wheel  e 
and  Iho  nut  iHigln  to  revolve,  which  tenda  to  niovn  llio  arrow 
and  control  lover  In  the  oppoallo  direction.  Ruppoao  screw  b 
wore  revolved  In  the  direction  ahown  l»y  the  arrow  /,  thua  mov 
Ing  (ho  arrow  and  control  lover  to  the  right;  then,  na  tlid  en- 
gine atarta.  worni'Wbpol  e  and  the  nut  rovolvo  na  shown 
by  Iho  arrow  g.    Now  as  soon  aa  tho  rotation  of  shaft  a  and 


screw  6  is  stopped  or  is  reduced  until  the  speed  of  rotation  is 
less  than  that  of  worm-wheel  e,  the  screw  is  drawn  back  into 
the  nut  and  the  control  valve  is  closed.  If  the  steering  wheel 
and  screw  6  were  turned  slightly  and  then  stopped  entirely, 
the  rudder  would  be  moved  only  a  corresponding  amount,  be- 
cause the  control  valve  would  soon  be  shifted,  by  the  action 
of  worm-wheel  e,  to  the  closed  position.  Steering  engines,  in 
general,  are  equipped  with  some  form  of  stopping  device  which 
automatically  limits  the  movement  of  the  rudder  and  prevents 
over-travel  and  damaging  the  mechanism. 

Steering  Gear  Control  Mechanism  having  Planetary 
Bevel  Gearing 

The  steering-gear  controlling  mechanism  illustrated  in  Fig. 
18  operates  on  the  same  general  principle  as  the  design  pre- 
viously described,  although  the  construction  is  quite  different. 
The  control  valve,  in  this  case,  operates  with  a  rotary  motion, 
instead  of  moving  in  a  lengthwise  direction.  Shaft  A  is  re- 
volved by  the  steering  wheel  and  transmits  rotary  motion  to 
shaft  B  through  the  gearing  shown.  The  differential  action  for 

regulating  the  position  of 
the  control  valve  is  obtained 
by  means  of  three  gears 
C,  D,  and  E.  Gear  C  is 
keyed  to  shaft  B,  and  gear 
E  on  the  extended  hub  of 
worm-wheel  F  is  free  to 
revolve  about  shaft  B. 
Gear  D  interposed  between 
gears  C  and  E  is  mounted 
upon  a  segment  gear  G 
which  engages  another  seg- 
ment gear  on  the  control 
valve  spindle  J.  It  shaft 
B  is  revolved  while  gear 
E  and  the  worm-wheel  are 
stationary,  gear  D  rolls 
around  between  the  gears 
and,  through  the  segment 
gear,  turns  the  control 
valve,  thus  starting  the 
steering  engine  and  with 
it  the  worm  H  on  the 
crankshaft  which  drives 
worm-wheel  F  and  gear  E. 
As  soon  as  the  rotation  of 
shaft  B  is  stopped,  gear  E 
which  has  been  revolving 
in  the  opposite  direction 
to  that  of  0  rolls  gear  Z> 
back  to  the  top  position, 
thus  closing  the  control 
valve  and  stopping  the 
eiigino.  If  gears  C  and  E 
are  revolved  at  the  same  speed,  gear  D  simply  rotates  between 
them  and  the  control  valve  remains  open.  If  the  speed  of  gear 
E  exceeds  that  of  0,  the  valve  begins  to  close,  and  If  C  re- 
volves faster  than  E,  the  valve  Is  opened  wider  and  the  engine 
continues  to  operate. 

Rolllnir  Worm-wliuel    Tvuu   <>(   (JoiitroUliiHr 
MuchunlHm 

The  InKi'Ulous  substitute  for  tho  flonliiiK  lovor.  Illustrated  at 
//  In  Fig.  17,  depends  for  Its  action  upon  a  worm  wheel  which 
Is  Interposed  between  two  worms.  The  hnndwhcol  ft  controls 
tho  rotation  of  worm  j,  which  nicHhoH  with  tho  worm  wheel  k. 
Tho  worm  I  on  the  oppimlto  Hide  of  tho  worm  wheel  Is  rotated 
by  wlmlnvfr  nppiirntuH  Is  to  ho  controll(<d.  The  shaft  of  tho 
wnriii  wIh'cI  Ih  jiiiirMiilcd  In  Ihixch  which  arc  frco  to  sllilo  up 
and  down  the  vertical  Blldi's  In  tho  frnniowork  flhown.  Any 
vcrtlcnl  dlaplucement  of  tho  worm  wheel  Is  IriuiBmlttod  to  rod 
n  which  oporntoH  tho  valvo,  clutch,  or  other  mechnnlcnl  dovico 
used  fur  HliirlliiK,  HloppInK,  ntid  ri'VorsInK  Iho  drlvlnn  nuichln' 
cry.  Anniinin  that  tho  nuirhnnlsm  In  at  rent  with  the  worm 
whoni   midwny   botwocn   Itn   upper  iwid   lower   poaltlonH   In   tho 
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vertical  slides  of  the  housing.  When  the  handwheel  h  is  re- 
volved in  a  direction  corresponding  to  the  motion  desired, 
worm  ;'  revolves,  and  worm  I  is  stationary,  since  the  mechan- 
ism is  not  yet  in  motion;  therefore,  the  rotation  of  the  hand- 
wheel  has  the  effect  of  rolling  the  vi-orm-wheel  k  between  the 
two  worms  either  up  or  down,  depending  upon  the  direction 
in  which  the  handwheel  is  rotated.  Any  vertical  displacement 
of  the  worm-wheel  will,  through  the  medium  of  controlling  rod 
n,  start  the  power-driven  machinery.  This  motion  is  imme- 
diately transmitted  to  shaft  m  and  worm  I  which  acts  to  move 
worm-wheel  fc  in  the  opposite  direction  vertically,  provided 
worm  ;■  is  stationary  or  is  revolving  slower  than  h  The  re- 
sult is  that  the  power-driven  member  is  moved  or  adjusted 
proportionately  to  the  rotation  of  the  handwheel  h.  The  hand- 
wheel,  for  instance,  might  be  turned  to  a  position  correspond- 
ing to  a  certain  required  adjustment,  which  would  then  be 
made  automatically.  The  operation  of  this  controlling  de- 
vice is  based  on  the  same  general  principle  as  the  steering- 
gear  controlling  mechanisms  previously  described. 

Velocity  Ratios  of  Planetary  

Gears 
Determining  the  relative 
speeds  of  planetary  gears 
is  often  complicated  some- 
what because  of  confusion 
as  to  the  relative  motions 
and  the  distinction  be- 
tween the  rotation  of  a 
planetary  gear  about  its 
own  axis  and  its  rotation 
relative  to  a  fixed  plane  or 
stationary  part  of  the 
mechanism.  To  begin  with, 
the  relative  speeds  of  a 
pinion  and  gear  arranged 
as  shown  at  A,  Fig.  19,  will 
be  considered.  These  two 
gears  are  held  in  mesh  by 
a  link  c.  If  this  link  re- 
mains stationary  and  gear 
o  makes  one  revolution, 
the  number  of  revolutions 
made  by  gear  6  will  equal 
the  number  of  teeth  in  o 
divided  by  the  number  of 
teeth  In  6,  or  the  pitch 
diameter  of  a  divided  by 
the  pitch  diameter  of  h. 
It  a  and  6  represent  either 
the  pitch  diameters  of  the 
gears  or  the  numbers  of 
teeth,  the  revolutions  of  h 


to   one  turn    of  a   equal   — .  FI^    19      Difforontlil  combinations 

b 
If  gear  a  Is  held  stationary  and  link  c  is  given  one  turn  about 

the  axis  of  a,  then  the  revolutions  of  gear  6,  relative  to  arm  c, 

a 
will  also  equal  — ,  the  same  as  when  gear  a  was  revolved  once 
& 

with  the  arm  held  stationary.  Since  a  rotation  of  arm  c  will 
cause  a  rotation  of  gear  b  In  the  same  direction  about  its  axis 
the  total  number  of  revolutions  of  gear  b,  relative  to  a  fixed 
plane  for  one  turn  of  c,  will  equal  1  (the  turn  of  c)  plus  the 


6  around  its  own  axis  and  its  rotation  relative  to  a  fixed  plane, 
assume  that  b  is  in  mesh  with  a  fixed  gear  o  and  also  with  an 
outer  internal  gear  that  is  free  to  revolve.  If  the  speed  of  the 
internal  gear  is  required,  it  will  be  necessary,  in  calculating 
this  speed,  to  consider  not  only  the  rotation  of  b  about  its  own 
axis,  but  also  its  motion  around  a,  because  the  effect  of  this 
latter  motion  on  the  internal  gear,  for  each  turn  of  link  c,  is 
equivalent  to  an  additional  revolution  of  b. 

Diagram  B  represents  an  internal  gear  d  in  mesh  with  gear 
e  on  arm  /.    If  arm  /  is  held  stationary,  the  revolutions  of  c 

d 
for  one  turn  of  d  equal  — ,  d  and  e  representing  the  numbers  of 
e 

teeth  or  pitch  diameters  of  the  respective  gears.  If  the  in- 
ternal gear  is  held  stationary  and  arm  /  is  turned  about  axis  g, 
the  rotation  of  e  about  its  axis  will  be  clockwise  when  /  is 
turned  counter-clockwise,  and  vice  versa;  hence,  the  revolu- 
tions of  gear  e,  relative  to  a  fixed  plane,  for  one  turn  of  / 
about  g,  will  equal  the  difference  between  1  (representing  the 

turn  of  /)  and  the  revolu- 

d 
tions  equal  to  — . 
e 

Analysis  of  Planetary 
Gear  Trains 

A  simple  method  of  an- 
alyzing planetary  or  epicy- 
clic  gearing,  which  has 
been  applied  extensively 
by  designers,  etc.,  is  to 
consider  the  actions  sep- 
arately. For  instance,  with 
the  gearing  shown  at  A, 
Fig.  19,  the  results  obtain- 
ed when  link  c  is  fixed  and 
the  gear  a  (which  normal- 
ly would  be  fixed)  is  re- 
volved are  noted;  if  gear  a 
is  revolved  in  a  clockwise 
direction,  then,  in  order 
to  reproduce  the  action  of 
the  gearing,  the  entire 
mechanism,  locked  together 
as  a  unit,  is  assumed  to  be 
given  one  turn  counter- 
clockwise. The  results  are 
then  tabulated,  using  plus 
and  minus  signs  to  indi- 
cate directions  of  rotation. 
Assume  that  gear  a  has  60 
teeth  and  gear  b,  20  teeth, 
and  that  +  signs  represent 
counter-clockwise  m  0  v  e  - 
ments  and  —  signs,  clock- 


revolutlona  of  6  relative  to  c,  or  1  -1 . 

b 


For  example,  It  gear  a 


has  60  teeth  and  gear  b,  20  teeth,  one  turn  of  arm  c  would 

60 
cause  h  to  rotate — ,  or  3  times  about  Its  own  axis;  gear  b, 
20 

however,  also  makes  one  turn  about  the  axis  of  gear  a,  so  that 
the  total  number  of  revolutions  rolatlvp  in  n  fixed  plane  equals 

60 

1  +  —  —  4  revolutions. 
20 

In  order  to  Illustrate  the  distinction  between  the  rotation  of 


of  Planetary  or  Epicyclio  Gearing 

wise  movements.  If  link  c  is  held  stationary  and  gear  a  is 
turned  clockwise  ( — )  one  revolution,  gear  b  will  revolve 
counter-clockwise  (-f-)  60/20  revolution.  Next  consider  all 
the  gears  locked  together  so  that  the  entire  combination  is 
revolved  one  turn  in  a  counter-clockwise  (  +  )  direction,  thus 
returning  gear  a  to  its  original  position.  The  practical  effect 
of  these  separate  motions  is  the  same  as  though  link  c 
were  revolved  once  about  the  axis  of  a  fixed  gear  a  which 
is  the  way  in  which  the  gearing  operates  normally.  By  tabu- 
lating these  results  as  follows,  the  motion  of  each  part  of 
the  mechanism  may  readily  be  determined. 

(-..Mr  n  I. Ink  i-  fic.ir   b 

0    turn         -f  60,  20  turn 
-|-  1    turn        -f  1  turn 


Link  stationary —  1  turn 

Gears    locked -f-  1  turn 


Number  of  turns 0  +1  +4 

The  algebraic  sums  In  the  line  headed  "Number  of  Turns"  in- 
dicate that,  when  gear  n  ia  held  stationary  ami  link  c  is  given 
one  turn  about  the  axis  of  o,  gear  b  will  make  4  revolutions 
relative  to  a  fixed  plono  In  o  counter-clockwise  or  +  direction, 
when  link  c  Is  turned  In  the  same  direction. 

The  application  of  this  method  to  the  arrangement  of  gear- 
ing shown  at  B  will  now  be  considered.     Assume  that  gear  d 
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has  60  teeth  and  gear  e,  20  teeth.  Then,  if  gear  d  is  turned 
clockwise  with  link  /  stationary,  and  the  entire  mechanism 
with  the  gears  locked  is  turned  counter-clockwise,  an  analysis 
of  the  separate  motions  previously  referred  to  will  give  the 
following  results: 

Gear  d  Link  t  Gear  e 

Link  stationary —  1  turn  0  turn        —  60/20  turn 

Gears    locked +1  turn         +1  turn         +'1  turn 

Number  of  turns 0  -t-  1  —  2 

Effect  of  Idler  in  Planetary  Gear  Train 

If  an  idler  gear  i  is  placed  between  gears  a  and  b  (diagram 
C,  Fig.  19),  the  latter  will  rotate  about  its  axis  in  a  direction 
opposite  to  that  of  the  link  (the  same  as  with  the  arrange- 
ment shown  at  B),  and  the  revolutions  of  gear  &,  relative  to  a 
fixed  plane,  for  one  turn  of  link  ft  about  the  axis  of  o,  will 
equal  the  difference  between  1   (representing  the  turn  of  ft) 

a 
and  the  revolutions  equal  to  — .    Assume  that  gear  a  has  60 

& 
teeth,  idler  gear  i,  30  teeth,  and  gear  b,  20  teeth.     Then  the 
turns  of  b,  relative  to  a  fixed  member  for  one  turn  of  ft  about 
the  axis  of  o,  are  shown  by  the  following  analysis: 

Gear  a  Idler  i  Link  li  Gear  b 

Link  stationary.  —  1  turn  +  60/30  turn  0  turn  —  60/20  turn 
Gears  locked +  1  turn  +  1  turn         +  1  turn  +  1  turn 


Number  of  turns.     0 


+  3 


-f  1 


The  direction  of  rotation  of  b,  relative  to  a  fixed  member, 
may  or  may  not  be  in  the  same  direction  as  that  of  link  ft,  de- 
pending upon  the  velocity  ratio  between  gears  a  and  b.  If 
gears  a  and  b  are  of  the  same  size,  one  turn  of  link  ft  will  cause 
b  to  revolve  once  about  its  own  axis,  but,  as  this  rotation  is  in 
a  direction  opposite  to  that  of  ft,  one  motion  neutralizes  the 
other,  so  that  b  has  a  simple  motion  of  circular  translation 
relative  to  a  fixed  member.  If  gear  b  were  twice  as  large  as  a, 
it  would  then  revolve,  for  each  complete  turn  of  link  ft.  one- 
half  revolution  about  its  own  axis,  in  a  direction  opposite  to 
the  motion  of  ft;  this  half  turn  subtracted  from  the  complete 
turn  of  link  ft  gives  a  half  turn  in  the  same  direction  as  ft, 
relative  to  a  fixed  member. 

Compound  Train  of  Planetary  Gearinsj 

Diagram  D,  Fig.  19,  Illustrates  a  compound  train  of  planetary 
gearing.  This  arrangement  modified  to  suit  different  condi- 
tions Is  commonly  employed.  Gear  a  represents  the  fixed  mem- 
ber and  meshes  with  gear  fc,  which  Is  attached  to  the  same 
shaft  as  gear  I,  Gear  I  meshes  with  gear  b  the  axis  of  which 
coincides  with  that  of  fixed  gear  a.  Assume  that  gear  o  has 
36  teeth,  gear  fc,  34  teeth,  gear  I,  35  teeth,  and  gear  p,  35  teeth. 
Then  one  turn  of  link  n  about  the  axis  of  gear  a  would  give 
the  following  results: 

Gear  n  Link  n     Gearn  k  ami  I  Gear  b 

Link  Stationary. —  1  turn       0  turn   -t-}jturn    — (jjxipturn 
Gears   locked. . .  +  1  turn  +  1  turn   -f-  1  turn     +  1  turn 

Number  of  turns     0  +1  -1-21/17    —1/17 

From  this  analysis.  It  will  be  seen  that,  for  each  counter- 
rIorkwlB<;    turn    of    link    n,    the    rotation    of    Roar    b    oquals 

a  I 
1 X  — ,  In  whifh  the  letters  corrcBpond  olthnr  to  the  pitch 

k  b 
diameters  or  numbers  of  teeth  In  the  rc-npectlvc  gears  shown 

a        I 
at  n.    If  the  value  of  —  X  —  Is  loss  than  1.  Riiar  ft  will  rovolvo 

k       b 
In  the  same  dlrcrtlon  as  link  n,  whernait.  If  this  value  Is  Kroat- 
er  than  1,  (Mar  ft  will  rnvolvo  In  the  opponlto  dlrortlnn. 

Compr>unil  [ilnnotnry  Koarlng  may  )><<  iini><I  for  olitalnltiK  n 
vpfy  Krfal  rp'lurllon  In  v«'lorlty  botwion  llio  link  n  and  tho  Iiih' 
icnnr  ti  In  thn  train.  As  an  rxiromr  I'xnmpli',  Niipposn  K"nr  a 
has  &B  t(<t^lh,  Koar  k,  100  li'i'lli,  icoar  I.  101  li'clli.  and  K<'i>r  b, 
100  tnoth. 

89  /  101  1 

Tho  spoort  of  (cnar  ft  will  c(|»iil  I  —     -  r«volu- 

100  X  100       10,000 
lion;  hence  link  n  would  have  to  make  10,000  rovolutlnna  for 


each  revolution  of  gear  b.    The  arrangement  of  planetary  gear- 
ing shown  at  D  is  known  as  a  "reverted  train." 

Diagram  E  shows  another  arrangement  of  a  reverted  train. 
An  internal  gear  (  forms  part  of  the  mechanism,  and  either 
this  gear,  frame  g,  or  pinion  p  may  be  the  stationary  member, 
depending  upon  the  application  of  ihe  mechanism.  In  this 
case,  instead  of  a  single  set  of  gears  between  p  and  t,  there  is 
a  double  set  located  diametrically  opposite  and  connected  by  a 
suitable  frame  g.  This  arrangement  is  similar  to  the  mechan- 
ism of  a  certain  type  of  geared  hoist.  The  central  pinion  p  is 
the  driving  member,  internal  gear  t  is  stationary,  and  the 
frame  g  is  the  driven  member  and  imparts  motion  to  the  hoist- 
ing sheave. 

RADIUS   JIG  FOR   DRAFTSMEN 

The  radius  jig  (see  illustration)  is  so  named  because  it  is 
intended  for  use  whenever  an  arc  is  to  be  drawn  tangent  to 
two  straight  lines.  Drawing  fillets  on  casting  details  and  round 
corners  are  examples  of  work  for  which  the  radius  jig  Is 
adapted.  When  the  arc  is  to  be  tangent  to  two  lines  at  right 
angles,  the  center  lines  AA  and  BB  may  be  used  to  determine 
the  points  of  tangency.  This  jig  saves  the  time  usually  re- 
quired for  finding  the  center  of  the  arc  when  using  a  com- 
pass. It  may  be  made  of  celluloid  0.020  to  0.030  inch  thick. 
This  celluloid  may  be  obtained  from  the  scrap  bag  of  an  up- 
holstery shop.  When  laying  out  the  jig,  the  radii  given  on  the 
drawing  should  be  1/64  inch  short  for  an  external  radius  and 
1/64  inch  long  for  an  internal  radius  to  allow  for  the  width 


Radius  Jiff  for  drawing  Arcs  Tangent  to  Straight  Lines 

of  the  pencil  point.  When  cutting  out  the  circular  edges,  a 
pair  of  draftsman's  dividers  will  be  found  to  work  very  well, 
one  point  of  the  dividers  being  used  as  a  cutting  edge.  Care 
should  be  taken  not  to  exert  too  much  pressure  on  the  cutting 
point,  ns  the  dividers  will  spread  and  spoil  the  edge.  The 
external  arcs  should  be  cut  first,  thus  leaving  centers  for  cut- 
ting the  Inner  circles.  A  piece  of  fine  emory  cloth  should  be 
used  to  smooth  the  edges  after  cutting.  Numbers  may  bo 
scratched  or  cut  upon  the  surface  to  designate  the  rudll  of  the 
different  arcs  and  curves,  but  after  this  Jig  has  boon  used  a 
short  lime,  the  draftsman  will  ronicnibor  the  location  of  tho 
dlffi^rciit  sizes  and  the  flgnrca  will  no  longer  ho  needed.  The 
scrap  motorlal,  when  cut  to  tho  proi)er  size,  ninkus  oxcollont 
washorB  for  bow  Instruments  and  ruling  pons,  two  washers  be- 
ing used  on  each  screw,  »o  that  one  will  slide  upon  tho  other 
when  ninklng  adjiistmenls.  C.  A.  C. 


Tho  Importance  of  nocurlng  groolor  uniformity  than  now 
exists  In  mathematical  and  other  symbols  In  tho  various  ongl- 
ni'erliiK  llulils  has  long  been  rocognlznd.  A  commltloo  of  tho 
American  AHHoelatlon  for  the  Advancomeiit  of  Sclonee  took  tho 
nintter  In  hand  some  time  ago  and  made  efTnrts  to  soruro  In 
Icrnatlonal  rooporatlcm.  It  Is  now  advocated  that  Aniorlciiii 
HcleiitlHts  and  cnRliieerH  Hhould  nut  wait  for  liiternntioniil 
MKri'eiiieiit.  hut  Bliduld  Ktandarcll/.e  hviiiIhiIh  for  tlielr  own  UHe. 
In  noriniit  llnieH.  this  would  lin  roiiHlderecl  u  nuiBt  unfortunate 
sURKoBtion,  hut  It  Is  obviously  the  only  inelhod  feaslblo  nl 
present. 
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METHODS  OF  DETERMINING  PROPER  CONDITIONS  OF  OPERATION 
UPON  EFFICIENCY  OF  TWIST  DRILLS 


BY  EDWARD  K.  HAMMOND  2 


EFFECT  OF  HIGH-SPEED 


THERE  are  so  many  variables  which  enter  into  the  per- 
formance of  a  drilling  operation  that  it  is  extremely  diffi- 
cult to  establish  anything  in  the  nature  of  hard  and  fast 
rules  for  the  speed  and  feed  that  are  correct  for  drilling  a  hole 
of  specified  size  in  a  given  class  of  material.  It  is  quite  gen- 
eral practice  for  an  experienced  mechanic  to  determine  what 
appears  to  him  to  be  the  proper  speed  and  feed  for  a  given  job 
by  the  use  of  "cut  and  try"  methods.  Experience  will  enable 
him  to  tell  very  closely  what  are  the  proper  conditions  of 
operation,  and  with  this  as  a  basis  he  will  observe  the  opera- 
tion of  the  drill  and  from  that  judge  whether  he  is  working 
under  conditions  that  yield  the  maximum  production.  The 
successful  use  of  high-speed  steel  drills  often  depends  more 
upon  the  conditions  under  which  they  are  operated  than  upon 
the  tools  themselves,  provided  they  are  properly  made  from 
a  suitable  grade  of  steel. 

Concernlner  Desirability  ol 
Drilling  at  High  Speed 

Recent  years  have  witness- 
ed great  increases  in  the  speed 
at  which  drilling  operations 
are  performed  in  many  shops, 
and  the  advocates  of  high- 
speed drilling — both  among 
builders  of  drilling  machines 
and  users  of  such  equipment 
— claim  that  numerous  advan- 
tages are  secured  by  drilling 
at  these  high  speeds.  There 
is  another  body  of  mechanical 
men  who  scout  the  idea  of 
benefits  resulting  from  high- 
speed drilling,  and  state  that 
this  is  a  fad  which  has  been 
carried  to  great  excess.  In 
any  case,  the  proper  speed  at 
which  a  drilling  operation 
should  be  performed  is  that 
speed  at  which  the  most  de- 
sirable balance  is  obtained 
between  cutting  down  of  pro- 
duction through  lowering  the 
drilling  speed  and  loss  of  time 
through  the  necessity  of  more 
frequently  stopping  the  drill- 
ing machine  to  grind  drills, 
where  higher  drilling  speeds 
are  employed.  Owing  to  this 
diversity  of  opinion  in  regard 

to  the  most  emclent  speed  at  which  drilling  operations  can  be 
performed,  the  following  recommendations  made  by  different 
authorities  should  prove  of  Interest  and  practical  value. 

H.  M.  Norrls,  chief  engineer  of  the  CInclnnatl-Blckford  Tool 
Co.,  has  made  a  careful  study  of  the  question  of  drilling  speeds, 
and  the  results  of  his  Investigations  have  led  him  to  the  con- 
clusion that  occasionally  a  drill  Is  found  which  Is  capable  of 
standing  up  sntlsfnrtorlly  at  n  cutting  speed  of  ir.O  feet  per 
minute  In  either  cast  Iron  or  stei'l.  but  It  Is  seldom  desirable 
to  drive  anything  but  very  small  drills  at  speeds  In  exce.is  of 
100  feet  per  minute.  Under  average  conditions  of  operation, 
the  best  results  will  be  obtained  with  a  rutting  speed  of  80  feet 

12 
P«r  minute  In  cast  Iron,  while  for  steel,  a  speed  of  — — \-  7fi 


1.     Radial   Drilling   Machine   equipped    with    "Magic"    Quick-chmt« 
Chuck  and   Automatic  Control   for   Variable-speed   Motor  Drivo 
to    assure    Proper    Cutting    Speed    for    All    Tools 


feet  per  minute  will  give  satisfactory  results.  Where  this  rule 
is  used,  the  cutting  speed  will  be  decreased  from  100  feet  per 
minute  for  a  1/2-inch  drill  to  80  feet  per  minute  for  a  3-inch 
drill.  In  explaining  the  rule,  attention  is  called  to  the  fact 
that,  while  cast  iron  is  cut  dry,  a  lubricant  is  required  for  drill- 
ing steel  and  a  volume  of  lubricant  sufficient  to  keep  a  1/2-inch 
drill  cool  at  100  feet  per  minute  will  only  be  sufficient  to  cool 
a  3-inch  drill  at  SO  feet  per  minute. 

Selection  of  the  proper  speed  and  feed  for  a  given  drilling 
operation  is  governed  by  the  diameter  of  the  drill  and  the  kind 
of  material  being  drilled.    Exhaustive  tests  and  close  observa- 
tion of  the  Cleveland  Twist  Drill  Co.  have  led  to  the  conclu- 
sion that  in  establishing  the  best  conditions  of  operation  for 
a  given  job,  it  is  well  to  start  carbon  steel  twist  drills  under 
the  following  conditions  of  speed  and  feed  until  more  definite 
data  are  available  as  to  the 
maximum     speed     and     feed 
which    can    properly    be   em- 
ployed for  the  operation  un- 
der consideration.   When  drill- 
ing machine  steel  use  a  peri- 
pheral  speed   of   30   feet   per 
minute;   for  cast  iron  use  a 
speed  of  35  feet  per  minute; 
and  for  brass  use  a  speed  of 
60  feet  per  minute.     In  each 
case  a  feed  of  0.004  to  0.007 
inch  per  revolution  should  be 
employed  for  drills  up  to  1/2- 
inch   in   diameter,   while   for 
larger  sizes  the  feed   should 
be   from   0.005   to  0.015   inch 
per  revolution.     In  the  case 
of  high-speed  steel  drills  the 
preceding    rates    of    speed 
should  be  increased  from  100 
to    125    per    cent,    while    the 
same   rates   of   feed   are   em- 
ployed.    The    Standard    Tool 
Co.    recommends   starting 
high-speed    steel    drills    at    a 
peripheral   speed   of  from   50 
to    70    feet    per    minute    for 
wrought    iron    or    steel,    and 
from  60  to  80  feet  per  minute 
for  cast  iron,  or  at  140  feet 
per   minute    for    brass.     The 
feeds  recommended  are  0.004 
inch  per  revolution  for  a  1/16- 
Inch  drill  In  wrought  iron  or 


l.,'i''i,"''  r"'°"'  ""••''•  on  'lrlllln»  prartleo.   mk<    ■•Mo<lern   PrlUlng 
in   the  Jnnnarj.    Frliruarr,   and   M.rrh   nurabrrs  of  UArniMni 
•AaMx-lal«  Rdltor  of  MArniNKiT 


steel,  O.005  inch  per  revolution  for  a  1/4-Inch  drill,  O.OOS  Inch 
per  revolution  for  a  l/2inch  drill,  0.010  inch  per  revolution 
for  a  1-Inch  drill,  and  0.015  Inch  per  revolution  for  a  1%-Inch 
drill. 

The  Detroit  Twist  Drill  Co.  states  that  highspeed  steel  drills 
can  often  be  run  ofllclently  at  over  100  feet  per  minute  In 
cast  Iron,  but  that  better  results  will  usually  be  obtained  at 
60  to  70  feet  per  minute.  In  establishing  the  proper  conditions 
for  a  given  drilling  operation,  a  freshly  ground  drill  of  a  given 
size  should  be  tested  at  each  of  the  two  speeds  provided  by  the 
machine  above  and  below  that  which  Is  necessary  to  give  a 
cutting  speed  of  70  feet  per  minute,  and  then  each  successive 
feed  provided  on  the  machine  should  be  tried  until  one  Is 
found  at  which  the  drill  will  run  without  slowing  down  the 
machine  or  Injuring  the  drill  during  a  period  of  one  hour's 
operation,  which  Is  the  standard  shop  Interval  during  which  a 
drill  should  operate  without  requiring  grinding.  This  sounds 
as  If  It  would  require  considerable  time,  but,  as  a  matter  of 
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fact,  establishment  of  speeds  and  feeds  by  this  method  can  be 
quickly  accomplished  and  the  saving  will  more  than  compen- 
sate for  the  time  spent  in  determining  the  most  efficient  con- 
ditions of  operation  where  there  are  a  large  number  of  parts 
to  be  drilled.  For  drilling  wrought  iron  or  steel,  the  drill 
should  be  started  at  a  peripheral  speed  of  from  50  to  70  feet 
per  minute,  for  cast  iron  the  speed  should  be  from  60  to  SO  feet 


per  minute,  and  for  brass,  from  100  to  150  feet  per  minute.  Un- 
der favorable  conditions,  the  feed  should  be  0.004  inch  per 
revolution  for  a  1/16-inch  drill  in  wrought  iron  or  steel,  0.005 
in  per  revolution  for  a  1/4-inch  drill,  0.008  inch  for  a  1/2-inch 
drill,  0.010  inch  for  a  1-inch  drill,  and  0.015  inch  for  a  2-inch 
drill.  If  the  drill  breaks  or  chips  on  the  cutting  edges,  the 
rate  of  feed  should  be  reduced. 


TABLE  1.     CUTTING  SPEEDS 


FEET  PER  MINUTE 


65 


80 


85 


Revolutions  per  Minute 


ii 

i 

a 

i 

a 
1 
lA 

14 

W« 

li 

lA 

18 

lA 

li 

lA 

16 

l« 

li 

1*3 

14 

IH 
2 


917. 

459. 

306. 

229. 

183. 

153. 

131.  _ 

115. 

102. 
91.8 
83.3 
76.3 
71.1 
65.5 
61.0 
57.3 
53.9 
51.0 
48.3 
45.8 
43.6 
41.7 
39.8 
38.2 
36.6 
35.0 
33.9 
32.7 
31.7 
30.6 
29.6 
28.7 


1223. 

611. 

408. 

306. 

245. 

204. 

175. 

153. 

136. 

123. 

111. 

102. 
94.8 
87.3 
81.4 
76.4 
71.8 
68.0 
64.4 
61.2 
58.2 
55.6 
53.0 
50.8 
48.8 
47.0 
45.2 
43.6 
42.2 
40.7 
39.4 
38.2 


1528. 

764. 

509. 

382. 

306. 

255. 

218. 

191. 

170. 

153. 

138. 

127. 

119. 

109. 

101. 
95.5 
89.8 
85.0 
80.5 
76.3 
72.8 
69.5 
66.3 
63.7 
61.0 
58.8 
56.5 
54.5 
52.8 
50.9 
49.3 
47.8 


1834. 

917. 

611. 

458. 

367. 

306. 

262. 

229. 

204. 

184. 

167: 

153. 

142. 

131. 

122. 

115. 

108. 

102. 
96.6 
91.8 
87.3 
83.3 
79.5 
76.3 
73.2 
70.5 
67.8 
65.5 
63.3 
61.1 
59.1 
57.3 


2140. 
1070. 

713. 

535. 

428. 

357. 

306. 

268. 

238. 

214. 

194. 

178. 

166. 

153. 

142. 

134. 

126. 

119. 

113. 

107. 

102. 
97.2 
92.8 
89.2 
85.4 
82.2 
79.1 
76.4 
73.9 
71.3 
69.0 
66.9 


2445. 
1222. 

815. 

611. 

489. 

408. 

349. 

306. 

272. 

245. 

222. 

203. 

190. 

175. 

163. 

153. 

144. 

136. 

129. 

123. 

116. 

111. 

106. 

102. 
97.6] 
93.9  i 
90.4 
87.3 
84.4  I 
81.5 
78.8 
76.4  1 


12751. 

3057. 

3363 

3668 

3974 

4280 

4586 

4891 

1375. 

1528. 

1681 

1834 

1986 

2139 

2292 

2445 

917. 

1019. 

1121 

1222 

1325 

1426 

1529 

1630 

688. 

764. 

851 

917 

994 

1070 

1147 

1222 

1  550. 

611. 

672 

733 

794 

856 

917 

978 

1  458. 

509. 

560 

611 

662 

713 

764 

815 

1  393. 

437. 

481 

524 

568 

611 

656 

699 

1  344. 

382. 

420 

459 

497 

535 

573 

611 

1  306. 

340. 

373 

407 

441 

475 

509 

543 

1  276. 

306. 

337 

367 

398 

428 

459 

489 

1  249. 

273. 

300 

333 

360 

389 

416 

444 

1  229. 

254. 

279 

306 

330 

357 

381 

408 

1  213. 

237. 

261 

284 

308 

332 

356 

379 

1  196. 

219. 

241 

262 

285 

306 

329 

349 

1  183. 

204. 

224 

244 

265 

285 

305 

326 

1  172. 

191. 

210 

229 

258 

267 

287 

306 

1  162. 

180. 

197 

215 

233 

251 

269 

287 

1  153. 

170. 

187 

204 

221 

238 

255 

272 

1  145. 

161. 

177 

193 

209 

225 

242 

258 

1  137. 

153. 

168 

■  183 

199 

214 

230 

245 

1  131. 

146. 

160 

175 

189 

204 

218 

233 

1  125. 

139. 

153 

167 

180 

195 

208 

222 

1  119. 

133. 

146 

159 

172 

186 

199 

212 

1  115. 

127. 

140 

153 

165 

178 

191 

204 

1  110. 

122. 

134 

146 

159 

171 

183 

195 

1  106. 

117. 

129 

141 

152 

165 

176 

188 

1  102. 

113. 

124 

136 

147 

158 

170 

181 

1   98.2 

109. 

120 

131 

142 

153 

164 

175 

95.0 

106. 

116 

127 

137 

148 

158 

169 

91.9 

102. 

112 

122 

133 

143 

153 

163 

88.7 

98.5 

108 

118 

128 

138 

148 

158 

86.0 

95.5 

105 

115 

124 

134 

143 

153 

5197 
2598 
1732 
1300 
1039 
865 
743 
649 
577 
520 
472 
432 
403 
372 
346 
325 
305 
289 
274 
260 
247 
236 
225 
216 
207 
199 
192 
185 
179 
173 
167 
162 


FEET  PER  MINUTE 


Dlun., 
Inches 


90 


95 


100 


110 


120 


130    140 


150 


160 


170 


175 


180 


190 


Revolutions  per  Minute 


A 

5502 

5808 

6114 

i 

2750 

2903 

3056 

A 

1834 

1936 

2038 

i 

1376 

1453 

1528 

A 

1100 

1161 

1222 

1 

916 

967 

1018 

A 

786 

830 

874 

* 

688 

726 

764 

A 

611 

645 

679 

1 

652 

581 

612 

U 

500 

527 

555 

i 

458 

483 

508 

It 

427 

450 

474 

I 

392 

416 

438 

41 

366 

387 

407 

1 

344 

363 

382 

lA 

323 

341 

359 

u 

306 

324 

340 

lA 

290 

306 

322 

li 

274 

291 

306 

lA 

262 

276 

291 

11 

250 

264 

278 

lA 

239 

272 

265 

H 

230 

241 

254 

lA 

220 

232 

244 

li 

312 

222 

234 

M» 

203 

216 

226 

i» 

106 

207 

218 

Ml 

ISO 

200 

211 

U 

184 

194 

204 

Ml 

177 

187 

197 

2 

172 

181 

101 

6725 
3362 
2242 
1681 
1344 
1121 
961 
840 
747 
673 
611 
559 
521 
482 
448 
420 
395 
374 
364 
337 
320 
306 
292 
279 
268 
2B7 
249 
240 
232 
224 
217 
210 


7337 

7643 

3667 

3820  ' 

2446 

2548 

1734 

1910 

1466 

1527 

1222 

1273 

1049 

1093 

917 

955 

813 

869 

736 

705 

666 

692 

610 

035 

569 

593 

526 

548 

488 

509 

458 

478 

431 

449 

408 

425 

386 

40:1 

367 

383 

349 

361 

334 

348 

318 

331 

306 

318 

203 

305 

281 

203 

271 

283 

262 

273 

263 

264 

244 

256 

236 

216 

229 

2.19 

7943 
3973 
2649 
1986 
1589 
1323 
1130 
993 
883 
796 
722 
661 
616 
569 
529 
497 
407 
442 
419 
398 
378 
361 
346 
330 
317 
304 
294 
2K3 
274 
266 
266 
24S 


8560 

9171 

9782 

4278 

4584 

4890 

5195 

5348 

5501 

5806 

6112 

2853 

2157 

3261 

3465 

5367 

3G68 

3872 

4076 

2139 

2292 

2445 

2598 

2674 

2750 

2903 

3066 

1711 

1833 

1955 

2077 

2139 

2200 

2322 

2444 

1425 

1527 

1629 

1731 

1782 

1832 

1934 

2036 

1224 

1311 

1398 

1486 

1530 

1573 

1661 

1748 

1070 

1146 

1222 

1299 

1337 

1375 

1452 

1528 

951 

1019 

1086 

1154 

1188 

1222 

1290 

1358 

857 

918 

979 

1040 

1071 

1102 

1163 

1224 

770 

833 

888 

944 

971 

999 

1054 

1110 

711 

762 

813 

864 

889 

914 

965 

1016 

064 

711 

758 

806 

830 

853 

901 

948 

613 

657 

701 

745 

767 

788 

832 

876 

570 

611 

651 

692 

712 

733 

773 

814 

635 

673 

611 

649 

069 

688 

720 

764 

503 

639 

679 

610 

628 

646 

682 

718 

470 

610 

644 

678 

695 

612 

046 

680 

451 

483 

615 

547 

664 

6S0 

012 

644 

428 

469 

490 

620 

536 

661 

681 

612 

407 

437 

466 

496 

609 

624 

663 

682 

389 

417 

446 

472 

487 

600 

628 

666 

371 

398 

424 

461 

464 

477 

604 

630 

366 

381 

406 

432 

446 

467 

483 

608 

342 

366 

390 

416 

427 

439 

464 

488 

328 

361 

374 

308 

410 

421 

446 

468 

316 

330 

362 

384 

306 

407 

429 

462 

305 

327 

340 

371 

382 

392 

414 

436 

296 

317 

338 

360 

369 

380 

401 

422 

286 

306 

326 

347 

367 

367 

388 

408 

276 

296 

316 

336 

345 

366 

374 

394 

L'fJ 

2S7 
I. 

306 
1 

325 
1     .. 

3:tl 
J 

J 

363 
u 

382 

April,  1918 


MACHINERY 


717 


starting  with  any  of  the  preceding  speeds  and  feeds  which 
have  been  recommended  by  different  authorities,  the  operator 
■carefully  notes  the  condition  of  the  drill  after  it  has  been 
working  for  some  time.  If  the  drill  shows  a  tendency  to  wear 
away  on  the  outside,  it  is  running  too  fast,  while  if  it  breaks 
or  chips  on  the  cutting  edges,  the  feed  is  probably  too  heavy 
for  the  job.  A  little  careful  experimenting  in  this  way,  mak- 
ing changes  gradually  according  to  indications  which  are 
shown  after  working  for  some  time,  will  usually  result  in 
hitting  upon  a  combination  of  speed  and  feed  which  will  be 
the  means  of  securing  something  approaching  the  maximum 
possible  production.  It  will,  of  course,  be  obvious  that  to 
obtain  a  given  peripheral  cutting  speed,  the  number  of  revo- 
lutions per  minute  must  differ  according  to  the  size  of  the 
drill  which  is  being  used.  This  is  the  reason  for  running  very 
small  drills  at  extremely  high  speeds  in  order  to  have  them 
working  under   conditions  which   approximate   the   required 


Variable-speed  Drive  for  Drilling-  Machine 
Where  quick-change  chucks  are  used  to  facilitate  changing 
tools  for  the  performance  of  a  sequence  of  operations  on  a 
piece  of  work,  it  is  apparent  that  provision  must  be  made  for 
changing  the  spindle  speed  of  the  drilling  machine  for  differ- 
ent sizes  of  tools,  or  else  some  of  these  tools  will  have  to  be 
driven  below  the  most  efficient  speeds  for  such  sizes  of  drills, 
counterbores,  etc.  In  Fig.  1  is  shown  a  radial  drilling  ma- 
chine equipped  with  variable-speed  motor  drive  and  means  of 
automatically  changing  the  speed  so  that  approximately  the 
proper  speed  may  be  obtained  for  each  size  of  tool  that  is  used. 
The  machine  is  shown  at  work  in  the  shops  of  the  Universal 
Motor  Co.,  and  the  automatic  speed-changing  device  was  de- 
signed by  L.  J.  Monahan,  president  of  the  firm,  who  has  ap- 
plied for  a  patent  on  this  idea.  Referring  to  Fig.  2,  it  will  be 
seen  that  the  drilling  machine  is  equipped  with  one  of  the 
"Magic"  chucks  A  made  by  the  Modern  Tool  Co.,  and  the  col- 


lets B  which  enter  this 

TABLE  2.    DECIMAL  EQUIVALENTS  OF   NOMINAL  SIZES   OF  DRILLS  chuck    are    each    pro- 

vided with  a  pin  O 
which  extends  up 
through  the  chuck  body 
and  engages  the  bottom 
of  pin  D.  These  pins  C 
are  made  of  different 
lengths  and  automati- 
cally adjust  a  speed-con- 
trolling rheostat  E  to 
provide  for  regulating 
the  speed  of  motor  F 
to  give  the  proper  spin- 
dle speed  for  the  par- 
ticular size  of  drill  or 
other  tool  being  used. 
In  this  way  there  1%  as- 
surance of  each  tool  be- 
ing driven  at  its  most 
efficient  speed.  By  mak- 
ing the  speed  change 
automatically,  no  de- 
mand is  made  upon  the 
operator,  and  so  there 
is  no  loss  of  time  in 
speed  changing;  also 
the  "Magic"  chuck  en- 
ables tools  to  be  changed 
without  stopping  the 
rotation  of  the  drill- 
ing    machine     spindle. 

Critical  Drilling-  Speeds 

In    experimenting    to 
determine    the    number 
of  revolutions  per  min- 
ute at  which  a  drill  will 
have   the   greatest   pro- 
ductive   capacity,    some 
interesting    results    are 
secured.     Researches 
which  were  made  at  the  plant  of  Baker  Bros.,  with  the  view 
of  securing  data  required  in  connection  with  the  design  of 
their  drilling  machines,  showed  that  there  are  certain  critical 
speeds  at  which  a  twist  drill  will  have  a  satisfactory  rate  of 
production,  while  there  are  other  speeds — often  lying  between 
two  rates  of  speed  where  the  production  is  satisfactory — at 
which  the  drill  will  fail  to  give  anything  approaching  satis- 
factory results.     This  condition  is  clearly  shown  by  Fig.  3, 
which  Is  plotted  with  data  taken  from  the  original  tests  In 
the  Baker  Bros,  plant;   in  this  connection  the  reader's  atten- 
tion la  called  to  the  fart  that  these  Investigations  wore  made 
several  years  ago,  so  that,  while  the  condition  shown  by  this 
set  of  curves  Is  an  established  fact,  the  rates  of  speed  and 
feed  are  lower  than  would  bo  used  In  conducting  similar  tests 
at  the  present  time.    The  point  brought  out  by  this  diagram 
i.s  the  remarkable  Increase  In  production  which  can  be  secured 
by  increasing  the  speed.    The  curves  are  plotted  for  the  niaxl- 
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Machinery 

rutting  speed  for  the  material  that  is  being  machined.  For 
the  convenience  of  users  of  twist  drills  and  other  rotary  cut- 
ting tools,  tables  are  available  which  show  the  number  of  revo- 
lutions per  minute  at  which  a  given  size  of  drill  should  be 
run  In  order  to  obtain  the  required  cutting  speed.  In  Table  1 
It  will  be  seen  that  the  diameters  of  drills  are  given  in  the 
loft  hand  column,  while  peripheral  cutting  speeds  in  feet  per 
minute  are  noted  at  the  top  of  the  table.  By  Onding  the  In- 
tersection of  horizontal  and  vertical  lines  through  the  given 
drill  diameter  and  the  required  cutting  speed,  we  And  the 
number  of  revolutions  per  minute  at  which  the  drill  must  be 
run  In  order  to  obtain  this  speed.  Table  2  gives  the  decimal 
equivalents  of  nominal  sizes  of  drills,  and  will  be  found  useful 
when  calculating  the  peripheral  cutting  speed  of  drills  of  vari- 
ous sizes;  this  table  also  shows  the  relation  of  the  differ- 
ent sizes  of  drills,  which  are  designated  by  letters  and  num- 
bers, as  compared  to  the  fractional  sized  drills. 
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mum  feed  at  which  the  stock  was  successfully  drilled  without 
destroying  the  drill;  at  the  next  higher  feed  the  drill  would 
be  destroyed.  Curve  No.  2  shows  that  the  drill  would  give  a 
far  greater  production  without  failing  at  200  R.P.M.  than  it 
would  at  250  R.P.M.,  and  also  that  it  would  give  a  much 
greater  production  if  the  speed  were  still  further  increased 
to  400  R.P.M. 

This  is  of  particular  interest  in  connection  with  the  sugges- 
tions made  for  experimenting  to  determine  the  speed  at  which 
a  given  drilling  operation  may  be  performed  to  secure  the 
greatest  possible  output.  Should  it  happen  that  the  drilling 
machine  operator  has  reason  to  believe  that  the  speed  he  is 
using  is  too  low,  but  finds  that  a  moderate  increase  in  speed 
results  in  an  even  less  satisfactory  rate  of  production,  he  is 
justified  in  believing  that  if  the  speed  rate  of  penetration  were 
plotted  in  the  form  of  a  curve  shown  in  Fig.  3,  the  "speed- 
penetration"  curve  has  taken  one  of  those  peculiar  dips  ex- 
hibited in  this  illustration,  and  that  at  a  still  further  increase 
in  speed  will  probably  result  in  determining  a  rate  at  which 
the  desired  production  will  be  attained.  If  such  is  the  case. 
It  is  obvious  that  correction  of  the  original  cause  for  the  un- 
satisfactory rate  of  production  will  be  made  by  a  considerable 
increase  in  speed  and  not  by  making  a  reduction  in  speed, 
aa  might  be  Inferred  from  the  fact  that  advancing  a  little  from 
the  original  speed  at  which  production  was  unsatisfactory 
showed  that  even  less  desirable  results  were  being  obtained. 

Recently  a  well-known  manufacturing  establishment  had 
an  investigating  committee  working  for  over  two  years  on 
the  development  of  a  table  of  speeds  and  feeds  for  use  in  con- 
nection with  different  sizes  of  drills  working  in  various  ma- 
terials. The  result  of  this  investigation  is  presented  in  Tables 
3  and  4,  and  although  It  Is  not  claimed  that  the  data  presented 
can  be  followed  without  modification,  it  is  claimed  that  the 
thousands  of  tests  which  were  made  during  the  period  over 
which  these  data  were  secured  have  led  to  results  which  may 
safely  be  regarded  as  an  average  maximum  of  the  rate  of 
■peed  and  feed  under  which  a  drilling  machine  may  be  oper- 
ate<l.  These  tables  are  copyrighted  by  the  Henry  &  Wright 
Mfg.  Co.,  and  the  tests  were  made  on  a  special  drilling  ma- 
chine built  by  this  company. 

In  starting  to  work  on  a  new  Job  the  operator  of  the  drill- 
ing machine  will  use  the  speed  and  feed  shown  In  this  table, 
but  should  be  find  that  the  drill  shows  a  tendency  to  wear 
around  ItH  periphery  or  that  there  Is  a  considerable  amount 
of  chipping  along  the  cutting  edges  of  the  drill,  It  Indicates 
that  the  speed  or  feed  Is  too  heavy,  and  so  the  rei|ulrod  adjust- 
ment of  operating  conditions  must  bo  made.  In  the  plant 
whore  these  data  wore  obtained,  the  InvcBtlgatliig  commltteo 
reported  that  the  Installation  of  marhlnes  capable  of  nporatlng 
under  tlicso  conditions  of  speed  and  feed  would  roprcsmt  n 
»avlng  of  $30,000  a  year.  The  sp'-eds  ncommendid  arc  rather 
high,  and  If  twist  drills  arc  unable  to  stand  thoni,  the  drill 
maniifacturors  iihould  Ik)  notified,  on  it  la  claimed  that  any 
roflponiilblo  maker  can  fiirnlNli  Nultablo  drills  for  use  under 
iheno  conditions.  If  he  Is  requlroil  to  do  so.  The  rpoimIs  are 
also  too  high  for  mnchlnci  oiulppcd  with  plain  ImarlnK".  >>ui 
properly  conatrucl«d  machines  with  ball  boarlnRs  will  unslly 
■land  up  under  such  conditions  of  oporatlons. 


After  reading  the  preceding  suggestions  concerning  the  most 
efficient  speeds  and  feeds  at  which  drilling  operations  can  be 
performed,  the  reader  will  naturally  be  impressed  by  the  dif- 
ference in  these  recommendations,  and  noting  that  they  are 
made  by  men  who  have  equal  opportunities  of  determining 
the  required  information,  he  will  ask  himself  which  conditions 
are  likely  to  produce  the  best  results  in  his  own  shop.  The 
difference  in  these  recommendations  is  probably  due  to  the 
fact  that  there  are  so  many  variables  which  enter  into  the 
performance  of  drilling  operations  that  different  combinations 
of  variable  conditions  enable  the  most  satisfactory  results  to 
be  obtained  when  using  speeds  and  feeds  which  differ  sub- 
stantially. Regardless  of  the  reason,  it  is  a  matter  of  fact 
that  different  men  have  found  that  the  most  satisfactory  re- 
sults are  obtained  when  running  their  drilling  machines  under 
conditions  of  speed  and  feed  which  differ  substantially  when 
drilling  a  given  size  of  hole  in  the  same  material.  Such  being 
the  case,  the  best  advice  which  can  be  given  to  the  man  who 
is  trying  to  improve  conditions  in  his  drilling  department  is 
to  adopt  the  method  of  experimenting  with  trial  speeds  and 
feeds — adopting  those  trial  speeds  and  feeds  recommended  in 
the  preceding  discussion — until  he  has  found  the  conditions 
of  speed  and  feed  which  give  the  most  satisfactory  results  on 
his  work. 

Advantages  of  Drilling  at  High  Speed 

Machine  tool  builders  are  now  making  drilling  machines 
fully  equipped  with  ball  bearings  so  that  they  are  adapted  for 
operation  at  speeds  which  would  have  been  utterly  impossible 
of  attainment  a  few  years  ago.  For  instance,  the  Leland- 
Gifford  Co.  builds  a  machine  which  is  adapted  for  operation 
at  speeds  of  from  11,000  to  15,000  revolutions  per  minute,  and 
the  same  speeds  are  recommended  for  use  on  a  bench  drilling 
machine  recently  brought  out  by  the  Fenn  Mfg.  Co.  Other 
machinery  builders  are  making  high-speed  drilling  machines. 
Driving  twist  drills  at  such  speeds  means  that  the  drilling 
operation  is  practically  instantaneous;  in  fact,  the  speed  at 
which  holes  may  be  drilled  is  often  equal,  if  not  in  excess,  of 
the  speed  at  which  the  same  work  could  be  done  on  a  power 
press.  It  is  this  constant  increase  in  the  speed  of  drilling, 
with  the  constant  reduction  of  the  ratio  between  "drilling 
time"  and  "setting-up  time,"  which  has  emphasized  the  fact 
that,  in  order  to  approach  the  maximum  rate  of  production, 
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TABLE  3.    SPEEDS  AND  FEEDS  FOR  HIGH-SPEED  DRILLS 
WORKING  IN  VARIOUS  METALS 
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the  user  of  high-speed  drilling  machines  must  design  his  work- 
holding  fixtures  in  such  a  way  that  work  may  either  be  set 
up  in  indexing  fixtures  while  the  drilling  operation  is  being 
performed,  or,  it  this  is  not  feasible,  the  clamping  devices  on 
fixtures  must  be  so  constructed  that  a  minimum  amount  of 
time  is  consumed  in  securing  the  work  in  place  ready  to  be 
drilled. 

Several  important  advantages  are  secured  through  drilling 
at  high  speed,  and  this  is  particularly  the  case  with  small 
sized  drills,  which  are  likely  to  break,  and  also  with  high- 
speed steel  drills.  The  reasons  for  this  are  as  follows:  In  the 
case  of  small  drills  operated  in  sensitive  drilling  machines 
equipped  with  hand  feed,  running  the  drill  at  high  speed 
makes  it  improbable  that  the  operator  will  impose  an  ex- 
cessive feed  on  the  drill,  because,  in  the  case  of  a  drill  which 
is  running  at  from  10,000  to  15.000  revolutions  per  minute, 
it  would  be  necessary  to- pull  the  feed  lever  down  extremely 
fast  in  order  that  the  feed  for  any  one  revolution  of  the  drill 
would  be  sufficient  to  impose  a  stress  in  the  steel  which  would 
be  in  excess  of  the  maximum  that  the  strength  of  the  drill  is 
capable  of  withstanding.  A  further  explanation  for  the  in- 
creased strength  of  a  drill  when  running  at  high  speed  is  that 
where  an  excessive  amount  of  feed  pressure  tends  to  bend  the 
drill  slightly  when  running  at  high  speed,  the  length  of  time 
that  any  set  of  fibers  in  the  drill  is  subjected  to  stress  is  so 
short  that  the  danger  of  breaking  may  be  less  than  if  the 
load  remains  on  such  fibers  for  a  greater  length  of  time.  This 
Is,  of  course,  a  moot  question  and  is  advanced  in  the  form  of 
a  hypothesis  rather  than  a  statement  of  fact;  in  any  case, 
the  question  is  an  interesting  one. 


SPEEDS  AND  FEEDS  FOR  CARBON  STEEL  DRILLS 
WORKING   IN    VARIOUS  METALS 
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With  high-speed  steel  drills,  there  Is  an  increase  in  strength 
and  durability  when  running  at  high  speed  which  can  be  ex- 
plained in  a  more  definite  way.  At  a  speed  of,  say,  10,000 
R.P.M.,  the  frictional  resistance  and  tendency  for  the  drill 
to  become  heated  is  far  more  pronounced  than  where  the  drill 
is  being  operated  at,  say,  350  R.P.M.  It  is  a  well-known  fact 
that  many  classes  of  high-speed  steel  are  tough  and  hard  even 
at  temperatures  corresponding  to  a  dull  red  heat;  conversely, 
such  steels  are  inclined  to  be  quite  brittle  at  low  temperatures. 
As  a  result,  *he  increase  in  frictional  resistance  resulting  from 
the  operation  of  a  high-speed  steel  drill  at  the  higher  speed 
results  in  increasing  its  temperature,  with  a  corresponding 
improvement  in  the  toughness  and  hardness  of  the  steel.  Con- 
sequently it  is  obvious  that  a  high-speed  steel  drill  should  give 
better  results  when  working  at  speeds  which  cause  it  to  be- 
come heated  slightly  while  in  operation. 

This  naturally  leads  to  two  points  which  should  be  observed 
in  caring  for  high-speed  steel  drills  in  order  to  enable  them 
to  give  the  best  possible  results.  In  cold  weather  It  will  be 
found  advantageous  to  warm  the  drills  slightly  before  they 
are  placed  in  service.    Such  an  increase  in  temperature  will 
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be  the  means  of  taking  much  of  the  hrittleness  out  of  the 
metal,  thus  avoiding  danger  of  the  drill  breaking  before  it  has 
had  time  to  become  warmed  up  through  frictional  resistance 
between  the  tool  and  work  which  is  being  drilled.  Another 
point  which  is  sufficiently  important  to  merit  careful  considera- 
tion is  that  some  makes  of  high-speed  steel  are  likely  to  bo 
damaged  if  suddenly  quenched  in  cold  water.  In  grinding  a 
drill,  some  operators  will  phinge  the  point  into  water,  and 
when  this  Is  done  there  is  danger  of  introducing  cracks  in 
the  cutting  edge;  these  may  not  bo  of  sufTlcient  magnitude  to 
show  to  the  naked  eye,  but  when  the  drill  Is  put  to  work 
trouble  Is  likely  to  be  experienced  at  once  through  the  chip- 
ping away  of  steel  along  the  lips  of  the  drill. 

Investlifatlon  of  Feed  Pressure  Required  (or  DrllllnHr 
In  Fig.  4  there  Is  shown  a  special  drilling  machine  which 
was  built  for  use  In  the  laboratory  of  the  Standard  Tool  Co. 
for  conducting  oxperlnionlal  work  on  twist  drills.  It  will  bo 
seen  that  this  ninclilno  Is  symmetrically  designed  on  both  sides 
of  nn  axis  corresponding  to  the  axis  of  the  twist   drill   which 
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Is  being  tested,  this  arrangement  tending  to  equalize  all 
stresses  that  are  set  up  in  the  frame  of  the  machine  and  to 
cause  the  thrust  of  the  drill  to  be  vertically  downward.  In 
the  case  of  an  ordinary  drilling  machine  with  the  overhanging 
type  of  frame,  there  is  a  cantilever  action  which  causes  the 
thrust  of  the  drill  to  be  separated  into  two  components.  On 
this  special  drilling  machine  shown  in  Fig.  4,  the  bedplate 
which  supports  the  work  rests  on  a  12-inch  piston,  which  is 
ground  to  a  sliding  fit  in  a  cylinder  filled  with  oil.  Arms  and 
counterweights  attached  to  each  side  of  the  piston'compensate 
for  the  total  weight  of  the  piston  and  bedplate,  so  that  gages 
connected  to  the  oil  cylinder  indicate  the  pressure  actually 
applied  by  the  drill,  the  gages  being  calibrated  to  indicate  the 
total  pressure  on  the  12-inch  ram.  Two  gages  are  used,  one 
of  which  reads  up  to  3000  pounds,  while  the  other  reads  up 
to  15  tons. 

The  spindle  and  feed  mechanisms  are  driven  by  two  inde- 
pendent electric  motors.  For  driving  the  spindle,  the  motor  is 
mounted  at  the  top  of  the  machine  with  the  armature  shaft 
in  a  vertical  position,  so  that  it  may  be  direct-connected  to 
the  spindle  of  the  drilling  machine.  The  feed  mechanism  is 
driven  by  a  motor  located  at  the  right-hand  side  of  the  ma- 
chine, and  this  motor  is  connected  to  the  feed  through  a  sys- 
tem of  worm-gears  and  a  rack  and  pinion.  An  indicating  watt- 
meter in  each  circuit  shows  the  power  consumption,  and  each 
motor  is  furnished  with  an  independent  rheostat  by  which 
variations  in  speed  are  effected.  The  speeds  of  the  motors 
that  drive  the  spindle  and  feed  mechanism  are  indicated  by 
two  Warner  tachometers,  and  a  chart  has  been  developed  to 
give  the  rate  of  feed  for  different  speeds  of  the  motor  that 
drives  the  feed  mechanism. 

A  series  of  tests  was  conducted  on  this  machine  by  Paul 
Bedell  Starr  and  John  Millard  Marsh  to  secure  data  for  a 
thesis  presented  at  the  time  these  men  took  the  degree  of 
Bachelor  of  Science  in  mechanical  engineering  at  the  Case 
School  of  Applied  Science.  The  object  of  this  investigation 
was  principally  to  determine  the  feed  pressure  required  to 
drive  different  sizes  of  drills  under  various  conditions  of 
speed  and  feed.  That  very  little  reliable  data  were  available 
on  this  subject  was  shown  by  the  fact  that,  when  the  special 
drilling  machine  was  first  built  by  a  firm  of  wide  experience 
in  the  design  and  construction  of  equipment  of  this  type,  a 
pressure  gage  reading  up  to  3000  pounds  was  provided.  At 
the  first  test,  using  a  1-inch  drill  at  a  normal  rate  of  feed,  the 
range  of  this  gage  was  shown  to  be  entirely  inadequate,  and 
80  a  gage  reading  up  to  15  tons  was  substituted,  which  proved 
suitable  for  the  service  required  of  it,  this  difference  in  gages 
showing  conclusively  that  the  knowledge  concerning  the  mag- 
nitude of  feed  pressures  was  not  at  all  definite. 

Five  series  of  tests  were  conducted  under  the  following  con- 
ditions: On  the  first  series,  the  clearance  angle  of  the  drills 
used  was  less  than  the  standard  12-degree  clearance  adopted 
by  the  Standard  Tool  Co.,  which  furnished  the  twist  drills 
used  In  making  this  investigation.  On  the  second  series,  the 
clearance  angle  was  greater  than  the  standard  12  degrees.  On 
the  third  series,  the  drills  used  were  standard  in  every  respect. 
On  the  fourth  series,  the  web  thickness  of  the  drills  was  10 
per  cent  under  standard,  and  thinned  In  accordance  with  the 
practice  of  the  Standard  Tool  Co.  On  the  fifth  nerles,  the  web 
thickness  was  10  per  cent  above  standard.  The  first  series 
of  tests,  with  the  clearance  angle  less  than  the  standard  of 
12  degrees,  showed  that  an  excessive  amount  of  feed  pressure 
was  r';'iulrcd  to  operate  a  drill  ground  in  this  way,  such  a 
result  being  enllrely  expected,  because  the  cutting  edges  arc 
not  given  free  play.  In  the  second  and  third  scries  itt  tests, 
where  the  clearance  angle  was  greater  than  lln!  standard  of 
12  degrees,  and  where  all  dimensions  of  the  drills  were  stand- 
ard, practically  the  same  results  were  obtained  as  regarils 
ti'«i\  prcMHuru,  which  Indicated  that  no  particular  advantage 
wns  olitalnml  by  Increasing  tin!  cleurnnro  siikIc  beyond  12  dc- 
ltre«'s  It  will  also  be  niallcd  that  such  an  Increase  rosulls 
In  wflakenlng  Iho  culling  edges  of  the  drill  and  Introducing  ii 
tendency  for  them  to  bo  damaged  by  chipping. 

In  the  fourth  Mrles  of  tests,  where  the  wob  thickness  was 
reduced  10  per  ccnl.  there  wns  a  noticeable  docruaso  In  feed 
pressure,   which   Indicates  lliiil    ndvanljiges  are  Id  bo  sucureil 


through  thinning  the  point  of  the  drill,  provided  this  work 
is  carefully  done,  so  that  there  is  no  danger  of  weakening  the 
drill  sufficiently  to  cause  it  to  split  up  the  center.  For  the 
fifth  series  of  tests,  where  the  web  thickness  was  greater  than 
standard,  the  results  obtained  were  not  entirely  satisfactory, 
but,  under  these  conditions  of  operation,  it  is  fairly  safe  to 
assume  that  an  increase  in  feed  pressure  would  be  the  result. 
The  data  secured  from  these  tests  must  be  regarded  more  in 
the  light  of  indications  of  probable  results  from  varying  con- 
ditions of  operation  than  as  statements  of  fact  concerning 
results  actually  discovered,  because  lack  of  time  made  it  im- 
possible for  Mr.  Starr  and  Mr.  Marsh  to  carry  their  investiga- 
tions far  enough  to  secure  average  results;  and  average  re- 
sults are  particularly  important  in  the  case  of  drilling  tests, 
because  of  the  numerous  variations  which  may  affect  results. 

Power  Required  to  Drive  Drilling-  Machines 

The  Detroit  Twist  Drill  Co.  states  that  the  efficiency  of  most 
drilling  machines  is  from  10  to  20  per  cent,  i.e.,  there  is  seldom 
over  one-fifth  of  the  power  used  to  drive  a  drilling  machine 
which  is  transmitted  to  the  drill  point.  It  frequently  happens 
that  very  little  care  is  taken  to  see  that  drilling  machine  bear- 
ings are  properly  aligned  and  lubricated,  and  this  is  especially 
true  in  the  case  of  ball  thrust  bearings,  which  must  be  kept 
in  good  working  condition  in  order  to  be  effective  in  helping 
the  machine  to  give  the  maximum  possible  service.  Attention 
to  the  upkeep  of  machine  bearings  is  exceptionally  important 
in  the  case  of  drilling  machines  operated  at  excessively  high 
speed. 

Coolants  and  Lubricants  Used  for  Drilling- 

For  drilling  operations,  satisfactory  results  can  usually  be 
obtained  through  the  use  of  one  of  the  soluble  oil  coolants,  for 
all  classes  of  work  where  the  length  of  chips  produced  is  not 
very  great;  but  in  cases  where  long  chips  are  formed,  there 
is  a  rubbing  action  produced  by  the  chips  sliding  over  the  lips 
of  the  drill,  which  produces  a  condition  analogous  to  that  of  a 
machine  bearing,  thus  making  it  necessary  to  apply  a  fluid 
which  serves  the  combined  purpose  of  lubricant  and  coolant. 
The  following  is  an  outline  of  lubricants  and  coolants  recom- 
mended for  drilling  operations  in  various  classes  of  material, 
and  the  lubricants  used  are  recommended  in  the  order  in 
which  they  are  named.  In  this  list  "cutting  compound"  re- 
fers to  any  satisfactory  brand  of  soluble  oil  mixed  with  water, 
in  accordance  with  the  manufacturer's  instructions;  and  "min- 
eral lard  oil"  is  a  mixture  of  lard  oil  and  light  petroleum  oil. 
The  proportions  of  this  mixture  vary  according  to  the  work, 
but  one  part  of  lard  oil  to  two  parts  of  petroleum  gives  a 
mixture  that  is  well  suited  to  the  requirements  of  many  aver- 
age drilling  operations.  For  drilling  high-carbon  or  alloy  steel, 
use  mineral  lard  oil  or  turpentine;  low-carbon  steel,  mineral 
lard  oil  or  cutting  compound;  cast  iron,  dry  or  compressed 
air;  wrought  iron,  cutting  compound  or  mineral  lard  oil; 
malleable  iron,  cutting  compound;  brass,  dry;  bronze,  cutting 
compound  or  dry;  copper,  mineral  lard  oil;  aluminum,  kero- 
sene, beeswax,  or  tallow;  nionel  metal,  cutting  compound;  and  . 
glass,  solution  of  camplinr  In  tnrpontino. 
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'I'lic  (lueni-lilng  of  a  piece  of  steel  Is  most  important.  The 
qui'iii-liliig  ll<iuld  should  cool  llic  i)lo('o  readily  witlioiit  being 
so  harsh  as  to  cause  a  rupture  of  the  fibers.  When  hot  steel 
Is  continually  dumped  into  a  tank  of  oil,  the  lighter  and  vola- 
tile oils  arc  evaporated  and  (Inally  only  the  hciivlor  oll.s  will 
be  loft.  When  the  oil  becomes  thick.  It  will  not  lake  the 
iieat  away  from  the  steel  rapidly;  consciiuently  the  stool  will 
be  soft  and  will  not  show  the  maximum  jihyslcal  properties. 
To  obtain  Hiich  results,  the  quoMcliIng  ll(|uld  should  be  of  .'i 
constant  spet'lfic  gravity  and  maintjilned  at  ii  leni|ieraturo  of 
70  to  90  degrees,  but  the  exact  temperature  nt  whicli  llio  bath 
Is  maintained  does  not  matter  so  much  -If  It  Is  alwiiys  tlio 
Humo.  To  Insiiro  the  best  results  In  manufacturing,  Ihn  bath 
slinuld  always  bo  maintained  at  n  certain  speclHc  gravity  and 
at  Bonio  certain  tcmporaturo. — PiorrnUiign  of  SIrcl  Treating 
ItrHiiirrh  Hoclrty  of  Drtralt 
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SHIP  RIVETING  —  DIFFERENT  TYPES  OF  PNEUMATIC  RIVETING  TOOLS  AND  MACHINES. 
THEIR  USE.   ABUSE.  MAINTENANCE  AND  REPAIR 


THE  pressing  importance  to  the  country,  at  the  present 
time,  of  the  machines  classed  as  "pneumatic  tools,"  and 
the  necessity  for  developing  to  the  greatest  degree  their 
efficient  use,  may  be  realized  from  a  consideration  of  these 
facts:  Authorities  agree  that  the  greatest  immediate  need  of 
the  war  is  more  ships.  A  ship  may  require  a  million  or  more 
rivets  to  fasten  together  the  plates  and  frames.  In  some  ship- 
yards it  is  the  practice  to  ream  each  hole  after  the  work  is  as- 
sembled, both  to  remove  the  material  stressed  by  the  punching 
operation  and  to  align  the  holes,  avoiding  later  troubles  in 
inserting  the  hot  rivets.  Thousands  of  these  holes  are  so  lo- 
cated that  it  is  found  more  convenient  to  drill  them  after  the 
•work  is  assembled  than  to  lay  them  out  for  punching  previ- 
ous to  assembling.  The  edges  of  all  of  the  thousands  of  plates 
comprising  the  shell,  bulkheads  and  tanks  of  the  ship — all  the 
water-tight  joints — must  be  cut  to  a  smooth  edge  and  calked 
to  make  a  water-tight  joint.  Under  our  present  conditions, 
almost  all  of  this  work  in  all  the  thousands  of  ships  planned 
and  under  construction  will  be  done  with  pneumatic  tools. 
One  of  the  new  yards  fitting  up  to  employ  34,000  men  is 
reported  to  have  placed  a  single  order  tor  6000  pneumatic  ma- 
chines, including  riveting  and  chipping  hammers,  drilling  ma- 
chines, etc.  Several  great  yards,  employing  thousands  of  men 
on  ship  repair  work,  also  make  extensive  use  of  these  tools. 
For  instance,  one  of  the  eastern  yards  employing  1500  men 
has  an  equipment  of  200  air  machines  of  various  kinds,  about 
50  per  cent  of  which  are  in  more  or  less  constant  use.  About 
all  the  men  skilled  in  the  use  of  these  machines  which  the 
country  can  supply  are  employed,  and  many  who  in  less  busy 
times  would  rank  as  helpers  are  now  drawing  pay  as  skilled 
men.  The  additional  thousands  required  to  man  the  new 
yards  and  the  proposed  extensions  to  the  old  ones  must  be 
made  out  of  raw  material.  Just  how  raw  this  material  may 
be  ran  be  realized  only  by  one  who  has  had  some  experience 
In^the  "making"  process.  It  Is  much  easier,  however,  to  teach 
a  man  to  do  this  kind  of  work  with  a  machine  than  to  teach 
him  to  do  it  by  the  old  hand  mctho<l8. 

The  numerous  riveted  Joints  necessary  In  ship-work  add 
hundreds  of  tons  to  the  weight  of  the  ship,  due  to  the  over- 
lapping plates,  liners,  nilers,  butt-straps,  etc.  The  way  In 
which  the  riveting  process  Impresses  the  uninformed  observer 
was  voiced  by  a  fair  Vaasar  graduate  who  vlallcd   the  ship- 
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yard.  After  seeing  the  rivet  driving,  she  was  asked  what  she 
thought  of  it:  "It  seems  so  foolish,"  she  said,  "to  make  all 
those  little  holes  and  then  fill  them  up  again." 

Considerable  attention  has  been  given  to  possible  ways  and 
means  of  avoiding  this  extra  labor,  but  not  much  progress 
has  been  made.  The  plates  have  been  made  larger,  thus  re- 
ducing the  number  of  joints.  A  system  of  "jogging"  or  off- 
setting the  ends  of  the  plates  so  that  a  joint  may  be  made 
without  filling  pieces  is  quite  extensively  used,  but  no  general 
substitute  for  rivets  on  ship-work  is  yet  in  sight. 

Spot-welding  and  continuous  welding  of  joints  has  been  de- 
veloped to  a  degree  where  it  is  practical  for  light  work,  and 
even  under  some  conditions  for  heavy  work,  but  up  to  date 
it  has  not  been  considered  practical  to  apply  any  of  these 
welding  processes  to  the  extensive  joining  of  heavy  plates. 

Riveting  Requirements  and  General  Methods  of  Driving-  Rivets 
The  requirements  necessary  to  produce  good  tight  rivets 
are  as  follows:  The  holes  must  be  practically  in  line;  the 
plates  must  be  well  bolted  together;  the  rivet  heads  must  be 
up  against  the  plate;  the  rivet  necks  must  fill  the  hole;  the 
rivets  must  be  hot  enough  to  expand  and  fill  the  hole  the 
entire  length  when  driven;  the  holding-on  device  must  hold 
the  rivet  firmly  in  place;  the  riveting  machine  must  have  suf- 
ficient power  to  form  the  rivet  before  it  gets  too  cold  to  fill 
the  hole.  A  rivet  which  is  loose  in  the  hole  may  be  calked  up 
so  that  it  will  pass  the  inspectors'  testing  hammer,  but  such  a 
rivet  will  not  hold  its  estimated  load  under  a  breaking  strain, 
and  any  large  percentage  of  such  rivets  would  lower  the  effi- 
ciency of  the  joint  to  the  danger  point. 

Referring  especially  to  ship-work,  there  are  two  differ- 
ent ways  of  driving  rivets:  one  is  the  one-man  machine 
method,  and  the  other  Is  the  two-man  "hand-gang"  method 
using  hand-hammers.  Driving  rivets  by  hand  is  a  business 
that  requires  some  natural  aptitude  and  training,  extending 
over  considerable  time  and  demanding  much  experience.  A 
hand-gang  Is.  therefore,  likely  to  have  had  more  experience 
and  be  more  skilled  In  the  business  than  the  machine  man. 
This  Is  partly  the  reason  why  hand-driven  rivets  have  In  the 
past  had  a  better  reputation  than  machine-driven  rivets. 
Given  a  husky  machine  man  who  knows  the  business.  In  com- 
bination with  a  good  machine,  proper  air-pressure,  a  heater 
who  will   "get  'em  hot."  and  a  holder-on  who  will  "get  the 
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Tig.   1.     Long-stroke  Riveting  Hammers  made  by  Independent  Pneumatic 
Tool  Co.  driving  7/8-inch  "Flush"  Bivets  in  Engine-room  Bulkheads 

beads  up,"  and  the  machine  man  will  do  more  work  than  the 
hand-gang  and  it  will  be  equally  good.  There  are  many  places 
where  it  is  not  convenient  to  pipe  the  air  to  the  job,  or  to  rig 
up  for  a  few  rivets.  In  these  places  hand  work  is  more 
economical. 

In  our  present  emergency,  hand  work  is  out  of  the  ques- 
tion, for  the  supply  of  skilled  workers  is  very  limited;  there- 
fore, broadly  speaking,  all  of  our  new  ships  are  likely  to  be 
machine  riveted.  The  "long-stroke"  air  hammer  is  the  type 
adapted  to  the  general  run  of  riveting.  Driving  rivets  with 
one  of  these  hammers  is  a  strenuous  occupation  and  calls  for 
a  strong  man  hardened  by  experience.  The  hammer  weighs 
about  25  pounds  and  contains  a  solid  steel  plunger  1  1/16  inch 
by  2  1/2  Inches,  which  makes  600  or  800  strokes  per  minute. 
The  length  of  the  stroke  varies  for  different  hammers,  and 
may  be  6,  8,  9  or  11  inches.  The  vibration  added  to  the 
weight  increases  the  difficulty  of  holding  and  controlling  the 
machine.  In  driving  cone-head  or  button-head  rivets,  the  head 
of  the  rivet  helps  to  hold  the  machine  in  place  while  the  rivet 
is  being  beaded.  In  the  "flush  riveting"  such  as  is  required 
on  the  outside  shell  of  a  ship,  the  machine  must  be  guided  and 
controlled  without  this  assistance  from  the  rivet  bead,  which 
Is  flattened  until  It  is  either  flush  with  the  surface  of  the  plate 
or  slightly  convex. 

Appliances  of  various  kinds  have  been  made  to  hold  the 
machine  In  position  and  to  relieve  the  operator  of  the  weight 
and  vibration.  Generally  speaking,  they  are  not  much  used, 
an  the  men  will  not  take  the  trouble  to  rig  them  up.  Under 
present  conditions,  where  many  Inexperienced  men  must  be 
taught  to  drive  shell  rivets  (the  rivets  in  the  outer  shell  whii-h 
reciulro  a  flush  head).  It  Is  probable  that  Interest  In  these 
devices  will  be  revived  and  Improvements  made. 

Wherever  cone-head  or  button-head  rivets  are  to  be  driven 
and  a  convenient  backing  Is  available,  the  so-called  "Jam- 
hammers"  may  be  used  to  advantage.  These  consist  of  a  rivet- 
ing hammer  telescoping  In  an  air  cylinder  In  such  a  way  that 
the  hammer  Is  thrust  out  nKalnst  the  rlvcl,  Ihe  ImckinK  taking 
all  the  weight  and  vibration.  Many  records  for  fast  work 
have  been  cstahllHhed  with  IhcMe  machlncH.  The  work  Is 
likely  to  be  uniformly  good,  on  they  slrlko  a  harder  blow  than 
the  pneumatic  hammers  which  are  held  by  hand.  TheRO  ma- 
chines may  be  opposed  by  the  n^gular  holdlng-on  machinnN, 
or  one  Jam  haniim-r  niny  be  uhciI  In  work  ngaliiHt  another.  If 
this  Is  done,  an  extra  heavy  dio  should  !»•  used  In  the  holdlng- 
on  machine.  The  foreman  should  keep  In  mind  that  wherever 
the  weight  and   vibration  of  the  machine  can   he   taken   by 


some  mechanical  device,  the  operator  is  relieved  of  the  hardest 
part  of  the  work,  and,  other  things  being  equal,  more  work 
should  be  done. 

Under  the  system  being  adopted  for  the  construction  of  our 
new  ships,  certain  assembled  units  are  being  fabricated  in 
inland  shops  and  assembled  in  the  shipyards.  This  makes  it 
possible  for  some  of  the  riveting  to  be  done  by  the  shop  ma- 
chines, the  use  of  which  has  heretofore  been  confined  princi- 
pally to  boiler  and  structural  work. 

Pressure  Riveting  Machines 

Where  a  sufficiently  strong  backing  may  be  obtained  behind 
the  rivet,  the  best  possible  kind  of  work  may  be  secured  by 
steady  pressure.  Generally  speaking,  there  are  two  kinds  of 
machines  used  for  this  purpose;  one  comprises  a  yoke  and  a 
.single  cylinder  and  piston  operated  by  direct  hydraulic  pres- 
sure, and  the  other  is  a  pneumatic  machine,  consisting  of  a 
yoke  and  a  cylinder  containing  a  piston  operated  by  air  pres- 
sure. The  pressure  necessary  for  riveting  is  obtained  by  a 
system  of  toggles  or  levers. 

To  form  a  good  rivet  of  the  ordinary  sizes  (3/4  to  1  inch), 
about  60  tons  pressure  is  required,  but  the  full  pressure  of  the 
machine,  which  may  amount  to  100  tons  or  more,  is  usually 
applied  to  all  the  larger  sizes  indiscriminately.  The  yoke 
which  carries  the  holding-on  die  must  be  sufficiently  strong 
to  withstand  this  pressure.  If  the  depth  of  the  yoke  is  suffi- 
cient to  take  in  wide  plates,  the  weight  becomes  so  great 
that  the  machine  is  made  stationary  and  the  work  is  carried 
to  the  machine.  Up  to  a  20-inch  or  30-inch  gap,  it  is  within 
limits  to  carry  the  machine  to  the  work. 

Very  fast  and  satisfactory  work  can  be  done  with  these 
machines,  but  their  use  is  limited  to  such  work  as  can  be 
spanned  by  the  yoke,  or  such  work  as  can  be  economically 
lifted  and  moved  to  position  by  the  crane.  A  light  yoke  riveter 
of  comparatively  deep  gap  may  be  equipped  with  a  heavy 
"jam-hammer"  on  one  end  and  a  holding  die  on  the  other,  and 
drive  the  rivet  by  a  great  number  of  rapid  blows  rather  than 
a  single  application  of  heavy  pressure.  This  type  has  the 
advantage  of  lightness  as  compared  with  the  pressure  riveters, 
but  is  not  quite  as  rapid  and  does  not  insure  that  the  work 
will  be  pressed  solidly  together  as  does  the  pressure  system. 
The  ultimate  strength  of  a  joint  riveted  by  heavy  pressure  is 
no  greater  than  that  of  one  riveted  by  hand  or  by  an  air 
hammer,  but  the  pressure-riveted  joint  will  stand  a  much 
greater  strain  before  visible  "slip"  or  yield  occurs.  Some  of 
the  pressure  riveters  are  also  arranged  to  be  used  for  punch- 
ing holes  in  plates.  The  rivet-forming  dies  are  simply  re- 
placed with  a  punch  and  die. 

For  doing  speedy  work  with  these  machines,  it  must  be  re- 
membered that  the  time  actually  required  to  drive  the  rivets 
is  small,  and  that  the  delays  occur  in  getting  the  rivets  In 
the  holes  or  shifting  the  machine;  therefore,  care  should  be 
taken  to  have  every  convenience  provided  to  facilitate  these 
operations. 

Importance  of  Care  In  Lnylntr  Out  Rivet  Holes 

Each  shop  has  its  own  system  of  laying  out  the  holes.  While 
the  general  method  is  about  the  same,  some  concerns  have 
adopted  and  developed  refinements  not  used  by  the  others. 
As  a  result,  the  work  turned  out  by  some  shops  can  bo  erected 
with  the  minimum  amount  of  trouble,  while  others  have  a 
good  deal  of  unne<'e8sary  reaming  and  ))innlng  to  do  to  bring 
I  lie  holes  of  adjacent  parts  into  alignment.  A  little  careless 
work  In  laying  out  or  punching  the  holes  or  In  making  the 
templets  la  paid  for  ten  times  over  In  erecting.  Under  the 
system  of  ship  construf'tlon  now  being  adopted,  of  fabricating 
sniall  units  In  various  widely  scattercil  shops,  ondU'ss  trouble 
would  be  experienced  by  the  erecting  yards  If  the  greatest 
care  were  not  observed  In  laying  out  the  holes. 

Hultnble  RIveU 

It  Mliould  he  the  duty  of  tho  foreman  to  see  that  rivets  of 
Ilic  right  IctiKtli  for  the  plalcH,  ln|)H,  and  friinicH  are  avail- 
olile  and  convcnii'iil  for  the  licntcrH,  H"  that  no  time  will  bo 
lost  in  hunting  them  aflcr  the  wurk  Is  slurled.  "Swell  iieckod" 
rlvnlH  arc  HometlmeH  uhciI  wIhtc  trinihic  Is  experienced  In  flit- 
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ing  the  holes  on  the  head  side.  When  these  are  used,  care 
must  be  taken  to  get  the  heads  up  against  the  plate  before 
riveting.  Usually  they  are  driven  home  with  a  heavy  hammer 
before  "holding-on." 

Heating  Rivets 

Various  methods  of  heating  the  rivets  are  employed,  depend- 
ing on  the  conditions.  The  foreman  should  make  it  a  point  to 
be  certain  that  the  rivets  are  being  heated  as  fast  as  they  can 
be  used;  if  they  are  not,  he  should  revise  his  method  of  heat- 
ing. The  common  hand-forge  serves  the  purpose  where  the 
speed  of  the  w^ork  is  limited  for  some  reason,  or  if  there  are 
frequent  delays.  A  "fire-pot"  using  hard  coal  or  coke  and  fur- 
nished with  an  air  blast  from  the  compressed  air  hose  is  quite 
a  satisfactory  device  for  heating  rivets  rapidly,  but  the  rivets 
may  be  burned  if  there  are  frequent  delays  and  care  is  not 
used  in  regulating  the  fire.  The  gas  or  oil  furnace  is  adapted 
to  conditions  where  a  great  many  rivets  are  used.  The  heat- 
ing furnace  should  be  set  up  where  it  will  be  convenient  to 
the  job.  If  ventilation  or  other  conditions  make  this  impos- 
sible, convenient  arrangements  to  pass  the  rivets  should  be 
provided.  Oftentimes  a  length  of  2-inch  pipe  makes  a  good 
tube  through  which  the  rivets  may  be  dropped  by  the  heater 
and  guided  to  the  holder-on,  lower  down  in  the  ship.  A  fore- 
man who  is  interested  in  the  work  will  see  that  such  con- 
veniences are  supplied. 

Boltiner  Up  Plates  before  Riveting: 

The  work  should  not  be  turned  over  to  the  riveters  until 
it  has  passed  a  careful  inspection  to  insure  that  it  is  properly 
bolted  up.  The  plates  must  be  in  absolute  contact;  otherwise 
the  rivets  will  not  be  tight.  The  bolts  should  be  so  arranged 
that  the  riveter  can  remove  them  with  the  minimum  amount 
of  trouble  and  delay.  The  time  of  a  bolting-up  gang  is  worth 
less  per  hour  than  that  of  a  riveting  gang,  and  it  is,  therefore, 
economy  to  have  them  do  as  large  a  share  of  this  work  as 
possible.  If  the  bolts  are  too  long,  or  put  in  without  washers, 
the  riveter  is  delayed  while  he  unscrews  the  nut  a  dozen  un- 
necessary turns. 

If  the  yard  economizes  by  using  old  bolts  with  bad  threads, 
the  riveter  may  have  to  use  a  wrench  to  unscrew  the  nut  the 
entire  length  of  the  bolt.  Where  the  thread  is  right,  the  nut, 
once  loosened,  can  easily  be  taken  off  with  the  fingers.  Some- 
times, in  drawing  up  the  work,  the  plates  shift  and  bind  the 
bolts  in  the  holes.  In  such  cases,  the  bolting-up  gang  should 
remove  the  bolt  and  shift  it  to  an  adjacent  hole,  either  ream- 
ing or  pinning  the  bad  hole  until  a  rivet  will  enter.  Otherwise 
the  job  will  have  to  be  done  by  the  riveter. 

Where  soft  packing  is  used  between  plates,  the  greatest  care 
must  be  taken  to  have  the  work  tightly  bolted  together.  Extra 
bolts  should  be  used  and  they  should  all  be  gone  over  several 
times,  drawing  down  one  after  another  until  all  the  yield  is 
taken  out  of  the  packing.  Otherwise  the  heat  and  drawing 
effect  of  the  rivets  will  loosen  the  whole  joint.  The  bolting-up 
gang  should  make  free  use  of  the  heavy  sledge  hammer  and 
test  the  joints  with  a  thin  blade  to  make  sure  there  is  no 
open  space  between  the  plates.  When  the  bolting-up  is  prop- 
erly done,  the  riveter  should  be  able  to  take  out  the  bolts  with- 
out delay  and  get  the  rivets  through  the  holes  without  trouble. 
Also  the  driving  of  one  rivet  should  not  loosen  any  of  the 
rivets  previously  driven.  All  liners  and  fillers  should  be  in 
place  before  the  riveting  is  started.  Going  back  to  drive  a 
half  dozen  rivets  in  a  liner  which  was  not  ready  means  an 
extra  shipping  of  both  the  riveting  and  holding-on  equipment, 
and  will  probably  coHt  as  much  as  100  rivets  driven  in  the 
ordinary  way. 

Advantagrea  of  Reaming  Holes  before  Rlvetlntr 

When  holes  are  punched  In  heavy  steel  plates,  the  metal  sur 
rounding  the  hole  is  stressed  and  cracked  until  Us  condition 
somewhat  resembles  a  bullet  hole  In  a  pane  of  glass.  I'nder 
heavy  strain,  these  minute  cracks  will  widen  and  the  plate  will 
break.  The  loss  of  .slrenglli  from  using  punched  holes  with- 
out reaming  Is  estimated  at  26  per  cent  for  1/2-Inch  plate  and 
33  per  cent  for  3/4lnch  plate.  The  full  strongth  of  the  plate  Is 
restored  If  the  hole  Is  reamed  to  remove  the  stressed  material. 


About  1/8  inch  on  the  diameter  is  allowed  for  reaming  7/8- 
inch  holes.  While  the  increase  in  strength  due  to  reaming  is 
generally  known,  in  many  places — especially  on  repair  work — 
it  is  not  given  consideration  and  the  holes  are  punched  to  full 
clearance  size. 

In  all  plate  work  there  is  bound  to  be  a  certain  percentage 
of  holes  which  will  show  faulty  alignment.  If  the  holes  are 
very  bad,  they  should  be  reamed  to  the  next  size  larger  and  a 
larger  rivet  used,  as  otherwise  the  conditions  shown  at  A  in 
Fig.  5  will  obtain.  If  care  is  taken  to  use  extra  long  rivets 
and  to  have  them  well  heated  the  entire  length,  such  holes 
can  be  filled  up,  but  often  empty  pockets  are  left,  as  indi- 
cated by  the  illustration,  and  the  joint  loses  in  strength. 

The  reaming  of  holes  is  such  an  extensive  operation,  and  at 
best  requires  so  much  time  and  expense,  that  it  deserves  espe- 
cial consideration.  In  shipyard  work,  a  large  percentage  of 
this  reaming  is  done  after  the  work  is  assembled,  and.  there- 
fore, it  is  usually  most  convenient  to  do  it  by  means  of  the 
pneumatic  machines. 

Machines  for  Reaming  Rivet  Holes  and  their  Use 

The  machines  used  for  reaming  rivet  holes  are  made  in  a 
wide  range  of  sizes  from  the  small  high-speed  machines  weigh- 
ing about  8  pounds  to  the  large  slow-geared  machines  weigh- 
ing up  to  100  pounds.  The  machines  used  for  the  average  all- 
around  drilling  and  reaming  weigh  about  30  pounds,  and  de- 
velop about  3/4  horsepower  under  ordinary  working  condi- 
tions. They  are  used  for  drilling,  reaming,  flue  rolling  and 
cutting,  and  for  driving  various  small  portable  machines,  such 
as  port-light  cutters,  boring-bars,  etc.  Fig.  2  illustrates  how 
rivet  holes  are  reamed,  the  machine  being  handled  by  two  men. 

The  electric  machines  compete  with  them  to  some  extent, 
but  the  great  advantage  of  the  air  machine  lies  in  its  light 
weight  as  compared  with  the  power  developed.  For  the  light 
work — say  drilling  up  to  half-inch  holes — the  extra  weight  of 
the  electric  machine  is  not  of  much  consequence,  but  even  for 
this  class  of  work  an  air  machine  may  be  selected  as  heavy  as 
can  be  handled  conveniently,  and  its  surplus  power  used  to 
give  a  higher  drilling  speed. 

The  mechanic  trained  in  the  tool-room  of  a  high-class  plant, 
who  has  learned  that  a  reamer  is  an  article  to  be  treated  with 
respect,  that  its  edge  must  be  guarded  carefully  against  injury 
and  its  lubrication  given  constant  attention,  requires  some 
little  time  to  readjust  his  views  to  the  accepted  practice  of 
the  ship-workers  reaming  rough  holes  with  an  air  machine. 
He  is  right  in  believing  that  they  abuse  the  machine;  they 
also  abuse  the  reamer,  they  fail  to  lubricate  it  properly,  and 
they  seldom  have  the  reamer  properly  sharp^ed.    These  facts 
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he  notes  at  once,  but  after  a  time  he  also  learns  that  it  is  not 
possible  to  get  a  full  crew  of  men  who  will  take  care  of 
the  tools;  that  the  extra  work  obtained  from  the  rough-and- 
ready  method  of  jabbing  the  tool  in  the  hole  as  fast  as  possible, 
and  proceeding  to  the  nest  more  than  pays  for  the  tools  de- 
stroyed; that  dwelling  too  much  on  the  injurious  effects  of 
scanty  lubrication  and  burned  reamers  makes  the  men  over- 
careful  and  slows  down  the  work;  that  if  the  tool  is  kept 
hard  at  work,  it  will,  in  the  course  of  a  day,  earn  enough 
money  to  buy  several  new  reamers.  The  skill  of  the  tool-room 
man  should  be  employed  to  put  the  reamer  in  the  best  possible 
cutting  condition.  If  this  is  done,  it  will  cut  itself  clear 
and  not  be  nearly  so  liable  to  injury,  besides  doing  more  work. 
The  efficiency  of  the  operator  may  vary  several  hundred  per 
cent  under  different  management.  It  is  a  common  sight  in  a 
shipyard  to  see  two  men  struggling  with  a  machine,  reaming, 
say,  7/8-inch  holes.  They  are  certainly  working  hard,  and,  on 
the  face  of  it,  there  seems  nothing  to  criticize.  A  closer 
observation  may  show  that 
the  machine  lacks  power  to 
turn  the  reamer  in  the  hole; 
that  the  reamer  often  sticks 
in  the  hole  and  pulls  out  of 
the  machine;  that  the  reamer 
is  dull  and  worn  out  or  badly 
sharpened,  or  blunt  on  the 
point;  and  that,  while  the 
men  are  working  hard,  they 
are  not  accomplishing  results 
comparable  with  their  efforts. 

One  of  the  New  England 
yards  maintaining  this  "eco- 
nomical" type  of  equipment 
decided  to  reform.  Each  gang 
was  given  two  new  reamers 
and  a  pot  of  tallow  tor  lubri- 
cating the  reamer,  and  only 
machines  which  passed  a 
standard  power  test  were  sent 
out.  The  men  were  given  an 
Incentive  to  do  as  much  work  as  possible.  They  had  been 
doing  an  average  of  twelve  holes  per  hour  counting  delays. 
The  average  output  immediately  jumped  to  fifty  holes  per 
hour  and  there  were  no  delays.  In  this  case  a  little  intelligent 
Huperviaion  plus  a  small  Increase  In  cost  of  equipment  in- 
creased the  output  40  per  cent  on  the  same  "overhead." 

The  following  combination  of  troubles  is  very  commonly 
met  with.  A  department  superintendent  saves  money  by  skimp- 
ing on  drills,  reamers,  or  countersinks.  A  cheap  or  over- 
worked repair  man  has  neither  time,  equipment  nor  ability  to 
maintain  the  machines  to  full  power  and  edlclency.  An  over- 
taxed air  compressor  Is  unable  to  deliver  full  pressure  to  the 
mains.    Undersized  mains  arc  unable  to  convey  a  full  supply 
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to  distant  parts  of  the  yard,  and  per- 
haps, as  a  final  touch,  a  machine  which 
requires  a  full  1/2-inch  pipe  is  taking 
air  through  a  1/4-inch  nipple,  or  3/8- 
inch  hose  "leader."  Ice  in  the  hose  may 
further  reduce  the  power  or  cut  it  off 
completely.  In  a  plant  of  any  size, 
these  conditions  can  only  be  prevented 
by  having  one  man  give  his  entire  time  to  supervising  the 
general  conditions  of  the  air  plant  and  equipment  and  opera- 
tion, and  be  responsible  for  them  directly  to  the  main  ofBce, 
independent  of  foremen  and  superintendents.  Experience  has 
shown  that  yard  foremen  and  even  officials  higher  up  are 
blind  to  these  conditions  and  are  slow  to  move  in  the  direc- 
tion of  reform.  Also,  each  department  is  likely  to  advance  its 
own  ends  at  the  expense  of  other  departments  where  this 
can  be  done. 

Countersinking'  Rivet  Holes 

When  countersinking  rivet  holes  for  flush  work,  etc.,  care 
should  be  taken  to  insure  that  the  countersink  is  concentric 
with  the  hole.  Some  yards  use  a  combined  reamer  and  coun- 
tersink of  the  form  shown  in  Fig.  3,  which  insures  a  concen- 
tric countersink  under  all  conditions.  It  is  very  common  to 
see  the  holes  countersunk  all  on  one  side,  especially  where  the 
holes  are  crooked  or  near  an  angle.  Of  course,  a  rivet  cannot 
be  expected  to  show  100  per 
cent  holding  power  under 
these  conditions.  Where  con- 
ditions demand  that  the  rivets 
must  be  finished  absolutely 
flat  with  the  plate,  as  in  deck 
work,  the  only  way  of  insur- 
ing this  is  to  use  rivets  a 
trifle  too  long,  and  chip  off 
the  surplus  material  while 
hot.  Oftentimes  where  "flush" 
rivets  are  specified,  it  is  not 
important  that  they  be  fin- 
ished absolutely  flat,  and  the 
work  of  chipping  may  be 
avoided  by  using  a  die  hav- 
ing a  very  flat  cup  and  finish- 
ing the  heads  with  a  slight 
crown,  as  shown  at  B  in  Fig. 
5.  This  does  away  with  chip- 
ping and  at  the  same  time 
insures  a  full  head. 
The  equipment  for  countersinking  must  include  sharp  coun- 
tersinks; otherwise  much  time  will  be  lost  in  forcing  them 
to  cut.  It  is  important  that  the  shanks  of  both  reamers  and 
countersinks  should  fit  well  in  the  socket,  as  there  is  no  con- 
stant pressure  to  hold  them  in  place,  as  in  drilling.  It  they 
keep  pulling  out,  the  workman  will  probably  "rough"  the 
shank  with  a  chisel  and  drive  It  in.  It  he  avoids  splitting  the 
socket  driving  it  in,  he  is  likely  to  do  some  damage  in  getting 
it  out. 

Under  present  conditions,  where  the  work  Is  standardized 
and  units  are  fabricated  In  the  shops,  It  should  be  possible 
to  do  a  considerable  portion  of  the  reaming  by  the  shop 
machines  operated  by  one  man.  Under  the  best  conditions, 
there  will  remain  millions  of  holes  to  be  roamed  In  the  yard. 

Hammer  Stvnals  of  Rlvetlntr  Uantr 

The  riveter  generally  arranges  a  code  of  signals  with  his 
holder-on  whereby  ho  may  commuiilcnlo  his  next  move 
through  the  side  of  the  ship  or  bulkhead  which  usually  sepa- 
rates thcni.  For  Instanco,  conlliiui'il  blows  of  tlio  hammer 
inoaiiH  "I lurry  up— como  on  wllh  tlio  rIvclB,"  Two  short 
li|f)WH  iiii'iiiiH  "(!o  back  and  hold  on  lln>  Inst  rivet  drlvoii  l<> 
llnlHli  up  the  hoad."  Thn-c  shorl  blows  iiioanH  "Talto  out  tlio 
rivet";  If  followed  by  ronllnuouH  IiIowh,  the  Blgiial  moans 
"flonin  111!  with  llio  rivets  and  K<'t  them  liot."  The  most  com- 
mon reiiBon  for  taking  out  a  rivet  without  driving  It  Is  bocnuso 
It  Ih  not  hot  enough.  A  riveter  and  holderon  who  are  accus- 
IniiH'd    III    workliiK   togellier   hooii    lenrn   each   other   habits  or 
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methods  and  are  able  to  cooperate  without  frequent  delays 
for  conference. 

Because  of  the  noise  and  difficulty  of  talking  through  the 
side  of  the  ship,  these  hammer  signals  should  he  sufficiently 
well  understood  to  enable  the  riveter  to  signal  all  his  more 
common  wants.  Such  items  as  "rivets  too  long,"  "too  short," 
"not  hot  enough,"  "get  on  the  last  rivet,"  "wait  awhile,"  "come 
on  with  the  rivets,"  "in  the  wrong  hole,"  etc.,  should  be  well 
understood.  Because  of  this  understanding  that  is  estab- 
lished between  the  members  of  the  riveting  gang,  it  is  custom- 
ary for  a  foreman  to  keep  the  gang  intact,  and  always  assign 
the  same  men  to  work  together  where  possible. 

Driving:  Rivets 

The  iinportance  of  having  the  machine  used  for  rivet  driv- 
ing in  first-class  order  is  not  usually  given  the  consideration 
which  it  deserves.  When,  for  instance,  a  riveting  hammer 
gets  out  of  order,  it  means  that  one  man  makes  a  trip  to  the 
tool-shop  with  the  machine  while  the  other  two  or  three  men 
comprising  the  gang  are  glad  of  the  excuse  to  await  his  return, 
doing  nothing  in  the  meantime.  When  he  returns,  very  likely 
the  gang  is  scattered  and  the  fire  low,  often  making  a  total 
delay  of  an  hour  or  more  for  the  three  or  four  men.  Then 
if  the  machine  sticks  or  "kicks"  or  lacks  power,  the  riveter 
may  put  up  with  it  rather  than  risk  a  "call-down"  for  further 


ing  a  flat  die  on  a  flat  surface.  The  rivet  must  be  plugged  in 
the  hole  and  the  surplus  metal  worked  over  to  one  side  and 
chipped  off  as  quickly  as  possible.  The  rivet  may  then  be  fin- 
ished down  to  a  flat  surface  or,  on  shell  work,  left  slightly 
rounding. 

In  driving  flush  rivets,  it  is  customary  to  go  back  to  the  last 
one  driven  and  give  it  an  extra  finishing  after  it  has  cooled 
somewhat.  A  blow  must  never  be  struck  on  a  rivet  point  until 
the  holder-on  has  his  hammer  or  dolly-bar  firmly  on  the  head, 
because  the  rivet  is  likely  to  be  loosened.  When  there  is  a 
large  amount  of  deck  work  to  be  riveted,  it  pays  to  rig  up  a 
"deck  machine,"  which  is  a  riveter  carried  by  some  kind  of 
support.  A  common  rig  is  a  kind  of  wheelbarrow  which  holds 
the  riveting  machine  in  a  vertical  position  and  has  two  han- 
dles whereby  it  may  be  wheeled  about  and  guided  on  the  rivet. 
Sometimes  it  pays  to  provide  an  extra  man  to  chip  the  rivet 
when  using  this  type  of  machine. 

Holdin8--on 

Getting  the  rivets  into  the  holes  hot  and  "getting  the  heads 
up"  is  a  necessary  preliminary  to  obtaining  tight  work,  and 
it  is  up  to  the  holder-on  to  see  that  this  is  done.  The  device 
used  to  hold  the  rivet  in  position  while  it  is  being  driven 
should  be  adapted  to  the  work.  In  any  case,  mere  pressure 
will  not  suffice.     There  must  be  sufficient  weight  behind  the 


rig.  6.     Holding-on  with  Offset  Dolly-bar 

delay,  and,  as  a  result,  work  is  done  which  will  later  require 
to  be  calked  or  cut  out. 

In  the  actual  driving  of  rivets,  the  result  depends  largely 
upon  the  skill  of  the  man  operating  the  machine.  If  all  the 
preliminaries  referred  to  have  been  properly  taken  care  of, 
almost  any  man  of  reasonable  intelligence  can  quickly  learn 
to  drive  rivets.  More  than  average  strength  and  endurance 
are  required,  however,  but  not  more  than  may  be  found  in 
thousands  of  men  adapted  to  this  work. 

In  driving  cone-head  or  button-head  rivets,  they  sliould  be 
"plugged"  squarely  into  the  hole,  care  beirg  taken  not  to  bend 
over  the  point  of  the  rivet,  but  to  upset  it.  filling  the  hole  its 
entire  length.  Tlio  machine  should  be  strong  enough  to  form 
a  perfect  head  williout  rocking  to  work  down  the  edges. 
The  machine  should  be  started  oft  lightly  until  the  rivet  has 
settled  Into  the  hole  somewhat,  to  prevent  bending  to  one  side. 
In  driving  any  kind  of  rivets  held  or  backed  up  by  a  dolly- 
bar  or  hand-hammer,  the  riveter  must  learn  to  run  his  ma- 
chine slowly  until  enough  licad  is  formed  to  hold  the  rivet  In 
the  hole,  as  otherwise  the  bolder  on  will  have  difficulty  In 
keeping  the  liainnicr  or  dolly  bar  on  the  rivet. 

The  ncccRBary  o(|uipnipnt  for  driving  flush  rivets  Includes  n 
pneumatic  clipping  hiininicr  and  several  "hot  flat"  chisels  for 
chipping  off  the  surplus  material.  The  extra  dlffloilty  of  driv- 
ing fluHh  rivets  lies  In  the  necessity  of  getting  the  rivet  headed 
to  a  point  where  the  surplus  motal  may  be  chipped  off  while 
It  Is  Btlll  hot  and  soft,  and  the  difficulty  of  holding  and  guld- 
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Fig.  7.     Dolly-bar  used  as  Lever  for  holding-on 

rivet  to  farm  a  solid  anvil  against  which  it  may  be  headed. 
For  general  use  in  connection  with  air  hammers,  the  pneu- 
matic "holder-on"  is  best  adapted.  These  are  made  by  several 
companies,  but  are  all  of  practically  similar  construction.  A 
solid  piston  of  steel  of  about  3  inches  in  diameter  works  in 
a  cylinder  and  is  forced  out  by  air  pressure.  One  end  carries 
a  die  adapted  to  fit  the  head  of  the  rivet.  The  other  end  of 
the  machine  is  extended  by  screwing  in  a  piece  of  pipe  of  con- 
venient length  to  reach  some  solid  backing. 

A  foreman  or  tool-man  may  save  considerable  time  by  ar- 
ranging convenient  backing  for  these  machines.  Often  a  long 
plank  is  rigged  up  with  bolts  at  each  end  extending  through 
rivet  holes  in  the  ship,  or  hooks  may  be  attached  to  the  ma- 
chine to  hook  over  channels  or  I-heams.  When  working  under 
decks  from  a  staging,  the  extension  of  the  machine  usually 
rests  on  the  staging.  As  the  thrust  of  the  air  cylinder  may 
easily  amount  to  500  or  600  pounds,  care  must  be  taken  to 
have  the  staging  strong  enough  to  withstand  this  extra  strain. 
The  pneumatic  "holder-on"  is  usually  tapped  out  to  receive 
•y,-inch  pipe  for  the  extension.  Up  to  a  length  of  about  3  feet, 
■yi-lnch  pipe  is  sufficiently  strong  tor  the  purpose,  but  when, 
as  sometimes  happens,  it  is  necessary  to  have  this  extension 
tall  5  or  fi  feet  long,  larger  pipe  should  he  used  to  avoid  danger- 
ous accidents.  It  is  a  good  plan  to  use  a  short  piece  of  solid 
iron  rod  threaded  into  a  1',-  by  ■■<;  inch  inalloablo  Iron  pipe 
coupling  and  use  I'-llnch  pipe  for  the  longer  extension."!.  If 
the  connection  Is  a  -14  Inch  pipe-nipple.  It  is  likely  to  break. 
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The  piston  of  the  holding  machine  should  be  in  good  order 
and  work  freely  in  the  cylinder,  so  that  it  will  fall  hack  of  its 
own  weight.  The  valve  should  be  tight,  as  otherwise  the 
plunger  will  push  out  and  bother  the  holder-on  while  he  is 
trying  to  adjust  the  rivet.  If  the  holes  are  reasonably  good, 
these  machines  will  hold  the  rivet  heads  up  against  the  plate 
satisfactorily,  but  when  the  hole  is  tight  or  crooked,  the  head 
should  be  driven  up  with  a  heavy  hammer  before  applying  the 
"holder-on"  to  it.  A  husky  man  can  hold-on  rivets  for  the  air 
hammers  with  a  dolly-bar  or  hand  holding-on  hammer  and  do 
good  work,  but  it  is  much  harder  than  using  the  pneumatic 
holding  machine.  (See  Figs.  6  to  9,  inclusive).  Where  there 
are  only  a  few  holes  in  a  compartment,  or  convenient  backing 
is  not  available,  it  does  not  pay  to  run  an  air  hose  and  rig  up 
a  pneumatic  holding  machine. 

Under  normal  conditions,  these  machines  will  save  much 
time  and  labor,  and  they  require  less  skill  and  experience  than 
the  hand  method.  When  the  rivets  are  to  be  driven  by  hand, 
the  hand-holding  hammer  or  dolly-bar  is  the  most  satisfactory, 
as  it  rebounds  under  the  impact  of  the  heavy  blow  of  the  hand- 
hammer  and  "gets  the  head  up."  The  pneumatic  holding  ma- 
chine is  likely  to  yield  somewhat  to  the  heavy  blow  and  fail 
to  come  hack  strong  enough  to  get  the  head  up  in  every  in- 
stance when  used  in  connection  with  hand  work.  Crooked- 
neck  dies  may  be  used  in  the  holding  machines  to  extend 
around  angles,  but  they  must  be  rigid,  because  any  elasticity 
in  the  neck  will  result  in  a  yielding  action  and  the  rivet  will 
not  be  held  solidly  enough  to  insure  good  work. 

Where  the  rivets  fit  easily  in  the  holes,  and  the  holes  are 
clean-cut  and  sound  on  the  head  side,  perfectly  good  work  is 
obtained  by  the  use  of  the  simple  pneumatic  holding-on  ma- 
chine. Under  conditions  which  sometimes  obtain  in  repair 
work,  especially  where  old  rivets  have  been  cut  out  and  the 
boles  reamed  again,  many  of  the  holes  will  be  bad  on  the 
head  side,  and  the  rivet  head  cannot  be  put  against  the  plate 
or  held  there  by  pressure  alone.  Under  these  conditions,  the 
holding-on  machines  will  not  do  satisfactory  work  if  used 
alone.  The  rivets  may  be  driven  up  with  a  heavy  hammer 
before  putting  the  machine  on,  or  one  of  the  hammer-holding 
machines  may  be  used.  These  machines  consist  of  a  plain 
holding-on  machine  having  the  thrust  cylinder,  and  also  a 
light  pneumatic  riveting  hammer  inside  of  the  cylinder  which 
may  be  operated  to  drive  up  the  head  of  the  rivet  and  then 
be  shut  off  without  releasing  the  thrust. 


rif.   1.     Delly-h«r  hirlnit    Eil.mlon   to   •»ryo   •■   Fulrrum 

When  the  rivet  heailn  neod  hnnimerlnK,  mime  yiinlB  pcrniH 
the  u«c  of  a  reKular  pneumatic  rlvolInK  hammer  aa  a  dolly- 
bar  to  hold-on  the  rlvpt.  The  air  Im  turned  on  lonK  i-riouKh  to 
drive  the  head  up.  after  which  the  machine  1m  uiiimI  dead  anil 
act*  the  Biiiiie  an  any  solid  dolly-bar.  In  theory.  thiB  Is  not 
good  for  the  hnniiner,  allhouKh  In  prailUc  II  In  not  often  that 
any  damoKi-  reHUlla,  except  the  damage  to  the  dlca  cauBcd  by 
the  extra  heating. 


Fig.  10  illustrates  the  use  of  the  self-supporting  pneumatic 
hammer  (made  by  the  Independent  Pneumatic  Tool  Co.)  for 
holding  on  while  driving  7/8-inch  rivets  with  a  riveting  ham- 
mer. These  self-supporting  hammers  are  usually  used  in  pairs. 
When  applied  in  this  way,  the  cut-off  valve  admitting  air  to 
the  cylinder  of  the  "holder-on"  end  is  opened  on  both  ma- 
chines. The  throttle  valves  of  the  riveting  hammer  ends  are 
then  opened  and  both  machines  are  started  at  the  same  time. 


Fig.    9.     One   Method  of  using   Hand   Holding-on  Hammer 

They  also  should  be  stopped  simultaneously  after  completing 
the  riveting  operation. 

Cutting  Out  Defective  Rivets 

Oftentimes  it  is  necessary  to  cut  out  one  or  more  bad  rivets. 
Formerly  it  was  the  custom  to  do  this  work  with  a  pneumatic 
chipping  hammer.  A  slot  was  cut  through  the  head,  making 
it  like  a  slotted  screw-head,  after  which  the  backing-out  punch 
and  sledge  hammer  would  do  the  rest.  It  is  a  convenience  to 
have  backing-out  punches  made  to  fit  the  pneumatic  riveting 
hammer,  which  enables  the  riveter  to  back  out  the  rivets  with- 
out the  assistance  of  a  helper  to  swing  the  sledge.  Many  ship- 
yards now  burn  off  the  heads  of  defective  rivets  with  the  oxy- 
acetylene  flame.  The  burning  torches  are  connected  by  long 
sections  of  hose,  and  it  only  requires  about  a  half  minute  to 
burn  off  a  rivet  head.  Either  countersunk  or  button-head 
rivets  can  be  melted  or  burned  off  clean  without  damaging 
the  plate.  The  chipping  process  requires  a  much  longer  time. 
Sometimes  when  the  burning  equipment  is  at  hand,  the  riveter 
will  use  it  to  reheat  a  bail  rivet  and  will  thus  be  enabled 
to  finish  it  oft  without  cutting  it  out.  Or  if  a  single  rivet  is 
too  long,  he  will  use  the  torch  to  burn  the  end  off,  thus  mak- 
ing it  the  right  length. 

Where  a  lot  of  old  work  is  to  be  cut  out,  a  gang  of  burners 
i.s  assembled  to  burn  off  the  heads  in  wholesale  fashion.  Some- 
times  in  ollship  work  this  cannot  ho  done  on  account  of  the 
lire  risk.  In  such  cases,  flush  rivets  arc  usually  drilled  and 
l)uni:hed  out,  and  where  possible  the  pneunuitic  "rivet  busters" 
are  tised  on  the  button-head  rivets.  If  properly  rigged  up, 
these  "busters"  will  knock  off  bonds  about  four  or  Ave  times 
faster  than  they  can  be  burned,  tour  or  live  7  Siiich  rivets  to 
a  minute  not  being  unconinion. 

Selection  of  Equipment 

While  a  part  of  the  shop  work  on  our  ni'W  Ship  piirtH  will 
undoubtedly  come  within  the  range  of  the  pressure  riveters,  • 
the  HKKeiiibler's  work  In  the  yards  will  huvo  to  bo  riveted  by 
the  air  haninierH  uh  UHual.  The  select  Ion,  operation,  main- 
tenance, repair,  and  eiiuipment  of  these  air  liiiiniuers  la  a 
subject  wlili'b  di'iniiniU  tbi>  careful  coiiHidenit  ion  of  all  con 
Htrui'tlon    HiiperlntendentH    liaviiiK    Ibis    deparliiient    In    hniiii 

The  lianimer  selected  should  hi'  powerful  in  Its  action,  oper 
nto  with  a  minimum  of  vibration,  bo  well  balanced  In  Its  de- 
sign, and  eonvonlont  to  hold  and  guide.  The  elUclent  opera- 
tion of  llieHe  rivetiiiK  iMiiiiinerH  or  "niaeliliieH"  sliouli!  lie  facill- 
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tated  by  insuring  a  good  supply  of  air  and  convenient  hose  con- 
nections, means  for  keeping  the  line  free  from  ice,  and  pro- 
vision for  oiling  the  machines  as  required.  The  tool-room 
should  be  supplied  with  spare  parts  and  be  able  to  supply 
promptly  such  accessories  and  conveniences  as  experience  has 
shown  will  promote  the  work.  As  nearly  all  disorders  to 
which  these  machines  are  subject  operate  either  to  reduce  the 
power  of  the  machine  or  to  increase  the  vibration,  the  repair 
man  should  be  competent  to  remedy  such  disorders  with  the 
minimum  delay.  Efficient  and  economical  service  demands 
that  the  riveting  hammer  shall  deliver  sufficient  power  to  drive 
the  rivet  while  it  is  still  hot;  that  it  shall  not  "kick"  or 
vibrate  to  an  extent  which  makes  it  difficult  to  hold  or  guide; 
and  that  it  shall  respond  to  the  throttle  promptly,  giving  light 
or  hea\T  blows,  as  desired,  under  the  full  control  of  the 
operator. 

For  supplying  air  to  the  average  riveting  hammer,  50  feet 
of  3/4-inch  hose,  with  10  feet  of  1/2-inch  "leader"  hose  at- 
tached is  the  usual  equipment.  No  connection  should  be 
smaller  than  a  1/2-inch  pipe-nipple,  if  the  full  power  of  the 
hammer  is  required.  When  the  air  pressure  is  low,  an  in- 
crease in  power  may  often  be  obtained  by  discarding  the 
"leader"  and  connecting  the  3/4-inch  hose  directly  to  the  ham- 
mer. Of  course,  it  is  less  convenient  to  manipulate  a  hammer 
connected  to  a  large  hose,  but  this  inconvenience  may  be  en- 
dured better  than  the  lack  of  power. 

The  shop  should  furnish  "clips"  or  springs  which  have  not 
been  bent  out  of  shape.  The  "clip"  should  be  capable  of  hold- 
ing the  riveting  die  or  "set"  in  place  when  the  hammer  is 
quickly  picked  up  by  the  handle.  Otherwise  the  "economy" 
in  25-cent  clips  is  likely  to  result  in  the  loss  of  a  $1.25  set 
and  a  $1.50  plunger. 

Many  riveters  place  leather  cuffs  around  the  neck  of  the  set 
for  convenience  in  holding  the  hot  set  when  the  work  is  com- 
ing fast,  but  this  is  generally  regarded  as  an  individual  con- 
venience, and  is  done  by  the  riveter  to  suit  himself.  The  shop 
may  save  time  by  contributing  a  piece  of  old  belting,  a  belt 
lacing,  and  some  tacks,  or  keeping  these  materials  on  hand 
for  this  purpose.  The  set  or  die  should  be  adapted  to  the 
work,  and  be  kept  sharp  and  clean.  The  recent  advance  in 
the  price  of  tool  steel  has  resulted  in  the  use  of  a  cheap  steel 
for  dies,  the  surface  being  hardened  by  the  pack-hardening 
process.  When  these  dies  become  soft  and  a  burr  is  formed  on 
the  edges,  they  may  be  annealed  and  reshaped  with  an  old 
countersink,  and  rehardened  by  heating  them  nearly  to  the 
burning  point  and,  after  treating  the  ends  with  cyanide,  plung- 
ing them  into  cold  salt  water;  some  of  them  will  crack,  but 
not  a  large  percentage.  If  the  dies  are  badly  out  of  shape, 
they  may  be  turned  up  in  a  lathe  before  hardening. 

Recent  improvements  in  riveting  hammers  has  made  the 
6-inch  size  so  strong  and  fast  that  it  is  quite  generally  used 
for  the  average  run  of  work,  only  a  few  of  the  heavy  machines 
being  carried  for  special  work.  While  this  practice  is  nt)t  uni- 
versal. It  is  becoming  quite  general.  Considering  the  hammer 
Itself,  the  6-inch  machine  may  weigh  about  25  pounds.  Prac- 
tically all  the  hammers  have  a  1  1/lG-inch  bore.  The  size, 
whether  G-,  8-,  9-inch,  etc.,  indicates  the  stroke  of  the  plunger, 
which  is  a  piece  of  hardened  steel  carefully  ground  to  fit  the 
cylinder.  The  plungers  vary  in  length  from  2  1/S  to  4  inches. 
The  length  of  the  plunger  has  an  important  effect  on  the  opera- 
tion of  the  machine. 

For  many  years  the  manufacturers  of  riveting  machines 
have  consistently  opposed  the  use  of  short  plungers.  In  spite 
of  the  opposition,  the  workmen  have  persisted  in  reducing  the 
standard  length  of  i)lungcr.  and  the  idea  was  gradually  forced 
on  the  manufacturers  until  they  now  realize  that  advantages 
are  gained  from  the  use  of  a  plunger  shorter  than  their  origi- 
nal standard.  Machines  which  were  formerly  e(|ulpped  with 
li-lnch  plungers  are  now  operated  with  2i/j-lnch  plungers.  Ma- 
chines with  shorter  plungers  run  faster,  with  less  vibration. 
Rppart'nlly  do  as  much  work  and  are  easier  to  control.  What 
Is  loHt  In  weight  of  plungor  Is  gained  by  length  of  travel.  The 
compaiilcH  opposed  this  pracllce  largely  heiause  the  workmen 
In  cutting  down  the  plungers  left  the  ends  rough  or  soft,  so 
that  they  would  either  chip  off  pieces  or  expand  and  stick  In 
the    machlni'       Tlic    iiiodern    rlvclliig    machines    are    |)('rfectly 


adapted   to  the  use  of  the  2%-inch   plunger  and  it  has  now 
become  standard  equipment. 

Riveting  Hammer  Troubles  and  Eepairs 

The  cylinder  of  a  pneumatic  hammer  is  open  at  one  end  to 
receive  the  shank  of  the  die  which  forms  the  head  of  the 
rivet.  The  plunger  in  the  cylinder  makes  from  600  to  800 
strokes  per  minute,  striking  the  shank  of  the  die  at  one  end 
and  an  air  cushion  at  the  other  end.  It  is  apparent  that  the 
admission  and  exhaust  of  air  must  be  correct  or  there  will 
be  trouble.  There  are  two  principal  causes  of  defective  opera- 
tion, lack  of  power  and  excessive  vibration.  The  valve  which 
controls  admission  of  air  to  the  cylinder  is  operated  by  the 
air  pressure  acting  on  its  various  shoulders,  the  admission  of 
air  being  controlled  by  the  plunger.  When  the  plunger  is  at 
the  limit  of  its  stroke,  it  uncovers  a  drilled  port  which  admits 
air  to  reverse  the  valve.  If  this  port  is  plugged  up  or  the  valve 
leaks  around  the  shoulder,  or  some  of  the  air  escapes  through 
leaky  joints,  or  the  valve  sticks,  the  plunger  will  not  reverse 
quickly  and  the  machine  will  either  develop  excessive  vibra- 
tion or  lack  power,  or  both;  probably  it  will  also  run  slowly. 
Owing  to  this  intangible  connection  between  the  piston  and 
the  valve,  these  machines  require  especial  study  on  the  part  of 
the  repair  man.  The  design  and  location  of  the  valves  in 
different  styles  of  machines  varies,  but  all  depend  on  air  pres- 
sure working  through  drilled  ports  to  operate  the  valve. 


Fig.   10.    Self-supporting  Hammer  holding-on  while  driving  7.  8-inch  Rivets 

Only  a  small  percentage  of  the  repair  men  ever  learn  ex- 
actly why  or  how  these  machines  operate,  but  if  they  will 
remember  that  they  worked  properly  when  they  left  the  fac- 
tory and  learn  to  keep  them  in  their  original  condition,  it  is 
all  that  is  necessary.  Even  this  is  not  so  simple  as  it  sounds,  ■ 
but  it  may  be  accomplished  by  a  little  care  and  observation. 
When  a  repair  man  inherits  machines  which  have  been  han- 
dled by  some  predecessor,  he  may  safely  assume  that  some 
damage  has  been  done  to  the  inside  by  careless  handling.  As 
the  machines  come  in  for  cleaning  or  repairs,  he  should  exam- 
ine carefully  the  surfaces  which  are  supposed  to  fit  together 
with  an  air-tight  joint,  and  remove  any  burrs  with  a  very  fine 
fiat  file,  countersinking  the  dowel-pin  holes  slightly  to  provide 
clearance  for  the  ring  which  usually  surrounds  the  dowel-pin 
on  the  corresponding  part. 

The  repair  man  should  frequently  try  out  on  a  heavy  block 
of  wood,  arranged  for  this  purpose,  one  of  the  riveting  ham- 
mers which  Is  known  to  have  sufficient  power  and  to  run 
smoothly.  With  the  operating  characteristics  of  this  machine 
as  a  standard,  ho  will  soon  learn  how  fast  a  machine  ought  to 
run,  how  much  vibration  Is  to  be  expected  under  normal  con- 
ditions, and  how  rapidly  the  die  ought  to  cut  into  the  wooden 
block  when  the  machine  is  developing  normal  power.  With 
these  standards  in  mind,  he  can  test  doubtful  machines  and 
know  by  the  comparison  whether  or  not  they  are  right.  All 
of  the  hammers  should  bo  numbered  and  a  record  should  be 
kept   of  each  time  they  come  in   for  repairs.     For  Instance,  if 
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No.  6  comes  in  a  dozen  times  during  the  week  for  lack  of 
power  or  excessive  "kick,"  he  will  know  that  there  is  some- 
thing radically  wrong  and  go  after  it. 

Often  the  men  complain  without  cause,  or  the  fault  may  be 
in  low  air  pressure  or  plugged  hose.  The  repair  man  should 
know  his  machines  well  enough  to  be  able  to  state  positively 
whether  the  machine  is  right  or  not.  When  the  machine  has 
plenty  of  power,  but  is  slow  or  "kicks,"  or  refuses  to  start  off 
promptly,  it  generally  means  that  either  the  plunger  is  stick- 
ing in  the  cylinder  or  that  the  valve  is  sticking  at  one  end 
of  its  stroke.  The  plunger  should  fall  freely  the  entire  length 
of  the  cylinder  by  its  own  weight.  If  it  fails  to  do  this,  exam- 
ine it  carefully  and  it  will  most  likely  be  found  to  have  parti- 
cles of  hard  material  sticking  to  the  polished  surface.  These 
should  be  removed  with  an  oil-stone  or  by  other  means  which 
will  not  scratch  the  surface.  Generally  by  forcing  the  hard 
plunger  through  the  well-oiled  cylinder  several  times,  any 
rough  spots  in  the  cylinder  will  be  smoothed  down.  If  not,  the 
cylinder  may  be  made  smooth  by  using  crocus  cloth  on  a 
wooden  mandrel. 

After  the  plunger  is  known  to  be  running  smoothly,  the 
valve  should  be  examined  to  see  if  it  travels  freely.  Before 
taking  the  valve  apart,  move  it  with  the  fingers  the  entire 
length  of  its  travel,  being  sure  that  it  is  making  full-stroke. 
It  should  not  have  the  slightest  tendency  to  stick  at  the  end 
of  the  stroke,  and  if  it  is  of  a  type  which  has  tension  springs, 
it  should  not  move  so  freely  as  to  fall  of  its  own  weight  in 
either  direction.  If  the  valve  sticks,  find  the  rough  spot  and 
carefully  smooth  it  either  with  a  half-round  very  fine  file, 
crocus  cloth  or  scraper,  being  careful  not  to  cut  away  any 
of  the  metal  except  the  edges  of  the  scratch.  Oftentimes 
washing  it  with  kerosene  is  sufficient.  If  the  hammer  refuses 
to  start  promptly,  but  has  no  other  trouble,  it  is  likely  that 
the  valve  is  too  tight.  Its  action  should  be  compared  with 
the  standard  previously  referred  to.  When  springs  or  other 
means  are  provided  to  adjust  the  tension  of  the  valve,  these 
springs  should  be  examined  carefully  for  sharp  corners,  or 
any  projecting  ends  which  may  be  responsible  for  the  irregu- 
lar action.  If  the  valve  starts  too  easily,  it  will  open  and 
close  the  ports  and  reverse  the  air  admission  before  the  piston 
has  had  time  to  follow  its  action.  It  is  assumed  that  the 
repair  man  will  always  clean  out  all  of  the  drilled  parts  and 
pin-holes,  being  carflul  not  to  overlook  any  of  the  smaller  ones. 
If  the  valves  or  any  removable  parts  of  the  machine  are 
aligned  or  positioned  by  dowel-pins,  care  should  be  exercised 
to  Bee  that  the  dowel-pins  are  in  the  right  holes  before  force 
is  applied.  Frequently  the  surfaces  of  such  parts  are  badly 
defaced  from  careless  work  of  this  kind.  •  A  mysterious  loss 
of  power  may  sometimes  be  traced  to  the  leakage  occurring 
between  such  defaced  surfaces.  When  such  damage  is  suffi- 
ciently serious  to  affect  the  operation  of  the  machine,  refacing 
In  a  lathe  Is  generally  required  before  the  defect  can  be  over- 
come. If  adjustable  or  renewable  tension  springs  are  provided 
to  overcome  the  loose  action  resulting  from  wear  to  the  valve, 
and  If  the  repair-man  does  not  unnecessarily  cut  away  the 
important  surfaces  of  the  valve  in  connection  with  cleaning 
or  smoothing  operations,  it  will  be  a  long  time  before  the 
valve  win  require  complete  renewal.  If  the  tension  spring  Is 
kept  at  the  proper  tension,  and  all  the  joints  are  kept  smooth 
and  air-tight,  as  may  easily  be  done,  the  hammer  will  give  sev- 
eral years  of  hard  service  without  requiring  extensive  re- 
newals for  wear. 

Whfrn  the  hammer  makes  a  loud  purring  noise,  but  refuses 
to  start.  It  Indicates  that  the  valve  Is  only  traveling  part  stroke, 
not  going  far  enough  to  admit  air  under  the  piston,  or  revers- 
ing before  the  piston  has  time  to  move.  U  may  also  indicate 
fxceBglve  Ir-akage  around  the  shank  of  the  die.  Thia  condi- 
tion can  gpnurally  he  nvercomo  by  making  the  valve  tighter 
and  makinK  Kiiro  that  all  Joints  are  light.  It  oflon  indlcatos 
a  broken  tonnion  xprlng.  Iti  the  type  of  valvo  which  has  no 
t<>n»lon  Bprlng,  It  may  Indicate  that  the  valvf  Is  worn.  In  tho 
hnmmcrH  which  havp  no  springs  or  means  of  adjustmont,  tho 
Iroubleg  may  generally  be  traced  to  iirrnlchi'H.  partlcloH  of 
Band,  sralo  or  rust,  or  exrcsslvc  wear. 

One  of  tho  Indispensable  requlromenis  of  the  repair  Hlir>p  Ih 
a  lank  of  kerosene  or  gasoline  for  wnnhing  out  the  IiiiriiniiTH. 


The  tank  "Should  be  large  enough  to  submerge  several  ham- 
mers at  the  same  time.  A  galvanized  iron  box  about  12  by  24 
inches  and  12  inches  deep,  with  a  cover,  is  about  what  is 
required.  Many  times,  simply  soaking  in  this  tank  for  ten 
minutes  will  cure  the  trouble  and  prevent  the  necessity  of 
taking  the  hammer  apart.  Gasoline  is  the  most  satisfactory 
for  cleaning  purposes,  but  its  use  is  sometimes  prohibited  by 
the  fire  risk. 


AIR-TIGHT    CASTINGS 

The  greatest  care  must  be  exercised  from  the  designing  of  a 
piece  to  the  pouring  of  the  metal,  in  order  to  obtain  a  solid, 
air-tight  casting,  and  even  then  failures  are  likely  to  occur. 
Brass  and  bronze  are  the  metals  best  adapted  for  use  in  the 
manufacture  of  air-tight  castings.  Strength  may  be  produced 
by  proper  design,  but  the  desirable  quality  of  density  is  not 
easily  obtained,  due  no  doubt,  to  the  many  variable  and  un- 
certain elements  which  enter  into  the  process  of  manufacture. 

The  design  of  the  casting  has  an  important  bearing  upon  the 
ultimate  success  of  the  casting.  The  designer  should  guard 
against  draws  by  having  all  cross-sections  of  approximately 
equal  thickness,  or  by  providing  access  to  all  large  sections  to 
allow  the  use  of  chills.  When  large  cores  are  used,  they  will 
act  as  chills.  The  use  of  large  fillets  should  be  avoided,  so  that 
excessive  masses  of  metal  will  not  be  concentrated  at  one  point. 
The  patternmaker  must  know  what  chills  are  to  be  used  so 
that  large  chilled  surfaces  may  be  placed  in  a  vertical  position 
and  thus  prevent  the  metal  from  "kicking  off"  these  surfaces. 
An  exceptionally  clean  casting  may  be  obtained  by  gating  it  to 
another  casting  in  which  all  the  dirt  will  be  accumulated.  A 
clean  mold  is  absolutely  essential  in  air-tight  castings.  It  is 
necessary  that  the  unimportant  parts  be  placed  high  in  the 
cope,  so  that  the  loose  sand  in  the  mold  may  flow  to  them.  In 
general,  chills  should  be  used  on  all  enlarged  sections  which 
are  in  close  proximity  to  smaller  ones  and  connected  to  them. 
Use  a  sinking-head  placed  at  the  heavy  part  of  the  castings  of 
exceptionally  large  sections.  Gate  the  castings  at  a  light  sec- 
tion, using  a  heavy  upright  pouring  gate  as  near  the  pattern 
as  possible.  To  safeguard  against  draws  in  the  casting  at  the 
gate,  the  gate  leading  from  the  pouring  gate  to  the  pattern 
should  be  large  at  the  pouring  gate  and  reduced  sharply  into 
the  pattern. 

The  following  alloys  have  been  tried  and  found  satisfactory 
for  making  air-tight  castings: 

COMPOSITION  OF  METAL  FOR  AIR-TIGHT  CASTINGS 


Alloy    No. 

Copper, 
Per  Cent 

Tin. 
Per  Cent 

Zinc. 
Per  Cent 

Lead. 
Per  Cent 

1 

2 
3 

72.50 
82.00 
83.00 

1.75 

7.50 
11.50 

19.25 
4.75 
4.00 

6.50 
5.75 
1.50 

Machinery 

Alloy  No.  1  Is  used  for  ordinary  castings  and  Is  easily  ma- 
chined, while  alloys  Nos.  2  and  3  are  used  on  high  pressures 
and  are  proportionally  harder  to  machine.  The  treatment  of 
tho  metal  In  the  furnace  is  of  vital  Importance.  Proper  allow- 
ance for  oxidation  of  zinc  must  bo  made,  otherwise  a  satisfac- 
tory alloy  will  not  be  produced.  If  the  niclal  Is  not  taken  from 
tlie  furnace  when  It  roaches  tho  proper  lioat,  but  is  allowed  to 
soak  In  tho  furnace.  It  will  assimilate  gases  and  tlie  castings 
may  he  porous.  Many  castiiigs  arc  no  doubt  spoiled,  because 
of  carelessness  In  pouring.  If  tho  tomporaturo  Is  too  cold  It  la 
almost  ImpoBslblo  to  obtain  solid  castlngR;  If  poured  too  hot, 
tho  castings  may  be  porous  throughout.  Aluminum  Is  a  dan- 
gerous metal  In  the  hrass  rmiiulry;  tlu'rcforn  grout  caro  must 
be  exercised  Hint  iinno  may  get  Into  lli(>  mixture.  A  vory  small 
percentage  of  Hliinilnimi  will  rauso  tho  castings  to  leak,  al- 
HkiukIi  Ihoy  may  iippoar  to  bn  solid.  Antimony  and  Iron  have 
a  Himlliir  effert  In  a  smaller  degree. 
•     *     * 

No  employer  in  Great  tlrllaln  can  have  In  his  employ  an- 
enemy  alien  except  under  lleeiiHe.  Kxcept  for  Ilolgian  refugees, 
there  are  very  few  alien  wnrkineii  In  Kngliiiid. 
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PASS   LIMITATION   IN  ROLLING  MILL 
PRACTICE 

BY  ALFRED  MUSSO  ' 

The  principal  aim  of  the  rolling  process,  undoubtedly,  is  to 
attain  the  greatest  reduction  of  the  cross-sectional  area  of 
the  part  being  rolled  that  is  consistent  with  the  quality  of 
the  finished  product.  The  reduction  of  the  piece  depends  upon 
several  elements,  which  can  be  grouped  into  two  classes.  To 
the  first  class  belong  all  elements  concerning  the  piece  itself, 
and  this  includes  all  data  referring  to  its  size,  the  nature  of 

the  metal  it  is  made  of 
and  also  its  condition 
while  being  rolled.  To 
the  second  class  belong 
all  elements  concerning 
the  rolling  mill,  sdch 
as  its  dimensions  and 
power.  The  scope  of 
this  article  is  to  show 
some  of  the  mechanical 
relations  existing  be- 
tween the  different  ele- 
ments mentioned  and 
how  they  control  the 
reduction  of  the  piece. 
Let  us  consider  a 
vertical  cross-section 
through  the  rolls  of  a 
rolling  mill  as  repre- 
sented in  the  accom- 
panying   illustration. 


Diagri 


showing  Relation  between  Rolls 
and   Stock  being  rolled 


The  thickness  of  the  piece  while  passing  through  the  rolls  is 
reduced  from  its  original  value  AA^  to  the  new  value  BB,. 
We  will  call  BB,  the  "pass."  Evidently,  AA^  =  BB,  +  2CB, 
but  CB  =  OB  —  OC,  and  OC  =  AO  cos  AOC ;  then  the  first 
equation  becomes: 

AA^  =  SB,  +  2 (OB  —  AO  cos  AOC) 
Assume  that: 

AO  =  OB  =  R,  radius  of  roll ; 
AA,  =  r,  original  thickness  of  piece; 
BB,  =  p,  pass;  and 

0  =  angle  AOC.  , 

The  last  of  the  preceding  equations  may  now  be  expressed 
as  follows: 

T  =  p  +  2R(1  —  cos  e)  (1) 

This  is  the  fundamental  equation  of  the  mechanics  of  roll- 
ing mills.  Now,  by  assuming  the  width  of  the  piece  to  be 
unity,  the  values  of  T  and  p,  for  all  practical  purposes,  will 
represent  the  sectional  areas  before  the  piece  has  entered  and 
after  it  has  left  the  rolls.  This  is  in  harmony  with  actual 
rolling  mill  practice.  •  Equation    (1)    arranged  in  the  form: 

r  —  p  =  2fl(l  —  cos  6) 
shows  that  the  reduction  of  the  piece  is  a  function  of  the 
angle  B.  This  angle,  called  the  "approach  of  the  piece  to  the 
rolls,"  or,  more  simply,  the  "approach,"  is  the  controlling  ele- 
ment in  the  relations  between  the  dimensions  of  the  piece 
and  those  of  the  rolling  mill. 

An  inspection  of  the  illustration,  as  well  as  proper  trans- 
formations of  Equation  (1),  show  that  for  a  given  value  of  T 
the  value  of  p  will  decrease,  while  that  of  0  increases,  and  vice 
versa;  also.  If  the  value  of  p  is  given,  the  value  of  T  will 
Increase  with  that  of  0.  These  facts  may  be  embodied  in  the 
following  statement:  For  a  known  size  of  rolls,  the  approach 
is  directly  proportional  to  the  original  thickness  of  the  piece 
and  Inversely  proportional  to  the  pass.  Considerations  beyond 
the  limits  of  this  article  show  that  the  value  of  0  should  not 
exceed  .SO  degrees,  and  in  actual  practice  such  a  value  is  never 
reached.  We  will  now  establish  the  relations  between  the 
properties  of  the  piece  and  Its  approach,  which  will  enable 
us  to  find  the  proper  value  of  the  pass,  consistent  with  the 
economy  of  the  rolling  mill  output.  I>et  us  assume  the  follow- 
ing notations: 

a  =  normal  pressure  on  piece; 

/.  —  allowable  unit  shearing  stress  for  piece; 


p  =  pass; 

P  =  radial  pressure  of  roll; 
R  =  radius  of  roll; 
S  =  tangential  shearing  force; 
T  =  original  thickness  of  piece; 
0  =  approach. 
Evidently, 

S  =  a  sia  e 
But 

a  =  P  cos  0 
Then, 

8  =  P  sin  e  cos  8  =  1/2P  sin  29 

The  last  equation  shows  that  S  is  also  a  function  of  0,  and 
because  P  is  constant,  and  depends  upon  the  dimensions  and 
power  of  the  rolling  mill,  it  is  evident  that  the  ratio  of  S 
and  0  is  also  a  constant.  This  enables  us  to  regard  the  above 
equation  as  suitable  for  any  value  of  0.    Introducing  the  prop- 

S 
erties  of  the  piece,  we  must  have  — -  <  /s;  then,  selecting  the 

T    ~ 


highest  safe  value,  viz.. 


=  /s,  which   is  consistent  with 


good  practice,  the  last  equation  becomes: 

S  =  f,T  =  1/2P  sin  20,  and,  consequently, 
2/sT 
=  sin  20 


(2) 
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With  the  help  of  a  table  of  sines,  we  will  be  able  to  find 
the  value  of  26,  and,  of  course,  of  0.  The  latter  value  substi- 
tuted in  Equation  (1)  will  determine  the  value  of  p  as  follows: 
p  =  T  —  2R{l  —  cos0) 

The  value  of  p  thus  found  is  the  minimum  safe  pass  which 
can  be  set  in  the  rolls,  and  indicates  the  maximum  safe  re- 
duction of  the  piece.  As  a  practical  application  of  the  pre- 
ceding formulas,  assume  that  a  band  of  0.20  per  cent  carbon 
steel,  having  a  thickness  of  No.  16  Birmingham  wire  gage 
(B.  W.  G.),  is  put  through  a  cold-rolling  process  in  a  10-inch 
strip  rolling  mill,  driven  by  a  70-horsepower  motor  at  50 
revolutions  per  minute.  The  efficiency  of  the  mill  is  40 
per  cent.  The  problem  is  to  determine  the  pass.  From  the 
data  given,  the  radial  pressure  at  the  rolls  is  first  determined. 

0.40  X  70  X  12  X  33,000 

P^ =  7061  pounds 

10  X  3.14  X  50 

The  value  of  /,  for  a  0.20  per  cent  carbon  steel  can  be  as- 
sumed at  6000  pounds  per  square  inch.  Then  arrange  the  data 
as  follows: 

fa  =  6000  pounds  per  square  inch; 

P  =  7061  pounds; 

R  ^  5  inches; 

T  =  0.065  inch. 

Substituting  these  values  in  Equation  (2),  we  find: 

2  X  6000  X  0.065 

Sin  20  = =  0.11046 

7061 

By  referring  to  a  table  of  sines,  we  find  that  29  =  6  de- 
grees —  20  minutes;  therefore,  0  =  3  degrees  —  10  minutes, 
and  cos  0  =  0.99S47.  By  substituting  these  values  in  Equa- 
tion (1): 

p  =  0.065  —  10  (1  —  0.99847)  =  0.0497  inch, 
or  approximately  0.050  inch 
This  shows  the  maximum  reduction  consistent  with  safety 
to  be  7'  —  p  =  0.015  inch,  or  23  per  cent  of  the  original  thick- 
ness of  the  piece.    This  result  is  corroborated  by  actual  results 
in  everyday  practice. 

*     *     • 

During  1917,  the  total  cost  In  the  state  of  New  York  of 
"workmen's  compensation,"  including  the  expense  of  adminis- 
tration, was  135,000,000,  or  ?117,000  a  day.  Seven  out  of  every 
ten  applicants  for  compensation  could  not  speak  English.  In 
I'ennsylvania  last  year.  $7,161,094  was  awarded  in  compensa- 
tions, an  Increase  of  $2,9.'?6.219  over  the  year  before.  In  Massa- 
<'husotts.  thero  was  paid  as  compensation  about  $5,000,000. 
against  $1,667,000  in  191;!.  I'art  of  this  increase  Is  attributed 
to  the  Increase  of  the  maximum  award  from  50  to  66  2/3  per 
cent  of  the  wage. 


I 


X   the  article   in   the   March   number   of     SeCOnd  of  CL  SevieS  of  Avti-      shown  in  Fig.  2.    Pulley  A  makes  300  revo- 
Machinerv,  the  general  lay-out  of  the        7         n  'h'  A  nipfl      1"'^'''°^  P®^  minute,  and  planetary  gearing 

plant  of  the  American  Shell  Co.,  Pater-     ^^^^   VeSCmOing   /ipprOVea      jg  provided  at  B,  the  reduction  of  this  be- 
son,  N.  J.,  was  described;  the  order  of  the     Mcthods  Employed  by  the      ing  as  1  to  1000;  hence,  the  slow-speed  hol- 
low shaft  C  makes  0.3  revolution  per  min- 
ute.    A  camshaft  is  driven  from  this  slow- 
speed    shaft   by   means   of  a   silent   chain 
from    sprocket   D.      On    the    camshaft    are 
eleven  pairs  of  cams,  which,  in  turn,  oper- 
ate eleven  double-action  pneumatic  valves  which  control  the 
hydraulic    cylinders,    the    pistons    of    which    push    the    shells 
through   the   furnace.     A   diagrammatical   view   of  the  mech- 
anism tor  pushing  the  shells  into  the  furnace  tubes  is  shown  in 
Fig.  3.    The  shell,  resting  on  the  rollers,  is  pushed  forward  by 
the  pawl  A  acting  against  the  edge  of  the  shell,  as  indicated, 
whenever  pressure  is  admitted  back  of  the  piston  B  through 
the  action  of  the  timing  mechanism. 

At  the  back  end  of  the  furnace  (at  the  end  of  each  pipe)  is  a 
door  opening  into  a  kind  of  an  ante-chamber.    The  door  opens 

only  as  the  shells 
arc  pushed  through 
the  furnace,  and 
closes  after  them. 
The  shells  then 
move  forward  by 
gravity  and  open  a 
second  door  be- 
tween the  ante- 
chamber and  the 
oil  tank  Into  which 
thoy  drop.  The 
a  n  t  0  -  o  h  a  ni  b  e  r 
makes  It  possible 
to  retain  the  bent 
III  the  tubes  and 
prevents  the  out- 
side  air  from  strlk- 
liig  the  shells.  The 
riiriiiiccH  nro  oil- 
iIiimI.  the  li'Mipprn- 
liirii  In  the  fur- 
imcps  boliiK  IliOO 
(li'KrcoH  v.,  iind  that 
nf  the  hIicUh,  about 
ir.on   (loRrocH   F. 

WIllMl      111.'     HhcIlM 
ihop       hllr.       Illl'      III! 

I;uik.  llic'V  I'jill  onlii 


operations  embodied  in  the  company's  prac-  AmeHcan  Shell  Co.  iu  the 
lice  was  given,  together  with  illustrations  «T„r.,-^„  „jr  jj  c-  A^^^j, 
showing  the  shell  after  each  operation,  and     ^y^^l^^^d    OJ    U.    ^i.    /immu- 

the  methods  used  in  machining  the  work     tlition By    EHk    Obevg 

were  reviewed  up  to  and  including  the  nos- 
ing or  bottling  of  the  shell.    In  the  present  article,  the  heat- 
treatment  and  the  operations  that  follow  the  hardening  and 
tempering  operation  will  be  dealt  with. 

Heat-treatment 

The  heat-treatment  consists  of  hardening  and  tempering  the 
shells.  Two  hardening  and  two  tempering  furnaces  are  used. 
The  hardening  furnaces,  shown  in  Fig.  1,  are  each  provided 
with  eleven  tubes  passing  entirely  through  the  furnace,  these 
tubes  consisting  of  3VL'-inch  pipe.  The  shells  are  fed  into  the 
tubes  from  one  end, 
and  in  passing 
through  the  fur- 
nace are  actuated 
by  an  automatic 
timing  device  which 
permits  each  shell 
to  remain  within 
■the  heating  zone  for 
sixty  minutes.  The 
inclined  roller  con- 
veyors In  the  front 
carry  the  shells 
down  to  the  open- 
ing of  the  furnace 
tubeN.  Above  these 
arc  seen  the  hy- 
draulic cylinders 
from  which  the 
'mechanism  for 
pushInK  the  shells 
thrnuKh  the  tubes 
Is  actuated,  this 
mechanism.  In  turn, 
bclnic  controlled  by 
a  timing  device 
which  consists  of 
the    mechanism 
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Fig.  2.     Tuning  Mechanism  which  controls  Pusher  Feed  for  Shells 

a  link-belt  conveyor,  which  moves  them  up  an  incline,  where 
they  drain,  and  then  deposits  them  in  a  draining  tank  for 
further  draining  of  the  oil.  The  quenching  oil  is  cooled  off 
by  passing  through  a  series  of  coils  in  a  water  tank,  shown 
in  Fig.  4,  located  behind  the  nosing-in  presses. 

From  the  draining  tank,  the  shells  are  taken  by  a  gravity 
conveyor  to  the  tempering  furnace,  which  is  similar  to  the 
hardening  furnace,  the  only  difference  being  that,  instead  of 
passing  through  tubes,  the  shells  in  this  furnace  are  conveyed 
in  chutes,  so  that 
the  flame  from  the 
oil  burners  heats 
the  shells  directly. 
The  temperature  in 
the  tempering  fur- 
nace varies  from 
1100  to  1300  de- 
grees F.,  according 
to  the  quality  of 
the  steel.  The  high- 
er the  carbon  con- 
tent of  the  steel, 
the  higher  the  tem- 
pering temperature. 
Each  shell  remains 
twenty-five  minutes 
in  this  furnace.  At 
the  back  of  the 
tempering  furnace, 
two  automatic  con- 
veyors, running  to- 
ward each  other, 
discharge  the  shells 
onto  a  third  conveyor,  which  carries  them  into  the  cooling 
space.  The  conveyors  at  the  back  of  the  tempering  furnaces 
are  so  timed  that  two  shells  are  never  placed  upon  the  third 
common  conveyor  at  the  same  time.  At  the  end  of  ttje  con- 
veyor in  the  cooling  space,  there  is  a  swinging  chute,  which 
makes  it  possible  to  discharge  separate  heats  in  separate  piles. 

After   the   cooling,   tests  are  made   in   order   to  determine 
whether  the  shells  are  of  the  proper  physical  characteristics 


im  ■ 

m^^rn^f  t_:^-'-rn-^ 
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^»ffi-f^-        ^^HHBS'i 

Fig.   4.     Cooling   Tank   for   Quenching   Oil 


Wate 


Fig.    3.     Diagrammatical  View  of   Hydraulic  Pusher   Feed 

and  whether  the  proper  heat-treatment  has  been  given  to  the 
steel.  Test  pieces  are  prepared  from  two  shells  out  of  each 
lot  of  1000,  for  making  tensile  tests.  Scrap  shells  are  passed 
along  with  the  others  for  this  purpose.  Brinell  tests  are  also 
made  on  10  per  cent  of  the  shells.  The  details  of  these  tests 
will  be  given  in  a  subsequent  article. 

Machlningr  Operations  after  Heat-treatment 

The   first   machining   operation   after   heat-treatment   is  to 

finish  the  base  and 
under-cut  the  boss 
for  the  center.  This 
under-cutting 
serves  the  purpose 
of  making  it  possi- 
ble to  shear  off  the 
center  in  a  later 
operation.  The 
work  is  done  on  a 
Gisholt  lathe,  and 
a  regular  round- 
nosed  tool  is  used 
both  for  the  facing 
and  under-cutting. 
The  hole  for  the 
fuse  is  now  bored, 
recessed,  faced,  and 
beveled  at  the  end. 
This  work  is  done 
on  a  Potter  & 
Johnston  semi-auto- 
matic machine. 
Special  tools  are 
used  only  for  the  recessing  operation,  the  tool  used  being 
shown  in  Fig.  5,  where  the  recessing  tool  proper  is  shown  at  A. 
mounted  in  a  slide  B.  A  stop  or  straight  cam  surface  on  the 
cross-slide  acts  against  the  roller  C,  thus  moving  the  recessing 
tool  in  a  transverse  direction  against  the  pressure  of  spring  D. 
The  tool  then  cuts  a  recess  in  the  bore  at  the  under  side  of 
the  thread,  which  serves  the  purpose  of  clearing  the  milling 
cutter  when  the  thread  is  cut.    Screw  E  acts  as  a  stop. 


\ 

A 

l- 


Flf.  6.     Mpthod  of  cutting  Groovo  for  Brn.»  PUto.  and  Detail  of  Forming 
Tool  uiod  for  ftniahlng  Noao 
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rig.    7.     Holder   for  Forming   Tool   which   finishes   Shell   Nose 

The  rough-grooving  for  the  copper  band  is  done  in  a  Wood 
turret  lathe,  a  plain  straight  tool  with  a  flat  end  being  used. 
The  groove  is  finished  in  the  same  type  of  machine,  but  a 
circular  forming  tool  is  used  in  this  case,  which  produces 
the  thread  in  the 
bottom  of  the 
groove.  By  pre- 
senting a  knurl 
with  straight 
teeth  to  the  bot- 
tom of  the  groove 
which  contains 
this  thread,  a  very 
coarse,  prominent 
knurling  is  pro- 
vided to  bind  the 
copper  band.  The 
knurling  is  done 
in  the  same  type 
of  machine  as  is 
used  for  the  cut- 
ting of  the  groove. 
The  knurl,  shown 
in  Fig.  8,  is  made 
from  high-speed 
steel  on  account 
of  the  heat  developed  in  the  knurling  operation,  it  having  been 
found  that  carbon  .steel  will  not  meet  the  requirements.  The 
knurls  are  cut  In  the  shop  on  a  Bilton  automatic  gear-cutter. 

The  rough-turning  of  the  nose  is  performed  in  a  Gisholt  ma- 
chine with  a  regular  four-tool  forming  head.  The  finish- 
turning  of  the  nose  is  done  on  the  same  type  of  machine,  but. 
In  this  case,  a  finishing  profiling  tool,  4  inches  wide,  held  in  u 
holder,  as  shown  in  Fig.  7,  is  employed,  this  tool  giving  tin; 
nose  the  correct  shape.  Eight  oU-tubes  located  at  the  edge 
of  the  forming  tool,  as  Indicated,  supply  lubricant  to  the  tool. 
The  forming  tool  Is  shown  In  detail  at  C  In  Fig.  6.  The  body 
is  now  flnlBb-turncd  above  and  below  the  groove  for  the  copper 
band,  an  expanding  mandrel  holding  the  work  by  that  pari 
of  the  bore  which  Is  later  to  be  threaded.  The  machine  used 
Is  provided  with  a  special  air-operated  centering  cup,  whicli  Ih 
uwd  for  holding  the  work  at  one  end,  while  a  regular  cunlcr 
Is  used  on  the  other  end. 

A  slight  bevel  in  next  cut  at  ca<-h  end  of  that  part  of  tin' 
body  which  comes  below  the  copper  band.  The  bevel  next  to 
the  base  Is  provided  In  order  that  the  shell  may  be  Insorlud 
easily  Into  the  cartridge  case,  while  the  bevel  next  to  the 
copper  band  la  for  the  purpose  of  crlniplng  Uh;  cuho  onto  the 
lihpll.  This  opiTiillon  Ih  performed  In  <!|ikIiic  IhIIich  provided 
with  special  tool  blocks  of  the  type  shown  In  Fig.  9.  A  roller 
at  A  act«  an  a  stop  by  coming  In  contact  with  thv  )>ody  of  tlio 
■bell.  The  work  is  held  by  a  cup  renter  nl  one  end  and  by  un 
alr-nporatcd  tall  fi.nler  al  the  other. 


The  grinding  of  the  bourrelet  is  done  in  the  grinding  ma- 
chines shown  in  Pig.  10,  especially  built  for  the  purpose.  The 
shells  are  fed  transversely  toward  the  wheel  only,  the  wheels 
being  wide  enough  to  grind  the  whole  surface  at  once.  The 
amount  of  feed  to  obtain  the  correct  diameter  is  shown  by  a 
graduated  indicator  on  the  machine,  which  is  set  each  time 
the  wheel  is  trued.  The  wheels  are  trued  frequently  in  order 
to  make  sure  that  the  wear  of  the  wheel  will  not  affect  the 
accuracy  of  the  grinding.  The  shells  are  held  for  this  opera- 
tion by  a  cup-center  at  one  end  and  an  air-operated  tail-center 
at  the  other. 

All  of  the  operations  that  need  to  be  performed  on  centers 
are  now  completed,  so  the  center  at  the  base  is  removed  by 
shearing.  A  power  press  is  used  for  this  purpose,  provided 
with  two  shear  blades,  very  similar  in  operation  to  a  sprue 
cutter.  These  blades  are  made  from  carbon  steel,  as  high- 
speed steel  has  no  advantage  for  this  purpose;  in  fact,  high- 
speed steel  will  not  give  as  good  service  as  carbon  steel  for 
this  work,  as  not  enough  heat  is  produced  in  the  operation 
to  develop  the  qualities  that  make  high-speed  steel  superior 
to  carbon  steel.  After  having  sheared  off  the  center,  the  base 
is  faced  in  a  Gisholt  machine  by  an  ordinary  high-speed  steel 
facing  tool. 

The  groove  in  the  base  for  the  brass  cover  is  now  cut.  The 
base  cover  is  inserted  to  prevent  a  possible  premature  explo- 
sion due  to  ignition  of  the  charge  in  the  shell  from  the  charge 
in  the  cartridge  case,  through  a  "pipe"  in  the  center  of  the 

base  of  the  shell. 
This  groove  is  cut 
in  two  operations, 
two  Oliver  lathes 
being  used.  In  the 
first  lathe,  a  tool 
as  indicated  at  A, 
Fig.  6,  cuts  a 
plain  groove;  in 
the  second  lathe, 
a  tool  as  indi- 
cated at  B  is  used, 
which  is  set  at  an 
angle.  This  tool 
is  also  fed  at  an 
angle,  and  thus 
produces  the  un- 
der-cut which  is 
required  to  bind 
the  brass  cap  se- 
curely in  place. 
The  thread  for 
the  fuse  is  now  cut.  A  Lees-Bradner  thread  milling  machine 
is  used,  provided  with  an  air-operated  collet.  The  cutter  shown 
in  Fig.  13  is  first  fed  into  the  hole  to  the  correct  deptli,  and 


Tools  and  Holder  used  for  beveling  Shell  Body 
below  Copper  Band 
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is  then  fed  sidewise  until  the  proper  depth  of  thread  has  been 
cut,  after  which  the  shell  is  rotated  about  one  and  one-half 
times  around  to  cut  a  complete  thread.  There  are  twelve 
threads  per  inch  of  a  modified  U.  S.  standard,  the  top  being  a 
sharp  vee,  while  the  bottom  has  the  U.  S.  standard  flat,  as  indi- 
cated in  the  enlarged  view  of  the  thread.  While  the  opera- 
tions call  for  sizing  the  threads  after  milling,  it  has  been  found 
that  they  are  generally  so  perfect  when  leaving  the  milling 
machines  that  no  further  tapping  operation  is  required.  Once 
in  a  while,  a  shell  that  may  not  have  a  perfect  thread  is  sized 
on  a  separate  machine  with  a  sizing  tap.  An  ordinary  drill 
press  is  used  for  this  purpose,  provided  with  an  Errington 
automatic  tapping  chuck  and  a  pneumatically  operated  vise. 
From  the  thread  milling  machines,  10  per  cent  of  the  shells 
pass  to  the  hydraulic  testing  press,  where  they  are  subjected 
to  a  test  which  indicates  the  elastic  limit  of  the  shell.  De- 
tails of  this  test  will  be  given  in  a  subsequent  article.  The 
shells  that  have  been  hydraulieally  tested  are  then  passed  back 
to  the  drill  press,  where  the  thread  is  sized,  as  the  hydraulic 
test  slightly  alters  the  accuracy  of  the  thread. 

Automatic  Notching-  Machine 

The  shells  are  now  provided  with  a  small  notch  at  the  open 
€nd  for  the  detonator.  This  notch  is  cut  by  a  full-automatic 
notching  machine  built  by  the  company,  which  takes  the  shells 
from  a  gravity  conveyor  and  deposits  them  onto  another  con- 


TO  CUT   12  THREADS  PER  INCH 
SPECIAL  U.S.  THREAD  AS  SHOWN 

SHARP   V   TOP 


DETAIL  OF  THREAD 


Fig.    13.     Detail  of  MiUing  Cutter  or  Hob  for  miUing  Threads  for  Fase 


continuous  flow,  it  is  necessary  to  clamp  not  only 
being  operated  upon,  but  also  the  next  succeeding 


the  shell 
one  which 


Fig.    11.     Automatic   Machine   for  Botching   Shells   for  Detonator 


Teyor  after  the  notch  has  been  cut.  This  machine  is  shown 
in  Fig.  11.  The  milling  cutter  which  cuts  the  notch  is 
shown  at  A  and  the  shell  operated  upon  at  B.  The  shells  are 
automatically  clamped  and  fed  forward  to  the  cutter.  As  the 
shells  are  fed  by  the  gravity  conveyor  to  the  machine  in  one 


Firt.    12.     Shell    WuhilK   Muchln 


has  just  passed  oft  from  the  conveyor,  so  that  the  shells  behind 
the  one  operated  upon  will  not  press  that  shell  forward  or 
interfere  with  the  proper  operation  of  the  machine.  The  next 
succeeding  shell,  therefore,  is  shown  automatically  clamped  at 
C,  while  the  other  shells  on  the  conveyor  back  up  against  the 
end  of  this  shell.  When  the  shell  operated  upon  has  been  dis- 
charged, as  will  be  described  later,  clamp  C  is  released  by  the 
action  of  cam  D.  and  is  pushed  forward  by  the  weight  of  suc- 
ceeding shells  until  it  comes  into  position  B  against  stop  E. 
Clamp  F  then  grips  the  shell  by  the  action  of  cam  G  and  toggle 
joint  //.  The  axis  of  the  cutter-spindle  is  stationary,  and  the 
shell  is  fed  forward  to  it  by  the  motion  of  the  shell  carriage, 
which  is  operated  by  means  of  a  crank  and  pitman  J  and  A', 
the  crank  being  driven  through  a  bevel  gear,  worm,  and  worm- 
wheel  from  the  main  spindle.  Shaft  31  also  carries  a  bevel 
gear,  which,  in  turn,  drives  the  transverse  spindle  that  oper- 
ates the  clamping  mechanism  through  a  series  of  bevel  gears, 
thereby  assuring  a  proper  sequence  of  operations  with  regard 
to  the  release  of  the  clamps. 

The  discharging  mechanism  is  carried  by  a  shaft  driven 
by  the  gears  .V  and  0,  which  are  part  of  the  clamping  mech- 
anism. These  gears  continuously  rotate  arms  P  and  Q,  which 
come  around  once  each  time  a  shell  Is  ready  and  which  push 
It  up  an  incline  I\  and  onto  the  conveyor.  Previous  to  the 
use  of  this  automatic  machine,  the  shelKs  were  notched  In 
a  small  standard  milling  machine,  the  shells  being  laid  In  a 
Vblock. 
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Final  Operations  and  Inspection 
The  shells  now  pass  through  a  washing  machine  consisting 
of  a  long,  endless  chain  conveyor,  as  indicated  in  Fig.  12, 
which  carries  them  into  a  tank  containing  hot  oakite.  The 
shells  are  placed  upon  the  conveyor  by  hand  at  the  end  shown, 
and  then  pass  into  the  tank  indicated  to  the  left,  from  which 
they  pass  out  at  the  other  end,  which  is  similar  to  the  end 
shown,  and  where  they  are  removed  by  hand.  The  shells  are 
held  in  an  inclined  position  while  passing  into  the  tank,  and 
are  simultaneously  sprayed  on  the  Inside  by  a  solution  which 
is  forced  into  them  from  nozzles  placed  beneath  them.  After 
washing,  the  whole  shell  i^  inspected  at  a  long  table,  each 
inspector  checking  one  dimension  only,  the  shell  being  passed 
from  inspector  to  inspector.  This  inspection  is  repeated  in  the 
government  inspection  room,  after  which  the  shell  returns  to 
the  shop  and  the  copper  band  is  put  in  place  in  West  tire  set- 
ters. Fig.  14.    The  regular  type  of  machine  is  used,  except  that 


rig.   14.     Machines  used  for  pressing  Copper  Band  into  Place 

the  ordinary  jaws  are  replaced  by  tool-steel  jaws.  The  copper 
bands  are  next  turned  in  a  special  American  Shell  Co.'s  ma- 
chine. A  roughing  tool  is  placed  in  a  holder  on  the  turning 
machine,  and  a  finishing  tool  of  the  under-shot  forming- 
tool  type  is  used  on  a  lever-operated  cross-slide.  This  tool  is 
of  the  form  shown  in  Fig.  15. 

The  shell  is  now  ready  for  putting  the  brass  plate  onto  the 
end.  A  lead  plate  is  first  attached  to  the  base  by  petroleum 
Jelly;  then  the  brass  plate  is  dropped  in  place  and  the  shell  put 
under  a  press  provided  with  a  special  punch  or  die,  which 
forces  the  brass  plate  into  position.  The  punch  or  die  is  com- 
pounded, having  an  inner  die  which  holds  the  plate  in  position 
while  the  outer  part  ^:rimps  the  edge  of  the  groove  cut  in  the 
shell  base  over  the  plate.  This  die  is  shown  in  Fig.  16.  A 
small  40-ton  hydraulic  press  is  used  for  this  operation.  After 
the  final  government  Inspection,  the  shells  are  numbered  In  a 
Dwlght  &  Slate  numbering  machine,  being  laid  In  a  cradle 
('onsistlng  of  two  rollers,  after  which  the  eccentric  marking 
wheel  Is  forced  down  upon  them. 

The  lacquering  on  the  outside  of  the  shells  is  done  in  the 
machine  8hown  In  Fig.  17,  especially  built  for  the  purpose. 
The  Bhells  are  placed  upside  down  on  studs  attached  to  a 
moving  llnkhelt.  At  a  certain  point  In  their  travel,  the  sheila 
strike  rollers  which  force  them  to  rotate.  At  this  time,  the 
operator  directs  the  spraying  gun  onto  them,  thus  covering 


them  completely 
with  lacquer.  The 
shells  then  auto- 
matically move  into 
a  drying  oven,  from 
which  they  pass  out 
at  the  other  end, 
where  they  are  re- 
moved. The  inside 
is  then  sprayed  by 
hand;  no  special 
drying  means  are 
provided  after  this 
spraying.  This  fin 
ishes  the  opera- 
tions upon  the  shells 
before  they  are 
ready  for  shipping. 


Employment  of 

Women  in  Shell 
Work 

The  American 
Shell  Co.  employs 
a  large  percentage 
of  women  on  the 
manufacture  of  the  75-millimeter  shell.  Women  are  employed 
not  only  on  inspection  operations  and  such  work  as  in  the  past 
was  ordinarily  performed  by  women  operators,  but  also  on  a 
great  many  of  the  machining  operations.  It  is  stated  that 
the  work  done  by  the  women  is  very  satisfactory.  The  opera- 
tions performed  by  women  in  the  making  of  the  shell  are  as 
follows:  second  rough-turning  of  entire  outsjde,  together  with 
inspection;  all  government  inspection;  Brinell  test;  boring, 
recessing,  facing,  and  beveling  of  the  hole  for  the  fuse,  with 
inspection;  finish-turning  of  the  body  above  and  below  the 
groove  for  the  copper  band,  together  with  inspection;  beveling 
the  body  of  the  cartridge  case,  with  inspection;  the  grinding 
of  the  bourrelet,  with  inspection;  the  cutting  of  the  groove  in 
the  base  for  the  cover,  with  inspection;  the  milling  and  in- 
specting of  the  thread;  the  final  shop  inspection  of  the  whole 


Fig. 


ri(.   It,      rormlni   Tool   lor   aniahinc  Coppi^r  Ban<l> 


Fig.    17.     Mncliinn    for  vornlslilng  SlioUa   on   Outltda 

shell;  I  he  lliial  gdvcrnnK'nt  Inspection;  the  Inspection  of  the 
copper  band;  the  aHHcmblinK  of  the  base  cover;  and  the  press- 
ing of  the  base  cover  Into  place. 


OwhiK  1(1  till'  liiilf  (if  worUnicn's  Ikiusch,  the  Itrili.sli  tiovcrn- 
iin-nt  lias  di-cldi'd  to  erect  from  100,000  to  200,000  dwell- 
ings. While  tliest!  Iioiihoh  will  he  standnrdlzeil,  there  will  bo 
Hllght  viirlatlonH  In  dlin('?iHl(iiiH  and  Htyle  In  dlfTcnMit  locnlltlcH. 
Whi'i'i-  ('(indilldnH  piTiiill,  Ibc  ciilllviillon  of  giirdciiN  will  be 
fnciiiiraKi'd.  A  Hiandard  syMlcni  of  planting  1h  iidvocatod,  the 
nunilior  of  houHCH  not  to  excond  twelve  for  each  acre.  The 
wirlth  iif  iirtcrhil  rondH  will  be  100  fi-ot,  Rocondnry  roads,  fiO 
fi'ct,  mill  ri'Hldi'iillal  roinlH  fr'nn  :ti;  tn  lO  foot. 
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ARRANGEMENT  AND   USE    OF   PROJECTION    APPARATUS  AS  APPLIED  TO  INSPECTION  OF  THREAD  GAGES 

FOR  MUNITIONS  MANUFACTURE 


BY  FRANKLIN  D.  JONES  ' 


Tig.    1.     Projection  Apparatus   for  testing   Screw  Tlireads 

CONSIDERABLE  progress  has  been  made  in  the  develop- 
ment of  apparatus  for  detecting  inaccuracies  in  screw 
threads,  especially  during  the  past  three  years,  because 
of  the  tremendous  amount  of  screw  cutting  necessary  in  con- 
nection with  munitions  manufacture  and  the  great  impor- 
tance of  maintaining  the  screw  thread  dimensions  within  the 
limits  prescribed.  Different  types  of  gages  and  precision  meas- 
uring machines  have  been  improved  in  design  and  new  forms 
of  apparatus  originated.  A  modern  and  very  effective  method 
of  testing  screw  threads  is  by  the  use  of  an  optical  projec- 
tion apparatus.  The  principle  is  very  simple:  An  image  of 
the  thread  is  projected  upon  a  suitable  screen  and  is  then 
compared  with  the  profile  or  outline  of  an  accurate  thread 
of  standard  proportions.  It  is  necessary,  of  course,  to  de- 
termine previously  the  magnification  or  the  extent  to  which 
the  thread  under  observation  is  to  be  en- 
larged upon  the  screen,  so  that  the  profile 
or  thread  outline  used  as  a  standard  in  mak- 
ing comparisons  may  be  drawn  to  a  cor- 
responding scale.  This  projection  method 
shows  errors  in  the  pitch,  angle,  or  form  of 
the  thread,  and  it  is  especially  valuable  for 
testing  the  shape  of  a  Whitworth  thread. 

Optical  Projection  Apparatus 

The  projection  apparatus  to  be  described 
was  developed  by  the  National  Physical 
Laboratory  of  England  and  is  employed  in 
conjunction  with  other  precision  measuring 
machines  for  verifying  the  accuracy  of  in- 
spection gages.  This  work  of  gage  inspec- 
tion, for  the  plants  In  this  country  manu- 
facturing munitions  for  the  British  Govern- 
ment Is  carried  on  under  the  direction  of 
H.  J.  Bingham  Powell,  Inspector  In  charse 
of  the  Department  of  Gages  and  Standard.s 
of  the  British  Ministry  of  Munitions  of  War 
In  the  United   States.     The  apparatus   will 

Tor  olhiT  iirtliliH  on  thrnnrt  totlni;.  wo  "rrorlviun 
Screw  Trxtlnff  Mnrhlnr,"  February.  1018;  "InHporl  Imi 
of  Screw  Onites  fnr  Miinltlone  of  Wnr,"  Janunrj,  IIMH; 
"OecInK  Syiilrma  for  Scrowa  anil  Tapa,"  J11I7,  1017; 
and  "OaKinK  and  Inspcrtlnjf  Threoda."  Fcbniary  iind 
March.   1017. 
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first  be  described  and  then  some  examples 
illustrating  its  practical  application  will  be 
referred  to. 

Two  views  of  the  apparatus  are  shown  in 
Figs.  1  and  2.  There  is  a  projection  lens  at 
A,  an  arc  light  at  B,  and  adjustable  conical 
centers  at  the  rear  of  the  lens  for  holding 
the  gage  C  to  be  examined.  Just  beneath 
these  centers  there  is  a  clamp  which  may  be 
used  for  holding  any  gage  or  other  part  that 
cannot  readily  be  mounted  between  centers. 
The  slide  which  carries  the  work-holding 
clamp  and  centers  may  be  adjusted  along 
its  base,  thus  varying  the  distance  between 
the  object  to  be  projected  on  the  screen  and 
the  lens.  The  purpose  of  this  adjustment  is 
to  obtain  the  proper  focus.  The  focussing 
slide  is  attached  to  a  rod  F  which  connects 
with  a  small  eccentric  at  D  mounted  on  a 
shaft  carrying  the  double-ended  lever  E. 
The  focus  is  first  adjusted  approximately 
by  unclamping  the  slide  from  the  rod  and 
moving  it  along  the  base,  and  lever  E  is  then 
used  to  obtain  the  fine  adjustment.  This 
lever  has  cords  attached  to  it  so  that  ad- 
justments may  be  made  from  the  screen 
where  it  is  possible  to  see  more  clearly  just  when  the  focus 
is  correct. 

It  is  very  essential  to  provide  for  this  apparatus  a  lens  of 
good  quality  and  one  that  has  been  corrected  for  distortion 
to  secure  an  accurate  reproduction  of  the  thread  profile  on 
the  screen.  A  strong  source  of  light  is  also  necessary,  so  that 
a  clear  and  sharply  defined  outline  or  shadow  will  be  pro- 
jected. The  carbons  of  the  arc  light  used  with  this  appsiratus 
are  located  90  degrees  apart  instead  of  being  placed  one  above 
the  other.  With  this  arrangement  the  crater  or  concave  de- 
pression which  forms  in  the  end  of  the  positive  carbon  is 
pointed  directly  toward  the  lens;  consequently,  a  maximum 
amount  of  light  is  reflected  and  shadows  of  the  crater  wall  or 
edge  are  not  projected  upon  the  screen.  When  one  carbon 
is   placed   above  the   other,   the  formation   of  the  arc   at   dif- 


Fl(.  S.    Roar  Tlow  of  Projection  Apparatus,   ahowint  Sc 
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Fig.   3.     Screen  upon  which  Screw  Threads  are  projected 

ferent  points  around  the  edge  of  the  crater  sometimes  results 
in  casting  a  shadow  of  the  crater  wall  upon  the  screen,  thus 
Interfering  with  the  image  of  the  part  under  observation. 

The  projection  apparatus  referred  to  is  arranged  for  a  mag- 
nification of  50,  the  thread  section  being  enlarged  that  num- 
ber of  times,  which  enables  even  slight  inaccuracies  to  be 
observed  readily.  The  magnification  may  be  verified  before 
testing  a  screw  thread  by  placing  between  the  centers  back 
of  the  lens  a  cylindrical  part  such  as  a  plug  gage,  and  then 
adjusting  the  focal  distances  until  the  shadow  upon  the  screen 
Is  of  the  required  size  as  determined  by  measurement.  The 
focal  distances  mentioned  are  the  distances  between  the  screen 
and  projection  lens  and  the  distance  from  the  screw  to  the 
projection  lens,  the  measurements  in  each  case  being  along 
the  line  of  projection. 

Between  the  lens  and  the  arc  light  there  is  a  condenser  or 
lens  O  which  gathers  the  rays  of  light  from  the  arc  and 
changes  their  direction  so  that  all  the  rays  between  the  con- 
denser and  lens  are  parallel.  These  parallel  rays  are  obtained 
by  locating  the  condenser  at  the  right  distance  from  the  arc. 
The  axis  of  the  gage  or  screw  thread  to  be  observed  is  lo- 
cated at  right  angles  to  the  axis  of  the  lens,  so  that  the  Image 
projected  on  the  screen  represents  an  enlarged  section  of  the 
thread  In  the  plane  of  its  axis,  or  in  the  plane  in  which  the 
thread  angle  should  be  measured.  As  Is  quite  apparent,  ir 
the  gage  were  adjusted  from   this  perpendicular  position   an 


^^^. 

amount  equal  to  the  helix  angle  of  its  thread,  the  projected 
image  would  represent  a  section  normal  or  at  right  angles 
to  the  thread. 

In  order  to  secure  a  clear,  sharply  defined  projection  on  the 
screen,  it  is  essential  to  have  the  light  rays  between  the  con- 
denser and  lens  in  line  with  the  thread  on  the  side  that  is  to 
be  observed  and  projected.  This  alignment  of  the  light  rays 
with  the  helix  angle  of  the  thread  is  of  particular  importance 
when  the  pitch  is  large  in  proportion  to  the  diameter  or  when 
the  thread  inclines  considerably  relative  to  its  axis.  There- 
fore, the  arc  light  and  condenser  are  mounted  upon  a  frame 
which  is  pivoted  directly  beneath  the  lens  and  is  free  to 
swing  in  a  horizontal  plane.  When  a  gage  is  placed  between 
the  centers  preparatory  to  projecting  its  image  upon  the 
screen,  the  frame  referred  to  is  adjusted  until  a  well-defined 
projection  is  secured.  The  apparatus  is  connected  with  an 
ordinary  110-volt  lighting  circuit,  but  the  voltage  is  reduced 
considerably  by  means  of  a  rheostat  H,  Fig.  1. 

Screen  upon  which  Thread  Profile  is  Projected 

The  screen  upon  which  the  shadow  or  image  of  the  thread 
is  projected  is  practically  a  large  drawing-board  faced  or 
covered  with  heavy  drawing  paper  or  bristol  board.  The  par- 
ticular screen  seen  in  the  background  of  Fig.  2  and  also  in 


Flf.  f.     Small  Plat  Oac*  vnif^'A  upon  BcrMa 


FIk.   6.     MakinK  a  Cint  of  a  Soolion  of  a  King   Gano  Thread   preparatory 
to  toltlni  b7  Projootion  Method 

I'Mg.  3  la  provided  with  rollers  at  the  bottom  and  Is  mounted 
upon  a  horizontal  track.  Tlio  screen  Is  also  supported  by  a 
vortical  screw,  so  that  It  may  bo  adjusted  either  In  a  hori- 
zontal or  a  vertical  direction  for  locating  any  standard  thread 
outline  which  may  be  drawn  upon  the  screen  In  coincidence 
with  the  projcclod  Imago  for  nbaorvlng  any  dlfToroncea  of  form, 
anKle,  or  pitch.  This  adjustable  feature,  however,  Is  an  un- 
nocosHury  ri'liiK'inonf,  ns  It  Is  much  nmre  ronvonlont  to  have 
the  Rlnndnrd  thread  outlines  drawn  on  Kheels  of  cardboard 
which  nro  hold  nKnlnst  the  screen  In  lino  with  llin  projection 
wluMi  oxamlnliiK  a  thread. 

Incldontally,  It  Jr  Important  to  locate  the  screen  so  that  It 
In  perpnndlculnr  to  the  lino  of  projection,  and  In  order  to  test 
ltd  poHlflnn  the  lenB  and  any  other  part  that  may  be  In  the 
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Fig.   6.     Spindle  containing  Cast  made  as  shown  in  Fig.   6 

holder  are  removed.  The  parallel  beam  of  light  from  the  con- 
denser then  Illuminates  a  small  circle  on  the  screen.  A  mirror 
is  held  against  the  screen  in  such  a  position  that  the  beam  of 
light  is  reflected  back  onto  the  apparatus.  The  screen  slide 
is  then  adjusted  until  this  reflected  beam  coincides  with  the 
projected  beam,  or  until  it  passes  back  through  the  opening 
which  ordinarily  contains  the  projection  lens. 

Testlngr  Ring:  Gages  by  Projection  Method 

When  the  profile  of  a  thread  gage  of  the  plug  type  is  to  be 
examined,  the  gage  is  placed  between  the  centers  back  of  the 
lens  and  the  slide  carrying  these  centers  is  adjusted  vertically 
until  the  thread  profile  on  the  lower  side  of  the  gage  is  in 
line  with  the  center  of  the  lens.  This  vertical  adjustment  is, 
of  course,  necessary  for  examining  gages  of  different  diameters. 
The  pivoted  frame  which  supports  the  arc  light  and  con- 
denser lens  is  then  swiveled  in  a  horizontal  plane  as  previ- 
ously described,  in  order  to  align  the  light  rays  with  the 
thread.  The  observer  then  goes  to  the  screen  and,  after  care- 
fully adjusting  the  focus  by  means  of  the  cords  connecting 
with  the  apparatus,  compares  the  projected  image  with  a 
standard  thread  profile.  A  comparison  with  a  standard  thread 
outline  will  show  readily  minute  errors  of  form  as  well  as 
any  appreciable  inaccuracy  of  pitch  or  angle.  A  true  form 
at  the  crest  and  root  of  a  Whitworth  thread  is  very  import- 
ant, except  when  clearance  spaces  at  these  points  are  pro- 
vided, as,  for  example,  in  the  case  of  plug  gages  of  the  type 
used  for  checking  the  effective  diameter  only  of  a  ring  gage. 
The  nature  of  the  errors  detected  by  the  projection  method 
vary,  of  course,  considerably.  For  instance,  the  radius  at  the 
crest  or  at  the  root  may  be  incorrect,  or  if  it  conforms  to  the 
standard  radius  the  rounded  part  may  be  oft  center  relative 
to  the  remainder  of  the  thread.  All  errors  of  this  kind  as  well 
as  any  irregularity  along  the  slope,  or  decided  variation  either 
in  pitch  or  angle,  are  readily  detected  by  the  projection  method. 
The  illustration  Fig.  4  is  an  actual  photographic  reproduction 
of  the  image  of  a  small  plug  gage  projected  upon  the  screen. 
This  gage  is  one  of  the  small  sizes  shown  in  Fig.  2  upon  the 
table  which  supports  the  projection  apparatus. 

When  the  angle  of  the  thread  is  tested,  a  piece  of  cardboard 
Is  used  upon  which  lines  are  drawn  to  the  standard  included 
angle  of  55  degrees  (Whitworth  thread)  and  to  several  greater 
and  smaller  angles  with  variations  of  thirty  minutes.  An 
error  of  i^  degree  may  be  detected  easily  by  simply  compar- 
ing the  projected  image  with  the  standard  referred  to.  An 
error  In  the  pitch  will  be  detected  by  a  lack  of  coincidence  of 
the  successive  threads  of  the  image  and  standard  thread  out- 
line, but  it  is  not  advisable  to  attempt  to  measure  such  dif- 
ferences since  the  scale  of  magnification  is  insufficient  to  ob- 
tain the  result  accurate  to  tenths  of  a  thousandth  of  an  inch, 
an  error  of  0.0001  Inch  in  the  gage  being  Indicated  by  0.005 
Inch  on  the  screen  with  the  50  magnification  used,  which  is  a 
quantity  too  small  for  accurate  measurement. 

Application  of  Projection  Method  to  Rlner  Gages 

When  a  plug  gage  is  being  examined,  the  profile  of  the 
thread  Is  projected  directly  upon  the  screen,  but  obviously 
this  method  could  not  bo  employed  when  testing  a  ring  gage, 
although  the  accuracy  of  the  latter  may  easily  be  verified  by 
the  use  of  the  projector.  This  Is  done  by  making  a  small  cast 
of  a  section  of  the  thread  by  using  an  appliance  designed  by 
H.  J.  Bingham  Powell  and  patented  In  the  United  States.  This 
cast  or  Impression  (which  corresponds  to  a  segment  of  a  plug 
gage  of  rorrospondlng  diameter  and  pitch)  Is  then  mounted  In 
the  projector  the  same  as  a  plug  gage.  The  cast  Is  made  of 
a  composition  containing  93  per  cent  sulphur  and  7  per  cent 
graphite.     This  rnmixi.sltlon  Is  poured  Into  a  mold  formed  by 


a  slot  in  a  spindle  which  is  held  against  one  side  of  the  ring 
gage.  Fig.  5  illustrates  how  a  cast  is  made.  The  spindle  A, 
which  contains  a  slot  and  serves  as  a  support  for  the  cast,  is 
screwed  into  baseplate  B  and  is  perpendicular  to  the  surface 
of  this  plate.  The  ring  gage  C,  the  thread  of  which  is  to  be 
examined,  is  held  against  the  spindle  by  screw  D  and  then  the 
composition  is  poured  into  the  mold  thus  formed,  as  the  Il- 
lustration indicates.  A  detailed  view  of  the  spindle  with 
the  cast  in  place  is  shown  in  Figs.  6  and  7.  The  latter  Illus- 
tration also  shows  the  baseplate  of  the  casting  fixture  and 
three  cast  segments  which  have  been  removed  from  the  spin- 
dle to  show  clearly  their  form.  The  spindle  and  cast  segment 
is  placed  between  the  centers  of  the  projection  apparatus,  the 
same  as  though  it  were  a  plug  gage.  These  casts  taken  from 
ring  thread  gages  are  also  used  in  connection  with  the 
Bingham-Powell  patented  pitch-measuring  machine,  which 
was  described  in  the  January  number  of  Machinert,  page  452. 

Tracings  of  Inaccurate  Thread  Forms 

In  order  to  secure  a  permanent  record  of  the  thread  out- 
line, the  edge  of  the  shadow  projected  on  the  screen  may  be 
traced  in  pencil  upon  a  sheet  which  is  filed  for  future  refer- 
ence. These  outlines  are  sometimes  sent  to  gage-makers  to 
show  them  the  exact  nature  of  the  error  or  to  manufacturers 
when  the  outline  is  of  a  thread  on  the  product  instead  of  a  gage 
thread.  Figs.  8  to  10,  inclusive,  show  a  number  of  these 
tracings  which  were  obtained  by  means  of  the  projection  ap- 
paratus. The  dotted  line  in  each  case  shows  the  standard 
thread  form,  and  the  full  line,  the  actual  shape  of  the  thread. 
The  thread  illustrated  at  A,  Fig.  8,  is  on  a  plug  gage  Intended 
for  testing  the  fuse  holes  in  the  ends  or  noses  of  shells. 
This  thread  is  accurate  as  to  pitch,  but  the  crest  is  fiat  instead 
of  being  rounded,  whereas  the  root  extends  considerably  be- 
low the  dotted  arc  representing  the  correct  depth  and  radius. 
The  outline  shown  at  B  is  the  thread  of  a  ring  gage  and  was 
projected  from  a  cast.  In  this  case  the  pitch  is  also  very  ac- 
curate and  the  principal  defect  is  at  the  root  which  has  too 
large  a  radius,  so  that  the  sides  of  the  thread  are  under-cut. 
Another  ring  gage  thread  is  shown  at  C.  The  radius  of  the 
crest  is  small  and  the  radius  of  the  root  large,  the  result  being 
a  thread  that  is  too  narrow.  It  will  be  understood  that  these 
thread  profiles  were  not  selected  as  typical  examples  of  gage 
work,  but  merely  to  illustrate  the  nature  of  some  of  the  com- 
mon defects.  Tracings  are  only  made  when  the  errors  are 
sufficiently  pronounced  to  require  an  investigation.  Most  of 
the  gages  examined  conform  more  closely  to  the  standard  out- 
line than  is  indicated  by  the  examples  shown  in  Fig.  8,  but 
when  the  gage  is  sufficiently  accurate  to  pass  the  inspection 
test,  the  outline  is  not  traced,  since  there  is  no  need  of  such 
a  tracing. 

Fig.  9  shows  two  examples  of  threads  on  the  product  or 
work.  The  upper  view  A  illustrates  the  thread  on  a  %-inch 
bolt  forming  part  of  an  airplane  motor.  The  actual  thread 
form  in  this  case  deviates  only  slightly  from  the  standard 
outline  and  this  is  regarded  as  a  very  good  example  of  work. 
The  other  extreme  is   illustrated  at  B.  which  represents  the 
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Tig.   8,     Tracings  made  in  Conjunction   with  Projection  Apparatus 
which  ahow  Inaccuracies  in  Fluf  and  Bing  Gages 

thread  of  a  nut.  This  thread  was  supposed  to  conform  to  the 
British  Association  standard  indicated  by  the  dotted  line,  and 
it  illustrates  what  it  is  possible  for  a  tap  to  do  when  it  is 
not  in  good  condition  or  is  improperly  applied. 

While  the  projection  apparatus  is  of  especial  value  for 
examining  Whitworth  threads,  it  may  also  be  used  to  ad- 
vantage in  connection  with  the  United  States  standard  thread 
or  any  other  form.  Two  tracings  from  United  States  standard 
threads  are  reproduced  in  Fig.  10.  The  outline  shown  at  A 
was  projected  from  a  plug  gage  having  eighteen  threads  per 
Inch.  The  pitch  of  the  thread  is  very  accurate,  but  the  top 
Is  a  little  too  wide  and  the  root  is  finished  almost  to  a  sharp 
vee.  The  thread  illustrated  at  B  was  projected  from  a  turn- 
buckle.  There  are  thirty  threads  per  inch  in  this  case,  and  it 
Is  supposed  to  conform  to  the  United  States  standard,  al- 
though there  is  considerable  deviation,  as  indicated  by  the 
full  and  dotted  lines. 

Photographing-  Thread  Forms 

A  photograph  of  the  outline  of  a  projected  thread  may  be 
obtained  without  much  difficulty  instead  of  tracing  the  con- 
tour in  pencil,  although  the  latter  method  is  simpler,  more 
rapid,  and  less  expensive.  One  method  of  securing  a  photo- 
graph is  as  follows:  A  part  similar  in  form  to  the  focussing 
bellows  of  a  camera  Is  attached  in  front  of  the  projector  lens 
and  Is  arranged  to  hold  a  plate  slide.  The  exposure  is  made 
either  on  a  rapid  plate  or  directly  upon  bromide  paper.  A 
ground  glass  screen  la  inserted  In  the  plate  slide  prior  to 
making  the  exposure  and  is  used  for  focussing.  For  com- 
parative purposes  the  outline  of  a  standard  thread  form  may 
be  secured  In  conjunction  with  the  photograph  of  the  thread  to 
be  examined  by  first  making  an  artificial  negative.  This 
should  be  a  duplicate  of  the  standard  thread  except  that  the 
outline  Is  enlarged  In  proportion  to  the  magnification  of 
the  projected  thread  Image.  A  magnification  of  20  Is  con- 
sidered about  right  for  making  photographic  reproductions. 
The  artificial  negative  may  be  made  by  drawing  as  accurately 
as  poaalblo  the  thread  contour  on  tracing  paper.  This  out- 
line, which  should  be  twenty  times  the  actual  size  of  the 
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thread,  is  next  filled  in  with  India  ink  to  obtain  a  solid  black 
thread  section.  Several  coats  of  the  ink  should  be  applied, 
and  to  prevent  the  paper  from  wrinkling  and  buckling,  it 
should  be  moistened  before  applying  the  ink  and  then  be 
smoothed  out  thoroughly  after  the  ink  is  dry  by  using  a  hot 
flat  iron.  This  artificial  negative  is  placed  in  contact  with 
the  sensitized  plate  preparatory  to  making  the  exposure  and 
it  serves  as  a  standard  for  comparing  the  photographic  repro- 
duction with  the  actual  thread.  The  artificial  negative  must 
be  set  so  that  it  wiir  be  parallel  and  close  enough  to  the  pro- 
jected image  to  enable  the  actual  and  true  outlines  to  be  com- 
pared readily. 

The  optical  projection  apparatus  is  not  restricted  in  its  use 
to  testing  screw  threads,  but  may  be  employed  to  correct  the 
accuracy  of  the  profiles  of  gear  teeth,  the  shapes  of  cams  or 
gages  of  the  contour  type,  or  any  other  parts  having  an  out- 
line that  may  be  projected  and  compared  with  a  standard 
form. 

*    *     • 

RIGHT-  AND  LEFT-HAND;, TOOLS 

BY  THOMAS  FISH' 

In  the  December,  1917,  number  of  Machineey  there  appeared 
an  article  signed  R.  L.  commenting  on  the  writer's  article  en- 
titled "Right-  and  Left-hand  Tools"  in  the  September  number. 
R.  L.  states  that  he  does  not  agree  with  the  decision  that  we 
made  in  reference  to  the  use  of  the  terms  "right-"  and  "left- 
hand"  and  "right-"  and  "left-bent,"  etc.,  and  he  is  of  the 
opinion  that  if  several  men  who  knew  nothing  of  machines  or 
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Fi».   10.     Two   Examples  of   Defective  U.   S.   Standard   Threads 

tools  were  shown  tools  of  various  hands  and  bends  their  defi- 
nition of  the  tools  would  coincide  with  his.  The  writer  might 
agree  with  this  statement,  but  he  also  has  to  agree  with  the 
other  side.  There  are  a  good  many  who  do  not  endorse  the 
conclusions  of  the  writer  as  stated  in  the  September  number, 
but  these  were  based  on  a  complete  investigation  which  show- 
ed that  the  majority  of  the  leading  machine  tool  companies 
and  mechanical  engineers  in  this  country  used  the  terms  giv- 
en with  the  meanings  stated.  Our  thought  was  that  It  would 
be  preferable  for  us  as  manufacturers  of  tool-holders  to  coin- 
cide with  the  majority  of  the  mechanical  engineers,  rather 
than  try  to  force  the  majority  to  accept  terms  that  we  might 
believe  In,  but  that  did  not  conform  with  the  general  standard 
of  opinion.  What  wo  would  llko  to  see  brought  about,  how- 
ever, is  a  general  understanding  as  to  tho  terms  that  are  used 
and  universal  adoption  of  standard  terras.  Wo  believe  that 
tills  was  coviTod  In  the  article  In  the  September  number. 
•     •     • 

On  lis  trial  trip,  tho  Nam  sen  fjord,  tho  first  reinforced  oon- 
rreto  full-powcrod  vobscI,  showed  that  It  had  excellent  sea- 
going qualltloB  and  vory  llttio  vibration.  It  will  carry  200 
toiiH  of  cargo  at  n  npood  of  sovon  and  a  half  knots.  Although 
tho  hull  Ih  hoavlor  than  If  mado  of  wood  or  stoi'l,  tho  cost  of 
upkoop  will  lio  praitlcally  nothlnK,  and  tho  rost  of  repairs,  In 
caiio  of  accident.  Is  groatly  rcdurod.  It  Is  thouKht  that  this 
Incrnosod  wolRlit  of  hull  will  make  posslblo  tho  use  of  oil 
oiiKlni'M  on  tURS. 

■I'rvnldvnl  llnSy  Tool  Oo  ,  Br1ilK<-i"<rl,  Pnnn. 
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BORING  ATTACHMENT  FOR  LATHE 

A  boring  attachment  suitable  for  use  on  any  size  latlie  in 
shops  where  there  are  no  boring  mills  or  other  machines,  and 
where,  occasionally,  large  pulleys  and  gears  must  be  bored, 
can  be  made  by  any  machinist  possessing  ordinary  skill.  The 
attachment  shown  in  Fig.  1  was  made  in  a  shop  that  was 
equipped  with  an  18-inch  lathe  and  a  small  planer.  The 
writer  made  the  patterns  and  did  all  the  machine  work,  and 
the  cost  was  covered  in  the  first  two  jobs  on  which  the  attach- 
ment was  used.  In  boring  out  two  large  pulleys  there  was  an 
error  of  but  0.002  inch  in  six  inches  length,  due,  doubtless, 
to  the  fact  that  the  cold-rolled  shafting  was  not  trued  up  after 
the  keyway  had  been  cut.  This  attachment  was  designed  by 
the  writer  to  prevent  a  shut-down. 

The  parts  required  are  two  cast-iron  bearing  standards, 
one  of  which  is  shown  at  A,  the  other  being  at  the  tallstock 
end  of  the  lathe;  a  faceplate  B,  22 14  inches  by  13  inches,  with 
a  214-inch  hole  in  its  center;  an  angle-plate  and  two  braces  C; 
a  bearing  plate  D  for  the  lathe  carriage;  two  pieces  of  cold- 
rolled  steel  shafting,  and  some  gears.  The  gears  can  be  easily 
procured,  if  nowhere  else,  at  any  garage  and  sometimes  they 
may  be  found  in  the  junk  pile  of  an  automobile  repair  shop. 
Those  used  by  the  writer  were  taken  from  a  discarded  gear- 
case  of  a  Buick  car.    They  were  bored  out  and  then  shrunk 


Fiff,    1.     Boring  Attachment  for  a  Lathe 

over  suitable  bushings  to  receive  the  shafts  and  keys.  The 
drive  shaft  E  is  made  of  1  7/16-inch  cold-rolled  shafting  and 
is  long  enough  to  reach  from  the  chuck  through  the  first  bear- 
ing standard  A.  It  is  squared  at  the  end  that  enters  the  chuck 
and  a  keyway  is  cut  in  the  other  end  for  the  gear.  The  boring 
shaft  F  is  made  of  1 15/16-inch  cold-rolled  shafting  and  ts 
about  five  feet  long.  One  end  has  a  %-inch  square  hole  for 
the  boring  tool;  at  the  other  end  a  1-inch  standard  thread 
Is  cut  for  two  inches.  Then  the  shaft  is  turned  to  1  3/16  inch 
for  a  distance  of  3  3/4  Inches,  and  a  keyway  %  inch  by  % 
Inch  is  cut  toward  the  center  for  a  distance  of  2  feet,  1  Inch, 
or  until  It  passes  through  the  standard  beating  A.  The  gears 
are  fastened  to  the  shaft  on  the  headstock  side  of  this  bearing. 
Collars  and  washers  are  used  to  fasten  the  end  of  the  boring 
shaft  to  the  bearing  plate  D  on  the  lathe  carriage,  and  adjust- 
ments are  made  by  means  of  a  knurled  nut  O,  three  Inches  long. 
Two  headless  set-screws  are  used  to  keep  the  nut  from  work- 
ing off  the  shaft.  The  nut  can  be  set  as  tightly  as  desired, 
thus  making  a  very  steady  shaft  as  regards  the  horizontal 
movement. 

As  a  knurl  was  not  available,  the  adjusting  nut  O  was 
knurled  by  the  following  method:  The  compound  rest  was  set 
horizontal  with  the  work  and  the  tool  set  as  for  chasing 
threads,  setting  tho  latlio  to  turn  the  coarsest  thread  possible. 
Proceeding  as  If  only  one  thread  were  to  be  cut,  the  tool 
onterod  the  work  about  1/32  Inch,  but  on  tho  second  cut. 
Instead  of  going  In  tho  same  lino,  the  compound  rest  was 
moved  ahead  about  1/lG  Inch  and  a  cut  was  taken.  This 
proce»«  was  conflnuod  until  there  were  thread  marks  tho  full 


Tig.  2.     DriUing  Attachment  for  Vaa  on  Boring-har  shown  in  Fig.  1 

length  of  the  part  to  be  knurled.  Then  the  threads  were 
reversed  as  if  a  left-hand  thread  were  to  be  cut,  and  the  same 
procedure  followed.  A  very  satisfactory  knurl  was  produced 
by  this  method. 

The  cast-iron  bearing  plate  D  that  goes  across  the  lathe 
carriage,  giving  the  boring-bar  its  horizontal  movement,  is 
fastened  to  the  lathe  with  %-inch  bolts.  The  plate  has  lugs 
on  the  bottom  that  fit  into  the  slots  in  the  carriage.  The  hole 
in  this  bearing  plate  for  the  boring  shaft  is  drilled  and  no 
bushings  are  required.  The  upper  hole  in  the  standard  bearing 
A  is  drilled  and  not  bushed,  although  no  doubt  a  bushing 
would  improve  the  wearing  quality.  The  lower  hole  in  this 
bearing  and  the  hole  in  the  bearing  at  the  end  of  the  bed 
are  provided  with  bronze  bushings.  It  is  necessary  to  remove 
the  tailstock  when  this  boring  attachment  is  used.  When 
bolting  the  faceplate  to  the  lathe,  care  must  be  taken  lo  see 
that  it  is  in  line  with  the  boring-bar.  Once  in  place,  there 
is  slight  possibility  that  it  will  have  to  be  removed.  The 
angle-plate  braces  are  fastened  so  as  to  strengthen  the  face- 
plate; ii^-inch  cap-screws  are  sufficiently  heavy  to  hold  without 
vibration. 

In  Fig.  2  is  illustrated  an  attachment  for  drilling  work 
in  the  lathe.  The  attachment  is  made  from  a  cold-rolled 
bar  2%  inches  in  diameter  and  4  inches  long.  While  the 
one  shown  was  made  to  receive  a  Morse  %-lnch  straight- 
shank,  flattened-side  twist  drill,  this  attachment  may  easily 
be  made  to  receive  taper-shank  drills. 

Plant  City,  Fla.  C.  W.  Wilkinson 


INSERTING   WOODEN    PLUGS   WITH   A 
PUNCH   PRESS 

One  type  of  clutch-shifting  yoke  is  a  bronze  casting  with  a 
cored  pocket  In  which  the  oil  is  put.  As  no  channels  are  pro- 
vided for  carrying  the  oil  from  this  pocket  to  the  friction  sur- 
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face,  four  wooden  plugs  are  pressed  into  the  pocket.  Capillary 
action  then  causes  sufficient  oil  to  exude  from  the  plugs  to 
lubricate  the  friction  surface.  The  four  plugs  are  pressed 
into  the  yoke  at  one  stroke  of  a  punch  press. 

As  shown  in  the  accompanying  illustration,  the  punch  press 
table  has  bolted  to  it  a  long,  narrow  plate  casting  with  guides 
on  the  top.  The  shifting-yoke  castings,  with  the  wooden  plugs 
Just  stuck  in  the  holes,  are  slid  along  these  guides.  These 
plugs  have  a  short  tapered  end  so  that  they  may  be  stuck  in 
the  holes  by  hand  and  fed  along  on  the  table.  As  the  plugs 
are  pressed  into  place,  each  yoke  is  pushed  along  by  the  next 
one  to  pass  under  the  press  head  and  soon  drops  off  into  a 
barrel  at  the  end  of  the  press.  The  plugs  are  pressed  Into 
place  before  the  friction  surface  of  the  yoke  is  machined. 

Flint,  Mich.  C.  C.  Spbeen 


USE  OF  SKETCHES  ON  OPERATION  SHEETS 

When  a  new  article  is  to  be  manufactured  in  a  large  plant, 
an  operation  sheet,  or  what  is  sometimes  called  a  general  plan, 


desired  to  accomplish;  oftentimes  the  man  who  makes  the 
working  drawings  gets  incorrect  data  or  tails  to  put  in  every 
detail.  Also,  the  foreman  of  the  shop,  by  the  aid  of  the 
sketches,  can  see  more  clearly  what  must  be  made  to  a  nicety 
and  what  can  be  approximately  correct  and  do  the  work  just 
as  well  as  if  the  piece  or  part  were  made  to  0.001  inch,  thus 
saving  time  and  money.  The  writer  knows  of  fixtures  being 
made  correct  to  0.001  inch  before  they  would  pass  inspection, 
but  as  soon  as  they  were  placed  on  a  manufacturing  job  the 
operator  would  knock  his  piece  out  of  its  locating  points  In 
the  fixture  by  means  of  a  large  babbitt  hammer,  and  thus 
would  throw  off  these  points  from  0.01  to  0.05  inch,  yet  the 
work  would  gage  up,  practically  as  well  as  when  dead  true. 
Of  course,  this  would  not  do  for  all  operations,  but  is  per- 
missible in  some  roughing  cuts.  The  usefulness  of  the  opera- 
tion sheet  is  self-evident.  It  illustrates  the  article  or  part  as 
it  passes  through  the  various  channels  of  the  works,  so  that 
the  production  overseers  are  acquainted  with  every  detail  in 
the  manufacture  of  their  product.  In  this  case,  the  product 
has  not  passed  the  fourth  operation,  as  it  is  waiting  for  the 


Operat 
Basis. 
Refere 
Econo 

ion  .=;>ippt 

/O    Shppta    hya-.  C 

Articlp    Jj^-c^^i^t/^^^ej^    l^cjujty        / 

3>^^^"        MnrfplNo.    4 

v,f  is.oo  -iuiA.  /cm 

low  AB-.     M,., 

inl    y/x3/v"x^"    s,^ 

I    CojJrm,  4S&SS/m.ci^ 

•^  C^rrec-teA  in   ^.i^   i-4-,     '/ 7      F.«f  Tmnt«1  T  nhnr  f 

— 

mic  Quantity  to  Order    -^0,  Orm 

Krnnoinii-R,itPof  Prcxiiictinn      ^0    ^z£/ly  JU-u/)y 

Operation 
Number 

Description  of 
Operations 

E«t. 
Maura 

Rate 
100 

Normal 
Hourly  Outpat 

Type  of 
Mai^hines  Used 

Quantity 

Maeh 
Hours 

Description 

of 

Fixtures 

Description 
of 
Tools 

Gages, 

Allowances  and 

Tolerances 

Required  Date 

3-/6-/5     S-t7'l8 

EquipmentjPi  eduction 

Sketch  of  Operations 

//^JUo/J 

>>iU&>. 

•S-yuJa-  ^tuta 

@.K 

soy./,, 

1          m 

/ 

/Z^.,.^   -i&rJi' 

I'm 

0.7S 

fo 

8 

>U-3lO)l. 

'-r    y- 

z 

tJZMOa^ 

/:vyiiea^/)lii&Af 

C>nlly 

8 

5i«^Si«, 

^<„y«f>Hilt 

\    Pyuri^^^:^ 

©.yr" 

M>/„ 

r^ la 

(f  at  o.  XU^rr^) 

Ko-XA-Zi 

s 

7}IU£  >3^^X^^r^ 

Q>>UJ^}7lit&i' 

S>njL, 

8 

^<jt£.lAZ, 

'fa^)luUt 

fii^r^lExy  4ut4^ 

ax^. 

So%/,j 

C^aJt-a^XiymJl.) 

)^.^ 

Kozzvy 

3a 

S-y^^f:^^ 

%ov 

o2o 

100 

tf 

/OaUZ  m>j/oAi' 

'Hn 

o.ko 

SO 

dyuliKuM. 

O-nMr 

^ 

1^^^. 

ho.^rX^ 

■  /%.g'L^,tO-Ot!lnJ, 

Mi^ 

&U<VMHt.% 

yu-nzl 

f!)MU 

aVt 

S 

y?t.a,„^mt.  'Mri^ 

7M1 

0.4o 

75 

^MZlPAti^ 

(ZW 

% 

l>fm^u  /ruM^n^ 

^■iLuf  Sda&i'to.OSliMi 

Va/bvvM.h^'2/ 

?le-7'/ti^ 

on/^aca. 

Sa 

c9rt4jfc«C*                          \ZO0 

0.30 

/Ot) 

TjM.  (5~i-/«  -A«4a! 

it" 

.'.^n^Dty^JlAlu 

Qota. 

8 

S2*t!iMi, 

X^frum 

^-.^o^&t^   "Jn" 

^^~^^^Q 

(if  •*a^3Umz.)^ 

r.^.% 

nc-VJ/f 

^n^^c^">L^&^' 

7       riuyfj^  VjJ^M^ 

'/4S  Oil 

^s 

JZ^inJ,  >?*y 

'•■UtuM, 

Vt^TTuU 

I/JIS^L^  /Z.flO 

cC::^:r^Q 

"(x:^  i,^) 

1 

^"f^ 

.^a.i-f-o 

'i'Uy<^a.tty/Z.4ll 

/W^  V'uu  .iJUt 

'/VS 

Obi 

'fS 

/2ri„va.f?', 

,   ".,  >r:r;   •..■.^•^^  i7i.4f0 

Vn-hlnrr\l 

'itlflu^'iuu.) 

^^r^ 

lja^/X.4/0 

- 

? 

->n/W^aA^-*                             ^l"'    010 

im 

^                                                                                                                                                                                     1 

/O 

^f/<^\jU  tr  OUiJ^^.i-'    -., 

1 

■iu^ 

1       1 

1 

1         1 

Operation  Shoot  ■howlDf  Bkotohei  of  Different  Operations 


Which  (lealgnatcB  the  various  operations  to  bo  done  from  start 
to  finlHh,  Is  Bent  Into  the  shops  where  the  fixtures,  gages,  Jigs, 
or  toolf)  are  made.  This  operation  sheet  Is  valuable  In  showing 
what  JigB,  fixtures,  toolB,  or  gages  are  needed  first.  Thus 
cac.h  dcTico  follows  In  ItB  regular  sequence  and  a  Jig  to  be 
used  on  the  Hoventlcth  operation  will  not  bo  made  before  a  Jig 
used  on  the  fifty  eighth  operation.  The  c'lulpmonl  and  manu- 
facturing methods  are  clearly  brought  out  before  all  con- 
cerned, and  anything  causing  a  fluctuation  In  the  dally  output 
can  bo  eaiilly  localized  and  readily  adjusted.  The  dotrlniontal 
efTcctB  In  the  mothodB  anri  rontB  adopted  are  caHlly  dincorned. 
In  fact,  opnrntlon  Bhectn  arc  summarlcB  of  on/-h  standard  part 
of  th««  prodtirl.  and  from  Uinm  nrranKomtmlH  for  lh«  maiiu- 
factiiro  of  olIiT  rtpvlrc*  aro  oflon  poHslblo  at  o  much  nmallor 
exppniio  than  would  otherwUe  bn  the  cbbo. 

Ilriwovor,  the  valua  of  thl*  Rhnnt  Is  IncroaBod  by  planlnic  on 
It  BketcheM  of  thu  arllrlo  with  oarh  opnratlon  complotod,  an 
ihown  In  the  arcnmpnnylnic  llluntratlon.  Thon  Iho  Jlic  or 
flxtura   makor   xim    Immrdlatply    what    hln   flxtiiro    r>r    JIk    tx 


drill  Jig.  It  la,  therefore,  useless  to  complete  the  reaming  Jig 
for  the  fifth  operation  before  this  jig  is  made. 

These  sketches  also  help  the  manufacturer  to  decide  what 
can  be  approximately  correct  and  whnt  must  be  exact.  For 
Instanci',  If  a  slight  error  la  made  In  the  manufacture  of  a  Jig 
or  fixture,  tlie  foreman  will  know  whether  such  an  error  Is 
pormlsslblo.  As  IIioho  bUoIcIiob  show  each  succcbbIvo  opera- 
tion, they  assist  greatly  In  donionBtratlng  the  locating  points 
and  giving  such  other  data  as  1b  often  thought  unnecessary 
until  the  Jig  or  fixture  Is  being  mndo. 

New  Haven,  Conn.  Rhk'  Lke 


SHELL  FACING  BAR 
The  writer  duslgnod  tho  faring  bar  that  Is  hero  IlluBtratod 
for  uno  on  a  horlxonliil  bnrtng  machine  built  by  the  Nlles- 
Ilfimont  Pond  Co.  In  faring  tho  Inside  bottom  end  of  forged 
HhnllB  1.1  Inchnn  In  dlnini'tnr  and  4  foot  In  length.  Tlio  twi> 
hlndofi  A  arc  Borurod  by  BcrowB  U  to  the  removable  holder  C, 
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Bar  with  Two*blade  Ctittixig  Device 


which  is  keyed  at  D  to  the  bar  E.  This  holder  C  is  centered 
by  star  F,  which,  by  the  pressure  of  spring  G,  adheres  to  the 
inside  of  the  shell  rotating  with  it,  having  a  running  fit  on 
the  holder  C.  By  this  means  the  blade-holder  is  firmly  sup- 
ported and  all  chatter  and  vibration  is  eliminated  during  the 
operation.  The  easy  disengagement  of  the  chips  is  assured 
through  the  star,  and  sufiBcient  lubricant  is  poured  upon  the 
blades  through  the  holes  H.  The  inside  bearing  of  the  star 
is  oiled  by  a  drilled  hole,  which  is  closed  by  the  wooden  plug  J. 
The  parts  at  the  rear  end  of  the  facing  bar  are  not  special, 
being  an  ordinary  attachment  that  is  mounted  directly  on  the 
spindle  of  the  boring  machine  head. 
Ruelle  (Charente)  France  C.  Jou^t; 


PREVENTING  LOSS   OF  TOOLS 

It  is  an  advantage  to  have  the  owner's  name,  not  merely 
his  initials,  on  all  tools.  When  they  are  marked  with  the 
owner's  name,  if  a  tool  is  misplaced,  the  finder  will  recognize 
the  surname  and  return  the  tool  to  Jones  or  whoever  the 
owner  may  be.  Employes  are  known  in  shops  by  their  sur- 
names, not  by  their  initials.  The  writer  feels  certain  that 
fully  75  per  cent  of  all  tools  misplaced  would  be  returned  to 
the  owner  if  the  finder  knew  his  name.  Of  course,  one  can 
always  take  a  found  tool  to  the  tool  crib,  but  it  is  more  satis- 
fying to  return  a  tool  directly  to  the  owner,  which  eliminates 
the  thought,  and  the  possibility,  that  the  owner  may  not  re- 
ceive the  article  from  the  crib.  This  is  assuming,  of  course. 
that  the  finder  desires  to  return  the  article  found.  But  even 
were  the  finder  otherwise  inclined,  it  would  yet  be  important 
to  have  all  tools  marked,  as  no  man  will  use  a  tool  with  an- 
other's name  on  it,  and  tools  thus  marked  are  not  easily  sold. 

The  best  method  of  marking  the  tools  Is  to  cut  in  the  name 
with  nitric  acid.  First  the  surface  should  be  cleaned  with 
benzine,  turpentine  or  kerosene  and  then  given  a  substantial 
coat  of  paint  or  varnish.  When  the  paint  is  two-thirds  dry, 
the  name  should  be  inscribed  and  the  paint  allowed  to  harden, 
preferably  over  night.  The  acid  is  applied  with  a  camel's  hair 
brush,  which  will  not  scratch  and  on  which  the  acid  will  have 
little  effect.  Ten  minutes  after  the  acid  begins  to  sparkle  Is 
sufficient  time  for  a  good  impression. 

New  York  City  E.  J.  Higoins 


be  one  of  the  many  duties  of  an  editor  to  keep  the  various 
contributions  within  reasonable  bounds.  This  supervision 
might  be  applied  to  advertising  matter  as  well.  Among  those 
who  misuse  technical  terms  are  the  contributors  of  articles 
relating  to  machinery  and  tools  for  working  sheet  metals. 
When  a  company  is  formed  for  the  manufacture  of  articles 
from  sheet  metal,  it  may  be  named  the  U.  S.  Stamping  Co. 
and  the  machines  it  purchases  for  the  production  of  stamp- 
ings may  be  called  punch  presses.  If  a  flat  plate  is  used  on 
the  bed  of  a  power  press  to  help  fill  the  opening,  the  piece 
may  be  called  a  bolster  plate;  but  later  the  writer  may  use 
the  word  bolster  when  he  means  some  part  of  his  die.  When 
the  term  sub-bolster  is  used,  one  naturally  thinks  of  some- 
thing under  the  bolster,  but  we  learn  that  sub  sometimes 
means  over  as  well. 

In  the  equipment  necessary  to  produce  an  article  cut  and 
formed  from  a  flat  sheet,  the  manufacturer  generally  has  a 
machine  that  he  may  call  a  press,  a  power  press,  a  punch,  a 
punch  press,  or  a  stamping  press.  When  he  wants  to  make 
or  purchase  the  dies  required  to  produce  this  particular  article, 
how  should  he  specify  these  tools  when  he  writes  to  a  tool 
shop  for  prices?  Shall  he  send  a  drawing,  or  sample,  of  the 
article  and  ask  for  prices  on  a  die  to  be  used  in  a  No.  20 
X.  Y.  Z.  press?  If  he  does,  can  he  be  sure  of  getting  quotations 
on  all  the  necessary  punches,  dies,  bolsters,  strippers,  ex- 
tractors, etc.,  necessary  for  producing  the  article  in  the  most 
approved  manner? 

Indianapolis,   Ind.  John  D.  Rioos 


USE    OF   TECHNICAL   TERMS 
In  reading  technical  Journals,  one  notes  considerable  differ- 
ence In  the  use  of  technical  words,  though  it  would  seem  to 


RECESSING    TOOL    FOR    GASOLINE 
ENGINE   CYLINDERS 

In  automobile  and  marine  gasoline  engines  having  the  head 
cast  integral  with  the  cylinder,  the  cylinder  bore  should  be 
slightly  larger  beyond  the  upper  limit  of  travel  of  the  top 
piston  ring.  As  the  piston  moves  up  and  down,  it  gradually 
wears  away  the  walls  of  the  cylinder  between  its  limits  of 
motion,  and  if  the  upper  end  were  not  slightly  enlarged,  a 
ridge  would  soon  be  formed  there.  At  the  same  time  all  the 
piston  bearings  are  slowly  worn  away  so  that  the  travel  of 
the  piston  is  slightly  Increased;  as  a  result,  if  a  ridge  were 
formed  at  the  end  of  the  cylinder,  a  knock  wbuld  be  produced. 

The  boring  tool  shown  In  Figs.  1  and  2  can  be  used  to  bore 
the  enlarged  part  of  cylinders  cast  so  that  they  can  be  bored 
only  from  one  end ;  this  tool  may  be  operated  in  either  a  hori- 
zontal or  a  vertical  boring  machine.  The  tool  has  some  special 
features,  principally  the  method  of  operating  the  cutter.    The 


Tif.  1.     DeUU  view  of  Tool  for  nc*uint  Kad  of  Automobile  Eatlne  OrUaden 
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RECESSING  TOOL- 


^ 


Hg.  2.    Tool  for  recessing  End  of  Automobile  Engine  Cylinders  in  Operation 

outer  sleeve  is  mounted  on  a  plate,  which  is  centered  by  pins 
placed  in  the  cylinder  flange  bolt  holes.  The  range  of  travel 
of  the  boring-bar  Is  controlled  by  the  stop-pin  in  the  outer 
sleeve.  A  spring  holds  the  boring-bar  at  the  upper  limit  of 
Its  travel.  At  the  lower  end  of  the  bar  a  slot  is  cut  on  an 
angle  in  which  the  cutter  is  located;  this  cutter  is  held  in 
place  by  a  spring,  which  also  holds  It  against  the  back  of  the 
slot  Therefore,  as  the  boring-bar  is  pressed  down,  the  cutter 
is  fed  out  and  cuts  the  relief  in  the  end  of  the  cylinder  bore. 
Flint,  Mich.  C.  C.  Sprebn 

LAPPING  AUTOMOBILE  CYLINDERS 
In  the  accompanying  illustration  Is  shown  a  unique  way  of 
lapping  a  scored  cylinder  for  an  automobile  engine.  The  cylin- 
der block,  which  is  for  a  four-cylinder  engine,  is  laid  out  on 
the  plate  of  a  vertical,  power-driven  drilling  machine,  and  the 
connecting-rod  Is  clamped  to  the  chuck,  as  shown,  by  means 
of  a  plate  A  laid  across  the  face  of  the  split  crankshaft  bearing. 
The  cylinder  wall  and  the  piston  are  smeared  with  lapping  com- 
pound or  lapping 
powder    before    the 

(prnoLE  sLcevE '\~'\  piston  Is  placed  In 

the  cylinder.  Then 
by  raising  and  low- 
ering the  spindle, 
while  the  piston  Is 
rotated  in  the  drill- 
ing machine,  the 
scored  piston  and 
cylinder  are  quick- 
ly lapped.  It  is 
well  known  that 
the  lapping  of  cyl- 
inders by  hand  re- 
quires a  good  deal 
of  time,  and  by  do- 
inK  it  as  doBcrlbcd 
the  Job  Is  flntahed 
In  about  one  hour. 
Of  course.  It  Is  un- 
dorstood  that  thia 
mnthod  la  uaod 
moroly  for  repair 
Jolm  and  not  for 
Ibo  build  I  nK  of  >i«w 
nnRlnoR. 

AiiT  Haniiiikiui 
Ottawa,  III. 


-H 


K 


COMHeCTIHO-ROD 
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HARDENING  CUTTERS  FOR  LARGE  SHEAR 

A  shop  that  used  a  shear  for  cutting  all  kinds  of  stock  up 
to  two  inches  square  had  considerable  difficulty  keeping  the 
cutters  in  good  condition.  The  cutters,  which  were  made  of 
tool  steel,  114  by  5  by  7  inches,  and  hardened  in  water,  would 
bend  or  chip  in  a  short  time.  As  some  cutters  hardened  In 
oil  lasted  six  months,  which  was  much  longer  than  any  pre- 
viously used,  but  were  somewhat  too  soft,  it  was  decided  to 
make  the  next  set  just  a  little  harder  by  the  following  method: 
Eight  inches  of  water  and  sixteen  Inches  of  oil  were  placed 
In  the  oil  tank.  When  the  cutters  were  heated  to  1500  degrees 
F.,  they  were  plunged  into  this  bath  and  moved  continuously 
up  and  down,  so  that  they  were  part  of  the  time  In  water 
and  part  of  the  time  in  oil.  These  cutters,  after  six  months' 
use,  were  still  in  good  condition.  R.  M.  P. 


SALVAGING  HIGH-EXPLOSIVE  FUSE 
ADAPTERS 

When  manufacturing  high-explosive  fuse  adapters  for  shells 
for  the  Allies,  quite  a  number  came  through  too  small  to  pass 
the  gage.  Rather  than  sacrifice  the  material  involved  and 
waste  the  time  spent  on  them,  as  time  was  an  important  ele- 
ment in  the  contract,  a  means  was  sought  to  bring  them  up 
to  size.  A  hardened  steel  roller  B  was  therefore  made  of  tlie 
proper  size  but  with  the  threads  cut  deeper,  so  that  when  the 
adapter  A  and  the  roller  B  were  brought  together  and  revolved 
under  pressure,  the  metal  was  forced  into  the  deeper  threads 
of  the  hardened  roller  and  brought  to  the  required  size.     To 


FACEPLATE  AND  DRAW-IN 

THREAD  ARBOR   FOR 

TURRET   LATHE 


Mnthod  of  brlnvlnir  Fune  Adaptor!  to  Size 

operate,  tho  adapter  A  is  screwed  on  the  threaded  druw-ln 
arbor  D,  which  is  then  drawn  back  against  the  faceplate  C, 
and  the  thread  roll  /}  Is  brought  against  the  adapter  A  by 
moans  of  tho  croHsslIdo. 

Boston,  Mass.  John  A.  Shand 


I.«ppli>f  ft"tM*i  Aat«n>«blU  0/lln4«ni 


USE  OF  AIR-OPERATED  HAMMERS 
A  dovolopniont  that  doBorvoa  atlonlion  In  tbo  dosigu  of  ma- 
rhino  niid  iiidiiHlrliil  plants  in  tlio  uiio  of  (■()iii|>r''HBnd  air  for 
oporatliiK  proBB  lianiiiutrH  ordiniirlly  oniployhiR  Rtmini  hh  tho 
iiiolivo  power.  Fr«i<|ii<!ntly,  ri)iiiparatlvoly  aniall  plnnts  nro  op- 
<<riit(<d  by  motorii  drivnn  from  current  piirchnjiod  from  outside 
public  utility  companion  or  khh  producer  plniita.  In  such  In- 
ntancoa  tho  uso  of  atnam  for  operating  tho  liamniora  norosai- 
latua  tho  inalallatlon  of  a  IiIkIi  proasuro  boiler  unit  with   its 
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fixtures,  piping  and  attendance.  On  tlie  other  hand,  practically 
every  manufacturing  plant  is  equipped  with  a  motor-driven 
air-compressing  outfit  for  use  in  the  various  tools.  In  motor- 
operated  plants  the  use  of  air  vpill  eliminate  the  necessity  for 
providing  high-pressure  steam  boilers,  piping,  etc. 

While  the  cost  of  operating  the  hammers  by  air  will  probably 
be  higher  than  the  cost  when  using  steam,  it  is  a  question 
whether  this  added  cost  will  not  be  more  than  offset  by  the 
savings  realized  from  reduced  investment,  reduced  cost  for 
attendance,  simplification,  and  savings  in  floor  space.  Besides, 
the  air-operated  hammer  will  strike  a  quicker  and  harder 
blow;  there  is  also  no  large  quantity  of  condensation  or  drips 
to  be  taken  care  of,  and  the  heat  surrounding  the  hammer  is 
reduced,  improving  the  working  conditions. 

The  use  of  compressed  air  necessitates  the  installation  of  a 
large  air  receiver  on  the  intake  line,  in  order  to  insure  a 
plentiful  supply  of  air  ready  for  the  demands  of  the  hammer. 
This  receiver  will  also  reduce  the  size  of  the  air-compressing 
equipment  needed.  With  the  use  of  air  for  operating  hammers, 
it  is  important  to  watch  carefully  for  leaks  in  the  pipe  lines 
and  connections,  which  are  bound  to  occur  because  of  -vibration 
and  which  are  not  as  noticeable  as  steam  leaks. 

Philadelphia,  Pa.  W.  A.  Laileb 


SCREW  MACHINE  SET-UP  CHARTS 
Some  time  ago,  while  working  in  the  hand  screw  machine 
department,  doing  piece-work  on  pneumatic  drill  and  hammer 
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parts,  the  writer  had  a  Job  on  which  he  made  from  sixty  to 
seventy-flve  cents  an  hour;  but  about  four  months  later,  on 
the  same  Job,  all  he  could  make  was  forty-five  cents  an  hour 
and  he  could  not  discover  the  reason  until  he  was  nearly 
through  with  the  Job.  He  had  forgotten  that  he  formed  the 
piece  at  the  same  time  that  he  drilled  the  hole. 

About  a  month  later  the  writer  was  appointed  assistant  fore- 
man. As  ho  bad  a  littlo  trouble  reraembiTlng  the  dlfToront  set- 
ups, he  ruled  up  a  card,  like  the  one  hero  shown,  had  a  thousand 
printed,  and  then  worked  overtime  a  few  evenings  filling  them 
out.  Although  nearly  all  the  hands  were  green,  with  these 
cards  they  qnlrkly  learned  how  to  aet  up  their  Jobs,  because 
the  cards  were  fool-proof.  As  a  result,  the  writer  was  placed 
In  the  piece-rate  and  lay-out  department. 

Aurora,  III.  J.  J.  Dorkenhaoem 


Attachment  for  cutting  Keyways  on  the  Shaper 

CUTTING   KEY^STAYS   ON   THE   SHAPER 

With  the  attachment  shown  in  the  accompanying  illustra- 
tion satisfactory  keyways  may  be  quickly  cut  on  the  shaper; 
the  attachment  is  especially  good  for  keyways  in  small  holes. 
The  bar  A  is  held  in  the  regular  shaper  swivel  B,  being 
clamped  in  position  by  the  nut  G.  This  bar  supports  two  rods 
B  at  the  lower  end  of  which  are  slots  E  for  the  keyseating 
tool  F,  which  is  held  in  place  by  knurled  screws  Q.  The 
work  H  is  held  in  the  jaws  K  of  the  shaper.  The  attachment 
shown  has  a  flat  L  on  the  bar  A  to  keep  the  link  sliding  in 
line  when  adjusted,  but  a  key  and  keyway  are  preferable  to 
the  flat.  When  the  work  is  to  be  removed,  the  knurled  screws 
G  are  loosened  and  the  tool  removed.  Often  larger  keyways 
can  be  made  with  a  smaller  cutter,  but  in  general  the  cutter 
should  be  made  for  the  size  of  keyway  required. 

Irvington,  N.  J.  Chables  Eisleb 


EOOE  OF  CUTTER 


MILLING  ON  A  DRILL  PRESS 
Some  time  ago  the  writer  had  several  hundred  machine  steel 
yoke  or  clevis  ends  of  different  sizes  to  be  faced  off  round  with 

a  fairly  good  finish 

and  shape.  As 
shaping,  grinding, 
and  filing  was  not 
very  satisfactory, 
the  device  Illus- 
trated was  designed 
and  used  with  good 
results.  An  old  box 
Jig  was  bolted  to  a 
drill  press  table, 
and  a  hole  was 
bored  to  fit  a  short 
mining  machine  ar- 
bor. A  spiral  mill- 
ing cutter  with  an 
outside  diameter 
that  would  finish 
the  yoke  to  the  de- 
sired size  was 
mounted  on  this  ar- 
bor. The  piece  to 
be  machined  was 
placed  on  stud  A  In 
the  position  Indi- 
cated   by    the    dot 
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and  dash  lines,  and  moved  through  an  arc  of  180  degrees  by 
using  an  open-end  wrench.  Stop-pins  B  and  C  prevented  the 
piece  from  being  machined  too  far.  The  bulk  of  the  material 
to  be  removed  was  first  cut  out  on  a  shear  or  by  drilling  a 
number  of  small  holes.  ' 

Harvey,  111.  H.  S.  Zevenhouse 


GRINDING  WHEEL  TRUING  DEVICE 

During  the  past  three  years  of  unusual  industrial  activity 
there  has  been  an  exceptional  demand  for  many  types  of  gages. 
It  is  a  matter  of  fact  that  gage-making  at  the  present  time 
has  been  brought  much  closer  to  a  strictly  manufacturing 
basis  than  was  formerly  the  case;  but  before  this  high  degree 
of  eflBciency  was  reached  manufacturers  had  to  feel  their  way 
by  slow  and  expensive  steps.  There  are  still  some  concerns 
that  are  producing  component  gage  parts  by  hand,  and  where 
this  method  is  followed  the  cost  of  gages  is  prohibitive  in 
many  cases.  Consequently,  any  method  or  means  of  increas- 
ing the  rate  of  production  and  accuracy  with  which  gage- 
making  can  be  done  is  of  great  service  both  to  toolmakers 
who  take  contracts  to  supply  gages  to  manufacturing  plants, 
and  the  plants  in  which  such  gages  are  to  be  used. 

The  shop  in  which  the  writer  is  employed  has  been  ac- 
tively engaged  in  designing  and  manufacturing  gages  for 
the  parts  of  a  military  rifle.  From  time  to  time  my  assistant 
and  I  have  introduced  time-saving  methods  for  the  rapid  pro- 
duction of  gage  parts,  the  methods  being  such  that  they  can  be 
depended  upon  to  produce  work  of  the  required  accuracy. 
Although  we  make  no  claims  concerning  the  originality  of  this 
method,  we  are  fully  convinced  that  the  results  obtained  with 
it  are  entirely  satisfactory,  and  so  far  as  we  know  the  method 
Itself  is  new.  The  accompanying  illustration  shows  a  truing 
device  made  to  dress  grinding  wheels  to  an  exact  radius  of 
curvature.  Gage-makers  who  make  templets  to  a  certain 
radius  of  curvature  and  then  proceed  cautiously  to  true  a 
wheel  up  to  fit  such  a  templet  will  appreciate  the  value  of  the 
present  method. 

It  will  be  seen  that  the  wheel  truing  device  consists  of  a 
base  A,  handle  B,  arm  C,  disk-bolder  D,  bracket  E,  diamond- 
holder  F,  and  setting  disk  O.  Diamond-holder  F  is  set  so 
that  the  diamond  point  is  off  center,  and  In  operation  the 
diamond  is  swung  In  a  circular  arc  over  the  wheel  by  turning 
handle  B  so  that  "radius  arm"  C  is  swung  about  its  pivot  in 
block  A.  Diamond-holder  F  is  made  round  so  that  a  sharp 
facet  of  the  diamond  may  be  centrally  located  by  turning  this 
bolder  In  the  bracket.  The  capacity  of  this  truing  device  Is 
for  truing  grinding  wheels  to  radii  from  0.010  to  1  inch. 

Base  A  is  ground  on  all  surfaces,  and  It  will  be  apparent 
that  a  set  of  hardened  and  ground  disks  O  must  be  furnished 
with  the  attachment  to  provide  for  setting  the  diamond  point 
for  truing  wheels  to  the  desired  radii.  In  setting  the  attach- 
ment for  truing  a  convex  surface  on  the  wheel,  disk   O  Is 


diameter,   and    no    difliculty    is    experienced   In    finishing    the 
curved  grinding  face  to  an  accuracy  of  0.0001  inch  on  the 
radius.    The  holes  drilled  in  the  base  of  the  attachment  are 
merely  to  lighten  it. 
Springfield,  Mass.  F.  C.  Bolton 


LAYING-OUT  FIXTURE  FOR  MILLING 

MACHINE 

The  practice  of  spacing  holes  in  work  from  center-punch 

marks  is  so  general  that  the  fixture  here  shown  may  be  used 

to  excellent  advantage.    It  is  clamped  on  the  milling  arbor  and 

the  centers  are  accurately  spaced  on  the  work  by  the  use  of 


Laying-out  Fixture   for  Milling  Machine 

the  index  dial  on  the  feed-screw.    The  center-punch  should  fit 
the  holder  snugly,  so  that  when  the  punch  is  raised  from 
the  work,   it  will   not  fall   down   again.     However,   a  small 
brass  screw  may  be  used  to  take  up  any  slight  wear. 
New  York  City  E.  J.  Hioqins 


D*tI<i«  far  tnlBf  gp  Orlndlni  Wh«l  to  *  Oonrn  Rnrfao* 

placed  on  arhor  I)  and  Iho  diamond  point  In  hrouKht  up  Into 
contact  with  the  dink.  Thin  lofntoii  llio  dlfininrid  In  tho  dcHJrod 
ponltlnn  for  trulnc  a  ronvox  nurrarq  on  n  Krlndlnic  whcol  to  a 
radluii  of  curTBlaro  corr«iipnndlnfc  to  th«  dink  UMd  In  mnklnK 
lb*  Mltlnit.  Tb«  throat  of  tho  rndluii  arm  U  of  mimclent 
depth    to   arcommodato   grlndlnK    whMl«    up    to    7    Inrhoa    In 


AMMONIA  FOR  FIRE  EXTINGUISHING 
The  writer's  attention  has  been  called  to  an  article  in  the 
January  number  of  Macuinery  bearing  the  title  "Ammonia 
for  Fire  Extinguishing,"  which  advocates  the  use  of  ammonia 
instead  of  water  for  fire  protection.  It  says  that,  as  combustion 
depends  on  free  oxygen,  the  displacement  of  that  constituent 
of  the  air  by  ammonia  gas  will  have  the  effect  of  "suffocating" 
combustion,  so  that  a  little  ammonia  gas  will  go  a  long  way 
toward  extinguishing  a  good  sized  Are.  Means  by  which  this 
medium  might  be  manually  or  automatically  liberated  In  a 
building  in  case  of  fire  are  also  given.  It  is 
pointed  out  that,  since  ammonia  Is  a  gas  and 
will  rise  in  air,  It  should  be  liberated  near 
the  floor.  Had  the  use  of  carbon  dioxide, 
which  Is  heavier  than  air  and  accordingly 
could  be  Introduced  through  overhead  piping 
similar  to  tho  present  sprinkler  pipes,  been 
advof'atod,  tho  Idea  might  hnve  been  more 
fcnslblo,  especially  as  that  gas  would  be 
more  active  than  ammonia  In  putting  out 
flame  and  loss  active  In  extinguishing 
human  life. 

TliiTo  Ih  little  fear  that  an  experiment  of 
tills  kind  would  bo  tried  a  second  time  by 
tho  samo  pernon  If  tho  matter  wore  brought 
to  tho  attention  of  the  proper  authorities, 
ospoclally  nt  tho  proHcmt  time,  when,  on  ac- 
count of  ammonia  Bliortago  duo  to  the  urgent 
(li'iMiiiid  fur  that  nubHtanrn  for  Ihn  manufacture  of  explosives, 
fipod  ronnnrvInK    InduHlrlon    cmployliiK   ammonia   an   a   rofrlg- 
iTnnt  aro  facInK  poBslbln  rnHlrlcllons. 
Now  York  City  V.  B.  MATTmcwH 

Vice-president  of  American  Society  of 

RofrlKoratlnK  Bnglneorn 
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Needham   Double-purpose  Lathe.    A.  W.  Needham,  72-74  Tenth 

St.,  Long  Island  City.  N.   T 745 

Fairbanks  Power  Hammer  with  Adjustable  Gib.  United  Ham- 
mer Co..  Oliver  Bldg..  Boston,  Mass 746 

Manhattan     Universal    Tool    Grinder.      Manhattan    Machine    & 

Tool  Works.  42-50  Market  Ave.,  N.W.,  Grand  Rapids,  Mich.  746 

Universal    Electric   Grinding    Machine.     Universal  Electric  Co., 

9  Oliver  St.,   Newark,   N.   J 747 

High-speed  Ball  Bearing  Drilling  Machine.  High  Speed  Ham- 
mer Co..  Inc.,  307  St.  Paul  St.,  Rochester,  N.  Y 747 

Ott  Plain  Grinding  Machine.     Ott  Grinder  Co.,  Indianapolis,  Ind.  747 

Colton  High-speed  Oil-hole  Drills.  Arthur  Colton  Co.,  De- 
troit.   Mich 748 

Gishoit  Shell  Boring  Lathe.    Gisholt  Machine  Co.,  Madison,  Wis.  748 

Southwark  Lead  Cable  Covering  Press.  Southwark  Foun- 
dry &  Machine  Co.,  Philadelphia,   Pa 749 

Bruno  Slotting  Attachment.  Bruno  Mfg.  Co.,  61  Terrace,  Buf- 
falo, N.   Y 750 

Metzger  Electrically  Welded  Products.  Metzger  Welding  Co., 
1623  Blue  Rock  St.,  Cincinnati,  Ohio 750 

West    Haven    Punches.      West    Haven    Mfg.    Co.,    New   Haven, 

Conn 751 

D  &  W.  Magnetic  Chuck.     D  &  W  Fuse  Co.,  Providence,  R.  I.  751 

Simplex  Four-jaw  Chuck.     Simplex  Tool  Co,  Woonsocket,  R.  I.  751 


Genesee  Adjustable  Hollow-mill.  The  Genesee  Mfg.  Co.,  Roches- 
ter,   N.    Y 751 

Fleming  Combination  Lathe.  George  W.  Fleming  Co.,  16  Broad- 
way,  Springfield.   Mass 751 

Motor-driven  FIfield  Lathe.  David  A.  Wright,  568  Wash- 
ington Blvd..  Chicago,  111 752 

Airplane    Strut    Turning    Machine.      Fitz-Empire   Double   Pivot 

Last  Co.,   Rochester,  N.  Y 753 

Kane  &  Roach  Angle  Bending  Machines.  Kane  &  Roach,  Niag- 
ara and  Shonnard  Sts.,   S>Tacuse,  N.  Y 753 

Nlles-Bement-Pond  Axle  Lathe.  Niles-Bement-Pond  Co.,  Ill 
Broadway,  New  York  City 754 

Jackson  Duplex  Die-sinker.  Jackson  Machine  Tool  Co.,  Jack- 
son,  Mich 755 

Bridgeport  Surface  Grinding  Machine.  Bridgeport  Die  &  Ma- 
chine   Co..    Bridgeport,    Conn 756 

American  Amplifying  Gage.    American  Gage  Co.,  Dayton,  Ohio.  756 

Davis  Engine  Lathe.  C.  F.  Davis  Machine  Co.,  Inc.,  133  An- 
drews St.,  Rochester,  N.  Y 757 

Terkelsen  &  Wennberg  Scroll  Chucks.  Terkelsen  &  Wennberg, 
Boston,    Mass 757 

Pacific    Electric  Spot-welder.     Pacific   Electric  Welder  &   Mfg. 

Co.,    Seattle,    Wash 757 

Sidney  Hlgh-duty  Lathe.     Sidney  Tool  Co.,  Sidney,  Ohio 758 


NEEDHAM  DOUBLE-PURPOSE  LATHE 


THERE  are  a  large  number  of 
machine  shops  in  small 
towns,  which  handle  an  oc- 
casional job  calling  for  a  lathe 
swinging  up  to  about  40  inches, 
but  such  a  large  machine  would 
not  be  well  adapted  for  machining 
the  average  run  of  work  handled 
in  these  shops.  To  meet  the  re- 
quirements of  such  machine  shops, 
A.  W.  Needham,  72-74  Tenth  St., 
Long  Island  City,  N.  Y.,  has  devel- 
oped the  double-purpose  lathe  Illus- 
trated and  described  herewith. 
The  best  idea  of  the  provision 
made  for  adjusting  the  swing  of 
this  lathe  will  be  gathered  by  ref- 
erence to  the  end  views  shown  in  Figs.  3  and  4,  where  it  will 
be  seen  that  cross-slides  are  provided  to  support  the  headstock 
and  tailstock,  and  that  the  two  back  V-ways  on  the  bed  of  the 
machine  are  placed  at  a  considerably  lower  level  than  the 
front  way,  so  that  when  the  headstock  and  tailstock  are  push- 
ed back,  this  lower  position  of  the  back  ways  helps  to  increase 
the  swing. 

•  In  order  to  adjust  the  transverse  position  of  the  headstock, 
It  Is  merely  necessary  to  loosen  four  bolts  and  then  push  the 
headstock  to  the  desired  position  on  its  cross-slide.  After  this 
setting  has  been  obtained,  the  four  bolts  are  retlghtened  to 
clamp  the  headstock  in  the  desired  position.     Adjustment  of 


FlK.  S.     OppoiU*  Bide  of  NMdhun  DoubU-pDrpo««  Laths 


Fig.  1.     Needham  Double-purpose  Lathe  with  front  Plate  removed  from  Apron 


the  tailstock  is  secured  in  exactly  the  same  way.  With  the 
headstock  and  tailstock  in  the  back  position,  the  lathe  has  a 
swing  of  40  inches,  and  it  is  of  sufficiently  heavy  construction 
so  that  it  may  be  used  for  turning  car  wheels  and  other  heavy 
work.  With  the  headstock  in  the  forward  position,  a  small 
faceplate  is  furnished,  which  is  shown  leaning  against  the 
lathe  bed  in  the  rear  view  of  the  machine  shown  in  Fig.  2,  and 
equipped  in  this  way  the  lathe  is  adapted  for  handling  the 
average  run  of  heavj'  work  that  comes  to  a  jobbing  shop. 

Forty-two  changes  of  feed  are  available  on  this  lathe.  In 
the  front  view  of  the  machine  it  will  be  seen  that  at  the  left- 
hand  end  of  the  feed-screw  there  is  the  usual  arrangement  of 
quick-change  gears,  which  provide 
seven  changes  of  feed.  Now,  re- 
ferring to  the  end  view  of  the 
lathe  shown  in  Fig.  3,  it  will  be 
seen  that  lever  A  is  furnished 
with  a  locating  pin  which  may 
be  pushed  into  any  one  of  three 
holes.  This  lever  actuates  sliding 
gears  In  this  case,  which  provide 
for  multiplying  the  seven  feed 
changes  of  the  quick-change  gear 
at  the  front  of  the  machine,  giv- 
ing a  total  of  twenty-one  changes 
of  feed.  By  means  of  two  change- 
Ki'ars  In  case  B  the  number  of 
ivailable  feed  changes  Is  again 
(^  j.|ij    ,  uiultlplled,  giving  a  total  of  forty- 
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so  designed  that  by  removing  four  cap-screws  and  knocking 
out  the  taper  pins  that  hold  the  handwheels  on  their  shafts, 
the  front  plate  of  the  apron  can  be  removed  to  give  access  to 
the  mechanism.  It  will  also  be  noticed  that  despite  this  pro- 
vision for  removing  the  front  of  the  apron,  each  stud  in  the 
apron  is  furnished  with  a  double  bearing  support.  By  remov- 
ing the  spider,  all  gears  may  be  removed  in  four  minutes  with- 
out disturbing  the  apron,  as  the  gears  are  all  in  front  of  the 
apron.  The  lead-screw  can  also  be  removed  without  disturb- 
ing the  carriage  or  apron.  Attention  is  called  to  the  manner 
in  which  bearings  are  provided  for  in  the  apron  at  the  front 
of  the  lathe  bed.  The  apron  is  gibbed  to  the  bed  in  such  a 
way  that  the  carriage  bridge  may  be  removed — the  bridge 
being  made  separate  from  the  carriage  for  this  purpose — and  a 
special  brace  substituted  in  its  place,  so  that  the  lathe  swings 
40  inches  over  both  the  carriage  and  ways.  When  this  is  done, 
the  apron  will  be  quite  firmly  supported  on  the  bed  and  capable 
of  operating  satisfactorily. 


Fig.  3.    End  View  of  Lathe  showing  Arrangement  for  obtaining  Feed 
Changes 

two  rates  of  feed.  It  will  be  apparent  by  referring  to  the  il- 
lustrations that  the  headstock  of  this  lathe  is  furnished  with 
a  four-step  cone  pulley  and  single  back-gears.  For  handling 
average  classes  of  work,  the  drive  may  be  either  direct  or 
through  the  back-gears,  which  are  designed  in  accordance  with 
the  usual  practice  except  that  they  are  placed  at  the  front  of 
the  lathe  spindle.  For  heavy-duty  .work  where  the  large  face- 
plate is  used,  it  is  naturally  desirable  to  drive  by  means  of  the 
faceplate  gear,  which  furnishes  additional  power.  To  provide 
for  obtaining  this  result,  a  lever  C,  Fig.  1,  is  furnished  at  the 
front  of  t^e  lathe,  which  is  mounted  at  the  top  of  a  short 
vertical  shaft  which  carries  a  pinion  D  at  its  lower  end.  It 
will  be  apparent  that  this  pinion  meshes  with  rack  teeth  cut 
In  a  horizontal  sliding  shaft  E  that  carries  a  pinion  F  at  its 
right-hand  end.  When  it  is  desired  to  drive  through  the  face- 
plate gear,  lever  G  is  turned  to  slide  horizontal  shaft  E  to  the 
right  and  bring  pinion  /■'  into  mesh  with  the  faceplate  gear. 
This  movement  of  shaft  E  results  in  disengaging  a  clutch  so 
that  the  back-gears  are  thrown  out  at  the  same  time  that  the 
faceplate  gear  is  engaged. 

Attention  is  called  to  the  fact  that  in  the  front  view  of  the 
lathe  shown  In  Fig.  1,  the  apron  has  the  front  plate  removed 
and  shown  leaning  against  the  lathe  bed.    This  front  plate  Is 


FAIRBANKS   POWER   HAMMER   WITH   AD- 
JUSTABLE GIB 

The  United  Hammer  Co.,  Oliver  Bldg.,  Boston,  Mass.,  are 
now  building  the  Fairbanks  power  hammers  with  an  adjusta- 
ble bronze  taper 
gib  the  object  of 
which  is  to  provide 
for  taking  up  wear 
in  the  ram  guides. 
With  this  gib, 
which  may  be  seen 
in  the  accompany- 
ing illustration,  pro- 
vision is  made  for 
rapidly  and  accur 
ately  making  the 
necessary  adjust 
ment.  The  advan- 
tage of  such  an  ar- 
rangement on  a 
Fairbanks  hammer 
is  that  it  makes  it 
possible  to  obtain 
much  finer  adjust- 
ment of  the  ram 
than  was  formerly 
the  case.  It  should 
also  be  mentioned 
that  these  gibs  and 
faceplates  have 
been  so  designed 
that  they  may  be 
fitted  to  hammers 
which  were  orig- 
inally built  without 
this  Improved  fea- 
ture. 


"Fairbanki"   Fon 


nad*  by  Unitod 


■r*  at  Dlff«r«al 


MANHATTAN  UNIVERSAL  TOOL  GRINDER 

In  the  accompanying  Illustration  there  Is  shown  a  universal 
tool  grinding  machine  which  Is  a  recent  product  of  the  Man- 
liiittan  Machine  &  Tool  Works,  42-50  Market  Ave.  N.  W.,  Grand 
KapldH.  Mich.  It  will  bo  apparent  from  the  IIUiHtrntlon  that 
this  machine  Is  of  comparatively  simple  deHlRn,  without  com- 
plicated mochanlsm  that  Is  likely  to  wear  or  Kot  out  of  order. 
It  Is  furnlBhod  with  a  table,  C  by  42  Inches  In  al7.o,  which  has 
a  workInK  surface  of  0  by  22  Inches.  This  table  has  a  maxi- 
mum loMKltudinal  niovomont  of  22  InchcR,  a  tranHVorse  move- 
ment of  8  Inches,  and  n  vortical  niovomont  of  12  Inches.  The 
>:r(nitoBt  hoUlit  from  tho  center  of  tlio  grlndlnR  whool  to  tho 
Hiirfaco  of  tho  table  In  12  Inches,  and  work  up  to  0  Inches  In 
(lliimotnr  by  21  Inches  In  louKth  can  bo  supporleil  on  contors. 
Tho  foUowInK  O'lulpmont  Is  fiirnlshod  for  uso  In  connection 
wUli  thl»  Iciol  KrlndlMK  niiKJiIno:  oiin  Internal  KrlndliiR  at- 
(acbnionl,  nun  |inlr  of  central  head-  and  tall-contors,  ono  pair 
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Universal  Tool   Grinder  built   by  the   Manhattan   Machine   &   Tool  Works 

of  offset  head-  and  tail-centers,  one  faceplate  8  inches  in  diam- 
eter, one  chuck  for  the  central  head,  one  swivel  base  Vise,  six 
pairs  of  grinding  wheel  flanges,  six  driving  dogs  of  assorted 
sizes,  one  height  gage,  one  tooth-rest  socket,  seven  extension 
bars,  three  spring  tooth-rest  springs,  six  T-slot  bolts,  and  a 
countershaft  for  driving  the  machine. 


UNIVERSAL    ELECTRIC    GRINDING 
MACHINE 

One  of  the  recent  products  of  the  Universal  Electric  Co., 
9  Oliver  St.,  Newark,  N.  J.,  is  a  grinding  machine  built  in 
bench  and  floor  types.  This  machine  has  the  spindle  mounted 
in  SKF  ball  bearings  and  is  provided  with  grinding  wheels  8 
Inches  in  dameter  by  1  inch  face  width.  Adjustable  guards  are 
provided  over  the  grinding  wheels,  these  guards  being  held  by 
friction  furnished  by  spring  washers,  which  makes  it  possible 
to  turn  the  guards  to  any  desired  position  without  the  neces- 
sity of  loosening  screws.  The  tool-rests  are  adjustable  in  all 
directions  and  the  electric  motor  is  mounted  on  a  baseplate 
that  has  a  depression  under  each  wheel  to  form  a  reservoir  for 
cooling  water.  A  two-pole  push-button  knife  switch  controls 
the  motor  and  this  switch  is  conveniently  located  for  the  opera- 
tor. Motors  may  be  furnished  for  operation  on  direct-current 
circuits  or  for  two-  or  three-phase  alternating-current  circuits. 


HIGH-SPEED    BALL    BEARING    DRILLING 
MACHINE 

The  motor-driven  sensitive  drilling  machine  shown  in  the 
illustration  which  accompanies  this  description  is  a  recent  pro- 
duct of  the  High  Speed  Hammer  Co.,  Inc.,  307  St.  Paul  St., 
Rochester,  N.  Y.  This  is  known  as  a  Model  E50  ball  bearing 
machine.  It  weighs  only  60  pounds  so  that  it  may  be  readily 
moved  about  the  shop  and  the  drive  is  by  a  motor  especially 
designed  for  connection  to  electric  lighting  circuits  where  the 
potential  is  from  110  or  155  volts,  either  alternating  or  direct 
current.  Special  attention  is  called  to  the  spindle  lock  which 
facilitates  changing  drills,  it  being  possible  to  release  or  en- 
gage a  drill  with  one  hand,  and  the  operator  is  not  required 
to  hold  the  pulley  with  the  other  hand.  Annular  ball  bearings 
are  used  throughout  this  machine  and  there  is  also  an  end- 
thrust  bearing  which  takes  the  pressure  of  the  spindle  and 
practically  eliminates  friction.  An  adjustable  depth  gage  is 
furnished  which  enables  stop  drilling  operations  to  be  per- 
formed with  a  great  degree  of  accuracy. 

This  machine  is 
adapted  for  driv- 
ing drills  ranging 
from  the  smallest 
sizes  up  to  3/16 
inch  in  diameter. 
The  standard 
spindle  speeds 
are  2100  and  6000 
revolutions  per 
minute,  but  the 
machine  can  be 
furnished  with 
special  pulleys  tti 
provide  for  driv- 
ing the  spindle  at 
any  speed  up  to 
10,000  revolutions 
per  minute.  The 
spindle  is  made 
o  f  heat  -  treated 
steel ;  It  is  ground 
to  size  and  guided 
through  a  bronze 
quill,  with  the 
spindle  supported 
at  each  end  in  an 
annular  ball  bear- 
ing. A  quick-ad- 
justable table 
provided  on  the 
machine  has  a 
working  surface 
5V4  by  5  inches  in 
size,  and  work  up 


Ball    Bearing    Sensitive    Drilling    Machine    built 
by  the  High  Speed  Hammer  Co. 


to  4'%  inches  high  can  be  drilled.  The  surface  of  the  table  is 
ground  to  provide  for  accurately  drilling  holes  in  relation  to 
finished  surfaces  on  the  work.  The  base  of  the  machine  is 
furnished  with  a  ground  working  surface  4  by  6  inches  high, 
and  work  up  to  7Vi  inches  high  can  be  drilled  in  place  on  this 
base.  Surrounding  this  base  there  is  an  oil-groove.  An  idler 
pulley  takes  up  any  stretch  in  the  belt,  which  is  of  the  endless 
woven  type.  It  will  be  seen  that  the  front  pulley  and  upper 
part  of  the  spindle  are  covered  by  a  semi-tubular  guard  which 
insures  safety  of  the  operator.  Either  hand  or  foot  control 
may  be  provided.  The  principal  dimensions  of  the  machine 
are  as  follows:  over-all  height,  24  Inches;  size  of  base,  7%  by 
IS  inches;  capacity  of  driven  motor,  1/10  horsepower;  di- 
ameter of  spindle,  7/16  Inch;  maximum  spindle  feed,  2% 
inches;  available  spindle  speeds,  2100  and  6000  revolutions  per 
minute;  and  capacity,  for  drilling  to  center  of  6-lnch  circle. 


by   tho  UnUi-nal 


OTT  PLAIN  GRINDING  MACHINE 
The  C-  by  18-lnch  plain  grinding  machine  which  forms  the 
subject  of  the  following  description  is  a  recent  product  of  the 
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Ott  Grinder  Co.,  Indianapolis,  Ind.  This 
machine  is  equipped  with  a  grinding  wheel 
10  inches  in  diameter  by  IV*  inch  face 
width,  that  is  carried  by  a  wheel-stand  which 
moves  transversely  on  large  vee  and  flat  ways, 
movement  of  the  wheel-stand  being  con- 
trolled by  a  handwheel.  The  wheel-spindle 
is  made  of  special  steel  which  is  hardened,  ground  and  lapped, 
and  the  bearings  are  bushed  with  bronze  and  furnished  with 
means  of  compensating  for  wear.  Alignment  of  the  headstock 
and  tailstock  is  secured  from  the  front  edge  of  the  swivel 
table.     The  automatic  cross-feed  mechanism  is  of  simple  de- 


OU-hoIe  Brill  made  by  Artbur  Colton  Co. 

tapers  expressed  in  inches  per  foot.  The  headstock  is  ar- 
ranged for  dead-center  drive,  and  is  clamped  to  the  swivel 
table  by  means  of  a  T-head  bolt;  and  the  tailstock  spindle  is 
operated  by  a  spring  lever  so  that  it  can  be  rigidly  clamped 
if  desired;  the  tailstock  is  secured  to  and  maintains  its  align- 
ment on  the  swivel  table  in  the  same  way  as  the  headstock. 
A  pump  is  furnished  which  has  ample  capacity  to  supply  a 
copious  flow  of  water  for  wet  grinding  operations.  The 
equipment  furnished  with  the  machine  includes  one  10-  by 
l',4-inch  grinding  wheel,  one  universal  back-rest,  one  wheel- 
truing  device  on  the  tailstock,  one  center-grinding  attachment, 
one  pair  of  adjustable  work-dogs,  a  set  of  overhead  works,  and 
the  necessary  water  guards  and  wrenches. 

The  principal  dimensions  of  the  machine  are  as  follows: 
swing,  5  inches;  capacity  between  centers,  IS  inches;  range  for 
taper  grinding,  up  to  3  inches  per  foot;  diameter  of  head- 
stock  and  tailstock  spindles,  l^A  inch;  taper  of  work-centers, 
No.  6  Jarno;  dimensions  of  front  grinding  wheel-spindle  bear- 
ing, 1%  by  3%  inches;  dimensions  of  rear  spindle  bearing, 
1%  by  Z%  inches,  minimum  rate  of  automatic  cross-feed, 
0.00025  inch;  maximum  automatic  cross-feed,  0.005  inch;  range 
of  table  feeds  per  minute,  20  to  65  inches;  horsepower  required 
to  drive  machine,  five;  floor  space  occupied,  31  by  68  inches; 
and  net  weight  of  machine,  approximately  1700  pounds. 


COLTON    HIGH-SPEED    OIL-HOLE    DRILLS 

The  Arthur  Colton  Co.,  of  Detroit,  Mich.,  are  now  manufac- 
turing a  line  of  oil-hole  drills,  a  phantom  view  of  one  of  which 
is  shown  in  the  accompanying  illustration.  These  are  forged 
and  twisted  drills,  the  twisting  operation  being  performed 
after  the  oil-holes  have  been  drilled.  Colton  oil-hole  drills  are 
made  in  all  standard  sizes  from  high-speed  steel. 


rive-  by  Eighte 

Blgn  and  provision  is  made  for  varying  the  rate  of  feed  while 
the  machine  Is  in  operation.  Both  the  countershaft  bearings 
and  the  loose  pulleys  are  equipped  with  Hyatt  roller  bearings. 

This  machine  Is  especially  adapted  for  produc- 
tion grinding  where  large  quantities  of  duplicate 
straight  or  tapered  cylindrical  parts  have  to  be 
flDlshcd  within  close  limits.  It  Is  claimed  that 
the  machine  will  handle  work  that  is  now  being 
ground  on  larger  machines,  thus  economizing  In 
floor  spa'-e  and  Increasing  the  facility  with  which 
finding  operations  can  be  performed.  The  auto- 
matic croBH-fccd  operates  at  each  reversal  of  the 
table  and  may  be  adjusted  to  Its  feed  limits  while 
In  operation.  When  the  work  Is  ground  to  bI/.o 
the  feed  Is  automatically  thrown  out  and  a  po.sl 
tire  stop  Is  provided  for  the  hand-feed.  Drive  Im 
the  table  Is  tranKmllied  through  u  worm  uri'i 
worm-wheel,  Insuring  smoolh.  uniform  travel. 
which  Is  controlled  by  adjustable  iIoks  that  ni:i'. 
be  'lulckly  sot  In  the  desired  positions.  TIm' 
table  handwheel  is  disconnected  when  the  power 
traverse  Is  employed,  and  the  reversing  morban 
Ism  Is  nnncentorlnK,  thus  assuring  accurate  aii'l 
positive  rnvf-rsnl. 

To  provide  for  performing  tapor-turning  oper- 
ations, the  tAblo  swivels  on  a  largo  central  stud 
which  Is  hardi-nod  and  ground  to  size.  Clamps 
secure  the  table  nt  t>oth  ••nds,  and  the  right  hand 
rismp  Is  gradnnted  for  setting  the  tnbin  to  grind 


GISHOLT  SHELL  BORING  LATHE 

In  Pigs.  1  and  2  there  are  sliown  two  views  of  a  special  25- 
inch  boring  lathe  which  has  recently  been  developed  by  the 
Gisholt  Machine  Co.,  of  Madison,  Wis.,  for  boring  6-inch  shells; 
and  Fig.  3  shows  cross-sectional  views  of  155-milUmeter  shrap- 
nel and  high-explosive  shells  in  which  A,  B,  C  and  D  indicate 
the  finished  surfaces  which  can  be  machined  on  this  lathe. 
For  performing  these  operations  use  can  be  made  of  either  a 


M>ohln>   Co.    (or   liorlni   ll-lnoli   Slinlli 
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single-point  cutter  in  the  boring-bar,  with  a  former  block  on  the 
taper  attachment  which  is  shown  at  the  back  of  the  machine 
in  Fig.  2,  or  with  a  boring  head  located  on  the  boring-bar  and 
with  the  cross-slide  carriage  set  in  a  central  position.  In  ad- 
dition to  its  application  for  the  performance  of  boring  opera- 
tions in  shells,  this  lathe  could  be  used  to  advantage  for  boring 
many  other  classes  of  work. 

These  25-inch  Gisholt  lathes  are  made  in  several  models, 


Tig.   3.     Cros^-sectional   Views  of  155-niilliineter   Shrapnel  and  Hiffb- 
explosive   Sheli^   showing   Surfaces   to   be   machined 

France,  and  Italy.  Until  recently,  the  demand  for  the  ma- 
chines from  abroad  has  been  so  great  that  no  attempt  was 
made  to  bring  them  to  the  attention  of  the  munition  manu- 
facturers in  this  country.  At  present,  however,  several  lots  of 
this  type  of  lathe  are  being  built  for  use  in  American  plants. 


Fig.    2. 

some  of  which  are  furnished  with  turrets  and  others  with 
simple  toolposts,  etc.,  according  to  the  particular  operations 
for  which  individual  machines  are  to  be  used.  Also  the  lathes 
may  be  equipped  with  either  a  collet  chuc^  or  with  a  24-inch 
three-Jaw  universal  geared  scroll  chuck,  or  with  a  four-jaw  in- 
dependent chuck.  This  machine  is  one  of  the  special  type  of 
lathes  built  for  shell  work  in  munition  plants  in  England, 


SOUTHWARK  LEAD  CABLE  COVERING 
PRESS 

The  Southwark  Foundry  &  Machine  Co.,  of  Philadelphia,  Pa., 
are  now  building  a  hydraulic  press  for  applying  a  lead  cover- 
ing to  cables.  This  press  is  built  in  accordance  with  designs 
worked  out  by  R.  Poliakoff.  The  cable  to  be  covered  with  lead 
is  fed  into  the  press  through  the  roller  guides  of  the  curved 
canal  A,  the  radius  of  which  is  suflBciently  large  to  prevent 
danger  of  impairing  the  pliability  of  the  cable  when  passing 
through  or  distorting  it.  The  cable  next  passes  through  bush- 
ing B  and  comes  into  contact  with  the  molten  lead,  which  fills 


Hrdraallo   Pr*u   built   br   Ssnlhicark    Foundrj   A    Maohln*  Co.    for  appljlnr   L«ad   Conrlnf   to  Cables 
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the  ring  space  between  this  bushing  and  die 
C  tlirough  which  the  cable  is  drawn  after 
being  covered  with  lead.  As  a  result  of  be- 
ing drawn  through  the  die,  the  surface  of 
the  lead  is  smoothed  out  and  the  diameter 
of  the  lead  coating  is  reduced  to  exactly 
the  required  size.  The  end  of  the  cable 
comes  out  of  the  press  leaded  and  complete- 
ly finished,  so  that  it  can  be  wound  on  a 
drum  which  serves  the  additional  purpose 
of  furnishing  the  means  for  drawing  the 
cable  through  the  machine. 

The  main  parts  of  the  mechanism  of  this 
hydraulic  cable-covering  press  may  be  brief- 
ly described  as  follows:  The  section  of  the 
press  required  for  applying  the  lead  coat- 
ing is  composed  of  two  cylindrical  cham- 
bers D  which  are  filled  with  molten  lead, 
two  bushings  B  and  E,  and  the  die  C.  The 
hydraulic  part  of  the  press  is  intended  to 
keep  the  molten  lead  in  chambers  D  under 
a  definite  pressure.  Lead  is  melted  in  a 
pot  located  above  the  press  and  delivered 
into  chambers  D  through  a  pipe  F.  In  or- 
der to  insure  a  uniform  delivery  of  lead  in- 
to chambers  D,  pipe  F  is  connected  to  them 
by  an  elbow  6.  From  these  chambers  the 
molten  lead  comes  into  contact  with  the  cable  through  a  ring- 
shaped  space  between  bushing  B  and  die  C ;  and  by  moving 
bushing  B  backward  or  forward,  it  is  possible  to  adjust  the  size 
of  the  ring  opening  to  regulate  the  amount  of  cable  surface 
that  is  in  contact  with  the  molten  lead  at  any  time. 

The  lead  contained  in  chambers  D  is  always  under  pressure 
applied  by  rods  H,  which  act  as  pistons  in  chambers  D.  These 
rods  are  actuated  by  pressure  from  hydraulic  cylinder  /,  and 
as  the  supply  of  lead  in  chambers  D  is  reduced,  rods  H  move 
to  the  right  to  maintain  a  uniform  pressure.  When  the  rods 
reach  the  extreme  of  their  movement  toward  the  right,  draw- 
ing of  the  cable  is  stopped  and  rods  H  are  moved  back  to  their 
original  position  by  shifting  the  operating  valve  of  the  hy- 
draulic press;  chambers  D  are  then  refilled  with  molten  lead 
from  the  melting  pot,  after  which  the  drawing  of  the  cable  can 
be  continued. 

Naturally,  the  parts  of  the  press  coming  into  contact  with 
the  molten  lead  will  wear  out  faster  than  others,  and  such 
parts  have  to  be  adjusted  or  repaired  from  time  to  time.  To 
facilitate  this  work,  the  press  has  been  designed  in  such  a  way 
that  these  parts  can  be  easily  removed.  Bushings  B  and  E  are 
each  made  of  several  pieces  screwed  one  into  the  other,  after 
which  the  entire  bushing  Is  screwed  Into  the  press.  Provision 
iB  made  for  taking  out  bushings  B  and  E  by  simply  giving  a 
few  turns  to  levers  J  and  K,  respectively.  Turning  of  either 
of  these  levers  transmits  motion  through  a  train  of  gears  to 
a  worm-gear' /v  or  J/,  as  the  case  may  be,  these  worm-gears  be- 
ing set  on  the  bushings  to  provide  for  withdrawing  them  from 
their  respective  positions.  By  this  means  it  Is  a  very  easy 
matter  to  remove  the  bushings. 


BRUNO 


SLOTTING 
MENT 


ATTACH- 


A  slotting  attachment  made  by  the  Bruno 
Mfg.  Co.,  61  Terrace,  Buffalo,  N.  Y.,  for 
use  on  shapers  and  planers  is  shown  in 
Fig.  1,  and  Figs.  2,  3,  and  4  show  applica- 
tions of  this  attachment.  It  will  be  seen 
that  the  slotting  attachment  is  bolted  to 
the  clapper  in  place  of  the  toolpost,  allow- 
ing the  use  of  a  very  short  stiff  cutting 
tool,  as  there  is  no  projecting  toolpost  in 
the  way,  necessitating  the  use  of  a  long, 
slender  tool.  The  tool  has  an  adjustable  fric- 
tion arm  riding  on  the  head  slide,  which  pre- 
vents vibration.  All  dies,  jigs,  gages,  or 
other  work  requiring  internal  machining 
of  regular  or  irregular  shaped  holes  may 
be  accurately  handled  with  this  attach- 
ment. The  cutting  tool  is  made  of  round 
or  square  stock  and  can  be  turned  in  any 
position  so  that  a  cut  may  be  taken  on  the 
bottom,  side,  or  top  of  the  opening. 

In  Fig.  2  the  Bruno  slotting  attachment 
Is  shown  at  work  on  a  large  die,  and  on 
work  of  this  kind  the  adjusting  friction 
arm  with  its  buffer  end  effectively  prevents 
vibration  of  the  tool  regardless  ot  the  speed.  Fig.  3  shows  a 
part  of  a  gage  which  is  set  10  degrees  out  of  perpendicu- 
lar by  means  of  10-degree  parallels.  The  slot  may  be  quickly 
and  accurately  done  on  a  shaper  or  planer  equipped  with  the 
Bruno  slotting  attachment.  Fig.  4  illustrates  the  way  in  which 
a  keyway  may  be  cut  in  a  gear  and  it  will  be  apparent  to  any 
experienced  mechanic  that  this  attachment  constitutes  a  very 
convenient  means  o^  handling  operations  of  this  kind. 


.     Bruno  Slotting  Attachment 
for  Shapers  and  Flanen 


METZGER    ELECTRICALLY    WELDED 
PRODUCTS 

The  Metzger  Welding  Co.,  1623  Blue  Rock  St.,  Cincinnati, 
Ohio,  are  manufacturing  electrically  welded  tools  and  bolts  ot 
the  types  shown  in  the  illustrations  which  accompany  this  des- 
cription. The  scarcity  and  consequent  high  price  of  high-speed 
steel  makes  economy  in  its  use  a  matter  of  necessity,  and  by 
welding  a  high-speed  steel  inset  to  a  carbon  steel  shank,  mak- 
ing a  tool  of  the  form  shown  in  Fig.  1,  the  benefits  of  a  high- 
speed steel  cutting  tool  are  obtained  at  a  small  fraction  of  the 
cost  of  a  solid  tool  made  from  the  higher  priced  material. 
These  welded  tools  can  be  retempered  or  reheated  to  any  ex- 
tent without  the  weld  being  impaired  in  any  way,  as  the  inset 
is  secured  to  the  tool  shank  by  a  permanent  weld  which  has 
resulted  In  a  complete  union  of  the  metals  at  the  joint.  The 
tools  are  made  In  six  sizes,  ranging  from  1/2  by  1  by  U,  to  1 
by  2  by  14  Inches. 

The  cap-screw  shown  In  Fig.  2  la  made  by  welding  a  head 
onto  the  body,  thus  greatly  economizing  In  material  through 
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Fig.  1.    Tool  made  by  the  Metzgcr  Welding 

Co.    by   welding    a    High-speed    Steel 

Inset  onto  a  Carbon  Steel  Shank 


Fig.    8 


Type    of    Cap-screw    made    by 
Metzger   Welding    Process 


avoiding  the  necessity 
of  turning  away  the 
metal  from  the  body  in 
order  to  provide  for 
producing  a  head  of  the 
desired  size.  The  heads 
can  be  made  of  square, 
hexagon,  or  round  stock 
of  any  size,  and  welded 
to  the  body,  which  may 
be  of  any  desired  length 
or  diameter.  In  mak- 
ing the  weld,  sufficient 
pressure  must  be  ap- 
plied to  force  the  semi- 
molten    steel    together. 


and  this  expels  all  burnt  metal  and  slag,  leaving  the  structure 
of  the  metal  at  the  joint  fully  as  strong  as  that  of  the  rest  of 
the  bolt.  Bolts  and  cap-screws  of  this  kind  are  made  in  a 
variety  of  sizes  to  meet  the  requirements  of  different  users. 


WEST  HAVEN  PUNCHES 
In  the  May,  1916,  number  of  Machixekt  descriptions  were 
published  of  center-punches  and  pin  driving  punches  which 
had  just  been  placed  upon  the  market  at  that  time  by  the  West 
Haven  Mfg.  Co.,  of  New  Haven,  Conn.  This  company  is  now 
selling  sets  of  these  pin  driving  punches  and  center-punches 
which  are  furnished  in  a  case  in  which  each  punch  is  held  in 
a  separate  compartment,  so  that  any  desired  punch  may  be 
readily  picked  out.  The  set  contains  an  assortment  of  five  dif- 
ferent sized  center-punches  and  eight  different  sized  punches 
for  driving  out  pins  or  rivets;  one  solid  driving  punch,  used 
for  starting  a  rivet  or  pin  that  "starts  hard,"  and  one  prick- 
punch  for  punching  holes  through  thin  metal. 


D  &  W  MAGNETIC  CHUCK 

The  accompanying  illustration  shows  an  improved  design 
of  the  magnetic  chuck  which  the  D  &  W  Fuse  Co.,  of  Provi- 
dence, R.  I.,  have  been  manufacturing  for  several  years.  The 
improvement  of  this  chuck  consists  of  providing  a  new  form 
of  faceplate  in  which  the  sections  of  opposite  polarity  are  sep- 


Improved  Type  of  Magnetic  Chuck 


the  D  i  W  Fuse  Co. 


arated  by  bands  of  non-magnetic  material  which  follow  a  wind- 
ing path  instead  of  being  straight  as  was  formerly  the  case.  It 
Is  claimed  that  in  this  way  greater  holding  power  is  provided 
for  tlie  cliuck.  In  other  respects,  these  chucks  are  similar  in 
design  to  those  previously  made  by  this  company. 


chuck  have  been  replaced  by  a  special  adjusting  feature  which 
is  shown  in  the  rear  view  of  the  chuck  in  Fig.  2.  It  is  claimed 
that  this  chuck  cannot  be  strained  so  that  the  jaws  will  not 
grip  for  their  entire  length,  and  that  ample  strength  and  grip- 
ping power  are  provided  for  work  which  comes  within  the 
range  of  a  chuck  of  this  size. 


SIMPLEX  FOUR-JAW  CHUCK 
In  the  May,  1917,  number  of  Maihinkkv  a  de- 
Brrrplliin  was  published  of  a  four-Jaw  chuck  which 
had  Just  been  placed  on  the  market  at  that  time 
by  the  Simplex  Tool  Co.,  of  Woonsooket,  11.  I.  The 
design  of  tlic  chuck  has  now  been  Improved,  and 
Figs.  1  and  2  show  one  of  the  Simplex  four-jaw 
chucks  of  the  latest  model.  The  original  chuck 
was  made  In  such  a  way  that  It  was  necossury  to 
thread  the  chuck  boss  to  lit  the  spindle  of  the 
lathe,  which  limited  the  use  of  the  chuck  to  lathes 
with  the  sanio  type  of  spindle  nose.  In  the  Im- 
proved chuck,  a  back-plate  can  be  used  In  connec- 
tion with  a  spigot  and  bolts  to  Bccure  the  chuck 
In  placo.  The  nuts  and  wnshers  that  were  used  for 
kccpInK  the  Jaws  flat   In   the  Jaw  ways  of  the  old 


GENESEE  ADJUSTABLE  HOLLOW-MILL. 

The  Genesee  Mfg.  Co.,  of  Rochester,  X.  Y.,  are  now  making 
a  line  of  adjustable  hollow-mills  of  the  type  shown  in  opera- 
tion in  the  accompanying  illustration.  Mills  of  this  type  are 
made  to  handle  work  from  1/S  inch  to  2  inches,  and  they  are 
made  with  three  or  more  blades,  according  to  the  size  of  the 
tool.  These  blades  are  positively  held  by  a  screw  acting  in 
conjunction  with  a  bushing  which  is  shouldered  in  such  a  way 
that  the  bushing  and  screw  fit  into  a  hole  on  the  side  of  each 
blade  and  pull  it  down  into  the  holder.  A  threaded  collar  oi> 
the  body  of  the  holder  acts  as  an  end  support  for  the  blades, 
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Application  of  Genesee  Adjustable  Hollow-mills  on  Screw  Machine 

and  means  are  provided  for  adjusting  their  position  as  de- 
sired. These  mills  are  especially  adapted  for  use  on  screw 
machines,  but  they  may  also  be  used  on  other  machine  tools. 


FLEMING  COMBINATION  LATHE 

To  provide  for  the  performance  of  turning,  milling,  and  bor- 
ing operations  on  a  single  machine,  the  George  W.  Fleming  Co., 
16  Broadway,  Springfield,  Mass..  are  building  a  combination 
lathe  which  is  shown  in  Figs.  1  and  2.  It  is  claimed  that  one  of 
these  machines  has  all  of  the  facilities  provided  on  a  16-inch 
lathe,  a  horizontal  boring  mill,  and  a  plain  milling  machine, 
with  the  additional  feature  that  the  lathe  is  of  the  sliding-bed 
gap  type.  When  in  use,  each  unit  can  be  operated  just  as 
readily  as  if  it  were  a  separate  machine.  The  base,  which  car- 
ries the  sliding  member,  is  ribbed  to  provide  a  stiff  construc- 
tion, so  that  the  lathe  bed  is  supported  without  vibration;  and 
the  milling  machine  table  acts  as  a  support  for  the  sliding  bed 
when  this  bed  is  in  the  "closed"  position.  The  sliding  lathe 
bed  is  strongly  ribbed,  and  the  ways  are  carefully  scraped  to 
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equipment  and  features  of  design:  power  longi- 
tudinal feed  to  the  milling  machine  table,  a 
taper  attachment,  a  milling  machine  vise,  and 
a  dividing  head  for  the  milling  machine. 


Fig.   1.     Combii 

secure  accurate  alignment  of  the  spindle  with  both  the  carriage 
and  the  tailstock.    The  lathe  carriage  is  made  to  extend  out 
over  the  face  of  the  apron  to  allow  the  compound  rest  to  be 
used  up  to  the  full  swing  of  25  inches,  when 
the  work  is  of  such  a  size  that  it  requires 
the  gap  lathe  arrangement  to  be  used. 

For  driving  the  machine,  the  usual  ar- 
rangement of  a  four-step  cone  pulley  and 
single  back-gears  is  employed,  and  the  head- 
stock  is  provided  with  a  hollow  spindle  sup- 
ported by  carefully  scraped  bearings  in  which 
provision  is  made  for  taking  up  wear.  The 
milling  machine  table,  saddle,  and  knee  are 
scraped  to  accurate  fits  on  all  sliding  sur- 
faces, and  the  table  is  elevated  on  the  face  of 
the  column  by  means  of  helical  gears  and  a 
screw.  The  crank  for  operating  the  table  is 
located  on  the  face  of  the  column  where  it 
may  be  conveniently  reached  by  the  operator. 
On  the  standard  machine,  hand  feed  is  pro- 
vided for  the  milling  machine  table.  The 
horizontal  boring  mill  is  of  the  table  type, 
and  is  designed  for  the  use  of  a  boring-bar 
I'/ii  inch  In  diameter,  which  Is  furnished 
with  power  feed.  The  drive  for  the  power 
feed  Is  taken  from  the  lathe  change-gears. 
The  regular  equipment  furnished  with  this 

combination    lathe   Includes   a   countershaft, 
large  and  small  faceplates,  a  steadyrest,  a  set  of  change-gears, 
one  milling  machine  arbor,  and  the  necessary  punches  for  mak- 
ing all  adjustments.    The  following  may  be  furnished  as  extra 


MOTOR-DRIVEN  "FIFIELD"LATHE 

In  the  October,  1917,  number  of  Maciuneky 
an  aunouncement  was  made  of  the  acquisition 
of  manufacturing  rights  for  the  "Fifield"  heavy- 
duty  engine  lathe  by  David  A.  Wright,  568 
Washington  Blvd.,  Chicago,  111.  This  lathe  is 
now  being  built  in  a  motor-driven  type  which 
is  illustrated  and  described  herewith.  The 
range  of  sizes  in  which  these  motor-driven 
lathes  are  available  is  as  follows:  34-,  36-,  40-, 
50-,  60-,  72-,  S4-,  and  96-inch  swing  in  standard 
types,  and  40-,  50-,  and  60-inch  swing  in  a 
special  heavy  type.  Lathes  of  these  different 
sizes  are  built  with  any  length  of  bed  to  meet 
the  requirements  of  different  shops. 

In  working  out  the  design  of  these  lathes,  all 
gears  have  been  guarded  to  prevent  the  possi- 
bility of  injury  to  the  operator,  and  all  main 
'^  '"  and  high-speed  bearings  are  bushed  with  bronze. 

The  bushings  are  securely  fastened  to  their 
seats  and  large  oil-channels  are  provided  with  oil-holes  con- 
veniently located  to  facilitate  oiling.  It  will  be  seen  that  the 
headstock  is  of  the  all-geared  type  and  any  of  three  mechani- 


Filleld"  Kotor-driven  Hoavjr-duty  Eniine  Lathe  buUt  bjr  David  A.  Wri(ht 

cal  changes  of  speed  can  be  obtained  by  manipulating  a  single 
lever.  The  motor  mounted  on  top  of  the  headstock  may  be 
supplied  for  connection  with  either  alternating-  or  direct- 
current  circuits  and  may  be  either  constant-  or 
variablospood.  All  bearings  in  the  headstock 
are  of  the  selfolling  typo,  and  they  are  fur- 
nislic<l  with  large  oil-wolls  that  carry  an  ample 
Kupply  of  lubricant.  The  shafts  and  spindles 
are  ground  to  size,  and  the  bearings  In  which 
llii'v  run  arc  ronnied  and  scraped  to  a  close  fit. 
I'lic  carrliigi"  Is  llllod  to  V-ways  on  the  l)Oil 
anil  Is  glbboil  undcrncatli  the  ways  at  both  the 
iront  and  back.  A  clamp  provides  for  securing 
till'  cnrrlaKC  In  any  (loslred  position  when  the 
(  riiHH  feed  Is  to  bo  oniployed.  Power  food  and 
liand  loiiKltiidlnnl  feed  are  nvniinblo  In  cither 
dlrecllon.  The  tool  xllde  ban  taper  gllis  fur- 
mIkIiIiik  ineaiiH  iif  nilJUHlinenl  fur  wear.  Jinil  II 
Ih  lilted  with  HtrnpH  aixl  ImltH  deHlgiied  to  hold 
liirKe  tools.  When  a  lapnr  attachment  Is  used 
on  the  machine.  It  Is  sncureil  to  (ho  rarrlago 
and  bolted  lo  Tslols  on  the  side  of  the  bed. 
The  Hiinin  Iiiih  a  friction  cluleh  fr)r  Irnverso 
Ti>iH\\t\ir  iind   a   lend  H<rew   niil    for  the   perrorm- 
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ance  of  threading  operations,  with  feed  reverse  in  the  apron. 
The  feed  gears  are  driven  by  a  spline  in  the  lead-screw  and 
may  be  disengaged  while  the  lathe  is  cutting  threads.  A 
steadyrest  of  box  section  is  furnished  with  the  lathe,  and  this 
rest  has  three  Jaws  with  liberal  wearing  surfaces.  The  top 
half  of  the  steadyrest  may  be  swiveled  on  one  side  and  is  easily 
removable.  Cross  adjustment  of  the  upper  part  of  the  tail- 
stock  is  accomplished  by  means  of  a  screw,  and  the  tailstock 
is  operated  by  a  crank  wrench  and  gearing,  which  engage  the 
steel  feed  rack  for  traversing  the  tailstock  along  the  bed  by 
hand.  Fourteen  change-gears  are  furnished  with  the  machine 
for  use  in  thread  cutting. 


AIRPLANE  STRUT   TURNING  MACHINE 

In  the  March,  1916,  number  of  Machinery  a  description  was 
published  of  a  rifle  stock  turning  machine  which  had  just  been 
placed  on  the  market  at  that  time  by  Oilman  &  Son,  of  Spring- 
field, Vt.  In  the  accompanying  illustration  there  is  shown  a 
machine  of  similar  design  which  has  been  developed  for  use  in 
turning  airplane  struts.  In  both  this  machine  and  the  rifle 
stock  turning  machine,  a  model  of  the  desired  form  is  made 
for  use  in  the  machine  and  this  acts  as  a  "master"  for  the 
guide  on  the  turning  machine,  which  controls  the  operation 
of  the   tools  to  provide  for  turning  the  work  to  exactly  the 
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Airplane  Strut  Turning  Machine  buUt  by  Fitz-Empire  Double  Pivot  Last  Co. 

same  form.  In  the  illustration,  the  master  is  shown  in  the 
upper  position  and  the  partially  turned  airplane  strut  is  shown 
in  the  lower  position.  The  general  features  of  the  machine 
are  the  same  as  that  of  the  rifle  stoclc  turning  machine.  This 
airplane  strut  turning  machine  is  built  by  the  Fitz-Empire 
Double  Pivot  Last  Co.,  Rochester,  N.  Y.,  of  which  the  Arm  of 
Oilman  &  Son  Is  a  branch.  The  carriage  that  supports  the 
cutter-head  can  be  fed  in  either  direction,  which  avoids  the 
necessity  of  returning  to  tho  starting  point.  The  rate  of  feed 
is  4  to  6  inches  per  minute.  Machines  of  this  type  are  built 
In  three  sizes,  with  capacities  of  50,  72,  and  100  Inches  between 
center.s. 


flat  stock,  and  other  shapes  by  simply  making  "filling  in"  col- 
lars or  rolls  to  suit  any  particular  kind  of  work.  It  is  also 
possible  to  bend  either  one  angle  or  two  angles  at  a  time,  ac- 
cording to  the  quantity  of  work  which  is  being  handled. 
In  working  out  the  design  of  these  machines,  the  bending 
rolls  were  placed  as  close  to  the 
floor  as  possible,  in  order  to  facili- 
tate placing  heavy  work  in  the 
machine.  In  Fig.  1  a  machine  is 
shown  equipped  for  individual  mo- 
tor drive,  and  Fig.  2  shows  the 
machine  arranged  for  belt  drive 
with  reversing  pulleys.  In  cases 
where  belt  drive  is  employed,  the 
shifters  are  so  constructed  that 
the  operator  of  the  machine  can 
manipulate  either  shifter  to  pro- 
vide for  running  the  machine  for- 
ward or  back,  as  required.  In 
handling  certain  classes  of  work, 
it  is  necessary  to  reverse  the  ma- 
chine several  times  to  provide  for 
running  the  work  back  and  forth, 
and  in  such  cases  a  conveniently 
located  operating  lever  is  particu- 
larly important.  It  will  be  no- 
ticed that  the  bending  rolls  are 
almost  in  contact  with  each  other, 
and  there  are  several  reasons  for 
this  arrangement.  In  the  first 
place,  having  the  rolls  close  together  practically  avoids  the 
flat  or  straight  spot  at  either  end  of  a  piece  that  is  being  bent, 
which  is  an  important  feature,  because  it  not  only  saves  time 
in  bending  the  ends  of  the  work  to  the  required  curvature,  but 
material  is  also  saved  through  avoiding  the  necessity  of  crop- 


KANE  &  ROACH  ANGLE  BENDING 
MACHINES 

On  the  No.  14  angle  l)endlng  machine  built  by  Kane  &  lloach, 
Niagara  and  Shonnard  Sts.,  Syracuse,  N.  Y.,  light  angles  up  to 
2'/{i  by  2'/j  by  1/4  Inch  can  be  bent.  To  provide  for  bending 
larger  angles,  this  Arm  has  brought  out  a  heavy-duty  machine 
that  Is  built  In  three  sizes.  Tho  No.  22  machine  handles  angle- 
Irons  up  to  ;{  by  I!  by  3/8  Inch.  The  No.  23  niiichlno  banillps 
work  u[)  to  4  by  4  by  1/2  Inch,  and  tho  No.  2i)  niacliliio  handles 
work  up  to  6  by  G  by  G/8  Inch.  In  addition  to  bonding  angles. 
these  machines  can  ho  employed  for  bonding  onulvalent  sizes 
of  I  lieuuiB,  channels,  TlronH.  rounds,  squares,  tubular  stock, 
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Fig.  1.     Front  View  of  Niles-Bement-Pond  No.  3  Axle  Lathe 

ping  off  the  extreme  ends  of  the  work  which  cannot  be  bent 
to  the  desired  form.  Another  feature  of  having  the  rolls  close 
together  is  that  the  material  can  be  started  into  the  roll  to 
be  bent  without  having  to  start  the  bend  by  hand.  This  is 
the  means  of  making  a  very  important  reduction  in  the  cost 
of  bending  work.  A  sliding  gag  under  the  adjusting  screw 
provides  for  holding  down  the  top  roll,  and  this  gag  can  be 
slid  out  from  under  the  screw  to  enable  the  top  roll  to  be 
raised  out  of  the  way  when  it  is  desired  to  put  work  in  the 
machine  or  take  it  out  after  a  bend  has  been  completed.  With 
this  arrangement,  the  screw  adjustment  does  not  have  to  be 
altered.  When  one  piece  has  been  removed  and  another  piece 
has  been  put  into  position  on  the  lower  rolls,  the  upper  roll  is 
dropped  into  place  and  the  gag  slid  back  under  the  adjusting 
screw,  after  which  the  machine  is  ready  to  continue  its 
operation. 

Side  rolls  are  provided  at  each  side  of  the  bending  rolls  and 
these  may  be  swiveled  to  any  angle  according  to  the  radius  of 
the  curve  to  which  work  is  being  bent.  These  side  rolls  can 
also  be  adjusted  in  or  out  to  meet  the  requirements  of  differ- 
ent classes  of  work.  They  effectually  prevent  side  twisting  or 
buckling  of  the  work  during  the  bending  operation  and  enable 
the  piece  to  come  out  perfectly  true.  The  rolls  are  made  of 
high-carbon  steel  and  the  outside  sections  slide  in  or  out  to 
provide  for  handling  any  width  of  work  that  comes  within  the 
capacity  of  the  machine.  The  shafts  carrying  these  rolls  are 
exceedingly  heavy  and  all  the  front  bearings  that  carry  the 
roller  shafts  are  bushed  with  bronze.  The  driving  gears  are 
made  of  steel  with  cut  teeth.  With  the  exception  of  differ- 
ences In  size,  the  design  of  all  three  of  these  machines  is  the 
same.  Each  machine  is  provided  with  a  scale  and  pointer  to 
show  Just  where  to  set  the  rolls  for  bending  work  to  any  de- 
sired radius  of  curvature,  which  is  an  Important  feature  in 
simplifying  the  setting  of  the  machine  for  any  given  Job. 


NILES-BEMENT-POND  AXLE  LATHE 

The  No.  3  axle  lathe  which  Is  shown  in  the  Illustrations  that 
accompany  the  following  description  Is  one  of  the  recent  pro- 
ducts of  the  NIles-Bement-Pond  Co.,  Ill  Broadway,  New  York 
City.  It  Is  Intended  for  machining  axle  forglngs  as  well  as 
rough  machined  axles.  It  will  be  seen  that  the  work  Is  cen- 
ter-driven and  wheel  seats  and  Journals  can  be  simultaneously 
turned  at  both  ends  of  car  axles.  The  tracks  for  the  carriage 
conalHt  of  a  wide  flat  way  at  the  back  of  the  bed  and  an  Im- 
proved compensating  V-way  at  the  front;  the  vee  has  an  angle 
of  1.^  defcrecs  at  the  back  and  70  degrees  at  the  front.  The 
form  of  this  way  Is  clearly  shown  In  the  end  view  of  the  ma- 
chin'-,  Fig.  2.  The  lO-degreo  angle  at  the  back  of  the  voc  servcH 
a  double  purpoHc;  namely.  It  prcsonls  a  thrust  surface  at  right 
angles  to  the  comblne<l  forces  of  the  tools,  eliminating  all  ten- 
don'-y  of  the  carriage  to  climb  under  heavy  cuts,  and  It  antri 
matlcally  compcnuatcs  for  wear  In  both  the  carriages  ond  the 
lathe  bed. 

Mention  has  already  been  rnado  of  the  use  of  a  center  drlv 
Ing  head  on  the  lathe.  This  head  Is  of  massive  construction, 
completely  onrloscii  the  main  drIvinK  genr,  and  forms  an  oil 
reservoir  In  which  the  gear  runs.    Tho  head  Is  clamped  to  the 


bed  by  six  large  bolts  and  it  may 
be  adjusted  longitudinally  along 
the  bed.  The  main  drive  is  by 
means  of  a  large  steel  herringbone 
gear  and  pinion  which  are  carried 
between  the  bearings  in  the  head. 
The  axle  is  driven  by  a  steel 
equalizing  driving  plate  having 
lugs  cast  integral  which  engage 
both  ends  of  the  double  driving 
dog.  By  means  of  this  driving 
plate  crooked  or  irregular  axles 
can  be  machined  without  setting 
up  bending  strains. 

Two  carriages  are  provided 
which  have  power  longitudinal 
feeds  by  a  right-  and  left-hand 
screw  that  is  positively  driven 
by  gearing.  Split  nuts  engage  the  lead-screw  and  are  provid- 
ed with  automatic  devices  which  release  them  when  the  car- 
riages come  into  contact  with  set  collars  on  a  tappet  rod  at 
the  front  of  the  machine.  Two  clamps  are  provided  at  the 
front  of  the  carriages,  one  of  these  being  used  for  clamping  the 
carriage  to  the  bed  when  turning  against  shoulders  and  facing 
the  ends  of  axles,  and  the  other  clamp  is  under  the  bridge  and 
further  decreases  the  tendency  of  the  carriage  to  lift  while  the 
burnishing  operation  is  being  performed.  The  tool-slides  are 
provided  with  a  trough  which  is  connected  with  channels  in 
the  carriage  bridge  for  carrying  off  the  lubricant;  and  the 
aprons  are  of  double  wall  construction,  so  that  all  mechanism 
except  the  operating  levers  is  completely  enclosed  and  all 
shafts  are  supported  at  both  ends.  The  feed  gears  are  located 
at  the  right-hand  end  of  the  bed  and  are  completely  enclosed. 
A  lever  which  controls  feed  changes  is  placed  at  the  center  of 
the  machine  within  easy  reach  of  the  operator  and  three  chang- 
es of  feed  are  available;  namely  1/16,  3/32,  and  3/16  inch. 

In  machining  axles  on  this  lathe,  the  work  is  carried  on  dead 
centers  mounted  in  two  heavy  tailstocks  which  are  adjustable 
longitudinally  along  the  bed  and  can  be  clamped  in  the  desired 
positions  by  four  large  anchor  bolts.  To  prevent  slipping  a 
pawl  is  provided  that  engages  a  rack  cast  in  the  bed.  The 
lathe  may  be  driven  by  a  three-step  cone  pulley  having  a  maxi- 
mum diameter  of  32  inches  and  carrying  a  belt  7  inches  in 
width.     A  two-speed  countershaft  gives  six  speeds  to  the  driv- 
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Fig.  3.    Arrangement  of  Head  to  drive  Work  from  Center 

ing  head  ranging  from  16  to  48  revolutions  per  minute.  When 
so  desired,  single-pulley  drive  may  be  furnished  and  in  such 
cases  a  pulley  26  inches  in  diameter  is  employed,  which  car- 
ries an  8-inch  belt.  Power  is  transmitted  through  a  speed-box 
mounted  at  the  left-hand  end  of  the  lathe  bed  which  furnishes 
four  changes  of  speed  to  the  driving  head,  ranging  from  16  to 
48  revolutions  per  minute.  A  constant  speed  alternating-cur- 
rent motor  may  be  used  to  drive  the  machine  and  in  such  cas- 
es the  motor  is  mounted  on  a  speed-box  at  the  left-hand  end 
of  the  lathe  bed  and  power  is  transmitted  by  gearing  from  this 
speed-box  to  the  driving  shaft.  This  arrangement  gives  four 
changes  of  speed,  ranging  from  16  to  48  revolutions  per  min- 
ute. When  so  desired,  an  adjustable  speed  motor  for  direct 
current,  with  a  speed  variation  of  3  to  1,  may  be  mounted  on  a 
baseplate  attached  to  the  left-hand  end  of  the  lathe  bed.  This 
motor  is  geared  direct  to  the  driving  shaft  giving  speeds  to  the 
driving  head  ranging  approximately  from  16  to  48  revolutions 
per  minute.  A  crane  for  handling  axles  in  and  out  of  the  lathe 
can  be  furnished  as  special  equipment,  which  greatly  facili- 
tates the  lifting  of  heavy  pieces. 

The  principal  dimensions  of  this  machine  are  as  follows: 
swing  over  bed,  30%  inches;  swing  over  tool-slide,  13  inches; 
diameter  of  hole  through  driving  head,  13  inches;  maximum 
distance  between  centers,  9  feet,  3  inches;  length  of  bed,  14 
inches;  diameter  of  tailstock  spindles,  5  inches;  traverse  of 
right-hand  tailstock  spindle,  9  inches  (left-hand  tailstock  spin- 
dle is  stationary);  number  of  longitudinal  carriage  feeds, 
3;  and  rates  of  feed  per  revolution  of  driving  head,  1/16,  3/32, 
and  3/16  inch. 


JACKSON  DUPLEX  DIE-SINKER 
The  steadily  increasing  use  of  drop-forgings  in  machine  con- 
struction makes  it  important  to  devise  methods  of  making 
drop-forging  dies  as  rapidly  and  inexpensively  as  possible.  The 
No.  10  duplex  die-sinking  machine  shown  in  the  accompanying 
illustration  has  been  developed  by  the  Jackson  Machine  Tool 
Co.,  Jackson,  Mich.,  to  provide  for  making  in  an  inexpensive 
way  all  drop-forging  dies  from  the  smallest  sizes  up  to  those 
weighing  4000  or  5000  pounds  each.  This  result  has  been  ob- 
tained by  designing  the  machine  with  all  control  levers  easily 
accessible,  by  providing  an  adequate  range  of  cutting  speeds 
and  feeds,  and  by  having  all  parts  so  proportioned  that  they 
possess  ample  strength  and  rigidity.  By  reducing  the  cost  of 
•dies,  It  is  possible  to  make  machine  parts  of  drop-forgings 
which  would  otherwise  have  to  be  made  of  some  otlier  material. 
With  this  die-sinking  machine,  it  is  possible  to  finish  intricate 
shapes  with  little  or  no  hand  labor.  Semicircular  depressions 
with  straight  ends  are  easily  made  by  one  special  cutter  useil 
on  this  machine. 

Briefly  described,  the  machine  consists  of  a  base,  column, 
and  head.  On  the  base  there  is  carried  a  cross  rail  which  sup 
ports  the  tabic,  and  to  the  base  there  Is  also  bolted  a  oohimii 
that  carries  the  lioail.  The  cross-rail,  talile,  and  head  are  fur- 
nished with  both  hand  and  power  feeds  In  all  directions,  so 
that  a  die  block  bolted  to  the  table  may  be  brought  under  any 
of  the  cutting  tools.     A  rapid  traverse  power  food  In  all  direc- 


tions is  also  available,  with  automatic  disengagement  of  this 
feed  when  the  rapid  traverse  is  thrown  into  operation.  An 
interlocking  device  prevents  the  rapid  traverse  being  engaged 
in  the  same  direction  as  the  feed;  this  rapid  traverse  can  be 
brought  into  operation  only  to  back  the  tool  out  of  its  cut. 

Cutting  tools  used  for  die-sinking  are  carried  by  two  spin- 
dles. There  is  a  large  centrally  located  spindle  in  the  head 
which  carries  the  larger  sizes  of  milling  cutters  and  at  the 
right-hand  side  of  the  large  spindle  there  is  a  cherrying  tool 
driven  by  suitable  mechanism,  by  means  of  which  narrow  or 
wide  semicircular  depressions  with  straight  or  nearly  straight 
ends  can  be  quickly  and  accurately  cut.  The  practical  appli- 
cation of  this  device  is  for  squaring  up  the  ends  of  depressions 
in  dies  for  shafts,  etc.  The  range  of  diameters  of  these  cut- 
ters runs  from  1/4  to  4  inches,  each  cutter  making  a  semicir- 
cular depression  equal  to  its  own  diameter  and  a  width  equal 
to  its  thickness.  A  long  semicircular  depression  may  be  pro- 
duced from  solid  stock  and  finished  with  a  longitudinal  move- 
ment of  these  cutters.  An  interlocking  device  between  the 
large  spindle  and  cherrying  tool  mechanism  makes  it  possible 
by  the  movement  of  a  single  lever  to  engage  either  one  with 
the  driving  shaft  and  simultaneously  lock  the  other  in  a  sta- 
tionary position.  In  this  way  danger  of  engaging  both  mech- 
anisms at  the  same  time  is  avoided. 

The  speed-changing  mechanism  is  contained  in  a  box-shaped 
bracket  bolted  to  the  side  of  the  bed  and  nine  changes  of  speed 
are  obtained  by  means  of  gears  sliding  endwise  on  two  shafts, 
the  arrangement  being  similar  to  the  speed-changing  device 
of  an  automobile.  This  mechanism  provides  speeds  ranging 
from  40  to  413  revolutions  per  minute  for  the  large  spindle 
and  from  80  to  826  revolutions  for  the  smaller  spindle;  13  to 
138  cutting  strokes  per  minute  of  the  cherrying  tool  are  avail- 
able. The  feed-changing  mechanism  is  similar  in  design  and 
construction  to  the  speed-box.  It  is  bolted  to  the  base  but  on 
the  opposite  side  from  the  speed-box  and  nine  changes  of  feed 
are  provided,  the  range  of  which  is  as  follows:  In  a  horizon- 
tal direction,  from  0.0014  to  0.0187  inch  per  revolution  for  the 
large  spindle  and  from  0.0043  to  0.0562  inch  per  cutting  stroke 
of  the  cherrying  tool;  in  a  vertical  direction,  from  0.0002  to 
0.0031  inch  per  revolution  for  the  large  spindle  and  from 
0.0007  to  0.0093  inch  per  cutting  stroke  of  the  cherrying  tool. 
These  feed  ranges  are  ample  for  average  requirements. 

The  cherrying  tool  and  mechanism  for  operating  it  are 
among   the   most   interesting  features   of   this   machine.     The 
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tools  are  made  in  the  form  of  semicircular 
disks  and  usually  have  a  thickness  which 
is  small  in  comparison  to  their  diame- 
ter. The  sides  of  the  cutter  have  a  taper 
in  order  to  enable  the  proper  draft  to 
be  formed  in  the  depression  in  the  die- 
block.  Cutting  teeth  are  formed  on  the 
periphery  and  sides  of  the  cutter,  and  pro- 
jecting from  what  corresponds  to  the  flat 
edge  of  the  semicircular  disk  there  is  a 
round  shank,  which  is  inserted  and  se- 
cured in  the  tool-holder.  This  holder  is  a 
flat  piece  of  steel  of  triangular  shape,  hav- 
ing a  flat  surface  at  the  apex  of  its  lower 
corner.  In  this  flat  surface  there  is  a  hole 
in  which  the  shank  of  the  cutter  is  in- 
serted; and  on  each  side  of  the  tool-holder 
and  integral  to  it  there  is  a  curved  strip 
moving  in  circular  guides  in  the  cherrying 
tool  housing.  The  center  of  these  circular 
guides  coincides  with  the  center  of  the 
cherrying  tool.  The  holder  is  given  an 
oscillating  motion  by  means  of  a  connect- 
ing-rod attached  to  a  projection  from  its 
upper  edge,  and  the  cherrying  tool  housing 
also  has  a  small  vertical  movement,  which 
is  so  timed  that  the  cutter  is  lifted  from 
the  metal  on  its  return  stroke  and  lowered 
ready  for  the  cutting  stroke.  When  the 
cutter  is  inserted  in  the  cutter-holder,  the 
plane  of  the  cutter  of  semi-disk  form  is  the 
same  as  the  plane  of  the  tool-holder.  An 
oscillating  motion  is  imparted  to  the  cutter 
corresponding  to  that  of  the  holder.  The 
center  of  oscillation  is,  of  course,  the  center 
of  the  semicircular  cutter. 

When  in  operation,  the  cutter  starts  on  its  forward  or  cut- 
ting stroke,  and  at  the  same  time  it  lowers  into  a  position 
for  removing  metal  from  the  die-block.  When  near  the  end 
of  the  cutting  stroke,  the  cutter  rises  from  its  cutting  posi- 
tion and  remains  up  until  it  again  starts  on  its  cutting  stroke. 
The  cutter  may  be  fed  by  hand  or  power  vertically  downward 
Into  its  cut  or  longitudinally  in  the  direction  of  the  axis  of 
the  cutter,  which  is  raised  and  lowered  on  Its  return  and 
cutting  strokes  by  means  of  a  cam  located  inside  of  the 
head.     Its  action   Is  such  that  the  cam  lifts  the  cutter  out 

of  the  working  po- 
sition and  a  strong 
spring  pulls  the 
cutter  into  posi- 
tion. The  strength 
of  this  spring  Is 
such,  however,  that 
the  cutter  cannot 
be  overloaded  by 
taking  too  heavy  a 
cut,  as  the  spring 
will  yield  before 
any  damage  can 
be  done,  to  en- 
able a  shallower 
cut  to  bo  taken. 
In  working  out  the 
(Ii'mIrp  of  this  mil- 
chino,  fHpocIal  at- 
tention hni  boon 
;  lid  to  tho  loca- 
■  n  of  nil  ronlrnl 
■  Jorn  HO  that  thny 
in.iy  bo  0  a  R  I  1  y 
niu-hort  from  Iho 
oporntor'H  pniiltinn 
whtrh  (crofttly  fn- 
rllltalcH  Iho  lian- 
dllriK  of  illnolnk 
Ing  oporntlona. 


BRIDGEPORT    SURFACE 
GRINDING  MACHINE 

To  meet  the  requirements  of  grinding 
work  of  small  and  medium  sizes,  the 
Bridgeport  Die  &  Machine  Co.,  of  Bridge- 
port, Conn.,  have  recently  placed  on  the 
market  a  5-  by  8-  by  14-inch  surface  grind- 
ing machine  which  is  illustrated  and  de- 
scribed herewith.  It  is  claimed  that  this 
machine  is  large  enough  to  handle  a  ma- 
jority of  tool-room  grinding  operations, 
and  that,  as  the  machine  is  of  moderate 
size,  it  occupies  only  a  limited  amount  of 
floor  space.  A  machine  of  this  size  also 
takes  less  power  to  operate.  This  grinding 
machine  was  originally  developed  for  use 
in  the  Bridgeport  Die  &  Machine  Co.'s 
shops  for  use  in  grinding  tools,  dies,  gages, 
and  small  machine  parts.  It  was  developed 
to  meet  the  need  of  a  small  surface  grind- 
ing machine  which  would  have  sufficient 
capacity  to  handle  a  large  majority  of  the 
parts  going  through  this  company's  shop 
which  required  grinding.  The  machine 
proved  so  satisfactory  in  service  that  it 
was  decided  to  build  it  for  the  market. 
The  spindle  is  made  of  chrome-nickel 
steel,  hardened,  ground,  and  lapped,  and  it 
runs  in  phosphor-bronze  bearings  provided 
with  means  tor  adjustment  for  wear.  The 
handwheel  that  provides  for  raising  or 
lowering  the  grinding  wheel  is  furnished 
with  a  collar  graduated  to  read  to  0.0005 
inch,  and  the  machine  is  equipped  with  a 
grinding  wheel  7  inches  in  diameter  by  a 
1/2-inch  face  width.  The  table  is  24  inches  long  by  6%  inches 
in  width,  and  it  has  a  working  surface  14  by  5  inches  in  size 
with  three  7/16-inch  T-slots.  The  movements  of  the  table  are 
automatic,  the  range  being  as  follows:  longitudinal  feed,  14 
inches;  cross-feed,  5  inches;  and  vertical  adjustment  8%  inches. 
The  net  weight  of  this  grinding  machine  is  575  pounds. 


AMERICAN  AMPLIFYING  GAGE 
To  meet  the  requirements  of  gaging  work  in  either  the  tool- 
room and  produc- 
tion departments  of 
a  plant,  the  Ameri- 
can Gage  Co.,  of 
Dayton,  Ohio,  has 
developed  an  ampli- 
fying gage  which  is 
Illustrated  and  de- 
scribed herewith. 
In  placing  this  gage 
on  the  market, 
the  purpose  has 
been  to  provide 
means  of  accurate- 
ly and  economical- 
ly gaging  cylindri- 
cal or  flat  work. 
Ono  of  tho  foaturcH 
of  tlilH  gngo  1h  tho 
lltKMiilJuHtnu'nt  that 
can  bu  accurutoly 
and  r  n  p  I  d  1  y  ob- 
tained, and  anotlic-r 
Imp'irtiinl  point  l» 
tho  arriinKomonl  of 
tho  "Knglng  I'nil." 
which  In  of  Hmall 
rIzi'.  makInK  It  poH- 
Bihlo  to  nionRuro 
cloao    up    to    largo 
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shoulders,  etc.  The  amplifying  levers  are  housed  in  the  cross- 
arm,  which  is  made  of  box  section,  providing  a  rigid  enclosed 
space  for  these  levers,  from  which  all  dust  and  other  foreign 
matter  is  excluded. 

Adjustments  are  made  by  means  of  screw  A,  after  which 
clamping  screw  B  is  tightened  to  maintain  the  required  set- 
ting. Levers  C  are  used  for  clamping  cross-arm  D,  and  screw 
E  provides  for  holding  platen  H  or  other  attachments  that  may 
be  used  on  the  gaging  machine.  It  will  be  seen  that  the  ma- 
chine is  furnished  with  a  base  having  a  three-point  bearing, 
which  enables  it  to  stand  firmly  on  any  bench  or  table.  Rub- 
ber pads  are  provided  to  absorb  vibration.  For  use  on  this 
gaging  machine,  an  indicator  is  provided  which  is  graduated 
to  read  in  0.0001  inch,  with  a  range  of  0.005  inch  each  side  of 
the  zero  mark.  A  concentricity  testing  attachment  and  test 
centers  for  holding  work  up  to  10  inches  in  length  by  4  inches 
in  diameter  can  be  furnished  for  use  with  this  machine.  One 
of  these  gaging  machines  with  a  suitable  set  of  master  gages 
or  models  makes  an  ideal  measuring  system  for  use  in  tool- 
rooms or  in  manufacturing  departments  where  extreme  ac- 
curacy is  required. 


DAVIS  ENGINE  LATHE 

The  11-inch  engine  lathe  which  forms  the  subject  of  the  fol- 
lowing description  has  recently  been  placed  on  the  market 
by  the  C.  F.  Davis  Machine  Co.,  Inc.,  133  Andrews  St.,  Roches- 
ter, N.  Y.  This  machine  is  well  adapted  for  the  requirements 
of  tool  and  experimental  shops  engaged  in  the  production  of 


Eleven-inch  Engine  Lathe  built  by  the  C.  F,  Davis  Machine  Co..  Inc. 

email  work.  The  spindle  has  a  1  %-inch  hole  extending  for 
Its  entire  length  and  is  carried  in  babbitted  bearings  which 
are  bored  and  scraped  to  fit  the  spindle  accurately.  An  off- 
set type  of  tailstock  used  on  this  lathe  enables  the  compound 
rest  to  be  swlveled  into  a  position  parallel  with  the  bed,  and 
the  tailstock  may  be  set  over  to  provide  for  the  performance 
of  taper-turning  operations.  Longitudinal-  and  cross-feeds  for 
the  carriage  are  operated  from  the  front  of  tlie  apron  and  the 
cross-feed  Is  graduated  to  0.001  inch.  A  compound  rest  is  fur- 
nished for  use  on  the  machine,  which  Is  graduated  in  the  usual 
way.  The  regular  equipment  furnished  with  this  lathe  in- 
cludes large  and  small  faoeplalos;  steadyrest  and  follow-rest; 
a  countf'rahaft  and  wrcnrhes;  and  a  full  set  of  change-gears 
for  rutting  tlirnad.s  from  4  to  HO  per  Inch. 

Tho  principal  dimensions  of  this  lathe  are  as  follows:  ca- 
pacity bctwoen  centers,  up  to  32  Inches;  swing  over  bed,  llVi 
Inches;  swing  ovt<r  carriage,  6'/j  Inches;  diameter  of  hole 
through  spindle.  !•%  Inch;  size  of  front  spindle  bearing.  2  1/lfi 
Inches  In  diameter  by  2%  Inches  long;  size  oC  rear  spindle 
bearing,  1%  inch  In  diameter  by  1%  inch  long;  width  of  driv- 
ing belt,  l'/,  Inch;  riillo  of  biickgeara,  7  to  1 ;  dlamctpr  of  tail- 
stock spindle,  13/16  Inch;  travel  of  tailstock  spindle,  5V4  Inch- 


es; length  of  carriage  on  bed,  12  inches;  travel  of  compound 
rest,  4%  inches;  size  of  lathe  tools,  1/2  by  1  inch;  capacity  for 
thread  cutting,  4  to  80  threads  per  inch;  capacity  of  center 
rest,  3  inches;  range  of  spindle  speeds,  26  to  460  revolutions 
per  minute;  and  net  weight  of  machine,  650  pounds. 


TEREELSEN  &  WENNBERG  CHUCKS 
Terkelsen  &  Wennberg,  Boston,  Mass.,  are  now  manufactur- 
ing a  line  of  universal  geared  scroll  chucks  of  the  type  which 
is  illustrated  and 
described  herewith. 
These  chucks  are 
made  with  either 
inside  jaws  or  out- 
side jaws,  and 
chucks  may  be  fur- 
nished with  two 
sets  of  jaws  to  pro- 
vide for  holding 
work  from  either 
the  inside  or  the 
outside.  A  chuck 
provided  with  one 
of  these  extra  sets  of  jaws  is  shown  in  the  accompanying  il- 
lustration. These  chucks  are  made  in  ten  different  sizes  with 
capacities  of  2%,  3,  4,  5,  6,  7%,  9,  10%,  12,  and  15  inches. 


Scroll  Chuck   made   by   Terkelsen   &   Wennberg 


PACIFIC  ELECTRIC  SPOT- WELDER 

The  Pacific  Electric  Welder  &  Mfg.  Co.,  Seattle,  Wash.,  are 
now  building  a  type  SA-10  spot-welding  machine  which  has  a 
capacity  for  work  ranging  from  30  gage  up  to  11  gage.  In 
other  words,  it  is  able  to  weld  together  two  pieces  having  a 
combined  thickness  up  to  1/4  inch.  This  machine  has  a  depth 
of  throat  of  20  inches  and  the  horn  is  adjustable  through  a 
distance  of  6  inches,  the  maximum  opening  between  the  weld- 
ing points  being  3%  inches.  The  height  from  the  floor  to  the 
welding  points  is  45  inches  and  the  welder  has  an  over-all 
height  of  60  inches.  Crated  for  shipment  it  weighs  approx- 
imately 1000  pounds. 

Machines  of  this  type  are  used  for  performing  the  familiar 
operation   of  spot-welding,   which   is  employed   to   electrically 
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fuse  together  two  or  more  metal  sheets  without  any  prelimi- 
nary preparation  of  the  stock.  It  is  the  mechanical  equivalent 
of  riveting,  although  spot-welding  may  be  more  quickly  and, 
therefore,  more  economically  accomplished.  In  spot-welding 
on  one  of  these  machines,  the  material  is  placed  between  the 
electrodes  at  the  point  where  it  is  desired  to  make  the  weld, 
after  which  pressure  is  applied  with  the  hand  or  foot  lever,  so 
that  the  metals  are  squeezed  together.  The  weld  is  made  al- 
most instantly.  Welding  rods  or  wire  in  the  form  of  a  cross, 
etc.,  can  also  be  done  on  the  spot-welding  machine.  Single- 
phase  alternating  current  is  used  in  operating  this  spot-weld- 
ing machine.  Pacific  electric  spot-welders  are  made  in  other 
sizes  that  are  adapted  for  welding  thicker  metal. 


NEW  MACHINERY  AND   TOOLS  NOTES 


SIDNEY  HIGH-DUTY  LATHE 
The  Sidney  Tool  Co.,  Sidney.  Ohio,  are  now  building  the 
25-inch,  double  back-geared,  high-duty  lathe  which  is  illus- 
trated and  described  herewith.  This  machine  is  equipped  with 
semi-quick-change  gears  and  a  10-foot  bed,  but  these  lathes 
are  also  provided  with  quick-change  gears  and  with  beds  10, 
12,  14,  16,  18,  and  20  feet  in  length.  The  bed  is  made  with 
heavy  double-wall  cross-girts,  spaced  2  feet  apart,  and  one 
large  way  is  cast  on  the  bed  at  the  front  and  a  smaller  way 
at  the  back.  A  20  per  cent  steel  mixture  is  used  for  casting 
these  ways  on  the  bed,  thus  providing  a  very  hard  metal  for 
the  carriage  bearings,  so  that  any  wear  which  develops  will 
be  largely  confined  to  the  carriage.  The  carriage  vee  in  front 
is  3  inches  wide,  and  the  vee  in 
the  rear  is  2%  inches  wide. 
The  length  of  the  carriage  is  36 
inches,  and  it  is  drilled  to  re- 
ceive a  taper  attachment  and 
also  grooved  to  receive  the 
tongue  on  the  taper  attach- 
ment which  maintains  align- 
ment. The  racks  are  made  of 
high-carbon  steel  and  secured 
to  the  lathe  bed  with  pins  and 
bolts. 

Full-length  taper  gibs  with 
end  screw  adjustment  are  pro- 
vided on  both  the  cross-slide 
and  compound-rest  slides,  these 
gibs  being  placed  on  the  nega- 
tive side,  where  they  do  not 
receive  the  thrust  of  the  tool. 

The  compound  rest  Is  designed  with  a  completely  circular 
swivel  which  is  graduated  In  degrees,  and  the  compound  rest 
Is  clamped  to  the  cross-slide  by  means  of  heavy  bolts.  Pro- 
vision la  made  (or  securing  the  tailstoc^k  spindle  in  any  posi- 
tion by  means  of  a  clamping  boll  without  in  any  way  affecting 
Its  alignment.  It  will  be  seen  that  the  headatock  is  of  the 
enrloHed  type,  and  the  spindle  Is  made  of  00-polnt  carbon  steel 
and  Hupporled  In  phosphor-bronze  boarlnKs.  The  spindle  bear- 
IriKH  arc  equipped  with  siKhtfecd  oil-cups,  and  all  other  bear- 
IngH  are  providird  with  Hrown  &  Hharpe  oil  plugs.  By  having 
the  apron  of  the  double-plate  type,  two  bearings  arc  provided 
for  all  Rtuds  carrying  gears.  The  apron  Is  grooved,  pinned, 
and  bolted  to  the  oarrlagc.  and  the  feedrndK  arc  supjiortcd  on 
both  ends.  All  apron  Ream,  as  well  as  those  In  the  gear-box, 
aro  made  of  iilcol,  and  the  leudHcrcw  is  made  of  lopolnt  car- 
bon jilecl.  The  quick •<'liiiii((i'K<'iir  iiMMliiiniHni  furniMlu'd  on  IIiIm 
ma<:hln<.'  formit  a  cotiiplel'!  unit,  being  mounted  iit  the  front 
end  of  the  machine  and  Mocurcd  by  nx-nnH  of  a  lonKU<<  mid 
(roovo  to  maintain  allRnment. 

Tho  principal  dimensions  of  this  lathe  iini  im  followM:  swing 
over  shnars,  27  1/2  inches;  swing  over  rarriag",  19  Inchi-H; 
illfilnnro  bntwi-on  renters  for  lOfoot  bod.  4  feet,  fi  Inches;  illiini 
pinr  of  hold  throuRh  splndin,  2  3/10  Inrlx's;  ratio  of  (Irsl  back 
ROArs,  4  1/4  to  I;  ratio  of  second  hnrk  Rears,  II  1/2  to  1; 
tr4vi<l  of  lallstork  ipimllx.  10  1/2  imht's;  travel  of  runipouml 
rnst,  G  Inches;  rapacity  of  stoadyrost,  8  lnch<»s;  sir."  of  tools 
u»«<1  oh  marhlnn.  7/8  to  13/4  Inch;  mid  wi-iitlit  of  nimliltH' 
with  10  foot  httl.  7000  pounds. 


Shell  Conveyor:  Lamson  Co.,  100  Boylston  St.,  Boston, 
Mass.  A  shell  conveyor  of  the  gravity  type,  which  is  furnished 
with  rollers  that  are  "spool"  shaped,  furnishing  a  channel 
down  which  shells  can  run  lengthwise.  To  insure  ease  of  op- 
eration, ball  bearings  are  used  to  carry  the  roller  spindles. 

C-clamp:  William  G.  LeCount,  South  Norwalk,  Conn.  A  line 
of  drop-forged  C-clamps  provided  with  a  screw  made  of  high- 
grade  steel  hardened  and  tempered,  with  United  States  stand- 
ard threads.  These  clamps  are  made  in  seven  sizes,  varying 
in  length  from  3  to  12  inches,  all  sizes  having  a  throat  depth 
of  3  inches. 

Planers:  Amalgamated  Machinery  Corporation,  Chicago, 
III.  Planers  especially  built  for  use  in  planing  the  beds 
of  large  gun  boring  machines.  The  beds  of  these  planers  are 
made  of  reinforced  concrete.  Although  these  are  special-pur- 
pose machines,  the  same  method  of  construction  could  be  ap- 
plied in  building  standard  planers. 

Motor-driven  Scrapers:  Modern  Mfg.  Co.,  Bridgeport,  Conn. 
A  motor-driven  equipment  developed  to  obviate  the  neces- 
sity of  scraping  aluminum  and  brass  castings  by  hand.  The 
outfit  consists  of  an  electric  motor  and  a  flexible  shaft  that 
drives  the  scraping  tool,  which  may  be  of  a  variety  of  forms 
to  meet  different  requirements. 

Moisture  Separator  for  Compressed  Air  Lines:  Griscom- 
Russell  Co..  90  West  St.,  New  York  City.  A  device  designed  to 
remove  moisture  from  compressed  air  carried  in  pipe  lines  in  an 
industrial  plant.  This  device  operates  similar  to  a  steam  sep- 
arator and  is  particularly  adapted  for  use  in  air  lines  serving 
sand-blast  machines  and  pneumatic  tools. 


High-duty  26-mch  Engine  Lathe  buUt  by  the  Sidney  Tool  Co. 

Turret  Screw  Machine:  Defiance  Machine  Works,  Defiance, 
Ohio.  A  No.  4  turret  screw  machine  equipped  with  a  geared 
friction  head,  automatic  chuck,  bar  teed,  and  IkuuI  longitudinal 
feed  to  the  cut  off.  On  this  niiichine,  all  of  the  gears  are  com- 
pletely enclosed  and  the  head  has  the  cone  type  of  drive  with 
friction  back-gears,  giving  two  spindle  speeds  for  each  step  on 
the  cone-pulley;  tliat  is  to  say,  a  total  of  six  speed  changes. 

Electric  Trucl<:  Klwell-Parker  Kleclric  Co.,  Cleveland, 
Ohio.  An  industrial  truck  eiiuipped  with  electric  motor  drive, 
which  is  designed  on  tho  four-wheel  steer  and  two-wheel  drive 
l>rinciple.  This  is  known  as  a  typo  wn  truck.  Three  changes 
of  speeil  are  obtainable  in  cither  dlrc<:tlon,  ranging  from  400  to 
U50  feet  per  minute,  and  the  truck  has  a  capacity  for  loads  up 
to  4000  ]>ounds. 

Cylinder  Grinding  Machine:  Biixler  D.  Whitney  &  Son, 
Wlnrlii'iuiipii.  M.iHs  Tills  coinpany  has  recciilly  purchased  from 
the  Hrown  «t  Sliiirpe  Mfg.  Co..  tlie  inamiracliirliig  rlglils  on  Its 
No.  '2'.'  cylinder  grinding  niaihlno  and  will  lake  iiji  tlie  hiilld- 
iiiR  of  this  niui'liiii(>  for  tlie  nuirket.  With  (he  Mianuracturlng 
rIghtH.  Ilic  Wlilliicy  Co.  liuH  acquiri'd  llie  (IcMiKiiH.  and  tho  Jig 
mill  llxtiiri-  i'i|ulpiiii-iit  used  in  niaiting  the  gi'lnder. 

Gun  Boring  Lnthe:  .Aiiialgaiiiati'd  Murliiiii>ry  ('orporullon, 
ChiciiKo,  III  A  liiii'  of  Klin  ItoriiiK  lutlies  wlilcli  are  niudo  In 
three  h\t.>'h;  nmiii'ly.  ii  No.  2)i  iniu'lilne  wlilili  lias  u  (i-tnch 
spindle  anil  swIiikm  27  liichos;  n  No.  46  iiiiiclilne.  which  has 
mi  .H  Inch  H|iiMilli>  iind  hwIiirh  :I!)  inclies;  mid  ii  No.  ri6  ninchlne. 
which  luiH  a  in  liK'li  Hpiiiille  miil  hwIiikh  'I.S  IiicIich.  These  ma- 
I'hiiii-N  lire  iiilapli'd  for  tli«  |i<'rrorinaiice  of  boring  operations 
■  III  flnlit  KiliiH 

Crane  Cab  Heater:  ("iitlor  lliiiiiiiii'r  MfR.  Co..  Mllwmikeo, 
Wis  This  conipiiny  lins  rocnntly  mipllnd  llio  electric  hoalnr  of 
its  nimiiirui'turn  for  use  in  wnmiiiiR  rrnno  cslis  iliiring  sevoro 
wintor  wcnllier.     In  this  way  the  crmio  operator  Is  eniililed  to 
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work  under  comfortable  conditions.  These  heaters  are  also 
being  used  in  gas  valve  houses,  meter  houses,  on  the  charging 
bridges  of  coke  ovens,  and  in  other  similar  locations. 

Universal  Milling  Machine:  Becker  Milling  Machine  Co., 
Hyde  Park,  Mass.  A  No.  3  universal  milling  machine  that  is 
driven  by  a  three-step  cone-pulley  and  back-gears  which  are 
located  at  the  rear  of  the  machine.  The  range  of  power  feed 
movements  on  this  machine  are  as  follows:  Longitudinal,  up 
to  30  inches;  cross,  up  to  10  inches;  and  vertical,  up  to  19  inch- 
es. The  maximum  distance  from  the  center  of  the  spindle  to 
the  table  is  19V4  inches. 

Locomotive  Gantry  Crane:  Brown  Hoisting  Machinery  Co., 
Cleveland,  Ohio.  A  crane  having  a  capacity  of  thirty  tons. 
which  is  used  for  unloading  materials  and  carrying  them 
around  a  shipyard.  It  has  a  fixed  boom  30  feet  long  and  trav- 
els on  the  top  of  the  gantry  on  tracks  spaced  22^2  feet  between 
centers.  The  span  of  the  gantry  is  40  feet,  which  is  sufficient 
to  reach  over  three  railroad  tracks,  and  a  clearance  of  20  feet 
is  provided  over  the  rails. 

Shell  Lathes:  Gisholt  Machine  Co.,  Madison,  Wis.  A  16- 
Inch  lathe  for  machining  shells,  that  has  been  designed  to  meet 
simplified  conditions  of  operation  in  the  manufacture  of  high- 
explosive  and  shrapnel  shells.  This  is  a  single-purpose  ma- 
chine enabling  the  design  to  be  greatly  simplified,  and  thus 
making  the  machine  well  adapted  for  operation  by  female 
labor.  Various  auxiliary  equipments  are  furnished  for  this 
lathe  to  adapt  it  for  the  performance  of  various  machining 
operations  that  must  be  performed  on  shells  of  different  types. 

Reclaiming  Tang:  Mailometer  Co.,  Detroit,  Mich.  A  device 
for  reclaiming  cutting  tools  from  which  the  tang  has  been 
twisted  off.  The  device  consists  of  a  new  tang  which  is  pro- 
vided with  a  shoulder  so  that  the  shank  of  the  tool  to  be  re- 
claimed can  be  ground  to  fit  this  shoulder.  In  this  way,  the 
tool  is  provided  with  a  new  tang  enabling  it  to  be  fitted  into 
the  commonly  used  forms  of  drill  sockets,  or  mounted  directly 
in  the  machine  spindle.  It  is  claimed  that  the  new  tang  has 
exactly  the  same  driving  power  as  the  one  originally  provided 
on  the  tool. 


ELECTRIC    HOIST    MANUFACTURERS 
ASSOCIATION 

The  Electric  Hoist  Manufacturers  Association  has  recently 
been  organized  with  the  object  of  coordinating  the  total  ex- 
perience of  the  electric  hoist  manufacturers  of  the  United 
States  and  making  available  for  the  user  the  best  in  electric 
hoist  design  and  practice.  The  association  holds  monthly 
meetings  for  the  purpose  of  studying  the  specific  needs  of  the 
hoist  user  and  promoting  the  standardization  of  electric  hoists. 
The  War  Industries  Board  has  requested  information  concern- 
ing the  ability  of  the  electric  hoist  manufacturers  to  handle 
the  volume  of  business  offered  them,  and  it  is  thought  that 
the  association  can  be  of  great  assistance  to  the  Board.  The 
members  of  the  association  are:  Brown  Hoisting  Machinery 
Co.;  Detroit  Hoist  &  Machine  Co.;  Euclid  Crane  &  Hoist  Co.; 
Franklin-Moore  Co.;  Link-Belt  Co.;  Roeper  Crane  &  Hoist 
Works;  Shepard  Electric  Crane  &  Hoist  Co;  Sprague  Electric 
Works;  and  Yale  and  Towne  Mfg.  Co.  The  officers  are:  F.  A. 
Hatch,  chairman,  Shepard  Electric  Crane  &  Hoist  Co.;  F.  W. 
Hall,  vice-chairman,  Sprague  Electric  Works;  and  C.  W. 
Beaver,  secretary-treasurer,  Yale  &  Towne  Mfg.  Co.  The 
membership  of  the  association  Is  confined  to  those  engaged 
In  the  manufacture  of  monorail  electric  hoists. 

LONO   SERVICE  "WITH  SAME  CONCERN 

In  these  days  when  we  hear  so  much  about  labor  turnover, 
It  Is  Interesting  to  note  that  there  are  Instances  where  em- 
ployes remain  for  a  long  time  with  the  same  company.  The  0.  ('. 
Bradley  &  Son,  Inc..  Syracuse,  N.  Y.,  have  had  a  satisfactory 
experience  In  keeping  many  of  their  employes  for  a  long  per- 
iod of  lime;  thus,  for  example,  there  arc  seven  men  In  the 
Bradley  shops  who  have  been  with  the  concern  for  over  forty 
yonrR;  four  wlxi  have  been  with  thcni  from  thirty  to  forty 
years;  rlRht,  from  twenty  tn  tlilrty  years;  and  sovon.  from  (If- 
teen  to  twenty  years;  or,  in  all,  twonty-alx  men  who  have  been 
with  the  concern  for  nvor  fifteen  years.  It  Is  also  Intereallng 
tn  note  that  the  sons  of  many  men  who  nre  now  working  In  the 
Itrntlloy  filiops  are  also  employed  there,  and,  Indeed,  some  of 
the  KrnndHons  of  employes  have  also  boon  working  In  the 
bIii>ph  The  labor  turnover  is  apparently  not  a  problem  with 
thiB  ronrorn. 


BRAZING  STELLITE  TO  STEEL  SHANKS 

The  accompanying  illustration  shows  a  method  of  brazing 
stellite  to  steel  shanks.  A  thin  web  A  is  left  on  the  side  of 
the  shank  opposite  the  cutting  edge  of  the  bit;  the  thickness 
of  this  web  is  governed  of  course,  by  the  width  of  the  bit,  and 
it  should  be  chamfered,  as  shown  at  B,  at  about  45  degrees 
and  to  a  depth  of  approximately  one-fifth  the  depth  of  the  bit. 
Leaving  this  web  insures  enough  copper  in  the  joint  prior  to 
lifting  the  tool  from  the  fire. 

The  stellite  tip  and  shank  are  placed  in  the  forge  and  al- 
lowed to  soak  in  the  fire  until  white-hot,  when  a  thin  sheet  of 
copper  should  be  placed  between  the  steel  shank  afid  the  stel- 
lite tip,  borax  being 
freely  applied.  The  tool 
is  then  brought  to  a 
white  heat,  or  to  such  a 
point  that  it  will  soften 
the  stellite  slightly,  ad- 
ditional copper  being 
melted  from  time  to 
time,  either  from  a 
piece  of  copper  tube  or 
copper  sheet,  and  al- 
lowed   to    flow    in    the 

chamfer  B.    In  this  way       M«tl«>d  »*  brazing   SteUite   to   steel   shanks 

the  copper  will  run  down  and  wash  away  any  dirt,  and  at  the 
same  time  exclude  the  air  and  do  away  with  oxidation.  When 
the  tool  begins  to  soften  slightly,  it  should  be  removed  from 
the  fire  and  squeezed  slightly  in  a  vise  or  with  a  pair  of  tongs. 
The  process  is  entirely  practicable,  but  it  requires  some  little 
practice,  and  a  person  should  not  be  discouraged  if  his  first 
braze  is  not  all  that  he  could  wish.  Tools  made  in  this  man- 
ner are  capable  of  standing  any  stress  up  to  the  point  of  break- 
ing the  shank.  It  follows,  of  course,  that  the  short  end  of  bar 
stock  can  be  entirely  used  by  following  this  method. 
*     *     * 

CONVENTION  OF  AMERICAN  GEAR  MANUFAC- 
TURERS' ASSOCIATION 
The  second  annual  convention  of  the  American  Gear  Manu- 
facturers' Association  will  be  held  at  Green  Brier  Hotel,  White 
Sulphur  Springs,  W.  Va.,  on  April  IS,  19,  and  20.  The  princi- 
pal subject  of  discussion  will  be  the  standardization  of  gear- 
ing. The  hardening  and  heat-treating  of  gears  will  receive 
attention,  and  papers  will  also  be  read  on  uniform  cost  ac- 
counting and  on  hobs  and  bobbing  machines.  An  address  by 
a  representative  of  the  United  States  Chamber  of  Commerce, 
of  which  the  association  has  just  become  a  member,  will  also 
bring  matters  of  timely  interest  before  the  association. 


SAFETY  PRECAUTIONS   IN   DROP-HAMMER 
OPERATION 

The  National  Safety  Council  has  issued  some  rules  relating 
to  the  safe  working  of  steam  hammers  and  drop-hammers 
which,  if  followed,  would  minimize  the  number  of  accidents  in 
forge  shops  to  a  great  extent.  The  most  important  of  these 
rules  are  as  follows:  Shut  off  all  power  and  wait  until  the 
moving  parts  come  to  a  standstill  before  oiling  or  cleaning  the 
machine  and  before  adjusting  any  part  of  the  machine.  Be 
sure  that  all  parts  of  the  body  are  out  of  the  path  of  the  ham- 
mer when  the  treadle  is  operated  by  foot.  Use  a  screen  guard 
In  back  of  the  drop  to  prevent  sparks  flying.  When  adjusting 
the  dies,  keep  the  foot  off  the  treadle.  Before  tripping  the 
treadle,  see  that  no  person  Is  working  on  top  of  the  drop. 
Keep  sprue  cutters  In  proper  adjustments  to  prevent  breaks 
and  Injury  to  the  operator  from  flying  parts  or  fragments. 
When  putting  work  Into  the  die,  keep  the  mind  and  eyes  on 
the  operation. 

•     •     * 

The  total  amount  of  money  In  the  llnlted  States  at  the  be- 
Rlnnlng  of  1918  was  estimated  at  t6,25G.19S,271,  or  an  increase 
of  $1,244,000,000  during  the  year  1917.  The  per  capita  circula- 
tion on  January  1,  191S,  was  estimated  at  J48.76,  as  against 
14.1  a  year  before. 
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VERTICAL  AND    OVERHEAD  WELDING  BY 
THE  OXY-ACETYLENE  PROCESS' 

BY  S.  W.  MILLER  2 

Recently,  the  statement  was  made  that  the  electric-arc  me- 
tallic electrode  was  the  only  means  by  which  vertical  and  over- 
head welding  could  be  done.  But  every  experienced  oxy-acety- 
lene  welder  knows  that  both  vertical  and  overhead  oxy-acety- 
lene  welding  are  being  done  in  hundreds  of  shops  and  that 
much  work  could  not  be  done  if  such  welding  were  impossible 
by  this  process.  The  oxy-acetylene  process  is  used  for  repair- 
ing locomotive  firebox  sheets — welding  cracks  and  applying 
patches — yet  the  work  on  the  side  and  flue  sheets  and  back 
heads,  as  well  as  the  work  of  welding  the  flues  to  the  flue 
sheets,  is  entirely  on  vertical  surfaces.  Many  shops  apply  new 
side  sheets  by  this  process,  when  overhead  welding  is  neces- 
sary in  the  case  of  radial  stay  construction,  while  almost  all 
automobile  frame  breakages  have  at  least  part  of  the  weld 
thus  made.  However,  overhead  welding  should  not  be  resorted 
to  unless  necessary.  It  is  more  usual  to  weld  steel  in  these 
ways  than  other  metals;  but  a  really  expert  welder  is  able  to 
handle  cast  iron,  brass,  and  aluminum.  In  the  case  of  heavy 
castings  much  handling  of  hot  castings  can  be  avoided  If  the 
operator  is  able  to  weld  vertically  and  overhead. 

The  feasibility  of  this  work  depends  on  the  surface  tensions 
of  the  metal  and  the  slag  on  its  surface;  the  temperature 
range  of  partial  solidification  of  alloys  on  cooling  from  the 
liquid  state,  which  may  be  called  their  freezing  range;  the 
fact  that  pure  metals  solidify  instantly  as  soon  as  the  proper 
temperature  is  reached,  so  that  they  have  no  freezing  range; 
and  the  heat-conducting  power  of  the  metal.  That  liquids  have 
a  surface  tension  is  easily  seen  by  drawing  a  needle  between 
the  fingers  to  give  it  a  slight  coating  of  oil,  and  then  laying 
it  carefully  on  the  surface  of  the  water  in  a  dish.  Not  only 
will  the  needle  float,  but  its  weight  will  depress  the  surface  of 
the  water  so  that  the  needle  will  lie  in  a  hollow.  It  will  be 
found  that  quite  a  little  force  is  needed  to  make  the  needle 
break  through  the  water  surface,  although  when  it  does  it  at 
once  sinks  to  the  bottom.  This  supporting  property  is  pos- 
sessed, to  some  degree,  by  all  liquids,  including  molten  metals 
and  It  Is  for  this  reason  that  all  liquids  form  into  round  glo- 
bules when  In  small  quantities.  All  pure  metals,  on  cooling 
from  the  melted  state,  solidify  instantly  as  soon  as  their  freez- 
ing temperature  is  reached;  alloys,  however,  solidify  gradually 
through  a  range  of  temperature.  Thus  pure  iron  solidifies  at 
2730  degrees  F.,  while  steel  containing  1  per  cent  of  carbon, 
which  la  an  alloy  of  carbon  and  Iron,  begins  to  solidify  at 
about  2600  degrees  F.  but  is  not  entirely  solid  until  2175  de- 
grees F.  If  one  end  of  a  cast-iron  rod  and  one  end  of  a  cop- 
per rod  of  the  same  diameter  and  length  are  heated  In  a  Are, 
the  other  end  of  the  copper  rod  will  become  hot  much  sooner 
than  will  the  other  end  of  the  Iron  rod,  because  copper  is  a 
better  conductor  of  heat  than  cast  Iron.  It  Is  clear  then  that 
more  heat  will  be  required  to  weld  a  copper  piece  than  a  cast- 
iron  one  of  the  same  size,  because,  while  their  melting  points 
are  not  very  different,  the  conduirtlng  power  of  the  copper  Is 
much  higher  and  the  heat  Is  taken  from  the  weld  faster. 

Kveryone  who  has  tried  knows  that  It  Is  mu<-li  harder  to 
weld  vertically  and  overhead  than  In  the  usual  way  and  that 
overhead  work  Is  the  harder  of  the  two.  The  difficulty  also 
Increases  a«  the  fluidity  of  tlio  molten  metal;  that  ts,  stoel  la 
the  eaulciit  to  weld,  then  come  aluminum,  cant  Iron,  and  brasa. 
A  rompnrlaon  of  the  farlora  thai  nffoct  the  woldlnK  of  ''nBt 
Iron  and  atcol  la  ahown  In  tho  arcoinpiiMyhiK  tittilu.  While  the 
CfTocl  of  thuao  faclora  la  not  equal,  the  compurlaon  hIiowh  that 
•t«ol  la  tho  enalcr  to  wold  overhead. 

When  a  amall  area  of  atcd  la  molted,  tho  good  hoat  con- 
ductivity of  tho  metal  Icnda  to  prevent  thia  mnllcd  nroa  from 
bocomInK  lo'i  great;  ao  tho  high  aurfaco  tonalon  acting  on 
a  ■mall  amount  of  molton  motal  tnida  to  pr^rvcnt  lln  running 
awajr,  whirh  londoncy  la  InrroaHod  by  tho  riipjil  aolldinriillon. 
The  aurfaro  tooalon  of  tho  alag  haa  but  llltlo  offect,  bccauao  Ita 
molting  point  la  lower  than  that  of  atcol. 

■for  laronMllaa  on  Ikia  lll4  alllvd  ■ahjrrla  proTlatlalr  puMUhril  In 
tti'in.aar.  —   "Aninfcivnia   WalAa  of  IMUr  llalM,"  ■•pUnilxr.   IDIT,   anil 

artl    I««   (haf*  rafafra^   to. 

•  AMr.aa     Ro^haalar  WaMlsf  Wofka.  400  Or'kard  81.,   norhaalar,   N.  T. 


When  a  smztll  area  of  cast  iron  is  melted,  the  poor  heat 
conductivity  tends  to  hold  the  heat  in  the  vicinity  of  the 
melted  part,  which  with  the  large  range  of  solidification,  makes 
it  hard  to  keep  the  molten  metal  in  place.  The  slag  has  a  higher 
melting  point  than  the  metal,  and  its  high  surface  tension 
helps  to  keep  the  metal  from  running  away.  Any  welder 
knows  that  if  he  uses  flux  on  overhead  cast-iron  welding,  he 
cannot  keep  the  metal  in  place  because  the  flux  makes  a  slag 
melting  at  a  low  temperature  and  exposes  the  metal.  If  too 
much  metal  is  melted,  its  weight  will  exceed  the  surface  ten- 
sion of  the  metal  and  it  will  drop  away.  The  blast  from  the 
torch  and  the  breaking  of  the  slag  film  with  the  welding  rod  al- 
so increase  the  trouble.  On  the  other  hand,  the  great  solidifica- 
tion range  makes  it  unnecessary  to  heat  cast  iron  to  so  high 
a  temperature,  in  the  same  way  that  a  plumber  succeeds  in 
wiping  a  solder  joint.  If  it  were  not  for  the  pasty  condition 
of  the  solder,  which  is  due  to  part  of  the  alloy  being  melted 
while  the  rest  is  not,  such  a  joint  could  not  be  readily  made. 
If  the  metal  to  be  welded  is  preheated  until  very  hot,  a 
smaller  torch  tip  and  less  blast  will  be  required,  a  smaller 
area  of  metal  will  be  melted,  and  there  will  be  less  weight  to 
break  down  the  surface  tension  of  the  slag  and  metal. 

In  the  case  of  cast  aluminum,  the  range  of  solidification  of 
the  usual  aluminum-copper  alloys  is  large  and  the  surface  ten- 
sion of  the  oxide  (slag)  covering  of  the  melted  metal  is  very 
great.  Every  welder  of  this  material  knows  that  the  oxide 
film  is  so  strong  and  persistent  that  it  has  to  be  broken  with 
a  puddling  rod  in  order  to  get  the  metal  to  unite;   also,  its 

OVERHEAD  WELDING  QUALITIES  OF  CAST  IRON  AND  STEEL 


Factors    Affecting    Welding 

steel 

Effect  on  Overhead  1 
Welding  of           1 

Steel 

Cast  IroD 

Surface  tension  of  metal 

High 

Low 

Good 

Bad 

Surface  tension  of  slag 

Low 

High 

Bad 

Good 

Range  of  solidification 

Small 

Great 

r^^A   !     Good 
^°°^  !  and  Bad 

Heat  conductivity 

Good 

Bad 

Good        Bad 

M  (ichinerp 

heat  conductivity  is  high,  so  that  in  the  writer's  opinion,  it  is 
the  easiest  metal,  aside  from  steel,  to  weld  overhead. 

The  overhead  welding  of  brass  (the  term  brass  here  includes 
all  metals  having  copper  as  a  base)  depends  so  much  on  the 
composition  of  the  alloy  that  it  Is  not  possible  to  say  much 
about  the  subject.  As  a  general  rule,  it  is  a  difficult  matter, 
although  with  a  proper  welding  rod  and  proper  handling  a 
fairly  good  Job  may  frequently  be  made.  The  quality  of  the 
welding  rod  has  probably  more  to  do  with  the  successful  weld- 
ing of  these  alloys  than  in  the  case  of  any  other  motal,  al- 
though some  of  the  alloys  cannot  be  successfully  welded  even 
when  the  weld  is  on  top,  let  alone  overhead. 

The  usual  good  welding  methods  and  ordinary  welding  ma- 
terials do  not  permit  of  as  good  results  in  overhead  welding 
as  In  ordinary  work.  Usually,  good  welding  practice  requires 
a  large  pool  of  molten  metal,  so  that  the  slag  can  rise  to  the 
surface,  the  use  of  proper  fluxes  In  tho  case  of  cast  Iron  and 
brass,  and  of  a  welding  rod  of  lower  melting  point  than  the 
original  material;  all  of  those  are  opposed  to  tho  conditions 
of  overhead  work.  Tho  host  roHults  can  bo  obtained  by  thor- 
oughly iirehcathiK  tho  parts,  using  no  larger  a  lip  than  Is  noc- 
OHsary,  avoiding  tho  uro  of  flux,  koopiiiK  as  small  a  pool  of 
molten  metal  as  posHlhlo,  keeping  the  metal  ns  far  from  tho 
upper  part  of  tho  solidifying  rungo  as  Is  coiiHlstent  with  a 
good  union,  (that  Is  kco|)lng  It  In  a  partly  pasty  condition),  and 
keeping  the  welding  rod  In  the  molten  motal.  To  moot  these 
rondltiona  requires  great  aklll,  which  ran  only  ho  acquired  by 
cxiiorlenco. 

0  •  • 

An  aHHorlutlon  iif  niarhlno  tool  Iniportera  lias  been  rurnieil 
III  Krancii  to  guard  Ihu  Inloreat  of  Ita  momlierH  and  In  iiflKiil 
tho  nnceaaury  eooperallon  with  tho  (lovenimeiit  for  llie  proper 
dialrlbiitlon  of  marhlni>a  needed  In  national  defcMiae.  Mi'iii 
heralilp  In  Ilia  aaaorlallon  la  llnitled  atrU'tly  In  liiillvldiiulM, 
flrma  or  rnnipanlea  n(  allied   nntlonalltloa. 
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Fig.   1.    Horizontal  Boring  Machine  designed  for  boring  Camshaft   Arms   of  Automatics 


SPECIAL  HORIZONTAL  BORING  MACHINE 

BY  J.  P.   BROPHY' 

In  all  lines  of  business  it  is  sometimes  impossible  to  pur- 
chase a  machine  suitable  for  the  work  under  consideration. 
Some  time  ago,  when  it  was  necessary  to  procure  a  machine 
for  boring  the  camshaft  arms 
of  the  Cleveland  automatics, 
it  was  impossible  to  find  a 
machine  that  would  perform 
this  operation  on  all  the  sizes 
of  automatics,  or  that  could 
be  changed  over  for  this 
work.  This  made  it  neces- 
sary to  design  a  machine,  as 
shown  in  Fig.  1,  that  would 
bore  the  camshaft  arms  for 
all  the  sizes  of  automatics 
from  the  3/8-inch  up  to  the 
7  % -inch  size.  The  aim  when 
designing  this  machine  was 
to  simplify  in  the  extreme, 
thus  doing  away  with  any 
possibility  of  mistakes  in 
measuring  by  the  operator, 
with  the  result  that  the  ma- 
chine shown  is  fool-proof  in 
this  respect. 

With  this  machine,  it  is 
possible  to  obtain  different 
speeds    for    the    boring-bars, 

which    can    be    fed    in    either  ^'k-  *•    ^"*  ''''"'  "' 

direction,  In  the  boring  operations.  As  shown  in  Fig.  2,  the 
top  of  the  bed  has  two  plain  surfaces  with  slots  B  and  C  run- 
ning the  entire  length.  In  order  to  use  the  machine  for  all 
sizes  of  automatics,  the  different  shaped  elevating  blocks  shown 
In  Fig.  3  are  employed.  These  have  a  tongue  on  the  bottom 
that  fits  the  bed  of  the  boring  machine,  and  a  tongue  on  the 

top  that  fits  the  bed 

of  the  automatic. 
Each  block  Is  mark- 
ed for  the  size  of 
automatic  machine 
with  which  It  Is  to 
be  used.  When  these 
blocks  are  clamped 
In  position  on  the 
bed,  the  camshaft 
arms  of  the  automat- 
ic machine  that  they 
support    drop    down 


•VIr 
fral     M 


prmldcnt  iinil  (Ico- 
rr.  Oli-Tplnncl 
Marhin*     Co., 


to  the  correct  position  in  front  of  the  steadyrests  C,  Fig.  1. 
These  steadyrests  carry  hardened  and  ground  bushings,  and 
the  boring-bars  are  made  from  high-carbon  steel  and  are 
ground.  Bars  are  provided  for  the  different  sizes  of  machines 
and  the  cutters  are  correct  for  each  size  of  hole;  each  bar  is 
marked  for  the  machine  on 
which    it   is   to   be   used. 

A  hinged  facing  head  F, 
Fig.  1,  may  be  placed  on  the 
boring-bar  in  any  position  in 
a  short  space  of  time  and 
clamped  ready  for  the  facing 
operation,  as  shown  at  D,  Fig. 
2.  The  spindle  head  B,  Fig. 
1,  carries  the  boring-bar  A; 
on  the  end  are  change-gears, 
similar  to  those  on  a  lathe, 
that  control  the  feed  of  the 
different  boring-bars.  The 
boring-bars  have  a  longitud- 
inal movement.  The  spindle 
head  B  can  be  moved  hori- 
zontally 15  inches  and  clamp- 
ed in  any  position  desirable; 
this  adjustment  makes  it  pos- 
sible to  bring  the  boring-bar 
into  the  proper  location  in 
setting  up.  The  operator  can 
handle  the  boring-bar  in  eith- 
er direction  when  setting  up 
Horizontal  Boring  Michino  an,j  locating  the  tools  in  their 

correct  position  from  any  of  the  positions  marked  E.  Levers 
D  along  the  front  of  the  bed  throw  in  the  clutch  for  operating 
the  feed;  these  clutches  are  placed  in  different  positions  to 
save  the  operator  walking  back  and  forth,  thus  saving  time. 
The  elevating  blocks.  Fig.  3,  are  accurately  made,  and  when 
the  operator  desires  to  change,  for  instance,  from  a  3/8-  to  a 

2-inch  machine  all 
he  has  to  do  Is 
change  the  elevating 
blocks.  Then  the 
machine  camshaft 
arms  locate  t  h  e  m  - 
solves  by  the  finish- 
ed surface  where  the 
spindle  and  turret 
heads  are  located. 

The  end  view.  Fig. 
2,  shows  the  design 
of  the  bed,  which  Is 
very  heavy  and  prop- 
erly ribbed  to  do 
away  with  springing. 


Tit'   i-     Adjuilment  Blocki   uud   on   Rorliontal   Boring   Miohino 
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As  there  are  only  plain  surfaces  there  is  practically  no  wear. 
After   the  elevating  blocks   are  placed   in   position   and   the 
steadyrests  are  located,  they  remain  fixed,  as  the  boring-bar 
furnishes  the  movement  for  finishing  the  camshaft  holes. 
*     *     * 

FINDING  THE  RADIUS  OF  A  CONCAVE  ARC 

BY    GUT    H     GARDNER  1 

A  carpenter  needed  to  know  the  radius  of  a  concave  arc  on 
a  piece  of  work.  To  the  eye  of  a  machinist  who  was  an  in- 
terested spectator,  it  appeared  to  be  something  like  2y2  or  3 
feet,  so  he  was  not  surprised  to  see  the  woodworker  replace 
his  center-square  in  the  chest  after  a  moment's  consideration 
of  its  inadequate  length.  While  the  bystander  wondered 
whether  an  extemporaneous  tool  of  wood  was  to  be  made,  the 
object  of  his  curiosity  was  engaged  in  profound  meditation. 
As    his    subsequent    procedure    showed,    he    had    some    ac- 


Fi»i.  1  to  4.     Method  of  finding  Radius  of  Arc 

quainUnce  with  plane  geometry,  but  accurate  and  reliable 
recollections  of  his  knowledge  responded  but  slowly  to  his  call. 
Realizing  with  how  much  greater  facility  the  human  mind 
deals  with  the  concrete  and  visible  than  with  the  abstract  and 
Immaterial  concept,  he  seized  a  convenient  bit  of  board,  on 
which  he  drew  the  diagram  shown  In  Fig.  1;  then,  evidently 
remembering  that  "When  two  chords  Intersect  in  a  circle,  the 
product  of  the  segments  of  one  equals  the  product  of  the  seg- 
menU  of  the  other,"  he  thus  calculated: 

AiZR  —  A)  =  B'       2KA  — A'  =  B'        2RA  =  B' +  A' 
B'  +  A' 


R- 


2A 


I  laving  now  provided  a  firm  mathematical  foundation,  the 
next  step  wan  to  gel  a  straight  bit  of  board,  which  ho  made 
18  Inche*  long,  marking  Its  center  of  length  with  his  Jack- 
knife,  leaving  thl«  against  the  arc  and  measuring  from  Its 
rontor  the  dl»l.mco  A.  KIg.  2.  which  he  called  1%  Inrh  (though 
11  wnn  Homewhat  greater  u'cordlng  to  the  machlnlHfs  later 
r,,i.„i;,tioni«).  ho  was  ready  to  nnd  the  length  of  radius  by 
Hiit.Htitiitlng  lhl«  value  and  the  halMnngth  of  his  board  for 
A  and  «,  re«poctlvoly.  In  his  formula.  lie  found  It  to  bo  about 
30.14  Inche*.  Driving  two  nails  at  polnlii  30%  Inches  apart 
IhrouKh  a  Blrlp  of  wood,  ho  laid  the  Job  on  Iho  ben.  h.  found 
a  Killer  nnd  tried  the  arc  with  his  tram.  An  thn  radius  proved 
too  lonjt.  he  moved  one  nail  to  a  point  30  IncheH  from  Its  fellow, 
nnd  surceas  was  his. 

The  writer  onro  saw  an  Innpec  tor  In  a  nuirhlne  shop  fa'kln 
A  iilmlUr  problom  Mo  had  a  number  of  pie.  en  the  riidhis  .if 
whoM  (concave)  arc  shoul.l  hiivo  been  7  HVf.  Inrhes.  The  num 
bor  of  plorps  was  so  small  that  II  was  not  thought  worth  whilo 
to  turn  up  a  tnmplet  by  which  to  try  thom.     Ills  plan  was  to 

•  A44r«w     N««  U'DdM,  H.   II. 


Clamp  each  in  turn  to  a  cube  on  the  surface  plate  and  scribe 
three  lines  li^  inch  apart  with  a  height  gage,  as  shown  in 
Fig.  3,  then  turn  the  cube  over,  bringing  it  into  the  position 
shown  in  Fig.  4,  when  the  height  of  the  middle  line  above 
the  others  would,  he  thought,  give  the  dimension  A.  Further 
thought  convinced  him  that  this  plan  would  work  only  if  the 
part  were  in  exactly  the  proper  position.  If,  for  instance,  it 
occupied  the  position  indicated  by  the  dotted  lines  in  Fig.  3, 
the  chordal  distance  would  not  be  exactly  3  inches,  and  his 
conclusions  in  regard  to  the  length  of  radius  would  be  un- 
reliable. He,  therefore,  clamped  to  the  cube  a  parallel,  as  in 
Fig.  4,  leveling  it  by  the  height  gage  and  indicator.  Then 
each  part  could  be  laid  on  the  parallel  and  the  distance  A 
measured. 

In  this,  as  in  all  machinists'  work,  much  depends  on  the 
accuracy  of  the  tools  used,  the  trueness  of  the  corners  of  the 
parallel  being  of  especial  importance  in  this  case.  Moreover, 
while  for  certain  radii  a  slight  error  in  A  may  be  negligible, 
in  other  cases  a  fraction  of  a  thousandth  inch  corresponds  to 
a  considerable  variation  in  the  length  of  the  radius.  Evidently 
the  inspector  in  the  case  cited,  needing  to  know  only  whether 
or  not  the  radius  of  the  piece  was  that  called  for  by  the  draw- 
ing, did  not  need  to  follow  the  carpenter's  method  of  calcula- 
tion, but  had  merely  to  know  what  A  should  be,  and  then 
determine  its  accuracy  or  inaccuracy. 


PICKLING   SHIP   STEEL 

BY    MARK   MEREDITH  ' 

The  preparing,  or  pickling,  of  ship  steel  is  becoming  more 
common  than  heretofore.  Whatever  compounds  may  be  used 
for  coating  steel,  it  is  very  necessary  that  the  mill  scale  be 
thoroughly  cleaned  from  the  plates  and  the  bars  beforehand. 
The  British  Admiralty  specifications  require  the  removal  by 
immersing  the  steel  for  some  time  in  a  bath  that  contains 
one  part  of  hydrochloric  acid  to  nineteen  parts  of  water.  When 
the  steel  is  taken  out,  fresh  water  is  poured  over  it  from  a 
hose  as  It  is  scrubbed  with  steel  brooms.  The  material  la 
then  coated  with  linseed  oil  and  exposed  to  the  effects  of  the 
weather  for  some  days.  In  merchant  ship  work,  this  has 
usually  been  considered  an  unnecessary  expense.  The  usual 
practice  is  to  put  the  material  together  without  removing  the 
mill  scale  and  allow  it  to  rust  until  the  ship  is  ready  for 
painting.  The  rust  and  scale  are  then  scraped  off  and  the 
paint  applied.  The  underwater  part  of  the  ship  is  not  painted 
before  the  ship  is  launched,  and  the  sea  water  accelerates 
the  rusting,  with  the  result  that  when  the  vessel  Is  placed  In 
drydock  a  very  good  surface  can  be  obtained  for  the  applica- 
tion of  the  anti-corrosive  paint. 

There  are  three  principal  methods  of  cleaning  forglngs, 
namely,  pickling,  tumbling,  and  sand-blasting.  Pickling  Is 
much  better  than  sand-blasting,  for  all  the  surfaces  aro  cleaned 
thoroughly  from  oxides  or  foreign  substances  that  are  detri- 
mental to  the  machining  operation,  while  in  tumbling  and 
sand-blasting  fine  sand  Is  hammered  Into  the  surface.  Ap  a 
result,  the  cost  of  machining  Is  three  or  four  times  as  great 
for  a  forging  cleaned  by  sand-blasting  as  for  one  cleaned  by 
pickling.  In  addition,  drop-forglngs  that  have  small  holes  or 
indentations  aro  not  properly  doanod  except  by  pickling.  It 
has  been  found  that  the  additional  cost  of  pldtllng  ia  more 
than  offset  by  the  saving  In  the  cost  of  machining. 

It  Is  not  uncommon  nowadays  to  llnd  merchant  ship  owners 
specifying  lluit  the  stool  used  In  thoir  ships  shall  bo  pickled. 
It  is  well  known  that  the  rusting  pro.-i-Bs  Is  not  ab.'<olutoly 
effoctlvo,  and  tlie  extra  oxponso  of  pIcUling  Is  probably  easily 
saved  In  the  Hniiiller  amount  of  corrosion  occurring  nnd  con- 
Heniicnt  smaller  upkeep  cost  for  tbo  renewal  of  stool.  At  the 
present  tlnio  there  Is  aimtbor  strong  nrguniont  In  favor  of 
pli'kllMg.  Ships  are  rusliod  through  very  quickly  and.  If  po»- 
Rible,  ilryilocking  near  .ir  on  ronipleti.m  Is  iIIhp.'Iih.mI  with. 
This  means  that  tbo  bolt.im  of  the  veHHel  ban  t.i  be  |ir.ip.<rly 
painted  before  It  leaven  tbo  nlockn.  aii.l  It  is  doiibtriil  If  the 
riintliiK  pr.iroRS  bun  g.Mie  far  eiiimgh  to  Insuro  a  good  applica- 
tion lit  pnlnt.  In  nuch  rnnen,  thoreforn.  It  In  better  to  be  oa 
thn  nnfo  sido  nnd  ptcklo  Iho  stool  bef.iro  orerllon. 

■Ail.lrvM:  or   Pal*  IK.,   l.lTerpuol,   Koglaltd. 
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ENGINEERING   COLLEGES  AND  THE  WAR 

BY  FBED  H.  BINDGE,  JR.' 

"When  a  professor  of  zoology  is  called  from  his  recitations 
to  advise  the  war  authorities  on  armor  for  soldiers"  says  Frank 
Fackenthal,  secretary  of  Columbia  University,  "the  climax  in 
college  opportunity  in  the  war  has  been  reached."  No  less 
startling  is  the  remarkable  rapidity  with  which  the  engineer- 
ing schools  in  the  country,  immediately  on  the  declaration  of 
war,  placed  their  resources  at  the  disposal  of  the  Government. 
Many  professors  and  students,  of  course,  immediately  went  in- 
to actual  service  in  various  departments  of  the  Government, 
Army  or  Navy.  Many  who  remained  began  to  serve  the  nation 
directly  through  mechanical,  chemical,  physical  and  other  ex- 
periments of  great  scientific  and  war  value.  Most  significant 
of  all  was  the  immediate  readaption  of  various  college  curri- 
cula to  include  military  drill,  first-aid,  etc.  Specialized  cours- 
es were  organized  in  military  aeronautics,  military  history 
and  strategy,  field  engineering,  map  reading  and  sketching, 
military  organization,  and  administration.  Such  colleges  as 
the  University  of  Illinois,  Cornell,  and  Princeton  organized 
aviation  schools.  Splendid  wireless  courses  were  organized  at 
Harvard  and  ordnance  courses  at  the  University  of  Pennsyl- 
vania. A  number  of  college  students,  in  uniform,  are  taking 
a  special  military  or  naval  course  after  which  they  have  reas- 
onable hopes  of  passing  examinations  that  will  result  in  their 
securing  commissions.  Columbia  University  has  a  special 
United  States  Navy  gas-engine  school  (from  which  more  than 
seven  hundred  men  have  entered  into  service  since  last  June) 
and  also  a  school  of  military  cinematography. 

The  recent  order  from  Washington  permitting  the  engineer- 
ing students  in  good  standing  to  complete  their  courses  before 
entering  government  service  will  greatly  help  the  situation 
among  the  students  in  the  engineering  schools.  Meanwhile, 
students  have  been  encouraged  to  remain  in  school  by  such  ad- 
vice as  the  following  from  the  Bureau  of  Education:  "Engi- 
neers are  needed  in  every  important  military  operation,  in 
transportation,  in  communication,  in  most  of  the  supporting 
industries.  The  chemist  and  physicist  are  in  greater  demand 
than  ever  before  both  at  the  front  and  behind  it."  President 
Wilson  has  said:  "It  would  seriously  impair  America's  pros- 
pects of  success  if  the  supply  of  highly  trained  men  were  un- 
necessarily diminished.  There  will  be  need  for  a  larger  num- 
ber of  persons  in  the  various  fields  of  applied  science  than  ever 
before.  I  have  no  hesitation  in  urging  colleges  and  technical 
schools  to  maintain  their  courses." 

In  view  of  this,  it  is  particularly  important  to  have  carefully 
planned  engineering  education.  Students  must  be  encouraged 
to  complete  their  courses  and,  should  be  aided  in  doing 
80  by  the  Government.  The  curriculum  must  include  some- 
thing besides  technique;  a  large  place  must  be  given  to  the 
human  side.  Industry  and  the  war  demand  engineers  and  of- 
ficers who  can  handle  men  as  successfully  as  they  can  handle 
materials.  To  help  train  men  in  this  sort  of  thing,  it  is  im- 
portant that  engineering  students  occasionally  take  time  to 
study  industrial  conditions  and  human  relationships  and  en- 
gage In  practical  service  with  the  types  of  men  with  whom 
they  will  deal  after  graduation.  One  good  plan  would  be  for 
engineering  students  to  spend  one  or  two  evenings  a  week,  for 
example,  teaching  English  or  citizenship  to  a  class  of  foreign- 
ers; or  they  might  lead  a  group  of  American  workingmen  in 
mathematics,  mechanics,  or  some  other  technical  subjects;  or 
handle  a  group  of  working  boys  in  a  club;  or  engage  in  other 
kinds  of  Industrial  service.  How  many  of  the  engineering  In- 
spection trips  that  are  regularly  planned  by  most  of  the  en- 
gineering colleges  Include  an  Inspection  of  the  human  side  of 
the  Industries  visited?  How  much  human  engineering  mater- 
ial is  Included  on  college  bulletin  boards  or  In  their  libraries? 
More  Important  still,  to  what  extent  are  professors  actually  In- 
cluding Instruction  In  the  human  side  In  regular  or  spocliil 
courHes? 

Now  as  nfvcr  before  It  Is  necessary  to  train  cnglneor.s  who 
can  undorstand  the  other  fellow's  point  of  view,  and  the  other 
fellow  Is,  In  largo  measure,  the  working  man.  The  engineer- 
ing Rchools  must  produce  leaders  who,  jvith  this  underHtnndlng. 

'Adilrru:     124  B.  281b  St.,  N<w  Tork  CII7. 


can  help  bridge  the  gap  between  capital  and  labor.  They  must 
produce  men  who  realize  that  the  interests  of  capital  and  labor 
are  essentially  identical  and  who  can  mold  all  their  dealings 
with  both  great  parties  in  industry  with  this  clearly  in  mind. 
If  we  are  to  win  this  war  there  must  be  less  misundertsanding 
and  more  cooperation  in  industry.  No  man  is  more  strategi- 
cally situated  than  the  engineer  who  can  look  both  ways,  can 
understand  both  points  of  view,  and  can  promote  both  co- 
operation and  democratization  in  American  industry.  In  the 
future,  engineering  schools  will  be  expected  to  produce  men 
with  ideas  and  ideals  who  will  help  solve  these  vital  and  funda- 
mental problems. 

*     *     * 

MACHINE  PARTS  SENT  BY  EXPRESS 
The  Express  Traffic  Association,  composed  of  all  the  large 
express  companies  in  the  United  States  and  Canada,  have  is- 
sued a  statement  relating  to  the  marking  requirements  for 
express  matter  that  is  of  considerable  importance  to  the  ma- 
chinery trade.  The  regulations  relating  to  castings,  machine 
parts,  shafting,  pipe,  rods,  bars,  and  other  metal  articles  are 
as  follows: 

1.  When  boxed,  barreled,  crated,  or  trussed,  the  container 
must  be  marked  with  pen.  brush,  stencil,  waterproof  crayon, 
or  by  label  securely  attached  with  glue  or  equally  good  ad- 
hesive. 

2.  When  not  boxed,  barreled,  crated,  or  trussed,  and  there 
is  sufficient  smooth  surface  for  the  purpose,  the  address  must 
be  plainly  marked  on  the  article  with  durable  paint.  Such 
shipments  must  not  be  accepted  unless  marks  are  thoroughly 
dry. 

3.  When  not  boxed,  barreled,  crated,  or  trussed,  or  when  iiot 
possible  to  mark  as  provided  in  preceding  paragraph,  ship- 
ments must  be  marked  with  not  less  than  two  wooden,  leather, 
metal,  cloth,  rope  stock  or  sulphite  fiber-tag-board  tags.  Rope 
stock  or  sulphite  fiber-tag-board  tags  must  test  not  less  than  14 
point,  50  per  cent  rope,  have  reinforced  metal  eyelets  and  must 
be  attached  by  wire  not  less  than-  No.  23  gage,  or  strong  tarred 
cord.  Tags  must  be  attached  wherever  possible  to  unexposed 
parts  of  the  article  in  order  that  they  may  not  become  de- 
tached in  handling. 

4.  Rods,  shafting,  bars,  pipe,  iron  bed  sides,  automobile 
springs  and  other  articles  of  like  character  marked  with  tags 
as  provided  in  Paragraph  3  must  have  the  tags  securely  wired 
to  the  article,  and,  in  addition,  a  concealed  tag,  bearing  the 
same  address,  must  be  bound  to  the  article  with  burlap  cover- 
ing, the  latter  securely  wired  at  each  end. 

5.  Wlien  metal  articles  are  shipped  in  sacks,  the  address 
must  be  shown  on  the  tag  conforming  to  the  specifications  in 
Paragraph  3,  attached  either  by  wire  or  strong  cord,  and  an 
additional  tag  bearing  the  same  address  must  be  enclosed  in 
the  sack. 

It  is  of  importance  that  these  regulations  be  adhered  to,  as 
the  express  companies  will  not  receive  for  transportation  pack- 
ages not  so  marked.  A  representative  of  the  Express  TraflSc 
Association  stated  that  there  are  today  75.000  metal  articles 
in  the  warehouses  in  New  York  City  alone  which  cannot  be 
forwarded  to  their  respective  addresses  because  of  insecure 
tagging  or  insufficiently  clear  marking. 


MARCH  MEETING  OF  A.  S.  M.  E. 
The  March  meeting  of  the  Now  York  Section  of  the  Ameri- 
can Society  of  Mechanical  Engineers,  held  at  the  Engineering 
Societies  Building,  29  W.  39th  St.,  New  York  City.  Tuesday, 
March  19,  was  devoted  to  the  subject  of  "Terminal  Facilities 
of  New  York,"  and  dealt  specifically  with  the  development  of 
land  and  water  terminal  facilities,  existing  doflclencios  and 
their  correction,  and  agencies  necessary  in  the  future  solution 
of  the  terminal  problem.  The  subject  was  attacked  from  a 
nunibor  of  dlfforoiit  points  of  view,  speakers  representing  the 
harbor  authorities,  the  railways,  the  dock  companies,  the  gov- 
ernmental commissions  for  relieving  terminal  congestion,  and 
the  several  engineering  fraternities,  eoch  presenting  their 
views  In  brief  statcmcnls.  The  purpose  of  the  meeting  was  to 
secure  prui'tii-iil  suggestions  and  a  method  of  applying  tlioni  to 
the  solution  of  present  and  future  problems  concerning  the 
Port  of  Now  York.  The  subject  Is  of  the  greatest  importance 
to  all  the  Industries  of  tho  whole  nation,  inasmuch  as  onohttlf 
of  all  tho  Import  and  export  triido  of  tho  nation  passes  through 
the  Port  of  New  York. 
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ACCURACY — The  First  Requirement, 

"BROWN  &SHARPE 

For  Steady^  Fast, 


The  Twist  of  a  Wrench  Adjusts 

the  Chuck  of  This  Screw  Machine 

to  Any  Size 

Not  only  does  this  feature  of  B  &  S  No3.  4  and  6 
Wire  Feed  Screw  Machines  make  a  material  saving 
on  the  first  cost,  but  saves  time  as  well  as  dollars 
throughout  their  years  ot  efficient  service  because  no 
time  is  lost  in  adjusting  special  chuclvs  or  in  search- 
ing for  collets. 


BROWN 

& 
SHARPE 

Heavy 
Wire  Feed 

Screw 
Machines 

Offices: 


NEW  YORK,  N.  V.,  20  VfHtiy  HI. 
PHILADELPHIA,  PA.,  1103-llori  Mh- 
-Tly  IflflK  CHICAGO,  ILL.,  B:0«30 
WnKliinKC'ii        Klv'l.  ROCHESTER, 

N.  v.,  415  Clinml.pi  of  CiminM-rc-  lll>lK 
•  YRACUBE,  N.  Y.,  Il-xmi  «r.t  I'lil- 
vomlly  Hlcick.  PITTSBURGH,  PA., 
UIH    Unnry   W,    Oliver    III'Ik 

Canadian  Raptmtmnlalivm : 

MONTREAL.  TORONTO,  WINNIPEG, 
CALGARY,  VANCOUVER,  ST.  JOHN, 
SASKATOON,  Thn  Cunndlon  Knlr- 
Iraiikn-M'irno  fu..   I.I'I. 


A  siinpk'  adjustment,  as  shown  in  cut  above,  similar  to  thi>  niolhod  used  In 
adjusting  the  jaw.s  of  a  universal  chuck.  Is  all  that  is  necessary  to  handle 
round,  H(|uare  or  liex  stock  of  any  size  within  capacity  of  niacliino.  It  also 
iiutomatlcally  compensates  for  any  slight  variation   in  llie  size  ot  bar. 

This  automat Ic-chuck  feature  together  with 

Three-Lever  Centralized  Control 

prncttcnlly  eliminates  all  lust  motions. 

After  toola  are  sot  chuck  Is  opoiiod  and  stock  .idvaiieed  by  Ibo  slight  throw 
of  a  handy  lever.  The  return  ot  this  lever  to  Its  original  position  doses  and 
lockH  tho  chuck. 

A  H<r(!oiid  lover,  also  on  Ihe  lieadHlock.  Is  employed  for  starling,  stopping  and 
cluinKllig  Hpei'ds  while  the  Kiniple  movement  of  a  third  lever,  close  by,  cbangos 
food  f)f  liirri'l  slldi'  in  ccinjuiiclion  wllli  a  lever  Just  biOiliid  the  pilot  wheel  of 
turret  Hlldo  which  Ih  inanlpuliilod  with  the  right  liand  In  cunnectlDn  with  tho 
handling  of  ii  pilot  wheel  to  bring  tools  up  to  etil 

Other  rrn>i>n«  why  your  bnr  work  •hnulcl  br  linndlril    on    ibrnr    mmhinri  — 

reatoni  ibnl    aprll     rronoitiv    niiil     inrrrniril     |iro<lu<  lion      nrr    ripUinrd    in 

ilrind    III    our    (  ntnloK    21   ('..       Your    rr<,ur>l    will    brinu    »    •  opv. 

Brown  &  Sharpe  Mfg.  Co., 
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iANDINESS—An  Attribute  of  Every  B&S  Product 


EQUIPPED" 

Quality  Production 


An  Increase  in   Production 

and  Quality  With  a 

Corresponding  Decrease  in 

the  Scrap  Heap 

natui'ally  follows  the  use  of  Brown  & 
Sharpe  Tools.  The  confidence  that 
encourages  competence  is  inspired  by 
the  use  of  these  handy,  accurate  tools 
and  is  soon  reflected  in  the  high  de- 
gree of  efficiency  their  use  promotes. 

Numbering  over  a  thousand  different 
varieties,  they 

Cover  Thoroughly 
Every  Precision-Tool 
Requirement 

and  represent  a  development  cover- 
ing over  half  a  century. 

Practically  every  variety  of  measur- 
ing tool  is  used  in  our  own  shops  in 
the  manufacture  of  our  extensive  line 
1'  machinery,  and  our  small-tool  de- 
-igners  have  worked  with  the  ad- 
vantage of  first-hand  information  as 
to  the  needs  of  the  man  in  the  shop. 

Every  care  is  taken  that  the  highest  quality  of  workmanship  be 
maintained,  resulting  in  a  line  of  machinists'  tools  that  is  world- 
known  for  its  uniform  quality.  Not  only  the  kits  of  your  tool- 
makers  and  machinists  but 

Your  Tool  Cribs 
Should  be  "Brown  &  Sharpe  Equipped" 

If  interested  in  steady,  fast,  quality  production  you  should  have 
a  copy  of  our  Catalog  27.     Send  for  your  copy  today. 

Widence,  R.  I.,  U.  S.  A. 


BROWN 

& 
SHARPE 

Machinists' 

Tools 

Representatives : 


BALTIMORE.  MD.,  r.iny  Ma.lihioiy 
.V:  .Supply  nv  CINCINNATI,  C,  IN- 
DIANAPOLIS. IND.,  Tlu-  i;.  A.  Kiil- 
siv  Co.  SAN  FRANCISCO.  CAL., 
I'nrine  Tool  .<.•  SiilM'lv  Civ  CLEVE- 
LAND, O.,  DETROIT,  MICH.,  SIronc. 
c.irll.-.o  &  Il.niimoiul  Co  ST.  LOUIS. 
MO.,  Coti'tiril-WrlKlit  Marliincry  \- 
.SuppLv  Co.  SEATTLE,  WASH.,  I'.rlno 
M.u-lilnory  Co.  PORTLAND.  ORE., 
I'nrll.Tnd    ^^:^rl^lmM■^■   C,v 
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ESTABLISHMENT  OF  MUNITION  DISTRICTS 

In  order  to  bring  about  decentralization  and  closer  contact 
■with  munition  manufacturers.  General  Wheeler,  acting  chief 
of  the  Ordnance  Department,  has  divided  the  country  into  ten 
munition  districts.  The  Boston  district  comprises  the  states 
of  Maine,  New  Hampshire,  Vermont,  Rhode  Island,  and  the 
eastern  part  of  Massachusetts;  the  district  chief  is  Levi  H. 
Greenwood,  of  the  Wakefield  Rattan  Co. 

The  Chicago  district  comprises  the  states  of  Illinois,  Wiscon- 
sin, Minnesota,  and  that  part  of  Indiana  north  of  Warren, 
Tippecanoe,  Clinton,  Howard,  Grant,  Blackford,  and  Jay  coun- 
ties; the  district  chief  is  E.  A.  Russell,  vice-president  of  the 
Illuminating  Co. 

The  Cincinnati  district  comprises  the  southern  parts  of  Ohio 
and  Indiana;  the  district  chief  is  Charles  L.  Harrison,  of  the 
Cincinnati  Chamber  of  Commerce. 

The  Cleveland  district  comprises  the  northern  part  of  Ohio 
and  Erie,  Crawford,  and  Mercer  counties  in  Pennsylvania;  the 
district  chief  is  Samuel  Scovil,  president  of  the  Cleveland 
Otia  Elevator  Co. 

The  Detroit  district  comprises  the  state  of  Michigan;  the 
district  chief  is  Fred  J.  Robinson,  president  of  the  Lowrie  & 
Robinson  Lumber  Co. 

The  New  Haven  district  comprises  the  state  of  Connecticut 
and  the  western  part  of  Massachusetts;  the  district  chief  is 
Waldo  C.  Bryant,  president  of  the  Bryant  Electric  Co. 

The  New  York  district  comprises  that  part  of  New  York 
state  south  of  Rensselaer,  Albany,  Schoharie,  and  Delaware 
counties  and  that  part  of  New  Jersey  north  of  Mercer  and 
Ocean  counties;  the  district  chief  is  Samuel  G.  Allen,  chair- 
man of  the  Lima  Locomotive  Works. 

The  Philadelphia  district  comprises  the  eastern  part  of 
Pennsylvania,  the  southern  part  of  New  Jersey,  and  all  of  the 
state  of  Delaware;  the  district  chief  is  John  C.  Jones,  of  the 
Harrison  Safety  Boiler  Works. 

The  Pittsburg  district  comprises  the  state  of  West  Virginia, 
the  western  part  of  Pennsylvania,  except  Erie,  Crawford,  and 
Mercer  counties,  and  Belmont  and  Jefferson  counties  in  Ohio; 
the  district  chief  is  Ralph  M.  Dravo,  member  of  the  firm  of 
Dravo  Bros,  steel  constructors. 

The  Rochester  district  comprises  all  of  the  state  of  New 
York  not  contained  In  the  New  York  district;  the  district 
chief  Is  F.  S.  Noble,  of  the  Eastman  Kodak  Co. 


HELPING  UNCLE  SAM 

The  U.  S.  Civil  Service  Commission  has  announced  an  open 
competitive  examination  for  appointment  to  the  positions  of 
architectural,  mechanical,  and  structural  steel  draftsmen,  for 
ship  work.  Full  information  and  application  blanks  may  be 
obtained  from  the  U.  S.  Civil  Service  Commission,  Washington, 
D.  C. 


The  aviation  section  of  the  Signal  Corps  of  the  United 
States  Army  requires  immediately  10,000  machinists,  mechan- 
ics, chauffeurs,  and  other  skilled  workers.  Men  registered  in 
the  draft  may  volunteer  for  this  service  by  applying  to  their 
regular  local  draft  board.  Men  not  registered  may  enlist  at  a 
recruiting  office.  Further  information  may  be  had  by  apply- 
ing to  the  Air  Division,  Personal  Department,  Washington, 
D.  C.  Men  accepted  will  be  sent  to  San  Antonio,  Tex.,  where 
they  will  be  given  a  brief  course  of  instruction  at  the  flying 
fields.  They  will  also  be  sent  to  the  various  factories  making 
aircraft,  and  will  be  organized  into  squadrons  mostly  for  over- 
seas service.  The  present  call  is  especially  for  machinists, 
automobile  and  engine  repairmen,  gunsmiths,  blacksmiths,  tin- 
smiths, electricians,  coppersmiths,  sheet-metal  workers,  wire- 
less operators  and  constructors,  welders,  and  makers,  repair- 
ers, and  installers  of  magnetos,  ignition  systems,  watches  and 
clocks,  instruments,  and  typewriters. 


Civilian  workers  are  wanted  by  the  Ordnance  Department  as 
inspectors  on  ammunition  of  different  classes,  as  metallurgical 
chemists,  as  assistant  inspectors  on  motor  vehicles,  and  as 
engineers  and  assistant  engineers  for  testing  ordnance  ma- 
terials. These  men  should  have  a  high-school  education,  some 
shop  training,  and  a  natural  ability  to  adapt  themselves  to 
new  work.  Those  who  have  the  required  technical  training 
will  be  placed  and  advanced  as  quickly  as  their  ability  justi- 
fies. Machinists  who  are  accustomed  to  accurate  machine 
work  are  also  required.  The  positions  are  under  the  Civil 
Service  regulations,  but  the  applicants  will  not  be  required 
to  report  for  examination  at  any  place.  They  will  be  rated 
in  accordance  with  education  and  general  experience.  Appli- 
cations should  be  directed  to  C.  V.  Meserole,  Special  Repre- 
sentative of  the  Ordnance  Department,  Room  800,  79  Wall  St., 
New  York  City. 


CONSERVATION  OF  SKILLED  LABOR  BY 
THE  ARMY 
In  regard  to  the  second  draft.  Provost  Marshal  General 
Crowder  says  that  men  will  be  inducted  into  the  service  in 
very  small  groups  from  week  to  wjeek  or  from  month  to  month, 
as  they  can  be  assimilated  by  the  Army.  The  whole  industrial 
and  agricultural  situation  Is  being  carefully  studied  to  dis- 
cover any  means  that  may  be  taken  to  protect  and  augment 
the  labor  supply  without  precluding  the  prompt  and  orderly 
progress  of  the  military  plans.  As  the  need  of  the  several 
armed  forces  for  men  highly  skilled  In  technical  and  mechani- 
cal pursuIU  la  greater  than  In  any  former  war,  the  necessary 
numbnrH  of  such  skilled  men  will  bo  obtained  first  by  asslgn- 
IHK  mi-n  already  In  the  military  service  who  have  special  skill 
to  slafT  organizations  and  departments  whoro  their  skill  is 
needed.  Men  clasBlfied  by  the  si-lectlon  hoard,  though  tli.-y 
may  have  been  placed  In  a  deferred  classlflcallon.  will  be  with- 
drawn with  groAl  caro  from  the  InduBtrlos  of  Iho  nation  for 
■pcolal  R<>nrl««  In  staff  corps  and  dopartmcnts.  Hesldos,  young 
men  of  draft  ago  with  certain  technical  (lualincatlons,  will  bo 
Inducted  Into  the  service  and  sftnt  to  unlverHltlos,  collogoH, 
teohnlfiil  and  nerondnry  schools  to  bo  Instructed  In  tirhnlciil 
arts  until  llipy  have  nr(|ulri'd  sucli  pronclonry  as  will  Justify 
Ihclr  njislgnmont  to  llio  spurlul  units  Ton  thousand  skllUwl 
artisans  and  as  many  younic  men  jsraduali's  of  gramriiHr 
srhools,  will  bo  sent  to  various  tochnlral  and  other  achools 
throuKhout  tho  trnlted  Hlaloa  for  a  two  months'  courao  of 
tralnlnit.  Theroaftor.  an  Inrrcoslnn  slroam  of  solorlml  mon 
will  bo  aonl  to  odurotlonal  oiid  other  triiliilnK  ItintlliitloiiH  for 
this  (turpoM. 


It  may  be  of  interest  to  the  readers  to  know  that  Machinery 
has  received  a  great  number  of  letters  from  the  various  Gov- 
ernmental departments  expressing  appreciation  of  the  coopera- 
tion that  Maciiineuy  has  given  the  Government  by  the  publi- 
cation of  reading  notices  and  advertisements  relating  to  Gov- 
ernmental activities.  As  tho  service  is  finally  rendered  through 
the  readers  of  Maciiineuy  themselves,  we  believe  that  It  will 
bo  of  interest  to  them  to  reproduce  the  following  letter  re- 
ceived from  the  National  War  Savings  Committee,  Treasury 
Department,  Washington,  D.  C,  which  Is  but  one  of  many 
similar  communications. 

Wo  hasten  to  acknowledge  with  thanks  the  very  Inter- 
esting advcrtiseniont  which  appeared  In  your  Issue  of 
Miirrh  devoted  to  tho  United  States  Shipping  Board  and 
tho  National  War  Savings  Coninilttoo. 

Vou  may  bo  sum  that  the  Coninilttoo  is  fully  appreciative 
of  tills  valuable  cooperation,  which  wo  fool  sure  will  rollcct 
ItHi'lf  III  assisting  both  the  Slilpiiing  Hoard  ami  this  Coin- 
mil  toe.  It  Is  Just  such  rordinl  and  patriotic  aHslalaiico  as 
Is  nuiiilfi'Hti'd  liy  thin  conlrilmliDii  that  Is  niaUiiig  tlio  War 
Savings   Campaign    tliroiigliniil    the   country   such    a   groat 


Tlin  groat  saving  that  Is  made  posslblo  by  staiidardlzliig  do- 
HlgiiH  Ih  woU  oxcnipllflod  In  tlii'  now  motor  truck  doslgnod  by 
IIhi  tiuarlcrinaBti'r  (!orpH  for  the  Unlli'd  States  Annv.  In  addi- 
tion til  lii'lng  niicil  UK  11  war  triK'k  for  army  HiipiiileH  In  the 
Quarturinaster  Department,  It  will  also  bu  used  by  (he  Medical, 
Signal,  Ordiuinco,  and  Marine  ('orim,  by  the  Navy  Department, 
by  the  tturonu  of  nocks,  nnd  by  tho  Post  Odlce  Department. 
In  addition,  whon  fitted  with  a  panKenger  body,  II  may  be  useil 
an  n  pnaionRor  rnr  for  the  use  of  army  onii-ers. 
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New  Book 
on  Milling 


I  One  of  the  hundred  untollctted 

I  tetlimoniaU  we  have    received 

1  tayi ; — 

I  This  is  the  most  com- 

I  plete  work  it  has  been 

I  my   privilege    to    find 

I  on  this  particular  aub- 

I  ject. ' ' 

\  The 

I  Cincinnati  Milling 
I  Machine  Company 

I   Cincinnati,    Ohio,    U.  S.  A. 

liiniiiiMiiiiiiiiimmiiimiiiiiiiiiitiiiniiiiiiiniiniiiiiKiiiiiiiiiriiiiiiiiuiiiiiiiiiiinMl 


Jot  the  usual  compilation 

of  catalog  matter,  but  a  412 

page  book   full   of  data  on   all 

branches  of  milling,  most  of  which 

^      ^^^   .^_      have  never  before  been  published. 

^^  Tells  you  just  what  you  want  to 

know  about  the  latest  practice  in— 

Speeds  and  Feeds;  Cutter  Design;  Jigs  and  Fix- 
tures; The  best  Method  for  Milling  a  Given  Job; 
Power  Required  to  Do  Milling;  Size  of  Cut  Each 
Machine  Can  Take;  How  to  Set  Up  for  the  Best 
Results;  Cutter  Sharpening;  Chattering— its  causes 
and  remedies. 

Use  of  the  Dividing  Head— and  a  complete,  simple 
discussion  of  the  mathematics  of  Spur,  Bevel, 
Mitre,  Spiral  and  Worm  Gear  Cutting,  Angular 
Indexing,  Computing  Change  Gears,  Ftc. 

Complete  Tables  for  Indexing,  Spiral  Milling, 
Cam  Milling,  Rack  Milling,  Trigonometric  Func- 
tions, Etc. 

Invaluable  to  the  superintendent,  foreman,  mill- 
ing machine  operator  and  draftsman. 

Price  $1.50  Postage  Prepaid. 
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OBITUARIES 


Frank  J.  Hurley  died  at  the  home  of  his  parents  in  East 
Orange,  N.  J.,  March  10,  after  a  long  illness,  from  Hodgkins 
disease,  aged  twenty-nine  years.  Mr.  Hurley  was  well  known 
in  the  pneumatic  tool  field,  having  traveled  for  a  number  of 
years  from  the  New  York  office  of  the  Independent  Pneumatic 
Tool   Co. 

Colonel  Edwin  A.  Stevens  died  February  8  in  the  Providence 
Hospital  at  Washington,  D.  C,  where  he  was  serving  as  a  ship- 
yard inspector.  He  was  born  in  Philadelphia,  March  14,  1858. 
In  1879  he  graduated  from  Princeton  University,  and  later  en- 
tered the  Stevens  Institute  of  Technology,  which  was  founded 
by  his  father,  graduating  with  the  degree  of  M.  E.  Colonel 
Stevens  was  the  designer  of  the  Bergen,  the  first  screw  pro- 
peller ferry  boat.  Many  other  inventions  of  a  mechanical  na- 
ture are  credited  to  him.  He  was  at  one  time  vice-president 
of  the  American  Society  of  Mechanical  Engineers  and  vice- 
president  of  the  Society  of  Naval  Architects  and  Marine  En- 
gineers, and  was  also  a  member  of  the  Institute  of  Naval 
Architects  in  Great  Britain.  He  is  survived  by  his  wife,  six 
sons,  and  one  daughter. 

William  Sloane  Accles,  for  more  than  twenty  years  European 
manager  for  the  Niles-Bement-Pond  Co.,  New  York,  died  in 
London,  January  26,  aged  sixty-one  years.  Mr.  Accles  served 
his  apprenticeship  at  the  Colt  Works,  in  Hartford,  Conn,,  and 
was  later  with  the  Pratt  &  Whitney  Co.  He  was  a  member  of 
the  Institute  of  Mechanical  Engineers,  a  Fellow  of  the  Royal 
Geographical  Society,  and  a  member  of  the  American  Chamber 
of  Commerce.  Mr.  Accles  was  widely  known  and  greatly  liked 
by  railway  men  and  manufacturers  all  over  Europe,  having 
devoted  many  years  to  the  cultivation  of  personal  relations 
with  buyers  of  the  tools  manufactured  by  his  company.  Be- 
sides the  business  friendships  which  he  acquired  over  this 
period  of  years,  he  also  had  interests  and  a  wide  personal 
acquaintance  in  other  fields,  as  is  indicated  by  the  organiza- 
tions of  which  he  was  a  member. 


PERSONALS 


Sidney  Diamant,  60  W.  129th  St.,  New  York  City,  has  with- 
drawn his  financial  and  other  interests  from  the  DeMant  Tool 
&  Machine  Co.,  79  E.  130th  St.,  New  York  City. 

Joseph  I'tz,  formerly  with  Marshall-Huschart  Machinery  Co. 
of  Indiana,  has  taken  a  position  as  salesman  with  the  Federal 
Ma<;hlnery  Sales  Co.,  14  N.  Jefferson  St.,  Chicago,  111. 

J.  B.  Howell  of  the  Sales  Department  of  the  Bound  Brook 
Oil-less  Bearing  Co.,  Bound  Brook,  N.  J.,  has  entered  active 
service  in  the  United  States  Army,  and  is  now  in  training  at 
Camp  Dix. 

Herman  Weyrauch  has  been  appointed  superintendeat  of  the 
works  of  the  American  Spray  Co.,  at  Ellzabethport,  N.  J.  Mr. 
Weyrauch  was  formerly  with  the  Babcock  Printing  Press  Co., 
New  London,  Conn.,  and  with  R.  Hoe  &  Co.,  New  York  City, 
for  sixteen  years. 

W.  H.  Thompson,  for  many  years  prominent  in  the  heavy 
electric  traction  work  of  the  Westlnghouse  Electric  &  Mfg.  Co., 
East  Pittsburg,  Pa.,  has  resigned  to  take  the  position  of  works 
manager  with  the  Fairmont  Mining  Machinery  Co.  of  Fair- 
mont, W.  V'a.,  makers  of  coal  mining  equipment. 


Claude  H.  Davies  has  assumed  the  management  of  the  gen- 
eral publicity  for  S.  F.  Bowser  &  Co.,  Fort  Wayne,  Ind.  Mr. 
Davies  has  been  connected  with  the  company  for  twelve  years, 
and  during  the  past  two  years  has  been  managing  the  New 
York  district.  His  headquarters  will  be  at  the  home  oflSce  in 
Fort  Wayne,  where  he  will  be  in  close  touch  with  the  general 
sales  and  publicity  work  of  the  firm  in  its  entire  field. 

William  T.  Price  has  resigned  as  manager  and  chief  en- 
gineer of  the  De  La  Vergne  Machine  Co.,  Oil  Engine  Depart- 
ment, to  become  president  of  the  P-R  Engine  Co.,  Inc.,  New 
York  City,  and  second  vice-president  of  the  Rathbun-Jones  En- 
gineering Co.,  Toledo,  Ohio.  The  latter  company  will  under- 
take the  sale  and  manufacture  of  Price-Rathbun  stationary 
and  marine  oil  engines,  which  incorporate  a  method  of  fuel 
injection  developed  by  Mr.  Price. 

Paul  T.  Irvin,  who  has  been  associated  with  the  Wells  Bros. 
Co.  and  the  Greenfield  Tap  &  Die  Corporation,  Greenfield, 
Mass.,  for  twelve  years,  Jias  resigned  his  position  as  sales 
manager  of  the  Gage  Division  to  become  general  sales  manag- 
er of  the  Lincoln  Twist  Drill  Co.,  Taunton,  Mass.,  of  which 
Edward  Blake,  Jr.,  formerly  of  Wells  Bros.  Co.  is  vice-presi- 
dent and  general  manager,  and  Frank  O.  Wells  and  Frederick 
H.  Payne,  president  and  vice-president  of  the  Greenfield  Tap 
&  Die  Corporation,  are  directors. 

Herbert  S.  Lester,  formerly  with  Manning,  Maxwell  & 
Moore,  Inc.,  who  volunteered  in  the  27th  Division  U.  S.  Army 
last  June,  has  been  commissioned  Second  Lieutenant,  U.  S.  R., 
in  the  Ordnance  Department,  and  assigned  to  active  duty  with 
the  Engineering  Bureau,  Motor  Equipment  Section,  Washing- 
ton, D.  C.  Lieutenant  Lester  is  an  ex-member  of  the  First 
Armored  Motor  Battery  N.  Y.  N.  G.  and  served  as  despatch 
rider  for  Adjutant  General  Stotesbury  during  the  mobilization 
of  the  New  York  National  Guard  last  spring. 

L.  S.  Neuschul,  managing  partner  of  the  Mett  Engineering 
Co.,  Petrograd,  who  recently  arrived  from  Russia,  expects  to 
be  in  this  country  about  sixty  days  and  will  then  return.  He 
can  be  reached  while  here,  at  the  company's  New  York  office, 
1  Madison  Ave.  Mr.  Neuschul  is  optimistic  about  the  future 
of  Russia,  believing  that  the  good  sense  of  the  Russian  people 
will  in  time'assert  itself,  and  result  in  a  stable  and  progressive 
government;  but  he  acknowledges  that  it  will  be  some  time  be- 
fore conditions  approach  normal.  When  they  do,  he  expects 
a  gradual  but  strong  industrial  development  in  his  country. 

Loyall  A.  Osborne,  vice-president  of  the  Westlnghouse  Elec- 
tric &  Mfg.  Co.,  East  Pittsburg,  Pa.,  and  chairman  of  the 
Executive  Committee  of  the  National  Industrial  Conference 
Board,  has  been  appointed  by  the  Secretary  of  Labor  a  mem- 
ber of  a  committee  on  industrial  peace  during  the  war.  This 
committee  which  consists  of  five  representatives  of  employers, 
five  labor  leaders  and  two  public  men,  will  provide  a  definite 
labor  program  in  order  that  there  may  be  industrial  peace 
during  the  war,  thus  preventing  interruption  of  industrial 
production  vital  to  the  war. 

Leon  O.  Hart  has  been  elected  treasurer  and  a  director  of 
the  Driver-Harris  Co.,  Harrison,  N.  J.  Mr.  Hart  was  gradu- 
ated from  Stevens  Institute  of  Technology,  and  after  grad- 
uation worked  as  a  cadet  engineer  with  the  Public  Service  Gas 
Co.  of  New  Jersey  for  about  a  year.  He  became  associated 
with  the  Driver-Harris  Co.  as  electrical  engineer  in  1908,  and 
served  In  that  capacity  until  March,  1917,  when  he  was  elected 
assistant  treasurer.  Mr.  Hart  is  widely  known  throughout  the 
electrical  Industries,  and  is  a  member  of  the  American  Electro 
Chemical  Society  and  the  American  Society  of  Electrical  En- 
ginoprs. 


COMING  EVENTS 


April  1»-12 — Hltih  •nn^jal  tn<-i-llni  of  Ihi!  Clinni 
b»r  of  C'imiano'  of  tb*  IlnltKl  HUtci  of  Amerl. u 
•  I    lb>   CoocnrM   llool.   Cblmfo.    lU. 

April  It-M— Nallunal  rorrljn  Tri<l«  (^ounrll  roj 
t-r^ar*  In  Oliwlnaall.  Oblo:  OII»on  llotrl.  hi-i>lr|uiii 
««..  (u-rrmrj,  O.  K.  D«t1i,  I  lUnotrr  K<iiiar< 
Mfw   Tork  CMt- 
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•"  •    V«D    I>..ni    A    Dnllon    Co. 


Mll.lri-th,  cnrf  of  Whitioinb  Hlnlinlill  Muihliie  T..,,l 
I  '>.,    Wurri.Klcr,   Moiui.,   gcnornl  mannniT. 

Juna  20.2S— Fifth  uiiniinl  roiivt-ntlon  of  Ihi- 
\ni..r|.nn  Drop  Korgo  A«»o<-liillon  hold  nt  Hi.- 
Ir.Kinolpu.  Ilolrl.  Iluiralo,  N.  T.  B.  D.  Uonie.  ■■The 
.\in.Tl.nn  Drop  Forger,"  108  BmltbOcld  St..  ritt«- 
liurg.    Tn.,    w.-rr'tnrjr. 

Ootob«r  7-18— Joint  coiiTonllon  of  th»  Aniorlcnn 
Foiin.lr)riM.m'ii  .\»imic  lotion  cind  the  Amrrlrin  loatl- 
lolc  of  M<-lal>  In  Mllwanltrc.  Wl«.  Concurront  with 
llifa<'  niFFltnga  Ihi-rf  will  Ixi  an  cilill.lllon  of  foiin. 
■Irr   .■.lolpinrnt.    run.  hirii'    I. ...I.,    nn.l    n.,  ,.NK..rlf». 
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It      mavllni     of      lh»      llo'hnalt.r 

.1    Draflanion.    la    ll'mtna    IHI  1)17 

•    Main    Ht  .    K„    llorbnlar,    N.    V 

»K  he,-. 

-    '■         Jr.     aa^r^larr.    K7    n<-na>i-«    HI, 

Mar    1 

'>  17 — lolnl    rnn»all„f>    nt    lh>    N.l|nn>l    Hnf 

<■•■        •■:,r,,       li,.\,,,-       A.I,.,.  l.n.,„        t 1..,,. 
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SOCIETIES,   SCHOOLS  AND 

fOI.T.KOKS 


Oatalncila 

I1117101S, 

Hihuul     u!     Mlnr.     an.l     M.l«llur«j.     lulvrraltj     of 

MlnaiMirl,     Holla,     Mo        llnlli'llri     for    ll<  tolx-r,     1017. 

.onl»lnln(    n-«l.lor    of    crndnnlc.    ,.o.|    a    Hat    of    thi- 

iiMlTi-rallr    liii-n    now    In    nillllar;    ».r<|if. 

PolrlaohnIn  Inalllula  of  Brooklyn.  Collaia  of  Fn 
rlnaartni.  Itroohlrn.  N.  Y.  |-alalo|o»  lllll|.|(llll. 
■  ..nialnloc   rnlmilar   and   ronraa  of  atiidli'a. 


;kw  books  and  pamphlets 


Mtala  Collrga,   llarrlalmrg. 


Hi'at  Transmlaalon  Tlirouith  Building  Matarlala.  Ilj 
J.  A.  Moycr,  J.  V.  liilclorwood,  and  M.  l".  H.'l- 
innn.  0  pngoa,  0  by  ll  Inchoa.  Publlahpd  b.v  Ih* 
Knglncorlng  Hxporlnu'iit  NIntlon  of  tbo  rtuinayl- 
vnnln    Htule   OoUpgo,    IlarrlabnrK,    Ta. 

Purchaaing  Coal  by  SpoclDcatlon  and  Mothoda  of 
Sampling.  Ily  J.  A.  Moyrr  and  J.  P.  CaldiT- 
wood.  10  pngi-a.  (1  by  0  Im-hi-n.  I>ubll«hod  l«y 
Iho  Knglni'irlng  Kipi'rlnipnt  Klntlon  of  thp  Pelin- 
Hylrnnln   Sliili.   Collvit.'.    Ilnrrlnluirg.    Pa. 

Empirical  Mothod  of  Analyala  of  Coal— Dry  and  Wot 
Coal  In  Houao  K«atlng  Bollora.  Ily  J.  P.  Cnl- 
ilorwcKMl  and  J.  J.  Miilil.  'Jn  pasfa.  0  by  0  In.-li- 
r».  I'ubllHhod  by  the  Knglncrrlng  RtlM«rlnii'nt 
HIntlon  of  Iho  IVnnaylrnnla  HInIo  Oollogo,  Hiir- 
rl.lMirg.    Pa. 

Poronntaga  of  Tztraotlon  of  BItuntlnoua  Coal  with 
Bporlal  Roforonoa  to  Illlnnia  Condltlona.  Ily 
(1.  M.  Young.  17a  pagoa.  «1  by  It  In.hoa.  Pub- 
ll'hod  by  Iho  Knglnoi'rIng  Kiprrlnionl  Htatlon 
of  Iho  I'niToralty  of  lllluola.  Ilrbana,  III.,  aa 
llullrlln    No.    KHI. 

Elootrlo  Pumping  with  Roaulla  of  TaaU  and  Operat- 
ing Kororda.  Ily  II  W.  Wagnor.  NO  pagva, 
II  by  II  In.hoa.  l-iibllKhoil  by  tlio  ICnglnoorIng 
Kip<rlinonl  Htallon  of  Iho  Iowa  Htnio  Oollogo 
of    Agrl.ulluro   and   Moihanlo    Aria,    Ainoa,    town. 

»•     IlLlll.'IlM     No.     4(1, 

llrnajlloa     and     Droaohlng.       Ily     Rlhon     Vlall.       »1 
p.>go«.    II    by    11    Inrho.;     IH7    llliialratlona.       Pub 
M>ho.l   by    Iho    MoOraw  lllll    Ibmli    Co.,    Inr,.    Now 
niy.      Prir.,    12. 

ik  la  rompllod  mainly  from  arllrloa  ralxl- 
•  ailbJo«>l  of  broarhing  thni  haro  apiH«rod 
lo  llMio  In  Iho  "Amorbnn  Mn.hlnlal."  nn.l 
varloly  of  Infonnalhin  on  tb*  aubjorl.  II 
rtlvldod   Into   aorrn   diallnri    aorllona,    nna  daaling 
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The  LUCAS 


(OF  CLEVELAND) 


"PRECISION" 

BORING,  DRILLING  AND 

MILLING  MACHINE 

ALWAYS  GOOD 

and  as  time  goes  on 

ALWAYS  BETTER 


Lucas  Machine  Tool  Co.,  ^^^  Cleveland,  0.,  U.S.  A. 
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with  broaching  and  broaching  tools  in  general,  and 
another  with  standard  types  o£  broaching  machines. 
The  other  sections  take  up,  In  order,  examples  ol 
pull  broaching  work  and  practice,  push  broaching 
work  and  practice,  the  design  o£  puU  broaches,  the 
design  of  push  broaches,  and  the  making  of  broach- 
es In  view  of  the  interest  in  Information  on  the 
Bo'bject  of  broaching  and  broaches,  it  la  likely  that 
many  toolmakers  wlU  find  suggestions  of  value  In 
this  book. 

Horizontal  Cylindrical  Tank  Gaging,     By  J.  B.  Mor- 
row.    68  pages,  4%   by  TA   inches.     PubUshed 
by  S.   O.  Spencer,   Oakland,   Cal.     Price,  $10. 
This  book  presents  In  convenient  form  rules,  tables 
and  explanations  by  the  use  of  which  the  contents 
of  horizontal  cylindrical  tanks  may  be  computed  and 
tabulated.     The  method  Introduced  in  this  book  Is 
very  simple;  only  one  basic  table  is  needed  for  ac- 
curately finding  the  contents  of  horizontal  cylindri- 
cal tanks  of  any  diameter  and  at  any  level,  whether 
the  heads  of  the  tanks  be  bulged  or  flat.     The  meth- 
od la  based  on  ratios  or  percentages,   and  therefore 
the  results  may  be  obtained  with  equal  ease  in  any 
nnlt  of  volume.     The  book  should  be  of  especial  val- 
ue to  anyone  who  has  use  for  formulas  and  tables 
for  quickly  and  accurately   determining  the  volume 
of  partially   flUed   horizontal   cyUndrical   tanks,      m 
addition  to  the  Information  applicable  to  problems 
of  this  kind,   the  book  contains  a   number  of  mis- 
cellaneous problems  and  examples,  as,  for  example, 
car  tank  dome  capacity,  computation  of  the  capacity 
of  the  compartments  of  a  wagon  tank,  etc. 
American    LubricanU.      By    L.    B.    Lockhart.      ^6 
nages,  6  by  9  inches;  numerous  Ulustratlons  and 
tables.     PubUshed   by   the   Chemical   Publishing 
Co.,   Easton,  Pa.     Price,   J2.  j     ,  » 

This  book  has  been  prepared  from  the  standpoint 
of  the  consumer,  and  is  intended  as  an  aid  to  the 
user  and  buyer  of  lubricants.  Throughout  the  book 
information  of  value  to  the  user  rather  Ulan  to 
the  refiner  Is  given,  making  It  possible  for  the 
former  to  select  oils  and  greases  Intelligently.  The 
book  covers  a  wide  field,  and  for  convenient  refer- 
ence Is  divided  Into  twenty-seven  chapters,  having. 
In  addition,  a  section  of  viscosity,  Baume  gravity, 
and  other  useful  tables.  The  field  covered  by  the 
book  is  best  Indicated  by  the  chapter  headings 
which  are  as  foUows:  Crude  Petroleum;  Eefli^hg 
of  Petroleum:  Beftned  Products;  Friction  and  Lubri- 
cation- LubricaUon  of  Internal  Combustion  Engines; 
Automobile  Lubrication;  Lubrication  of  Electrical 
Machinery;  Lubrication  of  Steam  Cylinders  and 
Steam  Engines;  Lubrication  of  Steam  Railways; 
Lubrication  of  Cotton  Mills  and  other  Textile  Mills; 
Lubrication  of  Miscellaneous  Plants  and  Machines; 
Physical  Methods  of  Testing  Lubricating  Oils; 
Chemical  Methods  of  TesUng  Lubricating  Oils; 
Lubricating  Greases;  Methods  for  Testing  and 
Analysis  of  Greases;  Animal  and  Vegetable  Oils; 
Methods  of  Testing  Fatty  Oils;  Specifications  for 
Fatty  OIU;  Spcclflcatlong  for  CyUnder  Oils;  Speci- 
fications for  Special  Engine  and  Machine  Oils  and 
Car  Oils;  Specifications  for  Cutting  SUs;  Specifi- 
cations for  Greases,  Graphite,  Boiler  Compound,  and 
Cotton  Waste;  Specifications  for  Burning  Oils; 
Specifications  for  Gasoline  and  Fuel  Oil;  Gasolines; 
Kerostne;   and  Tables. 
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St.  Their  rapidly  Increasing  business  has  demand- 
ed more  space,  and  the  new  shops  occupy  four 
floors  of  a  large.  weU-Ughted,  modern  building  af- 
fording 88,000  feet  of  floor  space. 

Koyal  Mfg.  Co.,  Eahway,  N.  J.  Catalogue  cntl- 
Ued  ■•Producing  the  Fittest  in  Waste",  describing 
Royal  cotton  waste  which,  it  is  claimed,  has  been 
so  made  as  to  be  of  uniform  quality  and  to  have 
the  maximum  of  absorbency.  The  catalogue  is  Ulus- 
trated  with  views  showing  the  stacking,  sorting  and 
grading,  mixing,  pulling,  screening,  machining,  in- 
specting,  weighing,    and   baUng. 

Parker  Mfg.  Co.,  Ann  Arbor,  Mich.  Circular  of 
Parker  Morse  taper  and  straight  arbors,  Morse  tap- 
er shanks,  and  high-speed  driU  chucks.  The  drUl 
chuck  shanks  are  classified  into  groups  according  to 
the  tapers  In  the  back  of  the  chuck.  The  names  of 
chucks  which  are  Interchangeable  on  Parker  arbors 
and  the  arbors  and  the  groups  to  which  they  belong 
are   tabulated   to  facilitate  ordering  arbors. 

Vulcan  Engineering  Sales  Co.,  1765  Elston  Ave 
Chicago,  111.  Catalogue  S,  illustrating  and  aescnb- 
ing  eai^a  pneumatic  riveters.  Particular  attention 
is  called  to  special  machines  to  b^^^^^.  f°  '?^^„<^,?^: 
ing  structural  shapes  and  forms  for  *!>«  shlpbulld 
inl  program.  Many  designs  for  use  In  automobile 
punt/,  boiler,  tank  and  locomotive  shops  are  pre- 
sented. The  catalogue  also  Includes  tables  giving 
capacities,  dimensions,  weights,  etc. 

Oakley  Machine  Tool  Co.,  Cincinnati,  Ohio.  Cir- 
cufar  illustrating  and  giving  apecifications  for  the 
Oakley  No.  2  universal  cutter  and  tool  grinder.  The 
Internal  grinding  attachment,  surface  grinding  at- 
Ucl^ent^  and  g^ear-cutter  grinding  attachment  are 
^o  illustrated,  and  views  are  Included  showing  the 
machine  in  use  grinding  parallel  blocks,  snap  gages, 
"at  forming  tolls,  spiral  mills,  angular  cutters, 
saws,   taps,   inserted-tooth  mills,   and  other  work. 

Eogers  Fibre  Co.,  121  Beach  St  Boston  Mass., 
have  been  incorporated  with  a  capitalization  of  $2  500  - 
nnn  and  have  taken  over  the  business  of  the  Na- 
Honar Fibre  Board  Co.,  the  Leatheroid  Mfg.  Co.,  and 
he  Mousam  Counter  Co.  manufacturers  of  leather 
oroducts.  The  officers  of  the  new  corporaUon  are 
Elliot  Rogers,  president;  Ix,uis  Rogers  -ij^e-pre-- 
rtpnf  Stephen  Moore,  treasurer;  Eric  O.  HallDerg. 
assil'tant  Measurer;  and  Leon  B.  Rogers,  general 
manager. 

Cling-Surfaoe  Co..  lOlS  Niagara  St.  BuSalo 
NT.!  manufacturers  of  belt  preservatives  have 
Tssued  a  chart  by  means  of  which  the  loss  due  to 
slipping  belts  may  be  easily  determined  in  dollars 
and  cents.  As  the  power  loss  due  to  slipping  belts 
is  one  of  the  simplest  losses  to  overcome,  and  as 
S>lts  are  used  to  such  a  great  extent.  It  will  pay 
^'  ook  into  the  losses  due  to  this  cause.  The  chart 
suDDlled  shows  the  extent  of  the  loss  in  a  very 
graphic  manucr.  and  indicates  how  the  annual  coal 
or   power   bill   may    he   reduced. 

Westinghouse  Electric  &  Mfg.  Co,.  Bast  Pitts- 
burg Pa  Reprint  of  articles  entitled  •'Electrically 
Heatecfiapannlng  Ovens.''  by  0.  F.  Hirshfleld,  and 
"Heat  Calculations  for  Baking  and  Drying  Ovens, 
by  Wirt  S.  Scott.  These  articles  treat  of  genera 
considerations  of  electric  heating  tor  Japanning  and 
drying  ovens  and  outline  a  detailed  method  of  cal- 
.ulation  for  the  amount  of  heat  re<iulred  to  raise 
the  temperature  ot  the  work,  of  the  supporting  ami 
■a?rylr^  parts  su.h   as   trucks,    and  of   the   ventllat- 
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FoiUr  Machine  Co..  Elkhart,  Ind.  Catulnguc  con- 
Ulnlng  detailed  de»cripUon  of  Foster  countershafts 
of  the  friction  clutch  type,  and  tables  ot  dimensions. 
IhMD  &  Co.,  <M  Kcefe  Ave.,  Milwaukee,  Wis. 
Ball'-tln  of  I.  A  C.  gage  standards  which  are  made  In 
Mt«  of  any  denlred  combinations  varying  by  steps 
of  fractions  of  Inches  or  millimeters. 

jr  Y.  KeTOlrlnf  PorUble  Elevator  Co.,  »43-351 
Oarfleld  Arc.  Jersey  City,  N.  J.  Calendar  for  1018 
•bowlni;  i.lctures  of  the  "Bevolvalor"  In  use  piling 
bslpa.   iMdIng  tnickii,  piling  In  freight  cars,  etc. 

Swan  k  Flnoh  Co..  105  Brosdwny,  New  York  City. 
ClrmliT  fnlltled  "Solrlng  that  DIfllcult  Machine 
ITot.l'tu  "  tn-ollng  of  the  lubrication  of  mnchlnery 
tod  of  the  characteristics  of  "Hlo-Flo"  lubricant  In 
psrllculnr. 

U.   B.   Bmsltlnf  Farnaco   Co.,    B<'lle»llle,    III.     tJIr- 

rnlsr  nf  •   now  noii-micll.li-  smelling   furnace   which 

I.  ,i,i„,.,i   to  Ik-   •   ro«t-r<-rtu<-er   fur  brass   foundries. 

■      I,  ,,1-ri    vrlll   )f   built    In   »»ri'>ci«   »ll<-«,    havlnit 

.  ,  of  200.  r/Xi,   1000  and  2MX)  iwunds. 

,   ur,    Co..   ni    Terrace,    Iluffalo.   N.   Y.     Clr- 

-    •■•     Ilnioo   slottlnf    slUchment 

l,y   meana  of  which  dies  or 

ruirlilnlni   of   Irregular   form 

,.  «i.ll   na  Mtrr1r,r  mirfares. 
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Fulflo  Pump  Co.  have  moved  their  mniu  ol"«  an. 
factory  from  Cincinnati,  Ohio,  to  their  new  pant 
at  Btanchester,  Ohio.  All  future  com.uunlcatlons 
Hhould  be  addressed  to  Blnnchcstcr. 

Amalgamated  Bras.  Co.  have  -"oved  their  malt. 
oHlic  and  fa.-tory  from  Cincinnati.  Ohio,  to  their 
new  iilant  at  liUnchester.  Ohio.  All  future  com- 
munications  should   be  addressed   to   lllnnchestcr. 

CttU  J.  Bath  &  Co.,  Cleveland,  Ohio,  mnchlnery 
.innlera  have  removed  their  olllccs  from  the  I/Cnder- 
N.°ws  hiSg.  to  TJI  St.  Clair  Ave..  N  B.,  where  a 
"l.reHentntlvc  .lo.k  of  machine  tools  Is  malntaltiod. 
Coohrane-Bly  Co.,  Itorhester,  N.  Y.,  have  broken 
groimd  for  a  large  oncslory  brick  addition  to  their 
f,r"""nt  plant.  This  will  give  double  the  present 
n<rr  spa'.,  and  facllltato  the  In.lldInK  "f  their  unl- 
viTsnl   die   shniiers  and   cutllngolT   uiachlnes. 

Woillnghouso  El.otrie  &  Mfg.  Co..  Kast  Pllt"- 
bnri  fn  have  removed  their  Arliona  oIUco  from 
I-bor'nll  to  Tiicw)n.  The  reiiresentntlves  of  the 
;„mp.ny.  J.  II.  Kno.t  and  W.  O  Wl"-"-;.  "'•' 
have    hendiiunrler.   In    the    Inimlnrnllon    llulldlng. 

Long  It  AlUl.iter  Qp-  Unmllton,  Olil".  I'""  1'"'. 
.hnx'd  the  bulldlnit*  and  grounds  of  the  Ilenlcl  * 
Mariirdcnl  Co..  of  llnmllton.  Tho  oxpnnslon  of  the 
wr.rka  of  111"  !>'"«  *  Allalnller  <'o.  wna  made  ncce». 
.,„r     t.y     Ih"     111' rcn.lnit     d-mnnd     f<ir     their     power 

,„ h-a   and   .hearing    ninchlnerr. 

W.atlnihou..  El.olrto  ft  Mfg.  Co.,  Ka.l  ritl. 
Inlrl  I'a  ha»«  leaaeil  the  llnller  Hlove  Co.,  Mnna- 
llelrt.'  ..Mo.  for  .  period  of  year,  with  the  Inlentio,, 
of  ron~.lldatln«  at  Ihia  plant  the  manufacture  ..r 
Ih^lr  healing  a|.|.llancr.  now  iK-lng  carried  on  at 
■.una  of   the  othor   We.llnghonao   planla. 

Wsitlnghoui.  EUolrlo  *  Mfg.  Co.,  P.a.l  I'ltl. 
bun  I'a  .  hav.  rerentlr  aecirrd  the  eicl.ialto  aal— 
a.oii'ry  In  the  United  Htalea  f..r  Kranliel  a.d.lerl"" 
...nne'lor..  whLh  ar«  widel,  .,~.d  for  Joining  ele.- 
Irl'al  wirea  and  ralilea.  Tha  WMllnihouas  Klerlri.- 
A  Mfg.  Co.  will  alan  srI  sa  dlalrlliulon  of  llie 
ITaokel    l.-a(ln«    rllpa. 

K>ti.r  M.chlnarr  Co.  ha.«  ronaolld.led  with  W 
11  llo.,li»',n  *  <o  .  cifHirlera  and  ImiKirlara  of  len 
•ral  material  whow,  oHlrc.  ara  In  the  Ilaal  l.alali- 
•Tr.i.l    llldg  ,    I'hilart.lphla.    I'a  ,    ami    hare    adil.d    a 


Machinery.  Engineering  and  Hardware  Department 
which  will  handle  all  exports  and  domestic  prob- 
lems for  machinery.  Paul  E.  Ketzer  la  manager  of 
the  new  department. 

Westinghouse  Electric  &  Mfg.  Co,,  Bast  Pitts- 
burg? ^,  have  moved  the  Pittsburg  Service  De- 
parFment  from  its  former  location  on  Ambersun  Ave 
to  new  quarters  at  6905  Susquehanna  St..  in  the 
Homewood  district  of  Pittsburg.  Express  and 
freight  should  be  consigned  to  East  liberty.  Pa., 
via  P  B  R  The  Automobile  Equipment  Service 
Departmeit  has  also  moved  to  the  new  location. 

Greenfield  Tap  &  Die  Corporation,  Greenfleld. 
Mass  ;  on  March  5  formally  opened  the  r  "fw  office 
building  and  shipping  room  and  recreation  building. 
The  erfction  of  Ihese  two  buildings  -""^s  the  com- 
plete amalgamation  of  the  various  »°"%,''°'».  f '  ! 
ions  of  the  Greenfleld  Tap  &  Die  Corporation  in  dif- 
ferent parts  of  Greenfleld.  About  five  thous.ind  per- 
sons visited  the  buildings  during  the  afternoon  and 
evening.  Souvenir  booklets  describing  the  new 
buildings  were  distributed. 

Walter  H.  Wade,  311  Atlantic  Ave.,  Boston. 
Mass"  manufacturer  of  bench  lathes  nn.I  sijeelal 
tools  and  equipment,  has  bo^l^t  tlie  nan  l  of  the 
American  Watch  Tool  Co-^^^^bam,  W  ss  to 
gether  with  the  patterns,  drawings,  ntta.  hments 
Ind  accessories  of  the  No.  8  bench  latlie  ";'';«  by 
that  company.  He  has  also  acquired  the  bench  pro- 
flling  machine  made  by  the  American  Wach  iool 
Co  Mr  Wade  will  continue  manufacturing  these 
machines   in   his   present    factory    in    Boston. 

Betts  Machine  Co.,  Rochester.  N.  T.,  will  carry 
on  the  business  formerly  handled  by  the  ">="«  Ma- 
chine Co..  Wilmington,  Del.,  and  cont  nue  to  b .  Id 
this  company's  line  of  boring  mills  slottcrs  I  an- 
ers  etc  i  this  line  will  be  improved  an<l  nddil  ons 
wui  be  ^ade  to  it.  A.  H.  Ingle,  who  is  l"oslden 
and  manager  of  the  new  Rochester  con.  en,  ot. 
February  1  bought  the  patterns.  Jigs,  flfures.  and 
parts,  as  well  as  good  will  of  ""e  Belts  Mac  j.ne 
Co.  of  Wilmington.  The  business  ^1"  b"!  h"  ited  In 
a  new  brick  and  concrete  building  which  is  being 
erected  adjacent  to  the  plant  of  the  «.  u  gcford 
Machine  Tool  Works,  of  which  Mr.  Ingle  is  also 
president  and  manager. 

Fulton  Steel  Corporation,  165  Broadway,  New  York 
City,  announce  that  the  officers  of  the  compu.iy  are 
ores  dent,  H.  C.  Beaver,  formerly  assistant  to  the 
nreSdent  ot  the  Aliis-Chalmers  Co.  and  general 
manager  of  the  Bullock  Electric  Mfg.  Co  ;  v  ce- 
Tresfdent  °n  charge  of  production,  William  I!.  Mor- 
rison, formeriy  of  the  Macintosh-Seymour  Co  of 
Auburn  N  Y.;  treasurer  and  secretary,  SalToKl  A. 
CrumrSey;  metallurgist,  Irving  R.  Va'^""'';;  "l^ 
superintendent,  Clarence  L  Cllne,  formerly  with 
the  Latrobe  Electric  Steel  Co.  and  the  Firt  Ster^ 
ling  Co.  The  company  occupies  a  '"»'"  ,'""1""^ 
SO  bv  240  feet  with  crane  runway  extensions  of  an 
^ddulona?  820  feet,  on  wdiich  Is  operated  a  ten-ton 
Shaw  crane.  Plans  are  being  made  for  the  exten 
sion  of  the  i.lant.  which  will  give  additional  melting 
capacity   up   to  50   tons   per   day. 

Worthington  Pump  &  Machinery  Corporation  115 
Hroadway,  New  York  City,  have  made  the  follow- 
ng  changes  in  the  personnel  of  the  o, ,-.,.,  zatlon 
Jumes  E  Sague  has  been  made  vice-president  lu 
cirrge  of  engineering  and  manufacturing.  Leon 
P  reustraan  has  been  made  vice-president  '■'  ohnr*' 
of  ireneral  commercial  aCTalrs,  Including  contracts, 
prices  purchases,  trafllc,  etc.  Frank  H.  Jones  hn. 
been  n.ade  vice-president  in  <-l'"'-B«  .°'  ,f"'J^'  ,''^^^. 
William  Goodman  has  been  made  assistant  to  vlce- 
prsldcnt  James  E.  Sague,  Wim,.m  ScMvun  m..ss« 
ms  been  made  chief  engineer.  Ed'rard  1-  "'™«'^« 
has  been  made  general  sales  n'anag^"-'  '  "''  ^barlts 
E.  Wilson,  assistant  general  sales  ""anng.  r.  ne..  u. 
T  amont  has  been  made  works  manager  "t  the  Uilti 
hn?  works  with  office  at  Elmwood  Place,  Olnelnnatl, 

Swan  *  Flnoh  Co.,  165  Broadway,  New  TofU  ClltJ. 
mnnufacturers  of  special  oils  and  greases  hnv*  re- 
"".tly  celebrated  '.heir  -Ixty-flfth  blrthc  ny^  ho 
business  was  started  In  Februnry.  1«M  '"  "  """' 
b  lldlng  at  «  water  St.,  New  York  ''l  >•;";'' 
has  grown  until  today  the  main  plant  at  B"y«ny, 
N  J,  covers  over  fifteen  acres  with  piers  at  w  Icl 
Tank  boats  and  ocean-going  »"■"■»""  '°^"'„,  ^,  ^ 
orlclnni  business  of  the  company  consisted  of  no 
aJ  e  of  Illuminating  oils  and  "j'-';""'"'  .  "jj^";  '« 
flsh  and  animal  oils,  sperm  ""''""•'■^ ,"''"'"  ""; 
»en  elephant  oils,  black  Ilsl.  and  li.rd  oils.  At  lie 
nreaent  lime  11)7  distinct  oils  and  greiises  are  nuiuu- 
facluredTho  entire  development  of  li.e  col..l.ii..y 
his    been    a  ong    "aervlce    Idea"    lines.      A    corps   of 

len.ls  .  a.  d  Held  engineers  Is  mnlntnlned  whose 
d,  ,  I  1.  to  analyse  the  ..eod,  of  each  euslon.er 
„  I  ai  PP  J  he  special  product  required,  and,  who.™ 
n"lea7ary,    to    develop    new    products    to    .neel    new 

""wMlman  ft  Barnes  Mfg,  Co..  Akron.  Ohio  b,iv« 
made  "r  foil,  "ing  cbnnge.  In  their  Hiilea  Deparl. 
m"nl-  A  l"  Ilsll  vice  pre.ldent  of  the  ™n>l"<»T. 
will  i.nve  aupervlalon  of  the  company  a  sales  Mr. 
M  11  .«.  been  connecfd  wllh  Ih.  ''""••'""^  "f  '» 
oii.l  iwcniyt.ne  yeara  In  rnrlnna  aiil.'S  and  >r- 
nclal    cspnclllea.      Ilia    early    ■•"""''•'';'''"    ""''„;|,.,, 

:r.i;;::"h"^:eid"u."n  ■."a^tra^i.TfeVto  z  ionerm 

.m  "  "t  Akron,  U.  H.  Carter.  .ll..rtct  re,."....  «• 
tlvn    of    Ihe    company,    wllh    hea.l.p.sr  era    I"    >•'<»• 

;;;^gr;r:iirr;^"irr:,^;ror"ir:«":.;?rin 

and  reamer  aalea  from  the  general  "III.  e.  II.  10. 
nlher,  fonnoriy  with  Ihe  I'llt.burg  M'"'^'  '«"«"'; 
C.  I'lll.l.iirB.  I'a..  will  aucend  It  H,  ""■'""" 
„iechan|.al  engineer  and  will  hare  .  horge  of  .ales 
Z  the  I'l.l.luirg  dl.trlcl.  1-aul  K.  Thoma.  of  Oh  ■ 
,..ro  nlio  haa  liern  pnuulnenl  for  yeara  In  rnllronil 
."  lea  n  .he  tianic  .lepar.ment  of  the  Hn.lH.anl 
Air  l.lnea.  haa  Iwel,  made  aalea  "•"""«-,»'!'•' 
...lopanr  In  charB"  nf  Ihe  dnparlinenl  of  wrenche. 
and    aprlnl    mllrr.. 
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N  operating  a  manu- 
facturing plant  in  a 
country  that  is  rich 
in  natural  resources, 
the  practice  of  thrift 
in   the   use   of   raw 


material  is  likely  to  be  regarded 
as  unnecessary;  but  as  the  re- 
sources of  that  country  become 
less  plentiful,  and  prices  rise  as  a 
consequence,  thrift  very  naturally 
becomes    a    matter    of    necessity. 

The  rise  in  prices  of  materials,  which  naturally  follows  the 
depletion  of  supplies  as  a  country  grows  older,  is  brought 
about  artificially  in  war  time,  due  to  an  increased  demand  for 
materials,  to  the  reduction  in  purchasing  power  of  money, 
and  to  various  other  causes.  As  a  result,  the  practice  of  thrift 
in  the  management  of  am  industrial  plant  in  war  time  be- 
comes even  more  necessary  than  in  times  of  peace,  owing  to 
the  absolute  dependence  of  every  army  upon  the  product  of 
the  manufacturing  plants  in  the  country  tor  which  it  is 
fighting. 

American  manufacturers  have  made  one  noteworthy  change 
In  their  methods  of  management  during  the  last  two  decades. 
When  raw  materials  were  more  plentiful  and  cheaper  than 
they  are  today,  the  improvement  of  rates  of  production  was  the 
factor  that  was  constantly  demanding  attention.  Now,  the 
maintenance  of  production  rates  is  still  of  the  utmost  im- 
portance, but  reduction  of  production  costs  through  the  con- 
servation of  materials  has  been  assuming  a  steadily  increasing 
importance,  until  today  it  ranks  with  keeping  up  the  rate  at 
which  product  Is  turned  out.  Numerous  examples  could  be 
cited  of  the  way  In  which  this  change  has  affected  manu- 
facturing practice  In  general,  and  machine  shop  practice  in 
particular.  In  this  article  It  is  the  Intention  to  describe  the 
salvaging  of  various  types  of  cutting  tools  that  are  used  In 
the  machine  shop,  and  to  explain  the  saving  that  Is  effected 
through  salvaging  these  tools  as  compared  with  selling  the 
worn-out  tools  for  Junk  and  replacing  thorn  with  new  ones. 
Economic  conditions  existing  shortly  before  the  war  had 
demonstrated  the  need  of  eliminating  serious  losses  which  re- 
sulted from  the  quite  general  practice  of  discarding  worn-out 
cutting  tools;  but  with  the  outbreak  of  war,  and  the  great 
Inirease  of  the  price  of  tool  steel,  due  to  reasons  that  have 
already  been  mentioned,  tool  salvage  became  one  of  the  Im- 
portant factors  In  meeting  the  greatly  Increased  demand  for 
milling  cutters,  reamers,  etc.,  to  satisfy  the  roqulronionts  of 
InduHtry  during  war  time. 

•A>»rH-lilF  K.lllor  .if  Mai  lirvlllT. 


Metal-cutting  tools  which  have  been  worn  or  damaged 
in  a  way  that  makes  them  unfit  for  service  can  be  eco- 
nomically reclaimed  by  firms  making  a  specialty  of  tool 
salvaging  operations.  Current  prices  of  tools  are  far 
above  the  catalogue  list  prices,  and  this  condition  has 
led  many  manufacturers  who  formerly  discarded  worn- 
out  tools  to  adopt  the  practice  of  having  them  salvaged. 
The  savings  made  possible  by  this  method  are  so  mani- 
fest, however,  that  It  seems  certain  that  many  who 
adopted  this  as  a  war-time  measure  will  continue  the 
practice  when  industry  once  more  returns  to  normal  con- 
ditions. This  article  explains  the  charges  made  for  sal- 
vaging tools,  the  savings  made  possible  by  this  practice 
as  compared  with  selling  worn-out  tools  at  their  junk 
value  and  buying  new  ones,  and  gives  a  brief  outline  of 
the  method  of  procedure  In  salvaging  several  commonly 
used   types  of  metal-cutting   tools. 


Established   Practice 
Tools 


in    Salvagring 


In  some  shops,  a  tool  is  regard- 
ed as  worn  out  when  the  teeth 
have  been  ground  down  to  a  point 
where  it  is  under  size  or  where 
there  is  insufficient  space  for  the 
escape  of  chips.  When  a  tool  has 
reached  this  condition,  there  is 
generally  a  lot  of  good  steel  which 
could  be  utilized  by  salvaging  the 
tool  to  adapt  it  for  further  ser- 
vice. Two  methods  of  procedure  are  possible  in  salvaging 
tools,  i.e..  the  steel  may  be  annealed  and  the  tool  recut  and 
rehardened,  or  a  grinding  wheel  may  be  used  to  regrind  the 
teeth  to  the  required  depth  without  the  necessity  of  any 
heat-treatment.  It  is  almost  universal  practice  to  employ  the 
latter  method,  because  trouble  is  likely  to  be  experienced  in 
attempting  to  reheat-treat  a  tool — particularly  in  the  case  of 
high-speed  steel.  Most  manufacturing  plants  find  it  more  eco- 
nomical to  send  out  their  old  tools  to  be  salvaged  by  concerns 
making  a  specialty  of  this  work  than  to  attempt  to  salvage 
them  in  their  own  shops.  W'hen  one  begins  to  consider  the 
various  factors  which  enter  into  handling  the  work  of  tool 
salvaging,  it  at  once  becomes  apparent  that  the  requirements 
of  this  work  are  somewhat  peculiar.  In  the  first  place,  cutting 
tools  are  sent  out  from  a  manufacturing  plant  to  be  salvaged 
after  they  have  been  worn  under  size  or  become  scored,  bent, 
or  otherwise  made  unfit  for  service.  There  are  three  possibil- 
ities in  handling  the  work  in  so  far  as  the  size  of  the 
reclaimed  tools  are  concerned:  (1)  This  size  could  be  the 
same  as  the  original  size  of  the  worn  tools  which  are  to  be 
reclaimed.  (2)  The  tools  could  be  ground  down  to  the  largest 
size  possible  without  employing  special  treatment  to  expand 
them  back  to  the  original  size.  (S)  The  tools  could  be  ground 
down  to  the  next  standard  size  by  intervals  of  1/8  inch  on  the 
diameter  and  by  1   16  Inch  on  the  width  of  face. 

In  practice,  (here  are  two  methods  which  are  almost  uni- 
versally followed  with  the  exception  of  methods  used  in  re- 
claiming reamers.  In  handling  all  kinds  of  cutters,  it  is  al- 
most the  universal  practice  to  reduce  them  to  the  next  standard 
size  by  Intervals  of  '^  Inch  on  the  diameter  and  by  intervals 
of  1/lfi  Inch  on  the  face  width,  because  most  manufacturers 
have  their  tool  cribs  arranged  with  cutters  classified  according 
to  size,  and  with  such  an  arrangement  there  would  be  con 
fusion  If  the  salvaged  tools  were  of  bastard  sizes.  In  re- 
claiming reamers,  this  practice  of  reducing  to  the  next  stand- 
ard size  Is  also  followed,  but  to  meet  the  requirements  of 
manufacturers  who  have  i-ortain  standard  reaming  operations 
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to  perform,  and  who  therefore  require  their  reamers  to  be 
reclaimed  back  to  these  standard  diameters,  the  Peninsular 
Tool  Salvage  Co.,  Detroit,  Mich.,  have  developed  a  method  of 
swaging  the  reamer  blades  to  increase  the  diameter  of  the 
tool  so  that  it  can  be  ground  back  to  the  original  standard 
size.  On  the  other  hand,  there  are  many  firms  who  are  using 
a  variety  of  sizes  of  reamers,  and  such  firms  can  use  their 
reamers  satisfactorily  when  they  are  salvaged  by  grinding 
down  to  the  next  standard  diameter  by  intervals  of  %  inch. 
As  an  example  of  practice  in  reducing  milling  cutters  to 
the  next  standard  size,  the  following  instance  will  explain 
just  how  the  proposition  works  out.  Take  the  case  of  a  mill- 
ing cutter  6  inches  in  diameter  by  %  inch  width  of  face. 
This  cutter  will  be  about  5  9/16  inches  in  diameter  by  11/16 
inch  wide  when  received  by  the  tool  salvage  concern.  The 
diameter  will  be  reduced  1/16  inch  to  5%  inches,  which  is 
the  nearest  standard  diameter,  while  the  width  of  face  will  be 
left  11/16  inch;  in  other  words,  no  reduction  is  necessary  on 
either  the  diameter  or  the  width  of  face,  unless  it  is  necessary 
to  reduce  the  size  of  the  cutter  to  the  next  standard  i^-inch 
Interval  on  the  diameter,  or  the  next  standard  1/16-inch  in- 
terval in  width.  The  work  is  done  within  commercial  limits. 
Mills  for  cutting  splined  grooves  in  shafts  are  regularly  sal- 
vaged and  held  to  the  original  width.  Where  special  instruc- 
tions are  given  to  leave  both  the  diameter  and  width  of  face 
as  large  as  possible,  tools  can  be  salvaged  to  within  0.005  inch 
of  each  of  the  dimensions  of  the  tools  as  they  were  received 
at  the  salvaging  shop.  The  diameter  of  reamers  is  usually 
reduced  to  the  next  standard  size  by  intervals  of  1/16  inch, 
although  the  practice  of  reducing  to  the  next  standard  size 
by  %  inch  may  be  followed  or  the  diameter  may  simply  be 
reduced  0.005  inch. 

Care  Taken  to  Avoid  Burning:  Steel  while  Salvagring  Tools 

When  firms  making  a  specialty  of  salvaging  tools  first 
started  to  solicit  business,  they  were  told  that  it  would  be 
impossible  to  grind  tools  down  to  form  new  teeth,  because  the 
heat  generated  during  the  processes  of  grinding  would  burn 
the  steel  and  make  the  tools  unfit  for  further  efficient  service. 
This  criticism  calls  attention  to  a  point  that  is  of  great  im- 
portance in  salvaging  tools,  as  it  is  certainly  most  necessary 
to  take  great  care  in  conducting  the  grinding  operation  to 
avoid  burning  the  steel,  if  tools  are  to  be  successfully  salvaged. 
Various  precautions  are  observed  by  the  different  firms  en- 
gaged in  this  work,  but  generally  speaking,  these  include  the 
use  of  a  soft  free-cutting  wheel  that  will  break  down  rapidly 
enough  both  to  maintain  sharp  cutting  edges  on  the  abradant 
and  to  prevent  creating  a  glazed  condition  of  the  wheel  that  is 
likely  to  result  in  burning  the  work.  So  far  as  the  use  of  a 
coolant  la  concerned,  there  is  considerable  diversity  of  opinion. 
Many  operations  are  performed  dry  with  satisfactory  results, 
provided  the  right  kind  of  grinding  wheel  is  used;  but  for 
certain  classes  of  work,  some  tool  salvaging  firms  maintain 
that  better  results  are  secured  through  the  use  of  a  liberal 
volume  of  coolant  on  the  grinding  wheel  and  work,  while 
others  claim  that  the  use  of  coolant  on  high-speed  steel  rc- 
Bults  In  producing  small  cracks  that  will  cause  the  tool  to  fall 
soon   aftfr   It   has   been   placed   In   service. 


Fig.  2.     Taper  Shank  End  Milling  Cutter  before  and  after  it  was  recut  by 
Peninsular  Tool  Salvage  Co. 

Consideration  of  Salvagring  Requirements  when  Desigrnin?  Tools 

Some  tools  of  a  given  type  lend  themselves  much  better  to 
the  requirements  of  salvaging  than  other  tools,  because  the 
tooth  form,  arrangement  of  clearances,  etc.,  are  so  arranged 
that  salvaging  is  quite  easily  accomplished.  In  other  tools, 
which  are  capable  of  giving  equally  satisfactory  results  when 
new,  the  design  may  be  such  that  the  salvaging  possibilities 
of  the  tool  are  quite  limited.  The  Goddard  &  Goddard  Co., 
Detroit,  Mich.,  do  a  business  both  in  the  salvaging  of  old 
tools  and  the  manufacture  of  new  ones.  The  new  tools  are 
especially  designed  with  a  view  to  their  subsequent  salvaging, 
and  with  these  tools  far  more  service  can  be  obtained  than  is 
possible  with  many  other  types  of  cutters.  The  trade  name 
"Go  and  Go"  has  been  adopted  by  this  company  to  designate 
its  tools,  because  it  is  claimed  that  salvaging  may  be  continu- 
ously repeated  so  that  the  tool  diminishes  in  size  until  prac- 
tically all  of  the  steel  is  "gone."  For  instance,  it  is  possible 
to  start  with  one  of  the  "Go  and  Go"  side  milling  cutters  and 
reduce  this  cutter  several  times  to  smaller  sized  cutters  of  the 
same  type;  then  it  can  be  converted  to  a  slitting  saw  which 
is  capable  of  being  salvaged  several  times  more. 

Cost  ot  Salvaging-  Tools 

Purchasing  agents  of  mantifacturing  plants  have  become  so 
accustomed  to  receiving  quotations  which  are  list  prices  and 
subject  to  certain  discounts  that  firms  engaged  in  the  tool 
salvage  business  have  adopted  a  similar  method  ot  quoting 
prices  for  the  service  which  they  render.  These  concerns 
conduct  their  business  along  the  following  lines:  The  manu- 
facturing plant  which  desires  to  have  its  tools  salvaged  sends 
them  to  the  shop  making  a  specialty  of  this  work,  and  they 
are  listed  in  the  receiving  room  according  to  the  original 
sizes  which  are  stamped  on  the  tools.  The  salvaging  proc- 
ess is  then  carried  through  to  completion  and  the  tools  are 
shipped  back  to  the  customer.  The  financial  end  of  the  trans- 
action is  carried  through  Just  as  if  the  salvage  firm  were  sell- 
ing new  tools  to  the  customer,  the  price  charged  being  the  list 
price  of  new  tools  of  the  original  size,  less  a  discount,  which 
is  usually  60  per  cent.  In  other  words,  the  salvaging  concern 
generally  charges  40  per  cent  of  the  cost  of  now  tools  ot  the 
original  size  for  the  work  of  putting  thorn  back  into  condition 
for  rendering  subsequent  service;  but  it  Is  important  to  note 
that  tills  Is  based  on  the  old  list  price  and  not  on  the  much 
higher  prices  at  which  all  highspeed  cutting  tools  are  now 
soiling. 

Hoforo  the  tools  are  returned  to  the  customer,  the  old  mark- 
ing has  boon  removed  and  they  are  marked  with  the  size 
Id  which  thoy  have  been  reduced  by  salvaging-  except  In  the 
cuHQ  of  ohui'klnK  roaniors  which  may  bo  swaged  out  ao  that 
they  niny  bo  rcclnlnicd  to  the  original  size — and  when  these 
IimiIk  conio  back  to  tho  shop  for  tlio  next  HalviiKlng  process,  the 
clijirKo  for  tho  work  Ik.  of  iimrMo,  biisod  iiiiori  tlio  size  to  which 
thoy  worn  rodui'od  rlurlng  llio  previous  Iroiilinoiit.  Tho  samo 
ini^lhod  (if  rlmrKliiK  fur  wi>rk  In  folliiwod  In  tho  raxo  of  both 
high  Npood  and  carbon  hIooI  toiilH.  ho  that  the  romunoratlon  ro- 
I'olvnd  for  RnlvaglnK  carbon  hIooI  toolH  Ih  nucoHHiirlly  much  Iosh 
than  In  tho  ciuto  of  hlKh-Rpond  mIooI  tooln;  In  fart,  tho  nvurngo 
prN'O  rocolvod  tor  milvaKlnK  carbon  iitool  tonlH  roproKoniR  jUMt 
alioul  thn  roNt  of  diilng  tho  work,  no  profit  holiig  iiuulo  In  many 
I'aiioi. 
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Money  Saved  through  Salvaging:  Worn-out  Tools 
When  consideration  is  given  to  the  relative  merits  of  sell- 
ing worn-out  tools  as  junk  and  buying  new  tools,  or  of  having 
the  worn-out  tools  salvaged,  the  question  will  quite  naturally 
be  asked,  "How  much  can  be  saved  by  going  to  the  trouble 
of  packing  up  old  tools  and  shipping  them  to  a  salvage  shop?" 
In  order  to  answer  this  question  we  have  obtained  informa- 
tion from  tool  salvage  firms  which  shows  the  actual  saving 
in  specific  instances.  The  table  presented  in  connection  with 
this  article  gives  complete  data  concerning  the  salvaging  of 
different  types  of  tools  that  are  handled  by  the  Peninsular  Tool 
Salvage  Co.  of  Detroit,  Mich.  It  will  be  seen  that  two  or  more 
examples  are  given  for  each  type  of  tool,  and  it  will  be  evi- 
dent from  the  preceding  discussion  that  the  cost  of  salvaging 
is  40  per  cent  of  the  list  price  of  the  tool  when  new,  while  the 
saving  by  salvaging  the  tool  is  obtained  by  subtracting  the  cost 
of  salvaging  from  the  list  price  of  a  tool  of  the  size  obtained 
by  salvaging  the  worn-out  tool.  Owing  to  the  exceptional 
demand  which  now  exists  for  all  types  of  cutting  tools,  current 
market  prices  are  greatly  in  excess  of  the  list  prices  given  in 
manufacturers'    catalogues.      Consequently,    a    column    is    in- 


Fig.   4. 


recut  by 


As  another  example  of  the  possible  saving  through  salvag- 
ing, consider  the  case  of  the  pile  of  tools  shown  in  the  heading 
illustration,  which  were  salvaged  by  the  Goddard  &  Goddard 
Co.  When  new,  this  pile  of  cutters  cost  $232.35,  and  the  value 
of  the  same  cutters  after  being  salvaged  was  $185.79.  The 
junk  value  of  the  worn-out  cutters  was  $14.35,  and  the  cost 


DATA  SHOWING  MONEY  SAVED  BY  SALVAGING  "WORN-OUT  TOOLS 

Name  ol  Tool 

Size  When  New, 
luches 

List 
Price 
When 
New. 
Dollars 

Size  When  Recut, 
Inches 

List          Present 
Price           Price 
When          When 
Recut.        Recut, 
Dollars       Dollars 

Cost  of 

Salvaging 

Dollars 

Saving 

Based  on 

List 

Price, 

Dollars 

Based  on 
Present 
Price, 
Approxi- 
mately 

Weight. 
Pounds 

Junk 
Value 
of  Old 
Tools. 
Dollars 

Plain  Mills 

3  by  2  by  1 
34  by  4  by  li 

9.00 
19.30 

2*  by  2  by  1 
3  by  4  by  li 

6.90 
13.80 

17.25 
34.50 

3.60 

7.72 

3.30 
6.08 

13.65 
26.78 

24 
5J 

0.55 
1.27 

Side  Mills      .            8  by  1  by  li 
bide  Mills                  6  by  i  by  li 

37.30 
15.35 

74  by    i    by  li 
54  by   ik  by  li 

31.50 
14.25 

% 

78.75 
35.62 

14.92 
6.14 

16.58 
8.11 

63.83 
29.48 

llA 
4 

2.49 
0.88 

Interlocking 
Side  Mills 

6  by  IJ  by  li 
4  by  H  by  1 

37.10 
18.90 

54  by  IJ  by  14 
34  by  1  by  1 

31.50 
13.90 

78.75 
34.75 

14.84 
7.56 

16.66 
6.34 

63.91 
27.19 

104 
2i 

2.31 
0.61 

Solid  End-mills, 
Taper  Shank 

J  by  IS,  No.  9  t.s. 
1}  by  2i,  No.  9  t.s. 

3.85 
8.30 

^  by  1.^,  No.  9  t.s. 
lis  by  2i,  No.  9  t.s. 

2.50 
6.85 

6.25 
17.12 

1.54 
3.32 

0.96 
3.53 

4.71 
13.80 

li 
2i 

0.28 
0.61 

Shell  End-mills 

2i  by  2i  by  1 
4i  by  4  by  li 

8.55 
33.15 

2  by  2  by  1 
Si  by  3}  by  li 

6.90      17.25 
25.10      62.75 

1 

3.42        3.48 

13.26      11.84 

13.83 
49.49 

24 
Hi 

0.47 
2.53 

Angular  Cutters 

2J  by  4  by  J 
3i  by  4  by  14 

4.10 
6.15 

2i  by  i  by  J 
3  by  A  by  14 

3.85 
5.10 

9.63 
12.75 

1.64        2.21 
2.46        2.64 

7.99 
10.29 

i 

i 

0.11 
0.17 

Metal-slitting 
Saws 

3  by   4  by  1 
6  by  A  by  1 

2.50 
5.85 

24  by   4   by  1 
54  by  A  by  1 

2.35 
5.00 

5.87 
12.50 

1.00 
2.34 

1.35 
2.66 

4.87 
10.16 

A 

i 

0.07 
0.17 

Fhitpd  Chucking 
Iteamers' 

i  by  2 
}  by  24 
1  by  2i 
3  by  5i 

B.25 

7.25 
11.00 
90.00 

i  by  2 

}  by  24 
1  by  2J 
3  by  5i 

5.25 
7.25 
11.00 
90.00 

13.12 

18.12 

27.50 

225.00 

2.63' 

3.63' 

5.50' 

45.00- 

2.62 

3.62 

5.50 

45.00 

10.49 
14.49 
22.00 
180.00 

i 
i 

4J 

0.06 

0.17 
0.33 
1.05 

if.lrAtniTI/ 

'to»r    i,f   >.:iIi!ik1ih:    i-  .VJ   |,.-r   ..111    i.r    llMt    liii.i'    wlicn    new. 

eluded  in  tlie  table  giving  the  present  market  prices  of  high- 
speed steel  cutters  of  the  recut  size,  and  the  saving  effected  by 
salvaging  the  tools-  has  been  calculated  both  for  the  list  price 
of  each  tool  of  the  recut  size  and  for  tlio  present  market  price 
of  this  tool.  An  exception  is  noted  in  the  case  of  chucking 
reamers,  where  the  cost  of  bringing  the  tools  back  to  the 
original  diameter  is  50  per  cent  of  the  list  price  when  new. 
Instead  of  40  per  cent  as  In  the  case  of  other  tools. 


Anitnlar  Mllllnii  Cutlnr  Ixiforo  •ml  nfto 
Tool   Salvftto   Co. 


rut   by  rrntURulKr 


of  recutting  was  $43.68.  This  means  that  $142.11  was  saved 
by  salvaging  the  tools  instead  of  selling  them  tor  junk.  In 
all  cases  where  the  salvaging  proposition  is  receiving  consid- 
eration, particular  attention  is  called  to  the  tact  that  in  ad- 
dition to  the  actual  saving  in  dollars  and  cents,  there  is  the 
added  advantage  ot  being  able  to  secure  a  quicker  delivery  on 
tool  orders.  This  is  a  matter  ot  great  importance  at  the 
present  time,  because  both  the  supply  of  tool  steel  and  the 
services  of  toolmakcrs  are  inadequate  to  meet  the  demand. 
Tools  ran  bo  salvaged  ready  for  additional  service  much  more 
quickly  than  they  can  he  made  new. 

Solvlntr  the  Tool  Siilvatre  Problem 
The  practice  of  several  manufacturers  who  have  worked 
<iut  the  best  solution  of  their  tool  salvage  problem  la  as 
fiillowa:  A  regular  tool  salvage  desk  Is  established  and  every 
rc(iiil9ltlon  for  tools  Is  routed  to  pa.ss  over  this  desk  before 
going  to  the  purchasing  department.  At  the  time  the  n>qul- 
sltlon  comes  to  the  tool  salvage  desk,  rcfi-rcnce  Is  made  to  a 
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card  index  which  shows  a  daily  inventory  of  all  worn-out  tools 
that  are  in  stock.  An  experienced  mechanic  is  placed  at  the 
tool  salvage  desk,  and  it  is  his  duty  to  pass  on  every  requisi- 
tion for  tools  arid  compare  it  with  the  inventory  of  worn-out 
tools,  in  order  to  see  whether  it  is  not  possible  to  fill  the  re- 
quisition by  salvaging  some  of  the  worn-out  tools  that  are 
on  hand.  In  some  plants  the  man  at  the  tool  salvage  desk  is 
placed  on  a  bonus  basis  in  order  to  encourage  him  to  make 
a  showing,  and  where  this  plan  is  followed  some  remarkable 
results  have  been  obtained. 

There  are  no  especial  precautions  to  be  observed  in  shipping 
tools  to  the  salvaging  shop,  except  in  the  case  of  sets  of  mill- 
ing cutters  which  are  used  in  a  gang.  In  such  cases  the 
entire  set  of  cutters  should  be  secured  together  with  a  wire 
which  will  not  be  cut  or  broken  in  transit,  and  a  tag  should 
be  attached  to  the  cutters  marked  with  the  word  "gang."  The 
reason  for  this  is  that  such  a  set  of  cutters  must  be  salvaged 
with  the  sizes  of  different  cutters  in  the  set  bearing  the  correct 
relationship  to  each  other.  A  little  thought  given  to  the  sub- 
ject will  show  that  in  cases  of  this  kind,  it  is  the  relation  of 
the  sizes  of  cutters  to  each  other  which  is  the  important 
point,  and  not  the  actual  size  of  the  individual  cutters. 


there  is  shown  the  same  group  of  tools  after  they  have  been 
salvaged.  In  these  two  groups  the  worn-out  tool  and  the 
same  tool  after  it  has  been  salvaged  are  placed  in  correspond- 
ing positions,  thus  making  it  easy  for  the  reader  to  appreciate 
just  what  has  been  accomplished  in  each  case. 

Mention  has  already  been  made  of  the  fact  that  there  are 
two  possible  methods  of  procedure  in  salvaging  the  different 
types  of  milling  cutters,  namely,  to  anneal  the  steel,  recut  the 
teeth  and  then  reharden  and  resharpen  the  tool,  or  else  to  grind 
the  teeth  down  ready  for  subsequent  service  without  the  per- 
formance of  any  heat-treating  process.  The  latter  is  so  nearly 
the  universal  method  of  procedure  that  the  practice  of  recut- 
ting  is  hardly  worthy  of  detailed  consideration  in  this  article. 
Where  cutters  are  salvaged  by  grinding  down  without  heat- 
treating,  it  is  obvious  that  the  original  properties  of  the  steel 
produced  by  the  heat-treatment  given  "the  tool  in  the  shop 
where  it  was  made,  is  responsible  for  maintaining  the  tool  in 
its  original  condition. 

In  order  to  give  the  reader  a  comprehensive  idea  of  exactly 
what  work  is  done  in  salvaging  the  different  types  of  cutters, 
drills,  and  reamers,  the  different  operations  involved  in  sal- 
vaging several  types  of  tools  will  first  be  tabulated  in  order 


Weill   Tool   anil   Cutter   Grinding   Machine   used   by  Detroit 
Boamer   Balfaicc   Co.    for  End-cutting   Operation   on   End 
MiUinr  Cuttori 

There  la  one  point  In  connection  with  tool  salvaging  to 
which  attention  should  be  called  In  order  to  avoid  possible 
mlBunderstandlngs  between  firms  which  are  having  their  tools 
salvaKed  and  the  management  of  the  shops  in  which  the  work 
la  done.  Thia  Is  In  regard  to  testing  tools  for  hardness.  It 
la  an  catabllahed  fact,  although  not  as  well  known  as  It  should 
be,  that  htgh-apeed  atoel  containing  a  considerable  percentage 
of  chromium  will  show  "soft"  to  a  file  teat  under  certain  condl- 
tlona  of  heat-treatment,  although  the  toola  which  appear  to  be 
■oft  when  tried  with  a  file  arc  capable  of  giving  satisfactory 
service.  The  only  reliable  way  to  make  aure  that  a  tool  la 
uiiHatlNfactory  la  to  try  It  out  undor  actual  working  condl- 
llona;  then.  If  the  tool  falls  lo  give  edlclent  aervlce,  there  la 
a  Justifiable  reason  for  returning  It  and  making  a  claim 
BKalnst  the  shop  which  did  the  salvaging. 

DIscuMlon  of  Work  Involved  In  Hnlvatrlnir  CuttorM  iind  RuaniorH 

ProbnMy  n  Rood  Idoa  of  lh«  results  whi.'li  arc  secured  In 
SBlvajtlng  various  lyiH's  of  rutllnK  tools,  will  bo  obtained  by 
rofcrrlng  lo  the  title  Illustration  of  this  nrtirlo  and  Figs.  1  to 
4  At  the  left-hand  sirto  of  the  tlllo  llliislrnllon  there  Is  shown 
a  jtroup  of  worn  out  cutlers  which  were  sent  to  the  Ooddnrd 
A   Onddsrd   fo    lo   lie   unlvnged;    and    nl    the   rlKliI  hand    side 


Goddard    Co.'s    Sand-blasting    Room    wlioro 
treated   that   Workmen   cannot   tell 
them  from  New   Tools 

that  those  who  are  considering  the  reclaiming  of  their  worn- 
out  tools  will  better  appreciate  the  exact  amount  of  service 
which  they  are  obtaining  for  the  money  paid  to  the  tool  sal- 
vaging concern.  Many  of  these  operations  are  rather  ordinary 
examples  of  toolmaking  practice,  and  so  It  Is  proposed  fir.st  to 
make  a  brief  reference  to  all  of  the  operations,  in  order  to 
show  clearly  the  amount  of  work  involved  In  salvaging  the 
different  classes  of  tools,  and  then  to  discuss  In  some  detail 
those  operations  which  Involve  the  use  of  mechanical  princi- 
ples of  sufficient  Interest  to  warrant  their  being  called  to  the 
attention  of  MAririNKiiv'B  reatlers.  Many  of  these  operations 
win  also  ho  llluatralcd,  so  that  the  reader  will  obtain  a  fairly 
comprehenHlvo  Idea  of  the  method  of  procedure. 

Order  o(  OperntlonH  In  Siilvntrlntr  Bind-mlllH 

K(ir  the  purpose  nf  dlacusslon,  we  shall  consider  n  case  In 
which  the  end-nilll  to  be  salvaged  baa  the  tnng  twisted  off  Ihn 
Hhank,  and  doacrllte  the  way  In  which  the  Detroit  Uoanier 
Salvage  Co.  of  Detroit,  Mich.,  would  proceed  to  recliilm  such 
n  tool.  The  o;-der  of  operations  Is  as  follows:  (1)  IJat  ac- 
cording to  original  size.  (2)  Cut  off  end  to  roniovo  defects 
In  the  leelli.  unlng  II  MnllHon  ciiltliigoff  machine  equipped 
Willi   II   vuliiiiille   wliei.l       CI)    (iuin   teeth   III   hIcI<>   fiiiteH   on   a 
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■U'ilmaitli  &  Morman  universal  tool  and  cutter  grinder,  the 
object  being  to  thin  the  teeth  slightly  to  compensate  for  the 
effect  of  sharpening,  and  also  to  increase  the  chip  clearance; 
the  machine  is  equipped  with  a  soft  silicate  wheel  and  no 
water  is  employed.  (4)  Notch  end  of  cutter  at  points  cor- 
responding to  spaces  between  teeth,  with  a  1/32-inch  elastic 
vulcanite  wheel  used  on  an  F.  E.  Wells  plain  tool  and  cutter 
grinder;  the  reason  for  performing  this  operation  is  that  in 
grinding  out  the  tooth  spaces  a  formed  wheel  is  used,  and  the 
corner  of  this  wheel  cannot  be  kept  sharp  enough  to  produce 
clean  corners  for  the  tooth  spaces.  (5)  Grind  new  teeth  at 
the  end  of  the  cutter,  using  a  formed  silicate  grinding  wheel 
on  an  F.  E.  Wells  plain  tool  and  cutter  grinder  and  perform- 
ing the  operation  dry.  (6)  Grind  hemispherical  relief  at  fluted 
end  of  cutter  on  F.  E.  Wells  universal  tool  and  cutter  grinder 
equipped  with  an  internal  grinding  attachment;  no  water  is 
used.  (7)  Back  off  side  tooth  clearance  on  a  Wilmarth  & 
Morman  No.  2  universal  tool  and  cutter  grinder,  performing 
the  operation  dry.  (8)  Back  off  ends  of  teeth  on  a  Wilmarth 
&  Morman  No.  2  universal  tool  and  cutter  grinder.  (9)  Polish 
taper  shank  to  remove  surface  defects,  the  operation  being 
performed  on  an  F.  E.  Wells  speed  lathe  with  emery  cloth. 
(10)  Slush  cutter  with  anti-rust  compound.  (11)  Wrap  in 
waxed  paper  ready  for  shipment. 
Fig.  5  shows  the  operation  of  cutting  notches  in  the  cutter 


work-holding  fixture  is  employed  on  this  machine  as  that 
shown  in  Figs.  5  and  7,  and  a  spring  index  finger  is  provided 
to  locate  successive  teeth  in  position  to  have  the  clearance 
ground.     The  work  is  done  dry. 

Salvaging-  Chucking  Reamers  to  Next  Smaller  Size 

In  taking  up  a  discussion  of  the  Detroit  Reamer  Salvage 
Co.'s  practice  in  reclaiming  chucking  reamers,  we  shall  con- 
sider a  case  in  which  the  tang  has  either  been  twisted  off  the 
shank  or  at  least  has  been  so  badly  damaged  that  it  is  unfit 
for  further  use.  In  reclaiming  such  a  reamer,  the  order  of 
operations  is  as  follows:  (1)  List  reamer  according  to  orig- 
inal size.  (2)  Gut  off  damaged  tang  on  Mattson  cutting-off 
machine  equipped  with  an  elastic  vulcanite  wheel.  (3)  Center- 
drill  the  tang  end  on  F.  E.  Wells  centering  machine.  (4)  Cut 
off  part  of  fluted  end,  if  ends  of  teeth  are  damaged,  on  Mattson 
cutting-off  machine  equipped  with  elastic  vulcanite  wheel. 
(5)  Grind  60-degree  male  center  on  fluted  end  of  reamer,  this 
operation  being  performed  on  a  special  grinding  machine 
equipped  with  a  formed  wheel.  (6)  Straighten  reamer  on 
P.  A.  Gier  straightening  press  and  test  straightness  with  dial 
indicator.  (7)  Mill  new  tang  on  reamer,  holding  work  in 
special  fixture  mounted  on  lathe  carriage  and  driving  milling 
cutters  on  arbor  between  centers.  (8)  Rough-grind  diameter 
of  fluted  end  within  0.010  inch  of  standard  size  on  redesigned 


Tig.   7.     F.   E.   WeUs  Tool  and  Cutter   Grinding  Machine   used  by  Detroit 

Reamer  Salvage   Co.   for  grinding  Hemispherical   Belief 

in    End    Milling    Cutters 

on  an  F.  E.  Wells  plain  tool  and  cutter  grinder  equipped  with 
a  vulcanite  wheel  1/32  inch  in  width,  in  order  to  provide  clear- 
ance spaces  in  which  the  formed  grinding  wheel  can  grind  the 
tooth  spaces  and  produce  sharp  corners  of  the  required  form. 
It  will  be  apparent  from  this  illustration  that  the  grinding 
machine  is  equipped  with  a  work-holding  fixture  that  has 
swivels  at  A  and  B  to  provide  for  presenting  the  end  of  the 
lutter  to  the  wheel  at  any  angle  which  may  be  desired.  Other- 
wise, the  arrangement  of  the  equipment  is  standard  and  re- 
quires no  detailed  explanation.  The  1/32-inch  vulcanite  grind- 
ing wheel  Is  run  dry,  and  the  tool  may  be  revolved  In  the 
fixture  to  bring  it  into  the  required  positions  for  grinding 
successive  notches. 

Fig.  7  shows  an  P.  E.  Wells  tool  and  cutter  grinding  ma- 
chine equipped  with  the  same  work-holding  fixture  and  work 
shown  In  the  preceding  illustration,  but  In  this  case  the  ma- 
chine is  .set  up  to  provide  for  grinding  a  hemispherical  relief 
at  the  front  end  of  the  cutter.  The  grinding  machine  Is 
furnished  with  an  Internal  grinding  atlachnient  to  drive  the 
small  wheel  required  for  cutting  the  henii.spherlral  "pocket" 
nr  relief  In  the  cutter.  This  small  grinding  wheel  is  dressed 
to  the  required  radius  so  that  when  the  work  Is  revolved  In 
the  fixture,  prnvlslnn  Is  made  for  grinding  the  required  clear- 
ance In  the  tool. 

For  l)acklng  off  the  ends  of  the  teeth,  the  work  Is  set  up 
on  a  Wllmnrth  &  Morman  No,  2  universal  tool  and  cutter 
grinder  an  shown   In  Fig.  8.     It  will   be  seen   that   the  same 


Fig.   8.     Wilmarth  &   Morman  No.   2  Universal   Tool  and   Cutter  Grinding 

Machine  used  by  Detroit  Reamer  Salvage  Co.  for  backing  off 

Ends  of  Teeth  of  End  Milling  Cutters 

Ott  plain  cylindrical  grinding  machine.  (9)  Grind  relief 
between  fluted  end  and  taper  shank  on  Ott  No.  8  plain  cylin- 
drical grinding  machine,  equipped  with  special  Norton  grind- 
ing wheel  which  is  adapted  for  grinding  both  highspeed  and 
machine  steel  with  satisfactory  results.  (10)  Grind  tapered 
shank  to  new  finish  on  Modern  universal  grinding  machine, 
and  test  work  with  Morse  taper  gage,  using  Prussian  blue 
to  assure  accuracy  of  0.0005  inch  for  taper  fit.  (11)  Gum 
flutes  on  redesigned  Wilmarth  &  Morman  surface  grinder  to 
provide  original  amount  of  chip  clearance;  the  machine  Is 
equipped  with  a  formed  wheel  that  engages  all  around  the 
flute  and  is  flooded  with  grinding  compound  to  cool  the  wheel 
and  work.  In  performing  this  operation  one  flute  is  finished 
at  a  time.  (12)  Finish-grind  fluted  end  to  required  diameter 
on  Brown  &  Sharpe  No.  10  plain  cylindrical  grinding  machine, 
the  limit  of  accuracy  on  this  operation  being  0.0002  Inch. 
(13)  Grind  side  tooth  clearance  on  Norton  tool  and  cutter 
grinding  machine.  (14)  Grind  45-degree  end  cutting  clear- 
ance on  Norton  tool  and  cutter  grinding  machine.  (15)  Test 
diameter  with  micrometer  caliper.  (IG)  Mark  salvaged  size 
of  reamer  and  salvage  Arm's  name  on  Dwight  Slate  marking 
machine.  (17)  Slush  with  rustproof  oil.  (18)  Wrap  In 
waxed  paper  ready  for  shipment. 

In  salvaging  a  chucking  reamer  where  the  ends  of  the  teeth 
have  been  damaged  so  that  it  is  necessary  to  cut  off  a  portion 
of  the  fluted  end.  It  will  at  once  be  obvious  that  the  center 
hole  Is  ground  away,  and  as  a  result,  there  Is  no  provision  for 
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rig-.    9.     Special    GriDding   Machine    used   by   Detroit   Reamer    Salvage    Co. 
for  grinding  Male  Center  on  End  of  Chucking  Keamers 

holding  the  reamer  between  centers  ready  for  the  performance 
of  subsequent  operations  required  in  the  process  of  reclaiming 
the  tool.  To  overcome  this  trouble,  the  Detroit  Reamer  Sal- 
vage Co.  use  a  special  grinding  machine  equipped  with  a 
Cushman  three-jaw  chuck  which  holds  the  reamer  at  an 
angle  to  the  grinding  wheel,  so  that  the  wheel  may  be  fed 
across  the  end  of  the  reamer  from  the  periphery  to  a  point 
close  to  the  center,  to  produce  a  male  center  on  the  reamer 
which  fits  a  corresponding  female  center  used  on  grinding 
machines  for  the  porformance  of  those  subsequent  operations 
where  it  is  required  to  hold  the  reamer  between  centers.  It 
will  be  seen  that  provision  is  made  for  delivering  lubricant 
to  the  wheel  and  work  during  the  performance  of  this  grinding 
operation.  Fig.  9  shows  the  special  grinding  machine  equipped 
with  a  formed  wheel  for  grinding  the  60-degree  male  center 
on  the  end  of  the  reamer. 

The  next  operation  in  the  process  of  salvaging  reamers  ac- 
cording to  the  practice  of  the  Detroit  Reamer  Salvage  Co.,  is 
to  transfer  the  work  to  a  P.  A.  Gier  straightening  press  on 
which  the  reamers  are  tested  with  a  dial  test  indicator  to 
assure  that  they  are  perfectly  straight,  and  if  any  error  is  dis- 
covered, the  necessary  correction  is  made  until  the  accuracy 
of  alignment  is  within  0.001  inch.  Fig.  10  shows  the  straight- 
ening press  in  operation. 

For  gumming  the  teeth  of  reamers  to  provide  the  same 
amount  of  clearance  as  was  originally  allowed  for  the  escape  of 
chips,  the  reamer  Is  set  up  between  centers  on  a  redesigned 
Wilmarth  &  Morman  surface  grinder,  as  shown  In  Fig.  11. 
This  machine  Is  of  essentially  standard  design,  except  that  a 
crank  drive  is  provided  for  reciprocating  the  table  instead  of 


rig.  10.    p. 


A.   Gier  Straightening  Press  used  in  Shop  of  Detroit  Reamer 
Salvage  Co.   for  straightening  Chucking  Keamers 


using  the  rack  and  pinion  drive  ordinarily  furnished  on  the 
machine.  The  reason  for  making  this  change  is  that  with  a 
rack  and  pinion  drive  there  is  an  appreciable  amount  of  shock 
at  each  end  of  the  stroke  where  reversal  takes  place,  and  this 
may  result  in  leaving  grinding  marks  on  the  reamer.  On  the 
special  Wilmarth  &  Morman  machine  used  for  gumming  the 
flutes  of  reamers,  substitution  of  a  crank  drive  for  the  rack 
and  pinion  arrangement  enables  the  angularity  of  the  crank 
to  gradually  slow  down  the  table  and  bring  it  to  a  stop  and 
then  gradually  accelerate  it,  so  that  there  is  no  shock  at  the 
points  of  reversal  and  no  tendency  to  leave  grinding  marks 
on  the  work.  The  arrangement  of  this  crank  drive  is  shown 
in  the  illustration,  the  guards  having  been  removed  from  gears 
A  and  B  in  order  to  expose  the  table  driving  mechanism  of  the 
machine.  Connected  to  the  far  side  of  gear  B  there  is  a 
slotted  disk  C  in  which  an  adjustable  crankpin  may  be  secured 
in  the  desired  position  to  give  the  necessary  crank  throw  and 
consequent  traverse  for  the  reciprocating  table.  The  grinding 
wheel  used  to  gum  the  flutes  in  the  reamers  is  formed  to  give 
a  full  contact  all  of  the  way  around  one  flute,  and  both  the 
wheel  and  the  work  are  flooded  with  a  copious  supply  of  grind- 
ing compound  in  order  to  cool  the  wheel  and  work,  and  thus 
prevent  the  steel  from  being  burned.  The  gumming  of  one 
flute  is  completely  finished  before  the  work  is  indexed  to  bring 
the  re'amer  into  position  for  grinding  the  next  flute. 

Obviously,  the  finish-grinding  of  the  diameter  of  the  fluted 
end  of  the  reamer  is  an  operation  for  which  the  greatest  ac- 
curacy is  necessary,  because  the  accuracy  of  holes  finished 
with  the  reamer  Is  dependent  upon  the  precision  attained  in 
the   performance   of   tliis   operation.     TJje   limit    of   accuracy 
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Fi^.   13.     Swight  Slate  Harkuig  Hacbine  used  by  Detroit  Seamer  Salvage 
Co.   for  marking   New   Size   on   Shank  of   Chucking  Beamers 

required  is  0.0002  inch;  this  result  the  Detroit  Reamer  Sal- 
vage Co.  obtain  with  a  Brown  &  Sharpe  Xo.  10  plain  cylindri- 
cal grinding  machine.  The  set-up  for  this  operation  is  shown 
in  Fig.  12,  in  which  it  will  be  apparent  that  the  water  guards 
have  been  removed  in  order  to  show  the  work. 

For  marking  the  salvaged  size  on  the  reamer,  and  also 
stamping  it  with  the  name  of  the  firm  that  did  the  salvaging, 
use  is  made  of  one  of  the  Dwight  Slate  marking  machines 
built  by  the  Xoble  &  Westbrook  Mfg.  Co.  of  Hartford,  Conn. 
Those  who  are  familiar  with  this  machine  know  that  a  die  is 
used  on  which  the  desired  marking  is  cut  in  relief,  so  that 
the  work  may  be  rolled  under  the  die  with  the  application  of 
sufficient  pressure  to  impress  the  marking.  This  machine  is 
shown  in  Fig.  13  engaged  in  marking  a  reamer. 

Practice  Observed  in  Salvaglngr  Twist  Drills 

For  the  sake  of  discussion  we  shall  consider  the  case  of  a 
drill  which  has  the  tang  twisted  off,  the  cutting  edges  chipped, 
and  the  periphery  somewhat  worn,  and  outline  the  order  of 
operations  necessary  in  salvaging  such  a  drill  to  bring  it  back 
into  condition  for  further  service.  This  order  of  operations 
is  as  follows:  (1)  List  drill  according  to  original  size.  (2) 
Cut  off  damaged  tang  on  Mattson  cutting-off  machine  equipped 
with  a  12-inch  elastic  vulcanite  wheel.  (3)  Drill  center  in 
cut-off  end  of  shank  on  F.  E.  Wells  centering  machine.     (4) 


Fig.    14.     Engine   Lathe   equipped   with   Special  Work-holding  Fixture   and 
Form   Tools  for  milling  New  Tang  on  Shank  of   Twist  Drills 

Resharpen  point  by  hand  on  F.  E.  Wells  plain  tool  and  cutter 
grinding  machine.  (5)  Test  straightness  of  drill  on  P.  A. 
Gier  straightening  machine  equipped  with  dial  test  indicator, 
and  straighten  if  necessary.  (6)  Mill  new  tang  with  drill 
held  in  fixture  on  carriage  of  engine  lathe  and  milling  cutters 
mounted  on  arbor  between  centers.  (7)  Rough-grind  diameter 
of  fluted  end  within  0.005  inch  of  required  size  on  Modern 
No.  2  universal  cylindrical  grinding  machine  equipped  with 
special  chuck  to  hold  point  of  drill.  (8)  Finish-grind  fluted 
end  to  required  diameter  on  Brown  &  Sharpe  cylindrical 
grinding  machine,  holding  work  to  within  0.0002  inch  of  re- 
quired diameter  and  providing  a  back  taper  of  0.001  inch  per 
inch.  (9)  Grind  side  clearance  on  F.  E.  Wells  cutter  grinder 
equipped  with  special  fixture  for  holding  drill  in  re- 
quired relation  to  wheel  and  rotating  drill  as  it  is  moved 
across  face  of  wheel.  (10)  Measure  diameter  of  drill  with 
micrometer  caliper.  (11)  Mark  salvaged  size  and  salvage 
company's  name  on  Dwight  Slate  marking  machine.  (12) 
Slush  with  anti-rust  oil.  (13)  Wrap  in  waxed  paper  ready 
for  shipment. 

Fig.  14  shows  the  engine  lathe  set  up  for  milling  a  new 
tang  on  the  drill  shank.  Referring  to  this  illustration,  it  will 
be  seen  that  the  drill  is  secured  in  a  work-holding  fixture 
carried  on  the  lathe  carriage.  This  carriage  is  disconnected 
from  the  longitudinal  feed,  but  the  cross-feed  is  employed  to 
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feed  the  end  of  the  drill  shank  between  two  form  milling 
cutters  A,  which  are  carried  on  an  arbor  with  the  necessary 
space  between  them  to  provide  for  milling  a  tang  of  the  re- 
quired size  on  the  work.  This  simple  arrangement  enables 
the  operation  to  be  performed  very  rapidly  and  with  the  re- 
quired degree  of  accuracy. 

For  rough-grinding  the  fluted  end  of  the  drill  to  the  re- 
quired diameter,  use  is  made  of  a  Modern  No.  2  universal  » 
grinding  machine  which  is  equipped  with  a  special  chuck, 
shown  set  up  on  the  machine  in  Fig.  15,  for  gripping  the  point 
of  the  drill;  the  shank  end  is  held  on  an  ordinary  center. 
It  will  be  seen  that  this  chuck  has  two  small  jaws  A  that 
enter  the  flutes  of  the  drill  at  each  side  of  the  point  and  serve 
aa  a  substitute  for  the  usual  form  of  center  used  for  holding 
work  on  a  cylindrical  grinding  machine.  These  jaws  are 
pivoted  at  B  and  they  are  furnished  with  extensions  C  that 
run  back  on  the  tapered  body  of  the  chuck,  so  that  when  the 
body  is  screwed  up  to  force  the  tapered  end  between  the  ends 
of  jaw  extensions  C,  jaws  A  secure  a  firm  grip  on  the  drill. 
The  Detroit  Reamer  Salvage  Co.  have  been  granted  a  patent  on 
this  chuck.  Aside  from  the  use  of  this  special  chuck  on  the 
grinding  machine,  the  operation  is  an  ordinary  cylindrical 
grinding  job  and  requires  no  discussion. 

For  grinding  the  side  clearance  on  the  drill,  use  is  made  of 
an  F.  E.  Wells  cutter  grinder,  equipped  with  a  special  fixture 
as  shown  in  Fig.  16.  It  will  be  seen  that  this  fixture  serves 
the  double  purpose  of  holding  the  drill  in  the  required  rela- 
tion to  the  grinding  wheel  to  grind  the  clearance  surface  and 
of  rotating  the  drill  as  it  is  drawn  across  the  face  of  the 
wheel,  so  that  a  uniform  clearance  surface  is  provided  for  the 
entire  length.  A  ball  bearing  A  is  pressed  lightly  onto  the 
tapered  shank  of  the  drill  so  that  the  operator  can  hold  the 
outer  race  of  this  bearing  comfortably  in  his  hand  while  he 
draws  the  drill  across  the  face  of  the  grinding  wheel  and 
causes  it  to  rotate.  This  rotation  of  the  drill  is  accomplished 
by  means  of  a  pin  carried  by  yoke  B  of  the  work-holding 
fixture,  which  enters  the  spiral  flute  of  the  drill  and  as  the 
latter  is  drawn  across  the  face  of  the  grinding  wheel,  it  nec- 
essarily causes  the  drill  to  rotate.  It  will  be  apparent  that 
the  required  side  clearance  is  obtained  by  having  the  axis 
of  the  twist  drill  located  at  a  level  slightly  below  the  axis  of 
the  grinding  wheel. 


Miscellaneous  Operations  in  Salvaging:  Milling  Cutters 

In  the  following  illustrations  there  are  shown  methods 
used  by  the  Goddard  &  Goddard  Co.,  of  Detroit,  Mich.,  for 
performing  various  operations  which  are  involved  in  sal- 
vaging different  types  of  milling  cutters.  It  will,  of  course, 
be  understood  that  these  are  merely  typical  operations  and 
that  they  do  not  in  any  sense  tell  the  story  of  the  work  which 
is  involved  in  placing  a  worn-out  cutter  back  into  condition 
for  service. 

Fig.  17  shows  the  work  of  gumming  out  the  tops  of  the 
teeth  of  a  side  milling  cutter,  and  standing  on  the  table  be- 
side the  centers  that  support  the  work  there  will  be  seen  one 
of  the  cutters  which  has  been  completely  ground.  It  will  be 
apparent  from  this  illustration  that  the  grinding  wheel  is 
formed  to  engage  all  of  the  way  around  the  space  between  two 
adjacent  teeth,  so  that  as  the  cutter  is  traversed  back  and 
forth  under  the  wheel,  the  entire  space  is  ground.  It  will  also 
be  seen  that  the  customary  form  of  spring-finger  A  is  used 
to  index  the  cutter  for  the  performance  of  successive  grinding 
operations.  The  entire  set-up  of  the  work  is  clearly  shown  in 
the  illustration,  and  no  further  reference  is  necessary  except 
to  call  attention  to  the  exhaust  hood  B  which  carries  grind- 
ings  and  abrasive  away,  and  assures  against  the  creation  of 
conditions  that  would  be  detrimental  to  the  health  of  the 
machine  operator.  All  machines  in  the  shop  of  the  Goddard 
&  Goddard  Co.  are  equipped  with  these  air  hoods. 

Fig.  18  shows  a  Wilmarth  &  Morman  plain  surface  grinder  set 
up  for  gumming  the  side  teeth  of  the  same  type  of  cutter  as 
is  shown  having  the  tops  of  the  teeth  ground  in  Fig.  17.  Here 
it  will  be  seen  that  the  grinding  machine  is  equipped  with  a 
special  fixture  for  holding  the  cutter.  It  will  be  noticed  that 
this  fixture  is  furnished  with  three  swivels  A,  B  and  C, 
which  enable  the  arbor  carrying  the  cutter  to  be  set  at  any 
desired  angle  for  grinding  the  side  teeth.  A  spring  index 
finger  D  is  employed  to  index  the  cutter  for  successive  grind- 
ing operations,  and  as  in  the  previous  case,  the  grinding  wheel 
is  so  formed  that  it  comes  into  contact  with  the  work  all  of 
the  way  around  the  space  between  two  adjacent  teeth. 

Everyone  who  has  had  experience  in  serving  workmen 
who  come  to  the  window  of  a  tool-crib  to  get  the  necessary 
cutters,  etc.,  for  handling  their  work,  knows  that  disputes 
often    arise    between    the    tool-crib    attendant    and    workmen, 
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Fig.    19.     Grinding  Belief   A   on   End  of   Angular  Milling   Cutter   in   Shop 

of   Goddard  &   Goddard   Co.     Cutter  revolves   while   being 

ground,   thus  making  Operation  Continuous 

because  the  men  feel  that  they  are  not  getting  the  proper 
tools  for  their  work,  or  that  the  quality  of  the  tools  handed 
them  is  below  par.  When  salvaged  tools  first  began  to  make 
their  appearance  in  tool-cribs,  workmen  conceived  an  unjust 
prejudice  against  them,  which  became  so  strong  that  it  was 
oftentimes  difficult  for  the  tool-crib  attendant  to  get  the  men 
to  take  them.  Two  methods  of  procedure  were  adopted  to 
overcome  this  trouble.  One  of  these  consisted  of  placing 
superintendents  and  foremen  on  a  profit-sharing  basis,  so  that 
an  incentive  was  offered  to  reduce  production  costs  as  far  as 
possible.  Of  course  this  step  had  far  broader  significance  than 
its  reference  to  the  use  of  salvaged  tools,  but  it  created  the  nec- 
essary incentive  to  get  the  heads  of  manufacturing  depart- 
ments to  see  to  it  that  salvaged  tools  were  used  wherever 
possible,  because  their  value  was  only  40  per  cent  of  the  cost 
of  the  same  tools  when  new,  and  so  if  a  salvaged  tool  was 
broken  the  charge  made  against  the  department  was  much 
less  than  would  have  been  the  case  if  it  had  been  a  new  one. 
The  other  step  toward  overcoming  the  prejudice  against 
salvaged  tools,  to  which  reference  has  been  made,  was  the 
adoption  by  salvaging  shops  of  the  practice  of  sand-blasting 
the  reclaimed  tools  before  they  are  sharpened.  In  this  way 
the  tools  are  made  to  look  just  about  as  they  did  when  new. 
so  that  when  the  tool-crib  attendant  hands  an  employe  a 
salvaged  tool,  the  man  does  not  know  the  difference.  In  jus- 
tice to  salvaged  tools  it  must  also  be  stated  that  if  the  work 
of  reclaiming  them  has  been  properly  done,  the  service  ren- 
dered will  be  as  good  as  in  the  case  of  new  tools,  so  that 
sand-blasting  to  give  the  same  appearance  as  new  is  entirely 
legitimate.  Pig.  6  shows  part  of  the  Goddard  &  Goddard  Co.'s 
sand-blasting   rooms. 

Fig.  19  shows  the  operation  of  grinding  the  clearance  sur- 
face .1  back  of  the  end  teeth  on  an  angular  milling  cutter. 
Here  it  will  be  seen  that  the  grinding  machine  is  equipped 
with  a  wheel  of  suitable  width  for  grinding  the  required 
clearance  without  traversing  the  table.  The  cutter  is  held 
by  a  fixture  furnished  with  a  spindle  that  may  be  driven  so 
that  rotation  of  the  cutter  in  contact  with  the  wheel  provides 
for  grinding  the  required  annular  clearance. 

Referring  to  the  equipment  of  the  Wilmarth  &  Morman 
plain  surface  grinding  machine  which  is  shown  in  Fig.  20  en- 
gaged In  gumming  the  teeth  of  a  spot-facing  cutter,  it  will 
be  seen  that  the  work  Is  supported  by  a  fixture  furnished  with 
three  swivels,  .1,  B  and  C,  which  enable  the  cutter  to  be 
brought  Into  contact  with  the  wheel  at  any  required  angle. 
Indexing  Is  acconipllahed  by  means  of  spring-finger  /),  which 
locates  the  successive  teeth  in  position  to  be  gummed. 

Advantntrea  of  Tool  Salvatrlnir  In  War  Time 
The  activity  and  competition  In  many  lines  of  Industry  Is 
now   80   keen   that  advantage   must   bo   taken   of   every   possi- 
bility of  saving.   In  order  that  this  compel Itlon  may  be  met 
and  still  leave  u  reasonable  margin  of  profit  after  all  manu- 


Fig.   20.     Wilmarth  &   Morman   Plain   Surface   Grinding  Machine   equipped 

for  gumming  Teeth  of  Spot-facing  Cutters  in  Shop 

of  Goddard  &  Goddard  Co. 

facturing  expenses  have  been  paid.  In  war  time  the  machine 
shop  manager  is  faced  with  an  unprecedented  condition  as 
regards  both  a  scarcity  of  steel  and  an  inadequate  supply  of 
skilled  toolmakers.  The  demand  for  high-speed  steel  used 
in  the  production  of  tools  for  various  lines  of  munition  work 
has  resulted  in  increasing  the  price  according  to  the  familiar 
principle  of  supply  and  demand;  and  the  scarcity  of  tool- 
makers  has  been  due  both  to  an  abnormal  demand  for  tools 
and  to  a  further  depletion  of  the  supply  of  men  due  to  the 
draft.  As  a  result,  the  provision  of  means  for  obtaining 
further  service  from  cutting  tools  is  of  exceptional  importance 
in  war  time,  and  has  led  many  manufacturers  to  take  advan- 
tage of  this  opportunity  of  saving,  who  might  not  have  thought 
the  incentive  sufliciently  great  to  consider  the  proposition  in 
times  of  peace.  Many  of  those  who  adopted  the  practice  as  a 
war  measure,  however,  are  securing  such  satisfactory  service 
from  their  salvaged  tools  that  there  is  little  doubt  that  they 
will  continue  salvaging  their  high-speed  steel  cutting  tools 
as  a  proved  method  of  economy  which  is  equally  applicable 
in  times  of  war  and  of  peace. 


PACKING  FOR  EXPORT 
The  American  Consul  General  at  Rio  de  Janeiro  reports  that 
in  a  shipment  of  2000  cases  arrived  at  the  Brazilian  port  from 
the  United  States,  600  were  found  to  be  damaged.  In  an- 
other instance,  out  of  450  cases,  113  were  damaged  due  to  im- 
proper packing  for  export  trade.  Tin  plate,  for  example,  ar- 
rives from  the  United  States  in  lots  of  112  sheets  packed  in 
cases  of  very  thin  wood  and  insufficiently  hooped  with  light 
iroji  bands.  This  does  not  provide  protection  against  handling 
when  the  cargo  Is  discharged,  and  the  case  is  often  broken, 
and  the  sheets  are  bent  and  exposed  to  the  weather  conditions. 
The  necessity  for  packing  goods  for  export  differently  from 
those  intended  for  the  domestic  trade  has  been  emphasized 
for  years,  but  American  manufacturers  seem  to  be  slow  to  ap- 
preciate that  if  we  are  to  obtain  a  sufficient  share  of  the  for- 
eign trade  after  the  war,  we  must  meet  the  foreign  trade  re- 
quirements as  well  as  do  other  nations. 


In  an  investigation  made  by  the  FJiifjinccnng  ycwsRccord, 
four  questions  were  put  to  deans  and  professors  of  engineer- 
ing schools  and  colleges  with  a  view  to  ascertaining  what 
demands  there  wore  at  the  present  time  for  graduates  in  civil, 
electrical,  mechanical  and  chemical  Industries:  to  what  ex- 
tent there  was  any  dearth  or  over-supply  of  engineers;  and 
whether  there  was  any  apparent  Improvement  in  the  status 
and  pay  of  engineers.  The  replies  obtained  from  a  great  num- 
ber of  educators  Indicate  that  there  Is  a  strong  demand  for 
young  graduates,  but  no  startling  dearth  of  engineers,  and 
that  there  Is  little  or  no  support  for  the  view  that  engineering 
will  be  particularly  rich  in  financial  reward. 
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MACHINING  A  NOSED-IN  SHELL' 

BY   M.  H.  POTTER- 

Many  shops  have  had  considerable  trouble  machining  nosed- 
in  shells.  This  trouble  is  due  to  the  method  used  rather  than 
to  the  machine  tool  equipment.  The  method  described  here, 
though  having  more  operations  than  most  methods,  has  been 
found  very  satisfactory  in  a  number  of  large  factories.  While 
the  operations  given  are  those  for  a  six-inch  British  high- 
explosive  shell,  the  method  is  adapted  to  any  kind  of  nosed-in 
shell ;  the  gaging  instructions  are  also  worthy  of  careful  study. 
The  shell  is  in  a  horizontal  position,  except  during  the  tenth, 
twenty-second,  and  twenty-third  operations,  when  it  is  vertical. 

Operation  1 — Cut  off  open  end;  gage  depth  of  bore. 

Operation  2 — Center;  gage  depth  of  center. 

Operation  S — Rough-turn;  gage  diameter. 

Operation  4 — Bore;  gage  diameter  and  depth  of  bore. 

Operation  5 — Face  base,  rough;  gage  thickness  of  base. 

Operation  6 — Recenter;  gage  depth  of  center. 


Operation  13 — Finish-turn ;  gage  diameter  of  body  and  nose 
and  profile  of  nose. 

Operation  H — Thread  nose;  gage  diameter  of  threads. 

Operation  15 — Weigh;  make  allowances  for  weight  of  stock 
removed  in  following  operations,  the  weight  being  determined 
by  actual  trials. 

Operation  16 — Bore  out  base  and  form  head;  gage  diameter, 
depth  of  bore,  and  form  of  head. 

Operation  i7'— Check  weight  to  determine  that  shell  is  within 
the  required  weight  at  this  stage. 

Operation  18 — Groove  and  wave;  gage  width  and  diameter 
of  groove  and  distance  from  base;  also  diameter  and  height 
of  ribs  and  angle  of  under-cut. 

Operation  19 — Sand-blast  interior;  wash  and  clean  exterior. 

Operation  20 — Preliminary  shop  inspection.  After  collect- 
ing shells  in  series,  gage  diameter  of  body,  base,  and  groove 
in  body,  width  of  groove,  distance  from  base,  and  thickness  of 
walls  and  base. 

Operation  21 — Preliminary  government  inspection. 


OPERATION   1 


OPERATION  2 


OPERATION  3 


^.WWWVWWVWVVV 


nVVx'vVV.VwVn^'':'^ 


OPERATION  4 


1 


OPERATION  5 


OPERATION  6 


OPERATION  7 


OPERATION  8 


3 


OPERATION  9 


OPERATION   10 


OPERATION   11 


OPERATION  12 


rr 


OPERATION  13 


OPERATION  14 


OPERATION  16 


OPERATION  18 


I 


OPERATION  2? 
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OPERATION   30 
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Operation  7 — Hough-turn  body  a  second  time  and  Onlsh  base 
diameter  to  hIzc;  gage  diameter  of  body  and  base  and  width 
of  baac  diameter. 

Operation  8— licvel  and  face  open  end  to  length;  gage  form 
of  bevel  and  over-all  length  of  Hhcll. 

Operation  0 — Itefaoo  baHo;  gago  thlcknegs  of  baHo. 

Operation  10 — Nose  In;  gago  overall  length  of  shell,  outside 
diameter  at  no8«,  profile  of  nose,  diameter  of  hole  In  nose,  and 
thick nexN  through  nose. 

Operation  ll~JinTi>  fuse  hole  and  rocoss;  gago  diameter  of 
fus«  hnl<-  nhove  and  >>clow  recess,  diameter  of  recess,  distance 
from  nost-,  and  angle  of  fuse  hole. 

Oprnilion  /•'  KIiiImIi  liinlilo  coDtour;  (Cage  Uil'-kiieHH  tlirnugh 
nod'- 


Operation  22 — Apply  band;  gago  diameter  of  band. 

Operation  2S — Rivet  baseplate;   examine  for  tightness. 

Operation  2fi — Face  base;  guge  thickness  of  base  and  radlua 
at  edge. 

Operation  2') — Stamp  base. 

Operation  2(! — Hand  rotup  IhrciidH  niiil  roam  iwikIo  of  fuse 
hole;  gago  thrcadH,  aiiKle  of  fii.so  hole,  and  thlckiieas  thrnuKli 
nose. 

Operation  27     WaHli  and  clean  ImhIiIp  and  <mtsl(li>. 

Operation  ;.^«— Varnish. 

Oprralion  ?.''  -Hake  varnish. 

Operation  .V)  -Turn  band;  gago  (Uniiiclcr  of  Imnd,  form, 
width,  and  distance  from  base. 

Oprratlitn  .■»/— Final  shop  InHpiK-llon;  gago  dlaiui>lor  of  Imso, 
liroiUij  of  nose,  and  conconlrlclty  of  shell. 

Operation  M — Final  government  Inspection. 


loai  Qaoon  St.,  W.,  Toronio,  Ontario,  Canada 


TIhtk  an>  In  iiso  In  the  Itnlted  Status  4:15,0(10  niolor  trucks 
with  an  avernRii  capacity  of  2.0  tons. 


Ingenious 
Mechanical  Movements 


By  Franklin  D.  Jones ' 
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First  Installment  of  an  Article  on  Mechanisms  for  Transmitting,  Modifying,  and 
Controlling  Motion  to  Secure  Changes  of  Velocity,  Direction,  and  Time  of  Action" 


IN  the  development  of  new  types  of  machines  or  inventions, 
the  real  problem,  in  many  instances,  is  to  obtain  a  certain 
motion  or  combination  of  related  movements.  The  stresses 
involved  or  the  power  to  be  transmitted,  and  the  proportion- 
ing of  the  different  parts  to  resist  the  stresses  without  ex- 
cessive distortion  or  breakage,  are  frequently  of  little  im- 
portance when  compared  with  the  action  of  the  machine  or 
the  mechanical  movement.  The  designer  or  inventor  conceives 
the  idea  of  accomplishing  some  result  by  mechanical  means, 
and  the  first  question  that  arises  is:  How  can  the  desired 
result  or  effect  be  obtained  mechanically?  It  may  be  apparent 
from  the  nature  of  the  work  to  be  done  that  certain  changes 
in  the  velocity  of  different  parts  are  necessary,  and  that  the 
direction  of  motion  must  be  varied  at  given  intervals.  It  may 
also  be  essential  to  modify  the  motion  so  that  it  is  either 
irregular,  intermittent,  or  both,  with  changes  of  action  occur- 
ring at  uniform  or  variable  intervals  of  time.  If  the  problem 
were  confined  entirely  to  mechanical  action,  it  would  be 
greatly  simplified  in  many  instances,  but,  unfortunately  for 
the  designer  and  inventor,  it  is  of  the  utmost  importance  to 
consider  the  cost  of  manufacturing  whatever  machine  or  mech- 
anism is  being  developed.  If  expense  could  be  disregarded,  it 
would  be  possible  to  do  almost  anything  mechanically.  The 
problem,  then,  is  how  to  accomplish  a  certain  result  without 
employing  a  mechanical  device  which  is  so  complex  that  it 
costs  more  than  it  is  worth.  Many  of  the  most  ingenious  mech- 
anisms in  existence  are  very  simple  and  direct  in  their  action, 
although  they  were  not  all  simple  when  first  constructed. 
When  a  mechanical  device  is  first  being  developed,  the  opera- 
tion it  is  to  perform  may  quite  naturally  overshadow  the  ques- 
tion of  manufacturing  cost,  and  frequently  the  simplifying 
or  the  elimination  of  unnecessary  parts  begins  afterward. 
It  is  evident,  however,  that  at  the  very  beginning  the  simpler 
the  mechanism  Is,  the  bet- 
ter, and  failure  to  recog- 
nize this  fact  l.s  responsi- 
ble for  many  Inventions 
without  coniniorclal  value. 
The  study  of  mechanical 
movements  Is  of  especial 
Importance  at  the  present 
time,  owing  to  the  IncresB- 
Ing  use  of  automatic  and 
seml-aiilomntic  marhlnory 
In  almost  every  lino  of 
manufncturc.  No  attempt 
will  be  made  In  this  arti- 
cle to  present  n  com  pro- 
hensive  treatise  on  me 
chanlcal    movcmontH,    hut 
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rather  to  describe  a  variety  of  mechanisms  which  are  con- 
sidered ingenious  in  their  design  and  which  embody  valuable 
principles  that  may  be  applied  to  various  other  mechanical 
devices. 

Reciprocating  Motion  which  Automatically  Varies 

The  first  mechanism  to  he  described  is  arranged  to  impart 
a  reciprocating  motion  to  a  slide  or  bar  in  such  a  way  that 
the  length  of  the  stroke  is  constantly  increasing  or  decreasing 
from  the  minimum  to  the  maximum,  and  vice  versa.  The  fly 
frames  used  in  the  manufacture  of  cotton  goods  are  equipped' 
with  a  mechanism  of  this  kind  for  traversing  the  rovings  or 
slightly  twisted  slivers  of  cotton  as  they  pass  between  the 
rolls  of  the  fly  frame,  which  is  used  to  make  the  rovings  more 
slender  and  give  them  a  twist.  The  reason  for  traversing  the 
roving  as  it  passes  between  a  steel  and  a  leather-covered  roll 
is  to  prevent  wearing  the  leather  covering  at  one  place.  On 
some  machines,  this  reciprocating  or  traversing  motion  is  ob- 
tained from  a  crank  or  a  cam.  This  simple  arrangement  dis- 
tributes the  wear,  but,  if  the  length  of  traverse  is  uniform,  the 
tendency  is  for  the  leather  covering  to  wear  the  most  at  the 
points  of  reversal.  In  order  to  distribute  the  wear  more 
evenly,  the  mechanism  shown  in  Fig.  1  was  designed.  With 
this  arrangement,  the  length  of  traverse  gradually  increases 
until  it  reaches  a  maximum  and  then  decreases  until  the  short- 
est length  of  traverse  is  obtained;  the  gradual  increasing  and 
decreasing  of  the  stroke  are  then  repeated. 

The  diagram  A  illustrates  graphically  the  action  obtained 
with  a  crank  motion,  and  diagram  B  illustrates  the  variable 
stroke  derived  from  the  mechanism  to  be  described.  The  guide- 
bar  C,  which  extends  the  full  length  of  the  rolls,  has  small 
holes  opposite  each  roll  section  through  which  the  rovings 
pass,  and  it  is  this  guide-bar  which  receives  the  reciprocating 

motion.  The  automatic 
variation  of  the  travers- 
ing movement  is  derived 
from  two  eccentrics  D  and 
/■;,  which  revolve  at  differ- 
ent rates  of  speed.  These 
eccentrics  arc  formed  on 
the  hubs  of  gears  F  and  G. 
which  are  adjacent  to  each 
ollior,  and  are  both  driven 
by  one  worm  II,  us  shown 
by  the  cud  view.  The  mo- 
lion  of  the  eccentrics  Is 
transmitted  to  guldobar  C 
through  rods  J  and  K  and 
the  bracket  /..  One  of  the 
gears  meshing  with  worm 
//  has  one  more  tooth  than 
the  other,  which  causes 
the  gears  to  rotate  at  n 
varying  speed.     The  result 
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is  that  the  eccentrics  formed  on  the  two  gear  hubs  are  con- 
tinually changing  their  position  relative  to  each  other,  which 
automatically  varies  the  length  of  traverse  for  guide-bar  C. 
For  instance,  at  one  period  during  the  cycle  of  movements, 
both  eccentrics  will  move  rods  J  and  K  in  the  same  direction, 
and,  at  another  period,  one  eccentric  rod  will  be  moving  back- 
ward while  the  other  is  moving  forward,  thus  reducing  the 
stroke  of  the  guide-bar.  The  connections  between  the  ec- 
centric rods  and  the  bracket  are  adjustable;  an  adjust- 
ment is  also  provided  where  the  bracket  is  attached  to  the 
guide-bar,    so   that   the   maximum    traverse   may   be    varied. 

Automatic  Tripping  De- 
vices  for  Textile 
Machines 

Some  very  ingenious 
tripping  mechanisms  or 
"stop  motions"  are  ap- 
plied to  different  classes 
of  textile  machines.  The 
examples  described  il- 
lustrate the  possibilities 
of  the  use  of  compara- 
tively simple  devices  for 
automatically  control- 
ling the  action  of  ma- 
chines under  conditions 
which  might,  at  first, 
seem  to  be  very  com- 
plex and  diflScult. 

The    stop    motion 
shown   in  Fig.   2  is  ap- 
"*"^°  plied  to  a  machine  used 

for  twisting  yarn.  The  yarn  passes  from  the  guide  wire  at  A 
around  the  rolls  B  and  C,  through  an  eye  in  wire  D,  and  out 
through  the  guide  at  E.  The  wire  D  is  attached  to  another 
wire  F,  which  is  normally  held  by  the  yarn  in  the  position 
shown  by  the  full  lines.  If  the  yarn  or  thread  should  break, 
the  wires  fall  to  the  position  shown  by  the  dotted  lines,  thus 
bringing  wire  F  into  engagement  with  the  lower  roll  G.  Con- 
tact with  this  roll  immediately  moves  the  wires  to  the  left 
until  a  tongue  O  enters  between  the  rolls  and  raises  B  out  of 
contact  with  C,  which  prevents  it  from  revolving  and  stops 
the  delivery  of  yarn. 

Another  stop  motion  which  acts  when  a  thread  is  broken  ia 
shown  in  Fig.  3.     This  mechanism  is  applied  to  a  ma- 
chine used  for  winding  thread  on  spools.    It  is  designed 
to  raise  the  spool  out  of  contact  with  a  flange  which 
drives  it  by  friction,  it  a  thread  breaks,  thus  arresting 
the  motion  of  the  spool  without  stopping  the  spindle 
on  which  the  spool  is  mounted.    The  device  is  also  ar- 
ranged 80   that  the  wire   which   drops  when   a  thread 
breaks  Is  raised  automatically  to  its  normal  position  for 
rethreadlng.    The  thread  A  passes  through  the  eye  of  a 
drop  wire  B  and  serves  to  hold  this  wire  in  Its  normal 
poRltlon.    Attached  to  this  wire  there  is  a  lever  G  piv- 
oted at  D  and  connected  by  link  E  with  the  catch  /•'.  The 
lever   a   Is   normally   held    In   a   horizontal    position   by 
catch  /■'.    If  a  thread  breaks,  the  dropping  of  wire  B  re- 
leases catch  f  and  lever  (1  falU  to  the  poBltlon  shown  In 
the  lUuHtration.    This  lever  Is  connected  by  a  rod  //  with 
a  sleeve  J  pivoted  at  K.     The  downward  movement  of 
lever   O   swings   the   sleeve   J   about    Its   pivot   and    brings    a 
pin  under  the  nang<-  H  of  the  spool,  thus  raising  It  from  thf 
supporting  disk  1,,  as  shown  In  the  Illustration;   at  the  sanin 
lime,  the  ManKc  of  the  spool  ciiKageH  a  ruhhor  disk  M  which 
stops  the  rotation.    Allm-hcd  to  the  shnft  of  lover  (I,  there  Ik  u 
smnll  nnger  O  which  Is  Klven  o  partial  turn  when  the  culcli 
lover  falls.    As  the  result  of  this  movemnnt,  tho  finger  ongnKCH 
lover  C  and  swlnits  It  with  the  drop  wire  H  back  to  the  normul 
position  for  rfltircadlnic.     As  soon  os  the  cati-h  tnvcr  has  bf-i'ii 
«nKaK<?d  SKoln  with  Ihi?  cotrh  /'',  tho  spool  drops  Into  contint 
with   Its  drIvInK  (lunf(o  and   nxaln   boKlns  to   wind   lliu  yarn. 

Autommtlo  Trip  (or  Wlr«-wlndlnsr  Machine 

Fig.  4  shows  nn  nutomnll>-  trIpploR  device  that   Is  applied 
to  a  machine  used  for  winding  small  wiro  onto  spools.    In  this 


illustration,  A  represents  the  reel  which  contains  the  stock 
of  wire,  and  B  is  the  spool  upon  which  the  wire  is  wound. 
This  spool  is  driven  at  a  constant  speed.  If,  for  some  reason, 
the  wire  should  not  uncoil  easily  from  reel  A,  it  might  be 
broken  or  the  mechanism  damaged,  assuming  that  the  wire 
passed  directly  from  the  reel  to  the  spool.  In  order  to  avoid 
trouble  from  any  resistance  to  uncoiling  which  may  occur,  the 
wire,  after  leaving  the  reel,  is  guided  by  idler  pulleys,  so  as 
to  form  a  loop;  at  the  end  of  this  loop  there  is  an  idler 
pulley  G  mounted  on  a  lever  D,  which  is  free  to  swing  about 
fulcrum  E.  When  the  uncoiling  and  winding  is  proceeding 
under  normal  conditions,  the  weight  of  lever  D  is  sufficient 
to  prevent  the  wire  from  lifting  it;  any  abnormal  resistance, 
however,  such  as  might  be  caused  by  a  kink  on  reel  A,  will 
result  in  swinging  lever  D  upward  into  contact  with  trip  G, 
which,  by  disengaging  a  clutch,  stops  the  machine. 

Electro-mechanical  Tripping  Device 

Certain  classes  of  textile  machines  are  equipped  with  some 
form  of  electrical  control  for  automatically  stopping  the  ma- 
chine when  it  is  operating  under  abnormal  conditions.  A  sim- 
ple method  of  controlling  a  machine  electrically  is  found  on 
some  drawing  frames.  The  upper  and  lower  sections  of  the 
machine  frame  are  insulated  from  each  other,  and  one  pole 
of  a  small  dynamo  is  connected  to  one  frame  section  and  the 
other  pole  to  the  other  section.  The  cotton,  which  is  a  non- 
conductor and  is  constantly  passing  between  the  different  pairs 
of  rolls,  prevents  the  completion  of  the  electrical  circuit  except 
when  the  cotton  breaks  and  both  rolls  of  a  pair  come  directly 
into  contact  with  each  other.  When  this  occurs,  the  electrical 
circuit  thus  formed,  acting  in  conjunction  with  an  electro- 
magnet, swings  a  lever  into  the  path  of  a  revolving  trip  or 
catch,  which,  as  its  rotation  is  stopped,  either  shifts  a  belt 
from  the  tight  to  the  loose  pulley  or  disengages  a  clutch  by 
means  of  suitable  mechanism. 

A  very  simple  form  of  electro-mechanical  device  is  shown 
in  Fig.  5.  This  is  applied  to  looms  and  operates  whenever  a 
thread  breaks.  The  steel  spring  wire  A  is  normally  held 
between  two  threads  in  the  bent  position  shown  to  the  left. 
If  one  of  the  warp  threads  should  break,  the  spring  wire  is 
immediately  released  and  flies  over  to  the  left  into  engagement 
with  rod  B,  as  shown  to  the  right,  thus  closing  an  electrical 
circuit.  This  circuit  is  a  comparatively  weak  one  and  stops 
the  machine  by  means  of  an  electro-mechanical  type  of  mech- 


m-  a. 


lrl]>pln|t   Devil 


,lo,.    Mo 


Ti'itilo   Machin 


anlsm.  The  actual  force  required  for  .stopping  the  machine 
la  HomctlmcB  consldorablo,  iinil  It  Is  derived  by  n  moving  part 
of  the  loom,  llic  t-lortrli-al  iiicrhaiilsm  Ix'Ing  \ihi'iI  .simply  to 
cause  a  locking  effect  that  ciiuhlos  tho  other  part  of  the  mech- 
anism to  operate. 

Automatic  Bpoed-tlmltinu  Devices  for  Enulnen 

A  speod-llmltliiK  device  which  Is  govornod  by  the  Inertia  of  a 
weight  and  the  teiiHlnii  of  a  sprliiK  <»  shown  In  Fig.  H.  This 
uutonuillc  stop  WHS  ileslKlieil  for  iipiillriitiim  to  sleniii  engines, 
but  devices  operiitluK  on  the  Hume  geiienil  principle  could 
itoubtlnss  be  applied  to  other  classes  of  maclilnpry.  This  mech- 
anism Is  primarily  n  safety  device  and  Is  Intended  to  stop  the 
engino  and  previMit  damage  such  as  might  l)o  caused  by  a 
iHirsttng  flywheel.  In  case  the  governor  fiilleil  to  operate.    The 
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lever  A  is  pivoted  at  B  to  the  engine  cross-head  and  is  normally 
prevented  from  swinging  about  pivot  B  by  the  spring  C  at- 
tached near  the  upper  end.  The  inertia  of  weight  D,  which 
may  be  adjusted  along  the  lever  A  tends  to  swing  the  lever 
to  the  right  when  the  motion  is  suddenly  reversed  and  the 
cross-head  moves  to  the  left.  When  the  cross-head  is  at  one 
end  of  its  stroke,  the  upper  end  of  lever  A  is  quite  close  to  the 
catch  E,  which  engages  latch  F.  Rod  G  attached  to  this  latch 
connects  through  whatever  additional  rods  or  levers  may  be 
needed,  with  the  tripping  mechanism  used  in  conjunction  with 
a  quick-closing  valve  which  controls  the  flow  of  steam  to  the 
engine  cylinder.  This  valve  and  its  operating  mechanism  is 
shown  in  detail  at  the  left  of  the  illustration.  Rod  G  is  con- 
nected in  any  convenient  way  with  bellcrank  lever  H,  from 
which  rod  J,  carrying  weights  at  its  lower  end,  is  sus- 
pended. This  rod  passes  through  trip-lever  E,  which 
normally  engages  lever  L  connected  with  the  quick- 
closing  valve  M.  If,  for  any  reason,  the  speed  of  the 
engine  becomes  excessive,  the  lever  A  and  its  attached 
weight  resists  the  sudden  reversal  of  motion  at  the  end 
of  its  stroke  sufficiently  to  overcome  the  tension  of 
spring  C,  and  lever  A  strikes  catch  E,  thus  releasing 
latch  F;  as  rod  J  drops,  the  flange  on  it  strikes  trip  K 
and  allows  the  steam  valve  to  be  closed  by  the  weighted 
lever  N.  This  speed-limiting  device  may  be  adjusted  by 
varying  the  tension  of  spring  C  and  also  by  changing  the 
position  of  weight  D.  The  greater  the  spring  tension 
and  the  nearer  the  weight  is  to  the  pivot  B,  the  faster 
the  speed  will  have  to  be  to  overcome  the  tension  of 
the  spring  at  the  point  of  reversal.  The  handle  0  is 
for  resetting  the  steam  valve,  and  handle  Q  for  tripping 
the  valve  by  hand.  If  remote  control  is  required,  this  may 
be  obtained  by  the  use  of  rods  or  cables  directly  connected 
to  latch  K,  or  by  the  use  of  a  solenoid  R,  as  indicated  by  the 
illustration.  This  automatic  safety  stop  is  recommended  as 
being  simple,  positive  in  action,  adjustable,  inexpensive,  and 
easily  applied  to  almost  any  engine. 

The  automatic  speed-limiting  device  described  in  the  follow- 
ing was  designed  for  application  to  gas  or  gasoline  engines. 
In  case  the  speed  becomes  excessive,  owing  to  the  failure  of  the 
governor,  this  tripping  mechanism,  which  is  of  the  centrifugal 
type,  operates  by  breaking  the  ignition  circuit.  It  may  be 
attached  either  to  the  secondary  shaft  or  to  the  main  shaft. 
The  controlling  element  is  a  weight  A,  Fig.  7,  which  is  at- 
tached to  a  rod  connecting  with  a  spring  B  on  the  opposite 
side  of  the  hub.    This  weight  is  located  within  a  casing  C  car- 
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Fig.   4.     Safety  Tripping   Duvico   for  Wiro-windlng  Machine 

ried  by  a  stud  D  screwed  Into  the  end  of  the  shaft.  Pivoted 
near  the  casing  Is  a  latch  E  which  normally  holds  the  weighted 
trip-lever  F  In  the  position  shown.  The  ignition  switch  is  lo- 
cated at  O,  and  when  lever  F  Is  held  up  by  latch  E,  the  Igni- 
tion circuit  Is  closed.  If  the  speed  of  the  onglno  Is  increased 
to  such  an  extent  that  the  action  of  centrifugal  force  causes 
weight  A  to  fly  outward  against  the  tension  of  spring  B,  the 
end  of  rod  II,  by  striking  catch  E,  releases  lever  F  and  allows 
It  to  fall,  thus  breaking  the  Ignition  circuit. 

Automatic  Ratchet  Reverslnw  Me<-liiiiil»m 

Tlio  Bimpio  design  of  ratchet  rcvorslng  niochanlsm  Illus- 
trated In  Fig.  8  enables  a  ratrhot  wheel  to  be  automatically 
ri'vcrsod  after  making  a  predetermined  number  of  revolutions, 
and  the  arrangement  Is  Buch  that  the  time  of  reversal  or  the 


number  of  revolutions  made  by  the  driven  ratchet  prior  to 
reversal  may  be  varied  at  will  throughout  a  wide  range.  The 
double  pawl  A  is  carried  by  an  oscillating  arm,  and  this  pawl 
engages  the  driven  ratchet  B.  Mounted  concentrically  with  B 
there  is  a  smaller  controlling  ratchet  C,  which  is  normally 
restrained  from  rotating  by  suitable  frictional  resistance.  The 
larger  diameter  of  ratchet  B  prevents  pawl  A  from  engaging 
the  smaller  ratchet  C,  except  when  the  deep  notch  D  is  reached 
by  the  pawl,  which  then  drops  down  into  engagement  with  C. 
The  reversal  of  motion  is  effected  by  the  engagement  of 
the  extension  on  pawl  A  with  one  of  the  trip-dogs  E.  The 
view  to  the  right  shows  the  pawl  at  the  point  of  reversal. 
The  number  of  revolutions  made  by  ratchet  B  prior  to  reversal 
depends  upon  the  number  of  deep  notches  D  and  the  position 


Fig.  6.    Simple  Form  of  Electrical  Control  for  stopping  Loom  when 
Thread  breaks 

of  the  trip-dogs  E.  When  this  mechanism  is  in  operation, 
ratchet  B  receives  an  intermittent  motion  from  the  oscillating 
pawl  A,  and  the  controlling  ratchet  C  remains  stationary  until 
one  of  the  deep  notches  D  is  engaged  by  pawl  A;  then  ratchets 
B  and  C  rotate  together  an  amount  depending  upon  the  mo- 
tion of  the  pawl.  Controlling  ratchet  C  then  remains  station- 
ary until  another  deep  notch  is  engaged.  The  repeated  move- 
ments of  ratchet  C  each  time  the  pawl  drops  into  a  deep  notch 
finally  bring  one  of  the  trip-dogs  E  into  contact  with  the 
projection  on  the  pawl;  the  latter  is  then  swung  around  so 
that  its  opposite  end  engages  ratchet  B,  and,  consequently, 
the  direction  of  rotation  is  reversed.  The  time  of  reversal 
may  be  controlled  by  varying  the  distance  between  the  trip- 
dogs  and  by  having  one  or  more  deep  notches  in  the  driven 
ratchet. 

Automatic  Variation  in  Point  of  Reversal 

One  of  the  many  interesting  mechanisms  found  on  textile 
machinery  is  the  one  employed  on  fly  frames  for  controlling 
the  winding  of  the  roving  on  the  bobbin.  The  speed  of  the 
bobbins,  in  revolutions  per  minute,  is  decreased  gradually  as 
the  continued  winding  of  the  roving  increases  the  diameter, 
so  that  the  peripheral  speed  remains  practically  constant.  As 
the  bobbins  revolve,  they  are  given  a  vertical  reciprocating 
motion,  in  order  to  wind  the  roving  onto  them  in  successive 
helical  layers.  This  winding  of  the  roving  onto  the  bobbin 
involves,  in  addition  to  decreasing  the  speed  as  the  diameter 
increases,  a  decrease  in  the  traversing  speed  of  the  bobbin  and 
a  gradual  shortening  of  the  bobbin  travel  as  one  layer  of  rov- 
ing Is  wound  upon  another.  The  bobbin  should  move  a  dis- 
tance equal  to  the  diameter  of  the  roving  while  it  rotates  rela- 
tive to  tlie  "flyer"  a  distance  equal  to  one  revolution;  there- 
fore, as  the  bobbin  speed  gradually  diminishes,  It  Is  also  neces- 
sary to  decrease  the  rate  of  traverse,  so  that  each  layer  of  the 
roving  will  be  colled  closely.  The  change  In  the  point  of 
reversal  In  order  to  shorten  the  stroke  as  the  bobbin  Increases 
in  diameter  Is  required  In  order  to  form  conical  ends  on  the 
wound  bobbin  and  a  Arm  winding  that  will  not  unravel  and 
cause  trouble,  such  as  would  be  the  result  of  attempting  to 
wind  each  layer  the  full  length  of  the  bobbin.  These  changes 
occur  simultaneously,  although  they  will  be  referred  to  sepa- 
rately In  describing  the  "builder  motion"  Illustrated  diagram- 
raatlcally  In  Fig.  9. 

The  plates  B  and  C  engage  a  screw  A,  which  has  a  right- 
hand   thread  pTlcnding  along  half  Its  length  and  a  left-hand 
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thread  along  the  remaining  half.  These  plates  and  the  screw- 
are  traversed  vertically  with  the  bobbin  carriage.  The  vertical 
shaft  D  carries  a  dog  E  having  two  arms  located  ISO  degrees 
apart.  At  each  end  of  the  stroke,  shaft  D  makes  a  half  turn, 
which  motion  is  utilized  for  reversing  the  motion,  for  shifting 
the  cone  belt  slightly  in  order  to  decrease  the  speed,  and  also 
for  shortening  the  stroke  of  the  bobbin.  As  the  plates  B  and  C 
move  vertically,  one  end  of  the  tumbling  dog  E  bears  against 
them  until  it  slides  off  at  one  end.  Prior  to  the  disengage- 
ment of  the  dog  with  one  of  the  plates,  gear  F  on  the  cone- 
pulley  shaft  revolves  idly  in  a  space  on  the  rim  of  gear  G 
where  the  teeth  are  omitted.  There  are  two  of  these  spaces 
located  180  degrees  apart,  as  the  illustration  indicates.  One 
of  the  projection  pins  on  the  disk  H  at  the  lower  end  of  shaft  D 
is  in  engagement  with  a  lever  J,  which  has  attached  to  it  a 
spring  that  holds  the  lever  against  a  pin  and  tends  to  turn 
shaft  D.  When  dog  E  slides  off  one  end  of  a  plate,  shaft  D  is 
turned  far  enough  by  the  action  of  the  spring  and  lever  J 
to  bring  gear  G  into  mesh  with  pinion  F;  consequently,  gear  O 
is  revolved  one-half  turn,  or  until  pinion  F  engages  the  space 
on  the  opposite  side  where  there  are  no  teeth.  The  partial 
rotation  of  shaft  D  shifts  the  reversing  gears  through  a  con- 
nection at  the  lower  end  and  starts  the  bobbin  carriage  and 
plates  B  and  C  in  the  opposite  direction.  As  the  opposite  end 
of  the  tumbling  dog  E  swings  around,  it  engages  one  of  the 
plates  and  again  causes  a  reversal  of  motion  as  it  slides  off 
the  opposite  end. 

The  .shifting  of  the  belt  on  the  cone  pulley  at  each  reversal, 
for  gradually  decreasing  the  speed  as  the  bobbin  winding  in- 
creases Its  diameter.  Is  obtained  by  connecting  rack  M  with 
shaft  D  through  the  pinion  N  and  the  train  of  gearing  shown. 
This  rack  M  has  a  fork  attached  to  it  that  connects  with  the 
cone  belt,  and  It  Is  traversed  slightly  each  time  dog  E  slides 
off  a  plate  and  allows  shaft  D  to  turn  one-half  revolution.  The 
reduction  In  the  length  of  the  carriage  traverse  Is  obtained  by 
revolving -screw  A  at  each  reversal  and  thus  shortening 
the  distance  between  the  plates  B  and  C.  This  rotation 
of  the  screw  Is  effected  by  pinion  P.  which  engages 
rack  M  and  transmits  motion  through  the  other  gears 
shown  to  the  extension  Q  on  the  screw,  which  Is  made 
iKIuarc  and  is  free  to  slide  through  the  gear  hub  as  the 
carriage  moves  vertically.  Ah  the  plates  B  and  0  are 
moved  toward  each  other,  the  tumbling  gear  E  has  a 
■horti.-r  surface  to  Iruverso  before  It  Is  dlsengaROd. 
Thexe  two  plates  both  move  the  same  dlslanco,  so  that 
the  point  of  reversal  dncronsos  at  ooch  end  ond  the  bob- 
bin Is  wound  conical  at  both  ends.  The  roving  delivered 
by  the  front  roll  Is  either  tightened  or  slackened  by  en- 
IcaKlng  pinion   It  with   one  of  the  three  genrs  shown. 

Oparntlnn  of  Clutcbo*  tor  RoverMnu  Motion 

When  a  reversal  of  motion  depends  upon  the  action 
of  a  clutch  whl<;h  Is  shlflml  from  one  Roar  to  another 
rerolvlnit  In  an  opposite  direction.  It  Is  essential  lo 
oporato  the  rliitrh  rapidly  ond  to  aerure  n  full  eiiKiiK<> 


ment  of  the  clutch  teeth.  Provision  should  also  be  made 
against  disengagement  of  the  clutch  as  the  result  of 
vibrations  incident  to  the  operation  of  the  machine. 
There  are  two  common  methods  of  controlling  the 
clutches  used  in  connection  with  the  bevel-gear  type  of 
reversing  mechanism.  One  form  of  control  may  be  de- 
fined as  the  swinging-latch  type  and  the  other  as  the 
beveled-plunger  type.  The  general  principle  of  opera- 
tion is  the  same  in  each  case,  and  is  as  follows:  When 
the  work-table,  or  whatever  part  is  to  be  reversed,  ap- 
proaches the  end  of  its  stroke,  a  spring  is  compressed, 
and  then  a  latch  or  trip  allows  this  compressed  spring 
to  throw  the  reversing  clutch  suddenly  and  rapidly  from 
one  gear  to  the  other.  Reversing  mechanisms  of  this 
general  design  are  often  called  the  "load-and-fire"  type, 
because  the  spring  is  first  loaded  or  compressed  and 
then  tripped  to  secure  a  rapid  movement  of  the  clutch 
and  a  reversal  of  motion  at  a  predetermined  point  within 
close  limits.  The  action  of  the  compressed  spring  also 
insures  a  full  engagement  of  the  clutch  teeth  and  pre- 
vents the  clutch  from  stopping  in  the  central  or  neutral 
position,  which  might  occur  if  a  spring  were  not  used  and  the 
momentum  of  the  part  to  be  reversed  were  insufficient  to  carry 
the  clutch  across  the  space  intervening  between  the  two  re- 
versing gears. 

The  reversing  mechanism  illustrated  in  Fig.  11  is  a  bevel- 
gear  type  equipped  with  the  swinging-latch  form  of  clutch 
control.  This  mechanism  is  applied  to  a  cylindrical  grinding 
machine  for  reversing  the  motion  of  the  work-table,  and  is 
located  at  the  rear  of  the  machine.  The  rockshaft  H  extends 
through  to  the  front  of  the  machine  and  has  attached  to  it  a 
lever  which  is  engaged  by  dogs  on  the  work-table,  the  distance 
between  these  dogs  being  varied  according  to  the  length  of 
stroke  required.  At  the  rear  end  of  rockshaft  H  there  is  a 
lever  G,  which,  by  means  of  link  J,  transmits  motion  to  the 
reversing  mechanism.  As  the  work-table  approaches  the  end 
of  its  stroke,  lever  G  swings  either  to  the  right  or  the  left,  as 
the  case  may  be.  If  the  motion  is  to  the  left,  tappet  A,  con- 
nected to  link  J,  compresses  spring  L  on  rod  M  and  forces 
block  D  against  a  square  shoulder  on  the  lower  side  of  latch  B. 
Continued  movement  of  tappet  A  to  the  left  causes  the  beveled 
side  of  A  to  lift  latch  B,  thus  releasing  block  D,  which,  with 
rod  M,  is  thrown  rapidly  to  the  left  under  the  impulse  of  the 
compressed  spring  L. 

After  the  movement  of  shaft  M  to  the  left,  the  shoulder  on 
latch  C  drops  in  behind  block  E.  The  fork  N  on  rod  M  also 
throws  shaft  0  to  the  left  and  with  it  the  reversing  clutch  F, 
which  is  keyed  to  this  shaft.  The  motion  that  prior  to  re- 
versal was  transmitted  through  bevel  pinion  P  to  the  main 
gear  R  is  now  from  pinion  Q  to  R,  so  that  the  movement  of 
the  work-table  is  reversed.  When  the  work-table  approaches 
the  end  of  its  stroke  in  the  other  direction,  tappet  A  is  moved 
to  the  right,  thus  compressing  spring  S.  Then  latch  0  Is  lifted 
by  the  beveled  edge  on  A,  and  the  parts  M,  N,  and  0  are 
quickly  shifted  to  the  right  by  spring  ^<?,  thus  again  reversing 
tlie  motion. 
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If  the  operator  desires  to  stop  the  traversing  movement  at 
the  end  of  the  stroke,  this  may  be  done  by  the  movement  of  a 
knob  located  in  the  center  of  the  table-traversing  handwheel 
at  the  front  of  the  machine.  This  knob 
is  connected  with  a  plunger  T,  which, 
by  pressing  the  knob,  may  be  held 
under  pressure  against  the  reversing 
clutch  F.  When  this  clutch  is  shifted 
at  the  end  of  the  stroke  either  by 
springs  L  or  S,  plunger  T  drops  into  a 
groove  in  clutch  F,  thus  holding  it  in 
the  central  or  neutral  position.  The 
knob  previously  referred  to  may  be  set 
at  any  part  of  the  stroke  to  stop  the 
traversing  movement  at  the  end  of  that 
stroke.  The  withdrawal  of  the  knob 
again  starts  the  traversing  movement 
without  any  further  action  of  the 
operator.  The  shaft  connecting  with 
bevel  gear  R  extends  to  the  front  of  the 
machine,  and,  through  suitable  gearing, 
transmits  a  rectilinear  motion  to  the 
work-table  of  the  grinding  machine. 
The  load-and-fire  reverse  mechanism  is 
of  especial  value  on  grinding  machines 
having  a  traversing  movement. 

"Pattern  Chain"  for  Variable  Clutch 
Control 

When  clutches  are  engaged  or  disen- 
gaged   automatically,    their    action    is 
usually    controlled    either   by    cams    or 
some  form  of  revolving  carrier  having 
one  or  more  lugs  or  dogs  that  engage  the  clutch-operating 
lever.     The   ingenious  method   of  controlling  clutches   illus- 
trated at  A  in  Fig.  10  is  applied  to  a  textile  machine  known  as 
a  "twister,"  which   is  used   for  producing  fancy  yarns. 
The  variations  in  the  yarn  are  obtained  by  controlling 
the  action  of  two  sets  of  delivery  rolls.    The  lower  rolls 
r  and  s  of  each  set  support  the  upper  rolls  c  and  d. 
Splined  to  the  end  of  roll  r  is  a  shifting  clutch  mem- 
ber e,  which  revolves  the  roll  when  engaged  with  the 
clutch  teeth  on  the  hub  of  gear  /.    A  similar  clutch  and 
gear  combination  is  located  at  g  for  driving  the  lower 
Bet  of  delivery   rolls.     The  upper   clutch   Is   connected 
with  lever  g.  pivoted  at  )i,  and  the  lower  clutch  with 
lever  ;',  pivoted  at  k.    The  action  of  these  clutch  levers 
Is  governed  by  a  pattern  chain  I  suspended  on  a  drum  m. 
As  this  drum  revolves,  the  rollers  of  the  pattern  chain 
come  into  engagement  with  the  lower  ends  of  the  clutch 
levers,  thus  shifting  the  clutches  Into  and  out  of  engage- 
ment.    Ily  rhnnglng  the  position  of  the  rolls  or  risers 
of  the  pattern  chain,  the  pattern  of  the  yarn  may  be 
varied  and  different  fancy  effects  obtained.     The  chain 
drum  Is  revolved  by  means  of  change-gearing  for  vary- 
ing  the   speed   according   to   requirements.     The   clutch 
Kfars   are  rotated   continuously,   and   the   delivery   rolls 
lire  only  stopped  when  a  kmit  Is  being  formed,  both  sots 
of  rolls  being  rotated  while  the  yarns  are  being  twisted 
together  between  the  knots. 

Another  application  of  an  endless  chain  for  controlling 
the  ongaRcmont  nnd   dlsoiigaKonicnt  of  a  chitc-h   nl  pre- 


determined intervals  Is  illustrated  at  B,  Fig.  10.  This  mech- 
anism is  applied  to  a  loom.  The  vertical  shaft  o  is  driven 
through  bevel  gearing  (not  shown)  at  the  lower  end,  from 
the  driving  shaft  of  the  loom.  The  upper  end  of  shaft  a  car- 
ries a  clutch  member  ft,  which  is  engaged  by  the  shifting 
clutch  member  c  splined  to  shaft  d.  Shaft  d,  through  the  bevel 
and  spur  gearing  shown,  is  connected  with  the  chain  drum  or 
cylinder  e  carrying  the  clutch  controlling  chain  /.  Above  this 
chain  there  is  a  lever  g,  pivoted  at  h  and  connected  by  link  i 
with  another  lever  j,  pivoted  at  k.  The  pin  1  connecting  the 
link  and  lever  engages  a  slot  in  bellcrank  m,  the  movements 
of  which  are  controlled  by  a  spring  ji  and  a  connector  o,  which 
extends  to  another  part  of  the  machine.  The  vertical  slot  in 
lever  m  has  a  short  horizontal  section  at  the  upper  end. 

The  action  of  the  mechanism  is  as  follows:  When  the  clutch 
members  are  engaged,  the  chain  drum  and  chain  revolve,  and 
when  one  of  the  links  p  engages  lever  g,  the  lower  lever  j  is 
raised,  thus  locating  pin  q  in  the  upper  part  of  the  annular 
groove  of  the  shifting  clutch  member. 
As  soon  as  pin  I  at  the  end  of  lever  ; 
reaches  the  upper  end  of  the  vertical 
slot,  the  bellcrank  lever  m  swings  over 
under  the  action  of  spring  n,  thus  en- 
gaging pin  I  with  the  horizontal  part  of 
the  slot  and  locking  the  lever  j  in  the 
upper  position.  As  soon  as  the  lever  j 
is  raised,  a  projection  engages  pin  g  and 
disconnects  the  clutch,  thus  stopping 
the  rotation  of  shaft  d.  The  link  p  on 
the  pattern  chain  is  no  longer  under 
the  roller  of  lever  g,  but  this  lever  is 
still  held  in  the  upper  position  by  the 
engagement  of  pin  I  with  the  horizontal 
slot  in  bellcrank  lever  vi.  The  clutch 
remains  disengaged  until  the  connector  o 
swings  the  vertical  part  of  lever  m  to 
the  right,  allowing  upper  clutch  mem- 
ber c  to  engage  the  lower  part  again. 
The  movements  of  the  connector  are 
controlled  by  another  chain,  which  oper- 
ates on  the  same  general  principle  as 
the  one  referred  to. 

Full-stroke  Mechanism  to  Insure  Com- 
pletion of  a  Movement 
Mechanisms  are  sometimes  so  ar- 
ranged that  hand-operated  movements 
are,  to  some  extent,  controlled  mechani- 
cally, to  prevent  motion  in  the  wrong  direction  or  incomplete 
action.  The  full-stroke  ratchet  mechanism  shown  in  Fig.  12 
is  used  on  the  Ellis  adding  typewriter  to  prevent  the  operator 
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from  starting  handle  A  and  not  completing  the  required  move- 
ment. For  instance,  if  handle  A  is  in  the  upper  position,  as 
shown  at  the  left,  any  downward  movement  must  be  continued 
until  the  handle  has  made  a  complete  stroke  before  it  can 
be  reversed  for  returning  it  to  the  original  or  upper  position. 
Similarly,  if  the  lever  is  at  the  lower  end  of  its  stroke,  as 
shown  by  the  view  to  the  right,  any  upward  movement  must 
be  completed  before  the  direction  of  motion  can  be  reversed. 
This  positive  control  of  the  action  of  handle  A  is  obtained  in  a 
very  simple  manner.  As  the  handle  is  moved  downward  or 
upward,  pawl  B  is  carried  with  it.  This  pawl  is  pivoted  to 
part  D  and  normally  held  In  a  vertical  position  by  a  spring. 
When  handle  A  is  at  the 
upper  end  of  its  stroke,  as 
shown  at  the  left,  and  a 
downward  movement  Is 
started,  pawl  B  engages 
sector  C  and  its  upper  end 
swings  to  the  right;  as 
the  downward  movement 
of  handle  A  continues, 
pawl  B  engages  successive 
notches  in  sector  C,  and 
locks  into  one  of  these 
notches  if  an  attempt  is 
made  to  return  handle  A 
before  the  downward  stroke 
is  completed.  When  han- 
dle A  has  been  pushed  all 
the  way  down  (as  shown 
to  the  right),  pawl  B  drops 
into  the  enlarged  notch  E 
of  sector  C,  where  there 
is  enough  room  to  permit 
the  pawl  to  swing  around 
to  the  vertical  position; 
consequently,  as  soon  as 
handle  A  is  moved  upward, 
the  top  of  pawl  B  swings 
to  the  left  and  again  en- 
gages successive  notches  in 
sector  C,  thus  preventing 
any  return  of  handle  A  to 
the  lower  position  until 
the  pawl  has  cleared  the 
upper  end  of  the  sector 
and  again  swings  to  a 
vertical  position. 

Two-speed  Intermittent 
Rotary  Motion 
The  fast  and  slow  mo- 
tion of  the  pattern  cylin- 
der of  a  certain  type  of 
loom  is  derived  from  the  re- 
versible intermittent  gear- 
ing shown  In  Fig.  13.  The 
large  gear  A  Is  mounted 
on  the  pattern  cylinder 
shaft,  and  receives  Its  mo- 
tion either  through  the 
scgmi-nt  gear  and  crank 
combination  B  or  through 
a  Mlniilar  rombinutlon  0.  these  two  combinations  being  used 
to  roverse  the  direction  of  rotation.  Gear  D  Is  the  driver  for 
this  train  of  meohanlsm.  Whether  the  motion  Is  transmitted 
from  gear  D  to  tho  pattern  gear  A  through  the  crank  and  seg- 
ment gear  combination  B  or  through  combination  C  dopcndH 
upon  the  position  of  a  sliding  k<-y  /■'.  An  Intfrmlllont  fast  and 
slow  motion  Is  oblalnod  with  ollhor  oomblnutlon.  When  koy  /' 
looks  tho  crank  and  gear  //  to  tho  shaft,  the  pattern  gear  Is 
rotated  at  a  rolatlvoly  slow  spood  wlmn  tho  segment  pinion 
Is  acting  as  tho  driver,  and  at  a  faster  spnod  when  tho  crank- 
pin  E  comps  nround  Into  pngagomni.t  with  ono  of  tho  radial 
*'■  '  't'-rn  KPnr.    When  this  dlrcrt  drlvo  Is  employed, 
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key  F  is  pushed  in  to  engage  gear  H,  which  then  drives  gear  O 
and  the  combination  at  C. 

Intermittent  Movement  Derived  from  Crank  and  Cam  Combination 

The  interesting  form  of  mechanism  illustrated  in  Fig.  14  is 
used  on  moving  picture  cameras  and  also  for  feeding  films 
through  printing  machines.  It  is  commonly  referred  to  as  a 
"claw"  mechanism  or  movement.  The  claw  or  hook  A  is 
double  and  engages  evenly  spaced  perforations  along  each  edge 
of  the  film.  When  this  device  is  applied  to  a  moving  picture 
camera,  the  film  is  drawn,  from  a  roll  in  the  film  box,  down 
in  front  of  the  lens  and  then  passes  to  a  reel  in  the  receiving 

box.  The  film  remains  sta- 
tionary during  each  ex- 
posure and  is  drawn  down- 
ward between  successive 
exposures,  which  are  made 
at  the  rate  of  sixteen  a  sec- 
ond. The  hook  A,  which 
engages  the  film  and  moves 
it  along  intermittently  and 
with  much  rapidity,  re- 
ceives its  motion  from  a 
crank  and  cam  combina- 
tion. The  two  gears  B  and 
U  revolve  in  opposite  direc- 
tions. Gear  B  has  a  crank- 
pin  upon  which  the  hook 
is  pivoted.  An  extension 
of  this  hook  has  a  curved 
cam  slot  that  engages  a 
pin  on  gear  C.  As  the  two 
gears  revolve,  the  hook  is 
given  a  movement  corre- 
sponding approximately  to 
the  D-shaped  path  indi- 
cated by  the  dotted  lines. 
While  this  mechanism  is 
shown  in  a  horizontal  po- 
sition, it  is  normally  verti- 
cal, with  the  hook  upper- 
most, when  in  operation. 
Some  of  the  other  claw 
mechanisms  in  use  differ 
from  the  one  shown  in  re- 
gard to  the  arrangement 
of  the  operating  crank  and 
the  cam  or  curved  slot  for 
modifying  the  crank  mo- 
tion. For  instance,  the 
cam,  in  some  cases,  is  a 
separate  part  that  is  placed 
between  the  crank  and  the 
lilm  hook,  a  pin  on  the 
hook  lever  engaging  the 
cam  slot.  Another  type  of 
claw  mechanism  derives 
the  downward  motion  for 
moving  the  film  and  the 
in  and  out  motion  of 
the  film  hook  from  sepa- 
rate cam  surfaces. 

Rapid  Internilttont  Motion  of  Movlntf  Picture  Prolector 

A  very  rapid  Intormitlcnt  motion  Is  rcciuirod  on  moving  pic- 
ture projectors.  Tho  dim  Is  not  moved  cnnllnuously,  but  each 
view  or  positive  on  It  Is  drawn  down  to  I  he  projecting  position 
while  the  shutter  Is  cloHod,  and  (In-  nim  rcmitins  stationary 
for  n  fractloniil  part  of  a  serond  while  the  picture  Is  exposed 
on  tho  Hcroen;  then,  while  the  Bliuller  Ih  iigiiin  I'losed,  tho  next 
successive  view  Is  moved  to  tlio  projecting  position.  It  Is  ap- 
parent, thorcforo,  that  moving  pictures  nro,  In  roaltty,  a  serlos 
of  stationary  pictures  thrown  upon  tho  screen  In  such  rapid 
succession  that  they  are,  In  effoct,  blended  togolhor,  and  any 
action  or  movement  appears  conllnuouH.  It  Is  Important  to 
givo  the  nim  n  very  rapid  Inlormlllent  motion,  bernuHi;  It  Is 


Fig.  11.     Spring  and  Latch  Type  of  Beversing  Clutch  Control 
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Fig.   13.     Two-speed  Reversing  Intermittent   Gearing 

necessary  to  have  the  shutter  closed  when  this  movement  oc- 
curs; and  the  length  of  time  that  the  shutter  is  closed  should 
be  reduced  to  a  minimum.  This  shutter  is  in  the  form  of  a 
wheel  or  disk,  and  it  has  a  fan-shaped  section  which  passes 
the  projector  lens  while  the  film  is  being  shifted.  In  order 
to  avoid  flicker  on  the  screen,  the  shutter  has  two  additional 
fan-shaped  sections.  With  these  three  equally  spaced  sections, 
the  light  is  not  only  shut  off  from  the  screen  during  each 
successive  film  movement,  but  it  is  also  shut  off  twice  between 
each  movement  at  uniform 
intervals.  By  closing  the 
shutter  twice  while  the  pic- 
ture is  on  the  screen,  the 
flicker  that  would  be  visi- 
ble and  annoying  it  the 
shutter  were  only  closed" 
while  moving  the  film  is 
multiplied  to  such  an  ex- 
tent that  it  becomes  almost 
continuous  and  is  practi- 
cally eliminated  as  far  as 
the  observer  is  concerned, 
assuming  that  the  pro- 
jector is  operated  at  the 
proper  speed.  The  width  and  area  of  that  section  of  the  shut- 
ter which  is  passing  the  lens  when  the  film  is  being  moved  is 
governed  by  the  time  required  for  the  film  movement.  Theo- 
retically, the  area  of  each  section  or  segment  of  the  shutter 
should  be  equal,  although,  in  practice,  the  two  extra  sections 
are  made  of  somewhat  smaller  area  than  the  main  one,  in 
order  to  Increase  the  open  space  and  the  percentage  of  area 
left  for  the  passage  of  light. 

There  Is  an  important  relation  between  this  shutter  wheel 
and  the  Intermittent  motion  or  gearing  of  the  projector.  This 
is  due  to  the  fact  that  the  shutter  must  be  closed  while  the  film 

Is  being  shifted.    With  the  mechanism  to  be  described.       

the  film  movement  is  very  rapid,  so  that  the  shutter 
blades  may  be  proportionately  reduced  in  area,  leaving 
more  open  space  for  the  light.  The  Intermittent  motion 
referred  to  Is  shown  in  Fig.  15  and  Is  used  on  the  Power 
moving  picture  projector.  This  mechanism  is  composed 
of  a  disk  or  wheel  A.  having  an  annular  flange  or  ring  B, 
which  has  two  diagonal  slots  across  It  as  shown;  this 
wheel,  which  Is  the  driver,  Imparts  nn  Intermittent  mo- 
tion to  the  follower  II,  which  carries  tour  equally  spaced 
pins  or  rollers  that  engage  the  ring  B  on  wheel  A.  Each 
time  this  wheel  makes  one  revolution,  the  follower  U  Is 
turnod  onc-quartor  revolution  and  In  the  same  direction, 
as  Indicated  by  the  arrows.  The  follower  Is  stationary 
except  when  It  is  engaged  by  the  slots  or  cam  surfaces 
formed  on  one  side  of  ring  B.  During  this  stationary 
period,  the  ring  B  simply  passes  betwoon  the  tour  pins 
on  the  follower,  two  of  these  pins  being  on  the  outside 
and  two  on  the  Inside  of  the  ring. 


The  quarter-turn  movement  is  obtained  in  the  follow- 
ing manner:  When  the  projection  or  cam  surface  G  on 
the  revolving  wheel  A  strikes  one  of  the  pins,  the  rota- 
tion of  the  follower  begins,  and  the  pins  are  so  spaced 
that  one  on  the  outside  moves  through  a  diagonal  slot 
in  ring  B  while  a  pin  on  the  inside  moves  outward 
through  the  other  slot.  For  instance,  if  the  pins  C  and  D 
are  on  the  outside  and  E  and  F  on  the  inside,  pin  D  will 
first  be  engaged  by  cam  surface  G  and,  as  the  follower 
revolves,  pin  C  will  pass  in  through  one  diagonal  slot 
while  pin  E  is  moving  to  the  outside  of  the  ring  through 
the  other  slot.  At  the  completion  of  the  quarter-turn 
movement,  pins  C  and  F  will  be  on  the  inside  and  D  and 
E  on  the  outside.  As  wheel  A  continues  to  revolve, 
ring  B  simply  passes  between  these  closely  fitting  pins, 
which  lock  the  follower  against  movement  until  pro- 
jection G  again  comes  around  and  strikes  the  next  suc- 
cessive pin  on  the  follower. 

The  follower  operates  a  toothed  wheel  or  sprocket 
which  connects  with  the  film  and  moves  it  downward 
each  time  the  shutter  is  closed.  Above  and  below  the 
intermittent  gearing  there  are  other  sprockets  which 
rotate  continuously,  and  these  are  so  timed  that  a  loop  of 
film  is  formed  above  the  intermittent  gearing  that  is  just 
large  enough  to  provide  for  one  film  movement,  which  is 
equivalent  to  the  length  of  one  view  or  positive.  As  the  film 
is  drawn  down  rapidly  by  the  intermittent  mechanism,  a  loop 
is  formed  below  it  which  is  taken  up  by  the  lower  sprocket 
as  the  film  is  wound  upon  the  lower  receiving  reel.  The  nor- 
mal speed  of  wheel  A  is  sixteen  revolutions  per  second,  and 
it  has  been  operated  at  two  or  three  times  the  normal  speed. 

The  time  required  for  turn- 
ing the  follower  one-quarter 
revolution  is  approximate- 
ly one-sixth  of  the  time  for 
a  complete  revolution,  or 
1/96  second,  when  running 
at  normal  speed.  With  the 
well-known  Geneva  wheel, 
which  has  been  applied  to 
many  projectors,  approxi- 
mately one-quarter  of  the 
time  is  required  for  the 
intermittent  action;  there- 
fore, the  shutter  blades 
must  be  of  larger  area 
than  when  the  film  movement  occurs  in  one-sixth  of  the  time. 
However,  with  the  mechanism  shown  in  Fig.  15  there  is  less 
tendency  to  subject  the  film  to  injurious  stresses.  The  locking 
of  the  follower  during  the  stationary  period  is  also  more 
secure,  especially  at  the  critical  time  when  near  Ihe  operating 
point.  The  three  holes  in  ring  B  are  to  compensate  for  the 
slots  on  the  opposite  side  and  to  balance  wheel  A. 

The  concluding  installment  of  this  article  will  deal  with 
mechanisms  for  the  conversion  of  rotary  and  rectilinear  mo- 
tions and  devices  for  automatically  disengaging  a  driven  mem- 
ber whenever  resistance  to  motion  increases  excessively. 
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SALVAGING  OF  TOOLS 

There  is  not  enough  steel  in  the  world  today  to  go  around. 
Anything  tending  to  economize  steel  is  a  measure  of  vital 
importance.  The  salvaging  of  tools — making  new  tools  from 
old — saves  steel.  It  has  developed  into  quite  a  business;  it 
should  be  developed  further.  The  subject,  which  is  of  na- 
tional importance,  is  covered  comprehensively  in  the  leading 
article  in  this  number  of  Machinery.  Salvaging  of  tools  is 
not  only  valuable  because  of  the  individual  economies  that  it 
may  effect;  it  is  valuable,  above  all,  because  it  prevents  the 
waste  of  badly  needed  materials  on  an  enormous  scale  through- 
out the  country. 

Primarily,  of  course,  saving  of  material  by  the  salvaging  of 
tools  is  a  war  measure;  but  it  also  has  been  found  profitable 
In  itself  by  those  who  have  adopted  it  in  their  factories. 
Hence,  its  survival  after  the  war  is  over  is  assured — which 
proves  once  more  that,  terrible  as  war  is.  It  has  made  us 
realize  how  wasteful  we  are  as  a  nation;  but  now  that  we  have 
learned  our  lesson  at  awful  cost  it  will  be  of  inestimable 
value  to  us  when  peace  reigns  anew  over  our  land. 

the:  labor  problem 

How  should  the  labor  problem  be  handled?  Ask  any  em- 
ployer. Ask  any  employe.  The  chances  are  that  each  will 
have  an  opinion  different  from  that  of  any  other  employer 
or  employe.  The  only  way  to  get  at  the  consensus  of  opinion 
Is  by  a  thorough  Investigation  of  the  whole  problem  both 
from  the  employers'  and  the  employes'  point  of  view.  Such 
an  InveHllgallon  has  been  carried  out  by  the  President's  Media- 
tion Commission.  It  has  reported  that  the  main  causes  of 
labor  dinicultlos  In  the  ITnlted  States  are:  refusal  of  many 
employers  to  doal  with  the  tnon  collectively;  abHoiico  of  dlH- 
Intorosted  aKoncles  to  which  resort  may  bo  had  for  ponceful 
scttlQmont  of  labor  disputes;  Ignorance  of  both  capital  and 
labor  rcRardlng  th"lr  ri'Mpocllve  needs;  grli-vano-H  ns  to  hours 
and  woKPS  that  create  n  permanent  attltudo  of  III  will  and  mls- 
und'Tntandlnjt.  To  remedy  these  evils  the  commlltco  rncom- 
monilcd  Iho  followlriK:  collectlvo  bargninlng;  machliuTy  for 
seltllng  disputes;  tho  olKhthour  day;  iitilllod  udmlnlHlrallon 
of  governmental  lobor  agciicli's;  abandoumont  of  output  re- 
strictions; oltmtnatlon  of  profiteering. 

The  (lupstlon  of  labor  I*  tho  most  Important  problem  con- 


fronting the  management  of  present-day  industrial  undertak- 
ings. You  caiuiot  side-step  it.  You  cannot  solve  it  by  out- 
worn ideas.  Be  you  employer  or  employe,  you  must  meet  it 
with  an  open  mind  and  a  willingness  to  recognize  fundamental 
factors.  If  the  problem  is  tackled  in  such  a  spirit  there  is  no 
reason  why  it  should  not  be  settled  without  labor  disturbances 
and  to  the  mutual  advantage  of  employer  and  employe. 

THE  MACHINE  TOOL  INDUSTRY  AFTER 
THE  WAR 

There  is  no  good  ground  for  pessimism  about  the  machine 
tool  industry  after  the  war.  The  indications  are  that  peace 
will  bring  a  heav>'  demand  for  machine  tools,  especially  in  the 
four  following  directions: 

The  railroads,  the  equipment  of  which  has  dropped  below 
par,  must  necessarily  get  it  back  into  first-class  condition. 
The  building  of  ships  is  not  going  to  stop  with  the  war.  On 
the  contrary,  not  for  many  years  will  the  world's  merchant 
marine  be  built  up  sufficiently  to  meet  the  requirements  of 
the  world's  trade.  The  motor  truck  in,dustry  has  come  into  its 
own  during  these  stormy  years.  Its  development  when  peace 
returns  bids  fair  to  surpass  even  the  extraordinary  develop- 
ment of  the  passenger  automobile  trade  ten  j-ears  ago.  We 
shall  have  an  airplane  industry  after  the  war.  The  airplane 
when  used  under  normal  conditions  is  a  safe,  reliable  means 
of  conveyance  and  it  is  probable  that  it  will  be  put  to  various 
uses;   for  instance,  as  a  mail-carrier. 

There,  then,  are  tour  industries  in  which  the  demand  for 
machine  tools  will  be  great  when  the  war  is  over.  These  and 
other  great  national  activities,  to  which  the  war  has  lent  im- 
petus, have  in  store  for  them  a  long  period  of  continued 
activity  in  the  coming  years  of  peace. 

DIFFICULTY  IN  OBTAINING  PIG  IRON 

Manufacturers  are  finding  it  increasingly  difficult  to  obtain 
pig  iron  for  use  in  their  foundries.  -  Some  blast  furnace  opera- 
tors, seeking  to  protect  themselves,  request  manufacturers  to 
state  where  their  castings  are  to  be  used,  before  supplying 
the  raw  material.  It  is  not  always  possible  for  a  manufacturer 
to  state  that  the  castings  which  he  expects  to  make  are  for 
immediate  use  in  the  manufacture  of  war  material,  although 
the  product  of  most  manufacturers  of  machine  tools  and  at- 
tachments Just  now  will  ultimately  be  used  by  the  Govern- 
ment, even  if  the  latter  has  not  ordered  it  at  the  moment 
when  the  castings  are  made. 

The  Government,  it  would  seem,  might  introduce  some 
method  for  the  distribution  of  iron  and  coke  to  the  blast 
furnaces  that  would  permit  furnace  operators  to  sell  pig 
iron  to  manufacturers  without  requiring  the  latter  actually 
to  show  an  order  from  the  Government  for  the  material 
which  they  intend  to  manufacture.  It  every  manufacturer 
must  wait  for  a  Government  order  before  he  can  buy  pig 
iron  for  making  his  castings,  serious  delays  will  result.  If 
nobody  makes  any  machine  tools,  chucks,  pumps,  etc.,  for 
stock,  nothing  will  be  provided  ahead  of  the  Immediate  needs 
of  the  Ordnance  Department,  so  that,  when  the  Government 
wants  to  equip  a  factory  for  making  some  specified  ordnance 
material,  months  will  drag  along  before  even  the  necessary 
machine  tools  can  be  obtained. 

Tho  Government's  theory  seems  to  bo  that  everyone  who  Is 
selling  goods  to  tho  United  States  has  a  big  contract  on  hand, 
requiring  months  to  complete,  the  exact  tonnage  for  which 
can  bo  flgurod  In  advance.  Many  manufnctiirers  of  machine 
tools  know,  however,  that  small  orders  from  tho  Government 
have  been  tho  rule  rnlluT  than  tho  exception.  When  It  Is 
possible  to  nil  such  ordcrM  from  stock,  everybody  Is  bcnollted 
and  the  Governnu'nt  obliilns  Its  war  iniilorlHls  more  rapidly. 

If  n  manufacturer  Is  engngud  In  tho  making  of  cHsoutlal 
articles,  such  ns  mnchino  tools,  atlachnionts  or  other  devices 
UHod  In  mnnuracturing  war  matorlnls,  he  should  bo  permitted 
to  obtain  piK  iron  Irrespecllvo  of  whether  or  not  his  product, 
nt  tho  piirtlculiir  tlnir>  when  he  places  Ills  order  for  Iho  row 
inatorlitl.  In  actually  conlriictod  for  by  tho  Oovernnicnt.  Ue- 
Htrlctlons  In  tho  xupplylnK  of  pig  Iron  llko  those  ontlliieil 
above  seriously  hamper  tho  conduct  of  tho  war. 
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PLANNING  FOR  WAR  WORK 

MAKING      ESTIMATES      FOR      MANUFACTURING     FOR     THE 

GOVERNMENT  AND  EQUIPPING  A  FACTORY 

FOR  WAR  WORK 

BY  ALFRED  SPANGENBERQI 

A  manufacturer  who  wants  to  undertake  the  making  of  war 
materials  or  other  supplies  for  the  Government  may  either  be 
in  the  position  of  having  a  factory  that  can  be  turned  into  a 
war  establishment  already  equipped  for  the  period  of  the  war, 
or  he  may  have  facilities  for  building  and  equipping  a  new 
factory  to  undertake  such  work.  In  case  he  has  a  factory  al- 
ready equipped,  it  is,  of  course,  important  that  he  select  the 
right  kind  of  work  for  the  machine  tool  equipment  on  hand. 
Even  if  he  is  to  equip  a  new  factory,  it  is  the  best  plan  to  select 
some  class  of  work  that  can  be  made  with  general-purpose  ma- 
chine tools,  as  then,  when  the  war  contract  is  completed,  the 
equipment  may  be  used  for  the  manufacture  of  some  'other 
line.  In  general,  therefore,  it  may  be  said  that  when  possible 
a  contract  that  can  be  completed  mainly  by  an  equipment  of 
lathes,  milling  machines,  grinders,  planers,  boring  mills,  drill- 
ing machines,  and  gear-cutters  is  of  the  greatest  advantage. 
The  bid  can  be  made  lower  because  the  machine  tools  can  be 
diverted  into  other  uses  after  the  completion  of  the  work.  The 
contract  can  be  completed  more  rapidly,  as  special  machinery 
need  not  be  ordered,  and  on  the  whole  both  the  Government 
and  the  manufacturer  are  best  served  by  the  selection  of  such 
a  contract  as  the  present  equipment  is  best  fitted  to  handle. 

Factors  to  Consider  in  Estimating'  on  a  Contract 

Having  determined  upon  the  class  of  work  best  fitted  for 
the  organization  and  equipment  already  on  hand  or  most  easily 
obtainable,  the  next  thing  is  to  secure  from  the  Ordnance  De- 
partment at  Washington  complete  blueprints  and  specifications 
of  the  work  to  be  done.  As  soon  as  the  amount  of  material 
needed  for  a  given  contract  has  been  determined,  it  is  necessary 
to  secure  immediately  from  the  sources  of  supply  information 
concerning  prices  and  deliveries  of  the  materials  required  and 
of  the  additional  machine  tool  equipment  necessary.  The  size 
of  the  contract  to  be  undertaken,  that  is,  the  number  of  parts  or 
units  for  which  the  manufacturer  should  bid,  is  determined 
by  several  factors:  (1)  By  the  available  buildings,  if  no  fur- 
ther additions  are  desirable;  (2)  by  the  available  equipment 
and  the  dates  of  delivery  of  new  equipment  to  be  bought;  (3) 
by  the  available  and  possible  labor  supply;  (4)  by  the  avail- 
able working  capital,  which,  of  course,  determines  several  of 
the  factors  above;  (5)  by  the  dates  of  delivery  of  the  material, 
devices,  or  machines  to  be  made  for  the  Government. 

Quite  frequently,  the  most  desirable  work  suitable  for  the 
organization  or  machine  tool  equipment  cannot  be  selected  for 
bidding,  because  it  is  impossible  to  secure  early  enough  de- 
liveries of  the  additional  machine  tool  equipment  needed. 

Estimating-  Cost  of  Work 
In  order  to  determine  the  cost  of  the  work  as  a  basis  for 
the  bid  and  also  tlie  number  or  sizes  of  machine  tools  required, 
each  part  to  be  made  must  be  considered  separately  with  re- 
gard to  the  various  machining  operations.  The  time  required 
for  every  operation  must  be  estimated.  It  this  time  estimate 
la  carefully  made  and  recorded  it  will  prove  of  considerable 
value  in  sotting  the  piece  rates.  Having  made  the  time  esti- 
mate, it  will  be  possible  to  determine  how  many  machines  of 
each  typo  and  size  are  retiuired,  how  much  the  overhead  cost 
will  be,  and,  In  consequence,  the  total  cost  of  the  work,  so  that 
the  proper  bid  can  bo  made.  In  obtaining  tho  time  estimates 
It  has  been  found  that  the  machine  tool  builders  are  generally 
willing  to  cooperate  by  suKBosting  designs  of  special  equip- 
ment for  their  machines  and  giving  the  approximate  time  in 
which  operations  can  be  done  with  such  attachments. 

Selectlnir  Machine  Tool  Eciulpraent 
The  war  will  not  last  forever,  and  for  tliat  reason  the  ma- 
chine tool  equipment.  If  It  has  to  be  bought  for  the  work, 
Rhould  be  selected  with  this  idea  In  view.  Mainly,  general- 
purpose  machine  tools  should  bo  Installed  Instead  of  special 
machines,  so  that  the  factory  can  bo  used  for  commercial  work 


after  the  war.  In  doing  so,  a  few  of  the  guiding  principles 
would  be  as  follows:  Instead  of  putting  in  a  number  of  ma- 
chines of  one  size,  although  all  the  work  could  be  done  on  that 
size,  it  is  an  advantage  to  consider  future  requirements  and 
to  put  in  a  variety  of  sizes.  As  an  example,  assume  that  eight 
No.  2  milling  machines  would  be  satisfactory  for  the  work  in 
hand.  A  more  balanced  equipment  for  future  use  would  be  pro- 
vided, however,  if  the  equipment  selected  included  four  No.  2 
machines,  two  No.  3  machines,  and  two  No.  4  machines.  This, 
of  course,  would  not  be  quite  as  economical  on  the  present 
contract  as  would  eight  machines  of  the  smaller  size,  but  in 
most  instances  the  more  balanced  equipment  would  prove  more 
useful  in  the  manufacturing  to  be  undertaken  after  the  war. 

Machines  that  are  suited  to  a  number  of  different  operations 
are  preferable  to  those  that  can  be  used  for  one  or  a  few  oper- 
ations only,  although  some  of  these  different  operations  may 
not  be  required  for  the  contract  in  hand.  While  single-pur- 
pose machines  may  be  more  economical  for  the  present  work, 
the  guiding  principle  is  an  unknown  future  factor,  and  as  in 
many  instances  it  is  not  possible  at  this  time  to  determine 
what  work  the  shop  will  eventually  do  when  peace  comes,  it 
is  better  to  provide  for  a  wide  variety  of  operations. 

Even  though  it  may  cause  some  delay  in  delivery,  it  is 
worth  while  to  try  to  obtain  machines  from  one  manufacturer, 
as  it  is  then  possible  to  use  the  attachments  and  other  auxil- 
iary equipment  on  the  interchangeable  plan.  This  is  quite  an 
important  factor  in  equipping  any  factory.  Heavy  machines 
are  advantageous,  even  though  the  present  contract  could  be 
done  satisfactorily  on  lighter  machines,  because  it  is  likely 
that  in  the  future  machine  tools  will  be  required  to  stand  up 
under  cuts  that  are  as  heavy  as  stellite  or  high-speed  steel  tools 
will  permit,  and  for  this  reason  the  heavier  the  machine  the 
better.  Motor-driven  machines  are  in  many  instances  an  ad- 
vantage, but  at  the  present  time  they  can  only  be  obtained  at 
a  sacrifice  in  time  of  delivery,  on  account  of  the  difficulty  of 
obtaining  electrical  equipment. 

While  some  of  the  work  to  be  made  may  be  quite  special  in 
its  nature,  attachments  for  standard  machine  tools  will  gen- 
erally make  it  possible  to  carry  out  the  operations  satisfactor- 
ily when  the  contract  is  not  large  enough  to  warrant  the  pur- 
chasing or  the  designing  and  making  of  special  machinery. 
For  example,  a  circular  arc  can  be  milled  on  a  plain  milling 
machine  by  a  special  attachment.  Less  expensive  machine  tools 
can  also  often  be  utilized  to  advantage  for  special  operations. 
A  lathe,  for  example,  can  be  temporarily  utilized  as  a  horizon- 
tal boring  machine  by  providing  means  for  guiding  boring- 
bars.  Automatic  machines  may  not  be  warranted  on  account 
of  the  comparatively  small  number  of  parts  to  be  made,  and 
while  it  will  take  more  time  to  make  these  parts  on  a  standard 
machine  tool,  it  may  sometimes  be  advisable  to  do  so,  as  the 
investment  in  the  automatic  machine  might  greatly  increase 
the  cost  of  the  parts.  As  a  rule,  there  are  many  small  parts 
which  can  be  more  advantageously  sublet  than  made  in  the 
shop,  such  as  small  screws,  bolts,  studs,  and  nuts.  It  is  often 
also  an  advantage  to  have  a  firm  specializing  in  graduating  do 
such  work,  if  the  contract  requires  graduations  to  be  made. 
While  waiting  for  the  material  to  be  delivered,  jigs  and  fix- 
tures for  the  contract  are  designed  and  the  machine  tool  equip- 
ment may  be  kept  employed  on  the  fixture  work. 

Arranerement  of  Machines 

The  grouping  of  the  machine  tools  will  be  found  most  effec- 
tive for  general  requirements  if  done  according  to  the  kind  of 
machine  or  class  of  operation  to  be  performed.  Of  course,  in 
the  making  of  shells,  fuses,  or  similar  war  work,  where  thou- 
sands of  interchangeable  parts  are  passed  through  the  shop 
dally,  grouping  according  to  kinds  of  machines  would  not  be 
advisable,  as  in  the  latter  case  the  grouping  should  be  such 
that  the  material  may  pass  in  one  continuous  flow  through  the 
shop.  When  a  comparatively  small  number  of  complete  ma- 
chines or  devices  are  to  bo  made,  however,  grouping  according 
to  class  of  machine  tool  has  several  advantages,  one  of  which 
Is  that  It  permits  group  drive  from  a  short  llneshatt  driven  by 
an  electric  motor.  In  this  way,  the  llneshaft  for  the  same  class 
of  machines  may  1)0  driven  at  the  most  suitable  speed  for  this 
type  of  tools. 
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Tool  Equipment  and  Jigrs 

The  tool-room  is  the  heart  of  the  shop,  and  should  be  well 
equipped.  Interchangeable  manufacture,  the  fundamental  prin- 
ciple of  economical  production,  can  only  be  secured  by  making 
Jigs  and  fixtures  that  are  accurate.  Hence,  the  tool-room 
equipment  should  include  the  necessary  outfit  of  surface  plates, 
test  indicators,  vernier  height  gages,  parallels,  block  gages  for 
obtaining  accurate  measurements,  and  checking  up  gages  for 
maintaining  the  required  standard  of  accuracy.  In  purchas- 
ing the  tools  the  same  principles  should  be  applied  as  in  the 
selection  of  the  machine  tool  equipment.  Tools  of  general  ap- 
plication should  be  used  in  preference  to  special  tools  when 
possible,  and  those  of  the  same  class  should  preferably  be  pur- 
chased from  one  manufacturer.  It  is  well  to  have  the  tool 
equipment  complete  and  a  full  line  of  standard  sizes  of  ream- 
ers, drills,  counterbores,  and  taps  greatly  facilitates  the  work 
in  the  shop,  the  making  of  jigs  and  fixtures,  and  the  repairs 
on  the  machine  tool  equipment.  Time  is  saved  in  not  having 
to  wait  for  sizes  not  on  hand,  and  an  ample  supply  of  high- 
speed milling  cutters,  including  plain,  side,  and  end  mills  is 
required,  as  well  as  an  ample  supply  of  lathe  and  planer  tools 
of  standard  shapes.  Each  lathe,  planer,  and  shaper  should 
have  its  own  complete  equipment  of  these  tools,  with  several 
sets  of  duplicate  tools  kept  ground  to  the  proper  shape  in 
the  tool-room.  The  practice  of  having  the  workmen  grind 
their  own  tools  should  be  discouraged. 

While  the  advantage  of  having  fixed  gages  cannot  be  denied, 
work  of  the  nature  referred  to  in  the  preceding  paragraphs  can 
be  more  economically  done  by  using  adjustable  limit  gages,  be- 
cause these  may  be  utilized  for  future  work  when  the  present 
contract  is  completed. 

STANDARD  METHODS  FOR  DIMENSIONING 
DRAWINGS 

The  engineering  departments  of  large  manufacturing  con- 
cerns have  come  to  realize  the  necessity  of  adopting  standard 
methods  of  dimensioning  drawings.  This  necessity  arises 
from  the  frequent  mistakes  made  in  reading  dimensions  on 
drawings  when  the  draftsman  Is  allowed  to  use  any  method 
that  he  prefers.  It  is  only  natural  where  many  draftsmen 
are  employed  that  widely  different  methods  will  be  used  that 
confuse  the  foremen  and  machinists  to  whom  the  drawings 
are  given.  To  avoid  these  mistakes,  the  engineering  depart- 
ment of  a  large  concern  manufacturing  war  munitions,  fur- 
nishes each  member  of  the  engineering  department  with  a 
copy  of  a  data  sheet  giving  the  following  directions: 

All  dimensions  of  48  Inches  and  under  are  to  be  shown  In 
Inches;  dimensions  over  48  inches  are  to  be  shown  in  feet 
and  Inches. 

The  Inch  sign  Is  not  to  be  used  upon  gage  drawings  or 
upon  tool  equipment  drawings,  when  the  sizes  are  below  48 
Inches. 

Upon  drawings  for  buildings,  floor  plans,  etc.,  the  foot  and 
Inch  signs  will  be  used,  but  will  Invariably  be  given  the  re- 
verse slant,  In  order  to  avoid  confusion  with  the  minute  and 
second  signs  of  subdivisions  of  the  circle. 

The  decimal  subdivisions  of  the  Inch  will  be  used  Invariably 
upon  all  drawings  of  machine  and  tool  equipment;  but  the 
fractional  Hubdlvlslons  of  the  Inch  will  be  used  upon  drawings 
of  buildings,  floor  plans,  etc.;  also  In  notes  calling  for  standard 
taps,  reamers,  bolts,  etc.  Decimal  points  should  be  made 
heavy. 

When  a  dimension  Is  not  to  scale.  It  Is  to  bo  underscored 
with  a  heavy  black  line. 

If  mor<!  than  two  views  of  a  piece  are  shown,  the  distances 
between  tlio  projoctod  views  are  to  be  equal,  care  being  taken 
that  vlfWH  are  neither  crowded  nor  too  far  apart. 

Unimportant  dlmonHlons.  If  any,  nhould  bo  left  blank,  so 
that  workmr^n  will  know  whore  to  work  <loHe. 

Overall  dimeniiionii  should  always  be  given. 

Arrow  heads  should  bo  made  freehand  and  about  CO  do- 
grcoa  between  wingN. 

LtmltN  of  Variation  from  Kxnct  DlmenBlonH 
All  It  in  lmprn''t|rn|  to  work  to  the  oxnct  dimonslnnfl  given 

on   the  drnwlnijii.  tho  limits  of  variation   pormlHsIhln  will   bn 

Indlcntod    by    tho   number   of   dorlmal    placoa   used,    upon    the 

ffillowInK  baiiU: 
P'lgureii  carried  to  one  decimal  place  Indicate  that  tho  tolnl 

limit  Is  0.1  or  ±0.06.    Figuroi  carried  to  two  floclmol  ploreii 


indicate  that  the  total  limit  is  0.01  or  ±0.005.  Figures  car- 
ried to  three  decimal  places  indicate  that  the  total  limit  is 
0.001  or  ±0.0005.  Figures  carried  to  four  decimal  places  In 
dicate  that  the  total  limit  is  0.0001  or  ±0.00005. 

When  a  dimension  is  followed  by  the  plus  sign  (  +  ),  it  in- 
dicates that  any  variation  from  the  given  dimension  must  be 
over  size  within  the  total  limit. 

When  a  dimension  is  followed  by  the  minus  sign  ( — ),  It 
indicates  that  any  variation  from  the  given  dimension  must 
be  under  size  within  the  total  limit. 

When  a  dimension  is  followed  by  an  "approximation  sign" 
(ap),  it  is  to  be  understood  that  any  reasonable  limit  of  va- 
riation will  be  permitted. 

When  the  variation  permissible  is  different  from  that  given 
above,  the  dimension  is  to  be  followed  by  the  plus  and  minus 
sign  (±),  the  plus  sign  (  +  ),  or  the  minus  sign  ( — ),  and  the 
amount  of  limit,  thus: 

1.2±1  indicates  that  total  limit  is  0.2  or,  plus  or  minus  0.1. 

1.82±2  indicates  that  the  total  limit  is  0.04  or,  plus  or 
minus  0.02. 

1.258±5  indicates  that  the  total  limit  is  0.010  or,  plus  or 
minus  0.005. 

1.0937±3  indicates  that  the  total  limit  is  0.0006  or,  plus 
or  minus  0.0003. 

1.1875±20  indicates  that  the  total  limit  is  0.004  or,  plus  or 
minus  0.002. 

1.3906+30  indicates  that  the  dimension  must  not  be  under 
size,  but  may  be  0.003  over  size. 

0.1285  —  20  indicates  that  the  dimension  must  not  be  over 
size,  but  may  be  0.002  under  size. 

0.281^^  indicates  that  the  total  limit  is  0.003  and  that  the 

dimension  may  be  0.002  over  or  0.001  under  size.  A. 


AN  INDICATOR  USED  FOR  CUTTING 
INTERNAL  THREADS 

BY  ALFRED  E.  CAKTER' 

On  old  lathes  there  are  often  found  deep  file  marks  on  the 
bed,  which  were  used  to  indicate  the  stopping  place  while  cut- 
ting internal  threads.  This  was  done  by  many  early  mechan- 
ics in  order  to  tell  when  the  bottom  of  a  hole  was  reached,  and 
also  to  avoid  breaking  the  tool.  When  there  is  a  squared  bot- 
tom or  shoulder  in  a  threaded  hole,  it  is  customary  to  recess 
to  the  depth  of  the  thread  in  order  to  clear  the  point  of  the 
tool,  but  whether  this  is  done  or  not,  the  following  is  a  positive 
way  of  telling  when  the  tool  has  reached  the  same  place  every 
time,  and  without  breaking  the  tool  in  doing  so: 

Run  the  tool  in  the  hole  to  the  correct  depth  with  the  lead- 
screw  engaged  before  beginning  to  cut.  Then  mark  the  lathe 
bed,  with  chalk,  as  close  to  the  carriage  as  possible;  fasten  a 
heavy  wire  to  the  lathe  bed  by  means  of  a  clamp,  or  by  placing 
it  under  one  of  the  screws  of  the  headstock,  so  that  it  points 
across  the  side  of  the  jaw  chuck  in  line  with  the  operator's 
eyes.  Next,  mark  the  side  of  the  chuck  opposite  the  end  of 
the  wire  and  proceed  to  cut  the  thread  as  usual.  It  is  appar- 
ent that  If  the  operator  will  carefully  watch  the  mark  on  the 
bed,  until  the  carriage  is  approximately  the  width  of  one 
thread  short  of  the  full  distance,  the  mark  on  the  chuck  will 
also  be  seen  just  passing  under  the  pointer.  The  operator 
should  next  watch  for  the  mark  on  the  chuck  coming  over 
again,  and  as  it  reaches  the  pointer,  which  Is  exactly  as  first 
set,  disengage  the  tool  and  reverse  the  lathe,  thus  avoiding  all 
possibilities  of  destroying  the  tool  and  the  work. 

Owing  to  the  large  outside  diameter  of  tho  chuck,  the  mark 
would  have  to  be  some  distance  eltlior  side  of  the  pointer  to 
make  an  appreciable  variation  In  the  tool  travel.  This  method 
Is  more  accurate  than  If  the  tool  were  visible  to  tho  operator. 
If  there  Is  a  large  recess,  It  Is  possible  to  do  without  the  point- 
er, as  there  Is  little  dlfllculty  in  gaging  tho  position  of  the 
mark  with  tho  oyo. 

It  Ib  sometimes  necessary  to  discard  proccdoiit  and  adopt 
unusual  methods  In  order  to  facilitate  mnnufncturing  procoaecs. 
An  oxampio  Is  to  bo  found  In  tho  now  method  of  building  and 
launcliing  concrete  boats  which  la  being  omi)loy(>d  In  Norway. 
It  hns  been  found  that  tho  boats  arc  cast  much  more  easily 
when  liullt  bottom  sldo  up.  Whon  this  mellind  In  cinployod  the 
bnalH  are  InunclKMl  upsiilo  down,  nnd  as  tho  air  Is  pormlttod 
to  oHcapo  from  llui  nir HkIiI  rhonibora  In  tho  Interior,  tho 
vcsBol  automatically  rights  Itself. 
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MEASURING  TEMPLETS  AND  SCREW  THREADS  WITH  A  MICROSCOPIC 

MEASURING  MACHINE' 


CONSTRUCTION  AND  ADJUSTMENT  OF  MEASURING  MACHINE  AND  APPLICATION  FOR  TESTING  ACCURACY  OF 
TEMPLETS  OR  CONTOUR  GAGES  AND  SCREW  THREADS 

BY  FRANKLIN  D.  JONES^ 


MICROSCOPIC  measuring  machines  provide  a  convenient 
and  accurate  means  of  measuring  certain  forms  of 
templets  and  gages  wliicli,  because  of  their  shape,  can- 
not readily  be  measured  by  other  forms  of  precision  measuring 
instruments.  The  microscopic  measuring  machine  referred  to 
in  the  following  is  used  in  conjunction  with  end  measuring 
gages,  and  it  differs  in  this  respect  from  the  type  that  depends 
upon  the  accuracy  of  a  screw  for  determining  the  length  meas- 
urements. This  machine  is  shown  in  Fig.  1  with  a  hob  be- 
tween the  centers,  as  it  is,  of  course,  used  for  testing  tools  of 
this  kind  and  plain  screw  threads,  as  well  as  templets  or 
gages,  form  tools, '  or  any  edge  or  contour,  the  accuracy  of 
which  cannot  be  tested  by  ordinary  means. 

The  machine  has  a  rigid  box-shaped  bed  upon  which  Is 
mounted  a  table  A.  fitted  with  centers  for  holding  all  tools 
having  centered 
ends.  The  center 
seen  at  the  left  has 
a  crosswise  adjust- 
ment which  enables 
the  part  being  test- 
ed to  be  lined  up 
accurately.  When 
taking  length  meas- 
urements, table  A 
is  adjusted  along 
the  bed  whatever 
distance  may  be  re- 
quired. This  dis- 
tance is  determined 
by  placing  stand- 
ard measuring  rods 
or  gage-blocks  be- 
t  w  e  e  n  hardened 
contact  pieces.  One 
of  the  contact 
pieces  is  attached 
to  the  end  of  table 
A  and  the  other 
one  is  fixed  to  block 
B.  The  microscope 
is  mounted  on  a 
compound  slide- 
rest  having  move- 
ments parallel  with,  and  at  right  angles  to,  the  table  slide. 
The  microscope  may  be  adjusted  vertically,  of  course,  for  focus- 
sing, and  it  Is  fitted  with  two  hairlines.  One  of  these  may 
be  rotated  with  the  outside  tube,  whereas  the  other  one  ro- 
tates with  the  eye-piece.  The  outer  tube  has  a  large  dial  C, 
which  is  graduated  In  half  degrees.  The  eye-piece  carries  a 
vernier  graduated  for  taking  readings  to  one  minute,  so  that 
the  angle  between  the  two  hair-lines  may  be  determined  with 
considerable  accuracy. 

This  machine  Is  shown  in  Fig.  2  fitted  with  an  apparatus 
for  illuminating  whatever  edge  or  contour  on  the  work  la 
under  observation.  The  object  of  using  this  apparatus  Is  to 
obtain  a  better  Illumination  than  is  afforded  by  uncontrolled 
lighting.  The  rays  of  light  from  an  electric  bulb  are  directed 
onto  the  surface  of  a  mirror  located  directly  beneath  the  side 
or  edge  of  the  work  under  observation.  The  light  rays  are 
reflected  upward  by  the  mirror,  thus  showing  the  profile  of 
the  work  In  distinct  relief  when  viewed  through  the  micro- 
scope. This  Illuminating  attachment  Is  carried  by  a  bracket 
bolted  to  the  rear  side  of  the  bed.    The  electric  bulb  Is  located 

'For   ailcllllnnnl    Infnnnnllon    on    Ihn-nd    trallnff,    uro    "rrojirtlnn    Mi-thod    of 
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inside  and  at  the  outer  end  of  the  tube  shown.  At  the  other 
end  of  this  tube  there  is  a  collecting  lens,  and  midway  between 
the  bulb  and  the  lens  is  a  metal  partition  having  a  small  hole 
through  which  the  light  passes  and  is  then  diffused  by  a  piece 
of  ground  glass  fitted  over  the  hole.  The  light  tube  can  be 
adjusted  in  a  lengthwise  direction  for  varying  the  strength  of 
the  illumination.  The  rod  which  carries  the  mirror  has  a  rack- 
and-pinion  adjustment  for  locating  the  mirror  in  the  correct 
position  relative  to  the  work. 

Length  Measurements 

When  making  a  plain  length  measurement  with  this  ma- 
chine, the  work  is  clamped  to  the  table,  which,  in  turn,  is 
clamped  to  the  bed  after  a  measuring  rod  or  one  or  more  gage- 
blocks  has  been  placed  between  the  two  compact  pieces.    The 

microscope  is  then 
focussed  on  the  end 
or  edge  of  the  part 
to  be  measured  and 
is  adjusted  until 
the  hair-lines  coin- 
cide with  the  par- 
ticular point  from 
which  the  measure- 
ment is  to  be  made. 
The  table  is  next 
adjusted  a  distance 
equal  to  the  re- 
quired measure- 
ment, by  means  of 
other  measuring 
rods  or  blocks.  The 
position  of  the  hair- 
line relative  to  the 
work  then  shows 
whether  the  dis- 
tance between  the 
points  on  the  work 
corresponds  to  the 
actual  measure- 
ment or  to  the  dif- 
ference between  the 
lengths  of  the  two 
measuring  rods.    It 


there  is  any  variation,  the  amount  of  error  can  be  determined 
readily  by  adjusting  the  compound  slide  of  the  micrometer 
until  the  hair-lines  exactly  coincide  with  the  second  point  on 
the  work;  the  graduated  dial  of  the  micrometer  slide  then  Indi- 
cates the  error.  As  the  hair-lines  can  both  be  rotated,  they 
can  be  set  to  coincide  with  whatever  edge  or  profile  the  meas- 
urement is  to  be  taken  from. 

Measurement  of  Templets 

The  gage  or  templet  shown  in  Fig.  3  is  an  example  of  the 
class  of  work  which  may  easily  be  measured  by  this  machine. 
The  particular  measurements  Indicated  in  the  illustration, 
however,  would  be  rather  diflicult  to  check  with  any  other 
form  of  gage  or  measuring  instrument.  This  templet  is 
clamped  to  tho  table  with  its  long  sides  parallel  to  the  edges 
of  the  table  and  with  one  of  the  angular  edges  or  ends  of  the 
recess  under  tho  microscope.  One  hairline  Is  adjusted  to  cover 
the  long  side  of  the  templet  and  the  other  Is  located  at  right 
angles,  the  Intersection  coinciding  with  the  outer  corner  from 
which  the  measurement  Is  to  be  made.  (We  shall  assume  that 
two  end-measuring  rods  arc  used  having  a  difference  In  length 
of  2V6  Inches.)  The  table  Is  next  moved  along  the  bed  and 
reclamped  with  the  longer  measuring  rod  In  position.     Since 
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this  gives  a  movement  of  2% 
Inches,  which  is  somewhat 
greater  than  the  distance  to 
be  measured  on  the  gage,  the 
compound  slide  is  used  to  ob- 
tain the  exact  adjustment  re- 
quired. For  instance,  if  the 
measurement  is  between  the 
outer  corners  of  the  high- 
limit  side  of  the  gage,  the 
compound  slide  will  have  to 
be  adjusted  an  amount  equal 
to  2.5  —  2.422  =  0.07S  inch. 

The  hair-line  should  first  be 
set  to  coincide  with  the  work 
before  taking  the  reading.  If 
the  micrometer  is  first  ad- 
justed to  the  required  dimen- 
sion and  an  observation  is 
then  made  to  see  if  the  hair- 
lines coincide  directly  with 
the  work,  slight  errors  in  the 
reading  are  more  likely  to 
occur.  By  repeating  the  adjustments  previously  referred  to, 
the  length  of  the  notch  or  recess  at  the  bottom  can  also  be 
determined.  The  depth  of  the  recessed  portion  is  tested  by 
simply  setting  one  hair-line  to  cover  the  outer  edge  and  then 
adjusting  the  compound  slide  until  this  hair-line  coincides 
with  the  inner  edge,  the  reading  between  the  two  positions 
being  noted. 

When  setting  the  long  sides  of  the  gage  or  templet  parallel 
to  the  table,  the  hair-lines  may  be  used  to  advantage.  One 
of  the  hair-lines  is  set  parallel  with  the  table  edge,  and  at  the 
same  time  the  templet  is  held  by  hand  so  that  it  also  coincides 
with  this  edge.  The  table  is  then  moved  slowly  in  an  end- 
wise direction,  and  by  adjusting  the  hair-line  and  templet 
with  the  table  movement  a  parallel  setting  can  be  obtained. 
After  the  templet  is  clamped  to  the  table,  its  position  should 
be  tested  again. 

The  form  of  templet  shown  in  Fig.  4  is  another  interesting 
example  of  the  class  of  work  for  which  the  microscopic  meas- 
uring machine  is  adapted.  In  this  case,  a  measurement  equiva- 
lent to  2.6043  inches  is  taken  near  the  upper  end  of  the  templet. 
The  measurement  is  taken  between  two  points  along  the 
curved  sides  instead  of  attempting  to  measure  from  one  corner 
of  the  gage  to  the  other,  which  is  difficult,  especially  when,  as 
In  this  case,  the  corner  is  formed  by  the  intersection  of  a 
curve  and  a  straight  line.  As  the  illustration  shows,  the  meas- 
urement Is  taken  at  points  located  5  inches  from  the  base 
of  the  templet.  It  is  necessary  first  to  determine  this  dlmen- 
Blon  (2.6043  inches)  by  calculation.  The  templet  Is  then  care- 
fully set  with  Its  two  straight  sides  parallel  with  the  edges  of 
the  table  and  with  the  shorter  side  under  the  microscope.  The 
hair-lines  are  set  at  right  angles  to  each  other,  and  with  one 
of  them  covering  the  edge  or  short  side.  The  microscope  Is 
then  moved  over  0.190  Inch  In  this  particular  case,  and  an 
ordinary  length  measurement  Is  taken  from  one  curve  to  the 
other  by  the  method  previously  described  for  plain  length 
measurements.  The  width  of  the  base  Is  measured  without 
any  calculation,  as  the  tangent  to  the  curve  Is  at  right  anglos 


Microscopic  Measuring  Machine  equipped  with  Apparatus  for 
iUuminating  Work 


to  the  base  line,  so  that  it  is 
easy  to  set  the  hair-lines  to 
coincide  with  these  edges. 
One  hair-line  is  adjusted  to 
coincide  with  the  base  or 
lower  edge,  and  the  other  one 
is  set  at  right  angles.  The 
length  is  then  measured  in 
the  usual  way. 

Still  another  example  of 
templet  measurement  is  illus- 
trated in  Fig.  5,  which  shows 
the  master  templet  for  a  gear 
hob  forming  tool.  After  this 
templet  is  cut  out,  the  angle 
of  the  flanks  is  tested  and 
also  the  thickness  at  the  pitch 
line,  the  width  at  the  top,  and 
the  other  dimensions  indi- 
cated. 

Measurement  of  Screw  Threads 


The  microscopic  measuring 
machine  may  be  used  for  testing  the  pitch,  depth,  and  angle 
of  screw  threads  or  the  teeth  of  hobs,  taps,  or  chasers.  If  the 
threads  are  finer  than  six  per  inch,  the  pitch  and  angle  can  be 
measured  in  one  operation.  The  coarser  threads  require  two 
operations,  one  side  of  the  thread  being  used  while  measuring 
the  pitch.  To  test  the  angle  of  a  thread,  the  microscope  is 
focussed  on  the  thread  profile,  and  one  hair-line  is  rotated  until 
it  coincides  exactly  with  one  side  of  the  thread;  the  other  hair- 
line is  then  adjusted  to  coincide  with  the  other  side  of  the 
thread.  In  order  to  do  this,  an  adjustment  of  the  compound 
slide  may  be  necessary.  The  thread  angle  is  indicated  by  the 
reading  on  the  graduated  dial  C,  Fig.  1.  In  order  to  test  the 
pitch,  the  table  is  next  moved  endwise  any  whole  number  of 
inches  up  to  twelve.  After  this  adjustment,  if  the  hair-lines 
again  coincide  exactly  with  a  thread,  this  indicates  that  the 
pitch  is  accurate,  although  to  detect  local  errors  or  those  that 
might  exist  between  adjacent  threads  or  in  relatively  short 
lengths  of  the  screw  would  require  repeated  observations.  The 
depth  of  thread  is  easily  determined  by  superimposing  one 
hair-line  on  the  other  and  then  setting  the  hair-lines  to  coin- 
cide first  with  the  tops  and  then  with  the  roots  of  the  thread. 
The  micrometer  dial  of  the  compound  slide-rest  indicates  the 
depth  and  whatever  error  there  may  be. 

When  measuring  a  hob  or  tap,  the  microscope  can  be  fo- 
cussed directly  on  the  sharp  profile  or  cutting  edge  of  the  tool, 
but  if  a  plain  screw  thread  is  to  be  tested,  the  focussing  is  a 
little  more  difficult.  A  simple  method  of  obtaining  the  cor- 
rect focus  is  to  use  a  small  block  of  steel  or  other  material 
having  two  parallel  faces  lapped  to  a  polish.  The  distance  be- 
tween these  parallel  faces  should  be  equal  to  the  height  of 
the  work-holding  centers  of  the  measuring  machine.  On  one 
of  the  faces  a  fine  line  should  bo  scratched,  and  then  the 
microscope  can  be  aicurntely  focussed  on  this  line  before 
placing  the  work  between  the  centers. 

The  machine  Illustrated  In  Fig.  1  Is  made  by  Alfred  Herbert, 
Ltd.,  Coventry,  England.  This  machine  was  used  at  first  In 
the  tool-room   for  the  accurate  measurement  of   form   tools. 
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Fig.  5.     Master  Templet  for  a  Gear  Hob  Forming  Tool 

gages,  screw  threads,  etc.,  and  proved  to  be  so  valuable  for 
this  work  that  it  was  placed  ofl  the  market.  The  machine 
will  measure  lengths  up  to  a  maximum  of  12  inches,  and  the 
microscope  has  a  magnification  of  25  diameters. 


ADVANTAGES  OF  COMPARING  MANUFAC- 
TURING METHODS 

BY  D.  M.  PERRILLl 

Recently  the  superintendent  of  a  large  shipbuilding  concern 
that  has  three  plants  on  the  Great  Lakes  found  that  in  one  of 
the  shops  it  took  twice  as  long  to  perform  a  certain  drilling 
operation  as  it  did  in  one  of  the  others.  For  some  time  it 
had  been  noted  that,  while  the  drilling  department  of  one  plant 
was  able  to  keep  its  work  moving  under  the  present  demands, 
the  other  department  was  constantly  behind.  An  investigation 
showed  that  one  shop  was  using  coarser  feeds;  by  adopting  the 
same  feeds,  the  other  drilling  department  was  able  to  increase 
its  production  so  that  no  further  delays  on  this  account  were 
experienced.  A  further  comparison  of  the  results  obtained  in 
all  the  departments  of  the  three  plants  resulted  in  a  great 
saving. 

Recently  a  machine  tool  company  made  a  comparison  of 
present  rates  of  production  with  those  obtained  in  previous 
years  and  was  surprised  to  learn  that  in  a  great  many  cases 
these  rates  had  decreased.  Changes  in  foremen,  men,  and 
methods  had  sometimes  resulted  in  lowered  production  on  in- 
dividual pieces  even  when  general  results  were  greatly  im- 
proved. By  giving  special  attention  to  these  pieces,  the  previ- 
ous results  were  secured  or  bettered  with  a  corresponding 
saving.  In  another  instance,  a  lathe  manufacturer  with  lathe 
departments  in  two  adjoining  shops  found,  on  comparing  meth- 
ods used  In  manufacturing  similar  pieces,  that  they  were  often 
entirely  different,  sometimes  one  shop  and  sometimes  the  other 
producing  the  better  results.  By  using  the  better  method  in 
each  instance,  a  general  Improvement  of  the  output  was 
secured. 

Where  a  comparison  in  methods  or  results  can  be  made,  it 
Is  very  valuable.  There  Is  no  man  with  several  duties  to 
perform  who  can  resist  centering  his  attention  in  some  one 
direction,  and  it  Is  only  natural  that  every  foreman  should 
have  some  pet  Jol)s  on  which  he  fixes  his  attention,  to  the  neg- 
lect of  other  work  that  should  be  given  equally  close  study. 
This  work  may  be  the  very  one  on  which  some  other  man 
Is  working,  so  that  a  comparison  of  the  results  obtained  by 
on<h  man  will  be  mutually  beneficial.  Then,  too,  when  tho 
matter  Is  presented  to  him  In  the  right  way,  a  foreman  who 
finds  that  ho  has  been  overlooking  certain  Jobs  will  usually 
try  to  avoid  neglecting  others  In  the  future.  Often  when  n 
man  has  been  doing  a  thing  In  ono  way  for  years,  It  hecomo.s 
almost  Impossible  for  him  to  think  of  It  In  any  other  way: 
It  becomes  the  only  way  to  him.  When  this  sameness  Is  dls 
furbod  In  ono  Instance.  It  Is  much  easier  for  him  to  obtain  n 
new  viewpoint  on  all  of  his  work. 

■AddnH:  MS  ProlMfco  At*,,  OlaclDutl,  Ohio. 


Some  of  the  improvements  and  methods  that  will  be  found 
will  simply  be  a  matter  of  speeds  and  feeds;  others  will  be 
results  that  can  be  obtained  with  tools  already  in  stock.  If  the 
writer's  experience  is  any  criterion,  there  are  few  shops  en- 
gaged in  a  general  line  of  manufacture  that  are  realizing  any- 
where nearly  full  capacity  from  modern  machine  tools  and 
tool  steels.  Where  the  improvements  are  obtained  simply  by 
changing  the  feeds  or  speeds  or  using  tools  already  in  stock, 
any  time  saved  is  clear  gain.  Any  pressure  used  in  securing 
such  results  can  hardly  be  other  than  conducive  of  greater 
profits.  Where  the  new  methods  require  special  tools,  fixtures, 
or  additional  machinery,  however,  the  matter  becomes  one  of 
deciding  whether  the  additional  profit  Justifies  the  expense, 
and  if  it  does,  whether  it  is  the  best  way  in  which  the  money 
can  be  spent. 

DESIGNING  FIXTURES  TO  INCREASE  PRO- 
DUCTION ON  DRILLING  MACHINES 
In  cases  where  the  time  required  to  set  work  up  on  a  drill- 
ing machine  and  the  drilling  time  are  both  considerable,  a 
satisfactory  rate  of  production  cannot  be  expected  where  one 
operator  devotes  his  entire  time  to  a  single  drilling  machine, 
unless  special  means  are  provided  to  keep  the  operator  em- 
ployed during  the  time  that  the  drilling  operation  is  being 
performed.  If  attention  is  not  paid  to  this  point,  the  drilling 
machine  is  idle  during  the  time  required  by  the  operator  to 
set  up  the  work  and  the  operator  has  nothing  to  do  while  the 
machine  is  actually  performing  the  drilling  operation.  Such 
an  unnecessary  waste  of  time  by  both  the  machine  and  the 
operator  can  be  avoided  where  work-holding  fixtures  are  so 
designed  that  the  operator  can  set  up  a  piece  in  one  section 
of  the  fixture  while  the  drilling  operation  is  being  performed 
on  a  piece  held  in  another  section  of  the  fixture;  then  when 
the  drilling  operation  has  been  completed  and  the  drill  backed 
out  of  the  hole,  the  fixture  is  adjusted  to  bring  the  next  piece 
of  work  into  the  drilling  position,  so  that  the  machine  can 
immediately  start  upon  the  next  operation.  In  the  accom- 
panying illustration  there  is  shown  one  of  the  high-duty  drill- 
ing machines  built  by  Baker  Bros,  of  Toledo,  Ohio,  which  is 
equipped  with  a  fixture  that  enables  the  machine  to  be  oper- 
ated on  this  principle.  As  shown,  the  operator  has  set  up  a 
piece  A  ready  for  the  next  operation  and  the  drill  is  being 
backed  out  of  the  finished  part  B.  The  fixture  will  next  be 
run  over  to  bring  work  A  into  the  drilling  position  and  while 
the  hole  is  being  drilled  in  this  piece,  the  operator  will  remove 
the  finished  part  B  from  the  fixture  and  substitute  a  new 
piece.  In  this  way  both  the  machine  and  operator  are  kept 
busy  nearly  all  of  the  time  and  the  rate  of  production  is  very 
greatly  increased.  E.  K.  H. 
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IN  the  preceding  articles  in  this  series, 
the  manufacturing  and  heat-treating 
methods  in  the  making  of  the  U.  S.  75- 
millimeter  shell  by  the  American  Shell  Co., 
Paterson,  N.  J.,  have  been  described;  In 
the  present  article,  the  inspection  methods 
and  gages  will  be  reviewed,  including  both 


by  a  scale, 
tion    takes 


The  first  actual  shop  Inspec- 
place    after    the    first    rough- 


United  States  Government  in  accepting  the 
shells.  The  inspection  may  be  divided  into  three  distinct 
parts:  (1)  The  inspection  that  takes  place  after  each  opera- 
tion to  prevent  defective  shells  from  passing  to  succeeding 
operations  unless  the  previous  ones  have  been  properly  per- 
formed. (2)  The  complete  shop  inspection  of  the  finished  shell 
in  which  all  dimensions  are  gaged  before  the  shell  passes  to 
the  government  Inspectors.  (3)  The  government  Inspection 
which  largely  duplicates  the  final  shop  Inspection,  but  also 
includes  a  few  additional  gaging  operations. 

lospectlon  after  Various  Machlninir  Operations 
On  page  595  of  the  March  number  of  Machinery,  the  order 
of  operations  In  the  making  of  the  U.  S.  75-millimeter  shell 


■  Bdltor  of  IfAciinmT. 


for  which  gage  No.  1,  Fig.  1,  is  used.  This 
is  a  limit  snap  gage,  as  indicated.  The  shells  pass  from  the 
machines  on  gravity  conveyors  to  the  inspector's  table.  In 
addition  to  inspecting  the  shell  for  size,  the  inspector,  who  Is 
assisted  by  a  checker,  records  the  number  of  accepted  and  re- 
jected shells  from  each  operator.  Each  shell  as  It  comes  to 
the  inspector  has  the  operator's  number  marked  on  it  in  chalk, 
and  as  the  inspector  gages  it,  he  calls  off  the  number  to  the 
checker,  who  records  it.  The  number  of  accepted  shells  pass- 
ing the  inspector's  table  is  also  recorded  by  pressing  an  elec- 
tric switch  once  for  every  shell  accepted,  the  number  being 
thus  recorded  in  the  production  office  by  means  of  a  producto- 
graph.  This  ofiice,  therefore,  has,  at  all  times,  an  absolute 
record  of  the  number  of  shells  in  operation  throughout  the 
shop,  and  should  the  production  fall  oTf  at  any  one  operation. 
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the  cause  can  be  immediately  investigated  and  the  difficulty 
remedied.  The  checking  and  recording  is  repeated  at  every 
Inspection  table. 

The  next  operation  is  the  rough-facing  of  the  base,  after 
which  the  thickness  of  the  base  is  inspected  by  means  of  gage 
No.  2.  This  gage  is  provided  with  two  lines  at  A  indicating 
the  limits  of  variation  permissible  for  the  base  thickness. 
When  the  stem  of  the  gage  is  inserted  into  the  shell,  the  base 
surface  of  the  shell  must  come  within  the  distance  indicated 
by  the  two  limit  lines.  One  inspector  and  one  checker  are 
used  for  this  inspection.  The  inspector  stamps  on  the  bottom 
of  the  shell  the  lot  or  code  number  of  the  shell  forging  which, 
in  the  saw  shop,  was  stamped  on  the  face  at  the  open  end  of 
the  shell,  this  number  being  the  same  as  that  on  the  forging 
when  it  comes  to  the  shops  from  the  forging  plant.  The  reason 
for  transferring  this  stamp  to  the  base  is  that  in  the  next 
operation  the  open  end  will  be  faced  and  the  number  removed. 

After  having  rough-faced  the  open  end,  the  length  of  the 
shell  is  gaged  by  the  limit  snap  gage  No.  3.  One  inspector 
can  do  both  the  gaging  and  the  checking  off  of  the  number  of 
shells  at  this  operation. 


ferred  at  this  point  from  the  end  of  the  shell  to  the  side,  two 
stampers  being  employed  on  this  work. 

First  Government  Inspection 

As  the  shell  is  now  ready  for  the  heat-treatment,  it  is  sub- 
jected to  a  government  inspection  at  this  point.  This  inspec- 
tion consists  of  a  visual  inspection  of  the  inside  and  outside 
of  the  shells  to  see  that  they  are  not  too  rough,  comparison 
of  the  stamps  on  the  side  and  the  bottom  of  the  shell  to  see 
that  the  lot  number  has  been  properly  transferred,  and  gaging 
of  the  taper  of  the  bore,  the  diameter  of  the  bore  above  the 
taper,  and  the  cavity  of  the  bore  at  the  base.  Gage  No.  8, 
Fig.  2,  is  used  for  testing  the  taper,  this  gage  being  made  from 
flat  stock  3/16  inch  thick.  A  gage  similar  to  No.  4  is  used  for 
testing  the  diameter  above  the  taper,  and  gages  Nos.  5  and  6 
are  used  for  gaging  the  cavity  of  the  bore  at  the  base,  the 
repetition  of  the  inspections  previously  made  by  the  company 
providing  a  double  check  to  insure  that  no  shells  are  heat- 
treated  that  are  not  of  correct  dimensions.  The  government 
inspector  stamps  the  shell  with  the  government  inspection 
stamp  and  passes  it  to  the  nosing  presses. 
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Tig.  2.     Gages  used  in  Inspection  of  U.  S.  76-mUUnioter  Shell  referred  to  in  Article  as  Nos.  S  to  20 


After  the  shell  has  been  rough-  and  finish-reamed  and  the 
inside  bottom  haa  been  finished,  it  is  inspected  by  gage  No.  4 
to  test  the  diameter  of  the  bore,  and  by  gages  Nos.  5  and  6  to 
determine  the  accuracy  of  the  bottom.  Gage  No.  4  is  a  fiat 
limit  gage  made  from  3/16-inch  stock,  the  lower  end  of  which 
will  enter  and  the  upper  end  of  which  will  not  pass  into  the 
shell.  Gage  No.  6  must  strike  fully  on  the  bottom  of  the  shell. 
This  la  readily  determined  by  the  Inspector,  who  can  judge, 
both  by  sound  and  "feel,"  It  the  gage  strikes  fully  on  the  bot- 
tom or  stops  against  the  side  wall  or  bottom  radius  of  the  shell. 
Gage  No.  6  is  used  In  the  same  manner,  but  must  stop  against 
the  Bide  wall  or  bottom  of  the  shell.  In  addition  to  the  In- 
spi-ctlon  by  the  gages,  the  Inside  of  the  shell  Is  also  subjected 
to  a  visual  Inspection  for  roughness  of  bore,  by  Inserting  an 
electric  light  into  the  bore.  Two  inspectors  and  one  che<'ker 
am  employed  at  this  inspection  table. 

The  next  Inspection  takes  place  after  the  second  rough- 
turning  of  the  entire  outside,  limit  snap  gage  No.  7  being  used. 
One  inspector  and  one  checker  ore  employed  on  this  Inspection, 
tlie  inspector  also  slaroplng  on  the  shell  a  letter  Indicating  the 
number  of  the  working  shift  during  which  the  shell  was 
piiHMcd      The  lot  or  code  number  of  the  forging  la  also  trans- 


After  the  nosing-in  operation,  gage  No.  9  is  used  for  roughly 
determining  that  the  opening  at  the  end  of  the  shell  is  of  the 
right  diameter.  The  lines  at  A  on  the  cross-bar  indicate  the 
maximum  and  minimum  limits  between  which  the  line  B  on 
the  gage  must  come.  The  length  of  the  shell  after  the  nosing- 
in  operation  is  also  tested  by  the  limit  snap  gage  No.  10. 
After  the  heat-treatment,  10  per  cent  of  the  shells  are  subjected 
to  a  Brinell  test,  and  physical  tests  of  the  metal  are  also  made. 
These  will  be  dealt  with  later. 

Inspectlnif  Machining  Operations  after  Heat-treatment 

Tlio  first  niachinlnB  operation  after  heat  treatment  is  the 
finishing  of  the  base  and  the  under-cutting  of  the  boss  for  the 
center.  The  thickness  of  the  base  otter  this  operation  is  tested 
by  a  fixture  similar  to  that  shown  In  Fig.  S,  provided  with  a 
shoulder  at  the  upper  end  of  the  measuring  rod  .1,  which 
must  come  between  two  limit  shoulders  D  and  A'  on  the  fixture 
when  the  thickness  of  the  base  Is  correct.  The  fixture  used 
In  the  present  operation,  however,  has  a  hole  In  the  bottom 
at  li,  where  the  fixture  In  Fig.  8  Is  solid,  to  provide  clearance 
tor  the  boss  for  the  center.  One  Inspector  both  Inspects  and 
checks  olT  the  number  of  shells  at  this  operation. 
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Fig.  3.     Gages  used  in  Inspection  of  U.  S.  76-millim6ter  Shell  referred  to  in  Article  as  Nos.  21  to  32 


The  nest  machining  operation  consists  of  boring,  recessing, 
facing,  and  beveling  the  hole  for  the  fuse.  These  operations 
are  inspected  by  gages  Nos.  11,  12,  and  13.  Gage  No.  11  checks 
the  diameter  of  the  recess  below  the  thread.  This  gage  has 
limit  lines  scribed  on  it  at  A,  and  if  the  diameter  of  the  recess 
Is  within  the  prescribed  limits,  the  pointer  will  indicate  be- 
tween these  lines.  Gage  No.  12  checks  the  maximum  and  mini- 
mum diameter  of  the  bore  for  the  thread,  while  gage  No.  13 
checks  the  maximum  and  minimum  diameter  of  the  beveled 
part  in  the  nose  end.  This  gage  is  made  from  1/8-inch  flat 
stock.  One  inspector  and  one  checker  are  employed  for  this  work. 


After  the  rough-grooving,  the  position  of  the  groove  for  the 
band  is  tested  by  the  limit  snap  gage  No.  14.  After  the  finish- 
grooving,  a  similar  gage.  No.  15,  is  used.  The  diameter  of  the 
band  seat  after  the  rough-grooving  is  inspected  by  the  limit 
snap  gage  No.  16.  A  similar  gage,  No.  17,  is  used  after  the 
finish-grooving  for  testing  the  diameter  in  the  center  of  the 
band  groove,  while  gage  No.  18  is  used  for  testing  the  diameter 
at  the  sides  of  the  finished  band  seat  between  the  ridges  in 
the  bottom  of  the  groove  and  the  sides.  It  will  be  noted  that 
the  jaws  of  this  gage  are  pointed  so  that  they  will  enter  into 
the  narrow  spaces  between  the  ridges  and  the  sides.    Finally, 
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gage  No.  19  is  used 
ioT  testing  the  maxi- 
mum and  minimum 
width  of  the  band 
groove.  Two  inspec- 
tors are  employed  in 
making   these    tests. 

The  next  gaging 
operation  is  that  of 
the  rough-profiling  of 
the  nose  of  the  shell, 
for  which  gage  No. 
20  is  used.  After  the 
finish-profiling,  the 
diameter  of  the  bour- 
relet  is  gaged  by  the 
limit  snap  gage  No. 
21,  Fig.  3,  and  the 
maximum  and  mini- 
mum diameter  at  the 
end  of  the  nose  by 
gage  No.  22.  At  this 
title  the  stamp  for 
the  lot  number  is 
also  changed  from 
the  base  to  the  nose  of  the  shell  by  a  government  inspector. 
Two  inspectors  are  employed  for  this  gaging,  in  addition  to 
the  government  inspector. 

The  body  is  now  finish-turned  above  and  below  the  band 
groove,  gage  No.  23  being  used  for  testing  the  maximum  and 
minimum  diameter.  On  the  side  of  the  shell  is  now  stamped 
the  government  code  number  corresponding  to  the  number 
of  the  material  stamped  at  the  steel  mill.  After  beveling  the 
body  for  the  cartridge  case,  the  inspector  checks  the  beveling 
by  gage  No.  39,  Fig.  4,  and  also  stamps  the  working  shift  num- 
ber on  the  end  of  the  shell  in  order  to  identify  the  shift 
during  which  the  shell  passed  through  these  operations.  The 
bourrelet  is  now  ground,  the  diameter  of  the  bourrelet  after 
grinding  being  inspected  by  gage  No.  24,  Fig.  3.  Two  inspec- 
tors are  employed  for  this  work,  and,  in  addition  to  gaging, 
they  stamp  the  working  shift  mark  on  the  shells. 

After  the  refacing  or  finishing  of  the  base  surface,  the  total 
length  of  the  shell  is  inspected  by  the  limit  snap  gage  No.  25, 
after  which  the  groove  in  the  base  for  the  cover  is  cut.  This 
groove  is  inspected  by  gages  Nos.  26  and  27,  which  are  both 
made  from  1/16-inch  flat  stock.  Gage  No.  26  is  a  limit  gage 
for  testing  the  diameter  of  the  groove,  while  gage  No.  27  is 


Fig.  5.     Table  at  which  General  Shop  Inspection  takes  Place  previous  to  SheUs  passing  to 
Government  Inspection  Department 


a  limit  gage  that  is 
used  for  testing  the 
depth  and  the  under- 
cutotthegroove.  The 
surfaces  at  A  rest 
on  the  plain  surface 
at  the  center  of  the 
base  when  making 
this  test.  There  are 
two  inspectors  em- 
ployed for  making 
this  inspection. 

After  the  thread 
milling,  the  maxi- 
mum and  minimum 
thread  gages  Nos.  28 
and  29  are  used.  It 
has  also  proved  sat- 
isfactory to  use  a 
thread  plug  for  the 
minimum  dimension 
only,  and  to  use  a 
plain  plug  gage  for 
the  "Not  Go"  test. 
Gages  Nos.  30  and 
31  are  the  thread  gages  used  for  the  final  inspection  after  the 
thread  has  been  sized.  The  difference  between  the  four  thread 
gages  shown  is  simply  in  the  dimensions  of  the  thread.  The 
lead  of  the  thread  of  the  gages  must  be  accurate  within  a 
limit  of  0.0002  inch  in  length  of  thread.  Three  inspectors  are 
required  for  testing  with  threaded  plug  gages  after  the  thread 
milling,  and  one  Inspector  for  testing  with  a  plain  "Not  Go" 
plug  gage.  One  checker  is  also  employed  for  the  inspection 
after  the  thread  milling.  The  shells  are  now  subjected  to 
the  hydraulic  test,  which  is  done  under  government  super- 
vision, and  which  will  be  dealt  with  later  in  connection  with 
the  general  government  inspection. 

General  Shop  Inspection 

The  shell  is  now  complete,  except  for  the  application  of 
the  copper  band,  and  is  subjected  to  a  general  shop  inspection 
in  which  practically  all  the  previous  inspections  are  repeated. 
This  inspection  takes  place  at  a  long  table.  Fig.  5,  with  the 
inspectors  seated  at  both  sides.  Before  the  inspection  proper 
takes  place,  a  visual  inspection  with  a  small  electric  lamp  is 
made  to  see  that  the  shells  are  clean  on  the  inside.  The 
diameter  of  the  thread  is  measured  by  a  "Go"  thread  gage 
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and  a  "Not  Go"  plain  plug  gage;  and  the  length  of  the  thread 
is  inspected  with  a  snap  gage.  The  thickness  of  the  base  is 
gaged  with  the  measuring  machine  shown  in  Fig.  8,  the  appli- 
cation of  which  is  shown  in  Fig.  6.  This  measuring  device  is 
provided  with  a  counterweight  so  that,  when  not  used  for 
gaging,  plunger  A  will  always  be  out  of  the  way  for  the  in- 
sertion of  a  shell  on  the  base  of  the  device.  The  inspector 
then  grips  the  handle  and  pushes  the  plunger  into  the  shell 
tor  gaging  the  thickness  of  the  base.  The  shoulder  at  C  is  so 
located  that  it  must  always  come  between  the  two  shoulders  I) 
and  E  when  the  thickness  of  the  base  is  correct. 

The  total  length  of  the  body  Is  gaged  by  the  maximum  and 
minimum  snap  gage  No.  32,  Fig.  3.  The  diameter  of  the  body 
is  gaged  with  a  "Go"  ring  gage,  as  well  as  with  a  "Not  Go" 
map  gage,  No.  33,  Fig.  4.  The  bourrelet  is  tested  with  a  "Go" 
ring  gage  and  a  "Not  Go"  snap  gage.  The  minimum  diameter 
»t  the  base  Is  tested  with  snap  gage  No.  34.  The  band  groove 
Is  inspected  In  the  same  way  as  after  the  finishing  of  the 
groove,  except  that  two  gages  Nos.  35  and  3G,  one  maximum 
and  one  minimum,  are  used.  The  maximum  and  minimum 
position  of  the  band  scat  Is  tested  by  gage  No.  37.  The  shell 
Is  Inspected  visually  for  roughness.  The  position  of  the 
bourrelet  and  the  diameter  of  the  nose  are  measured,  and  the 
profile  of  the  nose  tested,  by  gage  No.  38.  The  length  of  the 
bevel  at  the  base  and  band  for  the  cartridge  case  Is  Inspected 
by  means  of  gage  No.  39.  The  base  groove  and  Its  shape  are 
Inspected  by  gages  similar  to  those  used  after  the  machining 
operations.  The  thread  of  the  fuse  Is  InHpcctcd  visually.  The 
thloknesB  of  the  wall  Is  tested  by  the  gage  shown  In  Fig.  9, 
which  has  a  movublo  measuring  point  A  provided  with  a  lino 
whirh  must  ronio  between  two  lines  at  //  when  the  wall  thlck- 
noHS  is  b«twc(-n  the  maximum  and  mlnlmiini  llinitH.  For  this 
K'incral  shop  Inspection  eighteen  Inspectors  and  seven  helpers 
are  employod.  The  capacity  of  the  Inspection  table  Is  9000 
shells  In  eight  hours. 

After  this  Inspection,  the  sholts  pass  Immediately  to  the 
second   or  general   government   Inspection,   details   of   which 


will  be  given  later.  After  this,  the  shells  again  enter  the  shop 
for  pressing  the  copper  band  into  place.  After  the  band  has 
been  turned,  the  ring  gage  No.  40,  Fig.  4,  is  used  for  the 
maximum  or  "Go"  gage,  while  a  "Not  Go"  snap  gage  is  em- 
ployed. Two  inspectors  are  employed  for  the  "Go"  inspection 
and  two  for  the  "Not  Go."  In  addition,  the  position  of  the 
band  is  tested  by  one  inspector  and  the  width  of  the  band 
by  another  inspector,  using  gage  No.  41.  The  "Not  Go"  snap 
gage  for  the  copper  band  is  shown  as  No.  42.  The  gage  for 
the  position  of  the  band,  which  also  tests  the  position  of  the 
bourrelet  is  made  from  3/16-inch  flat  steel  and  shown  as  No. 
43.  In  the  government  inspection  the  minimum  diameter  of 
the  band  is  also  measured  by  a  ring  gage  No.  44.  The  profile 
and  length  of  the  band  is  tested  by  the  gage  No.  45. 

Each  operator  of  band  turning  machines  has  a  red  and  blue 
electric  light  in  front  of  him,  and  the  inspectors  have  switches 
mounted  on  the  inspection  table  so  that  they  can  light  either 
lamp,  according  to  whether  the  bands  are  high  or  low.  In 
this  way,  the  operator  is  immediately  notified  that  he  must 
readjust  his  tools.  The  blue  light  indicates  a  high  band, 
and  the  red  light,  a  low  band. 

After  this  inspection  in  the  shop,  the  shells  pass  again 
into  the  government  inspection  department  where  the  copper 
band  is  inspected,  and  then  back  into  the  shop  for  marking 
the  number  on  the  shells,  lacquering,  and  packing  Into  cartons. 
Previous  to  packing,  the  shell  is  given  a  visual  inspection. 

Government  Inspection 

The  first  government  inspection,  which  takes  place  imme- 
diately before  the  nosing  or  bottling,  has  already  been  re- 
ferred to.  The  next  government  test  is  that  for  the  physical 
properties  of  the  metal  in  the  shell  after  heat-treatment.  Two 
shells  out  of  a  thousand  are  selected,  a  test  piece  being  cut 
from  each  and  subjected  to  tests  to  determine  the  elastic 
limit,  ultimate  strength,  and  elongation;  an  Olsen  testing 
machine  is  used.  The  test  piece  must  show  a  minimum 
elastic  limit  of  45,000  pounds  per  square  inch,  a  minimum 
ultimate  tensile  strength  of  90,000  pounds  per  square  inch, 
and  an  elongation  of  15  per  cent  in  two  inches.  Ten  per  cent 
of  the  shells  are  also  subjected  to  a  Brinell  test  on  an  Olsen 
hardness  testing  machine.  This  test  is,  strictly  speaking, 
only  an  additional  check  on  the  physical  test.  One  govern- 
ment inspector  on  each  shift  observes  the  Brinell  tests  and 
reads  off  the  diameter  of  the  impression  made  by  the  test 
ball  in  the  shell.  A  flat  surface  must  be  ground  on  the  shell  for 
this  test,  y-x  inch  below  the  bourrelet.  The  pressure  of  the 
testing  machine  is  3000  kilograms,  which  is  applied  tor  thirty 
seconds.  The  depression  should  be  between  3.8  and  4.2  milli- 
meters, corresponding  to  Brinell  hardness  numbers  255  and 
207.  This  test  merely  determines  whether  or  not  the  steel 
is  too  hard  to  machine,  and  there  are  practically  no  rejections 
at  this  point  if  the  lot  of  heat-treated  shells  has  passed  the 
physical  tests.  Should  a  shell  not  pass  the  Brinell  test,  it  is 
still  accepted  if  it  passes  the  hydraulic  test  applied  later. 
Hydraulic  Test 

Ten  per  cent  of  Uie  shells  are  subjected  to  a  hydraulic  test 
on  a  Metalwood  Mfg.  Co.'s  shell-testing  hydraulic  press  as 
.shown  in  Fig.  7.  A  gage  is  held  so  that  the  expansion  of  the 
shell  while  under  pressure  will  bo  Indicated  on  an  ordinary 
dial  indicator.  The  pressure  Is  10,000  pounds  per  square  Inch 
and  the  shell  is  subjected  to  this  pre.ssuro  for  fifteen  seconds. 
After  the  test,  the  dial  Indicator  must  not  show  a  permanent 
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set  of  the  shell  exceeding  0.003  inch.  While  the  pressure  is 
on,  the  expansion  of  the  shell  may  be  from  0.004  to  0.006 
inch.  Seldom,  however,  does  the  permanent  set  reach  the 
limit  prescribed,  but  it  ordinarily  averages  between  0.00025 
and  0.0005  inch.  Very  few  shells  ever  fail  in  this  test.  The 
company  operates  this  test,  but  a  government  inspector  uses 
the  inspecting  gage. 

Second  or  General  GovernrQent  Inspection 

All  the  government  inspection  in  this  plant  is  under  the 
direction  of  J.  M.  Lennon,  chief  army  inspector  of  the  United 
States  Government  at  the  American  Shell  Co.  The  gages 
used  are  mainly  the  same  as  those  employed  in  the  general 
shop  inspection  by  the  company,  but  in  addition  a  number  of 
other  tests  are  made.  The  government  inspection  room  em- 
ploys thirty-two  inspectors,  all  of  whom  are  women,  and  has 
a  capacity  for  inspecting  8000  shells  in  eight  hours.  The 
shells  enter  the  government  inspection  room  from  the  shop 
inspection  table  on  a  conveyor  and  are  automatically  counted 
when  entering.  The  inspection  continues,  each  inspector 
checking  one  dimension  only,  and  marking  the  shells  if  not 
passed.  At  the  end  of  the  inspection  table  a  sorter  is  placed 
who  picks  out  the  marked  shells  and  puts  them  on  a  temporary 
rejection  table  from  which  they  are  sent  back  into  the  shop 
for  repairs.  Upon  entering  the  inspection  room  the  shells 
are  first  inspected  visually  on  the  interior  and  on  the  outside 
for  cracks,  seams,  and  flaws,  a  magnifying  glass  being  used 
for  this  purpose.  A  ringing  test  is  also  made  with  a  small 
four-ounce  hammer.  A  dull  sound  indicates  cracks.  The  fuse 
hole  thread  is  next  inspected  by  means  of  a  special  gaging 
machine  designed  by  the  American  Shell  Co.  The  thread 
gage  is  held  by  hand,  but  the  shell  is  rotated.  By  pressing  a 
foot-lever,  the  direction  of  rotation  will  be  reversed,  so  that 
the  gage  Is  unscrewed.  An  automatic  knock-out  pushes  the 
shell  out  of  the  chuck  that  holds  it  during  this  operation. 
The  machine  has  a  capacity  for  gaging  4000  shells  in  eight 
hours. 

After  this  test,  the  following  inspections  are  made  in  the 
government  inspection  room:  Diameter  of  band  groove  ("Go" 
and  "Not  Go"  snap  gage) ;  diameter  of  body  above  band  ("Go" 
and  "Not  Go"  snap  gage) ;  diameter  of  body  below  band 
("Go"  and  "Not  Go"  snap  gage) ;  diameter  of  bourrelet  ("Not 
Go"  snap  gage) ;  position  of  band  groove  ("Go"  and  "Not 
Go"  snap  gage) ;  width  of  band  groove  ("Go"  and  "Not  Go" 
plug  gage) ;  position  and  angle  of  taper  for  cartridge  case 
("Go"  and  "Not  Go"  snap  gage) ;  position  of  band  groove  and 
bourrelet  ("Go"'  and  "Not  Go"  hook  gage) ;  diameter  of  recess 
below  thread  (limit  gaging  fixture) ;  length  over  all  of  shell 
body  ("Go"  and  "Not  Go"  snap  gage) ;  wall  thickness  (limit 
gaging  fixture) ;  diameter  of  bourrelet  ("Go"  ring  gage) ; 
outside  diameter  of  base  of  shell  ("Go"  and  "Not  Go"  profile 
gage);  root  diameter  of  fuse  hole  thread  ("Not  Go"  plug 
gage) ;  length  of  thread  ("Go"  and  "Not  Go"  snap  gage) ; 
profile  of  shell  nose  ("Go"  profile  gage);  length  of  recess 
below  thread  (limit  gaging  fixture);  thickness  of  base  (limit 
gaging  fixture);  diameter  of  rear  of  band  ("Go"  ring  gage); 
diameter  of  base  cover  groove  ("Go"  and  "Not  Go"  snap 
gage) ;  depth  of  base  cover  groove  ("Go"  and  "Not  Go"  gage). 

Shells  which  are  within  the  limits  of  accuracy  allowed  pass 
directly  to  a  stamping  machine  where  the  government  stamp 
Is  placed  upon  them.  A  Bliss  No.  8  power  press  is  used  for 
this  purpose,  provided  with  a  knock-out  which  throws  the 
shell  automatically  onto  a  belt  conveyor,  carrying  it  back 
into  the  shop,  the  shells  being  counted  automatically  as 
they  pass  out. 

Final  Government  Inspection 

The  third  or  final  government  inspection  which  takes  place 
after  the  copper  bands  have  been  pressed  into  place  and 
turned  to  the  correct  shape  consists  In  counting  the  shells  as 
they  enter  the  government  Inspection  room  and  then  gaging 
the  diameter  of  the  band  ("Go"  ring  gaRe  and  "Not  Go"  snap 
gage) ;  the  profile  of  the  band  ("Go"  and  "Not  Go"  profile 
gage);  and  the  position  of  the  finished  band  ("Go"  and  "Not 
Qo"  snap  gage).  The  shells  at  this  time  are  also  placed  Into 
a  80-called  "coflln  gage."  which  is  made  0.005  Inch  over  the 


maximum  dimensions  in  all  directions  and  in  which  the  shell 
is  rolled  to  see  that  it  is  within  this  limit.  It  is  also  tested 
with  a  concentricity  gage  having  a  threaded  plug  which  en- 
ters the  fuse  hole  and  which  indicates  that  the  body  of  the 
shell  is  concentric  with  the  thread.  The  shells  are  next 
weighed  by  being  rolled  over  the  platform  of  a  Toledo  plat- 
form scale  arranged  for  this  purpose;  15,000  shells  can  be 
weighed  in  this  way  in  eight  hours.  The  weight  must  be 
correct  between  the  limits  of  9  pounds  3%  ounces  and  12 
pounds  3%  ounces.  The  shells  are  then  stamped  with  a  gov- 
ernment stamp,  counted,  and  passed  out  for  packing  and 
shipping. 

Additional  Government  Inspections 
In  addition  to  the  inspection  activities  detailed  in  the  fore- 
going paragraphs,  the  Government  employs  one  man  who 
checks  the  number  of  forgings  received  with  the  government 
shipping  list.  The  company  makes  out  a  requisition  to  this 
inspector  before  the  forgings  pass  into  the  shop.  This  man 
also  attends  to  the  shipping  of  the  finished  shells  and  observes 
the  packing  of  the  shells.  Another  government  inspector  is 
employed  on  each  shift  for  observing  the  heat-treatment. 
Every  half  hour  he  takes  a  reading  of  the  pyrometer  of  each 
furnace  and  notes  the  company's  manner  of  heat-treatment 
for  each  shell.  He  also  takes  out  the  shells  required  for  the 
physical  tests. 

One  government  inspector  in  each  shift  transfers  the  gov- 
ernment stamp  indicating  the  heat  number  of  the  forging 
from  the  body  to  the  base  after  the  finish-profiling  of  the 
nose.  One  man  is  also  employed  on  each  shift  for  trans- 
ferring the  same  mark  from  the  base  to  the  body  after  the 
grinding  of  the  bourrelet. 

On  all  the  government  inspection  where  gages  are  used, 
duplicate  gages  are  employed,  so  that  when  one  or  two  of 
the  gages  are  in  use,  one  or  two  duplicate  gages  are  checked 
by  the  government  gage  checker.  A  view  in  the  government 
inspection  room  is  shown  in  the  heading  illustration.  At  the 
time  when  this  article  was  prepared,  A.  G.  Preen  was  chief 
army  inspector  at  the  American  Shell  Co.,  and  the  author  is 
indebted  to  him  for  the  information  relating  to  the  govern- 
ment inspection  in  the  plant. 

EMPLOYMENT  OF  GIRLS  IN  DRAFTING-ROOM 
Women  workers  have  entered  not  only  into  the  shop,  but 
also  into  the  drafting-room.  There  are  a  number  of  firms  who 
have  employed  girls  as  tracers  for  a  period  long  enough  to 
determine  the  success  of  the  arrangement.  Among  these  is 
the  Reed-Prentice  Co.,  Worcester,  Mass.,  where  women  have 
been  employed  in  the  drafting-room  for  over  a  year.  The 
idea  that  girls  could  be  so  employed  was  conceived  by  F.  K. 
Hendrickson,  mechanical  engineer  of  the  company,  who 
about  a  year  ago,  engaged  eight  girls,  starting  them  on  trac- 
ing. These  girls  had  no  previous  experience,  but  the  experi- 
ment has  proved  so  successful  that  now  practically  all  the 
tracing  of  the  company  is  done  by  girls,  and  it  has  been  found 
that  the  most  experienced  can  trace  any  drawing  handled  in 
the  company's  drafting-room.  In  fact,  the  management  of  the 
Raed-Prentice  Co.  is  quite  enthusiastic  about  the  experiment. 
The  girls  on  the  whole  work  more  rapidly  than  the  men  for- 
merly employed,  and  the  quality  of  the  work  will,  in  the  long 
run,  be  fully  as  good,  if  not  superior,  to  that  turned  out  by 
the  men  tracers.  An  indication  of  the  progress  made  is  shown 
by  the  fact  that  one  girl  has  already  left  the  employ  of  the 
company  to  take  charge  of  the  tracing  department  with 
another  concern.  It  is,  of  course,  evident  that  tracing  is  a 
class  of  work  for  which  women  could  be  assumed  to  be  unu- 
sually well  fitted,  and  it  is  quite  likely  that  as  the  war  de- 
mands the  services  of  more  and  more  young  men  either  at 
the  front  or  In  capacities  in  the  shop  for  which  men  are 
better  fitted  than  women,  a  greater  number  of  girls  will  be 
employed  In  dr.iftingrooms. 

*     •     * 
A  recently  patented  bearing  alloy,  which,  it  is  claimed,  re- 
quires little  lubrication,  contains  copper,  4  parts;   antimony, 
2  parts;  nickel,  1  part;  and  lead,  1  part. 
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THICKNESS  OF  INVOLUTE  GEAR  TEETH  ON  ADDENDUM  CIRCLE 


A  METHOD  OF  ACCURATELY   GENERATING  SILENT  GEARS 

BY  REGINALD  TRAUTSCHOLD  ' 


THE  degree  of  perfection  demanded  of  gearing  for  use  in 
the  high-class  modern  automobile  has  materially  elevated 
the  plane  of  commercial  gear  cutting,  and  has,  at  the 
same  time,  drawn  attention  to  certain  faults  that  had  previous- 
ly passed  unnoticed  or  unheeded.  Automobile  gears  must  be 
accurate  in  every  respect,  or  they  will  be  noisy  and  give  trou- 
ble. Accuracy  means,  above  all  else,  that  the  teeth  of  the  gears 
are  identical  and  correctly  proportioned.  Measurements  are 
perforce  made  on  the  pitch  circle  of  the  gears,  the  elusive  di- 
mension that  governs  the  speed  ratios,  etc.,  but  the  difficulties 
of  accurately  measuring  the  pitch  diameter  have  not  proved 
insurmountable.  The  measurement  of  the  distance  between 
pins  proportioned  so  as  to  rest  on  the  pitch  lines  of  adja- 
cent spur  gear  teeth,  placed  in  diametrically  opposite  tooth 
spaces,  accurately  checks  the 
pitch  diameter;  the  outside 
gear  diameter  and  the  deden- 
dum  diameter  can  also  be  ac- 
curately checked.  Notwith- 
standing accuracy  in  pitch 
diameter,  addendum,  and  de- 
dendum  dimensions,  there  is 
hardly  an  automobile  manu- 
facturer who  has  not  been 
troubled  with  noisy  gears. 
Some  sets  of  gears,  apparent- 
ly as  carefully  cut  as  is  com- 
mercially possible,  with  all 
pitch  dimensions  accurate  and 
the  addendum  and  dedendum 
dimensions  correct  will  not 
run  together  quietly,  while 
other  sets,  cut  on  the  same 
machines  and  with  the  same 
care,  will  run  together  with 
much  less  noise.  This  is  quite 
a  common  experience  and  can 
only  be  explained  by  varia- 
tions in  the  profiles  of  mesh- 
ing teeth.  But  a  slight  varia- 
tion in  the  pressure  angle  of 
the  teeth  of  the  respective 
gears  will  cause  appreciable 
noise. 
The    spur    gears    used    in 
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rect  for  thirty-four  teeth  if  correct  for  twenty-six  teeth;  nor, 
in  the  fifteen-cutter  set,  correct  for  twenty-nine  teeth  as  well 
as  for  twenty-six  teeth.  If  the  cutter  is  correct  for  twenty-six 
teeth,  only  twenty-six  tooth  gears  can  be  accurately  produced 
with  it.  Add  to  this  the  possibility  of  a  slight  alteration  in  the 
cutter  profile  each  time  the  tool  is  ground  and  the  difficulties 
of  producing  gears  with  teeth  of  accurate  pressure  angle  with 
standard  rotary  involute  cutters  can  be  easily  recognized. 

In  the  case  of  the  Fellows  gear  shaper,  chances  for  error 
are  greatly  reduced,  for  the  teeth  of  the  cutter  are  accurately 
ground  after  hardening  to  true  involute  form.  This  assures 
the  production  of  true  and  accurately  proportioned  involute 
gear  teeth,  and  the  teeth  of  the  cutter  retain  their  correct 
shape  as  the  cutter  is  sharpened.  The  reason  for  this  is  that 
the  involute  curve  has  the 
virtue  of  running  correctly 
at  varying  center  distances. 
Therefore,  as  the  cutter  is 
ground  down  by  sharpening, 
it  is  operated  with  the  gear 
blank  at  a  different  center 
distance  than  when  it  was 
new,  but  still  produces  ex- 
actly the  same  tooth  shape. 
Noisy  gears  in  automobile 
transmission  boxes  are  caused 
mostly  by  inaccuracies  in 
the  location  of  the  shafts  and 
the  mounting  of  the  gears. 
The  use  of  a  truncated, 
straight-sided  cutting  tool, 
such  as  that  employed  in  the 
Bilgram  spur-gear  generating 
machine,  permits  the  regrind- 
ing  of  the  cutting  edges  of  the 
tool  with  more  accuracy  and 
less  difficulty  than  is  possible 
when  sharpening  form  cut- 
ters. For  this  reason,  gears 
generated  by  Bilgram  ma- 
chines are  less  liable  to  vari- 
ations in  pressure  angle, 
though  the  danger  is  not  en- 
tirely eliminated.  The  slope 
of  both  sides  of  the  recipro- 
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automobile  construction,  with  which  the  greater  amount  of 
annoyance  Is  encountered,  are  almost  exclusively  of  the  type 
with  teeth  cut  to  the  Involute  standard.  The  very  simplicity 
of  this  Involute  curve  Is  probably  responsible  In  large  measure 
for  the  prevalent  errors,  for,  though  lending  Itself  admirably 
to  generating  processes,  It  Is  governed  by  Inflexible  conditions 
of  obliquity,  which,  If  deviated  from  In  the  least  degree  will 
result  In  Bufllclent  variation  In  tooth  profiles  to  cause  unsatis- 
factory Kear  operation.  The  profiles  of  all  Involute  gear  teeth 
are  developments  of  a  rack  tooth  with  perfectly  flat  sides  In- 
clined to  Its  center  line  at  a  definite  anKlo  of  obliquity,  or 
prcsHure  angle,  so  that  variations  In  profile  curvature  are  due 
to  a  (llfferonce  In  prosHuro  angle  of  the  developing  rack  tooth. 

There  are  three  general  molhods  of  cutting  gear  tcctli:  with 
rcRulnr  standard  Involute  cuttorn;  by  the  Kcllows  K<'nr'Hlinp(>r 
method;  and  with  generatlnK  machines  of  the  DIlKrnm  goar- 
Reneratlng  machine  variety.  Bach  of  these  Is  open  to  the  pos- 
sililllty  of  error  In  maintaining  a  constant  and  correct  pros- 
sriro  anKlo. 

The  use  of  standard  rotary  Involute  cutters  roiiults  In  error 
to  the  Krealcst  extent,  for,  whether  the  olKhl-rullor  or  the  flf- 
tften-cutter  net  Is  employed.  It  In  Impossible  for  u  rotary  cutler 
to  be  correct  for  more  than  one  specldr  number  of  tenth.  For 
Inatance,  a  No.  4  cutter,  In  the  eight  cutter  sot,  rminot  ho  cor- 
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eating  tool  must  be  similar  and  constant  to  assure  uniformity 
of  output,  so  there  always  remains  a  possibility  of  variation  in 
pressure  angle,  even  in  the  gears  generated  on  Bilgram  ma- 
chines. 

The  chances  for  variation  In  the  pressure  angles  of  spur  gear- 
ing, no  matter  how  efficiently  the  gears  are  produced,  have 
been  emphasized  In  order  to  show  the  Importance  of  accurate 
chocking  of  the  i)resauro  angles  of  any  spur  gearing  that  must 
1)0  precise  to  be  satisfactory.  The  loglciil  chock  for  this  highly 
Important  consideration  la  the  circular  thickness  of  the  Invo- 
lute tt'Clh  on  the  addendum  circle,  for  any  Konornfcd  spur  gear 
tooth  or  one  cut  with  a  standard  Involute  cutter  that  la  cor- 
rect on  both  the  pitch  circle  and  the  addendum  circle  must 
also  bo  correct  as  far  as  pressure  angle  la  concerned,  provided 
tho  diameters  of  those  circles  aro  alao  corn-ct. 

Tho  Illustration  shows  tho  dlnipnalona  that  must  bo  calcu- 
lated In  tho  (Icrlvullon  of  nn  equation  by  which  tho  circular 
llilckncHH  M  of  llio  Involiilo  tooth  on  tho  addendum  circle  can 
bo  rna<llly  nscortaliiod.  Tlin  formula  to  bo  prcsontod  la  based 
on  the  farts:  (1 )  that  a  normal  to  any  point  on  llin  tooth  pro- 
flio,  botwnon  the  boso  and  tho  addonduin  clrolos.  will  bo  tangont 
to  the  bnso  circle;  (2)  that  for  similar  Roars  IhiTo  la  a  con 
stant  rotio  bplween  tho  longllis  of  taiiRoMta  Iwtwcon  Bimllar 
points  of  ronto^'t  on  tlio  tooth  prolllos  and  their  points  of  Ian- 
gonry  on  the  linNO  circles;    (.'I)  that  thoro  Is  a  constant  ratio 
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between  the  angles  subtended  between  radial  lines  to  the  in- 
tersection of  the  prolile  tooth  curves  with  the  base  circles  and 
radial  lines  to  the  tangent  points  on  the  base  circles  of  normals 
to  similarly  located  points  on  the  same  tooth  profiles  of  sim- 
ilar gears. 

Notation 

Pitch    diameter Z), 

Addendum  S 

Dedendum  S  +  F 

Outer  diameter   D 

Base  circle  diameter B 

Dedendum  circle  diameter D, 

Pressure  angle  a 

Normal  to  pitch  circle,  length X 

Angle  subtended  by  arc  equal  to  normal  to  pitch  circle.  /3 

Angle  difference  between  /3  and  a y 

Thrust  angle  at  top  of  tooth S 

Normal   to   addendum   circle,   length Z, 

Angle  subtended  by  arc  equal  to  normal  to  addendum 

circle  *. « 

Angle  difference  between     and  S  +  7 8 

Thickness  of  tooth  on  addendum  circle M 

Chordal  thickness  of  tooth  on  addendum  circle Mi 

Backlash,  total L 

Backlash  angle X 

Thickness  of  tooth  with  backlash  on  addendum  circle  M, 

Number  of  teeth N 

Diametral  pitch  p 

Circular   pitch p. 

Derivation  of  Formulas 

B  =  DiC0Sa  (1) 

B  =  0.96815  Di,  14.5-degree  involute  tooth  (2) 

5  =  0.93969  A.  20-degree  involute  tooth  (3) 
X  =  0.5V  Ji'  — .6^=0.5 V"A'^^M£>i  cos  a)' 

X  =  0.5  D,V   1  —  (cosa)^  (4) 

X  =  0.1250SD„  14.5-degree  Involute  tooth  (5) 

.X  =  0.17099  Dj,  20-degree  involute  tooth  (6) 

360  X  57.296  \/  1  —   (cos  a)' 

/3  = = (7) 

3.1416  B  cos  a 

;3  =  14.8046  degrees,  14.5-degree  involute  tooth  (8) 

p  =  20.8527  degrees,  20-degree  involute  tooth  (9) 

7  =^  — a  (10) 

7  =  0.3046  degrees,  14.5-degree  involute  tooth  (11) 

7  =  0.8527  degrees,  20-degree  involute  tooth  (12) 

2 

Z»  =  X>,  H ,  standard  proportions  (13) 

P 

X,=  0.5v'  D'—  (D,  coso)^  (14) 

Xi=  0.48408  V^.0667  D'  —  D,',  14.5-degree 

involute  tooth  (15) 

X,=  0.46985  VTT325  D'  —  D,'.  20-degree 

involute  tooth  (16) 

360  X,  114.59  A', 

c= = (17) 

3.1416  D,  cos  a        2),  cos  a 

57.296  V  1.0667  Z)'  — A' 
t  = ,  14.5-degree 

involute  tooth  (18) 

57.296  V  1.1325  D'  — A' 
(  = ,  20-degree 

Involute  tooth  (19) 

2X, 

Sin  8  = (20) 

D 

9  =  ,  — (7  +  a)  =,  — 7  — «  (21) 

e  =  t  —  i  —  0.3046  degrees,  14.5-degree 

Involute  tooth  (22) 

0  =  «  —  i  —  0.8527  degrees,  20-degree 

Involute  tooth  (23) 

/ISO  \3.141GZ) 

if  =  I 2  0      

\    N  /       360 

(1.5708  — 0.01745  tf^r)  D 
U  = (24) 


M,  =  M  —  2 


D  cos  5 
3.1416  D\ 


360 
(\  in  degrees) 

57.296  ilf 


)=  itf  — 0.0 


Mi  =  D  sin  - 


D 

no  backlash 


-,  14.5  degrees,  with 


(25) 


(26) 


(27) 


57.296  If. 

Mi  =  D  sin ,  20  degrees  with  backlash         (28) 

D 

Discussion  of  Formulas 

The  length  of  the  normal  X  to  the  pitch  circle,  that  is  the 
length  of  the  tangent  from  the  point  of  tangency  on  the  base 
circle  to  its  normal  contact  on  the  pitch  line  of  the  tooth  pro- 
file, is  equal  to  one-half  the  square  root  of  the  difference  between 
the  square  of  the  pitch  diameter  and  the  square  of  the  diameter 
of  the  base  circle.  As  the  diameter  B  of  the  base  circle  is 
equal  to  the  pitch  diameter  D,  multiplied  by  the  cosine  of  the 
pressure  angle  o,  the  length  of  the  normal  X  to  the  pitch  circle 
is  a  definite  proportion  of  the  pitch  diameter  Z),. 

The  angle  /3  subtended  between  a  radial  line  to  the  intersec- 
tion Q  of  the  base  circle  with  the  tooth  profile  and  a  radial 
line  to  the  point  of  tangency  on  the  base  circle  of  the  normal 
to  the  pitch  circle  is  measured  by  an  arc  of  a  length  equal  to 
the  length  of  the  normal  to  the  pitch  circle.  The  difference  be- 
tween this  angle  /3  and  the  pressure  angle  o  is  equal  to  the 
angle  7  between  a  radial  line  to  the  pitch  line  on  the  profile 
of  the  tooth  and  the  radial  line  to  the  Intersection  Q  of  the 
base  circle  with  the  same  tooth  profile. 

The  length  of  the  normal  Xi  to  the  addendum  circle,  that  is 
the  length  of  the  tangent  from  the  point  of  tangency  on  the 
base  circle  to  its  normal  contact  on  the  tooth  profile  at  the  ad- 
dendum circle,  is  equal  to  one-half  the  square  root  of  the  dif- 
ference between  the  square  of  the  outer  diameter  D  of  the  gear 
and  the  square  of  the  diameter  B  of  its  base  circle. 

The  angle  e  subtended  between  a  radial  line  to  the  intersec- 
tion Q  of  the  base  circle  with  the  tooth  profile  and  a  radial  line 
to  the  point  of  tangency  on  the  base  circle  of  the  normal  to  the 
addendum  circle  is  measured  by  an  arc  of  length  equal  to  the 
length  of  the  normal  X,  to  the  addendum  circle.  The  difference 
between  this  angle  e  and  the  sum  of  the  angle  7  between  a 
radial  line  to  the  pitch  line  on  the  profile  of  the  tooth  and  a 
radial  line  to  the  intersection  Q  of  the  base  circle  with  the 
same  tooth  profile  and  the  thrust  angle  S  at  the  top  of  the  tooth 
measures  the  angle  6  subtended  by  the  involute  tooth  profile 
between  the  pitch  and  addendum  circles. 

The  thrust  angle  5  at  the  top  of  the  tooth  is  the  angle  in- 
cluded between  the  plane  of  pressure  at  the  top  of  the  tooth 
and  a  plane  tangent  to  the  addendum  circle  at  that  point.  Its 
sine  is  equal  to  twice  the  length  of  the  normal  to  the  adden- 
dum circle  divided  by  the  outer  diameter  of  the  gear. 

The  angle  subtended  on  the  addendum  circle  by  the  top  of 
the  involute  teeth  is  then  equal  to  one-half  the  pitch  angle  (ISO 
divided  by  the  number  of  teeth)  minus  twice  the  angle  sub- 
tended by  the  involute  profile  of  the  tooth  between  the  pitch 
and  addendum  circles.  The  angle  subtended  by  the  top  of  the 
tooth  on  the  addendum  circle  multiplied  by  the  outer  circum- 
ference of  the  gear  divided  by  360  gives  the  circular  thickness 
of  the  involute  tooth  on  the  addendum  circle. 

The  chordal  thickness  M,  of  the  involute  tooth  on  the  adden- 
dum circle  is  equal  to  twice  the  outer  radius  multiplied  by  the 
sine  of  half  the  angle  subtended  by  the  circular  thickness  of 
the  tooth  on  the  addendum  circle,  or  Is  equal  to  the  product  of 
the  outer  diameter  of  the  gear  by  the  sine  of  half  the  same 
angle. 

The  backlash  angle  X,  twice  which  must  be  subtracted  from 
the  angle  subtended  on  the  addendum  circle  by  the  top  of  an 
Involute  tooth  without  backlash  to  obtain  the  angle  subtended 
on  the  addendum  circle  by  the  top  of  an  Involute  tooth  with 
backlash,  Is  the  angle  the  tangent  of  which  Is  the  quotient  of 
one-quarter  the  total  amount  of  Vmcklash  /,  divided  by  the 
cosine  of  the  thrust  angle  S  at  the  lop  of  the  tooth  divided  by 
one  half  the  outer  diameter  /)  of  the  gear.  This  equation  can  be 
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simplified  to  the  form:  the  tangent  of  the  backlash  angle  X 
equals  one-half  the  total  backlash  L  divided  by  the  product  of 
the  outer  diameter  D  of  the  gear  multiplied  by  the  cosine  of 
the  thrust  angle  5  at  the  top  of  the  tooth. 

The  circular  and  chordal  thicknesses  on  the  addendum  cir- 
cle of  involute  teeth  with  backlash  are  then  obtained  from 
the  angle  subtended  on  the  addendum  circle  by  the  top  of  the 
teeth  with  backlash. 

Formula  (24)  gives  the  value  of  the  circular  thickness  of 
true  involute  teeth  on  the  addendum  circle,  which  are  also  cor- 
rect in  their  circular  thickness  on  the  pitch  circle,  that  is,  for 
gears  with  no  backlash.  It  is  advisable  at  times  to  allow  a 
certain  amount  of  backlash,  however,  and  this  seriously  af- 
fects the  circular  thickness  of  the  teeth  on  the  addendum  cir- 
cle; though,  if  the  backlash  is  properly  provided  for,  there  will 
be  no  modification  in  the  angles  subtended  by  the  lengths  of 
the  normals  to  the  tooth  profiles,  as  measured  along  the  base 
circle  from  their  respective  points  of  tangency  on  that  circle. 
When  a  definite  amount  of  backlash  is  provided  for,  the  back- 
lash should  be  divided  between  the  two  engaging  gears  so  that 
one-half  is  provided  by  the  decrease  in  the  thickness  of  the 
teeth  and  one-half  in  the  increased  width  of  the  tooth  spaces; 
that  is,  a  quarter  of  the  total  backlash  is  removed  from  each 
of  the  profiles  of  engaging  and  correctly  proportioned  teeth. 
The  thickness  of  metal  removed  to  provide  the  desired  play 
must  be  normal  to  the  tooth  profiles  and  of  constant  thickness, 
so  that  the  reduction  in  circular  thickness  of  the  teeth  on  the 
addendum  circle  is  much  more  marked,  for  a  given  amount  of 
backlash,  than  the  reduction  in  the  circular  thickness  of  the 
teeth  on  the  pitch  circle.  The  increased  reduction  in  the 
circular  thickness,  due  to  the  fact  that  the  angularity  of  the 
pressure  angle  at  the  corner  of  the  tooth  on  the  addendum 
circle — referred  to  as  the  thrust  angle  8  at  the  top  of  the 
tooth  to  distinguish  it  from  the  pressure  angle  a  at  the  pitch 
circle — is  considerably  greater  than  the  pressure  angle  a  at 
the  pitch  line  of  the  teeth,  materially  facilitates  accurate 
measurement  of  backlash.  Backlash  that  would  be  scarcely 
noticeable  on  the  pitch  circle  becomes  quite  apparent  when 
measured  on  the  addendum  circle.  Fomula  (26)  gives  the  cir- 
cular thickness  M  of  involute  teeth  on  the  addendum  circle 
with  backlash  proportioned  equally  between  the  teeth  and  the 
tooth  spaces  of  Involute  spur  gears. 

Although  measurements  on  the  addendum  circle  are  obvious- 
ly made  with  a  greater  degree  of  accuracy  than  corresponding 
measurements  can  be  made  on  the  pitch  circle,  provided,  that 
the  addendum  dimensions  of  the  gear  are  accurate,  even  great- 
er accuracy  can  be  secured  by  taking  chordal  measurements 
than  by  circular  measurements.  Reliance  on  chordal  measure- 
ments permits  the  use  of  simple  gages  with  high  and  low 
limits  for  checking  purposes. 

ExampZe— Required  the  thickness  of  the  teeth  on  the  ad- 
dendum circle  of  a  standard  25-tooth  involute  gear,  5inch  pitch 
diameter,  and  20-degTee  teeth,  with  0.002  Inch  backlash. 
2 
D  =  5  -I =  5.4  Inches  ( 13 ) 


X,  =  0.46985  V  1.1325  X  29.16  —  25  =  1.3309  Inch  (16) 

57.296^1.1325  X  29.16  —  25 
<= =  32.4593  degrees  (19) 


2  X  1.3309 

Sin  i  = =  0.4929 

.    6.4 


(20) 


8  =  29  degrees  32  minutes 
e  —  32.4593  —  29.G333  —  0.8527  =  2.0733  degrees  ( 23 ) 

(1.5708  —  0.01745  X  2.0733  X  25)  5.4 
il    ' -  =  0.1439  Inch  (24) 


Tan  X  . 


25 
0.6  X  0.002 


0.00021 


(25) 


6.4  X  0.87007 
X  =  0  dcRrces  0  minutes  44  spronds 
if,-  0H39  — 0  0175  X  0.4  X  0.01222  =  0.H275  Inch  (26) 

57.296  X  0.14276 

jr.—  6.4  sin _  6.4  X  0.02643  -=  0.1427  Inch 

6.4  (28) 

The  example  cited,  the  conditions  govcrnliiK  which  nr<>  very 


similar  to  the  requirements  for  the  main  driving  pinion  of  a 
leading  type  of  motor  truck,  forcibly  brings  out  the  accuracy 
in  checking  pitch-circle  measurements  by  measurements  taken 
on  the  addendum  circle.  A  backlash  of  0.002  inch  is  specified; 
that  is,  a  reduction  of  0.001  inch  in  circular  thickness  of  the 
teeth  on  the  base  circle  is  called  for.  Such  a  small  reduction 
in  the  standard  thickness  of  the  tooth  could  be  measured  only 
with  difficulty  on  the  pitch  circle,  but  when  measured  on  the 
addendum  circle  the  reduction  in  circular  thickness  amounts 
to  approximately  1/64  inch,  an  amount  that  can  readily  be 
measured.  The  multiplication  of  such  dimension  is  by  no 
means  constant,  of  course,  as  it  is  dependent  upon  the  number 
of  teeth  and  the  addendum  dimension  of  the  gear,  but  in  every 
case  the  dimension  is  considerably  larger  when  measured  on 
the  addendum  circle  than  on  the  pitch  circle. 

The  aggravation  of  profile  variations  on  the  addendum  circle 
shows  up  accurately  any  variation  from  the  specified  pressure 
angle.  An  increase  in  pressure  angle,  although  other  propor- 
tions are  correct  on  the  pitch  circle,  will  result  in  quite  an 
appreciable  reduction  in  the  circular  thickness  of  the  teeth  on 
the  addendum  circle;  while  a  decrease  in  pressure  angle  will 
be  apparent  by  a  noticeable  increase  in  the  circular  thickness 
of  the  teeth.  A  very  slight  variation  in  pressure  angle,  such 
as  may  readily  be  caused  through  the  resharpening  of  the  cut- 
ting tool,  will  cause  an  apparent  variation  in  the  circular  thick- 
ness of  the  teeth  on  the  addendum  circle. 

In  fact,  so  accurately  will  any  variations  in  pressure  angle, 
backlash,  etc.,  of  involute  gear  teeth  be  shown  by  check  dimen- 
sions made  on  the  addendum  circle  that  the  addition  of  the  re- 
quired circular,  or  chordal,  thickness  of  the  teeth  on  the  adden- 
dum circle  to  the  specifications  for  precise  gearing  will  elim- 
inate much  of  the  present  trouble  due  to  noisy  and  unsatisfac- 
tory gearing.  As  an  inspection  check  for  manufacturers  of  ac- 
curate gearing,  it  will  definitely  establish  the  correctness  of 
the  cutting  edges  of  generating  tools,  etc.,  and  will  allow  the 
manufacturer  to  guarantee  with  assurance,  the  silent  operation 
of  his  accurately  generated  gears,  when  properly  mounted.  The 
justifiable  objections  of  his  customers  will  be  greatly  reduced, 
if  not  entirely  eliminated,  and  danger  of  possible  rejection  of 
consignments  avoided.  High-class  generating  machines,  built 
on  theoretically  correct  principles,  will  become  more  valuable 
and  more  efficient,  as  the  correct  proportions  of  their  generat- 
ing tools  can  be  assured. 

LAY-OUT  FOR  MULTIPLE-SPINDLE  DRILLS 
The  weakest  feature  of  multiple-spindle  drills  of  the  cluster 
type  is  the  universal  joints  in  the  spindles.  A  universal  joint 
should  never  he  run  at  an  angle  much  greater  than  30  degrees, 
but  there  are  many  drilling  machine  operators  who  do  not 
realize  how  important  it  is  to  avoid  setting  the  spindles  so 
that  the  joints  exceed  this  angle.  The  result  of  excess  angu- 
larity Is  worn  and  broken  joints  and  dissatisfaction  with  the 
machine.  The  National  Automatic  Tool  Co.,  of  Richmond, 
Ind.,  provides  with  each  machine  sold  for  a  special  job  a  chart 
showing  the  lay-out  of  the  spindles  and  the  position  of  the 
spindle  holders.  The  cluster  plate  Is  reproduced  in  a  drawing 
on  a  large  fiber  sheet,  the  proper  spindle  groups  being  shown, 
so  that  no  one  need  go  wrong.  The  result  of  this  practice  Is 
that  the  machines  are  set  up  in  accordance  with  the  manu- 
facturer's plan,  and  no  universal  joint  Is  set  at  an  angle  be- 
yond which  It  should  not  be  worked.  This  means  long  life 
of  the  joints  and  bettor  satisfaction  all  around. 

It  Is  I'eportod  that  an  invention  has  been  made  by  the  Lux 
Co.,  In  Stockholm,  Sweden,  making  It  possible  to  use  alcohol 
made  from  sawdust  and  other  wood  refuse  In  engines  designed 
tor  gasollno.  My  Introducing  iicotyleno  Into  the  alcohol,  satis- 
factory Ignition  qualities  are  obtained.  It  Is  stated  that,  by 
adding  from  five  to  six  pounds  of  calcium  carbide  to  100 
pounds  of  92-por  cent  alcohol,  acetylene  Is  produced  which 
Is  nbHorbed  by  the  alcohol,  and  the  rcsultluK  mixture  has  the 
rciiulrcd  (luulltlcs  for  uko  In  uulomoblloH  designed  for  gasoline. 
AutomoblloH  can  make  use  of  this  mixture  without  any  change 
whntrvor  In  the  engine.  The  Invention  Is  mild  to  be  fully 
dovolopcd,  and  has  been  patented  by  II.  Uustlge. 
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CONCLUDING  INSTALLMENT  OF  A  SERIES  ON  DIFFERENT  METHODS  OF  FORMING  SCREW  THEEADS  BY  ROLLING,  VARIOUS 

TYPES    OF    THREAD-ROLLING  MACHINES,  ADVANTAGES    OF   ROLLING 

PROCESS,  AND  GENERAL  APPLICATION 

BY   FRANKLIN   D.   JONES' 

B  is  operated  by  a  yoke  C  connecting  witli  the  crankshaft  of 
the  machine.  This  yoke  is  pivoted  at  D  and  engages  block  E 
mounted  on  the  crank-pin.  The  oscillating  motion  of  yoke  C, 
which  is  connected  with  the  reciprocating  slide  by  rod  F, 
gives  a  slow  downward  stroke  to  the  die  and  a  quick  return 
movement. 

The  blank  upon  which  a  thread  is  to  be  rolled  is  inserted 
horizontally  in  a  gap  between  the  dies  at  the  top  and  against 
the  end  of  gage  G  at  the  rear.  Then  the  starter  H  which  de- 
rives movement  from  cam  J  on  the  main  shaft,  pushes  the 
blank  between  the  dies  at  the  right  moment,  after  which  the 
downward  motion  of  the  moving  die  causes  the  blank  to  roll 
between  the  dies  until  it  drops  out  at  the  lower  end  with  a 
complete  thread  formed  on  it.  In  order  to  reduce  friction  and 
wear  to  a  minimum,  the  movable  slide  is  backed  by  a  train  of 
hardened  steel  rollers  E.  The  frame  carrying  these  rollers 
is  moved  up  and  down  by  the  double  rack  and  pinion  mech- 
anism shown  at  L.  The  machine  is  driven  by  a  belt  op- 
erating on  the  flywheel  pulley  M  which  drives  the  crank- 
shaft through  pinion  A'  and  gear  0.  This  flywheel  is  not 
positively  connected  to  its  shaft  but  drives  through  frictional 
surfaces  which  act  as  a  safety  relieving  device  for  the  ma- 
chine. For  instance,  if  the  dies  should  become  loose  through 
neglect  on  the  part  of  the  operator  or  the  machine  should 
stall  as  the  result  of  some  accident,  the  flywheel  would  slip 
between  the  friction  flanges  and  thus  dissipate  its  excess 
energy  so  as  to  avoid  damaging  the  parts  of  the  machine. 
A  lubricating  pump  P  connecting  with  the  oil  reservoir  Q 
keeps  the  dies  flooded  continually  with  oil,  thus  removing 
scale  and  dirt  from  the  grooves  in  the  die  faces. 

Rotary  Thread-rolling  Machine 

The  rotary  thread-rolling  machine  made  by  the  Acme  Ma- 
chinery Co.,  Cleveland,  Ohio,  differs  radically  in  its  design 
from  the  types  previously  described.  This  rotary  machine, 
which  is  illustrated  in  Fig.  19,  is  so  called  because  one  of  the 
dies  revolves  continuously   in   one  direction.     This  revolving 


Fig.    16.     Side-feed    Type    of    Thread-rolling    Machine    designed    for   rolling 
Threads  on  Ends  of  Slender  Wire  Rods,  etc. 

THE  general  method  of  rolling  screw  threads  between 
flat  dies  was  described  in  the  first  installment  of  this 
article  (see  the  April  number,  page  690)  which  included 
information  on  reciprocating  thread-rolling  machines  of  the 
type  which  has  been  used  extensively,  the  adjustment  of  these 
machines,  the  operation  of  semi-automatic  and  automatic 
blank  feeding  mechanisms,  and  some  of  the  more  important 
features  of  the  thread-rolling  process.  In  this  concluding  in- 
stallment, other  types  of  thread-rolling  machines  are  described, 
and  the  advantages  and  range  of  the  thread-rolling  process 
are  considered.  As  thread  rolling  is  sometimes  done  in  auto- 
matic screw  machines  or  turret  lathes,  the  article  deals  with 
the  special  tools  and  method  utilized  in  connection  with  this 
branch  of  thread-rolling  practice. 

Side-feed  Type  of  Thread-rolling-  Machine 

The  design  of  thread-rolling  machine  shown  in  Fig.  16  is 
intended  especially  for  rolling' threads  on  the  ends  of  com- 
paratively long  slender  parts,  such  as  wire  rods,  the  spokes 
of  wire  wheels,  and  other  similar  classes  of  work  which  can- 
not be  handled  to  advantage  in  a  machine  in  which  the  work 
is  held  vertically  while  the  thread  is  being  rolled.  With  the 
side-feed  type  of  machine,  the  work  is  rolled  while  in  a  hori- 
zontal position  so  that  long  slender  parts  can  be  operated 
upon  without  difficulty.  When  this  machine  is  in  operation, 
the  blanks  to  be  threaded  are  placed  against  edge  A  on  the 
table  bracket  and  against  a  depth  gage  which  may  be  ad- 
Justed  for  any  length  within  the  capacity  of  the  machine. 
The  part  to  be  threaded  is  then  started  between  the  dies  auto- 
matically by  means  of  a  push-finger  the  same  as  on  the 
machines  previously  referred  to.  As  each  threaded  part 
leaves  the  dies  it  rolls  down  the  inclined  plate  li  and  into  a 
receptacle. 

Vertical  Type  of  Thread-rolUnK  Machine 

The  thread-rolling  machine  made  by  the  National  Ma- 
chinery Co..  Tiffln.  Ohio,  is  a  vertical  design.  This  machine 
(see  Pig.  17)  occupies  a  comparatively  small  floor  space  and 
It  Is  claimed  that  the  dies,  which  are  also  in  a  vertical  posi- 
tion, last  longer  than  horizontal  dies  ho<'au8e  the  scale  and 
foreign  matter  are  more  readily  washed  away  by  the  lubri- 
cant, wlilcli  <ontinually  floods  the  dies.  The  front  and  side 
elevations  of  the  niacliinc  shown  In  Fig.  LS  lUuBtrale  the  ar- 
rangement of  the  different  parts.  The  stationary  die  Is  lo- 
cated at  A  and  Is  provi<Ied  with  adjustments  at  the  side  and 
back.     The  reciprocating  slide  whidi   carries  llic  movliiK  die 

*AMoclnto  lOdltor  of  MAriiiNRRT. 


Fig.   17.     Vortlcil  Typo  of  Tl 
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die  is  cylindrical,  forming  a  complete  circle,  whereas  the 
other  die  is  the  segment  of  a  circle.  The  segment-shaped  die 
remains  stationary.  The  part  upon  which  a  thread  is  heing 
rolled  passes  between  the  revolving  die  and  the  fixed  die.  The 
adjustment  of  the  distance  between  the  two  dies  for  securing 
diameter  variations  is  regulated  by  means  of  the  handwheels 
shown.  The  segment-shaped  die  is  carried  by  a  heavy  casting 
that  is  eccentric  with  the  shaft.  By  loosening  one  of  the 
handwheels  and  tightening  the  other,  the  segmental  die  is 
advanced  toward  or  withdrawn  from  the  circular  die.  The 
bolt  or  other  part  to  be  threaded  is  placed  in  a  holder  and  the 
operator,  by  moving  a  handle,  moves  the  work  forward  to  a 
point  where  it  is  caught  between  the  dies.  As  soon  as  the 
thread-rolling  operation  begins,  the  carriage  or  holder  drops 
back  into  the  feeding  position.  There  are  four  opportunities 
for  feeding  a  blank  between  the  dies  for  each  revolution. 

A  number  of  advantages  are  claimed  for  the  rotary  type  of 
machine.  In  the  first  place,  the  bolt  or  rod  is  fed  into  the 
machine  while  in  a  horizontal  position,  so  that  long  rods  such 
as  are  required  for  car  trusses,  bridges,  etc.,  can  be  threaded 
with  this  machine.  Other  advantages  claimed  by  the  manu- 
facturer are  as  follows:  The  massive  compact  construction 
adapts  the  machine  for  rolling  larger  sizes  than  has  generally 
been  considered  possible  heretofore.  The  machine  is  excep- 
tionally durable  because  it  has  a  rotary  motion  constantly 
in  one  direction,  and  for  that  reason  runs  much  easier  and 
will  last  longer  than  a  machine  having  a  reciprocating  mo- 
tion. The  circular  dies  are  more  durable  than  straight  or  flat 
dies  because  when  a  bolt  is  rolled  between  two  flat  dies  the 
rolling  process  always  begins  at  the  same  point,  but  with 
circular  dies  the  bolt  enters  and  the  rolling  begins  at  dif- 
ferent points;  consequently,  the  breaking-down  process  or  the 
beginning  of  the  thread-rolling  operation  is  not  confined  to 
one  particular  plate  on  the  dies,  the  result  being  that  the 
wear  is  general  and  uniform  over  the  entire  die  surface.  A 
further  advantage  is  claimed  in  regard  to  the  speed  of  the 
machine,  the  contention  being  that  there  are  four  chances  in 
each  revolution  for  feeding  a  blank,  so  that  the  machine  does 
not  need  to  run  nearly  as  fast  as  when  there  is  but  one  oppor- 
tunity to  feed  a  blank  for  each  revolution.  At  the  rear  of  the 
main  spindle  of  this  rotary  machine  there  are  two  spiral 
springs  and  means  for  putting  them  in  tension.  This  is  re- 
garded as  an  important  feature,  because  it  keeps  the  round 
die  in  pitch  with  the  segmental  die  and  at  the  same  time  pro- 
vides a  certain  amount  of  elasticity  for  the  shaft. 


nr    Vnrllrnl    Mailiinn 


Fig.   19.     Rotary  Type  of  Thread-rolling  Machine 
Sizes  ol  Screw  Threads  for  which  Rolling  Process  is  Adapted 

Thread-rolling  machines  are  especially  adapted  for  small 
and  medium  sized  screws,  although  some  machines  are  ca- 
pable of  rolling  fairly  large  threads.  The  machines  listed  by 
several  different  manufacturers  have  nominal  rated  capacities 
for  screw  thread  diameters  varying  from  1/16  inch  up  to  2 
inches.  These  rated  capacities  do  not  represent  the  maximum 
diameters  for  which  the  machines  can  be  used.  For  instance, 
a  1-inch  machine  is  sometimes  used  for  rolling  I'^-inch  di- 
ameters or  even  larger  sizes.  The  rated  capacity  represents 
what  manufacturers  believe  to  be  the  largest  size  of  thread 
for  which  the  machine  should  be  used  if  the  best  grade  of 
work  is  desired.  The  maximum  diameter  may  depend  upon 
the  depth  of  the  dies  used.  For  example,  if  a  machine  has  a 
rated  capacity  of  %  inch,  this  applies  to  dies  of  standard 
depth,  but  if  the  maximum-depth  dies  are  used,  naturally  the 
largest  diameter  that  can  be  rolled  is  diminished  accordingly. 
The  machines  shown  in  Figs.  4  and  5  have  a  rated  capacity 
of  V2  inch  each.     Fig.  7  shows  a  %-inch  size,  and  Fig.   11  a 

14-inch  size.     The  vertical  machine 

illustrated  in  Fig.  17  has  a  rated 
capacity  of  1  inch.  This  same  de- 
sign is  also  made  in  I'/j-  and  2- 
inch  sizes.  The  rotary  machine 
shown  in  Fig.  19  is  made  in  VL'-.  1-. 
and  2-inch  sizes. 

An  interesting  type  of  thread- 
rolling  machine,  made  by  the  Wa- 
terbury  Farrel  Foundry  &  Machine 
Co.  for  rolling  tlireads  on  very 
small  blanks  having  short  shanks 
i.s  ilhi.'ilriitod  In  Fig.  22.  The  rated 
liipacily  (if  this  Miuchlne  Is  I/IC 
irirli.  Till'  iiiiportanl  IVnturo  of  Iho 
design  Is  that  the  die  faces  are  lo- 
cated at  right  angles  to  Iho  chute 
of  tho  automatic  feed  nuvhanlam, 
s(i  that  the  lilaiikH  enter  bclwocn 
llic  dies  at  lln'  hiwcr  end  witliout 
I  liiiiiKiiii;  rniiii  till'  iiKJincil  posllion 
III  uliirli  ilicy  li.'  ill  the  feed  chuto 
Id  a  vrrtli'iil  posllion.  With  tho 
orillnary  arrangi'mcnt,  II  Ih  iinccx- 
H»ry  fur  Die-  IiIiimUh  to  nxHiimo  n 
vertical  poHlllon  iiflcr  leaving  llie 
fccil  cImiIc.  JH'i'iiUHc  lh«>  die  I'ac'eM 
are  vorlli'ul  luHlead  of  being  liulln 
ed.  By  IcicntliiK  the  dlcH  In  llie  In- 
rlini'il  ixmlllon.  hIihiI  iuhI  very 
I'Miiill   hliinkH  iniiy  lii'   li'ii   iiiiliiinall- 
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Fig.   20.     Miscellaneous  Eiamples  of  Rolled  Screw  Tlireads 

cally,  and  it  is  not  necessary  to  use  a  separator  or  cut-off 
blade  at  the  foot"  of  the  chute,  thus  simplifying  the  construc- 
tion. The  pick-up  blade  in  the  hopper  is  provided  with  a 
groove  or  channel  along  its  top  instead  of  a  slot  for  handling 
the  short  blanks. 

Time  Required  for  Rolling  Screw  Threads 
The  time  required  for  rolling  screw  threads,  or  the  rate 
of  production,  varies  greatly  for  machines  of  different  sizes. 
For  instance,  the  machine  shown  in  Fig.  22,  which  has  a  rated 
capacity  of  1/16  inch,  is  capable  of  threading  screws  at  the 
rate  of  125  per  minute,  whereas  a  1-inch  machine  of  the  same 
make  will  roll  threads  on  about  30  pieces  per  minute.  In  a 
general  way,  these  figures  represent  approximately  the  max- 
imum and  minimum  rates  of  production  for  thread-rolling 
machines,  the  rate  of  production  increasing  as  the  size  of  the 
machine  decreases.  For  instance,  a  i/4-inch 
machine  may  roll  70  or  80  screw  threads  per 
minute;  a  ^i-indi  machine,  45  or  50  per 
minute;  and  a  %-inch  machine,  about  35  per 
minute.  A  comparison  of  these  figures  with 
the  rates  of  production  attained  by  other 
methods  of  forming  screw  threads  will  indi- 
cate the  superiority  of  the  thread-rolling  ma- 
chine for  work  within  its  range. 

Advantag-ea  and  Rang-e  of  Thread-rolling 
Process 

The  principal  advantage  of  the  thread-roll- 
ing process  is  that  it  is  the  most  rapid  and 
economical  method  of  forming  screw  threads, 
assuming  that  the  work  is  suitable  for  a 
thread-rolling  machine.  Thread-rolling  ma- 
chines are  used  extensively  for  threading  ma- 
chine screws  and  various  forms  of  special 
screws,  track  bolts  and  numerous  other 
bolts,  wood  screws,  lag  screws,  slender  wires 
In  a  great  variety  of  lengths  and  sizes  requir- 
ing long  or  short  threads  and,  in  general, 
almost  all  small  and  medium-sized  screws  and 
bolts  which  are  required  in  quantities  large 
enough  to  warrant  the  use  of  a  thread-rolling 
machine.  Aside  from  the  speed  or  efflclency 
of  the  thread-rolling  process,  one  of  the  im- 
portant advantage.^  claimed  for  rolled  screw 
threads  Is  their  strength  as  compared  with 
threads  formed  by  cutting.  Kxtenslve  experi- 
ments conducted  at  one  of  the  leading  uni- 
versities showed  that  the  average  rolled 
thread   that   was   tested    had   an   elastic   limit 


13  per  cent  higher  than  the  elastic  limit  of  a  cut  thread  of 
corresponding  size  and  material.     The  following  explanation 
of   the   comparative   effects   of  the   rolling   and   cutting  proc- 
esses  on   the   elastic   limit  and   ultimate   tensile   strength   of 
screw  threads  is  given  by  the  E.  J.  Manville  Machine  Co. 
In   rolled   or   drawn   round   stock,   the   fiber   or   grain   of 
the  steel  is  usually  parallel  with  its  axis,  its  weakest  sec- 
tion being  at  the  center  of  the  rod.    The  outside  section  of 
cold-rolled   or   drawn   steel   acts  as   a  cover   for   the   inner 
fibers  and  preserves  the  strain  developed  during  the  proc- 
ess of  drawing  or  rolling  to  size.     To  cut  into  this  wall 
or  outside  covering  it  is  apparent  that  the  strain  within  is 
somewhat  released  by  cutting  the  threads,  which  tends  to 
sever  the  fibers,  and  therefore  the  threaded  part  of  a  piece 
of  drawn  or  rolled  steel  is  of  lower  tensile  strength  than 
the  unthreaded   portion.     In  rolling  threads  on   the  same 
material,  the  blank  is  subjected  to  very  severe  treatment 
in  the  operation  of  cold-forging,  which  produces  a  weaving 
or  crimping  of  the  fibers  within,  thus  adding  strength  and 
toughness   to   the   material.     It   is   therefore   evident   in   a 
comparative  test  of  two  threaded  pieces  of  the  same  size 
and  material  that  the  rolled  thread  blank  is  invariably  of 
higher  tensile  strength  than  the  cut  thread. 
Another  advantage  of  the  rolling  process  which  may  be  of 
considerable    importance   in    some   cases   is   that   no   stock   is 
wasted  as  when  a  thread  is  cut,  because  a  blank  smaller  in 
diameter  than   the  required  screw   thread   is   used   when   the 
thread  is  formed  by  rolling.     The  surface  of  a  rolled  thread 
is   also  harder   than   the   surface   of   one   which   is   cut.   espe- 
cially if  the  outer  part  of  the  stock  has  a  scale  which  is  rolled 
into  the  thread,  thus  making  the  surface  harder  and  better 
able  to  withstand  wear. 

A  general  idea  of  the  range  of  work  which  can  be  threaded 
to  advantage  by  the  rolling  process  is  indicated  in  Figs.  20 
and  21,  which  show  a  variety  of  samples  of  different  shapes, 
lengths,  and  diameters.  These  views  illustrate  small  watch 
and  clock  screws,  machine  screws  of  various  sizes,  wood 
screws,  lag  screws,  studs  of  small  and  large  sizes,  and  exam- 
ples of  special  work.  While  thread-rolling  machines  are  de- 
signed primarily  for  producing  screw  threads,  they  may  be 
used  to  advantage  in  some  cases  tor  knurling,  lettering,  mark- 
ing, grooving,  and  even  for  such  operations  as  forming  the 
teeth  of  small  pinions.  When  these  special  operations  are  per- 
formed, the  machine  must,  of  course,  be  equipped  with  suit- 
able dies.  While  thread-rolling  machines  are  used  principally 
for    threading    the    ordinary    commercial    quality    of    screws, 
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Fig.    22.     Machine    of   Reciprocating    Type 
designed  for  Very  Small  Work 


bolts,  Studs,  etc.,  ac- 
curate screw  threads 
may  be  produced  by 
the  rolling  process, 
which  has  even  been 
employed  for  mak- 
ing screws  used  for 
micrometers. 
Blanks  for  Machine 
Screws 
When  the  threads 
of  machine  screws 
are  to  extend  close 
to  the  head  as  illus- 
trated at  A,  Fig.  24, 
the  screw  blank  B  is 
simply  made  to 
whatever  diameter 
will  enable  a  thread 
of  the  required  size  to  be  produced  by  the  rolling  process.  If 
the  body  of  the  machine  screw  is  to  be  threaded  only  part 
way,  which  is  the  usual  practice,  the  finished  screw  will  appear 
as  illustrated  at  C,  provided  the  form  of  blank  shown  at  B  is 
used.  The  thread  in  this  case  is  larger  in  diameter  than  the 
unthreaded  body  of  the  screw  simply  because  the  upper  sec- 
tion of  a  rolled  thread  is  formed  by  forcing  the  metal  above 
the  original  surface  of  the 
blank  as  explained  pre- 
viously. While  the  form  of 
screw  shown  at  C  may  be 
used  for  many  purposes,  it  is 
objectionable  for  some  classes 
of  work,  and  in  such  cases 
it  is  necessary  to  make  the 
body  of  the  screw  full  size 
between  the  head  and  the 
threaded  portion.  The  form 
of  blank  shown  at  D  may  b3 
used  to  secure  a  body  having 
the  same  outside  diameter  as 
the  screw  thread.  A  modifi- 
cation of  blank  D  is  shown  at 
E  and  the  threaded  screw  at 
F.  In  this  case  there  is 
simply  a  short  bearing  sur- 
face beneath  the  head,  which 
Is  full  size  or  as  large  in  di- 
ameter as  the  threaded  part. 
While  a  machine  screw  of 
this   kind    is   inferior   to   the  "° 

form  obtained  with  blank  D  for  general  use,  it  may  be  satis- 
factory In  some  cases  and  has  the  advantage  of  being  easier 
to  produce  In  the  header. 

Stock  (or  Thread  RolUnt; 

The  stock  suitable  for  thread  rolling  is  soft  steel,  and  may 
contain  from  about  0.07  to  0.12  per  cent  carbon.  Iron  of  ordi- 
nary quality  Is  not  adapted  for  the  thread-rolling  process 
because  of  Its  flhrous  structure,  which  makes  It  likely  to  split 
or  fracture  as  the  result  of  the  pressure  due  to  thread  rolling. 
According  to  the  K.  J.  Manvllle  Machine  Co.,  a  "lUniorflnlHir' 
nofl  steel  wire  is  the  stock  to  uhc  for  obtulning  the  best  rcHults 
with  a  minimum  of  wear  on  both  the  header  umiI  tlireudrolllng 
(lies.  A  good  grade  of  annealed  and  clcanfd  wire  Is  recom- 
mended If  the  llquor-flnlnhcMl  wire  cannot  hi-  obtained.  The 
slock  recommended  by  the  Walcrbury  Karrel  Foundry  &  Ma- 
chine Co.  Is  of  the  following  composition:  carbon,  0.08  to 
0.12  per  cent;  mangnneMc,  O.-'in  to  0,4rj  i)er  cent;  phosphorus, 
0.03  to  0  04  per  <<-nt;  sulphur.  0  0.',  lo  0  04  per  cent.  This 
ninlerlul  hns  a  tensile  strength  of  about  00,000  pounds  per 
s'luare  inch. 

MAklnv  Put  Thrakd-rolllnir  DIM 

The  Kroorcs  In  (h«>  rolling  faci-s  of  nat  dies  miiy  I Itlii-r 

planml  or  milled.  A  simple  method  Is  lo  plnne  om?  groovii  ul 
a  time  In  a  shapor.    The  tool  should  Iw  shnpcd  on  the  culling 


Fig.  23.     Fla 


end  to  conform  to  the  cross-sectional  shape  of  groove  required, 
and  the  distance  between  each  groove  is  made  equal  to  the 
pitch  of  the  thread.  While  the  dies  can  be  made  in  this  way, 
it  is  preferable  to  mill  the  grooves  by  using  a  milling  machine 
equipped  with  a  multiple  cutter.  The  form  pf  cutter  or  "hob" 
commonly  used  has  teeth  which  are  relieved  like  a  form 
milling  cutter  and  are  not  helical  like  the  teeth  of  a  tap,  but 
arranged  in  annular  or  parallel  rows  that  are  perpendicular 
to  the  cutter  axis.  When  the  parallel  grooves  are  being  milled 
in  the  face  of  a  die,  the  latter  must  be  inclined  relative  to  the 
cutter,  so  that  the  angle  a.  Fig.  23,  of  the  groove  will  cor- 
respond to  the  helix  angle  of  the  screw  thread  at  the  pitch 
diameter.  This  angle  depends,  of  course,  upon  the  diameter 
of  the  thread  and  its  pitch.  The  tangent  of  this  angle  equals 
the  pitch  of  the  thread  divided  by  the  circumference  of  the 
blank  to  be  threaded  which  corresponds  approximately  to  the 
pitch  circumference  of  the  screw. 

The  angle  may  also  be  determined  without  calculation  in  the 
following  manner:  Multiply  the  circumference  of  the  blank 
to  be  threaded  by  any  number  that  will  give  a  product  equal 
to  approximately  three  times  the  length  of  the  die  and  lay  off 
this  distance  x.  Pig.  23,  along  the  edge  of  a  parallel  strip  or 
plate  which  is  clamped  in  the  machine  vise.  The  outline  of 
this  parallel  strip  is  indicated  by  the  dotted  lines  in  the  illus- 
tration. The  pitch  of  the  thread  is  next  multiplied  by  the 
number  previously  used  to  obtain  dimension  x,  and  a  dimen- 
sion y  equal  to  the  product  is 
laid  off  at  right  angles  to  the 
parallel  strip.  A  diagonal 
line  connecting  the  points  lo- 
cated in  this  way  will  repre- 
sent the  angle  a  to  which  the 
milling  machine  vise  should 
be  set.  By  traversing  the  di- 
agonal line  past  the  sharp 
end  of  a  pointer  clamped  to 
the  cutter-arbor,  the  angular 
adjustment  may  easily  be 
made.  The  reason  for  in- 
creasing dimensions  x  and  y 
as  previously  explained  is  to 
reduce  by  one-third  any  error 
of  the  angle.  If  the  die  is 
wider  than  the  cutter,  the  en- 
tire face  of  the  die  may  be 
milled  by  simply  taking  two 
cuts  across  it.  When  the  die 
is  milled  in  this  way,  it  is,  of 
course,  essential  after  taking 
one  cut  across  the  die  face  to 
match  accurately  the  milling  cutter  with  the  grooves  pre- 
viously  machined. 

The  teeth  of  the  dies  used  for  rolling  U.  S.  standard  threads, 
V-threads,  or  Whitworth  threads  have  a  uniform  cross-sec- 
tional sliape  from  one  end  of  the  die  to  the  other,  with  the 
possible  exception  of  a  short  length  near  the  ends  which  is 
relieved.  This  relief  is  provided  at  tlie  ends  so  that  the  work 
will  roll  off  the  die  without  being  marked  by  the  corner.  The 
teeth  of  dies  Intended  for  rolling  square  threads  or  those  of 
special  form,  such  as  arc  found  on  large  screws,  are  not  of 
uniform  cross-8e<'tional  shnpo,  but  arc  made  V-shaped  at  tlie 
starling  end  bo  that  tlio  fdriniilion  of  tlie  thread  groove  is 
gradual.     If  dies  for  rolling  threads  uf  the  classes  referred  to 
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were  made  with  teeth  of  uniform  section  throughout  their 
length,  the  flat  tops  of  the  teeth  would  tend  to  compress  the 
metal  inward  in  a  radial  direction,  instead  of  displacing  It  to 
form  a  thread,  and  the  blank  would  be  elongated  in  rolling. 
The  accuracy  of  a  rolled  thread  depends  largely  upon  the 
accuracy  of  the  die  and  the  cross-sectional  shape  of  its  teeth. 
The  included  angle  of  the  teeth  is  one  of  the  essential  points. 
This  angle  should  be  somewhat  less  than  the  included  angle 
of  the  thread  to  be  rolled.  For  instance,  dies  for  rolling  U.  S. 
standard  threads  should  have  teeth  with  an  included  angle  of 
about  581/i  degrees  instead  of  60  degrees,  in  order  to  produce 
a  60-degree  rolled  thread.  This  reduced  angle  is  necessary  on 
account  of  the  elasticity  in  the  stock,  the  effect  of  which  is  to 
cause  the  lower  part  of  a  rolled  thread  to  spring  back  slightly 
after  leaving  the  die,  thus  Increasing  the  angle  so  that  it  is 
1  or  1%  degree  larger  than  the  angle  of  the  die  teeth. 

Thread  Rolling  in  Screw  Machine 

The  circular  threading  roll  or  disk  that  is  used  when  threads 
are  rolled  in  an  automatic  screw  machine  or  turret  lathe  has 
a  thread  on  its  edge  or  periphery  which  corresponds  in  shape 
and  pitch  with  the  thread  to  be  rolled,  and  this  roll  is  forced 
against  the  screw  blank  while  the  latter  is  revolving.  Fig. 
25  illustrates  how  a  circular  roll  may  be  applied.  The  un- 
threaded blank  is  held  in  the  machine  chuck  and  revolves 
about  its  axis.  In  screw  machine  practice,  the  threading  roll 
A  is  usually  mounted  in  a  holder  attached  to  the  cross-slide 
of  the  machine.  The  roll  is  mounted  on  a  pin  or  bolt  so  that 
it  is  free  to  revolve  when  brought  into  contact  with  the  rota- 
ting piece  to  be  threaded.  A  thread  is  reproduced  on  the  work 
when  the  roll  is  forced  against  it  with  suflScient  pressure  to 
leave  an  impression  of  the  thread  on  the  roll. 

The  roll  may  be  presented  to  the  work  in  either  a  tangen- 
tial direction  as  illustrated  at  C,  or  radially  as  shown  at  D. 
A  satisfactory  thread  may  be  rolled  in  either  way.  When  the 
roll  is  applied  as  shown  at  C,  it  gradually  comes  into  contact 
with  the  periphery  of  the  work  and  completes  the  thread  as  it 
passes  across  the  blank  surface  in  the  direction  indicated  by 
the  arrow.  When  the  roll  is  presented  in  this  way,  the 
threaded  piece  should  be  cut  off  from  the  bar  of  stock  before 
the  roll  is  returned  to  its  starting  position  to  prevent  injury 
to  the  finished  thread.  This  is  done  by  simply  mounting  a 
cutting-off  tool  on  the  cross-slide  in  such  a  position  that  it 
severs  the  finished  piece  after  the  thread  is  rolled.  The  cam 
operating  the  cross-slide  is  arranged  to  move  the  roll  inward 
quickly  until  it  is  nearly  in  contact  with  the  surface  of  the 
blank;  the  cross-slide  and  roll  are  then  given  a  slow  feeding 
movement  usually  varying  from  about  0.002  to  0.004  inch  per 
revolution  of  the  work,  while  the  roll  is  moving  a  distance  x 
from  the  point  of  contact  to  the  central  position.  The  roll 
is  then  moved  rapidly  past  the  work  in  order  to  bring  the 
cutting-off  tool  into  position. 

When  the  roll  is  in  a  radial  position,  as  illustrated  at  7). 
it  is  simply  forced  against  one  side  of  the  work  until  a  com- 
plete thread  Is  formed,  the  roll  and  work  rotating  together 
the  same  as  two  gears  in  mesh.  Some  roll-holders,  instead 
of  being  held  rigidly,  are  carried  by  a  swinging  arm  which  re- 
ceives Its  motion  from  some  form  of  cam.    The  e.\act  method 
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Fig.   26.     (A)   Threading  RoU  and  Screw  Thread  of  approximately  the 

Same  Diameter.     (B)   Threading  Holl  nearly  Twice  as  Large 

in  Diameter   as   Screw   Thread 

of  applying  the  roll  to  the  work  and  of  holding  it  in  position 
may  depend  to  some  extent  upon  the  relation  between  the 
thread-rolling  operation  and  other  machining  operations. 

Diameter  of  Threading-  Roll 

The  diameter  of  the  threading  roll  may  be  about  the  same 
as  the  diameter  of  the  screw  thread  it  is  intended  to  roll,  or 
some  multiple  of  the  screw  thread  diameter.  If  the  thread 
to  be  rolled  is  larger  in  diameter  than,  say,  %  inch,  a  roll 
may  be  used  which  is  approximately  equal  to  the  diameter  of 
the  work,  but  if  the  required  screw  thread  is  much  less  than 
%  inch  in  diameter,  the  roll  may  be  made  twice  as  large  or 
some  multiple  of  the  screw  diameter.  When  the  roll  and  the 
screw  thread  are  about  the  same  diameter,  they  are  practically 
alike  so  far  as  pitch  and  diameter  of  the  thread  are  concerned. 
For  instance,  the  roll  for  a  -li-inch  screw  thread  might  also  be 
%  inch  minus  a  slight  amount  in  order  to  obtain  a  better  rolling 
action,  as  explained  later.  If  the  screw  thread  to  be  rolled 
were  i^  inch  in  diameter,  the  roll  might  be  two  or  three 
times  as  large. 

Whatever  the  relation  between  the  size  of  the  screw  thread 
and  the  roll,  it  is  essential  to  use  a  roll  having  threads  that 
mesh  with  or  follow  the  threads  on  the  work  as  the  two  re- 
volve together.  This  means  that  the  roll  thread  must  have 
the  same  pitch  as  the  screw  thread  and  about  the  same  helix 
angle.  Now  when  the  diameters  of  the  threads  on  the  roll 
and  the  work  are  practically  duplicates,  the  roll  for  a  •'>4-incli 
single  screw  thread  would  also  have  a  single  thread  as  shown 
at  A,  Fig.  26.  If  the  roll  is  twice  as  large  as  the  screw,  it 
cannot  have  a  single  thread  because,  for  a  given  pitch,  any  in- 
crease of  the  roll  diameter  reduces  the  angle  between  the 
thread  and  a  plane  perpendicular  to  the  axis;  therefore,  if  the 
diameter  of  the  roll  is  made  twice  as  large  as  the  screw- 
thread,  it  is  necessary  to  use  a  roll  having  a  double  thread  as 
illustrated  at  B,  instead  of  a  single  thread.  The  pitch  of  the 
double  thread  remains  the  same,  but  since  the  lead  equals 
twice  the  pitch,  the  helix  angle  of  the  thread  is  the  same  as 
for  a  single  thread  of  one-half  the  diameter.  If  a  roll  three 
times  the  size  of  the  screw  thread  were  used,  it  would  require 
a  triple  thread,  and  so  on. 

If  we  assume  that  a  roll  is  used  having  the  same  diameter 
as  the  thread  after  rolling,  it  will  rotate  at  a  slower  rate  than 
the  work  at  the  beginning  of  the  rolling  operation  because  the 
roll  is  larger  than  the  unthreaded  screw  blank  and  is  driven 
by  the  blank.  As  the  roll  sinks  into  the  blank,  its  speed 
gradually  Increases  until,  under  Ideal  conditions,  the  speed 
is  practically  the  same  as  that  of  the  thread  being  rolled.  It 
has  been  found  in  practice  that  better  results  are  obtained 
when  a  roll  Is  used  that  Is  slightly  smaller  In  diameter  than 
the  diameter  of  the  sirow  thread  to  bo  rolled.  For  Instance, 
if  Hie  work  has  a  -'i-inch  V.  S.  .standard  thread,  a  singlo- 
threaded  roll  used  for  tills  operation  might  have  a  diameter 
of,  say,  0.660  Inch  Instead  of  0.750  Inch.  If  a  larger  roll  hav- 
ing a  double  thread  were  used.  Its  diameter  would  ocjual 
2  X  0.G60  .^  1..12    Inch    Instead   of   1.50    Inch. 

Tho  reason  for  decreasing  the  diameter  of  the  roll   will  ho 
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more  apparent  by  considering  the  action  of  the  roll  and  screw 
thread  when  a  thread  is  being  formed.  As  previously  men- 
tioned, the  roll  rotates  at  a  slower  speed  than  the  screw  blank, 
especially  when  the  rolling  operation  begins,  because  the 
outside  diameter  of  the  roll  is  in  contact  with  the  plain 
blank,  which  is  about  as  large  as  the  pitch  diameter  of  the 
screw.  As  the  rolling  of  the  thread  progresses,  the  roll  speed 
might  increase  until  it  was  practically  the  same  as  the  work 
speed,  but  on  account  of  frictional  resistance  between  the  roll 
and  its  holder,  the  natural  tendency  is  for  the  roll  to  lag 
behind  the  screw  thread.  Now  any  retardation  of  the  roll 
causes  an  increase  of  frictional  resistance  and  the  final  result 
may  be  that  the  roll  speed  decreases  to  such  an  extent  that  it 
no  longer  meshes  with  the  screw  thread  properly  and,  conse- 
quently, the  thread  is  marred  or  spoiled. 

The  action  between  the  roll  and  the  screw  thread  will  be 
more  apparent  by  referring  to  Fig.  26.  When  the  roll  lags 
behind,  the  more  rapidly  revolving  work,  acting  as  a  screw, 
forces  the  roll  over  against  the  side  of  the  holder,  as  indi- 
cated by  arrow  x.  The  resulting  increase  of  frictional  re- 
sistance causes  the  roll  to  revolve  still 
slower.  On  the  contrary,  if  the  roll  is 
a  little  smaller  in  diameter  than  the 
work,  so  that  it  rotates  faster,  the  roll 
tends  to  move  in  the  opposite  direction, 
as  indicated  by  the  arrow  y.  If  this 
movement  occurs  and  the  roll  presses 
against  the  side  of  the  holder,  thus  in- 
creasing the  frictional  resistance,  this 
tends  to  reduce  the  speed  and  cause  the 
roll  and  work  to  rotate  together  prop- 
erly; consequently,  with  the  roll  run- 
ning a  little  faster  than  the  screw,  any 
difficulty  from  side  thrust  is  cared  for 
automatically  because  then  the  driven 
roll  tends  to  move  axially  in  a  direction 
opposite  to  that  in  which  the  screw 
thread  on  the  work  would  naturally 
force  it. 

Calculating-  Threading-  Roll  Diameter 

The  outside  diameter  of  the  threading 


proper  thread  helix  angle.     Expressing  the  preceding  rule  as 
a  formula. 
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D 
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roll  may  be  determined  by  the  following 
rule:  Multiply  the  depth  of  a  single 
thread  (corresponding  to  the  pitch  of 
the  thread  to  be  rolled)  by  1.2.5;  sub- 
tract the  product  from  the  outside  diam- 
eter of  the  required  thread,  and  mul- 
tiply the  difference  by  the  number  of 
threads  or  "starts"  on  the  thread  roll. 
This  rule  Is  embodied  In  the  following 
formula,  In  which  R  =  outside  diameter 
of  roll;  A'  ==  numl>er  of  starts  or  threads 
on  roll;  N  =  outside  diameter  of  fin- 
ished (k:rew  thread;  and  J9  =  depth  of 
a  Hingle  thread: 

/e^  A'(«  — 1.25£») 

To  lllUHtrate  the  application  of  the  rule  and  formula,  sup- 
poMe  a  roll  Ih  required  for  a  %-lnch  U.  S.  standard  thread. 
Then  H  0.625  Inch  and  D  0.059  Inch.  0.625  — 1. 25  X 
0.051)  0,55ia  Inch,  which  would  represent  the  dlumcter  of 
the  roll  If  It  were  made  with  a  Mingle  Ihreuil.  Such  a  roll, 
however,  would  be  too  small  and  the  diameter  would  probably 
be  doubled,  which  would  make  It  necesMary  to  use  a  roll  having 
a  double  screw  thread.  In  that  cose,  diameter  It  -  Z  y. 
(0.B2f.  —  1,25  X  0.059)  2  X  0.5513  1.100  Inch,  approxl- 
mal«<ly. 

Th«  followlnjc  method  of  dvU-rmlnlnK  the  roll  dlaniotcr  has 
liei-n  UNi-d  Huccfssfully  by  n  proniliii-nl  nianuriu-tiiri-r  rif  aulo. 
mntic  screw  machines.  Itulr:  lleterinlno  the  pitch  illaiiii'ltT 
of  th(!  thr<-n>l  to  he  rolled  nnd  deduct  from  It  oiioslxth  of  the 
dnubl<<  di-pth  of  thir  thr<-ad:  then  usp  th<>  constant  thus  nb- 
taln<?d  ns  n  riiiiltlpic  for  detcrmlnlMK  the  pitch  diameter  of  the 
thri'ad  roll  Ordinarily,  lh<-  roll  wruilrl  bii  two,  thren,  or  four 
times  thB  dlnrnottT  of  th«  screw  thread  and  havo  (•lllicr  w 
double,    triple,    or   qundruplo    thread    In    order    to   secure    the 


In  which,  P  =  pitch  diameteu  of  thread  roll; 

M  =  multiple  selected  with  reference  to  approxi- 
mate diameter  of  roll  desired  (this  number 
also  equals  the  number  of  threads  on  the  roll) ; 

D  =  pitch   diameter  of  screw  thread; 

T  =  double   depth   of   thread. 

Kind  of  Thread  on  Roll 

The  thread  or  threads  on  the  roll  should  be  left-hand  for 
rolling  a  right-hand  thread,  and  vice  versa,  so  that  the  thread 
on  the  roll  and  work  will  incline  in  the  same  direction  at  the 
point  of  contact.  The  roll  should  also  be  wide  enough  to 
overlap  the  section  to  be  threaded,  provided  the  latter  is 
necked  or  turned  down  at  the  ends  to  provide  a  clearance 
space,  which  should  be  done  if  possible.  The  thread  on  the 
roll  should  be  sharp  on  the  top  for  roll- 
ing U.  S.  standard  threads  as  well  as 
V-threads.  If  the  roll  thread  is  made 
flat,  the  blunt  edge  will  require  too 
much  pressure  to  force  it  into  the  metal 
and  will  not  produce  as  smooth  a 
thread.  While  a  roll  made  in  this  way 
will  not  form  a  correct  U.  S.  standard 
thread,  the  fact  that  the  thread  has  a 
sharp  bottom,  instead  of  the  standard 
flat  form,  may  be  of  little  importance 
as  compared  with  the  advantages  of  the 
rolling  process.  The  bottom  of  the 
thread  groove  on  the  roll  may  also  be 
left  sharp  or  it  may  have  a  flat,  some 
rolls  being  made  one  way  and  some  the 
other.  If  the  thread  groove  is  sharp  in 
the  bottom,  the  roll  is  sunk  only  far 
enough  into  the  blank  to  form  a  thread 
having  a  flat  top.  Some  contend  that  it 
is  preferable  to  have  a  flat  at  the  bottom 
of  the  threading  roll  groove  in  order  to 
roll  down  the  top  of  the  thread  and  thus 
obtain  a  smoother  edge  or  surface. 

The  ends  of  the  roll  should  be  beveled 
to  an  angle  of  about  45  degrees  so  that 
the  thread  or  threads  will  not  chip  or 
break  out  when  rolling  a  thread.  Inci- 
dentally, the  threads  on  rolls  are  usually 
finished  by  lapping  after  hardening  in 
order  to  make  them  smooth.  As  the 
roll  is  simply  driven  by  frictional  con- 
tact with  the  work,  it  is  essential  to  re- 
duce the  frictional  resistance  of  the  roll- 
holder  as  far  as  possible.  The  pin  upon 
which  the  roll  revolves  should  be  only  slightly  larger  than  is 
necessary  to  reduce  the  shearing  strain  when  rolling  a  thread. 
Kor  Instance,  a  Vj-tn<'h  hole  In  a  thread  roll  1  inch  in  diameter 
might  cause  considerable  trouble  owing  to  the  frlcllonal  re- 
sistance, whereas,  a  hole  -'s  Inch  in  diameter  might  prevent 
trouble  resulllng  from  laggiitg  "ir  retardation  of  the  roll. 

Flnlshlnir  Tup  Threuds  by  RoUlntr 

The  rolling  procosH  has  been  applied  to  the  manufacture  of 
taps  for  nnlshlng  tap  threads,  although  the  method  to  ho 
doHcrlbeil  has  not  been  HallHfiiclory  for  all  classes  of  work. 
The  tap  thread  Ik  llrHl  cut  to  iippnixiinately  the  required  shape 
ami  hI/.i'.  and  then  the  lap  Is  piiH»eil  between  rollers  which  cdiii 
prcHH  the  metal  and  give  the  Ihreud  the  correct  form  'I'lie 
advaiilage  claimed  for  this  llniHli  rcillliiK  prncoss  Is  tliiil  II  in 
creases  the  density  and  hardtiesH  of  the  thread,  with  the  rcHult 
that  a  rolli'd  la|i  will   resist    wear  conHldernbly  better  than  a 

tap   which    Is   llniHhe.l   by   a   cultInK   tool.      Soni iitcuil    Hint 

small  taps  having  rolled  thn-ads  are  five  I  linen  mh  ilmiilile  jih 
IhciHe  with  eiil   IhreadH. 

■rii(<   liitil    used    for    riMiKh  forming    Hie    tup    llirendH    iirior    to 
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rolling  has  an  angle  of  57  degrees  tor  a  U.  S.  standard  thread 
and  53  degrees  for  a  Whitworth  thread,  and  the  annular  ridges 
on  the  rolls  have  an  included  angle  of  from  60%  to  61  degrees 
for  a  U.  S.  standard  thread  and  from  55%  to  56  degrees  for 
a  Whitworth  thread.  This  increase  in  the  angle  of  the  roll 
is  necessary  in  order  to  obtain  a  60-degree  angle  on  the  tap, 
when  the  roughly  formed  thread  is  2  or  3  degrees  less  than 
the  standard.  The  object  of  cutting  the  thread  to  this  de- 
creased angle  is  to  obtain  an  increasing  degree  of  compression 
of  the  metal  from  the  root  to  the  top  of  the  thread.  Owing 
to  the  elasticity  of  the  stock,  the  thread  roll  has  a  greater 
angle  than  the  standard  thread  angle  to  compensate  for  the 
slight  expansion  or  springing  back  of  the  metal  after  the  roll- 
ing pressure  is  released. 

The  outside  of  the  rough-threaded  blank  is  somewhat  under 
the  standard  size,  the  amount  depending  upon  the  pitch  of 
the  thread  and  the  diameter  of  the  tap.  For  Instance,  a  1/2- 
inch  tap  would  be  rolled  from  a  blank  having  an  outside 
diameter  of  0.4S8  inch.  A  roughly  formed  Whitworth  thread 
has  a  round  root,  but  the  crest  or  top  of  the  thread  is  left  flat. 
The  crest  is  rounded  to  the  standard  radius  by  the  finish- 
ing rolls. 

Fig.  27  shows  a  design  of  thread-rolling  tool  that  has  been 
used  in  connection  with  tap  manufacture.  There  are  three 
rollers  A  located  120  degrees  apart.  The  annular  ridges  on 
these  rollers  are  perpendicular  to  the  axis,  and  not  helical 
like  a  thread.  The  rollers  are  mounted  in  the  same  plane,  but 
the  ridges  on  successive  rollers  are  located  one-third  the  pitch 
in  advance,  so  that  they  will  engage  the  thread  to  be  rolled. 
The  tool  illustrated  is  provided  with  adjustable  blocks  B  in 
which  the  rollers  are  mounted.  These  blocks  are  tapering  and 
are  backed  up  by  the  taper  ring  C.  which  provides  means  of 
adjusting  the  rolls  radially.  The  blocks  are  held  in  position 
by  binding  screws  inserted  in  the  front  face  of  the  holder 
at  an  angle  of  45  degrees. 

When  the  rolls  engage  the  point  of  the  rough-threaded  tap 
blank,  they  roll  down  the  first  threads  slightly  below  the  full 
diameter,  because,  when  the  entire  surface  of  the  rolls  are  in 
contact  with  the  tap,  there  is  some  springing  action  and  the 
tap  diameter  is  somewhat  larger  as  the  result.  When  the  taps 
are  made  in  sets  of  three,  the  rolling  process  may  be  applied 
to  "taper"  and  "plug"  taps,  but  is  not  satisfactory  for  the  "bot- 
toming" tap,  because  of  the  taper  rolling  at  the  end.  In  the 
case  of  the  taper  and  plug  taps,  however,  the  threads  at  the 
end  are  relieved  at  the  top  to  such  an  extent  that  the  slight 
taper  caused  by  rolling  is  of  no  account. 

EXCESSIVE  LABOR  TURNOVER 

It  has  been  estimated  that  of  the  7,000,000  men  composing 
the  industrial  labor  force  of  the  United  States,  one-half  change 
their  places  of  employment  at  least  once  each  year.  This  con- 
stant changing  annually  costs  our  industries  $140,000,000,  if 
not  many  times  this  sum,  foe  it  costs  from  $30  to  $200  to  train 
a  new  man.  depending  on  the  nature  of  the  work  to  be  done 
and  the  industry,  or  an  average  of  from  1.5  to  2.5  per  cent  of 
the  pay  roll.  In  addition,  figures  gathered  from  the  iron  and 
steel  trades  by  the  United  States  Department  of  Labor  show 
that  of  1000  employes  with  six  months'  experience  111.3  are 
injured  while  only  42.4  out  of  1000  are  injured  of  those  having 
from  three  to  five  years'  experience.  Much  money  might  be 
saved  by  eliminating  the  necessity  of  discharging  labor  during 
slack  seasons.  In  Kurope,  good  results  have  been  obtained  by 
using  the  nniet  season  in  the  home  market  for  manufacturing 
for  foreign  trade;  the  changing  seasons  of  the  southern  hem- 
isphere bring  orders  to  Europe  Just  at  the  time  when  business 
becomes  dull  at  home. 

American  manufacturers  pluniiing  to  enter  the  Central  or 
South  Aniorlcnn  markets  should  patent  their  articles  and  reg- 
Islor  Iheir  trademarks  In  each  country  that  Ihey  desire  to  enter 
before  beginning  their  sales  campaign.  As  a  convenience  to 
Ruch  persons,  the  Hureau  of  Korelgn  and  Domestic  Commerce 
has  prepared  a  list  of  ntloriieyR  In  the  various  countries  of 
l.atln   America  who  are  qunllfled   to  attend   to  such   matters. 


DRILLING,   FACING,  AND   TAPPING   STUDS 

Efficient  results  are  being  obtained  in  drilling  and  tapping 
a  hole  in  steel  studs  and  facing  the  surface  around  the  tapped 
hole,  through  the  use  of  a  three-spindle  20-inch  all-geared  drill- 
ing machine  built  by  the  Barnes  Drill  Co.,  of  Rockford,  111., 
which  is  tooled  up  as  shown  in  the  accompanying  illustration. 
Here  it  will  he  seen  that  advantage  is  taken  of  the  inverted 
principle,  the  work  being  rotated  in  chucks  mounted  on  the 
drilling  machine  spindle  and  fed  down  onto  the  top  of  inverted 
tools,  so  that  the  chips  will  be  readily  cleared  from  the  work 
through  the  action  of  gravity.  It  will  be  seen  that  under  the 
left-hand  spindle  there  are  a  drill  A  and  facing  tool  B.  which 
are  brought  successively  into  position  under  the  spindle  by 
means  of  a  sliding  fixture  C,  which  is  provided  with  limit  stops 
to  locate  either  tool.  A  positive  depth  stop  on  the  spindle  con- 
trols the  facing  operation.     The  work   is  fed   down  onto  the 


Barnes  All-geared  Drilling  Machine  tooled  up  for  drilling,   facing,   and 
tapping    Studs 

tool  by  the  regular  feed  on  the  machine,  and  after  the  drilling 
and  facing  operations  have  been  completed,  the  work  is  trans- 
ferred to  either  of  the  other  two  spindles,  where  it  is  held  in 
the  three-jaw  chuck  with  which  each  of  these  spindles  is  pro- 
vided. Under  each  of  these  spindles  there  are  a  roughing  tap 
/)  and  a  finishing  tap  A'  carried  on  a  sliding  fixture  F.  so  that 
the  tapping  operation  may  be  completed  by  first  roughing  and 
then  finishing  the  thread,  the  lead  being  governed  by  a  positive 
leading  device  on  the  spindle.  With  an  outfit  of  this  kind,  the 
operator  has  plenty  to  do  to  keep  all  of  the  spindles  on  the  ma- 
chine constantly  employed.  K.  K.  H. 


The  following  definition  of  an  eccentric,  applied  by  a  l;i\v>cr 
arguing  an  engineering  case  before  the  court,  may  not  be 
mathematically  <'orrect.  but  it  is  a  fairly  good  description. 
The  lawyer,  having  repeatedly  referred  to  an  eccentric,  the 
Judge  at  length  asked  him  what  an  eccentric  was;  he  said  he 
was  familiar  with  the  term  as  applied  to  individuals,  but  not 
ns  applied  lo  a  part  of  a  machine.  The  lawyer  defined  It  as 
follows;  "An  eccentric,"  he  said,  "is  a  circular  disk  whoso 
center  Is  not  In  the  middle." 
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STEEL   TESTS   USED   BY   WORKMEN' 

Among  the  various  ways  of  judging  the  quality  of  steel,  the 
most  common  are:  trade  or  quality  stencil  marks,  labels  pasted 
on  the  bars,  bars  painted  different  colors,  general  shape  of 
the  material,  appearance  of  surface,  heft  or  weight,  ring  or 
tone  of  metal  when  dropped,  feeling,  intuition,  smell,  frac- 
ture test,  fire  and  water  test,  service  test,  and  spark  test. 

The  first  two  are  the  most  dependable  methods,  except  that 
if  the  steel  is  kept  in  a  damp  place,  the  labels  will  drop  off 
in  the  course  of  time  due  to  rust.  The  third  method  is  depend- 
able if  a  general  scheme  of  colors  is  used  for  the  different 
brands  of  steel  and  the  system  is  intelligently  applied.  There 
is,  however,  in  many  factories  extreme  carelessness  and  in- 
difference in  the  painting  of  valuable  stock;  in  one  factory 
seven  grades  of  steel  were  painted  one  color. 

Many  workmen  select  steel  by  its  general  shape;  for  in- 
stance, a  hexagon  section  will  represent  screw  stock  and  an 
octagon  section  will  indicate  cold  chisel  steel.  But  this  method 
of  selecting  should  not  be  tolerated,  because  steel  can  be  manu- 
factured into  any  form  or  shape  desired,  except  stellite,  which 
is  cast  into  form.  It  may  surprise  some  engineers  to  learn 
that  many  tool  steels  are  selected  by  the  appearance  of  the 
surface.  If  the  bars  are  smooth  and  have  sharp  corners,  it  is 
evidence  to  the  workmen  of  first-class  steel.  Without  other 
evidence,  expensive  labor  is  put  upon  the  tool  and  usually  only 
when  hardening  is  the  mistake  discovered.  Smooth  surfaces 
and  sharp  corners  indicate  work  at  low  temperatures,  while 
rough  surfaces  and  round  corners  are  caused  by  an  iron  oxide 
scale  when  the  metal  is  laid  down  at  high  temperature;  there- 
fore, the  appearance  of  the  surface  does  not  indicate  the  qual- 
ity or  composition  of  the  metal. 

Many  workmen,  not  satisfied  by  the  shape,  appearance  and 
weight,  drop  the  metal  on  a  hard  floor  or  a  heavy  piece  of 
iron;  if  the  ring  is  a  sharp  tone,  the  metal  is  thought  to  be  a 
good  quality  of  steel.  The  finer  the  grain,  the  more  homo- 
geneous the  structure,  and  the  harder  the  metal,  the  sharper 
is  the  tone.  These  qualities  are  developed  by  elements  in  the 
metal,  by  working,  and  by  heat-treating  at  a  moderately  low 
temperature.  On  the  other  hand,  wrought  iron  will  emit  a 
dull  tone,  owing  to  the  presence  of  about  2  per  cent  of  slag 
and  the  usual  methods  of  working  such  metal  at  a  high  tem- 
perature. This  method  is  not  reliable  or  dependable,  because 
work  and  heat-treatment  will  affect  the  tones  emitted  when 
the  material  is  struck  or  dropped. 

It  is  surprising  how  many  expert  toolmen  will  select  metal 
by  intuition;  and  because  of  their  opinion  they  work  the  tool 
into  shape  regardless  of  any  indication  in  its  cutting  proper- 
ties that  the  metal  may  be  undesirable.  Their  mistake  is 
usually  discovered  when  attempting  to  harden  the  metal  or 
when  putting  It  into  service.  It  is  said  that  in  the  southern 
part  of  the  state  a  man  nicks  a  bar  of  stock  with  a  cold  chisel, 
breaks  it  in  two,  and  immediately  smells  the  fracture,  claim- 
ing that  a  good  quality  of  steel  smells  like  ammonia.  There 
Is  no  ammonia  In  steel.  Many  of  the  tests  used  by  workmen 
are  Just  as  reliable. 

The  fracture  test  does  not  represent  the  true  quality  of 
metal,  but  rather  indicates  the  last  hcutlng  operation  to  which 
the  metal  was  subjected.  A  fracture  that  has  a  coarse  Kranular 
apix.-arance  may  not  mean  that  Uw;  rtiatcrlal  Is  of  inferior  (juiil- 
lly,  but  that  It  was  laid  down  al  a  high  heat  and  the  crystals 
retained  the  size  corresponding  to  that  heat.  There  are  ex- 
reptions  to  this  rule,  however,  for  many  of  the  elements  In 
alloy  HieolH  prevent  or  retard  rryHtulll/.atloii  at  high  ti'mpera- 
turc.  HlKh-spccd  mIccI  shows  an  unusually  fine  grain  after 
b<!lnK  hcnled  to  2250  dt-Krces  K. ;  on  the  other  hand,  carbon 
tool  Ht>T<-l  litratpd  to  Its  irltlial  ti-iiipi-raluri>  and  Itiitiicillately 
qii<-ri<'h<'d  shows  a  Ann  silky  Mtnutiirt!.  und  It  is  doubtful  If 
th"  sivcrnKc  mcrhBnIc  is  ablo  to  dlstlnKulsh  those  motain  when 
th<-y  »rc  plnciid  toicelhor  for  roinparlson.  If  a  Mniall  piece  of 
rnrlK>n  tool  stool  is  heated  to  Just  above  its  critical  tempera- 
turo.  alKiut  ur>0  deKrees  K..  known  as  a  dark  cherry  red,  and 
lmm«<llately  quenched  In  water,  it  will  be  hard  enough  tr) 
r'-slst  a  sharp  (lie;  and  when  frarturnd.  It  should  nliow  a  line 

•KilriM  from  an  »t<1r>M  ti;  John  V  KfU-t.  at  I'lir.liin  l'nl<<T>llr.  Iii<).. 
lUUf'f-t  la  Marrk.  tl*l7  lof'tr*  lhi<  Hl«fl  Trxllni  Kfu-anh  H<xlplr  "t 
[Xtrvll.   Mkb. 


silky  structure.  If  a  low  or  inferior  grade  of  carbon  steel  is 
treated  in  this  manner,  the  surface  may  be  hard  enougli  to 
resist  a  file  but  the  fracture  will  not  show  a  fine  structure. 

Many  workmen  as  well  as  the  experimental  engineer  select 
available  material  at  hand  without  any  determination  as  to 
quality,  and  then  put  expensive  labor  upon  the  part  or  tool. 
When  finished,  it  will  be  tried  out  in  service,  and  if  it  fails, 
something  else  is  tried.  Such  failures  are  usually  found  in 
the  scrap  heap.  The  service  test,  however,  has  its  advantages 
if  the  engineer  has  a  knowledge  of  the  material  so  tested.  This 
information  is  invaluable,  as  it  is  the  combination  of  successes 
and  failures  that  gives  the  empirical  knowledge  that  com- 
pletes the  perfect  understanding  of  theory.  A  record  of  the 
life  work  of  a  piece  of  steel  and  accurate  data  are  the  most 
powerful  tools  that  an  engineer  has.  '  Therefore,  the  scrap 
heap  of  failures  is  the  most  instructive  place  about  a  plant. 

The  spark  method  is  based  on  the  action  of  the  oxygen  of 
the  air  on  the  combustible  element  present  in  iron  and  in 
many  of  the  alloying  elements  contained  in  the  different  steels, 
which  act  explosively  when  heated  to  a  temperature  necessary 
for  combustion.  To  produce  bright  sparks  as  the  result  of 
heating  finely  divided  particles  of  metal,  the  heat  must  be 
intense  enough  to  cause  chemical  combustion  between  the 
oxygen  of  the  air  and  the  particles  of  metal. 
*     *     * 

DEFINITION  OF  POUNDAL 

The  expression  "poundal"  is  sometimes  used  in  connection 
with  calculations  in  mechanics.  A  good  many  mechanical 
handbooks,  however,  do  not  define  it,  because  of  its  limited 
use.  A  poundal  is  a  unit  of  force,  and  is  defined  as  that  force 
which,  acting  on  a  mass  of  one  pound  for  one  second,  produces 
a  velocity  of  one  foot  per  second.  A  footpoundal  is  a  unit 
of  energy  and  is  equal  to  the  energy  resulting  when  a  force 
of  one  poundal  acts  through  a  distance  of  one  foot.  In  order 
to  reduce  foot-poundals  to  foot-pounds,  multiply  the  number 
of  foot-poundals  by  0.03108.  Dividing  the  number  of  foot- 
poundals  by  32.16  (acceleration  due  to  gravity)  will  also  give 
footpounds. 

If  the  well-known  formula  for  energy 


E  = 


is  written  E  =  0.0 1554 mi'^ 


E  will  be  expressed  in  foot-pounds  if  m  is  expressed  in  pounds 
and  V  in  feet  per  second. 

When  the  formula  is  written  in  the  customary  form 


E  =  - 


E  is  in  foot-poundals  when  m  is  in  pounds  and  v  In  feet  per 
second.  (If  in  this  formula  m  is  in  kilograms  and  v  in  meters 
per  second,  then  E  will  be  in  joules.) 

For  metric  units  the  formula  may  be  written  as  follows: 
/•;  =  0,00051  mi;' 
in    which    case,    /■-'    is   expressed    in    gramcentimotors;    m.    In 
grams;  and  i',  in  centimeters  per  second. 

If  the  formula  is  written 

/•;  .  =  0.05 1»M'' 
/■;   Is   in   klli)>;rani  nictcrs;    »i.   In  kilograms;    and    r.   In   meters 
per  second. 

'I'lioHo  formulas  are  based  upon  the  standard  value  of  grav- 
ity. In  the  rare  cases  where  a  variation  In  gravity  must  bo 
considered,  the  fundamental  formula  giving  /•."  In  foot  pounduls 
(or  In  the  absolute  system  of  nioasuroment  In  joules)  must 
be  usofl. 

•     •     • 

The  United  States  now  leads  the  world  In  tin-  prmluctlon 
of  ferrornangaiumo.  DurliiK  the  last  fiscal  year  II  Imported 
nrin.OHK  gross  tons  of  maiiKanese  ore,  more  than  (ireat  Ilrltain 
ever  linporteil.  and  had  u  domesllo  production  of  nrounil 
K0,000  tons  This  nieaUH  a  pmdurtion  of  270.000  Ions  of  ferro 
matiKaiK'He  In  the  (  urr.Mil  year.  While  It  is  cHtlinated  that 
a.lC.OOO  tons  are  needed,  (he  HlmrlaK"  iai\  be  made  up  by  Im 
porlallnnn  ami  liy  a  more  emili-iit   uhi-  of  splegelelson. 
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coil  or  spool  end;  B,  the  coil  set-screw;  G,  the  cap;  D,  the 
solenoid  cover;  E.  the  ventilating  ducts;  F,  the  coil  tube  or 
spool;  G,  the  coil;  H,  the  air  passage;  L,  the  solenoid  case; 
M,  the  lead  bushing;  .V,  the  holes  for  the  pivot;  and  0,  the 
slot  for  the  part  to  be  moved. 

Electromagnets  are  used  generally  where  there  is  a  rela- 
tively small  movement  of  the  armature  and  a  small  air  gap, 
such  as  for  operating  telephones,  electric  horns,  bells,  con- 
troller mechanism,  automatic  switches,  etc.  They  are  also 
used  extensively  on  switchboards  of  both  direct  and  alternat- 


Fiff.   1.     Simple   Types  of  Electromagnets   and   Solenoids 

SOLENOIDS  and  electromagnets  have  been  used  for  years 
in  connection  with  various  kinds  of  machinery  for  re- 
leasing brakes,  actuating  clutches,  operating  valves,  shift- 
ing gears,  controlling  the  operation  of  motors,  etc.  Electro- 
magnets may  be  of  the  horseshoe  type  with  one  coil,  shown 
at  A.  Fig.  1,  or  of  the  horseshoe  type  with  two  coils,  as  shown 
at  B.     Solenoids,  also,  are  magnets  in  a  general  sense  and  to 
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Fig.  2.     Section  through  Solenoid 


Fig.   3.     Contactor   Magnet  Frame 


all  intents  and  purposes.  One  type  has  a  yoke  with  two  pro- 
jecting pole  pieces  that  extend  into  the  upper  ends  of  the  coils, 
as  shown  at  U,  and  a  pair  of  plungers  attached  to  a  yoke- 
shaped  piece  that  enters  into  the  coil  when  it  is  electrified. 
This  coil  is  generally  termed  the  armature.  The  second  type, 
shown  in  section  in  Fig.  2,  has  no  projecting  pole  pieces  ex- 
tending into  the  upper  ends  of  the  coils.     Here  .1  is  the  fiber 

'  New  York   City 
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Fig.  4.    Starting  Rheostat  for  Direct-current  Motors.     Fig.  5.    Pole  Shader. 
Fig.   6.     Section  through  Magnet   Winder 

ing  circuits,  and  are  seen  in  operation  in  almost  every  manu- 
facturing plant.     A  type  commonly  used  is  shown  in  Fig.  3. 

The  rheostat  for  starting  direct-current  motors,  shown  in 
Fig.  4,  uses  a  magnet  for  holding  the  switch  arm  in  the  run- 
ning position  while  the  current  is  on,  but  when  the  current 
is  cut  off  the  magnet  releases  the  arm,  which  is  forced  back 
to  its  off  position  by  a  suitable  spring.  The  motor  cannot 
be  operated  again  until  the  rheostat  handle  is  moved  into  the 
running  position  and  held  there  by  the  attraction  of  the  mag- 
net. Direct-current  magnets  have  soft  iron  cores,  and  their 
armatures  do  not  require  any  pole-shading  devices  like  the 
alternating-current  magnets. 

The  pole  shader  in  an  alternating-current  magnet  is  a  short- 
circuiting  ring  embedded  in  the  pole  face  to  retard  the  time- 
phase  relation  of  the  magnetic  flux  within  the  ring  so  that 


TABLE  1.    MAGNETIC   QUALITY  OF  IRON  AND   STEEL 
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there  is,  at  every  instant,  enough  magnetism  to  hold  the  mag- 
net closed,  as  shown  in  Pig.  5.  The  area  of  A  is  two-thirds 
the  area  B  of  the  pole  face.  One-eighth-inch  brass  rivets 
are  shown  at  C;  at  D  are  the  end  plates;  and  at  S  are  slots 
or  saw  cuts. 

One  square  inch  of  core  surface  w^ith  100,000  lines  per  square 
inch  saturation  in  an  alternating-current  magnet  with  an  air 
gap  of  1/8  inch  will  pull  about  140  pounds.  The  pole  face  of 
an  alternating-current  magnet  to  have  the  same  pull  as  a 
direct-current  magnet  must  have  twice  the  area.  The  area  of 
the  winding  B  of  a  magnet  should  be  about  59  per  cent  of  the 
area  of  the  core  A.  as  shown  in  Fig.  6. 

Where  the  magnetic  density  is  not  great,  it  is  safe  to  use 
cast  iron  for  the  cores  of  an  alternating-current  magnet,  but 


Fig.   7.     Oil   Switch   with   No-voltage   Release   Magnet 

where  the  density  is  high,  sheet-iron  laminated  cores  should 
be  used.  In  all  magnets  of  sixty  cycles,  where  the  density  is 
high,  transformer  iron  should  be  employed.  The  magnetic 
density,  the  magnetizing  force,  ampere-turns  per  inch  and 
per  centimeter,  and  permeability  of  sheet  iron,  cast  steel, 
wrought-iron  forgings,  and  gray  cast  iron  are  given  in  Table  1. 

Applications  ol  Electromagrnets 

Fig.  7  shows  the  application  of  an  alternating-current  mag- 
net in  holding  the  han- 
dle of  a  6600-volt,  200- 
ampere  oil  switch  in 
the  operating  position. 
The  coil  is  applied  to 
the  pole  next  to  the 
pivot  of  the  armature. 
There  is  a  relatively 
small  movement  of  the 
armature,  and  a  pole 
Kliader  Is  placed  at  the 
I'lid  of  the  armature. 
When  the  armature 
riinction  is  to  hold  the 
handle  of  the  mechan- 
iHtii  in  the  running  po- 
hIIIom,  both  single-  ami 
doublc-coll  niagnctH  may 
be  used.  One  of  the 
many  applleatlonH  of 
doiibli;  coll  maKMclH  to 
pivoted  urmalurcH  ami 
diHkH  Ih  found  In  ii 
Iniid  Kpi'HkliiK  t*'li'|ilione 
and  In  Ihr-  i-lc<irli-  horn. 
Orii'  »r  the  niiiny  uhch 
lit  lh(t  idi-i'tric  maxnol 
In  IIkIiI  mai'hino  work 
Ih  Nhown  In  KIk.  K,  In 
which  a  mnKnnt  roll  Ih 
iiiiiiinlod  In  a  flxtui  cnnn 
/*.  The  corcC'lH  fiiHli-nod 


to  a  revolving  shaft  G 
by  a  pin  i/,  and  is  held 
in  its  proper  position 
by  a  collar  E  fastened 
to  shaft  G  by  a  pin  K. 
Directly  opposite  core 
C  and  separated  from 
it  by  a  very  small  air 
space  is  a  plate  D  of 
the  same  area  as  the 
core,  having  a  hub  L 
that  is  pinned  to  the 
shaft  F.  The  two  shafts 
G  and  F  are  in  line. 
Power  is  applied  con- 
tinuously to  shaft  G,  so 
that,  when  it  is  desired 
to  run  shaft  F  with  any 
mechanism,   an   electric 


COVER  CLAM 


Fig.    9.     Magnetic   Disk  Brake 


current  is  applied  to  the  fixed  coil  A,  which  magnetizes  the 
revolving  plate  C,  causing  it  to  attract  plate  D  and  forcing 
the  latter,  with  shaft  F,  etc.,  to  revolve,  although  in  reality 
there  is  no  physical  connection  between  them. 

Another  of  the  uses  of  the  electric  magnet  is  in  a  magnetic 
disk  brake.  The  one  shown  in  Fig.  9  consists  of  a  revolving 
hub  carrying  plates  fastened  to  it.  Below  these  plates  are 
others  connected  to  an  armature  plate  through  the  containing 
case.  The  armature  plates  are  held  against  the  plates  on  the 
revolving  hub  by  springs,  one  of  which  is  shown,  thus  retard- 
ing and  stopping  the  motion  of  the  hub,  but  when  the  electric 
current  is  applied  to  the  magnet  coil,  the  armature  plates 
are  attracted  to  the  coil  and  the  friction  plates  are  separated 
as  long  as  the  current  is  applied.  These  magnetic  brakes  are 
used  with  electrically  driven  machinery,  such  as  hoists,  cranes, 
ore  and  coal  handling  machinery.     They  are  adapted  for  use 


Fl(,    10.     Chart!  iliowinir   Solonold  FiilU 
wlii'M  fri'iiucnt  stops  and  removals  are  requlre<l  niul   when  tlii- 
Hnfcty    of   the    machinery    depends    on    the    rellahllily    of    the 
brake  employed. 

The  Solenoid 

Ah  II  iniiKiiel  In  a  bar  or  liiaHH  of  Hieel  Id  whiili  the  peculiar 
priipiTlleH  of  (he  IcuidNlinie  liavi^  been  applied,  one  Kenenilly 
linderHlalidK  thai  mm  eleelrlr  niMKliet  Is  KUeh  a  Mimkh  of  clerlrl- 
lled  niHterhil  that  In  kIvi'U  IIicho  pociillur  pniperllCH  by  the 
nppllentliin  of  the  oloelrlr  current.  A  nnloiiold,  howcvor,  Is 
MM  eleclrle  rlynamlc'  Hplral  having  Ihi'  cdnJuMcllve  wlri>H  turned 
back  aloMK  IIh  hxIh  ho  oh  I<i  neiilrnllze  Ihal  I'oMipiMiiid  of  the 
efferl  of  the  riirrenl  due  to  the  leMglh  of  Ihn  nplnil  and  reduro 
Iho    effiM  I     |r,    lll;lt     n!    II    herl.M<    "f    ec|iml    llllil     iPiiriillcl    ilpiular 
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currents.  A  magnet  then,  in  simple  terms,  is  a  solid  attract- 
ing body  of  material,  while  a  solenoid  is  a  hollow  coil  that 
has  the  power  of  attracting  a  body  of  magnetic  material  into 
itself  or  an  electric  magnetic  helix.  There  are  many  and 
varied  uses  of  solenoids  in  the  operation  of  machinery  with 
both  alternating  and  direct  current;  but  there  is  quite  a  dif- 
ference between  a  direct-current  and  an  alternating-current 
solenoid. 

At  A,  Pig.  10,  is  shown  the  relation  between  the  magnetiz- 
ing force  and  the  pull  of  a  direct-current  solenoid,  and  at  B 
is  shown  the  difference  between  the  direct-  and  the  alternating- 
current  pull  as  indicated  by  the  position  of  the  core  when  the 
pull    is    greatest.      The    lift    of    direct-current    series-wound 
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Fig.   11.     Lifts  of  Solenoids  at  Half  and  FuU  Loads 

solenoids  varies  a  great   deal,   as   shown   in   Fig.   11,  which 
indicates  clearly  the  lift  at  half  and  at  full  load.' 

Experiments  with  alternating-current  solenoids  having  a 
long  stroke  show  the  erratic  behavior  of  the  pull  character- 
istic. If  a  short  stop  is  used,  the  pull  falls  off  as  the  air  gap 
closes  until  at  a  certain  point  it  rises  very  rapidly;  if  a  long 
stop  is  made,  the  pull  increases  greatly  with  a  decrease  in  the 
length  of  the  air  gap.  The  pull  of  an  electromagnet  varies  as 
the  square  of  the  voltage,  so  that  the  effective  pull  at  low 
voltage  falls  to  less  than  one-half  of  what  it  is  at  the  maximum. 

Lilting'  Mag-nets 

The  lifting  magnet.  Pig.  12,  may  be  considered  as  a  nunibt-r 
of  magnetic  turns  enclosed  in  a  casing  of  cast  steel.  The  <oil 
is  a  device  for  transforming  electric  energy  into  magnetic  po- 
tential energy.  The  greater  the  number  of  amperes  passing 
through  a  given  coil,  the  stronger  will  be  the  attractive  force 
of  the  magnet;  the  greater  the  number  of  turns  multiplied 
with   the  current,  the  greater   will   be  the   lifting  capacity; 
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Proportions 
Solenoic 

of  a 

Standard 

and  the  greater  the 
actual  current  taken  by 
the  magnet,  the  higher 
will  be  its  efficiency, 
since  the  proportion  of 
the  live  load  to  the 
dead  weight  will  be  in- 
creased. It  is  neces- 
sary to  locate  the  maxi- 
mum number  of  turns 
in  the  least  possible 
space  and  to  carry  the 
maximum  safe  current 
in  the  conductors,  so 
that  the  more  current 
a  magnet  of  a  given 
size  uses,  the  greater  is  its  lifting  capacity.  The  current  cost 
is  a  small  item,  and  the  greatest  gain  in  efficiency  is  made 
because  of  the  increasing  of  the  lifting  capacity  in  proportion 
to  the  weight  of  the  magnet.  Increased  lifting  capacity  means 
fewer  magnets  to  handle  the  material,  fewer  operations,  and 
fewer  cranes. 

Proportions  and  Applications  of  Standard  Solenoids 

The  proportions  of  a  standard  solenoid  are  shown  in  Fig.  13; 
this  requires  no  explanation.  The  outline  dimensions,  horse- 
power, weight,  lifting  capacity,  in  pounds,  and  stroke  of  a 
standard  solenoid  are  given  in  Table  2.  One  of  the  many 
applications  of  this  type  of  solenoid  is  shown  in  Pig.  14,  which 
is  a  time-limit  overload  relay  with  a  single  dashpot  to  retard 
too  rapid  action;  it  will  be  seen  that  this  is  an  alternating- 
current  apparatus  having  laminated  cores.  The  function  of 
this  apparatus  is  to  break  an  auxiliary  circuit,  the  contacts 
being  shown  at  the  top,  with  an  overload  on  either  of  two 
phases.  Another  application  of  this  type  is  the  self-starter 
shown  in  Fig.  16;  its  function  is  to  make  a  series  of  electrical 
contacts,  or  short  circuits.  This  solenoid  has  no  laminated 
cores,  but  has  a  dashpot  to  retard  too  rapid  movement. 

These  solenoids  show  projecting  pole  pieces  extending  to 
within  a  certain  distance  of  the  upper  ends  of  the  coils,  which 

TABLE  2.  PROPORTIONS  AND  STRENGTH  OF  SOLENOIDS 


7% 

11% 

i:5 

16 


2  to  10 
10  to  30 
25  to  75 
50  to  150 


Lifting 
Capacity, 
Pounds 


205 
255 
360 
405 


170 
^72 

185 
225 


Fl(,   IS.     OutUno  of  Typical  Llftinf  Hngnot 


give  the  magnet  a  great  increase  in  pull  as  the  plunger  ap- 
proaches the  stationary  pole,  so  that  it  will  have  more  power 
to  do  the  required  work.  As  a  result,  there  is  a  rapid  accel- 
eration of  the  plunger,  so  that  if  a  dashpot  were  not  used, 
the  plunger  would  strike  the  stationary  pole  a  hard  blow;  the 
frc(iucnl  rcpi'lilion  of  these  blows  would  be  likely  to  injure 
the  ;ipp;ir:ilus 

In  the  other  type  of  solenoids  the  plunger  practically  cen- 
ters itself  when  drawn  into  the  coil,  as  in  the  case  of  the 
Instantaneous  double-coil  overload  relay  shown  in  Fig.  17. 
^'he  pull  is  up  and  the  auxiliary  circuit-breaking  buttons  at 
llio  bottom,  so  that  when  cither  coil  is  energized  the  auxiliary 
circuit  will  be  broken  by  the  plunger  being  raised  away  from 
the  conlact.  Fig.  l.'i  shows  a  series  relay  standard,  which  is 
considerably  used  at  the  present  time. 

Solenoid-operated  valves  are  designed  for  iisp  where  It  is 
desired  to  operate  a  valve  from  remote  points,  or  automati- 
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Fig.  14.     Time-limit  Overload  Relay 

cally,  in  connection  with  motor-driven  pumps,  compressors,  etc. 
These  valves  may  be  used  on  a  steam  service  where  the  pres- 
sure does  not  exceed  150  pounds  per  square  inch.  They  are 
built  in  four  sizes,  3/8,  1/2,  3/4,  and  1  inch,  are  threaded  for 
standard  cast-iron  pipe,  and  have  an  area  of  opening  equal  to 
that  of  the  pipe.  These  valves  are  used  for  three  types  of 
service:  continuous,  the  coils  of  which  will  stand  the  full 
rated  voltage  continuously  without  overheating;  intermittent, 
the  coils  of  which  will  stand  the  full  rated  voltage  applied  for 
not  over  seven  out  of  each  thirty  minutes;  and  momentary, 
the  colls  of  which  will  stand  the  rated  voltage  applied  for  not 
over  two  out  of  every  thirty  minutes.  When  operated  from  a 
distance,  a  knife  or  snap  switch  Is  used  to  control  the  solenoid 
circuit;    and   by   using   a   special    three-position   switch,    mo- 


^ 


T 
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mentary-duty  coils  may  be  used  for  continuous  service,  this 
special  switch  limiting  the  control  of  the  valve  to  one  point. 
A  relay  is  required  if  it  is  desired  to  operate  the  valve  from 
several  points,  which  necessitates  the  use  of  one  normally 
closed  push-button  or  equivalent  switches  at  each  station.  In 
the  solenoid-operated  valve  shown  in  Pig.  18,  the  body  A  has 
a  projecting  boss,  onto  which  is  secured  the  piece  B  carrying 
the  frame  C  with  its  cap  or  cover  D,  Inside  frame  C  is  a 
solenoid  E,  with  its  insulator  F  and  ends  G,  which  have  leads 
H  that  pass  through  cover  D.  Air  spaces  J  and  K  are  pro- 
vided to  keep  the  solenoid  cool.  The  core  L  of  the  solenoid 
carries  on  its  end  a  valve  seat  M,  which  is  held  to  the  stem 
or  plunger  by  a  nut  'N  and  is  held  down  in  the  closed  position 
by  a  spring  0.  When  the  solenoid  is  energized,  the  plunger 
and  valve  pass  into  space  P,  thus  allowing  the  valve  to  open. 


^S  N0.1 

;.  WIRE 

WOUND  WITH 
ITIAL  TENSION 
'free  LENGTH 
^8" CLOSED 
COILS 


I  ■,:■,    „l   Horl-a    RxU 


tiK.    lU.      ApplimUoii  oi   Solonoid   to  a  Solt-iliirU<r 

One  of  tlie  most  useful  applications  of  the  solenoid  is  in  the 
inagnetlc  BhiftinKgear  devl<'e  for  nutomubllea,  as  shown  In 
Fig,  19,  ThI.M  device  consists  of  ii  hou.slng  hiivlng  at  Its  ends 
iiiagiietic  windings  arranged  In  pairs,  shifter  burs  guided 
ihrougli  the  eiids  of  the  housings  and  constituting  cores  for 
till-  ond  windings,  or  solunold  and  polo  pieces  for  one  set  of 
inliTiiii'dlate  wiiidlnKs  wliereby  ouch  bar  may  occupy  throo 
IiohIIIoiih,  with  (logs  adapted  to  lock  the  burs  in  tlioir  respec- 
II VI'  pimlllnnH  and  to  ho  releuscd  by  another  set  of  liitcrnicdiate 
whidliiKH. 

Tiilili'  .'I  gives  the  rating  of  Hhunt-woiind  nolnnolds.  voUngo, 
hIzi-h,  welghlH  of  plungorH,  In  pounds,  welglit  lifted  for  Inler- 
iiilttcnt  und  I'ontlnuouR  Mnrvico  with  no  cutout,  liiternilltont 
Hcrvirn  with  cutout,  »nd  periodic  service  wllli  no  cut-out, 
ThoHc  wi'lghlH  are  Ibo  nmountx  thnt  can  be  llfteil  In  addition 
lo  the  plunger,  Tublu  4  givefl  the  stroke.  In  Inclies,  and 
wi'lghtH  lirti'd  nt  hnlf  nnd  full  IouiIh  of  RcrlnHwound  solenoids. 
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Fig.    17.     Instantaneous  Double-coil  Overload  Relay 

The  horsepower  of  these  solenoids  for  both  standard  crane 
and  continuous  service  is  given  in  Table  5.  In  Table  6  are 
given  the  proportions  of  another  standard  solenoid;  the  pull, 
number  of  turns,  amperes,  and  travel  of  plunger  of  this 
solenoid  are  given  in  Table  7. 

The  method  generally  used  in  designing  electric  magnets 
is  as  follows:  Decide  upon  the  total  number  of  lines  of  force 
required  and  the  material  to  be  used  for  the  various  parts 
of  the  magnetic  circuit;  then  select  the  magnetic  densities, 
from  experience,  and  obtain  the  corresponding  values  of  the 
magnetizing  forces  from  the  magnetization  curves  for  the 
materials  used.     The  sectional  areas  of  the  various  parts  are 


found  by  dividing  the 
total  flux  by  the  flux 
densities,  and  the  length 
of  each  part  is  made 
as    short    as    possible. 

The  length  of  the 
cores  depends  on  the 
length  of  the  magnetiz- 
ing coils,  which,  in 
turn,  depends  on  the 
number  of  turns,  the 
size  of  the  wire,  and 
the  depth  of  the  wind- 
ing. The  depth  of  the 
winding  must  be  such 
that  the  surface  of  the 
coil  will  not  radiate 
more  than  from  1/2  to 
1  watt  per  square  inch. 
If  the  lengths  of  the 
iron  parts  are  esti- 
mated first,  they  may 
be  corrected  afterward 
if  necessary.  Since  it 
is  the  air  gap  that 
usually  requires  the 
greatest  number  of  ampere-turns,  a  slight  variation  in  the 
length  of  the  iron  parts  will  not  affect  the  results  much. 

Having  the  areas,  lengths,  densities,  and  magnetizing  forces 
for  the  various  parts,  the  ampere-turns  required  to  produce 
the  given  flux  in  the  various  parts  may  be  calculated  or  ob- 
tained from  ampere-turn  curves.  The  sum  of  the  ampere-turns 
for  all  the  parts  gives  the  total  number  of  ampere-turns  re- 
quired. Having  the  current  and  the  number  of  ampere-turns 
required,  choose  a  conductor  for  the  coils  having  such  a  re- 
sistance as  to  allow  the  desired  current  to  flow  without  undue 
heating.  Excessively  large  conductors  must  not  be  used,  as 
it  will  make  the  coil  too  large,  costly,  and,  perhaps,  ineflicient. 


Fig.   18.     Globe  Valve  with  Solenoid 


TABLE  3.    SHUNT- WOUND  SOLENOIDS.    TABLE   GIVES  WEIGHTS  IN  POUNDS  THAT  CAN 
BE  LIFTED  IN  ADDITION  TO  PLUNGER 


A — Intermittent   eervii 


iit-oiit;    B— Contii 


service   with   no  cut-out;  C — Intermittent  service 


ut;  D— Period!. 


Lift, 

Size    1 

.    31-pound   Plunger 

Size   2.    43-pound 

Plunder 

1 

110-volt 

210-Tolt 

550-voU 

110-TOlt 

240-Tolt 

650-Tolt                 1 

Incbes 

1 

A 

B 

C 

D 

A 

B 

C 

D 

A 

B 

C 

D 

A 

B 

C 

D 

A 

B 

c 

D 

A 

B 

C 

D 

i 

129 

1 
39  1  234 

181 

103 

19 

209 

160 

89 

9 

199 

160 

127 

47 

237 

180 

107 

57 

214 

160 

92 

37 

202 

161 

1 

109 

19 

231 

176 

82 

5 

206 

154 

69 

193 

154 

120 

32 

237 

172 

98 

37 

212 

152 

84 

25 

198 

154 

li 

69 

226 

167 

46 

201 

134 

184 

130 

105 

14 

235 

165 

84 

23 

210 

145 

67 

7 

192 

145 

2 

39 

219 

154 

23 

192 

111 

16 

165 

83 

79 

232 

161 

67 

7 

206 

137 

47 

185 

133 

2i 

27 

209 

112 

11 

169 

74 

3 

124 

62 

62 

229 

151 

53 

202 

127 

30 

174 

127 

3 

13 

194 

73 

6 

119 

49 

77 

30 

52 

222 

142 

37 

195 

119 

17 

162 

104 

4 

84 

33 

54 

19 

39 

10 

31 

203 

120 

17 

177 

97 

143 

92 

6 

34 

4 

19 

9 

17 

189 

94 

2 

152 

81 

133 

72 

6 
8 
10 

163 

129 

98 

11 

Lift, 

size   3, 

45-pound    Plunger 

Slie  4,    52-pound 

Plunt 

er 

llO-TOlt 

240-Talt 

B60- 

roll 

HO- 

TOlt 

a40-Tolt 

550 

^YOlt 

locbes 

A 

B 

C 

D 

A 

B         C 

D 

A 

B 

C 

D 

A 

B 

C 

D 

A 

B 

C 

D 

A 

B 

C    1     D 

4 

132 

64 

245 

181 

119 

72 

220 

162 

107 

62 

210 

170 

148 

84 

278 

211 

132 

82 

238 

180 

120 

75 

245 

172 

1 

127 

52 

245 

178 

108 

55 

220 

157 

91 

45 

210 

164 

143 

60 

275 

208 

115 

58 

236 

175 

102 

48 

242 

168 

li 

120 

35 

246 

172 

91 

35 

218 

150 

75 

33 

20.'-. 

155 

121 

34 

272 

201 

95 

31 

235 

168 

88 

25 

236 

166 

2 

100 

12 

245 

165 

75 

20 

215 

145 

55 

10 

197 

141 

ini 

21 

266 

193 

76 

17 

231 

156 

62 

8 

225 

144 

2} 

82 

242 

160 

GO 

213 

133 

42 

190 

125 

83 

25S 

172 

62 

225 

140 

46 

212 

128 

3 

70 

2.37 

155 

49 

211 

124 

26 

182 

112 

71 

24S 

160 

48 

217 

124 

34 

195 

108 

4 

Bf) 

227 

145 

33 

198 

105 

15 

170 

95 

55 

233 

150 

31 

202 

lOS 

18 

178 

90 

5 

43 

222 

135 

23 

188 

95 
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85 

44 
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81 

6 

35 
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82 
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because  the  outside  turns 
will  be  too  far  from  the  core, 
or  the  coil  will  be  unneces- 
sarily long. 

If  the  voltage  is  known,  the 
size  of  the  conductor  may  be 
calculated  and  the  mean 
length  of  turn  obtained  by 
the  formula: 

\2LT 
A  = 


E 


where  A 


Fig 


area,   in   circular 
mils; 
L  =  mean    length    of 

turn,  in  feet; 
T  =  ampere-turns; 
E  =  difference  in  potential  across  coil. 
At  first  calculate  only  approximately  the  mean  length  of  one 
turn,  and  later  a  more  correct  value  may  be  used  to  find  A. 


SPONTANEOUS  COMBUSTION 
Spontaneous  combustion,  more  correctly  called  "spontaneous 
ignition,"  refers  to  a  condition  where  ignition  takes  place 
without  the  employment  of  any  external  source  of  heat.  The 
spontaneous  ignition  of  coal  when  stored  in  large  quantities 
is    well    known,    and    at    the    present    time,    when    there    is 


such  a  serious  shortage,  great 
care  should  be  taken  in  the 
storage  of  coal  to  prevent 
such  ignition  and  consequent 
waste. 

Spontaneous  ignition  is 
probably  the  cause  of  many 
fires,  the  starting  of  which 
cannot  be  adequately  ex- 
plained. One  of  the  common- 
est forms  in  which  sponta- 
neous ignition  takes  place  is 
when  a  fire  starts  from  a 
piece  of  cotton  waste  or  an 
old  rag  saturated  with  oil 
and  left  lying  in  a  warm 
place.  Boiled  linseed  oil  is  the 
most  dangerous  of  the  oils  commonly  found  around  industrial 
plants.  The  spontaneous  ignition  from  an  oil-soaked  rag  or 
waste  which  has  been  left  in  a  warm  room  or  in  the  sun  is 
caused  by  the  rapid  oxidation  of  the  oil  spread  out  over  the 
large  surface  afforded  by  the  threads  in  the  waste  or  the  folds 
of  the  cloth.  The  greater  the  exposed  surface  the  more  rapid 
the  oxidation,  until  finally  the  temperature  rises  sufficiently 
to  cause  the  oil  and  waste  to  ignite  and  burn  with  a  flame. 
Mineral  oils  are  not  considered  dangerous  in  this  respect,  but 
nevertheless  the  precaution  of  keeping  all  oil-soaked  waste  in 
metal  receptacles  should  always  be  observed. 


TABLE   4.    SERIES-WOUND   SOLENOIDS 

riLTures  in  table  give  weights  lifted  at  halt  and  full  loads:     Y  ^  halt  load:  Z 


i 

^                                Size  1,  31-pound  Plunger 

Size  2,  43-poimd  Plunger 

1 

A 

B       ! 
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Y 
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26     129 

44 
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46 
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40 

53 

60 

37 
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44 
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55 
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61 

1 

9 

89 

9 

94 

13 
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23 
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27 
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22 

27 

34 

40 

22 
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39 
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42 

H 

49 

59 

69 

3 

86 

3 

99 
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11 

7 

90 

15 
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39 

49 

59 

75 

3 

82 

13 

97 

2i 
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26 

35 
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3 
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13 

19 

23 

42 

52 

71 

4 

3 

27 

36 

56 

5 
6 

17 

26 

47 
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10 
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size  3.  45-poun(l  Plunder 

size  4.  52-poiind  Plunger 

i 
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u 
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w 
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Y 
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63 
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70 
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75 
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78 
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75 

1 
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30 

39 

45 

57 

62 

64 
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1 
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TABLE  5.    HORSEPOWER  OF  STANDARD  CRANE  AND  CONTINUOUS  SERVICE 
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TABLE  a.  PROPORTIONS  OF  A  STANDARD  SOLENOID 


,    Plunger 

Diameter, 

Inches 


Plunger 
Weight, 
Pounds 


Total  Weight 

Lifted,  160 

Pounds  I 
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USE  OF  BISMUTH 
Bismuth  is  not  widely  used,  partly  because  of  Its  high  price 
and  partly  because  of  its  brittleness,  which  prevents  its  use 
for  anything  that  must  be  tough  or  malleable.  It  has  two 
qualities,  however,  which  render  it  useful  for  certain  purposes. 
It  expands  on  solidifying  from  the  molten  condition,  and  is, 
therefore,  sometimes  used  in  type  metal.  It  also  gives  to 
alloys  in  which  it  is  used  a  low  melting  point,  and  for  this 
reason  is  used  in  the  alloys  employed  in  automatic  sprinkler 
heads,  in  fuses  for  electric  wiring,  and  in  solders.  It  is  also 
used  to  some  extent  in  bearing  metals. 

TABLE  7.  PULL.  AMPERE-TURNS.  AND  TRAVEL  OF 
PLUNGER  OF  STANDARD  SOLENOID 


el 

\l 

Pull,  in  Pounds,  with  Plunger  Travel  of     1 

I?. 

15 

1/4  in. 

1/2  in. 

3/4  in. 

lin. 

11/4  in. 
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72 

41.7 
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30.3 
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51 

22 
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72 
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82 
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72 
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99 

50.5 
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72 

44 

28 

13 

72 

83.3 

99 
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96 

63 

42 

25 

72 

41.7 

99 

30.3 
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75 

32 

5 

72 

55.5 

99 

40.4 
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68 

38 

17 

72 
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99 
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18 

72 
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18 
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807 
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46 

18 
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26 

230.0 

1 

C53 

457 

295 

19S 
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JIB   CRANE   FOR   USE   IN   AN   OPEN 
FLOOR   SPACE 

The  crane  shown  in  the  accompanying  illustration  was 
designed  tor  use  in  an  open  floor  space  where  no  supports 
could  be  attached  to  the  top  of  the  mast.  The  requirements 
were  that  the  crane  should  raise  the  370-pouud  ingots  of 
9.2-inch  shells  four  feet,  from  a  platform  near  the  ground 
line,  by  means  of  an  air  hoist  and  release  them  at  machines 
for  nicking  the  ends.  Afterward,  the  ingots  are  placed  under 
a  drop-hammer,  the  nicked  ends  broken  off,  and  the  fractured 
part  inspected. 

The  mast  consists  of  a  six-inch  XX  pipe  A  set  in  a  reinforced 
concrete  footing  and  surrounded  by  an  eight-inch  XX  pipe 
B ;  the  space  between  the  pipes  is  filled  with  grouting.  The 
boom  C  is  a  six-inch  I-beam.  Bolted  to  one  end  is  a  cast- 
steel  yoke  D  that  is  bored  out  large  enough  to  revolve  freely 
on  the  outside  of  the  mast;  the  other  end  is  provided  with  a 
stop  B  to  prevent  the  hoist  from  running  off.  The  tie-rods  F 
are  made  of  1-inch  iron  and  are  provided  with  turnbuckles 
to  take  up  any  necessary  adjustment.  One  end  of  the  tie-rod 
is  secured  to  a  cast-steel  yoke  G  fitted  loosely  around  the  mast 


II  |i    i|  '! 


!i  'i    'I  ! 

il  ^J  |i 


.UfTrft/firrj; 


Jib  Crane  for  Open  Floor  Space  without  Supports  for  Top  of  Mast 

similar  to  the  yoke  on  the  end  of  the  I-beam.  Cast-steel 
collars  //  securely  fastened  to  the  mast  are  placed  under  each 
yoke  piece.  The  air  hoist  A"  is  4  inches  in  diameter,  has  a 
4-fo()t  stroke,  and  a  capacity  of  1000  pounds.  The  tongs  h 
attached  to  the  hook  M  on  the  air  hoist  arc  made  of  forgings. 
One  of  the  pair  has  a  pin  on  one  end,  which  (its  in  a  i)unchcd 
liolo  In  oni-  iMid  of  the  Ingot,  the  other  one  of  the  pair  has 
line  end  liil'urcaltMl  Id  III  around  the  nose  of  Ihc  ingot.  0.  W.  C. 
•  •  • 
During  the  year  1917,  the  capitalization  of  new  American 
corporations  formed  was  the  largest  on  record.  In  the  eastern 
states  alone,  the  new  companies  <-liartered  had  an  aggregate 
capitalization    nf   $3,714,105,000. 
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EYE  PROTECTION  IN  THE  MACHINE  INDUSTRY'" 


CAUSES  OF  INJURIES  TO  THE  EYE  AND  METHODS  BY   WHICH  SUCH   INJURIES  MAY  BE  PREVENTED 


Fig.   1.     Guards  on  Lathe  to  catch  Steel  Chips  from  Tool 

OUT  of  710,571,  or  one-third,  of  the  non-fatal  accidents  oc- 
curring annually  in  the  United  States,  59,436  are  injuries 
to  the  eye;  and  in  the  nation  as  a  whole  it  is  esti- 
mated that  200,000  persons  annually  receive  eye  injuries.  In 
the  decade  from  1880  to  1900,  which  was  one  of  great  industrial 
growth,  blindness  increased  25  per  cent;  while  approximately 
15,000  persons  become  blind  as  a  result  of  injury  in  industrial 
occupations  each  year. 

Hazards  to  the  eyesight  of  industrial  workers  are  found 
chiefly  in  the  following  industries  and  occupations:  the  manu- 
facture of  iron  and  steel,  machine  operations,  chipping,  grind- 
ing and  polishing,  riveting,  welding  and  cutting,  mining  and 
quarrying,  sand-blasting,  woodworking,  and  where  there  is  ex- 
posure to  irritating  and  poisonous  dust  or  fumes  and  gases. 
or  to  intense  light  and  heat.  These  are  not  cited  in  the  order 
of  their  importance  as  productive  of  eye  accidents. 

Cblppln?  and  Machine  Operations 

In  chipping  operations  there  is  always  danger  of  the  eyeball 
being  penetrated  by  flying  slivers  of  metal,  which  sometimes 
have  such  velocity  that  they  penetrate  very  deep  and  have 
been  known  to  lodge  in  the  optic  nerve.  The  use  of  goggles 
is  the  most  effective  means  of  preventing  accidents  from  this 
cause.  Goggles  for  chippers  usually  have  side  screens  for  the 
deflection  of  chips  coming  from  a  lateral  direction,  but  the 
tendency  Is  to  eliminate  these  side  pieces  and  place  screens 
between  adjacent  workers.  The  side  pieces  contribute  to  the 
steaming  of  the  goggles  and  cause  discomfort  because  of  their 
weight  and  appearance;  steaming,  however,  may  be  prevented 
by  the  use  of  the  glycerine  pencil  or  a  composition  of  similar 
nature.  Also  a  sweat-band  around  the  forehead  or  attached  to 
the  top  of  the  goggles  to  absorb  the  niolgture  and  prevent 
perspiration  from  running  Into  the  eyes  will  help  relieve  the 
difficulty.  In  some  shops  the  soft  metal  chips  arc  broken  off 
with  a  hammer  Instead  of  being  removed  by  the  clilscl.  Ily 
this  plan  Ih  avoided  the  hazard  from  the  great  velocity  given 
the  chlpB  when  they  are  removed  with  the  air-hammer  chisel. 
Moreover,  such  remnants  as  must  bo  removed  by  the  latter 
proceim  are  much  smaller  than  the  original  chips. 

Cutting  and  turning  m<'lal  In  machliies  produces  Myliig  chlpH. 
which  ciiiiHc  many  <-ye  InJiirlcH.  In  the  inacliliilng  nt  rough 
castlnKM  thero  la  aUo  the  hnzard  of  flying  sniid  that  has  nd- 
herccl  to  the  metal.  An  a  reHUlt,  the  workmen  often  rig  up 
protective  Mcrccnii  of  different  kind*;  hut  those  In  many  cuhcb 
nro  the  r.aunn  of  nocldonta.  However,  a  guard  jiroperly  ilo«lgn 
cd.  If  made  of  good  material  and  carefully  filled  to  the  tool- 


rest,  will  be  found  an  effective  preventive.     Two  satisfactory 
types  of  guards  are  shown  in  Figs.  1  and  2. 

Grinding:  and  Sand-blasting: 

Statistics  compiled  by  casualty  companies  show  that  in  re- 
cent years  there  has  been  a  large  increase  in  the  number  of 
accidents  resulting  from  the  operation  of  abrasive  wheels. 
This  increase  is  undoubtedly  due  to  the  greater  use  of  abra- 
sives, to  the  failure  to  provide  protective  devices,  and  to  the 
failure  of  employes  to  use  such  devices  when  the  wheels  have 
been  equipped  with  them.  The  hazards  incident  to  grinding 
are  those  due  to  abrasive  dust,  fine  particles  from  the  work 
surface  that  is  being  ground,  and  flying  parts  of  a  wheel  that 
has  been  ruptured  by  an  accidental  blow.  These  accidents 
are  rarely  unavoidable,  and  the  application  of  substantial 
guards,  hoods,  and  exhaust  systems  to  the  wheels  and  the  wear- 
ing of  goggles  by  the  grinders  will  reduce  the  number  to  a 
minimum.  The  effectiveness  of  goggles  is  shown  in  Fig.  3. 
If,  for  any  reason,  it  is  impracticable  to  equip  a  wheel  with  a 
hood,  safety  flanges  should  be  used.  These  bind  the  wheel 
on  each  side  and  are  adapted  for  straight  or  tapered  wheels. 
Then,  in  the  event  of  a  rupture,  the  parts  of  the  wheel  are 
clamped  by  the  flanges. 

Goggles  should  always  be  worn  by  grinding  machine  opera- 
tors, even  when  a  grinding  wheel  is  protected  by  a  suitable 
guard.  A  possible  exception,  however,  is  when  doing  certain 
kinds  of  wet  precision  grinding,  for  example,  automobile  crank- 
shafts. Then  the  point  of  contact  between  the  grinding  wheel 
and  the  work  is  always  under  a  large  stream  of  water,  which 
carries  into  the  tank  of  the  grinder  any  particles  that  might 
otherwise  cause  eye  injuries.  The  goggles  for  this  work  need 
be  neither  heavy  nor  cumbersome;  the  thickness  of  the  lens 
should  be  based  upon  the  kind  of  grinding  on  which  the  work- 
man is  engaged.  Side  screens  are  of  value  where  protection 
is  necessary  to  offset  the  danger  of  chips  from  adjacent  ma- 
chines. Flying  abrasive  particles  are  white-hot,  so  when  they 
strike  the  eyeball  they  are  likely  to  burn  their  way  into  the 
tissues,  thus  making  their  removal  more  difficult.  Though 
the  heat  may  cauterize  the  edges  of  the  wound,  there  results 
an  abrasion  that  makes  it  far  more  easy  for  bacteria  to  enter 
and  bring  about  serious  infection. 

In  numerous  plants  a  pair  of  goggles  is  hung  beside  a  grind- 
ing wheel  for  any  employe  who  may  use  the  wheel.  This 
promiscuous  interchange  of  goggles  exposes  workmen  to  com- 
municable diseases  of  the  eye.  Occasionally  a  pair  is  known 
to  have  been  last  worn  by  a  man  who  had  sore  eyes.     The  tac- 
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t>-r.    I«M, 
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tor  responsible  for  the  inflammation  may  not  be  known  even 
to  that  employe  himself,  so  that  any  workman  who  wears  these 
goggles  may  later  develop  trachoma  or  some  other  serious  eye 
disease. 

Dust  should  be  carefully  removed  from  the  grinding  ma- 
chines. Constant  breathing  of  air  laden  with  abrasive  dust 
is  injurious,  and  there  is  an  accumulative  hazard  to  eyesight 
from  the  constant  scarring  of  the  cornea  by  these  fine  parti- 
cles. An  exhaust  system  carefully  planned  and  approaching 
as  close  as  possible  to  the  source  of  the  dust  should  be  installed 
wherever  much  grinding  is  done. 

Frequently  the  most  serious  hazard  is  apparent  in  shops 
where  the  grinding  wheels  are  used  only  occasionally,  perhaps 
for  but  a  few  minutes  in  a  day  to  touch  up  some  dull  tool  or 
to  grind  off  a  burr  from  a  casting.  In  shops  where  abrasive 
wheels  are  in  constant  use  the  severity  of  the  hazard  is  ap- 
preciated far  more. 

Sand-blasting  of  large  areas  is  generally  accomplished  by 
the  use  of  the  hose  type  of  apparatus,  which  permits  a  stream 
of  sand  to  be  shot  with  great  force  against  the  casting  or 
other  object.  The  operators  must  be  afforded  protection  for 
the  eyes  and  face,  for  the  sharp  particles  of  sand  are  driven 
with  such  force  against  the  surface  operated  upon  that  they 
rebound  many  feet  and  the  surrounding  air  is  constantly  filled 
with  dust  produced  by  the  driven  sand  and  that  removed  from 
the  surface  being  cleaned.  Because  the  particles  of  silicious 
sand  used  would  rapidly  pit  the  glass  surface  of  goggles,  the 
helmets  provided  for  the  workmen  should  have  windows  of  fine- 
wire  mesh,  mica,  or  celluloid  through  which  the  operator 
may  watch  his  work.  Sometimes  these  helmets  are  connected 
by  a  hose  to  a  compressed  air  system  in  order  to  give  the  opera- 
tor a  constant  supply  of  fresh  air.  Where  such  equipment  is 
used,  care  should  be  exercised  that  there  is  not  too  strong  a 
pressure  of  moist  air,  which,  in  itself,  is  a  hazard  to  the  health 
of  the  worker.  The  eye  hazard  from  irritating  dust  may  be 
offset  if  the  work  is  held  in  a  bos-like  hood  with  small  open- 
ings through  which  the  workman  puts  his  hands  and  arms. 
These  hoods  are  equipped  with  exhaust  fans  to  carry  off  the 
dust,  while  glass  windows  enable  the  operator  to  watch 
his  work. 

Dangers  from  Mushroomed  Tools 

Swages,  flatters,  fullers,  breaking-down  tools,  chisels,  etc., 
are  often  used  until  the  heads  have  spread  and  split,  as  shown 
in  Fig.  4.  Each  blow  upon  such  a  mushroomed  surface  may 
cause  chips  to  fly  off  with  sufficient  force  to  destroy  an  eye 
or  to  pass  through  the  clothing  and  into  the  flesh.  Mushroom- 
ing may  occur  on  the  finest  hand-forged  tools,  as  well  as  on 
those  with  the  cast  heads  commonly  provided  in  cheap  ham- 
mers. An  injury  of  this  nature,  when  caused  by  a  small  parti- 
cle of  steel,  may  seem  of  little  moment  at  the  time;  even  when 
the  particle  has  penetrated  to  the  interior  of  the  eye,  its  pres- 
ence and  effect  may  be  at  first  non-apparent.  Serious  infec- 
tions, however,  may  result  from  injuries  of  this  nature  when 


Fif.   3.     Emory   Particles   fused   to   Goffles 

the  penetrating  particle  has  carried  dirt  or  germs  into  the 
Interior  of  the  eye.  The  location  of  particles  of  Iron  and  steel 
can  often  be  determined  only  by  the  use  of  the  Xray  and  a 
Btecl  silver  can  frequently  be  withdrawn  only  by  an  electric 
magnet.  One  authority  has  stated  that  It  Is  often  necessary 
to  remove  the  Injured  eyeball  In  order  to  save  the  other  eye, 
as  the  Irritation  set  up  Is  frequently  transmitted  to  the  good 


eye  and  thus,  through  sympathetic  inflammation,  leads  to  blind- 
ness. The  good  eye  may  be  affected  at  any  time  from  a  few 
weeks  to  thirty  or  forty  years  after  the  injury. 

Constant  watchfulness  on  the  part  of  workmen  and  foremen 
is  essential  in  order  that  hammers  and  tools  may  be  kept  prop- 
erly dressed.  The  National  Safety  Council  recommends  the 
establishment  of  a  regular  tool-room  for  a  certain  number  of 
employes,  which  should  be  in  charge  of  a  competent  workman. 
This  man  should  see  that  all  tools  are  dressed,  ground,  and 
properly  repaired,  and  that  they  are  inspected  at  least  once  a 


Fig.  4.     Esajnples  of  Mushroomed  Tools 

week.  Such  tools  as  air-hammers,  electric  machines,  etc., 
should  be  examined  every  evening  for  oiling,  testing  for 
grounds,  etc. 

Eadiations  trom  Intense  Light  and  Heat  Sources 

The  injurious  light  radiations  furnished  by  the  most  power- 
ful commercial  illuminants  are  too  small  to  be  dangerous 
under  ordinary  working  conditions,  even  when  these  illumi- 
nants are  accidentally  used  without  their  globes.  Artificial 
illuminants  may  prove  very  tiresome  through  the  sharp  con- 
tractions of  the  pupil  that  they  produce,  and  through  the  pre- 
mature, though  generally  temporary,  exhaustion  of  the  retina, 
but,  generally  speaking,  any  intense  light  results  in  fatigue 
and  inefficiency  rather  than  in  demonstrable  harm.  However, 
workmen  exposed  to  the  radiant  energy  in  arc-welding  and  in 
molten  metal  should  be  protected  by  colored  goggles.  After 
exposure  of  the  eye  to  injurious  radiations,  there  is  a  latent 
period  before  any  effects  become  perceptible;  this  period  varies 
with  the  severity  of  the  exposure,  but  the  injury  is  usually 
apparent  within  twenty-four  hours.  The  light  radiations,  how- 
ever, do  not  permanently  injure  the  eye;  in  fact,  they  seldom 
cause  anything  more  than  a  mild  inflammation,  which  dis- 
appears in  a  day  or  two. 

However,  the  intense  light  and  heat  produced  in  arc-welding, 
oxy-acetylene  and  oxy-hydrogen  welding,  and  other  operations 
in  which  molten  metals  are  concertied,  may  be  quite  harmful. 
Arc-welders  must  be  protected  not  only  from  the  intense  light 
and  heat,  but  also  from  the  fine  particles  that  fly  off  from  the 
electrode.  In  this  work  there  is  always  a  tendency  to  oxida- 
tion and  the  formation  of  cinder,  and  the  imprisoned  air, 
bursting  its  way  out  of  the  contact  surface,  may  be  the  cause 
of  just  as  serious  an  injury  as  the  cinders  of  the  hand  process 
of  welding. 

Welding  and  cutting  by  high  temperature  media  should  be 
done  in  a  room  separated  from  other  work-places.  However, 
dependence  should  not  be  placed  on  the  canvas  curtain  walls 
sometimes  used.  Wear  and  tear  will  make  such  curtains  prac- 
tically worthless,  as  a  means  of  protecting  other  workmen  from 
the  glare,  within  a  very  short  time.  The  operators  should  be 
provided  with  goggles  both  as  a  protection  against  splashes  of 
molten  metal,  flying  sparks,  cinders,  etc.,  and  against  the  radia- 
tions from  superheated  metals  and  high-temperature  welding 
media.  Without  goggles,  there  will  result  marked  inflamma- 
tion of  the  mucous  membranes  of  the  eye,  annoying  after- 
images, light-flashes,  headaches,  and  temporary  blindness,  with 
consequent  loss  of  time  and  wages. 

The  goggles  provided  generally  have  dark  blue,  smoke,  or 
red  glasses;  unfortunately,  these  colors  are  far  from  being 
effective.  The  cobalt-blue  glasses  especially  give  but  a  hazy 
view  of  the  furnace  Interior  and  molten  metal  and  do  not 
absorb  those  radiations  that  are  at  least  excessively  fatiguing 
to  the  eye.    Goggles  for  prote<-tion  In  these  operations  should 
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provide  sufficient  reduction  of  the  intensity  of  tlie  liglit,  sliould 
be  effective  in  absorbing  tlie  ultra-violet  rays,  sliould  Iveep  the 
eye  cool,  and  should  transmit  as  much  as  possible  of  the  visible 
spectrum  without  color  distortion.  It  is  an  advantage  also  if 
the  color  of  the  goggle  itself  is  inconspicuous.  It  has  been 
found  that  of  the  infra-red  rays  emitted  by  a  furnace  heated 
to  1000  or  1100  degrees  C,  about  99  per  cent  are  obstructed 
by  gold-plated  glasses;  about  95  per  cent,  by  sage-green  or 
bluish-green  glasses;  about  60  to  80  per  cent,  by  very  deep 
black  glasses;  and  about  60  per  cent,  by  greenish-yellow  glasses. 
At  higher  temperatures  these  data  would  be  somewhat 
different. 

For  working  molten  quartz,  operating  oxy-acetylene  or  elec- 
tric welding  apparatus,  searchlights,  or  other  intense  sources 
of  light,  the  darkest  glasses,  whether  black,  green  (not  includ- 
ing gold-plated  glasses),  or  yellowish-green  should  be  worn  in 
order  to  obstruct  not  only  the  infra-red,  but  also  the  visible 
and  the  ultra-violet  rays.  For  working  near  furnaces  of 
molten  iron  or  glass,  if  considerable  light  is  needed,  a  light 
bluish-green  or  sage-green  glass  is  advised.  Unfortunately,  the 
cost  of  gold-plated  glasses  puts  them  as  yet  rather  out  of  the 
range  of  availability  for  industrial  purposes,  and  the  effects 
produced  in  looking  through  them  are  not  quite  so  pleasing  as 
through  the  sage-green  ferrous  glass. 

For  outdoor  welding,  such  as  work  on  steel  rails,  there  is  a 
simple  protective  device  in  the  shape  of  a  small  box  beneath 
which  the  work  is  accomplished.  Correctly  tinted  glass  win- 
dows in  the  box  enable  the  welder  to  watch  his  work  safely 
and  protect  passers-by  from  injury  from  the  light  source  or 
from  flying  chips  and  sparks. 

Removal  of  Foreign  Substance  from  Bye 

Thousands  of  infected  eyes  are  due  to  the  neglect  of  work- 
men to  have  foreign  substances  removed  from  them  immedi- 
ately. Some  of  the  most  dreaded  systemic  diseases  may  find 
a  point  of  entrance  through  a  tiny  wound  thus  caused  in  the 
cornea,  the  individual  being  in  all  respects  entirely  normal 
and  in  good  health.  Another  source  of  infection  is  the  attempt 
of  fellow-workmen  to  remove  substances  from  the  eye.  For 
this  purpose  the  friend  may  use  a  soiled  handkerchief,  match, 
etc.,  and  in  his  effort  to  remove  the  substance,  it  may  be  moved 
considerably,  abrading  the  surface  of  the  eye.  In  the  abrasion 
thus  formed,  micro-organisms  from  the  probe  may  enter. 

For  the  removal  of  dust  and  dirt  or  when  any  foreign  body 
Is  embedded  in  the  eye,  the  lids  should  be  gently  separated 
and  the  eye  flushed  with  boric  acid  or  normal  salt  solution, 
followed  by  a  couple  of  drops  of  a  10  per  cent  argyrol  solution 
or  a  small  bead  of  bichloride  salve.  The  eye  should  then  be 
bandaged  and  the  man  sent  to  a  physician. 

Treatment  of  Acid  Burns 

Wherever  workmen  are  handling  acids  or  chemicals,  there 
should  be  readily  available  clean  running  water  to  be  used 
for  washing  bands  or  Irrigating  eyes,  on  which  the  chemicals 
may  have  splashed  through  accident  or  explosion.  The  best 
flrst-aid  treatment  In  such  an  emergency  is  to  lay  the  victim 
on  his  back  and  thoroughly  irrigate  the  eyes,  lifting  the  lids 
and  enabling  the  water  to  reach  as  far  under  them  as  possible. 
A  small  flexible  hose,  from  which  a  moderate  jot  of  water 
can  be  directed  Into  the  eyes,  should  be  at  hand.  If  no  better 
way  Is  evident,  plunge  the  head  Into  a  pall  of  water  and  open 
the  eyes  so  as  to  thoroughly  (cleanse  them  of  the  acid.  If  the 
works  are  equlppi-d  with  flrst-ald  kits,  then  apply  bichloride 
Halve,  bandage  the  eyes,  and  send  for  the  doctor.  The  Im- 
portant thing  1h  to  dilute  the  chemical  as  (|ulckly  and  thor- 
oughly as  poBBlble. 


CENSUS  OF  BRASH,  BRONZE,  AND  COPPER 
INDUSTRY 

TTie  Bureau  of  CnnMUM  of  the  Depiirlnieiit  of  Cuninu-ri'i'  nv 
r«ntly  IsRued  Um  report  of  tho  brass,  bronze  and  copper  In 
(liistry  for  11)14.  IndlratlnK  Ihul  there  were  In  that  year  !t!t:j 
OHtahllnhinentH  omployltiK  4r,.(irj7  p<>rsonN.  The  ciiplliil  In- 
vested was  about  tllG.UOU.UOO  aud  the  value  of  thu  pniducls 
about  1162,000,000. 


HOLDING  PARTS  FOR  MILLING 

BY  DONALD  A.  HAMPSONl 

In  a  continuous  milling  operation  on  some  castings,  a  sim- 
ple kink  resulted  in  a  marked  saving  of  both  time  and  ma- 
terial. Fig.'  1  shows  some  of  the  castings  placed  on  the  re- 
movable platen  of  the  fixture,  ready  to  be  clamped  down  and 
passed  between  the  two  end-mills  of  a  duplex  milling  machine. 
One  of  the  sides  to  be  machined  is  solid,  and  the  other  is 
broken  by  the  slot  through  the  middle  of  the  casting.  Because 
of  the  shape  of  the  piece,  there  is  an  uneven  cut  and  the  feed 
sets  up  a  turning  moment,  with  the  result  that  the  pieces,  iu 
moving,  are  cut  a  few  thousandths  inch  under  size  and  spoiled. 
Before  going  to  the  milling  machine,  the  top  and  bottom  faces 
of  the  pieces  are  roughly  ground  by  pushing  the  pieces  between 
a  gage  strip  and  an  emery  wheel  of  the  ring  type,  which  leaves 
them  approximately  square  and  of  the  same  size. 

If  one  or  two  pieces  only  were  clamped,  the  pressure  was 
so  distributed,  or  rather  concentrated,  that  they  would  not 
move  under  the  heaviest  cut;  but  with  a  dozen  pieces  there 
were  always  three  or  four  that  would  not  be  tightly  held. 
The  problem  was  to  get  something  that  would  prevent  the 
castings  from  moving  without  an  individual  clamp  for  each 
piece.  Various  means  of  holding  the  rows  of  castings  were 
tried  out,  all  with  a  view  of  equalizing  the  clamping  pressure 
on  the  different  castings — strips  of  leather,  fiber,  and  bristol 
board,  sectional  clamps  of  the  equalizer  type,  knife-edges  the 
full  length  of  the  clamp,  etc. — but  while  they  worked  part 
of  the  time,  none  was  a  commercial  success.  At  last  the 
method  shown  in  Fig.  2  was  tried. 

A  steel  wearing  strip  G  is  screwed  to  the  platen,  and  the 
castings  A  are  placed  on  it  and  clamped.  The  strip  is  spaced 
off  and  drilled  at  two  points  under  each  casting,  and  short 
pins  of  drill  rod  B  are  set  in  the  holes.    One  end  of  the  pins  is 


Figs.   1  and  2.    Method  of  holding  Parts  for  Cont: 


Milling 


flat  and  backs  against  the  platen  D,  while  the  other  is  ground 
to  a  90-degree  point;  the  pin  length  is  such  that  the  point  is 
a  full  thirty-second  inch  above  the  working  surface  of  the 
strip.  When  the  clamp  is  brought  down,  it  forces  the  castings 
on  the  pins;  and  with  these  two  holding  points  in  every  piece, 
there  is  no  turning  under  a  cut.  As  a  result,  the  "wasters" 
are  limited  to  the  poor  castings  and  the  inaccuracies  of  the 
machine  itself.  The  pins  are  hardened  and  drawn  to  a  dark 
brown.  They  are  then  tough  enough  not  to  break,  but  yet  are 
hard  enough  to  give  tliroo  month's  wear  before  renewal.  They 
make  small  indentations  In  the  castings,  which  do  not  hurt 
them  but  have  remarkable  sustaining  power  like  a  lathe  cen- 
ter. It  ilocs  not  re(iulre  much  greater  ofCort  on  the  clamp  to 
force  the  <'astlngs  on  tho  pins  than  to  clamp  the  pieces  with- 
out the  pins,  and  when  clamped,  the  pieces  have  the  same 
broad  bearing  and  a  light  pressure  holds  thorn  In  place. 

The  ((ucstlon  might  arise  us  to  why  pins  are  not  put  In  the 
chimp  also  so  that  tho  caHtlngs  are  Ik'IiI  top  and  bottom. 
In  tills  piirtlcular  ciiho,  tho  iimlliigs  »ro  IoikIoiI  oft'  thu  machine 
and  u  clamp  on  tin-  loading  llxturo  sots  llioni  on  the  |)lns; 
also,  a  BOlHcrow  at  the  end  of  tho  platen  is  used  to  nost  tho 
caslinKs.  Thu  pins  and  (hu  sot-screw  hold  the  parts  during 
llio  transfer  to  the  niachino,  and  It  was  found  that  pins  In  tho 
clump  proved  a  dlsturhlnK  olomont,  bwausu  tho  clamp  was 
nnidu  a  loosu  (It  ami  the  caslhiKH  had  boon  ullKUud  In  the 
lUturu,  so  tho  Hui'ond  sot  of  pins  oft  on  chunKod  the  sotting, 
and  thoy  wore  unnocessury. 


•AddroM!  ai  Hioford  SI.,  Mlitillplimn.   N.  V. 
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THE  EUTECTIC  ALLOY  AND  CHANGES  OCCUBRING  IN  METALS  AND  ALLOYS  WHEN  COOLING 

BY   C.   W.   STARKER  ' 

been  lowered.  This  is  due  to  the  fact  that  as  one  of  the  metals 
crystallizes  it  separates  from  the  other;  therefore,  as  the  cool- 
ing continues,  the  liquid  alloy  becomes  enriched  with  the  sec- 
ond metal  until  it  is  saturated  with  this  metal;  then  both 
metals  cool  and  solidify  side  by  side. 

When  the  point  of  saturation  is  reached,  there  may  be  said 
to  be  two  quantities,  the  excess  of  one  metal  and  the  saturated 
combination  of  the  two  metals;  the  latter  is  called  the  eutectic. 
Fig.  2  shows  the  first  break  in  the  curve  to  occur  at  i?„  where 
one  metal  crystallizes;  then  the  excess  of  that  metal  and  the 
molten  alloy,  the  proportions  of  which  are  changed,  cool  to- 
gether until  at  B.C2  they  solidify  together.  The  slope  of  the 
line  BjCi  and  the  rounding  at  d  should  be  compared  with  the 
line  BC  in  Fig.  1.  The  amount  of  depression  of  the  freezing 
point  has  been  found  to  be  directly  proportional  to  the  amount 
of  the  second  metal  that  is  added  to  the  first.  If,  therefore, 
the  two  metals  are  combined  in  such  proportions  that  from 
the  beginning  there  is  no  excess  of  the  first  metal  to  crystallize 
out,  or  if  there  is  only  a  saturated  alloy  present  from  the  start, 
there  will  be  the  lowest  possible  freezing  point  (or,  what  is 
the  same  thing  for  practical  purposes,  melting  point)  of  any 
combination  of  the  two  metals.  This  ideal  proportion  is  called 
the  eutectic  ratio,  and  the  saturated  alloy  is  called  the  eutectic 
alloy,  or  the  eutectic.  Fig.  3  shows  time-temperature  curves 
for  various  proportions  of  the  two  metals  from  the  pure  metal 
Xo.  1  at  the  left  to  the  pure  metal  No.  2  at  the  right.  From 
these  curves  the  eutectic  point  F  and  the  eutectic  line  HI  are 
obtained.  Summing  up,  the  characteristic  features  of  the 
eutectic  are  that  it  has  the  lowest  melting  point  of  any  pro- 
portion in  which  the  two  metals  may  be  combined  and  that 
this  proportion,  and  therefore  the  freezing  point,  is  constant. 

The  two  molten  metals,  in  freezing,  split  up  into  a  con- 
glomerate of  crystals  of  the  metals.  The  photomicrographs 
shown  in  Figs.  4,  5,  and  6  (taken  from  "General  Metallurgy," 
by  H.  O.  Hoffman)  are  made  from  copper-silver  alloys,  com- 
bined in  different  proportions.  In  Fig.  4,  the  alloy  is  20  per 
cent  copper  and  SO  per  cent  silver;  the  photomicrograph  shows 
that  it  has  crystallized  in  the  form  of  large  white  patches  of 
silver  crystals  surrounded  by  the  eutectic  alloy.  On  the  other 
hand,  the  alloy  shown  in  Fig.  5,  which  is  70  per  cent  copper 
and  30  per  cent  silver,  has,  as  shown  by  the  dark  patches, 
an  excess  of  copper.  In  Fig.  6  is  shown  an  eutectic  alloy 
which  is  2S  per  cent  copper  and  72  per  cent  silver;  there  are 
neither  black  nor  white  patches,  but  a  uniform  crystalline 
structure  of  the  eutectic  alloy. 


Fig.    1.     Time-temperature    Curves    for    Single    Metal 

WHAT  happens  to  a  metal  when  it  is  heated  and  melted 
is  best  understood  if  the  conditions  are  reversed  and 
a  study  is  made  of  the  metal  as  it  passes  from  the 
molten  into  the  solid  state.  Such  a  study  will  show,  first  of 
all,  that  the  temperature  of  the  molten  metal  does  not  decrease 
uniformly;  that  is,  if  plotted  as  a  time-temperature  curve,  the 
temperature  will  not  follow  a  straight  line  or  even  an  unbroken 
curve.  When  the  metal  has  cooled  to  the  point  where  it  begins 
to  crystallize,  the  temperature  remains  constant  for  a  time, 
due  to  energy  being  given  up  in  the  form  of  heat  by  the  metal 
in  passing  from  the  liquid  to  the  solid  state;  after  the  metal 
has  completely  solidified,  the  temperature  again  drops.  This 
is  shown  graphically  in  the  time-temperature  curves  in  Fig. 
1.  At  A,  the  metal  is  in  the  molten  state;  at  B,  the  so-called 
"freezing  point,"  crystallization  begins  and  the  temperature 
remains  constant,  or  practically  so,  until  at  C  the  metal  has 
become  completely  solidified,  when  the  temperature  decreases 
until  the  point  D  is  reached.  If  this  process  is  reversed  and 
a  solid  metal  is  heated  from  the  temperature  D,  by  exposing 
it  to  a  uniform  source  of  heat,  the  melting  point  is  reached 
and  fusion  begins  at  C.  Energy  is  then  required  to  change 
the  state  of  the  metal;  therefore,  the  temperature  does  not  in- 
crease until  B  is  reached,  that  is,  until  the  metal  becomes  com- 
pletely liquid.  Then  the  temperature  increases  again  accord- 
ing to  the  amount  of  heat  transmitted  to  the  metal  from  the 
outside  source. 

It  will  be  noted  that  the  slope  CD  is  steeper  than  the  slope 
AB  because  the  specific  heat  is  greater  for  the  liquid  than  for 
the  solid  metal;  or,  in  other  words,  because  with  increasing 
temperature  of  the  metal  a  relatively  greater  amount  of  heat 
is  required  to  raise  its  temperature  further.  The  specific  heat 
of  a  metal  is  the  ratio  between  the  temperature  necessary  to 
raise  the  metal  and  that  necessary  to  raise  water  1  degree  C. 
This  ratio  increases  with  the  temperature  attained  and  is 
particularly  high  near  the  melting  point.  In  raising  the  tem- 
perature of  the  metal  from  D  to  .1,  therefore,  the  slope  of  the 
curve  BA  decreases  as  the  temperature  of  the  metal  approaches 
that  of  the  outside  heat. 

With  impure  metal,  as  shown  at  h,  the  line  BC  is  not  so 
pronounced.  If  a  molten  metal  Is  cooled  slowly,  it  may  cool 
below  the  freezing  point  without  solidifying,  as  shown 
at  c;  this  is  known  as  "undercooling."  When  the 
metal  then  begins  to  solidity,  the  heat  liberated 
raises  the  temperature  to  the  true  freezing  point. 
Tin  has  shown  an  undercooling  of  as  much  as  20 
degrees  C.  In  alloys,  this  undercooling  is  less;  for 
Instance,  In  a  tin-copper  alloy  it  is  only  7  degrees. 

Cbanffes  that  Occur  During:  Coollni;  of  Alloys 

If  the  cooling  process  of  a  two-metal  alloy  is  studied, 
It  being  assumed  that  the  metals  do  not  form  a 
chemical  ((unblnatloii.  It  will  bo  found  that,  com- 
pared with  the  pure  metals,  the  freezing  point  has 

■AilrlrnKii:  ri88S  BnrlU'tl  St.,  IMtlnbiirK.   Pii. 


Importance  of  Understanding  Transformations  During-   CooUner 

The  practical  importance  and  influence  on  manufacturing 
methods  of  a  clear  understanding  of  the  phenomena  in  con- 
nection with  proportions  of  alloys  and  the  predetermination 
of  their  most  favorable  combination  with  regard  to  the  melting 
point  is  apparent,  when  it  is  considered  that  melting  means 
fuel  and  time,  which,  in  turn,  mean  money.  While  the  com- 
paratively simple  case  of  two-metal  alloys  has  been  described 
in  order  fo  make  clear  the  principal  conceptions,  the  same 
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rig.   4.     Structxire   of  Alloy  containing   20 

Per  Cent  Copper  and  80 

Per  Cent  Silver 


).     Structure    of    Alloy   containing 
70  Per  Cent  Copper  and  30 
Per  Cent  Silver 


rig.  6.    Structure  of  Eutectic  Alloy,  containing 

28  Per  Cent   Copper  and  72 

Per   Cent   Silver 


methods  are  applied  to  the  study  of  eutectics  for  three-metal 
and  four-metal  alloys  (ternary  and  quarternary  alloys).  The 
graphic  demonstration  of  these  alloys  becomes,  of  course,  more 
complex  due  to  the  actions  and  reactions  of  the  different  com- 
ponents. The  research  work  on  quarternary  alloys  is  still 
in  its  early  stages,  but  it  is  necessary  only  to  mention  the 
alloy  steels  to  show  the  vast  practical  importance  of  this 
group. 

Relation  between  Physical  Characteristics  and  Melting-  Point 

It  is  not  always  desirable,  of  course,  to  combine  metals  in 
such  proportions  as  to  obtain  the  lowest  possible  melting  point, 
for  the  saving  in  fuel  may  be  offset  by  the  relative  cost  of  the 
component  metals.  For  instance,  in  electric  brazing  (often 
called  welding)  the  solder  generally  used  has  a  melting  point 
of  about  750  degrees  C.  and  consists  of  silver  and  brass.  While 
the  melting  point  may  be  lowered  by  increasing  the  silver  con- 
tent, and  the  electric  current  or  the  time  required  to  perform 
the  operation  may  thereby  be  reduced,  the  cost  of  the  material 
will  rapidly  be  increased.  As  far  as  the  physical  properties 
and  the  electric  conductivity  of  the  alloy  are  concerned,  the 
different  proportioning,  within  practical  limits,  will  be  insig- 
nificant and  of  no  consequence  in  most  applications.  But 
this  is  not  always  the  case.  For  instance,  if  zinc  and  copper 
are  combined,  the  melting  point  may  be  decreased  by  increas- 
ing the  proportion  of  zinc.  However,  an  alloy  high  in  zinc 
might  be  entirely  unsuitable  for  a  given  purpose,  inasmuch 
as  with  increasing  zinc  content  the  material  becomes  more 
and  more  brittle.  A  proportion  of  fifty  parts  of  copper  to  fifty 
parts  of  zinc,  for  example,  has  a  melting  point  of  about  875 
degrees  C.  and  one  of  thirty-five  parts  of  copper  to  sixty-five 
parts  of  zinc,  a  melting  point  about  820  degrees  C,  but  the 
former  has  considerable  ductility  while  the  latter  Is  brittle. 
Different  metals  act  differently  in  this  respect,  and  there  is 
no  definite  relation  between  the  physical  characteristics  and 
the  melting  point  of  an  alloy. 

If  the  phenomena  that  occur  In  the  heating  and  cooling  of 
metals  are  thoroughly  understood,  as  well  as  the  influenc'e  of 
the  admixture  of  another  metal  or  metals  on  the  physical 
properties  of  an  alloy.  It  Is  possible  to  develop  an  alloy  of 
suitable  characteristics  for  a  given  purpose.  For  Instance, 
It  Is  known  that  adding  phosphorus  to  copper  lowers  the  melt- 
ing point  of  the  mixture,  even  when  a  comparatively  small  per- 
centage of  phoRphoruB  Is  added,  and  the  cutcctic  proportion 
of  the  two,  or  the  lowest  melting  point  of  both  metals,  Is  known. 
Ax  expcrlmenlH  havo  shown  that  the  phoHi>hnruH  Increases 
the  hardncHH,  lowers  the  ductility,  and  darkens  the  color  of 
copper,  the  alloy  may  be  proportioned  as  a  hypo-outectlc  or  a 
hyper-cutcrtlc  alloy;  that  Is,  one  below  or  above  the  true 
eutectic  proportion.  In  order  to  combine  mu-h  physical  qunll- 
lien  an  may  bo  dcHlrcd  for  the  particular  cnnc  on  hand  wllli 
a  mtrltInK  point  d<'Hlrablo   from   a  manufaclurlnK   Htandpolril. 

That  the  phyiilcal  rharactorlHtlcs  of  a  mctol  or  alloy  are  de- 
pendent not  alone  on  the  chemical  composition  Is  shown  plain- 
ly by  tho  familiar  hr>at  treating  proreKHcs  of  Iron,  hIgcI,  cop- 
per, brottH,  etc.    It  In  aliio  well  known  whiit  chnngi'M  are  broiiKlit 


about  by  mechanical  treatment,  such  as  rolling  and  hammering, 
but  it  is  not  so  generally  appreciated  what  influence  pouring 
temperature  or  the  rate  of  melting  and  cooling  has  on  a  metal 
or  alloy.  At  least  such  knowledge  is  frequently  not  applied 
in  practice.  For  instance,  bearing  alloys,  so-called  "babbitts," 
are  usually  classified  as  tin-base  and  lead-base  alloys.  The 
former  consists  of  about  90  per  cent  tin,  8  per  cent  antimony, 
and  2  per  cent  copper;  the  latter,  of  about  83.3  per  cent  lead, 
8.3  per  cent  tin,  and  8.3  per  cent  antimony.  In  former  years 
the  tin-base  babbitt  was  considered  the  only  really  high-grade 
bearing  lining,  but  a  study  of  the  temperature  conditions  in 
using  the  babbitt  showed  that  the  lead-base  alloy  will  not  only 
give  an  equally  good  material,  but  one  of  superior  friction 
qualities,  provided  certain  precautions  are  taken.  Electric 
temperature-controlling  devices  have  been  developed  by  means 
of  which  the  gas  flame  under  the  molten  metal  is  regulated 
and  maintained  within  -(-or  —  5  degrees  C.  Considering  the 
very  high  cost  of  tin,  as  compared  with  the  cost  of  lead,  it  is 
obvious  that  many  thousands  of  dollars  were  wasted  in  using 
tin  before  a  study  of  the  changes  taking  place  in  heating 
and  cooling  of  metals  led  to  the  correct  use  of  the  lead-base 
alloy, 

STELLITE  AS  A  SUBSTITUTE  FOR  PLATINUM 

The  scarcity  and  high  price  of  platinum  has  created  a  de- 
mand for  a  practical  substitute.  Evidently  no  single  metal 
or  alloy  will  ever  fully  replace  platinum.  The  gold-palladium 
alloy  is  a  close  approximation,  yet  this  combination  is  ex- 
pensive. Nickel-chromium  and  silicon-iron  alloys,  also  pure 
quartz,  have  given  satisfactory  results  tor  certain  laboratory 
purposes.  Stellite,  an  alloy  composed  mainly  of  cobalt  and 
chromium  of  varying  proportions  and  malleability,  is  an  ex- 
cellent substitute  for  platinum.  This  alloy  possesses  the  higli- 
est  red-hardness  of  any  alloy  yet  discovered.  It  resists  nitric 
acid  almost  perfectly,  particularly  if  the  chromium  constituent 
is  over  15  per  cent.  It  is  forged  with  dllficulty  at  tempera- 
tures varying  from  750  to  1200  degrees  C.  In  Its  malleable 
form,  stellite  resists  chemical  attacks,  such  as  hydrochloric, 
sulphuric,  or  hydrofluoric  acid.  Ves.sels  of  stellite  used  for 
evaporating  chemical  salts  and  for  boiling  caustic  alkalies  can 
be  made  light  of  section  without  danger  of  breaknge.  since  the 
tensile  strength  of  the  alloys  Is  more  llian  100,000  pininils  per 
square  Inch.  On  account  of  Its  color,  bnrdiic.'i.'!,  and  retention 
of  luster,  stellite  may  be  substituted  advantngoously  for  plati- 
num In  Jewelry.  While  not  as  pliant  as  platinum,  It  l.i  suffl- 
clently  malleable  to  be  worked  Into  many  forma  without  great 
dimculty, 

•     «     • 

According  to  a  statement  Issued  by  the  Uopartniont  of 
f'onimorcc,  tli<'  Imports  of  gold  for  the  year  ending  Juno  30, 
I!II7,  wore  $!t77,17r,,02l!,  and  iif  Hllvcr  $:!r..OO:i,r>fi;i;  gold  exports 
amounted  to  $291,921,225  and  silver  exports  to  j;78.279,931. 
The  not  Imports  of  gold  during  tho  fiscal  year  aggrogated 
$085,25'!, 80 1;  In  1910.  »40:t.759,75;i ;  In  1915,  $25,;t44,li07 ;  while 
In   I9H  thf-rt.  wnn  a  net  export  of  $15,499,870. 
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TRAINING  WOMEN  MACHINISTS' 

BY  I.   C.   DECATUR^  AND  H.  A.  CHASE-' 

Having  read  with  interest  the  article  in  the  April  number 
of  Machixebt  relating  to  the  training  of  women  in  machine 
shop  work,  it  was  thought  that  the  experience  of  the  Cummings 
Machine  Works  in  the  training  of  women  as  machine  opera- 
tors and  machinists  would  be  of  interest  to  the  readers  of 
Machixeey.  The  Cummings  Machine  Works  in  Boston  are  en- 
gaged in  the  making  of  ship 
instruments,  general  machine 
work,  and  experimental  work. 
The  nature  of  the  work  is 
such  that  interchangeable 
manufacturing  methods  are 
applicable  only  to  a  small  ex- 
tent, and  the  women  em- 
ployed, therefore,  must  be 
trained  not  to  be  mere  opera- 
tors of  machines,  but  to  be- 
come general  all-around  ma- 
chinists. In  this  respect  the 
requirements  of  the  Cum- 
mings Machine  Works,  there- 
fore, probably  differ  to  a 
large  extent  from  those  of 
most  of  the  shops  in  which 
women  workers  are  now  be- 
ing employed.  At  the  present 
time  about  115  men  and  42 
women  are  employed  in  the 
shops,  but  it  is  intended  to 
increase  the  working  force  to 
about  150  men  and  75  women, 
making  the  total  number  of 
women  emj)loyed  one-third  of 
the  working  force.  The  girls 
are  started  as  apprentices  and 
given  a  training  similar  to 
that  of  a  boy  or  young  man 
who  enters  the  shop.  They 
are  started  at  a  wage  of  |9  a 
week  and  are  kept  on  trial 
for  a  period  of  two  weeks.  If  after  this  time  they  show  no 
decided  inclination  for  the  work  in  the  shop,  they  are  dis- 
missed, but  in  case  they  show  ability,  either  as  machine  opera- 
tors or  assemblers,  they  are  retained  and  their  pay  increased. 

It  is  now  nine  months  since  the  company  began  employing 
women,  and  during  this  time  only  one  has  left  voluntarily, 
while  about  ten  have  been  dismissed  as  not  fitted  for  this  class 


Fig.    1 


'See  also  "War  Work  for  Women,"  in  MACniXEav,  April.  1918:  "Women 
Workers  In  Machine  Shops  in  Great  nrit,iin."  March.  1918;  "Increased  Em- 
plojment  of  Women  In  the  Industries."  February.  1918:  "Women  Workers 
in  the  Shop."  January.  1918;  and  "Women  War  Munitions  Workers,"  June,  1917. 

'ManoRcr,   Cummines  Machine  Works.    110  IliRh  St..   Roston.   Mass. 

•Superintendent,    Cummings   Miuhino    Works,    110   IliRh   St..    Boston.    Mass. 


of  work.  Being  pioneers  in  Boston  in  the  employment  of 
women  as  machinists,  the  company  has  naturally  acted  as  a 
guide  for  many  other  machine  builders  who  have  been  employ- 
ing or  who  are  planning  to  employ  women  in  the  shops.  The 
management  believes  that  it  is  possible  to  train  women  to 
become  toolmakers,  and  several  of  the  girls  now  in  the  shop 
have  shown  such  marked  ability  that  in  four  years  they  will 
probably  be  as  good  toolmakers  as  most  men. 

At  the  present  time,  girls  with  from  five  to  six  months' 
training  turn  out  in  quality 
and  quantity  an  amount  of 
work  equal  to  about  75  per 
cent  of  that  of  the  average 
man  employed,  but  It  is  con- 
fidently expected  that  when 
completely  trained  they  will 
show  110  per  cent  efficiency 
as  compared  with  the  men. 
The  principle  of  equal  pay 
for  equal  work  is  being  ap- 
plied, and  there  is  no  distinc- 
tion made  in  regard  to  com- 
pensation between  men  and 
women  if  they  are  equally  ef- 
ficient. The  women  work 
forty-eight  hours  per  week. 
It  has  been  found  that  they 
do  not  lose  as  much  time  as 
the  men,  and  their  record  for 
being  on  time  is  higher  than 
that  of  the  men.  The  women 
leave  five  minutes  earlier 
than  the  men  at  noon,  as 
well  as  at  night. 

The  women  coming  into  the 
machine  shop  are  recruited 
from  almost  all  trades  and 
conditions.  Dressmakers  are 
found  to  make  good  ma- 
chinists, as  well  as  depart- 
ment store  girls  and  those 
who  have  formerly  worked  in 
laundries  or  at  housework. 
Some  women  with  previous  experience  in  munitions  work  and 
in  the  making  of  typewriters  and  watches  are  also  employed. 
Very  strict  discipline  is  maintained,  but  there  has  been  no 
diflSculty  in  maintaining  proper  conditions  in  the  shop.  The 
men  have  accepted  the  entry  of  the  women  into  this  work  as  a 
matter  of  course,  and  have  proved  willing  to  help  and  instruct 
newcomers.  No  conversation  except  that  relating  to  the  work 
is  permitted  during  working  hours,  and  social  conversation  be- 
tween men  and  women  is  also  forbidden  on  the  premises 
during  noon  hours. 

The  most  desirable  age  has  been  found  to  be  between  twenty- 


mgs  Machine   Works. 


Fi(.    t.     Women    operatinft    Lathoi    in    Cummingi    Haohlns    Work! 


rig.   3.     Women  on(>«il   In   KiiooUuieoai  Maohlnlnc  Op«r«tloiu 
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two  and  thirty.  Those  that  are  younger  are  not  serious-minded 
enough  to  apply  themselves  properly  to  their  work,  and  those 
over  thirty  do  not  seem  to  have  the  nimbleness  either  in  their 
mind  or  in  their  hands  to  take  proper  hold  of  the  work.  No 
difEerence  has  been  found  according  to  nationality.  American 
and  foreign-born  girls  are  doing  equally  well,  and  on  the  whole 
it  might  be  said  that  it  has  been  found  that  the  girls  are  more 
willing  to  work  than  the  class  of  men  which  at  the  present 
time  is  obtainable  in  the  labor  market. 


ADVANTAGES  OF  STEEL  OVER  CAST-IRON 
PULLEYS 

BY  ■W.  F.  SCHAPHORSTl 

Many  machinists  believe  that  a  cast-iron  pulley  is  just  as 
good  as  a  steel  pulley.  However,  an  investigation  into  all  the 
conditions  will  indicate  that  the  steel  pulley  has  many  advan- 
tages. All  pulleys  should  be  strong  and  tough.  Cast  iron  is 
strong  in  compression  but  not  in  tension,  but  steel  is  strong  in 
both  tension  and  compression,  and  its  ultimate  strength  is 
double  that  of  cast  iron.  Its  resistance  to  shearing  is  also 
much  greater.  Steel  is  also  tough,  whereas  cast  iron  is  brittle. 
All  machinists  have  experienced  the  ease  with  which  cast  iron 
breaks  and  know  the  result  of  a  sharp  blow  on  any  part  of  a 
cast-iron  pulley.  A  broken  cast-iron  pulley  may  seriously  in- 
jure one  or  more  workmen,  let  alone  putting  the  machinery 
out  of  operation.  The  steel  pulley  would,  therefore,  seem  to 
be  the  logical  one  from  these  two  standpoints  alone,  neglect- 
ing all  others.  If  a  steel  pulley  is  dented  or  bent,  it  is  not 
put  out  of  commission,  but  may  be  repaired. 

Where  speeds  are  high,  centrifugal  force  also  comes  into 
action  and  the  cast-iron  pulley  is  likely  to  burst  because  of  its 
weakness  or  brittleness.  Steel  pulleys  can  be  run  at  higher 
speeds  than  any  other  metal  pulley  and  are  recommended  for 
a  rim  speed  up  to  6000  feet  per  minute.  The  steel  pulley  also 
has  the  advantage  of  being  40  to  60  per  cent  lighter  than  cast 
iron  for  equal  service.  Unnecessary  weight  adds  to  fuel  cost, 
loads  up  the  shaft,  increases  the  general  friction  in  the  hang- 
ers, and  puts  unnecessary  stress  on  the  hanger  supports.  Al- 
though for  a  single  pulley  the  sum  of  these  items  may  appear 
Insignificant,  the  total  saving  where  thousands  of  pulleys  are 
used  in  a  single  shop  will  be  considerable. 

Since  steel  pulleys  are  generally  split,  whereas  cast-iron 
pulleys  are  usually  solid,  the  steel  pulley  has  another  advan- 
tage. If  It  is  desired  to  place  a  solid  cast-iron  pulley  on  a  line- 
shaft  between  several  other  pulleys,  it  is  usually  necessary  to 
slip  off  a  number  of  belts,  remove  a  coupling,  remove  the  shaft 
from  the  hangers,  take  off  some  of  the  pulleys,  slip  on  the 
cast-iron  pulley,  replace  the  pulleys  taken  off,  put  the  shaft 
back  In  the  hangers,  couple  up,  and  put  back  the  belts  on  all 
pulleys  of  the  shaft  section.  The  cost  of  doing  this  is  often 
more  than  the  first  cost  of  a  split  steel  pulley,  which  may  be 
placed  on  the  shaft  directly  without  disturbing  any  of  the 
other  pulleys  and  without  loss  of  time.  Steel  split  pulleys 
also  permit  the  use  of  Interchangeable  bushings.  The  bore  of  a 
pulley  can  be  bushed  down  to  fit  any  size  of  shaft  below  the 
size  of  the  bore. 

The  aet-BcrewB  generally  used  on  cast-Iron  pulleys  are  an- 
other drawback.  Much  good  shafting  has  been  ruined  by  the 
ugly  grooves  cut  In  It  by  slipping  set-screws.  Shafting  cannot 
stand  much  treatment  of  this  kind  and  continue  to  give  good 
Hcrvlce,  because  the  grooves  and  small  ridges  Bcralched  on 
the  shafting  In  many  caues  make  the  removal  of  the  pulleys 
vi-ry  dlfllcult.  Split  steel  pulleys  eliminate  these  troubles,  for 
it  Ih  virtually  lm[)OflHlhlQ  to  cut  up  or  seriously  scratch  a  shaft 
with  the  bearing  of  a  stool  pulley. 

The  shrinkage  of  cast-iron  pulleys  at  the  lime  of  cnsting 
Is  a  soarcc  of  much  trouble,  especially  where  the  arms  join 
the  rim.  The  serious  Inner  slrcHHos  commonly  set  up  fre- 
quently rouse  crncklng  or  weaken  IIib  pulley  lo  such  an  extent 
that  It  breaks  easily  from  slight  jolts,  or  even  froni  medium 
belt  tension.  It  lins  been  stnlod  that  more  casllron  pulleys 
are  broken  because  of  tlicMo  Iniornal  stroHses  tlian  from  all 
oiliir  "-.-iii^dn  rnmblned.  Again,  when  a  cast-Iron  pulley  Is 
aa  Pan*y  0».,  4MS-4M  WlMwblrkon  Art,,  PhtlaitKlphla,  Pa. 


heated  by  the  friction  of  a  creeping  or  slipping  belt,  the  rim 
is  bound  to  expand  and  the  tension  set  up  at  the  junction 
points  may  result  in  a  fracture  and  the  destruction  of  the 
pulley. 

Tests  have  shown  that  both  cast-iron  and  wood  pulleys,  when 
new,  will  hold  a  belt  fairly  well  at  light  loads,  but  after  use 
with  normal  or  heavy  loads  they  do  not  hold  the  belt  nearly 
as  well  as  pulleys  with  steel  faces.  Exhaustive  tests  by  Prof. 
William  M.  Sawdon,  of  Cornell  University,  and  by  Messrs. 
Haven  and  Crosby,  consulting  engineers,  of  Boston,  show  that 
in  the  case  of  pulleys  IS  inches  by  12  inches,  with  a  belt  pull 
of  60  pounds  per  inch  width  of  belt,  a  steel  pulley  slipped  only 
2.65  per  cent,  while  a  cast-iron  pulley  of  the  same  size  and 
operating  under  the  same  conditions  had  a  belt  slip  of  5  per 
cent.  In  other  words,  there  was  a  difference  of  2.35  per  cent 
in  favor  of  the  steel  pulley.  Another  test  gave  the  steel  pulley 
a  2.7  per  cent  advantage.  Where  speeds  are  low,  air  resistance 
is  of  little  importance,  but  countershaft  pulleys  and  main 
drive  pulleys  often  operate  at  speeds  that  make  air  resistance 
a  factor,  and  in  such  cases  the  sharp  steel  pulley  arm  is  an- 
other point  in  its  favor. 

On  account  of  the  uncertain  characteristics  of  cast  iron,  the 
method  of  casting,  and  the  fact  that  cast-iron  pulleys  must 
be  machined  before  they  can  be  used,  it  is  usually  necessary 
to  balance  them  before  they  can  be  used  on  high-speed  or  rela- 
tively high-speed  shafts.  This  is  not  necessary  with  the  steel 
pulley,  as  steel  is  more  homogeneous,  and  as  the  pulleys  are 
made  from  sheet  metal  of  uniform  thickness,  they  are  well 
balanced. 

*     *     * 

COMPOSITION  OF  HIGH-SPEED  STEEL 

In  a  paper  read  before  the  Steel  Treating  Research  Society 
of  Detroit,  J.  L.  Thorne,  of  the  Thorne  Steel  Treating  Co., 
stated  the  following  as  the  limits  between  which  the  various 
elements  in  high-speed  steel  are  generally  present:  Carbon, 
0.47  to  0.91  per  cent;  silicon,  0.12  to  5  per  cent;  manganese, 
0.12  to  0.67  per  cent;  sulphur,  0.008  to  0.057  per  cent;  phos- 
phorus, 0.006  to  0.051  per  cent;  chromium,  1.50  to  5.52  per 
cent;  vanadium,  0.13  to  2.50  per  cent;  tungsten,  11.74  to  22.27 
per  cent.  These  figures  are  based  upon  samples  analyzed  in 
the  laboratory  of  the  Thorne  Steel  Treating  Co. 

For  general  purposes,  the  composition  of  high-speed  steel 
which  can  be  expected  to  give  good  all-around  results  when 
properly  made  and  heat-treated  is  as  follows:  Carbon,  0.65 
per  cent;  silicon,  0.12  per  cent;  manganese,  0.25  per  cent; 
sulphur,  0.02  per  cent;  phosphorus,  0.02  per  cent;  chromium, 
3.5  per  cent;  vanadium,  1  per  cent;  and  tungsten,  18  per  cent. 


CALORIZED  IRON  AS  AN  ELEMENT  FOR 
THERMO-COUPLES 
Various  thermo-couples,  with  iron  as  one  of  the  elements, 
have  high  electromotive  forces  and  are  fairly  constant  when 
a  temperature  under  500  degrees  C.  is  required.  Above  this 
point,  iron  oxidizes  rapidly,  thus  reducing  the  force  of  the 
couple.  "Calorlzlng,"  that  is,  producing  a  coating  of  aluminum 
alloy  upon  the  surface  of  the  metal,  will  prevent  oxidation 
below  1000  degrees  C,  and,  at  the  same  time,  will  not  ma- 
terially affect  the  electromotive  forces.  Under  test,  calorlzed 
Iron  wire  gives  substantially  the  same  thermo-electric  poten- 
tials as  uncniorlzed  wire,  Is  practically  as  constant,  and  has 
much  longer  life.  Certain  grades  of  wire,  howevor,  may  re- 
quire heat-treatment  before  this  will  be  found  to  be  true. 
This  possibility  and  the  degree  of  heat  required  should  be 
determined  by  experlinont. 


Uoforo  the  war  (Jermnny  obtained  ninst  of  hor  copper  from 
till-  United  States,  taking  over  onelhlrd  of  our  exports.  She 
had  a  largo  stork  at  the  oullircuk  of  hoRtilltlcs,  but  this  has 
bi-en  depicted  long  ago,  and  suppllos  nro  now  coming  from 
other  countries.  Tlni  Serbian  copper  nilnoH  are  now  being 
InteMHlvfly  explolli'd  by  the  fJiTniaiiH  and  AuHlrlanH,  nnd  giidil 
copper  deposits  are  aim)  found  In  I'liland.  (Jmiiany,  horsrlf. 
also  produri's  fair  i|uaiitltlos  of  copper. 


IN  order  to  give  satisfactory  service,  a  drill  must  be  ground 
so  that  its  point  is  of  the  correct  form.  Efficient  results 
cannot  be  expected  from  a  drill  in  which  the  material  and 
original  workmanship  are  of  the  required  standard  unless  the 
subsequent  work  of  grinding  to  keep  tlie  point  of  the  drill  in 
working  condition  is  handled  in  such  a  way  that  the  proper 
form  is  maintained.  It  is  very  difficult  to  grind  a  drill  by 
hand  and  secure  the  desired  results  without  spending  too 
much  time  on  the  work;  men  employed  in  factories  manufac- 
turing drills  learn  to  do  this  work  very  rapidly  as  the  result 
of  their  special  experience,  but  the  drilling  machine  operator 
or  tool-room  attendant  who  attempts  to  grind  a  drill  by  hand 
is  likely  to  fail  to  produce  a  point  which  comes  even  reason- 
ably near  to  meeting  all  requirements.  It  is  generally  con- 
ceded that  the  form  of  a  drill  point  exerts  a  powerful  influence 
upon  the  rate  of  production,  accuracy  of  drilled  holes,  and 
the  number  of  holes  which  can  be  drilled  between  successive 
grindings.  Granting  this  to  be  the  case,  it  at  once  becomes 
apparent  that  steps  should  be  taken  to  provide  for  grinding 
drills  in  such  a  way  as  to  enable  them  to  give  the  maximum 
amount  of  service. 

Requirements  in  Drill  Grinding- 

For  the  average  shop,  th^  only  way  to  be  sure  of  attaining 
such  a  result  is  to  have  the  drills  ground  on  special  drill 
grinding  machines  which  are  so  designed  that  they  assure 
producing  drill  points  that  meet  all  requirements.  These  re- 
quirements are  as  follows:  (1)  Both  cutting  lips  of  a  drill 
must  be  Inclined  at  the  same  angle  with  the  axl.s  of  the  drill. 

(2)  Both   cutting   lips   must   be  of   exactly   the   same   length. 

(3)  The  drill  point  must  have  the  proper  lip  clearance  or 
contour  of  the  surface  back  of  the  cutting  edges,  and  this 
clearance  must  be  the  same  for  each  side  of  the  drill.  All  ot' 
these  factors  are  of  the  utmost  importance  in  enabling  a  drill 
to  give  satisfactory  service.  The  various  undesirable  condi- 
tions which  It  Is  possible  to  produce  through  Improper  drill 
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grinding  are  shown  in  Fig.  1.  If  both  lips  of  the  drill  are  not 
inclined  at  the  same  angle  a  with  the  axis,  one  lip  will  fail 
to  counteract  the  tendency  of  the  other  to  spring  away  from 
the  cut.  Furthermore,  this  will  result  in  having  one  lip  of 
the  drill  do  more  work  than  the  other,  with  the  result  that 
this  lip  will  soon  become  dull,  and  an  abnormal  torsional  strain 
will  also  be  set  up.  When  the  cutting  lips  of  the  drill  have 
the  same  inclination  to  the  axis  but  are  of  different  lengths, 
it  means  that  the  point  of  the  drill  is  off  center,  and  as  a 
result  the  hole  will  be  cut  over  size  by  an  amount  equal  to 
twice  the  eccentricity  of  the  drill  point.  It  is  also  possible 
to  have  an  error  in  both  the  angle  of  drill  point  and  equality 
of  length  of  the  lips  of  the  drill,  and  where  such  a  condition 
exists  there  will  be  a  combination  of  the  undesirable  results 
which  have  been  mentioned. 

Concerning-  Ang-les  of  Drill  Points 

An  angle  of  59  degrees  has  been  adopted  as  the  standard 
angle  for  the  points  of  twist  drills,  and  such  a  point  is  well 
suited  for  drills  engaged  on  all  average  classes  of  work.  There 
are  certain  cases,  however,  where  a  modification  of  the  form 
of  the  drill  point  is  considered  advisable.  For  instance,  where 
a  drill  is  fed  down  onto  the  surface  of  a  piece  ot  work  held 
at  an  angle  to  it.  and  where  no  guide  bushing  is  provided  to 
hold  the  drill  in  the  desired  position,  it  will  be  found  desirable 
to  make  the  drill  point  to  an  angle  more  acute  than  59  degrees 
in  order  to  facilitate  penetration  of  the  drill  point  without 
tendency  for  it  to  slide  down  on  the  surface  ot  the  work. 
Conversely,  a  drill  which  is  used  to  make  holes  in  fairly  thin 
tubing  will  give  better  results  where  the  point  is  made  blunter 
than  that  of  a  standard  drill.  The  reason  for  this  is  that 
the  feed  pressure  ot  the  drill  tends  to  spring  the  tubing  slightly 
until  the  point  of  the  drill  starts  to  break  through;  then  the 
work  springs  back  quickly  to  Its  original  position  and  in- 
creases the  rate  of  feed — the  oondltion  being  similar  to  that 
explained  In  connection  with  Fig.  7,  which  shows  the  result 
of  spring  In  the  members  of  a  drilling  machine — and  such  a 
condition  may  cause  the  drill  to  be  broken. 
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The  two  conditions  which  have  heen  cited  are  typical  of 
instances  where  it  is  necessary  to  reduce  the  standard  angle 
when  grinding  drills.  In  general,  if  there  is  marked  trouble 
through  breakage  of  drills,  and  the  other  conditions  which 
are  likely  to  result  in  breakage  are  considered  satisfactory, 
a  slight  modification  of  the  drill  point  may  produce  a  drill 
which  gives  the  desired  results  without  trouble  from  breaking. 
Another  case  where  it  is  necessary  to  modify  the  standard 
form  of  twist  drills  is  when  drills  are  used  for  cutting  brass. 
Here  the  standard  angle  of  rake  provided  for  use  in  drill- 
ing iron  or  steel  is  such  that  the  drill  would  tend  to  hog  into 
the  work  and  produce  an  unsatisfactory  condition  of  operation. 
To  overcome  this  difficulty,  it  is  the  practice  to  grind  the  drill 
so  that  the  rake  angle  is  reduced  practically  to  zero.  Drills 
ground  in  this  way  will  cut  quite  freely  and  give  a  satisfactory 
rate  of  production. 

Clearance  behind  Cutting  Edges 

In  order  that  a  drill  may  cut  properly  there  must  he  the 
correct  amount  of  clearance  behind  each  of  the  cutting  edges 
so  that  these  edges  may  be  forced  down  into  the  work.  Where 
there  is  insufficient  clearance  a  drill  will  not  cut  freely;  and 
too  much  clearance  results  in  weakening  the  tool  at  its  cutting 
edges.  Theoretically,  the  amount  of  clearance  should  be 
slightly  in  excess  of  that  which  is  actually  required  for  the 
rate  of  feed  under  which  the  drill  is  being  operated,  because 
any  excess  clearance  results  in  a  corresponding  weakening  of 
the  cutting  edge  of  the  drill.  As  a  matter  of  fact,  drills  are 
usually  ground  with  an  amount  of  clearance  sufficient  to  take 
care  of  the  maximum 


rig.   3.     Commercial   Standards   for  Angle   of   Drill  Point,    Clearance,   and 
Angle  made  l)y  Chisel  Point  with  Cutting  Edges  of  Drill 

of  a  drill.  As  the  clearance  angle  at  a  given  point  is  defined 
as  the  angle  made  by  a  tangent  to  the  spiral  path  followed  by 
that  point  with  the  axis  of  the  drill,  it  will  be  apparent  that 
the  clearance  must  diminish  from  the  periphery  of  the  drill 
to  the  center.  This  is  due  to  the  fact  that  while  the  spirals  at 
all  points  along  the  lip  of  the  drill  have  the  same  lead,  the 
diameter  of  each  spiral  is  constantly  growing  less  as  we  pass 
from  the  periphery  of  the  drill  to  the  center.  Consequently 
the  angles  made  by  tangents  to  these  spirals  with  the  axis  of 

the    drill    will    con- 


feed  under  which 
they  are  likely  to  be 
operated,  and  when 
so  ground  the 
amount  that  the  cut- 
ting edges  are  weak- 
ened can  safely  be 
disregarded.  In  or- 
der to  clearly  under- 
stand the  conditions 
which  must  be  ful- 
filled in  order  to 
grind  the  desired 
amount  of  clearance 
on  the  point  of  a 
drill,  it  is  necessary  first  to  appreciate  the  fact  that  every  point 
on  each  cutting  edge  is  advanced  on  a  spiral  path  as  the  drill 
is  fed  into  the  work.  All  of  these  spiral  paths  have  the  same 
lead — which  is  equal  to  the  rate  of  feed  per  revolution — but 
each  spiral  has  a  different  diameter. 

The  clearance  angle  is  defined  as  the  angle  which  a  tangent 
to  the  spiral  path  followed  by  a  point  on  the  cutting  edge  at 
the  periphery  of  the  drill  makes  with  the  axis  of  the  drill. 
This  fact  in  regard  to  each  point  following  Its  own  spiral  path 
will  be  readily  understood  by  referring  to  Fig.  2;  a  study  of 
this  Illustration  will  also  show  the  requirements  which  must 
be  fulfilled  In  order  to  grind  the  proper  clearance  on  the  point 


Fig.    1.     Conditions  under  which  a  Tw 


Cotllnf  Edfat  or  Drtll  li  r»llow  Spiral  rxlu  or  Han 
Pllok  ftvl  ot  DIITaronl  Dlamalon 


stantly  decrease.  In 
drills  made  by  the 
Cleveland  Twist  Drill 
Co.,  the  clearance 
angle  at  the  periph- 
ery is  from  12  to  15 
degrees,  and  this 
angle  decreases  uni- 
formly from  the  pe- 
riphery to  the  cen- 
ter in  such  a  way 
that  the  angle  made 
by  the  chisel  point 
with  each  cutting 
edge  of  the  drill  is 
from  125  to  135  degrees.  This  is  the  condition  indicated  in 
Fig.  3. 

In  order  to  regulate  the  clearance  so  that  it  is  correct  for 
each  lip  of  the  drill  all  of  the  way  from  the  periphery  to  the 
center,  and  to  relieve  each  surface  back  of  the  cutting  edges 
so  that  the  proper  degree  of  endurance  and  strength  will  be 
secured,  it  is  necessary  for  the  point  of  the  drill  to  rock 
against  the  grinding  wheel  while  it  is  being  ground  in  a  path 
similar  to  that  which  it  follows  while  actually  being  fed  into  a 
piece  of  work.  In  order  to  secure  this  result,  it  is  necessary 
to  maintain  the  desired  relation  between  the  angle  at  which 
the  drill  is  held  against  the  grinding  wheel  and  the  axis  about 
which  It  Is  rocked  while  in  contact  witli  the  wheel.  In  Fig.  4, 
l(?t  .17?  in  each  diagram  represent  llie  axis  al)out  which  the 
drill  is  rocked  while  being  ground,  and  let  ('  and  1)  roprcHont 
llio  radii  of  ans  tlirough  whiih  (illTi-rcnt  portions  of  the  drill 
lip  will  be  swung  during  the  grinding  operation.  In  order  to 
have  the  clearance  decrease  from  the  periphery  of  the  drill 
lo  the  center,  it  Is  ubvlous  that  Ihoso  portions  near  the  center 
iiuiHt  travel  on  shorter  paths  and  Hniiilier  circles  than  portions 
near  the  outer  cornrr  of  the  lip.  In  other  words,  radius  (' 
iniiHt  ho  shorter  tlian  radius  /)  in  order  lo  secure  the  dculred 
rli-iirunce.  It  will  lie  apparent  that  In  the  first  two  dliiKrains 
this  condition  Is  alliiliied,  while  in  the  second  two  there  Is 
raltiire  to  Hcciirc  the  rciiiilred  condition. 

MxiiHiirlnif  or  (liitfliiu  DrIllH  iiflnr  (trlntlliiu 

III  I''Ik  fi  iiro  hIkiwii  viirloiis  iiicIIiiiiIh  of  gaKing  twist  drills 
iiftor  KrlndiiiK  In  >>rd<'r  to  iloterniinn  tho  iici'iiriK'y  of  llic  poliil 
iiiikIu,  the  cleuranco.  etc.  At  .1  Is  shown  n  Riniplu  giigu  iniido 
l)y  the  Standard  Tool  Co.  for  nioasurlnK  Hie  acciirucy  of  the 
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59-degree  point  angle,  and  it  will  be  seen  that  this  gage  is 
also  graduated  in  such  a  way  that  it  may  be  used  to  measure 
the  length  of  the  two  cutting  edges  to  see  that  these  are  equal. 
Used  in  the  manner  shown  at  B,  this  gage  can  also  be  employed 
to  measure  the  center  angle,  i.e.,  the  angle  made  by  the  chisel 
point  with  the  cutting  edges  of  the  drill.  Although  the  in- 
cluded angle  of  this  gage  is  only  118  degrees  and  an  angle  of 
130  degrees  is  required  between  the  chisel  point  and  cutting 
edges  of  the  drill,  the  use  of  the  gage  in  this  way  enables  a 
very  close  estimate  to  be  made  of  the  accuracy  of  the  angle 
of  the  chisel  point,  and  it  will  be  recalled  that  this  angle  de- 
termines the  clearance  provided  for  the  cutting  edges. 

At  C  is  shown  how  a  protractor  may  be  used  to  measure  the 
point  angle,  and  this  illustration  is  self-explanatory.  Another 
method  of  measuring  the  angle  of  the  drill  point  is  shown  at 
D,  and  this  method  also  affords  a  means  of  obtaining  an  idea 
of  the  accuracy  of  the  clearance  provided  behind  the  cutting 
edges.  The  length  of  each  cutting  edge  is  first  measured  with 
the  scale  to  see  that  they  are  equal;  and  If  so,  the  drill  is 
supported  as  shown  and  measurements  are  made  at  each  side, 
as  indicated  in  the  illustra- 
tion. If  these  measurements 
are  equal,  it  shows  that  the 
point  angle  is  the  same  at 
both  sides  of  the  drill.  This 
method  may  also  be  used  to 
measure  the  clearance  pro- 
vided for  each  cutting  edge 
by  placing  the  drill  point  be- 
side the  scale  as  shown,  and 
then  slowly  revolving  the 
drill.  If  the  clearance  at  each 
side  is  not  the  same,  it  will 
be  indicated  by  a  difference 
in  the  relative  positions  of 
the  drill  and  scale  for  corre- 
sponding positions  of  the 
drill.  It  must  be  borne  in 
mind  that  this  method  indi- 
cates the  clearance  provided 
at  the  heel  of  the  drill  only, 
and  while  this  clearance  may 
be  correct,  there  may  still  be 
a  serious  error  in  clearance 
near  the  drill  point.  At  !■: 
and  F  are  shown  two  types  of 
gages  made  by  the  Morse 
Twist  Drill  &  Machine  Co.  for 
testing  the  angle  of  drill 
point;  these  illustrations  show 
clearly  the  method  of  using 
the  gages  without  requiring 
a  description. 


drills  broken  in  the  shop.  Several  manufacturers  of  twist 
drills  who  have  had  a  great  deal  of  experience  with  troubles 
which  may  result  through  improper  grinding  state  that  in 
shops  using  any  considerable  number  of  drills  the  wages  of  an 
experienced  mechanic,  placed  in  charge  of  all  drill  grinding 
and  held  responsible  for  the  results  obtained,  would  be  more 
than  paid  by  the  saving  in  broken  drills. 

How  to  Grind  a  Drill  by  Hand 

It  is  a  difficult  matter  to  grind  a  drill  by  hand  and  secure 
the  desired  results  without  taking  altogether  too  much  time 
in  performing  the  grinding  operation,  as  previously  mentioned. 
Nevertheless,  the  mechanic  who  makes  an  intelligent  study 
of  the  requirements  of  drill  grinding  can  learn  to  grind  a 
drill  by  hand  after  he  has  had  enough  experience  to  enable 
him  to  acquire  the  necessary  degree  of  dexterity.  One  method 
of  grinding  drills  by  hand,  which  is  capable  of  giving  satis- 
factory results,  is  to  hold  first  one  lip  of  the  drill  and  then 
the  other  against  the  grinding  wheel  so  that  a  flat  clearance 
surface  is  ground  at  the  back  of  each  cutting  edge.  In  doing 
this  work  great  care  should  be 


Diagram  showing  Correct   and   Incorrect   Metliodi 
Drill  Point  against  Wheel  while  grinding 


Use  ot  Drill  Qrindingr  Machines 

There  are  a  number  of  drill  grinding  machines  on  the  mar- 
ket which  are  properly  designed  to  provide  for  accurately  se- 
curing the  required  contour  for  the  drill  point.  Drills  ground 
on  such  machines  ought  to  meet  all  of  the  requirements  to 
which  attention  has  been  called.  It  should  scarcely  be  neces- 
sary to  call  attention  to  the  fact  that  it  is  very  important  for 
the  drill  grinding  machine  to  be  kept  in  proper  adjustment  in 
order  to  produce  the  expected  results,  but  we  were  recently 
told  of  one  shop  which  purchased  its  twist  drills  from  a  well- 
know  maiiufacturing  firm,  and  an  investigation  made  to  de- 
termine th<;  cause  of  breakage  of  drills  tor  which  a  replace- 
ment claim  had  been  made  revealed  the  fact  that  the  drill 
grinding  niacliino  used  In  this  shop  was  so  badly  out  of 
adjustment  that  It  failed  to  produce  drill  points  of  the  required 
form.  When  ultrntlon  was  called  to  the  fact  that  the  broken 
drills  had  been  Improperly  ground,  the  possibility  of  such  a 
condition  was  promptly  denied,  as  It  was  asserted  that  "they 
had  been  sharpened  on  a  drill  grinder."  Subsequently  this 
machine  waH  properly  adjusted  and  a  responsible  mechanic 
was  employed  to  do  all  of  the  drill  grinding,  and  since  that 
time  there  has  been  a  marked   falling  off  In   the  number  of 


taken  not  to  change  the  angle 
which  the  chisel  point  of  the 
drill  makes  with  the  cutting 
edges,  as  it  is  the  angle  of  the 
chisel  point  which  determines 
the  amount  of  clearance  pro- 
vided for  the  cutting  edges. 
After  these  flat  clearance  sur- 
faces have  been  ground,  the 
mechanic  very  carefully 
swings  the  drill  back  and 
forth  so  that  the  flat  ground 
surfaces  are  blended  into  the 
remainder  of  the  surface  back 
of  each  cutting  edge.  This 
method  of  grinding  will  not 
produce  a  drill  point  which 
appears  to  approximate  close- 
ly the  form  produced  on  a 
drill  grinding  machine,  but 
the  results  obtained  with  a 
drill  ground  in  this  way  will 
often  be  far  more  satisfactory 
than  those  resulting  from  the 
use  of  a  drill  ground  by  hand, 
where  the  mechanic  has  at- 
tempted to  secure  a  closer  ap- 
proximation of  the  original 
form  of  the  drill  point 
through  swinging  the  drill 
back  and  forth  on  the  sur- 
face of  the  grinding  wheel. 
If  the  mechanic  attempts  to  grind  a  drill  by  hand  and 
duplicate  the  movement  secured  through  the  use  of  a  drill 
grinding  machine,  the  proper  method  of  procedure  is  as  fol- 
lows: The  drill  is  held  between  the  thumb  and  index  finger 
of  the  left  hand  at  a  short  distance  back  of  the  point,  and  the 
hand  is  steadied  by  the  tool-rest  of  the  tool  grinder.  The  drill 
is  held  at  such  an  angle  to  the  grinding  wheel  that  the  surface 
of  the  drill  point  rests  flat  against  the  wheel,  and  great  care 
must  be  taken  to  have  the  chisel  point  of  the  drill  in  a  vertical 
position;  in  other  words,  the  cutting  edge  of  the  drill  is  in- 
clined upward.  With  the  drill  held  in  this  position,  the  me- 
chanic grips  the  shank  between  the  thumb  and  index  finger 
of  his  right  hand  and  slowly  oscillates  the  drill  about  an 
imaginary  axis,  between  the  thumb  and  Index  finger  ot 
his  left  hand,  taking  care  to  keep  the  chisel  point  vertical 
at  all  times.  After  grinding  one  side  of  the  drill  in  this  way, 
the  drill  Is  turned  over  so  that  the  other  side  may  be  ground. 
This  method  can  be  used  with  extremely  satisfactory  results 
by  men  who  have  had  a  great  deal  of  experience  In  drill  grind- 
ing, but  It  Is  probable  that  the  average  mechanic  will  secure 
better  results  through  the  method  of  hand  grinding  referred 
to  In  the  priHotllng  paragraph.  In  any  case,  hand  grinding  is 
not  recommended  for  the  average  shop,  as  the  superior  speed 
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Fig.    5.     Methods   of  measuring   Angle   of  Brill  Point,   Angle  made   by    Chisel    Point   with    Cutting    Edges    and    Clearance    behind    Cutting    Edges 


and  quality  of  workmanship  obtained  through  the  use  of  drills 
ground  on  a  drill  grinding  machine  are  quite  sufficient  to  war- 
rant the  Investment  in  an  equipment  of  this  kind. 

Effect  of  Improper  Drill  Grinding 

A  better  Idea  of  the  actual  effect  of  improper  drill  grinding 
will  be  gathered  by  reference  to  Fig.  6,  which  shows  various 
conditions  of  the  drill  point  which  are  made  possible  through 
correct  or  incorrect  grinding.  At  A  is  shown  a  drill  ground 
with  the  proper  clearance  for  the  cutting  edges,  and  at  B  is 
shown  a  drill  on  which  an  insufficient  amount  of  clearance  has 
been  furnished  at  the  center,  although  there  is  plenty  of  clear- 
ance at  the  heel  of  each  cutting  edge.  It  will  be  recalled  that 
the  angle  of  the  chisel  point,  i.e.,  the  line  separating  the  two 
faces  of  the  drill  point,  indicates  the  amount  of  clearance  pro- 
vided for  the  cutting  edges,  and  at  C  is  shown  what  is  likely 
to  happen  to  a  drill  where  the  angle  of  the  chisel  point  and 
clearance  of  the  cutting  edges  are  insufficient.  This  drill  had 
plenty  of  clearance  at  the  heel,  but  very  little  clearance  at  the 
center,  with  the  result  that  it  was  split  up  the  center.  A  better 
Idea  of  the  way  in  which  the  angle  of  the  chisel  point  indi- 
cates the  amount  of  clearance  will  be  gathered  by  referring 
to  the  two  end  views  of  the  drill  shown  at  D  and  E.  At  D  is 
shown  a  drill  in  which  the  chisel  point  has  been  ground  to 
make  an  angle  of  130  degrees  to  the  cutting  edges,  which  gives 
a  sufficient  amount  of  clearance,  while  at  E  the  angle  formed 
Is  only  100  degrees,  and  this  drill  has  insufficient  clearance. 


Most  twist  drills  are  made  in  such  a  way  that  the  web  at 
the  center  increases  in  thickness  as  the  length  of  the  drill  is 
gradually  decreased  in  sharpening.  On  account  of  this  in- 
crease in  web  thickness,  mechanics  have  acquired  the  practice 
of  grinding  away  the  web  at  the  drill  point  or  "thinning"  the 
web,  as  the  process  is  commonly  called.  A  great  deal  of  trouble 
is  likely  to  result  from  this  practice  of  thinning  the  drill 
point,  due  to  the  excessive  amount  of  metal  which  is  often 
ground  away.  Where  skilled  mechanics  do  the  work  and  are 
careful  to  grind  away  only  a  sufficient  amount  of  metal  to 
maintain  the  web  thickness  equal  to  the  original  thickness 
of  the  web  at  the  point  of  the  drill  when  it  was  new,  this  prac- 
tice is  not  detrimental;  but  if  an  excessive  amount  of  grind- 
ing is  done,  it  is  almost  sure  to  produce  undesirable  results. 
At  F  is  shown  a  drill  point  in  which  the  web  has  been  properly 
thinned  to  reduce  it  to  the  original  dimension,  while  at  G  is 
shown  a  drill  point  on  which  thinning  has  been  carried  to 
excess.  A  drill  ground  in  this  way  is  extremely  liable  to  break 
through  splitting  up  the  center,  and  such  a  drill  will  also 
require  more  power  to  drive  it,  due  to  trouble  experienced  in 
clearing  the  chips.  While  provision  of  the  necessary  amount 
of  clearance  for  the  cutting  edges  of  a  drill  is  highly  important, 
it  is  equally  important  not  to  provide  too  much  clearance, 
because  in  such  cases  an  insufficient  amount  of  metal  is  left 
behind  the  cutting  edges  and  trouble  is  likely  to  be  experienced 
through  chipping  the  drill.  At  //  is  shown  a  drill  on  which 
the  proper  amount  of  clearance  has  been  provided,  while  at  I 


Tit.   I.     'A1    Drill   wltJi   Prep«f  Cl»«f«nr.,      f»]    Drill    with   IntufflcUnt    ClKaranm   ti   Ci>nl»r.      (C)    Drill    •pIK    Wruu.r    of    Iiiium<l 
IlictrTMt    Am)'    l»l»««n   Chlul    Point   aixt    Ciilllnir    Ei)|«i.      (D)    Enil   at    DrIU   with  OhlMl  Point   malllni  CorrrrI   Aiiflo   with   Culllni   Eil| 
ot   Dull    with   CfilM>l    Point    maklnt    inr,orr>ni    AnaU    with   Outtlnf   Eilfoi.     (F)    End  of  Drill   whom   Wab   haa  h«rn   proporly   thtnnail       '"' 
vtwta    Thinnlni    haa    )»>n    rarrlixl    to    Eio«ai.       (Ill    Drill    with    Propor    Olaaranc*.     (I)   Drill   with   Eirnaalvn  Claaran 


X    nnil 

I    Enil 

(O)    End   or   Drill 

which  woakona  Outtlni  EiI|k> 
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Tig.  7.    Diagram  showing  how  Spring  in  Drilling 

Machine  causes  Excessive  Rate  of  Feed, 

which  may  break  Drill 


the  drill  is  ground 
away  to  provide  ex- 
cessive  clearance, 
which  has  weak- 
ened the  edges  so 
that  they  are  liable 
to  chip  and  make 
the  drill  give  very 
unsatisfactory  re- 
sults  in    operation. 

Causes  of  Broken 
Drills 
The  conditions  of 
service  under  which 
a  twist  drill  oper- 
ates are  more  se- 
vere than  those  im- 
posed upon  almost 
any  other  type  of 
cutting  tool,  be- 
cause the  drill  must 
of  necessity  be  of 
such  size  that  it 
can  enter  the  hole 
in  which  it  works,  while  its  cross-section  has  to  be  greatly 
reduced  in  order  to  provide  the  required  clearance  for  the 
escape  of  chips.  Despite  this  fact,  it  is  quite  probable  that 
the  average  twist  drill  receives  as  little  consideration  as  any 
tool  used  in  the  machine  shop,  there  being  a  somewhat  general 
impression  among  mechanics  that  a  twist  drill  is  sold  ready 
for  use  and  can  properly  be  expected  to  continue  to  give  satis- 
factory service  regardless  of  the  way  in  which  it  is  handled. 
The  fallacy  of  this  idea  is  clearly  shown  by  the  tremendous 
wastage  which  occurs  every  year  through  breaking  drills  as  a 
result  of  improper  use.  Reference  has  already  been  made  to 
the  conditions  that  must  be  fulfilled  in  order  for  a  drill  to 
give  efficient  service,  and  if  the  grinding  operation  is  not  con- 
ducted so  that  these  conditions  are  fulfilled,  an  abnormal 
strain  is  likely  to  be  placed  upon  the  drill  which  may  rapidly 
assume  sufficient  proportions  to  cause  it  to  be  broken. 

There  is  another  point  which  is  likely  to  be  responsible  for 
breaking  of  drills,  namely,  the  spring  and  lost  motion  in  drill- 
ing machines  due  to  improper  design.  The  way  in  which  this 
condition  is  likely  to  cause  breakage  of  drills  will  be  under- 
stood by  reference  to  Fig.  7.  For  the  sake  of  discussion,  we 
will  assume  that  the  members  of  a  drilling  machine  can  be 
sprung  0.010  inch  as  a  result  of  back-pressure  exerted  by  the 
drill  while  in  operation.  During  the  time  that  this  spring 
Is  being  imposed  upon  the  machine  members,,  the  rate  at  which 
the  drill  point  is  fed  into  the  work  is  represented  by  the  nor- 
mal feed  per  revolution  viintis  the  amount  of  spring  imposed 
upon  the  members  of  the  drilling  machine  per  revolution. 
When  this  lost  motion  has  been  taken  up,  the  drill  will 
continue  to  operate  at  the  normal  rate  of  feed  until  such  a 
time  as  the  drill  point  breaks  through  the  work  at  the  bottom 
of  the  hole.  When  this  result  takes  place  there  will  be  a 
sudden  reduction  of  back-pressure  exerted  by  the  drill,  with 
the  result  that  the  strained  members  of  the  drilling  machine 
win  suddenly  react;  now,  under  those  conditions,  the  rate  of 
feed  will  ho  the  normal  rate  provided  by  the  gearing  in  the 
feed-box  plus  the  Increase  due  to  a  sudden  release  of  the  strain 
on  members  of  the  drilling  machine.  This  sudden  increase 
In  the  rate  of  feed  as  the  drill  breaks  through  is  the  reason 
why  so  many  drills  are  broken  at  Just  this  point,  and  not  be- 
ciuise  there  Is  any  tendency  for  the  bottom  surface  of  the  work 
to  catch  Uw  cutting  lip.s  of  the  drill  according  to  a  somewhat 
genernl  Impression  whh'h  exists  among  mechanics  who  linvc 
given  very  little  thought  to  the  situation. 

Now,  in  the  case  of  a  drilling  machine  wliere  the  parts  have 
not  hei'n  designed  In  a  way  which  assures  the  required  degree 
of  rigidity,  It  Is  obvious  that  one  of  two  conditions  must  exist: 
either  tlie  nilo  of  food  must  he  made  the  mnximum  safe  rate 
for  the  drill  wlniis  the  amount  of  additional  feed  Imposed  iipoti 
the  drill  during  the  lime  lluit  It  is  breaking  through  the  hole 
at  the  bottom  of  the  work,  or  else  the  risk  must  bo  run  of 
breaking  a  number  of  drills  through  this  sudden  increase  In 


the  rate  of  feed  while  the  operation  is  being  finished.  Obvi- 
ously, the  decision  of  any  experienced  production  manager 
will  be  that  neither  condition  will  meet  his  requirements.  He 
will  insist  upon  the  purchase  of  drilling  machines  of  suffi- 
ciently rigid  construction  so  that  the  amount  of  back-pressure 
exerted  by  the  drill  point  while  penetrating  the  work  will  not 
be  sufficient  to  cause  an  appreciable  amount  of  spring. 

Determination  of  Magnitude  of  Feed  Pressure  and  Torsion 
In  connection  with  research  work  conducted  by  engineers 
of  the  Cleveland  Twist  Drill  Co.  to  determine  the  magnitude 
of  strains  imposed  upon  a  twist  drill  due  to  feed  pressure  and 
torsional  resistance,  a  special  drilling  machine  was  constructed 
in  such  a  way  that  the  table  of  the  machine  rests  upon  a  piston- 
rod  connected  to  a  piston  entering  a  cylinder  filled  with  oil. 
When  a  drill  mounted  in  the  spindle  of  this  machine  is  driven 
into  a  piece  of  work  supported  on  tlie  table,  it  will  be  obvious 
that  pressure  exerted  by  the  drill  results  in  introducing  a 
corresponding  amount  of  pressure  on  the  piston,  and  hence 
on  the  oil  contained  in  the  cylinder.  A  recording  pressure-gage 
connected  to  this  cylinder  makes  it  possible  to  calculate  the 
amount  of  pressure  exerted  by  the  drill  while  penetrating  the 
work.  To  prevent  rotation  of  the  table  of  this  special  drilling 
machine,  a  radial  arm  is  carried  out  from  the  table  and  pro- 
vided with  a  piston-rod  connecting  with  a  piston  in  a  second 
oil  cylinder.  A  recording  pressure-gage  is  also  connected  to 
this  cylinder,  by  means  of  which  it  is  possible  to  measure  the 
torsional  stress  upon  the  drill. 

Fig.  8  shows  a  combined  feed-pressure  and  torsion  chart 
for  a  l^i-inch  drill  operated  in  this  machine,  and  this  chart 
illustrates  very  clearly  another  important  consideration  in  pre- 
venting broken  drills  as  a  result  of  spring  in  the  drilling  ma- 
chine members  to  which  reference  was  made  in  a  preceding 
paragraph.  This  is  the  provision  of  a  proper  amount  of  clear- 
ance on  the  drill  surfaces  behind  the  cutting  edges.  Reference 
to  this  pressure-torque  chart  will  make  it  apparent  that  there 
is  a  pronounced  difference  in  feed  pressure  and  torsion  for 
each  of  the  pairs  of  curves  recorded  on  this  chart.  These 
differences  in  feed  pressure  and  torsion  are  due  to  the  fact 
that  the  drill  used  in  making  one  pair  of  curves,  where  the 
feed  pressure  and  torsion  are  greater,  was  ground  on  a  ma- 
chine which  provides  less  clearance  for  the  drill  point  than  is 
the  case  on  the  drill  grinding  machine  which  ground  the  drill 
used  in  drawing  the  pair  of  curves  where  feed  pressure  and 
torsion  are  less.  Obviously,  this  lays  emphasis  upon  the  im- 
portance of  grinding  drills  on  a  machine  which  will  provide 
the  required  amount  of  clearance  to  enable  satisfactory  opera- 
tion to  be  secured  under  the  maximum  amount  of  feed  that 
will  be  used  under  the  most  severe  conditions  of  operation. 


.    8.     Combinril    Toriion    anil    Food-piviiurv    Chart    for    1 'cinch    Drill 
opi>ra<i>il   In   Special   Te«tinir   Machino   which   rertlntKm   Toralon    and 
Fepd   Fmsiiro  on   Recording   Hydraulic   Prciiuro   Oaffot 
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without  unduly  increasing  tlie  pressure  and  consequent  spring 
in  the  drilling  machine.  In  this  connection  the  reader's  atten- 
tion is  directed  to  the  paragraph  on  drill  grinding  which  ex- 
plains methods  of  measuring  the  amount  of  clearance  provided 
on  the  drill  point  to  malie  sure  that  this  conforms  with  the 
recommendations  of  firms  specializing  in  the  manufacture  of 
drills.  In  the  case  of  the  feed-pressure  curves  in  the  chart, 
it  will  be  seen  that  the  pressure  first  runs  up  rapidly  and 
then  takes  a  peculiar  drop  before  assuming  the  normal  condi- 
tion. This  drop  is  due  to  the  fact  that  near  the  center  of  the 
drill,  the  cutting  edges  have  practically  no  rake;  the  pressure 
runs  up  while  the  point  of  the  drill  is  entering  the  work,  and 
when  approaching  the  periphery,  where  there  is  a  considerable 
amount  of  rake,  this  rake  helps  to  pull  the  drill  into  the  work, 
thus  reducing  the  feed  pressure  and  producing  the  peculiar 
dip  seen  in  the  feed-pressure  curves. 


CONTINUOUS  MILLING  FIXTURE 

The  accompanying  illustration  shows  a  continuous  milling 
fixture  made  by  the  Becker  Milling  Machine  Co.,  Hyde  Park, 
Boston,  Mass.,  which  is  employed  for  the  milling  of  the 
connecting-rods  for  the  Liberty  motor  on  a  double-spindle 
Becker  vertical  milling  machine.  Four  surfaces  on  the  rods 
are  milled  at  once,  the  top  and  bottom  surfaces  at  each  end 
being  milled  simultaneously.  The  main  spindle,  which  is  pro- 
vided with  two  cutters,  one  for  the  upper  and  one  for  the  lower 
surface,  mills  the  outer  end  of  the  rod,  while  the  auxiliary  spin- 
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Continuoui  Milling  Fixture  for  Liberty  Motor  Connecting-rods 

die  with  cutters  mounted  in  a  similar  manner  mills  the  inside 
end  of  the  rods.  Fourteen  connecting-rods  are  mounted  in  the 
fixture  at  a  time,  and  as  the  fixture  rotates  on  the  table,  the 
finished  rods  are  taken  out  and  new  rods  are  Inserted  by  the 
operator  while  the  work  progresses.  Every  other  Jaw  tor  hold- 
ing the  connecting-rods  is  fixed,  while  every  alternate  Jaw 
Is  pivoted  at  one  end.  By  clamping  against  one  rod  with  a 
clamping  screw  at  the  extreme  end  of  the  pivoted  clamp,  pres- 
sure Is  brought  to  bear  upon  the  ends  of  the  connecting-rods 
on  each  side  of  the  pivoted  clamp,  thus  making  the  clamping 
very  rapid.  At  the  Inside  end,  one  clamp  also  holds  two  ro<ls 
In  place.  This  clamp  Is  provided  with  a  small  pin  which  fits 
Into  a  slot  In  the  clamping  stud,  so  that,  when  tightened,  tho 
''lamp  must  always  be  In  onf;  position  and  cannot  come  out  tar 
enough  to  Interfere  with  the  milling  cutters. 


An  agreement  has  been  reached  by  rcprcscnlatlvos  of  tho 
piano  manufacturers  and  the  War  Industries  Board  by  which  a 
curtailment  of  ?,0  per  cent  of  tho  output  will  be  made.  Mean- 
while the  War  IndustrlcM  Hoard  will  arrange  for  the  transfer 
of  war  work  to  the  musical  Instrument  factories  wliorcvor 
possible.  It  Is  probable  that  tho  curtailment  plan  will  ho  ex- 
tended to  all  building  ncllvltlcH  and  tli(>  Induslrles  nianutar 
luring  building  mal'rrlalH  that  arc  ni-cdcd  for  war  work.  Tin' 
browing,  window  glaHs,  and  lioxboanl  Industries  already  have 
made  voluntary  agrccnicnts  to  rcduci-  production  from  :!0  In 
r.O  pT  cunt,  and  It  Is  und'TBlonfl  that  restrictions  sukrchIpcI  fur 
tho  aulomoltlle  Industry  are  to  t)c  cnforcnd. 


CENSUS  REPORT  OF  MACHINE   TOOL 
INDUSTRY 

According  to  a  partial  report  of  the  1914  Census  of  Manufac- 
tures, which  has  Just  been  published,  there  were  in  that  year, 
in  the  United  States,  409  establishments  making  machine  tools 
and  277  establishments  making  other  metal-working  ma- 
chinery. The  machine  tools  manufactured  that  year  were 
valued  at  $31,446,660,  and  the  other  metal-working  machinery 
at  $17,419,526.  Ohio  was  the  leading  state  in  the  production 
of  machine  tools,  with  products  constituting  over  one-fourth 

VALUE  OF  METAL- WORKING  MACHINERY  MANUFACTURED 
IN  1914 


State 

Value  of 

Maciiiue 

Tools 

Value  of 
Other  Metal- 
working 
Machinery 

Ohio 

$9,014,178 
3,679,190 
3,280,940 
3,042,894 
2,466,198 
1,935,861 
1,782,494 
1,558,412 
1,179,761 
1,004,812 
2.501,920 

$2,909,389 

174,490 

2,407,987 

859,608 

4,069,278 

1,902,651 

3.160.369 

546,346 

280,564 

209,052 

899,792 

Machinery 

Connecticut    

Illinois   

New  Jersey   

Michigan 

Wisconsin 

All  other  states 

of  the  total  reported  for  all  states.  Rhode  Island  ranked  sec- 
ond, Connecticut  third,  and  Massachusetts  fourth.  In  the 
manufacture  of  other  metal-working  machinery,  Pennsylvania 
was  the  leading  state  in  the  value  of  output,  with  New  York 
ranking  second,  Ohio  third,  and  Connecticut  fourth.  The  four 
states  combined  contributed  nearly  three-fourths  of  the  total 
value  of  products.  The  output,  according  to  states,  is  given 
in  the  table. 

•     •     * 

BRANCH  GAGE  LABORATORY  OF  THE  BUREAU 

OF  STANDARDS 
The  Bureau  of  Standards  has  announced  that  a  branch  gage 
laboratory  has  been  established  in  New  York  City.  This 
laboratory  was  opened  and  prepared  to  receive  gages  for  test 
on  April  15.  It  is  located  on  the  sixth  floor  of  the  Engineer- 
ing Societies  Building,  29  W.  39th  St.,  New  York  City,  where  it 
is  easily  accessible  both  from  the  Pennsylvania  and  the  Grand 
Central  stations.  The  object  of  the  laboratory  is  to  take  care 
of  gage  testing  in  the  New  York  district,  but  all  gages  which 
are  ordered  by  the  War  Department  for  test  at  the  Bureau  of 
Standards  at  Washington  should  be  submitted  directly  to  the 
Bureau  of  Standards  in  Washington. 

The  branch  laboratory,  however,  has  facilities  for  testing 
all  types  of  munition  limit  gages,  and  the  equipment  Installed 
is  practically  a  duplication  of  the  various  machines  and  devices 
used  by  the  Bureau  of  Standards  in  Washington  for  testing 
plain  plug  and  ring  gages,  profile  and  other  forms  of  gages, 
especially  screw-thread  gages.  The  facilities  of  this  branch 
laboratory  are  available,  without  charge,  to  manufacturers 
carrying  out  government  contracts  for  munitions  of  war. 
Gages  may  bo  .subiiiiltod  by  mall,  express,  or  by  moasonger.  It 
Is  recommondod  that  thoy  be  sent  by  registered  or  luHurod  mall 
rather  than  by  express,  on  account  of  the  saving  of  time. 
Firms  submitting  gages  tor  test  are  requested  to  furnish  com- 
plete Inforniallon  as  to  tho  Identification  and  classincatlon  of 
llio  gages,  Instructions  for  test  and  shipment,  and  Information 
as  to  the  drawings  iiiul  speclllcatioiiH  which  cstablLsh  tho  Im- 
portant dlincnHlons  of  tho  gngos  Hiibmlllcil.  If  copies  of  tho 
Ordiianco  Olllco  drawings  or  other  govorninont  gago  drawings 
or  part  drawings  an>  submitted  with  tho  gagos.  It  will  greatly 
facllltatu  Iho  lost  and  permit  tho  soallng  of  the  gagos. 
•     *     • 

According  to  an  ostlmato  niado  by  tho  National  League  of 
Women's  Horvico,  1,266,000  women  at  tho  beginning  of  this 
year  wore  employed  on  work  dlroclly  or  Indin-clly  tieci'HHary 
for  llio  currying  on  of  tho  war.  Of  this  niinibor,  100,000  wore 
I'inplnvi'd   In   the  niiinltlons  factories. 


LETTERS  ON  PRACTICAL  SUBJECTS 


WE  PAT  ONLY  FOR  ARTICLES  PUBLISHED  EXCLUSIVELY  IN  MACHINERY 


CORRECTING  ERRORS  IN  PRECISION 

SCREW-CUTTING  LATHE 

It  is  a  well-known  fact  that  the  lead-screws  on  ordinary 

lathes,  such  as  are  used  for  general  manufacturing  operations, 

are  not  accurate  enough  for  such  work  as  making  thread  gages. 


Fig.    1.     Gage   for   testing   Lead   of   Thread 

and  they  have  to  be  either  corrected  or  replaced.  The  lead- 
screws  are  usually  a  little  short  in  lead  and  a  thread  cut  on 
an  ordinary  lathe  is  likely  to  be  slightly  "drunken"  or  ir- 
regular because  of  such  inperfections  as  play  in  the  spindle  or 
inaccuracy  in  the  gearing.  While  these  errors  may  be  slight, 
they  can  readily  be   detected  by  precision  testing  methods. 

In  examining  a  lathe  to  be  used  for  precision  screw  cutting, 
all  radial  and  end-thrust  bearings  from  the  headstock  down 
to  the  lead-screw  should  be  carefully  gone  over  and  corrected, 
if  necessary.  Any  endwise  movement  of  the  main  spindle  or 
lead-screw  is,  of  course,  particularly  objectionable.  It  is  also 
essential  to  correct  any  errors  there  may  be  in  the  gearing. 
For  instance,  the  bushing  that  carries  the  intermediate  gear 
may  be  from  0.005  to  0.007  inch  eccentric,  in  which  case  it 
should  be  replaced  by  a  new  one.  The  gear  teeth  must  also 
be  accurate,  both  as  regards  evenness  of  spacing  and  concen- 
tricity. 

After  correcting  the  parts  referred  to  or  replacing  them 
with  new  ones  if  necessary,  the  lathe  must  be  provided  with 
an  accurate  lead-screw.  In  order  to  illustrate  the  method  of 
procedure,  we  shall  assume  that  the  screw  is  0.0005  Inch  short 
per  Inch  and  the  problem  is  to  produce  a  new  lead-screw  of 
the  correct  lead.  In  order  to  do  this,  the  taper  attachment  is 
used  to  compensate  for  the  error  in  the  original  lead-screw 


while  cutting  a  new  one.  If  the  lathe  is  intended  for  such 
work  as  threading  plug  gages,  a  short  master  screw  can  be 
used.  Obviously,  the  length  of  screw  that  can  be  cut  while 
held  between  the  centers  of  the  lathe  in  the  usual  manner  is 
limited;  therefore  a  comparatively  short  screw  is  cut  and  this 
master  screw  is  connected  to  shafting  as  shown  in  the  upper 
part  of  Fig.  3,  so  that  the  length  will  suit  the  lathe.  It  is 
first  necessary  to  determine  to  what  angle  the  taper  attach- 
ment should  be  set.  Since  the  original  lead-screw  on  the  lathe 
is  short  0.0005  inch  per  inch  or  0.006  inch  per  foot,  the  cosine 
of  the  angle  to  which  the  taper  attachment  should  be  set  equals 
11.994 
=  0.9995.    Referring  to  a  table  of  cosines,  we  find  that 

12 
0.9995  is  the  cosine  of  1  degree  49  minutes,  which  is  the  amount 
the  attachment  is  inclined  from  its  parallel  position.  The 
master  screw  blank  is  next  set  parallel  with  the  taper  attach- 
ment by  traversing  an  indicator  along  it.  A  follow-rest  should 
be  used  even  if  the  screw  is  only  30  inches  long,  and  this 
should  be  clamped  to  the  independent  slide  which  connects 
with  the  taper  attachment.  The  driving  end  of  the  dog  should 
have  a  ball-shaped  end  and  the  faceplate  slot  should  be  made 
as  square  as  possible  on  account  of  the  rocking  motion  of  the 
dog  in  driving  the  part  when  held  at  an  angle.  As  it  is  diffi- 
cult to  make  pel-feet  gearing,  there  should  be  as  few  gears  as 
possible  between  the  lathe  spindle  and  the  lead-screw. 

In  order  to  test  the  accuracy  of  the  lathe  before  cutting  the 
master  screw,  it  should  be  used  for  cutting  a  trial  thread  on 


Fig.   2.     Sixty-degree  Angle  Gages 

a  short  plug.  A  plug  about  6  inches  long,  ly^  inch  in  diameter, 
having  10  threads  to  the  inch  will  be  found  convenient  for 
measuring.  Fig.  1  illustrates  the  type  of  gage  used  for  testing 
the  accuracy  of  the  thread.  This  gage  consists  of  two  disks, 
a  spacing  collar,  and  a  bolt  for  holding  the  parts  together.  In 
order  to  insure  accurate  angles  for  this  gage,  60-degree  male 
and  female  gages  of  the  form  shown  in  Fig.  2  are  used.    The 
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sine-bar  and  Johansson  gages  are  used  in  connection  with  this 
worif  in  order  to  reduce  the  error  to  a  minimum.  If  the  cen- 
ter-to-eenter  distance  between  the  disks  of  the  gage  shown  in 
Fig.  1  measures  exactly  1  inch  as  closely  as  can  be  determined, 
no  light  should  be  visible  between  the  gage  and  the  screw  when 
applied  as  shown  in  the  illustration. 

The  next  test  is  to  determine  whether  the  lathe  cuts  an 
even  thread  or  one  that  is  irregular  or  "drunken."  The  meth- 
od of  making  this  test  is  illustrated  in  Fig.  3.  A  plug  A  hav- 
ing a  smooth  and  true  end  is  fitted  to  the  tailstock  spindle  and 
a  piece  having  a  flat  end  B  is  clamped  on  the  toolpost.  These 
end  surfaces  A  and  B  should  be  parallel.  A  large  faceplate  is 
mounted  on  the  spindle,  and  two  lines  are  located  on  it  180 
degrees  apart.  The  lathe  is  geared  to  cut,  say,  ten  threads 
per  inch,  and  the  pointer  at  C  is  used  to  indicate  half  revolu- 
tions. Each  time  the  spindle  is  turned  a  half  revolution,  the 
distance  between  surfaces  A  and  B  is  measured  by  using 
Johansson  gages.  If  the  errors  in  the  lathe  have  been  elimin- 
ated, the  movement  for  each  half  revolution  should  equal  0.050 
inch.  In  manufacturing  thread  gages,  it  is  advisable  to  use 
the  master  screw-cutting  lathe  only  for  making  other  lead- 
screws;  otherwise  its  accuracy  will  soon  be  impaired  as  a  re- 
sult of  wear. 

Beloit,  Wis.  J.  E.  Lindgren 


TRUING  AN  EMERY  WHEEL  QUICKLY 

When  truing  an  emery  wheel  on  a  surface  grinder  provided 
with  a  magnetic  chuck,  it  is  customary  to  clamp  the  diamond 
holder  in  the  vise  or  in  a  special  fixture.    However,  the  vise 
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Quick  and  £uy  Method  of  truing  an  Emery  Wlieel 

may  be  in  use  on  another  machine,  or  the  spindle  of  the 
grinder  may  have  been  lowered  so  that  the  wheel  is  so  near 
the  magnetic  chuck  that  a  vise  could  not  be  used  to  hold  the  dia- 
mond holder  without  raising  and  again  lowering  the  spindle. 
By  the  following  method  no  vise  or  fixture  is  needed  to  hold 
the  diamond  holder  in  truing  a  straight  wheel.  The  holder 
is  milled  on  the  sides  until  its  thickness  is  1/32  inch  less  than 
the  width  of  the  bolt  slot,  in  which  it  is  placed  so  as  to  lean 
against  the  magnetic  chuck  at  an  angle  of  about  15  degrees,  as 
Illustrated.  It  is  then  held  firmly  to  one  side  with  the  right 
hand.  The  spindle  Is  lowered  until  the  diamond  touches  the 
wheel,  and,  using  the  left  hand  to  turn  the  handle,  the  diamond 
Is  traversed  across  the  face  of  the  wheel.  This  method,  of 
course,  Is  not  recommended  for  large  wheels. 

New  York  City  E.  J.  Hioginh 

MILLING  A  RIFLE  GAGE 
It  might  bo  of  Interest  to  many  employed  In  rifle  factories 
to  know   tho  mdhodM  wu-A  by   oni-  liirKo  munitions   plant   In 


Figs.   2  and  3,     Form   Cutters  for  milling  Eifling   Gage 

milling  the  gage  shown  in  Fig.  1.  The  first  method  was  to 
straddle-mill  each  lug  to  width  and  depth  and  then  machine 
to  the  proper  diameter  between  the  lugs  with  a  small  end- 
mill.  In  this  way  it  was  possible  to  produce  about  three  gages 
in  eight  hours.  Later,  a  form  cutter  like  that  shown  in  Fig.  3 
was  made.  With  this,  four  cuts  completed  the  gage,  so  that 
an  apprentice  boy  could  produce  three  gages  an  hour.  But 
this  output  is  doubled  when  the  form  cutter  shown  in  Fig.  3 
is  used.  The  radius  is  backed  off  6  degrees;  then  when  the 
table  is  set  at  6  degrees,  which  is  the  angle  of  the  spiral, 
the  cutting  edge  of  the  radius  is  at  an  angle  of  90  degrees 
with  the  0.285  inch  diameter  of  the  gage.  By  this  method  one- 
half  of  the  gage  is  finished  in  one  cut,  as  shown;  the  machine 
is  indexed  twenty  turns,  or  half  way  around,  and  the  gage  is 
finished  by  the  second  cut. 
Bridgeport,  Conn.  George  W.  Cook 


LOSS  DUE  TO  NOT  MOVING  PARTS 
PROMPTLY 

It  is  very  important  that  all  work  in  a  factory  or  machine 
shop  be  moved  promptly  from  place  to  place  as  the  different 
operations,  including  inspection,  painting,  and  assembling,  are 
completed.  This  prompt  movement  prevents  any  possible  lag 
between  operations  and  encourages  the  operators  to  work  as 
quickly  as  possible,  for  it  will  convince  them  that  there  is  a 
real  need  for  their  output.  Such  promptness  will  have  a  better 
effect  on  the  average  workman  than  the  word  "Rush"  marked 
on  the  order,  regardless  of  the  size  of  type  or  lettering  or  the 
color  of  ink  or  pencil  used.  Nothing  will  take  real  interest 
out  of  a  man  quicker  than  to  have  his  work  lie  around  after 
he  has  finished  it.  In  cases  where  the  movement  between 
operations  is  dependent  on  the  individual  operators  or  depart- 
ments, it  is  much  better  to  have  those  finishing  their  parts 
make  the  deliveries  rather  than  have  those  who  are  to  do 
the  next  work  go  after  them. 

Watervliet,  N.  Y.  Martin  H.  Ball 


AIR-RIFLE  BRACE 

In  Fig.  1  is  shown  the  brace  used  in  an  air  rifle,  and  In  Fig. 
2  are  shown  three  views  of  the  two-stage  follow-dio  for  making 
it  in  one  operation.  The  finished  piece  is  shown  at  A,  Fig.  1, 
and  at  B  is  shown  the  strip  from  which  it  is  made,  with  the 


IfKH  liriil  (Inwii.  Ilic  iiMiial  nic'lhoil  111'  niiiluiiK  a  incii'  of  this 
sliapi"  Ih  In  UKc  metal  llio  widlli  of  tlu<  iilccf.  cut  out  Hcrap  to 
the  cut  off,  and  form  tho  piece  on  lop  of  the  die.  This  iiecossl- 
ItttoH  Homo  WHKto  and  Is  slow,  as  tho  piece  inust  drop  from  or 
Ito  knocked  off  the  die.  SompllmrR  tho  piece  Is  pushed  IhrouKh 
the  forming  dio,  which  Is  a  iinicli  TiihIit  ptocchh,  but  does  not 
kIvo  good  H(|imro  bonds. 

In  llie  die  sliowii  In  KIk.  2  Itie  piece  Ih  fonni'd  iktohh  llio 
Hirip,  c'lil  (ifT  without  wnHt<>,  nnd  pushed  tliniUKli  the  die,  niul 
MB  llin  motion  Is  very  short,  the  Htrip  ciin  be  fed  Into  o  press 
innklng  121)  to  150  strokes  »  mliniti'  with  im  trouble.     As  the 
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rig.   2.     Two-stage  FoUow-die   for  forming  Air-rifle  Brace 

edges  are  sheared,  the  brace  is  not  quite  so  smooth  as  if  made 
the  other  way,  but  the  corners  are  square  and  sharp,  and 
tumbling  smooths  it.  The  operation  is  simple.  The  strip 
is  fed  through  the  stripper  A,  Fig.  2,  under  the  punch  B, 
which  shears  and  turns  down  the  legs.  The  punch  bottoms 
the  piece  on  the  die  and  so  squares  the  corners.  On  the  up 
-froke,  the  strip  is  moved  forward  to  the  solid  stop  C,  so  that 
II  the  next  down  stroke  the  first  piece  is  cut  off  and  pushed 
'  I  rough  by  the  punch  D,  which  is  backed  by  stop  C  while 
i  iinch  B  is  forming  the  next  brace. 
Plj-mouth,  Mich.  W.  B.  Greenleaf 


4.5-MILLI- 


GEARS    TO    CUT    THREAD     OF 
METER  PITCH 

An  operator  wanted  to  cut  a  thread  of  4.5-milIimeter  pitch 
!i  a  lathe  that  had  a  lead-screw  having  five  threads  to  the 
iiih  and  a  fixed  gear  on  the  stud  having  twice  as  many  teeth 
IS  the  gear  on  the  spindle  with  which  it  meshed.  As  there 
ire  25.4  millimeters  in  one  inch,  there  were  25.4-^-4.5^5.644 
threads  to  the  inch  to  be  cut.  As  the  lead-screw  has  five 
Ml  reads  to  the  inch  and  is  geared  2  to  1,  the  ratio  of  the  gears 
10  10 

lesired  is .    Setting  the  slide-rule  to ,  it  is  found 

5.64  5.64 

62 

that  among  the  whole  numbers  that  coincide,  the  ratios , 

35 
55  48 

,  and come  very  close  to  the  requirements.    By  hav- 

31  27 

ing  several  sets  of  numbers  to  choose  from,  gears  that  will 
fit  the  conditions  may  easily  be  found,  and  one  or  more  gears 
may  be  on  hand  that  can  be  used.  J.  C.  S. 


BROACHING  SQUARE  HOLES 

Figs.  1  and  2  show  a  method  the  writer  recently  used  for 
rough-broaching  a  hole  1/2  inch  square  in  a  piece  of  tool  steel, 
enough  stock  being  left  to  finish  with  a  sizing  broach.  A 
piece  of  1/2-inch,  round,  cold-drawn  steel  that  was  a  little 
more  than  twice  the  length  of  the  piece  to  be  broached  was 
used  as  a  pilot;  from  this  a  quarter  section  was  milled  as 
shown.    A  piece  D  of  Armstrong  self-hardening  steel,  one-third 
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Fi(S,    1    and  2.     Broaching   Square   Kolea 

lonKer  than  the  work,  was  used  for  the  broach;  this  was  given 
a  slight  taper  and  was  left  from  0.004  to  0.005  Inch  under  size 
at  the  larger  end.  The  pilot  piece  .1  was  then  Inserted  In  the 
hole,  and  the  broach  /)  was  inserted  In  the  quarter  section  M 
and  forced  through  In  the  arbor  press.  Piece  A  was  then 
turned  a  quarter  turn,  gaging  by  the  eye,  and  the  operation 
ri'peatod  on  the  other  three  corners,  as  shown  by  the  dotted 
lines  In  Kig.  2.  The  hole  was  then  broached  to  size  with  a 
niultlplo  tooth  sizing  broach.  The  piece  to  be  broached  by 
tills  method  should  be  cut  1/8  or  3/16  Inch  longer  than  the 


finished  size,  as  the  first  operation  has  a  tendency  to  break 
out  the  corners  on  the  opposite  side.  This  can  be  avoided,  how- 
ever, by  using  a  double-cut  broach  of  3/16  and  1/4  inch  size 
or  by  using  two  pieces. 

Bremerton,  Wash.  Stanley  Edwams 


CHAMFERING  TOOL 

When  collars  or  similar  parts  are  cut  from  bar  stock  or 
tubing,  the  inner  edge  which  is  left  sharp  is  sometimes  re- 
moved by  a  second  chamfering  operation.  The  tool  shown  in 
the  accompanying  illustration  is  designed  to  chamfer  the 
inner  edge  of  work  of  this  class  before  the  part  is  completely 
cut  off  from  the  bar  or  tube.  This  tool  is  held  in  the  turret 
and  it  is  arranged  to  feed  the  cutter  inward  automatically 
for  forming  a  Jjeveled  surface  opposite  the  end  of  the  piece 
being  severed  by  the  cutting-off  tool.  The  upper  view  shows 
the  tool  in  operation,  and  the  lower  view  illustrates  its  con- 
struction. The  cutter  A  is  pivoted  on  pin  B  which  is  carried 
by  a  rod  or  holder  C.  This  rod  is  normally  held  outward  by 
a  spring  D  and  the  cutter  A  is  also  drawn  backward  by  spring 
E,  so  that  the  end  clears  the  work  as  the  tool  advances.  The 
set-screw  F  bears  against  the  end  of  holder  C  and  serves  to 
steady  it.  The  pin  G,  which  passes  through  an  elongated  slot 
in  holder  C,  limits  the  travel  of  the  latter.  The  chamfering 
tool  is  so  located  relative  to  the  work  that  the  end  of  holder 
C  comes  into  contact  with  the  end  of  the  collar  or  other  part 
that  is  being  cut  off,  thus  causing  the  holder  to  move  back- 


ward against  the  tension  of  spring  D.  When  the  extension  on 
cutter  A  comes  into  engagement  with  the  adjustable  screw  H, 
the  cutting  end  is  forced  into  engagement  with  the  work  and 
forms  a  groove  as  indicated  by  the  upper  illustration.  The 
groove  is  in  such  a  position  that  it  forms  a  beveled  surface 
for  the  inner  edge  of  the  collar  after  the  latter  is  cut  from  the 
bar.  This  tool  makes  it  unnecessary  to  place  collars  or  similar 
parts  in  a  speed  lathe  for  removing  the  sharp  edge  by  using 
a  hand  scraper,  which  is  the  method  that  is  frequently  em- 
ployed. 
Flint,  Mich.  c.  C.   Spbeen 


TAPPING  STUD  NUTS  IN  SCREW  MACHINE 
Tapping  nuts  in  a  hand  sirow  niarliinc  seems  to  be  an  odd 
thing  to  do,  when  tapping  machines  are  made  for  Just  this 
pjirpose;  but  quite  a  few  shops  are  not  equipped  with  these 
machines.    Some  of  these  use  drilling  machines,  but  the  writer 
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has  seen  uuts  tapped  with  the  fixture  shown 
iu  the  accompanying  illustration.  This  fix- 
ture is  connected  directly  to  the  oil-pump, 
and  the  oil  passing  through  the  nut  keeps 
the  tap  clear  of  chips  and  the  tap  from 
breaking.  The  fixture  is  made  from  a 
piece  of  2-inch  cold-drawn  steel.  The  shank 
A  is  turned  to  fit  the  hole  in  the  turret  of 
the  machine,  and  then  the  piece  is  turned 
around  and  held  in  a  three-jaw  chuck  while 
the  hole,  or  oil  chamber  B,  is  bored;  at  the 
end,  a  114-inch,  14  U.  S.  thread  per  inch 
is  cut  for  the  reducer  Z>.  A  hole  C  is  then 
drilled  in  the  large  part  of  the  holder,  to 
serve  as  the  oil  inlet.  This  hole  is  tapped 
with  a  standard  J4-inch  iron-pipe  tap  and 
a  short  nipple  is  inserted.  A  small  valve 
attached  to  this  nipple  regulates  the  flow 
of  oil,  the  other  side  of  the  valve  being 
connected  to  the  oil-pump  by  a  flexible 
metal  tube. 


Fie.  1.    Azimuth  Circle  of  Panoramic  Sight 


ard  and  special  tools  will  probably  be  the 
best  and  cheapest  method  of  handling  the 
operation.  The  work  should  be  held  se- 
curely, even  if  special  jaws  or  fixtures  are 
necessary. 

The  azimuth  circle  for  the  panoramic 
sight  used  by  the  United  States  Army  is 
made  from  a  forged  steel  bar,  roughed  out 
to  shape  and  annealed.  The  part  is  then 
mounted  on  a  Warner  &  Swasey  No.  4  tur- 
ret lathe  as  shown  in  Fig.  1.  As  will  be 
seen,  it  is  held  in  an  adjustable  hood  and  a 
threaded  draw-back  adapter  L.  In  order  to 
insert  the  piece  in  the  machine,  the  plunger 
E  is  pulled  back  and  the  piece  is  then 
screwed  in  until  it  bears  against  adapter 
face  L,  which  gives  it  a  good  support.  Bear- 
ing M  holds  the  piece  true.  The  surfaces 
that  were  finished  on  this  machine  are 
marked  by  reference  letters.  Surfaces  / 
and   J   were    finished    by    tools   I,   and   ■/„ 


The  reducer  D  is  made  of  a  piece  of  2-inch  hexagonal  cold- 
drawn  steel.  After  the  recess  and  the  thread  have  been  cut, 
the  small  hexagonal  hole  E  is  broached  a  little  larger  than  the 
-outside  diameter  of  the  nut  to  be  tapped,  and  the  hole  F  is 
drilled  about  1/16  inch  larger  than  the  outside  diameter  of 
the  tap  to  be  used.  This  tap  is  held  in  a  regular  spring  collet 
in  the  spindle,  as  the  operator  is  then  able  to  remove  the  nuts 
already  tapped  from  the  shank  of  the  tap  without  stopping  the 
machine.  When  being  tapped,  the  nuts  are  set  in  the  broached 
hole  E  and  held  there  with  the  operator's  finger  until  they  are 
brought  into  contact  with  the  tap.  If  the  nut  is  not  held  in 
this  way,  the  oil  flowing  from  the  oil  chamber  will  force  it 
out.  All  parts,  with  the  exception  of  the  pipe  connections,  are 
casehardened.  Care  must  be  taken  when  broaching  the  hole  E 
to  see  that  no  burrs  are  left  to  tilt  the  nut  when  tapping. 

Aurora,  111.  John  J.  Borkenhagen 


respectively,  which  were  held  in  the  cross-slide. 

Fig.  2  shows  the  setting  of  tools  for  the  machining  opera- 
tions, the  reference  letters  of  the  tools  corresponding  with 
the  reference  letters  of  the  finished  surfaces  in  Fig.  1.    The 


MACHINING  PANORAMIC  SIGHT  PARTS 

When  setting  up  a  turret  lathe  for  a  job,  the  problem  of 
tooling  should  be  given  careful  study.    The  number  of  pieces 
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rif.    2.     8<ittlnc    of    Toola    for   mkchlninf    Azimuth    CIrols 

to  be  made  largely  governB  the  cost  of  the  tools  provided. 
Standard  tools  should  be  used  whenever  possible,  but  time 
should  not  bo  sacrtnccd  In  order  to  use 
standard  tools  If  the  number  of  pieces  to 
be  made  will  warrant  apcnial  tooling. 
Where  there  Is  a  large  variety  of  work 
In  small  riuantitles,  standard  tools  will 
Konerally  handle  the  work  to  the  best  ad- 
vantage, and  when  a  largo  number  of 
similar  plores  an?  lo  br  muchlni'd,  the  uko 
of  sppclal  tools  or  a  romblnallon  of  stand- 
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Tig.  3,     Improved  Setting  of  Tools  for  machining  Azimuth  Circle 

face  L,  which  is  only  0.07  inch  thick,  remained  straight  until 
the  tools  D,  E,  F  and  O  had  completed  their  cuts,  when  it  was 
found  that  face  L  was  convex,  due  to  the  burnishing  action  of 
these  tools.  It  may  be  thought  that  this  was  caused  by  stresses 
produced  by  roughing  out  the  cold-rolled  stock  on  the  screw 
machine,  but  as  the  work  was  annealed  previous  to  the  finish- 
ing operations,  no  such  stresses  remained.  It  was  decided  to 
change  the  tooling  to  single-point  tools  as  far  as  possible,  and 
this  resulted  in  overcoming  the  trouble.  The  new  tooling  Is 
illustrated  In  Fig.  3.  With  this  method  of  tooling  it  was 
possible  to  face  surface  /''  and  bore  D  with  single-point  tools, 
thus  eliminating  tho  burnishing  action  of  a  forming  tool  and 
the  tendency  of  the  piece  to  screw  up  tight  In  the  plunger  K. 
The  latter  action  would  not  Interfere  with  tho  removal  of  the 
work,  bocauBO  tho  plunger  la  thrown  forward,  but  It  might 
have  a  tendency  to  spring  tlio  face  h,  although  the  adapter 
appears  to  give  a  shoorlng  action  at  N. 

At  A,  Fig.  4,  Is  shown  a  brass  worm 
bearing  cap  for  use  In  tho  panoramic 
Klghl,  and  at  It  Is  shown  a  cheap  ond  sat- 
iHfactory  tool  for  forming  I  ho  seat  In 
pleco  A.  Tho  tool  was  Imrdonod  and 
ground  all  over.  As  It  doos  not  have  muoli 
of  a  cutting  odgo,  It  probably  would  not  cut 
HtccI,  but  II  worUpil  HucccHHfulIy  on  brass. 
Cleveland,  Ohio  L.  J.  OiiK 
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CUTTING  A  LONG  RACK 

Having  a  long  rack  to  cut,  the  writer 
was  obliged  to  resort  to  the  following 
method:  As  shown  in  the  accompany- 
ing illustration,  the  index  head  was 
placed  on  the  milling  machine  table 
with  the  spindle  vertical,  and  a  large 
faceplate  A  was  secured  to  the  spindle. 
A  band-  D  was  placed  around  the  face- 
plate and  drawn  up  snug  with  the  bolt 
E,  the  band  projecting  above  the  face- 
plate a  distance  equal  to  the  depth  of 
the  tooth.  The  cutter  B  was  then 
started  from  the  inside  and  cut  out 
through  the  band  like  a  crown  gear. 
The  band  was  afterward  straightened  on 
the  anvil  and  several  thicknesses  were 
riveted  together,  making  a  good  rack. 
As  the  index  was  set  for  a  gear  having 
a  diameter  equal  to  the  diameter  of  the 
faceplate,  one  thickness  of  the  band 
made  the  tooth  a  shade  too  wide  on  the 
outside  and  a  shade  too  thin  on  the  inside. 

Thompson,  Iowa  E.  E.  Laksox 


Cutting  a  Long  E 


MILLING  FIXTURE 

The  accompanying  illustration  shows  a  fixture  for  a  milling 
machine  with  two  fixed  jaws  A  and  B,  and  movable  jaws  C, 
D,  E,  and  F.  D  and  E  being  hinged  at  G.  In  operation,  work 
is  placed  at  L.  M,  X  and  0,  and  is  clamped  by  means  of  a  star- 
wheel  or  a  nut  at  K,  which  through  bolt  H  draws  the  jaws 
together.  The  bolt  should  have  a  clearance  in  the  fixture  and 
through  the  clamps  D  and  E.  The  clamps  C  and  F  are  sup- 
ported at  the  lower  end  by  the  rods  P  and  Q,  which  press 
against  the  lower  ends  of  D  and  E  when  the  nut  K  is  tight- 
ened. The  rods  should  be  a  working  fit  in  the  fixture  and  a 
tight  fit  in  the  clamps  C  and  F,  but  a  loose  fit  in  the  clamps 
D  and  E.  Clamps  D  and  E  should  be  made  heavy  enough  at 
the  center  to  allow  for  a  clearance  hole  for  the  draw-bolt  and 
pins.      The  jaws  may  be  modified  to  hold  odd-shaped  pieces  of 


BUILT-UP  TOOLS  FOR  BRASS 
WORK 

While  the  use  of  built-up  tools  in 
manufacturing  work  is  quite  general, 
there  are  comparatively  few  shops  where 
any  sort  of  system  of  interchangeable 
blades,  collars  of  standard  design,  etc., 
is  used.  These  are  important  points  to 
consider  in  connection  with  this  class 
of  tools,  as  they  save  time  and  material 
in  building,  time  in  designing,  and  time 
in  the  shop  when  it  becomes  necessary 
to  replace  a  worn-out  blade.  The  type 
of  tool  shown  in  the  accompanying  illus- 
tration is  especially  suitable  for  use  in 
a  turret  lathe  for  machining  brass  parts. 
The  body  is  preferably  made  of  tool 
steel,  hardened,  and  the  shank  ground, 
as  the  extra  cost  of  this  material  over 
machine  steel  will  more  than  be  made 
up  in  the  increased  length  of  life  and 
freedom  from  repairs  due  to  dents  in  the 
shank,  battered  threads,  etc.  The  col- 
lars may  be  of  machine  steel. 
Boring  blades  in  tools  of  this  kind  usually  have  a  straight 
relief,  as  shown  at  A,  and  it  will  be  readily  seen  that  an  angle 
which  is  correct  for  one  diameter  will  interfere  on  a  smaller 
diameter  and  have  insuflicient  backing  for  a  larger  diameter. 
The  eccentric  relief  shown  at  B  does  not  have  these  disad- 
vantages.   The  radius  given  is  correct  for  a  blade  5/32  Inch 
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for   clamping  Four   Pieces   siniultan 


work;  this  particular  device  was  used  to  hold  four  pieces  six 
Inches  long,  across  the  machine,  and  they  were  held  as  tight 
as  one  piece  would  have  been. 

Indianapolis,  Ind.  Robkrt  W.  Smith 


KINK  FOR  FASTENING  PATCHES 
SECURELY 

The  accompanying  illustration  shows  an 
easy  method  of  fastening  patches  In  place. 
All  that  Is  necessary  Is  to  turn  down  the 
head  of  the  cap-screw  A  to  fit  the  counter- 
bore  of  the  patch  B  and  then  shape  or  file 
the  screw  Hush  with  the  patch.  The  cap- 
screw  will  then  hold  the  patch  securely 
In  place. 

Milwaukee,  Wis.  Kiao  Fiuiinkei 


tiling   C>P'icrow>   for   faatonlng    Fitoho 


Tools  for  machining  Brass  in  Turret  Latho 

thick,  and  the  radius  for  any  other  thickness  of  blade  should 
be  in  proportion,  the  center  from  which  the  arc  is  struck  being 
kept  1/32  inch  ahead  of  the  face  of  the  blade  in  all  cases. 
When  a  blade  is  designed  for  a  new  tool,  a  record  should  be 
kept  and  consulted  whenever  another  built-up  tool  is  designed. 
In  the  majority  of  cases,  after  a  list  of  reasonable  length  is 
compiled,  it  will  be  found  that  a  blade  has  already  beetf 
made  which  can  be  used  in  the  contemplated  tool,  by  milling 
the  slots  to  the  correct  depth.  This  makes  it  possible  to  carry 
a  comparatively  small  stock  of  blades  and  at  the  same  time 
furnish  any  built-up  tool  of  this  design  with  a  new  blade. 
Experience  with  these  blades  shows  that  it  pays  to  grind  the 
top  and  bottom  after  hardening,  as  they  warp  more  or  less, 
and  the  accuracy  of  the  hole  drilled  depends  upon  the  blade 
being  the  proper  height  and  lying  flat  on  the  bottom  of  the 
slot.  A  special  fixture  is  required  to  grind  eccentric  relief. 
Most  boring  blades  require  a  ring  F  behind  them  as  shown, 
because  the  set-screw  E  In  the  front  ring  cannot  always  be  de- 
pended upon  to  prevent  pushing  back.  This 
will  sometimes  make  two  screw  rings 
necessary  wjicre  two  boring  blades  are 
used.  When  the  sot-screws  in  the  front 
ring  are  used  to  clamp  directly  on  an  ec- 
centric relief,  the  screw  should  be  set  at  an 
angle,  as  shown  in  detail  at  C.  to  prevent 
damage  to  the  edge.  Headless  or  hollow 
set-screws  are  preferred,  as  square  heads 
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break  off  frequently.  A  hole  in  the  center  of  the  body  as 
shown  is  often  necessary  to  hold  the  shank  of  a  small  fluted  or 
flat  drill,  or  in  some  cases  a  twist  drill.  When  the  smallest 
diameter  to  be  bored  by  a  blade  is  so  small  that  it  is  im- 
possible to  mill  a  slot  of  sufficient  depth  with  a  bottom  in  the 
body  of  the  tool,  a  flat  may  be  milled  on  the  shank  of  the 
small  drill,  as  shown  at  D,  and  the  blade  slot  milled  through 
into  the  center  hole,  allowing  the  blade  to  rest  on  the  small 
shank  and  act  as  a  clamp  for  it.  In  most  cases,  each  diameter 
of  the  body  part  of  the  tool  should  be  1/16  inch  smaller  than 
the  corresponding  boring  diameter. 
Dubuque,  Iowa  Chester  W.  Hathaway 


BURNISHING  TOOL  FOR  BABBITT  BUSHINGS 

The  following  article  describes  a  burnishing  tool  that  is  used 
to  burnish  the  babbitt  bushings  of  automobile  and  marine  en- 
gine connecting-rods,  etc.  The  bushings  are  die-castings  and 
the  metal  is  coarse-grained  and  not  solidly  compressed,  so  that 
when  the  engine  is  in  operation  the  continued  blows  of  the 
connecting-rod  would  compress  the  metal  and  the  result  would 
be  a  loose  hearing.  The  hole  of  the  bushing  could  be  made 
smooth  and  sized  by  the  use  of  a  reamer,  straight  arbor  or 
mandrel,  but  these  tools  would  not  remedy  the  condition  men- 
tioned, and  for  this  reason  a  burnishing  tool  is  used  which 


Jig.  1.     Bumiihing  Tool  for  Connectmg-rod  Bushings 


compresses  and  forces  the  babbitt  metal  into  any  irregular  sur- 
faces that  there  may  be  in  the  bore  of  the  connecting-rod, 
thus  giving  a  bearing,  the  only  change  in  size  of  which  will 
be  due  to  friction. 

In  making  the  burniabing  tool  which  is  shown  at  A,  Fig.  1, 
the  two  pieces  of  material  were  bolted  together  and  rough- 
turned  as  shown  at  B.  Shim  C  was  then  placed  between  the 
two  parts  and  the  hole  bored  for  pilot  a.  The  two  pieces  B 
were  then  carburlzed  and  hardened,  and  the  flat  surfaces 
ground,  after  which  they  were  bolted  together  without  the 
shim  and  the  outside  diameters  ground.  The  shim  was  again 
placed  between  the  two  pieces  and  the  hole  for  a  was  ground. 

The  connecting-rod  that  the  burnishing  tool  is  used  on  Is 
illustrated  In  Fig.  2.  In  Fig.  3  the  connecting-rod  Is  shown 
mounted  on  the  machine  for  the  burnishing  operation.    At  A 


^r'i 


RESS  SPINDLE 


\ CONNECTING  F 


Fiff.  3.     Connecting-rod  mounted  for  Burnishing  Operation 

is  a  pin  for  locating  the  connecting-rod.  The  burnishing  tool 
is  secured  at  B,  the  pilot  a.  Fig.  1,  fitting  into  the  hole  of  the 
press  spindle.  The  tool  is  pressed  through  the  connecting-rod 
bushing,  and  it  then  drops  into  the  pocket  0,  which  is  partly 
filled  with  lead  so  that  the  end  of  the  burnishing  tool  will  not 
be  marred. 

Flint,  Mich.  C.  C.  Spreen 


BALL-POINT  HOLDER  FOR  CALIPER 
SQUARE 

Several  improvised  ball-point  attachments  for  large  caliper 
squares  and  vernier  calipers  were  made  some  time  ago  in  a 
certain  shop  in  the  Middle  West,  on  account  of  inability  to 
secure  satisfactory  deliveries  on  some  measuring  tools.  Most 
of  the  tools  were  for  measuring  distances  between  large  holes 
and  other  concave  surfaces.  The  ball-point  attachment  illus- 
trated served  so  well  that  it  was  used  eventually  on  a  wider 
scope  of  work.    The  steel  balls  A  are  V4  inch  in  diameter  and 
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Ball-iKiint  Ktildor  lor  Caliiior  S>iuiir>i 

are  a  running  flt  In  the  brass  sleeve  B,  which  Is  slotted  at 
one  end  to  receive  snugly  the  caliper  jaw  C.  The  steel  section 
/)  at  the  end  Is  soldorod  In  place  and  partly  doses  the  outer 
side  of  one  slot.  After  this  piece  D  has  been  soldered  In  place, 
.ind  before  the  attachment  has  been  placed  on  the  vernier 
iaiip(;r  Jnw,  a  pioco  of  stcul  0.001  Inch  larger  llian  the  thick- 
nosB  of  the  Jaw  (/  Is  luHortod.  This  piece  Is  used  only  while 
nssombllnK  the  ball  and  hIcovo  bo  as  not  to  liijuro  the  Jaw. 
Them  the  ball  A  Ik  luHcrti'd  In  llii'  hK-cvo  and  made  to  rest 
on  llilfl  ploro  of  Hlcol.  The  rounded  end  of  the  hIoovo  is  then 
riirofully  calked  against  lli<<  ball,  using  a  concavo  punch  for 
this  operation,  after  which  the  piece  of  slool  Is  removed.  The 
atlachmont  will  bo  found  to  lit  siiugly  when  placed  on  the 
■  nliper  Jow. 

Now  York  City  R.  J.  IIukhnb 


QUESTIONS  ON  PRACTICAL  SUBJECTS  OF  GENEIRAL  INTEREST 


DIE  FOR  FORMING  THIMBLE 

P     ^i     H. — In    the    accompanying    illustration    is    shown    a 
thimble  1  inch  long,  made  from  No.  10  gage  strip  band  iron, 

with  a  7/16-inch  hole 
that  should  be  as  nearly 
round  as  possible.  Can 
a  die  be  made  to  form 
this  thimble  in  one 
operation;  if  not,  how 
many  operations  will  be 
required?  Will  some 
reader     of    Machinekt 

IhimUe   to  be  formed  by  Die  suggest    a    die    that    will 

form  this  thimble  without  leaving  an  opening  as  shown  at  As' 


ff^ 

(f^) 

^T6^ 

.< 1— --> 

PROBLEM  IN  GEOMETRY 

A.  B.  C. — Prove  that  in  any  triangle  the  product  of  two  sides 
is  equal  to  the  product  of  the  diameter  of  the  circumscribed 
circle  and  the  altitude  upon  the  third  side. 

Answered  by  Robert  W.  Smith,  Indianapolis,  Ind. 

Let  ABD  be  the  triangle  and  AE  the  altitude;  draw  AC 
through  center  0  of  the  circum- 
scribed circle  and  connect  the 
points  C  and  D.  Then  AEB  is 
a  right  angle  by  construction, 
and  ADC  is  a  right  angle  by  be- 
ing measured  by  an  arc  of  180 
degrees.  Also,  angles  ABD  and 
ACD  are  similar  because  they 
are  measured  by  the  same  arc 
AD;  therefore,  the  right  triangles 
ABE  and  ACD  are  similar.  As 
a  result,  AB  :  AC  =  AE  :  AD; 
or  AB  X  AD  =  AC  X  AE. 


THE  LOWENHERZ  THREAD 

W.  S. — What  are  the  proportions  of  the  Lowenherz  thread 
and  how  can  a  formula  be  deduced  tor  determining  what  the 
micrometer  reading  should  be  for  a  given  screw  diameter, 
when  measuring  the  thread  by  the  three-wire  system? 

A. — The  Lowenherz  thread  (a  section  of  which  is  shown  in 
the  accompanying  illustration)  has  flats  at  the  top  and  bottom 
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The    Lowenhorz   Throftd 

the  same  as  the  I'.  S.  standard  form,  but  tlio  angle  Is  53  de- 
crees 8  minutes.  The  depth  D  equals  0.75/',  and  the  vertical 
distance  d  between  the  points  where  the  sides  at  the  root  and 
top  would  intersect  If  continued  (as  Indicated  by  the  dotted 
lines)  Is  equal  to  the  pitch  P.  The  width  of  the  flats  at  the 
top  and  bottom  la  equal  to  0.126P.  This  screw  thread  Is  based 
on  the  metric  system  (see  table)  and  Is  used  extensively  for 


the  fine  threads  of  measuring  instruments  and  to  some  extent 
in  shell  manufacture.  Assuming  that  M  equals  the  microm- 
eter reading  and  S  the  outside  diameter  of  the  screw,  then 
M  =  S  —  2z  +  2x;  z  =  0.S75P,  and  2z  =  1.750P;  x  =  y  +  R  = 

R                                           R 
R  -^ ,  OT  X  =  R  -\ .    2x  =  2   [  R-\- 


sin  26  deg.  34  min. 

R       \  2R 

1=  2B  + 


0.44724 
Hence: 


0.44724 


0.44724 
2.8944Si? 

=  6.4718K  =  3.2359W. 

0.44724 


M  =  S  —  1.75P  +  3.2359W 
This  formula,  expressed  as  a  rule,  would  be  as  follows:    To 

LOWENHERZ  THREAD 


Diameter 

Approsi- 

Root 

width  of 

MlUi- 

Number  of 

Diameter, 
MiUi- 
meters 

Plat, 

metera 

Threads 

MUlimeters 

Inches 

per  Inch 

1.0 

0.0394 

0.25 

101.6 

0.625 

0.0012 

1.2 

0.0472 

0.25 

101.6 

0.825 

0.0012 

1.4 

0.0551 

0.30 

84.7 

0.950 

0.0015 

1.7 

0.0669 

0.35 

72.6 

1.175 

0.0017 

2.0 

0.07S7 

0.40 

63.5 

1.400 

0.0020 

2.3 

0.0905 

0.40 

63.5 

1.700 

0.0020 

2.6 

0.1024 

■     0.45 

56.4 

1.925 

0.0022 

3.0 

0.1181 

0.50 

50.8 

2.250 

0.0025 

3.5 

0.1378 

0.60 

42.3 

2.600 

0.0029 

4.0 

0.1575 

0.70 

36.3 

2.950 

0.0034 

4.5 

0.1772 

0.75 

33.9 

3.375 

0.0037 

5.0 

0.1968 

0.80 

31.7 

3.800 

0.0039 

5.5 

0.2165 

0.90 

28.2 

4.150 

0.0044 

6.0 

0.2362 

1.00 

25.4 

4.500 

0.0049 

7.0 

0.2756 

1.10 

23.1 

5.350 

0.0054 

8.0 

0.3150 

1.20 

21.1 

6.200 

0.0059 

9.0 

0.3543 

1.30 

19.5 

7.050 

0.0064 

10.0 

0.3937 

1.40 

18.1 

7.900 

0.0069 

12.0 

0.4724 

1.60 

15.9 

9.600 

0.0079 

14.0 

0.5512 

1.80 

14.1 

11.300 

0.0089 

16.0 

0.6299 

2.00 

12.7 

13.000 

0.0098 

18.0 

0.7087 

2.20 

11.5 

14.700 

0.0108 

20.0 

0.7874 

2.40 

10.6 

16.400 

0.0118 

22.0 

0.8661 

2.80 

9.1 

17.800 

0.0138 

24.0 

0.9450 

2.80 

9.1 

19.800 

0.0138 

26.0 

1.0236 

3.20 

7.9 

21.200 

0.0157 

28.0 

1.1024 

3.20 

7.9 

23.200 

0.0157 

30.0 

1.1811 

3.60 

7.1 

24.600 

0.0177 

32.0 

1.2599 

3.60 

7.1 

26.600 

0.0177 

36.0 

1.4173 

4.00 

6.4 

30.000 

0.0200 

40.0 

1.5748 

4.40 

5.7 

33.300 

0.0219 

ilacMnrm 

determine  the  micrometer  reading  for  a  LSwenherz  screw 
thread  of  given  diameter,  multiply  the  pitch  of  the  thread  by 
the  constant  1.75;  subtract  the  result  from  the  outside  diam- 
eter of  the  screw  and  add  to  the  difference  3.2359  times  the 
diameter  of  the  measuring  wires. 


A  TOOLMAKER'S  PROBLEM 

A.  S. — I  am  a  toolraakor  with  but  slight  knowledge  of  mathe- 
matics. The  following  problem  came  up  recently  in  connec- 
tion with  my  work,  which  I  am  unable  to  solve.  Please  show 
me  how  to  find  x  to  the  nearest  thousandths  of  an  Inch. 

ADSWored  by  J.  J.  Olark.  Scranton,  Pa. 

A.— An  elementary  knowledge  of  geometry,  trigonometry, 
and  algebra  Is  required  In  order  to  solve  this  problem.  Al- 
though a  formula  could  be  derived  that  would  apply  to  the 
case,  a  knowledge  of  how  to  use  a  table  of  trigonometric  func- 
tions Is  necessary,  and  It  Is  also  necessary  to  be  able  to  solve 
an  affected  quadratic  equation. 

Referring  to  the  Illustration,  the  first  stop  Is  to  find  the 
angle  A'DF  =  </>.  BH  =  1.853  +  0.200  =  2.053,  and  HD 
=  BII  cot  (p  =  2.053  cot  0.  ABO'  =  0,  and  OB'  =  FH  = 
1.2  cosec  0.      Therefore  FU   -f   ED  =   FD,  or  1.2   cosec  <)> 
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V  1  +  cotV, 


+  2.053  cot  <p  =  2.38.  Since  cosec  . 
1.2  V  1  +  cotV  +  2.053  cot  0  =  2.38;  from  which,  1.2  V  1  +  cotV 
=  2.38  —  2.053  cot  <p.  Squaring  both  sides  of  this  equation, 
1.44  +  1.44  cot=0  =  5.6644  —  9.77228  cot  <p  +  4.214809  coV<p. 
Transposing  and  combining  terms,  2.774809  cot=0  —  9.77228 
cot  0  +  4.2244  =  0.  Solving  this  quadratic  equation,  cot  >p  = 
0.50458  or  3.01721;  hence,  0  =  63  degrees  13  minutes  32  sec- 
onds, or  18  degrees  20  minutes  13  seconds.  There  are  evident- 
ly two  values  for  the  angle,  since  from  a  point  without  a 
circle  two  tangents  may  be   drawn  to  the  circle.     In  other 


Dia^am  illustratiog  Solution  of  Toobnaker's  Problem 

words,  the  angle  may  be  A'DF  or  IDF.  In  the  present  case, 
the  larger  angle  Is  the  one  required,  and  0  =  63  degrees  13 
minutes  32  seconds.  The  angle  ABO  =  AOC  =  BDE  =  0. 
ED  =  BE  cot  0  =  0.2  cot  0.  BO  =  OA  cosec  0  =  0.2  cosec 
0.  DC  =  BO  —  ED  =  0.2  cosec  0  —  0.2  cot  0  =  0.2  (cosec 
0  —  cot  0).  From  a  table  of  natural  trigonometric  functions, 
cosec  63  degrees  13  minutes  32  seconds  =  1.12009,  and  the 
cotangent  is  0.50458,  as  previously  found;  hence,  DC  = 
(1.12009  —  0.50458)  0.2  =  0.61551  X  0.2  =  0.1231.  Since  x 
=  FD  +  DC,  X  =  2.38  +  0.1231  =  2.5031  inches. 

Another  method  of  determining  the  angle  0  is  the  following: 
Let  O'X  and  YF  be  the  axes  of  rectangular  coordinates;  then 
the  equation  of  the  large  circle  is  x'  +  y'  =  r'  =  1.2'.  The  co- 
ordinates of  the  point  D  are  x,  =  2.38  and  y,  =  —  2.053.  Let  m 
=  tangent  of  angle  A7)F  or /DF.  Then,  it  is  shown  in  analyti- 
cal geometry  that  (x,'  —  r')  m'  —  2  x^  y,  m  +  y,'  —  r*  =  0. 
Substituting  the  values  of  x„  2/1,  and  r,  (2.38"  —  1.2')  wi'  — 
2  X  2.38  X  —  2.053  m  +  (—2.053)'—  1.2'  =  0.  Expanding, 
collecting,  and  combining  terms,  4.2244m'  +  9.77228to  + 
2,774809  =  0.    If  It  Is  desired  to  obtain  the  cotangent  Instead 

1 
of  the  tangent,  all  that  Is  necessary  Is  to  substitute  —  for  m 

m 
(since  the  cotangent  Is  the  reciprocal  of  the  tangent),  and  tho 
la»t  equation,  after  reduction  becomes  2.774809m*  +  9.77228m 
4-  4.2244  1=  0.  Tho  roots  of  this  equation  are  tho  same  as 
those  previously  found,  except  that  they  aro  nogatlvo,  the  m-g- 
Bilvo  sign  merely  Indicating  that  the  tangent  lines  slope  fnmi 
D  upward  to  the  left  Instead  of  upward  to  tho  right. 


PROBLEM   IN   MENSURATION 

J.  C.  A  flrruinr  ryllndrlral  tank,  shown  In  Fig.  1,  In  6  feet 
In  dlamotcr  and  12  foet  long,  and  rests  at  nn  nngli!  of  30  do- 
Krocs  with  tho  horizontal;  If  tho  tank  contains  400  gallonH  of 
water,  what  Is  the  dlstnnro  3-7 

Aniiwar*^  Itf   J.   J.  ClKrk.  Hnrsnu.n,   fo 

A.— Two  conditions  arc  Imposod—tho  anKlo  of  rosl  and  tho 
volumo  of  water— and  lH»th  cannot  bo  fullllled  at  tho  snmo  time. 


as  a  little  consideration  will  show.  According  to  the  condi- 
tions, the  tank  would  be  represented  by  the  outline  AEFD,  and 
the  water  level  by  the  line  KF,  whereas  the  tank  should  be 
represented  by  the  outline  ABCD  and  the  water  level  by  HC. 
In  the  latter  case,  the  volume  of  the  water  is  greater  than  one- 
half  the  volume  of  the  tank,  which  is  Viir  x  5'  X  12  X 
7.48052  =  1762.56  gallons,  one-half  of  which  is  881.28  gallons, 
since  one  cubic  foot  contains  7.48052  gallons.  It  will  be  as- 
sumed, therefore,  that  it  is  desired  to  know  the  distance  x 
when  the  tank  contains  400  gallons,  without  regard  to  the  an- 
gle of  rest.  The  shape  of  the  solid  formed  by  the  water  is  in- 
dicated by  Fig.  2.  If  the  water  level  coincides  with  the  diam- 
eter AB  of  the  bottom  of  the  cylinder,  the  volume  of  the  shape 

2 
formed  by  the  water  is  7  =  —  v  r'h,  in  which  r  =  radius  OA 

3 
=  OD  and  h  =  height  HD.    In  the  present  case,  r  =  2.5,  h  =  12. 

2 
and  y  =  —  X  2.5=  X  12  =  50  cubic  feet  =  50  X  7.48052  = 

3 
374.026  gallons.  Hence,  the  water  level  must  be  a  little 
higher  than  AB  in  order  that  the  tank  may  hold  400  gallons. 
The  shape  formed  by  the  water  is  represented  by  the  outline 
EHDF.  The  volume  of  a  solid  having  this  shape  is  expressed 
by  the  formula 

n 

Y  = [0(3?^  — a')  +3?^  (6  — r)  0]  (1) 

36 
in  which  U  and  r  have  the  same  values  as  before,  b  =  distance 
DI,  a  =  EI,  and  0  =  angle  EOD,  in  radians.  This  formula 
may  be  used  also  when  DI  is  less  than  the  radius  OD.  In  the 
present  case,  a,  6,  and  0  are  not  known,  but  by  assigning  a 
value  to  6,  a  and  0  are  readily  found.  Evidently,  6  is  a  little 
greater  than  the  radius  r  =  2.5;  assuming  that  it  is  2.7  =  DI, 
Fig.  3,  (77  =  5  —  2.7  =  2.3.  Since  EI  =  a,  a'  =  2.7  X  2.3  = 
6.21,  and  a  =  V'Mi  =  2.4920.    01  =  2.7  —  2.5  =  0.2,  and  cos 

0.2 
EOC  = =  0.08;  whence.  EOC  =  85  degrees  24  minutes  41 

2.5 
seconds,  and  0  =  180  degrees  —  85  degrees  24  minutes  41  sec- 
onds =  94  degrees  35  minutes  19  seconds  =  1.65088  radian. 
In  Formula   (1),  T  =  400,  when  reduced  to  gallons,  and  the 
formula  may  be  written 

h 
/(V)  =■ — -[a  (Sr'  —  a-}  +3  7-=  ib—r)  0]  X  7.48052  —  400  =  0. 

36  (2) 

Substituting  the  values  of  h,  6,  a,  r,  and  <t>,  f  (Y)  =  14.929. 

2 
When  6  =  r  =  2.5,  Formula  (2)  reduces  to  /(V)  =  —  r"  7i  X 

3 
7.48052  —  400  =  —  25.974.     Consequently,  6  lies  somewhere 
between  2.5  and  2.7;  assuming  that  it  is  2.6,  C/  =  5  —  2.6  = 


11   in   Moimui'iitlnn 

2.6   X  2.4  =  6.24,  and  o  =    V  fi.24  =  2.49S.     01  = 

0.1 
2.0  —  2.6  =  0.1;  cos  EOC  = =  0.04;  EOC  =  87  degrees  42 

2.5 
iiiliiutos  27  seconds;  and  0  =  92  degrees  17  minutes  33  seconds 
1.61081  radian.     Subslllutlng  In  Formula  (2).  /(V)   =.  — 
.  i(v\  B.C90.       ArningliiK    thpse    results    in 

2.7       14.020  '-'^'^  form  of  a  tablo,  and  using  second 

Z.a—  B.GOO^Io^Jg^  135  dllTercncos,  nnd  by  the  method  of  In- 
2. C  — 25.974       ■  torpnlallon  that  for  /(V)    =.  0,  6  =3 

2.0273,  wlilrli  Ih  tho  valuo  of  x.  Fig.  I.  when  tho  lank  cuutulns 
400  KiillonH.  Tho  angle  liFI>  Is  then  rcaillly  fimiid.  nlnro  tan 
KFD  2.0273  ;  12  •  ^  0.2IKItl.  c.r  A  /  /»  I  2  degrcoH  20  minutes 
08  BOcondM.  It  In  horn  uhsuiik'iI  llial  the  line  /;/•'  roproscnts  tho 
end  of  the  cylinder. 
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OPERATING  THEGRIDLEY  MULTIPLE-SPINDLE  SCREW  MACHINE' 


COMPLETE  INSTRUCTIONS  FOR  TOOLING,  SETTING  UP.  AND  OPERATING 

BY  DOU&LAS    T.  HAMILTON  = 


INASMUCH  as  there  are  uo  cams  to  design  in  connection 
with  the  Gridley  multiple-spindle  automatic  screw  machine, 
and  also  as  the  time  required  for  the  longest  single  opera- 
tion is  the  time  necessary  to  make  one  piece,  the  first  step  in 
determining  upon  the  tooling  arrangement  is  to  decide  on  the 
longest  single  operation.  This,  in  some  cases,  cannot  be  done 
without  some  preliminary  calculations;  to  arrive  at  a  satisfac- 
tory result,  it  is  necessary  to  decide  on  a  suitable  speed  for 
the  work  and  the  correct  feed  for  the  tools.  The  feed,  how- 
ever, can  be  changed  later  by  a  gear-box  mechanism,  which  is 
one  of  the  important  advan- 


tages of  this  type  of  machine. 

A  point  that  is  of  equal,  if 
not  greater,  importance,  espe- 
cially when  a  large  number  of 
the  same  parts  must  be  made, 
is  to  determine  the  best  meth- 
od of  applying  the  tools  to 
the  work.  The  operations 
should  be  laid  out  so  as  to 
divide  the  cuts  between  the 
various  tools,  say  on  the 
turret-slide,  so  as  to  obtain 
the  greatest  possible  produc- 
tion without  crowding  any 
one  tool  with  a  heavier  feed 
than  it  will  stand  without  fre- 
quent resharpening.  It  is 
also  good  practice,  when  the 
work  is  of  irregular  form,  to 
cover  the  irregular  part  with 
a  forming  tool.  In  fact,  this 
plan  should  be  used  with 
most  work,  whether  it  is 
plain  or  of  irregular  shape, 
especially  when  the  part  to 
be  formed  is  not  greater  in 
length  than  two  and  one-half 
or  three  times  its  smallest 
diameter.  When  the  forming 
tool  is  of  the  vertical  type 
and  covers  several  shoulders, 
provision  need  be  made  in  the 
gage  for  testing  only  one  di- 
ameter, as  the  forming  tool 
automatically  takes  care  of  all 
the  other  parts  covered  by  it. 

It  should  also  be  borne 
in  mind  that  on  this  type 
of  multiple-spindle  automatic 
screw  machine,  the  threading 
spindle  is  operated  independ- 
ently of  the  turret,  and  con- 
sequently the  cases  are  extremely  rare  when  the  threading 
operation  will  be  the  longest  single  operation.  It  is,  therefore, 
obvious  that  the  longest  single  operation  will  be  done  by  a 
tool  In  either  the  forming  slide  or  the  turret.  As  all  the 
tools  on  the  turret  are  advanced  toward  the  bars  of  work  at 
the  same  feed,  it  i.s  a  comparatively  simple  matter,  when  the 
longest  operation  Is  to  be  performed  from  the  turret,  to  select 
the  tool  or  tools  that  will  govern  the  time  required  to  make 
one  piece. 

As  an  experienced  operator  can,  with  this  type  of  niachinc, 
greatly  IncroaHe  production  ovor  that  which  can  be  accom- 
plished by  one  not  familiar  with  Its  principal  features.  It  Is 
evident  that  a  careful  study  of  the  principal  operating  mech- 
anisms and  their  functions  Is  highly  advantageous.     This  In- 
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formation  can  be  obtained  from  the  articles  dealing  with  this 
subject  that  have  previously  appeared  in  Machinebt.  On  some 
other  types  of  automatic  screw  machines,  it  is  absolutely  neces- 
sary, in  the  majority  of  cases,  for  the  operations  to  be  laid 
out  and  cams  made.  With  this  machine,  however,  it  is  not 
necessary  to  make  any  cams,  except  in  rare  cases  where  special 
attachments  are  to  be  operated  from  the  turret  or  forming 
slide.  It  is  general  practice,  however,  for  a  tool-setter  to  lay 
out  the  order  of  operations,  outlining  the  type  of  tools  to  be 
used  and  specifying  the  longest  single  operation.  If  a  tool- 
setter  is  not  employed  for 
this  work,  the  operator  must 
go  ahead  and  set  up  the  ma- 
chine. In  this  case,  setting 
up  the  machine  is  largely  a 
cut-and-try  method,  but  owing 
to  certain  features  that  this 
machine  possesses,  this  meth- 
od can  be  used  with  very  sat- 
isfactory results. 
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Tig.    1.     Ordor   of    Operations    in    making    Sot-screw    on   Gridloy    I'^-incb 
Uultlple-spindle    Automatic 


Method  of  Tooling- 

The  question  of  deciding 
what  tools  to  use  on  the  tur- 
ret and  on  the  forming  and 
cutting-off  slides  is  governed 
almost  entirely  by  the  charac- 
ter and  shape  of  the  work. 
If  the  piece  to  be  made  is  a 
simple  shoulder  screw,  there 
Is  no  question  but  that  the 
standard  box-turner  should  be 
used  to  perform  most  of  the 
work  of  breaking  down  the 
body  and  head  of  the  screw 
with  the  forming  tool.  One 
stud-turner  or  box-turner,  de- 
pending on  the  number  of 
shoulders  on  the  work,  can  be 
used  for  finishing  in  the  sec- 
ond position.  The  threading 
is  then  done  in  the  third  posi- 
tion, and  the  piece  cut  oft  in 
the  fourth  position.  As  has 
been  mentioned  in  a  previous 
article,  it  is  necessary  to  use 
a  special  cam  on  the  turret 
drum  when  an  end-working 
tool  is  used  in  the  fourth 
position. 

Preparlner  Machine  for  New- 
Set-up 
If  the  machine  has  already 
been  set  up  and  in  operation  on  a  certain  part  and  it  is  neces- 
sary to  change  it  over  to  produce  another  piece,  the  method  of 
procedure  will  be  somewhat  as  follows:  If  the  part  to  be  pro- 
duced is  not  at  all  similar  to  that  previously  made,  it  is  neces- 
sary to  remove  the  spring  chucks  and  feed-chucks,  so  as  to 
insert  now  pads  in  them  to  accommodate  the  size  and  shape  of 
bar  to  be  handled.  As  was  mentioned  in  the  June,  1917,  num- 
ber of  M.\rHiKKRY,  the  feed-chucks  can  be  removed  by  with- 
drawing the  plug  from  the  star  back-stop  and  rotating  the 
latter  a  fraction  of  a  turn,  when  the  pusher-tubes  can  be  with- 
drawn. The  screws  are  then  removed  from  the  feed-chucks 
and  pads  of  the  proper  si/.o  and  shape  Inserted. 

Tho  next  step  Is  to  remove  the  chucks.  This  is  done  by  first 
taking  oft  the  noso  caps  with  a  spanner  wrencli,  the  pressure 
on  tho  chucks  being  first  relieved  by  the  handlevor  to  release 
tho  fingers  from  the  chuck-closing  spools.  The  spring  chucks 
can  then  be  removed  and  pads  of  the  correct  size  and  shape 
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Fig.    2,     BemoTing    Feed-cback    Sleeves    from    Work-spmdles 

inserted.  Following  this,  all  the  tools  are  removed  from  the 
turret  and  cross-slide,  providing  that  none  of  them  are  adapted 
to  the  work  to  be  produced. 

Turret,  Forming  Cams,  etc. 

Three  sets  of  feed-cams  for  operating  the  tool-slide,  as  shown 
In  Table  1,  which  appeared  in  the  July,  1917,  number  of 
Machineby,  are  provided  for  each  size  of  machine.  These  cams 
cover  the  same  section  of  circumference  of  the  cam-drum,  but 
advance  the  tool-slide  different  amounts,  depending  upon  the 
rise  of  the  cam.  The  feed  for  the  tools  is  controlled,  in  con- 
'nection  with  the  cams,  by  a  change-gear  box,  as  shown  in 
Fig.  5. 

It  is  not  always  necessary  to  use  a  cam  of  exactly  the  right 
rise.  For  example,  suppose  it  is  necessary  to  turn  a  screw, 
the  length  of  which  is  1 1/2  inch,  on  the  3/4-inch  machine. 
With  either  the  3-inch  or  the  4  9/lG-inch  cam,  the  desired 
feed  may  be  obtained  by  changing  the  levers  in  the  change- 
gear  box.  With  the  3-inch  cam,  the  drum  will  be  made  to 
rotate  faster  than  with  the  4  9/16-inch  cam,  and  in  this  way 
the  same  rate  of  feed  will  be  obtained.  Of  course,  it  is  im- 
possible to  turn  a  greater  distance  than  the  rise  on  the  cam, 
80  that  a  cam  should  always  be  selected  which  will  give  a 
greater  rise  than  that  actually  required  to  turn  the  work  to 
the  desired  point. 

Example  of  Set-up  of  Machine 

As  a  practical  example  to  show  how  the  machine  is  set  up, 
the  method  to  follow  in  making  the  screw  shown  In  Fig.  1  is 


Fig.    3.     Setting    Forming    Tool-holder 

given.  This  set-screw  is  made  from  square  stock  that  meas- 
ures 7/8  inch  across  the  flats,  or  1.237  inch  across  the  corners. 
It  will  be  necessary,  therefore,  to  make  this  piece  on  a  li4-iiich 
machine.  As  shown,  the  operations  consist  of  forming,  turn- 
ing, and  chamfering;  turning  and  cupping;  threading;  and 
cutting  off. 

The  first  step,  after  deciding  on  the  order  in  which  the 
operations  are  to  be  handled,  is  to  select  the  proper  spindle 
speed  for  the  work  and  put  on  the  necessary  change-gears. 
Assuming  a  surface  speed  of  85  feet  per  minute,  it  will  be 
seen  from  Table  3  in  the  July,  1917,  number  that  a  spindle 
speed  of  approximately  276  revolutions  per  minute  is  required. 
To  secure  this  speed,  it  is  necessary  to  use  a  36-tooth  pulley 
gear  and  a  52-tooth  driving  gear.  The  way  in  which  these 
gears  are  put  on  the  machine  is  illustrated  in  Fig.  17,  in  the 
June,  1917,  number,  where  a  description  of  the  operation  also 
appears. 

The  next  step  is  to  select  spring  chucks  and  feed-chucks  of 
the  proper  size  and  shape,  and  insert  these  in  the  spindles. 
To  insert  the  feed-chucks,  it  is  necessary  to  remove  the  feed- 
tubes.  This  is  done  by  removing  the  locking  plug  from  the 
star-stop,  as  shown  in  Fig.  2,  and  rotating  the  stop  a  fraction 
of  a  turn,  so  that  the  feed-tube  can  be  withdrawn.  The  feed- 
chucks  are  then  removed  and  replaced  by  those  of  the  proper 
size  and  shape,  after  which  the  tubes  are  again  inserted  and 
the  star-stop  brought  back  into  its  former  position  and  locked. 
The  spring  collets  are  now  removed  by  taking  off  the  nose  caps 
with  a  spanner  wrench,  and  collets  of  the  proper  size  and 
shape  are  inserted.     Bars  of  stock  can  now  be  placed  in  all 
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Tig.  6.    Setting  Box-turner  Relatii 


Face  of  Chuck 


four  spindles,  but  should  not  be  inserted  before  the  ends  have 
been  chamfered  to  remove  any  burrs. 

Setting-  Forming'  Tool  Relative  to  Chuck 

We  now  select  a  forming  tool  of  the  desired  type;  this,  as 
shown  in  Fig.  1,  is  a  dovetail  or  vertical  type  of  tool,  which 
must  be  made  special  for  the  job.  This  is  clamped  in  a  suitable 
holder;  the  latter  is  fastened  to  the  forming  slide,  as  shown 
in  Fig.  3,  and  then  the  tool  is  set  in  the  correct  position  rela- 
tive to  the  chuck.  With  the  bar  protruding  through  the  chuck, 
the  tool  can  be  easily  set  to  the  correct  height  and  diam- 
eter by  means  of  a  scale.  The  distance  that  it  is  located  from 
the  face  of  the  chuck  is  governed  by  the  shape  of  the  work. 
The  forming  tool  should  always  clear  the  face  of  the  chuck  by 
not  less  than  1/32  inch,  while  1/16  inch  is  preferable. 

Adjusting-  Tension  of  Spring  Chuck 

The  spring  chucks  should  be  adjusted  to  the  bars  of  stock 
so  as  to  hold  them  securely  against  the  thrusts  of  the  cutting 
tools.  As  explained  in  a  previous  article,  the  spring  chucks 
used  on  this  type  of  machine  are  closed  on  the  work  by  being 
forced  into  a  nose  cap,  held  on  the  front  end  of  the  spindle. 
In  order  to  make  this  adjustment,  it  is  necessary,  as  shown 
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Fig.  7.     Setting  Cnttiiig-off  Tool 

in  Fig.  4,  to  index  the  spindle  carrier  and  bring  each  successive 
spindle  into  the  first  stock-feeding  position  to  make  the  adjust- 
ment. The  collar  carrying  the  chuck-closing  fingers  is  held 
on  the  sleeve  by  means  of  a  set-screw,  which  should  be  released 
and  the  collar  adjusted,  so  that  when  the  hand  chuck-closing 
lever  is  operated,  the  grip  of  the  chuck  on  the  work  can  be 
tested.  The  collar  should  be  so  adjusted  that  when  the  chuck 
is  forced  down  on  the  work,  the  chuck  will  prevent  the  work 
from  being  moved  by  the  thrust  of  the  cutting  tools. 

Setting  Box-turner 

After  all  the  spring  chucks  have  been  properly  adjusted,  the 
next  step  is  to  set  the  box-turner.  The  tool-slide  is  advanced 
by  cranking  the  machine  by  hand,  as  illustrated  in  Fig.  5,  until 
the  roll  is  on  the  high  point  of  the  tool-slide  cam  and  the  slide 
advanced  to  its  extreme  position.  The  box-turner  is  then 
placed  on  the  slide  and,  by  means  of  a  scale,  the  distance  from 
the  front  edge  of  the  cutting  tool  to  the  face  of  the  chuck  is 
measured.  This  measurement  is  only  approximate,  as  it  may 
later  be  necessary  to  make  a  slight  adjustment.  The  first  tool 
is  required  to  turn  a  distance  of  1%  inch  only.  As  shown  in 
Fig.  6,  the  box-turner  is  adjusted  along  the  tool-slide  and,  when 
properly  located,  is  clamped  by  the  T-bolt,  as  illustrated. 
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Flf.  9.     Bottinc  Forminf  Tool  to  turn  to  Correct  Diameter 
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The  turning  tool  can  now  be 
set  to  turn  the  bar  to  the  ap- 
proximate diameter.  To  do 
this,  the  supports  are  with- 
drawn from  contact  with  the 
work  and  the  tool-slide  re- 
turned by  operating  the  hand 
crank.  Then  the  bar  stock  in 
the  first-position  spindle  should 
be  fed  forward  by  hand  until 
it  projects  far  enough  from  the 
face  of  the  chuck  to  allow  the 
bar  to  be  reduced  for  a  length 
of  about  1/2  inch.  The  chuck 
is  now  closed  by  hand  and  the 
belt  shifter  pulled  over  to  start 
the  spindles  rotating.  The  box- 
turner  is  now  advanced  toward 
the  work,  by  cranking  the  ma- 
chine by  hand,  and  the  tool  set 
to  the  work.  When  the  proper 
diameter  has  been  obtained, 
the   supports    are    brought    up 


Fig.  10.     Setting  Tripping  Dogs  to  change  from  Fast  to  Slow  Feed 


the  forming  cam.  By  means  of 
the  adjusting  screw,  as  shown 
in  Fig.  9,  the  forming  tool  is 
fed  in  until  it  has  reduced  the 
work  to  the  proper  diameter; 
the  spindles,  of  course,  are  run- 
ning when  the  tool  is  being  fed 
in.  When  the  work  has  been 
reduced  to  the  proper  diam- 
eter, the  stop  for  the  forming 
slide,  as  shown  in  Fig.  9,  is  ad- 
justed. This  should  be  so  ad- 
justed that  it  will  create  a 
slight  tension  in  the  lever 
operating  the  forming  slide, 
thus  reducing  the  feed  slightly 
at  the  end  of  this  cut  and  as- 
sisting in  retaining  the  correct 
diameter  of  the  work.  After 
the  stop  has  been  adjusted,  the 
locking  nuts  should  be  tight- 
ened sufficiently  to  insure  that 
there   will   be   no    motion. 


into  contact  with  the  work  and  locked  in  position.  The  same 
procedure  is  followed  in  setting  the  box-turners  in  the  second 
position,  the  spindle  head  being  inclined  to  bring  the  partly 
turned  bar  into  this  position. 

Settingr  Cuttlng-off  Tool 

In  order  to  set  the  cutting-off  tool,  the  stock  should  be  pulled 
back  from  the  face  of  the  chuck  in  the  fourth  position,  so 
that  the  tool  can  be  set  to  the  proper  height  and  to  its  ex- 
treme forward  position.  The  machine  is  cranked  by  hand 
until  the  roll  operating  the  cutting-of£  slide  is  on  the  high 
point  of  the  cam.  The  cutting-off  tool  is  then  set  at  the  proper 
distance  from  the  face  of  the  chuck,  to  the  proper  height,  and 
also  slightly  in  advance  of  the  center  of  the  chuck,  so  that  it 
will  be  certain  to  cut  the  stock  completely  off. 

Settiner  Stop 

As  it  is  not  necessary  in  this  case  to  use  any  tool  working 
from  the  tool-slide  in  the  fourth  position,  the  swinging  stop 
that  works  in  the  fourth  position  can  be  used;  it  is  set  as 
shown  in  Fig.  8.  The  chuck  is  opened  and  the  bar  fed  out  to 
the  total  length  required,  taking  into  consideration  sufficient 
stock  for  the  part  to  be  made,  the  amount  used  by  the  cutting- 
off    tool,     and     that 

necessary  lor  the 
cutting-off  or  form- 
ing tool  to  clear  the 
chuck.  The  required 
amount  is  measured 
by  a  scale,  as  shown. 
the  chuck  tightened, 
and  the  stop  set  to 
the   proper   position. 

S«tMnK  Formlnif  Tool 

The  forming  tool 
can  now  be  set.  The 
machine  Ih  cranked 
by  hand  to  bring  the 
Block  thnt  Ifl  in  the 
fourth  p  o  H 1 1 1 o  n 
around  to  the  flrHl 
poaltlon.  Prior  to 
thin,  however,  the 
cuttInK  tool  Hhould 
be  net  for  height 
relative  tn  the  cen- 
ter of  the  rhurk. 
The  machine  \n  afcaln 
crankt'd  by  hand  un- 
til the  roll  oporatlnic 
the  forminR  ntUlo  In 
on  the  hiKh  point  of 
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Setting  Tripping  Dogs 

The  setting  of  the  pointing  or  cupping  tool  is  a  compara- 
tively simple  matter.  The  next  step  is  to  set  the  tripping  dogs, 
Fig.  10,  for  operating  the  machine  on  the  slow  and  fast  teed 
and  indexing  the  spindle  cams.  The  dogs,  as  has  been  men- 
tioned in  a  previous  article,  are  carried  on  the  side  of  the  main 
cam-drum  and  operate  a  Johnson  friction  clutch,  which 
changes  from  the  slow  to  the  fast  feed.  The  spindle  cams  are 
indexed  by  a  Geneva  stop  mechanism,  which  has  also  been 
previously  described.  The  main  point  to  observe  in  setting 
the  tripping  dogs  is  to  have  the  tool-slide,  forming  slide,  and 
cutting-off  slide  operating  on  the  fast  feed  as  long  as  possible 
to  save  time  on  the  job.  For  instance,  in  setting  the  tripping 
dog  for  (hanging  from  fast  to  slow  feed  for  the  box-turner, 
the  tool-slide  should  be  operated  on  the  fast  feed  until  the 
tool  has  almost  reached  the  work,  before  it  is  thrown  into  the 
slow  or  cutting  feed.  Of  course,  it  is  necessary  to  set  the  dogs 
so  that  the  tools  will  not  dig  into  the  work. 

Before  setting  the  threading  die,  it  is  advisable  to  have  the 
machine  work  under  power  to  see  that  all  the  tools  are  func- 
tioning properly,  and  at  this  time  it  is  also  possible  to  change 
the  change-gear  levers  until  the  tools  have  been  given  all  the 

feed  that  they  will 
conveniently  stand. 
In  starting  up  on 
any  job,  it  is  ad- 
visable to  start  with 
the  slowest  possible 
feed  and  increase 
this  feed  after  all 
the  tools  have  been 
set.  In  this  way 
there  is  less  likeli- 
hood of  breaking  any 
of  the  tools,  and  the 
feed  that  la  best 
suited  to  all  the 
tools  can  be  selected. 

Sotttnif    ThrendlHK' 
MechiinlHiii 

The  Retting  of  1li«> 
thread  InKniechiiniHiii 
was  dearly  doscriluMl 
In  the  July  number 
of  M.vciiiNr.HV.  It 
should  be  homo  In 
mind  that  In  cutting 
Ihreads  on  the  (Irld- 
Icy  iiiiilli|>l<>-H|iln<lli' 
jiiitoniiit  li's,  the  work 
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enoe  between  its  own  speed  and  that  of  the  work-spindles. 
This  gives  the  number  of  effective  or  cutting  turns  made  by 
the  die  or  tap.  In  cutting  right-hand  threads,  the  die-holder 
always  runs  slower  than  the  work-spindles.  In  cutting  left- 
hand  threads,  the  die-holder  always  runs  faster  than  the  work- 
spindles. 

When  the  screw  has  been  formed  and  turned  to  the  desired 
size,  the  work  is  indexed  to  the  third  position  and  the  die  set. 
The  die  can  start  immediately  after  the  work  has  been  in- 
dexed to  the  third  position;  or  if  sufficient  time  is  available 
to  thread,  the  high  point  of  the  cam  should  be  set  to  coincide 
with  the  time  that  the  turning  tool  starts  to  work.  The  ten- 
sion on  the  spring  is  then  adjusted  to  start  the  die.  Before 
the  die  lever  starts  to  work,  the  clutch  should  be  in  slow  speed, 
and  the  tripping 
lever  in  position  for 
right-hand  thread- 
ing. Then  the  ma- 
chine is  started  and 
the  die  allowed  to 
run  onto  the  work  to 
the  required  length. 
The  machine  is 
stopped  and  the  ad- 
justing screws  set  so 
as  to  trip  the  lever 
into  fast  speed  to 
run  off  the  die.  As 
this  finishes  the  set- 
ting of  the  machine, 
the  high-speed  dog  is 
set  on  the  high  point 
of  the  cam.  The  ma- 
chine is  indexed 
around  and  the  slow- 
speed  dog  set  at  the 
point  where  the  turn- 
ing operation  com- 
mences. The  ma- 
chine should  never 
be  cranked  by  hand 
by  the  high-speed 
■dog,  and  the  operat- 
ing lever  should  al- 
ways be  removed  be- 
fore starting  the  ma- 
chine into  operation. 

Method  of  Tooling'  for 
Knurled  Sleeve 
In  order  to  assist 
the  operator  of  the 
Gridley  automatic  in 
deciding  on  the 
method  of  tooling 
this  machine  for  pro- 
ducing various  parts, 
several  examples  are 
given,  and  the  meth- 
od of  tooling  for  each 
part  is  described. 
The  first  example  is  a  knurled  sleeve,  which  is  shown  in  Fig. 
11.  This  piece  is  to  be  made  from  a  bar  of  cold-rolled  steel 
5/8  inch  in  diameter  and  is  1  11/16  inch  long.  It  can,  there- 
fore, be  handled  on  tlie  i'./'J-inch  machine.  The  operations  con- 
sist In  knurling,  drilling,  turning,  torming,  tapping,  counter- 
boring,  and  cutting  off.  The  method  suggested  for  handling 
the  part  Is:  drilling  and  knurling  in  the  first  position;  turn- 
ing, drilling,  and  forming  in  the  second  position;  tapping  in 
the  third  position;  and  counterborlng,  cutting  off,  and  feeding 
stock  In  the  fourth  position. 

As  was  mentioned  In  the  July,  1917,  number,  and  Illustrated 
In  KIg.  ;!l.  a  special  lead  cam  Is  necessary  when  operating  a 
tool-Bllde  tool   In   the  fourth   position.     It   is  also  ntvessary  to 

■employ  n  special  stop,  as  shown  In  Figs.  II  and  12  of  the  June 
number.     The  couiilorboro  must  pass  through  a  hole  In  this 

:Btop,  and  it  must  be  elongated  ho  that  the  cut-off  slide  can  be 


Fig.    13. 


advanced  while  the  counterbore  is  working.  With  the  excep- 
tion of  this  one  modification,  the  tooling  can  be  handled  in 
regular  order.  The  tools  used  are  as  follows:  standard  knurl- 
holder  operating  from  the  tool-slide;  spotting  drill;  vertical 
forming  tool;  drill  and  holder;  support  and  a  special  under- 
cutting tool;  tap;  counterbore  and  floating  holder;  cut-off  tool; 
special  stop;  and  stripper  to  remove  work  from  counterbore 
when  tool-slide  is  returned. 

Tooling-  for  Slender  Piece 

The  tooling  for  the  piece  shown  in  Fig.  12  is  more  difficult. 
This  is  made  from  a  round  bar  of  9/16-inch  cold-rolled  steel, 
is  S^s  inches  long,  and  is  handled  on  the  3/4-inch  machine. 
As  shown,  the  operation  performed  in  the  first  position  is  turn- 
ing with  a  regular 
box-turner  for  a  dis- 
tance of  1%  inch,  re- 
ducing the  bar  to  3/8 
inch.  In  the  second 
position,  the  part  is 
formed  by  two  spe- 
cial flat  forming 
tools,  and  the  shoul- 
der is  reduced  by  an 
under-cutting  tool. 
The  forming  tool- 
holder  is  of  the 
double-deck  type  and 
carries  two  flat  form- 
ing tools.  In  the 
third  position,  the 
center  portion  of  the 
part  is  reduced  to 
the  desired  diameter 
and  shape  by  a  spe- 
c  i  a  1  taper  -  turning 
tool,  the  work  being 
supported  by  a  spe- 
cial support.  The 
method  of  operating 
a  taper-turning  tool 
on  the  Gridley  auto- 
matic was  previously 
illustrated  and  de- 
scribed in  the  Septem- 
ber, 1917,  number  of 
M.vciiiNERY.  This  par- 
ticular part  requires 
a  special  guide  to 
conform  to  the  shape 
of  the  work.  The 
piece  is  cut  off  and 
the  stock  fed  out  to 
the  swinging  stop  in 
the  fourth  position. 
For  this  particular 
part,  the  longest 
single  operation  is 
evidently  turning 
the   taper   portion. 


FEED  STOCK 


Tig,    14.     Method   of   toolingr   so    as   t< 
produce    Two    Nuts    at    One    Time 


Tooling  for  Part  Completed  by  Forming 

A  part  in  which  the  longest  single  operation  is  performed 
from  the  forming  slide  is  shown  in  Fig.  13.  In  order  to  reduce 
the  amount  of  work  to  be  handled  with  the  forming  tool,  the 
(loul)ledeck  type  of  holder  is  used,  and  the  part  is  formed  in 
the  first  and  second  positions.  In  the  first  position,  the  part 
is  turned  with  the  regular  box-turner  and  formed  with  a  verti- 
cal forming  tool,  the  turner  supporting  the  work  against  the 
thrust  of  the  cut  of  the  forming  tool.  In  the  second  position, 
the  part  Is  finish-turned  with  an  under-cutting  tool  carrying  a 
support,  and  Is  flnishformed  with  a  vertical  forming  tool.  In 
the  third  position  It  is  threaded;  and  In  the  fourth  position 
it  Is  <'ut  off  and  the  stock  fed  out  to  the  stop.  This  part  Is 
made  from  a  bar  of  l^H-'nch  cold-rolled  steel,  nnil  is  therefore 
handled  on  the  l-y,-lnch  machine. 
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Tooling  for  Producing'  Two  Pieces  at  One  Time 
Fig.  14  shows  a  method  that  can  be  employed  on  compara- 
tively plain  parts  that  are  short  and  do  not  require  threading. 
These  check  nuts  are  made  from  a  bar  of  hexagonal  stock  cold- 
rolled  steel,  1%  inch  across  flats,  and  are  handled  on  a  214-inch 
machine.  They  are  threaded  in  a  second  operation.  Reference 
to  Fig.  14  will  show  that  the  operations  performed  in  the 
first  position  are  drilling  the  first  nut  and  rough-forming  the 
second.  A  double-deck  forming  tool-holder  is  used,  and  in  the 
second  position,  the  center  part  of  the  bar  is  finish-formed,  the 
first  nut  finish-drilled,  the  second  nut  partly  drilled,  and  the 
first  nut  counterbored  with  a  special  form  of  hollow-mill.  It 
will  be  noticed  that  the  hollow-mill  carries  a  drill. 

In  the  third  position,  the  second  nut  is  finish-drilled,  the 
first  nut  chamfered  with  an  under-cutting  tool,  the  tool-slide 
being  returned  before  the  first  nut  is  cut  off,  and  the  second 
nut  chamfered  with  a  forming  tool.  A  double-deck  type  of 
cutting-ofE  tool  is  used  on  the  cutting-o£E  slide,  so  that  in  the 
fourth  position,  the  second  nut  can  be  cut  off.  The  stock  is 
fed  out  to  the  stop  in  the  fourth  position,  and  the  sequence  of 
operations  repeated  on  two  more  parts. 


THE  GISHOLT  METHOD  OF  TRAINING 
INSTRUCTORS 

For  six  years  past  the  Gisholt  Machine  Co.,  Madison,  Wis., 
have  been  developing  a  method  for  training  expert  operators 
on  the  Gisholt  machine,  which  has  gradually  become  a  com- 
plete system  for  giving  mechanics  a  general  training  in  a 
very  brief  period  of  time,  making  them  not  only  far  more 
efficient  in  their  own  work,  but  also  able  to  instruct  others 
in  the  operation  and  care  of  both  the  machines  made  by  the 
Gisholt  Machine  Co.  and  machine  tools  in  general.  The  meth- 
ods employed  have  been  the  result  of  a  gradual  evolution 
during  a  long  period  of  years,  and  the  Gisholt  Machine  Co. 
have  considered  these  methods  one  of  their  assets  in  business, 
as  they  have  been  enabled  by  this  means  to  train  operators 
and  instructors  of  operators  more  rapidly  than  could  any  of 
their  competitors.  However,  the  present  war  exigencies,  whicii 
emphasize  more  than  anything  else  could  have  done  the  lack 
of  instructors  for  training  men  and  women,  have  made  it  a 
patriotic  duty  of  the  Gisholt  Machine  Co.  to  give  to  other 
machine  tool  builders  and  to  other  lines  of  industry  the  prin- 
ciples involved  in  their  scheme  of  intensified  training,  and 
this  duty  the  company  has  voluntarily  and  freely  assumed. 
In  order  to  bring  the  information  before  other  manufacturers 
at  as  early  a  date  as  possible,  the  details  of  the  Gisholt  instruc- 
tion system  were  published  in  the  American  Machinist  of 
April  18  and  25.  Machinery  is  glad  of  the  opportunity  to 
direct  attention  to  this  matter  so  as  to  give  the  widest  possible 
publicity  In  the  mechanical  field  to  this  Intensified  course  of 
Instruction  for  mechanics.  In  these  unprecedented  times, 
everyone  should  contribute  for  the  general  good  every  Idea, 
method,  and  principle  that  will  aid  In  accomplishing  the  one 
purpose  to  which  the  nation  Is  committed. 

It  la  believed  that  manufacturers  will  find  in  the  Gisholt 
method  something  upon  which  they  can  build  In  order  to  es- 
tablish training  departments  for  the  Intensified  training  of 
men  to  become  Instructors  who  can  Intelligently  and  ably  con- 
vey knowledge  to  others.  The  Intensifli'd  training  given  In  the 
GlHholt  plant  to  men  sent  to  them  by  other  tlrms  Is  equlvulciit 
to  the  IntcnBlfled  training  In  the  ofllccrs'  training  camps,  where 
young  men  become  oflflcors  In  a  fraction  of  the  time  usually 
re'iulrod  by  a  coufko  arranKod  under  peace-time  conditions. 
iJy  worklnK  intclllgonlly  and  InilustrlouHly,  a  mechanic  ac- 
(|ulr<;i  In  a  month  nf  Intennllled  training  the  amount  of  knowl- 
cdKe  and  undiTxtundlnK  of  the  underlying  prltKrlplcH  of  ma- 
chine connlructlon  nnd  nporalloii  that  It  woulil,  even  with 
proper  ordinary  Inntrucllonnl  facllltluii,  take  hini  u  long  period 
of  time  to  obtain.  The  Oiiihnlt  Machine  Co.  are  to  bo  com- 
niendod  upon  th«lr  palrlnllc  Mplrit  In  Iii'Ipk  wIIIImk  to  Hharo 
with  othiT  nia'hlrie  tiiiinuriii'tiiriTH  nnd  allied  IIiii?h  of  liidtiH- 
trloH  the  advantnK''N  Dint  would  othorwloo  linvu  mrruoil  Tor 
yearn  to  come  to  them  alone  by  Ibe  development  of  Ihia  HyHtt-ni 
of  Intenainod  tralnlnic. 


EXAMINATIONS  IN  MACHINE  SHOP 
PRACTICE 

BT  B.  A.  LENFEST  1 

The  writer  has  tried,  with  considerable  success,  the  plan  of 
giving  students  in  machine  shop  practice  the  test  questions 
some  time  before  the  written  test  is  to  take  place.  By  this 
plan  all  the  students  can  treat  the  problems  in  the  same  man- 
ner as  a  shop  superintendent  or  engineer,  for  all  the  books  and 
notes  are  available  and  are  intended  to  be  used  freely.  The 
test  period,  which  is  forty-five  minutes  long,  is  then  used 
largely  in  putting  the  notes  and  calculations  in  good  shape 
on  standard  size  paper  and  not  for  making  extended  computa- 
tions. The  only  restriction  is  that  there  must  be  no  exchange 
of  work  or  communication  between  students.  Although  this 
plan  has  been  tried,  to  a  limited  degree,  in  some  colleges,  the 
writer  believes  it  is  the  first  time  it  has  been  tried  in  a  sec- 
ondary school.  It  is  realized  that  groups  of  students  will  prob- 
ably do  the  work  together  and  that  some  may  copy  the  results 
obtained  by  the  more  industrious,  but  even  the  copying  re- 
quires some  work,  and  the  records  of  the  term's  work  show 
what  students  are  reliable  and  resourceful. 

The  examination  given  last  January  consisted  of  the  follow- 
ing questions;  the  value  of  each  question  is  also  stated: 

1.  Hand  in  notebook  containing  the  complete  mechanism  of 
the  12-inch  Reed  engine  lathe  with  calculations  for  all  speeds 
(with  armature  running  at  390  revolutions  per  minute),  all 
feeds,  and  the  thread-cutting  devices.  40  per  cent. 

2.  If  an  engine  lathe  has  a  lead-screw  with  ten  threads  per 
inch,  calculate  all  combinations  of  change-gears  needed  to  cut 
threads  of  3-,  21/,-.  2-,  li^-,  I14-,  1-,  and  %-millimeter  pitch; 
how  many  change-gears  are  necessary  in  the  set? 

15  per  cent. 

3.  If  an  engine  lathe  has  a  nine  threads  per  inch  lead-screw, 
what  change-gears  are  necessary  to  cut  the  U.  S.  standard 
threads  from  14  to  1  inch,  inclusive?  15  per  cent. 

4.  What  time  is  needed  to  turn  and  face  100  disks,  12  inches 
in  diameter  and  4  inches  thick,  with  one  roughing  and  one 
finishing  cut?  The  roughing  cut  is  to  be  at  40  feet  per  minute 
and  the  finishing  cut  at  60  feet  per  minute  maximum. 

30  per  cent. 
In  this  test,  a  complete  notebook  must  be  prepared  before- 
hand, used  in  the  test,  and  then  handed  in  for  examination. 
The  'second  question  requires  a  table  for  metric  threads  tor 
an  engine  lathe  fitted  with  an  English  pitch  lead-screw;  the 
war  and  our  relations  to  our  allies  brings  this  question  to  the 
front  and  warrants  its  discussion  and  solution.  As  the  U.  S. 
standard  thread  had  not  been  studied  at  the  date  of  the  test, 
the  third  question  was  designed  to  require  research,  at  least 
enough  to  find  an  explanation  of  what  diameter  and  pitches 
were  to  be  provided  for,  if  the  lathe  was  fitted  with  change- 
gears  to  cut  threads  of  the  limits  stated.  The  fourth  was  a 
simple  production  problem,  but  impossible  of  solution  with- 
out a  finished  notebook  and  preliminary  calculation.  The 
results  that  the  test  brought  were  very  gratifying.  About 
95  per  cent  of  the  students  passed  the  examination,  the 
chief  trouble  being  arranging  a  neat,  concise,  handy  note- 
book. It  was  especially  noticeable  that  the  last  question, 
though  much  harder  than  the  two  proooding,  had  as  high  a 
percentage  of  correct  results,  and  subsequent  discussion  re- 
vealed a  surprising  interest  in  (luestions  of  production,  shop 
management,  overhead  costs,  advertising,  and  the  sales  force, 
with  an  Intelligent  appreciation  of  matters  seldom  consid- 
ered In  trade  and  secondary  schools. 
•     *     • 

Wall  St.  measures  values  In  dollars  and  bellovea  In  the 
inngic  power  of  money  to  produce  anything  desired.  But  the 
HtroHH  of  war  hiis  brought  a  renllzing  sense  lo  businosH  men 
generally  that  money  In  Itself  Is  powcrlosM  to  mnko  oven  a 
pin.  Men  and  mntorialH  aru  tlie  eHHentlulB;  with  thorn  nil 
tlilngH  nro  poHslble,  but  without  thoin  all  the  gnlil  Ih  worlli- 
li'sa.  Many  of  the  onrly  nItomptH  to  n\nlu'  guns  and  hIioIIh 
fnllerl  bni'nUHu  bnnlterH  liuil  lllitu  conception  of  InduHlrlnl 
melliodH,  rei|iilrenienlH,  nnd  llniltnllcitiH.  They  rouiiil  that  the 
rnreHt  ccininiiMlllv  Ih  brnluH  inpnlile  of  orKnnl/.liiK  nicchnnics, 
diivelopiiiK  e(iulpiiienl,  and  plnniiliig  prodiicllnn  In  largo  qunn- 
titloH,  uulckly  and  edlclently. 

~    ■Adillvnl  lAM  Notfpnl/  alllll  HI..   llnH.hlrn.   N.    Y. 
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HEAT-TREATMENT  OF  GEAR  BLANKS' 

During  the  past  few  years  great  advancement  has  been  made 
in  the  heat-treating  and  hardening  of  gears.  In  this  advance- 
ment the  chemical  and  metallurgical  laboratory  have  played 
no  small  part.  However,  the  condition  of  the  blanks  given  to 
the  machine  shop  to  be  machined  has  not  received  its  share 
of  attention  in  the  heat-treating  department  of  many  forge 
shops,  and  in  many  cases  has  been  neglected  or  not  considered 
by  the  machine  shops  themselves.  This  is  especially  true  of 
shops  using  only  the  lower  carbon  steels. 

There  are  two  distinct  types  of  gears,  one  of  which  may  be 
termed  "carburized"  and  the  other  "heat-treated."  The  differ- 
ence in  the  composition  of  the  steel  used  for  the  two  types  is 
entirely  in  the  carbon  content,  the  carbon  never  being  higher 
than  0.25  per  cent  in  the  carburizing  type,  while  in  the  heat- 
treated  gears  it  is  seldom  lower  than  0.35  per  cent.  The  differ- 
ence in  the  completed  gear  is  in  the  hardness.  The  carburized 
gear  is  file  hard  on  the  surface,  with  a  soft,  tough,  and  ductile 
core,  which  withstands  shocks,  while  the  heat-treated  gear  has 
a  surface  that  can  be  touched  with  a  file,  but  has  a  core  of 
the  same  hardness  as  the  outer  surface. 

With  the  exception  of  some  of  the  higher  grades  of  alloy 
steels,  where  the  percentages  of  special  elements,  such  as 
nickel  and  chromium,  run  quite  high,  which  causes  a  slight 
air-hardening  action,  the  carburizing  steels  are  soft  enough 
for  machining  when  air-cooled  from  any  temperature,  includ- 
ing the  temperature  at  which  gear  blanks  are  finished  at  the 
hammer.  This  condition  has  led  many  drop-forging  and  manu- 
facturing concerns  to  believe  that  the  annealing  of  the  blanks 
involves  an  unnecessary  expense,  and  often  the  blanks  are  only 
heated  to  a  low  temperature,  many  times  just  until  color  be- 
gins to  show,  to  relieve  the  so-called  "hammer-strains."  While 
this  is  only  a  compromise,  it  is  better  than  no  reheating  at  all, 
although  it  does  not  properly  refine  the  grain  of  the  blank  to 
insure  good  machining  conditions. 

"Annealing"  may  be  defined  as  the  heating  of  steel  to  a  tem- 
perature slightly  above  the  highest  critical  point,  and  cooling 
it  slowly  either  in  the  air  or  in  the  furnace.  The  object  of 
annealing  is  twofold — to  relieve  mechanical  strains,  and  to 
soften  and  produce  refinement  of  the  grain.  Theoretically,  an- 
nealing should  be  accomplished  at  a  temperature  very  slightly 
above  the  critical  point.  In  practice,  however,  the  temperature 
is  raised  to  a  somewhat  higher  point,  but  temperatures  ex- 
ceeding the  critical  point  by  100  degrees  F.  should  never  be  used. 

Annealing:  0.15  to  0.25  Per  Cent  Carbon  Steels 

For  annealing  low-carbon  steels  having  a  carbon  content  of 
about  0.15  to  0.25  per  cent  carbon,  the  following  temperatures 
have  been   found   to  produce   uniform   machining  conditions: 

0.15  to  0.25  straight  carbon  steel. — Heat  to  1650  degrees  F.; 
hold  at  this  temperature  until  the  work  is  uniformly  heated; 
then  remove  from  the  furnace  and  cool  in  the  air. 

0.15  to  0.25  per  cent  carbon,  ly,  per  cent  nickel,  %.  per  cent 
chromium  steel. — Heat  to  1600  degrees  F.;  hold  at  this  tem- 
perature until  the  work  is  uniformly  heated;  then  remove 
from  the  furnace  and  cool  in  the  air. 

0.15  to  0.25  per  cent  carbon,  S'/^  per  cent  nickel  steel. — Heat 
to  1575  degrees  F.;  hold  at  this  temperature  until  the  work 
la  uniformly  heated;  remove  from  the  furnace  and  cool  in 
the  air. 

In  the  annealing  of  higher  grades  of  chrome-nickel  steel, 
with  a  nickel  content  of  about  3  per  cent  and  a  chromium  con- 
tent of  about  1  per  cent,  the  operation  is  more  difllcult,  as  rapid 
cooling  through  the  upper  critical  range  produces  a  hardness 
due  to  the  slight  air-hardening  properties  of  steel  of  this  com- 
position. To  produce  tlio  best  niaclilning  qualities  In  this  steel, 
the  following  practice  give-s  satisfactory  results: 

Heat  to  a  temperature  about  100  degrees  K.  in  excess  of  the 
crltl<'al  point,  holding  at  this  temperature  for  a  considerable 
time  to  allow  for  thorough  heating;  cool  rapidly,  cither  by  re- 
moving from  the  furnuoc  into  air,  or  opening  up  the  furnace 
doors,  to  a  point  at  which  the  forglngs  show  no  color  in  day- 
light; reheat  to  a  point  Just  In  excess  of  the  highest  critloal 

'Pnp«r  rcatl  bj  V.  U.  Van\r.  nf  tho  Front  Ornr  A  Force  Co.,  Jnrkaon,  Mlili., 
■  t  the  Amerlrnn  Qonr  Mnnurn<-(iin>rN*  AaflorUtlon  convcntloo,  at  White  Sulphur 
BpriDga,  W.   Ve.,  April  18  to  30.   1018. 


point  and  cool  slowly  in  the  furnace.  The  temperatures,  length 
of  heating,  time  and  rate  of  cooling  are  dependent  on  analysis, 
size  of  forging,  and  weight  of  the  load  of  forglngs  in  the 
furnace. 

Proper  annealing  makes  it  possible  to  machine  the  forglngs 
easily,  and  subsequent  troubles  in  the  hardening  plant  are 
also  greatly  reduced.  The  advantages  in  hardening  begin  to  ap- 
pear in  the  carburizing  operation,  because  steel  of  uniform 
grain  will  carburize  more  uniformly;  a  more  even  hardness  is 
produced,  and  there  are  less  chances  for  soft  spots.  The  bores 
in  the  gears  will  also  close  in  more  uniformly,  thus  eliminating 
the  condition  where  some  gears  require  excessive  grinding, 
while  others  have  just  enough  stock  to  "clean  up."  All  strains 
are  also  removed  from  the  forging,  eliminating  to  a  great  ex- 
tent the  distortion  in  hardening  and  the  noisy  gears  that  re- 
sult from  this  cause. 

Annealing  of  Gear  Blanks  Having-  a  Carbon  Content  Higher 
than  0.35  Per  Cent 

The  steels  used  for  heat-treated  gears  have  so  high  a  carbon 
content  that  annealing  after  forging  is  necessary  in  order  to 
make  it  possible  to  machine  them,  as  it  would  be  impossible 
to  obtain  satisfactory  production  from  unannealed  forglngs, 
especially  when  made  from  alloy  steels.  As  there  are  so  many 
different  compositions  of  steel  for  heat-treated  gears,  it  is  im- 
possible to  give  specific  directions,  but  the  general  procedure  is 
practically  the  same  as  that  used  for  the  casehardening  steel 
mentioned  in  a  preceding  paragraph  that  has  3  per  cent  nickel 
and  1  per  cent  chromium.  More  time  must  be  given  for  the 
heating,  and  the  rate  of  cooling  must  be  closely  watched,  as 
well  as  the  temperature  at  which  the  forglngs  are  removed 
from  the  furnace.  For  a  furnace  load  weighing  550  pounds, 
of  medium  section  forglngs  made  from  0.50  per  cent  carbon, 
0.60  per  cent  manganese,  3  per  cent  nickel,  and  1  per  cent 
chromium,  the  following  treatment  gives  very  good  machining 
conditions,  both  for  the  turning  and  gear-cutting  operations: 

Heat  to  1330  degrees  F.,  reaching  this  temperature  in  2 
hours.  Hold  at  this  temperature  for  IV2  hour,  and  allow  the 
steel  to  cool  in  the  furnace  to  1170  degrees  F.,  1  hour  being 
taken  for  the  cooling.  Reheat  to  1230  degrees  F.,  consuming 
%  hour  for  reheating.  Hold  at  this  temperature  for  I14  hour. 
Cool  slowly  in  the  furnace  until  a  temperature  of  900  de- 
grees F.  is  reached,  the  rate  of  cooling  not  being  faster  than 
75  degrees  during  the  first  hour.  After  900  degrees  has  been 
reached,  cool  in  the  air. 

If  steels  of  this  quality  are  not  properly  annealed,  there  will 
be  hard  spots  in  them,  which,  in  forming  the  tooth,  will  cause 
the  cutter  to  ride  over  the  hard  metal,  thus  producing  high 
s'pots  on  the  face  of  the  tooth. 

Hardness  Test 

The  simple  carburizing  steels  do  not  need  to  be  tested  for 
hardness  after  annealing,  but  alloy  steels  containing  high  per- 
centages of  nickel  or  chromium,  and  all  heat-treated  steels, 
require  a  hardness  test.  The  Brinell  hardness  test  has  been 
found  the  most  accurate  for  this  purpose,  but  it  should  never 
be  used  without  the  aid  of  a  microscope.  By  careful  control 
of  the  annealing  operation  and  with  the  aid  of  the  hardness 
test,  it  is  possible  continually  to  produce  forglngs  that  will 
have  uniform  machining  qualities  and  that  will  be  soft  enough 
to  make  possible  a  satisfactory  rate  of  production.  The  follow- 
ing hardness  numerals  used  in  the  manufacture  of  gears  have 
been  found  to  insure  good  machining  qualities:  0.20  per  cent 
carbon  steel  containing  3  per  cent  nickel  and  1.4  per  cent 
chromium — Brinell  hardness  numeral,  15G-170;  0.50  per  cent 
carbon  steel  containing  3  per  cent  nickel  and  1  per  cent 
chromium — Rrlnell  hardness  numeral,  179-187;  1.50  per  cent 
chronie-vniiadium  steel  —  Brinell  hardness  numeral,   170-179. 


The  country's  foreign  trade  amounted  to  over  ?9.000,000,000 
In  1917,  the  exports  reaching  a  total  of  $6,226,000,000,  while 
the  Imports  amounted  to  $2,952,000,000;  this  Is  a  pain  of  nearly 
$1,300,000,000  over  1916.  Tho  excess  of  exports  over  Imports 
has  nearly  doubled  in  the  last  two  years,  amounting  to  $3,274,- 
000.000  In  1917,  against  $1,776,000,000  in  1915. 
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STANDARDIZATION  OF  GEARING' 

The  subject  of  standardization  as  it  pertains  to  industrial 
activities  is  receiving  the  attention  of  all  the  national  or- 
ganizations representing  the  various  industries  at  the  present 
time.  The  American  Gear  Manufacturers'  Association  has, 
therefore,  considered  it  advisable  for  the  advancement  of  the 
gear  industry  to  appoint  as  one  of  its  standing  committees  a 
"general  standardization  committee,"  together  with  a  number 
of  subcommittees,  to  consider  and  develop,  from  the  mass  of 
data  now  available  in  various  forms,  standards  for  use  in 
this  industry. 

While  the  types  of  gearing  differ  from  one  another  in  many 
respects,  there  are  a  number  of  functions  common  to  many 
or  all  of  them,  and  an  endeavor  will  be  made  in  the  following 
to  outline  some  of  the  details  that  might  be  made  standard 
for  each  type  of  gearing.  Another  matter  of  interest  in  this 
connection  is  that  of  symbols  used  to  denote  different  dimen- 
sions in  gearing  calculations.  Different  text-books  and  hand- 
books use  different  symbols  to  represent  the  same  dimensions. 
which  makes  it  difficult  to  compare  the  results  of  different 
formulas.  To  overcome  this  difficulty,  it  might  be  well  to 
have  a  nomenclature  committee  which  would  authorize  a  stand- 
ard set  of  symbols  for  use  in  gear  calculations.  Working  lim- 
its should  also  be  adopted  to  assure  standards  of  quality,  these 
limits  pertaining  to  such  matters  as  the  permissible  running 
out  in  the  blank  and  in  the  cutting  of  the  teeth,  the  size  of 
the  hole,  the  width  of  the  keyway,  etc.  Standard  formulas  for 
calculating  the  strength  of  all  classes  of  gearing,  with  values 
to  cover  the  various  factors  used,   should   also   be   adopted. 

Bevel  Gears 

Within  the  last  few  years,  bevel  gears  have  been  highly  de- 
veloped, due  principally  to  the  great  advance  in  machinery  for 
producing  them.  Xew  formulas  for  calculating  the  dimensions 
of  bevel  gears,  which  differ  from  the  usual  or  standard  prac- 
tice, have  also  been  developed,  the  reference  here  being  to  the 
long  addendum  and  the  spiral  type  of  gears.  These  formulas 
should  be  standardized,  as  the  growing  use  for  long  addendum 
and  spiral  type  gears  makes  it  necessary  that  these  be  con- 
sidered standard  and  not  special  types.  Many  bevel  gears  will 
continue  to  be  cut  with  rotary  cutters,  and  some  consideration 
should  be  given  to  the  proper  cutters  used  in  producing  them. 

Spur  Gears 

The  spur  gear  is,  by  far,  the  most  commonly  used  of  all 
gears,  and  has  theoretically  and  practically  received  the  most 
consideration,  both  as  regards  design  and  production.  Most  of 
the  theory  of  gearing  can  be  studied  from  it,  and  the  methods 
of  producing  it  have  been  highly  developed.  For  this  reason. 
any  standard  adopted  mu.st  be  one  tliat  does  not  conflict  with 
any  method  of  production,  but  should  be  applicable  to  each  and 
all  of  these  methods. 

Worm-(fear« 
Within  the  last  few  years,  worm-gears  have  become  widely 
used.  They  are  now  employed  for  transmitting  greater  power 
at  hiKher  speeds  than  was  thought  possible  In  the  past;  but 
even  now,  with  this  great  development,  their  design  Is  not 
based  upon  complete  analysis.  There  are  so  many  conditions 
that  enter  Into  the  ilen\«n  of  worm-gears  that  It  Is  almost  Ini- 
poNslble  to  dcslKn  a  drive  with  any  certainty  of  Hucceas,  unless 
the  design  Im  lias'^l  upon  a  Hiriillar  HucccHHrul  dcHlKn.  It  would 
be  well  If  the  HUl»conimlHee  on  worniKeura  of  the  American 
Gear  Manufarturers'  AsMociatlon  could  InvcstlKatc  the  many 
HUcroMHful  drives  now  In  existence,  and  from  these  deduce  some 
tangible  working  basis  of  design.  There  Is  a  great  lack  of 
uniformity  in  calculating  the  dimensions  of  both  the  wnnii 
and  the  whool.  and  also  In  the  molhod  of  iiroduclng  the  worm, 
as  welt  as  In  the  si.'lixtlon  of  the  niiil'-rliil  rrnni  wliUli  wnrniH 
and  wheels  arc  made.  It  would  be  pcmHlblc  to  <l*>vi'lop  stand 
ard  formulas  for  worm  and  wormwhei-l  (llnienslonil  that  would 
permit  maVfrfi  to  pr'nliirf  nlmllnr  ^''tirw  for  regulnr  rondlllons. 

<.r    IliK    llniwn    A    Hhiiriii' 
Mf.-  <l-i>r    M«niifii.liirrr»'    A«i~i- 

rUI.  A       Vn  .    A|irll    IN    In    2ri,    n>IN. 


At  the  present  time,  multiple-threaded  worms,  for  example, 
are  not  produced  to  a  uniform  standard.  They  may  be  either 
cut  in  a  worm-thread  milling  machine  with  a  straight-sided 
cutter,  or  on  a  lathe  with  either  a  straight-sided  tool  having 
the  standard  dimensions  on  an  axial  plane  or  a  straight-sided 
tool  having  the  standard  dimensions  in  a  plane  normal  to  the 
helix  of  the  thread.  If  these  three  methods  are  pursued,  the 
thread  of  each  worm  would  be  different  from  the  others,  and 
a  hob  could  be  right  for  only  one  of  them',  the  hob  being  made 
to  the  same  system.  Again,  when  the  angle  of  thread  with  the 
axis  becomes  less  than  72  degrees,  it  is  the  practice  in  some 
shops  to  make  the  hob  with  spiral  flutes,  as  it  works  better 
than  a  straight-grooved  hob  of  this  angle,  and  in  that  case,  the 
tooth  proportions  are  calculated  from  the  normal  pitch.  This 
indicates  the  necessity  for  standardization.  The  present  length 
of  the  worm  and  the  width  of  the  face  of  the  wheel  might 
also  need  investigation  and  standardization. 

Herringbone  Gears 

Herringbone  gears  have  only  been  recently  developed.  The 
industry  is  highly  specialized,  and  the  only  suggestion  the 
author  can  make  is  that  experience  has  taught  him  that  they 
must  be  extremely  well  made  if  they  are  to  do  their  work 
properly,  and  it  would  be  desirable  to  determine  definitely  the 
degree  of  accuracy  that  should  be  demanded. 

Sprockets 

Chain  sprockets  present  another  highly  specialized  branch 
of  gearing,  and  any  work  that  the  gear  manufacturers  would 
do  with  regard  to  standardization  must  have  the  sanction  of 
the  chain  manufacturers.  The  latter  hesitate  to  furnish  chain 
to  run  on  sprockets  that  they  have  not  themselves  cut,  owing 
to  the  lack  of  standardization,  and  also  to  lack  of  knowledge 
on  the  part  of  many  who  attempt  to  cut  sprockets  as  to  the 
proper  method  in  which  they  should  be  cut.  Cooperation  be- 
tween the  chain  manufacturers  and  the  American  Gear  Manu- 
facturers' Association  should  be  valuable  in  defining  standard 
designs  and  methods  of  cutting  sprockets. 

Composition  Gears 

For  several  years  past,  gears  of  other  materials  than  metal 
have  been  made  to  an  ever-increasing  extent.  Until  recently, 
these  gears  were  usually  made  of  rawhide  or  fiber,  but  today 
the  two  largest  electrical  companies  in  the  country  have  devel- 
oped a  fabric  composition  that  is  used  to  probably  a  greater 
extent  than  any  of  the  older  materials.  Tlie  working  stand- 
ards for  any  of  these  materials  are  different  from  those  used 
for  metal,  and  a  different  set  of  standard  rules  will  be  reiiuired. 

Hardenlner  and  Heat-treatment 

The  best  and  most  durable  gears  are  those  that  are  properly 
heat-treated  or  hardened>  and  standard  methods  for  handling 
various  kinds  of  steels  used  for  gears  sliould  be  developed. 
Such  methods  would  be  of  inestimable  value  to  every  gear 
manufacturer  and  user.  The  steel  manufacturers  would,  no 
doubt,  willingly  cooperate  with  the  gear  nianufaclurers  In  the 
dolcrnilnatlon  of  standard  heat-treat incii I  nit'thods. 

Inspection 

Standard  In.spectlon  methods  for  different  kinds  of  gears 
are  also  rciiulred.  This  standardization  Includes  the  doter- 
mination  of  working  limits  suitable  for  dlfl'orent  kinds  and 
sizes  of  gears  and  methods  for  testing  and  inspection. 

The  assiM'iatlon  has  formulated  plans  for  obtaining,  from 
gear  niuiiufuclurcrs  and  others  Interpsted  In  tlic  design  and 
production  of  gearing,  suggesllons  and  data  rcliiting  lo  the 
HutiJtM't,  anil  llie  (  oMiiiilllecH  will  (ligost  the  Inriirnmllon  thus 
olilalncd  mid  prcHcnl  roporls  which,  In  turn,  will  be  sent  to 
llio  various  ninnurnclurers  for  suggestions  and  criticism.  The 
Uonoral  Htnnilardlzutlon  ('.(ininillli>p  of  Ihe  Anierlraii  flcar  Man- 
ufacturers* Association  (IJ.  V.  Walerman.  Ilrown  &  Klla^po 
Mfg.  Co.,  I'rovldpncc,  U.  I..  <'luilrnwin)  will  welcome  any  sug- 
gi'stlons  from  any  users  of  gears,  hh  the  hiiccchh  of  the  under 

taUiiig  di'iii'iids  liirgi'ly  upon  111 Miiicriilloii  of  nil  coiiccrncil 

The  lMipiirliini'<>  of  the  hii1iJ4m'I  iuhI  IIk'  ilcKlnilillll v  of  stiiiidard 
Ixnilcin  will  coiiiiiiiMid  \\w\r  Im  .ill  iikm  Iniiilnil  iik'Ii 


NBA^V^  MACHINERY  AND  TOOLS 

THE    COMPLETE    MONTHLY   RECOBD   OF  NEW  AMERICAN    METAL-WORKING    MACHINERY 


IN     THIS 

Springfield  Gun  Boring  Machine.     Springfield  Machine  Tool  Co., 

631   Southern  Ave.,   Springfield,   Ohio S47 

Hamilton  Engine  Lathe.  Hamilton  Machine  Tool  Co.,  Hamil- 
ton.  Ohio S4S 

Gray  Shell   Machinery.     Gray  Machine  Tool  Co.,  Inc.,  2663  Main 

St.,  Buffalo.  X.  Y 849 

Weigel    Vertical    Drilling    Machine.     Weigel  Machine   Tool   Co., 

I'eru.  Ind S50 

Aurora  Vertical  Drilling  Machine.    Aurora  Tool  Works,  Aurora, 

Ind S51 

"Dumore"   Electric   Drilling   Machine.     Wisconsin  Electric  Co., 

141'C)   riumore   Bids.,   Racine.   Wis Sol 

G-S  Combination  Drill  Vise.    Germanow-Simon  Machine  Works, 

.".S  JliU  St..  Rochester,  N.  Y S51 

Taft-Peirce  Squares  and  V. blocks.    Taft-Peirce  Mfg.  Co.,  Woon- 

socket.  R.   1 852 

"Nerco"  Four-jaw  Chuck.    Newark  Engineering  &  Refrigerating 

Co.,  Newark,   N.  J 852 

H.   P.  Wheel-truing  Tools.     H.  P.  Co.,  45  Fort  St.,  E.,  Detroit, 

Mich    852 

Attachment  for    Bilton    Milling    Machine.      Hilton  Machine   Tool 

Co..    Bridgeport.    Conn 853 

Wetmore  Taps  and  Reamers.    Wetmore  Mechanical  Laboratory 

Co.,    Milwaukee.    Wis 853 

New    Britain   Tote-box   Rack.     New  Britain  Machine  Co.,    New 

Britain.   Conn S54 


NUMBER 

Payne    &   Wiles    Electric    Hammer   and    Drill.      Payne    &    Wiles 

Machine  Co.,  302-30S  S.  Ninth  St.,   Lincoln,  Neb 854 

Glenzer   Counterbore    and    Spot-facer.     J.    C.    Glenzer  Co.,    Fort 

St.,  W..   corner   Fourteenth,   Detroit,   Mich 85+ 

Oliver  Double  Shaper.     Oliver  Machinery  Co.,  7  Coldbrook  St., 

Grand   Rapids,    Mich 855 

Automatic  Slitting  Saw  Sharpener.     Machinery  Co.  of  America, 

505  Sixth  St.,  Grand  Rapids,  Mich 855 

Genesee  Facing  Tool.     Genesee  ilfg.  Co.,  Rochester,  N.  T 8*55 

Willard  Tool-room  Lathe.  Willard  Machine  Tool  Co.,  Cincin- 
nati,   Ohio 856 

Mattison  Airplane  Strut  Setting  Machine.    C.  Mattison  Machine 

Works.   Beloit,   Wis 856 

Mason    High-speed    Drilling    Machine.     A.   C.   Mason  Co.,   Inc., 

Pater.«;on.  N.  J 857 

Oliver  Wood-boring  Machine.  Oliver  Machinery  Co.,  7  Cold- 
brook  St..   Grand  Rapids.   Mich 857 

"Cresco"    Drill    Chuck.      Chicago    Recording    Scale    Co.,    Wau- 

kegan.  Ill 858 

Cutler-Hammer  Drum  Type  Starting  Switches.    Cutler-Hammer 

Mfg.   Co..  Jlilwaukee.  Wis 858 

"Sundstrand"  Manufacturing  Lathe.  Rockford  Tool  Co.,  Harri- 
son Ave.  and  11th  St..   Rockford,  111 859 

Oliver  Single-cylinder  Surfacer.  Oliver  Machinery  Co.,  7  Cold- 
brook  St..  Grand  Rapids.   Mich 860 


SPRINGFIELD  GUN  BORING  MACHINE 


IN  the  accompanying  illustrations 
are  shown  four  views  of  a  large 
gun  boring  machine  made  by  the 
Springfield  Machine  Tool  Co.,  631 
Southern  Ave.,  Springfield,  Ohio,  for 
boring  field  gun  tubes,  jackets,  and 
bands.  These  parts  are  all  made 
from   chrome-nickel  steel,  which   is 

very  tough  when  heat-treated  and  has  a  high  elastic  limit. 
Naturally  a  powerful  machine  is  required  to  bore  such  ma- 
terial. This  Springfield  gun  boring  machine  is  2S  feet  long, 
and  the  headstock  has  a  hole  through  the  spindle  which  is  15 
inches  in  diameter.  The  machine  has  a  capacity  for  boring 
holes  up  to  7  inches  in  diameter  and  up  to  21  feet  in  length. 
It  will  be  seen  that  the  machine  consists  of  a  bed  with  a  head- 
stock  at  one  end,  that  is  driven  by  a  thirty-five-horsepower 
variable-speed  motor,  from  which  power  is  transmitted  to  the 
rear  of  the  headstock  by  means  of  a  silent  chain  drive  running 
in  a  bath  of  oil  and  thence  through  a  train  of  gears  to  the 
spindle.  These  gears  afford  four  mechanical  changes  of  speed, 
and  they  are  made  of  chrome-nickel  steel,  heat-treated  and 
hardened,  with  the  e.xception  of  the  large  gear  directly  back 
of  the  chuck,  which  is  made  of  high-carbon  vanadium  steel. 
With  the  variable-speed  motor  having  a  range  of  speeds  of 
from  500  to  1500  revolutions  per  minute,  and  the  four  mechani- 
cal changes  in  the  headstock,  spindle  speeds  are  available 
covering  a  range  of  from  20  to  200  revolutions  per  minute. 
On  large  drills  used  in  this  machine,  the  thrust  is  enormous, 
and   in  orrlcr  to  .support  tliis  thrust  load,  there   is  placed   di- 


This  machine  is  adapted  for  horing  tubes,  jack- 
ets, and  'bands  for  field  guns.  It  has  a  capacity  for 
boring  holes  up  to  7  inches  in  diameter  by  21  feet 
in  length.  The  gun  parts  bored  on  this  machine 
are  made  of  chrome-nickel  steel,  and  working  in 
this  tough  heat-treated  material  the  machine  has  a 
caparity  for  boring  at  the  rate  of  2  to  3  inches 
per  minute. 


rectly  behind  the  chuck  a  large 
thrust  bearing  containing  balls  one 
inch  in  diameter,  on  which  the  en- 
tire pressure  of  the  drill  is  sup- 
ported. To  insure  proper  lubrica- 
tion of  the  spindle,  which  is  18 
inches  in  diameter,  it  was  found 
necessary  to  employ  a  forced-feed 
system  of  lubrication  to  insure  the  delivery  of  a  steady  stream 
of  oil  over  all  working  parts  in  the  headstock.  The  carriage 
and  apron  are  of  special  design  to  provide  for  carrying  the 
drill  forward  at  varying  speeds.  Some  idea  of  the  conditions 
which  had  to  be  met  in  building  this  gun  boring  machine 
will  be  gathered  from  the  fact  that  it  is  sometimes  necessary 
to  apply  a  pressure  on  the  drill  as  great  as  50,000  pounds. 
Peed  is  transmitted  to  the  carriage  through  a  long  feed-rod, 
which  will  be  seen  in  the  front  view  of  the  machine.  Fig.  1, 
and  then  through  a  system  of  gearing  consisting  of  a  worm 
and  wheel,  spur  gears,  and  a  rack  and  pinion.  The  total  gear 
reduction  amounts  to  2400  to  1. 

A  handwheel  is  provided  in  front  of  the  carriage  tor  use  in 
securing  a  small  movement  forward  or  backward,  but  for 
longer  movements  a  quick-return  mechanism  is  furnished  at 
the  back  of  the  carriage,  which  will  be  seen  in  the  rear  view  of 
the  machine.  Fig.  2.  In  the  close  view  of  the  carriage  shown 
in  Fig.  3,  the  center  lever  is  the  quick-return  lever,  while  the 
long  lever  at  the  front  of  the  apron  is  a  power  feed  lever. 
The  handle  to  the  right,  pointing  vertically,  is  the  interlock- 
ing  lever   which   prevents   the  quick-return   mechanism    from 


KVIMK^'S:^^^. 


FlR.    1.     Lnmn  Oun   Borlnr  Maohino  buUt  by  Sprincnold   Miohino   Tool  Co.  for  Uio  In  borln(  Field  Oun  Tubvi,  Jackoti,  and  Banda 
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being  engaged  while 
the  feed  mechanism  is 
in  operation.  The  han- 
dle to  the  left,  which 
will  be  seen  pointing 
vertically,  is  for  oper- 
ating the  electrical 
mechanism  that  con- 
trols the  motor,  and  is 
used  for  starting  and 
stopping  the  main 
driving  motor.  In  this 
illustration  there  will 
also  be  seen  a  large 
saddle  which  carries 
the- drill.  In  the  rear 
view  of  the  machine 
shown  in  Fig.  2,  a  bet- 
ter idea  is  given  of 
the  arrangement  of  the 

quick-return  mechanism  and  the  means  for  furnishing  cutting 
lubricant  to  the  drill. 

At  the  rear  of  the  carriage  there  is  a  feed  mechanism  which 
causes  the  carriage  to  travel  along  the  bed  at  a  rate  of  35 
feet  per  minute,  this  result  being  accomplished  by  means  of  a 
double-threaded  lead-screw  which  has  a  lead  of  iVs  Inches. 
The  box  arrangement  at  the  back  of  the  carriage  supports  two 
nuts,  one  of  which  has  a  right-hand  and  the  other  a  left-hand 
thread,  so  that  by  engaging  either  one  of  these  nuts  with  the 
screw,  the  carriage  is  caused  to  travel  in  one  direction  or  the 
other,  according  to  whether  the  right-  or  left-hand  nut  is 
engaged.  Owing  to  the  great  length  of  the  machine,  it  was 
found  necessary  to  furnish  the  screw  and  rod  with  additional 
supports,  the  arrangement  of  which  is  clearly  illustrated.  The 
quick-return  screw  is  driven  by  a  three-horsepower  motor, 
which  will  be  seen  at  the  rear  of  the  machine,  power  being 
transmitted  from  this  motor  to  a  jack-shaft,  which,  in  turn, 
drives  the  quick-return  screw.  This  jack-shaft  also  transmits 
power  to  a  large  rotary  pump  capable  of  delivering  26  gallons 
of  cutting  compound  per  minute  under  a  pressure  of  100 
pounds  per  square  inch.  One  of  the  worst  conditions  to  con- 
tend with  in  drilling  especially  deep  holes  is  the  necessity  of 
carrying  away  the  chips,  which  is  accomplished  by  delivering 
a  light  liquid,  such  as  a  water  cutting  solution,  to  the  point  of 
the  drill.  This  serves  to  keep  the  drill  cool  and  in  its  back- 
ward flow  carries  the  chips  out  of  the  hole  in  the  work.  As  the 
carriage  travels  along  the  bed,  it  requires  a  constantly  in- 
creasing or  decreasing  length  of  tubing  to  conduct  this  lubri- 
cant to  the  rear  of  the  drill,  and  this  is  accomplished  by  a 
system  of  telescopic  brass  tubes,  each  of  which  has  packed 
joints,  80  that  provision  Is  made  for  carrying  the  lubricant 
without  leakage.  In  the  rear  view  of  the  machine  shown  In 
Fig.  2,  there  will  also  be  seen  the  provision  made  for  forced 
lubrication  of  the  various  journals. 

Power  for  driving  the  feed  mechanism  Is  transmitted  from 


Fig.  2.    Opposite  Side  of  Springfield  Gun  Boring  Machine,  sliowing  Arrangement 
of  Quick-return  Mechanism 


an  intermediate  shaft 
in  the  headstock  to  a 
two-step  cone  pulley 
by  means  of  a  silent 
chain  drive,  and  from 
this  point  it  is  car- 
ried to  the  front  of 
the  machine  to  a  gear- 
box located  directly 
behind  the  controller 
on  the  front  left-hand 
corner  of  the  machine. 
This  gear-box  is  fur- 
nished with  gears  that 
provide  five  rates  of 
feed,  and  these  are 
doubled  by  the  two- 
step  cone  to  give  a 
total  of  ten  available 
feed   changes   tor   the 


carriage,  covering  a  range  from  0.0015  to  0.016  inch  per  revolu- 
tion. It  will  be  seen  that  the  entire  machine  stands  in  a  steel 
pan,  which  catches  all  the  chips  and  drilling  compound  and  re- 
turns the  compound  to  the  reservoir  ready  to  be  delivered  again 
to  the  drill  point.  To  provide  for  handling  the  heavy  work  for 
which  this  machine  is  intended,  it  has  to  be  heavily  con- 
structed. Exclusive  of  the  electrical  equipment,  the  weight  is 
28,000  pounds,   and  with   the  electrical   apparatus  added,  the 


ri(.  >.     OI«M  VUw  »t  CarrlM*  of  HprlntRaM  (Inn   Borlni   Marliln 


of   H.ndntoc-k   of   Sprlngfli'ld    Gun   Boring    Mnohin 


weight  Is  brought  up  to  lU.OOO  pounds.  It  will  bo  of  Interest 
In  note  that  the  larKOHl  rnHtlng  In  the  machine  Is  the  bed  cast- 
ing, which  weighs  14,000  pound.s,  and  also  that  all  castings 
were  made  at  the  plant  of  the  Springdeld  Mailiiiio  Tool  Co.  In 
operation,  the  mnclilno  Is  capable  of  drilling  largo  holes  at  tlie 
r:ilp  of  from  2  to  3  Inches  per  minufo. 

HAMILTON  ENGINE  LATHE 

The  III  incli  ctiKitin  lullie  with  a  conn  head  ami  qiilrUchaiiKO 
Ki'iiT,  which  fortiiH  Ihn  subjoi't  of  this  dcHcrlpllnn,  Is  one  of  llio 
riTcnt  prodiK-tH  of  llin  Ilaniilloii  Machine  Tool  Co.,  Iliiinillou, 
Olilo.  Till'  IiimI  Ih  tnude  of  Hoinl  hIhoI,  and  llio  side  walls  arc 
ri'lnfnrri'il  ami  Hnriiri'il  by  rriiHH  liracns  at  frpqiient  lnti>rviil«. 
Olio  vco  ami  one  (Int  wiiy  nro  provided  at  tho  front  of  tho  IhmI 
and  Iwn  voi'h  al  tho  back,  llio  outer  one  being  nf  extra  wlillli 
mid  I'XtiMiillTiK  well  (lilt  rroiii  tlii«  frmit  In  nnliT  li>  iirrnnl  ploiily 
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of  support  for  the  car- 
riage when  the  lathe  is 
machining  work  of  large 
diameter.  The  head- 
stock  is  of  box  construc- 
tion, with  the  sides  ex- 
tending up  to  the  cen- 
ter line  of  the  spindle; 
in  this  way,  the  front 
and  rear  bearings  are 
tied  together,  causing 
the  spindle  thrust  to  be 
taken  by  both  bearings 
and  practically  eliminat- 
ing spring  and  vibra- 
tion. The  usual  equip- 
ment of  the  headstock 
consists  of  a  four-step 
cone  pulley  and  single 
back  -  gears.  A  n  im- 
proved locking  device  permits  the  cone  pulley  and  face  gear 
to  be  instantly  connected  or  disconnected  without  requiring 
the  use  of  a  wrench.  The  hollow  spindle  is  made  of  chrome- 
nickel  steel  and  the  spindle  bearings  are  lined  with  phosphor- 
bronze.  These  bearings  are  scraped  to  fit  the  spindle  accu- 
rately and  they  are  provided  with  sight-feed  oil-cups.  End 
thrust  of  the  spindle  is  taken  on  a  special  ball  bearing  sup- 
ported against  the  inside  of  the  rear  spindle  box. 

The  tailstock  is  secured  by  two  clamping  bolts  extending  to 
the  top,  where  they  may  be  conveniently  reached  by  the  oper- 
ator. The  tailstock  spindle  is  graduated  in  eighths  of  an  inch 
and  it  is  also  provided  with  a  micrometer  dial  which  permits 
fine  adjustments  to  be  made.  Provision  is  made  for  setting 
over  the  tailstock  for  the  performance  of  taper-turning  opera- 
tions, and  graduations  indicate  both  the  central  position  and 
the  amount  of  set-over.  A  flat  surface  is  provided  on  top  of 
the  carriage,  which  is  furnished  with  T-slots  so  that  work  can 
be  clamped  to  the  carriage  if  so  desired.  The  compound  rest 
is  furnished  with  taper  gibs  in  both  the  top  and  bottom  slide. 
A  chasing  dial  is  provided  which  facilitates  the  performance 
of  thread-cutting  operations.  This  dial  is  set  flush  with  the 
carriage  at  the  right-hand  side  and  is  so  arranged  that  it  may 
easily  be  disengaged  when  not  in  use,  thus  avoiding  unnec- 
essary wear.  The  apron  is  of  box  construction,  the  double 
walls  supporting  all  shafts  at  both  ends.  Bronze  bushings  are 
provided  for  the  shaft  bearings  and  all  gears  in  the  apron  are 
made  of  steel.  Provision  is  made  to  prevent  the  feed  and 
screw-cutting  mechanisms  from  being  engaged  simultaneously. 
Both  the  longitudinal  and  cross  feeds  are  friction  driven  and 
they  may  be  easily  engaged  or  disengaged. 

All  of  the  gears  in  the  quick-change  mechanism  are  made 
of  steel  and  they  are  hardened  and  ground  from  the  pitch  line. 
This  gear-box  is  a  compact  self-contained  unit  with  provision 
for  easily  obtaining  any  desired  rate  of  feed.  Korty-eight 
changes  of  feed  are  available  with  regular  set-ups,  and  the 
open-end  lead-screw  enables  provision  to  be  made  for  cutting 


Sixteen-uich  Engine   Lathe  built   by  Hamilton  Machine   Tool   Co. 


any  thread  by  the  use 
of  extra  gears.  In  work- 
ing out  the  design  of 
this  lathe,  particular 
care  has  been  taken  to 
provide  for  convenience 
of  operation.  Quick-ac- 
tion handles  are  pro- 
vided on  the  tailstock 
screw,  the  apron  hand- 
wheel,  and  the  cross- 
teed  screw;  and  central 
oiling  devices  are  pro- 
vided on  the  apron  and 
the  quick-change  gear- 
box, thus  facilitating  lu- 
brication and  assisting 
in  keeping  the  bearings 
free  from  dirt.  All  oil- 
holes  are  protected  by 
suitable  covers  and  all  gears  are  enclosed.  The  regular  equip- 
ment furnished  with  the  lathe  includes  a  compound  rest, 
double  friction  countershaft,  large  and  small  faceplates,  a 
steadyrest,  centers,  and  wrenches.  Double  back-gears,  taper 
attachment,  relieving  attachment,  cabinet  legs,  turret,  oil-pan, 
etc.,  may  be  furnished  as  special  equipment. 

The  principal  dimensions  of  this  lathe  are  as  follows:  swing 
over  ways,  IS  14  inches;  swing  over  compound  rest,  11%  inch- 
es; capacity  between  centers  for  6-foot  bed,  36  inches;  dimen- 
sions of  front  spindle  bearing,  3%  by  514  inches;  dimensions 
of  rear  spindle  bearing,  2%  by  3%  inches;  diameter  of  hole 
through  spindle  IV2  inch;  ratio  of  back-gear,  10  to  1;  maximum 
traverse  of  tailstock  spindle,  10  inches;  diameter  of  tailstock 
spindle,  2  1/16  inches;  range  of  spindle  speeds,  6%  to  450  revo- 
lutions per  minute;  capacity  for  thread  cutting,  2  to  112 
threads  per  inch,  including  the  11%  per  inch  pipe  thread; 
length  of  carriage  bearing  on  ways,  27  inches;  size  of  tools,  5/8 
by  1  inch;  capacity  of  steadyrest,  5%  inches;  dimensions  of 
countershaft  friction  pulleys,  12  by  4%  inches;  speeds  of  coun- 
tershaft, 154  and  190  revolutions  per  minute;  and  weight  of 
machine  with  6-foot  bed,  3480  pounds. 


Fit.    1.     Gray   Throad    Hllllnc   Machine    for  ruttint   Thr<iadi 
HIrh'OiploilTa  BholU 


GRAY  SHELL  MACHINERY 

In  the  accompanying  illustrations  are  shown  machines  built 
by  the  Gray  Machine  Tool  Co.,  Inc.,  2665  Main  St.,  Buffalo, 
N.  Y.,  for  use  in  the  performance  of  various  operations  in- 
volved in  the  manufacture  of  shells.  In  Fig.  1  is  shown  a 
machine  designed  for  use  in  milling  the  threads  in  the  nose 
or  base  of  6-inch  high-explosive  shells,  and  this  machine  pro- 
vides for  trimming  the  fuse  seat  or  plug  recess  at  the  same 
setting  of  the  work,  thus  making  these  surfaces  perfectly 
true  with  the  threaded  hole.  On  6-inch  shells  it  is  stated  that 
the  actual  threading  time  is  I14  minute  for  the  2inch  fuse 
hole,  and  2%  minutes  for  the  base  plug  recess.  The  work  and 
cutter  are  rotated  by  separate  belts  from  a  countershaft  In 
performing  a  thread- 
milling  operation  on 
this  machine,  the 
lead  of  the  thread  is 
governed  by  moving 
the  work-spindle  end- 
wise as  it  revolves. 
For  this  purpose,  a 
threaded  sleeve  on 
the  spindle  runs  in 
a  nut  which  is  held 
in  a  stationary  posi- 
tion. Ilurlng  the  fa<- 
itig  operation  thi.s 
nut  Is  locked  to  the 
.spindio  and  revolves 
with  It.  To  traverse 
the  spindle  endwise 
the    nut    Is    revolved 

FIf .  a.    Orajr  Sholl  Waahlnit  Machine  furnished 

In  the  reverse  direc-  with  Roiair  Tamji 
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Fig.   3.     Gray  Shell  Blast  for  alternately  loading 
and  cleaning  Inside  of  75-mUliineter  Shells 

tion,  the  work-spindle  bearings  are  extended  to  allow  a 
traverse  of  2Vi  inches,  and  the  direction  of  rotation  of  the 
work-spindle  is  such  that  the  work  travels  away  from  the 
cutter. 

In  Figs.  3  and  4  are  shown  two  forms  of  shell  blasting  ma- 
chines which  are  especially  adapted  for  cleaning  the  inside 
of  shells  with  steel  grit  or  steel  shot.  This  treatment  removes 
any  signs  of  scale  or  boring-tool  marks  from  the  inside  of 
nosed-in  shells.  The  method  of  operation  of  both  machines  is 
essentially  the  same,  so  that  the  following  description  will 
give  a  good  idea  of  the  way  in  which  either  one  operates.  A 
shell  is  placed  in  the  holder  with  its  nose  downward  in  a 
cup.  after  which  the  long  lever  handle  is  released  to  let  the 
shell  and  holder  drop  down  so  that  the  blast  nozzle  is  inside 
the  mouth  of  the  shell.  This  results  in  automatically  engag- 
ing a  clutch  which  causes  the  shell-holder  to  be  slowly  re- 
volved. Then  by  pulling  the  short  lever,  a  quick-opening  gate 
valve  on  the  air-line  is  opened,  with  the  result  that  a  specially 
arranged  Injector  draws  up  the  steel  shot  from  the  hopper 
and  discharges  them  into  the  shell.  After  a  few  revolutions, 
the  air  Is  shut  oft  and  the  long  lever  is  pushed  down,  thus 
raising  the  shell  and  disengaging  the  clutch  drive.  The  ma- 
chine Is  said  to  be  practically  dustproof  and  the  production 
from  thirty  to  fifty  shells  per  hour.  The  machine  shown  in 
FIk.  4  is  suitable  for  cleaning  4.5-,  5-,  6-,  and  8-inch  shells  and 
could  easily  be  arranged  for  other  sizes. 

The  machine  shown  In  P'lg.  :j  Is  designed  with  a  large 
hopper  and  two  Hhell-holdcrs  and  nozzle  arrangements  to  pro- 
vide for  rapidly  removing  scale  and  tool-marks  from  the  in- 
side of  75-mlllimcter  Hhells.  A  shell  Is  placed  in  one  holder 
and  dropped  Into  position  to  start  the  blasting  opcriitlon. 
Then  a  shell  Is  placed  In  the  second  holder  and  by  the  lime 
that  the  operation  has  been  started  on  the  second  shell  the 
(iTHt  one  has  revolved  a  few  limes  and  Is  ready  to  have  the 
nlr  shut  off  and  bo  removed  from  the  mnchlne.  The  two  sliell- 
holders  ore  run  Independently  of  each  other.  On  tills  mnchlne 
the  production  Is  sold  to  bo  sixty  or  more  Hliejls  pctr  hour. 

The  shell  washlnK  machine  shown  In  Fig.  2  Is  n  cast  Iron 
tank  furnished  with  n  rolory  pump  boiled  to  the  back  of  llie 
tank  and  piped  to  Ihf  two  shell  cups  In  thi'  cover.  When  di' 
sireil.  the  shell  mannfiicturer  cnn  put  n  Mienm  coll  Into  tlii' 
tank  for  heatInK  the  wasliInK  llipild.  The  rapacity  of  the  tanli 
In  approximnloly  forty  Kallons,  and  It  Is  dlvldcil  Into  two  com 
pnrtmcnts.  s«  that  only  wnli-r  can  K<'t  buck  to  the  pump,  tin 
dirt  and  chips  remalnInK  In  the  first  compartment.  This  mn- 
chlne handles  shells  up  to  6  Inches  In  size. 


WEIGEL  VERTICAL  DRILLING       | 
MACHINE 

The  20-inch  wheel  and  lever  feed  vertical 
drilling  machine  illustrated  is  a  product  of 
the  Weigel  Machine  Tool  Co.,  Peru,  Ind.  It 
will  be  seen  that  this  machine  is  built  witli 
a  square  base,  which  is  of  ample  size  and 
well  ribbed  underneath.  It  will  also  be 
noticed  that  the  base  is  planed  and  fur- 
nished with  T-slots  to  provide  for  bolting 
work  in  place.  Split  bearings  are  used  for 
the  upper  driving  shaft  to  afford  means  of 
taking  up  wear,  and  it  will  be  seen  that 
the  head  is  fi.xed  to  the  column.  The  feed 
rack  and  pinion,  as  well  as  all  other  gear- 
ing, are  cut  from  solid  blanks,  and  means 
are  provided  for  taking  up  any  wear 
of  the  spindle.  This  spindle  is  made  of 
steel  and  finished  to  size  by  grinding.  It 
has  a  drift  slot  through  the  nose,  and  quick 
approach  and  return  movements  are  im- 
parted to  the  spindle  by  means  of  the  rack 
and  pinion  operated  by  a  short  lever  at  the 
left-hand  side  of  the  spindle.  Ball  bearings 
are  employed  to  take  the  end  thrust.  The 
spindle  sleeve  is  accurately  finished  by 
grinding,  and  it  is  graduated  and  fitted 
with  bronze  bushings. 

The  table  arm  has  an  enlarged  circular 
support  for  the  table,  and  it  is  raised  and 
lowered  by  means  of  a  screw  and  pair  of  miter  gears,  as  illus- 
trated. The  .table  can  be  swung  around  the  column  when  it 
is  necessary  to  set  up  large  pieces  of  work  on  the  base.  To 
enable  the  operator  to  start  or  stop  the  machine  instantly 
with  his  foot,  and  leave  both  of  his  hands  free  for  handling 
the  work,  the  belt-shifter  is  located  at  the  base  of  the  machine. 
All  shafts,  racks,  and  pinions  used  in  this  drilling  machine 
are  made  of  steel,  and  all  gears  are  cut  from  solid  blanks.   To 


Vorllrit    DrIIIIni    MArhlnn   with   Wiinol   ami   La*«r  T»»i  built   by 
WoIrkI   Maohlnii  Tool  Oo. 
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avoid  accidents,  all  gears  are  covered  by  guards.  Accurate 
alignment  between  the  table  and  spindle  is  assured  by  having 
the  hole  in  the  table  arm  bored  by  the  drilling  machine  after 
it  has  been  assembled. 

The  principal  dimensions  of  this  machine  are  as  follows: 
total  height  with  spindle  extended,  6  feet  3%  inches;  height 
to  top  of  cone  pulley,  5  feet  10%  inches;  maximum  capacity 
between  spindle  and  base,  37%  inches;  maximum  capacity 
between  spindle  and  table,  19%  inches;  maximum  traverse 
of  spindle,  8  inches;  maximum  traverse  of  table  on  column, 
17  inches;  diameter  of  spindle,  15/16  inch;  diameter  of  spin- 
dle in  sleeve,  17/16  inch;  diameter  of  sleeve,  2%  inches;  di- 
ameter of  column,  5%  inches;  diameter  of  table,  16%  inches; 
diameter  of  large  step  on  cone  pulley,  9  inches;  diameter  of 
small  step  on  cone  pulley,  4  inches;  face  width  of  cone  pulley 
steps,  2%  inches;  dimensions  of  tight  and  loose  pulleys,  9 
inches  in  diameter  by  3^4  inches  face  width;  speed  of  lower 
shaft,  600  revolutions  per  minute;  and  approximate  weight  of 
machine  on  skids,  750  pounds. 


AURORA   TOOL  WORKS   VERTICAL 
DRILLING   MACHINE 

An  important  feature  of  the  design  of  the  2S-inch  friction 
back-geared  drilling  machine  which  has  recently  been  placed 
on  the  market  by  the  Aurora  Tool  Works,  Aurora,  Ind.,  is 
that  it  has  been  designed  with  a  thoroughly  built-in  construc- 
tion. Every  moving  part,  with  the  exception  of  the  spindle 
and  feed-rod.  is  enclosed,  thus  effectually  excluding  all  for- 
eign matter  from  moving  parts  of  the  mechanism  and  avoid- 
ing the  possibility  of  injury  to  the  operator.  All  bearings  and 
gears  are  submerged  in  oil,  and  gage  glasses  show  the  oil  level 
at  all  times,  thus  avoiding  danger  of  the  bearings  or  gears 
running  dry.  Ball  bearings  are  used  throughout  the  machine 
except  in  the  quill.  Another  feature  is  the  centralizing  of 
all  control  levers  and  wheels,  so  that  the  operator  is  able  to 
start  or  stop  any  movement,  including  clamping  of  the  table 
and  table  arm,  without  leaving  his  position  at  the  front  of 
the  machine.     Every  speed  and  feed  is  plainly  marked  and 


f}:^l^ 


may  be  obtained  for 
any  size  of  drill  with- 
out guesswork  and 
without  having  to 
stop  the  machine. 

All  spur  gears  are 
made  of  nickel  alloy 
steel  and  heat-treat- 
ed. They  are  of  the 
cut  spiral  stub-tooth 
type,  with  a  20-de- 
gree  pressure  angle, 
and  run  without  vi- 
bration or  noise.  All 
bevel  gears  are  of 
the  spiral  type.  Both 
tight  and  loose  pul- 
leys on  the  speed-box 
are  fully  enclosed, 
and  the  loose  pulley 
is  equipped  with  an 
olUess  bearing;  this 
pulley  is  made  con- 
siderably smaller 
than  the  tight  pulley 
in  order  to  slacken 
the  belt  tension  when 
the  machine  is  not 
running.  Through 
this  speed-box  and 
the  back-gears  sixteen  changes  of  speed  are  obtainable.  The 
spindle  is  machined  from  a  high-carbon  steel  forging;  it  is 
double-splined  and  furnished  with  ball  thrust  bearings.  A 
large  reservoir  is  provided  from  which  a  copious  flow  of 
cutting  compound  is  delivered  to  the  tool  carried  by  the 
spindle.  This  reservoir  is  cast  integral  with  the  base  of  the 
machine,  and  the  base  is  furnished  with  a  deep  oil-groove 
extending  all  the  way  around  the  T-slots,  thus  permitting  bolts 
to  be  entered  into  the  T-slots  from  either  end  and  allowing  a 
free  passage  through  which  the  cutting  compound  can  flow 
back  to  the  reservoir.  The  vertical  driving  shaft  passes  up 
through  the  tubular  back-brace,  where  it  is  effectually  guarded. 
An  Aurora  improved  friction  tapping  attachment  can  be  fur- 
nished with  this  machine. 


"DUMORE"  ELECTRIC  DRILLING  MACHINE 

The  Wisconsin  Electric  Co..  1429  Dumore  BUlg..  Racine. 
Wis.,  are  now  building  a  "Dumore"  Type  A  electric  drilling 
machine  which  is  suitable  for  the  use  of  manufacturers  and 
jewelers  who  require  a  sensitive  drilling  machine  for  handling 
light  work.  It  will  be  seen  that  the  machine  is  equipped  with 
a  direct-connected  motor,  which  is  of  the  variable-speed  type. 
The  machine  is  adapted  for  handling  a  wide  range  of  drilling 
operations  in  steel,  cast  iron,  brass,  aluminum,  fiber,  hard 
rubber,  etc.  It  is  equipped  with  a  No.  1  Jacobs  chuck  and  a 
six-speed  controlling  unit  which  affords  speed  variations  from 
500  to  10.000  revolutions  per  minute,  the  available  speeds 
being  approximately  500.  2000,  4000.  6000,  8000  and  10,000 
revolutions  per  minute.  The  controller  is  mounted  on  the  floor 
and  regulated  by  a  foot-pedal.  On  this  drilling  machine  the 
table  Is  adjustable  and  gives  the  drill  a  stroke  of  %  Inch,  the 
capacity  of  the  machine  beli)g  for  drilling  holes  up  to  1/16 
Inch  In  diameter  in  steel  and  1/8  inch  in  diameter  In  soft 
alloys.  Holes  can  be  drilUil  to  the  center  of  a  5-inch  circle. 
By  carefully  bringing  the  motor  and  drill  chuck  into  accurate 
dynamic  balance,  smoothness  of  operation  is  assured. 


G-S  COMBINATION  DRILL  VISE 

The  Gernianow  Simon  Marliinc  Works.  .'.S  Mill  St..  Uochostor, 
N.  Y.,  are  now  bulldinK  a  combination  drill  vise  which  per- 
forms three  distinct  functions  in  that  it  combines  n  vise,  V- 
blocks,  and  anglo-platc  In  a  single  tool.  The  vise  is  of  simple 
construction  with  the  screw  set  above  the  center  of  the  sliding 
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jaw  to  prevent  wear  on  the  bearings.  This  screw  is  of  the 
square-thread  type.  The  vees,  cut  across  the  top  of  the  jaws 
and  on  the  face  of  the  sliding  jaw,  are  always  ready  for  work, 
and  the  work  may  be  rigidly  held  in  position  in  them.  A 
special  steel  clamp  provides  for  holding  the  work  in  the  upper 
vees  without  the  necessity  of  using  straps  and  bolts.  The 
angle-plate  at  the  left-hand  end  of  the  vise  can  be  set  to  any 
degree  and  held  in  place  by  tightening  a  single  nut.  The  G-S 
combination  vise  is  manufactured  in  two  sizes,  known  as  Nos. 
1  and  2.  The  No.  1  vise  has  a  base  12i^  inches  in  length  by 
5  inches  in  width,  and  an  extreme  height  of  5  inches.  The  size 
of  jaws  is  2%  inches  in  depth  by  8  inches  in  width,  and  the 
jaws  open  5  inches.     The  No.  2  vise  is  of  similar  design,  but 


Combination  Drill  Vise  made  by  the  Germanow-Simon  Machine  Works 

of  larger  capacity  and  heavier  construction.  The  base  is  15% 
inches  in  length  by  7  inches  in  width,  and  the  extreme  height 
of  the  vise  is  6  inches.  The  jaws  are  3  inches  in  depth  by  9 
inches  in  width,  and  have  a  maximum  opening  of  7  inches. 


TAFT-PEIRCE  SQUARES  AND  V-BLOCKS 

Knife-edge  squares  and  V-blocks  of  the  forms  shown  in  the 
accompanying  illustrations  are  recent  additions  to  the  line  of 
tools  made  by  the  Taft-Peirce  Mfg.  Co.,  Woonsocket,  R.  I.  It 
■will  be  apparent  that  the  squares  are  intended  for  use  on  work 
requiring  a  high  degree  of  accuracy,  and  in  order  to  fulfill  this 
requirement  each  square  is  carefully  hardened,  ground,  and 
lapped.  It  will  be  seen  that  the  surplus  stock  is  removed  from 
the  center  of  the  tool  to  provide  for  inserting  an  insulation 
which  affords  a  convenient  grip  and  also  decreases  the  weight 


Fif.   I.    Xnlf*-«<lg«  Praolilon  8quu«i  mada  by  Taft-Palroo   Mff.   Co. 

of  the  squaro.  Thf!M«  IohIh  are  made  In  two  bIzcs,  namely,  2 
by  2'A  by  1/2,  and  2'/j  by  :)  by  9/lB  InchcB.  and  each  size  Ih 
packed  In  a  morocco  lent  her  vane. 

In  Fig.  2  Is  Hhown  l\u-  new  Taft-I'clrrc  V-lilork  which  18  do 
HlKnod  for  holdlnfc  cylindrical  work  for  the  porformanco  of 
drilling  and  mlllInK  oporntloMH.  otc.  TboHc  lilm-kii  am  made 
with  a  ?./4-lnch  linlu  throuKh  them,  central  wllli  tli)>  ttldon  and 
▼00  ami  Hqiinro  with  tho  bottom  mirfacc.  Tb"  hole  Ih  llnlHlind 
no  that  tli<!  block  may  In-  ruadlly  Iriii'd  up  on  Hio  racnplatl^ 
malnlalnlnK  ih"  v<!i-  (••nlral  with  llio  axlit.  lOach  Hido  of  Ih" 
re«  hoa  three  tapped  hole*  for  clamping  »crowg,  and  an  Ihono 
hole*  exiond  ontiroly  through  tho  blork.  Ihi-y  can  nlun  bo  unod 
for  clamping  It  to  a  fncnplatn.  Twr>  clnnipM  and  four  clanipInK 
screw*  are  supplied  with  each  block,  and  In  tho  IIIUHlratlon  un>' 


Fig. ^2.    Type  of  V-block  now  being 


Mfg.  Co. 


of  these  clamps  is  shown  in  position  while  the  other  clamp 
and  its  screws  are  shown  lying  beside  the  block.  These  clamps 
are  so  designed  that  they  may  be  loosened  or  removed  by  one 
or  two  turns  of  each  screw.  A  groove  is  milled  all  the  way 
around  the  block  to  provide  for  strapping  it  in  position,  and 
each  block  is  finished  on  all  surfaces. 


"NERCO"  FOUR-JAW  OHUOK 

The  Newark  Engineering  &  Refrigerating  Co.,  Newark,  N.  J., 
are  now  manufacturing  a  line  of  independent  four-jaw  chucks 
with  iron  bodies,  the 
general  design  of  which 
is  shown  in  the  illus- 
tration which  accom- 
panies this  description. 
The  jaws  furnished  in 
these  chucks  are  revers- 
ible to  provide  for  hold 
ing  work  from  either 
the  outside  or  the  in- 
side, and  for  use  in 
those  shops  where  a 
three-jaw  chuck  is  pre- 
ferred ,  independent 
three-jaw  chucks  can  be 
furnished.  From  the  initials  of  the  company's  name  the  trade- 
mark "Nerco"  has  been  adopted  for  this  line  of  chucks,  which 
are  made  in  seven  different  sizes  having  capacities  of  4,  5,  6,  8, 
9,  10,  and  12  inches,  respectively. 


"Nerco"    Chuck   made   by   Newark   Engi- 
neering &  Refrigerating  Co. 


H.  P.  WHEEL-TRtriNG  TOOLS 

The  H.  r.  C'o.,  4r)  Fori  St.  E..  Dotniit.  Mii'li..  are  now  manu- 
facturing the  Nos.  1,  2,  and  3  grinding-whecl  truing  tools 
which  are  shown  in  the  accompanying  illustrations.  The  No. 
1  truer  Is  equipped  for  precision  grinding  mn<lilnes  and  has 
interchangeable  shanks  which  lit  any  make  of  machine.  This 
tool  is  intended  to  true  wheels  for  performing  all  classes  of 
rough  and  seml-llnishcd  grinding  operations.  It  will  be  seen 
that  a  grease  cup  l-s  provided,  which  affords  forced  lubrication. 


ric.  1.     Mo.   1  Whooltrulnc  Tool  niido  )>y  H.   V.   Co. 
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Fig.  2.     No.   2  Wheel-truing  Tool  made  ty  H.    P. 


Co. 


and  the  bearings  are  designed  in  such  a  way  that  dust  and 
particles  of  abrasive  are  effectually  excluded.  The  H.  P.  No.  1 
truing  device  is  being  used  successfully  for  truing  grinding 
wheels  used  for  rough-grinding  crankshafts  and  camshafts, 
axle  shafts,  and  other  classes  of  lighter  work. 

In  Fig.  2  is  shown  the  No.  2  truing  device  which  is  intended 
for  hand  use  only.  It  is  furnished  with  the  same  form  of  cut- 
ter as  the  tool  shown  in  the  preceding  illustration  and  either 
new  or  partially  worn  cutters  may  be  employed  in  this  tool. 
The  head  is  of  identically  the  same  design  as  that  of  the  No.  1 
tool,  the  only  difference  being  in  the  shank,  which  is  so  formed 
that  it  may  be  conveniently  held  in  the  hand.  This  shank  is 
furnished  with  thoroughly  lubricated  bearings  which  are  dust- 
proof   and   waterproof.     It    is   stated   that   when   this   tool    is 

equipped  with  a  new 
set  of  cutters,  it  will 
give  1500  dressings 
before  being  worn  out. 
The  improved  abra- 
sive wheel  cutter 
used  on  both  of  these 
tools  is  1%  inch  in 
diameter  by  1  inch 
face  width.  It  con- 
sists of  individual 
cutters  mounted  on 
a  hub  with  the 
teeth  so  arranged 
that  they  form 
spirals.  Each  tooth 
is  separate,  so  that 
it  provides  a  distinct  cutting  point,  and  each  cutter  is  mounted 
on  a  shaft  which  fits  into  the  bearing  in  the  shank.  The  cut- 
ters are  hardened  and  ground  to  fit  the  hub.  When  the  cutter 
Is  worn  out,  the  shaft  is  withdrawn  from  the  holder  and  each 
new  cutter  is  equipped  with  a  new  shaft  on  which  it  is  assem- 
bled and  tested  before  being  shipped.  The  only  assembling 
necessary  in  the  user's  shop  is  to  pull  out  the  old  shaft  and 
substitute  the  one  carrying  a  new  set  of  cutting  points.  Guards 
are  provided  to  protect  the  operator  from  possible  breakage 
of  cutters  or  from  being  struck  by  particles  of  the  wheel. 
On  the  Xo.  "  H   I*.  al)rasive  wlifol-truinc  tool  which  is  .shown 


^g^ 

) 

^^C^^V^y 

w 

Fig.   3.     Improved  Abrasive   Wheel  Cutter 
UBed  on  H.   P.   Truing  Tools 


in  Fig.  4,  double  adjustable  bearings  are  provided  and  the  tru- 
ing tool  is  equipped  with  a  set  of  cutters  made  of  thin  metal, 
which  have  been  specially  treated.  The  teeth  are  sharp  and 
close  together  to  give  a  smooth  sharp  surface  to  the  wheel. 


ATTACHMENT  FOR  BILTON  MILLING 
MACHINE 
The  Bilton  Machine  Tool  Co.,  Bridgeport,  Conn.,  have  added 
an  attachment  to  their  milling  machines  whereby  the  work 
feed  is  dependent  upon  the  movement  of  the  cutter.  They 
have  experienced  considerable  trouble  in  the  past  with  work 
of  the  nature  which  requires  the  use  of  a  fine  saw.    In  the  old- 


Attachment  for  BUton   Mil.     -    .-  :i.akcs   it^i    Movement 

style  Bilton  milling  machine  a  single-belt  drive  is  used;  and 
if  by  chance  the  cutter  becomes  broken  or  caught  in  the  work, 
the  table  continues  to  feed  and  causes  no  end  of  trouble.  To 
overcome  this  difficulty  the  belts  that  drive  the  feeding 
mechanism  have  been  placed  on  the  same  shaft  as  the  belt 
which  drives  the  cutter-spindle.  Having  the  feed  belt  con- 
nected with  the  belt  that  drives  the  cutter-spindle  causes  the 
feed  to  stop  when  the  cutter-spindle  gets  stuck. 


WETMORE  TAPS  AND  REAMERS 

Since  the  first  contracts  for  munitions  were  let  in  this  coun- 
try, there  have  been  a  great  many  developments  in  such  special 
tools  as  taps,  reamers,  thread-milling  hobs,  and  gages  required 
in  the  production  of  munitions  of  war.     In  the  accompanying 


Fl(.   4.     No.    3   Whool-truinc   Tool   mado   by   H.    P.    Co 


Fig.   1. 


illustrations  are  shown  two  forms  of  taps  and  an  expanding 
reamer  of  the  floating  type  for  finish-sizing  the  fuse  holes  in 
shells.  These  tools  represent  additions  to  the  line  of  products 
of  the  Wetmore  Mechanical  Laboratory  Co.,  Milwaukee,  Wis. 
In  designing  these  special  taps,  shown  in  Fig.  1,  advantage  has 
been  taken  of  experience  gained  in  making  taps  to  meet  the  re- 
quirements of  a  variety  of  different  shell  manufacturers,  and 
thread  forms  have  been  chosen  which  have  given  the  longest 
life  and  the  greatest  degree  of  accuracy.  They  are  made  of  a 
special  alloy  steel. 

The  expanding  reamers  are  of  the  floating  type,  and  the  one 
shown  In  Fig.  2  Is  made  to  fit  a  3-lnch  turret  hole  and  is  used 
for  flnlsh'SlzIng  fuse  holes  of  155mllllineter  United  States 
Army  shells.     This  reamer  floats  freely  In  Us  socket,  Is  self- 
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centering,  and  assures  the  reaming  of  a  true  round  hole.  The 
blades  are  set  at  an  angle  to  facilitate  smooth  cutting  action 
and  to  eliminate  the  liability  of  chatter.  In  order  to  take  up 
wear  of  the  blades,  they  are  expanded  by  means  of  two  ground 
nuts  and  the  design  of  the  reamer  is  such  that  the  blades  may 
be  removed  or  replaced  without  taking  the  tool  apart.  A  true 
center  in  the  end  of  the  reamer  makes  it  possible  to  grind  the 
blades  in  place  if  so  desired.  These  reamers  are  shipped  with 
the   blades   ground   to   the   dimension   required    by    the    user. 


NEW  BRITAIN  TOTE-BOX  RACK 

To  meet  the  requirements  of  users  of  Xew  Britain  tote  boxes 
who  would  find  it  convenient  to  store  these  boxes  in  a  rack, 
the  New  Britain  Machine  Co.,  New  Britain,  Conn.,  have  recent- 
ly placed  on  the  market  racks  of  the  form  shown  in  the  accom- 
panying illustration.  Based  upon  their  experience  with  the 
uses  which  are  made  of  tote  boxes,  the  builders  of  this  rack 
are  of  the  opinion  that  it  is  universally  adaptable  to  all  re- 
quirements for  small-parts  storage.     Although  especially  suit- 


1 

XKk  far  ToU  Botni  inada  by  Naw  BrtUIn  Maohlna  Co. 
Bhlo  for  UUP  In  Htock  nnri  iiHiir-niblInK  rooinH,  Ihcri!  nrc  iimiiv 
•ilhrr  plnci'N  In  Hip  fn'iory  whiTc  riickii  of  HiIh  kind  hIiouIiI  lie 
Ifip  inpurm  (if  niivImk  time  anil  moni-y.  The  nick  Ih  iif  Minipio 
(IffilKn  nrid  llxlit  wclKtil,  nIthouKh  It  In  mo  cnnHlnicltMl  Unit 
nrnpli!  utirrni-Hx  In  provlilnil  to  wlthfilnnd  prucllciilly  any  Imiil 
iliut  In  llkniy  lo  Iip  pIncKil  upon  II.  Tlio  front  iiprlKlitN  iir<' 
mado  of  flnl  iito«>l  and  thouc  nl  (hn  rear  am  iiibiIp  of  anxl''^'. 
nnxto  runner*  upon  which  Uio  hoxPN  allilc  aru  plontrlrnlly  wol'l 
p'l  to  each  pair  of  uprlKht*  and  Ihpiin  wpldod  nipnihora  nri<  nm 
nrrtn<l  by  rrona-llPN  at  thp  front,  whilo  Ihn  back   In  rlonort   In 


and  is  stiffened  by  sheets  bolted  to  the  angle-iron  uprights. 
Racks  of  this  type  are  commonly  furnished  in  standard  units 
as  illustrated,  although  they  may  be  expanded  horizontally  to 
any  extent.  Special  racks  may  also  be  built  to  accommodate 
more  than  six  boxes  in  each  tier.  Units  are  frequently  placed 
back  to  back  with  a  single  sheet  of  metal  between  them.  Par- 
ticular attention  is  drawn  to  the  safety  feature  which  is  clear- 
ly brought  out  in  the  illustration.  When  a  box  is  pulled  out, 
if  the  forward  end  is  permitted  to  drop  slightly,  the  raised  rear 
end  of  the  box  will  come  into  contact  with  the  front  cross-tie, 
thus  permitting  the  box  to  be  loaded  or  unloaded  in  this  ex- 
posed position  without  any  danger  of  its  sliding  out.  A  com- 
plete description  of  the  New  Britain  tote  boxes  used  in  this 
rack  was  published  in  Machinery,  November,  1916. 


PAYNE  &  WILES  ELECTRIC  HAMMER 
AND  DRILL 

The  Payne  &  Wiles  Machine  Co.,  302-30S  S.  Ninth  St.,  Lin- 
coln, Neb.,  are  now  manufacturing  a  combination  electric  ham- 
mer and  drilling  tool.  In  working  out  the  design,  care  has 
been  taken  to  simplify  the  mechanism  as  far  as  possible  and 
reduce  the  number 
of  parts  to  a  mini- 
mum. The  tool  is 
adapted  for  the  use 
of  machinists,  elec- 
tricians, and  in 
garages,  etc.  It  is 
suitable  for  chip- 
ping castings,  cut- 
ting holes  through 
concrete  floors, 
calking  boiler 
seams,  beading  flues 
in  boilers,  drilling 
metal,  etc.  The 
weight  of  the  tool 
is  11  pounds  and  it 
will  drive  drills  up 
to  1/2  inch  in 
diameter  in  steel  or 
cast  iron;  chisels 
up  to  1/2  inch  may 
be  driven  by  the 
hammer  for  key- 
seating,  and  chisels 
up  to  1  inch  can  be 
driven  for  chipping 
iron  and  steel  cast- 
ings. 

A  universal  motor  is  used  to  drive  the  tool,  which  is  adapted 
for  connection  to  110-volt  alternating-  or  direct-current  cir- 
cuits, attachment  being  made  to  any  lamp  socket.  Tools  of  this 
type  can  be  niiide  in  different  sizes  ranging  in  weight  from  3  to 
100  pounds.  The  liamnier  and  drilling  spindle  can  he  operated 
indciicnclonlly  of  cucli  other,  or  tlic  drill  and  the  hummer  can 
1)1'  run  Rimullancously.  I'atonts  have  been  granted  on  features 
of  thi.s  tool  lo  \V.  S.  I'ayne  of  the  Payne  &  Wiles  Machine  Co. 


&    Wilu: 


GLENZER  COUNTERBORE  AND  SPOT-FACER 

Tim  "lUlllly"  Inlercliangi'iiblo  piloted  counlorhoro  mid  spot- 
furor  Ih  a  recent  jiroiluet  of  the  J.  (',  Clenzer  Co.,  Kort  St.,  W., 
eoriier  Kourtooiitli,  Detndl.  Mich,  The  inanufailurers  cliilin 
Hint  the  dcHlgn  (if  theHO  InterclmiiKcable  coiinterboreH  and  Hpot- 
fiieerH  IwiH  been  di'veloped  with  a  careful  coiiHlderallnn  of  Hie 
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Fig.   2.    Parts  of   •■Utility 


and   Spot-facer 


actual  requirements  which  tools  of  these  types  must  fulfill 
under  severe  conditions  of  service.  The  cutter  drive  is  of  sim- 
ple though  powerful  construction,  and  the  cutters  can  always 
be  quickly  and  easily  removed.  By  having  the  pilot  made  in 
the  form  of  a  bushing  and  positively  driven  by  the  cutting 
edges  of  the  cutter,  all  strain  is  relieved  from  the  pilot  pin. 

These  interchangeable  counterbores  and  spot-facers  are  made 
with  four  different  sizes  of  holders  which  have  capacities  for 
holding  cutters  from  3/8  to  3/4  inch,  3/4  to  IVi  inch,  1%  to 
2  inches,  and  2  to  3  inches  in  diameter,  respectively.  The  hold- 
ers are  heat-treated  and  accurately  ground  to  size,  and  the  cut- 
ters are  made  of  high-speed  steel.  Pilot  bushings  are  of  stand- 
ard 1/64-inch  sizes,  and  they  are  made  0.008  inch  under  size. 
Cutters  are  made  in  1/16-inch  sizes,  and  holders  with  special 
tapered  shanks  or  straight  shanks  can  be  made  to  special  order. 


OLIVER  DOUBLE  SHARER 

A  No.  483  high-speed  double  shaper  has  recently  been  added 
to  the  line  of  woodworking  machines  built  by  the  Oliver  Ma- 
chinery Co.,  7  Coldbrook  St.,  Grand  Rapids,  Mich.  This  ma- 
chine is  adapted  for  the  performance  of  rabbetting,  grooving, 
fluting,  routing,  or  shaping  operations.  It  is  furnished  with  a 
large  table  which  is  planed  and  then  ground  to  an  accurate 
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No.   483  High-apood   Double   Shaper  built   by   Oliver   Machinery  Co. 

Ii.  The  spindles  are  made  of  high-carbon  crucible  machln- 
;■  steel  and  are  finished  by  grinding.  They  are  supported  in 
bronze  conical-shaped  bearings  furnished  with  oil-chambers 
which  lubricate  the  spindles  for  the  entire  length  of  the  bear- 
ings. At  the  bottom  of  each  spindle  there  Is  a  copper  adjust- 
able step  which  Is  constantly  washed  with  oil.  Adjustments 
of  the  bearings  are  easily  and  rapidly  made.  As  this  machine 
runs  at  high  speed,  It  Is  Important  to  have  the  pulleys  care- 
fully balanced;  they  fit  the  spindles  perfectly  and  are  hold  In 
place  by  tapered  pins. 

A  quick  adjusting  sliapcr  guard  Is  furnished  with  each  ma- 
chine and  additional  guards  may  bo  obtained,  as  each  table 
Is  drilled  and  tapped  for  two  guards.  These  guards  are  ad- 
justable In  all  directions,  so  that  Ihoy  do  not  Interfere  with 
the  operation  nf  the  niachlno.  When  motor  drive  Is  used  any 
of  the  following  methods  may  bo  omployod:    Two  soparato  mo- 


tors may  be  furnished,  one  for  driving  each  spindle;  one  motor 
may  be  direct-connected  to  the  end  of  the  countershaft  by 
means  of  a  coupling;  or  one  motor  may  be  employed  with  the 
shaft  sufficiently  extended  to  carry  a  suitable  pulley  at  each 
end.  An  improved  column  type  of  countershaft  fitted  with  in- 
dependent belt  tighteners  and  a  ring  type  shifting  device  is 
furnished  with  each  machine.  The  main  pulleys  are  of  the 
ring-oiling  type  and  the  loose  pulley  is  bronze  bushed  and  has 
an   oil-chamber  of  ample  size   to   insure   efficient   lubrication. 


AUTOMATIC    SLITTING   SAW  SHARPENER 

The  Machinery  Co.  of  America,  505  Sixth  St.,  Grand  Rapids, 
Mich.,  are  now  building  a  No.  10  automatic  slitting  or  milling 
saw  sharpening  machine  which  will  resharpen  or  recut  saws 
with  very  little  loss  of  time.  It  is  stated  that  this  machine 
will  grind  circular  saws 
with  the  teeth  all  uniformly 
spaced  and  the  circumfer- 
ence of  the  saw  perfectly 
round.  With  the  saw  ground 
in  this  way,  strains  on  the 
blade  and  danger  of  break- 
ing the  teeth  are  practical- 
ly eliminated.  The  machine 
is  adapted  for  sharpening  or 
recutting  saws  from  2  to  10 
inches  in  diameter  with  the 
usual  spacing  of  teeth,  and 
it  is  especially  suitable  for 
use  in  reclaiming  very  thin 
slitting  saws  with  fine  tooth 
spacing.  The  operation  of 
the  machine  is  fully  auto- 
matic, requiring  very  little 
attention  on  the  part  of  the 
operator  after  the  work  has 
been  set  up  and  the  machine 
started.  The  machine  is  rig- 
idly constructed  and  sup- 
ported on  a  pedestal  of  sub- 
stantial design,  which  brings 
the  mechanism  to  a  con- 
venient height  for  the  opera- 
tor. All  essential  parts  of 
the  mechanism  are  enclosed 
in  the  body  of  the  machine, 
where  they  are  fully  pro- 
tected from  abrasive  dust 
and  other  foreign  matter. 
Ample  adjustment  is  pro- 
vided for  taking  up  wear  in 
all  moving  parts.  On  this 
machine  any  standard  shape 
or  spacing  of  teeth  may  be  readily  obtained  by  means  of  hand- 
wheel  adjustments,  conveniently  located  for  the  operator. 


No.     10     Automatic     SUttinf     Saw 

Sharpening  Machine  built  by.  the 

Machinery  Co.  of  America 


GENESEE  FACING  TOOL 

For  use  in  the  performance  of  counterboring.  facing,  form- 
ing and  similar  operations,  the  Genesee  Mfg.  Co..  Rochester. 
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N.  Y.,  are  now  mak- 
ing the  facing  tool 
which  is  illustrated 
and  described  here- 
with. The  blades  can 
be  sharpened  with- 
out requiring  the 
use  of  a  special  hold- 
er, and  these  blades 
are  supported  i  u 
such  a  way  that  the 
tool  is  adapted  for 
securing  the  full  pro- 
ductive capacity  from 
high-speed  steel.  The 
design  has  been 
worked  out  along 
such  lines  that  the 
chip  clearance  re- 
mains the  same,  re- 
gardless of  the  num- 
ber of  times  the 
blades  have  been 
ground,  so  that  their  cutting  efficiency  remains  uniform 
throughout  the  life  of  the  blades.  When  it  is  required  to  use 
this  tool  in  close  corners,  the  heavy-duty  ring  is  removed. 
When  grinding  the  blades  it  is  simply  necessary  to  remove 
them  from  the  holder  and  grind  in  such  a  way  that  they  will 
test  up  to  a  square.  The  tool  Is  never  removed  from  the 
machine,  so  that  after  the  blades  have  been  ground  the  only 
thing  required  is  to  slide  them  back  against  the  bushing 
which  locates  each  cutting  edge  in  line  and  in  the  same  po- 
sition that  the  blades  occupied  before  grinding.  This  method 
of  grinding  makes  it  unnecessary  to  readjust  the  machine 
each  time  the  blades  have  to  be  sharpened.  For  cutting  steel, 
malleable  iron,  etc.,  the  blades  are  placed  at  an  angle  of  12 
degrees,  while  for  machining  brass  and  other  soft  materials, 
they  are  placed  in  a  radial  position.  The  body  of  the  tool  is 
made  of  machine  steel,  casehardened,  and  is  of  ample  strength 
to  stand  up  under  the  full  capacity  of  the  power  feed  of  ;v' 
drilling  machine.  These  tools  are  made  in  styles  A  and  B 
with  two  and  three  blades,  respectively,  and  each  style  is 
made  in  four  different  sizes. 


lever  at  the  right- 
hand  side  of  the  feed- 
box  is  only  to  pro- 
vide for  disconnect- 
ing the  lead-screw 
when  turning  opera- 
tions are  being  per- 
formed on  this  lathe. 
All  gears  in  the  feed- 
box  are  made  of 
steel,  the  only  cast- 
iron  gears  being  the 
two  reversible  driv- 
ing gears  at  the  end 
of  the  bed.  All  gears 
are  supported  at  both 
ends  and  there  are 
no  overh  a  n  g  i  ng 
studs.  All  shafts  are 
made  of  50-point  car- 
bon steel  and  they 
are  ground  to  an  ac- 
curate   finish. 

Since  the  Willard  Machine  Tool  Co.  took  over  the  Willard 
Machine  &  Tool  Co.,  the  new  management  has  been  working 
on  the  improvement  of  the  Willard  lathe.  The  sides  of  the 
headstock  have  been  brought  up  level  with  the  center  line  of 
the  spindle  at  both  the  front  and  rear,  which  assures  greater 
strength  and  rigidity  by  tying  the  two  spindle  bearings  to- 
gether. The  headstock  has  a  bearing  21 1/2  inches  long  on  the 
bed  of  the  machine,  and  it  is  furnished  with  a  spindle  made  of 
65-point  carbon  crucible  steel,  which  is  .finished  by  grinding. 
The  reverse  gears  are  made  of  steel  and  the  idler  gears  are 
bronze  bushed.  A  bearing  IS  inches  in  length  is  provided  for 
the  carriage  on  the  vees  of  the  bed,  and  this  carriage  is  fur- 
nished with  a  bridge  714  inches  in  width.  All  sliding  surfaces 
are  taper  gibbed  to  provide  a  convenient  means  of  compensat- 
ing for  wear,  and  all  dials  are  of  ample  size  to  facilitate  ac- 
curate reading.  The  vees  on  the  bed  of  the  machine  are 
chilled   to   insure   durability. 


Lathe  built  by  Willard  Machine  Tool  Co. 


WILLARD  TOOL-ROOM  LATHE 

The  Willard  Machine  Tool  Co.,  of  Cincinnati,  Ohio,  are  now 
building  the  tool-room  lathe  which  is  illustrated  and  described 
herewith.  The  quick-change  feed-box  on  this  machine  is  a 
separate  unit  which  is  secured  to  the  bed  by  means  of  four 
bolts.  Its  alignment 
being  assured  by 
DieanB  of  tongues 
planed  to  fit  corn; 
spending  grooves  In 
the  bed  of  the  ma- 
<-hine.  One  lever  on 
this  box  manlpuIateH 
the  tumbler  gear  and 
afTords  forty  changes 
In  connection  with 
only  one  other  lever, 
which  engages  one  of 
three  ration  tn  tho 
Kcar  trains  and  re- 
verses tho  two  KcarH 
at  the  end  of  tho  bed 
In  addition  to  tho 
rauKo  of  throailH  which 
the  Konrbox  provides 
for  nutting,  tho  ma- 
chine may  bo  sot  up 
for  cutting  othor 
pitches  by  changlnR 
tho  Roors  on  the  end 
or  the  bed.    Tho  third 


CapTln*    t.«llw    bull!    bjr    Ik*    0.    MallUon    Maobia*    Worka    for    taralaf    Airplane  Btrula 


MATTISON  AIRPLANE  STRUT  TURNING 
MACHINE 

The  copying  lathe  which  forms  the  subject  of  this  descrip- 
tion is  built  by  the  C.  Mattison  Machine  Works,  Beloit,  Wis., 
for  use  in  turning  airplane  struts.  Special  attention  is  called 
to  the  double-end  drive  which  is  of  exceptional  importance 
when  long  slender  stock,  such  as  an  airplane  strut,  is  being 
turned.     Driving  from  both  ends  avoids  mudi  of  the  tendency 

to  twist  the  work  and 
revolve  it  with  a  jerky 
motion.  This  double 
drive  is  also  said  to 
do  away  with  trouble 
exporionoed  from  put- 
ting a  "wind"  In  the 
work  and  producing  a 
poor  finish.  The  car- 
riage Is  of  the  double 
rocker  type,  and  tho 
rockor  arms  which 
support  tho  cutter- 
Ili':i(I  and  inodi'l  wheel 
wiirk  without  friction, 
thus  Insuring  great 
sciiHltlvonoas  and  ac- 
iiiracy  In  operation. 
Travel  of  (ho  main 
ciirrliigd  Is  backward 
(ir  forward  along  tho 
IiimI  of  the  nmchlno,  so 
that  no  timn  la  lost  In 
HhlftIng  Iho  carriage 
back  to  tho  starting 
point   bolwoon   sucoos- 
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sive  operations.  Quick-change  gears  are  provided  which  give 
three  rates  of  feed,  any  of  which  may  be  instantly  obtained 
while  the  machine  is  running.  A  special  cutter-head  has  been 
developed  for  use  on  this  copying  lathe,  which  is  adapted  for 
rapidly  and  smoothly  cutting  spruce  wood.  The  rate  of  feed  may 
be  varied  from  ly,  to  30  inches  per  minute,  depending  upon  the 
shape  of  the  stock  which  is  being  worked.  The  standard  lathe 
takes  stock  up  to  6  feet  in  length,  but  special  machines  may 
be  built  to  take  longer  pieces.  The  machine  is  entirely  self- 
contained  and  may  be  driven  either  from  an  individual  electric 
motor  or  from  a  countershaft.  It  occupies  a  floor  space  of  4 
by  11  feet  and  weighs  4500  pounds. 


MASON  HIGH-SPEED  DRILLING   MACHINE 

The  A.  C.  Mason  Co.,  Inc.,  Paterson,  N.  J.,  are  now  building 
a  quick-change  high-speed  drilling  machine  of  the  bench  type. 
In  the  accompanying  illustrations  is  shown  a  single-spindle 
machine,  but  multiple-spindle  drilling  machines  of  this  type 
are  also  being  built.     This  machine  is  built  on  the  unit  plan 


The  spindle  pulley,  together  with  its  upper  and  lower  bear- 
ings, is  a  complete  unit  which  can  be  removed  without  requir- 
ing any  other  part  to  be  disassembled.  The  design  has  been  so 
arranged  that  the  spindle  is  relieved  of  all  belt  pull.  Semi- 
hardened  steel  of  high  elasticity  is  used  in  making  the  spindle, 
this  material  being  capable  of  resisting  blows  resulting  from 
jigs  being  slammed  against  the  chuck,  without  danger  of  bend- 
ing the  spindle.  The  spindle  and  its  bearings  are  a  complete 
unit  which  may  be  removed  from  the  sleeve  without  taking 
the  sleeve  or  spindle  pulley  from  their  fastenings.  A  positive 
depth  gage  is  provided  for  the  spindle  to  facilitate  drilling 
holes  to  a  specified  point.  Continuous  lubrication  to  all  bear- 
ings connected  with  the  spindle  and  the  spindle  bracket  is  ac- 
complished by  means  of  a  simple  oiling  device  which  furnishes 
a  continuous  flow  of  lubricant.  A  balanced  chuck  suitable 
for  holding  drills  up  to  1/4  inch  in  diameter  is  provided  with 
the  machine,  and  the  spindle  has  a  maximum  feed  movement 
of  6V2  inches.  The  pinion  which  governs  the  feed  movement 
of  the  spindle  may  be  operated  from  any  position  and  is  quick- 
ly adjusted  to  take  up  backlash  between  the  pinion  and  the 


with  all  parts  of  the  mechanism  readily  accessible  to  facilitate 
making  adjustments.  Ball  bearings  are  used  throughout,  and 
all  exposed  parts  of  the  mechanism  are  guarded  in  a  way  which 
avoids  danger  of  damage  to  the  mechanism  or  injury  to  the 
operator.  The  mechanism  and  method  of  operation  have  been 
simplified  as  far  as  possible,  thus  making  the  machine  well 
adapted  for  use  by  women  employed  in  machine  shops.  On 
this  machine,  the  design  has  been  worked  out  In  such  a  way 
that  all  changes  of  speed  may  be  made  without  requiring  the 
machine  to  be  stopped.  The  cone  pulley  is  made  of  a  special 
fabric  composition  to  reduce  belt  slippage  and  to  make  it  un- 
necessary to  maintain  the  belt  under  excessive  tension. 

A  uniform  belt  tension  is  maintained  by  a  spring  idler  pul- 
ley which  also  compensates  for  differences  In  length  of  the  belt 
track.  The  rear  vertical  shaft  Is  fully  enclosed  and  driven  by 
a  two-speed  geared  drive.  Either  of  the  two  available  spei'ls 
Is  obtained  by  a  semi-automatic  clutch  operated  by  a  convfii- 
lent  handle.  Power  to  drive  the  machine  Is  carried  by  a  belt 
which  runs  over  a  tight  or  loose  pulley  on  the  gearbox,  the 
pulleys  belng'fully  enclosed.  There  Is  a  total  of  four  nvailablo 
spindle  speeds  ranging  In  geometrical  progression  from  3000 
to  10,000  revolutions  per  minute.  The  back-shaft  speed  Is  1800 
revolutions  per  minute.  The  horizontal  back-shaft  Is  a  unit 
with  the  gears  and  so  Is  the  vertical  shaft,  each  one  being  re- 
movable without  the  necessity  of  disturbing  adjacent  parts. 


ite  Side  of  A.  C.  Mason  Bench  DrilLing  Machine 


rack  teeth  cut  in  the  spindle  sleeve.  A  table  of  liberal  pro- 
portions is  furnished  on  the  machine  and  it  has  a  large  chan- 
nel running  around  its  periphery  to  carry  away  lubricant  or 
cutting  compound. 


OLIVER  WOOD-BORING  MACHINE 

One  of  the  recent  products  of  the  Oliver  Machinery  Co.,  7 
Coldbrook  St.,  Grand  Rapids,  Mich.,  Is  the  No.  74  universal 
vertical  and  horizontal  wood-boring  machine  which  is  shown 
in  the  accompanying  illustration.  This  machine  is  adapted  for 
all  kinds  of  boring  and  It  also  operates  efficiently  in  drilling 
holes  In  metal  and  In  doing  the  work  of  a  router,  shaper,  buzz- 
planer,  or  sanding  machine.  Both  the  vertical  and  horizontal 
spindles  are  mounted  in  ball  bearings,  and  they  can  be  fitted 
with  a  three-jaw  chuck  and  a  variety  of  bits,  fly  cutters,  and 
such  special  cutters  as  little  patternmakers,  etc.  Both  spindles 
have  a  capacity  for  boring  holes  up  to  3  inches  In  diameter; 
tho  vertical  spindle  will  bore  to  a  depth  of  12  Inches  at  the 
renter  of  a  circle  36  Inches  in  diameter,  and  the  horizontal 
spindle  will  bore  to  a  depth  of  7  Inches  at  a  height  of  16  Inches 
from  the  top  of  tho  table.  This  machine  Is  built  In  two  types 
known  as  the  Nos.  74A  and  74B,  the  first  of  which  has  only  a 
single-speed  self-contained  countershaft.  Either  type  of  ma 
chino  may  be  furnished  with  motor  drive. 
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On  these  machines  the  vertical  spindle  is  usually  bored  to 
take  1/2-inch  straight  shanks,  but  when  so  ordered,  it  may  be 
threaded  to  receive  a  three-jaw  chuck.  The  spindle  is  1%  inch 
in  diameter  and  slides  in  a  sleeve  termed  by  the  driving  pulley, 
which  has  extended  ends  carried  by  ball  bearings.  The  verti- 
cal travel  of  this  spindle  is  12  inches  and  on  the  No.  74A  ma- 
chine the  speed  is  3000  revolutions  per  minute,  while  on  the 
No.  74B  machine  the  four  available  speeds  cover  a  range  of 
from  96S  to  3450  revolutions  per  minute.  The  horizontal  spin- 
dle is  also  ordinarily  bored  to  take  tools  with  straight  shanks, 
1/2  inch  in  diameter,  but  this  spindle  may  also  be  specially 
equipped.  It  slides  in  a  sleeve  formed  by  the  pulley,  which 
is  mounted  in  ball  bearings.  The  horizontal  travel  of  this 
spindle  is  7  inches,  this  movement  being  accomplished  by  a 
foot-treadle,  while  return  of  the  spindle  is  effected  through 
pressure  applied  by  a  coiled  spring.  On  both  types  of  ma- 
chines, the  horizontal  spindle  speeds  are  the  same  as  the 
speeds  for  the  vertical  spindle,  which  have  already  been  given. 

The  table  is  18  by  30  inches  in  size  and  has  a  vertical  ad- 
justment of  17  inches,  which  is  obtained  by  means  of  a  screw 
and  handwheel.  Angular  settings  of  the  table  may  be  made  up 
to  40  degrees  toward  or  away  from  the  column  and  30  degrees 


74    Unlvonal    Vertical    and    Horizontal    'Wood-borinR:    Machln 
Oliver  HaoUnerr  Co. 
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to  the  right  or  left.  Graduated  scales  are  turnlBhed  to  facili- 
tate making  the  angular  gettlnga  of  the  table.  When  motor 
drive  iH  employed,  either  a  900  revolutions  per  minute  con- 
Btant-Bpeed  motor  or  a  Hultable  adjustable  speed  motor  Is  ,em- 
ployf<l  on  tbp  No.  HA  machine,  and  this  motor  Is  mounted  on 
the  baseplate  In  place  of  a  countershaft.  With  the  No.  74n 
machine,  either  an  1800  rovolullons  per  minute  constant-spnml 
motor  or  a  Bullablc  adjustable  speod  motor  Is  mounted  on  an 
extension  of  the  hnscplale  and  belted  to  the  upper  driving 
nhaft.  Tho  motors  used  must  be  from  throe  to  llvi-  liorsopow- 
or,  according  to  the  service  for  which  Ihc  machine  Is  to  be 
nrnployed.  Tho  lloor  space  occupied  by  the  No.  74A  machine 
Is  70  by  88  Inches,  and  the  No.  74U  machlni'  occupies  n  door 
■pnci!  of  73  by  3ft  Inches. 

"ORESOO"  DRILL  CHUCK 

Tho  Chicago  Ucf-ordlng  Hcnl"  To..  WaukOKiin.  Ill  .  nro  now 
blinding  a  quick  chanKO  drill  chuck  which  Is  llluslralod  nnd 
d»'scrlhod  horowllh.  Konturcs  rlalmod  for  Ihc  doslRu  of  this 
chuck  are  that  no  screws  An-  cmployiMl   to  hold  tho  parts  to 


gether  and  that  the 
chuck  is  ground  on 
all  surfaces ;  the 
chuck  is  said  to  be 
perfectly  balanced, 
so  that  it  will  run 
without  any  ten- 
dency toward  vi- 
bration. This  chuck 
is  of  the  quick- 
change  type  which 
is  used  in  cases 
where  different 
tools  are  required 
for  the  performance 
of  a  sequence  of 
machining  opera- 
tions. Different 
tools  to  be  held  and 
driven  by  the  chuck 
are  carried  in  col- 
lets which  have  two 
tangential  grooves 
cut  on  opposite 
sides  so  that  hard- 
ened steel  balls  in 
the  chuck  can  enter 
these  grooves.  It 
is  unnecessary  to 
stop    the    drilling 


Fig.    1.     "Cresco"    Quick-acting  Drill   Chuck 
made  by  Chicago  Recording   Scale   Co. 


machine  spindle  rotating  in  order  to  change  tools;  the  opera- 
tor simply  takes  hold  of  the  collar  on  the  chuck  body  and 
lifts  it  to  release  the  two  hardened  steel  balls  so  that  they 
may  drop  back  out  of  the  grooves  in  the  collet.  This  collet  is 
then  withdrawn  from  the  chuck  and  another  collet  carrying 
the  next  tool  is  pushed  up  into  the  chuck,  after  which  the 
collar  is  dropped.  Dropping  of  the  collar  forces  the  hard- 
ened steel  balls  inward,  so  that  they  engage  the  grooves  in 
the  collet,  thus  serving  the  double  purpose  of  holding  it  up 
in  the  chuck  and  affording  a  positive  drive  for  the  tool. 


CUTLER-HAMMER  DRUM   TYPE   STARTING 
SWITCHES 

Purchasers  of  equipment  for  the  modern  factory  are  now 
giving  special  consideration  to  methods  of  drive  and  control 
which  offer  the  greatest  protection  to  the  operator  and  the 
motive  power;  this  has  been  especially  true  in  those  factories 
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Bockford  Horizontal   Drilling   and   Milling  Machine   equipped   with   Cutler- 
Hammer  Drum  Type   Starting  Switches  for  Individual  Motor  Drive 

which  have  been  built  to  meet  the  immediate  demand  ror 
guns,  ammunition  and  other  war  necessities.  The  accompany- 
ing illustration  shows  one  of  four  oil-immersed  starting 
switches  controlling  a  five-horsepower  squirrel-cage  alternat- 
ing-current motor,  driving  one  of  the  Rockford  Drilling  Ma- 
chine Co.'s  horizontal  drilling  and  milling  machines  in  a  gun 
factory  in  Wisconsin.  These  drum  type  switches  are  espe- 
cially adapted  for  this  and  other  machine  shop  installations 
because  it  is  impossible  for  the  workman  to  come  into  con 
tact  with  any  live  part,  and,  furthermore,  they  offer  a  degree 
of  protection  to  the  motor  not  obtainable  with  knife  switches 
and  some  other  form  of  starting  devices.  These  switches 
are  built  by  the  Cutler-Hammer  Mfg.  Co.,  Milwaukee,  Wis., 
and  follow  the  design  of  the  well-known  C-H  drum  type  con- 
troller. Copper  segments  mounted  vertically  on  a  thermoplax 
cylinder  carried  on  a  square  steel  shaft  engage  three  sets  of 
contact  fingers  which  have  hard  drawn  copper  tips  that  are 
renewable  and  non-snubbing.  No  moving  leads  are  used,  a 
terminal  board  being  conveniently  located  in  the  top  of  the 
cover  casting,  the  connections  to  which  can  be  made  very 
easily.  This  arrangement  prevents  the  leakage  of  oil  due  to 
syphonfng  or  capillary  action.  The  switch  shown  in  the  il- 
lustration is  furnished  with  enclosed  fuses,  although  in  some 
cases  two  inverse  time  element  overload  relays  are  sub- 
stituted.   All  are  provided  with  no  voltage  release. 

When  the  handle  is  thrown  to  the  "start"  position  the  motor 
is  connected  to  the  line  ahead  of  the  fuses,  and  then  connects 
the  fuses  in  the  circuit  when  thrown  to  the  "run"  position. 
Besides  being  smaller  than  many  forms  of  starting  switch, 
they  are  provided  with  large  mounting  lugs,  permitting  the 
switch  to  be  secured  to  a  machine  or  wall.  This  arrangement 
also  permits  the  oil  tank  to  be  removed  without  disturbing 
the  mounting  or  connections.  The  terminal  board  is  provided 
with  control  circuit  terminals,  so  that  with  the  addition  of  a 
two-wire  circuit  and  push-buttons  the  motor  can  be  stopped 
from  any  desired  position.  This  feature  is  especially  desirable 
when  the  motor  drives  a  large  machine  tool,  conveyor  or  other 
machinery,  where  the  danger  of  workmen  being  injured  must 
be  reduced  to  a  minimum.  On  failure  of  voltage,  overload,  or 
when  purposely  released,  the  switch  is  returned  to  the  "off" 
position  by  a  strong  colled  spring  and  the  motor  Is  entirely 
disconnected  from  the  line.  These  switches  are  made  for  110, 
220.  440,  and  hid  volts,  and  can  be  used  with  any  polyphase 
motor  up  to  twenty  horsepower.  A  similar  switch  is  made  for 
use   with    three-phase   squirrel-cage   motors. 


"SUNDSTRAND  ■  MANUFACTURING  LATHE 
To  meet  the  rcqulremonta  of  plants  engaged  In  the  prodiir- 
lion  of  large  quantities  of  duplicate  parts,  the  Hockford  Tool 
Co.,  Harrison  Ave.  and  11th  St.,  Rockford,  111.,  have  recently 
placed  on  the  market  the  "Sundstrand"  manufucturlng  lallio 


which  is  adapted  for  rapid  production.  This  machine  is  simply 
designed  throughout,  so  that  the  operation  has  been  simplified; 
and  ample  power  is  provided  to  enable  machining  operations 
to  be  performed  under  the  maximum  conditions  of  speed  and 
feed.  As  there  are  a  great  many  lathe  jobs  performed  on  a 
strictly  manufacturing  basis,  which  consist  of  machining  short 
pieces  of  comparatively  small  diameters,  a  compactly  built 
lathe  of  this  type  effects  a  saving  of  approximately  50  per  cent 
in  floor  space  without  in  any  way  affecting  the  efficiency  with 
which  work  can  be  handled  that  comes  within  the  capacity  of 
the  machine. 

The  bed  is  of  a  new  design,  having  separate  ways  for  the 
tool  carriage  and  the  tailstock,  the  arrangement  being  such 
that  the  carriage  can  travel  to  the  end  of  the  bed  in  front  of 
the  tailstock.  It  will  be  apparent  that  this  allows  the  tailstock 
to  be  set  up  close  to  the  work,  eliminating  the  overhang  of  the 
tailstock  center.  The  bed  is  of  deep  section  and  ribbed  to 
afford  the  necessary  rigidity.  An  all-geared  type  of  headstock 
is  employed,  which  is  operated  by  a  sensitive  friction  clutch 
upon  which  the  driving  pulley  is  mounted.  This  clutch  is 
manipulated  by  a  conveniently  located  lever  and  the  same 
movement  that  disengages  the  clutch  automatically  applies  a 
friction  brake  which  stops  the  spindle  almost  instantly.  This 
permits  quick  removal  of  finished  pieces  and  setting  up  of 
blanks,  and  it  also  permits  the  spindle  to  be  instantly  stopped 
for  measuring  the  work,  etc.  The  spindle  bearings  and  all  the 
other  principle  bearings  in  the  headstock  are  fitted  with  SKF 
self-aligning  bearings. 

Three  spindle  speeds  are  instantly  obtainable  by  means  of  a 
shifting  lever,  and  additional  speeds  are  obtained  in  series  of 
three  by  changing  two  auxiliary  gears  on  the  end  of  the  head- 
stock.  Four  auxiliary  gears  are  furnished  by  means  of  which 
twelve  spindle  speeds  are  obtainable.  Gears  in  the  headstock 
run  in  a  bath  of  oil  which  assures  adequate  lubrication.  The 
design  of  the  spindle  has  been  worked  out  to  adapt  it  for  the 
use  of  draw-in  collets.  Movement  of  the  carriage  is  effected 
by  a  screw  located  between  the  ways,  directly  under  the  tools; 
this  position  reduces  torsional  strains  to  a  minimum.  Auto- 
matic adjustable  stops  are  provided  for  the  carriage.  A  special 
plain  rest  is  furnished  as  a  regular  equipment  for  the  carriage. 
Rear  tool-holders  of  the  multiple-tool  type  for  use  in  the  per- 
formance of  facing  and  grooving  operations,  etc.,  can  also  be 
easily  mounted  on  the  rear  ways  where  they  are  entirely  inde- 
pendent of  the  carriage.  Cross-feed  to  the  rear  tool-holders 
is  operated  by  a  handwheel  at  the  front  of  the  bed  and  both 
the  front  and  back  tools  are  equipped  with  positive  stops.  A 
back-rest,  taper  attachment,  draw-in  attachment  and  collets, 
oil-pump,  etc.,  can  be  furnished  as  special  equipment  when- 
ever required. 

The  principal  dimensions  of  this  lathe  are  as  follows:  swing 
over  bed,  9  inches;  swing  over  plain  rest,  7  inches;  distance 
between  centers,  12  inches;  diameter  of  hole  through  spindly, 
1%  inch;  maximum  collet  capacity,  1  inch;  diameter  of  spindle 
nose,  2%  inches;  threads  per  Inch  on  spindle  nose,  ten;  size  of 
cutting  tool,  5/8  by  1%  inch;  length  of  carriage  on  bed,  IS 
inches;  diameter  of  driving  pulley,  8%  inches;  width  of  driv- 
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ing  belt,  2%  inches;  regular  speed  of  driving  pulley,  350  revolu- 
tions per  minute;  number  of  available  spindle  speeds,  12;  num- 
ber of  available  feed  changes,  4;  floor  space  occupied  by  ma- 
chine, 45  by  24  inches;  and  weight  of  machine  crated  for  ship- 
ment, 1050  pounds. 


OLIVER  SINGLE-CYLINDER  SURFACER 

The  Oliver  Machinery  Co.,  7  Coldbrook  St.,  Grand  Rapids, 
Mich.,  are  now  building  a  single-cylinder  four-roll  cabinet  sur- 
facer  which  forms  the  subject  of  the  following  description. 
This  machine  is  adapted  for  handling  a  wide  range  of  work  in 
both  soft  and  hard  woods.  It  is  suitable  for  use  in  pattern 
shops  and  factories  engaged  in  the  manufacture  of  furniture, 
pianos,  organs,  boats,  interior  finish,  etc.  The  machine  is  made 
in  two  sizes  with  capacities  for  planing  work  up  to  24  and  30 
inches  in  width,  and  adjustment  of  the  bed  is  provided  so  that 
it  may  be  dropped  sufficiently  to  plane  material  up  to  8  inches 
in  thickness.  The  available  rates  of  feed  are  14,  18,  24,  and 
31  feet  per  minute.  The  cylinder  is  made  of  a  crucible  steel 
forging  which  is  belted  at  both  ends.    It  carries  two  thin  high- 


Slngle-cylinder,   Four-roll  Surfacer  built  by  Oliver  Machinery  Co. 

speed  air-hardened  steel  knives,  which  ace  securely  clamped 
against  hard  steel  chip  breakers  whose  lips  are  shaped  to 
throw  off  shavings  and  chips.  The  cylinder  pulleys  are  care- 
fully balanced  and  their  faces  are  grooved  spirally  to  prevent 
air  pockets  forming  under  the  belts. 

Self-oiling  bearings  support  the  cylinder;  these  bearings  are 
of  the  side  clamping  type  and  readily  adjustable  to  hold  the 
cylinder  firmly  In  place  to  assure  smooth  running.  Power  for 
the  feed  motion  is  transmitted  through  belts  from  the  cutting 
cylinder,  and  the  feed  is  under  Instant  and  positive  ccmtrol  by 
the  operator.  Ample  power  and  positive  operation  are  assured, 
and  there  are  four  rates  of  feed  which  have  already  been  given. 
Th'.-re  are  four  feed-rolls,  one  pair  being  located  back  of  the 
cylinder  to  feed  the  material  free  from  the  knives  and  assist  In 
carrying  It  through  the  machine.  These  rolls  are  made  of 
hammered  steel  and  suppored  In  self-oUlng  bearings.  The 
upper  "feed-In"  roll  Is  corrugated  to  enable  It  to  secure  a  firm 
Krip  on  the  work.  All  rolls  arc  driven  by  a  train  of  heavy 
Kcarlng,  the  teeth  of  which  are  cut  to  Insure  smooth  operation 
of  the  feed  mechanism. 
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NEW  MACHINERY  AND  TOOLS  NOTES 


■  ■  •  Countershaft:  Ic.M.-r  M.i.hin.-  i,,,  |.;ii(. 
liari,  lij'l  A  liii.  which  coniprlHi'H  hIx  hI/.i-h  of  ilmiblo  frlcllou 
couiilnmhnflH  iind  hIx  k\7,i:h  of  triple;  rrlcllon  counterHhiiftH 
ThPH<!  nrn  of  thii  nxpaiulInK  frlrijon tIiik  lypc  and  Hyatt  roller 
bciirliiK"  iir<-  iiHi'd  nn  iill  loom;  piilli-yH. 

Elevating  Truck:  fownii  Truck  ("o.,  88  (Juntil  St.,  Ilolyokc. 
MaJis.  A  TyiHi  II  IranHvi-yor  (■'lulppiid  with  a  hydraulic  llftInK 
mechanism.  This  truck  Ih  Inlf-ndod  for  heavy  scrvico  and  Ih 
adapted  for  carrying  loads  up  to  fiOOO  pounds.  Provision  Is 
made  for  elnvatlnx  the  platforni  Z  Inrhns  by  mi>ans  of  a  hy- 
draulic ram  which  Is  operated  by  a  few  strolcos  nf  Mm  handle 


Filing  Machine:  W.  F.  Davis  Machine  Tool  Co.,  Inc.,  85 
Liberty  St.,  New  York  City.  This  is  known  as  the  "20th  Cen- 
tury" filing  machine  It  is  of  the  bench  type  and  may  be  ar- 
ranged for  either  belt  drive  or  individual  motor  drive.  The 
stroke  of  the  machine  is  adjustable  from  0  to  2  inches,  and 
the  table  may  be  quickly  set  and  locked  at  any  desired  angle. 

Multiple-spindle  Valve  Grinding  Machine:  Defiance  Ma- 
chine Works,  Defiance,  Ohio.  A  line  of  machines  designed  for 
the  purpose  of  grinding  valves  in  internal  combustion  engine 
cylinders.  These  valve  grinding  machines  are  built  in  three 
different  sizes  with  four,  six,  and  eight  spindles,  respectively. 
Adjustment  is  provided  to  take  care  of  different  distances  be- 
tween valve  centers. 

Drinking  Fountain:  D.  A.  Bbinger  Sanitary  Mfg.  Co., 
Columbus,  Ohio.  This  is  known  as  the  "Ebco"  fountain,  and 
it  is  mounted  in  a  cooler  in  such  a  way  that  the  stream  of 
water  flows  up  at  an  angle  from  beneath  a  guard,  making  it 
impossible  for  anyone  to  place  his  mouth  on  the  nozzle.  This 
form  of  jet  also  makes  it  possible  to  fill  a  glass  or  drinking 
cup  at  the  fountain. 

Sanding  Machine:  Carter  &  Bucholz  Co.,  Inc.,  1234  S.  State 
St.,  Syracuse,  N.  Y.  An  oscillating  spindle  sanding  machine 
adapted  for  use  by  pattern-shops  and  wood-working  plants.  It 
is  equipped  throughout  with  New  Departure  ball  bearings  and 
is  driven  by  a  1/2-horsepower  enclosed  ball  bearing  motor. 
The  table  is  20  inches  in  diameter  and  it  tilts  45  degrees  down- 
ward or  15  degrees  upward. 

Grinding  Stand:  Luther  Grinder  Mfg.  Co.,  285-289  S.  Water 
St.,  Milwaukee,  Wis.  An  improved  No.  271  "Hummer"  grind- 
ing stand,  which  is  known  as  a  "Model  P."  It  is  provided  with 
a  worm-gear  drive  instead  of  cast  bevel  gears,  and  ball  bear- 
ings have  been  incorporated  to  insure  easy  operation.  This 
grinding  stand  is  intended  to  be  driven  by  foot-pedals  and  is 
adapted  for  use  where  power  is  not  available. 

Tool-holders:  Right  and  Left  Tool-holder  Co.,  Jasper  and 
E.  Willard  Sts.,  Philadelphia,  Pa.  A  tool-holder  intended  for 
using  up  short  bits  of  high-grade  steel.  A  short  tool  bit  is  held 
between  the  body  of  the  holder  and  a  cap  which  is  clamped 
down  by  means  of  a  square-headed  screw.  These  holders  are 
made  of  high-carbon  steel  and  can  be  furnished  in  straight, 
right-hand  offset  or  left-hand  offset  types  as  desired.  They 
are  made  in  eight  different  sizes. 

Scrap  Metal  Baling  Press:  Galland-Henning  Mfg.  Co.,  Mil- 
waukee, Wis.  A  hydraulic  baling  press  which  automatically 
ejects  the  baled  sheet  metal  scrap  so  that  the  bundle  may  be 
carried  out  on  a  conveyor  leading  to  the  scrap  pile,  or  into 
a  car  or  charging  hopper.  A  grooved  liner  plate  is  provided 
in  the  charging  box,  and  guides  on  the  plunger  fit  into  these 
grooves  to  guard  against  wedging  of  scrap  metal  between  the 
plunger  head  and  the  sides  of  the  box. 

Geared-head  Lathe:  Springfield  Machine  Tool  Co.,  631 
Southern  Ave.,  Springfield,  Ohio.  A  geared-head  lathe  built  in 
14-,  16-,  18-,  and  20-inch  sizes  and  furnished  with  individual 
motor  drive  or  belt  drive.  All  journals  except  the  main  spin- 
dle bearing  are  furnished  with  ball  bearings  and  speed  changes 
are  arranged  in  geometrical  progression,  any  desired  speed 
being  available  without  having  to  pass  through  any  series  of 
speeds  to  reach  the  one  which  is  desired. 

Attachment  for  Brinell  Test:  Pittsburg  Instrument  &  Ma- 
chine Co.,  Pittsburg,  Pa.  An  attachment  for  use  in  measuring 
the  depth  of  impressions  made  in  conducting  the  Brinell  hard- 
ness test.  It  is  claimed  that  the  depth  of  impression  can  be 
measured  with  greater  accuracy  than  the  diameter,  and  with 
this  attachment  the  claim  is  made  that  the  depth  can  be  deter- 
mined to  0.01  niilliniptor.  One  complete  turn  of  the  needle  of 
the  dial  Indicator  reiirosents  a  doi)th  of  I   millimeter. 

Metal  Product  Washing  Machine:  Ideal  Concrete  Machin- 
ery Co.,  Cincinnati,  Ohio.  A  machine  for  cleaning  and  rinsing 
metal  products  by  the  batch  process.  This  equipment  is  par- 
ticularly adapted  for  removing  grease  from  stampings  and 
drawn  work  of  steel  or  brass.  Work  can  bo  held  In  tlie  drum. 
paHsIng  conlliiuously  through  the  cleaning  solution  until  thor- 
oughly cleaned,  after  which  It  enters  the  rinsing  drum  and 
then  passes  on  to  draining  and  drying  screens. 

Bench  Lathe:  DoMant  Tool  &.  Machine  Co.,  79  B.  130th 
St.,  Now  York  City.  A  precision  bench  lathe  furnished  with 
hoadstock  and  tallstock  spindles  which  are  liardencd  and 
ground,  and  siipporteil  In  beiirlngH  furnished  with  means  of 
compensating  for  wear,  A  compound  rest  and  a  tlirecspood 
counterHliaft  form  part  of  the  regular  (M|ul|inient  of  this  ma- 
chine, and  the  comijound  rest  Is  doslgiied  with  large  graduated 
dials  which  fiicllllate  making  accurate  HelllngH. 

Stock  Support:  A.  K.  Way  (^o.,  Inc..  Hartford,  Conn.  An 
ailJiiHliible  Htoik  support  which  Is  liitniiiled  for  use  In  connec- 
tion with  hacksaw  inaclilneH,  wrnw  niarhlncH,  band  and  cir- 
cular sawing  maehlnes,  boll  cutters,  threading  miichlnns,  pipe 
machines,  etc.  It  will  be  found  conveiileni  wlierever  long  bar 
stock  or  tubing  has  to  he  liitiidled  In  a  mnchliie.  The  support 
111  fiirnlHlieil  with  II  biise  of  iiinple  size  to  prevent  It  from  being 
turni'd  over,  and  the  holght  of  the  column  may  bo  quickly 
iidjusted. 
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Planing  Machine:  Liberty  Machine  Tool  Co.,  Hamilton, 
Ohio.  A  3G-inch  planing  machine  designed  to  meet  the  re- 
quirements of  modern  shop  practice,  and  equipped  with  all 
necessary  safety  appliances  and  conveniences  to  safeguard 
the  operator  and  provide  efficient  operation  of  the  machine. 
A  patented  feed  mechanism  is  furnished  which  is  independent- 
ly adjustable  on  either  the  cross-rail  or  the  side  head,  so  that 
the  operator  may  change  the  rate  of  feed  while  the  machine  is 
running. 

Chord  Plates:  R.  W.  Beckman  Co.,  920  Hume-Mansur  Bldg., 
Indianapolis,  Ind.  A  device  particularly  intended  for  use  in 
grinding  tapers,  although  it  may  be  used  for  other  classes  of 
work.  This  chord  plate  is  made  in  3-  and  6-inch  sizes,  and 
in  two  styles,  namely,  horizontal  and  vertical.  It  consists  of 
a  baseplate  carrying  a  revolving  upper  plate  upon  which  the 
work  is  mounted  by  any  suitable  means.  The  angular  setting 
is  determined  by  measuring  the  chord  of  the  arc  by  means  of 
a  micrometer  used  over  two  measuring  points. 

Proportional  Mixer:  Eclipse  Fuel  Engineering  Co.,  Rock- 
ford,  111.  A  device  known  as  the  "McKee"  proportional  mixer 
which  may  be  used  in  connection  with  practically  any  furnace 
installation  where  gas  is  used  as  a  fuel.  This  device  provides 
for  delivering  gas  and  air  mixed  in  any  predetermined  pro- 
portions, and  is  claimed  to  save  fuel  and  also  provide  for  ob- 
taining any  desired  type  of  flame;  that  is  to  say,  a  reducing, 
oxidizing,  or  neutral  flame.  This  device  is  made  in  three  sizes 
with  outlets  IM;,  2  and  3  inches  in  diameter,  with  gas  capaci- 
ties per  hour  of  600,  1000  and  2000  cubic  feet. 

Engine  Lathe:  Sidney  Tool  Co.,  Sidney,  Ohio.  A  heavy- 
duty  engine  lathe  built  in  30-  and  36-inch  sizes.  The  vees  on 
the  bed  are  cast  with  a  25  per  cent  steel  mixture  which  affords 
a  close  grained  metal  with  high  resistance  against  wear.  The 
spindle  is  made  of  50-point  carbon  steel  and  is  carried  in  lib- 
erally proportioned  bearings  which  are  lined  with  phosphor- 
bronze.  The  lead-screw  is  1  11/16  inch  in  diameter  and  is 
made  of  40-point  carbon  steel.  The  machine  is  said  to  be  es- 
pecially adapted  for  the  extremely  heavy-duty  service  found 
in  car  shops,  rolling  mills,  shipbuilding  yards,  etc. 

Shell  Calking  Hammer  and  Rivet  Header:  High-Speed 
Hammer  Co.,  Inc.,  Rochester,  N.  Y.  A  hammer  especially 
adapted  for  calking  or  peening  the  gas  check  plugs  on  155- 
millimeter  shells.  The  shell  is  placed  in  the  machine  and  a 
burring  tool  is  applied  in  such  a  way  that  one  or  two  revolu- 
tions of  this  tool  by  the  handles,  when  under  slight  pressure, 
will  remove  any  burrs  from  the  dovetail  base.  The  plug  is 
then  inserted  and  a  lead  gasket  is  dropped  into  position,  after 
which  the  hammer  peens  it  into  place.  The  rivet  heading  ma- 
chine is  suitable  for  upsetting  the  heads  of  copper  rivets  used 
in  harness,  etc. 

Drill  Head  and  Gear  Chuck:  Garrison  Machine  Works, 
Dayton,  Ohio.  This  company  is  now  manufacturing  a  line  of 
muItipIe-spindle  drilling  heads  for  use  on  a  single-spindle  drill- 
ing machine  to  provide  for  simultaneously  drilling  a  number 
of  holes.  The  line  includes  a  variety  of  different  heads  to  meet 
the  requirements  of  various  classes  of  work.  The  gear  chuck 
is  so  designed  that  provision  is  made  for  holding  a  variety  of 
different  forms  of  work  which  have  gear  teeth  cut  on  them. 
It  is  claimed  that  this  chuck  will  hold  gears  with  sufiicient  ac- 
curacy to  provide  for  machining  holes  concentric  with  the 
pitch  circle  within  0.001  inch. 

Boring,  Milling,  Drilling,  and  Tapping  Machine:  Defiance 
Machine  Works,  Defiance,  Ohio.  A  No.  6  horizontal  machine 
for  the  performance  of  these  four  operations,  on  which  the 
maximum  distance  from  the  faceplate  to  the  back-rest  is  seven 
feet,  and  the  maximum  distance  from  the  top  of  the  platen  to 
the  center  of  the  spindle  is  37  inches.  A  spindle  4V2  inches  in 
diameter  provides  ample  driving  power,  and  the  table  is  36 
inches  square  with  a  maximum  cross  travel  of  64  inches.  Ten 
changes  of  speed  are  available,  ranging  from  7i,4  to  157  R.P.M., 
and  there  are  twelve  available  rates  of  feed  changes  to  all 
actuating  screws  covering  a  range  from  0.004  to  0.500  inch 
per  revolution. 


PERMANENT  EXHIBITION  OF  MACHINERY  IN 
NEW  YORK  CITY 

A  permanent  display  and  salesroom  for  machinery  and  me- 
chanical appliances  Is  being  planned  In  New  York  City,  to  be 
operated  by  what  Is  known  as  the  Merchants  and  Manufac- 
turers Exchange  of  New  York,  the  display  and  salesroom  being 
located  In  the  Grand  Central  Palace,  Lexington  Ave.  and  4Gth 
St.  The  machinery  exhibition  will  occupy  an  entire  floor  of 
the  building,  having  an  area  of  50,000  square  feet  of  floor 
space.  For  the  convenience  of  the  buyer,  a  general  Informa- 
tion bureau  and  reading  room  will  also  bo  maintained  whore 
Important  trade  and  technical  journals  and  catalogues  will  be 
kept  on  fllo.  All  communications  should  be  addressed  to  the 
Machinery  Sales  Department.  Grand  Central  ralaco,  New  York 
City. 


CENTER-DRIVE  LATHE 

The  center-drive  lathe  shown  in  the  accompanying  illustra- 
tion was  originally  designed  for  the  Ford  Motor  Co.  for  turn- 
ing both  ends  of  an  automobile  driving  shaft  simultaneously. 
The  work  is  passed  through  an  opening  in  the  left-hand  tail- 
stock,  which  is  brought  into  position  by  indexing  the  barrel 
of  the  tailstock  ISO  degrees,  at  which  position  the  work  passes 
directly  into  the  spindle  in  the  headstock.  After  the  work  has 
been  passed  through  the  tailstock,  the  tailstock  barrel  is  again 
indexed  180  degrees,  to  bring  the  center  into  position.  The 
work  is  then  mounted  on  the  centers,  after  which  the  chucks 
(which  are  of  the  floating  type)  are  bound  or  clamped  to  the 
work.  The  chucks  are  then  secured  to  the  driving  plate.  When 
the  machine  is  started,  the  two  carriages  feed  toward  the  cen- 
ter headstock,  thereby  turning  the  various  diameters  at  each 
end  of  the  work,  as  well  as  the  outer  portion. 

While  this  turning  is  in  process,  the  back-arm  tools  are 
simultaneously  squaring  down  the  shoulders  which  are  neces- 
sary on  the  shaft.  The  action  of  the  carriage  transmits  radial 
motion  to  the  back-arm  tool-block.  This  motion  is  obtained 
through  the  medium  of  a  cam  which  is  secured  to  the  bracket 


Center-drive  Lathe 

fastened  to  the  rear  of  the  carriage.  An  extension  arm  with  a 
roller,  which  comes  in  contact  with  the  cam.  is  secured  to  the 
back-arm  bar.  The  cam,  in  its  longitudinal  travel  along  the 
bed,  must  necessarily  transmit  a  rocking  or  radial  action  to 
the  back-arm  block  and  tools,  thereby  performing  the  squaring 
operation.  This  machine  is  driven  by  a  five-horsepower  West- 
inghouse  Type  SK  motor,  which  runs  at  1100  revolutions  per 
minute,  and  the  stopping  and  starting  of  the  spindle  are  ef- 
fected through  the  medium  of  an  internal  expanding  clutch 
provided  on  an  extension  of  the  motor  shaft.  The  drive  from 
the  motor  to  the  head  spindle  is  through  a  set  of  sprockets 
and  a  Morse  silent  chain,  and  an  idler  pulley  is  provided  to 
take  up  the  slack.  These  machines  were  designed  and  manu- 
factured by  the  Reed-Prentice  Co.,  Worcester,  Mass. 


APRIL  MEETING  OF  AMERICAN  SOCIETY  OF 
MECHANICAL  ENGINEERS 

The  April  meeting  of  the  New  York  Section  of  the  American 
Society  of  Mechanical  Engineers,  held  in  the  Engineering  So- 
cieties Building,  29  W.  39th  St.,  New  York  City,  Tuesday, 
April  9,  was  attended  by  about  four  hundred  members.  The 
feature  of  the  meeting  was  to  bring  together  the  members  of 
the  New  York  Section  and  the  Metropolitan  Student  Branches 
of  the  society.  Many  addresses  were  made  by  prominent 
speakers  relating  to  the  important  features  of  how  engineers 
are  helping  to  win  the  war.  Sessions  wore  held  both  In  the 
afternoon  and  In  the  evening.  At  the  latter  session.  Ira  N. 
Hollls,  president  of  the  Worcester  Polytechnic  Institute  and 
past  president  of  Ihe  society,  gave  an  Inspiring  address,  and 
B.  F.  Hart.  Jr.,  lieutenant  In  the  United  States  Naval  Reserve 
Force,  dealt  with  the  accomplishments  of  the  XTnlted  States 
Navy  In  the  war.  The  event  of  the  evening  was  an  Interesting 
lecture  and  motion  picture  on  the  war  In  the  air,  by  O.  Douglas 
Wnrdrop.  editor  of  Arrial  Apr. 
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No.  13 


BROWN  &SHARPE 

SPUR  and  BEVEL 

GEAR  GUTTING 
MAGHINE 

CAPACITY : 

Spur  and  bevel  gears  to  18  inch  diameter, 

4  inch  face.     Cast  iron,  4  diametral  pitch. 

Steel.  5  diametral  pitch. 


Both  Spur  and  Bevel 
Gears  also  Sprock- 
ets and  Clutches 

Indexing  is  rapid  and 
independent  of  speed  and 
feed  of  cutter.  Rigid  do- 
sign  allows  rapid,   heavy 

cuts    to    be    taken    without    loss    of 

accuracy. 

Constant  speed  drive  with  high 
belt  speed  and  large  belt  contact 
insures  ample  power  to  pull  heavy 
cuts. 

Their  handiness  in  operation  and 
their  adaptability  to  a  wide  range 
of  work  instantly  appeal.s  to  every 
gear  man  who  has  faced  the  prob- 
lem of  handling  the  variety  of  work 
that  can  be  cut  on  these  machines. 

Let  UM  tell  you  all  about  them 
Send  for  literature 


Brown  &  Sharpe  Mfg.  Co., 

OFFICES:  NEW  YORK,  N.  Y.,  20  VcHcy  Ht.  PHILADELPHIA,  PA.,  1103-110^  T.lborty  IJldif. 
CHICAOO,  ILL.,  n20-C3O  WoHllliiKlnn  lllvil.  ROCHESTER,  N.  Y.,  IK.  <  •liiunlirr  of  Oommoroo 
)ll<lr  SYRACUSE,  N.  Y.,  Utmin  illi,  I Iiil vrrBll v  Hhick  PITTSBUROH,  PA.,  ::r..1S  ITonry  W. 
ollv.T  III. Ik  CANADIAN  REPRESENTATIVE:  MONTREAL,  TORONTO,  WINNIPEQ, 
lALGARV,    VANCOUVER,   ST.    JOHN,   SASKATOON,  'I'll.-  Ci.Tiiiill.m   I''nlili:niUH   MolHo  <'o.,    I>t<J. 
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BROWN  &  SH ARPE 

INVOLUTE 

GEAR  CUTTERS 


This  cut  shows  con- 
dition of  cutter  after 
extensive  service.  Its 
record  shows  that  it 
has  cut  through 
thousands  of  feet  of 
stock  and  is  still 
capable  of  further 
service  —  its  form 
unchanged  —  its  ac- 
curacy unimpaired. 


/^-^ 


Every  time  a  gear  cutter  takes  a  trip 
to  the  grinding  wheel  its  period  of 
usefulness  is  lessened  in  exact  pro- 
portion to  the  number  of  resharpen- 
ings  the  cutter  will  stand.  The  less 
frequent  such  trips  are  necessary  and 
the  greater  number  of  resharpenings 
the  cutter  will  stand,  the  more  eco- 
nomical its  use  becomes.  That's  why 
the  use  of  B  &  S  Gear  Cutters 


In  Your 

Gear  Cutting 

Department 

is  a  big  help  toward  the  economical 
production  of  high-grade  gears.  They 
stand  up  under  heavy  cuts  for  long 
periods  between  resharpenings  owing 
to  careful  selection  of  materials  and 
improved  methods  of  heat  treatment. 
They  will  stand  many  trips  to  the 
grinding  wheel  because  the  way  they 
are  cut  and  relieved  allows  the  teeth 
to  be  ground  almost  to  the  back  edge. 

Send  for  Catalog  27 

It's  a  reliable  guide  to  a 
reliable    cutter    service 


Providence,  R.  I.,  U.  S.  A. 


EPRESENTATIVES:  BALTIMORE,  MD.,  <:ir.v  M.i.liltury  &  Supply  Co 
■IDIANAPOLIS,  IND.,  Tim  K.  A.  KInRcy  Co.  SAN  FRANCISCO,  CAL.,  T.-i 
n.  CLEVELAND,  O.,  DETROIT,  MICH.,  SlroiiK,  CMrllslr  *  llMHimoiMl  Co 
olcDrcl-WrlKhl  Al:irlilii,rv  *  .Supply  Co.  SEATTLE.  WASH.,  f.  rl 
ORTLAND,    ORE.,    r..rll.incl    ^r»r■hllK■rv   Cm 


CINCINNATI,    O., 

L-lllc  Tool  &  .Supply 

ST.   LOUIS,   MO., 

i<-      Mnrtiinrrv      Co, 
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HISTORICAL  NOTE   ON   OIL-DRILL 
DEVELOPMENT 

At  the  World's  Fair  in  Chicago,  in  1S93,  the  Morse  Twist 
Drill  &  Machine  Co.,  of  New  Bedford,  Mass.,  exhibited  tools  in 
which  provision  was  made  for  conveying  lubricant  directly  to 
the  point  of  a  drill  or  cutting  tool.  The  drills  exhibited  at  that 
time  were  duplicates  of  some  made  during  the  two  previous 
years  under  patents  granted  to  the  T.  &  B.  Tool  Co.,  and  sub- 
sequently acquired  by  the  Morse  Twist  Drill  &  Machine  Co. 
Various  devices  have  been  used  for  conveying  lubricant  to 
the  cutting  point  of  a  twist  drill  or  other  tool,  the  early  meth- 
od being  to  insert  a  tube,  although  this  practice  has  subse- 
quently been  replaced  by  cutting  holes  through  the  solid  me- 
tal. All  Morse  oil  drills  2%  inches  in  diameter  and  smaller 
have  holes  drilled  through  the  solid  metal,  while  drills  larger 


HELPING   UNCLE   SAM 

The  branch  office  of  the  Inspection  Division,  Ordnance  De- 
partment, 600  W.  Jackson  Blvd.,  Chicago,  111.,  has  immediate 
need  for  250  to  300  inspectors.  At  present  the  positions  of  in- 
spector of  field  artillery  ammunition  and  inspector  of  carriage 
division  are  open,  which  pay  a  salary  of  $3.50  to  $5  for  an 
eight-hour  day.  These  positions  are  in  the  vicinity  of  Chicago. 
It  is  anticipated  that  many  more  examinations  will  be  opened 
up  immediately.  Women  applicants  between  the  ages  of  twen- 
ty-one and  fifty  and  men  between  the  ages  of  thirty-one  and 
fifty  will  be  considered.  Applicants  are  especially  needed  who 
have  had  artillery  ammunition,  carriage,  motor,  small  arms,  or 
small  arms  ammunition  experience.  There  is  immediate  need 
for  the  services  of  these  inspectors  and  applicants  are  expected 
to  report  to  Mr.  Becker,  600  W.  Jackson  Blvd.,  Chicago,  111.,  for 
interview  and  application  blank. 


Morse  Oil  Twist  DriU 

than  2^  inches  in  diameter  have  oil  channels  milled  in  them, 
which  are  covered  in  order  to  make  closed  passages  through 
which  the  lubricant  is  delivered.  In  the  case  of  taper  shank 
drills,  the  oil-hole  may  extend  right  through  to  the  end  of 
the  shank,  it  may  connect  with  a  cross-hole  drilled  midway 
between  the  large  and  small  ends  of  the  shank  or  connection 
may  be  similar  to  that  shown  in  the  accompanying  illustra- 
tion. Slraight-shank  oil  drills  are  also  made  with  the  oil-hole 
extending  through  to  the  end  of  the  shank. 
*     *     « 

GEAR  MANUFACTURERS'  CONVENTION 
The  second  annual  convention  of  the  American  Gear  Manu- 
facturers' Association  was  held  at  White  Sulphur  Springs,  W. 
Va.,  April  18  to  20.  Several  papers  were  presented,  two  of 
which  are  abstracted  elsewhere  in  this  number.  The  papers 
of  particular  mechanical  interest  were  "Gear  Standardization," 
by  B.  F.  Waterman,  of  the  Brown  &  Sharpe  Mfg.  Co.,  Provi- 
dence, R.  I.;  "Heat-treatment  of  Gears,"  by  C.  R.  Poole,  of  the 
Frost  Gear  &  Forge  Co.,  Jackson,  Mich.;  and  "Hobs  and  Bob- 
bing Machines,"  by  F.  G.  Hoffman  and  John  Edgar,  of  the  Bar- 
ber-Colman  Co.,  Rocktord,  111.  The  following  officers  were 
elected:  President,  F.  W.  Sinram,  Cleveland,  Ohio;  vice-presi- 
dent, H.  E.  Eberhardt,  Newark,  N.  J.;  secretary  and  treasurer, 
Frank  D.  Hamlin,  Philadelphia,  Pa.  The  executive  committee 
consists  of  the  three  officers  mentioned,  elected  for  three  years, 
and,  in  addition,  Frank  Burgess,  Boston,  Mass.,  George  L. 
Markland,  Jr.,  Philadelphia,  Pa..  Milton  Rupert,  Pittsburg,  Pa., 
elected  for  two  years;  and  William  Ganschow,  Chicago,  111.,  E. 
J.  Frost.  Jackson,  Mich.,  and  H.  W.  Chapin,  Syracuse,  N.  Y., 
elected  for  one  year.  About  fifty  members  were  present. 
•     •     • 

NATIONAL  METAL  TRADES'  ASSOCIATION 
CONVENTION 
The  twenllcth  annual  convention  of  the  National  Metal 
Trades'  AsBoclallon,  held  at  the  Hotel  Aslor,  Now  York  City, 
April  24  and  26,  formed  the  occasion  for  the  prosentutlon  of 
many  addresiies  and  papers,  national  In  their  scope  and  value. 
AmoHK  olhors,  that  by  W.  A.  Vlall,  of  thn  Brown  &  Sharpe 
Mfg.  Co.,  Providence,  II.  1.,  on  "The  Kmployniciit  of  Women  In 
an  InduHtry"  waa  of  great  IntcrcHl  and  value  at  ibls  time  when 
80  many  manufaoturors  are  consldi-rlnR  the  solution  of  this 
problem.  F.  A.  Halsey,  commlHslonor  of  the  American  Insll- 
tulo  of  Welxhta  and  Measures,  proscntod  a  resume  of  the 
work  of  the  Institute,  and  sovcral  addrcHsos  of  a  patriotic  char- 
acter, bearing  upon  tho  relation  of  the  Industries  to  the  nii 
tlonal  welfare,  wore  alto  presented. 


The  Bureau  of  Mines  Experiment  Station,  at  Washington, 
D.  C,  requires  the  services  of  trained  men  of  the  following 
qualifications  in  the  engineering  trades:  Draftsmen,  electrical 
engineers,  instrument  makers,  machinists,  plumbers,  steam- 
fitters,  as  well  as  chemists  and  chemical  engineers.  Men  whose 
training  fits  them  for  any  of  these  occupations  should  address 
the  Bureau  of  Mines,  American  University  Experiment  Sta- 
tion, Washington,  D.  C.  Blank  forms  will  then  be  sent  to  the 
applicant  for  filling  in  information  relating  to  his  experience 
and  qualifications.  These  blanks  will  be  placed  on  file  and 
the  applicant  will  be  notified  as  soon  as  his  services  are  re- 
quired. Those  who  have  registered  for  the  draft  but  have  not 
yet  been  ordered  to  camp  may  enter  immediately  into  this 
service,  while  those  who  are  not  in  the  draft,  but  feel  that 
they  wish  to  serve  their  country  in  the  present  crisis,  may 
either  enlist  or  serve  as  civilians. 


Most  of  the  younger  technical  men  in  the  Government's 
Reclamation  Service,  the  Bureau  of  Standards,  and  the  Geologi- 
cal Survey  have  been  detailed  for  special  war  service  either  at 
home  or  abroad,  and  the  draft  has  cut  off  from  these  branches 
their  usual  supply  of  new  men;  hence,  the  personnel  of  these 
departments  is  so  depleted  that  it  is  almost  impossible  for 
them  to  do  their  regular  work.  In  this  emergency,  therefore, 
the  Government  calls  upon  technical  students  of  the  country. 
Prom  May  1  to  October  1,  there  is  much  work  in  these  depart- 
ments that  can  be  performed  by  undergraduates  of  technical 
training.  Those  particularly  desired  are  young  men  of  good 
physique  who  are  below  the  draft  age.  The  requirements  for 
work  in  the  Bureau  of  Standards  are  not  less  than  one  year 
of  college  work  in  physics  and  mathematics;  in  addition,  spe- 
cial mechanical  and  testing  skill  is  desirable.  For  the  Recla- 
mation Service,  not  less  than  one  year  of  college  work  in  civil 
engineering  and  surveying  is  required,  and  for  the  Geological 
Survey,  not  less  than  one  year  of  college  work  in  civil  engineer- 
ing. Men  with  drafting  experience  are  particularly  desired. 
The  qualifications  mentioned  are  the  minimum  requirements; 
additional  qualifications  will  lead  to  bettor  paid  positions. 
Further  information  may  be  obtained  by  writing  to  the  follow- 
ing department  heads:  Dr.  W.  S.  'Stratton,  director  of  the 
Bureau  of  Standards,  Washington,  D.  C;  Dr.  George  Otis 
Smith,  director  of  tho  Geological  Survey,  Department  of  the 
Interior,  Wasliingtciii.  I».  C;  or  A.  P.  Davis,  director  of  the 
Reclamation  Service,  Sth  and  E  Sts.,  Washington,  D.  C. 
•  •  * 
CORRECTION 

In  the  New  Machinery  and  Tools  note  on  page  759,  In  the 
April  number  of  Maciii.m:iiv,  tho  Htatomont  was  niiido  In  do- 
scribing  the  roclulniliig  tang  placed  on  llio  marlu-t  by  tho 
Mallomctor  Co.,  Detroit,  Mich.,  that  tho  tool  to  bo  roclnlniod 
ran  bo  ground  to  (It  tho  shoulder  provided  on  tho  now  tang 
of  which  tho  device  coqslstH.  Tho  Htutomont  should  have  boon 
!iH  follows:  When  tho  tniig  broiiks,  It  Is  hncUsawoil  off  to  fit 
tho  driving  shouldor  on  tho  now  tang,  tho  Hpnclal  iidvantngo 
hoing  that  the  hacksaw  la  tho  only  tool  rocjulrod  by  moans  of 
which  tho  drill  Is  fitted  for  use  with  tho  tang 
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CLEARANCE 


The  No.  VA  Cincinnati  Universal  Cutter  and  Tool  Grinder 

Patent  Rijhts  Fully  Reserved 


You  wouldn't  think  of  using  lathe  tools  with 
the  wrong  clearance.  On  milling  cutters 
correct  clearance  is  even  more  important. 
Incorrect  cutter  clearance  will  reduce  the 
output  of  your  milling  machines  as  much  as 
twenty  per  cent. 

Clearance  depends  upon  certain  mathe- 
matical relations  between  the  cutter  and 
the  grinding  wheel. 

To  obtain  these  on  the  ordinary  grinder 
requires  several  measurements  and  refer- 
ence to  diagrams,  tables  or  charts. 
The  average  operator  doesn't  understand 
these  and  after  a  couple  of  trials  grinds 
until  the  clearance  looks  right— and  your 
milling  department  suffers. 
Compare  the  Cincinnati  method.     After  a 
simple  preliminary  setting  the  swivel  head 
is  revolved  the  desired  amount,  the  clear- 
ance angle  being  read  direct  from  the  dial— 
the  cutters   are   ground   with  the  correct 
clearance— and    your    milling    department 
profits. 
This  is  only  one  of  our  exclusive  features. 


^-/- 


Method  of  settinR  for  clearance 


Catalog  teth  them  all 


Cincinnati    Milling  Machine  Company 

CINCINNATI  OHIO,  U.S.  A. 
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OBITUARIES 


Adolphe  Janssens,  formerly  one  of  the  largest  dealers  in  ma- 
chine tools  in  Paris,  France,  died  on  March  8  last,  at  the  age  of 
sixty-five.    Mr.  Janssens  retired  from  business  some  years  ago. 

Colonel  George  Pope,  president  of  the  National  Association 
of  Manufacturers  and  formerly  prominently  connected  with 
the  Pope  Mfg.  Co.,  Hartford,  Conn.,  died  April  19,  at  his  home 
in  Hartford,  aged  seventy-four  years.  Colonel  Pope  was  a  na- 
tional figure  in  the  automobile  industry  and  was,  at  one  time, 
chairman  of  the  Automobile  Board  of  Trade.  He  was  born 
in  Boston,  Mass.,  January  9,  1844,  and  was  a  veteran  of  the 
Civil  War. 

Richard  Ward  Baker,  superintendent  of  Outside  Construc- 
tion with  the  Watson-Stillman  Co.,  New  York  City,  died  March 
24  from  apoplexy  at  his  home  in  Roselle,  N.  J.,  aged  sixty-eight 
years.  Mr.  Baker  spent  his  entire  business  life  in  the  service 
of  the  Watson-Stillman  Co.,  having  entered  ths  company's  em- 
ploy at  the  age  of  fourteen,  finally  becoming  superintendent, 
which  position  he  held  for  many  years.  Upon  the  completion 
of  fifty  years'  service  in  1914,  the  ISoard  of  Directors  presented 
Mr.  Baker  with  a  check  and  a  copy  of  a  resolution  setting  forth 
the  company's  appreciation.  Mr.  Baker  is  survived  by  his  wife 
and  one  son. 

Rufus  Franklin  Emery,  secretary  and  treasurer  of  the  West- 
inghouse  Airbrake  Co.,  Pittsburg,  Pa.,  died  April  11  from  heart 
failure,  aged  forty-eight  years.  Mr.  Emery  was  born  near 
Boston,  and,  coming  to  the  Pittsburg  district  in  1891,  became 
affiliated  with  the  Westinghouse  interests,  in  whose  upbuild- 
ing he  played  an  important  part.  He  was  also  assistant  secre- 
tary of  the  American  Brake  Co.,  assistant  secretary  and  a  di- 
rector of  the  National  Brake  &  Electric  Co.,  a  director  of  the 
Vulcan  Crucible  Steel  Co.,  secretary  and  treasurer  and  a  direc- 
tor of  the  Westinghouse  Friction  Draft  Gear  Co.  and  treasurer 
and  a  director  of  the  Westinghouse  Traction  Brake  Co.  He 
was  a  public-spirited  citizen  and  took  an  active  interest  in 
various  religious,  social,  civic,  and  patriotic  movements. 


PERSONALS 


D.  B.  Clark,  formerly  superintendent  of  the  Shell  Depart- 
ment of  the  American  Brake  Shoe  &  Foundry  Co.,  Erie,  Pa.,  is 
now  general  superintendent  of  the  Watervliet  Arsenal,  Water- 
vliet,  N.  Y. 

D.  F.  Noble,  for  the  past  four  years  connected  with  the  Sales 
Department  of  the  E.  L.  Essley  Machinery  Co.,  Chicago,  111., 
has  resigned  and  is  now  in  the  Sales  Department  of  the 
Marshall  &  Huschart  Machinery  Co.,  Chicago,  111. 

A.  H.  Willey,  for  some  time  connected  with  Hermann  Boker 
&  Co.,  has  Joined  the  selling  force  of  the  Ileliance  Steel  &  Tool 
Co.,  30  Church  St.,  New  York  City,  and  will  have  charge  of 
the  Pennsylvania  territory,  with  headquarters  in  Philadelphia. 

Laura  G.  Edwards,  for  more  than  ten  years  connected  with 
the  National  Tube  Co.,  Pittsburg.  Pa.,  writing  advertising  and 
other  copy  for  publication,  is  now  in  the  Publicity  Department 
of  the  A.  M.  Byer.s  Co.,  of  Pittsburg,  manufacturers  of  wrought- 
Iron  pipe. 

F.  S.  Cole,  formerly  with  the  Imperial  Belting  Co.,  Chicago, 
111.,  Is  now  with  the  Industrial  Bearings  Division  of  the  Hyatt 


Roller  Bearing  Co.,  Metropolitan  Tower,  New  York  City.  Mr. 
Cole  will  specialize  on  the  sale  of  Hyatt  roller  bearings  for 
lineshafting. 

August  Mertes,  for  some  years  superintendent  of  the  Pitts- 
burg Machine  Tool  Works,  Pittsburg,  Pa.,  has  resigned  to  take 
a  similar  position  with  the  Bradney  Machine  Co.  of  Middle- 
town,  N.  Y..  builders  of  locomotive  cranes,  elevating  machinery, 
and  machine  shop  tools. 

Fred  B.  Crosby  has  resigned  his  position  in  the  Power  and 
Mining  Engineering  Department  of  the  General  Electric  Co., 
Schenectady,  N.  Y.,  to  become  electrical  engineer  with  the 
Morgan  Construction  Co.,  Worcester,  Mass.  Mr.  Crosby  has 
specialized  in  electrical  equipment  for  steel  works. 

A.  E.  Ward,  formerly  with  the  Prest-0-Lite  Co.  and  for  many 
years  associated  with  the  compressed  gas  industries,  has  been 
appointed  sales  manager  of  the  International  Oxygen  Co.,  115 
Broadway,  New  York  City.  Through  his  long  experience  Mr. 
Ward  has  gained  recognition  as  an  expert  in  the  industrial 
applications  of  oxygen,  hydrogen,  and  acetylene. 

Vilhelm  Christensen,  of  the  firm  of  V.  Lowener,  with  offices 
in  New  York,  Copenhagen.  Stockholm,  Christiania,  and  Mos- 
cow, sailed  for  Copenhagen  in  the  early  part  of  April.  Mr. 
Christensen  has  been  studying  the  use  of  modern  small  tools 
and  appliances  for  several  years  in  this  country.  He  will  join 
the  Tool  Department  of  the  main  oflSce  of  V.  Lowener  in  Copen- 
hagen in  order  to  stimulate  the  use  of  American  tools  in  the 
Scandinavian  countries. 

C.  R.  Dooley,  manager  of  the  Educational  Department  of  the 
Westinghouse  Electric  &  Mfg.  Co.,  East  Pittsburg,  Pa.,  has 
been  granted  a  leave  of  absence  to  accept  an  appointment  by 
the  _Government  as  director  of  the  Vocational  Educational 
Project  for  Army  Needs,  now  being  developed  by  the  War 
Department  Committee  on  Educational  and  Special  Training. 
He  will  be  located  in  the  War  Department  at  Washington, 
D.  C.  During  Mr.  Dooley's  absence,  his  duties  will  be  assumed 
by  C.  S.  Color,  who  has  been  appointed  acting  manager  of  the 
Educational  Department. 

Colonel  Henry  P.  Bope  has  resigned  his"  position  as  vice- 
president  and  general  manager  of  sales  with  the  Carnegie  Steel 
Co.,  Pittsburg,  Pa.,  to  devote  his  time  to  private  interests. 
-Colonel  Bope  became  connected  with  Carnegie  Bros.  &  Co.  in 
1879,  and  has  remained  continuously  in  the  sales  work  of  that 
company  and  its  successors  up  to  the  present  time.  He  has 
been  succeeded  by  William  G.  Clyde,  whose  connection  with 
the  U.  S.  Steel  Corporation  and  its  subsidiaries  dates  from 
1894,  when  he  became  .superintendent  of  the  plate  mills  of  the 
Illinois  Steel  Co.  at  South  Chicago.  Charles  L.  Wood,  who  has 
been  assistant  to  Mr.  Clyde,  has  been  made  assistant  general 
manager  of  sales  in  charge  of  the  Bureau  of  Bars  and  Hoops. 

Charles  Philip  Coleman  has  been  elected  president  of  the 
Worthington  Pump  &  Machinery  Corporation,  115  Broadway, 
New  York  City.  Mr.  Coleman  has  been  vice-president  of  the 
corporation  since  May,  191G,  and  prior  to  that  date  was  the 
receiver  of  the  International  Steam  Pump  Co.  and  associate 
companies,  which  have  now  been  reorganized  into  the  present 
corporation.  Mr.  Coleman  is  a  graduate  in  mechanical  engi- 
neering of  the  Lehigh  University  and  was  afterward  employed 
by  the  Lehigh  Valley  Railroad  in  various  positions  as  car 
agent,  chemist,  engineer  of  tests,  assistant  to  the  general  super- 
intendent, general  storekeeper,  and  general  purchasing  agent, 
until  190.3.  Later  he  became  secretary  and  treasurer  of  the 
Singer  Sewing  Machine  Co..  and  president  of  the  Saurer  Motor 
Co.  and  of  the  International  Motor  Co.  He  came  to  the  Inter- 
national Steam  Pump  Co.  in  191.'!  as  vice-president. 
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NEW  CATALOGUES  AND 
CIRCULARS 


H.  P.  Maugblin  Co.,  Columbus.  Ohio.  Circular 
giving  price  lists  of  numbering  tacka  and  pattern 
letters  and   figures. 

Genesee  Mfg.  Co.,  Rochester.  N.  T.  Circular  des- 
criptive of  the  Genesee  facing  tool  for  counterbor- 
ing,    facing,   and   forming. 

Link-Belt  Co.,  Chicago,  HI.  Book  358,  containing 
Link-Belt  roller  chain  and  giving 
strength,    etc. 

Buckeye  Twist  Drill  Co.,  Alliance,  Ohio.  Cata- 
logue giving  tables  of  ilimensions  and  prices  of  twist 
drills,  sockets,  shanks,   reamers,  taps,  etc. 

Kales  Stamping  Co.,  441  Lafayette  Blvd.,  Detroit. 
Mich.  List  of  sizes  of  special  steel,  brass,  lead,  and 
fiber  washers  in  stock  ready  for  immediate  ship- 
ment. 

Smith-Serrell  Co.,  Inc.,  144  Cedar  St..  New  York 
City,  Catalogue  of  Francke  flexible  coupling  in- 
stallations and  revised  list  prices  of  Francke  flexible 
couplings. 

West  Haven  Mfg.  Co..  30  Church  St..  New  York 
City.  Catalogue  15  of  hacksaws,  band  saws,  nail 
sets,  center-punches,  tap  and  reamer  wrenches,  jack- 
Bcrews,   etc. 

Taylor  Welder  Co.,  Warren,  Ohio.  Catalogue  of 
the  Taylor  process  of  electric  welding,  illustrated 
with  diagrams  and  halftones,  showing  Taylor  elec- 
tric  spot-welding   machines. 

Driver-Harris  Co.,  Harrison,  N.  J.  Circular  of 
"Nichrome"  wire  mesh  containers  for  pickling,  hard- 
ening, and  heat-treating,  containing  testimonial  let- 
ters from  a  number  of  users. 

Electric  Controller  &  Mfg.  Co.,  Cleveland,  Ohio. 
Net  price  sheets  for  electric  controllers,  brakes, 
push-buttons,  starters,  rheostats,  switches,  and  other 
electric    apparatus   made    by    the   company. 

Greenfield  Tap  &  Die  Corporation,  Greenfleld. 
Mass.  Catalogue  38  of  pipe  tools,  showing  the  com- 
plete line  of  pipe  tools  manufactured  by  this  com- 
pany, and  giving  tables  of  dimensions  and  prices. 

DeVilbiss  Mfg.  Co.,  Toledo,  Ohio.  Catalogue  il- 
lustrating and  describing  finishing  room  equipment, 
including  "Aerons,"  exhausting  equipment,  air-lift 
tomtables  and  wheel  jacks,   air  compressors,   etc. 

Horma  Co.  of  America.  1790  Broadway.  New  York 
City.  Circular  of  Norma  ball  bearings  for  fractional 
horsepower  motors,  which  require  anti-friction  bear- 
ings that  will  reduce  friction  losses  to  a   minimum. 

Cleveland  Milling  Machine  Co.,  Cleveland.  Ohio. 
Stock  list  of  plain,  side,  and  angular  milling  cut- 
ters, end-mills,  T-sIottIng  cutters,  hollow-mills,  slit- 
ting saws,  bevel  gear-cutters,  involute  gear-cutters, 
etc. 

Jitchborg  Machine  Works,  Fitchburg,  Mass.  Cata- 
logue of  the  8-lnch  "Lo-swing"  lathe  illustrating 
this  size  machine,  Its  parts  and  attachments,  and 
showing  the  set-up  for  turning  various  types  of 
work. 

Landau  Machine  &  Brill  Press  Co,,  Inc.,  368 
Broome  St..  New  York  City.  Circular  Illustrating 
and  describing  the  Landau  sensitive  drilling  ma- 
chine, equipped  with  a  multiple  drilling  head  which 
con  also  be  used   for  tapping. 

Westlnghouse  Electric  tc  Mfg.  Co.,  East  Pittsburg. 
I'll.  Circular  7174,  dealing  with  electrical  equlp- 
iii*-nt  for  cement  niltlH  and  firing  the  advantages  of 
motor  drive  for  this  work,  together  with  the  charac- 
IcrlBtlcB  of  motors  fi.r  this  w^rvlce. 

WlnSeld  Electric  Welding  Machine  Co.,  Warren, 
Ohio.  Catalogue  entitled  "Electric  Welding  by  the 
WInfleld  Way."  Illustrating  and  describing  Wlnfleld 
•pot-weldlDg  machines  and  giving  data  on  the  de- 
sign, comparative  cost  of  the  process,   etc. 

Transmission  Ball  Bearing  Co.,  Inc.,  Military 
Ilosd.  BotTalo,  N.  T.  I'umphlct  entitled  "It  Takes 
■  Load  to  Hhow  the  Friction,"  giving  dimensions  of 
Transmission  ball  Ix^nrlngs,  which  It  Is  claimed  ef- 
fect a  saving  of  l!i  per  cent  of  the  total  power  con- 
sumption. 

Alomlnum  Castings  Co,,  OZOn  Cnmegle  Ave..  Cleve- 
land. Ohio.  Circular  entitled  "Hmall  Parts  and  Big 
PolnU."  telling  of  the  rare  with  which  "Lynui" 
bronxes  are  made  by  bushing  snd  beorlng  specialists 
to  Insure  the  prf>durtlon  of  long-wearing,  high-speed, 
beary-fluty  U-nring  bronct's. 

Aluminum  Castings  Co.,  Clevelnml,  Ohio,  nre  Is- 
suing s  clrriilBr  conlnlning  n  lelli-r  which  Ihey  term 
"A  Prlnt<-<1  .Snl-smsn."  The  Idler  gives  Inforniii- 
Hon  coo'-i-mlng  "I.ynui"  brnnK-.  and  Is  Intended 
to  take  the  pisce  of  a  port  of  the  regular  trsvollng 
forr*.  ss  almut  M  [ler  rent  has  been  lost  l>e<-nu>i- 
"f    th*    war. 

XlslMD-Barton  Chuck  Co..  I'M  H.  JefTerson  Ht., 
Chli-sgo,  III.  Cslnlogue  of  the  Ecllpw  roller-lK'Sr- 
lo(  drill  rbiirk,  giving  a  ronrliw  rtes/rlpllon  of  the 
rburk,  tngxiher  with  llluslrollons  showing  lis  sim- 
plicity snd  ths  ronTi>nlence  of  lis  otiersllon.  The 
company  also  makes  ground  arbors  for  sll  kinds  of 
drill   'h-i^ks. 
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Powell  Machine  Co.,  243  Stafford  St.,  Worcester, 
Mass.  Circulars  descriptive  of  24-  by  24-inch  "Hy- 
speed-cut"  planers;  30-  by  30-inch  "Hy-speed-cut" 
planer;  36-  by  30-lnch  "Hy-speed-cut"  planer;  36- 
by  36-lnch  "Hy-speed-cut"  planers;  24-  by  24-inch 
standard  planer;  30-  by  30-inch  standard  planer; 
36-  by  3e-inch  standard  planer. 

Mossberg  Wrench  Co.,  25  Charles  St.,  Providence, 
R.  I.  Circular  descriptive  of  "Sim-pull"  counter- 
shafts and  "Sim-plex"  belt  shifters  of  the  "pull- 
auto-lock"  type.  The  "Sim-pull"  belt  shifters  are 
made  in  three  sizes  for  ly,-.  2-  and  2%-inch  belts, 
and  the  "Simplex"  belt  shifters  are  made  In  three 
sizes  for  3-,  3%-,   and  4-inch  belts. 

E.  F.  Houghton  &  Co.,  Philadelphia,  Pa.  A  treat- 
ise on  the  handling  of  steel,  entitled  "Steel  and  Its 
Treatment,"  dealing  with  the  composition  of  steel, 
its  hardening,  tempering,  and  annealing.  The  sub- 
ject is  presented  in  regular  book  form,  with  a  com- 
plete index,  and  covers  165  pages,  5%  by  8  inches, 
substantially  bound  in  cloth  binding. 

J.  C.  Glenzer  Co.,  3  Fourteenth  St.,  Detroit,  Mich. 
Circular  illustrating  and  describing  the  "Dtlllty" 
interchangeable  counterbore  and  spot-facer,  the  ad- 
vantage of  which  is  that  the  pilot  cannot  be  twisted 
off.  The  circular  contains  dimensions  of  the  cutters 
and  pilots,  the  number  of  Morse  taper  with  which 
the  counterbores  are  provided,  and  price  list. 

Gisholt  Machine  Co.,  Madison,  Wis.  Circular  en- 
titled "How  to  Save  Money  on  High-speed  Steel." 
describing  Gisholt  tool-holders  by  means  of  which  It 
is  possible  to  utilize  high-speed  steel  tools  that 
have  been  worn  too  short  to  be  used  without  hold- 
ers. These  tool-holders  are  especially  designed  for 
use  in  turret  lathes  and  engine  lathes  equipped  with 
turret   toolposts. 

Cooper-Hewitt  Electric  Co.,  Eighth  and  Grand 
Sts..  Hoboken.  N.  J.  Pamphlet  entitled  "Lighting 
for  Production  and  Safety."  by  William  A.  D. 
Evans,  comprising  the  study  and  selection  of  a 
system  of  illumination  with  a  view  to  ultimate 
efficiency  of  the  plant.  The  halftone  illustrations 
in  the  book  are  made  from  photographs  taken 
under  Cooper-Hewitt  lamps. 

Oliver  Machinery  Co.,  7  Coldbrook  St.,  Grand 
Rapids.  Mich.  Circular  illustrating  and  describing 
the  Oliver  No.  15-R  combination  band  resaw  and 
scroll  saw  with  38-inch  wheel.  Circular  of  Oliver 
No.  61  single-cylinder,  four-roll,  double-belted  cabi- 
net surfacer  with  capacity  up  to  24  and  30  Inches 
in  width  and  8  inches  In  thickness.  Circular  of 
Oliver  No.  483  high-speed  double  shaper  with  a 
60-  by  36-inch  table. 
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Hyatt  Roller  Bearing .  Co.  announce  that  their 
Industrial  Bearings  Division  is  now  located  In  the 
Metropolitan  Tower.   New  York  City. 

Oesterlein  Machine  Co.,  Cincinnati.  Ohio,  manufac- 
turers of  Ohio  milling  machines  and  grinders,  are 
now  located  in  their  new  plant  at  3301  Colerain  Ave, 

Lyon  Metallic  Mfg.  Co.,  Aurora.  111.,  manufac- 
turers of  all-steel  equipment,  including  hins,  shelv- 
ing, lockers,  etc.,  are  erecting  a  large  addition  to 
their  plant. 

Bullard  Machine  Tool  Co.,  Bridgeport,  Conn.,  have 
made  a  100  per  cent  record  on  the  Liberty  Loan. 
every  one  of  tlieir  employes,  numbering  over  1200, 
having  subscribed. 

Diamond  Chain  &  Mfg.  Co.,  Indianapolis,  Ind., 
maniif;niiirpr8  of  chain  for  machine  tools,  are  now 
Irii-:iti-d  in  their  new  building,  which  Is  considered 
<iiic  of  the  finest  factories  in  Indianapolis. 

Chicago  Recording  Scale  Co.,  Waukegan,  111.,  have 
((pened  a  new  dei)arlnient  for  the  manufacture  of 
dies,  tools,  jigs,  llxtnres.  stampings,  screw  ma- 
chine  work,   and  cuutruct   work   in  general. 

Hondey  Machine  Co.,  Torrlngton,  Conn.,  have 
opened  a  branch  orilce  at  521  Chamber  of  Commerce 
Bldg.,  Rochester,  N.  T..  for  the  purpose  of  cover- 
ing the  northern  and  western  parts  of  the  state 
direct. 

Dlamant  Tool  ft  Mfg.  Co.,  IM  ICmmett  St.,  New- 
ark, N.  J.,  are  continuing  the  tool  and  monufactur- 
Ing  bunlneHH  of  Sidney  DIamnnt,  who  was  formerly 
an  owner  of  the  DeMnnt  Tool  &  Machine  Co.  of 
New  York  City. 

Westlnghouse  Elootrio  Products  Co..  Mansfleld, 
Ohio,  will  raantifacturn  the  beating  appliances  pre- 
viously mnde  by  the  Copcman  ICIoctrlr  Stove  Co. 
Th»  gonornl  mnnngpr  of  the  company  Is  W.  K. 
Dnnlrip.  who  \n  nHKlatant  to  the  vice-president  of 
Ihe    Wenilnghouse    Klcrtrlr  A   Mfg.    Co. 

Rnllanoe  Dlo  &  Stamping  Co.,  AIR  N.  LnRalle  8t,. 
Cbbdco.  III..  ninkerN  of  dies,  tnols,  icn«fM,  fliEtures, 
nnd  HrMM-lnl  Nuteblnery,  nn  well  an  mHiuifneturorN  of 
NtnmplnKH.  have  eiilnrged  their  pinni  by  ndding  to 
It  ■  (Ivc'Ntory  building.  This  addition  will  practi- 
cally  double    the    door   Hpnce    nnd    eapnclty. 

Rookford  Tool  Co.,  Hockford.  111.,  iiinnurnctnrerN 
or  Inthi-N.  hnve  iic<|ulri>d  thn  pnliMit  rlirhts  nnd  plnnt 
of  the  HiindNlrnnd  Mfg.  Co..  who  bovn  been  btilldlng 
n  Mriinll  flinch  mnnnrnrturlng  In  the  for  Home  time. 
Tho  MfM-kford  Tmd  Co.  will  rontlnnc  thn  mnnufnr. 
turn  (if  thU  lathe.   In  addition   to  their  regnlnr  line. 

J.  R.  Stone  Tool  ft  Supply  Co,.  I>etn>lt.  Mb-h.. 
dn«ler«  In  iiinrhlnery.  tmdn.  nml  inn.-hlne  tool  n.- 
rauvtrWm.  inowil  to  their  new  i|unrt<TN  nt  1rt»7  W<M..t 
wsrd  .^w^.  May  1.  where  they  mrry  a  nlork  of 
nnw  and  nrrond-bntid  mnehlnery  niul  looU  of  nil 
kind*  to  meet  the  needs  of  Ihr  metnl  working 
Indn-irl.'^. 

VIotor  R.  Browning  ft  Co.,  rollrgn  Point,  N.  Y.. 
manursc|iirer«  of  hnUtIng  nnd  rnnvoylng  mnrhlnpry. 


logues  from  manufacturers  of  the  various  parts  that 
enter  into  the  production  of  gun  mounts  and  of  fac- 
tory equipment. 

£.  J.  Flather  Mfg.  Co.,  Nashua,  N.  H.,  at  a 
recent  meeting  of  the  stockholders,  changed  the 
name  of  the  corporation  to  The  Flather  Mfg.  Co. 
E.  J.  Flather  is  retiring  from  the  active  manage- 
ment but  will  continue  with  the  company  as  con- 
sulting engineer.  H.  E.  Flather  Is  president  and 
Edwin   Morey,   treasurer. 

Abom  Steel  Co.,  Inc.,  26  Clarke  St.,  New  York 
City,  have  been  appointed  sales  agents  for  the  Cen- 
tury Steel  Co.  of  America,  Inc.,  Poughkeepsie.  N.  Y., 
manufacturers  of  crucible  steels.  The  Century  Steel 
Co.  of  America  have  given  up  their  New  York 
office  and  warehouse  and  the  Alwrn  Steel  Co.  will 
carry   Century   products   in   stock. 

Union  Switch  &  Signal  Co.,  Swlssvale,  Pa.,  have 
recently  placed  orders  for  additional  equipment  con- 
sisting of  two  3000-pound  steam  drop-hammers,  one 
8000-pound  steam  drop-hammer,  and  presses  which, 
added  to  their  present  equipment,  will  place  them 
in  a  position  to  handle  additional  orders  for  forg- 
ings  for  automobiles,  war  trucks  and  airplane  parts. 

Alfred  Box  &  Co..  Front  and  Poplar  Sts.,  Phila- 
delphia, Pa.,  manufacturers  of  cranes  and  hoists, 
were  sold  by  the  estate  of  Alfred  Box,  on  March  1, 
1918.  to  Herman  L.  Winterer  and  Ambrose  G.  War- 
ren, the  sale  covering  the  firm  name,  machinery, 
good  will,  and  fixtures  in  the  crane  and  hoist  busi- 
ness conducted  by  the  company.  The  business  will 
be  carried  on  by  the  purchasers  under  the  old  name 
of  Alfred  Bos  &  Co. 

Buhr-Buiwitt  Co.,  1G62  Dubois  St.,  Detroit, 
Mich.,  have  taken  over  the  exclusive  sales  of  the 
Detroit  Pneumatic  Chuck  Co..  Flat  Rock,  Mich., 
for  the  United  States  and  Europe.  The  Detroit 
Pneumatic  Chuck  Co.  have  been  under  the  manage- 
ment of  the  Buhr-Buiwitt  Co.  since  April  1.  The 
chuck  manufactured  by  the  company  is  especially 
suitable  for  shell  work,  but  is  also  applicable  to 
all    kinds   of    manufacturing    work. 

Ott  Grinder  Co.,  Indianapolis,  Ind..  state  that 
Albert  J.  Ott  and  his  son  Conrad  have  sold  their 
controlling  interest  in  the  company,  and  the  pur- 
chasers will  continue  the  manufacture  of  small, 
plain,  and  universal  cylindrical  grinders,  under  the 
management  of  Russell  Fortune.  Messrs.  Ott  have 
agreed  not  to  manufacture  small  cylindrical  grind- 
ers for  five  years,  but  are  privileged  to  build  large- 
swing  machines,  which  they  probably  will  do  in  the 
near  future. 

Brown  Instrument  Co. ,  Philadelphia ,  Pa . ,  ha  ve 
recently  let  a  contract  to  R.  O.  Ballinger  &  Co.  for 
an  addition  to  their  factory,  which  will  cost  approxi- 
mately $50,000.  The  addition  will  be  erected  at 
Wayne  and  Roberts  Aves.,  adjoining  the  present 
building.  The  company  Is  manufacturing  pyrometers 
used  in  the  heat-treatment  of  munitions  for  the 
United  States  Government.  The  officers  are  Richard 
P.  Brown,  president:  C.  Stanley  Ilurlbnt,  vice-presi- 
dent; George  W.  Cornman.  secretary:  and  John  P. 
Goheen,  assistant  treasurer. 

Foster  Machine  Co.,  Elkhart,  Ind.,  manufacturers 
of  turret  lathes,  have  acquired  the  sole  rights  for 
the  manufacture  and  sale  of  Holden-Morgnn  thread 
millers  in  the  United  States  and  all  foreign  coun- 
tries. The  machines,  which  will  be  built  under  the 
patent  rights  of  the  Holdcn  Morgan  Co.,  are  now 
designed  and  built  for  all  classes  of  nuinitions.  In- 
cluding the  largest  sizes  of  shells,  and  all  compo- 
nent parts,  such  as  time  fuses,  graze  fuses,  detona- 
tors, sockets,  and  primers,  as  well  as  gun  parts  and 
many    parts   of   airplanes,    including    turnbucklcs. 

H.  L.  Hopwood,  Industrial  biwyer,  New  First 
National  Bank  Itldg.,  Columbus,  Ohio,  is  making  a 
specialty  of  dealing  in  factory  plants,  foundries, 
and  mills  that  are  privately  offered  for  sale,  and 
thereby  provides  an  opportunity  to  industrial  enter- 
prises which  seek  to  acquire  plants  olroody  con- 
structed rather  than  to  build  their  own  plants. 
I'onlldentlal  relations  with  owners  of  such  properties 
have  made  it  possible  to  list  a  number  of  well- 
equipped  plants  capable  of  being  easily  converted 
for  the  manufacture  of  various  Industrial   products. 

Akerlund  &  Semmos,  Inc.,  consulting  engineers, 
17  llnltery  Ploce,  New  York  City,  have  been  flp- 
linlnted  representatives  of  the  Glbbs  Gun  Engine  Oo., 
JiirkMonvllle.  Fla.,  nnd  of  the  Western  Pipe  ft  Steel 
Co..  San  Francisco,  Cal.,  In  connection  with  con- 
tra'^ta  held  by  these  companies  for  the  Navy  De- 
partment and  the  United  States  Shipping  Hoard 
Kniergency  Fleet  Corporation,  respectively.  The 
Olblm  Gas  ICnglne  Co.  hove  a  contract  for  thlrtytlvo 
submarine  cbaserH.  while  the  Western  Pipe  ft  Steel 
(;o.  have  a  contract  for  twenty-eight  88()0-ton  Bteel 
vessels. 

Mount    Vornon    Dlo    Canting    Corporation..    Mount 


N.    v..    hav 


Incorpitrnted 


the 


Nnvy    YsrO. 


_ ^    for    the 

would    like    to    nbtnin    rnin 


plan  bv  twenty  nine  skilled  meclinnlcn 
to  take  over  the  bUNlnesM  of  C.  J.  Moberg.  Inc., 
ninker  of  dtecaNtlngH.  Mr.  Molierg  wished  to  re- 
tire from  the  dle-cnsllng  tield.  and  an  dlfllculty  hnd 
lieen  experienced  In  employing  thin  kind  of  labor 
the  cooperntlve  plan  was  tried.  Georgo  IT.  Lane, 
secretary  am!  (rensurer  of  C.  J.  Moborg,  Inc..  In 
Necreinry,  trennurer.  and  generni  manager  of  the 
Moimt  Vernon  Die  Cnsllng  Corimrnllon.  Tho  presl- 
dent  of  the  new  company  In  Edwnrd  I,.  Rmlth. 

Ohio  Eloolrlo  ft  Controller  Co..  r.lkm  Mnurlc  Ave.. 
Clevelnnd.  Ohio,  hrm  been  Incorporriled  with  n  rnpl- 
tnl  stock  nf  $l>on.m>n  for  the  purpoMt  of  nninufnc- 
turing  lifting  uingnelN  and  elertrbnl  contiolltng  de- 
vice!. Lifting  NingnelH  will  be  bulll  at  onco  and 
controlling  devices  Inter.  The  olIlcerH  of  (he  now 
company  nre  V.  W.  Jemiop,  prenldent;  W.  II,  Greene. 
vIce-proHldent:  and  A.  P.  Walter,  fiecretnry  and 
trennurer.  Mr.  Jfimop  wnn  foniiirlj'  works  ninnnuer 
of  thn  Electric  donlndUr  A  Mfg,  Co..  Olevelnud. 
Ohio.  lie  ban  hnd  nn  eilennlte  experience  In  tlH< 
mnnurnrtur*  of  lifting  mngnotH  and  electrical  np 
pnrntuH    for   the   rontml   of   motor*. 
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Mechanically /Q,perated  CutiiiW 

-"'Mldte;ToicKr-     '^ 


By  Edward  K.  Hammond' 


A.NUFA  C  T  U  R  E  R  S 
who  have  use  for 
oxy  -  acetylene  cut- 
ting or  \v  elding 
torches  will  find  that 
several  important  ad- 


Experience   is   required   to 


vantages  are  secured  through  oper- 
ating the  torches  mechanically, 
when  such  a  method  of  procedure 
is  practicable.  Most  important 
among  the  benefits  secured  from 
mechanical  control  are  increased 
production  from  the  torches  and 
greater  uniformity  in  the  work, 
enable  the  operator  of  a  cutting  or  welding  torch,  working  by 
hand,  to  produce  uniform  cuts  or  strong  welds  of  good  appear- 
ance, although  such  results  are  readily  obtained  by  an  intelli- 
gent mechanic  who  is  given  the  necessary  amount  of  time 
to  acquire  dexterity  in  handling  a  torch.  But  this  skill  can 
only  be  obtained  by  experience,  and  In  plants  where  there  is 
not  a  great  amount  of  cutting  or  welding  to  be  done,  it  often 
happens  that  Inexperienced  men  are  expected  to  use  a  torch 
and  produce  work  which  Is  comparable  with  that  turned  out 
by  experts.  Quite  naturally,  this  is  not  often  possible  in  prac- 
tice. In  such  shops,  the  use  of  mechanically  operated  torches 
eliminates  the  personal  equation  and  greatly  improves  the 
quality  of  the  work;  mechanical  control  Is  also  the  means 
of  Increasing  production,  as  the  torches  are  moved  by  power 
■  at  the  correct  rate,  which  is  predetermined  by  the  design  of 


For  the  performance  of  manufacturing  operations  where 
cutting  or  welding  torches  are  used,  and  for  handling 
certain  miscellaneous  classes  of  work  where  the  oxy- 
acetylene  torch  finds  application,  higher  rates  of  produc- 
tion and  greater  uniformity  In  the  work  are  secured 
through  operating  the  torch  by  some  suitable  mechanism 
than  is  the  case  when  it  is  moved  over  the  work  by  hand. 
The  substitution  of  a  uniform  mechanically  controlled 
movement  in  place  of  operating  a  torch  by  hand  enables 
the  torch  to  be  moved  over  the  work  at  a  rate  which 
has  been  carefully  predetermined  after  consideration  has 
been  given  to  the  thickness  of  the  metal  and  other 
variable  conditions  which  are  involved  in  any  welding 
or  cutting  operation.  This  article  explains  a  variety  of 
different  methods  of  using  mechanically  controlled  cut- 
ting and  welding  torches,  and  these  applications  will 
doubtless  suggest  other  ways  In  which  readers  of 
MACHINERY  can  apply  mechanical  control  for  torches 
used  In  their  own  shops. 


■AMOclatf  ISdIlur  of  Macuinkui 


the  feed  mechanism.  Thus.  4he 
elimination  of  the  personal  equa- 
tion Increases  both  the  quantity 
and  quality  of  the  work  produced; 
even  in  shops  where  experienced 
cutters  and  welders  are  employed, 
these  men  are  likely  to  become 
tired  during  the  latter  part  of  the 
day,  with  the  inevitable  result 
that  they  will  produce  less  work 
and  work  of  inferior  quality. 
For  performing  the  miscella- 
neous cutting  and  welding  opera- 
tions that  are  met  with  in  many  different  shops,  manufacturers 
of  oxy-acetylene  torches  have  made  mechanically  operated 
equipments  which  are  well  adapted  for  general  requirements. 
On  the  other  hand,  there  are  many  specialized  manufacturing 
operations  for  which  mechanically  operated  cutting  and  weld- 
ing torches  can  be  used  to  extremely  good  advantage,  where 
the  peculiar  requirements  of  the  work  make  it  necessary  to 
design  special  machines  to  fulfill  existing  conditions.  In  such 
cases.  It  will  generally  be  found  possible  to  employ  standard 
oxy-acetylene  torches  in  connection  with  these  special  ma- 
chines; in  fact,  this  is  almost  invariably  the  method  of  pro- 
cedure which  is  followed,  because  the  standard  torches  are 
designed  along  lines  which  have  been  found  satisfactory  In 
practice.  Owing  to  the  highly  explosive  character  of  acetylene, 
hydrogen,  and  other  combustible  gases  which  are  used  In 
torches.  It  Is,  of  course,  absolutely  Imperative  either  to  use 
standard  torches  or  else  to  be  sure  that  special  torches  are  so 
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Fig.  1.     Practice  of  New  York  Shipbuilding  Corporation  in  cutting  oif  Ragged  Edge  of  a  Boiler  Head  or 
Similar  Shaped  Piece  which  has  a  Flange  turned  up  around  its  Circumference 

designed  that  the  proper  preaautions  have  been  taken  to  avoid 
danger  of  explosions  caused  by  flash-backs,  etc. 

Mechanically  Controlled  Cutting-  Torches 

Provision  can  be  made  for  the  mechanical  control  of  cutting 
torches  that  are  adapted  for  working  on  parts  of  a  variety  of 
different  shapes  and  sizes,  which  will  be  clearly  demonstrated 
by  reference  to  Pigs.  1  to  13.  An  inspection  of  these  illus- 
trations will  show  that,  in  addition  to  making  straight  cuts 
on  flat  plates,  it  is  quite  feasible  to  follow  irregular  outlines 
on  flat  plates  or  to  make  cuts  on  cylindrical  shaped  pieces. 
With  many  of  these  mechanically  controlled  equipments,  the 
torches  are  guided  in  such  a  way  that  they  follow  the  line 
along  which  it  is  desired  to  make  a  cut,  without  calling  for 
special  attention  from  the  operator,  and,  as  previously  men- 
tioned, provision  of  power  drive  sets  the  pace  for  the  torch, 
so  that  it  is  fed  to  the  work  at  a  predetermined  speed  which 
is  suitable  for  the  thickness  of  the  metal   that   is  being  cut. 

Figs.  1  and  2  show  two  methods 
used  at  the  plant  of  the  New  York 
Shipbuilding  Corporation  in  Cam- 
den, N.  J.,  for  cutting  off  the  ragged 
edges  of  suih  pieces  as  boiler  heads, 
which  have  a  flange  drawn  up 
around  the  circumference.  In  Fig.  1 
the  torch  Is  shown  trimming  off 
Ihe  flange  of  a  boiler  front,  which 
Ih  made  of  a  steel  plate  l</t  Inch  In 
thlcknoHH.  It  will  be  apparent  from 
this  Illustration  that  the  torch  Is 
supported  by  a  head  carried  on  the 
radial  arm  of  a  machine  which  Is 
HO  designed  that  the  torch  head  can 
be  traversed  In  either  direction  on 
the  radial  arm,  and  this  arm  ran 
he  swung  around  the  column  of  the 
nia''blne.  This  i!oniblnatlon  of  move- 
menlH  enables  the  torch  to  bo  fed 
around  the  edge  of  cylindrical 
Hhaped  plercM,  as  shown.  The  torch 
head  Is  furnliihod  with  whcclB 
which  onROKc  both  the  luNldu  and 
oiltNldn  of  thn  work  to  provide  for 
holdlMR  the  point  of  ilii<  torch  In 
the  proper  relation  to  the  plain 
which  It  Ih  cuttlnK.  An  ulectrli'  tno- 
tor,  which  will  bo  neon  nhovi'  thn 
rndlnl     arm,     traimmltH     powiT     to 


these  wheels  on  the  head,  so  that 
they    serve    the    double    purpose    of 
holding  the  torch  in  the  proper  re- 
lation  to   the  work   and   feeding   it 
over   the  work  at  the   proper  rate. 
In  cutting  this  IVi-inch  steel  plate 
with    carbo-hydrogen    gas,    using    a 
Davis-Bournonville     torch     with     a 
No.   3   cutting  tip,   it  is  found  pos- 
sible to  cut  at  a  rate  of  1  foot  per 
minute     and     leave     a     sufficiently 
good  finish,  so  that  no  subsequent 
machining    operation    is    required. 
Fig.  2  shows  another  method  used 
by  the  New  York  Shipbuilding  Cor- 
poration    for     cutting     away     the 
ragged  edge  of  a  cylindrical  shaped 
flange,  where  the  size  of  the  work 
is  too  great  to  enable  it  to  be  han- 
dled by  the  radial  cutting  machine 
shown  in  Fig.  1.    The  steel  is  of  the 
same  thickness  as  in  the  preceding 
case  and  the  rate  of  cutting  is  also 
the    same.      In    this    illustration    it 
will  be  seen  that  the  cutting  torch 
is  swung  around   a  center  A;  and 
extending   from   this  center  to   tlie 
torch  there  is  a  radial  arm  B  which 
holds  the  torch  point  in  the  proper  relation  to  the  work.     In 
this  case,  use  is  made  of  one  of  the  "radiagraph"  machines 
built  by  the  Davis-Bournonville  Co.,  of  Jersey  City,  N.  J.,  which 
is  used  in  conjunction  with  the  radial  arm  and  center  for  per- 
forming cylindrical  cutting  operations  of  this  kind  with  very 
satisfactory  results.     Radiagraph  machines  are  also  shown  in 
operation  in  Figs.  3  to  6,  and  the  description  of  the  mechanism 
will   be  best   understood   by   referring   to   these   illustrations. 
This  machine  consists  of  a  carriage  that  holds  the  cutting 
torch  with  its  tip  at  a  suitable  distance  from  the  work  and 
feeds  the  torch  over  the  work  in  making  the  cut.    Where  the 
radiagraph  is  used  tor  making  straight  cuts  on  flat  plates,  it 
is  usually  the  practice  to  provide  a  small  double  track  for  the 
wheels  of  the  torch  carriage.    On  top  of  the  carriage,  in  Fig.  3, 
there   will   be  seen   a  small   electric   motor   A    that    transmits 
power  to  the  wheels  through  a  suitable  arrangement  of  gear- 
ing,  thus  providing  for  feeding  the   torch    to   the  work   at  a 
speed   suitable   for  the   thickness   of  metal   that    is   being  cut. 
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Fig.    3.     Using    "Eadiagraph"    to   make   a  Longitudinal   Cut   on   Flange    of 
I-beam  in  Plant  of  Marion  Steam   Shovel  Co. 

The  track  that  carries  the  wheels  of  the  radiagraph  is  shown 
at  B,  and  at  C  it  will  be  seen  that  a  rack  and  pinion  are  pro- 
vided to  regulate  the  position  of  the  torch  tip  so  that  it  is 
located  at  a  suitable  distance  from  the  surface  of  the  work. 
Figs.  3  and  4  show  two  views  of  a  radiagraph  machine  en- 
gaged on  the  operation  of  cutting  I-beams  in  the  plant  of  the 
Marion  Steam  Shovel  Co.,  in  Marion,  Ohio.  The  work  con- 
sists of  Bethlehem  30-inch  I-beams  with  10i,^-inch  flanges. 
Eight  of  these  beams  are  put  through  the  plant  at  a  time,  this 
being  the  number  required  in  a  unit  for  one  large  Marion 
shovel.  Each  end  of  the  flange  at  the  top  and  bottom  of  the 
beam  is  coped  off,  two  ends  being  cut  diagonally  and  two 
straight  across;  a  longitudinal  cut  is  also  made  along  one 
flange,  as  shown  in  Figs.  3  and  4.  Formerly  the  coping  opera- 
tion was  performed  with  a  swivel  saw,  but  this  naturally  neces- 
sitated a  great  deal  of  handling  of  the  work,  which  has  now 
■been  eliminated.  For  making  the  longitudinal  cut.  it  was  for- 
merly the  practice  to  set  the  work  up  on  a  planer,  two  beams 
being  set  up  and  operated  upon  simultaneously.  It  required 
about  from  thirty  to  forty-five  minutes  to  set  up  these  two 
beams,  and  then  about  an  hour  to  make  the  required  cut  in 
■each  beam.  This  involved  a  total  time  of  one  and  three-fourths 
hour  for  cutting  two  beams,  or  seven  hours  for  cutting  eight 
beams.  Doing  this  work  with  a  mechanically  operated  oxy- 
acetylene  cutting  torch,  one  longitudinal  cut  is  made  in  six 
minutes,  the  length  of  cut  being  4  feet  3  inches  by  llj  inch 
in  thickness.  Instead  of  taking  from  fifteen  to  twenty  hours 
tor  sawing  the  ends  of  the  beams  and  seven  hours  for  planing, 
the  whole  operation  of  coping  and  longitudinal  cutting  is  done 


Fig.    4. 


Same    Work   illustrated   in   Fig.    3,    showing   All   the    Cutting 
Operations   which  are   performed 


with  the  mechanically  operated  cutting  torch  in  five  hours, 
which  includes  all  the  time  spent  in  setting  up,  etc. 

Fig.  5  shows  how  the  New  York  Shipbuilding  Corporation 
employs  the  radiagraph  machine  for  cutting  flat  plates.  This 
is  one  of  the  simplest  applications,  the  machine  being  carried 
on  a  track  which  guides  it  over  the  surface  of  the  steel  plate 
being  cut.  This  illustration  shows  the  cutting  of  a  plate  2V2 
inches  thick,  and  the  torch  is  fed  at  the  rate  of  13  inches  per 
minute,  leaving  a  good  finish  on  the  cut  surface.  In  Fig.  2  is 
shown  the  way  in  which  the  radiagraph  is  employed  for  trim- 
ming the  rough  edges  from  a  boiler  head.  Fig.  6  shows  an- 
other application  of  the  radiagraph  for  circular  cutting  in  the 
Xew  York  Shipbuilding  Corporation's  plant,  which  is  based 
on  essentially  the  same  principle,  although  in  this  case  the 
diameter  of  the  circular  cut  is  very  much  less.  The  operation 
consists  of  cutting  a  number  of  circular  openings  in  a  plate 
ly,  inch  in  thickness,  and  for  handling  this  operation  the 
radiagraph  is  furnished  with  a  radial  arm  A.  which  is  attached 
to  a  fixed  center  B.  The  torch  is  fed  over  the  work  at  the 
rate  of  one  foot  per  minute.  An  interesting  feature  of  this 
particular  application  of  the  mechanically  operated  cutting 
torch  is  the  manner  in  which  a  track  is  provided  for  the 
carriage  wheels.  It  will  be  seen  that  there  is  a  break  in  the 
surface  of  the  work  left  by  a  previous  cut,  which  would  inter- 
fere with  the  carriage  travel;  to  overcome  this  difficulty,  a 
thin  plate  is  placed  on  top  of  the  work  to  be  cut,  this  plate 
having  an  opening  sufficiently  large  to  allow  the  point  of  the 
torch  to  make  the  desired  cut  and  still  furnish  a  bearing  for 
the  carriage  wheels. 


Unlnc    DiTli.Boi 

Shlpbulldlnn    Corpoi 
Cut   on 


■R«dl««niph"    «t    Plan    of    N 
ition    for    making    Lonvitudlnal 
Larfo   StoKl    Plato 


Appliialion  01      Railu^lfraph"  bv  Now  York  Shlpbulldlnit  Corpora- 
lion    for   cuttlni    Circular   Dlski    from    Stool    Plato.      Nolo 
Method  of  carrying  Whocla  over  Hotel 
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rig    7      New  York  ShipbuildiDg  Corporation  makes  Body  of  Steam  Turbine  Rotors  of  Cast  Steel,  and  the 

Ends  of  These  Castings  are  cut  off  hy  rotating  Work  on  Lathe  to  feed  it  to 

Flame  of  Davis-Bournonville  Cutting  Torch 


Cutting  Torch  Used 
as  Lathe  Tool 

In  making  ro- 
tors for  steam  tur- 
bines, it  is  the 
practice  of  the 
Xew  York  Ship- 
building Corpora- 
tion to  pour  the 
molten  steel  into 
a  mold  which  is 
made  so  that  the 
rotor  casting 
stands  on  end. 
The  reason  for 
this  arrangement 
is  that,  by  mak- 
ing the  mold  high- 
er than  is  neces- 
sary to  produce  a 
easting  of  the  re- 
quired length,  the 
excess  amount  of 
molten  steel  forms 
a  riser  that  ap- 
plies pressure  and 
assists  in  produc- 
ing a  solid  cast- 
ing. Obviously,  it 
is  necessary  to 
cut  off  the  surplus  metal  during  the  process  of  machining  this 
steel  casting  to  convert  it  into  a  finished  turbine  rotor,  and 
for  this  purpose  it  is  the  practice  to  set  the  casting  up  on  a 
large  engine  lathe  as  shown  in  Fig.  7.  Supported  in  this  way, 
it  is  an  easy  matter  to  rotate  the  casting  at  a  suitable  speed, 
so  that  a  cutting  torch,  supported  in  the  proper  relation  to 
the  work,  will  have  the  steel  fed  to  the  torch  at  the  proper 
rate  for  making  the  cut.  This  rotor  casting  is  9%  inches 
thick  by  16  feet  6  inches  in  circumference,  and  the  cut  was 
completed  by  the  oxy-hydric  torch  in  the  remarkably  short 
time  of  thirty-five  and  one-half  minutes.  A  good  idea  of  the 
quality  of  the  finished  surface  left  by  the  torch  will  be  gathered 
from  the  illustration. 

Combustible  Gases  Used  for  Cuttinff  in  New  York  Shipbuilding 
Plant 
In  the  plant  of  the.  New  York  Shipbuilding  Corporation, 
three  different  combustible  gases  are  used  in  cutting  torches, 
namely,  carbo-hydrogen.  acetylene,  and  hydrogen.  The  com- 
bustible gas  selected  for  different  classes  of  work  depends 
upon  the  thickness  of  the  plates  which  have  to  be  cut.  The 
range  of  thicknesses  handled  by  the  different  gases  is  as  fol- 
lows: up  to  3  Inches,  carbo-hydrogen;  3  Inches  to  6  inches, 
acetylene;  and  over  6  Inches,  hydrogen.    It  will,  of  course,  be 

understood   that        

either  of  the.si- 
gases  is  mixc'l 
with  oxygen  to 
provide  for  Uh 
combuBtlon,  t  h  o 
ratio  of  oxygen  to 
the  combiistlbbr 
gns  being  regu- 
lated In  accord- 
ance with  stand- 
ard practice, 
which  has  bt-cn 
explained  In  other 
article*  published 

In    MAflllM.ltY. 

Users  of  rutilng 
and  welding 
torehcs  tir«'  <er- 
t  a  I  n  I  y  rnmlllnr 
with  Iho  proper- 
lies  of  holh  hy- 
drogen and  acety- 


lene, but  it  may 
be  that  there  are 
some  readers  who 
have  not  had  oc- 
casion to  investi- 
gate the  proper- 
ties of  carbo-hy- 
drogen. This  gas 
contains  from  85 
to  SS  per  cent  hy- 
drogen and  15  to 
12  per  cent  light 
hydro -carbons  of 
the  higher  heat- 
ing series.  It  is 
claimed  that  less 
oxygen  is  re- 
quired tor  the 
combustion  of  this 
mixed  gas  than 
for  either  acety 
lene  or  hydrogen ; 
and  that  the  tem- 
perature of  the 
c  a  r  b  o -hydrogen 
flame  is  approxi- 
mately 4800  de- 
grees F.  In  re- 
f  e  r  r  i  n  g  to  the 
properties  of  com- 


bustible gases  which  make  them  suitable  for  use  in  cutting 
and  welding  torches,  confusion  frequently  arises  through  a 
misconception  of  the  relation  which  exists  between  the  num- 
ber of  heat  units  per  cubic  foot  of  a  gas  and  the  temperature 
which  can  be  developed  by  the  combustion  of  that  gas.  For 
the  performance  of  cutting  or  welding  operations,  the  number 
of  heat  units  per  cubic  foot  of  gas  is  a  matter  of  minor  im- 
portance in  determining  its  ability  to  give  efficient  service; 
it  is  the  rapidity  with  which  this  heat  is  liberated  to  develop 
a  high  temperature  which  determines  the  suitability  of  the 
gas  for  use  in  a  torch.  This  fact  is  well  brought  out  by  com- 
paring the  heat  value  of  carbo-hydrogen  with  that  of  ordinary 
illuminating  gas,  the  former  having  approximately  480  British 
thermal  units  of  heat  per  cubic  foot,  while  the  latter  has  ap- 
proximately 600  heat  units  per  cubic  foot.  Despite  this  fact, 
illuminating  gas  is  unsuitable  for  use  in  a  torch  because,  al- 
though it  has  2o  per  cent  more  available  heat  per  unit  volume 
of  gas,  this  heat  is  not  liberated  rapidly  enough  to  generate  a 
temperature  suitable  for  the  cutting  or  welding  of  metals. 

It  is  claimed  by  the  Carbo-Hydrogen  Co.  that  this  gas  has 
readily  cut  armor  plate  up  to  24  inches  in  thickness,  using 
standard  apparatus,  and  that  open-hearth  steel  pit  castings  36 
inches  thick  at  the  center  by  17  inches  thick  at  the  edges,  and 

10  inches  across, 
have  been  cut  in 
half  by  special  ap- 
paratus, using 
iiirl)o-hydrogen  as 
t  li  c  combustible 
g  ;i  .s.  For  this 
work  a  number  of 
oxygen  cylinders 
were  manifolded 
together  and  a 
prolioaling  flame 
wnH  UMi'd,  which 
was    provided    by 

11  torch  fitted  with 
a  '|-lncli  giis  plpo 
taking  oxygen  di- 
rectly from  the 
niiinlfold  oxygen 
Hupply.  or  course. 
thJM  wiiH  iin  uii- 
UKiliil  opprHtlnii, 
mill    llic    iiil    was 
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Fig.  9.     Davis-Bournonville 


"Copy"    and  guides  Two  Cutting  Torches  over  Similar 


not  made  by  one  continuous  traverse  of  the  torch.  In  the  case 
of  the  24-inch  armor  plate,  to  which  reference  was  made,  the 
cut  was  finished  at  one  operation.  The  composition  of  carbo- 
hydrogen  gas  is  such  that  an  accurate,  clean  cut  is  made,  and 
the  slag  produced  is  almost  pure  oxide  of  iron,  there  being 
little  pure  iron  in  it.  This  indicates  that  cutting  is  accom- 
plished by  a  complete  process  of  oxidation,  which  is  the  ideal 
method,  and  not  by  melting  the  iron.  Where  metal  is  severed 
by  melting,  it  is  almost  inevitable  that  a  ragged  surface  will 
be  left  in  making  a  cut,  so  that  it  is  necessary  to  employ  some 
subsequent  process  of  finishing  before  the  work  is  ready  for  use. 

Machines  Desigrned  for  Cutting-  Irregular  Outlines 

To  facilitate  the  work  of  following  irregular  outlines  with 
a  cutting  torch  employed  for  working  on  flat  metal  plates,  the 
Davis-Bournonville  Co.  has  developed  a  machine  known  as 
the  "oxygraph,"  which  is  made  in  two  types,  one  of  which  is 
illustrated  in  Pig.  8,  while  the  other  is  shown  in  operation 
in  Fig.  9.  So  far  as  the  principle  of  operation  is  concerned, 
both  machines  are  the  same,  but  it  will  be  apparent  from  the 
illustrations  that  in  one  case  provision  is  made  for  using  a 
single  torch  for  cutting  one  piece  of  work,  while  on  the  other 
machine  the  use  of  two  torches  enables  two  cuts  to  be 
made  simultane- 
ously. These  ma- 
chines work  on 
the  pantograph 
principle,  and  in 
preparing  for' 
their  use  it  is 
first  necessary  to 
make  a  drawing 
of  the  outline 
which  Is  to  be  fol- 
lowed by  the  cut- 
ling  torch.  This 
drawing  Is  laid 
"n  a  copy  tabic  on 
'lie  machlno  and 
Is  followed  by  a 
Irnclng  point  car- 
ried by  the  panto- 
Krapli,  with  the 
roHuIt  that  one  or 
both    torches — ac- 

<'OrdlnK       to       the        I n.  lO.    Automaii.    Unii,.r,«l  cutting  M»ohln«  d»T«lop«d 


type  of  oxygraph  machine  that  is  being  used — follow  a  similar 
outline  on  the  work. 

Reference  to  the  illustrations  will  show  that  the  tracing 
point  used  on  machines  of  this  type  consists  of  a  wheel  which 
is  serrated  to  give  it  a  firm  grip  on  the  surface  of  the  paper 
on  which  the  design  is  laid  out,  and  this  wheel  is  driven  by  a 
small  electric  motor,  which  relieves  the  operator  of  the  ma- 
chine from  the  necessity  of  pushing  the  tracing  point  around. 
As  a  result,  it  is  merely  necessary  for  this  man  to  guide  the 
tracing  point  so  that  it  follows  the  required  outline,  thus  add- 
ing greatly  to  the  sensitiveness  of  the  machine,  because  the 
operator  is  relieved  of  the  necessity  of  pushing  the  tracing 
point  and  overcoming  friction  and  inertia  of  the  pantograph 
mechanism.  Fig.  S  shows  an  example  of  quite  an  irregular 
outline  which  one  of  the  single-torch  type  of  machines  was 
recently  engaged  in  cutting,  and  this  illustration  gives  a  good 
idea  of  the  irregularity  of  outlines  which  may  readily  be 
followed  with  a  machine  of  this  type.  In  Fig.  9  is  shown  one 
of  the  double-torch  machines  engaged  in  cutting  a  hole  in 
steel  ship  plates  at  the  plant  of  the  Philadelphia  Navy  Yard. 
In  this  case  the  outline  to  be  followed  is  fairly  regular,  but 
the  use  of  a  double-torch  machine  enables  two  plates  to  be  cut 
simultaneously,  which,  combined  with  the  superior  rate  of  pro- 
duction of  the  me- 
chanically oper- 
ated torch  over  a 
cutting  torch  ma- 
n  i  p  u  1  a  t  e  d  by 
hand,  greatly  in- 
creases the  rate 
at  which  the  cut- 
ting operation  can 
bo  performed. 

Special  Cuttiner  Ma 

chine  Developed 

by    Oenernl 

Electric  Co. 

In  Figs.  10  and 
11  are  shown  au- 
tomatic universal 
cutting  machines 
developed  for  use 
in  the  plant  of  the 
(lonoral  Klectric 
'.1.,  In  Schenec- 
;.idy,  N.  Y.,  which 
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employ  either  an  oxy-acetylene  or  an  oxy-hydric  flame.  The 
machine  shown  in  Pig.  10  can  be  set  for  automatically  making 
circular,  spiral,  radial,  or  tangential  cuts,  with  a  rate  of  feed 
ranging  from  1  inch  to  72  inches  per  minute,  depending  upon 
the  character  and  thickness  of  the  material  to  be  cut.  It  has 
been  successfully  employed  for  cutting  steel  up  to  16  inches 
thick,  the  limit  in  this  direction  being  imposed  by  the  capacity 
of  the  flame  rather  than  by  any  limiting  features  of  the  ma- 
chine. On  this  machine  it  will  be  seen  that  a  revolving  head 
is  provided  that  can  be  adjusted  for  automatically  feeding  the 
torch  in  every  direction,  provision  being  made  for  reaching 
any  point  on  a  circle  up  to  20  inches  in  diameter,  while  cuts 
over  larger  surfaces  are  made  by  revolving  the  entire  cutting 
machine  or  by  reciprocal  movement  of  the  revolving  head  along 
the  horizontal  bars;  in  some  cases  a  combination  of  these 
movements  is  required  to  obtain  the  desired  result.  Revolving 
the  entire  cutting  machine  or  reciprocal  movement  of  the 
revolving  head  along  the  main  arms  is  accomplished  by  gear- 
ing connected  to  a  driving  motor,  which  will  be  seen  mounted 
above  the  pedestal.  This  motor  is  a  250-volt,  direct-current 
machine  of  1/2-horsepower  capacity,  which  happened  to  be 
available  at  the  time  the  machine  was  built.  As  a  matter  of 
fact,  a  considerably  smaller  motor  would  give  ample  power  for 
operating  the  machine. 

Two  rheostats  are  provided  for  obtaining  speed  control,  and 
attention  is  called  to  the  fact  that  the  long  radial  arm  is  bal- 


Fig.   13. 

the  machine  working  on  a  horizontal  plane,  the  magnet  is  not 
required,  as  the  weight  of  the  machine  is  sufficient  to  hold  it 
in  place.  It  will  be  apparent  from  the  fact  that  the  machine 
is  shown  in  place  on  a  truck  that  it  is  adapted  for  portable 


Fl(.   11,     Souble-nead  Automatii 


sal    Cutting    Machini- 


Addition   to   Movements  Available 


anced  by  a  counterweight.    The  base  is  provided  witli      , 
ful  electromagnet,  which  is  used  if  the  machine  is  placed  on  a 
rough  or  uneven  surface,  and  also  to  hold  it  in  position  when 
It  la  necessary  to  perform  cutting  operations  on  work  held 
In  a  vertical  plane.    Under  normal  conditions  of  service  with 


"Hsioirtph"    built   br   DaTli.Boiirnon 
la  Eall  Wobi,  (to. 


'IIId   Co.    for   outtlnf    Holon 


service,  it  being  an  easy  matter  to  transport  the  machine 
around  the  shop,  as  it  only  weighs  approximately  1900  pounds. 
The  outfit  shown  in  Fig.  11  is  of  similar  design  to  the  one 
which  has  Just  been  described;  it  consists  essentially  of  two 
of  the  machine  units  shown  in  Fig.  10  mounted  on  beds  to 
provide  a  traverse  movement.  This  double  machine  is  ordi- 
narily employed  for  work  which  is  too  large  to  be  handled  on 
a  .single  machine. 

Speclal-piirpoHB  MerlmnlciiUy  Opernted  Cuttlntf  Torches 

III  the  case  of  the  mechanically  operated  cutting  torches 
which  have  already  been  described,  the  design  has  been  worked 
out  In  such  a  way  that  the  machines  are  adapted  for  the  per- 
formance of  nilKcellaiicous  cultlng  operallon.s.  Such  work, 
liDWovcr.  by  no  means  represenlH  the  range  of  possibilities  Of 
the  mechanically  operated  cutting  lorch.  For  Instance,  con- 
sider the  case  of  eiiuipments  shown  In  Figs.  12  and  1.'!,  which 
show,  ri'spectlvcly,  the  "holoKraph"  and  the  "rallograph"  de- 
veloped by  the  DavlH-HournonvlJle  (!o.  These  machines  were 
made  for  performing  the  special  nperntlons  of  cutting  holes 
In  the  wcl)H  of  Hlnittiiral  slccl  rails,  etc,  and  for  cull  lug  Tlioad 
rallB.     Tlioy  give  excellent  resulls  In  performing  these  .special 
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operations  for  which  they  are  in- 
tended, but  are  not  suitable  for 
other  classes  of  work. 

Referring  to  the  illustration  of 
the  holograph  shown  in  Fig.  12,  it 
will  be  seen  that  this  machine  is 
provided  with  a  circular  head 
which  holds  the  cutting  torch  so 
that  it  can  be  rotated  through 
movement  transmitted  by  bevel 
gearing  from  a  crank  handle  at  the 
side  of  the  machine.  The  capacity 
is  for  cutting  work  up  to  3/4  inch 
in  thickness,  and  round  holes  can 
be  made  with  this  machine  with- 
out previous  drilling.  Smooth  round 
holes  from  1/2  to  2  inches  in  diam- 
eter can  be  cut  in  from  thirty  to 
sixty  seconds,  and  the  diameter  of 
the  hole  is  varied  by  simply  shift- 
ing the  torch  holder  toward  or 
away  from  the  center  of  the  ro- 
tating head.  This  machine  is  espe- 
cially   adapted    for    railroad    work 

and  for  enlarging  existing  holes  or  cutting  new  ones  in  struc 
tural  steel. 


Fig.  18.     Opposite  End  of  Automatic  Tube-makirg  Machine  shown  in  Fig.  17:  Flat  Stock  is  fed  into  Machine 

at  End  shown  in  Fig.  17  and  Finished  Welded  Tubing  is  withdrawn  from  End  of 

Machine  shown  in  This  lUustration 

position  in  the  roadbed.    At  each  side  of  the  machine  there  is 
a   bracket   in   which   a  cutting   torch   can   be  mounted.     This 


Fig.  14.    Special  Machine  developed  by  Edison 

Storage  Battery  Co.   for  Use  in  welding 

Side  Seams  of  Battery  Containers 


Fig.    15.     Machine   shown   in   Fig.    14   with 

Clamps  closed  to  hold  Work  Ready 

for   welding 


Fig.  16.     Special  Machine  developed  by  Edison 

storage  Battery  Co.   for  welding  Top  and 

Bottom    into   Battery   Containers 


In  the  case  of  the  railograph  illustrated  in  Fig.  13,  it  will 
be  seen  that  provision  is  made  for  clamping  this  machine  to 
the  web  of  a  rail.     It  can  be  used  for  cutting  a  rail  while  in 


bracket  is  carried  by  a  slide,  and  attached  to  each  bracket 
there  is  a  roller  which  runs  in  contact  with  a  cam  formed 
in  such  a  way  that  it  provides  for  maintaining  the  tip  of  the 
cutting  torch  at  a  uniform  distance 
of  about  1/8  inch  from  the  surface 
of  the  work  as  the  torch  is  fed  over 
the  work  to  provide  for  cutting  the 
rail.  Feeding  of  the  torches  is  ac- 
complished by  two  handwhoels 
which  transmit  motion  through  a 
set  of  suitable  gearing.  In  opera- 
tion, the  torch  is  first  applied  at 
one  side  of  the  rail  and  fed  over 
the  line  on  which  the  cut  is  to  be 
made,  one  half  of  the  base  and  head 
of  the  rail  and  the  web  being  cut 
in  this  way.  The  torch  is  next  re- 
moved from  the  holder  and  mount- 
ed at  the  opposite  side  of  the  rail, 
where  it  is  again  passed  over  the 
line  of  cut,  with  the  result  that  the 
remaining  half  of  the  base  and  head 
of  the  rail  is  severed.  An  idea  of 
the  rapidity  with  which  culling  oan 
be  accomplished  with  this  machine 
will  be  gathered  from  the  fact  that 
at  a  recent  exhibition  a  9-inch  trac- 
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tion  rail  was  cut  off  in  a  few  seconds  over  tliree  minutes  with 
the  consumption  of  2  cubic  feet  of  acetylene  and  5^2  cubic 
feet  of  oxygen.  A  standard  Davis-Bournonville  cutting  torch 
is  used  on  this  machine. 

Special  Welding:   Machines  Used   tor  Manufacturing-  Operations 

In  manufacturing  sheet-steel  battery  containers,  the  Edison 
Storage  Battery  Co.,  of  Orange,  N.  J.,  has  designed  special 
machines  for  welding  the  seams.  It  will  be  recalled  that  in 
connection  with  the  discussion  of  special  cutting  machines, 
mention  was  made  of  the  fact  that  it  is  usually  found  desirable 
to  employ  torches  of  standard  design,  and  the  same  is  true  of 
machines  built  to  meet  the  requirements  of  welding  operations 
that  must  be  performed  on  special  classes  of  work.  In  the 
case  of  the  battery  container  welding  machines  shown  in  Figs. 
14,  15,  and  16,  Davis-Bournonville  welding  torches  are  em- 
ployed. Figs.  14  and  15  show  the  machine  employed  for  weld- 
ing the  side  seam,  and  Fig.  16  shows  a  machine  developed  for 
welding  the  head  into  the  container.  An  interesting  feature 
of  the  application  of  welding  torches  in  connection  with  these 
machines  is  that  the  welding  is  accomplished  without  the 
addition  of  metal  from  a  "welding  stick"  according  to  the 
usual  practice.  To  avoid  the  necessity  for  making  such  an 
addition  of  metal,  the  sheet-steel  stampings  which  are  welded 
together  to  make  these  battery  containers  are  drawn  up  with 
flanges  along  the  two  edges  that  are  to  be  welded  together. 
By  having  these  flanges  raised  above  the  surface  of  the  steel, 
sufficient  metal  is  provided  to  make  the  weld  without  the  neces- 
sity of  using  a  Swedish  iron  wire  to  add  metal  along  the  line 
where  the  weld  is  to  be  made. 

For  welding  the  side  seam  of  battery  containers,  use  is  made 
of  the  machine  shown  in  Figs.  14  and  15,  which  is  somewhat 
similar  to  a  bench  lathe.  The  work  to  be  welded  is  clamped 
over  a  form  supported  by  a  carriage,  which  is  traversed  along 
ways  on  the  bed  of  the  machine  by  means  of  a  feed-screw 
driven  by  an  individual  electric  motor.  Welding  of  the  side 
seam  is  the  first  operation,  and  the  body  of  the  container  comes 
to  the  machine  with  neither  the  top  nor  the  bottom  in  place. 
It  is  slipped  over  the  form  and  two  swinging  clamps  grip  the 
work  at  each  side  of  the  longitudinal  seam,  so  that  the  flanges 
are  pressed  close  together.  After  this  has  been  done,  the 
pivoted  bracket  supporting  the  welding  torch  is  swung  over 
so  that  it  causes  the  oxy-acetylene  flame  to  impinge  upon  the 
top  of  the  abutting  flanges  at  one  end  of  the  container,  and 
the  drive  is  then  connected  to  start  feeding  the  carriage  along 
the  ways  on  the  machine  bed.  The  feed  movement  is  regulated 
80  that  the  work  is  passed  under  the  torch  at  a  suitable  rate  to 
provide  for  welding  the  side  seam  as  rapidly  as  possible.  These 
battery  containers  are  made  of  cold-rolled  sheet  steel  0.025 
inch  in  thickness. 

After  the  side  seam  has  been  welded,  the  containers  are 
taken  to  the  machine  shown  in  Fig.  16,  where  the  bottom  is 
welded  Into  place.  The  bottom  consists  of  a  steel  stamping 
with  the  flange  turned  up  around  the  edge.  It  is  pressed  into 
place  In  the  battery  container  body  until  the  top  of  the  flange 
Is  at  the  same  level  as  the  edge  of  the  body,  after  which  the 
work  Ib  set  up  In  the  machine.  As  in  the  case  of  the  equip- 
ment for  welding  the  side  seam,  the  torch  is  mounted  on  a 
Hwinglng  support,  so  that  It  can  be  dropped  Into  place  to  cause 
the  flame  to  impinge  upon  the  edges  of  the  steel  which  are  to 
be  welded  together.  The  machine  Is  driven  by  an  electric 
motor  which  tranHmltH  power  llirough  a  suitable  train  of  genr- 
Ing  to  a  pinion  carrW-d  by  a  vcrllral  shaft.  This  pinion  nioslics 
with  a  rack,  which  will  be  seen  running  all  of  the  way  around 
the  banc  of  the  frame  In  which  the  work  Ih  supported  wlillc 
the  welding  operation  Ih  being  porformed. 

From  iho  lUuHtrallon  It  will  be  apparent  that  this  rack  runs 
along  thi-  Rideii  and  around  the  corncrH  of  the  haHO  of  the 
work-hold'T,  no  that  provl»lon  Ih  made  for  giving  this  holder 
a  combined  frav<THn  and  rotary  n)ov<>nn'Ml  that  cauHfH  the 
work  to  bo  fed  around  under  the  welding  torch,  keeping  the 
two  RdKOH  that  nro  to  be  welilfd  tngcthor  conHtantly  In  place 
under  the  lip  of  the  torch.  In  the  top  of  the  bntlcry  container 
there  arc  throe  nttlng*  that  have  to  be  Hocurcd  In  holoH  pro- 
vided In  the  itoel  stamping  for  that  piirpoHo.  In  making  the 
Rlamplng  for  the  top  of  the  container,  (InnKi'H  arc  drawn   up 


around  the  holes  to  receive  these  three  fittings  which  are  made 
on  screw  machines.  In  making  the  fittings,  the  screw  ma- 
chines are  tooled  up  to  produce  a  flange  on  each  fitting  which 
is  of  such  form  that  the  fittings  can  be  pressed  into  place  in 
the  holes  in  the  top  of  the  battery  container,  with  these  flanges 
on  the  fittings  abutting  against  the  flanges  around  the  holes 
in  the  container  top,  so  that  the  edges  are  at  the  same  height. 
A  machine  of  somewhat  similar  design  to  the  one  shown  in 
Fig.  16  is  then  employed  to  weld  the  edges  of  the  flanges  on 
the  battery  top  and  fittings  together  so  that  the  fittings  are 
secured  in  place.  These  welds  are  made  on  the  under  side  of 
the  top  of  the  battery  container,  after  which  the  entire  top  is 
pushed  into  position  in  the  body  of  the  container  and  welded 
to  hold  it  permanently  in  place. 

Application  of  W^elding  Torches  In  Tube  Manufacture 

At  the  plant  of  the  Elyria  Iron  &  Steel  Co.,  in  Cleveland, 
Ohio,  welded  tubing  is  manufactured  in  automatic  machines 
which  take  flat  ribbon  stock  of  either  hot-  or  cold-rolled  steel 
from  a  reel  placed  at  one  end  of  the  machine  and  deliver 
finished  tubing  at  the  opposite  end  of  the  machine.  This  re- 
sult is  accomplished  by  passing  the  stock  through  a  series  of 
forming  rolls  which  convert  the  flat  stock  into  a  cylindrical 
form  with  the  edges  abutting  against  each  other.  The  work 
is  next  fed  under  an  autogenous  welding  torch  which  joins 
the  seam,  after  which  the  welded  tubing  passes  through 
straightening  and  polishing  apparatus,  so  that  it  leaves  the 
machine  in  a  finished  form.  Fig..  17  shows  the  end  of  the 
machine  at  which  flat  ribbon  stock  is  fed  in,  and  in  Fig.  18 
finished  tubing  is  shown  leaving  the  machine. 

Adaptability  of  Mechanical  Control  for  Cutting-  and  Welding 
Torches 

In  this  article  we  have  presented  information  concerning 
miscellaneous  applications  which  have  been  made  of  mechani- 
cally operated  cutting  and  welding  torches,  and  attention  has 
been  called  to  the  benefits  that  are  secured  through  the  sub- 
stitution of  mechanical  control  for  hand  operation.  Despite 
the  increased  production  and  higher  quality  of  workmanship 
that  are  secured  through  mechanical  operation,  many  manufac- 
turers are  continuing  to  use  torches  which  are  moved  over 
the  work  by  hand.  There  is  no  denying  that  the  latter  method 
is  capable  of  producing  highly  satisfactory  results  when 
torches  are  placed  in  the  hands  of  skilled  operators,  but 
the  average  mechanic  will  frequently  fail  to  produce  good 
work  until  he  has  had  a  considerable  amount  of  experience. 
For  this  reason,  and  also  because  higher  rates  of  production 
are  secured  through  mechanical  operation  than  can  be  pro- 
duced by  the  most  skillful  operators  using  torches  by  hand, 
it  is  well  worth  while  for  the  manufacturer  who  has  use  for 
the  oxy-acetylene  torch  to  carefully  investigate  the  require- 
ments of  his  work  with  the  idea  of  determining  whether  it 
could  not  be  handled  by  one  of  the  standard  cutting  or  weld- 
ing machines.  If  investigation  shows  that  the  work  could 
not  be  handled  on  any  of  the  available  commercial  equipments, 
the  next  step  is  to  ascertain  whether  a  special  machine  using 
standard  torches  could  not  be  developed  at  a  reasonable  ex- 
pense. If  so,  development  of  such  an  equipment  will  usually 
prove  a  highly  profitable  investment,  both  from  the  standpoint 
of  direct  earnings  and  also  by  mnUing  an  iniprovemont  in 
the  quality  of  workmanship  where  (iiltiiit;  or  welding  opera- 
tions have  to  be  pcrforniod. 


A  maker  of  hollow-frame  micrometer  calipers  designed  for 
meaHurlng  largo  dlineiiHlons  tried  In  vain  for  several  years  to 
Introduce  them  to  United  States  (iovornmont  navy  yards  and 
arscnalH.  lie  was  unable  to  socuro  recognition,  hut  foreign 
govornniiMitH  were  not  ho  conHcrvatlvp  In  their  vIpwb  of  nii-as- 
urlng  InKlnmionlH,  and  Home  were  sold  abroad.  Thpse  came 
to  the  attention  of  our  military  exports  In  France,  and  the 
roHUlt  WHH  thai  the  maker  haH  received  orders  for  his  large 
mlcrometorB  for  uro  In  Kovernment  plantn  here.  It  spomod 
nocpHHnry  for  the  burpnucrallc  mind  to  go  far  aflold  to  get 
Indomemonl  of  a  home  product  before  It  could  bop  the  manlfPBt 
ndvanlagPH  "f  'he  ItiHtrnmiMilH  for  our  own  govpriiinciit  wnrlt. 
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PURPOSE   AND   METHODS   OF   USING 
MANUFACTURING  ORDERS 

BY  FRED  H.   KORFF ' 

There  always  has  been  misuuderstanding  among  factory  ex- 
ecutives and  the  clerical  force  relative  to  the  manner  in  which 
orders  are  to  be  handled,  especially  when  the  items  on  the 
orders  are  in  standard  crates  or  containers.  They  do  not  seem 
to  realize  that  an  order  entering  the  factory  represents  dollars 
and  cents  in  raw  material  and  should  be  treated  as  such.  The 
greatest  difficulty  generally  is  for  them  to  realize  that  the 
amount  of  material  called  for  on  the  order,  whether  in  pounds, 
feet,  or  pieces,  is  constantly  changing.  For  instance,  one  hun- 
dred feet  of  bar  stock  is  delivered  to  an  automatic  screw  ma- 
chine to  have  certain  operations  performed  that  will  produce 
one  thousand  pieces;  but  some  of  the  pieces  will  be  rejected 
by  the  inspectors  and  others  will  be  spoiled  in  the  machine,  so 
that,  perhaps,  only  seven  hundred  good  pieces  will  be  made. 
The  foreman  of  the  department  should  immediately  bring  this 
fact  to  the  attention  of  the  chief  cost  clerk  in  order  that  the 
amount  on  the  factory  order  and  the  office  records  may  be 
changed  to  show  seven  hundred  pieces  instead  of  one  thousand. 
If  this  is  not  done,  the  cost  department  will  assume  that 
one  thousand  pieces  are  in  production  throughout  the  succeed- 
ing departments  and  all  labor  costs  per  piece  will  be  figured 
30  per  cent  too  low,  due  to  the  loss  of  the  three  hundred  pieces 
on  the  first  operation.  Factory  executives  should  realize  that 
while  production  is  an  essential  factor,  the  proper  recording, 
checking,  and  transferring  of  both  material  and  orders  is  as 
important  a  factor,  and  one  that  cannot  be  overlooked  if  accu- 
rate records  are  to  be  obtained.  The  argument  may  be  ad- 
vanced that  factory  executives  are  not  supposed  to  be  book- 
keepers; but  that  does  not  signify  that  during  the  time  that 
orders  and  material  are  in  a  department  they  cannot  be  prop- 
erly taken  care  of;  unfortunately,  however,  shop  orders  are 
generally  treated  as  something  of  small  consequence. 

Use  of  Order 

A  shop  order  is  used  for  the  following  purposes:  First, 
checking  advancement  of  work,  as  shown  by  the  planning 
board;  second,  requesting  orders  from  order  department; 
third,  checking  material  on  hand  and  called  for  by  previous 
shop  orders;  fourth,  issuing  material  to  cover  the  needs  of 
respective  departments.  When  the  planning  board  shows  that 
the  work,  in  its  progress  through  the  various  departments,  is 
reaching  the  shortage  danger  point,  requests  for  orders  are 
issued  by  the  planning  office.  The  order  division,  upon  re- 
ceiving this  request,  checks  the  material  called  for  against 
the  stock  on  hand  and  on  the  different  order  lists,  to  determine 
whether  or  not  the  order  can  be  filled;  if  it  can,  the  material 
is  sent  to  the  department  to  which  it  is  routed.  It  will  be 
assumed  that  the  order  request  calls  for  one  hundred  cam- 
shafts. As  the  order  department  finds  that  it  has  sufficient 
rough  camshafts  to  fill  the  shortage  called  for,  it  immediately 
issues  triplicate  orders,  which  are  sent  to  the  planning  office. 
At  the  proper  time,  as  shown  by  the  shop  schedule  list  com- 
piled from  the  trial  records,  the  planning  office  sends  one  copy 
to  the  materials  department  and  one  to  the  cost  department. 
and  keeps  the  other  for  its  own  files.  The  materials  depart- 
ment, on  receiving  the  factory  order,  delivers  the  material  with 
th*  order  to  the  department  called  for  by  the  routing  shown 
on  the  order.  The  cost  and  dispatching  departments  enter 
their  copies  in  their  files  preparatory  to  receiving  data  from 
the  factory  relative  to  the  work  that  is  being  done. 

Cbecklncr  Material 
When  the  material,  with  the  order,  enters  a  department,  the 
clerk  should  immediately  enter  a  full  description  of  it  upon 
the  departmental  progress  or  receipt  report.  All  finished 
pieces  and  outgoing  dellvcrie.-j  from  the  department  should 
also  be  recorded  upon  this  report,  which  at  the  end  of  each 
day  should  be  given  to  the  planning  department  and  entered 
upon  Its  records.  As  It  Is  from  these  records  that  all  shortage 
lists  are  made,  It  Is  Important  that  they  bo  accurately  kept,  so 
that  correct  records  of  shortages  may  he  obtained. 
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The  clerk  should  also  see  that  all  incoming  material  corre- 
sponds to  the  amount  shown  on  the  order;  if  It  does  not,  he 
should  return  the  material  to  the  department  from  which  it 
came.  The  amount  of  material  in  the  containers  should  be 
that  shown  on  the  face  of  the  order,  and  all  bar  stock  received 
should  be  measured.  All  outgoing  material  also  must  corre- 
spond to  the  amount  shown  on  the  order.  If  the  amounts  do 
not  agree,  the  orders  should  be  given  to  the  planning  depart- 
ment so  that  the  necessary  changes  may  be  made.  Clerks 
should  not  permit  an  order  to  leave  the  department  until  it 
has  been  signed  by  an  inspector,  who  will  specify  the  number 
of  pieces  accepted,  rejected,  and  held  for  correction. 

Use  of  Containers 

As  far  as  possible,  all  material  should  be  sent  into  the  fac- 
tory from  the  materials  department  in  crates  of  a  standard 
size,  and  the  work  should  remain  in  these  crates  as  it  pro- 
gresses from  one  department  to  another.  While  in  some  cases 
this  cannot  be  done,  every  effort  should  be  made,  if  possible, 
to  provide  ways  and  means  to  prevent  the  moving  of  material 
by  separate  pieces.  In  order  that  the  manufacturing  orders 
shall  be  kept  correctly,  each  container  should  bear  a  tag  show- 
ing the  order  or  job  number,  piece,  part  number  and  name, 
total  amount  on  order,  and  the  amount  in  the  container  to 
which  the  tags  are  attached.  Cards  specifying  the  job  num- 
ber, operation,  piece  number,  and  name  of  part  should  also 
be  placed  at  each  machine.  This  card  should  correspond  to 
the  tag  attached  to  the  container  that  holds  the  work  being 
machined. 

There  should  never  be  more  than  two  orders  at  any  one  ma- 
chine— one  order  in  process  of  machining  and  the  other  wait- 
ing to  be  machined.  Suppose,  for  example,  that  there  are  two 
orders  of  camshafts,  composed  of  five  crates  each,  at  the  ma- 
chine performing  the  first  operation.  As  the  operator  finishes 
a  camshaft  he  replaces  it  in  the  crate  from  which  he  obtained 
it  and  proceeds  with  another  until  all  in  that  crate  have  been 
machined.  If  necessary,  this  crate  can  then  be  passed  on  to 
the  succeeding  operation,  but  separate  pieces  should  never  be 
taken  from  a  container  and  placed  into  operation  on  another 
machine;  in  fact,  it  is  preferable  that  only  a  complete  order 
be  moved  from  one  operation  to  another. 

If,  during  the  different  machining  operations,  a  piece  is 
rejected  by  an  inspector,  it  should  be  properly  tagged  by  him 
and  set  aside,  but  should  not  proceed  with  the  container  from 
which  it  was  taken;  neither  should  the  spaces  thus  left  vacant 
in  the  containers  be  filled  with  good  parts.  When  a  part  has 
been  rejected  by  an  inspector,  he  should  make  the  necessary 
notations  on  the  back  of  the  order  representing  the  part,  and 
as  the  container  proceeds  from  one  operation  to  another  he 
should  note  on  the  order  the  number  of  good  and  bad  pieces 
obtained.  After  the  final  operation,  prior  to  transferring  from 
the  department,  the  clerk  should  bring  the  order  and  the  parts 
to  the  inspector  for  his  approval. 


IRON  ORE  PRODUCTION  IN  1917 

From  figures  compiled  by  the  United  States  geological 
survey,  it  is  estimated  that  the  iron  ore  mined  in  this  country 
last  year  amounted  to  75,324.000  gross  tons,  as  compared  with 
75,167,672  tons  in  1916.  The  shipments  from  mines  in  1917 
are  estimated  at  75,649.000  gross  tons,  valued  at  ?236,17S.0O0. 
as  compared  with  77,870,553  tons,  valued  at  $181,902,277,  the 
previous  year.  The  percentage  lost  in  quantity  last  year  was 
2.9,  but  the  increase  In  value  was  29. S  per  cent.  The  general 
average  value  of  the  ore  per  ton  at  the  mines  was  $3.12  in 
1917,  as  compared  with  $2.34  in  1916.  About  S5  per  cent  of  the 
ore  mined  last  year  was  received  from  the  Lake  Superior  dis- 
trict. The  South  mined  and  shipped  more  than  8,100.000  tons 
of  iron  ore,  the  bulk  of  which  was  produced  In  the  Birming- 
ham district  of  Alabama.  The  northeastern  states,  including 
New  Jersey.  New  York,  and  Pennsylvania,  increased  their  pro- 
duction slightly  as  compared  with  1916.  and  shipped  to  blast 
furnaces  approximately  2.446.000  tons.  The  Imports  for  the 
year  are  estimated  at  988.500  tons,  as  compared  with  1,325.736 
tons  In  1916. 
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METHODS    OF   MAKING   AND    TESTING  A   GAGE    REQUIRING    UNUSUAL    ACCURACY 


THE  manufacturers  of  precision  gaging  tools  and  fixtures 
are  constantly  being  reminded  of  the  fact  that  it  is  easy 
to  specify  extremely  close  limits  on  drawings,  but  often 
very  difficult  to  transfer  those  exact  dimensions  to  a  piece  of 
steel.  The  gear-testing  fixture  or  gage  illustrated  in  Fig.  1  is 
an  example  of  gage  making  -which  required  an  unusual  degree 
of  accuracy  throughout  and  made  it  necessary  to  provide  spe- 
cial tools  and  methods.  This  gage  is  one  of  a  number  of 
special  designs  recently  made  by  the  Nelson  Tool  Co.,  Inc.,  781 
E.  142nd  St.,  New  York  City.  Some  of  the  more  important 
parts  of  the  work  will  be  referred  to,  but  first  it  should  be 
explained  that  this  gage  is  used  for  testing  the  accuracy  of 
the  bevel  gears  A  and  B.  As  the  axes  of  these  gears  are  located 
at  right  angles,  the  body  C  of  the  fixture  is  in  the  form  of  an 
angle-plate  In  which  there  are  horizontal  and  vertical  holes. 


_ 

«r---- 

lif 

%M 

^X 

---■ 

m 

J^^ 

c 

! 

Fig.   2. 


Method  of  using  Johansson   Gages   and   Sine   Bar  for   setting 
Grinding   Attachment 


one  second  in  a  length  of  one-half  inch,  which  is  approximately 
the  length  of  the  gaging  arms,  would  involve  a  measurement 
of  about  0.0000025  inch.  It  is  not  necessary  to  comment  on 
the  impracticability  of  taking  such  a  measurement,  but  even 
though  it  is  not  possible  to  work  to  such  close  specifications, 
if  the  error  is  so  slight  that  It  cannot  be  measured  by  ordinary 
means,  the  work  is  sure  to  pass  inspection  and  to  serve  its 
intended  purpose  satisfactorily,  which  is  all  that  is  required. 
In  addition  to  the  extreme  accuracy  in  regard  to  the  angles,  it 
was  necessary  to  finish  the  body  of  the  fixture  previously  re- 
ferred to  so  that  the  horizontal  and  vertical  sides  were  as  near 
square  as  it  was  possible,  to  make  them,  and  the  tolerances 
specified  for  a  number  of  the  more  important  dimensions  were 
only  0.0001  and  0.0002  inch. 

The  most  interesting  and  important  part  of  the  work  is 
grinding  the  angular  arms  of  the  gaging  blocks.  The  general 
method  of  doing  this  part  of  the  work  is  illustrated  in  Figs. 
2  and  3.  The  block  to  be  ground  is  mounted  on  an  angle- 
plate  A,  Fig.  2,  and  it  is  held  in  position  by  a  bolt  and  a 
spring  B.  The  object  of  using  the  spring  is  to  hold  the  work 
securely  against  the  face  of  the  angle-plate  and  at  the  same 
time  permit  it  to  be  revolved  easily  while  grinding.  The  grind- 
ing attachment,  which  is  of  the  push-spindle  type,  is  mounted 
upon  a  horizontal  slide  C,  and  both  the  angle-plate  and  slide 
are  mounted  on  the  faceplate  75. 


I  ig.   1.     Elevation  and  Plan  of  Oear-tpstlng  Fixture 

Gear  A  Is  supported  In  close-fitting  bushings  D  by  its  shaft, 
and  gear  B  Is  held  In  place  by  plug  E,  which  enters  bushing  /'. 
The  gaging  members  consist  of  two  blocks  0  and  //,  which  arc 
held  In  position  by  the  bolts  shown  and  arc  free  to  revolve. 
Each  of  these  gaging  blocks  has  two  arms  which  project  out- 
ward at  an  angle.  If  the  gears  are  correctly  made,  one  of  these 
arms  will  Just  clear  the  top  of  a  gear  tooth  when  the  gage  Is 
turned  about  Its  pivot,  whereas  the  other  will  strike  the  tooth. 
In  other  words,  these  are  "Go"  and  "Not  Go"  arms;  they  arc 
both  nnlshfd,  of  course,  to  the  same  angle,  but  one  gaging 
surface  Is  about  O.OOR  Inch  higher  than  tlie  other  one. 

The  angle  Hpccined  on  the  drawing  for  the  gaging  surfncc.4 
of  the  arms  of  part  //  Is  36  dCKrcos  8  minutes  33  seconds,  and 
for  pari  (J  40  dcgrcfs  31  minutes  B3  seconds.  Of  course,  there 
is  no  gago  or  toolmaklng  otjulpmcnt  obtainable  that  will  enable 
one  to  finish  angular  surfaces  to  the  oxlromc  dogroo  of  nnru- 
racy  Indicated  by  thcso  (iKureg;  that  Is,  to  a  given  angle  within 
one  Mcnnd  or  cvi'n  M<-vcral  sp'ondB,  especially  wlwn  tlio  Icnglli 
of  tho  finished  surfiice  1h  comparatively  sliort  and  Its  accursuy 
must  bo  tfstod  by  dlred  measurements  and  without  employing 
iome  method  of  magnifying  tho  error.    To  detect  an  error  of 
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The  grinding  of  this  gaging  block  involved  first  setting  the 
horizontal  slide  and  the  angle-plate  with  reference  to  the  angle 
required  on  the  work;  then  it  was  necessary  to  adopt  an  ac- 
curate method  of  testing  the  inclination  and  location  of  this 
ground  surface.  Fig.  2  shows  clearly  how  the  slide  and  angle- 
plate  were  set  relative  to  each  other  by  using  the  sine  bar  E 
and  the  Johansson  gages.  The  sine  bar  bears  directly  against 
the  side  of  the  horizontal  slide  upon  which  the  grinding  at- 
tachment is  mounted,  and  the  gages  are  used  to  measure  the 
distance  from  the  buttons  on  the  sine  bar  over  to  the  side  of 
the  angle-plate.  The  method  of  manipulating  the  grinding 
attachment  and  work  is  indicated  in  Fig.  3.  As  the  gage- 
maker  pushes  the  grinding  wheel  spindle  back  and  forth  with 
the  right  hand,  he  gives  the  work  an  oscillating  movement,  so 
that  the  entire  gaging  surface  is  ground  and  is  finished  to  a 
convex  form.  The  motor  for  driving  the  spindle  is  held  in 
place  by  the  vertical  arm  shown,  and  the  entire  arrangement 
is  very  simple,  especially  in  view  of  the  complicated  nature  of 
the  operation. 

The  method  of  testing  the  angle  and  location  of  these  ground 
surfaces  is  illustrated  in  Fig.  4.  This  test  is  made  without 
removing  the  gage  from  the  grinding  fixture.  The  particular 
gage  arm  to  be  tested  is  simply  turned  around  so  that  it  is 
at  the  lowest  position,  as  Fig.  3  indicates.  Johansson  gage- 
blocks  are  then  inserted  at  A  and  B.  and  an  accurate  plug  is 
pushed  in  between  the  horizontal  and  vertical  surfaces  of  these 
blocks  and  the  angular  surface  of  the  gage  being  tested.  When 
this  test  has  been  made  with  the  plug  bearing  close  to  the  outer 
end  of  the  angular  arm,  a  different  combination  of  gage-blocks 
is  used  and  the  same  test  is  repeated  at  the  inner  end  of  the 
arm.  Before  this  test  could  be  made,  it  was  necessary,  of 
course,  to  calculate  what  the  horizontal  and  vertical  distances, 
as  obtained  by  the  Johansson  gages,  should  be  for  a  plug  of 
given  diameter. 

Since  the  accuracy  of  the  gear-testing  fixture  referred  to 
depends  largely  upon  the  accuracy  of  the  body  of  the  fixture, 
it  was  necessary  to  adopt  some  method  of  testing  the  square- 
ness of  the  horizontal  and  vertical  faces,  which  were  required 
to  be  as  close  as  possible  to  90  degrees.  The  ingenious  form 
of  "square"  used  for  this  purpose  is  illustrated  in  Fig.  5.  This 
is  simply  a  very  accurate  cylinder,  having  bearing  surfaces 
at  the  ends  which  are  exactly  perpendicular  to  the  axis  of  the 
cylinder.  This  "cylindrical  square"  is  made  of  machine  steel 
and  is  pack-hardened.  It  is  bored  out  to  decrease  the  weight 
somewhat,  although  a  fairly  heavy  cylinder  is  preferable,  so 
that  it  will  not  move  or  change  its  position  easily  when  meas- 
urements are  being  taken  from  the  cylindrical  surface  to  an 
angle-plate,  as  is  sometimes  desirable.  Each  end  of  the 
"square"  is  recessed  so  that  the  bearing  surface  is  only  about 
1/4  inch  wide.     This  bearing  surface  is  also  ground  slightly 


FIf.  i.     Hotbod  of  lotting  Acouricy  of  G 


Fig.   5. 

concave  so  that  the  bearing  is  around  the  outer  edge  or  circum- 
ference. When  this  "cylindrical  square"  is  placed  in  contact 
with  a  surface  as  shown  in  the  illustration,  even  a  slight  devia- 
tion from  the  vertical  will  be  indicated  by  the  passage  of 
light.  F.  D.  J. 

*  *     * 

STANDARDIZATION  OF  SCREW  THREADS 
The  complete  standardization  of  screw  threads  necessary  to 
meet  the  requirements  of  the  War  and  Navy  Departments  is 
proposed  in  a  bill  recently  introduced  in  the  House  of  Repre- 
sentatives by  Hon.  John  Q.  Tilson,  of  Connecticut.  This  bill 
provides  for  the  appointment  of  a  commission  of  seven  mem- 
bers, which  is  to  include  a  commissioned  officer  of  the  Army, 
a  commissioned  officer  of  the  Na^^y,  the  director  of  the  Bureau 
of  Standards,  two  members  nominated  by  the  American  So- 
ciety of  Mechanical  Engineers,  and  two  members  nominated 
by  the  Society  of  Automotive  Engineers,  the  last  four  being 
appointed  by  the  Secretary  of  Commerce.  This  commission 
will  ascertain  and  establish  standards  for  screw  threads,  which 
will  be  submitted  to  the  Secretaries  of  War.  Xa\-\%  and  Com- 
merce. When  approved  by  them,  such  standards  will  be  used 
on  work  done  by  the  War  and  Navy  Departments,  and  the  Sec- 
retary of  Commerce  will  cause  them  to  be  published  as  a  public 
document. 

In  urging  the  passage  of  this  bill,  Chairman  Bachman 
of  the  Standards  Committee  of  the  Society  of  Automotive 
Engineers  mentioned  that  if  such  standards  had  been  estab- 
lished prior  to  the  entry  of  the  United  States  in  the  present 
war,  an  untold  saving  in  time  and  material  would  have  re- 
sulted; much  confusion  now  existing  would  never  have  oc- 
curred, and  instead  of  each  department  of  the  Government  em- 
ploying screw  threads  made  under  as  many  different  systems,  all 
would  be  working  to  one  standard.  A  large  duplication  of  ef- 
fort would  thus  be  eliminated  and  the  production  of  tools  and 
gages  necessary  to  manufacture  and  inspect  properly  parts 
containing  screw  threads  would  be  considerably  conserved. 

*  •     * 

At  a  Joint  meeting  of  the  Institute  of  Bankers  and  the  Asso- 
ciation of  Chambers  of  Commerce  in  Great  Britain,  a  resolu- 
tion was  passed  with  relation  to  decimal  coinage,  favoring 
the  retention  of  the  pound  sterling  as  the  monetary  unit,  but 
dividing  the  pound  into  one  thousand  parts  or  mils.  This 
arrangement  would  make  unnecessary  any  sudden  change  in 
the  existing  silver  and  gold  coins,  as  all  coins  down  to  six- 
pence could  be  retained  without  any  alteration  in  their  re- 
spective values.  A  sixpence  coin  would  equal  twenty-flve  mils 
and  a  shilling  would  be  fifty  mils.  In  regard  to  coins  of  lower 
denomination.  It  was  unanimously  agreed  to  recommend  that 
they  should  consist  of  one-,  two-,  three-  and  four-mil  pieces 
made  from  copper,  and  five-  and  fenniil  pieces  made  from 
nickel. 
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Tig.  1.     Various  Designs  of  Commercial  Cast-iron  Bench  Legs 

DESIGN  AND  CONSTRUCTION  OF  WORK-BENCHES 


BENCH  LEGS  AND    TOPS-LOCATION  OF  BENCHES-PORTABLE  WORK-BENCHES 

BY    FRANK    H.    MATOH' 


BENCHES  made  in  a  workmanlike  manner  for  the  proper 
performance  of  hand  and  machine  operations  are  a 
necessity  in  the  modern  shop.  This  fact  will  be  realized 
when  we  consider  the  miles  of  benches  that  are  strung  along 
the  walls  and  throughout  our  factories  for  use  in  conjunction 
with  such  work  as  filing  and  scraping,  assembling,  inspection, 
and  numerous  other  jobs  of  machine  shop  practice  that  must 

be    performed    by  

hand.  The  purpose 
of  a  workbench  is 
to  provide  suitable 
means  for  perform- 
ing hand  or  machine 
operations  at  a  con- 
venient height,  this 
height  depending 
upon  such  conditions 
as  the  nature  of  the 
work,  the  height  of 
the  man  (and  lately 
of  the  woman)  using 
it,  the  kind  and  size 
of  the  machine  placed 
upon  it,  in  case  the 
bench  is  intended  for 
machines,     and 

whether      the      work  r'«'  2-    »"<:'>  f"--  Patternmakers 

operated  upon  is  to  be  held  in  a  vise.  These  and  many  other 
conditions — some  of  which  will  be  referred  to  later — have  been 
taken  into  consideration  in  developing  work-shop  benches. 

In  the  selection  of  a  suitable  bench  for  any  particular  pur- 
pose there  is  considerable  latitude,  but  of  recent  years  hap- 
hazard methods  of  selecting  machine  shop  material,  in  gen- 
eral, have  come  to  be  looked  upon  with  disfavor;  consequently 
we  find  that  in  selecting  suitable  benches,  light  weight  with 


■Aildrnu:  B7  Htmuel  Are.,  Pawtuckct.  R.  I. 


rigidity,  strength  but  not  bulk,  the  proper  kind  of  planking, 
sanitation,  and  movability  without  destruction  are  all  points 
which  are  worth  considering,  while,  of  course,  the  construction 
of  the  top  of  the  bench  has  much  to  do  with  its  durability. 

Bench  Legrs  or  Supports 

In  some  shops  wooden  posts  are  to  be  found  as  supports  for 

work-benches, but  the 
modern  cast-iron  and 
pressed  steel  legs  are 
preferable.  It  is  not 
the  intention  of  the 
writer  to  place  one 
kind  of  metal  sup- 
port before  the  other, 
as  there  are  good 
and  bad  designs  of 
both,  while  the  lines 
of  construction  are 
closely  allied.  An  ex- 
ample of  good  design 
is  shown  in  Pig.  2. 
This  illustration 
shows  a  complete 
unit  supported  on 
two  legs  for  pattern- 

iuilt  by  New  Britain  Machine  Co.  makers'  USe.    In  this 

case,  the  legs  are  of  pressed  steel,  the  formed  sections  being 
electrically  welded  together.  The  top  and  back-board  are 
made  of  wood,  and  a  patternmaker's  vise  is  shown  at  the  left- 
hand  end  of  the  bench.  This  bench  may  be  made  in  a  unit, 
as  shown,  or  it  may  be  extended  indefinitely.  It  will  be  no- 
ticed that  the  back-board  is  constructed  with  a  shelf  on  top. 
A  group  of  cast-iron  bench  legs  of  varied  design  Is  illus- 
trated in  Fig.  1.  These  are  typical  of  the  general  line  of  cast- 
iron  logs.     Some  are  cast  in  I-section  and  some  in  T-soction. 
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The  one  shown  at  A  is  of  the  tubular  stand  or  pedestal  type. 
The  one  illustrated  at  B  is  a  double-width  type  and  is  similar 
in  construction  to  that  shown  at  C.  The  design  Ulus  rated 
at  D  has  a  number  of  bolt  holes  through  the  flange,  while  the 
other  legs  shown  have  bosses  through  which  the  tolts  go. 
Bench  legs  built  of  angle-iron  are  illustrated  in  Fig.  3  The 
one  shown  to  the  left  is  of  the  single-width  type,  while  that 


FiB     7.     Steel   Bench   Legs   with    (A)    Angle  Bracket  for  Back-board 
^  and   (B)   Straight  Bracket  for  Back-board 

erally  used.  A  wooden  bench  top  should  be  laid  close  to  avoid 
cracks  through  which  small  parts  might  drop,  with  proper 
regard  for  shrinkage  of  the  planks,  and  should  be  so  laid  as 
to  avoid  splintering  when  sliding  work  on  and  off.  In  Fig.  5, 
five  forms  of  bench  top  construction  are  illustrated.  In  the 
upper  view  at  A  a  bench  with  heavy  2%-inch  plank  at  the 
front  and  ys-inch  plank  in  the  rear  is  shown;  both  of  these 
planks  run  lengthwise  of  the  bench.  At  B  is  shown  a  con- 
struction in  which  it  is  planned  to  have  the  grain  of  the  wood 
run  from  front  to  back.    The  bench  top  at  C  has  a  thick  plank 


Fig.  6.     Different  Methods  of  constnicting  Tops  of  Work-benches 

to  the  right  is  a  double-width  design.  There  are  two  angle- 
iron  supports  A  in  the  single-width  leg  and  three  in  the  double- 
width  type.  A  cross-piece  is  bolted  on  the  top,  and  there  is 
another  piece  (or  two  in  some  cases)  part  way  down  the  leg, 
which  act  as  braces  and  also  serve  for  holding  shelves.  Addi- 
tional strips  B  are  bolted  across  the  corners  for  increasing 
the  stiffness. 

In  regard  to  wooden  bench  legs,  apart  from  being  bulky  and 
combustible,  it  is  almost  impossible  to  make  them  so  they 


Fig    8      (A)  Wide  Double  Type  of  Pressed  Steel  Bench  Leg.     (B)  Narrow 
^'          ^  Double  Type 

at  the  front  running  lengthwise  of  the  bench,  with  short  cross- 
boards  at  the  back.  In  these  three  examples  the  expense  en- 
tailed by  having  heavy  planking  throughout  is  avoided,  which 
is  an  important  consideration  in  view  of  the  present  prices 
of  lumber  For  some  classes  of  work  a  heavy  bench  top  is 
necessary.  The  bench  top  illustrated  at  D  is  built  up  with  2%- 
inch  planks  running  the  full  length  and  width.  Where  heavy, 
rough  work  is  being  continually  dragged  over  a  bench,  the 
expense  of  keeping  an  ordinary  top  in  repair  becomes  an  im- 


rig.  e.     Poripootivo  Viov 
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with  Air  Space 


Win  hold  their  shape,  owing  to  the  difficulty  of  getting  wood 
that  is  well  seasoned  or  dry  enough,  as  even  when  carefully 
Jointed  It  will  shrink  and  leave  the  bench  shaky;  besides,  good 
wooden  Joints  arc  expensive  to  make. 
The  Bench  Top 
Metal  tops  for  benches  have  been  used  to  some  extent,  but 
In  the  handling  of  tools  on  a  metal  bench  these  are  often 
Injuri'd  by  contact  with  the  hard  surface  and  wood  is  gen- 


Fig.  9.    Throe  Forma  of  Bench  Toj.  tor  U.o  with  Prc.cd  Stool  Log. 
•  lllutlratcd  In  Fig.  8 
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portant  item,  and  this  expense  can  be  con- 
siderably   reduced    by    constructing    it    as 
shown  at  E,  although  the  first  cost  is  greater. 
In   this  construction,  two  heavy  planks  ex- 
tend  lengthwise   of  the   bench,   and   on   top 
of  these,  running  either  lengthwise  or  cross- 
wise, %-ineh  planks  are  placed.   This  %-inch 
top  can  be  planed  down  when   it  becomes 
rough,  or  it  may  be  taken  up  and  replaced 
at  small   cost  as  compared  with  the  heavy 
planking.      When    the    bench    top    is    con- 
structed in   this  w-ay  it  can  be  made  quite 
free    from    cracks,   as   the   thin    boards    are 
usually  more  thoroughly  seasoned  than  the 
planks;    therefore,    the    planks    will    shrink 
more   th'an    the   top   boards   and    draw   the 
latter  together.     When  the  top  boards  are 
placed   crosswise   of   the   bench   with   the   end   grain   showing 
there   is   the   objection   that   they   may   be   readily   chipped; 
nevertheless,     where 
local     wear     occurs, 
the  boards  when  set 
in  this  way  are  most 
easily    replaced.      In 
regard      to      lumber 
used   for   the  bench, 
maple    or    ash    has 
been     found     to     be 
suitable  for  the  thick 
front  plank,  with  %- 
inch    pine    stock    at 
the  back  and  for  the 
shelves.     Spruce    or 
hemlock   is    suitable 
for    the    back-board 
and      other      inci- 
dentals. 


Fig.  11.     (A)  Bench  of  Straight-leg  Type.     (B)   Curved-leg  Type.     (C)   Angle-iron  Type 

drawer.    An  extension  X,  Fig.  4,  holds  it  away  from  the  wall, 
and  the  bench  leg  A  is  bolted  to  the  floor.    A  plank  B  extends 

along    the    wall    or 


Location  of  Benches 

and  General  Fea- 
tures 

The  best  method  of 
locating  a  bench  is 
to  set  it  away  from 
the  wall,  so  that,  in 
case  of  fire,  water 
from  the  sprinklers 
can  get  around  it; 
this  location  also  al- 
lows the  heat  from 
the  steam  pipes  to 
rise,  and  leaves  a 
convenient  space 
where  gas  and  air 
pipes  may  be  placed. 
Fig.  6  Illustrates  a 
bench  set  up  In  this 
manner.  Thick  plank  Is  used  at  the  front  and  %-lnch  plank 
at  Ihp  back.    There  are  two  shelves  beneath  the  bench  and  a 


Fig. 


Elevation   and   Plan   illuttrating  Corner   Constr 
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suitable    blocks    are 
bolted  in  place  where 
the    legs    come,    the 
latter   usually   being 
about  six  feet  apart 
(With  this  type  of  leg. 
To  plank  B  the  back 
of  the  bench   leg  is 
bolted.     Three   bolts 
securely    hold    the 
legs  in  position  (two 
in  the  floor  and  one 
in    the    wall),    and 
after  leveling  all  the 
legs    in    a    row,    the 
heavy    plank    C    is 
bolted     In     position. 
The   three    strips   D 
are  next  put  in  place 
and   the   back   plank 
is   placed   on   top   of 
these,  wire  nails  and 
screws     being     used 
for     holding     it     in 
place.      This     com- 
pletes the  top  of  the 
bench.    The  board  i' 
is  now  placed  In  po- 
sition   on    the    wall 
and  the  back-board  F 
attached.     The  wire 
ni  0  s  h    G    is    next 
stretched     over     the 
two  boards  E  and  F 
and  is  securely  held 
in    place    by    nails. 
This    prevents   things    from    being   thrown    or   dropped    down 
back  of  the  bench,  but  It  does  not  Interfere  In  any  way  with 
proper  voiitlliUlon  or  lesson  the  lire  protec- 
tion.   Two  .sots  of  luKs  It  and  ■/  are  cast  on 
the  legs  and  may  be  used  for  building  either 
one    or    two    shelves    under    the    bench    by 
placing    boards    on    them    In    the    manner 
•ihown.     If  the  buck-boards  used  In  connec- 
llon  with  the  shelves  on  thoao  legs  are  made 
lo    drive    hclwocn    the    lugs,    they    provide 
nddttlniial    Hliniu'HH    for    (lie    i-nllro    bench. 
The   forcKoIng   runiiirUs  concerning  bench 
tii|)H  apply  whether  using  bench  tegs  made 
or  cuHt   Iron   or  of  stool.     Kxnniples   of  the 
liiHor  typo,  made  by  tlio  Now   Ilrltuln  Ma- 
clilno  Co.,  nro  illUHtratod  In  Fig.  7.    The  leg 
KJiown  III  .1  liiiH  a  hU'P  of  \\!j  Inch  at  Iho  toj> 
Id  nlldw  a   thick   plunk   to  lie  iiHod   In   fninl 
with  n  liiiii  Olio  at  tlio  buck   wILIiout  build 
liiK  ii|)  tlio  back  plank   uh  Hhown   in   Fig.  C. 
All  niiglo  Iron  n.  Fig.  7,  Is  bnllod  to  ii  2-  by 
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Tig.  13.     Another  Uethod  of  constructing  a  Work-bench  at  Comers 

6-inch  stringer  which  runs  the  length  of  the  bench.  The  leg 
with  a  flat  top  shown  at  B  may  be  used  with  plank  of  uniform 
thickness,  or  by  building  up,  two  thicknesses  of  plank  may 
be  used.  With  this  leg,  a  straight  piece  6  bolted  to  the 
stringer  is  used  for  holding  the  back-board. 

A  leg  suitable  for  constructing  a  double-width  bench  is 
shown  at  A,  Pig.  8,  while  the  design  illustrated  at  B  is  intended 
for  a  single-width 


"bench  of  the  same 
type.  Three  forms 
of  bench  tops  for 
Tise  with  these 
legs  are  illus- 
trated in  Fig.  9. 
The  upper  view  A 
shows  a  cross- 
plank  construc- 
tion, B  shows 
heavy  front 
planks  at  both 
sides  with  thin 
cross-pieces  in  the 
center,  while  C 
shows  the  heavj' 
type  of  construc- 
tion throughout. 
In  these  illustra- 
tions it  will  be 
noticed  that  in 
each  case  the  2- 
inch  by  Ginch 
stringer  has  been 
run  lengthwise  of 
the  bench.  This  adds  considerably  to  the  rigidity  of  the  bench 
and  also  helps  to  prevent  end  sway.  With  this  construction 
it  is  not  necessary  to  bolt  the  legs  to  the  wall. 
Two  types  of  bench  legs  made  from  cast  iron  are  illustrated 

in  Pig.  10.  These  views 
show  end  sections  of 
both  a  single-  and 
double  -  width  bench. 
The  construction  is  ob- 
vious from  the  illustra- 
tion, the  benches  being 
built  up  from  one  thick- 
ness of  planking  with 
one  shelf  beneath  the 
bench  and  a  back-board. 
When  constructing  this 
bench  the  backboard  A 
should  be  wodRod  be- 
tween the  shelf  and  the 
lufC  to  provide  addi- 
tional stiffness  for  the 
bench,  while  If  a  board 
similar  to  the  back- 
board Is  placed  between 
the  shelf  and  the  lug  B 
a  lilii  is  luaile  under  the 


Fig.   18.     General  Method  of  arranging  a  New  Britain  Work-bench 


Fig.  14.     Two  Methods  of  covering  Tops  of  Benches  with  Sheet  Metal 

bench.     This  Is  sometimes  desirable,  and  also  applies  to  the 
double-width  bench  at  the  right. 

Three  end  sections  of  benches  that  are  set  up  close  to  the 
wall  are  shown  in  Fig.  11.  The  one  at  4  is  a  straight-leg  type, 
while  the  design  shown  at  B  has  a  curved  leg.  With  the 
straight-leg  type,  heavy  planking  is  used  in  front  and  light 
boards  in  the  rear.    A  stringer  o  also  is  used  as  a  back-board. 

On  top  of  this 
stringer  a  small 
shelf  6  is  pro- 
vided. The  curved 
bench  leg  is  set 
against  the  wall 
and  is  built  with 
a  cross-piece  c  on 
top  of  the  leg.  A 
heavy  front  plank 
d  with  a  light 
board  e  in  the 
rear  are  used.  The 
curved  shape  of 
this  leg  enables  a 
man  to  sit  down 
in  the  front  of 
the  bench  with 
less  interference 
to  his  knees  than 
in  the  case  of 
some  types  of 
straight  legs.  The 
angle-iron  type  of 
leg  illustrated  at 
C     must     be     se- 


curely bolted  to  the  wall  at  /  and  is  not  very  suitable  for 
heavy  work.  The  arrangement  of  the  planking  on  top  of  these 
legs  is  similar  to  some  of  the  examples  previously  shown,  and 
may,  of  course,  be  varied  to  suit  conditions. 

A  construction  drawing  of  the  pedestal  type  of  leg  is  illus- 
trated by  Pig.  12.  This  shows  a  corner  construction  and  the 
method  of  bolting  the  bench  to  the  wall.    The  draw-bolt  A  is 


Flf.    10. 
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Fi».   17.     (A)   Method  of  •upiiorllng  Pc.loital  Typo  of  Bench  Leg  «<-t  away 
from  Wall.     (B)  Two  Slnglo-wlilth  Bench  Lof»  bolted  tog<>ther 
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Fig.   18.     Simple  Method  of  hold- 
ing  Flat   Plates   while   scraping 

used  for  holding  a  vise,  thus  bringing  tlie  vise  directly  over 
the  bench  leg.  The  gas  brackets  are  placed 
on  a  shelf  with  the  supply  pipe  under  it. 
Another  view  of  a  bench  showing  the  corner 
construction  is  illustrated  in  Fig.  13.  The 
arrangement  differs  from  that  shown  in 
Fig.  12,  as  two  legs  are  used  at  each  corner 
The  construction  is  obvious  from  the  illus 
tration,  which  shows  both  types  of  corners 
This  illustration  also  shotvs  how  the  plank 
ing  is  laid  at  the  corners  to  obtain  stiffness. 
Attention  is  called  to  the  method  of  rabbet 
ing  the  corner  at  .1.  It  is  sometimes  ad 
visable  to  rabbet  the  back-plank  for  its  en 
tire  length,  thus  supporting  the  front  edge 
of  the  back-plank.  This  is  more  desirable 
where  no  stringer  is  provided,  as  the  back- 
plank  is  then  likely  to  spring  down  under 
heavy  loads.  The  bolts  used  in  bench  con- 
struction for  holding  the  planks  should  be 
placed  well  to  the  front  of  the  elongated 
holes  In  the  legs,  so  that  as  the  planks 
shrink  the  bolts  will  be  drawn  back  with 
them,  thereby  lessening  the  chance  of  the 
planks  splitting. 

Fig.  15  Illustrates  some  of  the  features 
which  are  recommended  in  connection  with 
the  Installation  of  the  New  Britain  bench. 
It  will  be  noted  that  a  three-inch  space  is  recommended  be- 


tween the  bench  and  the  wall.  For  ordinary  work  a  distance 
of  eight  feet  between  the  legs  has  been  found  satisfactory  lor 
this  type  of  bench,  although  for  heavy  work  or  where  great 
stiffness  is  desired,  this  distance  should  be  less,  often  being  five 
or  six  feet.  In  erecting  this  bench,  it  is  recommended  that 
the  front  plank  be  twelve  or  fourteen  inches  wide  and  three 
inches  thick  (planed  2%  inches).  These  planks  may  be  ob- 
tained in  si.xteen-foot  lengths,  which  allows  the  ends  of  abut- 
ting planks  to  come  over  every  other  leg;  this  eliminates  lap 
joints,  which  would  be  necessary  were  the  joints  to  come  be- 
tween the  legs.  A  convenient  method  of  locating  the  bench  is 
to  set  up  the  two  end  legs;  then  by  drawing  a  line  tight  be- 
tween these  legs  all  the  intermediate  legs  may  be  set  up  to 
this  line. 

A  double-width  bench  is  illustrated  in  Fig.  16.  With  this 
construction,  the  planks  lie  lengthwise  and  provision  is  made 
for  hanging  shelves  on  lugs  A  and  B.  "When  a  bench  must  be 
set  away  from  the  wall,  the  pedestal  type  of  leg  is  somewhat 
at  a  disadvantage,  as  it  will  not  stand  alone  like  many  of 
the  others  which  are  suitably  balanced.  This  may  be  remedied 
by  using  a  brace  a  made  of  steel  as  at  A  in  Fig.  17.  With  this 
addition,  this  type  of  bench  may  be  readily  erected  and  is  very 
satisfactory.  This  illustration  shows  heavy  planking  over 
the  entire  top,  while  a  shelf  6  and  back-board  c  are  provided. 

Benches  of  double  width  with  wide  legs,  while  economical 
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when  set  in  the  middle  of  the  floor,  cannot  be  taken  down  and 
used  to  good  advantage  against  the  wall;  therefore,  two  single- 
width  bench  legs,  bolted  together  to  form  one  double-width 
bench,  as  shown  at  /{,  Fig.  17,  are  sometimes  more  economical 
than  a  double-width  leg,  when  the  construction  is  not  likely 
to  bo  permanent.  In  this  construction,  two  legs  are  bolted 
back  to  back  against  a  stringer  d.  Heavy  planking  c  and  / 
Is  placed  at  the  front  of  each  leg,  and  narrow  pieces  laid  cross- 
wise complete  the  construction.  These  crosa-pleoes  may  be 
hardwood  llooring,  tongued  and  groovoil.  nr  plain  boards,  us 
desired. 

Whore  a  lot  of  small  work  is  haiullcd  on  a  bench.  It  is  often 
u  good  plan  to  cover  the  top  with  sheet  niulul.  In  this  connec- 
tion the  two  views  in  Fig.  II  are  of  Interest.  The  view  to  the 
li'ft  showM  a  zlnc-covorcd  bench  top,  and  It  will  be  noticed 
Hint  a  beading  A  Is  placed  at  tho  front  of  the  bench  to  prevent 
the  work  from  nillInK  "IT.  Another  method  of  conslrucllng  a 
bench  lop  whii'li  Ik  covered  with  zinc  is  sliown  by  tho  rlght- 
linnd  view.  Tlir  bench  Is  liipcred  back  ««  Indicated  at  U. 
Hard  paper  Ih  Hunictlnios  UHed  for  bench  covering  where  doll- 
into  work  Ih  handled.  In  Home  liiBlanccH,  bench  tops  are 
built  up  friiiii  HMiall  blocks  with  thu  end  grain  on  top;  those 
blocks  nro  wi'dgoil  bi'twoeii  slrltiKiTH  and  arc  HomollmeR  glued 
tKKi'lhcT,  ufiiT  whiili  tlii'y  arc  Hiirfiircd   wllli  u  planer.     This 
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makes  a  fine  wear-resisting  bench  and  is 
similar  to  the  wooden  paving  block  con- 
structions often  used  on  streets  which  have 
considerable  traffic  on  them. 

For  handling  small  castings,  etc.,  it  is 
often  found  convenient  to  have  a  bin  under 
the  bench.  Fig.  22  shows  how  this  can  be 
arranged  without  wasting  floor  space.  The 
bin  A  is  placed  part  way  under  the  bench 
while  the  workman  stands  at  the  opposite 
side.  A  suitable  hole  is  cut  through  the  bin 
where  the  bench  legs  interfere.  In  fitting 
up  a  bench  for  efficient  work,  many  applian- 
ces may  be  used  which  will  greatly  facilitate 
the  handling  of  work  which  is  to  be  made 
in  quantities.  These  often  take  the  form  of 
shelves,  stops,  holes,  etc.  To  illustrate  in 
a  general  way  what  some  of  these  conven- 
iences are,  reference  is  made  to  Fig.  IS, 
which  shows  a  method  of  holding  work 
while  scraping  it.  Three  blocks  A,  B  and  C 
are  attached  to  the  bench  and  a  wedge  D  is 
used    to    hold    the    work    securely    between 
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Fig.   23.     Examples  of  Portable  Work-bonoh  Construction 

drawer  from  being  accidentally  pulled  out  too  far,  thus  throwing  the  contents  on 
the  floor,  a  block  is  sometimes  placed  under  the  bench  to  limit  the  travel.  The 
view  B  at  the  right  shows  a  sheet-metal  drawer.  The  drawer  proper  is  hung 
in  the  support  d  which  is  also  made  of  sheet  metal  and  is  held  by  screws  to  the 
under  side  of  the  bench  so  that  the  drawer  slides  in  it.  This  support  acts  as  a 
cover  for  the  drawer  and  assists  in  keeping  out  dust.  Steel  slides,  such  as  are 
shown  at  C  are  sometimes  used  for  hanging  drawers  where  something  better 
than  wood  is  desired. 

A  bench  drawer  hung  on  rolls  is  Illustrated  in  Fig.  20.  This  drawer  is  made 
of  wood  at  the  bottom,  front,  and  back,  while  the  remainder  is  of  steel;  with 
this  construction  fine  tools  are  not  damaged  when  thrown  carelessly  into  it. 
A  metal  plate  is  placed  over  the  top  of  the  drawer  and  is  screwed  to  the 
bench,  thus  covering  the  drawer  entirely  when  closed  and  preventing  dust 
from  entering.  The  rolls  on  which  the  drawer  operates  prevent  sticking  or 
cramping. 


Fig.   22.     Work-bonch   provided   with  Bin 

which  1b  located  Part  Way  under  Bonch 

to   economize    in   Floor   Space 

these  blocks.  With  this  arrangement  the 
scraping  may  be  done  much  more  conven- 
iently than  would  be  the  case  if  some  means 
of  holding  the  work  in  position  were  not 
provided.  Fig.  19  shows  a  method  of  hold- 
ing a  ring  on  the  bench.  Steel  pins  A  mere- 
ly keep  the  ring  in  position  while  screwing 
the  plate  B  in  place  on  the  ring. 

Drawers  for  Worlt-benches 

The  hanging  of  drawers  to  the  bench  Is 
receiving  more  consideration  of  late  than 
would  be  thought  by  looking  at  some  bench 
constructions.  This  refers  particularly  to 
the  use  of  metal  drawers  and  coverB  for 
them.  Referring  to  Fig.  21,  a  wooden  bench 
drawer  Is  shown  at  A.  This  Is  a  common 
type  and  Is  hung  on  wooden  sIIiIpm,  It  has 
a  till  in  it  (llvldi'il  Into  soctionH  for  keeping 
small  tools  and  a  blm'k  b  Is  bolted  to  the 
under  side  of  the  bench  to  act  as  a  stop  wlwii 
pushing    the    drawer    in.      To    prevent    the 


Fl(.   >4.     Portable   Btamli   for  Chippini.    FUlnt.    and    Scraping 
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Portable  'Work-benches 

Many  single-purpose  benches  that  are  a  complete  unit  and 
capable  of  being  moved  almost  anywhere  quite  readily  are 
used  in  many  shops  and  factories.  Perhaps  the  most  familiar 
bench  of  this  type  is  shown  at  A  in  Fig.  23.  This  is  used  by 
steam  fitters,  plumbers,  etc.,  and  usually  consists  of  a  plank 
top  mounted  on  four  legs  made  of  pipe  and  stiffened  with  a 
cross-piece.  Another  type  of  bench  carrying  a  drawer  and 
shelf  which  is  compact  and  handy  is  illustrated  at  B.  This 
consists  of  a  wooden  top  held  to  a  suitable  frame  and  mounted 
on  pipe  legs.  A  work-bench  made  of  sheet  metal  and  con- 
structed in  five-foot  sections  is  shown  at  C.  Each  section  is 
a  complete  unit  which  may  be  used  independently  or  may  be 
bolted  to  other  sections,  thus  making  a  long  bench.  This 
bench  is  made  by  the  Manufacturing  Equipment  &  Engineer- 
ing Co.  and  is  shown  with  a  drawer  in  position.  Where  one 
.  section  is  bolted  to  another,  one  leg  on  one  of  the  sections  is 
eliminated.  This  makes  three  legs  in  every  ten-foot  section 
throughout  the  length  of  the  bench. 

For  filing  and  chipping  on  the  floor  and  doing  other  assem- 
bling operations,  a  bench  which  is  conveniently  located  and  has 
a  vise  is  greatly  appreciated  and  saves  considerable  running 
back  and  forth.  Such  a  bench  is  shown  at  A  in  Fig.  24.  This 
consists  of  a  tray  mounted  on  a  three-legged  stand.  This 
construction  requires  no  shimming  up  on  the  floor  as  it  will 
take  a  three-point  bearing  on  an  unequal  floor.  The  tray  pro- 
vides for  holding  a  number  of  small  parts,  and  a  vise  com- 
pletes the  outfit.  Another  stand  which  is  used  for  the  same 
purpose  but  which  is  a  little  more  elaborate  is  illustrated  at  C. 
This  stand  is  mounted  on  wheels  although  when  in  use  it 
rests  on  the  floor.  To  move  it  from  one  part  of  the  shop  to 
another  the  wheels  are  lowered  or  the  stand  is  raised  by 
means  of  the  lever  d.  This  stand  is  made  in  cylindrical  form 
with  a  tray.  Inside  the  cylinder  are  placed  a  number  of 
shelves  which  can  be  used  for  holding  tools.  Another  stand 
which  is  simple  in  construction  is  illustrated  at  B.  This  stand 
is  for  holding  work  while  scraping.  It  consists  of  a  pedestal 
and  a  table  which  may  be  tilted  to  a  convenient  scraping 
angle  and  may  also  be  elevated  to  suit  the  workman. 

While  not  all  of  the  benches  that  are  In  general  use  have 
been  illustrated  and  only  a  few  bench  accessories  have  been 
shown  In  connection  with  this  article,  it  is  believed  that 
enough  have  been  described  to  Indicate  that  the  trend  of  gen- 
eral engineering  practice  is  in  the  direction  of  something  bet- 
ter than  plain  wood  for  work-benches.  The  bench  as  an  item 
of  shop  equipment  permits  of  considerable  freak  design  or 
construction  if  one  is  so  Inclined,  but  the  writer  believes  that 
good  benches,  properly  constructed,  mean  much  more  to  a 
shop  than  is  generally  supposed. 


It  is  stated  In  Industritidningen  Vorden  that  the  latest  Ger- 
man submarines  are,  In  fact,  small  cruisers  of  6500  tons,  capable 
of  making  thirty  knots  on  the  surface  and  having  forty  tor- 
pedo tubes  and  twelve  guns.  The  total  length  Is  said  to  be 
450  feet,  and  the  width,  36  feet.  The  engines  for  driving  the 
boat  on  the  surface  develop  20,000  hnr.scpowcr,  and  the  motors 
for  driving  them  under  water,  5000  horsepower,  giving  the 
boats  a  speed  under  the  surface  of  fifteen  knots.  Seventy-six 
18  Inrh  torpedoes  are  carried  for  each  cruise.  The  submarines 
alHo  have  provisions  for  mine-laying,  and  can  for  this  purpose 
carry  150  mines.  Six  of  the  guns  are  of  5-Inch  calll)cr.  The 
voDnel  Is  protected  by  armor  plate  of  from  two-  to  three-Inch 
IhlcknesH,  and  hnH  two  telcBcopInK  turrets  or  observation 
towi'fH.  It  Is  Mtat'vl  that  these  now  vcssols  require  about  five 
minutes  for  entirely  submerging. 


DRILLING  CLOSELY  SPACED  HOLES 

When  it  is  required  to  drill  holes  which  are  so  closely 
spaced  that  the  work  cannot  be  handled  at  a  single  operation 
by  a  multiple-spindle  drilling  machine  or  by  a  single-spindle 
machine  equipped  with  a  multiple  auxiliary  head,  it  is  some- 
times possible  to  provide  for  drilling  two  or  more  holes  at  a 
time,  so  that  the  number  of  operations  required  to  complete 
drilling  all  of  the  holes  in  the  work  is  materially  reduced.  At 
the  left-hand  side  of  the  drilling  machine  shown  in  the  illus- 
tration which  accompanies  this  description,  there  are  shown 
a  number  of  die  blanks  in  which  it  is  required  to  drill  five 
holes  as  shown  in  the  finished  work  at  the  right-hand  side  of 
the  machine.  To  facilitate  handling  this  work,  a  20-inch  drill- 
ing machine  built  by  the  Barnes  Drill  Co.,  of  Rockford,  111., 
was  equipped  with  two-spindle  multiple  heads  on  two  of  the 
spindles,  while  the  third  spindle  was  furnished  with  a  single 
drill.  A  quick-acting  jig  was  provided  under  each  spindle.  In 
operation,  holes  a  and  b  are  drilled  by  twist  drills  A  and  B 
carried  by  the  head  in  the  first  spindle  of  the  machine,  after 
which  the  work  is  transferred  to  the  fixture  under  the  second 


Barsei  Thres-spindle  DriUlng  Machine  toolod  up  for  drlUinK  FIvo 
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si)indlo,  where  holes  c  and  d  are  drilled  by  drills  V  and  D. 
Then  by  transferring  the  piece  to  the  third  spindle,  hole  e  Is 
drilled  by  drill  E,  thus  cnnipleting  the  sciiuence  of  operations. 
All  of  the  fixtures  are  operated  by  simply  manlpuliitlng  hand- 
levers  F,  and  It  will,  of  course,  be  undor.slood  that  the  operator 
goes  from  fixture  to  fixture,  roinoviiig  the  finished  part  and 
substituting  a  fresh  die  blank  so  that  each  spindle  of  the  ma- 
chine Is  kept  In  practically  continuous  operation.  Attention 
Is  called  to  the  fact  that  colled  springs  0  are  provided  to  fur 
nlHJi  nutoniatlc  return  for  the  splndlos  of  the  drIIIInK  mii 
chine.  E.  K.  II. 


Today,  the  Qovornment  Is  the  blggost  employer  of  labor  In 
the  United  States.  Hnsldos  the  rollllonN  In  the  Army  and  Navy, 
It  employs  over  GOO.OOO  rIvlllanB,  not  couiiIIhk  rnllwiiy  om- 
ployos,  and  PXportu  noon.  In  Increase  this  iiiinibnr  to  700,000. 
The  two  next  InrKost  employers  are  the  United  81iiI«'h  Stod 
Corporation,  which  has  300,000  men,  and  the  I'onnnylvanla 
Railroad,  wblrh  hoii  260,000  mim. 


A  committee  of  Iho  Aniorlcan  Society  of  (Jivll  Rnglnoors 
has  docldod  that  It  Is  unwise  to  ossumo  a.  lilKhor  working 
strcHH  than  12,000  poiindH  per  Hiiiiarn  Inrh  for  columns  In 
whii'li  tlu!  ordlimry  gradci  of  Htrucluriil  steel  Is  Hpocllled.  Its 
report  also  eniplinHl/.oR  that,  as  the  i)liyHlcal  chnrnclerlHllcs 
and  Htntngth  of  structural  stool  nrn  affnrtod  by  the  oniount  of 
workInK  riM'oivoil,  hoavlor  niuli<rl»l,  of  the  humio  rhomlcnl  coin- 
poHlllon,  Is  wonkiT. 
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SOME  FACTS  ABOUT  WASTE 

The  waste  found  in  machine  shops,  engine  rooms,  or  wher- 
ever machinery  is  used  is  generally  regarded  simply  as  a  mass 
of  cotton  threads  and  fiber  not  mixed  according  to  any  plan, 
but  thrown  together  promiscuously  and  just  as  the  material 
happened  to  be  when  discarded  by  the  cotton  mill.  Much 
waste  of  this  kind  has  been  and  still  is  used,  although  waste 
which  has  been  subjected  to  manufacturing  processes  to  secure 
a  standardized  product  is  different  in  both  appearance  and  in 
effectiveness  from  the  kind  of  waste  first  referred  to.  The 
former  is  simply  raw  material  from  which  waste  of  good  qual- 
ity may  be  made.  Owing  to  the  universal  use  of  waste,  some 
of  the  more  essential  facts  regarding  different  kinds  that  are 
in  use  and  methods  of  producing  them  will  doubtless  be  of 
general  interest. 

There  are  two  principal  classes  of  waste.  One  class  is  in- 
tended for  cleaning  purposes  and  the  other  for  holding  a  lubri- 
cant, as,  for  example,  when  used  as  a  packing  material  in  the 
journal  boxes  of  railway  cars  or  in  some  classes  of  motor 
bearings.  The  various  grades  of  cotton  waste  comprise  the 
first  class,  whereas  wool  waste  comprises  the  second  class, 
which  is  used  as  packing.  The  cotton  or  cleaning  waste  is  by 
far  the  most  important  commercially,  if  judged  by  the  extent 
of  its  use.  The  most  essential  property  of  waste  is  its  oil- 
absorbing  quality.  Poor  waste  is  soon  saturated  with  oil  or 
grease,  whereas  good  waste  will  absorb  much  more  oil  and 
may  be  turned  inside  out  and  used  again.  A  high  absorbing 
quality  is  desirable  both  in  cotton  and  wool  waste,  but  the 
importance  of  this  feature  might  easily  be  overlooked,  espe- 
cially in  the  case  of  waste  used  exclusively  for  cleaning 
purposes. 

To  obtain  a  waste  capable  of  absorbing  the  greatest  amount 
of  oil  and  grease,  it  is  essential,  in  the  first  place,  to  use  the 
right  kinds  of  raw  materials  and,  second,  to  mix  these  ma- 
terials thoroughly  and  separate  the  various  threads  or  fibers 
completely,  so  that  there  are  no  solid  masses  or  large  thick 
strands  extending  through  the  waste.  At  the  plant  of  the 
Royal  Mfg.  Co.,  Rahway,  N.  J.,  twelve  standard  grades  of 
cotton  waste  are  made,  in  addition  to  the  wool  waste  made 
for  packing  journal  boxes.  There  are  about  forty  different 
kinds  of  raw  materials  used  in  producing  the  different  grades 
of  waste  mentioned.     These  raw  materials  vary  considerably. 
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and  the  kind  of  waste  obtained  depends  upon  the  mixture. 
The  Konoral  method  of  mixing  tlic  dlfferont  materials  is  Indi- 
Cftted  by  the  illustration  Fig.  1.  To  begin  with,  a  bale  of  waste 
1b  spread  out  over  a  surface  about  Ifi  feet  wide  and  40  or  50 
feet  long.  Another  bale  of  different  material  is  next  spread 
out  In  the  Hame  way  upon  the  first  one,  and  this  is  continued 
until  there  Is  a  pile  of  these  horizontal  layers  of  mixed  waste 
B  or  G  feel  In  height.  The  particular  materials  used  have  been 
(letorminod  previously  by  pxpcrlmont  and  are  standardized,  so 
that  any  one  of  the  dltTiMi'nt  grndes  referred  to  la  obtained  by 
varying  the  mixture. 


The  next  step  in  the  process  is  known  as  "pulling,"  and  this 
is  shown  in  Pig.  1.  This  is  another  hand  operation,  and  con- 
sists in  pulling  out  handtuls  of  the  waste  from  the  sides  of 
the  pile.  The  object  is  to  thoroughly  mix  the  horizontal  layers, 
and  in  order  to  do  this,  the  pulling  is  done  by  removing  verti- 
cal layers  so  that  about  the  same  amount  of  each  ingredient 
is  obtained  in  the  mixture  that  is  removed  from  the  pile.  This 
pulled  material  is  next  passed  through  machines.  Fig.  2,  which 
completes  the  mixing  and  also  separates  any  thick  masses 
or  strands  so  that  the  waste  comes  out  light  or  fluffy  and 
evenly  divided.  This  machine  has  a  large  cylindrical  drum 
covered  with  thousands  of  teeth,  and  it  is  partly  surrounded 


by  a  series  of  smaller  rollers  having  intermeshing  teeth.  As 
the  waste  passes  between  these  various  rows  of  teeth,  it  is 
torn  apart  and  shredded  so  that  an  even,  homogeneous  mix- 
ture is  obtained.  All  waste  passes  through  two  of  these  ma- 
chines to  insure  thorough  treatment,  and  the  rolls  or  "laps" 
which  emerge  from  the  second  machine  represent  the  finished 
product,  which  is  put  up  into  bales  of  different  size  or  weight. 
In  order  to  remove  all  extraneous  matter,  such  as  splinters, 
pieces  of  wire,  needles,  etc.,  the  raw  material  is  sorted  and 
hand-picked  before  mixing,  and  the  waste  is  also  screened 
after  mixing  and  before  feeding  it  to  the  machines.     F.  D.  J. 

*  •     • 

"WOMEN  IN  BRITISH  INDUSTRIES 
According  to  the  British  Labor  Gazette,  about  1,413,000 
women,  excluding  casual  agricultural  laborers,  are  directly  re- 
placing men  in  Great  Britain,  the  largest  number  being  in  in- 
dustrial and  commercial  occupations.  The  proportion  of 
women  to  the  total  numbers  of  employes  increased  from  under 
a  quarter  in  July.  1914,  to  over  a  third  in  October,  1917,  al- 
though it  has  not  appreciably  altered  since  July,  1917.  In  ad- 
dition, woman  labor  equivalent  to  43,000  full-time  workers  is 
employed  in  military,  naval,  and  Red  Cross  hospitals.  About 
400,000  of  these  women  have  been  taken  from  small  work- 
shops and  domestii  service,  but  there  is  still  a  net  increase 
of  about  1,070,000  women  employed  in  o<-cupations  outside  their 
own  homes.  It  must  be  borne  in  mind,  also,  that  much  of  the 
work  previously  done  by  domestic  servants  is  now  done  by 
unpaid  labor. 

In  the  industrial  occupations  the* greatest  gain  is  found  in 
the  metal  trades,  in  which  the  number  of  women  employed 
increased  from  170,000  to  549.000.  In  the  clothing  trades,  on 
the  other  hand,  the  number  decreased  44,000,  and  in  the  print- 
ing trades,  5000.  In  the  chemical  trades,  there  was  an  increase 
of  53,000  women  employes;  in  the  food  trades,  an  increase  of 
28,000;  and  in  the  wood  trades,  an  increase  of  29,000.  The 
statistics  of  the  Ministry  of  Labor  show,  however,  that  the 
demand  for  woman  labor  is  now  arrested,  if  not  deolining. 
As  a  result,  many  of  the  leading  manufacturers  and  govern- 
ment ofilclals  are  beginning  to  plan  for  the  demobilization 
period. 

*  *     • 

According  to  a  bulletin  issued  by  the  American  Railway 
Engineering  Association  of  Chicago,  on  curves  of  .S  or  9  de- 
grees, the  abrasion  of  manganese  rails  is  only  one-fltth  that  of 
Bessemer  steel  rails  and  one-third  that  of  open-hearth  rails. 
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THE  DANGER  FROM  WITHIN 

Beyond  the  shadow  of  a  doubt  we  shall,  in  time,  overcome 
the  enemy  outside  our  gates;  the  real  danger  to  us  is  from 
the  enemy  within — the  German  propaganda  which  works  in 
mysterious  ways  and  never  sleeps.  Not  always  does  it  appear 
openly  as  propaganda;  sometimes,  hiding  under  apparently 
patriotic  motives,  it  takes  the  form  of  criticism  of  govern- 
mental activities,  the  ultimate  purpose  of  which  is  to  cause 
discouragement  and  apathy.  This  sort  of  propaganda  is  the 
mother  of  all  the  rumors  of  calamity  that  beset  us  daily.  It 
caused  the  Italian  reverse  last  fall;  it  is  at  work  in  this  coun- 
try Just  as  it  was  in  Italy — in  factories,  mills,  and  offices. 

The  Government  can  best  combat  this  insidious  propaganda 
by  full  and  frank  publicity.  Why  not  tell  people  exactly  how 
matters  stand?  German  spies  in  this  country  probably  know 
already  and  take  advantage  of  the  fact  that  the  rest  of  us 
do  not  know.  Let  the  Government  give  us  the  facts,  good  or 
bad,  and  thus  confound  the  German  propagandists.  This  is 
particularly  applicable  to  the  machine  Industries,  because  most 
of  the  discouraging  rumors — many,  no  doubt,  emanating  from 
enemy  sources — have  to  do  with  our  delay  In  manufacturing 
war  material.  The  Germans  have  known  all  along  that  we 
wore  not  prepared  for  war;  to  say  so  need  not  worry  us  now. 
But  If  the  people  are  told  also  how  rapidly  we  are  going  ahead 
with  our  preparations,  mu^  will  be  done  toward  counteracting 
the  aid  secrecy  has  given  to  German  propaganda. 
•     •     • 

MUST  A  MACHINE  BE  RUNNING  ALL  THE 
TIME  TO  PROVE  ECONOMICAL  ? 
.ManufacturerH  of  Bponlallzcd  labor-Having  ma'liltHTy  ofli'ii 
And  dimrulty  in  Rolling  their  machines  because,  In  sonic  Hlinps, 
Iho  machines  cannot  bo  kept  busy  all  tho  time.  Many  man- 
nKors  of  machine  shopN,  Instead  of  calculating  how  much 
work  a  machine  will  do  when  working,  scorn  to  worry  because 
n  marhino  mny  bo  Idio  part  of  tho  tlmo.  Thoy  prefer,  tlioro- 
foro,  to  buy  a  chciipor  machine  of  lower  production  because 
It  can  bo  kopt  working  rontlnuously.  Such  a  courso,  ni  a 
Konoral  ruin.  Is  a  mistake.  Unloss  a  high-production  machine 
costs  a  groat  deal  more  than  a  low-production  machino.  It 
will  certainly  prove  the  more  econnmlral  of  tho  two.  bocanso 
of  tho  labor  snvod   In  ll«  oporatlon.     And  ovon   If  the  Invest- 


ment on  a  high-production  machine  is  greater,  it  is  fair  to 
assume  that  the  factory  purchasing  it  will  eventually  grow 
and  be'  enabled  to  utilize  the  machine  all  the  time.  When  this 
point  is  reached,  additional  machinery  need  not  be  installed 
and  the  cost  of  labor  will  be  reduced — a  very  important 
saving  of  expense.  The  question  is  not:  "Will  this  or  that 
machine  be  idle  part  of  the  time?"  The  question  is:  "How 
much  does  it  cost  to  produce  a  unit  amount  of  work?"  The 
machine  that  reduces  the  unit  cost  is  the  cheaper  machine, 
even  if  it  does  not  run  more  than  half  the  time. 
*     *     * 

STANDARDIZATION-THE  KEYNOTE  OF 
EFFICIENCY 

Though  we  have  prided  ourselves  for  years  on  our  standard- 
ized methods  in  many  lines  of  manufacture,  nevertheless,  as 
a  nation,  we  have  only  just  begun  to  scratch  the  surface  in  so 
far  as  economy  due  to  standardization  is  concerned.  Here, 
as  in  so  many  other  directions,  the  war  has  taught  us  a 
lesson.  Instead  of  building  locomotives  of  numerous  different 
designs,  varying  only  slightly  from  each  other  in  efficiency 
and  adaptability,  the  large  locomotive  companies  now  seek  to 
standardize  their  types,  so  that,  by  reducing  the  number  of 
designs,  they  may  decrease  the  cost  of  manufacture.  The  same 
idea  Is  being  applied  to  shipbuilding.  There  is  no  reason 
why  many  ships  of  similar  tonnage  should  not  be  built  ex- 
actly alike;  yet,  in  the  past,  nearly  every  vessel  turned  out 
has  been  different  from  others. 

In  the  machine  tool  industry,  the  possibilities  for  standard- 
ization are  by  no  means  exhausted — many  firms  still  build 
dozens  of  different  types  of  machines  and  many  sizes  of  the 
same  type.  The  manager  of  a  large  machine-tool  building 
plant  stated  that  it  actually  furnished  three  hundred  different 
machines — that  is,  machines  which  differed  more  or  less  in 
their  details.  Yet  many  of  these  different  types  could  per- 
form practically  the  same  work  with  the  same  average  effi- 
ciency. A  saving  might  be  made  by  reducing  the  number  of 
different  kinds  of  machines  if  only  customers  could  be  brought 
to  appreciate  the  saving  in  first  cost  that  would  result  if  they 
did  not  insist  on  so  many  types  and  sizes. 

Standardization  is  a  big  problem,  one  that  will  tax  many 
minds  before  it  is  solved;  yet  its  underlying  principle  is 
easily  grasped.  The  application  of  this  principle,  as  a  means 
toward  economizing  both  in  the  manufacture  and  use  of  ma- 
chine tools,  is  the  next  step  toward  national  efficiency. 
*     *     • 

PATRIOTISM  AND  PRODUCTION  OP 

MUNITIONS 

Winning  the  war  depends  as  much  upon  the  workers  In  our 
factories  as  upon  our  soldiers  at  the  front;  but  few  of  our 
workers  seem  to  realize  it.  "Production  could  be  tremendously 
accelerated,"  said  the  production  engineer  of  one  of  the  largest 
war  munition  factories  in  the  United  States  recently,  "if  only 
the  fires  of  enthusiasm  could  be  kindled  in  our  workers;  if 
only  they  could  be  made  to  understand  that,  to  bring  the  war 
to  a  victorious  end.  they  must  put  the  same  onthusiasm  Into 
their  labors  as  Is  shown  by  the  men  who  have  gallantly  volun- 
teered to  serve  in  the  trenches.  American  workers  do  not 
seem  to  realize  as  yet  that  thoy  nro  fighters  In  the  war;  that 
production  is  the  way  In  which  thoy  can  m^ist  conclusively 
prove  their  patriotism.  Liberty  Bonds  are  nciossary;  so  are 
Hod  Cross  contributions,  and  there  Is  no  denying  that  nil 
clnssos  In  the  country  have  bought  bonds  ami  contributed  to 
Iho  Rod  Cross  In  n  MiU'  spirit.  Hut,  If  each  worker  Increosod 
IiIh  production  10  per  cent,  ho  would  be  doing  more  towar<l 
ending  the  war  quickly  than  ho  could  pos.slbly  do  In  any  other 
way;  bocauso,  uftor  all,  war  Is  fought,  not  with  money,  Imt 
with  materials.  No  matter  how  niucli  money  lll)oraI  HUh- 
Hcrlptlons  to  tho  IJl)orty  Loan  may  bring  tho  Oovrrnmont, 
Utile  will  have  boon  gntnod  utiIohs  our  produrors  of  munitions 
and  othor  wiir  miitorlals  put  tholr  very  honrl  Info  producing 
those  OB  rapidly  ns  possible." 

••Produv.tionl"  That  must  bo  tho  watrhword  of  every  Aniorl 
ran  mochanic,  bo  ho  onglnoor  or  Inolmnlior.  unporliitondont. 
foroiiiaii.  iir  machine  oporator. 
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THE  FUTURE  STATUS  OF  THE  APPRENTICE 

RESULTS    OF   PRESENT  TRAINING    METHODS  AND  SUGGES- 
TIONS FOR  AN  IMPROVED  COURSE 

BY   C.   C.  HERMANN  ' 

Some  time  ago  the  writer's  attention  was  attracted  by  an 
article  in  Machinery  entitled  "Who  Blundered — the  Drafts- 
man or  the  Machinist?"  Articles  on  the  same  topic  that  fol- 
lowed were  also  read  with  interest,  but  it  seems  to  the  writer 
that  the  solution  of  the  problem  lies  much  deeper  than  appears 
from  perusal  of  these  articles.  In  the  first  place,  the  ma- 
chinist, toolmaker,  or  patternmaker  must,  under  present  con- 
ditions, serve  an  apprenticeship  of  four  years  before  he  can 
call  himself  a  member  of  the  craft.  During  the  first  year  of 
apprenticeship  a  boy  must  often  do  odd  jobs  about  the  shop — 
sweep  the  floors,  wipe  machines,  etc.  In  the  second  year  he 
is  allowed  to  run  a  drilling  machine,  set  up  work  in  the  lathe, 
and  do  some  bench  work.  In  the  third  year  he  does  bench, 
vise,  and  floor  work,  is  taught  how  to  make  precision  measure- 
ments, and  has  a  chance  to  become  acquainted  with  milling 
machines,  setting  up  automatics  and  checking  set-ups.  His 
fourth  year  is  practically  a  review  of  the  first  three  years — 
the  finishing  touch  upon  his  apprenticeship.  During  those  four 
years  he  sees  blueprints  of  various  parts  and  gets  some  in- 
struction in  reading  drawings.  Yet,  despite  all  this,  he  finds 
himself  at  the  end  of  that  time  with  the  essentials  of  his 
education  still  lacking.  He  has  no  firm  foundation  upon  which 
to  build. 

Machinists  should  have  a  well-grounded  knowledge  of  draw- 
ing— a  fact  which  employers  have  ignored  to  their  sorrow. 
The  writer  is  personally  acquainted  with  men  holding  posi- 
tions as  foremen  and  superintendents  of  machine  shops  who 
are  unable  to  make  a  mechanical  drawing.  They  left  school 
early  and  served  apprenticeships  in  various  shops,  where  they 
became  expert  in  the  work  done  in  the  shop,  but  they  have 
not  acquired  the  foundation  upon  which  to  expand.  The  re- 
verse is  true  in  other  cases.  Many  times  men  of  splendid 
education  have  failed  in  responsible  positions  because  of  a 
lack  of  practical  knowledge.  A  happy  medium  must  be 
sought — a  middle  point  between  the  professions  of  machinist 
and  draftsman. 

For  the  past  two  years,  the  writer  has  taught  a  night  school 
for  shop  men,  the  total  enrollment  of  which  in  the  mechanical 
drawing  class,  for  the  two  years,  was  thirty-two.  All  those 
enrolled  were  practical  men,  ranging  in  age  from  twenty-two 
to  forty-four  years.  Eight  were  laborers,  seventeen  were  ma- 
chinists, five  were  apprentice  machinists,  and  two  were  tool- 
makers.  Two  had  spent  two  years  in  high  school,  twenty-two 
had  finished  their  eighth  grade  studies,  three  had  finished  the 
fifth  grade,  two  had  finished  the  fourth  grade,  and  two  had 
never  been  to  school.  The  two  students  who  had  spent  two 
years  in  high  school  were  apprentice  machinists  and  excelled 
the  rest  of  the  class  in  every  way.  Moreover,  they  were  far 
in  advance  of  the  average  apprentice  in  their  work,  and.  but 
tor  the  ruling  regarding  ages,  would  have  finished  their  ap- 
prenticeship in  two  and  a  half  or  three  years.  For  the  rest 
of  the  class,  plain  mathematics  was  the  stumbling  block;  frac- 
tions, especially,  seemed  to  dumbfound  them.  To  add  and 
subtract  fractions  was  as  complex  to  them  as  problems  in 
combined  torsion  and  bending  stresses  are  to  the  average  de- 
signer. Yet  some  of  these  men,  who  had  been  machinists  ten 
years  and  more  and  had  studied  fractions  In  the  grade  schools, 
had  forgotten  all  about  them! 

The  men  of  this  class  seemed  to  measure  up  to  about  the 
average  of  men  working  In  shops,  so  that  what  was  learned 
regarding  them  may  be  taken  as  typical  of  their  class.  It  ap- 
pears, then,  that  about  4  per  cent  of  our  machinists,  tool- 
makers,  and  patternmakers  have  had  part  of  a  high  school 
education.  70  per  cent  leave  school  without  going  on  to  high 
school,  4  per  cent  have  never  been  Inside  of  a  school,  and  22 
per  cent  have  had  about  four  years  of  schooling.  In  view  of 
this,  an  employer  .slinuld  consider  It  hicky  that  more  mistakes 
do  not  occur  In  his  shop.  Much  can  bo  done  to  Improve  those 
condltlona.    That  the  evening  classes  held  by  the  Y.  M.  C.  A. 
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throughout  the  country  are  a  real  asset  to  employers  can  be 
proved  by  these  typical  instances:  One  Y.  M.  C.  A.  pupil,  who 
had  been  a  machinist  for  two  years,  is  now  foreman  in  a 
shell-producing  plant;  another  is  foreman  in  a  railroad  ma- 
chine shop;  six  others  have  done  such  good  work  that  they 
are  In  line  for  advancement. 

An  Improved  Apprenticeship  Course 

The  writer  believes  that  the  following  program  for  the  ap- 
prentice will  eliminate  many  of  the  shortcomings  which  handi- 
cap machinists  who  have  served  their  apprenticeship  under 
present  conditions:  The  first  year  should  be  spent  by  the 
apprentice  alternately,  in  three-month  periods,  in  the  tool- 
designing  department  and  the  machine  shop.  In  the  tool- 
designing  department  he  should  do  tracing  the  first  three 
months  and  learn  how  to  handle  drafting  tools  and  the  mean- 
ing of  the  various  lines,  as  well  as  how  to  read  a  working 
drawing.  The  second  three  months  should  be  spent  in  the 
drafting-room  in  actually  making  drawings,  simple  parts  to 
begin  with,  the  more  complex  assembly  drawings  to  be  re- 
served for  the  latter  part  of  the  term. 

In  the  machine  shop,  the  apprentice  should  not  be  placed 
at  once  on  a  machine,  but  at  the  bench,  where  he  should  be 
taught  how  to  handle  the  various  hammers,  such  as  the  ball 
and  peen — both  the  straight-peen  and  the  cross-peen — and  how 
to  use  center-punches,  chisels,  and  files.  The  shop  foreman 
should  lay  out  the  apprentice's  work  at  first.  In  addition,  the 
apprentice  should  be  taught  how  to  sharpen  his  tools,  after 
which  he  should  be  expected  to  keep  them  in  good  order  and 
in  logical  arrangement  in  the  drawers  and  on  the  shelves. 
He  should  be  taught  the  use  of  scribers,  surface  gages,  cali- 
pers, and  the  various  methods  of  laying  out  tools.  His  work 
should  be  at  first  such  as  admits  of  wide  variations;  work  to 
the  finer  allowances  should  be  reserved  till  later.  The  em- 
ployer should  bear  in  mind  that  the  value  of  his  apprentice 
will  depend  on  how  he  is  started  at  the  work;  a  bad  start  can 
bring  only  failure.  Some  maintain  that  the  shop  is  not  a 
school.  They  are  in  error.  The  shop  is  the  best  schoolhouse 
on  earth;  it  is  the  school  of  experience.  What  a  man  learns 
at  his  bench  he  never  forgets,  and  it  is  for  this  reason  that 
the  apprentice  should  be  placed  under  the  best  mechanic  in 
the  shop. 

If  some  system  of  reading  working  drawings  were  practiced 
in  the  machine  shop,  it  would  lessen  the  chance  of  error,  and 
the  machinist  would  be  able  to  make  himself  more  familiar 
with  the  work  in  hand.  The  fact  that  educated  workmen  are 
essential  has  been  recognized  by  some  of  the  leading  manu- 
facturers in  the  country;  some  even  go  so  far  as  to  pay  for 
the  tuition  and  buy  books  for  any  of  their  employes  who  wish 
to  study  at  night.  The  writer  was  informed  by  a  chaplain 
of  the  Regular  Army  not  long  ago  that,  of  the  men  in  his 
regiment,  191  could  not  write  their  own  names — and  these 
191  were  of  American  parentage.  Before  enlisting,  these  men 
had  been  working  at  various  trades.  Many  of  them  were 
desirous  to  get  an  education  and  were  delighted  to  enroll  In 
the  classes  formed  by  the  chaplain,  where  they  are  now  learn- 
ing to  read  and  write  English.  Right  now  Is  the  time  for  the 
manufacturer  to  give  serious  consideration  to  this  phase  of 
his  business.  Educated  men  mean  greater  efficiency,  and 
greater  efl3ciency  Is  necessary  at  a  time  when  there  is  a  limited 
number  of  workers  available. 


The  locomotive  and  railroad  car  builders  of  the  United 
States  did  a  gross  business  In  1917  ot  $575,000,000,  an  Increase 
of  approximately  $55,000,000  over  the  preceding  year.  The 
number  of  locomotives  ordered,  up  to  December  31,  was  5585, 
compared  with  501G  the  year  before.  Of  those,  34K!  were  for 
the  United  States  and  her  allies,  with  a  small  number  tor 
neutral  countries  and  the  remainder  for  domestic  railroads. 
But  only  125,330  freight  cars  wore  ordered,  against  190,663  the 
year  before.  Foreign  orders.  Including  cars  for  the  railroads 
In  France  operated  by  the  American  Army,  totalled  66,667, 
while  the  home  railroads  ordered  only  58,553.  Only  558  pas- 
.souKcr  cars  wore  ordered,  as  compared  with  18R4  In  1916  and 
1839   In   1915. 
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shell  have  been  described  in  a  series 
of  articles  in  the  March,  April,  and  May 
numbers  of  Machineby,  the  practice  dealt 
with  being  that  of  the  American  Shell  Co., 
Paterson,  N.  J.     In  the  present  article,  the 


the  total  number  of  bars  in  a  complete  heat 
have  been  received.  A  complete  heat 
usually  contains  from  350  to  400  bars. 
When  ready  to  be  used,  the  bars  are 
taken  from  the  stock  pile  in  the  yards  and 
rolled  into  the  shop  on  a  conveyor  pro- 
vided with  plain  grooved  rollers.    The  first 


Methods  Employed  in  'the 
Forging  and  Machining  of 
the    U.    S.    7 5 -millimeter 

methods  and  tools  used  in  the  forging  of      Shell Bit     Erik      Obero'      operation  is  to  break  up  the  bars  into  units 

this  shell  will  be  described.    The  forgings  "^  "*'""*  *>  '""'>'"=  '"""    ^^^"^^  "'•''  ^""^"  "« 

for  the  shells  made  by  the  American  Shell  Co.  are  furnished 

by  the  Hydraulic  Pressed  Steel  Co.,  Cleveland,  Ohio,  and  the 

practice  of  the  latter  company  will,   therefore,   be  described. 

The  plant  of  the  Hydraulic  Pressed  Steel  Co.  has  a  capacity 

for  forging  20,000  shells  daily,  and  is  now  being  increased  so 

that  the  ultimate  capacity  will  be  about  65,000  shells  per  day. 


Nlcklner  and  Breaking: 
The  steel  from  which  the  forgings  are  made  comes  from  the 
steel  plants  In  long  bars,  82  millimeters  (about  3%  inches)  in 
diameter  and  10  feet  long.  The  length  of  the  bars  varies 
slightly.  The  steel  is  open-hearth.  Class  B  steel  for  common 
shells.  This  classification  refers  to  that  adopted  by  the  United 
States  Ordnance  Department,  in  the  revised  specifications  of 
December  31,  1917.     The  maximum  phosphorus  and  sulphur 

content    of    Class    B      

open-hearth    steel, 

when    made    by    the 

basic    open  -  hearth 

process,     must     not 

exceed     0.06     per 

cent.    The  steel  barn 

when     received     are 

marked    on    the  end 

with    a    "heat    nuni 

her"    stamped    on 

them     at     the    steel 

mill.  This  heal  nuiu 

bcr     IH     retained 

throuKh    all    the    rip- 
er a  I  I  o  n  s    and     Ih 

Htamp'-d  on  the  fort; 

InKH  liffore  they  are 

sent    to    tho    sbopH 

whore  tho  marhlnlnK 

Is   done.      When    Ih'r 

bard  arrlvn  from  the 

steel   plant,  thoy  aro 

Hloro'I   In  Btork   plleii 

In    tho    yards    until 
•  MIlOT  ot  iuoBiraiT. 


about  9  inches  long,  which  are  known  as 
"billets,"  from  which  shells  are  afterward  forged.  The  break- 
ing up  is  done  by  first  nicking  the  bar  by  means  of  an  oxy- 
acetylene  torch,  and  then  breaking  it  off  under  an  alligator 
shear.  While  nicking  the  bars  by  the  torch,  the  operator  of 
the  torch  is  guided  by  a  gage  frame  which  has  cross-bars 
9  inches  apart,  so  that,  as  the  bar  is  pushed  beneath  the  gage 
frame,  it  can  be  nicked  at  the  exact  points  where  it  should  be 
broken  off,  to  provide  proper  lengths  for  the  shell-forging 
blanks.  After  nicking,  the  bar  is  passed  to  the  alligator  shear, 
which  breaks  it  up  into  pieces.  It  should  be  understood  that 
there  is  no  cutting  action,  but  purely  a  breaking  action. 

After  the  bars  have  been  broken  as  described,  the  billets  are 
inspected  for  structural  and  surface  defects  by  rolling  them 
down  a  slight  incline,  the  inspector  observing  the  cylindrical 
surface  as  well  as  the  end  of  the  billot  as  it  rolls  along.    The 

billets  from  one  heat 
are  all  kept  together 
and  are  stacked  in 
piles,  which  are  not 
used  until  the  entire 
lioat  has  boon  broken 
up.  The  piles  are 
identified  by  the 
same  marking  as  tlie 
bars.  When  the  com- 
plete heat  has  been 
broken  up,  the  bil- 
lots aro  ready  for  tho 
forKlng  operations. 

Koi-K-lnK-  the  Shell 

Tho  billots  are  car- 
ried from  the  piles 
to  tho  furnncca  In 
liirRo  Hteol  boxes  by 
nn  ovorlioiid  criino, 
and  lire  tlion  placed 
III  the  hoiitliiK  fur- 
niicoH  propnriitory  to 
lorglnK.  TlinHo  fiii' 
nin'oH     lire     nil  MmmI 
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The  temperature  in  the  fur- 
nace is  maintained  at  from 
2200  to  2400  degrees  F.,  and 
the  billets  are  heated  to  a 
temperature  of  from  1800  to 
2200  degrees  P.  The  billets 
remain  in  the  furnace  for 
forty-five  minutes  in  order  to 
be  thoroughly  "soaked" 
through;  Sixty  billets  can  be 
heated  at  once  in  one  furnace, 
and  four  furnaces  are  used  to 
each  one  of  the  hydraulic 
forging  presses  which  per- 
form the  first  forging  opera- 
tion. The  press  for  the  first 
forging  operation,  which  is  of 
the  hydraulic  type  built  by 
the  Southwark  Foundry  & 
Machine  Co.,  Philadelphia, 
Pa.,  has  an  average  capacity 
for  forging  220  shells  per 
hour.  After  the  first  forging 
operation,  the  shells  are  im- 
mediately taken  to  the  second- 
operation  forging  press  with- 
out being  heated  again  be- 
tween the  operations.  There 
are  two  first-operation  presses 
to  each  one  of  the  second- 
operation  presses.  The  presses 
are  arranged  so  that  one  first- 
operation  press  is  located  on 
each  side  of  a  second-opera- 
tion press,  there  being  three 
presses  to  one  unit.  In  this 
way,  the  shells  can  be  readily 
passed  from  either  one  of  the 
two  first-operation  presses  to 
the  second-operation  press  be- 
tween them. 

The  first-operation  press  is 
provided  with  only  one  die 
and  plunger,  but  the  second-  ^' 

operation  press  has  four  dies  and  plungers,  although  only  two 
are  operated  at  a  time,  each  set  of  two  plungers  being  operated 
alternately,  so  that  the  other  set  has  a  chance  to  cool  off. 
In  the  first-operation  presses,  the  plunger  and  die  are  cooled 
by  circulating  water  inside  of  the  tools,  but  in  the  second- 
operation  press,  the  plungers  are  Immersed  in  a  deep  cup 
filled  with  water  between  each  active  stroke,  and  the  water 
overflowing  from  the  cup  when  the  plunger  is  immersed  in 
it  runs  over  the  die  and  cools  it  also.  In  the  second-operation 
presses,  the  partly  forged  shells  are  subjected  to  two  separate 
forging  operations;  the  first  makes  the  bottom  of  the  correct 
thickness,  and  the  second  draws  the  walls  to  the  right  length. 

Testing:  and  Inspection 

After  the  forging  is  completed,  the  shells  are  inspected  while 
hot  by  an  Inspector  who  measures  the  length  and  the  thickness 
of  the  bottom  and  tests  the  concentricity.  The  forgings  are 
then  piled  on  a  truck  especially  designed  for  carrying  them 
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Tools  for  breaking  o£F  BUlets  from  Nicked  Bars 


to  the  cooling  bed.  This  truck 
consists  of  a  plate  bent  up  at 
the  ends  to  a  semicircular 
form,  so  that  the  shells,  when 
piled  in  it,  cannot  roll  ofiE. 
These  trucks  are  moved  by  a 
small  electric  locomotive  to 
the  cooling  bed,  where  the 
forgings  are  placed  on  top  of 
cinders  to  cool  off  slowly. 
When  the  shells  are  cold,  they 
are  again  inspected  for  length 
and  thickness  of  bottom  and 
concentricity.  At  this  time 
the  inspector  also  notes  any 
flaws  in  the  forgings,  and  in- 
spects the  inside  finish.  The 
gages  used  for  this  work  will 
be  dealt  with  later. 

Test  pieces  are  cut  from 
two  shells  in  every  heat,  in 
order  that  tensile  tests  may 
be  made.  As  one  heat  con- 
sists of  from  ?P00  to  4000 
shells,  this  means  that  one 
shell  in  every  1800  or  2000  is 
tested  for  tensile  strength. 
In  order  that  the  shells  may 
pass,  the  test  piece  must  have 
an  ultimate  tensile  strength 
of  90,000  pounds  per  square 
inch,  an  elastic  limit  of  45,000 
pounds,  and  an  elongation  of 
12    per    cent    in    two    inches. 

The  preceding  paragraphs 
review  briefly  the  complete 
processes  to  which  the  shell 
is  subjected  in  forging.  In 
the  following,  the  details  of 
the  various  operations  will 
be  dealt  with,  and  descrip- 
tions and  illustrations  of  the 
most  important  tools,  dies, 
and     gages     will     be     given. 


The  Nicking  Operation 

When  the  bars  pass  into  the  shop  from  the  yard  for  nick- 
ing, one  end  comes  up  against  a  stop-plate  which  is  used  in 
connection  with  the  gage  frame  for  the  oxy-acetylene  torches. 
In  this  way,  all  nicks  will  be  uniformly  gaged  from  one  end 
of  the  bar.  The  gaging  device  is  hinged,  so  that,  when  the 
bar  has  been  placed  in  position,  the  gage  can  be  brought  down 
over  it.  It  consists  briefly  of  a  rod  long  enough  to  accommo- 
date the  longest  length  of  bar  to  be  nicked,  the  rod  having 
welded  to  it,  at  intervals  corresponding  to  the  unit  lengths  to 
be  cut,  short  arms  which  act  as  guides  and  gages  for  the  cut- 
ting torches.  The  rod  is  supported  in  bearings  at  each  end, 
and  when  in  use  is  rotated  in  these  bearings,  so  that  the 
short  transverse  arms  rest  on  the  bar  to  be  nicked.  Four  torch 
operators  are  employed  for  a  ten-foot  bar,  and  as  there  are 
about  twelve  nicks  or  cuts  to  be  made  in  a  bar  of  this  length, 
each  operator  nicks  the  bar  on  an  average  at  throe  places. 


3.     Vixw   ihowlni  End   of   BIIUU  broknn   c 

AlllfKtor   Shoar,    indloating    CharaoUr   of 

Cloan,    Smooth   Broak 


,   4.     Bids  Vlow  of   Billot 
Loft    in    Ft(.    3.    ihowfnK 
paratlmly    Eron   Brral 


5.      Side    Tlow    of    BUlot    ahown 
to    RiRht    In    Fig.    3.    ihowinc 
Appearance  of   Broak 
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Fig.  6.  Details  of  Die  used  for  First  Forging  Operation 
As  soon  as  the  nick  is  made  with  the  torch,  the  nick  or  cut 
is  chilled  with  a  stream  of  water  from  a  hose  suspended  from 
above  the  nicking  table.  For  the  nicking,  a  Davis-Bournonville 
Style  C,  No.  149.  tip  No.  4,  torch  is  used.  While  only  four 
torches  are  employed  simultaneously,  it  would  be  possible,  if 
the  operation  had  to  be  speeded  up,  to  use  a  greater  number. 

The  acetylene  for  the  torches  is  generated  in  a  200-pound 
carbide  generator  placed  in  a  different  part  of  the  building, 
from  which  the  gas  is  conveyed  by  piping  to  the  nicking  table. 
The  oxygen  is  obtained  from  standard  "Prest-OLite"  cylinders, 
ten  of  which  are  connected  through  regulating  valves  to  a 
header  In  the  generator  house,  and  from  this  header  the  gas 
is  piped  to  the  cutting  table  and  distributed  to  the  torches 
through  a  manifold.  The  water  for  chilling  the  nicks  is  car- 
ried by  an  overhead  pipe  and  distributed  to  each  torch  operator 
by  an  individual  flexible  hose.  All  the  piping  is  carried  over 
the  heads  of  the  operators  so  as  to  be  out  of  the  way  as  far 
as  possible. 

The  bars  are  nicked  on  one  side  only,  to  a  depth  of  from 
1/8  to  1/4  Inch,  the  nick  being  in  a  plane  normal  to  the  axis 
of  the  bar.  After  the  bar  has  been  nicked  over  its  whole  length 
at  given  distances  apart,  the  gage  is  rotated  out  of  the  way 
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and  the  bar  Is  rolled  off  the  table  onto  a  skid,  from  which  it 
passes  to  the  alligator  shear  which  is  used  for  breaking  up  the 
bar  into  billets. 

The  Breaking  Tools 

A  detail  of  the  tool  equipment  for  the  alligator  shear  for 
breaking  off  the  nicked  bar  into  billets  is  shown  in  Fig.  2, 
where  the  bar  is  indicated  at  A,  the  die,  or  lower  part  of  the 
breaking  tool,  at  B,  and  the  punch,  or  upper  part  of  the  break- 
ing tool,  at  C.  As  indicated,  the  nick  in  the  bar  at  D  comes 
directly  underneath  punch  C,  so  that  when  the  punch  is 
brought  down  upon  the  bar,  the  latter  is  broken  off  by  the 
pressure  of  the  punch,  the  bar  resting  at  E  and  F  on  supports 
in  the  die.  A  stop  is  provided  so  that  when  the  end  of  the 
bar  is  pushed  up  against  it,  the  bar  will  always  be  in  a  posi- 
tion where  a  nick  will  come  directly  beneath  the  punch.     The 
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riK.  8.    AMcmbly  View  of  Punch  and  Dlo  mod  for  First  Forging  Operation 

|)Uin  view  of  the  die  shows  the  bar  In  place  pushed  up  afialnst 
the  stop  ot  O.  Springs  are  provided  beurlng  against  the  stop- 
plate  BO  that  there  Is  a  Hllght  give  to  It,  which  Is  noceasary  on 
.iccount  of  till'  motion  lini)arl«Ml  to  llic  brolu-ii  off  part  of  the 
liar  when  the  punch  dcHciMidH. 

The  die  coiiHlBtH  <il'  a  liariiciicd  l)l(nk  wllli  Iwo  projections, 
which  Ib  fastened  to  llio  bulltui)  base  of  the  ahoar.  It  Bhotilil 
bo  iiMli'd  that,  when  the  bar  rcHls  In  those  blocks,  the  nlrl( 
Hliould  always  bo  downward.  It  is  evident  that  as  tho  upper 
block  or  piiiK'h  G  conios  downwiird  It  tends  to  bond  tho  part 
of  tho  bar  bclween  tlio  two  lower  blocUH,  but,  nH  tho  material 
iH  fairly  brillle,  and  hIho  hh  llio  nick  on  tho  lower  hIiIo  liiis 
alreaily  Htarled   a  bruuk,  llio  bar  brealts  off  with   fairly  oven 
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ends.    An  illustration  of  the  alligator  shear  and  the  conveyor 
in  which  the  bar  passes  to  it  is  shown  in  Fig.  1. 

Theory  of  Setting  the  Blocks 

A  point  relating  to  the  breaking  off  of  the  bars  into  billets, 
which  was  discovered  by  experiments,  should  be  mentioned  at 
this  time.  If  a  bar  consisting  of  only  two  unit  lengths  were 
placed  nick  down  on  E  and  F,  Fig.  2,  so  that  the  nick  regis- 
tered with  a  plane  normal  to  the  axis  of  the  bar  and  was 
located  centrally  between  E  and  F,  and  if  C  were  set  to  strike 
the  bar  on  the  top  directly  over  the  nick,  then  the  bending 
moments  about  G  would  be  equal  and  opposite.  Assuming  that 
there  are  no  serious  internal  strains  or  lack  of  uniformity  in 
the  material  of  the  bar,  the  break  would  be  square  and  even 
from  the  nick  to  the  side  of  the  bar  which  is  in  contact  with  C. 
Now,  however,  except  when  the  last  two  pieces  of  a  bar  are 
broken  apart,  one  end  of  the  bar  extends  beyond  block  F,  and 
the  weight  of  this  end  may  be  as  much  as  250  pounds.  This 
additional  weight  causes  an  unbalancing  of  the  forces  at  the 


Fig.   9.     Gonoral   Arrangoment  of  Punches 
Operation 


nd  Dies   for  Second   Forging 


breaking  point,  so  that  the  fracture  is  not  straight,  but  slightly 
offset  toward  the  side  of  the  smaller  piece  which  is  broken 
oft.  By  experiment,  it  was  found  that,  by  shifting  the  blocks  E 
and  F  in  the  direction  of  the  overhang,  but  maintaining  the 
original  distance  between  them,  it  was  possible  to  determine, 
by  trial,  a  point  for  each  heat  of  steel  where  the  breaks  would 
be  square  across  the  end  of  the  bar.  As  it  was  difUcult  to  make 
this  adjustment  in  the  lower  die,  provision  was  made  for  this 
Instead  in  the  upper  block  or  punch,  wliich  can  be  moved  cross- 
wise In  the  face  of  tlio  upper  Jaw  of  the  alligator  shear. 

This  method  of  cutting  oft  the  bars  has  been  found  advan- 
tageous from  many  points  of  view.  It  Is  rapid  In  operation 
and  very  simple,  and  the  capacity  of  a  plant  may  be  easily 
Increased,  due  to  the  simple  means  required  for  the  operation. 


Fig.  10.    Plan  View  showing  Arrangement  of  Strippers  for  Second  Forging 
Operation 

Fig.  3  shows  the  ends  of  two  billets  after  they  have  been 
broken  apart,  indicating  the  smoothness  of  the  fracture  beneath 
the  nick.  Figs.  4  and  5  show  the  sidewise  appearance  of 
the  broken-off  billets,  indicating  the  fairly  square  surface  at 
the  break. 

Tools  for  First  Forging  Operation 

Fig.  8  shows  a  section  of  the  complete  assembly  of  the 
plunger  and  die  for  the  first  forging  operation.  The  billet, 
as  mentioned,  is  about  9  inches  long,  but  the  cup  produced 
in  this  operation  is  about  12  inches  long,  the  metal  having 
been  extruded  past  the  punch,  to  some  extent.  A  detail  view 
of  the  die  is  shown  in  Fig.  6,  where  the  stripper  Is  indicated 
at  A.  The  cooling  water  passes  around  the  die  in  the  spiral 
groove  B.  Fig.  S;  it  enters  at  the  top  of  the  spiral  and  passes 
out  at  the  bottom,  into  the  space  between  the  die  and  the 
hood,  and  then  flows  out  through  a  hole  in  the  hood.  The 
water  is  taken  directly  from  the  city  mains  and  is  not  circu- 
lated, but  permitted  to  flow  off  through  the  sewer.  The  pres- 
sure of  the  water  is  the  regular  city  pressure. 

The  pilot  at  the  top  of  Fig.  6  is  entirely  hand  operated. 
At  the  beginning  of  the  stroke  the  heated  billet  is  put  into  the 
die,  which  is  enough  larger  in  diameter  than  the  billet  to 
permit  it  to  enter  the  hole  in  the  die.  The  plunger  is  in  its 
upper  position  and  the  pilot  is  moved  out  of  the  way.  When 
the  billet  is  in  the  die,  the  operator  lifts  up  the  pilot,  puts  it 
on  top  of  the  billet,  and  operates  the  press,  so  that  the  plunger 
passes  down  through  the  hole  in  the  pilot  and  into  the  billet. 

The  most  important  thing  to  be  accomplished  in  piercing 
the  billet  is  to  provide  a  hole  concentric  with  the  outside  of 
the  cup.  An  attachment  called  a  "spring  yoke,"  shown  in 
detail  in  Fig.  12,  assists  materially  in  accomplishing  this  re- 
sult. One  spring  yoke  is  passed  over  each  end  of  the  stripper 
bar  F,  Fig.  8,  but  is  not  shown  in  this  illustration;  it  is  located 
Just  inside  of  the  rods  G  and  held  in  place  by  pins  passed 
through  the  stripper  bar;  the  bar  passes  through  hole  A.  Fig. 
12,  in  the  spring  yoke  B.  These  spring  yokes  are  so  arranged 
that  when  the  spring  tension  is  properly  adjusted  by  means 
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Fig.    11.     Punch  uiod   for  Socond   Forging  Operation 
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of  the  nuts  C,  and  the  ram  of  the  press  is  up  with  the  billet 
in  the  die,  and  with  the  pilot  in  position,  the  billet  is  held 
up  from  the  bottom  of  the  die  by  pin  E,  Pig.  8,  so  that  it 
extends  above  the  top  of  the  die  into  the  recess  provided  for 
it  in  the  pilot.  When  the  plunger  comes  down,  it  enters  the 
billet  while  the  latter  is  still  held  centered  in  the  pilot,  and 
in  this  way  the  hole  is  started  almost  perfectly  in  the  center 
at  the  top.  As  the  plunger  comes  down,  it  forces  the  billet 
down  into  the  bottom  of  the  die,  pushing  the  pin  E  down 
ahead   of  it  against  the   spring   tension,   until   the  head   of 


Tig.  12,     Spring  Yoke  for  obtaining  Concentricity  in  Piercing 

the  pin  seats  in  the  recess  provided  for  it  in  the  bottom  of 
the  die.  From  this  point  on,  the  process  is  just  the  same 
as  if  a  solid  die  were  used. 

Another  feature  of  this  tool  which  allows  of  considerable 
accuracy  in  piercing  the  hole  in  the  cup  concentric  with  the 
outside  is  the  alignment  which  is  made  possible  by  shifting 
the  bottom  of  the  die,  if  required,  by  means  of  three  radial 
set-screws  at  C,  Fig.  8,  which  extend  through  the  hood  that 
holds  the  die  in  place.  These  set-screws  are  set  120  degrees 
apart.  By  adjusting  the  die  In  the  direction  of  the  side  of 
the  cup  that  comes  thin,  while  the  top  of  the  die  is  held  in  its 
original  position,  the  alignment  can  be  made  nearly  perfect. 
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Fig.  14.    Di( 


ed  for  Final  Drawing  Operation 


The  valve  operating  the  plunger  is  controlled  by  a  handle. 
As  the  plunger  recedes,  the  pilot  and  shell  are  carried  up  with 
it  until  the  stripper  strikes  the  stripper  jaws  D.  Fig.  8,  thus 
loosening  the  shell  from  the  plunger.  At  this  time,  the  shell 
is  gripped  by  tongs  and  transferred  to  the  second-operation 
press.  If  the  shell  should  stick  in  the  die,  the  knock-out  E, 
actuated  through  a  cross-bar  F  and  tie-rods  G,  as  indicated, 
will  operate,  and  will  force  the  shell  out  of  the  die. 

The  plunger,  as  well  as  the  die,  is  water-cooled.  In  the 
case  of  the  plunger,  Fig.  7,  a  1/8-inch  gas  pipe  is  inserted  in 


li(     IJ.     I)l>    ■■•I'l    In   H'.nr,.!    I-filnj   Oi.rr.dr, 


triclty  of  ShoU  Forginc 


till'  .•1/4  Inrh  hole  hIiowii.  This  giis  pipe  renclios  to  within  1/2 
Inch  of  till!  bolloni  of  tliii  hole.  Water  la  fiircod  In  through 
llio  KiiH  pll)i'  and  limn  puhhch  out  of  tlio  pliiiigor  on  llio  outside 
(if  the  KiiH  I'll"'.  tl'i'H  coolInK  It  offoctlvoly.  Siiltiiblo  stops  are 
provided  for  tli<(  ram  to  which  Iho  pliiiiK<T  Ih  iilliicliud,  ho  Hint 
II  ciiiMiot  onti-r  llio  Blioll  foPKlng  to  iiKirc  lliiin  ii  prcdclornihu'd 
ili'plli,  UHHiiring  llio  proper  llilckncHH  of  the  boltoiii  nf  lln'  hIicM. 

ToolH  for  Bocoiid  Foriflnif  Oponitlcm 

TliK    Hor-ond    rorRlng    operation,    as    already    montlonod,    Ih 
divldi'il   Into  two  pnrlH.     In   the  flFBl  part,  the  cup  from   the 
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Fig.    16.     Gages   used   f 

first  operation  is  placed  in  die  B,  Fig.  9,  and  plunger  P  Is 
brought  down,  providing  for  the  proper  inside  shape  and  the 
proper  thickness  at  the  bottom  of  the  shell.  A  stop-block  at  A 
determines  the  depth  to  which  plunger  P  enters  into  the  die, 
and  hence  insures  the  proper  thickness  of  the  shell  base.  As 
indicated,  there  are  two  plungers  acting  at  once.  The  other 
two  plungers,  arranged  along  a  plane  parallel  to  those  shown, 
but  about  eighteen  inches  behind  them,  are  not  in  use  at  this 
time,  but  will  be  used  for  the  next  set  of  two  shells.  They  are 
given  an  opportunity  to  cool  off  while  the  other  two  are  in  use. 
The  reason  why  the  plungers  in   the  second-operation  press 


Inspection   of   Forcings 

are  not  water-cooled  is  that,  on  account  of  their  small  size, 
the  drilling,  of  a  hole  inside  of  them  would  weaken  them 
too  much. 

The  second  part  of  the  second  forging  operation  consists  in 
forcing  the  whole  shell  through  the  dies  E.  In  order  to  do 
this,  the  plunger,  after  the  first  part  of  the  operation  is  com- 
pleted, is  pulled  back  with  the  shell  sticking  to  it;  die  B,  to 
which  a  handle  is  attached,  is  then  removed,  and  slide  C.  which 
constituted  the  stop  for  the  plunger  D,  is  pulled  lengthwise 
until  a  hole  in  the  slide  coincides  with  the  plunger  D,  so  that 
this  plunger  does  not  prevent  the  ram  with  the  punches  at- 


Fiff.  18.    Second  or  Hot-drtwinc  Oprration       Tig.  18.    Third  or  Cold-dnwin(  Operation 
In  Frrnch  Mrthod  of  fordnic  SholU  in  French  Mclhoil  of  fonrinc  ShrlU 
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tached  from  descending.  The  plunger  then  comes  down  with 
the  shell  and  pushes  it  through  the  two  dies  at  E.  The  shell 
forging  is  drawn  to  a  smaller  diameter  in  each  of  the  two  dies. 
The  full  length  of  the  shell  after  having  been  drawn  through 
these  dies  is  about  14  inches.  When  the  plunger  returns  on 
its  upward  stroke,  the  shell  is  removed  from  it  by  strippers  A, 
shown  in  Fig.  10,  which  is  a  plan  view  of  the  stripper  plate; 
holes  G  are  the  holes  for  the  forgings  and  plungers.  These 
strippers  are  backed  up  by  springs.  When  the  plunger  and 
the  shell  descend,  the  strippers  are  pushed  back,  owing  to  the 
slanting  shape  of  their  face,  as  indicated  at  B.  When  the 
plunger  again  ascends,  however,  the  lower  edge  of  the  end 
of  the  stripper  catches  against  the  edge  of  the  shell  and  strips 
it  off,  the  shell  falling  through  the  hole  F.  Fig.  9.  As  soon 
as  the  plunger  has  ascended  after  the  second  part  of  the  second 
operation,  a  cup,  filled  with  water  and  shaped  similarly  to  the 
shell,  is  passed  up  so  that  the  plunger  is  immersed  in  it  for 
cooling.  The  water  that  runs  over  the  sides  of  the  cup  as  the 
plunger  is  immersed  cools  the  sides  of  the  dies  beneath.  Die  B. 
Pig.  9,  is  shown  in  detail  in  Fig.  13,  and  dies  E,  in  Fig.  14. 

Gag-es  Used  for  Inspecting  Shell  Forging 

The  gages  used  for  inspecting  the  shell  forging  when  cold 
are  shown  in  Fig.  16.  Gage  A  is  a  direct-reading  gage  for 
inspecting  the  inside  of  the  shell.  The  end  E  is  inserted  in 
the  shell,  and  the  readings  on  the  graduations  on  wing  F  are 
compared  with  the  drawing  of  the  shell.  This  gage  is  espe- 
cially useful  for  finding  pockets  on  the   inside  of  the  shell. 

Gage  B  is  a  maximum  and  minimum  gage  for  the  inside 
diameter  of  the  shell  mouth.  -It  is  made  from  a  flat  piece  of 
stock,  as  shown.  The  end  at  H  must  pass  into  the  shell,  while 
end  ./  must  not  pass.  Gage  C  is  a  "Go"  or  maximum  gage 
for  the  outside  diameter  of  the  shell.  In  order  to  limit  the 
amount  of  machining  to  be  done,  the  shells  must  not  be  larger 
in  diameter  than  is  determined  by  this  gage.  Gages  D  are  in- 
tended for  testing  the  inside  taper  of  the  shell.  The  end  of  the 
gage  must  not  touch  the  bottom  of  the  shell.  Two  gages  are 
provided  for  different  parts  of  the  inside  taper  of  the  shell. 

The  gage  used  for  testing  the  thickness  of  the  base  or  the 
bottom  of  the  shell,  as  well  as  the  total  length,  is  shown  at  K. 
Here  L  bottoms  on  the  inside  of  the  shell,  while  the  other  leg 
passes  along  the  side  outside  the  shell.  When  the  shell  base 
is  of  the  right  thickness  and  the  shell  of  the  right  length,  the 
base  surface  of  the  shell  must  come  within  the  limits  indicated 
at  M  and  the  length  must  not  pass  beyond  the  line  N. 

One  more  gage  is  used  for  testing  the  concentricity  of  the 
shell.  This  consists  of  a  mandrel  G.  Fig.  15,  provided  with  a 
movable  head  H,  which  is  supported  on  rod  J.  This  head  con- 
tains three  radial  pins  K,  which  are  forced  out  by  the  taper  on 
rod  J,  thus  centering  the  shell  at  the  top.  On  the  mandrel  G 
is  turned  a  collar  which  centers  the  shell  at  the  mouth.  The 
shell  is  placed  on  the  assembled  mandrel  with  the  mouth  or 
open  end  down.  In  the  base  F,  into  which  the  mandrel  is  set, 
is  a  post  or  arbor  on  which  the  gage  collar  A  is  assembled, 
80  that  it  is  free  to  turn  in  a  horizontal  plane  and  also  is 
movable  up  and  down  on  the  arbor.  This  up  and  down  move- 
ment is  controlled  by  the  spiral  spring  L.  which  is  supported 
on  the  lower  end  by  collar  D.  The  pins  E  keep  the  parts 
together.  The  shell  is  rotated  on  the  mandrel,  and  collar  A 
fs  pushed  down  Into  contact  with  the  base  of  the  shell.  While 
the  shell  Is  given  one  complete  rotation,  the  gage  point  on  the 
collar  A  must,  at  no  position,  slip  down  off  the  base  of  the 
shell.  In  other  words,  the  gage  point  on  A  determines  the 
maximum   radius  of  the  shell. 

The  preparation  of  the  preceding  article  was  made  possible 
through  the  courtesies  of  0.  0.  Bralnard,  general  manager,  and 
J.  D.  Corcoran,  factory  manager,  of  the  Hydraulic  Pressed 
Steel  Co.,  Cleveland,  Ohio,  as  well  as  by  the  assistance  of 
S.  S.  Daykln,  enginonr  of  tests,  who  aided  In  compiling  the 
Information  given. 

French  Method  of  ForwliiK-  75-mllllmoter  ShoUa 

In  this  connection.  It  may  bo  of  Interest  to  outline  briefly 
the  method  used  In  France  for  the  forging  of  75-millIniclor 
shells,  as  this  method  differs  from  that  used  by  the  Hydraulic 
PresHod  Stoel  Co.    This  process  Is  of  especial  Interest  to  Ameri- 


can readers  on  account  of  the  fact  that  its  application  is  being 
considered  by  several  manufacturers  of  forgings  in  this  coun- 
try; among  others,  by  the  American  Shell  Co.,  Paterson,  N.  J. 
Should  the  latter  company  decide  to  build  a  forging  plant  to 
produce  its  own  forgings,  a  matter  which  is  contemplated,  use 
would  be  made  of  a  modification  of  the  French  process. 

This  process  consists  briefly  of  three  operations — a  piercing 
operation,  a  hot-drawing  operation,  and  a  cold-drawing  opera- 
tion. By  these  processes,  shells  can  be  produced  having  so 
good  an  internal  finish  and  such  accurate  inside  dimensions 
that  no  further  machining  is  required  on  the  inside.  Further- 
more, only  a  finish-turning  operation  is  required  on  the  out- 
side, the  rough-turning  operation  being  eliminated.  It  is  pos- 
sible to  obtain  the  required  results  by  simply  using  the  pierc- 
ing and  hot-drawing  operations,  but  an  improved  shell  is  pro- 
duced by  adding  the  cold-drawing  operation. 

Diagrammatical  views  of  the  piercing,  hot-drawing,  and  cold- 
drawing  tools  are  shown  in  Figs.  17,  18,  and  19.  In  the  first 
or  piercing  operation.  Fig.  17,  no  outside  die  is  used;  the 
punch  A,  mounted  at  the  bottom,  is  stationary,  while  the 
punch  D  comes  down  from  the  top,  pressing  the  forging  down- 
ward against  the  punch  A  and  forcing  out  the  sides  in  an 
umbrella  shape.  The  forging  is  then  taken  to  the  hot-drawing 
dies  in  Fig.  18,  where  it  is  drawn  through  die  C,  which  forces 
it  onto  the  plunger  B  so  that  the  inside  of  the  shell  will  con- 
form exactly  to  the  shape  of  the  plunger.  In  passing  down- 
ward, the  shell  pushes  the  strippers  E  outward  against  the 
spring  pressure.  As  soon  as  the  shell  has  passed,  the  strippers 
close  in  upon  the  plunger,  and  when  the  latter  returns,  they 
strip  the  shell  from  it.  The  shell  is  taken  out  through  an  open- 
ing in  the  side  of  the  die  frame  F.  After  the  completion  of  the 
second  operation,  the  shell  is  sand-blasted  and  cleaned  from 
all  scale.  The  best  results  are  then  obtained  by  subjecting  the 
shell  to  a  cold-drawing  operation  in  the  die  shown  in  Fig.  19. 
This  differs  from  that  in  Fig.  IS  only  in  that  there  is  no  bottom 
die  G.  While  it  is  possible  to  obtain  a  satisfactory  shell  forg- 
ing by  simply  using  the  first  two  operations,  the  adding  of 
the  cold-drawing  operation  is  recommended;  however,  only 
the  first  two  operations' were  generally  used  in  France  until 
recently,  when  the  cold-drawing  operation  was  added.  After 
the  cold-drawing  operation,  the  outside  is  only  slightly  over 
size,  so  that  a  finish-turning  operation  only  is  required.  Fur- 
thermore, the  cold-drawing  process  improves  the  surface  of  the 
metal  considerably,  making  it  firmer  and  stronger. 

Lay-out  of  Forging  Plant 

Fig.  20  shows  a  lay-out  of  a  forging  plant  which  may  be 
considered  a  model  design.  This  is  a  forging  plant  planned 
and  arranged  by  the  American  Shell  Co.,  for  its  contem- 
plated extension,  the  capacity  of  the  plant  being  fifteen  thou- 
sand 75-millimeter  shell  forgings  per  day  of  twenty-four  hours. 
This  plant  includes  conveyors  for  mechanically  handling  the 
material  and  the  shell  forgings,  and  an  equipment  for  heat- 
treating  or  normalizing  the  forgings  so  as  to  remove  all  the 
strains  of  the  metal  after  the  forging  operations  are  completed. 
This  normalizing  of  the  steel  causes  a  refinement  in  the  struc- 
ture of  the  grain  and  increases  the  elastic  limit. 

The  piercing  presses  are  of  350  tons  capacity,  and  the  draw- 
ing presses  of  210  tons  capacity.  At  A  is  shown  an  elevated 
platform  2%  feet  above  the  floor  level  and  6  feet  wide,  which 
provides  for  a  clear  passageway.  Gravity  conveyors  for  the 
hot  forgings  pass  underneath  this  platform  from  the  piercing 
to  the  drawing  presses.  Hand  trucks  carrying  dies  and  tools 
use  the  platform.  At  B  are  shown  the  21-inch  by  15-foot  hy- 
draulic accumulators,  which  work  at  a  pressure  of  1500  pounds. 
Ore  is  used  for  ballast.  At  C  are  shown  steam  pumps  which 
are  triple-expansion,  condensing,  and  work  with  a  2G-lnch 
vacuum,  producing  1500  pounds  per  square  inch  discharging 
pressure.  The  steam  pressure  is  140  pounds  per  square  inch. 
The  steam  cylinders  are  18,  29,  and  46  inches  in  diameter,  re- 
spectively, and  the  stroke  is  24  Inches.  The  pump  cylinder  is 
fi  Inches  In  diameter.  At  D  are  shown  boilers  of  450  horse- 
power rated  capacity,  each  producing  steam  at  a  pressure  of 
160  pounds  per  square  Inch.  The  circle  at  E  Indicates  a  con- 
crete fuel  oil  storage  tank  having  a  capacity  of  80,000  gallons, 
the  dally  demand   for  the  plant  shown   being  4000   gallons. 
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CONTOUR-  AND  RADIUS-MEASURING-  INSTRUMENT 


UNIVERSAL    TYPE    OF    INSTRUMENT    FOR    MEASURING    IRREGULAR    PROFILES,   RADIUS    GAGES.  AND  CONTOURS  THAT 
CANNOT  BE  TESTED  BY  ORDINARY  MEASURING  DEVICES 

THE  accurate  measurement  of  contour  and  radius  gages 
is  often  very  difficult,  if  not  impossible,  wiien  ordinary 
measuring  appliances  are  utilized.  The  contour-  and 
radius-measuring  instrument  to  be  described  is  designed  espe- 
cially for  the  accurate  measurement  of  irregular  profiles,  cir- 
cular edges,  or  various  combinations  of  straight  and  curved 
sections.  This  instrument  was  designed  by  J.  H.  WiUielm 
for  the  Frankford  Arsenal.  An  instrument  of  this  general 
type  was  required  for  measuring  the  contour  of  rifle  bullets 
(which  must  conform  within  close  limits  to  a  given  size  and 
shape),  but  the  instrument  as  finally  made  is  a  universal  type 
that  is  applicable  to  all  kinds  of  profile  measurement. 

This  instrument  (see  Figs.  1  to  3)  is  equipped  with  a  micro- 
scope having  cross-hairs  or  lines  which  are  adjusted  to  coin- 
cide with  the  different  edges  and  intersecting  points  on  the 
part  being  measured,  and  these  hair  lines,  in  conjunction  with 
the  graduations  and  Johansson  gages  used,  indicate  the  amount 
of  error  or  enable  measurements  between  different  points  to 
be  taken.  The  microscope  A,  Fig.  2,  is  mounted  upon  a  cross- 
arm  or  carriage  B,  which  is  pivoted  at  each  end  to  holders  C. 
The  fulcrum  pins  are  adjustable  along  the  holders,  and  they 
are  accurately  located  in  any  desired  position  by  Johansson 
blocks.  These  pins  are  reduced  one-half  their  diameter,  and 
by  inserting  different  combinations  of  gage-blocks,  any  radius 
from  0  up  to  6  inches  can  be  measured.  For  instance,  if  0.020- 
inch  blocks  are  inserted  in  each  holder,  a  radius  of  this  dimen- 
sion can  be  measured  accurately.  The  gage-block  holders  are 
pivoted  to  brackets  D  attached  to  slide  E,  and  the  outer  ends 
of  the  holders  are  connected  by  a  tie-rod.  The  horizontal  slide 
E  provides  a  lateral  adjustment  of  six  inches,  the  micrometer 
and  the  straightedge  at  F  (which  is  integral  with  slide  E) 
moving  in  parallel  planes.  This  adjustment  is  effected  by  a 
rack  and  pinion  operated  by  handwheel  G.  The  screw  H  is 
used  for  making  fine  adjustments  after  a  split  nut  is  engaged 
with  it.  This  fine  adjustment  is  indicated  by  a  scale  and 
vernier  at  J,  and  Johansson  blocks  may  also  be  inserted  at  K 
when  a  very  accurate  movement  of  the  slide  is  necessary.  The 
horizontal  slide  is  locked  in  position  by  clamping  screw  L. 
The  microscope  is  carried  by  a  slide  which  can  be  adjusted 
at  right  angles  to  straightedge  F.  There  is  a  total  movement 
of  two  inches  in  this  direction,  and  either  Johansson  blocks 
at  A'  or  a  scale  and  vernier  may  be  used  when  making  the  ad- 
justment, which  is  effected  by  screw  M.  The  circular  move- 
ment of  the  microscope  and  its  carriage  is  indicated  by  dial  0, 
which  la  graduated  to  90  degrees  on  each  side  of  the  zero 
mark,  or  to  180  degrees  in  all.  By  means  of  a  vernier  scale, 
direct  readings  to  5  minutes  can  be  taken.    The  disk  is  shown 
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Fl^.  2,    Flan  View  of  Contour-  and  Sadius-measurmg:  Instrument 

in  the  zero  position  in  Fig.  2  and  in  the  90-degree  position  in 
Fig.  3.    It  is  held  positively  in  the  zero  position  by  lock-pin  P, 
and  it  may  be  clamped  in  any  other  position  by  clamp  screw  Q. 
When  the  lock-pin  is  in  place,  the  hair  line  on  the  microscope 
coincides  with  a  plane  which  is  at  right  angles  to  the  straight- 
edge F  and  intersects  the  center  line  R  on  this  straightedge. 
These    different    adjustments    and    means    of    measurement 
make  it  possible  to  determine  very  accurately  the  movements 
of  the  microscope,  whether  the  direction  of  motion  is  parallel 
to  straightedge  F,  at  right  angles  to  it,  or  along  a  circular 
path.     The  microscope  is   provided   with   six   objectives,   the 
three    shown    in    position    being    interchangeable    with    three 
others.     By  using  these  different  objectives,  the  magnification 
may  be  varied  from  20  to  100  times.    In  some  cases,  high  mag- 
nifying power  would  not  be  suitable,  because  irregularities  in 
the  edge  or  contour  of  the  part  being  inspected  would  be  en- 
larged to  such  an  extent  as  to  make  it  difficult  to  follow  readily 
the  general  outline;  moreover,  the  constantly  changing  focus 
due  to  pronounced  irregularities  would  interfere,  so  that  a  rela- 
tively low  magniiication  is  desirable  for  the  rougher  classes  of 
work,  and  a  more  powerful  objective  for  exceedingly  fine  work. 
Before  using  the  contour-  and  radius-measuring  instrument, 
a  glass  scale  having  graduation  lines  spaced  0.001  inch  apart  is 
placed  on  the  surface  plate  and  the  micro- 
scope is  focussed  onto  it.    The  microscope  is 
fitted    with    an    adjustable    eye-piece    (not 
shown  in  the  illustration)  and  the  hair  line 
Is  traversed  from  one  of  the  graduations  on 
the  glass  scale  to  the  next  one.  and  the  read- 
lir;  of  the  graduated  dial  of  the  adjustable 
cvf-piocc    Is   notod.     If   this   Is   a   fractional 
ri'Mdlng,    the    microscope    Is    adjusted    vertl- 
1  :i[ly   and    focu.saod   again;    another   reading 
is   then   taken,  and   If  It   Is  necessary  other 
i-'iidjuHtniontK    are    made,    until    a    move- 
niciil  of  the  hair  lino  from  one  grnduntlon 
linn  to  tlio  next  one  glvoa  a  rending  on  Iho 
1  ye  piece  dliil  ciiuiil  to  an  oven  or  wliolo  nutu- 
Imt  iif  (IIvIhIoiih.     'Pile  dial  then  gives  direct 
ri'iidlngH  anil  may  readily  he  uhivI  for  nieaa- 
urliiK  errors  In  gagow  or  other  piirta  tnider 
iil)Herviitlon. 

Thn  work  to  be  inaportud  la  placed  on  the 
Hiirfaoo  plalo  which  forms  Iho  bnao  of  the 
liiHtruinent    and    la    located,    In    aonio    eaaea. 
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with  reference  to  the  straightedge  F.  For  instance,  it  may  be 
necessary  to  have  a  straight  section  of  a  contour  gage  parallel 
with  this  straightedge.  The  work  can  easily  be  set  in  this 
parallel  position  by  simply  adjusting  it  until  the  intersection 
of  the  hair  lines  follows  the  straight  section  when  slide  E  is 
traversed  laterally.  If  a  contour  gage  or  templet  is  being 
measured,  the  distance  between  parallel  edges  or  surfaces  lying 
in  different  planes  is,  as  a  rule,  measured  by  moving  the  slide 
upon  which  the  microscope  is  directly  mounted  and  also  by 
adjusting  the  main  slide  E,  as  may  be  required.  As  previously 
mentioned,  the  extent  of  these  movements  may  be  determined 
accurately  either  by  vernier  scales  or  the  Johansson  gage- 
blocks.  For  instance,  in  testing  the  accuracy  of  the  profile 
gage  shown  diagrammatically  in  Fig.  4,  the  measurements  indi- 
cated by  the  letters  a.  6,  c,  etc.,  would  be  taken  first,  since  they 
represent  distances  between  important  surfaces  and  intersect- 
ing points.  It  might  be  necessary  also  to  check  angle  x.  This 
could  be  done  readily  by  the  method  shown  on  an  enlarged 
scale  at  the  lower  part  of  the  illustration.  The  hair  lines  are 
first  set  to  coincide  with  the  angular  edge  as  at  A,  and  then 
the  microscope  is  adjusted  to  some  position  B.  An  adjustment 
at  right  angles  is  next  made,  the  movement  y  in  this  direction 
equalling  dimension  s  times  the  tangent  of  the  required  angle. 
When  measuring  the  radius  of  an  arc  or  circular  edge,  the 
pivots  of  the  cross-arm  B,  Fig.  2,  which  carries  the  micro- 
scope are  set  in  the  zero  position  or  in  line  with  the  fixed 
pivots    S.      The    intersecting 
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point  of  the  hair  lines  is  then 
set  in  line  with  the  center  of 
the  arc,  this  center  being  lo- 
cated by  adjusting  the  micro- 
scope longitudinally  and  later- 
ally with  reference  to  locat- 
ing points  on  the  work  and 
according  to  dimensions  on 
the  gage  drawing.  After  the 
microscope  has  been  set  in 
this  way,  the  cross-arm  pivots 
are  adjusted  to  the  required 
radius  by  inserting  Johansson 
blocks  in  the  holders  C:  then, 
as  the  holders  swing  about 
pivots  S,  the  intersecting 
point  of  the  hair  line  should 
follow  the  circular  edge  of  the 
gage.  This  test  not  only  shows 
an  error  in  the  radius,  but  also  an  error  in  the  location  of  the 
circular  edge.  The  amount  of  error  may  be  measured  by  the 
graduated  dial  of  the  adjustable  eyepiece  previously  referred 
to.  If  the  angle  included  by  the  arc  is  required,  it  is  simply 
necessary  to  note  the  reading  on  dial  0  as  the  cross-arm  tra- 
verses from  the  beginning  of  the  arc  to  the  point  of  tangency 
or  to  the  end  of  the  circular  section. 


Fig.  3.    Microscope  and  its  Carriage  set  in  90-degree  Position 


Fig.  6.    Two  Methods  of  measuring  Rifle  Bullets 

When  this  instrument  is  to  be  used  tor  measuring  parts 
of  circular  cross-section  (such,  for  example,  as  rifle  bullets) 
the  microscope  is  first  focussed  on  the  point  of  tangency  or 
with  reference  to  a  horizontal  plane  intersecting  the  center 
of  the  object  to  be  inspected.  As  it  would  be  diificult  to  focus 
on  the  point  of  tangency  or  on  the  side  of  a  cylindrical  part, 
the  proper  focus  is  obtained  by  placing  on  the  surface  plate 
Johansson  blocks  having  a  total  height  equal  to  one-half  the 
diameter  of  the  part  to  be 
tested.  The  microscope  is 
then  focussed  on  the  surface 
of  the  upper  block.  Fig.  5 
illustrates  two  methods  of 
measuring  the  contours  of 
rifle  bullets.  The  method 
shown  at  A  consists  in  meas- 
uring from  the  base  of  the 
bullet  to  the  point  of  tan- 
gency, then  measuring  the 
radius  of  the  arc  after  locat- 
ing the  microscope  directly 
over  the  center  of  the  arc,  and 
adjusting  the  cross-arm  pivots 
the  required  amount.  The 
dotted  lines  indicate  how 
errors  either  in  radius  or  in 
the  proportions  of  the  bullet 
may  be  detected.  What  might 
be  defined  as  the  "step  method"  is  illustrated  at  B.  After  meas- 
uring from  the  base  to  the  point  of  tangency,  the  contour  is 
checked  by  a  series  of  lateral  and  longitudinal  movements  as 
the  illustration  shows.  The  universal  adjustment  of  this  in- 
strument makes  it  possible  to  test  the  accuracy  of  practically 
any  profile  for  comparing  it  either  with  a  master  gage  or  with 
prescribed  dimensions.  F.  D.  J. 


According  to  figures  collected  by  John  Lind,  assistant  secre- 
tary of  the  National  Lumber  Manufacturers'  Association,  one 
large  automobile  concern,  in  1913,  lost  $2,500,000  In  hiring, 
temporarily  training,  and  then  losing  or  dismissing  52,445  men 
in  order  to  keep  a  constant  working  force  of  13,000  men.  This 
may  be  an  extreme  condition,  but  it  indicates  the  cost  of 
changing  men  and  shows  that  it  pays  to  keep  a  steady  perma- 
nent body  of  labor.  This  large  labor  turnover  has  now  been 
greatly  reduced  by  this  firm.  A  Pittsburg  corporation  with  a 
permanent  force  of  16,000  men  had  a  labor  turnover,  in  1916. 
of  187  per  rent.  Experts  estimate  that  it  costs  from  $40  to 
$150  to  hire  and  train  a  new  workman:  hence  this  amount  Is 
lost  if  ho  is  dismissed  or  becomes  dissatisfied  and  leaves  o( 
his  own  accord. 

*     •     • 

Figures  published  by  the  Bureau  of  Labor  Statistics  Indi- 
cate that  there  Is  an  Increase  of  1,426,000  in  the  number  of 
women  employed  in  the  United  Slntos  in  1917  over  the  number 
employed  in  1914.  Women  have  rephuod  l,4i;!,000  men  since 
1914;  530,000  more  women  are  now  in  the  industries  than  in 
1914,  and  214,000  additional  women  are  In  government  service. 
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IMPROVED   METHOD    FOR   FINDING    CON- 
TENTS OF  CYLINDRICAL  TANKS 

BY   CARLO  M.  EYSTBR  1 

Ou  page  644  of  the  March  number  of  Machinery,  the  writer 
described  a  graphic  method  of  finding  the  contents  of  cylindri- 
cal tanks,  but  that  method  has  since  been  displaced  by  two 
improved  charts.  The  problem,  as  explained  in  the  previous 
article,  is  to  determine  the  height  of  various  quantities  of 
liquid  in  a  cylindrical  tank,  placed  as  shown  in  Fig.  1.  The 
heights  thus  obtained  are  used  for  graduating  wooden  gage 
sticks  that  measure,  roughly,  the  contents  of  cylindrical  oil 
and  gasoline  tanks;  the  graduations  read  in  even  number  of 
gallons.  These  sticks  are  divided  into  from  twenty  to  one 
hundred  parts,  depending  on  the  tank  size. 

The  first  of  the  improved  charts,  Fig.  2,  is  the  original  curve 
with  the  addition  of  a  series  of  percentage  curves.  The  single 
curve  in  the  right-hand  part  of  the  diagram  is  constructed  on 
the  principle  that  there  is  a  constant  relation  between  the 
quantity  of  liquid  in  any  tank  and  the  height  to  which  this 
quantity  will  reach.  In  other  words,  the  per  cent  of  total 
capacity  and  the  per  cent  of  diameter  are  in  a  constant  ratio 
at  any  point  in  all  tanks.  This  is  the  curve  shown  in  the 
March  number  and  is  explained  in  detail  there.  The  per- 
centage curves  in  the  left-hand  part  of  Fig.  2  eliminate  any 
multiplying  in  changing  from  per  cent  of  diameter  to  height. 
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Fig.  1.    Use  of  Gage  Stick  in  Cylindrical  Tank 

in  inches,  and  are  based  on  the  fact  that  a  percentage  curve 
is  a  straight  lino.  Percentage  curves  could  also  be  constructed 
with  the  percentage  of  the  total  capacity  as  one  coordinate; 
the  latter  curves,  however,  would  lie  below  the  main  original 
curve  in  the  same  manner  as  the  percentage  curves  shown  lie 
to  the  left.  Then,  given  a  tank  of  a  certain  capacity  and 
diameter  to  compute  the  height  to  which  a  given  quantity  will 
reach,  all  values  can  be  read  off  directly  in  gallons  and  inches. 

The  second  chart,  shown  in  Fig.  3,  is  simpler  and  more  accu- 
rate than  the  first.  The  abscissa  Is  the  percentage  of  the  total 
capacity,  as  before,  but  Instead  of  each  per  cent  being  equal 
In  length,  as  In  the  previous  curves,  the  spaces  are  laid  off 
as  they  will  appear  on  a  gage  stick.  The  divisions  decrease 
In  length  as  they  approach  the  center  and  Increase  after  pass- 
ing It;  their  lungth  can  be  computed  from  the  tables  given 
In  any  handbook  for  the  areas  of  segments  of  a  circle. 

The  original  chart  of  F'ig.  3  was  constructed  by  asHuming  a 
tank  100  Inches  In  diameter  and  100  gallons  capacity  In  order 
to  change  readily  from  units  to  per  cents.  Values  were  com- 
puted for  the  height,  In  Inches,  to  which  ea<,h  additional  gallon 
of  liquid  would  reach.  Each  of  these  quantities  was  then  con- 
Bldcred  a  percentage  of  the  total  capacity,  and  laid  off  a  dis- 
tance, from  llio  left,  on  the  horizontal  base  lino  ciiual  to  the 
height.  In  Inches,  Just  computed.  The  spaces  on  the  horizontal 
base  line,  or  abgcliina,  as  they  arc  constructed,  are  the  dlvlsioHB 
of  the  diameter  to  which  the  variouH  percenlagos  of  the  total 
capacity  will  extend.  Since  th<;HO  divlHlonH,  although  Inbf.'lod 
percontagCM  of  capacity  for  convenience  In  applying  the  chart, 
are  In  reality  the  percontagoH  of  the  diamotor,  straight  oblique 
line*  can  Ix;  rormlrurtod  bm  Hhown,  and  thOHO  an-  the  working 
curveH.  Tho  figures  at  t)i<;  right  of  Fig.  3  ruprcucnl  thu  diam- 
eter of  tho  tank  and  the  gruduationB  to  bo  uaod  on  the  gage 
stick.  In  tnchea. 
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Fig.   2.     Chart  for  graduating  Gage   Sticks 

It  will  be  perceived  that  per  cent  curves  can  be  constructed 
in  Fig.  3  also,  so  that  quantities  expressed  in  gallons  can  be 
read  off  directly  without  having  to  deal  with  the  percentage  of 
the  capacity.  The  reason  that  this  is  not  done  in  the  case 
illustrated  is  that  the  diameters  and  lengths  of  tanks  are  all 
in  even  inches,  so  that  the  capacities  of  the  tanks  vary  some- 
what from  the  nominal  rating.  Thus,  a  tank  specified  as  a 
1000-gallon  tank  may  contain  1018  gallons,  since  the  volume 
is  a  function  of  both  length  and  diameter.  There  would  thus 
be  an  endless  number  of  total  capacity  lines,  whereas  the  diam- 
eters are  all  covered  by  perhaps  ten  curves,  because  standard- 
size  heads  are  used. 

Example — Suppose  that  it  is  desired  to  lay  out  a  gage  stick 
for  a  tank  50  inches  in  diameter  and  100  inches  long,  with  a 
total  capacity  of  850  gallons,  the  gage  to  be  graduated  in  units 
of  20  gallons.  To  determine,  for  instance,  to  what  height  in 
the  tank  the  first  600  gallons  will  reach,  divide  GOO  by  850; 
this  shows  it  to  be  70.5  per  cent  of  the  total  capacity.  Drawing 
a  line  from  this  point  on  the  base  line  until  it  Intersects  the 
straight  oblique  curve  for  a  50-inch  diameter  tank,  and  then 
drawing  a  line  at  right  angles  to  the  value  for  height  In  tank, 
in  inches,  will  give  33.18  inches  as  the  length  on  the  gage  stick 
at  which  600  gallons  will  be  indicated.  Each  value  can  be 
quickly  determined  in  this  manner. 

The  figures  given,  in  inches,  in  both  curves  can  be  con- 
sidered either  diameters  of  the  tank  or  heights  of  the  liquid. 
The  double  row  of  figures  illustrates  what  can  be  done  in 
order  to  obtain  more  accurate  readings,  since  the  smaller 
values,  running  from  0  to  25  Inches,  will  give  closer  results 
than  those  from  0  to  100  inches,  and  should  be  used  for  tanks 
less  than  25  inches  in  diameter.  The  oblique  percentage  curves 
should  never  be  more  than  60  degrees  nor  less  than  30  degrees 
from  the  horizontal  for  the  sake  of  accuracy.  Both  of  these 
curves  are  so  broad  as  to  be  applicable  to  any  depth  in  any 
tank  of  any  diameter  and  length. 
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CONSERVING   MECHANICAL   ABILITY 

BY    A.    H.    J. 

The  time  is  ripe  for  mechanical  men  in  this  country  to  get 
together  and  in  some  way  draw  the  attention  of  the  Govern- 
ment to  the  urgent  necessity  of  exempting  from  active  service 
the  machine  and  tool  designers,  toolmakers,  and  gage-makers, 
who  are  proving  more  and  more  every  day  that  it  is  part  of 
their  job  to  win  this  war.  The  proposition  can  be  taken  up  in 
much  the  same  way  as  the  medical  profession  obtained  its 
exemptions,  for  the  mechanical  men  of  the  country  are  just 
as  valuable  in  their  line  as  the  medical  men  are  in  theirs. 
Furthermore,  if  mechanical  ingenuity  and  thought  had  not 
been  applied  to  the  medical  profession  it  would  not  be  in  as 
advanced  a  stage  as  it  is.  No  surgeon  would  attempt  a  capital 
operation  with  instruments  of  crude  manufacture;  neither 
could  he  use  the  X-ray,  pulsometer,  testing  microscope,  or  any 
of  his  other  instruments  if  it  had  not  been  for  the  toolmaker 
or  designer  whose  ingenuity  made  it  possible  for  these  instru- 
ments to  be  manufactured  in  such  a  high  state  of  perfection. 
There  is  little  doubt  that  of  the  millions  of  articles  manufac- 
tured today  in  this  country,  99  per  cent  were  invented  or 
improved  bj'  mechanical  men. 

If  this  is  true,  which  can  easily  be  determined  by  an  inves- 
tigation, why  is  it  that  the  Government  should  take  such  con- 
structive men  away  from  their  work  which  has  required  years 
to  learn  and  make  destructive,  non-producing  men  out  of 
them?  Is  it  of  advantage  to  this  country  to  reduce  the  high 
production  and  high  standard  of  quality  for  which  we  are 
known  throughout  the  world?  For  that  is  what  we  are  doing 
when  we  draft  into  the  army  men  trained  to  keep  this  produc- 
tion  and   quality   at   its  present   level. 

It  has  been  stated  that  in  the  first  5  per  cent  of  the  draft 
they  received  at  Camp  Upton  twenty-five  designers,  six  me- 
chanical engineers  and  twenty-five  or  thirty  mechanics,  such 
as  toolmakers,  gage-makers,  machinists,  etc.  If  each  mechani- 
cal engineer  is  a  graduate  from  a  college  having  a  four-year 
course,  but  without  the  practical  experience,  for  the  six  men 
this  will  mean  twenty-four  years  of  preparation.  In  order  to 
be  a  designer,  a  knowledge  of  machine  shop  practice  is  essen- 
tial. Assuming  that  the  designer  serves  an  apprenticeship 
of  four  years,  and  in  addition  has  from  six  to  twelve  months' 
training  in  mechanical  drawing  and  from  two  to  three  years  on 
detail  work,  according  to  ability,  the  preparation  of  a  designer 
requires  about  six  to  eight  years;  to  be  conservative,  say  five 
years.  For  the  twenty-five  designers  this  means  125  years 
of  preparation.  Machinists  serve  a  four-year  apprenticeship; 
toolmakers,  who  are  graduate  machinists,  five  to  six  years; 
gage-makers,  five  to  seven  years.  As  a  result,  considering  five 
years  as  the  average  instruction  period  required  by  the  me- 
chanic, the  time  spent  by  these  men  preparing  for  their 
work  is: 

25  mechanics  125  years 

25  designers    125  years 

6  mechanical  engineers 24  years 

Total     274  years 

This  does  not  mean  a  staff  of  "dyed-in-the-wool"  practical, 
experienced  men,  but  men  who  will,  after  the  war  is  over, 
help  in  the  reconstruction  period. 

Under  present  methods  of  warfare  in  Europe  it  would  appear 
that  we  might  be  able  to  use  about  two  out  of  every  four  or 
five  men  If  they  all  came  back;  but,  assuming  that  we  lose 
two  out  of  five  men,  one  being  killed  in  battle  and  one  maimed, 
the  loss  is: 

2  mechanical   engineers 8  years 

10  designers    50  years 

10  mechanics    50  years 

Total    108  years 

In  other  words,  108  years  of  mechanical  skill  Is  lost.  Can 
you  Imagine  what  a  staff  of  men  like  this  In  any  plant  in  the 
country  could  do  to  produce  articles  that  are  urgently  needed? 
The  same  men,  working  under  an  experienced  engineer,  could 
do  more  effective  work  in  a  ten-hour  day  at  a  plant  on  govern- 


ment work  than  they  could  do  in  a  month  in  the  trenches. 
These  figures  do  not  include  men  who  have  had  ten,  twelve,  or 
fifteen  years  practical  experience,  and  there  are  some  men  at 
Yaphank  who  have  had  a  number  of  years  of  experience  in  this 
line  of  work. 

It  is  not  the  writer's  intention  to  give  the  impression  to 
men  outside  of  the  mechanical  field  that  all  mechanical  men 
should  be  exempted.  It  is  strongly  urged  that  the  Government 
mobilize  all  these  producing  men  in  a  great  army  and  send 
them  throughout  the  country  to  plants  where  they  will  be 
able  to  do  their  best  in  speeding  up  the  manufacture  of  the 
thousand  and  one  articles  necessary  to  the  successful  prosecu- 
tion of  the  war;  and  when  the  reconstruction  period  comes, 
they  will  be  in  a  position  that  will  require  no  readjustment 
France  and  England  realize  the  great  mistake  they  made  in 
letting  their  mechanical  men  go  to  the  front,  and  have  had 
to  come  to  this  country  for  their  supplies.  If  we  make  this 
same  mistake,  there  is  no  source  to  which  we  can  turn,  and 
so  will  have  to  take  the  consequences. 

There  are  at  present,  to  the  writer's  knowledge,  about  a 
dozen  concerns  around  New  York  that  are  doing  government 
work,  but  have  only  half  enough  men  to  get  out  the  work, 
because  of  the  scarcity  of  men.  One  firm  in  July,  1917,  inserted 
advertisements  for  draftsmen  in  two  New  York  papers  for  one 
week  and  only  received  twelve  replies.  Out  of  these  twelve, 
about  five  applicants  appeared  promising,  so  letters  were  sent 
to  these  asking  each  to  call.  Four  of  the  men  called.  One 
did  not  think  he  was  able  to  handle  the  job,  one  man  was 
capable,  and  the  other  two  men  were  not  experienced  in  that 
branch,  but  were  willing  to  learn.  So  the  result  of  one  week's 
advertising  was  one  capable  man  and  two  green  hands.  This 
firm  pays  its  men  well  and  the  men  in  charge  have  good  repu- 
tations in  handling  men,  yet  it  is  unable  to  obtain  enough 
men.  If  this  is  true  concerning  conditions  a  short  time  ago, 
what  will  it  be  a  little  later? 


PULVERIZED   COAL  AS   A   PUELi 

Owing  to  the  fuel  famine,  the  use  of  pulverized  coal  as  a  fuel 
is  now  being  carefully  studied.  Practically  any  coal  can  be 
burned  in  the  pulverized  form  with  a  proper  furnace  and  burn- 
ing equipment,  but  each  application  must  be  governed  by  the 
quality  of  the  fuel  available.  Generally  speaking,  however, 
the  coals  that  will  give  the  most  satisfactory  results  are  those 
having  an  ash  content  of  less  than  10  per  cent,  volatile  content 
between  30  and  40  per  cent,  and  a  fixed  carbon  content  between 
40  and  50  per  cent.  The  sulphur  content  should  be  low,  al- 
though coal  with  a  sulphur  content  as  high  as  iVi  or  5  per 
cent  has  been  satisfactorily  burned.  In  the  pulverized  forms, 
many  coals  that  are  now  thought  unsuitable  will  be  made  avail- 
able for  use,  especially  the  various  grades  of  lignites  and  low- 
grade  coals  of  the  Northwest. 

The  value  of  this  form  of  fuel  has  been  recognized  by  the 
steel  industry  which  today  is  using  about  two  million  tons  an- 
nually, in  its  open-hearth,  heating,  puddling,  annealing,  and 
forging  furnaces,  and  soaking  pits;  between  thirty  and  forty 
million  tons  have  been  used  in  the  manufacture  of  Portland 
cement;  for  the  desulphurizing  and  roasting  of  various  grades 
of  ores  and  the  nodulizing  of  flue  dust,  one  installation  alone 
requires  120  tons  a  day;  and  one  of  the  many  electrical  power 
plants  that  use  this  fuel  burns  over  100.000  tons  annually.  Pul- 
verized coal  is  also  successfully  used  in  burning  lime  in  ro- 
tary kilns  for  making  oxide  of  lime  for  use  in  the  op§n-hearth 
furnaces  and  also  for  burning  dolomite  to  replace  magnesite 
used  for  furnace  linings.  This  fuel  is  so  abundant  that  in  the 
anthracite  field  alone  from  eight  to  ten  million  tons  are  annu- 
ally pumped  back  Into  the  mines  to  fill  up  old  workings,  and 
around  steel  plants  there  are  large  quantities  of  waste  in  the 
form  of  coke  breeze.  Tests  made  with  one  furnace  of  tlie  Cal- 
umet Steel  Co.  showed  a  saving  of  $6019  In  one  year.  With 
coal  at  $2.65  per  net  ton  and  oil  at  3  cents  a  gallon,  a  dally 
saving  In  fuel  of  49  per  cent  was  made.  In  addition,  at  least 
2  per  cent  less  scale  was  formed. 
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Ingenious 
Mechanical  Movements 


By  PrankJin  D.  Jones ' 


Second  Installment  oj  an  Article  on  Mechanisms  for  Transmitting,  Modifying,  and 
Controlling  Motion  to  Secure  Changes  of  Velocity,  Direction,  and  Time  oj  Action^ 


THE  design  of  a  mechanism  for  changing  rotary  motion  to 
rectilinear  or  straight-line  motion,  or  vice  versa,  may  de- 
pend upon  the  kind  of  motion  required,  the  amount  of 
power  to  be  transmitted,  or  other  considerations.  The  crank 
and  connecting-rod  is  not  suitable  for  some  classes  of  ma- 
chinery, either  because  of  the  irregular  motion  imparted  to 
the  driven  slide  or  cross-head  by  a  revolving  crank,  or  because 
such  an  arrangement  would  require  too  much  space  in  case  a 
long  stroke  or  traversing  movement  were  necessary  for  the 
driven  member.  Some  of  the  most  ingenious  mechanisms  for 
converting  rotary  motion  into  rectilinear  motion  are  found  on 
printing  presses  of  the  flat-bed  or  cylinder  type.  When  presses 
of  this  general  class  are  in  operation,  the  sheets  to  be  printed 
are  carried  around  by  a  revolving  cylinder  so  that  contact  is 
made  with  a  flat  form  on  the  press  bed,  which  moves  horizon- 
tally beneath  the  cylinder.  This  cylinder  makes  one  revolu- 
tion during  the  printing  stroke  and  a  second  revolution  while 
the  press  bed  is  being  returned.  The  rotation  of  the  cylinder 
is  continuous  in  one  direction,  and  it  is  imperative  that  the 
cylinder  and  press  bed  move  exactly  in  unison.  The  circum- 
ferential velocity  of  the  cylinder  should  equal  the  linear 
Telocity  of  the  bed,  because  any  relative  motion  would  cause 
slurring  on  the  printed  sheets  and  it  would  be  impossible  to 
obtain  sharp,  clean-cut  impressions.  As  the  cylinder  revolves 
at  a  uniform  speed,  obviously  the  mechanism  for  driving  the 
bed  must  be  designed  to  give  a  uniform  motion  while  the  im- 
pression Is  being  made.  Several  press-bed  motions  are  pro- 
vided with  a  driving  gear  which  rotates  continuously  in  one 
direction  and  is  located  between  parallel  racks,  and  so  ar- 
ranged that  It  can  be  engaged  with  flrst  one  rack  and  then 
the  other,  in  order  to  reverse  the  motion  of  the  bed  to  which 
the  racks  arc  attached.  With  mechanisms  of  this  class,  one 
rack  Is  flrst  traversed  past 
the  gear;  when  the  gear 
and  rack  are  entirely  dls- 
engagcil,  the  gear  la  shift- 
ed axlally  far  enough  to 
align  It  with  the  other 
rack.  While  thin  shifting 
movement  lakes  place,  the 
motion  of  the  bod  Is  ar- 
rested, and  It  Is  reversed 
by  some  auxiliary  mitch- 
anism  which  moves  It  for 
enouKh  to  bring  the  otb<.-r 
rack  Into  cnKaKcmont  with 
the  drivlDK  Roar.  Press- 
bed  motions  of  this  gen- 
eral type  differ  principally 
•a  roKnrds  the  method  of 
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moving  the  press  bed  at  the  ends  of  the  stroke,  at  the  time 
when  the  driving  gear  and  rack  are  disengaged. 

Crank  Type  of  Reversal  tor  Press-bed  Motion 

A  mechanism  of  the  double-rack  and  shifting-gear  type,  such 
as  is  applied  to  the  Miehle  flat-bed  or  cylinder  presses,  is  shown 
diagrammatically  in  Fig.  IG.  In  order  to  time  the  motion  of 
the  cylinder  and  bed  properly,  the  cylinder  is  connected  by 
gearing  and  suitable  shafts  with  gear  A,  which  transmits  mo- 
tion to  the  bed;  therefore,  the  press-bed  motion  must  be  de- 
signed to  reverse  the  movement  of  the  bed  without  reversing 
the  motion  of  gear  A,  since  this  gear  rotates  in  unison  with 
the  cylinder  or  continuously  in  one  direction. 

This  driving  gear  A  is  mounted  between  parallel  racks  B 
and  C,  both  of  which  are  attached  to  and  travel  with  the  bed. 
The  distance  between  the  pitch  lines  of  these  racks  corre- 
sponds to  the  pitch  diameter  of  the  driving  gear  A.  The  racks 
are  not  directly  in  line,  but  are  offset  as  shown  by  the  end 
view,  so  that,  when  the  gear  is  in  mesh  with  one  rack,  it  will 
clear  the  other.  The  lateral  movement  of  gear  A  for  aligning 
it  alternately  with  racks  B  and  C  is  derived  from  cam  B,  which 
transmits  motion  by  means  of  a  lever  and  yoke  engaging  the 
gear  hub. 

When  the  press  is  in  operation,  the  bed  is  moved  in  one 
direction  by  the  engagement  of  gear  A  with  rack  B,  and  in  the 
opposite  direction  by  gear  A  meshing  with  rack  C.  If  gear  A 
is  revolving  in  a  clockwise  direction  while  in  mesh  with  rack 
C,  the  latter  and  the  press  bed  (the  motion  of  which  is  con- 
strained by  guides)  will  move  toward  the  left.  When  the  press 
is  in  motion,  this  movement  toward  the  left  continues  until  the 
rack  is  entirely  out  of  mesh  with  gear  A;  just  before  the  dis- 
engagement of  gear  A  and   rack   C,  the  crankpin  E,   which 

is  provided  with  rollers, 
comes  around  and  enters 
between  the  parallel  faces 
of  a  fixed  reversing  shoe  F 
and  a  swinging  or  movable 
reversing  shoe  G.  The  flxed 
.shoo  is  rigidly  attached  to 
llio  press  bod  and  rack 
frame,  whereas  the  mova- 
hlo  shoo  Is  pivoted  and 
is  free  to  swivel.  This 
."iwliiginK  rovorslng  shoe 
has  n  pin  on  its  lower  side 
(not  shown)  which  on- 
gagos  a  slot  or  cam  that 
controls  Its  swinging  move- 
nicnts.  Ah  nmn\  as  nuk  C 
li.iH  moved  fur  ono\iKh  to 
I  ho  loft  fi>r  Hhoo  il  to  dour 
the  rraiikpin,  the  cam 
HwiiigH  tliii  Hiino  Inwaril  ho 
tliiil  crankpin  /■,'  In  cDiilliiod 


June,  1918 


MACHINERY 


903 


temporarily  between  the  faces  of  shoes  G  and  F,  which  form 
a  vertical  guide  or  slot.  As  the  crankpin  passes  its  lowest 
position  and  begins  to  move  upward,  the  roller  on  it  bears 
against  the  face  of  G  and  picks  up  the  load  as  gear  A  moves 
out  of  mesh  with  rack  C. 

When  crankpin  E  assumes  the  position  shown  in  the  illus- 
tration, the  motion  of  the  press  bed  is  reversed,  because  a 
roller  on  the  crankpin  then  engages  the  face  of  shoe  F,  thus 
moving  the  driven  member  toward  the  right.  The  motion  con- 
tinues to  be  derived  from  the  crank  independently  of  the  dis- 
engaged gear  and  rack,  until  the  crankpin  has  passed  the  top 
quarter  or  highest  position;  then  gear  A  enters  the  upper  rack 
B  and  the  motion  is  transmitted  entirely  through  the  gear  and 
rack  until  the  crank  again  comes  into  action  at  the  opposite 
end  of  the  stroke.  At  this  end,  the  crankpin  is  again  confined 
between  a  swinging  shoe  E  and  a  fixed  shoe  J.  After  rack  B 
has  moved  out  of  engagement  with  gear  A,  crankpin  E,  which 
is  now  in  its  highest  position,  comes  into  contact  with  shoe  H 
and  continues  the  movement  toward  the  right  while  making 
a  quarter  turn,  and  then  reverses  the  motion  as  it  swings  down- 


however,  is  entirely  different  from  that  shown  in  Fig.  16,  aa 
reciprocating  pinions  are  used  to  pick  up  the  load  and  reverse 
the  motion.  The  uniform  motion  of  the  bed  is  derived  from 
pinion  A,  which  is  constantly  in  mesh  with  gear  D  carried  on 
the  main  driving  shaft.  Pinion  A  is  located  between  parallel 
racks  B  and  C  which  are  attached  to  the  press  bed.  These 
racks  are  offset,  as  in  the  design  shown  in  Fig.  16,  so  that  the 
pinion  will  clear  one  rack  while  in  engagement  with  the  other. 
The  shifting  of  the  pinion  is  controlled  by  cam  E,  which  trans- 
mits motion  to  the  pinion  by  means  of  lever  F.  The  pinions 
for  reversing  the  motion  of  the  bed  are  located  at  G  and  H. 
The  shafts  upon  which  these  pinions  are  mounted  are  con- 
nected to  a  heavy  yoke  J,  which  has  a  vertical  slot  or  groove 
in  which  a  swiveling  block  attached  to  the  crank  K  operates. 
This  crank  is  rotated  by  the  main  driving  shaft,  and  trans- 
mits to  yoke  J  and  pinions  G  and  H  a  rectilinear  motion  equal 
to  the  throw  of  the  crank.  This  is  a  harmonic  motion,  as 
yoke  J  and  the  sliding  crank-block  operate  on  the  same  prin- 
ciple as  the  well-known  Scotch  yoke.  The  outer  ends  of  yoke  J 
are  supported  by  horizontal  guides,  and  the  pinions  G  and  H 
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Fit.    17.     Double-rack  and  Shifting-gear  Mecbaniim   for  Press    Bed  having  Seciprocating  Pinions  for  controlling  Motion  at  Ends  of  Stroke 


ward  against  the  face  of  shoe  J.  While  crankpin  E  is  con- 
trolling the  motion  and  gear  A  is  entirely  out  of  mesh,  this 
gear  is  shifted  by  cam  D  out  of  line  with  the  rack  B  which 
It  Just  left,  and  into  line  with  rack  C. 

An  ingenious  feature  of  this  mechanism  lies  in  the  provision 
of  two  rollers  for  crankpin  /■;  and  the  location  of  the  fixed  and 
swinging  shoes  in  different  vertical  planes.  With  this  arrange- 
ment, eaoh  roller  Is  free  to  revolve  in  opposite  directions  as 
the  crankpin  moves  along  the  vertical  faces  of  the  shoes.  The 
momentum  of  the  bed  Is  gradually  checked  at  the  points  of 
reversal,  by  air  cushions  or  air  springs.  A  plunger  enters  a 
cylinder  at  each  end  of  the  stroke  and  air  is  compressed  to 
arrest  the  movement;  as  the  air  expands,  It  assists  In  accelerat- 
ing the  motion  of  the  heavy  bed.  Provision  Is  made  for  regu- 
lating the  air  cushion  or  pressure  according  to  the  speed  of 
the  prcBs.  The  air  cu.shlon  is  a  feature  common  to  flat-bed  or 
cylln3er  presses  In  general. 

Reversal  of  Motion  by  Reclprocivtlntf  Plntona 

The  meohanlHm  Illustrated  In  Fig.  17  Is  similar,  In  some  re- 
spects, to  the  press  bed  motion  Just  described,  In  that  the 
parallel-rack  and  shlftlng-gear  construction  Is  employed.  The 
method  of  operating  the  press  bed  at  the  ends  of  the  stroke, 


are  constantly  in  mesh  with  short  racks  M  and  L,  along  which 
the  pinions  roll  as  the  crank  moves  them  to  and  fro. 

The  action  of  the  mechanism  will  be  apparent  by  consider- 
ing the  various  movements  that  occur  during  a  forward  and 
return  stroke.  The  side  view  of  the  assembled  mechanism 
shows  the  press  bed  in  the  position  where  the  driving  pinion  A 
has  Just  come  into  engagement  with  the  lower  rack  C  As  this 
pinion  rotates  in  a  clockwise  direction,  the  bed  will  be  driven 
to  the  loft  with  a  uniform  motion.  The  relative  positions  of 
pinion  .1  and  racks  B  and  V  are  clearly  shown  by  the  end  view. 
When  the  bed  has  moved  so  far  to  the  left  that  pinion  A  Is 
about  to  roll  out  of  mesh  at  the  right-hand  end  of  rack  C, 
pinion  0,  which,  meanwhile,  has  been  moving  along  Its  rack  il, 
comes  Into  engagement  with  another  short  rack  P  (see  also 
end  view)  attached  to  the  bed.  To  Insure  the  proper  engage- 
ment of  plni(m  0  with  rack  P,  the  action  of  crank  K  is  so 
timed  relative  to  the  motion  of  the  bed  that  pinion  O  Is  roll- 
ing to  the  left  when  rack  P,  which  Is  also  moving  to  the  left, 
comes  Into  engagement  with  It.  As  pinion  A  leaves  rack  C, 
pinion  G,  which  Is  thon  In  mesh  with  P.  continues  the  move- 
ment ot  the  bed  toward  the  left  until  cronk  K  Is  In  the  posi- 
tion shown  by  the  diagram  In  the  lower  left-hand  corner  of 
the   Illustration,   which    represents   the   end   ot   the   printing 
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Fig.  18.     Napier  Motion  for  Flat-bed  Printing  Press 

Stroke.  Further  rotation  of  crank  K  in  the  direction  indicated 
by  the  arrow  causes  a  reversal  of  the  rolling  motion  of  pinion  O 
and  starts  the  press  bed  toward  the  right,  motion  being  trans- 
mitted from  G  to  rack  P.  "While  this  reversal  of  movement  is 
taking  place,  pinion  A  is  being  shifted  by  cam  E  into  align- 
ment with  the  upper  rack  B. 

When  crank  K  has  moved  a  quarter  revolution  from  the 
position  it  occupies  at  the  extreme  end  of  the  stroke,  pinion  A 
comes  into  mesh  with  the 
upper  rack  B  and  the  short 
rack  P  leaves  pinion  G. 
The  view  at  the  lower 
right-hand  corner  shows 
pinion  A  about  to  enter 
rack  B,  and  pinion  G 
leaving  rack  P.  As  the 
rectilinear  motion  of  yoke 
J  is  harmonic,  the  move- 
ment of  the  bed  is  uni- 
formly retarded  as  it  ap- 
proaches the  point  of  re- 
versal and  is  then  ac- 
celerated until  pinion  A 
engages  its  rack,  when  the  motion  is  uniform.  When  pinion  A 
enters  at  the  end  of  either  rack,  the  velocity  of  the  movement 
derived  from  crank  K  and  the  reciprocating  pinion  corresponds 
to  the  velocity  obtained  from  the  driving  pinion  A,  so  that 
there  is  no  abrupt  change  of  motion  as  the  load  is  being  trans- 
ferred from  the  reversing  pinion  to  the  driving  pinion  A.  As 
the  press  bed  approaches  the  opposite  end  of  its  stroke,  pin- 
Ion  H  comes  Into  engagement  with  rack  Q  and  continues  the 
movement  for  a  short  distance  each  side  of  the  point  of  re- 
versal or  while  pinion  A  Is  out  of  mesh  with  either  rack 
and  Is  being  shifted,  the  action  being  the  same  as  previ- 
ously described. 

Napier  Motion  for  PresB  Beds 

When  a  gear  or  pinion  Is  In  mesh  with  a  single  rack 
and  rotates  In  one  position,  obviously  both  the  gear  and 
rack  must  reverse  their  direction  of  motion  at  the  end  of 
each  stroke.  The  g'-ar,  however,  may  rotate  continu- 
ously In  one  dlr&ctlon  If  It  la  arranged  to  engage  the 
upper  and  lower  sides  of  a  rack  designed  especially  to 
permit  such  engagement.  A  mechanism  of  this  type, 
known  on  the  Napier  motion  and  also  ns  "mangle  gear- 
ing," has  been  extensively  used  for  Imparting  a  rectilin- 
ear motion  to  the  tables  of  flat-bed  printing  prcHsos.  The 
prlncliilo  of  Ihf  Nnplcr  motion  will  bo  apparent  by  refer- 
ring to  Fig.  18.  Th('  rack  A  Is  attached  to  a  frame  V 
which  Is  secured  to  the  table  of  the  printing  press.  The 
rack  teeth  arc  of  su'h  a  form  that  the  goor  V  ran  mesh 
with  the  rack  on  cither  the  upper  or  lower  aides.  The 
ahaft  tj,  upon  which  gear  O  In  mounted,  la  rotated 
through  a  unlvcraal  coupling,  which  permits  It  to  awing 
In  A  vortical  piano  so  that  the  gear  may  paaa  from  the 


Fig.  19.   Crank-driven  Pinion  engaging  Stationary  and  Movable  Hacks  for 
doubling   Stroke 


upper  side  of  the  rack  to  the  lower  side,  and  vice  versa. 
The  gear  shaft  is  made  to  move  in  a  vertical  plane  by  a 
stationary  slotted  guide  E,  having  a  vertical  slot  that  is 
engaged  by  a  sliding  block  mounted  on  the  shaft. 
Spherical-shaped  rollers  F  are  mounted  at  each  end  of 
the  rack,  and  the  gear  has  a  socket  or  spherical  depres- 
sion formed  in  it  for  engaging  the  rollers  each  time  the 
gear  moves  around  the  end  of  the  rack  when  passing 
from  one  side  to  the  other.  Opposite  each  end  of  the 
rack,  there  are  guide  plates  G  having  curved  surfaces 
which  are  concentric  with  the  rollers  at  the  ends  of 
the  rack.  Gear  C  also  carries  a  roller  H  which  engages 
these  curved  guides  as  the  gear  moves  upward  or  down- 
ward at  the  points  of  reversal. 

The  action  of  the  mechanism  is  as  follows:  If  the 
gear  is  on  the  upper  side  of  the  rack,  as  shown  in  the 
illustration,  and  it  is  revolving  to  the  left  or  counter- 
clockwise, the  rack  will  be  driven  to  the  right  with  a 
vfelocity  equal  to  the  motion  at  the  pitch  circle  of  the 
gear.  As  soon  as  the  gear  engages  the  roller  F  on  the 
end  of  the  rack,  it  begins  to  move  downward  in  a  vertical 
plane,  because  its  motion  is  constrained  by  guide  E.  When 
the  gear  is  in  mid-position  so  that  its  axis  coincides  with  the 
center  line  of  the  rack,  it  will  have  made  a  quarter  turn,  thus 
moving  the  center  of  roller  F  farther  to  the  right,  a  distance 
equal  to  the  radius  of  the  pitch  circle.  Further  movement  of 
the  gear  downward  causes  the  rack  to  reverse  and  move  toward 
the  left;  the  gear  then  operates  on  the  under  side  of  the  rack 
until  the  roller  at  the  right-hand  end  of  the  rack  is  engaged, 
when  the  upward  move- 
ment of  the  gear  takes 
place  and  there  is  an- 
other reversal  of  motion. 
The  total  length  of  the 
stroke  is  equal  to  the  dis- 
tance between  the  centers 
of  the  rollers  on  the  rack 
plus  the  pitch  diameter  of 
the  gear.  The  length  of 
the  rack  must  equal  the 
pitch  circumference  of  the 
gear  or  some  multiple  of 
it,  so  that  the  rollers  at 
the  end  will  engage  the 
socket  or  depression  in  the  gear  at  the  points  of  reversal.  If 
a  gear  having  two  roller  spaces  located  180  degrees  apart  is 
used,  the  length  of  the  rack  or  the  center-to-center  distance 
between  the  rollers  may  be  some  multiple  of  half  the  pitch 
circumference.  The  teeth  on  each  side  of  the  rack  incline  from 
the  horizontal  at  the  same  angle  as  the  gear  axis  when  in  Its 
upper  and  lower  positions,  to  obtain  a  full  contact  of  the  gear 
teeth.  The  gear  also  has  a  plain  cylindrical  shoulder  on  the 
inner  side,  which  rolls  upon  a  plane  surface  J  at  the  base  of 
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the  rack,  to  give  a  smoother  action  than  would  be  obtained 
from  a  gear  supported  entirely  by  tooth  contact.  This  arrange- 
ment of  gearing  imparts  a  uniform  motion  to  the  press  table, 
with  the  exception  of  any  variation  in  movement  resulting 
from  a  universal  joint,  and  gives  a  gradual  reversal  of  mo- 
tion at  the  ends  of  the  stroke.  The  Napier  motion  may  be 
designed  for  any  length  of  stroke,  although  the  stroke  remains 
constant,  as  there  is  no  way  of  making  an  adjustment. 

Crank-driven  Pinion  Eng-agring  Upper  and  Lower  Backs 

A  method  of  doubling  the  stroke  when  a  crank  of  relatively 
small  size  is  necessary,  owing  to  a  limited  space  or  because 
a  compact  design  is  desirable,  is  by  means  of  a  stationary  and 
a  movable  rack  having  a  crank-driven  pinion  interposed  be- 
tween them.  The  pinion  is  pivoted  to  the  end  of  the  crank 
connecting-rod  so  that  it  is  free  to  roll  along  the  stationary 
rack  when  the  crank  revolves.  As  the  result  of  this  rolling 
movement  of  the  pinion,  the  movable  rack  is  given  a  rectilinear 
motion  equal  to  twice  the  stroke  of  the  crank  or  twice  the 
diameter  of  the  path  described  by  the  crankpin.  This  mech- 
anism has  been  used  for  driving  the  beds  of  cylinder  presses. 

A  modification  of  the  plain  gear-driven  crank  is  shown  in 
.  Fig.  19,  which  illustrates  the  bed  motion  of  a  two-revolution 
pony  press.  The  driving  and  driven  gears  A  and  B  are  of  the 
elliptical  form  in  order  to  compensate  for  the  motion  derived 
from  a  crank  rotating  at  uniform  velocity.  The  driven  gear 
B  revolves  the  crank,  which,  in  turn,  transmits  motion  to  pin- 
ion C  by  means  of  the  connecting-rod  shown.  This  pinion  is 
rolled  in  first  one  direction 


Fig.  23. 


and  then  the  other  along 
the  stationary  rack  Z>,  and 
imparts  a  rectilinear  mo- 
tion to  rack  E  and  the 
press  bed.  The  press  bed 
moves  a  distance  equal  to 
twice  the  distance  that  the 
axis  of  gear  C  moves,  or 
four  times  the  radius  of 
the  (jriving  crank.  The 
elliptical  gears  are  so  pro- 
portioned and  located  rela- 
tive to  the  crank  as  to  give 
a  more  uniform  motion  to 
the  press  bed  than  could 
be  obtained  with  a  crank  ^^^-  ^* 

rotating  at  uniform  velocity.  With  an  ordinary  crank,  what- 
ever part  is  given  a  rectilinear  motion  starts  from  a  state  of 
rest,  and  the  velocity  gradually  increases  toward  the  center  of 
the  stroke  and  then  decreases  until  it  again  becomes  zero  at 
the  opposite  end  of  the  stroke.  With  the  elliptical  gearing 
shown,  as  the  pinion  C  approaches  either  end  of  its  stroke 
and  the  crank  advances  toward  the  dead-center  position,  the 
long  side  or  radius  of  the  driving  gear  comes  into  engagement 
with  the  driven  gear  and  increases  its  velocity,  and  also  the 
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velocity  of  the  crank.  As  the  return  stroke  begins,  the  velocity 
of  the  driven  gear  and  crank  gradually  decreases,  because  the 
radius  of  the  working  side  of  the  driving  gear  gradually  dimin- 
ishes; the  result  is  that,  when  the  crank  is  at  right  angles  to 
the  line  along  which  the  axis  of  pinion  C  moves  and  is  in  a 
position  to  impart  the  maximum  velocity  to  pinion  C,  the  speed 
of  the  crank  is  slowest,  because  it  is  then  driven  by  the  short- 
est radius  of  the  driving  gear.  As  the  crank  moves  away  from 
this  central  position  at  right  angles  to  the  center  line  of  mo- 
tion, the  speed  is  gradually  accelerated  again,  so  that  pinion  G 
does  not  slow  down  as  it  would  with  a  crank  rotating  at  uni- 
form speed.    The  reversal  of  the  heavy  press  bed  is  assisted  by 

means  of  air  springs  or 
cushions,  the  same  as  on 
cylinder  presses  in  gen- 
eral. This  mechanism  is 
intended  for  small  presses. 

Crank   Mechanism    tor 
Doubling-  Stroke 

A  crank  and  link  mech- 
anism is  shown  in  Pig.  20 
which  makes  it  possible  to 
obtain  a  rectilinear  motion 
approximately  equal  to 
twice  the  throw  of  the 
driving  crank.  This  mech- 
anism is  shown  applied  to 
an  air  pump  for  use  on  au- 

Planetaxy  Gear  and  Crank  from  which  Reciprocating  Motion  is  derived  tomobiles      either     for     thO 

infiation   of  tires  or   in   connection   with   engine   starting  ap- 
paratus requiring  compressed  air.    The  crank  proper  is  of  the 
center  type  with  a  bearing  on  each  side.    The  connecting-rod 
is  attached  to  the  yoke  A,  which  is  mounted  on  the  main  crank- 
pin.    The  opposite  end  of  this  yoke  is  pivoted  to  link  B,  which 
is  suspended  from  a  pin  attached  to  the  compressor  casing. 
As  the  crankshaft  rotates,  this  link  oscillates  and  so  controls 
the  position  of  yoke  A  that  the  stroke  of  the  piston  is  approxi- 
mately doubled.    The  view  to  the  left  shows  the  piston  at  the 
lower  end  of  its  stroke.    As  the  crank  turns  in  a  counter- 
clockwise direction,  link  B  swings  to  the  right  so  that 
the  right-hand  end  of  yoke  A  is  forced  downward  and 
the  left-hand  end  upward,  as  indicated  by  the  right-hand 
view,  which  shows  the  piston  at  the  top  of  its  stroke. 
The  advantage  of  this  crank  mechanism  is  that  it  ena- 
Mcs  a  comparatively  large  capacity  to  be  obtained  from 
a  small,  compact  pump. 

Planetary  Gear  and  Crank  Combination 
The  mechanism  illustrated  in  Fig.  21  is  applied  to  an 
electric  coal-puncher.  One  of  the  difficulties  encountered 
in  designing  coal-punchers,  with  the  exception  of  the 
solenoid  type,  has  been  changing  the  rotation  of  the 
motor  into  a  reciprocating  motion  for  the  drill.  It  the 
blow  is  directly  dependent  upon  the  motor,  the  latter 
causes  troul)Ie,  owing  to  tlio  vibrations  and  strains  inci- 
dent to  tlie  blows  of  the  pick;  and  If  springs  are  utilized, 
they  are  likely  to  break.  Types  having  separate  motors 
ami  flexible  shaft  connections  have  also  been  tried,  but 
complications  were  introduced  which  at  least  partially 
olTaot  tlie  bencnts  derived. 
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The  coal-puncher  of  which  the  mechanism  shown  in  Fig.  21 
forms  a  part  uses  both  compressed  air  and  electricity.  Power 
for  operating  the  coal-puncher  is  obtained  from  a  motor  and 
the  compressed  air  gives  the  blow.  There  is  no  direct  connec- 
tion between  the  motor  and  striking  pick,  so  that  the  vibra- 
tions are  cushioned.  The  illustration  shows  the  mechanical 
means  by  which  the  rotation  of  the  motor  armature  is  changed 
to  a  reciprocating  motion  for  driving  the  air-compressing  pis- 
ton. A  small  pinion  attached  to  the  armature  shaft  engages 
a  large  driving  gear  (not  shown)  which  has  a  solid  web  carry- 
ing the  stud  d  upon  which  the  crank  pinion  e  is  mounted. 
This  crank  pinion  has  thirty-three  teeth  and  meshes  with  in- 
ternal gear  /,  which  is  rigidly  fastened  to  the  frame  of  the 
machine  and  is  concentric  with  the  main  driving  gear  which 
surrounds  it  The  pitch  diameter  of  the  crank  pinion  e'is 
Just  one-half  that  of  the  internal  gear  /,  which  has  sixty-six 
teeth.  The  crankpin  g  is  attached  to  the  pinion  e  and  engages 
cross-head  h,  which  is  mounted  in  guides  and  receives  a 
rectilinear  motion  as  pinion  e  revolves  around  the  internal 
gear.  Attached  to  the  cross-head,  there  is  a  piston-rod  a  which 
enters  the  air-compressing  cylinder  and  has  a  piston  secured 
to  its  forward  end. 

When  the  main  driving  gear  is  revolved  by  the  motor,  the 
crank  pinion  stud  d  describes  a  circular  path,  as  indicated 
by  the  arrow,  thus  causing  pinion  e  to  revolve  about  the  stud 
and  around  the  internal  gear.  When  stud  d  has  moved  one- 
quarter  of  a  revolution,  it 


entire  gear  describes  or  follows  a  circular  path.  This  circular 
motion  causes  the  teeth  of  gear  C  to  mesh  with  those  of  gear  B 
all  around  the  circumference  for  each  rotation  of  the  part  B. 
Part  H  turns  on  a  fixed  shaft  E  and  acts  somewhat  as  a  fly- 
wheel to  maintain  steadiness  of  action,  besides  constraining 
gear  C  to  follow  a  circular  path. 

In  this  case,  gear  C  has  forty-eight  teeth,  and  gear  B,  forty- 
six  teeth;  therefore,  if  gear  B  were  free  to  turn  on  its  shaft, 
it  would  be  displaced  two  teeth  for  each  rotation  of  part  H  or 
each  time  gear  C  completed  a  circular  movement.  Conse- 
quently, twenty-three  revolutions  of  part  H  and  a  like  number 
of  oscillations  of  frame  J  would  be  required  to  turn  B  one 
revolution.  Tracing  the  motion  in  the  opposite  direction,  it 
will  be  noted  that  one  rotation  of  gear  B,  which  acts  as  the 
driver  when  the  mechanism  is  in  operation,  will  cause  twenty- 
three  oscillations  or  wabbling  movements  of  gear  G  and  a  like 
number  of  rotations  of  part  H.  The  frame  J  is  connected  to 
the  cutter-bar  by  the  ball  joint  at  K,  so  that  one  turn  of  the 
driving  wheels  which  are  mounted  on  shaft  A  will  traverse 
the  cutter-bar  twenty-three  times.  This  combination  of  gear- 
ing makes  it  possible  to  use  a  gear  B  having  only  two  teeth 
less  than  the  number  in  gear  C,  which  would  be  practically 
impossible  with  gears  having  teeth  parallel  to  the  axis  of  the 
shaft.  With  the  usual  forms  of  planetary  gearing,  in  which  a 
high  velocity  ratio  is  obtained,  the  efficiency  of  transmission 
is  low  on  account  of  the  excessive  tooth  friction,  but,  in  this 

case,  the  efficiency  is  sai  1 
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will  be  in  the  position 
shown  by  the  illustration 
to  the  right,  and  pin  g  at- 
tached to  cross-head  h  will 
be  in  the  center  of  the  in- 
ternal gear.  At  the  com- 
pletion of  one-half  a  revo- 
lution, pin  g  will  have 
moved  in  a  straight  line  a 
distance  equal  to  the  pitch 
diameter  of  the  internal 
gear,  and  will  be  at  the 
right-hand  end  o  f  its 
stroke.  Similarly,  at  three- 
quarters  of  a  revolution, 
the  pin  will  again  be  in 
mid-position,  and  at  the 
completion  of  a  full  revolu- 
tion. It  will  be  at  the  start- 
ing point,  as  shown  by  the 
view  to  the  left.  In  this 
way,  the  crank  pinion,  as  it  revolves  around  the  internal  gear, 
transmits  to  pin  g  and  the  attached  cross-head  h  a  rectilinear 
forward  and  backward  movement.  The  cross-head  is  mounted 
In  guides,  but  pin  g  would  follow  a  straight  line  even  though 
guides  were  not  used.  This  mechanism  has  the  advantage  of 
giving  a  long,  gradually  increasing  and  decreasing  motion  with 
a  short  crank  and  without  the  use  of  a  connecting-rod  or  a 
slotted  rroHshead;  therefore.  It  can  be  applied  to  some  classes 
of  mechanisms  where  there  would  not  be  sufllclent  room  tor  a 
connecting-rod  or  In  preference  to  the  slotted  yoke,  because 
of  mechanical  objections  to  the  latter.  In  designing  this  mech- 
anism, the  center  of  pin  o  should  exactly  coincide  with  the 
pitch  circle  of  the  Internal  goar;  then.  If  the  Internal  gear 
has  twice  as  many  teeth  as  the  revolving  gear,  the  center  of  g 
will  move  In  a  stralKht  lino,  even  though  Its  motion  Is  not 
cori'iiralned  by  means  of  guides. 

R«clprociitlnir  Motion  from  Pliinotary  UimrUtu 

What  In  known  as  a  "wabblo"  gear  Is  used  on  mowing  ma- 
chines for  Imparting  a  rapid  reciprocating  motion  to  the  cutter- 
bar.  Th«i  arrangumont  of  this  gearing  and  the  otlior  parts  of 
the  mcchnnliim  Is  shown  In  Fig.  22.  The  Infornal  gear  C  Is 
so  mounted  thai  It  rnnnnt  rotalo,  hut  Is  frco  to  osclllalo  on  a 
universal  glmhal  joint  JR.  The  guar  H  whifh  moahos  with  one 
side  of  V  Is  mountod  on  tho  main  shaft  which  onnnocts  with 
tho  driving  wheels.  Tho  frami-  ./  Is  rigidly  connected  to  gear  C 
and  Is  pivoted  In  the  revolving  part  //.  Hy  lliln  nienns.  gear  (' 
Is   given   an    oscillating   or   wabbling   mnvement,   m.)   that    the 
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Fip.  24.     (A)   and   (B)  Devices  for  automatically  disengaging  Driven  Membe: 

whenever   Besistance   to   Motion   increases   excessively.      (C)    Friction 

Gearing  designed  to  vary  Contact  Pressure  According  to  Load 


to  he  nearly  as  high  as 
that  obtained  with  a  train 
of  spur  gears  having  the 
same  velocity  ratio. 

Automatic  Sategruards 

agrainst  Overload 
Some  types  of  machines 
are  so  arranged  that  any 
unusual  resistance  to  mo- 
tion will  automatically  stop 
either  the  entire  machine 
or  whatever  part  is  affect- 
ed, in  order  to  prevent 
damaging  the  mechanism 
or  straining  it  excessively. 
A  simple  form  of  safety  de- 
vice consists  of  a  pin 
which  shears  oft  or  breaks 
in  case  the  overload  be- 
come s  excessive.  This 
method  of  protection 
against  overload  has  been  applied  in  various  ways,  and,  while 
it  is  simple,  there  are  certain  disadvantages.  In  order  to  avoid 
replacing  a  broken  pin,  the  machine  operator  sometimes  In- 
serts a  pin  that  is  stronger  than  it  should  be  to  afford  ade- 
quate protection  against  injurious  strains.  The  Ideal  safety 
device  Is  one  that  docs  not  break  in  case  of  overload,  but  sim- 
ply disengages  and  is  so  arranged  that  it  can  readily  be  re- 
engaged. In  electrical  work,  this  principle  has  been  applied 
by  substituting  circuit-breakers  for  fuses  which  melt  when  the 
current  becomes  excessive. 

Automatic  Clutch  Control  to  Prevent  Overload 

The  principle  governing  the  operation  of  an  automatic  de- 
vice for  disengaging  a  clutch  when  tho  overload  becomes  ex- 
cessive Is  lllUBtriitod  by  the  dlngrnni  Fig.  23.  This  mechanism 
was  applied  to  a  metal-cutting  machine,  the  object  being  to  dis- 
engage the  feed  automatically  In  case  tho  resistance  to  the 
rotation  of  tho  tool  becomes  abnormally  high.  Tho  mechanism 
Is  also  arranged  to  reverse  tho  feeding  movement  If,  tor  any 
roason,  tho  oxoosslvo  roslstanro  should  rnntliiuo  after  the  food 
has  been  disengaged.  The  spliidin  to  wlil<'li  tlie  rutting  tool  Ih 
allachecl  Ih  ropreHonled  at  A.  ThiH  wpindle  la  driven  tlirougli 
worniwhcel  At  and  worm  /,  from  tho  driving  shaft  /{.  which 
rocolves  Its  motion  from  a  roMntorshaft  Ihrnugh  a  bult  oporot- 
Ing  on  pulley  li.  Tho  driving  shaft  H  Is  free  to  movo  In  a 
longthwlso  direction  within  certain  limits.  The  clutch  0  Is 
keyed  to  this  shaft  so  that  It  will  rotate  and  move  axlally 
Willi   llie  shaft.     The  gears  /)  and   /•'  on  each  sldi'  of  rhilch  f 
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are  free  to  revolve  upon  the  shaft,  but  are  prevented  from  mov- 
ing in  a  lengthwise  direction.  The  inner  side  of  each  gear  is 
provided  with  clutch  teeth  corresponding  to  those  on  clutch  C, 
which  is  used  to  lock  either  gear  to  shaft  B.  The  shaft  /, 
which  transmits  feeding  movement  to  the  cutting  tool,  is 
driven  either  through  gears  D  and  E  or  through  gears  F,  P, 
and  H.  When  clutch  C  engages  gear  D.  the  cutting  tool  is 
fed  forward  by  shaft  /,  and  a  reversal  of  the  feeding  move- 
ment is  obtained  when  clutch  C  is  shifted  into  engagement 
with  gear  F. 

When  clutch  C  engages  with  gear  D,  excessive  resistance  to 
the  motion  of  the  cutting  tool  will  cause  the  clutch  to  be 
shifted  to  the  neutral  position,  thus  stopping  the  feeding  move- 
ment. This  automatic  action  is  obtained  as  follows:  The  shaft 
B  is  normally  held  by  spring  IV  in  such  a  position  that  clutch  C 
engages  gear  D,  so  that  the  feeding  movement  is  forward. 
The  tension  on  this  spring  is  regulated  by  the  nut  shown.  In 
case  the  resistance  to  the  rotation  of  the  cutting  tool  and  spin- 
dle A  should  become  excessive,  the  pressure  between  the  teeth 
of  the  worm  L  and  the  worm-wheel  M  causes  the  worm  to 
move  in  the  direction  in- 


dicated by  the  arrow,  the 
worm-wheel  acting  some- 
what like  a  nut.  This 
lengthwise  movement  of 
the  worm  L  and  shaft  B, 
against  the  tension  of 
spring  X,  disengages  clutch 
C  from  gear  D  and  stops 
the  feeding  movement.  If 
the  resistance  to  rotation 
again  becomes  normal, 
clutch  C  is  automatically 
returned  into  engagement 
with  gear  D.  On  the  other 
hand,  if  the  resistance  to 
rotation  increases,  clutch  C 
may  be  drawn  over  into 
engagement  with  gear  F, 
thus  reversing  the  feeding 
movement. 

Other  mechanical  de- 
vices for  automatically 
disengaging  the  driven 
member  whenever  the  re- 
sistance to  motion  in- 
creases excessively  are 
shown  at  A  and  B  in  Fig. 
24.  These  devices  operate 
on  the  same  general  prin- 
ciple as  the  one  previously 
described,  but  differ  some- 
what in  regard  to  the  ar- 
rangement. The  mech- 
anism illustrated  by  diagram  A  is  designed  to  allow  a  worm- 
wheel  to  make  one  revolution  and  then  stop;  the  movement, 
however,  may  be  discontinued  before  the  revolution  is  com- 
pleted, if  the  resistance  to  rotation  becomes  excessive.  The 
sleeve  o  is  revolved  constantly  by  a  pulley  on  its  outer  end. 
The  inner  end  of  this  sleeve  has  clutch  teeth  intended  to  en- 
gage corresponding  teeth  on  the  end  of  sleeve  b.  The  latter  is 
attached  to  the  shaft  and  both  are  free  to  move  slightly  in  an 
endwise  direction.  The  body  of  sleeve  b  is  threaded  to  form  a 
worm  which  engages  worm-wheel  c.  The  spring  e  tends  to 
shift  sleeve  6  to  the  left  and  into  engagement  with  clutch  teeth 
on  sleeve  a.  The  stop  at  d  is  utilized  in  this  particular  case  to 
disengage  the  driving  clutch  after  the  worm-wheel  has  made 
one  revolution.  If  .stop  d  ia  withdrawn,  spring  e  revolves  the 
worm  wheel  slightly  and  moves  the  worm  and  clutch  b  to  the 
loft  and  into  engagcnicnt  with  the  constantly  revolving 
clutch  a.  The  worm-wheel  then  beglna  to  revolve  and  con- 
tinuPH  until  the  lug  i;  strikes  the  stop  d  or  until  some  unusual 
reslRtnnce  too  great  to  be  overcome  by  the  spring  Is  encoun- 
tered; then,  as  the  worm-wheel  remains  stationary,  It  forms  a 
nut  for  the  worm  which  screws  itsolf  out  of  engngement  with 
clutrh  a.    The  strength  of  spring  »■  is  proporllonod  with  refor- 


Tig.  25.     Plan  and  Detail  Views  of  Forging  Machine  showing  Automatic  Relief 
or  Tripping  Mechanism 


ence  to  the  safe  or  maximum  load  to  be  transmitted.  One  of 
the  advantages  of  this  type  of  mechanism  is  that  the  motion  is 
positively  transmitted  until  an  excessive  load  causes  the  driv- 
ing clutch  to  be  disengaged.  Provision  may  readily  be  made 
for  the  adjustment  of  spring  e  so  that  the  tension  can  be  varied 
according  to  conditions. 

Diagram  B,  Fig.  24,  illustrates  a  modification  of  the  same 
general  type  of  mechanism.  The  shaft  m  is  free  to  move 
slightly  in  an  endwise  direction  and  is  keyed  to  the  tapering 
disk  h,  which  fits  into  a  seat  of  corresponding  taper  in  the 
hub  of  gear  n,  thus  forming  a  friction  clutch.  Motion  is  ap- 
plied to  gear  n  and  is  transmitted  by  worm  ;'  to  a  worm-wheel 
(not  shown),  for  any  desired  purpose.  Shaft  m  turns  freely 
in  the  hub  of  gear  n,  but  is  attached  to  worm  j.  The  lever  k, 
which  has  a  spring  fastened  to  it  above  the  fulcrum  or  pivot, 
supplies  the  necessary  amount  of  thrust  to  keep  h  in  engage- 
ment with  n  under  ordinary  conditions.  This  thrust  may  be 
regulated  by  the  thumb-screw  1,  which  changes  the  position 
of  the  block  to  which  the  spring  is  fastened.  If  the  resistance 
to  the  motion  of  the  worm-wheel  becomes  excessive,  the  worm 

moves  bodily  along  the 
teeth  of  the  wheel,  as 
though  it  were  a  nut,  and, 
by  moving  shaft  m  and 
disk  ft  to  the  left,  disen- 
gages the  friction  clutch. 
The  endwise  thrust  from 
lever  k  might  be  obtained 
by  means  of  a  weight  in- 
stead of  a  spring. 

Pressure  of  Friction  Gear- 
ing Varied  According 
to  Load 
A  novel  design  of  fric- 
tion gearing,  in  which  the 
pressure  between  the  two 
friction  wheels  is  auto- 
matically regulated  by  the 
amount  of  power  trans- 
mitted, is  shown  at  O  in 
Fig.  24.  The  wheel  w, 
which  is  the  driver,  re- 
volves in  the  direction 
shown  by  the  arrow.  The 
driven  pinion  t  is  free 
either  to  rotate  or  slide 
in  a  lengthwise  direction 
upon  shaft  r  within  cer- 
tain limits.  This  shaft  has 
a  screw  of  coarse  pitch 
which  passes  through  nut 
s.  This  nut  slides  in 
grooves  in  the  friction  pin- 
ion t  so  that  the  pinion 
and  nut  revolve  together.  A  spiral  spring  p  inserted  between 
nut  s  and  the  pinion  forces  the  latter  against  the  driver  to 
with  a  pressure  depending  upon  the  position  of  the  nut.  If 
wheel  10  is  revolving  in  the  direction  shown  by  the  arrow 
and  the  driven  shaft  meets  with  an  unusual  degree  of  re- 
sistance to  rotation,  as  soon  as  shaft  r  lags  behind  or  stops 
revolving,  nut  s  moves  downward,  owing  to  the  action  of  the 
screw,  and  increases  the  compression  on  spring  p  and  also 
the  pressure  between  pinion  t  and  wheel  u\  When  the  re- 
sistance to  rotation  again  becomes  normal,  the  spring  moves 
the  nut  upward  slightly  and  reduces  the  endwise  thrust. 
While  this  device  may  not  he  entirely  practicable,  it  embodies 
an  Interesting  principle. 


Automatic  Relief  Mecbiiuiams  for  Fortciuif  Mnchtnes 

Forging  machines  are  equipped  with  a  tripping  or  relief 
mechanism  which  prevents  excessive  straining  or  breakage 
of  the  parts  controlling  the  motion  of  the  movable  die.  In 
case  the  stock  to  be  forged  is  not  placed  in  the  grooves  of 
the  dies  but  Is  caught  between  the  flat  faces.  These  relieving 
mochanianis  differ  somewhat  in  design,  but  the  object  In  each 
case  Is  to  release  the  movable  die.  teinpornrily  nnil  autoinati- 
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cally,  from  the  action  of  the  driving  mechanism,  in  case  the 
operating  parts  are  subjected  to  a  strain  or  pressure  that  is 
abnormally  high.  The  release  may  be  obtained  by  Inserting 
bolts  or  "breaker  castings"  in  the  mechanism,  which  will 
shear  off  or  break  if  there  is  an  excessive  strain;  another 
type  of  relief  mechanism  depends  for  its  action  upon  a 
spring  which  is  proportioned  to  resist  compression  for  all 
ordinary  strains  but  to  compress  sufBciently  to  release  the 
pressure  on  the  dies  when  that  pressure  increases  beyond  a 
safe  maximum.  Two  forms  of  spring-controlled  relief  mech- 
anisms will  be  described. 

The  plan  view  of  a  National  forging  machine,  shown  in 
Fig.  25,  illustrates  one  method  of  arranging  a  spring  and 
toggle  relief  mechanism.  When  this  machine  is  in  operation, 
the  stock  is  gripped  between  the  stationary  die  A  and  the 
movable  die  B.  The  heading  slide  C,  which  carries  a  ram  or 
plunger  for  performing  the  forging  operation,  is  actuated 
by  a  crank  on  the  crankshaft  D.  The  gripping  slide  E  to 
which  die  B  is  attached  is  moved  inward  for  gripping  the 
stock  and  outward  for  releasing  it,  by  means  of  two  cams 
F  and  G.  These  cams  transmit  motion  to  slide  H,  which  is 
connected  with  slide  E  through  a  toggle  and  link  mechanism. 
Cam  F,  acting  upon  roll  T,  moves  the  slide  E  for  gripping 
the  stock,  whereas  cam  G,  in  engagement  with  roll  V,  with- 
draws the  die  after  the  forging  operation  is  completed.  The 
upper  detail  view  to  the  right  shows  the  relief  mechanism 
in  its  normal  position,  and  the  lower  view  shows  it  after 
being  tripped  to  relieve  any  abnormal  pressure  on  the  dies. 
When  the  machine  is  operating  normally,  link  J,  which 
connects  with  link  K  of  the  main  gripping  toggle,  oscillates 
link  K  about  pivot  L  and,  through  link  M,  imparts  a  recipro- 
cating motion  to  the  gripping  slide  E.  If  a  piece  of  stock 
or  some  other  part  is  caught  between  the  flat  die  faces,  the 
gripping  action  continues  until  the  strain  exceeds  a  certain 
amount;  then  the  backward  thrust  upon  link  N  causes  it  to 
swing  about  pivot  0  (see  lower  detailed  view),  carrying  with 
it  the  other  links  of  the  by-pass  toggle  and  compressing  the 
spring  .S',  which  is  shown  in  the  plan  view  at  the  left.  As 
the  result  of  this  change  in  the  position  of  the  by-pass  toggle, 
pressure  on  the  gripping  die  is  released.  Meanwhile  the  head- 
ing tool  attached  to  slide  C  completes  its  full  stroke  and, 
upon  the  return  stroke,  the  by-pass  toggle  is  reset  automati- 
cally by  spring  S,  which  expands  and,  through  rod  R,  swings 
the  toggle  links  back  to  their  normal  position  shown  in  the 
upper  detailed  view.  This  automatic  resetting  of  the  toggle 
makes  it  unnecessary  to  stop  the  machine,  which  is  necessary 
with  safety  devices  of  the  breaking-bolt  type.  There  is  no 
movement  of  the  by-pass  toggle,  except  when  a  "sticker" — to 
use  the  shop  expression — is  caught  between  the  gripping  dies. 
While  this  relief  mechanism  safeguards  the  working  parts 
from  excessive  strains,  it  is  capable  of  transmitting  enormous 
pressures  to  the  gripping  dies. 


LOSS  OF  HEAT  VALUE  OF  COAL  IN  STORAGE 

According  to  Investigations  carried  out  by  the  Bureau  of 
Mines,  the  expense  of  under-water  storage  equipment  is  not 
justified  except  as  a  preventive  of  fires  from  spontaneous  com- 
bustion. In  fact,  the  amount  of  deterioration  of  coal  during 
storage  has  been  commonly  overestimated.  While  under- 
water storage  of  coal  prevents  deterioration  of  calorific  value, 
In  five  years'  storage  In  the  open  air  IMttsburg  coal  deteriorated 
only  about  1  per  cent  In  one  year,  2  per  cent  In  two  years,  and 
from  2. .5  to  3  per  cent  In  five  years.  Pocahontas  coal— a  seml- 
bltumlnouB  type — lost  less  than  1  per  cent  of  Its  healing  valm- 
(luring  two  years  of  outdoor  exposure.  The  Sheridan. 
Wyoming,  Hub-bltumlnous  coal,  known  as  "black  lignite,"  lost 
3  to  0.5  per  cent  of  Its  heal  value  In  two  and  threc-fourlliH 
years  of  outdoor  Hloragc,  the  greater  pari  of  UiIh  loss  being 
In  the  first  nino  monlhs.  The  lumps  became  badly  crnck("(l 
HO  that  they  broke  up  on  handling.  Dy  the  use  of  bins  with 
airtight  bottoms  and  sides  and  a  protecting  layer  of  fine  slack, 
Iho  losi  In  heat  value  In  one  year  can  bo  kept  botow  3  per 
cent  and  the  physical  delerlorntlon  will  thus  bo  largely 
prevented. 


RESEARCH   AND   MANUFACTURING 
METHODS 

BY  COLE  NEWMAN 

A  short  time  ago,  the  writer  was  asked  to  find  all  the  pos- 
sible methods  of  manufacturing,  in  large  quantities,  a  rather 
complicated  automobile  accessory,  consisting  preferably  of  a 
single  piece,  so  that  the  best  method  and  material  could  be 
determined.  At  first  he  thought  of  collaborating  with  some 
person  who  might  be  designated  by  the  name  of  "manufactur- 
ing engineer,"  but  he  found  that  no  such  person  was  accessi- 
ble. Men  who  might  be  called  by  that  title  are  usually  spe- 
cialists in  some  one  method,  more  or  less  secret,  and  em- 
ployed by  some  firm.  He  also  found  that  manufacturing,  as  a 
science,  does  not  appear  to  be  taught  In  the  technical  schools. 
The  few  men  who  have  a  broad  knowledge  of  the  subject  are 
executives  of  private  firms  and  their  services  are  not  to  be 
had,  nor  are  they,  as  a  rule,  men  of  mechanical  skill;  their 
equipment  consists  of  business  knowledge  only. 

The  writer  then  made  a  canvass  of  available  methods  and 
found  that  this  piece  could  be  manufactured,  with  slight  modi- 
fications, by  any  of  the  following  processes:  die-casting,  metal 
extrusion,  die  stamping,  casting  from  bakelite,  electrolysis, 
drop-forging,  pressing  from  papier-mache,  pressing  in  fiber, 
pressing  in  wood  pulp,  molding  from  amyl  acetate  in  the  form 
of  celluloid,  molding  in  rubber.  However,  no  one  man  or 
organization  could  give  information  about  these  various 
processes  together  with  their  relative  methods,  costs  and  prac- 
ticability. The  different  methods  are  in  various  stages  of 
development;  for  instance,  manufacture  by  electro-deposition 
is  in  the  inventive  stage,  while  some  of  the  other  methods 
are  highly  standardized.  After  investigating  the  various 
processes  in  use,  an  appeal  to  experts  in  physics  and  chemistry 
for  suggestions  in  new  processes  and  ideas  opened  up  a  more 
fertile  field  than  the  problem  required.  Since  that  time  the 
writer  has  ventured  to  assume  the  initiative  in  thinking  up 
possible  new  methods  of  manufacture  for  research  and  investi- 
gation. 

During  this  canvass,  the  writer  also  became  impressed  with 
the  need  of  courses,  in  the  technical  schools,  that  would  give 
men  a  broad  knowledge  of  manufacturing  engineering.  After 
the  usual  two  years  of  training  in  mathematics  and  elementary 
engineering  subjects,  he  would  suggest  a  study  of  the  action 
of  materials  when  subjected  to  the  various  processes  of  manu- 
facture and  modern  manufacturing  methods,  especially  those 
on  which  the  great  industries  of  this  country  have  been  based. 
In  the  first  two  years  would  be  included  a  thorough  knowledge 
of  materials  and  their  behavior  under  all  possible  physical 
conditions  and  in  all  possible  combinations,  special  attention 
being  paid  to  the  microscopic  structure  and  the  chemical 
formulas  of  the  materials  in  question. 

Many  basic  questions  of  manufacturing  engineering  await 
research  and  accurate  technical  solution ;  among  these  are  the 
following:  How  does  a  cutting  tool  cut?  Does  the  metal  split 
ahead  of  it  or  is  it  crushed?  Is  the  progress  of  the  tool 
continuous  or  vibratory  in  nature?  What  is  the  action  of  cut- 
ting compounds  and  lubricants  upon  the  tool  and  how  do  lubri- 
cants reach  the  edge  of  the  tool,  if  they  do  reach  it?  To  what 
extent  can  machine  work  bo  eliminatod  by  dio-ca.sting?  To  what 
extent  can  castings  and  complicated  .structures  be  built  up  by 
electrodepoaltion?  As  electrically  deposited  metals  are  crystal- 
line, can  processes  be  developed  for  lengthening  the  crystals 
Into  fibers,  as  pig  iron  crystals  are  lengthened  into  tough 
fibrous  wrought  iron?  How  much  pressure  is  required  for 
causing  varlou.s  metals  to  flow  under  conditions  of  extrusion 
and  hydraulic  pressing  procOKSi's?  What  (lUiilitlps  of  metals 
rciiuli'c  draft  tn  dies?  What  (lualltics  of  nictal.s  ro(|uiro  sev- 
eral dies  to  obtain  a  given  I'Xtruslon?  What  qualltios  in  metal 
permit  of  spinning?  Can  cheaper  methods  bo  devised  for 
building  dies?  Given  a  certain  ohjocl,  what  Is  the  most  satis- 
factory method  of  manufaclurlng  a  given  number,  InvoHtmont 
and  all  other  olomcntH  Ijelng  considered?  All  these  subjocts 
have  been  dlscuHSod  In  the  technical  inugazlnos  and  by  the 
dirfcreiit  ctiglMiMTlng  HoclctlcH,  ))ul  the  inunufacturing  proc- 
csseH  have  not  been  coordinated  as  a  science. 
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Loss  to  Industry  through  Lack  of  Manufacturing'  Engineers 

When  anyone  proposes  to  take  up  a  certain  line  of  manufac- 
turing activity,  he  tries  to  find  a  promising  young  man  who 
will  work  with  him  for  several  years  before  a  going  factory 
is  developed,  because  there  is  no  such  group  of  persons  available 
as  "manufacturing  engineers."  To  be  sure,  there  are  factory  ex- 
perts, efficiency  experts,  etc.,  but  these  are  usually  men  experi- 
enced in  certain  highly  standardized  methods  of  manufactur- 
ing, who  refuse  to  conduct  experiments  or  research  along 
radical  lines.  Special  processes,  such  as  metal  extrusion, 
making  of  steel  cylinders,  electrolytic  deposits  for  the  purpose 
of  securing  thin  metal  shavings,  etc.,  have  been  developed  by 
private  firms  or  individuals  who,  for  obvious  reasons,  will  not 
permit  them  to  come  into  general  use.  Each  of  these  repre- 
sents the  result  of  high  initiative  and  successful  research. 

What  would  be  the  result  in  this  country  if  the  physical, 
chemical  and  mechanical  talent  of  our  great  universities  were 
turned  toward  research  in  manufacturing  processes?  The 
writer  ventures  to  look  forward  to  a  day  when  very  intricate 
objects  will  be  made  by  electrolytic  deposits  on  paraffin  pat- 
terns instead  of  our  present  cumbersome  foundry  methods. 
Then  ships  in  a  dry-dock  will  be  plated  electrolytically  with 
pure  copper  instead  of  being  painted  by  hand  with  a  coating 
that  can  wear  only  a  few  months  at  best.  He  also  looks  for- 
ward to  standardized  ships,  standardized  docks,  houses,  streets, 
and  everything  else  that  requires  fittings  of  metal  or  other 
material  that  can  be  in  duplicate  and  standardized  form. 

There  is  something  fundamental  about  the  factory  system  of 
American  industry  that  rises  above  the  mere  making  of  money 
and  cheapening  of  the  products;  this  is  the  lifting  of  the 
burden  of  manual  labor  from  the  individual.  The  average 
individual  in  the  factory  today  works  fewer  hours  and  under 
vastly  better  conditions  than  the  mechanic  of  fifty  years  ago. 
Where,  at  that  time,  could  be  found  a  shop  that  provided  sani- 
tary wash  rooms,  lockers,  sunshine,  recreation  and  a  general 
cheerful  atmosphere  for  its  employes?  Everything  possible 
has  been  done  to  relieve  the  load  of  labor.  The  American  sys- 
tem is  to  think  a  thing  out  once  and  then  let  the  machine 
do  it.  Under  the  old  system  it  had  to  be  thought  out  every 
time  the  job  was  done. 

All  the  material  in  this  country  is  available  for  the  manu- 
facturing engineer,  but  it  has  not  been  assembled  in  the  form 
of  a  definite  profession.  Reference  books  cover  a  large  part 
of  the  field,  but  the  processes  that  are  less  well-known  or  are 
still  in  the  inventive  stage  have  not  been  recognized  seriously 
by  those  who  conduct  scientific  researches.  They  have  been 
left  to  inventors,  whose  educational  and  financial  equipment 
may  be  insufficient.  No  work  could  be  more  worthy  of  govern- 
ment recognition  and  research  than  that  of  manufacturing 
processes. 

When  the  average  American  graduates  from  a  technical 
school,  he  thinks  that  the  mechanical  world  consists  entirely 
of  turbines,  gas  engines  and  other  prime  movers  waiting  for 
his  professional  attention.  When  he  enters  the  drafting-room 
or  machine  shop  of  an  automobile,  turbine,  or  electric  motor 
factory,  he  is  almost  entirely  blind  to  the  relative  importance 
of  methods  of  manufacture.  His  thoughts  unconsciously  turn 
to  the  lines  along  which  he  has  been  trained  to  think,  that  is, 
the  design  of  the  automobile  engine,  or  the  steam  turbine, 
or  electric  machinery,  with  little,  if  any,  consideration  for 
the  vastly  more  important  questions  of  how  these  things  are 
to  be  manufactured  in  large  quantities.  What  methods  are 
to  be  employed?  How  many  are  to  be  made?  What  manu- 
facturing machinery  is  available?  What  methods  are  available 
throughout  the  country?  Where  may  the  various  parts  be 
contracted  for?  What  is  the  relative  merit  of  each  of  these 
methods?  Where  can  they  be  found?  In  what  engineering 
form  can  they  be  put  so  as  adequately  to  bring  forward  all 
the  elements  to  be  operated? 

The  practical  bu.sincss  man  secures  the  best  results  possible 
by  the  use  of  common  sense;  but  the  history  of  industry  is  • 
that  the  use  of  "horse  sense"  has  always  been  succeeded  by 
careful  analytical  methods  that  eventually  put  horse  sense 
and  rule-of-thumb  methods  entirely  out  of  the  running.  The 
blacksmith  may  laugh  at  the  college  man  because  he  cannot 


shoe  a  horse  properly  nor  swing  a  sledge  hammer,  but  even- 
tually the  college  man  develops  the  automobile  and  the  black- 
smith goes  out  of  existence  for  lack  of  a  Job. 

Mechanical  Effects  Obtained  by  Men  Who  Know  Metals 

The  writer  at  one  time  had  the  problem  of  manufacturing  a 
nozzle  for  spraying,  in  which  it  was  necessary  to  have  a  bored 
taper  hole  of  excellent  finish.  No  practical  mechanic  could 
make  a  fully  satisfactory  suggestion,  owing  to  certain  compli- 
cations involved.  A  professor  of  physics  suggested  that  the 
nozzle  be  made  from  a  tube  pulled  in  a  testing  machine  until 
a  certain  reduction  of  area  was  obtained.  The  pieces  could 
then  be  cut  at  the  point  of  reduced  area  and  nozzles  of  the 
desired  taper  obtained.  This  system  was  found  to  work  per- 
fectly. The  pieces  from  the  testing  machine  were  put  on  a 
turret  lathe,  threaded,  and  cut  at  a  reasonable  total  manu- 
facturing cost.  The  professor  knew  nothing  of  manufacturing 
methods,  but  he  knew  materials  and  their  physical  charac- 
teristics. 

The  writer  has  made  a  number  of  tin  flasks  by  simply  clip- 
ping the  edges  of  two  disks  together  on  a  seaming  machine, 
sealing  them  with  solder,  and  then  forcing  water  between  the 
disks  through  a  neck  seamed  onto  one  of  them.  The  water 
pressure  forced  the  disks  apart,  making  an  oblate  bottle,  which 
met  the  requirements.  At  another  time,  in  Cleveland,  the 
writer  saw  steel  flasks  capable  of  withstanding  2000  pounds 
pressure  per  square  inch  blown  by  hydraulic  pressure,  just  as 
a  glass  bottle  is  blown  in  its  mold  by  a  glass  blower.  The 
steel  bottle  was  blown  by  means  of  steam  hydraulic  compensat- 
ing plungers,  which  multiplied  pressure  until  from  15,000  to 
20,000  pounds  per  square  inch  were  momentarily  obtained.  On 
the  Pacific  Coast,  a  man  makes  an  excellent  living  plating 
fruits,  flowers  and  botanical  specimens  with  copper.  He  has 
made  careful  researches  in  this  line  and  conducts  most  of 
the  work  by  methods  known  only  to  himself. 

Now  that  the  study  of  physical  chemistry,  with  its  more 
complete  explanation  of  colloids  and  emulsions,  is  beginning 
to  make  clear  the  reasons  for  metal  structure,  and  indeed  for 
the  structure  of  all  materials,  it  seems  propitious  to  inquire 
about  the  possibility  of  manufacturing  research.  It  is  being 
hinted  by  great  investigators  tSat  transparency  is  the  natural 
state  of  any  pure  substance;  that  is,  if  a  substance  is  not 
transparent,  it  is  a  colloid,  an  emulsion,  or  both.  The  various 
organic  substances,  such  as  wood,  paper,  bone,  hair,  skin, 
leather,  etc.,  are  known  to  be  dried  emulsions,  as  it  is  possible 
to  duplicate  all  of  them  entirely  without  the  phenomena  of 
life.  This  brings  us  very  close  to  the  possible  manufacture 
of  new  materials,  new  substances  besides  our  time-honored 
metal  and  wood. 

The  last  twenty-five  years  has  brought  out  only  two  or 
three  important  new  substances  for  general  industrial  use. 
If  research  were  directed  along  the  lines  suggested,  who  knows 
but  that  near  equivalents  for  iron,  steel,  expensive  hard  woods 
and  expensive  building  materials  would  be  developed.  Emul- 
sion substitutes  have  been  made,  but  they  have  not  come  into 
general  use  because  of  lack  of  research. 


PRIZE  OFFERED  FOR  HARDNESS-TESTING  METHOD 
Because  of  the  difliculty  of  determining  high  hardness,  that 
is,  5S0  Brinell  hardness  numeral  and  upward,  where  the  ma- 
terial becomes  so  hard  that  it  will  scratch  glass.  Sir  Robert 
Hadfield  has  given  £200  (about  $1000)  to  the  Institution  of 
Mechanical  Engineers  in  London,  England.  This  money,  with 
any  income  therefrom,  will  be  awarded  as  a  prize  for  the  de- 
scription of  a  new  accurate  method  of  determining  the  hard- 
ness of  metals.  All  or  a  part  of  it  may  be  awarded  at  any 
time  if  a  communication  is  received  of  sufficient  originality 
and  importance  to  accomplish  the  object  sought;  or,  from  time 
to  lime,  parts  of  the  fund,  which  do  not  exceed  £75  in  any 
year,  for  communications  that  seem  to  advance  the  knowledge 
of  methods  of  testing  hardness  but  do  not  completely  solve 
the  problem.  Detailed  information  concerning  this  prize  may 
bo  obtained  from  the  Steel  Treating  Research  Society,  762  Book 
nidg.,  Detroit,  Mich.,  of  which  Sir  Robert  Hadfield  is  a  member. 
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INDICATOR  GAGES  USED  IN  GASOLINE-ENGINE  CONSTRUCTION' 


GAGES  FOR   INSPECTING   CYLINDER  DEPTH,   LENGTH.   EXTERNAL  DIAMETER.    CAM    LIFT.    PROFILE,    AND    ECCENTRICITY 

BY  C.   C.   MARSH - 


WHILE  many  concerns  strive  to  obtain  a  high  degree  of 
accuracy  in  production,  they  sometimes  think  that  it 
is  not  necessary  to  maintain  this  accuracy  in  certain 
products  because  of  the  expensive  inspection  methods.  Such 
tools  as  micrometers,  vernier  calipers,  and  hardness  testing 
instruments,  as  well  as  various  special  recording  and  measur- 
ing devices,  are  costly,  and  the  men  required  to  do  this  work 
must  be  slulled  mechanics,  who,  as  a  rule,  must  be  paid  more 
than  toolmakers  and  machinists.  Some  manufacturers,  how- 
ever, have  partly  solved  the  problem  of  high  inspection  costs 


Fig.    1.     Cylinder    Depth    Gage 

by  designing  and  making  special  measuring  tools  by  which 
ordinary  mechanics  will  obtain  a  degree  of  accuracy  close 
enough  for  their  purpose. 

Many  lines  of  manufacturing  require  accuracy  in  machining 
combined  with  rapidity  of  production.  Among  these  is 
gasoline-engine  construction.'  Manufacturers  of  automobiles 
know  that  the  inspection  of  machined  parts  on  the  engine  re- 
quires more  labor,  a  larger  force  of  inspectors,  and  a  greater 
number  and  variety  of  measuring  tools  and  devices  than  the 
rest  of  the  car.  This  is  because  the  accuracy  must  be  main- 
tained on  a  greater  proportion  of  the  small  parts  on  the  engine 
than  on  the  car.  Yet  there  are  many  small  concerns  who  do 
not  hold  the  operator  to  a  limit,  except  in  such  parts  as 
actually  have  to  be  kept  to  some  close  measurement  in  order 
that  they  may  fit  and  function  properly. 

Some  machining  fixtures  may  be  so  designed  as  to  be  nearly 
fool-proof,  and  also  so  as  to  produce  accurate  work  when  new, 
but  after  an  operator  who  is  doing  piecework,  and  knows  that 
his  wages  depend  on  the  amount  of  work  he  turns  out,  uses  a 
fixture  a  short  time,  the  accuracy  curve  on  that  particular 
fixture  begins  to  drop.  As  a  result,  there  must  be  a  new  fix- 
ture and  perhaps  a  new  operator;  also,  the  Inaccurate  parts 
must  be  scrapped  or  machined  to  "out  sizes"  so  that  they  may 
be  used.  Either  way  Is  expensive.  Still,  many  inspection 
operations  on  gasoline  engines,  although  requiring  much  time 
on  account  of  the  inadequate  measuring  tools  provided,  do 
not  give  accurate  results.  These  cases  require  measuring  tools 
that  can  be  used  by  an  ordinary  Inspection-operator  who  can 
turn  out  a  fair  amount  of  work  without  misusing  the  tool. 
One  type  of  gage  for  this  kind  of  Inspection  Is  an  Indicator 
gage  that  may  be  adapted   to  many  kinds  of  measurement. 

It  docB  not  aid  rapid  production  to  give  a  machine  operator 
a  large,  awkward  gage  to  use;  the  simpler  it  Is.  the  more 
likely  Is  he  to  use  It  correctly.  The  operator's  accuracy  on 
production  dopcnds  not  only  on  having  accurate  and  easily 
operated  machine  tools  and  fixtures  and  on  his  skill  In  opernt- 
Ing  these,  but  aliio  on  having  gagrjs  that  he  can  use  quickly* 
and  that  will  gage  accurately.     Although  the  Indicator  gage 


is  better  adapted  for  inspection  uses  where  rapid  operations 
are  required,  it  is  possible  to  adapt  it  to  the  operator's  use. 
Where  large  diameters  are  turned,  holes  bored,  and  shoulders 
faced,  indicator  gages  of  the  types  shown  in  Figs.  1,  3,  and  4 
are  satisfactory. 

While  all  of  these  types  of  indicator  gages  may  be  success- 
fully designed  and  used,  indicator  gages  should  not  be  used  for 
gaging  internal  diameters.  Measuring  an  internal  diameter 
accurately  is  a  more  delicate  operation  than  measuring  ex- 
ternal diameters  and  lengths;  therefore,  a  gage  of  this  design 
is  too  heavy,  and  is  hard  to  revolve  so  as  to  determine  whether 
or  not  a  hole  is  out  of  round.  Besides,  the  plunger-pin  would 
have  to  work  so  that  it  would  be  certain  to  rest  against  the 
side  of  the  hole  in  such  a  manner  that  its  longitudinal  center 
would  coincide  with  the  axial  center  of  the  hole.  This  might 
be  done,  but  provision  would  have  to  be  made  so  that  the  error 
in  the  size  of  the  hole  would  not  affect  the  plunger-pin  in 
such  a  way  as  to  cause  the  hand  to  indicate  the  error  from 
one  side  instead  of  both  sides  of  the  hole. 

Even  with  the  accurate  machine  tool  equipment  that  is  now 
procurable,  accuracy  in  production  cannot  be  obtained  with- 
out constant  care  in  gaging  and  measuring.  Few  machine 
tools  retain  their  accuracy  after  they  have  been  used  tor  a 
time;  even  those  that  are  very  heavy  and  rigidly  built  cannot 
maintain  their  accuracy  under  constant  wear  and  the  strain 
of  rapid  production.  The  same  conditions  prevail  in  regard 
to  measuring  tools,  which  should,  therefore,  be  made  simple 
and  should  have  some  means  of  adjustment  to  compensate  for 
wear.  Although  adjustment  may  not  be  practicable  in  all 
cases,  it  will  result  in  a  great  saving  of  time  in  production 
as  well  as  the  time  necessary  to  replace  the  tool. 

Indicator  Gagre  for  Cylinder  Depth 

The  gage  shown  in  Fig.  1  does  not  require  much  accurate 
tool  work  in  making,  yet,  if  properly  made,  it  gages  accurately 
and  quickly.  A  sectional  view  of  the  assembled  plunger-pin 
plate  A  is  shown  in  Fig.  2.  An  indicator  gage,  of  course,  multi- 
plies the  error,  the  degree  of  multiplication  depending  on  the 
depth  of  the  hole  and  the  length  of  the  gage.    The  latter  must 
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riK.  2.     Plunger  Indicator  and  Plato  of  Oago  ihown  In  Fig.  1 

be  approximately  doterniined,  togothor  with  the  ratio  between 
the  long  and  the  short  end  of  the  indicator  hand,  before  design- 
ing the  tool.  When  this  ratio  Is  dorlilod  upon.  It  Is  necessary 
to  find  the  distance  between  the  grmluatinn  lines. 

In  till'  iiiHo  Hliown,  the  drawliiK  of  tlio  cyliiidrr  railed  for  a 
bored  depth  of  llio  biirrol  of  llil/lC  Inches  ±  O.OOB  Inch.  It 
will  bo  noted  that  the  gnidiiatod  pinto  I!  at  tlio  end  of  the 
plunKorpIn  pinto  A  Is  mnrUod  +  on  the  Icfthnnd  and  —  on 
the  right  hnnd  side  of  the  zero  mark,  under  the  graduations. 
Tim   riillo  of  the  long  end   to   the  short  end   of  the   Indicator 
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hand  J.  measuring  from  the  pivot  screw  il.  is  7.S125  to  1. 
Thus,  when  the  plunger-pin  F  moves  0.002  inch,  the  point  of 
the  indicator  hand  J  will  move  1/64  inch.  Then  the  graduated 
lines  must  he  scribed  0.015625  inch  apart  at  the  end  of  the 
hand  J.  and  radiating  outward  from  the  center  of  the  pivot 
screw  J/. 

This  plate  can  be  accurately  graduated  on  a  dividing  head  by 
computing  the  circumference  of  a  circle  having  a  diameter 
equal  to  twice  the  length  of  the  long  end  of  the  indicator 
hand  and  dividing  this  by  the  distance  required  between  the 
graduations.  This  will  give  the  number  of  divisions  required 
on  the  dividing  head,  from  which  the  necessary  number  of 
turns  of  the  dividing  head  can  be  determined.  The  following 
formula  may  be   used   for  this: 

2ttL 

D 
in  which  L  =  length  of  long  end  of  lever; 

D  =  distance  between  graduations; 
IN'  =  number  of  divisions  in  circle. 
In  the  case  of  the  gage  shown,  where  the  length  L  of  the 
long  end  of  the  lever  is  7.S125  inches,  the  number  of  divisions 
A'  on  a  circle  15.625  inches  in  diameter,  when  the  distance  D 
between  the  graduations  is  0.015625  inch,  is: 


2  X  3.1416  X  7.8125 


3141.6 


0.015625 

The  figure  3141.6  is  so  near  3142  that  on  so  many  divisions 
the  0.4  difference  will  make  so  slight  an  error  as  to  be  practi- 
cally of  no  consequence;  therefore,  it  is  quite  safe  to  use  the 
latter  figure  as  the  proper  number  of  divisions. 

The  graduated  plate  B  can  be  made  of  ordinary  machine 
steel  and  left  soft,  although  both  sides  should  be  surface- 
ground  before  graduating.  It  fits  in  a  recess  milled  in  the 
plunger-pin  plate  A  and  is  fastened  in  place  by  two  flat-head 
screws.  It  should  fit  this  recess  without  play  so  that  the  cen- 
ter line  passing  through  the  zero  mark  is  coincident  with  the 
center  line  of  the  indicator  hand. 

The  plunger-pin  plate  can  also  be  made  of  ordinary  machine 
steel,  and  is  held  in  position  on  the  gage-plate  by  four  fillister- 
head  screws  C.  Two  pins  D  keep  it  from  slipping  and  allow 
It  to  be  replaced  in  the  same  position  should  it  be  taken  off 
at  any  time.     The  plunger-pin  holes  should  be  bored  in  line 


Tig.  3.     External  Diamotor  Gags 

and  one  hole  tapped  for  the  screw  bushing  E  that  adjusts  the 
tension  of  the  compensating  springs.  The  plunger-pin  F  should 
be  made  of  drill  rod  or  tool  steel  and  hardened  on  the  engag- 
ing end.  It  should  be  left  soft  In  the  middle  where  the  lock- 
screw  O  holds  it  In  the  block  //  that  actuates  the  hand  J.  The 
Utter  should  be  made  of  spring  steel  and  should  be  at  least 
1/16  Inch  thick.  Its  point  should  be  tapered  and  sharpened 
80  that  it  will  point  between  the  graduated  lines.  The  springs 
K  are  made  of  music  wire;  the  one  on  the  bushing  side  should 
be  a  little  stronger  than  the  other,  so  that  the  adjusting  bush- 


ing E  may  be  screwed  back  and  forth  until  the  hand  J  rests 
in  the  proper  position  when  adjusting  the  gage.  The  plunger- 
pin  F  should  be  round  on  the  engaging  end,  so  that  it  will 
touch  only  on  one  point,  which  should  be  the  longitudinal 
center  of  the  pin. 

The  block  H  on  the  plunger-pin  F  that  actuates  the  indicator 
hand  J  should  be  made  of  tool  steel,  and  the  round  shoulder 
that  fits  into  the  hand  J  should  be  turned  to  fit  the  hole  in 
the  latter  with  not  over  0.0005  inch  play.  The  amount  of  this 
play  should  be  known  and  kept  in  mind  so  that  allowance  may 
be  made  in  reading  measurements  made  with  this  gage.  This 
shoulder  should  be  polished  so  that  it  will  work  freely,  yet 
without  too  great  an  error.    Hardened  washers  L  with  sides 


Fig.  4.    Adjustable  Length  Gage 

ground  true  should  be  placed  above  and  below  the  indicator 
hand  where  the  pivot  screw  M  passes  through;  these  act  as 
guides  to  the  indicator  hand  and  prevent  any  vertical  move- 
ment. The  pivot  screw  il  should  have  an  accurately  turned,  ' 
polished,  and  hardened  section  under  the  head  on  which  the 
indicator  hand  J  swings.  The  shoulder  of  this  screw  rests 
firmly  against  the  plunger-pin  plate  A  and  should  be  about 
0.003  inch  longer  than  the  combined  thickness  of  the  indicator 
hand  and  the  two  washers,  so  as  to  allow  free  movement  of 
the  hand  on  the  screw.  A  piece  A"  of  No.  30  drill  rod,  bent  in 
the  shape  of  a  staple,  is  pressed  into  holes  in  the  plunger-pin 
plate  to  keep  the  hand  from  being  bent  by  accident.  A  sheet- 
metal  guard  may  be  provided,  if  desired,  to  completely  cover 
the  indicator  hand  up  to  the  graduated  plate;  this  can  be  held 
in  place  by  round-head  screws. 

The  gage-plate  0.  Fig.  1,  is  made  of  machine  steel,  and  the 
end  that  fits  the  bottom  of  the  hole,  as  well  as  the  sides,  should 
be  carburized,  the  edges  relieved,  and  two  holes  drilled  through 
it  on  the  longitudinal  center  to  receive  the  two  studs  P  that 
keep  the  plate  central  in  the  hole  while  in  use.  These  studs 
are  made  of  cold-rolled  steel  and  carburized,  and  a  small 
amount  of  stock  is  left  on  the  ends  so  that,  after  fitting  to  the 
plate  and  after  the  latter  is  centered,  the  plate  and  the  studs 
together  can  be  turned  on  a  lathe.  The  carburizing  should  be 
deep  enough  so  that  all  of  the  carburized  surface  will  not  be 
turned  off  in  the  lathe.  About  1/64  inch  is  enough  to  remove, 
and  0.01  inch  should  be  left  on  the  ends  of  the  pins  and  the 
edges  of  the  plate  for  grinding  after  the  plate  is  hardened. 
This  work  must  be  done  before  fitting  the  plunger-pin  plate. 
The  centering  pins  P  have  a  shoulder,  which  rests  on  one 
side  of  the  gage-plate,  and  as  these  pins  are  threaded,  they 
may  be  held  very  firmly  with  the  nuts  as  shown.  When  grind- 
ing the  gage-plate  on  centers,  it  must  be  borne  in  mind  that 
the  plate  must  easily  enter  the  hole  in  which  it  is  to  be  used 
so  that  proper  allowance  will  be  made  for  this.  By  cutting 
the  oblong  hole  Q  in  the  other  end  of  the  plate,  a  convenient 
handle  is  formed  for  the  gage. 

Adjustable  Lenertb  and  External  Diameter  Gages 

The  gages  shown  in  Figs.  3  and  4  are  an  adaptation  of  the 
same  principle,  with  such  changes  in  design  as  are  needed 
for  the  difference  in  purpose.  The  gage  shown  in  Fig.  3  has 
only  one  plunger-pin  spring  .1,  in  order  that  the  hand  B  may 
be  pushed  over  as  far  as  the  guard  C  will  allow.  This  gage 
does  not  require  a  very  strong  spring,  and  the  plunger-pin  D 
should  always  protrude  from  the  gage,  as  shown.  Another 
feature  of  this  gage  is  the  adjustable  anvil  E.  which  Is  a 
hardened  pin  and  Is  held  in  place  by  two  screws  F.  By  hav- 
ing pins  of  different  lengths,  it  is  possible  to  give  the  gage 
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quite  a  wide  range  of  use.  A  set-screw  G  makes  the  adjust- 
ment of  the  anvil  easy.  The  setting  of  this  gage  is  quite  sim- 
ple, the  only  tools  necessary  being  a  thin  piece  of  metal  to 
slip  under  the  indicating  hand,  a  small  clamp,  a  screwdriver, 
and  a  micrometer  for  measuring  inside  diameters.  The  metal 
shim  is  placed  under  the  indicator  hand  and  the  clamp  is  used 
to  hold  the  hand  in  the  middle  position.  After  the  micrometer 
has  been  set,  the  anvil  E  is  placed  in  position  and  the  clamp- 
ing screws  F  tightened  slightly;  then  the  anvil  is  adjusted 
to  the  micrometer  by  means  of  the  adjusting  screws  G  and 
the  clamping  screws  F  are  tightened.  When  the  clamp  and 
shim  are  removed,  the  gage  is  ready  for  use. 

In  using  this  type  of  gage,  the  distance  between  the  anvil 
and  the  plunger-pin  must  be  enough  less  than  the  lowest  limit 
of  the  length  or  diameter  that  the  gage  is  to  measure  so  that, 
when  the  part  measured  is  of  the  correct  dimension  called 
for  on  the  drawing  of  the  part  on  which  the  gage  is  to  be  used, 
the  indicator  hand  points  to  zero.  That  is,  this  dimension  must 
be  between  the  upper  and  the  lower  limits  that  are  specified. 
The  exact  dimension  is  zero;  the  left-hand  side  of  the  grad- 
uated plate  is  the  minus  side  and  the  right-hand  side  is  the 
plus  side.  The  hand  will  indicate  whether  the  dimension  is 
less  or  greater  and  how  much.  The  graduating  is  done  in 
the  same  manner  as  on 
the  cylinder  depth  gage. 

As  the  gage  shown  in 
Fig.  4  is  for  longer  meas- 
urements, it  is  made  of 
more  pieces  for  ease  and 
economy  in  construction. 
Two  springs  are  pro- 
vided, as  on  the  cylinder 
depth  gage,  on  account  of 
the  length  of  the  indi- 
cator hand;  these  serve 
to  keep  the  hand  steadier, 
but  both  are  not  entirely 
necessary.  The  indicator 
hand  has  a  slight  bend  at 
the  outer  end,  so  that  the 
point  will  move  in  a  di- 
rect radial  arc  from  the 
center  of  the  pivot  screw. 
The  length  of  the  long 
end  of  the  indicator  hand 
in  this  gage  is  taken  to 
be  the  shortest  distance 
between  the  end  of  the 
hand  and  the  center  of 
the  pivot  screw.  The  hand  is  made  in  two  pieces,  which  are 
fastened  together  with  round-head  screws,  while  two  dowel- 
pins  are  used  to  prevent  play  in  the  screws,  the  hand  moving 
in  recesses  milled  in  the  plunger-pin  plate.  In  order  that  the 
gage  will  not  be  too  thick,  the  plunger-pin  and  anvil  plates 
are  fitted  to  the  long  plate  that  forms  the  body  of  the  gage 
with  mortised  Joints.  This  construction  will  insure  that  the 
plunger  and  anvil  pins  do  not  come  above  or  below  the  sides 
of  the  long  plate.  The  leverage  of  the  Indicator  hand  can  be 
In  much  greater  proportion  than  in  the  gages  already  shown; 
consequently  the  graduations  can  be  farther  apart,  though 
they  can  represent  smaller  figures  In  relation  to  the  plungor- 
pln,  thus  making  this  gage  read  closer.  The  adjustment  of 
the  anvil  pin  is  accomplished  In  the  same  way  as  the  one  on 
the  gage  shown  In  Fig.  3;  this  pin  also  can  be  replaced  by 
others  of  varying  lengths.  Both  pins  should  be  rounded 
slightly  on  the  engaging  ends.  A  sheet-metal  cover  may  be 
provided  InHtead  of  the  wire  guard  to  cover  the  Indicator  hand, 
If  desired.  This  gage  may  be  conHtrucled  ho  that  It  will  roa<;li 
over  quite  wide  shoulders  on  various  purls  that  require  close 
dlincnslons. 

Cam  Lift,  Profile,  and  E!co«ntrlclty  Uave 

A  thrcc-purpoHC  gage  Intended  for  ii»o  on  canishuttH,  but 
which  may  be  udaptecl  lo  other  Himllar  uhoh,  Ih  shown  in  Fig.  r>. 
The  first  purpose  of  thJH  gage  Is  to  dcternilno  whether  or  not 
the  caniB,  which   are  generally   Integral   with   the  shaft,  have 


the  proper  lift  and  fall,  so  that  the  valves  may  be  opened 
and  closed  the  proper  distance  and  in  the  proper  time;  the 
second  purpose  is  to  determine  if  the  profile  is  correct  all  the 
way  around  the  cam,  so  that  the  valves  will  have  a  uniform 
action;  the  third  purpose  is  to  determine  if  the  cams  are  at 
the  proper  angles  to  one  another  and  whether  they  are  con- 
centric to  the  center  of  the  shaft.  The  last  fact  must  be  known 
if  a  quiet-running  motor  is  desired.  This  gage  consists  of  a 
cast-iron  base  A  with  a  cast  bracket  B  at  each  end.  It  is  ma- 
chined on  the  top  and  bottom,  and  its  size  depends  on  the 
length  of  the  camshaft.  The  brackets  support  the  camshaft 
when  it  is  placed  in  the  bearings,  which  are  bored  to  fit  the 
journals  at  each  end  of  the  shaft.  The  caps  C  on  these  bear- 
ings are  pivoted  on  pins  D  in  the  manner  of  a  hinge,  so  that 
the  shaft  may  be  quickly  placed  in  the  bearings.  Eyebolts  E 
that  swing  on  a  pin  F  in  a  similar  manner  and  are  fitted  with 
wing-nuts  G  are  used  to  tighten  the  caps. 

A  large  circular  plate  H  is  graduated,  in  degrees,  completely 
around  its  outer  edge  and  is  counterbored  on  the  opposite 
side  of  the  graduations  to  fit  closely  the  gear  flange  on  the 
end  of  the  camshaft.  Two  dowel-pins  in  this  plate  fit  into  two 
drilled  holes  in  the  gear  flange.  As  these  holes  are  spaced 
so  that  the  gear  can  only  be  placed  on  the  flange  in  one  posi- 
tion, this  flange  will  fit 
the  graduated  plate  in  the 
same  position  each  time. 
The  holes  are  drilled  in 
the  gear  flange  in  an  ac- 
curate jig;  therefore,  they 
are  quite  likely  to  be  uni- 
form as  to  spacing  and 
diameter.  A  small  screw 
J  with  a  countersunk 
head  that  fits  the  coun- 
tersink in  the  drilled 
holes  is  placed  In  the 
gear  fiange  before  the 
shaft  is  placed  in  the  fix- 
t  u  r  e  and  is  passed 
through  the  graduated 
plate  H ;  it  is  then 
fastened  in  place  by  a 
small  wing-nut  K.  The 
end  of  a  small  pointer  L  ' 
fastened  by  two  round- 
head screws  to  the  base  A 
shows  the  angle  through 
which  the  plate  and  cam- 
shaft are  turned.  The 
point  of  this  indicator  is  tangent  to  the  perpendicular  center 
of  the  fixture. 

The  gaging  part  of  the  fixture,  which  is  separate  and  de- 
tachable, is  a  casting  M  with  a  base  in  which  are  two  steel 
tongues  2V  that  fit  into  grooves  planed  into  the  base  A.  The 
gage,  therefore,  can  be  slid  along  on  the  base  A  and  yet  re- 
tain its  lateral  position.  A  T-bolt  0,  the  head  of  which  slides 
easily  in  a  slot  in  base  A,  allows  the  gaging  device  to  be 
locked  firmly  over  any  one  cam  by  the  use  of  a  wrench  that 
fits  the  nut  on  the  bolt;  this  allows  the  plunger-pin  P  to 
come  into  the  correct  position  over  the  cam  Q.  The  plunger- 
pin  works  in  a  vertical  direction  through  two  bosses  R,  which 
are  a  part  of  casting  M.  These  two  holes  should  fit  the  pin 
without  play  and  should  be  bored  and  lino-reamed  at  right 
angles  to  the  machined  base.  The  bosses  may  be  fitted  with 
hiirdoiied  bushings,  although  those  are  not  necessary  unless 
I  lie  gago  Is  to  l)e  used  a  great  deal.  A  similar  block  S  Is 
I'aHtened  to  the  plunger-pin  P  by  a  lock-screw  for  actuating 
tlui  indicator  hand  11',  which  Is  similar  to  that  on  the  gages 
previously  described.  On  account  of  the  position  of  the 
plunger-pin.  It  Is  necessary  to  have  a  bend  In  the  Indicator 
hand  W,  while  the  bosses  R  make  It  necessary  to  have  a 
slight  curve  In  the  upper  end  of  the  hand  so  that  tho  end  «f 
the  hand  will  lino  \\\)  with  tho  contor  of  the  pivot  screw  and 
Hwlng  In  an  are  that  will  be  nearly  divided  on  ei|ual  sides  of 
the  perpendleular  renter  line  of  Iho  muchliio  steel  i)lato  T  that 
Ih  bolted  to  the  riiHtlng  M. 


Fig.  5,     Cam  Lift,   Profile,  and  Eccentricity  Gage 
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The  graduations  on  the  plate  TJ  must  equal  the  rise  per 
degree,  or  other  required  division  of  the  cam  periphery,  and 
must  radiate  from  the  center  of  the  pivot  screw.  It  will  be 
noted  that  the  word  "base"  is  stamped  on  the  left-hand  end 
of  the  plate,  while  on  the  right-hand  end  the  word  "top" 
appears.  The  arrow  on  the  circular  plate  H  shows  in  which 
direction  the  shaft  and  plates  are  to  be  rotated.  A  wire 
guard  T  on  the  upper  part  of  the  gage  allows  the  hand  to 
swing  far  enough  past  the  last  graduated  line  on  the  plate  V 
to  show  any  error  on  the  base  circle  of  the  cam  or  the  rounded 
part  that  is  concentric  with  the  shaft. 

When  the  fixture  M  is  placed  in  the  correct  position  for  test- 
ing a  cam,  the  plunger-pin  P  rests  on  the  base  circle  at  the 
point  of  tangency  to  the  line  forming  the  beginning  of  the 
rise  or  opening  point  on  the  periphery  of  the  cam.  The 
pointer  L  on  the  base  A  now  points  to  zero  on  the  circular 
plate  H,  or  the  beginning  of  rotation,  and  the  indicator  hand  IT' 
should  point  to  the  first  line  on  the  graduated  plate  17,  which 
is  also  marked  zero.  As  plate  H  is  rotated,  indicator  hand  W 
shows  the  acceleration  of  the  rise  on  the  cam.  Suppose  the 
cam  is  intended  to  rise  for,  say,  62  degrees  of  the  rotation 
of  the  shaft;  if  the  periphery  is  correct,  pointer  L  on  base  A 
shows  when  that  point  in  the  travel  of  the  cam  is  reached, 
and  the  travel  of  indicator  hand  TV  will  coincide  with  it  until 
the  total  rise  is  reached.  If  the  rise  is  incorrect,  because  the 
cam  has  either  a  convex  or  a  concave  surface,  indicator  hand 
"W  will  not  be  in  synchronism  with  pointer  L  and  there  will 
be  an  incorrect  opening  action  of  the  valve.  If  the  cam  does 
not  have  the  proper  radius  on  the  top  of  the  rise,  the  hand 
will  not  agree  with  the  pointer. 

The  fact  that  a  cam  may  have  a  convex  or  a  concave  surface 
may  not  affect  the  opening,  especially  if  the  cam  is  designed 
to  use  a  mushroom  follower  or  to  use  a  roller  and  to  be  what 
is  known  as  a  constant-acceleration  cam.  Cams  using  a  mush- 
room follower  have  a  convex  flank,  while  a  constant-acceleration 
cam  has  a  concave  flank.  The  kind  having  a  straight  flank, 
and  called  a  tangential  cam,  would  show  the  error  more  to 
advantage.  This  does  not  mean  that  inaccuracies  on  the  flanks 
of  the  two  former  types  could  not  be  detected  with  this  form 
of  gage;  but  the  actual  rise  may  vary  slightly  on  the  two 
former  types  without  causing  serious  error  in  the  action  of 
the  valve,  the  main  thing  being  that  the  cam  must  raise  the 
■valve  the  correct  distance  in  the  proper  time,  which,  of  course, 
must  be  in  the  proper  angle  of  rotation  of  the  shaft. 

As  the  shaft  is  rotated,  if  the  cam  is  supposed  to  be  sym- 
metrical on  either  flank,  after  the  top  of  the  cam  is  reached, 
the  fall  will  be  the  reverse  of  the  rise  and  the  indicator  hand 
will  retrace  its  swing  and  arrive  at  the  zero  mark  on  the 
inserted  plate  at  precisely  the  same  moment  that  the  pointer  L 
has  reached  124  degrees  on  the  plate  H.  By  means  of  the 
graduations  on  plate  U,  it  is  possible  to  find  any  incorrect 
spot  on  the  flank.  If  the  cam  is  designed  so  that  it  has  a  rest 
at  the  top  of  the  rise,  the  indicator  hand  will  remain  station- 
ary, as  the  periphery  is  concentric.  The  same  thing  will 
occur  with  the  hand  when  the  end  of  the  fall,  or  the  closing 
side  of  the  cam,  is  reached  and  the  plunger-pin  rests  on  the 
base  circle  of  the  cam.  Unless  the  base  circle  is  concentric 
with  the  shaft,  the  indicator  hand  will  show  movement  when 
the  shaft  is  rotated  through  the  remaining  part  of  the  360 
degrees  as  indicated  by  the  pointer. 

The  plunger-pin  P  is  a  round  pin  flattened  on  two  sides,  or 
tapered  so  that  a  small  curve  can  be  machined  on  the  engaging 
end.  The  flattened  sides  should  always  remain  at  90  degrees 
to  the  profile  line  of  rotation  of  the  cam,  so  that  the  pin  will 
always  present  a  rounded  end  to  the  periphery  of  the  cam  and 
act  the  same  as  the  face  of  a  small  roller.  As  most  of  the 
Imperfections  on  the  cam  faces  are  depressions  or  humps, 
which  are,  as  a  rule,  simply  tool  marks,  the  pin  should  be 
set  so  that  it  drops  Into  or  Is  raised  by  them,  as  the  case  may 
be.  These  marks  usually  run  clear  across  the  face  of  the 
cam;  those  that  do  not  probably  will  not  affect  the  action  of 
the  roller  used  on  the  cam.  The  small  curve  on  the  end  of 
the  pin  will  act  better  than  a  roller,  as  the  latter  must  be 
large  enough  to  have  a  pin  through  It  to  turn  on.  The  arc 
of  contact  is  less  for  a  small  curve  than  for  a  roller;  there- 
fore, the  pin  will  show  a  smaller  error.    A  small  key  should 


be  fastened  in  the  lower  pin  boss  and  a  keyway  provided  in 
the  pin  to  allow  the  pin  to  move  up  and  down,  though  it  is 
prevented  from  turning. 

Now,  suppose  it  is  necessary  to  find  out  if  the  next  cam 
of  the  same  set,  say  the  intake  side,  is  supposed  to  be  in  a 
position  of  90  degrees  to  the  first  cam,  rotating  counter- 
clockwise. The  locking  nut  on  the  T-bolt  0  is  loosened,  the 
gaging  fixture  M  then  being  slid  along  to  the  position  over 
the  second  cam.  The  plunger-pin  P  is  then  raised  by  pushing 
over  the  indicator  hand  W  with  the  finger,  and  the  lock- 
nut  is  tightened  again  on  the  T-bolt.  The  camshaft  is  left  in 
the  same  position,  or  on  the  point  of  rise  of  the  first  cam,  the 
pointer  being  at  zero.  After  the  gage  is  locked  in  place,  the 
indicator  hand  W  is  allowed  to  rest  on  the  periphery  of  the 
second  cam.  If  the  second  cam  is  correct,  the  indicator  hand 
will  register  the  top  of  the  rise  while  the  pointer  L  registers 
152  degrees.  Thus  it  is  possible  to  find  the  relative  position 
of  angles  and  the  opening,  closing,  and  rest  points  of  all  cams 
of  that  set.  It  is  necessary,  however,  to  have  a  separate  gag- 
ing device  to  fit  on  the  base  for  the  cams  of  the  other  set,  that 
is,  one  for  the  Intake  and  one  for  the  exhaust  cams. 

It  is  seldom  necessary  to  gage  all  the  cams  on  all  shafts. 
There  are  always  a  few  faulty  cams,  however,  that  pass  the 
inspector  who  uses  some  other  kind  of  measuring  instrument 
than  the  indicator  gage.  When  these  cams  are  assembled  into 
motors  they  may  cause  erratic  running  of  the  engine  on  the 
block-test,  in  which  case,  when  the  engine  is  being  torn  down 
after  the  block-test,  the  camshafts  may  be  removed  for  inspec- 
tion on  this  fixture. 

There  is  an  apparatus  that  records  the  outline  of  the  periph- 
ery of  the  cams  by  means  of  electric  contact,  using  an  indicator 
hand  that  traces  a  curve  on  a  geometrically  ruled  chart.  This 
instrument  records  the  profile  curve  of  all  the  cams  on  the 
shaft  in  one  revolution.  While  this  is  quite  a  feature,  the  in- 
strument is  expensive  and  is  necessarily  delicate  and  must  be 
used  by  skilled  operators.  It  is  also  more  likely  to  be  affected 
by  temperature,  while  the  gage  here  described  may  be  used 
in  almost  any  place  where  there  is  room  on  a  bench  or  a  table. 

The  graduating  on  the  inserted  plate  on  the  former  gage  can 
easily  be  done  by  using  a  master  cam,  or  one  that  is  known 
to  be  correct.  After  the  circular  plate  has  been  graduated  in 
degrees  and  the  dowel-pins  placed  in  the  correct  position,  the 
plate  is  placed  on  a  shaft  with  a  master  cam  fastened  on  in 
the  proper  position  and  the  disk  rotated  with  the  shaft  by 
degrees,  or  greater  divisions,  while  the  point  of  the  indicator 
hand  shows  where  the  lines  should  be  scribed;  this  must  be 
done  after  fastening  the  inserted  plate  in  place. 

There  is  no  doubt  that  the  indicator  gage  will  find  a  more 
general  use  and  can  well  be  adapted  for  other  uses  than 
gasoline-engine  construction.  Some  of  the  various  purposes 
may  make  some  change  in  design  and  necessary  improvements 
that  will  probably  cause  it  to  become  a  popular  tool. 


"It  is  generally  believed  that  I  built  the  Panama  Canal," 
said  Major-General  George  W.  Goethals  at  the  meeting  of  the 
American  Society  of  Mechanical  Engineers,  when  honorary 
membership  in  the  society  was  conferred  upon  him.  "That  is 
a  mistake.  I  claim  to  have  been  one  of  fifty  thousand  men 
who  built  it.  I  learned  exactly  where  I  came  in,  in  a  trip 
that  I  took  across  the  canal  in  a  Panama  railroad  train,  when 
the  foreman,  describing  the  canal  to  a  visitor,  led  the  visitor 
to  understand  that  he  was  doing  pretty  much  all  of  it.  The 
visitor  finally  turned  to  him  and  said:  'What  is  the  "Old  Man," 
as  you  call  him,  doing?"  The  foreman  replied:  'Oh,  he  comes 
around  and  sees  us  doing  it,  jollies  us  a  bit,  and  then  goes 
back  and  sits  in  the  office  and  entertains  visitors." '" 


The  French  military  authorities  claim  that  their  famous  75's 
owe  their  longevity  to  the  fact  that  the  steel  liner  contains 
molybdenum,  which  Increases  the  life  about  twenty  times.  It 
has  been  found  that  tungsten-lined  guns  crystallize,  after  a 
certain  number  of  shots  have  been  fired,  and  are  rendered  prac- 
tically useless,  whereas  molybdenum-lined  guns  seem  to  last 
Indefinitely. 


Organization  oj  the  Drilling  Department  and  Use  oj  Special  Equip- 
ment on  Machines   to  Adapt  Them  for  a   Wide  Range  of  Work 


THERE  are  many  shop  superintendents  and  men  in  charge 
of  the  planning  of  machining  operations  who  do  not 
realize  the  full  scope  of  work  which  may  be  efficiently 
handled  on  drilling  machines.  In  many  shops  gratifying  re- 
sults are  obtained  in  the  performance  of  such  operations  as 
drilling,  counterboring,  reaming,  and  tapping;  but  most  factory 
executives  have  a  well  defined  idea  of  what  constitutes  "drill 
press  work,"  and  the  use  which  they  make  of  their  drilling 
machines  is  confined  to  those  pieces  which  come  under  this 
arbitrary  classification.  Those  in  charge  of  the  machine  shops 
in  some  progressive  manufacturing  plants  have  recently 
broken  away  from  this  idea  and  have  extended  the  use  of 
drilling  machines  to  provide  for  handling  many  operations 
for  which  turret  lathes,  engine  lathes  and  other  types  of 
machine  tools  were  formerly  employed.  In  so  doing  the 
quality  of  workmanship  has  been  kept  up  to  the  previous 
standards  and  in  practically  every  case  rates  of  production 
have  been  materially  increased.  There  are  few  shops  where 
a  wider  range  of  manufacturing  operations  are  handled  on 
heavy-duty  drilling  machines  or  where  higher  rates  of  produc- 
tion are  obtained  on  this  type  of  machine  than  at  the  plant 
ot  S.  F.  Bowser  &  Co.,  Inc.,  Fort  Wayne,  Ind.  This  concern 
operates  a  battery  of  twenty-eight  of  the  No.  310  high-duty 
drilling  machines  built  by  Baker  Bros.,  Toledo,  Ohio,  and  the 
organization  of  systems  for  the  expeditious  handling  of  work 
and  the  development  of  Jigs,  fixtures  and  special  cutting  tools 
for  use  on  these  machines  has  been  carried  to  a  high  degree 
ol  perfection  by  Sherwood  Hinds,  factory  engineer  ot  the 
Bowser  Co. 

Many  shop  men  who  have  formed  their  own  opinions  as  to 
what  constitute!)  the  range  of  work  that  can  be  etilciently 
handled  on  drilling  machines  would  be  greatly  surprised  at 
the  ruBults  which  Mr.  Hinds  Is  obtaining  In  the  Bowser  shops. 
Two  points  would  doubtless  be  the  first  to  attract  attention, 
namely,  the  great  variety  of  machining  operations  that  are 
performed,  and  the  extremely  high  rates  of  production  which 
are  secured  with  a  relatively  small  labor  cost  for  the  opera- 
tion of  maohlncH.  In  addition  to  the  familiar  operations  of 
drilling,  counterboring,  reaming,  tapping,  etc.,  a  variety  of 
other  operations,  including  turning,  threading,  facing  and 
boring,  are  performed  under  condltionB  that  give  very  satis- 
factory results  from  the  standpoints  of  flnish,  accuracy  and 
rates  of  production.    There  are  necessarily  a  number  of  details 


■For   Infornntloo   on   drlUlns   prsrtlr-v   prpvlouiilj    piil>ll«hi> 
M  "Drill  arln'llnf,"  In  llix  M»j  tmmXi-t. 
MmMx-lilt!  Killlnr  nt  Mir-micrHT. 


concerning  the  operation  of  this  department  which  vary  ac- 
cording to  the  character  of  the  work,  but  the  basic  principles 
governing  the  handling  of  all  classes  of  work  are  as  follows: 
The  machines  are  set  up  in  one  row  and  placed  close  enough 
together  so  that  sheet  metal  troughs  extend  from  table  to 
table  of  adjacent  machines.  As  a  result,  when  the  operation 
on  one  machine  has  been  completed,  the  work  may  be  pushed 
across  to  the  next  machine  with  a  minimum  expenditure  of 
time  and  exertion  on  the  part  of  the  operator.  The  parallel 
between  this  plan  and  the  operation  of  turret  lathes  for 
handling  the  same  work  will  be  obvious.  Instead  of  indexing 
a  turret  to  bring  successive  tools  into  operation,  the  work  is 
moved  along  under  the  spindles  of  machines  carrying  the 
required  tools.  Operations  are  conducted  on  the  progressive 
system,  but  although  many  parts  are  handled  which  require 
a  considerable  number  of  operations  to  complete  them  ready 
for  the  assembling  department — running  as  high  as  twelve 
operations  in  some  cases— it  is  never  found  advisable  to  have 
so  many  machines  working  on  the  same  piece  at  one  time. 

Before  giving  the  subject  serious  consideration  it  would 
doubtless  appear  that  the  most  efficient  results  would  be  ob- 
tained by  setting  up  a  sufficient  number  of  machines  to  enable 
the  work  to  be  completed  without  the  necessity  of  intermediate 
handling  between  the  performance  of  different  series  of  opera- 
tions. Experience  has  shown,  however,  that  on  the  average 
classes  of  work  handled  on  these  machines,  one  operator  is 
able  to  take  care  of  four  machines.  Accepting  this  as  a  basis 
of  operation,  and  considering  the  case  of  a  piece  In  which 
twelve  operations  are  required  to  flnish  the  machining,  It  at 
once  becomes  apparent  that  three  operators  and  three  groups 
of  four  machines  would  be  necessary.  So  long  as  there  is  no 
interruption  in  the  process  of  manufacture,  the  greatest 
efficiency  would  result  through  setting  up  twelve  machines  so 
that  the  work  could  be  handed  along  progressively  until  the 
last  operation  was  completed,  after  which  the  pieces  would 
lie  transferred  to  the  painting  department  preparatory  to  being 
assembled.  As  a  matter  of  fact,  the  niclliod  of  procedure 
would  probably  bo  to  handle  tlie  llrat  tour  operations  as  If 
tliclr  completion  rcHultcd  in  llnlsliiiig  the  work:  this  sot  of 
four  machines  would  then  bo  diHniHiitloil  and  set  ui)  for  the 
second  set  of  four  operations,  and  after  tliesc  operations  had 
been  completed,  the  inachlnos  would  agiilii  bo  dlsmnnllod  and 
set  up  for  the  final  operations.  The  renHon  for  adopting  this 
method  Is  that  oxporloiice  has  shown  tliat  where  more  tliun 
four  machines  are  oporHted  ot  a  time,  delays  rostilllng  from 
tlio   breakage   ot   tools   on    any   one   machine   or    tlic    Iimhiht- 
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ary  absence  of  one  operator  from  his  group  of  machines 
would  result  in  a  congestion  of  work  and  delay  of  one  or 
more  of  the  other  operators,  which  would  far  more  than  offset 
the  time  saved  by  the  avoidance  of  what  might  appear  to  be 
two  unnecessary  transfers  of  the  work  from  machines  to 
trucks,  and  vice  versa.  Another  advantage  of  subdividing  the 
total  series  of  machining  operations  in  this  way  is  that  the 
percentage  of  the  total  machine  equipment  used  on  a  single 
piece  at  any  one  time  is  greatly  reduced.  As  there  are  a  large 
number  of  different  parts  constantly  going  through  the  shop, 
it  would  be  poor  practice  to  tie  up  as  many  as  twelve  machines 
out  of  twenty-eight  on  a  single  job. 

Xo  difficulty  has  been  experienced  in  using  four  machines 
for  a  piece,  regardless  of  the 
number  of  operations.  Pieces 
with  one  operation  would  have 
four  sets  of  tools  and  fixtures; 
pieces  with  two  operations 
would  have  two  sets  of  tools; 
and  pieces  with  six  or  ten  op- 
erations would  have  the  tools 
doubled  for  the  last  two  opera- 
tions, which  would  enable  the 


r 

OLE 

X 

I 

! 

1 

:,^                      3-A 

3-B 

ilafl]inrry 

Fig.    1.     Diagram    iUustrating   Procedure   in   moving   "Work   from   Machine 
to  Machine  to  keep  AU  Machines  in  Group  constantly  in  Operation 


is  shown  on  part  No.  4.     The  detailed  method  of  operations 
on  this  piece  is  as  follows: 

Referring  to  Fig.  1,  it  will  be  seen  that  four  machines  are 
used,  the  boring  operation  being  performed  on  the  first,  turn- 
ing on  the  second,  tapping  on  the  third,  and  threading  on  the 
fourth.  The  third  operation  is  really  a  double  one,  because 
the  piece  is  tapped  with  a  taper  pipe  tap  from  each  side.  The 
machine  for  this  operation  has  a  sliding  fixture  with  provisions 
for  holding  two  pieces,  one  of  these  being  inverted.  The  order 
followed  by  the  operator  of  this  group  of  machines  in  going 
about  his  work  is  as  follows:  (1)  Remove  bored  piece  from 
machine  No.  1  and  set  up  fresh  blank.  (2)  Remove  turned 
piece  from  machine  No.  2  and  set  up  bored  piece  from  machine 
No.  1.  (3)  Remove  piece  from 
3-B  and  place  in  position 
marked  by  a  cross  between 
3-B  and  4  in  Fig.  1;  remove 
piece  from  3-A  and  place  in 
position  3-B;  take  bored  and 
turned  piece  from  machine 
No.  2  and  place  in  position 
3-A;  slide  fixture  until  spin- 
dle is  over  3-A  and  start  ma- 


operator  to  do  the  last  two  operations  on  four  machines,  finish- 
ing two  pieces  at  a  time.  With  pieces  requiring  three,  five,  seven, 
or  nine  operations,  etc.,  it  is  usually  possible  to  combine  two  of 
the  operations  so  as  to  fit  an  even  number  of  machines,  or 
else,  in  cases  where  there  is  one  long  operation,  to  set  up  two 
machines  for  this,  the  operator  having  time  to  perform  the 
other  two  operations  of  this  group  on  two  pieces  while  either 
of  the  first  two  machines  is  performing  one  operation.  An  ex- 
ample of  nine  operations  being  performed  on  eight  machines 
Is  shown  on  piece  No.  15  of  the  listed  parts;  an  example  of  a 
piece  with  three  operations  being  performed  to  advantage  on 
four  machines  is  shown  on  part  No.  2;  and  an  example  of  a 
piece  with  five  operations  being  performed  on  four  machines 


chine  No.  3.  (4)  Remove  finished  piece  from  machine  No.  4 
and  set  up  piece  which  was  set  in  position  marked  by  cross  be- 
tween machines  Nos.  3  and  4.  (5)  Go  back  to  machine  No.  3, 
hole  at  3-A  being  tapped  by  this  time,  push  fixture  over  and 
start  spindle  in  piece  in  position  3-B.  (6)  Return  to  machine 
No.  1. 

Another  point  which  helps  out  the  machining  of  pieces 
where  it  is  necessary  to  perform  a  number  of  operations  is 
the  possibility  of  using  portable  machines,  such  as  tappers, 
etc.,  to  take  a  fifth  and  seventh  operation.  Piece  No.  11  in  the 
List  of  Parts,  Order  of  Machining  Operations  and  Rates  of 
Production  is  an  example  of  this.  With  such  highly  system- 
atized methods  for  the  performance  of  a  sequence  of  opera- 


Fix.  lA.    Oinrin  Tapping  Machine  mounted  on  Skid  to  be  handled  \>y  ElaTktint  Truck,  and  eQnIppad  with  Individual  Motor  Driv 
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LIST  OF  PARTS,   ORDER  OF  MACHINING  OPERATIONS  AND    RATES  OF  PRODUCTION 


Notes   on   Special    Features  of   Tod    Equipment 


Grind  top  and  bottom  of  work. 

Bore  hole  A. 

Ream  hole  A. 

Rough-bore  holes  B  and  C,  and  cham- 
fer top  of  hole  B. 

Finish-bore  and  face  top  of  hole  B, 
counterbore  and  face  top  of  hole  C. 

Tap  hole  C. 

Finish  valve  seat  at  top  of  hole  B. 

Turn  and  face  top  of  union  D,  bore 
seat   for  bronze  bushing  E. 

Ream  seat  for  bushing  E. 

Thread  union  D. 

Press  in  bushing  E. 

Chamfer  bushing  E. 

Drill  two  holes  F. 

Tap  two  holes  F. 


Besly  double  disk  grinder. 
See  Figs.  12  and  13. 
See  Figs.  12  and  14. 
See  Figs.  12  and  16. 

See  Figs.  15  and  17. 

See  Figs.  12  and  18. 

See  Fig.  19. 

See  Figs.  20  and  21. 

See  Figs.  20  and  22. 
See  Fig.  20. 
Portable  arbor  press. 
See  Figs.  20  and  23. 
See  Figs.  20  and  24. 
See  Fig.  20. 


Bore  hole  A,  face  flange  B  and  counter- 
bore  at  O. 


Drill  holes  B  in  two  pieces. 
Tap  hole  A  in  two  pieces. 


Drill  hole  A. 
Drill  hole  B. 
Tap  hole  B. 
Drill  hole  G. 
Tap  hole  C. 
Tap  hole  A. 


Bore  hole  A. 
Turn  boss  B. 
Tap  hole  A. 


I 
4  I  Thread  boss  B. 


i  Bore  holes  A  and  B,  face  flange  C  and 
I      clean  up  surface  D. 

1  Turn   diameter  E,   face  flange  F  and 
I     clean  up  face  G. 


1  I  Rough-bore  and   chamfer  hole   A   and 
face  flange  at  top  of  hole. 
Ream  hole  A. 
Drill  hole  B. 

Rough-bore  holes  C,  D  and  E. 
Ream  hole  C. 
i  Tap  hole  E. 
Bore  and  turn  gland  F. 
Thread  outside  of  gland  F. 
Bore  hole  O. 
Tap  hole  G. 
Bore  hole  //. 
Tap  hole  //. 


Combination  boring,  counterboring  and 
facing  tool  with  provision  for  holding 
dimension  E. 

Jig  to  hold  two  pieces  and  two-spindle 
head. 

Note:    Two  machines  on  Operation  1. 


Cast  Iron. 
13  minutes. 


Angle-plate  jig  with  pilot  in  hole  A. 
Angle-plate  jig  with  pilot  in  hole  A. 
Angle-plate  jig  with  pilot  in  hole  A. 
Angle-plate  jig  with  pilot  in  hole  A. 
I^ote:  Operations  2  and  4  and  Operations  3  and 
performed  on  same  machine. 


Cast  iron. 
1  minute. 


Cast  iron. 
1  minute. 


Piloted  turning  tool. 


Opening  threading  die. 

Note:     Hole   A   is   tapped   from   both   sides   with   a 
I'^-inch  taper  pipe  tap. 


Combination  boring  and  facing  tool  for 
two  holes  and  two  faces. 


Combination  turning  and   facing  tool. 

Note:    Two  machines  on  Operations  1  and  Z 


Drill  hole  A,  rough-bore  hole  B,  face 
flange  C,  chamfer  hole  A. 

Flnlsh-boro     hole     B     and     finish-face 
flange  0;  bore  D  and  oountorboro  F. 

Turn  diameter  /■'. 

Thread  diameter  F. 

Tap  hole  «. 

Chamfer  hole  1). 

7  I  Trut!  up  fnro  of  flange  0. 

Tni"   lirt   fare   // 


Combination  boring,  chamfering  and  fac- 
ing tool. 


Stepped  boring  tool. 

Piloted  comb,  turning  and  boring  tool. 


Note:    AU  other  holes  drilled  on  luuUlpIc  xplndle  ma- 
chine carrying  two  pieces. 


Four-spIndle  drill  head.  Work  is  turned 
over  twice. 

Combination  stopped  boring,  counterbor- 
lug  and  facing  tool  wliidi  holds  1% 
Inch  height. 

riloted  turning  tool. 


Cast  iron. 
114  minute. 


Cast  iron. 
2%  minutes. 


Cast  Iron. 
5    minutes. 


Bronze. 

2V&  minutes. 
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Special    Features  of   Tool    Equipment 


ij^-^fri^ 

IP^I    ^1 

^')^t«  )'    nV^l, 

[ffea 

"■^11 

I 

1  I  Rough-bore  hole  A  and  face  flange  B,   Four-spindle    drill    head.     Work    turned 
I      drill  two  holes  C.  over  once. 


2  I  Finish-bore    A,    finish-face   B,   bore   D 
and  counterbore  E. 


3  i  Tap  hole  A. 

I 

4  1  Chamfer  hole  D. 


1   I  Drill    hole    A.    bore    and    counterbore 
hole  B,  face  flange  C,  chamfer  hole  A 
at  D. 
Turn  diameter  E  and  face  flange  F. 

3  i  Thread  diameter  E. 

4  Tap  hole  B. 


I 

1  I  Bore  holes  A  and  B;  index  fixture  five 
I      times  for  these  holes. 

2  I  Face  flanges  C  and  D  and  counterbore 
I      holes  A. 

1 

3  I  Tap  five  holes  A. 

4  I  Chamfer  holes  B. 

5  i  Bore  hole  E  and  face  flange  H. 

6  I  Bore  two  holes  F. 

1 

7  I  Tap  two  holes  F. 

8  1  Drill  out  seven  cored  holes  G. 

I 
I 


Combination  stepped  boring,  counterbor- 
ing  and  facing  tool. 


Note:    Holes  C  tapped  on  portable  machine. 


Three-spindle    drill    head.     Work    turned 
over  twice. 

Combination   piloted   turning   and   facing 
tool. 


Bronze. 
1%  minute. 


Malleable  Iron. 
1%  minute. 


Indexing  flxture  and  stepped  boring  tool. 

Combination  counterboring  and  facing 
tool  that  holds  height  between  faces 
C  and  D. 

Indexing  flxture. 

Indexing  flxture. 

Combination  boring  and   facing  tool. 

Sliding  flxtures  to  locate  second  hole  for 
boring  or  tapping. 


Note:    Fixture  is  indexed  five  times  to  machine  holes 
A  and  B. 


1  j  Turn  diameter  A. 

2  I  Thread  diameter  A. 

3  I  Drill  and  countersink  two  holes  B. 

4  I  Drill  hole  C  to  depth  shown;   holes  BJ 
I      tapped  on  portable  machine. 


1  I  Bore  hole  A  and  face  flange  B. 

2  I  Turn   diameter   C,   face  flanges  D  and 
I      E  and  turn  diameter  F. 

3  I  Drill  two  sets  of  three  holes  G. 

4  I  Chamfer  hole  A  to  30  deg. 


Turning  tool. 

Four-spindle   drill   head— work   turned 
once. 


Note:    Holes  B  t.ippea  on  portable  machine. 


Cast  iron. 
15   minutes. 


Cast  iron. 
1%  minute. 


Combination   boring   and   facing  tool. 
Combination  turning  and  facing  tool.         Cast  iron. 

4  minutes. 
Three-spindle  drill  head. 


Note:    Holes  G  tapped  on  portable  machine. 


1  I  Face  flange  A  and  bore  hole  B. 

2  I  Drill  hole  C. 

I 

3  I  Drill  out  six  cored  holes  D. 


Combination   boring   and    facing   tool. 


Three-spindle  drill  head — two  operations. 
Note:    Two  machines  on  Operation  1,  hole  C,  topped 
on  portable  machine. 


1  j  Bore  and  counterbore  hole  A.  bore  hole 
B  and  face  C ;  turn  diameter  D  and 
face  E;  bore  hole  F. 

2  Thread  diameter  D. 

3  Tap  hole  A. 

4  I  Tap  hole  F. 

I 


1 

Bore  and  chamfer  hole  A. 

2 

Ream  hole  .1. 

3 

Drill  hole    B. 

4 

Bore  hole  C  and  turn  diameter  D. 

r. 

Thread  diameter  D. 

fi 

Bore  hole  K. 

7 

Tap  hole  E. 

X 

Horo  hole  F. 

9 

T:ip  hole  /'. 

Cast  iron. 
3  minutes. 


Three-position  flxture  and  multiple-spin- 
dle head;  stepped  boring  and  facing 
tool;    combination    turning   and    facing  ^^^^ 

tool.    Work  reset  three  times.  g  minutes. 


Boring  and   chamfering  tool. 
Piloted  boring  and  turning  tool. 


Cast  Iron. 
4  minutes. 


x.iti-:    Oi>.T;iIl"'iis  7  nntl  1>  performed  on  one  machine 

with    !«..  poHlllon    lixturo.  M^rMnfry 
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Nut«B   oa    8p9cial    Features   of   Tool    EQuipment 


Drill  hole  A. 
Tap  hole  A. 
Drill  hole  B. 
Tap  hole  B. 


Malleable  Iron 
1  minute. 


1  I  Rough-bore  hole  A. 


Under-cut  hole  A  at  B. 

Tap  hole  A. 

Drill  hole  G  and  two  holes  D. 


Cam-operated   under-cutting  tool. 
Angle-plate  jig  and  two-spindle  drill  head. 


Malleable  iron 
2  minutes. 


Bore  holes  A  and  B. 

Tap  holes  A  and  B. 

Rough-bore  holes  0  and  D. 

Ream  hole  C. 

Drill  hole  E. 

Tap  hole  E. 

Drill  hole  F. 

Tap  hole  F. 


Angle-plate  jig;  work  turned  over  to  drill 
and  tap  hole  B. 


Stepped  boring  tool. 


Cast  iron. 
2>^  minutes. 


Note:  The  time  of  each  operation  docs  not  Inclnde  an  aUowance  for  setting  op  machines  or  grinding  tools,  but  does  aUow  for  changing  dull  tools  for 
sharp  ones.  The  time  of  setting  up  machines  varies  from  fifteen  minutes  to  halt  an  hour  per  machine,  depending  upon  the  nature  of  the  tools  and  fixtures 
which  are  required. 


tlons,  it  is  believed  by  the  management  of  the  Bowser  factory 
that  the  highest  rate  of  production  that  is  possible  is  obtained 
from  each  machine. 

Orgranlzatlon  of  Department  Management 

Reference  has  already  been  made  to  the  fact  that  in  operat- 
ing these  machines,  it  is  the  practice  never  to  have  more  than 
four  machines  working  on  the  same  piece;  however,  it  oc- 
casionally happens,  that  the  length  of  operations  on  a  group 
of  machines  is  such  that  the  operator  can  perform  the  nrst 
operation  on  the  group  of  four  machines  next  to  his  own  in 
less  time  than  the  other  operator  can  perform  the  remaining 
three,  in  which  case,  the  machines  are  divided  up  five  and  three 
between  the  two  operators,  although  the  parts  being  machined 
each  require  four  machines.  There  is  a  set-up  man  in  charge 
of  the  department  who  is  under  the  Jurisdiction  of  the  general 
foreman,  and  it  is  the  duty  of  this  man  to  assist  the  operator 
in  dismantling  his  machine  at  the  completion  of  each  job  and 
in  setting  up  the  new  Jobs.  He  also  sees  that  sharp  tools  are 
furnished  to  the  operators  at  such  times  as  they  need  them 
and  can  also  substitute  for 
any  of  the  regular  machine 
operators  at  such  times  as  the 
latter  are  away,  In  order  to 
keep  all  the  machines  con- 
stantly employed  during  the 
working  days.  Pigs.  lA  and 
IB  show  the  application  of 
portable  machines  for  per- 
forming an  extra  operation 
for  which  a  machine  is  not 
available. 

Special  Equipment  for  Machines 

Mention  has  already  been 
made  of  the  fact  that  the  ma- 
chines used  for  this  work  are 
the  Baker  No.  .310  high-duty 
drilling  machines.  Standard 
machines  were  purchased,  but 
In  order  to  adapt  them  for  the 
special  re'iulrementa  of  this 
work  It  was  found  necnssary 
to  apply  some  additional  O'lulp- 
rnent.  Actual  changes  made 
In  the  machine  details  Include 
the  following:  Provlilon  of 
special  gears  In  the  fe«d  train 


to  allow  for  cutting  threads  of  the  desired  pitches,  including  the 
11%  pipe  threads;  provision  of  an  automatically  operated  air 
cylinder  on  each  machine  for  shifting  the  double  belt  drive, 
to  provide  for  reversing  the  direction  of  rotation  for  backing 
out  taps  and  backing  oS  threading  dies;  and  the  provision  of 
a  special  feed  release  mechanism  which  disengages  the  feed 
clutch  but  allows  the  spindle  to  continue  rotating  for  the 
necessary  length  of  time  to  insure  the  removal  of  tool  marks 
when  performing  facing,  chamfering  and  counterboring  opera- 
tions. 

In  this  connection  it  might  be  mentioned  that  a  special  ar- 
rangement of  counterweights  is  provided  which  are  much  light- 
er than  the  standard  counterweights  furnished  on  the  ma- 
chine. These  weights  are  of  the  slotted  disk  type  and  the 
number  of  weights  used  can  be  such  that  the  boring  tool,  tap, 
or  die  can  either  be  Just  floated  off  the  work  or  actually  re- 
turned to  the  starting  position  automatically,  so  that  all  the 
operator  has  to  do  is  to  pull  the  spindle  down  and  throw  in 
his  feed  lever.  The  capstan  placed  in  the  base  of  each  ma- 
chine under  the  counterweight  provides  for  regulating  the 
height  to  which  the  spindle  is 
raised  so  that  the  height  of 
the  spindle  in  its  "up"  posi- 
tion can  be  made  to  suit  each 
Job.  It  also  prevents  the 
spindle  quill  from  striking 
the  top  of  the  machine  in 
cases  where  heavy  counter- 
weights are  used.  This  is  ac- 
complished by  raising  or  low- 
ering the  capstan  so  that  it 
stops  the  fall  of  the  counter- 
weight at  Just  the  required 
point. 

Special  Provision  for  Thread- 
Intf  and  Tapplnn: 
On  those  niaihlnes,  thread- 
ing and  tapping  operations 
.•iro  performed  on  work  where 
it  is  required  to  cut  from 
eight  to  twenty  threads  per 
Inch.  On  the  Maker  high-duty 
drilling  machines  changes  In 
fend  aro  obtained  by  first 
IiliK^Ing  lever  A,  Fig.  2,  In  one 
of  the  throe  positions  eon- 
trolled  by  inserting  a  pin  Into 
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this  lever  rotates.  Any  of  the 
rates  of  feed  obtained  in  this 
way  may  be  compounded 
through  slip  gears  B,  C,  D, 
and  E,  which  have  27,  33,  20, 
and  40  teeth,  respectively.  It 
will  be  apparent  that  both 
pairs  of  gears  BC  and  DE 
have  a  total  of  60  teeth,  so 
that  they  may  be  placed  on 
fixed  centers,  and  by  trans- 
posing gears  B  and  C  or  trans- 
posing gears  D  and  E,  the 
three  available  rates  of  feed 
obtained  for  different  settings 
of  lever  A  are  combined  to 
give  a  total  of  12  feed  changes. 
The  total  range  of  feeds  runs 
from  0.010  to  0.050  inch  per 
revolution.  This  mechanism 
is  standard  for  the  Baker 
drilling  machines  with  the  ex- 
ception of  the  fact  that  shafts 
F  and  G  are  made  5  inches 
longer  than  the  standard  di- 
mension to  provide  for  intro- 
ducing special  gears  into  the 
feed  train  in  order  to  secure 
the  desired  rate  of  advance 
for  the  spindle  when  per- 
forming threading  and  tap- 
ping operations,  which  are 
the  only  operations  for  which 
these  special  gears  are  used. 

When  the  machine  is  to  be  set  up  for  threading  or  tapping, 
the  first  step  is  to  remove  the  gears  from  shafts  F  and  G. 
As  a  substitute  for  these  two  gears,  one  of  the  special  change- 
gears  H,  I,  or  J  is  introduced  into  the  feed  train;  this  special 
gear  has  twice  as  many  teeth  as  there  are  threads  per  inch 
on  the  work  which  is  to  be  machined.     For  instance,  a  gear 
with  23  teeth  is  employed  for  threading  or  tapping  work  with 
the  11%  threads  per  inch  commonly  employed  on  pipe  fittings. 
This  gear  is  mounted  on  a  pull-pin  E,  after  which  quadrant 
L  is  pulled  up  to  readjust  the  position  of  the  gears   in  the 
feed  train  so  that  this  special  '"transposing"  gear  for  thread, 
ing   and    tapping   operations    is    brought    into    mesh.      Before 
starting  threading  or  tapping  it  is  necessary  to  remove  the 
gears  from  shafts  F  and  G.  but  if  so  desired  the  transposing 
gear  may  be  left  in  place  on  the  puU-pin  K  when  the  machine 
is  used  on  other  classes  of  work.     When  this  la  done,  the 
fears  are  simply 
replaced     on 
shafts   F  and   O- 
and  quadrant  L 
is     dropped     so 
that    the    trans- 
posing   gear    is 
no   longer    in 
mesh.      Under 
such   conditions, 
transmission    is 
through  the  reg- 
ular    feed -gears 
on  shafts  F  and 
and    G.     Hooks 
are  provided  for 
the  feed  change- 
gears     and     for 
the  special  gears 
for      threading 
and  tapping,  so 
that  there  is  lit- 
tle danger   of 
their  being  mis- 
placed when  not 
in  use. 


Automatic  Compressed-air  Re- 
verse for  Threadrng:  and 
Tapping 

Reversal  of  the  direction  of 
spindle  rotation  for  the  per- 
formance of  threading  and 
tapping  operations  is  accom- 
plished by  the  standard  ar- 
rangement of  forward  and  re- 
verse belts  furnished  on  the 
Baker  high-duty  drilling  ma- 
chines. A  change  in  the 
method  of  operating  these 
belts  has  been  provided,  how- 
ever; instead  of  using  a  hand- 
lever,  shifting  of  the  belts  is 
accomplished  automatically  by 
compressed  air.  At  the  right- 
hand  side  of  two  machines  in 
each  group  of  four,  there  will 
be  seen  a  small  air  cylin- 
der in  which  runs  a  piston 
that  actuates  the  belt  shifter. 

A  good  idea  of  the  way 
this  mechanism  operates  will 
be  obtained  from  the  view 
of  four  machines.  Fig.  3, 
and  the  detail  views  of  the 
control  mechanism,  Fig.  4. 
At  the  left-hand  side  of 
the  machine  within  conveni- 
ent   reach    of    the    operator 

Fig.   2.     Arraiigement  of   Special  Gears  totrodnced  Into  Feed  Trmta  to  there   will  be  seen  a  lever   A, 

provide  for  performing  Threading  and  Tapping  OpersUnni  pjg      3^     which     actuates     the 

air  valve.  When  this  lever  is  thrown  up  it  opens  the  valve 
to  admit  air  to  the  under  side  of  piston  B,  which  forces 
this  piston  to  the  position  at  the  top  of  the  cylinder  shown 
in  Fig.  4.  Connected  to  the  piston-rod  there  is  a  rack  C  which 
meshes  with  a  pinion  on  shaft  D,  by  means  of  which  the  belt 
shifter  is  actuated  to  throw  the  "forward"  driving  belt  onto 
its  tight  pulley,  while  the  "reverse"  driving  bell  is  shifted 
onto  its  loose  pulley.  When  it  is  desired  to  reverse  the  direc- 
tion of  rotation,  lever  A.  Fig.  3,  is  thrown  down  to  admit  air 
into  the  cylinder  above  the  piston,  with  the  result  that  this 
piston  is  forced  to  the  bottom  of  the  cylinder.  Through  rack 
C  and  the  meshing  pinion  carried  on  shaft  D.  the  "reverse" 
belt  is  thrown  onto  its  tight  pulley  and  the  "forward"  belt  is 
.shifted  to  its  loose  pulley,  which  provides  for  backing  out  the 
tap  or  backing  off  the  threading  die. 
So  far  we  have  considered  the  operation  of  this  mechanism 

as     if    it    were 


Fiit.   3.     Arrangement  of  Compresied-air  Control  for    Spindle  Eevene  Mechaniim  for  Threading  and  Tapping 


hand  operated, 
but,  as  a  matter 
of  fact,  the  op- 
eration is  auto- 
matic. By  mak- 
ing suitable  ad- 
justment of  hand- 
lever  E  at  the 
top  of  the  air 
cylinder,  provi- 
sion may  be 
made  for  either 
stopping  the  ma- 
chineorautomat- 
ically  reversing 
the  direction  of 
rotation.  To  stop 
the  machine, 
lever£  is  thrown 
down,  and  the 
connection  o  t 
this  lover  with 
link  F  and  bell- 
crank  a  results 
in  sliding  boUH 
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to  the  right.  In  this  position 
cam  /,  attached  to  the  back 
of  rack  C.  comes  down  until 
the  flat  bottom  o£  this  cam 
engages  bolt  H.  In  this  posi- 
tion the  forward  belt  has  been 
shifted  onto  its  loose  pulley, 
but  the  reverse  belt  has  not 
been  shifted  from  its  loose 
pulley  to  the  tight  pulley.  As 
a  result,  both  the  forward  and 
reverse  belts  are  running  on 
their  loose  pulleys,  and  so  the 
machine  stops. 

If,  on  the  other  hand,  it  is 
desired  to  have  the  machine 
reverse  automatically,  lever  E 
is  pushed  up  so  that  bolt  H 
is  withdrawn.  It  is  now  pos- 
sible for  the  piston  to  descend 
right  to  the  bottom  of  the  air 
cylinder,  thus  allowing  rack  C 
to  shift  the  "forward"  belt  to 
its  loose  pulley  and  the  "re- 
verse" belt  to  its  tight  pulley. 
This  reverses  the  direction  of 
rotation  of  the  spindle  to 
back  out  the  tap.  In  this 
position  of  the  mechanism, 
cam  1  descends  and  engages  with  a  corresponding  cam  surface 
on  bellcrank  J,  which  results  in  rocking  this  lever  and  raising 
rod  A".  This  rod  is  connected  to  a  link  mechanism,  which 
drops  the  feed  worm  out  of  engagement  with  the  worm-wheel 
at  the  time  that  the  reverse  belt  is  shifted  onto  the  backward 
driving  pulley.  Under  these  conditions  the  spindle  is  free, 
so  that  the  tap  or  die  can  be  backed  off  the  work.  A  collar 
on  the  drilling  machine  spindle  trips  valve  lever  A  to  provide 
for  reversing  the  machine  at  the  bottom  of  the  spindle  travel. 
I.e.,  when  the  tap  or  threading  die  has  reached  the  desired 
depth;  and  a  second  collar  again  reverses  the  machine  ready 
for  the  next  operation.     To   start  the  machine,   it   is   merely 


Fig.  4.     MechaDism  of  Compri 
Place 


K; 


necessary  for  the  operator  to 
throw  the  feed  worm  into  en- 
gagement with  the  worm- 
wheel  in  the  usual  way. 

Connected  with  the  same 
air  line  that  supplies  the  cyl- 
inders for  reversing  the  direc- 
tion of  rotation  of  the  spin- 
dles for  threading  and  tap- 
ping operations,  connections 
are  made  at  each  machine 
with  a  flexible  tube  and  metal 
nozzle,  on  which  there  is  a 
push-button  valve.  This  equip- 
ment is  found  convenient  for 
blowing  chips  and  icutting 
compound  off  the  work  after 
an  operation  has  been  com- 
pleted. All  bolts  on  the  ma- 
chine have  standard  heads  to 
fit  a  single  socket  wrench. 
It  will  be  seen  that  there  is 
a  second  pipe  line  running 
along  at  the  top  of  the  ma- 
chines, this  being  provided  to 
carry  cutting  compound  to 
the  machine  from  a  single 
distributing  station.  Each  ma- 
chine has  its  individual  elec- 
tric light  with  a  shade  which  protects  the  operator's  eyes  and 
directs  all  light  down  to  the  work.  At  each  third  machine,  con- 
nection is  made  with  a  power  circuit,  the  purpose  of  this  being 
to  provide  for  driving  portable  tools.  The  purpose  of  this 
is  to  allow  a  portable  drilling  or  tapping  machine  to  be  brought 
into  place  for  performing  one  or  two  operations  in  cases 
where  the  number  of  operations  to  be  performed  is  such  that 
they  cannot  be  conveniently  divided  up  among  the  machines. 
When  not  required,  the  portable  machine  is  carried  away  on 
an  elevating  truck;  it  is  mounted  on  a  skid  for  this  purpose. 
At  each  machine  a  safety  plug  is  provided  which  may  be  pulled 
out  to  stop  the  main  driving  motor   in  case  of  emergency. 


r  Control  for  Spindle  Re 
chine   in  Fig.    3 


v.nw  of  Mfiohanlim  omplorxl  to  hold  Fud  Oonituit  whU*  ooraplollnf  Faclof  Oi>«rttlon 
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Provision  for  Holding-  Feed  to  Complete  Facing:  Operations 

There  are  a  number  of  different  parts  that  are  machined  on 
this  battery  of  drilling  machines  on  which  it  is  required  to 
perform  facing  operations.  This  work  can  readily  be  handled 
on  drilling  machines  equipped  with  suitable  facing  tools,  but 
where  a  fine,  smooth  finish  is  required — as  in  cases  of 
couplings  on  gasoline  pumps,  etc. — trouble  would  be  exper- 
ienced through  having  tool  marks  show  on  the  work  if  the 
facing  head  were  simply  advanced  to  the  work  until  the  feed 
mechanism  was  tripped  automatically  and  the  spindle  returned 
ti)  its  upper  position.  To  overcome  this  trouble,  a  special 
equipment  has  been  furnished  on  all  machines,  which  pro- 
vides for  disengaging  the  clutch  at  the  end  of  the  feed  worm 
and  still  holding  this  worm  in  contact  with  the  worm-wheel, 
so  that  the  spindle  continues  to  rotate  with  its  position  held 
stationary,  as  far  as  vertical  feed  movement  is  concerned. 
In  this  way  the  facing  operation  is  completed  without  any 
tool  marks  being  left.  The  same  device  is  used  to  secure  a 
smooth  finish  when  performing  chamfering  and  counterboring 
operations. 

Two  complete  revolutions  of  the  capstan  wheel  are  necessary 
in  order  to  obtain  the  full  travel  of  the  drill  spindle.  In 
working  out  the  design  of  this  mechanism  for  rotating  a 
cutter  without  any  feed  movement,  while  completing  a  facing 
operation,  provision  had  to  be  made  for  obtaining  practically 
the  full  spindle  travel  to  meet  the  requirement  of  those  cases 
where  it  is  necessary,  before  the  feed  is  tripped.  For  this 
purpose  the  following  means  are  employed,  as  shown  in  Figs. 
5  and  5A.  A  disk  A  is  bolted  to  the  feed  worm-wheel,  and 
this  disk  has  a  circular  T-slot  milled  in  it  to  carry  an  adjus- 
table dog  B.  Pivoted  freely  on  the  face  of  this  disk  there  is 
a  second  member  C  on  which  there  is  arranged  a  lever  D  that 
may  be  pulled  to  advance  a  catch  E  out  of  the  edge  of  disk  C. 
This  catch  E  ultimately  engages  the  upper  end  of  a  bellcrank 
lever  (the  lower  end  of  which  is  shown  at  F)  which  results 
in  causing  the  lower  end  of  this  lever  to  disengage  the  clutch 
at  the  end  of  the  feed  worm  shaft. 

In  operation,  the  position  of  dog  B  is  adjusted  in  the  cir- 
cular T-slot  in  disk  A,  so  that  this  dog  causes  catch  E  to  trip 
the  feed  worm  clutch  when  the  spindle  has  reached  the  desired 
position.  As  two  complete  revolutions  of  the  capstan  wheel 
are  required  to  secure  the  maximum  feed  motion  for  the 
spindle,  it  was  necessary  to  employ  the  double  arrangement 
of  disks  shown  at  A  and  C,  in  order  that  disk  A  can  make  a 
complete  revolution  to  bring  dog  B  to  the  opposite  side  of  the 
lug  on  disk  C,  after  which  continued  revolution  of  disk  A 
causes  dog  B  to  carry  disk  C  around.  When  this  revolution 
has  been  completed  catch  E  engages  bellcrank  lever  F  and 
trips  the  feed  worm.  Of  course,  any  portion  of  the  maximum 
feed  movement  of  the  drill  spindle  may  be  obtained  by  making 
a  proper  setting  of  dog  B. 

When  the  clutch  has  been  disengaged  on  the  feed  worm 
shaft,  it  will  be  apparent  that  the  worm  is  still  in  engage- 
ment with  the  worm-wheel,  which  prevents  the  counterweight 
from  returning  the  spindle;  at  the  same  time,  the  spindle 
continues  to  rotate,  thus  completing  the  facing  operation  with 
a.  fixed  vertical  position  of  the  cutter,  so  that  the  work  is 
finished  without  showing  any  tool  marks.  To  complete  the 
cycle  of  operations,  it  will  be  apparent  that  the  feed  worm 
must  be  thrown  out  of  engagement  with  the  worm-wheel  so 
that  the  spindle  may  be  returned  to  the  starting  position.  The 
mechanism  provides  means  of  doing  this  automatically,  the 
operation  being  as  follows:  The  preceding  description  has 
explained  how  catch  E  comes  into  contact  with  bellcrank  /•' 
and  results  in  disengaging  the  clutch  on  the  feed  worm  shaft. 
After  this  has  been  done,  it  is  necessary  for  pinion  //  to  he 
brought  into  mesh  with  gear  /  in  order  that  a  dog  mounted 
in  one  of  the  holes  ./  in  gear  /  may  engage  with  a  link  to 
throw  the  feed  worm  out  of  engagement  with  the  worm-wheel. 

After  catch  E  has  engaged  with  bellcrank  lever  F  and 
moved  this  lever  sufficiently  to  disengage  the  dutch  on  the 
feed  worm  shaft,  catch  E  plays  no  further  part  in  the  opera- 
tion. Carried  by  lever  CI  there  is  a  spring  plunger  with  a 
roller  at  its  end.  which  runs  over  the  V-shapod  l)lock  aecureil 
to  the  frame  of  the  machine.  At  the  same  moment  that  catch 
E  has  disengaged  the  feed   clutch,   this   roller  carried  by  the 


spring  plunger  on  lever  G  has  reached  the  position  at  the 
apex  of  the  V-shaped  block.  The  spring  behind  the  plunger  is 
now  compressed  so  that  its  maximum  tension  is  exerted,  and 
as  the  roller  passes  over  the  top  of  the  vee  the  spring  pressure 
becomes  effective  in  causing  the  roller  to  run  down  the  decline 
of  the  V-shaped  block.  In  so  doing,  a  further  movement  is 
imparted  to  lever  G  which  has  the  following  effect.  Pinion 
H  is  carried  on  a  quadrant,  which  has  been  gradually  swung 
over  during  the  time  that  catch  E  is  in  contact  with  bellcrank 
F.  As  the  roller  carried  by  the  spring  plunger  on  lever  G 
runs  down  the  decline  of  the  V-block,  movement  imparted  to 
lever  G  is  transmitted  through  a  link  mechanism  of  which 
M  is  a  part,  which  results  in  bringing  pinion  H  into  mesh  with 
gear  /. 

As  previously  mentioned,  a  pin  carried  in  one  of  the  holes 
in  this  gear,  trips  the  feed  worm  out  of  engagement  with  the 
worm-wheel.  The  counterweight  then  returns  the  spindle  to 
its  upper  position.  At  this  point  collar  N  carried  by  the 
spindle  engages  lever  0,  which  imparts  the  reverse  movement 
to  the  mechanism  which  has  just  been  described.  In  the  first 
place,  the  quadrant  which  carries  pinion  H  is  rocked  back 
so  that  this  pinion  is  disengaged  from  gear  I.  Gear  /  is  made 
heavy  at  what  is  the  lower  side  in  the  starting  position,  and 
this  gear  is  free  on  its  shaft,  so  that  when  the  pinion  is  dis- 
engaged, gear  I  is  automatically  returned  to  the  starting 
position,  where  the  heavy  side  of  the  gear  is  at  the  bottom. 
Bellcrank  lever  F  and  the  extension  G  of  this  bellcrank  are 
also  returned  to  their  starting  positions  ready  for  the  next 
cycle  of  operations.  When  the  operator  has  set  up  the  next 
piece  of  work,  he  merely  has  to  engage  the  feed  worm  with 
the  wheel,  after  which  he  goes  on  to  the  next  machine. 
*  *  * 
EMPLOYMENT  OF  WOMEN  IN  MUNITION 
FACTORIES 

In  a  paper  read  before  the  British  Institution  of  Mechanical 
Engineers,  O.  E.  Monkhouse  called  attention  to  the  many  diffi- 
culties that  were  met  with  in  the  introduction  of  women  into 
machine  shops.  A  large  proportion  of  the  women  employed 
were  not  accustomed  to  factory  life  and  discipline;  most  man- 
agers and  foremen  were  not  accustomed  to  managing  women 
workers;  the  shop  conditions  were  planned  with  a  view  to  the 
employment  of  men;  and  the  women  were  unaccustomed  to 
the  use  of  machinery.  Besides,  there  was  the  difficulty  of 
maintaining  discipline  in  a  mixed  shop.  Other  difficulties 
were  the  long  hours  and  the  question  of  physical  strength. 
At  the  present  time,  nothing  but  harm  can  be  done  by  praising 
the  power  of  women  too  highly,  but  there  are  many  cases 
where  women  have  shown  great  ability  and  have  acquired  a 
knowledge  of  certain  branches  of  shop  work  greater  than  that 
which  would  have  been  obtained  by  an  apprentice  in  the  same 
period  under  prewar  conditions.  This  state  of  affairs  is  due 
largely  to  the  fact  that  women  have  been  definitely  taught, 
whereas  the  apprentices  had  to  pick  up  their  trade;  that 
women  have,  for  the  most  part,  been  extensively  taught  every- 
thing in  the  shop  itself  under  production  conditions,  rather 
than  in  an  apprentice  school;  and  that  present  conditions  have 
actuated  and  spurred  on  everybody  to  greater  effort  from 
patriotic  motives.  There  is  little  doubt  that  the  advantage  of 
getting  their  training  under  production  conditions  has  been 
instrumental  in  speeding  up  women's  training. 

It  is  extremely  difficult  to  start  women  in  the  same  shop 
with  men  unless  the  latter  are  in  sympathy  with  the  move- 
ment. Experience  has  shown  that  the  only  satisfactory  way 
is  to  start  women  in  a  shop  by  themselves  under  a  broad- 
minded  foreman.  Government  training  schools  have  done 
much  in  England  by  supplying  a  nucleus  of  trained  labor  to 
the  shops;  while  a  few  large  firms  have  started  their  own 
training  schools. 

There  is  no  doubt  that,  generally  speaking,  a  woman  is  a 
better  judge  of  a  woman  than  is  a  man;  so  in  England  success- 
ful firms  have  experienced  women  supervisors  who  hire  all 
the  women  workers.  In  one  case,  where  some  of  the  women 
were  chosen  by  a  woman  and  the  rest  by  a  man,  there  was 
great  complaint  of  the  efficiency  of  the  women  hired  by  the 
latter;  investigation  showed  that  those  women  who  were  re- 
jected by  the  woman  were  generally  engaged  by  the  man. 
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GENERAL  PRODUCTION  METHODS  AND  SHORT-CUTS  ON  LARGE  SHELLS 
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WHEN  a  large  contract  is  received  many  important 
questions  arise.  If  the  job  is  entirely  different  from 
anything  that  has  been  done  before,  as  is  generally 
the  case  with  a  shell  contract,  the  first  questions  to  be  decided 
are  whether  the  work  can  be  handled  with  the  equipment 
already  at  hand;  whether  this  equipment  can  be  altered  and 
rearranged  to  advantage;  or  whether  an  entirely  new  shop 
with  an  installation  of  machines  for  the  purpose  will  be 
necessary.  In  most  cases  the  last  course  will  be  found  ad- 
visable on  account  of  the  magnitude  of  munition  contracts, 
the  money  involved,  and  a  consideration  of  the  great  handi- 
cap under  which  ordinary  machine  tools  labor  in  comparison 
with  single-purpose  machines  built  expressly  for  the  hardest 
and  roughest  use. 

The  following  points  should  be  borne  in  mind  when  select- 
ing munition  machinery:  The  machines  must  be  able  to  run 
twenty-four  hours  a  day,  which  means  the  working  parts  must 


the  thrust  of  the  cut  was  only  half  as  strong  as  the  trailing 
side.  Convenience  is  another  point  to  be  kept  in  mind.  When 
it  is  considered  how  many  times  a  day  and  for  how  many 
months  the  various  operating  parts  will  be  actuated,  it  will  be 
realized  that  they  should  be  easy  of  access,  easy  working,  and 
not  likely  to  get  out  of  order. 

Routing  the  Work 

Side  by  side  with  the  purchase  of  machinery  comes  the 
problem  of  arranging  it  in  place.  This  problem  will,  in  a  way, 
solve  itself  if  the  attention  is  focused  on  the  place  where  the 
rough  forgings  must  be  brought  in  and  where  they  must  be 
shipped  when  completed.  If  the  shipping  station  is  at  the 
opposite  point  of  the  compass  from  the  receiving  station,  and 
there  is  enough  space  between  these  points  for  the  different 
operations,  the  routing  of  the  product  will  follow  a  direct  line 
from  one  point  to  the  other  in  progressive  steps.     If  two  sizes 
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be  more  liberally  proportioned  than  is  usually  the  case,  and 
the  members  that  support  the  working  parts  must  be  so  sound, 
solid,  and  rigid,  that  there  will  be  no  vibration  under  the 
most  trying  conditions.  It  should  be  remembered  that  these 
machines  will  be  expected  to  produce  many  times  in  excess 
of  preconceived  Ideas  of  production,  that  the  cry  will  always 
be  for  more,  and  that  In  many  cases,  far  from  being  set  on 
a  Boild  concrete  base,  the  machines  are  set  down  on  cinders 
that  cover  what  only  a  few  wi;(;kH  previously  may  have  been 
a  Bwanip.  The  machines  will  also  be  run  for  lonK  periods  with- 
out proper  care  by  Irresponsible  men  who  will  handle  them 
roughly. 

A  machine  may  be  large,  heavy,  and  coarse  looking  and  yet 
not  have  the  required  strength.  It  Is  not  enough  to  simply 
look  at  a  ma'hine  and  then  say,  "Oh,  It  lookH  heavy  enough,  I 
guesR  It  Ih  all  right."  It  Ih  necesHary  to  study  IIh  parts  and 
Kct  down  on  one's  back  to  Bee  that  It  Ih  all  right.  F<ir  lii- 
Btnnce,  a  heavy,  rugged,  boring  machine,  built  by  a  reputable 
firm,  though  a  now  one,  which  waH  well  proportioned  and  do- 
Blgncd,  had  a  woak  point  In  one  of  the  wallH  of  the  carriage. 
When  one  machine  after  another  broke  In  Borvico,  an  InvoHtl- 
gation   Bhowed   that  the  side  of  the  carriage   which   took   all 
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of  shells  are  being  made,  a  double  line  of  shops  may  be  built 
with  store-rooms,  toolrooms,  offices,  and  other  adjuncts  that 
apply  to  the  product  as  a  whole,  placed  in  between;  or  tho 
heavier  shells  can  pass  along  the  first  floor  and  the  lighter 
along  the  second.  If  the  shipping  point  is  at  the  same  end 
as  the  receiving  point,  the  product  may  be  elevated  to  the 
second  floor,  passed  along  until  half  completed,  and  then 
dropped  to  the  first  floor  and  sent  along  back  to  the  shipping 
point.  Of  course  these  suggestions  will  be  modified  by  a  con- 
sideration of  the  various  operations;  for  Instance,  heavy  ham- 
mering cannot  be  done  on  a  second  floor.  The  principal  thing 
Is  to  have  the  product  follow  a  straight  line  so  that  it  will  not 
double  back  at  any  stage  In  Its  path,  as  this  means  more 
men  to  handle  It  anil  much  loss  of  time  In  consequence. 

If  a  new  shop  must  ho  conBlru<'tod,  the  floors  should  bo  made 
of  concri'le,  thus  providing  the  proper  foundation  for  tho 
ina<'hlncH  at  the  beginning.  Tho  floor  of  rooms  where  ma- 
chinery using  cutting  fluid  will  bo  Instnllod  should  have  tho 
chli)  troughH,  with  conncclliiK  (Iui'Ib  to  tlio  main  return  con- 
duits. Incorporated  afl  a  pari  of  the  concrete  floor.  Then  all 
troubles  duo  to  leaky  or  clogged  return  pipes  will  bo  pre 
vented,  tho  machlneH  will  turn  out  bettor  work  on  account  of 
Iobb  trouble  from  vibration,  and  the  chips  will  be  easier  to 
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WEIGHT  OF  FRENCH  SHELLS  DURING  PROCESS  OF  MANtJFACTURE 


Weigrht  before 
Operation, 
PoundB 


Forging    

First  cut  to  length 

Rough -turn  

Bore    

Base  cut 

Finish  shell   (no  band)  . 

Average  total  weight  lost 


355.500 

319.500 

244.000 

203.000 

188.500 

161.145  + 

155.450  — 


remove,  as  the 
troughs  under  the 
machines  can  be 
made  with  an  incline 
at  the  rear,  up  which 
the  chips  may  be 
raked.  Besides,  the 
floor  can  be  kept  in  a 
much  more  sanitary 
condition  on  account 
of  the  ease  with 
which  It  may  be 
Qushed,  and  it  will  be 
drier  and  more  com- 

fortable  for  the  men,  as  all  liquid  will  drain  off  into  the  ducts 
and  troughs.  A  platform  of  wooden  slats  may  be  placed  for 
the  operators  to  stand  upon.  The  concrete  floor  will  also  pre- 
sent a  much  better  surface  for  transportation  of  machines, 
supplies,  and  products,  than  any  other  material,  thus  effecting 
a  saving  in  tires  and  the  power  consumption  of  transfer  trucks. 

Handlingr  the  Work 

After  a  plan  of  routing  has  been  developed  and  the  location 
of  machines  decided  upon,  much  time  and  study  should  be 
devoted  to  the  details  of  handling  the  shells  from  the  time 
they  are  received  from  the  steel  mill  through  the  sequence 
of  operations  until  they  are  finally  shipped.  These  details 
will  depend  greatly  on  the  weight  of  the  shells  at  each  opera- 
tion. More  expense  can  be  saved  by  foresight  at  this  time 
than  at  any  other,  for  while  machines  may  be  speeded  up 
without  cost,  and  production  increased  thereby,  in  most  cases 
it  costs  a  great  deal  of  money  to  change  a  faulty  system  of 
handling  as  new  equipment  must  be  bought. 

The  motions  that  are  most  often  repeated  are  those  upon 
which  attention  should  be  concentrated.  If  the  shells,  as  soon 
as  an  operation  is  completed,  are  placed  in  the  position  to  be 
lifted  into  the  machine  for  the  next  operation,  a  material  sav- 
ing in  time  will  result.  For  instance,  when  unloading  shells 
from  a  car,  if  the  only  object  were  to  empty  the  car  in  the 
shortest  possible  time,  a  lifting  magnet  could  be  used  to  raise 
the  shells  over  the  side  of  the  car  and  they  could  be  dropped 
wherever  room  could  be  found.  But  the  shells  would  have  to 
be  twisted,  wedged,  and  levered  out  of  the  pile  again,  one  by 
one,  to  start  them  off  to  the  next  operation.  A  better  plan  is 
to  pile  them  in  regular  formation  on  an  elevated  platform  so 
that  they  may  roll  down  by  their  own  weight  to  the  next 
operation. 

The  installation  of  a  complete  monorail  system,  together 
with  electric  hoists,  around  the  aisles  between  the  machines, 
with  switches  and  sidetracks  to  carry  the  shells  in  to  the 
machines,  will  give  the  best  results  in  facility  and  low  cost 
of  handling.    If  the  transferring  between  operations  is  done 


220-millimeter  Sheila 


270-millimeter  Shells 


Lobs  of 
Weight, 
Pounds 


Weight  before 

Operatio: 

Pounds 


Loss  of 
Weight, 
Pounds 


36.00 
75.50 
41.00 
14.50 
27.35 
33.05 
197.20 


528.50 

433.50 

348.00 

307.00 

286.50 

237.39  + 

227.83  — 


95.00 
85.50 
41.00 
20.50 
49.11 
58.67 
295.90 

Machinery 


on  the  floor,  each 
shell  must  be  hoisted 
to  the  height  of  the 
machine  centers  and 
lowered  back  to  th« 
floor  again,  two  lifts 
for  each  operation. 
With  standardized 
lifting  devices,  a  stop 
can  be  applied  to  the 
hoist  so  that  the 
shell  is  automati- 
cally stopped  when  it 
is  raised  to  the  cor- 
This  monorail  sys- 
main  aisle 


rect  height  to  be  placed  in  the  machine. 

tem  can  be  easily  arranged  so  as  to  feed  into 

where  an  electric  traveling  crane  will  handle  all  the  shells  in 

large  quantities. 

The  operations  on  French  220-millimeter  and  270-millimeter 
shells,  from  the  time  the  forgings  are  received  until  the  shell 
is  finished  are  as  follows:  Unloading  from  car,  rolling  into 
shop,  pickling,  inspecting  rough  forgings,  marking  for  cutting 
off,  assigning  serial  numbers,  cutting  off  to  length,  centering, 
rough-turning,  inside  boring,  base  cutting  to  exact  thickness, 
nosing,  heat-treating,  nose  boring  and  facing,  threading  nose, 
finish-turning,  grinding  bourrelet,  washing,  sand-blasting, 
hydraulic  testing,  banding,  band  turning,  finish  inspection,  box- 
ing and  shipping.  The  weight  of  the  shells  during  the  differ- 
ent stages  is  given  in  the  accompanying  table. 

Machinery  for  shell  work  ought  to  have  individual  motor 
drives  to  avoid  the  delays  caused  by  belting  systems.  If  a  belt 
comes  off,  even  on  one  unit,  that  unit  is  thrown  out  of  action 
and  the  other  units  in  the  system  are  idle  while  the  belt  is 
being  put  on.  Even  after  the  lineshaft  is  running  again,  it 
will  be  some  little  time  before  the  machines  are  running  with 
the  same  eflSciency  as  before.  Some  of  the  operators  will 
have  discovered  they  are  hungry,  or  need  a  chew  of  tobacco, 
or  a  drink,  and  so  on;  perhaps  the  pump  will  have  to  be 
primed;  or  someone  may  break  a  tool  picking  up  a  cut  again. 
If  the  main  driving  belt  gives  trouble,  the  effects  of  the  shut- 
down are  increased  a  hundred  fold.  When  consideration  is 
taken  of  these  facts  and  of  the  initial  cost  and  the  upkeep 
of  lineshafting,  pulleys,  belting  and  belt-shifting  mechanisms, 
of  increased  danger  to  life  and  limb  that  the  care  of  these 
things  entail,  and  of  the  restrictions  they  impose  on  the  in- 
stalling of  shell-handling  appliances,  it  will  be  seen  that  the 
balance  is  in  favor  of  individual  motor  drive.  With  such  a 
drive,  an  automatic  overload  cut-out  placed  in  the  motor  cir- 
cuit will  save  many  an  expensive  tool. 

On  a  long  contract  of  any  kind  as  much  care  and  fore- 
thought as  the  circumstance  will  permit  should  be  expended  on 
the  evolution  of  methods  for  making  the  series  of  actions 


Tit.   2.     Di<Tic<i  for  rolUnt  Shells  on  Floor.     Fig.  3.     Holder  for  llftln(  SheUi   Into  Chucks   on   Boring   Machines.      Fig.   4.     Holder  for  lifting   Sholli 
TertloaUy.     Fig.  6.  Holder  for  lifting  Shell*  horizontally.    Fl(.  6.  Sevioe  for  lifting  Shells  with  Heavy  End  Up.     Fig.  7.     Hand-barrowt  for  Chips 
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that  the  operators  must  frequently  perform  as  fast  and  easy 
as  possible.  Nuts  that  must  be  loosened  and  tightened  many 
times  a  day  can  often  be  replaced  by  cams  with  handles 
attached.  The  same  result  may  also  be  obtained  by  having 
two  wrenches  for  the  nut;  one  a  very  short  light-weight 
wrench  for  putting  the  nut  down  fast  and  the  other  a  regula- 
tion wrench  for  tightening  it.  All  wrenches  should  be  of  the 
proper  weight  and  balance  to  make  their  use  as  little  tiring 
as  possible  and  they  should  have  hard  jaws  that  exactly  fit 
the  nuts.  Double-end  wrenches  can  be  used  for  parts  near  each 
other  that  are  adjusted  at  the  same  time.  The  best  of  the 
odd  tools  and  appliances  the  more  intelligent  workmen  gather 
around  their  machines,  in  order  to  increase  their  piecework 
pay,  should  be  standardized  and  supplied  to  all.  Valves  for 
the  cutting  compounds  should  open  and  close  immediately  in- 
stead of  being  of  the  slow  screw-down  variety  seen  in  many 
shops. 

All  machine  bearings  should  be  fitted  with  self-feeding  lubri- 
cators dropping  into  a  waste-packed  cap  and  the  cap  should 
be  attached  by  a  chain,  or  a  hinge  to  the  bearings.     These 

lubricators  should  be  filled  by  

a  man  hired  for  the  purpose. 
If  these  precautions  are  not 
taken,  the  bearings  of  many 
of  the  machines  will  run  dry 
and  the  machines  will  not 
have  a  lubricator  when  they 
have  been  in  operation  per- 
haps but  a  month.  Glass 
should  not  be  used  in  these 
lubricators  as  there  is  con- 
tinual breakage.  Electric  or 
air  hoists,  depending  on  what 
is  adopted  as  standard,  will 
tend  to  multiply  production 
when  judiciously  placed,  and 
will  also  relieve  the  men  of 
much  hard,  tiring  work. 

Handling  Cutting  Compound 
and  Cblps 

Pumps  for  cutting  com- 
pound should  be  so  placed 
that  one  is  always  in  reserve 
in  case  of  breakdown,  also 
piping  systems  should  be  in- 
stalled, so  as  to  be  easily  ac- 
cessible for  the  removal  of  ob- 
structions. Stop-valves  should 
be  introduced  into  the  line  so  ^'^^  «•    Devko  for  lifting  Tw 

that  all  the  machines  need  not  be  shut  down  in  case  an  obstruc- 
tion or  blow-out  occurs  in  one  part  of  the  piping.  A  practical 
arrangement  is  shown  in  Fig.  1,  where  the  pipes  run  in  a 
double  row,  connected  by  a  cross-over  pipe  with  stop-valves 
Inserted,  and  there  is  one  pump  on  each  row  of  pipes.  This 
arrangement  will  give  the  least  number  of  shutdowns  on  the 
machines  for  pump  trouble.  The  sump  tanks,  if  there  are  more 
than  one,  should  be  connected  by  an  equalizing  pipe  with  a 
atop-valve  for  use  when  cleaning  the  tank  or  during  break- 
downs. The  return  from  the  machine  pans  to  the  sump  tanks 
should  be  of  a  very  large  diameter.  It  Is  preferable  to  have 
the  return  flow  back  through  an  open  concrete  duct  covered 
with  trap  boards  which  are  easily  removed  for  cleaning  the 
dirt.  At  various  points  In  this  trough,  wire  screens  should  be 
pla<ed  to  remove  the  chips  and  rubbish  Ihat  Invariably  find 
their  way  Into  the  fluid  and  clog  the  pump  valves  It  not  re- 
moved. 

The  pipes  should  be  well  supported  to  take  care  of  the 
Tibratlon.  As  a  preHsuro  of  at  least  one  hundred  pounds  per 
nquuri!  Inrh  will  )»<•  required  on  llif!  boring  opcrullonH,  there 
iihould  be  propi-r  relief  valves  and  air  chiitnberH  In  the  sys- 
tem. The  pans  under  the  machlncH  shoulil  bo  largo  and 
deep.  In  proportion  to  the  maelilno,  to  lake  care  of  the  Htrnng 
flow  of  the  compound  and  the  ac/'umulation  of  chips.  Some 
rutting  compouii'lH  become  ranild  after  a  period  of  rest,  as 
on  a  Monday  mornInK  and  the  smell  cbuhcmi  some  of  the 
opcratom  to  become  sick.     Thin  utiiell   ran   be  ollnilniilod   by 


applying  crude  carbolic  acid  frequently  and  in  small  quan- 
tities. The  best  way  to  apply  the  acid  is  to  have  an  ordinary 
self-feeding  lubricator  behind  each  machine  and  drop  the  acid 
continuously  into  the  troughs. 

For  handling  the  chips  in  the  machine  bays  hand-barrows 
fitted  with  two  wheels  of  very  large  diameter,  and  of  such  con- 
struction and  balance  as  to  be  easily  tipped  and  dumped,  will 
be  found  convenient.  The  wheelbarrow  shown  in  Fig.  7  throws 
little  weight  on  the  man  wheeling  it.  These  barrows  are 
dumped  into  large  hopper-bottom  bins,  fitted  with  lifting  hooks, 
sunk  flush  in  the  floor  in  the  main  aisle,  where  the  traveling 
crane  can  pick  them  up  and  dump  them  into  the  cars.  The 
cutting  compound  may  be  drawn  off  the  chips  while  they  are 
in  the  bins  by  having  a  tank  underneath  each  to  receive  the 
drip,  or  a  centrifugal  separator  may  be  used.  By  this  means 
it  will  be  unnecessary  to  wheel  the  barrows  long  distances  and 
up  gang  planks  into  cars. 

Methods  of  Obtaining:  Maximvim  Production 

On  repetition  work  of  any  kind  an  effort  should  be  made 
to  place  everyone  in  any  way 


connected  with  the  work  on  a 
piecework  basis.  It  is  quite 
possible,  with  the  cooperation 
of  the  shop  executives,  to  ac- 
complish this,  and  make  it 
apply  to  laborers,  oilers,  belt- 
men,  inspectors,  and  repair- 
men, though,  of  course,  it  will 
not  be  possible  at  the  begin- 
ning of  a  new  job  to  do  this. 
The  supervising  force,  from 
the  foremen  up,  should  have 
a  salary  and  a  percentage  de- 
pending solely  on  the  output. 
By  this  means  there  is  a  zest 
and  force  impelled  into  the 
organization  as  a  whole,  mak- 
ing for  increased  production. 
Two  good  methods  might 
be  used  to  increase  produc- 
tion and  quality  of  work.  A 
small  prize  could  be  offered 
each  week,  on  each  operation, 
for  the  operator  who  has  pro- 
duced the  largest  number  of 
pieces  that  pass  the  inspector 
for  that  week,  and  his  name. 
nty  Nosed  Shells  at  One  Time  together  with  the  quantity  of 

work  produced  each  day,  could  be  posted  on  the  bulletin  board 
for  a  month.  There  could  also  be  posted,  under  the  heading 
Black  List,  the  names  of  those  operators  who  have  produced 
work  that  did  not  pass  the  inspector,  together  with  the  amount 
of  such  work  for  each  day.  There  is  no  more  valuable  method 
for  promoting  friendly  rivalry  and  discussion  among  the 
operators  to  the  consequent  increase  and  betterment  of  the 
work  turned  out  and  it  also  gives  a  check  on  undesirable 
employes. 

A  great  deal  of  confusion  and  loss  of  time  can  be  eliminated 
if  each  operation  is  assigned  a  color.  Each  shell,  after  the 
operation  has  been  performed  and  Inspected,  should  have  a 
ring  about  two  Inches  wide  painted  round  it  with  the  opera- 
tion color.  This  band  will  be  more  visible  and  full  of  mean- 
ing than  the  Inspector's  obscure  stamp  to  those  responsible 
for  pushing  the  shells  onto  the  next  operation.  The  foreman, 
or  anyone  Interested,  can  toll  at  a  glanio  whether  the  sheila 
are  In  a  place  where  they  do  not  belong  and  Iniincdliilcly  lake 
stops  to  have  them  moved.  There  Is  not  as  dlHaKroeablo  a 
job  as  grubbing  among  u  lot  of  unldentllled  Bhells,  searching 
for  the  alnioHt  ('ffaced  Inspector's  stump.  If  the  stamp  Is  not 
found,  there  Is  always  tlio  uncertainty  thot  It  has  been  missed. 
The  rooms  where  the  dllTerent  operations  are  porfonniKi  may 
bo  named  the  "bhu'k"  nxini.  "red"  room,  or  wliutevor  color 
may  have  been  asHlgned  to  the  operation,  and  If  a  shell  with 
any  other  than  the  operation  color  llnds  Its  way  Into  a  rontn 
that  shell  should  at  once  bo  ejected. 
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Shell   Handling-   Appliances 

Fig.  2  shows  a  device  that  may  be  used  to  good  advan- 
tage when  a  few  shells  have  to  be  moved  a  short  distance 
along  the  floor;  this  holder  can  be  taken  into  corners  and 
through  contracted  spaces  if  necessary.  Fig.  4  shows  a  device 
for  lifting  shells  vertically  as  in  centering  machines,  etc.;  it 
will  be  seen  that  this  has  two  screws  for  adjusting  when  the 
teeth  wear.  Fig.  5  is  for  lifting  shells  horizontally  into  ma- 
chines, like  lathes.  The  action  is  such  that  if  the  shell  is  not 
caught  exactly  at  the  center  of  gravity,  it  is  prevented  from 
sliding  through  and  injuring  the  operator. 

Fig.  3  shows  a  device  for  lifting  shells  into  machines  with 
long  chucks  as  in  boring  machines.  This  is  an  example  of  a 
highly  dangerous  device  converted  into  one  that  is  perfectly 
sate  by  the  application  of  a  quick  and  efficient  safety  lock 
actuated  by  the  operator's  hand.  The  device  shown  in  Fig. 
6  is  used  for  lifting  shells  up  on  end.  It  is  very  neces- 
sary, for  without  such  an  appliance  it  is  a  difficult  job  to  raise 
a  shell  up  with  the  heavy  base  uppermost,  and  in  one  case 
at  least,  to  the  writer's  knowledge,  a  man  was  injured  through 
attempting  to  lift  the  shell  without  this  device. 

Fig.  8  shows  an  apparatus  for  lifting  and  placing  twenty 
nosed  shells  in  regular  formation;  it  consists  of  a  steel  frame 
with  twenty  lifters  slung  from  it.  These  lifters  B.  as  shown 
in  detail,  consist  of  two  hinged  brass  grips  that  are  expanded 
by  a  central  sliding  steel  piece.  This  device  can  be  used  for 
lifting  shells  that  have  been  threaded  without  damage  to  them. 
If  it  were  desirable  the  frame  could  be  made  larger  to  suit 
the  work  being  handled. 

*     *     * 

HOLDER  FOR  GRINDING  ACCURATE 
THREAD-CUTTING  TOOLS 

The  thread-cutting  tools  used  by  the  Blair  Tool  &  Machine 
Works,  Inc.,  515  Greenwich  St.,  New  York  City,  for  making 
thread  gages  and  for  other  precision  screw-cutting  operations 


Tig.  1.     Grinding  One  Side  of  Thread-cutting  Tool  on  Surface  Grinder 

are  ground  on  the  surface  grinder,  as  illustrated  in  Figs.  1 
and  2.  The  cutting  point  or  tool,  which  is  held  in  a  tool- 
holder  while  in  use,  is  fastened  in  a  block,  mounted  on  the 
magnetic  chuck  of  the  surface  grinder.  Fig.  1  illustrates  the 
position  of  this  block  for  grinding  one  side  of  the  tool,  and 
Fig.  2  illustrates  how  the  top  surface  or  face  is  ground.  In 
one  case,  the  side  of  the  block  is  placed  against  the  plate,  and 
in  the  other,  the  end  surface.  This  block  holds  the  tool  in 
such  a  position  that  it  is  given  a  clearance  angle  of  15  degrees 
and  at  the  same  time  is  ground  to  the  standard  included  angle 
of  60  degrees  in  the  plane  of  the  cutting  face.  The  diagram 
Fig.  3  Illustrates  more  clearly  the  relation  between  the  sides 
of  the  block  and  the  tool.  The  sides  A  and  B  are  used  tor 
grinding  U.  S.  standard  thread  tools.  The  sides  V  and  D  are 
used  when  grinding  Whitworth  thread  tools.  When  using 
sides  C  and  D,  the  tool  to  be  ground  Is  Inserted  in  end  E  of 
the  tool  slot. 

In  making  a  block  of  this  kind,  It  la  necessary  to  modify  the 
angles  between  the  sides  and  the  center  line  of  the  tool-holding 
slot,   so   tluit   till"  cutting  edge   of  the   tool   will   be   ground    to 


Fig.  2.     Grinding  Top  Face  of  Tool  on  Surface   Grinder 

the  correct  included  angle  in  the  plane  y-y  of  the  top  face. 
This  means  that  the  angle  of  the  tool  in  a  plane  x-x  at 
right  angles  to  the  front  edge  will  be  somewhat  greater 
than  60  degrees;  consequently  the  angle  a  between  the 
sides  which  rest  against  the  chuck  and  the  center  line 
of  the  tool  must  exceed  30  degrees.  The  tangent  of 
tan  one-half  of  thread  angle 

angle  a  = .     Assuming  that 

cos  front  clearance  angle  of  tool 
the  clearance  angle  is  15  degrees  and  the  thread  angle  60  de- 
tan  30  degrees 

grees,  tan  a  =  =  0.5977,  and  angle  a  =  30 

cos  15  degrees 
degrees  52  minutes;   therefore,  the  tool   is  ground  to   an   in- 
cluded  angle  of  61   degrees   44   minutes   in   a   plane  at   right 
angles  to  the  front  edge,  in  order  to  obtain  an  angle  of  60 
degrees  in  the  plane  of  the  top  face. 

The  end  surfaces  of  the  block  are  parallel  with  the  tool- 
holding  slot,  which  is  inclined  to  correspond  to  the  front  clear- 
ance angle  of  15  degrees.  It  will  be  noted  that  just  above  the 
tool  there  is  a  vertical  surface,  which  simply  provides  clear- 
ance for  the  wheel  when  grinding  the  top  face.  This  block 
is  formed  of  two  sections,  which  are  held  together  by  screws 
and  dowel-pins.  The  joint  between  the  two  sections  intersects 
the   tool-holding   slot   and   is   parallel   with   the   end   surfaces. 

F.  D.  J. 

The  following  figures  have  been  sent  out  by  the  Signal 
Corps,  Aviation  Section,  of  the  materials  necessary  for  a 
single  airplane  of  the  more  simple  type,  and  exclusive  of  all 
the  materials  necessary  for  the  engine:  nails,  4326;  screws, 
3377;  steel  stampings,  921;  forgings,  798;  turnbuckles,  276; 
veneer,  57  square  feet;  wire,  3262  feet;  varnish,  11  gallons; 
dope,  59  gallons;  aluminum,  65  pounds;  rubber,  34  feet;  linen, 
201  square  yards;  spruce,  244  feet;  pine,  58  feet;  ash,  31  feet; 
hickory,  l'-  foot. 


Fl».   3.      SliowinK   Inilination   of  Sides  of   Holder   Relative   to  Thread   Tool 
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OPERATING  THE  GRIDLEY  AUTOMATIC  TURRET  LATHE— 1' 


COMPLETE    INSTRUCTIONS    FOR   TOOLING     SETTING-UP,    AND    OPERATING 

BY  DOUGLAS  T.  HAMILTON ' 


=  SECOND  SLIDE 


THE  Gridley  automatic  turret  lathe  is  of  the  single-spindle 
type.  It  has  three  cam-drums  for  operating  the  various 
mechanisms.  The  main  drum,  which  is  located  at  the 
left-hand  end  of  the  machine,  carries  cams  for  operating  the 
work-holding  and  feeding  chucks  and  the  tool-slides  on  which 
the  end-working  tools  are  held.  The  turret  has  four  slides,  and 
hence  must  be  indexed  four  times  for  each  revolution  of 
the  camshaft.  When  the  corner  stop  is  used,  a  fifth  index- 
ing is  necessary.  The  indexing  of  the  turret  is  accomplished 
by  dogs  carried  on  a  drum  located  near  the  center  of  the  main 
camshaft;  this  drum  also  carries  dogs  for  operating  the  fast 
and  slow  feeds.  The 
third  cam-drum,  lo- 
cated at  the  right- 
hand  end  of  the 
camshaft,  carr  i  e  s 
the  cams  for  oper- 
ating the  forming 
elide  and  the  cut- 
ting-off   slide. 

As  each  tool-slide 
is  operated  by  a 
separate  cam  and 
as  the  travel  of 
each  slide  is  gov- 
erned by  the  length 
to  be  turned, 
drilled,  etc.,  it  is 
necessary  to  select 
suitable  cams,  and 
in  some  cases,  to 
cut  the  standard 
cams  or  make  spe- 
cial ones.  It  is, 
therefore,  necessary 
for  the  operator  to 
understand  how  to 
lay  out  these  cams 
in  order  to  operate 
the  machine  at  its 
highest  efiiciency. 
The  cams  are  laid 
out  with  relation 
to  the  main  cam- 
drum,  which  makes 
one  revolution  in 
forty-two  minutes 
on    the   slow    feed. 

Tig.   1.     Order  of  Operations  and  Lay 

and  one  revolution 

In  thlrty-slx  seconds  on  the  fast  feed,  the  latter  being  used  for 
the  Idle  movements.  The  cams  are  laid  out  so  that  they  ad- 
vance the  slides  a  certain  Bpeclfied  distance  per  inch  of  cir- 
cumferential travel  of  the  drum  on  which  they  are  held.  In 
laying  out  any  particular  Job,  however,  the  first  question  to 
settle  Is  the  speed  at  which  the  work  Is  to  be  rotated;  this  Is 
governed  by  the  diameter  of  the  work,  nature  of  the  material, 
and  character  of  the  operation.  In  order  to  Illustrate  the  pro- 
cedure, a  practical  example  will  be  taken  and  each  step 
described. 

Method  of  Tooling 

The  shape  and  size  of  the  part  to  be  made  lurxeiy  govern  the 
method  of  tooling  that  should  bo  employed;  the  type  of  tools 
used  also  must  b«  considered.  In  making  a  cap-screw  of  the 
form  shown  In  KIk-  1.  the  forming  tool  Is  used  for  breaking 
down  and  chamfering  lh<;  bend,  tlii!  box-turner  on  the  turret- 
slide  Is  used  for  turning,  and  the  cutllngofr  tool  cuts  off  and 


_jC 


FOURTH  SLIDE  — 

MREAD,   POINT,   AND  CUT  OFF, 

AND  FEED  STOCK 


PIECE  TO  MAKE  — MACHINE  STEEL 


FORMING  CAM 
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points  the  next  screw.  The  threading,  as  a  rule,  is  done  with 
an  opening  die,  which  eliminates  backing  off  the  die. 

After  having  decided  on  the  order  of  operations  and  the 
tools  to  be  used,  it  is  necessary  to  determine  the  number  of 
revolutions  required  to  complete  the  cut  and  to  select  the  cam 
to  use.  When  the  part  to  be  made  is  to  be  threaded,  two 
spindle  speeds  are  usually  necessary,  especially  for  steel  parts, 
so  that  all  the  other  operations  are  performed  at  one  spindle 
speed.  As  a  general  rule,  the  speed  at  which  the  forming  cut 
can  be  satisfactorily  taken  may  be  considered  the  deciding 
factor.  It  is  then  necessary  to  determine  the  spindle  speed  re- 
quired, which  is 
governed  by  the  di- 
ameter of  the  bar 
and  the  material. 
As  most  screw-ma- 
chine tools  are 
made  from  high- 
speed steel,  a  speed 
at  least  25  per  cent 
greater  than  would 
be  possible  with  or- 
dinary carbon  tools 
may  be  employed. 
The  screw  shown 
in  Fig.  1  is  to  be 
made  of  hexagonal 
machinery  steel, 
1 5/8  inch  across 
the  flats,  or  1  25/32 
inch  across  the  cor- 
ners; hence  the 
screw  will  be  pro- 
duced on  a  2  1/4- 
inch  machine.  A 
surface  speed  for 
the  work  of  100 
feet  per  minute 
will  require  a  spin- 
dle speed  of  approx- 
imately 215  revo- 
lutions per  minute. 

Selecting   Turret 

Feed-cam 

The    drum    that 

carries     the     cams 

for     operating    the 

tool-slide  has  a  cir- 

out  of  Cama  for  making  Cap-screw  cumference      Of      91 

inches;  and  as  it  makes  one  complete  revolution,  on  the  slow 
feed,  in  forty-two  minutes,  it  evidently  travels  91  -4-  42  =  2.1 6G 
inches  per  minute.  As  shown  in  Table  1,  several  cams  having 
different  angles  of  rise  are  provided,  so  the  problem  Is  to 
select  a  cam  having  a  rise  sullicient  to  give  the  desired  feed 
with  a  certain  spindle  speed.  Fig.  1  shows  that  the  turning 
tool  must  take  a  heavy  cut,  and  so  the  cam  having  the  slowest 
feed  will  be  selected.  The  cam  designated  by  the  manufac- 
turers as  G4-n,  Table  1,  advances  the  tool-slide  0.4663  Inch  per 
each  indi  of  clrcumferontlal  travel  of  tlio  drum;  or,  in  other 
words,  It  advances  the  tool-slide  at  the  rate  of  1,01  Inch  per 
minute.  The  rise  of  the  cam.  In  inches,  per  inch  of  travel  of 
the  drum  Is  equal  to  the  tangent  of  the  anglo  on  the  cam; 
so  the  rise  or  advance  per  minute  is  found  by  multiplying  the 
advance  per  Inch  of  circumferential  travel  by  2,166, 

It  is  next  necessary  to  see  If  cam  64-lt  will  give  ii  suitable 
food  with  the  work  rotating  at  215  n^volutions  per  minute. 
The  feed  of  the  tool  per  revolution  of  tho  work  Is  found  by 
dividing  tho  feed  of  the  cam  por  minute  by  tho  number  of 
rovoliitlonH  of  tho  work;  thus,  1,01  -;  215  --  0,0047  Inch.  As 
tho  Iciiglli   to  bo   turned   is  2':'h   Inches,   with   a  ford  of  0,0047 


niu 


June,  1918 


MACHINERY 


927 


TABLE  1 .    DIMENSIONS  OF  STANDARD  TURRET  FEED-CAMS  USED  ON 
GRID  LEY  2'.-.  3^-.  AND  4''4-INCH  AUTOMATIC  TURRET  LATHES 


inch  per  revolution, 
it  will  require  458 
revolutions  to  make 
the  complete  cut. 

Selecting-  Forming- 
Cain 
Reference  to  Fig.  1 
will  show  that  the 
forming  tool  is  not 
required  to  take  a 
wide  cut;  hence  it 
will  stand  a  com- 
paratively  heavy 
feed.  Table  2  shows 
that  there  are  three 
forming  cams  pro- 
vided; so  the  one 
giving  the  coarsest 
feed,  or  that  desig- 
nated as  502-B,  will 
he  taken.  The  form- 
ing tool  is  required 
to  travel  a  dis- 
tance equal  to  1/2 
(125/32  — 1), or  0.391 
inch.  Cam  502-B  has 
a  total  rise  of  2% 
inches  and  will  more 
than  cover  the  dis- 
tance. As  this  cam 
advances  the  form- 
ing slide  at  the  rate 
of  0.3384  inch  per 
minute,  and  as  the 
work  is  rotating  at 
215  revolutions  per  minute,  the  feed  per  revolution  is  evident- 
ly 0.00157  inch.  This  is  satisfactory  under  the  conditions,  and 
as  the  time  required  to  take  the  forming  cut  is  much  less  than 
that  required  for  turning  and  the  operation  is  accomplished  at 
the  same  time,  it  need  not  be  taken  into  consideration  in  deter- 
mining the  time  required  to  complete  the  part. 

Threading 

As  all  the  tool-slides  are  not  necessary  to  complete  this 
screw,  blocks  are  inserted  in  the  index-plate,  and  the  second 
and  third  slides  skipped,  bringing  the  turret  around  from  the 
first  to  the  fourth  position  for  threading.  This  procedure 
saves  considerable  time,  when  only  one  tool  is  necessary  on 
the  tool-slide,  with  the  exception  of  the  die. 

The  time  required  for  threading  depends  upon  the  pitch  and 
length  of  the  thread  and  on  the  material  being  threaded.  Brass 
can  be  threaded,  as  a  rule,  at  a  speed  of  from  50  to  60  feet  per 
minute,  whereas  the  surface  speed  for  soft  steel  should  not  ex- 
ceed 30  feet  per  minute.  Assuming  in  this  case  that  the  thread- 
ing is  to  be  done  at  107  revolutions  per  minute,  and  figuring 
on  a  basis  of  15  threads,  15  revolutions  must  be  made  to  ad- 
vance the  die  to  the  required 
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distance.  This  will  require 
30  revolutions  when  figured 
on  the  basis  on  which  the 
turning  and  forming  is  done 
because,  for  threading,  the 
spindle  is  only  operated  at 
nne-half  the  speed  of  that 
used  for  turning. 

As  the  cam  for  operating 
the  slide  carrying  the  open- 
ing die  should  never  follow 
the  die  up  on  the  work.  It  is 
possible  to  use  almost  any 
cam,  the  one  requirement  be- 
ing that  the  rise  or  advance 
per  revolution  of  the  work 
does  not  exceed  the  lead  of 
thr>  thread.  Cam  122  It.  ac- 
cording to  Table  1,  advances 


TABLE  2.    RISE  OF  STANDARD  FORMING  AND  CUT-OFF 
CAMS  AND  ADVANCE  OF  SLIDE 


Cam   Number 

Rise  of  Cam 
Total  Rise  of        per  Inch 
Cam,     Inches       Travel   of 
1         Drum 

1 

Advance    of 

Sliile  per 

Inch  Travel 

of    Dnini 

Travel    of 
Slide.  Inches 
per    Minute 

Formlnc  Cams 

."102-6,  coarse 

501-B,  medium 

503-B,    fine 

2.600 
1.500 
0.750 

i 

A 

0.3384 
0.2033 
0.0676 

Cut-otr  Cams 

499-B,  coarse 
500-B,    fine 

2.500 
1.500 

i 

0.4737 
0.3046 

Ifl^lilncrK 

the  slide  at  the  rate 
of  1.817  inch  per 
minute  and  as  the 
spindle  is  rotating  at 
107  revolutions  per 
minute,  the  advance 
per  revolution  is  ap- 
proximately 0.017 
inch.  As  the  pitch 
of  the  thread  is  0.125 
inch,  the  cam  will 
not  follow  up  the  die. 

Selecting:  Cuttingr-off 
Cam 
The  cutting-ofE  tool 
is  required  to  take 
only  a  comparatively 
light  cut  and  hence 
the  coarsest  feed-cam 
will  be  used.  As 
shown  in  Table  2, 
cam  499-B  advances 
the  cutting-off  slide 
at  the  rate  of  0.4737 
inch  per  minute,  and 
at  215  revolutions 
per  minute  gives  a 
feed  per  revolution 
of  the  work  of  0.0022 
inch.  As  the  cutting- 
off  tool  has  to  travel 
approximately  0.520 
inch,  the  number  of 
revolutions  required 
will  be  236. 

Summary  of  Operations 
As  it  requires  36  seconds  for  the  camshaft  to  make  one  com- 
plete revolution  on  the  fast  feed,  this  gives  9  seconds  to  index 
from  one  position  to  the  next,  and  approximately  1  second  to 
withdraw  the  plunger,  making  a  total  of  10  seconds  for  index- 
ing. The  tool-slides  have  a  total  travel  of  8^^  inches  when 
the  standard  return  cams  are  used,  so  it  takes  3  seconds  for 
the  tool-slides  to  be  returned  the  full  distance.  Allowing  3  sec- 
onds to  feed  the  stock  and  close  the  chuck,  the  time  required 
to  complete  the  screw  can  be  determined,  as  the  spindle  is 
operating  at  215  revolutions  per  minute,  or  approximately  3.6 
revolutions  per  second. 

Time. 
Operation  Seconds 

Feed  stock  to  stop  and  chuck 3 

Index  turret 10 

Advance  turner  and  turn 127 

Return  turner  and  index  two  spaces 21 

Thread  and  withdraw  die  from  work 10 

Cut  off  and  index  turret 66 

Withdraw  cut-off  and  feed  stock 15 

Total    252 

It  is  thus  found  that  ap- 
proximately 4.2  minutes  will 
be  required  to  complete  this 
si-rew. 

Setting  Cams  and  Tools 
When  setting  up  the  Grid- 
ley  automatic  turret  lathe  to 
produce  any  piece  of  work, 
all  the  cams,  dogs,  etc.,  should 
be  set  before  the  tools  are  set 
or  adjusted.  The  arrange- 
ment of  the  various  cams  for 
producing  the  hexagon-head 
screw  is  shown  in  Fig.  1.  As 
only  two  turret-slides  are 
used,  the  first  step  is  to  insert 
blocks  in  the  turret  index 
slots  that  will  not  be  used. 
Then,  when  the  turret  Is  in- 
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dexed,  it  jumps  from  the  first 
to  the  fourth  slide,  skipping 
the  second  and  third.  The 
stop  is  held  on  the  corner  of 
the  turret,  and  so  the  next 
step  is  to  set  the  cam  for  the 
stop.  The  high  point  of  the 
stop  cam  and  the  high  point 
of  the  chuck-closing  cam 
should  be  equal.  When  roll  B 
is  on  the  high  point  of  the 
chuck-opening  cam  D  and  roll 
G  is  on  the  stock-feed  cam 
587-B,  roll  A  should  have  a 
quarter-inch  lead  on  cam  23-P. 
in  order  to  release  the  chuck 
Cam  5S7-B  should  be  relieved 
according  to  the  amount  that 
the  collet  feeds  forward  when 
gripping  the  stock.  To  re- 
turn the  stock  stop,  cam  66-B 
should  be  set  with  clearance 
for  the  roll  to  pass  between 

it  and    cam   587-B.      When   the  ^'^'  ^-     C'^n-Pi-S  Cams  on  Main  Cam-drum 

roll  is  flush  with  the  high  point  of  the  return  cam,  the  index-  set  as  shown  in  Fig.  1 
ing  dog  should  be  set  on  the  cam-operating  drum  against  the 
revolving  lever  at  this  point,  as  shown  in  Fig.  3.  Indexing 
should  be  done  only  on  the  fast  feed.  The  turret  is  now  in- 
dexed to  the  first  slide  and  the  machine  stopped  at  this  point. 
In  all  the  examples  given,  indexing  points  are  marked  T  and 
points  where  changes  in  speed  occur  are  marked  S  and  F. 
which  designate  slow  and  fast  speeds. 


Setting  Turret  Feed-cam 

As  the  cam  to  be  used  for  operating  the  turning  tool  has 
been  selected,  the  next  step  is  to  clamp  this  to  the  drum,  as 
illustrated  in  Fig.  2.  Cam  64-B  is  now  set  up  against  roll  G 
and  the  slow-feed  dog,  shown  in  Fig.  4,  should  be  set  on  the 
cam-operating  drum  at  this  point  for  safety  in  setting  up  the 
machine;  the  dog  is  properly  located  later.  Crank  the  machine 
forward,  by  hand,  until  the  roll  G,  Fig.  1,  is  at  the  high  point 
of  cam  64-B;  then  set  the  forming  cam  502-B,  which  was  previ- 
ously selected  for  operating  the  forming  slide,  at  the  high 
point  of  the  roll  H,  allowing  clearance  for  the  roll  to  pass  be- 
tween cams  502-B  and  482-B.  Also  set  the  fast-feed  dog  on  the 
operating  drum  at  this  point  as  shown  in  Fig.  4.  Now  set 
the  forming  slide  return  cam  482B  and  the  tool-slide  return 
cam  63-B,  allowing  clearance  for  rolls  (1  and  //.     Then  crank 


the  machine  forward  until 
roll  (J  is  at  the  high  point  of 
the  return  cam  63-B  and  set 
the  indexing  dog,  as  shown  in 
Fig.  3,  at  this  point.  Index 
the  turret  from  the  first  to 
the  fourth  position  or  slide, 
where  the  threading  is  to  be 
accomplished.  The  die  is  to 
be  operated  at  a  slower  spin- 
dle speed  than  the  other  tools 
so  that  the  belt  should  be 
shifted  from  the  fast  to  the 
slow  spindle  speed  as  soon  as 
the  drum  shaft  starts  to  ro- 
tate at  the  fast  feed.  As  soon 
as  the  turret  has  indexed  to 
the  fourth  slide,  stop  the  ma- 
chine and  set  the  roll  G  at  the 
high  point  of  the  die  cam 
122-B.  The  drum  rotates  on 
the  fast  feed  until  the  die 
opens.  The  return  cam  for 
the  die  slide  should  now  be 
then  crank  the  machine  until  the  roll  G 
is  on  the  high  point  of  the  cam  63-B,  and  measure  down  on 
the  cut-off  cam  499-B  a  distance  slightly  greater  than  the 
amount  of  travel  actually  required  to  cut  off  the  piece.  Set 
roll  J  at  this  point  and  clamp  cam  499-B  in  position.  Crank 
the  machine,  by  hand,  until  roll  J  reaches  the  high  point  of  the 
cam  and  set  the  cut-off  cam  499-B  and  the  return  cam  483-B 
so  as  to  return  the  cut-off  tool  clear  of  the  spindle  nose  when 
roll  B  is  on  the  high  point  of  the  chuck-opening  cam  C.  Set 
the  dog  on  the  operating  drum  to  change  from  slow  to  fast 
feed  when  roll  J  is  on  the  high  point  of  the  cut-off  cam  499-B; 
also  set  the  dog  to  index  from  the  fourth  slide  to  the  stop. 
This  completes  the  rough  setting  of  the  cams. 

Setting:  the  Tools 

Before  proceeding  to  set  any  of  the  tools,  it  is  a  good 
plan  to  give  attention  to  points  that  have  not  been  mentioned; 
one  is  the  placing  of  the  weights,  see  Fig.  5,  on  the  chain  that 
operates  the  stock-feeding  mechanism.  The  number  of  weights 
to  use  is  governed  by  the  weight  and  size  of  the  bar  being 
handled,  so  that  it  is  sometimes  necessary  to  add  weights  after 
the  machine  has  been  set  up.  Usually,  after  the  operator  has 
had  some  experience,  he  can  tell  how  many  weights  are  re- 
quired without  trial. 
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rig.  5.     Changing  Weights  on  Stock-feeding  Mechanism 

Another  point  that  should  receive  attention  is  the  setting 
of  the  friction  on  the  pulleys  that  control  the  operation  of 
the  fast  and  slow  feeds  of  the  camshaft;  this  is  set  as  shown 
in  Fig.  6.  The  set-screw  is  released  and  the  plunger  forced 
down  by  hand  sufficiently  to  exert  the  required  friction  on  the 
pulley,  after  which  the  set-screw  is  tightened.  If  this  friction 
is  not  tight,  and  the-  tools  are  set  close  to  the  work  before 
changing  to  the  slow  feed,  a  slight  slippage  of  the  belt  is 
likely  to  cause  the  tools  to  dig  into  the  work,  with  the  result 
that  they  may  be  broken.  Many  operators  do  not  give  this 
friction  any  attention  until  they  experience  trouble;  it  should 
be  adjusted  each  time  the  machine  is  set  up,  and  on  a  long 
run  of  work,  it  should  be  frequently  inspected. 

Setting-  the  Stop 

The  first  tool  to  set  is  the  stop;  as  a  general  rule,  the  corner 
stop  is  used.  The  machine  is  cranked  by  hand  until  the  roll 
is  at  the  high  point  of  the  stop  cam  587-B,  Fig.  1 ;  then  the 
stop  is  placed  in  position  on  the  corner  of  the  turret  and 
moved  into  the  approximate  position.  A  scale  is  used  to  meas- 
ure from  the  face  of  the  chuck,  as  shown  in  Fig.  7,  allowance 
being  made  for  clearance  for  the  forming  and  cutting-offi  tools 
and  for  the  thickness  of  the  cutting-off  tool.  When  the  stop 
has  once  been  properly  set,  it  is  clamped  in  position.  The  stop 
cam  should  be  relieved  according  to  the  amount  that  the  collet 
feeds  forward  when  gripping  the  stock.  This  relieves  the  pres- 
sure of  the  stock  on  the  stop  caused  by  the  chuck  closing  on 
the  work.  Then  the  return  cam  should  be  set  for  the  stop, 
so  as  to  come  into  action  just  as  the  roll  leaves  the  high  point 
of  the  cam  that  advances  it.  The  draw-bar  roll  at  this  time 
should  be  flush  with  the  high  point  of  the  stop  return  cam. 
Now  the  dog  on  the  operating  drum,  Fig.  3,  should  be  brought 
up  to  the  lock-pull  lever  and  the  machine  indexed  by  power 


Fig.  6.     Adjusting  Friction  for  Fast-feed  Pulley 

on  the  fast  feed  of  the  camshaft  by  setting  the  dog  for  shift- 
ing the  belt  on  the  pulleys  shown  in  Fig.  6.  The  belt  shifter 
should  be  so  set  that  it  throws  the  belt  over  the  full  distance 
and  does  not  allow  it  to  drag  on  the  slow-feed  pulley;  then, 
as  the  lock-bolt  drops  into  place,  the  machine  should  be  stopped 
by  pulling  over  the  belt  shifter  by  hand  and  the  dog  placed 
for  shitting  to  the  slow  feed  at  this  point. 

Setting  Forming-  Tool  and  Turner 

As  the  forming  cam  has  been  set  in  position,  the  next  step  is 
to  set  the  forming  tool  to  the  spindle  nose,  and  not  for  turn- 
ing to  the  correct  diameter.  The  forming  tool  to  use  is 
clamped  in  the  proper  holder,  and  the  latter  located  on  the 
forming  slide,  as  shown  in  Fig.  S.  by  means  of  a  scale,  measur- 
ing from  the  face  of  the  chuck  to  the  rear  of  the  forming  tool. 
In  setting  this  tool,  it  is  necessary  to  take  into  consideration 
the  amount  that  was  allowed  for  clearance  and,  in  some  cases, 
the  amount  used  up  by  the  tool  in  cutting  off  the  piece  from 
the  bar.  Then  set  the  turning  tool  relative  to  the  face  of  the 
chuck,  as  shown  in  Fig.  9.  In  this  particular  case  a  single 
turner  is  being  used,  which  is  placed  on  the  first  slide  and 
moved  into  the  approximate  position;  then,  by  means  of  a 
scale,  measure  from  the  face  of  the  chuck  to  the  front  edge  of 
the  turning  tool,  making  allowance  for  clearance  for  the  form- 
ing tool  and  the  distance  that  the  turning  tool  has  to  travel 
on  the  work. 

The  next  step  is  to  set  the  turning  tool  to  approximately 
the  correct  diameter.  First  open  the  chuck  by  hand  and  in- 
sert a  bar  of  stock,  letting  it  project  from  the  face  of  the 
chuck  the  required  distance.  Then  close  the  chuck  by  hand 
and  pull  over  the  belt  shifter  to  start  the  spindle  rotating. 
Before  starting  to  turn  the  crank  handle,  release  the  roller- 
rests   and   withdraw    them   so   that   they   will    not    come    into 


Fig.  7.    Sotting  Corner  Stop  Rolativo  to  Spindlo  Noto 


Flf.   S.     Sotting  Forming  Tool  Rolativo  to  Spindle  Noso 
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Fig.    9.     Setting   Turning   Tool    Relative    to    Spindle    Nose 

■contact  with  the  work.  Then  set  the  turning  tool  to  approxi- 
mately the  center  of  the  bar,  clamp  the  holder  and  the  tool 
in  position,  and  turn  the  bar  down  for  a  distance  of  about 
1/4  inch,  cranking  the  machine  by  hand.  Now  stop  the  spin- 
dle and  measure  the  work;  if  it  is  not  correct,  crank  the  ma- 
chine backward  until  the  tool  is  free  from  the  work  and  adjust 
it.  Continue  in  this  manner  until  the  tool  has  been  properly 
set.  Then,  with  the  tool  still  in  contact  with  the  work  and 
the  spindle  stopped,  set  the  roller-supports  to  the  work.  Crank 
the  machine  by  hand,  see  Fig.  10,  until  the  roll  is  at  the  high 
point  of  the  cam  and  the  tool  set  so  that  it  will  turn  to  the 
required  length. 

Before  setting  the  dog  to  shift  to  the  fast  feed,  set  the  form- 
ing tool  in  the  correct  position  and  adjust  the  forming  cam, 
it  necessary,  so  that  the  roll  is  at  the  high  point  of  the  cam 
■when  the  forming  tool  just  clears  the  work.  Start  the  spindle 
rotating  and  feed  in  the  forming  tool,  by  operating  the  screw 
that  adjusts  the  slide,  until  the  forming  tool  has  turned  the 
bar  down  to  the  correct  diameter.  Then  set  and  lock  the  stop 
In  the  forming  slide,  so  that  the  forming  tool  will  always 
advance  to  the  same  position.  It  is  a  good  idea  to  put  a  slight 
spring  or  tension  in  the  lever  operating  the  forming  slide, 
so  that  the  forming  tool  will  finish  up  with  a  light  cut.  Set 
the  dog  to  shift  to  the  fast  feed  on  the  high  point  of  the  cam, 
and  set  the  return  cams,  63-B  and  482-B,  if  necessary,  leav- 
ing sufBcient  space  for  the  rollers  to  pass  between  them  and 
the  advancing  cams.  Clamp  the  cams  in  position  and  crank 
the  machine  until  the  roll  is  on  the  high  point  of  the  re- 
turn cam  63-B.  Then  set  the  dog  as  required  for  indexing 
the  turret. 


Fig.    10.     Setting  Turning  Tool  to  partly  turned  down  Work 

Setting'  Die  and  Die-operating-  Attachment 
As  soon  as  the  turret  has  been  indexed  to  the  point  where 
the  fourth  slide  is  in  line  with  the  chuck,  stop  the  machine 
and  set  the  die  attachment.  Rotate  by  the  hand-crank  until 
the  roll  is  on  the  high  point  of  the  threading  cam  122-B.  Then 
move  the  die  attachment  up  on  the  slide,  bringing  the  die 
up  against  the  end  of  the  work.  Exert  pressure  on  the  die- 
holder  to  compress  the  spring.  Fig.  11,  and  at  the  same  time 
tighten  the  screws  that  clamp  the  die  attachment  to  the  slide. 
Set  the  cams  to  shift  the  belt  from  the  fast  to  the  slow  or 
threading  spindle  speed.  This  cam  should  be  set  so  that  the 
belt  is  shifted  before  the  roll  reaches  the  high  point  of  the 
threading  cam.  The  dog  for  shifting  from  the  fast  to  the  slow 
feed  is  not  set,  as  the  screw  is  threaded  on  the  fast  feed. 

After  the  tension  on  the  die  has  been  set  with  the  die  closed, 
open  the  die  and  move  it  out  of  the  holder  to  the  desired 
distance  for  the  length  of  thread.  If  threading  to  a  shoulder, 
set  the  die  1/16  inch  away  from  the  shoulder.  Place  the  stop 
on  the  corner  of  the  turret-slide,  as  shown  in  Fig.  12,  so  that 
the  die  will  be  opened  at  this  point,  and  later  adjust  the  stop 
so  that  the  die  is  advanced  to  the  exact  position  before  open- 
ing. Crank  the  machine  backward  so  that  the  roll  is  free  from 
the  die  cam,  and  adjust  the  screws  in  the  stop  on  the  corner 
of  the  turret,  as  shown  in  Fig.  13,  to  close  the  die  when  it 
returns.  Then  bring  the  die  forward  by  cranking  the  ma- 
chine and  note  that  the  spindle  shifts  from  the  fast  to  the 
slow  spindle  speed  before  the  die  comes  into  contact  with  the 
work.  Allow  the  die  to  thread  or  advance  on  the  work  by 
power  until  the  die  is  opened;  then  place  the  return  cam  one 
inch  from  the  roll,  placing  the  high-speed  cams  so  as  to  shift 
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Fig.   13.    Setting  Stop  for  closing  Die 

the  machine  to  the  fast  spindle  speed.  This  completes  the 
setting  of  the  die  attachment;  and  in  order  to  set  the  die  so 
that  it  will  cut  a  thread  of  the  correct  diameter,  it  is  advisable 
to  set  the  chasers  to  a  plug  gage,  as  shown  in  Fig.  14.  The 
die  is  closed  by  operating  the  closing  lever  and  then  the 
chasers  are  adjusted  to  the  plug  gage. 

Setting:  Cut-off  Tool 

Now  set  the  cut-off  cam  499-B,  Fig.  1,  as  shown  in  Fig.  15. 
so  that  the  cut-off  tool  will  start  to  work  by  the  time  the  spin- 
dles have  changed  to  the  fast  speed.  This  cam  should  be  set  so 
that  when  the  spindle  is  changed  to  the  fast  speed,  the  roll 
will  be  on  a  point  of  the  cam  that  measures  an  amount  equal 
to  the  distance  that  the  slide  has  to  travel  from  the  high 
point  of  the  cam  to  cut  off  the  piece.  It  is  generally  ad- 
visable to  measure  this  distance  with  a  scale  and  scribe  a 
mark  to  which  the  roll  should  be  set. 

The  chuck  can  now  be  opened  (if  the  cut-off  tool  has  not 
previously  been  set),  the  bar  pulled  back,  and  the  cut-off  tool 
set  relative  to  the  center  of  the  chuck,  as  shown  in  Fig.  16. 
To  do  this,  it  is  necessary  to  crank  the  machine  by  hand  until 
the  roll  is  on  the  high  point  of  the  cut-off  cam;  then  set  the 
cut-off  tool  and  clamp  it  in  position.  Now  crank  the  machine 
back  to  the  point  where  it  will  start  to  cut  off,  push  out  the 
stock,  set  it,  and  close  the  chuck;  set  the  slow-feed  dog  at 
this  point.  The  piece  is  now  cut  off  by  cranking  the  machine 
by  hand,  and,  as  the  tool  passes  the  center,  set  the  dog  to 
shift  to  the  fast  feed;  also,  set  the  dog  to  index  from  the  die 
slide  to  the  stop.  Set  the  return  cam  483-B,  Fig.  1,  to  return 
the  cut-off  slide,  leaving  space  for  the  roll  to  pass  between 
the  two  cams.  Leave  the  macnine  running  on  the  fast  feed 
until  the  first  tool  is  in  position  to  start  on  the  work;  then 
set  the  slow-feed  dog.     This  completes  the  setting  up  of  the 


Fig.    14.     Setting  Die   for  Size   to  Plug   Gage 

machine,  cams,  etc.,  but  in  some  cases  it  may  be  necessary  to 
make  a  few  minor  adjustments  when  the  tools  are  working. 
The  second  installment  of  this  article,  to  be  published  in 
the  July  number,  will  deal  with  specific  tooling  lay-outs,  and 
will  conclude  the  series  of  articles  dealing  with  the  operation 
of  Gridley  automatic  machines. 


ROCHESTER'S  DEPARTURE  IN  MECHANICAL 
EDUCATION 

An  interesting  departure  in  mechanical  and  engineering 
training  has  been  made  by  the  Rochester  Athenaeum  and  Me- 
chanics Institute,  where  two-year  courses  have  been  instituted 
along  the  lines  of  mechanical,  electrical,  and  chemical  engi- 
neering. The  object  of  these  courses  is  to  provide  a  thorough 
specialized  training  to  fit  men  for  supervisory  positions  in  the 
industries.  The  courses  will  train  men  for  the  responsibilities 
of  engineering  work  in  industrial  plants  and  for  shop  superin- 
tendents and  factory  management.  The  object  is  to  train 
young  men  who  have  shown  progress  in  mechanical  work  but 
who  have  not  had  the  advantage  of  a  complete  high-school 
education,  and  who,  for  that  reason,  are  unable  to  go  to  a 
regular  engineering  college.  In  the  courses,  special  emphasis 
is  laid  upon  designing  for  the  machinery  trade  and  upon  shop 
methods  for  production,  without  entering  into  the  purely  theo- 
retical side  of  engineering  problems,  except  in  so  far  as  the 
theory  is  required  for  the  solution  of  the  practical  problems 
met  with  throughout  the  courses.  As  experience  is  gained,  it 
is  likely  that  similar  courses  will  be  instituted  elsewhere  In 
manufacturing  centers,  and  that  the  courses  inaugurated  by 
the  Rochester  Athenaeum  and  Mechanics  Institute  will  prove  to 
be  of  pioneer  value  in  the  solution  of  a  problem  of  mechanical 
education  that  has  been  found  puzzling  in  the  past. 


Fig.   le.     Betting  C&mi  on  Forming  and  Cut-off  Dram 


Fig.  16.    Sotting  Cut.off  Arm  and  Tool 
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UNIVERSAL     MILLING     MACHINE     DYNA- 
MOMETER 

BY    R.  POLIAKOFF  ' 

The  dynamometer  shown  in  the  accompanying  illustration 
was  designed  for  measuring  the  pressure  that  a  milling  ma- 
chine cutter  exerts  on  the  work  and  on  the  various  parts  of 
the  milling  machine  through  the  work.  The  purpose  of  ascer- 
taining these  pressures  is  to  determine  the  strength  required 
of  the  different  parts  of  the  milling  machine  or  the  cutter 
itself;  incidentally  it  also  affords  a  means  of  determining  the 
causes  of  unsatisfactory  finish  on  the  surfaces  machined,  dis- 
crepancies in  dimensions,  etc.  This  dynamometer  is  termed 
"universal"  because  it  determines  the  pressure  exerted  by  a 
cutter  of  anj'  type  and  size  within  its  capacity.  Fig.  1  is  a 
top  plan  view  of  the  dynamometer.  Fig.  2  is  a  vertical  sec- 
tional view  on  line  U-U,  Fig.  1.  Fig.  3  is  a  cross-section  on 
line  V-V,  Fig.  1.  and  Fig.  4  is  another  cross-sectional  view  on 
line  W-W,  Fig.  1. 


this  movement,  table  C  will  draw  the  rod  F,  Fig.  3,  to  the 
right.  This  exerts  a  pressure  on  the  gage  box  G  in  a  manner 
which  causes  the  liquid  contained  in  it  to  be  driven  up  through 
the  connection  into  the  dial  H  in  an  amount  proportionate  to 
the  amount  of  pressure  exerted.  The  hand  of  dial  H  will  con- 
sequently be  moved  to  a  corresponding  extent  to  indicate  the 
degree  of  this  pressure.  Referring  to  the  component  exerted 
by  the  cutting  tool  on  the  work  in  the  direction  of  arrow  y, 
Fig.  4,  the  pressure  exerted  on  the  table  through  the  work  will 
cause  the  table  to  descend,  rocking  plate  J  about  shaft  K.  As 
plate  J  is  moved  away  from  arm  L,  rod  M  will  cause  a  compres- 
sion of  the  gage  box  H  and  the  amount  of  pressure  will  be 
indicated  by  the  position  of  the  hand  of  dial  P. 

The  pressure  exerted  in  the  direction  of  the  arrow  Z,  Fig.  2, 
will  force  the  table  G  in  a  longitudinal  direction.  This  longi- 
tudinal movement  will  be  communicated  to  carriage  E,  Fig.  4, 
through  thrust  bearing  Q,  Fig.  2,  and,  in  turn,  by  reason  of 
the  connection  with  shaft  K.  carriage  E  will  cause  shaft  K 
to  move   in   a   longitudinal   direction  in   bearing  R.  which   is 
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Figs.    1   to  4.     Universal  Milling   Machine   Dynamometer 


The  dynamometer  is  supported  on  the  foundation  plate  A 
as  shown  in  Fig.  4,  and  is  held  in  place  on  the  table  /}  by 
T-head  bolts.  The  work  is  placed  on  the  auxiliary  table  V 
of  the  dynamometer  and  securely  fastened  by  bolts.  The  mill- 
ing cutter  is  then  brought  into  contact  with  the  work.  The 
resultant  pressure  exerted  upon  table  C  through  the  work  may 
be  resolved  Into  three  components,  each  component  being  at 
right  angles  to  the  other.  The  horizontal  arrow  A'  pointing 
In  the  right-hand  direction  Indicates  the  direction  of  one  of 
these  components,  and  the  vertical  arrow  Y  pointing  down- 
ward through  the  table  C  Indicates  the  second  component.  The 
direction  of  the  third  component  is  designated  by  the  arrow  '/, 
In  Fig.  2,  which  points  In  the  left-hand  direction.  The  pres- 
sure Imposed  by  the  cutting  tool  on  the  work  may  thus  be 
divided  Into  its  three  components  by  the  dynamometer,  and 
the  amount  of  pressure  In  each  component  direction  Is  reglK- 
tered  on  separate  gages,  so  that  It  may  be  quickly  and  accu- 
rately detPrmlnod.  The  strength  required  of  all  parts  of  the 
DilllInK  machine  can  therefore  be  chocked  accordingly. 

The  pressure  exerted  In  the  direction  of  the  arrow  -V,  Fig.  4. 
will  tend  to  rock  the  table  C  In  a  clockwise  dlrpi:tlon  alioiit 
the  shaft  h,  without  affecting  the  carriage  /;.     In  executing 
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part  of  the  foundation  plate  A.  When  so  moved,  shaft  K 
exerts  a  pressure  on  gage  box  T  through  spindle  iS.  This  pres- 
sure is  recorded  by  a  gage  attached  to  gage  box  T. 

*  *     * 

PROTECTION  OF  TRADEMARKS  ABROAD 
Since  the  outbreak  of  the  war,  American  manufacturers  have 
been  constantly  urged  to  take  advantage  of  the  trade  oppor- 
tunities awaiting  them  in  foreign  fields.  In  very  few  cases, 
however,  has  the  subject  of  trademark  registration  been  pre- 
sented to  them.  This  registration,  however,  is  most  necessary 
to  the  opening  of  business  relations  in  any  country,  for  in 
some  cases  the  legitimate  owners  of  trademarks  have  been 
unable  to  sell  their  goods  In  i-erlaln  I'ountrles  because  some 
|)lrate  has  forcHlallcd  them  In  the  registration  of  tlicir  mark. 
The  statutes  of  many  countries  provide  that  the  llrsl  person  to 
register  a  trademark  Is  entitled  to  the  exclusive  use  thereof, 
regardless  of  whether  or  not  he  is  the  originator  and  actual 
owner  of  the  mark. 

•  •     * 

I.iiHt  yciir,  tills  <'c)untry's  Imports  from  Snulli  .\incrlca 
UMioutilcd  to  $r.!tH,00((,(IO(),  an  Imi-cnse  of  $1M,(10().(I(I0  tivcr  the 
year  before;  II  cxiiorlcd  to  South  America  $312,OOU,O0U  worth 
of  goods,  an  Increase  of  $110,000,000. 
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SINE  BARS  OF  IMPROVED  DESIGN 

The  improvement  in  the  sine  bars  to  be  described  is  in  the 
method  of  locating  and  fastening  the  disks  or  buttons  to  the 
bar.  The  bar  illustrated  at  A  has  an  over-all  length  of  SVi 
inches  with  a  center-to-center  distance  between  the  disks  of  5 
inches.  As  these  disks  are  0.750  inch  in  diameter,  the  distance 
X  between  the  shoulders  of  the  bar  is  414  inches.  The  bar  il- 
lustrated at  B  also  has  a  center-to-center  distance  of  5  inches 
between  the  disks,  which  corresponds  to  the  distance  y.  This 
bar  has  the  advantage  over  the  other  one  in  that  more  acute 
angles  can  be  obtained  and  it  is  also  a  fool-proof  design  on  ac- 
count of  the  arrangement  of  the  faces  or  shoulders  against 
which  the  disks  are  held.  For  instance,  if  too  much  material 
is  ground  from  the  right-hand  surface,  it  is  simply  necessary 
to  regrind  the  surface  or  shoulder  at  the  left  in  order  to  obtain 
the  correct  distance  y. 
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having  Shoulders   against   which  Disks  axe   held  by   Screws 
placed  at  an  Angle  of  45  Degrees 


These  bars  and  disks  are  hardened  and  ground,  and  the 
disks  are  lapped  to  size.  As  the  illustration  shows,  the  disks 
are  secured  to  the  bars  with  fillister-head  screws  (No.  12), 
which  pass  through  holes  drilled  at  an  angle  of  45  degrees  so 
that  the  disks  will  be  drawn  against  both  the  horizontal  and 
vertical  surfaces  at  the  ends  of  the  bars. 

New  Britain,  Conn,  Wn.Li.\M  C.  Betz 


MAKING  AIR-RIFLE  TRIGGER  GUARD 

The  accompanying  illustrations  show  the  trigger  guard  of 
an  air-gun,  and  the  die  for  giving  it  the  second  and  final  form. 
In  Fig.  1,  A  is  the  finished  guard  and  B  is  the  guard  when  it 
is  ready  for  the  second  die.     At  A,  Fig.  2,  is  shown  a  plan  of 

the  die  with  the  levers, 
or  jaws,  closed,  and  at  B 
is  shown  the  die  with 
the  Jaws  open  to  receive 
the  work.  At  A,  Fig.  3,  is 
shown  a  side  view  of  the 
left  operating  pin,  with 
the  collars  and  the  lay- 
out of  centers  for  turn- 
ing It,  together  with  a 
partial  view  of  the  shoe 
and  the  punch-holder. 
The  front  view  of  the  pin 
Is  shown  at  li.  The  letters  T,  L,  and  R  refer  to  similar  points 
on  the  pins  sliown  in  Fig.  2. 

The  dies  for  the  first  two  operations  on  the  guard  are  not 
shown.  The  first  is  u  simple  blanking  die  for  making  a  flat 
blank  from  a  strip  of  round-edge  flat  wire,  cutting  at  the  ends 
only,  and  the  second  is  a  simple  U-formIng  die.  The  final 
shape  necessitates  the  use  of  a  collapsible  Inner  form,  and  the 
die  shown  was  designed  as  being  the  easiest  to  make  and  oper- 


Fif.   1.     Air.riflo  Trigger  Guard 


Fig.  2.     Last  Die  used  for  forming  Trigger  Guard 

ate.  It  consists  practically  of  two  pairs  of  heavy  pliers  laid 
flat  on  the  bed  of  the  die  and  operated  together  by  two  round 
tapered  pins  set  into  a  punch-holder,  which  is  not  shown.  As 
shown  in  Fig.  3,  the  taper  on  one  side  of  the  pins  is  short  and 
steep.  These  tapers  operate  against  the  inner  levers  and  force 
them  to  take  their  closed  position  first  without  any  resistance; 
they  are  held  closed  by  the  straight  sides  of  the  pins.  The 
outer  levers  are  operated  by  the  long  easy  tapers  of  the  pins. 
It  is  necessary  to  use  round  pins,  because  the  paths  of  the 
levers  are  arcs  and  the  points  of  contact  travel  around  the  pins. 
Round  pins  are,  of  course,  much  more  difficult  to  lay  out  than 
an  ordinary  fiat  wedge,  but  they  were  carefully  figured  and 
laid  out  on  the  drawing-board.  The  inner  levers  were  set  to- 
gether on  a  faceplate  and  bored,  as  they  are  straight  except 
for  a  beveled  corner,  which  was  filed.  All  the  work  they  do  is, 
of  course,  in  a  straight  line.  The  outer  levers  were  laid  out 
on  each  side  from  the  drawing  and  filed.  The  cross-section  of 
the  levers  and  their  relation  to  the  pins  is  shown  in  Fig.  3. 
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Fig.  3.     One  of  the  Operating  Plni  with  CollaJ-»  and  Lay-out   for  Turning 
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The  levers  are  covered  on  the  inside  faces  by  a  piece  of  1/2-  by 
3-inch  steel,  held  by  screws  at  each  end.  The  outer  levero 
swing  on  hardened  3/4-inch  pins,  which  are  flush  with  the  top 
of  the  cover-plate  and  extend  down  into  the  casting  base  for 
an  inch.  The  inner  levers  swing  on  a  small  loose  pin  between 
them,  and  are  held  in  position  by  bearing  on  the  outer  levers 
and  the  driving  pins. 

Plymouth,  Mich.  W.  B.  Greenleaf 


TAPER  GAGES  AND  GAGING 

The  making  of  taper  gages  is  what  toolmakers  call  a  "tough 
job,"  and  experience  has  shown  that  even  skilled  men  do  not 
get  satisfactory  results,  compared  with  the  price  of  the  gage. 
The  general  way  of  making  these  gages  is  to  machine  a  tool- 
steel  blank  until  there  is  just  enough  material  left  for  grind- 
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Ing  and  lapping  after  hardening.  The  degree  of  skill  required 
and  the  trouble  that  develops  are  widely  known,  and  probably 
about  50  per  cent  of  the  nnUhcd  gages,  when  tested  for  hard- 
ness, will  bo  subject  to  rejection. 

How  this  trouble  may  be  avoided  by  making  the  gage  In  four 
parts — two  gage-plates  and  two  cover-plates — Is  shown  In 
Pig.  1.  The  machining  Is  an  easy  matter.  Dofore  hardening, 
the  gage  Is  assorablod  just  as  If  Hnlshed,  except  that  the  holes 
for  the  taper  pins  arc  not  roamed,  but  are  just  drilled  straight. 
After  that,  the  gages  are  taken  apart  and  holes  are  drilled  In 
the  gagc-platcs  largo  enough  to  liiHcrt  soft  plugH  after  hard- 
ening. The  rest  Is  simple:  hardening,  grinding,  lapping  only 
straight  surfaces,  and  assembling.    The  taper  pins  are  riveted 


over  slightly  on  the  small  end  and  secure  the  parts  in  position. 
To  assemble  these  gages  with  accuracy,  the  attachment  shown 
in  Fig.  2  is  used.  Standard  plugs  are  employed  and  the  dis- 
tance A  is  determined  with  the  help  of  shop  trigonometry. 

A  limit  taper  gage  may  be  easily  made  by  etching  two  lines 
across  the  gage,  as  shown  in  Fig.  1.  The  positions  of  these 
lines  are  determined  with  the  help  of  a  limit  plug,  shown  in 
Fig.  3.  The  two  diameters  of  the  plug  must,  of  course,  corre- 
spond with  the  required  limit  of  the  finished  part.  It  is  only 
necessary  to  etch  the  lines  exactly  over  the  center  of  these 
plugs,  for  the  distance  between  the  lines  will  give  the  limit. 
This  plan  will  render  unnecessary  the  making  of  a  double-end 
gage  and  also  will  save  50  per  cent  of  the  time  when  inspect- 
ing the  work. 

Fig.  4  shows  a  more  costly  design,  which  in  the  long  run 
will  be  more  economical,  particularly  when  the  amount  of 
wear  on  the  gage  is  taken  into  consideration.  When  it  is  once 
made,  all  that  needs  to  be  done  when  the  surfaces  are  worn 
is  to  take  out  the  gage  blades,  regrind  or  relap  them,  and  put 
them  back  into  place;  no  adjusting  or  inspecting  will  be  neces- 
sary. Last  but  not  least,  it  is  the  only  gage  that  it  is  possible 
to  inspect  directly  with  the  micrometer  and  be  sure  it  is  right. 
This  type  also  can  be  used  as  a  straight  gage  if  the  two  center 
plugs  are  of  the  same  diameter. 

New  York  City  Max  T.  Voigt 


SALVAGE    OF    WORN   GAGES    BY 
ELECTROPLATING 

Methods  of  making  worn  thread  gages,  plug  gages,  etc.  larg- 
er or  smaller,  as  the  case  may  be,  are  of  considerable  impor- 
tance to  every  manufacturer.  Many  of  these  expensive  topis 
can  easily  be  saved  by  plating  on  them  a  film  of  hard,  close- 
grained  nickel  and  then  lapping  the  gages  to  size. 

In  depositing  nickel  on  gages,  it  is  necessary  to  remove,  all 
grease  due  to  handling,  as  the  bath  used  is  very  nearly  neu- 
tral. This  may  be  done  by  placing  the  gages,  for  fifteen  min- 
utes, in  a  bath,  consisting  of  eight  ounces  of  caustic  potash  to 
two  gallons  of  very  hot  water;  this  bath  should  be  renewed 
quite  often  if  many  gages  are  to  be  plated.  When  removed 
from  the  bath,  the  gages  should  be  thoroughly  scrubbed  with 
pumice  stone  and  water,  rinsed,  and  then  placed  in  a  bath  con- 
sisting of  eight  ounces  of  hydrochloric  acid  to  one  gallon  of 
water;  this  bath  is  used  cold.  Fifteen  to  thirty  minutes  im- 
mersion will  remove  any  oxide  that  may  have  formed.  The 
gages  should  then  be  thoroughly  rinsed,  and  dried  without 
touching  them  with  the  hands,  so  that  greasy  spots  will  not 
be  made  on  them. 

The  plating  bath  is  made  of  twelve  to  fourteen  ounces  double 
sulphate  of  nickel  and  ammonia  (pure)  per  gallon  of  bath,  dis- 
tilled water  being  used.  The  nickel  salts  are  put  in  a  wooden 
tank  and  dissolved  by  pouring  liot  water  on  them  and  stirring 
with  a  clean  wooden  stick.  After  the  salts  are  completely  dis- 
solved, cold  water  is  added  to  bring  the  solution  to  the  right 
proportion.  Common  table  salt  is  then  added  to  decrease  the 
resistance.  The  bath  should  be  a  little  bit  acid,  as  it  makes 
the  nickel  somewhat  harder;  the  acidity  of  the  bath  can  be 
tested  with  a  piece  of  litmus  paper.  The  anode  should  be  made 
of  pure  cast  nickel  as  it  gives  better  satisfaction  than  rolled 
nickel.  The  surface  of  the  gages  should  be  calculated  and  the 
same  amount  of  anode  surface  cxpos,ed. 

The  current  used  should  be  regulated  very  carefully,  as  the 
results  are  highly  dependent  on  this.  The  plating  should  be 
begun  with  a  current  of  9  to  10  amperes  per  hundred  square 
Inches  of  plating  surface  and  be  reduced  after  the  deposit 
starts  to  from  0.75  to  1.25  ampere.  The  voltage  used  depends 
somewhat  on  circumstances,  but  should  begin  at  5  volts  and  bo 
dImlnlHhod  to  from  1.5  to  2  volts.  The  amount  of  metal  de- 
posited on  the  gages  may  be  dotormlned  by  the  use  of  a  pair 
of  micromotors  In  the  case  of  plug  gages.  With  thread  gages, 
a  piece  of  steel  stock  of  known  size  may  bo  Ininieraed  In  the 
bath  and  innasured  to  dotornilne  the  amount  of  metal  deposited 
on  the  lliri'ndH. 

A  groat  many  manufacturers  have  outllts  for  plating  small 
parts  that  they  manufacture.    A  llttlo  cooperation  between  the 
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tool-room  and  the  plating  room  will  be  a  source  of  considerable 
profit.  A  boy  can  do  all  the  operations  involved  i£  the  direc- 
tions given  are  carefully  followed.  That  the  tools  do  not  have 
to  be  annealed  is  an  advantage  that  every  toolmaker  can  ap- 
preciate. 

Jackson,  Mich.  Richabd  Gibbs 


COOPERATION  WITH  THE  TOOL  ENGINEER 

The  editorial  in  the  February  number  of  Machi.neey  entitled 
"Cooperation  with  the  Tool  Engineer"  does  not  go  far  enough; 
in  addition  to  the  tool  engineer,  the  designer  should  consult 
■with  the  shop  superintendent  and  the  foreman  of  the  depart- 
ment in  which  the  machine  is  to  be  used.  Too  often,  the  man 
who  makes  the  design  is  looked  on  as  a  necessary  evil,  and 
some  shops  have  tried  to  do  away  with  him.  This,  no  doubt, 
accounts  for  the  crude  designs,  called  "machine  tools,"  that 
are  to  be  seen  in  some  shops.  One  of  these,  a  one-purpose 
lathe,  was  so  constructed  that  the  gears  were  enclosed  by  the 
head  casting  and  the  only  way  in  which  speed  changes  could 
be  made  was  by  having  the  operator  get  under  the  machine 
and  reach  through  the  bed.  Needless  to  say,  the  operator 
avoided  changing  the  speeds  as  much  as  possible  and  the  best 
results  were  seldom  obtained. 

One  reason  why  many  machine  tools  are  not  well  designed 
is  that  the  designer  does  not  come  into  contact  with  the  shop 
as  much  as  he  should.  Of  course,  some  draftsmen  think  that 
it  is  unnecessary  for  them  to  mingle  with  the  men  who  wear 
overalls.  On  the  other  hand,  many  firms  have  the  idea  that 
the  time  spent  by  a  designer  in  the  shop  is  wasted.  They  think 
that  he  should  spend  all  his  time  working  at  the  board,  and 
•  fail  to  recognize  the  value  of  information  he  obtains  by  seek- 
ing the  criticisms  of  the  men  who  operate  the  machines.  By 
obtaining  these  criticisms,  he  is  able  to  improve  the  machines 
or  the  designs  of  new  ones. 

If  a  new  design  is  submitted  for  criticism  to  the  tool  engi- 
neer, superintendent,  and  the  foreman  of  the  department  in 
which  it  will  be  used,  any  faults  of  construction  or  operation 
It  may  contain  will  be  found,  and  it  is  much  easier  to  correct 
these  on  the  drawings  than  after  the  machine  is  made.  How- 
■ever,  such  criticisms  should  be  made  in  a  spirit  of  cooperation 
rather  than  through  a  desire  to  find  something  wrong.  By 
having  these  men  discuss  the  designs  with  the  designer,  the 
latter  gradually  absorbs  ideas  from  the  other  men  and  his 
vision  is  broadened.  Besides,  much  of  the  fault  finding  now  prev- 
alent will  be  done  away  with;  it  will  be  impossible  for  the 
foreman  to  say,  whenever  a  machine  proves  faulty,  "If  my 
opinion  had  been  asked  I  could  have  prevented  that  mistake." 
Having  attended  the  conference  at  which  the  design  was  dis- 
cussed, the  superintendent  and  foreman  will  be  better  satisfied 
with  the  tools  given  them,  and  the  designers  will  become  more 
capable  and  better  pleased  with  their  product.  In  addition, 
the  method  of  finding  in  the  shop  any  mistakes  the  design  may 
contain  is  avoided. 

Providence,  R.  I.  Robert  Mawson 


CUTTING  A  DOVETAIL  SLOT  IN  A 
GUN  SIGHT 

A  shop  doing  munition  work  found  it  necessary  to  cut  a 
dovetail  slot  for  the  graduated  German  silver  scale  in  a  radial 
sword  arm  for  a  five-inch  gun  sight.  This  slot  is  0.125  inch 
deep,  has  a  ma.\imum  width  of  0.75  inch,  and  its  sides  are  at 
an  angle  of  55  degrees  and  must  be  parallel,  with  only  0.001 
Inch  tolerance  In  the  full  length  of  the  sword  arm,  which  is 
26  Inches.  The  radius  is  39.125  inches  to  the  outside  diameter. 
As  shown  in  Fig.  1,  the  slot  must  be  carried  close  up  to  the 
head  of  the  sword  arm.  In  order  to  produce  an  interchangeable 
Job,  precision  and  accuracy  are  required;  also  an  extremely 
smooth  surface  is  necessary,  for  chatter  marks  are  rejected. 
The  work  cannot  be  done  on,  a  planer  because  there  is  no 
•clearance  for  the  tool  and  It  Is  impossible  to  shift  the  stroke 
to  exactly  the  same  position  each  time;  furthermore,  it  is 
necessary  to  have  complete  control  of  the  speed  at  all  times. 

After  considering  several  methods,  It  was  decided  to  plane 
the  slot  on  a  vertical  milling  machine,  as  shown  In  Fig.  2. 


The  operator  attends  to  the  tool,  feed,  etc.  while  a  helper  moves 
the  table  back  and  forth  by  means  of  the  rapid  traverse  handle, 
which  is  not  laborious  work.  When  the  table  is  moved,  it 
causes  the  plate  A  to  rotate  on  its  bearing  B,  as  the  plate  and 
the  table  are  connected  to  each  other  by  a  link  C,  Fig.  3.  The 
bracket  for  the  sword  arm  is  also  milled  in  this  fixture. 

First  of  all,  a  slot  is  cut  in  the  center  of  the  arm  by  a  regular 
flat  milling  cutter  mounted  on  a  screw  arbor,  using  the  regular 
machine  feed,  etc.  This,  however,  leaves  some  stock  A,  Fig.  1, 
at  the  head  end,  so  the  bar  is  removed,  gripped  in  a  milling 
machine  vise,  the  head  end  squared,  and  this  part  of  the  slot 
is  dovetailed  with  a  small  mill.  Although  this  is  straight  mill- 
ing and  not  radial,  the  difference  is  so  slight  that  it  is  not 
noticeable;  besides  a  clearance  space  is  provided  for  the  dove- 


Fig«.  1  to  4.    Gun  Sight  in  which  Dovetail  Slot  is  cut  and  Arrangement 
for  cutting  Slot 

tailing  planer  tool.  The  space  is  so  small,  however,  that  no 
planer,  nor  any  other  tool  that  is  not  absolutely  under  control, 
will  reverse  in  it.  By  moving  the  table  by  hand,  the  operator 
is  able  to  reduce  the  speed  as  the  end  of  the  slot  is  reached 
and  thus  cut  very  slowly  into  the  clearance  space.  A  stop  is 
also  placed  on  the  ways  to  limit  the  table  movement.  After 
the  slot  Is  milled  in  the  arm  and  the  head  end  is  dovetailed, 
the  bar  is  returned  to  the  fixture,  the  spindle  is  locked  by  in- 
serting the  back-gear  without  the  spring  pin.  and  the  slot  is 
finished  by  means  of  the  planing  tool  shown  in  Fig.  4.  This 
tool  is  held  in  a  special  arbor,  which  can  be  made  at  a  very 
small  cost. 
Baltimore,  Md.  Raymond  H.  Dauterich 


DEVICE  FOR  FILLING  GREASE  CUPS 

The  usual  method  of  filling  grease  cups  before  they  are 
placed  on  the  bearings  is  to  unscrew  the  cup,  pack  the  grease 
In  It  with  a  paddle,  and  then  screw  the  cup  on  the  retainer, 
which  takes  about  one  or  two  minutes'  time.     But  with  the 
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device  here  shown  the  cups  may  be  filled  within  a  few  seconds. 
It  Is  only  necessary  to  insert  the  threaded  end  of  the  grease 
cup  in  nozzle  A  and  turn  the  lever  B  to  fill  the  cup  instantly. 
It  desired,  a  spring  may  be  attached  to  lever  B  and  to  the 
body  of  the  device  and  a  foot-lever  attached  to  the  valve-lever 


for  filling   G: 


Cups 


B.  As  the  device  may  then  be  operated  by  foot,  the  operator 
will  be  able  to  use  both  hands  for  handling  the  cups. 

The  device  consists  of  a  cast-iron  cylinder  C,  a  piston  D, 
and  the  necessary  connections  to  the  compressed  air  line  E. 
To  operate,  the  lower  air  valve  F  is  turned  downward  and  air 
is  admitted  below  the  piston  D;  this  raises  the  piston  to  the 
top  of  the  cylinder  so  that  it  can  be  removed  and  then  the  air 
1b  shut  off.  After  the  cylinder  is  filled  with  grease,  the  piston 
D  and  cover  H  are  put  in  place  and  lever  O  is  turned  so  that 
compressed  air  is  admitted  to  the  top  of  the  piston.  Then 
when  a  grease  cup  is  inserted  in  the  nozzle  A  and  lever  B  is 
turned,  the  compressed  air  forces  the  grease  into  the  cup. 
The  cover  H  is  held  in  place  by  the  bronze  casting  /,  which 
has  a  ball  Joint  that  fits  into  the  top  of  the  cover,  making  a 
flexible  but  secure  joint. 

Flint,  Mich.  C.  C.  Spkeen 


INDEXING  ATTACHMENT 

In  Fig.  1  Is  shown  an  indexing  attachment  that  may  be 
easily  adapted  to  a  number  of  purposes.  It  was  designed  for 
making  the  saddle  slide  of  an  ordinary  engine  lathe,  shown 
In  Fig.  2,  which  requires  the  operations  of  facing  the  surface 
A,  turning,  boring  a  hole  B  In  the  center,  cutting  T-slots,  and 
graduating.     With  this  attachment,  all  these  operations  can 


be   done   at  one   setting  of   the 
piece  in  the  chuck. 

The  main  bracket  C,  Fig.  1,  of 
the  attachment  is  fastened  to  the 
side  of  the  lathe  headstock,  as 
shown,  and  the  bracket  D  carry- 
ing the  worm-shaft  and  support- 
ing the  dividing  plate  bearer  E 
is  swiveled  on  a  stud  in  the 
bracket  C.  A  worm-wheel  mount- 
ed at  the  rear  of  the  chuck  F 
allows  the  worm  G  to  engage 
with  it.  It  is  not  necessary  to 
detach  this  arrangement  for  ordi- 
nary use,  as  the  bracket  D  carry- 
ing the  worm  G  can  be  swung 
clear  of  the  worm-wheel  so  as  to 
leave  the  lathe  free  to  be  used 
for  ordinary  work. 

To  do  the  particular  job 
shown,  a  six-side  turret  was  em- 
ployed. One  side  carried  a  turn- 
ing tool  for  facing  the  surface 
A;  the  next  side  carried  a  drill 
for  hole  B;  the  third  side  carried 
a  reamer  for  hole  B;  the  fourth 
side  carried  a  bar  with  the  tools 
shown  at  C,  Fig.  2;  the  fifth  side  carried  a  bar  with  the  tools 
shown  at  D;  and  the  sixth  side  carried  the  marking  tool  for 
indexing.  By  using  this  attachment  and  set-up,  an  average 
time  of  fifty  minutes  per  piece  was  saved  on  previous  times. 

Enebgy 
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Fig.    2.     Work   for  which   At- 
tachment   was   designed 
and    Tools   used 


CUTTERS  FOR   SOFT   COMPOSITION 
WASHERS 

The  tool  shown  in  the  February  number  of  Machinery  for 
cutting  washers  out  of  leather,  rubber,  and  other  soft  material 
has  one  disadvantage  in  that  a  cutter  must  be  made  for  each 
size  of  washer  that  is  to  be  cut.    This  disadvantage  is  avoided 


AdJuBtablo    Cutter    for   Wasll(^^s    of    Soft    Mntorial 

In  the  tool  here  shown,  which  may  be  used  for  any  size  of 
washer  within  Its  capacity.  The  shank  A  is  made  to  fit  the 
spindle  of  the  drilling  machine  and  terminates  in  a  rectangular 
l)ar  B,  wlilih  curries  the  rutting  tool  C  and  the  steel  center  D. 
Tills  center  I.H  n  forced  fit  In  the  rectangular  bar  B.  The  cut- 
ting tool  C  slides  In  a  slot  and  Is  held  In  position  by  a  set-screw 
E.  To  make  a  washer.  It  Is  only  necessary  to  sot  the  cutting 
tool,  which  1h  ground  to  a  knlfo-edgo,  to  the  correct  radius, 
place  the  conlor  I)  In  Iho  material,  and  rotate  the  tool,  which  Is 
hold  In  the  spindle  of  the  drilling  machine.  Tlio  tool  oon  bo 
uulckly  Bot  to  cut  any  size  of  woshor  desired.  A.  Towi.icu 


Ini    Atlnxlimont    for    En(in«    Lath* 


The  tool  hero  shown  for  cutting  soft  compoHlllon  waHliors 
an  Improvement  on  that  shown  In  the  February  number 
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Cutter  for  Composition  Washers 

Machixert.  While  the  initial  cost  is  considerably  higher, 
the  possibility  of  the  washers  and  centers  sticking  in  the  cut- 
ter is  entirely  eliminated.  The  tool  is  preferably  made  of  steel, 
and  by  making  the  large  cutter  separate,  as  shown,  a  great 
deal  of  work  and  material  will  be  saved  when  replacing.  This 
cutter  will  work  satisfactorily  either  on  a  drilling  machine  or 
when  used  as  a  punch. 

Dubuque,  Iowa  Chesteb  W.  Hathaway 


LAPPING   PLATE   AND   CABINET   FOR 
EMERY  WHEELS  AND  OILSTONES 

For  the  users  of  ring  emery  wheels,  india  or  corundum  oil- 
stones, or  any  end-cutting  wheels,  which  are  certain  to  glaze 
from  constant  use,  the  accompanying  description  and  diagram 
of  a  lapping,  or  rubbing-down,  plate  and  cabinet  may  be  of 
interest.  Ring  wheels  of  emery,  corundum,  carborundum,  or 
other  abrasives  that  are  mounted  on  chuck  stems  or  taper 
shanks  should  be  trued  by  a  diamond  and  then  rubbed  on  the 
cast-iron  plate,  using  either  coarse  or  medium  grains  of  emery, 
depending  on  the  work  to  be  ground.  This  operation  of  rub- 
bing, using  a  circular  motion  and  frequent  turning  of  the 
wheel,  breaks  the  lines  left  by  the  truing  diamond  and  leaves 
the  surface   in  good   condition.     It  can  be  repeated  several 
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Plate   and   Cabinet   for  lapping   Emery   Wheels   and   Oilstones 

times,  as  a  wheel  becomes  glazed  by  use,  before  being  re- 
turned by  the  diamond. 

The  cabinet,  or  holder,  of  the  rubbing  plate  is  about  2  fee.t 
square  and  2  feet,  6  inches  high.  The  cast-iron  plate  is  sus- 
pended In  the  upper  part  of  the  cabinet  on  two  iron  braces, 
made  of  14-  by  1-inch  strap  iron  or  cold-rolled  steel,  and  Is 
held  in  position  by  two  dowels.  Directly  beneath  the  plate  are 
two  drawers  with  sieve  bottoms  to  catrh  and  sift  the  emery. 
The  first  drawer  has  a  sieve  of  the  proper  mesh  to  retain  the 
coarse  emery;  the  second  sieve  is  of  finer  mesh  and  retains 
a  grade  of  emery  useful  for  blocking  oilstones,  permitting 
all  dust  to  drop  to  the  lower  drawer.  A  small  scoop  or  shovel 
should  be  kept  with  the  outfit  to  clean  the  plate  and  put  on 
new  emery  as  needed. 

Jersey  City,  N.  J.  Wariikn  H.  Dunhback 


TOOLS   FOR   FORMING   AND   RELIEVING 

CONVEX  MILLING  CUTTERS 
It  is  often  necessary  to  make  convex  cutters  that  are  not  in 
stock,  and  the  method  to  be  described  has  been  quite  satisfac- 
tory for  making  small  lots  or  special  sizes.  The  form  tool 
shown  in  the  upper  left-hand  corner  of  the  illustration  is  made 
with  an  arc  having  a  radius  at  one  end  which  is  a  little  larger 
than  the  standard  radius  of  the  milling  cutter.  This  end  is 
given  a  clearance  of  about  12  degrees  and  is  used  for  rough- 
turning  the  cutter  blanks.  The  opposite  end  of  the  forming 
tool  is  made  to  the  required  cutter  radius  and  is  given  a  clear- 
ance of  22  degrees,  as  it  is  used  for  relieving  the  cutter  while 
finishing  it  to  size.    The  cutter  A  is  held  in  a  tool-block  B,  as 


Method  of  turning  Concave  or  Circular  Part  of  Tool  for  forming  and 
relieving  Convex  Milling  Cutters 

shown  at  C,  while  turning  and  relieving  the  milling  cutter. 
This  tool-block  is  also  used  as  shown  at  D  when  turning  or 
boring  the  concave  or  circular  part  of  tool  A  by  using  a  com- 
pound rest  as  indicated  in  the  illustration.  Tool-block  B  is 
set  with  the  face  at  right  angles  to  the  center  line  of  the  spin- 
dle and  the  compound  rest  is  set  at  the  required  clearance 
angle.  The  tool  A  is  clamped  in  position  on  the  side  of  block 
B.  The  tool  is  turned  or  bored  to  the  required  radius  by  using 
an  eccentric  chuck  which  is  held  in  the  spindle.  A  feeding 
movement  in  the  direction  of  the  arrow  is  obtained  by  the 
compound  rest,  and  the  depth  of  cut  is  regulated  by  the  cross- 
slide.  In  this  way,  a  true  arc  is  obtained  on  the  face  of  the 
tool.  It  is  sometimes  necessary  to  give  the  tool  a  little  clear- 
ance on  the  sides  of  the  concave  surface,  but  on  tools  of  small 
radius  this  is  seldom  necessary. 
Detroit,  Mich.  O.  F.  Schweitzeb 


TANGENT   CLAMP 

There  are  at  present  several  methods  In  general  use  for 
clamping  pins,  rods,  screws,  and  spindles,  but  the  "tangent 
clamp,"  owing  to  its  simplicity  and  effectiveness,  is  espe- 
cially applicable,  whenever  a  non-positive  clamp  can  be  used. 
The  principle  involved  is  similar  to  that  of  the  toggle  Joint 
or  moving  strut.  Hence,  it  is  possible  to  formulate  an  ex- 
pression of  its  effectiveness  in  definite  terms.  The  angle  of 
30  degrees  in  the  illustration  indicates  the  highest  point  on 


Section  ihowing   Dcslffn  of  Tangent   Clamp  and   Principles  involved 
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the  stud  or  cylinder  A  with  relation  to  the  spindle  B  being 
clamped,  and  is  about  the  necessary  maximum  for  both  effec- 
tiveness and  strength.  One  half  of  this  angle,  the  mean  of 
the  surface  in  contact,  corresponds  to  the  angle  of  the  toggle 
joint  arm  or  moving  strut,  and  its  effectiveness,  neglecting  fric- 
tion, is  indicated  in  the  diagram,  where  F  =  applied  force, 
and  R  =  clamping  result  on  spindle.    Then: 

R  X  sin  15  degrees  =  F  X  cos  15  degrees 
F  X  cos  15  degrees 

R  = 

sin  15  degrees 

If  the  angle  is  increased,  the  effectiveness  is  decreased,  or 
vice  versa,  but  it  will  be  found  that  the  mean  angle  cannot 
very  well  be  decreased  and  leave  enough  metal  to  resist  the 
thrust.  Should  the  stud  be  made  larger  than  the  indicated 
diameter,  it  should  be  cut  away  on  the  top 
in  order  to  keep  the  highest  point  of  tan- 
gency  as  near  30  degrees  as  possible.  The 
tangent  clamping  stud  A  should  not  be  hard- 
ened, as  the  clamping  effect  would  be  less 
satisfactory,  and  the  spindle  B,  or  other  ob- 
ject clamped,  would  be  marred  or  chipped. 
The  clamping  stud  C  should  be  made  as  large 
as  possible  on  smaller  sizes,  and  no  larger 
than  necessary  on  large  sizes  of  spindles. 
It  is  often  desirable  to  use  a  quick-operating 
handle  in  place  of  the  nut  G. 

The  design  shown  for  drawing  the  clamp- 
ing stud  against  the  spindle  has  proved  most 
effective,    but    the    following   methods    may 
also  be  considered.    The  clamping  block  may 
take  the  form  of  a  bushing  and  have  a  screw 
running  through   it  into   a  tapped   hole  be- 
yond.    If  this  form  is  used,  it  is  advisable 
to  increase  the  diameter  over  that  shown  in 
the  illustration,  and  remove  the  metal  beyond 
30  degrees,  as  previously  described.    A  pair 
of  opposing  clamping  blocks  may  be  used, 
drawn  up  and  centered  upon  the  spindle  by  means  of  a  screw 
through  one  and  a  tapped  hole  in  the  other.    Another  sugges- 
tion  is  a  stud   running  through   both  bushings   with   a  nut 
at  each  end. 

The  proportions  shown  in  the  illustration  are  the  results  of 
experiments  by  the  author,  and  very  satisfactory  results  have 
been  obtained  for  spindle  sizes  from  1/2  inch  to  3  inches. 
Many  designers  have  used  this  type  of  clamp  without  giving 
due  consideration  to  proportioning  the  parts,  and  have  ob- 
tained less  satisfactory  results. 

Washington,  D.  C.  Wiukid  Griffin 


ered  into  contact  with  the  indicator,  which  shows  if  more 
or  less  pressure  on  the  crowbar  is  required  in  the  next  bend. 
By  having  everything  needed  for  the  operation  in  place,  no 
time  is  spent  resetting  the  indicator,  laying  down  the  crowbar, 
picking  it  up  again  and  starting  and  stopping  the  machine 
to  see  if  the  shaft  is  running  true.  The  writer  has  found  this 
method  to  be  generally  satisfactory. 

New  York  City  .  E.  J.  Higgins 


ECONOMICAL  DIEMAKING 

In  the  January  number  of  Machixeby  there  is  an  article 
entitled  "Economical  Diemaking."  The  following  method  is 
suggested,  however,  as  more  in  keeping  with  modern  practice; 
it  is  quite  generally  used,  especially  by  manufacturers  of  agri- 


STRAIGHTENING   SHAFTING 
For  quickly  straightening  slight  bends,  such  as  are  found 
at  times  In  crankshafts  and   shafts   of   small   diameter,   the 


Iii'Ij 


Mx'tho'l   of   •IrilKhtnnlnK    Hll|[lit    B<'nil»    in    Slmfta 

liliii-ed   beneath   tlie  Bhari,  ns   lllu.struti'fl, 


and  adjusted  bo  that  when  the  Bhaft  makcH  half  a  turn  the 
Instrument  will  ro({lnt<.T  th<'  amount,  In  thouHnndthB  of  nn 
Inch,  that  the  Bhaft  Is  out  of  true.  ABsumlng  that  the  Indi- 
cator reglBters  0.004  Inch,  the  Bhaft  Bhould  be  bent  upward 
0.002  Inch.  Without  removing  the  Indicator,  by  mcnnB  of  the 
crowbar  A  the  Bhufl  Ih  l^vol  upward,  and  then  carefully  low- 


Making  Plaster-of-paris  Molds   for  Dies 

cultural  implements  where  a  large  number  of  plaster-of-paris 
dies  are  made  for  straightening  malleable  castings,  bending 
operations,  and  forging.  The  model  shown  at  A  is  the  same 
as  that  shown  in  the  previous  article. 

The  model  should  be  turned  from  two  pieces  of  wood,  which 
are  joined  and  held  together  by  pinch-dogs  or  by  gluing  with 
a  paper  joint.  The  centers  for  the  lathe  must  be  located  on 
the  joint.  After  the  pieces  are  turned,  they  will  separate  at 
the  joint  and  thus  eliminate  the  necessity  of  sawing  and  join- 
ing to  the  center  line.  The  model  is  then  placed  with  its 
joint  flat  on  a  faceplate  and  the  box  is  placed  in  position.  The 
sides  of  the  box  should  not  be  nailed  together  or  fastened 
permanently,  but  should  be  held  together  by  clamps,  as  shown 
at  B  and  C.  As  plastor-of-paris  does  not  shrink,  or  change  its 
shape,  it  is  difficult  to  remove  a  mold  from  a  solidly  built  box. 
A  piece  of  cast  iron  E  drilled  and  tapped  for  a  foundry  draw- 
screw  should  be  suspended  in  the  center  of 
the  mold  by  passing  a  rod,  the  ends  of  which 
rest  on  the  sides  of  the  box,  through  one 
of  the  holes  in  the  tapered  mandrel  to  which 
the  draw-plate  is  screwed.  After  the  plaster 
Is  poured,  the  tapered  mandrel  is  removed, 
leaving  tlio  draw-plate  firmly  embedded  In 
I  he  i)Iaster  form. 

Tliu  plaster  should  be  mixed  tliin  enough 
to  pour  and  conform  perfectly  to  the  shape 
of  tlio  model  and  then  poured  into  the  box. 
After  the  plaster  has  set,  the  box  can  be 
removed  by  taking  oft  the  clamps,  when  the 
Bides  will  easily  come  away  from  the  form. 
Ilefore  tlio  plaster  form  Is  liried  from  the 
faceiilale,  a  tliicUncHH  line  should  be  scribed  at  the  top  by  using 
a  surface  gage,  as  shown  at  /);  this  will  give  a  jilaln  surface 
true  to  the  renter  lino  of  the  model.  By  varnishing  the  wooden 
model  and  the  sides  of  the  box  with  nhellac  and  covering  the 
Hiirface  with  a  thin  coat  of  oil  or  vaHclIno,  a  perfect  surfnco 
will  bo  produced,  If  the  plaBlor  haR  boon  BUlTlelonlly  mixed  to 
work  out  the  air  bubbles.     The  blocks  or  sldos   for   the  box 
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may  have  draft  or  be  of  almost  any  shape  that  will  leave  the 
form  in  condition  for  the  foundry  after  the  surface  grease  has 
been  scraped  off  and  the  form  given  two  coats  of  shellac. 
Peoria,  111.  Paul  L.  Hatfield 


KEYSEATING  TOOL 

In  the  January  number  of  Machinery  a  tool  for  cutting 
keyseats  when  no  keyseater  is  available  is  described.  This 
tool  is  not  uncommon  in  small  mill  repair  shops  where  the 
machine  equipment  is  usually  limited  and  the  range  of  work 
very  large,  but  using  the  tool  in  the  spindle  of  a  drilling 
machine  is  a  novelty,  and  it  is  readily  seen  that  small  key- 
seats,  Vi  or  %  inch  wide,  can  be  cut  more  quickly  in  this 
manner  than  by  the  method  to  be  described.  The  accompany- 
ing illustration  shows  a  tool  which  is  practically  the  same  as 

that  described  in  the 
January  number  except 
that  it  is  not  used  as  an 
attachment  to  a  ma- 
chine. The  cutting  ac- 
tion is  accomplished  by 
driving  the  tool  through 
the  work  with  a  sledge. 
The  bar  B  is  a  sliding 
fit  in  the  bore  of  the 
work  and  carries  the 
tool  r  in  a  slotted  hole. 
The  tool  is  held  rigid 
by  a  headless  set-screw 
S  and  is  adjusted  for 
the  cut  by  screw  C.  The 
Tool  for  cutting  Keyseats  distance  from  the  lower 

end  of  bar  B  to  the  tool  should  be  long  enough  to  serve  as  a 
pilot  at  the  beginning  of  the  stroke,  and  the  total  length  of 
the  bar  should  be  a  little  longer  than  the  longest  keyseat  to 
be  cut.  The  head  of  adjusting  screw  C  enters  a  counterbore, 
to  protect  it  from  injury  when  the  bar  falls  through  the  work. 
The  screw  should  never  project  beyond  the  end  of  the  bar,  and 
it  is,  therefore,  operated  with  a  socket  wrench.  Very  light 
cuts  should  be  taken  during  the  first  few  strokes  to  lessen 
the  possibilities  of  the  bar  turning  in  the  work.  Keyseats  up 
to  %  inch  have  been  cut  successfully  in  this  manner. 
Olean,  N.  Y.  E.  J.  Gibson 


VALUE  OF  REPAIR  LISTS  FOR  REPAIR 
ORDERS 

The  article  on  page  642  of  the  March  number  of  Maciiinery, 
entitled  "Ordering  Parts  for  Machine  Tool  Repairs,"  was  read 
with  great  interest,  and  the  solution  of  the  problem  suggested 
by  the  author  will  eliminate  much  of  the  trouble  caused 
through  lack  of  definite  information  as  to  what  is  desired  in 
filling  an  order  for  repair  parts.  However,  merely  attaching 
to  the  machine  a  brass  plate  upon  which  is  stamped  the  manu- 
facturer's name  and  address  and  some  serial  or  shop  order 
numbers  requisite  to  its  identification  does  not  remove  all 
danger  of  confusion. 

In  filling  in  the  requisition  to  the  purchasing  agent  for  a 
broken  part,  the  question  might  arise,  "What  is  the  part 
called?"  "What  is  its  correct  technical  term?"  Sometimes  the 
owner,  fearing  that  the  manufacturer  might  misinterpret  the 
order,  sends  the  broken  piece  by  parcel  post  or  express,  thereby 
causing  additional  expense  and  the  possibility  of  losing  the 
part  in  transit.  In  the  case  of  an  ordinary  type  of  machine 
tool,  say  a  planer,  sold  to  manufacturers  of  drilling  machines, 
milling  machines,  or  otlier  machine  tools,  there  should  be  no 
cause  for  error  or  delay,  for  the  reason  that  the  names  of  tlie 
parts  of  the  maohino  are  generally  well  known.  But  where  a 
repair  order  Is  for  a  machine  of  intricate  design  or  one  con- 
taining a  cumbersome  gear-box  mechanism,  quite  a  different 
angle  of  the  situation  Is  presented.  Also,  should  one  of  the 
many  contacts  wear  down  or  a  magnet  burn  out  on  a  controller 
forming  part  of  the  electrical  apparatus  on  an  elevator,  the 
same  condition  might  arise. 


In  certain  electrical  lines,  the  manufacturer  sends  a  repair 
list  with  the  finished  product.  This  list  consists  of  a  diagram 
of  the  assembled  unit  on  which  are  placed  the  names  of  the 
various  parts  entering  into  the  design,  together  with  their 
piece  or  pattern  numbers.  The  fact  that  the  piece  number  is 
given  on  a  repair  order  often  has  been  the  means  of  knowing 
what  is  wanted,  particularly  where  the  manufacturer's  records 
are  somewhat  misleading.  Why  cannot  this  method  be  adopted 
in  the  machine  tool  industry?  It  is  not  essential  that  an 
assembly  drawing  of  the  complete  machine  be  sent;  just  a  sim- 
ple line  drawing,  without  dimensions,  of  the  units  subject  to 
repair  orders  is  sufiicient. 

Cincinnati,  Ohio  "  Joseph  Ploqmann 


FIGURING  IN  THE  METRIC  SYSTEM 

Now  that  we  are  doing  so  much  foreign  work,  we  are  encoun- 
tering metric  dimensions  at  every  turn.  It  seems  to  be  the 
common  practice  to  convert  the  metric  dimensions  into  decimal 
equivalents  and  work  with  these.  That  is  all  very  well.  But 
when  it  comes  to  figuring  out  dimensions  from  metric  draw- 
ings, especially  when  the  foreign  inspectors  use  metric  gages, 
a  lot  of  time  and  work  can  be  saved  by  using  the  metric  figures 
all  through  the  calculations  and  converting  the  answer  only. 
Time  and  again  draftsmen  in  solving  such  a  problem,  for  in- 
stance, as  finding  the  square  root  of  5  squared  plus  6  squared 
(metric  dimensions),  which  can  be  done  with  very  little  effort, 
convert  these  figures  into  decimal  equivalents  first  and  then 
have  an  example  like  this:  finding  the  square  root  of  0.19685 
squared  plus  0.23622  squared. 

Why  wrestle  with  all  those  figures  when  the  problem  could 
almost  be  done  without  even  a  pencil  and  paper?  Further, 
there  is  a  slight  error  every  time  a  figure  is  converted,  which 
means  quite  a  variation  in  a  long  calculation.  It  is  strange 
that  the  same  draftsmen  who  design  labor-saving  jigs  and  fix- 
tures do  not  take  their  own  medicine  and  cut  down  labor  and 
insure  greater  accuracy.  Still,  that  is  what  is  found  in  so 
many  cases  that  the  writer  brings  up  this  point. 

Hartford,  Conn.  J.  C.  P.  Bode 


LAYING-OUT  FIXTURE  FOR  MILLING 
MACHINE 

In  the  April  number  of  Machinery,  on  page  744,  there  ap- 
pears an  illustration  of  a  laying-out  fixture  for  use  on  a 
milling  machine.  In  the  accompanying  illustration  is  shown 
another  design  of 
fixture  for  holding 
a  center-punch.  The 
arbor  A  fits  the 
spindle  of  the  mill- 
ing machine,  and 
should  be  held  in 
such  a  position  as 
to  bring  the  punch 
B  perpendicular  to 
the  axis  of  the 
work,  which  is  held 
between  the  cen- 
ters of  the  index- 
ing head.  The  cen- 
ter-punch is  held  up 
from    the   work   by 

the   spring   C.      This  Layingout     Fixture     for     Mining     Machine 

fixture  permits  rapid  spacing  and  marking,  as  it  is  only  neces- 
sary to  bring  the  work  into  each  position  by  means  of  the 
indexing  head  and  strike  the  head  of  the  punch  just  hard 
enough  to  produce  the  required  centering  mark. 

New  York  City  E.  J.  Higoins 


SLIP   BUSHING  WITH  RETAINING  DEVICE 

In  the  March  number  of  Machinehy  on  page  649,  C.  Jouve 
describes  a  retaining  device  for  a  slip  bushing.  The  method 
shown  Is  new  to  the  writer,  but  there  Is  no  doubt  but  that 
It  serves  the  purpose  in  view.    A  criticism  that  might  be  made 
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Retaining  Device  for  Slip  Bushings 

Is  that  the  same  end  could  be  obtained  by  a  much  simpler  and 
cheaper  device.  In  the  accompanying  illustration  at  A  is 
shown  about  the  cheapest  retaining  device  which  can  be  made. 
This  consists  of  a  piece  of  steel  wire  about  1/4  or  5/lG  inch  in 
diameter,  which  is  screwed  into  a  tapped  hole  in  the  wall  of 
the  jig  or  fixture.  The  upper  end  of  the  wire  is  bent  as  shown. 
'SVTien  it  is  desired  to  prevent  the  bushing  from  being  drawn 
out  with  the  drill,  the  wire  is  turned  to  the  position  shown. 
When  the  bushing  is  to  be  removed,  a  quarter  turn  of  the 
wire  brings  the  bent  portion  into  a  position  that  allows  the 
bushing  to  be  taken  out.  It  is  sometimes  desirable  that  the 
face  of  the  bushing  be  used  as  a  stop  for  counterboring,  spot- 
facing,  or  similar  operations.  Under  such  conditions,  any  re- 
taining device  that  projects  above  the  face  of  the  bushing  is 
useless.  In  the  illustration  at  B  is  shown  a  good  retaining 
device  which  may  be  used  when  conditions  such  as  noted  are 
necessary.  It  is  neat,  easily  made,  and  convenient  to  use.  The 
head  of  the  slip  bushing  is  machined  with  a  flat,  as  shown 
at  C.  The  retaining  screw  D  has  a  portion  of  the  head  cut 
away  as  shown  at  E.  The  distance  between  the  center  of  the 
screw  and  the  flattened  portion  must  be  slightly  less  than  the 
distance  between  the  center  of  the  screw  and  the  edge  of  the 
slip  bushing.  When  the  screw  is  in  the  position  shown,  the 
bushing  cannot  be  removed  and  any  spot-facing  or  similar 
operation  may  be  performed  without  danger  of  the  tool  inter- 
fering with  the  retaining  device.  When  it  is  necessary  to 
remove  the  bushing,  a  half  turn  of  the  screw  brings  the  flat- 
tened part  in  such  a  position  that  the  bushing  may  be  taken 
out. 

Providence,  R.  I.  Rohert  Mawson 

INVENTIONS  AND  INVENTORS 
The  article  on  page  703  in  the  April  number  of  Maciiineby 
1b  a  rather  severe  indictment  of  the  laws  under  which  the  in- 
ventor works  and  the  financial  pirates  among  whom  he  falls. 
The  patent,  it  is  stated,  gives  absolutely  no  protection  (unless 
there  is  capital  behind  it),  while  the  patent  laws  require  that 
Inventors  reveal  their  Inventions  to  the  public;  the  inference 
Is  that  this  is  a  most  unfair  state  of  affairs,  a  theorem  for 
which  the  writer  of  the  article  presents  little  proof. 

The  grant  of  a  patent  is  an  agreement  between  the  Govern- 
ment of  the  United  States  and  the  inventor  by  which,  in  con- 
sideration of  free  public  use  after  seventeen  years,  the  Gov- 
ernment grants  to  the  Inventor  exclusive  use  of  the  child  of 
his  mental  vision  during  that  period.  But  this  product  must 
have  Bumclent  personality  to  bo  differentiated  from  thousands 
of  similar  cherished  offspring  of  Inventors.  The  writer  has 
been  doing  his  share  for  thirty  years  to  Increase  the  number 
of  Inventions  and,  on  the  whole,  he  has  no  complaint  to  make 
of  the  treatment  he  has  received  from  the  Government,  on  the 
one  hand,  or  from  the  "pirates  of  llnanco,"  on  the  other. 

In  many  Instances,  not  only  has  the  patent  grant  secured  to 
the  Inventor  his  Just  rights  but  It  has  also  enabled  him  to  bur 
progress  In  an  art.  Our  patent  laws  In  this  respect  are  fur 
too  favorable  to  the  Inventor.  They  should  compel  the  In- 
ventor to  work  his  Invention  or  license  Its  use  to  those  who 
will.  Illght  here  Is  where  the  Inventor  usually  flounders.  The 
Oovernment  grunts  his  patent,  but  unfortunately  It  can  nolUi 
er  furnish  bim  business  experience  nor  a  sunso  of  values,  and 


as  a  result  he  often  demands  a  price  and  terms  for  his  inven- 
tion that  prevent  any   sane  business  man  dealing  with  him. 

Lump-sum  price  demands  have  wrecked  the  chances  of  many 
inventions.  Still  it  is  safe  to  say  that  no  really  good  thing  in 
any  line  goes  begging  if  offered  on  a  reasonable  royalty  basis, 
coupled  with  a  minimum  yearly  compensation  to  insure  work- 
ing by  the  licensee.  Too  often  the  inventor  demands  that  the 
manufacturer  shall  take  all  the  chances  of  business  failure  or 
success  when  both  the  manufacturer  and  the  inventor  would 
be  better  served  by  the  safer  and  more  just  basis  of  royalty, 
which  instead  of  being  a  myth  is  both  a  common  and  an  essen- 
tially workable  form  of  agreement.  There  are  business  pirates, 
of  course,  as  there  are  violators  of  all  laws,  but  this  is  no 
reason  for  an  inventor  to  whine  for  more  protection  from  with- 
out. What  he  needs  is  more  horse-sense  in  marketing  his 
wares,  and  this  it  is  fervently  hoped  the  Government  will  not 
attempt  to  furnish.  As  a  guild,  inventors  are  in  no  need 
of  particularly  tender  care  because  their  "imaginative,  sensi- 
tive, suspicious,  and  reclusive"  natures  cannot  stand  the  treat- 
ment men  get  in  other  lines  of  endeavor.  As  the  writer  knows 
them,  they  are  far  from  being  a  race  apart  who  must  be  humor- 
ed to  secure  the  rich  flow  of  their  inventive  genius;  oftener 
they  are  intensely  practical,  of  wide  business  experience,  and 
do  their  work  under  the  spur  of  business  necessity.  At  least 
they  go  about  their  task  without  whimpering  and  get  such  re- 
ward as  comes  to  men  who  work  hard  and  well. 

St.  Paul,  Minn.  E.  E.  Johnson 


SAVING  TIME  IN  MAKING  DRAWINGS 

In  the  article  "Saving  Time  in  Making  Drawings,"  on  page 
649  in  the  March  number  of  Machineby,  Mr.  Perlman  refers 
to  a  thin  piece  of  celluloid  shellacked  to  the  drawing  as  being 
an  improvement  over  horn  centers.  The  writer  agrees  with 
him,  but  believes  the  following  method  is  even  better:  Use  a 
piece  of  Dennison's  gummed  cloth  tape  about  3/16  inch  square 
and  leave  it  on  the  drawing.  It  will  then  always  be  ready 
for  use. 

New  Britain,  Conn.  F.  E.  Potteb 


EQUALIZING  VISE  JAWS 

The  equalizing  jaws  illustrated  are  handy  for  gripping  ir- 
regular shaped  and  tapered  work  in  either  a  machine  or  bench 
vise.  The  faces  of  the  jaws  can  be  serrated  to  insure  a  firm 
grip,  and  then  hardened. 

Concord,  N.  H.  Chables  H.  Wit.t.f.y 
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HOBS  AND  HOBBING' 

The  method  of  producing  gears  by  hobbing  has  been  under- 
stood in  its  theoretical  aspects  for  many  years,  but  conditions, 
which  are  now  radically  changed,  delayed  its  general  adoption 
until  recent  years.  One  of  the  early  conditions  which  retarded 
progress  was  the  fact  that  quantity  production  in  its  present 
meaning  did  not  then  exist,  and  quantity  production  is  the 
tield  to  which  the  hobbing  process  is  especially  well  adapted. 
The  introduction  of  the  automobile  and  its  manufacture  on  a 
large  scale  necessitated  the  manufacture  of  duplicate  gears  in 
very  large  quantities,  and  thus  afforded  a  chance  for  the  hob- 
bing process  to  show  its  capabilities,  but  it  still  lacked  the 
refinements  necessary  to  enable  it  to  do  high-quality  finish- 
ing work. 

From  a  study  of  the  various  methods  of  cutting  gears  and  a 
consideration  of  the  advantages  and  disadvantages  of  each, 
an  ideal  system  would  have  the  following  characteristics: 

1.  A  continuous  cutting  action,  as  in  milling  with  a  disk 
cutter. 

2.  Generation  of  each  tooth  by  a  single  tooth  or  tooth  pro- 
file, as  in  the  single  tooth  generating  process,  so  that  each 
tooth  will  be  a  duplicate  of  its  mates. 

3.  Distribution  of  the  cutting  action  around  the  blank  so 
that  an  even  heating  may  take  place. 

4.  Continuous  indexing  by  rolling  so  that  inaccuracies  in 
spacing  by  intermittent  methods  may  be  eliminated. 

The  hobbing  process  has  all  these  characteristics.  The  cut- 
ting action  of  the  hob  is  obviously  a  continuous  milling  cut. 
Each  tooth  In  the  gear  is  generated  by  the  same  set  of  teeth 
in  the  hob.  An  inaccurate  hob  may  produce  an  incorrectly 
shaped  tooth;  but  even  so,  all  the  teeth  will  be  alike.  Both 
work  and  cutter  rotate  rapidly,  thereby  assuring  uniform  dis- 
tribution of  heating  and  expansion.  The  indexing  is  continu- 
ous by  rolling.  Every  revolution  of  the  hob  spaces  out  a  tooth 
on  the  blank  as  it  rotates,  in  proper  relation  with  the  latter. 
The  indexing  is  in  no  way  affected  by  shock  and  jar,  as  in 
the  intermittent  method. 

It  being  accepted  that  the  hobbing  process  combines  these 
desirable  features,  the  problem  then  is  to  design  a  machine 
to  give  practical  effect  to  them  in  the  best  manner.  The  trend 
today  is  toward  specialization,  and  it  is  well  recognized  that 
making  a  specialist  of  a  machine,  while  limiting  the  range  of 
work  to  which  it  is  applicable,  is  profitable  for  quantity  pro- 
duction, because  it  increases  its  efficiency  on  the  work  within 
its  range.  Applying  this  view  to  hobbing  machine  design,  it 
seems  apparent  that  by  limiting  the  diameter  of  the  gears  to 
be  cut  to  twelve  inches  and  the  diametral  pitch  to  3,  a  ma- 
chine can  be  produced  having  great  rigidity  for  the  kind  of 
work  expected  of  it,  and  at  the  same  time  having  a  range 
sufficient  to  cover  most  of  the  quantity  production.  Being  a 
manufacturing  machine,  speedy  loading  and  unloading  should 
be  a  main  feature  of  the  operation.  The  vertical  arrangement 
of  the  work-spindle  lends  itself  to  machines  of  large  capacity, 
as  a  more  compact  design  can  be  worked  out  with  this  ar- 
rangement than  is  possible  with  the  spindle  in  the  horizontal 
position,  but  for  a  range  of  sizes  up  to  twelve  inches,  the 
horizontal  arrangement  has  many  advantages.  In  the  quick- 
ness with  which  the  work  can  be  loaded,  in  combination  with 
the  stiffness  that  can  be  built  into  the  work-supporting  means, 
the  horizontal  machine  is  superior  to  the  vertical  type.  Clean- 
liness is  another  feature  in  favor  of  the  horizontal  spindle, 
as  chips  fall  clear  of  the  work-support  and  do  not  hinder 
speedy  reloading  nor  impair  the  accuracy  of  the  results. 
Therefore,  tor  the  machine  in  view,  the  horizontal  work-spindle 
is  superior.  The  hob  support  should  be  arranged  with  a  mini- 
mum overhang  and  a  simplicity  of  design  that  would  give  the 
results  desired. 

From  the  first,  the  hobbing  process  has  proved  itself  to  be  a 
rapid  method  of  producing  gear  teeth,  and  for  this  reason  its 
advocates  have  had  little  difficulty  in  demonstrating  its  ability 
for  roughing,  where  quantity  is  required.  The  hobbing  cut  has 
the  advantages  of  being  continuous,  of  breaking  up  the  chip,  of 
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operating  on  a  rotating  blank,  thus  equalizing  the  load  and 
distributing  the  heat,  of  having  no  portion  constantly  under 
cutting  action,  thus  facilitating  heat  radiation  and  dissipation, 
and  of  distributing  the  load  upon  a  great  many  teeth,  no  tooth 
removing  metal  for  its  whole  depth,  therefore  facilitating  a 
rapid  and  complete  circulation  of  the  cutting  compound.  The 
constant  rolling  indexing  method  of  spacing  the  teeth  also 
allows  a  much  higher  operating  speed  than  is  practicable  with 
intermittent  spacing  devices. 

But  roughing  is  not  the  only  consideration.  Gears  require 
to  be  finished,  and  finished  with  a  high  degree  of  accuracy, 
especially  at  the  present  time.  As  the  demand  for  accuracy 
in  the  gears  increased,  and  as  the  use  of  high-speed  steel  be- 
came a  necessity  in  economical  production,  the  relative  dis- 
advantages of  the  hobbing  process  in  finishing  became  more 
marked,  and  today,  for  high-class  finishing,  it  would  be  out  of 
the  race  entirely  if  there  were  no  means  available  for  cor- 
recting the  hobs  after  hardening.  Fortunately,  such  a  means 
exists  today  in  the  modern  ground  hob. 

Duplicate  hobs  of  any  form  can  now  be  made  with  reliability 
and  certainty,  and  the  hob  can  be  set  to  cut  on  any  part  of 
its  surface  without  changing  the  result  in  the  finished  gear, 
so  that  the  whole  wearing  life  of  the  hob  can  be  utilized, 
whereas  with  hobs  that  are  not  ground,  the  distortion  of  hard- 
ening often  results  in  there  being  one  point  on  the  hob  which 
will  produce  good  results,  whereas  no  other  place  on  the  hob 
will  do  so.  The  hob  which  is  formed  and  not  ground  is  still 
recognized  as  the  proper  tool  for  roughing,  and  it  may  be  used 
for  some  classes  of  finishing,  but  not  where  a  high  quality  is 
required,  for,  although  it  will  make  all  the  teeth  in  the  gear 
alike,  it  cannot  be  relied  upon  to  give  an  accurate  tooth  shape 
unless  every  tooth  in  the  hob  follows  in  proper  relation,  with- 
out zig-zagging  from  the  theoretical  path.  There  are  a  num- 
ber of  causes  that  account  for  the  zig-zag  or  drunken  path 
that  the  hob  tooth  of  an  unground  hob  may  take.  Sharpening 
is  a  cause  of  wide  variation  in  the  relation  of  one  tooth  to  its 
adjacent  mate,  but  can  be  corrected  to  a  degree  that  reduces 
the  error  from  this  source  to  a  minimum.  The  teeth  of  the 
hob  must  necessarily  be  equidistant  from  the  axis  at  the  cut- 
ting edge  to  get  a  continuous  true  relation  of  one  to  the  other. 
Hardening  is  most  diflScult  to  control,  as  the  materials  of 
which  hobs  are  made  require  high  heats  and  cold  quenching, 
setting  up  strains  that  cannot  be  predetermined.  Hole  grind- 
ing is  also  a  cause  of  variation.  This,  however,  can  be  cor- 
rected to  some  extent  in  sharpening.  Relieving  the  thread  is 
often  the  cause  of  error,  even  though  the  operation  is  per- 
formed on  heavily  constructed  machines.  The  material  is 
not  always  ideal  in  working  qualities,  no  matter  how  care- 
fully the  steel  is  manufactured,  heated  or  treated,  and  varia- 
tion in  hardness,  even  in  the  same  bar,  is  a  cause  of  error. 
These  difficulties  have  defied  the  art  of  the  hob  maker  and 
forced  him  to  resort  to  grinding,  which  today  is  entirely  suc- 
cessful and  practical. 

Aside  from  the  production  of  spur  and  spiral  gears,  the  hob- 
bing process  has  a  further  field  in  the  production  of  spline 
shafts,  which  have  come  into  such  common  use  in  automobile 
construction,  and  which  are  now  being  more  and  more  adopted 
in  other  lines.  The  spline  shaft  owes  its  popularity  and,  from 
a  manufacturing  standpoint,  its  practicability  to  two  modern 
processes — pull-broaching  and  hobbing. 

Hobbing  is  particularly  well  adapted  to  spline  shaft  generat- 
ing, as  in  this  work  the  uniform  distribution  of  the  heating 
effect  is  even  more  important  than  in  cutting  gears,  and  added 
to  this  is  the  fact  tliat  in  making  spline  shafts  by  milling  with 
intermittent  indexing  metliods,  the  releasing  of  surface  strains 
from  one  side  of  the  shaft  at  a  time  throws  the  shaft  out  of 
true  and  makes  accurate  results  extremely  difficult  to  attain. 
Tliis  is  not  so  in  hobbing,  because  the  stock  is  gradually  re- 
moved from  all  sides  at  once,  working  progressively  from  one 
end.  the  effect  of  the  removal  of  stress-resisting  material  is 
balanced,  and  no  distortion  takes  place. 

Besides  these  important  features,  we  have  the  accurately 
indexed  keys,  each  a  duplicate  of  the  other,  with  off-center 
keys  eliminated,  and  added  to  all  this  is  the  high  rate  of  pro- 
duction. There  is  no  limit  to  the  number  of  keys  it  is  possible 
to  hob  with  little  or  no  increase  In  production  time  for  shafts 
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of  equal  diameters.  This  has  undoubtedly  led  to  the  present 
wide  adoption  of  shafts,  particularly  for  axle  drives,  with 
eight,  ten  or  more  keys,  giving  a  greater  root  diameter  for  a 
given  key  driving  strength,  the  accurately  indexed  splines  dis- 
tributing the  load  evenly. 

Another  field  that  the  ground  hob  has  opened  for  bobbing 
is  the  silent  chain  sprocket.  Sprockets  of  a  large  number  of 
teeth  have  been  handled  successfully  by  the  formed  hob,  but 
those  with  a  small  number  require  the  greater  accuracy  of 
the  ground  hob.  Hobs  are  used  extensively  to  cut  teeth  in 
roller  and  block  chain  sprockets.  These  are  usually  range 
hobs,  each  covering  a  small  range  in  numbers  of  teeth  possible 
with  each  hob.  Special  cases  of  bobbing  also  include  those 
in  which  teeth  in  ratchets,  slotting  saws,  burrs,  etc.,  are  gen- 
erated. Hobs  may  be  made  to  generate  almost  any  toothed 
section  that  has  teeth  equally  spaced  on  a  cylindrical  base; 
it  is  not  necessary  that  the  teeth  be  symmetrical  on  an  indi- 
vidual axis. 


THE  MACHINE  TOOL  INDUSTRY  AND 
THE  WAR' 

It  has  been  stated  a  great  many  times  that  the  machine  tool 
Industry  is  a  fundamental  industry,  and  this  is  especially  true 
during  war.  Therefore,  it  should  be  clearly  and  fully  drawn 
to  the  attention  of  everyone  in  this  industry  that  he  should 
do  his  utmost  to  increase  production  of  a  kind  required  by  the 
Government,  and,  with  this  in  view,  to  overcome  all  of  the 
many  known  obstacles  in  the  way.  These  obstacles  might  be 
enumerated  as  a  shortage  of  skilled  labor  for  the  machine 
shop;  the  moving  about  from  one  community  to  another  of 
labor,  both  skilled  and  unskilled;  and  the  difficulty  of  securing 
certain  materials. 

Attention  should  be  paid  to  the  fact  that  it  is  not  possible 
to  produce  the  larger  sizes  of  machine  tools,  which  apparently 
will  be  urgently  required,  at  short  notice,  and  a  program 
should,  therefore,  be  laid  out  as  far  in  advance  as  possible, 
so  that  when  production  is  demanded  the  proper  machinery 
will  be  in  readiness.  Attention  should  also  be  paid  to  the 
fact  that  the  smaller  sizes  of  machine  tools  seem  plentiful, 
and  the  supply  of  these  is  probably  greater  than  the  demand. 
There  is,  however,  a  scarcity  of  the  larger  sizes  of  machine 
tools,  most  of  which  are  wanted  quickly. 

Great  care  should  be  taken  in  making  plans  to  meet  the 
labor  shortage.  First  we  must  stop,  in  so  far  as  it  is  practical 
to  do  so,  this  bidding  for  men,  which  causes  them  to  move  from 
one  community  to  another.  To  the  time  lost  in  transporting 
these  men  may  be  added  that  consumed  in  teaching  them  new 
occupations,  which  later  are  abandoned  as  the  men  become 
dissatisfied  with  their  new  surroundings.  In  short,  men  should 
be  convinced  that  they  are  best  serving  their  country  by  re- 
maining on  the  jobs  they  know  bpst.  The  mechanical  trades 
have  developed  so  rapidly  during  the  last  few  years  that  there 
Is  naturally  a  shortage  of  skilled  labor,  and  we  must  look  the 
facts  in  the  face  and  start  to  make  skilled  labor  out  of  un- 
skilled labor.  This  applies  to  both  man  and  woman  labor. 
This  is  one  of  the  most  Important  things  to  bear  in  mind, 
be<,auHe  there  could  be  no  greater  catastrophe  than  to  find  the 
machine  tool  shops  of  this  country  so  undermanned  tliat  they 
could  not  produce  the  necessary  machine  tools  for  the  build- 
ing of  aircraft,  machine  guns,  cannon,  and  ships;  in  fait, 
everything  for  which  machine  tools  are  used. 

The  creation  of  a  vast  army  and  of  the  accessories  that  go 
with  It  has  been  a  tremendous  job.  When  it  Is  considered  that 
within  one  year  this  nation  has  been  transformed  from  an 
unmllitary  nation  Into  one  that  has  fast  become  a  great  mili- 
tary power,  It  Ih  no  wonder  that  there  have  been  some  dls- 
appointments  anil  much  criticism,  both  among  our  allies  and 
In  thin  country,  but  It  Is  time  for  all  thoughtful  men  to  take 
themgelveM  In  hand  and  to  atop  all  crlllclBm  which  Is  Idle  am! 
malicious,  or  made  without  good  reaHona.  Dig  men,  ns  a  rule, 
can  Htand  honest  and  just  crltl<-l8m,  and  perhaps  that  kind 
of  criticism,  particularly  If  It  Is  conBtructlve,  Is  griod  for  any 
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of  US,  but  it  must  be  constructive,  or  else  it  may  do  more 
harm  than  good.  Words  of  encouragement  do  more  toward 
creating  efficiency  than  bitter  criticism  and  denunciation. 

Everyone  today  is  reasonably  familiar  with  the  advanced 
cost  of  almost  every  commodity.  The  machine  tool  builders 
have  had  to  pay  the  advanced  cost  of  labor,  of  cast  iron,  of 
steel,  of  bronze,  and,  in  fact,  of  all  material  which  enters  into 
the  construction  of  machine  tools.  They  know  also  that  the 
overhead  burden  has  been  greatly  increased,  brought  about 
largely  by  the  necessity  of  manufacturing  with  greater  speed 
than  before  and  by  the  necessity  for  training  operators  who 
had  no  previous  knowledge  of  the  trade,  but  who  had  to  be 
paid  while  they  were  being  taught.  This  naturally  has  made 
it  necessary  for  every  machine  tool  builder  to  increase  his 
selling  prices.  When  the  increased  cost  of  almost  every  article 
is  taken  into  consideration,  there  can  be  no  criticism  at  the 
modest  advance  of  prices  in  the  machine  tool  industry.  This 
is  particularly  true  of  the  older  builders  of  machine  tools, 
who  have  reputations  to  maintain  and  who  expect  to  remain 
in  the  machine  tool  business  in  the  future;  but  it  is  hoped 
and  believed  that  every  member  of  the  National  Machine  Tool 
Builders'  Association  will  consider  the  necessity  of  his  coun- 
try at  war,  and  therefore  advance  his  prices  only  as  it  becomes 
necessary.  There  is,  of  course,  such  a  variety  of  machine 
tools,  as  regards  design,  workmanship,  accuracy,  and  produc- 
tive capacity,  that  they  are  difficult  to  compare,  but  it  is  urged 
that  every  member  of  the  National  Machine  Tool  Builders'  As- 
sociation make  it  his  duty  to  keep  his  selling  price  as  low  as 
good  business  practice  will  permit. 

In  this  connection  we  should  remember  our  debt  to  our 
allies,  to  Great  Britain,  to  France,  to  Belgium,  and  to  Italy, 
as  well  as  to  others  who  are  aiding  us  in  this  great  struggle. 
We  have  advanced  them  moneys  and  credit,  but  they  have 
given  largely  of  those  things  which  no  man  can  replace, 
namely,  their  limbs,  and  blood,  and  many  of  them  their  lives. 
We  have  sent  them  machinery  and  equipment  which  they  have 
carried,  through  their  own  personal  effort  and  great  sacrifice, 
to  the  various  front  lines  where  they  have  laid  down  every- 
thing that  they  hold  dear  in  this  stupendous  struggle  for 
world  freedom.  Our  responsibilities  are  even  greater  than 
they  would  have  been  had  we  plunged  into  the  struggle  at 
an  earlier  date.  Therefore,  we  should  exert  ourselves  the 
more  to  make  up  for  this  lost  time,  and  all  of  us  should  pause 
and  determine  in  our  own  minds  what  might  have  happened 
had  not  our  European  allies  held  back  the  enemy.  However, 
we  are  all  now  working,  giving,  fighting,  and  dying  together 
for  a  great  cause,  and  it  is  a  hope  and  belief  that  when  this 
great  struggle  ends  in  a  tremendous  victory  for  the  Allies, 
the  love  and  cooperation  born  of  this  enormous  sacrifice  will 
he  evident  in  the  peaceful  pursuit  of  both  business  and 
pleasure,  and  as  we  visit  the  countries  of  each  other  as  friends 
do,  we  shall  all  feel  ourselves  a  part  of  the  great  Allied  family. 


LICENSING  FOREIGN  TRADE 

To  prevent  the  useless  consumption  of  materials  and  labor 
in  making  articles  that,  for  the  present,  may  not  be  exported, 
and  to  save  tonnage,  exporters  are  reciuired,  under  regulations 
in  force  since  May  15,  to  obtain  the  written  approval  of  the 
mission  sent  to  this  country  by  the  country  to  which  the  ex- 
portation will  be  made.  On  July  1,  all  outstanding  llionses 
granted  on  or  before  May  14  will  be  revoked.  Any  goods  not 
then  exported  against  such  licenses  may  be  shipped  only  If 
licenses  are  secured  after  being  approved  by  the  mission  of 
the  country  to  which  the  goods  are  to  be  sent. 

On  and  after  May  27.  no  commodities,  except  In  a  compara- 
tively few  cases  covered  by  general  Import  licenses,  shall  be 
approved  for  shipment  to  the  United  Slates  by  the  consuls  in 
any  lountry  In  the  world  until  applications  for  llccnsos  have 
been  aili'il  upon  favorably  by  the  War  Trade  Iloaril,  iind  the 
nuinliiT  of  the  United  States  license  covering  the  Hhlpment 
Is  submitted.  This  practice  has  been  effoctlve  In  connection 
with  the  restricted  list,  but  the  present  ruling  makes  It  np- 
plli'uhlo  to  all  commodities.  This  rule  will  prevent  unneces- 
sary production  In  any  of  the  nations  allied  against  Germany. 
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MACHINE  TOOL  REQUIREMENTS    OF  THE   ORDNANCE  DEPARTMENT' 


A  SPECIFIC  OUTLINE  OF  THE  LARGE  MACHINE  TOOLS  NEEDED  BY  THE  GOVERNMENT  IN  THE  NEXT  YEAR 


WHEN  problems  of  such  magnitude  as  are  arising  today 
come  up  for  action,  it  is  impossible  to  handle  them 
through  the  recognized  channels  of  peace  times;  and 
so  the  Ordnance  Department  has,  in  the  past,  frequently  called 
upon  machine  tool  manufacturers  for  assistance  not  only  in 
expediting  the  delivery  of  machine  tools  so  urgently  required, 
but  also  in  determining  the  requirements  of  the  machines 
necessary  to  build  certain  types  of  ordnance.  The  machine 
tool  builders  have  given  the  services  of  their  engineers  to  the 
Ordnance  Department  for  this  work  of  organization,  as  it 
was  felt  by  the  latter  that  the  best  results  could  be  accom- 
plished by  making  up  a  tentative  schedule  of  machine  tool 
requirements  for  some  of  the  most  important  types  of  ordnance, 
rather  than  by  eliminating  the  preparatory  engineering  work 
and  ordering  machine  tools  indiscriminately,  trusting  that 
enough  of  them  would  be  fitted  for  the  work  to  take  care  of 
the  various  contracts.  By  this  preliminary  time-study  work, 
it  is  safe  to  say  that  the  purchase  of  probably  several  million 
dollars'  worth  of  unnecessary  machine  tools  has  been  avoided, 
thus  relieving,  to  a  certain  extent,  the  tense  machine  tool 
situation  that  existed  last  fall. 

How  the  Machine  Tool  Builder  can  Serve  the  Government 

The  question  has  often  been  asked:  How  best  can  the  ma-, 
chine  tool  builders  serve  the  Government?  This  may  be 
answered  broadly  by  stating  that  they  can  best  serve  by  turn- 
ing out  as  many  machine  tools  as  possible  in  the  quickest 
possible  time.  There  are,  however,  so  many  phases  of  the 
problems  to  be  considered  that  they  may  be  enumerated  in 
their  order  of  importance. 

The  Ordnance  Department  asks  for  a  greatly  increased  pro- 
duction of  large  machine  tools.  The  success  of  the  program 
for  large  guns  depends  upon  the  output  of  heavy  machines 
for  the  remainder  of  the  year.  In  other  words,  the  success  or 
failure  of  the  1919  drive,  as  far  as  the  use  of  large  caliber 
guns  is  concerned,  rests  squarely  upon  the  shoulders  of  the 
machine  tool  builders  who  are  expected  to  carry  that  load. 
The  machines  available  are  insufficient,  and  it  is  understood, 
from  reliable  information,  that  unless  the  present  rate  of  out- 
put for  large  machine  tools  is  considerably  increased,  the 
program  for  large  guns  will  be  jeopardized.  The  members  of 
the  National  Machine  Tool  Builders'  Association  are  in  the 
best  position  to  work  out  a  successful  plan  to  produce  the  re- 
quired machines,  and  they  are  asked  to  cooperate  with  the 
Machine  Tool  Section  of  the  War  Industries  Board  to  de- 
termine how  the  results  can  best  be  obtained. 

Closer  Contact  with  War  Industries  Board 

Closer  contact  should  be  maintained  between  the  National 
Machine  Tool  Builders'  Association  and  the  Machine  Tool  Sec- 
tion of  the  War  Industries  Board,  so  that  the  members  of  the 
association  can,  at  all  times,  be  fully  informed  as  to  the  re- 
quirements of  the  Ordnance  Department,  as  well  as  of  the 
other  branches  of  the  National  Government.  The  time  has  ar- 
rived when  it  may  be  necessary  for  certain  machine  tool  build- 
ers who  have,  in  the  past,  strictly  adhered  to  certain  types  and 
sizes  of  machine  tools,  and  who  have  enjoyed  a  national  repu- 
tation as  the  manufacturers  of  these  tools,  to  change  their 
commercial  commodity.  The  time  has  arrived  when  it  is  not 
a  question  of  maintaining  past  standards,  but  of  manufac- 
turing  types   of   machinery    that    are   most    urgently    needed. 

A  manufacturer  who  is  equipped  for  making  certain  ma- 
chine tools  for  which  there  is  no  urgent  demand  by  the  Govern- 
ment should  immediately  take  steps  to  devote  his  energies  to 
some  type  of  machine  for  which  there  Is  a  demand;  or,  If  his 
equipment  is  such  that  he  cannot  change  to  some  other  type 
of  machine  tool,  then  It  is  his  duty  to  Inquire  into  the  needs 
of  the  Ordnance  Department  to  determine  what  material  he 
can  supply  with  the  equipment  that  he  has. 

'AI.Hlrnd  of  nn  oddrrml  uindo  by  Llcutonnnt-Coloncl  U.  W,  Rccil  before 
thi'  Niilliiiuil  MnctalDC  Tool  BuUdcrii'  ABHoclatloD  conrcotlon,  at  Atlantic  City 
Mnj   1017,    1U18. 


By  keeping  in  close  touch  with  the  Machine  Tool  Section  of 
the  War  Industries  Board,  machine  tool  builders  can,  at  all 
times,  be  posted  as  to  the  machine  tool  requirements  of  the 
Government;  and  the  Machine  Tool  Section  of  the  War  In- 
dustries Board  should  be  able  to  advise  them  as  to  the  ad- 
visability of  changing  from  machine  tools  to  straight  ordnance 
manufacturing,  provided  their  equipment  is  such  that  it  would 
be  impossible  for  them  to  produce  machine  tools  which  the 
Government  really  requires;  and  it  is  felt  that  with  the  Ma- 
chine Tool  Section  of  the  War  Industries  Board  acting  as  the 
intermediary  between  the  Ordnance  Department  and  the  ma- 
chine tool  builders,  an  alliance  can  be  formed  between  these 
two  bodies  that  will  be  extremely  beneficial  to  both.  It  should 
be  remembered,  however,  that  in  approaching  the  Machine 
Tool  Section  of  the  War  Industries  Board,  the  machine  tool 
builder  should  be  in  the  frame  of  mind  to  accept  the  Govern- 
ment's decision  as  to  what  they  can  best  build  to  suit  the 
.  Government's  needs,  and  not  consider  what  they  would  like 
to  build  to  suit  their  own  convenience. 

Advice  Needed  as  to  Best  Machines 

It  has  been  suggested  that  far  too  little  time  is  devoted  by 
the  machine  tool  manufacturers  in  assisting  their  customers 
to  determine  what  machine  tool  equipment  would  best  suit 
their  requirements.  During  peace  times,  every  progressive 
machine  tool  manufacturer  would  check  up  the  requirements 
of  his  customers  so  as  to  be  assured  that  each  tool  sold  to  the 
customer  was  the  one  best  fitted  for  his  needs.  This  service 
has  probably  been  discontinued  to  a  certain  extent,  for  two 
main  reasons: 

1.  Owing  to  the  enormous  demand  for  machine  tools  during 
the  war  period,  it  was  not  necessary  for  machine  tool  builders 
to  solicit  business;  and,  therefore,  it  is  very  easy  for  them 
to  discontinue  their  engineering  services,  which  heretofore 
had  been  given  to  the  operating  departments  of  their  custom- 
ers' plants. 

2.  Owing  to  the  general  unfamiliarity  as  to  the  machine 
tool  requirements  for  ordnance  work,  the  machine  tool  build- 
ers have  been  loath  to  offer  any  suggestions  as  to  what  tools 
would  be  best  fitted  for  the  manufacturing  of  ordnance 
material. 

The  result  has  been  that,  all  too  frequently,  equipment  has 
been  sold  to  manufacturers  holding  contracts  for  ordnance 
material  which  was  not  suited  for  their  needs.  Because  of  the 
vast  amount  of  new  material  to  be  manufactured,  and  the 
difficulty  in  securing  the  proper  personnel  for  the  Ordnance 
Department,  it  has  been  practically  impossible  to  determine 
in  detail  the  machines  required  for  all  classes  of  ordnance 
material;  and,  because  of  these  difliculties  and  the  lack  of 
advice  from  machine  tool  builders,  quite  a  large  number  of 
machine  tools  have  been  delivered  that  are  unsatisfactory  for 
the  work  they  are  expected  to  perform. 

The  machine  tool  builders  should  realize  that  it  is  necessary 
to  let  contracts  for  ordnance  material  to  manufacturers  who 
have  had  little  or  no  experience  in  the  past  on  up-to-date  ma- 
chine shop  practice;  and,  therefore,  they  should  increase  the 
service  heretofore  rendered  their  prospective  customers  in 
advising  them  as  to  what  they  should  and  should  not  buy.  To 
illustrate  this  point:  Upon  checking  the  machine  tool  list  sub- 
mitted by  a  contractor  of  the  Ordnance  Department  recently, 
it  was  discovered  that  he  proposed  to  buy  one  hundred  and 
eighty  12-inch  lathes.  Had  these  lathes  been  purchased,  it 
would  have  been  impossible  to  use  any  of  them  on  the  contract. 
While  admitting  that  this  is  an  extreme  case,  it  might  frankly 
be  stated  that  every  government  contractor  would  have  been 
benefited  had  the  machine  tool  builders  cooperated  to  their 
fullest  extent  in  advising  the  types  and  sizes  of  machines  to 
be  purchased. 

Another  important  service  in  which  the  machine  tool  build- 
ers can  assist  the  Ordnance  Department  is  in  driving  the  ma- 
chine tool  parasites  out  of  business.  Such  men  reflect  dis- 
credit upon  the  industry  as  a  whole,  even  though  those  of  us 
who  are  well  informed  realize  their  actions  are  not  tolerated 
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by  the  machine  tool  builders,  and  it  is  requested  that  the  manu- 
facturers and  legitimate  sales  agents  use  their  influence  towara 
the  elimination  of  the  pernicious  activities  followed  by  this 
class  of  men. 

Machine  Tool  Requirements  for  the  Coming:  Year 
As  stated  in  a  letter  from  Mr.  Merryweather,  chairman  of 
the  Machine  Tool  Section  of  the  War  Industries  Board,  the 
present  requirements  of  the  Ordnance  Department  for  machine 
tools  are,  in  general,  as  follows: 

The  American  machine  tool  industry  is  apparently  well 
able  to  cope  with  all  the  demands  that  may  be  made  on  it 
for  small  and  medium  size  tools  up  to  approximately  24-inch 
lathes;  24- inch  planers;  36-inch  vertical  boring  mills; 
radial  drilling  machines  up  to  4-foot  swing;  all  small  drill- 
ing machines;  turret  lathes;  automatic  screw  machines; 
surface  grinders,  etc.  There  is,  however,  much  evidence 
of  a  dangerous  shortage  of  planers,  lathes,  slotters,  vertical 
and  horizontal  boring  mills,  radial  drilling  machines,  and 
milling  machines  of  sizes  larger  than  those  specified  above. 
A  summary  of  the  large  machines  required  and  the  esti- 
mated value  is  given  in  the  following: 

ComUnation  Boring  and  Turning  Lathes — Sixteen,  S5-inch 
by  50-foot;  six,  75-inch  by  50-foot;  three,  52-inch  by  50-foot; 
fifteen,  72-inch  by  50-foot;  two,  52-inch  by  30-foot;  and  five, 
72-inch  by  20-foot. 

Boring  Lof^ies— Twenty-eight,  54-inch  by  12-  to  22-foot;  five, 
40-inch  by  50-foot,  double-end;  eighteen,  50-inch  by  25-foot, 
double-end;  eight,  40-inch  by  25  foot;  one,  32-inch  by  25-foot, 
double-end;  two,  72-inch  by  30-foot. 

Turning  Lathes— Two,  36-inch  by  6-foot;  seventeen,  60-inch 
by  6-  to  26-foot;  twenty-nine,  54-inch  by  6-  to  24-foot;  eight, 
70-inch  by  50-foot;  twenty-two,  72-inch  by  30-foot;  ten,  85-inch 
by  50-foot;  four,  60-inch  by  50-foot;  five,  48-inch  by  30-foot. 
PZaners— Twelve,  48-inch  by  12-foot;  ten,  72-inch  by  16-foot; 
five,  60-inch  by  14-foot;  six,  4S-inch  by  14-foot;  twenty-five, 
36-inch  by  12-foot;  five,  96-inch  by  24-foot;  fourteen,  120-inch 
by  30-foot;  eight,  64-inch  by  24-foot;  three,  42-inch  by  16-foot; 
one,  120-2nch  by  24-foot;  four,  72-inch,  open  side. 

Slotters— Six,  36-inch;  one,  30-inch;  five,  24-inch;  six,  12- 
inch;  three,  48-inch;  eight,  14-inch;  eleven,  26-inch;  three, 
10-inch;  three,  18-inch. 

Radial  Drilling  Machines — Eight,  6-inch;  thirteen,  5-foot. 
Milling  Machines — Four,   6-inch  spindle,   horizontal;    seven, 
No.  6  vertical;  six.  No.  5  vertical;  two,  No.  3  universal;  two 
No.  5  universal,  horizontal;  three.  No.  4  plain;   three,  No.  4 
universal;  six.  No.  3  plain. 

Vertical  Millers— Two,  No.  6 ;  eight.  No.  5 ;  two,  No.  3 ;  two, 
No.  4. 

Horizontal  Boring  Mills— Tvienty-mne,  4-inch;  six,  5-inch; 
five,  6-inch;   three,  3-inch. 

Vertical  Boring  Mills — One,  14-foot;  eight,  20-foot;  one,  12- 
foot;  five,  10-foot;  eight,  48-inch;  seven,  72-inch;  three,  66- 
inch;  eight,  90-inch;  eleven,  60-inch;  three,  50-inch;  one,  96- 
inch;  three,  special. 

Floor  Boring  Mills— Three,  7-inch  by  7-foot;  two,  7-inch  by 
5-foot. 
Rifling  Machines — Three,  50-foot;  two,  30-foot. 
Miscellaneous— Eighteen,  48-inch  jump  lathes;  three,  60-inch 
gear-cutters;  two,  24-inch  gear-hobbers;  three,  24-inch  by  Sfoot 
grinders;  three,  72-inch  gear-cutters;  two,  draw  shapers;  one, 
No.  4  gear-cutter;  three,  No.  5  gear-cutters;  one,  16-  by  50-inch 
grinder;  one,  10-  by  72-inch  grinder;  one,  18-inch  rotary  saw; 
three,  26-lnch  shapers. 

Summary  of  Machines  In  Great  Demand 

Boring  Lathes  $1,239,000 

Turning   Lathes    1,747,000 

Combination  Boring  and  Turning  Machines 1,535,000 

Iladlal   Drilling  Machines 83,000 

Milling  Machines,   General 165,000 

Milling  Ma*:hlne8,  Vertical 33,000 

Milling   Machines,    Horizontal 306,000 

Vertical   Boring  Machines 1,150,000 

Horizontal   Boring  Machines 306,000 

Slotters    332,000 

Planers   2.118,000 

Uming   Machines    146,000 

Kloor   Boring   Machines 52,000 

Miscellaneous 170,000 

Total $9,382,000 

Value  of  Available  Tools 924,000 

Total  Estimated  Cost 110,306,000 

It  has  been  stated  that  the  mechanical  power  of  an  army 
In  the  neld  may  be  measured  by  the  industrial  army  at  home. 


making  the  necessary  munitions  of  war;  but  beyond  this,  the 
efficiency  of  the  manufacturing  industrial  army  may  be  gaged, 
not  only  by  turning  out  an  adequate  number  of  machine  tools, 
but  also  by  turning  out  the  types  that  will  perform  the  best 
service  for  manufacturing  the  ordnance  material  requirea. 
If  the  machine  tool  builders  will  do  their  part  by  turning  out 
the  required  machines,  the  Ordnance  Department  can  take  up 
the  work  at  that  point,  and  the  nation  will  be  assured  that 
the  required  guns  and  equipment  will  be  delivered. 
*     *     * 

NATIONAL  MACHINE  TOOL  BUILDERS' 
CONVENTION 
The  spring  convention  of  the  National  Machine  Tool  Build- 
ers' Association,  which  was  held  at  Atlantic  City,  May  16-17, 
was,  perhaps,  one  of  the  most  successful  spring  conventions 
in  the  history  of  the  society,  and  it  was  certainly  the  one  that 
brought  to  Atlantic  City  the  largest  number  of  machine  tool 
builders.  The  first  session,  held  Thursday  morning,  May  16, 
was  opened  by  an  address  by  the  president  of  the  association, 
J.  B.  Doan,  of  the  American  Tool  Works  Co.,  Cincinnati,  Ohio. 
An  abstract  of  this  address  will  be  found  on  another  page  in 
this  number  of  Machinery.  Mr.  Doan's  address  was  followed 
by  a  stirring  appeal  by  Isaac  F.  Marcosson,  a  war  correspond- 
ent who  has  seen  active  warfare  at  all  the  European  fronts, 
and  who  particularly  warned  against  too  great  r.ptimism  and 
against  the  insidious  German  propaganda.  Maurice  T.  Fleisher. 
of  Philadelphia,  spoke  on  "Trade  Acceptances,"  and  A.  Bab- 
cock,  of  the  Guaranty  Trust  Co.,  New  York,  spoke  on  "The 
Business  Survey." 

The  afternoon  session  was  opened  by  an  address  by  Admiral 
R.  S.  Griffin,  engineer-in-chief,  U.  S.  Navy,  who  spoke  on  the 
relations  of  the  Navy  Department  to  the  machine  tool  building 
trade  in  general.  Admiral  Griffin's  address  was  followed  by 
another  on  the  machine  tool  requirements  of  the  Ordnance 
Department,  by  Lieutenant-Colonel  H.  W.  Reed,  which  is  pub- 
lished on  another  page.  Charles  T.  Foster,  of  the  American 
Radiator  Co.,  who  now  serves  with  the  Priorities  Board  of  the 
National  Government,  spoke  on  the  subject  of  "Priority."  The 
meeting  was  closed  with  an  address  by  H.  E.  Miles,  chairman 
of  the  section  on  Industrial  Training  for  the  War  Emergency 
Council  of  National  Defense,  who  spoke  on  the  subject  "Women 
in  Industry." 

Thursday  morning  an  executive  session  was  held,  at  which 
George  Merryweather,  chairman  of  the  Machine  Tool  Section 
of  the  Council  of  National  Defense,  made  an  address  on  the 
machine  tool  requirements  of  the  Government.  H.  W.  Dunbar, 
of  the  Norton  Grinding  Co.,  Worcester,  Mass.,  also  spoke  at 
this  meeting  on  "Safety  Devices  on  Machine  Tools."  Friday 
afternoon  was  devoted  to  committee  meetings. 


SPRING-  MEETING  OF  AMERICAN  SOCIETY  OF 
MECHANICAL  ENGINEERS 

The  sj)ring  meeting  of  the  American  Society  of  Mechanical 
Kngineers  will  be  held  in  Worcester,  Tuesday,  June  4,  to 
Friday,  June  7,  the  headquarters  being  at  Hotel  Bancroft.  The 
principal  professional  sessions  will  be  held  on  June  5  and  6 
at  the  Worcester  Polytechnic  Institute.  One  session  on  Thurs- 
day afternoon  will  be  held  at  the  Norton  Co.'s  plant,  where  a 
paper  will  he  read  on  the  results  of  a  questionnaire  upon  hous- 
ing, issued  to  leading  industrial  firms,  after  which  an  inspec- 
tion will  be  made  by  members  of  the  society  and  guests  of  the 
company's  community  housing  and  garden  projects.  Ot  special 
Interest  will  be  the  so-called  "New  Kngland  sessions,"  at  which 
papers  will  be  presenled  upon  subjects  relating  to  New  Eng- 
land's Industries  under  war  conditions.  Including  "Converting 
a  Factory  for  Munitions  Manufacture";  "Training  Labor  for 
Shipbuilding";  "The  Small  Industry  In  a  Democracy,"  and 
"Klro  Protection."  A  special  session  will  also  ho  hold  on  In- 
dustrial snfoty  and  workmen's  coniponHation ;  and  another  on 
vocational  training.  The  evening  session  on  Wednesday  will 
bo  devoted  to  war  subjocts.  Including  "Ordnanco  and  Slilps 
for  the  Navy  Department,"  "Munitions  for  thn  Army,"  and 
"Aircraft  Material."  Plants  In  and  about  Worcester  will  also 
be  visited  by  the  nionibors  during  tho  convention. 
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Expandem  Boring  Tool.  Expandem  Tool  &  Mfg.  Co.,  215-217 
W.    Superior    St.,    Chicago,    III ■■-^'i; 

Buffalo  Slitting   Shear,   Punch,  and    Bar  Cutter.     Buffalo  Forge 

Co..    Buffalo,    N.    Y • •••• H' 

Franco  Tosi   Shell   Lathe.     Franco  Tosi,  Legnano,  Italy S4!> 

Lea  Thread  Lead  Tester.  West  &  Dodge  Co.,  16 1  Oliver  St., 
Boston,    Mass ■■ '  ■  A ;  '  k  " 

Economy  Scrap   Metal   Baler.     Economy  Baler  Co.,  Ann  Arboi,  ^^^ 

Westin'ghouse    Pressed -steel   Automatic  Starter.     Westinghouse 

Electric  &  Mfg.  Co.,  East  Pittsburg,  Pa.  ...................  •   Vol 

Lynd-Farquhar   Radial    Drilling    Machine.     Lynd-Farquhar  Co., 

419-425   Atlantic   Ave.,    Boston,    Mass ••■   »0i 

Evertite  "Sta-lol<"   Nut.     Evertite  Nut  Corporation,  Marquette     ^^ 

Bldg      Detroit,    Mich ,A' '  i; ' 

Watts     Angular     Hole     Drilling     Tools.      Watts    Bros.,     Turtle 

Creek    Pi  

Automatii   Routing    Machine  for   Firing    Pin   Plugs.     Automatic 

Engraving  &  Mfg.   Co.,  79  E.   130th   St.,  New  York  City....   952 
Cleveland  CoGnterbores.     Cleveland  Milling  Machine  Co.,  Cleve-  ^.^ 

Foste"1jn7ve?sai'TuVret  Lathe.'  'FostVr  Machine  Co.,  Elkhart, 
Ind ° 


NUMBER 

Niles-Bement-Pond     Horizontal     Plate     Bending     Rolls.       Niles- 

Bemeiit-I'"n.l   r.x,    111    Broadway,   New  York  City 955 

Biaas-Watterson    Thread     Miller.      Biggs-Watterson    Co.,    1235- 

1"37    W     S'th    St.,    Cleveland,    Ohio 955 

Newton    Rail    Drilling    Machine.      Newton   Machine   Tool   Works, 

Inc.,   23rd   and  Vine   Sts.,   Philadelphia,   Pa W'i'     ° 

Davenport   No.  2   Milling   Machine.     Davenport  Mfg.  Co.,  Mead- 

ville     Pa      ^°" 

Adams    Short-cut    Lathe.      Ogden    R.    Adams,    159-161    St.    Paul 

St.,    Rochester.    N.    Y ..............  957 

Gray    Knurling   and    Bourrelet   Roiling    Machine.     Gray  Machine 

Tool  Co..  Inc..  2661  Main  St.,  Buffalo,  N.  Y 9a8 

Lambert  Horizontal   Boring   Machine.     Lambert  Machine  &  En- 
gineering Co..   1967  E.   55th  St.,   Cleveland,   Ohio 958 

Mattison    Propeller    Shaping    Machine.      C.    Mattison    Machine 

Works,    Beloit,    Wis •  •  ■ .  ■ .■ ■  ■  ■  •  9d9 

Niles-Bement-Pond       Extension       Boring      and      Turning      Mill. 

Xile<!-P,ement-Pond  Co.,   Ill  Broadway,   New  York  City 959 

Universal    Tapping    Machine.      F.    Lowenstein,    397    Bridge    St., 

Brooklvn.     N.     Y .•■,••;,;•••;■•  X  ' '  ^ 

Industrial    Tractor    and     Locomotive.      Industrial    Truck    Co., 

Holvoke,    Mass •  •  ■■■:■■■•■ ■  ,: '  • 

Langelier  Automatic  Ignition  Tube  Drilling   Machine.    Langelier 

Mfg     Co.,    Arlington,    Cranston,    R.    1 961 

Orenstein-Arthur-Koppel    High-level    Truck.      Orenstem-Arthur 

Koppel    Co.,    Koppel,    Pa 9b.I 


BULLARD  MAXI-MILL 


IN  the  latest  addition  to  the  line  of  boring  and  turning  mills 
built  by  the  Bullard  Machine  Tool  Co.,  Bridgeport,  Conn., 
it  is  claimed  that  the  designers  have  incorporated  all 
features  of  Bullard  machines  of  this  general  type  which  have 
been  found  of  practical  value  since  this  company  built  its 
first  machine  in  1S83.  This  latest  addition  to  the  Bullard 
line— known  as  a  61-inch  "maxi-mill"— is  shown  in  Figs.  1,  2, 
and  3,  and  the  remaining  illustrations  show  important  features 
of  the  design  of  this  new  machine.  In  working  out  the  design 
of  vertical  turret  lathes,  this  company  has  adopted  the  unit 
plan  of  construction,  in  which  the  drive,  feed  works,  spindle 
mechanism,  rail  construction,  lubrication  system,  etc.,  are 
made  complete  units. 
These  standard  fea- 
tures have  been  in- 
corporated in  the 
present  machine,  so 
that,  while  the  ma- 
chine itself  is  new, 
it  consists  largely  of 
an  aggregation  of 
parts  which  have 
demonstrated  their 
ability  to  give  satis- 
factory service  un- 
der actual  conditions 

of     shop     operation. 
On  this  machine,  a 

continuous -flow    sys- 
tem of  lubrication  is 

furnished    tor   oiling 

all    gears,    bearings, 

and  spindles,  and,  in 

connection  with  this 

system,    there    is    a 

filter  which  removes 

all    dirt     and     other 

foreign  matter  from 

the  oil,  and   Insures 

Us  cleanliness  before 

going   back   to   those 

members  of  the  ma- 
chine    where     lubri- 

c  a  n  t     is     required. 

This  Is  the  means  of 

avoiding  delays   due 

to    scored    bearings, 


rl».  1.    BUty.ono-lnoh  "Maii-mlU"  built  by 
•howi  Speed  Control  Levor«  nt  Rlftht-ha 
rtisinE  Rail  by  Power,  and  "H 


overheated  boxes,  and  other  familiar  causes  of  trouble.  All 
gears  and  shafts  are  made  of  heat-treated  chrome-nickel  steel. 
The  familiar  principle  of  centralized  control  is  applied,  which 
adds  largely  to  the  productive  capacity  of  the  machine;  and 
the  control  clutch  and  brake  for  starting  and  stopping  the  table 
are  conveniently  arranged  for  the  operator,  whether  he  is  at 
the  right-  or  the  left-hand  side  of  the  machine. 

Another  important  point  in  enabling  this  machine  to  pro- 
duce work  of  the  desired  quality  rapidly  is  the  provision  of 
means  for  effectively  delivering  a  copious  flow  of  cutting  lubri- 
cant to  exactly  the  required  positions  on  the  work  and  cutting 
tools,  without  the  possibility  of  its  entrance  into  the  machine. 

The  success  of  this, 
construction  lies  in 
the  fact  that  the  ma- 
chine was  designed 
with  this  idea  in 
mind,  and  in  this 
connection  it  is  in- 
teresting to  note  that 
the  experiments 
which  led  up  to  the 
final  form  of  con- 
struction covered  a 
period  of  four  years. 
Attention  is  called  to 
the  elimination  of 
crank  handles,  with 
the  object  of  avoid- 
ing danger  of  acci- 
dents in  operating  a 
machine  where  there 
are  high-speed  shafts 
required  for  obtain- 
ing the  rapid  tra- 
verse of  heads,  etc. 
The  patented  "ham- 
mer" h  a  n  d  wheels 
used  on  this  Bullard 
machine  put  lost  mo- 
tion to  good  use,  and 
although  they  elim- 
inate all  danger  of 
accidents  from  opera- 
tors being  struck  by 
rapidly  revolving 
cranks,    these    hand- 
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wheels  actually  .increase  the  operator's  ability  to  obtain  fine 
settings  of  the  tools.  Clearly  graduated  scales  are  mounted 
on  the  face  of  the  cross-rail  and  on  the  tool-slides,  to  give  the 
coarser  settings;  and  micrometer  dials,  graduated  to  0.001 
inch  and  equipped  with  Bullard  "observation  stops,"  afford 
means  of  rapidly  making  finer  settings. 

Having   made   a   statement   of   the    special    features    of    the 


of  from  2.5  to  42.18  revolutions  per  minute,  these  changes 
being  obtained  by  sliding  gears  and  positive  friction  clutches, 
which  are  operated  by  conveniently  located  levers  that  inter- 
lock with  the  clutch  and  brake  lever.  The  gear-cases  in  which 
primary  and  secondary  speed  changes  are  obtained  are  shown 
in  Figs.  4  and  5,  from  which  a  good  idea  will  be  obtained  of 
the  arrangement  of  the  mechanism.     The  speed-control  levers 


Tig.  4.    p 


nary  Speed  Change  Case,   showing  Arrangement  of   Control 
Levers,   Gearing,  and  Interlocking  System 


Fig.  6.     Sec 


ndary  Speed  Change  Case  which  is  designed 
Ample  Power  and  Durability 


lit  having 


Bullard  maxi-mill,  we  are  in  a  position  to  outline  briefly  the 
various  details  of  its  construction.  The  capacity  of  the  ma- 
chine is  for  handling  work  up  to  GZ  inches  in  diameter  by  52 
Inches  In  height  under  the  cross-rail  and  tool-holders.  The 
table  Is  61  Inches  in  diameter  and  has  parallel  T-slots  ma- 
chined In  It  to  provide  for  the  use  of  four  faceplate  Jaws, 
Twelve  changes  of  table  speed  are  available,  covering  a  range 


will  also  be  seen  at  the  right-hand  side  of  the  machine  in 
Fig.  1.  There  are  eight  changes  of  feed,  covering  a  range  of 
from  1/96  to  1/2  inch  per  revolution  of  the  table,  either  verti- 
cal or  horizontal.  In  Fig.  8  is  shown  the  feed  works  for  the 
right-hand  head,  and  in  this  illustration  a  good  view  will  also 
be  obtained  of  the  "hammer"  handwheels  and  arrangement 
of  the  power  travei-se  levers. 


Fl(.    7.     Parts   of    the    Multlplo    Disk    Clutch 
kxpt  Ininmrsed   In   Oil   to  reduoo   We 
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The  tool-slides  are  made  of 
cast  iron  of  high  tensile 
strength,  and  they  are  of  box 
form  to  give  the  desired 
rigidity.  Inserted  tool-holders 
are  used,  and  a  maximum  ver- 
tical movement  of  36  inches 
is  obtained  by  means  of  a 
rack  and  pinion  adjustment. 
The  tool-holders  may  be  swiv- 
eled  45  degrees  at  either  side 
of  the  vertical  center.  All 
gears  and  shafts  throughout 
this  machine  are  made  of 
heat-treated,  oil-tempered  al- 
loy steel,  and  vpith  the  excep- 
tion of  the  table  driving  gear, 
which  is  of  such  dimensions 
as  to  preclude  the  practicabil- 
ity of  heat-treatment  after 
machining,  all  gears  are  treat- 
ed in  such  a  way  that  they 
have  a  scleroscope  hardness 
of  70.  All  bearings  and  gears 
having  a  fixed  relation  to  the 
bed  are  lubricated  by  a  con- 
tinuous-flow system  of  oiling 
which  is  so  designed  that 
doubly  filtered  oil  is  circu- 
lated by  a  pump  connected  to  the  main  driving  shaft 


Fig.   8. 


Arrangement  of  Right-hand  Feed  Works,    "Hammer" 
Power  Traverse  Levers,  and  Head  with  Steel  Kar 


Thus 

the  pump  runs  whenever  the  main  driving  pulley  is  in  motion. 
In  Fig.  6  is  shown  the  manner  In  which  lubricant  is  main- 
tained at  a  constant  level  beneath  the  table  by  a  continuous 
stream  of  oil  which  flows  into  the  reservoir;  this  oil  over- 
flows and  lubricates  the  table  gear  and  pinion,  as  well  as  their 
bearings.  The  way  in  which  oil  circulates  through  this  sys- 
tem and  the  provision  made  for  the  lubrication  of  the  table 
bearing  will  be  apparent  from  this  illustration.  All  gears  are 
enclosed,  although  they  are  readily  accessible;  the  table  Is 
guarded,  and,  as  previously  mentioned,  the  use  of  crank  han- 
dles and  square-end  shafts  has  been  eliminated.  These  safety 
features  go  a  long  way  toward  eliminating  the  possibility  of 
injury  to  the  operator.  The  driving  pulley  is  24  inches  in 
diameter  by  5iA  inches  face  width,  and  it  should  run  at  405 
revolutions  per  minute.  Where  motor  drive  is  employed,  a 
15-horsepower  constant-speed  motor  may  be  mounted  on  a 
bracket  at  the  rear  of  the  machine  and  connected  with  a  driv- 
ing pulley  by  a  belt.  When  equipped  with  motor  drive,  this 
machine  occupies  a  floor  space  of  11  feet  long  by  13  feet  wide; 
the  minimum  height  is  9  feet  10  inches,  and  the  maximum 
height  with  the  bars  in  their  extreme  upper  position  is  10 
feet  10  inches;  the  net  weight  of  the  machine  is  23,000  pounds. 


EXPANDEM  BORING 
TOOL 

The  Expandem  Tool  &  Mfg. 
Co.,  215-217  W.  Superior  St., 
Chicago,  111.,  is  now  manufac- 
turing an  expansion  boring 
tool  which  works  on  the  same 
principle  as  a  two-jaw  chuck. 
The  cutters  A  are  so  designed 
that  their  production  is  a 
simple  milling  machine  job, 
and  the  threads  that  are  en- 
gaged by  the  right-  and  left- 
hand  adjusting  screw  B  are 
in  the  form  of  oil-hardened 
steel  blocks  laid  in  the  cut- 
ters. In  this  way,  the  cutters 
are  placed  under  positive 
screw  control  for  both  ex- 
panding or  contracting,  and 
they  are  furnished  with  an 
absolute  micrometer  adjust- 
ment. In  addition,  there  are 
what  are  termed  "follow-up 
blocks"  C,  which  are  located 
opposite  the  cutting  edges  and 
directly  against  the  backs  of 
the  cutters.  As  the  cutters 
expand  one  block  follows  each  cutter,  thus  supporting  them  as 
they  come  out  of  the  bar.  Locking  is  effected  by  means  of  a 
cam  B,  which  comes  into  direct  contact  with  a  clamping  pad  E 
that  is  located  against  the  follow-up  blocks.  It  is  claimed  that 
these  tools  lose  very  little  of  their  rigidity  after  maximum 
expansion,  and  that  expansion  is  not  limited  to  a  dead  stop, 
as  the  cutters  can  be  expanded  with  absolute  safety  to  1/16  or 
even  1/S  inch  beyond  what  is  termed  the  maximum  expansion 
of  the  tool. 


BUFFALO  SLITTING  SHEAR,  PUNCH,  AND 
BAR  CUTTER 

A  No.  25  universal  slitting  shear,  punch,  and  bar  cutter  is 
now  being  built  by  the  Buffalo  Forge  Co.,  Buffalo,  N.  Y.,  which 
has  the  frame  made  of  armor  plate  instead  of  an  iron  casting, 
making  it  possible  to  provide  the  same  strength  for  the  ma- 
chine although  the  weight  is  only  approximately  one-sixth  of 
what  it  would  be  with  the  cast-iron  construction.  In  a  sense, 
this  machine  may  be  said  to  represent  a  war  development, 
because  machines  constructed  with  armor-plate  frames  were 
formerly  imported  from  Germany.    Not  only  is  the  weight  less. 


Adjintablo  Boring  Tool  made  by  tho   Eipnndom   Tool   &   Mfg. 
Tho    Koy    li   ahown   in   Foiition    for   adjustinf    Ciittor> 


Fig.   8.     Ono   End   of   Koy   turni   Adjusting   Scrow    and   tho   Othot   End 
tighten!  Binder  after  Cutteri  have  boon  let  in  tho  Ootired  Poaltlon 
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Fig. 


No.    85    Combination  Slitting  Shear, 
Forge  <3o.     The  Frame  ; 


but  it  is  possible  to 
make  machines  of 
mucli  more  compact 
design  for  a  given 
capacity.  The  pres- 
ent macliine  is  a  uni- 
versal slitting  shear, 
punch,  and  bar  cut- 
ter, ■which  is  an  un- 
usual combination. 
A  shear  with  ca- 
pacity to  slit  plates 
of  any  width  or 
length  is  combined 
in  a  single  unit  with 
a  punch  having  ca- 
pacity for  handling 
sheets,  channels,  I- 
beams,  and  other  spe- 
cial sections,  and  a 
bar  cutter  for  cut- 
ting angles  and  tees, 
either  square  or 
miter.  By  the  sub- 
stitution of  special 
knives  provision  may 
be  made  for  cutting 
channels,  beams,  and  other  rolled  sections.  Three  distinct 
operations  can  be  performed  on  this  machine  without  in  any 
way  interfering  with  each  other.  It  will  be  apparent  that 
the  machine  is  operated  by  either  a  foot-treadle  or  hand-lever, 
and  three  members  of  the  machine  may  be  operated  independ- 
ently or  simultaneously. 

Each  of  the  members  of  this  universal  machine  runs  at 
twenty-five  strokes  per  minute,  and  the  capacities  are  as  fol- 
lows: Shear:  Plates  up  to  5/S  inch  in  thickness  and  flats  up 
to  3/4  by  3  inches.  The  length  of  knives  is  8  inches.  Bar 
cutter:  Angles  cut  square,  up  to  1/2  by  4  inches;  angles  cut 
mitered,  up  to  5/16  by  21/2  inches;  T-irons,  up  to  3/8  by  ZV2 
inches;  round  bars,  up  to  IV2  inch  in  diameter;  square  bars, 
up  to  1%  inch;  I-beams  and  channels,  up  to  6  inches.  Punch: 
Holes  up  to  1  inch  in  diameter  in  plates  up  to  5/8  inch  thick. 
The  height  of  stroke  is  1  inch. 

This  machine  may  be  built  for  either  individual  motor  drive 
or  belt  drive.  All  gears  are  machine-cut  from  steel  blanks 
and  the  pinions  are  cut  from  solid  manganese  steel  blanks. 
All  bearings  are  of  ample  proportions  and  provided  with 
bronze  bushings,  the  high-speed  shaft  being  carried  in  ring- 
oiled  bearings.  On  the  punch  end,  in  addition  to  the  gag 
operated  either  by  foot  or  hand,  there  is  a  second  gag  with  a 
handle  which  is  used  in  'place  of  the  customary  handwheel  to 
provide  for  bringing  the  punch  down  onto  the  work  without 
penetrating  the  material.  This  provides  for  locating  center 
marks  and  also  for  setting  up  dies  and  punches.     The  shear 


is  engaged  by  a  jaw 
clutch  and  the  strip- 
per is  readily  adjust- 
ed in  place  by  two 
spiral  gears  operated 
through  a  crank  and 
pinion.  In  the  illus- 
tration of  the  bar 
cutter  section,  there 
are  shown  the  ad- 
justable stops,  which 
can  be  moved  to  the 
right  or  left  to  pro- 
vide for  cutting  mi- 
tered ends.  The  de- 
sign has  been  worked 
out  in  such  a  way 
that  the  operation  of 
the  machine  is  quite 
simple.  Where  the 
machine  is  motor- 
driven,  a  5-horse- 
power  motor  is  re- 
quired, although  it  is 
recommended  to  use 
a  motor  developing 
714  horsepower.  The 
high-speed  shafts  run  at  350  revolutions  per  minute. 


FRANCO  TOSI  SHELL  LATHE 

In  the  accompanying  illustrations  there  are  shown  two  views 
of  a  special  lathe  developed  by  Franco  Tosi  of  Legnano,  Italy, 
for  use  in  machining  10-inch  and  12-inch  shells.  These  lathes 
were  originally  developed  by  this  firm  for  its  own  use  in  fill- 
ing shell  orders  secured  from  the  Italian  Government,  but  the 
machines  have  proved  so  successful  in  operation  that  it  was 
recently  decided  to  build  them  for  the  market.  An  office  is 
maintained  at  82  Wall  St.,  New  York  City,  for  handling  sales 
in  this  country.  To  men  who  are  familiar  with  the  design  of 
standard  engine  lathes  and  single-purpose  shell  lathes  built 
in  the  United  States,  it  will  at  once  be<'ome  apparent  that  the 
design  of  this  machine  has  been  worked  out  along  decidedly 
different  lines.  The  shell  is  chucked  in  a  central  geared  head 
and  a  series  of  turret  tools  are  used  for  performing  machining 
operations  on  the  nose  of  the  shell. 

The  base  of  the  shell  projects  through  the  back  of  the  geared 
head,  thus  providing  for  simultaneously  performing  machining 
operations  on  the  base.  For  this  purpose,  it  will  be  seen  that 
a  cross-slide  is  mounted  at  this  end  of  the  lathe  bed  and  that 
it  carries  two  square  turret  heads.  These  heads  are  furnished 
with  tools  used  for  facing  off  the  base  of  the  shell,  turning 
the  band  seat,  and  performing  other  operations  that  are  re- 
quired.   To  give  an  idea  of  the  high  rate  of  production  that  is 
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Franco  Tosi   Shell  Lath. 


made  possible  through 
the  simultaneous  per- 
formance of  machining 
operations  on  both  ends 
of  the  shell,  it  may  be 
mentioned  that  the  Na- 
tional Radiator  Co.,  of 
Brescia,  is  using  five  of 
these  lathes  for  ma- 
chining 260-2iillimeter 
shells  and  is  turning 
out  200  shells  per  day. 
As  another  example  of 
production,  it  may  be 
mentioned  that  this 
company  has  machined 
260-millimeter  shells  in 
22  minutes,  which  cer- 
tainly represents  an  ex- 
cellent rate  of  produc- 
tion. 

At  the  beginning  of  the  war,  this  company  studied  the  re- 
quirements of  machining  operations  on  large  shells  and  de- 
signed this  special  lathe  for  handling  the  work.  Fifty  of  the 
lathes  were  built  and  installed  in  the  ammunition  department, 
and  it  is  said  that  they  have  run  for  over  two  years  without 
giving  any  trouble.  These  machines  are  belt-driven  and  a  for- 
ward speed  of  270  revolutions  per  minute  and  a  reverse  speed 
of  210  revolutions  per  minute  are  available.  The  machining 
operations  performed  are  as  follows:  On  the  front  end  of  the 
shell  the  nose  hole  is  bored  and  threaded,  the  nose  of  the  shell 
is  machined  to  the  required  form,  and  the  insulating  ring  is 
also  turned,  automatic  and  hand  carriage  movement  being  em- 
ployed in  operating  the  tools  used  for  these  purposes.  At  the 
opposite  end  of  the  shell,  the  operations  are:  turn  flat  bottom; 
turn  copper  band  seat,  and  machine  "waves"  in  baud  seat. 

The  principal  dimensions  of  this  machine  are  as  follows: 
swing,  12  inches;  length  of  bed,  10  feet  7%  inches;  inside 
diameter  of  shell-holder,  12  13/64  inches;  length  of  head, 
18  45/64  inches;  maximum  distance  between  head  and  square 
turrets,  19  11/16  inches;  maximum  distance  between  head  and 
front  turret  head,  35  7/16  inches;  maximum  stroke  of  square 
turrets,  23%  inches;  maximum  stroke  of  front  turret,  33  29/64 
inches;  and  weight  of  machine,  SSOO  pounds. 


LEA  THREAD  LEAD  TESTER 

For  use  in  testing  the  lead  of  thread  gages  and  other  parts 
where  a  high  degree  of  accuracy  is  required,  the  West  &  Dodge 
Co.,  167  Oliver  St.,  Bos- 
ton, Mass.,  is  now  build- 
ing a  special  form  of 
lead  tester,  which  is 
shown  in  use  in  the 
illustrations  which  ac- 
company the  following 
description.  This  ma- 
chine was  developed  by 
Charles  Lea,  of  the 
West  &  Dodge  Co.  Figs. 
1  and  2  show  front  and 
rear  views  of  this  ap- 
paratus set  up  for  test- 
ing the  lead  of  a  thread 
gage,  and  the  best  idea 
of  the  way  in  which  the 
work  Is  handled  will  be 
gathered  from  these  11- 
lUBtrations.  It  will  be 
seen  that  the  thread 
gage  is  supported  be- 
tween centers  and  that 
a  plug  which  Is  accu- 
rately ground  at  the 
point  to  nt  the  threaded 
work  is  supported  by  an 


arm  at  the  back  of  the 
machine.  This  arm  is 
carried  on  a  slide,  so 
that  its  position  may 
be  adjusted  for  handling 
any  work  which  comes 
within  the  range  of  the 
machine,  and  the  holder 
in  which  the  plug  is 
carried  has  rack  teeth 
milled  on  its  under  side 
to  engage  a  pinion  that 
is  turned  by  means  of  a 
knurled  thumb  -  screw. 
In  this  way  the  position 
of  the  holder  "may  be 
adjusted  to  bring  the 
point  of  the  plug  into 
position  for  handling 
threaded  work  of  any 
diameter  up  to  6  inches; 
the  machine  also  has  a  capacity  for  handling  work  up  to  6 
inches  in  length.  Attention  is  called  to  the  fact  that  when  the 
lead  tester  is  in  use,  the  arm  which  supports  the  pointed  plug 
that  engages  the  thread  to  be  tested  is  securely  clamped  to  the 
slide,  and  the  holder  in  this  arm  is  also  clamped  in  position. 
When  it  is  desired  to  change  the  pointed  plug  from  one  thread 
to  another  on  the  work,  this  is  accomplished  bj'  drawing  the 
plug  back  in  the  holder  by  means  of  the  small  knurled  exten- 
sion which  will  be  seen  at  the  top  of  the  holder  in  the  rear 
view  of  the  machine. 

At  the  end  of  the  machine  there  is  a  Brown  &  Sharpe 
micrometer  head  which  had  a  large  graduated  wheel  mounted 
on  it  so  that  readings  may  be  accurately  taken  to  0.0001  inch. 
The  spindle  carried  by  the  micrometer  head  is  extended  to 
engage  the  plunger  of  a  B.  C.  Ames  dial  test  indicator,  and 
after  the  pointed  plug 'has  been  set  in  position  in  a  thread, 
the  micrometer  spindle  is  advanced  to  engage  the  indicator, 
after  which  the  reading  of  the  indicator  is  carefully  noted. 
It  may  be  considered  desirable  to  set  the  indicator  needle  bacli 
to  the  zero  position  on  the  dial  after  the  plunger  has  been 
engaged  by  the  micrometer  spindle,  although  this  is  not  really 
necessary.  The  next  step  is  to  withdraw  the  pointed  plug 
from  the  thread  and  move  the  plug  along  so  that  it  may  be 
entered  into  the  adjoining  thread  or  the  second  or  third  thread 
from  the  one  in  which  the  point  was  originally  placed.  Re- 
ferring to  the  rear  view  of  the  machine,  it  will  be  seen  that  the 
arm  which  carries  the  micrometer  head  and  the  arm  which 
carries  the  pointed  plunger  that  engages  the  threaded  work 

are  both  carried  on  a 
sliding  bar.  Emphasis 
is  laid  on  the  fact  that 
both  of  the  arms  carry- 
ing the  mechanism  are 
rigidly  clamped  to  the 
dovetail  slide  at  the  top 
of  this  bar,  so  that  the 
bar  itself  moves  on  the 
bed  of  the  machine,  car- 
rying these  two  mem- 
bers with  it,  just  as  if 
the  bar  and  the  arms 
that  are  carried  by  it 
were  a  single  piece. 

After  the  pointed 
plunger  has  been  re- 
engaged  with  the 
threaded  work,  the  mi- 
crometer spindle  is 
again  advanced  into 
contact  with  the  indi- 
cator point  and  screwed 
up  until  the  needle  of 
the  indicator  comes 
back  to  the  same  posi- 
tion  which   it  occupied 


950 


MACHINERY 


June,  1918 


Fig.   1.    Lea  Thread  Lead  Tester  buUt  by  the  West  &  Dodge  Co 


Fig.    2.      Opposite 


of  Lea  Thread  Lead  Testing  Machine 


after  the  first  setting  was  made.  Then,  if  the  pointed  plug 
was  engaged  with  the  next  thread  on  the  work,  the  differ- 
ence in  readings  of  the  micrometer  head  between  the  first 
and  second  settings  should  correspond  with  the  lead  of  the 
thread,  provided  there  Is  no  error.  In  case  the  point  was 
entered  into  the  second  or  third  threads  from  the  one  in 
which  it  was  originally  placed,  the  micrometer  reading  should 
be  two  or  three  times  the  lead,  as  the  case  may  be.  It  will  be 
seen  that  the  large  graduated  dial  on  the  micrometer  head  has 
gear  teeth  cut  around  it  meshing  with  a  long-faced  pinion 
that  transmits  movement  to  an  automatic  counter  made  by 
the  Veeder  Mfg.  Co.  This  counter  is  arranged  so  that  it  re- 
cords each  interval  of  0.0001  inch,  thus  making  the  apparatus 
direct-reading  and  saving  the  time  which  would  be  required 
in  taking  readings  of  the  micrometer.  As  a  result,  it  is  pos- 
sible to  test  threaded  work  very  rapidly  with  an  apparatus  of 
this  kind,  and  the  method  of  operation  is  so  simple  that  the 
use  of  this  lead  testing  machine  can  be  safely  entrusted 
to  girls.  , 

When  so  desired,  Johansson  Swedish  gage-blocks  may  be 
used  in  connection  with  this  machine  for  checking  the  accu- 
racy of  the  lead  of  any  threaded  work.  Figs.  3  and  4  show  two 
possible  methods  of  procedure.  As  shown  in  Fig.  3,  a  gage- 
block  is  used,  the  thickness  of  which  represents  some  exact 
multiple  of  the  lead  of  the  thread.  The  pointed  plunger  is  intro- 
duced into  one  thread  on  the  work,  after  which  the  micrometer 
head  is  screwed  up  against  the  gage-block  which  is  introduced 
between  the  micrometer  spindle  and  the  plunger  of  the  dial 
test  indicator.  The  reading  of  the  indicator  is  then  taken, 
and  if  it  is  considered  necessary,  the  needle  may  be  set  back 
to  the  zero  point.  The  next  step  is  to  lift  the  pointed  plunger 
out  of  engagement  with  the  work  and  move  it  along  so  that 
it  may  be  entered  into  a  groove  separated  from  the  groove  in 
which  the  first  setting  was  made  by  a  number  of  threads  that 
is  equal  to  the  multiple  which  the  gage-block  is  of  the  thread 
lead.    The  micrometer  spindle  is  then  directly  in  contact  with 


the  plunger  of  the  indicator,  and  it  should  bring  the  needle 
back  to  the  same  position  which  it  occupied  for  the  original 
setting.  If  there  is  any  error  in  the  lead  of  the  thread,  this 
is  indicated  by  the  micrometer  when  the  indicator  has  been 
brought  back  to  the  required  position.  It  will  be  apparent 
that  by  this  method  the  Johansson  gage  constitutes  a  distance 
piece  and  saves  time  which  would  otherwise  be  required  to 
screw  the  micrometer  spindle  through  a  considerable  distance 
each  time  the  change  of  setting  was  made. 

By  the  other  method  of  using  a  Johansson  gage-block,  the 
dial  test  indicator  is  dispensed  with  and  a  fixed  stop  substi- 
tuted in  its  place,  as  shown  in  Fig.  4.  The  pointed  plunger 
is  introduced  into  a  groove  in  '.he  threaded  work,  and  the 
micrometer  spindle  is  then  screwed  up  to  just  come  into  con- 
tact with  a  gage-block  held  against  this  fixed  stop.  After  this 
has  been  done,  the  micrometer  reading  is  noted  and  the  pointed 
plunger  is  moved  over  and  introduced  into  the  proper  thread, 
so  that,  with  the  Johansson  gage-block  removed,  the  fixed  stop 
and  micrometer  spindle  will  be  in  contact.  If  there  is  any 
error  in  lead,  this  is  indicated  by  the  micrometer  reading 
when  screwed  up  into  contact  with  the  gage-block.  As  an 
alternate  method,  the  micrometer  spindle  can  be  locked  and 
the  testing  done  with  Johansson  gage-blocks,  using  the  dial 
indicator  to  determine  the  amount  of  error. 


ECONOMY  SCRAP  METAL  BALER 

For  use  in  compressing  scrap  sheet  metal,  punch  and  stamp 
skeletons,  wire,  metal  trimmings,  etc.,  into  compact  bales  ready 
for  shipment,  the  Economy  Baler  Co.,  Ann  Arbor,  Mich.,  has 
developed  a  mechanically  operated  baling  press,  which  is  illus- 
trated and  described  herewith.  Machines  of  this  type  may 
be  built  to  special  order  for  producing  any  desired  size  of  bale, 
in  addition  to  the  two  standard  sized  machines,  which  produce 
bales  10  by  10  inches  by  any  third  dimension  up  to  16  inches, 
and  0  by  12  inches  by  any  third  dimension.    The  first  machine, 


Flf.  4.    Uio  of  Jolianimoii   BwndUh  QAco-blocki  with  Mlorometer  and 
Flxoil  Stop  ill  Placo  or  Inilloator 
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to  which  reference  has 
just  been  made,  is  usual- 
ly built  to  produce  bales 
measuring  10  by  10  by 
10  or  10  by  10  by  12 
inches,  which  weigh 
from  75  to  100  pounds. 
The  second  machine  is 
used  chiefly  for  baling 
scrap  copper,  brass,  and 
similar  metals,  and  is 
usually  made  to  pro- 
duce a  bale  6  by  6 
by  12  inches  in  size. 
One  of  the  chief 
claims  made  for  this 
machine  is  that  it  is 
designed  to  be  oper- 
ated by  one  man,  and 
that  it  is  equipped  with 


Machine  built  by  Economy  Baler  Co.  for  use  in  baling  Scrap  Sheet  Metal 


ers,  or  long  lineshaft- 
ing,  two  accelerating 
contactors  are  used,  giv- 
ing three  points  of  ac- 
celeration. The  main 
parts  of  the  contactors 
are  made  of  pressed 
steel,  thus  combining 
great  strength,  uniform- 
ity, and  light  weight. 
Provision  is  made  for 
either  conduit  or  open 
wiring,  through  the  top, 
bottom,  and  end  of  the 
case,  opposite  the 
switch  handle. 

These  starters  are 
provided  with  protec- 
tion against  failure  of 
power,   and   may   be   so 


an  automatic  "bale  kicker"  which  automatically  removes  the 
finished  bale  from  the  machine.  Approximately  fifteen  sec- 
onds is  required  to  compress  a  charge  of  scrap  sheet  metal. 
The  feeding  box  is  5  feet  long,  so  that  ample  capacity  is  pro- 
vided to  enable  work  to  be  thrown  in  promiscuously  without 
the  necessity  of  cutting  up  or  folding  long  pieces.  It  will  be 
of  interest  to  note  that  machines  of  this  type  have  recently 
been  adapted  for  use  in  the  United  States  Mint  at  Philadelphia. 
When  so  desired,  the  machine  can  be  sunk  to  bring  the  top  of 
the  compression  box  level  with  the  floor  line. 


WESTINGHOUSE     PRESSED-STEEL     AUTO- 
MATIC STARTER 

The  advantages  of  automatic  control  for  machine  tools  have 
been  so  persistently  preached  by  the  motor  and  control  man- 
ufacturers that  it  is  doubtful  if  there  remain  many  opera- 
tors who  are  not  fully  convinced  that  this  type  of  control  is 
both  economical  and  productive.  This  kind  of  starting  gives 
the  operator  a  sense  of  relief  to  know  that  he  need  not  face 
the  possibility  of  injuring  the  motor  or  his  machine  by  im- 
proper starting.  It  permits  him  to  concentrate  his  attention 
on  the  work  on  his  machine,  and  thus  gives  a  greater  output 
of  the  finished  product.  The  Westinghouse  Electric  &  Mfg. 
Co.,  East  Pittsburg,  Pa.,  has  been  building  automatic  starters 
for  many  years,  and  is  now  marketing  a  small  compact  starter, 
specially  adapted  for  direct-current  motors  of  ten  horsepower 
and  less. 

The  complete  controller  is  entirely  enclosed  in  a  dustproof 
case  (approximately  15  inches  high,  17  inches  long,  and  10 
inches  deep),  which  may  be  locked  to  prevent  unauthorized 
persons  tampering  with  the  switches.  The  knife  line  switch 
is  operated  from  the  outside  of  the  case  by  a  crank  handle 
extending  through  one  end,  thus  isolating  the  operator  from 
current-carrying  parts.  The  switch  may  be  locked  in  the  off 
position  if  so  desired.  The  counter  E.  M.  F.  method  of  accel- 
eration is  used,  and  as  the  time  of  acceleration  is  dependent 
on  the  motor  load,  positive  protection  against  too  rapid  ac- 
celeration is  assured — a  feature  which  is  of  great  importance. 

Experience  has 
shown  that  in  all  or- 
dinary service,  mo- 
tors up  to  fifteen 
horsepower  require 
only  two  points  of  ac- 
celeration, and  these 
are  obtained  in  this 
starter  by  the  use  of 
only  one  accelerat- 
ing contactor.  Where 
the  starting  is  ex- 
ceptionally heavy,  as 
In  the  case  of  ma- 
chine tools  with 
large  flywheels,  posi- 
tive    pressure     blow-  Pro»Bod.itool   Automat 


arranged  that  either  the  motor  will  be  started  again  when 
the  power  returns  or  it  will  require  the  service  of  the  opera- 
tor to  start  it.  The  latter  arrangement  is  used  for  machine 
tools  and  similar  applications  where  the  unexpected  starting 
of  the  machine  might  cause  injury  to  the  mechanism  or  to 
the  operator.  The  former  method  is  applicable  where  it  is 
desired  to  have  as  little  interruption  of  the  service  as  possible, 
as  in  the  case  of  pumps,  compressors,  and  similar  services. 
By  using  pressure  gages,  or  other  automatic  devices  in  con- 
nection with  these  starters,  automatic  service  may  be  obtained, 
and  continual  operation  provided,  without  any  attendant. 
They  are  built  both  with  and  without  provision  for  dynamic 
braking,  and  may  also  be  used  with  a  field  rheostat  for 
adjustable-speed  service. 


LYND-FARQUHAR  RADIAL  DRILLING 
MACHINE 

The  wall-type  radial  drilling  machine  which  forms  the  sub- 
ject of  the  following  description  is  one  of  the  recent  products 
of  the  Lynd-Farquhar  Co.,  419-425  Atlantic  Ave.,  Boston,  Mass. 
In  working  out  the  design  of  this  machine,  particular  care  has 
been  taken  to  centralize  all  the  control  levers  so  that  they  are 
within  easy  reach  of  the  operator.  The  radial  arm  is  con- 
structed of  channels  which  are  accurately  planed  at  the  top 
and  bottom,  and  provided  with  substantial  supporters  at  each 
end.  At  the  outer  end,  the  arm  is  supported  by  heavy  steel 
brace  bars  connected  to  the  top  of  the  wall  bracket.  This 
bracket  is  ribbed  to  give  it  the  necessary  strength,  and  it  is 
planed  on  the  back  surface  where  it  is  bolted  to  the  wall; 
the  bracket  is  10  inches  wide  by  6  feet  10y2  inches  high.  At- 
tention is  called  to  the  fact  that  the  bracket  at  the  top  of  the 
machine,  with  the  bevel  gear  housing,  can  be  located  in  any 
one  of  three  positions  to  facilitate  belting  the  machine  to  the 
countershaft.  In  cases  where  individual  motor  drive  is  em- 
ployed, a  5-  to  7 1/2 -horsepower  variable-speed  motor  is  mounted 
on  suitable  brackets  which  are  substituted  for  the  bracket  that 
carries  the  bevel  gear  housing. 
It  will  be  seen  that  the  drill  head  is  mounted  on  four  flanged 

wheels,  which  are  fit- 
ted with  roller  bear- 
ings, so  that  it  moves 
very  easily  along  the 
arm.  All  gears  are 
accurately  cut  from 
solid  blanks,  and  the 
feed-gears  are  made 
of  steel.  All  bear- 
ings are  lined  with 
bronze  bushings, 
which  may  be  easily 
renewed  when  neces- 
sary. The  hand-feed 
Ipvcr  is  counterbal- 
anced by  an  adjust- 
able weight  and  can 
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■Wall  Type  of  Radial  Drilling  Machine  tuilt  by  the  Lynd-Farquhar  Co. 

be  regulated  to  remain  in  any  position.  Two  changes  of  power 
feed  are  available  at  the  rates  of  0.015  and  0.025  inch  per  spin- 
dle revolution.  These  feeds  can  be  changed  while  the  machine 
is  running.  Automatic  release  of  the  power  feed  is  provided  at 
the  extreme  limit  of  the  spindle  traverse,  to  avoid  danger  of 
damaging  the  mechanism.  The  spindle  is  made  of  high-carbon 
steel;  it  is  2'/^  inches  in  diameter  in  the  bearings  and  accu- 
rately finished  to  size  by  grinding.  Renewable  bronze  bearings 
of  ample  size  support  the  spindle,  which  has  a  maximum  tra- 
verse movement  of  7  inches  and  is  bored  with  a  No.  4  Morse 
taper  hole.  The  spindle  thrust  is  carried  by  a  ball  bearing. 
■WTien  the  spindle  has  been  located  in  the  desired  position  for 
drilling,  a  clamping  lever  secures  the  head  in  place  on  the  arm. 
Tie-bar  lugs  are  provided  at  the  extreme  end  of  the  arm  to  re- 
ceive tie-bars,  in  the  event  that  their  use  should  be  found  de- 
sirable when  performing  exceptionally  heavy  drilling  opera- 
tions. The  countershaft  is  equipped  with  tight  and  loose 
pulleys,  16  inches  in  diameter  by  4%  inches  face  width,  which 
are  run  at  350  revolutions  per  minute,  and  this  countershaft 
is  furnished  with  means  of  automatic  lubrication. 


EVERTITE  "STA-LOK"  NUT 
A  lock-nut  is  manufactured  under  the  trade  name  of  "Sta- 
lok"  by  the  Evertite  Nut  Corporation,  Marquette  Bldg.,  De- 
troit, Mich.,  which  is  claimed  to  be  so  constructed  that  it  will 
not  loosen  under  heavy  stress  or  prolonged  vibration  in  high- 
speed machinery.  This  nut  has  the  same  appearance  as  an 
ordinary  nut,  but  reference  to  the  accompanying  illustration, 
which  shows  the  interior  mechanism,  will  make  the  provision 
for  locking  the  nut  quite  apparent.  Contained  in  the  body 
there  are  two  hardened  steel  balls  with  a  compression  spring 
between  them,  and  when  the  nut  has  been  screwed  up,  the 
spring  forces  one  of  these  balls  inward  through  a  channel,  so 


that  the  ball  comes  into  place  in  the  thread  groove.  Any  ten- 
dency for  the  nut  to  unscrew  causes  this  ball  to  bind  more 
tightly.  When  it  is  desired  to  release  the  nut,  a  small  finish- 
ing nail  is  pushed  down  through  a  hole  drilled  In  the  top 
of  the  nut,  and  the  nail  is  tapped  lightly  to  provide  for  forcing 
the  ball  back  out  of  the  thread  groove.  Should  the  keyhole 
become  filled  with  dirt,  it  is  easily  cleaned  out  with  a  small 
wire  or  pin.  Nuts  of  this  type  are  manufactured  and  carried 
in  stock  in  various  sizes  in  U.  S.  and  S.  A.  E.  standard  threads. 


WATTS  ANGULAR-HOLE  DRILLING  TOOLS 

For  use  in  drilling  triangular,  square,  hexagonal,  octagonal, 
and  other  angular  shaped  holes.  Watts  Bros.,  Turtle  Creek, 
Pa.,  are  now  manufacturing  the  tools  which  are  illustrated 
and  described  herewith.  These  tools  are  adapted  for  use  in 
cutting  metal,  wood,  marble,  and  other  materials,  and  enable 
the  work  to  be  done  in  a  very  small  fraction  of  the  time  that 
is  required  to  cut  holes  of  these  shapes  by  other  methods. 
They  can  be  used  in  a  drilling  machine  where  the  tool  is  re- 
volved or  in  a  lathe  where  the  work  is  revolved.  This  method 
is  not  adapted  for  cutting  deep  holes. 

In  operation,  the  drilling  tool  is  held  in  a  floating  chuck  A, 
which  is  provided  with  a  standard  Morse  taper  shank  to  fit 
the  socket  in  a  machine  tool  spindle.  This  chuck  is  universal 
in  its  scope,  and  it  is  so  designed  that  provision  is  made  to 
prevent  breaking  tools  or  producing  bell-mouthed  holes.    The 


Tools   made   by   Watts   Bros,    for   Use    in   drilling  Triangular,    Square, 
Hexagonal,   and  Similar  Shaped  Holes 

form  of  tool  B  which  is  used  depends  upon  the  shape  of  hole 
that  it  is  desired  to  drill,  and  a  guide  D  corresponding  to  the 
shape  of  the  hole  is  clamped  on  the  work.  The  range  is  for 
cutting  holes  from  1/4  inch  square,  hexagon,  octagon,  etc., 
across  the  flange  up  to  any  size  which  may  be  required. 

In  order  to  explain  the  way  in  which  the  operation  is  per- 
formed, suppose  that  a  square  chuck  wrench  or  hexagon  socket 
wrench  is  to  be  made.  After  the  wrench  body  has  been  ma- 
chined, a  guide-holder  of  the  proper  shape  with  the  guide  in- 
serted is  placed  in  position  on  the  work  and  securely  fastened. 
The  drill  is  introduced  into  this  guide  and  the  machine  is 
.started.  The  guide  is  made  of  the  same  shape  and  size  as 
tlie  hole  to  be  drilled,  and  so  controls  the  movement  of  the 
tool  that  it  exactly  duplicates  the  form  of  the  hole  in  the  guide. 
Where  there  are  a  number  of  pieces  to  be  drilled,  it  will 
usually  be  found  desirable  to  make  a  Jig  furnished  with  guide 
bushings  of  the  desired  form.  In  sharpening  the  drills,  care 
Hhould  be  taken  to  grind  the  cutting  lips  square  with  the  sides 
and  to  provide  a  T-dogree  clearance  back  of  the  cutting  edge. 


ETurtlto   "8t>.lok"  Nut,   thawlnc  Prinolpla  of  lo'klnK 
r(rl«»ln|    Hui 


■•I   Mxilioil   of 


AUTOMATIC  ROUTING  MACHINE  FOR 
FIRING  PIN  PLUGS 

'I'lio  I  lino  fuMf  llriiig  pin  plug  Illustrated  on  iui  oiilargpil 
flculo  in  Fig,  1  re(|ulrc8  (wo  grooves  or  channels,  as  the  end 
view  shows.     The  niilomallc  machine  to  be  described  Is  fur 
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routing  these  grooves.  When  the  machine  is  in  operation  the 
■work  is  given  an  oscillating  movement  equal  to  the  length  of 
one  groove,  and  the  routing  operation  is  performed  by  a  small 
"fishtail"  cutter,  which  advances  to  the  proper  depth.  When 
the  first  groove  is  finished  and  the  cutter  has  withdrawn  to 
<;lear  the  work,  the  latter  is  indexed  one-half  revolution.  The 
oscillating  movement  then  continues  while  the  second  groove 
is  being  cut.  As  soon  as  the  routing  operation  is  completed, 
the  cutter  withdraws  and  the  machine  stops.  After  the  work 
is  placed  on  the  spindle  and  the  machine  is  started  by  lifting 
the  starting  lever  into  engagement  with  a  catch,  all  move- 
ments such  as  the  traversing  action  of  the  cutter-slide,  index- 
ing, and  stopping  the  machine  are  controlled  automatically. 
The  machine  is  driven  by  two  belts,  there  being  one  for  the 
■cutter-spindle  and  another  for  the  operating  mechanism.  The 
work-spindle  consists  of  an  inner  and  outer  section,  and  when 
the  cutter  is  at  work,  the  outer  section  is  locked  in  position 
by  a  pawl  while  the  inner  part  receives  an  oscillating  move- 
ment. The  latter  motion  is  derived  from  a  crank  A  (see 
Fig.  2)  which  connects  by  the  rod  shown  with  a  pin  attached 

to  disk  B.  Crank  A 
is  mounted  at  the 
end  of  shaft  C.  Fig. 
3,  from  which  all 
the  motions  of  the 
machine  are  de- 
rived except  the  ro- 
tation of  the  cutter- 
spindle.  After  the 
first  channel  has 
been  routed  and 
just  before  the  ma- 
chine indexes,  the 
outer  section  of  the 
work-spindle  is  un- 


rig.  1.    Firing  Pin 
Operatic 


Plug  upon  which  Kouting 
)n  is  performed 

locked,  and  this  part  is  turned  one-half  revolution  while  the 
inner  section  is  held  stationary  by  the  action  of  a  clutch. 

After  a  plug  has  been  placed  over  the  expanding  arbor  and 
■clamped  by  the  operator,  the  starting  lever  is  lifted  into  en- 
gagement with  the  catch  and  the  cutter-slide  is  advanced  by 
cam  D.  which  is  driven  through  worm-gearing  from  shaft  C. 
This  cam  engages  a  lever  E.  which,  in  turn,  is  connected  to 
the  cutter-slide.  This  is  not  a  direct  connection,  as  the  end 
of  the  lever  engages  a  supplementary  slide,  the  position  of 
which  is  controlled  by  screw  F,  which  serves  to  regulate  the 
lengthwise  position  of  the  cutter  and  the  depth  of  the  groove 
formed  in  the  work.  When  the  first  groove  is  completed  and 
the  cutter  has  withdrawn,  a  cam  located  back  of  cam  D  lifts 
the  end  of  a  lever  G,  which,  in  turn,  unlocks  the  outer  section 
of  the  work-spindle.  This  movement  of  G  through  suitable 
connecting  levers  at  the  end  of  the  machine  {see  Fig.  2)  also 
serves  to  shift  a  clutch  from  the  oscillating  disk  B  over  into 
€ngagement  with  the  inner  spindle,  which   is  thereby  locked 


Fig.  3.    Cover  removed  to  sho'w  Mechanism  of  Automatic  Routing  Machine 

in  place  temporarily.  As  soon  as  the  motions  referred  to  have 
occurred,  clutch  H  is  thrown  into  engagement  with  gear  J. 
which  revolves  freely  on  its  shaft  except  during  the  indexing 
movement.  The  action  of  clutch  H  is  derived  from  a  bell- 
crank  lever  having  a  pin  that  drops  into  a  notch  formed  in 
the  cam  which  operates  lever  G.  The  engagement  of  clutch  H 
causes  disk  E  to  revolve,  and  this  disk  carries  a  pin  that 
engages  a  notch  in  a  Geneva  wheel.  This  wheel  is  thus  caused 
to  turn  one-quarter  of  a  revolution,  and  it  is  connected  by 
2  to  1  gearing  with  the  outer  spindle;  consequently,  the  latter 
is  revolved  one-half  a  revolution,  which  is  the  required  index- 
ing movement. 

One  operator  can  easily  attend  to  three  of  these  machines 
and  the  production  of  each  machine  is  about  200  parts  per 
hour  when  the  cutter-spindle  is  revolving  15,000  revolutions 
per  minute.  This  machine  is  manufactured  by  the  Automatic 
Engraving  &  Mfg.  Co.,  79  E.  130th  St.,  New  York  City,  and  it 
was  designed  by  E.  A.  Lundvall,  vice-president  of  the  company. 


CLEVELAND  COUNTERBORES 

The  Cleveland  Milling  Machine  Co.,  Cleveland,  Ohio,  has  re- 
cently placed  on  the  market  a  line  of  interchangeable  counter- 


Fig.  S.     Automatto  Routing  Machln 


Interchangeable  Counterbore  made  by  the  Cleveland  Milling  Machine  Co. 

bores  and  spot-facers  of  the  type  shown  in  the  accompanying 
illustration.  It  will  be  seen  that  the  tool  is  of  simple  design, 
consisting  of  a  shank,  cutter,  and  pilot.  The  shank  is  made 
of  high-carbon  steel,  heat-treated  to  give  the  desired  physical 
properties;  and  care  is  taken  to  grind  the  taper  perfectly  con- 
centric. The  cutter  is  made  of  high-speed  steel  and  has  a  taper 
hole  fitting  the  arbor.  It  is  driven  by  two-face  keys,  so  that 
cutters  of  various  diameters  may  be  used  interchangeably. 
With  this  construction,  it  is  an  easy  matter  to  grind  the  face 
of  the  counterbore  true.  The  pilot  is  made  of  high-carbon 
steel,  heat-treated  and  ground  to  fit  the  hole  in  the  shank  and 
cutter,  and  it  is  designed  in  such  a  way  that  any  diameter  of 
pilot  may  be  used  with  any  diameter  of  cutter,  changes  of 
pilots  and  cutters  being  quickly  made.  The  pilot  is  ground 
0.001;"  inch  smaller  on  the  diameter  than  the  specified  size. 
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Fig. 


FOSTER  UNIVERSAL  TURRET  LATHE     ^ 

In  the  March,  1917,  number  of  Machinery,  a  description  was 
published  of  a  Foster  Type  IB  universal  turret  lathe.  In  the 
accompanj'ing  illustrations,  is  shown  a  combination  turret 
lathe  adapted  for  handling  both  bar  and  chucking  work;  this 
is  styled  a  No.  2B  universal  machine,  and  it  is  the  latest 
product  of  the  Foster  Machine  Co.,  Elkhart,  Ind.  This  ma- 
chine is  of  quite  similar  design  to  the  one  previously  described, 
and  the  following  description  will  be  chiefly  devoted  to  de- 
scribing those  features  which  are  different.  The  machine  is 
adapted  for  handling  bar  work  up  to  314  inches  in  diameter  by 
30  inches  in  length,  and  chucking  work  up  to  13  inches  in 
diameter  can  be  machined.  Owing  to  the  larger  swing  over 
the  horns  of  the  carriage,  this  lathe  is  able  to  handle  light 
chucking  work  up  to  20  inches  in  diameter.  A  belt  4  inches 
in  width  running  over  a  single  pulley,  15  inches  in  diameter, 
drives  the  machine,  and  for  high-speed  steel  cutting  tools,  this 
driving  pulley  runs  at  500  revolutions  per  minute.  When 
stellite  tools  are  used,  a  higher  cutting  speed  is  required,  and 
it  is  recommended  that  the  pulley  be  driven  at  750  revolutions 
per  minute.  With  the  belt  running  at  a  speed  of  1960  feet  per 
minute,  8i4  horsepower  is  delivered  to  the  machine,  which  cor- 
responds to  a  torque  at  the  spindle  nose  of  43,000  inch-pounds 
with  the  spindle  running  at  12  revolutions  per  minute.  The 
reason  for  this  apparently  excessive  power  of  the  head  is  that 
this  machine  is  frequently  required  to  take  as  many  as  four 
or  five  cuts  simultaneously  with  a  comparatively  coarse  feed, 
and  ample  power 
is  provided  for 
handling  severe 
service  of  this 
character. 

Twelve 
changes  of  longi- 
tudinal carriage 
feed  are  avail- 
able, ranging 
from  0.0055  to 
0.150  inch  per 
spindle  revolu- 
tion, and  for  the 
cross-feed  there 
are  twelve 
changes,  ranging 
from  0.0029  to 
0.080  inch  per 
spindle  revolu- 
tion.    Six    of 

.  ,  ,  ,  Fig.   1.     No.   2B  Universal  Turret   Lathe   built  by  the   Foster  M, 

thesefeed 

changes  and  the  reverse  for  them  are  obtained  by  means  of 
sliding  gears  in  the  apron,  and  these  changes  are  multiplied 
by  two  other  adjusting  gears  in  a  box  located  at  the  head 
end  of  the  bed  to  provide  either  of  two  speeds  of  rotation  for 
the  feed-rod.  A  drop-off  feed  friction  in  the  apron  on  the 
turret  saddle  is  automatically  disengaged  in  a  manner  similar 
to  that  operating  the  feed  friction  for  the  carriage  apron,  con- 


Qtrols  Quick-traverse 


trol   being  provided  by  stops  which   are  adjustably  mounted 
on  a  long  stop-roll  located  between  the  ways  of  the  bed.    This 
stop-roll  is  long  enough  to  take  care  of  work  up  to  the  maxi- 
mum capacity  of  the  machine.     The  saddle  is  equipped  with 
quick  traverse,  which  is  operated  by  means  of  a  lever  mounted 
on  the  front  side  of  the  saddle,  as  shown  in  Fig.  3.    The  quick- 
traverse     mech- 
anism is  shown 
in  Fig.  2;   it  is 
mounted   at  the 
rear  side  of  the 
saddle   and   con- 
gists  of  a  right- 
and  left-hand 
screw,  with  nuts 
which  are  inter- 
mittently locked 
by    means   of   a 
double  friction 
controlled  by  the 
lever    shown    at 
the  front  of  the 
saddle  in  Fig.  3. 
A  rod,  which  is 
adjustably 
mounted     in     a 
bracket    secured 
to  the  rear  end 
of  the  bed,  automatically  disengages  the  quick  traverse,  and 
thus  limits  the  backward  movement  of  the  saddle.    The  quick- 
traverse  screw  is  fully  protected  from  chips  and  dirt  by  means 
of  a  telescoping  tube;  it  is  driven  from  the  main  driving  pulley. 
Attention   is  called  to  the  fact  that  the  sliding  gear  clusters 
and  gears  engaging  them  in  the  carriage  apron  are  made  of 
chrome-nickel  steel,  and  that  the  teeth  of  these  gears  are  of 
the    Fellows    stub-tooth     standard. 
The  lower  gears  in  the  apron  run 
in  an  oil  bath,   and  all   the  lower 
bearings    are    automatically    lubri- 
cated. 

Complete  tool  equipments  for  han- 
dling both  bar  and  chucking  work 
are  designed  for  use  on  this  ma- 
chine, and  Fig.  1  Illustrates  a  lathe 
with  chucking  tools  mounted  on  the 
lic.\;iKon  turret.  In  l''ig.  2.  the  ma- 
chine Is  shown  ctiuippod  for  han- 
dling bar  work.  It  will  be  apparent 
Srom  Ihe  lllustrallon.s  (hat  this  ma- 
chine can  1)1'  (liivcn  liy  either  a 
countershafl  or  :ui  imllvldual  elec- 
tric motor,  anil  In  casi'S  wlioro  elec- 
tric motor  di'lvo  Is  employed,  the 
motor  Is  usually  mounted  as  shown 
In  Fig.  2.    The  gyslem  of  supplying 
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a  copious  flow  of  coolant  to  the  cutting  tools  has  been  carefully 
worked  out.  Equipped  with  an  automatic  chuck  and  bar  feed 
for  standard  tools,  the  machine  weighs  about  5200  pounds. 


NILES-BEMENT-POND    HORIZONTAL 
PLATE-BENDING  ROLLS 

The  accompanying  illustration  shows  a  large  set  of  bending 
rolls  recently  built  at  the  Niles  Works  of  the  Xiles-Bement- 
Pond  Co.,  Ill  Broadway,  New  York  City.  This  machine  is  of 
•the  "strongback"  type  and  has  a  capacity  to  roll  mild  steel 
plates  1  inch  thick  by  36  feet  long,  and  lU  inch  thick  by  30 
feet  long.  It  consists  of  two  massive  cast-iron  housings,  united 
at  the  top  by  two  20-iuch  I-beams  and  below  by  two  heavy 
cast-iron  side  frames  with  bearings  for  eight  pairs  of  steel 
rollers,  four  pairs  on  each  side,  to  support  the  lower  rolls.  The 
three  rolls  are  made  of  forged  steel,  one  upper  and  two  lower, 
•each  36  feet  9  inches  in  length  between  the  journals.  The 
lower  rolls  are  16  inches  in  diameter.  The  rolls  are  driven  by 
means  of  a  lOG-horsepower  motor. 

The  top  roll  is  19  inches  in  diameter  and  reinforced  by  a 
lieavy  built-up  steel  girder,  carrying  on  the  under  side  four  sup- 
porting roller  bearings  directly  over  those  carried  on  the  side 
trames.  This  girder  and  the  roll  are  raised  and  lowered  by 
means  of  steel  screws,  one  at  each  end.    The  elevating  screws 

are  operated  by  a  75-       

Jiorsepower  motor 
through  a  mechanism 
so  arranged  that  each 
■end  of  the  roll  may  be 
raised  or  lowered  in- 
dependently of  the 
other  or  both  ends  to- 
;gether.  The  whole  set 
of  operating  handles 
.are  grouped  together 
in  a  convenient  point 
at  the  motor  end,  so 
that  the  motor  con- 
"trollers  and  the  revers- 
ing and  clutch  levers 
can  be  controlled  by 
one  operator  without 
moving  from  his  posi- 
tion on  the  operating 
platform.  The  m  a  - 
-chine  is  supplied  with 
■four  top  braced  jib 
■cranes,  self-contained  with  the  machine.  The  posts  for  the 
•cranes  are  at  the  four  corners  of  the  machine. 


Horizontal    Plate-bending   Rolls    built     at   the   Niles   Works   of  the   KileB-Bement-Fond   Co. 


BIGGS- WATTERSON  THREAD  MILLER 
For  use  in  milling  threads  on  high-explosive  shells  and  other 
lines  of  commercial  work,  the  Biggs-Watterson  Co.,  1235-1237 


Fig.  3.    Close  View  of  Work  and  Thread    Milling    Cutter 

W.  9th  St.,  Cleveland,  Ohio,  has  recently  placed  on  the  mar- 
ket a  machine  which  is  shown  in  the  illustrations  accompany- 
ing the  following  description.     It  will  be  seen  that  the  head. 

and  bed  are  cast  integ- 
ral and,  with  the  oil- 
pan,  are  mounted  on 
a  pedestal,  this  design 
assuring  great 
strength  and  rigidity. 
The  work-spindle  and 
lead-screw  are  both  ro- 
tated from  a  single 
worm  drive,  which  as- 
sures ample  power  as 
well  as  the  required 
sensitiveness  and  ac- 
curacy. The  w  o  r  k  - 
spindle  has  a  hole 
bored  through  its  en- 
tire length,  the  diam- 
eter of  which  is  suffi- 
cient to  accommodate 
work  of  the  maximum 
size  that  comes  within 
the  capacity  of  the  ma- 
chine, making  it  pos- 
sible to  introduce  work  from  either  end  of  the  spindle  as  well 
as  to  hold  pieces  of  any  length.  When  so  desired,  the  spindle 
can  be  equipped  with  an  air  chuck;  and  the  work-  and  cutter- 
spindles  are  driven  by  a  single  pulley  from  the  countershaft. 
Right-angle  drive  or  direct  motor  drive  can  also  be  furnished 
for  this  machine. 
The  cutter-spindle  is  made  of  high-carbon  steel  and  is  car- 
ried in  a  bronze  box  with  pro- 
vision for  efficient  lubrica- 
tion. When  so  desired,  the 
machine  may  be  equipped 
with  a  taper  attachment  for 
cutting  threads  on  piping  and 
similar  work.  A  lead-screw 
provides  for  moving  the  car- 
riage longitudinally  on  the 
bed.  and  this  screw  is  engaged 
by  a  long  nut,  which  is 
gripped  at  any  predetermined 
point  by  a  clamp  attached  to 
the  carriage.  When  in  a 
clamped  position,  the  nut 
moves  with  the  carriage  and. 
when  released,  it  returns 
automatically  to  the  starting 
point.  This  return  is  effected 
by  two  coiled  springs,  one  of 
which  has  a  riplithand  spiral 
.ind     the     other     a     lefthand 
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spiral.  Provision  is  made  for  turning  tlie  lead-screw  either  to 
the  right  or  to  the  left,  to  provide  for  cutting  right-  or  left- 
hand  threads.  The  screw  is  kept  under  tension  at  all  times, 
which  eliminates  backlash.  One  end  of  each  of  the  coiled 
springs  is  anchored  into  one  end  of  the  cylindrical  nut,  and 
at  the  opposite  end,  the  spring  is  connected  to  an  adjustable 
friction.  This  friction  can  be  set  at  the  proper  tension,  so 
that,  should  the  springs  be  wound  too  tight,  the  friction  will 
revolve  around  the  lead-screw  and  prevent  breaking. 

A  single  lever  control  is  provided  on  the  machine,  which 
consists  of  a  camshaft  in  the  front,  with  a  lever  at  the  side 
of  the  handwheel  directly  in  front  of  the  operator.  This  cam- 
shaft is  connected  to  the  work-spindle,  clutch  lever,  and  lead- 
screw  clamp.  When  the  spindle  has  made  one  complete  revo- 
lution, it  turns  the  clamp-shaft  over,  moves  the  cutter-spindle 
back,  lifts  the  cutter  out  of  the  work,  and  disengages  the 
clutch,  stops  the  spindle,  releases  the  clamp,  and  leaves  the 
carriage  free  to  move  on  the  ways.  When  a  new  piece  of 
work  is  chucked,  it  is  only  necessary  for  the  operator  to  pull 
over  the  lever  control,  which  brings  the  cutter  into  the  work 
at  the  right  depth,  starts  the  spindle,  and  clamps  the  carriage 
to  the  lead-screw.  The  handwheel  is  only  used  for  making 
sensitive  adjustments  of  the  cutter. 

Provision  can  be  made  for  cutting  threads  of  any  pitch, 
either  English  or  metric,  right-  or  left-hand,  by  simply 
changing  two  gears,  no  compounding  of  gears  being  necessary. 
An  automatic  knock-out  is  provided.  At  the  present  time, 
this  machine  is  being  built  in  3-  and  6-inch  sizes.  The  3-inch 
machine  has  a  collet  capacity  of  ZH  inches;  the  cutter-spindle 
is  bored  No.  9  B.  &  S.  taper;  the  floor  space  occupied  by  the 
machine  is  76  by  36  inches;  and  the  net  weight  is  3000  pounds. 
The  6-inch  machine  has  a  collet  capacity  of  6%  inches;  the 
cutter-spindle  is  bored  No.  10  B.  &  S.  taper;  the  floor  space 
occupied  by  the  machine  is  76  by  36  inches;  and  its  weight  is 
3500  pounds. 


NEWTON  RAIL  DRILLING  MACHINE 

One  of  the  latest  additions  to  the  line  of  machine  tools  built 
by  the  Newton  Machine  Tool  Works,  Inc.,  23rd  and  Vine  Sts., 
Philadelphia,  Pa.,  is  a  multiple-spindle  rail  drilling  machine 
intended  for  use  in  drilling  three  or  four  holes  which  are 
required  in  the  ends  of  girders,  rails,  and  similar  pieces.    All 


Fig.   2.     Opposite  Side   of  Newton  Rail  Drilling  Macliine  shown  in  Fig.   1 

the  spindles  operate  separately,  and  may  be  readily  removed 
from  the  cross-rail  when  so  desired.  For  drilling  the  main 
holes,  the  spindle  speed  is  125  revolutions  per  minute.  The 
work-table  is  fitted  with  a  slot  in  the  top  surface,  which  is 
used  to  assist  in  holding  the  rails  in  position  while  the  drill- 
ing operation  is  being  performed.  All  important  bearings  in 
the  machine  are  bronze-bushed,  and  all  the  spindles,  spindle 
gears,  and  rack  pinions  are  made  of  nickel  steel.  All  gears 
are  enclosed,  as  is  also  the  motor  connecting  belt.  A  pump, 
piping,  and  attachments  for  delivering  coolant  to  the  drills 
are  included  as  part  of  the  regular  equipment. 

As  indicated  in  the  illustrations,  the  motor  is  mounted  on 
a  bracket  at  the  right-hand  side  of  the  machine  and  connected 
directly  to  the  main  driving  pulleys  by  a  belt  which  is  com- 
pletely enclosed.  The  drive  is  then  transmitted  through  bevel 
and  spur  gears  to  the  spindles  at  the  top  of  the  machine. 
Vertical  feed  and  hand  adjustment  are  provided  for  the  saddle, 
which  is  counterweigh  ted;  there  are  two  changes  of  feed,  the 
available  rates  being  0.005  and  0.008  inch  per  revolution  of 
the  spindle.  All  three  spindles  arc  mounted  on  one  saddle 
and  feed  in  unison,  and  the  machine  is  shown  equipped  with 
chucks  for  driving  rail  drills  of  special  design.  The  base  of 
the  machine  is  surrounded  with  an  oil-pan,  and  the  lubricant 
tank  is  located  in  the  base,  the  piping  being  arranged  to  pro- 
vide for  the  usual  continuous  circulation. 

The  principal  dimensions  of  this  machine  are  as  follows: 
diameter  of  spindles,  1%  inch;  minimum  distance  between 
spindle  centers,  Sy^  inches;  maximum  distance  between  spin- 
dle centers,  9  inches  (the  central  spindle  is  held  stationary 
and  the  two  outside  spindles  are  adjustable  by  hand-operated 
screws);  maximum  distance  from  top  of  table  to  end  of  spin- 
dles, 19'^  Inches;  and  size  of  work-table,  16  to  30  Inches. 


Newton  Machine 


DAVENPORT  NO.  2  MILLING  MACHINE 

The  Davenport  Mfg.  Co.,  MendvlUe,  Pa.,  is  now  building  a 
No.  2  hand  and  power  feed  milling  machine,  which  forms  the 
Hubject  of  the  following  description.  On  this  machine,  hand 
feed  to  the  table  la  obtained  either  through  a  hand-lever,  which 
kIvcs  a  rapid  movement  of  tlio  table,  or  through  a  handwheel, 
which  kIvoh  a  hIowcf  and  more  scii.sltlve  food.  One  full  niove- 
tnont  of  the  lever  moves  the  table  5  Inches,  and  each  revolu- 
tion of  the  handwheel  effects  a  nwivcment  of  1/4  Inch.  The 
hand-lever  Is  made  of  exceptional  length,  and  may  be  set  at  the 
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per  minute,  all  right-hand;  available  rates  of  power  feed,  0.003, 
0.005,  0.006,  0.008,  0.010,  and  0.016  inch  per  revolution  ot  the 
cutter;  speeds  of  countershaft,  136  and  175  revolutions  per 
minute;  and  net  weight  of  machine,  approximately  1800 
pounds. 


nd  Power  Feed  Milling  Machine  built  by  the  Davenport 
Mfg.  Co. 


point  which  is  most  convenient  to  the  operator,  or  it  may  he 
entirely  disengaged  by  a  spring  plunger.  The  handwheel  is 
located  at  any  angle  with  the  apron. 

Power  feed  for  the  table  is  obtained  through  a  chain-driven 
feed-box  in  which  six  changes  of  feed  are  provided.  The  feed- 
change  mechanism  is  contained  in  a  single  unit,  which  is  as- 
sembled complete  and  placed  in  the  column  so  that  it  becomes 
an  integral  part  of  the  machine.  All  feed  changes  are  effected 
by  manipulating  two  levers,  and  changes  of  feed  may  be  made 
at  any  time,  even  while  the  machine  is  running  under  a  heavy 
cut.  Reversal  of  feed  is  obtained  through  a  push-rod  on  the 
feed-box,  and  all  parts  of  the  mechanism  are  oiled  from  one 
large  reservoir,  which  may  be  easily  filled  through  an  opening 
in  the  column.  When  designing  the  feed-trip,  special  attention 
was  given  to  facilitating  rapid  operation  of  the  machine,  and 
also  to  making  the  trips  sufficiently  sensitive.  Automatic  trips 
may  be  set  to  disengage  the  feeds  at  any  point  of  the  table 
movement  and  to  leave  either  the  hand-lever  or  the  hand- 
wheel  connected  to  the  table  motion. 

Oiling  of  the  spindle  is  accomplished  through  wicks  which 
are  supplied  with  oil  from  annular  reservoirs  cast  around  the 
spindle  bearings,  and  ghiss  indicators  show  the  level  of  oil 
in  these  reservoirs  at  all  times.  The  feed-screws  for  the  trans- 
verse and  vertical  movements  are  fitted  with  adjustable  gradu- 
ated dials  for  gaging  the  depth  of  cut,  and  the  elevating  screw 
is  made  telescopic  to  overcome  the  necessity  ot  cutting  a  hole 
through  the  floor.  Ball  bearings  at  the  top  of  the  elevating 
screw  carry  the  thrust  load  and  make  the  vertical  movement 
of  the  table  quite  sensitive. 

The  principal  dimensions  of  this  machine  are  as  follows: 
size  of  working  surface  of  table,  36  by  9V'i  inches;  range  of 
table  movements,  longitudinally,  22  inches,  transversely,  6% 
Inches,  and  vertically,  19  inches;  diameter  of  over-arm,  S'/i 
inches;  distance  from  under  side  of  over-arm  to  center  of 
spindle,  6%  inches;  size  of  arbor  furnished  with  machine, 
1  inch  in  diameter  by  7%  inches  between  shoulder  and  nut; 
diameter  of  spindle  in  front  bearing.  2'/^  inches;  taper  of 
spindle.  No.  10  H.  &  S.;  diameter  of  hole  through  spindle,  11/1  (! 
inch;  dimensions  of  cone  pulley,  5,  6'M,  S-'l,  and  10' 1  inches 
In  diameter  by  2'/i  inches  face  width;  range  of  availal)lo  spin- 
dle speeds.  65,  83,  105,  135,  17C,  227,  285,  and  367  revolutions 


ADAMS  SHORT-OUT  LATHE 

A  large  amount  of  work  done  on  lathes  in  most  manufactur- 
ing plants  consists  of  machining  pieces  of  short  length  and 
medium  diameter.  These  are  usually  placed  on  the  lathes  of 
greater  bed  length  and  swing  than  is  required,  because  the 
standard  sizes  made  are  such,  and  the  power  necessary  to  per- 
form the  work  is  not  available  on  machines  of  smaller  swing. 
To  provide  a  lathe  that  will  remove  these  objections,  Ogden  R. 
Adams,  159-161  St.  Paul  St.,  Rochester,  N.  Y.,  is  now  building 
a  machine  which  is  to  be  known  as  the  "short-cut  lathe."  As 
the  name  indicates,  this  machine  is  a  "short-cut"  from  raw 
stock  to  the  finished  piece,  and  it  can  be  successfully  used  not 
only  for  roughing  cuts  equal  to  the  power  developed  in  a 
standard  16-inch  lathe,  but  also  for  finishing  cuts  of  extreme 
accuracy.  This  machine  has  a  geared  head  providing  six 
changes  of  speed  through  one  operating  lever  and  a  sliding 
clutch.  The  operating  lever  is  placed  directly  over  the  head- 
stock  where  it  is  convenient  for  the  operator,  engaging  two 
friction  clutches  by  a  forward  or  reverse  motion,  which  pro- 
vides two  changes  of  speed.  A  sliding  positive  clutch  over  the 
spindle  is  arranged  to  give  three  changes  of  speed,  which  in 
connection  with  the  operating  lever  makes  the  six  changes 
always  at  hand,  varying  from  23  to  374  revolutions  per  minute 
in  geometrical  progression.  All  the  gears  in  the  headstock 
run  in  a  bath  of  oil,  insuring  perfect  lubrication  and  long  life. 
On  the  front  of  the  head  there  is  a  lock-bolt  for  holding  the 
spindle  from  revolving  while  changing  faceplates  or  chucks. 

The  spindle  is  made  from  a  crucible  steel  forging,  turned  all 
over,  ground  to  size,  and  scraped  to  a  perfect  bearing  fit.  It  is 
bored  out  to  take  one-inch  bar  stock.  The  front  bearing  is  2 
inches  in  diameter  by  2%  inches  long;  and  the  rear  bearing  is 
1  9/16  inch  in  diameter  by  2  inches  long.  The  bearings  are 
spaced  16%  inches  apart;  they  are  tapered  with  an  adjustment 
for  wear  that  can  be  taken  up  on  the  front  of  the  headstock 
by  one  adjusting  screw.  The  nose  of  the  spindle  is  2  inches  in 
diameter  with  six  threads,  and  it  is  bored  to  receive  a  No.  4 
Morse  taper.  The  carriage  runs  on  ways  usually  found  on 
lathes  that  swing  16  inches  and  have  a  bearing  of  18  inches. 
It  is  gibbed  front  and  back  and  provided  with  a  locking  bolt 
on  the  front  way  for  holding  the  carriage  when  doing  facing 
or  forming  work.  The  cross-slide  is  7%  inches  wide,  and  it 
is  furnished  with  a  taper  gib  to  take  up  wear;  it  has  a  microm- 
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Fig.   2.     Top   View   of   the   Adams    "Short-cut"    Lathe 

eter  collar  and  carries  a  tool-block  provided  for  5/8-  by  IVa- 
inch  tools.  The  tail-block  is  cut  away  to  permit  the  use  of  the 
compound  rest  parallel  with  the  bed;  it  is  of  very  heavy  design 
and  is  arranged  to  be  locked  to  the  bed  by  the  slight  movement 
of  a  lever  and  eccentric  clamp  of  great  power.  The  barrel  is 
1%  inch  in  diameter  and  8%  inches  long. 

The  feeds  are  positive  and  may  be  obtained  instantly.  They 
are  three  in  number  and  vary  from  0.007  to  0.020  inch  per 
revolution  of  the  spindle.  Three  more  changes  may  be  ob- 
tained by  interchanging  two  slip  gears  and  thereby  doubling 
these  feeds.  The  carriage  will  stop  at  any  predetermined  point 
by  three  stop-bars  set  on  a  rod,  operated  by  a  positive  throw- 
out  clutch,  and  a  safety  device  is  provided  in  the  feed  mechan- 
ism to  prevent  injury  or  breaking  of  the  gears.  Shoulder  stops 
for  various  lengths  make  possible  the  production  of  duplicate 
parts.  This  lathe  is  always  supplied  with  an  oil-pan  and  short 
legs.  One  of  the  legs  is  made  hollow  and  serves  as  a  reservoir 
for  holding  cutting  compound.  This  feature  is  only  supplied 
on  order.  The  lathe  swings  12 14  inches  over  the  ways  and 
takes  19%  inches  between  centers.  It  weighs  about  1200 
pounds.  It  is  regularly  built  with  a  plain  rest,  but  can  be  sup- 
plied with  a  compound  rest,  heavy-duty  back-forming  rest, 
taper  attachment,  draw-in  chuck  and  collets,  thread-chasing 
device,  and  a  two-speed  countershaft. 

The  principal  dimensions  of  this  lathe  are  as  follows:  swing 
over  bed,  1214  inches;  capacity  between  centers,  19^^  inches; 
length  of  bed,  48  inches;  width  of  belt,  2  inches;  diameter  of 
hole  through  spindle,  li/g  inch;  maximum  capacity  of  wire 
chuck,  3/4  inch;  size  of  front  bearing,  2%  inches  diameter  by 
2  inches  long;  rear  bearing,  1  9/16  inch  diameter  by  2  inches 
long;  available  rates  of  feed,  0.007,  0.015,  and  0.020  inch  per 
revolution  of  the  spindle  without  changing  gear;  length  of 
carriage,  18%  inches;  width  of  cross-slide,  714  inches;  range  of 
spindle  speeds  running  pulley  at  200  revolutions  per  minute, 
23  to  374  revolutions  per  minute;  size  of  tools  used,  5/8  by  IVi 
Inch;  size  of  tailstock  spindle,  1%  inch  diameter  by  7  inches 
long;  length  of  machine.  48  inches;  height  to  center  of  spindle, 
42  inches;  height  to  the  top  of  machine,  48  inches;  and  width 
of  machine,  30  Inches. 


GRAY  KNURLING  AND  BOURRELET 
ROLLING  MACHINE 

In  the  accompanying  illustration  is  shown  a  knurling  and 
bourrelet  rolling  machine  which  is  one  of  the  recent  products 
of  the  Gray  Machine  Tool  Co.,  Inc.,  2661  Main  St.,  Buffalo, 
N.  Y.  This  machine  is  intended  for  knurling  the  copper  band 
groove  on  3-inch  and  75-millimeter  shells,  and  it  is  shown 
equipped  with  two  spindles  and  two  knurls  to  provide  for 
double-  or  cross-knurling,  although  the  machine  is  ordinarily 
built  with  one  heavy  spindle  for  a  single  knurling  tool.  In 
operating  this  machine,  a  shell  is  placed  on  the  two  lower 
rollers  with  the  base  pushed  up  against  a  stop,  after  which 
the  operation  is  completed  by  simply  pulling  a  lever.  It  is 
stated    that   this   machine   will   knurl   shells   as   fast   as   they 


Knurling  and  Bourrelet  Rolling  Maoliino  Iniilt  by  the  Gray  Machine  Tool  Co. 

can  be  fed  to  it.  For  use  in  rolling  the  bourrelet,  the  rolling 
tool  is  placed  on  the  spindle  in  place  of  the  knurl,  and  a  differ- 
ent set  of  rollers  is  used  for  supporting  the  shell.  All  tools 
and  rollers  used  on  this  machine  are  made  of  cast  steel  and 
hardened.  Power  is  transmitted  to  the  machine  from  a  line- 
shaft  through  a  pair  of  tight  and  loose  pul- 
leys which  are  12  inches  in  diameter  by  3 
inches  face  width,  and  run  at  325  revolutions 
per  minute.  The  machine  weighs  approxi- 
mately 700  pounds. 


LAMBERT  HORIZONTAL  BOR- 
ING MACHINE 
'I'Ik^  Lnmbort  Machine  &  Engineering  Co., 
I'.ii;?  10.  55th  St.,  Cleveland,  Ohio,  Is  now 
jpiiildlng  n  hnrl/.nntal  boring  machine.  On 
llilH  machine,  uU  bi^iirlng.s  nro  provided  with 
"•llliir  ball  Ijcarlng.s  or  bronze  bushings,  and 
.ill  Ki'iirlng  In  Mi.iilo  of  stoid.  The  operation' 
in  I'.icllltatod  by  llio  provision  of  a  start  and 
Htoj)  nioclianlBni  for  tlio  food  niovomont  and 
for  Iho  rovolutlmi  of  the  borlngbar.  It  ^111 
1)0  seen  thnt  two  horizontal  bars  A  run 
along   tho   front    of   the   bed    on   which   two 
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short  levers  B  are  mounted.  One  of  these 
levers  provides  for  starting,  stopping,  or  re- 
versing the  feed  movement,  and  the  other 
provides  for  starting,  stopping,  or  reversing 
the  revolution  of  the  boring-bar.  These  han- 
dles may  be  slid  to  any  convenient  position 
on  the  horizontal  bars  so  that  they  are  with- 
in easy  reach  of  the  operator.  A  patent  has 
been  applied  for  on  this  mechanism. 

A  vernier  C  is  provided  for  making  accu- 
rate vertical  settings  of  the  saddle  and  boring- 
bar;  and  shaft  D,  which  transmits  power  to 
the  saddle,  is  stationary  so  far  as  vertical 
movement  is  concerned.  By  having  this 
shaft  mounted  in  a  fixed  position  instead  of 
sliding  up  and  down,  no  trouble  is  experi- 
enced through  the  necessity  of  having  to  cut  a 
hole  through  the  floor  to  accommodate  the 
end  of  this  shaft,  when  in  its  lower  position. 
Gear  guards  are  provided  over  the  gears  that 
are  shown  exposed  at  the  end  of  the  bed. 

The  principal  dimensions  of  this  boring 
machine  are  as  follows:  diameter  of  bar,  3  inches;  taper  hole 
in  bar,  No.  5  Morse;  maximum  longitudinal  travel  of  bar,  24 
inches;  maximum  distance  from  center  of  spindle  to  top  of 
table,  30  inches;  minimum  distance  from  center  of  spindle  to 
top  of  table,  1,  2  inch;  size  of  table,  20  by  4S  inches;  maximum 
cross-feed  of  table,  38  inches;  maximum  distance  from  face- 
plate to  outer  support,  72  inches;  size  of  driving  pulley,  14 
inches  in  diameter  by  4  inches  face  width;  speed  of  driving 
pulley,  240  revolutions  per  minute;  number  of  available  spin 
die  speeds,  12;  number  of  available  rates  of  feed  in  either  di 
rection,  16;  range  of  feeds  per  revolution  of  the  boring-bar 
0.005  to  11/32  inch;  vertical  travel  of  head  (with  vernier  read 
ing),  22  inches;  vertical  travel  of  head  (with  dial  reading) 
30  inches;   and  longitudinal  power  travel  of  table.  52  inches 


MATTISON  PROPELLER  SHAPING  MACHINE 

For  use  in  forming  airplane  propellers,  the  C.  Mattison  Ma- 
chine Works,  Beloit,  Wis.,  are  now  building  a  special  shaping 
machine  which  forms  the  subject  of  the  following  description. 
This  machine  employs  the  pantoscope  principle  of  copying, 
the  propeller  being  held  stationary  while  the  cutter  is  recipro- 
cated back  and  forth  over  it,  shaping  one  side  of  the  work  at 
a  time.  It  is  claimed  that  this  results  in  greater  accuracy 
than  can  be  accomplished  where  the  propeller  is  revolved  as 
on  a  copying  lathe.  Capacity  is  provided  for  shaping  propellers 
up  to  12  feet  in  length,  and  blades  may  be  shaped  up  to  15 
inches  in  width.  This  machine  is  adapted  for  making  three- 
and  four-bladed  propellers,  as  well  as  propellers  of  the  two- 
bladed  type.  A  universal  chuck  is  employed  for  clamping 
the  hub  of  the  propeller  blade,  and  a  Special  cutter-head  has 
been  developed  which  cuts  with  a  shearing  action. 


Niles-Bement-Fond  Extension  Boring  and  Turning  Mill  witli  Housings  back,  giving  42-foot  Swing 

NILES-BEMENT-POND  EXTENSION  BORING 
AND  TURNING  MILL 

In  the  accompanying  illustration  is  shown  an  extension  bor- 
ing and  turning  mill  recently  built  by  the  Xiles-Bement-Pond 
Co.,  Ill  Broadway,  New  York  City,  for  arsenal  work.  This 
machine  swings  28  feet  2  inches  with  the  housings  forward  and 
42  feet  4  inches  with  the  housings  back.  The  maximum  height 
under  the  tool-holders  is  10  feet  and  the  bar  travel  is  84  inches. 
The  table  is  driven  by  a  60-horsepower  motor  through  a  double 
pinion  drive;  a  25-horsepower  motor  is  used  for  elevating  the 
cross-rail  and  a  15-horsepower  motor  for  fast  traversing  the 
bars  and  saddles.  A  separate  15-horsepower  motor  is  used 
for  traversing  the  housings.  The  cross-rail  has  two  heads  with 
octagon  bars  10  inches  across  the  flats.  The  cross-rail  is  48 
inches  in  width  and  54  inches  in  depth  from  front  to  back. 
The  table  is  designed  to  safely  carry  a  load  of  300.000  pcunds 
in  addition  to  its  own  weight.  It  is  driven  by  two  forged  steel 
pinions,  one  located  on  each  side  of  the  table.  The  heads  on 
the  cross-rail  are  provided  with  platforms  for  the  operator. 
Adjustment  of  the  feeds  and  rapid  traverse  for  the  bars  and 
saddles  is  controlled  from  the  platforms.  The  main  driving 
motor  is  also  controlled  from  these  platforms  as  well  as  from 
stations  at  each  side  of  the  machine.  Push-button  control  is 
provided  for  all  motors. 


Maohin*  for  ihipini  Airplane  PropsUari  butit  bf  the  C.  Hattlion  Machine  Worki 


UNIVERSAL  TAPPING  MACHINE 
F.  Lowenstein,  397  Bridge  St..  Brooklyn,  X.  Y.,  is  now  manu- 
facturing what  is  known  as  a  "universal"  tapping  machine, 
because  it  is  so  constructed  that  adjustment  may  be  made 
for  using  the  spindle  in  a  horizontal  or  vertical  position  or 
set  at  any  angle  which  may  be  most  convenient  to  meet  the 
peculiar  requirements  of  the  work.  This 
machine  consists  of  three  essential  parts, 
namely,  a  base,  swivel  head,  and  frame 
which  carries  the  spindle.  It  will  be  seen 
that  the  swivel  head  is  provided  with  a  cir- 
cular slot  to  receive  the  clamping  bolt  which 
provides  for  securing  the  frame  and  spindle 
in  any  desired  position.  In  Fig.  1  the  ma- 
chine is  shown  set  up  for  operation  horizon- 
tally, and  Fig.  2  shows  the  same  machine 
with  the  spindle  swung  through  an  angle 
of  90  degrees  to  bring  it  into  a  vertical  posi- 
tion. It  would  be  entirely  practicable  to 
operate  the  machine  with  the  spindle  in  any 
intermediate  position,  or  the  spindle  could 
be  swung  on  to  any  desired  position  until 
it  stood  horizontal  with  the  tap  pointing 
in  the  opposite  direction  to  that  shown  in 
Fig.  1. 

The  machine  is  shown  equipped  for  belt 
drive  from  a  countershaft,  but  where  it  is  de- 
sired to  use  individual  electric  motor  drive,  a 
motor  is  bolted  to  the  back  of  the  base.   The 
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Fig.    1.   Lowenste 

Horizontal    Ir'osition 

illustrations  make  apparent  the  way  in  which  a  round  belt 
runs  over  a  pulley  at  the  front  of  the  driving  shaft,  thence 
over  one  pulley  on  the  tapping  spindle,  and  then  around 
the  idler  pulley  on  the  swivel  head  and  back  over  the  sec- 
ond pulley  on  the  tapping  spindle  to  the  pulley  on  the  driv- 
ing shaft.  In  this  way,  the  two  pulleys  on  the  spindle  are 
running  in  opposite  directions,  which  provides  means  of  re- 
versing the  tap  so  as  to  back  it  out  of  the  hole.  In  order 
to  tighten  the  round  driving  belt,  the  spindle  frame  is  hinged 
to  the  swivel  head,  and  by  means  of  a  screw  adjustment,  the 
belt  tension  can  be  modified  to  any  degree  required  for  ob- 
taining proper  running  conditions  of  the  machine.  Placed 
between  the  two  pulleys  on  the  spindle,  there  is  a  friction 
clutch  consisting  of  a  disk  covered  with  leather  pads.  When 
the  work  is  fed  up  to  the  tap,  it  causes  the  clutch  to  engage 
the  "forward"  pulley  to  drive  the  tap  into  the  work;  then, 
when  the  work  is  drawn  away  from  the  tap,  the  clutch  is  pulled 
over  into  engagement  with  the  "reverse"  pulley,  which  backs 
the  tap  out  of  the  hole. 

The  spindle  on  this  machine  occupies  a  fixed  position  as 
regards  longitudinal  movement,  and  feeding  is  accomplished 
by  moving  the  work  up  to  the  tap.  When  the  machine  is 
used  with  the  spindle  in  a  horizontal  position,  this  feed  move- 
ment is  accomplished  by  a  hand-lever,  and  with  the  spindle 
in  a  vertical  position,  feeding  may  be  done  either  with  the 

hand-lever  or  with  a 
treadle  connected  to  the 
chain  shown  in  Fig.  2. 
This  chain  is  adjust- 
able in  length  to  suit 
the  location  of  the 
table  and  is  connected 
to  an  extension  back 
of  the  hand-feed  lever. 
This  lever  is  pivoted 
and  connected  with  a 
yoke  secured  to  the  rod 
on  which  the  work-table 
is  carried.  This  rod  Is 
a  sliding  fit  In  its  brack- 
ets, so  that  movement 
of  the  feed-lever  causes 
the  table  and  work  to 
be  advanced  to  the  tap 
or  withdrawn.  The  ca- 
liaclty  of  tills  machine 
Is  for  tapping  holes  up 
to  1/4  Inch  In  diameter 
In  brflHH  or  soft  alloys, 
and  holoH  up  to  3/10 
Inch  In  dlnmetor  ran  bo 
tupped  In  Htoi-I.  Thn 
forward  a  n  d  rcvcrHo 
'lutchcii  arc  cnKaxed  by 
the  feed  movement  of 
the   Rplndle. 


INDUSTRIAL  TRACTOR  AND  LOCOMOTIVE 

The  Industrial  Truck  Co.,  Holyoke,  Mass.,  is  now  manufac- 
turing tour  types  of  load-carrying  trucks  and  two  types  of 
industrial  tractors,  one  of  which  is  equipped  with  end  control 
and  the  other  with  central  control,  that  is,  machines  where 
the  operator  sits  at  the  center  of  the  tractor  and  can,  by  chang- 
ing his  seat,  operate  in  either  direction  without  having  to 
turn  the  tractor  around.  In  driving  a  tractor  through  a 
narrow,  congested  aisle,  this  is  often  a  very  convenient  feature. 
Both  types  of  tractors  steer  on  all  four  wheels  and  are  built 
with  either  two-  or  four-wheel  drive.  The  frame  is  built  of 
commercial  rolled  channel-section  steel,  and  the  bumper  plates 
are  constructed  of  boiler  plate  bent  on  the  corners  and  riveted 
to  the  frame.  By  making  the  coupler  castings  of  the  three- 
step  type,  accommodation  is  provided  for  different  heights  of 
trailers.  The  battery  boxes  are  constructed  with  easily  re- 
movable side  doors  for  changing  batteries,  and  hinged  top 
plates  to  afford  easy  access  for  flushing  or  inspection.  Any 
type  of  battery  can  be  supplied  up  to  a  maximum  of  forty-two 
cells  of  the  AS  Edison,  or  twenty-four  cells  of  the  21  lead-plate 
type.  The  frame  with  the  battery  box  can  be  lifted  from  the 
chassis  by  simply  removing  four  nuts,  leaving  the  entire  driv- 
ing mechanism  accessible  for  inspection  or  the  making  of 
repairs.. 

Power  is  transmitted  from  the  motor  through  a  single  re- 
duction worm  and  gear  down  through  the  differential  to  the 
wheels,   by   means   of   a   universal   joint   which   is  capable   of 
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Storage    Battery   Electric    Tractor    built    by    the    Industrial   Truck   Co. 

operating  at  an  angle  of  43  degrees.  This  universal  Joint  is 
enclosed  in  a  dust-  and  oil-tight  rase,  formed  by  the  pivoting 
wheel  knuckle  and  its  supporting  yoke.  Ball  bearings  are  pro- 
vided in  the  wheels,  and  pivot  bearings  of  a  suitable  size  are 
provided,  which  makes  the  tractor  easy  to  steer.  Two  separate 
brakes  are  furnished,  one  of  which  is  operated  by  the  left  foot, 
which  is  an  emergency  brake,  and  one  by  the  right  foot,  which 
is  the  regular  service  brake.  The  design  of  this  tractor  has 
been  made  as  nearly  fool-proof  as  possible.  In  order  to  operate 
It,  the  driver  must  be  sitting  in  his  seat  with  his  left  foot  press- 
ing the  emergency  brake  pedal.  Every  time  his  foot  is  lifted 
from  the  pedal,  the  brake  Is  applied,  bringing  the  machine 
to  a  stop,  and  by  means  of  a  clutch  on  the  ■■ontroller  shaft, 
throwing  the  controller  handle  out  of  gear  and  the  controller 
to  the  neutral  position.  It  la  then  Impossible  to  start  the 
tractor  again  without  first  releasing  the  eiiuM-genoy  brake  and 
bringing  the  controller  linndlo  back  to  the  neutral  position. 
Tho  electric  horn  signal  Is  operated  by  u  push-button  on  the 
controller  handle.  An  additional  safety  device  Is  provided  by 
locating  tho  tilting  steering  wheel  in  such  a  way  that  the 
operator  must  move  It  bofr)re  leaving  his  seat.  This  tilting 
wheel  Is  Interlocked  with  the  controller  shaft  clutch,  so  that 
under  no  clrcuniKtanccfl  can  the  battery  current  bo  supplied 
utilll  tho  wheel  Is  back   in  the  running  poHilion. 

The  Industrial  TriK^k  Co.  Is  also  huiWIing  un  Industrial  loco- 
mollvo  adnptnd  for  any  practical  gngo  of  track  from  24  Inches 
up  to  thn  standard  gage  of  fifiVi  Inches.     Klangod   wheols  are 
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substituted  for  rubber-tired  wheels  used  on  tlie  tractor,  but, 
aside  from  this  difference  and  the  fact  that  the  differential, 
universal  joint  driving  mechanism,  and  steering  mechanism 
have  been  dispensed  with,  it  is  of  essentially  the  same  design 
as  the  tractor. 


LANGELIER  AUTOMATIC   IGNITION    TUBE 
DRILLING  MACHINE 

The  machine  shown  in  Figs.  1  and  2  was  designed  especially 
for  drilling  simultaneously  and  automatically  the  twenty-two 
holes  in  the  ignition  tube,  Fig.  3.  The  machine  produces  an 
output  of  20  tubes  per  minute  or  12,000  for  a  day  of  ten  hours. 
The  equivalent  in  holes  is  264,000.  The  tubes  are  made  from 
drawn  brass  tubing  0.53S  inch  outside  diameter,  with  a  wall 
thickness  of  0.035  inch,  and  are  4.158  inches  in  length.  The 
size  of  the  hole  is  0.141  inch.  Each  tube  has  twenty-two  holes. 
The  only  duty  required  of  the  operator  is  to  keep  the  vertical 
magazine  slide  filled  with  tubes.  All  the  other  functions  in 
the  machine  are  performed  automatically.  The  tubes  are 
pushed  one  at  a  time  from  the  bottom  of  the  magazine  into  a 
jig  in  which  are  located  the  drill  guide  bushings.  The  jig  has 
also  an  inner  spring  sleeve  which  squeezes  the  tube  and  holds 


Fig,     1.      Langolier    Automatic    Ignition    Tube    Drilling    Machine 

It  firmly  while  being  drilled.  The  tubes  are  pushed  one  ahead 
of  the  other  to  the  rear  of  the  machine  where  they  fall  into  a 
chute  which  leads  into  a  receiving  box  at  the  side  of  the  ma- 
chine. The  Jig  is  provided  with  a  chamber  into  which  is  led 
compressed  air  and  a  stream  of  oil  which  thoroughly  lubricates 
the  drills  and  also  keeps  the  Inside  of  the  Jig  absolutely  free 
from  chips. 

The  tubes  are  fed  Into  the  drilling  Jig  by  a  reciprocating 
plunger  mounted  in  a  dovetail  slide,  a  segment  gear  and  cam- 
bar,  by  a  camshaft  In  the  back  of  the  machine.  The  cam-bar 
la  provided  with  a  collapsing  arrangement  so  as  to  avoid  break 
age  In  case  a  tube  should  get  jammed  in  any  way,  the  possi 
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Fig.    1 


bility  of  which  is  very  remote.  The  magazine  slide  is  held  in 
position  by  two  quick  removable  belts,  so  that  it  can  be  quickly 
taken  off,  so  as  to  facilitate  the  taking  out  and  putting  in  of 
the  drills  when  they  are  sharpened.  The  machine  has  four 
multiple  drilling  heads  mounted  radially,  90  degrees  apart  up- 
on a  faceplate  that  is  trunnioned  and  fastened  to  the  frame  of 
the  machine.  Two  of  the  heads  that  are  diametrically  opposite 
to  each  other  have  six  spindles  each  and  the  other  two,  five 
spindles  each.  Each  multiple  drill  head  is  mounted  in  a  feed 
sleeve  that  is  actuated  through  a  double  pinion  by  a  ring  gear 
located  concentrically  inside  of  the  faceplate.  The  ring  gear 
is  connected  by  intermediate  compound  gears  to  a  cam-bar  that 
is  operated  by  the  camshaft  in  the  base  of  the  machine. 

Each  feed  sleeve  is  provided  with  a  cut-out  that  permits 
the  drill  heads  to  be  adjusted  individually  to  their  proper  drill- 
ing positions.  The  drilling  head  main  spindles  are  mounted 
on  ball  bearings  and  are  driven  by  spiral  gears  completely  en- 
closed and  running  in  oil.  The  spiral  gear  driving  shafts  are 
also  mounted  on  ball  bearings.  They  extend  to  the  rear  of  the 
machine  and  are  driven  by  an  endless  belt  passing  over  the 
pulleys  on  their  ends.  Intermediate  idler  pulleys  are  used  to 
obtain  belt  contact  and  the  upper  idler  pulley  is  mounted  with 
a  screw  adjustment  so  that  the  proper  belt  driving  tension  can 
be  maintained.  All  idler  pulleys  are  mounted  on  ball  bearings. 
The  endless  belt  combination  of  pulleys  is  driven  by  gears  in 
couples  by  a  belt  from  the  motor. 

The  feeding  mechanism  of  the  machine  is  controlled  by 
two  face  cams,  one  on  the  outside  of  the  base  for  feeding  the 
drill  heads  and  the  other  on  the  inside  for  operating  the  feed 
plunger.  The  camshaft  is  driven  by  a  worm  and  gear  and  the 
worm  is  geared  in  its  proper  ratio  to  the  motor  shaft.  The 
camshaft  is  provided  with  a  clutch  that  is  operated  by  the  hand- 
lever  at  the  front  of  the  base,  so  that  the  feeding  mechanism 
can  be  stopped  at  any  time  by  the  operator.  Sight-feed  oilers 
with  gravity  feed  are  provided  so  as  to  insure  a  generous 
lubrication  to  the  multiple  drilling  heads.  The  drilling  spin- 
dles have  a  speed  of  2S00  revolutions  per  minute.  An  auto- 
matic oil-feed  pump  with  filtering  arrangement  is  belted  to  the 
motor  shaft  for  supplying  the  cutting  oil.  The  entire  machine 
including  the  motor  and  appliances  rests  upon  a  heavy  floor- 
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base.  The  machine  is  driven  by  a  five-horsepower  semi-en- 
closed, 110-volt,  direct-current  shunt-wound  Westinghouse  mo- 
tor. The  machine  occupies  a  floor  space  of  30  inches  wide  by  60 
inches  long,  and  stands  68  inches  high.  The  weight  is  3500 
pounds.  This  machine  is  a  recent  product  of  the  Langelier 
Mfg.  Co.,  Arlington,  Cranston,  R.  I. 


ORENSTEIN-ARTHUR  KOPPEL  HIGH- 
LEVEL  TRUCK 

Much  time  is  lost  and  the  efficiency  of  a  machine  operator 
is  considerably  reduced  if  he  is  required  to  stoop  in  trans- 
ferring material  from  a  truck  to  his  machine,  and  vice  versa. 
It  was  to  eliminate  this  source  of  lost  time  that  the  high-level 
truck  shown  in  the  accompanying  illustration  was  designed. 
This  truck  is  so  constructed  that  the  whole  load  is  balanced 
on    the   center   axle,   which    is   provided    with    large-diameter, 


•■High-level"    Industrial    Truck    manufactured    by    the    Orenstein- 
Arthur  Koppel  Co. 

wide-tire  wheels,  supported  on  roller  bearings,  which  make  the 
operation  of  the  truck  so  easy  that,  although  it  is  heavily  con- 
structed and  has  a  rated  capacity  of  two-thirds  ton,  the  truck 
can  be  easily  moved  around  when  fully  loaded.  This  truck  is 
one  of  the  recent  products  of  the  Orenstein-Arthur  Koppel  Co., 
Koppel,  Pa. 


NEW  MACHINERY  AND  TOOLS  NOTES 


Toolpost  Grinding  Attaclnment:  Gale-Sawyer  Co.,  33-37 
Wormwood  St.,  Boston,  Mass.  A  toolpost  grinding  attach- 
ment furnished  with  a  swiveling  device  which  is  graduated 
to  provide  for  making  accurate  adjustments.  This  is  said  to 
be  especially  useful  when  sharpening  cutters  with  end  teeth 
and  performing  similar  operations.  Provision  is  made  for 
driving  the  spindle  at  from  8000  to  12,000  revolutions  per 
minute. 

Bench  Furnace:  Johnson  Gas  Appliance  Co.,  Cedar  Rapids, 
Iowa.  A  No.  118  bench  furnace  which  Is  suitable  for  use  In 
machine  shops  and  tool-rooms.  GaH  Is  used  tor  fuel  and  It  Is 
claimed  that  temperatures  from  1400  to  1800  degrees  F.  may 
be  obtained  without  the  use  of  a  forced  air  blast.  A  removable 
nieltlng  pot  may  be  placed  on  top  of  the  furnace,  and  the  open- 
Ihk  Into  which  this  pot  fits  Is  filled  by  a  cover  plate  when  the 
pot  is  not  retiulred. 

Motor-driven  Trucks:  Baker  R.  &  L.  Co.,  Cleveland,  Ohio. 
A  lino  of  Industrial  trucks  and  tractors  driven  by  storage  bat- 
teries and  electric  motors.  In  which  all  parts  have  been  care- 
fully standardized.  The  work  of  stantlardlzatlon  has  been  car- 
ried to  a  point  where  the  diffiT'-nt  parts  can  be  used  on  trucks 
of  all  models.  Two-  and  fourwlicel  drive,  four-wheel  steer 
trucks,  tractors,  and  elovatlnK  platform  trucks  are  Included 
In  this  line  of  Induntrlal  trncks. 

Folding  Blueprint  Rack:  Nalloiinl  Co..  273-27!)  ConKresB  St., 
Boston.  MtiHH,  A  folding  wall  rack  adMi)t<>d  lor  holdlnR  blue- 
prIntH  and  other  hIii-oIh  of  sinillar  form.  This  rack  Is  fur- 
nished with  the  •■Presto"  blueprint  holdir  of  this  company's 
manufacture,  which  has  been  drunribod  In  Maciiinkiiy.  The 
rack  ronRlstH  of  a  framo  which  haiiKs  iiKnlnst  the  wall  and 
HupportH  a  horizontal  rack  which  projects  out  from  llu'  wall 
and  carries  the  "Prosto"  blueprint  holderK. 


Castellating  Machine:  Matthews  Engineering  Co.,  San- 
dusky, Ohio.  (The  machine  is  sold  by  the  J.  R.  Stone  Co., 
Detroit,  Mich.)  A  machine  especially  designed  for  use  in 
castellating  nuts  or  other  small  parts  which  are  suitable  for 
chucking.  The  work  is  placed  in  a  hopper  and  fed  through 
a  chute  to  the  chucks.  As  each  piece  is  chucked,  it  is  carried 
around  under  the  milling  saws  which  feed  downward  and  are 
then  lifted  automatically  while  the  chuck  table  is  indexed. 

Shell-turning  Attachment:  Amalgamated  Machinery  Cor- 
poration, 72  W.  Adams  St.,  Chicago,  111.  An  attachment  de- 
vised by  D.  M.  Derrom,  works  manager  of  the  Winslow  Bros. 
Co.'s  shell  plant  in  Chicago,  to  avoid  trouble  sometimes  ex- 
perienced through  a  constant  change  of  the  angle  that  the  cut- 
ting edge  of  the  tool  presents  to  the  work  as  it  moves  over 
the  contour  of  the  shell.  Attachments  of  this  kind  are  regu- 
larly furnished  on  Amalgamated  lathes  intended  for  use  in 
shell  turning. 

Bench  Grinding  Machine:  Temco  Electric  Motor  Co.,  Leip- 
sic,  Ohio.  A  portable  bench  grinding  machine  provided  with 
two  emery  wheels  driven  by  an  electric  motor  which  is  fur- 
nished with  a  cord  for  making  connection  with  an  ordinary 
lighting  socket.  The  electric  motor  develops  one-sixth  horse- 
power, and  the  wheels  which  are  6  inches  in  diameter  by  1/2- 
inch  face  width  run  at  3700  to  3800  revolutions  per  minute,  de- 
pending upon  whether  connection  is  made  with  an  alternating- 
or  direct-current  circuit. 

Multiple-spindle  Drilling  Machine:  Langelier  Mfg.  Co., 
Arlington,  Cranston,  R.  I.  A  machine  especially  designed  for 
use  in  drilling  twenty-four  holes  0.031  inch  in  diameter  in 
the  walls  of  primer  ignition  tubes.  The  machine  is  hand- 
and  foot-operated  and  the  drilling  is  done  by  six-spindle  multi- 
ple heads  located  90  degrees  apart  on  a  vertical  faceplate. 
The  spindles  in  one  head  are  offset  to  a  position  midway  be- 
tween those  in  the  opposite  head,  and  drills  carried  by  each 
head  work  diametrically  through  the  walls  of  the  tube. 

Filing  Machine:  Advance  Engineering  Co.,  848  Massachus- 
etts Ave.,  Indianapolis,  Ind.  A  bench  type  of  die  filing  machine 
which  is  of  compact  construction,  with  moving  parts  care- 
fully balanced  and  completely  enclosed.  All  bearings  and  other 
wearing  surfaces  are  made  of  bronze,  and  may  be  replaced  if 
necessary.  Provision  is  made  for  tilting  the  table  to  angles 
up  to  10  degrees  on  either  side  of  the  central  or  vertical  posi- 
tion, and  the  table  may  be  turned  around  on  the  base  to  locate 
the  driving  pulleys  at  either  side  or  at  the  rear  of  the  machine. 

Pressure  Toggle:  R.  D.  King,  Monadnock  Block,  Chicago, 
111.  A  pressure  toggle  for  use  on  presses  to  provide  for  regu- 
lating the  pressure  exerted  on  the  work  during  the  stroke  of 
the  press.  Provision  is  made  for  adjusting  the  device  so  that 
the  pressure  will  remain  uniform  during  the  entire  stroke  or 
so  that  it  will  either  increase  or  decrease  toward  the  latter 
end  of  the  stroke.  This  pressure  toggle  is  attached  to  the 
bolster  plate  with  two  rods  and  remains  stationary  while  the 
plate  supporting  the  drawing  pins  is  moved  up  or  down  for 
adjustment  by  means  of  a  handwheel. 

Galvanizing  Machine:  E.  L.  Watrous.  Des  Moines,  Iowa.  A 
machine  invented  by  Mr.  Watrous  and  installed  in  the  plant  of 
the  Hanlon-Gregory  Galvanizing  Co..  Pittsburg.  Pa.  This  ap- 
paratus is  designed  to  handle  small  products  such  as  nuts, 
bolts,  nails,  wood-screws,  and  similar  articles.  It  is  of  simple 
design  and  the  work  to  be  galvanized  is  placed  in  a  wire 
basket,  from  50  to  100  pounds  of  work  being  treated  at  a  time. 
The  work  is  dipped  into  a  kettle,  and  when  sufficiently  treated 
the  basket  is  lifted  out  and  transferred  to  the  machine  where 
excess  zinc  is  removed  by  a  centrifugal  action. 

Non-ferrous  Melting  Furnace:  U.  S.  Smelting  Furnace  Co., 
Belleville.  III.  A  melting  furnace  for  non-ferrous  metals,  which 
is  of  the  revolving  tilting  type.  Either  fuel  oil  or  gas  may 
be  burned  to  produce  the  heat  reciuired  for  melting  the  metal. 
The  material  to  be  niolte<l  is  put  tlirough  the  charging  hole, 
and  the  burner  which  swings  to  one  side  in  order  to  permit 
the  furnace  to  be  charged  is  then  adjusted  and  lighted.  The 
flame  is  projected  llirougli  the  center  of  the  melting  chamber, 
although  It  does  not  inii)ingo  upon  the  metal,  reflected  heat 
from  the  lining  of  the  furnace  being  relied  upon  to  bring  the 
charge  to  the  melting  point. 

Turret  Toolpost:  Craig  &  Coffman.  3714  Flora  Ave.,  Kansas 
City,  Mo.  A  turret  toolpost  which  Is  made  In  two  standard 
sizes,  although  larger  sizes  can  be  made  to  sjicclal  order.  On 
the  larger  sized  standard  equipment,  the  turret  Is  SVi  Inches 
square  and  carries  three  3/8  huh  siiuare  cutters  and  one  3/4- 
Inch  standard  cutting-off  plate.  On  the  smaller  size,  which  Is 
adapted  for  use  on  bench  lathes,  the  turret  is  2^^  Inches  square 
and  carries  three  1/4-incli  H(|uare  cutters  and  one  l/2lnch  cut- 
ting off  plate.  These  turret  toolposts  prdvlile  a  convenient 
method  of  using  roughing.  llnlHliIng.  threiidliig.  ••iiid  cutting  olT 
tools  In  rapid  He(iueiiiit  for  tlii'  iiroduct  Ion  of  dii])ll<iite  parts. 

Circuit-breaker:  Holler  Smith  Co..  233  Broadway.  New 
York  C.Wy.  A  line  of  Hi'lftlmlng  circuit  breakers  which  are 
HO  rlcHlgiied  that  they  always  lend  to  trip  liiHlantaiieouHly  with 
the  load  for  which  adjustnient  haa  been  made.  Interposed 
In  the  path  of  Its  trip  umiaturo  there  Is  a  pivoted,  hook-shaped 
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barrier,  which  is  under  two  independent  controls.  One  of 
these  is  thermal,  so  that  expansion  of  a  metal  rod  heated  at 
the  same  rate  the  motor  is  heated  by  the  passage  of  current 
retracts  the  barrier  and  allows  the  breaker  armature  to  trip 
in  case  of  excessive  heating.  The  other  control  is  electro- 
magnetic and  instantaneously  retracts  the  barrier  and  allows 
the  trip  to  operate  in  case  a  heavy  overload  occurs. 

Tool-holder:  Green  Bay  Drive  Calk  Co.,  Green  Bay,  Wis. 
A  line  of  tool-holders  which  are  made  in  five  different  sizes, 
of  either  straight,  right-hand  offset,  or  left-hand  offset  type. 
These  tool-holders  are  furnished  with  a  center  piece,  which 
is  pivoted  and  provided  with  a  tongue  at  one  end  and  a  set- 
screw  at  the  opposite  end.  A  tool  steel  bit  of  sufficient  length 
is  held  by  a  double  grip,  but  short  pieces  of  steel  are  held 
under  the  tongue  on  the  pivoted  section  and  secured  by  pres- 
sure applied  by  tightening  the  set-screw  against  the  body  of 
the  holder.  Tool-holders  of  this  type  are  made  in  sizes  rang- 
ing from  1/2  by  l^s  by  6  up  to  1  by  2  by  11,  and  have  capacity 
for  holding  square  tool  steel  bits  from  5/16  to  5/S  inch  square. 

Enclosed  Electric  Traveling  Crane:  Shepard  Electric  Crane 
&  Hoist  Co.,  Montour  Falls.  New  York.  A  crane  built  for  use 
in  the  Cuyahoga  Works  of  the  American  Steel  &  Wire  Co.,  in 
Cleveland,  Ohio.  The  feature  of  especial  interest  in  the  design 
of  this  crane  is  that  all  parts  of  the  mechanism  have  been  com- 
pletely enclosed  in  order  to  afford  protection  against  damage 
from  dust  and  other  foreign  matter  which  finds  its  way  into 
the  armatures,  bearings,  and  other  members.  Where  no  pro- 
tection is  afforded,  some  plants  find  it  necessary  to  clean  the 
motors  and  other  parts  of  their  cranes  as  often  as  once  or 
twice  a  week  with  compressed  air,  but  this  trouble  has  been 
completely  overcome  by  the  enclosed  form  of  construction 
provided  on  the  Shepard  crane.  It  has  a  span  of  76  feet 
8  inches  and  a  capacity  for  carrying  ten  tons.  It  is  adapted 
for  use  in  connection  with  electromagnets  for  lifting  the  load. 

Electric  Light  Holder:  Light  Holder  Mfg.  Co.,  79  E.  130th 
St.,  New  York  City.  An  adjustable  electric  light  bracket 
which  is  known  as  the  "New  York  Universal."  This  device 
makes  it  an  easy  matter  to  hold  a  light  in  the  best  position  to 
enable  a  mechanic  at  the  bench  or  machine  to  obtain  a  clear 
view  of  his  work.  Holders  of  this  type  are  made  in  several 
styles  which  are  designed  to  be  supported  from  the  floor,  bench, 
overhead  works  of  a  machine  tool,  or  in  other  convenient  ways. 
Adjustment  for  length  is  provided  by  means  of  telescoping 
members  of  the  bracket,  and  swivel  joints  provide  niovement 
in  any  direction.  A  lamp  socket  of  ordinary  form  snaps  into  a 
spring  yoke  and  no  screws  are  required  to  hn'.j  it  in  place. 
All  joints  and  movements  of  the  bracket  are  held  oy  friction 
under  the  tension  of  adjustable  springs,  so  that  to  move  the 
light  from  one  position  to  another  requires  scarcely  luore  than 
a  movement  of  one  hand,  as  the  fixture  moves  easily  and  the 
light  stays  in  whatever  position  it  is  placed. 


A  course  of  training  for  employment  managers  under  the 
supervision  of  the  Government  has  been  opened  at  the  Uni- 
versity of  Rochester,  Rochester,  N.  Y.  Twenty  prospective 
employment  managers  sent  to  the  university  by  manufacturers 
having  war  contracts  are  taking  six  weeks'  intensive  training 
in  the  practice  and  theory  of  employment  management.  Fif- 
teen Rochester  factories  are  providing  the  laboratory  work 
and  assisting  the  university  in  training  these  men.  The  course 
is  given  at  the  express  request  of  the  Industrial  Service  Sec- 
tions of  several  of  the  departments  at  Washington.  It  is  de- 
sired that  manufacturers  take  a  hand  in  the  development  of 
this  movement  and  send  students  to  the  university  on  their 
own  initiative.  Those  who  wish  to  apply  to  send  men  to  one 
of  these  courses  should  write  to  Employment  Managers  Divi- 
sion, 5207  New  Interior  Bldg.,  Washington,  D.  C.  Courses  will 
also  be  opened  at  Harvard  University,  Boston,  Mass.,  in  co- 
operation with  the  Massachusetts  Institute  of  Technology.  Ap- 
plications for  these  courses  may  also  be  made  immediately. 
The  Government,  having  recognized  the  necessity  for  training 
men  in  the  science  of  production  and  industrial  management, 
should  receive  the  fullest  cooperation  from  all  manufacturers 
who  realize  the  need  of  training  one  or  more  young  men  as 
employment  managers. 


The  War  Trade  Board,  at  Washington,  D.  C,  has  just  pub- 
lished a  complete  list  of  all  the  firm.s  in  neutral  countries  listed 
In  the  Enemy  Trading  I„lst  and  with  whom  citizens  of  the 
United  States  are  not  permitted  to  do  business.  The  book  may 
be  obtained  from  the  Government  Printing  Offlce,  Washington, 
D.  C.  The  publication  la  known  as  "Trading  with  the  Enemy — 
Enemy  Trading  List  Revised  to  March  15,  1918— No.  2." 


TRAINING  MECHANICS  FOR  ARMY  SERVICE 
Last  February  the  Secretary  of  War  appointed  a  Committee 
on  Education  and  Special  Training,  to  take  charge  of  the 
training  of  90,000  men  of  the  National  Army  for  technical  and 
skilled  work  of  various  kinds.  So  rapidly  has  the  committee 
proceeded  that  twenty-five  schools  are  no*  under  contract  to 
take  the  men;  fourteen  have  begun  their  work  and  7500  Na- 
tional Army  men  are  under  instruction.  The  number  of 
schools  will  be  increased  until  30,000  men  can  be  instructed 
at  one  time.  The  courses  are  of  eight  weeks'  duration,  and 
the  final  number  of  30,000  men  (for  army  needs  as  now 
planned)  will  go  to  the  schools  September  1. 

The  institutions  include  engineering  colleges,  universities, 
and  mechanics'  institutes,  while  in  one  city  the  public  school 
system  is  being  used.  Institutions  that  can  accommodate  at 
least  500  men  are  preferred,  while  one  school  expects  to  take 
2500  men.  The  number  of  courses  given  at  an  institution 
depends  on  the  number  of  students,  character  of  school  equip- 
ment, and  location.  Army  officers  will  be  placed  at  each  school, 
and  military  drill  will  be  carried  along  simultaneously  with 
the  technical  instruction.  The  technical  staff  will  be  supplied 
by  the  institution.  At  present  the  following  courses  are  ar- 
ranged for:  auto  driving  and  repair,  bench  woodworking,  gen- 
eral carpentry,  electrical  communication  (telephone  and  tele- 
graph work),  electrical  work,  forging  and  blacksmithing,  use 
of  gas  engines,  machine-shop  work,  and  sheet-metal  work. 

The  men  at  the  schools  are  National  Army  men  who  have 
volunteered  for  this  special  training  and  go  to  the  schools 
directly  from  their  homes.  To  insure  proper  assignment  of 
schools,  however,  all  men  are  sent  first  to  "reservoir"  schools, 
where  they  are  tested  by  qualified  men  and  then  assigned  to 
the  proper  schools.  The  aim  is  to  push  men  along  as  fast 
as  their  abilities  warrant;  journeymen  machinists,  tor  exam- 
ple, will  immediately  be  put  on  highly  specialized  work,  such 
as  airplane  repairs. 

*     *     * 

MACHINISTS  WANTED  FOR  GOVERNMENT  "WORK 
The  Watervliet  Arsenal.  Watervliet,  N.  Y.,  advises  that  it 
is  in  urgent  need  of  machinists,  and  calls  upon  patriotic  ma- 
chinists who  are  not  now  engaged  upon  work  necessary  for  the 
conduct  of  the  war  to  apply  to  the  CommandiUo  OScer,  Water- 
vliet Arsenal,  Watervliet,  N.  Y.  It  should  be  understood  that 
men  in  plants  and  establishments  manufacturing  machine 
tools,  munitions  of  war,  or  otLcr  material  directly  necessary 
tor  the  successful  conduct  of  the  war  are  not  wanted,  but 
only  skilled  mechanics  who  are  now  engaged  in  industries 
that  for  the  time  being  are  not  essential  to  the  winning  of  the 
war.  There  must  be  thousands  of  men  in  this  class  who  would 
be  willing  to  put  their  services  at  the  command  of  the  Govern- 
ment for  the  successful  winning  of  the  war,  at  rates  of  pay 
which  will  prove  satisfactory;  details  regarding  this  matter 
will  be  furnished  by  the  Arsenal  to  those  interested  upon 
application. 


MAY-  MEETING  OF  THE  AMERICAN  SOCIETY 
OF  MECHANICAL  ENGINEERS 
At  the  May  meeting  of  the  New  York  Section  of  the  Ameri- 
can Society  of  Mechanical  Engineers,  the  subject  of  labor 
turnover  was  discussed.  A  number  of  speakers  representing 
the  shipping,  airplane,  ordnance,  and  machine  tool  industries 
dealt  with  the  subject  in  brief  addresses.  The  machine  tool 
industry  was  represented  by  L.  D.  Burlingame.  industrial  su- 
perintendent. Brown  &  Sharpe  Mfg.  Co.,  Providence,  R.  I., 
who  spoke  particularly  on  labor  turnover  in  connection  with 
the  employment  of  women.  The  importance  of  training  men 
and  women  for  the  work  In  machine  shops  and  other  factories 
was  particularly  emphasized.  Several  representatives  of  the 
Federal  Government  also  spoke  on  the  efforts  made  by  the 
Government  to  regulate  labor  conditions,  and  information  was 
given  out  Indicating  that  the  Government  will  shortly  deter- 
mine standard  wages  for  various  Industries  In  order  to  pre- 
vent the  shifting  of  labor  from  one  shop  to  another,  or  from 
one  locality  to  another. 
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Fig.    I.      Barrel    of    One-pounder    Gun 

BROACHING  OPERATIONS  ON  ONE-POUNDER  GUNS 


BY  FRANCIS  J.  LAPOINTE' 


The  broaching  machine  shown  in  Fig.  2  was  developed  by 
the  J.  N.  Lapointe  Co.,  New  London,  Conn.,  for  broaching  the 
breech  opening  and  also  the  rifling  grooves  of  one-pounder 
guns.  Special  tool  equipments  and  fixtures  are  provided  for 
each  broaching  operation  so  that  it  is  possible  to  broach  the 
breech  opening  and  the  rifling  grooves  on  the  same  machine. 
The  design  of  the  fixtures  is  such  that  the  change  from  one 
operation  to  the  other  can  be  made  very  quickly. 

In  Fig.  2  the  machine  is  shown  with  the  fixture  and  a  one- 
pounder  gun 
mounted  in  place 
ready  for  broach- 
i  n  g  the  rifling 
grooves  in  the 
barrel.  The  same 
fixture  can  also 
b  e  adapted  for 
broaching  the 
b  r  e  e  ch  opening. 
The  broaching  of 
the  rifling  grooves 
is  done  in  two 
operations  by  the 
use  of  a  roughing 
and  a  finishing 
broach.  The  actu- 
al length  of  rifling 
is  44  inches,  as 
will  be  noted  by 
referring  to  Fig.  1. 
Fig.  4  shows  an  enlarged  section  of  the  rifling  grooves, 
which  are  approximately  0.015  inch  deep  and  are  twelve  in 
number.  The  spiral  formed  by  these  grooves  is  right-hand  and 
the  lead  is  one  turn  in  40  inches.  This  rifling  operation  is  ac- 
complished by  means  of  a  master  bar  which  gives  the  initial 
spiral  to  the  cutting  tool.  The  broaches  used  are  also  milled 
to  correspond  with  the  lead  required.  The  master  spiral  bar 
is  pulled  by  means  of  a  roller  thrust  bearing  and  operates 
through  a  spiraling  block  that  causes  the  bar  to  rotate.    The 
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gun  is  mounted  on  a  carriage  and  clamped  so  as  to  hold  it  in 
perfect  alignment  and  also  prevent  it  from  revolving.  By 
referring  to  Fig.  2,  it  will  be  noted  that  there  is  a  large  flex- 
ible tube  and  pipe  in  the  oil-pan  under  the  front  end  of  the 
machine.  The  pipe  is  slipped  over  the  end  of  the  broach  and 
into  the  bore  of  the  gun  which  at  this  end  is  large  enough  to 
admit  the  pipe.  The  broach  is  also  provided  with  oil-channels 
so  that  every  pocket  between  the  cutting  teeth  of  the  broaches 
is  filled  with  oil  as  it  enters  the  work.  The  oil  is  constant- 
ly agitated  by  the 
high  pressure  un- 
der which  it  is 
forced.  This  re- 
sults in  a  very 
smooth  finish,  as. 
i  t  prevents  the 
chips  from  being 
cut  dry  and  weld- 
ing to  the  face  of 
the  teeth.  The 
time  required  for 
broaching  the 
rifling  grooves  is 
approximately  fif- 
teen minutes. 

Fig.  3  shows 
the  front  end  of 
the  broaching 
machine  with  the 
fixtures  and  work 
mounted  in  position  for  broaching  the  breech  opening.  The 
work  D  rests  on  the  bottom  F  of  tilting  head  .1  and  is  held  in 
place  by  clamps  B.  The  tilting  head  A  can  be  thrown  forward 
or  allowed  to  pivot  on  pin  /  to  give  the  proper  angle  for 
broaching  the  tapered  portion  of  the  breech  opening.  The  cast- 
ing G  is  the  fixture  proper  which  is  bolted  to  the  end  of  the 
machine  C.  H  is  the  broach  carriage  and  E  is  a  section  of  the 
broach. 

Fig.    5   shows   the   eleven    different   operations    required    in 
finishing    the    breech    opening,    starting    from    a    round    hole 
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Fig.    4,      Section    of    Gun-tarrel    which    has 

Twelve     Kight-hand     Spiral     Grooves    of 

Uniform    Twist    making    One    Turn 

in  Forty  Inches 


2.5  inches  in  diam- 
eter. This  hole  is 
bored  at  an  angle  of 
approximately  5  de- 
grees and  the  first 
nine  operations  are 
performed  with  the 
work  held  at  this 
angle.  The  dimen- 
s  i  o  n  s  show  the 
amount  of  material 
removed  at  each 
operation.  It  will 
be  noted  that  on 
the  first  five  opera- 
tions the  width  of 
the  rough-broached 
hole  remains  the 
same,  namely  2.340 
inches,  and  that  the 
stock  removed  is  all 
on  the  top  and  bottom.  Operation  6  is  a  sizing  operation  finish- 
ing the  width  of  the  hole  which  represents  the  size  between 
the  two  keys  on  the  finished  pieces.  Operations  7,  S,  and  9 
are  confined  to  removing  material  on  the  width  of  the  hole 
stepping  round  the  two  solid  keys,  the  ninth  operation  being 
a  sizing  operation  which  finishes  the  two  keys.  Operations 
10  and  11  are  accomplished  by  means  of  a  T-shaped  broach 
guided  against  a  tapered  block.  Fig.  7  shows  the  eleven 
broaches  employed.  In  this  illustration  is  also  shown  a  steel 
block  that  has  been  broached  with  this  set  of  tools.  The  fin- 
ished size  of  this  broached  hole  is  2.756  by  2.857  inches.  Fig. 
6  shows  the  inside  of  a  finished  barrel  as  it  appears  when 
viewed  from  one  end. 


EFFECT  OF  COPPER   IN   MEDIUM-CARBON 
STEEL 

In  a  paper  by  R.  Hayward  and  A.  B.  Johnston,  of  the  Massa- 
chusetts Institute  of  Technology,  read  before  the  American 
Institute  of  Mining  Engineers,  it  was  stated  that  copper  in- 
creases the  tensile  strength  and  hardness,  but  lowers  the  elon- 
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Fig.  6.     Elovon  Broaching  Operations  roquirod  in  finishing  Breech  Opening 

Ration  of  the  steel;  In  fact,  copper  steels  closely  resemble 
steels  containing  equivalent  percentages  of  nickel  as  regards 
tensile  strength,  resistance  to  shock  and  corrosion,  and  hard- 
ness. Copper  also  lessens  the  brittleness  of  steel  containinp 
1  per  cent  carbon. 

These  conclusions  wore  obtained  from  tests  carried  out  on 
bars  of  steel  having  the  following  analysis:  <arbon,  0.38  per 
cent;  phosphorus,  0.012  per  cent;  manganese,  0..')7  per  cent; 
sulphur,  O.O:!  per  <cnt;  and  copper,  0.8G  per  cent.  These  atecls. 
for  the  purpose  of  comparison,  wore  termed  high-copper  steels. 
Tests  were  also  conducted  on  bars  containing  0.0^  per  cent 
copper,  0.048  per  cent  sulphur,  0.B9  per  cent  manganese.  0.05:! 
per  cent  phosphorus,  and  0.3G5  per  cent  carbon,  which  were 


termed  low-copper  steels.  Except  for  one  set  of  bars,  which 
was  given  a  higher  temperature  through  an  error,  all  the  bars 
were  heated  from  845  to  865  degrees  C.  and  then  cooled.  One 
set  was  let  cool  in  the  furnace  over  night,  another  set  was 
cooled  in  air,  and  the  others  were  quenched  in  water,  replaced 
in  the  furnace,  and  drawn  to  different  temperatures. 

The  high-copper  bars,  as  forged,  had  a  yield  point  of  60,900 
pounds  per  square  inch,  and  the  low-copper  bars  46,600  pounds. 
The  high-copper  bars  cooled  in  the  furnace  had  a  yield  point  of 
52,900  pounds,  and  the  low-copper  bars  a  yield  point  of  45,800 
pounds.  The  yield  point  of  the  bars  was  increased  by  the 
heat-treatment,  reaching  136,900  pounds  in  the  case  of  the 
high-copper  bars  that  had  been  drawn  to  455  degrees  C.  The 
ultimate  strength  of  the  bars  was  increased  from  92.finil  pounds 
to  190,800  pounds 
in  the  case  of  the 
high -copper  bars 
drawn  to  360  de- 
grees C,  and  from 
83,200  pounds  to 
136,300  pounds  in 
the  case  of  the  low- 
copper  bars.  The 
ultimate  strength  of 
the  bars  cooled  in 
the  furnace,  how- 
ever, was  lowered 
to  86,530  pounds 
and  78,130  pounds, 
respectively.  The 
bars  heated  and 
cooled  in  the  fur- 
nace also  had  a 
lower  percentage  of  reduction  than  the  forged  bars;  this  re- 
duction was  increased  in  the  case  of  the  bars  heated  and  drawn 
to  580  degrees,  but  was  reduced  in  the  case  of  all  the  others. 
The  percentage  of  elongation  was  also  increased  by  the  heat- 
treatment,  except  in  the  case  of  the  bars  heated  and  drawn 
to  360  degrees  C,  when  it  was  greatly  reduced.  The  micro- 
scopic study  showed  that,  for  the  same  treatment,  high-copper 
steel  is  finer  grained  than  low-copper  steal,  and  the  quenched 
and  drawn  specimens  of  high-copper  steel  are  slightly  more 
martensitic.  To  what  extent  copper  in  steel  will  prove  to  be 
of  importance  in  practical  engineering  is  still  problematical, 
but  the  investigations  made  are,  nevertheless,  of  interest. 


Fig.   6. 


Fig.    7.      Broaches   employed    in    Eleven   Broaching   Operations 


966 


MACHINERY 


June,  1918 


GRAPHIC  USE  OF  LOGARITHMS 

BY   G.   G.   STEVENSON' 

Logarithms  are  a  valuable  aid  to  engineers  and  draftsmen, 
but  often  they  are  not  used  to  the  greatest  advantage.  In  the 
graphic  solution  of  problems  they  are  almost  invaluable.  A 
problem  involving  a  number  of  variables  can  be  drawn  into 
chart  form  so  that  anyone  can  obtain  correct  results,  although 
he  may  not  understand  the  mathematical  processes  involved. 
Such  charts  are  especially  valuable  for  placing  mechanical 
data  in  the  hands  of  estimators,  salesmen,  etc.  When  more 
than  two  factors  are  involved,  these  charts  are  by  far  the  most 
convenient  method  of  solving  a  problem,  or  determining  un- 
known factors.  For  instance,  by  means  of  the  chart  shown  in 
Fig.  1,  the  capacity  or  lift  of  a  pump  or  the  horsepower  of  its 
niotor  may  be  readily  found  if  two  of  these  factors  are  known. 
As  an  example,  suppose  that  it  is  required  to  find  the  horse- 
power of  the  motor  that  will  drive  a  pump  so  that  it  will 
deliver  45  gallons  a  minute  against  a  95-foot  head.  By  placing 
a  straightedge,  as  shown  by  the  dotted  line,  so  as  to  intersect 
4.S  on  column  A  and  95  on  column  C,  the  point  4  on  column  B, 
where  it  is  intersected  by  the  straightedge  is  the  horsepower 
required. 

Probably  the  one  thing  that  tends  to  discourage  a  more 
general  use  of  these  charts  is  the  fact  that  they  appear  diffi- 
cult to  draw.  This  assumption,  however,  is  wrong.  Any  con- 
venient length  may  be  taken  for  two  of  the  columns,  say  A 
and  C.  which  are  then  divided  logarithmically.  Several  meth- 
ods for  doing  this  have  been  published  but  as  a  rule  they  are 
too  complicated  and  roundabout  to  be  practical.  A  simple  and 
easy  way  where  logarithmic  paper  is  available  is  shown  in 
Fig.  2.  The  logarithmic  paper  is  placed  at  such  an  angle  that 
the  two  extreme  divisions  desired  just  coincide  with  the  hori- 
zontal extensions  of  the  ends  of  the  liij^e  to  be  divided;  then 
with  the  T-square  the  points  needed  are  projected  to  the  line. 
If  more  convenient,  a  slide-rule  may  be  used.  This  is  done 
by  multiplying  the  logarithm  of  each  number  to  be  located 
by  the  length  of  the  v/hole  line.  In  other  words,  the  loga- 
rithms found  are  for  a  line  one  inch  in  length;  then  the  points 
can  be  easily  located  by  the  use  of  a  decimal  scale. 

Perhaps  the  easiest  way  to  find  the  lateral  location  of  the 
middle  scale  in  this  problem  is  to  take,  on  the  outside  columns, 
two  sets  of  numbers  that  can  be  conveniently  used  and  the 
products  of  which  are  equal  (for  instance,  2  times  100  and  20 
times  10).  Join  point  2  on  one  column  A  to  100  on  the 
other  column  C  and  20  on  the  first  column  A  to  10  on  the 
other  column  C.  The  position  of  the  middle  column  B  is  at 
the  Intersection  of  these  lines.     Of  course  the  scale  of  the 


•Address:  420  E.  MaiD  St.,  Evans  Apts.,  Fort  Wayne,  Ind. 
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Fig.  2.    Method  of  dividing  a  Line  logarith; 


line  is  determined  by  the  efficiency  of  the  machines,  the  factor 
of  safety  desired,  etc.  In  the  example  given,  the  horsepower 
must  be  figured  for  both  the  maximum  and  the  minimum  re- 
quirements to  determine  the  length  of  the  center  scale. 

The  chart  shown  in  Fig.  1  represents  a  very  simple  case. 
Complications  set  in  as  soon  as  more  factors  are  involved, 
but  by  applying  a  little  reasoning  almost  any  problem  can  be 
worked  out  by  this  method.  The  chart  shown  could,  for 
instance,  be  drawn  with  several  vertical  or  curved  lines  rep- 
resenting pumps  of  various  efficiencies  and  horsepowers  re- 
quired for  pumping  different  liquids,  etc. 

*  *     * 

EFFECT  OF  FLANGES  ON  CAST-IRON  CHANNELS 
Tests  made  at  the  University  of  Wisconsin  show  that  the 
flanges  add  little  to  the  strength  of  cast-iron  channels  but  have 
a  marked  effect  on  the  stiffness  of  the  section.  All  the  chan- 
nels tested  were  made  of  gray  iron  and  had  a  tensile  strength 
of  28.950  pounds  per  square  inch.  They  had  round  ends,  t'le 
centers  of  the  ends  coinciding  with  the  centroidal  axis  of  the 
section.  The  value  of  the  polar  moment  of  inertia  was  calcu- 
lated with  respect  to  this  axis  and,  together  with  the  area, 
was  figured  for  the  actual  cross-section. 

In  the  case  of  a  channel  with  very  small  flanges,  the  ulti- 
mate twisting  moment  of  which  was  21,830  inch-pounds  and 
the  polar  moment  of  inertia  18.6,  the  twisting  moment  when 
the  first  crack  appeared  was  19,690  inch-pounds.  When  it  was 
assumed  that  only  the  6-inch  web  was  affected,  the  twisting 
moment  was  18,940  inch-pounds;  when  the  material  in  the 
flanges  was  included  but  was  assumed  to  be  revolved  through 
90  degrees,  to  form  a  deep  narrow  rectangular  section,  the 
twisting  moment  was  22,860  inch-pounds.  In  a  channel  with 
a  3% -inch  flange  and  a  6-inrh  web,  which  hau  an  ultimate 
twisting  moment  of  31,070  inch-pounds  and  a  poi.\r  moment 
of  Inertia  of  53.92,  the  twisting  moment  when  the  first  crack 
appeared  was  31,070  inch-pounds.  Assuming  that  only  the 
web  was  affected,  the  twisting  moinont  was  23,550  Inch-pound.s; 
when  the  material  In  the  flanges  was  included  hut  was  as- 
sumed to  be  revolved  Ilirough  90  degrees,  to  form  a  deep  nar- 
row rectangular  section,  the  twisting  niomor-t  was  44.500  Inch- 
pounds. 

•  •     • 

A  consular  report  states  that  tungsten  ori's  liave  bocii  ex 
ported  from  China  to  a  consldorablo  extent  during  roicnl 
inonlhB.  When  the  trade  in  this  ore  began,  Its  value  was  not 
realized  by  I  ho  Ht'llers,  who  sold  It  as  Iron  ore  to  the  .laiianoHe; 
lit  the  proHont  time  tlie  price  Is  stated  to  be  $32  per  huiulred 
pounds  at  Cluiiton.  Much  of  this  ore  comes  from  Interior  i)rov- 
InrcH,  nnd  In  one  caso  It  la  carried  by  men  on  the  Hhoiilders 
for  u  distance  of  sixty  miles. 
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member  of  Squadron  A,  New  York,  and  a  member  of  the 
Saturn  and  the  Country  Clubs  of  Buffalo.  He  is  survived  by 
his  mother,  brother,  and  sister. 


CLAYTON  C.  INGEESOLL 
Lieutenant  Clayton  C.  Ingersoll,  a  son  of  Winthrop  IngersoU, 
president  of  the  IngersoU  Milling  Machine  Co.,  of  Rockford, 
III.,  was  killed  in  an  airplane  accident  in  France  on  April  26. 

Lieutenant  Inger- 
soU was  twenty- 
two  years  old,  and 
his  winning  person- 
ality endeared  him 
to  a  wide  circle  of 
friends.  Educated 
at  Lake  Forest 
Academy  and  Cor- 
nell University,  he 
received  his  mili- 
t  a  r  y  training  at 
Fort  Sheridan  and 
at  the  aviation 
fields  in  Toronto, 
Canada,  and  Fort 
Worth,  Texas. 
While  he  was  sta- 
tioned at  Mineola, 
Long  Island,  before 
embarking  for 
France  last  Febru- 
ary, his  engage- 
ment  to  Miss  Mary 
Katherine  Nelson,  of  Rockford,  was  announced.  Lieutenant 
Ingersoll  is  survived  by  his  parents,  one  brother,  and  two 
sisters. 


Eben  Boye,  who  was  in  the  employ  of  Manning,  Maxwell  & 
Moore,  119  W.  40th  St.,  New  York  City,  for  many  years,  died 
suddenly,  after  undergoing  an  operation,  on  May  13.  Hef  was 
associated  with  the  company  in  Cleveland,  Chicago,  and  Cin- 
cinnati, and  for  the  last  three  or  four  years  had  been  in  the 
machinery  department  of  the  company  in  New  York  City. 


EARL  TRUMBULL  WILLIAMS 
Lieutenant  Earl  Trumbull  Williams,  of  the  301st  U.  S.  Field 
Artillery,  and  vice-president  of  J.  H.  Williams  &  Co.,  of  Brook- 
lyn, N.  Y.,  was  struck  by  a  falling  limb  from  a  tree  on  May  6, 
while  visiting  friends  in  Northampton,  Mass.,  and  died  the  next 

day.  Lieutenant 
Williams  graduated 
from  Yale  Univer- 
sity in  1910  and  en- 
tered the  business 
of  J.  H.  Williams 
&  Co.,  Brooklyn, 
N.  Y.,  manufacturer 
of  d  r  o  p-forgings. 
which  was  founded 
by  his  father  in 
1883.  When  t  h  e 
company's  plant  at 
Buffalo,  N.  Y.,  be- 
gan operation  in 
19  14.  Lieutenant 
Williams  assumed 
charge  as  vice- 
president  and  was 
in  active  control 
until  the  summer 
of  1917,  when  he  en- 
tered the  offlcers" 
training  camp  at 
Fort  Niagara.  He  received  a  commiBslon  as  First  Lieuten- 
ant In  the  30l8t  Field  Artillery  and  was  assigned  to  duty  at 
Camp  Devens,  Ayer,  Mass.     Lieutenant  Williams  was  an  ex- 


FREDERICK  REMSEN  BUTTON 
Frederick  Remsen  Hutton,  for  twenty-three  years  secretary 
of  the  American  Society  of  Mechanical  Engineers  and  presi- 
dent of  the  society  in  1906,  died  May  14,  aged  sixty-five  years. 
Professor  Hutton  was  born  in  New  York  City,  May  28,  1853. 
He  graduated  from  Columbia  College  in  1873  with  the  degree 
of  A.B.,  after  which  he  entered  the  School  of  Mines,  obtaining 
his  degree  in  1876.  A  year  later  he  was  appointed  instructor 
in  mechanical  engineering  in  the  university  as  an  associate  of 
the  late  Professor  W.  P.  Trowbridge.  Upon  the  death  of 
Professor  Trowbridge,  in  1892,  Professor  Hutton  was  made 
head  of  the  mechanical  engineering  department,  which  he  con- 
tinued to  direct  until  1907.  At  this  time  he  resigned  and  was 
elected  professor  emeritus.  For  six  years  during  his  professor- 
ship he  was  dean  of  the  Faculty  of  Applied  Science.  During 
Professor  Hutton's  association  with  the  universitj'  he  devel- 
oped the  mechanical  laboratories  until  the  equipment  at  pres- 
ent is  the  most  complete  of  any  technical  school.  Columbia 
conferred  upon  Professor  Hutton  in  18S2  the  degree  of  Ph.D., 
and  on  the  occasion  of  its  one  hundred  and  fiftieth  anniversary, 
in  1904,  the  degree  of  Sc.D. 

Professor  Hutton  became  secretary  of  the  American  Society 
of  Mechanical  Engineers  in  1883,  three  years  after  its  organiza- 
tion. He  was  appointed  a  member  of  the  Conference  and 
Building  Committee  of  the  United  Engineering  Society,  which 
planned  the  Engi- 
neering Societies' 
building  at  29  W. 
39th  St.  He  was 
also  one  of  the 
Board  of  Trustees, 
which  is  the  hold- 
ing corporation  for 
the  United  Engi- 
neering Society.  In 
1906,  Professor 
Hutton  was  unani- 
mously elected 
president  of  the 
American  Society  of 
Mechanical  Engi- 
neers. At  the  close 
of  Professor  Hut- 
ton's  administra- 
tion as  president  of 
the  society,  he  was  appointed  honorary  secretary,  as  a  token 
of  appreciation  of  his  unselfish  and  capable  work  in  the 
society's  interest — a  recognition  well  deserved.  In  addi- 
tion to  his  work  for  the  society  and  at  Columbia  University, 
Professor  Hutton  has  been  an  extensive  contributor  to  scien- 
tific literature.  His  most  important  books,  which  have  been 
widely  accepted  in  the  educational  field  in  the  United  States 
and  in  England,  are  "The  Mechanical  Engineering  of  Steam 
Power  Plants,"  "Heat  and  Heat  Engines."  and  "The  Gas  En- 
gine." He  was  the  author  of  two  of  the  most  important  mono- 
graphs of  the  census  of  1880.  one  covering  machine  tools  and 
the  other  pumps  and  pumping  engines.  He  was  one  of  the 
collaborators  in  the  preparation  of  the  Century  Dictionary, 
published  in  1910.  and  the  new  International  Encyclopedia  of 
1916.  He  has  contributed  extensively  to  the  transactions  of 
the   society   and   has   done   considerable   other   literary    work. 


CAPTAIN  RENE  FENWICK 

Captain  RenO  Fenwlck.  of  the  31st  Dragoons.  French  army, 
was  killed  at  Locre.  near  Ypres,  on  the  2Sth  of  April,  1918, 
leaving  a  widow  and  three  sons. 

Captain  Fenwick  was  the  only  son  of  Francis  Fenwick.  presi- 
dent of  the  Societe  Anonynie  des  Etablisements  Fenwick  Fr^res 
&  Cle.,  of  Paris,  a  firm  well  known  to  all  American  machine 
tool  manufacturers. 
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Brown  &  Sharpe  Plain   Grinding  Machines 

fulfill  the  various  conditions  to  be  met  with  in  handling  a  wide  variety  of  cylindrical  prinding  in  a 
way  that  instantly  appeals  to  both  the  operator  and  the  production  man.  Work  of  large  or  small 
diameter,  work  which  includes  both  large  and  small  diameters,  such  as  the  piece  shown  above, 
or  long  slender  pieces  are  all  the  same  to  the  operator  of  one  of  these  machines  as  far  as  accuracy 
and  fast  production  are  concerned.  The  wide  range,  complete  sejjaration  and  ease  and  quickness  of 
obtaining  work  speeds  and  table  feeds,  while  especially  important,  are  but  a  few  of  the  many 
features  of  these  accurate  and  rapid  machines. 

May  we  tell  you  about  them  in  detail?     Send  for  Catalog  136. 

Brown  &  Sharpe  Mfg.  Co., 


OFFICES:      New   York,    N.    Y.,    20   Vcdoy    St.;    Syracuie 
•  •..rmrnT(<.    HiiHilInK:    PItUburah,   Pa.,   afiSS    Mrnrv    W     (i 
'.■^r.-r.M)    Wii»hfiiKlori     HIv.l        CANADIAN     REPRf 
Winnipeg,   Calgary,   Vancouver,   St.    Johr 


Y.,    Ilix 

IlllMlIlTI 

E8ENTATIVE:        C 
Salkatoon. 


W.t,  IInlv<THllv  HI.mU:  Rocheater,  N.  Y.,  41^  rii:imli. 
Phll.Tdelphla,  Pa.,  110.1- lion  I,ll)i>r(y  HI(Ik  ;  Chicago, 
.Tdlan     F.Tlrhank».Mor«e     Co.,     Ltd.,     Toronto,     Mont 
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Feed  for  Diameters 
and  Quickly  Obtained 


NOTE  ■. 

r^AKE  Space.005To.007  Less 
ThanTmicknessOfWasvier' 


.Grind  Until  Gauqe 
-^_Lj  j.OlO  On  (IJrOff 


Table  Feed  Change  Levers 


The  close  limits  allowed  in  the  work  shown  above 
demand  the  accuracy  that  Brown  &  Sharpe  Equip- 
ment provides.  A  small  but  highly  important  part 
of  this  equipment  is  a  careful  selection  from  among 
the  many  varieties  of 


Brown  &  Sharpe  Precision  Tools 

B.  &  S.  Micrometers  of  a  heavy  rugged  type  for  the  grinding  machine  operators  and  B.  &  S. 
Gauges  for  the  inspectors.  We  recommend  the  use  of  micrometers  for  grinding  operators  because 
by  their  use  the  operator  not  only  can  tell  at  any  stage  of  an  operation  that  more  stock  should  be 
removed,  but  it  tells  him  how  much  more  the  diameter  of  the  piece  must  be  reduced. 

Our  Catalog  27  provides  a  reliable  guide  for  the  proper  selection  of 
precision  tools.     Send  for  your  copy  today. 

Providence,  Rhode  Island,  U.S.A. 

.ittle.    W.i»h.!   I'.ilii.'   Mn.hiiuT.v   Co.     Portland,   Ore,   I'ortl.-ind   M:ir1ilnc-.>    i  o. 


REPRESENTATIVES:  Baltimore,  Md.,  Carey  Mn 
Po.  San  Francl«co,  Cal.,  I'm-lflc  Tool  &  Supply  Co 
IVio.,   Colcord-WrlRht   Machinery   &   Supply  Co 
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C.  L.  Campbell,  formerly  with  the  C.  A.  Strelinger  Co.,  De- 
troit, Mich.,  Is  now  employed  in  the  Machinery  Sales  Depart- 
ment of  the  Cadillac  Tool  Co.,  Detroit,  Mich. 

C.  B.  Leeds,  formerly  with  the  National  Automatic  Tool  Co., 
Richmond,  Ind.,  is  now  employed  in  the  Machinery  Sales  De- 
partment of  the  Cadillac  Tool  Co.,  Detroit,  Mich. 

E.  L.  Steinle,  who  was  eastern  representative  for  the  Steinle 
Turret  Machine  Co.,  is  now  associated  with  the  Machine  Tool 
Engineering  Co.,  Inc.,  149  Broadway,  New  York  City. 

V.  P.  Signorelli.  who  was  formerly  secretary  and  assistant 
treasurer  of  the  Southwark  Foundry  &  Machine  Co.,  Philadel- 
phia, Pa.,  is  now  office  manager  and  auditor  of  the  company. 

R.  W.  Ellingham  has  resigned  his  position  with  the  Bilton 
Machine  Tool  Co.,  Bridgeport,  Conn.,  to  enter  the  employ  of 
the  Heald  Machine  Co.,  Worcester,  Mass.,  as  works  manager. 

Charles  Vickers  has  opened  an  office  at  IS  Dun  Bldg.,  110 
Pearl  St.,  Buffalo,  N.  Y.,  where  he  will  carry  on  his  business 
as   consulting   non-ferrous   metallurgist   and    foundry   adviser. 

John  G.  Zummach,  formerly  chief  of  the  Tool  Designing  De- 
partment with  the  Mitchell  Motors  Co.,  Racine,  Wis.,  is  now 
chief  engineer  and  assistant  factory  manager  with  the  Perfex 
Radiator  Co.,  Racine,  Wis. 

A.  P.  C.  Schramm,  who  has  been  chief  engineer  of  the  Klaxon 
Co.,  Newark,  N.  J.,  for  the  past  five  years,  has  opened  an  office 
as  a  consulting  engineer  at  276  Canal  St.,  New  York  City.  His 
specialty   is   electrical,   industrial,   and   efficiency   engineering. 

D.  M.  Perrill,  formerly  advertising  manager  of  the  Lodge  & 
Shipley  Machine  Tool  Co.,  Cincinnati,  Ohio,  now  has  a  similar 
position  with  the  Lyon  Metallic  Mfg.  Co.,  Aurora,  111.,  and  is 
in  charge  of  this  company's  advertising  and  sales  promotion 
work. 

Howard  J.  Walls,  son  of  T.  P.  Walls,  president  of  the  T.  P. 
Walls  Tool  &  Supply  Co.,  Inc.,  75-77  Walker  St.,  New  York  City, 
who  was  one  of  the  survivors  of  the  City  of  Athens,  which  was 
sunk  on  April  30  by  a  collision  with  a  French  cruiser  off 
Atlantic  City,  has  enlisted  in  the  Marine  Corps. 

J.  M.  Riordan,  until  recently  sales  engineer  of  the  Grant 
Lees  Gear  Co.,  Cleveland,  Ohio,  and  formerly  a  representative 
of  the  Fellows  Gear  Shaper  Co.,  of  Springfield,  Vt.,  in  the 
central  states,  is  now  connected  with  the  sales  organization  of 
the  Cleveland  Milling  Machine  Co.,  Cleveland,  Ohio. 

Wendell  P.  Norton,  works  manager  for  the  Hendey  Machine 
Co.,  Torrington,  Conn.,  and  superintendent  of  the  factory  for 
twenty-eight  years,  has  resigned  his  position,  but  has  not  yet 
announced  his  plans  for  the  future.  Mr.  Norton  is  the  in- 
ventor of  the  Norton  lathe,  manufactured  by  the  Hendey  Ma- 
chine Co. 

L.  L.  Newton,  who  has  been  for  several  years  sales  manager 
and  secretary  of  the  Luther  Grinder  Mfg.  Co.,  Milwaukee,  Wis., 
has  resigned  his  position  to  become  manager  of  the  Stegeman 
Motor  Car  Co.,  of  Milwaukee.  Frank  S.  Hyland,  for  several 
years  a  member  of  the  Luther  sales  force,  will  take  Mr.  New- 
ton's place. 

I.  G.  Stutsman  has  been  appointed  manager  of  the  Milwaukee 
offlce  of  Manning,  Maxwell  &  Moore,  Inc.,  119  W.  40th  St.,  New 
York  City.  Mr.  Stutsman  was  for  several  years  superintend- 
ent of  the  frog  and  switch  shop  of  the  Chicago,  Milwaukee, 
and  St.  Paul  Railroad  at  Tomah,  Wis.,  and  was  more  recently 
master  mechanic  for  the  Four  Lakes  Ordnance  Co.,  Madison, 
Wis. 

E.  C.  Peck,  who  has  been  In  charge  of  the  Cleveland  Twist 
Drill  Co.,  Cleveland,  Ohio,  for  the  past  eighteen  years  as  gen- 
eral superintendent,  has  been  made  Lieutenant-Colonel  In  the 
National  Army,  and  Is  now  chief  of  the  Gage  Section  of  the 
Engineering  Bureau  In  the  Ordnance  Department,  with  liead- 
fiuarlerfl  at  451  I'ennHylvanIa  Ave.,  Washington,  D.  C.  The 
Cleveland  Twist  Drill  Co.  has  released  Mr.  Peck  to  the  Govern- 
ment, for  patrlotlf  reasons,  for  the  period  of  the  war. 

Howard  Coonley,  president  of  the  Walworth  Mfg.  Co.,  Bos- 
ton, Mass.,  was  selected  by  t!liarlc8  M.  Schwab  to  bo  a  vice- 
president  of  the  KiniTgency  F'loet  Corporation  and  bead  of 
the  Administration  Department.  Mr.  Coonley  Is  a  grnduatc  of 
Harvard  llnlverHlty.  In  1914,  ho  accepted  the  presidency  of 
the  Walworth  Mfg.  Co.,  and  In  August,  1917,  he  reorganized 
the  company  and  purfhasi-d  the  plant  of  the  National  Tube 
Co.  at  Kewanee,  111.,  inuiniructurcr  of  nttlngs,  valves,  and  tools 
for  water,  Htcam,  and  gas  work.  Sovi^nly-dve  heads  of  depart- 
mentH  at  Iho  Boston  wtirks  entertained  him  at  an  Informal 
luncheon  and  presented  lilni  with  a  sliver  desk  set  mh  an 
expression  of  their  respect  and  affoction. 

Charles  A.  CofTln,  chnlrmnn  of  the  board  of  directors  of  tlio 
Oenoral  Electric  f^o,,  Hrlietiivlndy,  N.  Y.,  ntid  head  tif  tlM- 
Franco  American  CInnrIng  House  In  Now  York,  has  biM-n  i)ri- 


sented  with  the  cross  of  an  officer  of  the  Legion  of  Honor  by 
the  French  Government.  The  presentation  was  made  by  the 
ex-assistant  French  war  secretary,  Justin  Godart,  in  recogni- 
tion of  his  work  at  the  Franco-American  Clearing  House, 
which  is  now  under  the  direction  of  the  Red  Cross,  and  for  his 
efforts  to  develop  a  system  of  scholarship  for  Americans  in 
French  universities.  He  succeeded  Judge  Robert  S.  Lovett 
as  the  head  of  the  committee  on  cooperation  appointed  by  the 
Red  Cross  to  negotiate  with  independent  relief  organizations. 
As  head  of  the  executive  committee  of  the  War  Relief  Clearing 
House,  he  has  been  very  active  in  war  service. 


GASOLINE  VAPORS 

The  danger  of  gasoline  vapors  is  pointed  out  in  an  article 
in  Safety  Engineering.  Unless  an  ample  current  of  air  at  con- 
siderable velocity  is  passing,  gasoline  should  not  be  used  to 
clean  an  engine  or  other  machinery.  Even  if  there  is  sufficient 
air  to  sweep  away  the  vapors  as  they  are  given  off,  open  lights 
should  always  be  kept  at  a  safe  distance,  and  on  the  intake 
side,  so  that  the  vapor  cannot  be  carried  to  them.  Many  gaso- 
line engines  are  built  with  cavities  or  enclosed  spaces,  which 
may  be  full  of  gasoline  vapor;  men  using  open  lights  when 
inspecting  or  repairing  such  engines  have  been  severely  burned 
by  the  ignition  of  these  vapors.  To  guard  against  such  acci- 
dents, all  cavities  should  be  blown  out  with  compressed  air 
or  steam.  If  neither  is  available,  the  cover  should  be  removed 
and  the  vapors  fanned  out. 

Seemingly  empty  gasoline  cans  or  tanks  are  probably  more 
dangerous  than  those  filled  with  gasoline.  Usually  all  the 
gasoline  is  not  drained  off,  so  that  which  is  left  will  vaporize, 
and  as  this  vapor  mixes  with  the  air  in  the  can,  an  explosive 
mixture  may  be  formed.  When  a  can  is  being  filled,  this  mix- 
ture is  forced  out  and  may  explode  if  a  flame  or  spark  is  near 
the  opening. 

*     *     * 

CONVENTION  OF  THE  NATIONAL  ASSOCIATION 
OF  MANUFACTURERS 

The  twenty-third  annual  convention  of  the  National  Asso- 
ciation of  Manufacturers  held  at  the  Waldorf-Astoria  Hotel, 
New  York  City,  May  20-22,  was  devoted  largely  to  subjects 
connected  with  the  war.  Many  addresses  indicated  how  manu- 
facturers should  promote  the  national  war  program.  The  con- 
servation of  man  power,  labor  supply,  mechanical  reorganiza- 
tion, fuel,  transportation,  industrial  housing,  export  trade  de- 
velopments, and  many  other  subjects  of  vital  importance  were 
comprehensively  treated  with  particular  reference  to  the  man- 
ufacturers' needs.  Stephen  C.  Mason  of  the  McConway  & 
Torley  Co.,  Pittsburg,  Pa.,  was  elected  president  to  succeed 
the  late  Colonel  George  Pope.  Contrary  to  the  usual  custom, 
the  association  held  no  annual  banquet,  the  money  usually 
spent  for  this  purpose  having  been  devoted  to  Liberty  Loan 
subscriptions.  An  exhibition  devoted  to  "Conservation  of  Man 
Power"  was  arranged  in  connection  with  the  convention. 


STATEMENT  OF  THE  OWNERSHIP.  MANAGEMENT.  ETC.  RE- 
QUIRED BY  THE  ACT  OF  CONGRESS  OF  AUGUST  24,  1912 

of  MACHl.-JEitr,  i)ubli.slipd  uionthl.v  on  llio  1st  at  Ni'W  York,  N.  Y..  for 
April   1,   iai8. 

.State  of  New  York       )    .. 
Comity  of  New  York   ) 

Before  me,  a  Notary  Public  In  anil  for  the  state  and  county  aforesaid, 
personally  appeared  Matthew  J.  O'Neill,  who,  having  been  duly  sworn  ac- 
rording  to  law,  deposes  and  says  that  he  is  the  GiMioral  Manager  of 
MAOm.NEiiy  and  that  the  following  Is.  to  the  best  of  his  knowledge  and 
belief,  a  true  statement  of  the  ownership,  management,  etc..  of  the  afore- 
said publication  for  the  date  shown  In  the  above  caption,  required  by  the 
Act  of  August  24,  1912,  emlmdied  In  section  443.  Postal  Laws  and  Uegula- 
tlons.   printed  on  the  reverse  of  this  form,   to  wit: 

1.  That  the  names  and  addresses  of  tlie  publisher,  editor,  managing  editor, 
and   t»uslne.^s  managers  are; 

PulillBlier.  The  Industrial  Press  110-148  Lafayette  St.,   New  York 

Editor,   Krlk  Obcrg  "  "  

Managing  Editor,  None 

Ilusiness    J   Alexander   Lucbars,    President  "  "  

Managers  \  Matthew  J.  O'Neill,  Gen'l  Manager    "  "  

2.  That  the  owners  of  1  per  cent  or  more  of  the  total  amount  of  stock  are: 
The  Industrial  Press  140-148  Lafayette  .St.,  New  York 
Alexander  Lucliars  ••  ■' 

Matlliew  J.    O'Neill  •■  "  

I'-red  H.   Itogers  ••  "  

I-ouls  Pelleticr  '•  "  ' 

Krlk  Obcrg  "  "  

If.  L.  Ki'tclium  "  ••  

K.   Y.   I'rban  "  '•  

3.  Thiit    tliere    are    no    bonilholders,    mortgagees,    or   oilier    security    holders, 

4.  'I'luit  the  two  paragraphs  ni'Xt  at>(iv<>,  giving  the  names  of  the  owners, 
stockholders,  and  security  holders,  If  any.  contain  not  only  the  list  uf  stock- 
hoblers  and  security  holders  as  they  ap|)car  upon  tlu>  books  of  the  <M)nipany 
but   also.   In  cases  where   IIm-  stockliobicr  or   si'cinity   holder  appears  uiioli   the 

iMroks  of  the  company  as  Irust ir  in   aitv  otiicr   llduciarv   relation,    tho  name 

of   the   person  or  corporation    for   wliom    hioIi    Irustie   is  acting,    Is  given;    also 

that     (he    said    two    |>arngraphs    ilriln    slateniinlH    cmbrncing    afllant's    full 

knowledge  and  belief  as  to  the  .'Ir.'iimnlanceM  and  ciuidllloiis  under  which 
stockholders  and  security  Imidcis  who  do  not  appear  upmi  llic  books  of  tho 
I'onjimliy  as  Irusleen.  hobl  slock  atid  securities  In  a  capacity  .illor  than  that 
i>r  a  iNinn  lldn  owner;  and  tills  alllani  has  no  reason  to  believe  llml  any  other 
fiiTson.  association,  or  corpiu'allon  has  any  Interest  dire.l  i>r  liuliiecl  In  the 
said   Hlc.  k,    bonds,  or  other  securities   Ihiiu   as  so   slated   by   blln. 

MA'ITIIHW  .1.  O'NUILI,,  (leneral  Manager. 
Hmirn  to  and  subscribed  before  uio  (his  1st  day  of  April,  1U1H. 

TIIOMAH    II.    WM.LIAMH. 
(HRAL)  Notary    Public,    llroni    (lounty,    No.   III. 

{'eriiniale    I'lled    New    York   (louuly.    No.   410. 
(My  commission  expires  March  30,   1010.) 
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Cincinnati   Gauging   and 
Inspection   Methods 

Interchangeability  of  machine  parts  is  a  very  flexible  term.  Even  the  parts  of  agri- 
cultural machinery  are  interchangeable,  which  shows  that  this  word  may  mean 
much  or  little.  In  machinery  construction  it  must  be  used  in  connection  with 
stated  or  known  accuracy  limits.  The  limits  to  which  parts  of  Cincinnati  Millers 
are  made  vary  from  .001"  on  some  parts  to  .00025"  on  others,  and  in  many  cases  no 
tolerance  is  allowed.  When  such  parts  are  made  interchangeable,  the  gauging  and 
inspection  methods  must  be  rigid. 


Gauging  Unit  Mechanisms  —  Our  unit  sys- 
tem of  construction  demands  different 
gauging  methods  from  those  usually  em- 
ployed. Figure  1  shows  a  set  of  gauges 
for  testing  the  alignment  of  the  splined 
shafts  in  milling  machine  knees.  This  is 
tested  by  two  indicators,  one  reading  on  the 
top  and  the  other  on  the  side  of  a  master 
shaft,  inserted  in  the  knee.  Before  making 
the  test,  these  indicators  are  set  to  the 
master  gauges,  shown  on  top  of  case.  This 
gives  us  a  permanently  accurate  method  of 
testing,  which  shows  us  more  closely  than 
any  fixed  or  snap  gauge  can  do  whether  a 
shaft  is  parallel  and  in  its  proper  position,  or 
in  wind  and  out  of  position. 


The  Testing  Gauges  for  Our  Dividing  Head 
Tailstocks — These  tailstocks  consist  of  four 
parts,  all  of  which  slide  into  each  other  ac- 
curately. These  parts  are  manufactured  in 
lots  of  fifty.  They  are  absolutely  interchange- 
able in  the  machining  stage,  and  can  be 
pushed  together  without  any  hand  work. 
The  final  scraping,  which  merely  removes  the 
loose  iron,  serves  to  give  them  a  snug  slid- 
ing fit. 


These  are  only  two  examples  out  of  many  hundreds  which  we  use.  You  are  welcome 
to  inspect  these  things  in  our  factory  at  any  time. 

Let  us  send  you  our  catalog  showing  the  full  line  of  Millers 
made  by  these  methods. 

THE  CINCINNATI  MILLING  MACHINE  CO. 

CINCINNATI,  OHIO,  U.  S.  A. 
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COMING  EVENTS. 


The  purpose  of  the  book  is  to  consider  more  com- 
pletely the  practical  aspect  of  the  heat-treatment  of 
steel  than  has  been  done  in  many  works  in  the  past 
that  have  been  written  by  theoretical  metallurgists. 
The  work  covers  a  wide  range  of  subjects,  Includ- 
ing the  testing  of  steel;  heat  generation;  heat  ap- 
plication; forging;  structure  of  steel;  annealing; 
n^Drop   Forger/ "iorsmithfieir^sr.?  Pitt"s"    hardening;     tempering;     carburizing;    casehardening; 

carbon      steels;      nickel     steels;      chromium     steels; 

chromium  nickel  steels;  vanadium  steels;  manganese 

steels;    silicon    steels;    tungsten   steels;    molybdenum 

tool  steel  and   tools;    mis- 


June     20-22 — Fifth      annual      convention 
American      Drop     Forge     Association     held 
Iroquois  Hotel,   Buffalo.   N.   T.     E.   B.   Home,    "The 
Ame 
burg.   Pa.,    secretary 

June  25-28 — Annual  meeting  of  the  American 

for   Testing    Materials,    at    the    University    of    steels;   high-speed  steel 


Pennsylvania,  Philadelph: 

June  26-28 — Annual  meeting  of  the  American  In 
stitute  of  Electrical  Engineers,  at  Atlantic  City, 
Secretary's  address,  29  W.  39th  St..  New  York  City, 

June    27 — Monthly    meeting   of    the    Rochester   So 
ciety    of    Technical    Draftsmen,    in    Rooms    131-137, 
Sibley   Block.   328   Main   St..    E.,    Rochester, 
0.    L.    Angevine,    Jr.,    secretary,    857    Genesee    St, 
Rochester. 


October  7-12 — Joint  convention  of  the  American 
Foundrymen's  Association  and  the  American  Insti- 
tute of  Metals  in  Milwaukee,  Wis.  Concurrent  with 
these  meetings  there  will  be  an  exhibition  of  foun- 
dry equipment,  machine  tools,   a 


SOCIETIES,   SCHOOLS  AND 
COLLEGES 


Clarkson   College   of   Technology,    Potsdam,    ,"     "' 

Catalogue  for  1918.   containing  calendar  and  courses  Balanced 

of  study.  descript 

Northwestern  University,   Northwestern  University  ferent    types,    especial    attention    bein; 


cellaneous    heat- treatments;    pyrometers;    and 
cal    range   determinations.      The    book    may    well    be 
recommended    to    anyone    who    wants    to    study    the 
heat-treatment  of  various  kinds  of  steels,  both  from 
a   theoretical  and  a   practical  point   of  view,   but   it 
might  be  mentioned  that  the  work  is  by  no  means  a 
y'     primer  on  the  subject,  and  that  the  theoretical  side 
has  been  given  quite  extended  consideration,  so  that 
the  practical  man  should  not  attempt   to  study   the 
work  except  with  this  idea  in  view. 
Modern    Locomotive    Valves    and    Valve    Gears.      By 
Charles    L.    McShane.      340    pages,    4%    by    TV^ 
inches;    113    illustrations.      Published    bv    Griffin 
&  Winters.   New  York  Life  Bldg.,   Chicago,   HI. 
Price,    $2.50. 
This  book  covers  the  subject  of  valves  and  valve 
gears  now  in  general  use   and   contains   much   new. 
up-to-date,    practical    matter.      The    movements    of 
the  various  types  of  valves  and  valve  gears  are  ex- 
plained   so   as    to   be    as    readily    understood    by    the 
by    the    experienced    mechanic.      For 
Qsiderable  space  is  devoted   to  defini- 
tions   and     elementary    or     fundamental     principles, 
lives   are   then   discussed,    there   being   a 
first  of   the    valve  and   then  of   the   dif- 
paid    to    the 


Bldg..  Chicago.   111.     Catalogue  1917-1918,  containing  more    recent    designs.      Piston    valves    are    discussed 

calendar  for  1918-1919,   courses  of  study,   and  other  in   the  same  manner,   the  advantages  and   disadvan- 

information  relating  to  the  university.  tages    of    the    various    types    being    shown.      In    the 

Hebrew  Technical  Institute,  Stuyvesant  and  Ninth  chapters     dealing     with     valve     gears,     considerable 

Sts..   New  York   City.     Catalogue  for  1918,   contain-  space  is  given  to  the  Walschaert  gea 


which  is  so 
tudy,   and  other  informa-    extensively    used    at    the    present    time.      After    the 
principles  and   construction   have   been  carefully  de- 
scribed,  methods  of  handling   the  engine  in  case  of 
accidents   to   the   gear  are   given.      Then   follow   de- 
scriptions of   the   Kingan-Ripkin   valve   gear  device, 
designed   to   overcome    the   slow   action   of   the   com- 
able    lead    at- 
tachments.    The   closing   chapters  of  the   book   deal 
with   the   Baker.   Southern,   and   Young   valve   gears, 
well-prepared    index    with    cross-references    adds 


ing    calendar,    courses   of 

tion  relative  to  the  work  of  the  institute. 

Massachusetts  Institute  of  Technology.  Cambridge. 
Mass.  Catalogue  for  1917-1918  containing  a  state- 
ment of   the   requirements   for  admission,    description 

of  the  courses  of  instruction    and  other  general   in-    MnTtion   lever.' TnTof'the'Dav 
formation    about    the    institute    and    its    educational 
activities. 

T.  M.  C.  A.  National  War  Work  Council,  347  Mad- 
ison Ave.,  New  York  City.     Pamphlet  entitled  "The    to   the  value  of   the   book   by  making  it   possible   to 
Association's  Obligation   in  View  of  Industrial  Con-    find  any  item  without  loss  of  ti 


ditions    Created    by    the    War,"    comprising    the 
port  of  a  conference  held  under  the  auspices  of 
Committee  on   Work   in  War   Industries  of   the   N: 
tional  War  Work  Council. 


War  Time.  Two  volumes; 
.,  .".  by  8  inches;  81  illustrations; 
Published  by  A.   W.   Shaw  Co.,   Chi- 


NEW  BOOKS  AND  PAMPHLETS 


Managing  a 
402    pag 
0   tables, 
eago.  111 
These   timely   volumes  are  divided  into  two  parts 
each.       Part     I    describes    England's    war-time    ex- 
periences,   each    chapter    being    written    by    a    man 
prominent  in  the  British  industrial  world,  who  tells 
how   he   solved   the  problems  he   met.     Part  II   was 
prepared    by    the    editorial    staff    of    "System'*    and 
a  1916.    By  G.  F.  Loughlin.    29  pages,  6  by  9    gives    hints    from    the    experience    war    work    gave 
hcs.      Published    by^the    Department    of    the    England.     Part  III.   which  was  obtained   from  vari- 
'^     "  ous   sources,    describes   methods   by   which   American 

business    may    meet    war-time    conditions.      Part    IV 
deals  with  some  problems  that  will  have  to  be  met 
e   war,    as   seen   l)y   men   who   have   made   a 
stTidy    of    American    industries.      The    books 
are  full  of  methods  by  which  all  kinds  of  war-time 
problems  may   be  solved;   but   no  sales   methods  are 
given,    the   editors   feeling   that    this   subject   should 
be  avoided  entirely.     The  titles  of  the  various  chap- 
ters  are:     Adjusting    a    Business    to   Wartime    Con- 
ditions:   What    American    Business    Men    can    Learn 
from     British     Experience;     War-time     Management 
that  have  Won  Success;   How  America   can 


Lime 

in 

Interior.    Washington,    D. 
A  Study  of  the  Heat  Transmission  of  Building  K&- 

Urials.      By    A.    C.    Willard   and   L.    C.    Lichty, 

CO  pages,  t;  by  9  inches;  Illustrated.     Published    !itte; 

by    the    Engineering    Experiment   Station   of   the 

ColTersity  of   Illinois,   Urbana.   111.,   as  Bulletin 

No,  102. 
Military    Slide-rule.       By    J.    J.    Clark.      16    pages, 

6    by   9    inches;    3    lIluBtratlons.      Published    by 

G.  W.  Richardson,  4210  W.  24th  Place,  Chicago, 

III.     Price,  2.5  cents. 
This  book  describes  the  operation  of  the  military    ij""'    ," 
i„.  i„  .i„i    Methods 


slide-rule  for  the  solution  of  triangles  in  computing  i'!""V  "^Tr  "  .i         i>     i  ^     ji.-  n         i.     i     j 
the  r-intre  if  th(    t'lrtrrf                                            t-        t,  ^fgpt   War-time    Business   Conditions:    How    England 
.,        -     „    J        I'Tti^i-  lg  Meeting  the  Labor  Problem;  The  Problem  of  Man- 
Aircraft  Mechanics  Handbook.     By  Fred  H.   Colvln.  power  In  War  Time;  Running  n  Store  in  War  Time; 
402    pages,    r.    by    7'/,    Inches;    192    Illustrations.  How  England  Met  Six  Important  War-time  Business 
Published    by    McOrawHIU    Book   Co.,    Inc.,   230  Problems;    Hints    on    Handling    War-time    Business; 
W.    39th   St.,    New   York   City.      Price,   JS,    net.  The  Biggest  War-lime  Tasks  Facing  American  Busl- 
Thls    lK»k    Is   designed    to    aid    the    thousands    of  ness  Men;   Some  Lessons  the  War  Taught  England; 
mechanics    who   arc   Deeded    to   Inspect,    adjust,    and  What     can     the     Business     Man     Learn     from     the 
repair  the  large  air  Hcct  being  prepared  In  this  coun-  goldler?;  Pointers  fJalned   Manufacturing  Munitions; 
try.     The   first  six  chapters  are  devoted   to   various  How   Working    Hours    Affect   Output;    A    Managerial 
phases    of    airplane    construction,    after    which    the  By-product  from   Munition   Work;   Training   the   Boy 
various  typ«-s  of  engines  arc  described;   the  common  worker;  The  Six  Most  Important  Factors  In  Meeting 
troubles    likely    to    arise    are    dealt    with    and    their  Wnr-llme    Conditions;    Food    and    the    War    Worker; 
remedies   ore   given.      Then    follow   chapters   on    the  women   and   War  Work;    How   will   the   War  Affect 
trslnlng  machines,   Instrumeots  required,    the   Lewis  Business?;    The    Probable    Effect    of    Ihe    War    upon 
rnnchlne  gun,  and  British  training  methods.     In  the  Prices;   How   to  Get  the  Most   from   the   Farm;   The 
la.t    two   chapters   are   given    tables,    diagrams,    and  Twenty    Men    Behind    the    Lines;    Motor    Trucks;    A 
terms  used  In  aeronautics.  Wnr-tlme  Ally;  A  Short-cut  In  Financing;  Our  Flag; 
Principles  of  MechaoUm,     By  Waller  H.  James  and  Its  Laws  and  Customs;  How  to  Sell   to  (he  Oovern- 
M.  C.  Mackenzie.     242  pages.  .',%  by  7'/i  Inches;  mcnt;  More  Produillon  with   Fewer  Men;    Financing 
'Ml    llluMlrallons.      Published    by   John    Wiley    tc  During    the   War;    War-time    Buying    I'r..l.l.  iiih;    Mu- 
Hon«.    Inc..    432    Fourth    Ave.,    New    York    City,  nitlons    You    can    Make    wllh     llie    i;.|nl|>nii  iil     You 
Price,  »l.60.  .  Have;    Where    will    European    (!onip<IIII..M    Find    lis 
This    Njok,    which    Is    one    of    the    Wiley    technlcnl  Weakest?;     What     Chance     has     America     after     the 
series,  has  been  written  especially  for  use  In  evening  War?;  South   Amerlcsn  Trade   Knocks  at    the   Door 


Malm  Engineering  Co.,  Philadelphia,  Pa.  Circu- 
lars descri|)tive  of  rubber  punching  machines  and 
gasket   trimming  machines. 

Buffalo  Forge  Co.,  Buffalo,  N.  Y.  Catalogue  100, 
descriptive  of  portable  forges  for  toolmakers,  ma- 
chinists,  boilermakers,   blacksmiths,   etc. 

Electrolytic  Oxy-Hydrogen  Laboratories,  15  Will- 
iam St.,  New  York  Cit.v.  Bulletin  G.  descriptive  of 
the  Levin  ox.vgcn  :iinl  lijdr<igen  generator. 

Warner  Elevator  Mfg.  Co.,  Cincinnati,  Ohio.  Bul- 
letins 2850,  3100,  and  3200,  describing  geared  auto- 
mobile  elevators   and   traction   elevators   for   freight 

Hoss  Heater  &  Mfg.  Co.,  304  Mutual  Life  Bldg., 
Buffalo,  N.  Y.  Circular  of  Ross  crosshead-guided 
expansion  joints,  multi-head  water  heaters,  and  sur- 
face condensers. 

Terkelsen  &  Wennberg.  326  A  St.,  Boston,  Mass. 
Circulars  of  the  T.  &  W.  semi-automatic  machine 
presses  for  composition  molding  and  T.  &  W.  tire 
wrapping  machine. 

Boston  Gear  Works,  Norfolk  Downs,  Quincy,  Mass. 
Catalogue  F-8  of  spur  gears,  miter  gears,  worm- 
gears,  spiral  gears,  sprockets  and  chains,  universal 
joints,  and  ball  bearings. 

Fond-Robinson  Metal  Saw  Co.,  Ltd.,  1204  Howard 
St..  San  Francisco.  Cal.  Circular  outlining  the  note- 
worthy features  of  Robinson's  high-speed  metal  saw 
for  cutting  hard  metals. 

Griscom-Eussell  Co.,  90  West  St.,  New  York  City. 
Bulletin  901,  illustrating  and  describing  the  con- 
struction of  the  "Multiwhirl"  cooler  for  cooling  lu- 
bricating and  queiiciiing  oils. 

D.  A.  Hinman  Sc  Co.,  Sandwich,  111.  Leaflet  de- 
scriptive of  bar  Ijenders  and  Sandwich  pumping  out- 
fits which  have  been  built  with  especial  reference 
to  the  needs  of  the  contractor  and  builder. 

Gisholt  Machine  Co.,  Madison,  Wis.  Circular  illus- 
trating and  describing  Gisholt  16-inch  simplified 
lathe  for  manufacturing  operations,  and  Gisholt  25- 
inch  special  boring  lathe,  showing  application  for 
6-inch   shells. 

Gisholt  Machine  Co.,  Madison.  Wis.  Circular  en- 
titled "Hclii  Win  the  War  by  Keeping  up  Produc- 
tion." illustrating  the  Gisholt  universal  tool  grinder, 
and  listing  the  savings  which  can  be  effected 
through  its  use. 

A.  M.  Byers  Co.,  Pittsburg,  Pa.  Circular  of 
Byers  wrought-iron  pipe,  showing  a  photomicrograph 
of  the  pipe  magnified  sixty  diameters,  which  indi- 
cates how  the  slag  contained  in  the  iron  prevents 
the  pipe  from  rusting. 

Foster  Machine  Co..  Elkhart,  Ind.  Polder  of  the 
H.  &  M.  thread  miller,  manufactured  under  the 
Holden-Morgan  patents,  illustrating  and  briefly  de- 
scribing the  machine  and  showing  the  classes  of 
work  for  which  it  is  adapted. 

Baldwin  Locomotive  Works,  Philadelphia,  Pa. 
Record  No.  90,  containing  an  article  entitled  "The 
Problem  of  Motive  Power  under  the  National  Ad- 
ministration of  Railroads."  by  Alba  B.  Johnson, 
president  of  the  Baldwin  Locomotive  Works. 

Ulrich  Planfiling  Equipment  Co..  Jamestown,  N.  Y. 
Circular  of  the  Ulrich  index  clip  for  rolled  drawings, 
"Planflle"  for  large  sheets  of  cloth  or  tissue,  "Plan- 
file"  drawer  units  for  small  sized  drawings,  and 
steel  shelving   for  filing  field  and  note  books. 

Armstrong  Cork  &  Insulation  Co.,  Pittsburg,  Pa. 
Pamphlet  entitled  "Satisfaction  or — ."  treating  of 
the  subject  of  industrial  drinking  water  systems  and 
the  application  of  "Noni)areil"  cork  covering  for  in- 
sulating pipe  lines  of  drinking  water  systems. 

Cutler-Hammer  Mfg.  Co..  Milwaukee,  Wis.  Leaf- 
let 250,  Illustrating  and  describing  a  light-weight, 
substantially  built,  hand  magnet  for  the  use  of 
smelters  and  refiners,  metal  dealers,  iron  and  brass 
foundries,   machinists,  and  others  in  allied  lines. 

Western  Machine  Tool  Works,  Holland,  Mich. 
(Hill,  Clarke  &  Co.,  Inc.,  156  Oliver  St.,  Boston, 
Mass.,  agents).  Catalogue  9,  illustrating  and  de- 
scribing in  detail  three  lines  of  radial  drilling  ma- 
chines In   sizes   from   three   to  eight   feet.   Inclusive. 

Link-Belt  Co.,  Chicago,  111.  Book  312.  entitled 
"LInk-Helt  Silent  Chain— the  Efflclent  Drive  for 
Machine  Tools,"  describing  the  construction  of  Link- 
Belt  silent  chain  and  showing  Installations  on  vari- 
ous types  of  machine  tools  in  a  number  of  factories. 

Evortlte  Nut  Corporation,  Detroit,  Mich.  Booklet 
describing  the  "Sta-lok"  nut.  a  lock-nut  which  la 
80  designed  that  It  will  lock  onto  the  bolt  more 
tightly  the  greater  the  strain  placed  upon  It  to  un- 
screw It,  unless  a  small  nail  Is  put  into  a  keyhole 
Iircivldcd   for  the  purpose,    to  iirevent  a   locking  ball 
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nfhvAn 

schools,  etc.,  where  It  la  desired  to 
Ject  thoroughly  without  going  Into  s 
msllcsl  treatment.  Typical  proble 
throughout   the  text,  and  ol   Ihe  end 
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Electric  Controller  &  Mfg.  Co.,  Cleveland,  Ohio. 
Itullelln  11143.  containing  description  and  price  list 
of  Baehr  Ilexlble  couplings,  which  nre  particularly 
suitable  for  use  between  a  motor  and  the  driven 
iun<'hlnery,  especially  where  the  vibration  of  the 
luachlllery  would  have  a  dnmaglng  effect  upon  the 
motor   Insulallon. 

Walcott  Lathe  Co.,  Jncksnn.  Mich.  Circular  of 
Wiilcc.lt  engine  lathes,  with  (lulckchange  gear-box, 
1 1. 1..  «lep  cone,  and  doiibli'  back-gears.  In  14-,  Id-, 
I     .     20-,     2(1,     and     2«-lncb     sises;     Walcott     tool- 

lathes;   and    Improved    taper  nttnchmenl.     The 

lathes  are  made  with  either  English 
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Btasl     and     Its     Haat-trestmsnt.      By     Denlann 

Bnllena.  4K1    page.,    n   by   0   Inchea;    2W,   III 

lrr.ll.. 11.  f.l.ll.bcd  by  John  Wiley  A  H/jna,   Inc., 

r      ;  '    ■    .   New  York  Clly.     iTIce.  M. 

Tl-  1    edition   of   the  author's   work, 

whl'  ■     ighly  revised  and  broadened  to 

iDclii   ■  :  .fonnallon  of  ■  prartlral  nalure. 


L«wls  M.  Ellison,  214  W.  Klnsle  HI.,  (3hlcngo,  III, 
Clrriilnr  describing  and  giving  price  llsta  of  Klllsan 
draft   gages, 

Amarloan  Pneumatio  Chuok  Co.,  Chlcngn,  III.  Cir- 
cular llliistraling  nn.l  deacribing  American  nlr- 
oiK-raled    chucks. 

National  X-Bay  Rallsator  Co.,  ChlcnRo,  III.  Clr- 
cnlnrs  llluatrnllng  "X-ray"  refleclora  and  olher 
lighting  devices. 


\V:.l...lt  engine 

..r  inelrlc  lend-s.rews. 

Wotmorft  Moohanloal  Laboratory  Co.,  Milwaukee, 
Wis.  Leallet  enlllled  "Weluuire  Culling  Tools  for 
Shell  Mnnufnelure."  Illualraling  and  describing  s|ie- 
clnl  hand  slslng  tapa,  of  bolh  the  h.iII.I  an. I  expaiul- 
Ing  typea,  for  II.  H.  and  IlrllUli  shells;  expanding 
reniners  for  nnlah-slslng  fuse  b.des  of  shells;  and 
special   lathe  and   boring   tools. 

Ponnaylvania  Engineering  Works,  Newcnslle,  Pa. 
Calnlogiie  corilalning  n  serl.'s  of  views  Iiil.'Uili'd  to 
convey  In  na  brief  a   way  as  posHlble  the  class  nnd 
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scope  of  work  In  which  this  company  specializes. 
Among  the  products  illustrated  are  blast  furnaces, 
hot  metal  mixers,  converters,  open-hearth  furnaces, 
hot  metal  cars,    and   steel  ladles. 

Lewis-Shepard  Co.,  48  Binford  St..  Boston,  Mass. 
Catalogue  of  the  "Jicklift  Master  Truck,"  contain- 
ing views  of  installations  of  this  elevating  truck  in 
various  factories,  and  specifications  and  dimensions 
of  the  different  types.  The  catalogue  is  made  the 
same  size  as  a  letter  file  folder  and  is  provided 
with  an  index  tab  for  convenience  in  filing. 

Hydraulic  Press  Mfg.  Co.,  84  Lincoln  Ave.,  Mount 
Gilead,  Ohio.  Catalogue  43,  illustrating  and  de- 
scribing the  H-P-M  line  of  hydraulic  valves  and  fit- 
tings. H-P-M  hydraulic  valves  are  divided  into  four 
classes,  namely,  operating,  check,  knock-out  and 
safety.  In  addition  to  the  standard  line,  a  number 
of  valves  designed  for  special  purposes  are  illus- 
trated. 

Benjamin  Roman,  solicitor  of  patents,  290  Broad- 
way. New  York  City.  Reference  chart  for  machine 
designers,  containing  decimal  equivalents  of  frac- 
tions of  an  Inch,  data  relating  to  strength  of  ma- 
terials, dimensions  of  standard  machine  screws, 
decimal  equivalents  of  twist  drill  and  steel  wire 
gage,  and  formula  for  the  solution  of  right-angled 
triangles. 

Henry  &  Wright  Mfg.  Co..  760  Windsor  St.,  Hart- 
ford. Conn.  Catalogue  of  Henry  &  Wright  drilling 
machines,  Illustrating  and  giving  specifications  for 
the  various  classes,  which  range  from  single-spindle 
machines  to  those  having  eight  spindles.  The  cata- 
logue also  includes  a  chart  of  speeds  and  feeds  for 
drilling,  using  both  carbon  steel  and  high-speed 
steel  drills. 

Fnlflo  Pump  Co.,  126  Opera  Place.  Cincinnati. 
Ohio.  Booklet  entitled  "Scientific  Lubrication  of 
Cutting  Tools."  treating  of  the  history  of  cutting 
tool  lubrication,  purpose  of  lubricating  a  cutting 
tool,  volume  of  coolant  necessary,  water  solutions 
as  coolants,  application  of  coolants,  etc.  It  is 
claimed  that  the  construction  of  the  "Fulflo"  lubri- 
cant pump  is  such  that  no  clogging  can  occur  and 
the  pump  cannot  lose  its  prime. 

Earle  Gear  &  Machine  Co.,  4705  Stenton  Ave., 
Philadelphia,  Pa.  Circular  entitled  "Economy  in 
Cold-sawing,  *  *  describing  the  *  'Lea  Simples"  cold 
metal  saw.  A  summary  of  the  features  of  design 
of  this  machine  is  given,  and  the  four  sizes  of  both 
belt-  and  motor-driven  types  are  illustrated,  com- 
plete specifications  of  each  size  also  being  given. 
Illustrations  are  included  showing  this  tool  in  actual 
service  on  a  wide  variety  of  work,  as  well  as  views 
showing   the   machine  adapted   for  multiple   cutting, 

roster  Machine  Co.,  Elkhart,  Ind.  Descriptive 
catalogue  of  turret  lathes,  devoted  primarily  to  a 
study  of  increased  production  on  the  modern  turret 
lathe.  Illustrations  and  specifications  of  the  Foster 
1-B  turret  lathe  are  given,  and,  in  addition,  a  num- 
ber of  examples  of  correct  tooling  for  diCCerent 
classes  of  work  are  given,  indicating  the  possibil- 
ities of  the  machine  for  rapid  and  accurate  produc- 
tion. The  tooling  lay-outs  are  shown  in  line  engrav- 
ings, and  halftone  illustrations  show  the  work  to 
be  produced. 

B.  E.  LeBlond  Machine  Tool  Co.,  Cincinnati,  Ohio. 
Catalogue  of  LeBIond  lathes,  including  screw-cutting 
engine  lathes,  nuick-change  engine  lathes,  rapid- 
production  lathes,  automobile  manufacturers*  lathes, 
heavy-duty  turret  lathes,  plain  chucking  lathes,  gap 
lathes,  motor-driven  lathes,  crankshaft  lathes,  and 
lathes  for  special  purposes.  The  catalogue  contains 
a  complete  description  of  the  various  parts  and 
tables  of  sperlflcations  giving  the  dimensions,  ca- 
pacities, feeds,  speeds,  etc.,  of  the  different  sizes 
and   types  of  lathes. 

Heady  Tool  Co.,  650  Railroad  Ave.,  Bridgeport, 
Conn.  Qnlf-k-reference  catalogue  16,  Illustrating 
and  describing  this  company's  chrome-nickel  lathe 
tools  with  tool-steel  bearings;  shaper  and  planer 
tools:  tool-holder  for  bench  and  watch  lathes; 
boring-tool  holders;  boring-bars  and  Internal  thread- 
ing tools;  cutting-off  tools;  threading  tools;  side 
tooU;  vise  hold-downs;  lathe  and  milling  machine 
dogs;  high-speed  steel  cutters,  etc.  A  price  list  of 
extra  cutters  Is  aluo  given.  The  catalogue,  which 
Is  of  the  vest-pocket  size,  will  t)e  sent  free  upon 
request. 

Titanium  Bronze  Co.,  Inc.,  Nlngara  Falls.  N.  T. 
Catalogue  treating  of  high  conductivity  copper  cast- 
ings, which  are  said  to  contain  only  three-tenths  of 
1  \>or  cent  of  Impurities,  guaranteeing  a  minimum 
electrical  »ondncilvlty  of  75  per  '-enl.  wlil.h  runs 
on  high  an  m  per  cent.  Photomicrographs  are  re- 
prwliiced  showing  the  relative  amounts  of  Impurities 
contained  In  ele.trolytlc  copper  and  tltanlum-trnnted 
ropi>er.  and  the  eflfect  upon  their  conductivity.  The 
cfltoK;gue  a]nft  Includefl  a  table  showing  the  ofTect 
of  admixture  of  copper  with  Mpeelfic  quantities  ot 
vnriouH  MubMtnnrefl. 

RlTOtt  Lathe  &  Grinder  Co.,  Brighton  District, 
B«ititon.  Mnds.  Cntnlogue  llluMtrntlng  and  describing 
In  detail  th"  Improved  Klvctt  thrend-cuttlng  tool,  nn 
nttnr-hmcnt  for  mounting  on  the  toolpost  block  of 
the  tilldercdt  of  any  standard  engine  lathe.  This 
tM>l  In  adapted  for  einunic  threadw  of  kU  pitch  and 
finer  of  any  form  exreptlng  (he  wpinre  thread.  The 
action  of  the  cutter  \n  dearly  Illustrated  by  the 
reprwluetlon  of  vlewn  Mhowing  the  development  of  n 
V-fhrend.  The  /-ntftlogiie  In  Illnstrnted  with  ntimer- 
ouii  halftone  engravlngn  which  nhow  the  ronslnictlon 
of  tho  tw.l  very  rlenrly, 

F«iu-^.-  r.„r,r  ut,»..«r  Co.,  Hpringfield.  Vt.  Catn- 
I"'  on    the    Hcilnn    of   Involute 

L"  been   trented   In  n   nlmple 

**  *   the  upie  of  hlffher  ma(hf!> 

III.*;.  -,   -.    .~  ■  .   ii>  iindefpito^id  by  th«  nvernKo 

mhup  iiiiiii.  iJie  -hnpu-r  hendH  are:  Involute  Kpur 
Onnring  and  Its  Applknllon;  The  Inroluto  Curve  and 
Uow  It  In  Applied  to  Oenr  Teeth;  Definition*  of 
Oonr  Terinn  and  Tw»th  Tarts;  Oeor  Tooth  Kypitemn 
nnd  Adrnnlngeii  of  Involute  Oenrx;  Oenerating  In- 
volute   Hear    Teeth    nnd     Interference     In     Involute 


Gears;  The  Gear  Shaper  Cutter  as  an  Example  of 
Correct  Involute  Action;  Methods  of  Drawing  Invo- 
lute Tooth  Curves;  Tables  of  Gear  Tooth  Parts. 
This  is  the  third  edition,  revised  and  enlarged,  of 
this  catalogue. 

Ludlum  Steel  Co.,  Watervliet,  N.  T.  Catalogue 
of  tool  steel,  155  pages,  4%  by  6%  inches,  com- 
prising a  treatise  on  the  manufacture  of  steel  and 
the  use  of  various  alloy  elements.  The  book  was 
compiled  and  written  with  the  thought  in  mind  that 
it  is  necessary  for  the  user  of  tool  steel  and  automo- 
bile steels  to  have  a  thorough  understanding  as  to 
the  uses  of  the  various  alloys  used  in  the  manufac- 
ture of  steel,  and  the  information  given  is  the  re- 
sult of  the  company's  extensive  experience  in  the 
alloying  of  steels  and  comprises,  in  addition,  a 
compilation  of  all  the  published  information  on  the 
subject.  An  endeavor  has  been  made  to  eliminate 
as  far  as  possible  the  technical  terms  and  explain 
the  phenomena  occurring  In  iron  and  steel  in  terms 
that  the  machinist  will  readily  understand.  The 
book  deals  with  the  effects  of  the  alloys,  charge  of 
properties,  grain  size,  structure  of  steel,  etc.  A 
copy  will  be  sent  free  upon  request. 


TRADE  NOTES 


Schoder  &  Lombard  Stamp  &  Die  Co.,  Inc.,  is  now 
located  in  its  new  factory  at  202-204  Center  St., 
New  York  City. 

Machine  Tool  Engineering  Co.,  manufacturer  of 
railway  and  machine  shop  tools  and  equipment,  149 
Broadway,    New   York    City,    has   been   incorporated. 

K.  &  Z.  Automatic  Screw  Co.,  Defiance,  Ohio,  has 
opened  a  plant  for  the  manufacture  of  screw  ma- 
chine products  and  is  now  in  a  position  to  under- 
take contract  work. 

Cincinnati  Pulley  Machinery  Co.,  Cincinnati,  Ohio, 
manufacturer  of  pulley  lathes,  is  building  a  large 
addition  to  its  shop,  which  will  increase  the  present 
capacity  to  a  considerable  extent. 

Wetmore  Mechanical  Laboratory  Co.,  Milwaukee, 
Wis.,  manufacturer  of  special  small  tools,  has 
removed  its  Canadian  branch  office  from  Toronto  to 
the   New   Birks  Bldg..   Montreal,   Canada. 

Wadell  &  Bowen  Co.,  Inc.,  109  Tichenor  St.,  New- 
ark. N.  J.,  is  now  being  conducted  under  the  firm 
name  of  G.  F.  Bowen  Machine  Co.,  George  F.  Bowen 
having  acquired  the  interest  of  his  co-partners  In 
the    business.  — 

Bound  Brook  Oil-less  Bearing  Co.,  Bound  Brook. 
N.  J.,  has  removed  its  western  office  from  308  Moffat 
Bldg.,  Detroit,  Mich.,  to  Room  1723,  Ford  Bldg., 
Detroit.  The  office  is  in  charge  of  Harry  J.  Lindsley, 
western   sales  manager. 

Defiance  Screw  Machine  Products  Co.,  Defiance. 
Ohio,  has  made  plans  for  the  erection  of  a  three- 
story  brick  building  which  will  be  used  as  an  office 
building,  and  also  for  a  large  two-story  addition 
to   the  present   factory. 

Western  Tool  &  Mfg,  Co.,  Springfield,  Ohio,  has 
completed  the  erection  of  a  one-story  addition  to 
its  plant  which  will  enable  the  company  to  take 
care  of  the  increased  demands  for  its  vises,  tools, 
haeksawing  machines,  and  metal  ftirniture. 

Federal  Machinery  Sales  Co.,  12  N.  Jefferson  St., 
Chicago,  111.,  has  opened  a  branch  office  at  Room 
1320,  Majestic  Bldg..  Milwaukee,  Wis.,  under  the 
supervision  of  H.  L.  Cole,  who  was  for  several  years 
the  Milwaukee  manager  for  Manning,  Maxwell  & 
Moore,   Inc. 

Bigga-Watterson  Co.,  1235  W.  9th  St..  Cleveland. 
Ohio,  has  opened  a  store  and  office  at  38  S.  Jefferson 
Ave.,  Dayton,  Ohio,  where  a  line  of  machine  tools 
and  supplies  is  carried  for  the  convenience  of  cus- 
tomers in  the  southern  part  of  Ohio.  The  store  is 
in  charge  of  M.  A.   Wertman. 

Jas.  Clark,  Jr.,  Electric  Co.,  Inc.,  Louisville,  Ky., 
manufacturer  of  "Willey"  electrically  driven  tools, 
li:is  removed  its  Chicago  office  from  31  N.  Jefferson 
St.  to  2.1-27  S.  Jefferson  St.,  here  much  larger 
quarters  have  been  obtained.  Oscar  P.  Wodack  Is 
district  manager. 

A.  Gulowsen  A.S.,  of  Chrlstlania,  Norway,  manu- 
facturer of  the  "Grel"  heavy  oil  engine,  has  Incor- 
porated the  Gulowsen  Grel  Engine  Co.  at  Seattle. 
Wash.,  and  Is  erecting  a  large  and  modern  factory 
where  these  engines  will  be  manufactured  for  sup- 
plying the  American  trade. 

AmoHoan  Graphite  Co,,  a  subsidiary  of  the  Joseph 
Dixon  Crucible  Co.,  Jersey  City,  N.  J.,  at  Its  last 
annual  meeting  of  stockholders,  elected  the  follow- 
ing olHcerB:  George  T.  Smith,  president;  George  R. 
Ijotik,  vlce-prcHldent;  J.  H.  Schermcrhom.  treasurer; 
and  Harry  Dalley,  secretary. 

Spraguo  Electric  Works  of  General  Electric  Co., 
r.27-.'i81  W.  3-lth  St.,  New  York  City,  announce  the 
removal  of  their  Boston  office  from  201  Devonshire 
St.  to  84  State  St..  Ito.mi  006.  The  St.  Louis  office 
of  the  company  hriM  been  removed  from  the  (^liemleal 
BIdK.    to   the   Pierre   Blilg.,    Room   1352. 

Abom  Steel  Co..  Inc.,  20  Clarke  St.,  New  York 
City,  haH  opened  a  branch  oMlce  at  n20  Marine  Bank 
Bldg.,  Buffalo.  N.  Y..  In  order  to  take  eare  of  Ms 
InTeoNlng  liuHlneHS  and  provide  better  Hervlce.  The 
Buffalo  Kectinn  In  In  charge  of  D.  J.  Mahoney  as 
district  manaicer  for  the  Aborn  Btecl  Co..  Inc.,  and 
the  Century  HIeel   WorkM. 

Joioph  Dixon  Cruolblo  Co.,  JorMey  City,  N.  J.,  at 
iim  InNt  annual  HtoekholderH*  meeting,  elected  the 
followlnif  offiiertc  George  T.  Smith,  preHldi-nt; 
Oeorge  K.  I^»iig,  vice  president;  J,  H.  Hchermerhorn. 
viee-pretildent;  Harry  Dalley,  Hecretary;  WItllnm 
Koenter,  tronmirer;  and  Albert  NurrlN.  imNlNlant  Hec- 
retary and  imfiliilnnt  IrenMurer, 

Eleotrlo  Tool  Repair  ft  Mftlntenancn  Co. ,  which 
mnkeM  n  NiM*clnlly  of  rejinlrtnif  all  nniki>N  of  port- 
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and  buys  and  sells  second-lianrl  and  rebuilt  electric 
toola,  has  removed  from  31  N.  Jefferson  St..  Chi- 
cago, 111.,  to  larger  quarters  at  23-27  S.  Jefferson 
St.  The  president  of  the  concern  Is  Oscar  P. 
Wodack. 

Malm  Engineering  Co.,  Philadelphia,  Pa.,  has 
leased  the  exclusive  rights  to  manufacture  rotary 
punching  machinery  under  patents  belonging  to  the 
Malm  Machine  Co.,  Dayton,  Ohio.  The  Malm  Engi- 
neering Co.  is  in  a  position  to  offer  these  rotary 
punching  machines  for  use  In  the  rubber  industry 
as  well  as  in  the  metal  blanking  Industry  for  de- 
livery within  sixty  days  after  receipt  of  order. 

Driver-Harris  Co.,  Harrison,  N.  J.,  has  elected 
the  following  officers :  Frank  L.  Driver,  president ; 
Arlington  Bensel,  first  vice-president;  Leon  O.  Hart, 
second  vice-president;  Frank  L.  Driver,  Jr.,  third 
vice-president ;  Percival  E.  Reeves,  treasurer ;  Stan- 
ley M.  Tracy,  assistant  treasurer;  and  M.  C.  Harris, 
secretary.  Wilbur  B.  Driver,  formerly  vice-presi- 
dent, has  retired  from  active  participation  In  the 
business. 

Young,  Corley,  &  Dolan,  Inc.,  engineers,  con- 
tractors, and  manufacturers'  representatives,  moved 
May  1  from  their  quarters  on  the  eighth  fioor  of  the 
United  States  Realty  Bldg.,  115  Broadway,  New 
York  City,  to  much  larger  quarters  on  the  tenth 
fioor  of  the  same  building,  where  they  occupy  one- 
half  of  the  entire  fioor.  This  cliange  was  made 
necessary  by  the  rapid  growth  of  their  business, 
especially  the  machine  and  small  tool  divisions. 

Brown  Instrument  Co.,  Philadelphia,  Pa.,  has 
opened  a  new  office  at  2086  Railway  Exchange 
Bldg.,  St.  Louis,  Mo.,  in  charge  of  Paul  H. 
Berggreen.  The  demand  for  Brown  pyrometers  and 
other  instruments  from  the  southwestern  section  of 
the  country  has  been  such  that  the  company  has 
felt  it  necessary  to  appoint  a  representative  for 
that  district  in  order  to  give  more  prompt  atten- 
tion  to   its   customers   in   the   vicinity  of  St.   Louis. 

Worthington  Pump  &  Machinery  Corporation.  115 
Broadway,  New  York  City,  now  operate  the  follow- 
ing works  in  the  United  States:  Worthington 
Works.  Harrison.  N.  J.;  Blake  &  Knowles  Works, 
East  Cambridge,  Mass. ;  Deane  Works,  Holyoke. 
Mass.;  Snow-Holly  Works,  Buffalo.  N.  Y.;  Power  & 
Mining  Machinery  Works.  Cudahy.  Wis.;  Laidlaw 
Works,  Cincinnati,  Ohio;  Jeanesville  Works.  Hazle- 
ton,  Pa.;  International  Gas  Engine  Works,  Cudahy, 
Wis. 

Westinghouse  Electric  &  Mfg,  Co..  East  Pitts- 
burg, Pa.,  has  erected  a  new  factory  at  South  Phila- 
delphia, about  nine  miles  from  Philadelphia,  which 
is  being  devoted  entirely  to  the  production  of  ship 
propulsion  machinery  for  the  Navy  and  the  Merchant 
Fleet.  Two  steam  railroads,  an  electric  line,  and 
the  Delaware  River,  on  which  the  plant  is  located, 
afford  means  of  transportation.  It  is  expected  that 
this  plant  will  eventually  be  of  a  size  comparable 
with  the  East  Pittsburg  works,  which  now  employ 
approximately  25,000  people  and  cover  a  floor  space 
of  over  100  acres. 

DeMooy  Machine  Co..  706  Frankfort  Ave.,  N.W., 
Cleveland.  Ohio,  manufacturer  of  high-speed  ball 
bearing  drilling  machines,  was  reorganized  in  April 
under  the  name  The  Demco  Machine  Tool  Co.  The 
capitalization  has  been  increased  from  $30,000  to 
$50,000.  This  firm  now  has  a  line  of  twenty-four 
styles  of  high-speed  drilling  machines,  ranging  in 
capacity  up  to  3/4  inch,  and  having  from  one  to 
four  spindles  and  speeds  up  to  12.000  revolutions 
per  minute.  The  officers  are  Herbert  O.  Evans, 
president;  Charles  H.  Loew,  treasurer;  and  Arnold 
Ruetschl,  general  manager. 

Walcott  Lathe  Co.,  Jackson.  Mich.,  is  erecting 
another  addition  to  its  plant  which  will  add  75.000 
square  feet  to  the  present  floor  space.  The  com- 
pany is  planning  to  bring  out  lathes  in  sizes  of  26, 
29,  33,  and  36  inches,  in  addition  to  continuing  Its 
regular  line.  The  Walcott  Lathe  Co.  owns  and 
operates  the  Jackson  Machine  Tool  Co..  manufac- 
turer of  die-sinking  machines,  and  also  the  Jackson 
Shaper  Co..  manufacturer  of  Walcott  high-duty 
crank  shapers.  Several  large  tracts  of  land  ad- 
joining the  present  property  have  been  purchased, 
and   further  extensions  are  contemplated. 

Syracuse  Alloy  Steel  Co.,  Inc.,  Syracuse,  N.  T., 
was  formed  some  time  ago,  and  isi  now  manufac- 
turing a  high-speed  steel,  the  object  of  which  Is  to 
produce  more  work  between  grindings  than  ordinary 
high-speed  steels.  The  officers  are  P.  C.  Raab, 
president;  M.  0.  Warwick,  first  vice-president  and 
general  manager;  J.  E.  Lynch,  second  vice-presi- 
dent; P.  Hertrich,  secretary;  and  C.  A.  Lawtou, 
treasurer.  Mr.  Raab  and  Mr.  Lynch  have  both  been 
metallurgists  with  the  Brown-Llpe-Chapin  Co.,  of 
Syracuse,  for  some  time,  and  Mr.  Lynch  has  also 
had  long  experience  in  the  production  of  tool  steels. 
The  Hteel  manufactured  Is  known  as  "Arab"  steel, 
and  la  at  present  jiroduced  from  high-speed  steel 
scrap,  chips,  and  certain  proportions  of  new  raa- 
terlnls.  Mr.  Warwick,  who  acts  as  general  man- 
ager, was  formerly  ennnected  with  the  Brown-Llpe- 
Chapln  Co.  In  an  executive  postttun. 

Indopondont  Fnoumntio  Tool  Co.,  Chtcaiio,  111., 
and  Aurora  Autoniatle  Machinery  Co.  have  been 
reorganUed  nnd  will  be  operated  under  one  corporate 
name— the  Indepen.lent  Pneumatic  Tool  Co.— for 
convenience  In  handling  buslnoHs.  The  new  com- 
pany has  l>pon  Incorporated  In  the  stnto  of  Delo- 
ware  with  n  enpltallKatton  of  $3.0()0.(H>0.  Both  coro- 
panlen  were  owned  by  the  same  lulerestH.  the  Inde- 
pendent Pneumatic  Tool  Co/  n-presetitlng  the  Bell- 
ing dIvlHbin  for  the  "Thor"  pneunuitic  and  electric 
IooIh,  unrl  the  Aurora  Auloniallc  Machinery  Co. 
being  the  nuinufacturing  departiucnt.  The  latter 
company  aiNo  nmnnfnctiireii  ond  Mells  "Thor"  motor- 
cycles and  gaHoUnn  englnen.  The  officers  of  the 
new  company  are  John  D.  Hurley,  president;  Ralph 
H.  Cooper,  vice-president:  Fletcher  \V.  Buchanan. 
Nocretary;  and  Edward  0.  GuHlafson.  treii«urer. 
The  general  offieeii  of  the  company  are  In  llio  Thor 
Bldg.,    1807   H.    MIchlKan    Blvd.,    Clilcngo. 
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Bearings  for  Machine  Shop  Equipment 

By  Edward  K.  Hammond' 


"   't^ 
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N  working  out  the  de- 
sign of  journal  bear 
ings  tor  use  on  any- 
type  of  machine  it  is 
necessary  for  care- 
ful consideration  to 
be  given  to  the  conditions  of  ser- 
vice under  which  each  bearing  will 
operate.  This  is  particularly  true 
in  the  case  of  bearings  used  on  ma- 
chine tools,  because  there  is  a  great  amount  of  variation  in  the 
conditions  which  machine  tool  bearings  are  required  to  fulfill. 
In  bearings  for  driving  shafts,  provision  made  for  the  efficient 
transmission  of  power  and  freedom  from  wear  are  usually  the 
two  points  of  maximum  importance;  but  in  the  main  spindle 
bearings,  these  important  points  may  only  receive  considera- 
tion after  provision  has  been  made  in  the  design  to  assure 
obtaining  a  bearing  which  will  be  a  tight  running  fit  when 
new  and  in  which  means  are  provided  to  compensate  for  any 
wear  that  may  develop  after  the  machine  is  placed  in  service. 
Lost  motion  in  a  spindle  bearing  will  show  itself  by  the  pres- 
ence of  chatter  marks  on  the  work  and  by  difficulty  experienced 
in  holding  dimensions  of  the  work  within  the  required  limits 
of  accuracy.  On  this  account,  the  designer  of  machine  tool 
spindle  bearings  must  first  consider  the  conditions  under 
which  the  bearings  are  to  operate  with  the  idea  of  fulfilling 
these  requirements  without  tendency  for  the  bearings  to  wear 
excessively. 

After  this  has  been  done,  it  is  necessary  to  take  steps  to 
work  out  the  design  along  such  lines  that  convenient  means 
are  provided  for  readily  taking  up  any  small  amount  of  wear 
which  may  develop  in  the  bearings.  Only  after  provision  has 
been  made  for  maintaining  an  accurate  fit  between  the  spindle 
and  its  bearings  can  the  designer  turn  his  attention  to  the 
question  of  transmission  efficiency,  although  this  condition 
must  also  be  fulfilled.  There  are  often  special  conditions 
which  must  be  considered  in  designing  bearings  in  order  to 
assure  satisfactory  operation.  For  instance,  on  grinding  ma- 
chines, trouble  would  almost  surely  be  experienced  through 
abrasive  dust  from  the  wheel  finding  its  way  into  the  bearings 
and  causing  them  to  wear  excessively,  unless  the  housings 
were  designed  with  special  provision  to  exclude  dust  and 
other  foreign  matter  from  the  bearings.  This  is  one  typical 
example  of  the  special  conditions  which  are  likely  to  reciuire 
careful  consideration  in  working  out  the  design  of  bearings 
capable  of  giving  satisfactory  service. 

■A«Mo<-lnt«  liMttnr  of  Macui.seiit. 


This  is  the  first  of  a  series  of  three  articles  deaiing 
with  the  design  of  different  forms  of  bearings  used  in 
machine  shop  equipment.  Various  forms  of  plain  bear- 
ings which  have  demonstrated  their  ability  to  give  satis- 
factory service  will  be  illustrated  and  described  in  this 
installment.  In  the  second  article  of  this  series,  des- 
criptions will  be  given  of  the  different  types  of  ball 
bearings  and  methods  of  designing  mountings  for  these 
bearings  to  meet  the  requirements  of  various  conditions 
of  service  under  which  ball  bearings  are  used  In  machine 
shop  equipment.  The  third  and  last  article  of  the  series 
will  discuss  the  different  types  of  roller  bearings  and  ex- 
plain conditions  of  service  under  which  bearings  of  this 
type    find    successful    application    In    the    machine    shop. 


Types  of  Bearings  Used  in  Machine 
Shops 


In  taking  up  this  discussion  of 
the  different  types  of  journal 
bearings  used  in  machine  shop 
equipment,  there  are  three  classes 
of  bearings  which  will  receive  con- 
sideration. These  are:  (1)  Plain 
bearings,  which  may  be  made  of 
bronze,  babbitt,  cast  iron,  etc.; 
(2)  ball  bearings;  and  (3)  roller  bearings.  Naturally,  there 
are  many  variations  in  the  design  of  each  of  these  classes  of 
bearings,  which  have  been  worked  out  by  different  manufac- 
turers to  meet  the  requirements  of  various  conditions  of  ser- 
vice. After  giving  a  general  description  of  the  different  types 
of  bearings  and  the  peculiar  advantages  of  each  type  for  those 
especial  classes  of  service  in  which  it  finds  successful  applica- 
tion, a  description  will  be  given  of  the  modifications  in  design 
which  have  been  worked  out  to  meet  the  requirements  of 
individual  classes  of  service,  and  in  connection  with  these 
detailed  descriptions,  information  will  be  presented  concerning 
various  methods  of  mounting  the  different  types  of  bearings 
in  machine  tools,  countershafts,  lineshaft  hangers,  etc.,  and 
of  the  means  provided  for  excluding  foreign  matter  which 
would  tend  to  abrade  the  bearings  if  it  found  its  way  between 
the  rubbing  surfaces. 

Characteristics  of  Plain  Bearlngrs 

Tliere  are  a  great  variety  of  plain  bearings  which  have  been 
developed  to  meet  the  requirements  of  different  conditions  of 
service  under  which  shafts  and  spindles  are  required  to  operate. 
In  all  plain  bearings  there  is  surface  contact  between  the  shaft 
and  the  bearing,  and  in  order  to  provide  for  the  efficient  trans- 
mission of  power  without  excessive  frictional  resistance,  wear, 
and  tendency  of  the  bearing  to  give  trouble  through  heating, 
it  is  a  matter  of  general  knowledge  that  a  constant  supply  ot 
clean  lubricating  oil  must  be  delivered  to  the  bearing,  and 
that  this  lubricant  must  be  suitable  for  the  conditions  ot  bear- 
ing pressure,  speed  of  rotation,  etc.  The  effect  ot  a  lubricant 
is  to  prevent  direct  metal-to-metal  contact,  and  some  authori- 
ties explain  this  action  by  comparing  the  lubricant  to  the  balls 
in  a  ball  bearing.  Where  this  comparison  is  made,  it  is  justi- 
fied on  the  basis  that  the  lubricant  consists  of  a  multitude  ot 
small  globules  of  oil  which  roll  between  the  shaft  and  its  bear- 
ing, thus  preventing  metal-tometal  contact  and  greatly  re- 
(lu<'inB  frictional  resistance.  In  any  case,  this  is  the  function 
1)1'  the  oil  film,  although  whether  the  globules  of  oil  provide 
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Tig.    1.     Design   of   Spindle   Bearings   for  External    Grinding    Machine, 

showing  Provision   made   to   compensate   for   Wear 

and  Method  of  Lubrication 

a  true  rolling  action  is  largely  a  matter  of  hypothesis.  Plain 
bearings  are  made  in  a  great  variety  of  designs,  according  to 
the  conditions  of  service  under  which  they  operate;  but,  as  a 
rule,  when  bearings  of  this  type  are  used  to  support  the  spin- 
dles of  machine  tools,  where  the  presence  of  any  considerable 
amount  of  lost  motion  would  result  in  inaccuracy  of  work 
produced  by  the  machines,  means  of  adjustment  are  provided 
to  take  up  any  lost  motion  that  develops  as  a  result  of  wear 
in  the  bearing.  In  the  detailed  descriptions  of  different  types 
of  plain  bearings,  which  will  be  given  in  the  following  section 
of  this  article,  an  explanation  will  be  presented  of  the  manner 
in  which  designers  have  worked  out  means  of  compensating 
for  wear. 

Application  of  Ball  Bearings 

It  was  first  demonstrated  that  ball  bearings  possessed  fea- 
tures of  practical  value  at  the  time  that  bicycle  riding  was 
the  vogue.  Ball  bearings  used  in  bicycles  showed  conclusively 
that  they  were  the  means  of  greatly  reducing  frictional  re- 
sistance, thus  making  the  operation  of  the  machine  far  easier. 
These  bearings  were  of  what  is  commonly  known  as  the  "cup- 
and-cone"  type,  in  which  provision  was  made  for  adjusting  the 
bearing  to  regulate  the  amount  of  space  left  between  the  races 
to  receive  the  balls.  The  great  weakness  of  this  form  of  bear- 
ing design  was  that  adjustment  of  the  bearings  on  a  bicycle 
was  frequently  made  by  men  who  had  little  knowledge  of  the 
actual  requirements  which  had  to  be  fulfilled,  with  the  result 
that  the  bearings  were  either  adjusted  too  tight  or  left  too 
loose;  and  in  either  case  this  was  likely  to  result  in  an  ex- 
cessive amount  of  wear,  which  soon  destroyed  the  usefulness 
of  the  bearing.  This  tendency  of  the  old  style  of  "cup-and- 
cone"  ball  bearing  used  on  bicycles  to  wear  out,  due  to  im- 
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proper  adjustment,  created  an  impression  among  builders  of 
machine  tools  that  a  comparatively  short  operating  life  was 
one  of  the  serious  limitations  of  ball  bearings.  Unfortunately, 
this  impression  was  considerably  strengthened  through  a  sim- 
ilarly limited  amount  of  service  secured  from  ball  bearings 
which  were  designed  and  made  in  the  shops  of  machinery 
builders  by  men  who  had  only  a  very  limited  knowledge  of 
the  requirements  which  must  be  fulfilled  in  order  to  obtain  a 
ball  bearing  capable  of  standing  up  under  the  required  service. 

It  was  generally  conceded  by  those  who  experimented  with 
the  use  of  ball  bearings  that  until  the  bearings  started  to  wear 
their  efficiency  in  the  transmission  of  power  was  far  in  ad- 
vance of  that  secured  with  any  form  of  plain  bearing.  This 
high  transmission  efficiency  is  due  to  absence  of  friction,  owing 
to  the  fact  that,  theoretically,  there  is  point  contact  between 
the  balls  in  the  bearing  and  the  races  in  which  they  run,  so 
that  the  only  frictional  resistance  is  that  resulting  from  the 
rubbing  action  of  the  balls  on  the  retainer  which  distributes 
them  uniformly  in  the  bearing.  As  a  matter  of  fact,  this  theory 
is  not  quite  borne  out  in  practice,  because  no  material  is 
inelastic,  and  although  the  steel  from  which  the  balls  and 
races  of  a  ball  bearing  are  made  is  carefully  heat-treated  to 
give  it  the  most  desirable  physical  properties,  the  load  on  the 
bearing  results  in  compressing  the  balls  and  pushing  them 
slightly  below  the  surface  of  the  races  surrounding  the  points 
of  contact.  As  a  result,  there  are  small  surfaces  of  contact 
between  each  ball  and  the  inside  and  outside  races,  but  these 
surfaces  are  very  small,  so  that  the  balls  can  roll  in  the  bear- 
ing with  little  frictional  resistance. 

When  the  automobile  industry  began  to  develop,  there  came 
a  greatly  increased  demand  for  high-grade  ball  bearings,  with 
the  result  that  this  matter  was  taken  up  by  men  of  sufficient 
mechanical  and  scientific  training  to  enable  them  to  find  out 
definitely  the  conditions  which  had  to  be  fulfilled  by  a  high- 
grade  ball  bearing  in  order  to  enable  it  to  give  efficient  service 
over  a  long  period  of  time.  These  men  were  so  successful 
in  their  work  of  developing  ball  bearings  to  a  point  where  they 
are  of  practical  value  that  it  is  now  a  recognized  fact  that 
almost  an  absolute  freedom  from  wear  is  a  feature  of  ball 
bearings,  which  is  of  equal  importance  with  their  ability  to 
transmit  power  with  a  high  degree  of  efficiency.  When  it  was 
demonstrated  that  ball  bearings  had  been  developed  to  a  point 
where  they  were  able  to  stand  up  under  the  conditions  im- 
posed upon  them  in  automobile  service,  builders  of  machine 
tools  began  to  see  the  desirability  of  applying  bearings  of  this 
type  in  order  to  secure  the  double  benefit  of  freedom  from 
wear  and  high  efficiency  in  power  transmission. 

Use  of  Ball  Bearings  in  Machine  Tools 

It  will  be  of  interest  to  note  that  one  of  the  first  successful 
applications  of  ball  bearings  in  machine  tool  construction  was 
to  support  the  thrust  of  drilling  machine  spindles.  In  this 
service  they  gave  very  satisfactory  results,  and  now  practi- 
cally all  high-grade  drilling  machines  are  furnished  with  ball 
bearings  to  carry  the  thrust  load.  Both  radial  and  thrust  ball 
bearings  are  employed  in  some  cases  for  supporting  the  spin- 
dles of  other  types  of  machine  lools  besides  drilling  ma- 
chines; and  ball  bearings  arc  also  (luito  generally  used  in 
machine  tool  gearboxes,  countershafts,  lincsliaft  hangers,  and 
in  many  other  places  in  the  machine  shop.  In  order  to  give 
satisfactory  service,  these  bearings  must  bo  made  of  the  proper 
quality  of  steel,  and  the  necessary  care  must  be  taken  In  their 
production  so  that  the  surfaces  of  both  balls  and  races  are 
free  from  oven  the  sUghto.st  surface  defects;  the  steel  must 
also  bo  of  the  proper  quality  and  carefully  heat  Iroatod  to  give 
It  the  desired  physical  properties.  Hall  bearings  must  also  be 
properly  mounted  In  housliiga  which  are  so  designed  that  they 
exclude  all  dirt  and  grit  from  the  bearing. 

Last,  although  by  no  means  least,  the  races  and  balls  must 
he  accurate  to  O.OOOl  inch,  because.  If  this  dcgreo  of  precision 
Ih  not  obtained,  there  will  bo  a  tendency  for  the  load  to  con 
conlrato  on  a  few  hnllH  In  the  boarlng,  Insload  of  having  tlil.M 
load  distributed  over  nil  the  I)uIIh.  When  such  a  condition 
nxlstg,  It  Ih  quitu  natural  that  thoso  balls  Huhjectod  to  an 
(•xcohhIvo  load  may  start  to  wear — and  tlio  same  Is  true  of 
liall    hearliiKH   where   any   surface   dofocts   may   cnuso   wear   to 
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start.  Those  who  have  had  experience  in  the  use  of  ball  bear- 
ings accept  it  as  a  demonstrated  fact  that  when  wear  once  starts 
in  a  ball  bearing,  the  bearing  will  deteriorate  very  rapidly 
to  the  point  where  it  is  no  longer  capable  of  giving  efficient 
service.  Accepting  this  fact,  the  machine  tool  builder  who  is 
about  to  adopt  the  use  of  ball  bearings  in  his  product  should 
be  very  careful  to  investigate  the  quality  of  the  bearings  which 
he  proposes  using,  in  order  to  make  sure  that  they  come  from 
a  manufacturer  who  is  able  to  turn  out  satisfactory  bearings 
and  who  has  the  reputation  of  turning  out  a  product  of  uni- 
formly high  quality.  Such  ball  bearings  will  give  an  ample 
amount  of  service  before  showing  any  signs  of  wear. 

Features  of  Roller  Bearings 

Roller  bearings  are  made  in  various  types,  in  some  of  which 
the  rollers  are  straight,  while  in  others  they  are  tapered; 
also,  some  types  of  roller  bearings  have  solid  rollers,  while 
in  other  cases  the  rollers  are  made  of  a  piece  of  steel  rolled 
up  into  a  spiral  form  which  somewhat  resembles  a  helical 
spring.  It  is  claimed  for  bearings  with  rollers  of  the  latter 
type  that,  in  the  event  of  a  sudden  increase  in  load,  the  shock 
is  absorbed  by  compressing  the  rollers  without  danger  of 
damaging  the  bearing.  Some  types  of  roller  bearings  with 
tapered  rollers  are  provided  with  means  of  compensating  for 
wear  of  the  rollers  and  races.  Bearings  with  tapered  rollers 
are  also  usually  capable  of  carrying  some  thrust  load  in  addi- 
tion to  the  radial  load.  In  any  type  of  roller  bearing,  the 
higher  transmission  efficiency  of  a  roller  bearing,  as  compared 
with  that  of  a  plain  bearing,  is  due  to  the  fact  that,  theoreti- 
cally, there  are  only  two  lines  of  contact  between  each  roller 
and  the  inner  and  outer  races,  respectively,  instead  of  a  con- 
siderable amount  of  surface  contact  between  the  bearing  and 
the  shaft  or  spindle  which  rotates  in  it.  Actually,  there  is  a 
small  surface  contact  between  each  roller  and  the  races  in 
which  it  runs,  due  to  the  fact  that  the  steel  is  slightly  com- 
pressed and  distorted  through  application  of  the  load;  but 
as  this  distortion  is  very  slight,  the  area  of  the  surfaces  in 
contact  with  each  other,  and  the  amount  of  frictional  re- 
sistance, is  considerably  less  than  that  which  exists  in  a  plain 
bearing,  although  the  transmission  efficiency  of  roller  bear- 
ings is  not  usually  as  high  as  that  of  ball  bearings. 

Plain  Adjustable  Bearings  for  Machine  Tool  Spindles 

In  designing  the  bearings  for  carrying  the  spindles  of  ma- 
chine tools,  it  is  of  absolute  importance  to  develop  a  construc- 
tion which  will  provide  means  of  constantly  maintaining  a 
tight  fit  between  the  spindle  and  its  bearing  boxes,  in  order 
to  effectually  eliminate  chatter  and  vibration.  A  very  little 
thought  will  make  it  obvious  that  any  lost  motion  in  the 
bearings  will  result  in  seriously  affecting  the  accuracy  of  work 
produced  on  the  machine  and  the  perfection  of  finish  which 
it  is  possible  to  obtain  on  the  work.  Not  only  must  the  bear- 
ings be  a  perfect  fit  at  the  time  the  machine  is  new,  but  pro- 
vision must  also  be  made  to  readily  compensate  for  any  wear 
which  develops  after  the  machine  is  placed  in  service,  so  that 
it  will  continue  to  produce  work  of  the  required  degree  of 
accuracy.  To  meet  the  requirements  of  this  service,  some  form 
of  tapered  bronze  bearing  has  been  quite  generally  adopted 
as  a  standard  spindle  bearing  construction,  although  various 
modifications  of  this  general  form  of  design  have  been  worked 
out  by  different  machine  tool  builders  to  provide  for  making 
the  adjustment  for  wear  which  becomes  necessary  from  time 
to  time.  These  modifications  may  be  made  to  meet  the  re- 
quirements of  different  conditions  of  service  for  spindles  which 
are  mounted  in  a  vertical  or  a  horizontal  position,  or  they 
may  be  worked  out  simply  to  meet  the  individual  opinions  of 
different  designers.  In  the  following  discussion,  there  are 
presented  descriptions  and  illustrations  of  different  well-known 
forms  of  adjustable  spindle  bearing  designs,  which  have  been 
found  to  give  satisfactory  service. 

Grlndlntf  Wheel  Spindle  Bearing's 

In  order  to  give  satisfactory  service,  the  spindle  of  a  grind- 
ing machine  must  rotate  without  an  appreciable  amount  of 
vibration;  otherwise  chatter  marks  will  appear  on  the  work. 
It  Is,  perhaps,  safe  to  say  that,  in  working  out  the  design  of 


the  average  grinding  machine,  more  time  is  given  by  the 
designer  in  developing  a  satisfactory  form  of  spindle  bearing 
construction  and  in  modifying  this  design  to  overcome  trouble 
which  is  experienced  when  the  first  machine  is  placed  in  ser- 
vice than  in  producing  satisfactory  results  in  any  other  part 
of  the  mechanism.  In  Fig.  1  there  is  shown  the  standard 
type  of  grinding  wheel  spindle  bearing  which  has  been  adopted 
for  use  on  external  grinding  machines  built  by  the  Landis 
Tool  Co.,  of  Waynesboro,  Pa.  The  bronze  bushings  A  are 
assembled  in  the  housings  in  such  a  way  that  expansion  and 
contraction,  due  to  changes  in  temperature,  do  not  in  any 
way  affect  the  transmission  efficiency  of  the  bearings;  and 
compensation  for  wear  provided  by  the  tapered  form  of  the 
bushings  enables  all  lost  motion  to  be  taken  up,  thus  effectually 
eliminating  vibration  and  enabling  the  grinding  machine  to 
produce  perfectly  accurate  work.  Attention  is  called  to  the 
fact  that  adjustment  for  wear  in  the  front  and  rear  spindle 
bearings  is  made  independently,  so  that  if  only  one  bearing 
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Fig.   3.     Bearing  for  Table  of  Rotary  Surface   Grinding  Hacbii 
Hethod  of  automatically   compensating  for  Wear 


showing 


requires  adjustment,  this  can  be  done  without  touching  the 
other  bearing.  On  these  bearings,  lubrication  is  provided  by 
individual  sight-feed  oil-cups,  from  which  a  supply  of  oil  is 
delivered  to  a  reservoir  E  beneath  each  of  the  bearings.  Felt 
wicks  take  oil  from  these  reservoirs  and  carry  it  up  to  the 
bearings,  the  wicks  F  being  held  in  contact  with  the  bearings 
by  means  of  compression  springs.  It  will  be  seen  that  each 
reservoir  is  provided  with  a  threaded  plug  H,  which  may  be 
removed  to  drain  out  dirty  oil  and  flush  the  bearing  with 
kerosene  before  the  plugs  are  replaced  and  a  fresh  supply 
of  lubricating  oil  is  delivered  to  the  reservoir.  Drains  0  are 
provided  to  prevent  the  possibility  of  reservoirs  E  overflowing 
and  flooding  the  bearings.  Oil-distributing  grooves  /  are  cut 
in  the  Journals  to  facilitate  the  uniform  distribution  of  oil. 
The  way  in  which  these  spindle  bearings  are  adjusted  will 
doubtless  be  apparent  from  the  Illustration.  Bronze  bush- 
ings A  are  a  press  fit  in  the  housings,  and  Journal  sleeve  B 
Is  fitted  over  the  back  end  of  the  spindle.  The  thrust  load  la 
carried  by  steel  thrust  washers  C.  When  It  is  necessary  to 
compensate  for  wear  In  the  Journal  bearings,  this  Is  done  by 
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Fig.    4.     Straight    Cylindrical    Spindle    Bearings    provided    with    Ueans    of 
compensating  for  Wear 

releasing  collar  J  and  tightening  L  to  draw  the  front  bearing 
into  its  box  to  take  up  lost  motion;    similarly,  lost  motion 
in  the  rear  bearing  is  taken  up  by  releasing  collar  K  and 
tightening    L,    which     forces 
sleeve    B    into    the    tapered 
bronze  box.    Each  division  on 
collars    /,    K,    and    L    gives 
0.00052  inch  of  adjustment  on 
the  diameter  of  the  bearings. 

Ssll-alig-ning-  Spindle   Bearings 

Features  of  particular  in- 
terest in  connection  with  the 
design  of  bearings  for  the 
wheel-spindle  of  a  Brown  & 
Sharpe  grinding  machine, 
shown  in  Fig.  2,  are  the  pro- 
visions made  for  lubrication 
and  for  the  automatic  align- 
ment of  the  bearings  with 
each  other.  It  will  be  seen 
that  a  sight-feed  oil-cup  is 
provided  at  the  top  of  each 
bearing  housing,  from  which 
lubricant  is  delivered  to  the 
annular  channel  A  cut  in  the 
in.side  of  sleeves  D.  Oil  runs 
around  this  channel  and  is  ab- 
sorbed by  a  felt  packing  or 
wick  B,  which  is  contained 
in  a  slot  cut  through  the 
bronze  bearing  box  on  the 
under  side  of  the  shaft.  This 
felt  packing  is  kept  constant- 
ly saturated  with  oil,  and  is 
held  against  the  shaft  by  a  flat  spring.  As  the  shaft  revolves 
In  the  bearing  box,  the  felt  distributes  a  uniform  film  of 
oil  over  the  shaft,  thus  efficiently  lubricating  the  bearing. 

In  order  to  assure  accurate  alignment  between  the  two  bear- 
ings. It  will  be  seen  that  each  of  the  bronze  boxes  C  Is  carried 
In  a  sleeve  D  that  Is  machined  to  a  spherical  form  on  the  out- 
side In  order  to  fit  Into  a  corresponding  spherical  seat  In  the 
bearing  housing.  When  a  straight  shaft  Is  put  through  bronze 
bearing  boxes  C,  It  will  be  apparent  that  the  bearings  will 
align  themselves  accurately  on  account  of  the  ability  of  the 
spherical  seated  sleeves  D  to  move  as  required  In  the  bearing 
housings.  It  will  bo  seen  that  the  bronze  bushings  C  In  those 
boarlngH  are  tapered  on  the  outside  and  bored  straight  on  the 
Inside;  thin  Is  not  fpjito  ho  usual  an  arrangement  as  that  of 
bronze  boxes  which  are  bored  to  (11  a  Inpcri'd  Journal  on  the 
shaft  they  are  designed  to  curry.  These  boxes  C  are  split,  and 
In  order  to  compcnHate  for  wear.  It  Is  nocessary  to  push  the 
taperod  outside  Mnrracn  of  Iho  box  Into  the  tapered  seat  In 
•JGevo  n.  The  boxrw  and  adjusting  nuts  have  bovolod  ends  to 
keep  thn  bearlngH  expanded  In  sleeves  D.  First  nut  E  Is  loosnnod, 
and  then  nut  /'  Is  tlichleni'd  Mufn>'li-nlly  to  force  the  bronze  box 
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into  sleeve  D  and  cause  it  to  contract  in  a  way  which  is  made 
possible  by  the  split  construction.  After  the  desired  adjust- 
ment has  been  obtained  by  tightening  nut  F,  nut  E  is  again 
tightened  against  the  opposite  end  of  the  bearing  box,  thus 
locking  the  box  securely  against  further  end  movement. 

Self-adjusting'  Vertical  Bearing 
The  upper  bearing  for  the  table  or  chuck  of  rotary  surface 
grinders  built  by  the  Persons-Arter  Machine  Co.,  of  Worcester, 
Mass.,  is  provided  with  means  of  automatically  taking  up  any 
wear  in  the  bearing  as  fast  as  it  develops.  The  way  in  which 
this  is  accomplished  will  be  readily  understood  by  reference 
to  Fig.  3,  where  it  will  be  seen  that  steel  collar  A  is  shrunk 
onto  the  upper  end  of  the  spindle  and  that  this  collar  is  tapered 
on  the  outside  to  fit  a  bronze  bearing  box  of  corresponding 
form.  This  steel  collar  A  acts  as  a  wedge  in  order  to  keep 
the  bearing  accurately  centered,  although  the  angle  is  such 
that  the  bearing  runs  quite  freely  and  with  very  little  fric- 
tion. There  is  said  to  be  absolutely  no  chance  for  side  play 
in  this  spindle  bearing  which  would  cause  the  work-table  or 
magnetic  chuck  to  get  out  of  alignment  in  any  direction. 
Collar  A  and  the  bronze  box  in  which  it  runs  are  arranged  to 
form  an  oil  reservoir  from  which  a  constant  supply  of  lubri- 
cant is  delivered  to  the  bearing,  lubrication  being  facilitated 
by  spiral  grooves  in  the  taper 
collar  which  carry  the  lubri- 
cant and  distribute  it  uniform- 
ly over  the  rubbing  surfaces. 

Adjustable  Bearing  Box  of 
Straight  Cylindrical  Form 

Still  another  form  of  ad- 
justable spindle  bearing  box 
is  shown  in  Fig.  4.  This  is 
another  Brown  &  Sharpe  con- 
struction, which  has  been  de- 
signed for  use  In  headstock 
spindle  bearings.  It  will  be 
seen  that  this  box  differs  from 
any  of  the  designs  which  will 
be  shown  in  this  article  in 
that  it  is  of  straight  cylindri- 
cal form  on  both  the  inside 
and  outside.  The  method  of 
making  adjustment  of  the  fit 
of  this  box  on  the  spindle  will 
be  best  understood  by  refer- 
ring to  the  detailed  view  of 
the  box  shown  at  A,  where  it 
will  be  seen  that  a  split  ex- 
tends all  of  the  way  along  one 
side.  Two  dovetail  slots  B 
are  machined  in  this  split 
section  to  accommodate 
screws  and  beveled  nuts  or 
sleeves  wliich  may  be  tight- 
ened  or  loosened   in  order  to 


Design  of  Adjustable  Bearings  for  Vertical   Milling  Machii 
showing  Moans  of  compensating  for  Wear 


expand  the  opening  in  the  box  or  cause  it  to  be  contracted 
through  pressure  applied  by  the  cap  of  the  bearing  housing. 
Reference  to   the   end   view   will   show   that   there   are  two 
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Fig.  7.    Example  of  Spindle  Construction  used  for  Lathes.  Milling  Machines, 

and  Cutter  Grinders,   where  Front  Bearing  is  of  Chilled  Cast 

Iron  and  Rear  Bearing  is  lined  with  Babbitt 

screws  C  which  hold  the  cap  of  the  bearing  housing  down  on 
top  of  the  bronze  box,  and  when  it  is  desired  to  secure  a 
tighter  fit  of  the  box  on  the  spindle,  this 
result  is  accomplished  by  first  backing 
away  the  screws  in  the  sleeves  in  slots  B 
and  then  tightening  up  the  screws  G  on 
the  cap  of  the  bearing  housing.  In  this 
way  exactly  the  required  fit  for  the  bearing 
box  may  be  obtained,  and  after  the  bear- 
ing has  been  in  service,  compensation  for 
wear  may  be  accomplished  by  further  ad- 
justment of  screws  G  and  the  screws  which 
adjust    the    sleeves    fitting    into    slots    B. 

Examples  of  Milling-  Machine  Spindle 
Bearing:  Desig-n 
For  supporting  the  spindle  of  the  vertical 
milling  machine  built  by  the  Garvin  Ma- 
chine Co.,  Spring  and  Varick  Sts.,  New 
York  City,  the  following  construction  has 
been  adopted:  At  the  lower  end  of  the 
spindle.  Fig.  5,  there  is  a  bearing  box  A 
which  is  bored  to  a  taper  corresponding  to 
the  tapered  journal  on  the  spindle,  in 
order  to  provide  means  of  taking  up  any 
wear  that  may  develop.  It  will  be  seen 
that  the  spindle  is  threaded  along  the 
straight  portion  immediately  above  the 
tapered  journal  to  receive  a  threaded 
collar  B  which  provides  for  holding  the 
spindle  up.  When  lost  motion  develops  it 
is  easily  taken  up  by  simply  pulling  the 
spindle  up  into  the  tapered  bearing  by 
tightening  collar  B.  To  provide  for  mak- 
ing this  adjustment,  it  is  necessary  to 
face  off  the  soft  washer  between  bearing 
box  A  and  the  spindle  flange.  At  the 
upper  end,  the  spindle  is  straight  and  it  is  carried  in  a  bush- 
ing C  which  is  bored  straight  on  the  inside  and  turned  to  a 
taper  on  the  outside,  this  bushing  being  se- 
cured to  the  spindle  with  a  Woodruff  key 
80  that  it  Is  a  tight  fit.  On  the  outside, 
bushing  G  is  turned  to  a  suitable  taper  to 
fit  bearing  box  D,  and  bushing  G  is  threaded 
at  the  lower  end  and  furnished  with  a  collar 
E  which  provides  for  maintaining  a  tight  fit 
between  bushing  V  and  bearing  box  D.  By 
screwing  up  collar  E,  provision  is  made  for 
taking  up  any  wear  which  develops  In  this 
bearing  after  the  machine  Is  put  Into  service. 
It  will  be  apparent  that  the  use  of  bushing  C. 
which  is  keyed  to  the  spindle.  Is  a  substitute 
for  having  the  Journal  made  an  Integral  part 
of  the  spindle,  as  It  Is  at  the  Inwor  oiiil. 
The   reason    for    having    the    upper    Journal 
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Fig.  6.    Adjustable  Bearings  designed  for 
Vertical  Spindle  Profiling  Machine 


in  the  form  of  a  bushing  keyed  to  the  spindle  is  that  this 
greatly  facilitates  the  work  of  assembling  the  machine.  Col- 
lars B  and  E  are  provided  with  split  nuts  to  hold  them  in 
place  after  making  the  settings. 

Provision  for  Cleaning-  Bearings 

Fig.  6  shows  a  form  of  spindle  bearing  construction  which 
has  been  adopted  as  one  of  the  standards  in  building  machine 
tools  made  by  the  Garvin  Machine  Co.  It  will  be  apparent 
from  the  illustration  that  in  working  out  this  design  pro- 
vision has  been  made  for  supplying  the  bearing  with  lubricant 
from  reservoir  A,  which  extends  around  the  outside  of  the 
bearing  box.  A  supply  of  oil  is  delivered  into  this  reservoir 
through  tube  B  and  finds  its  way  from  the  reservoir  to  the 
bearing  surface  through  holes  which  connect  with  oil-grooves 
cut  on  the  inside  of  the  bearing  box.  When  it  is  desired 
to  clean  out  the  reservoir,  this  is  accomplished  by  opening 
drain  pipe  G  to  allow  the  dirty  oil  to  run  out,  after  which  the 
bearing  is  flushed  with  kerosene  before  closing  drain  G  and 
filling  the  reservoir  with  a  supply  of  fresh  oil.  It  will  be 
apparent  from  this  illustration  that  the  spindle  is  threaded  on 
the  straight  portion  directly  to  the  left  of  the  tapered  Journal, 
in  order  to  provide  for  drawing  the  spindle  into  its  tapered 
bearing  box  when  it  becomes  necessary  to  compensate  for  wear. 
Before  this  adjustment  can  be  made,  soft  washer  G  must  be 

faced  off.    Collar  D,  by  means  of  which  this 

adjustment  is  made,  is  split  at  one  side  and 
furnished  with  a  clamp  screw  E,  so  that 
when  the  bearing  has  been  adjusted  to  ob- 
tain the  desired  fit,  screw  E  is  tightened 
to  provide  for  clamping  collar  D  firmly  in 
the  exact  position  to  which  it  has  been  set. 
In  most  machine  tool  bearings,  provision 
must  be  made  for  carrying  a  thrust  load 
in  addition  to  the  normal  radial  load  which 
comes  on  the  bearing.  In  the  present  case, 
this  result  is  obtained  by  designing  the 
spindle  with  a  flange  at  the  large  end  of 
the  taper.  This  flange  bears  against  two 
hardened  and  ground  washers  F  and  a 
soft  washer  G,  which  are  placed  between 
the  flange  on  the  spindle  and  the  end  of 
the  tapered  bearing  box,  the  thrust  load 
being  carried  in  this  way  without  imposing 
an  undue  strain  and  unnecessary  amount 
of  wear  on  the  bearing. 

In  Fig.  S  there  is  shown  the  form  of 
adjustable  bronze  bearings  which  are  used 
for  carrying  the  vertical  spindle  of  the 
Nos.  2  and  4  profiling  machines  built  by 
the  Garvin  Machine  Co.  As  in  the  case  of 
the  bearing  design  shown  in  the  preceding 
illustration,  it  will  be  seen  that  provision 
is  made  for  carrying  the  thrust  load  by 
having  a  flange  at  the  lower  end  of  the 
spindle  which  bears  against  an  arrange- 
ment of  thrust  washers.  These  washers 
serve  the  double  purpose  of  taking  the 
thrust  of  the  spindle  and  providing  means 
of  compensating  for  any  wear  and  lost  motion  which  may 
develop  in  the  lower  spindle  bearing. 
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When  wear  in  the  bearing  must  be  compensated  for,  this 
is  done  by  facing  off  the  soft  thrust  washer  and  tightening 
collar  C,  which  is  carried  on  the  threaded  section  of  the  spin- 
dle, the  result  being  that  the  spindle  is  drawn  up  into  the 
tapered  bearing  box.  At  the  upper  end  of  the  spindle  there  is 
a  tapered  steel  bushing  E  which  is  keyed  to  the  straight  end  of 
the  spindle  with  a  Woodruff  key.  On  the  outside,  bushing  E  is 
machined  to  a  taper  to  accurately  fit  bronze  bearing  box  F, 
and  when  it  is  necessary  to  make  adjustment  to  compensate  for 
wear,  this  result  is  obtained  by  tightening  threaded  collar  G. 
It  will  be  apparent  that  both  collars  C  and  G  are  split  on  one 
side  and  furnished  with  binding  screws  to  provide  for  securing 
the  collars  in  the  desired  positions  after  the  required  adjust- 
ment has  been  made. 

Compensation  for  'Wear  by  Compressing-  Bearing  Box 

In  Fig.  9  there  is  shown  a  different  method  of  providing 
compensation  for  wear  in  a  tapered  bronze  spindle  bearing 
box.  This  construction  is  used  on  the  Garvin  No.  2  universal 
milling  machines.  At  the  front  end,  the  spindle  is  furnished 
with  a  bearing  box  of  the  same  general  design  as  those  which 
have  already  been  described,  but  at  the  rear  end,  as  will  be 
seen,  the  bronze  box  is  split  and  fitted  to  the  straight  end  of 
the  spindle,  this  box  being  tapered  on  the  outside  to  engage 
a  bushing  in  the  machine  frame  with  which  it  remains  in 

fixed  contact.  Obvi- 
ously, this  necessi- 
tates an  entirely 
different  method  of 
adjusting  the  box 
to  afford  compensa- 
tion for  wear,  and 
such  adjustment  is 
obtained  by  tight- 
ening threaded  col- 
lar A  to  provide 
for  pulling  the  ta- 
pered bearing  box 
into  the  bushing  in 
the  machine  frame. 
When  this  collar  is 
tightened  to  pull 
the  bearing  box  Into  the  tapered  bushing,  the  bronze  box  is 
compressed  against  the  straight  journal  on  the  spindle,  thus 
taking  up  any  wear  which  may  have  developed.  Attention  is 
also  called  to  oil-hole  B,  which  delivers  a  supply  of  oil  into 
reservoir  C,  formed  in  this  bearing  box  to  provide  a  liberal 
supply  of  oil;  the  oil  flows  from  the  reservoir  through  oil- 
holes  connecting  with  grooves  machined  in  the  bearing  sur- 
face of  the  box  to  provide  for  distribution  of  lubricant  over 
the  bearing.  The  same  arrangement  of  an  oil-hole  D  and  oil 
reservoir  in  the  bearing  box  is  provided  at  the  front  end  of 
the  spindle. 

Compensation  for  Wear  by  Drawlntf  Spindle  into  Tapered  Box 

Fig.  10  shows  an  example  of  the  design  of  bearings  tor  a 
machine  tool  spindle,  where  the  journals  are  directly  supported 
by  tapered  bronze  boxes  at  both  ends.  In  order  to  take  up 
wear  which  develops  In  these  boxes,  the  method  of  procedure 
is  as  follows:  It  will  be  seen  that  at  the  front  end  of  the  spin- 
dle (which  is  the  left-hand  end  In  this  case)  a  tapered  bronze 
box  A  Is  provided  which  Is  threaded  on  the  outside  at  both 
ends.  To  compensate  for  wear  which  may  develop  In  these 
bearing  boxes,  the  method  of  procedure  Is  as  follows:  Threaded 
collar  B,  carried  at  the  right-hand  end  of  the  spindle,  Is  tight- 
ened to  draw  the  entire  spindle,  and  hence  the  tapered  bear- 
ing at  this  end  of  the  spindle,  back  Into  box  G  to  compensate 
for  any  lost  motion  which  may  have  duvelopod  as  the  result 
of  wear.  When  this  result  has  been  obtained,  a  corresponding 
adjustment  must  bo  made  on  box  A,  the  procedure  being  as 
rollows:  Jam  nut  B  Is  looHoncd  and  the  roar  slc^p  plug  behind 
the  nut  Is  slacked  away,  after  which  threaded  collar  D  at  the 
front  end  of  the  splndlo  Is  loosened  and  collar  K  Is  then  tight- 
ened to  draw  the  front  lopcred  honring  box  up  to  a  snug  (11 
on  the  Journal;  IhlH  also  pUHhes  the  entire  spindle  back  Into 
the   rciir   liiper"<l    hi'iirlriK   '•'      When    thiH   reHUll   hiiH   hfen   ob 
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Alloys 

Lead 

Tin 

Anti- 
mony 

Copper 

zinc 

other  Con 
stltuents 

Babbitt  1 

Babbitt  2 

Babbitt  3 

Babbitt  4 

Babbitt  5 

Babbitt  6 

Babbitt  7 

White  metal  1. . 
White  metal  2.. 

White   brass 

Bronze    1 

Bronze   2 

Bronze    3 

Bronze   4 

Bronze    5 

Bronze   6 

80.0 
72.0 
70.0 
80.5 
0.5 

82!o 
3.0 

ii!5 

15.0 
9.5 

li'.'o 

20.0 
21.0 
10.0 
11.5 
68.0 
20.0 
86.0 

'7.6 
64.0 
11.5 

8.0 
10.0 

3.0 
15.0 

7.0 

'7!6 
20.0 

7.5 

i6!o 

12.0 
3.8 

0.5 
1.0 

4.0 

6.0 

2.3 

2.0 

77.0 

76.2 

80.5 

97.0 

85.0 

78.0 

30'5 
80.0 

83!3 
34.0 

p'=  0.80 
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Note:  P  indicates  phosphorus. 

tained,  collar  D  is  tightened  to  provide  for  holding  the  box 
in  exactly  the  position  in  which  it  has  been  set.  Then  the 
rear  step  plug  is  carefully  adjusted  against  the  rear  end  of 
the  spindle  and  locked  by  a  Jam  nut  B.  This  is  another  bear- 
ing design  used  by  the  Garvin  Machine  Co. 

Cast-iron  and  Babbitt  Spindle  Bearing-s 

Experience  has  shown  that  very  satisfactory  service  is  ob- 
tained from  a  hard  steel  Journal  running  in  a  cast-iron  bear- 
ing. With  such  a  combination,  it  is  found  that  the  cast  iron 
has  a  tendency  to  become  glazed  on  the  surface  in  such  a  way 
that  the  coefficient  of  friction  between  the  bearing  and  its 
Journal  is  very  small,  thus  making  the  transmission  efficiency 
of  the  bearing  correspondingly  high;  also  a  bearing  of  this 
kind  is  so  hard  that  wear  becomes  almost  a  negligible  quan- 
tity. In  Fig.  7  there  is  shown  a  type  of  spindle  bearing  con- 
struction which  has  been  adopted  as  a  standard  by  the  R.  K. 
LeBIond  Machine  Tool  Co.,  of  Cincinnati,  Ohio,  in  building 
lathes,  milling  machines,  and  cutter  grinders.  This  consists 
of  a  cast-iron  box  at  the  front  end  and  a  babbitted  box  at  the 
rear  end  of  the  spindle,  and  the  results  obtained  by  this  com- 
bination have  proved  so  satisfactory  in  practice  that  a  detailed 
description  will  be  of  interest. 

The  spindle  is  made  of  50-point  carbon  steel,  and  over  this 
there  is  pressed  at  the  front  end  a  hardened  steel  bushing 
made  of  Shelby  seamless  tubing.  In  making  this  bushing,  the 
blank  is  cut  off  and  annealed,  after  which  it  is  bored,  turned, 
and  carburized;  then  it  is  necessary  to  round  up  the  bushing 
to  remove  any  distortion  which  has  been  produced  during  the 
heat-treatment,  after  which  it  is  reheated  and  quenched  in 
water  to  make  it  glass-hard.  After  hardening,  the  bushing 
must  show  a  scleroscope  hardness  of  80  degrees,  and  those 
which  fail  to  fulfill  this  test  are  heat-treatod  again.  The  hard- 
ened bushings  are  ground  on  the  inside  and  rough-ground  on 
the  outside,  after  which  they  are  again  tested  for  hardness 
before  being  pressed  onto  the  spindle.  The  fit  of  the  bushing 
on  the  spindle  is  so  adjusted  that  from  seven  to  ten  tons' 
hydraulic  pressure  is  required  to  push  it  Into  place,  after 
which  the  bushing  Is  ground  to  standard  size.  The  cast  Iron 
(or  the  bearing  Is  cast  against  a  chill  to  make  the  metal  dense 
and  close-grained.  Mention  has  already  been  made  of  the  fact 
that  this  hardened  steel  journal  Is  carried  In  a  cast-Iron  bear- 
ing box  which  Is  an  Integral  part  of  the  main  headstock  cast- 
ing. This  eliminates  an  extra  joint  between  the  bronze  box 
or  a  babbitt  lined  bearing,  and  affords  a  more  rigid  construc- 

TABLE  2.    ALLOWANCE  FOR  OIL  BKTWHEN  8IIAFT  AND 
JOURNAL  IN  MEDIUM  AND  HIGH-SPEED  BEARINGS 
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tion,  although  the  work  of  scraping  the  cast-iron  spindle  bear- 
ing to  an  accurate  fit  and  perfect  alignment  is  a  difficult  job, 
calling  for  the  services  of  an  experienced  mechanic.  A  cast- 
iron  bearing  of  this  type  must  be  more  accurately  finished 
than  either  a  babbitted  or  a  bronze-bushed  bearing,  because 
no  dependence  can  be  placed  upon  the  spindle  wearing  itself 
to  a  satisfactory  fit  after  the  machine  is  placed  in  service; 
the  bearing  must  fit  properly  before  the  machine  is  started. 
Several  years  ago  the  R.  K.  LeBlond  Machine  Tool  Co.  built 
four  trial  headstocks  equipped  with  the  following  combina- 
tions of  journals  and  bearings:  (1)  Cast-iron  bearings  and 
soft  steel  spindle;  (2)  bronze  bearings  and  soft  steel  spindle; 
(3)  babbitted  bearings  and  soft  steel  spindle;  and  (4)  cast- 
iron  bearings  and  hardened  steel  spindle. 

Lathes  with  spindles  of  these  types  were  kept  in  constant 
use  on  work  of  the  same  general  character,  and  when  exam- 
ined, the  condition  of  the  hardened  steel  journal  running  in  a 
cast-iron  box  was  found  to  be  the  best,  neither  the  spindle 
nor  the  box  being  worn  to  an  appreciable  extent  and  the 
grinder  and  scraper  marks  still  being  visible.  The  combina- 
tion of  a  soft  steel  journal  and  bronze  box  was  in  good  condi- 
tion, but  the  journal  was  slightly  ridged  in  the  center.  The  soft 
steel  spindle  in  a  cast-iron  box  was  appreciably  worn,  but  the 
soft  steel  spindle  in  a  babbitt  box  was  in  first-class  condition. 
There  are  lathes  in  the  LeBlond  shops  at  the  present  time  in 
which  hardened  steel  spindles  have  been  running  in  cast-iron 
boxes  for  about  twelve  years  without  any  adjustment  having 
been  necessary.  The  wear  is  so  slight  that  it  can  scarcely 
be  measured  with  the  most  delicate  instruments.  It  is  very 
important,  however,  to  have  the  combination  of  a  hardened 
steel  spindle  and  cast-iron  box,  because  a  soft  steel  spindle 
and  a  cast-iron  box  is  much  less  satisfactory  than  a  soft  steel 
spindle  running  in  either  a  bronze-bushed  or  babbitted  bearing. 

At  the  rear  end,  the  spindle  of  LeBlond  lathes  milling  ma- 
chines, or  cutter  grinders  is  supported  in  a  babbitted  bearing. 
It  will   be   seen   that   the   seat   for   this   babbitted   bearing   is 
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dovftailcd  and  the  babbitt  is  poured,  after  which  the  bearing 
is  bored  in  position.  No  attempt  is  made  to  peen  cne  metal. 
Experience  has  shown  that  wear  on  the  back  bearing  in  a  head- 
stock  of  this  construction  is  proportionate  to  the  wear  of  the 
front  box  with  Its  hardened  steel  Journal  running  in  a  cast- 
iron  bearing.  Practically  no  attention  is  required  by  bearings 
of  this  form  after  the  front  bearing  has  run  for  a  sufficient 
time  to  enable  the  cast  iron  to  become  glazed.  The  metal  be- 
comes 80  hard  on  the  surface  that  it  can  scarcely  be  "touched" 
with  a  scraper. 


Composition  of  Metal  Alloys  Used  in  Bearing  Boxes 
Various  materials  are  used  for  lining  plain  bearings,  among 
the  more  common  of  which  are  bronze,  babbitt,  and  brass.' 
The  principal  qualities  required  of  a  good  bearing  metal  are 
that  the  coefficient  of  friction  between  the  bearing  surface 
and  the  steel  journal  shall  be  as  low  as  possible,  in  order  to 
provide  for  the  efficient  transmission  of  power  and  freedom 
from  both  wear  and  the  tendency  of  the  bearing  to  become 
heated  while  in  service;  also,  the  metal  must  possess  sufficient 
compressive  strength  so  that  the  bearing  will  not  be  distorted, 
due  to  pressure  of  the  shaft,  or  broken  when  subjected  to 
sudden  shocks.     Bronze  is  usually  understood  to  be  the  name 


Fig.    12.     Method   of  luhricating   Table   Gear  Bracket  of  Vertical   Surface 
Grinding   Machine 

given  to  an  alloy  of  copper  and  tin  as  distinguished  from 
brass,  which  is  an  alloy  of  copper  and  zinc.  A  bronze  is  usually 
understood  to  have  more  copper  than  tin,  and  the  properties 
of  the  metal  differ  widely  according  to  the  percentages  of 
these  constituents  which  are  present.  In  general,  the  alloy 
tends  to  harden  when  tin  is  present  up  to  30  per  cent,  but 
when  this  limit  is  exceeded,  the  alloy  takes  on  more  and  more 
tlie  nature  of  pure  tin.  Bronze  mixtures  commonly  used  for 
bearings  contain  from  3  to  15  per  cent  of  tin  and  85  to  97 
per  cent  of  copper.  Bronze  containing  over  15  per  cent  of 
tin  has  been  recommended  in  some  cases,  but,  owing  to  its 
hardness,  such  a  bearing  must  be  of  perfect  form  before  it 
is  placed  in  service  and  must  be  very  carefully  lubricated. 
Alloys  of  copper  and  tin  were  originally  understood  to  be 
true  bronzes,  and  today  the  term  "bronze  composition"  is  used 
quite  commonly  to  designate  alloys  of  copper,  tin,  and  lead 
which  are  used  for  making  bearing  boxes.  A  bearing  lined 
with  bronze  containing  lead  is  less  liable  to  heat  under  the 
same  conditions  of  lubrication,  and  the  rate  of  wear  is  also 
much  less.  A  further  advantage  is  found  in  the  fact  that 
lead  is  cheaper  than  tin,  so  that  it  is  desirable,  from  a  com- 
mercial viewpoint,  to  use  an  alloy  containing  as  much  lead 
as  possible.  One  bearing  bronze  of  this  character  contains 
7S  per  cent  of  copper,  15  per  cent  of  lead,  and  7  per  cent  of 
tin.  By  adding  from  Vi  to  1  per  cent  of  nickel  to  the  alloy, 
more  lead  may  be  used. 

The  commonly  used  babbitt  metals  consist  of  alloys  of  lead, 
antimony,  copper,  zinc,  and  tin  in  various  proportions.  Two 
or  more  of  these  constituents  may  be  present.  Alloys  contain- 
ing a  high  percentage  of  antimony  are  suitable  for  use  in 
heavy-duty  machinery,  as  they  are  harder,  while  alloys  con- 
taining a  low  percentage  of  antimony  are  adapted  tor  use  in 
high-speed  machir.ery.  Soft  babbitts  have  not  sufficient 
strength  to  sustain  the  weight  and  shock  of  heavy-duty  ma- 
<liinery  bearings  and  can  only  be  used  as  a  liner;  even  so, 
the  babbitt  must  be  of  the  proper  type,  or  trouble  is  likely 
to  be  experienced  from  distortion  of  the  babbitt  allowing  the 
shaft  to  drop  and  the  babbitt  metal  to  be  displaced  to  a  posi- 
tion above  the  shaft,  thus  throwing  machine  members  out  of 
alignment.  P'rictional  resistance  becomes  less  in  alloys  con- 
taining higher  percentages  of  antimony  than  is  the  case  where 
this  constituent  is  present  in  smaller  quantities,  and  the  tem- 
perature of  the  bearing  Is  likewise  diminished  when  running 
under  normal  conditions  of  speed,  pressure,  and  lubrication. 
In  Table  1  is  given  the  composition  of  various  alloys  which 
are  commonly  used  tor  bearing  boxes,  and  in  this  connection 
It  will  be  of  Interest  to  note  the  normal  market  price  of  vari- 
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ous  metals  which  are  constituents  of  these  alloys.  They  are 
as  follows:  Lead,  4  cents  per  pound;  zinc,  5  cents  per  pound; 
antimony,  9  cents  per  pound;  copper,  15  cents  per  pound;  and 
tin,  30  cents  per  pound.  It  will,  of  course,  be  apparent  that 
these  prices  are  far  below  those  which  exist  in  the  present 
war-time  markets. 

Clearance  between  Journals  and  Bearing  Boxes 

In  designing  journals  and  the  bearing  boxes  in  which  they 
are  to  run,  care  must  be  taken  to  so  proportion  the  sizes  of 
the  journal  and  its  box  that  just  a  sufficient  amount  of  clear- 
ance will  be  left  to  provide  the  necessary  space  for  a  film  of 
oil  which  is  required  in  the  bearing.  This  amount  of  clear- 
ance varies  with  the  diameter  of  the  shaft,  and  in  Table  2 
there  is  given  the  average  amount  of  clearance  which  should 
be  left  for  shafts  of  different  sizes.  In  order  to  provide  for 
uniform  distribution  of  oil  over  the  entire  surface  of  a  journal 
bearing,  it  is  common  practice  to  cut  what  are  termed  "oil- 
grooves"    in    the    surface    of 


the  oil.  For  these  two  reasons,  and  also  owing  to  certain 
other  causes,  it  is  necessary  to  clean  out  the  oil  reservoirs 
at  intervals  of  about  six  months.  To  facilitate  this  cleaning 
process,  a  drain  plug  should  always  be  provided  at  the  bottom 
of  the  reservoir  which  can  be  screwed  out  in  order  to  drain 
off  the  dirty  oil.  The  reservoir  should  then  be  flushed  out 
with  kerosene  to  clean  away  all  accumulations  of  metal  parti- 
cles and  oxidized  oil,  after  which  the  drain  plug  is  replaced 
and  the  reservoir  refilled  with  clean  oil.  The  same  method 
of  lubrication  may  be  employed  in  the  case  of  lubricant  and 
oil-pumps,  table  traverse  mechanisms,  etc. 

In  the  headstocks  of  "Filsmith"  lathes  built  by  the  Philip 
Smith  Mfg.  Co.,  of  Sidney,  Ohio,  all  bearings  are  lubricated 
by  the  splash  system  with  the  exception  of  the  main  spindle 
bearings,  which  are  oiled  by  sight-feed  oil-cups.  The  reason 
for  this  is  that  it  is  felt  that  oil  used  in  a  geared  headstock 
is  bound  to  be  contaminated  with  particles  of  metal  abraded 
from  the  gear  teeth  and  bearings,  and  that  such  impurities 
should  not  be  allowed  to  enter 


either  the  journal  or  its  box. 
These  grooves  are  usually 
made  in  the  form  of  a  spiral 
or  some  kind  of  an  endless 
curve,  as  shown  in  Pig.  11, 
which  illustrates  bearing  box- 
es made  by  the  Bunting  Brass 
&  Bronze  Co.,  748  Spencer  St., 
Toledo,  Ohio.  Special  ma- 
chines are  made  for  cutting 
oil-grooves,  which  provide  for 
handling  this  work  in  a  more 
expeditious  manner  than  is 
possible  with  hand  tools  or  on 
machine  tools  of  standard 
design.  There  are  several 
reasons  for  cutting  oil-grooves 
in  the  form  of  spirals  or 
other  curved  shapes,  instead 
of  adopting  the  practice  of 
cutting  straight  grooves  paral- 
lel to  the  axis  of  the  jour- 
nal. If  such  a  practice  were 
followed,  there  would  be  a 
tendency  for  oil  to  gather  in 
the  grooves  near  the  bottom 
of  the  box,  while  those  on  the 
sides  and  top  would  remain 
empty.  With  oil-grooves  of 
spiral  or  similar  form,  how- 
ever, this  trouble  is  not  ex- 
perienced and  rotation  of  the 
journal  has  the  further  ten- 
dency of  circulating  the  oil 
through  these  curved 
grooves,  thus  greatly  facilitating  distribution  of  the  lubricant. 
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Fig.   13.    Provision  marto  for  Lubrication  of  Spindle  B 
Surface   Grinding  Machine 


Lubrication  of  Plain  Machine  Tool  Bearlners 

The  ideal  method  of  lubrication  for  the  bearings  in  gear- 
boxes on  machine  tools  and  other  bearings,  where  such  an 
arrangement  Is  possible,  Is  to  have  the  gears  run  In  a  reservoir 
filled  with  oil.  This  not  only  avoids  wear  of  the  gear  teeth, 
but  It  also  provides  for  lubrication  of  the  bearings  by  the 
well-known  splash  system  of  lubrication.  Oil-holes  are  pro- 
vided at  the  top  of  the  bearings,  so  that  oil  thrown  from  the 
gears  drops  Into  these  holes  and  provides  a  continuous  flow 
of  lubricant  through  the  bearings.  Where  this  arrangement 
Is  employed,  an  ample  amount  of  lubricant  can  be  put  Into  the 
reservoir  to  last  for  several  weeks,  the  length  of  time  being 
governed  by  the  conditions  of  service.  A  gageglaHs  Is  fur- 
nisherl  on  each  reservoir,  which  shows  the  level  of  llio  oil, 
nnd  at  Infrequent  Intervals  It  Is  merely  necesgary  to  replenish 
tin-  supply  of  oil.  When  gears  are  running  In  rnesh,  or  when  a 
shaft  Is  rotating  In  Us  bearing,  the  cffoct  of  friction  Is  to 
tear  off  very  flne  fragments  of  metal  which  collect  In  tho  oil 
Id  such  a  reservoir;  also,  thero  Is  a  tendency  for  a  "muck" 
to  collect  In  tho  bottom  of  Iho  reservoir,  duo  to  oxidation  of 


the  spindle  bearings  which 
are  directly  responsible  for 
the  accuracy  of  work  pro- 
duced on  the  lathe.  This  is, 
of  course,  a  subject  upon 
which  there  could  be  consid- 
erable discussion.  In  any 
case,  where  headstocks  are 
lubricated  by  the  splash  sys- 
tem of  oiling,  all  the  oil 
should  be  drained  from  the 
head  occasionally  and  the 
head  should  be  thoroughly 
flushed  with  kerosene,  ben- 
zine, or  naphtha  to  clean  all 
residue  from  the  gears,  bear- 
ings, and  inside  of  the  gear- 
case  before  a  fresh  supply  of 
oil  is  added. 

Lubrication  of  Bearings  in 

Grinding-  Machines 
An  example  of  this  method 
of  lubrication  is  shown  in 
Fig.  12,  which  illustrates  the 
table  gear  bracket  of  the  verti- 
cal surface  grinding  machine 
built  by  the  Blanchard  Ma- 
chine Co.,  64  State  St.,  Cam- 
bridge, Mass.  By  building 
this  mechanism  as  an  inde- 
pendent unit,  the  process  of 
manufacture  is  simplified,  in 
addition  to  making  provision 
for  the  efficient  lubrication  of 
the  gears  and  bearings  by  ap- 
plication of  the  splash  system  of  oiling.  Referring  to  this 
illustration,  it  will  be  seen  that  the  drive  is  transmitted 
through  a  spline  shaft  A  and  bevel  gears  to  the  table  gear  ]!. 
Oil  is  retained  in  reservoir  C  at  the  level  indicated  by  shaded 
lines,  and  the  bearing  of  the  spline  shaft  is  lubricated  by  the 
ring-oiling  principle,  which  will  be  more  fully  discussed  in 
connection  with  another  example  of  bearing  design.  By  this 
method,  ring  I)  runs  over  tho  bearing  to  be  lubricated  and 
its  lower  side  dips  into  the  oil  carried  in  reservoir  C.  Rotation 
of  the  shaft  results  In  continuously  turning  ring  D,  with  tho 
result  that  oil  Is  carried  up  by  the  ring  and  deposited  at  tho 
top  of  the  bearing,  thus  delivering  a  constant  supply  of  lubri- 
cant to  the  bearing.  A  felt  packing  IH  Is  employed  to  exclude 
abrasive  dust,  which  would  soon  wear  out  the  bearing  If  apodal 
precautions  wore  not  taken  to  jirovont  It  from  gotliiig  bclwoon 
tho  rubbing  surl'ai'(!H;  and  tolescoplc  tubes  form  an  offectlvo 
seal  at  the  right-hand  nnd  of  the  shaft.  When  It  la  ro(iulrod 
lo  dean  out  roaorvtilr  f  by  tho  method  which  has  already  boon 
explained,  drain  plug  /''  la  withdrawn  In  order  to  provide  for 
the  escape  of  dirty  oil  from  the  reservoir  and  the  fluahlng  out 
of  tha  reservoir  with  kerosene  so  as  to  romovo  all  accumulated 
rnrolgn   matter   before  a   fresh   supply   of  lubricant   la  added. 
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rig.    14.     Application    of    Ring-oiling    Principle    for   lubricating    Combination    Radial  and  Thrust  Bearings  on  Disk  Grinding  Machine 


To  provide  for  lubricating  tlie  bearing  of  tlie  vertical  shaft 
carrying  gear  B,  oil  is  delivered  through  channels  communi- 
cating with  a  felt  packing  G  which  is  in  contact  with  the 
bearing  of  the  vertical  shaft.  This  packing  serves  the  double 
purpose  of  carrying  a  continuous  supply  of  oil  to  the  bearing 
and  filtering  out  any  foreign  matter  with  which  the  oil  may 
have  become  contaminated.  Any  excess  oil  which  passes 
through  this  bearing  is  caught  in  the  lower  reservoir  and 
replenishes  the  supply  of  oil  for  lubricating  the  gears  and  the 
ring-oiled  bearing  of  the  horizontal  shaft.  Felt  packings  are 
very  generally  used  in  this  way  to  provide  for  delivering  clean 
oil  to  bearings  of  grinding  machines  and  similar  equipments 
where  the  bearings  are  so  situated  that  it  is  difficult  to  ex- 
clude abrasive  dust  and  other  substances  that  would  rapidly 
score  and  wear  out  the  bearings  if  they  came  in  contact  with 
the  rubbing  surfaces. 

Provision  for  Lubricating  Vertical  Grinding  Wheel  Spindle 
Bearing 
In  Fig.  13  there  is  shown  a  cross-sectional  view  of  the  wheel- 
head  of  a  Blanchard  belt-driven  vertical  surface  grinding  ma- 
chine; and  the  design  of  the  bearings  for  carrying  the  wheel- 
spindle,  together  with  the  means  provided  for  assuring  efficient 
lubrication,  will  undoubtedly  prove  of  interest.  This  entire 
wheel-head  is  carried  on  a  vertical  slide,  so  that  alignment  of 
the  spindle  bearings  is  made  entirely  independent  of  the  slide. 
It  will  be  apparent  from  the  illustration  that  there  are  ball 
thrust  bearings  at  both  the  lower  and  upper  ends  of  this  spin- 
dle; and  for  carrying  the  radial  load  there  is  a  bronze  bear- 
ing at  the  lower  end  of  the  spindle  and  a  radial  ball  bearing 
at  the  upper  end.  The  great  advantage  of  ball  bearings  in 
such  a  case  is  that  they  may  be  packed  with  grease  and  housed 
in  such  a  way  that  the  grease  is  kept  in  the  bearing  and  ade- 
quate protection  is  afforded  against  the  entrance  of  grit  and 
other  foreign  matter,  which  would  abrade  the  bearings.  With 
such  an  arrangement,  the  bearings  require  practically  no  at- 
tention, provided  they  are  furnished  with  the  proper  kind  of 
lubricant  which  is  chemically  neutral;  that  is  to  say,  free 
from  both  acid  and  alkali.  The  mounting  of  these  radial  and 
thrust  ball  bearings  conforms  with  a  standard  practice,  of 
which  a  detailed  description  will  be  given  in  a  later  section 
nt  this  article,  but  the  reader's  attention  is  called  to  the  hemi- 


spherical seats  on  the  races  of  the  ball  thrust  bearings  which 
fit  corresponding  surfaces  machined  to  receive  them.  It  is 
the  purpose  of  this  arrangement  to  have  the  hemispherical 
surface  on  the  race  adjust  itself  for  slight  inaccuracies  in 
alignment  or  to  compensate  for  slight  strains  which  develop 
in  the  wheel-head,  thus  enabling  the  bearing  to  distribute  the 
thrust  load  over  all  of  the  balls  and  assuring  efficient  trans- 
mission of  power. 

At  the  lower  end  of  the  spindle  there  is  a  tapered  bearing 
which  is  arranged  with  the  large  end  of  the  taper  at  the  top, 
so  that  it  is  impossible  to  transmit  any  of  the  wheel  thrust  to 
this  bearing.  Tapered  bronze  bushing  A  can  be  easily  raised 
by  turning  the  threaded  ring  B  to  provide  for  taking  up  any 
wear  which  develops  between  the  spindle  bearing  and  its 
bronze  box.  This  adjusting  ring  B  is  turned  by  a  spanner 
wrench  and  the  bronze  bushing  is  not  split.  The  provision  of 
means  for  delivering  lubricant  to  this  tapered  spindle  bearing 
is  particularly  interesting.  Lubricant  is  delivered  to  an  oil 
reservoir  C,  from  which  it  flows  down  through  a  channel  cut 
in  the  bronze  bushing  at  the  left-hand  side  of  the  spindle  to 
gain  access  to  the  spiral  oil-groove  which  is  cut  in  the  journal. 
Oil  is  carried  up  through  this  groove,  and  in  this  way  a  liberal 
supply  of  lubricant  is  always  distributed  over  the  bearing. 
Upon  reaching  the  top  of  the  bearing,  excess  oil  finds  its  way 
into  channels  at  each  side  of  the  spindle  and  flows  down 
through  these  channels  into  reservoir  C,  where  it  is  available 
for  subsequent  use.  By  studying  the  direction  of  flow,  which  is 
indicated  by  arrows  shown  in  this  illustration,  the  reader  will 
easily  obtain  a  perfectly  clear  idea  of  the  way  in  which  oil 
circulates  through  this  bearing. 

The  upper  end  of  the  spindle  carries  a  threaded  collar  with 
springs  D  beneath,  which  press  up  against  it  with  a  force 
exceeding  the  weight  of  the  revolving  parts  by  at  least  five 
hundred  pounds.  By  this  means,  the  thrust  bearing  at  the 
lower  end,  on  which  depends  the  accuracy  of  the  grinding,  is 
always  kept  tight.  All  backlash  in  the  spindle  is  eliminated 
and  variations  of  spindle  length  with  temperature  are  auto- 
matically corrected.  The  downward  reaction  of  the  springs 
is  carried  on  a  ball  thrust  bearing  in  the  upper  box.  and  side 
pull  at  that  point,  due  to  the  belt,  is  taken  on  a  radial  ball 
bearing. 


Solf-ollln»   Typo   of  Bowing   wlit 
Capillary   Actio 
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Ring-oilingr  System   of  Bearing- 
Lubrication 

Another  method  of  providing  for  auto- 
matically delivering  oil  to  a  bearing  is 
to  furnish  one  or  more  rings  which  are 
hung  over  the  top  of  each  journal  and 
extend  down  sufficiently  below  the  jour- 
nal at  the  under  side  so  that  they  dip 
into  a  reservoir  filled  with  oil.  As  the 
journal  rotates,  it  carries  the  rings 
around,  thus  bringing  the  portion  of 
each  ring  which  was  formerly  immersed 
in  the  oil  up  into  contact  with  the  top 
of  the  journal.  The  ring  carries  a  con- 
siderable amount  of  oil  with  it,  and  in 
this  way  a  constant  supply  of  oil  is  de- 
posited on  the  journal,  which  assures 
its  efficient  lubrication.  A  good  example 
of  the  application  of  ring-oiled  bearings 
in  machine  tool  design  is  shown  in 
Fig.  14,  which  illustrates  the  spindle 
construction  of  a  disk  grinder  built  by 
Charles  H.  Besly  &  Co.,  120  B  N.  Clin- 
ton St.,  Chicago,  111.  The  bearings  are 
so  constructed  that  they  are  dustproof, 
which  is  an  important  feature  on  the  bearings  of  any  grinding 
machine,  and,  in  addition  to  the  ring-oiled  radial  bearings, 
thrust  bearings  are  provided  to  support  the  load  which  is 
applied  in  an  endwise  direction.  This  combination  radial  and 
double  end  thrust  bearing  is  automatically  oiled. 

It  is  claimed  that  this  ring-oiling  device  is  so  efficient  in 
operation  that  the  spindle  literally  floats  on  an  oil  film,  thus 
greatly  reducing  the  amount  of  power  required  to  drive  the 
machine.  Tests  which  have  been  conducted  to  determine  the 
transmission  efficiency  of  these  ring-oiling  bearings  are  said 
*.o  have  shown  that  it  is  within  2  per  cent  of  the  efficiency 
of  ball  bearings.  In  the  operation  of  ring-oiled  bearings  of 
this  type,  the  oil  should  be  drawn  off  about  every  six  months, 
the  exact  length  of  time  depending  upon  the  conditions  of 
service  under  which  the  bearings  are  operated.  The  oil  wells 
have  ample  capacity;  for  instance,  on  the  No.  17  Besly  disk 
grinder,  with  a  spindle  2J/2  inches  in  diameter,  the  oil  wells 
are  7  inches  deep.  Two  solid  steel  rings  are  provided  for  each 
bearing,  which  operate  through  channels  cut  in  the  bearing 
bushings  in  such  a  way  that  it  is  impossible  for  a  ring  to  be 
displaced  and  fail  to  operate  properly.  The  bearing  boxes  are 
split  to  facilitate  assembly,  and  the  housings  in  which  these 
boxes  are  inserted  are  so  arranged  that  replacement  of  the 
boxes  is  an  easy  matter  when  this  becomes  necessary.  A  spe- 
cial grade  of  phosphor-bronze  is  used  for  the  boxes,  and  they 
are  designed  with  ample  bearing  surface  so  that  there  is 
very  little  wear. 

On  disk  grinding  machines,  considerable  end  thrust  is  set 
up  when  work  is  forced  against  the  grinding  wheel,  and  this 
Is  particularly  true  in  the  case  of  machines  furnished  with  a 
lever  feeding  mechanism  for  the  work-table.  On  single-spindle 
Besly  disk  grinding  machines  a  grinding  wheel  is  mounted 
at  both  ends  of  the 
spindle,  which  makes 
It  necessary  to  de- 
sign the  bearings  in 
such  a  way  that  pro- 
vision is  made  for 
supporting  the  thrust 
load  which  Is  applied 
In  both  directions.  It 
is  also  Important  to 
work  out  the  design 
in  such  a  way  that 
th<TC  will  bo  no  end 
motion  of  the  spindle 
while  a  grinding  op- 
eration Is  being  per- 
formed, because  this 
would  prevent  the 
work     from    being 


Fig.   17.    Bronze  Bushing  provided  with  Means 

of  automatically  drawing  Oil  from 

Supply   ReBervoLT 
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ground  accurately  to  size  and  would 
make  it  impossible  to  produce  duplicate 
parts.  End  play  is  taken  up  by  adjust- 
ing collars  threaded  onto  the  spindle 
under  the  flange  of  the  driving  pulley. 
The  machine  can  be  safely  operated 
without  any  end  play  in  the  spindle. 
In  Fig.  14  it  will  be  seen  that  end  thrust 
is  supported  by  flanges  A  and  B  of  the 
right-hand  bearing  bushing.  Attention 
is  called  to  the  fact  that  this  bushing  is 
made  in  two  parts,  which  are  separated 
at  C  with  sufficient  clearance  space,  so 
that  in  the  event  of  any  longitudinal 
expansion  of  the  bushing,  due  to  a  rise 
in  temperature  during  operation  of  the 
bearing,  such  expansion  is  taken  up  in 
the  clearance  space  without  affecting  the 
lateral  adjustment  of  the  spindle;  also, 
there  will  be  no  tendency  for  the  bush- 
ing to  swell  outward  along  the  spindle 
and  bind  against  the  thrust  collars  D 
and  E,  which  are  located  at  opposite 
ends  of  the  radial  bearing  bushing.  At- 
tention is  called  to  the  fact  that  the 
bushing  is  anchored  in  the  head  of  the  grinding  machine  by 
means  of  two  pins  F  and  G,  which  fit  into  holes  that  are 
slightly  elongated  to  permit  expansion  or  contraction  of  the 
bushing  without  causing  any  unnecessary  strain.  There  are 
no  holes  through  the  caps  which  cover  each  of  the  bearings 
on  this  machine,  so  that  it  is  impossible  for  grit  or  dirt  to 
find  its  way  into  the  bearings. 

In  working  out  this  design,  an  interesting  method  has  been 
provided  for  lubricating  both  the  thrust  and  radial  bearings. 
Referring  first  to  the  detail  view  of  a  part  of  the  bushing 
which  is  shown  separately,  it  will  be  seen  that  the  liner  H 
is  set  back  in  order  to  form  an  oil-groove  along  the  radial 
bearing  at  both  sides  of  the  spindle.  These  oil-grooves  extend 
to  the  end  of  the  bushing  and  then  in  an  outward  direction 
almost  to  the  periphery  of  the  flanges  on  the  radial  bearing 
which  engage  the  thrust  collars.  The  thrust  faces  of  both 
flanged  ends  of  the  right-hand  bearing  bushing  are  grooved, 
as  shown  at  /,  and  carry  oil  to  all  parts  of  the  thrust  bearing. 
The  groove  is  circular  in  form,  but  eccentric  with  the  spindle 
and  it  is  made  of  such  diameter  that  all  portions  of  the  face 
of  each  hardened  thrust  collar  which  bears  against  the  flange 
on  the  radial  bearing  pass  over  the  oil-groove  during  one 
revolution  of  the  spindle,  which  insures  oil  reaching  all  parts 
of  the  thrust  bearing.  Oil  is  also  delivered  to  this  groove  from 
the  oil-grooves  formed  by  the  bushing  liners  //,  to  which  refer- 
ence has  already  been  made.  As  the  oil-grooves  in  the  thrust 
bearings  are  circular  in  form,  an  eccentric  with  the  spindle 
rotary  motion  of  the  thrust  collars  against  the  oil  in  the 
grooves  tends  to  circulate  this  oil  and  provide  a  copious  flow 
of  lubricant.  After  this  type  of  disk  grinder  spindle  bearing 
was  adopted,  it  was  found  practicable  to  increase  the  speed 
75  per  cent  where  such  an  increase  was  desirable. 

OlllnK-  Llnoahatt  Hangr- 
er  Benrlnifs 
In  shops  where  the 
eiiuipment  is  quite 
congested,  it  is  like- 
ly to  be  found  that 
there  is  danger  of  ac- 
cidents to  men  whoso 
duly  it  Is  to  oil 
I  lie  bearings  of  llne- 
.sliaft  hangers,  coun- 
Icr.sluifts,  and  simi- 
lar (Miuipmcnt  where 
till'  hearings  are 
pliicc^d  In  somewhat 
Inaccessible  p  o  s I- 
tlons.  A  llttio  time 
given  to  the  sub- 
ject of  devising  meth- 
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ods  of  lubrication  may  often 
be  tbe  means  of  saving  seri- 
ous accidents  and  consequent 
litigation  over  employer's  lia- 
bility. Observation  of  the  fol- 
lowing points  will  often  result 
in  saving  trouble:  Wherever 
possible,  the  work  of  oiling 
bearings  in  lineshaft  hangers 
and  countershafts  should  be 
done  while  the  machinery  is 
not  running.  A  better  plan  is 
to  equip  such  bearings  with 
automatic  lubricators  which 
only  need  to  be  filled  at  in- 
frequent intervals;  with  bear- 
ings of  this  type,  it  is  always 
feasible  to  arrange  to  replen- 
ish the  supply  of  lubricant  at 
some  time  when  the  machines  are  at  rest.  It  will  always  hap- 
pen, however,  that  certain  conditions  will  arise,  making  it 
necessary  for  shafting  to  require  attention  while  the  machines 
are  running,  and  to  meet  such  contingencies,  safe  means  of 
access  must  be  provided,  among  which  mention  is  made  of 
the  following: 

Where  ladders  are  used  to  reach  lineshafts  and  counter- 
shafts, they  should  be  provided  with  hooks  or  hangers  to  fit 
over  the  shaft  at  the  upper  end  and  spurs  at  the  lower  end, 
which  will  insure  obtaining  a  secure  grip  on  the  floor.  With 
such  provision,  there  is  no  likelihood  of  a  ladder  slipping  and 
causing  the  w^orkman  to  be  thrown  into  moving  parts  of  a 
machine.  In  big  shops  it  will  sometimes  be  found  feasible  to 
have  a  service  platform  or  "runway"  provided  with  guard 
rails  and  toe-boards  running  parallel  to  lineshafts,  so  that  any 
point  on  the  shaft  is  readily  accessible.  Moving  parts  of  ma- 
chinery should  not  be  allowed  to  project  over  such  a  runway, 
but  if  such  a  condition  is  unavoidable,  the  moving  part  should 
be  completely  enclosed.  In  some  plants,  use  is  made  of  a  car 
hung  from  an  I-beam  running  parallel  to  the  lineshaft,  and 
with  such  an  equipment  the  oiler  can  readily  move  along  the 
shaft  to  reach  all  of  the  bearings.  The  use  of  such  a  car  or 
of  the  service  platform  is  naturally  restricted  to  quite  large 
shops.  Some  shops  have  their  men  use  forced-feed  oil-cans 
of  sufficient  length  so  that  they  can  be  operated  from  the  floor. 
Where  men  are  employed  to  look  after  the  work  of  inspect- 
ing and  oiling  shafting  and  other  equipment  before  the  regu- 
lar starting  time  of  the  plant,  accidents  sometimes  happen 
through  the  engineer's  starting  up  the  machinery  before  these 
men  have  finished  their  work.  This  source  of  danger  can  be 
overcome  by  providing  disconnecting  appliances  which  make 
it  possible  to  cut  out  any  sec- 
tion of  the  equipment  until 
the  work  of  oiling  bearings 
has  been  completed.  Switches 
used  for  this  purpose  should 
be  provided  with  padlocks,  so 
that  they  can  be  locked  in 
either  the  open  or  closed  posi- 
tion. If  such  appliances  are 
not  installed,  it  is  a  good  prac- 
tice to  require  a  man  em- 
ployed in  oiling  equipment  to 
report  personally  to  the  engi- 
neer of  the  plant  that  he  is 
going  to  oil  certain  ma- 
chinery. Probably  the  best 
safeguard  in  the  lubrication 
of  bearings  used  in  all  Inac- 
cessible equipment  is  to  adopt 
the  use  of  one  of  the  so-called 
"self-oiling"  types  of  bearings 
which  can  be  furnished  with 
a  supply  of  lubricant  that  Is 
adequate  for  a  considerable 
period  of  time.  Hearings  of 
this  type  are  furnished   with 
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means  of  drawing  oil  from 
the  reservoir  and  delivering 
it  to  the  bearing  surface,  so 
that  constant  and  efficient  lu- 
brication is  assured.  The  fea- 
tures of  various  bearings  of 
this  type  are  described  in 
the  following  paragraphs. 

Types  of  Self-oillngr  Bearingrs 

The  so-called  "self-oiling" 
type  of  bearings  may  work  on 
either  of  two  principles;  oil 
may  be  taken  from  a  reser- 
voir and  carried  up  to  the 
bearing  by  any  suitable 
means,  or  the  bearing  box 
which  surrounds  the  journal 
may  be  impregnated  with 
some  form  of  lubricant.  The  latter  type  of  bearing  is  often 
referred  to  as  an  "oilless  bearing,"  although  in  many  cases 
it  is  found  desirable  to  give  bearings  of  this  type  perhaps 
25  per  cent  of  the  quantity  of  oil  which  would  be  required 
for  the  efficient  operation  of  a  bearing  of  standard  design. 
The  great  advantage  of  self-oiling  or  oilless  bearings  is  that 
they  do  not  require  as  much  attention  as  the  ordinary  type, 
and  in  the  event  of  neglect  to  supply  such  bearings  with  the 
quantity  of  lubricant  which  they  are  expected  to  receive,  they 
are  capable  of  operating  for  a  considerable  length  of  time 
without  serious  damage. 

Dodg-e  Capillary  Self-oiling-  Bearing- 

In  Fig.  15  there  is  shown  what  is  known  as  a  capillary  type 
of  self-oiling  bearing,  which  is  suitable  for  use  in  lineshaft 
hangers  and  similar  types  of  equipment.  This  bearing  is 
made  by  the  Dodge  Mfg.  Co.,  of  Mishawaka,  Ind.  The  bearing 
box  has  been  designed  with  an  opening  at  the  bottom,  in  which 
there  is  inserted  a  wooden  block  that  extends  down  through 
the  box  for  a  sufficient  distance  so  that  the  lower  side  of  the 
block  can  dip  into  an  oil  reservoir  provided  in  the  bearing 
housing.  The  block  is  held  against  the  shaft  by  a  spiral  spring, 
and  it  has  a  series  of  slots  sawed  in  it  which  come  to  a 
sharp  angle  at  one  end.  It  is  the  tendency  of  the  oil  to 
rise  in  the  narrow  end  of  these  slots  in  the  wooden  block, 
as  a  result  of  capillary  action,  which  is  responsible  for  carry- 
ing oil  up  to  the  bearing. 

Perhaps  a  better  idea  of  the  arrangement  will  be  secured 
after  referring  to  Fig.  16,  which  shows  a  cross-sectional  view 
of  the  wooden  block,  illustrating  the  way  in  which  it  is  slotted,, 
and  a  cross  sectional  view  through  the  bearing  showing  how 
the  oil  is  drawn  up  in  the 
narrow  side  of  these  slots  ia 
the  wooden  block,  due  to  the 
capillary  action  which  has 
just  been  mentioned.  A  uni- 
form film  of  oil  is  maintained 
on  the  shaft  in  this  way,  and 
oil-grooves  are  cut  in  the 
bearing  box  in  order  that 
these  grooves  may  be  kept 
full  of  oil,  thus  facilitating 
lubrication  of  the  bearing. 
As  there  is  no  mechanical  agi- 
tation of  the  oil  contained  in 
the  reservoir  in  this  bearing, 
any  foreign  matter  which  is 
present  in  the  oil  is  allowed 
to  settle  to  the  bottom,  so  that 
only  pure  oil  is  admitted  to 
the  bearing  and  no  trouble  is 
experienced  through  grit  or 
other  foreign  materials  rapid- 
ly wearing  the  bearing  sur- 
faces. The  reservoir  In  this 
bearing  has  sufficient  rapacity 
to    contain    a    supply    of    oil 
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whicb  is  adequate  to  keep  the  bearing  efficiently  lubricated  for 
a  period  of  six  months.  Before  replenishing  the  supply  of  oil, 
the  bearing  should  be  thoroughly  cleaned,  and  this  result  is 
easily  accomplished  by  removing  the  drain  plug  at  the  bottom 
of  the  reservoir  and  flushing  the  entire  bearing  with  kerosene, 
after  which  the  plug  is  replaced  and  a  fresh  supply  of  oil 
placed  in  the  bearing. 

Moccasin  Bronze  Bushing-  with  Provision  for  Automatic 
Lubrication 
Another  type  of  self-oiling  bearing  is  shown  in  Fig.  17, 
which  is  especially  adapted  for  use  in  loose  pulleys  and  similar 
installations  where  it  is  desirable  to  have  the  combination  of  a 
bronze  bearing  box  and  provision  for  automatic  lubrication. 
This  bearing  is  made  by  the  Moccasin  Bushing  Co.,  of  Chatta- 
nooga, Tenn.  It  will  be  seen  in  the  illustration,  which  shows 
the  method  of  mounting  this  bearing,  that  an  oil  reservoir  is 
provided  in  the  hub  of  the  loose  pulley,  and  the  principle  by 
which  lubrication  is  effected  is  quite  similar  to  that  of  the 
bearing  furnished  with  a  wick,  through  which  oil  is  drawn 
by  capillary  action.  Moccasin  bushings  can  be  used  in  any 
type  of  machine  member  furnished  with  an  oil  cavity  from 
which  lubricant  can  be  drawn  by  the  capillary  oil-feeders 
which  are  contained  in  holes  that  pass  transversely  through 
the  bushing  80  that  they  come  into  contact  with  the  bearing 
surface  in  the  manner  shown  on  the  inside  of  the  bushing. 
They  deliver  a  continuous  supply  of  oil  to  the  bearing,  and 
are  so  prepared  that  they  cann'jt  glaze  or  clog.  It  is  claimed 
that  these  bearings  prevent  the  waste  of  oil,  in  addition  to 
supplying  the  bearing  with  exactly  the  desired  volume  of  oil 
which  Is  required  for  Its  efUclent  operation. 
OlllesH  BearlntfB 
The  Bound  Brook  Ollless  Bearing  Co.,  of  Bound  Brook, 
N.  J.,  manufacturcB  two  types  of  the  so-called  "ollless"  bear- 
ing!). On  the  bearing  surface,  there  are  cast  symmetrical 
grooveii  of  various  designs,  depending  upon  the  service  for 
which  the  buHhIng  Is  Inteiidud.  These  grooves  are  packed  solid 
by  means  of  hydraulic  pn'ssurc  with  a  special  hard  graphite 
lubricant.  When  the  buslilrigH  arc  once  Installed  and  In  use, 
tine  particles  of  the  graphite  lubricant  are  distributed  over  the 
entire  bearing  surface  of  the  bushing.  Ample  lubrication  Is 
provided  for  almost  any  form  of  bearing  contact,  whether  the 
movement  be  osclllatlnK.  vertical,  horizontal,  or  full  revolution. 
Owing  to  the  gclentlfic  doHlgii  of  the  grnphltc  grooves  which 
flfs  thom  for  the  particular  si-rvlce  reqiilri'd,  wfar  Is  reduced 
to   a   minimum.      Tin;   (li'Hlgti    of   the   Kniplilli'  imckfrl    griioves 


varies  in  different  bushings  because  some  bushings  are  subject- 
ed to  different  kinds  of  contact  from  others.  These  bushings  are 
suitable  for  use  in  macliine  tools,  countershafts,  lineshaft  hang- 
ers, electric  motors,  etc.,  but,  although  they  are  styled  "ollless" 
bearings,  it  is  recommended  that  about  25  per  cent  of  the  vol- 
ume of  oil  which  would  be  required  to  efficiently  operate  an 
ordinary  plain  bearing  of  the  same  size  should  be  applied  to 
tliese  Bound  Brook  ollless  bearings.  However,  in  the  event  of 
failure  on  the  part  of  the  attendant  to  give  the  bearing  the  re- 
quired oil,  this  lack  of  attention  is  not  so  likely  to  result  disas- 
trously, as  would  be  the  case  with  an  ordinary  bronze-bushed 
bearing. 

The  other  type  of  ollless  bearing  made  by  the  Bound  Brook 
Oilless  Bearing  Co.  consists  of  a  bushing  made  of  either  hard 
maple  or  iron  wood,  which  is  thoroughly  impregnated  with  a 
mixture  of  graphite  and  other  lubricant  by  a  special  treatment. 
Tliese  are  more  truly  "oilless"  bearings  than  the  type  that 
has  graphite  inserts,  because  when  the  bearing  is  in  operation 
a  slight  increase  in  temperature  resulting  from  friction  causes 
the  bearing  to  exude  some  of  the  lubricant  with  which  it  has 
been  impregnated,  thus  providing  for  efficient  transmission  of 
power.  These  bearings  are  especially  adapted  for  use  in  loose 
pulleys;  and  in  many  cases  they  are  run  without  any  provi- 
sion for  lubrication.  Some  users  prefer  to  drill  the  usual  oil- 
hole  in  the  hub  of  the  pulley  and  in  the  bushing,  so  that  a 
little  oil  can  be  added  from  a  squirt  can,  and  very  satisfactory 
results  were  obtained  where  the  bushings  were  used  in  this 
way.  They  must  be  properly  supported  to  prevent  splitting, 
although  with  sufficient  support  these  wooden  bushings  have 
ample  strength  to  resist  any  crushing  load  to  which  they  will 
be  subjected  when  used  in  loose  pulleys  and  similar  positions. 
Another  type  of  oilless  bearing  is  made  by  the  Graphite 
Metallizing  Corporation  of  Yonkers,  N.  Y.  In  the  manufacture 
of  these  bearings,  graphite  bushings  are  made  of  the  required 
sizes,  and  these  are  impregnated  with  white  metal  or  bronze 
to  produce  what  is  known  as  "graphalloy."  In  the  March  num- 
ber of  Machinery  an  article  entitled  "Manufacture  of  a  Self- 
lubricating  Bearing  Material"  was  published,  in  which  there 
was  given  a  complete  description  of  the  process  of  manufac- 
turing oilless  bearings  of  this  type.  Speaking  generally,  these 
oilless  bearings  are  adapted  for  use  in  light-duty  machinery 
operating  at  high  speed,  and  for  heavier  service  where  the 
speeds  are  comparatively  low;  their  use  is  particularly  to  be 
recommended  in  cases  where  the  application  of  oil  is  either 
objectionable,  difficult,  or  likely  to  be  neglected.  In  the  ma- 
chine shop,  oilless  bearings  find  application  chiefly  in  loose 
pulleys  and  conveyor  systems,  and  for  supporting  shafts  which 
are  mounted  in  a  vertical  position.  As  a  general  rule,  the  bear- 
ing pressure  per  square  inch  of  projected  area  should  not 
exceed  fifty  pounds.  When  placed  in  service,  the  surface  of  a 
graphalloy  bearing  soon  becomes  coated  with  graphite  which 
is  smooth  and  very  hard. 

The  Aurora  Tool  Works,  of  Aurora,  Ind.,  are  using  oilless 
bearings  made  by  the  Arguto  Oilless  Bearing  Co.,  145  Berkley 
St.,  Wayne  Junction,  Pa.,  to  support  the  loose  pulley  on  a 
new  drilling  machine  they  have  recently  placed  upon  the 
market,  which  was  Illustrated  and  described  In  the  May  num- 
ber of  Machinkuy.  The  use  of  this  type  of  bearing  was  adopted 
because  flooded  and  splash  lubrication  is  used  at  other  points 
on  the  machine,  and  the  ollless  bearing  avoids  danger  of  lubri- 
cation of  the  loose  pulley  bearing  being  neglected.  This  type 
of  bearing  has  been  found  to  give  very  satisfactory  results 
for  carrying  the  loose  pulley  on  this  drilling  machine. 

Lubricating  Device  for  Machine  Tool  BearlnifH 
There  are  many  different  methods  In  use  for  applying  lubri- 
cants to  the  bearing  of  machine  tools.  In  I'^lg.  18  there  Is 
shown  one  method  worked  out  by  the  Garvin  Machine  Co. 
which  has  given  very  satisfactory  results.  Where  this  method 
la  employed,  tho  bearing  box  la  cut  away  to  receive  a  metal 
tube  A  which  runs  diagonally  across  tho  under  side  of  tho 
bearing  box,  tho  tube  and  bearing  box  being  llttod  together 
as  Indicated.  This  tube  A  carries  a  compression  spring  In  lis 
lower  end,  and  at  tho  upper  end  there  Is  a  threaded  cap  J> 
which  may  be  removed  to  provide  for  roplcnlHliliiK  tliii  supply 
of  lubricant   when   desired,     The  lube   Is  filled   with   foil,   and 
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when  oil  is  introduced  into  the  upper  end  of  the  tube  by  re- 
moving cap  B,  this  felt  becomes  thoroughly  saturated.  By 
means  of  the  compression  spring  at  the  lower  end  of  the  tube, 
the  felt  wiper  is  always  held  in  contact  with  the  shaft  by 
entering  through  the  section  of  the  bearing  box  which  is  cut 
away  for  that  purpose,  with  the  result  that  a  supply  of  oil 
sufficient  for  the  requirements  of  effective  lubrication  is  con- 
tinually being  applied  to  the  shaft,  as  it  rotates  in  contact 
with  the  oil-soaked  felt  wiper.  This  method  of  lubrication 
has  been  found  very  efficient.  At  certain  intervals,  it  is  found 
necessary  to  clean  out  this  tube  and  to  provide  for  so  doing 
there  is  a  threaded  plug  C  carried  at  the  lower  end  of  the 
tube.  This  plug  is  removed  and  the  tube  is  then  drained 
and  flushed  with  kerosene,  after  which  plug  C  is  replaced  and 
a  further  supply  of  lubricating  oil  is  poured  in  at  the  upper 
end  of  the  tube. 

Method  of  Lubricating-  Bronze-bushed  Shaft  Bearing' 

In  Pig.  19  there  is  shown  a  standard  form  of  construction 
which  has  been  adopted  for  bearings  used  to  support  horizon- 
tal and  vertical  driving  shafts  on  machine  tools  built  by  the 
Morris  Machine  Tool  Co.,  of  Cincinnati,  Ohio.  Simplicity  is 
the  important  feature  of  this  construction.  Oil  is  delivered 
through  a  tube  which  carries  it  into  an  annular  space  ma- 
chined in  the  outside  of  the  bronze  bearing  box,  and  the  oil 
flows  around  through  this  space  to  the  opposite  side  of  the 
box  from  the  point  at  which  the  delivery  tube  is  connected. 
Here  there  is  a  slot  cut  through  the  box  to  communicate  with 
the  inside  or  bearing  surface,  this  slot  being  filled  with  felt. 
The  oil  flows  through  the  felt  to  the  bearing,  and  the  felt 
serves  the  double  purpose  of  filtering  impurities  from  the  oil 
and  acting  as  a  wiper  which  distributes  the  oil  evenly  over 
the  surface  of  the  bearing  which  it  is  required  to  lubricate. 

System  of  Automatic  Flooded  Lubrication  on  Machine  Tools 

When  geared  feed-boxes  were  first  developed  for  use  on 
"Milwaukee"  milling  machines  built  by  the  Kearney  &  Trecker 
Co.,  Milwaukee,  Wis.,  an  important  step  was  made  in  ad- 
vancing practice  in  the  design  of  machine  tools  of  this  type. 
It  soon  became  apparent,  however,  that  in  order  to  give  effi- 
cient service,  the  gear-boxes  would  have  to  be  provided  with 
some  means  of  continuous  lubrication.  After  studying  the 
merits  of  various  methods,  the  design  finally  adopted  con- 
sisted in  constructing  oil-tight  boxes,  so  that  the  gears  dipped 
into  the  oil.  This  result  proved  so  satisfactory  that  attention 
was  turned  to  the  idea  of  adopting  a  geared  spindle  drive, 
but  to  accomplish  this  result  the  gears  had  to  be  placed  one 
above  the  other,  thus  precluding  the  possibility  of  having  all 
of  the  gears  dip  into  an  oil  bath.  Finally,  provision  was  made 
for  lubrication  by  having  the  gears  placed  one  above  the  other 
and  delivering  oil  to  the  top  gear  by  means  of  a  pump  draw- 
ing its  supply  from  a  reservoir,  as  shown  in  Fig.  20  at  A. 
and  delivering  the  oil  through  holes  in  pipe  B.  While  in  opera- 
tion, a  gallon  of  oil  per  minute  floods  down  over  the  gears 
and  bearings.  It  will  be  apparent  that  at  the  top  of  each 
bearing  there  is  a  cup  which  catches  part  of  the  oil  thrown  by 
the  gears  and  allows  it  to  run  down  through  a  duct  to  the 
bearings.  In  this  way,  both  the  gears  and  bearings  are  kept 
thoroughly  lubricated,  so  that  efficient  transmission  of  power 
is  obtained  and  wear  is  reduced  to  practically  the  absolute 
minimum.  In  ordinary  practice,  the  oil-grooves  are  closed  at 
the  ends  to  prevent  the  escape  of  oil  from  the  bearings,  but 
In  the  present  case  the  grooves  are  cut  right  through  to  pro- 
vide for  a  free  circulation  of  oil  and  the  washing  away  of 
all  foreign  substances  from  the  bearings. 

On  20inch  all  geared  drilling  niachino.s  built  by  the  Barnes 
Drill  Co.,  814  Chestnut  St.,  Rockford,  111.,  all  bearings,  with 
the  exception  of  the  spindle  sleeve  and  cross-spindles,  are  con- 
tinuously oiled  by  an  automatic  lubrication  system.  Oil  is 
dcllTorcd  by  a  geared  pump  in  the  reservoir  of  the  machine 
and  distributed  constantly  to  all  gears  and  bearings,  Including 
the  crown  pears  and  feed  box.  This  automatic  hibricatlon  sys- 
tem Is  manufacturcil  under  Ilconso  from  the  Kearney  &  Trocker 
Co.  A  close  view  of  the  mechanism  of  one  of  the  Barnps  drill- 
ing machines  Is  shown  In  Pig.  21,  and  the  geared  pump,  whleli 
la  driven  by  the  constttnt-speed  driving  shaft,  will  be  seen  at 


the  bottom  of  the  oil  reservoir.  Oil  is  drawn  into  this  pump 
through  a  strainer,  which  is  also  located  at  the  bottom  of 
the  reservoir,  although  it  is  not  shown  in  the  illustration. 
There  is  a  valve  which  can  be  set  with  just  enough  resistance 
to  lift  the  required  volume  of  oil  to  the  crown  gear  bearings, 
while  the  remainder  of  the  oil  overflows  directly  into  the  oil- 
hole  for  the  rear  bearing.  The  pipe  which  will  be  seen  just 
underneath  the  "backbone"  of  the  machine,  leading  up  to  the 
crown  gears,  has  small  holes  drilled  in  it  just  above  each  of 
the  bearings  in  order  that  oil  may  escape  to  provide  for  the 
constant  lubrication  of  bearings  on  both  of  the  diagonal  shafts. 
A  groove  is  cut  inside  of  each  double  bearing  which  leads 
the  oil  across  to  the  lower  diagonal  shaft.  A  sufficient  volume 
of  oil  is  delivered  to  the  crown  gear  housing  so  that  the  over- 
flow runs  into  the  feed-box,  from  which  it  works  down  through 
the  worm-shaft  bearing,  and  in  so  doing  oils  the  worm  and 
worm-wheel,  after  which  it  is  led  back  into  the  frame  of  the 
machine  and  cascades  back  to  the  original  reservoir.  In  this 
way,  every  bearing,  aside  from  the  spindle  sleeve  and  cross- 
spindle  bearings,  is  automatically  supplied  with  a  constant 
stream  of  oil. 


TURRET  ATTACHMENT  FOR  LATHE 

In  shops  where  it  is  occasionally  necessary  to  handle  a  lath© 
job  requiring  the  performance  of  a  sequence  of  operations  at 
a  single  setting  of  the  work,  but  where  there  is  not  enough 
work  of  this  kind  to  warrant  the  installation  of  a  turret  lathe, 
good  results  can  be  obtained  with  a  turret  attachment  of  the 
kind  shown  in  the  accompanying  illustration.  Here  it  will  be 
seen  that  the  turret  is  provided  with  five  holes  so  that  provi- 
sion is  made  for  handling  work  where  any  number  of  tools  from 
one  to  five,  inclusive,  are  necessary  to  perform  the  required 
machining  operations.  To  index  the  turret,  lever  A  is  pushed 
down  to  release  the  locking  pin;  the  turret  is  then  turned  by 
hand  to  bring  the  next  tool  into  the  operating  position,  after 
which  the  turret  is  locked  in  this  position  by  turning  lever 
B  which  actuates  a  clamp.  The  tool  in  the  operating  position 
is  the  only  one  in  the  group  which  revolves,  and  feeding  of 
this  tool  to  the  work  is  accomplished  by  means  of  the  hand- 
wheel  which  traverses  the  tailstock  spindle.  It  will,  of  course, 
be  apparent  that  the  attachment  is  secured  to  the  tailstock 
spindle  by  means  of  a  bushing  which  is  clamped  over  this  spin- 
dle. This  turret  attachment,  which  is  made  by  the  Newman 
Mfg.  Co.  of  Cincinnati.  Ohio,  provides  means  for  converting 
an  engine  lathe  into  the  equivalent  of  a  turret  lathe  for  hand- 
ling  those   classes   of   work    which    come   within    its   range. 

E.  K.  H. 
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BAILWAY  MACHINE  TOOL  REQUIREMENTS 

The  needs  of  our  railways  for  machine  tools  during  and 
after  the  war  will  be  considerable;  and  if  recognition  of 
these  needs  takes  the  form  of  orders  they  will  go  far  toward 
replacing  the  lessening  demands  of  munition  plants.  It  is 
stated  that  during  the  years  immediately  preceding  the  war 
the  expenditure  for  machine  tools  and  shop  equipment  for  all 
the  railroads  in  the  United  States  averaged  about  $12,000,000 
annually.  During  the  last  four  years,  however,  that  average 
probably  dropped  to  about  $7,000,000;  and,  because  of  the 
increase  in  prices  for  machine  tools,  we  may  estimate  that 
only  about  one-third  the  number  of  machines  was  annually 
purchased  during  the  war.  The  increased  freight  and  pas- 
senger rates  should  insure  a  margin  of  net  earnings  which  our 
railways  have  not  enjoyed  for  many  years,  and  the  require- 
ments of  railroad  shops  for  machine  tools  are  likely  to  run 
Into  millions  of  dollars  annually  for  a  period  of  years. 


SOME  KNOTTY  LABOR  PROBLEMS 

The  .small  manufacturer  is  facing  a  difflcult  problem  caused 
by  the  high  wages  paid  both  skilled  and  unskilled  labor  in  the 
munition,  Hhlpbuildlng.  and  other  industries  that  have  become 
abnormally  active  as  a  consetjuence  of  the  war.  The  machine 
tool  Industry  particularly  has  "lost  many  good  mechanics; 
because,-  although  it  has  been  prosperous  during  the  past  few 
years,  manufacturers  are  unable  to  meet  the  competition  of 
war  industries  which  offer  wages  more  than  double  those 
ordinarily  paid  in  the  machine  tool  trade.  Another  difficulty 
Is  the  loss  of  time  and  decrease  In  efficiency  caused  by  men 
"laying  off"  a  day  every  now  and  then  to  look  for  other  Jobs 
with  higher  wages.  One  manufacturer  says  that  recently  his 
men  averaged  only  80  per  cent  of  the  full  quota  of  working 
hours  on  account  of  taking  time  off  to  And  better  paying  Jobs. 
Thl»,  of  roiirMC,  reduced  the  efficiency  of  the  entire  plant  20 
per  cent;  and  as  these  conditions  are  prevalent  In  many  parts 
of  the  country,  a  marked  dccreaHC  In  efficiency  Is  noticeable. 
Owing  to  such  clrcunistances,  over  which  llicy  have  no  control. 
manufacturers  arc  unable  to  meet  llie  delivery  dates  for 
war  material  at  a  time  when  there  Is  urgent  need  for  our 
maximum  output. 


It  may  be  practieable  for  the  Government  to  take  some 
action  to  remedy  this  condition  through  the  new  board  which 
is  to  regulate  the  relations  between  employers  and  labor. 
There  should  be  some  kind  of  central  labor  bureau,  with 
the  power  to  decide  whether  a  worker  should  be  permitted 
to  pass  from  the  employ  of  one  concern  to  another.  This 
would  be  a  better  method  of  handling  the  problem  than  the 
actual  Conscription  of  labor,  which  has  been  advocated  in 
some  quarters.  In  England  one  solution  of  the  problem  is 
presented  by  the  Central  Labor  Bureau  and  the  Volunteer 
Corps  of  Mechanics,  whose  members  have  agreed  to  perform 
mechanical  work  for  the  duration  of  the  war  wherever  the 
Government  needs  them. 

*  •     * 

THE  SALVAGING  OF  MACHINE  TOOLS 

Salvaging  machinery  and  tools  is  a  business  well  worthy 
of  careful  study  both  by  users  and  makers;  it  promises  to 
become,  moreover,  an  important  part  of  the  machine  tool 
industry.  The  salvaging  of  such  tools  as  drills,  reamers,  and 
milling  cutters  involves,  in  general,  principles  easily  under- 
stood by  the  average  machinist,  but  when  it  comes  to  the 
salvaging  or  rebuilding  of  machine  tools,  he  is  confronted 
with  a  more  complex  proposition;  one,  in  fact,  that  would 
make  most  good  machinists  pause.  They  are  familiar,  in  the 
main,  with  methods  of  manufacture  which,  for  the  most  part, 
involve  the  removal  of  metal  in  order  to  form  a  piece  to  the 
desired  shape.  Manufacture  consists,  roughly,  in  cutting  away 
material  where  it  is  not  needed;  but  to  restore  a  worn  machine 
tool  to  first-class  condition,  it  is  necessary  to  resort  to  various 
expedients  out  of  the  ordinary  in  machine  tool  manufacture. 

Take,  for  instance,  the  case  of  a  pair  of  worn  gears;  one, 
say,  is  a  gear  of  80  teeth,  4  diametral  pitch,  which  engages 
a  pinion  of  16  teeth.  These  gears  are  found  to  be  so  badly 
worn  that  they  must  be  renewed  or  restored  to  a  condition  as 
good  as  new.  The  large  gear  is  rehobbed  to  a  pitch  circle  cor- 
responding to  79  teeth,  thus  producing  a  slightly  thinner  tooth 
than  when  new.  A  new  pinion  gear  is  hobbed  with  17  teeth; 
and  in  this  way  the  gearing  is  restored  to  a  condition  as 
good  as  new  by  recutting  the  large  gear  and  renewing  the 
small  and  comparatively   inexpensive  pinion. 

The  worn  slides,  especially  the  ways  of  lathes,  must  be 
replaned,  scraped  and  fitted  as  it  they  were  new.  It  is  im- 
possible to  refit  the  worn  ways  by  hand  methods  until  the 
hardened  shell  formed  by  the  sliding  carriage  has  been  re- 
moved with  the  planer  tool.  The  lowering  of  the  saddle 
requires  readjusting  of  the  apron  so  that  engagement  of  the 
split  nut  and  the  splined  feed-shaft  will  be  right.  In  the  case 
of  planers,  it  Is  necessary  to  replane  the  ways  and  vees  on  the 
table  and  to  cut  out  a  corresponding  amount  from  the  rack 
seat  in  order  to  compensate  for  the  metal  removed  from  the 
ways  and  vees.  Each  machine  is  a  study  in  itself;  experience 
and  good  judgment  are  needed  in  order  to  obtain  a  satisfactory 
remanufacturcd  product  at  a  reasonable  cost. 

*  *     * 

WEAK  HANGER  CONSTRUCTION 

If  safe  working  conditions  are  desired  in  factories,  atten- 
tion must  be  paid  to  the  construction  of  shal'l  hangers,  as  they 
are  often  defective.  In  one  shop  recently  visited,  where  a 
certain  kind  of  hanger  had  been  discontinued  on  account  of 
Its  fllmsiness,  the  manager  mentioned  that  the  boxes  had 
been  suspended  between  two  half-Inch  screws  projecting  from 
two  to  three  Inches  beyond  their  supports;  in  other  words, 
the  box  had  been  virtually  suspended  In  nild-air  and  hold 
iiiily  by  these  small  screws  against  the  pull  of  a  four  inch  belt. 
Hangers  are  not  conspicuous  and,  when  oiico  installed,  the 
defects  In  their  construction  are  not  easily  observed,  which 
Is  all  the  more  reason  why  factory  Inspectors  should  give 
close  attention  to  liangor  construction.  Workers  may  easily 
lose  their  lives  or  bo  crippled  os  a  result  of  the  weakness  of 
11  supporting  screw  that  might  have  boon  made  llfly  per  cont 
stronger  at  an  Increased  cost  of  not  more  than  llvo  cents. 
The  Hiifety  first  cani|)alKti  has  ellinliiutod  most  of  thu  dangors 
In  niai'hlno  shops,  yet  many  sniall  details  seem  to  have  escaped 
nttt-ntlon.    Weak  hanger  construction  Is  one  of  these. 


SPEED  UP  for  VICTORY 
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HIS  war  will  be  won,  not  alone  by  men  with  bayo- 
nets, but  by  the  concentrated  efforts  of  all  the 
men  and  women  of  the  nation.  In  these  preg- 
nant words,  Lieutenant  Andre  Morize,  of  the 
French  Army,  concluding  his  address  before  the 
American  Society  of  Mechanical  Engineers  at 
the  convention  in  Worcester,  summarized  in  a  single  sentence 
the  immensity  of  our  task  and  the  great  essential  to  success 
in  the  world  war  for  democracy.  This  telling  declaration 
points  the  sure  and  only  road  to  Victory. 

We  must  not  only  win  this  war,  we  must  win  it  soon;  and 
we  must  avoid  anything  and  everything  likely  to  delay  our 
plans  or  hamper  the  production  of  essential  materials.  Modern 
wars  are  won  not  merely  by  men  in  arms,  but  also  hy  ma- 
chinery and  material;  and  the  men  who  produce  the  machinery 
and  material  are  as  necessary  to  success  as  the  brave  fellows 
fighting  in  the  trenches.  This  truth  should  be  brought  home 
to  every  mechanical  man  in  America — that  upon  his  work 
Victory  depends. 

Three  factors  must  be  coordinated  in  the  drive  for  Victory: 
The  Ordnance  Department  that  plans  the  work,  the  Manufac- 
turer who  provides  the  organization  and  machinery,  and  the 
Toolmakers  and  Machinists  of  America  upon  whose  skill  and 
toil  the  production  of  war  materials  must  finally  depend.  If 
one  link  in  this  great  chain  fails,  the  whole  structure  collapses. 
If  we  are  to  have  all  the  rifles,  machine  guns,  heavy  artillery, 
airplanes,  tanks,  and  ammunition  required,  these  three — the 
Ordnance  Department,  the  Manufacturer,  and  the  Workman — 
must  cooperate  intelligently,  unselfishly,  faithfully. 

The  Ordnance  Department  must  Speed  up  for  Victory.  Work 
must  not  be  held  up  pending  decisions  on  petty  details  by  high 
officials  in  Washington,  when  any  intelligent  mechanic  can 
give   the   correct   answer.     The   trained   judgment   of  the   ex- 


perienced manufacturer  can  be  trusted  in  minor  details,  and 
his  practical  advice  and  cooperation  should  be  enlisted.  He 
wants  to  help.  The  constant  changing  of  designs  must  cease. 
We  must  begin  to  produce,  and  must  learn  to  let  good  enough 
alone.  We  must  profit  by  the  experience  of  our  allies,  and 
not  aim  at  too  great  originality  in  our  endeavors.  The  enemy 
will  not  wait  until  the  Ordnance  Department  is  ready;  the 
Department  must  be  ready  for  the  enemy.  If  the  reorganiza- 
tion of  a  department  is  necessary,  speed  up  the  reorganization! 
Let  us  lose  no  more  time.     We  must  Speed  up  for  Victory! 

The  manufacturer  must  do  his  share  in  the  speeding  up.  It 
may  mean  smaller  profits,  but  this  is  no  time  to  think  of 
profits.  Criticism  of  the  Government  and  its  policies  should 
cease,  except  when  constructive.  Faultfinding^without  sug- 
gestions that  are  constructive,  practical,  and  based  on  knowl- 
edge of  the  facts — is  worse  than  useless.  Controversies,  either 
with  the  Government  or  with  labor,  that  involve  nothing  but 
personal  prejudices  or  opinions,  cannot  be  tolerated  now.  New 
methods  of  training  men  must  be  adopted,  and  the  practice-  of 
taking  trained  men  from  other  manufacturers  who  also  work 
on  materials  necessary  for  Victory  must  cease.  To  win  this 
war,  we  must  cooperate,  not  compete. 

The  third  link  in  the  chain  is  labor.  Every  man  at  machine 
or  work-bench  must  realize  that  he  is  a  soldier  in  the  great 
war;  that  his  efforts  are  absolutely  essential  to  Victory — to 
Democracy.  The  occasional  day  needlessly  lost  may  mean  a 
life  lost  at  the  front.  Delay  in  the  completion  of  a  gage  may 
mean  delay  in  the  making  of  a  gun  that  would  have  held  the 
desperate  enemy  at  a  salient  in  the  fields  of  France.  The  tool- 
makers  and  machinists  of  America  are,  in  the  final  analysis, 
the  men  who  will  win  or  lose  this  war.  They  should  forget 
any  grievances  for  the  time  being,  for  these  weigh  nothing  in 
the  balance  that  holds  the  fate  of  a  nation. 

Put  in  full  time!  Give  the  best  that  is  in  you!  Remember 
that  your  work  is  as  important  as  is  the  fighting  of  the  boys 
in  the  trenches.  Will  you  do  your  share  as  they  do  theirs? 
It  is  up  to  you.     Speed  up  for  Victory! 
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HOW  AMERICAN  MECHANICS  CAN  WIN  THE  WAR 


BY  PRODUCING  WAR  MATERIALS,   TOOLMAKERS   AND   MACHINISTS  CAN   DO   AS   MUCH  AS  MEN   IN   TRENCHES  TOWARD 

WINNING   THE    WAR    QUICKLY 

BY  B.  M.  W.   HANSON  1 

are  capable.  We  cannot  afford  to  move  leisurely  if  we  are  to 
win  a  victory  over  the  still  powerful  enemy.  American  me- 
chanics must  rise  to  the  occasion  with  determined  loyalty 
and  do  their  work  as  English  and  French  mechanics  are  doing 
theirs.  There  are  no  strikes  in  Prance.  There  is  no  thought 
of  jeopardizing  the  armies  at  the  front  by  men  and  women 
at  home  refusing  to  work  long  hours.  They  know  that  there 
is  but  one  way  to  hold  back  the  enemy:  "War  materials! 
More  war  materials!" 

It  is  to  be  expected  that  American  mechanics  will  come  for- 
ward voluntarily  and  do  all  in  their  power  to  cooperate  with 
the  men  who  offer  their  lives  in  France.  The  task  of  those 
that  stay  at  home  is  easy.  They  receive  better  wages  than 
ever  for  their  work,  and  they  have  all  the  comforts  that  the 
American  standard  of  living  provides.  All  that  their  country 
asks  of  them  is:  "Stay  on  the  job,  and  do  your  work  to  the 
best  of  your  ability."  Surely,  American  mechanics  are  not 
going  to  refuse  to  respond  to  that  appeal. 

Duty  of  the  Trade  and  Technical  Press 

The  engineering  and  technical  journals  of  the  United  States 
can  do  no  better  service  to  the  country,  the  industries,  and 
themselves  than  by  voicing  this  appeal.  They  reach  tens  of 
thousands  of  intelligent  mechanics  all  over  the  country,  and 
these  men,  when  they  fully  understand  the  situation,  will  exert 
their  influence  on  their  fellow-workmen  so  as  to  counteract 
any  influences  that  may  be  at  work  to  destroy  the  loyalty  of 
the  great  mechanical  army  of  the  nation.  German  propaganda 
is  working  over-time  in  our  factories.  It  now  clothes  itself 
in  the  guise  of  the  friend  of  labor,  to  instill  in  the  minds  of 
toolmakers  and  machinists  the  idea  that  they  are  exploited 
by  the  makers  of  munitions;  when,  as  a  matter  of  fact,  the 
nation  gives  to  the  workers  at  this  time  a  greater  return  than 
ever,  and  assures  the  conscientious  mechanic  opportunities 
that  were  never  before  within  his  reach. 


WHAT  is  the  most  important  thing  that  can  be  done  to 
facilitate  the  production  of  war  materials?  To  that 
question  there  is  but  one  answer:  Impress  the  tool- 
makers,  machinists,  and  machine  operators  with  the  im- 
portance of  the  part  that  they  play  in  the  winning  of  the  war; 
induce  them  to  give  their  full  time  and  maximum  production; 
tell  them  to  stick  to  their  job,  and  not  change  from  place  to 
place,  wasting  the  time  that  we  cannot  afford  to  waste;  and 
make  them  understand  that  their  interests  are  best  served 
when  they,  in  turn,  faithfully  serve  the  nation. 

This  is  a  war  primarily  of  materials,  not  of  men.  The 
Allies,  with  Russia  still  fighting,  were  superior  in  man-power; 
yet,  because  of  inferior  materials,  they  could  not  overcome  the 
enemy.  Men  cannot  overcome  materials;  the  partial  successes 
of  the  last  two  German  drives  are  proofs  of  this  statement. 
Hence,  to  win  the  war  we  must  create  a  superiority  in  mate- 
rials; and  to  create  this  superiority  the  patriotism  and  loyalty 
of  every  mechanic  in  America  must  be  aroused  as  it  has 
never  been  before.  Our  men  in  France  have  already  shown 
that  they  are  going  to  do  their  part,  and  do  it  brilliantly. 
If  the  mechanics  at  home  will  do  theirs  equally  well,  there 
will  be  a  superiority  in  war  materials  that  will  end  the  war  in 
a  fraction  of  the  time  that  would  otherwise  be  required. 

This  is  No  Time  for  Internal  Strife 

Labor  is  now  earning  higher  wages  than  ever  before. 
Hence,  there  is  no  reason  for  stirring  up  strife  and  discontent 
at  this  time.  To  do  so  at  a  moment  when  the  country  requires 
the  faithful  work  of  every  man  is  to  act  the  part  of  a  traitor. 
Loyalty  and  cooperation  are  now  the  most  necessary  qualities 
required  of  American  mechanics,  if  we  are  to  be  successful 
in  quickly  winning  the  war.  Labor,  in  America,  has  an 
opportunity  to  do  what  in  the  past  only  armies  could  accom- 
plish.   Will  labor  do  its  part? 

The  unrest  of  labor  has  been  due  partly  to  a  belief  that 
the  profits  of  the  manufacturers  of  war  materials  have  been 
unreasonably  large  and  partly  to  an  effort  of  men  more  un- 
scrupulous than  patriotic  to  take  advantage  of  the  situation 
to  raise  wages  abnormally.  In  so  doing,  however,  they  have 
not  held  up  merely  the  manufacturer — they  have  held  up  the 
nation  Itself.  As  to  war  profits,  it  is  undoubtedly  true  that 
two  or  three  years  ago,  before  our  own  country  was  involved, 
there  were  many  cases  of  huge  profits;  but  as  time  has  passed, 
the  rising  cost  of  materials,  the  higher  level  of  wages,  and 
the  increased  taxation  have  largely  absorbed  these  profits,  and 
today  there  are  few  manufacturers  of  actual  war  materials  who 
are  getting  anything  more  than  a  normal  and  necessary  return, 
and  there  are  some  who  are  not  able  to  obtain  even  that.  The 
Government  Is  carefully  scaling  down  prices,  and  this,  in 
combination  with  rising  costs  of  all  kinds,  has  made  excessive 
profits  the  exception  rather  than  the  rule. 

Of  course  there  are  cases  of  profiteering,  but  these  are  less 
frequent  In  the  direct  production  of  war  materials  than  In 
other  lines  of  manufacture.  In  one  Instance,  for  example, 
a  machine  that  Is  being  built  for  12000 — labor,  materials,  and 
overhead  Included— Is  being  sold  for  $7200.  This  machine  has 
to  be  bought  by  the  makers  of  war  materials,  so  Instead  oi' 
profllcerlng,  many  of  these  manufacturers  are  themselves 
Bubje'-led  to  the  unscrupulous  actions  of  the  profiteer.  This 
sort  of  IhlriK  must  slop.     We  want  no  mnri-  profiteering. 

Labor'H  Opportunity 

Labor,  again,  Is  paid  b(!ltcr  In  the  war  niarLufiidurlng  In- 
(JustrlcB  than  In  any  other  Industry,  and  has  Keiicnilly  shorter 
working  hours.  It  Is,  therefore,  to  he  hoped  Ihul  our  niiicbln- 
Ists  anri  machine  operators  will  realize  tlielr  duty  as  Ameri- 
cans and  will  put  Into  their  work  the  full  effort  of  which  they 


To  do  One's  Duty  Is  Not  a  Sacritice 

The  country  asks  for  no  sacrifice  of  the  mechanic,  as  it  does 
of  the  soldier.  There  is  no  sacrifice  in  working  for  reason- 
able hours  at  good  wages  or  in  investing  in  Liberty  Bonds 
and  War  Savings  Stamps  on  which  a  good  interest  is  paid. 
The  American  workmen  in  the  machine  industries  today  are 
making  absolutely  no  sacrifice.  It  is  not  a  sacrifice  to  do  one's 
duty.  On  the  other  hand,  there  are  many  manufacturers  who, 
in  order  to  increase  production  of  war  materials,  are  increas- 
ing their  plants  to  such  an  enormous  extent  that  it  is  incon- 
ceivable that  they  will  ever  be  able  to  get  full  returns  on  their 
investment.  Yet  in  the  final  analysis  even  these  men  are  not 
making  any  sacrifice — they  are  only  doing  their  duty.  But, 
in  addition  to  not  making  the  sacrifices  that  are  required  of  a 
great  many  other  citizens,  there  is,  for  the  machinist  who 
thinks,  and  who  realizes  that  he  has  a  stake  in  the  country, 
this  remarkable  advantage:  He  is  called  upon  to  serve  as  a 
skilled  member  of  the  one  trade  that  more  than  any  other 
will  win  the  war;  because  to  win  or  not  to  win  is  In  the  hands 
of  the  machinists  of  America.  They  have  tho  greatest  oppor- 
tunity to  prove  tho  Importance  of  their  trade  that  has  over 
come  to  any  trade  or  i)rofesslon.  When  the  war  Is  over,  the 
returning  soldiers  will  tell  how  they  would  have  l)oon  helpless 
in  the  face  of  the  German  annanients  had  It  not  been  for  tho 
worU  III'  the  niachlnlsls  at  homo  who  provided  the  guns  and 
the  aiimniiillloii  that  ulllnmtely  crushed  the  enemy. 

To  coinlmt  German  propagHiidii,  to  tell  the  niechanliH  of 
America  that  they  sliould  bo  ciircful  of  the  Infiucnco  of  this 
secret  force,  to  hhU  them  to  slay  on  the  Job  and  lo  grusp  that 
opportunity  that  Is  tlirdrs  to  go  on  record  as  being  the  most 
loyal  and  faithful  mainstay  of  the  iirniles  In  France,  would 
appear  lo  bo  the  greatest  scrvlci'  lliiil  JminiiilH  like  M\(  iii.nkby 
can  roiidnr  al  this  time. 
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MECHANICAL  DATA  IN  CATALOGUES 

VALUE  IN  DESIGNING  FIXTURES 

BY  ALBERT  A.  DOWTD  1 

Very  few  machine  tool  catalogues  give  sufficient  information 
from  the  mechanical  engineer's  standpoint.  The  selling  points 
of  the  machine  and  various  features  of  interest  or  importance 
in  the  construction  are  carefully  mentioned  and  illustrated, 
but  this  is  done  more  to  show  the  superiority  of  one  particular 
type  of  machine  over  another  than  for  any  other  reason.  Yet 
is  selling  the  machine  the  sole  function  of  a  catalogue?  It 
does  not  seem  to  the  writer  that  the  sales  department  should 
dictate  or  specify  the  mechanical  data  to  be  contained  in  a 
catalogue.  A  machine  tool  is  seldom  sold  directly  on  the 
strength  of  the  talking  points  noted  in  a  catalogue;  usually 
a  salesman  must  give  some  additional  information  before  he 
can  make  a  sale.  When  a  machine  tool  is  purchased,  it  is 
natural  to  assume  that  the  mechanical  features  have  been 
carefully  considered  by  the  chief  engineer  of  the  factory  or  by 
some  other  mechanical  man  familiar  with  the  requirements; 
to  this  man  the  various  mechanical  features  that  pertain  to 
the  rapid  handling  of  work  are  of  supreme  importance.  In 
addition,  the  qualities  of  the  machine  and  the  way  in  which 
it  is  built  will  be  considered  with  the  greatest  care. 

Object  of  Mechanical  Data  in  Catalog-ues 
Suppose  that  it  is  desired  to  make  a  special  tool  equipment 
for  a  certain  operation  on  work  to  be  handled  on  a  new  ma- 
chine and  that  the  purchaser  will  not  have  the  machine  in  his 
shop  for  some  time.  It  is  obvious  that  he  will  desire  sufficient 
information  about  the  machine  to  enable  him  to  design  the 
tools  or  fixtures  to  use  with  the  machine,  without  having  to 
write  to  the  makers  for  it.  The  time  required  to  obtain  this 
information  by  writing  for  it,  in  many  cases,  will  entail  a 
serious  delay,  especially  if  the  purchaser  is  in  a  foreign  coun- 
try. But  if  the  catalogue  were  made  up  more  carefully,  from 
a  mechanical  engineer's  point  of  view,  a  reference  to  It  would 
give  the  purchaser  all  the  mechanical  data  he  would  need. 
Within  the  last  year,  the  writer  had  occasion  to  supervise  the 
design  of  tools,  jigs,  fixtures,  and  gages  for  a  foreign  motor 
car,  the  machine  tools  for  the  manufacture  of  which  were  pur- 
chased in  this  country  and  shipped  abroad.  As  the  work  was 
done  in  New  York,  it  was  frequently  necessary  to  write  to  the 
various  manufacturers  of  machine  tools  for  the  information 
needed  to  design  the  tools  properly.  In  many  cases  there  was 
a  delay  in  obtaining  the  information  and  sometimes  more 
than  one  letter  was  necessary.  Nearly  all  the  information  re- 
quested would  have  been  contained  in  the  catalogues  had  they 
been  properly  prepared,  and  then  it  would  have  been  easy 
to  have  designed  the  tools  without  taking  up  any  matters  with 
the  manufacturers. 

Important  Information  that  is  Not  Given 

In  the  case  of  a  milling  machine  of  the  manufacturing  type, 
one  of  the  first  things  the  tool  designer  needs  to  know  is  the 
width  of  the  table  and  the  dimensions  of  the  T-slot  in  the 
table;  a  careful  examination  of  a  number  of  catalogues  showed 
that  nearly  all  the  manufacturers  give  the  width  of  the 
table,  but  very  few  give  the  dimensions  of  the  T-slot.  This 
is  a  small  matter,  but  one  that  causes  trouble  in  the  design 
of  tools.  Also,  in  the  case  of  vises  and  other  tools  used  in 
connection  with  a  milling  machine,  there  are  not  sufficient 
dimensions  given  to  enable  a  tool  designer  to  design  any  part 
that  will  be  used  in  connection  with  them.  In  the  case  of  a 
set  of  vise  jaws  for  a  milling  machine,  the  depth,  width,  length, 
and  the  distance  between  screw  holes  should  be  given  in  dia- 
grammatic form.  One  catalogue  contains  a  sectional  view 
through  a  vise  in  which  all  the  parts  are  distinctly  shown;  un- 
doubtedly they  are  drawn  to  scale,  as  the  drawing  is  a  care- 
fully made  sectional  line  drawing,  and  yet  not  one  dimension 
Is  given.  While  a  table  is  given  in  connection  with  the  Illus- 
tration, this  table  gives  no  Information  of  any  Importance  to  a 
mechanical  engineer  Interested  In  the  design  of  tools. 

In  drilling  machines  of  the  vertical  type,  the  swing  of  the 
machine  is  frequently  given   in  a  misleading   fashion.     The 
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overhang  of  the  spindle  from  the  column  may  be  given  as 
9  inches,  and  yet,  due  to  the  offset  of  the  ways  from  the 
column,  it  may  not  be  possible  to  drill  to  the  center  of  an 
18-inch  circle,  although  it  would  be  assumed  that  such  an 
operation  could  be  performed. 

Perhaps  one  of  the  most  difficult  machines  on  which  to  col- 
lect sufficient  mechanical  data  is  a  turret  lathe  or  chucking 
machine.  On  these  machines  there  are  a  number  of  dimen- 
sions that  are  seldom  given  in  the  catalogue,  and  If  any  special 
tooling  is  to  be  applied,  there  is  considerable  difficulty  in 
obtaining  the  necessary  data  unless  the  machine  Itself  is 
accessible.  If  a  faceplate  of  special  form  is  to  be  applied  to  a 
turret  lathe  for  holding  a  particular  piece  of  work,  it  is  neces- 
sary to  know  the  dimensions  at  the  end  of  the  spindle  so  that 
the  faceplate  can  be  screwed  into  position;  but  the  writer 
knows  of  no  catalogue  that  gives  this  information.  Also,  it 
any  special  tools  are  to  be  applied  to  the  cross-slide,  it  will 
be  found  that  there  is  not  sufficient  information  to  allow  a 
drawing  to  be  made  and  at  the  same  time  be  sure  that  the 
special  tool-block  will  be  properly  supported.  Besides,  it  is 
necessary  to  know  the  dimensions  of  special  tools  and  the 
method  of  fastening  them  to  the  turret  face.  The  amount  of 
clearance  over  the  turret-slide  from  the  center  of  the  turret 
hole  should  be  given,  so  that  if  a  tool  is  designed  with  a  low- 
hanging  part  it  can  be  positively  decided  whether  or  not  this 
will  swing  clear  as  the  turret  is  indexed.  In  addition,  the 
dimensions  between  the  ways  of  the  machine  and  the  distance 
from  the  center  of  the  spindle  to  the  ways  should  be  shown. 
As  a  matter  of  fact,  a  view  looking  toward  the  headstock, 
showing  the  various  parts  in  outline,  with  a  few  general  dimen- 
sions, will  be  of  the  greatest  value  in  many  cases. 

Need  of  Data  Concerning  Special  Tools 
In  addition  to  this  lack  of  data,  special  tools  designed  for 
turning  various  diameters,  recessing,  boring,  and  the  like  are 
frequently  specified  in  the  catalogues,  but  usually  no  dimen- 
sions are  given,  so  that  it  is  difficult  for  a  tool  designer  to 
determine  just  what  work  he  can  do  with  them  without  going 
out  Into  the  shop  and  setting  up  the  machine.  If  all  tools  of  a 
special  nature  were  shown  as  line  drawings,  properly  dimen- 
sioned, it  would  be  a  great  advantage  to  the  tool  designer. 
At  least  one  well-known  manufacturer  of  machine  tools  in 
this  country  has  come  to  an  appreciation  of  this  matter  and 
is  seriously  considering  the  preparation  of  a  catalogue  based 
on  the  facts  needed  by  a  mechanical  engineer  In  making  up 
tool  equipment  for  the  machine.  He  believes  that  there  is 
nothing  to  conceal  in  the  mechanism  of  his  machine  and  that 
the  dissemination  of  a  little  more  information  about  the  con- 
struction will  not  do  him  any  harm.  If  the  machine  tool 
builder  will  consider  his  machine  from  the  viewpoint  of  the 
mechanical  engineer  in  search  of  information,  he  will  readily 
see  what  information  his  catalogue  lacks.  The  average  ma- 
chine tool  must  be  considered  in  conjunction  with  its  tool 
equipment,  and  unless  this  equipment  can  be  properly  ar- 
ranged to  produce  the  work  to  the  best  advantage,  the  ma- 
chine tool  itself  is  a  failure.  Therefore,  it  behooves  every 
manufacturer  to  give  this  matter  the  most  serious  considera- 
tion. If  necessary,  he  should  find  from  his  tool  department 
exactly  what  information  it  has  access  to  when  designing  spe- 
cial tool  equipment  for  the  machine.  It  is  natural  to  assume 
that  any  information  this  department  may  have  is  complete. 


The  National  War  Labor  Board  has  announced  its  plans  for 
the  settlement  of  local  industrial  disputes  that  might  interfere 
with  war  work.  These  plans  provide  for  the  appointment  of 
local  arbitration  committees  in  industrial  cities  and  subcom- 
mittees of  the  board  to  act  in  disputes  that  local  committees 
fail  to  settle.  The  War  Labor  Board  will  hear  cases  only  when 
the  subcommittees  of  the  local  committees  fail  or  on  appeal 
from  their  decisions.  Appeals  will  be  heard  in  the  following 
cases:  Where  the  principles  established  by  the  President's 
proclamation  have  been  violated;  where  an  award  made  by  a 
board  has  not  been  put  into  effect,  or  where  employes  have 
refused  to  accept  or  abide  by  the  award;  and  where  there  are 
questions  of  jurisdiction,  as  between  government  boards. 
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By  Luther  D. 

ONE  hundred  years  ago,  when  Eli  Whitney  made  what  was 
perhaps  the  first  milling  machine,  it  was  elementary 
in  character  and  naturally  did  not  have  any  means  for 
supporting  the  outer  end  of  the  arbor.  About  twenty  years 
later,  however,  as  the  art  of  milling  developed  and  became  a 
well-established  shop  operation,  one  of  the  early  improvements 
was  to  provide  such  means,  first  by  the  use  of  an  overhanging 
arm  combining  the  center  head  in  the  same  casting,  later  by 
the  use  of  an  outer  support  without  an  overhanging  arm,  and 
finally  by  the  combination  of  the  two.  These  supports  have 
taken  many  forms  to  adapt  them  to  the  needs  of  convenience, 
stiffness,  ease  of  manufacture,  etc.,  and  have  expressed  the  in- 
dividuality of  many  designers. 

The  first  known  application  of  an  outer  support  for  the 
arbor  of  a  milling  machine  had  its  origin  in  that  pioneer  shop 
in  North  Chelmsford,  Mass.,  where  Gay  and  Silver  evolved 
so  n»ny  of  the  features  which  have  since  proved  fundamental 
in  the  development  of  machine  tools.  A  Gay  and  Silver  ma- 
chine having  an  outer  support  (Fig.  1)  was  probably  built 
as  early  as  1835,  and  the  records  show  that  machines  of  this 
design  were  regularly  sold  as  early  as  1841.  This  machine, 
which  might  be  classed  as  of  the  "manufacturing  type,"  had 
the  overhanging  arm  cast  as  a  part  of  the  spindle  head,  and 
apparently  a  center  carried  by  this  arm  was  used  to  support 
the  outer  end  of  the  arbor. 

"Manufacturing  machines"  suggesting  the  Lincoln  type  of 
miller,  which  have  since  become  so  well  known,  were  in  use 
as  early  as  Ell  Whitney's  time,  but  apparently  none  of  the 
early  designs  had  any  provision  for  supporting  the  arbor.  The 
first  one  found  having  this  feature  is  accredited  to  Frederick 
W.  Howe,  the  support  being  designed  by  him  while  he  was 
with  the  Itobblns  &  Lawrence  Co., 
of  Windsor,  Vt.,  about  1850.  This 
support  Is  shown  In  Fig.  2  and 
Illustrates  not  only  the  first 
known  application  of  a  support  to 
the  Lincoln  type  of  milling  ma- 
chine, but  also  the  first  applica- 
tion of  an  outer  support  carried 
by  the  bed  of  the  machine  Iti- 
Blead  of  by  an  overhanging  arm. 

The  cylindrical  overhanging  arm 
next  appeared,  and  It  also  HcemK 
to  have  been  first  applied  to  the 
Lincoln  type  of  machine,  this  be- 
ing the  Ilnot  machine,  dcHlgnod 
about  1854  at  CoU'h  Armory,  Hart- 
ford, f'onn.  In  IhlH  ruHC  tbn  iirni 
appcara  to  have  been  attached  to 
the  face  of  the  Bpindle  head  rather 
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than  extending  through  it,  as  in  later  designs  of  this  type 
of  machine,  such  as  that  since  made  by  the  Kempsmith  Mfg. 
Co.  A  center  was  provided  for  the  outer  end  of  the  arbor. 
In  1857,  Mr.  Howe,  already  referred  to  in  connection  with 
the  design  of  an  arbor  support,  brought  out  a  design  of  mill- 
ing machine,  while  with  the  Newark  Machine  Co.,  which  he 
called  a  "universal  milling  machine"  and  which  showed  the 
first  application  found  of  an  intermediate  support  carried  by 
an  overhanging  arm.  Fig.  3  shows  the  arm  used  by  Mr.  Howe 
in  this  machine.  It  is  of  novel  design,  being  a  double  arm, 
with  each  section  made  rectangular  in  form.  The  center  head 
for  supporting  the  end  of  the  arbor  was  clamped  in  the  space 
between  the  two  arms  and  carried  a  center.  The  intermediate 
support  engaged  the  end  of  the  spindle,  which,  on  account  of 
the  design  of  the  machine,  projected  some  distance  from  its 
front  bearing. 

Perhaps  the  earliest  use  of  a  cylindrical  arm  made  solid  with 
the  spindle  head  is  found  in  the  unusual  design  brought  out 
by  Bement  &  Dougherty,  of  Philadelphia,  shown  by  a  draw- 
ing dated  ISGl,  which  is  now  in  the  possession  of  the  Brown 
&  Sharpe  Mfg.  Co.  The  rights  were  secured  and  the  manu- 
facture of  these  machines  was  undertaken  by  the  latter  com- 
pany in  what  was  for  many  years  well  known  as  their  No.  13 
plain  milling  machine.    (See  Fig.  5.) 

Professor  John  E.  Sweet  proved  a  pioneer  in  many  lines  of 
mechanical  development  and  put  his  impress  on  milling  ma- 
chine design  in  1864  by  bringing  out  a  machine  at  the  works 
of  the  Sweet  &  Barnes  Co.,  at  Syracuse,  N.  Y.,  which  scoms  to 
be  the  first  of  the  knee  type  of  machine  to  have  an  outer  sup- 
port for  the  cutter-arbor.  Professor  Sweet  showed  himself 
to  be  well  ahead  of  the  times  by  his  appreciation  of  the  need 
of  a  rigid  support.  He  made  his 
support  reach  from  the  baseplate 
to  the  level  of  the  spindle,  with 
means  for  clamping  to  the  knee 
'^l     ||_.^' W  ii'i'l     apparently     with     an     outer 

>*         ^^^fc  bearing  instead   of  merely  a  cen- 

ter to  support  the  arbor.  If  this 
i.s  the  case,  it  Is  perhaps  the  first 
use  of  such  an  outer  bearing.  In 
a  letter  from  Professor  Sweet  to 
tlio  writer  In  1914,  eiudoslng  a 
liliotograph  of  this  machine,  he 
.siiiil  that  he  was  keeping  the  ma- 
cliiiie  liir  Slime  museum,  and  It  is 
In  lie  liiipeil  that  if  it  has  not 
iilready  foiind  a  sulliilil(<  roHlIng 
pl.ice  where  It  will  be  priwerved, 
it  soon  niny,  as  Its  historic  value 
UH  a  step   In    tlm   dovt^lopmont   of 

„    ,,      ,     ,       „      ,       ,  I  lie  art  of  inlllliiK  will  liierenso  as 

Manhlnn    Imvlng    Ovorhnnfflnir 

Intotrsl  with  Splnillo  Hnn.l  I  line  Kiies  nil.      II    wniilil   seetii   Diiil 
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•  Cornell  University,  the  scene  of  some  of 
Professor  Sweet's  effective  work  when  in 
his  prime,  would  be  the  ideal  place  for 
this  machine  to  be  preserved.  Since  the 
time  when  the  Sweet  design  was  brought 

out.   the   feature   of  supporting  the   knee 

-and  arbor  from  the  base  of  the  machine 

in  cases  where  special  rigidity  is  required 

ias  been  used  not  only  in  American  but 

also  in  European  practice. 

During  all   these  years   no  example   is 

found  of  the  combination  of  a  brace  for 

the  overhanging  arm  as  well  as  for  the 

cutter-arbor.     The  earliest  application  of 

this   kind   seems   to   have   been   made   by 

the  Brown  &  Sharpe  Mfg.  Co.  in  1873,  in 

order  to  adapt  its  Xo.  1  universal  milling 
machine   for   use   in   gear-cutting.     This   is   shown   in   Fig.   4. 

A  steel  bar  was  bolted  to  the  top  of  the  frame,  and  this  bar 
was  provided  with  a  square  thread  to  allow  for  adjustment 
of  the  arm  brace  by  means  of  nuts  engaging  the  threads.  It 
also  had  a  keyway  at  the  top  to  receive  the  points  of  two 
set-screws  for  clamping  in  place— a  practice  which  has  since 
Ijeen  followed  for  the  purpose  of  holding  the  center  head  in 
alignment,  a  modification  being  to  provide  a  flattened  spot  on 
the  cylindrical  arm. 


cal  were  brought  out.  Those  with  angular 
ways  were  most  common,  examples  being 
found  on  machines  made  in  America, 
France,  and  England.  A  typical  one, 
made  by  William  Muir  &  Co.,  of  Man- 
chester, England,  is  shown  In  Fig.  7,  and 
one  of  Bariquand  &  Marre,  Paris,  France, 
in  Fig.  8.  The  combination  boring  and 
milling  machine  shown  in  Fig.  9  was  pat- 
ented by  Albert  D.  Pentz,  of  Elizabeth, 
X.  J.,  in  1889,  and  has  flat  ways  on  the 
overhanging  arm  and  a  rack  and  pinion 
adjustment  for  the  center  head.  Xone  of 
the  overhanging  arms  of  either  type  had 
been  made  adjustable  in  the  frames  of 
the  machines  prior  to  1883,  and  the  next 
step  in  advance  was  to  make  them  ad- 
justable so  that  they  could  be  readily  pushed  back  out  of  the 
way  or  removed.  Lawrence  Cosgrove,  of  Baltimore,  Md.,  was 
the  pioneer  in  this  improvement,  and  machines  having 'solid 
steel  arms,  as  shown  in  Fig.  10,  were  first  manufactured  by 
Pednck  &  Ayer  under  the  Cosgrove  patent.  At  about  the  same 
time,  Charles  E.  Lipe,  of  Syracuse,  X.  Y.,  brought  out  a  novel 
type  of  milling  machine,  which  also  had  an  arm  sliding  in 
the  head.  Both  the  Cosgrove  and  Lipe  patents  were  purchased 
by  the  Brown  &  Sharpe  Mfg.  Co.,  and  this  and  some  of  the 


Tig,    2.     Howe    MiUing    Machine,    designed 
about  1850,  equipped  with  Arbor  Support 


Fig 


First    AppUcation   of   Intermediate    Support    carried    by    Over- 
hanging  Arm;    designed    by   T.    W.    Howe   in    1857       '    "   ^'^ 


Fig.    4.      Co 


The  first  regular  application  of  an  overhanging  arm  to  a 
universal  milling  machine  was  in  1876,  when  the  large  size 
machine  of  that  type  was  brought  out  by  the  Brown  &  Sharpe 
Mfg.  Co.,  having  a  cast-iron  arm  as  shown  in  Fig.  6.  Up  to 
this  time  the  development  in  the  style  of  overhanging  arms 
seems  to  have  been  along  two  well-defined  lines,  one  including 
the  use  of  cylindrical  arms,  and  the  other  the  use  of  arms  with 
flat  or  angular  ways.  In  both  designs  the  arms  were  either 
made  solid  with  the  frame  or  spindle  head,  as  the  case  might 
1)6,  or  were  bolted  in  place. 

While  the  double  rectangular  arms  of  the  Howe  design  (Fig 
3)  were  not  repeated,  many  forms  of  arms  other  than  cylindri- 


mbinatioa    Brace    for   Overhanging    Arm   and    Cutter-arbo 
designed  by  Brown  &  Sharpe  Mfg.  Co.  in  1873 


Other  features  of  these  patents  were  adopted  in  its  regular 
line  of  machines. 

The  invention  of  the  double  arm  brace  (Fig.  11)  by  Charles 
H.  Phillips,  of  the  Brown  &  Sharpe  Mfg.  Co.,  in  1892,  added 
materially  to  the  progress  in  devising  methods  of  rigidly  sup- 
porting the  outer  end  of  the  arbor.  This  was  an  important 
improvement,  because  at  that  time  there  began  to  be  a  grow- 
ing demand  for  milling  machines  capable  of  taking  heavy  cuts. 
In  the  "Wanderer"  milling  machine,  which  is  of  German 
manufacture,  is  a  combination  of  the  Phillips  double  arm  brace 
and  Professor  Sweets  idea  of  supporting  the  knee  and  arbor 
from  the  base  of  the  machine.     Such  a  support  from  the  base 


.  &  Sharp,  ••.chine  provided   with  Cylindrical   Arm   which  li 
Bona  with  Splndlo  Ho«d 


Tig.   6.     Flr«t  RofuUr   Application   of  Overhanging   Arn 
Milling    Machine 
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Fig.  7.     Overhanging  Arm  having  Angular  Ways  for  Arbor  Support 

was  also  applied  to  the  Mulr  machine  of  English  manufac- 
ture (Pig.  12) ;  the  overhanging  arm  of  this  machine  has  angu- 
lar ways  for  the  arbor  support. 

Steps  for  increasing  the  rigidity  of  the  arbor  support  in 
"manufacturing  milling  machines"  showed  a  development 
along  independent  lines.  Attention  has  already  been  drawn 
to  the  double  outer  support  of  the  Howe  machine  (Fig.  2).  At 
a  later  date  tie-rods  were  added,  fastened  in  the  head  and  hav- 
ing a  sliding  fit  in  holes  in  the  outer  support,  with  means 
for  clamping  after  adjustment.  Such  a  construction  is  shown 
In  an  old  Cox  &  Prentice  catalogue  prior  to  1881,  and  has  also 
been    used    by    Pratt    &    Whitney    in    some    designs    of    their 


Fig.  9.    Combination  Boring  and  Milling  Machine  equipped  with  Over- 
hanging Arm  having  Flat  Ways 

Lincoln  millers.  A  further  development  of  this  type  of  double 
support  is  shown  in  the  Reinecker  machine  of  1900,  which 
has  two  bars  or  arms  sliding  in  the  frame  and  in  the  outer 
support,  80  that  they  can  be  adjusted  to  any  position  or  readily 
removed,  as  desired. 

Mention  has  already  been  made  of  some  of  the  steps  taken 
to  hold  the  cylindrical  overhanging  arm  and  its  center  head 
more  rigidly  In  position  by  means  of  keys,  flattened  spots,  etc. 
One  method  of  securing  this  end  was  devised  by  Charles  H. 
Norton,  In  1892,  when  with  the  Leland,  Faulconer  &  Norton 
Co.,  of  Detroit,  Mich.  The  arm  was  of  square  cross-section 
(see  Fig.  13),  and  one  of  its  "diagonal  diameters"  coincided 
with  a  plane  Intersecting  the  axis  of  the  cutter-spindle.     It 
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Fig.   8.    Removable   Overhanging  Arm  provided  with  Angular  Ways 

was  also  claimed  that  this  arm  provided  improved  means  for 
attaining  and  maintaining  accuracy  of  alignment.  Still  other 
methods  of  obtaining  rigidity  were  originated  at  about  the 
same  time  that  the  Norton  machine  was  designed.  Pratt  & 
Whitney  brought  out  a  double-spindle  milling  machine  with 
double  arms  tied  together  at  the  outer  end,  as  shown  in  Fig.  14. 
This  same  feature  was  applied  to  a  duplex  milling  machine 
having  two  work-carrying  heads,  built  by  the  Brown  &  Sharpe 
Mfg.  Co.  a  little  later,  in  which  the  center  heads  for  the  work- 
spindles  were  carried  by  separate  arms  tied  together  by  a 
single  arm  brace  (Fig.  18). 
At  least  as  early  as  1904  a  French  manufacturer  (A.  Vautier 
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Fig.    10.     Pedrick    &    Ayer    Universal    Milling    Machine    provided    with 
Adjustable   Overhanging   Arm 

&  Co.,  of  Maubeuge)  brought  out  a  combined  vertical  and 
horizontal  spindle  milling  machine,  with  double  overhanging 
arms  carrying  an  outer  support  for  the  cutter-arbor,  as  shown 
in  Fig.  15,  the  double  arms  being  evidently  used  for  the  pur- 
pose of  supporting  the  arbor  rigidly  without  an  arm  brace  and 
in  order  to  avoid  interference  with  the  vertical  spindle  of  the 
macliine.  Furtlier  developments  along  the  lines  of  using 
double  overhanging  arms  were  made  by  the  Kearney  &  Trecker 
Co.,  of  Milwaukee,  Wis.,  and  Potter  &  Johnston  Co.,  of  Paw- 
tucket,  R.  I.,  in  1913.  The  Kearney  &  Trecker  over-arm  con- 
struction consists  of  two  arms  arranged  so  that  both  fit  the 
arbor  supports.  The  two  arms  are  of  the  same  size  and  ar« 
located  some  little  distance  apart,  with  the  axes  In  a  horizontal 
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Fig.   12.    Hilling  Machine  of  English  Manufactur 
Overhanging  Arm  and   Knee 


having  Support  for 


plane,  so  that  the  connections  between  the  arms  and  the  arbor 
form  the  outline  of  a  triangle.  The  Potter  &  Johnston  Co.'s 
machine  had  one  arm  located  vertically  above  the  other  (Fig. 
16),  the  idea  being  to  so  tie  the  two  arms  together  that  no 
arm  brace  would  be  required,  as  the  method  of  operating  the 
machine  makes  the  use  of  an  arm  brace  impracticable. 
While  the  cylindrical  arm  appears  to  have  been  made  ad- 


Fig.    13.     Overhanging    Arm   of    Square    Cross-section   designed   to    provide 
Higid   Support   and  Accuracy   of   Alignment 

The  earliest  application  of  an  adjustable  angular  arm  so  far 
found  in  a  milling  machine  was  in  a  duplex  machine  made  by 
the  Brown  &  Sharpe  Mfg.  Co.;  this  arm  was  applied  to  the 
machine  in  1894.  It  provides  widely  separated  ways  to  give 
rigidity  to  the  structure  and  carries  an  intermediate  support 
having  a  fine  adjustment  by  means  of  a  set-screw. 

In  milling  machines  of  the  planer  type  the  natural  evolu- 


Fig.  14.    Double-spindle  Milling  Machine  having  Double  Arms  tied  together 
at  Outer  End,  as  designed  by  the  Pratt  Sc  Whitney  Co. 

justable  in  the  head  or  frame  of  milling  machines  at  an  earlier 
date  than  the  arms  having  angular  ways,  the  provision  for 
such  adjustment  in  arms  of  the  latter  design  soon  followed. 
In  the  earlier  designs  of  both  types  where  there  was  no  ad- 
justment, the  arms  were  often  bolted  in  place  so  that  they 
could  be  removed  if  the  work  was  such  that  they  would  be  in 
the  way.    (See  Figs.  7,  8,  and  9.) 


Fig.    16.     Combined   Vertical   and   Horizontal    Spindle    Machine    of   French 
Manufacture  with  Double  Overhanging  Arms 

tion  has  been  to  secure  rigid  supports  not  only  at  the  end 
of  the  arbor,  but  at  intermediate  points  as  well,  by  attaching 
such  supports  to  the  cross-rail— a  construction  which  also  has 
the  advantage  of  having  widely  separated  ways. 

An  early  use  of  an  adjustable  overhanging  arm  with  guide- 
ways  is  found  in  the  Mergenthaler  machine  brought  out  in 
1899   (Fig.  17).    In  this  case  the  arm  is  adjusted  in  the  head 


rif.    16.     Double   Overhanglni   Armi   located   on»   aboT*   the   otho 


Fig.    17.     Adjuatabln    OTnrharging    Arm    mounted    In    Ouidoway 
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Fig.    18. 


by  means  of  a  worm  engaging 
a  rack.  A  still  more  complete 
disclosure  of  an  adjustable 
overhanging  arm  with  angu- 
lar ways,  having  an  adjust- 
able center  head  and  double- 
arm  brace,  is  shown  in  the 
Sowden  patent  of  July  28, 
1903   (Fig.  19). 

In  manufacturing  milling 
machines,  illustrated  by  the 
Lincoln  type,  the  tendency,  in 
order  to  secure  greater  rigid- 
ity, seems  to  be  toward  the 
use  of  a  heavy  outer  support 
with  stiffening  arms  acting  more  in  the  nature  of  tie-rods  to 
bind  the  structure  together  for  stiffness.  In  the  case  of  the 
knee  type  of  milling  machine,  this  tendency  lies  along  two 
lines:  one,  the  use  of  a  rigid  overhanging  arm  of  steel  with 
heavy  arm  braces  tying  it  to  the  knee,  or  even  to  the  base; 
the  other,  the  use  of  double  cylindrical  or  widened  angular 
arms  of  sufficient  rigidity  to  support  the  arbor  by  depending 
principally  upon  the  strength  and  stiffness  of  the  overhanging 
arms,  the  arm  brace  being  comparatively  light  or  entirely 
absent,  and,  when  used,  serving  primarily  as  a  brace  rather 
than  as  the  main  support. 

The  steps  of  development  here  outlined  give  another  illus- 
tration of  the  gradual  step-by-step  evolution  in  mechanical  de- 
sign through  many  years  from  the  first  crude  beginnings  to  a 
state  of  the  art  suited  to  modern  needs. 


NEW  METHOD  OF  SOLVING  TORSION 
PROBLEMS 

BY   MiRK   MEREDITH  ' 

The  determination  of  the  distribution  of  stresses  in  mem- 
bers subjected  to  torsion  has  occupied  many  mathematicians 
and  physicists.  Without  a  knowledge  of  how  such  stresses 
are  distributed,  it  is  impossible  to  determine  the  local  weak- 
nesses of  members  of  irregular  section  when  under  torsion, 
and  therefore  to  modify  the  contour  so  as  to  secure  the  great- 
est strength  within  the  limits  of  contour  modifications  laid 
down  by  the  kind  of  duty  the  member  is  required  to  perform. 
Certain  simple  sections,  like  the  circle,  ellipse,  rectangle,  and 
equilateral  triangle,  for  example,  yield  more  or  less  readily  to 
mathematical  analysis,  and  a  torsional-stress-distribution  dia- 
gram of  these  sections  can  be  constructed.  But  in  the  more 
irregular  sections,  the  mathematical  process  becomes  too  com- 
plex and  the  designer  of  mechanisms  comprising  parts  of 
Irregular  section  subjected  to  torsional  stresses  has  had  to 
work  in  the  dark. 

The  aircraft  propeller  blade  is  subjected  to  a  particularly 
complex  combination  of  stresses,  among  which  is  the  torsional 
stress  set  up  by  the  greater  air  pressure  on  the  following  than 
on  the  leading  part  of  the  curved  face  of  the  blade.  The  shape 
and  dimensions  of  the  blade  section  at  any  point  are  deter- 
mined, within  limits,  by  the  requirements  of  stream-line  and 
propulsive  efficiency  contour,  and  by  resistance  to  bending, 
but  there  Is  a  certain  latitude  within  which  modifications  can 
be  made  to  secure  the  maximum  resistance  to  torsion.  It  is 
of  extreme  Importance  that  the  design  should  take  cognizance 
of  this  factor,  not  so 
much  because  rlak  of 
fracture  Is  thereby 
diminished  as  be- 
cause, unless  the  dis- 
tribution of  Iho  tor 
slonal  stresses  i 
known,  It  Is  Impo 
Bible  to  forecast  how 
the  blade  will  deform 
In  use,  and  conse- 
quently ImpoHslhIo  so 


to  shape  the  blade  in  its  un- 
stressed condition  that  it  will 
present  the  desired  features- 
when  under  working  stress. 
About  a  year  ago  the  design 
department  of  the  British 
royal  aircraft  factory  at  South 
Farnborough  tried  to  deter- 
mine the  torsional  stresses  by 
working  on  the  theory  that 
the  equations  for  the  torsion 
of  an  elastic  bar  are  of  exact- 
ly the  same  form  as  those  for 
the  displacement,  under  even- 
ly distributed  pressure,  of  an 
elastic  membrane,  the  shape  of  which  corresponds  to  the  cross- 
section  of  the  bar.  The  calibrating  instrument  devised  con- 
sists of  a  thin  metal  plate  out  of  which  a  section  correspond- 
ing to  the  cross-section  of  the  blade  is  cut,  and  a  thin  mem- 
brane stretched  across  the  opening.  A  slight  excess  air  pres- 
sure is  provided  on  one  side  of  the  film,  and  finally  a  means- 
of  registering  the  contour  of  the  surface  of  the  bulged  film 
is  employed.  The  first  requirement  was  easily  satisfied.  For 
the  second,  a  soap  film  stretched  across  the  opening  was  used. 
The  pressure  on  one  side  of  the  soap  film  was  produced  by 
clamping  the  plate  over  a  box  within  which  the  air  pressure 
could  be  delicately  adjusted.  The  reflection  in  the  film  of  a 
suitably  placed  single  electric  lamp  filament  shows  the  inclina- 
tion of  the  film  to  the  plane  of  the  plate  at  any  given  point  for 
the  determination  of  stresses,  and  a  steel  needle  pointing  down 
toward  the  film,  and  adjustable  as  to  depth  by  a  micrometer, 
traces  the  contour  lines  of  the  film  and  records  them  by  pin- 
pricks on  a  sheet  of  paper.  By  cutting  in  the  plate,  beside 
the  slot  of  the  section  it  is  desired  to  investigate,  a  circular 
hole  of  the  same  cross-sectional  area,  it  is  possible  not  only  to 
ascertain  the  distribution  of  stresses  in  the  irregular  member, 
but  to  determine,  by  comparison  with  the  known  stresses  in 
the  circular  bar  represented  by  the  round  hole,  their  actual 
value. 

MACHINISTS     AND    TOOLMAKERS    FOR 
ARSENAL  WORK 

The  Watervliet  Arsenal,  Watervliet,  N.  Y.,  is  making  the- 
guns  that  will  pound  into  the  German  mind  the  fact  that  there 
is  such  a  thing  as  an  undying  belief  in  the  ideal  of  justice 
in  this  world;  and  the  arsenal  needs  skilled  men  in  the  making 
of  these  guns.  Large  additions  are  being  built  to  the  arsenal 
and  these  must  be  manned.  A  great  number  of  toolmakers  and 
machinists  are  needed  for  this  work.  Every  mechanic,  there- 
fore, who  is  engaged  on  any  work  which  is  not  necessary  tor 
the  winning  of  the  war  should  be  willing  to  do  his  share  by 
going  to  work  for  the  Government.  All  the  workers  are  di- 
rectly under  the  Federal  Civil  Service  and  the  Federal  Com- 
pensation Law,  and  the  wages  are  good.  A  special  housings 
bureau  devotes  its  entire  time  to  getting  homes  for  the  new 
workmen,  and  no  effort  is  spared  to  make  them  feel  at  home. 
Applicants,  however,  should  not  come  to  the  arsenal  without 
first  writing  to  the  Commanding  Oflicer,  Watervliet  Arsenal, 
Watervliet,  N.  Y.  No  men  who  are  now  engaged  in  work  for 
the  Govornment  or  in  the  buildiiiK  of  machines  that  are  to  be 
used    for   worli    on    unviTiiriu'iii    cdnlrai'ts   will    bo   hired,   but, 

with  this  exception, 
any  AuH'rican  be- 
twi'(Mi  tlie  ages  of 
eighteen  and  fifty- 
four  who  fools  that 
he  really  wants  to 
do  his  Hluin>  In  the 
grout  c^risls  through 
which  the  world  Is 
passing  may  apply 
for  work  at  the  ar- 
senal and  fool  that 
ho  Ih  doing  his  duly 
Inward    lil.M    rouiitry. 
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FOR  bluing  steel  by  the  saltpeter  process,  the  outfit  nec- 
essary consists  of  a  cast-iron  kettle  for  melting  the  saltpeter 
mixture  and  tanks  for  the  water  and  oil.  The  melting  ket- 
tle may  be  heated  by  gas  or  oil;  with  kerosene  oil  at  nine  cents 
a  gallon  and  gas  at  ninety  cents  a  thousand  cubic  feet,  the 
gas  is  about  60  per  cent  more  expensive  but  is  less  trouble. 
The  water  tank  should  be  connected  to  a  steam  or  gas  supply 
so   that  the   water   may   be   kept  boiling  hot;    it   should   also 


Tig.    1.     Baskets  for  holding  Work  when  bluing 

have  a  fresh-water  connection.  Both  the  oil  and  the  water 
tank  should  have  waste  cocks  at  the  bottom.  The  writer  uses 
a  fifty-gallon  round  galvanized  tank  for  the  water  and  a  thir- 
ty-gallon rectangular  tank  for  the  oil.  Considerable  heat  is 
necessary  for  melting  the  mixture,  but  after  it  is  melted  the 
flame  must  be  turned  down  to  20  or  30  per  cent  of  full  size, 
or  the  solution  will  get  too  hot  and  eat  through  the  kettle. 

The  saltpeter  mixture  consists  of  nine  parts,  by  weight,  of 
saltpeter  and  one  of  black  oxide  of  manganese,  or  pyrolusite, 
melted  together.  Either  nitrate  of  soda  or  nitrate  of  potash 
may  be  used;  but  only  the  best  quality  should  be  used,  for 
the  cheaper  grades  are  adulterated  with  common  salt  which 
interferes  with  the  work.  The  writer  has  found  "Aqualine" 
the  cheapest  satisfactory  oil,  but  the  Standard  Oil  Co.'s  fiat 
wire  oil  is  good,  and  a  mixture  containing  one  part  of  lard 
oil  and  two  or  three  parts  of  paraflSne  oil  is  all  right.  Paraf- 
fine  oil  by  itself  is  not  satisfactory,  as  it  evaporates  and 
leaves  a  coating  of  saltpeter  on  the  work. 

The  work  the  writer  has  handled  is  stamped  from  sheet  steel 
and  is  used  for  cap  pistols  and  air  rifles;  heavier  material  may 
require  a  little  different  treatment  to  that  described  here. 
Cup-shaped  articles  must  be  hung  on  hooks  or  placed  in  racks 
so  that  they  will  drain;  all  other  work  is  handled  best  in 
baskets.  Large  pieces  should  have  special  baskets  to  suit  the 
individual  shapes.  All  baskets  should  hang  at  least  1^4  inch 
from  the  sides  and  5  or  6  inches  from  the  bottom  of  the  ket- 
tle; Fig.  1  shows  the  types  in  daily  use.  Small  parts  may  be 
thrown  in  loose,  the  only  limitation  being  that  the  mass  of 
metal  must  not  be  so  great  that  the  heat  will  not  reach  those 
In  the  center  before  the  outside  is  too  hot.  In  other  words, 
where  the  parts  are  of  such  shape  that  they  will  pack  closely 
together,  the  basket  must  be  filled  only  two  or  three  inches 
deep;  curved  or  hollow  shapes  of  thin  metal,  which  pack  so 
as  to  allow  the  solution  to  circulate  rapidly  all  around  them, 
may  fill  baskets  as  large  as  the  kettle  will  take.  Baskets  for 
light  material  must  have  tight  covers  that  are  hinged  and  fas- 
tened; otherwise  the  parts  will  be  thrown  out  when  tlioy  are 
dipped  into  the  water.  Large  or  small  pieces  with  curved  sur- 
faces may  be  packed  close  together,  but  large,  flat,  smooth 
Burfaces  must  be  kept  a  slight  distance  apart.  A  convenient 
basket  for  handling  such  parts  Is  shown  at  A,  Fig.  1. 
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All  baskets  should  be  made  as  light  as  possible.  There  are 
firms  who  will  make  better  wire  baskets  than  could  be  made 
in  a  shop;  but  if  a  homemade  one  is  desired,  it  will  be  found 
better  to  use  1/2-  by  1 '16-inch  strips,  with  electric  welded 
joints,  for  the  frames.  For  small  pieces,  the  frames,  sides,  and 
bottom  of  the  basket  should  be  lined  with  1/4-inch  mesh  gal- 
vanized wire  netting,  fastened  in  place  by  lacing  with  stove- 
pipe wire,  as  shown  at  C.  For  larger  pieces,  the  netting  on 
the  sides  is  unnecessary  but  an  extra  hoop  should  be  placed 
a  quarter  of  the  way  from  the  bottom,  as  shown  at  B.  For  the 
bottom  of  some  of  these  baskets,  1/4-  by  3/32-inch  strips  may 
be  used,  but  1/2-inch  mesh  netting  is  most  commonly  used. 
The  covers  for  small  work  may  be  formed  of  1/4-inch  mesh 
netting,  wired  to  a  hoop  made  of  a  1/2-  by  1/16-inch  strip. 
Each  basket  should  have  a  handle. 

A  scraper  should  be  provided  for  the  melting  kettle.  A 
convenient  form  is  made  of  1/2-inch  rod  about  3  feet  long, 
with  a  loop  at  one  end  and  an  oval-shaped  piece  of  heavy 
sheet  iron,  about  3  by  5  inches,  securely  riveted  to  the  other. 
This  scraper  is  used  to  stir  the  solution  and  to  scrape  the 
sediment  from  the  bottom  of  the  kettle. 

Convenient  Arrangement  of  Outfit 

The  proper  arrangement  of  the  outfit  is,  of  course,  essential 
to  quick  and  easy  handling  of  the  work.  A  satisfactory  lay- 
out is  shown  in  Fig.  2,  where  the  kettle  and  the  two  tanks 
are  set  in  a  quarter-circle  close  together.  The  outlet  cocks 
and  steam  and  water  pipes  are  placed  close  against  the  outer 
edges  of  the  tanks.  A  lever,  about  eight  feet  long,  is  hung  at 
the  center  of  the  tank  circle  by  a  swivel  yoke  and  chain  from 
the  ceiling.  The  chain  is  guyed  by  wires  just  above  the  joint, 
to  keep  it  from  swaying.  This  lever  is  free  to  tip  up  and 
down  and  to  swing  in  a  circle.  It  may  be  made  from  one-inch 
pipe,  but  should  have  a  short  piece  of  chain  at  one  end  and  a 


Fig.  2.     Convenient  Arrangement  of  Tanks  for  Bluing  Process 

longer  piece  at  the  other.  The  shorter  piece  should  be  passed 
through  the  ring  of  a  large  swivel  harness  snap  and  looped 
up  to  an  S  hook  for  adjustment;  the  longer  piece  should  have 
a  handle  or  ring  at  the  end.  To  fasten  the  chains,  the  ends 
of  the  lever  should  be  threaded  for  caps,  each  of  which  is 
drilled  to  take  a  link  of  the  chain,  which  is  held  by  a  pin  fit- 
ting tight  inside  the  cap.  The  oil  tank  should  be  provided 
with  a  drip  flange  at  the  back  and  should  have  a  row  of  hooks 
suspended  from  a  bar  above  It. 

The  floor  under  and  around  the  outfit  should  be  of  cement 
and  pitched  to  a  large  drain  Just  back  of  the  tanks;  the  walls 
should  be  of  brick,  cement,  or  tile.  The  work  gives  off  much 
flame,  smoke,  and  steam,  unless  the  roof  is  high  and  ventilated 
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like  a  foundry;  the  kettle  and  water  tank  should  have  heavy 
sheet-iron  hoods  with  a  direct  outlet,  not  less  than  20  inches 
in  diameter,  and  forced  draft  if  possible. 

A  low  bench  should  be  placed  opposite  the  tanks  at  the  other 
end  of  the  lever,  or  to  one  side,  for  filling  the  baskets,  and 
should  have  space  enough  to  hold  material  for  at  least  one 
day's  work.  There  should  also  be  hooks  or  nails  on  the  bench, 
or  special  uprights  opposite  the  kettle  and  the  oil  tank,  to 
support  the  lever  while  the  work  is  bluing  and  while  the  bas- 
kets are  being  changed.  One  man  can  handle  this  work  with 
this  outfit,  as  the  articles  have  to  stay  in  the  solution  long 
enough  to  load  and  unload  the  baskets.  A  helper  does  not  in- 
crease the  speed  more  than  10  or  15  per  cent. 

Method  of  Performing'  Work 

To  start  the  work,  the  kettle  should  be  heaping  full  of  the 
saltpeter  mixture  and  the  heat  turned  on  full.  As  the  mix- 
ture melts,  more  should  be  added  so  that  when  it  is  all  melted, 
the  solution  is  within  two  or  three  inches  of  the  top  of  the 
kettle.  The  kettle  sho'uld  be  kept  covered  until  the  material 
is  entirely  melted,  especially  after  the  first  melting,  for  the 
hot  solution  spurts  through  the  crust,  and  melted  saltpeter 
burns  badly. 

A  pailful  of  saltpeter  and  the  black  oxide  should  be  mixed 
in  the  proper  proportions,  and  between  each  heat  a  handful 
should  be  stirred  in  until  it  melts.  In  this  way  the  level  of 
the  solution  in  the  kettle  will  be  kept  uniform  and  the  mix- 
ture will  work  much  better  than  if  the  kettle  is  allowed  to  get 
low  and  is  filled  once  in  a  while.  The  solution  should  be 
stirred  from  the  bottom  each  time,  during  which  operation 
the  workman  should  wear  canvas  gloves.  After  the  first  time 
the  mixture  is  melted,  each  time  the  kettle  is  started,  before 
stirring,  some  of  the  sediment  at  the  very  bottom  should  be 
scraped  out. 

When  all  the  mixture  is  melted,  the  solution  clears  up  on 
top  and  begins  to  boil.  It  should  then  be  tested  by  throwing 
on  a  pinch  of  fine  dry  sawdust;  if  this  fioats  around  and  burns 
slowly  the  mixture  is  not  ready;  when  the  sawdust  bursts  in- 
to flame  the  moment  it  reaches  the  surface,  the  bluing  process 
can  be  started. 

The  most  essential  and  only  difficult  point  in  the  process 
is  maintaining  the  right  heat.  The  writer  has  not  used  a 
pyrometer,  which  would  undoubtedly  be  a  great  help.  A  test, 
which  he  has  found  entirely  reliable,  is  the  formation  of  scum 
by  the  burning  oil  on  the  surface;  this  should  be  entirely 
burned  off  at  about  the  second  minute.  If  there  is  scum  on 
the  surface  at  the  end  of  the  third  minute,  the  work  should 
be  left  in  the  mixture  for  fifteen  seconds  after  the  scum  has 
disappeared  and  the  heat  increased;  if  the  scum  is  gone  by 
the  end  of  the  first  minute,  the  heat  should  be  reduced.  Main- 
taining the  proper  temperature  is  vitally  important  to  the 
production  of  good  work.  If  the  heat  is  a  very  little  too  low, 
the  color  is  good  though  a  little  light,  but  it  has  dark  spots, 
like  the  brown  with  purple  spots  in  the  tempering  scale  of 
steel.  On  the  other  hand,  if  the  solution  gets  too  hot,  the 
work  comes  out  very  dark  and  mottled  with  dark  streaks  and 
spots.  In  the  first  stages  of  overheat,  the  effect  is  quite  simi- 
lar to  underheat,  but  the  whole  tone  is  much  darker;  how- 
ever the  formation  of  scum  has  been  found  to  be  a  sure  tem- 
perature teat.  It  1h  possible,  by  watching  when  the  scum  dis- 
appears from  heat  to  heat,  and  adjusting  the  fire  a  very  little 
at  a  time,  to  obtain  a  correct  temperature.  The  writer  has 
held  It  on  the  spot  for  three  or  four  hours  at  a  time  without 
further  regulating.  However,  the  bad  effects  from  both  under- 
heating  and  ovr^rheatlng  can  be  imtlrf^ly  removed  by  running 
the  material  through  again  at  the  right  toinperaturc. 

There  Is  another  serious  danger  from  overheating.  At  the 
same  point  that  the  work  showH  bad,  the  kettle  begins  to  turn 
red.  Ah  the  chemicals  attack  the  cast  Iron  at  red  lieat,  they 
will  cat  Into  the  kettle  as  long  as  It  stayH  rod,  and  will  oat 
through  the  Iron  In  a  short  time.  As  can  easily  bo  Imagined, 
boiling  HaUp';ter  Is  not  (jleasant  to  have  flowing  around  on 
th'!  floor,  and  It  Is  very  hard  to  dig  out  of  thu  fiirnaro  and 
pipes  after  It  rools.  If  the  kettle  begins  to  show  the  least 
red.  the  only  safe  way.  Is  to  turn  out  the  fire  and  light  It 
again  when  the  heat  Is  reduced  to  the  proper  point. 


In  operation,  the  full  basket  is  hung  on  the  snap  at  one  end 
of  the  lever  and  lowered  into  the  solution  by  means  of  the 
chain  at  the  other  end.  This  chain  is  hooked  so  that  the  ar- 
ticles will  be  about  two  inches  below  the  surface.  As  the  arti- 
cles are  usually  covered  with  oil  and  the  baskets  always  are, 
this  oil  catches  fire  and  flames,  burning  and  smoking  until  it 
is  all  burned  off.  There  is  always  more  or  less  spattering  of 
the  solution  so  that  the  operator  should  keep  the  full  length 
of  the  lever  away  from  the  kettle.  The  writer  dips  the  work 
without  cleaning  off  the  grease  from  the  presses  and  buff 
wheels;  work  that  has  been  thoroughly  cleaned  with  gasoline 
does  not  seem  to  be  any  better.  There  must  be  no  rust  on  the 
work,  however.  For  the  work  done  in  the  writer's  plant,  three 
minute's  is  the  proper  time  for  the  articles  to  remain  in  the 
solution;  they  will  color  in  less  time  than  that  but  the  addi- 
tional time  gives  a  better  tone  and  a  stronger  and  more  last- 
ing coat.  The  time  can  be  kept  with  an  ordinary  watch,  but 
a  stop-watch  is  much  handier. 

When  the  time  is  up,  the  basket  should  be  slowly  lifted  from 
the  solution  and  held  over  the  kettle  until  the  surplus  solu- 
tion drains  off.  Baskets  of  small  pieces  should  be  shaken. 
Then  the  basket  should  be  dipped  into  the  hot-water  tank  as 
quickly  as  possible  without  sloping  over,  as  the  steam  helps 
to  clean  off  the  solution.  The  basket  should  be  shaken  enough 
in  the  water  to  clean  the  work  thoroughly.  The  articles 
should  be  examined  carefully  as  the  baskets  are  emptied;  if 
there  is  any  solution  (black  mud)  clinging  to  them  the  wash- 
ing is  at  fault.  After  the  surplus  water  is  drained  off,  the 
work  is  dipped  into  the  oil  and  taken  out  again  as  quickly 
as  possible.  The  operator,  of  course,  handles  the  basket  all 
this  time  by  means  of  the  lever.  The  chain  at  the  operator's 
end  of  the  lever  is  then  fastened  so  that  the  basket  hangs  over 
the  oil  while  he  adds  his  saltpeter  mixture  and  stirs  the  solu- 
tion in  the  melting  kettle.  He  then  hangs  the  finished  basket 
on  the  rack  to  drain,  puts  on  a  fresh  basket,  and  starts  over. 
While  the  lot  is  bluing,  he  takes  from  the  rack  a  basket  that 
has  drained,  empties  and  refills  it,  and  places  it  near  the  oil 
tank;  he  will  have  time  left  to  watch  his  time  and  heat.  At 
least  four  baskets  should  be  kept  going  at  once;  one  in  the 
kettle,  one  being  filled,  and  two  draining. 

There  is  time  while  the  kettle  is  heating  in  the  morning, 
which  requires  one  or  two  hours,  to  move  the  previous  day's 
work  into  the  next  department  and  to  get  a  fresh  supply.  Of 
course  the  work  of  heating  the  water  should  be  started  at  the 
same  time  as  the  kettle  is  started.  The  water  tank  should  be 
drained  and  cleaned  out  every  two  or  three  days.  The  water 
and  soft  soap  that  settle  under  the  oil  should  also  be  drawn 
off  every  morning  and  fresh  oil  added ;  and  the  sediment 
should  be  scooped  out  of  the  bottom  of  the  oil  tank. 
*  *  • 
CARBURIZE   AND   CARBONIZE 

The  two  words  "carburizc"  and  "carbonize"  are  frequently 
used  interchangeably  in  mechanical  literature  to  designate 
the  process  of  impregnating  the  surface  of  steel  with  carbon 
in  order  to  raise  the  carbon  content  of  low-carbon  steel  so  that 
it  may  be  hardened  by  heating  to  the  hardening  temperature 
and  quenching  in  oil,  brine,  or  water.  "Carburize,"  however, 
is  the  correct  term  to  use,  and  while  the  other  term  has  been 
so  generally  employed  that  it  has  become  recognized  by  dic- 
tionaries as  an  allowable  word,  its  use  should  bo  discouraged. 
Webster's  New  International  Dictionary  defines  carburize  as 
"to  combine  or  imi)regnato  with  ciirbon;  as,  to  carburize  iron 
by  cementation."  The  word  "carbonize,"  again.  Is  defined  as 
"to  convert  into  a  residue  of  carbon  by  the  action  of  flro  or 
some  corrosive  agent;  to  char."  As  a  secondary  donnltlon,  it 
is  given  as  e(iuivalent  to  "carburize."  Thi<  proper  meaning 
of  carbonize,  however,  refers  to  the  converting  of  a  substance 
into  carbon,  as,  for  example,  when  a  carbon  lamp  nianiont  is 
carbonized,  when  the  llbcr  from  which  It  Is  made  Is  charred. 
The  Clontury  Dictionary,  therefore,  doflnes  ii  carbonizing  fur- 
nace as  a  "gas  furnaco  used  for  carbonizing  the  fllanii'iits  of 
I'lectrlc  IninpH."  or  as  "an  apparatus  for  carhonlzliig  wood, 
diHlntegratIng  rocks,  etc."  A  furnaco  uhoiI  fur  IncrcaHlng  the 
carbon  content  on  the  surfaco  of  stool  Ih  not  u  carlidiilzliig 
furnace,  but  a  carburlzing  furnaco. 
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FACTORY  MOVING 


METHODS  OF  EFFICIENTLY  SOLVING  THE  PROBLEMS  ARISING  WHEN  MOVING  MACHINERY  INTO  A  NEW  FACTORY 

BY  L.  J.  HENGESBACH  1 


THE  ordinary  person  regards  the  moving  of  a  factory  as 
about  the  same  thing  as  the  moving  of  household  effects; 
but,  as  a  matter  of  fact,  it  is  a  very  different  proposition. 
The  moving  of  any  factory  has  several  drawbacks,  the  most 
important  of  which  is  the  interruption  of  work,  with  the  re- 
sulting loss  of  business  due  to  failure  to  make  promised  de- 
liveries. Another  bad  effect  is  the  disruption  of  the  organiza- 
tion. 

The  labor  involved  depends  on  the  extent  of  the  move.  If  a 
factory  is  to  be  moved  by  rail  from  one  town  to  another,  it 
is  necessary  to  crate  and  pack  all  the  machinery,  which  in- 
volves the  taking  apart  of  many  of  the  larger  machines.  All 
dies,  tools,  fixtures,  etc.,  must  also  be  carefully  packed  and 
the  boxes  marked  so  that  the  tools  or  other  equipment  for  any 
machine  may  be  readily  found  when  the  machines  are  being 
set  up  again.  This  is  the  most  difficult  kind  of  move  to 
engineer.  The  easiest  is  that  caused  by  the  remodeling  of  a 
plant,  when  the  machinery  does  not  leave  the  factory,  so  that 
there  is  no  chance  of  losing  parts  in  transit.  Between  these 
classes  is  the  moving  of  a  factory  to  another  location  in  the 
same  town. 

The  size  of  the  plant  and  the  number  of  machines  will  de- 
termine whether  or  not  it  will  pay  to  employ  an  engineer  to 
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manage  the  moving.  Generally  some  member  of 'the  organiza- 
tion, who  is  well  acquainted  with  all  the  machinery,  is  given 
control  of  this  work.  If  the  move  is  not  great,  this  may  prove 
to  be  the  better  plan,  but,  as  a  general  rule,  the  men  in  the 
organization  are  not  experienced  in  moving  and  their  other 
work  must  be  neglected.  The  number  of  engineers  experienced 
in  moving  factories  is  limited.  To  be  successful  in  this  work, 
a  man  should  be  a  mechanical  draftsman,  familiar  with  the 
forms  and  terms  of  architectural  drawing,  and  have  had  prac- 
tical experience  in  production  along  the  same  line  as  the  fac- 
tory to  be  moved  in  order  to  adjust  and  locate  the  machines  so 
as  to  get  the  best  results.  He  should  also  have  had  experience 
as  head  millwright  or  master  mechanic,  so  as  to  be  entirely 
familiar  with  all  kinds  of  overhead  construction,  motors,  line- 
shafts,  countershafts,  etc.;  he  must  have  the  faculty  of  getting 
along  with  everyone  with  whom  he  comes  into  contact,  and 
must  be  willing  to  accept  suggestions  from  everybody,  even 
from  a  laborer.  In  case  a  man  with  no  previous  experience 
in  moving  is  employed,  it  may  be  profitable  to  employ  an 
experienced  man  in  a  consulting  capacity,  if  for  only  a  single 
Interview. 

Planntntr  the  Moving: 

The  best  time  to  start  planning  the  moving  is  before  the 
plans  or  drawings  of  the  building  are  finished.  In  order  that 
the  machinery  may  be  laid  out  to  give  the  best  results  of  pro- 
duction.    In  one  case,  where  the  plans  of  a  factory,  approxl- 
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mately  fifty  by  two  hundred  feet,  were  completed  and  the 
building  was  being  constructed  before  an  engineer  was  em- 
ployed to  take  charge  of  the  moving,  it  was  found  that  the 
most  economical  location  for  the  screw  machine  department 
was  in  the  rear  of  the  building.  After  laying  out  these  ma- 
chines on  paper,  the  engineer  discovered  that  they  would  re- 
quire about  five  bays  of  the  building;  but  the  architect,  in 
laying  out  the  building,  had  located  a  large  sliding  door  in 
the  fifth  bay.  thus  making  it  necessary  to  separate  the  screw 
machine  department  into  two  groups,  one  on  each  side  of 
the  large  door.  As  they  were  bar  machines,  it  was  necessary 
to  locate  the  first  about  ten  feet  to  the  right  of  the  door,  so 
that  the  long  bars  of  stock  would  not  project  into  the  space 
directly  in  front  of  the  door.  Had  the  machinery  lay-out  been 
made  before  the  architect  had  completed  the  plan  of  the  build- 
ing, he  could  easily  have  placed  this  door  one  or  two  bays 
nearer  the  center  of  the  building.  In  another  case,  the  archi- 
tect located  three  vent  pipes  at  approximately  equal  distances 
from  each  other  in  a  floor  to  be  used  for  laying  out  and  cut- 
ting large  patterns  of  heavy  cloth  and  canvas.  As  these  pipes 
interfered  with  the  placing  of  the  large  tables  upon  which 
the  material  was  to  be  laid  while  marking  out,  it  was  neces- 
sary to  change  their  location,  which  involved  a  costly  change 

Machine  PuUey Coonter  Shaft  Pulley  Line  Shaft  PuUey 


Fig.  2.    Back  of  Machine  Eecord  Card 

in  the  plumbing.  This  expense  and  trouble  would  have  been 
entirely  avoided  had  this  department  been  laid  out  before  the 
building  drawings  were  made. 

When  an  engineer  enters  upon  his  duties,  the  manager  or 
someone  else  in  authority  should  introduce  him  to  all  superin- 
tendents, foremen,  and  other  heads  of  departments,  so  as  to 
eliminate  all  chance  of  friction  and  to  secure  the  complete  co- 
operation of  everyone  during  the  moving.  The  engineer  should 
then  make  himself  familiar  with  the  entire  organization  and 
all  of  its  systems,  as  well  as  with  methods  of  machining  and 
routing  of  material,  in  order  to  do  his  own  planning.  Too 
much  stress  cannot  be  laid  on  this  point,  for  it  is  during  these 
days,  while  the  engineer  is  becoming  acquainted  with  the  dif- 
ferent heads  of  departments,  that  he  lays  the  foundation  for 
the  cooperation  he  must  receive  during  the  moving  it  his  work 
is  to  be  a  success.  He  must  become  familiar  with  all  the  de- 
tails of  the  new  building,  by  a  careful  study  of  the  plans,  and 
should  visit  as  many  other  factories  as  is  possible,  to  study 
the  latest  ideas  in  factory  lay-out,  overhead  construction,  ma- 
chine drives,  piping  arrangements,  lighting  in  special  cases, 
methods  of  handling  stock,  etc. 

At  this  time  it  must  also  be  decided  how  much  planning  is 
to  be  done,  whether  only  the  location  of  the  machines  and 
lineshaftlng  are  to  be  considered,  or  whether  the  location  ot 
the  countershafts  and  motors  are  also  to  be  fixed.  The  first 
way  is  the  quicker  and  cheaper  from  the  planning  standpoint, 
but  cost.i  more  later,  because  the  millwrights  erecting  the 
niachlnoa  must  plan  the  arrangement  of  the  countershafts  and 
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C.t.  SUPPORTING  BRACKET 


-SHAFTING  HANGER 


Fig.   3.     Supports  for  Lineshafts   and   Countershafts 

motors.  This  method  not  only  requires  a  better  class  of  mill- 
wrights but  it  retards  the  progress  of  the  moving  and  fre- 
quently results  in  overhead  interference  that  cannot  be  over- 
come and  thus  causes  a  change  in  the  plans.  The  second 
way  costs  more  when  the  plans  are  being  made,  but  is  much 
cheaper  later,  and  reduces  to  a  minimum  all  interference  with 
overhead  work,  wiring,  piping,  etc.  As  a  general  rule,  when 
the  millwrights  encounter  difficulty  with  the  overhead  con- 
struction, all  work  must  stop  until  the  point  in  question  is 
settled.  Besides,  it  is  frequently  necessary  to  move  some  of 
the  machines  already  permanently  located  in  order  to  over- 
come the  difficulty.  Sometimes  the  loss  entailed  by  one  in- 
terruption of  this  kind  will  more  than  pay  for  the  planning  of 
all  the  overhead  construction. 

Moving:  a  Plant  to  Another  Location  in  Same  City 

The  following  is  a  description  of  the  method  used  when 
moving  a  plant  from  one  location  to  another  1.3  mile  away. 
The  factory  contained  over  600  machines,  ranging  in  size  from 
a  sensitive  drilling  machine  to  a  lOO-im^h  vertical  boring  mill, 
and  owing  to  the  nature  of  the  contracts  in  force,  it  was  neces- 
sary to  keep  up  the  production 
while  the  move  was  being  made. 
First,  a  complete  set  of  floor  plans 
was  made  to  a  scale  of  one-half  inch 
equals  one  foot.  These  plans  showed 
the  outline  of  the  walls  with  win- 
dows, doors,  and  columns,  and  all 
fixtures  such  as  elevators,  stair- 
ways, drinking  fountains,  etc.  Then 
sketches  were  made  of  all  the  ma- 
chines, both  power-  and  hand- 
operated.  These  sketches  showed 
the  outline  of  the  machines  and  the 
••xact  location  and  the  rotating  di- 
rection of  drive  pulleys.  They  also 
contained  notes  covering  all  Items 
of  special  Interest,  such  as  sewers 
required  for  pits  for  shavings  or 
turnings,  pits  for  clearances  for  ma- 
chine parts,  water  pipes,  electric 
wire  connections,  air  systems,  and 
Individual  cranes.  In  case  the  ma- 
chine wag  driven  by  an  Individual 
motor,  a  note  of  the  location  of  the 
switch  or  controller  was  made;  a 
note  was  also  nindc  of  any  Hpoclal 
Sparc  required  around  the  machine 
on  account  of  the  slock  condition. 


Frequently  when  one  machine  in  a 
progressive  group  is  slower  than 
any  of  the  others  in  the  chain,  there 
is  a  congestion  of  material  at  this 
place.  A  memorandum  was  also 
made  of  any  special  feature  that  the 
foreman  or  operator  thought  would 
increase  production  or  make  opera- 
tions easier  for  the  operator;  the 
handiest  spot  where  the  tool  trays 
could  be  located  was  noted,  and  a 
cross  was  placed  to  show  where  the- 
operator  usually  stood. 

When  these  sketches  were  com- 
pleted, sketches  were  made  of  the 
countershafts  of  all  the  machines. 
These  sketches  contained  only 
enough  dimensions  to  locate  the 
shafts  in  the  proper  relation  to 
their  respective  machines.  The  es- 
sential dimensions,  of  course,  vary 
on  different  types,  but  usually  they 
are  the  over-all  dimensions,  the 
drop  of  the  hanger,  and  the  relation 
of  the  cone  pulleys  or  any  keyway 
pulley  to  the  end  of  the  shaft.  As 
the  sketches  of  the  machines  and 
countershafts  formed  the  basis  of  all  plans,  practical  mill- 
wrights did  all  the  measuring  in  order  to  have  the  measure- 
ments as  accurate  as  possible.  One  of  these  millwrights  was 
to  have  charge  of  all  the  erecting  in  the  new  factories;  in  this 
way  he  became  familiar  with  the  special  features  as  they  were 
installed  in  the  old  factories. 

The  value  of  the  information  collected  by  a  planning  engi- 
neer depends  largely  on  its  arrangement  and  the  ease  with 
which  it  may  be  referred  to.  Fig.  1  shows  the  front  and  Fig.  2 
the  back  of  a  machine  record  card,  upon  which  can  be  placed 
all  the  information  pertaining  to  any  machine.  This  card  is 
self-explanatory,  with  the  exception  of  the  second  column  on 
the  back;  the  heading  C  to  F  means  distance  from  center  of 
drive  pulley  to  floor,  which  is  a  very  important  dimension 
when  planning  overhead  construction,  as  it  determines  the 
angle  of  the  belt  from  the  machine  to  the  countershaft.  The 
rest  of  this  side  may  be  used  for  sketches  of  the  machine  and 
countershaft  and  other  information.  This  card  may  be  used 
as  a  permanent  inventory  card  and  in  the  superintendent's 
office  as  a  reference  card;  it  is  very  helpful  when  ordering 
repair  parts  for  any  machine. 
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Motor 
Location  in  New  Plant                                     Required, 
Horse- 
power 

Motor  Used 

Horse- 
power 

Serial 
Number 

Shop 
Number 

Taken  from 

Mill  gear  basement,  west  end  of  building 10 

Rear  of  mill  gear,  northeast  of  Column  12, 

10 

10 
5 

10 
10 

20 

10 

20 

5 

1,831,575 
455,799 

716,055 
736,510 

1,839,576 

1,034,571 

19,662 

170,918 

468,884 

628 
604 

Stock 
Stock 

...     Stock 

606     Running  machine  No.  S3  at  present 

612  .Running  machine  Xo.  43  at  present 

639     Stock 

611     Turning  lineshaft   in   spur   gear  cutting  de- 
partment 

623     Turning  lineshaft  in  Fellows  gear  shaper  de- 
partment 

613  Driving  machine  Xo.  233 

Mill  gear,  running  machine  No.  S3,  northeast 
of  Column  11.  south,  center 10 

Mill  gear,  grinding  department 10 

First  floor,  grinding  department,  southwest 
of  Column  9.  north 10 

Second  floor,  spur  gear  department,  north  of 
Column  1,  north 10 

Second    floor,    Fellows    gear    shaper    depart- 
ment, north  of  Column  1,  south 15 

First  floor,  tool-room,  northwest  of  Column  1, 

Second    floor,    tool-room,    southeast    of    Col- 
umn 5,  south 5 

5 

616 

Running  lineshaft  in  tool-room 

Machinery 

Next,  templets  of  white  cardboard,  1/32  inch  thick,  were 
made  of  all  the  machines  and  countershafts,  to  a  scale  of  one- 
half  inch  equals  one  foot,  and  all  the  information  noted  was 
transferred  to  them.  The  idea  was  to  have  all  information 
before  the  planning  engineer  at  all  times. 

General  Lay-out  of  New  Plant 

A  general  lay-out  was  next  made  of  the  various  departments 
as  they  should  be  located  in  the  new  plant  so  as  to  get  the 
best  results  in  the  production  and  routing  of  material.  This 
lay-out  was  submitted  to  the  persons  in  charge  of  the  various 
departments,  and  all  their  criticisms  were  considered  before 
any  actual  laying  out  of  the  machines  was  begun.  Afterward 
the  machines,  countershafts,  lineshafts,  motors,  etc.,  were  lo- 
cated, each  machine  being  considered  by  itself.  By  this  plan 
a  much  better  lay-out  is  obtained,  because  the  machines  have 
so  many  things  in  common  that  must  be  considered  in  order 
to  get  better  results  before  starting  the  actual  locating  of  the 
machines.  Some  of  these  are  the  general  location  of  line- 
shafts,  number  of  revolutions  per  minute  of  lineshafts  and 
countershafts,  type  of  hanger,  whether  ball,  roller,  etc.,  belt 
speeds,  and  maximum  and  minimum  pulley  diameters.  As 
soon  as  the  locations  of  the  lineshafts  and  their  motors  were 


determined,  they  were  drawn  on  the  lay-out  plans  with  pencil. 
The  final  lay-out  of  all  machines  was  accomplished  by  moving 
the  cardboard  templets  of  the  machines  and  countershafts 
around  on  the  drawing-board,  the  templets  being  held  In  place 
on  the  board  by  small  tacks.  After  what  was  considered  the 
best  possible  lay-out  was  obtained,  it  was  submitted  to  all 
persons  concerned  for  their  approval.  The  embodiment  of 
the  suggestions  thus  obtained  greatly  improved  the  lay-out. 
In  most  departments  it  was  necessary  to  make  many  changes 
in  the  original  plans  before  everyone  concerned  was  satisfied. 
When  the  plans  were  finally  approved,  the  machines,  motors, 
countershafts,  lineshafts,  pulleys,  couplings,  and  shaft  collars 
were  drawn  in. 

Next  the  exact  design  of  the  overhead  construction  for  hold- 
ing or  bolting  the  lineshafting,  countershafts,  motors,  pulleys, 
etc.,  to  the  ceiling  was  planned,  as  shown  in  Figs.  3  and  4. 
This  was  done  in  a  general  way  before  the  building  was  erected. 
Each  type  or  style  of  overhead  construction  was  called  a  case 
and  was  designated  by  a  letter;  each  construction  print  had  a 
note  specifying  which  case  was  to  be  used.  From  the  complete 
floor  lay-out.  the  millwrights  were  able  to  get  all  the  necessary 
information  regarding  the  location  of  machines,  motors,  coun- 
tershafts, lineshafting,  and  size  of  pulleys.    Data  on  the  motors 


TABLE  2.     DATA  OF  LrNESHAFTING,  HANGERS,  COUPLINGS,  AND  COLLARS 


Ixx-ation  In  N<- 


First  floor,  grinding  depart- 
ment, north  of  Columns  8, 
9,  10 

First  floor,  bevel  gear  testing 
department,  north  of  Col- 
ums  4  and  5 

First  floor,  burring  depart- 
ment, north  of  Columns  6 
and  7 


Second  floor,  screw  machine 
department,  south  of  Col- 
umns 6,  7,  and  8,  north... 


Second  floor,  screw  machine 
department,  south  of  Col- 
\imns  9  ami   10,  iHJrth 


2/s 

24 

16 
20 

2  A 

14 

2  A 

20 

2,'« 
2,'« 

20 
16 

2,'„ 
2, 'a 
2,'- 

24 
14 

10 

0     New   I 

0     New    y 

0     New    ) 

6  Use  18-foot  length  of  new 
shafting 

0  First  floor,  street  railway  de- 
partment, north  of  center 
aisle  

First  floor,  east  end,  motor 
»  gear  department,  20  feet 
J;         5  inches  length 

Second  floor.  Fellows  gear 
shaper  department 

f.     Second    floor.    Fellows    gear  j 
„         shaper  department ' 

\v\\    ' 


(  From  street  ) 
<  railway  de-  ^ 
( partment        ) 


12  l-^  end  of  build- 
(ing 


19 


New 


2      New 
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-were  tabulated  as  shown  in  Table  1,  and  all  data  on  lineshaft- 
ing,  couplings,  and  collars  were  arranged  as  shown  in  Table  2. 

Organization  for  Handling'  the  Moving 

In  the  present  instance,  the  engineer  was  responsible  for  the 
■  entire  move,  but  an  assistant  had  charge  of  the  draftsmen 
who  made  the  drawings,  sketches,  etc.  The  assistant  also 
made  out  most  of  the  requisitions  for  material  and  looked 
after  the  material  tracers.  On  a  move  of  any  size,  the  tracing 
of  material  requires  a  man  of  action  and  experience,  for  unless 
the  material  arrives  according  to  schedule,  the  plans  made 
beforehand  will  miscarry. 

At  the  old  plant  there  was  a  dismantling  and  a  moving 
.-gang.  The  dismantling  gang  prepared  all  machinery  for  mov- 
ing. As  a  machine  was  dismantled,  there  was  fastened  to  all 
loose  parts  a  tag  upon  which  was  written  the  number  of  the 
machine,  and  all  these  parts  were  placed  in  boxes,  one  box  for 
•each  machine.     These  boxes  varied  from  2  feet  wide,  4  feet 

long,   and   18    inches 


deep  to  3  feet  wide, 
10  feet  long,  and  2 
feet  deep.  The  top 
board  on  each  long 
side  extended  beyond 
the  box  about  two 
feet,  making  the 
boxes  easier  to  carry 
and  making  it  possi- 
ble for  the  heavier 
ones  to  be  handled 
with  a  crane.  It  was 
the  duty  of  one  man 
in  the  dismantling 
gang  to  see  that  each 
and  every  part  that 
went  into  these 
boxes  was  tagged. 
The  moving  gang 
was  obtained  from  a 
regular  machinery 
moving  company, 
which  supplied  the 
men  and  the  auto 
trucks.  It  was  the 
work  of  this  gang  to 
place  the  machinery 
on  the  trucks  and 
haul  it  to  the  new 
factory.  This  ma- 
chinery was  received 
at  the  new  plant  by 
a  gang  whose  duty 
it  was  to  unload  as 
rapidly  as  possible, 
thus  keeping  the 
trucks  on  the  road 
all  the  time.  The  dismantling,  moving,  and  receiving  gangs 
had  lists  of  machines  and  the  order  of  moving  each  day,  so 
that  the  gang  boBses  would  have  the  proper  trucks  ready  for 
the  machinery. 

All  machinery  was  taken  from  the  receiving  gang  by  the 
locating  gang,  who  took  It  to  its  permanent  location.  This 
gang  had  blueprints  showing  the  permanent  location  of  all 
machlnoH.  This  gang  also  removed  all  parts  of  each  machine 
from  the  boxes  and  placed  them  at  their  respective  machines. 
The  erecting  gang  comprised  three  groups:  a  lineshaft 
and  overhead  construction  gang,  a  countershaft  gang,  and  a 
machine  leveling  gang.  The  lineshaft  and  overhead  construc- 
tion gang  erected  all  overhead  construction  except  the  coun- 
tershaftH.  which  were  erected  by  the  countershaft  gang.  The 
machine  leveling  gang  located  machines  as  called  for  by  thi! 
blueprints  and  Hecur«'d  thcni  to  the  floor  or  foundation.  All 
belts  wore  InKtallcd  by  one  man  and  two  helpers. 

It  should  be  the  aim  of  every  man  In  charge  of  a  move  to 
obtain  a«  much  speed  as  Is  possible.  He  must,  therefore,  dovlso 
and  use  ev<-ry  short-cut  and  appliance  ihai   will  spuctl  up  tlm 


FiR. 


6,    Vtc  of  a  R<  volvator  for  drilUng  Hole» 
Ceillnt  to  Loitall  an  Overhead  Motor 


work  in  any  way.  Every  move  brings  out  several  new  ideas, 
as  well  as  improvements  on  the  old  methods.  The  greatest 
time-saver  used  in  the  case  described  was  an  appliance  called 
a  revolvator,  made  by  the  Revolving  Portable  Elevator  Co., 
Jersey  City,  N.  J.,  which  is  an  elevating  truck  made  of  struc- 
tural steel  which  has  a  platform  that  can  be  raised  or  lowered 
by  means  of  a  crank.  By  fastening  a  cradle  to  the  platform, 
in  which  the  lineshafting,  countershafting,  and  motors  were 
laid,  one  man  was  able  to  raise  them  to  the  proper  position 
on  the  ceiling.  Even  in  the  case  of  a  motor  weighing  about 
1500  pounds,  all  that  was  necessary  was  to  put  the  motor  in 
the  cradle  and  then  hoist  it  to  the  ceiling,  mark  the  holes  on 
the  ceiling,  and  lower  the  platform  a  few  feet,  or  enough  to 
allow  the  drill  to  be  used  for  drilling  the  holes  in  the  overhead 
construction,  after  which  the  motor  was  hoisted  again  and 
bolted  to  the  overhead  construction.  This  machine  was  also 
used  in  moving  small  lathes  up  to  2000  pounds.  All  that  was 
necessary  was  to  run  it  under  the  base  of  the  lathe  and  then 
raise  the  platform  enough  to  lift  the  machine  from  the  floor. 
The  overhead  drilling  was  done  by  Van  Dorn  portable  electric 
drills,  as  shown  in  Pig.  5.  The  heavy  machinery  was  moved 
about  the  factory  floor  by  means  of  small  four-wheeled  dolly 
trucks  equipped  with  ball-bearing  casters.  All  the  light  ma- 
chines and  boxes  were  handled  on  standard  trucks  having  two 
large  wheels  and  one  swivel  wheel  on  each  end.  The  bulk  of 
the  stock,  forgings,  and  castings  was  moved  on  one  of  the 
regular  platform  trucks. 

*  *     * 

STEEL  FROM  NICKEL-COPPER-IRON  ORE 
Large-scale  experiments  show  that  a  metal  giving  test  re- 
sults equal  to  those  of  nickel  steel  such  as  is  used  for  bridges 
and  forgings  can  be  produced  at  low  cost  from  the  Sudbury 
ores  in  which  both  copper  and  nickel  are  combined  with  the 
iron.  According  to  a  paper  read  by  Lieutenant-Colonel  R.  W. 
Leonard  before  the  Canadian  Society  of  Civil  Engineers,  the 
new  product  has  been  named  "Nicu"  steel  and  is  to  be  made 
by  the  Nicu  Steel  Corporation;  this  steel,  however,  has  not 
yet  been  manufactured  on  a  commercial  scale.  It  has  an  ulti- 
mate strength  of  from  70,000  to  over  100,000  pounds  per  square 
inch,  a  yield  point  of  from  50,000  to  80,000  pounds  per  square 
inch,  and  satisfactory  ductility  for  bridge  or  ordnance  pur- 
poses. It  may  be  produced  for  from  $30  to  $35  per  ton.  G.  M. 
Colvocoresses  made  the  original  experiments  and  worked  out 
processes  for  smelting  the  Sudbury  ores  or  the  slags  now 
wasted  in  that  district  and  took  out  patents  on  the  processes. 
Subsequently,  he  and  H.  A.  iVIorin  smelted  200  tons  of  ore 
and  40  tons  of  slag  in  an  improvised  plant  at  East  Montreal. 
After  roasting,  smelting  with  lime  flux  in  an  electric  furnace 
performs  the  principal  reduction.  The  pig  iron  thus  obtained 
is  of  homogeneous  composition  and  is  refined  to  medium  car- 
bon steel  partly  in  an  electric  furnace  and  partly  in  an  open- 
hearth  furnace  using  producer  gas. 

In  ten  of  the  heats,  the  steel  contained  from  0.17  to  0.73  per 
cent  carbon  and  from  0.012  to  0.032  per  cent  silicon;  the 
sulphur  was  always  below  0.048  per  cent  and  the  phosphorus 
was  generally  below  0.01  per  cent.  The  sum  of  nickel  and 
copper  ranged  from  1.25  to  2.5  per  cent,  the  copper  usually 
being  about  one-fifth  of  the  total.  A  test  made  by  Dr.  Alfred 
Stansfield,  of  McGUl  University,  Montreal,  showed  that  "Nicu" 
steel  containing  2.2G  per  cent  combined  nickel  and  copper  has 
a  tensile  strength  of  9G.500  pounds  per  square  inch,  a  yield 
point  of  52,800  pounds  per  square  inch,  an  elongation  In 
2  Inches  of  24.2  per  cent,  a  reduction  of  area  of  50.8  per  cent, 
and  a  ISO-degree  bend  test  without  cracking.  Three  and  one- 
fourth  per  cent  nickel  steel  Is  commonly  spcciflod  to  have  an 
olasllc  limit  not  below  50,000  pounds  per  square  Inch  and  an 
ultimate  strength  of  85,000  to  100,000  pounds  per  square  Inch 
with  an  elongation  of  16  to  17  per  cent  In  8  inches  and  a 
reduction  In  area  greater  than  30  per  cent. 

•  •     • 

According  to  an  arrangcnicnt  with  the  Fuel  Administrator, 
(ho  manufacturers  of  common  window  glass  will  make  this  year 
only  ono-half  of  their  1917  output.  This  reduction  will  mean 
u  saving  of  500,000  tons  of  coal  and  the  removal  of  at  least 
IK, 000  carlniiilH  of  freight  from  I  ho  rallrniitls. 
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INSPECTION    METHODS   OF   THE    FUTURE 

BY  C.   C.   MARSH' 

Successful  mauufacturing  demands  not  only  modern  ma- 
chine tools,  a  well-trained  force  of  operators,  and  a  sales  or- 
ganization that  can  put  the  article  on  the  market  and  create  a 
demand  for  it,  but  also  an  efficient  inspection  system.  When 
a  product  that  is  to  be  absolutely  interchangeable  is  to  be 
manufactured,  the  measurements  on  all  parts  of  one  kind  must 
be  exactly  alike  as  far  as  it  is  possible  to  make  them. 

Many  manufacturers  have  failed  to  produce  parts  that  are 
absolutely  interchangeable  because  they  have  not  entirely 
solved  the  inspection  problem.  Some  of  these  manufacturers 
have  been  striving  for  years  to  solve  this  problem,  but  a  num- 
ber have  failed  to  see  the  importance  of  automatic  inspection. 
Accurate  inspection  is  necessary  to  insure  accurate  machining, 
for  the  closer  work  is  inspected,  the  more  errors  are  found; 
and  finding  the  latter,  even  in  small  numbers,  gives  the  mo- 
tive to  correct,  so  that  there  is  less  chance  for  the  error  to 
be  made  again.  It  is  also  obvious  that,  though  it  is  necessary 
to  machine  parts  very  close  to  the  desired  limits  to  guarantee 
interchangeability,  unless  the  greatest  skill  is  used  in  the 
inspection,  variations  are  sure  to  pass  and  some  parts  will 
not  fit.  While  it  is  possible  to  obtain  machine  tools  that  will 
turn  out  work  with  a  great  degree  of  accuracy  and  a  small 
percentage  of  error,  when  errors  do  occur  they  are,  small  and 
diflicult  to  find,  so  a  skillful  inspector  is  needed,  which  in- 
creases the  inspection  costs. 

The  only  remedy  for  these  conditions  seems  to  be  to  employ 
inspection  methods  that  will  not  depend  on  the  human  senses; 
in  other  words,  the  inspection  must  be  mechanical  and  auto- 
matic as  far  as  possible.  The  ability  of  an  inspector  varies 
with  his  physical  and  mental  condition,  and  an  instrument, 
be  it  ever  so  accurately  adjusted,  that  depends  on  his  skill  is 
not  any  more  unfailing  than  he.  There  are  also  some  condi- 
tions of  the  natural  elements  that  are  seldom  taken  into  con- 
sideration by  the  average  inspector,  no  matter  how  skillful. 
So  if  the  rapid  production  of  parts  that  are  absolutely  inter- 
changeable is  desired,  the  human  element  in  inspection  meth- 
ods must  be  reduced  to  a  minimum. 

Competition  is  a  great  factor  in  the  demand  for  more  rapid 
and  accurate  inspection  methods.  The  fact  that  many  manu- 
facturers are  making  the  same  article,  and  are  striving  to 
produce  the  greatest  quantity  for  the  least  cost  in  order  to 
undersell  their  competitors,  must  ultimately  result  in  the  least 
possible  number  of  inaccurate  parts  appearing  in  their  prod- 
ucts and  in  every  part  of  the  same  kind  being  alike;  me- 
chanical inspection  is  the  only  means  by  which  this  can  be 
finally  accomplished.  Various  concerns  engaged  in  such  work 
have  employed  women  as  inspectors,  but  it  takes  much  time 
and  money  to  train  women  to  become  proficient  in  this  line; 
besides,  the  human  element  is  present.  Other  concerns  are 
trying  to  replace  women  with  automatic  and  semi-automatic 
inspection  machinery  and  equipment,  and  some  have  succeeded. 

It  must  be  remembered,  however,  that  in  general  manufac- 
turing, mechanical  inspection  is  no  small  problem.  While 
various  devices  have  been  designed  to  do  all  that  the  human 
eyes  and  hands  can  do,  there  always  remain  operations  that 
must  be  done  by  hand.  Some  of  the  simplest  devices  have 
been  the  result  of  months  and  years  of  study  of  inspection 
needs  and  conditions;  so  the  general  development  of  mechani- 
cal inspection  methods  will  be  slow  on  account  of  the  varying 
conditions  thus  encountered. 

In  the  manufacture  of  automobiles,  semiautomatic  inspec- 
tion devices  have  been  tried  with  more  or  less  success.  The 
real  advantage  of  these  experiments  has  been  shown  in  war 
manufacturing  in  such  lines  as  airplane  motors,  gun  parts, 
hand  grenades,  shells,  fuses,  and  various  other  products  where 
interchangeability  and  duplication  are  essential  factors.  The 
improved  methods  of  machining  parts  in  great  quantities, 
wlik-h  have  caused  radical  departures  In  Jig  and  fixture  design, 
form  another  factor  that  is  causing  the  demand  for  automatic 
inspection.  Work  turned  out  so  rapidly  that  it  must  have  an 
army  of  Inspectors  to  handle  it  properly  must  be  inspected 
more  rapidly  than  Is  now  generally  done,  and  also  with  less 
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human  help  and  chances  of  error.  The  advantage  of  machine 
inspection  lies  in  the  fact  that  each  part  is  inspected  in  the 
same  manner  and  impartially. 

Important  Features  in  Design 

One  necessary  and  important  detail  must  be  remembered 
in  designing  an  automatic  inspection  device.  As  even  the 
hardest  materials  wear  out  in  time,  all  contact  surfaces  must 
have  some  compensation  for  wear.  Such  surfaces  may  have- 
springs  and  adjusting  screws  so  arranged  that  the  surface 
in  question  will  have  a  constant  pressure;  in  some  cases  it  is 
possible  to  use  weights,  which  are  often  better.  There  is  prac- 
tically no  limit  to  the  means  by  which  an  automatic  device 
may  separate  the  correct  from  the  incorrect  parts.  The  gen- 
eral idea  so  far  is  to  have  contact  points  that,  on  certain  pres- 
sure or  travel,  will  operate  a  mechanism  that  controls  gates- 
or  openings  in  such  a  manner  that  various  sizes  are  separated; 
in  other  cases,  these  contact  points  open  or  close  electric  cir- 
cuits that  are  connected  to  incandescent  lamps.  Electricity, 
in  fact,  may  be  used  in  many  ways,  both  to  operate  and  to 
control  these  devices.  Complication  in  design  should  be 
avoided;  in  fact,  complicated  design  has  been  the  main  obstacle- 
in  the  development  of  automatic  inspection  equipment. 

Operation  of  Inspection  Devices 

The  agents  employed  to  operate  automatic  inspection  devices 
are  vacuum,  electricity,  compressed  air,  water,  and  steam. 
Water  has  been  used  for  some  time  to  test  gasoline-engine 
cylinders  for  leakage.  The  cylinders  are  filled  with  water, 
which  is  then  subjected  to  a  much  greater  pressure  than  that 
which  will  be  in  the  cylinders  in  actual  use;  in  fact,  the  pres- 
sure is  so  great  that,  if  the  castings  are  porous,  water  will 
be  forced  through  the  cylinders.  Water  has  also  been  used  for 
some  time  on  other  products  where  an  air-tight  and  water- 
proof material  is  desired. 

Compressed  air  is  used  so  often  that  it  is  practically  un- 
necessary to  mention  the  many  purposes  for  which  it  is- 
adapted ;  rubber  products  are  only  some  of  the  many.  Vacuum 
is  not  so  often  used,  as  it  is  not  possible  to  obtain  a  pressure 
great  enough  to  be  applicable  to  general  demands.  It  is,  how- 
ever, used  successfully  for  inspecting  solderless  tin  cans  to 
insure  that  they  are  non-leakable.  The  machine  works  on  a 
very  simple  principle  and  is  operated  on  about  one-half  of  the 
maximum  vacuum  that  it  is  possible  to  obtain.  It  consists 
simply  of  a  wheel,  approximately  sixty  inches  in  diameter, 
on  the  periphery  of  which  are  placed  soft  rubber  pads  of  a. 
good  quality  that  are  a  little  larger  in  diameter  than  the  can. 
Each  pad  has  a  hole  in  the  center,  from  which  rubber  tubes 
lead  to  a  rotating  valve  fitted  to  the  hub  of  the  wheel.  The 
wheel  Is  mounted  on  ball  bearings,  which  are  fastened  in  sup- 
ports long  enough  to  raise  the  wheel  so  that  it  will  revolve. 
The  wheel  is  driven  by  a  1/4-inch  round  belt  from  a  counter- 
shaft at  very  slow  speed.  The  vacuum  is  obtained  by  an  elec- 
trically driven  pump,  the  connections  being  fitted  to  the  hollow 
hub  of  the  wheel  and  thence  to  the  rotating  valve. 

The  cans  are  placed  on  the  pads  by  girl  operators  as  the 
wheel  slowly  revolves.  If  there  is  no  leak  in  the  can,  the 
vacuum  causes  it  to  remain  on  the  wheel  until  the  latter  has 
revolved  far  enough  to  come  in  contact  with  a  trip,  which 
closes  the  valve  for  that  pad;  then  the  can  falls  into  a  chute 
provided  for  that  purpose.  If  a  leak  is  present,  a  faulty  seam 
being  generally  the  cause,  the  can  will  either  not  stick  at  all 
or  else  it  will  not  stay  on  the  wheel  until  it  has  traveled  far 
enough  to  enter  this  chute.  In  this  case  it  is  carried  away  by 
another  chute,  and  later  is  tested  by  compressed  air  and  the 
leak  found  and  corrected.  The  concern  using  this  device  de- 
signed and  built  it  in  their  own  plant,  and  it  is  entirely  inde- 
pendent of  the  human  element.  In  this  case  the  inspection 
requirements  were  studied  and  analyzed,  and  although  the 
machine  was  perfected  only  after  many  trials  and  experiments, 
when  the  necessary  result  was  obtained  the  design  was  sim- 
plified and  the  efficiency  increased.  It  Is  needless  to  add  that 
this  machine  has  many  times  paid  for  itself  in  the  cost  of 
skilled  inspectors,  time,  and  wasted  material  that  it  has  saved. 
Showing  with  unfailing  accuracy  the  exact  percentage  of 
spoiled  work,  it  created  the  motive  to  Improve  the  product. 
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Where  mechanical  devices  are  to  be  used  to  measure  diam- 
eters and  lengths  accurately,  care  must  be  taken  to  eliminate 
chances  of  error  caused  by  dirt,  chips,  or  other  foreign  matter 
getting  between  the  contact  surfaces  and  the  surface  to  be 
measured  or  gaged.  This  may  be  done  in  some  cases  by  wash- 
ing before  inspecting.  Another  obstacle  to  mechanical  measur- 
ing must  also  be  taken  into  account.  When  steel  or  nickel 
stock  is  machined  rapidly,  it  may  become  slightly  magnetized, 
so  that  small  particles  of  mineral  dust  and  chips  will  adhere 
to  it.  This  can  only  be  overcome  by  eliminating,  as  much  as 
possible,  the  friction  of  the  cutting  tools  by  using  the  proper 
lubricant  when  machining  or  by  demagnetizing  the  part  after 
machining.  When  this  condition  is  overcome,  there  is  less 
chance  of  error  in  mechanical  measuring. 

Electrical  contact  devices  may  be  adapted  to  many  uses,  and 
can  be  used  in  many  assembling  operations.  One  such  device 
is  often  used  to  test  the  timing  of  gasoline  motors,  the  con- 
tact points  lighting  lamps  on  the  opening  or  closing  of  the 
valves.  This  device  is  contained  in  a  small  portable  box, 
which  contains  a  battery  and  a  socket  for  a  six-volt  lamp. 
Wires  about  a  foot  long  connect  the  battery  with  the  motor, 
one  wire  being  fastened  to  the  valve  stem  and  the  other 
grounded  to  the  motor.  The  mechanism  is  so  arranged  that 
the  contact  will  be  made  only  when  the  valve  lifts  from  the 
seat,  thus  showing  the  exact  timing.  The  complete  outfit  will 
not  cost  over  twenty-five  dollars.  In  place  of  the  battery,  ordi- 
nary electric  current  can  be  used  and  a  lamp  with  a  higher 
voltage  can  be  employed. 

There  is  no  doubt  that  at  some  time  in  the  future,  on  ac- 
count of  the  constant  demands  now  being  made  for  rapid  and 
accurate  production,  there  will  be  evolved  from  the  many 
ideas  now  being  used  a  measuring  device  that  will  solve  some 
of  the  inspection  problems  confronting  American  manufac- 
turers. This  instrument  will  probably  be  one  that  can  be  used 
in  many  ways;  it  will  in  no  way  depend  on  the  skill  of  the 
operator  and  will  leave  no  doubt  as  to  its  accuracy.  It  will 
have  no  master,  that  is,  it  will  be  its  own  standard,  and  will 
not  have  to  be  tested  constantly  in  order  that  it  will  maintain 
its  accuracy.  Ten  years  ago,  accuracy  in  ordinary  manufac- 
turing that  is  now  quite  common  was  considered  impracticable. 
The  real  cause  for  the  improvement  is  the  demand  for  more 
accurate  and  a  greater  variety  of  measuring  and  inspection 
tools.  The  trade  schools  also  are  making  a  greater  effort  to 
familiarize  themselves  with  modern  inspection  methods  in 
order  to  be  able  to  give  the  student  a  better  education  on  this 
subject.  With  the  proper  talent  bent  in  this  direction,  there 
is  good  reason  to  expect  that  the  eventual  result  will  be  in- 
spection on  a  scientific  basis,  mechanically,  and  without  de- 
pending on  the  skill  and  senses  of  the  trained  operator. 


Statements  to  the  effect  that  the  explosive  force  of  dynamite 
acts  downward  are  often  seen.  This  statement,  however,  is 
entirely  erroneous.  Arthur  LaMotte,  manager  of  the  technical 
division  of  the  E.  I.  duPont  de  ^'emours  &  Co.,  Wilmington, 
Del.,  explains  the  reason  for  this  common  fallacy  as  follows: 
When  dynamite  was  first  used,  its  action  was  so  much  quicker 
and  more  powerful  than  black  powder  that  a  sufficient  frac- 
tion of  its  explosive  force  would  fracture  a  rock  when  the 
dynamite  was  placed  on  top  of  it.  Any  explosive  exerts  its 
power  equally  in  all  directions,  and  the  gases  produced  in 
consequence  of  the  explosion  seek  to  escape  in  the  line  of  least 
resistance.  While  It  is  true  that  when  a  charge  of  dynamite 
is  pla/;ed  on  top  of  a  rock  it  will  frequently  break  it,  it  would 
be  found  that  It  would  break  it  Just  as  easily  If  It  were  placed 
either  on  the  side  or  on  the  bottom  of  the  rock.  Nitroglycerin, 
which  Is  the  active  component  of  dynamite,  changes  almost 
instantly  Into  gaseous  form,  and  the  gas  Is  evolved  at  several 
thousand  feet  per  second.  In  fact,  the  gas  Is  evolved  at  such 
an  extreme  rapidity  that  the  column  of  air  above  It  Is  com- 
pressed to  such  a  degree  that  It  acts  as  a  confining  material, 
and  hpnce  much  of  the  energy  of  the  explosive  Is  expended 
upon  the  support  upon  which  It  rests.  A  i>')-por-cent  nitro- 
glycerin dynamite  exploded  In  the  open  will  devt,;  p  nearly  as 
great  a  velocity  of  detonation  as  when  confined  In  .!  bore  hole, 
and  has  a  velocity  of  nearly  20,000  feet  per  second. 


SAFETY   AS  AN   INVESTMENT  AND  WAYS 
OF  SECURING  IT 

BY  H.   P.    HEYNEl 

Safety  first  is  a  business  proposition  that  may  be  considered 
from  a  financial  as  well  as  from  a  humanitarian  standpoint. 
Every  time  an  employe  is  injured  and  must  be  replaced  by  a 
less  efficient  worker,  it  entails  an  expense  of  from  $50  to  $100 
to  break  in  the  new  man.  If  a  firm  employing  5000  men  has 
100  time-lost  accidents  per  month,  or  a  total  of  1200  cases  per 
year,  this  will  mean  a  total  loss  of  $60,000,  based  on  $50 
per  man. 

By  a  systematic  safety  campaign,  however,  the  number  of 
accidents  can  be  reduced.  If  a  reduction  of  25  per  cent  is 
effected  during  the  first  year  of  the  safety  campaign,  there 
will  be  a  saving  of  $15,000,  together  with  a  higher  percentage 
of  efficiency  for  the  plant.  Even  though  $10,000  may  have  been 
expended  during  the  year  in  the  installation  of  safety  devices, 
etc.,  there  still  will  remain  a  saving  of  $5000,  a  body  of  more 
contented  workers,  due  to  the  fact  that  they  have  been  con- 
sidered along  welfare  lines,  and  a  less  disorganized  force 
through  a  reduction  in  labor  turnover.  The  saving  will  in- 
crease annually  by  a  still  further  reduction  in  accidents. 

Maintaining  a  record  of  the  causes  of  accidents,  together 
with  the  percentages  for  all  classes,  gives  a  working  basis  for 
ascertaining  what  class  of  accidents  is  the  most  common. 
Then  attention  can  be  effectively  directed  toward  these  for  cor- 
rective measures.  It  will  often  be  found  necessary  to  show 
the  men  just  how  to  hold  and  work  with  tools,  as  the  majority 
of  injuries  are  due  to  the  lack  of  ordinary  care  on  the  part 
of  the  injured  or  a  fellow-employe  in  the  discharge  of  his 
duties.  The  foremen  have  an  important  part  in  the  safety 
movement  and  should  teach  the  men  safe  practices,  as  they 
are  held  responsible  for  the  injuries  to  the  men  under  their 
supervision. 

The  introduction  of  safe  methods  and  the  installation  of 
safeguards  has  a  double  purpose:  First,  it  is  necessary  to 
effect  a  reduction  in  accidents;  second,  it  shows  the  men  that 
the  firm  has  an  interest  in  their  welfare  and  is  in  earnest,  and 
this  knowledge  is  bound  to  make  the  men  ambitious  in  acci- 
dent prevention  work.  A  man  without  ambition  is  not  a 
desirable  employe. 

The  men  may  be  made  enthusiastic  over  the  safety  measures 
by  appointing  them  on  plant  safety  committees  and  encourag- 
ing them  to  suggest  safeguards  and  changes  that  will  be  benefi- 
cial to  the  company  as  well  as  to  themselves.  Many  good  ideas 
will  be  brought  forth  through  this  medium,  and  when  the  men 
observe  that  a  certain  guard  has  been  installed  or  a  recom- 
mendation accepted,  they  will  have  a  feeling  of  satisfaction 
because  they  were  consulted  in  the  matter  and  will  feel  that 
they  are  a  part  of  the  organization,  which  will  make  them 
enthusiastic  in  the  movement.  Appreciation,  cooperation,  and 
enthusiasm  are  dominant  factors  in  safety  educational  work. 

Some  of  the  little  things  that  play  a  big  part  in  the  reduc- 
tion of  accidents  are:  Knuckle  guards  for  wheelbarrows  and 
trucks  to  prevent  hand  injuries  when  going  around  short 
corners;  goggles  properly  fitted  to  conform  with  the  men's 
faces;  safety  handles  on  crane  hooks  to  prevent  men's  hands 
from  being  caught  between  the  hook  and  the  material ;  safety 
feet  for  portable  ladders  to  avoid  slipping  and  falling;  red 
lights  over  danger  signs  so  that  employes  working  at  night 
may  be  aware  of  the  danger;  safety  shoes  to  protect  men's 
toes  from  falling  tools,  etc.;  soaking  sledges  in  oil  to  prevent 
the  handle  in  the  eye  of  the  sledge  from  drying  out  and  be- 
coming loose;  proper  goggles  for  various  classes  of  work; 
checking  drawings  for  safety;  track  clearances  to  avoid  ob- 
struction to  trainmen,  etc.;  fire  inspection  to  observe  that 
hoses,  fire  plugs,  and  extinguishers  are  in  good  condition; 
danger  tags  to  be  attached  to  e(iuipment  temporarily  out  of 
order — such  equipment  should  not  be  used  until  the  tag  is 
removed;  proper  piling  of  material  to  prevent  falling  on  work- 
men; good  order- a  place  for  everything  and  everything  In 
Its  place;  proper  care  of  pneumatic  hanimors  to  prevent  In- 
Jury;  and  proper  Installation  and  guiirding  of  grinding  wheels 
and  other  moving  parts. 
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aland  Trade  School 

A  NEW  ZEALAND  SCHOOL  WORK-SHOP 

BY  JOHN  PEDDIE  ' 

The  accompanying  illustrations  show  a  few  of  the  products 
of  the  evening  school  of  the  Technical  College  at  Christchurch, 
New  Zealand.  Though  the  students  are  apprentices  in  various 
branches    of    the    engineering    trades,    in    many    cases    their 

evening  school  tasks  are 
the  only  work  these  stu- 
dents do  with  machine 
tools.  Some  of  them 
are  in  the  electrical 
trades  and  do  little 
work  beyond  wiring, 
some  are  engaged  in 
the  assembling  of  agri- 
cultural implements  of 
the  roughest  kind,  and 
some  are  restricted  to 
one  branch  of  machin- 
ist's work  and  will  com- 
plete their  apprentice- 
ship with  very  little 
experience.  To  such 
young  men,  the  evening 
school  course  is  a  val- 
uable addition  to  their 
training,  and  they  ac- 
quire familiarity  with 
work-shop  processes  that 
would  otherwise  appear 
full  of  mysterious  diffi- 
culties. They  are  shown  how  to  use  machines  they  are  not 
allowed  to  touch  in  their  employers'  shop  and  how  to  do 
varieties  of  work  that  do  not  come  within  their  employers' 
range  of  business. 

Some  employers  do  not  approve  of  this  feature  of  the  work. 
They  say  that  the  students  should  be  taught  to  do  their  every- 
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Fig.   2.     Another   Bench   Vise   made   in   the   Trade    School 

day  work  more  rapidly,  apparently  being  indifferent  to  the 
question  as  to  whether  at  the  end  of  five  years  they  can  claim 
to  have  taught  their  apprentices  "the  whole  art  and  mystery" 
of  the  craft.  In  the  past,  this  agreement  was  stated  in  the 
indenture;  nowadays,  while  it  may  be  implied,  it  is  tacitly 
ignored.  When  a  creditable  piece  of  work,  such  as  the  surface 
gage  shown  in  Fig.  4,  is  shown  to  critics  of  this  type,  they  ask, 
"Ah,  but  how  long  did 
he  take  to  make  it?" 
Perhaps  the  lad  who 
made  it  has  done  noth- 
ing in  the  shop  in 
which  he  is  employed 
except  run  a  screw  ma- 
chine or  drilling  ma- 
chine, or  chip  castings. 
The  advice  of  Oscar 
Beale,  in  Brown  & 
Sharpe's  handbook,  ap- 
plies to  this: 

"During  the  first  few 
weeks,  it  is  well  for  a 
young  apprentice  to  do 
his  work  of  a  quality 
about  as  high  as  he  is 
capable  of  doing.  After 
he  is  sure  of  the  quality 
of  his  work,  he  can 
have  a  thought  as  to  the 
quantity." 

As  the  time  spent  in 
the  school  shop  does  not 
amount  to  more  than  a  few  weeks'  time  in  a  commercial  shop, 
it  would  appear  that  quality  should  be  the  chief  aim.  The 
students  do  not  make  more  than  one  example  of  each  class 
of  exercise.  They  nearly  all  make  a  surface  plate,  3  by  6 
inches,  or  6  by  6  inches,  and  in  doing  this  get  probably  the 
only  experience  they  will  have  for  years  of  preparing  a  true 
plane  surface  by   scraping.     During  this  exercise,   they  learn 
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how  to  sharpen  a  scraper  and  how  to  dress  and  harden  it 
when  necessary.  In  other  exercises,  they  learn  to  bore  straight 
and  taper  holes,  to  turn  and  grind  straight  and  taper  spindles, 
and  to  cut  screw  threads.  The  ball  on  the  end  ot  the  vise 
screw  is  finished  with  a  hand  graver;  this  is  often  the  intro- 
duction of  the  student  to  such  a  tool,  and  frequently  elicits  a 
look  of  pleased  surprise  at  the  ease  with  which  it  can  be  used. 

The  vise  shown  in  Fig.  1  has  4-inch  jaws  and  the  castings 
are  bored  while  clamped  in  the  jig  shown  in  Fig.  5.  The  vise 
shown  in  Fig.  2  has  3-inch  jaws,  and  is  bored  while  held  on  a 
lathe  faceplate,  as  shown  in  Fig.  6.  The  screws  of  both  vises 
are  protected  with  covers,  that  of  the  vise  shown  in  Fig.  1 
being  removed.  The  small  drilling  machine,  Fig.  3,  was  de- 
signed by  the  writer.  The  spindle  bearings  are  babbitted, 
parallelism  with  the  column  being  secured  during  this  process 
by  a  very  simple  jig;  the  guide  pulleys  are  free  to  adjust  them- 
selves without  side  pressure  when  the  drill  is  being  driven  by 
foot  power.  The  base  and  fine  adjustments  of  the  surface  gage 
shown  in  Fig.  4  were  also  designed  by  the  writer;  quite  a 
number  of  these  gages  have  been  made,  and  they  afford  a 
large  variety  of  exercises. 

Students  attending  the  machine  drawing  class,  as  well  as 
the  work-shop,  are  required  to  make  drawings  of  any  piece  of 
work  they  undertake  in  the  shop.  In  some  cases  they  also 
make  tracings  and  blueprints  for  shop  use.  Before  a  student 
is  allowed  to  attempt  a  project  of  his  own  design,  he  must 
produce  a  satisfactory  drawing  or  sketch  of  it. 


LEGAL  DUTIES  OF  EMPLOYES 

BY   CHBSLA   C.   SHERLOCK  ' 

A  great  deal  has  been  said  and  written  concerning  the  duties 
which  an  employer  owes  to  his  employes,  but  very  little  is 
said  concerning  the  legal  duties  of  employes.  Whether  these 
duties  are  taken  as  a  matter  of  course  or  whether  they  are 
implied  in  each  case  is  not  known.  It  is  true,  however,  that 
very  few  employers  know  definitely  just  what  duties  their 
employes  are  bound  by  law  to  perform.  In  a  general  sense, 
the  employe's  services  belong  to  the  employer  during  the  hours 
of  the  employe's  employment,  but  whether  a  failure  on  the 
part  of  the  employe  to  devote  his  entire  time  to  the  employer's 
service  constitutes  a  breach  of  the  contract  of  employment 
depends,  as  a  rule,  upon  the  circumstances  of  the  particular 
case.  If  a  man  is  employed  at  a  given  wage  to  make  horse 
shoes,  he  has  no  right  to  take  time  off  from  his  regular  work 
to  make  wagon  tires  for  another.  This  fact  is  too  well  known 
among  employers  to  be  further  emphasized,  but  when  we  get 
into  the  more  complex  relations  that  arise  in  everyday  work, 
it  Is  not  80  easy  to  dispose  of  the  cases. 

Employes'  Obllgration  to  Obey  Rules 

It  is  implied,  as  a  part  of  every  contract  of  employment,  that 
the  employe  shall  obey  the  lawful  rules,  orders,  and  instruc- 
tions of  the  employer,  at  least  as  far  as  they  are  reasonable 
and  not  merely  arbitrary  or  capricious.  This  question  of 
obedience  to  orders  has  called  out  legislation  in  some  of  the 
states.  Where  workmen's  compensation  acts  are  In  force,  a 
disobedience  of  an  employer's  order  or  rule  will  not  be  suffi- 
cient to  deny  the  workman  the  right  to  recover  compensation 
from  his  employer,  unless  such  disobedience  shall  amount  to 
"serious  and  willful  mlB<;onduct"  on  the  part  of  the  employe. 
If  an  employe  refuses  to  obey  a  reasonable  rule  or  order  of 
his  employer,  the  contract  of  employment  may  be  terminated 
then  and  there,  even  though  nothing  was  said  In  the  contract 
Itself  regarding  such  obedience.  This  statement  of  the  rule 
must,  of  course,  be  subjected  to  some  modifications. 

The  employe  Is  not,  however,  bound  to  obey  rules  that  he 
has  not  contracted  to  observe  or  that  are  not  Incident  to  or 
assumed  by  him  In  the  general  scope  of  his  employment.  Be- 
fore ho  can  be  deemed  to  have  been  hound  by  a  rule  It  must 
appear  that  he  was  cognizant  of  Its  terms.  It  Is  plainly  the 
duly  of  employers,  then,  to  publish  their  rules  In  such  a  way 
that  Ihcy  cannot  fall  to  be  brought  to  the  ompluyo's  attention. 
If  strict  obedience  of  the  latter  Is  to  bo  required.     It  Is  per 
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fectly  logical  to  say  that  no  man  can  be  required  to  do  a 
thing  of  which  he  knows  nothing  or  has  no  opportunity  of 
knowing. 

Employers'  Rigrht  to  Employes'  Time 
Where  an  employe  sells  his  entire  time  to  his  employer,  he 
has  no  moral  or  legal  right  to  devote  part  of  his  time  to  an 
independent  calling  or  business  of  his  own,  regardless  of  the 
fact  that  it  may  not  interfere  with  his  service  to  his  employer. 
If  he  does  so  engage  in  outside  work,  his  employer  is  entitled 
to  his  earnings  therefrom.  This  rule  is  clearly  illustrated  in 
the  case  of  a  school  teacher  who  made  a  practice  of  giving 
special  tutoring  to  pupils  after  school  hours.  In  the  course  of 
a  year,  he  built  up  a  very  profitable  business  on  the  side  and 
the  school  board  employing  him  finally  brought  suit  against 
him.  He  was  forced  to  turn  an  amount  equal  to  his  earnings 
over  to  his  employer — the  complaining  board.  In  another  case, 
however,  a  college  professor  engaged  in  the  coal  business  on 
the  side,  employing  men  to  do  the  work  and  merely  exercising 
supervision  over  their  efforts.  In  this  case,  the  court  refused 
to  disturb  him,  saying  that  his  outside  business  did  not  inter- 
fere with  the  service  he  had  contracted  to  render  to  his  em- 
ployer. It  follows  that  if  an  employe  engages  in  outside  work 
to  the  injury  of  his  service  to  his  employer,  that  he  may  be 
held  in  damages  for  the  injury  done.  If  the  profits  earned  in 
the  outside  business  are  not  sufficient  to  compensate  the  em- 
ployer, the  latter  may  also  recover  damages  sufficient  to  com- 
pensate him  adequately  for  the  injury  done. 

Right  to  Inventions 

In  the  case  of  inventions,  however,  there  is  a  different  rule. 
The  employer  has  no  exclusive  right  to  the  inventions  of  his 
employe.  Employes  are  not  deprived  of  their  right  to  inven- 
tions while  in  the  service  of  others,  unless  they  have  been 
hired  to  exercise  their  inventive  faculties  for  their  employers. 
Some  very  bitter  cases  have  arisen  where  an  inventor  has 
been  hired  at  a  stipulated  salary  to  exercise  his  gifts  in  behalf 
of  the  employer.  In  nine  cases  out  of  ten,  if  the  employe  is 
successful  in  perfecting  an  invention,  he  will  try  to  keep  it 
for  himself  and  keep  his  employer  from  reaping  the  profits. 
But  the  courts  have  adopted  a  very  sane  view  of  the  matter 
and  have  held  that  it  is  the  purpose,  in  such  contracts  of  em- 
ployment, to  give  the  employer  the  fruits  of  the  inventor's 
skill  and  that  the  employer  has  the  right  to  such  inventions 
as  the  inventor  may  perfect.  It  should  be  remembered,  how- 
ever, that  where  the  invention  of  an  employe  arises  casually 
out  of  his  employment,  that  the  employer  has  no  right  to  it, 
unless  a  specific  agreement  had  been  reached  prior  to  the  in- 
vention or  a  valid  assignment  of  the  inventor's  rights  was 
made  subsequent  to  it. 

Where  employes  have  permitted  their  employers  to  use  their 
inventions,  the  law  implies  a  license  to  the  employer  to  con- 
tinue to  use  the  invention  in  his  business  even  after  the  rela- 
tions between  the  employer  and  the  inventor  have  terminated, 
although  the  employe  has  taken  out  a  patent  therefor. 

Where  an  employe  produces  a  literary  production,  the  courts 
are  agreed  that  the  employer  has  no  right  whatever  to  it  un- 
less the  employe  was  employed  for  the  specific  purpose  of 
making  such  a  production. 

Obllifiitlon  to  Preserve  Trade  Secrets 
It  is  the  duty  of  an  employe  to  preserve  all  trade  secrets  of 
his  employer.  Courts  of  equity  will  restrain  employes  from 
making  disclosures  or  use  of  trade  secrets  communicated  to 
them  In  the  course  of  confidential  employment.  The  character 
of  such  secrets  Is  Immaterial.  They  may  be  secrets  of  trade, 
secrets  ot  title,  scrrc-ts  of  i)rocess  of  numufacturc,  or  any  other 
secrets  Important  to  the  individual  employer.  This  question 
of  trade  secrets,  however,  Is  limited  to  a  certain  degree.  The 
secrets  must  not  be  general  secrets  of  trade,  but  must  bo 
secrets  of  the  compluining  employer. 

As  a  general  proposition,  then,  the  eniployc  is  dlroiily  lliililo 
to  the  employer  fur  any  diiniagc^  occasloni'il  by  his  nculigence 
or  mlHconducI,  wliellicr  it  be  to  the  pr((|)orty  of  the  cniployiT 
or  arise  from  <'onipeiiBatlon  the  employer  has  boon  obllgoil  to 
pay  third  persons  for  Injuries  sustaliiod  by  tln'ni,  boiuuso  of 
the  employe's  nilHconduct, 
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Process  in  which  All  Machining 
Operations  on  Twist  Drills,  Except 
Grinding,  are  Done  Automatically 


An  Automatic  Machine  is  Used 
ing  Multiple  Cutter-heads  and 
lingle   Stock -feeding   Spindle 


THE  Wilt  pro-cess  for  the  manufacture  of  twist 
drills,  developed  during  the  last  ten  years,  com- 
prises a  number  of  radical  changes  in  former 
methods.  Heretofore  it  has  been  necessary  to  put  a 
drill  through  a  number  of  machining  operations  in 
the  course  of  its  manufacture.  The  usual  way,  in  the 
production  of  a  1/2-inch  jobber's  drill,  for  example, 
has  been  to  shear  off  the  blank  to  length  from  the 
long  bar  on  a  shearing  machine,  square  the  ends  on 
a  special  lathe,  point  on  a  pointing  machine,  center, 
and  square-center;  then  either  finish-turn  on  a  lathe 
or  rough-turn  on  a  lathe  and  soft-grind  on  a  grinder; 
then  mill  the  grooves  on  a  groove-milling  machine, 
and  finally  mill  the  clearance  or  relief  on  a  clear- 
ing machine. 

Many  attempts  have  been  made  to  shorten  this 
process  during  the  last  ten  or  fifteen  years,  but  most 
of  them  without  success.  One  company  has  devel- 
oped a  magazine-feed  machine,  which  combines  the 
milling  and  clearing  operations,  but  the  blanks  have 
to  be  prepared  in  advance.  The  Wilt  machine,  how- 
ever, does  all  the  machining  operations  enumerated 
above,  except  grinding,  automatically.  It  applies  the 
principle  of  an  automatic  screw  machine,  developed 
to  a  high  degree,  to  the  manufacture  of  twist  drills. 
Briefly,  the  carbon  or  high-speed  steel  bars,  either 
hot-rolled  and  in  the  condition  in  which  they  come 
from  the  steel  mill,  or  drawn  in  the  smaller  drill 
rod  sizes,  are  fed  in  long  lengths  into  the  automatic 
machine  through  a  single  stock-feeding  spindle,  and 
the  blank  is  automatically  cut  off  and  pointed.  As 
each  successive  blank  is  severed  from  the  bar  stock 
by  a  cutting-oft  and  pointing  tool,  it  is  gripped  by  a 
collet  in  the  blank  carrier  or  work-holding  turret, 
which  has  an  intermittent  or  indexing  movement 
in  a  plane  perpendicular  to  the  axis  of  the  stock- 
feeding  spindle,  and  presented,  in  turn,  to  a  multiple 
cutter-head,  which  first  rough-cuts  the  grooves,  then 
finish-cuts  them,  and  mills  the  clearance,  so  that  all  the 
machining  operations  are  performed  simultaneously, 
and  a  drill  ready  for  soft-grinding  is  ejected  from 
the   machine   at  each    indexing   of  the   blank-carrier. 

One  of  the  important  features  of  the  machine,  aside  from 
the  fact  that  it  machines  the  drill  automatically,  is  that  it 
first  roughs  out  the  grooves  in  successive  cuts,  so  that,  when 
the  blanks  are  presented  to  the  finishing  groove  cutters,  they 
take  a  cut  of  only  about  0.015  inch  on  each  side,  thereby  in- 
R\irlnK  a  very  good  finish  on  a  groove  and  effecting  several 
great  savings,  not  only  In  speed  ot  production,  but  also  in 
other  expenses  to  which  most  drill  companies  are  put,  such  as 
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in  polishing  and  grinding  grooves.  A  relatively  large 
number  of  teeth  is  used  on  the  finishing  cutters,  and 
one  or  more  sets  of  roughing  cutters,  to  divide  the 
amount  of  work  of  rough-grooving,  so  that  the  speed 
of  the  machine  can  be  governed  by  the  time  required 
for  the  clearing  cutters,  which  at  the  last  position 
of  the  turret,  mill  the  clearance  of  the  drill.  After 
this  clearing  cut  has  been  taken,  the  drill  drops  from 
the  machine.  This  is  the  only  machine,  so  far  as 
is  known,  that  automatically  takes  successive  cuts 
on  the  same  groove. 

Changres  in  Grinding: 

By  the  old  process  of  making  twist  drills  it  is 
necessary  that  the  drill  blank  be  turned  or  ground 
to  an  almost  exact  size  before  the  grooves  are  milled. 
This  is  necessary,  as  the  blanks  have  to  be  held  in 
close-fitting  pilots  or  guides  when  milled  in  the  single- 
cut  groove  milling  machines.  Drills  that  are  milled 
at  a  very  slow  rate  and  fit  very  tight  in  the  bushings 
are  not  so  likely  to  require  groove-grinding.  Owing 
to  the  successive  cuts  on  the  Wilt  machine,  most  of 
the  stock  from  the  grooves  is  removed  before  the 
blank  is  presented  to  the  finishing-groove  milling  cut- 
ters, so  that  it  is  unnecessary  to  feed  the  blanks 
through  close-fitting  pilots  or  guides.  Owing  to  this 
fact,  blanks  made  from  hot-rolled  steel,  as  well  as 
drawn  stock,  can  be  fed  to  the  groove-milling  cutters, 
and  a  smooth  finish  is  produced  in  the  grooves,  in 
spite  of  the  fact  that  the  blank  does  not  fit  close 
in  the  pilots.  In  fact,  the  pilots  on  the  machines 
are  about  0.015  inch  over  size.  It  is  possible  to  pro- 
duce the  larger  sizes  of  drills  without  any  pilots, 
although  this  is  not  done,  as  they  are  used  chiefly 
for  conducting  oil  to  the  cutters.  The  soft-grinding 
process  Is  much  simplified,  because  the  clearing  cut- 
ters, as  well  as  the  groove-milling  cutters,  have  al- 
ready removed  most  of  the  decarburized  surface  from 
the  hot-rolled  bar.  and  only  the  remaining  decarburiza- 
tion  on  the  narrow  ridge  along  the  groove  edge  is  left 
to  be  removed.  To  do  this  a  grinding  machine  has  been 
developed,  which  does  not  require  centering  the  blanks. 
This  machine  constitutes  another  interesting  feature  of  the 
new  process  that  has  been  evolved  for  making  twist  drills. 
The  point-grinding  operation  is  necessary  in  the  Wilt  process 
as  well  as  in  all  other  processes.  The  novel  feature  ot  this 
operation  by  the  Wilt  method  is  that  the  point-grinding  ma- 
chine chucks  the  drill  blank  on  the  cleared  part  of  the  drill 
instead  of  on  the  outside  diameter,  thus  assuring  margins  of 
a  uniform  height  from  the  clearance.  After  the  body  of  the 
drill  has  been  soft-ground,  the  finishing  processes  are  the  same 
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by  the  Wilt  as  by  other  methods.  These  finishing  processes 
consist  in  hardening,  tempering,  straightening,  sand-blasting, 
stamping,  and  finish-grinding  to  size,  the  point  finally  being 
sharpened  or  finish-point  ground,  ready  for  drilling  holes. 

The  operations  as  outlined  constitute  the  general  practice, 
which  may  be  modified  under  special  conditions,  and  is  the 
practice  followed  in  making  ordinary  jobbers'  drills.  In  the 
taper-shank  drills,  the  blank  is  made  the  same  as  in  the  case 
of  jobbers'  drills,  from  the  cutting  point  to  the  neck,  but  is 
necked  on  the  Wilt  automatic  at  the  same  time  that  it  is 
pointed  and  cut  off.  The  cylindrical  surface  is  then  soft- 
ground  and  the  drill  pointed.  It  is  then  electrically  welded 
to  the  shank,  the  taper  shanks  being  made  on  automatic  screw 
machines  from  low-carbon  steel.  It  has  been  found  possible 
to  weld  the  shank  to  the  drill  with  a  welding  alignment  accu- 
rate to  0.002  inch.  After  welding,  the  drill  is  hardened,  tem- 
pered, straightened,  etc.,  just  as  in  the  case  of  the  jobbers' 
drill.  While  the  principal  changes  effected  by  this  process 
have  been  referred  to,  the  Wilt  automatic  machine  results  in 
other  changes  in  handling  and  inspection,  which  will  be  con- 
sidered later. 

Brief  History  of  Development  of  Process 

The  Wilt  process   has   been   developed   by  A.   D.   Wilt,   Jr., 

during  a  period  of 

about  ten  years,  al- 
though he  began  to 

work  upon  the  first 

idea    of    making 

twist-brills  in  some 

kind    of    automatic 

machine  as  early  as 

1905.    In   fact,   the 

actual  cause  of  the 

development  goes 

back    still    further. 

After  having  grad- 
uated    from     the 

Harvard    Engineer- 
ing School  in  1903, 

Mr.    Wilt   came   to 

the   National   Cash 

Register   Co.,   at 

Dayton,   Ohio,   and 

in     the     course    of 

his  work  with  this 

company  found  oc- 
casion   to    study 

the  manufacture  of 

twist  drills,  because 

of  the  great  num- 
ber of  drills  that  were  used  by  this  company.  From  this  time 
on  he  began  maturing  the  idea,  having  gained  experience  and 
knowledge  in  automatic  machinery  during  his  employment  as 
production  engineer  of  the  Burroughs  Adding  Machine  Co., 
of  Detroit,  Mich.,  and  later  in  the  same  capacity  for  the 
Standard  Screw  Co.,  which  probably  operates  more  automatic 
metal-cutting  machinery  than  any  other  company  in  the  United 
States  In  Its  five  factories  located  In  Detroit,  Mich.,  Chicago, 
111.,  Hartford,  Conn.,  Worcester,  Mass.,  and  Elyria,  Ohio.  In 
1907,  Mr.  Wilt  organized  the  Schweppe  &  Wilt  Mfg.  Co.,  De- 
troit, Mich.,  maker  of  automobile  parts,  of  which  company  he 
has  been  president  ever  since  and  In  the  plant  of  which  the 
new  twist  drill  machines  have  been  developed.  In  1913,  he 
organized  a  Canadian  company  for  the  manufacture  of  twist 
drIllH.  Being  engaged  In  twist  drill  manufacture,  an  oppor- 
tunity prcHonlcd  ItHelf  for  trying  out  In  pra<;tice  the  efficiency 
of  the  mnclilncH  designed. 

In  the  devflopment  of  the  automatic  twist  drill  machines 
to  be  described,  E.  J.  Ix;e»,  of  the  Lees-Uradqer  Co.,  Cleveland, 
Ohio,  gave  valuable  assistance  by  carrying  out  the  design  of 
the  first  machine,  and  later  C.  H.  Whipple,  of  Detroit,  Mich., 
dcBlgncd  and  developed  the  two  sizes  of  machines  for  Ihn 
Bmaller  sized  drlllB— In  fad.  In  the  latest  machine  ho  has 
solved  the  problem  of  handling  omdently  the  hot  rolled  bnrH 
as  they  come  from  the  mill. 


Types  and  Sizes  of  Machines 
For  a  complete  line  of  automatic  twist  drill  machines,  except 
for  the  extremely  large  sizes  of  drills,  three  sizes  are  neces- 
sary, two  of  which  have  already  been  built.  The  largest  ma- 
chine, known  as  Type  A,  makes  drills  from  %  to  I14  inch 
in  diameter.  This  machine  is  provided  with  six  collets  or 
blank-carriers  in  the  turret,  one  for  cutting  off  and  pointing, 
three  for  the  successive  rough-grooving  cuts,  one  for  finish- 
grooving,  and  one  for  milling  the  clearance.  The  next  smaller 
machine  makes  drills  from  %  to  %  inch  in  diameter.  This 
machine  is  provided  with  four  operating  positions — one  for 
cutting  off  and  pointing,  one  for  rough-grooving,  one  for  finish- 
grooving,  and  one  for  milling  the  clearance.  This  machine  is 
known  as  Type  C.  The  smallest  machine,  known  as  Type  D, 
makes  drills  %,  inch  in  diameter  and  smaller  and  has  four 
operating  positions,  the  same  as  the  Type  C  machine.  Hot- 
rolled  bars  are  customarily  used  for  all  sizes  above  5/16  inch 
in  diameter;  for  the  smaller  sizes,  drill  rod  in  long  lengths 
is  employed. 

General  Features  of  Machine  and  its  Action 

The  mechanism  of  the  automatic  twist  drill  machine  may 
be  divided  into  two  general  groups:  first,  the  means  of  sever- 
ing the  drill  blanks  from  the  bar  of  stock  and  of  presenting 

them  to  the  differ- 
ent    cutting     tools 
successive!  y — 
which  includes  the 
means    of    advanc- 
ing,    withdrawing, 
and     indexing     the 
blank-carrier — and, 
second,   mechanism 
for  driving  the  dif- 
ferent cutting  tools 
and  for  controlling 
the  action  of  these 
tools     as     required 
by  the  form  of  the 
product     and     the 
operation     of     the 
machine     itself. 
While  this  machine 
is    multiple    in    the 
sense    that    it    has 
several  cutter-heads 
which    operate    si- 
multaneously on  dif- 
ferent   blanks,    all 
the  blanks  are  cut 
from  a  bar  of  stock 
which  is  fed  through  a  single  spindle  equipped  with  a  suitable 
stock-feeding  mechanism.    In  this  respect  the  machine  is  radi- 
cally different  from  a  multiple-spindle  automatic  screw  ma- 
chine which  operates  on  several  bars  of  stock  at  the  same  time. 
When    the   automatic   twist   drill    machine   is    in   operation, 
the  bar  of  stock,  after  being  fed  out  to  the  required  length,  is 
cut  off  by  a  V-shaped  tool,  which  forms  a  conical-shaped  end 
or  male  center  on  the  inner  end  of  the  blank  being  severed 
and  also  on  the  outer  end  of  the  next  successive  blank.    While 
the  cutting-off  and  pointing  tool  Is  at  work,  the  blank-carrier 
is  advancing  to  receive  the  blank.     The  blank-carrier  has  sev- 
eral   spindles    equipped    with    collet    chucks    for    holding    the 
blanks.    These  spindles  are  equally  spaced  and  are  equidistant 
from  the  main  shaft  of  the  turret-carrier.     The  different  cut- 
ting tools  required  are  located  opposite  the  blank-holding  spin- 
dles.   As  soon  as  a  blank  Is  cut  off.  It  Is  Kripi)e(l  by  whU'hever 
spindle  happens  to  be  oi)pnslte  the  stock-feeding  spindle.     The 
blaiik-rarrlor  then  moves  backward  and  Indexes  or  rotates  far 
cnouKh  to  locate  the  blank  that  has  Just  boon  cut  off  directly 
opposite   the   first   tool  liciid,    carrying   two   opposed    roughing 
cutters,  which  take  a  roughing  cut  through  the  groove  as  the 
blank  fends  forward.     If  the  drill  Is  larger  than  1/2  Inch  and 
the  work  Is  being  done  on  a  Typo  A  machine,  the  groove  is 
first   milled   as   Indicated   by   the   dotted    lino   a  of  sketch   A, 
Fig.  5.    The  next  Indexing  movement  locates  the  blank  opposite 
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the  second  set  of 
rough-grooving  cut- 
ters, which  take  cut 
6,  and  then  it  is 
indexed  around  to 
the  third  set  of 
roughing  cutters 
(cut  c),  and  finally 
to  the  finishing  cut- 
ters. The  next  and 
last  operation  on 
this  machine  is  the 
milling  of  the  clear- 
ance, which  is  done 
by  means  of  end- 
mills,  as  indicated 
by  sketch  B,  Fig.  5. 
The  blank  is  now 
ejected  from  the 
chuck  of  the  blank- 
carrier  spindle,  and 
another  indexing 
movement  locates 
this  particular 
chuck  opposite  the 
stock-feeding  spin- 
dle and  in  position 

for      receiving      an-  ^'^'    ^'     '^'°™   showing  Kear   side   and    stock-feeding   End   of   Automatic    Twist  Drill  Machine 

Other  blank.  It  is  evident,  therefore,  that  as  soon  as  the  blank- 
carrier  has  made  the  first  complete  revolution  after  starting 
the  machine,  each  spindle  contains  a  blank,  and  all  these 
blanks  are  operated  upon  whenever  the  blank-carrier  ad- 
vances; consequently,  one  blank  is  finished,  so  far  as  this 
machine  is  concerned,  every  time  the  blank-carrier  indexes, 
the  operation  in  this  respect  being  similar  to  that  of  a  multiple- 
spindle  automatic  screw  machine. 

The  collet  chuck  of  the  stock-feeding  spindle  is  opened 
and  closed  in  the  usual  manner  by  the  action  of  a  sliding 
collar  having  a  tapering  section  which  operates  bellcrank 
levers  and  a  tube  connecting  with  the  chuck.  The  chucks  of 
the  carrier  spindles  are  also  of  the  collet  type,  and  in  the 
center  of  each  of  these  spindles  there  is  a  rod  which,  at  the 
proper  time,  moves  forward  relative  to  the  spindle  and  ejects 
the  drill  after  it  has  been  grooved  and  the  clearance  milled. 
Before  the  blank  is  ejected,  the  sleeve  of  the  chuck-closing 
mechanism  is  engaged  by  two  spring-actuated  arms  which 
open  the  chuck  and  release  the  finished  blank. 

In  making  a  twist  drill,  the  milling  of  the  grooves  is  the 
longest  operation  and  the  one  requiring  the  removal  of  the 


most  metal;  conse- 
quently, the  ma- 
chine designed  for 
medium-  and  large- 
sized  drills  has 
three  sets  of  rough- 
ing cutters,  as  men- 
tioned, so  that  thn 
work  of  milling  the 
groove  to  the  full 
depth  is  distrib- 
uted. The  result  is 
that  the  rate  of  pro- 
duction is  not  con- 
trolled and  reduced 
by  the  groove-mill- 
ing operation,  and 
the  output  of  the 
machine  Is  much 
higher  than  It 
would  bo  otherwise. 

Variable  Movements 

of  Blank-carrier 

orWork-hold- 

Inif  Turret 

When   the  blank- 
carrier  advances  to- 


ward the  stock- 
feeding  spindle  and 
the  cutting  tools,  it 
moves  quite  rapid- 
ly up  to  the  cutting 
position,  and  then 
at  a  reduced  speed 
while  the  cutters 
are  milling  the 
grooves  and  the 
clearance.  As  the 
grooves  are  helical, 
it  is  necessary  to 
rotate  the  blanks 
as  they  advance  in 
order  to  generate  a 
helix  or  twist  of 
the  required  pitch. 
The  mechanism  for 
obtaining  this  ro- 
tary movement  will 
be  described  later. 
After  the  tools  are 
withdrawn  to  clear 
the  drill  blanks,  the 
carrier  returns  rap- 
idly to  the  starting 
point  and  the  in- 
dexing movement  occurs.  The  mechanism  for  transmitting 
and  controlling  these  motions  will  now  be  described. 

The  forward  and  backward  motions  are  derived  from  the 
mechanism  shown  partly  in  diagrammatical  form  in  Fig.  8. 
The  blank-carrier  A  is  mounted  upon  shaft  B,  on  which  it  is 
free  to  rotate.  This  shaft  and  the  blank-carrier  are  given  a 
lengthwise  traversing  movement  when  the  machine  is  in  opera- 
tion. A  sleeve  C  having  a  screw  thread  on  it  is  attached  to 
the  carrier  and  engages  a  nut  D,  which  is  revolved  by  means 
of  worm-gearing  for  traversing  the  carrier.  All  the  motions 
of  this  machine  are  derived  from  the  main  shaft  E,  which 
transmits  motion  to  the  tool-heads  of  the  machine,  as  well  as 
to  the  blank-carrier.  The  transmission  in  each  case  is  through 
a  gear-box,  there  being  one  of  these  gear-boxes  to  provide  speed 
changes  for  the  cutters  and  another  to  vary  the  speed  of  the 
blank-carrier  mechanism.  (These  gear-boxes  and  the  levers 
for  controlling  the  speed  changes  may  be  seen  near  the  base 
of  the  machine,  Fig.  2.)  The  silent  chain  drive,  by  means  of 
which  motion  is  transmitted  from  one  gear-box  to  the  mech- 
anism for  operating  the  blank-carrier,  may  be  seen  at  the 
end  of  the  machine  in  Fig.  1.  The  shaft  which  is  driven  by  the 

silent  chain  drives 
worm-shaft  F  (Fig. 
S)  through  differ- 
ent combinations  of 
gearing,  which  are 
automatically  en- 
gaged and  disen- 
gaged in  order  to 
vary  the  forward 
and  backward  tra- 
versing movements. 
There  are  two  driv- 
en shafts  O  and  H. 
A  pinion  on  shaft 
G  meshes  with  a 
loose  gear  //„  and 
another  pinion  on 
shaft  TI  meshes 
with  a  loose  gear 
(?„  the  pinions  In 
each  case  being  at- 
tached to  their  re- 
spective shafts. 
Shaft  H  Is  also  con- 
nected by  gears  at 
/   with    worm-shaft 

Anothor  Roar  View  of  Automatic  Twlut  Drill  Haolilns  F.      The     automatic 
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Tig.  4.    Detailed  View  of  Cutter-heads  as  seen  from  Front 

control  of  the  speed  changes  is  effected  by  two  clutches  J  and 
K,  which,  in  turn,  are  operated  by  cams  and  other  controlling 
mechanisms  to  be  described.  The  cams  located  at  L  and  M, 
and  the  levers  and  rods  extending  from  the  clutches  to  the 
cam,  are  clearly  shown  in  the  illustration. 

After  the  indexing  movement,  cam  L  has  turned  to  such  a 
position  that  clutch  J  is  shifted  into  engagement  with  gear  G, 
for  obtaining  the  fast  forward  movement  of  the  blank-carrier, 
motion  being  transmitted  from  shaft  G  through  gear  d  to 
shaft  H  and  then  back  through  gears  I  to  shaft  F  and  the 
worm-gearing  operating  nut  D.  Just  before  the  cutting  tools 
begin  to  operate  upon  the  blanks,  the  shaft  carrying  cams  L 
and  M  again  makes  a  partial  turn  (one-quarter  revolution), 
and  this  causes  clutch  .7  to  be  disengaged  from  gear  G^,  while 
at  the  same  time  clutch  K,  through  the  movement  of  cam  M. 
is  engaged  with  gear  H^.  This  imparts  to  the  blank-carrier 
the  slow  forward  movement  which  is  required  for  milling  the 
grooves  and  clearance.  As  soon  as  the  blank-carrier  has  ad- 
vanced far  enough,  another  quarter  revolution  of  cam  M  dis- 


illing   Grooves   and  Clo 


engagefl  clutch  K  from  gear  //,  and  throws  it  Into  engagement 
with  gear  O,  which  gives  the  blank-carrier  a  quick  reversing  or 
backward  movement. 

Controlling  and  Indoxlnir  Mechanism  of  Blunk-currler 

The  forward  and  backward  motions  of  the  blank-carrier,  In 
conjunction  with  the  Indexing  movement,  are  utilized  to  con- 
trol the  different  traversing  speeds  previously  referred  to,  by 
means  of  a  mechanism  that  allows  the  shaft  carrying  cams  /> 
and  .}f  to  revolve  one-quarter  revolution  each  time  a  spend 
changi-  Is  required.  This  camshaft  Is  connected  by  a  slip 
clutch  and  gearing  with  one  member  of  clul<'h  /'.  This  half 
of  the  clutch  Is  In  the  form  of  a  loose  sleeve,  and  It  la  con- 
nected through  spiral  gears  with  shaft  (J.  This  loose  sleeve 
revolves  continuously,  but  shaft  Q,  which  serves  to  Index 
the  blank-carrlor.  Is  rotated  Intermittently  when,  nt  the  ox- 
tromo  backward  movement  of  the  blank-carrier,  clutch  /•  Ih 
engaged.     Shaft  Q  carries  a  pininn   which   moMhcs  wllli   iln' 


large  gear  on  the  blank-carrier  A,  and  in  the  case  of  the 
Type  A  machine,  this  carrier  revolves  one-sixth  revolution  for 
each  complete  turn  of  shaft  Q.  Incidentally,  the  pinion  on 
shaft  Q  is  shrouded  or  has  flanges,  and  it  is  traversed  with 
the  blank-carrier. 

The  shaft  Q  is  normally  prevented  from  rotating  by  means 
of  a  stop  R,  Fig.  7,  engaging  a  notch  R^  formed  on  a  wheel 
carried  by  shaft  Q.  This  shaft  operates  a  slide  S  (see  also 
Fig.  8)  by  means  of  a  sleeve  Sj.  Slide  S  carries  a  rocking 
arm  T,  at  one  end  of  which  there  is  a  spring-actuated  pivoted 
dog  Ti,  which  may  be  engaged  by  the  beveled  side  of  a  shoulder 
on  plunger  U.  On  the  forward  movement  of  a  blank-carrier 
and  shaft  Q,  a  spring  surrounding  plunger  U  is  compressed, 
and  the  plunger  is  cocked  or  retained  by  the  pivoted  spring 
pawl   f7,.     On  the  backward  or  return  movement,  this  pawl, 


Fig.  6.    Detailed  View  of  Cutter-heads  as  seen  from  Rear 

when  near  the  limit  of  its  travel,  encounters  a  fixed  stop,  and 
is  thereby  released  from  the  shoulder  of  plunger  U,  which, 
under  the  action  of  the  spring,  pu.shes  back  and  rides  over 
dog  7',.  This  rocks  the  pivoted  arm  T  and  releases  the  stop  R 
from  the  notch  R^  in  the  disk  on  shaft  Q;  consequently,  shaft  Q 
is  permitted  to  make  a  complete  revolution,  thus  indexing  the 
blank-carrier.  Just  how  this  indexing  movement  affects  the 
mechanism  for  controlling  the  traversing  speed  of  the  blank- 
carrier  will  now  be  described. 

To  begin  with,  there  is  an  index  wheel  V,  Fig.  8,  on  the 
shaft  carrying  the  controlling  cams  L  and  M.  This  index 
wheel  has  four  notches  which  may  be  engaged  by  a  pawl 
mounted  on  shaft  y„  which  is  free  to  oscillate.  This  pawl  is 
provided  with  an  extension  that  engages  successively  with 
cam   ir  and   I  ho  beveled  disks  X  and  X,.     This  cam  and  the 
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two  disks  are  fixed 
to  shaft  Q.  At  the 
right-hand  end  ot 
shaft  Ti  there  is  a 
lever  arm  which, 
on  the  backward 
movement  of  shaft 
Q,  engages  beveled 
disk  y.  When  shaft 
Q  turns  through  a 
complete  revolution 
for  indexing,  the 
cam  W  releases  the 
pawl  from  index 
wheel  V,  thus  per- 
mitting the  latter 
to  make  one-quar- 
ter turn,  the  move- 
ment being  arrest- 
ed by  the  engage- 
ment of  the  pawl 
with  the  next  suc- 
ceeding notch.  The 
camshaft  tends  to 
rotate  constantly, 
since  it  is  connect- 
ed by  a  slip  clutch 


rig.    8.     General   Arrangement  of  Mechanism  for  controlling  Traversing  and  Indexing  Movements  of  Blank- 
carrier   or   Work-holding    Turret 


is  necessary  for  gen- 
erating the  helical 
grooves  in  the  drills 
is  derived  from  the 
mechanism  illus- 
trated in  Fig.  8. 
The  spindle  F, 
which  drives  nut  D 
through  worm-gear- 
ing, also  transmits 
motion  to  worm- 
shaft  Z  through 
change-gears  select- 
ed according  to  the 
lead  of  helix  re- 
quired. The  worm 
on  shaft  Z  drives  a 
worm-wheel  on  a 
sleeve  keyed  to  the 
main  shaft  B  (see 
also  Fig.  9).  In 
this  way,  a  slow 
rotary  motion  is 
imparted  to  shaft 
B,  and  through  it, 
by  means  of  gear 
Zj,    to    the    blank- 


and  gearing,  as  previously  mentioned,  with  the  sleeve  of 
clutch  P,  which  rotates  constantly.  This  first  movement  of 
index  wheel  T  is  for  the  fast  forward  speed. 

As  the  blank-carrier  and  shaft  Q  continue  to  move  forward, 
the  beveled  disk  X  again  releases  the  pawl  and  the  index 
wheel,  which  makes  another  quarter  revolution,  thus  reducing 
the  traversing  movement  for  the  cutting  operation.  The  cut- 
ting tools  are  at  work  while  the  pawl  is  passing  from  disk  X 
to  Xi,  and  when  the  latter  is  encountered,  index  wheel  T  makes 
a  third  quarter  turn,  thus  reversing  the  motion  of  the  blank- 
carrier.  On  the  return  movement,  the  bevel  disk  Y  again  lifts 
the  pawl  and  releases  the  index  wheel,  which  makes  a  quarter 
turn  and  shifts  clutch  K  to  the  intermediate  or  neutral  position. 

As  it  is  essential  to  locate  the  blank-carrier  accurately  rela- 
tive to  the  tools  after  each  indexing  movement,  a  positive 
method  of  holding  and  guiding  it  has  been  provided.  Rectangu- 
lar-shaped blocks  are  attached  to  the  carrier,  one  of  which 
engages  a  guide  attached  to  the  bed  of  the  machine  each  time 
the  blank-carrier  advances.  One  of  these  blocks  may  be  seen 
at  the  top  of  the  blank-carrier  in  Fig.  4,  and  the  guide  at 
the  front  of  the  machine  is  clearly  shown  in  Figs.  2  and  3. 

Rotation  of  Blank-carrier  Spindles  for  Generatlnir  Helical  Grooves 
The  slow  rotary  speed  of  the  blank-carrier  spindles  which 


carrier  spindles,  which  have  pinions  meshing  with  gear  Z^. 
This  slow  rotary  movement,  in  conjunction  with  the  advancing 
motion  of  the  blanks,  causes  the  tools  to  generate  helical 
grooves.  This  machine  mills  a  constant  angle  drill  which  the 
designers  consider  superior  to  an  increased  twist  drill.  While 
the  machine  is  not  arranged  to  produce  drills  having  an  in- 
creased twist,  it  may  be  adapted  to  such  work  by  making  a 
simple  change.  This  change  involves  connecting  a  pin  with  a 
groove  cut  in  shaft  B,  so  that  the  forward  traversing  move- 
ment is  varied  independently  of  motion  derived  from  the  gear- 
ing referred  to.  For  average  purposes,  a  lead  equal  to  one 
turn  in  a  length  equal  to  six  diameters  is  considered  the  best 
for  high-speed  steel  drills,  and  a  lead  of  one  turn  in  a  length 
of  seven  and  one-half  diameters  for  carbon  steel  drills.  The 
width  of  the  groove  may  be  slightly  wider  than  the  land  or  ex- 
actly equal  to  the  land,  which  is  also  considered  good  practice. 

Withdrawal  of  Grooving  Cutters 
The  web  of  the  drills  made  in  this  machine  is  of  uniform 
thickness  for  about  one-third  of  the  length  of  the  groove,  and 
then  the  thickness  is  gradually  increased  for  the  remaining 
two-thirds  of  the  length,  so  that  at  the  upper  end  of  the  groove 
it  is  equal  to  about  one  and  one-half  times  the  thickness  at 
the    point.      One    of   the    most    interesting    features    of   this 


Fi(.    9.     Vertical    Section    ■howInK    Rolativo    Positloni    of    Blank-carrior    and    Cutter-heads 


1012 


MACHINERY 


July,  1918 


machine  is  the  mechanism  for 
controlling  the  action  of  the 
grooving  cutters.  The  method 
of  driving  these  cutters,  as 
well  as  those  for  milling  the 
clearance,  is  illustrated  in 
Figs.  10  and  11.  The  main 
shaft  E  transmits  motion  to 
a  central  gear  E^,  which,  in 
turn,  meshes  with  the  pin- 
ions surrounding  it,  as  the 
illustration  shows.  (This  il- 
lustration does  not  represent 
the  exact  construction,  as  mo- 
tion from  main  shaft  E  on 
the  machine,  as  actually  built, 
is  transmitted  through  a  gear- 
box and  a  silent  chain  drive.) 
The  shafts  carrying  the  pin- 
ions drive  the  cutters  through 
spiral  gearing,  as  shown  in 
Fig.  11. 

As  the  blank-carrier  ad- 
vances, it  is  necessary  for  the 
grooving  cutters  to  move  outward  gradually,  in  order  to  in- 
crease the  thickness  of  the  web.  Then,  when  the  cuts  are 
completed,  both  the  grooving  and  clearance  cutters  must  with- 
draw to  clear  the  work  and  prevent  marring  it  while  the 
blank-carrier  moves  backward.  The  longitudinal  movement 
of  shaft  B  is  utilized  for  shifting  the  position  of  the  tool- 
holders.  At  the  end  of  this  shaft,  there  is  an  inclined  mem- 
ber J^;  see  Fig.  11,  which  illustrates  the  principle  of  operation, 
but  not  the  exact  construction.  This  inclined  or  tapering  mem- 
ber engages  with  a  roller  at  the  end  of  lever  £■„  which  serves 
to  operate  a  worm  attached  to  a  sleeve  carrying  gear  L^  (see 
also  Fig.  10).  This  gear,  in  turn,  meshes  with  the  segmental 
gears  M^,  which  are  fixed  to  the  heads  carrying  the  cutting 
tools.  With  this  arrangement,  the  forward  movement  of  the 
blank-carrier  and  shaft  B  causes  lever  K^  to  swing  upward, 
thus  turning  slightly  gear  Lj,  segmental  gears  M„  and  the 
pivoted  members  carrying  the  cutters.  The  result  is  that  the 
cutters  are  swung  outward  from  the  center  of  the  work.   The 


Fig.  10. 


amount  of  this  outward  move- 
ment depends  upon  the  in- 
clination of  the  part  J^. 

When  the  end  of  the  cut  is 
reached,  lever  K^  encounters 
a  more  abrupt  projection  and 
is  moved  outward  quickly, 
thus  separating  the  cutters 
far  enough  to  clear  the  blanks 
when  the  blank-carrier  re- 
turns to  the  starting  position. 
This  is  an  important  detail 
in  the  design  of  the  machine 
and  it  prevents  the  tools  from 
marring  the  work  as  the  lat- 
ter is  withdrawn.  Just  before 
shaft  B  reaches  the  end  of  its 
backward  movement,  the  coni- 
cal-shaped flange  Oi  engages 
lever  K^  and  forces  it  down, 
thus  returning  the  cutters  to 
the  position  required  for  the 
next  milling  operation.  This 
flange  is  backed  up  by  a  stout 
spiral  spring  to  take  up  the  shock.  The  mechanism  on  the 
machine  illustrated  in  Fig.  1,  which  controls  the  withdrawal 
of  the  cutters,  is  similar  in  principle  to  that  just  described, 
but  instead  of  a  conical  sleeve  /„  Fig.  11,  the  action  of  the 
worm-lever  is  derived  from  an  inclined  guide  which  can  be 
readily  adjusted. 

Arrangement  of  Too! -heads 

The  cutter-spindles  are  mounted  in  heads  which  have  a 
swiveling  movement  either  for  withdrawing  the  cutters  as 
just  described,  or  for  adjusting  them  relative  to  the  work, 
in  order  to  vary  the  depth  of  the  cut.  As  Fig.  11  shows,  each 
cutter  of  a  pair  is  carried  by  a  different  head,  and  as  these 
heads  are  adjustable  relative  to  the  sleeves  upon  which  they 
are  mounted,  the  position  of  the  tools  for  varying  the  depth  of 
the  cut  may  easily  be  regulated.  The  fine  adjustment  of  the 
grooving  cutters  is  effected  by  the  screws  H^  in  this  particular 
design.     (The  machine  illustrated   in  Figs.   1   to  4,  inclusive. 
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has  the  same  general  type  of  adjustment,  but  the  arrangement 
is  different.  Instead  of  using  a  screw,  the  position  of  the 
cutter-head  relative  to  the  sleeve  about  which  it  swivels  is 
varied  by  a  worm  engaging  with  teeth  formed  at  the  end 
of  the  cutter-head  extension.) 

A  special  feature  of  the  machine  is  that  the  pilots  for  guid- 
ing the  drills  made  from  the  hot-rolled  bar  are  made  0.015 
inch  over  size  to  allow  for  the  variations  in  the  diameter  of 
the  bar.  This  is  permissible  for  two  reasons:  In  the  first 
place,  oil  is  fed  through  the  bushings  from  the  inside  on  high 
pressure,  which  provides  a  film  of  oil  under  pressure  all  around 
the  bar  as  it  enters  the  bushing  and  steadies  it;  in  the  second 
place,  the  roughing  cuts  are  divided  on  larger  drills,  where 
the  cuts  would  be  hea\T.  so  that  there  is  not  the  excessive 
vibration  that  there  would  be  in  an  ordinary  drill  fluting  ma- 
chine. One  cutter  milling  on  each  side  also  tends  to  steady 
the  drill,  making  the  support  in  the  bushing  of  less  importance. 
Of  course,  were  the  full  depth  of  the  groove  on  a  large-sized 
drill  milled  at  once,  the  vibration  set  up  would  make  it  im- 
possible to  support  the  rod  in  a  bushing  with  so  much  clearance. 

Withdrawal  of  Clearance  Cutters 

The  end-mills  which  form  the  relief  or  clearance  are  the 
last  to  operate  upon  the  blanks.  These  cutters,  of  course, 
remain  the  same  distance  apart  while  at  work,  but  it  is  essen- 
tial to  separate  them  at  the  end  of  the  cut  in  order  to  clear 
the  blank,  the  same  as  with  the  grooving  cutters.  A  special 
mechanism  is  provided  for  withdrawing  the  clearance  cutters. 
This  is  illustrated  clearly  in  Fig.  4.  The  same  general  type 
of  mechanism  is  also  shown  in  Fig.  11.  As  the  latter  illustra- 
tion shows,  the  spindles  may  be  moved  axially  by  a  rack  and 
pinion  when  the  levers  Pi  and  Jfj  are  separated  by  a  cam 
sleeve  T^.  These  levers  are  held  in  contact  with  the  sleeve 
by  a  spring  as  shown,  and  the  cam  sleeve  has  an  enlarged  por- 
tion (see  also  Fig.  4)  with  which  the  levers  are  engaged  for 
withdrawing  the  cutters  from  the  working  position.  This  cam 
sleeve  is  mounted  upon  a  shaft  that  is  free  to  move  lengthwise 
in  its  bearings.  One  bearing  is  on  the  cutter-head  and  the 
other  on  the  blank-carrier.  The  shaft  has  attached  to  it  two 
collars,  there  being  one  on  each  side  of  the  blank-carrier  bear- 
ing. These  collars  are  alternately  engaged  by  the  blank- 
carrier,  as  it  advances  and  returns,  and  the  distance  between 
them  is  such  that  the  cam  sleeve  previously  referred  to  is 
shifted  at  the  right  time.  The  cutters  have  an  independent 
adjustment  for  regulating  the  depth  of  the  cut  which  is  prac- 
tically the  same  as  that  described  for  the  grooving  cutters. 
The  graduated  screws  or  worms  for  making  this  adjustment 
are  clearly  shown  in  Fig.  4. 

General  Features  of  Design 

The  features  which  are  most  apparent  upon  an  inspection  of 
the  automatic  twist  drill  machine  are  its  rigidity,  adjustabil- 
ity, rapidity  of  action,  and  capacity  for  accurately  duplicating 
work  for  which  it  is  adapted.  This  machine  is  unusual  in  its 
general  design  on  account  of  the  absence  of  flat  slides  and 
the  elimination  of  special  cams  for  controlling  the  various 
movements.  There  is  not  a  flat  slide  on  the  entire  machine 
of  the  kind  requiring  gibs  to  compensate  tor  wear,  unless  the 
guideway  for  holding  the  blank-carrier  in  alignment  as  it 
moves  forward  can  be  classified  as  a  flat  slide.  All  sliding 
surfaces  are  cylindrical,  which  the  designers  consider  a  com- 
mendable feature.  If  the  action  of  the  machine  must  be  varied 
to  adapt  it  for  work  of  different  diameters  or  length,  this 
merely  Involves  making  certain  adjustments,  and  it  is  not 
necessary  to  equip  the  machine  with  a  different  set  of  special 
cams.  This  is  due  to  the  fact  that  variations  in  the  cycle  of 
operations  are  obtained  simply  by  adjusting  certain  parts  of 
the  controlling  mechanism  and  possibly  changing  the  gears 
whi'-h  control  the  lead  of  the  helical  grooves.  In  brief,  the 
design  l8  self-contained  or  Independent,  which  is  regarded  as 
a  valuable  principle  In  a  machine  of  this  type  or  in  other 
classes  of  automatic  machinery,  the  action  of  which  must  be 
modified  to  moot  different  operating  requirements. 

Under  ordinary  conditions,  one  operator  and  two  helpers 
should  be  able  to  take  care  of  a  battery  of  ten  machines. 
This  not  only  greatly  reduces  the  direct  labor  cost  by  per- 


forming automatically  the  various  separate  machining  opera- 
tions required  by  the  other  methods,  but  It  also  effects  great 
savings  in  overhead.  For  example,  fewer  foremen  are  needed, 
because  the  machine  combines  a  number  of  different  opera- 
tions usually  done  in  a  number  of  different  departments  by 
the  old  method.  A  number  of  handlings  are  eliminated.  On 
making  the  1/2-inch  jobbers'  drill,  for  example,  the  machine 
saves  at  least  six  truckings  or  handlings  and  two  inspections, 
and  the  process  saves  overhead  in  other  ways.  It  requires 
about  one-fifth  the  space  required  by  a  similar  number  of 
machines  to  produce  a  given  number  of  drills  per  hour  by 
the  old  methods,  with  a  consequent  saving  of  heat  and  light, 
as  well  as  interest  on  buildings,  transmission  equipment,  etc. 
The  machinery  cost  by  the  Wilt  method  seems  to  be  about 
the  same  as  that  by  the  old  method,  that  is,  the  machinery  in- 
vestment necessary  to  produce  a  given  size  of  drill  at  the  rate 
of  one  per  minute.  While  it  has  been  impossible  to  get  accur- 
ate figures  on  cutter  savings,  there  is  undoubtedly  a  saving  in 
cutters  by  virtue  of  the  method  of  taking  roughing  and  finish- 
ing cuts  on  the  same  groove.  The  end-mill  method  of  clearing 
used  is  found  to  be  most  economical.  Also  when  one  milling 
cutter  removes  all  the  material  from  a  groove,  it  cannot  be 
run  as  fast,  because  of  the  necessity  of  having  the  single  mill- 
ing cutter  preserve  the  contour  of  the  groove,  as  well  as  pro- 
duce a  smooth  finish.  As  soon  as  the  cutter  becomes  worn 
down  the  groove  loses  its  contour.  As  the  finishing  cutters 
take  such  a  light  cut,  there  is  no  trouble  from  this  source.  In 
fact,  by  taking  this  light  finishing  cut,  the  operations  of  pol- 
ishing and  grinding  grooves  by  the  old  method,  which  are 
direct  labor  costs  in  most  factories,  become  overhead  costs 
by  the  Wilt  process.  A  very  small  percentage  of  drills  made 
by  the  Wilt  process  have  to  have  the  grooves  polished  or 
ground,  a  good  finish  being  secured  by  the  sand-blasting  opera- 
tion only.  It  is  estimated  that  on  carbon  steel  drills  there  is 
a  total  saving  in  the  manufacturing  costs  of  at  least  30  per 
cent  over  the  cost  of  making  drills  by  the  methods  generally 

employed. 

*     *     * 

STUD  ARBOR 

The  purpose  of  this  arbor  is  to  hold  an  internally  threaded 
piece  of  work  for  finish  on  the  outside  or  on  the  end.  In 
this  class  of  work,  the  pressure  of  the  tool  would  normally 
tighten  the  thread  so  that  it  would  be  impossible  to  remove 
the  work  without  unduly  marring  the  finish.  This  arbor 
overcomes  this  objection  as  follows:  The  member  A  has  a 
threaded  portion  on  the  end,  and  it  protrudes  from  body  B, 


Arbor  for  holding  Internally  Threaded  "Work 

fitting  it  snugly.  The  body  B  is  threaded  on  the  rear  end  to 
fit  the  spindle  of  a  regular  turret  lathe.  Member  A  is  held 
securely  from  longitudinal  movement  by  screw  C  which  has 
a  conical  point,  fitting  in  a  similar  shape  in  the  member  A. 
When  the  work  is  placed  on  the  end  of  the  threaded  arbor  A. 
the  screw  C  Is  seated  fully  li>  the  countersunk  portion  of  the 
arbor.  At  the  end  of  the  operation,  the  work  has  become 
tightened  upon  the  arbor  A,  and  by  relieving  the  screw  C 
the  arbor  moves  forward  a  slight  amount  making  it  possible 
to  remove  the  work  with  the  fingers.  V.  B. 

*     *     * 
A  California  court  of  appeals  has  decided  that  a  foreman  who 
was  assaulted  by  a  man  he  had  dismissed  was  Injured  In  the 
discharge  of  his  duties  and  therefore  entitled  to  compensation. 
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BT   S.   W.   MILLER  2 


Fig.  1.    Reinforced  Weld 

WITHIN  the  past  two  decades,  fusion  welding  processes 
have  been  developed  until  they  are  now  used  both  in 
the  manufacture  of  articles,  the  parts  of  which  would 
otherwise  be  riveted  or  joined  by  other  means,  and  in  repair 
work.  In  both  fields,  they  have  proved  of  exceptional  value, 
and  in  many  cases  have  revolutionized  past  manufacturing 
methods  and  made  it  possible  to  place  on  the  market  cheaper 
and  better  articles  than  was  possible  by  the  processes  dis- 
placed; but  fusion  welding  processes  are  not  simple,  and  many 
fallacious  ideas  concerning  them  are  prevalent.  The  more  im- 
portant of  these  will  be  treated  in  this  series  of  articles;  those 
that  will  be  treated  in  the  present  installment  are  as  follows: 
The  belief  that  a  reinforced  weld  is  stronger  than  a  weld  of 
the  same  thickness  as  the  sheet;  that  reinforcing  a  weld  is  as 
good  as  welding  through  a  piece;  that  high  tensile  strength 
in  a  weld  is  of  great  importance;  that  wrought  iron  is  the  best 
welding  material;  that  any  wire  is  good  enough  for  the  added 
material;  and  that  the  addition  of  small  quantities  of  metal 
at  a  time  is  good  practice. 

Beinlorcing-  does  not  Necessarily  Strengthen  a  Weld 

Frequently  a  welder  is  advised  to  reinforce  a  weld;  that 
is,  to  increase  the  thickness  of  the  piece  at  and  in  the  vicinity 
of  the  weld,  as  shown  in  Fig.  1,  on  the  theory  that  the  greater 
the  amount  of  metal,  the  stronger  is  the  piece;  but  this  is  not 
always  true.  Particularly  is  it  not  true  when  plates  are  welded 
from  one  side,  as  in  the  case  of  tanks,  etc.;  in  fact,  reinforcing 
then  weakens  the  structure.  This  weakness  is  due  to  two 
conditions:  First,  the  thickening  of  the  weld  concentrates  the 
stresses  at  the  junction  of  the  thick  and  thin  parts,  which  is 
likely  to  result  in  a  detail  fracture,  even  in  uniform  material; 
this  is  the  same  as  having  sharp  corners  in  shafts,  which  fre- 
quently break  from  this  cause.    Second,  the  center  lines  of  the 


'For  further  Information  on  fusion  welding,  sec  "Strength  of  Oxy-acetylcne 
Welds,"  in  the  June,  1918,  number  of  Machinebv;  "Metal  Cutting  with  Oxy. 
acetylene  Ga»,"  April,  1918,  and  the  articles  there  referred  to;  "Electric 
Heam  Welding,"  January,  1917,  and  the  articles  there  referred  to. 

'Address:   Bochestcr  Welding  Works,   Rochester,   N.   Y. 


reinforced  weld  and  the  sheet  are  not  the  same;  therefore,  a 
bending  stress  is  introduced  in  addition  to  the  tensile  stress. 
This  condition  is  called  "eccentric  loading,"  and  the  maximum 
fiber  stress  on  the  section  may  then  be  found  by  the  formula: 
/  6E 

S-P[^+  — 

in  which   .S  =  maximum  fiber  stress  in  section; 

P 

p  =  mean  fiber  stress  in  section,  or  ; 

A 
£  =  eccentricity  or  distance  from  center  of  section; 
A  =  width  of  section; 

P  =  total  pressure  on  any  section  of  a  bearing  of  uni- 
form thickness. 
Assuming  that  the  sheets  shown  in  Fig.  1  are  straight  and 
that  the  piece  is  subjected  to  an  average  stress  p  of  12,000 
pounds  per  square  inch,  based  on  the  thickness  of  the  weld, 
P  will  be  6000  pounds;  as  shown,  E  is  1/16  inch,  and  A,  0.5 
inch.    Then,  by  the  formula,  the  maximum  fiber  stress  will  be: 

/          6  X  1/16  \ 
8  =  12,000  X     1  -I =  12,000  X  1%  =  21,000  pounds 

\  0.5       / 

or  1%  times  the  average  stress  over  the  section  of  the  weld. 
But,  based  on  the  thickness  of  the  sheet,  the  piece  would  be 


i  -■•)•.•■ ' 


Fl(.  3.    Wreu(ht-lron  Wlrn 
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Fig.  3.    Laps  and  Dirt  along  Edge  of  Vee;  magnified  60  Times 

subjected  to  a  stress  p  of  15,000  pounds  per  square  inch.  Then 
P  will  be  7500  pounds;  E  is  1/16  inch;  and  A,  0.5  Inch.  Then 
the  maximum  fiber  stress  will  be: 

/    6  X  1/16  \ 

&'  =  15,000  X  1  H =  15,000  X  1%  =  26,250  pounds 

V  0.5       / 

In  each  case  the  maximum  fiber  stress  will  be  too  great  for 
safety.  This  difference  between  the  maximum  and  minimum 
stresses  on  opposite  sides  of  the  sheet  causes  the  plate  to  bend 
toward  the  bottom  of  the  vee,  and.  In  the  course  of  time,  is 
very  likely  to  result  in  fracture.  The  time  necessary  for  this 
to  occur  may  be  short  or  long,  depending  on  the  ecccntriclly 
of  the  load  and  on  the  amount  of  the  stress.  Kspecial  atten- 
tion is  called  to  the  fact  that  a  comparatively  small  eccentricity 
produces  enormous  fiber  stresses,  and  it  is  possible  for  these 
stresses  to  be  so  great  that  the  i)lecc  will  l)roak  the  first  time 
the  load  Is  applied.  Any  results  obtained  from  tensile  tost 
pieces  made  with  reinforced  wolds  arc  erroneous  and  mis- 
leadhiR.  All  published  tests  the  writer  recalls  wore  made  on 
test  pU'ces  Hint  were  not  niuchlnod,  which  doubtless  con- 
trlbnli'd  larni'ly  to  the  discordant  rcsiillw  hIiIiiIiumI.     There  an> 

MO   piilillslicrl    roHulls  of   weld   IcmIm   llnil    ;ir msl.'flcnl,   lis   fur 

a.s  llir-  wriler  knows. 

Soniowhut  ulonK  the  Huino  linos  Is  the  Hlulcnii'iil  Ihnl  rein 
forcliijj  a  wold  Is  (M|iilviilent  to  welding  (hrmirli  Uh'  plci  c. 
which  was  nindo  to  (ho  wriler  some  time  uro  by  (Ih'  I'orciiKui 
111'  wi'ldiTH  111  III!  Important  tank  shop.    It  Is  ovlilcnl  llial  wlirni 
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the  weld  is  not  made  entirely  through  the  vee,  the  eccentricity 
and  the  fiber  stress  are  greatly  increased,  thus  weakening 
the  structure. 

Higrh  Tensile  Streng-th  in  a  Weld  is  Seldom  of  Great  Importance 

Most  welders,  in  speaking  of  the  quality  of  their  welds,  lay 
great  stress  on  the  tensile  strength.  As  a  matter  of  fact,  high 
tensile  strength  is  of  much  less  importance  than  other  charac- 
teristics. No  important  engineering  structure  that  the  writer 
can  think  of  at  the  present  moment  is  subjected.  In  any  of  its 
parts,  to  an  unvarying  tensile  stress.  The  stress  always  varies 
from  zero,  or  some  amount,  to  a  maximum,  or  from  a  maxi- 
mum in  one  direction  to  a  maximum  in  the  other;  in  addition, 
these  changes  are  usually  accompanied  by  shock.  To  provide 
for  these  variations  from  a  steady  stress,  it  is  customary  to 
lower  the  permissible  fiber  stress,  especially  in  the  last  case. 
For  instance,  a  boiler  or  pressure  vessel  is  never  free  from 
changes  in  pressure,  and  so  the  proper  reduction  in  stress 
must  be  made. 

A  weld  is  nothing  more  than  a  casting  that  has  not  been 
heat-treated;  and  while  it  has  enough  tensile  strength,  it  is 
brittle  and  has  low  resistance  to  shock,  vibration,  and  changes 
in  stress.  It  is  far  more  important  to  produce  a  weld  without 
these  bad  qualities  than  to  strive  for  high  tensile  strength, 
as  the  strength  is  always  sufficient  if  the  weld  is  no  thicker 
than  the  sheet.  In  fact,  an  unannealed  weld  resembles,  in 
ductility,  a  piece  of  cast  iron.  This  is  very  noticeable  in 
pulling  test  welds  in  a  tensile  testing  machine,  as,  when  not 
annealed,  it  is  difficult  to  get  their  elastic  limit,  it  being  fre- 
quently so  close  to  the  ultimate  strength  that  the  piece  breaks 
before  it  Is  really  certain  that  the  drop  of  the  beam  has  oc- 
curred. It  is,  therefore,  evident  that  physical  properties  here- 
tofore generally  neglected  must  be  obtained  in  welds  even 
at  the  sacrifice  of  some  tensile  strength. 

Wrought  Iron  is  not  Necessarily  the  Best  Welding  Material 

The  statement  is  commonly  made  that  wrought-iron  wire  is 
the  best  material  for  welding  steel;  in  fact.  In  1915,  the  writer 
made  the  following  statement:  "It  is  generally  claimed  that 
wrought-iron  wire  is  the  best  for  this  purpose  and  that  the 
imported  wire  is  better  than  the  domestic.  ...  It  is,  how- 
ever, somewhat  of  a  question  whether  material  with  a  small 
percentage  of  carbon,  say,  0.1  per  cent  or,  perhaps,  as  low 
as  0.05  per  cent,  would  not  give  just  as  good  results,  provided 
the  impurities,  such  as  sulphur  and  phosphorus,  were  kept  to 
as  low  a  point  as  is  the  case  in  wrought  iron.  There  ar^  other 
matters  in  connection  with  this  subject  that  have  never  been 
investigated,  as  far  as  the  author  knows,  and  inasmuch  as 
their  investigation  requires  great  accuracy  and  considerable 
time  and  expense,  the  lack  of  information  is  not  to  be  won- 
dered at.     It  is  a  fact,  however,  that  the  use  of  any  pure  iron 
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wire  gives  good  results  and,  until  the  matter  is  more  care- 
fully investigated,  one  is  safe  in  using  that  material."  Wrought 
iron  of  the  purest  kinds  was  probably  the  best  material  avail- 
able at  one  time,  and  it  was  much  better  several  years  ago 
than  it  is  now.  Also,  as  the  demand  for  welding  wire  was 
small,  it  did  not  pay  to  make  special  materials  for  this  pur- 
pose. However,  wrought  iron  made  by  the  puddling  process 
contains  slag  which  is  likely  to  get  mixed  in  the  weld  and 
weaken  it.  This  may  be  seen  in  Fig.  2,  where  a  piece  of  wire 
is  shown  magnified  200  times;  also  in  Fig.  3,  which  shows 
the  laps  and  dirt  along  the  edges  of  a  vee  that  has  been  magni- 
fied 50  times.  There  is  no  use  in  putting  into  a  weld  foreign 
matter  that  must  at  once  be  removed,  but  which  can  be  done 
only  with  considerable  trouble  on  the  part  of  the  welder.  Low- 
carbon  steel  wire  is  free  from  slag,  as  shown  in  Fig.  4,  and 
is,  therefore,  superior  to  a  product  that  contains  it.  Still,  care 
must  be  taken  to  get  wire  quite  free  from  sulphur  and  phos- 
phorus, either  of  which  may  cause  trouble  in  the  weld;  and 
as  ordinary  wire  is  likely  to  contain  these  in  quantity,  it 
should  be  avoided. 

Adding  Small  Quantities  of  Metal  at  a  Time  Is  not  Good  Practice 

A  steel  casting  manufacturer  does  not  pour  his  molds  from 
a  number  of  small  ladles,  but  uses  one  large  enough  to  pour 
the  entire  casting  at  one  time.  He  also  keeps  the  metal  fluid, 
so  that  dirt  and  impurities  can  get  to  the  risers,  producing  a 
clean  casting.  Making  a  weld  in  steel  is  the  same  as  making 
a  steel  casting.  Following  the  analogy,  the  more  metal  that 
can  be  kept  in  a  molten  condition  at  a  time  in  a  weld,  the 
cleaner  it  will  be.  Adding  small  quantities  tends  to  produce 
laps  and  cold-shuts  and  to  include  impurities  in  the  weld; 
this  is  shown  in  Fig.  5,  which  illustrates  a  weld  magnified 
430  times.  A  clean  weld  is  the  foundation  of  successful  weld- 
ing; therefore,  the  addition  of  small  quantities  of  wire  at  a 
time  should  be  avoided. 


NOVEL  SCHEME  FOR  WRECKING  OLD  MASONRY 
The  expansive  force  of  quicklime,  according  to  the  Scientific 
AmeHcan,  has  been  lately  used  effectively  in  breaking  up  brick 
masonry.  It  was  necessary  to  remove  three  foundation  piers, 
each  12  by  20  feet  in  area  and  12  feet  high,  and  similar  piers 
supporting  working  engines  on  each  side  prevented  blasting. 
As  cutting  and  breaking  up  by  hand  was  too  slow  and  ex- 
pensive, the  new  method  was  tried.  Vertical  holes  three  inches 
across  and  three  feet  deep  were  bored  three  feet  apart  in  both 
directions  and  were  filled  to  within  six  inches  of  the  top  with 
quicklime,  fresh  and  well  slaked.  The  holes  over  the  wet  lime 
being  closed  with  well  tamped  brick-dust,  cracks  started  in 
ton  minutes,  soon  breaking  the  pier-tops  into  three-foot  cubes, 
and  making  subsequent  hand  operations  easy. 


Fl(.  4.     Low-carbon  St<-i<l  Wirn.   mariilAi<<l  200  Timci,    ihowing   Abionc 
or   Slac 


According  to  the  Wisconsin  Industrial  Commission  reports, 
during  the  last  half  of  1917,  the  industrial  accidents  in  the 
state  showed  a  reduction  of  14  per  cent  as  compared  with  the 
corresponding  period  In  1916.  This  decrease  is  attributed  to 
the  commission's  safety  and  sanitation  work. 


1016 


MACHINERY 


July,  1918 


OPERATING  THE  GRIDLEY  AUTOMATIC  TURRET  LATHE-  2 


EXAMPLES  OF  CAMMING  AND  SETTING  OF  TOOLS 

BY  DOUGLAS  T.  HAMILTON' 


IN  the  first  installmeiit  of  this  article,  published  in  the  June 
number  of  Machinery,  the  general  directions  for  setting 
up  and  operating  the  Gridley  automatic  turret  lathe  were 
given.  The  present  installment  will  take  up  some  specific 
examples  of  work  done  on  the  machine  and  will  show  the 
camming  required  and  the  tool  set-up  necessary. 

Tooling-  Lay-out  for  Making  Counterbored  Bushing 

The  counterbored  bushing  illustrated  in  Fig.  17  has  been 
selected  to  show  the  working  relations  of  the  forming  slide 
to  the  turret-slide,  when  working  at  the  same  time;  and  also 
of  the  cutting-off  and  counterboring  tools  when  working  at 
the  same  time.  This  part  is  to  be  made  from  2y2-inch  cold- 
rolled  steel,  and  hence  will  be  handled  on  a  3i/4-inch  machine. 
The  operations  required  to  complete  this  part  are: 

Position  Operation 

First Form  and  drill  large  hole 

Second Drill  small  hole 

Third Skip 

Fourth Combination  ream  and  counterbore,  and  cut  off 

The  procedure  to  follow  in  setting  the  various  cams,  dogs, 
tools,  etc.,  to  complete  this  part  is  given  in  the  following;  the 
method  of  selecting  the  cams  has  been  fully  explained  in  the 
preceding  article. 

Assuming  that  the  proper  spring  chuck  and  feed-chuck  have 
been  put  into  place  and  all  the  tools  and  cams  used  for  a  previ- 
ous job  have  been  removed,  proceed  in  the  following  manner 
to  set  the  cams,  dogs,  etc.,  for  producing  the  part  shown: 
First,  crank  the  machine  by  hand,  and  when  roll  B  is  on  the 
high  point  of  cam  D,  roll  G  should  be  on  the  high  point  of 
cam  587-B.     This  cam  should  be  relieved,  depending  on  the 
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amount  that  the  collet  feeds  forward  in  closing  on  the  work. 
To  return  the  stop,  return  cam  66-B  should  be  set  to  allow 
clearance  for  roll  G  to  pass  between  it  and  cam  587-B.  When 
roll  G  is  flush  with  the  high  point  of  the  return  cam,  the  in- 
dexing dog  should  be  set  to  index  the  turret.  Indexing  should 
only  be  done  when  the  machine  is  operating  on  the  fast  feed. 
Now  revolve  the  turret  to  bring  the  first  slide  into  position, 
and  set  cam  64-B  against  roll  G.  The  slow-feed  dog  should  be 
set  at  this  time  for  safety  sake  when  setting  up  the  machine. 
Crank  the  machine  forward  until  roll  G  is  on  the  high  point 
of  cam  64-B  and  set  the  forming  cam  to  the  high  point  of 
roll  H,  allowing  clearance  for  the  roll;  also  set  the  fast-feed 
dog  on  the  cam-operating  drum.  Set  the  forming  slide  return 
cam  4S2-B  and  tool-slide  return  cam  63-B,  allowing  clearance 
for  the  rolls.  Now  crank  the  machine  forward  until  roll  G 
is  flush  with  the  high  point  of  return  cam  63-B  and  set  the  dog 
for  indexing  the  turret;  revolve  the  turret  to  the  second  slide, 
stopping  the  machine  at  this  point. 

Setting-  Drilling  Cam 

The  next  operation  is  drilling  the  small  hole,  which  is  to 
be  performed  from  the  second  slide;  cam  62-B  is  selected  for 
this  operation.  Set  this  cam  and  the  slow-feed  dog  and  crank 
the  machine  forward  until  roll  G  is  on  the  high  point  of  the 
cam  62-B;  then  locate  the  fast-feed  dog.  Set  return  cam  63-B, 
allowing  clearance  for  the  roll  to  pass,  and  crank  the  machine 
forward  until  roll  G  is  flush  with  the  high  point  of  the  re- 
turn cam;  then  set  the  indexing  dog.  Plug  up  the  indexing 
slot  in  the  third  position  and  index  to  the  fourth  position. 

Setting  Cut-off  and  Counterboring  Cams 

We  are  now  ready  to  set  the  cams  for  the  cut-off  tool  and 
counterbore,  which,  as  shown  in  Fig.  17, 
work  at  the  same  time.  Crank  the  machine 
to  the  high  point  of  the  cut-off  cam  499-B, 
which,  with  the  return  cam  4S3-B,  should 
be  set  so  as  to  return  the  cut-off  tool  clear 
of  the  spindle  nose  when  roll  B  is  on  the 
high  point  of  the  chuck-opening  cam  C. 
Crank  the  machine  backward  to  the  high 
point  of  the  cut-off  cam  and  locate  return 
cam  155-B,  so  as  to  return  the  tool-slide  far 
enough  to  allow  the  piece  to  drop  off  the 
counterbore  when  it  is  cut  off.  Again  crank 
the  machine  backward  and  set  cam  62-B  for 
the  counterbore,  allowing  clearance  for  the 
roll;  set  the  slow-feed  dog  at  the  low  point 
of  cam  62-B,  where  the  counterbore  starts 
to  work.  The  fast-feed  dog  should  be  set  at 
the  high  point  of  the  cut-off  cam  499-B,  and 
the  revolving  dog  should  be  set  after  the 
machine  has  been  shitted  to  the  fast  feed. 
This  completes  the  preliminary  setting  of 
the  cams. 

Setting  the  Tool.s 

The  vertical  forming  tool  and  holder 
should  bu  set  to  clear  the  spindle  nose  at 
the  high  point  of  the  cam,  and,  at  the  same 
time,  the  large  drill  should  be  set  at  the 
required  distance  from  the  spindle  nose.  Set 
the  stop  for  the  stock  at  the  required  dls- 
lan<;o  from  tlii!  Hplndlo  uose;  then  i)lace  suf- 
ficient wclKlita  on  the  chain  to  feed  the  stock 
out  to  the  stop  and  Index  from  the  corner 
slop  position  to  the  flrst  slide.  Crank  the 
ninchlno  forward  to  the  high  point  of  the 
cnni,  wntohlng  the  fust-feed  dog,  and  adjust 
Iho  forming  tool  for  tho  height  and  diameter 
and    Bot   tlio  stop   for   the  slide.     Index   the 
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turret  to  the  second  slide  and  drill  the  small  hole.  It  is  ad- 
visable in  all  cases  to  set  the  various  tools  with  relation  to 
the  face  of  the  chuck  before  placing  the  bar  of  stock  in  the 
chuck,  as  in  this  way  the  setting  of  the  tools  can  be  approxi- 
mately located  without  wasting  any  stock.  After  setting  the 
small  drill,  index  to  the  fourth  slide,  skipping  the  third  slide, 
and  set  the  counterbore.  Next  set  the  cut-off  tool  to  cut  off  the 
piece  and  travel  only  into  the  small  drill  hole,  not  to  the  center 
of  the  chuck.  This  completes  the  setting  of  the  tools,  but  it  is 
necessary  to  make  a  few  pieces,  adjusting  the  slow-  and  fast- 
feed  dogs  on  the  operating  drum  so  as  to  reduce  the  non- 
cutting  movements  and  thus  produce  the  part  in  the  shortest 
possible  time.  It  is  also  necessary  in  some  cases  to  make 
minor  adjustments  of  the  cutting  tools. 

Making  a  Thin  Washer 

The  thin  washer  shown  in  Fig.  18  is  to  be  made  from 
4%-inch  stock,  and  hence  will  be  handled  on  the  5-inch  ma- 
chine. It  should  be  noted  that  the  corner  stop  cannot  be  used 
because  it  will  not  clear.  This  example  shows  drilling,  coun- 
terboring,  and  reaming  operations  with  the  cut-off  tool  work- 
ing continuously.  As  shown,  the  operations  are  accomplished 
in  the  following  order: 


Operation 

set-over    tool,    and    cut 


Position 

First Form,    bore    with 

5/8  inch 

Second Drill,  turn,  and  cut  off  3/8  inch 

Third Ream  with  strippers  on  reamer  and  finish  cut- 
ting off  1/2  inch 

Fourth Feed  stock  to  stop 

The  procedure  to  follow  in  setting  the  various  cams,  dogs, 
tools,  etc.,  does  not  differ  materially  from  the  preceding,  and 
is,  briefly,  as  follows:  The  cams  are  set  in  the  following  order: 
Set  cam  65-B,  for  counterboring,  against  roll  G,  and  set  the 
slow-feed  dog  on  the  operating  drum  for  safety.  Crank  for- 
ward to  the  high  point  of  the  cam  and  set  the  continuous  cut- 
off cam  229-B,  which  is  made  special  for  this  job,  to  the  high 
point  of  roll  /  on  the  first  rise;  also  set  forming  cam  502-B 
to  the  high  point  of  forming-cam  roll  H.  Set  the  return  cam 
482-B,  allowing  clearance  for  the  roll  to  pass. 
Set  the  fast-feed  dog  on  the  cam  operating 
the  drum  at  this  point. 

Set  the  tool-slide  return  cam  155-B,  allow- 
ing clearance  for  the  roll  G,  and  crank  for- 
ward until  the  roll  G  is  flush  with  the  high 
point  of  the  return  cam,  setting  the  revolv- 
ing dog  on  the  operating  drum  at  this  point. 
Index  the  turret  to  the  second  slide  and  stop 
the  machine.  Crank  forward  to  the  high 
point  of  the  cut-off  cam — the  second  rise — 
and  then  set  the  cam  64-B  to  the  high  point 
of  the  turret  tool-slide  roll  G,  and  set  the 
fast-feed  dog  on  the  drum.  Crank  backward 
to  the  low  point  of  the  cut-off  cam  229-B — 
the  second  rise — and  set  the  slow-feed  dog 
for  safety.  Now  locate  the  tool-slide  return 
cam  155-B,  allowing  clearance  for  the  roll  G, 
and  crank  until  the  roll  O  is  flush  with  the 
high  point  of  the  return  cam  155-B  and  set 
the  revolving  dog.  Index  to  the  third  slide 
and  set  the  high  point  of  the  tool-slide  cam 
61-B  to  the  high  point  of  the  third  rise  on 
the  cutoff  cam,  and  set  the  fast-feed  dog  at 
this  point.  Crank  backward  to  set  the  slow- 
feed  dog  at  the  low  point  of  cam  61-B  and 
set  the  tool-slide  return  cam  155-B,  allowing 
clearance  for  the  roll;  also  set  the  special 
return  cam  for  the  cut-off  arm,  allowing  for 
clearance.  The  next  step  is  to  crank  back- 
ward until  the  roll  O  is  flush  with  the  high 
point  of  the  return  cam  155-B  and  set  the 
revolving  dog.  When  laying  out  the  special 
continuous  cut-off  cam  229-B,  the  flrst  rise 
on  the  cam  Is  made  to  give  5/8  inch  travel 
of  the  slide;  the  second  rise  gives  3/8  inch 
travel,  and  the  third,  1/2  inch  travel.  These 
rises  are  laid  out  so  that  they  occupy  about 


the  same  time  as  the  operations  performed  from  the  tool- 
slides.  The  concentric  portions  of  the  cam  are  laid  out  to 
stop  the  travel  of  the  slide  while  the  turret  is  indexing.  On 
the  third  slide,  the  piece  is  cut  off  and  the  work  is  removed 
from  the  reamer  by  the  strippers  when  the  tool-slide  returns; 
the  stock  is  then  fed  out  to  the  stop  in  the  fourth  position. 
The  tools  are  set  in  the  manner  previously  described,  and  the 
final  setting  of  the  indexing,  fast-feed,  and  slow-feed  dogs  is 
made  after  the  machine  is  operating  under  power. 

Producing  a  Long  Shaft 

The  third  example  is  a  long  shaft,  which  illustrates  a  long 
forming  operation,  shown  in  Pig.  19.  Owing  to  the  length  of 
this  form,  it  is  impossible  to  operate  the  forming  tool  at  the 
same  surface  speed  as  the  turning  tool,  so  the  order  of  the 
operations  is  as  follows: 

Position  Operation 

First Turn 

Second Form  and  support,  using  two  rolls 

Third Skip 

Fourth Thread  and  cut  off 

This  part  is  made  from  1%-inch  cold-rolled  steel,  and  is 
handled  on  a  214-inch  machine.  As  the  corner  stop  is  used, 
the  fifth  turret  index-hole  is  not  blocked.  The  first  operation 
is  to  turn  the  bar  for  a  distance  of  4%  inches;  then  the  turret 
is  indexed  to  the  second  position,  and  the  speed  of  the  spindle 
changed  to  one-half  the  spindle  speed  used  for  turning.  The 
bar  is  formed  at  the  points  indicated,  and  rolls  held  in  special 
supports  are  brought  in  from  the  turret.  In  order  that  the 
rolls  will  remain  stationary  while  the  forming  tools  are  at 
work,  a  special  cam  is  used  on  the  main  drum;  this  cam  is  as 
long  as  the  amount  of  circumference  of  the  drum  occupied 
by  the  forming  operation.  The  third  index-hole  is  plugged 
and  the  turret  is  indexed  to  the  fourth  position  with  the  spin- 
dle still  operating  at  the  same  speed  as  that  used  for  forming. 

The  machine  is  run  on  the  fast  feed  until  the  die  has  ap- 
proached the  work,  when  it  is  shifted  to  the  slow  feed,  at 
which  speed  it  is  run  until  the  die  opens,  when  the  spindle  is 
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of  the  cut.  This  is  accomplished  by  a 
special  cam  278-B,  which  is  cut  away  to 
give  a  fast  feed  to  start,  and  to  reduce 
the  feed  when  the  taper  part  of  the  reamer 
comes  into  action.  The  cut-off  tool  comes 
into  action  after  the  reamer  has  been  fully 
withdrawn  from  the  work.  A  fast-feed  dog 
is  set  when  the  piece  has  been  cut  off  and 
the  turret  is  indexed  and  the  series  of 
operations  is  completed  on  the  next  piece. 
The  full  procedure  to  follow  in  setting  the 
various  cams  and  tools  has  not  been  in- 
cluded in  the  last  two  examples  for  the 
reason  that  the  setting  of  the  tools  and 
cams  does  not  differ  materially  from  that 
described. 


TINNING  CAST-IRON  VESSELS 

A  method  has  been  developed  by  the 
French,  according  to  La  Chronique  Indus- 
trietle,  for  tinning  cast-iron  vessels.  To  se- 
cure adhesion  of  the  tin  to  the  cast  iron, 
the  carbon  must  be  removed  from  the  iron 
or  the  vessel  must  be  polished  by  mechani- 
cal means.  To  remove  the  carbon,  the  iron 
vessel  is  coated  with  oxide  of  iron  or  man- 
ganese, or  enclosed  in  a  box  filled  with  this 
oxide,  and  subjected  to  a  high  temperature 
for  from  four  to  six  hours.  After  this  length 
of  time,  the  iron  is  sufficiently  decarburized 
to  permit  the  adhesion  of  the  tin.  The  iron 
vessel  is  then  cleaned  with  dilute  sulphuric 
acid,  to  which  a  little  blue  vitriol  has  been 
added,  after  which  it  is  immersed  in 
molten  tin.    If  the  interior  is  to  be  coated. 

Tig.  19.    Tooling  Lay-out  for  a  Long  Shaft  largely  completed  by  Forming  molten   tin,  to  which   a  little  sal-ammoniac 

changed  to  the  fast  speed  again.  The  cut-off  tool  is  now  has  been  added,  is  vigorously  rubbed  over  the  surface.  The  ves- 
brought  in  on  the  slow  feed  and  the  piece  cut  off.  As  soon  sel  should  be  heated  before  the  tin  is  applied,  and  the  heating 
as  the  piece  is  cut  off,  the  dogs  are  set  to  change  to  the  fast  must  be  carefully  done  to  prevent  the  oxidation  of  the  surface, 
feed  and  to  index  the  turret.  This  series 
of  operations  is  repeated  on  the  next  piece. 

Producing:  a  Long  Sleeve  with  a  Tapered  Hole 

The  long  sleeve  with  a  tapered  hole  shown 
in  Fig.  20  illustrates  how  drilling  and  turn- 
ing operations  can  be  accomplished  at  the 
same  time,  also  reaming  and  cutting-off 
operations.  The  part  is  made  from  4-inch 
cold-rolled  steel,  and  hence  will  be  handled 
on  a  41/i-lnch  machine.  The  operations 
neceBsary  to  complete  this  piece  are  as 
follows: 

Position  Operation 

First Drill  and  turn 

Second Rough-ream 

Third Form  and  support 

Fourth Finish-ream  and  cut  off 

The  drill  1b  the  first  tool  brought  Into  po- 
slllon,  as  11  has  to  travel  slightly  farther 
than  the  turning  tool,  which  is  held  on  the 
Hame  tool-slide.  Cam  329-B  Is  selected  to 
give  a  feed  that  Is  suitable  for  both  tools. 
The  turret  Is  now  Indexed  to  the  second  po- 
sition and  the  work  rough-roamed.  It  Is 
next  lndcx(;d  to  the  third  allde,  whore  the 
work  la  formed  from  the  forming  slide  and 
Is  supported  from  the  turret  by  a  special 
Internal  Hupport.  In  order  that  the  support 
will  remain  In  poHlLlon  while  the  forming 
tool  Is  nl  work,  a  Hpcclal  cam  O.IH  Is  nenoB- 
sary  on  llio  main  drum.  The  turret  Is  now 
Indexed  to  thrr  fourth  hIUIc,  where  the  hole 
In  flnlxh-taper-reamed,  and  cut  olT.  It  will 
be  noticed  that  the  reamer  Ih  roriulrcd  to 
take  a  long  tapor  cut  to  flniith,  no  that  thn 
feed  of  the  tool   will   lie  rt'ducod  at  Ihn  end 
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Fig.  1.     Parts  of  Wright  Holler  Bearing  before  and  after  being  assembled. 

A,   Cone:  B,  Sing;  C,  Betaining  Bings;  S,  Rollers;  £,  Assembled 

Cone    and    Rollers 

THE  Wright  Roller  Bearing  Co.  of  Philadelphia,  Pa., 
manufactures  bearings  for  automobiles  and  commercial 
trucks.  These  bearings  are  made  in  a  number  of  different 
sizes  to  cover  a  considerable  range  of  load  carrying  capacities. 
All  sizes  are  of  the  same  design,  and  briefly  stated,  the  com- 
ponent parts  of  a  Wright  roller  bearing  are  the  inner  and  out- 
er raceways  between  which  runs  a  series  of  tapered  rollers; 
these  rollers  have  a  small  pilot  at  each  end  so  that  they  may 
be  held  in  position  on  the  inner  raceway — at  those  times  when 
the  outer  race  is  removed — by  means  of  two  sheet  steel  re- 
taining rings.  When  the  bearing  is  completely  assembled, 
these  retaining  rings  play  no  part  in  its  operation,  as  the 
rollers  are  maintained  in  proper  alignment  by  means  of  their 
taper,  which  causes  each  roller  to  automatically  assume  a 
position  with  its  axis  converging  to  a  common  point  on  the 
shaft  axis,  this  point,  of  course,  being  located  at  some  distance 
from  the  position  at  which  the  bearing  is  mounted.  When 
the  outer  bearing  raceway  is  removed,  the  retaining  rings  are 
depended  upon  to  hold  the  rollers  in  position  on  the  inner 
bearing  raceway.  From  this  description  it  will  be  seen  that 
in  the  form  in  which  it  is  shipped  from  the  factory,  a  Wright 
roller  bearing  comprises  two  units,  one  of  which  is  made  up 
of  the  inner  raceway,  the  rollers,  and  the  retaining  rings,  while 
the  other  consists  simply  of  the  outer  raceway. 

It  is  the  purpose  of  the  present  article  to  describe  methods 
used  in  the  Wright  Roller  Bearing  Co.'s  factory  in  manufac- 
turing its  product.  Figs.  1  and  2  show  parts  of  the  Wright 
roller  bearing.  The  inner  raceways  or  cones  are  made  from 
bar  stock,  which  is  machined  on  Grldley  automatics.  The 
Inner  cones  are  of  the  desired  form  when  they  leave  these 
machines,  with  the  exception  that  a  "radius"  has  to  be  turned 
on  the  cut-off  end,  as  shown  at  A  in  Fig.  2,  and  seats  B  and  C 
have  to  be  cut  for  the  retaining  rings.  For  performing  the 
radial  turning  operation,  the  work  is  held  in  a  Barker  quick- 
acting  chuck,  which  is  made  by  the  Thomas  Elevator  Co., 
22  S.  Hoyne  Ave.,  Chicago,  111.,  and  the  same  type  of  chuck 
is  employed  for  turning  seats  B  and  C  for  the  retaining  rings. 
In  Fig.  3  is  shown  the  operation  of  turning  the  radius  at  the 
small  end  of  the  cone. 

Practice  In  Heat-treatlngr  Bearlnur  Parts 

The  work  is  now  ready  to  go  to  the  heat-treating  depart- 
ment, where  the  first  step  is  to  carburize  the  steel.  This 
is  done  by  the  usual  method  of  packing  the  bearing  parts 
In  boxes  of  carbonaceous  material  and  subjecting  it  to  a  tem- 
perature of  1G75  degrees  F.  for  from  eight  to  ten  hours.  The 
work  is  then  removed  from  the  carburlzing  boxes  and  placed 
In  another  furnace  where  its  temperature  is  raised  to  1550 
degrees  F.,  after  which  It  is  withdrawn  and  quenched  In  oil, 
A  third  heat-treatment  is  then  given  to  the  work  by  raising 


its  temperature  to  from  1475  to  1500  degrees  F.  and  quenching 
it  in  water.  This  procedure  in  heat-treatment  is  also  followed 
in  the  case  of  the  outer  bearing  races  and  the  rollers,  so  that 
no  further  discussion  will  be  necessary  in  connection  with 
descriptions  of  the  way  in  which  these  parts  are  made.  This 
method  of  heat-treatment  is  the  means  of  producing  a  very 
hard  surface  on  the  work.  This  department  is  furnished  with 
Shore  pyroscopes  and  Brown  pyrometers. 

Grinding-  Operations  on  Inner  Cones 

After  being  heat-treated,  the  work  goes  to  the  grinding  de- 
partment where  the  first  step  is  to  grind  a  flat  surface  D, 
Fig.  2,  at  one  end  of  each  cone.  This  is  done  by  loading  the 
work  on  a  magnetic  chuck  mounted  on  a  special  surface 
grinder  shown  in  Fig.  4.  It  will  be  apparent  that  this  machine 
is  a  converted  planer,  and  it  is  one  of  the  oldest  machines  used 
by  the  company.  Despite  this  fact,  however,  it  is  giving  such 
satisfactory  service  that  there  seems  to  be  no  adequate  reason 
for  investing  in  a  standard  surface  grinder  to  take  the  place 
of  this  special  machine.  It  will  be  evident  to  the  reader  that 
this  grinder  has  been  made  from  a  small  sized  planer. 
The  magnetic  chuck  is  placed  on  the  planer  table,  while  the 
special  grinding  wheel  head  is  mounted  on  the  regular  ways 
on  the  cross-rail.  The  table  reciprocates  under  the  wheel 
and  the  regular  power  feed  is  used  for  feeding  the  wheel 
down  until  a  stop  is  reached.  The  flat  surface  ground  at 
one  end  of  the  inner  cones  by  this  machine,  is  used  as  a 
locating  surface  for  the  performance  of  subsequent  grinding 
operations. 

Nest  in  order  in  performing  the  grinding  operations  on  the 
cones  comes  the  finishing  of  the  inner  hole  E,  Fig.  2,  in  the 
cone.  For  this  purpose  the  work  is  held  on  a  magnetic  chuck 
mounted  on  either  a  Landis  or  a  Bryant  chucking  grinder. 
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Fig.    2.      Cro»'Sootion>l   Virwa   of   Bearing   Farti   and    Aisomblrd    Soaring 
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Lathe  equipped  with   "Barker"   Quick-acting  Chuck  for  holding 
Bearing   Cones 


It  will,  of  course,  be  apparent  that  with  the  ground  end 
surface  held  by  the  magnetic  chuck,  the  hole  will  have  to 
be  ground  at  right  angles  to  this  surface.  After  this  internal 
grinding  operation  has  been  completed,  the  cones  are  set  up 
on  a  mandrel,  which  is  located  at  the  proper  angle  to  the  wheel- 
spindle  of  a  Norton  cylindrical  grinder,  so  that  a  straight 
wheel  can  be  used  for  grinding  the  roller  track  or  raceway 
F  on  the  cone.    This  is  the  final  operation  on  these  parts. 

Machining-  Operations  on  Outer  Bearing'  Rings 

The  rings  in  which  the  outer  raceway  for  the  rollers  is 
ground,  are  made  from  bar  stock  which  is  machined  on 
either  7%-inch  Cleveland  automatics.  Fig.  7,  or  on  Gridley 
automatics,  according  to  the  size  of  the  work.  After  the 
rings  have  been  turned  on  these  machines,  they  are  sent 
to  the  heat-treating  department  and  subjected  to  the  same 
treatment  that  is  employed  in  the  case  of  the  inner  cones. 
They  are  then  brought  back  to  the  grinding  room  and  ground 
on  one  end  G,  Fig.  2,  on  the  machine  shown  in  Fig.  4,  which 
was  described  in  connection  with  the  grinding  of  the  inner 
cones.  The  rings  are  next  set  up  on  either  a  Bryant  chucking 
grinder,  or  on  a  Landis  or  Heald  internal  grinder,  to  provide 
for  grinding  the  tapered  hole  H,  Fig.  2,  which  forms  the 
outer  raceway  for  the  rollers.  As  in  grinding  the  inner  cones. 
the  Bryant  and  Landis  grinders  are  equipped  with  magnetic 
chucks,  while  work  ground  on  the  Heald  machines  is  held 
In  collet  chucks.  In  all  cases  the  finished  end  surface  of 
the  ring  is  used  as  the  locating  point. 

The  final  grinding  operation  on  the  rings  consists  of  grind- 
ing the  outer  surface  /  on  Norton  cylindrical  grinding  ma- 
chines, Fig.  8.  For  this  purpose  the  work  is  held  on  mandrels, 
on  which  provision  la 
made  for  holding  from 
two  to  seven  rings,  ac- 
cording to  their  size. 
These  mandrels  are 
furnished  with  collars 
having  a  double  taper 
corresponding  to  the 
ground  Inner  surface 
In  the  work,  so  that 
two  rings  may  be 
slipped  onto  each  col- 
lar. The  collars  are 
then  slipped  onto  the 
arbor,  on  which  they 
are  prevented  from  ro- 
tating by  means  of  a 
key,  and  a  C-washor, 
used  In  connection 
with  the  clamping  nut 
that  holdH  the  rollarB 
on  the  arbor,  makoB 
It    necessary    only    to 

loosen      the     nut     to  

romnvo     the     collars.  Fir.  ».    Funi.o«i  in  whioh  Con 


Fig.  4.    Small  Planer  converted  into  Surface  Grinder  for  grinding  One 
End  of   Cones   and   Rings 

Making  Conical  EoUers 
The  conical  rollers  used  in  Wright  bearings  are  made  on 
National-Acme  automatic  screw  machines.  In  this  connec- 
tion attention  is  called  to  the  fact  that  the  rollers  are  cen- 
tered at  the  end  in  order  to  provide  means  of  holding  for 
a  subsequent  grinding  operation.  The  next  step  is  to  subject 
the  work  to  the  same  process  of  heat-treatment  which  has  been 
described  for  the  cones  and  rings  of  the  bearings.  After 
heat-treatment  the  grinding  is  done  on  a  Landis  machine 
shown  in  Fig.  6,  which  is  equipped  with  a  collet  chuck  that 
grips  the  small  pilot  /,  Fig.  2,  at  one  end  of  the  roller,  while 
a  quick-acting  center,  manipulated  by  lever  A,  Fig.  6,  engages 
the  opposite  end  of  the  roller  so  that  it  is  firmly  supported  for 
grinding.  In  loading  the  machine,  a  roller  is  placed  in  clip 
B,  which  is  manipulated  by  push-rod  C.  After  a  roller  has  been 
put  in  position  in  the  clip,  rod  C  is  pushed  forward  so  that  the 
roller  is  brought  into  line  with  the  collet  chuck  of  the  machine. 
Lever  A  is  then  operated  to  cause  the  center  to  engage  the 
opposite  end  of  the  roller  and  push  it  over  sufficiently  so  that 
the  pilot  on  the  roller  enters  the  collet  chuck. 

Inspection  of  Rollers  before  Assembling 

After  being  ground,  the  rollers  must  be  very  carefully 
inspected,  both  for  finish,  taper  angle,  and  size.  The  inspec- 
tion room  is  divided  into  several  departments,  and  rollers 
arriving  in  the  inspection  room  are  first  looked  over  by 
inspectors  whose  duty  it  is  to  determine  the  perfection  of 
finish  of  each  roller.  All  work  which  passes  this  inspection 
satisfactorily  is  sent  to  a  second  department  where  the  inspec- 
tors use  angle-gages  of  the  form  shown  at  A  in  Fig.  9.  These 
gages  have  knife-edge  blades,  between  which  the  rollers  are 

placed,  and  if  any 
light  shows  between 
the  work  and  the 
knife-edges  of  the 
gage,  it  shows  that  the 
angle  is  incorrect,  and 
sucli  defective  rollers 
arc,  of  course,  imme- 
diately  rejected. 

The  actual  size  of 
rollers  in  a  bearing  Is 
not  of  vital  impor- 
tance, but  it  Is  abso- 
lutely important  for 
all  the  rollers  In  a 
bearing  to  be  of  exact- 
ly the  same  size.  The 
reason  for  this  Is  that. 
If  there  Is  any  differ- 
ence botwpon  tlio  sizo 
111'  .'idjaci'nt  rollers,  all 
of  Iho  load  will  bo 
concentrated  on  the 
Inrgrr  sized  rollers, 
while  tlioRo  which  are 


July,  1918 


MACHINERY 


1021 


for  loading  and 


Fig.    7. 


of  smaller  diameter  will  not  be  carrying  their  proportion  of 
the  load.  On  this  account  it  is  the  practice  to  gage  the  rollers 
with  a  special  dial  indicator,  shown  at  B,  which  has  a  V-block 
in  which  the  roller  is  placed  while  being  measured  by  a  dial 
test  indicator  reading  to  0.0001  inch.  This  indicator  is  set  at 
such  a  distance  from  the  V-block  that  when  in  contact  with  a 
roller  of  absolutely  the  required  size,  the  needle  will  stand 
at  zero  on  the  dial  of  the  instrument.  By  the  help  of  instru- 
ments of  this  type,  the  rollers  are  sorted  out  into  seven  differ- 
ent grades,  as  follows:  — 0.0015,  — 0.0010,  —0.0005,  O.K., 
+  0.0005,   +  0.0010,   +  0.0015  inch. 

Placed  on  the  inspection  bench  there  are  sheet-metal  flaps 
shown  at  C.  Each  of  these  flaps  has  seven  holes  marked  with 
the  sizes  of  the  seven  classes  of  rollers,  to  which  reference 
has  just  been  made.  As  the  inspectors  measure  each  roller 
under  the  dial  indicators,  they  drop  it  through  the  hole  in 
the  flap,  which  is  marked  with  the  size  to  which  the  roller 
has  been  found  to  belong.  The  roller  drops  through  the  hole 
in  the  flap  into  a  chute  leading  to  one  of  seven  bins  in  which 
the  different  sizes  of  rollers  are  stored  pending  their  delivery 
to  the  assembling  department.  Each  of  the  sheet-metal  flaps 
C  is  hinged,  and  when  an  inspector  drops  a  roller  through 
the  flap  he  pushes  it  down.  A  Veeder  automatic  counter  is 
geared  to  each  flap  so  that  in  this  way  a  record  is  kept  of 
the  number  of  rollers  which  are  passed  by  the  inspection 
department.  In  assembling  bearings,  rollers  of  the  same  size 
are  put  into  a  bearing  so  that  the  load  to  be  carried  when 
finally  placed  in  service  will  be  equally  distributed  over  the 
rollers,  in  the  way  which  has  already  been  described. 

Making-  Retaining:  Rings 
Attention  has  already  been  called  to  the  fact  that  the  rollers 
used  in  Wright  roller  bearings  have  a  small  pilot  at  each  end. 
The  purpose  of  these  pilots  J,  Pig.  2,  is  to  fit  under  retaining 
rings  so  that  the  inner  cone,  the  rollers,  and  the  retaining 
rings  may  be  held  together  in  a  single  unit  as  shown  at  E, 
in  Fig.  1.  The  retaining  rings  which  are  shown  at  C  in  Fig.  1 
are  blanked,   drawn,  and  punched   in   a  combination   die  and 


double-acting  power  press,  which  completes  the  press  work 
on  the  rings  at  a  single  operation.  Prom  this  machine  they 
are  taken  to  a  speed  lathe,  on  which  the  punched  hole  K, 
Fig.  2,  in  each  ring  is  finished  and  the  outer  edge  L  turned 
down  in  order  to  obtain  a  good  finish  and  to  have  the  flange 
on  the  ring  of  exactly  the  desired  length. 
Assembling-  Bearings 

In  assembling,  the  first  step  is  to  press  the  retaining  ring 
into  its  seat  C,  Fig.  2,  at  the  large  end  of  the  inner  cone,  this 
operation  being  performed  on  an  arbor  press.  The  cone  is 
then  placed  on  a  table  with  the  large  end  down,  and  a  com- 
plete set  of  rollers  is  dropped  into  place  in  the  retaining  ring. 
The  outer  bearing  ring  is  then  dropped  into  place  over  the 
rollers  in  order  that  the  raceway  in  this  ring  may  align  the 
rollers  properly.  After  this  has  been  done,  the  retaining  ring 
is  dropped  into  place  on  the  small  end  of  the  cone  and  pressed  . 
into  its  seat  B  with  the  arbor  press.  The  flanges  on  the  re- 
taining rings  now  hold  the  rollers  in  place  so  that  the  outer 
ring  may  be  removed,  leaving  the  rest  of  the  bearing  as  a 
self-contained  unit,  as  shown  at  E  in  Fig.  1.  The  assembled 
bearings  are  next  subjected  to  a  general  inspection,  after  which 
they  are  thoroughly  cleaned,  oiled,  and  wrapped  in  wax  paper 
preparatory  to  being  boxed  for  shipment.  E.  K.  H. 

*     *     * 

An  investigation  of  the  heat-insulating  eflSciency  of  various 
materials,  made  by  the  United  States  Bureau  of  Standards, 
shows  that  gypsum  is  the  most  efficient  fire-insulating  ma- 
terial. The  dense,  high-plaster  mixtures  give  much  better  re- 
sults than  the  porous,  low-plaster,  high-water  mixtures.  Con- 
crete and  clay  vary  somewhat  in  their  insulating  efficiency,  de- 
pending on  their  porosity.  The  denser  clays  conduct  the  heat 
a  little  more  rapidly  than  the  concrete,  while  the  more  porous 
clays  conduct  heat  somewhat  less  rapidly.  The  effect  of  the 
aggregates  on  the  conductivity  of  the  concrete  is  not  very 
marked;  there  is  very  little  difference  between  gravel,  trap 
rock,  clay  and  soft-coal  cinder  aggregate.  Limestone  concretes, 
however,  seem  to  give  a  much  lower  conductivity. 


N-orton    Plain    Orlndinr    Haolilne    with    Spaolal    Mandrel    for 
holding  Outnr  Rln(i 
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NOTCHING  AND  ASSEMBLING  PUNCH  AND 
DIE  FOR  SHELL  FUSE  SOCKET 

BY  DONALD  A.  BAKER  ' 

As  shown  in  Fig.  1,  the  fuse  socket  of  the  U.  S.  three-inch 
shrapnel  shell  consists  of  a  steel  forging,  machined  as  shown, 
which  has  inserted  in  it  a  thin  sheet-metal  disk  A,  swaged  in 
place.  The  operations  about  to  be  described  are  the  assembling 
of  this  disk  and  the  cutting  of  the  five  notches  B,  which  are 
performed  simultaneously.  It  is  not  necessary  to  hold  these 
notches  closely  to  dimensions  or  any  degree  of  smoothness,  as 
their  only  use  is  to  hold  the 
fuse  in  place  after  it  is  as- 
sembled and  screwed  In.  As 
first  planned,  the  five  notches 
were  to  be  cut  on  hand  mill- 
ing machines  fitted  with  suit- 
able indexing  fixtures.  Based 
'on  a  production  of  twenty 
thousand  pieces  per  day,  this 
would  probably  have  meant 
the  installation  of  about  ten 
machines  for  this  work  alone; 
besides,  a  press  operation 
would  have  been  necessary 
later  to  assemble  the  disks. 
As  three  dies  are  enough  to 
handle  this  production,  it  is 
hardly  necessary  to  say  that 
it  pays  to  use  considerable 
judgment  and  thought  in  the 
selection  of  methods  on  work 
of  this  kind.  The  unique 
idea  involved   in  this   die  is 


rig.    1.     Fuse  Socket   for  Three-inch   Shrapnel   Shell 


the  use  of  pivoted  arms  in  place  of  the  slides  that  are  fre- 
quently found  in  shops  handling  sheet-metal  products  that 
require  operations  on  several  sides  at  the  same  time. 

The  die,  shown  in  Fig.  2,  consists  of  a  cast-iron  base  or 
shoe  A,  into  the  center  of  which  a  hardened  and  ground  steel 
post  B  is  driven.  Over  this  post  is  placed  a  soft  steel  spider  C, 
into  which  is  driven  a  hardened  steel  bushing  D,  which  is  a 
sliding  fit  on  the  post.  This  spider  carries  five  punch-holders, 
or  pivoted  arms  E,  made  of  machinery  steel,  pack-hardened 
and  ground.  The  punches  F  are  shown  with  their  backing-up 
and  adjusting  screws  G  and  H,  while  at  /  is  shown  the  locating 
plug  over  which  the  fuse  socket  is  placed.  The  pins  J  and  K 
take  the  thrust  of  the  pins  L  and  actuate  the  pivoted  arms 
when  the  press  is  tripped;  one  of  these  pins  K  is  slotted  at  the 
top,  as  shown,  to  prevent  the  spider  from  turning  on  the  center 
post  and  throwing  the  arms  out  of  alignment  with  the  pins. 

The  body  M  of  the  assembling  punch  and  punch  retaining 
ring  N  are  of  soft  machinery  steel.    The  punch  proper  is  shown 

'AddreHs:  Care  of  Service  Engineering  Co.,  25  Church  St.,  New  York  City. 


at  0,  while  P  is  a  spring  plunger,  the  purpose  of  which  will 
be  explained  later.  A  spring  attached  to  the  press  bolster 
plate  or  direct  to  the  die-shoe,  if  more  convenient,  is  used 
in  connection  with  the  push-rod  Q  to  hold  the  spider  at  the 
top  of  its  stroke  ready  to  have  the  work  placed  in  position 
over  the  locating  plug  /. 

In  operation,  the  punch  and  die  works  as  follows:  The  fuse 
socket,  top  down,  is  placed  over  the  locating  plug  /,  the  disk 
having  been  put  in  place  in  the  bottom  of  the  socket.  Then,  as 
the  press  is  tripped,  the  punch  descends,  and  the  pilot  on  the 
end  of  the  spring  plunger  P  enters  the  hole  in  the  disk  to 
make  sure  that  it  is  perfectly 
central.  As  the  punch  con- 
tinues its  downward  move- 
ment, the  outer  edge  of  the 
spring  plunger,  backed  up  by 
the  spring  pressure,  seats  the 
disk  firmly,  and  the  punch  0, 
coming  into  contact  with  the 
base  of  the  fuse  socket,  forces 
the  socket  downward  together 
with  the  spider  C.  As  the 
spider  moves  downward,  the 
pivoted  arms  E  are  forced  in- 
ward by  their  contact  with 
the  pins  J  and  E  and  cut  out 
the  five  notches.  The  die  is 
so  planned  that,  as  soon  as 
the  notches  are  cut,  the  spider 
bottoms  on  the  end  of  the 
central  post,  and  thus  offers 
resistance  enough  for  the 
punch  0  to  swage  the  edge 
of  the  fuse  socket  base  in 
and  around  the  disk.  To  reduce  the  pressure  required  for  this 
operation,  the  face  of  the  swaging  punch  is  corrugated  or 
knurled  deep  enough  so  that  only  a  part  of  it  is  used  to 
accomplish  the  work. 

On  the  up-stroke  of  the  press,  the  spider  is  returned  to  posi- 
tion by  means  of  a  spring  located  under  the  die,  which  forces 
the  push-rod  Q  upward,  while  the  pivoted  arms  are  returned 
to  position  by  means  of  springs.  The  latter  are  not  shown,  as 
they  were  not  thought  necessary  at  the  time  the  design  was 
made.  The  speed  of  this  particular  die,  of  course,  depends 
on  the  skill  of  the  operator,  but  the  average  production  is 
between  7000  and  8000  pieces  per  day. 
*  *  * 
The  French  Committee  on  Women's  Work  has  raised  the 
prohibited  age  for  night  work  from  sixteen  to  eighteen  years. 
Night  work  for  women  must  not  exceed  six  hours  actual  work, 
must  not  be  instituted  if  the  output  can  be  maintained  by  day 
work,  and  must  be  the  first  work  to  be  cut  off  when  reductions 
of  output  occur. 
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ATTACHMENTS,    FIXTURES.    AND    LAPS   USED   FOR    PRODUCING    ACCURATE    THREADS 

BY  J.  E.  LINDGBEN' 


Thread-grinding  Lathe  used  in   the   Production  of  Accurate   Threads 


A  SPECIAL  thread-grinding  lathe  is  shown  in  Fig.  1.  Al- 
though this  machine  was  designed  for  thread  grinding 
only,  it  can  be  changed  into  a  thread-miller  by  making  a 
worm-wheel  drive  for  the  main  spindle  and  also  for  the  spindle 
on  the  grinding  fixture.  It  will  be  noticed  that  this  lathe  is 
not  provided  with  back-gears.  This  is  because  back-gears  are 
objectionable  on  grinding  lathes.  The  countershaft  can  be 
slowed  down  so  that  when  the  belt  is  placed  on  the  largest 
step  of  the  cone  pulley  the  spindle  will  make  60  revolutions 
per  minute,  which  would  be  the  right  speed  for  grinding  a 
thread  gage  3  to  4  inches  in  diameter.  The  lead-screw  of  this 
lathe  is  placed  in  the  center  of  the  lathe  bed  so  that  the  pull 
on  the  carriage  will  be  in  the  center.  This  obviates  any  pos- 
sible twisting  of  the  carriage  and  uneven  feeding.  Of  course, 
the  lead-screw  has  to  be  well  covered,  as  it  is  necessary  to  use 
water  in  grinding  a  thread,  and  this  would  ruin  the  lead-screw 
it  it  were  not  protected. 

The  lead-screw  is  made  on  a  master  thread-cutting  lathe 
and  is  made  only  long  enough  to  provide  feed  for  the  work  to 
be  ground.  It  is  not  necessary  to  support  one  end  of  it,  as  it 
has  three  bearings,  namely,  the  two  brackets  underneath  the 
headstock  and  the  nut  under  the  carriage,  which  takes  the 
place  of  one  end  bearing.  It  will  be  noticed  that  this  nut  is 
solid  and  not  made  in  halves,  as  is  the  custom  on  other  lathes, 
because  it  has  been  found  that  it  is  best  to  reverse  the  lathe 
when  going  back  to  take  another  cut.  The  solid  nut  also 
makes  the  carriage  feed  more  rigid.  The  lead-screw  can  be 
disconnected  from  the  drive  shaft  at  C,  so  that  when  it  be- 
comes worn  a  little,  it  can  easily  be  replaced.  The  tailstock 
and  tailstock  sleeve  are  cut  away  to  let  the  grinding  fixture 
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pass  when  grinding  very  small  plugs.  The  wheel  that  is  used 
is  only  about  3  inches  in  diameter  when  new.  The  car- 
riage is  provided  with  a  cross-slide  and  a  compound  slide,  the 
cross-slide  being  adjusted  with  a  fine-pitch  screw  of  twenty 
threads  per  inch,  so  that  the  dial  on  the  screw  can  be  grad- 
uated to  ten-thousandths;  this  is  very  necessary  because  in 
finish-grinding  a  thread  it  is  necessary  to  move  the  wheel  only 
0.00005  inch  to  a  cut,  the  dial  being  large  enough  to  make 
the  graduation  lines  about  1/32  inch  apart.  The  compound 
slide  has  no  graduated  dial,  as  it  is  used  only  for  adjusting 
the  wheel  to  the  thread  groove. 

The  gearing  for  driving  the  lead-screw  on  this  lathe  should 
receive  especial  attention.  Being  a  lathe  of  about  12  inches 
swing,  it  is  advisable  to  make  the  gears  of  very  fine  pitch,  say 
20  diametral  pitch,  and  as  the  gears  will  be  small  in  diameter, 
they  are  made  of  steel.  The  gears  must  be  turned  and  milled 
with  the  utmost  care,  because  if  they  are  not  true,  they  will 
not  drive  the  screw  evenly,  and  drunken  threads  will  be  the 
result.  As  this  lathe  has  no  feed  except  the  screw  feed,  it 
does  not  require  an  apron.  The  machine  is  simple  and  inex- 
pensive to  build  and  will  be  found  very  accurate  and  eflicient. 
When  grinding  a  thread,  water  must  be  used.  It  is  therefore 
necessary  to  provide  this  lathe  with  a  pan,  tank,  and  a  cir- 
culating pump;  the  top  of  the  machine  can  be  protected  by 
covering  it  with  heavy  oilcloth.  The  kind  of  wheels  to  be 
used  for  grinding  threads  is  a  hard  matter  to  decide  upon,  but 
by  experience  the  writer  has  found  that  a  ISO-J  carborundum 
wheel  will  give  satisfactory  results  for  grinding  any  thread 
having  not  over  twenty-five  threads  per  inch.  If  a  finer  thread 
is  to  be  ground,  an  India  oilstone  wheel  will  be  found  satis- 
factory. 
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Fig.   3.     Fixture   for  droning  Grinding   Wheel 
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The  thread-grinding  fixture  shown  in  the  side  elevation  and 
plan  view  in  Fig.  2  is  designed  to  do  accurate  grinding  at  a 
high  rate  of  speed.  The  wheel  can  be  set  at  any  angle  to  con- 
form to  the  helix  angle  of  the  thread,  and  it  can  also  be  ad- 
justed up  or  down  to  bring  the  center  of  the  wheel  in  line  with 
the  center  of  the  woric  being  ground.  In  making  a  grinding 
fixture,  one  must  bear  in  mind  that  it  cannot  be  machined  too 
accurately.  The  most  important  part  of  this  fixture  is  the 
spindle  A  and  its  bearings  B.  The  spindle,  being  made  of  tool 
steel,  is  hardened  and  ground.  It  is  well  to  make  it  of  some 
oil-hardening  steel  that  will  not  change  much,  if  any,  when 
hardened.  It  will  be  noticed  that  the  spindle  is  hollow,  so 
that  it  will  be  cooled  when  running  simply  by  the  air  passing 


Fig.   4.     Lap  for  Plug   Gage  Fig.  6.     Laps  for  Hing  Gage 

through  it.  The  bearings  B  are  made  of  some  good  bearing 
bronze,  and  it  is  necessary  that  they  be  absolutely  concentric. 
The  casing  C  is  a  cast-iron  sleeve  with  a  taper  hole  in  each 
end  for  receiving  the  bearings.  These  taper  holes  should  be 
in  line  with  each  other.  To  obtain  the  accuracy  desired,  first 
grind  one  hole  to  fit  the  bearing;  then  put  a  plug  in  the  chuck 
and  grind  this  to  fit  the  taper  hole  that  is  ground.  Then  place 
the  casting  on  the  plug  and  tap  it  lightly.  If  the  other  end  is 
ground  in  this  position,  these  two  taper  holes  should  be  true 
with  each  other.  It  is  also  necessary  to  have  the  ends  con- 
centric with  the  holes,  so  they  should  be  held  on  the  plug 
while  grinding. 

A  block  for  dressing  grinding  wheels  is  shown  in  Fig.  3. 
This  block  should  be  hardened  and  ground  all  over,  and  it 
should  be  lapped  at  C,  D.  and  E  and  tested  with  a  sine  bar. 
The  hole  through  the  block  which  is  to  receive  the  arbor  must 
be  true  with  C,  D,  and  E.  This  fixture  is  simple  in  design,  but 
can  be  made  very  accurately  and  will  dress  a  wheel  so  that  the 
only  lapping  necessary  on  the  plug  or  ring  gage  is  merely  to 
remove  the  vibration  marks.  These  vibration  marks  are  so 
small  that  they  will  not  be  seen  until  a  lap  is  applied.  When 
using  a  block  or  fixture  like  this  for  truing  the  wheel,  it  is 
possible  to  grind  a  plug  or  ring  gage  almost  to  size.  This  will 
increase  production,  because  it  requires  less  time  to  grind  than 
it  does  to  lap.  To  use  this  block,  simply  put  it  between  cen- 
ters. A  small  Jack  should  be  put  underneath  it  to  keep  It 
from  turning.  By  sliding  the  small  block  A  that  carries  the 
diamond  against  the  angle  of  the  large  block  B,  taking  care 
to  press  slightly  against  it,  the  wheel  can  be  dressed.  With  a 
little  practice,  no  dlfUculty  will  be  experienced  In  handling  it, 
and  the  writer  ventures  to  say  that  a  wheel  can  be  accurately 
dresHcd  In  about  two  minutes. 

To  lap  a  thread  Is  a  very  easy  matter  If  one  has  good  laps. 
When  a  thread  plug  gage  is  to  be  lapped,  the  procedure  is  as 
follows:  First  make  a  tap  and  grind  It  on  the  master  lathe 
to  hIzob  corresponding  to  the  plug  before  the  plug  Is  lapped. 
Good  practice  rcfjulroH  that  there  should  he  about  0.0005  Inch 
to  lap  all  over.  After  the  tap  has  been  made,  Inspected,  and 
found  to  be  all  right,  the  lap  can  be  made  as  shown  In  Fig.  4. 
This  In  made  of  very  sort  cast  Iron.  It  has  a  guide  pin  A, 
adjusting  screw  B,  and  a  screw  (J  tor  locking.  To  use  the  lap, 
simply  adjust  It  to  the  plug  thread,  put  on  some  lapping  com- 
pound, and  turn  the  plug  bark  and  forth  a  few  llmos;  then 
romovo  the  plug  and  reverse  ihn  lap.  Tiire  must  bo  taken  not 
to  run  the  lap  over  the  plug  loose,  as  this  will  ruin  the  shape 
of  the  thread,  and  If  It  Is  too  tight,  It  will  rniiso  ovorhoatlng. 
It  will  often  be  found  that  tho  plug  has  a  tendency  to  bo- 


come  smaller  at  each  end.  To  remedy  this,  a  narrow  lap 
must  be  used  so  that  the  high  points  can  be  lapped  off.  A  good 
lapping  compound  is  made  by  mixing  flour  carborundum  with 
vaseline;  the  amount  of  each  will  vary  according  to  the 
amount  of  stock  on  the  plug.  In  this  case,  use  a  mixture  of 
8  parts  of  vaseline  to  1  part  of  flour  carborundum  for  rough- 
lapping.  For  finish-lapping,  use  16  parts  of  vaseline  to  1  part 
of  flour  carborundum.  When  lapping,  wash  the  plug  and  lap 
often  in  gasoline  to  remove  the  fine  steel  chips  that  are 
produced. 

Three  laps  are  shown  in  Fig.  5  for  lapping  ring  gages, 
A  and  B  being  made  for  large  ring  gages,  and  C  for  smaller 
sizes.  They  are  made  of  cast  iron  and  are  ground  to  fit  the 
ring  gage  to  be  lapped.  Grinding  the  thread  on  a  lap  will 
insure  accuracy.  Lap  A  is  designed  for  roughing,  and  has  a 
tendency  to  make  the  ring  bell-mouthed.  Therefore,  it  is  neces- 
sary to  use  a  lap  with  only  a  few  threads,  as  shown  at  B,  for 
finish-lapping.  With  this  lap,  it  is  possible  to  obtain  a  ring 
which  is  straight  from  end  to  end.  The  lap  shown  at  C  is  for 
small  sizes,  and  as  it  will  expand  at  one  point  only,  one  lap  is 
sufficient. 

DRILLING  BAKELITE  AT  HIGH  SPEED 

At  the  plant  of  the  Johns-Pratt  Co.  in  Hartford,  Conn.,  it  is 
necessary  to  drill  parts  made  of  bakelite,  three  holes  1/8  inch 
in  diameter  being  drilled  through  a  thickness  of  approximate- 
ly 1/16  inch.  Trouble  was  experienced  in  handling  this  work 
through  rapid  destruction  of  the  twist  drills  by  chipping  the 
cutting  edges  when  the  work  was  done  on  a  drilling  machine 
running  at  from  3000  to  3500  revolutions  per  minute.  Recent- 
ly, the  Fenn  Mfg.  Co.  of  Hartford,  Conn.,  developed  a  sensitive 
drilling  machine  adapted  for  operation  at  speeds  ranging  from 
10,000  to  15,000  revolutions  per  minute,  and  after  the  trouble 
experienced  in  drilling  bakelite  had  been  called  to  the  attention 
of  this  firm  of  machinery  builders,  one  of  the  high-speed  sen- 
sitive drilling  machines  was  sent  to  the  Johns-Pratt  Co.'s  fac- 
tory for  trial  on  this  work.  After  preliminary  experiments 
had  been  conducted,  it  was  found  that  operating  at  a  speed  of 
11,000  revolutions  per  minute,  the  machine  gave  extremely 
satisfactory  results  on  this  work,  and  it  has  now  been  in  opera- 
tion for  several  months,  giving  ample  time  to  obtain  results 
which  are  quite  representative  of  average  conditions.  Running 
at  this  speed,  the  machine  drills  in  excess  of  6000  holes  per 
day,  i.e.,  the  production  is  over  2000  pieces  per  day.     The  ma- 


DrUlinc  Bakoltta  on  KI(li-ii|>ni><I  Soniitlvo  DrIIUni  Maohlm  built  ly 
Fonn    Mfg.    Co. 

chines  have  been  Bucceastully  used  for  drilling  small  holes  In 
metal  whore  the  high  speed  enables  tho  sninll  letter  sizes  of 
drills  to  bo  run  at  odlclont  cutting  spei'ds. 

A  feature  of  this  Fonn  hlgliHpoed  (IrHliiig  iiiiuhlno  Is  llio 
arrangcnuMit  of  the  fei-d  luvor  which,  It  will  be  .seen.  Is  counlcr- 
wolglited  with  tho  spindle,  ho  that  all  of  tho  pressure  applied 
by  tho  operator  to  tho  lever  goes  direct  to  tho  drill  point.  This 
makoH  tho  inachino  very  gonsltlvo  and  greatly  reduces  tlic 
poggllilllty  of  breaking  drills.  K.  K.   II. 


July,  1918 


MACHINERY 


1025 


RECENT  PROGRESS  OF  PYROMETRY' 

Considerable  progress  has  been  made  in  tlie  manufacture  of 
pyrometers  during  the  past  five  years,  several  new  instruments 
having  been  introduced  for  industrial  and  scientific  purposes. 
Various  investigations  of  fixed  points  have  been  made,  and  it 
has  been  found  that,  up  to  the  highest  reading  obtainable  on 
the  gas  scale — 1550  degrees  C. — the  present-day  standards  are 
apparently  fixed.  The  melting  point  of  platinum  is  accepted 
as  1755  degrees  C,  which  is  a  useful  calibration  point  for  high- 
reading  pyrometers.  The  United  States  Bureau  of  Standards 
issues  data  on  certified  fixed  points  of  materials  for  calibra- 
tion, which,  if  accompanied  by  instructions,  would  eliminate  the 
danger  arising  from  the  use  of  materials  of  unproved  purity. 

Thermo-electric  Pyrometers 

Base-metal  couples,  though  their  dependability  has  been 
questioned,  are  being  extensively  used  in  place  of  the  more  ex- 
pensive platinum  and  platinum  alloy  junctions.  Trials  made 
on  couples  of  the  base-metal  class,  show  changes  In  calibration, 
on  heating  for  twenty-four  hours,  ranging  from  20  to  130  de- 
grees C.  Errors  of  this  nature  are  practically  eliminated,  how- 
ever, if  care  is  taken  in  selecting  materials  and  in  "ageing"  the 
junctions  by  prolonged  heating  at  the  maximum  temperature 
before  calibrating.  Base-metal  couples  develop  a  relatively 
high  electromotive  force  and  permit  the  use  of  strong,  cheap 
indicators  in  place  of  the  sensitive  instrument  required  for 
platinum  junctions.  Among  the  base-metal  couples  the  follow- 
ing are  prominent;  copper-constantan  for  temperatures  below 
700  degrees  C,  iron-constantan,  which  may  be  used  to  900  de- 
grees C,  two  iron-nickel  alloys  of  different  composition,  which 
will  register  1000  degrees  C,  and  two  nickel-chromium  alloys 
capable  of  reading  to  1200  degrees  C.  In  continuous  use,  and 
to  1300  degrees  C.  for  occasional  observations.  A  thermo- 
couple of  carbon  and  graphite  gives  promise  of  a  valuable  ex- 
tension in  the  range  of  thermo-electric  pyrometers,  readings 
as  high  as  2000  degrees  C.  being  attainable.  This  junction 
should  be  heated  to  this  temperature  before  calibrating,  in  or- 
der to  expel  volatile  matter.  Among  the  materials  which  have 
recently  been  introduced  for  protecting  the  unions  from  the 
corrosive  action  of  furnace  gases  are:  alundum  (oxide  of 
aluminum),  which  melts  at  2050  degrees  C;  and  silit  and  Sil- 
frax,  which  are  brittle  substances  resembling  carborundum. 
Junctions  used  in  reading  temperatures  of  molten  brass  and 
bronze,  are  successfully  protected  by  a  tube  of  molybdenum. 

A  new  departure  in  commercial  indicators  for  thermo-electric 
pyrometers  is  the  adoption  of  the  potentiometer  principle,  the 
connections  for  which  are  shown  in  the  accompanying  illus- 
tration. B  is  a  two-volt  accumulator,  R^  an  adjustable  resist- 
ance, Ri  a  fixed  resistance,  DE  a  uniform  ohmmeter,  A  a 
switch,  S  a  standard  cell,  and  G  a  sensitive  galvanometer  of 
potential  along  DE.  In  order  to  maintain  a  steady  stretched 
wire,  iJ,  is  adjusted  so  that  when  S  is  switched  into  the  circuit 
of  O  no  deflection  is  observed.  This  adjustment  must  be  made 
from  time  to  time,  as  the  voltage  of  B  diminishes  with  use. 
The  pyrometer  is  connected  to  one  terminal  of  G  and  to  a 
sliding  contact  which,  when  taking  a  reading,  is  moved  along 
DE  until  no  deflection  is  noticed  on  (/.  From  the  known  con- 
stant for  the  junction  used,  DE  may  be  graduated  to  read  tem- 
peratures directly.  Although  the  readings  are  not  automatic, 
this  method  has  the  advantage  of  providing  greater  sensitive- 
ness and  independence  of  the  resistance  of  the  pyrometer  and 
leads.  An  indicator  has  been  substituted  for  the  galvanometer 
for  special-range  readings.  The  slider  is  fixed  at  any  given 
point  above  which  higher  readings  may  be  taken,  the  fixed 
point  being  considered  as  zero.  Suitable  adjustments  of  the 
sliding  contact  along  DE  gives  the  range  required.  A  sus- 
pendedcoil  indicator  may  also  be  used  in  this  circuit.  In  the 
multi-range  instrument  made  by  U.  W.  Paul,  the  indicator  re- 
places the  galvanometer  In  a  Wheatstone  bridge  circuit,  the 
pyrometer  being  in  series  with  the  indicator.  By  throwing 
ilic  bridge  slightly  out  of  balance,  an  opposing  current  to  that 
|iro(lu<;ed  by  the  thormo-couplc  is  made,  which,  when  overconu'. 
win  iiiovi;  the  pointer.  Hcslslanccs  placed  In  the  arm  of  the 
bridge,  disturb  the  balance  until  the  low  reading  of  the  select- 


Diagram    of    Potentiometer    Indicator 


ed  range  is  reached.  The  variation  in  the  temperature  of  the 
cold  junction  is  recorded  and  automatically  corrected,  by  the 
use  of  two  copper  and  two  manganin  resistances  in  the  arms 
of  the  bridge,  since  copper  changes  its  resistance  with  the  tem- 
perature, while  manganin  remains  constant.  An  indicator 
unaffected  by  vibration  and  affording  a  high  degree  of  accu- 
racy, for  use  in  regulating  temperatures  of  superheated  steam 
on  locomotives,  is  now  being  produced. 

Resistance  Pyrometers 

Platinum  Is  distinctly  volatile  above  1000  degrees  C,  which 
explains  the  change  that  takes  place  in  calibration  when  resist- 
a  n  c  e  pyrometers 
are  employed  for 
higher  tempera- 
t  u  r  e  s  than  this. 
For  accurate  re- 
sults below  this 
temperature,  this 
type  of  pyrometer 
is  much  used,  al- 
though the  tem- 
perature to  be 
measured  must  be 
subject  to  absolute 
control.  A  liquid 
element,  such  as 
melted  copper,  showing  a  uniform  increase  in  resistance  up  to 
1400  degrees  C,  might  be  utilized  in  extending  the  range  of 
the  resistance  pyrometer. 

Radiation  Pyrometers 

A  distinct  improvement  in  these  instruments  has  been  the 
substitution  of  pivoted  indicators  for  the  suspended-coil  type. 
More  sensitive  junctions,  also,  are  being  used.  To  determine 
the  temperature  of  molten  metals,  the  pyrometer  may  be 
mounted  at  the  open  end  of  a  fireclay  tube,  and  permanently 
focussed  on  the  closed  end,  which  is  immersed  in  the  metal. 
A  salamander  immersion  tube  is  also  used,  the  telescope  being 
pierced  by  a  tube,  open  at  each  end,  through  which  air  may  be 
forced,  preventing  fumes  from  reaching  and  corroding  the 
mirror.  Another  instrument  of  this  type  receives  the  rays  in 
a  tube  containing  a  polished  cone,  a  junction  at  the  apex  re- 
ceiving the  radiations.  The  same  reading  is  obtained  any- 
where within  a  given  limit,  therefore  requiring  no  focussing. 
A  high  degree  of  accuracy  is  now  being  attained  with  radia- 
tion pyrometers. 

Optical  Pyrometers 

New  types  of  optical  pyrometers  have  recently  been  intro- 
duced, based  on  the  principle  of  color  extinction.  In  one  form, 
cells  containing  a  liquid  of  the  correct  color  and  density  are 
used,  the  luminous  rays  from  the  heated  object  being  extin- 
guished at  a  given  temperature.  The  instrument  is  an  eye 
shade,  in  which  four  cells  are  mounted,  two  of  which  are  ca- 
pable of  extinguishing  the  light  at  the  working  temperature, 
while  the  other  two  correspond  to  a  slightly  higher  tempera- 
ture. Either  pair  may  be  brought  before  the  eyes  by  moving 
a  slide,  and  when  the  heated  object  is  barely  visible  in  the 
lower  pair,  but  invisible  in  the  higher  pair,  the  correct  tem- 
perature has  been  attained.  Another  form  has  a  single  cell, 
in  which  the  depth  of  liquid  may  be  adjusted  until  the  object 
is  invisible,  and  the  temperature  readings  taken  on  a  scale, 
graduated  according  to  the  depth  of  the  liquid.  Still  another 
form  consists  of  a  small  telescope,  through  which  the  rays  are 
intercepted  by  a  dark-colored  glass  wedge,  which  is  moved,  to- 
gether with  a  scale,  until  the  sighted  object  just  ceases  to  be 
visible.  Temperatures  are  read  from  the  scale,  and  the  range 
may  be  Increased  by  inserting  tinted  glass  in  the  eye-piece, 
and  reading  from  a  second  scale  which  has  been  prepared 
with  the  glass  in  position. 

Recorders 

Uocordors  for  registering  the  readings  of  several  pyrometers 
simultaneously  are  also  receiving  special  attention.  Of  the 
more  recent  types.  Foster's  recorder  possesses  an  indicator 
pivoted  horizontally,  the  pointer  being  vertical  and  moving 
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across  a  circular  chart,  which  rotates  about  its  center  once 
a  day.  A  black  mark  is  made  on  the  chart  at  regular  intervals, 
by  means  of  a  presser  bar,  working  against  the  pointer,  at  the 
end  of  which  is  a  capillary  tube  containing  an  inked  wick. 

In  the  latest  thread  recorder  of  the  Cambridge  Scientific 
Instrument  Co.,  two  threads  are  used,  differently  colored,  and 
two  indicators  which  record  on  a  single  chart.  A  mechanism 
which  brings  the  threads  alternately  beneath  the  pointer  pro- 
duces four  simultaneous  records.  The  pyrometers  are  auto- 
matically switched  onto  the  indicators  in  correct  sequence. 

Recorders  with  motor-driven  mechanisms  have  been  intro- 
duced by  the  Leeds  &  Northrup  Co.  and  also  by  R.  W.  Paul. 
The  latter  also  has  other  novel  features.  The  chart  is  in  the 
form  of  a  continuous  roll,  of  1000  hours'  duration,  a  large  part 
of  which  is  visible  through  a  window  extension.  The  mech- 
anism which  produces  a  dot  periodically  on  the  chart,  may  be 
varied  in  speed  by  inserting  change-gears.  The  chart  of  the 
Siemens  recorder  is  similar  to  the  chart  just  described.  It  is 
furnished  with  a  pivoted  galvanometer.  Clockwork  is  used  to 
actuate  this  instrument. 

*     *     * 

SHIP  TONNAGE 

At  the  present  time  the  term  "ship  tonnage"  is  frequently 
used  in  papers  and  periodicals.  The  general  lack  of  knowl- 
edge in  regard  to  the  meaning  of  this  term  tends  to  confuse 
a  great  many  people.  This  confusion  may  be  attributed  to  the 
fact  that  the  expression  has  five  distinct  meanings.  Referring 
to  merchant  ships,  the  gross  tonnage  has  nothing  whatever 
to  do  with  the  weight  of  the  ship  nor  the  weight  of  the  cargo. 
but  pertains  rather  to  the  entire  carrying  capacity  of  the  ship, 
expressed  in  tons  of  100  cubic  feet.  The  Mauretania  is  re- 
ferred to  as  a  ship  of  32,500  tons,  meaning  gross  tons. 

Net  tonnage,  or  registered  tonnage,  as  it  is  often  spoken 
of,  is  expressed  by  the  same  unit  that  is  used  in  determining 
gross  tonnage,  that  is,  100  cubic  feet,  but  is  figured  exclusive 
of  all  space  not  adapted  to  the  carrying  of  cargo,  such  as 
engines,  boilers,  bunkers,  etc.  The  net  tonnage  of  a  merchant 
ship  is  registered  on  the  records  of  the  country  whose  flag 
it  flies,  and  is  what  is  generally  implied  when  tonnage  is 
spoken  of. 

Dead  weight  tonnage  is  the  weight  of  the  cargo  in  tons  of 
2240  pounds  which  the  ship  will  carry.  Dead  weight  tonnage 
is  frequently  referred  to  when  speaking  of  ships  which  carry 
heavy  cargoes,  such  as  iron  or  coal,  as  tons,  but  in  other  cases 
the  expression  "dead  weight  tons"  is  used.  A  coal  barge  of 
7500  tons  would  have  a  net  tonnage  of  only  approximately 
3200  tons.  When  the  ocean  rate  is  quoted  as  so  many  dollars 
per  ton,  either  measurement  tonnage  or  dead  weight  tonnage 
is  understood  to  be  meant.  Measurement  tonnage  is  the 
amount  of  space  occupied  by  the  cargo,  and  the  unit  used  is 
only  40  cubic  feet.  A  ship  can  carry  a  cargo  measuring  2% 
times  Its  net  tonnage.  On  light,  bulky  cargoes,  measurement 
tonnage  Is  figured,  while  on  heavy  cargoes,  the  rate  is  figured 
on  weight.  The  classification  of  the  method  of  figuring  the 
tonnage  Is  optional  with  the  owners  of  the  vessel. 

Displacement  tonnage  has  to  do  with  battleships  exclusively, 
and  is  the  actual  weight  of  the  water  displaced  by  the  ship, 
when  fully  equipped,  or,  In  other  words,  the  weight  of  the 
warship  In  tons  of  2240  pounds.  One  very  unfortunate  out- 
growth of  the  confusion  arising  from  misunderstanding  of  the 
meaning  of  the  word  "ton"  has  been  to  deceive  the  layman  as 
to  the  BerlousneHH  of  the  whole  situation  as  regards  ship  pro- 
duction. During  the  year  1917,  about  7,000,000  tons  of  ship- 
ping were  sunk,  yet  this  does  not  seem  ho  alarming,  for,  ac- 
cording to  reports,  the  United  States  alone  Is  scheduled  to 
hulld  0,000,000  lonB  during  the  present  year,  exclusive  of  lliat 
which  Ir  tu'lng  produced  by  the  other  allied  nations.  There 
fore,  It  would  seem  that  the  construction  would  oycrlmlfin(!e 
the  doslruellon.  The  fact  Is  that  the  7,000,000  tons  sunk 
wore  not  lonu,  while  tho  6,000,000  tonnage  planned  for  IDlK 
doos  not  roprcnent  net  tonw,  but  dead  weight  tons.  Tho 
iinrlouHncitii  of  the  Bituatlon  Ih  nppiircnt  whim  It  In  under- 
«tood  that  It  rvqulroR  fully  two  dead  woIkIU  tons  to  equal 
the  ono  net  ton  that  In  nieiinl  in  the  roporls  of  the  I'bcint 
•Inklnga.  F*.  U    D 


GOVERNMENT  SPECIFICATIONS 

Manufacturers  have  had  considerable  trouble  with  the  speci- 
fications furnished  to  them  by  some  of  the  purchasing  depart- 
ments of  the  Government.  There  is  a  natural  and  commend- 
able tendency  on  the  part  of  the  officers  of  the  Ordnance  De- 
partment to  demand  the  best  that  can  be  produced.  In  their 
eagerness  to  obtain  the  best,  however,  specifications  are  often 
drawn  that  cannot  be  met  commercially,  and  that  unneces- 
sarily increase  the  expense  of  the  material.  In  some  cases, 
however,  the  specifications  are  unreasonable,  erroneous,  and 
give  evidence  of  carelessness  or  ignorance  in  their  prepara- 
tion. As  an  example  may  be  cited  the  following  specifications 
for  a  gun-metal.  The  government  specifications  read  as  fol- 
lows: elastic  limit,  54,800;  tensile  strength,  30,000;  reduction 
of  area,  30  per  cent;   elongation  in  two  inches,  20  per  cent. 

The  metal  was  to  be  composed  of  copper,  from  87  to  89  per 
cent;  tin,  from  9  to  10.5  per  cent;  zinc,  from  1.75  to  2.50  per 
cent;  lead,  0.01  per  cent. 

To  begin  with,  there  is  an  obvious  error  in  specifying  a  ten- 
sile strength  below  the  elastic  limit,  and  it  is  apparent  that 
an  error  had  been  made  in  transposing  these  two  items,  it 
being  evident  that  a  tensile  strength  of  54,800  pounds  per 
square  inch  and  an  elastic  limit  of  30,000  pounds  per  square 
inch  were  required.  The  company  to  whom  the  specifications 
had  been  submitted  would  not  go  ahead  until  the  error  had 
been  corrected,  and  endeavored  to  submit  them  to  the  officer 
who  had  issued  them.  The  sales  manager  of  the  company 
was  sent  to  see  him,  but  the  officer  refused  to  give  him  a 
hearing,  stating  that  the  specifications  were  not  of  his  own 
making  and  that  they  would  have  to  stand  as  issued. 

Apart  from  the  obvious  error  in  giving  the  specifications, 
the  values  for  the  tensile  strength  and  the  elastic  limit,  even 
if  transposed,  were  too  high  for  the  metal  requested.  The 
specifying  of  a  percentage  of  0.01  per  cent  of  lead  is  also  an 
evidence  of  poor  judgment.  After  considerable  delay,  the  Gov- 
ernment finally  accepted  a  gun-metal  according  to  navy  speci- 
fications, with  a  tensile  strength  of  30,000  pounds  per  square 
inch;  an  elastic  limit  of  15,000  pounds  per  square  Inch;  and 
an  elongation  in  two  inches  of  15  per  cent. 

In  another  case,  the  specifications  called  for  a  tensile 
strength  of  65,000  pounds  per  square  inch  and  an  elastic  limit 
of  50,000  pounds  per  square  inch,  and  required  the  metal  to 
be  composed  of  from  56  to  57.5  per  cent  copper;  0.5  to  0.75 
per  cent  tin;  from  1.0  to  1.5  per  cent  iron;  with  a  maximum 
of  0.5  per  cent  aluminum  and  0.35  per  cent  manganese,  the 
remainder  being  zinc. 

After  some  delay,  caused  by  the  difficulty  of  proving  to  the 
government  officials  that  these  specifications  could  not  he  com- 
mercially met,  the  Government  accepted  a  manganese  bronze 
made  to  the  standard  navy  specifications,  with  a  tensile 
strength  of  65,000  pounds  per  square  inch  and  an  elastic  limit 
varying  from  25,000  to  35,000  pounds  per  square  inch. 

In  a  third  instance,  the  specifications  called  for  "Pc-2"  navy 
phosphor-bronze,  but  specified  a  mininuini  tensile  strength  of 
35,000  pounds  per  square  inch  with  the  following  composition: 
copper,  from  85.5  to  87.5  per  cent;  tin,  from  10  to  11  per  cent; 
zinc,  from  2.0  to  2.5  per  cent;  lead,  from  0.5  to  1.0  per  cent; 
phosphorus,  from  0.03  to  0.05  per  rent;  and  with  a  maximum 
of  0.1  per  cent  of  iron.  Those  specifications  for  composition 
demand  such  close  limits  that  It  is  not  coninierciiilly  prac- 
ticable to  produce  a  metal  that  will  have  these  limits  of  analy- 
sis. Tho  spoclficMllons  accepted  called  for  from  85  to  90  per 
cent  copper;  from  il  to  11  per  cent  tin;  with  a  niiixlmum  of 
1  per  cent  load,  0.1  per  ceiil  Iron,  mid  (i..^  per  cent  phosphorus, 
tho  remainder  being  zinc. 

.TuHt    why   tho   Ordnunc((    Depart nt   officer   should    try    to 

Improve  upon  tho  standard  navy  Hiiecineatlons  cannot  be  ex- 
plained, bill  much  of  tho  delay  In  tho  production  of  war 
ninterlalH  Is  apparently  iliie  to  tho  fuel  that  jiooplo  of  limited 
oxporleiieo,  who  have  limi  l.iUeu  Into  tho  Ordimnco  Depart- 
ment, arn  trying  to  m,il<e  liiiprovenients  upon  tho  long- 
OHtahllKlind  HperldratloiiH  of  the  Navy  DepMrliiiont  which  have 
proved  HatlHfaclory  and  wlili'h  ought  to  lie  followed  In  order 
to  prevent  delay.  We  iniiHt  all  renienilier  that  we  iiii>  at  war; 
that  we  are  In  thin  wnr  to  irlii,  unit  In  vlii  <iuirhlii. 
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FINDING  CONTENTS  OF  CYLINDRICAL 
TANKS 

BT   LAY-OUT 

On  page  644  of  the  March  number  of  Machisebt,  there  is 
given  a  method  of  plotting  a  curve  for  finding  the  graduations 
of  a  scale  used  in  measuring  the  number  of  gallons  contained 
in  cylindrical  tanks,  but  the  writer  has  found  that,  after  he 
has  computed  the  capacity  and  an  easily  found  constant 
for  any  given  tank,  the  distance  of  any  graduation  from 
the  end  of  the  scale  for  any  given  volume  within  the  capacity 
of  the  tank  can  be  quickly  found  by  two  settings  of  the  slide- 
rule  and  reference  to  a  table  of  the  area  of  segments,  like 
that  found  on  pages  62  and  63  of  Machixeky's  Handbook.   One 


X  (radius,  in  inches)^  X  length,  in  inches 


A  =  129  OEO. ;  H  =  0.5695  IN.;  AREA  0  =  0.7372  SQ.  1 
A  =  130  OEG. ;  H  =  0.5774  IN.;  AREA  0=0.7514  SQ.I 


VOLUME  OF  LIQUID  =  |/-- 


Figs.  1  and  2.    Finduig  Contents  of  Cylindrical  Tanks 

column  E  of  this  table  gives  the  values  for  the  height  of  the 
segment  for  different  center  angles  and  for  unit  radius;   or, 
height  of  segment 

in  other  words,  the  ratio .    Another  column 

radius 
gives  the  area  of  the  segment  in  a  circle  of  unit  radius.    The 
area  of  a  similar  segment  of  larger  radius  is  this  area  multi- 
plied by  the  given  radius  squared.     The  capacity  of  a  tank  of 
a  given  size  is: 

length  of  tank,  in  inches 

Area  of  segment  X  

231 
which  is  the  capacity  of  a  section  one  inch  square  and  as  long 
as  the  tank  times  the  number  of  such  sections  contained  by 
the  tank. 

Let    L  =  length  of  tank,  as  shown  in  Fig.  2,  in  inches; 
R  =  radius  In  Inches; 

height 

H  =  height  of  segment  for  unit  radius  =  ; 

R 
V  =  capacity  for  which  graduation  is  to  be  found.  In 

gallons,  on  scale  S; 
X  ^  distance  from  graduation  mark  to  nearest  end  of 
scale; 
L 

17= gallons  in  one  inch  square  section; 

231 
C  =  corresponding  area  In  table  of  unit  radius  segment; 
A  =  segment  of  given  radius. 


As  //  = 


height 


X  =  HR;  also  by  the  rule  at  the 


R  R 

head  of  the  table,  .1  =  CR'.  (Some  handbooks  give  this  in 
terms  of  diameter  In  which  case  H  Is  one-half  and  C  Is  one- 
quarter  of  the  value  given   In  Maciiinf-ry's  Handbook.)    As 

X                                                    '                          V 
n  =  ~ ,  A  =  CR;  and  y  ^  AU  =  CR'O.  C  =  .     There- 

R  R'O 

fore,  R'O  Is  a  constant  for  any  given  tank. 

Example — If  a  tank  Is  20  feet  long  and  fi  feet   in  diameter, 
Its  total  capacity  la: 


3.1416   X   36^  X   240 


231 


=  4230 


One-half  of  the  capacity  of  this  tank  is,  therefore,  2115  gal- 

240 

Ions.     The  constant  R°U  for  this  tank  is  36'  X  =  1346. 

231 

y 

As  C  =  ,  the  corresponding  area  of  unit  radius  and  seg- 

R'U 
ment  is  1000  h-  1346  =  0.743.  The  table  of  corresponding 
areas  given  in  Machixebt's  Handbook  shows  that  this  area  is 
greater  than  the  corresponding  area  of  the  segment  of  an 
angle  of  129  degrees  and  less  than  that  of  the  segment  of  an 
angle  of  130  degrees.  The  illustration  and  values  of  A,  H,  and 
C  shown  in  Fig.  1  are  taken  from  the  table  in  Machineby's 
Handbook.  By  interpolation  in  the  table,  the  value  of  H  is 
found  to  be  0.573.  As  a;  =  HR,  the  graduation  mark  on  the 
scale  is  0.573  X  36  =  20.628  inches  from  the  lower  end. 

In  the  case  of  3000  gallons,  the  graduation  will  be  marked 
from  the  top  of  the  scale,  because  3000  is  more  than  one-half 
the  capacity  of  the  tank;  therefore,  y  is  4230  —  3000  =  1230, 
and  C  =  1230  h-  1346  =  0.914.  By  interpolation,  the  corre- 
sponding value  of  H  is  0.665.  Therefore,  x  =  0.665  x  36  = 
23.94  inches.  The  whole  scale,  of  course,  is  equal  in  length 
to  2R. 


SPRING  "WINDER 
In  the  accompanying  illustration  is  shown  a  winding  tool 
that  is  especially  handy  for  winding  heavy  wire  tension  or 
compression  springs.  It  may  be  used  in  the  toolpost  of  any 
thread-cutting  lathe  that  provides  for  the  required  pitch  of 
the  springs.  The  tool  shank  A  is  offset,  so  that  it  may  come 
up  close  to  the  chuck,  which  holds  the  winding  rod  or  mandrel. 
At  one  end  B  of  the  the  tool  shank  is  a  V-jaw  for  any  size  of 
mandrel.     The  spring-wire  tension  box  G  contains  two  fiber 


Spring  Winding  Tool 

blocks  which  may  be  adjusted  by  means  of  the  screw  E  and 
may  be  quickly  tightened  or  released  by  the  lever  D.  The 
tension  box  swivels  on  a  stud  G  and  will  adjust  itself  auto- 
matically to  any  size  mandrel.  J.  V. 
«  *  * 
ILLNESS  IN  INDUSTRY 
In  a  paper  read  before  the  American  Institute  of  Mining 
Engineers,  by  Thomas  Darlington,  secretary  of  the  Welfare 
Committee  of  the  American  Iron  and  Steel  Institute,  it  was 
stated  that  records  show  that  the  time  lost  by  employes, 
through  illness,  ranges  from  four  to  ten  times  that  lost  as 
the  result  of  industrial  accidents:  in  fact,  illness  alfects  operat- 
ing costs  much  more  than  is  generally  realized.  Proper  care 
of  the  health  of  employes  would  prevent  much  of  this  illness; 
and  the  cost  of  health  supervision  is  not  great.  A  comparison 
of  costs  in  ninety-nine  industrial  establishments  employing 
495,544  men  showed  that  it  was  about  three-fourths  of  a  cent 
per  man  a  day.  In  the  case  of  an  iron  and  coal  mining  com- 
pany that  employed  11,000  men  and  furnished  all  the  medical 
attention  required  by  the  emplo.ves  and  their  families,  the  cost 
was  less  than  four  cents  per  man  per  day. 
*     «     • 

It  has  been  estimated  that  of  about  13,000.000  men  omployod 
In  manufacturing  plants  In  the  United  States.  6.200,000  are 
working  on  war  supplies  and  subsidiary  Industries. 
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RESULTS  OF  FAULTY  TOOL  DESIGNING 


TOOLS  AND  FIXTURES  THAT  DID  NOT  WORK  AND  REASONS  FOR  FAILURE 

BY  P.  B.  JACOBS! 


MODERN  tool  designing  has  been  reduced  to  so  exact  a 
science  that  the  drawings,  or  blueprints,  that  leave  the 
drafting-room  should  impart  full  and  explicit  instruc- 
tions to  the  toolmaking  department.  With  expert  tool  designers, 
checkers,  one  or  two  assistant  chiefs,  and  a  chief  draftsman, 
it  would  seem  that  none  but  perfect  drawings  should  leave 
the  tool  designing  department.  This,  however,  is  not  always 
the  case.  In  the  vernacular  of  the  shop  man,  "bulls"  are  often 
made  with  the  result  that  tools  made  exactly  according  to  the 
drawings  furnished  by  the  tool  designing  department  are  far 
from  being  efficient.    The  object  of  this  article  is  to  show  a 


was  soon  found  that  the  holes  drilled  were  not  central.  To 
overcome  this  difficulty,  the  pieces  are  left  a  little  large  and 
finished  by  grinding  on  the  fixture  shown  in  Fig.  3.  Two  pieces 
A  are  held  at  one  time  and  are  forced  upward  against  a  stud  B 
by  wedges  C.  The  wedge  at  the  right  bears  at  the  center  only, 
to  insure  the  ground  surface  being  parallel  with  the  axis  of 
the  hole.  The  piece  A  is  first  ground  on  this  side  of  the  fix- 
ture and  then  transferred  to  the  other  side,  where  the  other 
surface  is  ground.  As  the  grinding  of  both  sides  of  the  piece 
is  done  at  one  setting  of  the  grinding  wheel,  the  hole  must  be 
in  the  center  of  the  piece.     The  work  is  done  on  an  ordinary 


few  simple  mistakes  in  tool  designing,  the  aggregate  cost  of      surface  grinder.    This  fixture  gives  excellent  results. 
which  amounted  to  quite  a  sum.    They  were  not  all  made  in 
one  shop  nor  in  one  locality,  but  have  been  found  by  the  writer 
in  various  manufacturing  centers. 

At  A,  Fig.  1,  is  shown  an  automobile  steering-knuckle  bush- 
ing, in  which  both  parts  of  the  hole  must  be  accurate  as  to 
size  and  at  the  same  time  concentric  with  each  other.  At  B 
is  shown  the  reamer  that  was  made  for  this  piece.  As  the 
large  part  of  this  reamer  will  begin  to  cut  first,  and  as  no 
means  are  provided  to  guide  the  smaller  part  of  the  reamer 
into  the  small  part  of  the  hole  accurately,  it  is  impossible  for 
the  tool  to  perform  an  accurate  job.  This  reamer  was  ex- 
pensive to  construct,  and  it  proved  to  be  absolutely  worthless. 

The  difficulty  was  overcome  by  providing  the  reamer  with 
a  pilot  as  shown  at  C.  This 
makes  the  reamer  more  ex- 
pensive, but  its  design  is  cor- 
rect, and  It  is  the  style  that 
should  have  been  considered 
in  the  first  place.  In  this 
case  two  reamers  had  to  be 
designed  and  made  to  obtain 
one  that  proved  satisfactory. 

In  Fig.  2  Is  shown  a  fixture 
for  drilling  and  reaming  a 
hole  In  the  piece  shown  at  A. 
iJlmenslon  tt  varies  from  1 
to  1%  Inch,  but  It  Is  neces- 
nary  for  the  hole  to  be  ex- 
actly In  the  center  of  the 
piece.  The  jig  l8  equipped 
with  a  right-  and  left-hand 
Kcrow,  which  nctuatcB  two 
Jiiwii  that  grip  thi)  piece.  If  It 
wfTf!  poHHlblc  to  produce  a 
very  arctiralo  thread  rommer- 
rially,  thiR  principle  might 
have  worked  all  riKht,  hut  It 


Fig.  4  illustrates  a  bad  blunder.  This  is  an  inserted-tooth 
reamer  with  a  cast-iron  body  six  inches  in  diameter,  in  which 
the  high-speed  steel  blades  are  held  by  taper  pins.  As  the 
edge  of  the  cutter  blade  does  not  come  to  the  center  of  the 
taper-pin  hole,  all  the  driving  possible  will  not  make  the  pins 
hold  the  blades,  inasmuch  as  the  action  of  setting  up  the  pins 
only  causes  them  to  fit  a  little  tighter  in  their  taper  holes 
without  exerting  any  influence  on  the  blades.  The  tool  de- 
signer, in  this  case,  excused  himself  by  saying  that  he  "didn't 
think." 

The  piece  shown  in  Fig.  5  presents  an  interesting  problem, 
as  the  surfaces  A  must  be  parallel  with  the  holes.  The  origi- 
nal practice  was  to  machine  these  surfaces  and  then  drill  and 
ream  the  piece  in  the  jig 
shown  in  Fig.  6,  in  which  the 
surfaces  A,  Fig.  5,  are  forced 
against  the  locating  pads  of 
the  jig  by  means  of  two 
clamps.  In  theory,  the  jig  is 
all  riglit,  but  from  a  practical 
point  of  view  it  is  all  wrong. 
In  tlie  first  place.  It  is  almost 
impossible  to  machine  the 
surfaces  A  so  they  will  be  ab- 
solutely accuriite,  and  a  sllglit 
error  In  parallollsni,  say 
n.OOir,  Inch,  will  have  a  ten- 
dency to  cau.sc  the  work  to 
spring  when  clanipod  In  the 
jig.  As  the  holes  are  ma- 
chined In  this  position,  they 
will  bo  out  of  line  as  soon  a.s 
the  jig  i'latii|in  lire  rcloasoil. 
Again,  a  Hllglil  iiinounl  of  dirt 
on  one  of  Iho  Idcalliig  pads 
will  ncconipllHli  the  same  re- 
sult, fvcn  thniiKli  Iho  plocp 
Ih  ninchliu'cl  nlmdlnloly  mcu 
ratoly. 
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Fiff.  6.    Jig  for  drilling  Work  shown 

When  the  fault  was  shown  to  the  chief  draftsman,  he  thought 
it  would  be  a  simple  matter  to  remedy  the  difficulty  by  rede- 
signing the  jig  as  shown  in  Fig.  7.  In  this  jig  the  three-point 
suspension  principle  is  utilized,  two  clamps  holding  the  work 
against  three  stops,  and  this  produced  holes  that  were  in  line, 
as  far  as  that  went;  but  still  the  problem  of  inaccurate  ma- 
chining of  the  surfaces  A,  Pig.  5,  was  not  solved.  Then  the 
chief  draftsman  designed  the  grinding  fixture  shown  in  Fig.  8. 
After  the  holes  were  drilled  and  reamed  in  the  jig  shown  in 
Fig.  7,  the  surfaces  A  were  finish-ground  in  this  fixture.  It 
will  be  seen  that  the  work  is  held  in  place  by  two  aligning 
rods  and  two  square-head  set-screws,  which  force  it  against 
two  stops.  This  fi.xture  worked  like  a  charm  and  accurately 
machined  pieces  were  produced.  Of  course,  it  was  necessary 
to  remove  a  small  amount  from  the  location  stops  on  the  jig 
shown  in  Fig.  7  to  compensate  for  the  amount  left  for  finish- 
ing by  grinding. 

At  A,  Fig.  9,  is  shown  an  automobile  torque  tube,  on  one 
end  of  which  it  is  necessary  to  do  some  machine  work  after 
the  flange  B  has  been  placed  on  the  other  end.  This  work  is 
done  on  an  engine  lathe,  and  the  piece  is  held  in  a  fixture 
that  is  clamped  on  the  faceplate  while  the  tube  revolves  in 
the  back-rest.  In  the  particular  case  in  question,  the  man 
that  did  this  machining  operation  worked  on  a  premium  sys- 
tem, and  he  wanted  a  faceplate  fixture  that  would  save  all 
the  chucking  time  possible.  So  the  fixture  C  was  furnished, 
which,  without  a  doubt,  is  very  novel  in  design.  Two  straps  D 
are  held  against  the  flange  of  the  torque  tube  by  heavy  springs. 
The  straps  revolve  on  their  studs  over  annular  cam-shaped 
pieces  E,  the  idea  being  that  as  the  straps  were  struck  with 
a  lead  hammer  they  would 
rotate  around  the  stud  and 
be  raised  out  of  contact  with 
the  work. 

The  operator  placed  his  fix- 
ture in  position  on  the  face- 
plate of  his  lathe,  set  his 
back-rest,  put  a  torque  tube 
In  place,  and  started  to  take 
a  cut.  As  soon  as  the  tool 
began  to  cut,  its  pressure 
forced  the  other  end  of  the 
torque  tube  off  the  center, 
breaking  the  back-rest.  The 
springs  /•'  were  then  removed 
and   washers  substituted. 

The  tools  and  fixtures  de- 
8<Tlbed  illuslrato  graphically 
the  results  of  not  thinking  be- 
forehand, and  the  only  rem- 
edy the  writer  can  offer  for 
conditions  producing  such  re- 
sults Is  for  the  tool  designing 
department  to  pay  a  little 
more  attention  to  practical 
details.  The  tool-room  fore- 
man   Is   a  good    man    to   con- 


in  rig.  6  Eedesigned 


fig.  8.  Grinding  Fixture  for  Work  shown  in  Fig.  5 


Fig.  B.    Automobllo  Toriiuo  Tube  and  Fixture  for  machining  Ono  End 


suit  occasionally.  If  he  is  a  man  of  wide  experience,  he 
can,  no  doubt,  point  out  many  errors  in  design  that  the  tool 
designing  department  frequently  overlooks.  Harmony  between 
the  tool  designing  department  and  the  tool-room  should  pre- 
vail, because  this  "get  together"  spirit  has  proved  to  be  pro- 
ductive of  excellent  results. 


BRITISH  PARLIAMENTARY  COMMISSION  REPORTS 
AGAINST  METRIC  SYSTEM 

A  final  report  has  been  presented  to  the  British  Parliament 
by  the  Committee  on  Commercial  and  Industrial  Policy  after 
the  War,  which  has  been  at  work  for  the  past  two  years.  The 
section  of  the  report  relating  to  weights  and  measures  says: 
"We  are  unable  to  recommend  the  compulsory  adoption  of  the 
metric  system  in  this  country.  In  our  opinion,  it  is  absolutely 
certain  that  the  anticipated  uniformity  could  not  be  obtained 
for  a  very  long  period,  if  ever.  There  is  no  unanimity  even 
as  to  the  theoretical  merits  of  the  metric  system  as  compared 
with  our  own.  The  practical  argument  that  its  adoption  is 
desirable  in  order  to  secure  uniformity  in  the  markets  of  the 
world  has  been  shown  to  be  unfounded.  We  are  not  satisfied 
by  any  evidence  which  has  been  brought  before  us  that  trade 
has  actually  been  lost  to  this  country  owing  to  the  fact  that 
the  use  of  the  metric  system  is  not  compulsory.  To  attempt  to 
make  the  use  of  the  system  universal  and  obligatory  in  this 
country  would  cause  loss  and  confusion  at  a  particularly 
inopportune  moment,  for  the  sake  of  distant  and  doubtful  ad- 
vantages. We  are  convinced  that,  instead  of  assisting  in  the  re- 
establishment  of  British  trade  after  the  war,  such  a  measure 
would  seriously  hamper  it. 
The  popular  belief  that  the 
introduction  of  the  metric 
system  would  render  possible 
the  immediate  sweeping  away 
of  many  complicated  weights 
and  measures  is,  in  our  opin- 
ion, wholly  fallacious." 


When  work  being  ground 
is  of  such  a  nature  as  to  cause 
the  wheel  to  run  out  of  true, 
frequent  dressing  will  save 
the  wheel  rather  than  waste 
it.  For  example,  a  wheel  that 
runs  out  1  32  inch  after  one 
hour's  grinding  will  run  out 
1/S  inch  after  two  hours' 
grinding.  If  it  is  dressed 
after  the  first  hour  and  again 
after  the  second  hour,  the 
amount  wasted  by  dressing 
win  be  1/16  inch,  whereas 
after  running  two  hours  It  Is 
necessary  to  dress  off  IS 
inch,  or  twice  as  much. 
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DESIGN    OF    CUTTING    TOOLS    AND    WORK-HOLDING    FIXTURES    FOR    HANDLING    TURRET    LATHE         • 

WORK  ON  DRILLING  MACHINES 

BT   EDWARD   K.   HAMMOND  • 

that  is  being  machined.  This  tool  is  shown  in  Fig.  7.  Normally 
the  power  feed  is  tripped  at  the  same  time  that  this  button  en- 
gages the  work.  The  drilling  machine  on  which  this  operation 
is  performed  is  set  up  without  having  the  automatic  return  for 
the  drill  spindle  in  operation;  and  after  the  power  feed  has  been 
tripped  the  operator  looks  at  the  button  on  the  tool  to  see  that 
it  is  down  in  contact  with  the  work.  Should  it  happen  that 
this  engagement  has  not  been  obtained,  he  feeds  the  spindle 
by  hand  before  returning  it  and  setting  up  a  fresh  piece  of 
work  on  the  machine. 

How  Acciiracy  in  Tripping  of  Feed  is  Assured 

In  starting  to  describe  special  means  provided  in  the  design 
of  tools  to  assure  accuracy  in  tripping  the  feed  mechanism, 
attention  is  called  to  the  fact  that  Baker  high-duty  drilling 
machines  are  especially  adapted  for  heavy  work,  and  although 
the  automatic  trip  for  the  feed  mechanism  may  be  safely 
relied  upon  to  disengage  the  feed  within  1/64  inch  of  the 
desired  point,  it  is  not  safe  to  rely  upon  a  much  closer  limit. 
As  a  matter  of  fact,  this  is  quite  close  enough  for  many  classes 
of  work  handled  on  the  battery  of  Baker  drilling  machines 
used  in  the  factory  of  S.  F.  Bowser  &  Co.  At  the  same  time, 
there  are  many  classes  of  work  where  the  maximum  error 
must  not  exceed  0.005  inch,  and  in  such  cases  the  tools  are 
designed  to  make  sure  that  the  work  is  held  to  at  least  this 
degree  of  accuracy.  As  shown  in  Fig.  6,  it  will  be  seen  that 
the  arrangement  employed  calls  for  a  combination  of  work- 
holding  fixture  and  cutting  tool  which  work  in  conjunction 
with  each  other.  On  the  fixture  there  are  placed  four  posts 
A  that  are  engaged  by  a  flange  B  on  the  cutting  tool.  This 
fixture  and  tool  are  used  for  machining  the  gear  shown  in  the 
fifth  position  in  the  table  of  operations.  It  is  necessary  to  have 
the  thickness  of  this  gear  1.750  ±  0.005  inch,  and  to  provide 
for  obtaining  this  result  the  tools  are  so  designed  that  collar 
B  comes  into  engagement  with  the  top  of  posts  A  when  the 
cutters  in  the  tool  have  reached  the  desired  depth  in  the  work. 

To  prevent  binding,  it  will  be  seen  that  a  ball  thrust  bear- 
ing is  provided  on  the  tool  above  the  collar.  The  regular 
trip  mechanism  on  the  machine  is  depended  upon  to  dis- 
engage the  feed  worm  clutch  at  the  desired  point,  but  the  ar- 
rangement of  the  tool  and  work-holding  fixture  makes  it  im- 
possible for  a  slight  lack  of  sensitiveness  in  the  machine  to 
prevent  tripping  to  take  place  until  the  work  has  been  ma- 
chined beyond  the  minimum  dimension  which  is  called  for. 
Those  who  have  not  experimented  with  the  amount  of  spring 
which  is  possible  to  obtain  in  machine  tools,  naturally  assume 
that  the  use  of  an  arrangement  of  this  kind  would  result  in 
damage  to  the  machine  If  the  trip  for  the  fe«d  mechanism 


Fig.   6.     Type  of  Tool  and  Work-holding  Fixture  used  on  Parts  where 
Accuracy  in  tripping  Feed  is  of  Great  Importance 

IN  the  first  installment  of  this  article,  information  was 
given  in  regard  to  the  organization  of  the  drilling  machine 
department  and  a  description  was  presented  of  special  equip- 
ments which  were  provided  on  the  Baker  Bros,  high-duty  drill- 
ing machines  in  order  to  adapt  them  for  handling  a  wide  range 
of  work  for  the  machining  of  which  turret  lathes  would 
usually  be  considered  necessary.  In  the  present  article,  it  is 
intended  to  describe  the  various  special  forms  of  cutting  tools, 
jigs,  and  work-holding  fixtures  which  are  used  on  the  ma- 
chines, and  to  explain  principles  of  tool  design  which  have 
been  responsible  for  making  substantial  increases  in  rates  of 
production. 

Deslgrn  of  Tools  and  Fixtures 

It  will  be  apparent  when  looking  over  the  schedule  of 
operations  presented  in  the  first  installment  that  advantage 
is  frequently  taken  of  the  possibility  of  machining  two  or 
more  surfaces  on  the  work  at  a  single  operation.  The  form 
of  each  piece  of  work  to  be  machined  has  been  carefully 
studied,  and  after  deciding  the  maximum  number  of  surfaces 
that  could  be  machined  simultaneously  the  tool  designers  have 
taken  up  the  problem  of  working  out  the  form  of  tool  best 
adapted  to  meet  the  requirements  of  this  particular  operation. 
Another  point  which  will  attract  the  attention  of  experienced 
machine  shop  men  while  looking  over  the  illustrations  of 
typical  parts  machined  In  the  Bowser  factory,  will  be  the 
large  number  of  parts  which  have  several  holes  or  holes  and 
Burfai-es  concentric  with  each  other.  In  all  cases  It  is  desir- 
able to  maintain  this  concentricity  within  a  reasonable  degree 
of  accuracy,  and  there  are  many  cases  whore  a  very  high 
degree  of  precision  Is  important  to  obtain  the  desired  align- 
ment when  these  parts  are  assembled  together.  Here  advan- 
tage Is  taken  of  the  concentric  holes  or  holes  and  surfaces 
on  the  work  to  provide  for  the  use  of  piloted  tools  which  may 
be  dependfid  upon  to  maintain  the  concentricity  of  different 
surfaces  on  the  work  from  some  hole  which  has  already  been 
machined. 

Id  many  cases  It  Is  also  necessary  to  bold  vortical  dimen- 
sions on  the  work  within  close  limits.  Various  means  aro 
provided  on  the  tools  for  obtaining  this  result.  In  piece  No.  2 
In  the  table  of  operations  (.lunf!  Installment)  It  Is  required 
to  maintain  the  height  E  from  nnlshed  face  B  to  the  upper 
side  of  the  flnnKc  on  tho  rough  rnstlMK  within  1/C4  Inch.  The 
automatic  tripping  point  for  the  feed  of  the  drilling  mochlno 
spindle  Is  s<-l  ns  closely  as  possible,  but  to  guard  ngnlnst  Inrk 
of  uniformity  In  the  castings  a  button  A  Is  provided  on  the 
faring  tool  which  comes  down   Into  conlarl   with   the  ruHlIng 

'Aa»rl>t«  Mltor  of  Mktmi»nmi . 
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failed  to  operate  at  the  same  time  that  collar  B  came  into 
engagement  with  posts  A.  As  a  matter  of  fact,  experiments 
have  shown  that  it  is  quite  practicable  to  obtain  a  spring  of 
from  0.005  to  0.010  inch  before  any  damage  is  done,  and  as  a 
result,  the  provision  made  in  designing  the  tools  makes  it 
impossible  for  the  bits  to  cut  into  the  work  beyond  the  desired 
point.  If  the  trip  for  the  feed  mechanism  fails  to  function 
when  this  point  has  been  reached,  the  bits  are  prevented  from 
cutting  further,  and  springing  of  the  machine  members  takes 
place  until  the  feed  is  disengaged. 

Design  for  Under-cutting-  Tool 

Where  it  is  necessary  to  make  an  under-cut  on  the  work, 
use  may  be  profitably  made  of  the  type  of  tool  shown  in  Fig. 
8.  This  tool  is  used  in  making  the  under-cut  in  the  "fill  pipe 
cap"  shown  in  the  next  to  last  position  in  the  table  of  opera- 
tions. The  following  is  a  brief  explanation  of  the  way  in 
which  this  tool  operates.  Button  A  comes  down  into  engage- 
ment with  the  side  of  the  casting  in  which  the  under-cut  is 
required.  Further  travel  of  the  feed  mechanism  results  in 
compressing  spring  B  which,  in  turn,  forces  a  cam  C  down 
into  contact  with  the  angular  top  of  cutter  D.  When  cam  C 
engages  cutter  D  further  movement  of  the  feed  mechanism  of 
the  drill  press  results  in  forcing  out  the  cutting  edge  E  which 
is  thus  fed  into  the  work.  This  is  a  simple  and  convenient 
arrangement  for  machining  undercuts  on  the  drill  press.  Of 
course,  it  is  understood  that  at  the  same  time  that  cutting 
edge  E  is  being  fed  into  the  work,  the  edge  is  rotating  to 
machine  the  under-cut  all  the  way  around  the  piece. 

Special  Form  of  Facing-  Cutters 

To  provide  for  utilization  of  tool  steel  as  far  as  possible, 
the  tool  designers  have  worked  out  a  special  form  for  facing 
cutters  used  on  this  battery  of  drilling  machines.  For  the 
purpose  of  comparison,  Fig.  9  shows  the  old  type  of  facing 
cutter  and  the  improved  type  of  cutter  which  is  now  in  use. 
Referring  to  this  illustration,  it  will  be  seen  that  teeth  of 
the  old  type  of  cutter  have  all  of  the  lines  diverging  from  a 
common  point  A  at  the  center  of  the  top  surface  of  the  cutter. 
In  sharpening  a  cutter  of  this  type,  grinding  may  proceed 
until  the  teeth  of  the  cutter  are  worn  down  to  a  point  indicated 
by  dotted  lines  B.  When  this  point  has  been  reached  the 
cutter  is  considered  worn  out. 

It  will  be  apparent  to  anyone  who  gives  this  matter  con- 
sideration that  not  over  approximately  \2\U  per  cent  of  the 
steel  in  the  cutter  has  been  used  up  when  the  teeth  are  ground 
down  to  line  B.  To  overcome  this  obvious  waste,  an  improved 
type  of  facing  cutter  was  developed,  in  which  it  will  be  seen 
that  the  flutes  are  milled  to  a  constant  depth.  This  result 
was  easily  accomplished  when  the  tool  designer  once  decided 
to  break  away  from  established  practice  in  grinding  the  teeth 
and  flutes  with  all  lines  converging  from  a  common  point  A  to 
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which  reference  has  already  been  made.  In  sharpening  one 
of  these  improved  cutters,  it  will  be  evident  that  the  teeth 
can  be  ground  right  down  to  the  bottom  so  that  50  per  cent 
of  the  steel  in  the  cutter  is  used  up,  i.e.,  four  times  as  much 
service  is  obtained  as  from  the  old  type  of  cutter.  A  further 
advantage  of  this  improved  facing  cutter  is  that  the  cutting 
edges  of   the   teeth   are  arranged   tangent  to  a  small  circle 


Klif,    10.     LnrK.r   Vlnw   of   Cylliiilor   Bottom   »hown   In   Flrnl    Po.ltlon   in 
TabiiUtod   Data  on   Kaohlnlnff  Oporatloni  in   tho  Juno  InitftUmont 


Fiir.    11.     Fixtuxe   used   to   hold  -Work   while  performing  Disk-grinding 
Operation  on  Besly  Double-spindle  Machine 

surrounding  the  center  of  the  cutter  instead  of  having  them 
converge  to  this  center.  As  a  result,  a  shearing  action  is 
obtained  which  enables  the  tool  to  cut  more  freely  than  is 
the  case  where  the  cutting  edges  of  the  teeth  are  radial.  Also, 
additional  clearance  for  the  chips  is  provided  by  having  the 
flutes  milled  to  a  constant  depth. 

Special  Features  of  Jig-s  and  Fixtures 

It  is  not  within  the  scope  of  this  article  to  enter  into  an 
exhaustive  discussion  of  the  jigs,  fixtures  and  similar  equip- 
ment provided  for  use  in  machining  the  great  variety  of  parts 
that  are  handled  on  Baker  drilling  machines  used  by  S.  F. 
Bowser  &  Co.  There  are  one  or  two  points,  however,  which 
are  of  more  or  less  general  application,  and  these  will  be 
mentioned  very  briefly.  For  instance,  there  are  many  parts 
where  simple  drilling,  boring,  facing,  and  similar  operations 
have  to  be  performed.  Here  it  is  unnecessary  to  provide  a 
jig  or  fixture  for  locating  the  work,  but  means  must  be  pro- 
vided tor  preventing  the  work  from  turning  while  the  ma- 
chining operation  is  in  progress.  For  this  purpose  consider- 
able use  is  made  of  what  are  known  as  slotted  fixtures,  one 
of  which  is  shown  on  the  first  machine  illustrated  in  Fig.  2 
in  the  first  installment  of  this  article  in  the  June  number. 
Suppose  a  square  or  hex-shaped  piece  has  to  be  machined; 
one  of  these  slotted  fixtures  will  be  set  up  on  the  drill  press 
table  and  then  two  rails  will  be  slipped  into  slots  in  the 
fixture  at  such  a  distance  apart  that  the  work  can  just  be 
dropped  between  them.  This  is  only  one  of  the  many  uses 
which  is  made  of  these  slotted  fixtures.  In  the  illustration 
the  fixture  is  shown  set  up  with  a  work-holding  device  made 
out  of  boiler  plate,  that  affords  clearance  for  the  tool  after 
it  has  passed  through  the  work. 

In  most  cases  the  outstanding  feature  of  the  jig  and  fixture 
equipment  Is  the  extreme  simplicity  of  its  design.  This  is, 
of  course,  a  point  of  cardinal  importance  where  high  produc- 
tion is  aimed  at,  because  the  least  unnecessary  complication 
of  equipment  would  result  in  a  corresponding  reduction  In  the 
speed  of  operation  and  rate  at  which  parts  could  be  set  up 
and  removed  after  machining.  In  many  cases  it  has  been 
found  feasible  to  use  standard  three-jaw  chucks  where  circular 
parts  have  no  projections  to  prevent  them  from  turning  around 
under  the  spindle.  Another  feature,  which  is  a  result  of  the 
war-time  cost  of  copper  and  zinc,  is  the  provision  of  special 
trays  around  the  fixture  holding  brass  and  bronze  parts  that 
are  being  machined.  Tliese  trays  catch  all  of  the  chips  as  fast 
as  they  are  produced  and  enable  them  to  be  collected  without 
loaa — an  important  saving  at  the  present  time. 

Tool.s  and  Fixtures  for  MnchlniiiK  Cylinder  Bottoms 

Lack  of  space  obviously  makes  it  impossible  to  enter  into 
a  complete  discussion  of  all  the  cutting  tools,  jigs  and  fixtures 
used  tor  machining  tho  parts  for  which  the  operations  and 
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Fig.  12.    Fixture  in  wMcb  Work  is  held  wliile  boring  and  reaming  Hole  A 

rates  of  production  have  been  tabulated.  At  the  same  time, 
the  practice  of  S.  F.  Bowser  &  Co.'s  factory  engineer  in  de- 
signing tools  and  work-holding  fixtures  is  unusually  interest- 
ing, and  with  the  view  of  giving  a  general  idea  of  this  practice, 
a  complete  description  is  given  of  all  cutting  tools.  Jigs  and 
fixtures  used  for  machining  the  cylinder  bottom  which  is 
shown  first  in  the  tabulated  information  on  machining  opera- 
tions, and  also  in  Fig.  10. 

The  first  operation  consists  of  disk-grinding  the  top  and 
bottom  of  this  piece  of  work,  and  a  Besly  double-spindle  ma- 
chine is  used  for  the  purpose.  The  work-holding  fixture  em- 
ployed is  shown  in  Fig.  11,  and  will  be  seen  to  consist  of  a 
socket  in  which  the  work  is  held  in  an  edgewise  position 
with  the  top  and  bottom  extending  out  from  the  fixture  so 
that  they  may  be  engaged  by  the  two  disk  wheels.  This 
fixture  has  a  handle  A  by  which  it  is  pushed  back  and  forth 
between  the  disk  wheels  on  the  machine,  and  these  wheels 
are  relied  upon  to  hold  the  work  in  the  fixture. 

The  second  and  third  operations  consist  of  rough-boring 
and  reaming  hole  A.  In  both  cases  the  work  is  held  in  the 
fixture  shown  in  Fig.  12,  and  the  cutting  tools  are  shown  in 
Figs.  13  and  14.  For  both  boring  and  reaming,  the  speed  is 
25  R.P.M.,  and  the  feed  is  0.018  inch  per  revolution.  Re- 
ferring to  the  tool  shown  in  Fig.  13,  it  will  be  seen  that  the 
boring  is  done  by  bits  A,  while  the  function  of  bits  B  is 
merely  to  cut  a  30-degree  chamfer  at  the  top  of  the  hole. 
Plne-pltch  screws  C  furnish  means  for  making  accurate  ad- 
justment of  the  position  of  the  chamfering  cutters.  The  tool 
for  reaming  this  hole  requires  no  special  description. 

The  work-holding  fixture.  Figs.  12  and  12A,  used  for  these 
two  operations  Is  of  simple  design,  three  rails  A  support- 
ing the  work  while  a  rail  B  at  each  side  of  the  fixture 
prevents  the  work  from  rotating.  Very  little  time  is  required 
to  slide  work  Into  such  a  fixture.  It  will  be  apparent  from 
the  dimensions  that  the  flange  on  the  work  has  con.slderable 
overhang  at  one  end,  and  as  this  flange  Is  at  a  higher  level 
than  the  lop  of  the  side  rails  B,  it  would  be  unsupported.  To 
overcome  this  difllculty,  and  at  the  same  time  to  allow  for 


slight  variations  in  the  castings,  a  knurled-headed  screw  0  is 
provided  on  the  fixture.  When  the  operator  sets  a  casting  in 
place  he  adjusts  the  position  of  this  screw  so  that  it  comes 
up  against  the  under  side  of  the  flange,  thus  supporting  the 
work  ready  for  the  machining  operation.  Particular  attention 
is  called  to  the  tongue  D  and  strips  E  on  the  under  side  of 
the  fixture.  This  is  a  standard  construction  on  practically  all 
work-holding  fixtures,  the  purpose  being  to  provide  a  "float- 
ing" fixture  which  is  enabled  to  align  itself  properly  with  the 
drill  spindle.  All  fixtures  of  this  type  rest  on  a  standard  base- 
plate (not  shown  in  the  illustration)  which  is  not  bolted  down 
to  the  table  of  the  machine.  The  upper  side  of  this  plate  has 
a  groove  to  receive  tongue  D  and  is  machined  to  form  bear- 
ings for  strips  E.  On  its  under  side  this  plate  has  a  tongue 
running  at  right  angles  to  the  groove  in  its  upper  surface,  and 
this  tongue  fits  into  the  T-slot  on  the  drilling  machine  table. 
As  a  result,  the  fixture  floats  in  so  far  as  the  spindle  of  the 
drilling  machine  is  concerned,  although  it  is  held  in  such  a 
way  that  rotation  of  the  fixture  is  impossible. 

The  fourth  operation  consists  of  boring  holes  B  and  C 
and  cutting  a  30-degree  chamfer  at  the  top  of  hole  B.  For 
this  purpose  the  same  work-holding  fixture  is  employed  that 
was  used  on  the  two  preceding  operations.  The  cutting  tool 
is  shown  in  Fig.  16,  and  will  be  seen  to  consist  of  cutters  A 
and  B  for  boring  holes  B  and  G,  respectively.  The  operation 
is  performed  at  a  speed  of  100  revolutions  per  minute,  and  a 
feed  of  0.010  inch  per  revolution. 

The  fifth  operation  consists  of  finish-boring  hole  B,  facing 
the  surface  at  the  top  of  the  valve  seat  in  this  hole,  and  cham- 
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fering  and  facing  top  of  hole  G,  for  which  the  fixture  used  is 
shown  in  Fig.  1.5.  It  will  be  seen  that  to'all  intents  and  pur- 
poses the  fixture  is  the  same  as  that  used  for  performing  the 
preceding  operations,  except  that  the  portion  of  the  fixture 
under  the  part  of  the  work  that  is  being  machined  is  furnished 
with  solid  metal  surfaces  shown  at  A,  instead  oC  simply  hav- 
ing tlio  work  supported  by  a  narrow  rail.  The  reason  for  tliis 
construction  is  that,  while  tlio  previous  typo  of  fixture  is  plenty 
good  enough  for  the  performance  of  roughing  operations,  for 
taking  the  finishing  cut  it  is  possible  for  the  work  to  be  cocked 
sufficiently  out  of  alignment  to  produce  an  appreciable  error. 
It  Is  to  guard  against  the  possibility  of  such  a  contlngoncy  that 
the  present  typo  of  fixture  Is  employed.  Attention  is  called 
to  the  fact  that  this  fixture  l.s  used  for  the  performanco  of 
several  other  operations,  and  the  openings  at  B  and  ('  with 
solid  mclul  surfaces  surrounding  tliem  have  no  special  signifi- 
cance In  coniioellon  with  the  present  operation.  The  cutter 
used  for  taking  this  finishing  rut  Is  shown  In  Fig.  17.  It  will 
lie  K(!en  that  cutter  .1  reams  hole  II.  while  cutler  »  faces  the 
top  of  this  hole.  Chamfering  and  cduiiliTborlng  the  top  of 
lioln  G  Ih  done  by  cutter  C,  while  facing  the  top  of  this  hole 
Ih  done  by  cutter  I).  Allenllon  Is  railed  to  the  fact  that  cut- 
ters G  and  D  are  piloted  In  hole  V  to  asHuro  ac(!urato  allgn- 
iiiont.  Tills  operation  Is  performed  at  a  spood  of  100  rovolu- 
llons  per  minute,  onrt  n  food  of  0.014  Inch  per  revolution. 

The  nlxth  operation  ronslHlH  of  lapping  hole  G,  for  whh'h 
piirpoKo  a  No.  9  lap,  miwle  by  llu'  Miii\iifarturerH'  lOqulpnient 
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Co.,  of  Chicago,  is  employed,  this  tap  being  furnished  with  a 
special  pilot  shown  in  Fig.  18,  which  runs  in  hole  B.  This 
pilot  is  shown  at  A  in  Fig.  IS,  and  is  held  in  place  in  the  tap 
by  a  draw-bolt  B.  Above  the  collar  on  this  draw-bolt  the  de- 
sign is  similar  to  the  regular  bolt  used  on  the  standard  tap, 
but  the  thin  extension  B  below  the  collar  is  provided  to  reach 
down  and  hold  pilot  A  in  place.  The  fixture  used  tor  perform- 
ing this  operation  is  the  same  as  that  used  on  the  second,  third 
and  fourth  operations.  The  work  is  done  at  a  speed  of  25 
revolutions  per  minute. 

The  seventh  operation  consists  of  finishing  the  valve  seat. 
The  work  is  set  on  the  bed  of  the  machine  without  using  a 
fixture,  and  the  tool  used  is  shown  in  Fig.  19.  The  valve  seat 
cutter  is  shown  at  A,  and  attention  is  called  to  the  fact  that  a 
collar  B  is  provided  on  the  tool  which  enables  the  seating  tool 
to  cut  in  to  exactly  the  proper  depth.  This  operation  is  per- 
formed at  a  speed  of  100  revolutions  per  minute  with  hand  feed. 

After  the  valve  has  been  seated,  the  eighth  operation  is  to 
turn  the  outside  of  union  D,  face  the  top  of  this  union,  and 
counterbore  for  the  brass  insert  E.  The  work-holding  fixture 
used  for  this  purpose  is  shown  in  Fig.  20;  and  it  will  be  seen 
to  be  practically  identical  with  the  fixture  used  for  performing 
the  second,  third  and  fourth  operations.  It  consists  of  three 
rails  A  to  support  the  work  and  two  side  rails  B  to  prevent 
the  work  from  rotating.  The  cutting  tool  used  for  this  purpose 
is  shown  in  Fig.  21,  from  which  it  will  be  seen  that  three 
bits  A  provide  for  turning  the  outside  of  the  union,  three  cut- 
ters B  for  counterboring  for  the  brass  insert  E,  and  tool  C 
for  facing  the  top  of  the  union.    It  will  be  seen  that  the  design 
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of  this  tool  is  worked  out  in  such  a  way  that  two  lock-nuts  D 
support  the  bits  A  and  B  from  the  top  and  provide  accurate 
means  of  adjusting  them  in  the  desired  vertical  position. 

At  the  same  time,  the  bits  are  furnished  radial  support  by 
means  of  set-screws  E  carried  in  a  cellar  surrounding  the 
lower  part  of  the  tool.  This  is  a  somewhat  old  tool,  and  re- 
cently the  design  of  this  type  of  tool  has  been  considerably 
modified  to  provide  better  radial  support  for  the  cutters.  In 
designing  tools  of  this  type  It  is  now  the  practice  to  bring  the 
collar  down  within  about  V4,  inch  of  the  cutting  edge  of  the 
bits,  instead  of  having  the  bits  overhang  approximately  IV4 
inch.  In  this  way  there  is  far  better  support  and  the  possi- 
bility of  thoir  springing  away  from  the  work  is  very  materially 
reduced.  Some  tool  designers  will  be  inclined  to  say  that  the 
amount  of  spring  which  could  possibly  occur  in  a  tool  of  the 
type  sho\*n  In  Fig.  21,  is  so  small  that  the  change  in  design 
is  scarcely  worth  while.  Granting  that  this  is  the  case,  the 
Bowser  tool  designers  did  not  feel  satisfied  with  any  form  of 
construction  which  left  the  possibility  for  an  error  which  thorn 
was  any  way  to  overcome.  The  speed  at  which  this  operation 
is  conducted  la  72  revolutions  per  minute,  with  a  food  of  0.012 
Inch  per  revolution. 

The  ninth  operation  consists  of  reaming  the  bore  for  the 
brass  insert  E.  The  same  fixture  Is  used  as  for  the  preceding 
operation,  and  the  tool  employed  Is  shown  In  Fig.  22.  This 
will  he  seen  to  ronslHt  of  a  simple  roaming  cutter  A  mounted 
on  a  suitable  shank.  The  operation  Is  iierformed  at  a  speed 
of  100  revolutions  per  minute,  with  hand  feed. 


Figs.    16   to  19.     Tools  for  rough-boring  Holes  B   and   C,   finish-horing 
Holes  B  and  C,  Special  Pilot  for  Tap  for  Hole  C.  and  Valve- 
seating   Tool  for  Top   of   Hole   B 

After  reaming  the  hole  for  the  brass  insert,  the  tenth  opera- 
tion is  to  thread  the  outside  of  union  D,  which  is  done  with  a 
threading  die.  The  same  fixture  is  used  as  for  the  two 
preceding  operations,  and  the  work  is  done  at  a  speed  of 
25  revolutions  per  minute.  After  threading,  the  work  is  ready 
for  the  eleventh  operation,  which  consists  of  pressing  the 
brass  insert  into  place.  This  is  done  with  a  portable  arbor 
press,  which  is  brought  up  to  the  gang  drills  at  such  times 
as  it  is  required  for  service.  The  arbor  press  is  mounted  on  a 
skid,  so  that  it  can  be  carried  on  an  elevating  truck;  it  is 
motor-driven  and  connected  to  the  power  circuit  arranged 
on  this  battery  of  drilling  machines. 

The  twelfth  operation  consists  of  cutting  the  valve  seat  in 
brass  insert  E  in  the  union.  The  work  is  held  in  the  same 
fixture  as  for  the  preceding  operation,  and  the  tool  used  is 
shown  in  Fig.  23.  It  will  be  seen  that  this  is  a  simple  angular 
mill  A  mounted  on  a  suitable  shank.  A  guard  B  is  placed 
around  the  cutter  to  provide  for  the  operator's  safety.  The 
operation  is  performed  at  a  speed  of  ISO  revolutions  per  min- 
ute, and  a  feed  of  0.010  inch  per  revolution. 

The  thirteenth  operation  consists  of  drilling  two  holes  F. 
The  same  work-holding  fixture  is  used  as  in  the  preceding 
operation,  and  the  holes  are  located  by  means  of  a  jig  shown 
in  Fig.  24.  Pin  A  is  dropped  into  the  cored  hole  G  on  the 
work  and  locating  pins  B  enter  the  rectangular  shaped  hole 
in  the  work,  shown  by  dotted  lines  between  the  holes  F  which 
are  to  be  drilled.  When  handwheel  C  is  turned  so  that  tapered 
block  D  is  drawn  up  between  the  heads  of  pins  B.  these  pins 
are  forced  outward,  which  results  in  clamping  the  jig  firmly 
in  place  over  the  work.  Hardened  steel  bushings,  through 
which  the  holes  are  drilled,  are  located  in  holes  E  in  the  jig. 
The  drilling  operation  is  performed  at  a  speed  of  2S0  R.P.M., 
with  a  feed  of  0.010  inch  per  revolution.  After  these  holes 
have  been  drilled,  the  jig  is  removed  from  the  work,  which  is 
left  in  position  in  the  fixture  ready  for  the  performance  of 
the  fourteenth  operation.  This  consists  of  tapping  the  holes  F. 
This  tapping  operation  is  performed  at  a  speed  of  72  R.P.M. 


lie  20.    Fixture  used  for  holdinf  Work  while  turnins  and  faclnc  Union  D 
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Of  these  fourteen  operations,  if  will  be  recalled  that  Opera- 
tion 1  is  done  on  a  disk  grinder,  while  Operation  11  consists 
of  pressing  a  brass  bushing  into  place  in  the  work,  a  portable 
arbor  press  being  used  for  this  purpose.  As  a  result,  there 
are  twelve  operations  that  are  performed  on  the  Baker  drilling 
machines,  and  these  are  divided  up  into  three  groups  of  four 
operations  each.  In  order  to  have  the  relative  amount  of 
time  taken  by  different  operations  work  out  to  the  best  pos- 
sible advantage,  the  following  grouping  was  decided  upon: 
Operations  2,  3,  13,  and  14  are  performed  on  a  group  of  four 
machines;  Operations  4,  5,  6,  and  7  are  next  performed  on  this 
group  of  four  machines  at  the  second  setting;  and  Operations 
8,  9,  10,  and  12  are  performed  at  the  third  setting  of  these 
four  machines. 

It  will  be  recalled  that  in  the  first  installment  attention  was 
directed  to  the  fact  that  an  endeavor  is  always  made  to  select 
groups  of  four  operations  in  such  a  way  that  all  four  machines 
of  the  group  may  be  kept  as  constantly  employed  as  possible. 
The  grouping  together  of  Operations  2,  3,  13  and  14  la  a  good 
example  of  this  kind.  Operation  13  calls  for  drilling  two 
holes  F,  one  at  a  time,  and  Operation  14  consists  of  tapping 
these  holes  one  at  a  time.  To  provide  for  performing  these 
two  double  operations  without  keeping  other  machines  idle, 
they  are  grouped  with  Operations  2  and  3,  which  consist  of 
boring  and  reaming  the  large  hole  A,  and  take  as  much  time 
as  the  double  operations  of  drilling  and  tapping  two  holes  F. 
one  at  a  time.  In  handling  his  battery  of  four  machines,  the 
operator  goes  from  Operation  2  to  Operation  3,  then  to  Opera- 
tion 13,  where  he  starts  drilling  one  hole,  then  to  Operation 
14,  where  he  starts  tapping  one  hole  and  waits  until  this  opera- 
tion is  completed,  the  time  being  only  a  few  seconds.  He 
then  starts  the  tap  in  the  second  hole  for  Operation  14,  after 
which  he  starts  the  drill  for  the  second  hole  in  Operation  13. 
After  this,  he  goes  back  to  Operation  2  to  start  work  on  a 
fresh  piece,  and  this  order  of  procedure  is  followed  con- 
tinuously, with  the  result  that  all  machines  are  kept  con- 
stantly employed.  In  conclusion,  it  may  be  mentioned  that 
only  one  group  of  four  machines  is  working  on  the  same  piece 
at  a  time.  After  the  first  four  operations  have  been  performed 
on  all  pieces,  this  same  group  of  four  machines  starts  on  the 
next  four  operations;  and  when  these  have  been  completed,  the 
final  group  of  four  operations  is  performed  on  this  set  of 
machines.  It  would  not  do  to  have  twelve  machines  out  of  a 
battery  of  twenty-eight  working  on  one  part. 

Concemlner  Bates  of  Production 

As  most  of  the  work  handled  on  this  battery  of  high-duty 
drilling  machines  is  of  a  character  where  an  extremely  high 
degree  of  accuracy  is  not  required,  the  rates  of  production 
obtained  In  performing  machining  operations  become  a  matter 
of  unusual  Importance.  A  good  Idea  of  the  actual  output  in 
machining  various  parts  which  could  be  handled  with  a  shop 
equipment  of  this  character  will  be  gathered  from  a  study  of 
the  machining  operations  and  rates  of  production  which  are 
tabulated  In  connection  with  this  article.  It  will  at  once  be 
apparent  to  the  experienced  production  engineer  that  these 
rates  of  output  are  very  satisfactory.    But  a  man  who  Is  con- 


al.  aj.  ir.'!  aa.    T-oI  for  i.irnln».   f.rln»,  anrl  Iwrlnr  Union  I).  Tool  fo 
r»niln(  lUal   for   Buihinf  K     and   Tool  for  chamfarlnf   Huihlnt  F. 


sidering  the  prob- 
lem of  selecting 
equipment  for  ma- 
chining a  given  line 
of  work  which 
might  be  handled 
on  drilling  ma- 
chines will  natural- 
ly ask  himself  the 
question,  "Is  there 
no  better  way  in 
which  I  could  ma- 
chine these  parts?" 
An  answer  to  this 
question  is  found  in 
the     experience    of 

S.   F.   Bowser  &  Co.  ^'^'  **■    ''^  used  for  drilling  Holes  F 

during  the  past  two  years.  This  firm's  shops  have  been 
so  rushed  with  work  that  a  practice  has  been  made  of  arrang- 
ing with  outside  concerns  to  machine  work  on  a  contract  basis. 
In  many  cases  the  figures  submitted  for  machining  parts  which 
are  ordinarily  handled  in  the  drilling  machine  department 
have  been  so  far  above  the  company's  own  production  costs 
that  a  good  deal  of  hesitation  was  felt  about  letting  contracts 
to  these  bidders.  Investigations  which  were  conducted,  how- 
ever, went  to  show  that  the  margin  of  profit  made  on  the  work 
by  these  outside  concerns  was  not  at  all  excessive,  and  as 
most  of  the  bids  obtained  from  outside  machine  shops  were 
considerably  above  the  cost  of  producing  work  on  drilling  ma- 
chines— after  deducting  a  reasonable  margin  of  profit — it  is 
fair  to  conclude  that  these  shops  based  their  bids  upon  the 
use  of  equipment  which  was  unable  to  compete  with  the  highly 
specialized  tools  and  methods  which  have  been  described  in 
this  article. 

*  *     * 

DRAFTING-ROOM    SPECIFICATIONS    FOR 
COMPRESSION  SPRINGS 

BY  C.  C.   SPREEN  ' 

Many  mistakes  in  drawing  and  figuring  springs  may  be 
avoided  if  the  following  rules  are  observed  in  the  drafting- 
room.  The  standard  sizes  of  wire  and  wire  gages  that  are 
standards  for  the  different  metals  used  in  the  making  of 
springs  should  be  specified  on  drawings  as  follows: 

Washburn  &  Moen  gage,  now  known  as  American  Steel  & 
Wire  Co.  gage,  for  steel  and  iron  wire  and  for  tempered  steel 
wire  springs. 

American  Steel  &  Wire  Co.  music  wire  gage  for  music  wire 
sprinR.s. 

lirown  &  Sharpe  gage  for  brass,  phosphor-bronze,  and  Ger- 
man silver  wire  springs. 

Name  inside  diameter  of  springs  it  used  over  a  rod,  and 
.state  size  of  rod. 

Name  outside  diameter  of  springs  if  used  in  a  hole,  and 
state  size  of  hole. 

If  used  over  a  rod  and  in  a  hole,  give  dimensions  of  both 
rod  and  hole. 

State  free  lengths  of  springs,  pitch  of  coils,  or  number  of 
colls  per  Inch. 

The  stylo  of  ends  should  be  specified  as  open  ends,  not 
ground;  open  ends,  groiiiul;  closed  ends,  not  ground;  and 
riosed  ends,  ground.  If  the  ends  should  be  closed  and  ground 
perfectly  square  with  the  axis,  the  specifications  should  read 
accordingly. 

If  the  springs  should  bo  scale  tested,  state  length  to  which 
they  should  be  conipreHsed,  under  a  specified  number  of  pounds 
pressure. 

Stat(!  varl.illon  allowable  over  and  under  the  number  of 
pounds  i)roMHurc  spoclfled.  i 

Note  If  plain  or  Japmmed,  etc.,  flnlsh  la  desired. 

•  *     • 

To  dose  largo  cracks  and  small  IioIch  in  lirlckworU,  fill  llio 
(iliniilng  with  nsboHtoH,  and  cover  this  with  a  cuniciit  made  In 
llm  proportion  of  10  pounds  of  uHpliiilt,  10  pounds  of  niiiRnosln- 
aHhcHldH,  10  pounds  porlland  ci'immt,  and  \/2  khHihi  bonzlno. 
Meat  the  nnphall  until  It  Is  (luld,  roniovo  from  llii>  llro,  and 
mix  In  till-  bonzlno;  then  add,  wlillo  stlrrlnK,  tlio  cement  and 
iriiigTii'Hla  aHhoHloH,  which  jiiivo  boi'ii  provlouHly  mixed  aii<l 
lii'iili'd  to  .''.no  (IcKii'im  K.  If  Iho  Hiirfaco  lo  be  soalod  Is  subjpct 
Id  IiIkIi  tetiiporuturo,  liicruiuio  tlio  proporllnii  of  coinniit  ami 
innKnoMln. 
~  A<|.lr..«ii:  308  W.  CoiTrT8(7,  ninCMIrli. 
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REAR  SIGHT  OF  AIR  RIFLE 

The  accompanying  illustrations  show  the  rear  sight  of  an 
air  gun  and  the  three-stage  follow-die  for  making  it  In  one 
operation.  In  Fig.  1,  A  is  the  finished  sight  and  B  is  the  end 
of  a  strip  which  shows  the  first  two  stages.     The  strip  of 


Fig.    1.      Hear   Sight   of   Air   RiSe 

metal  from  which  these  sights  are  made  is  0.59  inch  wide. 
Fig.  2  is  a  cross-section  on  the  line  XY.  Fig.  6,  through  the 
notching  punches  and  dies  and  shows  the  stripper  and  guide, 
as  well  as  outlines  of  parts  of  the  shoe  and  the  punch-holder. 
Fig.  3  is  a  cross-section,  on  the  line  W,  through  the  parting 
die  and  shows  the  parting  punch  7,  the  pilot  H,  and  the  form- 
ing die  E  and  punch  J.  Fig.  4  is  a  plan  of  the  top  of  the 
punch-holder.  Fig.  5  is  a  projection  through  the  die  and 
the  punch,  and  Fig.  6  shows  the  plan  of  the  die;  the  notching 
dies  are  shown  at  A;  the  piercing  punch  at  B;  the  parting 
die  at  C;  the  tongue-bending  punch  at  D;  the  forming  die  at 
E ;  the  notching  punches  at  F ;  the  piercing  die  at  G;  the  pilot 
at  H ;  the  parting  and  bending  punch  at  1 ;  the  forming  punch 
at  J ;  the  stripping  pins  at  K;  the  holding  pad  at  L;  the  main 
die-plate  at  M ;  the  supplemental  die-plate  at  y ;  the  first  stop 
at  0;  and  the  second  stop  at  P. 

The  die  for  cutting  the  tongue  is  in  the  punch-holder  at 
G,  and  the  punch  B  is  below.  The  tongue  is  forced  out  of  the 
die  by  a  pad  actuated  by  a  spring  in  the  punch-holder,  and  is 
stripped  from  the  punch  by  the  pins  K.  The  notching  punches 
F  are  much  wider  than  the  notches  cut  out  and  have  heels, 
which  center  the  strip  and  back  against  the  dies  to  resist  side 
thrust.    The  pilot  U  keeps  the  strip  lined  up. 


The  main  forming  die  E  slides  in  the  plate  M  and  rests  on  a 
spring  pad  that  is  actuated  by  a  heavy  square-section  spring  R; 
above,  the  pad  L  is  backed  by  a  lighter  spring.  The  pad  L 
holds  the  piece  to  the  die  E  while  it  is  being  cut  ofi  by  the 
punch  I;  the  spring  R  is  then  compressed,  allowing  E  to 
descend.  As  the  punch  D  is  stationary  in  the  plate  2^,  it  forces 
up  the  tongue  into  the  recess  in  the  punch  /.  At  the  end  of 
the  stroke  the  die  E  bottoms  on  the  plate  "N,  giving  the  piece 
its  final  form. 

De  Kalb,  111.  W.  B.  Greenleaf 


PECULIAR  DRILL  CHIP  FORMATION 

The  accompanying  illustration  shows  a  curious  chip  forma- 
tion obtained  when  drilling  tool  steel  with  a  3/4-inch  drill  in  a 
turret  lathe.  The  drill  was  ground  as  accurately  as  possible, 
and  the  steel,  as  far  as  could  be  judged,  was  not  piped  or 
seamed.     Nevertheless,   one-half   of   the   chip   rolled  up   into 


\/'\r\r^ 


Feculiar  Drill  Chip  Formation 

small  curls  at  regular  intervals,  while  the  other  half  presents 
an  unbroken  helix.  The  cause  for  this  peculiar  chip  formation 
is  somewhat  of  a  puzzle.  L. 


ACCIDENTS  ON  MONDAY 

In  reply  to  a  query  as  to  the  proportion  of  accidents  on 
Monday  as  compared  with  those  on  other  days  of  the  week, 
owing  to  Saturday  and  Sunday  drinking,  the  Brown  &  Sharpe 
Mfg.  Co.,  which  has  paid  especial  attention  to  the  gathering 
of  accident  statistics,  writes: 

We  are  interested  in  the  point  raised,  regarding  the 
drink  question  and  its  relation  to  accidents.  Our  accidents 
last  year  were  equal  on  Monday  and  Tuesday,  with  a  larger 


iiiakinR   Roar  Sight  of   Air   Rifle   thown    in    Y-.t-    1 
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percentage  of  the  more  serious  ones  coming  on  Tuesday. 
This,  however,  would  not  indicate  that  your  general  prin- 
ciple as  laid  down  was  wrong,  because  Monday  night  is  pay- 
night  with  us,  and  this  might  encourage  such  habits  in  the 
case  of  certain  employes  as  would  lead  to  a  greater  number 
of  accidents  on  Tuesday.  The  accidents  for  these  two  days 
are  somewhat  above  the  average  for  the  week;  but  on  the 
whole  our  employes  are  of  a  temperate  class,  and  we  do 
not  think  this  trouble  is  esaggerateid,  as  in  many  shops. 
New  York  City  Robebt  Gbimshaw 


SIMPLE  TOOLS  FOR  MAKING  COIL  SPRINGS 

A  great  many  manufacturers  using  coil  springs  are  not  in  a 
position  to  make  them  as  cheaply  as  firms  making  a  specialty 
of  this  business,  but  it  often  becomes  necessary,  due  to  delayed 
delivery,  etc.,  for  them  to  make  tlrese  springs  in  their  own 
plant.  The  tools  here  illustrated  and  described  are  simple,  low 
in  cost,  and  produce  springs  suitable  for  practically  any  class 
of  service. 

The  winding  mandrel  shown  at  A,  Fig.  1,  has  a  clamp  for 
the  end  of  the  wire  that  is  simple  but  positive  and  from  which 
it  is  possible  to  remove  the  spring  quickly.  The  diameter  of 
the  mandrel  is  determined  by  trial  before  making  the  clamp 
attachment,  starting  with  a  size  that  is  amply  large  and  turn- 
ing it  down  until  the  spring  winds  to  the  correct  size,  using  a 


Fl(.    1.     Mandrel   and    Guide   for   windioc   Spring,    and    Cutting-ofT   Jig 

temporary  clamp  to  hold  the  end  of  the  wire.  A  mandrel  20 
inches  long  over-all  Is  satisfactory  for  springs  of  ordinary  size. 
The  combination  steadyrest  and  wire  guide  li  has  interchange- 
able bushings  for  the  mandrel  and  the  wire. 

The  cuttlng-off  jig  C  Is  used  in  a  power  press  and  has  a 
chisel-pointed  tool  In  the  ram.  An  adjustable  stop  is  provided 
to  gage  the  length,  which  Is  determined  by  trial;  a  record  of 
this  length  Ib  kept.  The  shape  of  the  anvil  is  Important,  and 
an  anvil  will  probably  be  required  for  every  dlfterent  spring, 
due  to  variations  In  diameter,  space  between  colls,  etc.  Notch- 
es In  the  flat  part  of  the  anvil  provlilo  clearance  for  the  colls. 

The  grinding  mandrel  shown  at  A,  KIg.  2,  clamps  the  spring 
on  ItM  end  by  a  collet,  which  Is  expanded  as  the  taper  end  of 
the  Internal  rod  Ih  drawn  back  by  the  wing-nut.  This  collet 
baa  four  longitudinal  Blots,  as  shown,  and  is  of  a  length  which 
will  clear  the  grinding  wheel  about  1/lR  Inch  whfMi  the  wire 
Is  of  Iho  ordinary  bIzi-.  The  IhlckncHH  of  iUr  hIi-i'I  washer 
shown  Is  one-half  the  difference  between  the  cut  off  length  and 
the  flnlsbed  length  of  the  spring.  It  Is  placed  on  tho  mandrel 
back  of  the  spring  when  Krlndlng  the  second  onil  ho  n»  to  In- 
sure Ibo  name  amount  being  ground  off  each  end.  The  bout 
generated  In  grinding  tends  to  dose  the  end  coll  soMicwhnt. 
making  a  more  continuous  flat  bearing  on  the  end.  Tho  rcHt 
shown  at  fl  serve*  as  a  bolder  for  the  pilot  part  of  the  mundrol 


Fig.   2.     Mandrel   and  Rest  for  grinding  Ends  of   Springs 

and  also  as  a  stop.  By  making  the  pilot  diameter  of  sufficient 
size,  one  rest  can  be  used  for  springs  of  various  sizes.  The 
grinding  is  done  on  the  side  of  the  wheel. 

Dubuque,  Iowa  Chesteb  W.  Hathaway 


MEASURING  TAPERS  AND  RING  GAGES 

A  great  many  uses  have  been  found  for  the  common  roller 
of  a  roller  bearing  in  the  tool-room.  Because  of  the  high  grade 
of  steel  used  and  the  accuracy  with  which  the  roller  is  manu- 
factured, it  is  valuable  in  measuring  tapers,  gages,  and  in 
many  other  difficult  measuring  propositions.  Fig.  1  shows 
an  example  of  the  use  of  the  rollers  in  measuring  a  taper. 
The  work  M  has  been  turned  to  a  given  taper  per  inch  and  is 
to  be  tested  for  accuracy;  A,  B  and  C  are  Johansson  test 
pieces  of  1,  2  and  3  inches  height,  respectively,  while  D  and  E 
are  rollers  of  equal,  known  dimensions.  Gage  M  is  placed  on 
a  surface  plate  as  shown,  and  the  blocks  A  set  up  to  the  taper; 
the  rollers  D  and  E  are  then  placed  on  the  blocks  in  contact 
with  the  taper,  and  the  measurement  F  is  taken.  The  blocks 
B  are  then  substituted  for  A  and  another  measurement  0  is 
taken,  which  should  equal  the  measurement  of  F  plus  the 
given  taper  per  inch.  For  further  accuracy  the  blocks  C 
may  be  substituted  and  the  same  procedure  followed  by  taking 
measurement  H. 

Fig.  2  shows  an  example  of  the  use  of  the  rollers  for 
measuring  a  ring  gage.  The  gage  is  placed,  flat  side  down, 
on  a  surface  plate,  and  two  rollers  A  and  B.  of  known  dimen- 
sions, are  placed  as  shown.  The  distance  between  the  rollers 
is  built  up  by  means  of  the  Johansson  test  pieces  0,  D  and  E. 
leaving  E  for  the  final  piece  so  that  a  measurement  to  four 
decimal  places  can  be  obtained.  The  total  dimension  of  A,  B. 
0,  D  and  E  will  equal  X.  This  operation  should  be  tried  in 
several  places  to  locate  high  or  low  spots  and  insure  accuracy. 
The  rollers  may  also  be  used  by  the  toolniaker  for  accurately 
locating  work  in  jigs  and  fixtures,  for  sotting  a  piece  of  work, 
on  which  a  surface  is  to  bo  planed  or  niilled  at  an  exact  angle, 
for  testing  a  square,  measuring  dovetails,  and  numerous  other 
cases  that  are  continually  met  with  by  a  toolniaker. 

Westboro,   Ottawa,   Canada  Fbed   V.   Ball 
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Standard  Proportions  of  U-lugs 

STANDARD   SIZES  OF  U-LUGS 

In  the  accompanying  illustration  are  shown  the  standard 

sizes  of  U-lugs  for  jigs  and  fixtures.    These  lugs  are  for  bolt 

sizes  from  one-fourth  to  one  inch  and  are  used  for  fastening 

the  jigs  or  fixtures  to  machinery  beds,  tables,  etc. 

Flint,  Mich.  C.  C.  Spbeen 


ALUMINUM  IN  BRASS  CASTINGS 

The  use  of  aluminum  in  brass  castings  becomes  quite  an 
obsession  with  some  foundry  foremen,  and  they  entirely  ignore 
the  purpose  of  the  aluminum,  adding  to  every  pot  of  molten 
brass  from  two  to  eight  ounces.  Apart  from  any  deoxidation 
which  is  effected,  the  usual  result  is  to  give  a  bright  color 
to  the  castings;  assuming  that  they  are  to  be  used  as  they 
leave  the  molds,  their  appearance  is  very  desirable.  If,  how- 
ever, the  articles  are  to  be  dipped  and  lacquered,  or  if  they 
are  to  be  either  silver-  or  nickel-plated,  the  aluminum  is  fatal 
to  good  work,  as  its  rapid  oxidation  prevents  the  regular  action 
of  the  acid  or  plating  baths.  Therefore,  dry  polishing  is  the 
only  available  method  of  finishing  brass  castings  containing 
aluminum. 

Liverpool,  England  Mask  Meredith 


LATHE  DISK  SANDER 

The  economic  value  of  sandpaper  is  becoming  more  appar- 
ent every  day,  and  one  of  its  most  useful  applications  is  in  the 
patternmakers'  art.  Five  minutes  of  sanding  on  a  disk  will 
frequently  accomplish  more  than  an  hour  would  in  any  other 
way.  It  smooths  up  end  grain  and  sands  out  saw  marks.  A 
large  disk  is  more  desirable  than  a  small  one,  because  the 
sandpaper  farthest  from  the  center  does  most  of  the  work. 

The  illustration  shows  a  side  and  end  elevation  of  a  disk 
Bander  attachment  for  use  on  a  wood-working  lathe,  which 
can  be  quickly  removed  from  the  lathe  and  stored  away  when 
not  in  use.  The  sander  consists  of  a  disk  .1.  .stand  B,  plate  C, 
arm  D.  pins  and  bolts.  The  disk  A  is  screwed  on  the  lathe 
spindle  and   is  machined   to   receive  the  sandpaper,  which   is 
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cemented  to  the  face  of  the  disk.  The  stand  B  is  machined 
to  fit  the  lathe  bed,  and  is  held  in  place  by  a  bolt  and  wing- 
nut.  The  plate  C  is  pivoted  to  the  stand  B  at  the  front,  and 
has  a  lug  at  the  rear  in  which  an  arm  D  is  secured  by  a  pin. 
The  plate  G  can  be  raised  from  a  horizontal  position  to  an 
inclination  of  45  degrees  by  means  of  the  arm  D.  The  arm 
is  held  in  different  positions  by  a  bolt  and  wing-nut. 

Chester,   Pa.  George   W.   Childs 


MACHINE  FOR  SPLITTING  HIDE 

On  account  of  the  extensive  use  of  leather  in  automobiles 
there  has  been  so  great  an  increase  in  the  demand  for  leather 
that  it  is  necessary  to  split  the  hides  to  a  greater  extent  than 
formerly.  For  most  commercial  purposes  a  hide  is  cut  up 
into  several  thin  sheets  called  "splits,"  and  it  is  only  for  such 
uses  as  belting  and  sole  leather  that  the  natural  thickness  of 
the  hide  is  retained.  The  outside  or  hair  side  of  a  hide  is  the 
best  and  most  expensive  of  all  the  sheets  into  which  it  may 
be  separated.  The  other  sheets  are  known  as  "doped"  splits; 
in  the  manufacturing  process  these  are  treated  to  give  them 
the  properties  of  the  outside  piece  as  near  as  possible  and  an 
artificial  grain  that  makes  them  all  look  alike. 


WORK-TABLE 


L,tUl,.    Dl»k    .S,>ll.l.- 


Section  of  Hide-splitting  Machine 

There  are  features  of  interest  about  every  special  machine, 
liut  the  one  to  be  described  is  especially  noteworthy  when  one 
considers  that  a  hide  ready  for  splitting  is  as  soft  as  paper, 
that  it  is  not  symmetrical,  has  projecting  ends,  and  measures 
eight  to  nine  feet  one  way,  and  that  it  is  required  to  cut  these 
splits  so  that  they  are  gaged  within  the  0.002  inch  limit.  The 
machine  used  for  quantity  work  is  of  the  continuous  knife  or 
belt  knife  type,  and  might  be  likened  to  a  band  saw  with  a 
long  dimension  horizontal  instead  of  vertical,  and  a  wide 
blade  without  teeth. 

The  accompanying  illustration  represents  a  section  through 
the  machine,  showing  the  blade  or  knife  with  its  guiding  Jaws 
and  the  rollers  for  feeding  and  sizing  the  leather.  The  knife 
is  1/16  inch  thick,  and  when  new,  3  inches  wide.  It  is  kept  in 
a  state  of  almost  razor-like  sharpness  by  :i  pair  of  emery 
wheels  B  which  are  continuously  running  and  act  on  the  knife 
on  its  lower  or  return  travel.  The  jaws  C  which  guide  the 
knife  weigh  altogether  nearly  a  ton:  they  are  faced  with 
hardened  steel  wearing  surfaces,  which  are  ground  straight 
after  fastening  on  the  jaw  castings.  This  makes  a  rigid 
assembly,  which  holds  the  knife  under  perfect  control  and 
forms  a  working  basis  of  known  accuracy.  Above  the  knife 
is  the  gage  roll  D.  The  split  passes  out  between  It  and  the 
knife,  the  required  thlckuoss  being  obtained  by  adjusting  the 
bearings  of  the  roll  up  or  down.  This  roll  Is  set  by  using 
tissue  paper   feelers   between    it   and    the   knife;    then    when 
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parallel,  a  standard  feeler  is  used  to  set  the  roller  to  the  cor- 
rect height  for  a  certain  thickness  of  leather.  Because  of  its 
length  the  roll  would  sag  in  the  middle,  thus  causing  a  split 
to  be  thin  at  this  point,  so  two  three-quarter  bearings  are 
placed  so  as  to  support  it,  this  being  done  by  screw  adjust- 
ment when  setting  the  roller  parallel. 

Below  the  knife  are  two  other  rollers  forming  the  drive, 
provided  with  a  self-adjusting  feature  which  takes  care  of 
any  inequalities  in  the  hide.  These  rollers  need  only  occa- 
sional resetting.  The  large  roller  E  is  made  from  a  gum 
composition  of  such  resiliency  that  the  rollers  F  above  embed 
themselves  in  it  when  a  heavy  section  is  passing  through  the 
machine.  The  rollers  F  are  not  continuous,  but  consist  of  a 
series  of  short  brass  rollers  mounted  on  a  rod,  forming  a  flex- 
ible driving  roller  for  the  under  side  of  the  hide  no  matter 
how  uneven  it  may  be.  The  gum  roller  is  power-driven,  trans- 
mitting power  to  the  brass  roller,  which  is  maintained  in  po- 
sition by  a  back-plate.  This  machine  splits  one  hundred  hides 
a  day  into  four  hundred  parts,  and  to  do  that  it  requires  four 
men  to  feed  and  handle  the  hides. 

Middletown,  N.  Y.  Donald  A.  Hampson 


FIXTURE  FOR  BACKING  OFF  MILLING 
CUTTERS  IN  THE  LATHE 

An  efficient  and  cheap  device  for  backing  off  small  milling 
cutters  is  shown  in  the  accompanying  illustration.  It  consists 
principally  of  a  steel  arbor  that  has  two  sets  of  centers.  One 
set  A  is  used  when  the  arbor  is  turned  to  the  required  shape; 
the  other  set  B  is  placed  1/4  inch  to  one  side  and  is  used  for 
backing  off  the  cutter.  When  backing  off,  the  arbor  is  turned 
by  the  handle  C  that  is  fitted  into  it  as  shown ;  this  handle 
should  be  placed  at  a  convenient  angle  for  the  operator.  Two 
driving  pins  D  fit  between  the  teeth  of  the  cutter  E,  which  is 
held  in  place  by  a  nut  and  washer;  one  pin,  however,  will  be 
found  strong  enough  for  this  purpose. 

In  the  end  view  of  the  cutter,  the  dotted  arc  recedes  toward 
the  center  as  it  passes  from  tooth  1  to  tooth  4,  indicating  the 
degrees  of  clearance  produced  on  these  teeth.  If  more  or  less 
clearance  is  required,  the  cutter  is  moved  around  on  the  arbor 
to  the  required  position.    It  is  better  to  mount  the  cutter  on 


FUturo  for  bicklnic  off  Milling  Cult.n, 

till-  .irljor  y.n  iliat  II  may  be  moved  In  thi,'  (Unction  Indicatod 
by  the  arrow.  Thi?  lathe  tool  Ih  fed  In  after  each  cut  In  the 
backlng-ofT  proccHH,  and  as  each  tooth  Ib  fItilHhed  the  cutter 
l8  moved  around  and  the  driving  pin  placed  In  the  next  Blot. 
Now  York  City  13.  J.  Hiooinh 


the  knock-out  pin  A  to  throw  the  work  into  a  box  or  pan 
placed  beneath  the  machine.  This  ejector  will  be  found  es- 
pecially useful  on  work  that  must  be  set  a  given  distance  in 
the  collet.  When  setting  such  work  without  an  attachment 
that  will  keep  the  work  in  contact  with  the  stop  in  the  turret, 
the  work  sometimes  slips  away  from  the  stop  and  must  be  re- 
moved and  reset. 

The  knock-out  pin  A  is  made  of  tool  steel  and  should  be 
1/16  inch  smaller  than  the  diameter  of  the  collet.  It  is 
hardened  and  drawn  to  a  straw  color.  A  slot  is  cut  in  the 
front  end  for  a  screwdriver;  the  other  end  is  turned  down  to 
about  Vi  inch  diameter  and  threaded.  This  end  screws  into  a 
hole  in  the  plunger  C,  which  is  made  by  turning  down  a  piece 
of  9/16-inch,  round,  cold-drawn  steel  to  %  inch,  leaving  a  14- 
inch  shoulder  D.  The  length  of  this  plunger  depends  on  the 
style  of  collet  E  wit*  which  it  will  be  used.  The  plunger  C 
is  actuated  by  a  helical  spring  B,  which  is  made  of  1/16-lnch 


INTERCHANGEABLE   EJECTOR  FOR  HAND 
SCREW  MACHINES 

In  the  accompanyInK  IIIUHtralloii  Ib  Hhown  an  ojuclor  for 
hand  iicrow  mnnhltioB  that  ran  bo  um-d  In  any  bIzo  (-ollcl  by 
Bimply  changing  tho  knockout  pin  A.  With  thiB  ojoctor,  llio 
opfirator  dooB  not  have  in  Hlop  to  rcmovo  Ihn  complr'to<l  work; 
when  ho  roloBBOB  the  collet,  tho  reaction  of  Bprlng  Jt  cbubob 


Interchangeable  Ejector  for  Hand  Screw  Machine 

spring  steel,  is  9/16  inch  in  diameter,  and  has  four  or  five 
turns  to  the  inch.  One  end  of  this  spring  bears  against  the 
shoulder  D,  and  the  other  end  bears  against  a  bossed  flange 
or  center  plate  F,  through  which  the  plunger  C  passes.  This 
plate  is  made  from  a  piece  of  steel  1/16  inch  larger  than  the 
inside  diameter  of  the  spindle  in  the  machine  and  is  about  1 
inch  long.  After  a  %-inch  hole  is  reamed  through  it,  the 
piece  is  placed  on  an  arbor  and  the  bosses  turned  to  %  inch 
in  diameter.  The  flange  is  turned  0.003  inch  smaller  than  the 
inside  diameter  of  the  spindle  and  is  %  inch  wide;  care  must 
be  taken  to  make  its  sides  parallel  with  the  %-inch  reamed 
hole.  Plate  F  is  held  in  pla(  e  on  plunger  C  by  a  collar  G, 
which  is  fastened  to  the  plunger  by  a  cotter-pin.  When  mill- 
ing the  hole  for  the  cotter-pin  the  spring  B  must  not  be  com- 
pressed, but  should  fit  between  the  shoulder  D  of  the  plunger 
and  the  center  plate  F  without  any  play. 

Aurora,    111.  John    J.    Bokkenhagen 


INVENTIONS  AND  INVENTORS 

The  article  "Inventions  and  Inventors"  In  the  April  number 
of  Machineuy  was  not,  in  the  writer's  opinion,  in  the  least 
overdrawn  with  reference  to  the  lack  of  consideration  and  fair 
play  that  is  generally  extended  to  inventors.  The  writer  knows 
of  at  least  one  concern  that  makes  a  rule  of  hiring  its  design- 
ers and  Inventors  only  upon  condition  that  they  agree  In  writ- 
ing to  assign  any  patents  or  inventions  that  they  may  perfect 
while  on  the  payroll  In  consideration  of  tho  payment  of  the 
sum  of  |1.  Such  a  policy  cannot  possibly  create  an  Incentive 
to  apply  Inventive  ability  to  the  best  advantage,  and  the  effect 
(if  this  practice  Is  to  discourage  the  naturally  creative  mind, 
causing  a  lack  of  Interest  In  the  work.  The  writer  knows  of  a 
caHO  where  even  tho  sum  of  $1  was  not  forthcoming  as  pro- 
vided for  In  tho  contract. 

Hopedale,  Mass.  I"   K    D.xniels 


FUEL  VALUE  OF  POWDERED  COAL 

In  tho  article  entitled  "Solution  of  the  Fuel  rroblom."  on 
page  <i80  of  llie  Ajirll  iiutnher  of  Ma(  iiinkuv,  there  nro  ^Iveti 
Iho  coHtH  and  nictlKidH  of  piilverl/.lng  the  coiil,  but  nothing  Ih 
Hiild  of  Iho  rompnratlvo  vnlueH  of  different  fiielB.  BaBod  on  a 
plont  UBlng  51,000  cubic  foot  of  nalunil  gaH  nn  hour,  tho  fuel 
costB  per  hour  aro:  04,000  cubic  feel  of  natural  gas  at  35  cents 
per  1000  ciihle  feet,  |18.00;  4000  poinidH  of  coal  at  J3  a  ton,  $0: 
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400   gallons   of   fuel   oil    at   8   cents   a   gallon,    |32;    producer 
gas,  $10. 

As  the  operating  costs,  including  the  cost  of  fuel,  are:  Oil 
fuel,  $34.59;  producer  gas,  $14.73;  and  powdered  coal,  $8.41, 
the  saving  per  hour  of  operation  effected  by  the  use  of  pow- 
dered coal  as  a  fuel  instead  of  natural  gas  is  $10.49;  instead 
of  fuel  oil,  $26.18;  and  instead  of  producer  gas,  $6.32.  At 
these  prices  there  is  obtained,  for  one  cent,  64,210  British 
thermal  units  from  powdered  coal;  36,660  British  thermal 
units  from  producer  gas;  15,614  from  fuel  oil;  and  28,571 
from  natural  gas.  This  shows  clearly  that  powdered  coal  is 
easily  the  cheapest  fuel. 

New  York  City  W.  O.  Renkin, 

Manager,  Engineering  Dept., 
Quigley  Furnace  Specialties  Co.,  Inc. 


RECORD  OF  HEAT-TREATMENT  OF  TOOLS 

In  the  daily  routine  of  toolmaking  and  diemaking,  it  is  fre- 
quently necessary  to  repair  work  that  was  made,  perhaps,  the 
previous  year.     If  the  foreman  and  the  man  who  made  the 

CHART  FOR  RECORDING  HEAT-TREATMENT  OF  STEEL 


Name  of  Steel       Name  of  Steel 


Identification  letter 

Heat,   degrees   F. 

Quench 


A 

1360 
In    oil 


B 

2200 
Oil  or  air 

blast 


C 

1400 


Water 

MarhiJtrry 


work  have  left,  no  one  knows  the  steel  used  nor  the  treatment 
given.  As  a  result,  though  the  repairs  may  be  made  in  an 
excellent  manner,  the  inspection,  after  hardening,  may  show 
that  the  work  is  warped,  twisted,  or  perhaps  cracked  in  va- 
rious places  and  so  is  worthless.  Nowadays,  when  there  are 
various  kinds  of  steel  on  the  market,  the  tool  department 
must  be  systematized  the  same  as  other  departments.  In 
many  plants  there  is  a  tool-room  in  the  different  departments, 
each  under  the  supervision  of  the  foreman  of  the  department, 
who  designs  the  tools,  giving  verbal  instructions  to  the  men, 
or,  it  one  is  at  hand,  using  a  similar  tool  In  place  of  a  blue- 
print, but  who  makes  no  record  for  future  reference.  Such  a 
record,  however,  can  be  easily  and  quickly  made  by  using  a 
chart  like  that  here  shown.  On  this  chart  is  given  all  the 
kinds  of  steel  used  in  the  tool-room,  and  beneath  each  is 
placed  a  designating  letter  and  the  proper  heat-treatment  for 
that  steel.  Then,  after  a  tool  is  made,  the  letter  is  stamped 
upon  it  before  it  is  hardened  and  tempered. 
East  Rutherford,  N.  J.  George  F.  Kuhxe 


SAVING  TIME  IN  THE  DRAWING-ROOM 

In  many  drafting-rooms  it  is  not  uncommon  to  see  drafts- 
men making  sketches  on  the  back  of  discarded  blueprints, 
letters,  calendars,  and  other  papers  that  happen  to  have  one 
blank  side.  This  practice  may  seem  economical  in  view  of 
the  present  high  cost  of  paper,  but  undoubtedly  there  is  often 
a  groat  deal  of  time  lost  by  the  careless  manner  in  which 
these  papers  are  handled;  this  lost  time  would  more  than  pay 
for  better  paper.  The  paper  need  not  be  of  a  very  good 
quality,  but  the  one  thing  that  should  be  borne  in  mind  is, 
that  these  sketches  are  valuable  data  and  should  be  kept  the 
same  as  a  letter,  drawing  or  other  record.  The  writer  recalls 
a  number  of  instances  when  rough  and  greasy  sketches,  which 
were  made  In  the  shop  and  carefully  filed  away,  were  the  de- 
ciding factors  in  qucstioiia  brought  up  at  a  later  date. 

The  writer  uses  u  loose-leaf  binder,  taking  sheets  7  by  9 
Inches  in  size.  The  binder  Is  filled  with  blank  sheets  already 
punched,  and  whenever  it  Is  necessary  to  go  iiilo  the  shop 
to  make  sketches,  a  few  sheets  are  taken  from  the  binder  and 
then  filed  In  their  proper  place  In  the  binder  after  the  sketches 
are  made.  The  binder  la  not  only  used  for  sketches,  but  may 
be  subdivided  with  Index  tabs  for  filing  other  records,  such 
as  calculations,  etc.  The  matter  of  making  calculations  is 
another  source  of  much  lost  time  In  the  drawlni?-room.  When 
calculations   are   required,   a  great   niiiny    draftsmen    use    the 


same  system  as  in  making  sketches,  namely,  to  use  the  first 
piece  of  paper  that  happens  to  be  at  hand,  and  after  the 
problem  has  been  solved  the  only  record  of  it  that  remains  is 
in  the  draftsman's  mind.  As  a  result,  when  the  drawing  is 
checked  and  the  checker's  calculations  do  not  tally  with  the 
draftsman's,  the  latter  has  to  do  the  work  all  over  again. 
Had  the  calculations  been  filed,  they  could  have  been  given  to 
the  checker  to  compare  with  his  calculations,  thus  saving 
much  of  the  draftsman's  time. 

Making  pencil  erasings  on  vellum  paper  is  not  an  easy 
matter,  as  the  lightest  line  seems  to  penetrate,  and  even  with 
the  greatest  care  in  erasing,  a  smeared  appearance  results, 
but  if  before  the  drawing  is  started,  magnesium  carbonate  is 
rubbed  on  the  paper  with  a  piece  of  cloth  or  felt,  erasing  be- 
comes comparatively  easy.  Small  blocks  of  magnesium  car- 
bonate can  be  purchased  at  any  drug  store. 

Indianapolis,  Ind.  Habbt  W.  Davis 


CHECKING    60-DEGREE    POINTS    FOR 
GAGING  THREAD  ANGLES 

While  employed  as  an  inspector,  the  writer  was  asked  to 
check  some  60-degree  points  that  had  to  be  made  absolutely 
correct.  As  he  did  not  think  the  sine  bar  would  give  accurate 
enough  results,  for  it  is  difficult  to  slide  the  indicator  across 
the  work  with  any  degree  of  accuracy,  he  used  the  device 
shown  in  the  accompanying  illustration,  whicli  worked  very 
satisfactorily.  It  consists  of  a  sheet  of  glass  A  mounted  upon 
two  parallels  B  and  supporting  a  third  parallel  C,  which  is 
held  firmly  in  position  by  two  clamps  D.  By  placing  a  sheet  of 
white  paper  under  the  glass  A  and  then  sliding  the  60-degree 
points  E  into  the  position  shown  by  the  full  lines,  any  rays 
of  light  that  may  pass  between  the  points  because  of  their 
inaccuracy  is  easily  seen,  it  being  assumed  that  the  two  points 
on  the  sides  are  known  to  be  accurate.  If  none  of  the  points 
are  known  to  be  accurate,  the  accuracy  can  be  determined  by 
interchanging  points  until  three  are  found   that  are  correct. 
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Method  of  checking  60-de(roo  Points  for  gaging  Thread  Angles 

Two  of  the  points  that  have  been  found  to  be  accurate  can  be 
used  as  masters  for  checking  all  others,  which  may  be  placed 
in  the  center. 

Cos  Cob,  Conn.  Chaklks  W.  Carvktte 


PROBLEM  IN  TRIGONOMETRY 

Two  additional  solutions  of  the  problem  in  trigonometry, 
which  appeared  in  the  November  number  of  M\cniNF.RT,  may 
l>o  of  Interest.  It  Is  desired  to  calculate  the  center  distance  of 
a  gear  and  three  pinions,  arranged  as  shown  in  the  illustra- 
tions.   In  Fig.  1: 

BO  =  V  4.25'  -f-~  7.25*  =  8.4038  inches 
4.26 

Tan  C,  = =  0.68621  =  30  deg.  22  min.  46  sec. 

7.25 
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Figs.   1  and  2.    Problem  in  Trigonometry 

ACB  =  90  deg.  —  30  deg.  22  min.  46  sec. 
ACB  =  59  deg.  37  min.  14  sec.  =  DEF 
BC 

EC  =  =  4.202  inches 

2 
4.25 

DF  = •  9/16  =  1  9/16  inch 

2 

DF 
DE  =  =  1.8112  inch 


DP 


sin  DEF 
VDE  +  EC  =  4.576  inches 
X  =  DH 


DH  =  \/DC—  CW 


DH  =  V  4.576^  — 3.6875' 
DH  =  2.710  inches 


In  Fig.  2: 


BC  = 
AB  = 


V  4.25'  +  7.25'  ==  8.4038  inches 

V  3.125'  +  7.25'  =  7.894  inches 


By  geometry,  in  any  inscribed  triangle,  the  product  of  any 

two  sides  is  equal  to  the  product  of  the  altitude  upon  the  third 

side  by  the  diameter  of  the  circumscribing  circle;  therefore, 

7.25  X  diameter  =  8.4038  X  7.894  =  66.3396  inches 

66.3396 

Diameter  =  2DG  = =  9.1503  inches 


7.25 
DC  =  4.5756  inches 


F'.  R.  Daniels 


USE  FOR  OLD  FILES 

The  old-fashioneil  way  of  blowing  chips  and  dust  out  of  bot- 
tomed holes  in  castings  or  forgings  with  the  blowpipe  might 
well  be  discarded.  By  means  of  a  magnetized  old  rattail 
file  one  can  clean  out  the  hole  without  filling  the  eyes  or  the 
atmosphere  with  dust. 

New  Haven,  Conn.  Eiiic  Lee 


SPECIAL  TAPER  BORING  TOOL 

The  special  taper  boring  tool  shown  in  the  accompanying 
lllUHtratlon  la  designed  for  use  on  milling  oc  drilling  ma- 
chines. The  piece  A  Is  made  from  machine  steel  and  Is  pack- 
hardened.  The  tapered  portion  at  B  fits  the  taper  In  the  ma- 
chine spindle  In  which  It  Is  to  be  used,  while  the  tapered  por- 


tion C  is  made  to  fit  the  taper  in  the  woric  to  be  finish-bored. 
The  feed-screw  D  which  feeds  the  tool  E  is  squared  at  the  end 
so  that  an  offset  socket  wrench  may  be  used  to  make  a  quick 
return  of  tool  E.  Peed-screw  D  is  driven  by  star-wheel  F 
through  the  spur  gears  G  and  H.  The  cap-plate  /  holds  the 
feed-screw  in  place.  The  writer  has  used  this  tool  on  boring 
dividing  heads,  and  found  it  exact  where  the  limits  of  accuracy 
required  were  ±  0.001  inch.  This  tool  can  be  made  by  any 
shop  at  a  low  cost. 

Worcester,  Mass.  H.  F.  Clifford 


ATTACHING  BALL  CONTACT  POINTS 
TO  A  BEAM  CALIPER 

A  method  of  attaching  ball  contact  points  to  a  beam  caliper 
that  is  a  little  different  from  that  shown  on  page  836  of  the 
May  number  of  Machinery  is  shown  in  the  accompanying  illus- 
tration. In  this  case,  a  24-inch  vernier  caliper  was  used  to 
measure  from  groove  to  groove  and  from  grooves  to  a  concave 
surface,  and  the  attach- 
ment proved  very  satis- 
factory. The  balls  A. 
the  size  of  which  vary 
with  the  worlc,  are 
soldered  to  the  pieces  B 
and  C,  which  are  held 
in  place  by  clamps  and 
bolts.  When  the  piece 
C  is  used  as  shown,  the 
caliper  will  measure 
from  a  concave  surface 
to  a  groove;  to  measure 
from  groove  to  groove, 
two  pieces  like  that  illustrated  at  B  are  employed. 

Wilkinsburg,  Pa.  William  S.  Rowell 


Method  of  attaching:  Ball  Contact  Points 
to  a  Beam  Caliper 


WOMEN  IN  THE  DRAFTING-ROOM 

One  of  the  remarkable  developments  of  the  war  is  the  show- 
ing made  by  women  in  mechanical  work.  The  May  number 
of  Machinery,  page  799,  tells  of  the  women  tracers  at  the 
Reed-Prentice  plant,  and,  among  other  things,  speaks  of  their 
speed  and  accuracy;  women,  however,  made  good  in  somewhat 
similar  work  twenty-five  years  ago  when  the  International  Cor- 
respondence Schools  began  to  train  them  to  correct  and  make 
drawings  for  the  students,  and  found  that  they  were  remark- 
ably suited  to  the  work.  Starting  on  the  simpler  geometric 
drawings  and  working  to  the  more  complicated  ones,  in  a 
tew  months  the  women  become  so  proficient  that  they  can 
draw  and  letter  extremely  well.  While  the  writer  was  a  fair 
draftsman  when  he  started  a  course  with  these  schools 
eighteen  years  ago,  he  was  forced  to  admit  that  their  correc- 
tions were  very  fair  and  to  the  point.  When  a  drawing  came 
back  corrected  by  L.  McAndrews,  he  did  not  know  it  was  Laura 
McAndrews  until  he  was  at  the  schools  at  a  time  that  a  rival 
Institution  was  trying  to  discredit  them  in  the  courts  by 
alleging  misrepresentation  in  using  women  teachers  for  me- 
chanical subjects. 

MIddlctown.  N.  Y.  Donald  A.  Hampson 
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SHOP  AND  DRAFTING-ROOM  KINKS 


Philadelphia,  Pa. 


REMEDY    FOR    OIL-THROW- 
ING SHAFT 

A  short  line  of  shafting  and  pulleys 
caused  considerable  inconvenience  and 
loss  of  oil,  because  the  lubricant  would 
leak  out  of  the  bearing  boxes  and  travel 
along  the  shaft  until  it  encountered  one 
of  the  pulleys,  where  it  would  come  in 
contact  with  the  belt  or  be  thrown  down 
into  the  room.  The  device  illustrated  was 
designed  to  remedy  this.  Since  the  oil 
was  being  thrown  off  by  centrifugal  force, 
a  disk  of  galvanized  tin,  eighteen  inches 
in  diameter,  was  mounted  on  the  shaft 
close  to  the  bearings,  and  the  oil  traveled 
along  the  shaft  until  it  reached  the  disk, 
when  it  was  carried  toward  the  edge  of 
the  disk  and  was  thrown  into  a  trough 
by  centrifugal  force,  from  which  it  was 
drained  into  an  oil-can  and  was  again 
ready  for  use. 

W.  A.   Laileb 


DEVIOE  FOR  FITTING  TAPERS 

The  accompanying  illustration  shows  a  simple  device  for 
fitting  tapers  that  the  writer  has  found  useful  when  making 
taper  arbors  or  spindles  to  fit  different  makes  of  machines.  In 
most  cases  it  is  impossible  to  bring  the  machine  into  the  tool- 


simple  Device  for  fitting  Tapers 
room  to  have  a  new  arbor  or  spindle  fitted  in.  but  by  setting 
this  device  to  the  taper  of  the  old  arbor  or  spindle,  it  is  easy 
to  fit  the  new  taper  without  wasting  time  running  back  and 
forth  to  the  machine  to  try  the  new  piece. 
South  Manchester,  ronn.  Alfred  Piluno 

A  GOOD  CONCRETE  FLOOR 

A  good  concrete  floor  may  be  made  by  mixing  thoroughly  one 
part  of  good  hydraulic  cement,  two  ot  sand  and  three  of  gravel, 
and  spreading  the  mixture  evenly  over  the  fioor,  with  a  gentle 
slope  In  two  directions  toward  one  corner,  where  there  is  a 
drain.  All  around  the  wall,  while  the  cement  Is  still  soft,  a 
gutter  ot  semicircular  cross-section  should  be  made  by  press- 
ing a  smooth  round  log  Into  the  mass;  this  makes  a  desirable 
curved  Imprint.  Of  course,  the  gutter  must  have  the  same 
slope  toward  the  outlet  as  the  cellar  floor. 

New  York  City  Roiikrt  Gbim.shaw 

EMERY  CLOTH  HOLDER 

In  a  toolcrlb  known  to  the  writer  emery  cloth  Is  bought  In 
rolls  ten  Inches  In  diameter  and  one  and  one-half  Inch  wide. 


The  roll  is  mounted  on  a  revolving  holder  that  Is  similar  to 
those  used  for  strips  of  theater  tickets.  In  most  cases  it  is  a 
small  piece  of  emery  cloth  that  is  required;  but  the  old  cus- 
tom was  to  ask  for  a  whole  sheet,  tear  off  a  strip,  and  leave 
the  rest  on  the  bench,  eventually  to  find  its  way,  unused,  into 
the  dirt  can.  With  the  new  method  of  having  various  grades 
on  roll-holders  near  the  tool-crib  window,  time  and  emery 
cloth  are  saved,  as  a  mechanic  can  see  and  get  what  he  needs. 
New  York  City  e.  J.  Higgixs 


RECESSING  TOOL 

The  accompanying  illustration  shows  a  universal  recessing 
tool.  This  tool  was  designed  for  automatic  screw  machine 
work,  but  it  can  be  used  on  hand  screw  machines,  lathes,  and 
in  drill  presses  when  the  work  is  made  fast  to  the  table  of  the 


A  Universal  Eecessing  Tool 
machine,  as  either  the  work  or  the  tool  can  be  revolved. 
When  the  tool  is  brought  up  to  the  work,  the  work  presses 
against  a  ball  bearing;  then,  as  the  holder  is  pressed  against 
the  work,  the  tool  is  forced  up  an  inclined  plane  and  is  caused 
to  cut. 
Providence,  R.  I.  John  W.  Hibd 

MAGNETIC  SCREWDRIVER 

The  accompanying  illustration  shows  a  device  that  was  used 
on  a  war  order  for  small  packing  boxes  with  hooks  and  hinges 
screwed  on.  Although 
women  did  the  work, 
the  %-by  i4-inch  screws 
were  too  small  to  han- 
dle conveniently,  and 
an  electrician  suggested 
using  a  magnetic  screw- 
driver having  an  elec- 
tromagnet energized  by 
dry  cells.  The  idea  was 
applied  to  a  small  bench 
drilling  machine.  The 
magnet  A  was  held  sta- 
tionary, and  the  screw- 
driver was  secured  to 
the  drill  spindle.  A 
friction  device  was  set 
to  give  the  desired  tight- 
ness to  the  screws. 
The  work  was  facili- 
tated by  first  piercing 
the  wood  for  the 
screws. 

Donald  A.  Hampson 

B,-n.-h  Drlllln»  Machine  converto.l   tnl, 
Middletown,  N.    \.  Marnetic   Screwdriver 
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QUESTIONS  ON  PRACTICAL.  SUBJECTS  OF  GENERAL  INTEREST 


USE  OF  MERCURY  COLUMN  FOR  TESTING 
VACUUM  PUMPS 

G.  M.  S. — When  using  a  mercury  column  for  testing  a 
vacuum  pump,  what  effect  do  the  climatic  or  atmospheric  con- 
ditions have  upon  the  results  and  how  should  the  test  be  made? 

A. — When  using  a  vacuum  gage  of  the  mercury  type  for 
testing  a  vacuum  pump,  the  atmospheric  pressure  at  the  par- 
ticular time  must  be  taken  into  consideration.  We  shall  as- 
sume that  the  upper  end  of  the  mercury  column  is  connected 
to  the  vacuum  cylinder  and  that  the  air  is  exhausted  by  the 
pump  sufficiently  to  raise  the  mercury  29.5  inches.  Now,  in 
order  to  know  just  how  nearly  perfect  this  vacuum  is,  it  is 
necessary  to  compare  it  with  the  barometer  at  the  particular 
time  the  test  is  made.  For  instance,  if  the  barometer  stands 
at  30  inches  at  the  time  the  pump  is  being  tested,  and  the 
reading  of  the  gage  attached  to  the  pump  is  29.5,  this  indi- 
cates that  the  vacuum  is  within  1/2  inch  of  the  barometer. 
Now,  if  this  same  pump  were  tested  the  next  day,  the  reading 
might  be  29.3  inches,  but  the  pump  would  be  just  as  good  as 
it  was  the  day  before.  The  lower  reading  simply  means  that 
the  barometer  has  fallen  0.2  inch,  or  to  29. S  inches.  It  is  evi- 
dent, therefore,  that  the  mercury  column  attached  to  the  pump 
cannot  be  used  alone,  but  must  be  compared  with  the  barometer. 


TO   FIND   RADIUS    OF    CIRCLE   INSCRIBED 

IN   TRIANGLE 

A.  S. — In  a  right  triangle  having  the  dimensions  shown  in 
the  accompanying  illustration,  a  circle  is  inscribed;  please 
show  how  to  find  the  radius  of  the  circle. 

Answered  by  J.  J.  Clark,  Scranton.  Pa. 

A. — The  square  of  the  hypotenuse  is  not  quite  equal  to  the 
sum  of  the  squares  of  the  other  two  sides;   but,  by  making 

AC  1.3959,  all  three  sides 
will  be  correct  to  four 
decimal  places.  Hence, 
this  value  will  be  used 
instead  of  the  value  In- 
dicated, 1.396.  Accord- 
ing to  geometry,  the 
bisectors  of  the  three 
angles  meet  in  a  point 
O.  which  is  the  center 
of  the  Inscribed  circle. 
From  this  point  0,  draw 
the  perpendiculars  OD, 
OF,,  and  OF;  then  D,  E, 
and  /''  are  the  points  of 
tangency  of  the  circles  with  the  sides,  and  OD  =  OF,  —  OF  =  r, 
the  radius  of  the  circle.  Let  H  =  area  of  triangle  AltC  ■=  sum 
of  areas  of  triangles  /I OB,  BOC,  and  00 A.  Hence,  S  =  Ms  X 
Ali  X  OD  -f  Ml  X  BO  X  OE  -f  %  X  C'A  X  OF  =  Ms  X  Att  X 
r+%XB(7Xr-f%xaAXr  =  rX  %  (AU  -f  BC  + 
CA )  =  r»,  when  »  =  V4  (4B  -f  BO  -f  04  )  =  one  half  the  perlme- 

B 
tcr  of  the  triangle.    Since  B  ==  r»,r  -^ .   In  the  present  case. 


fl  —  %  X  BO  /  VA ;  therefore,  r 


*AXBOX  GA 


%(itB4-B0  +  0/1  I 
BOXOA  1.8248X1.3969 

=  0.48161,     Kvl- 


AB  +  nn  -\-  CA  2.2976-1-1.8248  +  1.3959 
dcnlly,  till-  formula  H  ^=  r»  applies  to  any  piano  triangle.  Inciting 
a,  b,  and  r  denote  the  sldos  opposite  the  angles  ,1,  B,  and  0,  re- 
■pectlvoly.  the  area  of  a  triangle  la  8  ~  V*(« — a)  (• — b)  (» — c) ; 
\'»r»  — a)fji  hXf  —  c)  |(« — o)(«  —  b)(t—c) 
whenc, ' 


J.   Clark.   Scrant' 


PROBLEM  IN  TRIGONOMETRY 

C.  E.  M. — Referring  to  the  accompanying  illustration,  please 
show  how  to  find  the  angle  rp.  I  should  like  to  have  the  method 
explained  in  detail. 

Answered  by  J, 

A. — OiO  is  perpendic- 
ular to  OC.  Draw  0,D 
perpendicular  to  OjC;  it 
will  be  parallel  to  OC. 
Through  C  draw  CE 
parallel  to  the  tangent 
BD.  Draw  OA  and  0,F 
perpendicular  to  BD; 
then  A  and  F  are  the 
points  of  tangency  of 
BD  with  the  two  circles. 
The  angle  AOB  =  OJD 
=  FO,D  =  (p.  Let  X  = 
AB,  R  =  radius  OA,  r  = 
radius  0,F.  a  =  OC. 
and  6  =  0,0.  OB  = 
\/ R'  +  3^;  whence, 
BC     =     DE     =     a    — 


i 

0 

1 
i 

\ 
f. 

o 
4 
I* 

\ 

/ 

0 

F= 

^^ 
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Machinery 

DiagrazQ  illustrating  Problem  in 
Trigonometry 

0,H       r — (a — v'KM-.r')cos 


VK'  +  x',  and  FH  = 
(o  —  VR'  +  x^)  cos  <t>. 

0,H  =  r  —  FH.  sin  0,CH  = =  ■ " = 

0,C  6 

sin  tji.    Clearing  of  fractions  and  transposing  terms,  r  —  6  sin 

tan  <p 

,  and 


0  =  (a  —  V  R'  +  x')  cos  </>.    But  sin  0  = 


1 


V'  1  4-  tan=  (p 

cos  0  =  .    Substituting  these  values  of  sin  <t>  and 

\'  1  +  tan^  0 
cos  0  in  the  last  equation,  there  is  obtained,  after  reduction, 
rVl  +  tan^  0  —  6  tan  0  =  a  —   V R'  +  x'.     Now,  tan  0  = 

AB         x 

=  — -;  hence,  substituting  this  value  for  tan  <p  in  the  last 

OA         R 


eq 

uat 

+ 

ion. 

'\ 

1 

+ 
or 

x' 
R' 

+ 
Ra 

T 

b  — 
R 

t) 

+    bT 

r 
=   —  VR' 
R 

Vfl'  -l-~x» 

.     Prom    th 
Ra  +  bx 

+ 
is 

a;'  - 
a  + 
last 

bx 

R 

bx 

a 
R 

VR 
r 

+ 

x' 

— ,  and 
R 

R' 

+ 

x' 

equation. 

R 

R 

>!- 


VR'  +  X'  =  . 

R  +  r 

It  will  be  seen  that  the  last  expression  contains  all  the 
given  values  and  the  unknown  quantity  x;  by  squaring  and 
reducing,  x  may  be  obtained  as  the  root  of  an  affected  quad- 
ratic equation,  but  It  will  entail  less  work  to  substitute  the 
given    values    in    the    equation    as    It    stands.      Doing    so, 

205   X   217   -f  U8x 

\  205'  -f  .t'  — .    or     V' 42025     -(-     j'    ^ 

205  +  40 
ISI.'iTM    f  0.5fi:i2ri53T.     Squaring,  transi)0»lnK,  anil  rcniililiiliiK 
li-miH,   0.fi82732j'  204.5483:    -f    9050.84    ==    0.     Solving   this 

i'(|uatlon  by  the  regular  rule  for  affected  quadratics,  x  =  64.0168. 
64.0168 

Therefore,  tan  0  =  =  0.263497,  and  0=14  dogrpos 

206 
45  mlnulCH  42  soronds.     Nolo  that  before  HUbHiltutIng  the  given 
valueH,   they  were  all   niulllplled   by   1000,   to  avoid   declnmlB; 
this,  of  roiirBO,  was  not  nercHHary,  but  It  lends  to  reiliue  Ihn 
rhanrcs  nf  making  orrori. 
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FINDING  ANGLE  OF  SPECIAL  SCREW 
THREAD 

A.  B. — The  illustration  shows  a  section  of  a  screw  thread; 
please  show  me  how  to  find  the  angles  x  and  y. 

Answered  by  J.  J.  Clark,  Scranton,  Pa. 

A. — The   dimensions   when   expressed   as  common   fractions 
are  3/16  inch,  5/16  inch,  and  1/4  inch,  and  the  radius  is  1/20 


30  minutes.     CA 


R  sin  0- 


Diagram    for   finding'   Angle   of    Special    Sc: 


Thread 


inch.  As  these  •  are  rather  awkward  numbers  to  handle,  it 
will  be  more  convenient  to  multiply  them  by  160,  thus  obtain- 
ing 30,  50,  40,  and  8,  respectively.  Angle  BOE  =  GO'S  = 
GBF  =  a  =  90  degrees  —  x;  GF  =  iO  —  2  X  FJ  =  40  — 
2  X  8  (1  —  cos  a) ;  BF  =  30  —  2  X  FZ-  =  30  —  2  X  8  sin  a; 
40  — 16(1  — cos  o) 

therefore,  =  tan  a.    Clearing  of  fractions, 

30  —  16  sin  a 

sin  a     sin-  a 
24  +  16  cos  a  =  30  tan  a  —  16  sin  o  tan  a  =  30 16  - 


cos  ( 


cos 


Again  clearing  of  fractions  and  substituting  VI  —  sin^  a  for 
cos  a,  24  VI  —  sin'  a  =  30  sin  a  —  16  (sin^  a  +  cos'  a)  = 
30  sin  a  —  16,  since  sin-  o  +  cos-  a  =  1.  Squaring  both  sides 
of  this  equation,  transposing,  and  combining  terms,  1476 
sin=  a  —  960  sin  a  —  320  =  0.  Solving  this  last  equation 
by  the  ordinary  rule  for  quadratics,  sin  a  =  0.89315;  whence, 
o  =  63  degrees  16  minutes  18  seconds,  and  a;  =  90  degrees  — 
63  degrees  16  minutes  18  seconds  =  26  degrees  43  minutes 
42  seconds.  Letting  /3  =  angle  CAD,  find  in  exactly  the  same 
manner  3076  sin=  ^  —  1600  sin  (3  —  320  =  0;  whence,  sin  /3  = 
0.67441;  /3  =  42  degrees  24  minutes  30  seconds;  and  j/  =  90 
degrees  —  42  degrees  24  minutes  30  seconds  =  47  degrees  35 
minutes  30  seconds. 


FINDING  RADIUS  OF  CIRCLE 

L.  A.  Z. — Will  you  please  show  me  how  to  lind  the  radius  ?■ 
from  the  dimensions  given  in  the  accompanying  illustration? 
I  should  like  a  formula  for  all  such  cases. 

ADsnrered  by  J.  J.  Clark,  Scranton,  Pa. 

A. — Draw  CB.  in  the  accompanying  illustration,  perpendicu- 
lar to  AB  and  EF  perpendicular  to  CF.  Let  R  =  radius  AD. 
r  =   radius  EF,  a  =  BC  =   0.21875   inch,   and   2<p   --=   angle 

15  deg. 
(lAH  =  JCI;  then,  </>  =  BAG  =  FOE  =  =  7  degrees 


QJ        ^    IH 

iFUrlEj   / 

/ 

lifr* 

\ 

A\. 

^V 

Mi.h 

nrru 

sin  0 
In    the    right    triangle    EEC, 


r  +  - 


r  sin  0 


sin  0 

sin  0  =  .     Dividing  by  sin  0  and  clear- 

r  sin  0  +  i?  sin  0  —  a 
ing  of  fractions,  r  =  r  sin  0  +  B  sin  0  —  a;  transposing, 

R  sin  0  —  a 

r{l  —  sin  <p)  =  R  sin  0  —  a;  whence  r  =  .  which 

1  —  sin  0 
is  the  formula  sought.    Substituting  in  this  formula,  the  values 
given, 

2  sin  7  deg.  30  min.  —  0.21875 

r  = 

1  —  sin  7  deg.  30  min. 

2  X  0.130526  —  0.21875 


•0.130526 


:  0.04865  inch 
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KYANIZING 

B.  H.  M. — The  writer  has  noted  that  in  lists  of  building 
material  the  term  "kyanized"  is  used  in  reference  to  wood 
plank.  What  is  the  principal  use  of  kyanized  plank,  and  how 
is  the  kyanizing  process  accomplished? 

A. — Kyanizing,  named  after  the  inventor  of  the  process,  J.  H. 
Kyan,  is  a  treatment  applied  to  wood  to  render  it- proof  against 
decay  by  saturating  it  with  a  solution  of  corrosive  sublimate 
(mecuric  chloride,  HgCl,).  The  saturating  is  done  either  in 
open  tanks  or  under  pressure  in  closed  tanks.  Wood  which 
has  been  kyanized  is  used  to  a  great  extent  by  textile  plants 
in  structures  that  are  subjected  to  acid  fumes  and  conditions 
that  produce  rapid  decay.  In  cases  where  the  commercially 
treated  wood  cannot  be  obtained,  the  kyanizing  has  been  satis- 
factorily accomplished  in  open  wood  tanks  by  using  a  solution 
composed  of  twelve  gallons  of  wood  or  denatured  alcohol  and 
one  gallon  of  corrosive  sublimate  (50  per  cent  solution).  It 
will  then  be  necessary  for  the  wood  to  soak  only  about  two 
minutes;  but  if  it  can  be  allowed  to  soak  for  half  a  day,  the 
amount  of  alcohol  used  may  be  reduced  to  three  gallons,  and 
if  the  wood  is  allowed  to  soak  one  week,  no  alcohol  will  be 
required. 


A  NATIONAL  TRADEMARK 

Opposition  is  expressed  by  American  trade  representatives 
in  London  to  the  movement  for  a  distinctive  national  trade- 
mark to  be  affixed  to  goods  of  American  origin.  They  fear  that 
legislation  along  these  lines  necessarily  carries  dangerous  pos- 
sibilities and  demands  great  caution  and  elaborate  safeguards 
to  protect  American  export  trade  interests  in  European  mar- 
kets. Their  opinion  is  that  any  common  national  mark  is 
dangerous  to  export  trade  unless  it  is  absolutely  restricted  to  a 
standardized  quality  of  goods  only.  Such  restriction  is  be- 
lieved to  be  impossible  of  etiicient  application.  Further,  goods 
selling  to  the  general  public  in  the  British  and  other  commer- 
cially developed  European  markets  will  in  no  way  be  benefited 
by  a  displayed  mark  of  foreign  origin.  On  the  other  hand, 
the  National  Association  of  Manufacturers,  at  its  recent  con- 
vention in  New  York,  endorsed  the  idea,  especially  as  the 
national  association  of  French  manufacturers  has  already 
adopted  a  French  national  trademark,  which  Is  now  being 
used  by  eighty  different  associations,  and  the  maiiufacturers 
in  Great  Britain  are  supporting  a  movement  for  the  establish- 
ment of  an  empire  mark  of  origin,  such  as  "British  Made." 
The  Oepartincnt  of  Commen'e  also  is  urging  the  adoption  of  a 
national  trademark,  because  of  the  wholesale  pirating  of 
American  trademarks  in  Latin-American  countries.  Recently, 
one  firm  applied  for  the  registration  of  the  trademark  of  six 
of  the  best-known  American  automobiles,  while  another  has 
tried  to  register  "Ford  American  Products,"  which  would  give 
him  absolute  control  of  the  use  of  the  word  "Ford"  on  all 
good.s  that  are  sold  In  the  country  where  this  trade  name 
Is  registered. 
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THE  SAFETY  ENGINEER' 

BY  L.  A.   DE  BLOIS2 

Analysis  of  industrial  accidents  shows  that  from  15  to 
25  per  cent  are  unavoidable,  and  they  may  be  passed  by  with 
the  brief  statement  that  even  this  number  is  gradually  de- 
creasing as  the  general  knowledge  of  accident  prevention 
broadens.  Of  the  remainder,  or  avoidable  accidents,  between 
10  and  20  per  cent  are  caused  by  unsafe  mechanical  or 
structural  conditions  and  are  therefore  possible  of  correction. 
This  leaves  from  80  to  90  per  cent  attributable  to  human 
defects,  that  is,  to  the  shortcomings  of  the  individual — ignor- 
ance, carelessness,  irresponsibility,  indifference,  disobedience, 
recklessness,  and  inexperience  of  the  injured  or  his  fellow- 
employe — and  to  defects  of  the  system,  such  as  lack  of  proper 
supervision,  discipline,  etc.,  in  the  organization. 

Obviously,  the  safety  engineer  may  not  confine  his  attentions 
solely  to  the  elimination  of  those  accidents  for  which  his  em- 
ployer or  company  could  be  judged  responsible  under  the 
common  law  of  master  and  servant;  he  seeks  to  eliminate  all 
accidents  regardless  of  responsibility.  Each  accident  is  an 
interruption  to  output,  a  needless  expense,  a  cause  of  suffering, 
and  a  drain  on  the  resources  of  the  community  and  of  the 
country  at  large.  In  1916,  there  were  approximately  22,000 
persons  killed  in  industrial  accidents  in  this  country  alone 
and  500,000  injured  to  the  extent  of  losing  over  four  weeks 
from  work.  Such  wastage  of  man-power  and  production  is 
enormous  and  constitutes  a  great  economic  loss. 

A  remarkable  thing  about  the  preceding  analysis  of  indus- 
trial accidents  is  that  it  seems  to  apply  equally  well  to  any 
industry.  The  Dupont  Co.,  for  instance,  which  is  engaged  in 
the  manufacture  of  the  most  dangerous  materials  used  in  both 
industry  and  war — explosives,  ammunition,  and  strong  acids 
— discovers  about  the  same  assignment  of  responsibility  for 
accidents  as  does  the  cement  industry.  Mining,  railroads, 
and  other  industries  have  the  same  experience.  Moreover, 
the  non-fatal  and  fatal  accident  rates  on  the  Dupont  Co.'s 
plants  do  not  themselves  differ  greatly  from  the  rates  of  other 
and  so-called  "non-hazardous"  industries.  Both  premises  lead 
us  directly  to  the  logical,  though  somewhat  surprising,  conclu- 
sion that  neither  the  nature  of  the  industry  nor  the  character 
of  the  materials  produced  or  handled  has  as  much  effect  on 
the  cause,  frequency,  and  severity  of  accidents  as  the  safe 
design  and  equipment  of  plants,  the  provision  of  a  proper 
organization  and  constant  supervision,  and  the  education  of 
the  working  force  into  habits  of  caution  and  careful  practices. 

Safety  In  Equipment 

We  are  all  acquainted  with  new  plants  where  aisles  are 
dangerously  narrow,  where  there  is  insufficient  headroom, 
where  machinery  is  inaccessible  for  repairs  and  valves  are 
difficult  to  reach  for  manipluation  or  repacking.  The  safety 
engineer  who  sees  these  conditions  and  recognizes  that  acci- 
dents will  inevitably  occur  may  be  met  with  the  objection 
that  they  have  not  yet  caused  accidents  and  that  expensive 
alterations  are  not  justified  and  would  hold  up  operations. 
These  matters  could  have  been  corrected  at  less  exiicnse 
In  the  original  design,  and  probably  would  have  been  if  any 
one  with  experience  had  considered  them  from  tliis  angle. 

In  the  field  of  general  mechanical  safeguarding  there  has 
been  marked  progress  In  recent  years  and  some  excellent 
standards  have  been  formulated,  among  them  those  of  the 
American  Society  of  Mechanical  Engineers;  but  the  moro  dlf- 
llcult  problemfl  encountered  are  those  arising  from  local  ai>pll- 
catlon  and  arrangement  of  machinery,  often  peculiar  lo  the 
Industry  In  question,  and  others  du"'  to  conditions  abnormal  lo 
regular  operation.  As  a  fundamitnliil  wo  may  as  well  admit 
that  no  machinery  can  bo  made  fool-proof  In  Its  regular  opera- 
tion, and  wo  must  furthermore  admit  that  conditions  occur 
during  adjUKlm<!nt,  oiling,  rloanliig.  n-palrs,  replacement,  etc., 
under  which  standard  sarcRuardH  may  bo  UHelesH  or  may  oven 
Introduce  hazard.  Kvldontly  tho  solution  of  the  problem  of 
how   to  make   tho  equipment  as  safe   an  pomilblo   under   nil 

•  AlHilrnrl  of  N  pnpor  pri><wn((<'1  lit  lh«  Kfrlnc  mr-ptlna  nt  thp  Ami>r!r>n  H'x'li'tjr 
of  M'-'-hnnl'-al   Bn»ln«^r«  at  Worr«.l»r.   Mn««..  Juno  B. 

'Kifftr  r.nrlnrrr,  r..   I.  ilii  I'onI  ill.  Nt-mmir.  A  r<i..  Wllmlniton,  Drl. 


conditions  cannot  be  reached  through  mere  general  acquain- 
tance with  machinery  of  the  class  in  question,  nor  by  a 
casual  inspection  of  the  plant  in  normal  operation.  The 
problem  will  yield  only  to  analysis  after  a  painstaking  study 
of  all  phases  of  operation  and  of  conditions  such  as  poor 
lighting,  inaccessibility,  and  congestion  which  are  contribu- 
tory to  accident. 

Safety  through  Supervising-  and  Educating  Workers 

The  majority  of  accidents  are  due  to  the  shortcomings  of 
human  nature,  to  personal  tendencies  and  traits  in  the  individ- 
uals liable  to  injury,  and  to  deficiencies  in  the  organization 
that  employs,  instructs,  holds  in  restraint  and  disciplines 
them.  Here  the  safety  engineer  must  employ  his  knowledge 
of  psychology  and  the  principles  of  industrial  organization. 
His  greatest  aids  will  be  diplomacy,  perseverance,  tact,  and 
patience  with  the  slow  response  to  his  insistent  efforts  to 
change  the  mental  viewpoint;  but  there  is  in  this  branch 
of  the  work  a  principle  so  important  that  its  neglect  will  bring 
failure  in  place  of  success;  it  is  a  clear  recognition  of  the 
fact  that  the  safety  engineer  can  no  more  effect  general  acci- 
dent reduction  by  his  direct  efforts  alone  than  the  doctor  can 
make  a  healthy  community  by  curing  the  sick. 

The  safety  inspector  or  safety  engineer  should  be  able  to 
tell  whether  a  certain  practice  is  dangerous  when  he  sees  it, 
but  he  cannot  watch  all  the  practices  of  a  thousand  working 
men,  or  even  a  hundred.  The  one  class  of  men  who  can  per- 
form this  function  most  efficiently  are  the  foremen,  but  some 
one  must  instruct  the  foremen  as  to  what  is  dangerous.  This 
is  the  function  of  the  safety  engineer  or  inspector.  However, 
an  executive  authority  immediately  above  the  foreman  must 
first  convince  him,  and  continue  to  convince  him,  that  he  is 
required  to  supervise  properly  for  safety.  The  plant  manager 
must  place  himself  clearly  on  record  to  the  effect  that  safety 
is  as  important  in  the  day's  work  as  production  or  quality, 
for  it  is  from  him  that  the  organization  takes  its  tone.  From 
the  directing  officials  of  the  company  must  come  moral  and 
financial  support.  Thus  the  whole  organization  is  involved. 
All  must  work  for  safety,  with  the  safety. engineer  in  the  posi- 
tion of  technical  adviser. 

Relation  of  Safety  Eng-ineering  to  Other  Branches  of 
Engineering 

Some  instruction  in  the  fundamentals  of  safety  engineering 
should  be  given  a  place  in  the  training  of  every  young  en- 
gineer. He  should  be  taught  to  think  in  terms  of  safety  as 
he  now  thinks  in  terms  of  efficiency.  Conservation  of  life 
should  surely  not  be  rated  below  the  conservation  of  energy. 
Yet  few  of  our  technical  schools  and  universities  offer  instruc- 
tion in  this  subject  and  the  graduates  go  out  to  their  pro- 
fession with  only  vague  surmises  on  "what  all  this  talk  on 
safety  is  about."  We  have  safety  inspectors  by  the  hundred, 
but  scarce,  indeed,  are  safety  engineers — technically  trained 
and  experienced  men  who  are  capable  of  studying  an  industry 
or  process  from  all  its  angles  and  of  making  constructive 
recommendations  for  changes  in  design  and  operation  which 
strike  to  tlin  root  of  the  unnecessary  accident  evil. 

The  National  Safety  Council  is  the  representative  organiza- 
tion of  the  country  dealing  with  safety.  Since  its  foundation 
in  1912,  its  activities  have  extended  until  its  membership  now 
represents  the  employers  of  over  6.000,000  men.  The  safety  of 
this  vast  army  of  workers  should  bo  In  the  hands  of  trained 
men.  but  Ihoro  arc  few  to  (111  the  vacancies  that  exist  today 
••md  the  now  positions  that  will  bo  created  tomorrow.  If  there 
wiiH  ever  need  for  a  nallonal  <ampaign  to  reduce  death  and 
ilisnblement  from  Industrial  accidents,  that  need  is  today. 
They  tell  us  that  at  least  throe  workers  are  necessary  at  home 
to  supply  ono  man  at  tho  front.  By  workers  Is  moiint  pro- 
ducers -not  hospital  patients— and  tho  war  will  bring  us 
ennugli  reconstruction  problems  In  Iho  employninnt  of  war 
irippli'H  iitid  relumed  soldiers  without  the  pri)l)lem  of  em- 
ploying Iho  many  men  crippled  In  o\ir  InduHlricH.  I,et  us 
roftllz(>.  Ilion,  that  "safoty"  Is  not  a  passing  fail,  but  real  work 
for  rofti  onglnoors,  and  that  tho  sooner  wo  accept  this  viewpoint 
Iho  loss  cause  shall  wo  have  later  to  regret  the  diiys  of  com- 
placent inaction 
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THE   DUTY   OF   EMPLOYERS   WITH   RELA- 
TION TO  CRIPPLED  SOLDIERS 

In  a  paper  prepared  by  Douglas  C.  McMurtrie,  director  ot 
the  Red  Cross  Institute  for  Crippled  and  Disabled  Men,  311 
Fourth  Ave.,  New  York  City,  attention  is  called  to  the  fact 
that  the  only  sound  method  of  dealing  with  the  crippled  soldier 
is  to  train  him  for  a  trade  in  which  his  physical  disability 
does  not  incapacitate  him.  The  American  Red  Cross  is  inaugu- 
rating a  campaign  to  promote  general  intelligence  regarding 
the  true  needs  of  men  incapacitated  while  fighting  for  their 
country.  The  disability  of  some  crippled  soldiers  is  no  bar 
to  their  returning  to  their  former  trade,  but  the  injuries  of 
many  disqualify  them  from  pursuing  again  their  past  occupa- 
tion. The  schools  of  training  prepare  these  men  for  some 
worii  in  which  their  physical  handicap  will  not  materially 
interfere  with  their  production. 

In  the  readjustment  of  the  crippled  soldier  to  civilian  lite. 
his  proper  employment  is  a  matter  of  the  greatest  moment, 
and  in  this  connection  the  employer  has  a  very  definite  re- 
sponsibility; but  the  employer's  duty  is  not  entirely  obvious. 
It  is,  on  the  contrary,  almost  diametrically  opposite  to  what 
one  might  superficially  expect  it  to  be.  The  duty  is  not  to 
"take  care  of,"  from  patriotic  motives,  a  given  number  of  dis- 
abled men,  finding  for  them  any  odd  jobs  which  are  available, 
and  putting  the  ex-soldiers  to  work  without  much  regard  to 
whether  they  can  earn  the  wages  paid  or  not.  This  method  is 
absolutely  erroneous.  The  positive  aspect  of  the  employer's 
duty  is  to  find  for  the  disabled  man  a  constructive  job  that 
he  can  hold  on  the  basis  of  competency  alone.  In  such  a  job  he 
can  be  self-respecting  and  happy,  and  look  forward  to  a  future. 
This  is  the  definite  patriotic  duty.  It  is  not  so  easy  of  execu- 
tion as  telling  a  superintendent  to  take  care  of  four  men,  but 
there  is  infinitely  more  satisfaction  to  the  employer  in  the  re- 
sults, and  infinitely  greater  advange  to  the  employe;  and  it 
is  entirely  practical,  even  in  dealing  with  seriously  dis- 
abled men. 

With  thoughtful  effort,  many  men  can  be  employed  directly 
on  the  basis  of  their  past  experience.  With  the  disabled 
soldiers  who  profit  by  the  training  facilities  the  Government 
will  provide,  the  task  should  be  even  easier.  This,  then,  con- 
stitutes the  charge  of  patriotic  duty  upon  the  employer:  To 
study  the  jobs  under  his  jurisdiction  to  determine  which  ones 
might  be  satisfactorily  held  by  cripples;  to  give  the  cripples 
preference  for  these  jobs;  to  consider  thoughtfully  the  appli- 
cations of  disabled  men  for  employment,  bearing  in  mind  the 
importance  of  utilizing  to  as  great  an  extent  as  possible  labor 
that  would  otherwise  be  unproductive;  to  do  the  returned 
soldier  the  honor  of  offering  him  real  employment,  rather  than 
proffering  him  the  ignominy  of  a  charity  job. 
*     *     * 

REPAIRING  A  LARGE  BORING  MILL  TABLE 

The  cutting  of  east  iron  with  an  oxy-acetylene  or  other 
high-temperature  cutting  torch  is  generally  considered  impos- 
sible because  the  melting  temperature  of  the  oxide  which 
forms  on  the  cast  iron  is  higher  than  that  of  the  metal  itself. 


Ciit-lron   Tablo   of   LuTfo   Vertical   Borlni    Mill 


Torch,  to  repair 

Wrought  iron  or  steel  has  a  higher  melting  temperature  than 
the  oxide  of  iron  which  forms  when  the  oxygen  jet  of  the 
cutting  torch  is  applied;  consequently  the  oxide  melts  and 
either  flows  or  is  blown  away  from  the  surface  against  which 
the  flame  is  directed.  As  the  result  of  this  constant  removal 
of  the  oxide  in  the  case  of  wrought  iron  and  steel,  new  sur- 
faces are  continually  exposed  to  the  action  of  the  oxygen  jet, 
so  that  the  metal  is  literally  burned  as  the  cutting  proceeds. 
The  difficulty  in  cutting  cast  iron  is  due  to  the  fact  that  the 
metaf  melts  sooner  than  the  oxide  and  the  latter  interferes 
with  a  burning  or  oxidizing  action. 

Notwithstanding  this  theory,  an  oxy-acetylene  torch  was  used 
very  effectively  at  the  Graves  Machinery  Exchange,  305  John- 
son Ave.,  Jersey  City,  N.  J.,  for  cutting  away  sections  of  the 
ribs  of  a  large  cast-iron  boring  mill  table  in  connection  with 
its  repair.  This  table,  which  is  shown  in  the  accompanying 
illustrations.  Figs.  1  and  2.  was  badly  cracked  through  the 
hub.  and  as  it  is  part  ot  a  fourteen-foot  boring  mill  and  weighs 
about  twelve  tons,  it  would  have  been  very  expensive  to  re- 
place. In  order  to  strengthen  the  hub,  it  was  decided  to  shrink 
around  one  end  a  4-  by  4-inch  steel  ring,  which  involved  cut- 
ting away  sections  of  the  2i4-inch  ribs  in  order  to  form  a 
place  for  the  steel  ring. 

Fig.  1  shows  a  view  of  the  boring  mill  table,  and  this  illus- 
trates how  the  ribs  have  been  cut  away  next  to  the  hub. 
Fig.  2  shows  how  an  oxy-acetylene  torch  was  used  for  this 
purpose.  This  torch  has  six  small  holes  in  the  tip  for  the  pre- 
heating jets  which  surround  a  larger  central  hole  for  the 
oxygen.  Attempts  were  made  to  cut  the  casting  with  a  tip 
having  only  four  outer  holes,  but  this  form  of  tip  could  not  be 
used.  The  torch  is  adjusted  to  give  a  rather  long  preheating 
flame.  The  pressure  of  the  acetylene  is  about  30  pounds  per 
square  inch,  and  of  the  oxygen,  90  pounds  per  square  inch. 
This  method  of  removing  the  rib  sections  saved  considerable 
time,  as  a  4-  by  4-inch  piece  was  cut  out  of  each  rib  in  ten 
or  twelve  minutes  by  means  of  the  torch.  The  edges  of  the 
cut-out  sections  were  left  soft  and  could  easily  be  trimmed 
by  chipping.  While  the  composition  of  this  casting  is  not 
known,  it  probably  contains  considerable  scrap.  It  is  claimed, 
however,  that  other  cast  iron  of  the  gray  iron  variety  has 
been  cut  successfully.  F.  D.  J. 


"WAR  COMMITTEE,  TECHNICAL  SOCIETIES 
OF  CHICAGO 

The  technical  societies  centered  in  Chicago  have  formed  a 
joint  war  committee,  the  object  of  which  is  to  cooperate  ef- 
fectively and  vigorously  in  all  war  activities.  The  committee 
is  known  as  the  War  Committee.  Technical  Societies  of  Chi- 
cago. The  purpose  of  this  organization  is  to  enable  the  techni- 
cal societies  to  call  Into  play  the  efforts  of  their  members  as 
occasion  may  arise,  and  to  coordinate  their  various  activities 
in  the  most  effective  manner  to  help  win  the  war.  The  secre- 
tary Is  Edgar  S.  Nethercut,  whose  offices  are  at  1735  Monad- 
nock  niock,  Chicago,  111. 
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THE  LABOR  PROBLEM  OF  THE  SMALL 
MANUFACTURING  PLANT 

BY  A  MANUFACTURER 

The  small  and  medium-sized  manufacturing  plant  is  facing  a 
serious  diflBculty  on  account  of  the  present  labor  conditions, 
especially  in  localities  where  there  is  a  great  deal  of  manufac- 
ture of  munitions  and  other  war  materials.  The  latter  in- 
dustries are  able,  on  account  of  the  prices  that  they  receive 
from  the  Government  and  the  methods  under  which  the  con- 
tracts have  been  let,  to  pay  much  higher  wages  than  a  manu- 
facturer engaged  in  a  regular  line  of  machinery.  Many  of  the 
early  war  contracts  were  let  on  a  cost-plus-percentage  basis 
which  enabled  the  contracting  manufacturers  to  pay  any  price 
for  labor  and  made  it  possible  for  them  to  draw  their  labor 
supply  from  the  plants  of  manufacturers  engaged  in  regular 
commercial  lines.  In  the  face  of  these  conditions,  many  manu- 
facturers have  been  forced  to  curtail  their  production,  not 
because  their  industry  is  non-essential,  but  because  their  prod- 
uct is  of  such  a  nature  that  they  are  not  in  a  position  to 
increase  prices  appreciably.  There  are  many  small  and 
medium-sized  plants  in  and  adjacent  to  cities  where  large 
munition  factories  are  located  that  work  now  at  only  about 
50  per  cent  of  their  capacity;  and  if  there  is  not  soon  an  im- 
provement in  the  conditions,  some  of  these  manufacturers  will 
be  forced  to  close  their  plants  entirely. 

The  Small  Manufacturing-  Industry  Is  Vital  to  the  Country 

Many  of  these  smaller  manufacturing  industries  make  tools 
and  supplies  that  are  just  as  essential  to  the  effective  prosecu- 
tion of  the  war  as  are  the  actual  war  materials.  Hence,  the 
shutting  down  of  these  plants  would  seriously  hamper  the 
nation  in  its  present  undertaking.  Furthermore,  it  is  the 
small  and  medium-sized  plants  of  today  that  will  be  the  large 
manufacturing  plants  of  tomorrow.  It  is  often  the  manufac- 
turer of  limited  resources  who  is  most  active  in  development 
work  along  mechanical  lines,  and  to  hamper  him  is  to  hamper 
the  progress  and  growth  of  the  whole  industry. 

What  we  need  in  order  to  keep  the  nation  fit  for  an  effective 
prosecution  of  the  war  is  a  policy  that  keeps  all  useful  in- 
dustries at  their  maximum  vitality  and  vigor.  At  the  present 
time,  the  thing  most  important  in  order  to  accomplish  this  is 
for  the  Government  to  inaugurate  some  policy  whereby  the 
small  manufacturer  may  be  assured  of  a  reasonable  labor  sup- 
ply. This  might  be  done  by  increasing  the  authority  of  the 
labor  bureaus  already  established  in  our  larger  industrial  cen- 
ters by  the  Department  of  Labor,  so  that  these  bureaus  would 
have  the  power  to  pass  upon  the  justification  of  any  man 
changing  from  employment  in  one  plant  to  another.  No  men 
should  be  hired  unless  they  pass  through  this  labor  bureau. 
Their  reasons  for  changing  should  be  Investigated,  and  in  case 
the  change  was  shown  to  be  detrimental  to  the  best  Interests 
of  the  nation  at  large,  in  that  it  made  it  impossible  for  the 
smaller  Industries  to  conduct  their  business  properly,  it  should 
not  be  authorized.  A  system  similar  to  this  is  in  force  in 
Kngland  and  appears  to  work  very  satisfactorily.  In  England, 
wages  also  are  regulatf^d  by  the  Government,  the  manufac- 
turers, and  the  labor  organizations  in  cooperation  with  each 
otWer,  but  this  would  probably  not  be  necessary  here  if  only 
the  Government  would  aid  the  Industries  by  regulating  the 
all  too  fre(|uent  changf^s  of  employment  that  take  place. 

ProHent  Labor  BureauB  are  UseleBB  lut  ReifuliitorH  of 
Labor  Supply 

The  employment  bureauH  ho  far  estabUHhod  by  the  Govern- 
ment do  not  Bufncjonlly  proleit  the  manufacturers  who  operate 
flmall  and  mcdlumnlzed  plantn.  Ah  an  example  of  how  In- 
effective the  prcHi-nl  arrangement  Ih,  It  may  be  mentioned  that 
when  a  manufacturer  in  u  city  with  large  war  IndUHtrlea  ro- 
oenlly  laid  hlw  troublcH  before  the  ofDclalB  of  the  bureau,  lie 
wan  aaked  what  rates  of  wageH  he  would  pay  mechanlcB  nuch 
aa  he  required.  lie  Hupplled  thi^BC  flguren  to  the  Labor  lliiroau. 
Upon  eomparlBon  with  the  rateB  of  pay  In  the  large  munition 
faclorieB.  hid  rateB  were  low,  and  all  the  coinforl  ho  received 
from  the  Labor  llureau  wiih  to  bf  told  that  of  coiirBe  he  could 
not  get  any  labor  aH  long  an  lie  paid  ho  much  leBB  than  the- 
prevailing  raKun  iil   the  oilier  largo  pInnlH. 


Now,  the  manufacturer  did  not  need  to  go  to  a  labor  bureau 
to  become  aware  of  this.  He  knew  well  enough  that  the  source 
of  his  troubles  was  that  the  munition  plants  outbid  him.  He 
also  knew  that  he  could  not  possibly  pay  the  rate  of  wages 
that  the  manufacturers  of  war  materials  could  afford,  because 
his  product  had  to  be  sold  largely  in  an  open  market  that 
would  not  allow  of  raising  prices  to  such  an  extent.  Further- 
more, he  knew  that  if  he  could  bid  as  high  as  the  munition 
manufacturers  he  could  get  all  the  labor  he  wanted.  What  he 
expected  from  the  Labor  Bureau  and  what  manufacturers  in 
general  should  have  a  right  to  expect  from  the  Department 
of  Labor  is  the  establishment  of  an  authority  that  could  pre- 
vent unfair  labor  market  competition.  A  manufacturer  who 
at  this  time  tries  to  obtain  skilled  labor  from  another  manu- 
facturer by  offering  exorbitant  wages,  rather  than  train  men 
himself,  should  not  be  permitted  to  do  so,  and  the  Labor 
Bureau  should  be  the  regulating  influence. 

Small  Factories  Train  Men  for  the  Largrer  Plants 

The  small  factory  has  been  made  a  training  school  for  the 
large  munition  plants.  In  many  instances,  the  smaller  plant 
takes  in  green  men  constantly,  trains  them  for  a  few  months, 
and  when  they  are  capable  of  producing  they  are  absorbed  by 
the  larger  plants,  which  can  afford  to  pay  them  higher  wages 
and  which  thereby  also  benefit  by  the  training  for  which  the 
smaller  plant  has  paid.  A  labor  bureau  having  suflScient  au- 
thority could  overcome  this  difficulty  of  the  small  manufac- 
turer and  could  make  the  larger  plants  train  their  own  labor 
to  meet  their  own  requirements. 

For  the  national  welfare,  it  is  certainly  necessary  that  some- 
thing be  done  to  regulate  the  labor  supply,  so  that  the  manu- 
facturer who  is  not  in  a  position  to  realize  more  than  a  normal 
return  on  his  investment  and  who  cannot  reimburse  himself 
for  the  payment  of  exorbitant  wages  by  charging  proportion- 
ately high  prices  for  his  product  may  receive  some  protection. 
In  order  that  we  may  be  able  to  continue  the  war  without  un- 
necessarily sacrificing  or  retarding  industrial  development 
for  years  to  come,  all  industries  that  perform  a  useful  service, 
and  particularly  those  directly  or  indirectly  aiding  in  the  prose- 
cution of  the  war,  should  be  given  all  the  assistance  possible, 
or  at  least  they  should  not  be  discriminated  against.  If  this 
is  done,  healthy  activities  on  the  part  of  small  and  medium- 
sized  manufacturers  may  be  encouraged,  industrial  develop- 
ment will  be  insured,  and  labor  will  gain  by  the  stability  of 
employment. 


WAGES    FIXED    FOR    MACHINISTS  AND 
TOOLMAKERS 

The  Labor  Adjustment  Board  of  the  Army  Ordnance  fixed 
the  wage  rates  of  machinists  in  the  Bridgeport,  Conn.,  district, 
June  7.  The  board  decided  upon  the  following  rates  of  pay  per 
hour:  Toolmakers,  78  cents;  special  tool-room  helpers,  64 
cents;  all-around  machinists,  68  cents;  medium  and  rough- 
work  machinists,  64  cents;  lathe  hands,  59  cents;  planer  hands, 
64  cents.  Those  rates  per  hour  are  on  a  basis  of  an  eight-hour 
day,  with  pay  for  all  over-time  at  the  rate  of  time-and-onohalf. 
Work  on  Sundays  and  holidays  shall  be  considered  as  over- 
time. Those  who  receive  rates  of  pay  In  excess  of  the  rates 
mentioned  shall  not  be  reduced  in  their  present  employment 
because  nt  the  decision  rendered  by  the  board,  and  all  employ- 
ers who  have  been  paying  more  than  timoand-onehalf  on 
Sundays  and  holidays  are  to  continue  to  pay  the  higher  rate. 
Any  disputes  In  regard  to  classification  of  men  In  accordance 
with  the  wage  scale  are  to  bo  referred  to  a  reprosontatlvo  desig- 
nated by  the  War  Doparlment.  and  IiIh  decision  in  each  case 
Hhall  be  final  and  blndiim 


Allliiiii(,'li    .Japan    liegaii    111 :inul':icluri>    nf    iiiacliiiH!    IduIs 

ten  "r  llftucii  years  ago,  the  nioHt  progress  has  been  iiinde 
In  the  poHt  four  years.  .Ilgs  and  fixlures  and  powerful  iilalii 
milling  inucliliieH,  however,  are  iiHcd  comparatively  lllllo; 
probably  bocaiiHo  there  Ih  little  specialization.  Turret  lallies 
;ire  much  iippreelaled,  lint  ttie  clieapnoHH  of  labor  bus  pre- 
vented   the    rapid    lii(  inilncllon    nt    anliniiallc    inaclilneB. 


NBA^  MACHINERY  AND  TOOLS 

THE    COMPLETE    MONTHLY   RECORD   OF  NEW  AMERICAN    METAL-WORKING    MACHINERY 


IN     THIS 

Community  Thread-gage  Grinding  Machine.  Community  Ma- 
chine &  Tool  Works.  Inc.,  154-156  Grand  St..  New  York 
Citv     1047 

Duff    Heavy-duty    Turret    Lathe.      Duff    Mfg.    Co.,    Pittsburg, 

Pa 1048 

Pedrick    Duplex    Boring    Machine.      Pedrick    Tool    &    Machine 

Co..   3639  N.   Lawrence   St..   Philadelphia,   Pa 1049 

Grand  Rapids  Drill  Grinding  Machines,  Grand  Rapids  Grind- 
ing Machine  Co.,  Grand  Rapids,  Mich 1050 

Hallden    Tube    and     Rod     Cutter.       HaUden    Machine    Co.,     27 

Benedict    St.,    Waterbury,    Conn 1050 

Shepard  Lathes.     Shepard  Lathe  Co.,  Canal  and  Jackson  Sts., 

Cincinnati,    Ohio 1051 

Smith   &   Hemenway   Lock-washer.     Smith  &  Heraenway  Co., 

Inc..  130  Colt  St.,  Irvington,  N.  J 1052 

WInans'   Vise.      Barnett   Foundrj-   &   Machine  Co.,   Lyons  .^ve. 

and  Coit  St.,  Irvington,  N.  J 1052 

Robbins-Gamwell    Cutter   Grinder.      Robbins,    Gamwell   &   Co., 

Plttsfield.    Mass 1052 

Pringle   Portable   Grinding   Machines.     R.   E.   T.  Pringle,  Ltd., 

30S-309    T>TrelI    Bldg.,    Toronto,    Canada 1052 

Cutler-Hammer  Rack  for  Electric  Soldering  Irons.  Cutler- 
Hammer    Mfg     Co.,    Milwaukee,    Wis 1053 

New  Britain  Steel   Bench   Drawer.     New  Britain  Machine  Co., 

New    Britain,    Conn 1053 


NUMBER 

Ferracute      Single-action      Press.       Ferracute     Machine     Co., 

Bridgelon,    X     J 1054 

Salter  Crankshaft   Centers.     Salter  Motor  Mfg.   Co.,   1516-1518 

Oakland    Ave.,    Kansas    City,    Mo 1054 

Robertson   Hacksaw  for  Tire   Rims.     W^.  Robertson  Machine  & 

Foundry  Co.,  o6-5S  Rano  St.,  Buffalo,  N.  T 1054 

Oliver  Face  Lathe.    Oliver  Machinery  Co.,  Grand  Rapids,  Mich.  1055 

Gray   Waving  and   Under-cutting  Attachment.     Gray  Machine 

Tool  Co.,   Inc.,   2661  Main  St.,  Buffalo,   N.   Y 1055 

Fond-Roblnson     Metal-cutting     Saw.       Pond-Robinson     Metal 

Saw  Co.,   Ltd.,    1204  Howard  St.,   San   Francisco,   Cal 1055 

Woods    Thread     Milling     Machine.      Woods    Engineering    Co., 

.\lllance,  Ohio 1056 

Fox  Portable  Shop  Crane.  Fox  Bros.  &  Co.,  126-130  Lafay- 
ette   St.,    New   York   City 1056 

Blomquist-Eck  Wheel   Inspection  and  Truing  Machine.     Blom- 

quist-Eck  Machine  Co.,  1146  E.  152nd  St.,  Cleveland,  Ohio..   1056 

Lafayette     Thread -tool     Grinding     Fixture.       Lafayette     Tool 

Works.    176  Worth   St.,    New   York  City 1057 

Nugent   Motor-driven   Oil   Pump.     WiUiam  W.   Nugent  &  Co., 

Chicago,    111 1058 

Alternating-current  Arc-welding  Machine.  Arcwell  Corpora- 
tion.  42   Broadway,   New  York  City 1058 

Sectostyle  for   Cross-sectioning.     American  Sales  Co.,   311  W. 

59th    St.,    New   York    City 1058 


COMMUNITY  THREAD-GAGE  GRINDING   MACHINE 


FOR  use  in  grinding  thread 
gages,  the  Community  Machine 
&  Tool  Works,  Inc.,  154-156 
Grand  St.,  New  Yorls  City,  is  now 
building  a  machine  which  forms 
the  subject  of  the  following  descrip- 
tion. This  thread-gage  grinding  ma- 
chine was  originally  designed  and 
built  for  use  in  grinding  thread 
gages   made   by   this   company,   but 

the  results  obtained  have  been  so  successful  that  subsequently 
a  decision  was  reached  to  build  the  machine  for  the  general 
market.  Before  starting  upon  a  detailed  description  of  fea- 
tures of  the  design,  it  will  be  of  interest  to  state  briefly  the 
way  in  which  the  machine 
operates  for  the  benefit  of 
those  who  have  not  had  experi- 
ence in  thread-gage  grinding. 
The  work  is  mounted  be- 
tween centers,  and  grinding 
is  done  by  a  wheel  which  is 
accurately  trued  up  to  exactly 
the  required  form  for  the 
thread  that  is  being  ground. 
While  the  grinding  operation 
is  being  performed,  it  is  neces- 
sary to  provide  for  both  rotat- 
ing the  work  and  traversing 
it  past  the  grinding  wheel. 
This  result  is  accomplished 
by  means  of  the  crank  handle 
which  will  be  seen  at  the  ex- 
treme right-hand  end  of  the 
machine.  This  crank  is  at- 
tached to  the  spindle,  which 
carries  an  Interchangeable 
master  screw  of  the  same 
lead  as  the  thread  gage  that 
is  being  ground;  this  screw 
runs  in  a  nut,  so  that  as  the 
spindle  is  rotated  the  work 
receives  a  corresponding  ro- 
tary motion  through  connec- 
tion made  between  the  work 
and  spindle  by  a  driving  dog, 
and  the  work  is  traversed 
vast  the  grinding  wheel  at 
the  proper  rate,  owing  to  the 


On  this  gage-grinding  machine,  a  icheel-tniing 
device  is  provided  with  which  to  dress  icheels  for 
grinding  V.  S.  standard,  Whitworth.  or  Lowenherz 
threads.  Interchangeable  spindles  are  furnished, 
carrying  grinding  icheels  trued  to  these  three 
forms,  and  changes  of  spindJe  may  be  rapidly 
made.  A  set  of  master  screws  is  furnished  with 
the  machine,  which  correspond  in  lead  to  the  dif- 
ferent thread  gages  that  have  to  be  ground.  A 
graduated  sioivel  provides  for  adjusting  the  grind- 
ing wheel  for  the  helix  angle  of  the  thread. 


screw  on  the  spindle  to  which  atten- 
tion has  Just  been  called.  In  order 
to  provide  for  this  traverse  move- 
ment, the  dead  center  at  the  left- 
hand  end  of  the  work  is  held  in 
contact  with  the  work  by  means  of 
a  compression  spring.  Consequent- 
ly, traverse  motion  of  the  work  is 
accomplished  by  pushing  the  center 
back  against  this  spring  tension.  At- 
tention is  called  to  the  fact  that  as  soon  as  the  traverse  movement 
has  been  completed  in  one  direction,  the  machine  operator 
simply  reverses  the  direction  in  which  he  has  been  rotating 
the  crank,  thus  feeding  the  work  back  past  the  wheel  with  the 
work  rotating  in  the  opposite 
direction.  In  this  way,  no  time 
is  lost  in  the  performance 
of  the  grinding  operation. 
It  is  important  for  the  nut 
in  which  the  master  screw 
runs  to  be  a  close  fit,  and  be- 
fore starting  to  describe  the 
provision  made  for  assuring 
a  tight  fit  of  the  nut  on  the 
(\)mmunity  gage-grinding  ma- 
ihine,  attention  is  called  to 
Fig.  2,  in  which  there  is 
shown  a  close  view  of  one  of 
the  interchangeable  master 
screws  and  nuts.  The  screw 
thread  is  cut  on  a  steel  sleeve 
that  is  held  in  place  on  the 
spindle  by  lock-collars;  and 
the  nut,  which  Is  made  of 
bronze,  is  tapered  on  the  out- 
side with  a  straight  threaded 
section  below  the  taper.  An 
adjusting  collar  goes  on  the 
outside  thread,  and  by  tight- 
ening this  collar,  the  nut  Is 
pulled  into  Its  seat  in  the  ma- 
chine frame,  thus  assuring  a 
close-working  fit  between  the 
screw  and  nut.  As  shown  in 
the  Illustration,  the  machine 
Is  said  to  have  given  perfect- 
ly satisfactory  results,  but  a 
point   was   raised   concerning 
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Fir.   2.     Clos 


:  View  of  Nut,   Master  Screw,   and  Grinding  Spindle  fo 
Community  Thread-gage  Grinding  Machine 


Fig.  3. 


showing 


whether  the  spindle  is  subjected  to  unnecessary  strain  by 
having  the  crank  handle  mounted  directly  on  it.  On  this 
account,  an  improved  design  is  now  being  developed,  where 
the  end  of  the  spindle  is  square  to  slide  in  a  corresponding 
opening  at  the  end  of  a  sleeve  on  the  opposite  end  of  which 
the  operating  crank  will  be  carried.  In  this  way,  the  spindle 
will  be  relieved  of  all  unnecessary  strain. 

This  machine  is  used  for  grinding  U.  S.  standard,  Whit- 
worth,  and  Lowenherz  threads,  and,  of  course,  different  shaped 
wheels  must  be  provided  for  grinding  each  form  of  thread. 
To  obviate  the  necessity  of  redressing  the  wheel  to  different 
shapes  each  time  a  change  is  made  on  the  class  of  work  that 
is  being  ground,  interchangeable  spindles  are  provided  for  use 
on  the  machine,  on  which  the  different  forms  of  wheels  are 
permanently  mounted.  One  of  these  spindles  with  its  grinding 
wheel  is  shown  in  Fig.  2,  where  it  will  be  seen  that  at  each 
end  the  spindle  is  provided  with  a  60-degree  tapered  center. 
These  centers  fit  into  corresponding  sockets  carried  in  the 
wheel-head,  and  when  it  is  desired  to  change  wheels,  it  is 
merely  necessary  to  loosen  a  binding  screw  and  move  one  of 
the  sockets  back  sufficiently  so  that  the  spindle  can  be  removed 
and  another  one  substituted  in  its  place.  This  change  of  spin- 
dles can  be  made  with  very  little  loss  of  time. 

For  truing  the  grinding  wheel  there  is  an  attachment  per- 
manently secured  to  the  machine  that  is  furnished  with  means 
of  adjustment  to  provide  for  truing  wheels  for  grinding  any  of 
the  three  forms  of  thread  to  which  reference  has  been  made. 
Extending  out  of  the  attachment  at  each  side  of  the  grinding 
wheel,  there  is  a  bar  which  carries  a  diamond  point  (one  of 
these  bars  is  clearly  shown  at  .1.  in  Fig.  1).  Truing  of  the 
grinding  wheel  is  accomplished  by  imparting  an  oscillating 
movement  to  the  diamond  holders  by  rocking  lever  B  about 
its  central  pivot.  Connection  Is  made  from  this  lever  to  the 
diamond  holders  by  means  of  pivoted  links  clearly  shown  in 
the  lUuatratlon.  When  lever  B  Is  rocked,  an  oscillating  move- 
ment is  Imparted  to  the  diamond  holders,  which  results  in 
carrying  first  one  diamond  and  then  the  other  over  the  face 


of  the  grinding  wheel,  causing  the  wheel  to  be  accurately  trued 
to  exactly  the  desired  form.  For  truing  wheels  for  grinding 
U.  S.  standard,  Whitworth,  or  Lowenherz  threads,  adjustment 
Is  provided  on  the  wheel-truing  attachment  to  make  the  two 
bars  A  "which  carry  the  diamonds  travel  past  the  grinding 
wheel  at  exactly  the  proper  angle  for  each  form  of  thread, 
namely,  60  degrees  for  the  U.  S.  standard  thread,  55  degrees 
for  the  Whitworth  thread,  and  53  degrees  S  minutes  for  the 
Lowenherz  thread.  This  adjustment  is  accomplished  by  pull- 
ing out  pins  C,  which  control  the  position  of  the  diamond-bars 
in  the  attachment  and  entering  these  pins  into  the  proper  holes 
for  the  particular  type  of  thread  for  which  the  wheel-truing 
attachment  must  be  set.  Patents  have  been  applied  for  on 
certain  features  of  the  design  of  this  machine. 


DUFF  HEAVY-DUTY  TURRET  LATHE 

In  the  accompanying  illustrations  there  are  shown  three 
views  of  a  new  heavy-duty  26-inch  turret  lathe,  built  by  the 
Duff  Mfg.  Co.,  of  Pittsburg,  Pa.  This  machine  was  designed 
for  the  heavy  work  encountered  in  machining  ammunition  and 
for  other  similar  service.  The  operative  control  is  so  designed 
as  to  be  easily  accessible  at  all  times  to  the  operator,  thus 
reducing  to  a  minimum  the  amount  of  actual  labor  required 
in  operation.  This  turret  lathe  has  a  length  over  all  of  13 
feet  7  Inches  and  a  swing  over  the  ways  of  27  Inches.  Mounted 
on  the  top  of  the  headstock  there  is  a  20-horsepower  motor, 
from  which  power  is  transmitted  to  a  driving  pulley  lOVo 
inches  in  diameter  (constant  speed,  1000  revolutions  per  min- 
ute) at  the  rear  of  the  headstock  by  means  of  a  silent  chain 
drive,  and  thence  through  a  train  of  gears  to  the  spindle. 
Twelve  mechanical  changes  of  speed  are  provided — open  and 
reverse — giving  a  range  of  from  six  to  one  on  low  gear  to  one 
hundred  seventy-four  to  one  on  high  gear.  These  speed 
changes  are  controlled  by  levers  within  easy  reach  of  the 
operator.  Conveniently  located,  behind  the  chuck  at  the  top  of 
the  headstock,  is  the  starting,  stopping,  and  reversing  lever. 


rif.   I.    DBir  Ruvr-'oty  Tamt  Z«tlM 
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The    spindle    is    a 

hammered  steel  forg- 
ing, heat-treated  and 

ground.    At  the  rear 

of     the     spindle     is 

placed  a  ball   thrust 

bearing.      To    insure 

proper   lubrication 

along    the    entire 

length  of  the  spindle, 

a  well  is  provided  in 

the  cap,  from  which 

wicks   carry   the   oil. 

covering     the     full 

length    of    the    bear- 
ing. The  hole  through 

the    spindle    is     7% 

inches    in    diameter, 

and  the  chuck,  which 
is  20  inches  in  diameter,  is  of  the  compound,  three-jaw,  uni- 
versal type.  The  turret  is  of  the  broad-faced,  hollow,  hexagon 
type,  containing  tool  holes  3%  inches  in  diameter  and  measur- 
ing 21  inches  across  the  flats.  It  rests  on  a  base  30  inches  in 
length,  and  is  clamped  by  means  of  the  handle  shown  at  the 
base.  This  clamp-handle  permits  a  powerful  clamp  over  the 
entire  surface  of  the  turret  base,  which  is  sufficient  to  hold 
the  turret  firmly  against  play  under  the  heaviest  work.  The 
turret  carriage  has  a  travel  of  45  inches,  and  the  turret  is  of 
the  automatic  indexing  type.  The  geared  feed  changes  of  the 
turret  are  absolutely  independent  of  the  toolpost  feeds,  result- 
ing in  the  advantage  that  a  very  fine  feed  can  be  used  for 
boring  or  facing,  and  at  the  same  time  a  very  coarse  feed 
can  be  used  for  the  toolpost.  The  long  lever  at  the  left  of 
the  turret  apron  is  the  quick-return  lever,  which  provides  for 
moving  the  turret  forward  with  the  same  speed  that  is  ob- 
tained in  reversing.  The  feed-lever  is  located  at  the  right  of 
the  quick-return  lever.  A  large  pilot  wheel  is  used  on  the 
turret  apron  for  operating  the  turret  backward  and  forward 
by  hand,  and  adjustable  automatic  knock-out  stops  are  pro- 
vided, which  operate  instantly  and  accurately — an  essential 
feature  when  handling  duplicate  work.  Feeds  can  also  be 
engaged  or  tripped  as  desired  by  hand  operation  through 
use  of  the  feed-lever  shown  on  the  turret  apron. 

The  toolpost  carriage  is  heavily  built  and  of  special  design, 
having  front  and  rear  tool-slides  with  power  and  hand  feed 
in  both  directions.  Either  toolpost  can  be  clamped  and  locked 
rigidly  in  any  one  of  a  numbsr  of  positions,  as  they  operate 
entirely  independently  of  each  other.  The  toolposts  are  of  the 
side  carriage  type,  and  can  pass  completely  by  the  chuck, 
permitting  greatly  Increased  capacity  in  relative  swing  over 
the  carriage  and  increasing  the  range  of  chucking  work  that 
the  lathe  can  accommodate;  also,  it  permits  the  toolpost  to  be 
moved  completely  out  of  the  way  when  using  the  tools  in  the 
turret,  it  being  possible  to  bring  the  turret-head  up  close  to 
the  chuck.  The  carriage  can  be  firmly  clamped  to  the  bed  to 
hold  it  in  a  fixed  position.  The  toolpost  feeds  are  absolutely 
Independent  of  the  turret  feeds,  providing  advantages  already 
outlined.  The  feed  changes  for  the  toolpost  carriage  are  so 
arranged  that  it  is  possible  to  shift  instantly  from  any  heavy 
roughing  feed  to  a  proper  finishing  feed.  All  feeds  are  re- 
versible. Adjust 
able  automatic 
trip-off  stops  arc 
provided,  w  h  i  c  h 
operate  instantly 
and  accurately. 
The  feeds  can  be 
engaged  or  tripped 
at  will  by  hanil. 
through  the  use  of 
a  lever  handle 
shown  In  the  Il- 
lustration at  the 
right  of  the  nuick- 
return  levor. 
Three  handwheels 


Fig.   3.     Opposite   Side  of  Duff  Heavy-duty  Turret  Lathe  shown   in  Fig.    1 


are  provided  on  the 
apron,  one  for  ad- 
Justing  each  of  the 
two  toolposts,  and 
one  for  feeding  the 
carriage  forward  or 
backward. 

One  of  the  most 
notable  features  of 
the  Duff  heavy-duty 
26-inch  lathe  is  its 
eiBcient  system  of 
lubrication.  This  is 
taken  care  of  by  a 
single  pump  located 
at  the  rear  of  the 
headstock  and  driven 
by  the  lathe  motor. 
By  means  of  this 
pump,  every  single  point  in  the  machine  demanding  lubrication 
is  automatically  supplied  with  oil.  Care  has  been  taken  to  make 
this  machine  as  fool-proof  as  possible.  The  danger  of  stripping 
gears,  through  changing  spindle  speeds  while  the  lathe  is  in 
operation,  has  been  eliminated  by  the  use  of  a  safety  governor, 
which  works  automatically,  unlocking  and  allowing  the  chang- 
ing of  spindle  speeds  only  when  the  machine  has  been  thrown 
out  of  motion.  Another  desirable  feature  of  the  Duff  lathe 
is  the  use  of  a  knock-out  box  containing  a  train  of  gears,  act- 
ing on  the  feed-shafts,  and  controlled  by  two  handles,  which 
are  used  for  reversing  the  feed-shafts.  In  building  this  ma- 
chine, great  care  was  exercised  to  design  it  so  that  it  could  be 
readily  adapted  for  a  single-purpose  machine  for  ammunition 
work.  All  non-essentials  for  the  work  required  can  be  omitted. 
This  machine  can  be  built  as  an  engine  lathe,  and  as  such  it 
is  amply  strong  to  handle  shells  up  to  and  including  15  inches 
in  size.  It  can  be  furnished  with  any  number  of  speeds  up 
to  twelve,  with  any  number  of  feeds  up  to  ten,  with  any  size 
of  spindle  hole  up  to  10  inches,  and  with  any  length  of  bed. 


Horiiontal   Duplex   Boring    Machine   built   by   tho   Poilrick  Tool  A   Mnohln 


PEDRICK  DUPLEX  BORING  MACHINE 

Among  the  machines  which  have  fulfilled  special  war  re- 
quirements is  the  one  illustrated  herewith.  It  was  originally 
designed  with  only  one  boring-bar,  but  was  easily  arranged 
for  using  two  bars,  one  in  each  housing,  and  in  this  form  is 
serving  a  useful  purpose  in  ordnance  shops.  Several  plants 
using  this  machine  have  adapted  jigs  of  proper  construction 
to  suit  their  individual  requirements,  and  in  connection  there- 
with are  using  the  duplex  horizontal  boring  machine  for  turn- 
ing trunnions  and  boring  the  bearings  in  gun  carriages.  A  bed, 
planed  and  scraped  on  its  bearing  surfaces,  forms  a  base  for 
two  box-like  housings.  These  are  movable  along  the  bed  to 
suit  conditions  and  are  securely  locked  in  position  by  four 
bolts.  In  each  housing  is  a  complete  boring-bar  or  spindle 
having  its  own  driving  gearing,  feed  mechanism,  and  motor. 
Handwheels  above  the  housings  are  for  vertical  adjustment  of 
the  bars. 

The  bars  are  held  in  a  long  bearing  in  the  form  of  a  quill, 
so  machined  that  accurate  alignment  of  the  bar  is  assured. 
.\  feed-case  on  the  end  of  the  bar  regulates  the  feed  of  the  bar. 

there  being  three 
changes  controlled 
by  a  slip  pin.  The 
feeds  are  reversi- 
ble. In  order  to 
bring  the  feed  con- 
trol nearer  the 
work,  a  shaft  is 
run  to  a  gear  en- 
gaging  another 
gear  on  the  feed- 
case  and  a  hand- 
wheel  located  at 
tho  side  of  each 
.  housing.  One  of 
the     features     of 
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this  new  feed  is  the  rapid  return  of  the  bar.  A  crank  handle 
shown  at  one  end  of  the  feed-case  operates  this  movement. 
The  driving  gearing  on  the  bar  is  compounded  in  sucli  ratio 
that  motors  of  small  horsepower  are  ample.  The  gear  guard 
cover  is  designed  to  form  a  base  for  the  motor,  and  a  swing- 
arm,  on  which  various  sizes  of  gears  may  be  applied,  transmits 
the  power  from  the  motor  to  the  driving  power  pinion.  In  the 
end  of  the  bars  is  a  Morse  taper  hole  for  holding  drills,  auxil- 
iary bars,  facing  heads,  etc.  Two  sizes  of  the  machine  are 
made  for  carrying  3-  or  6-inch  bars.  This  machine  is  a  recent 
product  of  the  Pedrick  Tool  &  Machine  Co.,  3639  N.  Lawrence 
St.,  Philadelphia.  Pa. 


GRAND   RAPIDS   DRILL    GRINDING 

MACHINES 

The   Grand   Rapids   Grinding   Machine   Co.,   Grand   Rapids, 

Mich.,  is  now  building  a  line  of  drill  grinding  machines  which 

comprises  four  different  styles,  two  of  which  are  shown  in  the 


straight  or  tapered  shanks.  The  spindle  is  made  of  from  60- 
to  SO-point  carbon  crucible  steel,  and  is  carried  in  ring-oiled 
bronze  bearings.  On  these  machines,  a  diamond  truing  device 
with  a  safety  stop  is  one  of  the  important  features.  It  insures 
getting  the  drill-holder  into  close  proximity  with  the  grinding 
wheel  and  at  the  same  time  eliminates  danger  of  bringing  the 
lip  rest  against  the  wheel  and  causing  it  to  be  ground  off. 

The  diamond  truing  device  consists  of  a  swinging  arm  in 
which  the  diamond  is  mounted.  Adjustment  may  be  con- 
veniently made.  In  the  case  of  double-holder  machines,  a 
truing  device  is  furnished  for  both  wheels,  and  a  diamond 
is  part  of  the  standard  equipment  furnished  with  each  device. 
In  connection  with  the  truing  device,  a  stop  is  provided  which 
is  in  the  form  of  a  track  on  a  movable  section  of  the  wheel 
hood.  As  the  diamond  is  advanced  into  the  grinding  wheel 
during  the  process  of  truing,  this  movable  section  of  the  wheel 
hood  with  its  track  is  advanced  an  equal  amount,  so  that  it 
always  remains  at  a  fixed  distance  from  the  face  of  the  grind- 
ing wheel.     A  circular   stop   on  the   front  of  the  drill-holder 


Fl(.    1.     Grand   Eapidi   Style   C3T  DriU   Grinding   Machine 

accompanying  illustrations.  The  Style  C:iT  machine,  shown 
In  Fig.  I,  has  a  capacity  for  grinding  drills  from  '/i  inch  to 
2'/^  Inches  In  diameter,  and  it  will  be  seen  that  this  machine 
Is  furnished  with  a  water  attachment  for  wet  grinding.  In 
Fig.  2  la  shown  a  Style  B2T  drill  grinding  machine,  which 
has  a  capacity  for  sharpening  drills  from  %  to  1%  Inch  in 
diameter;  and  It  will  be  seen  that  on  this  machine  no  water 
attachment  Is  provided.  In  addition  to  the  two  styles  of  ma- 
chines lIliiHtrated,  there  Is  a  Style  BST  machine,  ei|ulpped  with 
a  water  attachment  and  having  a  capacity  for  sharpening  drills 
from  %  to  ]'/4  Inch  In  diameter;  and  a  Style  C2T  machine, 
without  a  water  attachment,  which  has  a  capacity  for  grinding 
(IrlllH  from  Vi  Inch  to  2>/4  Inches  In  diameter.  Aside  from  dlf- 
ferencea  In  capacity  and  the  provision  of  a  water  attachment. 
the  doMlKH  of  all  of  these  machines  Is  quite  similar. 

Attirntlon  Is  called  to  the  fact  that  the  machines  work  on  the 
non-callp'-rltiK  principle;  that  Is  to  say,  It  Is  unnecessary  to 
make  an  adjuatment  before  atartlnfc  to  grind  different  alzea 
of  drlUa,  other  than  to  act  the  tallatoclc  for  the  particular 
length  of  drill  which  la  to  be  aharponod.  The  swivel  IwarlnKH 
are  made  of  ample  size  to  provide  the  noresHnry  Htirrncsa.  Pro- 
vision Ih  uiuiii-  on  the  standard  holder  for  taking  care  of  drills 
with    enlargetl    ahanka,   ua    well    aa   Ihoao    with    the   atnndard 


Tig.  Z.  Grand  Rapids  Style  B2T  Drill  Grinding  Machine 
abuts  against  the  track  and  rocks  on  it  during  the  process  of 
swiveling  the  holder.  It  is  so  adjusted  that  it  brings  the  lip 
rest  into  close  proximity  to  the  wheel,  which  is  desirable  in 
drill  grinding.  At  the  same  time,  it  is  impossible  to  get  the 
front  of  the  holder  or  the  lip  rest  against  the  grinding  wheel, 
where  It  would  bo  ground  off. 

Drills  working  on  tool  steel  reiiulrc  less  clearance  than  those 
engaged  in  drilling  soft  gray  iron,  while  the  drills  working  in 
steel  require  a  stronger  cutting  edge  than  those  which  are 
drilling  Iron.  I'rovlslon  is  made  for  rapidly  making  an  ad- 
justment of  the  amount  of  clearance  provided  In  grinding  a 
drill.  In  making  this  adjustment  on  the  Grand  Haplds  ma- 
chines, there  Is  no  danger  of  getting  other  adjustments  on  the 
machine  out  of  order.  It  Is  merely  necessary  to  turn  a  small 
liandwheel  which  rcxk.^  Ilie  drill  liDlder  the  prii|)cr  amount. 

HALLDEN  TUBE  AND  ROD  CUTTER 

This  niiichliie  has  been  designed  to  cut  tubus  and  nxls  Into 
abort  accurate  lenglha  rapidly.  The  tube  or  rod  Is  fed  to  the 
saw  by  a  pair  of  fnodrollH  revolving  Intermlttontly,  and  at 
each  pause  of  the  feed-rolls  the  saw  table  Is  raised  and  a 
piece  of  metal   la  cut  off.     On   the  Huialler  slros  of  work,  two 
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Fig.  1.    Tube  and  Sod  Cutting  Hachine  built  by  tbe  Hallden  Machine   Co. 

tubes  can  be  cut  at  the  same  time.  The  feeding  mechanism 
consists  of  a  reciprocating  rack  with  one  end  connected  by  a 
lever  to  an  eccentric  and  the  other  end  meshing  with  a  gear 
connected  to  a  one-way  clutch.  Thus  on  the  upward  stroke 
of  the  rack  the  feed-rolls  are  revolved  forward,  but  on  the 
downward  stroke  the  feed-rolls  stand  still,  and  the  saw  table 
is  raised  upward  by  a  cam  connected  directly  to  the  shaft 
driving  the  feeding  mechanism. 

During  the  time  the  saw  passes  through  the  metal  the  tube 
or  rod  is  held  firmly  by  the  feed-rolls  and  stock  casing,  and 
the  piece  being  cut  off  is  held  by  a  clamping  device,  which 
releases  as  soon  as  the  saw  has  passed  through  the  metal.  The 
eccentric  can  be  adjusted  quickly  to  give  any  length  of  stroke 
to  the  rack,  thus  enabling  the  machine  to  cut  any  desired 
length.     When  cutting  brass  or  copper,  a  regular  metal   saw 


Tig.   2.     Opposite  Side  of  HaUden  Tube  and  Rod  Cutting  Machine 

is  used,  but  on  steel  a  metal  disk  rotating  at  high  velocity 
gives  the  best  results.  The  machine  is  a  recent  product  of  the 
Hallden  Machine  Co.,  27  Benedict  St.,  Waterbury,  Conn. 


SHEPARD  LATHES 

The  line  of  screw-cutting  engine  lathes  manufactured  by  the 
Shepard  Lathe  Co.,  Canal  and  Jackson  Sts.,  Cincinnati,  Ohio, 
has  been  increased  by  tbe  addition  of  several  new  types  of 
machines.  Among  these  are  the  12-inch,  all-geared  head,  semi- 
quick-change  screw-cutting  engine  lathe,  equipped  for  various 
styles  of  drives,  such  as  individual  motor  drive  mounted  on 
either  the  headstock  or  on  the  lathe  leg,  and  countershaft  and 
single-pulley  drive.  These  lathes  include  the  well-known 
Shepard  features,  such  as  the  semi-quick-change  attachment 


Flf.    1.     Sbopard    12-inch 


oil    Hoad    and    Mo 
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which  does  away  with  separate  change-gears  and  possesses 
many  of  the  advantages  of  the  complete  quick-change  lathe; 
also  the  reversing  lever  in  the  headstock,  whereby  the  differ- 
ent feeds  of  the  lathe  may  be  instantly  reversed  without  stop- 
ping the  machine,  shifting  belts,  or  changing  the  direction  of 
rotation.  This  mechanism  is  operated  by  a  positive  clutch 
and  permits  the  lead-screw  nut  to  remain  in  constant  engage- 
ment when  changing  threads,  making  it  unnecessary  to  re- 
verse belts  or  watch  a  dial,  thus  greatly  increasing  the  speed 
and  decreasing  the  complexity  of  the  operation. 

This  lathe  is  provided  with  six  changes  of  spindle  speed, 
ranging  from  32  to  502  revolutions  per  minute,  driven  by  a 
positive  seven-jaw  steel  clutch.  The  changes  in  speed  and 
shifting  of  the  clutch  are  easily  and  readily  accomplished  by 
means  of  two  levers  conveniently  situated.  All  clutches,  clutch 
gears,  and  smaller  gears  are  made  of  steel.  The  face  of  the 
headstock  gears  is  13/16  inch  in  width.  The  hollow  spindle 
is  made  from  0.50  carbon  steel  and  ground  with  a  1-inch  hole, 
permitting  the  use  of  a  draw-in  attachment  and  collets.  The 
spindle  runs  in  phosphor-bronze  bearings.  The  carriage  has 
exceptionally  large  bearings  on  the  bed;  and  the  compound 
rest  has  an  unusually  large  bearing  surface  to  insure  rigidity 
of  the  cutting  tool.  The  compound  rest  is  also  gibbed  and 
graduated.  The  tailstock  is  of  the  offset  type,  with  an  extra 
long  bearing  on  the  bed,  and  with  provision  for  setting  it  over 
to  allow  for  turning  tapers.  The  bed  is  of  deep  section,  de- 
signed for  rigid  construction  under  heavy  cuts.     The  weight 

of  the  lathe  is  from  800  to  900       

pounds  net,  according  to  the 
length  of  bed  desired.  This 
lathe  is  furnished  with  either 
bench  or  standard  length  legs. 

Another  type  of  Shepard 
lathe  is  the  12-inch,  cone-head, 
semi-quick-change  screw-cut- 
ting engine  lathe  shown  in 
Fig.  2,  which  is  being  made 
with  either  a  regular  double- 
friction  countershaft  drive  or 
with  an  individual  motor  drive 
attachment,  giving  practically 
all  the  advantages  of  a  geared- 
head  lathe.  This  type  of  lathe 
also  includes  the  special  fea- 
tures of  semi-quick-change  at- 
tachment and  the  reversing  mechanism  operated  by  the  re- 
verse lever  in  the  headstock.  It  also  has  an  enclosed 
headstock,  0.50-carbon-steel  spindle  running  in  phosphor-bronze 
bearings,  and  a  three-step  cone  pulley  for  two-inch  belt.  All 
other  features  of  the  design  and  attachments  are  the  same  as 
for  the  geared-head  lathe.  The  cone-head  lathe  equipped  for 
Individual  motor  drive  has  a  swinging  arm  supporting  the 
countershaft,  which,  with  the  electric  motor,  is  fastened  to  a 
bracket  bolted  to  the  lathe  leg.  This  device  puts  the  entire 
lathe  and  drive  In  one  unit  and  supports  the  additional  weight 
near  the  floor.  • 

SMITH  &  HEMENWAY  LOCK- WASHER 

Tli«;re  are  six  poliil.s  n!  coiita<l  three  (MmaKiiiK  the  nut  and 
throo  engaging  the  under  Hurfar-<;  on  the  "Ked  Devil"  cor- 
rugated lock-waHher  which  Ih  the  latest  product  of  the  Smith 
&  Hemenway  Co..  Inc.,  l.'!0  Colt  St.,  Irvlngton,  N.  J.  The 
waHher  Ih  made  of  a  Hpccial  mangancHG  steel,  olllempered  and 
given  a  gun-metal  flnlgh.  It  Ih  claimed  that  thiH  lock-washer 
li  made  to  hold  under  the  moHt  extreme  condltlonH  of  vibration. 
The  waBherB  are  pat^kod  for  sale 
In  boxcH  of  100,  250,  500,  and 
1000.  In  addition,  Hmallor  boxoB 
of  aMHorti;d  hIzoh  uro  put  up  for 
the  convcnionci?  of  automobile 
ownom.  It  Ih  Htated  that  one 
and  ono-fourth  turn  of  the  nut 
Ib  required  to  looHon  It  from 
this  lock-woshor,  so  that  It  poH- 
nexRCH  oxroptlonal  holdinK  power. 


WINANS' 
VISE 

The  Barnett 
Foundry  &  Machine 
Co.,  Lyons  Ave.  and 
Colt  St.,  Irvington, 
N.  J.,  has  just 
brought  out  a  ma- 
chinist's bench  vise 
under  the  name  of 
"Winans'  New  Idea" 
vise  that  embodies 
several  interesting 
features.  Reference 
to  the  illustration 
herewith  presented 
will  show  its  gen- 
eral characteristics. 


Winans'   Vise 


Foundry  & 


It  will  be  seen  that  the  screw  and  lever 
arrangement  has  been  replaced  by  a  pawl  and  rack.     This  is 
actuated  by  a  handle  on  an  eccentric  shaft,  which  will  exert 
ample  pressure  for  holding  the  work.     The  adjustments  from 
zero  to  maximum  are  made  instantly  with  one  sliding  move- 
ment.   The  pawl  eccentric  and  sliding  jaw  form  a  toggle  joint, 
bringing  the  greatest  pressure  to  bear  on  the  top  part  of  the 
jaws  and  causing  the  work  to  be  clamped  tightest  at  the  work- 
ing part.       The  moving  member  of  the  vise  slides  away  from 
the  operator  and  there  is  no 
handle   between   the   operator 
and   the   vise.     The   gripping 
plates      are      hardened      and 
ground,     and    the    rack    and 
pawl   are  also  made  of  hard- 
ened steel.    A  feature  of  espe- 
cial   importance    is    that    the 
whole   vise   may   be   removed 
from     its     swivel     base     and 
taken   to   a   surface   plate,   or 
to   a   drilling  or  milling  ma- 
chine   for    continuous    opera- 
tions,   since   the   base   of   the 
vise    is    accurately    machined 
at   right   angles   to  the   jaws. 
These    vises    are    made    with 

Circular  Cutter  Grinding  Machine  built  by  Kobbins,   GamweU  i  Co.  standard    SizeS    of    jawS    from 

3  to  8Vi  inches,  and  openings  of  3^^  to  12  inches.  The  whole 
design  is  such  that  it  will  stand  up  under  the  most  trying 
conditions  of  service. 


ROBBINS-GAMWELL  CUTTER  GRINDER 

For  use  in  grinding  circular  cutters,  Robbins,  GamweU  & 
Co.,  Pittsfield,  Mass.,  have  recently  placed  upon  the  market 
the  machine  which  is  illustrated  and  described  herewith.  It  is 
especially  suited  for  grinding  convex  and  concave  profile  cut- 
tors  and  has  a  capacity  for  work  up  to  7  inches  in  diameter. 
In  KPinding  convex  cutters,  true  half  circles  lan  be  ground  on 
the  i)criphery  of  cutters  not  less  than  3  Inches  In  diameter, 
and  arcs  of  circles  less  than  180  degrees  can  be  ground  with  a 
radius  depending  upon  the  diameter  of  the  cutter,  ranging 
from  1%  Inch  on  a  cutter  7  Inches  In  diameter  to  '1  Inch 
on  a  cutter  2  Inches  In  diameter.  In  grinding  concave  cutters, 
part  of  a  circle  slightly  less  than  ISO  degrees  can  bo  ground  on 
a  cutter  not  leas  thiui  :!  im-lipH  In  diainctcr.  Attniliiiu'iit.s  t'or 
grinding  certain  tyi)cs  of  cutters  that  do  not  come  within  the 
capacity  of  the  ma<'hlno  as  regularly  furnished,  such  as  small 
cutters  with  large  rudll,  can  be  Hupplied  as  extra  equipment 
of  the  niachlne. 


"R«<1  Onrll"  Corru(>t«>l  I.oi-k. 

•  ••hor  m«<)»  bf  thn  Hmlth 

*  H»m»n»>r  Co..   Inr, 


PRINGLE  PORTABLE  GRINDING  MACHINES 

U.  K  T.  rrliiKlf.  1,1(1.,  :io,S  :WJ  Tyrrdl  llldg..  Toronto.  Canada. 
Ih  now  nianiifanturinK  what  Ih  known  as  the  "Aro"  portable 
oluctric  grliidinK  nmchlni'.  which  Ih  made  In  a  number  of 
different  typcB.  One  of  thene  Ih  a  Typo  A  unlvernal  mai^hlne, 
In  which  llio  motor  ruiiB  at  the  rorrnct  npood  on  ollhor  alter- 
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Types   A,    B.    and   C   Portable   Electric   Grinding   Machines   made   by 
R.  E.  T.  Pringle,  Ltd. 

nating  or  direct  current,  giving  a  speed  of  10,000  revolutions 
per  minute  on  the  main  drive,  and  30,000  revolutions  per  min- 
ute on  the  internal  attachment.  The  motor  and  internal  spin- 
dle are  equipped  with  "Norma"  adjustable  ball  bearings  in 
order  to  reduce  friction  and 
wear  to  a  minimum.  The 
equipment  furnished  with  this 
machine  includes  a  set  of 
grinding  wheels  and  a  cutter- 
grinder  rest.  The  Type  B  ma- 
chine is  furnished  with  an  ex- 
tension arm  10  inches  in 
length  to  adapt  it  for  use  in 
grinding  deep  holes  where  a 
light  cut  is  to  be  taken  at 
high  speed.  This  is  said  to 
be  an  excellent  machine  tor 
use  in  the  tool-room  for  lap- 
ping dies,  gages,  etc.  In  addi- 
tion to  the  internal  spindle, 
this  grinding  machine  is  fur- 
nished with  a  larger  grind- 
ing wheel  for  the  performance 
of  external  operations.  This 
wheel  is  4^  inches  in  diam- 
eter by  %  inch  face  width, 
and  the  internal  wheel  is  2Vi 
inches  in  diameter  by  %  inch  face  width.  A  wheel  of  each  of 
these  sizes  is  furnished  with  the  machine.  The  spindle  of 
the  Type  C  machine  is  driven  at  40,000  revolutions  per  minute, 
which  has  been  found  to  be  the  correct  speed  for  grinding 
button  dies  and  for  chuck  and  small  die  work.  This  machine 
is  furnished  with  a  high-speed  spindle  provided  with  a  chuck 
for  carrying  round  carborundum  sticks,  and  a  second  spindle 
for  driving  rubber  grinding  wheels.  The  equipment  furnished 
with  the  machine  includes  two  "Aro"  rubber  grinding  wheels 
and  two  carbo  sticks,  %  by  4  inches  and  %  by  3  inches. 


viding  a  convenient  connection  point  and  support  for  the  iron. 
The  rack  consists  of  a  small  slate  panel,  arranged  for  wall 
mounting,  and  carries  a  support  for  the  iron  which  acts  on 
the  principle  of  the  telephone  receiver  hook. 

When  the  iron  rests  on  the  support  or  hook  it  bears  the 
support  down,  and  the  resistance  which  is  mounted  on  the 
back  of  the  panel  is  inserted  in  the  circuit  with  the  iron. 
The  current  is  reduced  and  the  temperature  held  at  a  safe 
value,  but  ready  for  service  and  full  current  just  as  soon  as 
the  iron  is  lifted  from  the  hook.  Taking  the  weight  from  the 
hook  disconnects  the  resistance  for  the  soldering  iron  circuit 
and  allows  full  current  to  flow.  Below  the  hook,  on  the  same 
panel,  there  is  a  push-button  snap  switch  and  a  standard 
receptacle  to  which  the  plug  of  the  soldering  iron  cord  is  con- 
nected. This  little  panel,  therefore,  is  a  complete  switchboard, 
which  may  be  mounted  on  the  wall  or  machine  within  reach 
of  the  workman.  When  not  in  use  and  at  night,  the  switch 
is  snapped  off,  which  completely  opens  the  circuit  to  the  iron. 
These  automatic  racks  are  designed  for  use  with  Cutler- 
Hammer  soldering  irons,  but  may  be  used  with  other  similar 
types  as  well. 


Cutler-Hammer  Electric  Soldering  Iron  Back  and  Control  Panel 


CUTLER-HAMMER  RACK  FOR  ELECTRIC 
SOLDERING  IRONS 

Electric  soldering  irons  which  are  left  lying  on  a  bench  or 
other  convenient  place  when  not  in  use  gather  dirt  and  he- 
come  a  hazard.  Often  the  tip  will  be  overheated,  necessitating 
reflllng;  the  heating  unit  may  also  burn  out,  or  the  hot  iron 
may  set  fire  to  the  bench  or  other  material.  It  the;  current 
Is  turned  off.  the  iron  cools  down  to  such  a  degree  that  con- 
siderable delay  is  caused  when  the  iron  is  again  to  be  used. 
To  overcome  these  objectionable  features,  the  Cutler-Hammer 
Mfg.  Co.,  Milwaukee,  Wis.,  has  recently  developed  an  auto- 
matic soldering  Iron  rack  and  control  panel  which  decreases 
the  amount  of  current  taken  by  the  Iron  when  It  is  placed  on 
the  rack.  This  keeps  the  Iron  from  overheating,  prevents 
burnouts,  saves  current,  and  encourages  orderliness  by   pro- 


NEW  BRITAIN  STEEL  BENCH  DRAWER 

An  all-steel  bench  drawer,  which  has  recently  been  added 
to  the  line  of  shop  furniture  built  by  the  New  Britain  Machine 
Co.,  New  Britain.  Conn.,  is  de- 
signed to  meet  the  require- 
ments of  shops  that  want 
a  practically  indestructible 
drawer.  A  seam  of  triple 
thickness  runs  around  the 
upper  edge,  and  all  joints  in 
the  steel  are  welded  to  pro- 
vide ample  strength  and  dura- 
bility. In  a  commonly  used 
type  of  bench,  a  thinner  back 
plank  is  used  than  the  one  at 
the  front,  leaving  an  open 
space  between  the  back  plank 
and  the  ordinary  type  of 
drawer,  which  affords  a  pos- 
sibility of  reaching  into  the 
drawer  from  the  back  by 
those  who  are  not  provided 
with  a  key.  In  the  New  Brit- 
ain steel  bench  drawer,  a 
solid  sheet-metal  top  makes  it 
impossible  to  take  things  out 
at  the  rear,  and  also  prevents  blocking  the  drawer  through 
wedging  its  contents  against  the  under  side  of  the  bench.  This 
sheet-metal  top  also  excludes  any  oil  or  water  which  may 
soak  through  the  top  of  the  bench.  The  slideways  are  always 
integral  with  the  top  of  the  drawer,  giving  a  smooth,  free 
movement  without  tendency  to  bind  or  cramp.  The  handle  is 
of  generous  size,  and  so  shaped  that  it  is  comfortable  to  hold. 
The  drawer  is  provided  with  a  cylinder  lock  and  two  individual 
keys.  If  desired,  a  master  key  may  be  provided  at  extra  cost, 
and  attention  is  called  to  the  fact  that  possession  of  a  master 
key  by  the  foreman  will  prevent  men  from  stowing  contraband 
materials  in  bench  drawers.  Drawers  of  this  type  may  be 
easily  and  quickly  installed  without  requiring  the  bench  to  be 
cut.  It  is  simply  necessary  to  remove  the  two  stops  and  pull 
the  drawer  completely  out  from  the  slideways.    After  fasten- 
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ing  the  top  to  the  under  side  of  the  bench  with  wood  screws, 
the  draw  is  inserted  and  the  stops  are  replaced.  The  principal 
inside  dimensions  of  these  drawers  are:  18  inches  long  by 
16  inches  front  to  back,  by  5  inches  deep;  over-all  dimensions 
are  19  inches  long  by  16%  inches  front  to  back,  by  5%  inches 
deep;  and  the  weight,  packed  for  shipment,  is  40  pounds. 


FERRACUTE  SINGLE-ACTION  PRESS 

The  Ferracute  Machine  Co.,  Bridgeton,  N.  J.,  is  placing  a 
new  series  of  single-action  presses  on  the  market,  the  accom- 
panying illustration  representing  the  fourth  size  in  this 
series.  These  presses  have  the  general  characteristics  of 
similar  machines  previously  built  by  this  company,  but  are 
heavier  and  contain  longer  ram  bearings.  The  shaft  may 
more  easily  and  quickly  be  removed  than  in  other  types  of 
such  presses.  Each  shaft-cap  is  clamped  to  the  frame  by  two 
bolts  which  are  of  unusually  large  size  and  equal  in  strength 


■INCH  SHAFT- 


refinishing  Crankshaft 

four-cylinder,  or  six-cylinder  crankshafts,  and  they  will  fit 
any  shaft  from  1%  inch  to  2i/2  inches  in  diameter,  and  turn 
any  throw  from  a  2i/^-inch  crank  to  a  10-inch  crank.  These 
centers  proved  so  successful  in  operation  that  recently  a  de- 
cision was  reached  to  make  them  for  the  market.  They  are 
especially  adapted  for  use  in  garages  where  machines  are  sent 
in  that  require  the  crankshaft  bearings  to  be  trued  up  in 
order  to  enable  the  engine  to  run  quietly  and  efficiently. 


ROBERTSON  HACKSAW  FOR  TIRE  RIMS 

For  use  in  cutting  old  tire  rims  of  any  size  from  30  to  40 
inches  in  diameter,  the  W.  Robertson  Machine  &  Foundry  Co.. 
56-58  Rano  St.,  Buffalo,  N.  Y.,  has  placed  on  the  market  the  No. 
600  hacksaw  machine  which  is  here  illustrated.  This  ma- 
chine is  adapted  for  cutting  the  steel  rims  supporting  the 
rubber  on  truck  tires.  When  new,  these  tires  are  placed  onto 
the  wheel  rim  with  a  hydraulic  pressure  of  from  30  to  50  tons, 
and  after  the  wheel  has  been  used,  rust  and  corrosion  occur 
between  the  wheel  rim  and  the  tire  rim,  thereby  uniting  the 
metals  to  such  an  extent  that  it  is  often  impossible  to  remove 
the  tire  rim  from  the  wheel.  To  facilitate  cutting  the  rims 
of  these  truck  tires,  a  special  frame  was  designed  with  worm- 
gearing  employed  to  raise  the  wheel  to  the  proper  height. 
Very  little  effort  is  required  to  raise  a  thousand  pounds,  and 
one  man  can  take  care  of  the  work  of  cutting  a  rim  of  the 
maximum  size.  The  machine  cuts  on  the  draw  stroke  and 
lifts  the  frame  on  the  return  stroke,  this  being  accomplished 
by  an  oil  compression  lift  pump.  The  saw  frame  has  a  ca- 
pacity tor  blades  from  12  to  24  inches  in  length  and  will  ml 


BInflc. action    Prcit   built    in    Six    Sizea   by   the    Ferracute   Machine    Co. 

to  the  four  bolts  often  used.  The  pitman-strap  is  removable 
In  separate  halves,  and  a  new  form  of  ram  knock-out  is  also 
used,  but  this  Is  omitted  unless  specially  ordered. 

The  press  is  shown  partially  inclined.  It  may  he  com- 
pletely Inclined  or  raised  to  an  upright  position  by  an  elevating 
attachment,  operated  at  the  back  of  the  press  by  the  two- 
handled  wrench  shown  on  the  floor.  Presses  of  the  same  size 
and  construction  are  also  built  with  gearing  instead  of  a 
flywheel.  This  machine  exerts  a  pressure  of  35  tons  and 
weighs  4700  pounds.  Some  of  the  dimensions  are  as  follows: 
Stroke  of  ram,  2  Inches;  adjustment  of  ram,  3  Inches;  opening 
through  back,  17  Inches  wide  by  11  Inches  high;  depth  of 
throat  from  center  of  ram  back  to  frame,  I)  Inches;  height 
from  bed  to  ram  at  top  of  stroke  and  ndjustmcnt.  lO',,;..  inches. 
The  flywheel  has  a  diameter  of  35  Inches,  width  of  6  Inches, 
and  weight  of  750  pounds.  The  diameter  of  the  steel  shaft 
at  thn  Journals  Is  3'/j  Inches  and  at  the  crank,  4'/,   Inches. 


SALTER  CRANKSHAFT  CENTERS 

For  use  In  liirnlnR  the  bourlngg  on  crankshnfls,  tho  Sailor 

Motor   Mfg.    Co.,    1GI61018   Oakland    Ave.,    Kansas   City,   Mo., 

dcvplopwl  a  «cl  of  universal   centers  for  ItH  own   use.     The 

centers   are   adapted    for   turning   one-cylinder,    Iwo-cyllndor, 


No.   000  Powor  HaoliMW  Mtohlno  built  by  tlio  W.   Robortion  Maoliln 
Foiinitry    Oo, 
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rims  on  dual  tires  up  to  16  inches  in  width.  Either  belt  or 
motor  drive  may  be  provided.  The  machine  occupies  a  floor 
space  36  by  66  inches  in  size;  the  height  of  the  blade  when 
the  cut  is  completed  is  40%  inches;  the  over-all  height  of  the 
machine  is  55  inches;  and  its  net  weight  is  590  pounds. 


OLIVER  FACE  LATHE 

In  the  accompanying  illustration  there  is  shown  a  motor- 
driven  face  lathe  which  is  one  of  the  recent  products  of  the 
Oliver  Machinery  Co.,  Grand  Rapids,  Mich.  This  machine  is 
self-contained,  the  motor-driven  head,  controller  or  switch,  and 
rests  being  mounted  on  a  floor  column,  making  the  machine 
especially  desirable  for  use  as  a  portable  face  lathe.  All  elec- 
trical parts  are  totally  enclosed  to  exclude  dust  and  provide 
for  the  safety  of  the  operator.  This  lathe  swings  24  inches 
over  the  bracket,  20  inches  over  the  rest  socket,  and  will  turn 
work  up  to  12  inches  wide  by  20  inches  in  diameter,  or  up  to 


Face  Lathe   buiit  by  Ihe  Oliver  Machinery  Co. 

6  Inches  wide  by  24  Inches  in  diameter.  The  equipment  fur- 
nished with  the  machine  includes  a  16-inch  tool-rest  with  an 
offset  rest-holder,  a  right-angle  rest,  a  6-inch  faceplate,  a  12- 
Inch  faceplate,  and  a  2'i-inch  screw  chuck.  A  motor  head 
may  be  provided  for  use  on  this  machine  equipped  with  an 
alternating-current  motor  to  run  from  800  to  3500  revolutions 
per  minute,  the  speed  being  controlled  by  handwheels  which 
govern  a  self-contained  controller.  A  direct-current  motor  for 
the  head  may  also  be  provided  to  run  at  from  600  to  3000 
revolutions  per  minute,  with  the  speed  controlled  by  a  con- 
troller mountod  on  the  floor  column. 

GRAY  WAVING  AND  UNDER-CUTTING 
ATTACHMENT 

All  attachment  is  now  built  by  the  Gray  Machine  Tool  Co.. 
In<-  ,  2661  Main  St.,  nuffalo,  N.  Y.,  for  use  In  waving  and  under- 
cutting the  copper  band  groove  on  all  sizes  of  shells.  This 
attachment  Is  built  In  dilTerent  sizes  for  handling  various 
shells,  although  It  Is  usually  employed  on  shells  from  4Vj  to 


Under-cutting  and  Waving  Attachment  for  6-incii  and  155-miUimeter  High* 
explosive  SheUs  made  by  the  Gray  Machine  Tool  Co.,  Inc. 

6  inches  in  diameter;  on  larger  shells  complete  machines  are 
usually  employed.  Where  the  attachment  is  used,  it  is  made  to 
fit  any  standard  lathe  of  dimensions  suitable  for  the  operation. 
The  shell  should  be  held  in  an  air-operated  collet  chuck, 
although  it  may  be  satisfactorily  supported  in  other  ways,  as 
by  a  threaded  nut  in  the  fuse  hole  in  the  nose  and  the  tailstock 
center,  and  driving  with  a  clamp  or  dog.  Such  a  method  of 
holding  is  slower  than  where  an  air-operated  collet  is  em- 
ployed. The  main  body  of  the  attachment  is  clamped  to  the 
lathe  bed  and  on  this  casting  are  placed  the  waving  slide  and 
two  under-cutting  slides  through  which  run  hardened  steel 
cam-bars  that  are  bolted  to  the  carriage  at  one  end.  On  the 
slides  are  bolted  the  waving  and  under-cutting  tool-blocks 
made  of  machinery  steel,  that  hold  the  high-speed  steel  tools. 
As  the  carriage  feeds  along,  the  cam-bars  force  the  slides  and 
tools  in  to  the  depth  set  for  the  cut,  and  when  the  high  spot 
is  reached  the  slides  recede.  The  waving  and  under-cutting 
tools  are  automatically  brought  into  the  work  at  the  same 
time,  the  under-cutting  tools  being  a  few  thousandths  ahead  of 
the  waving  tool.  The  wave  is  produced  by  a  roller,  held  on  a 
bracket  from  the  waving  slide  and  against  a  hardened  steel 
cam-ring  which  is  bolted  to  the  face  of  the  chuck.  This 
waving  cam  ring  is  machine-cut  from  a  master  cam. 


POND-ROBINSON  METAL-CUTTING  SAW 

The  Pond-Robinson  Metal  Saw  Co..  Ltd.,  1204  Howard  St., 
San  Francisco.  Cal.,  is  now  building  a  metal-cutting  saw  for 
which  the  following  advantages  are  claimed:  The  blades  have 
a  long  operating  life  and  are  capable  of  cutting  hard  metals 
without  requiring  the  use  of  a  cutting  fluid  or  coolant.     The 
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blade  is  mounted  between  bearings  and  ample  cutting  power 
is  provided.  The  saw  cuts  rapidly  and  is  particularly  well 
suited  for  use  in  cutting  tubes,  pipe,  and  similar  material.  Saw 
blades  are  made  with  the  cutting  edge  somewhat  wider  than 
the  remainder  of  the  blade,  thus  affording  clearance,  and  the 
teeth  are  so  formed  that  in  cutting  tubing,  pipe,  etc.,  there  is 
no  danger  of  their  being  broken  off.  The  blade  is  made  of  steel 
and  heat-treated  by  a  process  which  makes  the  rim  and  teeth 
very  hard.  It  is  claimed  that  the  saw  will  cut  all  kinds  of 
hard  steel,  stellite,  etc.,  without  the  necessity  of  annealing. 
Machines  equipped  with  saws  36  inches  in  diameter  and  over 
are  provided  with  air-feed  cylinders.  An  idea  of  the  rate  at 
which  cutting  can  be  done  will  be  gathered  from  the  fact  that 
channels  ranging  in  size  from  0  to  10  inches  and  tubes  6  inches 
in  diameter  can  be  cut  in  from  three  to  ten  seconds.  The  ma- 
chines are  built  in  four  different  sizes,  known  as  Nos.  1  to  4, 
inclusive,  and  they  are  equipped  with  saws  18,  24,  36,  and  48 
inches  in  diameter,  respectively.  The  No.  1  machine  occupies  a 
floor  space  2  by  4  feet  in  size  and  weighs  600  pounds;  it  has  a 
capacity  for  cutting  steel  shapes  or  tubes  up  to  2  inches  and 
solid  bars  up  to  %  inch.  The  No.  2  machine  occupies  a  floor 
space  3  by  4  feet  in  size  and  weighs  1000  pounds;  it  has  a 
capacity  for  cutting  tubes  and  shapes  up  to  3  inches,  and  solid 
bars  up  to  1%  inch.  The  No.  3  machine  occupies  a  floor  space 
3%  by  7%  feet  in  size  and  weighs  3500  pounds;  it  has  a  ca- 
pacity for  cutting  tubes  and  shapes  up  to  6  inches,  channels 
up  to  10  inches,  and  solid  bars  up  to  I14  inch.  The  No.  4 
machine  occupies  a  floor  space  4  by  8  feet  in  size  and  weighs 
5000  pounds;  it  has  a  capacity  for  cutting  90-pound  steel  rails, 
IS-inch  channels,  and  15-inch  I-beams. 


WOODS  THREAD  MILLING  MACHINE 

The  Woods  Engineering  Co.,  Alliance,  Ohio,  is  now  building 
a  small  thread  milling  machine  for  threading  shell  plugs. 
This  type  of  machine  was  developed  to  meet  the  requirements 
of  a  contractor  engaged  in  the  production  of  plugs  for  the 
United  States  Government,  who  was  unable  to  procure  equip- 
ment for  threading  the  plugs.  In  addition  to  this  special 
work,  the  machine  is  adapted  for  many  other  thread  milling 
operations.  It  is  interesting  to  note  that  this  machine  was 
designed  and  built  within  three  weeks  of  the  date  on  which 
the  order  was  received . 


Portable  Crane  built  by  Fox  Bros.  &  Co.  for  TTae  i 
Traveling  Crane  is  not  Available 


Shops  where  a 


FOX  PORTABLE  SHOP  CRANE 

To  meet  the  requirements  of  railroad  shops  and  other  plants 
where  an  overhead  traveling  crane  is  not  provided.  Fox  Bros. 
&  Co.,  126-130  Lafayette  St.,  New  York  City,  have  placed  on 
the  market  the  portable  shop  crane  here  illustrated  and  de- 
scribed. The  complete  outfit  consists  of  four  separate  Jacks 
and  two  cross-girders.  Each  jack  is  operated  by  a  pair  of 
handles  so  arranged  that  either  two  or  four  men  can  operate 
two  jacks  at  the  same  time.  In  the  case  of  light  loads  the 
handles  are  so  balanced  that  one  man  can  operate  a  jack. 
Each  jack  is  mounted  on  cast-iron  wheels  with  flat  treads, 
so  that  they  can  be  moved  from  place  to  place  with  little 
effort.  These  wheels  revolve  on  shafts  attached  to  eccentric 
bearings,  so  that  when  the  jacks  are  in  position  pins  are  re- 
moved from  the  bearings,  allowing  the  wheels  to  rise  and  the 
entire  base  of  the  jack  to  rest  on  the  shop  floor.  The  frame- 
work is  built  of  structural  steel  shapes  with  the  members 
strongly  riveted  together  with  gusset  plates.  Particular  at- 
tention has  been  paid  to  the  design  of  this  equipment  with 
reference  to  rough  usage,  all  members  having  been  made  of 
ample  strength  so  that  they  are  capable  of  standing  up  under 
severe  conditions  of  service.  The  crane  has  a  working  ca- 
pacity of  60  tons,  although  each  crane  is  actually  tested  under 
a  load  of  75  tons. 


T)ir*»l  Mlllint  Maohin*  bulll  by  Woodi  En|ln«i>rlni  Co.   for  Ihraadlm 
Hh«ll    Plait 


BLOMQUIST-ECK  WHEEL  INSPECTION 
AND  TRUING  MACHINE 

A  iiiaclilno  enpc'iiiilly  intcndiMl  tor  InniioclInK  and  truing 
auloniobilo  whenlH  has  been  brought  out  by  tlie  IllomquiBt-Eck 
MiK-hIno  Co.,  1146  10.  152nd  St.,  Cleveland,  Ohio.  This  miichlno 
Ih  provided  with  an  Indicator  lliat  shows  wliotlii-r  the  wooden 
iiiiliiiniiblht  wlii'd  Ih  out  of  true  .sidcwlsc,  and  wlii'tlior  the 
prc'HHod  Hterl  liralu*  drum  attmlicd  to  I  ho  wlicol  Is  true  on  the 
liiHldo  and  nutHlde  dliiniotcrH,  and  nn  the  rini  or  edge.  The 
inachino  alHo  haH  provlHlon  for  rorriTtlng  the  orrorH  of  llio 
wooden  wheel  that  may  ho  Hhown  by  the  Indicator.  An  arbor 
Ih  held  In  th»  Hplndlo  ut  the  top  and  Ih  goldod  In  a  buHliIng 
at  tho  bnlloni.  On  thin  nrbnr,  and  itlHo  cm  tho  Kuldliig  IiiihIiIiif;. 
Iliero  arc  nKiunled  rliiKH,  wlilrli,  In  turn,  lit  tli(>  liciri'  of  the 
wliool.  ThUHU  rInKH  aro  free  to  riivolvo,  bo  that  tho  auloinoblle 
whool,  when  mounted  upon  them,  ran  bo  turned  by  hand. 
Whon  monntInK  tho  whvol  In  tho  mnchlno.  tho  opnralor  puts 
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his  foot  on  the  treadle  shown,  which  withdraws  the  small 
plug  bearing  against  the  under  side  of  the  wheel  rim.  After 
mounting,  he  locks  the  spindle  in  position  by  the  straight  lever 
at  the  left. 

When  the  wheel  is  locked  in  place,  as  far  as  vertical  motion 
is  concerned,  the  small  plug  bearing  against  the  lower  side 
of  the  wheel  rim  is  permitted  to  come  into  contact  with  the 
rim  by  the  pressure  on  the  foot-treadle  being  released.  A  coun- 
terweight then  presses  the  plug  up  against  the  rim,  and  keeps 
it  in  contact  throughout  the  test.  The  plug  is  connected  by 
levers  with  the  large  indicator  dial  shown,  so  that,  as  the 
operator  revolves  the  wheel  by  hand,  any  sidewise  irregular- 
ities of  the  rim  will  be  indicated  on  the  dial.  While  rotating 
the  wheel,  the  operator  keeps  his  eyes  on  the  dial,  and  then 
operates  the  long  lever  that  is  connected  by  a  gear  and  rack 
to  the  ram,  which,  when  brought  down  upon  the  side  of  the 
wheel  that  is  high,  corrects  the  error  by  bending  the  wheel 
rim  straight.  In  case  the  wheel  rim  needs  to  be  pushed  up 
instead  of  being  bent  down,  the  lift  attachment,  provided  with 
a  hook  and  mounted  on  the  end  of  the  ram,  is  brought  into 


Wheel  Inapectic 

use.  The  spindle  is  mounted  on  an  arm,  and  made  adjustable 
along  this  arm  In  order  to  provide  for  different  diameters  of 
wheels.  The  slide  on  the  table  is  provided  for  the  same  pur- 
pose, as  the  ram  is  always  in  the  same  position  and  must 
come  over  the  wheel  rim.  The  brake-drum  is  inspected  in 
the  same  machine  by  bringing  up  against  it  a  swinging  arm 
on  which  is  mounted  an  Ames  indicator.  In  this  way  the  truth 
of  the  inside  cylindrical  surface,  the  outside  surface,  and  the 
edge  of  the  brake-drum  are  tested.  If  they  are  found  to  be 
out  of  true  more  than  is  permissible,  the  drum  Is  removed  and 
trued  up  by  suitable  means  In  another  machine. 


LAFAYETTE  THREAD-TOOL  GRINDING 
FIXTURE 

The  thread-tool  grinding  fixture  here  illustrated  was  recently 
developed  by  the  Lafayette  Tool  Works,  176  Worth  St.,  New 
York  City,  for  use  In  grinding  thread-cutting  tools  of  any 
angle  from  the  29-degreo  Acme  thread  to  the  60-degree  U.  S. 
standard.     The  fixture  consists  of  a  cast-iron   body  In  which 


there  is  a  5/16-inch 
square  hole,  pro- 
vided for  holding 
the  tool  to  be 
ground.  A  set-screw 
is  provided  for 
tightening  down 
onto  the  tool,  which 
may  be  of  either 
square  or  round 
stock.  There  are 
two  hinged  bases 
held  inward  against 
an  adjustable  wedge 
by  a  single  coiled 
spring.  These  bases 
are  hinged  on  two 
taper  pins  which 
provide  for  slight 
wear.  The  wedge 
is  adjustable  in  and 
out  along  a  line 
parallel  with  the 
center  line  of  the 
tool  to  be  ground. 


rig.    1.     Close    view    of    Thread-tool    Grinding 
Fixture,  showing  Arrangement  of  Mechanism 


By  turning  the  double  slotted  screw,  the 
adjusting  wedge  is  operated  in  and  out,  thereby  throwing  the 
hinged  bases  inward  and  outward  on  their  pivots,  causing 
them  to  form  various  angles  with  the  center  line  of  the  fixture. 
This  wedge  is  graduated  with  a  neutral  mark  and  the  base  is 
graduated  by  degrees  from  29  to  60. 

The  clearance  angle  on  the  tool  is  automatically  provided 
for  by  the  hinged  bases  being  set  oS  at  15  degrees  in  the  cor- 
rect direction  for  producing  clearance  on  the  tool.  This  tool 
not  only  takes  the  place  of  the  three  solid  blocks  that  would 
be  required  for  the  Acme  29-degree,  Whitworth  55-degree.  and 
U.  S.  standard  60-degree  thread,  but  may  be  quickly  adjusted 
to  any  of  the  angles  in  between,  such  as  46  and  47,  which  are 
often  used  in  gage-making  for  grinding  a  tool  that  is  to  cut  a 
thread  that  is  afterward  to  be  ground  to  60  degrees.  While  the 
fixture  is  graduated  only  in  degrees,  minutes  and  seconds  may 
be  set  upon  it  by  a  toolmaker's  protractor.  The  device  is 
cast  iron,  except  the  wedge,  which  is  cold-rolled  steel,  hardened. 
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NUGENT  MOTOR-DRIVEN  OIL  PUMP 

William  W.  Nugent  &  Co.,  Chicago,  111.,  have  developed  a 
geared,  motor-driven  rotary  oil  pump  for^oiling  systems  and 
for  pumping  oil  from  a  barrel  to  an  overhead  reservoir.  Two 
sizes  are  obtainable,  having  a  delivery  of  eight  quarts  per 
minute  and  forty  quarts  per  minute  at  500  revolutions  per 
minute.  Power  is  furnished  through  a  noiseless  rawhide  pin- 
ion from  a  fractional  horsepower  motor  made  by  the  General 


Motor-driven  Oil  Pump  built  by  William  W.  Nugent  &  Co. 

Electric  Co.,  Schenectady,  N.  Y.,  for  the  prevailing  current. 
The  motor  is  controlled  through  a  rheostat  and  switch  box 
mounted  in  a  convenient  location. 


ALTERNATING-CURRENT  ARC-WELDING 
MACHINE 

It  is  rather  a  general  impression  among  users  of  arc-welding 
machines  that  satisfactory  results  can  only  be  obtained  where 
direct  current  is  used  for  operating  the  equipment.  Despite 
this  fact,  the  Arcwell  Corporation,  42  Broadway,  New  York 
City,  has  placed  on  the  market  an  apparatus  in  which  alter- 
nating current  is  successfully  used  for  arc-welding.  Under 
ideal  conditions  of  operation,  the  length  of  arc  used  for  weld- 
ing should  be  approximately  1/16  inch,  but  it  is  impossible  for 
even  the  most  experienced  welders  to  continue  to  hold  their 
hands  steady  enough  to  maintain  the  desired  uniformity  in 
the  length  of  the  arc.  Ordinarily,  where  alternating  current 
is  used,  the  arc  will  be  broken  whenever  the  welder's  hand 
moves  sufficiently  so  that  its  length  is  considerably  in  excess  of 
1/16  Inch.  It  the  arc  Is  broken,  it  is  necessary  to  bring  the 
welding  electrode  into  contact  with  the  work  to  be  welded 
and  then  to  draw  It  away  in  order  to  re-establish  a  fresh  arc, 
after  which  welding  can  be  continued  until  the  arc  is  once 
more  broken.     In  standard  forms  of  equipment  using  direct 
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Fig.   2.     Diagram   showing  Arrangement   of   Transformer   Windings 

current,  slight  variations  in  the  length  of  arc  do  not  result  in 
trouble  of  this  kind. 

In  the  apparatus  built  by  the  Arcwell  Corporation,  where 
alternating  current  is  used  for  arc-welding,  a  special  form  of 
transformer  is  contained  in  the  case  illustrated  in  Fig.  1. 
This  cuts  down  the  voltage  from  220  to  approximately  80  volts 
on  open  circuit;  while  welding,  the  potential  across  the  arc  is 
less  than  25  volts.  So  far  as  the  method  of  procedure  is  con- 
cerned, there  is  nothing  unusual  about  the  machine.  The 
apparatus  is  connected  to  an  ordinary  power  switchboard  or 
service  and  Swedish  iron  wire  is  used  for  the  welding  elec- 
trode. In  Fig.  1,  the  operator  is  shown  at  work  repairing  a 
cracked  hub  of  a  pulley. 

An  arrangement  of  transformer  windings  has  been  devel- 
oped, which  keeps  the  temperature  of  the  arc  constant,  even 
though  the  operator's  hand  wavers.  As  a  result,  the  weld  pro- 
duced by  the  machine  is  soft,  strong,  and  ductile.  The  theory 
of  operation  of  the  transformer  will  be  readily  understood  by 
referring  to  Fig.  2  while  reading  the  following  description. 
At  A  there  are  shown  the  terminals  where  connection  is  made 
with  a  source  of  alternating-current  power,  and  the  main 
primary  winding  of  the  transformer  is  shown  at  B,  while  the 
auxiliary  primary  winding  is  shown  at  C.  There  is  an  iron  core 
D  consisting  of  three  legs  E,  F,  and  G,  and  the  main  second- 
ary winding  is  shown  at  H,  while  the  auxiliary  secondary 
winding  is  indicated  at  /.  The  electrode  holder  in  which  a  piecs 
of  Swedish  iron  wire  is  carried  will  be  seen  at  K,  and  th« 
work  to  be  welded  is  indicated  at  L.  Coil  M  is  simply  a  retard- 
ing inductance.  Primary  coil  B  sends  magnetic  flux  through 
the  cores  in  main  primary  winding  B  and  auxiliary  primary 
winding  C,  and  core  G  in  the  direction  indicated  by  heavy 
arrows.  As  a  result,  when  electrode  wire  K  touches  the  work  L 
current  flows  through  the  secondary  windings  H  and  7.  Flux 
produced  by  these  two  windings  is  sent  in 
the  direction  indicated  by  dotted  arrows. 
Under  a  light  load,  the  auxiliary  primary 
winding  C  prevents  the  primary  flux  from 
entering  core  /'',  but  under  a  heavy  load  the 
secondary  flux  becomes  strong  enough  to 
overcome  the  effect  of  primary  winding  O; 
In  other  words,  the  transformer  can  be  short- 
circuited  without  damage.  Arcwell  electric 
arcwi'lding  iiincliiiu's  are  built  in  75-,  150-, 
:!0n-,  400-,  and  GOOanipcre  sizes.  The  160- 
nmpere  size,  which  Is  best  suited  for  average 
classes  of  service,  has  leads  brought  out  for 
welding  at  75,  100,  125,  and  150  amperes. 
A  cutting  lead  Is  also  brought  out  to  pro- 
vide for  the  rapid  performance  of  cutting 
operations  nt  200  amperes. 

"SECTOSTYLE"  FOR  CROSS- 
SECTIONING 

To  racllltatc  the  work  of  drawing  evenly 
Hpncod  croHHHOctlon  llncH  on  drawlngn,  the 
Amnrlciin   Snlos  Co.,   311    W.   R9th   St.,   New 
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York  City,  has  recently  placed  on  the  market  an  instrument 
known  as  the  "Sectostyle."  It  consists  of  a  handle  carry- 
ing a  pivoted  toothed  wheel  which  the  draftsman  impresses 
into  the  paper  where  cross-section  lines  have  to  he  drawn. 
As  this  wheel  ia  rolled  over  the  paper  it  marks  spaces  which 
indicate  the  points  at  which  section  lines  should  be  drawn, 
thus  improving  the  appearance  of  the  drawing  by  making  the 
lines  regularly  spaced.     The  instrument  is  held  in  the  same 


l» 


"Sectostyle"  made  by  the  American  Sales  Co.  for  < 


i-sectioning  Drawings 


way  as  a  pencil  and  the  wheel  is  moved  along  the  edge  of  the 
T-square  or  triangle.  Various  effects  in  the  spacing  of  section 
lines  may  be  obtained  by  skipping  alternate  marks  laid  out 
by  the  "Sectostyle,"  etc.  This  instrument  is  very  simple  to 
use  and  enables  inexperienced  draftsmen  to  produce  cross- 
sectioning  of  good  appearance  rapidly. 


NEW  MACHINERY  AND  TOOLS  NOTES 


Belt  Dressing  Distributor:  Improved  Surface  Mfg.  Co., 
North  Tonawanda,  N.  Y.  A  cylindrical  tin  with  rubber  cushion 
contact  for  a  speeding  belt  and  lineal  regulator  to  keep  the 
material  in  condition. 

Countersink:  Standard  Tool  Co.,  Cleveland,  Ohio.  A  coun- 
tersink especially  designed  for  countersinking  holes  in  ship 
plates.  This  tool  is  made  in  two  styles  with  spiral  or  straight 
flutes  and  has  three  cutting  lips.  It  is  made  of  high-speed 
steel. 

Forming  Hammer:  C.  M.  Yoder  Co.,  Engineer's  Bldg., 
Cleveland,  Ohio.  A  power  hammer  designed  for  use  in  forming 
and  planishing  various  shapes  of  sheet  metal,  such  as  auto- 
mobile bodies,  hoods,  cowls,  and  other  curved  sheet-metal 
products.  This  hammer  is  built  in  several  sizes  to  meet  the 
requirements  of  diversified  classes  of  work. 

Bevel  Knife  Grinding  Machine:  Machinery  Co.  of  America, 
Grand  Rapids,  Mich.  A  bevel  grinding  machine  for  use  on 
circular  knives,  cutters,  and  similar  shaped  work,  ranging 
from  3  to  20  inches  in  diameter.  This  machine  is  suitable 
for  grinding  or  sharpening  the  circular  cutters  or  knives  com- 
monly used  for  cutting  paper,  cork,  cloth,  and  similar  sub- 
stances. 

Planing  Machine:  Bickett  Machine  &  Mfg.  Co.,  Cincinnati, 
Ohio.  This  company  is  now  building  an  improved  line  of 
planers  of  extremely  rigid  construction  which  are  made  in 
the  following  sizes:  36  by  36  heavy,  42  by  36  heavy  widened, 
44  by  36  heavy  widened,  42  by  42  both  standard  and  heavy, 
48  by  42  heavy  widened,  52  by  42  heavy  widened,  and  44  by 
44  standard. 

Shell-nosing  Attachment:  R.  J.  Whelan,  328  Fourth  St., 
Elyria,  Ohio.  An  attachment  designed  for  use  on  any  stand- 
ard steam  or  air  hammer  or  any  mechanical  forging  press 
in  which  the  lower  is  the  fixed  die  and  the  upper  the  movable 
one.  This  device  is  built  for  handling  forgings  for  the  fol- 
lowing sizes  of  shells:  4.7-inch,  155-mlIlimeter,  8-Inch,  and 
240-milllmeter. 

Industrial  Truck:  Cowan  Truck  Co.,  88  Water  St.,  Holyoke, 
Mass.  An  elevating  truck  provided  with  an  Improved  locking 
device  which  consists  of  a  mechanism  designed  principally  to 
prevent  the  load  from  becoming  unseated  when  the  truck  is 
being  drawn  over  uneven  floors.  Trucks  of  this  type  are  built 
In  various  sizes,  with  load-carrying  capacities  ranging  from 
1000  to  3000  pounds. 

Grinding  and  Boring  Attachment:  Nelson  Tool  Co.,  1605  W. 
Lake  St.,  Cliicago,  111.  A  combination  boring-bar  and  grinding 
wheel  attachment  for  use  on  lathes  and  shapers.  This  device  is 
placed  over  the  tnolpost  and  is  held  by  means  of  the  regular 
toolpost  screw  which  Is  tightened  down  upon  a  bar  slipped 
through  the  hole.  An  adjustment  provides  for  raising  or  low- 
ering the  bar  or  wheel  to  any  required  position. 

Journal  and  Axle  Lathe:  Nlle.s-noment-Pond  Co.,  Ill  Broad- 
way, New  York  City.  This  machine  provides  for  turning  car 
wheel  Journals  without  removing  the  wheels  from  the  axle. 
It  Is  a  combination  Journal  turning  and  axle  hitho  for  machin- 
ing the  inside  .-iikI  outside  journnls  on  axles  of  the  center- 
drive  type.  The  upper  portions  of  the  bod  are  capable  of  con- 
traction to  form  gaps  which  will  clear  wheels  mounted  on 
the  axle. 

Bench  Furnace:  .Johnson  Oas  Appliance  Co.,  Codnr  nnplds. 
lown.  A  bench  furnace  adapted  for  heating  sm:ill  parts. 
This  is  known  as  a  No.  108  furnace  and  gas  ia  used  for  fuel. 


A  work-rest  block  is  furnished  and  a  baffle  plate  partially 
closes  the  mouth  of  the  furnace.  These  features,  together  with 
the  angle  of  the  burners  and  curved  shape  of  the  hood  are 
said  to  enable  the  furnace  to  give  very  uniform  results  in 
heating  the  work. 

Shell  Lathe:  Buffalo-Pitts  Co.,  4th  and  Carolina  Sts.,  Buf- 
falo, N.  Y.  A  machine  which  provides  for  the  performance 
of  three  operations  at  a  single  setting  of  the  work.  The  func- 
tions of  the  machine  are  to  cut  off  the  open  end  of  the  shell 
forgings  to  a  predetermined  length  from  the  inside  of  the 
base,  to  drill  a  centering  socket  in  the  outer  surface  of  the 
base,  and  to  face  off  the  outer  surface,  giving  a  predetermined 
thickness  of  the  base. 

Rifling  Machine:  J.  N.  Lapointe  Co.,  New  London,  Conn. 
A  machine  developed  for  use  in  broaching  the  rifling  in  one- 
pounder  gun  barrels.  Two  operations  are  required  to  com- 
plete the  rifling  operation,  roughing  and  finishing  broaches 
being  employed  for  the  respective  operations.  The  length  of 
the  rifled  section  in  these  gun  barrels  is  44  inches  and  there 
are  twelve  helical  grooves  approximately  0.015  inch  deep 
which  make  one  complete  turn  in  40  inches. 

Power  Presses:  Moore  &  Co.,  Grand  Ave.  and  Franklin  St., 
Chicago,  111.  These  machines  are  designed  with  an  exception- 
ally large  die-bed  and  ample  lift  of  the  ram.  These  features 
allow  the  use  of  large  dies  for  comparatively  light  work  that 
would  otherwise  have  to  be  done  on  punch  presses  of  consider- 
ably greater  capacity.  These  new  additions  to  the  line  of 
presses  built  by  Moore  &  Co.  include  a  No.  4  punch  press,  a 
No.  2  screw  press,  and  a  No.  3  inclinable  punch  press. 

Belt  Fastener:  W.  O.  &  M.  W.  Talcott,  91  Savin  St.,  Provi- 
dence, R.  I.  Two  types  of  belt  fasteners,  one  of  which  is  known 
as  the  "Ideal"  and  is  used  on  rubber,  canvas,  balata,  and 
textile  belts.  This  fastener  is  used  between  the  layers  of  the 
belt  or  on  the  side  away  from  the  pulley.  The  fastener  is 
secured  to  the  belt  by  means  of  rivets.  The  other  type  of 
fastener  is  known  as  "Acme"  steel  belt  hook  and  is  adapted 
for  use  in  fastening  leather,  rubber,  or  canvas  belts. 

Filing  Machine:  Barry  Mfg.  Co.,  5-11  E.  Kinzie  St.,  Chicago, 
111.  This  machine  is  made  in  two  sizes  which  are  designated 
as  Nos.  2  and  3.  They  are  provided  with  a  file  holder  that 
permits  the  use  of  any  regular  or  special  file  with  either  a 
straight  or  tapered  shank.  Jig-saw  or  hacksaw  blades  can  also 
be  accommodated.  The  table  is  adjustable  in  four  ways  to 
give  any  angle  or  clearance  required  on  the  work,  and  indi- 
cator scales  and  needles  facilitate  accurate  adjustment. 

Drilling,  Boring,  and  Tapping  Machine:  Rockford  Drilling 
Machine  Co.,  Rockfojd,  111.  A  combination  horizontal  drilling, 
boring,  and  tapping  machine  which  is  especially  designed  for 
use  on  large  parts  where  the  regular  table  cannot  be  used  to 
advantage.  This  machine  has  vertical  and  horizontal  move- 
ments of  the  head  and  column,  which  permit  the  spindle  to 
work  over  an  area  18  inches  high  by  36  inches  long.  Floor 
plates  and  work-tables  can  be  furnished  with  the  machine  to 
meet  the  customer's  specifications. 

Stud  Driver:  Giern  &  Anholtt,  33-43  St.  Aubln  Ave.,  Detroit, 
Mich.  With  this  tool  the  stud  is  screwed  into  a  tubular  por- 
tion held  by  means  of  an  inclined  slot  in  the  tube  working  on 
a  pin  in  the  handle.  Due  to  the  action  of  screwing  the  stud 
into  place,  the  handle  is  advanced  by  means  of  this  slot  and 
pin,  and  firmly  holds  the  stud.  When  the  motion  is  reversed, 
the  pin  moves  in  the  slot  and  releases  the  pressure  on  the 
stud,  thus  allowing  the  driver  to  be  easily  unscrewed  without 
disturbing  the  position  of  the  stud. 

Grease  Cup:  Dawson  Mfg.  Co.,  4928  Broadway,  Chicago, 
111.  A  line  of  grease  cups  which  comprises  a  numljer  of  dif- 
ferent styles.  A  feature  of  the  design  is  that  it  has  been 
worked  out  in  such  a  way  that  a  device  Is  provided  which 
prevents  the  cap  of  the  cup  from  unscrewing  due  to  vibration. 
Another  feature  is  that  assurance  is  provided  that  the  cap 
will  be  lined  up  properly  when  it  is  screwed  into  place  with- 
out danger  of  damaging  the  threads.  These  cups  are  made 
in  six  stylos  with  inside  diameters  ranging  from  13/16  to 
IVi  inch. 

Fluid  Pressure  Governor:  General  Electric  Co.,  Schenec- 
tady, N.  Y.  A  pressure  governor  adapted  for  use  on  gas  and 
liquid  systems  where  It  is  important  to  maintain  the  pressure 
fairly  constant.  This  governor  is  so  designed  that  It  provides 
for  maintaining  pressure  between  certain  predetermined  limits, 
starting  or  stopping  the  motor-operated  pumps  or  compressors 
as  may  be  required.  Governors  of  this  type  are  made  with 
rated  capacities  for  pressures  of  SO,  100,  160,  300.  or  500  pounds 
and  operate  within  settings  of  from  3  to  12  pounds  between 
the   high   and   low   pressures. 

Electrical  Switch:  Wcstinghouse  Electric  &.  Mfg.  Co.,  East 
Pittsburg,  Pa.  A  switch  designtHl  with  no  exposed  live 
parts,  which  is  used  as  a  substitute  for  the  ordinary  knife 
switch.  The  current  carrying  parts  and  fuses  of  this  safety 
switch  are  enclosed  in  a  sti>ol  l)ox.  and  the  circuit  is  opened 
and  closed  by  n  toggle  typo  of  operating  mechanism.  The 
cover  of  the  box  that  contains  the  switch  Is  divided  Into  two 
parts,  one  of  which  forma  a  permanent  covering  for  the 
switch  while  the  other  part  Is  hinged  to  swing  back,  thus  per- 
mitting renewal  of  the  fuses. 
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SPRING  MEETING  OF  THE  AMERICAN  SO- 
CIETY OF  MECHANICAL  ENGINEERS 

At  the  spring  meeting  of  the  American  Society  of  Mechanical 
Engineers,  held  in  Worcester,  Mass.,  June  4  to  7,  a  number 
of  valuable  papers  and  reports  were  presented.  Among  the 
latter,  the  most  important  was  the  report  of  the  Committee  on 
Screw  Thread  Tolerances,  part  of  which  is  abstracted  else- 
where in  this  number  of  Machineey.  A  report  of  the  Commit- 
tee on  Weights  and  Measures  was  also  presented,  consisting 
almost  entirely  of  a  reprint  of  the  report  entitled  "The  Metric 
System  in  Export  Trade,"  made  by  F.  A.  Halsey  to  the  Ameri- 
can Institute  of  Weights  and  Measures,  an  organization  that 
has  for  its  main  object  the  maintenance  of  the  English  system 
of  weights  and  measures  in  the  United  States. 

This  report  is  based  upon  more  than  a  thousand  answers  to 
a  questionnaire  which  was  sent  to  several  thousand  manufac- 
turing concerns  in  the  United  States,  some  or  all  of  whose 
products  are  shipped  to  countries  where  the  metric  system  is 
in  use.  The  conclusion  of  this  report  is  that  the  export  trade 
in  the  United  States  is  mainly  conducted  in  the  English  sys- 
tem of  measurements.  Eighty-two  per  cent  of  the  exporters 
to  countries  using  the  metric  system  do  not  use  this  system  in 
their  production,  while  14  per  cent  use  it  partially,  and  0.4  per 
cent  exclusively.  Between  3  and  4  per  cent  of  the  manufac- 
turers did  not  reply  to  this  question.  Only  1.6  per  cent  of 
American  exporters  that  replied  to  the  questions  put  to  them 
by  the  American  Institute  of  Weights  and  Measures  use  the 
metric  system  in  response  to  a  commercial  need,  and  38  per 
cent  make  some  use  of  it  in  shipments,  because  compelled  to 
do  so  by  the  laws  of  foreign  countries. 

A  report  was  also  presented  by  the  Committee  on  Steel 
Roller  Chains,  this  committee  having  cooperated  with  a  com- 
mittee of  the  Society  of  Automotive  Engineers.  This  report 
recommends  mainly  retaining  the  standards  already  in  use  by 
various  manufacturers. 

Standards  of  Graphic  Presentation 

A  report  was  presented  by  the  Committee  on  Standards  of 
Graphic  Presentation,  to  which  a  number  of  associations  of 
national  scope  have  appointed  representatives.  This  commit- 
tee has  been  making  a  study  of  the  methods  used  in  different 
fields  of  endeavor  for  presenting  statistical  and  quantitative 
data  in  graphic  form.  It  is  evident  that  the  graphic  method 
permits  the  presentation  of  such  figures  and  data  with  a  great 
saving  of  time,  and  with  more  clearness  than  would  otherwise 
be  obtained.  If  simple  and  convenient  standards  can  be  found 
and  made  generally  known,  there  will  be  possible  a  more  uni- 
versal use  of  graphic  methods,  with  a  consequent  greater  speed 
and  accuracy  with  which  complex  information  may  be  im- 
parted and  Interpreted.  The  report  lays  down  a  number  of 
fundamental  principles  that  ought  to  be  observed  in  elementary 
graphic  presentation.  Copies  of  the  report  may  be  had  from 
the  American  Society  of  Mechanical  Engineers,  29  W.  39th  St., 
New  York  City,  at  a  price  of  10  cents. 

Papers  Read  at  Convention 

A  great  number  of  papers  were  read  at  the  various  sessions, 
many  of  which  dealt  dlre<;tly  or  Indirectly  with  war  conditions. 
Among  those  that  had  more  direct  bearing  upon  the  war  were 
"The  Textile  Industry  In  Ilelatlon  to  the  War,"  by  J.  E. 
Hougmanlere;  "The  Small  Industry  in  a  Democracy,"  by 
George  H.  Haynee;  "Converting  a  Factory  for  Munitions  Manu- 
facture," by  John  S.  Holbrook;  "Some  Economic  Aspects  of 
Flre-protectlon  ProblemH  and  Hazards  In  War  Times,"  by 
J.  Donald  Pryor  and  Frank  V.  Sacketl;  and  addrcsHou  on 
pmergency  technical  war  tralninK.  which  wore  given  In  con- 
noctlon  with  the  vocational  training  sosHlon. 

The  fuel  problem  I*  particularly  proBHlnR  at  this  lime,  and 
there  woro  two  papcm  relating  to  thla  queHtlon:  "Oil  Fuel  In 
Now  KnKland  Power  Plants,"  by  llonry  W.  Hnllou,  and  "An 
InvoHtlKntlon  of  the  Fuel  Problem  In  Iho  Middle  Wost,"  by 
A  A.  Poller.  Two  papoTH  wore  conlrlbuled  relating  to  safoty 
ndurallon,  one  by  I,.  A.  Do  IIIoIh,  "The  Hafety  FOnglnnor,"  ond 
oni-  by  fiPorK'?  N.  Follown,  on  "Now  Coiir»o  of  InMlructlon  In 
H»fcly  Work." 


Efficiency  ol  Gear  Drives 
A  paper  was  read  by  C.  M.  Allen  and  F.  W.  Roys  on  "Effi- 
ciency of  Gear  Drives."  The  usual  method  employed  in  de- 
termining the  efficiency  of  a  gear  drive  is  one  in  which  the 
power  loss  is  obtained  by  measuring  the  input  and  output  and 
subtracting  the  latter  from  the  former.  In  good  drives,  how- 
ever, the  efficiency  is  high  and  the  input  and  output  are  very 
nearly  equal,  and  any  error  in  their  measurement  will  result 
in  a  large  percentage  of  error  in  their  difference,  or  the  power 
loss.  It  is,  therefore,  evident  that  a  method  by  which  the 
power  loss  may  be  directly  measured  will  be  much  more  ac- 
curate. The  paper  described  such  a  method,  developed  re- 
cently in  the  Mechanical  Engineering  Laboratories  of  the 
Worcester  Polytechnic  Institute.  In  the  apparatus  used,  an 
electric  motor  was  so  suspended  in  a  cradle  that  both  its 
armature  and  field  were  tree  to  turn.  The  armature  shaft  was 
connected  directly  to  the  pinion  gear  shaft  and  the  driven 
shaft  directly  to  an  Alden  absorption  dynamometer.  The  re- 
action of  the  motor  field  was  balanced  by  the  action  of  the 
dynamometer  through  a  simple  lever,  the  arms  of  which  were 
accurately  proportioned  to  the  ratio  of  the  gears.  Results  of 
tests  on  bevel-gear  and  worm-gear  drives  were  given  in  tables 
and  charts,  and  from  the  form  of  the  curves  presented  and 
the  consistency  of  the  data,  the  conclusion  was  made  that  the 
method  described  is  apparently  the  best  yet  devised  for  testing 
gear  drives  of  all  types. 

Stresses  in  Machines  when  Starting-  and  Stopping- 
A  paper  on  the  subject  "Stresses  in  Machines  when  Starting 
or  Stopping"  was  read  by  F.  Hymans.  For  the  intelligent 
determination  of  the  dimensions  of  machine  parts,  it  is  neces- 
sary that  the  forces  acting  on  them  be  known.  The  calculation 
of  these  forces  follows  at  present  one  of  two  methods.  The 
first  assumes  a  state  of  equilibrium  for  the  machine,  which, 
however,  exists  only  when  the  machine  runs  at  constant  speed 
or  is  at  rest.  In  the  second,  the  machine  is  considered  to 
consist  of  rigid  parts,  but  their  acceleration  at  start  or  stop 
is  considered.  Neither  of  these  methods  leads  to  even  approxi- 
mately correct  results.  A  new  method  for  the  correct  evalua- 
tion of  the  forces  acting  on  machine  parts  during  start  or  stop 
is  developed  in  this  paper,  and  illustrated  by  application  to  a 
vertical  geared  hydraulic  hoisting  machine.  It  is  shown  that 
the  stresses  during  start  or  stop  depend  on  the  inertia  and 
elasticity  of  the  parts,  their  distribution  throughout  the  system, 
and  on  the  magnitude  and  nature  of  the  accelerating  force. 
Vibrations  at  start  or  stop  always  occur,  but  whether  they 
are  pronounced  and  give  rise  to  dangerous  stresses  depends 
to  a  very  great  extent  on  the  character  of  the  accelerating  force. 

SeU-adjustlHR  Spring-  Thrust  Bearing 

A  paper  on  "A  Self-adjusting  Spring  Thrust  Bearing,"  by 
H.  G.  Reist,  mentions  how  a  careful  study  of  the  difficulties 
experienced  with  various  types  of  thrust  bearings  used  in  sup- 
porting the  heavy  loads  of  water  wheels  and  the  electric  gen- 
erators driven  by  them,  led  the  author  to  design  the  flexible 
bearing  described  in  the  paper.  This  bearing  consists  of  a 
runner  of  a  special  grade  of  cast  Iron  resting  on  a  thin  steel 
ring  with  a  babbitted  surface.  The  babbitted  stationary  ring, 
in  turn,  rests  on  a  largo  number  of  short  helical  springs  (ordi- 
narily wound  of  Mi-Inch  wire,  2  Inches  In  diameter  and  1%  Inch 
long)  and  Is  held  against  rotation  by  dowel  pins.  A  saw  cut 
through  one  side  does  away  with  any  tendency  to  dish  with  a 
change  In  temperature.  This  construction  prevents  the  posst- 
blllly  of  undue  pressure  at  any  point  and  compels  each  ele- 
ment of  the  surface  to  carry  Us  share  of  the  lood. 

Advantages  to  bo  d(>rivcd  from  the  uso  of  such  bearings  are 
sot  forth,  and  llgiircH  arc  given  showing  a  reduction  In  frlc- 
llon  ucconipanylng  an  incrouHed  unit  pressure.  Two  designs 
are  described  and  IlIURtratod. 

UliiMtIc  Indiintittlon  of  Hlviil  UiillH  iindor  PruHHuro 

A  Paper  on  "Tim  Klasllc  Indentation  of  Stool  Halls  under 
ProHsurn,"  by  C.  A.  Ilrlggs,  W.  C.  Chiii)ln,  and  II.  O.  Hell,  ro- 
porlH  tho  reHullH  of  uxpiTltncnlH  roconlly  carried  out  at  the 
lliireaii  of  SliindardB,  WaHhlnglon,  I).  C,  In  connection  with 
tho  ndJiiHtnii'nt  niid  Htandiirdlzadon  of  proclglon  nppnnilus  In- 
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cident  to  the  testing  of  munition  gages.  For  the  case  of  balls 
pressing  against  flat  surfaces,  which  was  the  one  considered 
in  the  experiments,  the  results  obtained  show  that  the  indenta- 
tion is  not  directly  proportional  to  the  pressure,  but  to  the 
two-thirds  power  of  the  pressure.  This  is  of  importance  in 
the  design  of  ball  bearings,  as  it  indicates  what  effects  are 
produced  on  the  distribution  of  the  load  by  slight  variations 
in  the  size  of  the  balls  in  a  bearing.  The  results  are  given  in 
the  form  of  alignment  charts  and  in  metric  and  English  units. 

Plre-protection  Problems  in  Factories 

A  paper  was  presented  on  "Some  Economic  Aspects  of  Fire- 
protection  Problems  and  Hazards  in  War  Times,"  by  J.  Donald 
Pryor  and  Frank  V.  Sackett.  which  pointed  out  the  hazards 
involved  at  the  present  time  in  the  war  work  of  five  great  es- 
sential classes  of  industry,  namely:  metal-working;  textile 
mills;  shipyards;  flour  mills  and  grain  elevators;  and  piers, 
wharfs,  and  docks.  The  engineering  problems  in  connection 
with  the  adequate  protection  of  such  properties  have  to  a  large 
extent  been  solved,  but  the  necessary  safeguards  are  lacking, 
due  either  to  a  failure  to  grasp  the  necessity  for  such  safe- 
guards or  else  to  economic  conditions.  Standard  automatic- 
sprinkler  protection  is  the  most  dependable  means  of  safe- 
guarding these  various  classes  of  risks,  but  in  shipyards  and 
piers  that  protection  alone  is  not  enough,  but  must  be  rein- 
forced by  hydrant  systems,  certain  structural  changes,  and 
the  organization  and  careful  training  of  private  fire  brigades. 

Other  papers  of  interest  presented  were  "A  Foundry  Cost 
and  Accounting  System,"  by  William  W.  Bird;  "The  Public 
Interest  as  the  Bed  Rock  of  Professional  Practice,"  by  Morris 
L.  Cooke;  "Moisture  Reabsorption  of  Air-dried  Douglas  Fir 
and  Hard  Pine,  and  the  Effect  on  the  Compressive  Strengths," 
by  Irving  H.  Cowdrey;  "A  High-speed  Air  and  Gas  Washer," 
by  Lieutenant  John  L.  Alden;  "Investigation  of  the  Uses  of 
Steam  in  the  Canning  Factory,"  by  Julian  C.  Smallwood;  "Air 
Propulsion,"  by  Morgan  Brooks;  and  "Electric  Heating  of 
Molds,"  by  Harold  E.  White.  Copies  of  these  papers  may  be 
obtained  upon  application  to  the  American  Society  of  Mechani- 
cal Engineers. 

Workmen's  Homes  and  Their  Influence  upon  Production  in  the 
Factory  and  upon  the  Labor  Turnover 

Leslie  H.  Allen,  of  the  Aberthaw  Construction  Co.,  Boston, 
Mass.,  read  a  paper  on  the  influence  of  the  workman's  home 
upon  production  in  the  factory  and  upon  the  labor  turnover. 
In  which  he  stated  that  recent  investigations  have  shown  that 
one  of  the  most  important  causes  of  the  present  abnormal 
labor  turnover  is  the  lack  of  sufficient  homes  for  the  popula- 
tion around  industrial  plants.  A  questionnaire,  prepared  and 
circulated  by  the  company  with  which  the  author  is  connected, 
elicited  840  replies,  from  which  many  interesting  and  valuable 
extracts  are  given.  From  a  study  of  these  replies,  the  general 
impression  is  gained  that  the  causes  of  the  labor  turnover 
today  are  improper  or  insufficient  housing,  inadequate  trans- 
portation, the  general  restlessness  usual  in  war  times,  and  a 
lack  of  care  in  placing  men  in  positions  for  which  they  are 
best  fltted.  One  point  that  an  investigation  of  housing  condi- 
tions has  brought  out  is  that  the  type  of  house  in  which  the 
workingman  is  generally  lodged  is  not  suited  to  his  needs 
and  is  often  beyond  his  earning  power  to  support.  Three-  and 
four-room  apartments  and  four-  and  flve-room  houses  are  an 
experimental  type  meeting  with  considerable  success. 

This  paper  was  presented  at  the  session  held  at  the  Norton 
Co.'b  plant  In  Worcester.  At  this  session  addresses  on  the 
Norton  Co.'s  work  relating  to  home  developments  for  employes, 
their  employment  methods,  training  schools,  and  hospital  ser- 
vice, were  also  read.  The  first  of  these  subjects  was  dealt  with 
by  Clifford  S.  Anderson  In  a  paper  on  "Indian  Hill  Develop- 
ment of  the  Norton  Companies."  The  employment  methods  as 
followed  by  the  Norton  companies  were  explained  by  E.  H. 
pish,  and  J.  C.  Spence  referred  to  the  methods  followed  by 
the  companies  In  the  training  of  new  employes  In  a  paper 
entitled  "Vestibule  Schools,"  while  Dr.  W.  Irving  Clark  gave  a 
talk  on  the  Norton  hospital  service.  A  lunch  was  served  to 
members  and  guests  of  the  American  Society  of  Mechanical 
Bnglneera  at  the  Norton  Co.'s  plant. 


REPORT  OF  THE  A.  S.  M.  E.  SCREW 
THREAD  COMMITTEE 

A  report  was  presented  at  the  spring  meeting  of  the  Ameri- 
can Society  of  Mechanical  Engineers  held  at  Worcester,  Mass., 
June  4  to  7,  by  the  Committee  on  Limits  and  Tolerances  in 
Screw  Thread  Pits,  of  which  Luther  D.  Burlingame  of  the 
Brown  &  Sharps  Mfg.  Co.,  Providence,  R.  I.,  is  chairman. 
The  following  paragraphs  contain  a  brief  abstract  of  the 
general  scope  and  methods  followed  by  the  committee  in  its 
work.  The  complete  report,  containing  charts  and  tables  of 
limits  and  tolerances,  as  well  as  illustrations  of  gages  and 
measuring  devices  recommended  by  the  committee,  may  be 
obtained  from  the  American  Society  of  Mechanical  Engineers, 
29  W.  39th  St.,  New  York  City. 

The  Committee  on  Limits  and  Tolerances  in  Screw  Thread 
Pits  was  assigned  by  the  council  of  the  American  Society  of 
Mechanical  Engineers  the  task  "to  prescribe  the  permissible 
tolerances  in  the  commercial  manufacture  of  taps,  dies,  bolts, 
nuts,  and  screws,  including  the  method  of  measuring."  Dur- 
ing the  years  following  the  appointment  of  this  committee, 
many  meetings  have  been  held,  and  work  has  been  done 
through  subcommittees,  involving  a  great  amount  of  investi- 
gation and  study.  Careful  study  has  been  given  to  data 
already  published,  and  assistance  has  been  secured  from  the 
U.  S.  Bureau  of  Standards,  the  Franklin  Institute,  the  Navy 
Department,  and  from  other  sources.  A  request  sent  to  many 
tap-makers  for  confidential  information  showing  the  limits 
allowed  for  their  commercial  work,  led  to  a  response  by  a 
number  of  leading  manufacturers  giving  such  information. 
This  was  tabulated  and  compared.  Later,  some  of  the  tap- 
makers  assisted  by  having  over  four  thousand  taps  of  com- 
mercial sizes  from  one-fourth  inch  to  two  inches,  secured  from 
a  number  of  different  makers,  measured  for  errors  in  lead, 
in  order  to  obtain  the  average  variation  of  commercial  taps 
•..Iiich  are  in  use  today. 

Early  in  the  investigation,  a  meeting  of  screw  manufacturers 
and  users  was  called  at  the  headquarters  of  the  American 
Society  of  Mechanical  Engineers  in  New  York,  at  which  about 
forty  representatives  were  present,  and  the  matter  of  toler- 
ances and  limits  in  screws  was  thoroughly  discussed  in  the 
light  of  a  tentative  report  which  this  committee  had  pre- 
pared. This  meeting  resulted  in  the  appointment  of  a  sub- 
committee to  cooperate  with  the  general  committee  by  ob- 
taining data  from  the  screw  manufacturers.  Through  this 
committee,  and  the  officers  of  the  American  Society  of  Me- 
chanical Engineers,  over  five  thousand  screws  were  obtained 
from  the  regular  commercial  stock  of  many  different  manufac- 
turers, these  representing  work  of  various  grades  and  sizes, 
and  with  cut  and  rolled  threads.  These  screws  were  mea- 
sured and  the  results  tabulated.  Sample  screws  and  nuts  were 
prepared  having  varying  degrees  of  error  in  diameter  and  lead, 
and  from  these  was  determined  the  maximum  allowable  error, 
and  charts  were  made  to  show  the  relation  of  taps  and  screws 
measured  to  these  allowable  limits. 

Sample  gages  were  also  made  to  a  closer  limit  than  those 
now  proposed  by  the  committee,  in  order  to  learn  how  close 
it  was  practicable  to  make  commercial  work.  These  gages 
were  distributed  without  stating  what  the  allowance  was  In 
order  that  the  users  might  not  be  prejudiced  by  thinking  the 
limits  were  closer  than  they  could  work  to.  Comparisons  have 
also  been  made  with  the  allowances  and  tolerances  recom- 
mended by  the  British  Engineering  Standards  Committee, 
and  the  recommendations  of  the  report  are  the  outcome  of  all 
this  study  and  Investigation. 

The  study  given  to  gaging  systems  led  to  the  conclusion 
that  no  one  system  Is  best  adapted  to  all  needs;  and  that  for 
a  variety  of  work  made  In  moderate  quantities  a  gage  for 
measuring  errors  of  diameter  and  lend  combined  In  the  same 
Instrument  may  give  the  best  results,  while  for  manufacturing 
In  large  quantities  a  fixed  gage  for  one  size  only  and  having 
separate  means  for  measuring  errors  In  diameter  and  lead 
may  be  best.  There  Is  also  the  need  In  many  cases  of  master 
gages.  Inspection  gages,  and  workman's  gages,  each  so  made 
as  to  suit  the  particular  needs.  A  number  of  designs  of  gages 
for    these    various    purposes    have    been    submitted    to    forty 
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prominent  manufacturers  and  users,  and  following  their 
recommendations  selections  have  been  made  which  are  illus- 
trated and  described  in  the  report. 

Limits  and  Tolerances 

It  is  believed  that  eventually  three  grades  should  be  estab- 
lished to  cover  not  only  general  work,  such  as  is  here  pro- 
vided, but  also  that  of  more  restricted  and  more  liberal  toler- 
ances. This  report  deals  with  limits  and  tolerances  for  general 
work  only.  Tables  covering  medium-grade  work  for  general 
use  have  been  prepared  for  diameters  from  one-fourth  inch  to 
two  inches,  but  the  formulas  can  be  used  for  sizes  beyond  this 
range.  They  can  also  be  used  for  different  numbers  of  threads 
for  a  given  diameter  within  ordinary  range,  provided  the 
thread  is  of  the  U.  S.  standard  form. 

Generally  stated,  all  tapped  holes  should  be  above  basic 
standard  and  all  screws,  below;  the  more  above  or  below  in 
pitch  diameter  the  greater  the  allowance  possible  in  error  ot 
lead,   while    still    maintaining   a   satisfactory    fit. 


WAR  EMERGENCY  COURSE  ON  EMPLOY- 
MENT MANAGEMENT 

Upon  the  outbreak  of  the  war  it  became  evident  that  the 
outcome  of  the  conflict  would  depend  upon  a  wise  and  effi- 
cient handling  of  labor  in  plants  doing  war  work.  The  beads 
of  the  Industrial  Service  Sections  of  the  Federal  Departments, 
entrusted  with  the  responsibility  of  formulating  and  adminis- 
tering correct  labor  policies,  realized  that  there  was  a  great 
lack  of  men  trained  in  the  art  of  labor  management.  It  was 
decided,  therefore,  by  these  Industrial  Service  Departments, 
representing  the  Emergency  Fleet  Corporation,  the  Ordnance 
Department,  the  Quartermaster's  Department,  the  Department 
of  Labor,  and  the  Na\'y,  that  short  intensive  courses  should 
be  established  for  the  training  of  employment  managers.  The 
organization  of  such  courses  was  undertaken  by  the  Storage 
Committee  of  the  War  Industries  Board.  Captain  Boyd  Fisher 
of  the  Ordnance  Department  was  put  in  charge  of  all  these  war 
emergency  courses  on  employment  management. 

The  first  intensive  course,  from  which  twenty-four  students 
were  graduated,  was  started  at  the  University  of  Rochester  on 
March  26,  1918,  under  the  direction  of  Professor  Meyer  Jacob- 
stein.  Another  course  was  started  at  Boston  on  April  22,  with 
Harvard  University,  Boston  University,  and  Massachusetts  In- 
stitute of  Technology  cooperating  with  the  Boston  Association 
of  Employment  Managers,  under  the  direction  of  Professor 
Roy  Kelly.  The  second  course  at  Rochester  was  opened  on 
June  3,  with  forty-three  students. 

The  course  consists  of  lectures,  assigned  readings,  and  visits 
to  the  large,  well-organized  plants  of  the  city  for  observation 
and  laboratory  study.  It  requires  the  full  time  of  the  students 
for  six  con8ef:utive  weeks.  Seven  hours  each  day  are  scheduled 
for  lectures  and  study,  and,  in  addition,  time  will  bo  required 
for  notebook  work  and  reading  on  assigned  subjects.  The 
topics  covered  In  the  first  course  are  the  treatment  of  ab- 
senteeism, tardiness,  accidents,  complaints,  and  grievances  of 
employes;  the  direction  of  athletics  and  social  activities,  and 
the  cooperative  activities  of  employes;  and  the  maintenance 
of  discipline.  Then  are  studied  methods  of  hiring.  Including 
Introduction  of  employes  Into  business;  the  labor  supply  and 
Insurance;  relation  of  employment  manager  to  manaKomont; 
lay-out  of  employment  oflflrc;  labor  ecoiiomlcB;  meillcal  •■xiini- 
Inatlon;  relation  of  employment  department  to  outnldu  sigoii- 
clea;  personal  service  work;  relation  of  employment  manager 
to  production;  promotion  of  employes;  records  and  statistics 
of  employment  ofJlcc;  safety  work  ond  Bnff-ty  organization; 
health  of  employes;  Bpo<:inratlons  for  jobs;  HUKKesllon  system 
In  plant;  training  and  r-duratlnR  workers;  transfer  of  em- 
ployes; liirnovf-r  of  labor;  union  arllvltlos;  wnK"  syHtcniK; 
women  In  Industry;  workmi-n's  compensation;  induBtrlu!  or 
Kanlzatlon;  and  nature  and  use  of  statistics. 

QunliricntlonM  for  Adtnlmilon 

The  authorities  at  WaahlnKton  have  sllpulatod  that  the  ap- 
plicant shall  have  had  nt  least  throe  to  nvo  years  of  Kood  busi- 
ness (n[perl<<nce  and  the  equivalent  of  n  hiKh  school  education; 


he  must  also  be  a  person  with  a  strong  personality,  good  initia- 
tive, resourcefulness,  and  a  sympathetic  understanding  of  the 
problems  affecting  the  worker.  It  is  moreover  preferable  that 
a  person  even  with  these  qualifications  be  designated  as  a 
prospective  employment  manager  by  a  firm  engaged  in  war 
work,  or  designated  by  such  a  firm  or  a  government  depart- 
ment as  its  representative.  The  manufacturer  or  the  govern- 
ment department  so  designating  the  student  must  agree  to 
use  him  as  an  employment  man  upon  completion  of  the  course 
or  some  other  satisfactory  outcome  of  the  work  must  be  pre- 
arranged. 

The  course  is  open  to  women  who  have  the  prescribed  quali- 
fications. Participating  in  this  course  will  not  exempt  a  man 
of  draft  age  from  military  duty,  nor  will  a  commission  be 
given  to  graduates.  Because  of  the  intensive  nature  of  the 
work,  there  are  no  evening  courses,  nor  are  there  special  sum- 
mer or  correspondence  courses;  persons  enrolling  must  be 
present  throughout  the  entire  period  of  six  weeks.  There  is 
every  indication  that  there  will  be  a  large  demand  for  com- 
petent employment  managers  and  the  Government  will  attempt 
to  place  people  satisfactorily  completing  the  course.  It  is, 
however,  impossible  to  make  definite  promises  to  this  effect. 

It  is  becoming  increasingly  evident  that  a  number  of  women 
and  some  men  who  wish  to  enter  the  field  of  employment 
management  are  fully  qualified  in  all  respects  except  industrial 
experience.  It  is  the  consensus  of  opinion  that  people  who 
have  had  valuable  experience  in  other  fields,  and  even  men 
and  women  who  have  had  close  contacts  with  industry  from 
various  angles  but  have  never  worked  in  a  factory,  need  some 
experience  in  actual  factory  processes  before  they  are  ade- 
quately prepared  for  the  six  weeks'  course  in  employment 
management.  Women  employment  managers  especially  need 
this  mechanical  training  because  more  and  more  women  work- 
ers are  going  into  the  machine  trades,  and  the  proper  selection 
and  placement  of  workers  depend  largely  on  the  employment 
manager's  knowledge  of  mechanical  processes.  For  this  reason 
a  two  months'  course  in  factory  work  under  supervision  will 
be  offered  in  Pittsburg,  Cleveland,  or  Detroit  because  of  the 
large  number  of  war  contracts  which  the  manufacturers  of 
those  cities  have. 

Official  information  and  application  blank  for  the  course  may 
be  secured  by  addressing  Captain  Boyd  Fisher,  717  Thirteenth 
St.,  Washington,  D.  C.  The  authority  to  enroll  students 
in  all  War  Emergency  Courses  on  Employment  Management 
and  the  passing  upon  the  applicant's  qualifications  rest  entirely 
with  the  government  agencies  at  Washington. 
*     *     * 

WOMEN  WORKERS  IN  FRENCH 
FACTORIES 

As  the  employment  of  women  in  the  various  industries  in- 
creases, much  is  being  written  of  the  results  of  the  employ- 
ment of  women  In  England  and  France.  Many  of  the  writers, 
however,  give  widely  different  views;  therefore  an  effort  has 
been  made  by  M.vciiinkuy  to  learn  the  true  conditions  In 
France.  Emile  Chouanard'  and  George  H.  Brlgham,"  of  Paris, 
in  answer  to  ln(iuirles  sent  them,  state  that  one-third  of  the 
employes  In  French  munition  shops  are  women,  while  In  shops 
engaged  on  light  work  they  form  about  two-thirds  of  the 
force.  In  the  Citroen  and  Delage  plants  thoy  form  60  per 
cent  of  the  force  and  In  the  Renault  works,  30  per  cent. 
In  the  Citroen  factory,  they  are  oniployi>d  only  In  the  manu- 
facture of  75-mllllmetor  Hhclls;  at  tlio  lli-nault  factory  the  work 
Is  more  general,  roniprlslng  airplane  englnos.  motor  trucks, 
armored  cars  for  machlno  guns.  etc.  In  fact,  thoy  are  em- 
ployed In  the  various  factories  In  Inverse  proportion  to  the 
heavy  work  done;  that  Is,  If  tho  work  Is  practically  all  hard 
and  heavy,  Iobh  womi>ii  are  employed.  As  n  rule,  women  are 
not  omployod  in  sliopH  ImiullliiK  heavy  work,  such  oh  locomo- 
tlvi'H,  for  the  pliTOH  ure  too  heavy  for  Iheni  to  handle  and  tho 
work   requires  wi-ll  trained   nicclianlrs. 

f)wlnK  to  the  InipoHHiblllty,  during  war  time,  of  creating 
schools  for  Ihelr  triilnlnR.  women  wnrkors  In  French  factories 
had   to  receive   Ihelr   training   In   the  Hhops.     In   tho  Citroen 
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works,  after  an  apprenticeship  under  the  men,  they  are  put 
directly  on  the  machines;  several  women  have  gone  into  the 
tool-room  and  have  become  all-around  machinists.  In  the 
Renault  works,  women  are  put  directly  on  the  machines  with 
someone  working  with  them  until  they  become  accustomed 
to  the  work;  then  they  are  left  to  themselves.  Their  wages 
are  arranged  during  a  period  of  fifteen  days  in  such  a  way  that 
if  they  do  not  become  experienced  enough  to  make  a  good 
day's  wage  on  piece-work,  they  will  still  have  enough  to  live 
on;  if,  at  the  end  of  that  time  it  is  seen  that  they  will  not 
make  good  on  that  particular  work,  they  are  changed  to  other 
work.  In  most  factories  women  begin  with  the  simplest  work 
and  run  ordinary  lathes  without  any  training.  Some  of  the 
more  skillful  are  soon  able  to  run  other  machines. 

In  the  Citroen  works,  women  are  employed  on  inspection, 
and  also  work  on  automatic  or  semi-automatic  machines  tooled 
by  experienced  men.  In  the  Renault  works,  women  are  em- 
ployed on  all  kinds  of  work-adjusting,  setting  up.  Inspection, 
work  on  automatics,  semi-automatics,  etc.  Some  are  grinding 
cylinders,  work  that  requires  much  skill,  while  others  are 
grinding  valves.  In  the  tool-room,  some  women  are  making 
taps  and  dies,  while  others  are  employed  simply  as  operators, 
running  machines  that  have  been  tooled  by  men. 

While  the  number  of  accidents  has  been  reduced  with  the 
employment  of  women,  this  is  due  considerably  to  the  larger 
use  of  safeguards  by  the  manufacturers.  In  the  Citroen  works, 
however,  the  proportion  of  accidents  has  remained  practically 
the  same.  In  the  Renault  works,  as  about  30  per  cent  of  the 
employes  are  women  and  about  30  per  cent  of  the  cases  given 
first-aid  are  women,  apparently  the  proportion  of  accidents 
has  not  increased. 

Wagres  and  Output 

The  women  come  from  all  sorts  of  occupations  and  many 
have  never  worked  In  factories  before.  Some  were  maids, 
others  were  cooks  and  shop  attendants  of  all  kinds,  and  a 
large  number  were  the  wives  or  daughters  of  mechanics. 
As  a  rule,  the  women  Improve  rapidly  in  their  work,  and 
when  on  piece-work  make  considerable  progress  and  good 
wages.  They  prove  most  useful  in  work  requiring  dexterity 
and  skill.  In  the  Citroen  works,  they  are  given  the  same  pay 
as  the  men  for  the  same  work.  In  the  Renault  works,  even  in 
the  tool-room,  they  are  not  paid  quite  the  same  wages  as  the 
men;  care  is  taken  to  keep  women  on  light  work,  and  all  the 
heavier  work  is  done  by  unskilled  male  labor.  As  a  rule,  in 
the  munition  factories,  the  average  woman's  earnings  are 
three-fourths  of  a  man's.  In  some  cases,  particularly  at  the 
beginning,  some  women  produced  more  than  the  men,  perhaps 
on  account  of  a  spirit  of  rivalry,  but  it  was  found  that  they 
could  not  maintain  this  speed.  Many  became  ill  from  fatigue 
and  were  forced  to  take  a  rest;  when  they  resumed  their  work, 
the  production  was  lower.  In  general,  the  women  belong  to 
the  same  union  as  the  men. 

Opinion  of  Employers  as  to  Efficiency  of  Women 

Manufacturers  differ  greatly  in  their  opinions  of  the  effi- 
ciency of  women  employes,  and  the  opinions  seem  to  vary 
according  to  districts.  Some  manufacturers,  like  AndrC 
Citroen,  say  that  they  are  well  pleased  with  the  results  pro- 
duced by  the  women,  while  others  are  eagerly  awaiting  the 
■end  of  the  war  when  they  will  have  their  male  mechanlos 
back  again.  They  seem  to  be  more  satisfied  with  repetition 
work  than  the  men,  but,  on  the  other  hand,  are  less  stable. 
If  they  do  not  feel  quite  well  they  do  not  come  to  work 
when  a  man  would.  During  a  certain  period  when  observations 
were  taken,  there  was  an  etnpiency  among  the  men  of  90  per 
cent  of  the  total  number  of  machine  hours,  while  the  women 
showed  only  75  per  cent. 

In  many  cases,  the  hours  of  work  have  had  to  be  altered; 
at  first  they  wore  about  the  .same  as  for  tlio  men,  but  later 
thoy  had  to  bo  reduced.  Many  lifting  devices  also  had  to  be 
dealgnod  to  make  tlie  work  less  laborious,  especially  In  the 
case  of  handling  shells  on  a  lathe.  In  the  Citroon  works 
allRht  modifications  have  boon  made  on  the  machines  to  help 
In  tightening  up  chucks,  but  as  the  work  Is  entirely  on  the 
76-mllllmetor  shells,  no  further  modifications  were  necessary. 


PRIORITY  ORDERS  FOR  STEEL 

In  order  to  preserve  the  nation's  steel  supply,  and  to  prevent 
the  use  of  steel  in  industries  that  are  non-essential  to  the  win- 
ning of  the  war,  the  Government  has  made  a  ruling  that  no 
steel  is  to  be  furnished  by  the  steel  mills  to  manufacturers  or 
dealers  except  upon  presentation  of  a  priority  order.  If  this 
ruling  is  to  be  literally  interpreted,  it  will  cause  a  great  deal 
of  difficulty  in  many  industries  that  produce  materials  directly 
or  indirectly  necessary  in  the  conduct  of  the  war;  and  the 
machine  tool  industry  would  especially  be  hampered  in  its  pro- 
duction, delays  in  filling  orders  would  be  inevitable,  the  clerical 
work  of  keeping  track  of  hundreds,  and  perhaps  thousands,  of 
priority  orders,  as  in  the  small  tool  industry,  would  be  greatly 
increased,  and  instead  of  aiding  in  winning  the  war  by  con- 
servation, the  new  ruling  would  hamper  its  prosecution  by 
slowing  up  production. 

It  is  therefore  to  be  expected  that  modifications  in  the  ruling 
will  be  made  to  suit  certain  absolutely  essential  industries, 
like  the  machine  tool  industry.  In  this  industry,  practically 
all  work  now  done  is  for  war  materials — directly  or  indirectly. 
One  manufacturer  reports  over  90  per  cent  of  all  his  work  to 
be  war  work  directly,  and  of  the  remainder,  it  is  likely  that  a 
large  percentage  is  indirectly  used  in  the  production  of  war 
materials.  Another  manufacturer  reports  95  per  cent,  and  still 
another  98  per  cent  of  his  work  to  be  war  work. 

In  view  of  these  facts,  it  has  been  suggested  that  machine 
tool  builders  and  makers  of  tools  who  can  show  so  large  a 
percentage  of  war  work  be  exempted  from  the  literal  inter- 
pretation of  the  steel  priorities  order,  and  that  some  blanket 
priority  order  be  issued  to  the  machine  tool  and  small  tool 
manufacturers  that  would  cover  all  their  requirements.  The 
steel  jobbers  and  dealers  who  supply  manufacturers  of  this 
kind  should  also  be  assured  that  when  they  fill  orders  on  these 
blanket  priority  orders,  they  may  replenish  their  stock  from 
the  mills  without  other  formality  than  a  statement  of  the  order 
number  for  which  the  steel  was  supplied. 

The  Cleveland  Twist  Drill  Co.,  Cleveland,  Ohio,  makes  the 
following  specific  suggestions  with  regard  to  this  subject,  and 
if,  upon  the  publication  of  this  article,  the  Government  has 
not  yet  modified  the  details  of  the  ruling  to  meet  the  necessary 
demands  of  the  machine  and  tool  Industries,  manufacturers 
generally  ought  to  forward  to  the  Priorities  Board  at  Washing- 
ton similar  suggestions.  The  suggestions  of  the  Cleveland 
Twist  Drill  Co.  are,  in  substance,  as  follows: 

The  description  of  essential  and  non-essential  industries 
is  not  fully  or  well  defined  at  this  time.  Until  they  are  gen- 
erally understood,  it  would  be  of  material  assistance,  and 
would  reduce  clerical  work  to  a  minimum,  if  the  Govern- 
ment would  issue  a  Manufacturer's  Priority  License,  or,  in 
other  words,  a  license  issued  to  manufacturers  of  essential 
war  material,  machinery,  and  tools,  for  securing  factory 
supplies.  The  number  and  symbol  of  such  license  or  cer- 
tificate should  be  used  on  order  blanks  to  assure  the  recip- 
ient, without  further  investigation,  that  the  Government 
recognizes  the  firm  ordering  the  supplies  as  a  bona  fide 
war  material  manufacturer,  and  that,  therefore,  this  order 
is  entitled  to  all  possible  consideration.  Such  a  stamp  of 
approval  could  be  made  to  carry  with  It  a  penalty  for  of- 
fense If  used  for  any  other  than  a  legitimate  purpose. 

For  operating  a  plant  and  manufacturing  machine  and 
tool   products,   thousands   of  different   items  are  essential, 
and  It  would  be  a  criminal  negligence  on  the  part  of  the 
machine  industry  If  the  Industry  would  not  endeavor  to 
secure  recognition  of  the  Government,  enabling  manufac- 
turers to  receive  without  unnecessary  delay  such  articles  as 
are  necessary  to  carry  on  their  business. 
It  certainly  would  greatly  facilitate  the  speeding  up  of  the 
production  of  war  materials  If.  in  this  way,  a  wholj  manufac- 
turing plant,  ongapcd  principally  on  war  work,  could  be  given 
a  single  blanket  priority  order;  the  delay  Incident  to  securing 
and  handling  hundreds  of  separate  priority  orders  is  unwar- 
ranted.    What  we  want  is  simply  an  assurance  that  whatever 
steel  a  manufacturer  receives  Is  used  for  a  purpose  essential 
to  the  prosecution  of  the  war;  after  that,  cut  the  red  tape  to  a 
minimum  and  let  us  speed  up  for  victory. 
•     •     * 

According  to  the  Iron  and  Coal  Trades  lictHcw,  of  London, 
Great  Britain  has  Increased  Its  output  of  steel  from  7,800,000 
tons  In  1914  to  about  11.000.000  tons  In  1917;  on  the  present 
basis,  the  output  will  reach  12,000,000  tons  this  year. 
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Two     Handy     Levers     Provide 


-without  shifting  a  belt  or  stop- 
ping the  machine  and  the  oper- 
ator doesn't  even  have  to  change 
his  position    to    operate    them. 


Tfl*0€  MARK 


The  simple  movement  of  one  or  both  of  these  levers  is  all  that  is  required  to  get  the  most 
productive  feed  for  each  turret  operation,  eight  feeds  in  geometrical  progression  being 
instantly  available  for  each  spindle  speed. 

Practically  no  more  effort  is  required  to  use  the  correct  feed  for  each  operation  than  to 
use  the  same  feed  for  the  entire  seven  tools. 

This  "self-contained-turret-slide-feed"  feature  of  Nos.  4  and  6  B  &  S  Wire  Feed  Screw 
Machines  is  but  one  of  their  many  points  that  make  for  handiness  and  consequently  FAST 
PRODUCTION.     It  will  pay  you  to  investigate  these  eflicicnt  iiiachinos  in  detail. 

Send      for     Catalog     21-C> 


Brown     &    Sharpe     Mfg.     Co., 

OFFICES:  NEW  YORK,  N.  Y.,  20  Vndoy  Bt.  PHILADELPHIA,  PA.,  Iinn-liori  l.lhprly  nUlK.  CHICAQO,  ILL.,  A::ri-ASO 
WaiihliiKl'>n  lllvtl.  ROCHESTER,  N.  Y.,  41&  (;hninlir-r  of  Coinmri.i.  Hlcte.  SYRACUSE,  N.  Y.,  IIckhii  4IU  Uiilvoralty 
MIork.  PITTSBURGH,  PA.,  nik  llftiry  W  Ollvor  lllilK.  CANADIAN  REPRESENTATIVE:  MONTREAL,  TORONTO, 
WINNIPEG,    CALOARY,    VANCOUVER,    ST.    JOHN,    SASKATOON,    TIik    r-uiiuilljui    Knlrlmiikn-MnrHo    Co.,    Ltd. 
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the   Correct   Speed    and    Feed 
For    Every    Operation 
on    This    Piece 


Brown  & 
Sharpe 

Nos.  4  and  6 

Wire  Feed 
Screw  Machines 


S.crew   Machine  Operators 


the  same  as  all  mechanical  workers,  demand  an  ac- 
curate, handy,  adaptable  way  of  keeping  their  work 
to  predetermined  limits.  Accuracy  must  not  be 
sacrificed  for  fast  production.  Both  can  be  main- 
tained by  the  use  of  "Brown  &  Sharpe  Equipment." 
A  small  but  important  part  of  this  equipment  is 
the  precision  tools  employed.  Brown  &  Sharpe 
Tools  have  supplied,  for  three  generations,  the 
handy,  adaptable,  sure  method  of  keeping  the  work 
of  the  machine  tool  operator,  the  machinist  and  the 
toolmaker  up  to  the  highest  standards  of  accuracy. 


Brown  &  Sharpe 

Machinists' 

Tools 


Not  only  should  shop  superintendents  and  foremen  specify  B  &  S  Tools  for  their  tool  cribs, 
but  they  should  encourage  their  men  to  buy  them  for  their  kits.  Better  work  and  faster 
production  naturally  follow  such  a  course. 

Send     for     Catalog     27 
listing  tKe  tKousand  varieties  of  tKese  'Mrorld-Known  and  Avorld-endorsed  tools 


Providence,  Rhode  Island,  U.S.A. 

REPRESENTATIVES:  BALTIMORE,  MD.,  Ciircy  Machinery  &  .Siipiilv  Co.  CINCINNATI,  C  INDIANAPOLIS,  IND., 
Tho  K.  A  KlriM.y  c,,  SAN  FRANCISCO,  CAL.,  rnclHc  Tool  &  Supply  Co.  CLEVELAND,  C  DETROIT,  MICH.,  StronK, 
CirllHle  *  H.-imniDiiil  Co  ST.  LOUIS,  MO.,  Colconl-Wrlght  Mtirhlncry  &  Supply  Co.  SEATTLE.  WASH.,  Tcrlne  Machinery 
fo.      PORTLAND,   ORE.,    roitl.iml    Ma.lilnory  Co. 
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HELPING  UNCLE  SAM 

All  organization  lias  been  formed  by  the  workers  in  one  of 
the  departments  of  the  Scovill  Mfg.  Co.,  Waterbury,  Conn., 
known  as  the  "Building  No.  99  Club,"  the  requirements  for 
members  of  which  are  as  follows:  Fear  God,  hate  Prussianism, 
and  work  or  fight  to  beat  the  German  Empire.  Buy  at  least 
one  War  Stamp  a  week,  a  bond  at  each  issue,  and  stand  ready 
to  serve  in  any  capacity  demanded  by  the  Government. 


All  applicants  accepted  by  the  examining  board  will  be  com- 
missioned within  ten  days  or  two  weeks  and  will  receive  orders 
to  report  at  an  engineer  officers'  training  camp,  where  he  will 
be  given  a  course  in  military  training  previous  to  being  as- 
signed to  duty  with  the  engineer  troops. 


The  Naval  Reserve  Force  desires  to  enroll  at  once  one  thou- 
sand men  experienced  in  the  operation  and  maintenance  of 
gas  and  gasoline  engines.  These  men  are  required  for  im- 
mediate duty  and  will  be  rated  as  machinist's  mates.  The  age 
limits  are  from  eighteen  to  thirty-five  years.  The  applicants 
must  be  American  citizens.  Draft  registrants  with  letters 
from  their  local  boards  will  be  accepted.  Applicants  should 
apply  at  the  Naval  Reserve  enrolling  office,  51  Chambers  St., 
New  York  City,  or  at  any  Navy  recruiting  station. 


The  Government  is  in  need  of  a  number  of  mechanical 
laboratory  assistants  and  draftsmen  for  important  war  work 
in  the  development  of  parts  from  sheet  metal,  fabric,  and 
rubber.  Graduates  from  manual  training  schools  with  one 
or  two  years'  shop  experience,  or  men  with  one  or  two  years 
in  an  engineering  school  are  desirable,  and  the  pay  is  depend- 
ent upon  ability  and  experience.  Applicants  should  communi- 
cate with  B.  B.  Fogler,  mechanical  engineer  in  charge  of  the 
Mechanical  Research  and  Development  Division,  Army  De- 
fense Problems,  American  University,  Washington,  D.  C.  It 
is  requested  that  applicants  send  a  photograph  and  state  their 
age,  reference,  positions  in  the  draft,  and  willingness  to  enlist 
or  be  inducted  in  the  army  for  work  of  this  nature  if  necessary. 


According  to  a  statement  made  by  Major  Mark  L.  Ireland, 
Quartermaster  Corps,  U.  S.  A.,  who  is  in  command  of  the  ex- 
tensive automobile  repair  shops  at  Fort  Sam  Houston,  Texas, 
the  great  need  in  the  present  war  is  motor  transportation,  and 
the  greatest  problem  arising  in  connection  with  motor  trans- 
portation Is  to  keep  it  available  at  all  times  for  service.  In 
order  to  accomplish  this  the  Government  is  in  actual  need 
of  hundreds  of  automobile  mechanics  and  men  possessing  quali- 
fications for  automobile  repair  work.  The  most  urgent  need 
at  the  present  time  is  for  men  having  experience  in  the  follow- 
ing trades:  General  automobile  repair,  battery  repair,  black- 
smitblng,  and  sheet  metal  work.  In  addition,  machinists  and 
machinists'  helpers,  motor  vehicle  inspectors,  magneto  repair 
men,  and  oxy-acetylene  and  electric  welders  are  required.  Any 
man,  whether  In  the  draft  age  or  otherwise,  who  has  had  ex- 
perience along  the  lines  above  indicated.  Is  requested  to  write 
without  delay  to  the  Commanding  Officer  of  Quartermaster 
Mechanical  Repair  Shop,  No.  304,  Fort  Sam  Houston,  Texas, 
who  will  furnish  full  particulars  concerning  pay,  and  other 
subject  matter  indicating  opportunities  that  are  open  to  men 
poHsessing  guallflcatlonB  making  them  desirable  for  duty  with 
this  organization. 

The  United  Slates  Army  requires  2000  additional  engineer- 
ing officerH.  The  age  limits  for  the  first  grade  of  lieutenant 
are  from  thirty  two  to  thlrty-sIx  years  of  age,  and  for  captain, 
thlrty-Hlx  to  forty-two  years.  These  limits  may  bo,  Bllghtly  In- 
creased or  decroBHed  In  special  cases,  but  no  one  within  the 
draft  age  will  be  considered.  The  applicants  must  be  engaged 
In  Iho  active  practice  of  the  englncorinK  profession  and  bo  In 
good  phyHlcal  health.  The  fitness  for  commlBslon  of  all  appll- 
cantH  will  1)1!  passed  upon  by  an  examining  board.  AppllcantH 
must  Iw  rlllzens  of  Ihi-  United  Slalos,  but  no  .'ippllcatlon  will 
bo  considered  from  anyone  now  In  Ihi^  Kovortiniont  Horvlco,  nfir 
will  applications  be  ronsldercd  from  anyone  horn  In  r  country 
with  which  the  United  HlntcH  Ih  at  war,  or  l)orn  In  a  coiinlry 
allied  with  a  country  with  which  the  Unllfd  SlatoB  Ib  at  war, 
even  though  he  may  bo  a  naturalized  citizen  of  thiB  country. 
nequoBtB  for  application  blankH  should  bo  made  In  writing  to 
the  f^hlpf  of  KnglnerTH.  Unllod  HtnloB  Army.  WaHlilnglon,  I>.  ('. 


The  Secretary  of  the  Treasury  says,  "The  releasing  of  labor 
and  materials  from  the  pursuits  of  peace  to  the  business  of 
war  is  one  of  the  necessities  of  our  war  program  if  we  are 
to  put  our  whole  strength  behind  our  men  in  France."  This 
is  a  call  to  the  machinists  and  mechanics  of  America  engaged 
in  the  manufacture  of  non-essentials,  to  perform  the  highest 
form  of  service  possible  back  of  the  firing  lines.  The  govern- 
ment arsenals  must  have  skilled  workmen  to  man  the  ever- 
growing equipment  called  for  by  the  needs  of  the  ever-growing 
army. 

This  service  is  not  in  the  nature  of  sacrifice,  for  the  Govern- 
ment pays  good  wages  for  work  performed  under  the  best 
conditions.  At  the  Watervliet  Arsenal,  Watervliet,  N.  Y.,  the 
housing  problem  is  solved  by  a  special  department  which 
devotes  its  entire  time  to  securing  suitable  homes  for  its 
new  workmen.  Situated  on  the  Hudson  River,  opposite  Troy, 
and  only  a  few  miles  from  Albany,  this  arsenal  offers  unusual 
advantages  to  the  man  with  a  family,  as  it  is  in  close  prox- 
imity to  good  schools,  libraries,  churches,  places  of  amusement, 
and  has  a  moderate  cost  of  living. 

Get  behind  the  men  behind  the  guns!  If  you  are  running 
a  machine  anywhere  that  does  not  produce  some  tool,  device, 
or  material  necessary  to  the  conduct  of  the  war,  offer  your 
skill  to  your  country.  Applications  should  be  directed,  in 
writing,  to  the  Commanding  Officer,  Watervliet  Arsenal,  Water- 
vliet, N.  Y. 

STANDARD  SIZES  OF  CATALOGUES  FOR 
PURCHASING  AGENTS 
The  National  Catalogue  Conference,  held  at  Chicago  in  May, 
recommended  that  catalogues  be  standardized  to  6  by  9,  7% 
by  10%,  or  8  by  11  Inches.  The  standardization  committee  of 
the  National  Association  of  Purchasing  Agents  asks  that  all 
catalogues  intended  for  purchasing  agents  be  made  7%  by  10% 
inches,  or  one-half  this  size,  provided  they  are  saddle  stitched, 
so  that  when  opened,  in  filing,  they  will  measure  7%  by  10% 
inches.  Single  sheets,  such  as  blueprints,  will  be  filed  in  the 
purchasing  agent's  standard  file  provided  they  may  readily  be 
folded  to  the  standard  size.  Pamphlets  of  the  standard  size 
may  be  folded  for  convenience  in  mailing,  but  should  be  so 
made  as  to  permit  easy  unfolding  and  filing  by  the  purchasing 
agent.  The  committee  also  recommends  that  paper  for  cata- 
logues be  confined  to  weights,  based  on  the  25-  by  38-inch  size, 
of  40,  45,  50,  60,  70,  and  80  pounds,  and  that  colors  be  restricted 
to  white  and  natural. 

*  •     * 

According  to  the  reports  of  the  deans  and  presidents  of 
150  colleges  and  universities  with  women  students,  girls' 
colleges  are  now  reorganizing  to  meet  the  war  emergency. 
Usually  the  war  courses  are  given  in  the  time  formerly  de- 
voted to  recreation;  no  student  Is  allowed  to  elect  more 
than  one,  and  no  student  can  be  enrolled  unless  her  work  Is 
up  to  the  regular  standard.  The  special  courses  are:  tele- 
graphy, wireless  telegraphy,  automobile  mechanics,  nautical 
astronomy,  navigation,  elementary  nursing,  first-aid,  prin- 
ciples of  war  relief,  drafting,  medical  laboratory  methods, 
map  drawing,  homo  economics  (diotellcs,  conservation  of  food, 
training  for  work  In  cafeterias,  and  soup  kitchens),  Indus- 
trial cbemlBtry,  farm  tnanagc^niont,  surgical  dressings,  office 
routine  (all  IiuhIiichs  tnilnlng  for  office  work),  and  a  course 
for  teachers  In  occupational  therapy. 

*  *     • 

Tho  ManufacturorB'  ABBoclallon  of  Connecticut  has  IsBuod  a 
thirty  pago  pamphlet  called  "Our  .Tob,"  which  contains  por- 
tions of  I'roHldont  Wilson's  addresH  In  Iluffalo.  1917,  on  the 
tOHt  of  a  truo  American,  with  a  Btatcniont  of  why  America  Is 
at  war  and  an  appt'al  for  loyally.  The  paniphlot  Is  printed  In 
KngllBh,  Mtbuanlan,  rollsh,  UuhhIum,  Oorinan,  and  Italian. 
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The  New 
Cincinnati  12" 
Knee  Type 
Manufactur- 
ing Miller  for 
Repetition 
Work 

Arms    manufacturing 
plants    and    any    other 
shops  turning  out  great 
quantities  of  small  parts 
will  find  this  machine  in- 
tensely profitable.     Ca- 
pable of  standing  up  to 
the  drive  of  twenty-four 
hours  a  day  service,  and 
giving    maximum    pro- 
duction at  all  times.  It  is 
compact,    having    only 
12"  table  travel.     It  is 
powerful — 4  h.p.  at  the 
spindle.  The  drive  is  by 
constant  speed  belt,  with 
a  commercial  range  of 
feeds  and  speeds,   and 
for   the    sake    of   sim- 
plicity,    quick     change 
mechanisms  have  been 
avoided,  the  change  in 
feed    or    speed    being 
made     by     interposing 
change  gears. 


The      Cincinnati 


12-incln      Knee      Type      IVIanufacturIng      Mi 
(Patent   Rights  FuUs    Rfserredl 
Single   Puiiey    Drive — 4   H. P.— Twelve   speeds— Four  feeds 


It  Is  Handy 

The  operator  stands  at  the  end  of  the  table. 
Assume  that  a  new  piece  has  been  chucked : 
He  runs  the  table  forward  with  his  right 
hand  at  2%"  per  turn  of  the  hand  wheel.  A 
dog  hits  the  trip,  which  automatically  dis- 
engages the  hand  movement,  and  at  the 
same  time  throws  in  the  power  feed.  When 
the  piece  has  been  milled,  another  dog  dis- 
engages the  power  feed,  and  the  operator 
brings  the  table  back  by  hand,  ready  to 
chuck  a  new  piece.  This  is  quick  action.  The 
operator  can  slam  the  table  forward  as  fast 
as  he  pleases  without  danger  of  jamming  the 
work  into  the  cutter.  The  trip  dog  takes  care 
of  that,  and  it  can  be  set  so  that  the  work 
will  be  close  up  to  the  cutter  before  the  power 
feed  engages,  thus  reducing  the  power 
travel  of  the  work  to  a  minimum. 

Ask  for  Complete  Specifications 


THE  CINCINNATI  MILLING  MACHINE  CO, 


CINCINNATI,  OHIO,  U.  S.  A. 
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OBITUARIES 


HENRY  WARE  CLARKE 

Lieutenant  Henry  Ware  Clarke,  son  of  Charles  A.  Clarke  of 
Hill,  Clarke  &  Co.  and  Georgiania  W.  Clarke,  was  killed  in 
action  in  Prance  on  May  29.     Lieutenant  Clarke  was  born  in 

Chicago,  where  his  par- 
ents then  resided,  on 
November  19,  1893,  and 
returned  with  them  to 
Xewton,  Mass.,  when  he 
was  two  years  old.  He 
was  educated  in  the 
public  schools  of  that 
town  and  entered  Har- 
vard College,  gradua- 
ting in  the  class  of  1916. 
Lieutenant  Clarke 
went  to  Plattsburg  in 
1916-1917,  and  was  com- 
missioned from  there  as 
Second  Lieutenant,  vol- 
unteering at  once  for 
active  service  in  Prance, 
where  he  arrived  in 
September,  1917,  and  be- 
gan training  with  differ- 
ent units,  being  finally 
assigned  to  the  16th 
Regiment,  Regular  Ar- 
my, Machine  Gun  Com- 
pany. In  April  of  this 
year  he  received  an 
honor  chevron  for  six 
months*  service  in  the 
front  zone.  As  his  record  shows,  Lieutenant  Clarke  was  one 
of  the  first  to  respond  to  the  call  of  duty,  inspired  with  that 
devotion  to  high  and  noble  ideals  which  has  characterized  the 
youth  of  our  country  in  her  hour  of  need. 

Lieutenant  Clarke  was  a  member  of  the  Doric  Masonic 
Lodge  of  Hudson,  Mass.  After  leaving  Harvard  he  became 
associated  with  his  father  in  the  manufacturing  business  of 
the  Universal  Boring  Machine  Co.  of  Hudson. 


LESLIE    H.  COLBURN 

Leslie  H.  Colburn,  general  manager  of  the  Colburn  Machine 
Tool  Co.,  Franklin,  Pa.,  died  at  his  home  in  that  city  May  26. 
He  was  born  in  Pitchburg,  Mass.,  in  1867,  and  was  the  second 
son  of  Henry  J.  and  Eliza  A.  Colburn.  When  fifteen  years  of 
age,  he  went  with  his  father  to  Toledo  and  after  two  years  in 
the  Toledo  High  School  started  to  work  in  the  shops  of  Baker 
Bros.,  and  there  learned  the  machinists'  trade.  While  working 
at  his  trade,  he  designed  and  built  two  marine  engines,  one  of 

which  was  in  use  for 
several  years  on  his 
steam  yacht  Rambler. 
-Mr.  Colburn  assisted  his 
father  in  developing 
iiiaiiy  of  the  latter's  in- 
viiitions,  and  when  his 
f.ither  resigned  as  su- 
pcrintfiHient  of  the 
plant  of  Baker  Bros.,  he 
wa.s  sf'Iented  to  fill  this 
position.  Leslie  H.  Col- 
burn served  Baker  Bros, 
at  various  times  in  the 
capacity  of  designer 
and  production  and 
.sales  manager,  and  has 
to  his  credit  a  number 
of  valuable  patents  on 
machine  tools  which  he 
took  out  while  with  this 
firm.  He  Invented  the 
flolburn  keyway  cutter, 
which  was  built  by  the 
llakcr  Bros.,  and  which 
had  a  largo  sale  In  this 
and  foreign  counlrlos. 
Il<'  next  developed  a 
hlgh-Hpoctl  heavy-duty 
drilling  machine  for  uoe  In  drilling  bicycle,  aiitntnohllc,  and 
harveating  machinery  partii.  While  Buperlntendont  of  Bukcr 
BroB.  the  buHlnenH  grew  ho  rapidly  that  It  became  nece«Hary  to 
build  a  large  modern  foundry  and  ma<:hlne  Kliop  which  wttB 
located  In  on  undeveloped  Becllon  of  Toledo,  now  In  the  renter 
of  the  manufacturing  dlntrlct.  In  1901,  he  lefl  tlilH  poHitlon 
and  wont  to  Franklin,  I'a.,  wh<Tf  he  founded  tin-  ('olliurn  Ma 
chine  Tool  Co.     Ah  general  manager  of  the  Coll)iirti  Machine 


Tool  Co.,  Mr.  Colburn  supervised  the  bringing  out  of  a  number 
of  new  machines,  including  a  universal  saw  table  designed  and 
patented  by  his  father,  Henry  J.  Colburn,  a  draw-stroke  verti- 
cal shaper,  a  vertical  boring  mill,  and  a  high-speed  heavy-duty 
drilling  machine.  The  boring  mill  and  the  drilling  machine 
met  with  such  success  that  the  universal  saw  table  and  the 
draw-stroke  shaper  were  discontinued.  Mr.  Colburn  gave  close 
attention  to  details,  and  always  considered  that  the  successful 
solution  of  any  problem  required  the  utmost  care  in  the  de- 
velopment of  smaller  as  well  as  larger  factors. 

In  1892,  Mr.  Colburn  married  Leora  I.  Westbrook,  of  Detroit, 
Mich.,  who  survives  him.  He  is  also  survived  by  three  broth- 
ers, Charles  B.  Colburn  of  Franklin,  Pa.,  George  L.  Colburn, 
general  manager  of  the  Colburn  Gear  &  Mfg.  Co.,  Boston,  Mass., 
and  Harrison  S.  Colburn,  president  of  the  Harrison  S.  Colburn 
Real  Estate  Co.,  New  York  City. 

Although  in  poor  health  for  several  years,  Mr.  Colburn  took 
great  interest  in  the  various  activities  of  Franklin,  in  which 
his  business  was  located,  and  was  one  of  the  first  men  to  urge 
better  housing  facilities  for  the  working  men  of  the  community. 
He  was  a  man  of  strong  personality,  and  his  passing  away  is 
deeply  regretted  by  those  who  knew  him. 


PERSONALS 


J.  B.  FiTZGiBBON,  treasurer  of  the  Anderson  Die  Machine  Co., 
Bridgeport,  Conn.,  has  resigned  his  position  with  that  company. 

E.  P.  EssLEY  was  made  secretary  of  the  E.  L.  Essley  Ma- 
chinery Co.,  Chicago,  111.,  machine  tool  dealer,  at  a  recent 
meeting  of  the  company. 

Walteb  E.  Bush,  109  Highland  Ave.,  Jersey  City,  N.  J.,  has 
recently  been  appointed  United  States  buyer  for  one  of  the 
largest  importing  corporations  in  Australia. 

W.  A.  ViALL,  secretary  of  the  Brown  &  Sharpe  Mfg.  Co., 
Providence,  R.  I.,  has  had  the  honorary  degree  of  Master  of 
Arts  conferred  upon  him  by  Brown  University. 

R.  W.  Ellingham,  formerly  factory  manager  of  the  Bilton 
Machine  Tool  Co.,  Bridgeport,  Conn.,  is  now  connected  with 
the  Heald  Machine  Co.,  of  Worcester,  Mass.,  in  a  similar 
capacity. 

E.  J.  Edwabds,  formerly  assistant  chemist  and  engineer  of 
tests  with  the  Ajnerican  Locomotive  Co.,  has  been  appointed 
engineer  of  tests  vith  that  company,  with  headquarters  in 
Schenectady. 

Hebman  Weybauch,  formerly  superintendent  of  the  Ameri- 
can Spray  Co.'s  Works  at  Elizabeth,  N.  J.,  is  now  employed  in 
the  Ordnance  Department,  U.  S.  Army,  Gage  Section,  New 
York  District  Office. 

L.  F.  MuxHOLLAND,  local  chemist  and  engineer  of  tests  of 
the  Richmond  Works,  has  recently  been  appointed  assistant 
engineer  of  tests  of  the  American  Locomotive  Co.,  with  head- 
quarters in  Schenectady. 

E.  P.  Lake  has  been  made  superintendent  of  the  Rich  Tool 
Department  of  the  American  Car  &  Foundry  Co.,  Chicago,  111. 
William  R.  Man,  who  formerly  held  this  position,  has  started 
a  manufacturing  plant  of  his  own. 

D.  P.  Brown,  formerly  of  the  Bryant  Chucking  Grinder 
Co.,  Detroit,  Mich.,  has  now  become  associated  with  the 
Hendey  Machine  Co.,  and  is  in  charge  of  this  company's  oflJce 
in  Rochester,  N.  Y.,  Chamber  of  Commerce  Bldg. 

S.  R.  Hunter  has  recently  become  asso<'iated  with  the 
American  Rolling  Co.  of  Middletown,  Ohio,  as  production  super- 
intendent. He  was  formerly  superintendent  of  the  Gas  Engine 
Department  of  the  Fairbanks,  Morse  Co.,  Beloit,  Wis. 

Charles  A.  McCune,  formerly  chief  engineer  of  the  Commer- 
cial Acetylene  Co.,  has  become  associated  with  the  Page  Steel  & 
Wire  Co.,  30  Church  St.,  New  York  City,  as  sales  engineer,  and 
will  devote  his  time  to  the  sales  of  "Armco"  welding  rods. 

F.  J.  KiDi),  for  six  years  with  the  Racine  Mfg.  Co.,  and 
former  treasurer  of  the  Corliss  Mfg.  Co.,  has  been  made  man- 
ager and  assistant  treasurer  of  the  Racine  Tool  &  Machine 
Co.,  of  Racine,  Wis.,  manufacturer  of  high-speed  cuttlng-ofT 
saws. 

AitTiruR  n.  Bamhitt,  for  the  past  six  years  head  of  the  De- 
partment of  Drawing  and  Design,  at  Wentworth  Institute, 
Boston,  Mass.,  has  resigned  that  position  and  has  given  up 
his  private?  engineering  practice  to  become  general  manager 
of  the  Kent  Machine  Co.,  Kent,  Ohio. 

Frank  Wom.aicoer,  Jr.,  secretary  of  the  Konipsinlth  Mfg.  Co., 
Milwaukee.  Wis.,  who  enlisted  In  the  Milwaukee  Base  Hospital 
Unit,  huH  been  transfi'rred  to  the  Ordnance  Department  and 
has  been  sent  to  Camp  Hancock,  Augusta,  Ua.,  to  take  special 
training  for  hlH  work  In  this  dopartnicni. 

V.  P.  iSuiNORi-.r.r.i,  formerly  Hecrctary  and  asHlHtant  treasurer 
of  the  Southwark  Fr)undry  &  Machine  ('<>.,  Philadelphia,  Pa., 
Ih  now  olllci!  manager  ami  nudllDr  of  (ho  ^^)undatlon  Ciunpany- 
(larpcnler-WatklnB,  Inc.,  liriMiRwIck,  Oa.  The  previous  on- 
nounceinent  (toncerning  tin?  I'liiingc  of  Mr.  Slgnorolli's  poHltlon, 
publlBhod  In  the  Juno  number  of  Maciiinkry,  was  In  error. 
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R.  McA.  Keown,  associate  professor  of  machine  design  in 
the  University  of  Wisconsin,  has  been  appointed  engineer  of 
the  Industrial  Commission  of  Wisconsin,  Madison,  Wis.,  in 
charge  of  the  Department  of  Safety  and  Sanitation,  succeed- 
ing Sidney  J.  Williams,  who  resigned  to  become  manager  of 
the  Accident  Prevention  Department  of  the  National  Safety 
Council. 

J.  E.  Pabkeb,  formerly  efficiency  engineer  with  the  Cincin- 
nati-Bickford  Tool  Co.,  Cincinnati,  Ohio,  has  become  factory 
manager  of  the  Spencer-Smith  Machine  Co.,  Howell,  Mich., 
which  manufactures  automotive  pistons  exclusively.  The 
Spencer-Smith  Machine  Co.  is  installing  new  equipment  in 
order  to  facilitate  a  greater  production  of  pistons  for  govern- 
ment aircraft. 

Julius  Alsbebg  has  opened  a  consulting  engineering  office 
in  Room  1526,  Tribune  Bldg.,  7  S.  Dearborn  St.,  Chicago,  111., 
and  will  specialize  in  power  plant  work  and  efficiency  work  in 
connection  with  power  plants,  lay-outs  of  industrial  and  chem- 
ical plants,  the  study  of  industrial  and  chemical  problems  in 
connection  with  industries,  and  efficiency  work  generally  in 
connection  with  these  lines. 

Wn.T.TAM  R.  ToMLiNSON.  who  was  for  many  j'ears  superin- 
tendent and  for  the  past  year  vice-president  and  works  man- 
ager of  the  Billings  &  Spencer  Co.,  Hartford,  Conn.,  is  now 
works  manager  of  the  Pratt  &  Whitney  Co.,  of  the  same  city. 


Mr.  Tomlinson  served  his  apprenticeship  with  the  Pratt  & 
Whitney  Co.  some  twenty  years  ago,  and  after  an  extensive 
experience  elsewhere,  now  returns  to  the  company  as  head 
of  the  mechanical  departments. 

F.  O.  HoAGLAND  has  left  his  position  as  works  manager  of 
the  Pratt  &  Whitney  Co.,  Hartford,  Conn.,  and.  is  now  vice- 
president  and  works  manager  of  the  Hilton  Machine  Tool  Co., 
Bridgeport,  Conn.  He  will  remain  on  the  staff  of  the  Pratt  & 
Whitney  Co.,  however,  in  a  consulting  capacity.  Previous  to 
coming  to  the  Pratt  &  Whitney  Co.,  Mr.  Hoagland  was  for  sev- 
eral years  works  manager  of  the  Union  Metallic  Cartridge  Co., 
Bridgeport,  Conn.,  and  at  an  earlier  time  chief  engineer  of 
the  Remington  Arms  Co.,  Ilion,  N.  Y. 

C.  E.  Caepenteb,  of  the  Paris  office  of  the  Allied  Machinery 
Co.  of  America,  120  Broadway,  New  York  City,  has  been  re- 
quested by  officers  of  the  American  Expeditionary  Forces  in 
France  to  accept  a  commission  as  captain  in  the  United  States 
Army,  Quartermasters  Department,  and  has  complied  with  the 
request,  since  the  Allied  Machinery  Co.,  for  patriotic  reasons, 
had  declared  itself  willing  to  release  him.  Mr.  Hartridge,  man- 
ager of  the  New  York  office,  and  Mr.  McKay,  also  of  the  Allied 
Machinery  Co.,  have  sailed  for  France  to  obtain  first-hand  in- 
formation relating  to  the  machinery  situation  there,  and  to 
confer  with  Mr.  Carpenter  in  regard  to  the  procedure  to  follow 
during  the  duration  of  the  war.  Mr.  Hartridge  and  Mr.  McKay 
will  return  within  three  or  four  months. 


COMING  EVENTS 


July  25 — Monthly  meeting  of  the  Rochester  Society 
of  Technical  Draftsmen,  in  Rooms  131-137,  Sibley 
Block,  328  Main  St.,  E.,  Rochester.  N.  Y.  O.  L. 
Angevine,  Jr.,  secretary,  857  Genesee  St.,  Rochester. 

September  10 — Twenty-sixth  annual  convention  of 
the  Traveling  Engineers'  Association,  in  Chicago, 
111.  Secretary,  W.  O.  Thompson,  General  Offices, 
New  York  Central   Railroad,   Cleveland,   Ohio. 

October  7-12 — Joint  convention  of  the  American 
Foundrymen's  Association  and  the  American  Insti- 
tute of  Metals  in  Milwaukee,  Wis.  Concurrent  with 
these  meetings  there  will  be  an  exhibition  of  foun- 
dry equipment,   machine   tools,   and   accessories. 


SOCIETIES,    SCHOOLS  AND 
COLLEGES 


Detroit  Technicai  Institute  has  changed  its  name 
to  Detroit  Institute  of  Technology  and  has  appointed 
Benjamin  D.  Edwards  chancellor. 

Lowell  Textile  School,  I^owell,  Mass.  Catalogue 
for  1918-1919,  containing  calendar,  synopsis  of 
courses,  and  other  information  relating  to  the 
work  of  the  school. 

Univeriity  of  Arizona,  College  of  Mines  and  Engi 
Deerlng,  Tucson,  Ariz.  Pamphlets  entitled  "Mining 
Engineering  as  a  ProfesKion,"'  "Electrical  Engineer- 
ing as  a  ProfesBlon,**  "Civil  Engineering  as  a  Pro- 
fession," and  "Mechanical  Engineering  as  a  Pro- 
fession," containing  an  outline  of  the  advantages 
offered  to  students  of  the  university  in  these 
courses,  necessary  qualifications,  opportunities,  and 
pay. 

UnlTertUy  of  IllinoU,  College  of  Engineering  and 
Eniflncerlng  Experiment  Station,  Urbana,  111.,  an- 
oouTi'-es  H[»eclal  advanred  courses  In  the  mechanics 
and  properties  of  materials  of  construction,  and  In 
materials  testing,  to  be  given  at  the  university  in 
the  summer  session  l>eglnnlng  June  17  and  ending 
AuKust  9.  These  courses  constitute  an  Intensive 
training  for  men  who  dfMlre  to  qualify  as  testing 
engineers  in  the  government  service  or  In  the  ser- 
vice of  manufacturing  companies.  The  courses  offer 
•  n  ex^'cllcnt  opjK^rtunlty  for  advanced  work  In  me- 
chanlcM  and  Id  materials  testing  to  Instructors  who 
wifth  to  familiarize  themselves  with  the  latest 
methods  of  Instruction  In  such  work.  Further  In- 
forrnstlnn  conr-eming  the  courses  may  be  obtained 
from  th..  iiir.,  t,.r  i.r  the  Hummer  KesMlon,  University 


of   I. 


111. 


NEW  BOOKS  AND  PAMPHLETS 

Mineral    W«t«ira   la    1916.     Uy    Arthur   J.    Kills.      47 
pageR,  fl  hj  9  Inches.     Published  by  the  Deport- 
ment of  thf  Interior,  Wsuhlnglon,  I).  C. 
Or,],!     Hiiv.r    (w.u.e-r     t'-.l     and  Zluo  to  Idaho  and 
'  '■'       ''\  *:.  N.  Oerry,    HI  pages, 
I   by   Iho   Deportment  of 

u.  D.  r. 

ir.-    «■,:,£.   ,,r    II     ,,     r,  ,,,  Coal.      My   H,   I!.   Htoek. 

Iir^    I"Ufv    '1    i-r    !•    ii.'he..       PuhlUhrd    by    the 

»:Ngin.-.rlng      Kir^rlrn.nt      Hlnllon     of     the      Unl- 

Termitj    of     Illlr.'.N.     Crhnno.     Ill,,     as     rirrulnr 

No,  n. 

ra«I  Economy  In  th«  Operation  of  Hand-flr«d  Powfir 
PUnta.  Ml  pages,  fl  hj  U  ln'hi-«.  PiiblUhnd  by 
th»  Knilncpring  Kip«Tlment  Hlaltnn  <»f  the 
fInlTArslty  of  Illinois.  Urbana,  Dl.,  n«  rir^ular 
N...   7, 

L«Kal  W'.lrhtt  f\o  PotiDda)  par  BushnI  of  Various 
rr,„.„.„A\'U>.  70  !.««.■■.  7  by  10  Inrhe*.  Pub- 
'^*'"l  tT  '"  h-f>ru„r-ui  of  o.mmerri..  Wash 
'^'^•'■T..    I.    '       n.  .  if  .,i«r  No.   10  of  thn  llnrrau 

'f   HUr.mr.l-        rrl-e.    f,   rpntm. 


Electric  Pumping,  with  Results  of  Testa  and  Operat- 
ing  Records.      By    H.    W.    Wagner.      80    pages, 
6    by   9   inches.      Published   by    the    Engineering 
Experiment   Station   of   the   Iowa    State    College 
of  Agriculture  and  Mechanic  Arts,  Ames,  Iowa, 
as  Bulletin  No.   46. 
Standard  Cotton  Mill  Practice  and  Equipment.     204 
pages,    6   by    9    inches.      Published    by    the    Na- 
tional   Association   of   Cotton   Manufacturers,    45 
Milk  St.,  Bostou,  Mass.     Price.  $1.50. 
This  is  the  first  number  of  a  publication  which  is 
til   be   published  annually.      It   contains  a  review  of 
tlie  cotton   trade  in  1917,   statistical  tables  relating 
to  raw  cotton,  technical  tables  used  in  the  industry, 
engineering   data,    and   a   buyer's   index,    which  is  a 
list    of    the    best-known    manufacturers    of    supplies 
used  in  textile  mills. 

Trade    Specifications    and    Occupational    Index.      240 
pages,  6  by  9  Inches.     Published  by  the  United 
States  War  Department,  Washington,   D,  C. 
The    purpose    of    this    manual    ia    to    standardize 
vocational    terminology   in   the    United   States    Army 
and    to   define    the   duties  of   specialists   and    skilled 
tradesmen     required    by    Its    various     technical    or- 
ganizations.    In  each  case  it  gives  first   the  duties 
to   be  performed,    then   the  qualifications  of  a   well- 
trained    high-grade    man    or    all-around    journeyman, 
and   last  the   nearest   equivalent  or  substitute  occu- 
pations   that    may    be    drawn    upon    as    a    source    of 
supply  If  necessary.     At  the  head  of  each  paragraph 
is  the  standard  occupational  name  and  symbol  used 
liy    the    Adjutant    General's    office    and    a    code    or 
i'wlex    word    that    may    be    used    when    telegraphing. 
Suitable    indexes    are    provided    for   ready    reference 
and  location  of  the  proper  speclflcation  for  any  trade. 
The  Model  T  Ford  Car;  its  Construction,   Operation, 
and   Repair,      liy    Victor   W.    Page.     310   pages. 
r>    by    7    inches;    106    illustriitiuns    and    two    large 
folding    platen.      Published    by    the    Norman    W. 
Henley    Publishing    Co.,    2    W.    45th    St.,    New 
York   City.      Price.   $1. 
In    this   book    all    parts   of   the    Model   T   car   and 
Ford    tractor   arc   descrllwd   and   Illustrated    by   spe- 
<-ially    made    drawings    and    photographs.      The    con- 
Htnir-tlon   Is  fully   treated   and   the  operating   princi- 
ple Is  made  clear.     Especial  attention  Is  paid  to  the 
various  attachments  to  the  chassis  by  which  It  may 
be  converted   Into  a   truck  or   tractor.     The  book   Is 
II  nil  ted    to    the    Ford    cars   as   produced    by    the    fac- 
tory, and  no  attempt  has  been  made  to  describe  the 
many    accessories    offered    for    these    curs,    such    as 
Helf-starters,  lighting  regulators,  etc.     As  practically 
no  mechanical  changes  have  been  made  In  the  1918 
ear,   the  InstruetlonH  are  as  applicable  to  the  newer 
as  to  the  older  cars.     The  six   chapters  are  headed 
OS    follows:    The    Ford    Car.    Its    Parts    and    Their 
Functions;    The    Engine   and    Auxiliary   Groups;    De- 
tails of  the   Ford  Chassis  Parts:   Driving  and  Mnlu- 
tenanr-e    of    Fnrrl    Cnrs;    Overhauling    and    Repairing 
Mechanism;    The    Ford    Tractor    and    Tractor    Con- 
version HelH  and  Genuine  Ford  TrM«tor. 
Bookkooplng  and  Cost  Accounting  for  Faotorioi,     Ity 
WllIlriM.     Kent.       2r.H    pagen,     R     by     11     IncbeH; 
iMiitierouH  lIliiHtrallons,  i-harts,  and  tables.     Pub- 
lished by  John   Wiley  &  Sons,    Inc.,  4^2  Fourth 
Ave.,    New   York  City.      Price,  »4. 
The  author  of   this   work,    who  was  a   bookkeeper 
and   cost    ac<^ountant    for   some   years    before   he   l)e- 
'-nme  an  engineer  and   who,    during   his  engineering 
experience,  has  had  several  occnslons  lo  liislall  sj  f< 
terns    of    bookkeeping    nnd    cost    nceounllng    niul    t<' 
nudlf  tKKiks,  has  undertaken  In  prepare  n  syN(4<nititl< 
treritUe    on    cost    areountlug    whbii    will    stnrl    (he 

student   Dt   Ibn  iK'glnnlng   wllb   the  el entary  prin- 

'■Iplea  of  double  entry  iKMikkeepIng  nnd  lend  hlln 
fbniugh  tartory  arrountlng  to  r<mt  amounting.  The 
work  U  n  very  etimprehenslve  one,  rontnlnlng  exnm- 
\t\i'm  of  methrMlii  nf  ircountlhg   and   '-ost    kepplng   In 

the  form  of  tables,  charts,  saM>pl<^  pages  of  a luut 

iNKtkn.  etc.  It  U  divided  Into  Iwehlyone  chapters, 
the  heading*  of  wMeh  Indbute  the  «.opn  of  the 
work:  lUMikheeplng;  Titles  nnd  l>eniiltlons  of  Ac- 
rounlN;  The  Krolutlnn  of  lUMikkeepliig  The  Column 
ledger;  Aerount*  for  ICelnll  Merchants,  Helling 
I'rl'-ew^  Turnover:  Faetory  Armunllng;  Cost  Ar 
rountlng,  Cttmt  PIndIng  Methoda— tiRe  of  Ihn  Job 
TIrket;  IHhI rllHttInn  of  llurden;  Ih<pr«>c|allon~  In- 
T«ntory     Valuation      ApprnUnln.     HyMtemii     snd     Ited 


Tape — Fundamentals  of  a  Cost  System;  Daily  and 
Monthly  Records — Charting  of  Statistics — Cost  of 
Idleness;  Problems  and  Difficulties — Standard  Cost; 
Uses  of  Costs — Various  Opinions  about  Costs;  Classi- 
fication— Symbols — Bookkeeping  by  Machinery;  Old- 
school  Accounting ;  Iron  Works  Bookkeeping ;  Mod- 
ern Accounting  Systems  for  Steel  Works ;  Foundry 
Costs — Cost  of  Coal;  Hardware  Factory  and  Ma- 
chine Shop  Accounting;  Costs  in  a  Woodworking 
Shop — A  Bakery — A  Textile  Mill — A  '  Power  Plant; 
Costs  in  a  Printing  Shop;  Reports  to  Stockholders- 
Education  of  Accountants — Cost  of  Idleness — Miscel- 
laneous Forms — Bibliography.  To  anyone  who  has 
to  do  with  factory  cost  accounting,  the  work  should 
prove  a  most  valuable  manual,  as  it  lays  down 
fundamental  theory  in  accordance  with  the  views 
of  the  ablest  modern  accountants,  and  also  warns 
against  the  time-worn  methods  of  the  older  school 
which  do  not  meet  present-day  requirements. 
Elements  of  Machine  Design.  By  Henry  L.  Nacb- 
man.  245  pages,  6  by  9  inches;  numerous  illus- 
trations. Published  by  John  Wiley  &  Sons.  Inc., 
432  Fourth  Ave.,  New  York  City.  Price,  $2. 
This  book  has  been  written  primarily  as  a  text- 
book for  engineering  schools  and  colleges,  and  com- 
prises a  course  in  elementary  machine  design.  It  is 
the  result  of  the  author's  experience  extending  over 
more  than  fifteen  years,  both  in  practical  design 
and  in  the  teaching  of  this  subject  in  the  capacity 
of  associate  professor  of  kinematics  and  machine 
design  at  the  Armour  Institute  of  Technology,  Chi- 
cago, 111.  Considering  the  comparatively  brief  space 
in  which  the  subject  is  covered,  the  work  Is  re- 
markably well  done,  because  It  contains  a  great  deal 
of  Information  in  a  compact  and  yet  readable  form. 
Of  course,  the  theoretical  side  of  machine  design 
has  been  mainly  emphasized,  the  major  portions  of 
the  work  being  devoted  to  working  formulas  for  de- 
termining stresses  In,  and  dimensions  of,  machine 
details.  The  illustrations  appear  to  have  been 
carefully  chosen  to  show  typical  constructions,  but, 
on  account  of  the  limited  space,  a  great  variety  of 
ileslgns  evidently  could  not  be  shown.  Each  chapter 
ends  with  a  number  of  problems  suitable  for  solution 
by  the  students.  The  ranjie  of  the  subjects  dealt 
with  In  the  work  is  best  Indicated  by  a  review  of 
the  chapter  heads,  which  are  as  follows:  Strength 
of  Materials;  Screw  Fastenings;  Riveted  Joints; 
Keys  and  Cotters;  Shrink  and  Force  Fits;  Shafts 
and  Axles;  Couplings  nncl  Clutches;  Journals  ond 
Bearings;  Belts  and  Pulleys;  Friction  Wheels; 
Toothed  Gears;  Rope  Transmission;  Chain  Gearing; 
Pipes  and  Cylinders;  Valves;  Flywheels;  Crank- 
shafts, Crankplns,  and  Eccentrics;  Connectlng-roda, 
Piston-rods,  and  Eccentric  Rods;  Pistons,  Cross- 
heads,  and  Stufilng-boxea;  Iloistlng  Machinery  De- 
tails; Springs;  Malerlals  of  Machinery.  WlUlc  It  Is 
evident  that  the  book  does  not  give  enough  informa- 
tion on  any  one  of  thcne  subjects  to  a  designer  who 
wishes  to  make  a  detailed  study  of  one  particular 
branch  of  macblno  design.  It  In  a  work  that  can  bo 
recommended  for  the  class-room  use  for  which  It  is 
prepared.  It  will  give  the  student  on  excellent 
perspective  of  the  subject  of  machine  design  nnd 
will  aid  him  In  obtaining  facility  In  analyzing  forces 
nnd  resultant  stresses  In  machine  parts,  and  In 
applying  proper  metliudH  and  formulas  In  thotr 
design. 


NEW  CATALOGUES  AND 
CIRCULARS 


BulTnlo  Forgo  Co..  BufT.ilu.  N.  V.  Catalogue  108. 
of  sfatinntiry    furges,   giving   dlnienslonH  and    prlcen. 

Pock.  Blow  &  Wlloox  Co.,  Southlngton,  Cuon. 
Catalogue    of    sheet    metal    worker's    machines    nnd 

tools. 

Oliver  Macihlnory  Oo,.  Grand  Itaplds.  Mlcb.  Cir- 
cular deH<-rlp1lve  of  Oliver  No.  52  nmlor-hoad  face 
lathe. 

National  Tube  Co.,  PlIlnlMirg,  Pn.  Cln-ulnr  on- 
tilled  "The  Identifying  Mark,"  ndvertlslng  Na- 
tlunni    pipe. 

National  Woodworking  Manhlno  Co,,  Dover,  N.  H. 
Ilulletln  I  deM.-rlblng  n  new  proMIe  nnd  bevel  planer 
for  wtmdworklng. 
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WHEN    YOU    WANT 

TOOLS 
HARDWARE 
AND  SUPPLIES 

First  you  need  our  large  catalog  showing  a  full  line  of  Bolts,  Screws, 
Nuts,  Washers,  Rivets,  Burrs  and  a  full  assortment  of  Tools,  includ- 
ing Drills,  Files,  Reamers,  Taps,  Dies,  Wrenches,  Hammers,  Pliers, 
etc.,  etc.  During  the  past  few  years'  "rush"  many  very  large  con- 
cerns have  found  our  stock  a  most  handy  source  for  large  and  varied 
assortments  of  staple  supplies. 

For  70  years  we  have  been  handling  this  line,  and  during  this  period 
our  hobby  has  been  Quality.  In  your  dealings  with  us  you  will  have 
the  satisfaction  of  knowing  that  you  are  getting  the  best  the  market 
offers  and  at  lowest  current  rates  consistent  with  quality. 

In  corresponding  about  Catalog  please  mention  Catalog  No.  159 

Hammacher,  Schlemmer  &  Co. 


NEW  YORK.  SINCE  1848 


4th  Avenue  and  I  3th  Street 
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Volcano  Torch  &  Mfg.  Co.,  Erie,  Pa.  Booklet  de- 
scribing the  Volcano  10  B  torch,  intended  for  beat- 
ing and  brazing  processes. 

Foxhoro  Co.,  Foxboro.  Mass.  Bulletin  82-1,  de- 
scriptive of  Fosboro  liquid  level  gages.  Bulletin 
113.  descriptive  of  Foxboro  orifice  meters  for  gas. 
A.  M.  Byera  Co.,  235  Water  St.,  Pittsburg,  Pa. 
Chart  showing  graphically,  by  means  of  black  and 
buff  dots,  the  corrosion  of  iron  and  steel  pipe  in 
hot  water  mains. 

Uanufacturing  Equipment  &  Engineering  Co.,  Bos- 
ton, Mass.  Circulars  of  metal  lockers  and  fireprouf 
equipment  for  factories,  sanitary  drinking  fountains, 
and  sanitary  wash  bowls. 

Bamett  Foundry  &  Machine  Co.,  Irvington.  N.  J. 
Pamphlet  descriptive  of  "Winans*  New  Idea"  vise, 
with  stationary  or  swivel  base.  A  table  of  dimen- 
sions  and   prices   is   included. 

Be  Laval  Steam  Turbine  Co.,  Trenton,  N.  J.  Bul- 
letin N,  entitled  "Centrifugal  Boiler-feed  Pumps," 
describing  the  De  Laval  combined  steam  turbine  and 
centrifugal  boiler-feed  pump. 

A.  M.  Byers  Co.,  Pittsburg,  Pa.  Catalogue  of 
Byers  wrought-iron  pipe  for  water,  steam,  air,  gas, 
oil,  or  other  fluids.  This  pipe  is  made  in  sizes  from 
%  inch  up  to  12  inches  in  diameter. 

W.  S.  Hockwell  Co..  50  Church  St.,  New  York 
City.  Circulars  34  and  35,  treating  of  forging  and 
beating  furnaces  of  the  economizer  shield  type,  and 
annealing  furnaces  of  the  rolling  mill  type,  respec- 
tively. 

Champion  Tool  Works  Co.,  4955  Spring  Grove  Ave., 
Cincinnati,  Ohio.  Catalogue  of  Champion  tool-room 
lathes,  quick-change-gear  engine  lathes,  and  double 
back-geared  lathes,  giving  complete  specifications 
for  the  various  sizes. 

Yost  Mfg.  Co.,  Meadville,  Pa.  Catalogue  8.  of 
Yost  machinists'  and  toolmakers'  vises,  pipe  vises, 
woodworkers'  vises,  blacksmiths*  anvils,  and  gas 
soldering  furnaces.  The  catalogue  gives  dimensions, 
prices,    and  other  essential  data. 

Gisholt  Machine  Co.,  Madison,  Wis.  Catalogue 
of  Gisholt  solid  adjustable  reamers,  giving  dimen- 
sions, prices,  etc.  Information  is  also  given  on 
adjusting  Gisholt  reamers,  as  well  as  instructions 
on  sharpening  and  use  of  the  reamers. 

U.  S.  Ball  Bearing  Mfg.  Co.,  Chicago,  III.  Book- 
let containing  data  sheets  which  furnish  in  a  con- 
venient form  essential  information  regarding  the 
dimensions  of  all  types  of  Strom  bearings.  The  re- 
vised price  list  is  printed  on  blue  sheets,  pages 
68   to   72. 

Ingle  Machine  Co.,  Rochester,  N.  Y.  Catalogue 
of  Rochester  gear  tooth  rounding  machines,  contain- 
ing a  detailed  description  of  the  machines,  instruc- 
tions for  adjusting  and  oiling,  and  operating  instruc- 
tions, as  well  as  specifications  giving  capacity, 
dimensions,    etc. 

Hew  Departure  Mfg.  Co.,  Bristol,  Conn.  Sheets 
for  loose-leaf  catalogue  on  ball  bearings,  containing 
a  complete  revision  of  descriptive  and  dimensional 
data  for  New  Departure  double-row  ball  bearings, 
Bingle-row  ball  bearings.  "Kadax"  ball  bearings,  and 
mugneto  ball   bearings. 

Detroit  Steel  Products  Co.,  Detroit,  Mich.  Cata- 
logue describing  "Fenestra"  solid  steel  windows. 
Information  is  contained  on  "Fenestra"  horizontally 
pivoted  sash,  oontinuotis  center  pivoted  sash,  con- 
tinuous top  hung  sash,  horizontally  rolling  sash, 
worm  and  gear  operator,  and  continuous  operator. 
Abbott  Ball  Co.,  Elmwood,  Hartford,  Conn.  Cata- 
logue describing  the  Abbott  burnishing  process,  by 
means  of  which  small  metal  parts  are  finished  by 
being  subjected  to  a  tumbling  process  with  a  com- 
paratively large  quantity  of  hardened  steel  balls 
of  various  sizes.  The  balls  do  not  remove  any  of 
the  surface  of  the  articles,  but  burnish  and  harden  it. 
American  Bronze  Corporation,  Berwyn,  Pa.  Pamph- 
let entitled  "liow  to  Make  Long-lived  Bushings," 
de*/>rlblng  "Non-gran"  bronze  for  bearings.  In- 
formation Is  given  on  how  to  machine  "Non-gran" 
bronze  and  how  to  grind  reamers  for  "Non-gran" 
bronze,  and  sketches  are  Iniiudcd  illustrating  the 
corrwt  setting  for  "Non-gruti"  boring  tools  and 
turning  tools. 

National  Workmen's  Compensation  Borvico  Bureau, 
13  Park  How,  Nfw  York  City.  1h  issuing  a  pamphlet 
entitled  "The  Teaching  of  Hafety  In  Technical 
B«h'>ol«  and  Universities."  prepared  by  a  coinmlltce 
"f  the  .Nutlonal  Safety  rouni-ll  for  the  piir|>OHe  of 
nl'llntc  unlrerslllcs  Id  the  Introduction  of  safety 
i-du'srlon  In  the  curricula.  A  list  of  sulijcts  and 
Hpcnkcrit  for  safety  lectures  U  given,  and  various 
i.th»-f  tiuKKestlona  are  InHuded  for  the  uld  of  those 
who  d'-Mlre  to  Institute  safety  courses. 

Cl«Teland      Automatic     Machine     Co..      Cleveland, 

Ohio.      PubllcBtlon   erilll|..d    "Cm-x»-4.Iled   Cnpacieies." 

nhowlnic    «iompl»-s    of    n    great    many    dllllrult    and 

unusual    prM|ij>  Hon    problitns    that    hove    Iwen    solvi-d 

with    satlNfartory    n-NUltJi    on     (he    Cleveland    onto- 

mstl**    ms'-hlRfs.      Th*    work    to    Iw    done    and    the 

n.fTli.vl    uT    r.-.tifitr    the    machine    Is    shown    In    enrh 

;  [■'.-Ite    page  Is  given   a    ccmrlne 

work    Is   nrrompllshed.     The 

lly    Inrtff    and    i-b'sr. 

''  r.^f   Co.,    Krnxll,    Ind,     Catnloguo 

:T   "'llllcd  Turret"  s'r<-w   uin'UHwm. 

rnsa    worklnK    machinery,    nnd    ••xirii 

tl^    rhuikInK    turret    Inlhes.      Hpc  in. 

r,    for    th*-    Tsrlmis    types    of    ii.rew 

Inlhfs,    nnd    tho    lllristrstlons 

t)on.     A  ronsldprnlilo  portion 

•  n  ov*»r   to  tfftiUng  cf|ulpmc*nt 

.  ..i."»<'"t«  tbnt   could  lN<   furnUhnd 

will*    or    ap^lli^d    lo    tlm    "Tlltwl    Tiirrrt"    machines. 

Fafnlr  B«ar1n9  Co.,   S^w  llrltnin,  Conn.,  U  Issuing 

R      nrw      |..,M1.  «tl..n     .-.Jill.. I      'ft,.       hr-K-.n,"      which 

II     l»rNr. 

to   in- 


of  ball  bearings,  such,  for  example,  as  a  description 
of  some  interesting  installation,  and  to  present  occa- 
sionally the  results  of  experiments  and  tests  which 
are  continually  being  conducted  at  the  plant.  Copies 
will  be  sent  regularly  upon  request  to  anyone  who 
is  interested  in  the  subject  of  ball  bearings. 

Greenfield  Tap  &  Die  Corporation,  Greenfield, 
Mass.,  has  Just  issued  the  first  number  of  its  new 
factory  magazine,  entitled  "The  Helix,"  which  will 
be  published  monthly  for  the  benefit  of  the  employes 
of  the  company.  The  first  number  contains  sixteen 
pages  and  includes  many  interesting  shop  notes, 
views  of  the  factory,  news  from  the  boys  at  the 
front,  and  other  items  of  interest  to  the  organiza- 
tion. The  publication  is  edited  by  J,  T.  Seller, 
secretary  of  the  corporation  and  head  of  the  welfare 
department.  It  is  hoped  that  the  regular  publication 
of  this  paper  will  tend  to  promote  good  fellowship 
among  the  employes. 

Solvay  Process  Co.,  Syracuse,  N.  Y.  Booklet  en- 
titled "Americanization,  a  Discussion  of  Present 
Conditions,  with  Recommendations  for  the  Teaching 
of  Non-Americans.'*  The  booklet  consists  of  a  re- 
port made  by  Charles  H.  PauU  to  the  Solvay 
Process  Co.,  and  covers  a  review  of  agencies  offer- 
ing education  to  non-Americans;  methods  of  adminis- 
tering education  in  industry;  methods  of  securing 
attendance;  location  and  equipment  of  school  build- 
ing; selection  and  organization  of  teaching  staff; 
organization  of  course  of  study;  relation  of  the  Eng- 
lish school  to  other  activities  of  the  industry;  re- 
action of  Americanization  on  labor;  and  recom- 
mendations for  the  organization  of  a  school  for  non- 
Americans  in  connection  with  the  Solvay  Process  Co. 

IngersoU-Rand  Co.,  11  Broadway.  New  York  City. 
Form  876,  descriptive  of  Ingersoll-Rand  barometric 
condensing  plants.  Form  883  A,  on  class  FP  steam 
engines  of  the  horizontal  center-crank  type  with 
piston  valves.  Form  888,  on  "Little  David"  evap- 
orator tube  cleaner  and  other  labor-saving  pneu- 
matic tools.  Form  901,  showing  the  complete  line 
of  "Little  David"  pneumatic  tools.  Tables  of  sizes 
and  capacities  are  given,  and  the  illustrations  show 
all  the  tools  and  their  applications.  Form  901-1, 
on  "Little  David"  calking  machines.  Form  3015-1, 
on  ER-1  portable  mine  car  air  compressors.  Form 
4039,  descriptive  of  Leyner  shank  and  bit  punch  for 
punching  out  holes  in  bits  and  shanks  of  hollow 
drill  steel.  Copies  of  these  bulletins  will  be  sent 
free  upon  request. 

New  Departure  Mfg.  Co.,  Bristol,  Conn.,  has  just 
issued  the  first  edition  of  the  "New  Departure  Ball 
Bearing  Manual,"  which  comprises  a  complete  but 
concise  treatise  for  all  users  of  ball  bearings,  dig- 
cussing  best  installation  practice  as  well  as  im- 
proved methods  of  lubrication  and  adjustment. 
The  book  includes  full  descriptions  and  dimensions 
of  the  New  Departure  double-row,  single-row, 
Radax,  and  magneto  ball  bearings.  In  addition, 
the  following  subjects  are  treated:  Securing  bear- 
ing inner  races;  retaining  ball  bearing  outer  races; 
installing  various  types;  applying  and  removing  ball 
bearings;  magneto  bearing  installation  and  removal; 
how  to  adjust  Radax  bearings;  lubrication  and 
enclosure;  how  to  clean  ball  bearings;  how  to 
adjust  bevel  drive  gearing;  repairing  worn  shafts 
and  housings;  how  ball  bearings  are  abused  by 
poor  mounting;  how  ball  bearings  are  mounted  in 
automobiles;  ball  bearings  In  engines;  ball  bearings 
in  clutches;  bail  bearings  in  engine  auxiliaries; 
ball  bearings  In  axle  parts;  ball  bearings  in  truck 
wheels  and  axles;  and  ball  bearings  in  change 
speed  gearing.  A  number  of  tables  are  also  included 
giving  dimensions  in  millimeters  and  inches  of  the 
New  Departure  ball  bearings,  the  load  they  will 
sustain,  and  prices.  A  table  of  comparative  ball 
bearing  data  compares  the  sizes  of  New  Departure 
ball  bearings  with  those  of  other  standard  makes, 
both  foreign  and  domestic.  The  comprehensiveness 
of  this  catalogue  should  make  It  of  practical  value 
to  all    users   of   ball    bearings. 


TRADE  NOTES 


Peorlo8»  Machine  Co.,  Ka<liie,  Wis..  manufmUirer 
of  hlghupci-d  iiiital.rutllug  saws.  Is  iTctting  a 
large  addition  to  ItK  plaut,  wlikh  will  double  tlie 
proHcnt   capacity. 

Hachlnor;  Forging  Co.,  Uaniillon,  Ave.  nnd  Mar- 
quelle  St.,  Clevelaiiil,  Ohio.  hnH  opened  a  branih 
factory  In  Cincinnati,  Ohio,  umler  the  name  of  the 
Sleel    Forglngn  Co. 

Olnolnnatl  Gear  Co..  lS27-iai3  Heading  Road.  Cln- 
cliinall.  Ohio,  manufacturer  of  all  klnilH  of  cut 
gcam,  iH  creeling  n  large  addition  to  ItK  plant 
which  will  practically  double  the  preHcnt  lloor  space. 

Bonsca  Machine  It  Tool  Co.,  Ino.,  manufacturer  of 
»pcclnl  automatic  maihliicry  nnd  Hinall  Interchange- 
aide  partii.  haa  moved  IIm  olllce  and  factory  from 
300  S.  Klflh  SI..  Ilrooklyn,  N.  Y.,  to  72-711  Grand 
Ave. 

Bcott-Bpencor  Automatio  Tool  Co.,  Ino.,  CInciniiall. 
Ohio,  manufaclurer  of  lo<dii  for  auloinatlc  Bcrew 
machlnen.  aunuuncea  that  II  will  atari  wllhin  tho 
neit  thirty  daya  uinnufaelurlng  Independent  lathe 
chucka. 

Cincinnati  Ball  Crank  Co.,  (hiUley,  Cincinnati, 
Ohio,    iiinnufnclurer   of   lalhc   handle*   and    acrew    ma- 

ihlnc    product.,     la    iiuihlug    I'^lenalve    nddlll to 

lla  plant  which  will  greatly  liicreaao  the  preacnt 
rtfpaclty. 

Aome  Tool  k  Machine  Co.,  Iierliy,  Tonn..  mnnii 
faclurer  of  lo<d«,  dl.«.  gage.,  and  apedal  machinery, 
lin.  piirchnwd  the  Hecor  Mfg.  I'o.  The  olllcera  arn 
I'.  I'.  Ilaworlh,  pre.ldenl  and  Ireaaurer:  and  Harry 
II.    Wllllaln.,    aecrelary. 

National   Clutch   Co..    Chlcngn,    111.,    manufacturer 

of     the     National     ci terahnfl     ilulch     pulley,     haa 

ere.'led  a  large  addition  lo  lla  plant,  nml  It  la 
eipecled  Ihal  Ih-  adde.l  faclllllea  will  enahle  the 
conipany    lo   practically    duuhle    lla   oulpul. 


American  Hollow  Boring  Co.,  1055  W.  lilh  St., 
Erie,  Pa.,  is  now  in  its  new  plant  and  has  started 
work  on  the  production  of  hollow-bored  forglngs, 
including  lathe  spindles,  piston-rods,  camshafts,  hy- 
draulic cylinders,  steel  pipe,  and  boring-bars. 

Cisco  Machine  Tool  Co.,  Cincinnati,  Ohio,  manu- 
facturer of  Cisco  lathes,  has  completed  a  new  shop, 
located  opposite  its  old  plant,  which  will  more  than 
double  the  former  floor  space.  The  old  shop  will 
be    used    as    an    office    building    and    erecting    room. 

Smith  &  Hemenway  Co.,  Inc.,  manufacturer  of 
"Red  Devil"  tools,  is  erecting  an  addition  to  its 
plant  at  Irvington,  N.  J.,  which  is  largely  given 
over  to  the  making  of  tools  for  the  Government. 
New  machinery  of  the  latest  design  is  being  in- 
stalled, which,  it  is  expected,  will  greatly  increase 
the  output. 

New  Britain  Machine  Co.,  New  Britain,  Conn.,  is 
erecting  a  one-story  brick  and  steel  addition  to  its 
plant.  100  by  340  feet,  with  concrete  floor.  The 
wall  area  will  carry  a  large  percentage  of  sash, 
and  along  one  side  of  the  building  there  will  b«  a 
shipping  platform,  14  by  340  feet.  The  Aberthaw 
Construction  Co.,  Boston,  Mass.,  has  charge  of  the 
work. 

Crawford  Machine  Tool  Co.,  Inc.,  has  taken  over 
the  business  and  assets  of  the  Joseph  Crawford.  Jr.. 
Co.,  Erie,  Pa.  The  new  company  will  be  conducted 
by  the  same  interests  and  without  substantial  change 
in  policy.  Joseph  Crawford,  Jr.,  is  president,  and 
Alexander  Chessin,  secretary  and  treasurer.  Offices 
will  be  maintained  at  21  Park  Row,  New  York 
City,  and  at  Erie.  Pa.  The  sales  office  will  be  iu 
New  York  City,  and  all  inquiries  and  correspondence 
should  be  sent  there. 

J.  C.  Ulmer  Co.,  Cleveland.  Ohio,  maker  of  en- 
gineering and  ordnance  instruments,  tools,  gages, 
jigs,  fixtures,  and  dies  of  all  kinds,  and  special 
machinery  and  models,  and  which  for  many  years 
has  been  located  at  113  Prospect  Ave.,  N.  W.. 
Cleveland,  has  moved  into  a  new  up-to-date  plant 
at  1791  E.  38th  St.  The  new  shop  is  unusually 
light,  and  equipped  with  new  modern  machinery 
for  high-grade   tool   work. 

Cleveland  Milling  Machine  Co.,  Cleveland.  Ohio, 
manufacturer  of  milling  machines,  cutter  grinders, 
and  milling  cutters,  is  erecting  a  three-story  building 
32  by  300  feet,  of  steel  and  concrete  construction, 
in  order  to  take  care  of  the  increase  in  the  com- 
pany's business.  The  new  building  will  be  devoted 
to  the  milling  cutter  manufacturing  department, 
which  will  make  it  possible  to  use  the  present 
building  exclusively  for  the  building  of  milling 
machines. 

Lodge  &  Shipley  Machine  Tool  Co.,  Cincinnati, 
Ohio,  is  planning  to  build  a  new  machine  shop, 
which  will  be  devoted  almost  exclusively  to  women 
workers.  The  new  plant  will  be  known  as  Shop 
No.  3.  and  will  have  a  frontage  of  90  feet  on 
Colerain  Ave.  and  will  extend  550  feet  toward 
Spring  Grove  Ave.  It  will  be  of  one-story  concrete 
construction  and  will  contain,  in  addition  to  the 
shop  departments,  a  restaurant  and  rest  rooms  for 
the   women. 

Shefaeld  Machine  &  Tool  Co.,  Dayton,  Ohio,  has 
arranged  to  take  over  the  manufacture  of  the 
Deming  indicator,  which  has  heretofore  been  made 
by  the  inventor,  Charles  M.  Deming,  in  Hartford. 
Conn.  The  demand  for  the  indicator  has  outgrown 
Mr.  Deming's  facilities,  and  so,  in  order  to  increase 
the  output,  the  Sheffield  Machine  &  Tool  Co.  will 
manufacture  it  under  Mr.  Deming's  personal  super- 
vision, and  will  advertise  and  market  It  for  him. 
No  change  in  prices  or  sales  policy  is  contempltted 
at  present. 

Wostinghouse  Electric  &  Mfg.  Co.,  East  Pittsburg. 
Pa.  has  iiurchased  the  property,  business,  and  good- 
will of  the  Krantz  Mfg.  Co.,  Inc..  Brooklyn.  N.  Y.. 
manufacturer  of  safety  and  semi-safety  electrical 
devlics.  The  Supply  Department  of  the  Wcstlng- 
house  Electric  &  Mfg.  Co.  will  act  as  exclusive 
sales  agent  for  the  products  of  the  Kranti  Mfg.  Co., 
whose  business  will  be  continued  under  Its  present 
name.  H.  G.  Hoke,  of  the  Weatlnghouse  Electric  & 
Mfg.  Co.,  will  represent  the  Supply  Department  at 
the  Krantz  factory. 

Doohler  Dio-Castlng  Co.,  Court,  Ninth,  nnd  Hunt- 
ington Sta..  Brooklyn,  N.  Y..  states  that  Ita  Toledo 
plant,  which  was  housed  in  a  new  factory  building 
a  little  over  a  year  ago.  has  outgrown  its  quarters, 
and  In  order  to  provide  for  adequate  cipanslon.  the 
company  haa  found  It  necessary  to  take  over  the 
adjoining  plant  of  the  Ohio  Electric  Co..  which  will 
double  the  present  capacity  of  the  plant.  Allhough 
the  greater  part  of  the  plant's  activities  la  devoted 

10  government  war  work,  the  needs  of  tho  regular 
trade  are  receiving  the  usual  attention. 

Kooh  &  Sandldge,  10  S.  Wella  St.,  Chicago,  111., 
la  a  new  llrm.  which  will  handle  the  aalea  engineer- 
ing work  for  the  line  of  "Jiffy"  culling  toola  made 
by  the  Universal  Tool  &  Appliance  Co.,  of  Mllwnu- 
kce,  and  almllnr  products.  Paul  VV.  Koch,  one  of 
the  parlnera  In  the  new  concern,  will  remain  active 
as  prealdent  and  general  nninager  of  the  lOlectrlcnl 
Sales  EnglneerH,  Inc.,  of  Chicago.  John  II.  Sandldgo, 
the  other  member  of  the  llrm,  haa  been  connoctod 
with  the  Cooper-llewllt  Electric  Co.  for  over  all 
years,  having  been  aalea  manager  In  the  Chicago  dU- 
Irli't  for  live  yenra  and  recently  Wisconsin  manager 
with  olllcea  In   Milwaukee. 

Rlvotl    Latho    ft    Orlndor   Co..    Ilrlghlon    DIalrlct, 

II„Hl Muss.,    hna    luauguraled    a    poll.y    whereby 

IhoKc  of  the  employi'a  of  the  company  who  have 
been    wllh    the   concern   since  June   30.    11117,    ar«   OD- 

lllleil  lo  a   10  per  cent  H| lal  couipnnaatlon  In  nddl- 

ll.m  lo  IheIr  regular  wages,  Employea  who  have 
not  been  wllh  the  company  for  one  year  will  al«o  be 
enlllled  to  llila  compenanllon  when  they  have  been 
employed  for  that  lenglh  of  lime.  Tlioae  who  have 
lieen  employed  for  three  monllia  will  rec»lro  3  per 
cehl  of  Ihe  wage*  received:  thoao  who  Iibt*  been 
i-inphiyed  for  all  inoniha  will  receive  3  ixr  cent; 
nnd    Ihoai-    who    hoTO    been    employed    iiln*    iiionlha, 

11  |H'r  cent. 
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A   SHELL  LOADING   PLANT  hN  NEW  JERSEY,  WITH  60  ACRES  OF   FLOOR  SPACE. 
CAPABLE  OF  LOADING  52.000  SHELLS  PER  DAY 
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Leland-Gifford 
Sensitive  Drilling  Machines 

For  Large  Production 


Rigid- Powerful -Sensitive 
ACCURATE 

Our  sample  inspection 
sheet  showing  the  accur- 
acy which  we  maintain 
on  every  one  of  these  ma- 
chines sent  on  request. 


All  machines  can 
be  adapted  for 
motor  drive. 


Ask  us  about  deliveries 


Built   by 

LELAND-GIFFORD  COMPANY 

WORCESTER,  MASSACHUSETTS,  U.  S.  A. 


Branch   Offloei: 


NEW    YORK 


BOSTON 

CHICAGO 


Domestic   Agentc 

Svwind     Machinery     Co PHILADELPHIA,     PA. 

W.    M.    Pattlaon    Supply    Co CLEVELAND,    O. 

Somen,    Filler    A.    Todd    Co PITTSDURGH,    PA. 

F.    E.    Satterlce    Co MINNEAPOLIS,    MINN. 
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U     1         New 
1                19              25"  Drill. 

SNYDER  UPRIGHT  DRILLS 

Are  Being  Bought  by  the  World^s  Markets 

Our  Upright  Drills  need  no  introduction,  as  tliey 
have  been  in  use  for  the  past  "thirty  years."  They 
are  furnished  for  motor  drive,  either  gear  or  belt 
connected.  Also  with  compound  table,  and  with  tap- 
ping   attachment.       These    drills    are    especially 
adapted  to  long  boring  purposes,  where  others  fail 
to  do  the  job. 

J.  E.  SNYDER  &  SON      "                   Worcester,  Mass.,  U.  S.  A. 

THE    SLOAN   &   CHACE 

Bench   Milling   Machine 


^..^ 


This  Bench  Milling  Machine  is  economical,  and 
a  space  saver,  with  an  almost  universal  adapt- 
ability. Designed  for  tool  room  and  experimen- 
tal work,  it  is  also  valuable  in  light  manufactur- 
ing. The  spindle  of  this  machine  is  interchange- 
able with  the  spindle  of  our  No.  51/2  Bench 
Lathe — which  permits  transfer  of  work  without 
change  of  setting. 

Independent  screw  feed,  accurately  fitted  tail 
stock,  feed  screws  with  dials  graduated  to  read 
in  thousandths,  pei'fect  alignment — all  these 
points  and  many  others  make  this  miller  a 
permanent  economy  in  the  shop. 

Details  of  this  and  other  precision 
machines  in  our  catalogue 


SLOAN  &  CHACE  MANUFACTURING  COMPANY,  Ltd. 


6th  Avenue  and  N.  13th  Street 


NEWARK,  N.  J. 


WALWORTH  "SmiSON" 


/T 


=One  of  a  Famous   Trio= 


=^ 


The  Walworth  Uciiuiiie  Stillsoii  Wreiicli.  in  construction  and  opera- 
tion, is  ideal.  As  a  unit  of  the  famous  Walworth  Trio  it  has  an  added 
value.  Each  of  these  throe  wrenches  has  a  distinctive  purpose;  to- 
gether thoy  servo  all  purposes.  Put  the  Walworth  Parnielce  and  the 
Waico  Hex  alongside  your  Walworth  Stillson.   Shall  we  send  circular? 

WALWORTH    MFG.    COMPANY 

BOSTON.   MASSACHIISKTTS,  V.  S.  A. 

u  M.k.r.  of  n 

^The  Walworth  Genuine  Stillson  Wrench=^ 


NKW  YORK  Ult.VN'rlT.  IIV2t  aiff  BtrMl. 
C11I(1.\<)0  Hn.\.NCIl,  21S.222  N.  Dcurlainoi 
8KATTI.K.     WASH.,     4M     First    Are.,     Srait 
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NILES-BEMENT-POND 

Machine  Tools,  Steam 
Hammers,   Traveling   Cranes 

We  are  in  a  particularly  favorable  position  to  furnish  com- 
plete machine  tool  equipment  for  a  general  machine  shop,  rail- 
road shop,  shipyard,  heavy  ordnance  or  small  arms  arsenal. 


Heavy  Duty  Engine  Lathes  ^ 

From  26-in.  swing  up  to  any  requirements  : 


30-inch   Double  Geared  Engine  Lathe 


NILES-BEMENii 

GENERAL   OFFICEtff 

OFFICES  AND  AOENCIE8:— Boiton:  9,V!ir,  Ollvur  81.  Philadelphia:  Hir.  Noitli  Twriily-lliHl  St,  Plttiburoh:  ''''•'<'''  '"'"'''"' 
Cleveland,  O.:  The  Nllen  Tool  WofUh  <*o..  730  Superior  Av.  Hamilton,  O.:  Tlif  NII.'h  'I'i.i.I  WorltH  (  o.  CInclnnat  :  \\w  .mi' > 
Tool  VVorkii  Co.,  338  W.  Fourth  Ht.     Detroit:   Kerr  BIdR.    Chicago:    671    W.    WaBliliiBluii    Itlvil.      St.    LouU:    610    N.    THHM    !-  i 
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PRATT   &   WHITNEY 

Precision  Machine  Tools,  Small 
Tools,  Standards    and  Gauges 

For  more  than  fifty  years  the  Pratt  &  Whitney  Company  has  been 
developing  a  line  of "^  Precision  Machine  Tools,  Gauges  and  Small 
Tools,  the  predominating  characteristics  of  which  have  always 
been  accuracy  and  refinement. 


U.  S.  Standard  Thread  Gauges 


»»*••* 


The  exceptional  merit  of  the  United  States  Standard  Thread  System  has 
long  been  acknowledged,  and  the  importance  of  its  general  adoption  has 
been  persistently  ui-ged  by  the  engineering  profession.  Its  universal 
adoption  as  the  standard  for  all  government  work  in  the  United  States 
and  the  Continental  European  countries,  also  by  all  railroads  and  prac- 
tically all  the  other  manufacturing  industries  in  the  United  States,  is 
largely  due  to  the  fact  that  it  is  the  only  form  of  thread  by  which  inter- 
changeability  in  manufacturing  is  possible. 

Write  for  a  copy  of  our  Catalog 
"Standards  and  Gauges" 

POND  COMPANY 

111  BROADWAY.  NEVS^  YORK 

BIrmlnoham.  Ala.:  U"!:.  First  Av.  San  Francisco;  10  to  IS  Frrmont  St.  London.  Eng.:  25  Vlctorin  St  S.  W  foy,  Colorado, 
Utah,  Wyoming  and  New  Mexico:  llenilrle  &  BolthofT  M.inufactiirlnK  &  Supply  Co.,  Denver.  For  Canada:  Tin-  John  Bortiam 
&   Sons   Co..   Ltd.,    PuniliiH,    Moiilre:il.   Toronto,   Winnipeg  and   Vancouver. 
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Only  a  Rigid  Machine  Could  Perform  This  Job 


The  work  is  a  jeweler's  draw 
bench.  The  operation,  boring 
holes  at  each  end  of  the  casting, 
is  one  of  extreme  accuracy.  Or- 
dinarily the  weight  of  the  piece 
and  the  fact  that 
it  is  necessary  to  ■"'~"^—^~ 
use  the  table  at 
the  extreme  end 
of  its  travel 
would  be  against 
accuracy.  This 
makes  no  differ- 
ence on  the  Mil- 
waukee Milling 
Machine,  how- 
ever, on  account 
of  its  rigidity. 


MILWAUKEE 

MILLING 
MACHINES 


I.et  us  tell  you  dliotil   Miliviiiikct 
construction   in  ilolail 


Note  the  Position 
of  the  Table 


The  W.  W.  Oliver  Manufactur- 
ing Company,  Buffalo,  N.  Y.,  has 
used  this  machine  on  special 
manufacturing  of  a  wide  range 
for  many  years;  when  photo- 
graphed recently 
-^— ^— ^  on  this  particular- 
ly trying  job  it 
was  working  with 
original  accuracy 
unimpaired.  Ac- 
curacy  in  the 
work  means  ri- 
gidity in  the  ma- 
chine. Roth  rigid- 
ity and  accuracy 
are  embodied  in 
Milwaukee  Mill- 
ing Machines. 


Kearney  S  Trecker  Co.,  Milwaukee, Wis., U.s.a. 
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Conserve  Your  Workmen's 
Energy 


THE  LODGE  AND  SHIPLEY  MANUFACTURING 
LATHE  measures  the  pieces.  .The  operator  sets  the  diam- 
eter and  length  stops  as  he  turns  the  first  piece.  Then  the 
stops  accurately  and  easily  duplicate  the  rest  of  the  lot. 
The  operator  does  not  have  to  use  his  scale,  calipers  and 
micrometer  on  every  piece. 

Front  and  rear  tool  rests  for  high  duty,  four-way  or  gang 
tool  blocks,  provide  for  enough  tools  to  finish  the  piece  in 
one  set  up.  Pan,  pump  and  tubing  keep  the  floor  clean 
and  get  maximum  service  from  the  tool  steel. 

You  should  know  more  about  how  the  Manufacturing  Lathe  will 
increase  your  lathe  production.    Write  us  now. 


LATHES 

Oiih 

The  Lodge  &  Shipley  Machine  Tool  Co. 

CINCINNATI,  OHIO,  U.  S.  A. 
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Baush  High  Speed  Multiple 
Spindle  Drill  No.  4 

This  machine  can  be  supplied  with  heads  of  various  sizes,  up  to  30  inches  round  and 
30  by  46  inches  rectangular.  It  is  capable  of  driving  twelve  114-inch,  sixteen  1-inch 
drills,  etc.,  up  to  twenty-eight  Sg-inch  drills  in  cast  iron. 

The  drill  spindles  are  adjustable  over  widely  varying  layouts,  to  suit  the  positioning  of 
the  holes  in  the  work. 

Convenience  of  operation  has  been  considered  in  every  detail  of  control.  The  belt 
shifter,  the  three  speed  changes  and  four  feed  changes  are  all  at  the  instant  command 
of  the  operator.  The  feed  is  provided  with  automatic  trip ;  the  head  can  be  fed  farther 
by  hand  if  desired. 

In  fact,  this  Baush  Multiple  Spindle  Drill  has  been  designed  throughout  to  secure  the 
utmost  speed  in  drilling  many  holes  simultaneously. 

Tell  us  of  your  drilling  jobs— two  or  more 
holes  in  counterparts  fit  the  job  for  the 
Baush. 

If  this  machine  does  not  fit  your  work 
there  is  another  Baush  Machine  that  will. 

BAUSH  MACHINE 
TOOL  COMPANY 

SPRINGFIELD  MASS. 

Detroit  Office: 
Dime  Savings  Bank  Building 


gal;    Altered    Herbert,    Ltd.,  Coventry,    Eng. 

land,     for    Great    Britain,  Ireland,     India, 

Burma,      Ceylon.      British  South      Africa, 

Japan,    Manchuria,    Corea.  Ft 
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Bradford  Lathes 

This  Bradford  Was  Bought  Before  "Speed-Up" 
Became  a  By-Word — But  It  Was  Ready 

The  Indianapolis  Tool  &  Manufacturing  Company  of 
Indianapolis  purchased  this  Bradford  Lathe  in  1910 — 
long-  before  the  war  demanded  the  supreme  effort  of 
machine  tools.  But  the  Bradford  was  ready.  It  was  built 
to  withstand  unexpected  strains,  and  after  eight  years 
of  roughing  out  tough  gear  blanks,  it  is,  not  only  in 
efficiency  but  even  in  appearance,  the  same  neto  lathe 
it  was  the  day  it  was  installed. 

It  is  the  Bradford's  ability  to  do  the  unusual  that  makes 
it  so  popular.  Modern  shop  practice  daily  demands  more 
rigid  requirements.    Are  your  machines  prepared? 

Bradford  Lathes  are  made  in  sizes  from  /  ■^ "  lo  42^  swing. 
Get  the  catalog  for  full  particulars 

THE  BRADFORD  MACHINE  TOOL  CO. 


CINCINNATI 


OHIO,  LI.  S.  A. 


AOKNTfl:     flwind    Mnchlnenr   Co.,    rhllndclphlt 
A    T/«lil    Co.,    nUirtiiirgh,    P«. 


Tnylor  Mnchlnery  Co..    Hcwton     Man.     8toclior-nuiiil«y-Wiichii  Co.,    Chlraio,    III.     Somere,    Pitlet 


hii'    K.    A.    klDMy    Co.,    Cincinnati,    6..  and  indlannpolla,  Ind.     Ilia  Mine  &  BniMur  Supr^T  Co.,   Drnrar,  Oolo. 
i'aciilc   Tool"*    8lipply"L'o.,    Han    Krandaco,    Cal. 
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Why  Manufacturers  Choose 


STEWART 
FURNACES 


Steel,  fuel,  tools  and  labor  are  higher 
to-day  than  ever  before.  When  a 
piece  of  work  is  ready  for  heat  treat- 
ment a  considerable  investment  lies 
in  the  furnace,  upon  the  correctness 
of  which  depends  the  profit  on  time 
and  money  already  spent. 

Careful  manufacturers,  for  this  rea- 
son, appreciate  the  importance  of 
using  the  best  furnaces  obtainable. 
The  same  reason  accounts  for  the 
wide  adoption  of  Stewart  Furnaces. 

In  Stewart  Furnaces  heavy  linings 
effectively  check  radiation,  and  a 
quickly  obtained  temperature 
has  permanent  uniformity. 
Burners  produce  perfect  combustion 
without  smoke,  soot  or  odor,  thus 
making  chimney  connections  unnec- 
essary. Stewart  Furnaces  are  clean, 
convenient  and  compact;  durable, 
though  simply  constructed,  and  easy 
to  operate. 

Stewart  Furnaces  are  adapted  for 
artificial,  producer  or  natural  gas, 
fuel  oil  or  kerosene.  They  are  made 
in  types  and  sizes  to  serve  most  pur- 
poses. Special  sizes  made  to  your 
own  specifications. 

Let  ua  send  the  complete  catalogue  and 
details  of  30-day  free  trial  offer. 

CHICAGO  FLEXIBLE 
SHAFT  COMPANY 

12th  St.  and  Central  Ave. 
CHICAGO  ILLINOIS,  U.  S.  A. 
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The  Richardson  People 
Asked  Us  To  Withhold 
Production  Figures 


But  We  Can  Assure  You  Output  Is — 

Very  Good  Indeed 


A  Landis  Double  Head  Threading  Ma- 
chine is  always  a  cost  cutter — whether 
on  straightaway  work  or  a  two  opera- 
tion job  such  as  the  one  photographed 
in  the  Edro  Richardson  Brass  Com- 
pany's plant.  Work  is  1/2  inch  diameter 
brass  nipples,  threaded  on  both  ends. 
For  the  first  operation,  nipples  are  held 
in  the  regular  way  and  threaded  for  % 
inch — half  their  length ;  but  for  thread- 
ing the  second  end  a  threaded  grip  is 
used,  which  grips  securely  without  dam- 


aging the  threaded  portion.  Though 
we  can't  tell  you  just  how  good  produc- 
tion is  on  this  work,  we  can  assure  you 
it  is  highly  satisfactory  to  all  con- 
cerned. 

Landis  Double  Head  Machines  save 
power  and  labor  as  well  as  time — points 
well  worth  considering  in  addition  to 
the  clean,  accurate  threads  they  cut. 
We  make  it  our  business  to  adapt  them 
to  every  cutting  problem  within  their 
range — how  about  yours? 


LANDIS  MACHINE  COMPANY 


WAY  N  E  S  B  O  R  O 


PENNSYLVANIA 


INCORPORATED 
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"The 
Drag'on" 

is  a  publica- 
tion  issued 
monthly  by  The 
Fafnir  Bearing    Co. 
in  the  interest  of  Ball 
Bearing's  and  their  cor- 
rect application. 

We    shall    be    glad    to    send    a 
copy  of  each  issue  to  the  manu- 
facturer or  engineer 


Addfft 


THE    FAFNIR    BEARING    COMPANY 


(  .,„  ,,.!  \\wu<  I  „ 


DETROIT  Offic* 
752  D«»id  Whilnry  Bld(. 


New  Britain,  Conn. 


CII1CA(.0  Offi.r 

I9I9  So.  Mirhiiian  Av 
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Beaman  &  Smith  Engineers  are 
Production  Specialists 


Their  sole  business  is  to  design  and  build  machines  to  per- 
form any  one  operation  or  any  series  of  operations  better  and 
faster  than  they  have  ever  before  been  performed.  The  No.  1 
Horizontal  Milling  Machine  is  one  of  the  tools  we  have 
evolved.  In  this  machine  the  arbor  provides  ample  cutter 
space,  the  M^ork  surface  is  large,  the  drive  powerful  and  de- 
pendable— for  the  quick  removal  of  stock  there  isn't  a  more 
capable  machine  of  its  kind  to  be  had.  It's  a  wide  range  ma- 
chine, too.  It's  one  of  a  number  of  Beaman  &  Smith  ma- 
chines doing  excellent  work  under  conditions  that  test  metal 
and  build.  We  build  machines  for  boring,  milling,  drilling, 
etc.;  all  sizes,  all  combinations;  carry  an  efficient  line  of 
"regulars,"  and  furnish  special  machines  when  these  won't 
answer.    Write  us. 


BEAMAN  &  SMITH  COMPANY 

PROVIDENCE  RHODE  ISLAND 


Horizontal 

Milling 

Machine 

No.  1 


Powerful 

Speedy 

Accurate 
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The  AMERICAN  Lathe 

i4s  a  Valuable  Factor  in  Automobile 
Transmission  Production 

The  Durston  Gear  Company,  Syracuse,  N.  Y.,  makes  automobile  trans- 
missicjns  for  high  g-rade  motor  cars — and  the  American  Tool  Room  Lathe 
makes  jigs  and  fixtui'cs  and  tools  for  the  Durston  Company.  It  takes  no 
great  stretch  of  the  imagination  to  see  the  value  of  the  lathe  in  the  pro- 
duction of  the  gears — for  to  make  good  transmissions  all  machines  and 
tools  must  be  top-notch.  And  when  we  asked  the  toolroom  foreman  at 
Durston's  about  the  "American"  he  said:  *T  like  them.  I  have  used  them 
for  toolroom  work  for  over  a  year — on  all  kinds  of  heavy  jig  and  fixture 
work.    They  meet  every  requirement   for  accui-acy." 

THE  AMERICAN  TOOL  WORKS 


LATHES 


PLANERS 
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ProgressiveTool  Makers 

Prefer  the  ^^ American** 


Where  you  find  a  progressive  tool  room  the  chances  are  you'll 
find  "American"  tool  room  lathes.  ''American"  Quality  is  recog- 
nized and  utilized  by  such  people  as  the  Ford  Motor  Company, 
General  Electric,  Brown  &  Sharpe,  Winchester  Repeating  Arms, 
Pennsylvania  R.  R.,  Geometric  Tool  Company,  Bausch  &  Lomb 
Optical  Company  and  dozens  more  of  the  biggest  and  best  con- 
cerns in  the  country. 

There  are  good  reasons  why  "American"  lathes  have  the  prefer- 
ence. Not  only  are  they  built  to  highest  standards,  but  we  have 
developed  attachments  for  tool  room  along  original  lines  and  to 
close  standards  of  accuracy — attachments  which  may  be  fitted 
when  the  lathe  is  purchased  or  added  later  on  as  occasion  demands. 

Let  us  tell  you  more  about  this  machine. 


COMPANY,  Cincinnati,  U.  S.  A 


SHAPKKS 


RADIALS 
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J&,  L  Flat 


Lathe 
Spindles 

for  the 

B.  C.  AMES 
COMPANY 


The  Ames  Company  will  tell 
you  its  lathe  spindles  are  as 
fine  an  example  of  accurate 
manufacture  as  can  be  found 
anywhere.  And  the  ma- 
chine selected  for  this  work 
is  a  J  &  L  Flat  Turret  Lathe. 


For  example  —  the 
hole  through  the 
spindle  is  71/2  inch- 
es, and  must  be 
straight  and  con- 
centric. Production 
is  not  as  interesting 
as  the  exactness  of 
the  work — both  are 
good. 

This  pai-ticular  ma- 
chine has  been  in- 
stalled for  more 
than  five  years  and 
used  always  on  the 
finest  of  work.  Its 
accuracy  and  dur- 
ability have  l)0('n 
dcmoiist  i-atcd. 


Springfield,  Vermont, 
U.  S    A 


Send  For  more  details. 


Jones  &  Lamson 


IKA.NC;i-.    SI'VIN,    III  l.(ill   Mt      I-.    A.ilicrlv    .M    <:<•..   ''I    Kiie   <lr    MnnluMiCe.    I'l 
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Turret  Lathe 


Water  Heater  Taps  for  the  Stanley  Steamer 

We  found  this  job  in  progress  at  the  Stanley  Motor  Carriage  Works,  Newton,  Mass.. 
where  they  are  using  a  J  &  L  thread  cutting  attachment  to  cut  threads  on  the  feed 
water  healer  tap  shown.  This  tool  cuts  16  threads  per  inch  on  a  3.109  diameter  to 
rigid  inspection  requirements. 

The  J  &  L  automatic  thread  chasing  tool  cuts  a  wide  range  of  threads;  its  internal 
range  runs  from  2'  ^  to  11  inches  diameter;  external  1  inch  to  llVo  inches  diameter, 
any  length  under  4  inches.  It  is  a  standard  tool — one  of  many  developed  for  use 
on  J  &  L  machines. 

The  history  of  the  J  &  L  P^lat  Turret  Lathe  in  this  plant  dates  back  fifteen  years, 
and  their  success  is  due  to  the  i-apid  finishing  of  duplicate  parts  at  minimum  costs. 


We'll  be  glad  to  answer  inquiries. 


Machine  Company 


109  Queen  Victoria  St. 
London,  E.  C. 


HOLLAND:      Spliclhoir.    Kceuwke*  A    Co..    Kollcrtl.ii 
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Rochester 

Gear    Tooth    Rounding 

Machines 


Rochester  Gear  Tooth  Rounding  Ma- 
chines are  manufactured  to  round  the 
teeth  of  any  type  gear  from  V//'  to  30" 
diameter  and  practically  any  pitch. 

They  will  do  this  work  at  manufactur- 
ing speed,  automatically  and  with  great 
accuracy. 

They  will  also  remove  the  burrs  left  by 
the  cutters  on  spiral  bevel  gears  and 
pinions  and  worm  gears. 

The  new  catalogue  illustrates  and  des- 
cribes these  machines  in  detail.  Send 
for  your  copy.  It's  free.  And  it  will 
.show  you  how  to  save  money  in  round- 
ing Iho  teeth  of  sliding  gears. 

INGLE  MACHINE  CO. 

371  St.  Paul  St.       Rochester,  N.  Y. 


Six  Years  of 
Steady  Service 

Here's  a  photograph 
which  explains  the 
smooth  action  and  long- 
life  of  sliding  gears 
used  in  machine  tools 
built  by  the  Morris  Ma- 
chine Tool  Company,  Cin- 
cinnati. It  shows  one  of 
the  Morris  operators 
rounding  the  teeth  of  a 
9  pitch  gear,  having  16 
teeth  of  50-point  carbon 
steel. 
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BRIDGEFORD  LATHES 

Aids  to  the  Field  Pieces 


THESE  twenty-nine  Bridgeford  Lathes  were  re- 
cently installed  in  a  new  munitions  plant,  and  in 
manufacturing  high-powered  projectiles  will  prove 
valuable  aids  to  the  other  machines  of  war— "Over 
There." 

Men  who  operate  these  tools  pledge  two  new  shells  for 
every  one  their  partners  in  France  unloose.  They  have 
confidence  in  the  ability  of  their  machines  as  the  gunner 
has  in  his  Field  Piece. 

What  Bridgeford  Lathes  have  accomplished  in  every 
branch  of  the  war's  work  of  production  proves  that  the 
confidence  of  their  operators  is  not  misplaced. 

Make  the  limit  of  your  tools  the  limit  of  your  assistance. 
Choose  no- limit  producers.      Get  the  Bridgeford  catalogue.     Do  it  now! 

BRIDGEFORD  MACHINE  TOOL  WORKS 


151  WINTON  ROAD 


ROCHESTER.  N.  Y. 


MANUFACTURERS  OF  HF.AVY  DUTY  I.ATHIuS  FOR  MORF,  THAN  20  YKARS. 
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For  Range, 

Accuracy,  Speed 

2uid  Service 


use  a 


"GIANT" 

KEYSEATER 


The  accompanying 
photograph    was 
taken  in  the  plant 
of    the    Rochester 
(N.     Y.)     Barrel 
Machine     Works, 
where  this  No.  2 
"GIANT"    Key- 
seater  has  been  in 
daily  use  for  the 
last    seven   years. 
Although    it    has 
been    constantly 
employed  to  the  ex- 
tent of  its  capac- 
ity, it  is  in  as  good 
running  order  to- 
day as  it  was  when 
first  installed. 

All     "GIANT"  ^        ^  ^      ^. 

Keyseaters  are  noted  for  their  first-class  construction, 
which  insures  long  service  with  permanent  accuracy.  Try 
to  see  an  "old-timer"  in  action. 

It  takes  but  a  minute  to  set  up  the  "GIANT"  Keyseater 
for  a  change  in  the  work.    An  exclusive  feature  is  the  meth- 
od by  which  the  work  is  held  by  the  bore  alone,  no  blocks, 
fixtures  or  holding  devices  being  required. 
It  cuts  keyways  of  any  shape  or  size  quickly,  accurately 
and  economically.  Its  first  cost,  as  a  general  rule,  is  its 
only  cost,  and  we  can  cite  cases  where  this  has  even 
been  true  for  periods  of  twenty  years 
or  more. 

Write  today  for  further 
particulars 


GIANT" 

Keyseater  is  made 
in  styles  and  sizes 
to  meet  all  re- 
quirements —  your 
requirements. 


MITTS  &  MERRILL 

843  Water  Slreel,  SAGINAW,  MICH. 


POHIirjN  Ai.lNTS  II.. 
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Rough  Turning  9.2  British  Howitzer 
Shells  on  the  LeBIond  Heavy  Duty  Lathe 

The  parallel  cut  and  nose  radius  are  turned  simultaneously. 
The  radius  is  turned  from  the  main  cross  slide  by  means 
of  a  forming  attachment  that  picks  up  and  overlaps  the 
parallel  cut  at  the  end  of  the  radius. 

The  straight  diameter  is  turned  from  a  supplementary 
slide. 

Time — 18  Minutes  each 

Machine— ZO"^  LeBIond  Heavy  Duty  Lathe 

Certain  exclusive  features  in  our  design  make  the  produc- 
tion possible.  Positive  clutch  apron,  patent  double  fric- 
tion back  gear,  headstock,  etc. 


We  can  offer  attractive  deliveries 

The  R.  K.  LeBIond  Machine  Tool  Co. 

Cincinnati,  Ohio,  U.  S.  A. 
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INGERSOLL 

Horizontal 
Spindle 
Milling 
Machines 


There  are  other    types   of  Ingersoll 

Milling   Machines  -  all    built    in 

the   same    rugged  style  and 

with     the    same    finish. 


'(She 

Ingersoll  Milling 
Machine  Company 

MII.LINd  MACHINhS  AND 
Tin.lR  F.QUII'MENT 

Main  Office  and  Worh%: 
HOCKFORD  ILL..  U.  S.  A. 


r(CW    YOUK    ornCE; 
TIk.     Wnlirr    H.     Vtm 

nrTROiT  orncr:    ic.t 


M)    Cl.urrh 
"r    Co,    Mgr 


INGERSOLL  Horizontal  Spindle  Inclined  Rail 
Milling  Machines  have  a  great  capacity  for 
heavy,  fast,  continuous  accurate  milling. 
The  heavy  arbor,  rugged  arbor  support,  and 
width  of  its  inclined  rail  all  together  make  pos- 
sible heavy,  accurate  cuts  without  vibration  or 
chatter. 

In  addition,  when  equipped  with  a  vertical  head, 
this  machine  is  of  peculiar  value  to  shops  that 
have  lai-ge  keyways  to  cut  in  heavy  shafts.  The 
keyway  cutter  is  mounted  on  the  arbor  and  the 
routing  cutter  is  driven  by  the  vertical  head, 
I)roducing  a  finished  keyway  at  one  setting.  The 
vertical  head  may  be  moved  to  the  end  of  the 
i-aii  out  of  the  way  when  not  in  use. 

'i'his  carefully  develoijed  machine  has  the  rugged 
strength  and  accurate  i)recision  found  only  in 
the  highest  class  tools.  All  gears  are  cut  from 
solid  forgings  and  are  heat-treated  and  carbon- 
ized. Thirty  years'  consistent  growth  has  made 
Ingccsoll  Milling  Machines  the  standaivl  in 
shops  where  ;i('ciir;ile  tools  :ire  chosen. 
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KempsmitH 

Universal 
Miller 


IS  a 


Jig"  boring — shown  in  the  picture 
— is  one  of  the  0.0001"  jobs  on 
which  the  "Kempsmith"  distin- 
g-uishes  itself.  There's  also  a 
large  amount  of  government 
work  executed  in  this  plant — 
for  which  requirements  are  al- 
ways exacting- — and  here  again 
the  "Kempsmith"  takes  a  leading 
part.     The  same  well-balanced 


Profitable 
Machine 

In  The  Contract  Shop 

Accuracy  to  0.0001" 
is  not  simply  a  claim 
in  the  Atcheson  & 
Barok  Die  Tool  Com- 
pany, it  is  a  guaran- 
tee —  to  which  the 
Kempsmith  Miller  is 
first  aid. 


construction  and  careful  work- 
manship which  have  made  the 
Kempsmith  Miller's  reputation 
for  strength  and  rigidity,  pennit 
a  degree  of  accuracy  that  is  par- 
ticularly appreciated  in  the  tool- 
room. The  universal  features, 
convenient  control  and  ready 
adaptability  make  it  a  profitable 
miller  for  the  contract  shop. 


Kempsmith    production    data    on    work 
similar  to  yours  at  your  disposal.    Write. 

KempsmitH  Milwaukee,  u.s.a.] 
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UPRIGHT  DRILLING  MACHINE 

A  Tool  That  "Grew  Up" 

The  initial  product  of  the  Cincinnati  Bickford  organization  made  its  ap- 
pearance 44  years  ago,  and  though  crude  in  some  respects,  many  of  its 
type  are  still  doing  service  in  various  lines  of  work.  This  machine  had 
but  three  feeds  and  to  change  from  one  to  another  required  the  trouble- 
some shifting  of  a  belt  on  cone  pulleys.  Some  builders  have  never  de- 
parted from  this  construction. 

The  Cincinnati  has  "grown 
up."  And  now — it  has  "all 
geared"  drive,  conserving 
power  and  minimizing  wear 
on  bearings;  sixteen  speeds 
-  —38  to  534  r.p.m.  in  the  24", 
28"  and  32"  sizes  and  33  to 
428  r.p.m.  in  the  36"  and  42" 
sizes;  six  positive,  quickly 
obtainable  feeds  from  6  to 
39  thousandths  in  the  24", 
28"  and  32"  sizes  and  from  7 
to  49  thousandths  in  the  36" 
and  42"  sizes;  friction  back 
gears  and  patent  geared 
tapping  attachment  which 
engage  without  shock  while 
machine  is  in  operation. 

And  we'd  like  to  go  into  de- 
tails about  that  tapping  at- 
tachment. It's  a  drilling 
machine  feature  which  you 
ought  to  know  about.  Write 
us  and  we'll  gladly  send  the 
full  story  in  Circular  U-4. 


THE  CINCINNATI  BICKFORD  TOOL 
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CmimTI  BICKfORD 


RADIAL  DRILLING  MACHINE 

As  Adaptable  As  It  Is  Able 

The  Cincinnati  Bickford  was  the  first  modern  type  radial,  and  the  fact  that  it  re- 
mains foremost  today  is  significant  of  what  years  of  specialization  have  accomplished. 
Twenty-four  claims  were  allowed  on  the  original  tool  and  scores  of  others  have  been 
granted  since — proof  of  the  many  improvements  in  the  present  design.  It  is  un- 
equalled in  range  and  adaptability. 

The  arm,  entirely  enclosed  on  all  sides,  affords  an  unusual  degree  of  stiifness,  and  is 
provided  with  a  narrow  guideway;  "fool-proof"  elevating  mechanism  prevents  ac- 
cidents; automatic  trip  is  in  full  view  and  within  convenient  reach  of  operator;  back 
gears  furnish  three 
changes  of  speed 
and  are  operated  by 
a  lever  located  at 
bottom  of  head, 
close  to  reversing 
lever,  thus  permit- 
t  i  n  g  operator  to 
have  a  hand  on  each 
to  avoid  shock  while 
engaging  gears;  all 
gears  are  of  steel 
and  nearly  all  are 
carbonized  and 
hardened. 


i 


Our  44  years'  drilling 
machine  experience  is 
at  your  service.  We'll 
be  glad  to  cooperate. 
Write  us. 


^&18c 


1^       '^ 


'^'^'^'^^^'P'CKFORDTrcuc.CfNCINNATl.C.r 


COMPANY,  Oahley,  Cincinnati,  U.S.A. 
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CINCINNATI  PLANERS 

Eleven  of  Them  in  This  Plant 


Efficiency  Planers 


Planer  Efficiency 


i 


for  the  circular. 


There  are  eleven  Cincinnati  Planers  in  this  big 
"down  East"  grinder  manufactory,  each  daily  ac- 
complishing work  that  is  a  credit  to  the  installation. 

The  operation  shown  is  machining  the  ways  of  three 
grinders  at  the  same  setting.  Extreme  rigidity  and 
accurate  alignment  are  vital  to  the  successful  com- 
pletion of  this  job.  The  fact  that  Cincinnati  Plan- 
ers have  seen  many  years'  service  in  this  plant  is 
testimony  for  their  efficiency. 

Micrometer  adjustments,  graduated  in  thousandths 
on  all  vertical  and  horizontal  screws,  provide  means 
for  obtaining  any  depth  of  cut  rapidly  and  accur- 
ately. Great  variety  of  si)eeds  is  another  important 
feature. 


CINGINNATI  PLANER  COMPANY 

*       *      "         CINCINNATI,  OHIO,  U.  S.  A. 
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Cincinnati-Acme 

Combination  Flat  Turret  Lathe 

Cuts  Out  the  '^ Preliminaries' ' 

The  operation  shown  in  the  photograph  is  machining  an  18  inch 
gear  blank  and  the  particular  advantage  in  using  the  Cincinnati- 
Acme  Combination  Flat  Turret  Lathe  on  this  class  of  work  is 
that  much  of  the  customary  setting  up  can  be  eliminated. 

All  dimensions  on  these  gear  blanks  must  be  held  to  plus  or 
minus  0.001".  That  this  is  being  satisfactorily  accomplished  is 
evident  from  the  fact  that  the  Union  Gear  and  Machine  Company 
of  Boston,  where  the  photograph  was  taken,  has  recently  supple- 
mented its  Cincinnati-Acme  equipment  by  still  another  machine. 

"A  watched  Cincinnati-Acme  needs  no  further  advertisement." 

When  you  want  a  time-.saving,  vibrationless  lathe  you 
should  have  the  details  of  the  Cincinnati- .Acme  handy. 

THE  ACME  MACHINE  TOOL  CO. 

CINCINNATI,  OHIO,  U.  S.  A. 
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SIMPLICITY  in  design  and  convenient 
operation  make  this  complete  universal 
Automatic  Screw  Machine 
profitable  for  jobbing  as 
well  as  manufacturing 
purposes.  It  will  show  a 
profit  on  even  compar- 
atively short  runs. 

THE 

HAYDEN 

has  nine  cutting  tools — 
any  one  of  which  can  be 
brought  into  position  by  a 
hand  lever — a  gage  for  the 
quick  setting  of  circular 
tools  and  other  distinctive 
advantages — 47  in  all — 
which  make  its  records 
notable  even  in  this  day  of 
unprecedented  production. 


H^c  claim  it  to  be  the  best  all  round  machine  of  its  class 
and  are  ready  to  prove  it.     Catalog  for  details. 


CINCINNATI  AUTOMATIC  MACHINE  CO.,  Oakley,  Cincinnati,  Ohio,  U.  S.  A. 


Do  Those  Unusual  Jobs   on  a 

CINCINNATI 

BORING  MILL 


The  Cincinnati  Boring  Mill  is 
more  than  its  name  implies — 
it  is  a  most  versatile  general 
manufacturing  tool — big,  pow- 
erful, yet  convenient  and  easy 
to  operate  and  extremely  ac- 
curate in  its  special  field, 
machining  work  of  large 
diameters. 

It  is  particularly  desirable  in 
big,  busy  shops,  where  un- 
usual jobs  are  certain  to  arise. 

Sizet  up  to  16  feet. 
Complete  deicription  upon  application. 


THE  CINCINNATI 
PLANER    COMPANY 


CINCINNATI 


OHIO,  IJ.  S.  A. 
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AUGUST  and  the  Coupon 

A  list  of  the  men  who  would  rather  run  a  lathe  than  an  automobile 
during-  the  month  of  August  could  be  written  on  the  back  of  a  post- 
age stamp  with  a  paint  brush. 

The  "boss"  who  knows  and  understands  this  truth  has  a  much  bet- 
ter chance  of  weathering  labor  conditions  than  the  one  who 
doesn't. 

Though  you  can't  furnish  the  automobiles  and  spare  time,  you  can 
provide  the  lathe  that's  least  likely  to  aggravate  the  situation- 
pick  the  lathe  that  will  do  the  heavy  work  with  a  minimum  strain 
on  the  operator. 


It's  your  own  fault  if  you  don't  know 
that  this  is  a  G-K  specialty.  For  the 
last  six  months  we've  emphasized  our 
willingness  to  send  you  the  news  on 
what's  what  in  modern  lathe  building. 
However,  we  won't  chide — get  the  cou- 
pon off  now.  We'll  try  to  make  deliver- 
ies before  the  "dog  days"  get  monoto- 
nous. 


The  Greaves-Klusman  Tool  Co., 
Cincinnati,  Ohio,  U.  S.  A. 

Your  advertising  has  Interested  me.    Send  the 
G-K  story. 


MACHimBT 


GREAVES-KLUSMAN 

HIGH  QUALITY LATHES. 
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FOREMOST 


This  new  Van  Norman  Grinder 
is  rapid,  accurate,  compact  and 
convenient.      To    illustrate    the 
last  mentioned  qualification:    a 
single  movement  against  one  hand  lever 
disconnects  latch  and  vv^ithdraws  the  wheel 
slide;  similar  action  with  the  other  hand 
carries  the  work  head  outward  on  cross 
slide  ways  at  right  angle  to  the  wheel 
spindle,  giving  ample  clearance  for  test- 
ing and  loading. 

We  want  to  make  you  thoroughly  acquainted 
with  this  machine.  If  you  can't  conveniently 
see  it  for  yourself  in  actual  operation,  write  us. 

VAN  NORMAN  MACHINE 
TOOL  COMPANY 

Waltham  Avenue,  SPRINGFIELD,  MASS. 


Model  No.  34 

The  Highest  Development 
in  Modern   Bore    Grinders 


The  Van  Norman  Model  No.  34  Bore 
Grinder  is  the  highest  development  in 
machines  for  the  accurate  production  of 
short  straight  or  taper  holes.  It  embodies 
many  original  features  to  meet  the  rigid 
requirements  of  ball  and  roller  bearing 
race  manufacturing  and  other  instances 
where  precision  grinding  of  similar  na- 
ture is  performed. 

It  has  the  same  refinement  of  cross  feed 
and  cut-out  mechanism  as  is  employed  in 
the  well-known  Van  Norman  Oscillating 
Grinder. 


VAN  NORMAN 
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Therek  No  Dan^e^ 

When  a  tang  twists  off 
don't  endanger  the  true 
taper  and  the  axis  of  the 
tool  by  delicate  grinding 
jobs.  Insist  on 

PerfectriottbleTanq 

"Perfect  Double-Tang"  Sockets  are 
easily  applied — just  grind  a  new- 
tang  below  the  old  and  broken 
one;  almost  any  boy  can  do  it — 
and  without  the  least  danger  to 
the  future  performance  of  the 
tool. 

In  fact  "Perfect  Double -Tang" 
actually  makes  the  tool  25-60% 
stronger  than  before,  and  is  eq- 
ually valuable  in  preserving 
new  tools  from  tang  troubles, 
or  in  reclaiming  broken  tanged 
tools. 

Send  for  "Rob  the  Scrap  Heap" 

THE  i^xjc*  X.  ^.x:^  ▼    T ,  :v 


TWIST     DRILI 


NEW  YORK 


COMPANY 
CLEVELAND  CHICAGO 


J!^ 
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If  a  job  is  not  turned  true,  you  can  improve  it  by  grind- 
ing. If  it  is  not  bored  true  you  can  improve  it  by  ream- 
ing. But — if  it  is  not  planed  true  you  can  improve  it  only 
by  hand  scraping,  which  is  slow  and  expensive.     With 

Crrcitf  J>lanors 

and  some  "know  how"  scraping  may  be  largely  eliminated.  To 
prove  this,  will  say  that  we  do  not  find  it  necessary  to  do  any  scrap- 
ing on  the  beds  or  tables  of  our  planers  in  order  to  procure  a  perfect 
bearing.  The  only  scraping  we  do  on  them  is  merely  to  remove  the 
"loose  iron."  It  will  pay  you  to  investigate.  We  will  be  pleased 
to  have  you  call. 


^^man^SXiOlfWlf^X 


THEGAiGR&YCQ 

CINCINNATI.OHIO. 


t>^ 


/fare/o/Sr/Aose  H>Ao  ii)a/zf /^eTies^ ' 


FOX   LATHES 

Motor  Driven  Lathes  of  Quality 

Built  by 

BARDONS  &  OLIVER 

CLEVELAND,  OHIO,  U.  S.  A. 


T^HIS/'Fox"  Lathe  is  noted 
-■-  for  its  exceptionally  com- 
pact construction.  Selective 
speed  all-geared  head  elimi- 
nates overhead  shafting. 
It  has  eight  spindle  speeds, 
chasing  and  taper  attach- 
ments, universal  turret  slide 
and  saddle  with  longitudinal 
and  cross  motion.  It  may 
also  be  equipped  with  auto- 
matic chuck  and  wire  feed 
and  power  longitudinal  feed 
to  turret  slide. 
Reverse  is  instan- 
taneously obtain- 
able by  means  of 
friction  clutches, 
spindle  only  be- 
ing reversed,  mo- 
tor and  fast  run- 
ning shafts  al- 
ways turning  in 
same  direction. 


The  '  'Fox ' '  Lathe 
may  be  handled 
efficiently  in  any 
available  part  of 
the  shop. 
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I  MAN-POWER  I 


F 


MAY  BE  CONSERVED 

BY  USING  TOOLS  THAT  ENABLE  THE 
INDIVIDUAL  WORKER  TO  PRODUCE 
MORE.  INCIDENTALLY  SUCH  TOOLS 
ALSO  SAVE  TIME  AND  POWER  AS  WELL 

"MORSE"  DRILLS  ARE  SUCH  TOOLS 

THE  MEN  WHO  USE  THEM  KNOW 


I     MORSE  TWIST  DRILL  &  MACHINE  CO.     | 

I  NEW  BEDFORD,  MASS.  | 
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A   Shearing  Cut  Without 
Channels  or  Furrows 

That  is  the  kind  Nicholson  Files  give.  The  teeth  of 
Nicholson  Files  are  so  formed  as  to  have  a  keen  cutting 
edge  combined  with  strength  to  withstand  pressure,  and 
ability  to  free  themselves  from  chips. 


(TRADE  MARK) 


(TRADE  MARK) 


i 


While  we  carry  over  6000  varieties  in  stock,  there  are  two 
grand  divisions  of  Nicholson  Files,  namely,  the  Increment 
Cut  Files  for  all  ordinary  work,  and  the  X-F  Swiss  Pattern 
Files  for  jewelers,  watch  and  tool  makers. 

Nicholson  Files  are  not  only  the  standard  of  America,  they 
have  a  world-wide  reputation.  Some  of  New  England's 
rugged  honesty  of  character  went  into  Nicholson  Files  52 
years  ago — and  has  stayed  there.  .,,^,.„o. 

Send  for  a  copy  of  "File  Filoiophy" —  \^ 

it  will  help  and  interest  you.  X_- 

NICHOLSON  FILE  CO.  M 

PROVIDKNCK  KHODK  ISLAND    ^^ 
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HARDLY  more  than  a  gen- 
eration ago  an  order  for 
shafting  would  be  ac- 
companied by  a  horseshoe  clos- 
ed together  for  calipering — the 
only  "specification"  other  than 
the  approximate  length.  It's  a 
long  way  from  this  primitive 
gage  to  the 

SLOCOMB 

MICROMETER 

— from  yesterday's  slow  and  ex- 
pensive rule  of  thumb  methods 
of  "fitting"  to  the  speedy, 
economical,  interchange- 
able manufacturing  of  today. 

It  is  25  years  since  the  first 
Slocomb  Micrometer  made  it's 
appearance.  Today  the  line  in- 
cludes micrometers  for  testing 
any  and  all  kinds  of  work  from 
0  to  30  inches — accurate  to 
any  required  degree  and  used 
wherever  requirements  are  ex- 
acting and  standards  high. 

The  Slocomb  Micrometer  has  a 
tool  steel  screw  with  extra  long 
bearing  on  nut  and  other  dis- 
tinctive features  that  make  it 
"the  longest  lived  micrometer 
that  can  be  bought." 

Details  in  Catalog  15. 

J.  T.  Slocomb  Co. 

PROVIDENCE.  R.  I.         U.  S.  A. 

rnluOION  ACKNIS:  EnRland:  Chns.  riuirchUl  &  Co.. 
l.til  ,  ixjndon,  BIrinlnKham.  MnnrhoKlor,  Nrwcnsllo-on- 
Tynr  and  Oliiscow.  Jnpnn:  Alfrorl  llcrhnrt,  Ltd.. 
Yr.kohnmn.  Il.ilv:  Chns.  rivlla.  Milan.  AnRtnilln: 
Kdwin    Wood,    11 V,    Md  .    Mclliournp    .-uiil    .Svdncv. 
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The  Secret  of  the  57  Sizes 

of  "Standard  List'^  Ball  Bearings 

*' Standard  List  "  Bearings  made  to  fit  19  shaft  sizes 

HEAVY-duty  ball  bearings  were  first  manufactured  in  Continental  Europe  and  were 
imported  to  this  country  in  considerable   quantities   before   any   of   the   American 
manufacturers  had  become  well  established.     Consequently    American    machinery 
manufacturers  accepted  the  standard  metric  sizes  in  which  the  imported  bearings  were 
made,  and  these  sizes  were  finally  adopted  as   standard   by   the   various   American   Ball 
Bearing-  manufacturers,  and  by  the  Society  of  Automotive  Engineers. 

The  fifty-seven  sizes  on  the  "Standard  List"  are  made  to  fit  nineteen  different  shaft 
sizes,  which  vary  by  five-millimeter  intervals  from  twenty  millimeters  (.7854  in.)  to  110 
millimeters  (4.3307  in.).  These  nineteen  shaft  sizes  will  cover  all  ordinary  require- 
ments, but  for  heavy  machinery  "extra  lai'ge  sizes"  for  shafts  up  to  210  mm.  (8.2678 
in.)  and  for  load  capacities  up  to  44,000  pounds,  are  made  to  order. 

Each  bearing  size  is  identified  by  a  number.  The  last  two  figures  of  this  number  in- 
dicate the  size  of  the  shaft  which  the  bearing  will  fit.  and  in  all  the  standard  sizes,  the 
last  two  figures  of  the  bearing  number,  when  multiplied  by  five,  will  give  the  bore  of 
the  bearing  in  millimeters.  For  example,  the  No.  304  bearing  has  a  bore  of  twenty 
millimeters,  the  310,  fifty  millimeters  and  the  319,  ninety-five  millimeters. 

For  each  of  the  nineteen  shaft  sizes,  bearings  are  furnished  in  three  weights  or  se- 
ries. The  difference  between  the  different  series  will  be  explained  in  our  next  advertise- 
ment in  this  publication. 


Gurney  Ball  Bearing  Company 

Conrad  Patent  Licensee 
Jameatown,  N.  Y. 


GURNEY 


August,  1918 


MACHINERY 


37 


SomeAdvantages 

of 

U.S.  Electrically 
Driven  Tools 


U.  S.  Electrically  Driven  Tools  are  ready  for  immediate  use  as  soon  as 
they  are  uncrated.  There  is  no  delay  for  assembling,  correcting  or 
aligning  and  no  expense  for  transmission  equipment.  They  can  be 
located  and  relocated  at  will ;  they  utilize  power  only  when  actually  at 
work ;  may  be  operated  continuously  without  getting  hot. 


Combination 
Grinding  and  Buf- 
fing M  a  c  h  i  n  e  . 
Two  Sizes — Can- 
vas or  Wire   Belts 


We  have  had  over  30  years'  experience  in  building  electrical  tools  and  design 
our  motors  specially  to  fit  the  machines. 

Besides  our  well  known  Portable  Drills  and  Grinders,  U.  S.  Electrically  Driven 
Tools  include  a  comprehensive  line  of  grinding,  buffing  and  combination  ma- 
chines to  which  the  heavy  duty  model,  shown  below,  is  the  latest  addition. 

Accurate,  durable  and  fully  self -contain  ad,  details  are  fully  set  forth  in  our 
catalog,  but  to  fully  appreciate  the  wide  range  adaptability  and  efficiency  of 
these  machines,  you  must  try  them  in  your  own  shop. 


VY     DUTY     GRINDER 


THE   UNITED   STATES   ELECTRICAL  TOOL  CO. 

6th  Ave.  and  Mt.  Hope  St.,  CINCINNATI.  OHIO 


STOCK    CARRIED    IN    BRANCHES 


New   York   Office 
50    Church    Slree 
Chicago    Office 
Weit     W.nhlnaton     E 


St.     Louis    Office 

610    Commercial    Bulldir 

Boston    Office 

12   Pc.irl    Street 


Detroit    Office 

18    Columbia    St..    West 

Philadelphia    Office 

The    Bourse 
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FORMERiy  U.S.BALL  BEARINGS 


Where  speed  means  life — and  death 
darts  above  the  clouds— there  Strom 
Bearings  keep  ever  at  the  flyer's  com- 
mand a  steady  flow  of  frictionless 
power.  Wjth  their  big  balls  and 
deep  grooves  without  notches,  they 
are  chosen  by  engineers  wherever 
most  dependable  and  economical 
bearing  service  is  required. 


U.   S.   Ball  Bearing  Mfg.  Co. 

Cnnfoil  ratfnt  Urmntff 
f'nlmrr  .SirrrI  nncl  Kolmnr  Avenue,  Chicauo.  Mlinoin 
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UNION  CUTTERS 

With  Wide -Spaced  Teeth  For  Efficiency 


SLOTTING  DESK  FAN  BASES  [f 


I 


Send  for  Book  of  Information,  Edition  "G" 

for  details  of  the  complete  line 

of  cutting  tools 

Union  Twist  Drill 
Company 

ATHOL  MASS. 


THE  accompanying  photo- 
graph shows  a  pair  of 
Union  Cutters,  7"  diameter 
and  1  1/16"  wide,  slotting 
desk  fan  bases  to  a  depth  of 
1  3/4".  Castings  are  mount- 
ed on  the  table  four  at  a  time, 
cutting  is  practically  continu- 
ous, production  is  600  slots 
per  day  (10  hours). 

The  wide  spaced  teeth  of 
Union  Cutters  insure  free  ac- 
tion, ample  chip  room,  mini- 
mum ])ower  consumption  and 
long  service  between  grinds. 

Try  them  and  profit  by 
these  advantages 
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OF  ACCURACY 


Don't  fool  yourself.  You  can't  cut  an  accurate  and  efficient 
helical  gear  with  an  inaccurate  cutter.  Be  the  gear  cutting  ma- 
chine ever  so  accurate,  the  cutter  is  the  final  arbitrator. 

And  speaking  about  cutter  control,  this  must  be  positive  and  rigid, 
not  flexible.  If  not  positive,  the  best  cutter  that  was  ever  made  is 
no  better  than  the  worst. 

In  July  Machinery  we  illustrated  and  explained  the  helical  control 
mechanism  which  is  used  on  the  Fellows  Helical  Gear  Shaper,  and 
which  guides  the  cutter  in  a  positive  and  rigid  manner. 

The  designer  on  the  opposite  page  is  now  being  shown  the  Helical 
Gear  Shaper  Cutter— the  secret  of  perfect  helical  gears.  This  cut- 
ter has  the  involute  curves  of  the  teeth  generated  by  a  grinding 
process  after  hardening  in  the  same  manner  as  the  Gear  Shaper 
Cutter  used  for  cutting  spur  gears. 

I  This  Point  Is  Important 


With  the  Helical  Gear  Shaper  there 
are  no  "gears"  to  calculate.  The 
feed  of  the  cutter  and  the  helix  angle 
produced  have  no  connection  whatso- 
ever. There  is  no  jumping  from 
pillar  to  post  only  to  find  in  the  end 
that  you  cannot  get  the  helix  angle 
you  want.  It  is  just  as  easy  to  cut  a 
helical  gear  on  the  Gear  Shaper  as  it 
is  a  spur  gear,  and  the  cutting  of  a 
spur  gear  is  simplicity  itself.  Ask 
any  owner  of  the  Gear  Shaper. 


It  is  no  exaggeration  to  say,  there- 
fore, that  the  Fellows  Helical  Gear 
Shaper  has  taken  the  "H — 1"  out  of 
Helical  and  the  "Myst"  out  of 
Mystery. 

Don't  fuss  and  worry  along  with  the 
"old  methods"  any  longer.  There  is 
a  better  way — the  Gear  Shaper  way. 
Write  now  for  our  booklet,  "The 
Fellows  Helical  Gear  Shaper," 
which  explains  this  most  interesting 
machine. 


COMPANY,  Springfield,  Vermont,  U.S.  A. 

Parli,  France,  and  Spain;   Milan,  Italy;  Yokohama,  Japan;  Calcutta,  India. 
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Few  Concerns  Demand  More  of  Robbing 
Machines  than  the  Gear  Manufacturers 

P'oote  Hrrts.  Gear  &  Machine  Company,  C'hica^o,  111.,  maker  of  high-tirade  gears, 
uses  Gould  &  Eberhardt  Gear  Hobbers;  gives  them  hard  service  and  finds  them 
satisfactory  from  every  standpoint.  Robbing  these  8G-degree,  52'  si)iral,  75- 
tooth,  2'/2-pitch,  3"  face  steel  gears,  which  are  bolted  together  to  make  herring- 
bone gears,  gives  a  fair  idea  of  what  these  machines  are  doing.  The  fact  that 
Foote  Bros,  find  six  "Gould  &  Ebcrhardts"  a  ])rolitable  investment  tells  its  own 
story  of  efficiency. 


C.  A 


'.  (icur  ilohbcrs  iirc  ri^kl,  rapid,  iic-ciiralc,  diinihle  niiK-liincN- 
tlicreforc  profiliililc.      I.cl  us  tell  you  more  iilioul  lliein. 


AUTOMATIC  CEAR  /^ND    RACK  CUTTINO    MACMINERV 

"N^  f  STAPlll'.Hf  t)    IMH  NfWAHn.  N.J.  U  S.A. 
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"OHIO"  SHAPERS 


I  Always  Busy 

=  For  more  than  two  years  "Rush"  has-  been  the  commonest 

^  sign  throughout  the  Holmes  Manufacturing  Company's  plant 

=  at  Shelton,  Conn.,  where  the  accompanying  photograph  was 

=  taken — and  truly  remarkable  are  the  number  of  so-marked 

=  jobs  that  have  found  their  way  to  this  concern's  two  "Ohio" 

=  .  Shapers. 

=  The  work  varies  greatly.    One  of  the  machines  in  the  picture 

=  ■                           is  cutting  a  keyway  in  a  set  of  formed  cutters,  the  other  is 

=  machining  a  dovetailed  slide  for  a  fixture.    The  next  job  may 

^  be  large  jig  castings  and  gear  racks;  but  no  matter  what  they 

=  are,  the  "Ohio"  Shapers  are  expected  to  be  ready,  and  if  expe- 

=  rience  counts  for  anything,  they  certainly  will  be. 

^  If  you  are  looking  for  a  machine  you  can  keep  busy 

=  always,  a  nvaciiinc  > ou  know  will  be  equal  to  whatever 

=  you  give  it,  investigate  the  "Ohio."     Start  right  now. 

I  OHIO  MACHINE  TOOL  COMPANY 

OHIO,  U.  S.  A. 


m       KENTON 


Planers  and  Shapers  Since  1887 


111, (■«(«,,  K..l.inl  Mo.hincry  8»k'ri  Co.:  Toledo.  (V.Bhlm  Mnchinpry  A  Supply  Cr>.:  Clcvdnnd.  W.  M.  P«tli»on  Supply  Co.:  l)olr.ill,  Kngli.ih- 
.\Ull.r  Mm  hiiiiTy  Co.;  PItUburgh,  Ijnighlin  lUrniy  .M«diniiry  Co.;  lliilTalo,  Lainl  Machinorjr  lo. ;  Syrmcii*'  II.  .V.  Smith  Machinery  «"o. : 
I'WImlrlphm.     Minlrrn    Marhlncry    *    Eqiilpmiiil    Co.:    Nr«    York.    0«rTlll   Micbinory   Co.;    rroviilcnw.    Hro»Tlill    Mii.him'ry   Co.;    lUrUord     loiin.. 
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New^  Depariure 
Baill   Beairiii${s 


H 


»f 


ere    are    a    tew    or    many    reasons 

this    ball    bearing;: 


for    the    QUALITY   of 


Because  it  is  of  chrome  alloy  steel  tubing; 
specially  made  for  us  and  the  best  that 
jTKmcy  and  skill  can  {noducc. 

Because  our  manufacturing^  processeH  ex- 
act dimensions  that  are  accurate  to  a 
ten-thousandth  part  of  an  inch  or  onc- 
thiriiclh   the   thickness  of  a   human  hair. 


Because  each  bearinfj;  is  tested  se\enty- 
ei}iht  times  durinj:;  its  development  by 
precise  instruments  that  assure  maximum 
quality  and  accuracy. 
Because  the  steel  balls  are  made  by  our- 
selves from  the  best  chrome  alloy  steel 
procurable  and  are  insistently  tested  (or 
strength, sphericity  aiul  unilormiiyof  sire. 


The  iiuality  nf  hlew  Dclnnitnc  hull  hcarinn^  is  the  rcuson  /or  f/ic'i7  cxunsnv 
mc  in  autamohila,  motor  trucks,  acrajAanci  and  all  knuls  of  miuhincry. 

THE  NEW  DEPARTURE  MANUFACTURING  COMPANY,  BRISTOL,  CONN. 

Cmrail  /'•tl'xl  l.itimti. 
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eometric 


For  Any 
Machine 

For  All  Screw 

Threading 

Operations 


DieHedcds 


In  the  past  four  years,  the  Universal 
Tool  Company  of  SprinQ:field,  Mass.  has 
used  Geometric  Die  Heads— 1/2  to  li/> 
inch  range— and  reports  that  one  set  of 
chasers  lasts  a  year. 

The  particular  operation  shown  is 
threading  brass  hush  tubes  a  distance 
of  1  2  inch.  A  "D"  Geometric  Pipe 
Ihreadmg  Die  is  used  and  production 
runs  200  pieces  per  hour— 1,000  be- 
tween grinds. 

Geometric  Die  Heads  are  designed  to  handle  anv  screw  thread- 
ing operation,  to  be  used  on  any  machine  and' to  stand  hard 
continuous  service     Geometric  threads  have  set  new  produc- 
tion standards  and  cut  the  cost  of  close  limit  duplicate  manu- 
facturing of  threaded  parts. 

Our  catalog  gives  further  data  on  threading  "Geometrically.  " 


THE  GEOMETRIC  TOOL  CO. 

IIMM-T.AU    A(;KNTS      Til..   n,n.     A     Rlr..li„„..r  .-„      i........      ....    . 


Chicaijo  Office : 
627  W.  Washington  Blvd. 


Mnli.i    Mill,    ruryf    Sc   c, 


New  Haven,  Conn. 


Otnn     A.    Rlnlinsc-! 


i.'l    Tiirnt    I,.thi-. 


ll..g   . 
onTynr 
Ltd..    .\lr|h 


•nd    White    &    llac,    Sydney.    Aiutrili,. 


«.c,>rs<..    Tokjo,    J.p.n.     Abo   all   in«nuUctur»r» 
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Given— Over  2,200  Sold 


orders  are  not  usually  placed  with  any  concern  unless  the  original 
order  measures  up  to  the  requirements  of  the  work  and  the  ex- 
pectations of  the  buyer. 

Communicate  with  our  nearest  Branch  Office  for  full  particulars 
on  this  DEPENDABLE  grinding  machine. 

THE  HEALD  MACHINE  COMPANY 


CINCINNATI,    311    Provident    Bank    Bldg. 
CHICAGO,   24    So.    Jefferson    Street 
CLEVELAND,    710    Engineers    Bldg. 


NEW  YORK,  839  Singer  Bldg. 
DETROIT,  911  Majestic  Bldg. 
PHILADELPHIA,   140S  Commonwealth  Bldg.. 

WORKS:  WORCESTER,   MASS.,   U.   S.   A. 

PACIFIC    COAST  AGENTS:   Eccles  &   Smith  Co.,   San   Francisco  and   Portland.      Smith-Booth 

Usher  Co.,   Los  Angeles. 

FOREIGN   AGENTS:  Alfred  Herbert,  Ltd.,  England,  Italy,  France,  Switzerland,  Spain 

and   Portugal.      F.    W.    Home   &    Co.,    Japan. 
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pniimniiiiiuiiiiiiiiiiiiiiiiiiiiiiiiiiiiim^^^^^^^^ 

I  THE 

C LBV EL AND 


OHIO 

CHICAGO 


i  AT  CLEVELAND  ACME  AUTOMsATICS  i 

I  AUXILIARY  SCREW  MACHINES-AUTOMATIC 
THREADING  DIES&TAPS' SCREW  PRODUCTS 
UlllllllllllllllllllllUilllllllllllllllUlllillllllllUllllllllillllilillUillUillillllUUUI 
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iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 

^CME  COMPANY 

WINDSOR    VERMONT 

DETROIT-ATLANTA-SAN  FRANCISCO 


BETWEEN  THE 

RAW  MATERIAL  and 
THE  FINISHED  PRODUCT 


\B 


In 


UPON  the  staunchness  ot  machine 
tool  depends  the  quality  of  the 
product. 

The  time  required  for  the  work  is 
most  important. 

Production  of  duplicate  parts  on  Acme 
Automatic  Screw  Machines  means 

— reduction  of  secondary  operations; 

— less    dependence    on    a    limited   labor 

supply; 
— up-to-date  production  schedules; 
— economical  production  and  the  lowest 

cost  per  piece. 

Twenty  years'  experience  has  proved  their  value 
as  REAL  PRODUCERS. 

Complete  Data  on  receipt  of  Samples  or  Blue  Prints 


VT  WINDSOR  GRIDLEY  AUTOMATICS- S 
INGLE  SPINDLE  TURRET  LATHES&MULTI-  S 
LE  SPINDLE  SCREW  MACHS  PIST0N§R1NG  MACHS  S 

lllillllllllllllllillllllllUllllUIIUIIilllllllilllllllllllilllillllllllllilllllUlllllllR 
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There  are 


Ninetv-two      IL= 

POTTER  & 
JOHNSTON 

Automatics 

in  the  Morrow  Plant 


They  are  all  doing  creditable  work — the 
job  shown  herewith  was  selected  because 
it  was  typical,  not  exceptional. 

The  part  is  a  transmission  gear  blank, 
made  from  nickel  steel.  The  first  opera- 
tion, bore,  ream  and  face  the  large  end 
and  turn  the  largest  and  smallest  diam- 
eters, is  also  a  Potter  &  Johnston  job;  but 
the  machine  shown  above  is  performing 
the  second  operation.  The  blank  is 
chucked,  the  two  diameters  are  turned, 
one  of  the  diameters  is  rounded  and  the 
neck  is  rough  and  finish  turned — all  in 
eight  minutes.  The  first  operation  is  per- 
formed in  eight  minutes  also — making  a 
total  of  sixteen  minutes  for  the  completed 
piece. 


Vou  can  safely  follow  the  lead  of 
the  Morrow  Manufai.turliiK  (Com- 
pany ant]  l)uy  I'ottor  &  .Johnston 
AutomatlcH.  Let  uh  send  you  the 
catalogue. 


Potter  &  Johnston 

Fawtuckct,  Rhode  Island 


I'ulU,    .V<..!*   21,    M.Uh,    iw.i. 


August,  1918 


MACHINERY 


51 


STANDARD 


SHIELD  BRATJD  MILLING  CUTTERS 


STANDARD 
Shield  Brand 
Milling  Cutters 
meet  all  require- 
ments. Made 
with  the  experi- 
ence of  thirty-six  years 
behind  them,  in  a  plant 
equipped  with  every 
modern  appliance. 

Shield  Brand  Cutters 
are  made  from  either 
carbon  or  high  speed 
steel  in  all  stock  shapes 
and  sizes  and  in  special 
shapes  to  meet  individ- 
ual requirements. 

Stock  tools  are  carried 
at  the  factory  and  the 
New  York  and  Chicago 
salesrooms. 

Send  for  further  information. 

Look  for  the  Shield. 


The  Standard  Tool  Co. 

CLEVELAND,  OHIO 

New   York,   ilt    Ucadc   St,  Chicago,   r)r.2   W.   \VasliliiK(on   Blv>i. 

London— Burton,   Orifflths   &   Co.,   Ltd.  Paris— Burton   Fils. 

Copenhagen— NIenstaedt  &  Co.  Geneva— J.  Lnmbercler  &  Cie. 

Toklo— Tho  K.  W.  Jlorne  Co. 
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Milling  Cutters,  Hobs  and 
Special  Tools 

TOOLS  THAT  WILL  SATISFY  MODERN  DEMANDS 

MICHIGAN  TOOL  COMPANY 

DETROIT.  MICH  ,  U.  S.  A. 
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HIGH  POWER 

For  Heavy  Duty 


THE  SPRINGFIELD  "IDEAL" 
HEAVY  PATTERN  ENGINE  LATHE 

A  lathe  possessing-  all  the  distinctive  qualities  of  the 
"Ideal"  type  and  several  special  features  essential  to  a 
machine  of  unusual  power.  This  lathe  will  respond  to 
the  heaviest  demands  for  speed,  endurance  and  accur- 
acy— in  tool  room  or  manufacturing  plant. 

Regular  equipment  includes  three  step  cone,  rapid 
change  gear  device  (patented)  automatic  stop  in 
either  direction,  recessed  tailstock,  steady  and  fric- 
tion countershaft.  This  lathe  is  built  in  24  and  26  inch 
swing  and  can  be  supplied  with  motor  drive. 

Circular  No.  137  contains  full  information 

regarding  dimensions,  weights, 

special  attachments,  etc. 

The  Springfield  Machine  Tool  Company 

Manufacturers  of  Springfield  Lathes  and  Shapers 

631   Southern  Avenue  Springfield,  Ohio,  U.  S.  A. 
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EED-DREPCE  POMPANY 

WORCESTER    ^S^     MASS.  U.S.A. 


27  INCH  GEARED  HEAD  "PRENTICE' 
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EED'I^^  nOMPANY 

WORCESTER   ^M^    MASS.  U.S.A. 


A  Suggestion. 


YOUR  WORK  MAY  OFTEN  CALL  FOR  A  LATHE  OF  LARGE 
SWING,  YET  SUCH  A  MACHINE  WOULD  NOT  AS  A  RULE  BE 
CONVENIENT  OR  ECONOMICAL  TO  USE  ON  SMALL  WORK. 

HERE  IS  A  LATHE  WITH  A  30  INCH  SWING  AND  A  12  SPEED 
HEAD  WHICH  WILL  DO  YOUR  BIG  WORK  BETTER  AND  FASTER. 

THE  SPEED,  FEED  AND  THREAD-CUTTING  CHANGES  ARE 
SO  QUICKLY  AND  EASILY  MANIPULATED  THAT,  WITH  THE 
GREAT  NUMBER  OF  CHANGES  AVAILABLE,  YOU  WILL  BE  ABLE 
TO  ALLOT  SMALL  WORK  TO  IT  PROFITABLY. 

WE  WILL  BE  GLAD  TO  SEND  YOU  INFORMATION  ON  THIS 
LATHE. 


MANNING,     MAXWELL     &     MOORK,     L\C. 
ALLIED    MACHINERY    CO.    OP    AMERICA 

FENWICK   ERERES 
CANADIAN   FAUinANKS  MOUSE   CO.,   LTD. 
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Stnr  Hack  Saw  Blades  are  used  in  Vk  !  ■*■ 
and  in  the  National  Lamp  Works.   'Ji.- 
I'i  iinsylvania  Railroad.  Standard  Chi  -;/..; 
industries  of  the  country  because  the  Star 


<\ir  plant  ishou'7i  afun^e) 
plant,    Bethlehem    Steel. 
«  of  other  of  the   leading 
:  the  lowest  cutting  cost. 


What  Do  You  Get  When  You  Buy  Hack  Saws? 

IJon't  forget  that  when  you  buy  hack  saws  you  don't  buy  blades  at  all  in  last  analysis.  You  buy 
results — the  greatest  number  of  cuts  at  the  lowest  price. 

Fast-cutting  blades  that  break  easily  are  expensive,  and  non-breakable  blades  that  cut  slowly  are  ex- 
pensive too. 

Star  hack  saw  blades  are  neither  one  because  they  are  fast-cutting  blades  that  stand  up  and  last. 
They  give  you  the  greatest  production  at  the  lowest  cost  because  they  are  quick-cutting  and  tough 
too.  You  can't  break  a  regular  Star  blade  on  ordinary  work,  but  if  there  is  unusual  strain  we  have 
a  fast-cutting  flexible  blade  to  fill  the  need. 

And  note  this — when  you  buy  the  Star  you  don't  have  150  or  more  sizes,  gauges  and  pitches  to 
select  from.  Every  Star  Saw  is  designed  to  cut  a  wide  variety  of  materials.  And  any  blade  that 
needs  a  multiplicity  of  sizes  Is  wrongly  designed  and  inefficient  or  it  would  not  need  a  half  dozen 
saws  to  do  the  work  of  one. 

When  you  are  sawing  by  hand  or  machine  you  are  usually  cutting  first  one  shape  and  material  and 
then  another.  There  is  no  chance  to  change  saws  every  time.  So  the  all-purpose  Star  Blade  be- 
c^imes  a  service  necessity. 

STAR  HACK  5AW  BLADES© 

made  nf  Tungsten    Steel  i  -^ 

Machine  and  Hand  Flexible  and  All  Hard 

ill  ih<;  Ktar  .Saw  w(!  have  wnrkfd  out  u  tooth  shape,  a  steel  niixlurc 
and  a  heat  treatment  that  give  uh  a  standardized  blade  that  will  cut 
u  wide  variety  of  work  without  ihango. 

The  tooth  on  the  Star  lllude  has  an  acute  culling  angle  and  a  three- 
way  clearance  that  Ih  entirely  different  from  the  V  sliiipe  of  the 
ordinary  hark  naw  tooth.  Tliat  Is  why  the  Star  Ulado  c-an  cut  all 
kIndH  of  material,  Htaiid  up  under  fawt  Hawing  and  Iwavy  work  and 
keep  on  cutting  at  a  rapid  rule  after  llie  Icclli  are  worn  way  down. 
Til)-  Npoclal  tungHteri  chromium  Hteol  mixture  In  the  Star  lllade 
inakeH  It  faslorcuttlnK  and  our  dlfforont  boat  treatment  glvoB  the 
.Star  a  greater  toughncHH. 

In  Homo  caneH  our  teHlH  have  Hhown  that  the  Stnr  lowerH  tlio  cutting 
iiiHl  aH  much  an  20  per  rent  aH  compared  with  other  liladim.  In 
i-vry  cane  llioro  wa«  a  HUliHtantlal  dlffereMce  In  fuvor  of  llie  Slar. 
.'.  '  i.-ver  your  pn'm-nt  cuttInK  <oiitii,  If  you  are  uhImk  another  saw 
:tii  ninke  n  Hulmlanllal  Having  In  UHlng  the  Star  Illudo,  on  u 
;.irlniin    will    rnndlly    demoniilriito 

in./  »/    tuning    ,«„    or.    ./.,.n«    on./    ll.,    .au,    v..u    nr.    „.,nt    an,l  ..'. 
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Mnn  iil/it  (iiruil     Mv  Solo     O  i  n4r  i  bu  f  ii  r  •. 

CLEfVISON    BROS.  Inc.     MILLERS    FALLS    CO. 

MIIJI)(ll(IWN.M|VV>(ll(K  Milt  IWSIAILS.    MASS. 
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This -Newton  Duplex  Milling 
Machine  Has  a  Busy  Life 


The  Frick  Company,  Waynesboro,  Pa.,  installed  it  about 
eight  years  ago — and  it  has  been  kept  busy  constantly 
ever  since,  on  a  variety  of  parts  for  agricultural  and 
refrigerating  machinery,  gas  and  steam  engines,  trac- 
tors, saw  mills  and  other  machinery.  The  job  shown  is 
a  saw-mill  head  block  on  which  several  operations  are 
performed  on  from  four  to  eight  castings  at  a  time. 
The  two  heads,  each  independently  operated,  give  this 
machine  its  name  "Duplex"  and  keep  its  operator  busy 
setting  up  work.    Let  us  tell  you  more  about  it. 

Rotary  Planinj^  Machines,  Slotting,  Boring 
and  Cold  Saw  Cutting-off  Machines,  Hori- 
zontal and  Vertical  Milling  Machines  and 
Portable  Boring,  Drilling  and  Milling  Machines 

Complete  Catalog  on  Request 

Newton  Machine  Tool  Works,  Inc. 

23d  and  Vine  Streets  PHILADELPHIA,  U.  S.  A. 
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contains  31  essays  by  the  man 
who  built  the  Cleveland  Auto- 
matic. It  is  not  a  circular  on 
the  "Cleveland."  Special  liter- 
ature takes  care  of  that.  Send 
for  both. 


CLEVELAND 

AUTOMATIC 

MACHINE 

COMPANY 

CLEVELAND,  OHIO,  U.S.A. 

HAXTC.IIS        |1H'I1I.H(.'.TMIVI  K  J         II 


The 

Cleveland 

Automatic 

Empties  That  Magazine  in  Ten  Minutes 

The  Buffalo  P^orge  Company,  Buffalo,  N.  Y,,  makes 
nuts,  bushings,  shafts,  studs  and  bolts  in  large 
quantities — and  uses  the  Cleveland  Automatic  to  help 
to  do  it  profitably. 

The  opei'ator  is  shown  loading  the  magazine  of  a 
Cleveland  Automatic  with  5/8"  stud  blanks,  3'-i:  inches 
long,  which  are  threaded  for  a  length  of  3/4''  and  de- 
livered from  the  machine  at  27-sec()nd  intei-vals.  It 
keeps  the  operator  on  the  jump  to  maintain  the  maga- 
zine- supply. 

Cleveland  Automatic  sjx'ed  is  moi'e  I'emai'kable  when 
the  (|uality  of  product  i.s  taken  into  consideration. 

("an  not //oitr  small  pai-t  production  be  i  in  |)  roved  as  to 
spcfd,  (|uality  oi-  both? 
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The 
Willard 
Machine 
Tool  Co. 

CINCINNATI 
OHIO,  U.S.A. 


On  Approval 


The  proof  of  the  pudding  and 
the  test  of  a  machine  are  much 
the  same.  Both  must  be  tried 
to  demonstrate  their  worth. 

Here's  your  chance  to  try  out 
an  accurate  and  productive 
High  Power  Engine  Lathe — 
with  readily  controlled  quick 
change  mechanism  of  unusu- 
ally wide  and  varied  range,  and 
durability  assured  by  broad, 
pan  style  headstock,  chilled  V's, 
65  point  carbon  spindle,  steel 
gears,  taper  gibbed  sliding  sur- 
faces and  substantial  reinforce- 
ments at  every  point  of  strain. 

If  you  are  already  familiar  with 
the  sterling  merits  of  the  old 
"Willard"  a  detailed  description 
of  the  "improvements"  em- 
bodied in  the  new  model  will  be 
sufficient;  but  to  all  "Missouri- 
ans"  whose  work  comes  within 
its  range,  the  above  offer  should 
have  a  strong  appeal. 

Details  of  machine  and  offer 
on  request. 


Three  Styles: 

Standard 
Gap  and 
Toolroom. 

5,  6,  7,  8  and 
10  foot  beds. 
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The  Cleveland  Tractor  and 


Cleveland  Tractor  Company  Tractor 


THE    WARNER    &    SWASEY 

lUHHLI  LAIIUS      njHHh.r  SLHt.W  MACHINES     UN  ASS   WORKING  MACHINE  TOOLS 


N»w    York    Offle*— HlfiKT    Ml.le 
Dvtroll     Offlo — KiirO      lll<1e 


Doiton    Otrice     oiiv.t    lllriK 
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Warner  &  Swasey  Machines 


I 


I 


Some  of  the  Warner  &  Swasey  Screw  Machines  in  their  Plant 


The  Cleveland  Tractor  Company,  Cleveland,  had  to 
get  busy  vi^ith  dependable  tools  to  fill  orders  for  their 
tractors.  With  the  shortage  of  labor  the  farmers 
were  in  need  of  their  machines  and  industrial  plants 
wanted  the  most  efficient  means  for  transferring 
their  work. 

This  lower  truck  wheel  is  only  one  of  the  many  pieces 
produced  better  and  faster  on  Warner  &  Swasey 
Machines.  The  time  on  another  make  of  Screw  Ma- 
chine was  200  in  11  hours.  A  W.  &  S.  No.  6  turns 
out  300  in  the  same  time — a  saving  of  fifty  per  cent. 

If  your  work  is  less  than  2114  inches  in  swing  or 
41/0  inches  in  the  bar,  a  Warner  &  Swasey  machine 
is  ready  to  help  you  out.  The  tools  are  wide  in  range 
and  will  let  you  get  busy  without  delays  or  expense 
of  special  tooling. 

SiiiJ  tis  your  ftrohlems   for  comparison   Willi  pnsirit  oiiI/)hI 
or  for  help  in  planninfl  your  new   work. 

COMPANY,    Cleveland,  Ohio,   U.S.A. 


TS."?'?.'^  AGENTS:  Clma  Churchill  &  Co.,  I,td,.  London.  Ulrmlnirhnni,  M;inchealer,  Nowcjistlo-on-Tvnc  and  GhiSKOW. 
Alll.-(l  Machinery  (.ompany,  l'arl«  and  Turin.  Van  Kiotschoti'i)  &  HoiiwcnN.  Rotterdam.  Yamatako  &  Co..  Toklo.  Benson 
Hrothprs.  Sydney  and  Melbourne  A.  Aslior  Smith.  Sydn  y,  A.  H.  WIIllaniM  Machinery  Co.,  lAd.,  Toronto.  St.  John. 
r.       WllllnmH    &     WIIhom.     Md..     Montreal. 


Winnipeg    and     Va 
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Hi     <he  < I i--Ta)€^_ Turret     IH 


'  A  CLEAR- TRACFLFOR  (THE  STOCK  ■ 

Selected  Because  of  the  Facility  With  Which 
It  Can  Be  Changed  From  One  Job  to  Another 

Where  machines  are  built  in  small  lots — typesetting  machines  and  similar  in- 
tricate, high  grade  automatics — frequent  set-ups  and  changes  make  heavy 
inroads  on  production  costs. 

The  Unitype  Company  of  Jersey  City — after  comprehensive  experiments — 
found  the  solution  of  this  problem  in  the  quick  change  features  of  the  Tilted 
Turret.  They  likewise  killed  two  birds  with  one  stone  when  installing  it,  be- 
cause with  their  rigid  system  of  inspection,  any  piece  with  a  variation  of  more 
than  .0005  plus  or  minus  would  be  rejected,  and  the  accuracy  of  the  Tilted 
Turret  Lathe  has  practically  eliminated  rejects  in  their  plant. 

Above  is  shown  the  machine  in  action — below  some  of  the  parts  which  insure 
the  perfect  functioning  of  the  Unitype  Company's  machines. 

Fifteen  Years  of  Satisfied  Users— Ask  the  User.     Catalogue  for  details. 


e 


c 


) 


WOOD      -TURRET      MACHINEI    CO 


BRAZIL    INDIANA  US. A 


fi'twi-inf"  ^nr.•^m     rrr~rr>  virhsi 


.  II  ..Ion.  Mum.:  IIIII,  nUrkn  A  ('^>.  of  <!lili'M<i.  Chlruo. 
>ta.iix  HM|.|rlr  ('o,,  Hyraoiuw.  lliirTnlo  •ml  ■(•nlicator,  N.  Y 
l.ndlali    ft    Mllirr    Mulilnorr   <'•>.,    Itrtrolt,    Mloh. ;    llriii>ilr> 
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DEFIANCE 

No.  3-24"  Heavy  Service 

DRILLING 
MACHINE 

Its  Purpose  is  Big 
Production 


I 


Every  unit  of  this  most  modern  Heavy 
Service  Drilling  Machine  has  been  sub- 
iected  to  severe  tests  rarely  encountered 
in  shop  practice.  Every  unit  has  been 
made  to  stand  the  rough  usage  and 
strain  that  production  tool  operators^  de- 
mand. It  drives  a  3"  high  speed  drill 
in  solid  steel  with  an  unusual  tactor  ol 
safety. 

The  drive  shafts  are  fitted  with  Hyatt 
roller  bearings,  and  the  spindle  thrusts 
are  taken  by  SKF  thrust  bearings.  The 
spindle    is    driven    close    to    the    nose 
through    helical    gears   arranged    with 
ball  bearings  to  eliminate  thrust  to  the 
spindle  gear  and  keys;  this  design  posi- 
tively  prevents   torsion,   and   effects   a 
smooth,  powerful  drive. 
The  spindle,  speed  and  feed  mechanisms 
are  tightlv  housed  and  oiled  by  a  treble 
svstem    consisting   of    a    spUish.    torce 
feed    and    gravity    flow    combined       A 
quick   roll-in   gear   method    is   used    in 
selecting  speeds,  which  eliminates  trou- 
ble common  to  change  gear  devices,    i  ne 
foregoing,  together  with  other  impor- 
tant features,   are  illustrated  and  de- 
scribed in  a  circular  covering  this  ma- 
chine. 


THE  DEFIANCE  MACHINE  WORKS 


Designers  and  Builders  of 

Precision- Production  Machine  Tools 


DEFIANCE 

NKW   YORK 


OHIO,  V.  S.  A. 

LONDON 
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Cut  Your  Costs-"CINCINNATI  ELECTRICS"  will  do  it 


HAND  OR  BREAST  DRILLS 
%'.  %".  %",  %"  capacities. 
Weight  from  7  poands  ap.  Ball 
aod  thrust  bearings.  Gears  run 
in  grease.  Single  and  two 
speeds. 


HAND  AERIAL  GRINDER 
For  cleaning  <-astini:s  or  surface 
work  of  any  kiud.  Maile  in  four 
sizes,  %  to  2  U.  P.  Weight 
from  18  poundi)  up.  Guaranteed 
for    bard    usage. 


TOOL  POST  GRINDERS 
Vi  to  3  U.  P.  Weight  from  IC 
pounds  up.  Free  hand  feed. 
'Bearings  adjustable  to  wear. 
Horizontal  and  vertical  feeds. 
Different    types    for    all    purposes. 


COMBINATION    BENCH    DRILLING 

STAND   WITH   DETACHABLE 

ELECTRIC    DRILL 

Made      In      variuus      types.       tu      vnrry 

drills    from     %"     to    1 1^"    capacitit-s. 


SPECIAL  FEATURES 

Air  cooled.  Ball  and  Thrust  Bear- 
ings. All  working  parts  hardened. 
Overload  Allowanee.  Guaranteed 
Mechanically  and  Electrically. 


BENCH  GRINDER  OR  BUFFER 
Five  sizes.  1,4  to  to  3  H.  P.  Also 
Pedestal  Floor  Grinder,  1  to  3 
H.  P.  Fully  enclosed.  Dirt-  and 
dust-proof.      Ball   bearings. 


CINCINNATI    ELECTRICAL   TOOL    COMPANY 


1501-3-5  Freeman  Avenvie 


CINCINNATI.  OHIO 


FOREIGN  AGENTS.  England:  S.  Wolfe  &  Co..  London.  Australia:.  Parke  &  Lacey  Co..  Ltd..  .Sydney.  Norway:  V.  Lowener.  Cliristiania. 
France:  R.  S.  Stokvis  &  Flls.  Paris.  Holland:  R.  S.  Stokvis  &  Zonen,  Ltd.,  Rotterdam.  Japan:  Yamatake  &  Co.,  Tokyo.  Spain:  American 
-Machinery   .Syndicate.    New    York    City. 

Ne^v  YorR  Office,  50  CKurcK  Street  StocK  and  Service  Department 


Don't  Scrap 
a  Set  of 

Hartness  Chasers 
because  of  the 
breakage  of  a 
single  chaser; 
replace  the 
broken  chaser. 

It  is  only 
necessary  to 
grind  the  set  to 
uniformity. 


Hartness 
Chasers 
Are 
Interchangeable 


This 

Interchangeability 
of  Hartness 
Chasers  is 
possible  because 
of  our 

special  method 
of  manufacture. 


JONES  &   LAMSON   MACHINE   COMPANY 

Auliimalic    Dir    Drpt. 

109  Oiiccii  N'icloriii  St.,  London,  KnjJ.  Sprin^ficlil,  \'crinont,  I'.S.  A. 


ASIII/KAS    At.l.NIS    K)H    DIK.S    AND    tllASI.Ks 

■       I       '  •■  ,  K       I.       K«lrr     Mrl,,       r,.,, 

'    liuii'linc.    ■•hlUiViplili.  I'hlnur,     Miloaiikn   and    Mi>l  nc 

"*"^'"  «<lnrlt,n.ll    in'l     In.ll.n.i..l<. 

►  plj    '.>),.  ll«ltimof»         UirMnlau    Hiiiiply    Co..  I'ltlxlKinrb 


I'.rltlc    Tool     A     Hlipi.lv     l-.i,. 

'   in  l-'rAiiaiM*n  an 
.    r«ltl«.n   Hiinlilv   Ci... 
Ili>liln«>n.    Caty    A     Hamla    Co.. 


nip 
llir    W.    M.I'alll«'nHiip,ili-   <•,...         (Ilrvoland 

il    ami    lliiliilli. 


fm     ytmnrm.     N«ln    irKl     ILIflxm 

r.   Anbntr  •   'V.  01    lli»  A-   Ma.ilanc     l-arl. 


KOKKIGN    ACKNTS 
Fnr   ll/.tla>»l     MplUllintr.    Il««ii»lia>  « 
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Testing  the 

DILL 
SLOTTER 

on  Testing 
Machines 


The  Tinius  Olsen  Testing  Machine  Company  of  Philadelphia 
makes  machines  that  must  be  reliable.  It  stands  to  reason  that 
the  tools  used  in  their  construction  must  be  equally  reliable,  for 
like  begets  like  even  in  machine  tool  building. 

As  busy  as,  or  more  so  than,  any  other  machine  in  this  plant  is 
the  Dill  Slotter.  It  has  been  steadily  "on  the  go"  for  the  last 
twelve  years  and,  by  the  looks  of  things,  it's  going  to  keep  its 
successor  out  of  a  job  for  a  long,  long  time. 

Three  principal  features  mark  the  Dill  Slotter — it  is  absolutely 
dependable  under  all  conditions;  it  is  simple  enough  in  handling 
its  wide  range  of  work  to  make  it  extremely  profitable,  and  last, 
but  perhaps  most  important  in  the  average  shop,  it's  hard  to  find 
a  job  it  can't  do — it's  the  substitute  for  special  machinery  nine 
times  out  of  ten. 

How  far  are  you  from  here  ? 


T.  C.  DILL  MACHINE  COMPANY 

THE   DILL  SLOTTER   PEOPLE 


PHILADELPHIA 


PENNSYLVANIA,  U.  S.  A. 


Il'illiinil':     'l(.' a.    Ht'okrl'a   It   /.oncn,    I.l<l..'   Kotlpriln 


II.    H.    StokvlH   «    PIlR   a.    A.    Mr 


ncrltn,    Oemukn;. 
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BECKER 


Milling 
Cutters 


Increase  the 

Efficiency  of 

Any  Milling 

Machine 


y|?]^%^  The  efficiency  of  a  milling-  machine  de- 

^        pends  largely  on  the  quality  and  condi- 
tion of  its  cutters.    Becker  Milling  Cut- 
ters are  designed  to  take  big  cuts  without 
chatter,  to  stand  up  under  hard,  continu- 
ous service  and  to  hold  their  cutting  edges 
with  a  minimum  of  grinding.    With  ample 
chip  clearance  and  the  stamina  which  i)ermits  driving 
at  full  capacity,  they  increase  the  efficiei^cy  of  any 
milling  machine  and  cut  production  costs  as  well. 


-•-4^ 


Stock    list    issued    inotithlv 


Is   your   name  on   our   niiiilin;[<   list? 


J  IIK  liKCKKR  MiLIJNCi  MaCHINK  CO. 


IIYF)!-:   rAKK,   ItOSrON.   MASS. 

Ixiriil*.  M«r  ,  .'.21*  M;ijfiill>'  HI.Ik.  ;  Thi-  Wlillniiin  tii  Hiinii-w  MfK  <•„,  M  Iloiidc 
.ihlniry  C'.miiniiy,  Hynirimc,  N,  Y  ;  \V.  M.  I'littlwui  Hupplv  <'i>iii|>iiriv,  ('(•'vxliinil, 
npiiliy.    t.'.l     WiinlllliKl'iii     lllvtl  ,    CIllcMKn,    III.;    NnW    KiikIiumI   Hlllr-N   AkcmiI.    II.    A.    \V 


itlf.Tl,    Now 
Ohl..;    ]■-.,    I,. 

I'Ki,  Id  iiikIi 
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Modern  Die  Heads 

Cut  Clean  On  Drop  Forgings 

Two  characteristics  identify  the  efficient  self-opening  die 
head,  (1)  it  must  hold  to  size  under  all  conditions  and  not 
cut  tapering  threads,  and  (2)  it  must  produce  sharp,  clean 
threads  regardless  of  what  the  stock  may  be. 

The  photograph  illustrates  one  of  the  most  trying  jobs  that 
could  come  to  a  die  head— the  cutting  of  a  1"  18-pitch  thread 
for  a  length  of  IVi"  on  a  drop  steel  forging  to  be  used  in  auto- 
mobile construction. 

As  a  general  rule  no  one  likes  to  handle  stock  of  this  kind, 
but  in  the  present  instance  the  operator  knows  the  Modern 
Die  Head  will  perform  the  job  as  usual.  He  knows  the  chas- 
ers won't  retreat. 

If  you  have  trouble  in  threading  diflicult  materials,  give  the 
Modern  Die  Head  a  trial.  You  may  be  assured  by  the  way 
it  "came  through"  in  other  plants.    Write  us. 


MODERN  TOOL  COMPANY, 


MAIN  OFFICE  AND  WORKS 
SECOND  AND  STATE  STS., 


ERIE,  PA. 


NEW  YORK  OFFICES.  SO  Church  Sireel  and  2  Rector  Street. 


DETROIT  OFHCE.  1223  Dime  Bank  Bui 
CINCINNATI  OFFICE.  2  Creen» 


>od  Office  EKchanse 
Aiencie*  in  London 


F.  WESLEY  PARKER. 

>>ris.  Stockholm.  B>rcel< 


CHICAGO  OFFICE,  32  North  Clinton  Sli 
xport   Man«iier,  2  Rector  Sireet,  New  York. 
•.  Milan. 
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Complete 
Line 


8-inch   to  50-inch 
Swing 

(With  or  without 
Tapping 
Attachment) 


Upright 
Drills 

Horizontal 
Drills 


Gang 
Drills 


BARNES 
DRILLS 

Accuracy 

Convenience   of  Operation 

Strength 

M  A  I)  K      B  Y 

W.  F.  &  John  Barnes 

f^  2M    Kiihy  Sjrect 

v>i()mpiiny  uockford,  m.,  u.  s.  a. 
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The  Libby  Lathe 

and  The  Drive  for  More  Locomotives 


story  and  pictures  come  from  a  large  railroad 
shop  in  Pennsylvania  where  Libby  Lathes 
play  an  important  part  in  speeding  up  trans- 
portation facilities  and  incidentally  add  to 
their  reputation  for  efficiency  in  meeting 
emergencies.  The  work  in  process  is  open 
hearth  steel  forgings  ma- 
chined to  specifications  shown 
in  the  accompanying  sketch. 
The  "before  and  after"  photos 
give  a  pretty  good  idea  of  the 
extent  and  completeness  of 
the  several  operations,  'which 
include :  1st.  chuck  by  stem 
and  true  off  edge  of  flange; 
2nd,    chuck     by     flange     and 


di?oia 


finish  stem  end — using  tool  mounted  in  turret 
and  having  three  cutters.  Then  thread  end 
of  stem.  3rd,  chuck  once  more  by  stem,  face 
flange  and  chamfer. 

The  pieces  are  put  through  in  lots — each 
operation  carried  out  on  a  doz- 
en or  more  parts  before  the 
set  up  is  changed  for  the 
next — and  when  all  are  com- 
pleted and  the  time  figured, 
it  averages  14  minutes  for 
each  piece  —  by  no  means 
spectacular  but  interesting. 
Have  you  a  troublesome  multi- 
operation  job? 


— ^'aUatrr 


'^ Leave  it  to 
Libby'' 

INTERNATIONAL 
MACHINE  TOOL  CO. 

Indianapolis,  Ind.,   U.  S.  A. 


nOMKSTir   ,\(1KXTS 

rhfiie     Tcnl     <;>..     SI 
Zortnmn   Miuliiii.ry  I'.. 
.V.   .Smith  ('.■..   Sun    Krm 


HoAMnnn-ninrknmn  M«- 
l.niiia.  Mi>.  Ilronn  & 
.  I'lllohiirnli.  rn.  Koc-lc« 
ic  «n.  Ciil..  !,.>«  .VngoL-s. 
I^.    KKsIoy    MRchiiu'ry 


C.i..  rh:.«i(«>.  111..  M  l\iii>ikw.  Wis.,  uul  Miilinp. 
Ill  Slr.)iiK.  Curll.-li.  *  Hniiiinoiiil  Co..  P..|roit. 
M  ill  ;.r..l  Cl.'velft.Ml,  Olii.i.  Vuiiil.vckriiurdiill 
r.  \.  .  Y.Tli.  N.  Y..  .NV«  llnvoii.  (".mn  .  nnd 
I'l  I  '  !  ii  I'll,  !"n.  SyniiMiKi'  .Sm.plv  «'ii.,  Svni. 
N  V.  nii.l  Itiiffnlo.  N.  Y  .\mmMi  Mn- 
.1.  "1  I  ...  Hull  nimi..  Mil.  Nortlirni  Mn- 
.hnioiv  (•„.  MiniM«,.,.liiv  Minn.  KOIllOIIiV 
.^(iKNTS:     Ciwen  Mni-hlne  Tool  Co..   I.lil..  I.nn- 


Mnl.'ii.     Ilnm-loi 


Miwrch     &     llo 


.«!> luo    &     r.i 
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**Best   Automatic    Screw   Machine 
On  The  Market" 


A.  WATKINS,  Manager 

THE  ATLANTIC  MFG.  CO. 
Bridgeport,  Conn. 

And  his  assertion  is  based  on  25  years' 
experience  in  handling  screw  machines. 


The  operator  is  showing  you  some  motor  trucl<  bolts  just  finished  on  the  "New 
Britain."  They  are  made  from  7/8"  hex  cold  rolled  stock,  on  which  a  1/2" 
body  is  turned  for  a  length  of  4%"  and  threaded  V/^"  with  20  pitch  threads. 

Sixty  bolts  an  hour  are  picked  from  the  chip  pan — accurate  to  within  plus  or 
minus  0.001". 

Is  Mr.  Watkins  justifiably  enthusiastic  over  "New  Hi-itain"  production?  What 
do  yoii  think? 


THE    NEW    BRITAIN 


Automatic  Chucking  Machines 


NEW    BRITAIN, 
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iXOTKoMMmS 


0.500' 


C.  R.  S. 


',-20  T.P.I. 


-A 


"New  Britain"  Automatics  are  turning  out  parts  for  tanks,  automobiles,  motor- 
cycles, phonographs,  fuses,  typewriters  and  for  other  machines  of  war,  commerce 
and  amusement.    For  speedy  work  they  have  no  superior. 

Our  engineer  will  be  glad  to  call  on  you  and  show  you  what  "New  Britain"  Auto- 
matics can  do  for  you  on  such  jobs.  And  he'll  also  come  around  after  you  buy 
to  see  thai  they  do  it. 

Write  us  today  for  more  details. 


MACHINE   COMPANY 


CONNECTICUT 


Automatic  Screw  Machines 
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LEES'BRADNER 

COLLET     TYPE     THREAD     MILLERS 


Part   of  the  Total   Installation   of   Lees-Bradner 
The  Accepted  Standard  For  Munition  Manu 


'T^l  II^SI^  machines  will  cut  a  full  thread 
-*-  up  to  a  shoulder,  in  operation  there 
is  no  reversal  of  rotatin^^  parts  so  that  no 
time  is  lost  on  account  of  hack  lash.  The 
lead  screw  is  reversed  once  for  about  lifu' 
pieces.  I  hese  ('ollel  type  thread  millers 
are  adapted  for  milliui;  internal  or  external 


11 11^  li:I':s-brai)ni:k  company 


I  IIKKAI)   Mlll.l'  RS 


CI.IAi-.I.AND.  U.  S.  A. 


(]y..\\<  (a:\i-:uAT()Ks 
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LEES'BRADNER 

COLLET     TYPE     THREAD     MILLERS 


Collet    Type    Thread    Millers    in    One    Plant 
facturers;  Approximately  1000  in  Operation 


threads  with  a  hob  type  cutter  in  one 
revolution  of  the  work.  The  work  is  sup- 
ported in  a  positive  opening  and  closing 
Collet.  Remarkable  accuracy  and  pro- 
duction are  obtained.  Built  in  sizes  up  to 
9V2.inch  Collet  capacity.  Send  us  blue 
prints  of  the  work  under  consideration . 


THE  LEES-BRADNER  COMPANY 

CLEVELAND,  U.  S.  A. 
THRF.AI)  MII.LKRS 


GEAR  GENl'.RAI'ORS 
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FARWELL 


Farwell 

Gear 

Hobbers 

Boost 

Production 

Always 


This  Farwell  Gear  Hobber 
is  one  of  three  owned  by 
the  Pittsburgh  Gage  and 
Supply  Company,  Pitts- 
burgh, Pa.  One  man 
handles  all  three  machines 
— and  has  time  for  other 
work  besides. 

The  pinions  shown  are  for 
electric  washing  ma- 
chines, and  have  12  teeth, 
of  6  diametral  pitch,  1/2- 
inch  face.  The  material  is 
35  point  carbon  steel. 
Eight  pinions  are  mount- 
ed on  the  arbor  of  the 
Farwell  Hobber  at  one  time, 
finished  pinions  per  nine  hour  day. 


Without  crowding  the  machine  production  is  200 


The  foreman  says,  "The  Fai-wolls  certainly  are  great  machines  for  bringing  u]i 
Iji-oduction.  We  do  not  pusli  tliem  and  still  they  give  us  the  work  in  very  good 
time." 

The  ease  and  rapidity  with  which  it  may  be  set  up  for  work  or  changed  from  one 
job  to  anr)thor  is  a  feature  which  makes  the  Fai-wcU  highly  esteemed  at  this 
plant. 

If  you  have  ffearn   to  cut  let  us  show  you 
the  many  advantciffes  of  Farwell  methods. 

THE  ADAMS   COMPANY.  \Z.",T^i;'.S^l 
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IT  is  not  very  patriotic — and  is  no  longer  neces- 
sary— to  tie  up  a  tool-shop  with  the  making  of 
snap  gages.    Tool-makers'  time  is  too  valuable  in 
these  days  to  be  used  up  in  making  what  can  better 
be  manufactured. 

Our  stock  of  JOHANSSON  Adjustable  Limit 
Snap  Gages  has  not  been  so  complete  in  months. 
WE  ARE  NOW  MAKING  IMMEDIATE  DE- 
LIVERIES. 

There  is,  of  course,  no  guarantee  that  this  condi- 
tion will  continue.  But  "immediate  delivery"  is 
the  order  for  the  present,  and  our  many  customers 
will  be  interested  to  learn  of  it. 


Johansson 

Adjustable 
Limit  Snap  Gages 


THE  SWEDISH  GAGE  COMPANY.  Inc. 

245  West  55th  Street,  New  York 

Canatlian  Branch.  10  Cathrart  St..  Afontnal 


('apacity  from  0  in.  to  12  in 
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Ball  bearing 

countershaft 

withdrawn 

from  hanger 

showing    the 

SKF 

Ball  Bearing 


Ball  Bearing  Countershafts 

Countershafts  equipped  with  SKF  Self-Aligning  Ball  Bearings  have  the  distinct 
advantage  of  requiring  very  little  attention  and  operating  with  the  least  loss  of 
power.  They  can  be  run  at  high  speed  a  id  heavy  load  without  any  danger  from 
heated  bearings.  Oil  tight  housings  pre  ent  the  leakage  of  lubricant,  and  the  high 
speed  at  which  they  may  be  operated  permits  the  use  of  narrower  and  lighter  belts. 


HARTFORD 


SKP"  BALL  BEARING  CD. 

„.  CONNECTICUT 


MACHINERY 


No.  3  of  a  Series  of  Recommendations  from  the  SKF  Engineering 
Service  Department  to  Machinery  Designers  and  Builders 

COUNTERSHAFTS 

This  series  of  suggestions  started  in  the  June  issue  of  Machinery.     Other  mounting 
suggestions  will  follow.     We  shall  be  glad  to  furnish  reprints  if  desired. 


SKF  Ball   Bearing  Co. 


Rigid   type   hanger  and   standard   type   SKF   radial    bearings.      The    aligning    feature    of   the    SKF 

bearing   allows   the   use   of   rigid    hangers.      No   other    bearing    will    give    satisfaction    when    used 

with    rigid    type    hangers. 


SKF  Ball  Bearing  Co. 


Adjustable  type   hanger  and   standard   type   SKF  radial   bearings. 


B.ill    Bearing   mounting   showing   SKF   adapter   type    bearings    applied    to   countershaft,    standard 
type   adjustable   hanger   casings. 
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THESE  ARE 

Foster  2-B  Universal  Turret  Lathe 


Foster  2-B  I'niversal  Turret   Lathe  with  Automatic  Chuck  and  Bar  Feed 


THE  FOSTER  LINE 


Ho.    IB   UNIVEHSAL   TI7BRET   LATHE 

Bar  Cap.   2"  Swin?  over  Carriage,   14" 

over    Cross    Slide.    8" 

No.    2-B   ITKIVEESAL   TTTREET   LATHE 

Bar    Cap.    3 ',4"       Swing    over    CarriaKO.    20" 

over    Cross     Slide,     13'/ 


No.    0    PLAIN    HEAD    SCREW    MACHINE 
Bar    Cap.    9/18"  lO"    Swing 

No.    I    PLAIN    HEAD    SCREW    MACHINE 

Bar  Cap.    13/16"  11"    Swing 

No.     2    PLAIN    AND    FRICTION    HEAD 

SCREW    MACHINES 

Bar   Cap.    1  1/16-  13"    Swing 

Ho.     3     PLAIN.     FRICTION     AND     ALL 

GEARED   HEAD    SCREW    MACHINES 

Bar  Cap.    I  6,  16"  14"    Swing 

No.   4   FRICTION   HEAD   SCREW   MACHINE 

Bar    Cap.    1  8/16"  17';"    Swing 

No.    6    ALL    GEARED    HEAD    SCREW    MA 

CHINE 

Bar    Cap.    1  13/16'  17>/«"    Swing 

Nos.    «.    7,    a.    9,    10    FRICTION    HEAD 

SCREW    MACHINES 

Bar  Cap.  2  1/16";  2  6/16";  2  9/18";  2  13/10"; 

3  1/16".  roipoctlTol;  20"  Swing 


No,   2   FRICTION   HEAD  UNIVERSAL  TUR- 
RET   LATHE 
Bar    Cap.     1  t/18-  14'    Swing 

No.    2    rXICTION    8ET-0VEB    TURRET 
LATHE 
Bar    Cap.     1  t/lO"  14"    Swing 

No.   a   rBICTION   HEAD  UNIVERSAL   TUR- 
RET LATHE 
Bar    Cap.     I  9/10"  16'     Swing 

Mo.  a  rkicnoN  head  bet-over  tuh- 

KET    LATHE 

Bar    Cap.     I  9/10-  16'    Swing 


nndar   th« 


With  our  2-B  Universal  Turret  Lathe  now 
ready  for  delivery,  we  have  one  of  the  most  com- 
plete lines  of  screw  machines  and  turret  lathes 
upon  the  market.  The  general  construction  of 
the  2-B  is  the  same  as  that  of  our  famous  1-B 
Universal  Turret  Lathe,  but  is  of  a  much  heav- 
ier construction.  It  has  a  bar  capacity  of  S]/^" 
and  a  chucking  capacity  of  13i/>"  over  the  cross 
slide.  This  machine  is  also  equipped  with  a  full 
line  of  tools  and  attachments.  It  may  be  ar- 
ranged for  motor  drive,  if  desired,  or  a  special 
countershaft  can  be  furnished  at  an  additional 
charge. 


Our  Eagineering  Department  is  at  your 
service  and  if  you  will  mail  us  blue  prints  of 
your  production  problems  we  will  be  glad  to 
furnish  you  all  necessary  information  free. 


1  OSIER  MACHINE  COMPANY 


August,  1918 


MACHINERY 


79 


PRODUCERS 

H.  &  M.  Thread  Miller 


The  H.  &  M.  Thread  Miller  is  now  being  manufactured  by  us  under  the  Holden  and  Morgan 
Patent  License  No.  125804.  This  machine  has  won  a  reputation  for  itself  in  the  ammunition 
plants  of  the  foreign  countries  and  has  universally  been  adopted  by  the  American  Engineers 
as  the  quickest  and  most  accurate  method  of  producing  threads  in  all  metals  at  this  time.  The 
H.  &  M.  Thread  Miller  is  as  accurate  as  a  micrometer.  This  machine  has  no  lead  screw  where 
there  might  be  a  possible  chance  for  error  and  back  lash,  but  the  master  thread  is  cut  directly 
on  the  main  spindle  and  is  engaged  by  a  bronze  block  which  is  fastened  securely  to  the  head 
casting.  The  complete  thread  is  cut  on  the  piece  with  slightly  over  one  revolution  of  the  spin- 
dle. The  extremely  short  overhang  of  the  spindle  and  the  large  shaft  carrying  the  cutter  entirely 
eliminates  all  chatter  and  allows  a  high  rate  of  production  to  be  obtained. 

The  standard  equipment  calls  for  an  air  operated  chuck,  but  this  may  be  substituted  by  a  mech- 
anically operated  chuck.  These  machines  are  adapted  to  all  styles  of  ammunition  work  from 
the  smallest  to  the  largest  projectiles. 

Write  today  and  send  us  blue  prints  of  your  threading  problems 
and   let   our  Engineering    Department  solve   them   for  you. 

ELKHART,   INDIANA,   U.  S.  A. 
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THE  BULLARD 
MACHINE. SHOP 


THE  BULLARD 
FOUNDRY 
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In  the  Nation's  Service 


99 


The  Billiard  Organization,  as  well  as  its  product,  is  truly  "In  the  Nation's 
Service." 

The  Main  Plant  has  been  more  than  doubled  in  productive  capacity  as  a 
result  of  new  buildings,  new  equipment  and  an  unequaled  esprit  de  corps. 

A  new  Foundry  and  a  new  Forge  Shop,  completed  within  the  year,  are 
proving  to  be  big  factors  in  meeting  the  demand  for  Bullard  product — they 
insure  a  prompt  and  continuous  supply  of  castings  and  forgings  of  the 
quality  required  for  Bullard  Tools. 


BULLARD 


VERTICAL  TURRET  LATHES 

24-Inch         36-Inch        42-Inch 

and  61 -Inch  MAXI-MILLS 

are  in  line  for  early  delivery 


The  Bullard  Machine  Tool  Company 

BRIDGEPORT  CONNECTICUT,  U.  S.  A. 
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Horizontal  Boring,  Drilling 
and  Milling  Machines 


INCORPORATING  many  exclusive  features  and  brought  down 
to  date  by  experienced  engineers,  G.  &  L.  Precision  Hori- 
zontal Boring,  Drilling  and  Milling  Machines  undoubtedly  offer 
the   greatest   efficiency    in    machine    tools    of   this    class. 

The   photograph   shows   No.    0,   the  smallest  of  a  complete  line. 
Specifications  sent  upon  request. 

GIDDINGS  &  LEWIS  MANUFACTURING  COMPANY 


FOND  DU  LAC 


WISCONSIN.  U.  5.  A. 


.1  '.I"       T.,1^    \t. 


F«!rb  i.>.   f..      N. «    T.rk     Ath«nr.    Nwi    llrlr«n..    IUrtti>nl.     II.    A. 

f.T..° _      L .     c'.  ,,   (■„     (Vlt,lnl.     Ir,,,!....,.    I'll.lll.lrll.hl«. 

MM.h    i     Morrrxr.llicr    McllT.     «'".. 


OmuL*..    l.,il*..lu    M.-<«    I*.,    Uo»l..    I.ii»l<k     Irrrc.   *    tV..     Kr.nw,    lull     I 
lliirirm     OrimUi.  *    C>.,.    RnglanH;   llfUixlrr    *     Aiflimil,    H««l<n;    Wriii«l'n    A    llmi 
t.iA..    Auatralla. 


,    ^ Mchr 

,  Jlhl'ifo.  Mll«>iikr«:  KnflUh 
V  ll..llh.rlT  Mt«  A  Hiii.iilr  Do.. 
Anf,»lr«,    riiftUnd. 

•         -     ''  liollinil; 


(£)C.*.6  CO. 


34 


John,tliatis  theiour(h  carload 
of  Schieren  leather  tiiat  has 
passed  here  today.' 


•'Well,  Han-y,  how  does  that  interest  you?" 

"In  this  way,  John.  It  can  mean  but  one  thing — that 
there  is  an  enormous  demanrl  for  DUXBAK  Leather 
Helting. 

"We  have  used  nothing  but  DUXBAK  for  years  for  all 
drives  where  there  is  any  chance  of  moisture,  and  it 
surely  has  paid  us. 

"Now  it  looks  as  though  others  were  getting  wise  to 
the  same  fact,  and  also  to  the  fact  that  DUXBAK  is  a 
darned  good  belting  to  use  even  where  there  is  no  moisture 
on  accfiunt  of  its  great  pulling  power." 

"Harry,  those  are  facLs  worth  rcincrnbcring.  To  tell 
the  truth,  I  don't  know  what  kind  of  belting  we  use,  but 
I  am  going  t^)  |fK»k  into  the  matter  and  have  a  say  as  to 
what  kind  we  buy  hereafter." 


/BCLTIN^ 

ll«ll    MunnUclnrara 
7:1    I'Vrrr    Slr«»l.    Now   York 

AlllinU.      Il«  HUP      \li.r>.-lln      SI 

nnatoi .      IVi    Siiinmor    Ht. 

rlilnwn I3N    Went    Klnnlr   Rt. 

nr>i.l»iHl 777     Ui.rk«oll     Aro. 

lialUii,     Tp« The    Ti't«ii    Ch...     A. 

Rf^hUlTll    Co.,    Inc.,    Mltnur   A 
\vllll>in>    HU. 

I'Mirrr 17Ba      Arii|i«lii»      SI. 

IMloll n     CnngiTM     Ml..     Wot* 

Knimaii    llllr ina«     Wr.l     I3t)i    Ht. 

MoniiiliU.      IVtin 'I7n     Hi>.     Main     flt. 

I'hlluloliihla 33<1     Nnrlh     t'lilnl     HI. 

nilalMinih M7     anil     A». 

Hall    Ijikr    ni)r Ii>aar    niila. 

xaii     Kralii'lX'ii 'in?     MliM.ai     ■« 

HralUe IKM     rint     Sir.     Hmilh 

HI.     Nana A07     1'niillar     lllili 

Mall     l.i^atltiir     Taiinorlpa,     llrlkitil.     Tmii. 
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BARBER-COLMAN 

No.  3  Gear  Hobbing  Machine 


The  hobbing  process  is  the  modern,  accurate,  economical  \yay  to  cut 
gears.  Rapidity  is  assured  by  the  continuous  cutting  action  of  the 
hob.  Accuracy  can  be  held  within  closest  limits.  Our  No.  3  machine  is 
designed  for  "spur  and  spiral  gears— ratchets,  sprockets  and  similar 
forms— and  with  our  vertical  feed  attachment,  worm  gears  can  also  be 
hobbed.  Ask  us  how  much  this  machine  can  increase  your  production. 
Catalog  on  request. 

BARBER-COLMAN  COMPANY 

KOCKIORD,  ILL.,  U.  S.  A. 
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WHEREVER 

THERE  ARE 

MANY  HOLES 

TO  DRILL 


DRILLS 

ARE 

USED 
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"There's  a  Drill  Speed  for  Every  Need 


NATCo 

MULTIPLE 
DRILLS 


The  NATCO  Multiple  Drill 
has  patented  indepen- 
dent spindle  speeds — 
every  tool  gets  its  cor- 
rect speed  and  feed.  The 
machine  is  a  wonderful 
producer.  Types  and 
sizes  for  all  purposes. 
Let  us  show  vou. 


THE  NATIONAL 

AUTOMATIC  TOOL 

COMPANY 

RICHMOND,  INDIANA,  U.  S.  A. 


And  here  we  see  a 
SATCo  drilling  Hup 
Motor  Car  cylinder 
covers.  One  operator 
keeps  two  of  these 
machines  going. 


•   •  • 


*■■"■■"■■"■ 
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Rigid  and  Accurate 

The  "Cleveland''  Open  Side  Planers 


Will  handle  any  and  all  classes  of  work  equal 
to  that  done  on  any  planer  of  any  type. 

With  fewer  working  parts,  it  is  the 

Simplest  Planer  on  the 
Market 

All  gears  in  drive  are  en- 
closed, and  except  the 
bull  gear  and  its  pinion 
all  run  in  oil. 


Almost  fool-proof. 


May  we  send 
you  a  catalog? 


The    Cleveland    Planer   Company 


3 1  52  Superior  Ave., 


CLEVELAND,  OHIO,  U.  S.  A. 


No.  1 


I  he  Clevelund  Horizontu! 
Boring,  Miliinj*  iind  Drilling 
Machine 

Im  II  riiplil  tcMil  roiiiii  iimclilno  of  llii'  iiuihI  Iniprovi'il  type 
Sliiipllilly  iif  (IchIkii  imd  imihi'  rif  iiporiilliiii  nr«>  nut- 
"l;iiiilliiK  fi'iiliiri'H;  i:;  rliiitiKi'H  iif  Hpi'i-d,  mill  Ifi  rliiiiiKi'K  <>f 
r<'<'i|.  I'.'iii  1)1'  Hindi-  whili'  llii>  iiiiii'lilni-  Ih  In  imilliiii  iiiiil 
'oiilriil  Ih  liy  ii  hIiikI«  Ii'vit  TIii'  Hpliiillii  IiimkI  iiiiil  iiiitrr 
xiiliport  (if  IIiIh  IiIkIi  Kriuli-  niiu-lilno  uri>  piiHltlvoly  iiIIkiii'iI 
liy  rnoiinii  of  nrnli-H  iiliil  vitiiIiTk  Kniiliiiiti'il  In  .001, 
rv-.i./...' 

The  Cleveland  MachineTool  Co. 

CLEVELAND  OHIO.  U.  S.  A. 
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40   MINUTES 


GISHOLT 

Turret  Lathes 


Another  Gisholt 

Hub  Job 
Forty   Minutes 


Standard  Tools 
Lower  Costs 


Standard  tools  lower  costs  not  only  because  they  cost  less,  but 
because  of  the  time  they  save.  When  a  job  like  the  above,  for  in- 
stance, can  be  produced  with  standard  chucking  tools,  you  will  see 
the  advantage. 

Have    you    any    work    that    is    similar  ? 
Compare  our  production  time  with  yours. 


GISHOLT  MACHINE    CO. 

1200  E.  WASH 


Ijinlrrn  Snlm  Officr:   M)  Church  St..  N.w  York. 
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The  More  Varied  the  Tools 
The  More  Profitable  is  the 

GISHOLT 
TOOL  GRINDER 

The  greater  the  variety  of  tools  and  number  of  angles  to  grind  the 
more  apparent  are  the  speed  and  accuracy  of  the  Gisholt  Tool 
Grinder.  A  boy  can  grind  more  tools  with  this  grinder,  and  with 
less  effort,  than  a  skilled  mechanic  can  grind  by  hand.  He  will  du- 
plicate angles  perfectly.  He'll  jump  from  one  tool  to  the  next  with- 
out waste  effort  or  loss  of  time. 

Ask  for  the  complete  Grinder  story. 

Madison,  Wisconsin,  U.  S.  A. 


INGTON  AVENUE 


Work*:   Madison,  Wis.,  Warren,  Pa. 
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Bradley 
Hammers 

Weight  From  800  to 
13,200  Pounds  Each 


n^HE  variety  of  forging  and  hammering  operations  which  may  be 
profitably  performed  on  Bradley  Hammers  is  amazing — we  fre- 
quently find  them  doing  things  we  never  dreamed  of.  Also,  the  quan- 
tity of  work  being  produced  by  Bradley  Hammers  is  remarkable — there 
are  more  of  these  hammers  in  use  to-day  than  all  other  makes  of  belt 
driven  hammers  combined.  And  as  for  the  quality  of  Bradley  forg- 
ings,  you  can  rest  assured  that  Bradley  Hammers  are  there — if  they 
were  not  you  wouldn't  find  them  in  the  big  plants  everywhere. 


# 


A  30  Ounce  Bradley 
Hammer,  The  Only 
One  In  Existence 


pics"— perfect 
lOdela— weight  30  to  3S  ounces, 
like    to   see   one   in    action? 


Many  are  the  reasons 
for  Bradley  popularity 
—  range,  convenience, 
adaptability  and  econ- 
omy being  among  the 
more  important.  They 
are  one-man  machines 
with  simple,  convenient- 
ly located  and  responsive 
controls  which  permit  a 
close  degree  of  accuracy. 
They  are  durable  ham- 
mers— built  to  stand 
hard,  constant  use.  Let 
us  send  complete  speci- 
fications. 

C.  C.  BRADLEY 
&  SON,  Inc. 

SYRACUSE,    N.  Y. 


I'mwick  tYcrrl  *  Co..  8  Hue  dc  Itocroj, 
I'ula.  ItiOy,  Ttddccx  OlusU.  Modrna. 
llnUr.      Kngland,    lliick    ft    lllrkmaii.    Ltd., 
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J.  N.  Lapointe  Co.  Broaching  Equipment 

is   the   Answer   to    Keyseating   Problems 


For  Instance: 


The  J.  N.  Lapointe  Co.  Broaching 
Machine  shown  in  the  accompanying 
photograph  is  broaching  5   16"  key- 
ways  in  s])iral  gears  of  4"  length.    Two  gears  are  handled  at  one 
time,  and  as  each  pair  is  intended  ultimately  to  operate  as  a  unit, 
it  is  essential  that  the  keyseat  alignment  be  perfect. 

J.  N.  Lapointe  Co.  Broaching  E(|uipment  is  again  the  answer,  as 
it  is  on  all  j)articular  keyseating  jobs,  and  it  takes  but  40  .seconds 
for  the  actual  broaching  time  on  a  pair  of  these  gears. 

The  Albaugh-Dovcr  Company  of  Chicago  is  noted  for  (juality  and 
speed  in  gear  pi-oduction.  Key.seating,  though  a  small  operation, 
is  indeofl  an  im|)ortant  one.  This  company  acknowledges  the 
need  of  good  ('(juipment  and  employs  two  J.  N.  T/apointe  Co. 
Broaching  Machines. 

Are  you  aware  of  the  full  pomiibililiex  of  hroachinff  on  larffe 
and  Hmall  partn  ?    May  we  ncnd you  the  complete  story  7    Write. 

THE  J.  N.  LAPOINTE  COMPANY 

NEW  LONDON  CONNECTICUT 
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UNlX/ERSAL 

BMori  1ZOZ1  ^&2 
onnd  Md^chine 


A  Good  Foundation 
for  Your  Choice 

We  have  prepared  a  series  of  six  ad- 
vertisements, taking  you  through  our 
plant  during  the  construction  of  the 
Universal  Boring  Machine  and  show- 
ing you  the  good  foundation  for  mak- 
ing this  the  machine  of  your  choice. 
The  first  picture  logically  concerns 
the  machine's  own  foundation,  the 
base. 

Too  often  neglected,  the  base  is  one 
of  the  most  important  parts  in  a  ma- 
chine's construction.  A  ship's  en- 
gines, no  matter  how  powerful  or 
efficient,  are  useless  as  far  as  theii' 


assistance  in  navigation  is  concerned 
unless  the  ship's  keel  has  been  proper- 
ly laid.  Durability,  strength,  rigid- 
ity and  correct  proportions  are  the 
characteristics  of  a  good  machine 
base.  They  are  instantly  apparent 
in  the  Universal  Boring  Machine. 
Further  particulars  will  convince 
you.    Get  them. 


The  photograph  shows  the 
huge  close-grained  base  cast- 
ing, mounted  on  an  auxiliary 
table  to  be  end  milled  and 
drilled  by  another  Universal 
Boring    Machine. 


UNIVERSAL  BORING  MACHINE  COMPANY 

HUDSON  MASSACHUSETTS  U.  S.  A. 
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The  New  Biggs  -  Watterson 
Thread  Miller 

Under  the  old  method  the  operator  sometimes  forgets. 
Why  not  use  our  Universal  Automatic  Thread  Miller, 
eliminate    all    losses   and  increase"  your   production? 


All  operating  mechanism  is  automatic.       Operator  chucks  work  only. 
Prompt  deliveries  assured.      Honest  service. 


This  machine  is  built  in  f(jur  sizes.  The 
capacity  throuj^h  the  spindle  or  spring 
chuck  can  l>e  '.V,  G",  9"  or  12".  Long 
pieces  are  chucked  from  the  back  end, 
whil(!  short  pieces  are  chucked  from 
th(;  front. 

Machine  is  controlled  by  a  single  lever 
which  engages  the  drive  of  work  spin- 
dl<',  brings  thf  I'nttcr  td  proper  depth, 


engages  lead  screw,  and  starts  lubri- 
cant pump.  After  work  spindle  com- 
pletes one  revolution,  |)ower  is  disen- 
gaged, cutter  is  i)afkeil  away,  and 
carriage  nut  released  from  the  screw, 
retaining  the  lead  positively.  Any 
tlireads,  either  Metric  or  U.  S.  Stand- 
ard, I'ight  or  left  liand,  intei'iial  or  ex- 
ternal, can  be  out  through  our  system 
of  change  gears. 


TIIK   IU(;(iS-WATTi:i{SON  (;0. 
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The 

WESTERN 
"RADIAL" 

It  Made  Good    Quickly 
in  This  Shop 

THE  Ruggles-Klingemann  Mfg.  Com- 
pany, Salem,  Mass.,  bought  this 
Western  Radial  about  two  months  ago 
on  our  recommendation — and  it  has 
made  good  most  emphatically.  It  per- 
forms a  variety  of  operations  on  a  wide 
range  of  work.  It  is  used  on  piece 
work  and  has  got  to  stand  the  pace. 

The  "Western"  will  make  good  on  any 
legitimate  radial  drilling  operation.  It 
is  a  genuinely  good  machine.  We 
recommend  it  without  qualification. 

I>et  us  send  complete  specifications. 

Manurnclurrd  by 

WESTERN  MACHINETOOL  WORKS 

Holland  Michigan 

Manufacturers'  Agents 

HILL,  CLARKE  &  COMPANY,  Inc. 

156  Oliver  ,S,..H„.,o„.M,..    THE  MACHINERY  MERCHANTS   ,36Ced.rS,..  New  York  Cit, 
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THE  JOHNSON  FRICTION  CLUTCH 


A  Big  Steam  Ketde 

The  Action  of 
which  Must  be 
Instantaneous 


This  is  a  tilting-  kettle  for 
"cooking"  linoleum  com- 
positions, and  in  action  it 
must  respond  instantly 
and  positively  to  the 
wishes  of  its  operator. 


The  Johnson  Friction 
Clutch  Does  the  Trick 

Johnson  Clutches  are  fitted  to  these  kettles  because  they  are  depend- 
able clutches— they  do  what  they  are  required  to  do,  quickly,  posi- 
tively and  economically — and  more  than  this  you  cannot  ask  of  any 
device.  There  is  no  more  adaptable  device  of  its  class  on  the  market 
than  the  JOHNSON  FRICTION  CLUTCH.  We  can  make  it  fit  any- 
where; it  answers  every  friction 
clutch  requirement;  it  is  small,  sim- 
])le,  ])owerful,  safe:  it  oi)erates 
easily  and  quietly;  is  absolutely  in- 
terchangoabk';  has  no  bolts,  nuts, 
links,  etc. 


Write    now    for     Catalog 
and  complete  details 


ACENTSi 


I'ANAliA       Wllllaiiia   A    Wll. 
•illiti     l'°«ltl>aMk»Mo,*«    I'll. 
Th"   lifan.lprn  l%p,   32  Nmnial 
r.if    llrlll.l.    !.!■.        \<  --I  II  M.I 

3<ii    i-ai»^  •' 

Co.     Ill     I 


MMiilrval      'l'h«   r«n- 

ii.«n.|i.'ii        KNUI.ANK 

I. .11,   W    I.  H.ilo  ,\ariil> 

l'■^  .    flanlHaro   riiainlirra. 

i'>N        Amlwwa    Ar     liriirfw 

II   III    AKIIIOA:     l>     llnir, 

AiK'l.'iia    Klab     lilaotixT    i 


THE  CARLYLE  JOHNSON  MACHINE  CO.  m 
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INFUSO  PROCESS 

One  of  Our  Secrets—  Wide  Open  to  Public  Inspcctio)i 


Proving  an  answer  in  mathematics 
won't  make  it  any  more  correct  than 
it  was,  neither  will  subsequent  test- 
ing of  metal  help  in  its  heat  treat- 
ment. 

Rut  when  you're  dead  certain  you've 
(lone  a  thing  con-ectly,  you're  glad  to 


have  the  opportunity  to  say  "I  told 
you  so." 

That's  our  only  excuse  for  calling  the 
careful  inspection  of  jiarts  a  feature 
of  the  Infuso  Process.  It  only  proves 
the  correctness  of  our  process. 


The  Steel  Improvement  and  Vovgo^  Company 

CLHVKLAND  OHIO,  H.  S.  A. 
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The  New  16"  Rapid 
Production  Lathe 


The  New  Hamilton  16"  Rapid  Production  Lathe 
combines  features  which  make  it  the  most  power- 
ful, accurate  lathe  of  its  dimensions  on  the 
market.  Improved  gear  box,  semi-steel  bed  with 
its  wide  V,  box  type  headstock,  chrome-nickel 
steel  spindle,  double  apron  and  drop-forged 
apron  gears  are  a  few  of  the  points  which  insure 
the  accuracy  and  durability  of  this  up-to-date 
machine. 

Friction  is  reduced  to  the  minimum  by  means 
of  a  centra]  oiling  system  of  the  gear  box  and 
ajjron,  sight-feed  spindle  oilers  and  bronze  bush- 
ings throughout.     Swings  over  ways  18'/i.". 

Bulletin    iV».  ■(!(>  f^ircs  mmpli-tr  ilctdils 
Sviul   for  (I  copy 


THK  HAMILTON  MACHINK  TOOL  CO. 

IIAMII;K)N,  OHIO,   u.  s.  a. 

■         •• *  ,       ••  ,     MiKlilnrrr    *    Miiii|.ly    ('.,,    IMmlt.    Mlrji       HI.,  iirr  lliiiiil.-»  Wurli. 

'1  1,1  l'<.  .  lit  l^il«.  M"  r.  K.  Hallfrlc  <'n,  Mliinrapolln.  Minn. 
.i.rla...  I'lil  llnla-rU  Marlilnrrir  A  Hillililr  Oj  I '••  Anivlmi,  <>>l 
IIoIumu    *    Nii|i|ily    Cn,    AUinln.    ru.     OlUiT   II.    Vnii    llimi,    Inr  . 
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WILLIAMS  "AGRIPPA 
TOOL  HOLDERS 

BACK  OF  THE  FRONT 
OVER  HERE  AND  "OVER  THERE" 


The  mechanical  advantages  which  gave 
WiUiams'  "AGRIPPA"  Tool  Holders 
the  preference  over  other  tool  holders 
at  San  Francisco  in  1915  continue  to 
give  them  a  like  preference  in  the  de- 
mand for  government  service  in  1918. 

One  by  one,  from  the  British  Empire, 
from  France,  Italy,  Russia  and  Japan 
came  the  war  calls  for  the  "AGRIPPA" 
—The  Modern  Tool  Holders— and  they 
went  forth. 

Now  Hear  America's  Call!  She  too 
must  save  time,  labor  and  high-speed 
steel,  and  our  Government  has  there- 
fore 

Drafted  the  ''AGRIPPA'' 
by  the  Thousands 

for  use  overseas  and  at  home,  because 
they  alone  save  the  most  machine  time 
on  the  job,  lose  the  least  repair  time  off 
the  job  and  need  the  least  shifting  be- 
tween the  jobs. 

They're  "doing  their  bit"— they'll 
make  yours  easier. 


A  tool  that  performs  both  cutting-off  and 

side   work  by  the  mere   substitution 

of  suitable  cutters  tells  its  own 

story  of  economy. 


The -Threading  Tool  with  lockable-spring 

head  will  do  roughing,  finishing  and 

threading   at   one  setting   of  the 

tool    post. 


J.  H.  WILLIAMS 
&  COMPANY 

"The  Drop-Forging  People" 

61  Richards  St.,  Brooklyn,  N.  Y. 

Western   Office  and  Warehouse: 
61    So.  Clinton   St.,  Chicago 


The  Boring  Tool  takes  any  size  or  shape 
of  bar   and   requires  no  bushings. 


Tho  rianlng  Tool's  serrated   ring  affords 

varied    and    rapid    adjustment.     The 

ring    Is    hardened    against    wear. 

Tho  boily  Is  heat  treated  to 

prevent   breakage. 
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CARD  Taps  are  on  the  Honor 
Roll,  lined  up  with  the  nation's 
best  in  men,  machines  and  tools; 
doing  their  part  to  carry  on  success- 
fully the  most  tremendous  task  the 
American  people  have  ever  undertaken; 
economically  cutting  the  clean,  true 
threads  required  for  high  grade  work. 

The  Card  line,  providing  for  every 
thread  cutting  requirement,  includes 
Taps,  Dies  and  Screw  Plates — every 
tool  made  by  experts,  every  tool  guar- 
anteed for  quality  and  workmanship. 
Forty-four  years  on  the  market. 

S.W.  CARD  MFG.  CO. 

MANSI- IKIJ)  MASS..  1 1.  S.  A. 

Ni-w  ^  cik  Olluc  :   r.li  Ki-.idc  Strict 


^>%> 


^  >  >  ^  Oiii  latest 

Calalo)! 
No.  Z«» 
nil  (ciiiu'sl 


^A 


^A 
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-^^^ 


August.  1918 


MACHINERY 


105 


DON'T  be  like  the  man  who  knew  a  nice  giri  but  for- 
got her  'Phone  number.  Don't  forget  the  trade  mark 
on  that  baleful  of  cotton  w^aste  that  satisfied  you  down  to 
the  last  handful. 

— that  was  so  absorbent 

—that  was  so  free  of  dirt  and  splinters 

— that   proved   its    standardization    by 

guarantee   of  uniform  quality,   even 
weight  and    6%    "tare"   (wrappings). 

Say  to  the  buyer  "I  want  Royal." 


Don't  forget  which  of  the 
12  Royal  grades  proved 
best  for  your  need  of  ser- 
vice and  price. 

If  it  was  WHITE,  it  was 
Baron.  Count.  Czar,  Duke, 
Earl  or  Emperor. 

If  COLORED,  it  was 
King,  Marquis,  Mikado. 
Prince.   Rajah    or    Sultan. 


Write  us  for  the  ^reat  little  book,  "Producing  the  Fittest 
in  Waste."  Ask  your  jobber  or  us  for  Royal  Samplin<<  Cat- 
alogue or  for  samples  of  resilient  Royal  Wool  Waste.  The 
imposing  Royal  Magazine  Campaign  is  worth  your  notice. 

ROYAL  MAHVFACWRMC  C<? 


General  Sales  Offices  and  Plant 

RAH  WAY,  N.  J. 

LOOK    loK    TIM     ItKWDON  IXCU   STKII.  nWH 


New  York  Office — 2  Rector  Street 

Si.  L^uis  Office -Pontine  Bldft. 

ChicBj>o  Office-Peoples  Gas  BUfi. 

PillsbiirHh  Office -Oliver  Bids. 

Siin  F'>iiiu-i>co  Office-Wills   K.irdo   BUtlJ. 
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Your    Countershafts 
Can  Also  Be  Improved- 


WHEREVER  you  have  a  high-class  machine  connected  up  to  an  old-fash- 
ioned plain  bearing  countershaft  there  is  a  double  loss — loss  of  production 
and  loss  of  power. 

The  Rockford  Drilling  Machine  Company  has  permanently  solved  its  countershaft 
problems  by  equipping  countershafts  with  Hyatt  Roller  Bearings.    So  can  you. 

Hyatt  Roller  Bearings  insure  smooth  and  dependable  operation  at  all  times.  By 
eliminating  at  least  50  per  cent  of  the  friction  of  plain  bearings,  they  speed  up 
shop  production  and  reduce  power  and  lubrication  expenses  wherever  they  are 
used. 

You  can  get  many  years  of  satisfactory  service  from  a  Hyatt  Roller  Bearing 
Countershaft.  The  only  attention  it  requires  is  a  single  charge  of  lubricant  three 
or  four  times  a  year. 

The  manufacturers  of  machine  tools  of  all  kinds  are  now  furnishing  Hyatt  Roll- 
er Bearing  equipped  countershafts  as  a  standard  part  of  their  product  and  have 
thereby  improved  machine  tool  operation  to  a  profitable  extent. 

You  can  obtain  Hyatt  Roller  Bearing  equipped  countershaft  boxes  and  unbreak- 
able steel  hangers  from  the  Standard  Pressed  Steel  Company  and  complete  Hyatt 
Roller  Bearing  equipped  countershafts  with  Standard  Clutch  from  the  Standard 
Pulley  Company.  Hyatt  Roller  Bearing  equipped  countershaft  clutches  are  fur- 
nished by  the  Foster  Machine  Company,  the  Brown  Engineering  Company  and 
the  Edgemont  Machine  Company. 

You  will  find  that  our  Countershaft  Bulletin  contains  complete  engineering  data 
of  real  practical  value  to  you.    Send  for  it  today. 


HYATT  BEARINGS 
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Rockford  Drilling  Machine  Co. 

Manafactarers  of 

Cprlght,  Horizontal  and  Gang  Drills 

Rockford.  lU...         April   29,    I9I8. 


The  HyBtt  Roller  Bearing  Co. 
Industrial  Bearing  Division, 
Bew  York  City,  K.Y. 

Gentlemen: 


Replying  to  your  favor  of  the  25th  inst., 
will  say  that  these  are  to  be  used  in  pairs  as  bearings 
for  a  countershaft  running  at  about  400  BPE. 

We  have  had  more  or  less  trouble  with  this 
particular  countershaft  and  have  finally  come  to  the 
conclusion  that  the  only  way  to  eliminate  this  trouble 
is  to  provide  same  with  roller  bearings.   The  load  is 
nominal  amd  well  within  the  load  specified  in  the 
tabulation  contained  in  Tour  favor  the  £5th. 

V76  intend  to  make  up  hardened  sleeve  on 
which  two  bearings  will  run,  the  bearings  and  sleeve 
to  be  contained  in  an  outside  raceway.   We  have 
already  made  up  one  countershaft  of  this  style.   This 
lest  countershaft  had  been  giving  us  a  great  deal  of 
trouble  as  it  ran  approximately  at  IIOO  HPK  and 
trsh&mitted  approximately  10  H.P.  We  finally  came 
to  the  conclusion  that  Hyatt  Besringa  would  be  the 
only  solution  to  our  trouble. 

This  countershaft  has  been  running  approximately 
six  monthB  and  has  convinced  as  in  a  case  of  this  kind, 

that  we  have  only  one  solution to  apply  Hyatt  Holler 

Bearings  to  overcome  our  troubles. 

Yours  truly, 

Rockford  Drilling  Machine  Co. 


EiOa/AMF . 


Gen     Supt.vJ 


HYATT  ROLLER  BEARING  CO,  Metropolitan  Tower,  New  York 

Mainifacliircrs  of  heariiias  for  steel  mill  ecu  a  and  roller  tables,  trolleys,  eranes,  hoists,  niaeliiiie  tools, 
line  shafts,   eonerete    waehinery,   all  kinds  of  trucks  and  ears,   textile   niaehinery,   eonveyors,    ete. 


FOR  COUNTERSHAFTS 
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HOW  MANY  LINE  SHAFT  HANGERS 
ARE  THERE  IN  YOUR  PLANT? 

If  every  hanger  in  your  plant  consumes  one  horse  power  in  friction  every  ten 
hour  day,  how  much  power  do  you  waste  in  one  year  and  what  does  it  amount 
to  in  tons  of  coal  or  in  dollars  and  cents? 

Engineering  tests  have  shown  that  the  usual  babbitted  hangers  waste  at  least 
30  per  cent  of  your  total  power.  At  least  50  per  cent  of  this  waste  can  be  elimi- 
nated by  the  use  of  Hyatt  Line  Shaft  Roller  Bearings.  Thus  your  total  power 
bill  can  be  reduced  15  per  cent  or  you  can  run  additional  equipment  with  your 
present  power  plant. 

Hyatt  Line  Shaft  Roller  Bearings  provide  a  true  rolling  motion  in  place  of  the 
dragging  friction  of  babbitted  bearings.  The  hollow  flexible  steel  rollers  revolve 
di recti v  on  the  shaft  without  the  need  of  inner  sleeves. 


The    Hyatt    Line 
Shaft  Box, 
^  asscmhied. 

Note  the  Hexlhlc 
rollers  >v  i  t  li  in 
anti  how  hox  is 
eoniplelely    splil. 


HYATT  BEARINGS 
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Hyatt  Line  Shaft  Roller  Bearings  are  SPLIT  throughout  and  can  therefore  be 
slipped  easily  into  position  on  a  shaft  without  removing  any  pulleys,  collars  or 
couplings. 

These  easily  applied  line  shaft  bearings  hold  sufficient  oil  for  several  months 
lubrication  and  the  helical  openings  in  the  rollers  constantly  bathe  the  surfaces 
in  oil. 

The  first  cost  of  a  Hyatt  Line  Shaft  Roller  Bearing  is  very  little  more  than 
the  first  cost  of  a  babbitted  bearing.  The  maintenance  cost  is  far  less  and  the 
replacement  cost  practically  zero,  for  Hyatt  Bearings  have  been  in  operation  in 
some  plants  for  25  to  30  years  and  are  still  giving  satisfactory  ser\dce. 

It  will  pay  you  to  stop  the  power  waste  in  your  plant,  by  the  use  of  Hyatt  Line 
Shaft  Roller  Bearings.  Send  for  our  complete  Line  Shaft  Bearing  information 
today. 


HYATT    ROLLER 
BEARING  COMPANY 

M<»trc>politaii  Towor,  Now  York,  N.  Y. 


Maniifaclureis  of  Ixunngs  for  sled  mill  cars  aiid  roller  tables, 
trollrys.  cranes,  hoists,  machine  toots,  line  shafts,  concrete  machinery, 
all   kinds    of  trucks   and  cars,    textile    machinery',    conrewr^.    etc. 


FOR  LINE  SHAFTS 
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CH/\RD 

LA^TMEvT^  OF  tUGtlEwTT    Q,U.A.LITY 


4PR0N  is  of  double  plate  construction,  per- 
/-\  mitting  the  use  of  gear  studs  revolving 
in  the  plates  and  eliminating  fixed  studs 
on  which  gears  run  loose. 

All  studs  in  back  plate  are  oiled  from  one  point 
in  top  of  carriage.  A  non-interfering  device 
prevents  both  feeds  being  engaged  simultane- 
ously.   All  feeds  are  reversed  in  the  apron. 

Every  part  of  the  Chard  Lathe  is  designed  and 
constructed  to  stand  the  "greater-than-usual" 
strains. 

Bulletins  give  complete  details — the  five  sizes — 
16 -in.  to  28 -in.  swing.      Write  us. 


CIIAkI)  LATHh:  (X)MI*ANY 

.M-WCASILi;.    INDIANA,    l.  S.  A. 

AdOTTH:  Vmm(>ii  MwUiwit  Oo,,  Ili4UiM|nlU.  JmI^  ■mIIA  *  MilUr  Manhlni-n  (!o„  llalnHt.  Mich,  llio  W  M.  rallUon  Nupply  (Vi.. 
rVnteOrt,  Obi''.  (MpUlt  H.  AdaiM,  hsctMtar.  St.  Tha  r;  O  NUIIman  Niiplilr  <'n..  Ktn  rranrlani.  i'tl,  J  H.  Millar  Mirlilnarr  Oom- 
caaf,    Mitatxtrili.    Pa       MoMnk    MtAlMrr    Onmvnt,    IlillwUlvhla.    fa. 
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Originality  in  Design  Distinguishes 
the  New  Line  of  "Dreses"  Radials 


Sizes : 
3  to  7  feet 


Plain,  Half  and 
Full  Universal 


Here  Are  a  Few  of  the  New  Features 


Pulley  shaft  on  speed  variator  has  an- 
nular ball  bearing,  gears  are  of  steel  and 
hardened  and  run  in  oil  baths. 

Base  has  oil  groove  so  designed  to  in- 
crease the  working  surface. 

Column  is  greatly  enlarged  at  lower  end 
and  has  a  third  bearing  in  the  middle, 
doubling  the  strength  and  rigidity. 

Arm  has  double  webbed  bo.K  shaped 
lower  rib,  preventing  twisting. 

Head  has  a  third  bearing  in  the  rear, 
adding  to  the  .support,  preventing  bend- 
ing and  straining  of  rear  .shaft  and 
rapid  wear  of  bevel  gears  and  bearing. 


Friction  bevel  gears  and  worm  wheel  run 
in  oil  bath. 

Quick  return  has  four  levers  serving  as 
pilot  wheel  to  move  spindle;  each  lever 
engages  and  disengages  the  feed. 

Friction  for  starting,  stopping  and  tap- 
ping is  double  expanding,  powerful  in 
gripping,  easy  to  operate  and  adjust. 

Steel  gearing,  hardened ;  phosphor  bronze 
bushes ;  ball  bearings  in  all  places 
essential. 

High  spindle  speeds. 

lyeast   friction   and   power  consumption. 


DRESES  MACHINE  TOOL  CO.,  Cincinnati,  Ohio 

RKPIlBBKNTAnVKS;       Mannlns.    Muwull    A    Moore.     Inc..    Ntw    Y..rlt,     llonlon.     I<hl)l<1<-lphm.     OrtoUnd  ChlcMo      PKtmlt      Moiico 

i;ilj;    Cmrrr    Mtchlnmj    and    8upiilT    Od,.    lUltlmrOT:    wnilam    O.    Johnmn    *   8<inii  UchT.    Co.,   8L    Ixnlia;  PadUe  Tool   «    Supply  Co. 

(Un    rr«ti.  i«o    and    I.oa    An|t>lM:    HUiad    A    Z»olfrl     Milan:    H.    8.    Slolnln    A    Zontn.    Ilnttrnlani :    R.    8.  Slakrla    A    Flla.    Parla    and 
llniarU.    Alfrrd    HarlMll,    I.Ul..    Corantrr:    8hr\.an    Toni»«    Ik    Co..    Shanjiial.    ^^klng   and   Canton. 
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Foote-Burt  High 
Duty  Drills 


Machines 
You  are 
Going  to 
Need 


Write  for  the 
Bulletin  before 
you  order 
drilling 
equipment 


With  all  the  forces  of  the  United  States 
orjranized  for  offense  and  defense,  American 
manufacturers  are  facing  the  busiest  and 
most  important  period  of  industrial  history. 
Their  prime  need  is  machines — good  ma- 
chines, machines  built  like  the  Kootc-liurt 
No.  25  High  Duty  24"  Drilling  Machine. 

The  No.  25  is  as  rigid  as  a  machine  can  In- 
made,  modern  to  the  smallest  detail,  and 
drives  high  speed  drills,  up  to  ;i"  si/.e,  to 
full  cutting  edge  capacity.  All  speed  and 
feed  changes  are  made  through  <iuick  changi- 
gear  device  of  special  design;  sr)indle  is  of 
forged  high  carbon  steel,  fitted  with  ball 
bearing  thrust  of  our  own  design,  !/uarnut('((l 
not  to  criinh  uiidrr  tlw  hviu'TihI.  ditlii.  All 
levers  arc  within  easy  reach.  P.riefly.  thi- 
function  of  this  machine  is  to  work  hard 
and  keep  at  it. 

THE  FOOTF-BURT  CO.,  Cleveland.  Ohio 


THE 


Turner 

TURRET 


This  machine  per- 
forms a  number  of 
operations  in  rapid 
sequence,  there- 
by  saving  time, 
waste  motion  and, 
in  addition,  does 
not  require  a  skill- 
ed workman. 

Second  operations 
that  so  frequently 
run  up  costs  can 
be  performed  with 
one  chucking. 

Sturdy,  strong, 
safe,  it  is  an  indis- 
pensable adjunct 
of  the  modern 
shop. 

Write  for  catalog 

TURNER  MACHINE  COMPANY 

DANBURY,  CONN,  and  NEWARK.  N.  J  ,  U.  S.  A. 

In 


Before  You  Buy  a  Special  Machine 

Give  the  Covington  Multiple  Drill  Head  No.  3 
a  chance.  Capacity  for  eight  holes  or  less, 
quickly,  economically,  simultaneously.  Spindles 
are  simply  adju.sted  and  perfectly  rigid. 

COVINGTON 


Multiple 


Drill  Heads 


Send  far  full  details 


COVINGTON  MULTIPLE  DRILL  CO. 


Ml'l  M  W   M.>li<l.rti  As 


(  IN(  INNAII.  OHIO 
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National 

^jTwisiDriUs&Tools  ' 

1 


/    engineering  ikou^hi    i 
*^  9ind9re  idlihxi  dviUs    * 


and  iools  sKould  he    5 


Naiional  Tvrist   ^ 

DriU&ToolCo.    > 

^  Detroit     U 


♦♦ 


-^1. 


NEW  YORK  OFFICE    -  30  CHURCH  ST.      CHICAGO  OFFICE  --  I04  S.  JEFFERSON 


ST. 
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BATH  UNIVERSAL 
GRINDING  MACHINE 

For  Cylindrical,  Surface,  Internal,  Tool 
and  Cutter  Grinding 


MADE  IN  3  SIZES 

i\().  1.  10"  Svvinjf,  20"  between  centers,  Wheel  10  x  Ya 
No.  2.  10"  Swiiiff,  2S"  between  centers,  Wheel  12  \  IV2 
No.  2'/2.    10"  SwinM,  .V)"  between  centers,  Wheel  12  \  P/2 

BUILT    I»Y 

UNIVERSAL  GRINDING  MACHINE  COMPANY 

FITCHBURG.  MASSACHUSETTS,  U.  S.  A. 


I»TM      Ttx  I.  '    '7,   Allani,   Hrtr'im,  I'tlr*.    llulTiVi,    tliMUm.    Ilarldinl,    Noirk,    PhllxlaliihU,    Hnnntnn,    llilllmiM. 

Infham.    AU  i     Mlr.ltnin   •'->  .   tiolroll.      Umi    K.    I.     I...Ii',    MrliT.    <:•>.,   (°hlru<>.     I1i«    W.    U      I'alllBui    Hiii<lil; 

'^:'^«Ui>4       I'  T.il«1n.     l^Mihlln  ll«n>n  Mrhlt.    <'xi.,    I>lll>>iiirgli.     Ilr<i»n«ll    Mc-l.t.    <V,..    rroihlanrv      llnlllitli-    M> 

■      .    llMllx  "      .1      .......    riThhiiri.      Airr»<)    Il.r1»rt,    l.trf.,  "Vn.nlij  ami   \uki>li>iiia.     •li'..t»o  I..   I'vaHr.   I'arta.     Nkl«'n  A   Wliilhrr. 


AaMTM**     U*.i.ft,«f|     M/f.*! 


iThbiir«. 


Torli   and   lUrovlona,  H|ialn, 
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RADICAL 

FITCHBURD  AUTOMATIC   MACHINE  WORKS 


riTCHBURG, 
IvIASS. 


Holding  the  Drive! 
WHERE? 

Where  the  drive  for  production  is 
greatest  —  where  the  strain  of  con- 
tinuous operation  is  most  severe  — 
there  the  reserve  strength,  rigidity 
and  dependabiHty  of  the 

RADICAL   AUTOMATIC 

Is  Holding  and  Helping 


THE    RADICAL    AUTOMATIC 
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FITCHBURG 


GRINDER 


MODEL  "B"-6"  X  20" 

MODEL  "A"-POWER  TABLE  TRAVERSE  MODEL  "B"     HAND  TABLE  TRAVERSE 

M."l.  I   A  M...I..I   I! 

SuiriK  "vtT  'I'aljle    ( Maxirnuin) 7',-;"  ^'/j" 

Distance    between   centers 20"  20" 

Swivel  Table  Graduated  to  an>?le  of 10*  10° 

Swivel  Table  Graduated  to  firind  Taper  per  foot.  .  .  4"  4" 

Head  and  Footstock  S|)indles  br)red  to  (it  Morse  Taper      No.  4  No.  4 

Number  of  Work   Spe('{1.4 (10)  (10) 

Number  of  Traverse  'I  able  Feeds (10) 

Number  of  V,r\w\'\\\^  Wheel  Speeds 3  '^ 

Size  of  f;rindin>f  Wheel 16"   x    .'V  IG"   x   8" 

Size  of  (;rin<linK  Wheid  Pulley 6"  x  4"  6"  x  4" 

K.  P.  M.  of  Tijfht  and  Loose  Pulley 640  640 

Morse  Power  Ue(|uired 7'/..   to   10  7'/^.   to   10 

Floor  Space  f{e<|iiired 52"  x  6(1"  52"  x  66" 

Net  WeJKhl  of  Machine,  about HOOO  4700 

Weijfht    Skidded,  aboiit ncoo  W,\W^ 

VVeitfhf   P.oxed  for  Kxport,  about 6:i00  6000 

FITCHBURG  GRINDING  MACHINE  CO.,  V^:^ZlI^.^^. 
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FITCHBURG 


^'^invitv^  LATHES 


Unsurpassed  For 
Shell  Turning 


Easy  and 

Economical  to 

Operate 


SATISFACTORY  DELIVERIES 

Send  for  Full  Details 


FITCHBURG  MACHtNE  WORKS 

FITCHBURG,  MASS  .  U.  S.  A. 
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The  denseness,  toughness 
and  wear-resisting  qualities 

of  Non-Gran  are  as  uniform  as  the  fixed 
processes  by  which  this  bronze  is  alloyed. 

In  every  machine  shop  where  Non- 
Gran  has  replaced  nondescript  bearing 
bronzes  it  has  laid  bare  the  fallacy  of 
"different  alloys  for  different  purposes" 
and  substituted  certainty  for  uncertainty 
of  result. 


American   Bronze  Corporation 

I  Vims\I\  :iin:i 


)cru  \  11 


ACTORIES  engaged  in 
building  power  plant 
engines  and  similar 
equipment,  where  a 
year's  business  sel- 
dom includes  orders 


for  many  engines  or  other  prod- 
ucts of  the  company  which  are  of 
the  same  design,  must  handle 
their  work  differently  from  plants 
engaged  In  manufacturing  large  numbers  of  a  standard  prod- 
uct. In  such  factories,  the  highly  organized  manufacturing 
practice  of  shops  engaged  in  the  performance  of  repetition 
work  on  large  numbers  of  similar  parts  is  replaced  by  meth- 
ods developed  with  the  view  of  saving  time  and  labor  In 
handling  extremely  heavy  castings,  in  utilizing  floor  space, 
and  in  saving  as  much  time  as  possible  in  the  actual  per- 
formance of  machining  operations.  There  are  many  factories 
In  which  all  of  these  results  are  secured  through  the  use  of 
portable  tools  that  are  taken  to  the  work  instead  of  following 
the  usual  practice  of  taking  work  to  stationary  machines;  and 
In  the  present  article  It  Is  intended  to  explain  the  beneflclal 
results  which  certain  manufacturers  have  secured  through 
adopting  the  use  of  portable  tools. 

In  addition  to  their  use  on  production  work,  portable  ma- 
rhlneH  are  often  employed  to  advantage  on  repair  work  and  for 
making  slight  nltcratlons  on  factory  equipment.  In  such  cases, 
the  groat  advantiiKc  derived  from  the  use  of  a  portable  machino 
lies  In  the  fact  that  It  In  often  found  posslbla  to  set  It  up  on  a 
shaft  or  other  machine  member  without  the  necessity  of  re- 
mnving  the  part  to  he  machined  from  Its  operating  position. 
Obviously,  whorn  sucli  a  practice  can  bo  followed  It  is  the 
means  of  saving  a  Hulislantial  amount  of  timo  which  would 
othorwlHo  bo  coiiHunied  In  tearing  down  the  machine,  transfer- 
ring the  member  to  bo  repaired  to  the  machine  shop,  and  then 


In  planning  methods  of  handling  government  work 
which  Involves  the  performance  of  machining  operations 
on  pieces  of  large  size  and  heavy  weight,  careful  con- 
sideration has  been  given  to  the  possibility  of  using 
portable  machines  which  are  carried  to  the  worl<  In- 
stead of  following  the  usual  method  of  tal<lng  the  pieces 
which  are  to  be  machined  to  stationary  machine  tools. 
This  article  explains  methods  used  by  prominent  manu- 
facturers for  applying  portable  machines  in  the  perform- 
ance of  shop  operations  and  describes  various  advan- 
tages that  are  secured  through  their  use.  it  wlii  sug- 
gest ways  in  which  the  same  principle  could  be  applied 
by  manufacturers  who  are  at  present  working  out  meth- 
ods of   machining    heavy   work   for  the   Government. 


■Aisorlit*  Mltor  of  MicniNiiT, 


bringing  the  part  back  and  setting 
it  up  in  place  after  the  machining 
operation  has  been  completed. 
There  are  many  examples  of  this 
kind  that  are  familiar  to  the  aver- 
age mechanic,  among  which  may 
be  cited  the  re-boring  of  engine 
cylinders,  returning  of  crankpins, 
and  cutting  of  kcyways  in  shafts. 
In  this  article  four  classes  of 
portable  machines  will  receive  consideration:  (1)  Machine 
tools  intended  for  the  performance  of  production  machining 
operations  on  general  classes  of  work,  which  are  cither  mounted 
on  wheels  so  that  they  may  be  pulled  about  the  shop,  or  pro- 
vided with  convenient  means  of  carrying  from  place  to  place 
with  a  traveling  crane.  (2)  Special-purpose  machine  tools, 
such  as  portable  cylinder  boring-bars,  portable  keyseating  ma- 
chines, etc.  (3)  Electric  or  pneumatic  tools  which  are  of 
such  small  size  that  they  may  be  easily  carried;  these  are 
adapted  for  general  classes  of  work.  (4)  Tools  of  the  same 
general  type  as  those  referred  to  under  (3),  but  which  are 
intended  for  the  performance  of  specific  operations,  such  as 
grinding  lathe  centers,  grinding  shear  blades,  etc.,  while  set 
up  on  the  machine. 

Electric  Triwellnir  Cranes  Used  to  Carry  Portnble  Machines 

In  shops  engaged  in  building  engines  and  similar  work, 
where  there  are  exceedingly  heavy  castings  to  be  handled,  an 
Important  advantage  may  be  secured  through  the  use  of  port- 
able machines,  owing  to  the  posalblllty  of  obviating  difficulty 
that  Is  likely  to  be  experienced  In  setting  up  these  hoav)'  cast- 
ings on  stationary  machino  tools.  With  portable  machines  of 
the  proper  design  It  Is  often  found  possible  to  take  the  ma- 
chine to  the  work  and  sot  it  up  In  po.iltlon  for  performing  a 
given  operation  In  far  less  time  than  wo\ild  bo  consumed  In 
carrying  the  work  to  a  ninchlnc.     This  will  bo  obvious  when 
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one  bears  in  mind  that  the  machine  is  likely  to  weigh  from 
1500  to  4000  pounds,  so  that  it  is  easily  carried  by  a  -crane, 
while  an  engine  bed  casting  or  similar  part  will  often  weigh 
from  50  to  75  tons. 

An  example  of  this  kind  is  seen  at  the  plant  of  the  Mesta 
Machine  Co.,  in  Pittsburg,  Pa.  This  shop  is  engaged  in  build- 
ing steam  and  gas  engines,  condensers  and  air  pumps,  rolling 
mill  machinery,  and  similar  heavy  equipment.  It  is  not  un- 
usual for  some  of  the  castings  that  must  be  machined  to  weigh 
in  excess  of  seventy-five  tons,  so  that  they  are  too  large  for 
the  capacity  of  one  crane.  Aside  from  the  extreme  diflBculty 
of  transferring  heavy  work  of  this  kind,  the  use  of  portable 
machines  allows  several  machines  to  be  operating  on  a  cast- 
ing at  the  same  time,  which  is  a  matter  of  importance  when 
the  execution  of  rush  orders  is  in  question.  In  the  case  of 
these  excessively  large  pieces,  it  would  be  out  of  the  question 
to  attempt  to  set  them  up  on  an  ordinary  machine  tool;  but 
the  trouble  has  been  effectually  overcome  by  adopting  the  use 


the  performance  of  boring,  drilling,  milling,  and  rotary  planing 
operations.  From  this  it  will  be  evident  how  useful  the  ma- 
chines are  found  for  carrying  on  those  operations  which  are 
met  with  in  machining  large  engine  frames  and  similar  classes 
of  work.  Pig.  1  shows  a  large  traveling-head  planer  at  work 
planing-  the  joint  in  a  pillow-block  of  a  large  Allis-Chalmers 
engine,  while  at  each  side  of  this  machine  there  will  be  seen 
two  smaller  sized  tools  engaged  in  drilling. 

In  this  connection,  the  reader's  attention  is  directed  to  the 
provision  made  for  adjusting  the  position  of  the  column  on 
the  bedplate  of  the  machine,  and  for  regulating  the  location 
of  the  saddle  on  the  column,  in  order  to  provide  for  reaching 
any  position  on  pieces  of  work  of  considerable  size.  Fig.  2 
illustrates  the  same  job  taken  from  the  opposite  end,  where 
it  will  be  seen  that,  in  addition  to  the  three  Morton  machines, 
there  are  a  radial  drilling  machine  and  a  special  facing  head 
working  on  this  engine  casting.  This  brings  out  to  excellent 
advantage  the  idea  of  saving  time  through  having  a  number 


H».   I.     vie-*  In  Shopi  of  AllUl-Chllmcri  Mfl.  Co.,   nhowtng  Tliroo  Morton   Portable    Travcling-hoiid    riiin.r; 


B.ul    CostiiiK 


of  portable  maf-hlnes.  The  heading  Illustration  shows  a  view 
In  the  McBla  plant,  where  two  radial  drilling  machines  built 
by  the  American  Tool  Works  Co.,  of  Cincinnati,  Ohio,  are  at 
work  on  a  flywheel  cafitlng,  the  simultaneous  use  of  two  ma- 
chines providlnK  for  unusually  rapid  handling  of  the  work. 
In  the  plant  of  the  Allls-f^halmerH  MfK.  Co.,  In  Milwaukee, 
WIh.,  th<-  Hiimc  general  rondlllons  exist  which  have  been  out- 
Unwl  In  llii!  cnHi'.  of  Iho  McMn  Machine  Co.'h  hIioph.  For  Iho 
pcrformnncc  of  mnchlnlriK  opvrallons  on  larKo  cnKino  frame 
cMtlngs,  etc.,  the  AlllHChalmcrs  production  engineers  have 
adopted  the  use  of  portable  IravcllMg  hf^ad  planers  built  by 
the  Morion  NCfg.  Co.  of  Muskegon  Holghts,  Mich.  It  will  bo 
apparent  from  FIks  1  ond  2  that  both  the  work  and  portubln 
ni;i  '   MiH  tiro  s'-l  up  on  door  pliili-s  whUli 

pr-  'Ion.    An  odvnnloK"  of  llinHi'  triivnl 

I,,,  .'. ork  IIS  ninrhlnliiK  englnv  franinN 

)l,  rig  opnrntlons  for  which  Ihoy 

ttf  1'  lilnos  ore  "drow-cut"  plannrs 

Willi  Ihii  U/'-l  lioii'l  iiiouiiUid  on  o  rorlprnr-otInK  rom ;  but  nd- 
Justmont  niny  be  rapidly  made  In  pro»ldo  for  having  llin  tool 
rut  on  the  forward  stroke  If  so  desired,  and.  In  addition,  al- 
lo'-hmenls  are  provided  whlrh  adopt  plannrs  of  llils  typo  for 


of  machines  at  work  on  one  casting  at  the  same  time.  Figs.  3 
and  4  illustrate  detail  views  of  provision  made  for  the  per- 
formance of  milling  and  boring  operations  with  the  Morton 
traveling-head  planers.  These  attachments  for  the  Morton 
travelliig-hoad  planers  liuvo  been  described  In  MAiiiiNicitv,  so 
that  a  detailed  dcHcrlpllon  of  the  meehunlsm  Is  not  called  for. 
It  will  be  of  Interest  to  nolo,  however,  that  the  denlRn  has 
been  worked  out  In  such  n  way  that  the  atlachnienlH  may  be 
(julckly  applied  or  removed  from  the  ma<'hlnes. 

For  handling  certain  operations  at  the  plant  of  the  Caiiiullan 
Oonoral  Klcelrlc  Co.,  In  I'oterboro.  use  Is  made  of  an  St  tiich- 
slroke  portable  slotllnK  miichlno  built  by  the  Nowton  Machine 
Tool  Works,  2:!rd  and  Vine  Sin..  I'lillii.lelphlii.  I'n.  One  of  these 
machines  Is  shown  In  op.Tiillon  In  Fig.  r,.  where  It  will  bn 
seen  that  a  yoko  Is  fnrnlslieil  iit  the  (op  of  the  column  to  enable 
the  miirhln«  to  be  readily  pleked  up  by  the  hook  of  a  travel- 
ing crane,  whlrh  Is  used  to  transport  It  from  one  part  of  the 
shop  to  another.  This  machine  Is  equipped  with  reversing 
eleelrlr  motor  drive,  so  Hint  It  may  be  connected  to  a  power 
circuit  In  any  part  of  the  Hliop  where  It  Is  In  be  used.  These 
portable  slnltlng  machines  iiro  built  In  hi'vithI  types,  with 
strokes  from  3(5  to  90  Inelii's.  Inclusive 
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Portable  Machines  Mounted  on  Wheels 
The  portable  machines  to  which  attention  has  been  called 
up  to  the  present  time  are  of  the  type  that  are  adapted  for 
transfer  around  the  shop  with  a  traveling  crane,  and  they  are 
intended  to  be  set  up  on  a  floor  plate  on  which  the  work  is 
also  mounted  in  order  to  obtain  a  solid  foundation,  which  is 
essential  if  it  is  hoped  to  obtain  accurate  alignment  of  the  vari- 
ous bearings  and  finished  surfaces  on  the  work.  There  is  an- 
other type  of  portable  machine  which  is  mounted  on  wheels 
so  that  it  can  be  pulled  around  the  shop  like  a  truck.  An  exam- 
ple of  this  kind  of  equipment  is  illustrated  in  Fig.  10,  which 
shows  a  portable  engine  lathe  built  by  the  R.  K.  LeBlond  Ma- 
chine Tool  Co.,  of  Cincinnati,  Ohio.  In  handling  the  work 
of  railroad  shops,  arsenals,  and  on  board  battleships,  it  is 
often  found  desirable  to  have  a  portable  lathe  which  can  be 
readily  moved  from  one  position  to  another,  so  that  the  lathe 
will  be  available  for  the  performance  of  turning  and  boring 
operations  on  parts  which  are  being  repaired,  or  for  making 


of  the  machine  is  counterw^eighted  in  such  a  way  that  when 
it  is  released  it  rises  to  a  vertical  position  and  causes  the 
machine  to  be  secured  to  the  floor.  With  the  handle  in  the 
vertical  position  that  it  occupies  at  such  times,  the  machine 
takes  up  no  more  space  than  a  standard  lathe.  Although  this 
type  of  lathe  is  built  only  in  17-inch  swing,  the  R.  K.  LeBlond 
Machine  Tool  Co.  builds  another  type  of  portable  lathe,  which 
is  furnished  in  14-,  16-,  17-,  and  19-inch  sizes. 

Carrying-  Machines  on  Elevating  Trucks 

So  far  we  have  considered  the  advantages  of  portable  ma- 
chines for  performing  operations  on  work  of  such  large  size 
that  difficulty  would  be  experienced  in  carrying  it  about  the 
shop  and  setting  it  up  on  stationary  machine  tools.  Another 
important  advantage  of  the  portable  machine  lies  in  the  fact 
that  in  cases  where  it  is  only  required  at  intervals,  it  may  be 
stored  in  some  out-of-the-way  place  when  it  is  not  in  use. 
A  good  case  of  this  kind  is  seen  in  the  plant  of  S.  F.  Bowser  & 


Fig.  2.    View  from  Opposite  Side  of  Work  illustrated 


showing  BadUi  Driiling  Hachino  and   Facing  Head  working  on  Same  Casting 


new  pieces  to  replace  parts  which  have  been  so  badly  damaged 
that  they  are  unfit  for  further  service.  The  application  of 
portable  lathes  Is  limited  to  handling  repair  work  and  to 
other  cases  where  an  occasional  machining  operation  has  to 
be  performed ;  obviously,  they  are  not  adapted  to  the  require- 
ments of  manufacturing  plants  where  lathes  are  engaged  in 
the  performance  of  repetition  work.  In  Fig.  10  there  is  shown 
the  method  of  applying  constant-speed  motor  drive  on  a  port- 
able lathe,  and  owing  to  the  conditions  under  which  a  machine 
of  this  type  is  used,  It  will  be  apparent  that  an  Individual 
electric  motor  constitutes  the  Ideal  method  of  driving.  This 
lathe  swings  17  Inches  and  is  furnished  with  an  all-geared 
hoadstock,  all  changes  of  speed  being  made  by  shifting  gears 
In  the  head.  The  motor  Is  mounted  at  the  back  of  the  machine 
and  the  drive  \a  through  a  Morse  sllont  chain,  which  Is  com- 
pletely enclosed.  The  spindle  Is  started  and  stopped  mechani- 
cally from  the  apron,  and  the  electrical  equipment  consists  of 
a  slate-front  starting  panel  In  cases  where  a  direct-current 
motor  Is  employed.  An  alternating-current  motor  ran  also  be 
used,  and  If  so,  a  starter  Is  not  required.  Lathes  of  this  type 
can  be  equipped  for  screw  cutting  or  they  may  bo  furnished 
with  a  allrtlng  gnnr  fnod  morhanlsni.     The  handle  at  the  end 


Co.,  Inc.,  of  Fort  Wayne,  Ind.  In  the  manufacture  of  parts  for 
gasoline  pumps,  this  firm  uses  a  battery  of  twenty-eight  high- 
duty  Baker  drilling  machines  which  are  tooled  up  for  per- 
forming operations  that  would  ordinarily  be  handled  on  turret 
lathes.  The  idea  is  to  transfer  work  from  one  machine  to 
another,  instead  of  rotating  a  turret  to  bring  successive  tools 
into  the  operating  position. 

In  connection  with  the  production  of  certain  parts  machined 
on  this  equipment,  the  bearing  Is  bored  and  reamed  to  receive 
a  brass  Insert,  after  which  it  is  required  to  press  this  insert 
Into  place  on  an  arbor  press,  and  then  ream  the  hole  In  the 
brass  bushing.  Time  would  be  lost  If  it  were  necessary  to 
first  transfer  the  work  to  an  arbor  press  located  in  some  other 
part  of  the  shop  and  then  bring  it  back  to  the  drilling  ma- 
chines for  the  performance  of  the  final  operations.  At  the 
same  time,  the  parts  into  which  these  brass  Inserts  have  to 
be  pressed  are  only  machined  at  intervals  of  several  weeks, 
and  if  the  arbor  press  was  permanently  located  beside  the  bat- 
tery of  drilling  machines.  It  would  be  taking  up  valuable  space 
during  a  groat  majority  of  the  time  when  It  was  not  In  use. 
This  difficulty  has  boon  ctTectually  overcome  by  adopting  the 
use  of  a  portable  arbor  press,  which  consists  of  a  machine 
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Tig.  3.     Morton   Traveluig-head  Planer  equipped  for  performing   Milling 
Operation  on  Allis-Chalmers   Engine  Bed 

built  by  the  Lucas  Machine  Tool  Co.,  of  Cleveland,  Ohio, 
mounted  on  a  skid  so  that  it  may  be  carried  on  an  elevating 
truck.  In  this  way,  it  is  an  easy  matter  to  bring  the  arbor 
press  up  Into  line  with  the  drilling  machine  on  which  the 
reaming  operation  is  performed,  preparatory  to  pressing  the 
bushing  into  place,  and  when  these  bushings  have  been  pressed 
Into  all  of  the  parts  to  be  machined,  the  arbor  press  is  taken 
away  to  a  position  in  the  shop  where  it  can  be  stored  without 
being  in  the  way  of  any  of  the  machine  operators. 

Similar  advantages  are  secured  in  the  Bowser  shops  through 
the  use  of  a  tapping  machine  built  by  the  Garvin  Machine  Co., 
of  New  York  City,  which  is  mounted  on  a  skid  for  transfer 
with  an  elevating  truck.  In  operating  the  battery  of  high-duty 
drilling  machines,  to  which  reference  has  been  made,  it  has 


Fig.   4.     Morton   Traveling-head   Planer  equipped   for   performing   Boring 
Operation  on  AllU-Chalmers  Engine  Bed 

been  found  advisable  to  divide  the  machines  into  groups  of 
four  and  to  never  have  more  than  four  machines  working  on 
any  one  Job.  It  quite  often  happens  that  separating  the  ma- 
chines into  groups  of  four  works  out  in  such  a  way  that  there 
is  a  tapping  operation  to  be  performed  for  which  a  machine 
is  not  available.  This  Is  particularly  the  case  on  parts  where 
there  are,  say,  five,  nine,  or  thirteen  operations  to  be  per- 
formed, that  Is,  where  there  is  one  operation  in  excess  of  some 
multiple  of  four.  In  such  cases,  the  work  is  divided  Into 
groups  of  four  operations  and  the  odd  tapping  operation  is 
taken  care  of  by  the  portable  machine,  which  is  brought  up 
to  the  proper  place  in  the  shop,  while  it  Is  actually  required, 
and  then  taken  away  at  once,  so  that  it  does  not  obstruct  the 
shop  at  other  times. 
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Fig.  8,    Fortsible  Milling  Machine  made  liy  the  Pedrick  Tool  &  Machine  Co. 

Somewhat  similar  use  is  made  of  portable  machines  in  the 
headstock  assembling  department  of  the  Jones  &  Lamson  Ma- 
chine Co.'s  factory,  in  Springfield,  Vt.  This  firm  has  worked 
out  its  methods  In  such  a  way  that  all  parts  required  by  the 
men  employed  in  this  department  are  delivered  to  them  to 
avoid  loss  of  time  which  would  result  through  having  em- 
ployes go  to  the  stock-room  to  get  the  necessary  supplies.  In 
assembling  headstocks  in  this  shop,  there  are  certain  minor 
machining  operations  which  have  to  be  performed  after  the 
work  is  partially  set  up,  a  case 


in  point  being  the  drilling  of 
pin-holes.  Carrying  out  the 
same  idea  of  avoiding  loss  of 
time  on  the  part  of  men  em- 
ployed in  assembling,  the  idea 
was  conceived  of  using  porta- 
ble drilling  machines  in  the 
assembling  department,  which 
could  be  taken  right  to  the 
spot  where  a  man  is  working 
at  the  time  he  has  drilling  to 
do.  With  the  use  of  such  ma- 
chines, the  workman  can  use 
an  elevating  truck  to  take 
the  drilling  machine  to  his 
bench  and  perform  all  drilling 
operations  on  the  parts  in 
which  holes  must  be  ma- 
chined, thus  avoiding  the 
necessity  of  going  back  and  forth  between  his  bench  and  the 
machine.  Then  when  the  next  man  is  ready  to  start  drilling, 
he  can  take  the  machine  to  his  bench.  Fig.  6  shows  one  of 
the  portable  drilling  machines  in  use  in  the  Jones  &  Lamson 
shops. 

Mountln^r  Machine  on  Portable  Elevator 

Doubtless  there  are  men  who  have  been  through  a  great 
many    American    manufacturing    plants    without    seeing    any 


Fig.    10^ 


Fig.  9.    Smaller  iTpe  of  Fedrick  Portable  Milling  Machine  in  Tse 

important  use  that  has  been  made  of  portable  machines  for 
cutting  up  bar  stock.  Still  there  is  a  fiel*  for  the  portable 
machine  in  doing  this  work.  An  interesting  example  is  shown 
in  Fig.  7,  where  it  will  be  seen  that  a  hacksaw  machine  is 
set  up  on  the  platform  of  a  portable  elevator  or  "tiering  ma- 
chine" built  by  the  Economy  Engineering  Co.,  of  Chicago,  111., 
to  provide  for  cutting  off  short  lengths  of  tool  steel  carried 
in  the  familiar  form  of  rack,  without  requiring  the  long  bars 
to  be  pulled  out  of  the  rack  and  taken  to  a  machine  on  the 

floor.      Not    only    is    this   the 

means  of  saving  the  time  of 
one  or  more  men  who  would 
be  required  to  do  this  work, 
but  it  also  saves  confusion 
and  consequent  delay  some- 
times caused  in  a  shop 
through  having  long  pieces  of 
steel  moved  around  in  it.  This 
outfit  is  used  at  the  plant  of 
the  Mechanical  Appliance  Co., 
in  Milwaukee,  Wis.,  where  it 
has  been  found  the  means  of 
saving  enough  time  to  fully 
warrant  the  use  of  this  special 
equipment. 

Portable  Milling-  Machines 

in  Figs.  S  and  13  there  is 
shown  a  portable  type  of 
milling  machine  built  by  the  Pedrick  Tool  &  Machine  Co., 
3639  Lawrence  St.,  Philadelphia,  Pa.  This  machine  was  de- 
signed for  the  performance  of  miscellaneous  milling  opera- 
tions where  it  is  more  desirable  to  take  the  machine  to  the 
work  than  to  set  the  work  up  on  a  stationary  milling  ma- 
chine. It  has  been  found  particularly  useful  for  truing  up 
hammer  blocks,  and  in  Fig.  13  there  is  shown  an  illustration 
of  the  way  in  which  such  an  operation  Is  performed.  This 
illustration  shows  the  work  of  truing  up  a  hammer  block  in 


ri(.  II.    Pedrlok  Portablo  Turning  Maohin 


uing  up  CnntKr  Crankptn 


Fig.   II.     Podrlok  Portrtbid  Truing   Marhin 


angpd  for  '^urnlDff  Operation 
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the  plant  o£  the  Spicer  Mfg. 
Co.,  of  South  Plainfield,  N.  J. 
Evidently  the  ■  casting  on 
which  the  milling  operation 
is  being  performed  is  of  such 
size  and  weight  that  the  use 
of  a  portable  machine,  which 
can  be  set  up  on  the  work 
without  requiring  it  to  be 
moved,  affords  a  far  more 
efficient  method  of  doing  the 
work  than  to  take  this  heavy 
piece  to  a  stationary  milling 
machine.  The  Pedrick  port- 
able milling  machine  is  sub- 
stantially constructed  and  an 
important  feature  of  its  de- 
sign is  the  simplicity  of  the 
feed  mechanism.  Three 
changes  of  feed  are  available 
in  either  direction,  for  both 
the  longitudinal  and  cross- 
feed  movements,  and  the 
feed  mechanism  may  be  op- 
erated by  either  hand  or 
power.  Fig.  9  shows  a 
smaller  type  of  portable  mill- 
ing machine  built  by  the 
Pedrick  Tool  &  Machine  Co.. 
engaged  in  machining  re- 
cesses  in  a  large  casting. 
Portable  machines  of  this 
type  may  be  used  to  advan- 
tage for  milling  pads  on  large  ^'^-  '^' 
castings  and  for  machining 
the  slide-valve  seats  of  small  pumps.  In  addition  to  these 
two  typical  operations,  the  machines  are  used  in  many  other 
cases  where  the  work  is  of  such  a  character  that  it  is  incon- 
venient to  transport  it  to  a  stationary  milling  machine. 

Application  of  Portable  Turning-  and  Boring  Machines 

In  Figs.  11  and  12'  there  are  shown  two  applications  of  a 
portable  turning  and  boring  machine  which  is  also  built  by 
the  Pedrick  Tool  &  Machine  Co.    This  machine  may  be  used 


Pedrick   Portable   MiUing 
truing  up  Hammer  Block 


for  a  variety  of  purposes, 
among  which  may  be  men- 
tioned turning  erankpins  of 
locomotives  and  other  side- 
crank  engines,  turning  center 
erankpins,  journals,  shafts, 
and  axles,  and  r  e  b  o  r  i  n  g 
crankpin  holes.  In  most 
cases,  it  is  unnecessary  to 
remove  the  crankshaft  o  r 
other  part  from  its  regular 
position  on  an  engine,  in 
order  that  it  may  be  trued 
up  by  this  portable  turning 
machine.  Space  is  furnished 
for  clamping  bars  and  other 
means  of  attaching  the  ma- 
chine to  the  work;  and  the 
cutter-head  is  split  to  provide 
for  putting  it  over  the  work 
that  is  to  be  trued  up,  and 
the  tailstock  may  be  located 
at  any  point  along  the  bed 
of  the  machine  to  meet  the 
requirements  of  different 
classes  of  work.  When  used 
for  reboring  crankpin  holes, 
the  tailstock  is  placed  in  front 
of  the  cutter-head  where  it 
affords  a  rigid  guide  for  the 
boring-bar.  Th.e  setting  heads 
are  bored  concentric  with  the 
center  of  the  machine  and 
they  are  provided  with  set- 
screws  by  which  the  machine 
can  either  be  attached  to  an  unworn  part  or  set  according  to 
the  center  in  the  tailstock  to  provide  for  obtaining  the  desired 
alignment. 

Fig.  11  shows  the  equipment  used  for  truing  up  center 
erankpins.  For  the  performance  of  this  operation,  center 
holes  are  located  and  drilled  on  the  outside  cheeks  of  the 
crank,  after  which  the  machine  is  set  up  with  two  tailstocks 
which  engage  these  center  holes.  Cutting  tools  can  be  used 
on  either  side  of  the  cutter-head  and  where  the  distance  be- 


MacMne  shown  in  Fig.   6,  engaged  in 
in  Plant  of  Spicer  Mfg.  Co. 


ri(.    >4.      Knwilni    •■>    Algnnnum    (.r>nh'«a<'    (.•/illni    Willi    ln(«raoll  Hinil 

Co.'i    "tllllo   DsTld  "    rnaumatln    llamm«r    In    fUnl   of 

Ial«rn>tlsnal   Molora   Co. 


ril.     lr>.       F.i|lllpini>nt    il«>olci|ir.l    liy 

Uollor   Hholli    wllh    CioctrlK    Drill 
Vxrtlial  >nd   llDrliontal   M<ivni„ni. 


[roMrlioll  Uroi.  for  rniiining  Holoa  ll 
Riln  \iy  Chliaio  rnculllXlo  Tool  Oo. 
-nnlilK  tlir  Tiiol  to  rnnrli  All   HalM 
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tween  the  cheeks  is  small,  a  cut  can  be 
started  at  the  middle  of  the  pin  and 
run  over  to  one  side,  after  which  the 
tools  are  placed  on  the  opposite  side 
of  the  cutter-head  and  run  across  to 
the  other  cheek  of  the  crankshaft.  Fig. 
12  shows  how  the  machine  is  used  for 
truing  up  large  shafts,  axles,  and  simi- 
lar parts.  In  this  illustration  it  will 
be  seen  that  the  machine  is  equipped 
with  two  setting  heads  and  a  cutter- 
head,  all  three  of  these  parts  being 
split  so  that  they  may  be  placed  around 
the  work  to  be  trued.  The  machine 
may  be  fitted  to  the  work  by  set-screws 
in  the  setting  heads  or  by  making 
sleeves  with  their  outside  diameter  the 
right  size  to  fit  the  setting  heads,  and 
the  inside  diameter  of  suitable  size 
for  the  work.  Where  the  latter  method 
is  used,  the  sleeves  are  split  and  placed 
around  the  shaft,  after  which  the  ma- 
chine is  set  up  in  the  usual  way.  As 
the  setting  heads  are  bored  concentric  with 
work  can  be  aligned  as  accurately  as  if  it 
a  lathe. 


Fig.  16.  Portable  Tools  find  Wide  Application 
in  handling  the  Work  of  Shipyards.  In  this 
Picture  we  see  a  "Thor"  No.  42  Drill,  made 
by  the  Independent  Pneumatic  Tool  Co.,  work- 
ing on  a  Ship  Hull 


work  than  to  use  an  air  chipping  ham- 
mer, and  Fig.  14  shows  the  use  of  one 
of  the  "Little  David"  tools  built  by  the 
Ingersoll-Rand  Co.,  of  11  Broadway, 
New  York  City,  engaged  in  removing 
slight  imperfections  from  the  surface 
of  an  aluminum  crankcase  casting  in 
the  plant  of  the  International  Motors 
Co.,  in  Plainfield,  N.  J. 

Drilling  and  Reaming  with  Portable 

Tools 
Reaming  holes  in  boiler  shells  with  an 
ordinary  portable  drill  is  quite  a  tire- 
some operation;  it  is  also  diflicult  to 
hold  the  reamer  squarely  against  the 
shell,  and  unless  this  is  done,  accurately 
reamed  holes  will  not  be  produced. 
When  the  men  engaged  in  this  work 
become  tired,  they  are  very  apt  to  let 
the  drill  drop  slightly,  which  results 
in  producing  oblong  shaped  holes.  To 
overcome  trouble  from  this  cause,  E.  A. 
Anderson,  superintendent  of  the  boiler 
department  of  Kroeschell  Bros.,  of  Chicago,  111.,  designed  a 


the  machine,  the 

were  chucked  in      simple  frame  for  holding  portable  electric  or  pneumatic  drills 
in  the  proper  position  for  reaming  holes  in  boiler  shells.    In 


Fig.    17.     Van   Dom   &  Button   Co.'s   Electric   DriU   supported   in   Portable 
Frame  developed  by  Pusey  &  Jones  for  drilling  Holes  in  Steel  Plates 

Use  Of  Portable  Electric  and  Pneumatic  Tools 

In  the  previous  discussion  of  advantages  secured  through 
the  use  of  portable  tools, 
mention  has  only  been  made 
of  those  types  of  machine 
tools  that  are  arranged  tor 
transfer  to  the  work.  There 
is  another  general  class  of 
tools  which  are  driven  by 
power,  and  these  are  light 
enough  to  be  easily  carried 
about  the  shop.  These  tools 
find  wide  application  In  the 
performance  of  many  differ- 
ent machining  operations, 
such  as  drilling,  reaming, 
grinding,  buffing,  riveting, 
etc.  They  may  be  either 
electrically  or  pneumatically 
driven.  Even  where  the 
greatest  care  is  taken  in  han- 
dling foundry  work,  castingH 
am  almost  sure  to  come  out 
of  the  molds  with  a  number 
of  small  burrs  and  other  sur- 
face defects  which  must  be 
removed  by  snagging.  There 
Is  no  better  way  of  doing  this 


Fig.  15  it  is  shown  equipped  with  a  No.  4  Duntley  electric 
drill  made  by  the  Chicago  Pneumatic  Tool  Co.,  1060  Fisher 
Bldg.,  Chicago.  111.,  and  it  will  be  apparent  from  this  illustra- 
tion that  the  tool  is  rigidly 
held  so  that  it  is  impossible 
to  ream  the  holes  inaccu- 
rately through  movement  of 
the  tool  while  the  operation 
is  being  performed.  Most  of 
the  holes  to  be  reamed  are 
from  11/16  to  15/16  inch  in 
diameter,  and  the  plates 
though  which  they  are  reamed 
are  about  1^  inch  in  thick- 
ness. It  will  be  apparent 
from  the  illustration  that  the 
frame  holding  the  portable 
electric  drill  can  be  adjusted 
to  different  angles  and  that  it 
can  also  be  raised  or  lowered, 
a  counterweight  being  pro- 
vided which  facilitates  mak- 
ing such  adjustments.  The 
frame  is  made  high  enough 
to  take  boiler  shells  from  30 
to  96  Inches  in  diameter,  and 
sufficient  length  is  provided 
to  enable  holes  to  be  reamed 
In   a   seam    up   to    10   feet   In 


19.     Flexible    Shaft!    are    used    to    Advantaio    for    driving    Portable 
Tooli.    In  thli  Illuatratlon  there  Is  shown  a  Driving  Unit,  made 
by  the  Stow  Mfg.  Co.,   driving  a  Portable  Drill 
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rig.  20.     riciible   Shafts  may  be  used  to  Equal  Advantage  for  driving 

Portable    Grinding    Machines.      In    this    Illustration,    Such    an 

Outfit  made  by  H.   G.   Raskins  is  shown  in  Operation 

length  without  requiring  the  boiler  shell  to  be  moved  after 
it  has  once  been  set  in  position.  Attention  is  called  to  the 
fact  that  a  tank  and  delivery  pipe  provide  for  supplying  lubri- 
cant to  the  reamer  and  that  there  is  a  drip-pan  which  catches 
the  used  lubricant  so  that  it  may  be  utilized  many  times. 

An  ingenious  application  of  a  portable  electric  drill  made 
by  the  Van  Dorn  &  Button  Co.,  of  Cleveland,  Ohio,  is  illus- 
trated in  Fig.  17.  This  outfit  was  developed  in  the  shops  of 
Pusey  &  Jones,  of  Wilmington,  Del.,  for  drilling  a  large  num- 
ber of  holes  in  a  steel  plate,  and  the  illustration  explains 
the  method  of  doing  the  work  quite  clearly,  without  calling 


Fig.    21.     Much   Tlm»    can   he   wved    by   nharphninit   tho    KnlvoB   of    Wo 
workioi  Machinery,  etc.,  if  th«  Work  can  bo  donn  without  dismantling. 
ThU   niuitratlon    ihow>   tho    "duick   Sharp"    Knife    Grinder   made 
by    the    Stockhrldge    Machine    Co.    for    handling    Such    Work 

for  more  than  a  very  brlff  description.  It  will  be  seen  that 
the  portable  electric  drill  1b  supported  In  a  frame  with  two 
truck  whei^ls  at  one  end  and  two  handles  at  the  opposite 
end.  The  holes  are  first  laid  out  on  the  steel  plate,  and  then 
this  truck  Is  wheeled  around  to  locate  tho  drill  point  In  the 
proper  positions  for  drilling  successlvo  holos  In  the  work. 
Feeding  tho  drill  Is  accornpllshod  by  simply  puslilng  down 
on  the  handles,  whirh  resulls  In  swinging  the  frame  about  a 
center  corresponding  to  the  axle  that  supports  the  tru'k 
wheels.  The  radius  from  the  drill  point  to  tho  axis  about 
which  tho  frame  swings  Is  nufUnlontly  great  so  that  tho  error 
Introduced   through   this  method  of  feeding  Is  negligible. 

Fig.  18  shows  one  of  the  portable  electric  band  and  breast 
drills  maniifarliiri'fl  by  tho  Standard  Kloctrlf  Tool  f;o..  of  Cin- 
cinnati, Ohio,  In  use  In  a  plant  engaged  In  building  motor 
trucks.     Standard   ••leclrlc  drills  ore   made   In   nil   slzi's  from 


3/16  up  to  1V4  inch,  and  like  other  manufacturers  of  this 
type  of  tools,  the  Standard  Electric  Tool  Co.  provides  motors 
which  are  adapted  for  use  on  either  direct-  or  alternating- 
current  circuits. 

There  are  many  cases  where  the  use  of  portable  tools  is  a 
matter  of  absolute  necessity.  For  instance,  consider  the 
case  shown  in  Fig.  16,  where  it  is  required  to  drill  holes  in 
a  hull  standing  on  the  ways  of  a  shipbuilding  yard.  Here 
the  use  of  a  portable  machine  could  not  be  avoided,  and  the 
work    is   very   satisfactorily   performed   by   a   "Thor"    No.   42 


Fig.    22.     Portable    Tools   can   often   be    used   to    Advantage   in   Connection 
with    Cutting   Tools.      Here   we    see   a  Portable   Grinder   made 
by  the  Hisey-Wolf  Machine  Co..   working  in  Con- 
junction with,  a  Thread  Chasing  Tool 

"shipyard  special"  drill  built  by  the  Independent  Pneumatic 
Tool  Co.,  of  Chicago,  111.  This  tool  weighs  only  28  pounds 
and  it  may  be  run  at  700  revolutions  per  minute,  the  light 
weight  of  the  tool  adapting  it  for  use  by  one  man.  This 
tool  is  suitable  for  drilling  holes  up  to  13/16  inch  in  diam- 
eter and  for  reaming  holes  up  to  15/16  inch  in  diameter. 
Among  the  operations  for  which  it  is  adapted  there  may  be 
mentioned  the  drilling  of  bull  heads,  shell  clips,  intercostals, 
and  the  performance  of  deck-reaming  operations. 

Application  of  Flexible  Shafts  for  Driving  Portable  Tools 

Flexible  shafts  may  be  used  to  advantage  for  driving  port- 
able tools.     One  satisfactory  method  of  using  a  flexible  shaft 


Fig.  2.1.     The  "Dumore"  Grinder  ninde  by  the  Winconiiin  Elootrlo  Co.  glv 
Ooed   Reaulta  In  the   Perrornienoe  of   Internal   Grinding   Opera- 
tions   with    the    Work    and    Machine   let    up   on    a 
Lath*    ai    ahown    In    this    Illuitratlon 
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for  this  purpose  is  to  employ  an  electric  motor  for  furnish- 
ing power  and  to  transmit  this  power  through  a  flexible 
shaft  to  the  portable  tool.  The  important  advantages  of  this 
method  are  that  the  weight  of  the  electric  motor  does  not 
have  to  be  borne  by  the  operator  and  that  the  flexible  shaft 
allows  considerable  latitude  for  reaching  different  positions 
on  the  work  without  requiring  the  driving  motor  or  work  to 
be  moved.  In  Fig.  19  there  is  shown  an  outfit  built  by  the 
Stow  Mfg.  Co.,  of  Binghamton,  N.  Y.  It  will  be  seen  to 
consist  of  a  truck  supporting  an  electric  motor  that  is  fur- 
nished with  a  cable  for  making  connection  with  the  electric 
power  circuit.  From  the  electric  motor,  power  is  transmitted 
to  a  pulley  at  one  end  of  the  flexible  shaft  by  means  of  a 
belt,  and  the  opposite  end  of  this  flexible  shaft  is  connected 
to  a  portable  drilling  machine  which  is  light  enough  so  that 
it  can  be  conveniently  carried  around  the  shop  to  any  point 
where  it  is  to  be  used.  The  same  arrangement  is  employed 
for  driving  a  portable  grinding  machine  built  by  this  company. 
In  Fig.  20  there  is  shown  another  application  of  the  com- 
bination of  an  electric  motor  and  flexible  driving  shaft,  the 
outfit  in  this  case  being  connected  to  a  portable  grinding  ma- 
chine built  by  R.  G.  Haskins,  541  W.  Washington  Blvd., 
Chicago,  111.  The  use  of  this  flexible  shaft  drive  for  a  portable 
grinding  machine  possesses  all  of  the  advantages  to  which 
reference  was  made  in  connection  with  the  operation  of 
portable  drilling  machines.  In  the  present  case,  the  grind- 
ing machine  is  shown  engaged  in  the  removal  of  slight  sur- 
face defects  from  a  casting.  The  same  outflt  is  used  for 
driving  a  portable  drilling  machine  built  by  this  manu- 
facturer. 

Use  o£  Portable  Tools  on  Stationary  Machines 

On  wood-planing  machines  and  other  types  of  equipment 
where  the  necessity  arises  for  sharpening  knives,  a  great 
deal  of  time  and  expense  can  be  saved  by  the  use  of  a  portable 
grinding  machine  which  may  be  used  to  sharpen  the  knives 
without  requiring  them  to  be  removed  from  the  machine 
on  which  they  are  used.  A  very  little  thought  will  be  suffi- 
cient to  show  that  such  a  procedure  not  only  saves  the  ex- 
pense of  labor  involved  in  dismantling  the  machine  and  set- 
ting it  up  again  after  the  knives  have  been  sharpened,  but 
that  there  is  an  additional  advantage  through  avoiding  the 
necessity  for  shutting  down  an  expensive  machine  at  times 
when  there  is  a  lot  of  work  for  it  to  do.  Trouble  is  also 
likely  to  be  experienced  through  improper  adjustment  of 
knives  when  they  are  put  back  into  the  machine,  which  re- 
sults in  inefficient  operation.  Fig.  21  shows  a  portable  knife 
grinding  machine  built  by  the  Stockbridge  Machine  Co.,  of 
Worcester,  Mass.  This  machine  is  driven  by  an  individual 
electric  motor  with  provision  for  connecting  to  any  convenient 
power  circuit.  It  is  carried  by  a  saddle  furnished  with  a 
split  nut  that  engages  a  feed-screw  mounted  at  the  top  of 
the  bridge.  In  this  way,  the  saddle  can  be  fed  along  the 
full  length  of  the  bridge  in  either  direction  and  at  any 
desired  speed.  This  bridge  is  supported  at  the  ends  by  two 
angular  brackets  bolted  to  the  bed  of  the  wood-planing  ma- 
chine, so  that  the  knife  grinder  is  held  perfectly  rigid. 
The  grinding  wheel  can  be  raised  or  lowered  by  a  thumb- 
screw and  set  to  grind  the  required  amount  from  the  knives. 
With  an  outfit  of  this  kind,  sharpening  of  the  machine  knives 
can  be  quite  rapidly  accomplished,  thus  Justifying  the  name 
"Quick  Sharp"  which  has  been  given  to  this  portable  Stock- 
bridge  grinding  machine. 

In  handling  work  on  lathes  and  other  types  of  machine 
tools.  It  will  quite  often  be  found  advantageous  to  employ 
a  portable  grinding  machine  in  conjunction  with  the  regular 
cutting  tools.  A  case  of  this  kind  Is  shown  in  Fig.  22,  which 
Illustrates  the  application  of  an  electrically  driven  grinding 
machine  built  by  the  Hlsey-Wolf  Machine  Co.,  of  Cincinnati, 
Ohio,  used  in  conjunction  with  a  tool  employed  for  chasing 
a  thread  on  a  large  piece  of  work  set  up  on  the  engine  lathe. 
It  will  be  apparent  from  this  illustration  that  the  portable 
grinding  machine  Is  supported  by  a  bracket  attached  to  the 
lathe  carriage,  so  that  this  machine  finishes  the  surface 
of  the  work  while  the  rutting  tool  chases  the  thread  at  the 
same    traverse    of    the    carriage.      Such    an    arrangement    Is 


naturally  the  means  of  saving  a  considerable  amount  of  time 
because  it  enables  two  operations  to  be  performed  simultane- 
ously. 

Another  application  of  a  portable  grinding  machine  in 
connection  with  an  engine  lathe  is  shown  in  Fig.  23.  In 
this  illustration  it  will  be  seen  that  the  grinding  machine 
is  engaged  In  the  performance  of  an  internal  grinding  opera- 
tion. The  machine  shown  is  one  of  the  "Dumore"  tools  built 
by  the  Wisconsin  Electric  Co.,  1431  Dumore  Bldg.,  Racine, 
Wis.,  and  to  provide  an  efficient  cutting  speed  for  the  9/16- 
inch  grinding  wheel  that  is  employed,  provision  is  made  for 
driving  the  spindle  at  30,000  revolutions  per  minute.  It 
will  be  apparent  that  provision  is  also  made  on  this  type 
of  grinding  machine  for  the  use  of  a  large  wheel  for  the 
performance  of  operations  where  it  is  not  necessary  for  the 
wheel  to  work  inside  of  a  hole  of  limited  size. 

In  many  different  Industries,  new  uses  are  constantly  being 
found  for  portable  electric  and  pneumatic  tools.  A  great 
deal  of  time  is  saved  with  a  corresponding  reduction  in  ma- 
chining costs,  through  the  use  of  portable  tools  on  many 
classes  of  work;  and  the  possibility  of  taking  a  small  tool  to 
a  heavy  piece  of  work  saves  time  and  expense  in  handling. 
Another  important  factor  is  the  avoidance  of  the  necessity  of 
lifting  a  large  piece  of  work  with  a  crane  and  carrying  it 
through  the  shop  to  a  stationary  drilling  machine.  Regard- 
less of  the  care  which  is  taken  in  organizing  a  shop,  the 
handling  of  large  pieces  with  a  crane  is  sure  to  cause  a  cer- 
tain amount  of  commotion,  which  means  lost  production  from 
men  and  machines  all  through  the  department  where  such 
work  Is  being  handled. 

THE  EDUCATION  OF  "WOUNDED  SOLDIERS  FOB 
INDUSTRIAL  "WORK 

Congress  has  delegated  to  the  Federal  Board  for  Vocational 
Education  the  task  of  training  and  educating  wounded  soldiers 
and  sailors  who  may,  in  that  way,  be  made  self-supporting  and 
useful  in  the  industries.  Available  statistics  show  that  the  num- 
ber of  wounded  soldiers  who  can  be  trained  and  educated  for 
useful  occupations  averages  about  10,000  per  each  million  men 
in  the  Army,  per  year.  In  other  words,  with  the  present 
strength  of  the  Army  and  Navy,  it  is  likely  that  there  will  be 
30,000  men  during  the  first  year  who  will  return  on  account  of 
having  been  wounded,  and  who  will  be  able  to  take  their  place 
in  civil  life  after  having  been  properly  trained.  The  experi- 
ences of  our  allies  indicate  that  over  80  per  cent  of  the  per- 
manently disabled  men  can  enter  useful  self-supporting  em- 
ployment if  properly  trained. 

The  training  will  be  entirely  voluntary  on  the  part  of  the 
wounded  men,  but  it  is  expected  that,  with  the  facilities  placed 
at  their  disposal,  most  of  those  Incapacitated  in  the  fighting 
will  be  glad  to  take  up  an  occupation  that  will  enable  them 
to  become  self-supporting  in  the  industries.  The  training 
does  not,  in  any  way,  affect  the  soldier's  or  sailor's  income 
under  the  War  Risk  Insurance,  to  which  he  is  still  entitled. 
C.  A.  Prosser,  director  of  the  Federal  Board  for  Vocational 
Education,  Washington,  D.  C,  is  in  charge  of  this  work,  and 
any  inquiries  relating  to  it  should  be  directed  to  him.  The 
board  has  Just  issued  a  bulletin  entitled  "Evolution  of  National 
Systems  of  Vocational  Education  for  Disabled  Soldiers,"  which 
is  a  volume  of  320  pages  giving  a  great  deal  of  Information 
relating  to  the  subject. 


According  to  the  Scientific  American,  an  interesting  series 
of  tests  w^as  recently  made  by  a  manufacturer  to  determine 
the  effect  of  temperature  on  the  strength  of  iron  and  steel. 
These  tests  showed  that  the  greatest  ultimate  strength  of 
wrought  iron  is  found  at  450  degrees  F.  and  its  greatest  elas- 
tic limit  at  350  degrees.  The  tensile  strength  of  cast  iron 
Increases  uniformly  until  a  temperature  of  400  degrees  Is 
reached,  when  it  gradually  falls.  The  ultimate  elastic  strength 
of  steel  Is  reached  at  -575  degrees  F.,  while  the  elastic  limit 
decreases  continuously,  though  not  uniformly,  as  the  tempera- 
ture rises  above  60  degrees  F.  At  1000  degrees,  the  steel  will 
sag  of  its  own  weight. 
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rig.     6.       Original    Material — 0.3    Per    Cent 
Carbon  Steel — before  Welding;  magni- 
fied   150    limes 


Fig.   7.     Original  heated  to   1500  Degrees 
for   One-half   Hour   and   then   cooled 
in    Air :    magnified    150    Times 


Fig.    8.       Weld    heated    to    1500    Degrees 
for    One- half    Hour    and    then    cooled 
m  Air;    magnified   150   Times 


FUSION  WELDING  FALLACIES— 2 


SOME    COMMON    BELIEFS   AND   WHY   THEY    ARE    UNSOUND 
BT  S.  W.  MILLER' 


IN  the  July  number  of  Machineby  several  of  the  commonly 
accepted,  but  erroneous,  opinions  about  fusion  welding 
were  dealt  with.  Among  other  common  fallacies  are  the 
ideas  that  a  weld  that  is  not  heat-treated  is  suitable  for  any 
engineering  structure,  no  matter  how  important;  that  any 
thermal  disturbance  or  change  in  structure  in  or  near  a  weld 
is  negligible  or  easily  corrected;  that  the  structure  of  a  weld 
can  be  made  as  good  as  that  of  the  original  material ;  that  the 
materials  used  at  present  are  entirely  suitable;  that  a  welded 
piece  Is  equal  to  a  forged  piece;  that  welding  problems  can  be 
solved  by  hit-or-miss  methods;  and  that  an  electric  weld  is 
superior  to  an  oxy-acetylene  weld. 

Non-heat-treated  Welds  are  not  Suitable  for  all 
Entflneerlng:  Structures 

It  Is  a  common  belief  that  a  weld  that  is  not  heat-treated 
is  suitable  for  any  engineering  structure  no  matter  how  im- 
portant. The  writer's  tests  and  experience,  however,  indicate 
that  if  successful  and  safe  results  are  desired  It  is  absolutely 
necessary  to  heat-treat  both  the  weld  and  all  metal  in  its 
vicinity.  In  the  case  of  small  pieces,  this  can  be  done  in  a 
crude,  but  effective,  way  with  the  welding  torches;  but  for 
larger  pieces,  special  furnaces  or  other  apparatus  is  needed. 

Where  low-carbon  welding  wire  is  used  to  weld  ordinary 
soft  steel,  there  may  be  a  difference  In  the  temperatures  re- 
quired for  the  weld  and  original  material  of  300  degrees  F., 
as  a  steel  casting  requires  a  higher  refining  temperature  than 
forged  steel  of  the  same  carbon  content.  This  means  a 
double  heat-treatment;  a  high  temperature  to  refine  the  weld, 
and  a  lower  one  to  refine  the  coarsened  original.  The  double 
treatment  should  be  avoided.  If  possible,  on  account  of  the 
cost,  BO  the  welding  material  should  have  such   proportions 
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of  carbon  and  other  necessary  elements  as  will  produce  a 
clean,  sound,  deoxidized  weld;  the  material,  when  cast  into 
the  weld,  should  require  the  'same  refining  temperature  as 
the  material  welded,  and  in  the  refined  condition,  it  should 
have  the  proper  physical  characteristics  as  given  in  the  first 
installment  of  this  article. 

Figs.  6  to  14  show  the  effect  of  temperature  on  an  oxy- 
acetylene  weld  and  the  adjacent  material.  The  pieces  were 
all  taken  from  the  same  weld,  but  subjected  to  different 
treatments.  The  original  was  about  0.3  per  cent  carbon 
steel,  and  the  welding  wire  was  low-carbon  steel  wire  con- 
taining about  0.08  per  cent  carbon.  The  fields  in  the  original 
were  taken  about  %  inch  from  the  weld.  It  is  not  claimed 
that  the  temperatures  used  were  absolutely  correct,  but  the 
tendency  of  the  treatment  is  shown.  Figs.  6  and  7  show  the 
original  material  before  welding  and  after  being  heated  to 
1500  degrees  F.  for  one-half  hour  and  then  cooled  In  air; 
Fig.  8  shows  that  the  grains  were  not  refined  in  the  weld. 
In  the  cases  shown  in  Figs.  9  and  10,  the  steel  was  heated 
to  1600  degrees  F.  for  one  hour  and  then  cooled  in  air;  the 
grain  In  the  original  was  coarsened,  but  the  weld  was  not 
affected.  By  heating  the  steel  to  1700  degrees  F.  for  one-half 
hour  and  then  cooling  in  air,  the  grain  in  the  original,  as 
shown  In  Fig.  11,  was  made  still  coarser,  but  the  weld,  as 
shown  in  Fig.  12,  was  refined.  When  the  steel  was  heated  to 
1750  degrees  F.  for  fifteen  minutes,  cooled,  heated  to  1400 
degrees  F.  for  fifteen  minutes,  and  cooled  in  air,  both  the  origi- 
nal and  the  weld  were  refined,  as  shown  in  Figs.  13  and  14.    . 

Thermal  Cboasres  in  Structure  are  not  Neerllgrlble  nor 
Easily  Corrected 

The  belief  that  thermal  disturbances  or  changes  In  structure 
In  or  near  the  weld  arc  negligible  or.  If  not,  are  easily  cor- 
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reeled,  is  wrong.  The  heat  of  any  welding  process  changes  the 
structure  of  the  original  material  greatly;  this  change  extends 
farther  from  the  weld  in  the  case  of  oxy-acetylene  welding 
than  in  the  case  of  electric  welding,  and  the  grain  growth 
is  greater,  but  the  zones  of  changed  material  are  not  so  dis- 
tinct. As  the  writer  believes  in  properly  heat-treating  all  welds, 
he  does  not  think  there  is  much  difference  in  this  respect 
between  the  two  welding  methods.  There  are,  though,  other 
important  structural  differences.  The  exact  influence  of 
these  Is  not  known  nor,  as  far  as  the  writer  knows,  have 
they  been  studied  very  much;  in  fact,  even  their  nature 
has  not  been  fully  determined. 

The  coarsening  of  the  grain  reduces  the  ductility  and  re- 
sistance to  shock  of  the  metal.  These  conditions  cannot  be 
entirely  overcome  by  heat-treatment,  but  a  very  great  im- 
provement can  be  made.  Successful  heat-treatment  of  the 
work  requires  a  knowledge  of  the  critical  points  of  the  steels 
used,  and  these  points  depend  mostly  on  the  carbon  content. 
Besides,  for  accurate  work,  the  proper  temperatures  for  the 
proper  time  and  the  proper  rates  of  cooling  must  be  care- 
fully maintained.  It  is  not  hard  to  get  accurate  results  with 
small  pieces  in  a  small  furnace,  but  in  the  case  of  large 
pieces  the  variations  in  furnace  temperatures,  the  inaccuracies 
of  pyrometers,  and  other  variables  materially  affect  the  re- 
sults. Still,  as  it  is  now  possible  to  use  heat-treatment  methods 
in  ways  believed  impossible  a  few  years  ago,  the  writer  sees 


may  be  honest  in  his  belief,  the  piece  will  not  be  as  good, 
for  a  weld  is  a  steel  casting  and  therefore  must  be  inferior 
to  a  forged  piece  even  though  it  is  heat-treated.  A  weld  in 
alloy  steel  is  even  poorer  and  less  satisfactory  than  one  in 
straight  carbon  steel. 

■Welding  Problems  Cannot  be  Solved  by  Hit-or-miss  Methods 
The  writer  has  many  times  stated  his  belief  that,  because 
of  the  tremendous  commercial  development  of  the  welding 
industry,  the  scientific  problems  involved  have  not  received 
the  attention  they  deserve  and  require.  Steel  manufacture 
is  carried  out  under  the  guidance  of  chemical  and  physical 
laboratories;  if  this  had  not  been  so  the  great  improve- 
ment during  recent  years  in  the  quality  of  steel  would  have 
been  impossible.  Making  a  good  weld  is  nothing  but  making 
a  good  casting,  and  it  should  therefore  be  controlled  by  the 
laboratory.  For  this  reason,  welding  problems  cannot  be 
solved  by  a  hit-or-miss  method  of  trial  and  error.  This 
matter  is  purely  a  metallurgical  one,  although  there  are  many 
practical  problems  that  must  be  solved  in  the  shop.  The 
basis  of  all  welding  is  the  production  of  a  sound  weld  of 
desirable  physical  qualities. 
An  Electric  Weld  is  not  Superior  to  an  Oxy-acetylene  Weld 
Although  the  writer  does  not  think  that  an  electric  weld 
is  superior  in  quality  to  an  oxy-acetylene  weld,  he  willingly 
admits   that   in   many   cases   electric   arc   welding   may   pre- 
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Fig.     12.       \\\:li     h.ated    to     1700    Degrees    F. 

for    One-half    Hour,    and    then    cooled 

in  Air;   magnified   150  Times.      Note 

that    Weld    has    beep    refined 

no  reason  why  such  work  could  not  be  carried  out  on  large 
pieces,  tanks  for  example,  even  when  viewed  from  a  com- 
mercial standpoint.  At  first  a  factor  of  50  per  cent,  for  in- 
stance, of  the  plate  strength  might  be  all  that  would  be  safe, 
but  certainly  the  welding  industry  would  not  be  satisfied 
with  that  result  and,  as  in  all  similar  cases,  improvement 
would  be  certain. 

The  Structure  of  a  Weld  (Jannot  be  Made  as  Good  as  that 
of  the  Orltflnal  Material 

It  is  commonly  stated  that  the  structure  of  a  weld  can  be 
made  as  good  as  that  of  the  original  material.  This,  how- 
ever, cannot  be  done,  for  the  finest  grain,  and  therefore  the 
best  physical  qualities,  can  only  be  obtained  by  using  both 
beat-treatment  and  forging,  or  other  mechanical  treatment. 
As  forging  cannot  be  done  in  most  welds  It  Is  evident  that 
the  best  results  cannot  be  secured.  The  most  that  can  be 
expected  is  what  can  be  obtained  in  a  properly  heat-treated 
steel  casting,  and  this  Is  not  equal  to  a  heat-treated  forging. 

Material  now  Uued  Id  not  Entirely  Suitable 

Contrary  to  the  general  belief,  all  material  now  used  for 
welding  is  not  entirely  suitable.  Much  of  It  is  likely  to  carry 
Impurities  Into  the  wold  so  that  good  results  can  be  obtained 
only  when  great  care  is  used.  However,  suitable  materials 
for  all  purposes  will,  no  doubt,  eventually  be  found. 

A  Welded  Piece  In  not  Equal  to  a  Fortred  Piece 
A  customer  frequently  aaka  If  a  piece  of  forged  steel  will 
be  ns  good  after  It  has  been  welded  as  It  was  before;  and  he 
Ih  asBiired   by  the  welder  that  It  will  be.     While  the  welder 


Fig.     14.        \V    ;,  ■,     1750    Di-prtt-s    F. 

for    15    Minutes,    cooled,    and    then    heated 

to     1400    Degrees    F.     for     15    Minutes 

and  cooled  in  Air;  magnified  150  Times 

ferably  be  used.  Neither  does  he  think  that  it  is  impossible 
to  improve  the  quality  of  the  welds,  for  he  knows  that  it  is. 
Electric  welding  has  four  disadvantages:  It  is  impossible  to 
see  clearly  what  is  going  on  during  the  operation;  all  material 
in  the  pencil  must  go  into  the  weld;  It  is  impossible  to  go 
back  over  the  weld  to  correct  any  imperfections  that  may 
exist;  there  is  an  enormous  amount  of  oxide  in  this  weld. 
The  first  of  these  disadvantages  is  probably  insurmountable. 
If  due  regard  is  given  to  the  safety  of  the  operator's  eyes; 
but  scientific  study  may  overcome  it  to  some  extent.  The 
second  disadvantage  may  be  overcome  by  the  production  of  a 
specially  clean  wire.  The  third  is  a  very  unsatisfactory 
condition  and  probably  cannot  be  entirely  overcome,  although 
skillful  operation  tends  to  eliminate  imperfections.  The  fourth 
may  be  overcome  by  the  use  of  a  welding  wire  of  such  com- 
position as  will  eliminate  the  oxide."  Figs.  15  and  16  show 
the  relative  amounts  of  oxide  In  oxy-acetylene  and  electric 
welds  made  with  low-carbon  steel  wire;  the  magnification  In 
each   case  Is  ;!20  diameters. 

The  writer,  personally,  has  never  seen  a  perfectly  sound 
electric  weld,  and  he  knows  electric  welds  can  be  Improved 
because  some  are  better  than  others.  As  a  matter  of  fact, 
both  oxy-acetylene  and  electric  welding  practices  need  care- 
ful revision  If  they  are  to  have  the  confidence  of  responsible 
engineers.  The  unanimous  opinion  of  engineers  Is  that  in  the 
present  state  of  the  art,  while  some  good  welds  are  made, 
llioro  Is  such  a  serious  lack  of  uniformity  In  the  quality  of 
the  work  as  to  throw  suspicion  on  all  welding.  They,  there- 
fore, refuse  to  use  It,  for  example,  In  boiler  construction,  where 
theoretically  Its  uses  would  be  of  great  benefit.     These  im- 
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.     16.       Oxy-acetylene     Weld,     showing 
Oxide    as    Black    Specks;    magrni- 
fled  320  Times 


rig.     16.        Electric     Weld,      showing 

Oxide  as  Black  Specks;   magni* 

fied   320   Times 


provements  will  have  to  be  made  with  the  greatest  rapidity 
possible,  and  work  incompatible  with  the  fundamental  prin- 
ciples of  metallurgy  must  not  be  done.  No  welding  operation 
must  be  performed  unless  there  is  an  absolute  assurance  of 
safety  in  the  result,  where  life  is  involved.  It  will  not  do 
to  say  that  because  the  percentage  of  accidents  that  have 
occurred  is  very  small,  and  smaller  than  occurs  with  other 
methods  of  Joining,  the  present  methods  of  welding  are  good 
enough.  Such  an  argument  was  used  in  connection  with  in- 
dustrial injuries;  but  the  safety-first  campaign  has  proved 
that  accidents  which  were  at  one  time  considered  unavoid- 
able can  be  prevented  if  proper  means  are  taken.    It  has  also 


flat-face  driving  pulley  G  with  tight 
pulley  H.  Shaft  F  is  stopped  by  shift- 
ing belt  /  from  tight  pulley  H  to  loose 
pulley  J.  The  one-inch  shaft  K  is 
suspended  from  the  ceiling  by  bearings 
L.  Cast-iron  pulleys,  about  10  inches  in 
diameter,  are  keyed  to  the  shaft  at  the 
points  S  as  shown.  On  these  pulleys  is 
a  section  of  belt  provided  with  rods  of 
the  shape  shown  at  W,  the  length  of 
which  is  such  that  the  handles  are  at 
a  convenient  height  from  the  floor.  The 
belt  T  is  held  to  the  face  of  the  pulley 
by  a  stud  V.  Now  it  will  be  seen  that 
by  a  downward  pull  on  the  rod  at  the 
right-hand  side  of  the  pulley  the  shaft 
can  be  rotated  through  one-half  revolu- 
tion. At  point  P  on  shaft  K  Is  & 
sprocket  connected  by  a  link  chain  with 
the  sprocket  G  on  the  shifting  device  shown  in  Fig.  2. 
Sprocket  G  is  keyed  to  shaft  D,  which  has  a  bearing  in  the 
cast-iron  body  E.  Disk  F  is  keyed  to  shaft  D  and  is  provided 
with  a  stud  O  which  fits  into  a  slot  in  slide  H.  Slide  H  is  held 
in  place  by  the  pieces  I.  To  slide  H  is  attached  the  plate  J 
which  carries  the  two  guide  forks  K.  Now  by  rotating  shaft  D 
to  the  right  in  the  direction  shown  by  the  arrow,  pin  O  will 
cause  slide  E  to  move  to  the  right  the  width  of  the  belt  plus  a 
slight  clearance.  The  casting  E  is  suspended  from  the  ceiling 
by  two  flat  iron  pieces  T.  It  will  be  noticed  that  the  slide  H 
is  prevented  from  moving  a  greater  distance  by  the  pin  O 
coming  in  contact  with  the  bottom  of  the  slot  in  S.     This 


Flf.    1.      Arrangoment  of  Bolt->hlftin(  Xeohanlsm    for   Three    Textile    Machii 


proved  that  the  adoption  of  such  preventive  measures  has  more 
than  paid  all  the  expense  connected  with  their  Introduction. 
In  the  same  way  the  adoption  of  the  best  possible  welding 
methods  and  the  restriction  of  such  methods  to  proper  ap- 
pll'!ationfl  will  result  In  a  great  Increase  In  the  amount  of 
wolding,  and  In  the  long  run  will  be  much  loss  expensive 
than  following  the  present  methods. 
•     •     • 

BELT-SHIFTING  APPLIANCE 

In  the  Inatallatlon  of  textile  marhlnoB  where  the  i)roduct 
paaaea  directly  from  one  marhino  to  another  In  an  uiibroki-n 
fondltlon.  It  Ig  neceBsary  that  somd  provision  bo  made  for 
Bl'ippInK  and  RtartlnR  the  machlncH  In  unison  from  several 
'llfr<T<Tit  ponltlons.  As  Ibo  dl»tnnco  b^tweon  the  oxlrcmo  posl- 
lion*  nt  which  It  Ir  dcalrcd  to  locate  tho  bolt  nhlftlnK  cnntrolN 
I*  often  r<0  or  60  foet,  It  ro'iulro*  a  shlfllnK  applliinro  of  un- 
imual  BtrcnKth  nnd  mechnnlral  dOHlRn. 

TT)0   folkiwIiiK   nii-thod    wad   uBod   to   provldo   tho   noroBsary 

Bt'ipplnK  iirrl     •    -" --trol  for  Ihroo  toxtllo  innrhlnn«  U,  N, 

nnd  I).  ;irr/r  u  In  KIr.  I.     Ab  It  Ih  noc-HBiiry  that 

frn'iuflnt   Adji  '    mndci   at   tho  pOBltlonH  oppoBlto  tho 

point*  H,  It  wna  ilcBirorl  that  BtoppInK  nnd  BtnrtInK  rould  bo 
RTcompllRhad  lit  th'-Rfi  poBltlonR.  Ar  will  ho  rood  In  tho  IIIuh- 
trallon,  «ll  throo  mnchlnoH  are  trait  drlvon  from  pulloyR  on 
Rhafl  F  whirh.  In  turn,  I*  driven  by  a  Blnrh  holt  ronnnrtlnK 


feature  not  only  limits  the  travel  of  slide  H  to  the  proper 
distance,  but  also  serves  as  a  positive  stop  against  which  It  Is 
impossible  for  a  crawling  belt  to  shift  Itself  to  the  tight 
pulley  and  start  the  machine  at  a  time  when  the  operator 
may  become  caught  In  some  moving  part.  In  the  same  way 
the  device  prevents  tho  bolt  from  creeping  from  the  tight  to 
the  loose  pulley  when  tho  machines  are  In  operation,  thus 
eliminating  that  source  of  annoyance  which  Is  common  with 
the  usual  type  of  belt  shifters.  F.  C.  D. 
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CHARTS  GIVING  TIME  REQUIRED  TO  HOB 
SPUR   GEARS 

BY  V.  P.  KUMELY  ' 

Many  factors  affect  the  production  of  gear-hobbing  machines. 
Among  these  are  the  condition  of  the  machine,  the  work  sup- 
ports,  the   condition 


of  the  hob,  the  na- 
ture of  the  material, 
the  cutting  com- 
pound, the  finish  of 
the  gear,  and  the 
type  of  hob  used.  The 
bearings  of  the  ma- 
chine must  be  in 
good  adjustment,  the 
change  -  gears  free 
from  excessive  back- 
lash, and  the  hob 
carriage  well  adjust- 
ed on  its  ways.  The 
work  supports  should 
be  of  the  most  rigid 
type  possible  to 
guard  against  chat- 
ter. The  hob  should 
have  the  proper  tem- 
per and  sharpness. 
The  cutting  qualities 
of  the  material  are 
affected  by  alloy  com- 
positions, heat-treat-  Kg-  !•  chait  giving 
ment,  hard  spots,  seams,  and  sand-holes.  The  value  of  the 
cutting  compound  depends  on  its  quality  as  a  coolant  and  lubri- 
cant, and  the  amount  furnished  at  the  vital  places  on  the  hob. 
The  finish  of  the  gear  depends  on  whether  the  hob  has  a  gash- 
ing or  a  finishing  cut.  The  hob  may  have  a  single,  double,  or 
triple  lead. 
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OVERTRAVEL  OF  HOB,   IN   INCHES 


•Address:  589  Navahoe  Ave.,  Detroit,  Mich. 


The  greatest  possibilities  lie  in  gashing  such  work  as  trans- 
mission and  timing  gears  where  the  hob  can  be  forced  close 
to  the  limit  all  the  time,  with  little  regard  for  the  resulting 
finish.  The  recent  practice  in  this  line  of  bobbing  tends 
toward  triple-lead  and  double-lead  hobs,  with  three  streams 
of  cutting  compound  applied  to  the  hob.    There  are  three  to 

five  shifts  of  the  hob 

between  grindings, 
and  the  hobs  are 
ground  at  least  once 
every  eight  hours. 
One  firm  has  deter- 
mined that  the  eco- 
nomical life  of  a  hob 
is  from  fifteen  to 
twenty-two  days,  run- 
ning two  shifts  per 
day.  The  time  re- 
quired for  bobbing  a 
gear  may  be  deter- 
mined by  any  one  of 
the  following  meth- 
ods: By  estimation, 
relying  upon  experi- 
ence on  similar  jobs; 
by  calculation,  which 
is  confusing  to  the 
novice  and  cumber- 
some for  many  me- 
chanics; and  by  a 
graphic  method,  such 
as  is  Illustrated  by 
the  accompanying  charts.  When  using  these  charts  the  cutting 
speed  and  feed  are  first  selected.  The  cutting  time  is  found 
for  the  entire  load  upon  the  arbor,  and  this  is  divided  by  the 
number  of  gears  to  find  the  cutting  time  for  each  gear.  It  is 
necessary  for  the  hob  to  travel  a  distance  equal  to  the  total 
width  of  the  gear  face  plus  the  over-travel  X,  Fig.  1,  due  to 
striking  the  gear  blank  some  distance  in  advance  of  the  hob 


'-travel  of  Hob 


Fl(.  ».     Chart  clvllig  Cutting  Tim*  of  Ono  Tootb 
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center.    This  over-travel  varies  according  to  the  diameter  and 
pitch  of  the  hob  and  may  be  calculated  by  the  formula: 


'^"-i"^^)' 


This  value  may  be  found  directly  by  referring  to  Fig.  1.  Add 
to  this  the  total  width  of  the  gear  face,  in  inches,  and  locate 
this  sum  in  Fig.  2  in  the  column  indicating  the  total  hob 
travel.  From  this  position,  move  horizontally  to  the  right  to 
the  intersection  with  a  diagonal  feed  line  equivalent  to  the 
chosen  feed,  and  move  vertically,  up  or  down  as  may  be  neces- 
sary, to  the  intersection  with  a  diagonal  line  representing  revo- 
lutions per  minute  of  hob.  Then  move  horizontally  to  the 
right-hand  column  and  read  in  minutes  the  exact  cutting  time 
of  one  tooth  of  the  load.  Multiply  this  value  by  the  number 
of  teeth  in  one  gear;  this  gives  the  total  cutting  time.  If  the 
load  consists  of  a  number  of  gears,  divide  the  cutting  time 
found  by  this  number.  If  a  double-  or  triple-lead  hob  is  used, 
the  cutting  time  will  be  one-half  or  one-third,  respectively,  of 
this  value. 

Example — ^What  is  the  cutting  time  of  one  gear  having  30 
teeth,  10  diametral  pitch,  if  four  blanks  1  inch  wide  are  placed 
on  the  arbor?  The  teeth  are  cut  by  a  triple-lead  hob  3  inches 
in  diameter,  running  at  110  revolutions  per  minute  and  the 
feed  of  the  work  is  0.05  inch  per  revolution  of  the  work.  By 
using  the  chart  in  Fig.  1,  the  over-travel  is  found  to  be  0.775 
inch.  Add  this  to  4,  the  face  width  of  the  gear  blanks,  and 
the  total  hob  travel  will  be  4.775  inches.  In  Fig.  2,  find  the 
value  4.775  inches  in  the  left-hand  column  and  move  horizon- 
tally to  the  right  to  the  intersection  with  the  0.05  inch  feed 
line;  then  move  vertically  to  the  intersection  with  the  line 
showing  110  revolutions  per  minute;  by  moving  horizontally 
to  the  intersection  with  the  right-hand  column,  the  cutting 
time  of  one  tooth  will  be  found  to  be  0.87  minute.  Multiply 
this  value  by  the  number  of  teeth  and  divide  by  the  number 
0.87  X30 

of  threads  of  the  hob;  =  8.7  minutes,  cutting  time 

3 
of  four  gears;  8.7  -j-  4  =  2.175  minutes,  cutting  time  of  one  gear. 


APPRENTICE    DEPARTMENT    OF    THE 
AMERICAN  LOCOMOTIVE  CO.' 

BY  C.   K.  OETCHELL 

The  apprenticeship  courses  of  the  American  Locomotive  Co. 
provide  an  opportunity  for  young  men  to  learn  a  trade  or  pro- 
fession while  earning  their  own  living,  either  in  the  drawing- 
room  or  in  the  shops,  at  work  which  is  actusftly  used  in  the 
design  or  construction  of  locomotives.  There  are  several  dif- 
ferent branches  in  which  an  apprentice  may  specialize.  These 
Include  the  following:  drafting;  machine  operation,  including 
toolmaking  and  die-sinking;  patternmaklng;  coremaklng; 
molding;  bollermaklng;  carpentry;  printing;  and  electrical 
maintenance. 

DrBftlnif-room  Apprenticeablp 

Applicant))  for  the  course  In  drafting  should  be  between  six- 
teen and  nineteen  yearH  of  ago;  In  special  casefl  young  men 
slightly  older  have  been  taken.  Previous  education  required 
Includes  one  yoar  of  high  school  and  at  least  ono  tsrm  of 
algebra.  A  preliminary  examination  Is  given,  covering  ele- 
mentary mathcmatlcR,  sketcbInK  and  sovoral  problems  of  a 
mechanical  nature.  No  grade  Is  given,  the  general  aptitude 
for  work  along  the  line  of  machine  design  being  the  basis  for 
aocoptanca  or  rejection.  Apprcntlcos  are  taken  on  trial  for 
a  month. 

The  conrso  \n  planned  to  cover  four  years.  There  arc  forty- 
four  working  hours  each  week,  of  which  throe  ore  spent  In  the 
Mhoolroom.  The  course  covers  machine  design,  baBod  upon 
artnal  prnrt\rn  in  dmtl^nltiir  locomotives,  and  rorlain  problems 
T""!  ■  ■ '1  for  Piich  wnok'n  study.    Frequent 

'ef'  .'  di-nlKDH  and  drawhiKN,  and  thorp 

ori    , ,.. ..,,    .,i,,.|i    rc''|iilr<t   monstiromoiitn   nf   parts 

iiiwlcr  '•onitrurtlnn  In  the  shopg.  with  mtriilntl'ins  nlinwlng 
ti'.v.   i)i..|r  dlmonslnns  worn  dotormlnofl.     fVimplntlon  of  th««« 

"f  •■  •Vu>t«  pnlilUhMl  In  "Imv,"  M>r.   ItilH 


problems  in  the  scheduled  time  is  estimated  to  require  about 
eight  hours  of  study  outside  of  the  time  spent  in  school. 

No  regular  classes  are  held,  each  apprentice  having  an  op- 
portunity for  such  personal  instruction  as  he  may  require 
during  his  class  hour.  In  this  way  he  is  not  held  back  to 
accommodate  others  who  may  be  slower  in  their  work,  and 
his  progress  depends  entirely  upon  himself.  Apprentices  have 
frequently  been  able,  on  this  account,  to  complete  the  course 
in  less  than  four  years.  The  pay  is  based  upon  the  amount 
of  work  completed  and  the  standing  or  grade  attained.  Grades 
are  determined  as  follows: 

A  Grade 85  per  cent  and  over 

B  Grade  70  per  cent  to  85  per  cent 

C  Grade  (or  base) Below  70  per  cent 

Those  apprentices  who  attain  a  rating  of  B  grade  receive 
two  cents  more  per  hour  than  the  base  rate,  and  those  who 
attain  A  grade  receive  three  cents  more  per  hour.  The  base 
rate  is  advanced  at  the  completion  of  each  six  months'  assign- 
ment of  problems  and  is  independent  of  the  time  spent  on  the 
course.  Credit  is  also  given  for  over-time  and  occasionally  for 
previous  experience  when  warranted  by  the  proficiency  shown. 
Two  weeks'  vacation  is  also  allowed  each  year,  and  it  is 
desired  that  these  be  taken  for  rest  rather  than  as  an  occasion 
for  extra  study.  Opportunity  is  provided  for  evening  study 
in  the  general  drawing-room,  where  access  may  be  had  to  the 
company's  standards,  which  are  frequently  referred  to  In  the 
studies.  Provision  is  made  for  the  transfer  of  each  apprentice 
from  one  section  of  the  general  drawing-room  to  another,  af- 
fording an  opportunity  for  him  to  familiarize  himself  not  only 
with  detail  design,  but  also  with  general  assembly  or  elevation 
drawings.  Grouped  according  to  the  progress  made  In  their 
work,  the  apprentices  make  an  hour's  visit  each  month  to 
the  shops  and  take  notes,  which  are  later  discussed  in  class. 

While  the  majority  of  drawing-room  apprentices  are  at  the 
Schenectady  works,  there  are  several  at  the  other  plants  who 
have  the  same  problems,  receiving  instruction  by  mall,  and 
who  obtain  such  personal  assistance  as  they  require  from  the 
chief  draftsman  at  those  plants. 

Shop  Apprentice  Courses 

Applicants  for  the  shop  apprentice  courses  should  be  be- 
tween the  ages  of  sixteen  and  nineteen,  and  while  one  year's 
high  school  education  is  desirable,  it  is  not  absolutely  required. 
All  these  courses  require  four  years,  except  that  in  electrical 
maintenance,  which  requires  only  three.  There  are  fifty  work- 
ing hours  each  week,  except  in  the  coremaklng  and  molding 
trades,  which  require  forty-five  hours.  Class  hours  include  one 
and  one-half  hour  per  week  for  the  machine  and  pattern- 
making  trades,  one  hour  of  this  on  the  company's  time  and 
the  half  hour  on  the  apprentice's  own  time.  Instruction  is 
given  in  shop  mathematics,  together  with  such  shop  principles 
as  apply  to  the  different  trades,  and  particular  attention  is 
given  to  blueprint  reading.  Frequent  trips  to  the  various 
shops  afford  an  opportunity  for  each  apprentice  to  learn  how 
the  work  he  is  doing  Is  used  in  the  final  construction  of  loco- 
motives. In  this  way  he  Is  able  to  become  more  Interested 
and  to  work  more  effectively.  Transfer  of  machinist  appren- 
tices from  one  shop  to  another  affords  chonces  for  them  to 
learn  the  manipulation  of  the  .Moveral  types  of  machines. 

Urndtiivtu  Apprentices 

Upon  the  completion  of  each  course  the  apprentice  receives 
a  certificate  and  Is  given  an  Increase  In  pay,  with  such  an 
opportunity  for  further  ndvancomont  as  his  ability  warrants. 
In  addition  to  this,  the  drawing-room  graduate  receives  a  sub- 
stantial cash  bonus.  AUhnugh,  like  many  other  Industries, 
this  company  has  lost  n  niinibcr  of  men  on  account  of  the  war, 
thcro  are  still  about  :!r.  per  I'ciit  of  o\ir  gniihiiilo  iipprontlcos 
III  the  general  drawing  room  ami  about  45  per  rent  In  the  varl- 
oiiH  Hhops,  many  of  whom  nro  lutldliiR  responsible  positions. 
*     •     • 

According  to  Ihn  Arizona  fitntr  Kafrty  News,  liwtiiRlrlnl  accl- 
dnnis  niNl  tlilH  country  .'!r>,00ii  lIvoH  annually.  In  iidilltlon, 
thorn  are  .'150,000  dlsnioml)i>rnii<iils  ami  other  sorloiis  Injiirlns, 
nnd  over  2,000.000  minor  accldnnls  Hint  cniiHo  a  Iohh  of  limn, 


Equipping 
A  Shop  Laboratory 


Arrangement  of  Shop 
Laboratory  and  Brief 
Explanation  of  Meth- 
ods Used  in  the  Analy- 
sis  of  Iron   and   Steel 


BUILDERS  of  machinery  and  manufacturers  of  tools  are 
undoubtedly  desirous  of  having  a  full  knowledge  of  the 
chemical  ingredients  of  the  raw  material  which  they  buy 
and  use  in  their  product,  and  of  being  assured  that  these  in- 
gredients conform  to  recognized  standards  and  specifications, 
within  practical  limitations.  Hence,  it  is  rather  surprising  to 
note  the  large  percentage  of  metal-working  shops  in  this  coun- 
try that  are  without  the  proper  facilities  for  ascertaining  these 
chemical  elements — the  more  so  as  this  need  was  felt  and 
many  years  ago  met  by  European  manufacturers  through  the 
installation  of  chemical  laboratories  in  their  plants,  which  have 
adequate  (although  not  necessarily  expensive)  facilities  for 
handling  routine  analytical  work.  Many  a  manager  will  claim 
that  he  does  not  buy  enough  raw  material  and  that  he  does  not 
have  trouble  enough  with  it  to  warrant  incurring  the  expense 
of  a  laboratory.  However,  in  times  of  close  competition,  when 
his  product  does  not  always  measure  up  to  that  of  his  com- 
petitor, he  will  generally  find  after  a  close  study  of  the  cause 
of  his  trouble  that,  outside  of  poor  workmanship,  the  fault 
can  usually  be  traced  to  the  use  of  poor  or  improper  raw 
materials. 

Which  Customer  Gets  the  Poor  Raw  Material? 

Furthermore,  he  should  not  forget  that  the  steel  mills 
occasionally  produce  inferior  products  that  will  have  to  be 
disposed  of  somehow;  and  it  is  certain  that  the  customer  who 
is  known  to  have  a  laboratory  for  testing  his  raw  materials 
will  not  receive  any  of  the  inferior  steel.  It  may  be  claimed 
that  there  is  not  enough  raw  material  to  be  tested  to  warrant 
the  expense  of  a  laboratory  and  that  it  is  a  better  plan  to  send 
the  few  specimens  that  must  be  tested  to  a  professional 
chemist.  This  is  not  only  very  costly  (at  least  fifty  cents 
per  element),  but  it  will  also  cause  serious  delays,  as  the 
chemist  does  not  work  for  only  one  client;  each  one  will  have 


to  wait  his  turn.  The  most  serious  consideration,  however, 
is  the  delay  that  is  caused.  Often,  when  raw  material  is 
received  by  a  manufacturer,  it  has  been  waited  for  so  long, 
and  customers  are  so  urgent  for  delivery,  that  the  material 
has  to  be  used  immediately,  making  it  impossible  to  wait  for 
a  report  from  an  outside  chemist.  It  should  also  be  remem- 
bered that  the  proper  time  for  making  an  analysis  is  before 
the  material  has  been  made  into  parts — not  after  trouble  has 
developed. 

Cost  of  Equipping  Laboratory 

Considering  the  preceding  facts  from  all  standpoints,  read- 
ers of  Machtnebt  will  readily  concede  that  a  chemical  labora- 
tory is  quite  necessary,  not  only  for  large  manufacturing  estab- 
lishments, but  also  for  small  shops,  as  the  cost  of  equipping 
it  is  comparatively  small  (about  $400  or  $500  even  at  present 
advanced  rates).  The  most  suitable  place  -for  a  laboratory  is 
the  basement  of  a  building,  for  the  reason  that  the  room  should 
first  of  all  be  free  from  vibration,  which,  it  will  be  readily 
understood,  may  seriously  affect  the  use  of  the  chemical  weigh- 
ing balance  and  the  other  extremely  sensitive  apparatus  used 
by  the  chemist.  The  room  should  preferably  be  sheathed  with 
wood  so  that  no  trouble  will  be  experienced  from  particles  of 
plaster  or  whitewash  falling  into  evaporating  dishes  and  other 
apparatus  with  which  the  chemist  is  working.  In  weighing 
out  materials  used  in  chemical  analysis,  all  weights  are  taken 
to  0.0001  gram,  from  which  it  will  be  seen  that  the  addition 
of  even  a  minute  particle  of  whitewash  would  cause  a  serious 
error.  The  laboratory  benches  should  be  well  built  and  made 
of  well-seasoned  wood,  and  their  tops  should  be  covered  with 
acid-proof  asbestos,  to  prevent  the  hot  evaporating  dishes,  etc., 
from  sticking  and  to  protect  the  woodwork  against  the  action 
of  acid  that  may  be  spilled.  If  the  above  suggestion  is  fol- 
lowed, the  benches  will  always  be  neat  and  clean. 


Fi(r.    1.      ArraniTi^niflnt    of    "C&rhon    Train"    whtob    is    omiiloyod    for   doterinining   PQroontt.ffe   of   Carbon    in    a   Stool   by   Combustion    Motbod 
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Lay-out  of  Shop  Laboratory 
Although  not  absolutely  necessary,  it  is  desirable  to  divide 
the  laboratory  into  two  parts — the  laboratory  proper  and  the 
balance  room.  If  this  is  not  feasible,  the  balance  should 
be  placed  on  a  bench  fastened  only  to  the  wall  of  the  build- 
ing. This  will  prevent  any  jars  or  vibrations,  except  those 
caused  by  the  building  itself,  from  being  transmitted  to  the 
balance  while  it  is  in  use.  An  arrangement  of  this  kind 
will  be  found  absolutely  necessary,  if,  for  some  reason,  the 
laboratory  must  be  located  on  any  of  the  upper  floors  of 
the  building.  A  convenient  arrangement  for  a  laboratory  is 
shown  in  Fig.  2.  It  will  be  seen  that  the  store-room  and 
balance  room  have  been  combined  so  that  supplies  may  be 
kept  outside  the  laboratory  proper,  which  should  be  not 
smaller  than  20  by  10  feet.  It  should  have  a  bench  on  one, 
if  not  both,  of  the  longer  sides  and  should  also  contain  an 
earthenware  sink  with  a  draining  board,  gas  stove,  still 
(all  water  used  in  chemical  analysis  must  be  distilled), 
iron  slab,  and  two  draft  hoods.  The  latter  consist  of  two 
adjoining  compartments,  about  2  by  6  feet  in  size,  built  out 
from  the  wall  with  ventilating  shafts  running  to  the  out- 
side. Windows  should  be  provided  in  the  front  which  can 
be  easily  opened  and  closed.  In  this  manner,  a  good  draft 
is  provided  to  carry  off  the  noxious  fumes.  Eight  or  nine 
shelves  should  be  placed  on  the  wall  to  hold  reagent  bottles 


ings  must  be  produced  dry — without  lubricant  or  cutting 
compound  of  any  kind  being  used.  This  has  led  many  to 
use  filings  as  suitable  chips  for  analysis,  but  the  practice 
is  dangerous,  as  some  of  the  file  teeth  may  break  off  and 
become  mixed  with  the  steel  chips,  which  may  make  the 
whole  analysis  inaccurate.  The  man  who  takes  the  sample 
should  always  bear  the  importance  of  his  work  in  mind. 
If  the  sample  used  by  the  chemist  is  not  representative  of 
the  material  as  a  whole,  the  analysis  cannot  possibly  give 
reliable  information.  When  it  is  possible,  the  chemist  should 
always  take  his  own  sample  for  analysis. 

Enough  chips  (about  two  ounces  or  55  grams)  should  al- 
ways be  made  so  that  there  will  be  at  least  an  equal  quantity 
left  to  make  a  check  analysis  or  test.  These  should  be  placed 
in  small  boxes  or  envelopes  with  a  number,  which  is  entered 
in  a  record  book  or  card  Index  that  should  give  the  history 
of  the  metal.  The  method  of  sampling  steel  adopted  by  the 
Society  of  Automotive  Engineers  is  as  follows: 

1.  Wire,  tubing,  sheets,  and  rods  less  than  1^4  inch  in 
diameter  or  thickness  should  be  sampled  across  the  entire 
section. 

2.  Forgings  or  pieces  of  irregular  shape  should  be  sampled 
by  drilling  or  cutting  at  the  thickest  and  thinnest  sections  or 
lengthwise  and  across  the  entire  section. 

3.  Bars  and  billets  or  other  shapes  above  IV*  inch  should 
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and  a  few  drawers  should  be  provided  to  bold  the  glass 
tubing,  cork  and  rubber  stoppers,  etc.  When  not  in  use, 
such  apparatus  as  glass  beakers,  flasks,  evaporating  dishes, 
etc.,  should  be  stored  In  a  closet. 

All  the  measurements  used  in  Iron  and  steel  analysis  (and 
Id  practically  all  laboratory  work)  are  expressed  In  the  metric 
gystcm;  therefore,  it  Is  absolutely  necessary  for  the  chemist 
to  know  the  tables  of  weights  and  measures  and  to  be  able 
to  think  In  terms  of  the  metric  system.  One  reason  for 
using  this  system  Is  that  It  Is  very  easy  to  change  from 
units  of  volume  to  weight  and  vice  versa. 

The  analysis  of  Iron  and  steel  may  he  divided  Into  two 
parlH~thf;  d'rtermlnatlon  of  the  different  constltuoiitH  that 
are  present  In  the  material,  which  Is  called  "(lualltatlvo  analy- 
tl«";  and  the  det<.'rmlnatlon  of  the  proportion  or  percentage 
of  each  of  these  dlfforont  conntltuonts  which  is  called  "quantl- 
tatlvo  annlysls."  Qunlltattvo  analysis  Is  of  no  real  practical 
value  for  Iron  and  hIooI,  because  It  docs  not  glvo  the  actual 
txircQntaKcii  of  dlffor'-nt  constituents,  and  takes  Just  us  much 
timo  tn  quantltatlvQ  analyiils. 

Mathrxln  of  Tnklritr  HaoipIo  for  AnnlyiilH 

It  IR  ahaottttnly  Important  that  thn  samplo  of  stcol  or  Iron 
to  b<i  analyzMl  iihoutd  roprpHont  all  the  Impurltlns,  etc.,  that 
art  prniHint  In  thn  mntul.  As  somo  molals  vary  in  tho  com- 
p'mlilon  nf  Imptirltlnii,  It  I*  nornmiary  to  Inkn  n  Kntiipln  from 
thn  itlfTornnt  pnrln  of  thn  upoilmnn.  Kxlmnin  rnrn  muni  1"' 
tftknn  lo  SCO  that  thn  chlpii  Ihnl  nrn  to  bo  annly/.i"!  nrn  nlin'i 
tutely   trv*  from   oil.   irrnjin,   wator,   cir      TiirnlnKK  or  drill 


be   drilled   at  a   half  radius,   that   is,  half  way   between   the 
center  and  the  exterior  surface. 

Ck>nstltuents  ot  Iron  and  Steel  that  are  Determined 
by  Analysis 
For  the  purpose  of  quantitative  analysis,  steel  may  be 
classified  as  carbon  steel,  low-<arbiiii  alloy  steel,  and  high-speed 
steel.  These  classes  are  distinguished,  in  a  great  degree, 
by  the  particular  elements  Included  in  their  composition  and 
by  their  after  treatment.  A  change  In  the  composition  ot 
a  steel  usually  means  a  corresponding  change  In  its  prop- 
erties. For  Instance,  tho  addition  of  certain  luotalUc  ele- 
ments to  a  carbon  stool  cniiscs  a  change  in  tho  hardening  tem- 
perature. Therefore,  it  la  important  to  know  tho  constituents 
of  the  steel,  tho  quantity  of  onch  constituent  that  Is  present, 
and  the  Influonco  of  each.  It  has  boon  explained  that  quall- 
tatlvo  analysis  dotormlnos  what  constitutes  aro  present  In  a 
substance  and  quanlltativn  analysis,  tho  (|uantlty  of  each 
constituent.  I'motlcally  nil  Hloola  contain  carbon,  silicon,  man- 
ganoHO,  Hiilphiir,  ami  plioHplioruH,  tho  Hlllron  and  nianganeao 
boing  adilod  to  tlin  sti'ol  when  II  is  poured  from  tho  furnace 
In  which  tho  n-llnliiK  proi'OHH  is  condurtod;  nltliough  atten- 
tion Is  called  to  tho  fact  that  basic  slonl  In  most  canes  Is 
free  from  silicon.  Tho  dntornilnatlon  of  those  olomonts  In 
carbon  stool  conHtlliitoN  a  comploto  anaiyslH.  In  tho  case  of  a 
chroniluni  stool,  tho  porcontiiKo  of  chromium  miiHt  bo  dotor- 
iiiImoiI,  in  addition  to  thn  othor  olomonts;  and  In  tho  case  of 
a  vaiiaillum  hIcoI,  thn  aniiniiit  of  vanadium,  olc,  must  bo  found. 
In  a<lilillnn  lo  carbon,  maiiKixioHo,  nlliiiin,  sulpluir,  and  phos- 
phoruN,  hiKh-spood  stool  Hhoiild  alno  ho  nnalyziMl  for  tnnKHton, 
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Fig.   3.     Burettes   set   up   for  Use    in   determinijif   Amoant   of   Phosphorus, 
Manganese,    Chromium,    and  Vanadium   by   Titration 

chromium,   vanadium,   and,   in   the   case   of  some  high-speed 
steels,  nickel  and  molybdenum. 

Gravimetric  and  Volumetric  Analysis 

There  are  two  methods  of  quantitative  analysis,  both  of 
which  are  in  quite  general  use.  These  are  known  as  "gravi- 
metric" and  "volumetric"  analysis.  A  sample  weighing  exactly 
1.0000  gram  is  usually  weighed  out  in  making  an  analysis  be- 
cause of  the  ease  with  which  the  results  of  the  analysis  of 
such  a  sample  can  be  converted  into  percentages.  It  should 
be  noted,  however,  that  for  the  analysis  of  silicon  and  sulphur, 
one  gram  is  not  quite  enough  to  obtain  accurate  results,  and 
for  phosphorus  (gravimetric)  1.63  gram  Is  used  (then  one 
milligram  of  the  weight  =  0.001  per  cent  phosphorus).  As  the 
name  implies,  gravimetric  analysis  consists  of  determining 
the  percentage  of  a  constituent,  say  carbon,  in  the  sample  of 
iron  or  steel  which  is  to  be  analyzed  by  first  accurately  weigh- 
ing out  a  sample  and  then  treating  it  chemically,  so  that 
the  steel  is  dissolved  and  the  constituent  that  is  to  be  de- 
termined  is  converted  into  an  insoluble  chemical  compound, 


Fig. 


Draft    Hood    arranged    to    carry    off    Noxious    Chemical    Fumes 
given  off  during  Evaporation  of  Solution,  etc. 


(called  a  "precipitate")  which  can  be  filtered  out  of  the 
solution,  dried,  and  weighed.  This  compound  has  a  definite 
composition,  and  with  a  knowledge  of  this  composition  and 
the  weight  of  the  compound,  the  weight  of  the  required  con- 
stituent of  the  steel  may  be  calculated  and  hence  the  per- 
centage of  that  constituent  present  in  the  original  sample  of 
the  steel.  The  precipitate  is  filtered  through  a  porous  paper 
held  in  a  funnel  and  after  filtration  has  been  completed,  the 
filter  paper  and  precipitate  are  dried  and  the  filter  paper 
burned  in  a  weighed  crucible.  The  crucible  and  precipitate 
are  then  weighed  and  the  weight  of  the  precipitate  is  found 
by  deducting  the  weight  of  the  empty  crucible.  In  volumetric 
analysis,  a  sample  is  weighed  in  the  same  way  as  for  gravi- 
metric analysis.  It  is  then  dissolved  in  acid,  and  after  re- 
ceiving suitable  chemical  treatment  is  subjected  to  an  opera- 
tion known  as  "titration."  This  is  done  by  adding  to  the 
steel  in  solution  a  chemical  solution  which  will  react  with 
the  chemical  compound  into  which  the  required  constituent 
of  the  steel  has  been  converted.  The  solution  used  for  titra- 
tion is  contained  in  a  measuring  vessel  known  as  a  "burette" 


Flf,  ft,     Arraniomnnt  of  App>r>tu>  uird  by  Chrmlat   for  litnitlni  Proclpltatra,    Evuporatlnc  Solution! 
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(see  Fig.  3)  which  is  graduated  to  show  the  number  of  cubic 
centimeters  of  the  solution  that  are  used  for  titration.  The 
solution  is  of  known  strength  so  that  each  cubic  centimeter 
corresponds  to  a  certain  fraction  of  a  per  cent  of  the  con- 
stituent (say  manganese)  which  is  to  be  determined  in  mak- 
ing the  analysis  of  the  steel. 

In  conducting  any  form  of  chemical  analysis,  it  is  neces- 
sary to  perform  a  certain  number  of  operations,  such  as 
weighing,  drying,  evaporating,  and  precipitating,  the  latter 
being  the  name  given  to  the  process  of  treating  a  solution 
chemically  so  that  an  insoluble  compound  is  formed  which 
may  be  isolated  by  filtering  it  out  of  the  liquid.  Great  care 
must  be  taken  in  the  performance  of  all  these  operations  to 
avoid  making  any  mistakes  in  weighing  out  the  sample  taken 
for  analysis  or  losing  even  a  minute  part  of  the  original  sam- 
ple or  the  compounds  into  which  the  sample  has  been  con- 
verted through  treatment  with  suitable  chemical  reagents. 
All  weighing  must  be  done  very  carefully,  and  in  order  to 
do  this  it  is  important  to  have  the  pans  of  the  chemical  balance 
perfectly  clean  and  in  proper  adjustment.  The  chemist 
ordinarily  weighs  to  0.0001  gram,  so  that  a  few  grains  of 
dust  on  one  of  the  balance  pans  would  vitally  affect  the  ac- 
curacy of  the  result. 

Colorimetric  Analysis 

Of  all  the  methods  used  in  making  a  quantitative  analysis, 
there  is  probably  none  that  is  more  unreliable  than  the 
colorimetric  method,  which  consists  of  comparing  the  color 
of  a  solution  containing  the  unknown  sample  to  be  analyzed 
with  that  of  a  solution  containing  a  sample  of  known  com- 
position. This  method  is  sometimes  used  to  ascertain  the 
percentage  of  carbon  in  steel.  The  sample  is  dissolved  and, 
after  suitable  chemical  treatment,  it  is  placed  in  a  glass 
tube  beside  a  tube  containing  a  similarly  prepared  solution 
of  a  steel  containing  a  known  percentage  of  carbon.  These 
two  tubes  are  placed  in  a  colorimeter  where  they  can  be  viewed 
by  transmitted  light  through  a  frosted  glass.  The  solutions 
are  a  light  straw  color,  and  from  the  relative  Intensity  of 
color  of  the  two  solutions,  the  amount  of  carbon  in  the  steel 
that  is  being  analyzed  can  be  ascertained.  The  colorimetric 
method  is  almost  sure  to  be  unreliable  when  used  by  other 
than  thoroughly  experienced  chemists,  and  it  is  not  at  all  un- 
usual for  this  method  to  give  results  that  are  from  10  to  50 
per  cent  wrong  when  a  man  of  moderate  experience  attempts 
to  make  determinations  in  this  way.  The  colorimetric  method 
is  never  used  for  a  final  or  checking  test,  and  its  findings 
are  never  recognized  in  an  argument  or  controversy  by  any- 
one with  a  sound  knowledge  of  the  principles  of  chemical 
analysis.  Hence,  this  method  Is  one  that  should  be  avoided 
In  deciding  upon  the  ways  In  which  work  is  to  be  conducted 
In  a  laboratory  that  is  installed  for  the  purpose  of  analyzing 
steel  and  Iron  in  shops  engaged  in  building  machine  tools  or 
manufacturing  cutting  tools. 

Metboda  of  the  Bureau  of  Standards 

The  Uureau  of  Standards  In  Washington,  I).  C,  publishes 
methods  for  determining  the  percentage  of  various  constitu- 
ents In  Iron  and  steel.  These  methods  are  certainly  capable 
of  producing  accurate  n-sults,  hut  In  some  caseH  they  are 
unnecessarily  slow,  and  It  reijulres  such  a  long  time  to  make  a 
'Ifrterminatlon  as  to  render  the  method  practically  valueless 
for  OM  In  laboratories  doing  commercial  work  where  "time 
Is  money."  The  chuinlsl  In  the  average  shop  laboratory  will 
usually  nnd  II  more  desirable  to  employ  metliorls  that  hav<> 
b<-«n  di'vclopcd  by  Induslrlal  chemlsls  who  hiiv.«  bad  plenty 
of  i-xp(<rli-nro  In  Innrnlng  Hie  reiiutrementH  of  analytical  work 
done  for  mnnufniturlng  •Hiiihllshnn-ntH  Thf-se  mrtbods  kiv<> 
p<Tf<!«rlly  ri'llable  results  nn<l  con  bo  cDniplotcd  In  practlinlly 
the  minimum  lime  roqulrpd  for  mnkinx  the  analysis. 


The  i;.  H.  Employmont  Hervlrn  reports  that  the  rnmpalKn 
for  onrollm«at  of  the  "puhllr  service  reserve"  of  workers  cost 
about  |2&,000.  As  .115,000  men  were  enrolled  itnd  in.iton  wire 
placed,  the  cost  pt>r  worker  enrolled  was  8  cents,  nnd  the 
fost  per  worker  plored    fl  77. 


A.  S.  M.  E.  COMMITTEE  FOR  READJUSTMENT 
OF  INDUSTRIES  FOR  WAR  WORK 

The  American  Society  of  Mechanical  Engineers  through  its 
president,  Charles  T.  Main,  has  appointed  a  "Committee  for 
the  Readjustment  of  the  Industries  for  War  Work"  with  a 
view  to  aiding  directly  in  the  placing  of  all  the  industrial 
resources  of  the  country — especially  those  in  the  mechanical 
engineering  field — in  touch  with  one  another  and  with  the 
proper  governmental  bureaus,  so  as  to  make  it  possible  for 
all  of  them  to  use  their  facilities  to  the  best  advantage  for 
the  winning  of  the  war.  The  work  of  the  committee,  at 
first,  would  be  to  list  names  of  manufacturers,  especially 
those  of  small  capacity,  that  are  able  to  perform  some  kind 
of  war  work  and  who  have  found  it  difficult  to  obtain  direct 
government  contracts.  These  manufacturers  would  be  placed 
in  touch  with  larger  contractors  or  with  the  government 
bureaus  with  a  view  to  furnishing  them  with  such  work  as 
is  necessary  at  the  present  time.  In  this  way,  it  is  hoped 
that  the  facilities  of  nonessential  industries  may  be  more 
than  ever  mobilized  for  essential  war  manufacture. 

The  American  Society  of  Mechanical  Engineers  has  under- 
taken this  work,  because  it  is  believed  that  the  mechanical 
engineers  of  the  United  States  are  more  closely  in  touch  with 
the  manufacturing  facilities  than  any  other  organization,  and 
with  the  cooperation  of  the  membership  of  the  society  it  is 
expected  that  the  work  planned  for  can  be  carried  out  in 
an  effective  manner.  Representatives  of  the  society  have  been 
appointed  in  various  districts  corresponding  to  those  into 
which  the  country  is  divided  by  the  War  Industries  Board 
with   regard   to  munitions  manufacture. 

The  committee  appointed  by  the  society  for  carrying  on 
this  work  consists  of  George  Kingdon  Parsons,  president,  G.  K. 
Parsons  Corporation,  29  Pine  St.,  New  York  City,  who  is  the 
chairman ;  Frederick  A.  Scheffler,  sales  engineer,  Babcock  & 
W'ilcox  Co..  S5  Liberty  St.,  New  York  City;  and  Erik  Oberg. 
editor  of  Machinebt,  148  Lafayette  St.,  New  York  City.  The 
duties  of  the  committee  will  be  to  direct  all  of  the  society's 
work  along  the  lines  of  the  readjustment  of  the  industries 
for  war  work  and  to  assist  in  discovering  the  proper  means 
for  cooperating  in  the  several  regions  with  the  United  States 
Chamber  of  Commerce  and  the  War  Industries  Board  or  other 
governmental  agencies,  as  well  as  to  arrange  for  the  selection 
of  specialists  for  certain  phases  of  the  work.  One  of  these 
specialties  has  already  been  partially  cared  for  through  the 
activities  of  the  Machine  Shop  Committee  of  the  American 
Society  of  Mechanical  Engineers  of  which  Ralph  E.  Flanders, 
manager  of  the  Jones  &  Lamson  Machine  Co.,  Windsor,  Vt., 
is  chairman.  This  committee  will  handle  the  conservation 
and  production  of  heavy  machine  tools  for  Ordnance  work. 

It  is  believed  that  this  step  of  the  American  Society  of 
Mechanical  Engineers  is  of  considerable  importance,  as  the 
engineer  is  coming  more  and  more  to  be  recognized  as  the 
most  important  factor  for  the  organization  of  the  home  forces 
for  war  work,  and  his  training  as  an  organizer  and  executive 
should  be  brought  Into  play  at  this  critical  time.  The 
engineer,  as  such,  must  take  his  place  among  the  forces  that 
are  active  In  accelerating  the  production  of  war  materials. 

Temporarily,  the  hoiKhiuartcr.M  of  the  comnilttoo  will  be 
at  the  offlces  of  G.  K.  Parsons,  the  ihalrnian,  at  29  Pine  St., 
New  York  City,  and  all  iMirrcspondonco  relating  to  the  com- 
mllleo's  work  should  he  dlr(<cted  to  this  address.  All  or- 
ganlzutlons  who  are  working  along  similar  linos  are  asked 
to  communicate  with  Ibis  commltlee  of  the  Anicrlcun  Society 
of  Mei'lianli'iil  lOnKlncorH  ho  that  the  work  of  all  Hiinllnr  com- 
nilllei'H  may  lie  coordlniileil  and  the  greatest  effeitlvenoss  bo 
obluliieil  by  inilfylnK  the  work  of  all.  The  American  Society 
of  Mecliiinlcal  KiiglneerH  Is  nut  In  tills  work  for  any  other 
purpose  tlinn  to  xc/t'c  nnd  loiiprrntr,  nnd  In  order  to  obtain 
Hie  greiiti'St  elTlcleiicy  nil  overlapping  of  ncllvUles  by  various 
orKnnl/.atloiiN  slioiilil   be  avoided. 

Muiiiifai'liirerH  who  liiive  ei|iiipnient  tlinl  Is  idle  or  that  is 
nut  employed  on  regular  war  work,  nnd  who  woiilil  like  to 
linve  It   so  employed,  ns  well   aH  nuikers  of  niiiiiltloiiH  of  war 

nnd    other    wnr   mnli-rlnl    wlm    liiiv nilrnctH   to   siililel,   nro 

nin'i   nuked    to   iiimniiinlcjile    wllli    the   iiiiiiiiiltlee 
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USB    OF   DRILLING    MACHINES    FOR    MILLING.    BROACHING.    DRIVING    STUDS,    AND    ASSEMBLING 

BY  EDWARD  K.   HAMMOND* 


IMPROVEMENTS  which  have  been  made  in  the  design  of 
drilling  machines,  and  a  better  understanding  of  the  possi- 
bilities of  these  machines  by  shop  superintendents  and 
others  who  decide  upon  methods  of  performing  machining  op- 
erations, have  led  to  a  remarkable  extension  of  the  range  of 
work  handled  on  this  type  of  machine  tools.  In  recent  articles 
published  in  Machineby,  information  has  been  given  con- 
cerning the  performance  of  facing,  hollow-milling,  and  other 
operations  which  are  a  little  in  advance  of  what  is  usually 
regarded  as  drilling  machine  work,  although  such  operations 
are  handled  in  a  great  many  shops  that  are  under  the  manage- 
ment of  progressive  men.  In  the  present  article  there  will 
be    described    several    unusual    methods    of   applying    drilling 


machines  for  the  performance  of  operations  that  are  ordinarily 
handled  by   more  laborious  or  more  costly  methods. 

Drilling;  Machine  Equipped  for  Milling'  Operation 

In  Fig.  1  there  is  shown  the  way  in  which  the  Rookford 
Drilling  Machine  Co..  of  Rockford,  111.,  has  equipped  a  high- 
duty  drilling  machine  of  Its  manufacture  for  use  in  milling 
universal  Joint  rings.  It  will  be  apparent  from  this  Illustra- 
tion that  the  work-holding  fixture  Is  so  designed  that  the 
operation  Is  conducted  on  what  la  commonly  known  as  the 
"continuous"  principle,  that  Is,  the  fixture  revolves  so  that 
forglngs  are  constantly  being  fed  under  the  mtlllng  cutter: 
and  the  operator  has  plenty  of  time  to  remove  the  milled 
universal  Joint  rliign  from  the  fixture  and  substitute  rough 
forglngs.  These  forKlngs  are  made  of  O.2.")  per  cent  carbon 
steel  and  are  held  In  place  on  the  fixture  by  means  of  T- 
clamps.  The  drilling  machine  used  for  this  Job  Is  equipped 
with  a  special  spindle  of  suitable  design  for  driving  the  large 
Inaertedtooth    face    milling    cutter,    which    can    Just    be    seen 

'ror  ■rtli'Ira  on  drllllnil  iirni'llop  prc^'lniiiiljr  iiiilillaliPil  In  MAcniNElir. 
■en    "Int«n«lv<i    Pro<liii-(liin   nn    IlrlllInK    Maohlnra."   Jiinn   una   Jlllr,    IDIH,    ntnl 


projecting   down   below   the  guard   that   is   furnished   to   pro- 
tect the  operator  against  injury. 

Broaching-  Operation  on  Drilling-  Machine 

Regardless  of  the  views  held  by  any  man  who  plans  methods 
of  performing  machining  operations  concerning  what  con- 
stitutes drilling  machine  work,  there  are  few  of  these  men  who 
will  not  concede  that  the  use  of  a  drilling  machine  for  si- 
multaneously broaching  eight  slots  is  somewhat  unusual. 
Pig.  2  shows  the  way  in  which  the  Willys-Overland  Co.,  of 
Toledo,  Ohio,  has  equipped  a  42-inch  reversing  type  of  drill- 
ing machine,  built  by  the  Cincinnati  Machine  Tool  Co.,  of 
Cincinnati,   Ohio,   for  broaching  eight  slots  in  an  aluminum 


ji(»W^y« 


Fig.     2.        Cincinnati     Reversing:     Drilling     Machine     equipped     by     -Willys- 
Overland    Co.    for    broaching    Push-rod    Guide    Slots    in    Crankcases 

crankcase  to  receive  the  push-rod  guides,  all  of  this  work 
being  finished  by  one  feed  movement  of  the  drilling  machine 
spindle.  For  the  performance  of  this  operation  the  work 
is  located  by  plugs  on  the  fixture  which  enter  the  camshaft 
bearing  holes  at  each  end  of  the  crankcase.  Carried  by  the 
main  spindle  of  the  drilling  machine  there  is  a  pinion  which 
drives  two  gears  carried  in  cases  A.  These  gears  are  threaded 
onto  screws  B,  the  pitch  of  which  is  such  that  as  the  gears 
are  turned  they  feed  down  the  holder  carrying  the  eight 
broaches  C  at  the  same  rate  that  the  drilling  machine  spindle 
carries  down  the  driving  pinion.  When  the  broaches  have 
reached  the  bottom  of  their  downward  stroke,  lever  D  is 
manipulated  to  reverse  the  direction  of  rotation  of  the  drill- 
ing machine  spindle,  which  results  In  backing  out  the  broaches. 
The  broaches  are  fed  Into  the  work  at  the  rate  of  12  inches 
l)er  minute,  with  a  feed  of  O.OOU  inch  per  tooth,  and  with 
this  equipment   120  crankcases  are  broached  per  hour. 

Drlvlnur  Studa  by  Power 

The    Krrlngton    Mechanical    Laboratory,    39    Corllandl    St., 

Now  York  City,  makes  a  stvid  setter  of  the  type  which  opens 

aulomatlcally.      It    Is    equipped    with    two    threaded    Jaws    or 
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half-nuts  which  are  released  and  open  after  the  stud  is  set, 
in  practically  the  same  way  that  an  automatic  die  opens  at 
the  end  of  a  cut.  The  opening  of  the  stud  setter  is  controlled 
by  a  stop-collar  which  is  placed  around  the  stud.  When  the 
lower  end  of  the  stud  setter  engages  this  collar,  the  body  of 
the  stud  setter  is  prevented  from  further  downward  move- 
ment, but  as  it  continues  to  revolve  the  two  jaws  or  half- 
nuts  screw  themselves  onto  the  stud  until  a  collar  at  the 
lower  end  moves  down  opposite  a  recess  or  counterbored 
part  of  the  stud-setter  body.  As  this  collar  normally  supports 
the  half-nuts,  they  are  released  when  the  supporting  collar 
enters  the  enlarged  part  of  the  stud-setter  body.  The  entire 
tool  is  then  raised  as  it  continues  to  revolve  in  the  same  direc- 
tion as  for  driving  in  the  stud.  The  half-nuts  are  reset  for 
the  next  stud  by  sliding  another  collar  upward.  This  collar 
is  recessed  on  the  inside  and  engages  the  projecting  ends  of 


manual  power  should  be  employed  to  screw  it  in,  provided 
there  are  a  sufEcient  number  of  one  size  to  warrant  the  use 
of  power  apparatus.  In  the  manufacture  of  motor  cars,  special 
appliances  are  employed  for  assembling,  especially  for  setting 
studs  and  screwing  up  nuts.  In  some  cases  as  many  as 
sixteen  nuts  are  driven  in  simultaneously  by  multiple-spindle 
drilling  machine  attachments.  While  it  is  necessary  for 
the  operator  to  test  each  nut  with  a  wrench  to  see  that  it  is 
screwed  in  firmly,  the  power  apparatus  saves  a  great  deal  of 
time  and  strength.  However,  the  use  of  power  apparatus  for 
setting  studs  and  screwing  up  nuts  is  not  necessarily  con- 
fined to  the  manufacture  of  machinery  built  in  large  quantities. 
It  is  quite  feasible  to  employ  an  ordinary  single-spindle  drill- 
ing machine  effectively  for  assembling  simple  parts  that  are 
made  in  quantities,  especially  if  they  have  a  number  of  nuts 
of  the  same  size  that  may  be  screwed  up  consecutively  during 


Tit.    3.       ElTinrtOR    stud    Bettor    opnritt^d     by    Vortical    Drilling    Mix  hinn 

pInH  connected  with  the  JawH  or  half-nutH,  and  simply  serves 
to  move  them  upward  so  that  the  supporting  <ollar  will  be 
cauMed  to  enter  the  Hmaller  bore  of  the  glud-setter  body  and 
once  more  close  the  jawB  ready  to  engage  the  next  Btud. 
Thin  tool  may  be  rotated  either  In  a  drilling  machine  or  by 
roeanH  of  a  portable  pneumatic  or  electric  drill.  Flexible 
Rhaftlng  la  alM  UHcd  In  nome  cases.  The  general  method  of 
HPllInK  Ktuds  Is  to  start  them  by  hand  and  then  drive  them 
In  by  power.  If  n  stud  is  too  tight  and  n-iiulres  an  unusual 
amount  of  power  for  drlvUiK  It.  the  stud  setter  can  bo  re- 
leased at  any  lime  by  simply  raising  the  maihlne  spindle, 
as  this  moves  the  outer  shell  of  the  stud  setter  body  upward 
and  brinics  the  hnlfnuts  Into  the  releasing  position.  Fig.  '.', 
shows  one  of  these  Errlnglon  stud  sctt«!rs  lielng  driven  by 
a  drilling  machine. 

AuMmbllnu  undnr  DrUllnv  MnfMnn 

A  larKP  part  of  tho  labor  of  ossvmbllnK  nunhliK.  parts  that 
are  hnlil  loK(<thnr  by  screws,  bolts,  and  nuts  Is  spent  In  the 
art  of  scrowlng  the  parts  (ogothnr  with  a  wrench.  When 
B  nul  la  surt«d  on  a  acrow  thread,  thorn  Is  no  reason  why 


Fin.    4,      Rocklord    DrilUnK    Mnclii 


nblinK    Uii 


one  operation.  The  (Irilling  machine  may  be  used  as  an 
assembling  machine  in  many  plants  where  the  Idea  has  never 
been  employed  or  even  suggpstpd. 

Fig.  4  shows  a  drilling  machine  built  by  the  Rockford 
Drilling  Machine  Co.,  of  Uiickford,  III.,  which  Is  used  In  this 
company's  plant  for  tightening  llic  I'lnir  nuts  on  the  bolts 
that  hold  together  the  parts  ol'  a  nnitur  cur  universal  Joint 
assembly.  The  universal  Joint  Is  mounlpd  In  a  fixture  of 
tho  form  shown  In  Fig.  .''>,  which  holds  the  ring  level  and 
thus  presents  the  nuts  to  be  tigbtencd  in  a  hurl/ontnl  plane. 
The  operator  starts  the  nuts  on  the  screws  by  hand,  having 
all  four  nuts  ready  lietore  placing  the  Joint  In  tho  llxturo  for 
B4Tcwlng  them  down.  The  wrench  carried  by  tho  drilling 
mai'hlne  H|)iiidle  Is  then  aiipHed  and  tli<>  nut  Is  screwed  tip  as 
far  as  It  will  go  or  until  Ilic  bolt  slips.  Afler  this  has  been 
done,  tho  fixture  Is  Indexed  to  llie  next  posHInn  and  tho 
operation  repealpd.  The  fixture  Is  nsspnllally  Hhn|il<>,  con- 
Hlstlng  of  a  basp  tlmt  Is  Imrpil  and  faced  to  recplvp  the  nieni- 
Iter  on  whlili  the  uiilvprsnl  Joints  rest.  A  harilcupd  hIppI  ball 
and  a  rolled  sfirlng  spaleil  In  a  bole  in  the  base  constltuto 
the    Indexing    and    localliiK    plungtT.      II    offers    sulTlclont    ro- 
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Fig.    4 


Rings 


Drilling 


sistance  to  hold  the  fixture  in  place,  but  not  enough  to  pre- 
vent the  operator  from  easily  turning  the  indexing  member 
of  the  fixture  around  to  the  next  station. 

Fig.  6  shows  another  method  of  employing  a  power-driven 
machine  to  assist  in  the  rapid  assembling  of  machine  parts. 
Here  there  is  shown  a  No.  33  "Little  David"  portable  pneu- 
matic drilling  machine  made  by  the  IngersoU-Rand  Co.,  11 
Broadway,  New  York  City,  which  is  used  in  the  plant  of  the 
H.  H.  Franklin  Mfg.  Co.,  of  Syracuse,  N.  Y.,  for  "running 
in"  cap-screws.  It  will  be  seen  that  the  pneumatic  drill 
is  suspended  in  such  a  way  that  the  operator  is  relieved  as 
far  as  possible  from  the  work  of  lifting  the  tool.  In  this 
way,   the  fatigue   factor   is   reduced   to   a  minimum,   enabling 


the  operator's  efficiency  to  remain  as  nearly  normal  as  possi- 
ble during  the  entire  working  day.  The  speed  at  which  cap- 
screws  may  be  run  in  by  this  method,  as  compared  with 
the  lab.orious  method  of  driving  them  by  hand,  will  be 
perfectly  obvious. 

*     *     » 

ADJUSTABLE  DIE  AND  METHOD  OF 
RELIEVING  CHASERS 

BY  HENKT  DA0T  1 

In  the  accompanying  illustration.  Fig.  1  shows  an  adjustable 
threading  die  which  was  designed  for  cutting  threads  on  car- 
bureter parts.  The  die  thread  is  2%  inches  in  diameter  and 
has  sixteen  threads  per  inch.  The  chasers  C  are  made  from 
1/2-  by  1/2-inch  high-speed  steel  and  have  a  1/16-inch  taper 
on  the  front  side.  The  clamps  A  are  drawn  into  slots  by  two 
1/4-inch  screws  having  twenty-four  threads  per  inch,  which 
hold  the  cutters  firmly  in  place.  Adjustment  of  the  chasers  is 
accomplished  by  screws  B  on  the  outside  of  the  die-head,  which 
also  act  as  safety  screws  to  hold  the  chasers  in  place. 

Fig.  2  shows  the  method  employed  in  relieving  the  chasers. 
Before  the  thread  was  cut,  shims  1/32  inch  thick  and  1/8  inch 


Drill   tunninii   In  Chili 


Figs.  1  and  2.    Adjustable  Threading  Die  and  Method  of  relieving  Chasers 

wide  were  placed  behind  the  chasers  on  the  inner  end,  and 
also  between  the  chasers  and  the  clamps  on  the  outer  end, 
as  shown  at  E  and  F.  After  the  thread  was  cut,  the  shims 
were  taken  out  and  the  chasers  hardened  and  ground.  The 
chasers  were  then  put  back  into  place  without  the  shims,  thus 
obtaining  the  desired  clearance. 

•  •  • 
Metallography  has  stepped  down  from  the  halls  of  science 
to  the  workshop.  It  is  being  applied  today  in  hundreds  of 
metal-working  plants.  By  means  of  it  one  may  obtain  some 
iif  the  most  definite  indications  of  the  correct  heat-treatment 
of  metals  and  of  their  physical  characteristics.  It  shows 
many  things  that  cannot  be  determined  by  tests  along  other 
linos.  Yet  the  literature  of  metallography  has  not  quite  de- 
scended to  the  level  of  the  average  practical  man;  the  atnios- 
IJhiTc  of  the  laboratory  still  clings  to  it;  it  does  not  employ 
an  everyday  vocabulary.  Here  is  a  chance  for  practical  metal- 
lurgists to  provide  treatises  on  the  microscopical  .■<tudy  ot 
metals,  in  language  suited  to  the  needs  of  the  average  practi- 
cal man.  Heads  of  engineering  schools  should  devote  much 
morn  careful  attention  to  thl.'i  subject  and  sop  that  all  courses 
in  practical  engineering  include  It. 

"■A.l.lre*.;   Uflcl  r.,   2n,\  SI.,   riiilhll.l.l.   N.  J. 
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GOVERNMENT  CONTROL  OF  LABOR 

The  President's  proclamation  urging  all  employers  engaged 
in  war  work  to  refrain,  after  August  1,  from  recruiting  labor 
in  any  manner  except  through  the  United  States  Employ- 
ment Service  of  the  Department  of  Labor  was  more  than  an 
urgent  request.  It  was  an  order;  because,  in  effect,  after 
August  1  no  employer  whose  plant  is  working  on  war  mate- 
rials and  who  has  a  force  of  more  than  one  hundred  workers 
will  be  permitted  to  employ  labor  except  through  the  United 
States  Employment  Service.  Employers  needing  men  will 
sUte  their  demands  to  this  Labor  Bureau  and  they  will  be 
filled  according  to  the  general  needs  of  the  country  in  the 
prosecution  of  the  war.  The  authority  of  the  Government 
will  be  exercised  through  the  War  Labor  Policies  Board  of 
the  Department  of  Labor,  and  the  Government's  request  to 
employers  will  be  enforced  through  its  control  over  raw 
materials,  as  manufacturers  who  refuse  to  heed  the  Presi- 
dent's request  are  likely  to  nnd  themselves  shut  off  from  such 
Hupplles  as  coal,  steel,  and  other  essentials. 

Centralized  control  of  labor  has  become  necessary,  and  em- 
ployers In  general  will  welcome  the  new  departure.  Different 
InduBlrles  are  now  forced  to  outbid  each  other  and  under 
present  conditions  there  Is  virtually  no  limit  to  the  wages 
paid.  Il  Is  hoped  that  government  control  will  remedy  this 
condition,  and  If  It  In  exercised  Intelligently  and  not  handled 
a*  a  political  weapon  It  will  probably  work  out  Batlsfaclorlly. 


ELECTRIC  STEEL 

One  of  the  nioKl  reiniirkalile  of  the  many  IndUHtrlid  di-vclup 
menlii  during  n-c-nt  yi-urn  Is  conniTlcd  with  llu-  production 
of  Kivv\  nnd  ba*  been  made  possible  by  the  electric  furnace. 
The  demand  for  Micel  of  the  hlgheHt  quality  wan  never  greater 
than  at  the  prviient  lime,  partly  becauite  of  the  oxactlng  ro- 
qulremcnln  for  materlalH  used  In  the  conslrucllon  of  ordnance, 
airplane  molom,  and  other  equipment  needed  In  connection 
with  the  war.  I^rg''  qunntllli's  of  Mteel  uHed  for  piiriioHCM 
rcqulrInK  atmoliite  ri'lliibillty  and  uniroriiilty  In  rotiipfiHlllnn 
nnd  ulrenRth.  nre  now  produced  by  the  electric  proroHs,  ami 
for  IhiK  rcns'in  the  artlcW-  In  the  current  number  of  MAciiinKiir. 
denlInK  with   the  maklnx  of  electric  sleel   and   various  types 


of  furnaces  used,  is  of  unusual  interest.  The  subject  treated 
is  not  generally  understood,  and  few  men  in  the  mechanical 
field  not  directly  engaged  in  the  making  of  steel  realize  what 
an  important  factor  the  electric  process  has  become  within 
the  last  decade. 

The  industrial  importance  of  the  electric  furnace  is  es- 
pecially marked  in  the  production  of  special  alloy  steels,  tool 
steel,  and  steel  castings.  With  this  process,  it  is  not  only 
possible  to  produce  steel  of  exceptional  purity,  but  it  is  also 
easy  to  control  its  constituents  in  the  making  and  to  repro- 
duce accurately  steel  of  a  given  composition.  The  phenomenal 
growth  of  this  process  has  been  greatly  accelerated  by  the 
abnormal  demand  for  steel  in  the  last  four  years,  but  many 
metallurgists  and  steel  makers  believe  that  the  present  rapid 
e.xpansion  of  the  electric  steel  Industry  will  continue,  and 
that  eventually  this  steel,  which  a  few  years  ago  was  re- 
garded as  a  kind  of  novelty,  will  comprise  a  large  part  of  the 
entire  steel   output. 


CONGRESS  OPPOSES  EFFICIENCY 

The  National  House  of  Representatives  went  on  record  as 
being  opposed  to  efficiency  in  engineering  work,  when  it 
voted  to  over-ride  the  mature  judgment  of  the  Committee  on 
Military  Affairs  and  added  an  amendment  to  the  Army 
Appropriation  Bill  prohibiting  time  studies  and  premium  pay- 
ments in  manufacturing  establishments  conducted  by  the  Gov- 
ernment. Time  studies  to  the  House  majority  apparently 
imply  that  labor  is  driven  to  its  task,  when  in  fact,  their 
general  effect  is  quite  the  contrary,  because  only  by  such 
scientific  study  can  useless  operations  and  wasteful  methods 
of  doing  work  be  eliminated.  Time  and  motion  studies  make 
it  possible  to  concentrate  the  skilled  worker's  efforts  upon 
work  that  he  can  do  to  the  best  advantage,  leaving  other 
work  to  be  performed  by  less  skilled  men,  so  that  the  skilled 
worker  can  earn  a  higher  wage  without  greater  exertion. 
Our  law-makers,  no  doubt,  thought  that  they  were  protecting 
labor  in  recording  their  opposition  to  scientific  management, 
time  studies,  and  premium  payments;  but,  in  fact,  this  vote 
operates  as  a  check  to  the  economical  development  of  our  in- 
dustries, an  action  sufficiently  bad  in  time  of  peace,  but  in- 
defensible now,  when  the  maximum  production  is  an  abso- 
lute necessity. 


ENGINEERING  EDUCATION  DURING 
THE  WAR 

How  to  keep  our  engineering  colleges  working  at  normal 
pressure  is  one  of  our  many  war  problems.  Many  of  our 
young  men  who,  under  ordinary  conditions,  would  take  en- 
gineering courses,  have  either  enlisted  or  been  drafted;  many 
engineering  professors  and  instructors  are  also  in  the  service 
of  the  Government.  The  alarming  condition  which  confronts 
the  country,  as  a  consequence,  is  shown  by  M.  E.  Cooley,  dean 
of  the  University  of  Michigan,  writing  In  7'/ic  Michiyaii  Tfchiiic. 
As  winning  the  war  dopoiKls  largely  on  our  having  competent 
engineers,  it  Is  Indeed  a  serious  matter  If  ycning  men  suited 
to  the  engineering  profession  do  not  complete  their  courses; 
and  It  Is  eciually  serious  if  other  young  men  do  not  begin  to 
take  these  courses  for  the  purpose  of  llttlng  themselves  for 
engineering  work.  Alteniliiiuc  has  fallen  off  at  the  oiiglncorlng 
HclirxilK  and  teaclierH  arc  giving  up  their  positions;  but  If  men 
lire  to  be  ude(|Uately  trained  lor  cMgiMcerlng  work  Imlli  in 
war  and  peace,  they  must  be  Induc-ed  to  attend  college,  iiiul 
the  ncccHHury  teacherH  inUHt   he  provided   for  triilnliig  lliciii. 

President  Wilson.  In  a  letter  to  the  dean  of  the  College  o\ 
KnglnecrinK  of  the  University  of  Michigan,  polnteil  out  not 
only  thnt  technh'nl  training  had  becnmo  of  enormous  inipor 
tnnce  In  military  nperatloiiH,  but  that  the  work  of  the  eiiKlneer 
wnH  liecomlnK  more  and  nion-  Important  In  every  jiroccHS  of 
InduHlrlal  life,  and  he  expresHcd  the  hope  that,  so  far  hh 
poHKlble,  all  conci-rni'd  hIhiiiIiI  cooperate  toward  keeping  young 

men   In   the  engli ring  ikIiooIh  until   thi<y   had   llnlHlicd   lliclr 

NtiidleN.  Thin  In  n  phase  of  the  war  Hituntlon  llml  Iuih  ihiI 
been  given  aH  much   atleiillon  as  Its  lmportaiii'<'   iiiciIIh 
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Training  Men  for  Shop  Work 


WHEX  the  owner  of  a  large  factory  was  asked,  "How  do 
you  fit  a  new  man  to  his  work?"  he  replied:  "I  say 
to  the  man,  'There  is  your  machine;  make  good  or 
quit'"'  That  method,  with  modifications,  used  to  be  the 
guiding  principle  in  the  employment  of  workers  in  our  fac- 
tories- hut  there  has  been  a  gradual  change  during  recent 
years  '  It  has  become  clear  that,  with  the  present  shortage 
of  labor  both  men  and  women  must  be  especially  trained 
for  the  work  that  they  are  to  do,  i^  the  plants  where  they 
are  emploved  are  to  be  run  successfully. 

In  one  factory  producing  time  fuses  for  shells,  which  em- 
ploys sis  thousand  operators,  the  output  has  been  more  than 
doubled  by  the  systematic  training  of  each  operator.  With- 
out this,  it  would  have  been  necessary  to  double  the  plant 
in  order  to  reach  the  present  production;  and,  more  remark- 
able still  the  factory's  labor  turnover  is  very  small,  because 
the  workers,  having  been  carefully  trained,  earn  high  wages 
and    therefore,  feel  no  desire  to  change  their  positions. 

The  training  of  operators  should  not  be  looked  upon  merely 
as  a  war  measure,  but  as  something  permanent,  something  that 
will  prove  most  important  in  solving  many  of  the  industrial 
and  labor  problems  confronting  employers.  A  properly  trained 
worker  is  less  likely  to  become  dissatisfied,  to  dwell  upon 
imaginary  wrongs;  and  the  wage  problem  as  well  as  the 
question  of  working  hours  can  be  met  satisfactorily  with 
such  workers,  because  their  production  will  be  increased  in  a 
ratio  formerly  thought  well-nigh  impossible. 

The  particular  method  of  training  that  seems  to  have 
met  with  the  most  approval  is  this:  at  a  factory  some  space 
is  set  aside  in  which  the  machines  are  of  the  same  type  as 
those  on  which  the  workers  will  be  regularly  employed 
later  on.  Able  and  conscientious  operators  from  the  regular 
staff  of  the  factory  are  assigned  to  train  new  workers  in  the 
best  possible  methods  of  operation.  The  novices,  while  being 
trained,  are,  nevertheless,  engaged  on  actual  productive  work; 
and  it' has  been  found  that,  owing  to  the  instruction  re- 
ceived, they  are  able  to  produce  more,  even  during  the  train- 
ing  period,   than   ordinary    operators   in    a    factory   managed 


in  the  old  way.  It  is  said  that  new  operators,  who  have  re- 
ceived from  three  to  eight  days'  training,  have  been  able, 
after  three  weeks'  further  experience  on  regular  production 
in  the  factory,  to  produce  from  20  to  50  per  cent  more  than  the 
old-time,  self-taught  operators. 

The  training  space  may  be  in  a  single  room  for  the  whole 
shop,  or  it  may  consist  of  a  few  machines  in  each  of  the  shop's 
departments.  In  large  factories,  the  best  possible  place  for 
this  training  is  in  a  department  especially  set  aside  for  the 
purpose;  in  smaller  factories— those  that  employ,  say,  from 
fifty  to  two  hundred  men,  and  only  occasionally  need  a  few 
new  operators— such  a  training  department  might  prove  too 
heavj-  a  burden.  In  that  case,  cooperative  training  schools  for 
serving  a  number  of  factories  in  the  community  might  be  es- 
tablished, following-  the  example  of  England,  where  ten  thou- 
sand toolmakers.  we  are  told,  have  been  trained  in  public 
trade  schools  during  the  war. 

A  new  England  trade  school  claims  that  it  can  train  screw 
machine  operators  in  three  days  to  handle  their  machines 
satisfaclorilv,  when  these  are  set  up  by  experienced  men, 
and  that,  on  the  fifth  day.  it  can  begin  to  teach  them  how  to 
set  up  the  machines  for  new  jobs.  The  driver  of  a  laundry 
wagon,  for  example,  was  taken  into  this  training  school,  and, 
in  a  week,  was  taught  to  run  a  milling  machine  and  to  read 
blueprints,  so  that  he  could  turn  out  ordinary  plain  milling 
work  satisfactorily.  The  school  is  provided  with  material 
bv  manufacturers  in  the  town  where  it  is  located,  who  -nrant 
to  use  the  men  trained  at  the  school,  and,  consequently, 
desire  to  have  them  instructed  to  work  with  material  and 
parts  identical  with  those  with  which  they  will  work  when 
hired.  This  method  has  reduced  the  labor  turnover,  be- 
cause the  men  fit  into  their  places,  are  successf-al  at  their 
work,  and  get  good  pay. 

The  war  has  taught  us  that,  to  achieve  efficient  production, 
it  is  just  as  necessary  to  train  industrial  workers  even  for 
the  simplest  tasks,  as  it  is  to  train  soldiers  in  order  to  make 
them  efficient  fighters  at  the  front.  No  problem  now  facing 
our  manufacturers  is  of  greater  importance  than  this. 
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THE  MACHINE  TOOL  TRADE  AFTER  THE  WAR 

BY  A.  W.  HENN 
President.  The  National  Acme  Co.,  Cleveland.  Ohio 


THE  opinions  regarding  the  machine  tool  trade  after  the 
war  vary  considerably.  There  are  some  who  claim  that 
the  machine  tool  business  will  be  almost  at  a  standstill 
owing  to  the  necessity  for  readjustment  when  the  war  is  over 
and  to  the  great  number  of  machine  tools  that  will  be  released 
from  war  work.  On  the  other  hand,  a  great  many  of  the 
leading  men  in  the  machine  tool  trade  believe  that  at  the 
end  of  the  war  there  will  be  a  continued  brisk  trade  in 
machine  tools  for  at  least  several  years  to  come.  The  latter 
view  seems  to  be  the  more  rational.  It  is  based  not  on  as- 
sumption, but  upon  a  careful  study  of  the  conditions  and  the 
factors  that  must  be  taken  into  account.  The  following  para- 
graphs contain  a  review  of  these  conditions  and  a  brief 
analysis  of  the  factors  that  will  determine  the  status  of  the 
machine  tool  business  in  the  United  States  when  the  world 
is  again  at  peace.  These  conditions  affect  both  the  foreign 
and  the  domestic  trade. 

Demand  for  Machine  Tools  in  Ehirope 

Directly  following  the  end  of  the  war  there  will  be  a  period 
of  reconstruction  in  practically  all  European  countries;  this 
will  be  greater,  of  course,  in  those  that  have  been  devastated 
in  the  war  than  in  others.  For  a  period  of  anywhere  from 
two  to  five  years  these  countries  will  draw  upon  the  United 
Slates  for  a  great  many  of  their  necessities,  including  machine 
tools,  because  they  will  not  be  ready,  themselves,  to  supply 
immediately  more  than  a  small  part  of  the  enormous  de- 
mand for  machine  tools  that  will  make  itself  felt  at  once. 
They  must  have  their  factories  running  at  full  blast,  in  order 
to  be  able  to  rehabilitate  themselves  economically;  and  to  do 
this  it  will  be  necessary  for  them  to  obtain  just  as  rapidly 
a.s  possible  the  full  quota  of  machine  tools  that  will  be  re- 
(luired*for  fully  employing  their  peoples. 

Belgium,  offers,  of  course,  the  most  striking  example  of 
what  will  be  necessary  for  the  rehabilitation  period.  We  un- 
derstand that  practically  all  the  machine  tools  have  been  re- 
moved from  Belgium  and  those  that  have  not  been  removed 
have  probably  been  run  day  and  night  for  years,  until  they 
are  practically  valueless.  Hence,  it  is  reasonable  to  assume 
that  the  complete  machine  tool  equipment  of  the  whole  of 
Belgium  will  have  to  be  immediately  replaced.  While  Bel- 
glum  is  a  comparatively  small  country,  it  was  and  will  be, 
In  proportion  to  its  size  and  population,  one  of  the  most  highly 
Industrial  of  the  countries  In  Europe,  and  the  number  of  its 
factories  Is  relatively  great.  The  machine  indu.stry  of  Hel- 
glum  was  especially  highly  developed,  and  It  Is  probable  that 
the  number  of  machine  tools  In  proportion  to  the  population 
was  jfrealcr  In  Belgium  than  In  any  other  country  In  the 
world.  To  supply  that  nation  with  the  necessary  tools, 
tncrefore,  will  In  Itself  be  no  small  task. 

BclKlan  manufacturers  who  escaped  from  Hi'iKiuni  at  the 
time  of  the  on  upallon  by  Germany  un-  now  looking  forwanl 
to  this  pcrlMl  of  reconstruction,  and  Home  of  tlieni  have  al- 
ready placed  orders  In  the  United  States  for  machine  tool 
>!<|ulpment  to  he  delivered  Immediately  upon  the  signing  of 
the  peace  do<.'laratlons.  The  National  Acme  Co.  has  one  such 
order  on  Its  br>oks  at  this  time.  Conditions  simllnr  to  those 
In  Bf-lKlijin  exist  In  northern  Kruncc,  part  of  which  is  also 
lilxhly  Iri'lUHlrlnl;  but  those  rounlrli-s  which  have  not  aclually 
l>o«n  diTVostutcd  by  the  war  will  also  place  heavy  (Icinands 
upon  the  machine  tool  Industry.  The  machine  tools  In  France, 
fCnicland,  nnd  Italy  at  the  present  time  nro  beinK  run  iit 
th«lr  maximum  rapacity,  nnd  nt  the  end  of  the  wnr  they  will 
b«  found  to  be  practically  worn  out.  The  hiKh  olTlciiMicy  that 
will  \>*i  re<julrml  durlnx  the  re< unstructlon  period.  In  order 
Ihol  the  nationR  as  noon  as  i>oiiNlli|e  may  iiKiiln  lie  aliln  to  ro- 
turn  to  normal  industrial  conditions,  necesNltates  Iho  best 
machine  tools  and  n<|ulpni»nt  of  all  kinds.  Iloncp,  there  will 
bo  a  domnnd  for  now  and  nnirlent  marhliM'  tools  that  rnii 
not    tin   Immedtataly    filled   hv    lh<»»o   nations   themselves,   but 


which  must  be  met  by  the  United  States,  where,  because 
of  our  natural  resources  and  the  size  of  our  population,  we 
will  be  able  to  retain  reasonably  normal  industrial  conditions 
throughout  the  war,  and  we  should,  therefore,  be  able  to 
supply  other  nations  with  their  machine  tool  requirements 
almost  immediately  upon  the  termination  of  hostilities. 

Second-hand  Tools  are  Not  a  Blgr  Factor 

It  has  been  believed  by  some  men  in  the  industries  that 
after  the  war  a  great  many  machine  tools  will  be  thrown  upon 
the  second-hand  tool  market,  and  that  this  will  materially 
affect  the  market  for  new  machine  tools.  This,  however,  is 
not  likely  to  be  the  case.  The  machine  tools  today  in  our 
munitions  factories,  as  well  as  in  our  other  machine  building 
plants,  do  not  receive  the  usual  care  and  attention.  They 
are  in  many  cases  run  by  untrained  and  careless  operators 
and  will  be,  generally  speaking,  in  a  bad  condition  when  the 
war  is  over.  They  will  have  little  or  no  value  for  first-class 
work,  and  while  they  may  be  used  to  supply  some  smaller  and 
less  important  factories,  the  second-hand  machine  tools  will 
probably  not  be  a  big  factor  in  the  machine  tool  trade.  Hence, 
it  is  reasonable  to  assume  that  the  domestic  market  for  new 
tools  will  also  be  quite  brisk,  and  it  will  be  several  years 
after  the  end  of  the  war  before  there  will  be  any  material 
depression  in  the  machine   tool  market. 

Normal  Demand  Compared  with  War  Demand 

The  normal  demand  for  machine  tools  at  the  end  of  the 
war  will  not,  of  course,  compare  with  the  hi.sjh-pressure  de- 
mand during  the  war,  and  the  curve  indicating  the  amount 
of  business  done  will,  no  doubt,  drop  slightly.  It  may  now 
have  reached  its  maximum,  and  we  know  that  it  always 
has  its  hills  and  valleys.  It  will  not  go  below  normal,  how- 
ever, for  several  years  to  come,  on  account  of  the  condi- 
tions outlined  above.  Its  return  to  normal  is  perhaps  rather 
to  be  desired  in  many  instances,  because  it  has  many  ad- 
vantages for  the  manufacturer  which  are  absent  when  the 
demand  is  at  its  present  height.  A  return  to  normal  demands 
will  stabilize  the  labor  supply  and  wages.  It  will  make  it 
possible  to  conduct  business  in  a  more  efficient  and  economi- 
cal manner.  It  will  stabilize  prices  and,  in  general,  put  the 
business  on  a  firm  foundation. 

Conclusion 

Summing  up,  therefore,  what  has  been  said,  I  believe  that 
the  machine  tool  trade  will  be  fully,  or  above,  normal,  for 
several  years  after  the  war,  because  Europe  will  have  to 
place  itself  on  an  efficient  and  highly  productive  Industrial 
basis,  and  It  will  be  necessary  to  replace  the  machine  tools 
that  have  been  either  removed,  as  In  llolglum  and  northern 
France,  or  that  have  been  worn  out  like  those  used  in  the 
niunltliiiiH  factorlcM  all  over  Europe.  The  sucondhand  market 
will  not  materially  afl'ccl  tlie  market  for  new  machine  tools, 
because  most  of  the  tools  that  will  be  available  In  the  second- 
liund  market  will  bo  practically  worn  out,  out  of  alignment, 
and,  generally  speaking,  unlit  for  use  in  the  best  classes  of 
iiiachlne  shops. 


l.iiPKi'  iiddltlnnH  to  III)'  (((iiiitry's  slcolinaklng  capacity  were 
made  In  11)17.  Ninety-seven  now  open-hoarth  furnaces,  capable 
of  an  output  of  4.:i;;il,ri()()  tons  of  Ingots  per  year,  wore  com- 
pleted. Of  this  total,  l,2:!0,U0U  tons  Is  furnished  by  the  United 
HtatcH  atoci  Corporation.  In  I9lfi.  prevloiiHly  the  rci'ord  year, 
Ihii  new  capacity  added  was  -J.lIori.OOO  tons.  l'"ourte(>n  now 
IiImhI  fiiriiaci's  were  blown  In  cluriiiK  I!II7.  uilli  iin  annual 
capacity  of  2,ri2n,0(IO  tons,  aKalnsl  only  live  furnaces  in  19l<i, 
with  a  capacity  of  NUU.llOO  tons.  Yot  Iho  piR  Iron  production 
In  1017.  cNliniatlnK  that  of  Dccumber  at  3,000,000  tons,  was 
7:ir>,000  tons  less  than  In  1010. 


Ball  Bearings 
for  Machine  Shop 
Equipment— 1 

By  Edward  K.  Hammond' 


MACHINE  designers  who  have  not  given  a  great  deal  of 
consideration  to  the  advantages  secured  through  the  use 
of  ball  bearings  in  mechanical  equipment  for  the  ma- 
chine shop,  are  inclined  to  think  that  power  saved  through 
the  elimination  of  friction  is  the  chief  advantage  secured 
through  the  use  of  this  type  of  bearings.  As  a  matter  of 
fact,  they  have  many  other  equally  important  advantages 
among  which  are  the  reduction  of  wear,  which  overcomes  the 
necessity  of  "taking  up"  bearings  at  specified  intervals;  the 
possibility  of  packing  these  bearings  in  a  supply  of  lubricant 
which  is  sufficient  to  last  for  a  considerable  period  of  time. 
thus  reducing  the  amount  of  attention  required;  and  the  fact 
that  ball  bearings  operate  with  practically  no  wear,  so  that 
shafts  or  spindles  supported  by  them  are  held  in  accurate 
alignment. 

Some  of  the  more  conservative  machine  tool  builders  con- 
cede the  possibility  of  saving  power,  but  it  is  the  opinion  of 
these  men  that  the  ball  bearings  are  relatively  short-lived 
and  so  the  saving  of  power  is  secured  at  the  expense  of 
having  to  make  frequent  machine  repairs  and  replacements  of 
ball  bearings.  The  idea  that  ball  bearings  are  incapable  of 
giving  prolonged  service  has  doubtless  been  carried  over  from 
the  days  when  bicycle  riding  was  at  its  height.  Ball  bearings 
used  in  bicycles  were  the  means  of  enabling  these  machines 
to  run  much  more  easily,  but  the  bearings  were  often  made  of 
unsuitable  grades  of  steel  which  had  been  poorly  heat-treated; 
and  to  add  to  these  undesirable  conditions,  the  bearings  them- 
selves were  improperly  designed.  It  followed  as  a  natural 
result,  that  they  were  unable  to  give  satisfactory  service. 
Everyone  who  has  liad  experience  with  bicycle  riding  concedes 
that  even  these  crude  ball  bearings  were  certainly  the  means 
of  saving  power. 

Just  criticism  of  l>all  bearings  on  the  ground  that  they  are 
shortlived  has  now  been  completely  overcome.  Bearings  of 
tills  type  were  required  for  use  in  automobile  construction, 
and  here  the  incentive  to  develop  efflclent  bearings  was  suffi- 
ciently great  so  that  the  requisite  amount  of  money  was 
forthcoming  to  have  the  problem  studied  by  thoroughly  capable 
eMglneers  and  designers.  As  a  result,  various  types  of  ball 
bonrlnga  have  been  clevelopod  which  arc  well  sulteil  for  those 
classes  of  service  In  which  they  are  used.  Much  thought 
has  been  given  to  the  selection  of  Bultnble  grades  of  steel 
for  making  parts  of  the  bearings;  and  methods  of  machining 
and  hont-trontlng  these  parts  to  give  them  the  required 
accuracy  and  physical  properties  have  been  developed  to  such 
a  degree  of  perfection  tliat  today  the  ball  bearing  represents 
one  of  the  most  perfect  forms  of  inochanlsm  which   Is  manu- 
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factured  on  a  commercial  basis.  Last,  but  far  from  least,  as 
regards  the  successful  application  of  ball  bearings  in  machine 
shop  equipment,  a  great  deal  of  study  has  been  given  by 
competent  engineers  and  machine  designers  to  the  require- 
ments that  must  be  fulfilled  in  mounting  ball  bearings  and 
providing  for  their  efficient  lubrication.  It  Is  our  purpose 
to  present,  as  far  as  possible,  information  concerning  the 
latest  developments  in  the  application  of  ball  bearings  in 
machine  shop  equipment. 

Requirements  of  Efficient  Ball  Bearings 

In  the  preceding  paragraph  a  brief  idea  has  been  given  of 
the  degree  of  perfection  which  has  been  attained  in  ball  bear- 
ing manufacture,  but  the  reader  will  doubtless  be  interested 
in  a  specific,  though  brief,  statement  of  the  actual  facts. 
First  of  all,  it  is  of  absolute  importance  to  make  the  bearing 
parts  of  a  suitable  grade  of  steel  of  the  required  chemical 
analysis,  and  this  steel  must  be  heat-treated  in  such  a  way 
that  the  balls  and  races  are  hardened  right  to  the  center. 
If  there  is  any  lack  of  uniformity  in  the  hardness  of  different 
parts  of  the  bearing,  this  will  manifest  itself  by  a  variation 
in  the  amount  of  compression  of  these  parts  under  load,  and 
such  a  condition  would  seriously  impair  the  efficiency  of  op- 
eration of  the  bearing.  The  process  of  machining  the  balls  and 
races  must  be  carried  on  with  the  greatest  care,  because  it 
is  required  to  have  the  surface  of  the  balls  and  the  races  in 
which  they  run  ground  to  a  remarkable  degree  of  precision, 
and  the  dimensions  must  ^e  held  within  exceptionally  close 
limits. 

It  is  an  accepted  fact  among  experienced  ball  bearing  engi- 
neers that  any  roughness  on  the  surface  of  the  balls  or  races 
will  result  In  the  rapid  destruction  of  the  bearing;  it  is  only 
where  bearings  with  perfectly  finished  and  properly  heat- 
treated  parts  are  used  in  shops  where  the  necessary  care 
is  given  to  lubrication,  etc.,  that  the  statement  can  be  made 
that  this  type  of  bearing  is  practically  free  from  wear.  Last, 
but  not  least,  it  is  necessary  to  have  the  races  ground  so 
that  they  do  not  depart  from  the  true  circular  form,  and  to 
have  a  variation  of  not  over  0.0001  inch  in  the  diameter  of 
balls  used  In  any  one  bearing.  The  reason  for  this  is  that 
lack  of  uniformity  In  the  size  of  the  balls,  or  deviation  from 
a  true  circular  form  in  the  races,  would  result  in  an  uneven 
distribution  of  the  load  so  that  certain  sections  of  the  bearing 
would  bo  subjected  to  excessive  stresses  which  might  ho  suffi- 
cient to  start  wear.  Properly  nmde  balls  and  races  will  last 
for  n  long  time  before  they  start  to  show  signs  of  wear,  but  ex- 
perience has  shown  that  when  a  ball  bearing  onco  begins  to 
wear  Its  complete  destruction   Is  rapidly  accomplished.     The 
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finish  secured  in  polishing  the  balls  and  race  grooves  should 
be  so  perfect  that  it  is  impossible  to  detect  the  slightest 
scratch  when  the  surfaces  are  viewed  through  an  ordinary 
pocket  magnifying  glass. 

Effect  of  Ball  Diameter  and  Race  Contour  on  Load-carrying 
Capacity 

Assuming  the  steel  used  in  making  ball  bearings  to  be  the 
same  in  all  cases,  the  load-carrying  capacity  of  a  ball  bearing 
is  determined  by  the  size  of  the  balls  and  the  dimensions  and 
form  of  the  raceways.  Other  things  being  equal,  the  larger 
the  ball,  the  greater  will  be  its  capacity  to  support  a  load. 
Similarly,  the  ability  of  a  ball  bearing  raceway  to  carry  the 
load  imposed  upon  it  by  the  balls  will  increase  steadily  as 
the  curvature  of  the  groove  is  made  to  conform  more  closely 
with  the  curvature  of  the  balls  running  in  that  raceway. 
These  statements  of  facts  that  are  well  known  to  men  of 
experience  in  the  design  and  use  of  ball  bearings  will  naturally 
cause  the  machine  tool  designer  who  has  not  had  a  great  deal 
of  experience  with  bearings  of  this  type  to  ask  the  reason 
for  these  variations  in  the  load-carrying  capacities  of  differ- 
ent bearings.  Briefly  stated,  these  reasons  are  as  follows: 
In  order  for  a  steel  ball  to  fall  under  a  load  imposed  upon 
it,  the  ball  must  be  broken  by  crushing.  All  materials  are 
elastic  to  a  certain  extent,  and  in  the  case  of  a  ball  under 
load,  this  elasticity  results  in  the  points  of  contact  between 
the  ball  and  the  surfaces  pressing  on  it  being  flattened  out 
somewhat,  so  that  instead  of  the  theoretical  point  contact 
there  is  actually  a  surface  contact.  When  the  load  is  great 
enough  to  distort  the  ball  beyond  the  elastic  limit  of  the  steel, 
the  ball  is  crushed.  The  area  of  the  surface  of  contact  be- 
tween a  ball  and  a  flat  surface,  owing  to  the  application  of 
a  specified  pressure  upon  the  ball,  will  increase  steadily  as 
the  size  of  the  ball  increases.  It  will  be  apparent  that  this 
naturally  gives  the  larger  ball  capacity  for  supporting  a 
greater  load  because  the  load  per  unit  area  of  contact  will 
be  less  for  a  large  ball  than  for  one  of  smaller  size.  Now 
let  us  consider  the  case  of  variation  in  the  curvature  of  the 
ball  raceway.  For  races  of  the  same  size  and  subjected  to 
the  same  load,  the  area  of  contact  due  to  distortion  of  the 
ball  and  raceway  by  the  load  will  increase  steadily  as  the 
radius  of  curvature  of  the  raceway  becomes  more  nearly  equal 
to  the  radius  of  the  ball.  For  this  reason,  the  pressure  per 
unit  area  will  decrease  steadily  as  the  curvature  of  the  race- 
way approaches  that  of  the  ball,  and  so  the  load-carrying 
capacity  will  increase. 

Relation  of  Race  Contour  to  Frlctlonal  Realetance 

Where  other  conditions  are  kept  uniform,  it  is  found  that 
frlctlonal  resistance  In  a  ball  bearing— although  very  small 
under  any  conditions— Increases  from  a  minimum  amount 
which  Ib  present  when  a  ball  Is  rolling  In  contact  with  a  flat 
Hurface,  up  to  a  maximum  amount  that  exists  In  the  case  of  a 
ball  running  In  raceways  of  the  same  curvature  as  the  ball. 
AllhouRh  a  uniform  Increase  In  load-carrying  capacity  is  ac- 
compllHhod  by  niaklnK  the  radiUH«of  curvature  of  grooves  in 
the  racewayH  approach  that  of  the  balls,  It  Is  considered  good 
practice  to  dCKlKii  ball  bearings  In  such  a  way  that  a  mean 
curvature  Is  provided,  which  represents  a  baUinic  between 
the  minimum  amount  of  friction  In  the  case  of  balls  running 
on  a  flat  surface  and  the  niaxlnium  loacl-carrylnK  cupnilty  se- 
cured  IbrouKb  having  the  balls  run  In  contact  with  race- 
ways of  tli«!  sanie  curvature  as  the  bulls.  For  liislanrc.  the 
Ourney  Ilnll  licarlnK  Co.,  of  Janii-stown,  N.  Y.,  has  adopted 
the  followInK  standard  curvatures  for  the  raceways  of  bear 
InKK  carryInK  different  sizes  of  balls:  For  bearings  provided 
with  balls  up  to  15/16  Inch  In  diameter,  the  rurvulun-  of  the 
Inner  raceway  Is  4  piT  rent  and  the  curviilure  of  IIk-  outer 
fBcnway  Is  0  per  c<'nt  Kf-iit'T  than  Ihiil  of  the  bnlls.  For 
iM^arlnKS  provided  with  balls  ranKlnK  from  J  to  1  If./IG  Inch 
In  dinmpler.  the  curvature  of  the  Inner  raceway  Is  11  per 
ronl  and  the  curvature  of  the  outer  rucewoy  4  per  cent  greater 
than  thai  of  Iho  tmlls  For  benrlnKS  provided  with  balls 
2  InrhiHi  In  diameter  and  larRer,  the  curvature  of  the  Inner 
raceway  I*  2  per  rent  ond  the  rurvoture  of  the  oiiler  riwe 
way  3  per  rent  itrcoler  than  that  of  the  balls 


Load-carrying  Capacity  of  Radial  Ball  Bearings 
The  load-carrying  capacity  of  a  ball  bearing  and  its  length 
of  life  is  also  dependent  upon  the  number  of  balls  in  the  bear- 
ing, the  perfection  of  finish  of  the  balls  and  the  raceways 
in  which  they  run,  and  the  speed  of  rotation  of  the  shaft 
carried  by  the  bearing.  These  and  other  conditions  affecting 
the  load-carrying  capacity  to  which  reference  has  been  made 
in  preceding  paragraphs  are  connected  in  the  following 
formula  for  the  load  which  may  safely  be  put  upon  a  radial 
ball  bearing: 

KZID' 

P  = (1) 

5 
where 

P  =  safe  working  load  in  pounds; 

K  =  constant  depending  upon  shape  of  raceways  and 

their  condition; 
Z  =  number  of  balls  in  bearing;  and 
D  =  ball  diameter  expressed  in  eighths  of  an  inch. 
Formula   (1)   applies  to  ball*  bearings  operating  under  con- 
ditions of  uniform  load  and  speed,  and  in  the  accompanying 
table    there    are    given    values    of   constant    K    corresponding 
to  different  speeds  of  rotation.     It  will  be  apparent  from  this 
table  that  the  speed  of  rotation  is  a  highly  important  factor 
in  determining  the  load-carrying  capacity  of  a  ball  bearing. 
This  is  due  to  the  fact  that  the  steel  must  have  an  appreciable 

VALUES  OF  CONSTANT  K  FOR  VARIOUS  SPEEDS 
OF  ROTATION 


R.P.M. 
Constant 


10      150         300 
48  4     36.3     29.14      24.2 


500      1000  1200 

20.9       15.62         14.96 


R.P.M.     ,1500     2000     2500       3000       4000       5000       10,000 
Constant       13.6     12.1     10.56       9.68       8.58       7.70  5.06 

I  Machinery 


time  to  recover  from  a  condition  of  distortion  before  it  is 
once  more  subjected  to  a  heavy  load.  In  most  cases,  ball  bear- 
ings are  so  mounted  that  the  outer  race  remains  practically 
stationary,  this  race  being  supported  in  such  a  way  that  it 
creeps  slowly  around  in  the  housing  in  which  the  bearing  is 
held.  As  a  result,  the  load  is  concentrated  on  about  one-fifth 
of  the  circumference  of  the  outer  raceway.  Another  feature 
of  having  the  outer  race  tree  to  move  slightly  in  its  housing  is 
that  this  race  can  adjust  itself  longitudinally  so  that  the  ball 
tracks  in  the  inner  and  outer  races  are  in  accurate  alignment 
with  each  other.  Movement  of  the  inner  race  brings  its 
entire  circumference  into  contact  with  the  balls  at  each 
revolution  of  the  shaft.  In  selecting  a  suitable  size  of  bear- 
ing to  meet  the  requirements  of  given  conditions  of  service, 
the  load  P  Is  known  and  the  constant  A'  may  be  taken  from 
the  table,  if  the  speed  of  rotation  of  the  shaft  is  known.  This 
leaves  the  number  of  balls  '/,  in  the  bearing  and  their  diam- 
eter D  as  the  two  factors  to  be  determined,  and  these  are 
selected  in  such  a  way  that  they  satisfy  the  <on(lllions  of  the 
c(iuation. 

Load-currylnif  Ciipaclty  ot  Hall  Thrust  BeiirlnBS 

As  In  the  case  of  railiiil  bearings,  the  sclcilion  of  thrust 
bearings  lo  meet  the  mnilrenicntH  of  any  known  conditions 
depends  ui)on  the  nature  of  the  service  reiiulred  of  them. 
Where  there  are  only  light  loads  of  uniform  Intensity  to  he 
carried  at  low  speed  anil  iit  Infrequent  Intervals,  a  bearing 
of  Hiniill  capacity  will  give  the  re(iulred  service.  Conversely. 
If  heavy  loads  and  severe  shocks  have  to  be  carried  by  a 
ball  lliruHl  beurinK,  and  If  the  shaft  runs  at  high  speed  and 
for  many  hours  eiirh  clay,  wi-  have  the  most  severe  cliiss  nf 
service.  Of  coursi'.  there  are  ii  great  nniny  cases  where  the 
service  required  of  u  bearing  conies  midway  between  these 
exirenio  conditions.  The  hmdcarrylnK  I'apaclly  of  ii  ball 
thrust  hearing  depends  upon  the  shaft  speerl  and  the  size 
and  number  of  balls  The  lower  the  shaft  speed,  the  higher 
will  lie  the  liiiid  carrying  I'lipai'lly,  alllioiigli  tills  Is  nut  iin 
exact  Inverse  priipurllcui  Conversely,  the  larger  the  slzi>  iind 
the  greater  the  nuiiilier  of  balls  In  a  bearing,  the  higher  will 
he  lis  load-carrying  ciipiiclty.     Formula  (2)  expressi-s  the  con- 
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ditions  governing  the  load-carrying  capacity  of  a  ball  thrust 
bearing. 


f  s 


(2) 


where 

P  =  safe  working  load  in  pounds; 

K^  =  constant    ranging    from    25    to    40    according    to 
quality  of  steel; 

JS'  =  number  of  balls  in  bearing; 

D  ^  ball  diameter  expressed  in  eighths  of  an  inch;  and 

S  =R.P.M.  of  shaft. 
What  has  been  said  about  the  use  of  Formula  (1)  for  deter- 
mining   the    load-carrying    capacity    of    radial    ball    bearings, 
applies  equally  to  the  use  of  Formula  (2)  for  determining  the 
load  which  may  be  safely  carried  by  a  ball  thrust  bearing. 

Economy  of  Space  througli  Use  of  Ball  Bearings 

Where  ball  bearings  are  substituted  in  place  of  plain  bear- 
ings a  considerable  amount  of  space  is  often  saved  because  of 
their    more    compact    design. 


Rubbing  friction  in  plain 
bearings  must  be  kept  down 
within  reasonable  limits  by 
making  the  bearings  of  suffi- 
cient diameter  and  length  so 
that  the  pressure  per  unit  of 
projected  bearing  surface  is 
not  too  high.  With  the  ball 
bearing  there  is  a  true  roll- 
ing action  between  the  balls 
and  races,  so  that  the  load 
can  be  carried  by  bearings 
of  much  more  compact  form. 
This  saving  in  space  is  often 
a  great  advantage  in  cases 
where  a  compact  design  is  a 
matter  of  importance.  For 
instance,  this  is  particularly 
true  in  the  case  of  equipment 
built  for  use  in  exceptionally 
congested  plants.  In  order  to 
give  a  more  concrete  idea  of 
the  amount  of  space  which 
may  sometimes  be  saved 
through  the  substitution  of 
ball  bearings  for  plain  bear- 
ings, attention  is  called  to 
Fig.  1,  which  shows  the 
mounting  of  S  K  F  ball  bear- 
ings in  an  electric  motor. 
This  mounting  is  shown  above 
the  center  line  of  the  shaft,  while  below  the  center  line 
are  shown  the  old  plain  bearings  which  were  formerly  used. 
I«  this  case,  it  will  be  apparent  that  the  saving  in  space 
amounts  to  approximately  50  per  cent  of  that  formerly  oc- 
cupied  by   the   plain   bearings. 

Precautions  to  Observe  In  Substituting-  Ball  Bearings  for 
Plain  Bearings 
It  often  happens  that  a  builder  of  drilling  machines  or 
some  other  form  of  mechanical  equipment  may  decide  to  sub- 
stitute ball  bearings  for  plain  bearings  at  certain  points  on 
the  machines.  This  action  Is  often  prompted  by  the  fact 
that  a  competitor  Is  selling  a  ball  bearing  e(|uipment  of  some- 
what similar  design.  In  small  shops  which  have  inadequate 
engineering  failllllfs  -and  sonielinies  In  cstiibllshnients  which 
are  better  equipped  -It  happens  that  the  substitution  of  a 
ball  bearing  for  a  plain  bearing  Is  carried  out  somewhat  In 
this  fashion.  For  the  sake  of  discussion,  we  will  consider 
that  a  decision  has  been  reached  to  substitute  a  ball  thrust 
bearing  for  a  plain  set  of  thrust  collars.  The  drawings  are 
scaled  up  and  It  Is  found  that  a  ccrtiiln  amount  of  space  Is 
available  for  the  ball  hearing;  then,  after  this  amount  of 
space  has  been  ascertained,  reference  Is  made  to  the  cata- 
logues of  ball  bonrlng  manufacturers  to  And  out  where  a  bear- 
ing can  be  obtained  that  will  fit  Into  this  space.     Satisfactory 


results  cannot  be  expected  from  such  haphazard  methods  of 
procedure,  because  it  is  a  matter. of  absolute  importance  that 
a  ball  bearing  be  of  the  proper  size  to  sustain  the  load  that  it 
is  required  to  carry.  If  the  effort  is  dade  simply  to  find  a 
ball  bearing  that  will  fit  into  the  available  space  on  a  machine 
which  was  formerly  occupied  by  a  plain  bearing,  the  chances 
are  that  the  bearing  will  not  be  the  one  best  adapted  for 
the  peculiar  conditions  of  service  under  which  it  is  to  be 
used.  Probably  the  failure  of  ball  bearings  to  give  satis- 
factory results  when  selected  by  these  slipshod  unscientific 
methods  has  been  one  of  the  most  fertile  fields  for  failure, 
and  has  been  one  of  the  important  reasons  why  some  builders 
of  machine  shop  equipment  have  reached  the  conclusion  that 
it  is  difficult  to  obtain  satisfactory  results  through  the  ap- 
plication of  ball  bearings  in  their  products.  It  is  therefore 
important  that  the  prospective  user  submit  his  selection  for 
approval  to  the  ball  bearing  manufacturer. 

Power  Saved  by  BaU  Bearingrs 
Engineers    and    machine    designers    who    have    not    had    a 
wide  experience  with  the  use 
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of  ball  bearings  are  inclined 
to  think  that  saving  of  fric- 
tion and  consequent  improve- 
m  e  n  t  of  transmission  effi- 
ciency are  the  main  advan- 
tages secured  through  the  use 
of  bearings  of  this  type.  As 
a  matter  of  fact,  other  equally 
important  advantages  are  se- 
cured. Important  among 
these  are  practical  freedom 
of  ball  bearings  from  wear 
so  that  they  require  no  ad- 
justment, the  possibility  of 
mounting  the  bearings  in 
such  a  way  that  they  may 
be  provided  with  a  supply  of 
lubricant  sufficient  to  last  for 
several  months,  and  other 
allied  advantages.  The  sav- 
ing of  friction  is,  however, 
a  very  important  feature  of 
ball  bearings  as  compared 
with  plain  bearings,  and  the 
following  examples  are  cited 
in  order  to  show  about  what 
savings  may  be  expected.  In 
this  connection  it  is  very 
important  to  note  that  the 
reduction  of  friction  and  im- 
provement of  transmission 
efficiency,  where  ball  bearings  are  substituted  for  plain  bear- 
ings, may  run  anywhere  from  nothing  up  to  nearly  100  per 
cent.  The  amount  of  saving  will  depend  entirely  upon  the 
conditions  of  service. 

Engineers  of  the  S  K  F  Ball  Bearing  Co.,  who  have  made  a 
careful  study  of  power  losses  resulting  from  frictional  re- 
sistance in  the  bearings  of  transmission  equipment  and  ma- 
chinery used  in  industrial  plants  have  estimated  that  40  per 
cent  of  the  total  amount  of  power  developed  by  the  prime 
movers  is  wasted  in  overcoming  friction.  Regardless  of 
whether  power  Is  generated  In  a  plant  maintained  by  a  large 
Industrial  corporation  or  whether  It  Is  bought  from  an  elec- 
trical generating  station,  it  is  obviously  important  to  devise 
methods  of  reducing  friction  losses  as  far  as  possible,  and  the 
manufacturer  cannot  feel  that  he  is  running  his  plant  under 
maximum  conditions  of  economy  until  every  precaution  has 
been  taken  to  reduce  friction  losses  to  an  absolute  minimum. 
One  well-known  expedient  which  has  been  adopted  in  order 
to  overcome  losses  of  power  due  to  friction  consists  of  the 
substitution  of  antifriction  bearings — either  ball  bearings  or 
roller  bearings  are  commonly  employed— in  order  to  substitute 
the  practically  frlctlonless  rolling  action  of  bearings  of  this 
type  for  the  rubbing  action  of  plain  bearings,  where  there 
Is  sure  to  be  a  considerable  amount   of  frictional   resistance 
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between  the  surfaces  which  are  in  contact  with  each  other. 
Investigations  conducted  to  ascertain  the  amount  of  power 
wasted  in  overcoming  the  frictional  resistance  of  plain  bear- 
ings, that  could  be  saved  through  the  substitution  of  ball  bear- 
ings, have  shown  that  under  favorable  circumstances  60  per 
cent  of  the  lost  power  could  be  saved;  that  is  to  say,  24 
per  cent  of  the  total  energy  developed  by  the  prime  mover  or 
drawn  from  electric  power  circuits.  Certainly  this  saving  is 
great  enough  to  warrant  giving  the  matter  careful  con- 
sideration. 

In  order  to  show  how  important  the  saving  of  power  ef- 
fected through  the  use  of  anti-friction  bearings  may  become 
under  certain  conditions,  attention  is  called  to  the  experience 
of  a  manufacturing  plant  which  was  so  situated  that  space  was 


rig.    2.     Different   Types  of   Sealing   Devices  for   Ball  Bearing   Mountings, 
to   provide   for  holding   in   Oil  and  excluding  Dirt 

at  a  great  premium.  This  firm  decided  to  add  certain  depart- 
ments, which  made  it  necessary  to  provide  additional  power 
capacity  for  driving  the  new  equipment  which  was  to  be  in- 
stalled in  the  factory.  After  a  great  deal  of  planning,  space 
was  found  for  the  new  manufacturing  departments,  but  the 
management  spent  a  lot  of  time  trying  to  figure  out  where 
the  new  power  plant  could  be  put  without  reaching  a  satis- 
factory conclusion  in  regard  to  the  matter.  Finally,  the 
superintendent  of  this  plant  suggested  that  by  substituting 
ball  bearing  shaft  hangers  in  place  of  the  plain  bearing 
bangers  which  were  then  in  use,  a  sufficient  amount  of 
power  would  be  saved  to  enable  the  existing  power  plant  to 
drive  all  of  the  equipment.  The  power  load  of  the  plant 
was  1200  amperes  and  under  existing  conditions  of  the  trans- 
mission equipment  in  the  factory,  all  of  this  power  was  re- 
quired to  drive  the  machines  already  In  use.  When  the 
lineshaft  hangers  were  equipped  with  ball  bearings  made  by 
the  Gurney  Ball  Bearing  Co.,  of  Jamestown,  N.  Y.,  it  was 
found  that  800  amperes  was  plenty  to  drive  all  of  the  equip- 
ment In  the  original  plant,  thus  leaving  400  amperes  to  meet 
the  power  requirements  made  necessary  by  the  extension  of 
manufacturing  facilities.  This  was  more  than  ample  to 
provide  for  driving  all  of  the  new  machine.s  that  had  to  be 
Inntalled  and  relieved  the  management  of  the  embarrassing 
problem  of  furnishing  Bpa<:e  to  install  additional  power  plant 
equipment.  These  ball  bearings  were  thus  the  means  of 
Having  the  Investment  In  a  new  power  plant,  and  they  are 
earning  an  Income  represented  by  the  total  of  the  Interest 
on  money  which  It  would  have  been  necesHary  to  Invest 
In  the  power  plant,  the  cost  of  operating  this  plant,  and  the 
annual  rental  value  of  the  Bpa<!e  which  the  new  power  plant 
would  have  occupied. 

The  TranHmlMHion  Ball  llearlng  Co.,  lOGO  Military  Uoad, 
HuITalo,  N.  Y.,  retained  Roderick  J.  Parke,  electrical  en- 
Klncer  of  Toronto,  Canada,  to  conduct  an  cxhaUHtlvo  Heries 
of  ti:HlH  to  deterinlno  the  rclatlvo  efllcloncy  of  Hhaft  hangerH 
equlpp<-'l  Willi  "Chapmun"  typo  ball  bearlnK)*  of  thiH  llrnrH 
manufa'turi'  mid  with  plain  bearlngH,  roHpiMllvely.  The  re- 
•Ult«  of  thin  InvcHllKatlon  led  to  the  conrluHlon  that  when 
a  ihaft  2  10/10  Inchxii  In  diameter  In  ruiinluK  under  Uh 
raaximiiui  normal  load,  HUtmtUutlon  of  boll  beurliiKH  for  plain 
lioarlnKM  la  rvHponiilbln  fur  an  annual  HavInK  of  |1U  pur  bear- 
ing. IhU  enlltnolo  bolriK  bam^d  upon  pnwi-r  at  $:!0  pur  liomr- 
power  per  y<'ar,  which  In  a  coiiBcrvatlvu  rHllnialu.  The  Ii-mIh 
upon  which  this  figure  Is  banod  wre  conduc(<>d  tiy  Mr.  I'ark<^ 
under  Uborktory  conditions  which  gave  litm  the  opportu- 
nity   of    obtalnln|[    rondltlnna    of    loading    on    the    bearings 


that  duplicated,  as  nearly  as  possible,  the  conditions  imposed 
by  belt  pull,  etc.,  when  the  bearings  are  actually  at  work 
in  a  factory. 

Lubrication  of  Ball  Bearings 

Successful  operation  of  ball  bearings,  and  consequently  of 
the  machines  in  which  they  are  used,  depends  to  a  con- 
siderable extent  upon  the  observance  of  certain  precautions 
in  their  lubrication,  maintenance,  and  inspection.  The  fact 
that  ball  bearings  need  little  attention  often  leads  users  to 
think  that  no  attention  whatever  is  required  after  the  ball 
bearings  are  once  installed.  It  is  of  paramount  importance 
for  the  bearings  to  be  properly  lubricated  for  the  following 
reasons:  (1)  To  protect  the  polished  steel  surfaces  against 
rust.  (2)  To  facilitate  the  axial  movement  of  the  outer  race 
and  also  to  assist  in  the  slow  rotating  movement  of  the  outer 
race.  Inasmuch  as  the  friction  in  ball  bearings  is  slight, 
the  consumption  of  lubricant  is  very  small;  therefore,  only 
lubricant  of  the  best  quality  should  be  used. 

It  is  often  rather  difficult  to  reach  a  decision  in  the  se- 
lection of  the  correct  type  of  lubricant  for  ball  bearing  in- 
stallations, chiefly  on  account  of  local  conditions.  Experience 
has  shown  that  a  suitable  lubricant  can  only  be  found  by 
experiment.  In  most  cases  it  is  possible  for  ball  bearing 
manufacturers  to  make  tentative  recommendations  of  lubri- 
cants that  have  proved  satisfactory  in  similar  installations. 
In  addition  to  this,  it  is  possible  for  the  user  of  ball  bearings 
to  secure  the  cooperation  of  a  number  of  prominent  manu- 
facturers of  lubricants,  who  will  be  in  a  position  to  make 
definite  recommendations  for  a  suitable  grade  of  lubricant, 
covering  the  various  individual  installations.  Generally  speak- 
ing, a  heavy  grade  of  mineral  oil  will  be  satisfactory  in  the 
majority  of  cases.  In  many  cases,  however,  such  operating 
conditions  as  inaccessibility  of  the  bearings,  the  slow  speed 
at  which  they  run,  etc.,  make  it  necessary  to  use  grease,  and 
experience  in  this  connection  has  made  it  possible  for  engi- 
neers experienced  in  the  design  and  operation  of  ball  bearings, 
to  recommend  a  suitable  grade  of  grease  for  such  conditions. 

At  high  temperatures,  the  viscosity  of  the  lubricant  should 
be  such  that  its  retention  in  the  bearing  housing  will  not 
be  a  matter  of  difficulty.  When  at  very  low  temperatures, 
the  lubricant  used  should  not  congeal  at  the  lowest  tem- 
perature  at    which    the   machine   is   called    upon    to    operate. 


Fig.  3.     Provlilon  mndo  In  BaU  Boaring  Mounting  for  dlia«ii'mlillng   with- 
out Snmago  to  Ball!  and   Raci'n 

Kor  high-speed  applications,  a  light  splndli'  oil  will  usually 
give  the  boat  rcHUlts.  all  hough  there  have  been  cosos  In 
high-speed  Installations  where  the  subHlltutlon  of  a  heovy 
oil  for  a  light  oil  hiiH  resulted  In  a  much  cooler  running 
Ix'iirlnK.  This  may  lie  expliiliuMl  by  llie  fact  that  the  Inertia 
of  a  heavy  oil  Is  such  thai  wlien  llio  boiirliiK  1«  once  up  to 
Hpi'od,  less  roBlstanco  Is  oflnrcd  to  the  rolallon  of  Ihu  balls. 
In  addition  to  this,  there  la  an  nb»enru  of  frothing.  Freedom 
from  air  pockets  In  the  oil  allows  the  heat  to  ho  IruiiHinltted 
to  the  outer  casing  mori'  readily  than  It  nir  pockclB  wore 
pri'Hi'Ml.  In  all  hlgliBpunil  inslallatiiinH.  It  Ih  iu«'cBB»ry  to 
sec  lliut  llH-ru  IB  very  IllUn  oil  In  Ihe  bcarinK  hnUBlngs.  A 
liirgi'  quanllly  of  oil  will  ciiiihi<  I'huriiliiK  and  hi'iitliig. 

Clii'iiilcal    noulrallly    '«    Hn-    principal    roiiulsllo    of    a    bull 
boarlng    lubricant,    (hut    Is,    frccdoin    from    acid    or    alkali. 
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Most  lubricants  contain  a  small  amount  of  acid  due  to  the 
methods  of  refining,  and  to  neutralize  this  acid,  alkali  is  in- 
troduced into  the  lubricant.  As  the  presence  of  either  acid 
or  alkali  in  a  lubricant  is  highly  Injurious  to  the  finely 
polished  steel  surfaces,  it  is  necessary  to  use  only  those 
lubricants  where  the  acid  content  is  not  greater  than  one- 
tenth  of  one  per  cent.  As  practically  all  lubricants  will  de- 
velop free  acid  with  age,  it  is  desirable  to  have  the  alkali 
content  slightly  greater  than  the  acid  content,  but  in  no 
case  should  it  be  greater  than  one-tenth  of  one  per  cent. 
The  excess  of  alkali  over  the  acid  will  tend  to  aeutralize 
any  free  acid  which  may  later  develop  in  the  lubricant. 
There  is  a  tendency  for  the  acid  content  of  a  lubricant  to  in- 
crease when  subjected  to  high  temperatures.  This  is  par- 
ticularly true  in  the  case  of  grease,  and  where  ball  bearings 
are  operating  under  such  conditions,  it  is  advisable  to  test 
the  lubricant  after  subjecting  it  to  the  actual  operating  tem- 
peratures under  which  it  will  be  used,  in  order  to  ascertain 
whether  there  has  been  an  abnormal  increase  in  acidity. 

Should  it  be  impossible  to  obtain  laboratory  tests  to  de- 
termine the  acid  or  alkali  content,  the  following  tests  will 
determine  whether  or  not  the  lubricant  is  suitable  for  use 
with  ball  bearings: 

Litmus  Test — Take  a  sample  of  the  lubricant  and  wash 
it  thoroughly  with  warm  water.  The  water  should  then  be 
tested  with  neutral  litmus  paper  and  should  a  faint  reddish 
tinge  show  on  the  paper,  the  lubricant  should  be  rejected  as 
unsuitable. 

Exposure  to  Atmosphere — Take  a  piece  of  highly  polished 
steel  and  wrap  it  in  cotton  waste,  which  has  been  dipped  in 
the  lubricant  to  be  tested.  Place  the  steel  wrapped  in  oil- 
soaked  waste  on  a  hot  stove  for  a  period  of  from  eight  to 
twelve  hours  or  expose  it  to  the  sunlight  for  a  few  days. 
If,  at  the  end  of  this  time,  the  polished  surfaces  of  the 
steel  appear  dull,  the  lubricant  should  be  rejected  as  un- 
suitable. 

Barium.  Chloride  Test — Prepare  a  saturated  solution  of 
barium  chloride  in  distilled  water;  dilute  an  ounce  of  the 
oil  with  one  ounce  of  high  gravity  gasoline  to  thin  it,  then 
add  six  or  seven  drops  of  the  barium  chloride  solution.  If 
sulphuric  acid  is  present,  a  white  deposit  or  precipitate  will 
be   formed. 

Copper  Test — A  simple  test  for  acidity  may  be  made  by 
immersing  a  piece  of  highly  polished  copper  in  the  lubricant 


)  FELT  SIZES 


-•1)^1*- 


-^     Ji     K- 


l<-X">J 


FifT.   4.      Diagram   showing   Standard   Sizes  of   Folt   Packings   and   GrooTes 
adopted  by  S  K  F  Ball  Bearing  Co. 

for  twenty-four  hours.  Should  the  surface  of  the  copper  ap- 
pear dull  at  the  end  of  this  time,  the  lubricant  contains  acid 
and  should  be  rejected  as  unsuitable  for  use  with  ball  bearings. 
The  renewal  of  lubricant  in  ball  bearing  mountings  depends 
to  a  great  extent  upon  the  operating  conditions  of  the  ma- 
chinery. In  the  ordinary  type  of  Installations,  operating  un- 
der normal  conditions,  renewal  should  be  made  about  once 
fvory  two  months,  although  close  observation  for  a  short  time 
after  installation  will  enalile  a  closer  estimate  of  this  period 
to  be  made.  When  renewing  lubricant,  the  housing  .should  be 
thoroughly  washed  out  with  gasoline.  After  the  olii  lubricant 
has  been  removed,  drain  plugs  should  be  again  inserted  and 
the  housing  filled  with  gasoline.  If  It  Is  possible,  the  bear- 
ings should  be  rotated  a  fi'W  times  so  that  each  part  of  the 
bearing  Is  brought  under  Iho  cleansing  Influence  of  the 
gasoline.  The  drain  plugs  should  then  be  removed  and  the 
housing  carefully  drained.    The  bearings  should  not  be  allowed 


to  stand  in  gasoline  because  of  their  liability  to  rust  and 
tarnish.  If  the  machinery,  after  being  lubricated  again, 
should  not  be  started  immediately,  it  will  be  advisable  to 
turn  over  the  rotating  parts  at  least  once  so  that  all  parts 
of  the  bearings  may  become  coated  with  the  lubricant,  there- 
by insuring  protection  against  corrosion.  The  quantity  of 
lubricant  to  be  inserted  depends  on  the  size  of  the  housing, 
the  service  conditions,  and  the  speed. 

When  using  grease  as  a  lubricant  for  ball  bearings,  it  is 
recommended  that  the  first  lubricant  be  applied  by  means  of  a 
grease  gun  through  the  lubricating  openings  and  not  by 
removing  the  end  caps.  This  will  reduce  the  chance  of 
foreign  matter  entering  the  bearings  and  will  also  eliminate 
much  of  the  possibility  of  injury  to  parts  of  the  bearing.  Care 
should   be   exercised   to   avoid   putting  too  much   grease  into 
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Fig.    5.      Chart    used    for   selecting   Proper    Size    of   Packing   for   a    Given 
Ball  Bearing  Mounting 

the  housing,  as  this  will  result  in  its  being  forced  out  through 
the  packings.  An  inspection  of  the  machines  during  the  early 
period  of  installation  will  enable  the  user  to  determine  the 
proper  amount  of  grease  to  be  added.  Lubricating  plugs  or 
caps  of  supply  pipes  must  always  be  screwed  up  tight  after 
the  lubricant  is  inserted  to  avoid  the  entrance  of  dirt  dur- 
ing the  operation  of  the  ball  bearings;  and  the  greatest 
care  must  be  exerted  to  avoid  dust,  filings,  and  metal  chips 
from  getting  into  the  bearings. 

Designing-  Mountings  for  Ball  Bearing-s 
In  designing  mountings  for  radial  ball  bearings,  it  is  the 
usual  practice  to  provide  for  securing  the  inner  race  to  the 
shaft  or  other  rotating  member,  while  the  outer  race  is  left 
free  to  rotate  slowly  inside  the  mounting.  Two  reasons  for 
this  procedure  are  that  the  outer  race  is  allowed  to  revolve 
so  that  wear  is  uniformly  distributed,  and  to  enable  this  race 
to  move  very  slightly  in  a  longitudinal  direction  in  order  to 
align  the  inner  and  outer  races  accurately  with  each  other. 
Mountings  for  ball  bearings  should  be  made  in  such  a  way 
that  they  will  retain  oil  or  grease  in  the  bearing  and  exclude 
dirt  and  other  foreign  matter  which  would  tend  to  ac- 
celerate the  rate  at  which  wear  takes  place.  In  Fig.  2  there 
are  shown  three  methods  commonly  used  for  sealing  ball 
bearing  mountings.  At  .4.  it  will  be  seen  that  a  cap  is  designed 
to  be  a  tight  fit  over  the  end  of  the  mounting,  so  that  the 
joint  produced  is  both  oil-tight  and  dustproof.  This  is  easily 
accomplished,  because  the  cap  is  secured  to  a  stationary  ma- 
chine member.  At  B  is  shown  what  is  known  as  a  "labyrinth" 
seal,  consisting  of  a  circular  tongue  on  a  stationary  mem 
ber  which  enters  a  corresponding  groove  cut  in  a  rotating 
member.  A  clearance  of  from  0.001  to  0.003  inch  is  pro- 
vided between  the  tongue  and  groove,  and  this  space  becomes 
filled  with  grease  which  constitutes  an  efTicient  seal.  At 
('  is  shown  a  third  method  of  sealing  the  joint  between  the 
mounting  and  the  rotating  shaft.  This  consists  of  machining 
a  groove  in  the  housing  which  may  be  filled  with  either  grease 
or  a  felt  packing  to  provide  for  the  exclusion  of  dust. 

DeslttnlnK  MountlnRrs  for  Ball  BearlnR-s  with  Provision 
for  Disaasembllntr 

In  designing  mountings  for  ball  bearings,  it  is  Important 
to  provide  for  having  one  raceway  fixed  and  the  "other  ar- 
ranged so  that  it  is  free  to  creep  around  very  slowly  in  its 
housing.  When  a  shaft  Is  the  rotating  member,  the  correct 
practice  Is  to  have  the  Inner  race  secured  to  the  shaft  and 
the  outer  race  free  to  move  slowly  around  In   its  mounting. 
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Conversely,  when  a  loose  pulley  rotates  on  a  shaft,  the  outer 
race  should  be  secured  in  the  pulley  and  the  inner  race  ar- 
ranged so  that  it  can  creep  around  on  the  shaft. 

In  developing  the  mountings  for  ball  bearings,  it  is  common 
for  the  designer  to  produce  a  form  that  is  satisfactory  in 
other  respects,  but  that  is  likely  to  give  trouble  due  to  failure 
to  provide  a  means  of  disassembling  the  balls  or  races.  In 
almost  all  cases  the  inner  race  of  the  bearing  is  made  a 
light  press  fit  on  the  shaft  which  is  to  be  carried  by  the 
bearing.  It  will  be  apparent  that  if  an  attempt  is  made  to 
pull  the  bearing  off  the  shaft  by  applying  pressure  to  the 
outer  race,  this  will  result  in  pulling  the  inner  race  off  its 
press  fit  on  the  shaft  through  force  applied  on  the  inner  and 
outer  races  by  the  balls,  as  a  result  of  lateral  movement  of  the 
outer  race  relative  to  the  inner  race.  This  pressure  applied 
by  the  balls  may  become  so  great  that  slight  checks  or  in- 
dentations will  be  produced  in  the  races,  and  when  such 
damage  is  done,  a  hammering  action  will  be  set  up  in  the 
bearing  when  it  is  put  back  into  service  that  will  cause  it 
to  be  rapidly  destroyed.  In  Fig.  3  there  is  shown  the  design 
for  a  ball  bearing  mounting  developed  by  the  S  K  F  Ball 
Bearing  Co.,  which  effectually  overcomes  damage  to  bearings 
through  lack  of  suitable  provision  for  disassembling.  It  will 
be  seen  that  a  cross-bar  A  and  screws  B  are  provided  to  fit 
into  threaded  holes  in  the  cap  C  which  seals  the  bearing 
mounting  at  one  end.  This  cap 
C  is  so  designed  that  when 
pulled  against  the  bearing  by 
tightening  screw  D.  the  in- 
side of  the  cap  engages  both 
the  Inner  and  outer  races  of 
the  bearing,  and  when  the 
screw  is  tightened  up  still 
further,  cap  C  applies  a  uni- 
form pressure  to  the  inner 
and  outer  races  with  the  re- 
sult that  the  inner  race  is 
pulled  off  its  pressed  fit  on 
the  shaft  without  any  ten- 
dency for  the  outer  race  to 
move  laterally  in  relation  to 
the  Inner  race.  In  this  way, 
the  bearing  can  be  d  i  s  a  s  - 
sembled  without  any  dam- 
age being  done  to  the  balls 
or  ra^res  of  the  bearing. 


eter  of  the  shaft  and  the  number  of  revolutions  per  minute. 
The  S  K  F  Ball  Bearing  Co.,  of  Hartford,  Conn.,  has  made  a 
careful  investigation  of  this  subject,  as  a  result  of  which 
five  standard  sizes  of  felt  packings  have  been  adopted  which 
are  suitable  for  use  in  grooves  of  specified  sizes. 

In  Fig.  4  are  shown  the  standard  groove  and  felt  sizes 
which  have  been  adopted,  and  a  chart  is  presented  in  Fig.  5 
which  is  used  in  determining  the  proper  size  for  the  groove 
and  felt  packing  which  are  required  for  any  given  conditions 
of  shaft  diameter  and  speed  of  rotation  for  which  a  ball 
bearing  mounting  must  be  designed.  In  using  this  chart,  the 
horizontal  line  corresponding  to  a  given  shaft  diameter  and 
the  vertical  line  corresponding  to  the  number  of  revolutions 
per  minute  at  which  this  shaft  is  to  run  are  located  on  the 
chart,  and  the  intersection  of  these  horizontal  and  vertical 
lines  is  then  found.  The  size  of  the  felt  packing  which  is 
required  is  determined  by  the  area  on  the  chart  in  which  this 
point  of  intersection  lies.  For  instance,  suppose  it  is  re- 
quired to  have  a  shaft  2  inches  in  diameter  rotate  at  2100 
revolutions  per  minute.  The  horizontal  and  vertical  lines 
through  2  inches  and  2100  revolutions  per  minute  are  lo- 
cated in  the  area  which  indicates  that  a  No.  2  felt  packing 
is  necessary  to  fulfill  the  requirements  of  this  service.  The 
dimensions  of  the  required  felt  packing  and  groove  are  found 
from   the   diagram   reproduced    in   Fig.   4. 

In  making   these   packings. 


FELT  GROOVE  FELT  GROOVE 

WITHOUT  WITH 

REMOVABLE  PLATE       REMOVABLE  PLATE 
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Diagram  illustrating   Mothod  of   Froroduro   in  making  Folt  Faok 
ing  and  fitting  it  into  Grooves  of  Ball  Bearing  Mounting 


Felt  PacklngTB  for  Ball  Bearing  Mountlntrs 

In  studying  the  Illustrations  of  mountings  for  ball  bearings 
on  different  types  of  machine  tools  and  other  shop  equip- 
ment. It  will  be  noticed  that  In  practically  every  i-ase  the 
oap8  which  fit  around  the  .shaft  at  each  end  of  the  mount- 
ing are  grooved  to  receive  a  packing  which  is  used  to  ex- 
clude grU  and  other  forms  of  dirt  from  the  bearing.  When  a 
ball  l»:arlng  Is  In  o[)eratlon,  the  rate  at  which  the  balls  and 
raceN  tend  to  wear  la  extremely  slow  until  after  an  appreciable 
amount  of  wear  has  actually  developed;  but  experience  has 
Hhown  conclunlvely  that  after  the  bearing  haM  once  started 
to  wear,  deterioration  1h  llk<;ly  to  taki;  place  very  rapidly. 
Obvlounly,  the  pTi-ncnri;  of  grit  or  other  forniH  of  dirt  In  a 
bcarlHK  will  accelerate  the  ti-ndi'iicy  for  the  bonring  to  wear, 
and  It  la  on  thU  account  that  particular  care  Is  taken  to  pro- 
vide dUHtproof  puckinKN  I"  bull  bearing  mountlngH. 

Wh«n  a  shaft  la  rolnlInK,  the  nurnbor  of  fci-t  per  minute 
at  which  a  point  on  tlitr  nurfaco  of  the  Hhaft  travelH  Ih  gov- 
«!rn<Ml  by  thp  diamctnr  of  the  Mhafl  nnd  thi-  nunibcr  of  rovolii- 
tlona  pvr  mlnuto  at  which  It  runx.  Ily  holdiiiK  i-lther  tho 
angular  Hpccil  or  th»  dlnmoter  noMHlunl  uiid  chnnglnK  the 
other  variable.  It  at  once  bficomea  iippiirorit  thiil  an  Incriiaao  of 
the  variable  factor  will  r<>*ult  In  Inrra-fiHinK  llw  linear  apond 
of  travnl  of  lh«  Hurfu'o  of  thii  ahafl  Tho  rIkc  of  fnlt  pack- 
InR  u*«<l  in  mountlnKN  for  hall  ImnrlnKii  I*  Kovurnod  by  tho 
linear  Kpnml  of  travnl  of  thi?  nhiifl.  hnrnum!  tlin  hiKhnr  thn 
ape«(l,  tho  larxor  muat  bo  tho  parklnK.  in  order  lo  prevont  ItK 
rapid  iloalrunllon.  In  dotormlnlnic  thr  rmjiiirod  mIzo  of  Ihit 
felt  pnrkInK,  ronaldorallon   tniinl   lin  kIvcm   to  Imtli   Ihn  dliini 


it  is  very  important  to  use 
a  suitable  grade  of  felt,  as  the 
material  must  be  of  good 
quality  and  compact  structure 
in  order  to  stand  up  satis- 
factorily under  the  c  o  n  d  i  - 
tions  of  service  to  which  it 
is  subjected.  It  is  also  im- 
portant to  make  each  of  the 
packings  in  the  form  of  an 
endless  ring  in  order  to  avoid 
possibility  of  dirt  finding  its 
way  into  the  bearing  at  the 
point  where  the  ends  of  the 
felt  are  joined.  After  cut- 
ting off  a  piece  of  the  re- 
quired length,  the  ends  are 
cut  off  at  an  angle,  so  that 
they  can  be  sewed  together 
and  form  a  close-fitting  joint 
with  the  felt  packing  of  uniform  size  at  the  joint.  It  is  also 
important  for  the  joint  to  be  in  a  plane  perpendicular  to  the 
axis  of  the  shaft  and  not  parallel  to  the  axis.  The  reason 
tor  this  is  quite  obvious,  as  with  the  joint  in  a  plane  parallel 
to  the  axis  of  the  shaft,  it  would  be  easier  tor  dirt  to  find 
its  way  through  the  joint  and  into  the  bearings.  The  method 
of  splicing  the  ends  of  the  felt  packing,  and  the  proper  posi- 
tion   tor    the   packing   In    the   liou.siiig   arc   shown    in   Fig.    G. 

ApiiUcatlon  ot  Ball  UoarlnK-.s  In  Machine  Tools 

The  application  of  ball  bcurings  in  motor  cars  bus  demon- 
Htrateil  their  uhlllty  to  save  power  and  to  operate  under 
severe?  ((inditionH  of  Horvlcn  with  very  little  wear.  Machine 
tool  liuilderH  were  not  .slow  to  realize  tho  posaildo  advantages 
to  bo  Hccured  through  tlie  application  of  boariiiKS  ot  llils  type 
in  tho  niachlncH  which  llicy  manufacture.  One  of  tho  earliest 
upplicatlonH  was  for  HuppDrtlng  the  thrust  load  on  drilling 
niachint?  HplndleH,  but  »ubHi'(|U((iitly  ball  hearings  have  been 
UHcd  in  nuiny  olln-r  typcH  of  inai'hino  tooiH.  It  is  generally 
<'»nc)<ili'ii  thai  tor  Hiiiiporlitig  driving  Hliafls  In  inachincry, 
and  for  uho  in  i-ounlerHliaflK  and  liiicKiiatl  liangcrH,  ball  hoar- 
IngH  are  the  MicanH  of  erTcil  lug  a  HiiliHdintlal  Having  In  power, 
and  about  tliu  only  ri'iiHon  why  they  are  not  generally  UHod 
In  thoHo  ruNnH  Ih  that  Hotne  machinery  buildorn  and  Rhop 
NiiporintondenlM  Htili  Inivc  lo  bo  convinced  lliat  lite  aildltlonal 
exptMiNc  of  ball  lieariiigM  woulil  bu  offHot  by  tlio  saving  of  power. 

Uondltlnnn  Ho<|iilrod  In  Mnohinu  Tool  Hiiliicllo  Hoiirlnirn 

About  Ihn  only  point  cm  niaclilnn  IdoIm  whi'rn  lliere  Ih  u 
ciiiihIiIithIiIi'  ilifTiMriiiK  of  iipinloti  in  rcgurii  l<i  IIk-  licHlralilllly 
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if  using  ball  bearings  is  for  supporting  the  main  spindle. 
I  lesigners  of  machine  tools  are  faced  with  the  necessity  of 
ulfiUing  two  sets  of  conditions  in  the  spindle  bearings,  which 
•  first  sight  appear  to  be  diametrically  opposed  to  each 
ther.  In  order  to  maintain  the  desired  degree  of  accuracy 
in  the  work,  it  is  necessary  for  the  fit  of  the  bearings  that 
carry  the  spindle  to  be  as  nearly  free  from  vibration  and  lost 
motion  as  it  is  possible  to  make  it,  but  to  obtain  a  satis- 
factory degree  of  efficiency  in  the  transmission  of  power,  the 
bearings  must  also  be  a  free  running  fit.  The  service  required 
of  these  bearings  is  exceptionally  severe,  owing  to  the  fact 
that  the  loads  are  subject  to  sudden  changes  of  magnitude 
and  of  the  direction  in  which  they  are  applied.  At  first 
sight,  it  may  appear  that  these  two  sets  of  conditions  are  en- 
tirely incompatible,  but  experience  has  shown  that  there  are 
several  ways  in  which  the  desired  combination  of  conditions 
may  be  secured.  One  method  which  has  been  found  to  give 
satisfactory  results  is  to  use  ball  bearings  for  supporting 
shafts  and  spindles.  Owing  to  the  conditions  under  which 
these  bearings  operate,  which  have  been  described  in  an  earlier 
paragraph,  frictional  resistance  is  practically  eliminated,  and 
in  the  case  of  properly  made  bearings,  the  amount  of  wear 
is  a  negligible  quantity,  so  that  lost  motion  will  not  result 
in  inaccuracy  of  the  work  produced  on  machine  tools  equipped 
with  ball  bearings. 

Use  of  Ball  Bearings  for  Carryingr  Machine  Tool  Spindles 

During  recent  years,  there  has  been  some  controversy  be- 
tween different  designers  and  builders  of  machine  tools  con- 
cerning the  desirability  of  supporting  machine  tool  spindles 
in  ball  bearings,  if  it  is  required  to  obtain  accurate  work  from 
the  machine.  It  is  generally  conceded  that  the  use  of  ball 
bearings  is  the  means  of  effecting  a  substantial  increase  in 
transmission  efficiency  with  a  corresponding  reduction  in  con- 
sumption of  power;  but  those  who  are  not  in  favor  of  the  use 
of  ball  bearings  in  place  of  the  standard  tapered  bronze  boxes 
with  provision  to  compensate  for  wear  claim  that,  after  they 
have  been  in  use  for  a  short  time,  ball  bearings  develop  a 
slight  amount  of  lost  motion.  In  order  to  substantiate  the 
accuracy  of  this  contention,  the  claim  is  made  that  even  if 
the  proper  size  of  ball  bearing  is  selected  for  the  service 
required  of  it,  and  granting  that  this  bearing  is  a  perfectly 
tight  fit  at  the  time  it  leaves  the  ball  bearing  manufacturer's 
plant,  lost  motion  will  develop  shortly  after  the  bearing  has 
been  placed  in  service.  Those  who  argue  along  this  line  state 
that  it  in  no  way  contradicts  the  claim  made  by  the  manu- 
facturers that  bearings  of  this  type  will  run  for  years  with- 
out showing  any  sign  of  wear.  The  claim  made  is  that,  at  the 
time  the  bearing  is  new,  the  surface  of  the  balls  and  of  the 
inner  and  outer  races  are  covered  with  a  multitude  of  very 
fine  scratches  left  by  the  abrasives  with  which  these  surfaces 
were  ground,  and  that,  when  the  bearing  is  started  to  run 
under  load,  it  results  in  these  scratches  being  rolled  down  to 
produce  a  smooth  bearing  surface,  which  is  highly  efficient 
as  regards  its  freedom  from  friction,  although  this  improve- 
ment in  the  bearing  surface  is  attainetl  at  the  expense  of  a 
slight  amount  of  lost  motion  in  the  bearing.  To  overcome 
this  criticism,  ball  hearings  used  to  carry  machine  tool  spin- 
dles should  be  of  a  type  which  makes  it  possible  to  so  design 
the  mountings  for  the  bearings  that  means  are  provided  to 
compensate  for  the  slight  amount  of  lost  motion  which  de- 
velops shortly  after  the  bearing  Is  placed  in  service.  Some 
ball  bearing  manufacturers  slate  that  the  slight  roughness 
referred  to  above  does  not  exist  when  the  grinding  Is  properly 
performed   and   Is   followed   by  polishing. 

The  use  of  ball  bearings  for  carrying  machine  tool  spindles 
Is  a  relatively  recent  development,  and,  as  in  the  case  of 
practically  all  departures  from  well-established  practices  of 
machine  design.  It  is  quite  natural  to  expect  that  many  de- 
signers will  claim  that  It  is  Impossible  to  find  a  satis- 
factory substitute  for  the  tapered  bronze  bearing  box  which 
Is  used  in  a  great  majority  of  bearings  for  machine  tool 
splndlcg.  Despite  this  fait,  there  are  a  number  of  machinery 
builder.'!  who  arc  now  mounting  spindles  In  hall  bearings  and 
claim  that  perfectly  satisfactory  results  are  being  obtalnc<l. 
It  Is  the  contention  of  these  men  that,  to  obtain  satisfactory 


results  from  ball  bearings  in  this  class  of  service,  certain  pre- 
cautions must  be  taken,  the  observances  of  which  deter- 
mine the  success  or  failure  of  the  design.  Probably  the  best 
way  of  discussing  this  matter  will  be  to  show  typical  ap- 
plications of  ball  bearings  in  machine  tools  and  explain 
methods  of  mounting  which  different  manufacturers  have 
found   to   be   satisfactory. 

The  preceding  discussion  has  been  concerned  with  outlining 
the  basic  principles  which  must  be  observed  in  the  design  of 
mountings  for  ball  bearings,  and  the  methods  of  lubricating 
the  bearings  in  order  to  reduce  frictional  resistance  and  pro- 
tect the  balls  and  raceways  from  rust.  The  second  install- 
ment of  the  article,  which  will  be  published  in  September, 
will  describe  the  methods  used  by  representative  machine  tool 
builders  in  applying  ball  bearings  in  their  machines. 

*  *     • 

OBTAINING  GOOD  RESULTS  IN  TAPPING' 

In  order  to  obtain  satisfactory  results  in  tapping,  it  is 
first  necessary  to  obtain  good  taps  and  dies  that  are  properly 
designed  for  the  work  to  be  done,  and  that  have  been  ac- 
curately machined,  carefully  hardened,  inspected,  and  tested. 
In  all  cases  great  care  should  be  taken  to  bring  the  tap 
into  as  nearly  perfect  alignment  with  the  hole  as  possible. 
If  the  machine  is  out  of  alignment  it  should  be  corrected, 
and  in  no  case  should  a  floating  holder  be  used  simply  to  com- 
pensate for  any  error  in  alignment.  Good  results  can  be  ob- 
tained by  holding  the  tap  in  a  telescopic  holder,  but  the  fric- 
tion between  its  sliding  surfaces  should  be  kept  as  low  as 
possible;  also  it  should  have  a  minimum  amount  of  lateral 
float.  The  holes  to  be  tapped  should  be  large  enough  to  pre- 
vent any  binding  or  excess  friction,  and  care  should  be  taken 
to  see  that  they  are  drilled  deep  enough  to  prevent  the  tap 
from  coming  into  contact  with  the  bottom,  or  with  chips 
resting  on  the  bottom  of  the  hole.  The  cutting  edges  of  taps 
should  be  kept  sharp;  as  much  attention  should  be  given  to 
them  as  to  the  cutting  edges  of  any  other  tool.  The  proper 
lubricant  should  be  used,  and  a  good  supply  forced,  or  al- 
lowed to  flow,  over  the  tap  while  tapping.  The  kind  of  lubri- 
cant adapted  to  any  particular  work  should  be  determined  by 
experiment. 

The  most  efficient  speed  should  also  be  determined  by  ex- 
periment, and  this  speed  should  then  be  maintained.  In 
many  cases  too  low  spindle  speeds  are  responsible  for  inferior 
threads  and  a  high  percentage  of  tap  breakage.  Starting  or 
reversing  should  be  accomplished  with  as  little  shock  as 
possible  to  the  tap.  The  tap  should  be  guided  forward  and-, 
back  again  as  nearly  as  possible  at  the  same  speed  as  that 
with  which  the  tap  feeds  forward  or  back  in  the  work.  A 
long  bar  of  stock  that  is  bent  should  not  be  put  in  a  ma- 
chine, as  the  shaking  resulting  from  this  practice  causes 
breakage  of  taps,  inferior  threads,  and  rapid  wearing  of  the 
machine  bearings. 

To  obtain  the  highest  efficiency,  tapping  should  be  ac- 
complished by  a  separate  operation.  This  avoids  the  neces- 
sity of  delaying  turning  or  boring  operations  while  making 
repairs  or  adjustments  for  the  tapping  operation.  In  this 
way,  more  accurate  threads  can  be  produced  and  there  will 
be  a  minimum  of  spoilt  work  and  tap  breakage. 

*  *     « 

Machinery  may  be  badly  damaged  by  being  hauled  from  the 
railway  depot  to  the  plant  by  inexperienced  teamsters,  but 
as  this  damage  may  not  be  discovered  until  Ihe  plant  is  in 
operation,  it  will  very  likely  be  charged  against  the  manufac- 
turer as  a  defect  in  construction.  Recently,  some  large  air 
compressors  were  loaded  upon  the  wagon  in  such  a  way  that 
the  stress  of  the  shocks  from  the  wheels  was  carried  by  bolts 
In  the  lining  of  the  cylinder  that  separated  tue  water  Jacket 
from  the  compressor  chamber,  with  the  result  that  the  bolts 
were  strained  and  a  Joint  was  opened.  The  cause  of  the  leak, 
however,  was  known  in  this  case,  tor  an  enKiiieer  had  no- 
ticed the  compressor  on  the  dray  and  had  called  attention  to 
the  faulty  loading,  predicting  the  damage  that  was  later  found. 


'.Siiimiiorr  of  n  |>np.T  irnil  liy  llnrr.r  K.  Unrrls.  nro»l.t.-nt  of  Iho  H.  E 
llnrrlii  RnclniHTlnc  Co..  nrlil«i'|»>rt.  r.inn,.  licfnr.'  Iho  Coniioolli-iit  Section  of 
llw   AiiKTli-nn  Soclfty  of  MiH-hnnli-iil   Ennlnoirti  at    BrIilitiTort.   Conn. 


WHILE  electric  steel  or 
steel  made  in  the 
electric  furnace  is  not 
a  new  product,  the  expansion 
of  this  branch  of  the  steel  in- 
dustry has  been  so  rapid,  es- 
pecially since  the  beginning  of 
the  war,  that  users  of  steel 
as  well  as  steel-makers  are 
naturally  interested  in  the 
reasons  for  this  rapid  growth 
and  the  trend  of  its  develop- 
ment. In  190S  there  was  only 
one  furnace  in  the  United 
States  producing  electric  steel 
and  the  output  for  the  year 
was  only  about  55  tons.  The 
number  of  electric  furnaces 
installed  in  the  United  States 
on  January  1,  1918,  was  233 
and  many  new  installations 
have  been  made  during  the 
past  six  months.  The  esti- 
mated tonnage  for  electric 
steel  during  1917  varies  great- 
ly and  ranges  from  about  235,- 
000  tons  up  to  one  million 
tons.  Whatever  the  tonnage, 
it  is  certain  that  the  electric 
steel  industry,  which  a  few 
years  ago  w^as  in  the  experi- 
mental stage.  Is  now  on  a 
firm  commercial  basis. 

Early  experiments'  in  the 
production  of  electric  steel 
were  made  by  Sir  William 
Siemens,  who  constructed  a 
small  arc  furnace  in  1878. 
Twenty  years  elapsed,  how- 
ever, before  the  Stassano  fur- 
nace, which  was  the  first  to 

operate  commercially,  was  Introduced.  The  use  of  electric 
furnaces  would  doubtless  have  increased  more  rapidly  after 
the  introduction  of  this  process  had  it  not  been  for  the 
relatively  high  cost  of  generating  electrical  energy  at  that 
time.  The  wonderful  advancement  made  in  both  the  gener- 
ation and  distribution  of  electricity  during  recent  years,  com- 
bined with  the  advantages  of  the  electric  furnace  for  certain 
melting  and  refining  processes,  has  resulted  in  the  rapid 
development  of  this  method  of  producing  steel. 

Application  of  EHectrlc  Furnaces  In  Steel  Industry 

EK-clrlo  furnaces  are  adapted  primarily  for  melting  and 
refining  processes,  and  they  probably  will  never  be  able  to 
compete  with  the  blast  furnace  for  smelting  ore  except  un- 
der certain  favorable  conditions.  What  might  be  defined  as 
"an    electric    blast    furnace," 

was  developed  In  Sweden  In  ^^^^^|^^^^^^^^^^^— ^ 
1910.  Thin  furnace  is  Himllar 
In  principle  to  an  ordinary 
hiaxt  rurnncc,  except  that  It  Is 
provided  with  three  elcctrorlcM 
whl'h  Inki'  the  place  of  the 
luynreB.  The  furnace  operates 
without  an  air  hlant,  and 
n  1 1  h  o  r  charcoal  or  coke  1b 
URed  for  mcliInK  Mic  chargo 
of  Iron  ore,  The  rharKo  In  fed 
Into  the  top  of  the  furnace  In 
Jh«'  UHiiiil  wny.  The  niio  of 
the  olortrlc  furnaco  for  iim«lt 
InK  Iron  oreii  In  nvldontly 
llmlind   to   localities  w  h  o  r  <• 

■Amm-UO    Mllor  of   MAtmiir. 


In  view  of  tlic  fact  that  the  use  ul"  electric 
furnaces  in  steel  foundries  and  lor  producinji 
special  alloy  and  carbon  tool  steels  has  in- 
creased \ery  rapidU  since  the  he^^iiniin^  of 
the  war,  the  Jieneral  application  of  the  electri- 
cal process  arul  its  ad\anta>^es,  dealt  \\ith  in 
this  article,  are  of  timely  interest.  The  arti- 
cle also  describes  the  \arious  types  of  furnaces 
in  common  use  ami  the  methods  of  operating 
them  either  iiulependentiv  or  in  conjunction 
\\illi  llic  more  common  refinin^^  processes. 


h  y  d  ro  -  electric  installations 
and  cheap  electrical  power 
are  available.  One  electric 
furnace  which  has  been  in- 
stalled in  the  United  States 
and  is  used  for  smelting  has 
a  rectangular  steel  shell  lined 
with  a  refractory  material 
anr"  a  sloping  bottom  to  facili- 
tate the  flow  of  the  molten 
metal.  Five  stacks  which  ex- 
tend above  the  roof  of  the  fur- 
nace are  used  for  charging 
and  graphite  electrodes  are 
located  between  these  stacks. 
The  furnace  is  charged  at 
regular  intervals  and  its  op- 
eration is  continuous. 

The  important  applications 
of  electric  furnaces  in  the 
steel  industry  are  tor  making 
special  alloy  steels,  tool  steel 
(including  ordinary  carbon 
steel  and  high-speed  steel), 
for  melting  the  steel  us:d 
in  making  steel  castings,  and 
for  melting  the  ferro-alloys 
which  are  added  to  "special 
steels"  to  secure  different 
chemical  and  physical  prop- 
erties. Most  of  the  ferro- 
alloys used  in  the  United 
States  prior  to  the  war  were 
imported,  but,  at  the  present 
time,  large  quantities  of  the 
alloys  used  in  producing 
high-speed  and  special  steels 
are  manufactured  in  this 
country.  These  alloys  include 
f  e  r  r  o  -  silicon,  ferro-chrome, 
ferro-nickel,  ferro-tungsten, 
ferro-manganese,  ferro-vanadium,  etc.  The  electric  furnace 
has  also  been  used  to  some  extent  for  refining  cast  iron  in 
the  foundry  instead  of  using  a  cupola,  and  also  low-phos- 
phorus pig  iron  and  "washed  metal."  "Washed  metal"  Is 
pig  iron  from  which  most  of  the  silicon  and  phosphorus 
have  been  removed,  and  it  Is  used  for  making  special  low- 
phosphorus  steel. 

Most  of  the  electric  steel  produced  is  used  either  for 
making  special  alloy  steels  or  tool  steel,  although  the  electric 
furnace  is  used  extensively  in  steel  foundries.  No  accurate 
data  are  available  as  to  the  amount  of  tool  steel  made  elec- 
trically compared  with  the  output  of  the  crucible  process. 
Some  steel-makers  nnd-metallurglsts  contend  that  the  electric 
furnace  not  only  ))ri>duces  much  more  tool  stool  at  the  present 
lime  than  llic  cnicitilc  process,  but  that  ultimately  it  will 
lie  used  almost  exclusively  for 
^^^^^^^^^^^^^^^^^1^  iciiil  sl(ol  i)r()iluctloii.  Others 
coriiu'clcd  wllh  llio  steel  In- 
ihistry  believe  that  there  will 
rontlnue  to  be  a  field  for  both 
I  h  e  electric  and  crucible 
liniccHHcs  and  that  the  elec- 
tric furimcc  Ik  adapted  more 
cMpfMliilly  for  tlio  production 
111'  Hpi'i'lnl  ulloy  steels  for  use 
In  the  conHtru<tlon  of  auto- 
jiiobileH,  nlr|iliini>H,  onlnanro, 
etc.  Sled  nuiy  '>"  produced 
In  the  eleclrlc  furiuice  which 
Ih  undoubledly  eiiuiil  lo  cruci- 
ble Hieel  In  (|uiitlty,  If  not 
H\i|iorliir,  and  It  Is  claimod 
Hint     the     ele(trli'     proi'eHH     Ih 
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more  economical,  especially 
at  the  present  time,  on  ac- 
count of  the  cost  of  crucibles. 
There  is  a  decided  differ- 
ence of  opinion  regarding  the 
present  and  future  use  of  the 
electric  furnace  in  preference 
to  the  open-hearth  furnace. 
Even. though  the  cost  of  elec- 
tric steel  is  higher  than  open- 
hearth  steel,  the  greater  de- 
gree of  refinement  and  closer 
regulation  that  is  possible 
with  the  electric  furnace  off- 
set this  difference  of  cost  for 
the  finer  grades  of  steel.  In 
steel  foundry  practice,  it  is 
claimed  that  an  equivalent 
tonnage  of  high-grade  electric 
steel  can  be  produced  at  an 
average  lower  cost  than  the 
ordinary  commercial  grades  of 
open-hearth  steel,  since  the 
charge  of  the  electric  furnace 
may  consist  entirely  of  old 
scrap  which  is  cheaper  than 
the  combined  scrap  and  pig 
iron  required  with  the  other 
process.  One  of  the  striking  features  of  the  electric  furnace 
development  is  the  size  of  the  installations.  A  great  many 
plants  are  now  equipped  with  furnaces  having  a  capacity  of 
five  or  six  tons,  but  ten,  fifteen,  and  twenty-five  ton  sizes  are 
in  use.  The  United  States  leads  at  present  in  the  number  of 
electric  furnaces  in  operation  and  Great  Britain  occupies 
second  place.  The  world's  largest  single  center  of  electric 
steel  production,  however,  is  in  Sheffield,  England. 

General  Classes  of  Electric  Furnaces 

Electric  furnaces  are  used  either  for  melting  and  refining 
metals,  or  for  heating  them  to  some  temperature  below  the 
melting  point,  as  in  connection  with  the  heat-treatment  of 
steel.  The  three  general  types  in  use  may  be  classified  elec- 
trically as  arc  furnaces,  resistance  furnaces,  and  induction 
furnaces.  With  each  type,  the  heat  is  derived  from  electrical 
resistance,  but  the  nature  or  form  of  the  resistance  varies 
in  the  different  general  classes  of  furnaces  mentioned.  The 
arc  furnace,  which  is  the  most  important  type  in  the  steel 
industry,  is  equipped  with  electrodes,  the  current  passing  from 
one  electrode  to  another.  These  furnaces  differ  in  regard  to 
the  arrangement  and  number  of  the  electrodes,  as  explained 
later.  The  arc  furnace  is  used  almost  exclusively  in  the 
production  of  electric  steel. 

While  all  electrical  furnaces  depend  upon  electrical  re- 
sistance, the  general  type 
In  which  heat  is  generated 
by  the  passage  of  a  cur- 
rent either  through  the 
charge  or  through  a  re- 
sistor forming  part  ot  the 
furnace  Is  classified  as  a 
resistance  type  to  distin- 
guish It  from  the  others. 
Some  ot  these  resistance 
furnaces  are  so  arranged 
that  electrodes  come  into 
contact  with  the  charge 
and  the  latter  forms  the 
resistance.  This  is  the  di- 
rect resistance  class.  An- 
other type  has  a  resistor 
which  surrounds  the  fur- 
nace crucible  and  heats  It 
by  direct  radiation,  and 
there  Is  a  third  class  In 
which  the  heat  generated 
In    the   Krnphlflc   or   other  n,.   g.     Twoniy-Bvc-ton  Horoui 


resistor  is  radiated  to  the 
walls  of  the  furnace  and  is 
then  reflected  onto  the  charge. 
Resistance  furnaces  in  general 
are  used  principally  for  heat- 
treating,  annealing,  and  for 
melting  non-ferrous  metals. 

With  the  induction  type  of 
furnace,  the  heat  is  generated 
in  the  metallic  charge  by 
means  of  induced  currents. 
This  type  is  similar  in  prin- 
ciple to  a  static  transformer, 
the  material  heated  corres- 
ponding to  the  low  tension 
winding.  Thus,  the  induction 
furnace  may  be  defined  as  an 
electrical  apparatus  which 
contains  within  itself  the 
transformer  that  induces  the 
heat  in  the  charge,  whereas 
the  arc  furnace  is  practically 
a  hearth  which  holds  the 
charge,  and  the  arc  is  the 
source  of  heat,  serving  the 
same  purpose  as  the  flame  in 
an  open-hearth  furnace.  The 
first  induction  furnace  for 
steel  melting  was  developed  by  Kjellin,  in  Sweden,  about 
1900.  The  primary  winding  of  a  Kjellin  type  surrounds  the 
core  and  is  within  a  cylinder  made  of  refractory  material 
and  cooled  either  by  circulating  water  or  a  forced  draft.  The 
annular  shaped  hearth  containing  molten  metal  is  beyond  the 
windings  and  acts  as  a  single  turn  of  the  secondary  winding; 
consequently,  when  current  flows  through  the  primary  wind- 
ing, a  current  is  induced  in  the  bath  of  metal  which  is  there- 
by heated,  practically  all  of  the  electrical  energy  being  con- 
verted into  heat.  Induction  furnaces  are  used  very  little  in 
steel  plants,  but  are  applied  principally  in  melting  non-fer- 
rous metals. 

Methods  of  Operating  Electric  Furnaces 

Electric  furnaces  may  either  melt  a  cold  charge  or  they 
may  receive  the  metal  in  a  molten  condition.  Most  of  the 
electric  furnaces  now  in  use  are  for  cold  melting,  but  the 
larger  sizes  are  commonly  arranged  to  use  molten  charges. 
After  the  introduction  of  the  electric  furnace,  steel  manufac- 
turers soon  recognized  that  it  might  be  used  to  advantage 
in  conjunction  with  the  Bessemer  converter  and  open-hearth 
furnace,  following  the  plan  of  the  well-known  "duplex  process" 
by  which  the  metal  is  partly  purified  in  a  Bessemer  con- 
verter and  is  then  further  refined  in  the  open-heartli  furnace. 
In  fact,  the  first  electric  furnace  installation  in  the  United 
States  consisted  ot  an  open- 
hearth  furnace  for  prelim- 
inary melting  and  refining, 
and  an  electric  furnace 
which  received  the  molten 
metal  for  deoxidizing  and 
desulphurizing  it  and  for 
making  whatever  additions 
or  changes  might  be  neces- 
sary to  secure  the  desired 
analysis.  This  is  often 
called  the  "hot  metal  pro- 
cess." Both  Bessemer  con- 
V  e  r  t  e  r  s  and  open-hearth 
furnaces  are  also  used  in 
conjunction  with  the  elec- 
tric furnace.  The  Bes- 
semer converter  is  used  for 
ilocarbonlzing  and  desill- 
conizing  the  metal;  the 
open-hearth  furnace  Is  then 
used  for  dephosphcrizing 
ivin,  ch»r,«  of  Molten  Mot»i         !'•  Bnd  the  reflning  process 
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Fig.     3.       Twenty-five-ton     Heroult    Furnace     in     Pouring     Position 

Is  then  completed  by  deoxidizing  and  desulphurizing  in  the 
electric  furnace.  One  installation  operating  on  the  triplex 
system  consists  of  ten  electric  furnaces  having  a  nominal 
capacity  of  25  tons  each,  two  25-ton  open-hearth  furnaces, 
and  two  25-ton  Bessemer  converters,  the  three  processes  being 
used  In  tandem.  The  metal  is  first  "blown"  in  the  Bessemer 
converter.  Then  it  is  transferred  to  the  open-hearth  fur- 
naces and  finally  to  the  electric  furnaces.  The  estimated 
capacity  of  this  plant  is  50,000  tons  of  electric  furnace  steel 
per  month. 

Electric  furnaces  may  either  be  basic  or  acid,  but  a  large 
percentage  are  lined  for  basic  operation.  The  basic  furnace 
permits  the  use  of  a  basic  slag  which  serves  to  remove  im- 
purities from  the  metal,  just  as  in  the  basic  open-hearth 
furnace.  Thus  phosphorus,  sulphur,  and  oxygen  may  be  re- 
moved, which  permits  using  relatively  cheap  raw  materials. 
With  the  acid  process,  no  phosphorus  or  sulphur  is  removed. 
and  If  these  elements  are  to  be  held  within  narrow  limits. 
the  materials  composing  the  charge  must  be  carefully  selected. 

Advantaeres  of  Electric  Process 

The  steel  produced  in  the  electric  furnace  may  be  chemi- 
cally purer  than  that  made  by  any  other  process,  although 
it  does  not  necessarily  follow  that  electric  steel  has  su- 
perior physical  qualities  simply  because  it  is  pure  chemically. 
Inferior  grades  of  steel  may  be  produced  in  the  electric 
furnace,  and  the  extremely  high  temperatures  obtained  from 
the  electric  arc  are  often  referred  to  as  the  principal  cause  of 
poor  electric  steel.  The  fact  remains,  however,  that  the  elec- 
tric furnace  when  properly  designed  and  used  Is  capable  of 
producing  steel  which  chemically  or  physically  is  unexcelled. 
One  advantage  of  the  electric  furnaces  is  that  they  permit 
of  closer  control  of  the  composition  of  steel  than  any  other 
process,  which  accounts  for  their  use,  for  Instance,  In  prefer- 
ence to  the  open-hearth  furnace  In  the  production  of  special 
alloy  steels.  In  the  electric  furnace,  since  the  heat  is  obtained 
from  the  electric  current  and  no  fuel  Is  burned,  there  arc- 
no  Impurltk-H  Introdu'cd  from  the  gast-H  of  combustion;  In 
fact,  fusion  rnay  be  efTcftcd  In  a  neutriil  or  reducing  atmos- 
pbero.  LiCSH  excess  alloy  needs  to  bo  added  to  the  heat  In 
an  electric  furnace  to  insure  the  proper  amount  In  the  finished 
steol.  Some  Hteol-roakers  claim  that  It  Is  noccHsary  to  use 
only  one-half  the  amount  of  fcrro-manKanoHo  that  would  be 
regulrud  with  the  bent  opon-hcarth  practice.  Another  point 
In  favor  of  the  electric  fiirnncc  Is  that  th(3  alloy  addlllonH  for 
makinK  alloy  stoeln  may  bo  mudo  In  the  furnace  Itself,  rolher 
than  in  the  ladle,  thus  InsurlnK  thorouKh  assimilation,  dif- 
fusion, and  a  more  homoKcnoous  product. 

Arcurotn  control  of  the  rompoNlllon  of  electric  steel  tends 
to  make  the  results  of  heat  troatmont  more  corliiln,  and  It 
may  l»e  subJortnO  to  a  higher  doKreo  of  heat  without  Injury 
In  forging  or  In  ronnecllon  with  boat  Ircalmont  than  Is  thn 
case  with  other  Rtaols.  The  electric  furnace  olso  has  an 
advantage  In  that  It  moy  be  used  In  recovering  alloy  scrap, 


which,  in  some  cases,  is  not  desirable  to  include  in 
the  charge  of  an  open-hearth  furnace.  Furthermore, 
when  alloy  scrap  is  used  in  an  open-hearth  furnace,  a 
large  proportion  of  the  alloy  metal  is  lost  in  the  slag. 
It  is  practicable  to  use  relatively  cheap  raw  materials 
in  the  electric  furnace  and  to  convert  them  into  high- 
grade  steel,  which  can  be  deoxidized  and  desulphurized 
almost  completely.  The  phosphorus  and  sulphur  may 
not  exceed  0.010  per  cent,  and  in  carbon  steel  the  aver- 
age sulphur  content  is  lower,  whereas,  in  alloy  steels,  the 
sulphur  barely  exceeds  0.015  per  cent. 

Tests  of  electric  and  open-hearth  steels  each  having  a 
carbon  content  of  0.12  per  cent  showed  the  following 
physical  properties:  Ultimate  strength  of  open-hearth 
steel,  56,500  pounds  per  square  inch;  elongation  in  two 
inches,  29.82  per  cent;  ultimate  strength  of  electric  steel, 
65,200  pounds  per  square  inch;  elongation  Ta  two  inches, 
26.05  per  cent.  When  the  carbon  content  was  increased 
in  each  case  to  0.20  per  cent,  the  ultimate  strength  of  the 
open-hearth  steel  was  58,320  pounds  per  square  inch; 
and  the  elongation  in  two  inches,  28.35  per  cent.  The 
ultimate  strength  of  the  electric  steel  was  73,150  pounds 

per  square  inch,  and  the  elongation  in  two  inches,  22.75  per 

cent. 


Types  of  Arc  Furnaces  Used  in  Steel  Industry 

Since  the  arc  furnace  is  used  almost  exclusively  in  the 
steel  industry,  only  this  general  type  will  be  considered.  All 
arc  furnaces  may  be  divided  into  two  classes,  first,  the  arc- 
radiation  class  and,  second,  the  arc-resistance  or  arc-conduc- 
tion class.  Furnaces  of  the  second  class  may  belong  either  to 
the  short-arc  type  or  the  long-arc  type.  The  Stassano  furnace, 
which  was  the  first  commercial  design,  heated  the  metal  al- 
most entirely  by  radiation  from  the  electric  arc  and  belongs 
to  the  arc-radiation  class.  The  arc-resistance  type  is  so  ar- 
ranged that  heat  is  generated  by  the  arc  and  by  the  passage 
of  current  through  the  charge.  The  current  may  either  pass 
along  the  surface  of  the  charge  to  the  other  electrodes  or 
through  the  body  of  the  charge. 

The  arc  furnace  may  use  either  direct  or  alternating  cur- 
rent, the  latter  being  used  largely,  since  this  is  the  current 
supplied  by  most  power  companies.  The  three-phase  current 
is  employed  more  than  the  two-phase  or  single-phase.  The 
voltage  depends  upon  the  length  of  the  arc,  as  the  latter  is 
a  form  of  electrical  resistance.  Whatever  voltage  is  required 
for  melting  or  heating  is  obtained   by  transformers  at  the 
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furnace,  so  that  the  transmission  voltage  may  be  of  any  value. 
The  usual  potential  between  electrodes  is  about  100  volts. 

Heroult  Electric  Furnace 

The  Heroult  furnace,  which  is  now  used  more  than  any 
other  type,  belongs  to  the  arc-resistance  class.  The  elec- 
trodes are  placed  above  the  bath  and  the  current  passes 
from  one  electrode  to  the  metal  and  from  the  metal  to  the 
next  electrode.  In  this  way,  the  bath  is  heated  both  by  the 
heat  radiated  from  the  arc  and  by  the  heat  produced  by  the 
resistance  of  the  steel  and  the  slag  to  the  passage  of  the 
current  through  them.  Fig.  1  shows  a  sectional  view  of  a 
three-phase  Heroult  furnace  and  its  electrically  operated  tilt- 
ing mechanism.  The  three  electrodes  extend  down  through  the 
roof  of  the  furnace  and  are  so  located  that  lines  joining 
their  centers  form  a  triangle.  The  steel  shell  of  the  furnace 
is  lined  with  a  refractory  material,  the  exact  nature  of  which 
depends  upon  whether  the  furnace  is  to  be  basic  or  acid  in 
its  operation.  The  three  electrodes  are  connected  with  the 
transformers  by  flexible  cables  which  permit  the  furnace  to 
\)e  tilted  while  pouring  the  charge.  The  furnace  shown  in 
Fig.  1  is  so  arranged  that  it  tilts  about  a  hinge  located  just 
below  the  spout  so  that  the  latter  remains  nearly  stationary 
while  pouring.  The  dotted  lines  indicate  the  pouring  position. 
Power  for  tilting  the  furnace  is  derived  from  a  motor  which 
transmits  motion  to  a  large  gear  wheel  through  a  combina- 
tion of  spur  and  worm  gearing.  This  gear  wheel  is  connected 
directly  with  the  furnace  by  means  of  rods,  as  the  illustration 
shows.  One  advantage  of  this  arrangement  is  that,  if  the 
operator  fails  to  stop  the  motor,  the  furnace  will  simply 
descend  to  its  original  position;  moreover,  when  the  furnace 
is  either  at  the  upper  or  lower  positions  of  the  stroke,  it 
will  move  in  the  desired  direction,  no  matter  which  way  the 
controller  is  operated.  The  weight  of  the  furnace  is  balanced 
by  a  counterweight  which  connects  by  means  of  levers. 

The  2o-ton  Heroult  furnace  illustrated  in  Figs.  2  and  3 
is  the  largest  size  in  use  at  the  present  time.  Fig.  2  shows 
a  charge  of  molten  metal  being  poured  from  the  ladle  into 
the  furnace,  and  Fig.  3  shows  the  furnace  tilted  and  the 
refined  charge  being  poured. 

Snyder  Electric  Furnace 

The  Snyder  electric  furnace  belongs  to  the  arc-resistance 
class  and  Is  a  long-arc  type.  The  electric  current  may  be 
either  single-phase,  two-  or  three-phase,  or  direct-current,  but 
the  latter  is  not  commonly  used.  The  single-phase  or  direct- 
current  furnaces  have  two  electrical  connections,  whereas  the 
two-   or    three-phase    furnaces    have    three    or    more,    accord- 
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Fig.   6.     Front  View  of  One-ton  Eennerfelt  Furnace 

ing  to  the  type.  The  three-phase  furnace  has  two  of  the 
phases  connected  to  the  movable  carbon  electrodes  at  the  top, 
while  the  third  is  connected  to  a  metal  contact  at  the  bottom 
of  the  furnace.  The  Snyder  furnace  is  doorless,  and  the  entire 
roof  of  the  furnace  is  tilted  back  for  charging,  as  shown  in 
Fig.  4.  After  the  charge  has  been  dropped  into  the  furnace, 
the  roof  is  pulled  forward  by  a  motor  and  sealed  with  a  dry 
fireclay  gasket.  The  electrodes  may  be  either  hand  or  motor- 
operated,  an  automatic  regulator  being  applied  in  the  case  of 
motor  operation.  An  advantage  claimed  for  the  long  arc  is 
that  it  minimizes  the  necessity  of  moving  the  electrodes.  The 
opening  roof  feature  also  reduces  the  time  for  charging,  since 
machinery  can  be  used  instead  of  shovels.  These  furnaces 
are  arranged  in  three  different  ways  to  meet  the  pouring  re- 
quirements under  different  conditions.  With  the  rocking  type 
illustrated  in  Fig.  4,  which  is  the  most  common,  the  end  of 
the  spout  moves  forward  and  down  as  the  furnace  is  tilted 
to  the  pouring  position.  This  type  is  recommended  when 
it  is  relatively  easy  to  move  the  ladle  to  correspond  with  the 
movement  of  the  spout.  The  second  or  "heaving"  type  has 
a  circular  shaped  rocker  underneath  the  furnace  which  is  so 
located  that  the  spout  remains  practically  stationary  as  the 
furnace  is  tilted.  This  arrangement  is  especially  adapted  for 
hand  ladle  work.  With  the  third  or  "dumping"  type,  the 
spout  moves  down  and  backward.  This  type  is  ordinarily 
preferred  for  small  installations  in  which  it  is  easy  to  follow 
the  spout  with  hand  ladles. 

Rennerfelt  Electric  Furnace 

The  Rennerfelt  electric  furnace  operates  with  a  free-burn- 
ing are  like  the  Stassano  furnace,  but  differs  from  the  latter  in 
the  way  the  arc  is  formed.  A  cross-sectional  view  of  a  three 
gross-ton  size  is  shown  in  Fig.  7.  There  are  three  electrodes, 
a  vertical  electrode  being  placed  between  two  which  are  shown 
in  a  horizontal  position  but  may  be  tilted,  as  explained  later. 

The  vertical  electrode  carries  about  40  per  cent  more  current 
than  the  others,  so  that  the  arc  is  thrown  downward  toward 
the  bath  and  away  from  the  roof  of  the  furnace.  The  three- 
phase  current,  which  may  be  of  any  voltage  and  frequency,  is 
transformed  to  a  two-phase  three-wire  system.  The  two  side 
electrodes  are  connected  to  the  terminal  of  each  phase,  and 
the  top  one  is  connected  to  the  middle  conductor.  The  power 
input  Is  regulated  by  moving  the  side  electrodes  In  or  out, 
thus  changing  the  length  of  the  arc.  This  adjustment  may 
be  effected  by  hand  or  by  electric  motors  controlled  either 
automatically  or  by  means  of  push-buttons.  The  top  elec- 
trode has  to  be  moved  downward  perhaps  once  an  hour,  de- 
pending upon  Its  consumption.  When  charging  the  furnace, 
the  side  electrodes  are  tilted  upward,  thus  leaving  sufflclent 
space  beneath  for  inserting  the  whole  charge  at  one  lime.  As 
the  charge  melts,  the  electrode  ends  are  continually  lowered, 
thus  keeping  the  flame  about  two  or  three  Inches  over  the 
bath.    A  one-ton  Rennerfelt  furnace  is  shown  In  Fig.  6.    The 
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electrodes  at  the  sides  and  their  holders,  and  the  upper  ver- 
tical electrode,  may  be  seen  in  this  illustration.  These  fur- 
naces are  provided  with  trunnions  resting  on  roller  bear- 
ings supported  by  frames  at  the  sides  and  they  are  tilted 
either  by  hand  or  by  motor,  depending  upon  the  size.  The 
furnaces  with  a  capacity  up  to  one  ton  have  only  one  work- 
ing door  which  is  used  both  for  charging  and  pouring;  the 
larger  furnaces  have  one  charging  and  one  pouring  door. 

Booth-Hall  Electric  Furnace 

The  Booth-Hall  furnace,  shown  in  Fig.  5,  is  so  arranged 
that  power  is  introduced  through  one,  two,  or  three  main  ver- 
tical electrodes,  the  number  depending  upon  whether  the  fur- 
nace is  to  operate  single-phase,  two-phase,  or  three-phase.  The 
furnace  also  has  an  auxiliary  electrode  and  wrought-iron  grids 
which  are  imbedded  in  a  hearth  with  a  refractory  facing.  The 
auxiliary  electrode  is  inserted  vertically  through  the  roof,  ex- 
cept in  small  furnaces,  in  which  case  it  is  inserted  obliquely 
through  the  door  opening.  The  two-phase  furnace  is  con- 
sidered preferable  for  the  usual  power  supply  and  steel  re- 
fining conditions,  and  the  following  description  applies  parti- 
cularly to  this  class. 

When  starting  a  heat  in  a  two-phase  furnace  with  a  cold 
charge,  a  pawl  on  the  auxiliary  electrode  holder  Is  released, 
permitting  the  electrode  to  rest  upon  the  scrap  charge.  Arcs 
are  then  drawn  with  the  two  main  electrodes  and  the  metal 
begins  to  melt  under  these  arcs.  The  auxiliary  electrode 
acta  as  a  common  neutral  or  return,  no  arc  being  drawn, 
and  consequently  no  melting  occurs  under  the  auxiliary  elec- 
trode. When  enough  molten  metal  has  accumulated  on  the 
hearth  to  make  the  latter  a  conductor  of  electricity,  the  cur- 
rent begins  to  flow  through  the  wrought-lron  grids.  The  aux- 
iliary electrode  la  then  withdrawn  from  the  furnace  entirely, 
and  the  opening  for  It  la  closed.  The  furnace  then  contlnueR 
to  operate,  the  current  paasing  through  the  main  vertical 
clcctrodea,  the  bath,  and  the  hearth,  and  out  through  the  grids. 
The  tranaformer  connections  arc  ao  arranged  that  each  of  the 
two  phaiteH  has  an  Independent  circuit.  The  area  are  governed 
by  automatic  electrode  regulators  for  maintaining  a  uniform 
power  Input  Into  the  furnarc  and  a  balanced  load  on  the  lines. 

Since  there  arc  only  two  eleclrodoa  entering  the  roof  of  a 
two-phaae  furnace  except  at  the  boglnnlng  of  a  heat.  It  la 
riatmod  that  the  furnace  haa  a  relatively  low  radiation  Iohh, 
leas  electrode  breakage  and  oloctrodo  conaumpllon,  as  well  aa 
a  lower  Initial  coat  for  the  furna4:n  equipment,  as  compurcid 
with  types  hnvInK  three  or  four  main  olectrndoa.  The  poaal- 
blllly  of  failure  to  secure  contact  when  startInK  a  hent  la  auld 
to  ht}  eliminated  by  the  use  of  llie  auxiliary  cbfclrode.  The 
two  main  eleclrodoa  on<1  the  auxiliary  electrode  artliig  as  n 
common  neutral  make  II  possible  to  uae  the  area  for  slnterlnK 
tn  th«  hearth  of  the  furnace  layer  by  Isyor,  thus  formlni;  u 


monolithic  mass  that  is  durable.  All  the  tilting  and  elec- 
trode regulating  mechanism  is  below  the  floor  and  is  com- 
pletely covered.  Furnaces  ranging  from  21/2  to  6  tons  capac- 
ity are  built  two-phase,  since  in  practically  all  localities  a 
single-phase  load  for  such  furnaces  would  not  he  acceptable 
to  power  companies.  For  refining  steel,  the  two-phase  furnace 
is  recommended,  except  in  8-  and  10-ton  sizes,  in  which  case 
the  three-phase  type  is  regarde'd  as  more  practicable.  Furnaces 
up  to  1%  ton  holding  capacity  intended  for  the  straight  melt- 
ing of  scrap  are  made  single-phase,  unless  power  conditions 
are  such  that  a  single-phase  load  is  not  acceptable. 

Ludlum  Electric  Furnace 

The  Ludlum  electric  furnace  is  of  ellipsoidal  form,  and  it 
has  three  electrodes  which  extend  down  through  the  roof. 
These  electrodes  instead  of  being  located  in  triangular  forma- 
tion are  in  a  straight  line  corresponding  to  the  center  line 
of  the  furnace,  as  may  be  seen  in  Fig.  S,  which  shows  a  ten- 
ton  furnace  in  the  pouring  position.  The  electrodes  are  held 
by  bronze  arms  projecting  from  beams  attached  to  the  furnace 
structure.  These  arms  may  be  raised  and  lowered  by  auto- 
matic control  or  by  handwheels.  There  are  no  bottom  con- 
nections. The  shape  of  the  furnace  is  such  that  there  are  no 
straight  side  walls  nor  overhanging  walls  with  the  furnace 
in  any  working  position.  There  is  a  door  at  each  end  but  no 
spout.  The  furnace  can  be  charged  from  both  ends  at  once, 
and  it  is  tilted  by  an  electric  motor  to  pour  through  one  of 
the  doors. 

The  furnace  is  filled  with  the  charge  of  scrap  to  be  melted, 
and  at  first  the  electrodes  rest  on  the  charge  so  that  soon 
after  the  current  is  turned  on  the  electrodes  melt  their  way 
through  nearly  to  the  bottom.  By  this  time,  a  pool  of  molten 
metal  has  formed  beneath  the  electrodes  because  the  deepest 
part  of  the  hearth  is  directly  below  them.  The  charge  is 
melted  from  the  bottom  up,  the  arcs  remaining  covered  by  the 
scrap  until  the  latter  is  completely  melted,  so  that  the  roof 
is  not  exposed  to  the  high  temperature  radiating  from  an 
open  arc.  The  roof  of  this  furnace  is  in  the  form  of  a  low 
arch  and,  in  practice,  an  extra  roof  is  built  on  a  separate 
frame,  so  that  the  old  one  can  readily  be  replaced  at  any 
time.  For  basic  operation,  the  hearth  is  lined  with  magnesite 
brick  to  a  thickness  of  nine  inches  or  more. 

Greaves-Etchells  Electric  Furnace 

The  Greaves-Etchells  furnace,  shown  in  Figs.  9  and  10,  has 
two  of  the  phases  connected  to  the  two  electrodes  above 
the  bath  while  the  third  phase  is  connected  to  a  copper  plate 
which    extends    over    the   bottom    of    the    furnace.      The    cur- 
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rent  flowing  through  the  hearth  generates  considerable  heat 
below  the  bath  and  the  electric  arcs  above  the  charge 
maintain  the  slag  and  surface  at  the  desired  temperature. 
Convexion  currents  in  the  metal  resulting  from  the  bottom 
heating  cause  a  continuous  circulation  of  the  metal  and^  uni- 
form heating.  The  hearth  lining,  which  is  at  least  20  inches 
thick,  is  made  of  dolomite,  magnesite,  and  other  materials, 
in  such  a  way  that  the  electrical  resistance  is  high  at  the 
inside  of  the  bath  in  proximity  to  the  charge  and  decreases 
rapidly  to  a  negligible  quantity  at  the  outside.  The  system 
of  transformer  ratios  is  arranged  to  give  a  balanced  con- 
dition when  the  upper  electrodes  are  in  equal  adjustment.  The 
equipment  has  been  designed  to  withstand  any  short-circuit- 
ing of  the  electrodes  which  may  occur  during  the  melting 
process  when  pieces  of  scrap  fall  against  the  electrodes.  The 
transformer  connections  are  such  that  the  short-circuit  cur- 
rent of  one  electrode  must  traverse  two  transformers  in  series 
and  in  different  phase,  which  automatically  lowers  the  power 
factor  momentarily  and  also  has  a  strong  buffer  effect;  the 
permanent  resistance  in  the  path  of  the  current  through  the 
hearth  also  limits  the  effect  of  short  circuits.  The  raising  or 
lowering  of  the  electrodes  for  regulating  the  energy  supplied 
by  the  furnace  may  be  effected  by  automatic  regulators  or  by 
hand  control.  The  voltages  across  the  arcs  may  also  be  varied 
in  all  except  the  smallest  size  of  furnace,  and  the  ratio  of 
heat  generated  above  and  below  the  bath  may  be  regulated 
over  a  wide  range.  The  tilting  mechanism  is  so  arranged  that 
the  spout  travels  downward  in  a  vertical  line  when  pouring. 

Girod  Electric  Furnace 

The  Girod  electric  furnace  is  an  arc-conduction  type  of  the 
class  having  bottom  connections.  The  current  is  supplied  by 
one  or  more  carbon  electrodes  A,  Fig.  11,  which  extend  ver- 
tically through  the  furnace  roof.  The  lower  ends  of  these 
electrodes  are  near  the  level  of  the  slag  as  in  other  furnaces. 
In  the  bottom  of  the  furnace  and  as  far  as  possible  from  the 
upper  carbon  electrodes,  there  are  six  or  more  steel  electrodes 
B  which  pass  through  the  refractory  bottom  and  are  in  direct 
connection  with  the  furnace  shell  and  the  low-tension  side 
of  the  power  plant.  With  this  arrangement,  the  current  is 
forced  to  pass  through  the  charge,  the  object  being  to  ob- 
tain a  more  uniform  heat  than  when  the  arc  is  formed  above 
the  charge  or  passes  through  the  upper  surface.  Another 
advantage  claimed  for  the  Girod  furnace  is  that  the  current 
passing  through  the  bath  produces  an  electromagnetic  field 
which  gives  the  bath  a  rotary  movement  and  accelerates  chemi- 
cal reaction. 
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The  Girod  furnace  may  be  adapted  to  any  system  of  cur- 
rent, and  the  usual  tension  is  65  volts  for  small  furnaces 
and  70  volts  for  large  ones.  The  use  of  single-phase  alternat- 
ing current  is  considered  preferable  for  furnaces  of  small 
capacity.  Furnaces  up  to  four  tons  in  capacity  are  generally 
single-phase  and  have  one  carbon  electrode,  whereas  larger 
sizes  are  three-phase  and  have  three  carbon  electrodes.  The 
use  of  a  single-phase  furnace  involves,  in  a  three-phase  dis- 
tribution system,  the  installation  of  rotary  converters  or  mo- 
tor generators  with  transformation  losses  of  about  14  per  cent. 
The  three-phase  furnace  simply  requires  step-down  trans- 
formers with  energy  losses  of  only  3  or  4  per  cent.  The  con- 
nections of  a  three-phase  furnace  are  arranged  to  give  an 
equal  load  on  each  phase.  The  furnace  is  fitted  with  a  slid- 
ing door  through  which  the  charge  is  inserted  and  the  slag 
removed.     Opposite  the  door  is  the  tap  hole. 

Electrodes  for  Electric  Furnaces  and  Their  Regrulation 

The  electrodes  used  in  electric  furnaces  for  steel  melting 
and  refining  are  made  either  of  amorphous  or  graphitic  car- 
bon. The  graphite  electrodes  are  generally  used  on  the  long- 
arc  type  of  furnace,  but  many  short-arc  furnaces  are  provided 
with  amorphous  carbon  electrodes,  because  of  the  "umbrella" 
effect,  since  they  are  twice  as  large  In  diameter  as  the  graphite 
electrodes  and  afford  better  protection  for  the  roof  against 
the  intense  heat  radiated  directly  from  the  arc.  While  the 
electric  conductivity  of  graphite  is  much  higher  than  that 
of  Eimorphous  carbon,  the  former  is  more  expensive.  The 
number  of  electrodes  depends  upon  the  kind  of  current  used 
and  whether  or  not  there  are  electrical  connections  through 
the  bottom  of  the  furnace.  With  bottom  connections,  a  single- 
phase  furnace  requires  one  electrode;  a  two-phase  furnace, 
two  electrodes;  and  a  three-phase  furnace,  three  electrodes. 
If  there  are  no  bottom  connections  and  the  current  either 
passes  from  one  electrode  to  the  other  through  the  bath  or 
if  the  electrodes  are  arranged  to  maintain  the  arc  above  and 
clear  of  the  bath,  then  a  single-phase  furnace  requires  two 
electrodes;  a  two-phase  furnace,  four  electrodes;  and  a  three- 
phase  furnace,  three  electrodes. 

The  adjustment  of  the  electrodes  to  regulate  the  length  of 
arc  and  the  flow  of  the  current  may  be  effected  by  hand,  but 
an  automatic  regulating  device  Is  generally  employed.  Hand 
regulation  involves  constant  attention  on  the  part  of  the  op 
erator,  and  is  laborious  on  the  large  furnaces  so  that  auto 
matlc  regulation  Is  preferable.  The  Thury  system  of  regula 
tion  as  applied  to  a  three-phase  furnace,  has  three  regulators, 
there  being  one  for  each  electrode.  The  electrodes  are  main 
tained  In  the  desired  positions  by  means  of  these  regulators. 
In  conjunction  with  the  motor-driven  electrode  adjusting 
mechanism.  The  regulators  are  connected  to  a  ni.itor-drlven 
countorshnft,  and  each   regulator  is  in  the  form  of  a  double- 
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throw  switch  for  rotat- 
ing the  motor  in  either 
direction.  The  opera- 
tion of  this  switch  is 
controlled  by  a  s  o  1  e  - 
noid  which  is  energized 
by  current  from  a  series 
transformer  In  the 
main  circuit  on  the 
high-tension  side.  The 
regulating  mechanism 
controlling  the  switch 
is  held  in  equilibrium 
when  the  flow  of  the 
current  is  normal.  Any 
decided  variation  in  the 
flow  causes  the  regu- 
lator switch  to  be 
thrown  in  whatever  di- 
rection is  required  to 
restore  the  normal  current  flow  by  adjusting  the  electrodes. 
The  electrode  holders  should  be  water-cooled  in  order  to  pre- 
vent arcing  at  the  connections,  although  this  may  not  be 
necessary  on  very  small  furnaces. 

The  automatic  electrode  control  made  by  the  General  Elec- 
tric Co.  has  a  control  panel  consisting  of  three  sections.  On 
the  upper  section  are  located  three  electrode  groups,  each  con- 
sisting of  one  contactor  group  and  one  shunt  relay.  The 
shunt  relay  is  connected  across  the  alternating-current  cir- 
cuit, and  if  the  latter  is  broken  or  the  power  fails  tor  any 
reason,  the  relay  opens  the  control  circuits,  thus  preventing 
damage  to  the  furnace  and  loss  of  heat.  The  contactor  group 
consists  of  one  raising  contactor,  one  lowering  contactor,  and 
one  dynamic  breaking  contactor,  all  mechanically  interlocked. 
On  the  middle  section  of  the  panel  there  is  a  glass  case  con- 
taining three  contact-making  ammeters,  each  controlling  one 
contactor.  Below  each  ammeter  there  is  a  dial  switch  for 
varying  the  number  of  effective  turns  in  the  ammeter  coil  and 
in  this  way  the  amount  of  power  fed  to  the  furnace.  (A  more 
recent  design  is  equipped  with  a  rheostat  in  shunt  with  the 
ammeter  coil.)  On  the  bottom  section  of  the  panel,  there  are 
four  double-pole  single-throw  switches.  One  of  these  is  a 
totalizing  switch  for  the  electrode  motors,  each  motor  being 
controlled  by  one  of  the  three  additional  switches.  On  the 
back  of  the  panel,  three  contactors  are  located  for  varying  the 
resistance  in  series  with  the  electrode  motors  when  changing 
from  normal  to  the  emergency  conditions,  and  vice  versa.  • 

Electric  Furnace  Linlnifs 

Magnesite  and  silica  are  the  chief  materials  used  for  electric 
furnace  linings.  In  a  basic  furna<;e,  the  lining  of  the  hearth 
up  to  a  point  a  little  above  the  slag  line  is  usually  of  magne- 
site, although  dolomite  may  also  be  used.  The  furnace  wall 
above  the  slag  line  may  be  lined  with  silica,  magnesia,  or 
chro.ne  brick,  the  material  being  selected  according  to  condi- 
tions. Silica  is  used  for  the  roof  lining  of  a  basic  furnace, 
and  an  add  furnace  is  lined  with  silica  throughout. 

The   Renn<;rfflt   furnace   Illustrated   In   Fig.   7   is   lined   tor 


basic  operation.  Firebrick  is  placed  next  to  the  shell,  as 
indicated  by  the  single  section  lines.  The  next  layer,  which 
extends  slightly  above  the  slag  line,  consists  of  magnesite 
bricks  (indicated  by  cross-hatching  or  double  section  lines) 
and  an  inner  fused  lining  of  dead  burned  magnesite.  The 
side  walls  from  the  point  where  the  magnesite  bricks  end, 
up  to  the  roof,  are  lined  with  silica  bricks  which  are  also  used 
tor  the  roof.  For  acid  operation,  the  bottom  of  the  furnace 
would  be  made  up  of  silica  bricks  with  a  fused  lining  of 
ganister  on  top,  and  the  walls  and  roof  would  be  lined  with 
silica  brick. 

Electric  Furnace  Current  Consumption 

The  current  consumed  by  an  electric  furnace  per  ton  of 
metal  refined  or  melted  depends  somewhat  upon  the  kind  of 
steel,  the  degree  of  refining,  the  size  of  the  furnace,  and  the 
general  operating  conditions.  A  furnace  melting  and  refining 
plain  carbon  steel  may  have  a  current  consumption  as  low  as 
450  kilowatt-hours  per  net  ton,  whereas,  in  the  case  of  alloy 
steels,  the  consumption  may  vary  from  600  to  800  kilowatt- 
hours.  The  current  consumption  is  usually  larger  for  the 
smaller  installations  and  may  be  800  or  900  kilowatt-hours 
for  a  furnace  operating  on  special  steels.  When  the  sulphur 
and  phosphorus  contents  with  a  given  grade  of  scrap  must  be 
reduced  to  very  low  limits,  more  power  is  required,  because 
more  slag,  made  principally  of  lime,  must  be  melted.  Electric 
furnaces  melting  cold  scrap  and  converting  it  into  tool  or 
alloy  steels  (using  two  slags)  ordinarily  have  a  current  con- 
sumption varying  from  700  to  800  kilowatt-hours  per  net  ton, 
whereas,  when  producing  a  merchant  grade  of  carbon  steel 
(using  one  slag),  the  consumption  may  not  exceed  from  500 
to  650  kilowatt-hours  per  ton,  the  amount  depending  upon  the 
size  of  the  furnace,  the  rapidity  of  the  melting,  and  the  grade 
of  the  scrap,  rusty  deoxidized  scrap  requiring  more  power. 
When  the  charge  is  not  melted  in  the  electric  furnace  and  the 
latter  is  used  in  conjunction  with  either  the  Bessemer  con- 
verter or  the  open-hearth  furnace,  the  current  consumption  is 
relatively  low.  For  instance,  furnaces  operating  on  the  triplex 
system  have  required  only  110  kilowatt-hours  per  ton. 
*     *     * 

CONVENIENT  SHOP  OPERATION  SHEET 

The  accompanying  illustration  shows  a  shop  operation  sheet 
used  by  the  Rockford  Milling  Machine  Co.,  which  makes  it 
possible  to  keep  a  convenient  record  of  all  the  information 
required  in  connection  with  the  manufacture  of  parts.  It  will 
be  noted  that  on  this  sheet  the  operation,  type  and  size  of 
machine,  tools,  fixtures,  and  gages  used,  speeds,  feeds,  depth 
of  cut,  material  to  be  used,  estimated  time  for  setting  up  the 
job  and  for  machining,  as  well  as  the  total  time  for  doing  the 
work,  are  given.  In  addition,  columns  are  provided  tor  record- 
ing the  number  of  parts  finished,  number  of  parts  lost  in  opera- 
tion, and  number  of  parts  found  detective.  A  column  giving 
the  operator's  number  identifies  the  work  with  the  man  doing 
it.  This  operation  sheet  has  been  found  convenient  and  meets 
the  requirements  very  well.  In  tlie  column  headed  "Time  Per 
Each  Operation"  is  recorded  the  time  on  a  certain  quantity 
of  pieces  for  each  setting.  In  the  next  column  is  recorded  the 
time  on  one  piece  for  each  setting. 
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Strength  of  Spiral- 
Type  Bevel  Gears 


Formulas  for  Determining  Strength   of   Spiral-type  Bevel  Gears 
and  Principles  upon  which  they  Depend — By  Reginald  Trautschold' 


AUTOMOBILE  manufacturers  who  have  adopted  the  spiral 
type  of  bevel  gears  in  their  transmissions  have  discov- 
'  ered  that  such  gears,  when  accuratelj-  formed  by  gen- 
erating machines,  are  appreciably  stronger  than  similar  bevel 
gears  with  straight  teeth.  With  the  present-day  tendency  to 
lighten  car  construction  as  much  as  possible,  so  as  to  reduce 
the  dead  weight  propelled  by  the  engine,  the  gearing  unques- 
tionably offers  a  field  in  which  a  certain  saving  in  weight  can 
be  profitably  made.  Any  reduction  in  the  weight  of  gearing 
can  only  be  considered,  however,  if  there  is  no  sacrifice  in 
safety;  that  is,  the  gearing  must  be  proportioned  for  strength 
according  to  the  accepted  Lewis  formula  for  the  strength  of 
gear  teeth.  Departure  from  the  proved  practice  of  years  would 
be  detrimental  to  the  interests  of  any  manufacturer  reckless 
enough  to  disregard  past  experience.  The  spiral  type  of  bevel 
gear  is  quite  unlike  the  plain  spur  gear,  so  that  neither  the 
Lewis  formula  nor  the  modified  form  suggested  by  Carl  G. 
Barth,  in  which  the  speed  factor  ratio  is  introduced,  can  be 
used  without  considerable  modification. 

Before  considering  these  modifications,  a  peculiar  feature  of 
the  spiral  type  of  bevel  gear  construction  should  be  investi- 
gated, as  it  materially  affects  the  strength  of  such  gears.  The 
cutter  angle  of  the  rotary  generating  tool  employed  to  form 
the  convex  side  of  the  teeth  is  slightly  greater  than  the  cutter 
angle  used  for  forming  the  concave  side.  The  variation  is 
slight,  but  it  is  sufficient  to  give  to  each  side  of  the  tooth  a 
slightly  different,  although  similarly  curved,  profile.  The  effect 
of  this  construction  on  forward  rotation  is  similar  to  that  pro- 
duced if  the  driving  member  in  a  gear  combination  has  a 
greater  pressure  angle  than  the  driven  gear;  the  contact  will 
commence  on  the  pitch  line  of  the  teeth,  not  at  the  top  of  the 
teeth,  as  when  the  pressure  angles  of  both  gears  are  similar. 

In  Fig.  1  is  shown  the  outline  of  a  14.5-degree  driven  tooth 
superimposed  on  a  tooth  having  a  20-degree  pressure  angle, 
but  which  Is  otherwise  of  the  same  pitch  proportions.  The 
illustration  shows  only  the  outline  of  the  teeth,  but,  as  the 
tooth  spaces  must  be  conjugates  of  the  teeth,  it  is  evident 
that  contact  between  addendum  tooth  profiles  cannot  take 
place  between  advancing  tooth  profiles  in  such  an  arrange- 
ment. As  the  addendum  section  of  the  driving  tooth  rolls  into 
contact  with  the  dedendum  section  of  the  driven  tooth,  a  slight 
acceleration  will  be  given  to  the  driven  gear.  This,  however, 
will  not  load  the  receding  tooth  profiles  if  the  variation  in 
their  respective  pressure  angles  Is  reversed,  as  it  is  in  the 
spiral  type  bevel  gear  construction,  for  then  the  more  obtuse 
pressure  angle  of  the  advancing  drlven-gear  profile  makes  that 
profile  slightly  flatter  than  the  receding  profile  of  the  driving- 
gear  tooth.  An  exactly  similar  action  takes  place  when  spiral- 
type  bevel  gears  are  run  together  In  forward  rotation:  The 
advancing  profile  of  the  driving  gear  has  a  slightly  more  ob- 
tuse pressure  angle  than  the  contact  profile  of  the  driven  gear, 
while  the  pressure  angles  of  the  opposite  profiles  are  reversed. 
The  variation   In   the  pressure  angle  of  the  convex  and  the 
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concave  tooth  profiles  is  so  slight  in  spiral-type  bevel  gears, 
however,  that  there  is  no  appreciable  acceleration  as  the  gears 
roll  into  mesh,  but  there  can  be  no  stress  on  the  teeth  until 
they  are  in  full  mesh.  This  peculiarity,  as  well  as  the  fact 
that  more  than  one  set  of  teeth  is  always  partly  in  full  mesh, 
has  much  to  do  with  the  silent  properties  of  spiral-type  bevel 
gears,  and  explains  why  they  may  be  considerably  stronger 
than  similarly  proportioned  straight-tooth  bevels. 

Pig.  2  illustrates,  diagrammatically,  the  stress  to  which  gear 
teeth  of  the  same  pitch  and  size  of  gear,  but  differing  in  pro- 
portions, are  subject  at  the  instant  of  the  first  contact.  At  A 
is  shown  an  ordinary  involute  tooth  of  standard  proportions; 
at  B,  an  involute  tooth  with  an  addendum  equal  to  three-tenths 
the  working  depth  of  the  tooth,  but  of  the  same  total  depth; 
and  at  C,  the  stress  to  which  a  spiral-type  bevel  gear  tooth 
proportioned  similarly  to  the  tooth  shown  at  B  will  be  subject. 

Investigation  of  a  number  of  ordinary  involute  teeth  of 
standard  proportions  that  have  been  broken  through  excessive 
stress  shows  that  fracture  invariably  occurs  just  within  the 
dedendum  circle,  at  a  point  approximately  7  per  cent  of  the 
circular  pitch  from  the  dedendum  circle.  The  line  of  fracture 
for  teeth  with  an  addendum  equal  to  three-tenths  the  working 
depth  probably  occurs  somewhat  nearer  the  pitch  circle,  so 
that  the  line  of  fracture  for  the  average  tooth  may  safely  be 
taken  as  on  the  dedendum  circle,  even  in  the  case  of  a  tooth 
that  is  appreciably  under-cut.  The  breaking-moment  arm  M 
is,  then,  the  length  of  a  normal  from  the  center  of  the  fracture 
line  to  the  pressure  plane  through  the  point  of  first  contact. 
The  force  exerted  on  the  tooth  at  the  instant  of  first  contact  is, 
obviously,  the  same  in  amount  for  the  three  tooth  construc- 
tions illustrated,  so  that  the  strength  of  the  respective  teeth  is 
governed  simply  by  the  length  of  the  breaking-moment  arm  Jf 
and  the  square  of  the  chordal  root  thickness  of  the  tooth  at 
its  weakest  section,  or  just  above  the  fillets. 

Proportioning  the  teeth  with  a  short  addendum  and  a  long 
dedendum,  as  shown  at  B,  Fig.  2,  increases  the  breaking- 
moment  arm  il  slightly,  and  at  the  same  time  decreases  the 
chordal  thickness  at  the  root  of  the  tooth,  so  that  the  resulting 
tooth  is  considerably  weaker  than  one  of  the  same  pitch,  etc., 
and  of  standard  proportions.  Conversely,  a  tooth  with  a  long 
addendum  and  a  short  dedendum  is  stronger  than  a  tooth  of 
standard  proportions.  If  the  proportions  of  the  tooth  shown 
at  B  are  retained,  but  the  loading  of  the  tooth  delayed  until 
the  pressure  Is  first  applied  at  the  pitch  line,  as  In  the  case  of 
the  driven  gear  in  a  set  of  spiral  type  (which  is  usually  the 
weaker  member  of  the  combination  on  account  of  Its  short 
addendum  and  long  dedendum)  or  as  illustrated  at  C.  Fig.  2. 
the  bri-aking-nioment  arm  .U  is  considerably  reduced,  although 
the  chordal  thickness  of  the  tooth  remains  the  same.  The  re- 
sult Is  a  stronger  tooth  than  the  tooth  of  standard  proportions. 

Broaklnir-moment  Arm  Factor 

In  the  case  of  the  teeth  shown  at  A  and  B.  Fig.  2,  the  length 
of  the  breaklngnioment   arm,  assuming  the   probable  line  of 
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fracture  to  be  tangent  to  the  dedendum  circle,  is  dependent, 
for  all  practical  purposes,  upon  the  whole  depth  W  o£  the  tooth 
and  the  pressure  angle  at  the  instant  of  contact.  Actually,  the 
governing  length  of  the  tooth  is  equal  to  the  distance  between 
a  plane  tangent  to  the  dedendum  circle  at  the  neutral  axis  of 
the  tooth  and  the  point  of  first  contact;  this  dimension  is  but 
slightly  less  than  the  whole  depth  of  the  tooth.  The  decrease 
is  equal  to  the  height  of  the  arc  forming  the  top  of  the  tooth, 
or,  in  the  case  of  the  tooth  shown  at  C,  to  the  height  of  the 
semicircular  pitch  arc.  As  the  whole  depth  of  the  tooth  will 
be  used  only  for  comparative  ratios,  any  error  arising  in  the 
calculation  of  the  breaking-moment  arm  M  may  be  safely  over- 
looked.   The  ratio  of  the  breaking-moment  arm  to  the  whole 
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Fig.  1.    Tooth  Profiles  with  Different  Pressure  Angles 

depth  W  of  the  tooth  will  then  equal  the  ratio  of  the  diameter 
of  the  base  circle  of  the  gear  to  the  diameter  of  the  circle  on 
which  tooth  contact  first  occurs,  so  that  the  breaking-moment 
arm  is  equal  to  the  whole  depth  of  the  tooth  multiplied  by  the 
quotient  of  the  base  circle  diameter  divided  by  the  diameter 
of  the  circle  of  first  tooth  contact. 

In  the  case  of  gears  on  which  tooth  contact  commences  at 
the  top  of  the  teeth  (all  gears  with  similar  pressure  angle 
for  either  tooth  profile),  the  breaking-moment  arm  is  equal  to 
the  product  of  the  whole  depth  of  tooth  multiplied  by  the 
diameter  of  the  base  circle  divided  by  the  outer  diameter  of 
the  gear.  In  the  case  of  gears  on  which  tooth  contact  does 
not  occur  until  they  are  In  full  mesh  (gears  on  which  the 
first  tooth  contact  occurs  on  the  pitch  line),  as  with  spiral- 
type  bevel  gears,  the  breaking-moment  arm  is  equal  to  the 
product  of  the  dedendum  multiplied  by  the  diameter  of  the 
base  circle  divided  by  the  pitch  diameter.  The  dedendum 
dimension  is  used  in  this  case  instead  of  the  whole  depth  of 
the  tooth,  as  contact  between  meshing  teeth  does  not  occur 
over  the  addendum  section  of  the  short-addendum  gear.  (See 
Fig.  2  and  derivation  of  breaking-moment  arm  formulas.) 

The  Influence  of  the  altered  breaking-moment  arms  on  the 
strength  of  the  teeth  is  found  by  dividing  the  breaking-moment 
arm  for  teeth  with  standard  addendum  (1)  by  the  breaking- 
moment  arm  for  teeth  with  short  addendum,  and  (2)  by  the 
breaking-moment  arm  for  teeth  of  the  spiral-type  bevel  gear 
variety  with  short  addendum.  For  standard  gears  with  the 
addendum  equal  to  three-tenths  the  working  depth  of  the  tooth, 
the  modified  breaking-moment  arm  factors  are  equal  to  the 
Btrength  factor  of  gear  teeth  with  standard  addendum  multi- 
plied by  the  ratio  of  the  number  of  teeth  plus  1.2  to  the  num- 
h"T  of  teeth  plus  2.  For  spiral-type  bevel  gears  with  short 
addendum,  the  modified  breaking-moment  arm  factors  are 
equal  to  the  stronglh  factor  of  gear  teeth  with  standard  ad- 
dendum multiplied  by  the  quotient  of  1.385  times  the  number 
of  toeth  divided  by  the  number  of  teeth  plus  2.  In  tha  first 
Instanco,  the  breaklnjc  moment  arm  factor  Is  Bomcwhat  In- 
croajted,  and  In  the  second,  It  Is  appreciably  reduced. 

For  gears  In  which  the  addendum  Is  made  Heven-tenths  the 
working  depth  of  the  tooth  (mating  pinions  for  gears  with 
short-addendum  tooth),  tho  breaking  moment  arm  factor  Ih 
considerably  rodunod,  wholhor  tho  load  Is  first  applied  at  thf 
top  of  the  looth  or  on  tho  pitch  linn,  os  In  tho  rase  of  splnil- 
type  bevel  Ke<ars.  For  siirli  loMKnddfBndiim,  sliort-dedi-ndiini 
pinions,  tl).  r:..i,.r:,  -  ..nirollInK  Iho  stn^nKth  of  tho  teeth  due 
to  tho  do'T'  :'im  dimensions  arc  dorlvoil  In  a  mannor 

similar   lo   •  "d   for  uxoorlnliilng  tho  corresponding 

fdrtors  for  Hliort  fidilitiKlum  looth.  For  standard  pinions  with 
long-addnndum  tnoth,  tho  modified  bronklng  momi^nt  arm  far- 
tors  nro  oqiinl  to  tho  strnnglh  factor  of  gmir  tnolli  with  slanil 


ard  addendum  multiplied  by  the  ratio  of  the  number  of  teeth 
plus  2.8  to  the  number  of  teeth  plus  2.  For  spiral-type  bevel 
gears  with  long  addendum,  these  factors  are  equal  to  the 
strength  factor  of  gear  teeth  with  standard  addendum  multi- 
plied by  the  quotient  of  2.85  times  the  number  of  teeth  divided 
by  the  number  of  teeth  plus  2. 

Root  Thickness  Factor 

Reducing  the  addendum  and  correspondingly  increasing  the 
dedendum  dimensions  of  gear  teeth  results,  if  the  gear  has 
twelve  or  more  teeth,  in  reducing  the  root  thickness  of  the 
teeth — under-cutting  the  teeth — so  that  such  practice  is  limited 
to  gears  with  a  considerable  number  of  teeth.  In  gears  with 
less  than  twelve  teeth,  the  comparatively  large  angle  included, 
subtended  on  the  dedendum  circle,  is  greater  than  the  pressure 
angle,  so  that  there  is  a  slight  increase  in  the  root  thickness 
of  the  teeth.  In  any  case,  the  circular  thickness  G  of  gear 
teeth  on  an  arc  just  clearing  the  fillets  is  proportional  to  the 
distance  between  the  tops  of  similar  adjacent  involute  rack 
teeth.  The  chordal  thickness  T  of  the  teeth  just  above  the 
fillets,  the  thickness  of  the  teeth  on  the  probable  line  of  frac- 
ture, is  equal  to  the  dedendum  diameter  of  the  gear  plus  twice 
the  clearance  multiplied  by  the  sine  of  the  angle  measured  on 
the  pitch  circle  by  one-half  the  circular  thickness  of  the  teeth 
just  above  the  fillets. 

Dividing  the  chordal  thickness  of  teeth  with  standard  adden- 
dum by  that  of  teeth  with  short  or  long  addendum,  measures 
the  proportional  root  thickness  resulting  from  increasing  or 
decreasing  the  dedendum.  In  the  instance  of  making  the 
addendum  three-tenths  the  working  depth  of  the  tooth,  the 
reduction  in  root  thickness  increases  with  the  number  of  teeth 
above  twelve,  but  for  gears  with  less  than  twelve  teeth,  the 
root  thickness  is  slightly  increased.  On  the  other  hand,  when 
the  addendum  is  made  equal  to  seven-tenths  the  working  depth 
of  the  tooth,  the  root  thickness  is  increased  for  gears  with 
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l<Mi  or  niori'  tcoth,  Mi(>  MuTeiiso  becoming  larger  iiinl  larger 
iiH  the  gear  approiiclu'H  Mm  ruck  form.  The  root  tlilcUncHH  of 
pinions  with  long-addmidum  tooth  niimboring  loss  than  ton 
Is  slightly  roducod  wlion  tho  addendum  Is  mado  Hoven-tonths 
tho  working  depth  of  tho  tooth,  but,  owing  to  tho  roducod 
broaklngarm  moment,  the  tooth  nro  likely  to  bo  slightly 
strongor  than  tho  tooth  of  similar  goars  with  standard 
niMondiini 
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Comparative  Strength  of  Teeth  wit  i  Short  and  Long-  Addenda      M  for  Arrangement  A       2.157Z)cosa 

The  y  factor  in  the  Lewis  formula  for  the  strength  of  gear 
teeth  is  proportional  to  the  strength  of  the  teeth,  and,  if  this 

.V  +  1.2 
is  multiplied  by and  the  product  is  again  multiplied 


N 


X 


K  +  2 

by  the  square  of  the  comparative  root  thickness  just  above 
the  fillets,  a  similar  factor  y,  will  be  obtained  for  gears  with 
an  addendum  equal  to  three-tenths  the  working  depth  of  the 

1.385  XN 

tooth.    Similarly,  the  Lewis  y  factor  multiplied  by 

N  +  2 
and  then  by  the  square  of  the  comparative  root  thickness  just 
above  the  fillets  will  give  a  similar  factor  Y^  applicable  for 
calculations  for  the  strength  of  spiral-type  bevel  gears  with 
short  addendum.  For  pinions  with  long  addendum,  the  Lewis  y 
AT -f  2.8 

factor  multiplied  by and  then  by  the  square  of  the 

^■  +  2 
comparative  root  thickness  just  above  the  fillets  gives  a  sim- 
ilar factor  j/i,  for  pinions  with  an  addendum  equal  to  seven- 
tenths  the  working  depth  of  the  teeth;  and  the  Lewis  y  factor 
2.85  X  N 

multiplied  by and  the  product  by  the  square  of  the 

^■  +  2 
comparative  root  thickness  gives  a  factor  ya,  which  is  applica- 
ble for  the  calculation   of  the  strength   of  spiral-type  bevel 
pinions  with  long  addendum. 

Notation  of  Breakingr-moment  Arm  Formulas 

D  =  pitch  diameter; 

B  =  base  circle  diameter; 

/  =  clearance; 

N  =  number  of  teeth ; 

O  =  outside  diameter; 

W=  whole  depth  of  tooth ; 

a  =  pressure  angle; 

M=  breaking-moment  arm ; 

Arrangement  A  =  straight-tooth  gears  with  standard  adden- 
dum; 

Arrangement  B  =  straight-tooth  gears  with  short  addendum; 

Arrangement  C  =  spiral-type  bevel  gears  with  short  adden- 
dum. 


Breaking-moment  Arm  Formulas 

2D 
W  —  f  = 


■■  D  cos  a 
2.157D 


0.157D 


W  =  - 


N 
Arrangement  A: 

WD  cos  a 


M 


WB 

0      D+iw—n 


/  =  ■ 


2.157D  X  Decs o 


DN  +  2D 


2.1577) cos  a 

N  +  2 


Arrangement  B: 


WB 


WD  cos  a 


M    = 


•/) 


0  D  +  0.6(W- 

2.157i3  X  Decs  a 

2.1B7i3c03a 


N 


DN  +  1.2D 


N  +  1.2 


Arrangement  C: 


N 


[0.7(W  — /)  +/]B 


(1.4D  +  0.157D)  Dcoso 
N 


M  for  Arrangomont  .1 
U  for  Arrangement  B 


D 

2.157DcOBa 

N  +  2 


1.557i>coaa 

N 
W-f  1.2 

2.157Dcosa 


A?-f-1.2 
Jf  +2 


If  for  Arrangement  C  N  +  2  1.557Z)C08a       N  +  2 

Notation  of  Root  Thickness  Formulas 
D  =  pitch  diameter; 
P  =  diametral  pitch; 
X  =  number  of  teeth ; 

J'  =  chordal  thickness  of  tooth  above  fillets; 
C  =  circular  thickness  of  tooth  above  fillets; 
Z>i  =  dedendum  diameter  plus  twice  the  clearance; 
a  =  pressure  angle; 
^  =  angle  measured  by  half  of  circular  root  thickness  above 

fillets; 
Arrangement  A  =  straight-tooth   gears  with   standard   adden- 
dum; 
Arrangement  B  =  straight-tooth  gears  with  short  addendum; 
Arrangement     C  =  spiral-type  bevel  gears  with  short  adden- 
dum; 
Arrangement  D  =  straight-tooth  gears  with  long  addendum; 
Arrangement  E  =  spiral-type  bevel  gears  with  long  addendum. 


Arrangement  A: 

D,  =  D 


Root  Thickness  Formulas 

2D        N         2        N  —  2 
N         P         P  P 


STRENGTH  FACTORS  FOR  MODIFIED  LEWIS  FORMULAS  FOR 
GEARS  'WITH  LONG-  AND  SHORT-ADDENDUM  TEETH 


Factor  for 

Factor  for 

Spiral-type 

Number 

Standard 

Gears  with 

Bevel 

of 

Factor 

Short 

Gears  with 

with  Long 

Pinions 

Teeth 

7 

Addendum 

Addendum 

Addendum 
7i 

with  Long 

Addendum 

Ji 

8 

0.051 

0.052 

0.062 

0.053 

0.111 

9 

0.055 

0.054 

0.066 

0.058 

0.127 

10 

0.059 

0.056 

0.070 

0.064 

0.142 

11 

0.063 

0.059 

0.074 

0.069 

0.157 

12 

0.067 

0.062 

0.078 

0.076 

0.172 

13 

0.070 

0.063 

0.081 

0.079 

0.185 

14 

0.072 

0.065 

0.083 

0.082 

0.195 

15 

0.075 

0.067 

0.086 

0.086 

0.208 

16 

0.077 

0.069 

0.089 

0.089 

0.216 

17 

0.080 

0.071 

0.092 

0.093 

0.227 

18 

0.083 

0.073 

0.095 

0.097 

0.23S 

19 

0.087 

0.076 

0.099 

0.101 

0.251 

20 

0.090 

0.079 

0.103 

0.105 

0.263 

21 

0.092 

0.080 

0.105 

0.108 

0.272 

23 

0.094 

0.082 

0.108 

0.111 

0.282 

25 

0.097 

0.084 

0.111 

0.115 

0.294 

27 

0.100 

0.086 

0.114 

30 

0.102 

0.088 

0.117 

34 

0.104 

0.089 

0.120 

38 

0.107 

0.091 

0.122 

43 

0.110 

0.093 

0.126 

50 

0.112 

0.095 

0.128 

60 

0.114 

0.096 

0.130 

75 

0.116 

0.097 

0.132 

100 

0.118 

0.099 

0.134 

yarMnfty  1 

0.7854  +  tano 


360  (0.7854 -f  tana) 


119.63 


-.   for  14.5-degree   Involute  teeth 


r  =  D,  sin  /3  = 


{N  —  2)  sin/S 


Arrangements  B  and  C: 
N 
D,  =  — 
P 


2.8        2V  — 2.8 


P  P 

0.7SS4  -I-  1.4  tana 
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360  (0.7854  +  1.4  tan  a) 


for  14.5-degree  involute  teeth 
(A'  — 2.8)  sinft 


T  =  Dj  sin  ^  =  ■ 

Arrangements  D  and  E: 
A'  — 1.2 


0.7854  +  0.6  tana 


Di- 


P 

107.78 


A" 


for  14.5-degree  involute  teeth 
(2^  —  1.2)  sin^. 


T  =  D^  sin  ft  =  — 

T  for  Arrangement  A 

T  for  Arrangements  B  and  C 

T  for  Arrangement  A 


P 

(37- 


•2)  sin;S 


(W  — 2.8)  sinft 
(^•  — 2)  sln;3 


•=  T, 


T  for  Arrangements  U  and  E       (N  —  1 . 2 )  sin  ft 

Notation  of  Formulas  for  Finding  Strength  Factors  for 
Modified  Lewis  Fonnula 

y  =  standard  factor ; 

Y,  =  factor  for  gears  with  short  addendum,  0.3  times  work- 
ing depth  of  tooth; 
rj=  factor  for  spiral-type  bevel  gears  with  short  addendum; 
1/,  =  factor  for  pinions  with  long  addendum,  0.7  times  work- 
ing depth  of  tooth ; 
j/2  ^  factor  for  spiral-type  bevel  pinions  with  long  addendum; 
X  =  number  of  teeth  in  gear; 
7",  and  r,  =  chordal  thickness  of  teeth  above  fillets. 

Formulas  for  Finding  Streagrth  Factors  for  Modified  Lewis  Form- 
ulas for  Gears  with  Long  and  Short  Addendum  Teeth 


y.  =  - 


N  +  2 
l.ZiSyyT,' 


Tiy  (W  +  2.8) 
2.S5NyT,' 


N  +  2 


N  +  2 


Notation  of  Formulas  for  Strength  and  Power  Capacity 
oJ  Sptral-type  Bevel  Gears 


H  =  sate  working  stress,  in 
pounds  per  square  Inch; 

P  =  diametral  pitch; 

P,  =  circular  pitch,  outer  end 
of  teeth; 

P,  =  average    circular    pitch; 

0  =  pitch  diameter,  outer; 

D  =  average  pitch  diameter; 


'N  =  number  of  teeth; 

/•'  =  face  width; 

K  =  distance    from    apex    to 

outer  end  of  tooth; 
i  =  center  angle; 
0  =  spiral  angle; 
R  =  revolutions  per  minute; 
V  =  average  velocity  in  feet 

per  minute. 


FormulaN  for  Strontrth  and  Power  Capacity  of  Spiral-type 
Bevel  Qeurn 


2  fin  a 
3.1416 


(V) 


(2) 


P,  (A'  — O.B/'') 


P,  =  - 


JD=^0.3183/',N 


(3) 


(4) 


V=.0.2filH/>W  (5) 

Total  load  on  Hplrnl-typc  bovcl  gear  teeth  =  trnniimltted 

load  X  HOC  0  (fi) 

Trnnnmlttcil  load  <^  total  load  X  coi  0  (7) 

Straight-tooth  bcvot  Konm  with  iitundard  addendum: 


Safe  load  ^  Sp.lh 


(R) 


Straight-tooth  bevel  gears  with  short  addendum,  0.3  times 
working  depth  of  tooth: 


Safe 


/        600      \ 

load  =  SP,FY,      

\  600  +  7  / 


(9) 


Spiral-type  bevel  gears  with  short  addendum: 

1200 
Safe  load  =  SP.FY,  cos  0 


(10) 
1200  +  V 

Straight-tooth  bevel  pinions  with  long  addendum,  0.7  times 
working  depth  of  tooth: 

600 
Safe  \oa.A  =  SP,Fy,  I  I  (11) 


(12) 


600  +  7 

Spiral-type  bevel  pinions  with  long  addendum 

1200 
Safe  load  =  SP^Fy^  cos  0 


1200  +  V 
Power  capacity  of  bevel  gears: 

safe  load  X  V 

Horsepower  = 

33,000 


(13) 


Notes  on  Formulas  for  Strength  of  Bevel  Gears 
The  Lewis  formula,  as  modified  for  straight-tooth  bevel 
gears,  is  not  directly  applicable  to  spiral-type  bevel  gears  by 
the  simple  substitution  of  new  y  values,  as  two  other  pecu- 
liarities of  that  type  of  gear  materially  affect  its  strength  and 
power-transmitting  capacity.  In  the  first  place,  there  is  an 
entire  absence  of  shock,  as  spiral-type  bevel  gears  roll  into 
mesh.  In  this  respect,  they  are  similar  to  gears  of  the  her- 
ringbone type  and  the  same  modification  of  the  strength 
formula  should  be  made  as  has  been  found  necessary  for  her- 
ringbone gears.  W.  C.  Bates  found  that  the  transference  of 
load  from  tooth  to  tooth  without  shock  in  herringbone  gearing 
modified  the  speed-factor  ratio  added  to  the  Lewis  formula  by 
Carl  G.  Barth  by  changing  the  constant  600  to  1200.  This 
modification,  which  has  been  necessary  in  the  case  of  her- 
ringbone gears,  should  also  be  made  in  the  case  of  spiral-type 
bevel  gears,  as  the  two  types  are  similar  as  far  as  elimina- 
tion of  shock  is  concerned.  The  second  modification  is  caused 
by  the  thrusj  produced  by  the  obliquity  of  the  spiral  teeth  and 
is  dependent  upon  the  spiral  angle  of  the  gear.  The  total 
load  on  a  spiral-type  bevel  gear  tooth — the  resultant  of  the 
transmitted  load  and  the  thrust — is  equal  to  the  transmitted 
load  multiplied  by  the  secant  of  the  spiral  angle.  Then  the 
sate  load  that  can  be  put  on  the  spiral-type  bevel  gear  is  the 
load  that  it  could  carry  were  it  not  for  the  thrust  multiplied 
by  the  cosine  of  the  spiral  angle.  The  safe  load  for  spiral- 
type  bevel  gear  teeth,  therefore,  takes  the  form  given  in 
Formula   (10). 

Example — Required  the  horsepower  and  safe  load,  when  run 
at  600  revolutions  per  minute  and  having  a  safe  working 
stress  S  of  15,000  pounds  per  square  inch,  25  teeth,  5  diam- 
etral pitch,  and  a  1.75-lnch  face:  (a)  of  a  90-degree  spiral- 
type  bevel  gear  having  a  30-degree  spiral  angle  and  a  short 
addendum;  (b)  of  a  90-degree  straight-tooth  bevel  gear  with 
a  standard  addendum;  and  (c)  of  a  straight-tooth  bevel  gear 
with  a  short  addendum;  that  la,  0.3  addendum  and  0.7 
dedendum. 

Applying  Formula   (2),  the  circular  pitch  P,  measured  at 

the  outer  end   of  the  teeth   Is  3.1416^6  =  0.6283  Inch.     As 

the   outer   pitch    diameter   0    Is   25  -i-  5  =  5    Inches   and    the 

center    angle    8    is    45    degrees,    by    Formula    (1),    the    apex 

5 

distance  E  Is  =  3.535  Indies.       The  average  clr- 

2  X  0.70711 
ciilar  pitch  P„  therefore,  by  Formiiln  (3),  is 
0.0283  (3.535  —  0.875) 


0.4728  Inch 


3.636 

Tlicn,  by  applying  Formula  (4),  the  average  pitch  dlum- 
etcr  It  IH  0.3183X0.4728X25^3.7623  Inches,  and,  by 
Korniulii  (5),  Ibc  nvoroKo  velocity  V  Is  0.2B18  X  3.7623  X 
600-^590.982,  Hoy   590   foot   per  nilnuto. 

For  (a),  then,  applying  Formula  (10).  the  »nfo  load  Ih 
15,000  X  0.4728  X  1.75  X  0.111  X  0.866  X  1200 

f-  800    poiiiulH, 

1200  -f  K90 
very    nearly,    ami    the   pnwor   capacity,   by    l'''orMuilii    (13),    Ih 
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800  X  590 

=14.3   horsepower. 

33,000 
For  (b),  by  Formula  (S),  the  safe  load  is 
15,000  X  0.4728  X  1.75  X  0.097  X  600 

=  606 .  99  pounds, 

600  +  590 
and  the  power  capacity,  by  Formula   (13),  is 
606.99X590 

=  10.85,  say  10.9,  horsepower. 

33,000 
For   (c),  by  Formula   (9),  the  safe  load  is 
15,000  X  0.4728  X  1.75  X  0.084  X  600 

=  525.64  pounds, 

600  +  590 
and  the  power  capacity,  by  Formula  (13),  is 
525.64  X  590 

=9.397,  say  9.4,  horsepower. 

33,000 
If  the  power  capacity  of  gear  (c),  which  is  9.4  horsepower, 
is    taken    as    1,    the    comparative   strength    of   gear    (b)    Is 
10.9 

=  1.16  X  gear    (c) ;    the   comparative    strength    of    gear 

9.4 

14.3  14.3 

(a)   is  =1.52  X  gear   (c) ;  and  =1.31  X  gear  (b). 

9.4  10.9 

This  example  shows  that  a  25-tooth,  5  diametral  pitch, 
1.75-inch  face,  90-degree  spiral-type  bevel  gear  with  a  30- 
degree  spiral  angle,  the  customary  obliquity,  and  constructed 
of  steel  having  a  safe  working  stress  of  5000  pounds  per  square 
inch  can  transmit  14.3  horsepower  at  600  revolutions  per 
minute.  A  similar  straight-tooth  bevel  gear  with  standard 
addendum  will  be  safe  to  transmit  less  than  11  horsepower 
at  the  same  speed;  while  a  straight-tooth  bevel  gear  with  an 
addendum  equal  to  three-tenths  of  the  working  depth  of  the 
tooth,  in  order  not  to  under-cut  the  mating  pinion,  will  only 
be  good  for  9 1/3  horsepower.  The  possible  saving  in  the 
weight  of  bevel  gearing  through  the  use  of  spiral-type  bevel 
gears  is  apparent,  as  the  spiral-type  bevel  gear  is  35  per  cent 
stronger  than  the  similar  straight-tooth  bevel  gear  with  stan- 
dard addendum,  and  56  per  cent  stronger  than  the  similar 
straight-tooth   bevel   gear  with   short   addendum. 


DELAYS  CAUSED   BY  EXACTING  GOVERN- 
MENT SPECIFICATIONS 

BT  A.  M.  M. 

The  government  specifications  that  accompanied  all  con- 
tracts for  machinery  or  raw  materials  previous  to  the  war 
were  so  exacting  that  manufacturers  were  obliged  to  make 
higher  bids  and  specify  more  time  on  government  contracts 
than  on  ordinary  commercial  work.  In  many  cases  manufac- 
turers found  that  only  by  producing  machinery  or  materials 
that  were  greatly  superior  to  the  generally  accepted  first-class 
commercial  product  could  they  meet  the  government  require- 
ments. Now  that  the  war  has  brought  a  demand  for  maximum 
production  to  all  our  manufacturing  concerns,  it  has  been 
found  that  these  over-exacting  specifications  have,  in  many 
cases,  seriously  affected  production.  It  has  also  been  found 
that  in  many  cases  these  specifications  can  be  made  less  exact- 
ing without  affecting  the  material  value  of  the  product.  If  the 
war  serves  to  eliminate  these  exacting  specifications  that  ex- 
perience and  careful  testing  prove  to  be  unnecessary,  a  great 
economic  work  will  have  been  accomplished.  If  specifications 
are  substituted  that  more  nearly  conform  to  those  that  have 
been  found  suitable  by  the  leading  manufacturers  of  high-class 
machinery,  the  manufacturing  concerns  will  not  be  obliged 
to  bid  higher  and  specify  more  time  on  government  contracts 
In  order  to  protect  themselves  from  the  delays  and  expense 
they  have  often  experienced  In  attempting  to  meet  the  govern- 
ment requirements. 

An  Instance  of  how  the  extremely  exacting  government 
specifications  affiTt  production  may  be  cited  In  the  manufac- 
ture of  condenser  tubes.  One  of  the  lending  manufacturers 
of  brass  tubes  for  condensers  was  given  a  government  contract 
for  large  quantities  of  condenser  tubes  with  Instructions  to 
rush  deliveries.    The  spoilflcatlons  Included  a  compression  test 


of  the  material  which  caused  the  ordinary  brass  that  had  previ- 
ously been  found  satisfactory  for  condensers  to  be  rejected. 
The  test  was  apparently  based  on  the  hardest  piece  which 
could  be  found  among  all  the  commercial  stock.  In  order  that 
the  tubes  might  pass  inspection,  it  was  necessary  to  make  the 
average  much  harder  than  the  ordinary  stock;  for  in  manu- 
facturing such  tubes  there  is  quite  a  wide  variation  in  the 
hardness,  and  in  order  that  a  large  percentage  should  not  fall 
below  the  requirements,  it  was  necessary  to  make  them  all 
unusually  hard.  Aftjer  delays  incident  to  such  manufacture, 
the  tubes  were  delivered.  They  were  purposely  specified 
"Extra  hard,"  and  yet  they  were  assembled  without  annealing 
the  ends  before  expanding.  As  a  result,  5  or  10  per  cent  of 
them  cracked  during  the  expanding  process.  All  were  then 
removed  and  the  entire  lot  rejected.  After  a  serious  delay, 
the  government  specifications  for  hardness  were  made  less 
exacting  and  the  tubes  were  made  over. 

This  whole  difficulty  was  the  result  of  the  government  policy 
of  having  something  made  a  little  better  than  the  regular  com- 
mercial product.  An  extra  load  was  thus  thrown  on  the  brass 
company,  which  was  already  working  100  per  cent  on  govern- 
ment orders.  After  a  few  experiences  of  this  kind,  almost 
any  company  will  bid  higher  and  specify  more  time  on  govern- 
ment contracts  in  order  to  protect  themselves  against  such 
conditions. 

Millions  of  extra  costs  and  months  of  delay  may  result  from 
over-exacting  specifications.  In  the  past,  these  unduly  severe 
specifications  have  been  considered  as  a  matter  of  course,  and 
no  one  has  been  censured  for  making  them;  but  if  a  govern- 
ment official  should  write  a  specification  which  seemed  good 
enough,  according  to  general  practice,  but  which  later  for 
any  reason  permitted  some  inferior  material  to  be  accepted, 
the  mistake  would  be  held  to  outweigh  all  the  gains  he  may 
have  previously  realized  from  his  common-sense  practice.  For 
this  reason  there  is  a  tendency  to  make  specifications  unduly 
exacting,  thus  throwing  the  burden  on  the  manufacturers. 
Before  this  state  of  things  can  be  changed,  some  way  will 
have  to  be  found  to  relieve  government  officials  from  adverse 
criticisms  when  they  make  specifications  according  to  their 
best  judgment,  which  later  allow  some  unsuitable  material  to 
pass  inspection. 

Another  cause  of  delay  in  filling  government  orders  is  the 
custom  of  refusing  to  pass  an  invoice  for  payment  if  some 
trifling  item  is  omitted  in  the  shipment.  About  half  a  year 
ago  one  of  the  well-known  dealers  of  mechanical  equipment 
delivered  goods  on  a  government  order  amounting  to  about 
$15,000.  Several  small  collets  were  -missing.  These  articles 
were  not  an  integral  part  of  the  machines,  but  were  specified 
as  equipment.  For  some  reason  the  dealer  has  not  yet  been 
able  to  obtain  these  items,  and  without  them  he  has  been 
unable  to  obtain  any  part  of  the  ?15,000.  This  dealer  now  has 
on  his  books  government  orders  for  much  needed  equipment, 
each  order  calling  for  certain  machines,  and  a  large  list  of 
special  equipment.  The  machines  with  regular  commercial 
equipment  might  be  shipped  almost  immediately,  but  the 
dealer  feels  that  he  cannot  make  any  shipments  until  the  last 
item  mentioned  in  the  order  is  ready,  as  he  would  be  tying  up 
large  amounts  of  money  for  an  indefinite  period.  Consequently, 
a  few  spare  parts  which  may  never  be  needed  cause  delays  of 
two  or  three  months  in  shipping  these  machines. 


A  complete  report  on  the  Australian  customs  tariff  as  it 
stands  today  has  been  made  public  in  a  bulletin  Issued  by  the 
Bureau  of  Foreign  and  Domestic  Commerce.  Department  of 
Commerce.  The  purpose  of  the  report  is  to  post  American 
manufacturers  and  exporters  on  points  in  the  new  tariff 
that  are  not  generally  understood  In  this  country.  The 
preferential  provisions,  by  which  goods  made  In  England 
and  South  Africa  enjoy  advantages  over  all  others,  are  treated 
in  groat  detail.  The  bulletin  Is  entitled  "Customs  Tariff  of 
Australia,"  Tariff  Series  No.  37.  Copies  can  be  obtained  at 
ten  cents  each  from  the  Superintendent  of  Documents.  Gov- 
ernment Printing  Office,  Washington,  D.  C.  or  from  any  of 
the  district  or  cooperative  offices  of  the  Bureau  of  Foreign 
and  Domestic  Commerce. 


Loading  ^^^US.ZSMillimeter  Shell 


I 


N  the  four  preceding  articles  in 
this  series,  published  in  the 
March,  April,  May,  and  June 
numbers  of  Machinebt,  the 
forging,  machining,  and  in- 
spection of  the  U.  S.  75milli- 
meter  shell  were  described 
in  detail.  In  the  present 
article,  which  is  the  last  one 
in  this  series,  the  loading  of 
the  shell  will  be  dealt  with. 
Briefly  described,  the  loading 
consists  in  filling  the  shells 
with  a  high  explosive,  which  is 
poured  Into  the  shells  in  a  molt- 
en condition  and  sets  into  a  solid 
form  within  the  shell,  inserting  the 
primer  in  the  cartridge  case,  placing 
the  required  charge  of  smokeless  pow- 
der in  the  cartridge  case,  and  crimping 
the  cartridge  case  onto  the  end  of  the 
shell.  After  painting  and  marking,  the 
shells  are  ready  to  be  shipped  to  France, 
the  fuses  being  inserted  on  the  field 
when  the  shells  are  ready  to  be  used. 

PreUminary  Operations 


Fifth  of  a  Series  of  Articles 
Descnhing  the  Methods  Em- 
ployed by  the  T.  A.  Gillespie  Co. 


which  the  shells  are  placed  on  end. 
These  boxes  are  generally  made 
to  hold  eight  shells  each.  Be- 
tween the  shellacking  and  stor- 
age room  and  the  room  where 
the  high-explosive  charge  is 
poured  into  the  shells  is  a 
preheating  oven  about  175 
""  feet  long,  through  which  the 
conveyor  tracks  pass.  In  this 
oven,  the  shells  are  preheated 
to  a  temperature  of  about  40 
degrees  C.  (104  degrees  P.), 
the  object  of  this  preheating 
being  to  take  the  chill  off  the 
shells  so  that  they  will  be  more 
nearly  of  the  same  temperature  as 
the  molten  high  explosive  that  is 
poured  into  them.  The  preheating  oven 
is  heated  by  air  previously  passed 
around  steam  coils  and  forced  through 
the  oven  duct  by  a  fan.  The  duct  has 
a  capacity  for  2500  shells  at  a  time. 


Pouring  High  Explosive 


In  the  preceding  articles  in  this  series, 
the  shell  was  followed  through  the  ma- 
chining operations  and  inspection  to  the  point  where  it  was 
placed  in  cartons  ready  for  shipment.  The  shells  are  received 
at  the  loading  plant  in  this  condition,  and  the  first  operation 
is  to  remove  them  from  the  cartons.  They  are  then  placed 
upon  a  belt  conveyor  which  takes  them  to  a  shellacking  ma- 
chine in  which  the  shell  is  rotated  while  a  shellacking  "gun" 
is  inserted  by  the  operator  into  the  shell  cavity  for  coating  the 
inside  with  a  rosin  shellac.  The  shell  is  then  put  back  on  the 
conveyor  and  passes  to  a  drying  table  on  which  it  is  left  a  few 
hours  to  dry.  A  piece  of  paper  is  then  wrapped  around  the 
shell,  the  two  ends  of  the  paper  being  pasted  together.  The 
object  of  this  wrapper  is  to  prevent  the  molten  high  explosive, 
that  may  be  spilled,  from  adhering  to  the  outside  of  the  shell 
when  poured  into  It;  it  will  adhere  to  the  paper  instead,  which 
can  be  torn  off. 

Fig.  1  shows  a  number  of  these  shells  provided  with  a  paper 
wrapping  and  stored  on  the  tables  in  the  storage  rooms  ready 
to  be  passed  to  the  room  where  the  shells  are  loaded.  A  con- 
veyor takes  the  shells  from  this  room  to  the  loading  room.  This 
conveyor  is  a  double-track  roller  conveyor  on  which  wooden 
boxes  are  placed  having  holes  or  compartments  In  them  in 
~~>~ta\u,T  'it  MA'^iimriiT. 


fj     „  .jj.  From  the  preheating  oven,  the  boxes 

in  MdtCing   the    U .  O.    75-7tllUt-     containing  the  shells  pass  into  the  pour- 
meter    Shell By   Erik    Oberg'      ins  room,  stlll  moving  along  the  convey- 
or as  indicated  in  Fig.  2.     A  shee-iron 
funnel  is  placed  in  the  opening  of  each  shell,  as  indicated  in 
the  illustration,  which  shows  a  number  of  shells   ready  for 


pouring. 

The  high  explosive  used  for  the  75-millimeter  shells  is  tri- 
nitrotoluol, generally  known  as  T.N.T.  This  explosive  is  ob- 
tained by  the  loading  factory  from  the  high  explosives  manu- 
facturers in  the  form  of  a  yellow  powder,  somewhat  similar  to 
powdered  brown  sugar.  The  melting  kettles  for  melting  this 
powder,  so  that  it  can  be  poured  into  the  shells  in  a  liquid 
form,  are  placed  on  the  second  floor  of  the  building,  and  pip- 
ing extends  from  the  kettles  down  to  the  first  floor,  so  that 
the  liquid  can  be  drawn  into  "tubs"  on  the  lower  or  pouring 
floor.  The  melting  kettles  are  steam-jacketed,  and  as  the  melt- 
ing point  of  T.N.T.  is  about  80  degrees  C.  (17G  degrees  F.), 
it  is  easily  melted  by  steam  at  a  comparatively  low  pressure. 
The  general  appearance  of  one  of  these  melting  kettles  is 
shown  in  Fig.  3.  The  belt  and  pulley  shown  drive,  by  means 
of  bevel  gearing,  a  shaft  which  passes  down  through  the  ket- 
tle, onto  which  are  attached  paddles  for  stirring  the  mixture 
while  melting. 

The  molten  mixture  Is  now  drawn  from  the  bottom  of  the 
kettles  on  the  lower  floor  Into  tubs  or  containers  such  as  shown 
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rig.    3. 


Fig.   4.      Sllells  afte 


at  A,  Fig.  5.  These  tubs  are  placed  on  trucks  so  that,  after 
having  been  filled  by  the  molten  high  explosive,  they  may  be 
easily  removed  to  the  cooling  machines,  one  of  which  is  shown 
in  Fig.  5.  In  these  machines,  the  liquid  is  mechanically  stirred 
by  a  paddle  until  of  just  the  right  temperature  for  pouring  in- 
to the  shells.  One  of  the  two  ducts  shown  at  the  top  of  the 
machine  forces  the  cool  air  into  the  hood  above  the  tub,  while 
the  other  duct  carries  off  the  hot  air  and  fumes  from  the 
liquid.  The  pourer  determines  when  the  liquid  has  reached 
the  right  temperature  by  dipping  the  end  of  a  knife  into  the 
tub  and  judging  by  the  appearance  of  the  crystals  when  the 
liquid  cools  on  the  end  of  the  blade. 

The  cooling  tubs  are  provided  with  connections  for  steam 
pipes,  as  indicated  at  B,  so  that  any  explosive  charge  that 
solidifies  in  the  bottom  of  the  tub  can  be  melted  by  merely 
passing  steam  through  the  jacket  which  surrounds  the  inner 
tub.    In  this  way,  the  tubs  can  always  be  kept  clean. 

After  the  molten  liquid  has  reached  the  right  temperature, 
which  varies  somewhat  according  to  the  atmospheric  condi- 
tions, but  is  generally  between  77  and  80  degrees  F.,  it  is  with- 
drawn from  the  cooling  machine,  pulled  up  close  to  the  con- 
veyor upon  which  the  shells  are  placed  ready  for  pouring,  and 
the  liquid  is  poured  from  the  tubs  into  pails  from  which  the 
workmen  pour  it  into  the  funnels  placed  in  the  shells.  The 
liquid  is  poured  into  the  shell  until  it  has  not  only  filled  the 
shell  completely,  but  also  stands  about  half  way  up  in  the 
funnel.  The  object  of  this  is  to  provide  enough  liquid  so  that 
when  It  contracts  in  the  shell,  upon  cooling,  there  will  be 
enough  material  to  be  drawn  upon  from  the  funnel  to  insure 
that  the  shell  la  completely  filled.  The  funnel  is  permitted  to 
remain  in  the  shell  opening  for  about  an  hour,  until  the  liquid 


has  solidified,  at  which  time  it  is  removed  by  simply  pulling 
it  off  by  hand,  after  which  the  part  of  the  charge  remaining 
in  the  funnel  is  knocked  out  of  it  with  a  copper  hammer,  and 
remelted.  The  object  of  using  a  copper  hammer  is  to  prevent 
any  spark  that  might  form  in  case  a  steel  hammer  was  used 
against  the  sheet  iron,  which  might  explode  the  T.N.T.  The 
paper  wrapping  around  the  shell  is  then  removed,  and  the 
charge  in  the  shells  permitted  to  set  for  two  hours  more,  after 
which  the  shells  are  cleaned  off  on  the  outside  from  any  T.N.T. 
that  might  have  been  spilled  upon  them.  Fig.  4  shows  a  view 
in  the  room  where  the  funnels  are  removed  from  the  filled 
shells  and  the  shells  cleaned. 

Boringr  for  Booster  and  Cleaning'  Threads 

The  shells  now  pass  to  the  boring  room  in  which  the  cavity 
in  the  high  explosive  for  the  booster  is  bored  out.  Part  of 
the  machine  in  which  the  boring  is  performed  is  shown  in 
Pig.  6.  The  machine  works  automatically  after  the  shell  has 
been  placed  in  it,  and  bores  a  hole  in  the  T.N.T.  charge  by 
means  of  a  steel  drill.  To  provide  against  any  possible  ex- 
plosion, these  machines  are  each  set  in  a  circular  enclosure 
consisting  of  5/8-inch  armor-plate  surrounded  by  an  8-inch 
thick  wall  of  concrete,  this  enclosure  being  partly  open  on  one 
side  only  for  the  insertion  of  the  shells  to  be  bored,  the  open- 
ing facing  a  wall.  Hence,  the  operators  do  not  need  to  stand 
in  front  of  these  machines  while  they  are  operating.  The 
dust  from  the  boring  is  carried  away  by  a  duct  so  as  to  pre- 
vent the  air  around  the  machines  from  being  charged  with 
this  dust.  After  the  boring,  the  cavity  for  the  booster  Is  In- 
spected. 

The  shells  next  pass  to  the  thread-cleaning  room  where  the 
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Tig.  8.  Vamisbing  Inside  of  Cavity  for  Booster 
threads  are  cleaned  out,  as  indicated  in  Fig.  7,  by  the  shell 
being  placed  on  rollers  and  rotated  by  hand,  while  a  sharp 
pointed  tool  bent  at  the  end  similar  to  a  thread  boring  tool 
is  inserted  into  the  threads  to  remove  the  T.N.T.  that  has 
been  lodged  in  them.  After  the  threads  are  cleaned,  the  op- 
erator moves  the  open  end  of  the  shell  up  into  the  duct 
shown  to  the  left.  The  small  piping  indicated  in  the  center 
of  the  duct  blows 
compressed  air  into 
the  cavity  of  the 
shell,  while  suction 
Is  provided  through 
the  large  duct,  so 
that  all  the  dust  is 
removed.  After  the 
booster  cavity  has 
been  bored  and  the 
threads  cleaned,  the 
inside  of  the  cavity 
is  shellacked,  the 
shell  being  placed 
on  rollers,  as  indi- 
cated in  Fig.  8. 
These  rollers  are  me- 
chanically rotated 
while  a  spraying  gun 
coats  the  i  n  s.i  d  e 
of  the  cavity  with 
shellac.  The  shell 
Is  pushed  off  the 
rollers  by  means  of 
an  ejector  operated  by  a  foot-treadle,  and  a  new  shell  rolls 
into  place  on  the  rollers  without  the  operator's  aid. 

WelKblner  and  Sortlner  Shells 

The  shells  are  now  weighed  In  order  that  they  may  be 
sorted  Into  different  classes  according  to  the  weight  of  the 
shell   and   the  explosive  charge.     Fig.   10  shows  the  sorting 


Fig.  9.     Crimping  Cartridge   Case  onto   Shell 

tables  upon  which  the  shells  are  placed  after  having  been 
weighed.  In  the  middle  of  the  room  is  a  belt  conveyor,  as 
shown,  upon  which  the  shells  pass  from  the  scale,  and  from 
which  they  are  picked  up  by  the  sorters  and  placed  upon 
the  tables.  Every  lot  of  shells  sent  out  from  the  factory 
must  belong  to  one  single  weight  group,  in  order  to  meet  the 
requirements  of  the  gunners  on  the  firing  line. 

Assembling-  Shell  and 
Case 
From  the  storage 
tables,  the  shells 
pass  to  the  assem- 
bling room.  Here 
they  are  first  placed 
i  n  t  o  a  simple  vise 
having  semicircular 
jaws  for  holding  the 
shell  while  the 
booster  is  put  in 
place.  They  are  then 
put  onto  a  conveyor 
which  carries  them 
to  the  assembling 
machines  where  the 
brass  cartridge  case 
is  crimped  onto  the 
end.  The  cartridge 
I'ases  with  the  proper 
charge  of  smokeless 
powder  come  to  this 
machine  by  a  c  o  n  - 
veyor  from  another  part  ot  the  factory.  Before  being  placed 
in  the  assembling  machine  shown  in  Fig.  9,  the  end  of  the 
shell  below  the  copper  band  is  greased,  the  grease  being 
kept  In  a  molten  condition  and  put  on  with  a  brush.  The  ob- 
ject of  this  grease  Is  to  provide  a  waterproof  Joint  between 
the  case  and  the  shell. 

For   the  assenibling,   the   slicll    Is   placed    with    lis   iiosod-in 


Fig.    10.      SbellA   sorted   according   to   Weight 
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Fig.    13.      Marking  Shells   with   Stencil   and   Spray   Gun 

end  in  a  conical  recess  in  a  chuck  at  the  headstock  end  ot  the 
machine,  while  the  end  of  the  brass  case  fits  into  a  small 
cavity  in  the  tailstock.  Pressure  is  then  applied  by  means 
of  air  on  a  piston  in  a  cylinder  at  the  outer  end  of  the 
tailstock,  as  indicated  in  the  illustration;  this  forces  the  tail- 
stock  forward  and  with  it  the  cartridge  case  onto  the  end  ot 
the  shell.  At  the  same  time,  rollers  operated  by  a  foot- 
lever  are  brought  to  bear  upon  the  end  of  the  cartridge  case 
for  producing  the  required  pressure  for  crimping  the  case 
onto  the  shell.  The  grease  pressed  out  at  this  time  is  cleaned 
off  by  the  operator  with  a  small  wooden  knife.  The  com- 
pleted shell  with  its  case  immediately  upon  being  removed 
from  the  assembling  machine  is  passed  to  the  inspector,  who 
places  It  in  a  chamber  gage  as  shown  in  Fig.  11.  This  gage 
is  provided  with  a  bore  which  is  Identical  with  that  of  the 
chamber  bore  in  the  gun  from  which  the  shell  will  be  fired, 
and  gages  the  copper  band,  bourrelet,  and  the  rear  end  of  the 
brass  case.  If  the  shell  will  pass  into  this  gage,  it  Is  also 
sure   to   fit   the   gun. 

Painting-  and  Finishing: 

The  shells  are  now  placed  on  end  in  wooden  boxes,  eight 
shells  to  a  box,  and 
passed  on  conveyors  to 
the  painting  and  finish- 
ing room.  They  are  there 
placed  In  a  machine  simi- 
lar to  a  small  lathe  and 
painted  by  a  sprayniR 
gun,  the  projectile  end 
only  being  painted  In 
this  way,  as  shown  In 
Fig.  12.  A  suction  draft 
is  provided  for  carrying 
oft  the  paint  fumes. 
From  the  painting  ma- 
chine the  shells  pass  to 
"the  stenciling  operator 
who  marks  them  with 
the  mark  and  number  as 
Indicated  In  Fig.  13.  The 
marks  are  black  on  a 
yellow  background.  The 
marking    Is    done    very 


Fl(.    It.      Putting   Frin 


Fig.    14.      Automatic    Smokeless    Powder    Weighing    Machine 

rapidly  by  means  of  a  stencil  and  a  spraying  gun.  After  this, 
a  small  felt  plug  is  put  into  the  booster  at  the  place  where 
the  fuse  will  later  be  inserted,  and  then  the  shells  are  placed 
in  heavy  paper  tubes  provided  with  a  sheet-iron  bottom. 
The  shells  are  put  into  these  tubes  nose  first,  and  a  cap  is 
placed  on  the  other  end,  this  cap  being  crimped  onto  the 
paper  tube.  The  cap  is  provided  with  an  inside  washer 
having  a  cavity  over  the  primer  in  the  shell  in  order  to 
protect  the  primer  from  accidental  shocks  or  blows.  The 
top  of  the  paper  tube  with  the  cap  in  place  is  then  dipped  in 
tar  for  waterproofing. 

The  shells  are  then  packed  in  boxes,  nine  shells  to  a  box, 
and  the  boxes  are  carried  by  a  conveyor  to  the  finished 
storehouse,  ready  for  shipment.  Fig.  18  shows  the  type  of 
boxes  in  which  the  shells  are  packed  ready  for  shipment. 
These  boxes  are  now  ready  to  go  to  France. 

Loading-  Cartrldere  Cases 

The  cartridge  cases  are  supplied  to  the  factory  completely 
drawn  and  finished,  but  the  primers  are  not  in  position.  The 
latter  are  also  supplied  to  the  factory  complete,  ready  to  be 
inserted  in  the  cartridge  cases.     Fig.  15  shows  the  use  of  an 

arbor  press  for  pushing 
the  primer  into  position 
in  the  cartridge  case, 
after  which  it  is  stamped 
on  the  base  with  a  lot 
number,  as  Indicated  to 
the  right  in  the  same 
illustration.  Two  men 
are  engaged  In  the  work 
of  inserting  the  primer, 
one  putting  it  into  posi- 
tion and  the  other  op- 
erating the  press.  After 
having  been  stamped,  the 
cartridge  cases  pass  in 
an  upright  position  on  a 
conveyor  into  the  room 
where  they  are  loaded 
with  the  smokeless 
powder.  The  conveyor 
and  the  manner  In  which 
the   cartridge  cases  pass 
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Fig.   16. 

into  this  room  are  shown  in  Fig.  14.  They  then  pass  under- 
neath the  automatic  weighing  machine  shown  in  the  center 
of  this  illustration,  where  a  predetermined  amount  of  smoke- 
less powder  is  discharged  into  the  cartridge  case  from  a 
hopper  above.  The  cartridge  cases  pass  automatically  onto 
the  weighing  machine,  which  has  a  revolving  table,  as  in- 
dicated. This  table  is  indexed  so  that  each  cartridge  case 
is  held  directly  underneath  the  spout  of  the  hopper  for  the 
period  required  for  depositing  the  smokeless  powder.  It 
then  indexes  around  and  brings  a  new  case  underneath  the 
spout  of  the  hopper.  The  cases  are  then  automatically  re- 
moved from  the  revolving  table  or  turret  of  the  weighing 
machine  and  pass  along  a  conveyor,  from  which  they  are 
taken  and  placed  upon  a  large  revolving  wooden  table,  in- 
dicated in  the  center  of  Fig.  16,  the  post  shown  being  the 
shaft  about  which  this  table  revolves.  Around  this  cir- 
cular table  are  stationed  the  inspectors  who  weigh  the  charge 
of  smokeless  powder  to  see  that  it  is  exactly  right.  These 
inspectors  are  girls  who  work  in  pairs.  The  girl  next  to 
the  table  is  th*  company's  inspector  and  the  outside  girl  is 
the  government  inspector.  Each  of  these  girls  empties  the 
charge  from  the  case  onto  the  scoop  of  an  accurate  scale  and 
weighs  the  charge.  The  company's  inspector  adds  or  removes 
one  or  more  pellets  of  powder  in  case  this  is  required,  and 
then  puts  the  charge  back  again  into  the  cartridge  case. 
The  government  inspector  pours  out  the  charge  again  into 
the  scoop  of  her  scale  and  check-weighs  it.  At  this  time, 
it  must  be  found  correct  within  the  limits  allowed,  which 
are  very  narrow.  A  near  view  of  the  two  inspectors  is 
shown  in  Fig.  17.  The  company's  inspector  to  the  left  is 
adding  a  few  pellets  In  order  to  make  up  the  correct  weight. 
The  government  Inspector  to  the  right  is  putting  back  a 
charge  Into  the  case  after  It  has  been  found  correct. 

The  cases  are  now  put  into  the  boxes  on  the  conveyor 
shown  In  the  background  of  Fig.  17.  A  sheet-Iron  cap  is 
placed  over  the  open  end  of  the  shell  In  order  to  prevent 
spilling  the  powder.  The  shells  then  pass  on  a  conveyor  to 
the  assembling  department. 


ESSENTIAL  INDUSTRIES 

An  inquiry  directed  to  the  War  Industries  Board  in  Wash- 
ington has  brought  forth  the  following  reply  with  regard 
to  the  definition  of  "essential  industries"  at  the  present  time: 

Plants  engaged  exclusively  in  manufacturing  aircraft  or 
supplies,  ammunition  for  the  United  States  and  the  Allies, 
large  guns,  small  arms  for  the  United  States  Government 
and  the  Allies,  chemicals  and  coke. 

Plants  manufacturing  electrical  equipment,  electrodes,  ex- 
plosives, agricultural  implements,  farm  operating  equipment, 
feed,  ferro-alloys,  fertilizers,  and  firebrick. 

Plants  manufacturing,  milling,  preparing,  refining,  preserv- 
ing and  wholesaling  food  for  human  consumption;  and  those 
manufacturing  tin  and  glass  containers  and  other  food  con- 
tainers. 

Gas-producing  plants  and  those  manufacturing  exclusively 
gas-producing  machinery,  hemp,  jute  and  cotton  bags,  insecti- 
cides, and  fungicides. 

Iron  and  steel  blast  furnaces  and  foundries;  steel  plants; 
rolling  mills;  plants  making  machine  tools;  mines  and  plants 
engaged  exclusively  in  manufacturing  mining  tools  and  equip- 
ment; refineries  of  mineral  and  vegetable  oils;  plants  making 
exclusively  oil-well  equipment. 

Public  institutions  and  buildings;  public  utilities;  railways; 
plants  manufacturing  locomotives,  freight  cars,  rails,  and  rail- 
way supplies;  food  refrigeration  and  exclusively  ice  producing 
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Fig.  18.    BheUs  packed  in  Boxes  Ready  for  Shipment ;  Nine  Shells  to  a  Box 

plants;  laundries;  producers  or  wholesalers  of  seeds  (except 
flower  seeds). 

Ships  (bunker  coal),  not  including  pleasure  craft;  plants 
engaged  exclusively  in  building  ships  (not  including  pleasure 
craft)  or  in  manufacturing  exclusively  supplies  and  equipment 
therefor;   manufacturers  of  soap. 

Tanning  plants,  save  those  for  patent  leather,  and  those 
manufacturing  tanning  extracts;  manufacturers  of  tin  plate; 
plants  producing  exclusively  binder  twine  and  rope  and  those 
making  wire  rope  and  rope  wire. 


INCREASING  POWER  PLANT  EFFIOIENOY 
The  United  States  Fuel  Administration  has  appointed  Hen- 
derson W.  Knott  to  nianagu  Uio  Hold  force  of  engineers  and 
liiBpoctors  that  Is  at  work  auioiig  the  power  plants  of  the 
country.  Mr.  Knott  has  been  tho  general  manager  of  the 
Morgan  Crucible  Co.  of  Now  York  City  and  his  appointment 
Is  a  part  of  the  plan,  originated  by  David  Moffat  Myers,  ad- 
visory fuel  engineer  of  tho  Fuel  AdnilnlBtrntlon,  to  have 
each  of  tho  2r>0,000  Btcum  plaiils  In  tho  United  Stales  visited 
liy  a  coni|»'t<'iit  man  who  can  make  suKgOHllons  and  report 
In  Koiinoclliiii  with  tlio  (luoHtlnnnalre  orlKlnutod  by  Mr.  Myers. 
Tills  flold  forct!  will  hu  organUod  by  slates  In  nrdor  to  glvo 
II   (trcalor  ofllcloni'y. 

l)l|i|iliiK  Rti'ol  HprliiKH  III  luollfii  till  provontH  tliclr  hoooinliiK 
brllMo  wliiMi  olei.lriipliit(.'d.  Ilncoiitnd  springs  bocomo  brltllo 
during  th)t  olortropliitliiK  proci'sa.  Sulphuric  acid  pickling 
baths  also  grciitly  dccrc'iiso  llw  lli'xiblllly  niul  llio  I'lnHtlclty  of 
Iron  wirn  nml  iitoot  sprlngH. 
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FACTORY  INVESTIGATIONS 

REASONS  FOR  EMPLOYING  OUTSIDE  EXPERTS  AND  METH- 
ODS OF  CONDUCTING  INVESTIGATION 

BY   ALBERT   A.   DOW^D ' 

If  the  superintendent  of  a  factory  feels  indisposed  and  does 
not  know  just  what  is  the  matter  with  him,  he  seeks  the 
advice  of  a  physician  in  order  to  determine  what  is  wrong 
and  obtain  suitable  remedies.  Many  manufacturing  firms  are 
finding  that  their  factories  are  not  producing  the  work  as 
rapidly  or  as  accurately  as  they  should;  but  instead  of  con- 
sulting one  who,  like  a  physician,  has  made  a  special  study 
of  such  cases,  these  firms  seek  to  determine  the  reasons  for 
this  condition  themselves.  It  is  difficult  for  them  to  do  this 
for  the  same  reason  that  a  sick  man  cannot  diagnose  his  own 
case.  In  the  first  place,  the  superintendent  is  too  close  to  the 
work  to  view  it  broadly;  besides,  he  cannot  look  into  all  the 
details  connected  with  the  product  of  his  factory.  Undoubtedly 
an  investigation  would  show  him  where  some  of  the  trouble 
lies,  but  he  has  not  the  time  to  study  these  matters  and  at 
the  same  time  keep  in  touch  with  the  thousand  and  one 
things  that  must  be  attended  to  by  a  man  in  his  position. 

Factory  superintendents  usually  assume  a  hostile  attitude 
toward  any  outside  investigation  by  a  specialist  for  the  fol- 
lowing reasons:  the  cost  of  the  investigation,  due  to  the  high 
compensation  demanded;  the  possibility  of  causing  labor 
troubles  in  the  factory,  due  to  the  interference  and  suggestions 
of  an  outside  party;  the  interruption  of  production;  the  cost 
of  changing  methods,  tooling,  and  the  like  in  order  to  increase 
production;  the  unfortunate  experiences  of  many  firms  with 
so-called  "efficiency  engineers";  and  the  belief  of  the  average 
factory  superintendent  that  he  knows  more  about  his  own 
production  and  the  best  way  to  manufacture  it  than  any  out- 
side man  can  tell  him. 

The  main  question,  however,  is:  Can  a  mechanical  expert 
go  into  a  factory,  with  the  product  of  which  he  is  unfamiliar, 
and  after  making  a  thorough  investigation  show  the  manu- 
facturer ways  in  which  he  can  improve  the  production  and 
save  money?  The  writer  has  been  engaged  in  this  work  for 
various  factories  and  has  found  that  with  proper  cooperation 
by  the  management,  and  a  receptive  attitude  on  the  part  of 
the  foremen,  many  improvements  can  be  made  to  stimulate 
production.  In  many  cases  the  changes  necessary  are  not 
costly  and  can  be  instituted  without  interfering  with  the  pro- 
duction in  any  way. 

Place  for  Beginning  Investigation 

The  investigator  must  enter  a  factory  with  an  open  mind 
and  must  consider  the  entire  factory  as  a  problem  to  be 
solved.  He  should  start  the  investigation  in  the  assembling 
department.  In  this  way  he  will  become  familiar  with  the 
product  in  its  finished  state,  and  will  see  why  certain  parts 
must  be  made  more  accurately  than  others  in  order  to  facili- 
tate the  assembling.  Besides,  various  points  can  be  noted  in 
connection  with  the  assembling  and  fitting  that  will  aid  in 
locating  inaccuracies  during  the  machining  processes.  These 
points  can  then  be  traced  to  their  origin  and  notation  made 
as  to  improvements  needed.  For  example,  if  it  is  noted  that 
certain  parts  will  not  fit  together  properly  and  so  must  be 
taken  off  and  dressed  with  a  file  or  otherwise  fitted,  it  is 
evident  that  there  is  something  wrong  with  the  method  of 
machining  or  that  the  Inspection  department  is  at  fault.  The 
methods  used  in  the  assembling  department  vary  greatly  and 
111  some  cases  manufacturers  are  lax  in  providing  suitable 
assembling  stands  and  fixtures,  so  that  a  man  must  take  a 
great  many  unnecessary  steps.  The  engineer  can  make  nota- 
tions of  all  these  matters,  and  study  them  In  detail  later. 

When  the  engineer  has  studied  the  assembling  and  fitting 
departments,  his  next  flop  should  be  to  take  uii  the  points 
noted,  one  at  a  time,  In  the  various  departments  where  the 
iiiachlnlriK  operations  are  accomplished.  When  tracing  tho 
operatliins,  from  the  time  the  product  leaves  the  rough  stock 
rnom  to  the  time  It  rcnclies  the  aBsembllng  departniciit,  ho 
may  find  lliat  oonHldcrablo  time  is  lost  by  freqiioiil  handling 
and  that  some  pieces  of  work  take  a  certain  routing  while 
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Other  parts  are  routed  in  an  entirely  different  manner  with- 
out any  apparent  reason.  A  case  of  this  kind  was  found  in  a 
factory  using  flat  and  round  stock.  The  flat  stock  was  cut 
to  size  by  a  shear  in  the  rough  stock  room;  but  the  round 
bar  stock  was  placed  on  a  hand  truck  and  taken  into  another 
part  of  the  main  factory  to  be  cut.  Not  only  was  the  round 
bar  stock  difficult  to  handle  on  a  truck,  but,  during  the  cut- 
ting operation,  the  truck  obstructed  a  passageway.  Yet,  there 
was  no  reason  why  the  shear  for  the  round  stock  could  not 
be  moved  into  the  stock-room  and  the  bars  cut  up  in  this 
department,  the  same  as  the  flat  pieces. 

Faults  Found  in  an  Automatic  Screw  Machine  Department 

Another  case  recently  noted  was  in  an  automatic  screw 
machine  department,  which  was  exceedingly  well  equipped 
with  machines  capable  of  turning  out  work  to  good  advantage; 
but  though  the  machines  were  w^orking  continuously  the  pro- 
duction was  nowhere  nearly  what  it  should  be.  An  investiga- 
tion showed  that  the  camming  of  some  of  the  machines  was 
very  bad;  in  one  case,  the  idle  time  on  a  machine  producing 
one  piece  of  work  every  sixty-five  seconds  was  found  to  be 
twenty-five  seconds  when  it  should  not  have  been  more  than 
five  or  six  seconds.  It  was  also  found  that  the  machines  were 
not  speeded  up  to  their  greatest  efficiency  and  that  the  drills 
were  ground  at  an  angle  that  did  not  permit  the  best  results 
to  be  obtained.  Furthermore,  the  operator  did  his  own  drill 
grinding  for  six  machines,  and  had  no  set  of  duplicate  tools 
nor  any  method  but  a  makeshift  sort  of  gage  by  means  of 
which  he  could  set  the  tool,  after  it  had  been  ground,  to  the 
proper  position.  The  job  was  a  very  simple  one,  requiring 
only  a  drilling,  facing,  forming,  and  cutting-off  operation  on  a 
piece  of  cold-rolled  stock.  By  improving  the  camming  of  the 
machines,  providing  duplicate  tools  and  simple  sheet-metal 
gages  by  means  of  which  the  tools  could  be  set,  and  increasing 
the  speeds  of  the  machines  slightly,  the  production  was  in- 
creased over  40  per  cent  without  any  appreciable  cost. 

There  seems  to  be  a  tendency  on  the  part  of  those  using 
cutting  tools,  especially  automatic  screw  machine  operators, 
to  keep  the  frequency  of  tool  grinding  down  to  the  minimum. 
In  the  case  cited,  the  cutting  tools  were  ground  about  twice 
a  week,  and  the  operator  seemed  to  think  that  he  was  obtain- 
ing very  good  production  and  that  the  efficiency  of  the  machine 
was  shown  by  the  fact  that  the  tools  did  not  need  to  be 
ground  oftener.  As  a  matter  of  fact,  if  a  tool  that  is  put 
to  hard  service  requires  grinding  only  once  in  three  days  it  is 
evident  that  that  particular  tool  is  not  doing  its  utmost  work. 
Naturally  the  operator  does  not  wish  to  grind  tools  oftener 
than  he  is  obliged  to,  on  account  of  the  difficulty  of  resetting 
them  so  as  to  produce  the  work  correctly.  However,  if  a  set 
of  simple  sheet-metal  gages  is  made  up  and  a  duplicate  set  of 
sharp  tools  is  kept  in  a  convenient  place,  the  matter  of  grind- 
ing becomes  a  much  less  serious  proposition  and  the  machines 
can  be  run  to  maximum  efficiency  and  produce  the  work 
properly. 

Matters  of  this  kind  are  very  likely  to  be  overlooked  by 
the  superintendent,  and  as  long  as  the  machines  themselves 
are  running  steadily  and  producing  a  certain  quantity  of 
work  that  is  commercially  acceptable,  he  is  not  likely  to  think 
much  about  this  department.  As  a  matter  of  fact,  in  the 
case  cited,  if  an  investigator  had  been  engaged  a  few  months 
sooner  it  might  have  been  unnecessary  to  buy  two  new 
machines,  because  the  production  would  have  been  suiliciently 
increased  without  them. 

Increasing  Production  by  Overhauliner  Machines 

About  a  year  ago  the  writer  was  investigating  conditions 
In  a  factory  In  New  England,  producing  a  press  that  had  a 
platen  varying  in  size  troiii  20  by  30  inches  to  36  by  4S  inches. 
The  Investigation  started,  as  usual,  in  the  assembling  depart- 
ment, where  It  was  found  that  from  three  days  to  a  week 
was  consumed  by  the  man  in  scraping  and  otherwise  fitting 
some  of  the  parts.  Frequently  t'le  scraping  of  the  platen  con- 
sumed several  days  before  It  was  In  suitable  shape.  Tracing 
this  piece  back,  It  was  found  that  the  planing  machines  used 
wore  In  very  had  shape.  There  wore  twelve  iilaiiors  in  the 
factory,  so  these  were  torn  down  one  at  a  time,  and  the  var- 
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ious  working  parts  and  the  table  were  refitted  so  that  the 
machine  produced  the  work  within  reasonable  accuracy.  Of 
course,  this  refitting  of  the  machines  cost  considerable  money 
and  held  up  the  work  on  that  particular  machine  during  the 
process,  but  the  time  required  to  assemble  the  machine  and  do 
the  necessary  fitting  on  the  platen  was  greatly  reduced. 

The  examples  noted  are  typical  of  things  that  may  be  found 
by  an  investigator,  but  which  would  not  otherwise  be  noted, 
and  a  factory  may  be  operated  for  months  with  a  considerable 
loss  in  production  before  the  actual  causes  of  the  loss  are  dis- 
covered. It  must  be  remembered,  however,  that  any  engineer 
who  undertakes  an  investigation  must  be  a  man  of  wide 
experience,  who  is  able  to  analyze  the  various  conditions  in 
the  factory  as  he  finds  them  and  suggest  suitable  remedies. 
The  prevailing  opinion  among  manufacturers  is  that  if  an 
outside  Investigator  were  to  visit  their  factory  he  would  be 
likely  to  do  more  harm  than  good.  It  is  unfortunate  that  this 
attitude  has  become  prevalent  and  the  engineer  investigator 
must  live  down  this  reputation.  He  has  come  to  stay,  and 
conditions  in  the  manufacturing  field  at  present  confirm  the 
belief  that  more  and  more  of  these  men  will  be  required  as 
their  value  becomes  appreciated.  Some  manufacturers  prefer 
to  do  their  own  investigating  and  have  a  man  for  this  pur- 
pose in  their  organization;  but  this  system  does  not  work 
satisfactorily  for  the  reason  that  the  viewpoint  of  this  man 
is  too  narrow,  and  he  does  not  obtain  the  desired  results 
because  he  is  too  closely  in  touch  with  the  work. 


CONVERTING  MOTOR  ARMY  TRUCK  INTO 
LATHE  FOR  TURNING  WOODEN  SHELLS 
At  Camp  Lee  there  developed  recently  an  urgent  demand  for 
three  hundred  3-inch  "wooden  shells."  These  shells,  which 
were  to  be  used  in  maneuver  work  and  had  to  be  completed  in 
two  days,  were  to  represent  a  3-inch  shell  and  cartridge  case. 
Aa  there  was  no  lathe  or  tool  equipment  of  any  kind  at  the 
camp  adapted  to  wood  turning,  it  was  considered  an  impossi- 
bility to  produce  the  shells  at  the  camp,  until  Sergeant  Carlson, 
who  is  a  very  resourceful  mechanic,  undertook  the  construction 
of  a  special  "wooden  shell"  turning  lathe. 

The  only  available  supply  of  material  that  could  be  used  for 
constructing  this  lathe  was  a  partially  dismantled  automobile 
army  truck,  from  which  parts  had  been  removed  to  repair 
similar  trucks.  Fortunately,  the  motor  and  the  transmission 
case  had  been  left  intact  and  were  in  serviceable  condition. 
With  parts  taken  from  the  motor  truck  and  by  the  aid  of  a 
few  crude  tools  from  the  blacksmith  shop,  the  lathe  shown 
In  Fig.  1  was  built  and  put  into  operation.  The  lathe  bed 
Is  con.structed  from  wooden  plank  supported  between  two 
wooden  posts.  The  transmission  case  of  the  motor  truck  Is 
mounted  on  this  base  and  made  to  serve  as  the  headstock. 

The  transmission  case  shaft  equipped  with  a  flange  coupling 
for  connection  with  the  universal  joint  of  the  motor  driving 
shaft  is  used  as  the-  spindlo,  and  the  flange  <oupling  is  made 
to  B'-Tve  as  a  faceplate.  The  emergency  brake  drum  on  the 
transmission  shaft  sorvcs  as  a  pulley  and  Is  driven  by  a  belt 
from  the  fan-belt  pulley  on  the  motor  truck  engine.  The  tall- 
Htock  center  Is  made  from  a  piece  of  threaded  round  Iron,  nb- 
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Fig.    2.     Improved   Type   of   Lathe  for   turning   Wooden   Shells 

tained  from  the  blacksmith  shop.  This  rod  is  screwed  in  the 
post  in  line  with  the  improvised  faceplate  and  the  end  is  bent 
to  form  a  crank,  so  that  it  can  be  turned  in  or  out,  the  same 
as  the  ordinary  tailstock  center.  The  tools  for  turning  were 
made  from  old  files  at  the  blacksmith  shop. 

This  lathe  was  not  entirely  satisfactory,  however,  and  the 
inventor  proceeded  to  improve  upon  the  original  design.  The 
lathe  which  was  finally  evolved  is  shown  in  Fig.  2.  This 
improved  type  was  found  entirely  satisfactory,  and  evidence  of 
this  fact  is  clearly  shown  by  the  expression  on  the  face  of 
the  operator.  The  main  spindle  is  equipped  with  ball  bearings 
and  was  removed  from  the  transmission  case  of  the  dismantled 
car.  The  tailstock  center  is  the  one  employed  in  the  original 
lathe,  but  is  provided  with  a  new  type  of  holder,  as  shown. 
The  main  spindle,  which  is  equipped  with  a  wooden  pulley, 
is   belt-driven   from   the   fan-belt  pulley   on   the   truck  motor. 

One  of  the  interesting  facts  in  connection  with  the  develop- 
ment of  this  lathe  is  that  the  time  required  in  designing  and 
constructing  was  only  one  day,  and  the  rate  of  production  of 
wooden  shells  on  this  lathe  made  the  delivery  of  the  300  shells 
possible  within  two  days'  time. 

*  *     * 

AMERICANIZ5ATION-A  VITAL  PROBLEM  IN 
THE  INDUSTRIES 

The  Chamber  of  Commerce  of  the  United  States  has  pub- 
lished a  booklet  entitled  "What  You  can  do  for  Americaniza- 
tion," which  is  being  widely  distributed  among  the  industries. 
In  this  booklet,  manufacturers  are  requested  to  take  steps  to 
imbue  foreign-born  men  and  women  thoroughly  with  the 
American  spirit  and  assist  them  in  becoming  American  citi- 
zens. Among  the  suggestions  given  are  the  following:  See 
that  the  safety,  sanitation,  and  housing  of  your  men  are  such 
as  to  keep  them  fit  during  the  war.  Every  man  or  woman  who 
does  not  apeak  English  should  be  learning  It.  Insist  upon 
their  Iciirning  it  in  scliool  or  in  your  shop,  and  designate  one 
of  your  employes  to  see  that  It  Is  done.  Urge  the  public  edu- 
cational authorities  to  start  language  classes  In  the  factory 
for  those  who  do* not  understand  English  and  are  unable  to 
attend  school.  Efficiency  Incroasoa  with  knowledge  of  English 
and  citizenship.  Give  It  recognition  by  Increased  wages  niul 
promotion.  Stop  antlAniPrlran  propaganda  and  agitation  In 
your  plant,  by  i)rovl(llng  Information  and  cooporaflon  on  true 
Americanism.  Invito  naturnllznlloii  olTlcors  to  explain  oltlzon- 
shlp  to  your  aliens  and  encourage  them  to  mako  America  thoir 
homo.  Olvo  Ihom  time  off  with  pay  to  attend  to  llinir  natu- 
ralization examinations.  Develop  ln<'ontlvoa  llirough  wages. 
ItoMunoH,  liiHurancn  ponslonH,  and  proflt-sliarlng.  Tho  employer 
who  IteepH  biH  men  at  work  contentedly  toiliiy  Ih  Anierloa's 
inoHl  pracMciil  jmtrlnt 

•  •     • 

An  alloy  that  Ih  vi'iy  ilui'tlle.  rcKlHliinl.  iiinl  (lexllile  Ir 
forniod  by  combining  tantalum  with  Hniall  proportions  of 
gold  and  copper.  After  tho  nintnlN  urn  reduced  to  a  fine 
liowdor  and  mixed,  the  mlxliiru  Ih  Hilbjei'lud  lo  preMsiiie  and 
llin  ciiinpHit  niiiRH  llnin  formed  Ih  fiiHed  In  iin  eleitrlc  fiirnare 
Tho  alloy  Ir  aa  non-oxlillzable  aw  pure  liuitiiliini.  unci  run  ho 
produrod  nt  a  ronnoiiabln  priro. 
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Methods  of 
Trademarking 
Your  Product 

By  Edward  K.  Hammond' 


Functions  of  Trademarks  and  How- 
to  Apply  Those  Possessing  the  Maxi- 
mum Durability  and  Publicity  Value 


IT  can  be  said  without  fear  of  contradiction  that  a  trade- 
mark which  is  placed  on  any  metal  product  in  such  a  way 
that  the  marking  will  not  become  obliterated  or  invisible 
from  wear,  discoloration,  etc.,  constitutes  a  perpetual  adver- 
tisement for  the  manufacturer  during  the  entire  working  life 
of  the  machine,  tool,  or  other  product  upon  which  the  trade- 
mark is  applied.  Any  manufacturer  makes  a  great  mistake 
in  not  placing  a  trademark  on  his  product,  together  with  his 
name  and  address,  for  such  a  marking  is  frequently  the  means 
of  securing  repeat  orders.  It  is  quite  a  common  matter  for 
shop  men  to  be  asked  by  the  purchasing  department  of  a 
plant  to  give  their  opinion  of  the  relative  merits  of  two  com- 
peting products  between  which  the  purchasing  agent  is  anxious 
to  make  a  decision  in  issuing  subsequent  orders. 

In  order  to  illustrate  this  point,  let  us  suppose  that  the  fore- 
man of  the  grinding  department  in  the  factory  has  been  asked 
by  the  purchasing  agent  to  give  his  opinion  of  the  relative 
merits  of  two  different  types  of  grinding-wheel  truing  tools 
In  use  in  the  shop.  At  the  time  each  of  these  tools  is  re- 
ceived, the  usual  form  of  invoice  doubtless  comes  with  it,  but 
after  the  details  of  payment  have  been  settled,  it  will  often 
happen  that  the  wheel-truing  tools  go  from  the  receiving  room 
to  a  supply  room  and  thence  to  the  shop,  where  they  will  sim- 
ply be  identified  as  wheel-truing  tools  without  any  connection 
to  the  manufacturer's  name.  If  the  tools  are  clearly  trade- 
marked,  the  shop  foreman  will  have  no  difficulty  in  identifying 
the  particular  tool  which  bis  experience  has  shown  to  possess 
the  most  points  of  merit  under  actual  conditions  of  service, 
and  so  he  will  be  able  to  make  a  definite  recommendation  to 
the  purchasing  department,  which  will  assure  more  of  these 
good  tools  being  purchased  for  his  use.  But  if  the  tool  carries 
no  trademark,  or  If  It  is  marked  In  such  a  way  that  the  design 
will  be  obliterated  shortly  after  the  tool  has  been  placed  in 
use.  It  Is  very  difficult  for  the  man  In  the  shop  to  state  defi- 
nitely which  tool  he  has  In  mind,  as  a  result  of  which  mistakes 
are  likely  to  be  made  in  identifying  the  tool  that  the  foreman 
referred  to,  which  results  In  the  loss  of  repeat  orders  by  the 
manufacturer  who  has  actually  made  the  tool  that  should  have 
been  given  preference. 

Tn  order  to  possess  the  maximum  publicity  value  that  Is 
available,  a  trademark  should  have  some  peculiar  signlflcanre 
In  connection  with  the  product  to  which  It  Is  applied,  in  order 
to  connect  the  trademark  with  the  product  and  cause  the 
marking  to  be  readily  remembered.  For  instance,  the  Simmons 
Hardware  Co.,  of  St.  Loula,  Mo.,  has  adopted  the  trademark 
of  "Keen  Kulter"  for  various  typos  of  edged  tools  which  are 
produced  In  Its  factory.  Obviously,  this  name  will  very  easily 
be  associated  with  cutting  tools,  and  so.  If  a  foreman  In  any 
factory  where  these  tools  are  used  wishes  to  suggest  their 
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purchase  for  use  by  men  employed  in  his  department,  it  will 
be  very  easy  for  him  to  tell  the  purchasing  agent  that  these 
"Keen  Kutter"  tools  have  given  exceptionally  satisfactory 
service. 

Use  of  Trademarks  in  Advertising-  Literature 
After  he  has  been  successful  in  developing  a  trademark 
which  is  properly  linked  with  the  product  on  which  it  is 
used,  the  manufacturer  should  follow  the  scheme  to  its  logical 
conclusion  by  making  free  use  of  his  trademark  on  letter  heads, 
advertising  literature,  etc.  The  idea  of  a  trademark  is  to 
advertise  the  product  on  which  this  mark  is  placed,  and  metxi- 
mum  results  are  only  obtained  by  persistently  endeavoring  to 
make  the  trademark  synonymous  with  the  product  on  which 
it  is  placed,  so  that  a  prospective  customer  who  is  in  the 
market  for  the  product  in  question  will  immediately  connect 
the  well-advertised  trademark  with  the  particular  type  of  tool 
or  equipment  which  he  wishes  to  buy.  It  is  a  matter  of  general 
knowledge  that  trademarks  can  be  registered  in  the  United 
States  Patent  Office,  so  that  the  manufacturer  who  is  the 
maker  of  well-known  trademarked  products  is  protected  against 
the  use  of  his  trademark  by  competitors.  It  costs  very  little 
to  apply  trademarks  on  most  manufactured  products,  and  they 
may  become  very  important  factors  in  conducting  the  work 
of  the  sales  department. 

Importance  of  Durability  of  Trademarks 
Reference  has  already  been  made  to  the  Importance  of  hav- 
ing a  trademark  applied  in  such  a  way  that  it  will  possess 
the  necessary  durability  to  be  plainly  visible  during  the  entire 
working  life  of  the  tool.  Unless  care  is  taken  to  obtain  this 
result,  nothing  approaching  the  maximum  publicity  value 
which  is  available  can  be  expected  from  the  trademark.  For 
instance,  consider  the  case  of  a  manufacturer  of  wooden- 
handled  tools  who  adopts  the  practice  of  marking  them  with  a 
colored  paper  label  pasted  on  the  handle.  Such  a  method  of 
marking  constitutes  a  highly  efficient  advertisement  for  a 
short  length  of  time,  because  the  label  can  be  printed  in  bright 
colors,  which  naturally  attract  attention.  It  Is  fairly  obvious, 
however,  that  these  labels  can  only  last  for  a  very  short  length 
of  time,  because  If  they  are  not  torn  or  worn  off  the  product 
on  which  they  are  applied,  discoloration  will  soon  make  them 
unreadable.  On  the  other  hand.  If  the  trademark,  maker's 
name,  etc.,  is  Impressed  in  the  metal  surface  or  applied  by 
some  process  which  leaves  the  required  design  and  maker's 
name,  etc.,  raised  above  the  surface  of  the  metal  surrounding 
the  marking,  each  trademark  will  last  for  the  entire  working 
life  of  the  tool,  thus  giving  continuous  service  as  an  advertise- 
ment of  this  particular  type  of  tool. 

In  deciding  upon  the  best  method  to  use  for  trademarking  a 
given  product,  several  factors  must  be  considered.     First  of 
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all,  it  is  necessary  to  obtain  a  design  whicli  is  as  characteristic 
as  possible  of  the  particular  product  on  which  the  trademark 
is  to  be  applied,  and  next  in  order  is  the  importance  of  select- 
ing a  method  of  applying  this  marking  to  give  a  neat  and 
workmanlike  appearance.  In  connection  with  the  selection 
of  a  method  of  applying  the  trademark,  consideration  must 
be  given  to  the  conditions  under  which  the  product  is  used 
on  which  this  trademark  is  to  be  applied.  In  any  case,  the 
ultimate  object  which  is  desired  is  to  keep  the  trademark  in  a 
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condition  which  makes  it  plainly  visible  during  the  entire 
working  life  of  the  tool.  Such  being  the  case,  it  would  obvi- 
ously be  unsuitable  to  stamp  a  trademark  into  the  surface  of  a 
machine  tool  frame  which  will  become  coated  with  oil  and 
dirt.  A  trademark  applied  by  such  a  method  would  very  soon 
be  obliterated,  with  the  result  that  the  manufacturer  of  the 
machine  would  fail  to  secure  his  full  quota  of  publicity  from 
the  trademark.  This  is  one  reason  for  adopting  the  almost 
universal  practice  of  making  the  mold  in  which  the  frame 
casting  is  produced  in  such  a  way  that  the  trademark,  manu- 
facturer's name,  etc.,  are  cast  in  letters  which  are  raised 
sufficiently  above  the  surface  of  the  metal  so  that  they  arc 
not  likely  to  become  invisible. 

Various  Methods  of  Trademarklng- 

The  manufacturer  who  is  about  to  make  a  selection  of  the 
method  of  applying  a  trademark  to  his  product  will  naturally 
be  Interested  In  reading  the  following  brief  description  of  the 
different  methods  by  which  trademarks  are  applied  to  a  variety 
of  metal  products.  For  marking  machine  tools  with  the 
builder's  name  and  address  and  any  special  name  or  legend 
which  has  been  adopted  to  Identify  the  tools  of  his  manu- 
facture, It  Is  almost  universal  practice  to  cast  the  required 
marking  directly  upon  the  machine  bed.  For  this  purpose, 
a  core  on  which  the  necesHary  lettering,  etc..  Is  produced  la 
■ct  In  the  mold  In  which  the  casting  is  to  bo  poured  and  left 
protruding  HUfficlently  tn  cause  an  indenture  upon  whicli  the 
raised  letlfrH  appear.  This  indenluro  brings  the  surface  of 
the  N'tters  flush  with  the  Burface  of  the  niachinc  bed,  thuK 
avoldlnR  any  tendency  for  the  letters  to  bo  worn  or  broken 
off  Fig.  1  shows  at  A  one  of  the  cores  used  for  casting  the 
required  marking  on  the  frames  of  machine  tools  built  by  the 
Brown  £  Sharpn  Mfg.  Co.,  of  Providence.  U.  r..  and  at  It  llioro 
Is  Hhriwn  the  forevbox  which  Is  requireil  for  use  In  making 
thcifi  trndomnrking  cores.  Fig.  2  showH  a  marliino  frame 
markf'd  in  tliln  way. 

A  RubHtltulo  for  thf-  method  of  caxlinK  a  nnnii'  right  on  n 
marhino  \m\  In  to  apply  n  namoplato  made  nf  brami  or  momk- 
(Inillar  mntal.  A  nameplnto  has  one  Important  ndvantago  over 
tho  nomo  ra»l  onto  tho  machlni>  bod  Iri  that  it  Is  mado  of  n 
(IlfTcront  rolorxd  mflal,  ond  so  pnrhnpH  attracts  more  attpii 
lion.  However,  thr-  nnmt-plato  is  a  irlflo  moro  cxpcnHlvn  to 
apply,   anil   there   In  aliin  the   risk    of   llii   boroming   detnrhcd 


from  the  machine.  In  any  case,  where  a  nameplate  is  to  be 
applied  to  a  machine  or  other  product  of  considerable  size, 
the  design  of  the  product  to  be  marked  should  be  studied  with 
the  view  of  selecting  a  position  for  the  nameplate  which  will 
combine  the  advantages  of  having  it  protected  from  unneces- 
sary wear  and  still  having  it  so  placed  that  it  is  readily  seen 
by  those  who  operate  the  machine  or  pass  by  it.  Nameplates 
may  be  of  various  forms,  but  in  all  cases  the  metal  from  which 
they  are  made  should  be  sufficiently  hard  so  that  the  lettering 
will  not  be  bruised  or  worn  smooth,  and  to  further  assure 
against  the  production  of  such  an  undesirable  condition,  the 
letters  should  have  plenty  of  relief. 

Nameplates  are  made  in  a  number  of  different  ways,  among 
which  mention  may  be  made  of  the  processes  of  casting  the 
plate  in  a  mold,  or  of  producing  the  required  legend  and  de- 
sign by  etching,  lithographing,  or  embossing.  Nameplates 
made  by  each  of  these  methods  have  certain  points  to  com- 
mend them.  The  chief  claim  made  for  the  cast  nameplate 
is  that  almost  any  desired  amount  of  relief  can  be  provided 
for  the  letters  and  other  elements  of  design.  Cast  nameplates 
are  likely  to  be  rather  expensive,  owing  to  the  necessity  of 
making  patterns  and  molds,  but  this  limitation  has  been  con- 
siderably reduced  through  a  method  developed  by  the  Federal 
Nameplate  &  Novelty  Co.,  of  Chicago,  111.  This  firm  has  de- 
veloped a  process  for  making  die-cast  nameplates  in  sectional 
molds,  which  are  built  up  by  assembling  the  necessary  com- 
bination of  letters,  spaces,  border  lines,  etc.,  each  letter, 
spacing  block,  or  section  of  border  being  carried  on  an  in- 
dividual steel  block  which  is  carefully  machined  on  all  sides 
so  that  any  required  number  of  these  blocks  can  be  assembled 
together  and  form  a  tight  fit.  The  great  advantage  of  this 
method  of  making  nameplates  is  that  standard  die  sections 
may  be  carried  in  stock  by  the  nameplate  manufacturer,  in 
the  same  way  that  a  printing  plant  carries  different  standard 
type  faces  in  stock.  Then  when  an  order  is  received  for.  say, 
two  hundred  nampelates  of  a  given  design,  the  necessary  die 
sections  can  be  taken  from  the  racks  and  assembled  to  form 
the  die  required  for  casting  these  nameplates.  After  a  given 
order  has  been  completed,  the  die  is  broken  up  and  the  die 
sections  replaced  in  their  respective  positions  in  the  racks, 
so  that  the  only  die  charge  which  need  be  made  against  a 
given  job  is  the  average  wear  and  tear  on  the  die  sections  used 
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in  hiiiidllng  llic  work.  TIiIh  method  Is  natunilly  the  means  of 
making  a  greal  hhvIiik  In  lliii  cost  of  proilucllon,  becnuso  to 
make  a  Hp<-cial  ille  for  ille'CaHlInK,  a  sniall  number  of  nanie- 
plateH  MiUHl  of  neceHHity  add  greatly  to  the  expense,  as  the 
whnin  cont  nf  the  ill(<  liaM  lo  lie  diHlrlbuted  over  a  HMinll  num- 
ber nfplntPH. 

Mitkliiir  Btchud  NiuiioplnloH 

A  grnol  many   nanieplntoH  Uficd  on   dlffereiil    lypeH  of  Hiiiall 
inHi'liliieH  and   metol   produrlB  ore  made  liy  i'IiIiIiik  the  legend 
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and  design  on  the  metal  plate.  For  this  purpose,  the  method 
of  procedure  used  in  manufacturing  nameplates  is  as  follows: 
A  drawing  of  the  required  design  is  made  to  an  enlarged  size 
in  order  to  enable  the  artist  to  work  more  easily.  A  zinc 
etching  of  the  required  size  is  then  made  from  this  drawing 
by  the  photo-engraving  process.  The  etching  is  set  up  in  a 
special  form  of  printing  press  and  the  design  of  the  required 
nameplate  is  printed  on  the  surface  of  sheet-brass  blanks  from 
which  the  nameplates  are  to  be  made.  While  the  printed  sur- 
face is  still  wet,  a  specially  prepared  acid-resisting  chemical 
powder  is  shaken  over  the  surface  of  the  sheet  brass,  and  this 
powder  sticks  to  the  wet  parts  of  the  blank,  while  it  may  be 
easily  brushed  off  those  sections  of  the  brass  surface  which 
are  left  clean.  The  work  is  now  ready  to  be  etched,  for  which 
purpose  it  is  treated  with  acid  that  eats  its  way  into  the  ex- 
posed surfaces  of  the  brass  but  will  not  "cut"  the  portion  of 
the  surface  which  is  provided  with  the  specially  prepared 
"resist"  that  was  applied  by  the  printing  operation.  The 
amount  that  the  design  is  left  in  relief  will  be  governed  by 
the  length  of  time  that  the  brass  is  exposed  to  the  etching 
acid,  but  after  the  desired  result  has  been  obtained,  the  acid 
is  washed  off  with  clear  water. 

Fig.  3  shows  a  variety  of  etched  nameplates  made  by  the 
Crowe  Nameplate  Co.,  of  Chicago,  111.  This  firm  has  special- 
ized in  the  making  of  etched  nameplates  and  has  developed 
processes  for  obtaining  a  variety  of  different  color  combina- 
tions. For  instance,  plates  may  be  made  of  white  metal,  brass, 
copper,  etc.,  with  the  combination  of  bright  letters  and  a 
frosted  background,  or  vice  versa;  also,  colored  plates  may 
be  made  with  the  background  in  various  colors  and  the  letters 
in  the  natural  color  of  the  metal,  etc.  Such  color  schemes 
add  greatly  to  the  effectiveness  of  the  nameplate  from  a 
publicity  standpoint.  Other  colored  nameplates  are  made  by 
a  process  of  lithographing  on  sheet  metal  which  enables  any 
required  combination  of  colors  to  be  obtained.  One  serious 
limitation  of  the  lithographed  nameplates  is  that  they  do  not 
stand  up  very  well  under  severe  conditions  of  service.  Two 
examples  of  nameplates  made  by  the  lithographic  process  are 
shown  at  A  and  B  in  Fig.  4,  and  at  C  there  is  shown  a  plate 
on  which  the  letters  were  raised  on  the  sheet  metal  by  an 
embossing  die. 

Etching-  a  Trademark  upon  the  Product  i 

There  are  various  metal  products,  of  which  cutlery  is  an 
example,  that  may  be  effectively  trademarked  by  etching  di- 
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Fif.   3.     Examplni  of  OIIToriint  Combination!  of   Lottori   and   Bacltgrounda 
on  Etoliod  Namoplatoa  made  by  tho  Crowo  Namoplato  Co. 

rectly  upon  the  surface  of  tho  motal.  In  the  case  of  steel 
or  Iron  products,  nitric  add  may  ho  used  as  tho  etching  me- 
dium, and  this  acid  oxidizes  the  Iron,  leaving  the  etched  sur- 
face black,  HO  that  It  stands  out  In  distlni't  cniitra.st  with  the 
light  colored  Hurfaro  of  tho  surrounding  metal.  As  In  the 
case  of  making  etched  nameplates,  llio  principle  governing  tho 
procesH  of  etching  directly  upon  the  surface  of  the  motal  prod- 


uct is  to  apply  a  resist  in  which  the  required  design  is  cut 
in  order  to  expose  the  metal  to  the  action  of  the  etching  fluid, 
while  the  surface  of  the  metal  surrounding  the  marking  it  is 
desired  to  etch  is  protected  by  means  of  the  resist.  The  method 
of  procedure  in  handling  the  work  is  somewhat  different, 
however. 

One  way  of  etching  trademarks  on  cutlery  which  has  been 
found  to  give  satisfactory  results  is  to  apply  a  light  coat  of 
shellac  on  the  surface  in  which  the  trademark  is  to  be  etched. 
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Fig.  4.     (A  and  B)   Nameplates  made  by  the  Lithographic  Process  and 
(C)   Nameplate  with  Letters  embossed  on  Sheet  Metal 

A  rubber  printing  stamp  is  made  with  the  required  trade- 
mark, and  this  stamp  is  first  applied  to  a  pad  saturated  with 
caustic  soda  and  then  pressed  on  the  shellac,  which  has  been 
given  time  to  dry  on  the  metal  surface  to  which  it  was  applied. 
The  result  is  that  the  caustic  soda  applied  by  the  rubber  stamp 
"cuts"  the  shellac,  so  that  it  can  be  removed  by  lightly  brush- 
ing the  surface  with  water.  When  20-per-cent  nitric  acid 
is  applied,  it  will  etch  that  part  of  the  steel  surface  which 
has  been  exposed  by  cutting  the  trademark  in  the  shellac, 
while  the  remainder  of  the  surface  is  protected  from  the  acid 
by  the  shellac.  The  acid  is  left  on  the  work  for  about  eight 
minutes,  although  the  exact  time  varies  considerably,  accord- 
ing to  the  composition  of  the  metal.  After  giving  the  acid 
time  to  etch  the  trademark  on  the  work,  the  entire  surface 
is  rinsed  in  cold  water  in  order  to  wash  away  the  excess  acid 
and  prevent  further  action.  Various  other  methods  of  apply- 
ing a  resist  and  cutting  the  required  design  in  the  resist  to 
expose  the  surface  of  the  metal  for  etching  may  be  employed, 
but  the  method  of  using  a  rubber  stamp  and  caustic  potash  to 
expose  the  metal  under  a  shellac  resist  is  perhaps  one  of  the 
most  rapid  and  effective  that  can  be  employed. 

Etching'  Trademarks  on  Tools 

At  the  plant  of  the  Nelson  Tool  Co.,  781-783  E.  142nd  St., 
New  York  City,  a  practice  is  made  of  etching  the  company's 
iiamo  on  dies  and  other  tools  made  in  the  shop.  For  this  pur- 
pose, the  method  of  procedure  Involves  the  use  of  the  usual 
combination  of  a  resist  and  etching  fluid,  but  the  way  In  which 
the  work  is  done  has  certain  interesting  modifications.  Bees- 
wax is  used  as  a  resist,  and  the  wax  is  applied  to  the  metal 
by  heating  an  iron  bar  about  'i  inch  In  dinniotor  in  the  flame 
of  a  Hiinson  burner  and  rubbing  this  bar  over  the  surface  of  a 
cake  of  wax  ahoiit  2  by  4  Inches  in  size.  Application  of  flic 
hot  Iron  bar  warms  tho  wax  so  that  It  approaches  a  melted  con- 
dition; tho  warmed  side  of  tho  wax  Is  then  rubbed  over  the 
surface  of  tho  tool  which  Is  to  bo  etched.  This  leaves  a  film 
of  wax  on  the  siirfaco  of  the  tool  which  Is  Impervious  to  the 
o^-tion  of  the  add  used  for  etching.  After  the  wax  has  been 
given  suflldenf  time  to  cool  and  harden,  a  steel  scriher  with  a 
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sharp  point  is  used  to  make  the  desired  marking,  with  the  re- 
sult that  the  wax  is  cleared  away  from  the  surface  of  the 
steel,  leaving  the  metal  under  the  marking  exposed  but  the 
surrounding  surface  of  the  steel  covered  with  wax. 

An  etching  fluid  consisting  of  four  parts  of  hydrochloric  acid 
to  one  part  of  nitric  acid  is  then  applied  to  the  steel.  The 
exact  length  of  time  which  the  acid  stands  on  the  work  will 
vary  according  to  the  composition  of  the  steel  and  certain  other 
conditions,  so  that  it  is  necessary  to  experiment  in  order  to 
determine  the  exact  length  of  time  which  gives  the  desired 
depth  of  etching.  Usually,  the  time  required  will  be  from 
five  to  ten  minutes.  It  varies  according  to  the  composition 
of  the  steel  and  whether  it  is  hard  or  annealed.  After  the  acid 
has  been  left  on  the  work  for  the  required  time,  it  is  washed 
off  with  water,  after  which  the  wax  resist  can  be  removed. 
The  marking  produced  on  steel  by  an  etching  fluid  containing 
nitric  acid  is  of  a  dark  brown  or  black  color,  which  shows  up 
distinctly  on  the  light  colored  surface  of  the  steel.  The  reason 
for  the  etched  marking  being  black  is  that  nitric  acid  is  an 
oxidizing  agent,  the  etching  process  consisting  of  the  conver- 
sion of  light  colored  metallic  iron  into  iron  oxide  which  is 
nearly  black.  Figs.  5,  6,  and 
7  show  successive  steps  in 
etching  trademarks  on  tools 
as  done  by  the  Nelson  Tool  Co. 

Robinson's  Etchlni?  Solution 

The  following  formula  for 
an  etching  solution  for  etch- 
ing lettering  on  carbon  or 
high-speed  steel  was  devel- 
oped by  J.  B.  Robinson,  of  the 
Rochester  Ball  Bearing  Co, 
while  employed  at  the  Bausch 
II  Ivonib  Optical  Co.,  Kochen 
ter,  N.  Y.,  and  has  been 
termed  the  "Robinson  for- 
mula." It  conslBtti  of  2  partH 
of  acetic  acid,  8  parts  of  nitrli: 
arid,  and  5  parts  of  hydro 
chloric  arid.  Beeswax  Is  used 
an  a  r<!HlHt,  the  wax  coatInK 
bclnfc  rubbed  onto  the  objcci 
to  bo  ft'-h'"!  vry  thinly  and 
ttmni''  it'ly  by  uhIiik 

the  '  •    or  nlbilhir 

objo'.i  I II'  .•'  I'i  iH  pornilttud 
to  arX  for  about  two  or  throi- 
mlnutoii,  with  n  froih  mix 
ture,  and  produce!  a  black 
dopooli  In  fh"  nlrhwl  llnoii 
It    I  t    MOlu 

lion  .  ry  rij 

aalt.,. — ,    hovo 

nMd  It  reromiaond  It  hlitbly 


ri«.  1.    Dwi(hi  nut 


Decalcomania  Transfer  Method  of  Etching- 
For  etching  trademarks  on  metal  products,  use  is  often  made 
of  decalcomania  transfers,  which  are  perforated  so  that  they 
form  a  background  for  the  trademark,  thus  constituting  a  re- 
sist which  protects  the  metal  surface  while  the  desired  mark- 
ing is  left  exposed  so  that  it  may  be  etched  by  the  fluid  which 
is  applied  for  that  purpose.  There  are  various  methods  of 
applying  decalcomania  transfers  for  etching,  but  the  following 
is  one  that  has  been  found  to  give  satisfactory  results:  The 
face  of  the  transfer  is  given  a  thin  coat  of  quick-drying  varnish 
and  allowed  to  stand  until  the  varnish  becomes  very  sticky  or 
"tacky,"  as  it  is  called.  The  varnished  side  of  the  transfer 
is  then  applied  to  the  work  to  be  trademarked  and  the  transfer 
is  rolled  with  a  rubber  roller  to  expel  air  bubbles  and  get  the 
transfer  firmly  in  contact  with  the  work. 

After  allowing  the  varnish  a  few  minutes  to  set,  the  paper 
backing  of  the  transfer  is  soaked  with  water,  so  that  it  may 
be  peeled  off,  and  the  transfer  is  once  more  rolled  down  with  a 
wet  felt  roller.  Between  the  transfer  and  the  paper  backing 
there  is  a  layer  of  starch,  which  is  softened  by  the  water  to 
facilitate  removing  the  paper.  The  transfer  is  finally  tapped 
with  a  dry  piece  of  chamois 
leather.  Varnish  is  able  to 
resist  the  action  of  an  etching 
acid,  and  as  the  varnish  is 
likely  to  spread  out  from 
under  the  transfer  to  sur- 
rounding surfaces  of  the 
metal,  it  must  be  removed  be- 
fore the  etching  process  is 
started.  This  can  best  be 
done  with  benzine  or  some 
other  non-greasing  deturgent 
with  which  the  varnish  is 
washed  oft  the  metal  surfaces. 
One  good  way  of  accomplish- 
ing this  result  Is  to  dampen 
the  whole  surface  whore  the 
iriiiiafor  has  boon  applied 
with  diluted  turpentine  or 
amnicinla  and  then  rub  the 
siirfai'o  lightly  with  a  dry 
Hofl  rng.  This  removes  any 
variiiBli  Ihiit  has  run  out  from 
uiidi;r  the  trnnsfor  onto  the 
Hurfnco  (if  till'  iiu'lul  which 
iiiiiHt  \w  oxpoHuil  for  etching. 
Wlioro  cxtronu'ly  fino  etch- 
liiK  Ih  rotjulrod.  It  may  be 
a  good  plan  to  apply  oiio  or 
two  I'onta  iif  varnish  over 
the  trannfcr  and  allow  It 
to  Hliitid  fiir  II  iliiy  bi'fnri! 
procoodliiK  Willi  111"  otch- 
InR. 
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Fig.  9.    Examples  of  Work  with  Trademarks  impressed  with  Dwight  Slate 
Marking   Machines 

After  the  preparation  of  the  work  for  etching  has  progressed 
to  this  point,  the  following  steps  in  the  process  will  vary  ac- 
cording to  the  depth  to  which  it  is  required  to  etch  the  trade- 
mark. If  a  deep  marking  is  required,  it  will  be  found  neces- 
sary to  paint  over  the  decalcomania  transfer  with  asphaltum 
varnish,  and  also  all  exposed  surfaces  of  the  metal,  except 
where  the  etching  is  to  be  done.  Then  after  this  varnish  has 
had  time  to  dry,  the  work  can  be  immersed  in  an  etching  bath 
for  the  required  length  of  time  to  produce  a  marking  of  the 
desired  depth.  When  it  is  only  required  to  etch  lightly,  a 
small  amount  of  acid  can  be  placed  over  the  design,  and  if  the 
surface  is  flat  and  level,  there  will  be  no  danger  of  the  acid 
running,  and  so  it  is  unnecessary  to  apply  asphaltum  paint 
around  the  edge  of  the  transfer.  After  the  resist  has  been 
prepared  in  this  way,  the  etching  process  is  accomplished  by 
the  use  of  acid  or  any  other  suitable  fluid  in  exactly  the  same 
way  as  if  the  resist  had  been  prepared  by  the  application  of 
wax  or  some  other  material  which  would  not  be  affected  by 
the  etching  fluid.  When  applying  transfers,  it  is  important 
to  have  the  work  thoroughly  cleaned  to  remove  all  traces  of 
grease  from  the  metal.  In  the  factory  of  Henry  Disston  & 
Sons,  Inc.,  Philadelphia,  Pa.,  this  method  is  used  for  applying 
trademarks  to  various  types  of  saws.  About  sixty  saws  are 
laid  out  along  a  bench  and,  after  the  transfers  have  been  put 
on,  the  etching  acid  is  applied  with  a  small  sponge.  The  work- 
man walks  all  down  the  line, 
moistening  the  sponge  with 
acid  and  applying  it  to  each 
saw  blade.  Then  he  starts 
again  at  the  top  of  the  line 
and  rinses  off  the  acid  with  a 
large  sponge  soaked  with 
water.  This  means  that  the 
acid  la  left  on  the  work  for 
about  five  minutes. 
Impresslntf  a  Trademark  Into 
a  Metal  Surface 

Another  commonly  used 
method  of  trademar1<ing  is  to 
employ  a  stamp  to  Impres.s  a 
trademark  into  the  surface  of 
a  metal  product.  In  some 
cases,  a  single  stamp  can  be 
made  to  Include  all  of  the 
marking  that  is  required, 
while  In  other  cases  Individ- 
ual stamps  are  made,  each  of 
which  has  one  letter  or  fig 
ure,  80  that  these  stamps  may 
be  used  successively  to  pro 
duco  the  riMiulred  marklns. 
Where  the  latter  method  Is 
emplnyod,  trouble  is  likely  to 
bo  C"xpr>rlcnrnd  llirr>UKh  Ir- 
roKulnrlty  In  ttio  cloi>th  of  Ini- 
prcsHloiiH  BiTiirivl  with  differ 


ent  stamps.  A  little  thought  will  suffice  to  show  that  for 
figures  of  a  given  height  it  will  require  more  pressure  to  sink 
a  figure  3  to  a  specified  depth  in  the  work  than  to  sink  a 
figure  1  to  the  same  depth.  Some  plants  have  conducted  very 
careful  investigations  of  the  relative  amounts  of  pressure 
which  are  required  and  have  arranged  each  stamp  with  a 
weight  that  slides  on  a  bar  attached  to  the  top  of  the  stamp. 
Each  of  these  bars  is  arranged  with  a  limit  stop,  so  that  the 
height  from  which  the  weight  falls  onto  the  stamp  to  provide 
for  impressing  the  stamp  into  the  work  may  be  varied  accord- 
ing to  conditions.  By  determining  the  relative  height  from 
which  each  weight  should  fall  in  order  to  impress  the  letter 
or  figure  to  the  desired  uniform  depth,  provision  is  made  tor 
producing  a  trademark  of  satisfactory  appearance. 

Such  a  method  of  providing  for  the  production  of  uniform 
marking  in  the  work  is  obviously  a  tedious  process  and  one 
which  involves  considerable  loss  of  time.  A  much  more  satis- 
factory method  is  to  use  one  of  the  Dwight  Slate  marking 
machines  built  by  the  Noble  &  Westbrook  Mfg.  Co.,  of  Hart- 
ford, Conn.  These  machines  are  furnished  with  a  die  on 
which  the  desired  marking  is  left  in  relief  by  cutting  away 
the  surrounding  metal.  The  machine  is  operated  by  having 
the  die  carried  on  a  slide  so  that  this  die  may  be  moved  over 
the  surface  of  the  work  in  which  it  is  desired  to  impress  the 
trademark.  The  work  is  carried  on  a  table  supported  by  a 
vertical  slide,  and  this  table 
is  raised  to  bring  the  work 
into  contact  with  the  die  by 
pushing  down  a  foot-lever. 
An  adjustable  stop  is  set  so 
that  the  foot-lever  brings  the 
table  to  a  uniform  position 
each  time,  in  order  that  the 
marking  may  be  of  the  same 
depth  In  all  pieces  of  work, 
and  the  operation  of  the  ma- 
chine itself  Insures  a  uniform 
depth  of  marking  on  each  in- 
dividual piece.  Either  flat  or 
cylindrical  shaped  pieces  may 
be  marked  on  the  machine. 
In  the  case  of  cylindrical 
work,  a  flat  die  Is  used  and 
the  work  Is  rolled  on  the  table 
under  this  die.  Where  It  Is 
desired  to  mark  flat  work,  a 
cylindrical  shaped  markiiiK 
die  Is  used  which  Is  rolled 
over  the  surface  of  the  work. 
In  addition,  provision  may  bo 
made  for  marking  on  tapered 
pieces  of  work,  special  fix- 
tures being  provided  for  hai\- 
dllng  such  operations.  Figs. 
S  and  12  sbmv  machines  set 
up  for  niarkiiiK  flat  and  I'vlln- 
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drical  shaped  work,  respectively.  A  good  idea  of  the  range 
of  trademarking  which  may  be  handled  on  the  Dwight  Slate 
marking  machine  will  be  apparent  by  referring  to  Fig.  9, 
which  shows  a  number  of  examples  of  work;  and  in  Fig.  10 
there  are  shown  different  types  of  marking  dies  made  for  use 
on  the  machine.  In  using  a  round  die  for  marking  flat  work 
or  a  flat  die  for  marking  round  work,  it  will  be  apparent  that 
there  is  only  one  point  of  contact  between  the  die  and  the  work 
at  any  one  time.  This  greatly  reduces  the  amount  of  pressure 
required  to  impress  a  given  marking,  and  as  a  result  many 
kinds  of  material  that  would  otherwise  be  distorted  can  be 
readily  marked   by   this  process.     For   instance,   it   is   found 


practicable  to  impress  markings  into  hollow  tubes.  Adjust- 
ments are  provided  on  the  machine  for  use  in  connection  with 
flat  or  round  dies,  so  that  the  proper  character  on  the  die 
comes  into  contact  with  the  work  at  a  specified  point,  this 
adjustment  being  obtained  by  screw  stops.  Movement  of  the 
slide  whicli  carries  the  die  across  the  work  is  effected  by  a 
hand-lever  which  actuates  the  slide  by  means  of  a  rack  and 
pinion. 

A  somewhat  similar  method  is  employed  by  manufacturers 
of  leather  belting  for  impressing  a  trademark  into  the  sur- 
face of  this  product,  but  in  the  case  of  belting  care  must  be 
taken  to  make  the  marking  die  with  the  edges  of  the  raised 
design  carefully  rounded,  instead  of  having  these  edges  sharp. 
The  reason  for  taking  this  precaution  is  that  in  making  belting 
it  is  the  practice  to  impress  the  trademark  into  the  belting 
by  compressing  the  leather  under  the  raised  portion  of  the  die 
without  actually  cutting  the  fibers  of  the  leather.  If  these 
fibers  were  cut,  it  would  naturally  result  in  weakening  the 
belting.  In  Fig.  11  there  Is  shown  a  combination  trademark- 
ing and  measuring  machine  used  in  the  plant  of  Charles  A. 
Schleren  Co.,  73  Ferry  St.,  New  York  City.  It  will  be  seen 
that  this  machine  is  eriuipped  with  a  wheel  and  that  the  belt- 
ing to  be  marked  runs  under  it  so  that  the  stamp  may 
Impress  the  Schleren  trademark  of  "Duxbak  Belting"  together 
with  the  registered  design  in  the  surface  of  the  leather  at  each 
Interval  of  ten  feet.  This  machine  also  stamps  the  length  of 
belting,  which  greatly  facilitates  the  work  of  measuring  up 
any  specified  length  of  belt  that  Is  required  for  a  given  drive'. 
The  trademarking  machine  Is  c'lulppcd  with  a  mochaiiisiii 
which  automatically  adjusts  the  marking  punches  to  bring  up 
the  reriulred  tens  digit  In  10,  20,  .'iO,  etc.,  while  the  units  dlgilH 
are  placed  around  the  (tlrcumfcrcnco  of  the  wheel  so  that  they 
mark  from  1  to  10  In  each  bucccbbIvo  Interval  of  ten  feet  of 
belting.  On  this  machine,  bolting  up  to  14  InrhcH  in  width 
may  be  marked,  and  for  marking  larger  wldfhn  of  bi-lting  u 
hand  iitomp  and  hammer  arc  eniploynr],  us  Hhown  In  Fig.   l.'i. 

Mathod  of  Marklni;  Hteel  Barroln  und  Hoxon 

Uarrvls  and  boxim  mndn  nf  hIioqI  hIuoI   are  naturally  ninn^ 

•nllnr  woimIcm  I'OiitnlniTH,  but  when  mado  of 

jMi'd   r«'p<:iitndly.  no  that  tin*  prlii*  pnid   for 

,   i,j   M-r\  liiirri'lH  In  orioii  loiiS  than  when  Ihcy 

are  maOo  of  wood,  Woodon  barmlii  are  quite  cominnnly  marki-'l 

by  either  paiilInK  a  label  on  the  barrel  or  painting  the  dcnlrcd 

mnrklntc  on  It,  but  olthnr  of  thcRo  mnihod*  producoii  a  mark 

whl'h  I*  likely  to  be  oblll4«ralnrt.     With  oxpeMHlve  iil<-ol  bnrrelit 

whirh  are  to  be  imod  repeatedly,  the  owner  doe*  not  like  to 

run  the  rink  of  loalnK  bin  properly,  and  no  It  In  hlRlily  denlrnlili' 


to  adopt  some  more  permanent  form  of  marking  than  that 
produced  by  pasting  on  a  label  or  painting  the  name  on  the 
surface  of  the  steel.  One  excellent  method,  which  is  quite 
commonly  used  by  manufacturers  of  steel  barrels,  is  to  employ 
sectional  embossing  dies  of  the  form  shown  in  Figs.  14,  15, 
and  16.  The  dies  shown  in  these  illustrations  are  made  by 
James  H.  Matthews  &  Co.,  3946  Forbes  Field,  Pittsburg,  Pa. 
The  particular  advantage  of  these  dies  is  that  they  may  be 
assembled  in  any  way  to  provide  for  producing  the  desired 
marking  on  the  head  of  a  barrel,  and  firms  engaged  in  making 
barrels  for  a  number  of  customers  are  able  to  rearrange  these 
sectional  dies  for  applying  the  desired  marking  to  work  that 
is  being  done  for  different  customers,  instead  of  having  to  go 
to  the  expense  of  having  a  special  solid  die  made  for  each 
customer's  work. 

In  marking  the  head  of  a  barrel  with  these  dies,  provision 
is  made  for  assembling  the  upper  and  lower  die  members  into 
the  faces  of  the  dies  used  for  drawing  up  the  barrel  head,  so 
that  the  drawing  and  embossing  operations  may  be  performed 
at  a  single  stroke  of  the  press.  Those  who  anticipate  using 
dies  of  this  kind  to  mark  their  work  will  naturally  be  inter- 
ested in  learning  of  the  amount  of  pressure  which  is  required 
for  performing  the  embossing  operation,  and  in  answer  to  this 
question  it  mqy  be  stated  that  each  one-inch  letter  requires  a 
pressure  of  10,000  pounds  for  embossing  ten-gage  steel.  In 
Figs.  14  to  16,  it  will  be  seen  that  the  equipment  consists  of 
an  upper  and  a  lower  holder  in  which  the  upper  and  lower 
embossing  die  sections  are  assembled.  The  Illustrations  show 
holders  made  to  accommodate  three  lines  of  letters  and  one 
line  of  figures,  but  holders  are  made  to  carry  different  com- 
binations of  letters  and  figures.  The  available  standard  hold- 
ers have  the  following  combinations:  one  line  of  letters,  one 
line  of  letters  and  one  line  of  figures,  two  lines  of  letters,  two 
lines  of  letters  and  one  line  of  figures,  three  lines  of  letters, 
three  lines  of  letters  and  one  line  of  figures,  four  lines  of 
letters,  and  four  lines  of  letters  and  one  line  of  figures. 

An  advantage  arising  from  the  use  of  these  sectional  dies 
is  that  they  are  always  available  for  use,  thus  saving  time 
which  might  otherwise  be  lost  through  the  necessity  of  wait- 
ing for  a  solid  die  to  be  made.    The  use  of  these  sectional  dies. 


which  cnuHtltiilo  n  Hlandard  feature  ol'  ciiiilpnuMil  In  i\  pliiiil 
engngi'd  In  Ihc!  ninnufiicture  of  work  wlildi  can  br  iiiiirkiMl  by 
Huch  illfN,  HiiveH  the  expeiiHe  of  niiiking  ii  Hp(-rlnl  die,  and  thUH 
riflen  enalileH  r>ne  niininfarhirer  lo  uiidiThld  Ills  conipulltor 
whoHo  Mgiire  Ih  linHeil  upon  the  neccHHlty  of  tnakhig  ii  nolld 
die  for  marking  the  work.  Rxporlenco  In  the  performance  of 
unihoMHinK  operatlouH  with  dlcH  of  IIiIh  type  liaa  hIiowm  Ihat 
cerlalii  roniblnatlona  of  letlerH  of  the  alphabet  will  provide  a 
HiilTlrlent  supply  to  enable  the  uwer  to  not  up  practically  any 
name  and  addroM  or  oilier  marking  which  IiIh  ciiHtomer  desires 
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Figs.  14,  15.  and  16.    Sectional  Embossing  Dies  made  by  James  H.  Matthews  &  Co.  which  can  be  assembled  in  HoI^^l  .-_,   ;., 
Kequired  Marking  on  Heads  of  Steel  Barrels  and  Other  Sheet-metal  Products 


for  embossing 


to  have  placed  on  the  head  of  a  steel  barrel.  This  is  a  modifi- 
cation of  the  printer's  font  system,  and  for  a  barrel  head 
embossing  outfit,  what  is  known  as  a  "Five  A"  font  of  dies 
is  usually  supplied,  which  consists  of  the  following  sets  of 
letters:  Five  A's,  three  B's.  four  C's,  four  D's,  six  E's,  three 
F's,  three  G's,  four  H's,  five  I's,  three  J's,  two  K's,  six  L's. 
four  M's,  five  N's.  five  O's,  three  P's,  two  Q's,  five  R's,  six  S's, 
five  T's,  four  U's,  three  V's,  three  W's,  two  X's,  three  Y's. 
two  Z's,  two  &'s,  and  two  periods.  In  each  case  the  figures 
given  refer  to  a  set  of  dies,  and  each  set  comprises  one  male 
and  one  female  letter,  with  suflScient  clearance  between  them 
to  accommodate  the  metal  which  is  being  embossed.  The  dies 
are  made  of  a  suitable  grade  of  carbon  tool  steel,  which  gives 
them  a  high  degree  of  durability. 

Whenever  a  line  of  the  figure  or  letter  holder  is  not  em- 
ployed to  its  full  capacity,  it  is  necessary  to  fill  up  the  remain- 
ing spaces  with  blanks  or  "spaces,"  as  they  are  commonly 
called.  These  spaces  can  be  correctly  set  up  with  the  letters 
in  any  line,  the  following  beiiig  a  case  in  point:  Suppose  the 
number  of  letters  in  the  holder  is  quite  small.  It  is  necessary 
to  place  blanks  evenly  on  each  side  of  the  letters  in  order  to 
produce  a  neat  looking  arrangement.  Spaces  are  also  neces- 
sary, because  it  is  imperative  for  the  holder  to  be  completely 
filled  with  either  letters  or  spaces  while  the  embossing  opera- 


tion is  being  performed.  For  any  set  of  holders  from  two 
lines  up,  the  following  spaces  are  needed:  Eight  sets  of 
2-inch  spaces,  eight  sets  of  1-inch  spaces,  ten  sets  of  %-inch 
spaces,  four  sets  of  Vi-inch  spaces,  and  six  sets  of  i^-inch 
spaces.  To  provide  for  holding  figures,  letters,  and  spaces 
when  not  in  use,  James  H.  Matthews  &  Co.  make  a  special 
cabinet  equipped  with  a  hinged  lid.  The  use  of  such  a  cabinet 
not  only  protects  the  die  sections  from  damage,  but  also  pro- 
vides a  definite  place  for  them,  so  that  the  danger  of  loss  is 
greatly  reduced. 

The  term  "fool-proof"  is  applied  to  these  embossing  die  sec- 
tions because  it  is  impossible  to  assemble  them  in  the  holders 
in  any  other  than  the  correct  position.  It  will  be  apparent 
that  considerable  damage  could  easily  be  done  if  one  or  more 
die  sections  were  placed  in  the  holder  upside  down.  The  upper 
holder  for  the  sectional  lettering  and  figuring  dies  is  made  of 
tool  steel,  and  the  lines  for  the  letters  work  on  a  slide,  as 
clearly  shown  in  Fig.  15,  thus  making  It  unnecessary  to  re- 
move the  upper  holder  from  the  head  of  the  press  in  order  to 
change  any  of  the  die  sections.  The  lower  holder  is  fastened 
to  the  bedplate  of  the  press,  and  this  holder  carries  the  male 
dies.  The  die  sections  for  embossing  figures  are  furnished 
with  wire  handles,  as  shown  in  Figs.  14  to  16,  and  the  die- 
holders  are  placed   on   the  press   with  these  handles   facing 
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toward  the  front.  Both  the  upper  and  lower  holders  for  fig- 
ures are  equipped  with  spring  pin  locks  which  engage  the  die 
sections  when  they  are  pushed  into  place  in  the  holder.  When 
it  is  desired  to  change  a  die  section  in  the  holder,  a  slight  pull 
on  the  wire  handle  pushes  this  pin  lock  down  into  the  holder 
so  that  the  die  section  can  be  withdrawn. 

Attention  has  already  been  called  to  the  slide  arrangement 
for  holding  the  lettering  die  sections.  The  upper  die  sections 
have  to  be  assembled  in  the  holder  face  down,  and  to  facilitate 
the  work  of  assembling  these  sections,  without  danger  of 
mounting  them  in  the  wrong  position,  a  practice  is  made  of 
marking  the  letter  on  the  back  of  the  die-block  to  correspond 
with  the  letter  which  is  actually  cut  in  the  front  of  the  block. 
The  slides  in  which  letter  sections  are  mounted  are  provided 
with  means  of  securely  locking  them  in  position  when  the  die 
has  been  completely  assembled  ready  to  start  performing  the 
embossing  operations.  In  conclusion,  attention  is  called  to  the 
fact  that  this  equipment  can  be  used  for  embossing  names, 
numbers,  etc.,  on  curved  surfaces.  There  are,  however,  many 
limitations  in  the  application  of  these  sectional  embossing  dies 
on  anything  but  flat  work.  This  is  due  to  the  fact  that  when 
curved  holders  and  curved  dies  are  made,  each  section  of  the 
holder  and  each  die  section  Is  curved  to  a  different  radius,  as  a 
result  of  which  considerable  time  Is  required  to  properly  as- 
semble the  dies  ready  for  use. 

Decalcomania  Transfer  Method  of  Trademarking' 

Where  the  frames  of  typewriters,  gasoline  pumps,  and  a 
great  variety  of  similar  metal  products  are  to  be  painted  and 
then  given  a  final  finish  by  applying  lacquer  or  varnish  to 
the  painted  surface,  a  very  effective  method  of  trademarking 
is  to  make  use  of  the  decalcomania  transfer.  These  transfers 
are  made  in  any  desired  form  and  in  practically  any  color, 
and  they  may  be  very  easily  applied  to  the  work  after  the 
painting  has  been  done,  but  before  the  final  coat  of  lacquer 
or  varnish  has  been  applied.  The  varnish  covers  the  transfer, 
and  not  only  gives  it  a  good  appearance,  but  also  protects  it 
from  becoming  discolored  or  worn  off.  The  transfer  consists 
of  a  design  lithographed  on  aluminum  foil.  This  material 
would  be  very  easily  torn,  and  so  to  afford  it  the  desired  pro- 
tection, the  lithographed  foil  is  mounted  on  a  sheet  of  paper 
for  shipment  to  the  customer.  In  applying  the  trademark,  the 
surface  on  which  the  marking  is  to  be  applied  is  first  given  a 
coat  of  varnish,  which  is  allowed  to  stand  until  it  becomes 
decidedly  "tacky."  The  transfer  is  then  applied  to  this  var- 
nished surface  and  rolled  down  so  that  the  aluminum  foil  is 
held  by  the  varnish  at  all  points,  after  which  sufficient  time  is 
allowed  for  the  varnish  to  dry  completely.  When  this  result 
baa  been  obtained,  a  wet  sponge  Is  applied  to  the  paper  on 
which  the  aluminum  foil  Is  mounted,  and  after  the  paper  has 
been  thoroughly  soaked  with  water  in  this  way,  it  can  be 
readily  stripped  off,  leaving  the  transfer  exposed  ready  to  be 
given  a  final  coat  of  lacquer  or  varnish.  To  facilitate  the  strip- 
ping off  of  the  paper,  a  layer  of  starch  is  placed  between  the 
paper  and  the  aluminum  foil  which  Is  mounted  on  It,  so  that 
when  water  Is  applied  with  the  sponge  this  starch  Is  dissolved 
and  cauBCH  the  paper  to  be  loosened  from  the  foil  so  that  It 
nan  be  readily  removed.  It  la  not  only  a  very  easy  matter  to 
apply  a  trademark  by  this  method,  but  the  result  Is  of  good 
appearance,  and  quite  durable  after  It  has  been  protected  by 
one  or  more  coats  of  la'-quer  or  varnish.  Figs.  17  and  18  show 
Rtep*  In  the  procesB  of  applying  decalcomania  trademarks  to 
automatic  Kasolino  pumps  built  by  S.  F.  Dowser  &  Co.,  of 
Fori  Wayne,  Ind. 

Brandlnv  Triulnmiirk  with  u,  Hot  Iron 

An  elTectlvo  method  of  trademarking  the  wooden  handles 
of  flloR,  rhlRolH,  and  iilmllar  IooIh  Ih  to  burn  the  trademark 
Into  the  wood  with  n  hot  Iron.  To  facllltato  bundling  this 
work,  the  HlmmondR  llnrdwaro  Co.,  of  8t.  Louis,  Mo.,  has  I'li-r 
trically  heatnd  Mtnmpn  made  with  the  denlred  Lrii(l<'niiirklnK 
TheHO  NlnrripN  iirn  placed  on  u  table  with  tliu  Hiirfiire  of  the 
Htamp  at  a  )iiifnclnnt  holKht  alinve  th<-  tahln,  no  that  when  the 
work  Is  rollfxl  over  (ho  hot  Htamp,  the  trademark  In  burnod 
Into  Ihfl  wood  to  the  rwjulrod  deplli  Ily  thin  method,  trade- 
markInK  may  bo  don"  very  rapidly,  becauNe  the  pra<-tlre  In  tti 


roll  the  wooden  tool  handles  across  the  surface  of  the  hot 
stamp  or  "branding  iron"  as  it  might  be  more  properly  called, 
and  when  a  workman  knows  how  to  perform  this  operation 
efliciently,  almost  a  continuous  stream  of  tools  can  be  kept 
going  across  the  trademarking  table.  In  order  to  make  this 
possible,  it  is,  of  course,  necessary  to  have  helpers  who  bring 
the  tools  to  the  man  who  applies  the  trademark,  and  other 
laborers  who  carry  away  the  trademarked  tools.  This  is,  of 
course,  an  economy,  because  very  cheap  labor  can  be  enH>loyed 
for  this  transfer  work,  leaving  the  experienced  mechanic  free 
to  devote  all  of  his  time  to  work  where  his  experience  makes 
him  especially  valuable. 

WAGES  AND  THE  WAR 

BY  F.  R.  DANIELS 

One  argument  advanced  by  certain  manufacturing  concerns 
not  engaged  in  war  work  against  paying  increased  wages  is 
that  by  doing  so  they  would  be  deliberately  competing  with 
the  Government  in  its  effort  to  secure  help,  thus  tending  to 
hamper  war  work  and  the  production  of  the  necessities  of  war. 
In  the  case  of  the  small  manufacturers,  no  such  argument  is 
made,  as  it  is  quite  evident  that  the  lack  of  help  caused  by  the 
steady  exodus  of  machinists  and  tradesmen  in  general  seri- 
ously affects  their  production,  and  the  replacing  of  these  men 
necessitates  the  paying  of  higher  wages;  often,  even  then,  only 
inexperienced  men  can  be  secured.  The  output  may  be  of  such 
a  nature  that  the  demand  for  these  products  will  not  warrant 
the  payment  of  increased  wages,  and  under  the  existing  condi- 
tions, such  a  shop,  though  small,  but  well  organized,  may  be- 
come idle  and  the  business  ruined. 

War  conditions  have  made  it  necessary  for  the  Government 
to  enlist  the  services  of  a  vast  force  of  industrial  workers, 
particularly  mechanics,  yet  the  fact  that  so  many  shops  have, 
as  a  result,  been  greatly  depleted,  seems  rather  unjust  to  the 
manufacturer  of  non-war  products,  and  especially  to  the  small 
manufacturer.  This  state  of  affairs  may  be  justified  by  some 
who  take  the  attitude  that  this  should  be  the  contribution  of 
such  employers  as  a  token  of  their  patriotism,  and  that  they 
should  not  hesitate  to  sacrifice  their  own  financial  welfare. 
If  such  a  stand  is  just,  then  it  would  seem  unfair  that  the 
manufacturer  who  is  prospering  at  the  expense  of  the  small 
manufacturers  should  receive  all  the  profits.  Something  should 
be  done,  it  seems,  to  relieve  the  existing  conditions  in  this 
respect.  The  selective  draft  is  proving  a  success,  and  is  the 
only  impartial  and  practical  plan  for  securing  a  great  army  of 
fighters.  Would  not  a  selective  conscription  of  labor  be  a 
fair  and  expedient  manner  of  alleviating  the  present  strain 
and  of  maintaining  an  efficient  industrial  army?  Under  such 
a  scheme,  all  war  contracts  should  stipulate  the  payment  of 
standardized  wages,  based  on  experience,  education,  or  effi- 
ciency tests,  for  eax;h  of  the  various  classes  of  work  required. 
Maximum  and  minimum  wages  should  be  fixed  which  would 
not  be  out  of  proportion  to  the  recognized  standards  for  the 
particular  kind  of  work  to  be  performed.  Every  employer 
should  be  required  to  furnish  the  Government,  at  stated  times, 
a  list  of  names  of  men  of  suitable  ability,  age,  and  domestic 
responsibilities,  who  would  bo  vuluablo  to  the  Govornnioiit  and 
not  indispensable  to  the  organization  of  tlio  various  shops.  If 
these  lists  were  based  on  the  percentage  of  men  employed,  all 
would  be  equally  alToctcd  and  probably  none  would  bo  dle- 
organized.  The  Dopnrtmout  of  Labor  could  clnaalfy  those 
names  and  hold  thorn  in  rosorvo,  subject  to  distribution 
throughout  the  various  Kovcrnment  shops  and  other  manu- 
fai'turing  plants  eiiKiiKcd  In  war  work. 

Wherever  poHHlble,  men  ron8<'rlptod  In  this  miiiinor  should 
he  merely  lent  to  the  Governmont,  and  their  former  positions 
hold  open  until  such  time  us  their  sorvlcoH  would  no  longer 
be  required  by  the  demands  of  tho  war.  Under  this  plan,  tlio 
HhirtliiK  of  labor  from  civil  pursuits  to  war  work  could  ho 
aiTonipllHlied  willi  fiilrni>HH  to  tho  cinployor  mid  IIk'  employe, 
Alun,  llie  Hiiijill  nmiiiiriii'luriT  mid  tlw  mmiiiriicliiiiTH  of  non- 
war  prdiliiclH  would  lie  |ir<q)i'rly  HiifoKUiirdod,  mid  every  busl- 
noiiii  prevented  from  HliignatloM  and  poHNlbto  ruin.  On  the 
whole.  It  HeeniH  that  IIiIh  |ihin  Ih  mIioiiI  uh  foaRlblo  as  any  of 
the  miiMV  propoitalM  made. 
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SPECIAL  SHELL  DRILLING  MACHINES 

BT   DONALD  A.   BAKER  ' 

As  shown  at  A,  Fig.  1,  the  fuse  socket  of  the  U.  S.  three-inch 
shrapnel  shell  has  a  small  hole  drilled  through  it  at  an  angle. 
This  hole  is  later  tapped  to  take  a  set-screw.  By  means  of  the 
jig  shown  in  Fig.  2,  this  drilling  is  done  on  a  double-spindle 
drilling  machine,  so  that  two  sockets  are  drilled  at  one  time. 
The  flsture  consists  of  a  cast-iron  body  A,  to  the  two  angular 
faces  of  which  are  screwed  the  locating  nose-pieces  B  on  which 
the  work  is  placed.  The  plate  D  that  carries  the  drill  bush- 
ings C  is  supported  by  a  stud  E  and  is  held  in  position  by  two 
pins  F;  these  are  a  drive  fit  in  the  plate  D  and  a  sliding  flt 
in  the  body  A.  The  plate  D  is  held  under  tension  by  a  coil 
spring  G  that  acts  on  the  head  of  stud  E. 

The  operation  of  the  jig  is  as  follows:  The  operator  presses 
the  treadle  E,  operating  a  lever  J,  which,  acting  through  the 
stud  E,  raises  the  bushing  plate  D;  this  allows  two  fuse  sock- 
ets to  be  placed  on  the  locating  nose-pieces  B.  When  the  foot 
is  removed  from  the  treadle,  the  bushing  plate  D  is  carried 


Fig.  1.  Fuse  Socket  of  Shrapnol  Shell 
down  onto  the  work  by  the  action  of  the  spring  G,  which  holds 
the  work  securely  while  it  is  being  drilled.  Drilling  is  done 
in  the  usual  way,  except  that  the  pinions  operating  the 
sleeves  that  carry  the  drill  spindles  are  connected  to  each 
other  so  that  both  are  operated  by  a  common  hand-lever. 

Dowel-pin  Hole  Drill  Jier 

At  first,  the  dowel-pin  holes  B,  Fig.  1,  through  the  shell  and 
fuse  socket  were  drilled  one  at  a  time  by  using  the  fixture 
shown  in  Fig.  4.  But  when  both  holes  are  drilled  simulta- 
neously, by  means  of  the  machine  shown  in  Fig.  3,  the  work 

'A(liire87:~Caro  of  Service  EoglDeering  Co..  23  Church  St.,  New  York  City. 


Fie.  2.    Jig  for  drilling  Fuse  Sockets  on  Iwo-spindle  Drilling  Kachine 

is  done  more  than  three  times  as  fast.  This  double-spindle 
drilling  machine  consists  of  two  ordinary  drill  spindles  A; 
only  the  left-hand  one  is  shown,  as  they  are  identical  with 
the  exception  mentioned  later.  These  spindles  were  borrowed 
from  existing  equipment.  The  spindles  are  placed  in  suit- 
able bearings  B,  which,  in  turn,  are  bolted  to  the  frame  of  the 
machine;  the  latter  is  of  angle-plate  construction,  as  shown 
at  C.  The  shell  is  located  in  the  proper  position  by  means  of 
a  locating  plug  D,  made  to  fit  the  inner  threaded  portion  of 
the  fuse  socket,  which  is  held  to  close  dimensions.  This  locat- 
ing plug  is  carried  by  the  angle-plate  E,  which  is  fastened  to 
the  frame  of  the  machine  as  shown.  The  butt  end  of  the  shell 
is  held  In  the  proper  position  by  means  of  a  V-groove  in  the 
top  of  the  bracket  F,  while  the  clamping  is  accomplished  by 
means  of  the  over-arm  G,  which  is  held  under  tension  by  the 
coil  spring  H  and  is  operated  by  a  foot-treadle,  as  shown. 
The  feeding  of  the  drills  is  controlled  through  an  arrange- 
ment of  the  pinion  /  and  the  two  bevel  gears  J,  which  are 
operated  through  the  shaft  K  and  the  hand-lever  L. 

One  of  the  unique  features  of  the  machine  is  the  means  of 
adjusting  the  drills  to  the  work,  irrespective  of  their  length 
or  the  distance  they  project  from  their  chucks,  for  to  be  used 
at  their  maximum  eflSciency  it  is  necessary  for  both  to  start 
cutting  at  the  same  time.  This  is  accomplished  by  arranging 
one  of  the  bevel  gears  attached  to  the  pinion  shafts  so  that 
it  can  be  either  run  free  or  locked  fast  on  its  shaft,  as  desired. 
This  was  done  by  boring  a  hole  lengthwise  through  the  center 
of  the  pinion  shaft  and  then  boring  a  taper  in  the  end  to 
which  the  gear  was  to  be  attached;  this  end  was  then  split 
like  an  expansion  mandrel  type  of  chuck,  and  the  taper  draw- 
bolt  M  inserted  and  fastened  by  a  knurled-head  nut  N. 


Fi(.   3.     Jl(   for  ilrllUnt   Two   Dowrli'ln   Holes  at   a  TUno 
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Jig  for  drilling  Dowel-pin  Holes   One  at 


To  set  up  the  machine,  the  shorter  drill  is  placed  in  the 
left-hand  chuck  and  the  hand-lever  L  is  depressed  until  the 
right-hand  drill  is  brought  up  against  a  set  blocl£,  which  is 
placed  over  the  locating  plug  D  and  determines  the  depth  to 
which  the  work  is  to  be  drilled,  as  these  holes  do  not  go  quite 
through  the  work.  In  this  position  the  stop-collar  on  the 
right-hand  spindle  is  tightened;  then  the  bevel  gear  J  is 
loosened,  and  the  left-hand  spindle  is  brought  forward  by 
hand  until  its  drill  is  against  the  set  block.  The  gear  is  then 
locked  by  means  of  the  draw-bolt  M  and  the  knurled  nut  N. 
and  the  machine  is  ready  to  produce.  Only  one  stop-collar  for 
controlling  the  depth  of  the  drilling  is  needed,  as  one  spindle 
is  controlled  by  the  other. 

The  driving  is  done  by  means  of  round  leather  belts  over 
the  grooved  pulley  0.  On  the  upright  machine  from  which 
these  spindles  were  taken  the  pulleys  retained  their  position 
by  their  own  weight,  but  here  they  must  be  fastened  in  place. 
This  Is  done  by  means  of  the  thin  split  collars  P,  the  two 
halves  of  which  are  held  to  the  pulleys  by  means  of  small  flat- 
head  screws;  the  split  collar  runs  in  a  groove  cut  in  the  bear- 
ing bushing. 

The  over-arm  which  holds  the  shell  in  place  has  a  hardened 
steel  ball,  which  is  retained  by  a  hardened  cup  Q,  the  outer 
end  of  which  was  drawn  sufficiently  so  that  it  could  be  swaged 
In  around  the  ball  enough  to  keep  it  from  dropping  out,  but 
not  enough  to  prevent  its  turning  freely.  As  its  point  of  con- 
tact with  the  base  of  the  shell  is  placed  some  distance  back 
of  the  center  line,  if  a  careless  operator  does  not  place  the 
shell  in  the  proper  position,  the  forces  operating  upon  it  when 
the  foot-lever  Is  released  will  automatically  bring  the  shell 
Into  Its  correct  position,  seat  It  firmly  on  the  locating  plug, 
and  back  against  the  V-groove  at  the  top.  Running  at  a  speed 
of  1500  revolutions  per  minute,  this  machine  has  a  capacity 
of  between  120  and  150  shells  an  hour. 


USE  OF  BOX  JIGS 

Where  there  are  a  number  of  holes  to  be  drilled  in  different 
sides  of  a  piece  of  work,  a  great  deal  of  time  would  be  lost 
if  separate  jigs  and  work-holding  fixtures  were  provided  for 
drilling  each  hole,  or  even  for  drilling  the  holes  in  each  dif- 
ferent face  of  the  work.  It  is  well  known  by  experienced  drill- 
ing machine  operators  that  the  setting-up  time  is  often  con- 
siderably in  excess  of  the  actual  drilling  time,  and  so  the 
loss  resulting  from  the  necessity  of  changing  the  work  several 
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Tig.   1.     Box  Jig  designed  for  drilling  Holes  in   Shifter  Bracket 

times  in  order  to  employ  different  jigs  and  fixtures  for  various 
operations  would  be  a  very  serious  matter. 

To  overcome  the  difficulty,  it  is  common  practice  to  use  what 
are  known  as  box  jigs,  in  which  the  piece  to  be  drilled  is 
supported;  these  jigs  are  furnished  with  feet  on  different  sides, 
which  provide  tor  supporting  the  work  with  the  different  sur- 
faces in  which  holes  must  be  drilled  held  ready  for  the  per- 
formance of  such  drilling  operations.  In  this  way,  the  work 
is  set  up  once  and  the  box  jig  may  bo  turned  over  to  bring 
different  sides  of  the  work  into  the  drilling  position,  enabling 
all  holes  to  be  drilled  without  loss  of  time 
in  resetting.  In  Klg.  1  Is  shown  a  radial 
drilling  niachiuc  engaged  In  drilling  the 
holes  ill  the  .shifter  hrackot  for  oiio  of  the 
No.  ;ilO  drilling  muchinos  built  by  Uaker 
Uros.,  of  Toledo,  Ohio.  With  this  box  jig, 
provision  1»  nnule  for  ilrillinK  holes  In  three 
aides  of  the  work  through  the  llnisliod  faces 
A.  II.  and  C,  Fig.  2,  on  the  Jig. 

Till'  way  In  which  tlio  work  is  lociiti'd  in 
this  Jig  Is  as  fDllows:  Work  />  Is  dropped 
into  the  jig  and  puHlied  up  Into  contact  with 
llireo  locating  Hlops  /■;,  A',  luiil  (I,  after  which 
bolts  //,  /,  and  ./  nro  tlKlit<>iii<(l  to  hold  tho 
work  In  contact  with  locating  Htopg  JC,  F, 
and  (I,  roHpocllvoly.  After  this  has  boon 
ilorio.  HlrnpH  A",  /,,  and  M  nro  plnci-d  ovor  tho 
work  and  Hocuri'il  by  boIlH,  the  proviHion 
iiT  C'  waHli(>rH  itnaltllnK  IIichi'  HtrupH  to  lii<  put 
In  pla<i!  or  removed  iiiillo  nipidly.  SinipH  A' 
anil  m  both  carry  Kuhlo  liiiHlilnKH,  and  bolt  A' 
In  Htrap  /,  lioIdH  tho  work  down  In  the  Jig 
Tliii  iiHi-  of  box  JlgH  for  work  of  DiIh  kliiil 
will  1)<>  fouiiil  to  liicriMiHi'  produi-tion  riiti-H 
(■onuldiTiililv  !•;    K.  M. 


LETTERS  ON  PRACTICAL  SUBJECTS 


WE  PAY  ONLY  FOR  ARTICLES  PUBLISHED  EXCLUSIVELY  IN  MACHINERY 


AN  ECONOMICAL  METHOD  OF  PRODUCING 
MECHANICAL  DRAWINGS 

The  effort  that  is  being  made  at  the  present  time  to  increase 
the  production  of  mechanical  drawings  brings  up  the  impor- 
tant question  as  to  what  type  of  drawing  is  best  adapted  to 
the  requirements  of  both  purchaser  and  manufacturer.  Draw- 
ings that  are  used  by  workmen  in  the  shop  necessarily  con- 
tain many  notes  and  dimensions  that  are  of  no  use  to  the 
purchaser  and  they  are  too  complicated  and  confusing  for 
the  purchaser's  needs.  On  the  other  hand,  a  drawing  that 
is  suited  to  the  purchaser's  needs  does  not  necessarily  contain 
the  dimensions  and  notes  necessary  in  producing  the  machine. 
Thus  it  will  be  seen  that  to  meet  the  demands  of  both  pur- 
chaser and  manufacturer  it  is  necessary  in  most  cases  to 
produce  two  different  sets  of  drawings.  In  making  pencil 
drawings  and  tracings,  such  as  are  in  general  use,  a  great  deal 
of  unnecessary  detail  is  likely  to  creep  into  their  makeup, 
which  naturally  delays  production.  The  scarcity  of  draftsmen 
has  also  made  it  difficult  to  obtain  the  required  drawings  in 
many  cases. 

As  the  drawings  required  by  both  manufacturer  and  pur- 
chaser usually  differ  only  in  the  dimensions  and  notes  they 
contain,  it  seems  a  useless  waste  of  time  to  make  two  sets 
of  drawings  that  are  so  nearly  alike.  But  this  practice  is 
necessary  when  using  ordinary  pencil  drawings  and  ink 
tracings.  However,  there  is  a  method  of  making  mechanical 
drawings  that  eliminates  the  necessity  of  making  two  sets  of 
drawings  to  meet  the  requirements  of  both  purchaser  and 
manufacturer.  This  method,  known  as  the  "Van  Dyke" 
method  of  producing  mechanical  drawings,  has  not  received 
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Fiff.  1.    Comparative  Coats  In  making  Hochanical  Drawings 

much  attention  In  the  technical  publications,  but  it  is  being 
used  with  great  success  by  some  of  our  largest  manufacturing 
concerns,  and  the  writer,  who  has  used  hundreds  of  these 
prints  and  who  is  familiar  with  the  method  of  producing  them, 
believes  that  many  manufacturers  will  realize  a  great  saving 
In  time  and  expense  by  using  this  system  of  producing  mechan- 
ical drawings. 

The  Van  Dyke  method  may  be  described  as  follows:  A 
regular  detail  tracing  of  each  machine  is  prepared,  fully 
dimensioned,  and  properly  filled  In  with  notes  necessary  to 
complete  the  machine.  When  these  tracings  arc  completed, 
each  dimension  and  note  Is  obliterated  by  blocking  out  all 
dimensions  and  notes  with  Ink.  The  tracings  then  become 
what  are  termed  "master  drawings."  In  blocking  out,  an 
outline  Is  first  drawn  around  each  dimension  and  note  with 
a  ruling  pen.  Theso  enclosed  spaces  are  thon  filled  in  with  a 
load  pencil  which  fills  the  pores  of  the  cloth,  after  which  the 
spares  arc  filled  In  wlOi  Ink.  The  pencil  lead  prevents  the 
Ink  from  penetrating  the  cloth  anil  causing  wrinkles  where 
large  spares  are  blocked  out.  Van  Dyke  prints  arc  thon  made 
In  tho  usual  way  from  the  mauler  drawings.  A  supply  of 
these  prints  should  be  kept  on  hand  so  that  they  may  be 
filled  out  at  short  notice.    Tahles  are  prepared  which  contain 


Fig.  2i    Comparative  Time  required  to  complete  Drawings 

the  dimensions  required  in  the  shop  when  building  each 
standard  machine  and  also  dimensions  that  are  necessary  in 
the  drafting-room. 

When  a  print  is  needed  in  the  shop,  the  drafting-room, 
or  by  a  purchaser,  the  dimensions  required  are  filled  in  from 
these  tables  and  all  unnecessary  dimensions  and  notes  are 
omitted.  In  this  way  a  drawing  that  is  free  from  unnecessary 
detail  is  quickly  and  easily  prepared.  In  Fig.  1  is  shown  the 
comparative  cost  of  pencil  drawings  and  Van  Dyke  prints. 
These  data  were  obtained  from  records  of  tests  covering  a 
period  of  two  years,  which  were  made  by  a  well-known 
manufacturing  concern.  Fig.  2  shows  the  relative  time  re- 
quired in  making  the  two  types  of  drawings. 

The  ink  tracing  or  "master  drawing"  should  be  kept  in 
indexed  files  in  the  drafting-room,  but  the  Van  Dyke  print 
with  its  paper  of  bond-like  quality,  tends  to  tear  when  filed 
in  an  ordinary  filing  cabinet.  Therefore  some  other  method 
of  filing  should  be  adopted.  One  company  that  uses  these 
drawings  in  contract  work  makes  a  practice  of  folding  them 
after  use  and  placing  them  with  the  contract  data.  This 
method  proved  very  satisfactory,  as  the  contract  file  was  lo- 
cated in  the  drafting-room. 

Buffalo,  N.  Y.  Lawrence  H.  Geoboeb 


AIR-RIFLE  LOCK-KNOB  HOLDER 

The  accompanying  illustrations  show  a  lock-knob  holder 
of  an  air  rifle  and  the  dies  for  making  it.  In  Fig.  1,  A  shows 
the  finished  piece,  which  is  made  in  two  operations,  and  B 
the  piece  after  the  first  operation.  Fig.  2  shows  the  die  for 
the  first  operation.  This  pierces  three  holes  and  rounds  the 
end  of  the  blank  in  the  first  stage,  and  cuts  It  off  and  gives 
it  the  form  shown  at  B,  Fig.  1,  In  the  second  stage.  The 
finished  piece  Is  pushed  out  of  the  die  by  the  spring  pad  A, 
Fig.  2,  and  Is  carried  by  the  forming  punch  B  to  the  top  of 
the  stroke,  where  it 
is  pushed  off  by  the 
pin  C.  As  the  press 
is  Inclined,  the 
piece  drops  Into  a 
box  at  the  back  of 
the  die.  Fig.  3 
shows  the  die  for 
the  second  and  last 
operation.  This  die 
finishes  the  form 
and  drifts  the  hole 
In  the  top  ready  for 
It  to  bo  tapped. 
The  forming  die  .-I 
is  carried  on  a 
spring,     and     hns 
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Fig.  2.     Die  for  making  First  Form  of  Lock-knob  Holder 
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Fl<.   3.     Dia  for  finishing  Lock-knob  Holder 

enough  travel  for  the  piece  to  be  placed  In  position  with 
the  double  end  loose  in  the  upper  part  of  a  tapered  pocket  B. 
When  the  punch  descends,  this  double  end  la  carried  down 
with  the  die  and  is  formed  into  a  circle  between  the  forming 
die  A  and  the  upper  part  of  the  punch,  while  the  blade  C 
holds  it  to  shape  inside.  At  the  same  time  the  flat  top  Is 
made  half  round  to  correspond  with  the  end.  The  drift  punch 
D  Is  backed  by  a  set-screw  E,  as,  the  punch-holder  is  drilled 
out  at  this  point  for  the  knock-out  F,  which  operates  the  two 
pins  G  that  push  off  the  flnlshed  piece  at  the  top  of  the  stroke. 
De   Kalb.   Ill  W.   B.   Greenleaf 


First,  obtain  complete  data  as  to  the  pres- 
ent methods  of  handling  the  work  the  spe- 
cial machine  is  to  do  and  the  costs,  in  order 
to  determine  how  profitable  an  investment 
the  special  machine  will  be.  This  should  be 
done  before  the  project  is  carried   too  far. 

Second,  make  a  preliminary  design  for  the 
contemplated  machine  to  such  a  reduced 
scale  as  is  considered  necessary;  this  design 
should  consist  of  only  enough  lines  to  convey 
the  general  idea  of  the  machine.  Feeds, 
speeds,  and  the  output  of  work  should  be 
figured  and  a  rough  estimate  of  the  cost  of 
the  machine  should  be  made. 

Third,  submit  this  design,  together  with 
all  data,  to  those  who  are  concerned,  for 
criticism  or  approval;  the  various  ideas  or 
changes  suggested  should  be  noted.  The 
work  should  not  be  carried  beyond  the  pre- 
liminary design  stage  until  a  general  agree- 
ment has  been  reached  as  to  what  kind  of 
machine  will  be  required;  the  principles  of 
construction  should  be  right. 

Fourth,  make  a  final  preliminary  design 
from  which  it  will  be  possible  to  develop 
the  various  units  of  which  the  machine  will 
consist. 

The  designer  may  now  employ  others  to 
aid  him  in  developing  and  detailing  the 
units.  When  a  unit  is  completed,  the  blue- 
prints may  be  sent  to  the  machine  shop  and 
the  work  of  building  the  machine  carried 
along  with  the  designing.  A  competent  de- 
signer who  has  a  job  well  in  hand  can  carry 
out  this  idea  to  the  extent  that  the  machine 
he  Is  designing  may  be  well  along  in  the 
shop  by  the  time  he  Is  putting  out  his  final 
drawings. 

One  great  advantage  of  building  a  machine 
on  the  unit  principle  is  that  it  is  possible  to 
note,   when   a  unit   Is   completed,   if   it   will 
perform  the  functions  required  of  It.    A  unit, 
the  performance  of  which  may  be  in  doubt,  may  be  built  be- 
fore the  others,  so  that  it  will  not  be  necessary  to  bul^d  a 
complete  machine  In  order  to  experiment  with  an  idea. 
Newark,  N.  J.  F.  E.  Johnson 


OBTAINING    RESULTS    IN    SPECIAL 
MACHINERY  DESIGNING 

What  Is  meant  by  tohuUh?  Kvldcntly  that  a  machine  built 
from  certain  plann  will  have  a  Batlsfactory  output  and  will 
kIvo  rcaiionablo  Borvlco  without  troublos  of  various  kinds. 
It  iihould  also  bo  without  faults  that  will  nonoHHitute  the  ex- 
penditure of  additional  capital  for  experimenting  to  roallzo  the 
TMults  doiilrod.  To  attain  lh<!Ho  ends  roqulros  cooperative 
prorcloro.  The  doalgnor  Hhould  profit  not  only  from  his  own 
oxporlonro.  but  Rhould  utilize  the  exporlonco  of  othorn.  Ho 
■houl'l  ttlHO  hnvi)  a  iiyHli-miitln  motliod  of  attacking  his  work 
and  not  allow  ony  haphazard  mothodn  to  prevail. 

The  flml  co«t  of  a  iip<frlnl  machine  lit  olwiiyii  hlRh,  no  tbn 
rhancea  of  failure  Rhould  bo  reduced  to  a  minimum  to  avoid 
rott«  for  nxperlmnntInK,  and  «Uo  to  avoid  d<'lnyii  before  gettlnR 
the  marhino  Into  iiurro«iirul  operation.  A  dnMlftnor,  therefore, 
should  gnt  all  the  Idtjoji  on  the  problnm  obtalnnliln  before  doing 
any  drafting  work.  When  ho  Inkns  up  the  wnrk  of  making  the 
drawings  ho  Rhould  havo  a  clear  concnptlon  of  what  Is  to  bo 
done     A  good  method  of  proreduro  Is  as  follows: 


UNIVERSAL  DRILLING  AND  REAMING  JIG 
The  accompanying  illustration  shows  a  drilling  and  ream- 
ing Jig  having  two  distinct  advantages,  namely,  an  adjustable 
drill-bushing  holder  to  suit  all  heights  of  work,  and  a  quick- 
action  clamping  device.  In  operation,  the  bridge  casting  A, 
which  holds  the  drill  bushing  n,  is  moved  into  position,  and 
the  knob  G  turned  to  the  right,  causing  the  clamping  bolt  D 
to  move  with  the  knob  until  stopped  by  the  pin  E.  The  knob 
is  then  tightened   in  the  usual  manner,  bringing  the  clamp 
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against  the  stud  H,  which  bears  against  the 
hardened  end  of  the  pin  F.  To  unclamp, 
the  knob  is  turned  to  the  left  until  stopped 
by  the  washer  G  on  the  threaded  end  of  the 
clamping  bolt  which  acts  as  a  lock-nut,  thus 
causing  the  bolt  to  turn  sidewise  with  the 
knob  so  that  the  bridge  casting  may  be 
moved  to  one  side,  allowing  removal  and 
substitution  of  the  work.  The  bore  of  the 
bridge  casting  should  be  made  to  a  standard 
size,  so  that  bushings  for  different  classes  of 
work  will  be  interchangeable.  For  holding 
the  work,  a  universal  lathe  chuck  is  used, 
and  by  providing  false  jaws,  such  work  as 
small  pulleys,  sprockets,  gears,  bushings,  etc., 
may  be  machined  with  this  type  of  jig.  After 
the  Jig  is  once  placed  on  the  drilling  ma- 
chine, it  is  only  necessary  to  change  the 
bushing  and  Jaws  to  adapt  it  for  different 
classes  of  work. 
Seneca  Falls,  N.  Y.  E.  L.  Robenolt 


VALUES  OF  FRACTIONS  OF 
INCH  IN  MILLIMETERS 

With  the  increased  use  of  the  metric  sys- 
tem in  this  country  in  the  past  few  years, 
various  methods  have  been  devised  for  ob- 
taining the  equivalent  values  when  either 
the  English  or  the  metric  system  is  given. 
The  accompanying  chart  will  be  found  espe- 
cially useful  when  only  approximate  results 
are  desired,  as  it  gives  the  relative  value  in 
millimeters  of  each  sixty-fourth  of  an  inch 
up  to  two  inches.  Thus  it  shows  that  29/32 
inch  is  equal  to  23  millimeters;  carried  to 
three  decimal  places,  the  correct  value  would 
be  23.019  millimeters.  It  also  shows  that 
13'/i!  millimeters  is  equal  to  17/32  inch;  car- 
ried to  three  decimal  places,  the  correct 
value   of   17/32   inch   is   13.493   millimeters. 

Detroit,  Mich.  C.  H.  WnrppLE 


1- 


DEVICE  FOR  LINING  UP  SMALL 

DRILLS  WITH  DRILL 

BUSHINGS 

It  Is  often  the  practice,  when  setting  up  a 
drilling    machine    Job    for    small    holes,    to 
spring  the  drill  enough  to  enter  the  bushing.  Instead  of  bring- 
ing the  bushing  into  alignment  with  the  drill.     This  results 
In  broken  drills. 

The  writer  finds  by  using  the  device  shown  In  the  Illustra- 
tion when  setting  up  automatic  drilling  machines  for  drilling 
small  holes,  such  as  0.093  Inch  diameter  In  5/8-inch  pins,  that 
It  Is  possible  to  save  about  75  per  cent  of  the  drills  which 
would  have  been  broken  If  such  precaution  bad  not  been  taken. 
The  collar  O  should  turn  on  center  E  so  that  It  will  be  possible 
to  swing  the  rods  A  and  B  from  position  J  to  position  K.    Rod 
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EelatlTe  Yalne  of  Fractions  of  an  Inch  in  Uilllmeters 

B  should  be  a  tight  fit  in  collar  O,  and  rod  A  should  be  free  to 
turn  in  the  center  F.  There  should  be  Just  enough  spring  ten- 
sion back  of  the  plunger  D  to  hold  the  centers  in  place.  If  the 
bushing  O  is  in  line  with  the  drill  spindle,  the  centers  E  and 
F  win  be  In  perfect  alignment,  and  the  rods  A  and  B  will  be 
In  contact  at  point  J  as  shown,  and  also  at  point  K  when  in 
the  position  shown  by  the  dotted  lines.  To  determine  readily 
if  contact  Is  made  at  each  position,  rod  A  Is  turned  In  center  F 
as  shown  at  H.  If  rods  A  and  B  do  not  come  in  contact  at 
both  positions  J  and  K,  the  Jig  should  be  adjusted  until  they 
do,  thus  bringing  the  drill  and  drill  bushing  into  alignment. 
South  Manchester,  Conn.  Axfkkd  Pillino 


Doriro  for  llnlnf  up  Small   Drilli   with   Drill   Buihln(> 


PUTTING  RUBBER  ON  BAND-SAW  WHEELS 
The  rubber  on  band  saw  wheels  should  be  In  the  form  of 
endless  bands  and  of  pure  gum  If  long  and  satisfactory  ser- 
vice Is  to  be  obtained.  After  the  old  bands  are  removed,  the 
rims  should  bo  thoroughly  cleaned,  if  of  Iron;  If  of  wood,  they 
should  be  turned  true.  Then  both  the  band  and  the  wheel 
should  be  given  a  coat  of  thick  shellac  and  allowed  to  set  for  a 
half  hour,  after  which  they  should  bo  given  another  coat  and 
the  bands  stretched  on  the  wheel.  Care  must  be  taken  not  to 
have  them  stretch  more  at  one  point  than  at  another,  as  that 
will  leave  thick  and  thin  spots  In  the  band.  A  good  way  to 
even  the  tension  Is  to  put  a  thin  piece  of  wood  between  the 
band  and   tho  wheel,   long  enough   so  that  each  end  may   be 
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grasped  and  drawn  around  the  wheel  between  the  band  and 
the  wheel.  After  equalizing  the  tension  of  the  band,  the  wheel 
should  be  allowed  to  stand  for  at  least  twenty-four  hours. 
Even  with  the  best  of  care,  there  will  be  high  spots  and  the 
wheel  will  not  be  true.  The  writer  has  always  found  it  pos- 
sible to  use  a  stick  clamped  to  the  frame  of  the  machine  for 
a  rest  on  which  a  turning  tool,  ground  to  a  point  and  very 
sharp,  could  be  used  to  make  the  wheel  perfectly  true.  It  is 
then  finished  with  sand  or  garnet  paper.  A  perfectly  true 
wheel  reduces  the  breakage  of  saws  to  a  minimum.  Another 
common  cause  of  saw  breakage  is  too  high  tension;  saws 
should  not  be  so  tight  that  they  will  vibrate  to  any  tone. 
Denver,  Col.  j.  l.  Gabd 


HORSEPOWER  OF  EXPLOSIVES 

Many  people  seeing  the  powerful  effects  of  explosives,  have 
attempted  to  harness  this  power  for  driving  automobiles,  air- 
planes, etc.,  and  numerous  applications  for  patents  on  engines 
for  this  purpose  have  reached  the  Patent  Office.  If  the  in- 
ventors were  better  informed  upon  the  subject,  they  would 
be  saved  danger,  expense,  and  work;  for  there  is  much  more 
power  confined  in  a  pound  of  gasoline  than  in  a  pound  of 
dynamite.  If  they  could  see  the  half-dozen  horsepower  hours 
caged  in  a  pound  of  gasoline  expended  in  a  fraction  of  a  sec- 
ond, as  is  the  case  with  the  high  explosive,  they  would  waste 
no  more  time  trying  to  tame  a  wild  cat  to  do  the  work  of 
a  horse. 

Jersey  City,  N.  J.  H.vbkt  E.  Dey 


PROTRACTOR  FOR  MAKING  LINEAR 
PERSPECTIVE  DRAWINGS 

In  making  drawings,  it  is  sometimes  necessary  to  represent 
objects  as  they  appear  to  the  eye  at  a  given  angle  of  vision. 
A  good  example  of  this  type  of  drawing  is  shown  in  the 
accompanying  illustration  of  a  diemaker's  parallels.  In  mak- 
ing drawings  of  this  kind  it  is  often  necessary  to  draw  a  great 
many  converging  lines  that  terminate  at  what  is  known  as 
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ll«th«]  of  ailiK  PreUtnUr  la  maklnf  Drtwiof  of  Dtoinkk*r'i  ParallxU 
tho  "vnr.ii    ,  ,.    ...uif  ••     The   prolrnrtor  Bhown   at   A    will    bu 
'oonrl  '  r   (IriiwInK  thond  IIiion  In   cuhom  whr-ri'  tho 

vanlfibi:  .  ii«r  plnrod  Iniilcio  (ho  o(Ik<'  of  llio  druwInK 

board  I  l.o  i,ri.Uii<  lor  liaii  a  holo  «it  ono  i>n<l  to  rncolvo  tho 
upoclal  Ihumb^Urk  H.  When  It  Is  dirldod  whiil  niiKlo  of  vUlon 
Id  rcjiiirod.  thn  Ihurnb-lnck  In  pr<fii.iMl  Into  ilio  drBwIiiK  board 
at  Iho  prndntornilnod  vaiilabInK  point.  Tho  convorKliiK  llnnH 
can  then  l>e  drawn  along  the  top  odgo  of  ihn  prolra<  tor. 

N«w  York  City  K.  J.  Iliooi.tn 


TRAVERSE  MOTION  FOR  GRINDER 
CARRIAGE 

An  interesting  and  unique  mechanism  for  controlling  the 
traverse  motion  of  the  carriage  on  a  grinding  machine  is  shown 
in  the  accompanying  illustration.  This  mechanism  is  de- 
signed to  feed  the  carriage  by  means  of  a  crank  motion.'  The 
accelerated  motion  given  to  the  crank  at  the  ends  of  the  stroke 
is  the  principal  feature  of  the  device.  This  acceleration  gives 
the  carriage  a  uniform  rate  of  travel  the  full  length  of  the 


Carriage, 

stroke  which  prevents  under-grinding  at  each  end  of  the  spin- 
dles. The  illustration  shows  a  plan  view  and  two  positions  of 
the  mechanism. 

In  Position  1,  the  parts  are  shown  as  they  slide  the  carriage 
toward  the  end  of  the  first  traverse,  while  in  Position  2  the 
return  traverse  has  started.  The  driving  rod,  which  is  not 
shown,  is  connected  to  the  connecting  arm  K,  by  an  adjusting 
screw  and  nut.  Worm-shaft  L,  which  receives  its  motion  from 
the  main  drive  of  the  machine  by  means  of  bevel  gears,  carries 
worm  J.  which  drives  the  upright  shaft  A  through  the  worm- 
wheel  ti  in  the  direction  shown  by  the  arrow.  Driving  arm 
F,  is  keyed  and  fastened  by  set-screws  to  A,  as  shown,  and 
carries,  at  its  outer  end,  a  stud  which  is  fastened  by  set- 
screws  in  hole  B.  Segment  D  has  a  forked  or  devised  end, 
in  which  the  roll  U  Is  carried,  revolving  freely  on  stud  C. 
The  segment  and  roll  are  capable  of  pivoting  on  the  stud  at  B. 
Segment  E  is  loose  on  shaft  A,  and  carries  crank-arm  Q 
fastened  to  It  by  means  of  a  screw  and  dowel-pin.  The  seg- 
ment Is  prevented  from  lifting  off  by  a  head  on  the  upper  end 
of  the  shaft. 

The  grinding  starts  with  roll  U  at  point  &',  ono  full  traverse 
being  from  &'  to  S„  where  tho  return  motion  starts,  ending 
automatically  at  S,  after  tho  necessary  number  of  traverses 
has  bei-n  completed.  Aa  the  arm  V  swings  around  on  A,  seg- 
ment D,  which  meshca  with  sograent  E,  forces  roll  H  against 
cam  P. 

When  //  roachoB  point  >s'„  and  ono  travorso  bus  lioun  com- 
ploto<I,  tho  heol  of  cam  P  throws  //  toward  tho  center,  forc- 
ing Iho  Hogniont  /•;,  which  Is  free  to  turn  clockwise  on  A,  to 
suddenly  rovolvo  about  live  tcotli.  This  action  throws  arms 
a  and  K  forward  quIi'Uly.  and  Incldontnlly  tho  rnrrliiKc  \\»  well, 
provoiitInK  a  dwell  nt  tho  end  of  tho  splndlo.  Tho  rcHiiltIng 
rolutliiii  of  lliit  piirtH  Ih  hIiiiwm  In  I'oHltion  Z.  Ann  {}  liaa  B 
Tslot,  In  wtilcli  Iho  ((inncclloM  of  A'  niiiy  bo  adjtiHlrd,  in  or 
out,  to  obtain  tho  donlrod  throw,  lluit  In,  llic  pmpor  loimth 
of  tho  travorso. 

Tho  food  of  tho  ciirrliiKo  being  conHtant,  llio  hiiiiio  amount 
(if  llmo  In  connuniod  on  ollhor  lunK  or  Mliorl  IrnvorsoH.  8lnce 
Iho  Hpood  of  A  is  always  llio  namo,  as  tho  length  of  tho 
RplndloH  Incronso,  tho  niinibor  of  travorsoi  roqulrod   In  alito 
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increased,  by  means  of  a  knock-off  device.  It  is  obvious  tnat 
the  depth  of  the  cut  on  short  spindles  is  greater  than  that 
on  long  spindles,  and  that  fewer  traverses  are  required  to 
grind  short  spindles  to  the  desired  size,  and  vice  versa. 

F.  R.  Daniels 


INDEXING  FIXTURE  FOR  USE  IN  TURRET 

The  fixture  here  illustrated  was  designed  by  the  writer  to 
hold  a  small,  hollow,  hexagon  spider  while  finishing  the  pro- 
jecting spindles,  with   a  box-tool   held   in   the   spindle   of  the 


PIECE  TO  BE  MACHrNED 


DETAIL  OF  BOTTOM  CAM 


FIGURING  IN  THE  METRIC  SYSTEM 

With  reference  to  the  article  entitled  "Figuring  in  the 
Metric  System"  on  page  939  of  the  June  number  of  M.^chinery, 
the  writer  would-  add  a  few  words  of  warning  to  those  em- 
ployed on  government  work.  On  the  Ordnance  Department 
drawings,  the  dimensions  are  often  expressed  in  both  inches 
and  millimeters,  the  latter  being  placed  in  parentheses;  for 
instance,  (5)  0.1968  ±  0.005.  The  inches  are  usually  carried 
to  four  decimal  places,  but  in  many  cases  they  are  carried 
only  to  three.  Dropping  a  few  ten-thousandths  of  an  inch 
here  and  there  may  make  no  difference  in  many  cases,  but 
when  we  consider  special  forms  of  threads,  one  must  be 
sure  to  find  out  which  figures  are  governing.  On  the  pitch 
this  difference  is  likely  to  cause  an  error  that  is  by  no  means 
small.  In  view  of  this  fact,  when  reading  a  drawing  one 
may  have  to  work  half  in  the  English  system  and  half  in 
the   metric. 

Hartford,  Conn.  Thomas  A.  Reillt 


Indexing  Fixture  for  Use  in  Turret 

lathe.  The  lower  fork  carries  a  projecting  bushing  A,  which 
holds  a  swiveling  member  B,  the  upper  end  of  which  is  turned 
to  fit  the  hole  in  the  center  of  the  work  C.  The  shoulder  of 
member  B  is  milled  square  to  present  as  small  a  surface  as 
possible  for  the  lodgement  of  chips,  which  will  throw  the  work 
out  of  center. 

The  end  of  the  handle  D,  used  for  indexing  and  raising  the 
spindle,  is  enlarged  to  form  an  inverted  cup  E,  which  acts 
as  a  dirtproof  cap  for  the  operating  mechanism  that  it  con- 
tains. This  handle  is  furnished  with  a  spring-loaded  lever  F, 
the  end  of  which  forms  a  taper  pin  O,  which  fits  the  indexing 
slots  in  the  lower  cam  IJ.  When  handle  D  is  turned  in  one 
direction  with  indexing  pin  (J  withdrawn,  the  catch  /,  held 
by  the  flat  spring  A',  will  slip  out  of  the  slot  which  it  engages 
In  the  upper  cam,  allowing  the  spindle  to  be  indexed  to  the 
next  position.  But  If  the  handle  is  turned  in  the  opposite  di- 
rection, the  catch  will  engage  the  straight  side  of  one  ot  the 
two  slots,  revolve  the  upper  cam,  and  raise  the  spindle,  thus 
permitting  the  work  to  be  removed.  In  the  top  of  cap  E  is 
a  steel  bushing  L.  held  by  a  pin  M  that  acts  as  a  key,  and 
through  the  center  of  the  bushing  is  a  square  hole  that  fits  a 
correspondin^square  ,V  on  the  top  of  the  spindle  0.  This  bush- 
ing allows  s|>indle  O  to  slide  up  or  down,  but  makes  it  turn 
positively  with  the  handle.  The  oil-cup  P  and  the  hole  through 
the  spindle  permit  oil  to  be  applied  where  lubrication  is  most 
nepded.  The  enlarged  lower  end  of  the  spindle  is  shaped  to 
fit  the  work  and  Is  fastened  to  the  spindle  by  a  screw  and  key, 
as  shown  in  the  illustration  to  make  It  possible  to  assemble 
llip   fixture. 

The  fixture  may  be  designed  so  that  the  flats  on  the  upper 
and  lower  cams  will  engaKO  when  the  spindle  Is  raised,  thus 
lidldlng  the  gplndio  up  and  making  It  unnecessary  for  the 
operator  to  hold  I  he  handle,  hut  probably  this  will  not  bo  necos- 
dary  for  most  work,  as  llio  levcraKc  and  ram  action  will  easily 
conipress  the  large  spring.  The  gfiK'ral  principle  shown  may 
be  adapted  to  similar  tools  for  holding  work  to  be  drilled,  faced, 
ptr.  Thin  fixture  may  be  usnd  on  a  drilling  machine  table 
as  well  as  on  the  turret  lathe. 

Dubuque,  Iowa  Ciikhtih  W.  IIatiivwav 


TOOL  AND  STOCK  STORAGE  CABINETS 

The  storage  cabinet  here  illustrated  is  unique  and  at  the 
same  time  perfectly  practical.  This  system  of  construction 
makes  it  possible  to  keep  a  large  assortment  of  stock  or  tools 
in  a  small,  compact  space,  and  yet  allows  easy  access  to  any 
article.  The  material  is  as  well  cared  for  as  when  placed  in 
closed  cabinets  or  shelving.  It  ia  especially  adapted  to  use  in 
tool  distributing  rooms  where  such  small  tools  as  drills,  ream- 
ers, taps,  threading  dies,  milling  cutters,  arbors,  etc.,  are  kept 
but  is  equally  well  suited  for  keeping  the  stock  of  screws,  bolts, 
nuts,  washers,  or  other  small  parts  generally  kept  in  small 
quantities  in  toolmaking  and  diemaking  departments.  Where 
larger  quantities  of  material  are  stored,  other  systems,  such 
as  stationary  bins,  are  better  suited  to  the  requirements  on 
account  of  the  excessive  weight.  Each  cabinet  contains  one  or 
more  panels,  each  of  which  is  suspended  from  the  top  by  two 
ball  bearing  rollers  or  carriers  operating  in  rectangular  hollow 
metal  tracks.    The  bottom  of  the  track  should  not  be  less  than 
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6  feet  G  Inches  from  the  floor  to  allow  head  room  for  the  keeper 
to  walk  beneath.  The  cabinet  Illustrated  contains  six  panels, 
but  the  number  is  limited  only  by  the  requirements.  The  lower 
end  of  each  panel  is  guided  between  two  steel  angles.  Small 
bins  or  sections  are  built  into  the  panels  when  required  to 
accommodate  the  material  to  be  stored,  but  such  tools  as  mill- 
ing cutters  or  circular  forming  tools  are  generally  hung  on 
pins  fastened  to  the  upright  members  of  the  panels.  Drills, 
reamers,  etc..  arc  best  accommodated  when  kept  on  Inclined 
shelves  with  small  raised  i)iirtltlons. 

When  stock  Is  to  ho  withdrawn,  the  panel  containing  the 
articles  desired  la  drawn  forward  from  Its  normal  position  In 
the  cabinet,  as  shown  by  the  dotted  lines.  A  substantial  bow- 
shaped  handle  attached  to  the  front  of  the  panel  will  be  found 
convenient    In    moving    It.     The   contents    should    he    plainly 
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marked  on  the  front  of  each  panel.  The  depth  of  the  panels 
can  be  varied  to  meet  requirements,  but  a  depth  exceeding 
three  feet  would  be  rather  inconvenient  to  handle,  on  account 
of  the  long  arm  movement  necessary  in  drawing  them  forward. 
The  entire  cabinet  may  be  made  of  wood  or  metal,  the  wood 
construction  being  less  expensive.  On  account  of  the  simple 
design,  it  can  be  built  in  any  shop.  It  is  a  good  plan  to 
arrange  a  double  row  of  cabinets  with  an  equal  number  of 
panels  on  each  side,  all  opening  toward  the  center  passageway. 
This  permits  the  stock-keeper  to  draw  material  from  either 
row  of  cabinets. 

One  particularly  valuable  feature  of  this  system  of  storage 
Is  the  very  small  space  required,  without  interfering  with  the 
easy  access  to  the  material.  Another  important  feature  is  the 
ease  with  which  the  equipment  can  be  extended  to  enlarge  its 
capacity,  it  only  being  necessary  to  provide  additional  panels 
as  required. 

Aurora,  111.  Ellis  J.  G.  Piiillips 


ADJUSTABLE  CUTTER-HEAD 

A  boring-bar  or  cutter-head  that  is  easily  made  is  shown  in 
the  accompanying  illustration.  It  consists  simply  of  a  bar  A 
into  which  the  cutter-head  B  is  screwed.  The  head  is  recessed 
for  the  center  bolt  (',  the  bevel  seat  of  which  is  in  contact 
with  the  heel  of  the  cutting  tool  D.    A  pilot-point  set-screw  i'. 


Construction    of    an    Adjustable    Cutter-hea:l 

v,i,,.i.  .,.,i„.-,  in  a  groove  /■'.  prevents  the  center  boll  from 
turning,  while  set-screw  G  holds  cutter  D  firmly  In  position. 
The  position  of  the  cutter  is  adjusted  by  means  of  the  nut  H 
on  the  end  of  the  center  bolt. 

Detroit,  Mich.  C.  C.  Spbeen 


FIXTURE  FOR  MILLING  CYLINDER  HEADS 
ON  ENGINE  LATHE 
The  fixture  shown  in  the  accompanying  illustrations  is  de- 
Hlgned  for  milling  gasoline  motor  cylinder  heads  on  an  engine 
lathe.  The  depth  of  the  cut  required  in  finishing  the  milled 
Hurfaf-e  of  the  casting  is  5/32  Inch,  and  the  surface  milled  in 
26  inches  long  by  8  Inches  wide.  The  milling  cutter  is  held 
In  the  lathe  spindle  and  the  work  brought  into  contact  with 
the  «nd  or  the  culler,  as  shown  In  Fig.  1.  The  fixture  for 
holding  the  work  Is  boiled  to  the  top  of  thy  lulhe  carriage. 
This  flxture  allows  the  work  to  be  fed  across  the  end  of  the 
tiilllInK   ruffor   at    rtifht    angles   to   the   spindle,   and    il    Is   so 


Fi^.   2.      Bear  View  of  Lathe  ahowing  Uethod  of  holding  Work 

designed  that  a  uniform  rate  of  feed  can  be  easily  maintained 
by  means  of  a  heavy  balanced  handwheel  attached  to  the  end 
of  the  fixture  lead-screw.  The  depth  of  the  cut  is  controlled 
by  moving  the  carriage  of  the  lathe. 

Fig.  1  shows  the  front  of  the  lathe  with  the  fixture  and  work 
in  place,  and  Pig.  2  shows  the  back  of  the  lathe.  The  latter 
illustration  shows  clearly  the  angle-plate  on  which  the  work 
is  mounted,  and  also  the  method  of  holding  the  work  firmly 
in  place.  From  thirty-five  to  forty-five  castings  are  finished 
in  ten  hours  by  this  method,  and  the  surface  milled  is  true 
within  the  limits  of  accuracy  required. 

Milwaukee,  Wis.  Fked  Fruhner 


CAM  CUTTING   ON  A  DRILLING   MACHINE 

The  accompanying  illustration  shows  a  method  employed 
for  cutting  barrel  cams  on  a  drilling  machine  in  a  shop  not 
equipped  with  a  milling  machine.  Plate  A  is  fastened  to  the 
table  of  the  drilling  machine,  and  supports  the  two  stands  B 
and  C.  Stand  B  forms  a  bearing  in  which  the  sleeve  of  worm- 
wheel  D  rotates  when  driven  by  worm-shaft  E.  Worm-shaft  E 
has  its  bearing  in  a  bracket  that  is  part  of  stand  B.  Crank  F 
provides  for  a  hand  feed,  but  this  was  replaced  by  a  grooved 


r.ni,  Cii'.tiiig  Attacliuiont  for  DrillltiK  Miuliln.' 

wheel  driven  by  a  round  belt  from  an  overhead  shaft  after 
the  operator  became  more  familiar  with  the  work.  Worm- 
wheel  n  Is  held  In  Its  bearing  by  collar  (1.  Shaft  //  carries  the 
work  ./  and  the  iniiHler  cam  /,  Tlic  slinfl  turii.s  ffeoly  in  bear- 
ing (,',  and  is  allowed  to  bIIiIc  in  llio  hIccvo  of  wormwhool  I). 
The  slcovo  of  worm-wheel  />  bus  u  key  which  fits  into  n  key- 
way  in  slinft  //,■  this  allows  sliiift  //  to  turn  only  when  worm- 
wIh'cI  J)  is  turned  by  worm  /■;.  The  work  ./  is  fnatenod  to 
Hhiift  //  with  a  Hot-Hcrcw  A',  as  shown;  the  sliaft  Is  turned  down 
HllKlilly  sniiillcr  where  the  set-screw  is  lociiled,  so  that  the 
burr  cHUHi'd  by  the  net  screw  will  not  jirevent  the  rcnioviil 
of  the  shun.  Muster  cam  /  is  pinneil  In  the  shaft  by  ii 
Inpor  pin  K.  Thn  stud  li  Is  fitted  with  a  roller  M  that  fits  In 
the  Kroovi!  of  the  master  cum.  When  sliiift  //  Ih  turned  by 
ninnns  of  worm  A,',  the  groove  in  llie  Miiister  cam,  coming  In 
contact  with  rfiller  At,  1in|iarts  n  sliding  niovomnnt  to  shiift  //, 
so  timt,  when  tlie  end  mill  Is  fed  down  on  the  blank  cam  ./. 
II  fiirins  II  Kroiive  which  Ih  ii  reproductlnn  of  lli«  groove  In  the 
niiisler  I'lini.  The  nnlHlii'il  rnni  Is  reiimved  by  knoclihiK  imiI 
taper  pin  K.  loosening  set  siTow  ,V,  iiiiil  wlllidi  iiwlng  the  slwifl. 
Caniden,  N.  J.  Tiiomak  .Iamkn 


SHOP  AND  DRAFTING-ROOM  KINKS 


1 

1 

B 

Stx^hinrry 

Device    for    securing    Wrench 

to  Lathe  to  prevent  it 

from  being  lost 


TO    PREVENT    CHUCK 

WRENCH  FROM 

BEING  LOST 

As  a  means  of  preventing  the 
chuck  wrench  of  a  lathe  from 
becoming  lost,  the  wrench  may 
be  turned  down,  as  shown  at  A 
in  the  illustration,  and  strap  B 
securely  fastened  in  the  reduced 
portion.  A  chain  is  attached  to 
B,  the  other  end  of  which  may 
be  secured  to  the  lathe. 

New  York  E.  J.  Higgins 


SQUARE  TEST  GAGE 

The  illustration  shows  a  gage  that  is  useful  in  checking  the 
squares  of  toolmakers  and   inspectors.     Three  hardened   and 

ground  plugs  are  set  in 
a  well-ribbed  and  sea- 
soned cast-iron  base. 
These  plugs  are  placed 
by  the  button  method 
and  checked  by  either  a 
micrometer  or  Johans- 
son gage.  The  distances 
from  center  to  center 
may  be  varied  to  accom- 
modate different  sizes 
of  squares,  or  an  ac- 
curate parallel  strip 
may  be  used  over  the 
plugs.      The    dimension 

B 

Gage   for  testing   Squares  a     ^ 

B  sin  45  degrees 

.  The  variation  or  error  of  the  squares  may  be  checked 

0.70711 
either  by  Johansson  blocks  or  tissue  paper  feelers. 

Watertown,  N.  Y.  H.  V.  Coulsto.n 
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HERMAPHRODITE  CALIPERS 

The  hermaphrodite  calipers  shown  in  the  illustration  have 

one  leg  so  shaped 
that  it  can  be  used 
for  internal  or  ex- 
ternal work.  When 
the  leg  Is  in  the 
position  shown  at 
A  it  is  useful  for 
scribing  lines  on 
thin  work.  Ordi- 
nary hermaphrodite 
calipers  have  a  ten- 
dency to  slip  over 
the  side  of  the 
stock  when  used 
fcir  this  purpose, 
but  the  cut-out  on 
this  type  keeps  the 
leg  against  the  stork   and   an   accurate   lino  may   be  scribed. 

Newark,  N.  J.  OKORor  Wfrnkii.  Jit 


TO  DISTINGUISH   HIGH-SPEED  STEEL 
FROM  CARBON  STEEL 
The  spark  test  cannot  alwayn  bo  rolled  upon  to  distinguish 
highspeed   steel   from   carbon   steol.   as  steel   containing   very 


little  tungsten  will  spark  the  same  as  high-speed  steel.  The 
nitric-acid  test  is  a  good  test  to  use.  Nitric  acid  will  "eat"  car- 
bon steel  immediately,  but.  will  not  attack  at  once  high-speed 
steel  that  contains  even  a  very  small  amount  of  tungsten.  The 
surface  of  the  steel  tested  should  be  absolutely  clean.  L. 


STRAIGHT-SHANK  COUNTERBORE 

On  small  work,  where  straight-shank  drills  are  used,  be- 
cause they  are  more  easily  changed  than  the  taper-shank 
drills,  which  must  be  removed  by  using  a  drift,  a  counterbore 


g^ — — 1 

,^A 

11 

^-;==/ 

Slnrhinrrt/ 

straight-shank    Counterbores    that    cannot    Slip    upward 

like  that  here  shown  is  very  useful.     It  cannot  slip  upward 
in  the  chuck,  for  the  shoulder  A  is  against  the  chuck  jaws. 
By  using  the  stop  on  the  drilling  machine,  a  uniform  depth 
of  counterbore  is  assured. 
New  York  City  E.  J.  Higgins 


DISTINGUISHING  MARKS  FOR  ENDS  OF 
'    PLUG  GAGES 

If  the  necks  of  plug  gages  are  marked  with  bands  of  strong 
contrasting  colors,  the  ends  will  be  distinguishable  at  a  glance. 
This  plan  will  permit  a  much  more  rapid  use  of  the  gage. 


c. 
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Plug  Gages  marked  so  that  Ends  are  easily  distinguished 

for  no  time  need  be  spent  in  looking  for  the  figures  stamped 

on  each  end  or  for  the  words  "Go"  and  "Not  Go."    There  will 

also  be  much  less  chance  of  error  due  to  using  the  wrong  end. 

Detroit,  Mich.  C.  C.  Spreen 


NUT-LOCK  PLATE 

While  on  an  engine  repair  job  the  writer  saw  a  kink  that 
seemed  worth  passing  on  to  the  job  shop  machinist  and  others. 
The  illustration  shows  a  lock  plate  used  to  hold  on  the  follower 
plate  nuts  of  a  steam  engine  piston.  The  circular  ring,  or 
plate  A,  was  3/32- 
inch  plate  steel ; 
the  holes  were 
drilled  for  the  studs 
or  bolts  and  a  slot 
was  cut  on  the  out- 
side edge  to  wUhfn 
1/4  inch  of  each 
hole,  as  shown  at 
B.  The  lock  plate 
was  put  on  and  the 
nuts  all  sot  up 
tight;  then  with  a 
cold  chlsol  llio  tab 
was  bent  up  against 
the  flat  of  the  nut 
aide,  as  shown  at  O. 

C.   H.  WlI.I.FY 

Concord.  N.  H. 


hT  Lock  Plata 


HO^W^  AND  WHY 


QUESTIONS  ON  PRACTICAL  SUBJECTS  OF  GENERAL  INTEREST 


A  GEOMETRICAL  PROBLEM 

I.  E.  S. — Referring  to  the  illustration,  please  show  how  to 
find  the  distances  x,  y,  and  r  from  the  dimensions  given. 

Ans'wered  by  J.  J.  Clark,  Scranton.  Pa. 

A. — There  appear  to  he  three  unknowns,  but  there  are  only 
two  in  reality,  since  y  can  he  found  immediately  as  soon  as  r 
is  known.  Draw  the  vertical  line  AC  and  the  horizontal  lines 
BC  and  DE ;  join  A  and  B  and  A  and  D.  In  the  right  triangles 
ACB  and  AED,  BC  =  x,  AC  ==  y  —  0.256,  AB  =  r  +  0.256, 
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A  Geometrical  Problem 

DE  =  u.&7a  —  X,  AE  =  y  ~  0.261,  and  AD  =  r  +  0.015.  But 
y  =  r  +  0.204;  hence,  AC  =  r  +  0.204  —  0.256  =  r  —  0.052, 
and  AE  =  r  +  0.204  —  0.261  —  r  —  0.057.  Since  BO"  +  AC  = 
AB'.  x'  +  (r  —  0.052)'  =  (r  +  0.256)  =  ;  whence,  ar'  +  r=  — 
0.104r  +  0.002704  =  r'  +  0.512r  +  0.065536,  and 

X'  —  0.616r  =  0.062832  (1) 

Also,  since  DE'  +  AE*  =  AD',  (0.973  —  x)'  +  (r  —  0.057)=  = 
(r  +  0.015)';  whence,  0.946729  —  1.946x  +  x-  +  r'  —  O.lUr  + 
0.003249  =  r»  +  0.03r  +  0.000225,  and 

Jc=  —  1.946a;  —  0.144r  =  —0.949753  (2) 

Multiplying  Equation  (2)  by  77  and  Equation  (1)  by  18, 
we  have: 

77a;'  —  149.842x  —  ll.OSSr  =  —73.130981  (3) 

18a;»  —  11.088r  =  1.130976  (4) 

Subtracting  Equation  (4)  from  Equation  (3),  59a:'  —  149.842x 
=  —74.261957,  from  which  x  =  0.675001  inch,  or  1.86469  inch. 
Evidently,  the  smaller  value  Is  the  one  desired  in  this  case. 
SubHtllutIng  this  value  of  x  In  Equation  (1),  0.675001'  — 
0.616r  =  0.062832;  from  which  r  =  0.63766  Inch.  Finally, 
)/  =  0.63766  +  0.204  =  0.84166  Inch. 


FORMATION  OF  BLOW-HOLES  IN  BABBIT- 
TED BEARINGS 

F.  T.— We  have  had  dimcuity  In  babhlUIng  the  bearings  re- 
quired for  the  turblnoH  of  torpedo  boat  destroyers.  Tliesr 
bcarlngB  vary  In  diameter  from  5  to  14  Inches  and  In  IcnKtli 
from  r,  to  18  Inrhos,  The  babbitt  metal,  which  Is  very  hard. 
Is  heated  lo  500  dcKrees  C.  (932  dcgroeH  F. ),  but  blowholes 
and  very  Hmall  plnbolcH  form  In  tho  lining, 

A.— The  formation  of  blowholes  In  babbitted  bearings  Is  not 
always  due  lo  the  same  cause,  and  several  sources  of  trouble 
will  bo  mentioned.  To  begin  with,  the  ladle  from  which  the 
babbitt  Is  poured  should  profenibly  have  a  rounded  spout, 
rather  than  one  which  Is  sharp  or  broad,  because  a  broad,  thin 
stream  of  metal  lends  to  produce  porous  areiis  or  blowholes. 
Before  the  babbitt  Is  poured,  II  should  also  be  stirred  thor- 
oughly lo  Insure  a  lining  of  uniform  composition.  Oil  on  the 
surface  of  a  habblttod  mandrel  lends  to  cause  the  babbitt  to 
blister.     It  Is  the  prariUe  of  a  prominent  electrical  concern 


to  cover  the  mandrel  with  a  thin  coating  of  clay  wash  by 
plunging  the  mandrel  while  heated  into  a  pail  containing  a 
solution  of  one  or  two  pounds  of  Jersey  red  clay.  When  the 
mandrel  is  dry,  it  is  covered  with  a  thin  clay  coating,  which 
prevents  the  formation  of  blow-holes  and  gives  the  babbitt 
lining  a  smooth  surface. 

When  heating  the  babbitt  metal,  the  temperature  should  be 
increased  slowly,  especially  when  melting  new  babbitt  or  when 
old  babbitt  is  being  remelted.  The  metal  should  be  stirred  at 
frequent  intervals,  and  it  is  advisable  to  cover  the  surface 
of  the  molten  babbitt  with  powdered  charcoal  or  graphite  to 
reduce  oxidation.  The  mandrel  temperature  is  right  when 
water  evaporates  rapidly  from  its  surface  without  spluttering. 
Babbitt  metal,  as  a  rule,  should  be  kept  at  a  constant  tem- 
perature of  about  870  degrees  P.,  although  the  exact  tempera- 
ture depends  somewhat  upon  the  composition.  If  the  babbitt 
is  poured  at  too  low  a  temperature,  the  lining  will  have  a 
coarse  granular  formation,  and  if  the  shell  or  casting  and  the 
mandrel  are  too  cold,  blow-holes  and  other  defects  will  result. 
On  the  other  hand,  if  the  temperature  of  the  metal  is  too  high, 
it  will  cool  too  slowly  and  the  heavier  elements  will  have  time 
to  settle,  thus  producing  a  bearing  which  is  soft  at  one  place 
and  brittle  at  another. 

The  iron  shell  to  be  lined  with  babbitt  should  be  preheated 
to  a  temperature  of  from  200  to  300  degrees  F.  before  pouring, 
the  higher  temperature  being  preferable  unless  the  shell  is 
very  heavy.  The  preheating  should  be  done  in  an  oven,  al- 
though a  gas  or  coke  fire  may  be  used,  in  which  case  the  sur- 
face to  be  babbitted  should  be  turned  upward  away  from  the 
fire,  as  otherwise  a  deposit  may  be  formed  which  will  prevent 
the  babbitt  fro.m  adhering  properly.  The  best  results  are  ob- 
tained by  pouring  the  babbitt  with  the  bearing  in  a  vertical 
position. 


A  DRAFTSMAN'S  PROBLEM 

J.  F. — Referring  to  the  illustration,  please  show  me  how 
to  find  the  distances  n,  h.  c.  and  d;  I  should  like  a  method 
that  will   cover  all  similar  cases. 

Answered  by  J.  J.  Clark,  Scranton,  Pa. 

A.— Draw  A'B  parallel  to  GA;  join  N  and  0;  draw  OC  and 
OD  perpendicular  to  A'B  and  A'Jlf,  respectively;  draw  MA  per- 
pendicular   to    QA.      Angle    DOC  =  MIS'B,    and    sin    Jf A'B  = 


1     „!/     p?-+ 

-^ 

l/,J,'flillM   U 

\\^ 

Mlt 


%  — V4 


1/16=^0.0625;    therefore   angle   il/A'B  =  3   do- 

My         2 

greos   35   minutes.     In    the    right    triangle    A'0(.',   cos   A'OC 

00       %  -H  V6 

—  = =^  %  =  0.75;  therefore  angle  A'OC  =•  41  degrees 

OAT        %  +  V6 

24  minulos  35  seconds.  OA'f^  ■  90  degrees  -  41  dogreos  24  min- 
utes 35  seconds  IS  degroeH  35  minutes  25  seconds.  OND  - 
OA'P -f- f7A7>  "  48  degrees  35  minutes  25  seconds -j- 3  degrees 
35  minutes  —  52  dogrees  10  mtnutos  25  seconds.  OD  =  y^  X 
sin    OA'A)    :  i/i  X  sill    52    dogroes    10    minutes    26    seconds-- 
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U  X  0.7S9SS  =  0.39494  inch  =  ft.  ND  =  V2  X  cos  OND  =  V2 
X  cos  52  degrees  10  minutes  25  seconds  =  1^  X  0.61327  = 
0.30664  inch  =  o.  Draw  ME  parallel  to  GA;  draw  PF  and 
PH  perpendicular  to  ME  and  MN,  respectively.    Angle  FPH  = 

Vs   +   V4.   +  % 

EMN  =  MNB.      Cos    FPM  = •  =  4/5  =  0.8;    there- 

%  +  % 
fore  angle  FPM  =  36  degrees  52  minutes  11  seconds.  Angle 
HPM  —  FPM  +  FPH  =  36  degrees  52  minutes  11  seconds  + 
3  degrees  35  minutes  =  40  degrees  27  minutes  11  seconds. 
HM  =  %  X  sin  HPM  =  %  X  sin  40  degrees  27  minutes  11 
seconds=  %  X  0.64882  =  0.40551  inch  =  c.  fl^P  =  %  X  cos 
HPM  =  %  X  cos  40  degrees  27  minutes  11  seconds  =  %  X 
0.76094  =  0.47559  inch  =  d. 

Formulas  expressing  the  values  of  a,  6,  c,  and  d  are  rather 
awkward,  but  may  be  written  as  tollows:  let  B  and  r  be 
the  radii  of  the  larger  and  smaller  of  the  two  circles  at  the 
left;  let  R^  and  r,  be  the  radii  of  the  larger  and  smaller  of 
the  circles  at  the  right;  let  ;•,  be  the  radius  of  the  fillet  circles, 
and  s  the  distance  between  the  centers;  then 
r  +  n 


a  ^  (.R  -{-  r^)  cos 


h  =  (R  +  r,)  sin 


c  =  (/Ji  +  i\)  sin 


(Ri  +  n)  cos 


cos-' 
cos-' 

COS" 

R  +  r, 

R  +  r, 
r,  +  r. 

Ri  +  n 
r,  +  r._ 

R,  +  r. 

-|-  sin- 


+  sin- 


+  sin^ 
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PROBLEM  IN  TRIGONOMETRY 

C.  E.  M. — Referring  to  the  accompanying  illustration,  please 
show  how  to  find  the  angle  0.  I  should  like  to  have  the  method 
explained  in  detail. 

Answered  by  G.  H.  MacCullough,  Worcester,  Mass. 

The  following  is  a  simple  solution  of  the  "Problem  in 
Trigonometry"  appearing  in  the  July   number  of  Machinery, 

page  1042.  By  omitting 
two  unnecessary  con- 
struction lines,  and  con- 
necting 0  and  0,,  the 
figure  here  shown 
is  obtained.  In  the 
right  triangle  OCO,  the 
hypotenuse   00..   = 

V  0.217^ +  0.138'  = 
0.25716.  By  construc- 
tion, it  is  evident  that 
triangles  OAZ  and  OyZF 
are  similar.  The  pro- 
0,Z  0,F 

portion   =   

OZ  OA 

is     therefore    obtained. 
Adding  1  to  both  sides, 
0,Z  0,F 

+  1  = +  1. 

OZ  OA 

Changing    to    fractions. 
Substituting    the    values    given. 


Solving,  0^  =  0.21518.    Cos  angle 

=  0.95270.     Angle  AOZ  =  17  degrees 
0,0 


41  minutes  ."is  seconds.    The  tangent  of  angle  0,0(7  = 
0.138 


seconds.  Angle  AOO  =  angle  0,0C  —  angle  AOZ  =  32  de- 
grees 27  minutes  15  seconds  —  17  degrees  41  minutes  33  sec- 
onds =  14  degrees  45  minutes  42  seconds.  Now  the  angles 
AGO  and  F10„  or  angle  <p,  are  equal,  since  their  corresponding 
sides  are  perpendicular.  Therefore,  angle  0  =  14  degrees  45 
minutes  42  seconds. 


TO  FIND  RADIUS  OF  CIRCLE  INSCRIBED 

IN  TRIANGLE 

A.  S. — In  a  right  triangle  having  the  dimensions  shown  in 
the  accompanying  illustration,  a  circle  is  inscribed;  please 
show  how  to  find  the  radius  of  the  circle. 

Answered  by  Guy  H.  Gardner,  New  London,  N.  H. 

Another  solution  of  the  problem  given  in  the  July  number 
of  M.\ciiiNERT,  page  1042,  is  given  in  the  following;  it  is 
remarkably  simple  and 
easily  understood.  In 
the  accompanying  illus- 
tration, BD  =  BE  and 
AD  =  AF,  because 
"Tangents  drawn  to  a 
circle  from  the  same 
point  are  equal."  EC  = 
CF,  and  EG  =  radius 
OF.  Then  let  R  =  ra- 
dius of  inscribed  circle. 
AG  —  R  =  AD  and 
BC  —  R  =  DB.  Add- 
ing, AC  +  BC  —  2R  = 
AD  +  DB.  AD  +  DB 
=  AB;  hence,  AC  + 
BC  —  AB  =  2R.  Stated  as  a  rule,  "The  diameter  of  a  circle 
inscribed  in  a  right  triangle  is  equal  to  the  difference  between 
the  hypotenuse  and  the  sum  of  the  other  sides."  Substituting 
the  given  dimensions,  we  have  1.8248  +  1.3959  —  2.2975  = 
0.9232  =  2R,  and  R  =  0.4616. 

This  solution  was  also  submitted  by  A.  B.  Subia,  Hyland 
Park,  Mich. 


To  find  Radius  of  Circle  ioscribed 
Triangle 


TO  FIND  RADIUS  OF  CIRCLE 

Answered  by  G.  H.  MacCuUough.  Worcester,  Mass 

The  formula  for  finding  the  radius  of  a  circle  as  given  in 
the  July  number  of  Machinery  can  also  be  derived  as  follows: 
Given  EG  perpendicular  to  AG,  segment  FG  =  o,  AD  =  R. 
and  the  angle  0;  to  find  r.    GE  =  o  +  r,  and  AE  =  R  +  r. 
Then  the  triangle  .i.EG  is  a  right  triangle,  and  GE  =  EA  sin  <p. 
Substituting  the  values  for  GE  and  AE  found  above: 
a  -\-  r  ^=  (R  -\-  r)  sin  0  =  i?  sin  0  +  r  sin  0 
)•  (1  —  sin  <t>)  =  R  sin  <,'<  —  a 
R  sin  0  —  (I 


-sin0 


OC 


^   0.6,'?594.     Angle  0,0C  =  32  degrees  27  minutes   15 


Finding  Rldlui  a(  Circle 
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BASIS  OF  EMPLOYES'  COMPENSATION 
PAYMENTS 

BY  CHE8LA  C.  SHERLOCK' 

The  amount  of  compensation  that  an  injured  worltman  may 
recover  is  generally  based  upon  the  average  weekly  wages  he 
has  earned  for  the  full  year  next  preceding  the  date  of  injury. 
Just  what  is  meant  by  this  expression  of  the  statute  has  caused 
a  wide  difference  of  opinion  among  the  authorities.  The  Cali- 
fornia commission  has  decided  that  tips  or  gratuities  received 
in  addition  to  the  regular  salary  should  not  be  considered  a 
part  of  the  workman's  earnings  when  determiuing  the  basis 
of  a  compensation  award.  It  was  argued  that  such  were  earn- 
ings, that  they  were  reasonably  certain,  and  that  the  average 
amount  earned  in  a  given  time  could  easily  be  ascertained. 
But  the  opinion  was  handed  down  on  the  ground  that  if  the 
court  took  the  contrary  view  it  would  present  too  great  an 
opportunity  for  fraudulent  claims  being  presented  to  the  com- 
mission from  time  to  time,  there  being  no  way  of  proving 
earnings  from  tips,  other  than  by  taking  the  injured  man's 
word  for  it.  The  court  in  Texas  took  a  contrary  view  and 
allowed  compensation  to  a  porter  of  a  hotel  whose  sole  income 
consisted  of  tips.  The  same  conclusion  was  reached  by  the 
Massachusetts  court,  allowance  being  made  by  the  court  for 
the  amount  of  earnings  over  and  above  the  regular  salary  re- 
ceived from  the  employer. 

Computing  Compensation  of  Seven-day  Worker 

In  cases  where  the  injured  man  is  a  seven-day  worker,  the 
question  arises  as  to  whether  or  not  he  can  be  allowed  com- 
pensation computed  on  a  seven-day  or  a  six-day  basis.  There 
is  a  considerable  difference  in  the  amount  of  compensation 
paid,  and  it  is  a  fruitful  source  of  dispute  among  employers 
and  injured  workmen.  This  is  especially  the  case  in  industrial 
occupations.  The  California  commission  refused  to  permit 
seven-day  workers  to  receive  compensation  on  a  computation 
on  a  six-day  basis;  it  fixed  332  days  as  the  average  number  of 
working  days  in  the  year  and  based  computation  upon  that 
figure  rather  than  300,  as  is  the  case  of  a  six-day  worker. 

Compensation  when  Injured  at  Other  than  Usual  Occupation 

Workmen  are  often  injured  at  a  time  when  they  are  engaged 
in  work  apart  from  their  usual  occupation.  If  there  is  a 
difference  in  the  wages  allowed  for  the  different  kinds  of 
work,  the  question  naturally  arises  as  to  whether  the  wage 
of  the  usual  occupation  should  govern  or  whether  the  wage 
of  the  occupation  engaged  in  at  the  time  of  the  injury  should 
govern.  An  example  of  such  a  case  is  where  a  carpenter  was 
temporarily  engaged  in  washing  windows.  As  a  carpenter,  he 
would  receive  $5  a  day,  while  as  a  window  washer  he  would 
be  entitled  to  only  $1.50  a  day.  The  California  and  Connecti- 
cut courts  have  said  that  the  wage  of  the  work  being  done 
at  the  time  of  injury  will  govern — not  the  wage  of  the  usual 
occupation.  In  a  California  case,  a  lineman  who  customarily 
earned  $4.50  a  day  was  injured  while  in  the  National  Guard, 
where  he  received  only  70  cents  a  day  and  board.  The  com- 
mission made  the  award  on  the  basis  of  employnu'nt  in  the 
National  Guard  and  not  as  a  lineman. 

In  a  Wlgconsln  case,  a  citizen  was  killed  while  obeying  a 
summons  to  aid  an  olflcer  In  making  an  arrest.  The  Supreme 
Court  of  that  state  made  the  award,  not  upon  the  basis  of 
occupational  r'arnlngB,  but  upon  the  basis  of  the  usual  pay  for 
police  services  In  the  locality.  The  Massachusetts  court,  how- 
ever, does  not  take  kindly  to  this  construction  of  the  acts,  and 
has  held  that  If  a  workman  capable  of  oarnlnK  a  higher  wage 
Is  Injured  while  temporarily  employed,  he  Is  entitled  to  an 
avcraKC  of  bis  earning  power.  It  1b  nccosHary,  however,  to 
prove  that  he  Ih  able  to  earn  the  higher  wage. 

Pnrt  8«rvloe  for  8«vernl  Employers 

The  Maryland  rommlsslon  has  said  that  wlii-re  an  employe 
Is  rendering  part-time  sorvlcoH  for  one  employer,  with  the 
prlvllPKi-  of  HorvInK  othi-r  ••mployers,  the  basin  of  a  componsu- 
lion  award  will  bo  thi-  aviTnKC  weokly  earnliiKH  ihtit  he  rn 
celvet  from  all  ■ources,  and  not  merely  the  iimounl  rocolvod 
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from  the  employer  in  whose  services  he  Is  at  the  time  of  the 
injury.  In  a  California  case  it  was  shown  that  a  watchman 
was  employed  by  several  steel  mills  and  industrial  concerns 
to  work  for  them  jointly.  He  was  killed  by  a  burglar  while 
on  the  premises  of  one  employer.  The  commission  held  that 
his  dependents  were  entitled  to  an  award  based  upon  the  com- 
bined earnings  from  all  employers,  and  not  merely  from  the 
amount  of  earnings  received  from  the  employer  upon  whose 
premises  he  happened  to  be  at  the  time  of  his  death.  The 
payment  of  compensation,  however,  was  to  be  made  by  the 
employer  upon  whose  premises  the  workman  was  killed. 

Over-time  Earnings  and  Intent  o£  Law 

The  question  of  whether  over-time  earnings  should  be  con- 
sidered in  arriving  at  the  average  weekly  earnings  of  the 
injured  workman  has  caused  a  great  deal  of  litigation  before 
the  courts  and  commissions.  It  seems  to  be  the  consensus  of 
opinion,  however,  that  over-time  earnings  should  not  be  con- 
sidered in  arriving  at  the  average  weekly  wages.  The  intent 
of  the  law  is  to  be  entirely  fair  to  both  parties  concerned, 
although  it  is  sometimes  hard  to  make  them  understand  this. 
It  is  desired  to  ascertain,  if  possible,  the  average  income  of 
the  workman  from  his  employment  and  then  divide  the  loss 
equally  between  the  workman  and  the  employer.  That,  in  a 
nutshell,  is  the  whole  purpose  of  the  compensation  acts. 


HARVEY  GRIP  THREADS 

The  Harvey  grip  thread  has  an  included  angle  of  45  or  50 
degrees,  but  the  thread  section  Is  not  symmetrical  about  a  line 
at  right  angles  to  the  axis  of  the  bolt  or  threaded  body. 
Apparently  there  is  no  standard  slope  to  which  the  sides  of 
the  thread  should  be  cut  in  reference  to  a  line  at  right  angles 
to  the  axis,  as  in- 
dicated by  the  ac- 
companying illus- 
tration. At  A  is 
shown  one  form 
used,  in  which  one 
side  of  the  thread 
forms  an  angle  of  5 
degrees  with  a  line 
at  right  angles  to 
the  axis,  while  in 
the  form  shown  at 
B  the  correspond- 
ing side  forms  an 
angle  of  only  1  de- 
gree. While  both 
threads  are  known  as  the  Harvey  grip  thread,  they  vary  in 
several  respects.  The  thread  shown  at  A  is  not  a  sharp 
V-thread,  the  flat  at  the  top  and  bottom  being  equal  to  the  pitch 
divided  by  8.  The  thread  shown  at  B  is  the  form  of  Harvey 
grip  thread  shown  in  Machinery's  Handhook.  It  is  a  sharp- 
V-type  thread  having  an  Included  angle  of  45  degrees. 
•     •     • 

Nearly  300,000  men  had  been  transferred,  about  the  end  of 
June,  from  one  unit  to  another  In  army  camps  in  this  country 
as  a  result  of  onupational  (lualiflcationa  ascertained  through 
the  Committee  on  Classilk-alion  of  rcrsonncl  of  the  Adjutant 
General's  ofllce.  About  40,000  transfers  have  taken  place  each 
week  recently.  In  some  of  the  camps,  whore  as  many  as 
2500  men  are  received  dally,  a  force  of  200  trained  Inter- 
viewers Is  employed  to  ascertain  full  Information  regarding 
Iho  men's  occupations,  odiicatlon,  oxporiomi'.  and  special  qual- 
KlcatkiiiM.  It  Ih  ncceHsary  for  oiillHtod  men  leaving  this  coun- 
try to  make  out  an  occupational  card,  which  enables  olUcers 
on  the  other  side  to  place  tlicin  where  they  can  be  most  use- 
ful. Among  men  now  being  trunsferrod  bocauso  of  occupational 
i|uallll<allonH  an^  iiiei'hanlcH,  cliaufTourH,  chenilHlH  for  gas  de- 
fenHo  work,  physlclHlH  and  meteorologists  for  aviation  purposes, 
BUrglcallnHtruini'iit  repairers,  baclerlologlKls,  iniip  draftHineii, 
rofrlKerullon  experlM.  mine  oporatorH.  forcHtorH,  riillroad  build 
ers.  railway  shop  worknieii,  uccountunlH,  gunsmiths,  and  otlu-r 
ordnance  speclallstB  anri  worlunen  for  nngtnoor  regiments. 


Types   of   Harvey    Grip   Threads 
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Machining  an  Automobile 
Differential  Gross 


By  Albert  A.  Dowd' 


WHEN  alloy  steels  are  used  in  automobile  construc- 
tion and  when  parts  made  from  this  material  are 
hardened  and  ground  after  the  machining  operations 
have  taken  place,  the  possibility  ot  distortion  during  harden- 
ing must  be  given  consideration.  In  certain  kinds  of  work, 
such  as  the  large  ring  gear  in  the  rear  axle  construction,  the 
greatest  pains  are  taken  in  the  hardening  process  to  obviate 
any  chance  of  distortion.  This  is  attended  to  by  placing  the 
gear  in  a  kind  of  clamp  the  function  of  which  is  to  prevent 
any  alteration  taking  place  due  to  the  heat-treatment.  On 
some  of  the  other  parts,  however,  a  clamp  is  not  used,  and 
the  pieces  therefore  become  more  or  less  distorted  in  the 
hardening  process.  The  allowance  for  grinding  is  usually 
sufficient  to  take  care  of  a  small  amount  of  change,  but  there 
are  some  instances  where  trouble  is  likely  to  be  caused  un- 
less due  preparation  is  made  to  counteract  the  changes  caused 
by  hardening. 

An  excellent  example  of  this  kind  is  the  differential  cross 
used   to  support  the  pinions  in   the  differential   case  of  an 
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Tig.    1.      Cross    for    supporting   Pinions    of    Automobile    Differential    Case 

automobile,  shown  in  Fig.  1.  Reference  to  this  illustration 
will  show  that  there  are  four  arms  A  arranged  radially  at 
90  degrees  from  each  other  and  equidistant  from  the  center 
hole  B.  These  arms  are  used  to  support  the  pinions  in  the 
differential  and  it  is  necessary  that  they  should  be  in  the 
proper  relation  to  one  another.  The  center  hole  is  not  of 
great  Importance,  but  it  Is  machined  rather  accurately  in 
order  to  assist  in  obtaining  the  correct  relation  of  the  arms. 
The  shoulders  C  must  also  be  equidistant  from  the  center. 
Now  It  will  be  noted  that  the  work  Is  hardened  and  ground 
after  machining,  and  as  the  arms  of  the  cross  are  turned 
on  centers  it  mlKht  bo  assumed  that  I  hose  would  be  In  tin- 
correct  relation  to  one  another  after  hardening,  provided  tluy 
were  located  properly  In  the  first  place.  As  a  matter  of 
fact,  however,  there  would  be  more  or  less  change  in  their 
relation  so  that  It  would  be  unsafe  to  use  the  centers  In  the 
final  grinding  operation.  In  order  then  to  make  sure  that 
the  arniK  will  bo  rorrectly  ground  the  various  operations  must 
1)0  carefully  plaiiiiod.  In  the  case  of  this  parliculiir  plore, 
the  operations  given  In  the  following  wore  decided  upon. 

V.iik    CII.V. 


Fig.  2.  Set-up  for  drilling,  boring,  reaming,  and  facing  Hub 
Sequence  of  Operations 
The  sequence  ot  operations  on  the  work  is  as  follows: 
(1)  drop-forge  and  trim;  (2)  anneal  and  pickle;  (3)  spot, 
drill,  bore,  and  ream  1.253-inch  hole,  and  face  hub;  (4)  face 
other  side  of  hub;  (5)  straddle-mill  ends  of  arms;  (6)  center 
arms;  (7)  turn  arms,  cut  fillet,  and  face  ends;  (8)  harden; 
(9)  grind  two  opposite  arms;  (10)  grind  1.253-inch  hole; 
(lit  grind  one  other  arm,  working  from  hole  to  centers  in 
previously  g:round  arms;  (12)  grind  arm  opposite  last  one 
ground;  (13)  inspect.  This  sequence  of  operations  simply 
indicates  the  work  which  is  done  in  each  operation,  but 
does  not  take  up  the  matter  in  detail.  This  will  be  taken  care 
of  in   the  following  description. 

Turret  Lathe  Operations 

Referring  to  Figs.  2  and  4,  the  setting  up  of  the  turret 
lathe  for  the  third  operation  on  the  work  Is  clearly  indi- 
cated, a.s  is  also  the  presentation  of  the  various  tools  to  the 
work.     In  Fig.  2,  the  work  A  is  located  in  V-blocks  B  on  a 
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Fig.    3.      Expansion    Arbor    for    Facing    Operation 
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faceplate  fixture  C  which  is  mounted  on  an  adapter  O,  screwed 
to  the  spindle  of  the  machine.  The  work  is  clamped  by  means 
of  a  strap  E.  The  first  tool  used  is  a  spotting  drill  f  in  a 
standard  holder  G.  This  tool  is  followed  by  a  drill  H  and  a 
boring  and  facing  bar  K  having  a  pilot  which  enters  the 
bushing  M  in  the  faceplate  fixture.  The  boring  and  facing 
bar  is  provided  with  cutters  J\'  and  0  for  boring  and  facing, 
respectively.  The  reamer  P  is  of  the  floating  type  held  in 
a  special  holder  Q.  The  reaming  of  the  piece  completes  this 
operation,  but  It  will  be  noted  that  only  one  side  of  the  large 
hub  has  been  faced. 

Facing  Other  Side  of  Hub 

Having  machined  the  hole  and  faced  one  side  of  the  hub, 
the  other  side  must  now  be  faced  off  square  with  the  first  side. 
A  14-inch  engine  lathe  is  used  for  this  operation  with  a  special 
arbor  as  indicated  in  Fig.  3.  This  arbor  is  of  the  expanding 
type  and  is  held  in  the  spindle  by  a  tapered  shank  B  in  the 
usual  manner.  The  work  A  is  slipped  onto  the  portion  G 
of  the  arbor  until  the  finished  face  D  comes  to  rest  against 
the  collar  E.    This  collar  is  threaded  on  the  arbor  and  simply 


Fi(.   4.      Drllllnf,  borlsc,  raamlnf,   and  faolnr  Hub 

a'lH  uH  a  longitudinal  Htop.  although  it  la  also  intended  to 
be  UBed  aH  a  knock-off  In  cawe  the  work  should  stick.  The 
end  of  the  arbor  (J  is  split  In  three  places  longitudinally  to 
allow  for  cxpanHlon.  The  Inside  Is  tapered  to  fit  a  plug  /'' 
mounted  in  the  tallBtock  and  having  a  ball  thrunt  bearing  (1 
behind  It  as  indicated. 

After  the  work  1h  placed  on  the  arbor,  the  tailstock  is 
brouKtit  up  fjulokly  until  the  tapcrod  pluK  /■'  cnter«  the  hole 
and  ixpandii  Ihi;  iirbor  In  Ih''  work,  IhuH  holding  It  Hi|u.ircly. 
Tho  tool  //  Ih  UH«d  for  facing  the  end  of  the  hub.  It  will  be 
seen  that  tho  method  Indicated  la  very  rapid,  and  while 
It  in  not  new  in  ito  uppllnation,  It  will  ho  found  uHoful  for 
certain  cinaii'-ii  of  work. 

Indox  Fixture  for  Htriuldle-mltllnir 

The  next  operation  on  the  work  conglati  In  Mlraddlo-mill- 
Ing  the  end*  of  thi!  arm*  It  and  (7,  FIr,  5.  For  thiH  purpoiin 
the  work  la  pia'dil  on  a  Hxturn  E,  beInK  located  on  a  contrnl 
atud  L  with  tho  arnia  tl  and  f!  roatlng  in  Vblocka.  Tin' 
upp'T  holf  of  Ihia  nxtitre  la  nindo  »o  IhnI    it   ran  he  rr-iidily 


Fig.   b.      Fixture  for  straddle-milling  Ends  of  Cross 

indexed  by  means  of  the  lever  F.  The  straddle-milling  cutters 
D  face  across  the  ends  of  the  arms  when  in  the  position 
shown.  The  hardened  pins  H  and  K  give  the  correct  radial 
location,  and  the  clamping  of  the  fixture  at  a  given  point  is 
accomplished  by'means  of  the  nut  at  N.  After  the  two  arms  C 
are  milled,  the  lock-nut  2^  is  loosened  and  the  lever  moved 
around  until  the  hardened  pin  0  strikes  against  another  pin 
P.  This  gives  the  correct  position  for  the  second  milling 
of  the  arm  B.  After  this  work  has  been  done,  the  arms  should 
be  uniform  in  length  about  the  center  hole. 

Box  Jig  for  Centerinsr  the  Arms 

In  order  to  take  no  chances  with  an  indexing  fixture  for 
putting  the  center  hole  in  the  arms,  a  box  jig,  shown  in  Fig. 
6,  was  used.  The  work  Is  placed  on  a  central  stud  A  in  the 
four-sided  box  jig  B,  and  it  is  held  firmly  against  a  finished 
surface   by   means   of  the   wedge   C.     A   combination   center 
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Tig.  7.      Method  of  grinding  Two   Arms 

drill  and  reamer  D  acts  through  bushings  on  each  of  the 
four  arms  consecutively.  A  fixture  of  this  kind  is  much 
to  be  preferred  to  an  indexing  fixture  for  this  operation, 
because  the  accuracy  can  be  maintained  much  more  easily. 
The  four  holes  for  centers  in  the  arms  are  now  in  their 
correct  relation  t6  one  another,  and  to  the  center  of  the 
work,  and  it  will  be  understood  that  these  points  are  deter- 
mined carefully  in  order  to  prevent  trouble  in  the  subsequent 
machining  operations. 

Rougrh-turnine:  the  Four  Anns 

The  next  operation  on  the  work  consists  in  rough-turning 
[the  four  arms  on  centers  in  an  engine  lathe  as  indicated  in 
Fig.  10.  There  is  nothing  particularly  out  of  the  ordinary 
in  this  operation  except  that  a  special  form  of  driving  dog  is 
used  as  indicated  at  B.  This  dog  is  so  arranged  that  there 
is  no  screw  to  tighten,  and  it  can  be  slipped  onto  the  end 
of  the  arm  and  the  lathe  started  immediately.  As  pressure  is 
applied  to  the  cutting  tools  the  cam  arm  on  the  dog  tightens 
firmly  on  the  work  and  prevents  slippage.  The  more  pressure 
that  is  applied,  the  tighter  the  dog  holds,  and  j'et  it  can  be 


released  in  a  moment.  The  work  A  in  this  operation  is  held 
on  centers,  and  the  tools  C  and  D  turn  the  arms  and  cut  the 
fillet.    Immediately  after  this  operation  the  work  is  hardened. 

Operation  after  Hardeningr 

Now  it  will  be  seen  that  after  a  piece  of  this  kind  has 
been  hardened,  the  carefully  put  in  centers  may  not  be  in  the 
correct  relation  to  each  other.  It  is  also  possible  that  they 
will  not  be  in  alignment  with  the  center  hole.  For  this 
reason  the  two  arms  A  and  B,  Fig.  7,  are  first  ground  on  their 
own  centers,  reversing  the  work  end  for  end  and  grinding  with 
a  wheel  C  in  the  usual  manner.  The  wheel  is  dressed  so  as 
to  produce  the  fillet  at  the  junction  of  the  arms  with  the 
center  hub.  The  work  is  dogged  with  a  two-tailed  dog  D,  as 
indicated,  during  this  operation.  Now  after  grinding  these 
two  arms  it  may  be  found  that  they  are  true  with  each  other 
but  possibly  slightly   out  of  alignment  with   the   center  hole 


Fig.    9.      Fixture    for   grinding    Center    Hole    in    Line    with    Ground    Arms 


Flu.    8.      Fiiturn    for   irrlncllni    Two    Ramdnlng    Armi    Tnio 


Fig.   10.      Special  Dog  and  Tools  used  in  turning  Arms  of  Cross 

in  the  hub.    The  possibility  of  inaccuracies  between  these  por- 
tions of  the  piece  will  be  counteracted  in  the  next  operation. 

First  Grinding-  Fixture 

The  hole  in  the  center  hub  is  now  ground  so  that  it  will 
be  in  perfect  alignment  with  the  two  arms  ground  in  the  last 
operation.  The  work  A.  as  shown  in  Fig.  9.  is  set  up  on  the 
two  centers  at  B  and  C  in  a  faceplate  fixture  D  mounted 
on  an  adapter  i!  on  the  live  spindle  of  a  cylindrical  grinder. 
Now  in  order  to  make  sure  that  the  hole  will  be  in  the 
correct  relation  to  the  two  arms  F  and  G  which  have  not 
yet  been  ground,  the  arm  F  is  located  in  a  spring  Vblock  / 
as  indicated.  A  button,  which  is  also  of  the  spring  variety, 
holds  the  arm  in  position  in  the  V-block  as  shown  at  H. 
The  internal  grinding  spindle  K  of  the  machine  is  utilized 
for  grinding  this  hole.  When  this  operation  is  completed, 
the  centers  B  and  0  and  the  center  hole  In  the  hub  are  in 
the  correct  relation  to  one  another. 

Final  Qrlndlnsr  Ouerntlon 

The  alignment  of  the  two  previously  ground  arms  with  the 
center  hole  in  the  hub  was  accomplished  by  the  last  opera- 
tion, but  It  i.-i  not  known  how  the  other  two  arms  stand 
I'llhiT    in    rcliilliMi    to    the   center    hole   or    to   each    other    on 
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account  of  possible  distortion  in  hardening.  Assuming  that 
they  are  not  true,  the  work  must  set  up  in  such  a  way  that 
location  will  be  obtained  by  means  of  the  previously  ground 
hole  in  the  hub  and  the  two  arms  which  have  also  been 
ground.  Fig.  8  shows  the  final  grinding  operation  on  the 
work.  A  special  faceplate  fixture  B  is  mounted  on  an  adapter 
C  on  the  live  spindle  of  the  machine  in  the  usual  manner. 
The  work  A  is  set  up  on  a  central  plug  /  and  also  on  the 
screw  centers  D,  the  latter  being  used  in  the  arms  ground 
in  a  previous  operation.  In  this  setting  no  other  centers 
can  be  used  on  account  of  the  possibility  of  distortion  in 
hardening.  In  order  to  steady  the  work,  however,  the  spring 
buttons  E  and  F  are  used.  The  work  is  entirely  unsup- 
ported at  G.  A  special  cup-wheel  H  is  used  for  grinding  the 
outside  of  the  arm  and  it  is  formed  slightly  to  produce  the 
fillet  at  the  shoulder.  After  this  work  has  been  done  the 
piece  is  reversed  and  the  other  arm  K  is  finished  in  like 
manner.  After  this  operation  it  will  be  seen  that  although 
the  hardening  process  may  have  caused  some  distortion  in 
the  work,  the  method  of  handling  after  hardening  eliminates 
any  inaccuracies  and  produces  work  that  is  correct  in  every 
particular.  These  methods  may  be  successfully  applied  to 
other  work  of  a  similar  nature. 

*     *     * 

STANDARDS  FOR  STEEL  ROLLER  CHAINS 

At  the  spring  meeting  of  the  American  Society  of  Mechani- 
cal Engineers,  in  Worcester,  Mass.,  a  joint  report  of  the  stand- 
ards committees  of  the  American  Society  of  Mechanical  Engi- 
neers and  the  Society  of  Automotive  Engineers  was  presented. 
This  report  has  been  approved  by  the  following  manufacturers 
of  steel  roller  chains:  Baldwin  Chain  &  Mfg.  Co.,  Worcester. 
Mass.;  Culver-Taylor  Chain  Works,  Detroit,  Mich.;  Diamond 
Chain  &  Mfg.  Co.,  Indianapolis,  Ind.;  Duckworth  Chain  &  Mfg. 
Co.,  Springfield,  Mass.;  Link-Belt  Co.,  Indianapolis.  Ind.;  and 
Whitney  Mfg.  Co.,  Hartford,  Conn.  The  report  states  that, 
as  existing  conditions  should  be  disturbed  as  little  as  possible 
during  the  period  of  the  present  war,  no  new  pitches,  roller 
diameters,  or  widths  of  chains  will  be  recommended.  It  also 
says  that  it  is  desirable  to  reduce  the  number  of  chain  models 
in  general  use  to  the  smallest  possible  number,  and  to  select 
from  those  now  made  a  series  of  sizes  to  be  known  as  "Manu- 
facturer's Standard,"  which  will  be  designated  by  special  num- 
bers that  will  be  used  by  all  manufacturers.  The  series  of 
pitches  recommended  are  V2.  %.  %<  1.  IVi.  I'/i,  1%.  2,  and  2\i< 
inches;  and  the  roller  diameters  and  the  widths  are  to  be 
those  most  nearly  approaching  five-eighths  of  the  pitch;  the 
trade  number  should  indicate  the  number  of  quarter  inches  in 
the  pitch.    The  recommended  sizes  are  given  in  the  accompany- 

DIMENSIONS  OF  STANDARD  STEEL  ROLLER  CHAINS 
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InK  table.  While  models  now  catalogued  will  not  be  discon- 
tinued thoHt-  mirntloned  In  the  table  will  be  recommonded  to 
the  trade  an  th(;  tMmtproportloncd  chalnH  for  Keneral  use,  and 
an  thoHe  moMt  llki^ly  to  he  kept  In  utock. 

Thn  bottom  'Ilanicl<T  of  (iprocketd  Hhould  never  lie  over  size, 
and  chain  lonKthii  Hhould  ni-ver  ho  iilidcr  hIzi*.  TIk!  proper 
mnanlnR  of  chain  width  1h  the  fxart  dlMtami-  bi-iwr>i-M  lln' 
Iniil'Io  platoN  and  not  thn  artual  lonKth  of  th<>  nillor.  Honcn, 
nprockoln  Rhnuld  alwayH  he  made  Bufllrlnntly  narrow  to  nllnw 
doaranrp  for  ''halna  made  In  arcordamo  wllli  tlilH  deflnltlnn 

The  foltnwInK  namc-K  for  chain  parlx  Hhould  li«  adopted:  pin. 
Instead  of  rWot  or  nlud ;  buRhlnic,  tho  part  In  which  tlio  pin 
turnn;  roller,  tho  part  that  tiirnM  nvnr  thn  bunliInK;  nidn  plate, 
lOHtxad  of  Inildo  link  or  huHhlnic  Ridn  bar;  pin  link  plain.  In 
•lead  of  outHldn  link  or  rlvct  hM"  bar;   rollnr  link,  InNlnnd  of 


center  block;  pin  link,  consisting  of  one  pin-link  plate  assem- 
bled with  two  pins;  connecting-link  plate,  the  detachable  pin 
link  belonging  to  a  connecting  link;  connecting  link,  a  pin 
link  and  a  connecting-link  plate  assembled;  offset  link,  in- 
stead of  cranked  link,  consisting  of  two  offset  side-plates  as- 
sembled with  a  bushing  and  a  roller  at  one  end  and  an  offset 
link  pin  at  the  other. 

*     *     * 

SLIP   BUSHING  WITH  RETAINING   DEVICE 

BY   HUGH  H.   LEE' 

The  lock  for  a  drilling  and  reaming  bushing  shown  at  A 
in  the  accompanying  illustration  has  been  found  by  the  writer 
to  give  general  satisfaction  among  shop  men.  It  is  on  the 
same  principle  as  the  one  described  in  the  March  number  of 


Retaining  Devices  for  Slip  Bushings 

M.vfiiiNEKY,  with  the  exception  of  the  key.  The  bushing  is 
machined  in  the  same  way,  but  a  flat  filRster-head  cap-screw 
is  used  instead  of  the  key  and  countersunk  cap-screw,  thus 
making  it  less  complicated. 

The  lock  shown  at  B  consists  of  two  pieces  of  1/8-  or  3/16- 
inch  drill  rod,  as  may  be  required.  One  of  these  pieces  is  left 
straight  and  is  pressed  into  the  side  of  the  bushing;  the  other 
piece  is  bent  at  right  angles  and  is  pressed  into  the  bushing 
plate,  the  bent  part  pointing  in  the  opposite  direction  to  that 
in  which  the  drill  or  reamer  will  turn.  The  bushing  is  slipped 
into  the  hole  and  is  given  a  twist  toward  the  hook,  the  bend 
coming  just  high  enough  to  catch  the  pin  in  the  bushing.  This 
holds  the  bushing  from  rotating  or  drawing  out  of  the  plate 
with  the  drill  or  reamer. 

•     •     * 

DBFINITION  OF  COMPRESSED-AIR  TEEMS 

Upon  the  recomnnMidation  of  its  technical  committee,  the 
Compressed  Air  Society,  :{0  Church  St.,  New  York  City,  has 
adopted  the  following  definitions  of  certain  compressed-air 
terms  and  the  society  recommends  that  the  use  of  other  ex- 
pressions of  efficiency  be  discontinued: 

DisplaceDiriit — The  di-splacenient  of  an  ;iir  compressor  Is 
the  volume  displaced  by  the  net  area  of  tlie  compressor  piston. 

Capacitii — The  capacity  is  the  actual  amount  of  air  com- 
pressed and  delivered,  expressed  in  free  air  at  Intake  tem- 
perature and  at  the  pressure  of  dry  air  at  the  suction;  It 
should  be  expressed  in  lublc  fcot  per  minute. 

Voliimrlrir  Efjirinuii — Volumetric  elllcloncy  is  tho  ratio  of 
(he  <apaclty   to  the  displacement  of  tho  compressor. 

Compression  /v'/WciDicj/^Compresslon  elllcicncy  Is  the  ratio 
of  the  work  required  to  compress  Isothcrnially  all  the  nir 
(lellvorod  by  un  air  coinpressor  to  the  work  actually  done 
wllbin  the  ('oniprcHHor  cylinder,  as  shown  by  the  Indicator 
cardH,  and  may  be  cxprcHsod  as  the  product  of  the  vnluinctrlc 
••lllclency,  the  InliiUc  prosHiiro.  and  tho  hyperliollc  IdKiirlllini 
iif  the  ratio  of  coiiiprcHHlun,  all  dlvicled  by  the  Indicated  moan 
ofTocllvo  prnBBuro  within  tho  air  cylinder  or  cyllndorB, 

Mrrhanlinl  /,"ff(r('Hi(/  -Mechanical  elTlclonry  Ir  tho  ratio  of 
till!  air  Indlcalnd  liorHopowor  to  tho  Htonni  Indlealod  luirnopowor 
In  Ihn  caHO  of  n  Hloaindrlvon  machine,  and  to  tho  brake 
horHopownr   In    Ihn  chro   of  a   power-driven    machine. 

Oirr  nil  H  Iflilrtiry  Overall  efllrlency  Ih  tho  proiluct  of  thf. 
coniproRHlnn    p'Tlrlinicy    and    the    ineehiiiileul    ellleleiicy. 

■AddrvMi  <na  HI.  Olarv  A<n..  Doimll.  MIrh. 
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Cleveland    Milling    Machine.     Cleveland    MiUingr    Machine    Co., 

Cleveland,    Ohio 1147 

Pannier    Single-stroke    Pneumatic    Hammer.      Pannier    Bros. 

Stamp  Co..   Inc.,   207-209   Sandusky  St.,   Pittsburg,   Pa 1148 

Oliver  Speed  Lathe.  Oliver  Machinery  Co.,  Grand  Rapids,  Mich.  1148 
Turret  for  Dalton   Six-jnch    Lathes.     Dalton  Mfg.   Corporation. 

1915    Park    Ave..    New    York    City 1149 

Ohio    Mill    Type    Lifting    Magnet.     Ohio    Electric   &   Controller 

Co..    5900    Maurice    Ave.,    Cleveland,    Ohio 1149 

Shaw   Blueprint  Wringer.     Shaw   Blueprint  Machine  Co.,   9-11 

Campbell    St.,    Newark,    N.    J 1149 

Crescent    Electrical     Industrial    Truck.      Crescent    Truck    Co., 

347-349    First    Ave..    Elizabeth,    N.    J 1149 

Coats   Lead  Testing   Machine.     Coats  Machine  Tool  Co.,   Inc.. 

30    Church    St.,    New    York    City 1150 

Wldney   Reslliometer.     Advance  Felt  Specialty  &  Cutting  Co., 

320    S.    Jefterson    St.,    Chicago,    111 1150 

Lewis    Automatic    Hoist   for    Furnace    Doors.      Link-Belt   Co., 

39th    St,    and    Stewart    .\ve-.    Chicaso.    Ill 1151 

Kane   &    Roach    Circular    Bending    Machine.     Kane   &   Roach, 

Niagara   and    Shonnard    Sts.,    Syracuse,    N.    Y 1152 

Persons- Arter  Rotary  Surface  Grinder.  Persons-Arter  Ma- 
chine    Co.,     Worcester.     Mass 1152 

Kane  &  Roach  Drill  Rod  Shears.    Kane  &  Roach,  Niagara  and 

Shonnard    Sts.,     Syracuse,    N.    T 1152 


Wisconsin  Sensitive  Radial  Drilling  Machine.     Dauber-Kratsch 

Co.,     Oshkosh,     Wis 1153 

HIndman   Shell    Turning    and    Boring    Lathes.      Du£E   Mfg.    Co., 

Pittsburg.     I'a 1153 

Fraser   Self-contained    Universal   Grinder.     Warren  F.   Fraser 

Co.,    Westboro,    Mass 1154 

Loshbough-Jordan       Combination-geared       Inclinable       Press. 

Loshbough-Jordan    Tool    &    Machine   Co.,    Elkhart,    Ind. . .  1155 

Sheffield    Lead    Testing    Machine.      Sheffield    Machine    &    Tool 

Co..     Dayton,     Ohio 1155 

Stuebing  Model  K  Lifting  Truck.  Stuebing  Truck  Co.,  Cin- 
cinnati,    Ohio 1156 

Koch    &    Sandidge    Adjustable    Cutter    for    Cutting     Holes    In 

Plates.     Koch  &  Sandidge,  19  S.  Wells  St.,  Chicago,  111 1156 

Northrup-Ajax    High-frequency    Induction    Furnace.      Pvrolec- 

tric  Instrument  Co.,  636-640  E.  State  St.,  Trenton,  N.  J 1157 

Leeds  &  Northrup  Double  Recorder  for  Heating  Furnaces. 
Leeds  &  Northrup  Co.,  4901  Stenton  Ave.,  Philadelphia, 
Pa 1157 

Hydraulic    Accumulator    Protective    Valve.      Hydraulic    Press 

Mfg.   Co..   84  Lincoln  Ave.,   Mount  Gilead,   Ohio IISS 

Thompson    Universal    Cutter    and    Tool    Grinder.      Thompson 

Grinder  Co.,    Springfield.    Ohio 1158 

Elyria  Heavy-duty  Lathe.     Elyria  Machine  Co.,  Elyria,  Ohio..  1158 


CLEVELAND  MILLING  MACHINE 


A  MILLING  machine  embodying 
several  unusual  and  interest- 
ing features,  and  one  which 
differs  somewhat  in  its  general  ap- 
pearance from  the  more  conven- 
tional designs,  has  been  brought 
out  by  the  Cleveland  Milling  Ma- 
chine Co.,  Cleveland,  Ohio.  This 
machine  has  a  single-pulley,  constant-speed  type- of  drive,  with 
sixteen  changes  of  spindle  speed  and  sixteen  changes  of  feed. 
These  speeds  and  feeds  are  controlled  by  two  levers  of  the  ball 
joint  type,  similar  to  the  levers  of  automobile  gear  shifts. 
These  levers  may  be  seen  projecting  from  the  side  of  the 
column  in  Fig.  1.  All  changes  of  speed  and  feed  are  obtained 
through  sliding  gears,  and  they  are  in  geometrical  ratio.  The 
feed-box  is  in  the  knee,  so  that  a  universally  jointed  feed- 
shaft  is  not  required. 

The  power  transmission  is  so  arranged  that  no  loose  gears 
are  required  on  the  spindle.  All  the  shifting  of  gears  is  done 
on  secondary  shafts  below  the  spindle.     Tumbler  gearing  has 

been  eliminated  entirely  both 

in  the  main  drive  and  in  the 

feed  mechanism.     The  spindle 

reverse    is    contained    within 

the  machine,  so  that  right-  or 

left-hand  cutters  may  be  used. 

All    of   the   speed,    feed,   and 

other    driving    mechanism    Is 

self-contained  within  tlie  ma- 
chine,   none    of    the    driving 

mechanism    being    bolted    on 

the  outside  of  tlie  column  or 

knee.      All     the     gears     and 

shafts    in    the    driving    and 

feeding     mechanism     are     of 

hardened  stpcl,  are  automati- 
cally  lubricatt'il,   and    run    in 

bronze  bearings. 
The    machine   column    is   a 

complete  box  section  of  very 

rigid  construction.    The  base 

and   column   are   cast   In   one 

piece.     This    Is    a    seml-steol 

casting,    lioavlly    ribbed,    and 

tied  together  with  heavy  ver 

tical     and     horizontal     walls. 

The  only  openings  In  the  col- 
umn are  those  necessary   for 

the  change-gear  levers  on  the 

front,   the   pulley   drivo  hous- 


The  important  features  of  this  machine  are  a 
square  over-arm.  a  fced-tox  in  the  knee — thus  elim- 
inating a  universally  jointed  feed-shaft — a  column 
cast  solid  with  the  iase,  a  single-pulley,  constant- 
speed  drive  with  sixteen  changes  of  speed,  exclu- 
sive use  of  sliding  gears,  hardened  and  ground 
gears  and  shafts,  bronze  hearings  throughout,  and 
a  supporting  post  for  the  knee  with  a  one-piece 
elevating  screw. 


ing  in  the  rear,  and  the  cutter  lu- 
bricant tank  on  the  left  side  of  the 
machine.  Access  to  the  inside  of 
the  column  is  not  necessary,  as  all 
interior  parts  are  automatically  lu- 
bricated and  all  bearing  adjust- 
ments are  made  from  the  outside. 
Horizontal  and  vertical  walls  sepa- 
rate the  lubricating  oil  for  the  machine  from  the  cooling  com- 
pound used  on  the  cutter,  and  also  serve  to  make  the  column 
more  rigid.  The  base  of  the  machine  is  finished  on  the  under 
side  so  that  it  will  stand  evenly  and  solidly  on  its  foundation. 
The  base  is  pan  shaped  and  has  enough  depth  to  catch  oil  and 
chips.  The  dovetail  knee  slide  extends  up  to  the  over-arm. 
thus  providing  ample  surface  for  clamping  attachments.  This 
dovetail  slide  is  so  arranged  that  the  heaviest  pressure  is  not 
taken  at  the  thinnest  section  of  the  wall. 

The  knee,  as  well  as  the  column,  has  an  improved  dovetail 
slide.  The  bearing  of  the  saddle  is  not  on  the  thinnest  section 
of  the  slide,  but  on  the  wide,  flat  surface,  the  narrow  slide 
acting  as  a  guide  only.  There 
is  no  bearing  in  the  center  of 
tlie  dovetail  slide,  which  elim- 
inates the  chances  of  Its  be- 
ing marred  by  wrenches  or 
other  tools  which  may  be  laid 
on  top  of  the  knee.  The  bear- 
ing of  the  knee  on  the  column 
is  extended  well  above  the  top 
of  the  saddle  slide,  thus  giv- 
ing the  knee  a  longer  bearing 
on  the  column  and  reducing 
the  bearing  pressure  to  a 
minimum.  The  feed-box,  as 
well  as  the  knee,  is  entirely 
onilosed,  llius  excluding  any 
cliips  from  getting  into  the 
feed  mechanism.  The  elevat- 
ing screw  is  large  in  diameter  . 
and  in  one  piece.  The  knee 
is  supported  on  a  post  which 
acts  both  as  a  support  to  the 
elevating  nut  and  as  a  guide 
In  the  knee.  The  hand  feed 
and  power  feed  for  the  knee 
are  Independent  of  each  other. 
The  table  of  the  machine  is 
llnishcd  all  over,  so  that  it  will 
not  be  likely  to  warp  on  ac 
count  of  Internal  strains.   Th 
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Fig.  2.    Detail  View  of  Feed  Mechanism  wMcli  is  enclosed  in  Knee 

bearings  on  the  table  are  at  the  top  of  the  saddle,  instead  of  at 
the  bottom  of  the  dovetail.  This  method  secures  a  large  bear- 
ing surface  and  locates  the  bearings  at  greater  distances  apart. 
These  bearings  are  automatically  lubricated  by  rollers  in  the 
saddle.  The  bearing  on  the  saddle  is  also  at  its  widest  portion, 
and  both  the  saddle  and  table  bearings  are  provided  with  long 
taper  gibs  and  adjusting  screws  to  compensate  for  wear. 

One  of  the  unusual  features  of  this  machine  is  the  square 
over-arm.  This  form  was  adopted  to  provide  a  positive  align- 
ment of  the  arbors  and  a  maximum  rigidity  of  the  arm  pen- 
dants. If  the  arbor  is  not  true  and  the  arm  pendant  or  sup- 
port is  adjusted  by  the  operator  to  accommodate  the  arbor, 
the  latter,  under  these  conditions,  will  work  in  a  cramped  posi- 
tion, which  tends  to  produce  crystallization  and  breakage. 
With  the  square  over-arm,  it  is  impossible  for  the  operator  to 
place  the  arbor  supports  on  the  over-arm  and  arbor  in  any 
other  way  than  exactly  in  line. 

The  spindle  is  flanged,  which  eliminates  the  overhang  on  the 
end  of  the  spindle  and  the  trouble  caused  by  cutters  screwing 


PANNIER  SINGLE-STROKE  PNEUMATIC 
HAMMER 

A  single-stroke  pneumatic  hammer  intended  especially  for 
stamping  purposes  is  now  being  manufactured  by  Pannier 
Bros.  Stamp  Co.,  Inc.,  207-209  Sandusky  St.,  Pittsburg,  Pa. 
This  hammer  may  be  used  for  either  hot  or  cold  stamping. 
The  head  used  for  hot  stamping  contains  a  series  of  wheels 
on  which  the  figures  are  engraved,  so  that  by  turning  the 
wheels  any  desired  combination  of  figures  can  be  obtained. 
For  cold  stamping,  a  head  holding  single  numeral  stamps  is 
used.  The  hammer  is  connected  by  hose  to  any  air  line,  and 
it  is  used  by  simply  placing  the  stamping  head  against  the 
part  to  be  marked  and  opening  the  valve  in  the  handle.  The 
plunger  is  then  driven  against  the  stamping  head,  which  pro- 
duces a  clear  impression  on  the  work.  The  hammer  weighs 
about  18  pounds  and  requires  about  80  pounds  air  pressure. 
This  hammer  is  the  result  of  a  suggestion  made  by  a  promi- 
nent superintendent  of  one  of  the  big  Pittsburg  steel  mills, 


Fir.   3.     DIvldini   H«ad   of   Clevelan.l    MilUnn    Machine 

faHl  on  the  spindle.  The  flanged  spindle  has  a  face  keyway 
into  which  are  Inserted  hardened  steel  Jaws  for  driving  arbors 
or  face  mills.  It  Is  not  necessary  to  remove  these  Jaws  when 
changing  from  a  face  mill  to  an  arbor.  The  spindle  Is  pro- 
vided with  a  positive  lock  that  enables  the  operator  to  loosen 
the  arbor  nuts  readily.  A  handwheel  Is  also  provided  for 
revolvInK  the  spindle  which  Is  convenient  for  the  operator. 
Tho  spindle  lock  cannot  be  operated  while  the  machine  Is  run- 
ning, nor  can  the  main  driving  clutch  be  engaged  while  the 
spindle  lock  la  In  the  locking  position.  The  bearings  at  the 
front  and  rear  ends  of  the  spindle  are  ndJuHlod  with  n  nut  on 
thR  outside  at  the  rear  end  of  the  spindle. 

All  bearings  and  gears  In  thi!  column  and  km.'e  are  flooded 
with  luhrlrant,  ho  Hint  oll-holcH  In  IhcKc  mi-inlxTM  arc  unnocos- 
sary,  and  the  opi-ralor  does  not  need  to  oil  lln-  Important  partH 
of  the  machine.  The  reservoir  containing  the  oil  requlrcH 
ntllng  only  once  In  scvorul  niimths.  A  sight  glass  on  tin' 
side  of  the  column  shows  the  condition  of  thr-  oil  supply  nt 
all  times.  The  ma<'hlnc  hns  a  centrirugnl  pump  for  supply 
Ing  cooling  compound  to  the  ruttarN.  This  pump  operatoM 
only  when  the  spindle  Is  n-volvlng.  so  that  It  Is  not  nrcessnry 
to  shut  off  the  rooling  compound  when  changing  tlm  work 
or  measuring  It,  the  control  being  entirely  automatic. 


Pannier  Single-stroke 


specially  for  Stamping 


who  required  a  device  of  this  kind.  The  hammer  is  intended 
for  stamping  heat,  slab,  or  serial  numbers  on  steel  billets, 
rods,  bars,  flats,  and  other  heavy  metal  products. 


OLIVER  SPEED  LATHE 

The  No.  51  speed  lathe  now  being  manufactured  by  the 
Oliver  Machinery  Co.,  Grand  Rapids,  Mich.,  is  driven  by  a 
motor  designed  for  three-phase  alternating  current  of  60  cycles 
and  220  volts.  The  illustration  shows  a  machine  equipped 
with  a  hand-feeding  carriage  and  a  compound  swivel  rest,  but 
the  lathe  may  be  provided  with  a  plain  bed  in  4-  or  5-foot 
lengths,  with  capacities  between  the  centers  of  24  and  36 
inches,  respectively.  The  swing  of  this  lathe  i*  12  inches. 
The  motor,  headstock,  and  ball  bearings  are  entirely  enclosed, 
thus  excluding  dust  and  dirt.  The  rear  end  of  the  motor  is 
fitted  with  a  combined  handwheel  and  faceplate.  This  is  a 
new  feature  for  which  a  patent  has  been  applied.  The  peri- 
phery of  the  faceplate  is  rounded  the  same  as  a  handwheel  and 
the  inside  face  is  curved  Inward,  thus  forming  a  rim  which 
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can    readily    be    gripped.      The    outer    surface,    however,    is 
straight  or  flat  and  forms  a  faceplate  for  rear  end  turning. 

The  controller  of  the  motor  is  dustproof  and  similar  to  a 
street  car  controller,  although  very  much  smaller.  It  is 
mounted  inside  of  the  left-hand  leg  and  is  operated  by  the 
handwheel  seen  at  the  front.  The  rim  of  this  handwheel  is 
marked  to  indicate  the  "off  position"  and  the  different  speeds 
which  are  570,  1140,  1725,  and  3450  revolutions  per  minute. 
The  mark  at  the  top  Indicates  the  motor  speed  and  the  mechan- 
ism is  such  that  the  handwheel  cannot  be  turned  in  the 
wrong  direction.    All  parts  of  the  lathe  are  interchangeable. 


TURRET  FOR   DALTON   SIX-INCH  LATHES 

A  turret  designed  for  application  to  the  six-inch  bench 
lathes  of  the  Dalton  Mfg.  Corporation,  1915  Park  Ave.,  New 
York  City,  is  shown  on  the  lathe  here  illustrated.  This  turret 
has  six  holes  or  tool  positions,  and  its  slide  is  operated  by  the 
horizontal  hand-lever  seen  in  the  illustration.    Individual  stops 


Dalton  six-inch  Lathe  equipped  -with  Turret 

are  provided  for  each  turret  hole.  When  the  turret-slide  is 
being  turned,  the  turret  automatically  indexes  for  locating  the 
next  successive  tool  in  the  working  position.  This  turret  at- 
tachment is  especially  adapted  for  manufacturing  operations 
on  duplicate  parts  which  must  be  held  in  the  chuck. 


OHIO  MILL  TYPE  LIFTING  MAGNET 

The  Ohio  Electric  &  Controller  Co.,  5900  Maurice  Ave.. 
Cleveland,  Ohio,  is  the  manufacturer  of  the  50-inch,  or  No.  5, 
mill  type  lifting  magnet  shown  in  the  illustration  which  is  a 
view  of  the  bottom  surface.  The  design  of  this  magnet  con- 
forms in  general  to  accepted  standards  which  have  proved  to 
be  most  efficient  and  it  possesses  several  detail  features  de- 
signed to  eliminate  the  most  common  causes  or  sources  of  op 
erating  trouble.  Possibly  the  most  serious  and  expensive 
troubles  have  been  due  to  grounds  and  to  open  ends  and  short 
circuits  resulting  from  the  loosening  of  the  internal  screw 
and  nut  connections  by  the  severe  vibration  and  jolts  to  which 
magnets  are  subjected.  In  order  to  avoid  difTiculties  of  this 
kind,  welded  connections  and  asbestos  insulation  are  used  ex- 
clusively in  the  Ohio  magnets.     To  prevent  the  breakage  of 

the  bolts  and  the 
outer  rings,  the 
magnet,  which  is 
over  eight  inches 
high,  is  secured 
by  heavj' chrome- 
vanadium  steel 
studs  having 
nuts  on  the  top 
of  the  case  pro- 
tected by  ribs. 
Other  Improve- 
ments are:  mini- 
t  iim  of  bead 
'  lovn.  ample  cop- 
l"'r  In  the  coll, 
li  I'  n  t  radiating 
ribs  at  top  and 
bottom,  and  flex- 
1  b  1  0  nrniored 
leads  welded  di- 
rectly to  coll. 


Shaw  Blueprint  Wringer 

SHAW  BLUEPRINT  WRINGER 

The  blueprint  wringer  which  has  just  been  brought  out  by 
the  Shaw  Blueprint  Machine  Co.,  9-11  Campbell  St.,  Newark, 
N.  J.,  is  driven  by  an  electric  motor  through  worm-gearing 
and  handles  blueprints  at  the  rate  of  ten  linear  feet  per  min- 
ute. This  wringer  is  fastened  directly  to  the  washing  tank, 
and  the  prints  may  be  fed  through  it  without  lifting  them 
from  the  bath.  It  is  claimed  that  this  wringer  will  remove 
over  90  per  cent  of  the  water,  and  as  the  prints  emerge  from 
It  they  are  dry  enough  to  trim  and  use  within  four  minutes. 
The  prints  after  passing  through  the  wringer  are  also  free 
from  wrinkles.  This  wringer  is  designed  to  take  the  place 
of  expensive  drying  machines. 


ORESCENT  ELECTRICAL  INDUSTRIAL 
TRUCK 

The  electrically  driven  industrial  truck  made  by  the  Cres- 
cent Truck  Co.,  347-349  First  Ave.,  Elizabeth,  N.  J.,  and  des- 
ignated as  the  Type  F,  has  a  rated  capacity  of  4000  pounds 
and  will  run  without  recharging  at  a  speed  of  from  five  to 
seven  miles  per  hour  during  a  ten-hour  day  and  with  the  full 
working  load.     One  of  the  interesting  features  of  this  truck  is 


Ohio  FIfty-inoh  Mill  Trp«  Llftlnt  UtgaH 


Crescent   Four-wheel   S;eer   Electric   Industrial   Truck 

the  method  of  steering.  The  steering  lever,  which  is  oper- 
ated vertically,  is  directly  connected  to  all  four  wheels.  By 
turning  all  four  wheels  for  steering,  a  very  short  turning 
radius  is  obtained.  In  tact,  this  truck  has  a  turning  radius 
of  six  feet,  measured  from  the  center  line,  so  that  it  will  enter 
the  side  door  of  a  standard  box  car  and  run  toward  either 
end.  The  truck  wheels  are  driven  through  a  worm-gear  type 
of  differential  and  the  whole  driving  mechanism  is  enclosed 
In  a  housing,  as  shown  in  the  illustration,  and  continually 
runs  In  oil. 

The  truck  platform  is  23  inches  above  the  floor  and  Is  48 
inches  wide  and  7  feet  G  inches  long.  This  platform  Is  hinged 
to  allow  access  to  the  driving  mechanism  and  battery.  The 
controller  Is  of  the  drum  type,  there  being  three  speeds  for- 
ward and  three  reverses,  with  a  positive  stop  between.  The 
frame  Is  made  up  of  4lnch  channel  steel.  The  wheels  are 
cast  steel  and  hiivo  solid  rubber  tires  20  Inches  In  diameter. 
Those  wheels  are  provided  with  Tiniken  roller  bearings.  The 
wheel-base  of  the  truck  is  4  feet  10  Inches,  and  the  tread 
36  inches.    The  length  overall  Is  9  feet  3  Inches. 
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COATS  LEAD  TESTING  MACHINE 

For  use  in  testing  the  lead  of  thread  gages  and  other  work 
where  it  is  required  to  make  measurements  to  0.0001  inch, 
the  Coats  Machine  Tool  Co.,  Inc.,  30  Church  St.,  New  York 
City,  has  recently  placed  on  the  market  a  machine  on  which 
the  necessary  mechanism  is  furnished  to  operate  a  Prestwich 
fluid  gage,  by  means  of  which  readings  of  the  magnitude  of 
error  in  lead  are  obtained.  Reference  to  the  accompanying 
illustrations,  which  show  front  and  rear  views  of  the  machine, 
in  connection  with  the  following  description,  will  make  its 
operation  quite  clear.  The  thread  gage  to  be  tested  is  sup- 
ported between  centers  and  a  stylus  A  is  entered  into  the 
thread.  This  stylus  is  supported  on  a  bellcrank  pivoted  at  B, 
and  six  different  sized  points  are  furnished  with  each  machine 
to  provide  for  measuring  threaded  work  of  various  pitches. 
The  arms  of  this  bellcrank  are  of  equal  length. 

Any  lateral  movement  of  the  stylus  which  enters  the  thread 
on  the  work,  due  to  an  inaccuracy  in  the  lead  of  the  thread, 
results  in  transmitting  a  vertical  movement  of  equal  magni- 
tude to  the  horizontal  arm  of  the  bellcrank  which  engages  the 
contact  point  on  the  Prestwich  fluid  gage  diaphragm.  In  this 
way  a  reading  is  obtained  of  the  magnitude  of  error  in  the 
lead.  This  will  be  clearly  understood  after  reading  the  follow- 
ing description  of  the  machine  and  the  way  in  which  it  is  used. 
It  will  be  seen  that  the  brackets  which  support  centers  on 
which  the  work  is  carried  are  mounted  on  the  bed  of  the 
machine  in  such  a  way  that  their  position  may  be  adjusted 
to  provide  for  handling  work  of  various  lengths.  The  re- 
mainder of  the  mechanism  is  supported  on  a  vertical  column, 
which  is  pivoted  on  a  bar  C  at  the  back  of  the  machine  so 
that  the  point  of  stylus  A  is  always  held  in  contact  with  the 
work  by  gravity.  Bar  (7  is  a  sliding  fit  in  brackets  D  and  /;. 
80  that  spring  F  may  hold  the  ball  point  at  the  opposite  end 
of  bar  C  in  contact  with  a  fixed  stop  carried  by  bracket  G. 

In  using  the  machine  the  thread  gage  is  set  up  as  shown, 
and  the  stylus  point  is  entered  into  one  of  the  threads,  after 
which  a  careful  reading  is  taken  of  the  position  where  the 
fluid  column  in  the  Prestwich  gage  comes  to  rest.  After  this 
has  been  done,  a  Johansson  block,  having  a  thickness  corre- 
sponding to  any  even  multiple  of  the  lead  of  the  thread,  is 
placed  between  the  ball  point  at  the  end  of  bar  C  and  the  fixed 
stop  carried  by  bracket  G,  and  the  stylus  is  again  allowed  to 
drop  Into  place  in  the  thread  groove.  If  the  lead  is  exactly 
uniform,  the  stylus  will  come  to  rest  at  the  bottom  of  the 
thread  groove — or  if  a  stylus  with  a  ball  point  is  used,  this 


point  will  bear  uniformly  on  both  sides  of  the  groove — so  that 
the  reading  of  the  Prestwich  fluid  gage  will  be  the  same  as  it 
was  for  the  original  setting. 

Should  it  happen  that  the  lead  is  short,  the  stylus  will  first 
engage  the  thread  at  the  right-hand  side,  and  in  sliding  to  a 
position  at  the  bottom  of  the  thread  groove,  it  will  cause  the 
lower  arm  of  the  bellcrank  to  swing  slightly  toward  the  left. 
This  means  that  the  horizontal  arm  of  the  bellcrank  will  be 
raised  an  equal  amount  and  cause  the  level  of  the  column 
of  liquid  in  the  fluid  gage  to  rise,  the  error  in  lead  being  read 
on  the  scale  as  the  difference  between  the  reading  for  the 
original  setting  and  the  reading  after  the  Johansson  block 
has  been  inserted.  Conversely,  if  the  lead  is  long,  the  stylus 
will  engage  the  thread  at  the  left-hand  side  and  cause  the 
lower  end  of  the  bellcrank  to  be  pushed  to  the  right,  thus 
lowering  the  horizontal  arm  and  allowing  the  column  of  liquid 
in  the  fluid  gage  to  fall.  The  error  in  lead  under  such  condi- 
tions is,  of  course,  the  difference  between  the  readings  of  the 
fluid  gage  for  the  original  and  final  settings,  as  in  the  case  of 
a  thread  with  a  short  lead.  It  is  considered  good  practice 
to  use  a  thin  Johansson  block  between  the  ball  point  and  stop, 
as  shown  at  //  in  Fig.  2,  before  making  the  original  setting, 
and  for  the  second  setting  this  block  and  a  Johansson  block 
representing  some  multiple  of  the  lead  are  both  inserted.  This 
is  felt  to  be  the  means  of  securing  more  absolute  uniformity 
in  results,  although  It  has  no  theoretical  signlllcanco  In  the 
operation  of  the  machine. 


ri(.    I.     MaclilM  4anlav«4  by   III*  C«>U   MmMm  TmI  Co..    Inn.. 
(••tiDC  L*ul  «r  ThitmAt  en  ThfsMl  OifM,  tla.,  U  O.MOI  Inch 


WIDNEY  RESILIOMETER 

The  "reHlllomcter"  is  an  Instrument  for  testing  the  thlck- 
iiCHB,  hardness,  and  resiliency  or  "life"  of  any  roaillent  ma- 
Icrlals  HUcli  us  are  uaod  for  washers,  packing,  gaskets,  shock 
atmorbrrs,  etc.  The  IchIh  niadc  with  this  InHlruiiicnt  nuiy  bo 
UHccI  HH  a  guide  In  tlio  purchase  of  nieclinnlcal  felt,  rubber, 
and  Hlmllar  inatcrluln.  The  accompanying  lllu.sl ration  shows 
the  InHtrument  bolng  UHed  to  ascertain  tlin  Ihicknoss  of  ma- 
terial. The  tlilrkni?HH  of  this  particular  Hiini|)lu  Is  0.28.1  inch, 
which  Ih  the  normal  or  natural  tlilekncHH.  The  largo  dial  of 
the  Kage  Ih  graduated  to  IhciiiHandlliH  of  an  Inch,  and  one  rovn- 
lulliiii  of  the  large  iiolnter  Ih  equlviileiit  to  one  tenth  Inc^h. 
ir  the  material  Ih  iiiore  lliiui  oiii'  tenth  Inch  thick.  tluiH  cuuHlng 
the  Indicator  hand  to  make  m<iro  than  one  complolo  revolution 
iirniinil  the  dial,  tlut  rnndliiK  In  Indicated  by  flrnt  noting  the 
piiHlllon  of  Iho  IndlrnllMK  hand  of  tlie  Hniall  cllnl,  which  Is 
iMHlde  the  fare  of  tlie  larger  one. 
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In  order  to  ascertain  the  degree  of  hardness  of  the  material, 
a  spring  catch  is  released  which  holds  the  weight  suspended 
at  the  rear  of  the  instrument,  thus  allowing  the  quadrant  to 
which  the  weight  is  attached  by  a  wire  to  swing  back  until 
the  presser-foot  of  the  dial  gage  is  subjected  to  pressure  due  to 
the  weight.  This  presser-foot  then  sinks  into  the  material, 
thus  reducing  the  thickness  at  this  point  as  indicated  by  a 
backward  movement  of  the  indicating  hand  of  the  dial  gage. 
This  reading  is  then  compared  with  the  normal  or  original 
reading.  For  instance,  if  the  normal  thickness  were  0.2S3 
Inch  and  the  thickness  under  pressure  0.111  inch,  this  would 
indicate  that  the  material  was  39.2  per  cent  hard,  according 
to  the  Widney  standard.  If  the  material  were  not  compressed 
at  all,  this  hardness  would  be  100  per  cent — an  impossibility 
with  any  resilient  material. 

The  resiliency  of  any  compressible  material,  such  as  felt, 
rubber,  etc.,  is  indicated  by  its  capacity  to  recover  from  com- 
pression. To  make  the  resiliency  test,  the  quadrant  is  pulled 
back,  thus  releasing  the  pressure  on  the  presser-foot.  As  soon 
as  the  weight  and  pressure  are  released,  the  hand  of  the  dial 
gage  again  moves  forward  and  the  reading  should  be  taken 
immediately  in  order  to  ascertain  the  "instant  resiliency"  and 
not  the  gradual  return  to  the  normal  thickness.  If  the  read- 
ing under  pressure  were  0.111,  as  previously  mentioned,  and 
the  thickness  reading  0.200  as  soon  as  the  pressure  was  re- 
leased, the  rebound  or  resiliency  would  be  equivalent  to  0.0S9 
inch  (0.200  —  0.111  =  0.089  Inch),  which  is  51.7  per  cent  of 
the  possible  rebound. 

The  hardness  and  resiliency  readings  vary  with  the  thick- 
ness of  the  material;  the  greater  the  thickness,  the  greater 
the  resistance  to  penetration,  so  that  a  higher  hardness  read 
Ing  is  obtained.  The  resiliency  reading  also  increases  at  a 
ratio  of  approximately  one-half  the  increase  in  the  hardness 
reading.  The  resillomcter  is  manufactured  by  the  Advance 
Felt  Specialty  &  Cutting  Co.,  320  S.  Jefferson  St.,  Chicago,  111. 


LEWIS  AUTOMATIC  HOIST  FOR  FURNACE 
DOORS 

Thi-  opcraliiMi  nf  the  heavy  dours  of  opcn-hcarlli  furnaces 
and  nf  cortnlii  other  large  furnaces  used  fur  the  heattreat- 
inent  of  metal  iinxlucls  Is  usually  cffecteil  l)y  some  form  of 
hydraulirnlly  operated  mechanism.  The  hol.HtIng  mcchuiilsin 
shown  In  the  lllUHtratInn,  which  la  nianufnctured  by  the  Link- 
Helt  Co..  39th  St.  and  Stewart  Ave.,  Chicago,  III.,  la  an  oler- 
Irlrally  driven  autoinutlcrcleaalng  typo.     This  hoisting  mech- 


anism was  designed  at  the  plant  of  the  Alan  Wood,  Iron  &  Steel 
Co.,  Conshohocken,  Pa.,  where  it  has  been  used  continuously 
for  over  a  year  without  repairs,  attention,  or  maintenance 
expense. 

Three  of  the  hoists  are  shown  in  the  illustration.  Each  one 
is  provided  with  a  pair  of  chain  sheaves,  mounted  loose  on  a 
worm-wheel  shaft  between  two  flanges  which  are  pinned  to 
the  shaft  and  supplied  with  fiber  friction  surfaces  on  the  sides 
toward  the  sheaves.  The  worm-wheel  is  driven  by  a  worm 
mounted  on  the  shaft  of  a  reversible  motor,  the  worm  and 
wheel  being  enclosed  in  a  suitable  housing.  To  the  left-hand 
sheave  is  attached  a  chain  which  leads  up  to  the  tackle  for 
raising  the  furnace  door,  and  to  the  right-hand  sheave  is 
fastened  a  chain  from  which  is  suspended  a  heavy  counter- 
weight (down  behind  the  mechanism  shown).  The  wrap 
of  the  chains  around  the  sheaves  is  in  opposite  directions. 
The  contact  surfaces  between  the  sheaves  have  a  beveled  or 
spiral  shape,  with  the  result  that  when  both  chains  are  un- 
der tension,  the  sheaves  are  squeezed  tightly  against  the  fric- 
tion flanges  at  the  sides,  and  thus  compelled  to  rotate  in  the 
direction  of  motion  of  the  worm-wheel  shaft. 

To  raise  the  furnace  door,  the  motor  is  started  in  the  di- 
rection which  will  pull  down  on  the  left-hand  chain.  As 
long  as  the  counterweight  continues  its  pull,  the  sheaves 
squeeze  out  against  the  flanges,  and  are  thereby  driven  in  the 
direction  which  will  wind  up  the  left-hand  chain,  and  thus 
lift  the  door.  The  right-hand  sheave  has  a  fixed  stop  on  its 
periphery,  so  located  that  it  will  come  in  contact  with  a  stop 
on  the  bottom  casting  when  the  furnace  door  has  reached 
its  proper  height.  With  the  motion  of  the  right-hand  sheave 
arrested  by  this  stop,  the  shaft  cannot  rotate  the  left-hand 
sheave  further,  because  the  squeeze  between  the  sheaves  and 
friction  flanges  is  relieved.  There  is  no  opportunity,  therefore, 
for  over-winding,  and  if  through  carelessness  the  current  is 
not  shut  off  promptly,  the  shaft  with  its  flanges  will  simply 
continue  to  revolve  in  sliding  frictional  contact  with  the 
sheaves,  but  without  power  to  grip  and  rotate  them  further. 

For  lowering  the  doors,  the  direction  of  the  motor  is  re- 
versed, and  practically  the  same  process  repeated,  except  that 
in  this  case  the  power  of  the  motor  is  used  to  lift  tha  coun- 
terweight, while  the  pull  from  the  weight  of  the  door  serves 
to  keep  the  sheaves  squeezed  apart  against  the  friction  flanges, 
until  a  stop  on  the  left-hand  sheave  engages  with  a  stop  on 
the  bottom  casting,  and  prevents  overwinding  of  the  counter- 
weight chain  in  the  same  manner  as  described  for  the  other 
sheave.  In  other  words,  the  door  always  goes  up  to  the 
proper  position,  and  always  comes  down  to  the  proper  posi- 
tion, no  matter  what  its  weight  may  be.  Even  if  the  door 
were  considerably  heavier  than  the  counterweight,  there  would 
be  no  danger  of  its  descending  and  pulling  the  counterweight 
up  when  the  motor  is  stopped,  for  the  instant  the  counter- 
weight sheave  is  started  toward  reversal,  the  pull  of  its  chain 
would  squeeze  the  sheaves  apart  against  the  friction  flanges. 
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and  the  two  sheaves  would  thus  be  put  completely  under 
control  of  the  worm-wheel  shaft  again,  and  the  worm-wheel 
is,  of  course,  locked  in  position  by  the  worm.  The  motor  is 
started,  stopped,  or  reversed  by  simple  push-button  mechanism. 
In  the  case  of  skip  hoists,  the  sheaves  are  replaced  by  drums. 


KANE  &  ROACH  CIRCULAR  BENDING 
MACHINE 

The  bending  machine  to  be  described  is  designed  to  bend 
material  to  a  true  circle  without  leaving  flat  or  straight  sec- 
tions at  the  adjoining  ends.  In  order  to  obtain  this  result, 
the  upper  roll  around  which  the  stock  is  bent  (see  accompany- 
ing illustration)  is  adjustable  vertically  and  is  also  changeable 
so  that  the  machine  may  be  equipped  with  a  roll  corresponding 
to  the  diameter  of  the  parts  to  be  bent.  The  material  that  re- 
quires bending  must  be  tightly  gripped  between  this  upper  roll 
and  the  two  lower  rolls  so  that  the  stock  is  rolled  tightly 
around  the  upper  roll,  thus  forming  a  true  circle. 

The  shaft  which  carries  the  upper  roll  is  mounted  in  a 
sliding  head,  and  vertical  adjustment  is  obtained  by  a  screw 
connecting  with  a  crank  at  the  upper  part  of  the  machine. 
The  two  lower  rolls  are  mounted  in  an  eccentric  sleeve  which 
provides  vertical  adjustment  for  tightening  or  releasing  these 
rolls  with  respect  to  the  band  being  bent.  When  the  foot  of 
the  operator  is  removed  from  the  lever,  the  arms  of  the  eccen- 
tric sleeve  rise  and  the  corrugated  rolls  move  down  away  from 
the  work  and  release  it.  The  work  can  then  readily  he  re- 
moved while  the  machine  is  running.  The  two  lower  rolls  are 
made  of  steel  and  are  hardened.  The  corrugations  on  these 
rolls  serve  to  pull  the  material  through  without  slipping,  but 
they  do  not  mar  or  injure  the  material. 

In  order  to  obtain  a  true  circle,  free  from  any  flat  or  straight 
sections  on  the  ends,  the  upper  roll  should  be  about  1/4  inch 
smaller  in  diameter  than  the  inside  diameter  of  the  work. 
If  It  Is  necessary  to  have  extra  stock  in  order  to  allow  for 
welding  the  enrl=  togethpr,  the  roll  should  either  be  the  same 


illumeter  aii  rcfiulmd  for  iho  work  or  from  1/8  to  .')/lC  Im  h 
larger  to  allow  for  tho  la|i  without  having  tho  ondH  ovurlnp 
on  th«  roll  lliiclf.  Tho  diameter  of  the  upper  roll  nmy  lir 
vnr:    '  ■   •      th<!  work,  no  long  an  It  Is  wllliln   tlii> 

roi 

li'     ,  .uhlnc,  llio  foot-lever  Ir  (InproMNiMl,  thuH 

moving  the  rorrugntcil  roIlN  up  to  tho  working  poHltlon,  an 
(letermlncil  by  a  nult^ililo  stop.  The  iipnco  bolwccn  tlii'»o  rolls 
and  the  upper  one  nhoulil  bo  so  rogiilnted  IhnI  the  mnlerlal  Is 
gripped  tightly  as  It  pn»»«,'ii  Imtween  the  rolls  ilurliig  llie  bend 


ing  operation.  As  soon  as  the  bend  is  completed,  the  foot- 
lever  is  released,  as  previously  mentioned,  and  the  work  re- 
moved. The  work  can  be  inserted,  finished,  and  removed  rap- 
idly and  while  the  machine  is  in  operation.  The  gears  are 
machine-cut,  and  a  clutch  pulley  is  provided  for  starting  and 
stopping  the  machine.  Machines  of  this  general  type  are  made 
in  different  sizes,  depending  upon  the  nature  of  the  work. 
They  are  manufactured  by  Kane  &  Roach,  Niagara  and  Shon- 
nard  Sts.,  Syracuse,  N.  Y. 


PERSONS-ARTER  ROTARY  SURFACE 
GRINDER 

The  rotary  surface  grinder  shown  in  the  illustration  is  a 
16-inch  size  now  being  manufactured  by  the  Persons-Arter 
Machine  Co..  Worcester,  Mass.    This  machine  is  designed  along 


^  Persons-Arter  16-inch  Rotary  Surface  Grinder 

the  same  general  lines  as  the  8-  and  12-inch  sizes  made  by 
this  company,  but  it  is  of  heavier  construction  and  has  some 
new  features,  including  a  different  oiling  system,  different 
clutches,  increased  grinding  angle  capacity,  and  a  special  de- 
sign of  water  pan  and  brackets.  While  the  16-inch  model  is 
equipped  with  a  magnetic  chuck  16  inches  in  diameter,  it  has 
a  capacity  for  work  up  to  IT^/y  inches  in  diameter  and  can 
swing  work  21  inches  in  diameter  with  the  wet  equipment 
and  24  inches  in  diameter  with  the  dry  grinding  equipment. 
Rectangular  work  up  to  a  limit  of  S  or  IG  inclios  may  be 
ground. 

The  vertical  capacity  of  the  work-table  is  10  inches  when 
using  a  full  diameter  grinding  wheel.  The  entire  chuek  spin- 
dle bracket  is  pivoted  on  a  taper  pin,  so  that  it  can  be  tilted 
forward  or  backward  for  grinding  beveled  surfaces  up  to  an 
angle  of  Ifi'/o  degrees.  The  bracket  is  adjusted  by  a  screw 
which  Indicates  tho  angle  of  the  adjustment.  Special  attention 
has  li('i!n  given  to  the  design  of  the  water  pan  and  also  to  the 
protection  of  tho  chuck  and  Its  electrical  connections.  All 
wiring  is  contained  In  tho  water  pan,  and  tho  magnet Izing  of 
llio  chuck  Is  controlled  by  an  cxtra-hoavy,  double  polo  switch 
which  has  a  quick-action  dcniagnetlzliig  feature.  Thcsi"  rotary 
Hurfaco  grinder.i  aro  used  for  grln<Ilng  iilston  rIngH,  cutters, 
circular  sawH.  boarlng  races,  valves,  dlnl(H,  dies,  gagoa,  etc. 


KANE  &  ROACH  DRILL  ROD  SHEARS 

Kane  &  Itdiicli.  .\'lll^::lnl  .itid  Sjuninarcl  Sts.,  SynicUHc,  N.  Y., 
urn  now  niiitiuracliirlng  HJiciir.i  iIchIkuimI  oupcclallv   for  cutting 

on'  hlglisi il   Hli'i'l   ilrlll   rods  or  any   HUiall   round   baiH   that 

niM-d  to  l«>  cut  ai:curali'ly.  particularly  If  II  la  csHi'iitlal  to  ob- 
tain a  clean,  s(|uaro  rut  without  marring  or  diHtortIng  tho 
liiir  of  slock.  These  special  mnchlni's  are  made  In  two  sizes. 
The  No.  2  sizo  Is  capnlilo  of  shearing  material  varying  from 
about  needle  size  up  to  and  Including  1/2  Inch.     The  dies  are 
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made  so  that  a  separate  hole  for  each  size  may  be  provided. 
These  holes  in  the  dies  fit  each  size  rod  or  bar  very  closely. 
One  set  of  dies  may  have  from  twelve  to  fifteen  holes,  the 
number  depending  upon  the  size  stock  to  be  cut.  The  station- 
ary and  sliding  shear  blades  are  duplicates.  The  holes  in  each 
blade  are  in  alignment  and  provision  is  made  for  vertical  or 
lengthwise  adjustment  to  maintain  the  alignment.  There  is 
an  eccentric  in  the  connecting-rod  on  the  crank  end,  so  that 
adjustment  may  be  obtained  without  interfering  with  the 
travel  or  stroke. 

The  bearings  in  both  ends  of  the  connecting-rod  are  bronze 
and  all  the  gears  are  machine  cut.  The  bearings  for  the  bal- 
ance wheel  and  pinion  shaft  are  also  of  bronze,  and  the  motor 
is  mounted  directly  on  the  base,  as  the  illustration  shows.  The 
starting  or  stopping  of  the  machine  is  controlled  by  the  foot- 
treadle  which  extends  around  the  bottom  of  the  machine.    An 


Kaoe   &  Roach  Shears  designed  especially  for  cutting  Steel  Rods 

adjustable  stop-gage  is  provided  to  regulate  the  lengths  cut  off. 
These  machines  are  usually  placed  beneath  a  table  and  are 
enclosed  or  covered,  with  the  exception  of  the  top  or  shearing 
part  and  the  sliding  gage.  The  machine  is  thus  protected  from 
dust  and  the  operator  is  safeguarded. 

The  No.  3  size  is  designed  for  diameters  up  to  and  including 
3/4-inch  round  stock.  While  it  can  be  used  for  very  small 
stock,  it  is  usually  employed  for  sizes  down  to  about  1-2  inch. 
which  represents  approximately  the  maximum  capacity  of  the 
No.  2  machine.  The  No.  3  machine  is  arranged  for  a  separate 
set  of  dies  for  each  size  of  stock.  The  design  and  construction 
of  the  No.  3  machine  are  practically  the  same  as  the  No.  2,  ex- 
cept that  it  is  much  larger  and  designed  for  heavier  work. 
These  machines  are  especially  adapted  for  use  in  tool  steel 
plants,  particularly  where  carbon  or  high-speed  steel  drill  rods 
are  manufactured.  They  are  also  useful  for  cutting  round 
bars  for  other  purposes,  especially  if  the  material  is  tool  steel. 
These  shears  may  also  be  used  for  cutting  cold-rolled  stock 
or  other  material  when  an  accurate  square  end  is  desirable. 
A  motor  drive  Is  recommended,  but  the  machines  can  be  ar- 
ranged for  a  belt  drive  if  desired. 

WISCONSIN  SENSITIVE  RADIAL  DRILLING 
MACHINE 
The  high-speed  sensitive  radial  drillinR  machine  recently 
put  on  the  market  by  the  Dauber-Kratsch  Co.,  Oshkosh,  Wis., 
is  shown  In  the  Illustration.  This  machine  has  a  rigid  hollow 
column  bolted  to  the  base  casting.  The  table  is  carried  on 
wide  vecs,  giving  a  substantial  bearing  on  the  column  to  which 
the  table  Is  glbbcd.  Additional  support  Is  obtained  from  the 
screw  beneath  the  table,  and  vertical  adjustments  are  made 
by  turning  the  crank  handle  seen  at  the  front  of  the  machine. 
This  crank  operates  the  elovating  screw  through  a  pair  of 
hoveled  goars.  The  load  of  the  table  and  work  is  taken  by  a 
bull  thrust  bearing,  so  that  vertical  adjustments  may  easily 
be  made.    The  radial  arm  Is  a  hollow  section  and  ribbed  to  take 


care  of  both  torsional  and  bending  stresses.  This  arm  may 
be  locked  in  position  by  means  of  one  clamping  screw,  which 
locks  both  the  top  and  bottom  of  the  arm  by  operating  eccen- 
tric clamps.  The  drill  head  is  adjusted  along  the  arm  by  the 
handwheel  at  the  left  of  the  spindle  in  conjunction  with  a 
rack  and  pinion.  A  single  locking  lever  is  used  for  locking 
the  head  in  position. 

The  distance  from  the  face  of  the  arm  to  the  center  of  the 
spindle  is  only  1%  inch,  so  that  torsional  stresses  in  the  arm 
are  relatively  small.  A  hand-lever  is  used  for  feeding  the 
spindle.  This  feed-lever  is  connected  to  the  spindle  through  a 
ratchet,  which  is  disengaged  when  the  lever  is  thrown  back 
to  a  vertical  position,  so  that  the  spindle  may  be  moved  down- 
ward by  the  handwheel  located  at  the  right  of  the  spindle. 
This  handwheel  may  also  be  used  for  feeding  very  small  drills. 
The  drive  for  the  machine  is  through  a  pair  of  rawhide  and 
steel  bevel  gears  to  a  central  shaft  inside  the  column.  The 
pulley  mounted  on  the  upper  end  of  this  shaft  drives  the 
drill  spindle  by  the  belt  shown  in  the  illustration.  The  outer 
end  of  the  arm  carries  a  belt  tightener  to  maintain  the  proper 
tension  at  all  times.  The  tapping  attachment  is  located  in 
the  column  and  is  operated  by  the  hand-lever  at  the  front  of 
the  column,  which  controls  a  friction  clutch  and  may  be  used 
for  starting  or  stopping  the  machine  as  well  as  for  reversing 
the  drill  spindle.  All  the  principal  bearings  have  double-row 
self-aligning  S  K  F  ball  bearings.  These  machines  may  be 
provided  with  a  T-slotted  base  and  a  table  that  may  easily 
be  swung  out  of  the  way.  They  are  also  made  with  either 
belt  or  motor  drive. 

The  spindle  speeds  vary  from  250  to  1200  revolutions  per 
minute;  %-inch  high-speed  drills  may  be  used,  and  the  ma- 
chine drills  to  the  center  of  a  72-inch  circle;  the  working  sur- 


Wisconsin    High-spoed    Sensitive    Radial    Drilling    Machine 

face  of  the  table  top  Is  20  by  33  Inches;  the  working  surface 
of  the  table  at  the  side  Is  5  by  33  inches;  the  vertical  move- 
ment of  the  table  Is  I614  Inches;  the  vertical  movement  of 
the  spindle  Is  8  Inches;  the  traverse  of  the  head  on  the  arm 
Is  34  inches;  and  the  weight  Is  1825  pounds. 


HINDMAN  SHELL  TURNING  AND  BORING 
LATHES 
The  Duff  Mfg.  Co.,  Pittsburg,  Ta..  has  rocontly  brought  out 
two  high-duty  lathes  especially  designed  for  turning  and  bor- 
ing shells.  The  turning  lathe  is  lllusfratod  In  Fig.  1  and  the 
boring  lathe  In  Fig.  2.  These  lathes  are  particularly  adapted 
for  machining  155-mlIllmeter  and  6-Inch  shells.    Both  the  turn- 


1154 


MACHINERY 


August,  1918 


extending  over  the  entire  surface  of  tiie 
turret  base  in  order  to  hold  the  turret 
against  play  under  the  heaviest  cuts.  A 
rapid  forward  and  backward  traversing 
movement  is  provided.  This  lathe  can  be 
modified  to  take  a  saddle  arranged  for  a 
single  boring-bar  controlled  by  a  former 
or  it  can  be  equipped  with  a  tailstock 
boring-bar  and  a  power  feed  to  the  tailstock. 


Fig.   1.    Hindman  Shell  Turning  Lathe 

ing  and  boring  lathes  swing  20  inches  over  the  ways.  The 
drive  is  from  a  5-inch  belt.  The  loose  pulley  to  which  the  belt 
is  shifted  when  the  machine  is  idle  is  mounted  on  roller  bear- 
ings and  is  slightly  smaller  in  diameter  than  the  tight  pulley 
to  relieve  the  strain  on  the  shaft.  The  thrust  of  the  head- 
stock  spindle  is  taken  at  the  rear  by  means  of  large  self- 
aligning  ball  bearings.  As  these  are  "single-purpose"  ma- 
chines, one  spindle  speed  of  any  ratio  desired  is  provided. 
The  speed  ratios  available  are  11  to  1,  14^4  to  1,  I814  to  1,  and 
25.3  to  1. 

The  apron  of  the  lathe  is  of  very  simple  construction  and 
contains  only  two  gears  which  control  the  hand  operation  of 
the  carriage  in  both  directions.  Quick-return  of  the  carriage  is 
obtained  by  throwing  the  operating  lever  (located  at  the  ex- 
treme left  of  the  apron)  into  reverse  after  shifting  the  belt 
from  the  tight  to  the  loose  pulley  by  means  of  the  lever  lo- 
cated at  the  top  of  the  headstock.  With  this  arrangement,  the 
main  spindle  is  at  rest  while  the  quick-return  is  operating. 
Automatic  stops  are  provided  on  the  control  rod  on  each  side 
of  the  apron.  The  feeding  movement  is  derived  through  a 
center  screw  drive  instead  of  the  rack  and  pinion  type,  thus 
increasing  the  power  and  evenness  of  the  pull.  The  feed 
regularly  furnished  is  0.125  inch,  although  any  other  feed 
desired  can  be  substituted  if  ordered.  The  ways  are  of  the 
round  bar  type,  and  when  worn  can  easily  be  replaced.  The 
machine  illustrated  in  Fig.  1  is  equipped  with  a  pneumatically 
operated  chuck. 

The  spindle  of  the  shell  boring  lathe  shown  in  Fig.  2 
has  a  71/4-inch  hole  25  7/lG  inches  deep,  thus  permitting  155- 
mllUmeter  and  Ginch  shell  forgings  in  the  rough  to  be  in- 
serted for  practically  their  full  length.  This  construction 
makes  It  possible  to  use  a  shorter  bed,  eliminates  the  use  of 
"pot  chucks"  and  permits  the  rough-boring  operation  to  be 
performed  before  the  rough-turning  operation  if  desired.  The 
front  of  the  spindle  Is  so  designed  that  large  set-screws  can 
be  used  to  hold  the  shell  Instead  of  a  chuck.  This  machine 
has  a  six  way  turret  which  Is  equipped  with  a  powerful  clamp 


FRASER    SELF-CONTAINED 
UNIVERSAL  GRINDER 

The  high-power  self-contained  universal 
grinding  machine  manufactured  by  Warren 
F.  Fraser  Co.,  Westboro,  Mass.,  which  is 
shown  in  the  accompanying  illustration,  is 
built  in  the  four  following  sizes:  10-  by  30- 
inch;  12-  by  30-inch;  10-  by  42-inch;  and 
12-  by  42-inch.  This  machine  has  twelve  changes  of  table 
speed,  ranging  from  12  to  235  inches  per  minute.     Ihere  are 


HlDdmtn  Sbtll  Btrliif  L«tlw 


Frasor  Self-contained  Universal  Grinder 

also  twelve  spindle  or  work  rotation  speeds,  varying  from  14 
to  279  revolutions  per  minute.  Those  speed  changes  are  ob- 
tained by  means  of  a  qiiickchango  gear- 
box. Three  grinding  wheel  speeds  are  pro- 
vided. The  countershaft  Is  equipped  with 
roller  bearings  and  runs  at  900  revolutions 
per  minute.  The  machine  is  adapted  for  a 
dlri'i't  drive  from  the  llnoshaft  or  motor. 
Tlio  Friisor  automatic  reversing  movement, 
r<ir  which  palciils  have  been  allowed.  Is 
UHcd.  Tlil.s  iiiiiveiiieMt  gives  n  slow  tra- 
verso  to  llie  l:ilile  ill  the  I'lid  of  tho  stroke, 
and  brIiiKH  the  table  to  rest  before  the 
clutch  Is  Hliiftod  for  drlvliiR  In  the  re- 
verse diroclloii.  Tills  reverse  movement 
Ih  i'ni|)lnyecl  to  make  the  grinder  o|)erato 
Hiniiolhly  and  iieniill  eiii|iloyliiK  the  Iilgliesl 
niles  of  table  tniverse  without  slioek  or  Jar. 
TheHu  fontiires  are  of  particular  value  In  11 
niuchliio  of  this  kind,  and  enable  tln'  inii 
chine  In  moot  llii'  recinlreiin'iitH  fnr  whiili 
II   has  been  doHlgiied. 
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LOSHBOUGH- JORDAN     COM- 
BINATION-GEARED IN- 
CLINABLE PRESS 

The  No.  5  combination-geared,  open- 
backed,  inclinable  press  shown  in  the  ac- 
companying illustration  is  a  recent  design 
added  to  the  line  of  power  presses  manu- 
factured by  Loshbough-Jordan  Tool  &  Ma- 
chine Co.,  Elkhart,  Ind.  While  the  design 
illustrated  has  the  combination  gear  drive. 
either  a  back-geared  or  a  plain  flywheel 
type  of  drive  may  be  applied  to  the  No.  4 
and  No.  5  sizes.  The  flywheel  of  the  press 
has  a  solid  web,  thus  eliminating  accidents 
which  might  result  from  an  open-spoke 
wheel.  The  flywheel  is  provided  with  a 
revolvable  bushing,  and  there  is  a  three- 
point  contact  in  the  wheel  for  the  clutch 
pin  with  tool-steel  striking  pins.  A  large  grease  cavity  in  the 
hub  of  the  wheel  provides  for  self-lubrication.  The  trip  latch 
has  a  toggle  control,  so  that  it  is  positively  locked  until  tripped 


Loahbouffh-Jordan    CombUiation'Keared    Open-back    Inclinable    Press 

by  the  foot.     The  clutch  pin  may  be  locked  by  a  safety  stop 
while  setting  the  dies.    The  press  is  equipped  with  an  upper 
knock-out  bar  in  the  slide,  and  there  are  screw  stops  tor  the 
upper  knockout.   A  square  hole  in  the  slide 
provides  for  clamping  tightly  punch  shanks 
which  may  be  slightly  over  or  under  size. 
The  slide   is  adjusted   by   a  one  piece   ball 
and  screw  connection,  and  there  is  an  ad- 
justing nut  to  compensate  tor  wear  on  the 
ball  connection.    The  slide  may  be  adjusted 
from   either   side.     Provision    Is   made   for 
removable  tie-rods. 

SHEFFIELD  LEAD-TESTING 
MACHINE 

The  load  testing  marliiiic  shown  In  FIks 
1  and  2  was  doslgnod  by  the  Slioffleld  Ma 
chine  &  Tool  Co.,  Dayton,  Ohio,  to  prnvldo 
a  rapid,  simple,  and  accurate  metho<l  nt 
determining  lead  errors  in  screw  thread 
gages.  The  caatlron  bed  of  this  machine 
has  two  parallel  dovetail  bearings  on  the 


Fig.  1.     Sheffield  Lead  Testing  Machine 

top.  Upon  the  rear  and  larger  bearing  are  mounted  the  cen- 
ters for  holding  the  gage  to  be  tested,  and  upon  the  front  bear- 
ing is  fitted  the  sliding  block  which  carries  the  indicator  slide. 
The  indicator  is  held  in  place  by  a  small  hardened  stud,  which 
is  clamped  in  position  with  a  headless  set-screw.  By  mount- 
ing the  indicator  in  the  proper  bushing,  the  operator  is  assured 
of  a  full  bearing  of  the  slide  in  the  block  when  testing  a  gage 
thread.  The  indicator  slide  has  a  knurled  stop-screw  and  lock- 
nut  to  insure  that  the  indicator  ball  point  will  make  contact 
with  the  angle  of  the  thread  at  corresponding  points  after 
being  set  in  contact  with  the  first  thread. 

.\  better  idea  of  the  machine  may  doubtless  be  obtained  by 
considering  how-  it  is  actually  used.  The  gage  to  be  tested 
is  mounted  between  the  centers  as  shown,  the  heads  being 
clamped  in  the  required  positions  by  means  of  knurled  binding 
screws  at  the  rear.  A  Johansson  block  is  next  inserted  be- 
tween suitable  contact  points  to  obtain  a  zero  reading.  One 
contact  point  is  on  the  sliding  block  and  there  are  two  others 
in  the  steel  plate  seen  projecting  up  from  the  end  of  the  bed. 
The  indicator  slide  is  now  moved  toward  the  gage  until  the 
ball  point  of  the  indicator  comes  into  proper  contact  with  the 
side  of  the  thread;  the  stop-screw  is  then  set  and  locked.  The 
gage  is  next  turned  slightly,  or  is  adjusted  longitudinally  by 
releasing  one  center  and  advancing  the  other.  The  adjust- 
ment of  the  centers  is  obtained  by  means  of  the  threaded 
center  spindles  which  have  knurled  heads.  This  turning  or 
lengthwise  adjusting  movement  of  the  gage  is  continued  un- 
til the  indicator  needle  is  in  the  zero  position.  We  shall 
assume,  by  way  of  illustration,  that  thegage  has  eight  threads 
per  inch,  and  that  another  Johansson  block  measuring  0.125 
inch  is  added  to  the  one  between  the  gage  points.  Then  it 
the  lead  of  the  gage  thread  between  these  points  is  perfect, 
the  indicator  needle  should  stand  at  zero  when  the  ball  end  is 
again  brought  into  contact  with  the  thread.  If  there  is  even  a 
slight  error,  the  change  in  the  position  of  the  indicator  needle 
will  make  this  apparent.  By  using  other  combinations  of 
gage-blocks,  the  thread  may  be  tested  at  various  points. 
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The  Deming  indicator,  whicli  is  also  a  product  of  this  com- 
pany, is  used  and  it  is  graduated  to  read  to  0.0001  inch  with 
standard  length  ball  points  and  0.00005  inch  with  short  points. 
Several  sizes  of  ball  points  are  provided  in  both  lengths; 
smaller  points  being  used  for  the  finer  pitches.  This  testing 
device  may  be  applied  to  either  straight  or  taper  gages  and 
with  the  aid  of  a  chart  furnished,  the  form  of  the  thread  may 
be  accurately  measured.  The  hardened  and  ground  test-bar 
seen  at  the  front  of  the  machine  in  Fig.  1  is  provided  for 
checking  the  alignment  of  the  two  parallel  dovetail  bearings 
to  detect  any  wear  which  might  affect  the  accuracy  of  the 
tests. 


STUBBING  MODEL  K  LIFTING  TRUCK 

To  meet  the  requirements  of  handling  loads  greater  than 
those  ordinarily  carried  on  industrial  trucks,  the  Stuebing 
Truck  Co.,  of  Cincinnati,  Ohio,  has  added  to  its  line  a  Model  K 
truck,  which  is  illustrated  and  described  herewith.  The  ca- 
pacity is  for  handling  loads  ranging  from  8000  to  14,000 
pounds,  and  to  provide  the  necessary  strength  and  durability 
for  this  severe  class  of  service,  all  parts  of  the  Model  K  truck 
are  made  of  steel  castings,  forgings,  or  bars.  Provision  is 
made  tor  building  trucks  of  any  practical  width  or  length  to 
meet  the  customer's  requirements.  In  working  out  the  de- 
sign, provision  has  been  made  for  this  variation  in  size  by 
using  a  central  chassis  of  standard  width  and  then  carrying 
the  side  bars  or  "wings"  out  sufficiently  to  handle  any  specific 
size  of  platform  on  which  the  load  is  placed  preparatory  to 
transporting  it  on  the  elevating  truck.  These  trucks  are  made 
with  wheels  ranging  from  6  to  12  inches  in  diameter  by  4  to  6 
inches  face  width.  The  illustrations  show  a  truck  built  with 
especially  low  wheels  for  use  in  transferring  heavy  machinery 
from  the  assembling  floor  to  freight  cars  in  which  the  ma- 


ris.  1.    Top  View  of  BtuebioK  Model  K  tiftlne  Truck 

chines  are  to  be  shipped.  Normally,  the  frame  of  the  truck 
will  be  at  a  greater  distance  from  the  floor.  The  wheels  are 
mounted  on  Hyatt  heavy-duty  roller  bearings,  so  that  heavy 
loads  may  be  moved  with  a  minimum  amount  of  manual  effort. 
The  maximum  load  that  can  be  carried  by  the  truck— 14,000 
pounds— can  be  pulled  by  three  men  with  the  truck  running 
on  an  average  floor. 

In  the  operation  of  this  truck,  provision  has  been  made 
for  elevating  the  load  by  a  system  of  multiplying  levers,  which 
greatly  reduces  the  amount  of  effort  required.  To  further 
carry  out  this  Idea,  the  design  has  been  worked  out  In  such  a 
way  that  the  majority  of  the  work  of  elevating  the  load  Is 
accomplished  by  the  upstroke  of  the  handle  by  which  the 
truck  Is  pulled.  The  complete  process  of  elevating  is  accom- 
plished by  one  downward,  one  upward,  and  a  flnal  downwarrl 
stroke  of  the  handle.  On  the  downward  stroke  of  the  handle, 
pin  A  In  In  enKagcment  with  a  hook,  as  shown  In  Fig.  2.  The 
trunnion  about  which  the  handle  Hwlngs  Ih  located  between 
pins  A  and  /;,  and  durlnK  the  downward  stroke  pin  //  swings 
Into  cnKBKRniirnt  with  hook  C.  Then,  during  the  upward  stroke 
((f  the  handl'r.  pin  A  swings  Into  I'tiKagirnionl  with  hook  />. 
ready  for  the  second  downward  stroke  of  the  handli-,  which 
Is  Iho  flnal  step  In  ralsInK  the  load. 

It  will  be  apparent  from  thp  precpdlntj  dnscrlptloii  that  diir 
\n%  each  movoment  of  thi<  truck  handle,  tlic  pin  which  Ih 
In  pngngfimont  with  ono  of  the  hooks  causes  tliln  hook   lo  liu 


Fig.  2.    Front  View  of  Stuebing  Truck 

pulled  forward.  The  hooks  are  connected  to  the  elevating 
platform  on  the  truck,  so  that  a  forward  movement  of  the 
hooks  also  results  in  pulling  the  platform  forward.  This  plat- 
form is  connected  to  the  truck  body  by  means  of  two  short 
links  or  levers  E  at  the  front  of  the  truck  and  six  correspond- 
ing levers  F  at  the  rear.  Hence,  it  will  be  apparent  that  a 
forward  movement  of  the  elevating  platform  results  in  raising 
the  platform  by  swinging  it  up  on  levers  E  and  F.  Because  of 
their  multiplying  effect,  these  levers  enable  the  maximum  load 
to  be  lifted  with  a  relatively  small  manual  effort  by  one  man. 
There  is  a  dashpot  G  on  the  truck  which  provides  for  lower- 
ing the  load  without  shock  or  danger  of  damaging  any  parts 
of  the  mechanism.  In  this  connection  it  is  important  to  note 
that  the  dashpot  allows  the  truck  platform  to  be  lowered, 
regardless  of  whether  or  not  there  is  a  load  on  the  truck.  The 
truck  itself  weighs  approximately  1100  pounds,  so  that  this 
weight  facilitates  lowering  of  the  platform  when  unloaded, 
and  the  lowering  action  is  further  facilitated  by  a  compression 
spring,  which  can  be  brought  into  action  when  it  is  desired  to 
lower  the  truck  rapidly. 


KOCH  &  SANDIDGE  ADJUSTABLE  CUTTER 
FOR  CUTTING  HOLES  IN  PLATES 

A  simple  and  compact  form  of  tool  for  cutting  holes  in  metal 
plates  is  shown  in  Fig.  1  and  the  method  of  using  it  is  illus- 
trated in  Fig.  2.  This  tool  is  known  as  the  "Jiffy"  adjustable 
cutter,  and  is  made  by  Koch  &  Sandidge,  19  S.  Wells  St., 
Chicago,  111.  It  is  designed  to  cut  holes  varying  from  IVi  to  6 
inches  in  diameter.  The  standard  knives  will  out  through 
3/16-inch  steel.  Special 
knives  can  be  supplied 
for  cutting  through  1/2- 
inch  steel,  and  also 
knives  for  cutting  holes 
in  1-inch  material,  such 
as  slate,  marble,  flber,  etc. 

The  tool  consists  of  a 
swing  chuck  with  two 
knives  adjustable  to  vari- 
ous centers.  The  swing 
chuck  Is  a  steel  casting. 
Pressure  la  put  on  the 
knives  by  means  of  a 
heavy  spring.  Rotation 
of  knives  Is  secured  by 
applying  to  the  swlnt,- 
chuck  a  special  ralchel 
wrench  which  Is  fur 
nlshcd.  A  :i/81nih  pilot 
hole  is  drilled  llrst,  and. 
In  the  caso  of  thin  niii 
torlal,  a  flange  nu'  Is  put 
on  the  npposlln  side  of 
the  Hhi-ut  so  thni  Iho  stud 
may  b<'  placed  throuKh 
till-  pilot  holt!  and  screwed 
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Fig.  2.    Method  of  using  Adjustable  Cutter 

into  the  flange  nut.  For  cutting  heavy  material,  the  pilot 
hole  could  be  tapped  with  a  standard  thread  for  receiving  the 
stud,  thus  eliminating  the  use  of  the  flange  nut  where  it 
might  be  difficult  to  get  back  of  the  material  to  place  the 
flange  nut  in  position.  The  ratchet  wrench  is  made  of  mal- 
leable iron. 

Outside  of  the  many  ordinary  applications — such  as  cutting 
holes  in  distribution  cabinets,  boiler  tanks,  automobile  dash- 
boards, etc. — there  are  many  special  applications,  such  as  cut- 
ting holes  in  heavy  structural  steel  members  and  where  awk- 
ward shaped  castings  which  cannot  readily  be  drilled  by  ma- 
chine process  are  encountered.  This  tool  should  prove  of 
value  in  ship  construction  and  in  cutting  through  plates  where 
it  is  not  practicable  to  set  up  gas-flame  cutting  outfits.  Special 
washers  can  be  quickly  cut  by  setting  one  of  the  knives  at  the 
inner  diameter  of  the  washer  and  the  other  at  the  outer 
diameter. 


NORTHRUP-AJAX  HIGH-FREQUENCY 
INDUCTION  FURNACE 
The  Northrup-Ajax  high-frequency  induction  furnace  oper- 
ates on  a  new  principle  in  which  oscillating  currents  are  used 
for  the  generation  of  heat  in  the  furnace.  With  this  furnace, 
currents  can  be  set  up  in  the  containing  crucible,  in  the  case 
of  a  non-conducting  "melt,"  or  in  the  melt  itself  if  it  has  suffi- 
cient conductance  to  permit  the  flow  of  currents.  No  iron  is 
employed  for  the  concentration  of  magnetic  lines  of  force. 
This  furnace  is  made  by  the  Pyrolectric  Instrument  Co.,  636- 
640  E.  State  St.,  Trenton,  N.  J.     It  is  adapted  for  such  work 

as  heat-treatment  of 
metals,  the  making 
of  special  alloys,  the 
melting  of  glass  and 
non-conducting  mate- 
rials, and  for  pro- 
ducing temperatures 
above  1400  degrees  C. 
(2.")i!)2  degrees  F.  I 
wilhout  the  presence 
of  carbon  being  es- 
sentially associated 
with  the  operation 
of  the  furnace.  This 
liirnacc  may  also  be 
u.sod  for  producing 
liigher  temperatures 
under  controllable 
conditions  of  vacuum 
or  pressure  and  the 
nature  of  the  at- 
mosphere. 

The   standard    vac 
uuni  type  of  furnace 

Nort.,r„p.AJ«  Standard  Vacuum  Type  of  Hl^h-        '''  «''"«'"  '"  "•"  """•■ 
froquoncy   Induction    Furnaov  trntiou.       The      small 
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units  manufactured  by  the  Pyrolectric  Instrument  Co.  are 
designed  for  single-phase  operation.  The  oscillatory  cur- 
rent system  operates  at  about  8000  volts.  This  voltage  is 
obtained  from  a  110-  or  220-volt,  60-cycle  circuit,  by  means 
of  a  single  step-up  transformer.  The  operator  is  protected 
when  working  around  the  furnace  by  a  grounded  metal  cage 
enclosing  the  inductor  coil,  and  the  crucible  itself  may  be 
grounded.  Reliance  is  placed  upon  grounding  a  conducting 
enclosure  rather  than  upon  the  strength  of  insulation.  With  a 
"Size  E"  furnace,  using  sixteen  condenser  units,  a  tempera- 
ture of  not  less  than  1600  degrees  C.  (2912  degrees  F.)  may 
be  obtained  in  any  gas  or  in  vacuum,  throughout  the  volume 
of  a  graphite  crucible  which  has  an  internal  diameter  of 
5  inches  and  a  depth  of  12  inches.  This  temperature  may  be 
obtained  in  less  than  fifty  minutes,  starting  cold,  the  power 
input  being  under  twenty  kilowatts.  By  operating  a  longer 
time,  a  somewhat  higher  temperature  may  be  obtained.  A 
chrome-alloy  crucible  can  be  provided  which  may  be  heated  to 
the  melting  temperature  of  the  alloy.  The  entire  furnace 
equipment  is  not  subject  to  wear  or  depreciation.  It  is  claimed 
that  this  type  of  furnace  never  burns  out  and,  barring  acci- 
dents, there  is  nothing  to  waste  away  other  than  the  crucibles. 
The  thermal  efficiency  of  the  furnace  ranges  from  40  to  60  per 
cent  or  more  of  the  power  input  on  the  switch  terminals. 

LEEDS  &  NORTHRUP  DOUBLE  RECORDER 
FOR  HEATING  FURNACES 

A  modern  development  in  the  control  of  temperatures  in 
heat-treating  plants  consists  of  power-operated  pyrometers 
which  are  not  only  able  to  make  records  but  also  to  control 


Leeds  &  Northrup  Recorder  «itli  Signal  Lamp  and  Indicating  Ammeter 

signals  for  furnace  operators  and  the  furnaces  themselves. 
This  control  is  made  possible  by  a  mechanism  which,  although 
regulated  by  a  very  small  amount  of  power  available  from  a 
thermo-couple,  is  at  the  same  time  able  to  apply  whatever 
power  is  necessary  for  operating  electrical  switches  or  con- 
trolling valves  and  dampers.  The  accompanying  illustration 
shows  an  automatic  controlling  recorder  at  the  left  and  a  fur- 
nace indicator  with  lamps  at  the  right,  the  lamps  being  used 
to  show  by  their  color  if  the  temperature  is  correct. 

Where  it  is  preferred  to  have  the  signaling  at  the  furnace 
done  automatically,  a  "single-point"  or  curve-drawing  recorder 
is  provided  with  contacts  on  the  moving  element  by  means  of 
which  the  signal  lamps  will  be  lit,  accordingly  as  the  tem- 
peratures in  the  furnace  are  too  high,  too  low.  or  correct. 
.■\ji  interesting  extension  of  this  plan  is  to  use  two  thermo- 
couples in  difl'erent  parts  of  the  furnace  and  to  provide  the 
recorder  with  a  commutator  by  means  of  which  it  reads  first 
on  one  and  then  on  the  other.  The  chart  produced  is  a 
single  line  running  alternately  back  and  forth  between  the 
two  temperatures  and  litdioating  the  temperature  difference 
graphically.  At  the  same  time  the  commutator  controls  a 
fourtli  signal  lamp  at  the  furnace  to  show  which  thermo- 
couple is  being  measured. 

'riio  double  recorder  Is  thus  suitable  for  demonstrating  uni- 
funnily  of  furnace  temperatures  or  the  lack  of  it.  It  shows 
graphically  the  effects  of  empty  furnace,  full  furnace,  or  part 
full  furnace,  and  how  distribution  of  heat  Is  affected  by  rates 
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of  firing,  location  of  load,  door  and  other  losses,  cold  hearth, 
etc.  It  is  a  convenient  means  for  investigating  furnaces  and 
showing  how  errors  may  be  overcome  by  moving  burners,  baf- 
fles, or  arches,  or  changing  the  method  of  introducing  heat,  as 
by  the  use  of  side  burners,  underfiring,  overfiring,  number  of 
burners,  position  of  doors,  etc.  It  also  shows  definitely  the 
effects  of  the  location  of  thermo-couples,  how  the  readings 
vary  according  to  their  placing  with  respect  to  the  work  and 
the  burners,  and  also  the  number  of  couples  to  be  used. 

The  use  of  this  double  recorder  has  demonstrated  that  it  is 
practically  impossible  to  bring  many  kinds  of  loads  up  uni- 
formly to  the  desired  temperature  by  holding  the  furnace  at  a 
"constant"  temperature,  without  underheating  some  parts  and 
overheating  others.  This  type  of  equipment  has  been  found 
of  especial  value  in  studying  the  heating  of  different  kinds 
and  sizes  of  sections  or  numbers  of  pieces,  different  methods 
of  loading,  speed  of  loading  and  unloading,  mechanical  fur- 
nacing,  the  heat-treatment  of  large  single  pieces,  such  as  gun 
forgings,  etc.  This  apparatus  is  made  by  the  Leeds  &  Northrup 
Co.,  4901  Stenton  Ave.,  Philadelphia,  Pa. 


HYDRAULIC  ACCUMULATOR  PROTECTIVE 
VALVE 
The  hydraulic  accumulator  shown  in  the  accompanying  il- 
lustration was  designed  by  the  Hydraulic  Press  Mfg.  Co.,  84 
Lincoln  Ave.,  Mount  Gilead,  Ohio,  in  order  to  apply  the  safety- 
first  principle  to  large  ac- 
cumulator systems.  This 
valve  is  installed  directly 
at  the  pipe  outlet  of  the 
accumulator,  with  the 
pilot  line  connecting  to 
some  distant  point  of  the 
piping  system.  The  hy- 
draulic pressure  from  the 
pumps  lifts  the  main 
check  and  charges  the  ac- 
cumulator. At  the  same 
time,  the  pressure  lifts 
the  plunger  in  the  small 
cylinder,  thus  holding  the 
main  check  off  its  seat 
regardless  of  whether  the 
accumulator  is  being 
charged  or  discharged, 
so  long  as  the  pressure 
on  the  pilot  line  is  main- 
„  .     ,,     .  ,  .     „       .,      „  ,  tained.     If    a    break    oc- 

Hydraulic  Accumulator  Protectivo  Valve 

curs  at  any  point  in  the 
piping  aystem,  the  pressure  Is  Immediately  reduced.  The  loss 
of  pressure  in  the  pilot  line  and  small  cylinder  allows  the 
spring  to  lower  the  plunger,  and  the  flow  of  the  liquid,  as- 
sisted by  the  spring  above  the  check,  causes  the  latter  to 
scat.  The  falling  of  the  accumulator  Is  thus  prevented.  A 
small  T-valve  may  be  Insertffd  in  the  pilot  line,  bo  that  by  open- 
ing It  and  relieving  the  prcHHure  on  the  pilot  lino  the  valve  may 
be  tested  to  be  sure  that  It  Is  working  properly.  This  valve 
may  be  made  to  any  size  required  for  large  accumulators. 
The  accumulator  connection  Is  at  /I,  the  press  and  pump  line 
connection  at  /J,  and  the  pilot  lino  connection  at  (7. 

THOMPSON  UNIVERSAL   CUTTER   AND 

TOOL  GRINDER 
The  unlvcrsAl  cutter  and  tool  grinder  now  being  nmnufac- 
tiirod  by  the  Thompson  Orlndcr  Co.,  Sprlngncld,  Ohio,  was 
(JcnlKncd  for  KhorpcnlnR  all  forms  of  cutters  and  rouinerH  and. 
In  addition,  for  pcrformlnK  all  the  circular,  Inlcrniil,  and  sur 
fan.  itrlnding  likely  to  occur  In  the  innnufnctun-  of  cullerM, 
reamers,  counterbnrcs,  drill  liushlnKN.  arlinrs,  and  hmiiiII  imii 
'hln<!  parts  There  ore  three  dlfTerenl  lypes  of  drive  for  IhiH 
mnrhlno.  The  parileular  grinder  shown  In  the  neeompiiiiyltiK 
illiistratlon  Is  a  solf  contolncd,  boll-driven  deslKn.  having  a 
Jarkahaft  on  Ihe  reiir  of  the  mlumn.  This  self  conioiiied  ili- 
sign  may  also  b«  arranged  with  a  motor  drive,  Iho  motor  being 


attached  to  the  rear  of  the  column.     The  third  type  of  drive 
is  belt-driven  from  a  countershaft. 

This  universal  grinder  may  be  used  for  such  operations  as 
sharpening  spiral  milling  cutters,  side  milling  cutters,  inserted- 
tooth  face  mills,  end-mills,  large  or  small  saws,  gear-cutters, 
form  cutters,  taps,  counterbores,  reamers,  etc.  When  sharpen- 
ing side  milling  cutters,  the  teeth  may  be  given  either  straight 
or  concave  clearance.  The  universal  head  provided  with  this 
machine  is  so  arranged  that  the  tool  or  cutter  may  be  held  in 
any  position  that  may  be  required  relative  to  the  wheel.  This 
head  is  adjustable  in  either  a  horizontal  or  vertical  plane,  and 
it  is  provided  with  a  bearing  which,  in  conjunction  with  bush- 
ings, collets,  or  arbors,  may  be  used  for  holding  various  cut- 
ting tools  in  position.  As  end-mills  must  of  necessity  be  pro- 
vided with  collets,  they  can  be  held  securely  and  accurately  by 
the  taper  shank  and,  at  the  same  time,  be  revolved  in  a  sub- 
stantial bearing  which  insures  grinding  the  teeth  accurately. 

In  order  to  in- 
crease the  range  of 
this  machine,  it  may 
be  equipped  with  at- 
tachments for  cylin- 
drical grinding,  in- 
ternal grinding,  sur- 
face grinding,  con- 
cave and  convex 
grinding.  The  cylin- 
drical grinding  at- 
tachment is  shown 
applied  to  the  ma- 
chine in  the  illustra- 
tion. This  attach- 
ment includes  the 
drum  for  the  coun- 
tershaft with  hang- 
ers and  a  weighted 
lever,  a  universal 
head  spindle  with  a 
pulley  for  a  quarter- 
inch  round  belt,  a 
universal  chuck,  a 
faceplate  with  a 
draw-in  collet,  and 
an  adjustable  dog. 
The  internal  grind- 
ing attachment  is 
used  in  connection 
with  the  circular 
grinding  attachment. 
The  driving  pulley  is 
mounted  on  the 
grinding  wheel  spin- 
dle   in     place    of    the         Tliompson  universal  Cutter  and  Tool  Grinder 

grinding  wheel.  The  attachment  is  held  on  tlVe  trOnt  of  the 
machine  in  such  a  way  that  the  belt  may  easily  be  tightened. 
When  the  machine  is  used  for  surface  grinding,  the  carriage 
Is  swiveled  at  right  angles  to  the  grinding  wheel  splndlo  and 
the  work  Is  Iraver.scd  directly  under  the  grinding  wheel,  the 
cross-feed  being  ol)tainpd  by  moans  of  tlio  crnssslldc  screw. 
This  attachnu'iit  cati  be  held  in  the  universal  liead  for  grinding 
at  any  angle.  The  concave  and  convex  grinding  attachment  Ik 
used  when  cutters  having  circular  edges  are  being  ground. 
The  center  of  the  attachment  Is  located  directly  under  the 
front  edge  of  the  grinding  wheel  and  the  crossslldo  Is  tod 
In  or  out  to  suit  the  radius  required.  This  ntlachment  Is 
not  a  part  nf  the  regular  oqulimicnt.  Culler  grinding  Is  per- 
formed on  the  left  liimd  side  of  this  machine,  while  the  right 
hand  side  la  arranged  for  tool  grinding.  The  tool  grinding 
does  not  Interfere  In  any  way  with  the  use  or  adjustment  of 
the  culler  grlndlMg  wldo. 


ELYRIA    HEAVY-DUTY   LATHE 

The  large  lieiivydnly  liilln-  here-  llhiNti'iileil  is  hiiIImIiIi'  for 
sueh  work  ns  turniiiK  guns,  propeller  Kharts,  large  forgiiigs, 
etc.    This  latho  may  also  ho  iisod  for  projectile  work.  In  which 
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Heavy-duty  42-inch  Lathe  for  turning  Gi 

case  it  is  provided  with  a  shorter  bed.  The  particular  lathe 
illustrated  has  a  30-foot  bed  and  swings  42  inches  over  the 
shears.  The  maximum  distance  between  the  centers  with  this 
length  of  bed  is  20  feet.  The  maximum  swing  over  the  car- 
riage is  30  inches.  The  machine  has  two  carriages,  and  is 
driven  by  a  motor  which  transmits  motion  to  the  headstock 
spindle  through  gearing,  as  the  illustration  shows.  This  is  a 
32horsepower  motor,  with  speed  variations  ranging  from  300 
to  1200  revolutions  per  minute.  The  ratio  between  the  motor 
and  spindle  speeds  is  70  to  1.  The  spindle  speeds  vary  from 
4  to  17  per  minute.  The  spindle  bearings  are  babbitted.  The 
size  of  the  front  bearing  is  12  by  16  inches,  and  of  the  rear 
bearing,  8  by  12  inches.  Turning  tools  made  of  1^4-  by  2%- 
inch  stock  may  be  used.  The  shipping  weight  of  the  lathe 
with  a  30-foot  bed  is  49,000  pounds,  and  the  weight  is  increased 
1000  pounds  for  each  additional  length  of  2  feet.  This  machine 
is  made  by  the  Elyria  Machine  Co.,  Elyria.  Ohio. 


NEW  MACHINERY  AND  TOOLS  NOTES 


Lock-nut:  Holdfast  Nut  &  Bolt  Co.,  1405  Corn  Exchange 
Bldg.,  Chicago,  111.  These  nuts  have  friction  metal  on  one 
side  of  the  thread  which  is  claimed  to  adhere  firmly  to  the 
relatively  rough  surface  of  the  bolt  thread.  This  metal  is  on 
that  side  of  the  thread  which  is  not  under  load  stress. 

Shell  Lathe:  Fulton  Machine  Co.,  Chicago,  111.  This  shell 
turning  lathe  is  of  the  single  belt  drive  type  and  made  either 
in  the  standard  or  turret  form,  as  desired.  The  swing  is 
20%  inches  over  the  bed  and  9  inches  over  the  tool-slide.  It 
is  being  marketed  by  the  Dale-Brewster  Machinery  Co.,  Chi- 
cago, 111. 

Micrometer  Height  Gage  Attachment:  Henry  O.  Costello, 
91  Raymond  St.,  Providence,  R.  I.  An  attachment  for  converting 
an  ordinary  micrometer  into  a  height  gage,  thus  permitting 
it  to  be  used  the  same  as  a  vernier  height  gage.  The  measur- 
ing points  are  adjustable  so  that  readings  from  0  to  4  inches 
may  l)o  obtained. 

Welding  Apparatus:  Electric  Railway  Improvement  Co., 
Cleveland,  Ohio.  A  portable  arc  welding  outfit  which  may  be 
connected  to  any  110-  or  220-volt  system.  The  apparatus  is  made 
In  two  .sizes;  one  weighs  16%  pounds  and  the  other  22  pounds, 
so  that  either  outfit  can  readily  be  carried  about. 

Tool-holder:  CUiamberlain  Machine  Works,  Waterloo,  Iowa. 
This  tool-holder  la  designed  to  hold  stelllte  or  the  most  brittle 
high-spood  steel  bits  without  cracking  or  breaking.  The  tool 
Ir  held  in  place  by  a  wedgeshapcMl  rack  having  tooth  meshing 
with  a  pinion.  This  pinion  Is  turned  by  applying  a  wrench 
to  a  siiuarc  head  formed  on  nnc  side  of  the  pinion. 

Punch  Press  Drawing  Attachment:  R.  I).  King,  Chicago, 
III.  This  atlailiniont  is  used  in  connection  with  metal-draw- 
ing operations  and  is  designed  to  provide  an  equal  pressure 
throimlinut  the  entire  stroke  of  the  press.  The  pressure  may 
also  l)i>  increased  or  derronsod.  The  press  may  be  used  for 
ordinary  blanking  without  rcnioving  the  attachment. 

Horizontal  Boring  and  Drilling  Machine:  Newton  Machine 
Tool  Work.s,  Inc..  2:!rd  and  Vino  Sts.,  Philadelphia,  Pa.  This 
machine  nniy  he  used  either  as  a  port.ible  or  stationary  type. 
The  Haildlo  carrying  the  spindle  may  he  adjusted  vertically  on 
the  faie  of  tho  column,  and  the  latter  may  bo  adjuatod  along 
ilif  liorixontal  ways  of  tho  base.  Tho  spindle  has  a  slow  and 
last   hand   feed  adjustment. 

Rolling  Mill  Lathe:  National  Roll  &  Foundry  Co.,  Avon- 
more,  Pa,     Meavyduty  lathe  designed  for  all  classes  of  rolling 


ns.  Propeller  Shafts,  and  Similar  Work 

mill  work.  The  headstock  is  entirely  enclosed  with  the  excep- 
tion of  the  faceplate.  The  motor  is  directly  connected  through 
gearing.  Four  changes  of  speed  are  obtained  with  the  trans- 
mission gears,  and  these  changes  may  be  multiplied  indefi- 
nitely by  using  a  constant-speed  motor. 

Steel  Belt  Coupling:  Cruban  Machine  &  Steel  Corporation, 
2  Rector  St.,  New  York  City.  This  coupling  is  formed  of  sec- 
tions cut  from  drawn  steel  bars  of  special  shape  in  lengths  to 
suit  the  width  of  the  belt.  The  ends  of  the  belt  have  holes 
drilled  or  punched  in  them  to  match  the  screw  holes  in  the 
coupling.  The  inner  section  of  the  coupling  is  curved  to  cor- 
respond to  the  radius  of  the  belt  pulley. 

Portable  Air  Compressor:  Ingersoll-Rand  Co.,  11  Broadway, 
New  York  City.  Motor-driven  compressor  mounted  on  a 
truck  having  flanged  wheels  located  according  to  mine  track 
gage.  This  compressor  was  designed  primarily  for  mine  work, 
but  it  may  be  used  whenever  compressed  air  is  required  for 
the  operation  of  tools.  It  is  built  in  several  sizes  up  to  a 
maximum  capacity  of  415  cubic  feet  of  air  per  minute  and  a 
maximum  pressure  of  100  pounds  per  square  inch. 

Hand  Magnet:  Cutler-Hammer  Mfg.  Co.,  Milwaukee,  Wis. 
A  hand  magnet  for  handling  small  iron  and  steel  parts  in 
quantity,  for  separating  small  iron  and  steel  parts  from  brass, 
for  recovering  nails  from  sweepings,  and  for  similar  purposes. 
The  circuit  is  opened  or  closed  by  a  trigger  located  Just  below 
the  handle.  The  magnet  may  be  connected  with  either  a  110- 
or  220-volt  direct-current  circuit,  and  it  is  provided  with  5 
feet  of  reinforced  flexible  cord  and  a  standard  attachment  plug. 

Brazing  Torch:  Tyler  Mfg.  Co.,  64  Pearl  St.,  Boston, 
Mass.  A  portable  brazing  torch  using  ordinary  illuminating 
gas  for  fuel.  An  air  blast  is  obtained  from  a  small  motor- 
driven  blower  connecting  with  the  torch  through  flexible  tub- 
ing. The  motor  is  a  universal  type  that  will  operate  on  either 
direct  or  alternating  currents.  The  outfit  is  designed  for 
connection  with  ordinary  gas  supply  pipes  and  electric  light 
systems.  It  is  claimed  that  with  illuminating  gas  a  tem- 
perature of  2300  degrees  F.  may  be  obtained. 

Turret  Lathe:  A.  R.  Williams  Machinery  &  Supply  Corpor- 
ation, Buffalo,  N.  Y.  This  machine  is  especially  adapted  for 
boring  the  nose  of  6-inch  shells  and  the  nose  and  inside  of 
4.7inch  shells.  The  headstock  is  back-geared  and  has  a  two- 
step  cone  designed  for  a  6-inch  belt.  The  spindle  has  a  1%- 
inch  hole  extending  through  it.  and  the  front  of  the  spindle 
Is  recessed  B'l  inches  in  diameter  and  20  inches  deep  for  ac- 
commodating a  rough  fi  inch  shell  forging.  This  feature  pre- 
vents overhang  and  makes  it   iinnocessary  to  use  steadyrests. 

Geared-head  Lathe  with  Single-lever  Control:  Groaves- 
Klusman  Co.,  Cincinnati.  Ohio.  A  line  of  geared-head,  single- 
lever-controlled  engine  lathes  made  in  16-.  IS-.  20-,  24-,  and  30- 
inoh  sizes.  Any  one  of  ten  speed  changes  may  be  obtained 
without  stopping  the  machine  and  while  the  tool  is  cutting, 
these  changes  being  controlled  by  a  single  lever.  These  ma- 
chines may  bo  arranged  for  either  a  motor  drive  or  a  line- 
shaft  drive.  The  ratio  of  the  direct  speeds  to  those  obtained 
through  the  back-gears  correspond  to  the  correct  ratio  be- 
tween finishing  and  roughing  speeds,  so  that  it  is  simply  neces- 
sary to  shift  one  lever  for  making  this  change. 

Dresser  for  Grinding  Wheels:  rtaldwin,  TuthlU  &  Bolton. 
C.rand  Rapids.  Mich.  A  grinding  wheel  dresser  known  as  the 
"Metcalf"  and  consisting  of  an  abrasive  wheel  of  special  grade 
and  grain  which  Is  mounted  on  a  short  shaft  between  two 
knobs  or  hanilles.  These  knobs  are  made  of  iron  to  Increase 
tho  weight  and  the  drossor  Is  held  by  hand  as  It  is  pressed 
against  the  wheel  to  be  trued.  Hy  holding  tho  dresser  In  a 
horizontal  position  the  wheel  Is  given  a  coarse  surface,  whereas 
a  close  grain  surface  for  finishing  Is  obtained  by  holding  the 
dresser  nearly  vertical.  It  Is  claimed  that  this  dresser  Is 
satisfactory  for  forming  sharp  corners  on  thin  delicate  wheels 
as  well  as  tor  other  wheol-truing  operations. 


1160 


MACHINERY 


August,  1918 


ilarhinery 


Fig.    1.      Biagram 
showiiigr  Applica- 
tion   of    Force 
to   Load 


USING  PIPES  AS  ROLLERS 

BY  L.   B     BREEDLOVEl 

In  the  moving  of  heavy  machinery,  safes,  and  similar  jobs, 
it  is  frequently  desirable  to  use  commercial  sizes  of  pipe  for 
rollers,  as  they  will  carry  a  greater  concentrated  load  per 
pound  of  metal  than  solid  metal  rollers.  Owing  to  the  lighter 
weight  and  the  opening  in  the  center,  pipe  rollers  may  also  be 
handled  more  easily  than  the  solid  rollers. 
Though  more  expensive  than  wooden  roll- 
ers, pipe  rollers  have  a  longer  life,  are 
more  easily  turned,  and  have  a  lower  co- 
efficient of  friction. 

Rolling  friction  is,  in  general,  much  less 
than  sliding  friction.  Although  few  ex- 
periments have  been  made  to  determine 
the  coefficient  of  rolling  friction,  those 
that  have  been  made  seem  to  indicate  that 
the  coefficient  is  independent  of  the  diam- 
eter of  the  roller.  The  value  of  the  coefficient  of  rolling  fric- 
tion for  steel  rollers  on  wood  varies  from  0.06  to  0.10,  measur- 
ed in  the  same  units  as  the  radius.  The  lower  value  is  taken 
for  hard  woods  and  the  larger  for  soft  woods.  The  value  of 
the  coefficient  of  rolling  friction  for  steel  rollers  on  steel  may 
be  taken  as  0.003.  No  definite  value  of  the  coefficient  of  rolling 
friction  for  ordinary  soft  and  hard  wooden  rollers  can  be  as- 
sumed as  representative,  because  of  the  scarcity  of  data,  but 
the  coefficient  is  larger  than  those  given  above.  The  force  F 
necessary  to  move  a  given  load  W  under  the  conditions  given 
in  Fig.  1  is: 

W 
F  = (a  +  a,) 

2r 
where  a  and  a,  are  coefficients  of  rolling  friction  for  the 
two  contact  surfaces.  The  weight  of  the  roller  is  neglected. 
This  formula  shows  that  the  force  necessary  to  overcome  fric- 
tion varies  with  the  radius  of  the  roller.  If  hard  woods  can  be 
secured  easily  and  without  much  expense,  they  should  be  used 
In  connection  with  the  rollers. 

As  large  an  outside  diameter  should  be  selected  for  pipe 
rollers  as  is  deemed  practicable  under  the  conditions  at  hand, 
and  the  weight  and  class  of  pipe  should  be  such  as  to  safely 
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ri«.    2.     Currns   showinc   RoUtlon   bnlwnnn   Conccntratml    Vertical    Lo«il 
p«r    Pound   of    lf«tftl   and    Outsldo   Diameter   of   Plpo 

carry  the  Impoitcd  load  with  the  maximum  amount  of  load  per 
pound  of  mclal.  The  chart  Hhown  In  Flj?.  2  will  bo  found  use- 
ful In  d(;tPriiilnliiK  Mio  Hafn  ronc.Tilralod  Innil  for  plpri  that 
may  be  at  harnl.  It  hIiowh  llic  ri-liillon  bf-lwcon  tho  concontrat- 
cd  vertical  load  In  poundx  per  pound  of  motul  and  llin  outside 
diameter  for  romm«'rrlol  mIkkh  of  pipog.  Th«  londH  for  thn  solid 
rollers  wore  calculated  from  JuhoIIuh'  oxperinixnlx.  ThU  chart 
shows  that  a  solid  rollor  0  Inrhes  In  dlnmeter,  with  nn  allow- 
able stress  In  the  mclal  of  12.000  pounds  per  sfjuare  Imh.  will 
support  a  ronri-nlrnled  vi-rlli-al  loml  per  pound  of  iiielal  of  \1U 
pounds;  nn  exlrn  slronit  pipe,  with  the  siinie  allowable  Hlress. 
will  iiui.r.nrt  100  pounds;  ond  a  double  extra  strong  pipe  will 
^f•ilaa■^  tab*  ('»,.   rrlrh    II1<I(..   Plllatmrc,   !•■. 


support  200  pounds.  Both  the  3-inch  extra  strong  pipe  and  the 
3-inch  solid  roller,  with  an  allowable  stress  in  the  metal  of 
12,000  pounds  per  square  inch,  will  support  500  pounds  per 
pound  of  metal;  pipes  smaller  than  this  will  support  a  greater 
load  than  the  solid  rollers,  but  larger  pipes  will  support  a 
smaller  load  per  pound  of  metal  than  the  solid  rollers.  A  solid 
steel  roller  with  an  allowable  stress  in  the  metal  of  16,000 
pounds  per  square  inch  will  support  a  greater  load  than  the 
double  extra  strong  pipe  with  an  allowable  stress  of  12,000 
pounds  per  square  inch  for  sizes  larger  than  6  inches  in  diam- 
eter. For  rollers  smaller  than  6  inches  in  diameter,  the  double 
extra  strong  pipe  is  by  far  the  best. 


AMERICANIZATION  IN  INDUSTRIAL  PLANTS 

In  a  publication  issued  by  the  Solvay  Process  Co.,  Syracuse, 
N.  Y.,  relating  to  the  Americanization  of  foreigners  working 
in  industrial  plants  through  the  agency  of  the  management, 
it  is  suggested  that  industrial  organizations  make  a  careful 
census  of  all  non-Americans  in  their  employ  and  examine 
the  ability  of  these  men  and  women  in  the  speaking  and  read- 
ing of  the  English  language.  The  following  specific  sugges- 
tions are  also  made: 

Foremen  should  be  asked  and  encouraged  to  cooperate 
with  Americanization  work,  and  through  meetings,  at  some 
of  which  outside  men  of  national  reputation  should  speak, 
they  should  be  given  an  opportunity  to  come  in  contact  with 
the  most  advanced  ideals  of  Americanization  work. 

An  educational  scheme  should  be  adopted  in  cooperation 
with  the  public  school  system,  with  classes  held  at  such 
times  as  will  allow  the  men  or  women  to  attend  them  either 
in  going  to  or  returning  from  their  work,  and  the  class- 
rooms should  be  so  selected  that  their  location  will  make  it 
convenient  for  the  employes  to  attend  the  classes.  For  this 
work,  teachers  should  be  hired  for  full  time,  and  no  one 
should  be  asked  to  give  his  services  without  proper  remunera- 
tion. The  course  offered  should  be  in  English  and  citizen- 
ship and  should  give  the  student  a  clear  conception  of  Ameri- 
can ideals,  a  preparation  for  the  taking  out  of  his  citizenship 
papers  and  a  fair  command  of  the  language.  The  attendance 
of  the  foreigners  who  do  not  understand  the  English  lan- 
guage should  be  made  compulsory  and  they  should  be  paid  for 
the  time  spent  in  the  class-room  at  the  average  rate  of  their 
regular  employment.  Attendance  of  the  citizenship  classes 
should  be  voluntary  and  the  men  should  receive  no  pay  for 
attending  these  classes.  Classes  in  English  should  be  held 
at  least  twice  a  week  with  a  minimum  of  one-half  hour  at 
each  time  and  th^  citizenship  class  should  meet  at  least  for 
half  an  hour  once  a  week.  No  definite  increase  of  wages  should 
be  offered  for  attendance,  but  advancement  of  those  that  show 
active  interest  in  becoming  Americanized  should  be  made 
wherever   possible. 

In  view  of  the  fact  that  the  military  draft  requires  more 
and  more  of  our  young  American-born  workers,  the  foreign- 
born  men  and  women  will  constitute  a  source  of  labor  that 
is  becoming  ever  more  important.  Anything  that  is  done 
to  further  the  Americanization  of  foreign-born  workers  Is  of 
the  greatest  Importance  not  only  as  a  national  policy,  but  as 
a  (luestlon  of  nianagomi'iit  of  in<lustrlal  plants. 


AppllcallonH  for  examination  for  a  commission  In  the  Engl- 
iieer  UoBcrvp  Corps  will  bo  received  from  quallflod  onKlneers. 
If  made  on  special  blanks  which  may  bo  obtained  from  the  olllce 
of  the  Chief  of  EnglnnerH.  WnHlilnKlon.  D.  C,  and  sent  to  that 
office,  together  with  tlie  ex|)erlenco  data  n'qulrod.  niwl  witli  thn 
name  of  the  city  In  which  It  Is  doHlreil  tn  be  exaiiilneil.  When 
theHe  api)llciillon8  have  been  received  at  llio  olllie  of  the  Clilof 
of  lOiiKlneers,  the  (luallllcatloiiH  of  the  ap|)llcantH  will  be  oon- 
Hiderod  and  thr>Bo  selected  will  be  notified  wliiMi  to  M|>pear  nt 
thn  deHlKiiiited  \)\nvv  for  the  profi'SHional  and  phyHlciil  examlna- 
lion,  wliicli  will  be  ro)iiluelod  by  n  board  of  olIlcerK  sent  out 
fnini  WiiHliliiKlon.  I).  C.  The  jinperH  of  tlioH(>  wliii  iiiialiry  will 
be  Bent  to  the  Chief  of  KnKitieiTH  ill  WiihIiIiikIoii,  wIki  will  laid' 
the  nereHsary  HiepH  lo  liiive  llieiii  ronuiilHHiuneil  iih  iilIlceiH  In 
the  ICnKllieer  UoBerve  Corps. 
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TRAINING  DEPARTMENT  OF  THE  NORTON 
GRINDING  CO.' 

BY   J.   C.   SPENCE- 

The  Norton  Grinding  Co.  realized  as  early  as  1915  the  use- 
lessness  of  attempting  to  hire  skilled  men  in  a  community 
having  so  many  mechanical  industries  as  Worcester,  Mass.. 
and  for  that  reason  started  a  training  department  in  its  plant. 
It  has  been  developed  along  very  simple  lines  and  could  be 
duplicated  at  any  factory  practically  without  cost.  In  order 
to  start  a  training  department,  only  two  things  are  necessary: 
(1)  A  manager  who  really  wants  to  help  the  country  to  win 
this  war  to  an  extent  that  he  will  do  his  share  in  breaking  in 
green  men;  (2)  a  workman  or  foreman  who  has  the  knowledge 
and  patience  to  teach  green  help. 

The  first  objection  raised  by  most  machine  shop  managers 
is  that  they  have  neither  the  necessary  equipment  nor  the 
floor  space.  This  idea,  however,  is  usually  erroneous,  because 
in  every  department  of  a  machine  shop  there  is  generally  a 


train  specialists.  The  boys  and  men  are  given  an  opportunity 
to  learn  a  little  of  all  the  common  machine  shop  operations, 
because  it  is  not  always  known  in  which  department  of  the 
shop  the  man  will  finally  be  placed.  When  an  opening  occurs, 
the  head  instructor  of  the  training  department  assigns  to  it 
the  man  he  thinks  is  best  fitted  for  the  job,  regardless  of 
the  length  of  time  that  he  has  served  in  the  training  depart- 
ment. The  last  man  in  might  be  the  first  man  out.  provided 
he  has  the  qualifications  for  the  job. 

The  training  department  runs  along  as  a  department  of  the 
shop,  having  its  own  schedule  to  meet  in  the  production  of 
single  parts  and  assembled  mechanisms.  This  schedule  calls 
for  about  one-half  the  available  labor  of  the  department.  To 
fill  in  the  remainder  of  the  time,  odd  jobs  are  picked  up 
throughout  the  plant.  The  foremen  welcome  this  odd-job  de- 
partment, as  it  rids  them  of  the  many  bothersome  small  jobs 
that  interfere  with  regular  production  but  that  make  fine 
training  for  beginners  and  that  usually  call  for  the  use  of 
several  different  kinds  of  machine  tools.     The  tool-room  also 


Th«  Norton  Co.'s  Training  School  for  Machine  Operators- 
certain  amount  of  simple  work  to  be  done.  This  applies  even 
to  the  toolroom.  It  is  the  custom  to  give  this  simple  work 
to  the  less  skilled  men  and  to  use  the  older  machine  tools  for 
this  purpose.  This  being  the  case,  it  is  a  simple  matter  to 
lake  a  number  of  these  machines  and  concentrate  them  in 
one  department.  Some  rearrangement  of  the  shop  may  be 
necessary,  but  this  may  even  be  an  advantage,  as  most  shops 
would  profit  by  such  a  rearrangement  of  the  machines. 

After  a  place  has  been  provided  for  the  training  department. 
It  should  be  started  In  a  small  way  with  one  instructor  and  a 
few  green  men.  It  may  be  necessary  to  overcome  the  deep- 
rooted  resentment  on  the  part  of  some  foremen  and  workmen 
who  havi'  served  a  long  term  of  apprenticeship  and  who  object 
to  tills  rapid  method  of  training  help.  This  objection,  how- 
ever, may  be  overcome  by  starting  In  a  small  way  and  by  let- 
ting It  be  understood  that  the  school  la  not  Intended  to  produce 
real  machinists,  but  simply  to  take  from  the  shoulders  of  the 
foremen  the  burden  of  breaking  in  green  help. 

In  the  Norton   training  department   no  attempt  Is  made  to 


lAtmtrnrl   of   pnprr  roail   at    the  nprtng   mortlnff  of   tho   Amcrlran   Rorlotjr  of 
i-rhnnlral   Knilnri-m.    In  Woni-.tir.   «••«..   Juno  4   to  7.   1BI8. 
■MiipiTlnlKnilont.    Nnrlun   CrlmllnK  I'n  .    Wiini-ntor,    Mania. 


— A  Successful  Means  for  meeting  the  Labor  Shortage 
turns  over  to  the  training  school  its  roughing  work.  If  by 
chance  the  training  department  -should  run  low  in  the  right 
kind  of  work,  the  head  instructor  requests  the  main  shop  to 
supply  that  kind  of  work.  For  instance,  if  it  were  necessary 
to  obtain  some  work  for  training  men  in  cutting  threads  in 
an  engine  lathe,  this  work  may  even  be  taken  away  from  the 
turret  lathes  in  the  main  shop,  even  though  the  resulting 
threads  cut  would  cost  ten  times  as  much  as  they  ought  to. 
However,  It  is  a  good  deal  cheaper  In  the  long  run  to  pay  a 
little  more  for  training  than  to  continually  pay  for  the  ab- 
normal conditions  created  by  manufacturers  hiring  help  from 
one  another. 

In  the  Norton  Grinding  Co.'s  plant  men  who  have  been 
working  in  some  other  line  than  mechanical  work  are  taken 
Into  the  plant  at  the  prevailing  wage  for  common  labor.  Just 
now,  in  the  Worcester  section,  this  is  thirty-flve  cents  per 
liour,  which  is  an  Inducement  for  many  men,  especially  aa 
there  is  the  additional  advantage  of  being  able  to  make  a  good 
start  toward  learning  the  machinist's  trade.  Boys  not  less 
than  sixteen  year.s  of  age  are  also  taken  In  the  training  de- 
partment. These  are  paid  according  to  experience  and  the 
likelihood  of  their  making  good. 
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No.  4  Automatic  Gear  Cutting 
Machine  for  cutting  spur  gears. 
Capacity  :  Spur  gears  to  48"  diam- 
eter, 10"  face,  cast  iron  3  dia- 
metral pitch,  steel  4  diametral  pitch 


'jti 


A  Fev\r  Seconds 
of  Each 
1%  Decided  Gain 


O 


Brown  ®S!harpe 
Autdmatic  ^ear 

Cuttit^yit^chmes 

"Built  to  Stand 
The  Steady  Drive  of 
The 


"\ 


Information 

In  Detail 
On  Request 


BROWN  a  SHARPE  MFG.  CO., 

OIUCKH        NEW    yOBK,    N.    V..    20    Voncy    Ht.      PHII.ADKI.PHIA.    PA.,    IIIKIIIOH    MImtIv 
MI'k-        CHICAOO,    ILL,,    IllMI  lUlcl    Wn>lilli|ltim    lllvil.      ROCIIEHTER,    N.    Y.,    Ilfi    ClinlnliiT    <if 

' "'■■'•'■    IlI'lK-      HYKACUBE,    N.    Y..     II.,.,),)    -till    l'iil> Ill     llln.k        PltTHBURQH,    PA., 

XVIM    l|,MM>     W      OllLT    Ml.lu.      CANADIAN    HEPHEHKNTAT^VE:      MONTREAL,    TORONTO. 
WINNIPEO,    OALOARY.    VANCOUVER,    HT.   JOHN,    HAHKATOON,    I  h..   Cii Inn    l.'nlr|p|.l.kl.- 
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Saved  in   the  Cutting 
Tooth  Makes  a 

the    Day's    Output 


m 


AWIM/^  the  seconds  is 
V  ill VI  what  counts  on 
production  records.  B  &  S 
Automatic  Gear  Cutting  Ma- 
chines are  second-savers 
from  the  start.  To  begin 
with,  the  arrangement  of  the 
various  parts  insures  ease 
and  simplicity  of  operation 
with  full  control  from  front 
of  machine.  Cutter  slide  ad- 
vances and  returns  cutter 
rapidly  and  at  a  constant 
speed  regardless  of  speed  or 
feed  of  cutter.  Indexing  is 
also  independent  and  at  a 
constant  speed  insuring 
rapid  indexing.  If  you  cut 
gears  and  want  fast  produc- 
tion with  accuracy  you 
should  consider 


BROWN  &  SHARPE 

Gear  Cutting 

EQUIPMENT 

Small  in  comparison  with  the  machine  but  great  in  importance 
are  the  cutters  you  use.  B  &  S  Cutters  produce  correctly  formed 
teeth  as  long  as  they  are  in  service  and  stand  up  under  "the  steady 
drive  of  the  busy  shop"  for  long  periods  between  resharpenings. 

Brown  &  Sharpe  Machines  and  Brown  &  Sharpe  Cutters  make  the 
production-boosting  combination  which  present  conditions  demand. 


Conserve  Your  Cutters 


B  &  S  Stocking  Cutters 

The  alternate  stepped  teeth  break  up 
the  chips,  making  the  cutter  action- 
easier  and  thus  lessening  the  stress 
on  the  machine. 

When  blanks  are  roughed  out  with 
these  cutters  only  a.  light  finishing 
cut  is  re<|Uircd  of  the  finishing  cut- 
ter, conserving  its  life  and  accurac>'. 
Writr  for  Catalog  27 


Providence 


R.I.,  U.S.A. 


REPRE8ENTATIVFS:  BALTIMORE.  MD..  Cnrrj  Mii.l.lnrrT  A  S.ini.lv  Co  CINCIN- 
NATI. 0.,  INDIANAPOLIS,  IND..  Th.-  K  A.  Klli»rv  C.,.  SAN  FRANCISCO,  CAL..  Pnrin.- 
T(K.I   A    S.i.ii.l,    I.,       CLEVELAND.    O.,    DETROIT,    MICH.,   .Strong.    Ciirll-.l..   A    lliiiiiuioliil   r<. 

8T.     LOUIS.     MO.,     (■ ..r.1  Wrk-lil     Mnrhiiiir^    A    Niippljr    Co.       SEATTLE,     WASH,,     rerl.ii. 

Mn.lilni.rj-  Cr..     PORTLAND.   ORE.,    I'ortliiiiil   Mnrhlnprr  Co. 
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CHARLES  E.  HUGHES'  OPINION  ON  NEW 
SECOND-CLASS  POSTAL  RATES 

In  a  letter  addressed  to  Allen  H.  Richardson,  of  the  Pub- 
lishers Advisory  Board,  New  York  City,  Charles  E.  Hughes 
expresses  his  ideas  as  to  the  iniquity  and  danger  of  the  new 
second-class  postal  rates  and  the  zone  system  adopted  in  con- 
nection with  the  new  rates  in  the  following  words: 

"I  have  no  hesitation  in  saying  that  I  regard  the  zone  sys- 
tem of  postal  rates  for  newspapers  and  periodicals,  coming 
under  the  definition  of  second-class  mail  matter,  as  ill  advised. 
The  Commission  on  Second-class  Mail  Matter  (appointed  in 
1911),  of  which  I  was  a  member,  considered  this  question  and 
reported  unanimously  against  the  zone  system.  We  said  in 
that  report: 

The  policy  of  zone  rates  was  pursued  in  the  earlier  his- 
tory of  our  post  office  and  has  been  given  up  in  favor  of  a 
uniform  rate  in  view  of  the  larger  interest  of  the  nation 
as  a  whole.    It  would  seem  to  the  commission  to  be  entirely 
impracticable  to  attempt  to  establish  a  system  of  zone  rates 
for  second-class  matter.    .    .    .    Progress  in  the  post  office, 
with   respect   both    to   economy   in   administration   and   to 
public  convenience,  leads  away  from  a  variety  of  differential 
charges  to  uniform  rates  and  broad  classifications. 
"In    my   judgment,   the   zone   system    for   second-class   mail 
matter  is  unjust  to  the  publisher  and  unjust  to  the  public. 
It  not  only  imposes  upon   the  publisher  the  additional   rates 
upon  a  sectional  basis,  but  it  makes  necessary  the  added  ex- 
pense for  the  necessary  zone  classifications  at  a  time  when 
every   economy   in    production    and    distribution    is   most   im- 
portant.    It  introduces  a  complicated  postal  system  to  the  in- 
convenience of  the  publisher  and  public  when  there  should  be 
a  constant  effort  toward  greater  simplicity.    There  is  no  more 
reason  for  a  zone  system  of  rates  for  newspapers  and  maga- 
zines than  for  letters.     Newspapers  and  magazines  are  admit- 
ted to  the  second-class  postal  rates  on  the  well-established  pol- 
icy  of  encouraging  the   dissemination   of   intelligence,   but   a 
zone  system  is  a  barrier  to  this  dissemination.     If  it  is  im- 
portant that  newspapers  and  magazines  should  be  circulated, 
it  is  equally  important  that  there  should  not  be  sectional  divi- 
sions to  impede  their  circulation  through  the  entire  country. 
"We  are  proud  at  this  moment  of  our  united  purpose,  but 
If  we  are  to  continue  as  a  people  to  cherish  united  purposes 
and  to  maintain  our  essential  unity  as  a  nation,  we  must  foster 
the  Influences  that  promote  unity.     The  greatest  of  these  in- 
fluences,   perhaps,    is    the   spread    of    intelligence    diffused    by 
newspapers  and   periodical   literature.     Abuses   in   connection 
with   second-class   mail   matter   will   not   be   cured   by   a  zone 
system  of  rates.    That  will  hurt  the  good  no  less  than  the  bad, 
and  perhaps  some  of  the  best  sort  of  periodical  literatflre  will 
be  hit  the  hardest.    We  do  not  wish  to  promote  sectionalism, 
and  'one  country'  means  that  in  our  correspondence  and  in  the 
dilTusion  of  necessary  intelligence  we  should  have  a  uniform 
postal  rate  for  the  entire  country.    The  widest  and  freest  inter- 
change Is  the  soundest  public  policy.     I   hope   that  Congress 
will   repeal   the   provision   for   the   zone  system,   which   Is   de- 
cidedly a  looklngbackward   and   walking-backward   measure." 
•     •     • 

NATIONAL  SOCIETY  FOR  THE  RECONSTRUCTION 
OF  BELGIUM 
In  order  to  shorten  the  time  necessary  for  Belgium  to 
resume  Its  place  among  the  Industrial  nations  of  the  world, 
a  cooperative  society  known  as  "Coniptolr  National  pour  la 
Reprisp  de  I'ActlvUe  EconomUiue  en  Uelglque"  has  been 
fonn«!d.  Its  object  is  to  further  the  economical  roconslruc- 
tlon  of  tinlKium  and  it  cooperateH  with  and  Is  under  the 
control  of  Ihp  Ilidglan  Oovernment.  Its  work  Is  to  assist 
the  Industries  in  purchasing  tools  and  raw  materials,  so 
that  work  can  begin  In  the  rnronstrurtcd  shops  In  the  short 
«Kt  poHNlhIo  time.  The  society  Is  therefore  Intornsted  In 
•TnrylhlnK  molnllurKy.  mntfrlalu  for  cr.riHtructlon  of  build- 
InKR,  Ir-nlhers,  textllcN,  fnrmltiK  InipW-ments,  cheiiilciil  products, 
machine  tools,  olertrlcal  niiitnrlal,  optical  Inntrumonts,  mo- 
tor cars,  vans,  wnKons,  oils  ond  Krcrisos  of  all  kinds,  rofrac- 
tory  materials,  etc.  It  Is  ro(|n<*Htcd  that  rataloKu«n  and  price 
lists.  In  Irlpllrote.  bo  sonl  to  the  society,  15  rue  t/OulslcOrand, 
Paris,  so  that  orders  may  be  placed  as  soon  as  possible. 


HELPING  UNCLE  SAM 

The  Bureau  of  Oil  Conservation,  Oil  Divison,  United  States 
Fuel  Administration,  is  desirous  of  securing  a  combustion 
engineer  for  each  of  the  following  districts,  who  will  act  as 
an  inspector  visiting  all  plants  within  his  district  using  fuel 
oil  and  natural  gas:  Boston,  Providence,  New  York  City, 
Philadelphia,  Pittsburg,  Buffalo,  Detroit,  Chicago,  Minneapolis, 
Tulsa,  New  Orleans,  and  San  Francisco.  It  is  desirable  to 
have  these  men  act  as  volunteers  where  possible,  but  the  Ad- 
ministration is  prepared  to  pay  a  reasonable  compensation  for 
men  who  cannot  afford  to  give  their  services  to  the  Govern- 
ment. Only  men  who  have  had  experience  in  fuel  oil  and 
natural  gas  combustion  would  be  of  value. 


The  Patent  Office  requires  technically  trained  persons  for 
its  examining  corps.  Men  or  women  are  desired  who  have  a 
scientific  education,  particularly  in  higher  mathematics,  chem- 
istry, physics,  and  French  or  German,  and  who  are  not  subject 
to  the  draft  for  military  service.  Engineering  or  teaching  ex- 
perience, in  addition  to  the  above,  is  valued.  The  entrance 
salary  is  $1500.  Examinations  for  the  position  of  assistant 
examiner  are  held  frequently  by  the  Civil  Service  Commission 
at  many  points  in  the  United  States.  One  is  announced  for 
August  21  and  22,  191S.  Details  of  the  examination,  places  of 
holding  the  same,  etc.,  may  be  had  upon  application  to  the 
Civil  Service  Commission,  Washington,  D.  C,  or  to  the  United 
States  Patent  Office,  Washington,  D.  C.  Should  the  necessity 
therefor  arise,  temporary  appointments  of  qualified  persons 
may  be  made  pending  their  taking  the  Civil  Service  examina- 
tion. Application  for  such  appointment  should  be  made  to  the 
United  States  Patent  Office,  Washington.  D.  C. 


The  Bureau  of  Standards  has  established  a  branch  of  its 
gage  section,  at  Cleveland,  Ohio.  This  section  was  opened 
prepared  to  receive  gages  for  test  on  July  1.  It  is  located  in 
the  Plymouth  Building.  22nd  St.  and  Prospect  Ave.  The 
District  Office  of  the  Inspection  Division  of  the  Ordnance 
Department  is  also  located  in  this  building.  The  branch 
gage  laboratory  in  Cleveland  is  mainly  intended  for  taking 
care  of  muntion  limit  gage  tests  in  the  Cleveland  district,  and 
all  gages  which  are  ordered  by  the  War  Department  for 
test  at  the  Bureau  of  Standards  and  delivery  in  Washington 
should  be  submitted  directly  to  the  Bureau  of  Standards. 
Washington,  D.   C. 

There  are  available  at  this  branch  laboratory  facilities  for 
the  test  of  all  types  of  munition  limit  gages.  Equipment  has 
been  installed  which  is  practically  a  duplication  of  the  various 
machines  and  special  devices  used  at  the  Bureau  of  Standards 
in  Washington,  for  the  test  of  plain  plug  and  ring  gages, 
profile,  and  other  forms  of  gages,  and  especially  screw  thread 
gages.  The  facilities  of  this  branch  laboratory  are  available, 
without  charge,  to  manufacturers  carrying  out  government 
contracts  for  munitions  of  war.  Gages  may  be  submitted  by 
mail,  express,  or  by  messenger.  When  gages  are  shipped.  It 
in  recommended  that,  whenever  possible,  they  be  sent  by 
registered  or  insured  mall,  rather  than  by  express,  on  ac- 
count of  the  saving  of  time.  It  la  requested  that  all  mall 
and  giigc  shipments  he  specldcally  addressed  as  follows: 
"liuroau  of  Standards,  Branch  Gage  Section.  Plymouth  Build- 
ing, Clovelund,  Ohio." 

I'ersons  submitting  gages  for  tost  are  roquoated  to  fur- 
nish complete  Information  as  to  the  Identification  an<l  classi- 
fication of  the  gagoR,  Instructions  for  tost  and  shipment,  and 
also  Information  such  as  drawings  and  apni'lfications.  which 
I'HtubllHli  the  Important  dlnicnslona  of  the  gagi-s  submitted.  If 
ciipli'H  of  drnwingn  for  the  Ordmwwo  Dnico  or  otlicr  gage 
drawings  or  part  drawings  for  the  novcrmnoiil  arc  aiib 
milled  with  tho  gagos,  It  will  greatly  facllltalc  llic  Inst  and 
permit   the  aonling  of  tlir<  gages 

•     •     * 

Tlio  Uli-hardHon  Ili-Hi'imh  I.iilinriilory,  of  ("li-vclnnil,  Ohio, 
has  sucrnodi'd  In  making  u  (Inn  platinum  wire  for  crosshairs 
In   telescopes,  which   Is  said   to  bo  0.00n79ri  Inch   In   diameter. 
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The  silrface  of  the  piece 
Is  absolutely  unmarred, 
because  after  the  cut, 
the  cutter  Is  automatic- 
ally brought  to  a  stand- 
still— the  work  returns 
under  It  while  the 
spindle    Is    stationary. 


CINCINNATI  AUTOMATIC  MILLERS 

With  Intermittent  Feed  and  Automatic  Spindle  Stop 
For  Manufacturing 

RIFLE  AND  MACHINE  GUN  COMPONENTS 

and  Similar  Parts  in  Quantities 

They  have  the  inter- 
mittent feeding  fea- 
ture, which  has  proven 
so  successful  on  our 
earher  machines,  with 
this  addition  —  after 
the  cut  is  taken  the 
spindle  is  stopped 
automatically  so  that 
the  work  returns  be- 
neath it  while  the  cutter  is  stationary — no  danger  of  marring  the  sur- 
face of  the  work  because  of  a  revolving  cutter. 

Consider,  too,  the  advantage  of  this  from  the  standpoint  of  safety. 
The  operator  removes  the  finished  piece  and  chucks  a  new  one  while 
the  cutter  is  stationary.  He  can't  get  caught  by  a  swiftly  revolving  al- 
though idle  cutter.  After  he  chucks 
the  new  piece,  he  moves  one  lever — 
and  immediately  both  the  spindle  and 
feed  movements  start  again. 

This  is  one  improvement  on  the 
Cincinnati  Automatic.  There  are 
others  equally  vital.  Do  you  wonder 
this  new  machine  has  already  made  a 
place  for  itself  in  the  esteem  of  a 
number  of  big  munitions  shops? 

For  manufacturing  parts  in  quan- 
tities it  offers  exceptional  advantages. 


Bulletin  containing  details  ivill 
sent  you  upon  request. 


he 
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SOME  KNOTTY  LABOR  PROBLEMS 

BY  ROBERT  MA'WSON 

The  editorial  "Some  Knotty  Labor  Problems"  appearing  in 
the  July  number  of  Machineby,  on  page  988,  gives  food  for 
thought  on  a  subject  which  is  of  great  importance  to  the  ma- 
chine tool  industry.  The  labor  situation  in  the  small  shops 
which  employ  a  comparatively  small  number  of  men  has  never 
been  more  acute  or  difficult  to  handle  than  it  is  at  the  present 
time.  In  most  small  shops  where  less  than  twenty  men  are 
employed,  it  is  necessary  to  exercise  the  utmost  care  in  deal- 
ing with  the  employes,  as  the  success  of  the  small  shop  de- 
pends on  the  individual  effort  of  every  employe  to  a  greater 
extent  than  does  the  success  of  a  large  shop  where  hundreds 
of  men  are  employed.  In  small  shops,  the  problem  of  making 
the  business  pay  is  much  more  difficult  than  it  is  in  a  larger 
concern,  due  not  only  to  the  labor  question  but  to  the  small 
reserve  capital  usually  carried  by  small  concerns  and  to  the 
narrow  margin  of  spoiled  work  in  a  small  shop.  In  many 
large  shops,  5  to  10  per  cent  of  spoiled  work  is  not  uncommon, 
while  if  a  loss  of  5  per  cent  of  the  products  of  small  concerns 
is  experienced  for  any  length  of  time,  the  business  might  soon 
become  bankrupt.  Under  these  conditions,  the  employes  who 
prove  most  satisfactory  are  men  who  have  had  general  ma- 
chine shop  practice  and  have  become  good  all-around  ma- 
chinists. 

But  right  here  comes  the  problem:  The  good  all-around 
men  have  graduated  over  night  from  machinists  to  toolmakers 
and  command  wages  that  the  small  shop  cannot  pay.  The  men, 
therefore,  who  look  for  work  in  small  shops  are  either  tran- 
sient toolmakers  demanding  rates  per  hour  that  cannot  profit- 
ably be  paid,  or  totally  unskilled  men.  An  instance  citing  the 
unsatisfactory  employment  of  a  man  belonging  to  the  former 
class  is  given  to  illustrate  some  of  the  difficulties  experienced 
in  the  employment  of  this  class  of  men.  This  man  gave  a 
resum6  of  his  experience  and  training  and  said  he  wanted  a 
Job  In  a  small  shop,  as  he  was  tired  of  the  large  shops.  The 
firm  gave  him  the  rate  of  pay  asked  for  and  he  began  work. 
Then  the  trouble  began:  First,  the  shop  was  not  as  well 
lighted  as  those  he  had  been  used  to;  second,  the  shop  was 
not  kept  at  the  particular  temperature  that  he  desired.  This 
fault-finding  was,  of  course,  absurd;  the  man  apparently  ex- 
pected the  shop  to  be  run  for  his  particular  benefit  instead  of 
as  a  business  Institution  established  tor  the  purpose  of  making 
a  living  for  the  owner.  But  the  point  is  that  under  normal 
business  conditions  the  man  would  not  have  resorted  to  this 
method  of  fault-finding.  The  chief  trouble,  however,  was  his 
refusal  to  do  what  he  considered  general  machinists'  work — 
In  other  words,  he  expected  to  choose  his  own  work.  This,  of 
course,  Is  an  impossible  condition  in  a  small  shop,  and  his 
services  had  to  be  dispensed  with. 

A  case  exemplifying  the  diflficulties  experienced  in  hiring 
unskilled  men  occurred  In  the  same  shop.  A  man  claiming 
to  be  a  good  machinist  was  employed  In  the  shop.  The  first 
piece  of  work  given  him  was  a  simple  lallie  Job.  He  started 
up  the  lathe,  but  the  foreman  noticed  that  the  lathe  center 
was  Br4ueaklng  and  advised  him  to  put  oil  on  It.  The  man 
took  the  shaft  out  from  between  the  centers  and  then  care- 
fully put  a  large  ((uantity  of  oil  on  both  centers,  the  live  one 
as  well  as  the  dead  center.  However,  he  later  became  a  good 
all-around  machinist.  After  a  little  candid  talk  with  the  fore- 
man, he  acknowledged  his  lack  of  experience  and  knowledge  iiH 
a  machinist.  He  was.  however,  ready  to  accept  suggestlonH, 
and  acting  upon  them,  profited  thereby. 

In  view  of  the  cxlHllng  conditions,  the  writer  believes  that 
the  following  method  would  prove  satlsfeiclory  In  dealing  with 
the  labor  problem:  When  a  man  applies  for  another  Job  In 
the  same  vicinity,  ho  niunt  flrHt  lell  whore  ho  Is  working,  or 
where  Ik-  worked  Inst,  and  Mtatu  wlml  rate  of  pay  ho  expects. 
Ix;l  It  he  nnnumod  lie  asks  G5  conlB  per  hour.  The  socond  shop 
foreman  Mhould  then  call  up  the  flrBl  shop  ond  say,  "Mr.  Hmllh, 
who  worked  for  you,  Ih  hero  looking  for  a  Job  and  asks  GC  cents 
per  hour;  wo  don't  know  what  you  paid  hlra,  but  If  you  caro 
to  meet  hla  flguro  you  can  rotain  him;  If  not,  wo  am  going 
to  hire  him." 

The   writer   bollpvnH   thin   would    holp    I"    H'llving    llio   Iiilmr 


problem.  If  the  first  shop  foreman  thought  the  man  worth 
the  increase,  he  would  get  it;  the  firm  would  retain  their  man, 
and  he  would  be  satisfied.  This  would  also  create  a  feeling  of 
cooperation  between  the  various  shops  engaged  on  government 
work,  to  the  mutual  advantage  of  all  concerned. 


The  Bureau  of  Standards,  Washington,  D.  C,  announces  that 
the  bureau  will  conduct  classes  of  instruction  covering  the 
measurements  and  use  of  munition  limit  gages.  Two  courses 
have  been  planned:  Course  A,  which  will  cover  a  period  of 
about  three  weeks,  and  Course  B  which  will  cover  a  period  of 
about  one  week.  It  is  intended  in  these  courses  of  instruction 
to  place  in  the  hands  of  persons  who  are  using  and  inspecting 
gages  such  information  as  has  been  secured  by  the  Bureau 
of  Standards  in  the  test  and  standardization  of  munition  limit 
gages. 

Course  A  is  intended  primarily  for  men  who  are  directly 
occupied  in  gage  work,  such  as  gage  checkers,  foremen  of  gage 
shops,  or  gage  inspectors.  It  is  intended  to  give  a  complete 
working  knowledge  of  the  measurement  of  various  types  of 
munition  gages,  together  with  information  as  to  the  acceptance 
or  rejection  of  gages,  and  other  information  pertaining  to  the 
use  of  master  gages.  Course  B  is  intended  for  persons  who  are 
not  directly  employed  in  checking  gages,  and  it  aims  to  convey 
a  general  knowledge  regarding  gaging  requirements  and  funda- 
mentals rather  than  complete  details  of  gage  measurement. 
The  instruction  will  be  accompanied  with  actual'  work  In  the 
testing  and  handling  of  such  gages  as  may  be  submitted  for 
test  during  the  time  classes  are  being  given. 

The  advantages  to  be  secured  in  either  one  of  the  previously 
mentioned  courses  of  instruction  are  available  to  any  govern- 
ment inspector  or  employe  who  has  to  do  with  the  use  or 
measurement  of  gages.  The  same  opportunities  will  also  be 
afforded  the  inspectors  or  employes  of  manufacturers  carrying 
out  government  contracts  for  war  material. 

In  order  for  anyone  to  arrange  for  either  one  of  the  courses 
of  instruction,  it  is  only  necessary  to  make  application  to  the 
Director,  Bureau  of  Standards,  Washington,  D.  C,  through  the 
chief  of  the  office,  division,  or  manufacturer  by  which  the 
applicant  is  employed.  Such  a  letter  should  make  clear 
the  exact  position  which  the  applicant  occupies  and  the  course 
of  instruction  desired,  and  complete  evidence  that  the  ap- 
plicant is  absolutely  loyal  to  the  United  States  Government. 
Applications  should  be  made  two  or  three  weeks  in  advance 
of  the  time  the  applicant  desires  to  report  at  the  Bureau  of 
Standards  for  instructions. 


CONVENTION  OF  ELECTRIC  HOIST  MANUFAC- 
TURERS' ASSOCIATION 

The  Electric  Hoist  Manufacturers'  Association  held  Its  June 
meeting  at  Montour  Falls,  N.  Y.,  where  the  members  of  the 
association  were  the  guests  of  the  Shepard  Electric  Crane  & 
Hoist  Co.  Twenty-two  members  were  present,  representing 
the  following  companies:  Brown  Hoisting  Machinery  Co., 
Cleveland,  Ohio;  Detroit  Hoist  &  Machine  Co.,  Detroit,  Mich.; 
Euclid  Crane  &  Hoist  Co.,  Euclid,  Ohio;  Link-Belt  Co..  Nice- 
town,  Pa.;  Uoeper  Crane  &  Hoist  Works,  Reading,  Pa.;  Shepnrd 
Electric  Crane  &  Hoist  Co.,  Montour  Falls,  N.  Y.;  Sprague  Elec- 
tric Works,  New  York  City;  and  Yale  &  Towne  Mfg.  Co.,  New 
York  City. 

The  generiil  topic  of  the  nieotinn  was  war  service,  and  the 
general  dIscuHHion  was  directed  along  linos  for  coordinating 
the  experience  and  facilities  of  the  electric  hoist  manufacturers 
to  bo  of  the  most  direct  and  elllciont  service  to  the  Government 
for  war  rofiulrnmonts.  The  consensus  of  opinion  of  the  electric 
hoist  manufarturprH  Ih  Unit  government  orders  for  wor  piir- 
poHOS  Hlidiild  take  precedence'  over  all  other  onier.M.  and  If  wiir 
re(|ulrenientH  cull  for  tho  complete  output  of  nil  of  the  munu- 
fuelurers  of  oloctrlc  hoists.  It  will  bn  doHlrablo  to  rofuso  all 
other  liuslncHH.  Thn  most  InHtrui'lIng  and  InterestlnK  event  of 
Iho  nieotlng  was  n  detailed  Inspection  of  tho  plant  of  the 
Hliopard  Electric  Crane  &  Hoist  Co.,  covering  deHlgn,  manufac- 
liirlng,  shop  coMtM,  teHtIng,  teilinlciil  hlHlory  of  InHlallntlonH, 
iiikI  welfare  work. 
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The  LUCAS 

(OF  CLEVELAND) 

"PRECISION" 

BORING,  DRILLING  AND 

MILLING  MACHINE 


WAS  THE  STANDARD 

IN  THE  PAST 

IS  THE  STANDARD 

OF  Till-:    PRESENT  (and    FIRST  CHOICE   for  GON'ERNMENT  WORK  to  which 
our  entire  product  is  now  devoted)  and  it  is  OUR  AIM  THAT  IT 

WILL  BE  THE  STANDARD 

IN  THE  FUTURE 


Lucas  MachineTool  Co. 


NOW  AND 
ALWAYS  OF> 
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PERSONALS 


L.  G.  Hendebson,  secretary  and  treasurer  of  Russell,  Hol- 
brook  &  Henderson,  Inc.,  30  Church  St.,  New  York  City,  has 
joined  the  Coast  Artillery  of  the  United  States  Army. 

W.  H.  Caixan,  general  manager  plants,  and  W.  P.  Pbes- 
siKGEB,  general  manager  sales,  have  been  elected  vice-presi- 
dents of  the  Chicago  Pneumatic  Tool  Co.,  Chicago,  111. 

Chestee  C.  Rac.sch  has  been  appointed  assistant  to  the 
director  of  the  American  Museum  of  Safety.  Mr.  Rausch  has 
had  a  wide  experience  in  engineering,  safety,  and  industrial 
work. 

Geobge  W.  Agebteb,  for  eight  years  with  the  Hunter  Saw 
&  Machine  Co.,  is  now  representative  in  the  Pittsburg  district 
for  the  Ludlum  Steel  Co.,  Watervliet,  N.  Y.,  with  oflSce  in 
Cleveland,  Ohio. 

H.  O.  Pexland,  who  has  been  sales  engineer  with  the  U.  S. 
Ball  Bearing  Mfg.  Co.,  Chicago,  111.,  for  a  number  of  years, 
has  been  made  manager  of  the  Cleveland  office,  with  headquar- 
ters at  533  Leader-News  Bldg. 

G.  E.  ScHTXTZ,  formerly  with  the  Industrial  Department  of 
the  Westinghouse  Electric  &  Mfg.  Co.,  East  Pittsburg,  Pa.,  has 
been  made  manager  of  Russell,  Holbrook  &  Henderson,  Inc., 
30  Church  St.,  New  York  City. 

R.  M.  Little  has  bee^  appointed  successor  to  Arthur  H. 
Young  as  director  of  the  American  Museum  of  Safety.  Mr. 
Little  was  formerly  a  trustee  of  the  museum,  and  Is  a  man 
thoroughly  versed  in  sociological  work. 

J.  M.  Wilson,  formerly  editor-in-chief  of  Canadian  Ma- 
chinery and  allied  publications  of  the  McLean  Publishing  Co., 
Ltd.,  Toronto,  Canada,  is  now  on  the  engineering  staff  of  the 
Standard  Parts  Co.,  Inc.,  Cleveland,  Ohio. 

Lewis  Russell,  president  and  general  manager  of  Russell, 
Holbrook  &  Henderson,  Inc.,  30  Church  St.,  New  York  City, 
has  given  up  his  position  as  general  manager  to  join  the 
Ordnance  Department  of  the  United  States  Army. 

J.  C.  Maxternach  has  resigned  his  position  as  manager 
of  the  Standard  Parts  Co.,  Rim  and  Tube  Division,  to  become 
president  and  general  manager  of  the  American  Welding  & 
Mfg.  Co.,  Warren,  Ohio,  specialist  in  electric  welded  steel 
bands. 

Sidney  J.  Williams  has  resigned  his  position  as  engineer 
to  the  Industrial  Commission  of  Wisconsin  to  become  manager 
of  the  Accident  Prevention  Division  of  the  National  Safety 
Council  with  headquarters  in  the  Continental  and  Commercial 
Bank  Bldg.,  Chicago,  111. 

W.  A.  Haines  has  been  appointed  district  representative  at 
Detroit  of  the  Automobile  Equipment  Department  of  the 
Westinghouse  Electric  &  Mfg.  Co.,  East  Pittsburg,  Pa.  Mr. 
Haines  has  been  assistant  district  manager  of  that  depart- 
ment of  the  company  for  several  years. 

H.  F.  J.  Porter,  industrial  engineer,  200  Fifth  Ave.,  New  York 
City,  is  visiting  the  plants  of  the  Hercules  Powder  Co.,  through- 
out the  Middle  West  and  out  to  the  Pacific  coast  for  the 
purpose  of  Instituting  such  methods  as  may  better  labor  con- 
ditions and  increase  efllciency  In  production. 

A.  Niedermeyer,  for  many  years  connected  with  the  Worth- 
Ington  Pump  &  Machinery  Corporation,  115  Broadway,  New 
York  City,  recently  as  works  manager  of  the  Snow-Holly 
Works  of  that  corporation  at  Buffalo,  N.  Y.,  has  resigned  his 
position  and  will  devote  his  entire  time  to  enterprises  of  his 
own. 


P.  B.  FiNDLEY,  technical  editor  in  the  Department  of  Pub- 
licity, Westinghouse  Electric  &  Mfg.  Co.,  East  Pittsburg, 
Pa.,  has  entered  the  training  school  at  the  University  of 
Pittsburg  to  take  a  special  course  in  radio  work  with  the 
Signal  Corps.  Before  his  connection  with  the  Westinghouse 
Electric  &  Mfg.  Co.,  Mr.  Findley  was  editor  of  the  Electrical 
Age. 

A.  B.  Cole  has  been  appointed  assistant  to  the  manager 
of  the  Department  of  Publicity,  Westinghouse  Electric  &  Mfg. 
Co.,  East  Pittsburg,  Pa.,  to  succeed  M.  C.  Turpin,  who  is  now 
in  the  Ordnance  Department  at  Washington,  D.  C.  Mr. 
Cole  will  have  charge  of  the  editorial  work,  Including  prep- 
aration of  advertising  literature  and  supplying  information 
to  the  press. 

L.  C.  Spraoue  has  been  appointed  special  representative  of 
the  Chicago  Pneumatic  Tool  Co.,  Chicago,  111.,  in  connection 
with  the  sale  of  pneumatic  tools  to  railroads.  Mr.  Sprague 
was  formerly  connected  with  the  Railroad  Department  of  the 
H.  W.  Johns-Manville  Co.,  of  New  York  City.  His  long  asso- 
ciation with  the  railroads  of  this  country  especially  fits  him 
for  the  work  that  has  been  assigned  to  him. 

AKTHtrB  H.  Young,  director  of  the  American  Museum  of 
Safety  since  January  1,  1917,  has  resigned  to  take  charge 
of  the  Employe  Relations  Department  of  the  International 
Harvester  Co.,  and  will  take  up  his  new  duties  immediately. 
Although  giving  up  the  actual  direction  of  the  museum's  work, 
Mr.  Young  will  continue  to  be  closely  concerned  with  Its 
affairs,  as  he  has  been  elected  vice-president  to  succeed  the 
late  Dr.  Frederick  R.  Hutton.  In  recognition  of  Mr.  Young's 
activities  as  chief  safety  expert  of  the  Federal  Government, 
the  museum  awarded  him  the  Louis  Livingston  Seaman 
medal. 

J.  K.  Jensen,  of  the  Department  of  Defence,  Melbourne, 
Australia,  expects  to  spend  some  time  in  the  United  States  on 
his  way  to  England,  in  connection  with  the  establishment  of  a 
Government  arsenal  in  Australia.  While  in  the  United  States, 
he  will  collect  information  relating  to  plants  used  in  the  manu- 
facture of  all  classes  of  war  munitions.  Mr.  Jensen  wishes  to 
receive  catalogues  and  information  regarding  all  classes  of 
machinery  equipment  and  tools  suitable  for  the  production  of 
guns,  ammunition,  small  arms,  trucks, "airplanes,  as  well  as 
general  factory  equipment.  His  address  in  New  York  City  will 
be:  J.  K.  Jensen,  care  of  Australian  Customs  Representative, 
South  Ferry  Buildings,  44  Whitehall  St.,  New  York  City. 


OBITUARIES 


Hugh  Hannan,  head  of  the  Hannan-Pinton  Co.,  of  Spring- 
field, Mass.,  machinery  dealer,  died  at  his  home  in  Spring- 
field June  17.  Mr.  Hannan  went  to  Springfield  about  fifty- 
one  years  ago  and  about  a  year  and  a  half  later  he  started 
to  learn  the  machinist's  trade  with  Russell  &  Day.  In  1883, 
he  went  into  business  for  himself,  and  ten  years  later  formed 
the  Hannan-Finton  Co.  He  leaves  a  widow  and  three  daughters. 

H.  A.  Stocker,  president  of  Stocker-Rumely-Wachs  Co.,  of 
Chicago,  dealer  in  machine  tools,  died  at  his  home  near  Chi- 
cago on  July  3,  at  the  ago  of  fifty-four.  In  1895,  Mr.  Stocker 
organized  the  McDowellStocker  Co..  but  sold  his  interest  In 
this  company  in  1904  and  formed,  in  1905,  the  H.  A.  Stocker 
Machinery  Co.,  which,  in  1917,  was  combined  with  other  in- 
terests, the  Stocker-Rumely-Wachs  Co.  being  formed.  He  was 
also  a  director  of  the  Long  &  Allstatter  Co.,  Hamilton,  Ohio, 
and  was  interested  in  the  I>iberty  Machine  Tool  Co.,  Hamilton, 
Ohio,  the  Massilinn  Foundry  &  Machine  Co.,  MassiUon,  Ohio, 
and  the  Rockford  TonI  Co.,  Rockford,  III. 


COMING  EVENTS 
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liijixliiiiiin  j»rl<.'i'H  oD  Iron,  Htci-l,  anil  nou.fi<rrouH 
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Mfit.  Co.,  I'rovlden.e.  II.  I.  I'rlie.  65  eenla. 
ThIa  la  the  third  edition  of  Ihia  Iniok.  whl-'h  la 
for  learnera  In  the  nae  of  niii'lilne  toola  and  la 
tlie  orilKrowth  of  the  ni-eda  of  Ihe  Mrown  &.  HhnriM* 
Mff.  Co,  In  the  tenehlnii  of  npprenlliea.  Ita  aim 
la  to  learh  thoae  i>olnla  In  the  uae  of  ninrhlne  toola 
that  are  more  nmtlera  of  knowledxe  (ban  of  akill. 
It  doea  not  aim  to  take  the  plnre  of  an  enxineer'a 
handlMKik.  The  twelve  ehaplera  Into  whieb  the 
l,<K,k  la  dirlded  are  bended  aa  followa:  I'nre  of 
Mn.hlnea,  T'».la,  and  Work;  f'enlerlng  and  Care 
of  Ontera:  Turnlni.  llendhiK  llrnwlnna,  Meaaiir- 
Inf.  Urinir  Helta:  HIsna  and  I'onnntaa;  llrllllnic. 
('•luntertKirlnx,  Tapping,  rullInK  Hpeeda;  Th« 
H'-rew  and  lla  I'aria;  n«urln(  Dear  Hiieeda. 
riffiirinc  Tullej  ll|ieada;  Change. geara  for  Kerew 
rnlllni;  Anilea.  Keltlnn  a  I'rolra'tor,  Working  to 
•  II    Angle;    Clrrnlar    Indeiing,    HIralght  line    lnde>. 


Thread;    Later   rolnta.    Ouutlon- 


Eiaontiala  of  Shost  Hotal  Work  and  Pattars  Draft- 
ing, Dy  Jainea  S,  Dallghertjr.  181  pagea,  0  t>y 
7  Ini-bea.  rnbllaheil  by  Frcdcrlek  J.  Drake  ft 
Co.,  Chlingo,  III. 
IVck,  Slow  ft  Wile 
rrlee.  ll.r.O. 
ThIa    book    la   an    eleme 

for    Ihe    voentlonnl    nnil 

aiiprentlcea,    and    la    nlao 

workera    In    gen<'ral,    rttn 

InMlriii'tora    In     trade    aiM 


.'hool    HliulenlH 


ool  of  A|>plled  Indii 
hnology,  rittahnrg, 
!•■<•   In    the   leai'htng 


rnegl. 
had 


iiithor,    being 
nork     at     the 
■  lltule   of 


vide 


ipe- 


be  auhjert  .on  whleb 
will  he  f,Mind  of  Talus 
to  atieel  metal  workera  of  all  kinda.  The  book  waa 
written  In  nnawer  to  iiumeroita  retineata  for  In- 
forninllon  regardltig  eonraea  In  aheel  metal  work, 
aullable  fur  trade  and  ninntial  high  ai'hoola.  It  la 
divided  Into  fifteen  ehaplera  aa  followa:  Trana- 
ferrlng  |-allerna  to  Metal;  Cutting  ratterna  and 
Templeta;  Folding  lOdgea  and  Heamlng;  Pormlng. 
Ilroorlng.  Heading,  and  Crimping;  Holdering:  Ihuible 
Hemmed  Kdge;  Wiring  Troeeaa;  Nolehing  and  llurr- 
Iok;  lliiuble  Heamlng,  I'eenlng,  and  Ilalaing:  lladlal 
Line     Developmenta;     IMIebed     Covera     and     Klarlnc 
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ARE  YOU 

HAVING  TROUBLE 
IN  GETTING  ENOUGH 


FILES 

DRILLS 

TAPS  and  DIES 

MACHINISTS  TOOLS 

BOLTS 

SCREWS 

ETC.,  ETC. 


We  don't  claim  we  can  take  care  of  all 
comers,  but  we  do  claim  an  exceptionally 
large  stock  of  these  staples  (all  catalogued 
in  our  1100  page  book  No.  167)  and  invite 
your  inquiries. 

Many  of  the  largest  concerns  in  the  United 
States  have  found  us  very  handy  during 
the  past  year  or  more. 

Why  not  you? 


HAMMACHER,  SCHLEMMER  &  CO. 

HARDWARE,  TOOLS  AND  SUPPLIES 
4th  Avenue  and  13th  St.  New  York,  Since  1848 
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of    the    Hindley    ber  of  new  Instruments  are  shown,  among  which  ; 

a    new    precision    heatmeter    and    a    transformation 
point    pyrometer    which    determines    the    transforma- 


Arti.lea-   ParaUel  Line   Develooment-   Pipe  Intersec-        Albro-Clem  Elevator  Co.,  501  Erie  Ave..  E.,  Phila-  illnstrates   high-resistance   pyrometers   having  an   In- 

«ons    and    Tee    JoSu;    El^ZT^etuTu\jiTF!ce    delphia.   Pa.     Circular  outlining  the  advantages  that  temal  resistance  of  from  600  to  1000  ohms.    A  num- 
]^j(^,-g,                                                                                             can    be    obtained    through    the 

A    Few    Secrets    of    the    MetaUurgUt    Simply    Told.     ^'^™_5^^^  *^lj''^'    ,^    .,     ^         ^    cr       n  *.^r.^,,^  tm  i'">"t    pyrumeier    wuicu    ut^Lt^imiufs    lu^    Liuu«iu.uia- 

By    Gerald    W.     Hinkley.       99    pages,    5    by    7        Edwin  E.   Bartlett.   Nashua.   N.   H.     Catalogue  N  J^^^    ^^^^^    ^^    ^^^^^        Various    types    of    platinum 

" "       "'      -      '    showing   the   various  sizes  and   types  of      Greenerd  ^nd   base-metal   thermo-couples  and   protecting   tubes 

arbor  presses.     A   table  is  included  giving   essential  ^^^    described   at   length,    and    suggestions   are   given 

data   for  these  presses.  ^^^  ^^^  installation  of  couples.     A  copy  of  the  cata- 

St.    Louis    Machine    Tool    Co.,    932    Loughborough  logue  will  be  sent  free  upon  request. 

Ave..    St.    Louis.    Mo       Circular  of  St.   Louis  polish-  g^gdigh   Chamber   of   Commerce   of   the   IT,    S.    A.. 

ing  machines  and  "Western      grinders,  giving  speci-  p^.^^^^^.^    Exchange    Annex.    New    York    City.      Book 

ficatlons   for   the   various   sizes.  entitled     "Sweden-America."     published     with     the 

Ohio  Electric  &  Controller  Co.,  5900  Maurice  Ave.,  view     of     interesting     American     business     men     in 

trade   with   Sweden  and   to  acquaint    them   with   the 

apacity,   current  required,   and  other  essential  data  industries    and    development    of    that    country.      The 


inches.  Published  by  the  Atlas  Crucible  Steel  showing  the 
Co.,  Dunkirk,  N.  Y. 
The  author  of  this  book,  a  mechanical  engineer, 
w-ho  Is  assistant  to  the  president  of  the  Atlas 
Crucible  Steel  Co.,  has  presented  in  this  book  a 
brief  outline  of  a  few  of  the  main  and  most  im- 
portant principles  of  metallurgy  written  primarily 
for  the  layman.  In  preparing  the  work,  the  author 
used    his    experience    and    personal    observations 


i.  the  metaUurgl^al  laboratory    and  has  also  availed    Cleveland.^  Ohio.^  ^Bulletin    Wl.  _^giving^^d,me„s: 
himself    of    the    accumulated    information    available 


in  the  works  of  many  eminent  metaUurgista.     Where    f«^    ^hio   mill    type   Ufting    magnets. 


metallurgical    principles 


National    Tube    Co..    Frlck    Bldg..    Pittsburg.    Pa. 


book,   in  addition,   contains  a   number  of   interesting 

general  articles;  one  that  will  be  of  special  interest 

trade    is    entitled    "American    Ma- 


opinions    differ    —    „. „ r r — .     —    —        — . =■       - 

frequently  the  case,   he  has  attempted   to  adopt   the  Circular   entitled    "Service    Every   Minute,"    showing  to    the                       ,,     t     . 

most  logical  consensus  of  opinion.     The  book  should  illustrations  of   National   pipe   that   has   been   in   use  chines  in  Sweden.        It  is  stated   that  America 

be  of   interest   to   aU   who   have   to  deal   with   steel,  for    many    years.    Indicating    its    durabiUty,  be  able  to  compete  successfully  with  other  coun 

and   particulariy   to   those   who  have   to  do  with,  its  ^,^,,,1    ^ube    Co..    Frick    Bld_g,.    Pittsburg,    Pa.  li'fJJ^^^TW^^Z'^^^^^^^^ 


heat-trlatment       It   deals   first   with   the   elemenUry    n        \  A^^  .7^X2    \      7  ^.T^"         V  «r  i    .m        preparation    to    forestall    competitors    after    the    i 

tieat-treatmeni.      it   aeais   nrsc   wiiu   ine   elementary    Circular  entitled   "Twenty-eight  Years  of  Steel  'Na-    f    ^pppeoorv       The   book   is  well   orinted   and   ha 
prmciples  Involved  ln>e  metallurgy  of  steel,   both    ^jonal*    Pine    Proeress."    showins    the    progress    that    L^   °!ff5^L!^-.„i?L.T„.lf„«T!"  / 


arboD  and  high-speed  Bteel,  and  then  specifically, 
with  the  general  effect  of  the  more  important 
elements    In    both    steels,    after    which    sections    are 


tional*    Pipe    Progress,"    showing    the    progress    that 
been  made  In  the  production  of  steel  pipe. 
General  Electric  Co..  Schenectady,  N.  Y.     Bulletin 


pleasing   typographical   appearance. 


devoted  to  the  heat- treatment  of  steel— hardening,  ^,^^^^'_  ^,^1'^^^^^.S-^^^Ji^^^*^^}^ 
annealing,  and  tempering.  An  Interesting  chapter 
is  entitled  "What  Tool  Steel  is  doing  toward  Win- 
ning the  War,"  and  an  appendix  is  added,  giving 
the  analysis,  uses,  and  heat- treatment  of  various 
grades  of   tool    steels. 

Sheet  Metal  Workers*   Manual.     By  L.   Broemel  and 
J.    S.    Daugherty.      552    pages,    5    by    7    inches. 
Published    by    Frederick    J.    Drake    &    Co.,    Chi- 
cago,    III.       Also    obtainable    from    Peck,     Stow 
&    Wilcox    Co..    Southington,    Conn.      Price,    ?2. 
ThIe  book   may   be   defined   as   a   practical  instruc- 
tion   book    on    the    sheet    metal    Industry    and    the 
machinery  and   tools  used  In  it,   and   includes  Infor-    the    two 
mation  on  the  subject  of  oxy-acetylene  welding  and    with    the 
cutting,   as  practiced  in  sheet  metal   work.      It   also 
contains    a    special    course    In    elementary    and    ad- 
vanced  sheet    metal   work    and    pattern    drafting    for 
technical  and  trade  school  Instructors  and  students,     g^a, ,^ 
this    course    being    also    Intended    for    sheet    metal    poiritYng 


the    Cane    Suga 

derived  from   th^ 
pparatus    in     cane    suga 


TRADE  NOTES 


orkers  and  apprentices  in  the  sheet  metal  trades, 
llie  principal  author  of  this  book  has  been  for 
many  years  active  with  the  Peck,  Stow  &  Wilcox 
Co.  of  Southington.  Conn.,  manufacturer  of  sheet 
metal  working  machinery,  and  hence  is  in  a  posi- 
tion  to   present   an   authoritative   collection   of   data 


Barnes  &  Irving,  Inc.,   Grand   Opera  House  Block. 
Syracuse,     >"      ""         " 
rotary   hark; 
wood,    slate, 
pipe  sizes   from   ^4    inrh   to  4  inches  In  diameter. 

Cutler-Hammer  Mfg.  Co.,  Milwaukee,  Wis.  Bul- 
letin 259  of  safety  starting  switch  for  alternating- 
current  squirrel-cage  motors.  A  blueprint  Is  cir- 
culated with  the  bulletin  giving  dimensions  for 
s  of  enclosed  safety  starter,  together 
nection  diagram. 
Asa  S.  Cook  Co..  Hartford,  Conn.  Catalogue  glv- 
ng  specifications  for  die-headers,  shaving  and  slot- 
lachlnes.  threading  and  pointing  machines, 
and  threadier  tool  grinders,  shaker  machines, 
hines,  slotting  machines,  die  threading 
ichines,  and  lag  screw  threading  machines. 
Gisholt  Machine  Co.,  Madison,  Wis.  Catalogue 
titled  "Motor  Trucks  in  the  War."  containing 
any  Illustrations  showing  the  varied  uses  of  motor 


Economy  Drawing  Table  Co.,  Adrian.  Mich.,  has 
Y.  Circular  of  Misener  expanding  increased  its  capital  stock  to  $150,000.  The  com- 
w  for  cutting  circular  holes  in  metal,  pany  has  large  government  contracts,  and  reports  a 
marble,    etc.      This    hacksaw    will    cut    heavy   demand   for   its   tables. 

Fulflo  Pump  Co.,  Blanchester,  Ohio,  is  erecting 
two  additions  to  its  foundry,  consisting  of  a  one- 
story  sand-handling  and  cleaning  room,  48  by  80 
feet,  and  a  molding  floor,  35  by  80  feet. 

Chicago  Tool  Reclaiming  Co.,  149  W.  Austin  Ave., 
Chicago,  111.,  has  been  organized  by  H.  H.  Hartman 
and  F.  W.  Anderson.  The  company  will  specialize 
in  the  reclaiming  of  high-speed  milling  cutters  of 
all  kinds,  as  well  as  end-mills,  etc.  The  process  of 
reclaiming  employed  makes  it  unnecessary  to  anneal 
the  tools. 

High  Speed  Hammer  Co.,  Rochester,  N.  Y.,  has 
moved  into  its  new  plant  at  313  Norton  St.,  which 
is  a  one-story  brick  and  concrete  building  with 
sawtooth  roof  construction.  The  new  factory  will 
afford  double  the  former  floor  space  and  will  facili- 
tate the  production  of  the  company's  line  of  riveting 


..^«r^-v V ^.. ......    ^. —    rucks  on  war  work,   as  well  as  illustrations  of  the 

_   the" construction  and"rpplicat''ion"of  modern  sheet  Gisholt  turret  lathe,  which  Is  used  In  manufacturing  and   drilling   machii 

metal    working    machines    and    tools.      Besides    the  some  of  the  mechanical  parts  for  these  trucks.  Union    Switch   &   Signal   Co.,    Swissvale.    Pa.,    has 

practical    treatise    on     the     subject     given     by     Mr.  Emmert    Mfg.    Co..    Waynesboro.    Pa.      Catalogue  recently    installed    two   6000-pound,    two   3000-pound, 

Erf>emel.    the   correlated    course   In    sheet    metal    and  printed   in   colors,    treating   of    Emmert   vertical   and  and     one     2000-pound     steam     drop-hammers,     which 

pattern    drafting    prepared    by    Professor   Daugherty,  horizontal    T-squares    and    drawing    boards.      These  makes  a   total  equipment  of   twelve  steam  drpp^and 

ho  Is  Instructor  In  sheet  metal  work  in  the  School  T-squares   are    designed    to   effect    a    saving    in    time  shaping  hammers  and  eighte 


of  Applied  Industries.  Carnegie  Institute  of  Tech-  and  labor,  and  to  provide  an  outfit  which  will 
oology,  Pittsburg,  Pa.,  adds  greatly  to  the  value  able  the  draftsman  to  make  full-size  drawings  while 
of  the  work.  The  course  Is  presented  in  such  Pitting  or  standing  In  a  normal  or  healthful  position. 
sequence  that  processes  and  machine  operations  are  Cincinnati  MUUng  Machine  Co,  and  Modern  Foun- 
vlewed    with    each    new    problem.      The    book    will    ^ry  Co..   Cincinnati.   Ohio.     Pamphlet  entitled    "Over 

rj,^^,,    ^^njjiining    an    account    of    the    actlviti 


board  drop-hammera. 


Plans  for  the  extension  of  the  die  room  and  In- 
eased  facilities  for  heat-treating  are  being  made. 
Cleveland  Milling  Machine  Co.,  Cleveland,  Ohio, 
anufacturer  of  milling  machines,  cutter  grinders, 
ul  milling  cutters,  Is  constructing  a  two-story 
■ick  office  building  to  take  care  of  the 


be  found  of  value  to  men  in  the  sheet  metal  trade, 

and    the    Information    contained    will    save    time    and  f,f  these  companies  and   their  employes  in   the  Third  the  company's  business.     This  building  Is  a  further 

labor  and   aid   In   the  solving  of  the   many   problems  Liberty    Ixian    campaign    and    the    results    of    their  addition    to    the    three-story    building    which    has    re- 

that   daily   confront   the   sheet   metal    worker.      It   Is  \v„rk.      The    pamphlet    shows    views    In    the    various  cently    been   erected    for   taking   care  of   the   milling 

divided   Into  chapters  as  follows:     The  Sheet   Metal  dr-partmenls    Illustrating    the    decorations    that    were  cutter  manufacturing  department. 

"'     "'              ">-   -'  ^ppjj   j^y   ^1^^  employes.  Youroveta  Home  &  Foreign  Trade  Co.,   Ino.,   New 

tlan-Blesalng  Co.,   W.   Austin  Ave.  at  La  Salle  York    om<-e.    120    Broadway:    principal    office,    Petro 


Industry:    Sheet    Metal    Working    Machinery 

Metal  Working  Tools;   Sheet   Metal   Working  School 

^'"'L^^i''T»,^^J.^I^^f^^n^t,lnt  S'..  rhUoKO.   111.     CataloCTc  of -Rogo"  weldlHE  and    cmd.    Knasia.    a    «ell-k 

ran«d    Sheet    Metal    Work    and    Pattern    Drafting  ^,„j,                 „„„    ,^.,a  bumlne  equipment,    regula     ■    ■     •   -       ■          

Outline    Coorw    In    Sheet    Metal    Work^-EmerKency  etc-.      SpeHOr-atlons    for    .omplete    outtlnit    nnr 

War  Training;  Oxj-Acetylene  Welding  and  Cutting;  .  ,rt|no.   „nits   are   riven     followed    1.t   detailed   do 

Electric     Welding;     Hand     Forging    "f     W«W'°f-  TeripHonB    if    the    ?  g^latora  Tnd     to'rcSe          It    L 

Cour«   In    >';'^^,  !'"';''«;    0""!°/,  92.^^^^^  claimed   that   these   torches   are   so   made   that   flash-    Maoh.nb 

Forging     and     Welding— Emergency     War    Training,  nntlrelv   eliminated                                       country. 

liratlng;    Pipe    Bending;    Properties   of   Metals    and  ""'^'<  """  '"^•^"  entirely  eliminated. 

Their  Alloys;    Practical   Geometry   and   Mensuration;  American     Chemical     Paint     Co.,     Liberty     Bldg 

I'w-ful     Tables.       The     headings     of     these     various  Philadelphia 


and  thoroughly  estab- 
lished Russian  company.  Is  now  making  agency  ar- 
rangements for  the  sale  of  machine  tools  and  small 
tools  in  Russia  after  the  war.  and  Immediately  In 
the  Far  East.  A.  M.  Peskine,  well  known  to 
nd  to  the  machine  tool  trade  In  this 
inagcr  of  the  machine  tool  department. 
Schoon-Jaokson  Co.,  Finance  Bldg..  South  Penn 
The'  Art  "of  Square.  Philadelphia.  Pa.,  and  the  Southwark  Bronze 
chopur.  "will  indicate  to  the'man  engaged  In  the  Preparing  Steel  for  Painting."  descriptive  of  the  Co..  Water  and  Milllln  Sis.  Philadelphia  T"-.  have 
sheet  meul  trade  the  comprehensive  fleld  covered  "IVoildlne"  patented  process  for  cleaning  steel  and  »"•<'"  consolidated  under  the  corporate  name  of 
l,y  the  Uiok  more  than  would  any  other  method  of  for  preventing  Its  rusting  after  paint  hai 
r.  .iiwirig    Its    contents.  applied   to 


NEW  CATALOGUES  AND 
CIRCULARS 


Schoen-Jackson   Co.     The   consolidated   company   will 
tains  direc-    coiilinue  the  business  carried  on  by  both  companies. 

,^,.. PP  jj-on  and    ""'I   owing   to   Its   Increased    resources   an<l    facilities 

and    describes   the    It    is   believed   that   It   will   be   In   a   better  condlHon 
detail. 
Leeds   t   Northrup   Co.,   41)01    Stenton    A 


OsDoral  Electric  Co..  H' h 
rolnr  dcriptlve  of  TyiM-  IL 
slr.-<-l    IlKhting    SiTVlce. 

W.tllnghooie  Electrio  li  Mfg.  Co..  East  Pllts- 
btirg.  Vn.  Circular  7IM)  of  Westlnghouse  electrical 
e.|rilpi7ient    for    garment    nianufacturers. 

8mlth-S<rr«ll  Co.,  Inc.,  M4  Cedar  HI..  New  York 
City,  Bullcllti  in,  with  new  price  lists  of  Francke 
flcilble    couplings   of    the   beavy-pnltrrn    type. 

Worthlngton   Pump   *   Maohlnery   Corporation.    IIH     Fahrenheit,    and    th 

llr.^dw.y.    New   York   Clly       —     "  ■ —  

fire    of    vertical    IrlpN'i     single-    and    double-acting 
[mwar  puropa. 

LMkboafb-Jerdaa  Tool  li  Maohin*  Co.,  Elkhart, 
Iml.  Circular  citing  siiecincallons  for  the  Ixish- 
lio'igh- Jordan  Bywheel  prmaea  and  combination 
geariNl   preMWMi. 

B«llB4«r's  Co.,  IVl  Church  HI.,  New  York  Clly. 
cir'-vlar  lllusirsilng  Inalallallnna  of  Ibdlnder's 
h*»vy  oil  englni^  In  fall-powered  and  auilllary 
ship*. 

■prafaa    Electric    Worka   of   Oenaral    Etaetrin   Co..     Ii'f'Vh'lV 


Phlla- 
delrihia.  Pa.  Catalogue  87.  entitled  "The  Polen- 
tiorneter  System  of  Pyrometry  and  Temperature 
Control.**  describing  a  system  of  pyrometry  and 
temperature  control  In  which  the  potentiometer 
method  Is  employed  for  measuring  the  electromo- 
tive force  of  thermocouples.  The  potentiometer  Is 
also  applied  to  a  special  apparatus  for  the  location 
of  the  thermal  transformation  or  recniescen 
dcaiiyicence   points  of  metals. 

Brown    Initniment    Co.,    Philadelphia.    Pa.,    Is   cir 
ciilallng    a    color    chart    showing    the    mclllng    point 
leal    elements    In    degrees    Centigrade 

t    colors    at    different    Icm 
I)"702.  descrlp-    I'eralures.     The  color  scale,  which  Is  printed  In  fou 


fdors  and  gives  heat  colors  for  fifty 
should  be  found  valuable  In  heatlreallng  work.  On 
ihe  other  side  of  Ihe  chart  Is  printed  a  conversion 
liible  of  Fahrenheit  ond  Centigrade  scales.  The 
cord  Is  provided  with  a  cord  and  book  so  that  If 
can   lie   himg   up   for  reody   reference,      A   chart   will 

Ik-    sent    tree    to    anyone    Inleresled. 

Plymouth     Cordage     Co..     North     I*lymoulh.     Mass. 
Cslnlogiie    entllled    •■The    Slory    of    Hope.**    Iresling 
of    Ihe    history    snd    modern    development    of    rope- 
king,     wllh    psrilcular    reference    In    Ihe    pradl 


1127    W.     Mlh    Kt  .     New    York     Clly.       Circular    of 
Mprague    fleilhle    ate<-l    annored    cabloa    of    the    n.H. 

lyt*. 

WIlMlt-MamiUn  Co.,  Till  K.  142nd  Kl..  New  York 
Clly.  Csfal'igue  describing  and  giving  a(>ecinca- 
tlrma  for  Wllaon  Ms^ul*^  pyromelars  snd  aiitlllary 
a|i|>anilns, 

All-Am«r1can  Traak  0«„  Naeranwnto  Illvd.  and 
rrhlcago  and  Orsad  Avm..  Chicago.  III.  fUrenlar 
advartlslng  All  American  kanMMna-biimlng.  standard 
on^-lon   Inicka. 


divided  Into  Ih 
linrls.  Part  I  dealing  wllh  Ihe  history  of  Ihe  In- 
du.lrv  PsrI  II  wllh  Ihe  raw  materials,  and  Part 
III  wllh  present  day  msnufactarlng  pn^esses.  melh- 
*mIs,  snd  e*|ulpmenf  I'he  produclinn  of  rope  Is 
dc«crll>ed  step  by  slep,  starling  wllh  Ihe  raw  m»le 
rlsl  In  lis  naliiral  slsle  In  Ihe  fields.  The  Ixmk 
conlslns  many  lllualrnllona  and  la  one  that  slinuld 
lie  nf^nslderable  general   Inlerest. 

Brown    Inslmmsnt    Co..    Phllndelpbla.    Pa.      Cat 

logue    II.    showing    the    cnniptele    line    of    llro 

csling    snd     recording    pyrometers       The    r 


er   to   handle   all    business    In    Its   line   that 
may  lie  offered  It. 

Standard  Fresaod  Steel  Co..  Philadelphia.  Pa.. 
manufacturer  of  "Pioneer"  steel  shaft  hangers. 
"Ilalloweir*  cold  rolled  steel  shaft  collars,  and 
"Standco'*  hollow  safely  set  screws,  announce,  that 
the  company  has  found  it  necessary  to  move  lis 
general  ofllcea  ond  business  departments  to  20lh  St. 
and    Indiana    Ave.,    Philadelphia,    Pa.,    In    order    to 

nd     take    care    of    the    Increase    In    the    demand    for    Its 
;iroducts.      In    the    new    location.    Ihe    company    will 

tr-     be   able   to   take  care  of  the  rapidly   expanding  busl- 
an<l   to  give   Its  cuHtouHTS   prompt   and  elTlclent 

nd    attcntUin. 

ni  American  Bronze  Corporation.   Ilerwyn.  Pa.,  maker 

of  "Nongrou"  lieoring  bronre.  ounounces  thol. 
owing  to  Ihe  great  Increase  In  Ihe  demand  for  the 
ciuupony'o  produils.  a  large  addition  to  tho  works 
has  iK.en  constructed  by  Crowcll,  l.undofT  &  I.ltlle. 
of  Cleveland.  Ohio.  The  plant  Is  of  the  latest  type 
of  llrepr.K)f  eonalrucllon  and  will  triple  the  present 
capacity  of  the  company  by  Septemlier  I.  The  new 
hulldlngs  hove  been  carefully  planned  for  high  effl- 
clency  of  production;  Ihe  material  moves  by  Ihe 
shortest  routes  from  the  receiving  aloroa  depart- 
ment   to   Ihe  shipping  diparlmenl. 

Doehler  Dlecaallng  Co..  Court.  Ninth,  ond  Hunt 
lngl<ui  HIS..  Brooklyn.  N.  Y..  has  recently  broken 
ground  for  a  new  addition  to  Its  factory,  which 
will  cover  inn  feel  on  CTourt  HI.  ond  200  on  llunl- 
Inglon  HI.  The  new  building  will  be  ten  atorlea 
high  and  will  lie  of  steel  and  concrete  construction 
thnuighioit.  lo  conform  wllh  Ihe  general  chorocler 
of  the  tiresent  sirui'ture.  the  latest  oddltinn  to  which 
wsa  completed  bIkiuI  HeptemlM-r  I.  New  lyiiea  of 
automatic  dlncoallng  machinery  are  now  In  jirocess 
of  construction  snd  will  be  Inslslled  in  Ihe  new 
n  Indl-  building.  The  sddlllon  will  double  the  present  ca- 
lalogne     paclty  of  Ihe  ploni. 
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Forging  to^ic  to  ry 


.=:^ 


The  men  in  the  forge  shop  will  contribute  more  to  our 
final  victory  than  any  other  branch  of  American  in- 
dustry. Every  gun  that  blazes,  every  airplane  that 
flies,  every  ship  that  floats,  every  train  and  motor 
truck  depends  on  parts  fashioned  in  America's  forge 
shops.  Ajax  Forging  Machines  in  all  these  shops  are 
helping  the  men  "Forging  to  Victory." 

THE  AJAX  MFG.  CO.,  Cleveland,  0. 

1621  Marquette  Bldg.  1369  Hudson  Terminal 

Chicago,  III.  New  YorR  City 


Forcing  Machinery 

Show  this  advertisement  to  the  men  in  your  shop.     Let  them  see  how  victory  depends 
on  the  forge  shops  as  well  as  the  soldiers. 
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WINNER  OF  THE  ONLY  GRAND  PRIZE 

AWARDED  AT  THE   PANAMA  — PACIFIC  EXPOSITION 

IN  THE   TOOL  HOLDER  CLASS 


TOOL  HOLDER^  3 

LIKE 

THE  FRENCH  "75" 

FIELD  GUNS 

THEY  HAVE  MADE  GOOD 

NO  OTIIKR  TOOl,  IIOLDKR  MAS  SUCH 
A  LONG,  UNI5KOKKN  KliCORD  OF 
SUCCHSS;    NO    OTIIKR    HAS   SAVED 

AND  i;arni;i)  so  many  dollars 
IN  nil';  WORLDS  MACiiiNi';  SHOPS. 

Catalog  Mailed  Free 


ARMSTRONG  BROS.  TOOL  CO. 

,.     "THE  TOPL  HOLDER  PEOPLE" 
N.FRANCISCO  AVI.  CHICAOO.U.S. A. 


UM^i4> 


i 


*i 


'^.=-#* 

fi 
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It's  a 


On  a 

Connecting 

Rod  Job 

This  operator  is  drilling  and 
reaming  holes  in  connect- 
ing rods  for  high-duty  mo- 
tors —  four  changes  re- 
quired. Holes  are  2%  and 
VA  inches  diameter,  respec- 
tively, and  by  the  time  the 
larger  has  been  drilled  for 
2V4  inches  of  its  length,  the 
cutter  is  throwing  out  chips 
5/16  inch  thick.  Only  a  ma- 
chine with  capacity  greater 
than  the  tools  it  drives  could 
handle  this  job  successfully 
— of  course,  "It's  a  Baker." 

The  Sterling  Motor  Com- 
pany manufactures  many 
of  these  parts,  and  requires 
the  holes  to  be  absolutely 
parallel  and  at  exactly  right 
angles  to  the  center  of  the 
rod.  For  this  reason.  Baker 
Drills  are  the  choice.  They 
can  be  depended  on  to  main- 
tain accurate  alignments 
when  driving  high-speed 
tools  to  capacity. 


Balder  Drills  are  always 

popular  where  the  drive  is  hardest. 

Let  us  tell  you  the  reason. 


BAKER   BROTHERS 


TOLEDO 


OHIO,  U.  S.  A. 
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ACKSAW 
BLADES 


They  Wear  Well 


Blades  that  wear  well — 
made  from  finest  grade 
rolled  high-tungsten  alloy 
steel — by  special  machines 
and  processes — the  product 
of  twenty  years  of  spe- 
cialization— blades  of  real 
merit. 

Diamond  Saw  & 
Stamping  Works 

357-361  Seventh  Street 
BUFFALO  N.  Y. 


MKHIIItlTl 
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YOUROVETA 

HOME  &  FOREIGN  TRADE  COMPANY 

INCORPORATED 

MAIN  OFFICE— NEW  YORK,  120  BROADWAY 

BRANCHES : 

London,   Paris,   Shanghai,  Harbin,  Tokyo, 
Kobe,  Yokohama,  Vladivostok,  Archangel. 

Operating  through  Associated  Companies  in: 

SOUTH    AMERICA,    ITALY,    SCANDINAVIA,    INDIA,    RUSSIA 

Has  opened  a  Machine  Tool  Department  to  specialize  in  the 
distribution  of  American  Metal  and  Wood  Working  Machinery 
and  small  tools  in  Russia  and  the  Far  East,  under  the  direct  man- 
agement of  A.  M.  Peskine,  M.  E. 

This  concern  has  been  organized  and  in  active  business  for  more 
than  ten  years,  is  thoroughly  acquainted  with  European  and 
Far  Eastern  methods  of  salesmanship  and  is  known  among  the 
large  manufacturers  of  Europe  and  the  Far  East. 

TWENTY-FIVE  OFFICES  THROUGHOUT  RUSSIA 
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I    Books  for  the  Mechanical  Man  Who\yants    | 
I  to  Know  How  and  Why  | 


MACHINERY'S   Library 
of  Machine  Shop  Practice  and  Tool  Design 

They  are  clearly  written  books  on  machine  shop  practice  and  the  design  of  tools,  chucks  and  fix- 
tures. They  give  a  thorough  basis  of  knowledge  of  the  important  branches  of  the  machine  shop 
and  drafting  room.  Every  clever  and  ambitious  mechanical  man  needs  just  such  authoritative 
books  to  train  him  to  solve  the  problems  he  is  up  against  today. 

Never  before  was  the  mechanical  man — trained,  practical,  resourceful — in  such  demand — or  at 
such  wages. 

The.se  twelve  book.s  give  you  the  best  practical  training  you  can  obtain  in  the  operation  of  the 
standard  machine  tools,  special  proces.ses  such  as  heat-treatment  of  steel,  o.\y-acetylene  weld- 
ing, the  practical  design  of  gearings,  tool  making,  chucks  and  fixtures — and  every  subject  is 
treated  in  clearcut  English.  P]ach  volume  is  well  illustrated  to  make  every  method  and  process 
easily  understood. 

The  binding  is  of  fine  waterproof  fabrikoid.  The  books  are  each  about  200  pages  and  you 
can  still  obtain  this  splendid  library  of  over  2400  pages  for  yourself  and  your  study  for  less 
than  7  cents  a  day. 

Examine  the.se  books  in  your  own  home.  We  shall  be  glad  to  send  them  to  you  for  ten  days — 
FREE. — Simply  fill  out  the  coupon  below — the  books  go  to  you  the  same  day  your  order  is 
received. 

Onto 

MACIIINKKY.   MO-Hi   Liifiiyetto  Blroot,   Now   York. 

You  may  notid  mn.  till  dollvory  rhnrKnn  prxpnlil,  MAc:HINICnY'8  Moohnnlciil  I.lbrnry,  Iwclvo  volume*,  bound  In 
duralilo.  rod  rnbrlkold,  prlco  IZJ.IiO.  Aflor  Iniipactlon,  I  will  di<rldo  to  koop  the  honkN  on  tornm  of  JS.BO  In  ton 
dnyn   iind   12  00   rnoiitlily   ituTi-iiftur   for   ton   muiitlm,   or   |i2  no   riiidi    30   diiyn— or   I    will   return    tho   liookH   ill   your 

«>Xp«>(l«.. 

fDollvery  churcnii  propald  In  United  Krnton  mimI  CiiiukIii.  I'VirrlKii  uribrn.  K.O.n.  HtPiimer.  Korolvn  ordorH  Rhould 
b«  accompanied  by  full  coah  prica — )2Z,0Oi 


Nam*. . . 
AddrcM. 

ntr 


.Ui'cupittlon 
.  Workii 


■HItllUllil HIMIIIIIIIMMIIIIIIMIIIIMIIIIIIMItlllKlllllllliniltlllMMIIIIMtlllUlllltMIIMIIIII Itllllll ItllMIIIIIIIMIIIIIIHIIIIIIIMIIIttllMIIIIIIIIIIIMIIIIIIIIIIIIIIIIIMIIIIIIIMIIIIIIMIHIIIItllt 
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TEXACO 

CRATER 
COMPOUND 


Lubricates — Protects 
— Silences 

"Most  satisfactory  for  its  lubricating  and  noise 
muffling  qualities.  Does  not  run  off  gears." — The 
McClure  Newspaper  Syndicate. 

A  different  signature,  but  the  same  story.  Texaco 
Crater  Compound  lubricates,  protects,  and  silences 
gears  wherever  it  is  used. 


Texaco  Crater  Compound  is  a 
straight  product,  pure,  heavy, 
free  of  all  fillers.  It  will  not 
separate,  harden,  dry,  crack, 
flake  off,  throw,  run  or  drip — 
even  under  most  abnormal  con- 
ditions. 

Texaco  Crater  Compound  clings 
to  metal  surfaces  that  move  at 
maximum  speeds,  protecting 
against  wear  by  friction,  and 
against  water  or  chemical  cor- 
rosion where  such  danger  exists. 

" There' t  a  Texaco  Lubricant 
for  Every  Purpose.  " 

THE  TEXAS 
COMPANY 

D«pnrlln«>n«    K 

17  Battery  Place,   NEW  YORK 


HOUSTON 

Ofti. 


CHICAGO      NEW  YORK 

r.  mPrmclp.lC.llri 
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TO    NORTON    GRIND 


NORTON    GRINDING   COMPANY, 

CHICAGO   OFFICE: 

A'iCN-fH-     V2riM«pit   M»'-hln.rr   Oo.,    Inillin«iH<l«    Inil.     noblninn     Purr  *    Huncl.    Co..    Rl.    I'nnl.     Minn,    Ilnlulti,     Minn       MimnlnK,     Mn^virll     A 
«  ;.  '■  ,1      '  J'°^a  .*l"   .":?'»    I'l»nU«   *    Co,    inc..    N.W    York.    N.    V..    lloiiUm,    Mam..    llnlUI...    N     Y..    ll.«i.n«t.T.    N.    Y.    Svrn.n".'.    N      Y.. 

m1»    lf~'»JjL      Ai'f    •J"'^''    *    M-rrTi-nUi*r    Mulllm-ry    Co.,    OlmUnil.    <>.    It.'lrii(t.    Mich..    rill.lMimli,    I'n.,    i;inclnn«U,    ()       Kn  l.n  ft    Hmllli    (',.., 
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ING  MACHINE  USERS 


Additional 
Examples  of 
Up -to -Date 
Profitable 
Grinding 


A 

.^ 

6 

— 



^^s^ 

Q62  6" 

—  - 

^ 

L 

-- 

; 

^ 

^ 

^3 

Our  first  example  is  a 
cast  iron  valve  guide 
that  is  ground  (diam- 
eter A)    on  an  arbor. 

0.020  stock  is  removed.  The  machine  is  a  6"  x  32"  Norton  Grinding  Ma- 
chine. The  wheel  is  a  14"  x  2"  x  5"  36  N  "Crystolon."  Output  is  900  pieces  in 
10  hours. 

Our  second  is  a  steering  gear  shaft;  .45  carbon  steel;  0.035"  stock  removed;  limit 
0.001".  The  machine  is  a  10"  x  24"  Special  Purpose  "Norton"  fitted  with  a  20"  x 
61/2"  X  121/2"  3824  Alundum  L  wheel.  Production  on  this  job  is  1000  pieces  in  91/0 
hours. 


^ 

- 

TOUCtJ  SMOULHILJi. 

...^ 

/.IZZ 

Q— 

-■ 

^^ 

/./23 

*< 

6" 

If  your  Norton  Machines  are  being  operated  to  full  efficiency  we're  satisfied ;  if  not 
we  would  suggest  that  you  ask  for  a  Norton  demonsti-ator.  We  want  every  Nor- 
ton Grinding  Machine  to  do  its  utmost — now  and  always;  but  particularly  now. 

Our  Service  Department  is  at  your  disposal. 

Worcester,    Massachusetts,    U,  S.  A. 

1 1    North   Jefferson   St. 

I'  T.  lUlt/Twii  Co.,  I.til.,  N>»  Orl.nna.  Iji.  Kemp  Machlnorr  Co.,  niltimoiT,  Mtl.  W.  E.  Shlpler  Mtchinerr  Co.,  rhiUdrlphI*.  P>.  Enilidi 
Tiiol  and  Hiiii|ilr  Oo..  Ktnuaii  Oty.  Mu.  Alfrril  Herbert.  I.td.,  ri>TeDtr7.  V.nt.,  \'%i\k  Kranw,  Milan,  Kaly.  The  F.  \V.  Hurne  Ooiin<aiiy.  Toldn. 
Jaiiao.      Iznumkurr    dc    Company.    XVtrusratl,    Moscow    aDd    KkaUrtnburv.    Kuaaia. 
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^Campden 


Do  YOU  Know 
What  an 
All  Hampden ' 
Shop  Means? 


Here  are  two  of  sixteen  busy  Hampden 
Corundum  Wheels  employed  in  a  busy  "All 
Hampden"  shop.  By  the  way,  an  "All 
Hampden"  shop  is  one  in  which  only 
Hampden  Corundum  Wheels  are  used. 

The  operators  are  prrindinj?  forging  ma- 
chine dies  of  heat-resisting  steel,  as  hard 
a  metal  as  can  be  made.  The  smaller 
wheel  is  cleaning  out  grooves  or  "fluting" 


the  dies;  the  larger  one  is  dressing  off  the 
flat  faces. 

There's  little  consideration  shown  the 
wheel  when  these  heavy  chunks  of  hard 
steel  are  jammed  up  to  it.  Hampden 
Corunchmi  Wheels  show  up  here  as  strong- 
ly as  they  invariably  will  under  more 
favorable  conditions. 

We  want  vou  lo  put  ILumiidcii  Corundum 
Wheels  to"  a  Icsl.     Voiril  like  them. 


We   will    be   glad    to   help   on    your  grinding 
problems  in  whatever  way  we  may.    Write  us. 

^ampden  Corundum  Wheel  Co. 

SpringftGld,  Mass.,  U.  S.  A. 

uniiiiiiiiiiii iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiMniiniiiiniiiiii MiiiiMiiiiiiniiiniiMMiniMiiiniiiii niiiiiniiiiniiiiiiiiiiillllillll 
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Some  System 
Here  — 

and  the  Important 
Part  of  it  is  the 

Gardner 
Grinder 


The  No.  71/2  Gardner 
Grinder  shown  is  used 
by  the  Bronze  Metal 
Company  of  Bristol, 
Pa.,  for  grinding 
bronze  castings  of  all 
kinds  and  degrees  of 
hardness.  It  has  been 
photographed  at  its 
pi'incipal  occupation, 
preparing  bushings 
and  bearings  for  sub- 
sequent turning 
operations. 

This  machine  handles 
two  of  these  parts  at 
a  time,  first  surfacing 
what  becomes  the 
longitudinal  axis  of 
the  finished  cylinder 
and  then  squaring  the 
ends.  ''Gardner- 
grinding"  brings  the  rough  faces  to  sub- 
stantially level  surfaces,  removing 
ly'32"  or  more  of  stock.  Fifteen  to 
eighteen  pairs — 60  to  70  surfaces — are 
"Gardnerground"  per  hour,  keeping 
two  turret  lathes  well  supplied. 


You'll  do  well  to  make  "Gardnergrind- 
ing"  a  part  of  your  system.  We'll  be 
glad  to  send  you  full  details  as  to  its 
application    to  your   work.      Write    us. 


The  Gardner  Machine  Company 


BELOn 


THE   LARGEST    MANUFACTURERS 
OF  DISC  GRINDERS  IN  THE  WORLD 


KS  RIPRCSCNTATIVC 


WISCONSIN 


-^jJfACOA^  ALLIED  MACHINERY  COMPANY  OF  AMERICA  ^^^fiTjTTxS 

^>^^ -^'^^  120    BROADWAY.     NEW  YORK, USA.  ^^«um»*VW« 


HARCELONA 
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A  New  Model 
16-Inch  Rotary  Surface  Grinder 


Insistent  demands  from  satisfied  users 
of  our  8"  and  12"  sizes  of  grinders,  for 
a  machine  with  even  greater  capacity 
have  led  us  to  design  a  16"  machine. 
Hand  and  automatic  feeds,  friction 
clutches,  perfectly  maintained  adjust- 


ments of  work  table  and  slides,  wide 
range  and  a  superior  magnetic  chuck  of 
our  own  design,  are  contributing  feat- 
ures to  the  success  of  these  machines. 
For  all  classes  of  surface  grinding,  en- 
gineers now  specify  a 


PERSONS -ARTER 


The  work  table  at 
its  lowest  position 
allows  the  f,'rindinK 
of  work  10"  thick 
under  a  full  diame- 
ter wheel. 


Within  range  Per- 
sons -  Arter  ma- 
chines can  handle 
much  of  the  work 
usually  given  to  rec- 
tangular types  of 
grinders. 


Kin  </c>  for  you 


THE  PERSONS-ARTER  MACHINE  COMPANY 


72  (^ommcrcitil   Street 


Worcester,  Mass. 
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An  Abrasive 

Boro  -  Carbone 

Wheel    That 

Has  Made 

A   Record 


Boro-Carbone 

^J.J.I1.IJ.M1   I'M^' 

for  high  tensile 
materials. 

Electrolon 

'<»i  J.JH.I».-tl.lll.i^^ 

Silicon  Carbide 

wheels  for  low  tensile 
materials. 


ABRASIVE  CO. 

Mnin  Office  nnd  Work. 

Bridesburg,   Philadelphia 

Chicaijo  Store 

566  West  Washington 
Boulevard 


(6 


99 


ABRASIVE 

BORO-CARBONE 

WHEELS 

THIS  is  not  a  production  story.  It  has  a  more  distinc- 
tive theme — inspection.  Every  shaft  ground  by  this 
wheel  is  inspected  and  re-inspected  and,  despite  the 
fact  that  limits  are  .001  and  the  stock  60  point  carbon  steel 
forgings,  never  fails  to  come  through  with  flying  colors. 

The  wheel  with  this  100  per  cent  efiiciency  record  is  Comb. 
24  Grade  L  Boro-Carbone,  18  inches  diameter,  2  inch  face. 
The  shafts — parts  for  centrifugal  pumps — are  41  lo  inches 
long  and  2-^s  inches  diameter,  excepting  for  a  distance  of 
8-^4  inches  near  the  center,  where  the  diameter  is  2-^4 
inches. 

This  work  must  pass  a  rigid  government  inspection  and 
great  care  was  used  to  secure  the  right  wheel.  Boro-Car- 
bohe  fully  justified  the  choice. 

Boro-Carbone  can  always  be  depended  on.  It  is  only  a  case 
of  fitting  the  wheel  to  the  work  and  on  this  point  we  are 
always  ready  to  cooperate — write  us  xjour  requirements. 
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Your  Attention  is  Called  to  the 
Variety    of    "Blevney"    Output 

IN  GRINDING,  POLISHING  AND  FINISHING 

There  are  twenty-five  kinds  of  work  on  the  table  in  the  above  photograph — shells, 
steel  and  fibre  tubing,  planer  knives,  door  locks,  rubber  wringer  rolls,  pliers,  pre- 
cision measuring  scales,  taps,  dies  and  wrench  parts,  trench  mirrors,  etc. — all 
products  of  Blevney  Cushion  Belt  Grinders. 

Below  are  shown  the  tw^o  styles  of  Blevney  Grinders — 
types  A  and  B.  These  machines  will  speed  up  your  grind- 
ing and  finishing.  The  cutting  principle  is  the  same  in 
both  machines.  The  abrasive  belts  run  over  corrugated 
cushion  belts,  which  form  teeth   in  the  former.     Ample 

chip     clearance     and 

con.sequent     clean, 

sharp    grinding    are 

thus  assured. 


Send    for  further   details       ^^, 
of    the    Blevney    System. 
They  are  bound  to  inter- 
est you 


BLEVNEY     MACHINE     COMPANY 

GREENFIELD,  MASS.,  U.  S.  A. 

^  OVER  SEAS  PfPRESENTATIVf 

<'alMACOA'^  ALLIED  MACHINERY  COMPANY  OF  AMERICA  .^fT^.t-QX-^^ 

^^.^^ — ^^^  I30    MMOAIlWAV      Nl  W    fOlm    USA  ^^^Ml-W lt.\.\M^ 
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Grand  Rapids  Drill  Grinders 

Are  Different 


They  embody  new  principles  of  construction  and  operation.  They  grind 
drills  correctly— both  theoretically  and  practically.  They  grind  per- 
fectly faster  than  you  can  grind  "good  enough"  by  hand.  They  are 
practically  "fool  proof."  A  boy  or  girl  can  run  one.  They  embody 
degrees  of  refinement  in  design,  workmanship  and  material  never  before 
attempted  in  this  class  of  machines.  They  will  not  only  start  right  but 
they  will  stay  in  service. 


The  (Jrand  Rapids  Drill  Grinder  Book  tells  all  about  them  and  a  lot 
about  Twist  Drills  too.    Tell  us  where  to  mail  your  copy. 


Grand    Rapids  Grindinji  Machine   Co. 


29  Ottawa  Avenue,  N.  W. 


GRAND  RAPIDS,  MICH..  U.S.A. 
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The  H.  P.  No.  1  Truer 

For  Precision  Grinding  Wheels 


The  H.  P.  No.  1  Truer  and  Dresser 
is  an  unusually  efficient  tool  for  tru- 
ing precision  wheels  used  on  rough 
and  semi-finish  grinding  operations. 
It  may  be  used  for  wet  or  dry  dress- 
ing, is  dust  and  water  proof  and  has 
forced  lubrication.  Cutter  guaran- 
teed for  1000  dressings.  All  shanks 
interchangeable.  Safety  guards  pro- 
tect operator  from  possible  breakage 
of  cutters  and  from  emery  particles. 


to  Days'  Free  Trul 

Send  (or  complete  details 

THEH.P.COMPANY 

45-47  EAST  FORT  ST. 

DETROIT,  MICH. 


METCALF  EMERY  WHEEL  DRESSER 


'IT'S  A  \VONDER" 


FINE  FOR 

Machine  Shopa 

Tool  Rooms 

Filing  Rooms 

Metal  Parts 

Motors 

Engines 

Crank  and 

Cam  Shafts 

Etc. 

$4.50  NET  FACTORY 


60.000  SOLD 


4-page  descriptive  ci'i 
dcr  from  1  to  60  al  ■>  til 


nailer,  turning 

FINE  FOR 

Fire  Arms 

Munitions 

Hardware 

Screws 

Brass  Goods 

Woodworkers 

Steel  Mills 

Car  Shops 

Ship  Yards 

Arsenals,  etc. 

I  regueat 


ular 


BALDWIN,  TUTHILL  &  BOLTON,  Sole  Makers 

GRAND  RAPIDS    Otitirs  loi  domestic  anil  tiporl  shljiniinl  lii<ll«il    MICHIGAN.  U.S.A. 


Miikcrn  of  the  lool  with  ilic  lool-Slrrl  Hcariiia 
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MADISON  CYLINDER  GRINDER 

A  simple,  rigidly  con^ructed                     J     ■«B^Br 

cylinder  grinding  machine         f^^^j!- "^^^B^^ 

particularly  adapted  to  a  wide        "QB^^^^^^^H^L 

range  ol  work.                           ^^^^^I^^l 

j^ 

JVrite  for  Particulars.                                                    ^SBP^^^I^^B 

» 

MADISON  MACHINE  TOOL  COMPANY 

FORMERLY  E.  A.  FULLER  SALES  COMPANY 

609  East  Washington  Avenue                                                   Madison,  Wisconsin 

The  New 

COMMUNITY 

Thread  -  Gage 
Grinding  Machine 

The  photograph  shows  end  view  of  Commu- 
nity Thread-Gage  Grinding  Machine,  showing 
Graduated  Swivel  to  adjust  for  Helix  Angle. 


THE  United  States  Army  Ord- 
nance Department  gage  check- 
er's report  on  the  Edison  Com- 
pany's thread-gages  used  on  240 
mm.  trench  mortar  shells  reads — 
"Gages  accepted.  Leads  and  angles 
checked  and  found  O.K."  The  British 
Ministry  of  War  Inspection  Labora- 
tories have  also  checked  and  reported 
favorably  on  thread-gages  made  for 
the  United  States  Army  Signal  Corps 
and  ground  on  the  Community 
Thread-Gage  Grinding  Machine. 
For  quantitative  production  of 
thread-gages  the  Community  Thread- 
Gage  Grinding  Machine  has  set  a  new 
standard.  For  instance,  male  thread 
gages  1/8  to  1^2  inches  in  diameter 
are  ground  in  IOI/2  minutes 
to  1  inch  diameter  at  an  average  of 
twenty  minutes  each.  The  gages 
ground  on  the  Community  Thread- 
Gage  Grinding  Machine  are  accurate 
to  within  0.0001  inch  for  the  lead  and 
live  minutes  for  the  angle. 

Send  for  further  details  without  delay. 

Community  Machine  &  Tool  Works 

INCDRPdRATED 

1 54-1 56  Grand  St.        New  York  City 
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THOMSON  SPOT  WELDING 

Welding  Garden  Hoes  for  the  ^'Kiddies"  is  Thirty-three  and 
One- third  Per  Cent  Cheaper  than  Riveting — and  Stronger 


This  Thomson  Spot  Welder  is  a  recent 
installation,  so  the  operator  is  not  yet 
sufficiently  experienced  to  make  the 
most  of  its  possibilities,  but  already  the 
cost  of  welding  these  children's  garden 
hoes  has  dropped  88  1/8  per  cent  in  this 
New  England  plant.  Two  "spots"  se- 
cure the  blade  to  the  shank  and  without 
pushing  himself  very  hard,  the  operator 
completes  1000  hoes,  or  2000  welds,  per 
hour.  When  he  gets  the  hang  of  the 
mMchinf  he  will  do  even  better. 


The  old  way  was  to  rivet  drilled  holes 
and  not  only  the  output  but  results 
have  improved  by  the  change — especial- 
ly from  the  "kiddies"  point  of  view — 
for  rivets  frequently  work  loose,  when 
put  to  the  test  of  "real  gardening"  and 
the  spot  welded  hoe  can  be  depended 
on  for  a  full  term  of  service. 

Thomson  Spot  Welding  has  been  ap- 
])lied  to  assembling  all  kinds  of  hard- 
wai-e  specialties  and  hundi-eds  of  other 
()])erations. 


We  are  opening  new  fields  every  day  and  will  be  glad 
to   prove    its   cost   cutting    application    to  your   work. 


[Thomson  Spot  Welder  Co. 
Ly 
.04    <;t  .t..    St      Hr.-.ton  30  E    42-St    NMwYnrkrity 


60 ^  FlnrmceBldd.P 


August,  1918 


MACHINERY 


147 


THOMSON  ELECTRIC  WELDING 

Two  Welding  Machines  Keep  Five  Men  Busy  Assembling 


The  woi'k  being  handled  in  this  busy 
corner  of  a  wire  goods  shop  is  wire 
guards  such  as  are  used  to  protect  elec- 
tric light  bulbs.  This  is  one  of  the 
operations  where  assembling  is  done  on 
a  form,  indexed  automatically  for  weld- 
ing. In  this  case,  one  operator  makes 
eleven  welds;  the  form  is  then  trans- 
ferred to  a  second  man,  whose  machine 
is  set  for  a  closer  working  distance,  and 
he  also  makes  eleven  welds.  Both  oper- 
ators work  so  fast  that  they  keep  five 
men  busy  assembling — production  run- 


ning as  high  as  4840  welds  or  220  lamp 
guards  per  hour. 

There  are  14  Thomson  Welders,  all  told, 
in  this  plant — eight  years  in  use  and 
their  speed  records  still  the  boast  of  the 
shop.  Thomson  Electric  Welding  Ma- 
chines are  built  in  types  and  sizes  to 
handle  a  constantly  broadening  range 
of  work.  In  every  case,  welding  proves 
fully  as  strong — in  some  instances 
stronger — than  the  methods  it  replaces, 
as  well  as  faster  and  more  economical. 


May  we  estimate  on  your  requirements  ? 


HOMSON  Electric  Welding  Coj 


Mass.,  U.S.A. 

311  Falls  St..  Niadara  Falls 


4100  Langdon  St  Cincinnati.O. 


1127  Majestic  Bld^. Detroit 
323  N.Sheldon  St.Chicago.lll. 
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OWEN 

No.  0  PLAIN  BACK-GEARED  MILLING  MACHINES 


The  Owen  No.  0  Plain  Back-geared  Milling  Machine  is  a  strong,  rigid  tool  with  great  pull- 
ing capacity.  It  has  12  spindle  speeds  and  provides  8  changes  of  feed  for  each.  Spindle  is 
of  crucible  steel,  has  13/16"  hole  through  it,  and  runs  in  phosphor  bronze  boxes.  Spindle 
and  boxes  are  both  made  to  compensate  for  wear.  Table  is  automatically  fed  in  either  di- 
rection, automatic  stop  releases  the  work  ^yhere  desired,  adjustable  dials  indicate  in  thous- 
andths the  three  tal)le  movements.  Range  24"  longitudinal,  (!"  cross,  15"  vertical.  Power 
longitudinal  feed. 

BICKETT  MACHINE  &  MFG.  CO.,  Cincinnati,  Ohio 

>.»      ^..ilt    Silling    A|>.lllH 

YOUNG,  CORLEY  &  DOLAN,  Inc.,  l  15  Broadway,  New  York  City 
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A  Simple  Matter  of  Dollars  and  Cents 

The  work  is  pistons  for  Franklin  engines,  straight  and  taper  sec- 
tions to  be  finish  turned— the  straight  section  to  3.250"  diameter, 
plus  or  minus  0.001".  These  pistons  are  of  Lynite,  rough  turned  on 
a  big  automatic  with  about  1/32  inch  left  on  the  diameter  for  finish- 
ing, for  which  operation  they  are  transferred  to  a  Porter-Cable 
Manufacturing  Lathe. 

Why?  To  save  money.  The  Porter-Cable  Lathe  is  pre-eminently  a 
second  operation  machine,  designed  for  speed  in  close  limit  opera- 
tions. The  Franklin  people,  in  company  with  many  other  prominent 
manufacturers,  find  it  far  more  economical  to  keep  their  big,  expen- 
sive automatics  on  the  heavy  end  of  turning  operations  and  put  the 
fine  finishing  up  to  the  "Porter-Cable"  which  gives  a  smoother  finish 
and  practically  eliminates  hand  work  in  fitting.  There  is  nothing 
technical  or  obscure  about  it— just  a  simple  matter  of  dollars  and 
cents. 

On  this  particular  job,  the  work  is  supported  at  one  end  on  a  center 
and  at  the  other  by  a  special  holder  which  also  drives  it. 

There  are  six  Porter-Cables  in  the  Franklin  installation, 
all  in  constant  demand.     Catalog  gives  all  the  details. 

THE  PORIER-CABLE  MACHINE  COMPANY 


SYRACUSE 


NEW  YORK,  U.  S.  A. 


EXPORT    REPRESENTATIVE:      Benjamin  Whillnker,  2  Norfolk  St.,  Strand,  W.  C.  London 
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Increase  Your 
Broaching  Profits 

It  will  pay  you  to  investigate  the  possibilities 
that  lie  in  broaching  —  and  so  reduce  present 
production  costs. 

Lapointe  Broaching  Machine 

handles  a  varied  range  of  work  satisfactorily.  Square  holes, 
multiple  and  spiral  keyways,  highly  finished  round  holes  and 
holes  of  irregular  shape  can  be  rapidly  and  accurately  ma- 
chined at  low  cost  and  by  unskilled  operators. 

Catalog  gives  details. 


\tA:t 


THE  LAPOINTE 

MACHINE  TOOL 

COMPANY 

Hudson,  MASS.,  U.S.A. 


I  M..l(  li  «.    M  ■■'  "  lilnorjr  Co.. 

Clhurinnll.     I'l'  il'iry    Pronlln 

'  ....     III.,     Iliillnlo.     »yr«.'uiio,     It.i.  ImhI-t.     Now    York    nnil 

'on.       W.     E.     Bhlplol     M.rlilnory    Co..     Plill«il<ilphl«.     P». 

iiofut    Hl.rl.lnrry   Co..    InilLnnnolli,    Inil.      Hill     Olnrko    <> 

Inc..    ChlcMo,    III.      Auinnn    Ijchy.    Co..    B»ltin.or...    Mil. 

TIKION     AOENTH.       Alfroil    Hcrhnrl.     Ltil..    PnrU.    Franco. 

.'..n.    (Irimth.   A    Co..   Ltd..    I.onilon.    En«l«nil.      V.    I.owonor 

Chrl>lUiifa.    Norway.      Htokria  *   Fill.    DruMoli,   Bolllum. 

,,.!    ll.ll..  rl     I.I.I   .    Yokolmii.n.   J«|i«Il.     Clmn,   Cl»ll«,   MlUno, 

j,  V     M    '     .  ■■  I       •'..11    '■    !■  '    '■  I'i,    Hp.lD. 
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K|ationalm«hinery(0 

1  'J  Tirrm.  Ohio,  u  sjl  \y 


Save  Stock  and 

Machining  on  Your 

Gear  Blanks 


In  Making  Such 
Forgings  on  the 


NATIONAL 

Heavy-Pattern  Forging  Machine 

(All  Steel) 

you  eliminate  the  flash,  excessive  draft  and  the  tong-hold 
necessary  when  producing  such  parts  under  the  hammer. 

Generally  such  parts  are  alloy  steel,  which  is  expensive  and 
toug-h  to  machine,  and  if  made  on  the  Automatic  or  Turret 
Lathe  the  cost  is  high. 

The  National  method  of  upsetting  such  gear  blanks  is  the 
economical  way,  because  with  National  construction — long 
"suspended"    type    slides    and  provisions  for  maintaining 

alignment — you    can    work    to 
close  dimensions,  effecting  big 
saving  in  stock  and  ma- 
chining. 


Are  you  receiving 
National  Forging 
Machine   Talks? 


The  National 
Machinery  Co. 

TIM  IN.  OHIO,  V.  S.  A. 
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After  the  War,  What? 


Six  thousand  (more  or  less)  writers, 
authors,  politicians,  men  of  big  business, 
bankers  and  taxi-cab  drivers  have  under- 
taken to  tell  us  what  is  going  to  happen 
after  the  war.  And  one  man's  guess 
is  as  good  as  another's. 

Our  guess  is  that  the  world  will  continue 
to  make  one  complete  revolution  every 
twenty-four  hours,  as  per  usual — and 
that  we  will  all  continue  to  eat  and  wear 
clothes  and  do  just  about  as  we  always 
have  done. 

And  businesses  will  grow  or  fail — and 
advertisers  will  advertise.  We  are  of  the 
opinion  that  some  things  will  be  done  a 
little  better  than  ever  before  and  that 
advertising  is  one  of  them.  We  are 
laying  plans  right  now  to  develop  and 
better  the  advertising  and  marketing  of 
mechanical  products,  especially  machine 
tools  and  machine  tool  accessories. 

Any  man  or  concern  in  our  field  who 
wants  help  on  his  particular  problems  is 
invited  to  write  us. 


I'tfitftntiMiinitiitiriiiiifitriiirMiiitiiintMiiiniinMniiiriMiiMiiitiHiiiiiiitriitiiHiirtiiMiiiMMiiMiiiiiiii 

'ttf""tftfMttmMiiiMtiiitii((iiriiirnriitrMrtntmriiitiMimtmriitiifittitttit(iiriitriii 
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"MORRIS"— "Built  for  Results" 

Production  and  profit  are  the  sure  results  of 
installing  a  "Morris  Radial."  Drills  can  be 
driven  to  capacity  with  accuracy  and  speed. 
Sturdily  built,  rigid  and  adapted  for  strain, 
this  machine  can  be  pushed  to  the  limit  when 
necessary. 

A  few  features  of  the  "Morris"  Radial — heavy, 
semi-steel  column,  correctly  cut  steel  gears, 
double  friction  clutch  and  ample  speed  chang- 
es all  within  easy  reach  of  the  operator. 
The  21/2,  3  and  31/0  foot  drills  have  12  spindle 
speeds.  The  4  and  414  foot 
drills  have  18  spindle 
speeds.  --■'  -• 

Ask  fo''  Catalogue. 

MORRIS  MACHINE 
TOOL    COMPANY 

CINCINNATI,  OHIO,  USA. 

REPRESENTATIVES:  Niles  -  Bement  -  Pond 

Company,  IH  Broadway.  New  York  City.  N.  T.. 
Boston.  Mass..  Chicago.  Dl..  Detroit.  Mich., 
Philadelphia.  Pa..  Pittsbiirgh.  Pa..  Plainfleld, 
N.  J..  St.  I/juis,  Mo.  .N'iles  Tool  Works  Co.. 
Clereland,  O.,  Hamilton.  O  Pratt  &  Whitney 
Company,  16  Fremont  St..  San  Francisco.  CaL. 
Birmingham,  Ala..  Cincinnati.  O.  The  John 
Bertram  &  Sons  Co..  1002  C.  P.  R.  Building. 
Toronto,  Ontario.  Montreal,  Quebec,  Dxmdas, 
Ontario,    Winnipeg,    Manitoba, 


THE     HAMMOND 

.inO      FrnnHfort      Av... 


MFG.    CO. 

Clnvr-Innd,     Ohio 


^'Speeding  Up" 

with  a 

HAMMOND 

HIGH-SPEED    SENSITIVE 

RADIAL  DRILL 


HIOUK  is  a  Hammond  radial  drill  operator  who 
neiilarl.v  taps  27  holes  in  23  cast-iron  cylin- 
iliTs  por  hour,  a  daily  (9%  hours)  output  of 
220  accurately  tapped  cylinders.  And  these  holes 
are  distributed  over  three  sides  of  the  casting:  24 
are  5/16",  IS  pitch:    3  are  3/S",  16  pitch. 

Hammond  Radials  do  cut  costs — it  has  been 
demonstrated  many  times.  No  moving  of  heavy 
work  for  each  hole.  A  single  motion  brings  the 
drill  over  any  part  of  the  work.  Drill  radius.  4S 
inches.  Belt  or  motor  driven.  Furnished  in  wall 
t.vpe  if  desired.  Regularly  equipped  with  three 
spindle  speeds,  380  to  1000  r.p.m.  Upon  specifica- 
tion can  be  furnished  with  speeds  of  "50  to  2000 
r.p.m.  or  190  to  500  r.p.m. 

Self-contained  friction  tapping  attachment  (fur- 
nished when  ordered),  capacity  up  to  V4'  stajidard 
taps,  backs  the  tap  out  at  a  speed  507r  higher 
than  tlic  cutting  speed. 

Write  today  and  find  out  how 
a  Hammond  Radial  will  cut 
your  drilling  and  tapping  costs 


154 


MACHINERY 


August,  1918 


Let  Us  Help  You 
Serve  Effectively 

Service  is  vitally  necessary  in  business  today  thai 
we  may  pull  together  to  accomplish  our  common 
aim. 

The  General  Electric  Company  has  located  indus- 
trial power  experts  at  all  large  cities  in  this  coun- 
try to  serve  industry's  electrical  requirements. 
For  instance,  experienced  textile  mill  electrical  en- 
gineers will  be  found  in  all  textile  centers.  Among 
other  industries  so  served  are  the  iron  and  steel, 
coal  and  metal  mining,  cement,  clay  and  glass, 
lumber  and  wood-ft'orking,  grain  and  sugar,  can- 
ning, packing,  and  refrigeration,  shoes  and  rub- 
ber, paper  and  wood  pulp,  tobacco  and  cigars, 
chemicals  and  gas,  and  the  construction  and  ship- 
building. 

These  experts  are  prepared  to  co-operate  with  in- 
dustrial engineering  firms  to  show  the  best  way 
to  drive  a  machine  or  a  factory  to  get  maximum 
production  of  highest  quality  at  minimum  power 
cost. 

Back  of  these  experts  is  the  experience  gained  in 
supplying  much  of  the  electric  power  equipment 
now  used  in  American  industry  and  a  corps  of 
scientists  with  research  facilities  for  pioneer 
work. 

Call  on  ut  to  help  perfect  your  service   to'' American  business. 


GENERAL    ELECTRIC    COMPANY 

General  Office,  Schenectady,  N.  Y.     Sales  Offices  in  All  UrR.-  Cities 
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GOODEII 
PRATT 


1500  GOOD  TOOLSl 


Here  are  Two 

Invaluable 
Bench  Tools 


Bench  Shear 


These  two  tool«  are  fully 
described  on  pages  270 
and  271  of  our  Tool  Book 
Number  13  that's  our 
latest  edition.  Keep  your 
copy  near  you  for  quick 
reference  to  "the  famous 
1500." 


,i^--- 


Bench  Punching  Machine 


The  Goodell-Pratt  Bench  Shear  is  a 
dandy  little  tool.  The  frame  is  so 
designed  that  sheets  of  any  width 
may  be  readily  cut.  The  lever  is  20 
inches  long,  and  the  tool  steel  blades 
have  4-inch  cutting  edges.  All  iron 
parts  are  finished  in  red  and  black 
enamel— steel  parts  are  polished. 
Net  weight  31  pounds. 
The  Goodell-Pratt  Bench  Punching 
Machine  is  an  exceptionally  powerful 
and  clean  cutting  machine  for  punch- 
ing holes  in  thin  sheet  iron  or  steel. 
It  is  provided  with  a  24-inch  handle 
and  a  3/8-inch  round  punch  and  die. 
It  is  well  designed,  and  carefully 
made.  Iron  parts  are  finished  in  red 
and  black  enamel— steel  parts  are 
polished.  Depth  of  throat  4  inches. 
Net  weight  54  pounds. 


J 


GOODELL-PRATT    COMPANY 

^^^m^Oi,  MASS.,  U.S.A. 
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Several  Ways  to  Do  It 


This  Engineer  Picks  the 

MURCHEY 

Way  as  Best 


Again  the  pro- 
duction engi- 
neer's solution 
of  the  job  lies 
in  Murchey 
Taps  and  Dies. 


Shell 
Makers 
Ought 
to  Know 
This 


To  be  sure,  there  are  several  ways  of  threading  the 
inside  and  outside  of  75  m.  m.  high  explosive  adapters, 
but  undoubtedly  only  one  way  is  best.  This  production 
engineer  has  found  that  way  via  Murchey  Taps  and 
Dies.  How  many  men  discover  this  fact  will  depend 
on  the  number  willing  to  try  Murchey  Taps  and  Dies 
on  this  class  of  work. 

We  solicit  further  enquiries. 


MURCHEY  MACHINE  &  TOOL  CO. 


DKIKOn 


{M  I'orter  Street) 


MICHIGAN 


nruinr.    I.liiillivl-I^inil.i 


1  Tyih.    lll».«.i».     Kt 
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Napier  Hi-Speed 
Hack  Saw  Machine 


AN  automatic  spring  tension  feed 
that  does  away  with  the  old  method 
of  gravity  feed  so  destructive  to  blades. 

This  machine  takes  the  vibration  al- 
most entirely  from  the  small  teeth  of  the 
Hack  Saw  Blade- an  achievement  im- 
possible with  any  other  system  of  feed. 


Vibration  absorbed  means  that  blades 
will  last  much  longer. 

Has  automatic  lifting  device,  and  lubri- 
cating system.  Can  be  adjusted  easily 
to  give  any  desired  pressure  on  blade. 

A  rugged  tool  for  economy  and  produc- 
tion.    Write  for  descriptive  circular. 


Napier  Products 


Band  Saw  Machines 
Band  Saws 


Hack  Saw  Machines 
Hack  Saws 


Napier  Saw  Works,Inc. No.  5  Napier  st.  Spring£ield,Mass. 
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Saws  for  Service 


A  cold  saw  must  be  right  to  give 
good  service  when,  as  is  usually 
the  case,  it  is  handled  by  unskilled 
labor  under  the  most  trying  con- 
ditions and  with  none  of  the  con- 
sideration that  accompanies  the 
use  of  a  lathe,  miller  or  other 
machine  tool. 

We  have  sufficient  data 
obtained  in  plants 
operating  on  work 
somewhat  out  of  the 
ordinary  to  prove  that 
the  Lea-Simplex  Cold 
Saw  is  one  saw  that  is 
right. 

The  Lea-Simplex  Cold 
Saw  shown  has  its  blade 
half  way  through  a 
piece  of  steel  tubing  of 
five  inches  outside 
diameter  and  with  one 
inch  wall.  This  ma- 
chine has  been  working 
on  a  wide  variety  of 
work  for  the  last  two 
years  and  has  given 
unqualified  satisfaction 
at  all  times. 

Photograph  and  data 
through  the  courtesy  of 
the  Kutztown  Foundry 
&  Machine  Company  of 
Kutztown,  Pa. 


A—  Cold 

IMPLEX  S^ws 

Lea-Simplex  Cold  Saws  are  simply  constructed,  have  few  working  parts,  and  are  readily 
acc-e.<!sible.  Table  may  be  rai.sed  or  lowered,  feeds  and  speeds  varied  and  all  other  adjust- 
ments performed  from  one  position.  Ample  clamping  facilities  eliminate  the  possibility 
of  slipping,  centrifugal  pumping  system  keeps  the  blade  well  lubricated,  up-feed  of  saw 
insures  immediate  chip  removal  by  gravity.     May  we  send  the  rest  of  the  details? 

The  Earle  Gear  &  Machine  Company 

4705  Stcnton  Avenue  Philadelphia,  U.  S.  A. 
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A 

LOW  COST 

HIGH  CLASS 

MACHINE 


PRICES: 
No.  5I-2V2  foot  arm,   $252.00 
No.  51—31/2  foot   arm,     267.00 

F.   O.  n    Ch.cau:    fU.KhiM 


The 

Canedy-Otto 

Wall  Type 

Radial 


The  "handy  man"  is  rarely  seen  about 
the  modern  shop,  but  this  handy  drill 
press — Canedy-Otto  No.  51 — is  firmly 
established  in  shops  all  over  the  coun- 
try. 

It  has  the  "quality"  construction  of 
our  massive  floor  type  radials,  with 
automatic  cut  off,  instantaneous  feed 
changes,  quick  return  lever  and  other 
conveniences  which  adapt  it  to  a  wide 
range  of  drilling  up  to  V/4^  inches. 

By  letting  the  walls  supply  the  neces- 
sary support  and  omitting  the  base, 
with  one  or  two  othei-  non-essentials,  we 
have  brought  the  price  of  a  full  fledged 
radial  within  the  reach  of  every  shop 
owner.      Details  on  Request. 


Carried    in    Stock    by   Leading  Jobbers   and   Machine    Dealers    Everywhere 


CANEDY-OTTO   MANUFACTURING  CO. 


CHICAGO  HEIGHTS 


ILLINOIS,  U.  S.  A. 


August,  1918 


MACHINERY 


161 
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Rigid  Construction  and  Abundant  Power 


COLBURN 

For  High  Speed 
Heavy  Duty 
Drilling 


YOU'RE  not  getting 
your  money's  worth 
out  of  high  speed 
steel  tools,  unless  your 
machines  have  the 
strength  and  rigidity  to 
drive  them  to  capacity. 

When  it  comes  to  heavy 
drilling,  the  "Colburn"  as- 
sures full  value  from 
every  ounce  of  tungsten. 
Heavy  box  column  con- 
struction, all  steel  gears, 
ball  bearing  spindle 
drive,  automatic  trip,  fric- 
tion brake,  etc.,  provide 
ample  tool  protection  as 
well  as  the  necessary  pull- 
ing power  to  drive  them 
safely  at  top  speed. 

C  o  1  b  u  r  n  Heavy  Duty 
Drills  set  new  standards 
for   speed    and    economy 

wherever    they    are 

installed. 


Made  in  several  sizes 
for  drilling  up  to  5 
inches  in  solid  steel. 

Details   and   production 
data  on  request. 


COLBURN 
MACHINE 
TOOL  CO. 

Franklin,  Pa.,  U.S.A. 
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yulcan   Crucible  Steel    Co. 

AIJQUIPPA  E.lablhhed  1900  PA.,     U.S.A. 

<<  Makers  of  Wolfrdm   HiMli  Speed  Steel 
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FOR  FINE  JIG  WORK 

TheRockford  Horizontal  Drilling 
Boring  and  Tapping  Machine 

Designed  to  provide  a  heavy  duty  production  tool  with  sufficient  ac- 
curacy to  handle  the  finest  jig  work,  the  Rockford  ''Horizontal"  Drill 
is  built  extra  heavy,  is  well  balanced  and  equipped  with  journals  and 
sliding  surfaces  of  ample  width  and  carefully  ground. 

The  table  is  stationary  and  the  working  mechanism  has  lateral  and 
vertical  adjustment  which  permits  the  spindle  to  operate  anywhere  on 
a  surface  18  inches  high  by  36  wide. 

Spindle  is  of  special  high  grade  steel,  with  ball  thrust  bearings  and 
capacity  to  drive  3  inch  high  speed  drills  and  8  inch  boring  tools — 
even  larger  if  coarse  feeds  are  avoided.  The  machine  may  be  equipped 
with  a  variety  of  attachments  and  is  made  to  drive  with  Two,  Three  or 
Four  Step  Cone,  Gear  Box  with  Tight  and  Loose  Pulleys,  Constant 
Speed  Motor  with  Gear  Box  or  Variable  Speed  Motor,  directly 
connected. 


Complete 
Description  in 
Circular  R-1 


ROCKFORD  DRILLING  MACHINE  COMPANY 

ROCKFORD  ILLINOIS,  U.  S.  A. 
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Ready  for  Quick  Installation 


tron^ 

Carlisle 

Hammond 

Industrial 
furnaces' 

For  Oil,  Natural  Gas 
or  Manufactured  Gas 


Cnlalog  SM  describes  the  full  line  of  furnaces 
anil  accessories.  When  you  write  for  it,  ask 
any  quistion  you  wish  about  heat-treating. 
The  catatog  and  advice  iirc  both  free. 


When  you  buy  a  S-C-H  Furnace  you  are  buying  quick 
results,  not  an  erection  problem.  The  illustration 
shows  a  20  ft.  shell  furnace.  After  unloading,  all  that 
is  necessary  is  to  bolt  on  the  doors  and  standards,  con- 
nect the  fuel  and  air  and  it  is  ready  for  business.  No 
foundation  to  build,  no  mechanics  or  materials  to  clut- 
ter up  your  shop.  It  is  ready  to  start  producing  a  few 
hours  after  it  is  received. 

The  smaller  sizes  are  shipped  complete  and  all  that  is 
necessary  is  to  set  them  on  the  floor,  connect  the  fuel 
and  air  and  go  to  work. 

The  S-C-H  line  consists  of  75  standard  furnaces — a 
furnace  for  every  possible  heat-treating  need.  With 
them  may  be  had  every  accessory  that  is  used  in  a 
heat-treating  department. 


The  Strong,  Carlisle  &  Hammond  Co. 


FRANKFORT  AVENUE 


Boston 


New  York 


Chicago 


BRANCHES- 


CLEVELAND,  OHIO 

Philadelphia  Detroit  Pittsburgh 
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RI 


Single 
Phase 


Motors 


are  particularly  well  suited  to  services  where  reversal  of  rotation 
is  required — Elevators,  Small  Cranes,  and  Hoists — as  well  as  cer- 
tain machines  used  in  bakeries,  laundries  and  other  industries. 

Standard  60-cycle  non-reversing  continuous  duty  type  RI  motors  can  be  made 
reversible  at  reduced  intermittent  duty  rating  by  simply  bringing  out  extra 
leads  from  the  windings  to  a  double-pole,  double-throw  switch. 

The  type  RI  reversing  motors  are  built  in  sizes  from  1/4  to  5  h.p.,  110/220 
volts. 

Shipment  on  popular  sizes  and  frequencies  can  be  made  from  stock. 

(Jail  up  the  nearest  G-E  sales  office  or  G-E  Motor  Agency  for  the  size  you  need. 

General  Electric  Company 


Mich. 
I.".,    la 
Minn. 


(iciierul  Oflicc:  Sc-licnccliidy,  N.Y 

A  I)  I)  K  1.  S  S      N  K  A  K  !•  S  T    O  I'  I'  I  C  I' 


Inilmrinprilla.    In 

.I..k..,n.lll.'.    Kit, 


I nvllTi'.     K;, 

M<.M.iilil«,    Trnn. 
.Mll«>iil«'n,     Win. 
Mlnnr.iHil/a.    Uln^ 
.Ninhrlllo,     Trnn. 


Mnunra    Kalla,     N.     Y. 
•Oklnli.nna     IJlly,     (MlU 
Oniiilo.    Nrh. 
Phllnilrlijiaii,    fn 
I'lllalrunih.    I'n 
I'ortlni 
l-nrtlilr 


iruM,    rn 
ihC     Oiv. 


U. 


Null      l.nki-     <' 


TulcMla.      (llilo 
Wnnhlniil,.!!.     II      (\ 
YollliglltoM  n,     Ohio 


KlUn    Oi-nrrnl    KIrrtrk    foiiiinny,    I,U1..    TnronUi,    ihit 

^   .rl<    •11'..    k;|   l'j,niM.n    .Ml.    I.Mntlnn.    1)     <'.    rnuliii.l 
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That's  what  the  men  in  the  shop  say.  And 
that's  what  you  will  say  about  every  job 
done  with  a  DUMORE. 

It  sets  a  new  standard  of  accuracy  in  tool  grinding.  Chat- 
ter marks,  taper  and  bell-mouth  are  unknown.  It  is  porta- 
ble, easily  carried  from  one  place  to  another  and  quickly 
set  up. 

In  principle,  construction  and  performance  the  DUMORE 
grinder  stands  without  an  equal.  The  dynamic  balance 
of  the  armature  and  the  high  spindle  speed  —  30,000  R. 
P.  M. — insures  an  even,  correct  cutting  speed  to  wheels, 
a  high  class  tool,  and  absolutely  accurate  results. 

No  matter  what  your  equipment  is,  you  should  have  a 
DUMORE.     Let  us  tell  you  more  about  it. 

WISCONSIN  ELECTRIC  COMPANY 
2.S00   16th  Street  RACINE,  WIS. 


i'f- 


DUHORE 


PORTABLE 
ELECTRIC 


GRINDERS 
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BeJievG  ifiQ 
tha/ls  some  /oh 
of^r/ndind  Iff  ^' 


DUMORE  Grin- 
der with  equipment 
A. 

One  of  five  different 
types. 
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THE  MULLINER  LATHE 

Is  The  Ideal  Lathe  for  Foreign  Contract  Work 


Here's  Why— 


The  Mulliner  Quick  Change  Lathe 
is  provided  with  an  unusually  wide 
range  of  feeds.  It  is  equipped  with 
an  auxiliary  quadrant  also,  located 
on  the  end  of  the  bed,  which  carries 
the  gears  connecting  the  head  with 
the  quick  change  mechanism,  and 
permits  the  use  of  such  extra  gears 
as  will  be  necessary  to  cut  all  spe- 
cial or  metric  threads  not  regular- 
ly provided  for  in  the  standard 
equipment. 

The  metric  transposing  gears  af- 
ford  fifty  metric   leads   ranging 


from  0.225"  to  16  millimeters  pitch. 
The  transposing  formula  shows 
the  method  of  applying  extra 
gears  for  metric  threads  not  with- 
in this  regular  range. 

This  feature  coupled  with  guaran- 
teed accuracy  to  which  a  spline- 
less  lead  screw  materially  con- 
tributes, makes  the  Mulliner  Lathe 
ideal  for  metrically  gauged  con- 
tract work  without  necessitating 
a  complete  metric  arrangement  of 
the  machine,  to  the  exclusion  of  all 
other  work. 


Built  in  12^  and  14'"  sizes.     Further  details  on  request. 


MULLINER -ENLUND   TOOL   COMPANY,    Inc. 


SYRACUSE 


NEW  YORK,  U.  S.  A. 
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OneBriggs 
MilierHelped 

Now  There 
Are  Two 


The  Briggs  Miller  is  milling 
pawls  for  Lowell  Reversible 
Ratchet  Wrenches  made  by 
the  Lowell  Wrench  Com- 
pany, Worcester,  Mass.  It 
took  little  more  than  a  year 
for  this  company  to  decide 
that  a  second  Briggs  Miller 
could  still  further  add  to  the 
growing  popularity  of  its 
improved  produpt.  The  two 
now  installed  are  turning 
out  an  enormous  amount  of 
work,  establishing  beyond 
doubt  their  popularity  in 
handling  parts  of  this  char- 
acter. 


Milling  the  Pawls  for  Lowell 
Reversible  Ratchet  Wrenches 


(^ 


To  produce  from  the  block  the  pawl  shown  in  the  accompanying  sketch  requires 
two  milling  operations — one  finishing  the  upper  half  of  the  circular  end  and  the 
fiat  surface  to  the  left  of  it,  the  other  finishing  the  lower  half  of  the  circular  end 
and  the  various  angular  surfaces  to  the  left  of  it. 

No  better  machine  for  high  production  on  this  job  than  the  Briggs  Miller  could 
be  found.  And  for  quality — well,  you  see  what  it  did  for  this  company's  prod- 
uct.   Will  you  give  it  an  opportunity  on  yours? 

Let  us  tell  you  more  about   this  wide  ranged  machine 

GOOLEY  &  EDLUND,  Inc.,  Cortland,  N.  Y. 

i                             r  VTH:     clLiiillpr    *    rirqiihir   Co..    notlnn.    Maw.;    Vniidj'k    flhiiniWll  Ore..    Nmv   York   ind    Now   Ilnvpii;    Swlml    Mochlnon 
l"»  ;    M>r«.ii>p-    Hii|>|ily    Co.    Hrr>cilH<.    N.    Y.:    I\    It.    ,\.lBinn.     ll<K-lii«(»r.     N.     Y. ;     nnnwi    ft    Zrirtluiili     MnHiiiliTy    Co.,     Pltln- 
•''"'.'    'i   JC".'"''    *'«'hln"y    (>)..     ri^lrnlt,    Mlrli  ;    I'Klrral    Mn.liliun    Hill...    fV.    <'lllrnuo.    111.;    V.mii.iiiil    Ma.'hlm-rv    (^l,.    Iiidlmi- 
"UlKl    Tn.J    A    Miipjily    fn,    CliirNatl'l,    O  ■    lloiimaii  Illn.  ki. \lili       T.-.l      Co..      Mt.      I...11I..      .Mn,        rollllllJN      .MJ1J.NT8: 


oIIIUm   *    (>>..    U/l.,    l.<mf<on.    .Ma'noIimtiT   in'')    claisiou,    AiiiIoim  a    n.'orK--,   Tokyo. 


r-ARIS 
rUHIN 


<ALMACOA> 'ALLIED  MACHINERY  COMPANY  OF  AMERICA  ^^t^j;j^^(3;j^  Barcelona 
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THESE  are  massive  lathes  of  un- 
usual power,  as  will  be  apparent 
on  seeing  them.  They  are  essen- 
tially production  tools,  but  their  ef- 
fectfveness  adapts  them  for  all  lathe 
work. 

All  steel  gearing.  FORGED  STEEL 
INTERNAL  GEAR  in  face  plate. 

TOOTHED,  POSITIVE  CLUTCHES 
for  carriage  feeds. 

Ninety-four  different  speeds  by  means 
of  headstock  containing  only  10  gears 
in  combination  with  3:1  D.  C.  motor. 
Speeds  cover  range  of  nearly  200:1. 

Lower  view  shows  end  of  lathe  and 
exhibits  the  front  guide  which  con- 
stitutes the  desirable  "LONG  NAR- 
ROW GUIDE"  for  carriage.  Carriage 
has  gibs  at  front  and  under  faces  of 
guide  which  make  it  impossible  for  car- 
riage to  cock  or  lift. 


m 


THE  HOUSTON 

STANWOOD  &  GAMBLE 

COMPANY 

CINCINNATI  U.  S.  A. 

30,  36,  42,  48,  54  and  60  in.  Sizes 


LARGE  LATHES 
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FEDERAL 

BUTT  WELDERS 


Welding  Steel  Tractor  Wheel  Rims 

The  accompanying  photograph  shows  a  15-A  Federal  Butt  Welder  set 
up  for  welding  steel  tractor  wheel  rims  24"  diameter,  %"  thick  and  8" 
wide. 


Equipment  of  this 
model  includes  air 
clamping  device, 
hydraulic  jack  and 
remote  control  by 
means  of  a  mag- 
netically operated 
switch. 


Successors    to 

The  National  Electric 

Welder    Company 


Federal  Butt 
Welders  are  made 
in  a  wide  range  of 
sizes  covering  all 
butt  welding  re- 
quirements. Ask 
for  bulletins. 


THE  FEDERAL  MACHINE  S 
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FEDERAL 

SPOT  WELDERS 

Proved  Quicker  and  Better 
on  This  Important  War  Work 


A  certain  large  stamping  concern  agreed  to  supply  a  vast 
number  of  water-tight  sheet  metal  parts  for  war  work  within 
an  unusually  short  time.  Riveting  machines  started  the  job; 
but  the  battery  of  seven  "Junior"  Spot  Welders  shown  above 
was  substituted  as  both  quicker  and  better.  The  company's 
engineers  estimated  that  the  spot  welded  parts  produced  by 
seven  operators  in  a  given  time  were  five  times  as  great  as 
could  be  assembled  with  punch  presses  and  rivets.  Besides 
there  could  be  no  rivet  leaks  in  the  finished  parts. 


Can't  you  make  a  profitable 
Federal  substitution  in  your 
plant?    Bulletins  upon  request. 


W'ELDER  CO.,  Warren,  Ohio,  U.  S.  A. 
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Repeat  Orders  Tell  The  Story! 


Ideal  Vise  Liners  have  been  on  the  market 
less  than  six  months  and  are  in  use  in  sev- 
eral hundred  of  the  largest  shops  in  the 
country.  The  majority  of  these  plants  have 
sent  in  repeat  orders  for  these  liners  and 
report  entire  satisfaction.  Are  you  using 
Ideal  liners  on  your  vises?  Write  today  for 
circular,  or  ask  your  supply  dealer. 


SOLD    BY 

j;..>i»;.  1 -I'lickard  Mchy.  Co.  .Milwaukee,  WIh.  ClinH.    A.    StrellnKer    Co Delroll.    Mich. 

CUitM.    II.    Meiily   &   Co ChlcaKO,    III.  ColunibiiK  Hi-HImk  *  Sur>l'ly  <"')•,  <'<>Ii">il)im,  O. 

Kitmuel    Hnrrlii   &    Co ChlciiKO,    III.  rattpr»on  Tixil  *   Supply  Co Dnyton,   (). 

W.    M.    rultlnon    Hupply    Co Cleveland,    O.  V.    N.    Devdii    .Supply    I'd CImlMiuill.    O. 

National    Mill   Supply   Co.. Fori    Wayne,    Inrt.  Vonnenut    Hilwe.    di Indliiiinp'illH,    Ind. 

St.      lyoulii     MnchfnlBtii'      Supply      Co.,  TluimaH   Dunn    &    Suuh Molliii',    lit. 

St.  I>oulii,  Mil 

Dealers  wanted  in  other  cities. 


HOHNSBEEN    MANUFACTURING    CO 

MINNEAPOLIS,    MINN.,  U.  S.  A. 
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Hobs— Milling 
Gutters-  Gauges 
— extremely  ac- 
curate  —  long 
lived— delivered 
quickly. 


Quality    tools    of 
the  highest  order 


QODDARD 
TOOL  CO. 

CHICAGO      DETROIT 


!5*^»^^ 
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W&B 


Reliability  of  Drop  Forgings 

Drop  Forged  parts  are  submitted  to  unusual 
strains  these  days.  Rush  conditions  of  men 
and  machines  have  made  it  so. 

Successive  steps  in  Whitman  &  Barnes  Drop 
Forgings  are  so  cautiously  guarded  that 
strains  or  flaws  in  the  finished  products  are 
eliminated. 

Methods  of  handling  different  metals  with  the 
art  of  knowing  their  right  heat  treatment  and 
forging  present  no  ^'fficulties  to  "  W  <&  B" 
experienced  workers. 

Your  drop  forgings  will  be  made  to  your 
most  minute  specifications,  uniform  in  quality, 
identical  with  all  Whitman  &  Barnes  drop 
forged  products— excellent  for  their  precision 
and  goodness. 

Send   us   your  specifications  or  wire  for 
consultation  with  a  ''W  &  B'^  engineer. 


W&B 


leWhitman  SLBarnes^j' 

ESTABLISHED  64  YEARS 

1000  West  120th  Street  CHICAGO,  ILL. 
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MACHINERY'S  Encyclopedia 

The  first  and  only  modern  mechanical  reference  work  that  is  compre- 
hensive in  scope,  comprising  a  broad  engineering  and  mechanical  edu- 
cation. The  Encyclopedia  is  in  seyen  splendid  volumes  and  is  the  finest 
product  of  Machinery's  experienced  publishing  organization.  A 
verv  valuable  feature  of  this   important  work  is : — 


The  Guide  to  Systematic  Reading 

which,  with  the  complete  and  detailed  Index  to  the 
Encyclopedia,  occupies  the  seventh  volume.  This  Guide 
puts  the  whole  range  of  mechanical-  knowledge  before 
the  student  in  tw^enty-one  carefully  prepared  courses 
of  study.  The  way  in  which  the  various  subjects  are 
treated"  in  the  Guide  can  only  be  learned  from  the 
Guide  itself.  But  here  is  a  glimpse  at  the  two  courses  on 
electricity  for  example,  just  to  indicate  the  definite 
and  thorough  way   in  which   the  reader   is  aided: — 

Electricity  and  Electrical  Machines,  and  Applications 
of  Electrical  Energy. 

After  a  short  but  very  clear  and  practical  explanation 
of  the  fundamentals  of  electricity  and  electrical  ma- 
chines, with  paragraphs  on  Terms  used  in  Electrical  En- 
gineering and  Main  Classes  of  Electrical  Apparatus,  the 
course  on  Electricity  and  Electrical  Machines  carries 
the  student  in  a  clear,  systematic  and  consecutive  way 
through  the  various  divisions  of  this  important  subject. 

Beginning  with  Electricity  and  Magnetism  there  are 
paragraphs  on  Generators  and  Motors  for  Direct  and 
Alternating  Current,  Transformers,  the  Operation  of 
Electric  Machinery,  Electric  Controlling  Devices, 
Primary  and  Storage  Batteries,  and  Power  Stations  and 
Transmission  Lines. 


Applications  of  Electricity 

is  the  second  course  on  Electricity  given  in  the  Ency- 
clopedia Guide.  It  begins  with  a  brief  statement  of  the 
various  applications  of  Electricity  discussed  in  the 
Encyclopedia  and  then  takes  up  in  detail  the  various 
specific  applications  of  electricity  to  the  work  of  the 
machine  shop,  under  such  headings  as  Motor  Drive  for 
Machine  Tools;  Motor  Drive  for  Woodworking  Ma- 
chines; and  Wiring  for  Motor-driven  Machinery.  There 
are  then  sections  on  Motor  Applications  for  General 
Purposes;  Application  of  Motors  to  Fans  and  Blowers; 
Electric  Drive  for  Pumps;  and  Electric  Brakes.  There 
is  a  comprehensive  study  of  Electric  Lighting;  and 
Electrometallurgy  and  Electroplating  are  given  ade- 
quate treatment. 

There  is  a  valuable  discussion  of  Electrolysis  and  its 
Mitigation;  and  there  is  a  final  section  on  Electric 
Shock  and  Care  of  Electric  Burns. 

Altogether  these  two  courses  on  Electricity  consti- 
tute the  most  practical,  concise  and  complete  treatment 
of  the  subject  of  Electricity  as  it  is  applied  to  the 
metal  working  industry  that  has  ever  been  published. 

And  this  is  only  a  small  part  of  what  Machinery's 
Encyclopedia  brings  to  you.  Every  phase  of  mechanical 
work  is  covered  in  its  pages  and  in  the  twenty-one 
courses  into  which  the  Guide  is  divided. 


Machinery's  Encyclopedia  comprises  seven  superb  volumes,  the 
seventh  being  the  Index  and  Guide.  It  is  finely  printed  on  good  quality 
paper,  profusely  illustrated  by  the  wax  engraving  process,  and  durably 
and  handsomely  bound  with  black  leather  backs  and  corners  and  rich 
green  cloth  sides. 


The   Intioductory  Price  of 

$36.00 

is  still  in  force.  But  this 
can  last  only  as  long  as  the 
first  printing  lasts. 


THK  INDUSTRIAL  PRK.SH, 
H0-14g    Lafayette    Bt 


Then  the  price  goes  up  to 

$39.00 

Get  one  of  the  remaining 
.sets  of  the  first  printing  at 
the  introductory  price. 


il.llHhcrH  of  MACHINKKY 
New    York    City. 


Diitc. 


You    may    iiend    mc,    nil    ch.irKeo    prepaid,    Macminkbt'ii    KNnvci.DrBm 

MlAndlng  that  I  have  the  prlvllettc  of  retiirnlnic  the  bookH    iit    your 

lire    not    KHtliiractory.      I    eneloKe    flrMt    piiyrneiil,    J.I.OO,    whirh  you  aicrec  to  return  to 

If  I  keep  them  I  agree  to  Kend  you  l>y  mull  13.00  monthly    for  eleven   montliH,   which 

will  pay  tor  the  booka  In  full. 


comprlHliiK  seven  volumes,   with   the   umler- 

penHe    any    time    within     ton    days    If    they 

If  I  Hcnd  the  booUa  biicU 

li    the    jmynient    eiirlOHeil, 


Name. 


AddreiM Clly. 

I'ofiltlon  or  Occupation 


Work* 

If  you   iisiy  '-luih   the  price  In  124.20.      KncloHe   13.00   with   order  uiul   remit   |31.'J0   wllhln   30  day*. 


ItlTKItH     IV     KOIIKI 


i.llll..n«  upplr 


nly 


ilKllvrrli-a  In  llii<   I'lill"!!  Hlalm. 
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Fabroil  gears  are  part  of  the 
standard  equipment  of  these 
machines. 

They  are  used  as  the  main 
drive  pinion  for  five  spindles 
all  "doing  execution"  simul- 
taneously. 


General  Electric  Company 


General  Office,  Schenectadij  N.Y. 


Sales  Offices  in  all  lar^  cities 
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BLOUNT 

WET  TOOL 
GRINDER 


A  smooth  drive  for  accuracy, 
continuous  operation  for 
economy — both  assured  by 
distinctive  features  of  this 
popular  tool  grinder. 

Extra  long,  self  oiling  bear- 
ings, vertical  centrifugal 
pump,  balancing  blocks  on 
flanges,  our  patent  belt  tight- 
ener— which  per- 
mits the  use  of 
endless  belts — and 
other  features 
fully  described  in 
the  catalog. 


THREE    SIZES 


20  and  30  Inch 
Models  have 
Truing  Device. 


J.  G.  BLOUNT  COMPANY 


EVERETT 


MASS.,  U.  S.  A. 


DRAPER  ®  HALL 
Universal  Grinders 

Are    what    their    name    imphes^universal. 
They  are  particularly  free  from  vibration, 
due  to  the  stability  of  the  work  table  (which 
is  placed  direct- 
^  ly  over  the  cen- 

.  BH,  ter    of   the   col- 

X^dSU'.^^  umn)     and    the 

' '^^^'^r^         unusual     heavi- 
^^'  ne.ss  of  the  longi- 

tudinal slide. 

Rigid,  simple 
and  compact, 
these  machines 
handle  internal 
and  surface 
grinding  within 
their  range  ac- 
c  u  r  a  t  c  I  y  and 
economically. 

Interchangeable 
attachments  a 
feature. 

F„l,/rr  „n  rr,,,ir,l 

The  DRAPER  &  HALL  COMPANY 


MIIJDI.KTOWN 


(  f)NN..  IJ..S.  A. 


You  Wouldn't  Team  a  Mule  and  a 
Thoroughbred! 


Neither  should 
you  nullify  the 
effect  of  a  high- 
priced  grinding 
machine  by  us- 
ing an  indiffer- 
ent, "balky" 
wheel. 


STAR 

Grinding  Wheels 


work  in  perfect  accord  with 
the  grinder;  accuracy  and  even- 
ness of  performance  are  char- 
acteristic features. 

AH  shapes,   grades  and  sizes   listed 
in   our  catalog. 


STAR  CORUNDUM  WHEEL  CO. 

DETROIT,  MICHIGAN 


"WILLEY" 

Portable  Electric 
TOOLS 


simplify  inconvenient 
jobs 

Let  Us  Tell  You  How 

JAMES  CLARK,  Jr.,  ELECTRIC  CO. 

INCORPORATED 

522  W.  Main  Street,  Louisville,  Kentucky 

Chicngo  Brnnch:  31    N.  Jcfrerion  Sirrrt 


•WILLEY"  TOOLS 
ALWAYS  CORRECT 
ELECTRICALLY 
MECHANICALLY 


Get  the  Best  in  a  Surface  Grinder 

Accuracy,  .sp<'<-(l,c<>nvQBicncf  nnd  econ- 
omy nre  essentials.  Add  to  these  power 
and  production  and  lh<T<-  you  have  the 

"MANHATTAN" 
Surface  Grinder 

Ollir,  KOO.I    ,>„,nl,  „,r  ..vr,M/r  Lrnr- 

inRt    nn<l     Icfd    ilinli    Krn<lunl>-<l    to 
llw.n.m.<lll,..      a,n,l»    I,..    .Irlml.. 

Manliallan  Machine  &  Tool  Works 
(;kani)  rai'id.s  mk  iiic.an 
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Reliability  and  coiivciiIpiicc  are  cleverly  combined 
In  this  small  machine.  Compact,  rigid,  and  a  rapid 
producer  of  accurate  work,  this  Murine  No.  3  Is  one 
of  the  most  satisfactory  small  work  machines  on  the 
market.  Our  line  of  milling,  drilling  and  tapping 
niiirlilnos.  ctr,,  is  coniplrtc  and  all  "llurko  Standard." 

CATALOGUE? 

THE  BURKE  MACHINE  TOOL  CO.,  Conneaul,  Ohio 


The  Abrasive  Grinder 


with  Exhauster 
Attachment 


The 

attachment 
shown  has 
a  centrif- 
ugal dust 
separator 
and  the 
special 
hood  is 
equipped 
with 

adjustable 
dust  guard. 

Particulars 
on  request 


^ 


ABRASIVE  MACHINE  TOOL  CO. 


EAST  PROVIDENCE 


RHODE  ISLAND 
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yAirplejie 
rWikshafis 


Airplane  Crankshafts  are  accurately 
ground  on  LANDIS  Crankshaft 
Grinding  Machines. 

The  LANDIS  is  especially  adapted  to 
fulfill  the  demand  of  the  airplane  pro- 
gram for  big  production  of  accurate 
crankshafts.  Constructed  so  that  the 
work  is  supported  in  clamping  hold- 
ers and  not  compressed  between  cen- 
ters, there  is  no  end  pressure  to  cause 
buckling  or  distortion.  The  crank 
is  driven  from  both  ends. 

If  you  grind  crankshafts  send  us  your 
drawings — we'll  tell  you  the  rest  of 
the  story. 


J'- 

^ 

m^       1 

^^ 

i^^fiite 

■    '^^ 

haf  ^^1 

^^s      y 

LANDIS  f50L   COMPANY 


NEW  YORK  OFFICE 
50  ChurcH  St. 

A'. I. NTS      DfwuUx-  Mxhln 

Unhrvrtal  Grindini   Maobine* 
f  Imtmmal  Orindintf   Maabioa* 


Main  Office  and  Works,  WAYNBSBORO.  PA. 


>l|niiin(li*m.    Alli.       lUrn-i..    Iticli«r<1    A    M<-1'. 

PIkId  (irindinit  Maohinai 

Granl*    tiriniiinil    Matihinai 


Koll   <>rindin<   Machine* 
Cam  Uriadia4  Macblnaa 


August,  1918 


MACHINERY 


185 


"Blanchardized"  Bevel  Pinions 


In  the  operation  shown 
u  r  f  a  c  e  grinding 
bevel  pinions  —  the 
magnetic  chuck  is  the 
special  advantage,  be- 
cause any  other  meth- 
od of  holding  the  56 
pieces  would  take  at 
least  seven  or  .eight 
minutes  for  each  set- 
up. The  "Blanchard" 
way  reduces  it  to  one 
and  one-half  minutes, 
after  which  the  wheel 
does  its  part  and 
finishes  a  job  that  is 
satisfactory  on  every 
point  —  accuracy, 
quality  and  speed. 

The  "New  Process" 
people  have  used  this 
machine  for  four  years 
and  are  better  satisfied 
every  day. 


The 

Versatility 

of  the 

Blanchard 
Grinder 

Has  Made 

it  a  Popular 

Machine 

in  the 

NEW  PROCESS 

PLANT 

A  new  job  every 
few  hours,  is  the 
order  of  the  day  for 
this  "Blanchard"  at 
the  New  Process 
Gear  Corporation 
plant,  and  it  is  so 
readily  adapted  to 
each  in  turn  as  to 
seem  specially  de- 
signed for  the  pur- 
pose. 


Other  exclusive  Blanchard 

features  are  fully 
described   in    our  catalog. 


THE  BLANCHARD  MACHINE  COMPANY 


64  STATE  STREET 


CAMBRIDGE,  MASS.,  U.  S.  A. 


MichL^'Vo      LUK^OIIKAT   mUTAIN       l.,!r^         OrlfflUui   &   r„..    Ltd.    I'UAn'cK:   Aux  r..r«..»  .l-  \  „1 
Allied   Michlnary  f-o.   of  Amerlcm. 


V  Marhinen 
\     WiUinmii 

'l'TAT.Y."s\vir/i-:iti.vNiv  hkt^oiiM: 
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Wilmarth  &  Morman 
Grinding  Machines 

There  are  several  things  worth  seeing  in  Hartford  in  addition  to  Con- 
necticut's handsome  capitol  building.  Hartford  is  known  as  a  training 
ground  for  good  mechanics.  Work  produced  in  this  city  is  known  for 
its  quality.  Tools  and  machines  made  here  are  used  all  over  the  world. 
And  in  this  mechanical  center  the  N  &  W  Tool  Company  have  built  an 
enviable  reputation  as  makers  of  tools,  jigs,  dies,  etc.,  etc.  Mr.  Nielsen 
picks  his  machines  carefully  and  says  there  is  no  better  grinder  than 
the  Wilmarth  &  Morman.  It  is  the  most  popular  machine  in  the  shop — 
and  one  of  the  most  profitable. 

Let  us  tell  you  more  about   it 


WILMARTH  &  MORMAN  CO. 

1180    Monroe    Avenue,   N.  W. 

.     ,  ^         GRAND   RAPIDS  MICHIGAN,  U.  S.  A. 

Manufacturers   of  Drill  Grinders,   Surface   Grinders,    Universal  Grinders 
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BESLY  SPINDLE  CONSTRUCTION 

PATENT  APPLIED  FOR 


The  Greatest  Advance 

in  Disc  Grinder  Design 

in  Fifteen  Years 

THE  BESLY  DUST  PROOF  AUTOMATIC  RING- 
OIUNG  SPINDLE  CONSTRUCTION 


Maximum  Stability  Maximum  Durability 

Maximum  Reliability 
Minimized  Frictional  Resistance  with  Minimum  Attendance 

OIL  WELLS,  OIL   RINGS 
Oil  wells  are  especially  large  capacity;  that  on  the  No.  17 
BESLY  GRINDER  with  2%"  diameter  spindle  being  7" 
deep. 

Two  extra  large  diameter  solid  steel  oil  rings  are  provided 
for  each  bearing.  These  oil  rings  operate  through  chan- 
nels in  bearing  bushings  so  designed  that  it  is  impossible 
for  the  rings  to  become  displaced  and  fail  to  function. 

OIL   CHANNELS 

A  perfect  "flood"  of  oil  is  continuously  transmitted  to 
Radial  and  Thrust  bearings  while  grinder  is  running. 
The  oil  channels  in  faces  of  thrust  bearings  are  of  a 
special  design  which  sets  up  a  pumping  action — forcing 
the  oil  copiously  between  the  thrust  collars. 

BEARING  BUSHINGS 
Bearing  bushings  are  split,  inserted  and  renewable;  of  a 
special   Phosphor   Bronze.      Bearing   surfaces  are  of   such 
large  proportions  that  there  is  practically  no  wear. 

THRUST  PROVISION 

End  thrust  is  taken  on  hardened  and  ground  tool  steel 
collars  against  the  flanged  ends  of  right-hand  bearing 
bushings.  End  play  is  taken  up  easily,  accurately  and 
quickly  by  moans  of  adjusting  collar  threaded  on  spindle 
and    located   under   rim   of   spindle   pulley. 

ALL  END  PLAY  TAKEN  UP 
The  BESLY  GKINDEK  may  be  safely  operated  with  all 
end  play  taken  up  In  spindle.  The  Bronze  Bearing  Bush- 
ing which  rcciMves  tin-  end  thrust  is  provided  with  clear- 
ance to  compensate  for  any  expansion  wliicli  may  take 
place  In  the  i)uslilng.  Tlii'refore,  it  Is  Impossible  for  this 
bearing  to  bind  between  the  thrust  collars  and  sci/i'. 
This  is  a  very  important  feature,  as  any  looseness  or  end 
play  in  spindle  will  naturally  affect  the  accuracy  of  the 
work  to  be  ground. 


m? 


3e^/y  Spi/?d/e  ConslrucTrofi 
Pare/3  ^App/ie</  fw- 


LUBRICATION  IS  AUTOMATIC 


INSIST   ON   BESLY  GRINDERS 


(BESLY) 

V     CHICAGO     / 

CHARLES  H.  BESLY  &  CO. 

Originators  of   Disc  Grinders 

120B  North  Clinton  Street,  CHICAGO,  ILL,  U.S.A. 

jiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii!iiiiiiiii{iii:iaiii{iiiiiiiiiiiiiiiiiii:iiiiiiiiiuiiiiiiiiiiiiiiiiiiiim 
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WEBSTER  &  PERKS 

Heavy  Duty  Universal 
Cylindrical  Grinder 


A  Machine  of 
Unusual  Features 

The  new  No.  1  (10"  x 
30")  W  &  P  Universal 
Cylindrical  Grinder  has 
a  simple,  positive  au- 
tomatic cross  feed 
which  provides  a  safe 
means  of  feeding  the 
wheel  at  any  predeter- 
mined point.  Microme- 
ter adjustment  from 
0.00025"  to  0.004"  is 
quickly  obtained  by 
simply  turning  knurl- 
ed nut. 

Hyatt  Roller  Bearing 
Countershaft  is  fur- 
nished, meaning  lower 
power  consumption 
and  longer  life  for  the 
countershaft ;  internal 
grinding  attachment 
and  counter-bracket, 
as  well  as  dead  center 
pulley,  equipped  with 
adjustable  ball  bear- 
ings; extremely  rigid 
sliding  table ;  heavy 
and  uncommonly  long 
head  stock  and  head 
stock  base. 

Center  illustration 
shows  feed  mechanism 
of  this  new  machine; 
diagram  below,  the  in- 
ternal grinding  attach- 
ment. 

Let  us  send  all  the  de- 
tails on  this  modern 
Cylindrical  Grinder. 
Twenty-five  years  of 
experience  in  grinding 
machine  construction 
guarantee  the  correct- 
ness of  (his  latest 
modol. 


Tlie  Webster  &  PerksTool  Co. 


Springfield 


Ohio.  II.  S.  A. 


I'.  ().  lto«  1.101 
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NOllTON  COMPANY 

WORCESTER,  MASS. 


>!{>«'    'iOKK    STOKE 
l.'l     (°liniiibfr»    Slrrrl 


KLFCTBIC   FrBNACK  PLANTS 

NiaH.rn    InlU.   N.  Y.  rhii.pii«  ■>.  U..t..  Tnnn.la 


CHICA«1>   STOHK 

11    N.    JritfTHO,X     St. 
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Universal  in  the  correct  sense 
of  the  word.  It  handles  all 
work  within  its  range. 


DETROIT  WHEELS 


"Give  the 

best 

pos- 

sib! 

e  re- 

suits 

from 

a    gi 

V  e  n 

amount  of     1 

time 

and 

cost.' 

Turned,  Trued  and  Balanced 

The  wire  web  con.struction  of  Detroit  Grind- 
injf  Wheels  makes  them  just  that  much 
stronger  and  better  adapted  to  resist  cen- 
trifugal strain.  They  are  uniform,  made  in 
all  grades  in  a  range  of  shapes  and  sizes  to 
meet  every  grinding  re(|uircment.  Cool,  free 
cutting,  long  wearing  wheels  which  can  be 
absolutely  duplicated. 

Write  U.I  your  needs 

Detroit  Grinding  Wheel  Company 

Detroit  Michigan,  U.  S.  A. 


The"Quick  Change 
Universal  Grinder 

Set-ups  on  the  Greenfield 
Universal  Grinder — 21  in  all 
— may  be  quickly  and  easily 
changed  t  o  accommodate 
work.  This  is  an  important 
feature  in  the  busy  tool  room. 
Changes  provide  for  grinding 
straight,  taper  and  rose  ream- 
ers; flutes  of  taps,  tapered 
arbors,  flat  keys,  gauges,  flat 
bar  work,  slitting  saws,  small 
internal  work,  countersinks 
and  counterbores ;  spur,  bevel, 
spiral,  formed,  and  end  mill- 
ing cutters;  angular,  small 
end,  gear,  convex  and  insert- 
ed tooth  cutters. 

GREENFIELD  MACHINE  CO. 

Greenfield  Mass.,  U.S.A. 


Perfection 

CYLINDER 

IGRINDEI^ 


A     dui-able,     economical    attachment    for 

cylindrical    grinding    on    hollow    spindle 

lathes  with  a  swing  not  under  14". 

A   self-centering   device   and   micrometer 

attachment     permit     extremely     accurate 

grinding. 

Capacity   Model  "A"  from  2"  to  BH".    Model  "T" 

WOOD  TsAFFoVd  MACHINE  WORKS 

GREAT  FALLS  MONTANA 


The  "CINCINNATI" 

A  Heavy  Duty    Manufacturing    Grinder 


Miulf     in   cl)ilu 
»i/.i-K  -  12"  X  My' 
to  !()"  X  80".   Hox 
Hi-ction,     licnvily 
rihhfil  linRC. 
-Spiiulk-     of 
HpcrinI   iiniil 
Kk-cl  idhiirilfiKit, 
(ground   iiiul    liip 
pi-il     II  n  (1     niiiii 
ill    p  h  o  ■  p  ti  o  r 
linin/.r  boxen. 


The  Cincinnati,  Grinder  Co.,  CindimaiiOliio,  U  S.  A. 
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The  Fraser  Universal 
Grinding  Machine 

Accurate,  speedy,  efficient,  this 
adaptable  machine  will  handle 
any  class  of  grinding  not  requir- 
ing special  features. 

It  is  an  ideal  machine  for  the  all- 
round  shop  where  grinding  needs 
are  varied.  Easily  convertible  for 
cylindrical,  surface  or  internal 
grinding,  it  embodies  a  small 
grinding  department  in  itself  and 
each  separate  job  is  evidence  of 
its  ability  for  accurate  finished 
work. 

Let  us  explain  the  possibilities  of  the 
Fraser  Universal   Grinding  Machine 

The  Warren  F.  Fraser  Go. 

FACTORY    AND    GENERAL    OFFICES 

Westboro,  Mass.,  U.  S.  A. 

BOSTON   BRANCH:     201  Devonshire  Street 


llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll 


Capacity:     Cylindrical  work,  8"x20';  Flat  work,  5"x20" 
Internal  Grinding  up  to  8'  outside  diameter. 


Illlll 


OTT  GRINDER  COMPANY 

217  'West  TentK  Street 

INDIANAPOLIS,  IND..  U.  S.  A. 


The  New  Ott  5"xl8" 

For    a    Bigger,     Better    Output    of 
Straight  or  Taper  Cylindrical  Parts 

THIS  new  Ott  Grinder  is  particu- 
larly well  adapted  for  the  eco- 
nomical    production     of    large 
quantities  of  small  duplicate  straight 
or  taper  cylindrical  parts  requiring 
close  limits. 

It  has  automatic  feeds,  Non-Gran 
bearings,  massive  wheel  stand,  head 
and  foot  stocks,  large  self-feeding 
oilers  and  adjustable  universal  back 
rest  and  Hyatt  roller  bearing  counter- 
shaft. 

It  is  capable  of  handling  a  big  per- 
centage of  work  now  being  ground  on 
larger  and  higher  priced  machines. 
It  requires  but  31"  x  68"  floor  space 
and  effects  further  savings  in  power, 
time  and  labor. 

Get  all  the  Details  at  Once 
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|l=Less  Power,  Less  Floor  Space,  Less  Care-. 

are  required  by 

"NEW  BRITAIN"  DROP-HEAD  POUSHING  MACHINES 


INCREASED  cost  and  the  difficulty  of  ob- 
taining fuel  are  giving  fresh  Impetus  to 
the  elimination  of  power  losses.  Demands 
for  increased  output  call  for  plant  enlarge- 
ment, unless  more  efficient  machinery  is 
available.  Labor  shortage  is  directing  the 
attention  of  factory  managers  toward  those 
products  which  are  designed  with  a  view  to 
time  and  labor-saving  in  their  operation  and 
upkeep. 

The  "New  Britain"  Drop-Head  Polishing 
Machine,  by  reason  of  its  elimination  of 
idlers,  loose  pulleys,  and  shifting  belts,  very 
considerably  reduces  the  power  consumption. 
Twice  as  many  of  these  machines  can  be 
installed  in  a  given  floor  space  as  may  be 
accommodated  of  the  back-belted  type.  The 
enclosed  belt,  protected  against  dust,  oil  and 
moisture,  and  provided  with  means  for  tight- 
ening without  shortening;  self-aligning,  self- 
oiling  bearings;  and  the  quick-starting  quick- 
stopping  feature,  combine  to  make  the  "New 
Britain"  a  great  time  and  labor  saver. 

Made  in  floor  and  bench  types,  with  either 
plain  or  ball  bearings.  Write  for  Bulletins 
No.  1225  and  No.  1226. 

"Built  Like  a  Machine   Tool" 

The  IfewBiiiainMachine  Compaog^ 

Slkop  Fuirru'£ux>e     ( 


^"cJimlA  'Philadelphia,  T'a. 


LABOR  SAVING 
MACHINE  TOOLS 


If  you  want  to  reduce  the  cost  of  sharpen- 
ing your  drills,  increase  their  output  and 
improve  their  condition 

Install  a  Sellers  Drill  Grinder 
in  your  tool-room 

Drills  correctly  ground  and  pointed  by  it 
do  much  more  work  before  regrinding, 
feed  easier  and  cut  faster  than  when 
sharpened  in  any  other  way. 
It  does  not  require  a  mechanic  to  grind  a 
perfect  drill.  Operated  by  a  boy  or  handy 
man,  it  will  soon  pay  for  itself  in  the  de- 
creased cost  of  sharpening,  to  say  nothing 
of  the  improved  condition  of  your  drills. 


Shafting— Injectors 
Tool  Grinding  Machines 


August,  1918 


MACHINERY 


193 


Back  of  Vitrified  Wheels 

is  the  knowledge  that  comes  from  long 
experience  in  selecting  and  grading 
abrasives,  compounding  bonding  mix- 
tures and  proportioning,  forming  and 
baking  the  wheels; 

BUT- 

Vitrified  Wheel  Service  does  not  end 
there.  Our  knowledge  and  experience 
are  always  at  your  disposal.  Our  catalog 
is  complete  and  contains  much  useful 
data;  but  don't  hesitate  to  write  us 
should  you  need  further  cooperation  in 
selecting  the  wheel  to  meet  your  par- 
ticular requirements. 


VITRIFIED  WHEEL  CO. 

WESTFIELD  MASSACHUSETTS,  U.  S.  A. 


HSCHER  PROFILE  GRINDING  MACHINES 

Best  Where  Flat  Irregular  Shapes  Are  Ground 

The  Baldwin  Locomotive 
Company  uses  34  Fischer 
Profile  Grinding  M  a  - 
chines  in  one  department. 
They  are  of  great  value 
in  grinding  practically 
any  shape  or  contour  and 
automatically-  providing 
the  desired  amount  of 
clearance. 

In  producing  exact  du- 
plicates in  quantity  they 
are  unsurpassed  for 
speed,  accuracy  and 
economy. 

Let  u.s  send  all  the 
particulars. 

FISCHER  MACHINE  COMPANY 

PHILADELPHIA,  PA. 

nOMESTIO  AQENT8:  Ohlrii-ii  A.  StuJInjer  Oo..  Prtroit.  Mich.  POREION  AOENTS-  CVi«l« 
.Vfnchinc  Ton]  Co.,  I^trt.,  Tluinet  Hcmiw,  Stnind.  I>ondon,  OlAngov  and  N«woa«tI<von-TTTn».  Am 
I'oriiri  (la  Viilrain,  Piria,  FruiiT.    TamiUki  ft  Oo.,  TnUo.   Japan.     Rrnry  Cot  A  Oli'hd,   MiUn,    lulj. 
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Noble  &  Westbrook  Machines 


For  Finishing 

This  is  the  new  Noble 
&  Westbrook  A  u  t  o  - 
matic  Surface  Grinder. 
Working  parts  are 
thoroughly  protect- 
ed  from  abrasive  dust. 
Simple  adjustments. 
Feed  screw  dials  are 
graduated  t  o  .001". 
Capacity  8"  x  20". 

See  catalog  on  complete  line 
of  grinders  and  polishers 


For  Marking 

The  Dwight  Slate 
Marking  Machine 
cuts  a  clean,  perma- 
nent name  or  trade- 
mark in  any  material 
suitable  for  impres- 
sions. Catalog  No.  5 
contains  list  of  prom- 
inent users. 

Complete  steel  lettering  and 
die  engraving  department. 

NOBLE  &  WESTBROOK  MFG.  COMPANY 

19  ASYLUM  STREET  HARTFORD,  CONNECTICUT 


For  Immediate  Delivery 

The  Thompson  Grinder 

Consider  the  advantage  of  having  this  universal  grind- 
er added  to  your  toolroom  equipment  "immediately." 
Designed  on  the  stationary  head  principle,  with  rotat- 
ing column  and  swivel  table — quickly  adjusted  for  any 
form  of  plain,  surface,  edge,  die.  cutter  and  internal 
grinding.  An  asset  in  any  shop — a  godsend  to  an  over- 
worked toolroom. 


Details  on  request 


It's  up  to  you 


Full  description  in  catalog 


THE  THOMPSON  GRINDER  CO. 

Springfield,  Ohio,  U.  S.  A. 


THE  WATERBURY  GRINDER 


.strong,  Hpoedy,  accurate, 
economical,  durable  —  more 
adJectlvcH  could  be  used,  but 
It  Ih  Himpler  to  Bay — depend- 
able—for the  Waterbury 
Grinder  Is  JUHt  that.  A  ih- 
prnilahlc  machine  for  tool  or 
Hiirfuce  KrltidlnK  and  a  gen- 
nine   cconDrny   In    the   Hhop. 

Circular  ? 

The  Blake  &  Johnson  Co. 

WA  IKKIUJKY.  CONN,  US  A. 


EMERY  WHEEL  DRESSERS 


No.  0  For  Small  Wheels 


No.  2  For  Large  Wheels 


NO.    1    FOR    REGULAR    SHOP    USE 

These  Dressers  in  connection  with  our  Cutters  make  a 
most  powerful  and  efficient  tool,  especially  our  No.  0  tor 
small  wheels  6  inches  and  under,  and  No.  2  which  is  made 
proportionately    larger    and   stronger    for    large    wheels. 

CUTTERS 

"  (pattern)  for  No.  0  and  "Hunt- 
nd  Roughing  Cutter  for  Dresser  No. 
and  Roughing  Cutters  for  Dresser 
)  circular  and  prices. 


We  make  the  regular  "Huntingto 
ington"  (pattern)  Paragon  Cutter 
1  and  the  "Huntington"  (pattern 
No.  2.     Let  us  send  you  descriptii 


GEO.  H.  CALDER,  Lancaster,  Pa.,  U.  S.  A. 


Bridgeport  Belt  and  Motor  Driven  Grinders 


— wet,  dry  or  combination 
of  both — cup,  ring  wheel, 
knife,  etc. — meet  all  tool 
room    requirements. 

This  Motor  Driven  Wet 
Tool  Grinder  is  rigid, 
well  balanced,  made  in 
five  sizes,  for  14  to  42 
inch  wheels — as  pictured 
or  with  drop  bowl  for 
grinding  long  tools. 
Write  us 

THE  BRIDGEPORT  SAFETY 
EMERY  WHEEL  CO.,  INC. 

Bridgeport         Conn.,  U.  S.  A. 


&Qt0 


FRANCIS 


Diamond  Grinder  Tools 

(■M  IruiiiK  eiiiory  unil  (Hirliuriiiiiluni  »  hocln  iiri'  iiivinit  mi'iit  Biitiii- 
fuctinii  I'ViTywlioio  bfouuHC  of  tin'  Imnl  niul  liiitli  ininlity  (lin- 
nniiiil"  mn\      'I'hc-v  will  i<i'i'P  y""r  iihrnsivo  whri'ln  in  Rnoil 
ruttini!  conililion. 
Ask    f<ir   •■•'HiTlpllvf   circular   aiul    let    us   (.end    you    nil 


II  l<i 


I'lo'llll 


FRANCIS  &  CO. 


50  Stall  .St., 

Ilaririinl. 

C'.i>nn.,r.  .S.  A. 


g a 
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The  Price  of 
Diamonds 

for  dressing  Grinding 
Wheels  is  becoming 
almost  prohibitive. 

Diamo-Carbo 

Emery   Wheel  Dressers 

are  an  inexpensive  and  effective  substitute 
for  the  black  diamond — and  will  do  the  same 
work  at  a  price  that  permits  a  dresser  for 
each  wheel.  Wearing  qualities  are  unsur- 
passed, upkeep  is  nil  and  there  is  a  decided 
saving  from  all  standpoints. 

Will  you  try  one  at  our  expense  ? 


No.  3  —  10  inches  long,  $3.50 


W^ 


No    5—12  inches  long,  $4  00 

THE  DESMOND-STEPHAN  MFG  CO. 


URBANA 


OHIO,  U.  S.  A. 


Alfred     Herbert.     Ltd..     Coventry,     Agents    for    Great    Britain.      The 
.•-,„n,i,..^     riaor^f^TiH-'iitorthiiTi     MfDT-     i^o..     Ltd..     HaiiiiUon.     t-Ult,,     dis- 


NEW  SELF-LUBRICATING 


Qi 


EMERY  WHEEL  DRESSER 
and  CUTTERS 

"We  have  found  it  the  most  economical  and  effi- 
cient device  we  have  used  for  the  purpose." 

The  Favoritf.  Stovf.  anu  Ran(;k  Co.. 
Piqua,    Ohio. 

THE  HETHERINGTON  CO.,  Piqua,  Ohio 

Ceo.  W.  Goodchild  &  MacNub.  London.  Eng..  Agents  for  Great  Britain 


TELL    US   WHAT  YOU    GRIND 

and  we'll  pick  the  wheel 
that  will  do  your  work  to 
t  advantage  — 

A  STERLING 

Grinding  Wheel 

fast,  free -cutting 
and  economical  of 
power.      Cataloil? 

THE  STERLING 
GRINDING  WHEEL 
COMPANY,  J^VS 

■  lUiiK    AKon,-.v: 
t    Com  ..any. 
St..     Now     York. 


RODUCTION 


SURFACE 
GRINDER 


Adjustable  Taper  Spindle 

dl  Surfaces  Hand  Scraped 

Graduated  Feeds 


Surface  of  Platen  15  x  5 
Traverse   Movement   8   in. 
Vertical  Movement  9  in. 
Stone  6  X  lo  X  i^  in. 
Speed  of  c,  shaft'  400  r.  p. 
Weight    435   lbs. 


$ 


150 


00 


Write  for  Catalog. 


New  Jersey  Machinery  Exchange 

Newju-k  New  Jersey,  U.  S.  A. 


RANSOM  GRINDERS 


Motor  driven,  they  save  power,  cost  and 
upkeep  of  transmission  equipment  and 
are  readily  installed  or  relocated. 

No.  48,  for  extra  heavy  duty,  is  of  mas- 
sive proportions.  High  carbon  steel 
arbor,  with  ring  oiling,  dust  proof  box- 
es, maintains  true  alignment,  and  our 
Patent  Speed  Controller  prevents  wheels 
over-speeding.  Ideal  for  steel  foundry 
work  and  similar  severe  service — a  well 
liked  model  of  a  popular  line. 

Complete   Catalog  on  Request 


RANSOM  MANUFACTURING  CO. 

OSHKOSH  WISCONSIN,  U.  S.  A. 
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Economy  in  Metal  Cutting 

is  accomplished  by  using  Nutler  and  Barnes  Cutting  Off 
machines.  They  are  strong,  high  powered,  speedy  and  easily 
controlled.  Special  features  are — single  lever  control  for 
stopping  and  starting  feed,  four  speed  changes,  a  system  for 
forced  lubrication  which  always  delivers  the  oil  at  the  cut- 
ting point  and  a  friction  safety  device  to  prevent  overfeeding. 

Machine  Tool  Division 

Greenfield  Tap   and  Die  Corporation 

GREENFIELD  MASSACHUSETTS,  U.  S.  A. 
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BLUE 

CHIP 

STEEL 


We've  tried  to  make  our  advertising  carry  the  convic- 
tion that  Blue  Chip  High  Speed  Steel  is  uniform,  de- 
pendable steel.  If  it  does  carry  that  conviction  it  has 
accomplished  its  purpose. 

Blue  Chip  Steel  needs  no  recommending  in  the  plants 
where  it  is  known.  For  years  it  has  been  used  by  con- 
cerns we  all  look  upon  as  leaders — used  for  making  all 
manner  of  cutting  tools  and  to  meet  greatly  varied  re- 
quirements.   And  it  has  made  good. 

Give  Blue  Chip  High  Speed  Steel  the  opportunity  to 
convince  you  of  its  superiority.    Write  for  more  details. 


FIRTH -STERLING  STEEL  CO. 

McKEESPORT,  PA.,  U.  S.  A. 

BOSTON  NEW    YORK  PHILADELPHIA  CHICAGO  CLEVELAND  PITTSBURGH 
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BOEHM 

DIE  HEAD 


Threads  Sixty  of  These 
Brass  Valve  Stems  Per  Hour 


Brass  castings  become 
gage  valve  stems  at  the 
rate  of  one  a  minute  in 
the  Hays  Manufacturing 
Company  shops,  Erie,  Pa. 
In  this  accomplishment 
the  Boehm  Die  Head  is 
exceeding  the  expecta- 
tions of  its  owners. 
Threads  are  two  inches 
long,  six  pitch,  Acme,  and 
are  completed  in  one  cut. 

The  Boehm  Die  Head  is  well  made  to  "make  good"  under  all  conditions. 

The  Boehm  Die  Head  found  its  stride  in  this  concern  more  than  two  years  ago  and  has  stuck 
to  it  ever  since.  The  scrap  heap,  conspicuous  by  its  absence,  makes  this  speed  still  more 
remarkable.     Speed  with  precision  is  the  Boehm  characteristic. 

The  uniform  method  of  securely  holding  the  chasers  makes  for  exact  duplication.  There's 
sound  principle  in  the  design;  few  parts  in  the  construction.  It  is  simple,  accessible  and 
economical. 

Put  a  Boehm  Die  Head  on  your  machine.     It's  a  practical  spur 
to  laggard  production.       Do  it  now. 

RTCKRRT-SHAFER  CO.,  612  W.  12th  St.,  ERIE,  PA. 

Now    YorU    (Kfiro:   .".(>   riiiirrli    Stroci 
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THREE  point  support  for 
a  machine  is  a  feature  of 
importance  in  assuring 
rigidity   and    accurate    align- 
ment under  varying  working 
conditions.     It  •  is    a   distinc- 
tive feature  of  this  14/4  inch 
"Davis" — which  also  boasts 
taper  spindle  bearings,  with 
SKF  self-aligning  ball  bearing 
end  thrust, reverse  mechanism 
and  automatic  stop  (con- 
tained in  one    rod)  and 
other  points  equally  inter- 
esting   to    discriminating 
manufacturers. 


iiinimi/immTTT 


^ 


iiiniiiuiiiiiwiig 


Hole  in  Spindle  l'^" 
Cone  Diameter  4"  toS" 


Cuts  Threads  I>o  to  80 


Complete  descriptv 


DAVIS  MACHINE 
TOOL  CO.,  Inc. 

ROCHESTER,  N.  Y.  U.  S.  A. 


Tapered  Gibs 


Giving    full 
contnct. 


len^^th   metal 


Endwise  adjustable  by 
single  screw. 

Our  gibs  do  not  rest  on 
points  of  set  screws,  but 
Hat  against  a  solid  bear- 
ing giving  practically  a 
solid  metal  contact. 


Our  Heavy  Duty  Shapers  also  have  many  other  excellent  features. 
Ask  for  our  new   Catalog  J. 

THE   CINCINNATI    SHAPER   COMPANY 

CINCINNATI,  OHIO,  U.  S.  A. 
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Our  Improved 

Gear  Tooth  Rounding  Machine 

Is  Quick,   Accurate   and   Convenient 


For  rounding-  sliding  gear 
teeth  our  new  improved  Gear 
Tooth  Rounding-  Machine  has 
no  equal.  It  is  fast,  accurate 
and  convenient. 

Makers  of  machine  tools, 
automobiles,  tractors,  etc., 
and  gear  contractors  will  find 
it  an  unusually  profitable  in- 
vestment. 

Anyone  can  operate  it.  It  has 
few  parts  and  is  durably  con- 
structed for  long,  steady 
usage.  It  occupies  but  little 
floor  space. 

It  has  a  capacity  for  any  pitch 
from  21/2  to  20;  gears  up  to  30 
inch  diameter  by  12  inch  face. 


Here  is 

Its  Production 

Record 

This  machine  will  round  27  6-pitch 
chrome  nickel  gear  teeth  in  one 
minute,  other  pitches  at  propor- 
tionately good  speeds. 


Let  us  send  you  further  particulars.      Write  at  once  to  insure  early  delivery. 

Chas.  H,  Walker  Machinery  Co. 


42-44  East  Larned  Street 


DETROIT,  MICH.,  U.  S.  A. 
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''There's  Something  in  a  Name!'* 


This  20"  Double  Back 
Geared  Lathe  possesses 
every  feature  for  quanti- 
ty, quality  and  economi- 
cal production.  Sound 
principles  and  special 
characteristics  are  built 
into  every  Flather  Lathe. 
Send  for  the  catalog. 


A  Wider  Ranged  Boring  and 
Drilling  Machine 


The  Pawling  &  Harnischfeger  Co. 
Improved  No.  12  Boring  and  Drill- 
ing Machine  has  all  the  good  quali- 
ties of  the  well  knoviTi  standard 
No.  12  plus  certain  improvements 
which  make  it  the  most  complete 
tool  of  its  kind  on  the  market  to- 
day.    Large  boring  bar  supports 
mounted  on  a  sliding 
base    afford    a   great- 
er   range    than     was 
heretofore      available. 
There  are  four  chang- 
es  of  speed  for  each 
feed.    All  changes  may 
be  made  from  opera- 
tor's position  near  the 
drill. 


DALE -BREWSTER 
MACHINERY  CO,  Inc. 

54S547  W.  Washington  Boulevard,  CHICAGO 
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STEINLE    TURRET   MACHINE   COMPANY,  Madison,  Wisconsin,  U.  S.  A. 
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CLEVELAND 

20"  Heavy  Duty  Motor  Driven  Engine  Lathe 


THE  Cleveland  20"  Heavy  Duty  Motor  Driven  Engine  Lathe  performs 
an  invaluable  service  in  heavy  manufacturing  shops  and  busy  shops  in 
general.   Its  specialty  is  turning  out   a    maximum    amount   of   heavy 
work  under  pressure. 

It  is  rigidly  reinforced  without  becoming  cumbersome,  has  all  controls  con- 
venient to  operator,  and  may  be  relied  upon  at  all  times  for  its  readiness 
and  accuracy. 

Cleveland  20"  Heavy  Duty  Motor  Driven  Engine  iLathe 

It  has  an  unusually  wide  and  deep  bed  with  numerous  box  section  ribs, 
compensating  vee  in  front  and  flat  way  in  rear  for  carriage. 

Geared  headstock  of  improved  construction  affords  nine  quickly  available 
speeds  by  the  operation  of  two  levers. 

Apron  is  of  double  wall  construction;  carriage  is  extremely  large  and 
heavy.    Many  other  features  are  worthy  of  your  prompt  consideration. 

Tm/^^^^  More  complete   description   will   be 

^^jHUE^H  mailed  upon  request.     Write  today. 


The  Cleveland  Machinery  &  Supply  Co. 

General  Offices:   Cleveland,  Ohio 
Factories:   Hamilton,  Ohio  Columbus,  Ohio  Richmond,  Ind. 
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DISCOVERED 

An  AMES 
LATHE 


on  a 


it 


Reel'  Peaceful 
Job 


B.  C.  AMES  COMPANY 


Waltham, 


Mass. 


O  MALL  as  they  are,  Ames  Lathes  are 
^  contributing  in  no  unimportant  way 
to  the  maintenance  of  the  sinews  of 
war.  We  have  seen  them  in  many 
shops,  producing  accurate  ammunition 
dies  and  handhng  similar  work  for  the 
cause. 

But  not  all  the  Ames  Lathes  have  been 
commandeered  to  help  in  the  foremost 
business  of  the  day — the  one  in  the 
photograph,  for  instance,  works  in 
the  Horton  Manufacturing  Company's 
plant  at  Bristol,  Conn.,  on  a  "reel" 
peaceful  job.  It  is  making  fishing  reel 
parts,  and  the  reputation  of  the  com- 
pany behind  it  is  sufficient  testimony 
for  the  reliability  of  the  product. 


Have  you  a  light 
manufacturing  job 
about  which  you 
are  particular? 
Better  consult  the 
Ames  catalogue  at 
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you  could  turn  out  a  much  smoother  run- 
ning product  and  do  it  quicker  and  cheaper. 

If  you  have  never  felt  justified  in  going  to  the 

expense  of  accurately  balancing  the  rotating  parts  of 

your  product  or  have  depended  on    the  old  tedious 

cut-and-try  method  you  will  immediately  appreciate  the 

importance  of  the 


'ARWEN 


E>yita 


itiic  Balancing  Macltiiii? 


After  obtaining  the  static  balance  of  a  crankshaft,  place  it  in  the  Carwen 

and  while  it  is  rotating   you    can   measure    accurately    the    correction 

needed  to  secure  true  running  balance.     By  applying  the  dial  reading 

to  the  chart  you  can  determine  just  how  much  and  where  to  take  off  (or 

add  to)  so  as  to  eliminate  vibration. 

The  entire  operation  takes  less  than  five  minutes,  and  the  vastly  im- 
proved running  qualities  obtained  are  even  more  important  than 
the  time  saved. 

We  make  these  machines  in  sizes  suitable  for  balancing  objects 

weighing  from  5  oz.  up  to  15,000  lbs.  and  their  use  is  just  as 

practical  on  medium  quality  products  as  on  those  where 

price  does  not  enter  into  consideration. 

We     will     gladly     make    a    demonstration    without    cost. 


The  Carlson- Wenstrom  Co. 

Erie  Avenue  at  Richmond  Street 

Philadelphia^  Pa. 


•pnncipl 


and  iis*  application 
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Don't  think  because  you 
used  to  dig  out  your 
pattern  work  by  hand 
methods  that  you  need 
to  continue  to  do  it  now. 


¥ood 


Cut  shows  No.  102  Universal  Wood 
Milling  Machine  finishing  the  inside 
of  heavy  segment  of  fly  wheel  pat- 
tern. It  is  a  6'  section  of  20'  diam- 
eter fly  wheel  with  a  cross  section 
14%"  by  15%"-  This  was  worked  out 
of  the  rough  glued  up  section  to  the 
true  circle  and  with  proper  draft  and 
fillet  cut  out  of  the  solid  stock.  The 
ends  were  squared  off 
true  to  the  correct 
angle. 

Time  8  hours. 
Figure  the   saving. 


Oliver  Machinery  Co. 

Grand  Rapids,  Mich. 


It  will  handle  all  of  your  ^vork  v^ith  every  convenience — 

and  can  be  kept  busy  every  hour  of  the  day  owing  to  the  great  range  and  adaptability — 

The  Harrington  Extension  Bed  Gap  Lathe 

The  bed  is  made  in  two  parts,  the  upper 
arranged  to  slide  on  the  lower,  so  that 
the  length  of  the  gap  can  be  varied  or 
the  distance  between  centers  nearly 
doubled.  No  time  is  lost  while  the  oper- 
ation is  going  on,  and  no  rigidity  or  ac- 
curacy is  sacrificed. 

Edwin  Harrington,  Son  ^ 
Co.,  Inc.,  Philadelphia,  Pa. 


Extonkton    Attachment   for   turning   long   dlatancos   across   tho   gap 
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SUPERIOR 


Sliding  Head 
Vertical 
Drilling 
Machines 


Built  in 

25",  28",  32"  and  36" 

Sizes 


Here's  a  line' of  drilling 
machines,  designed  for 
manufacturing  and  job- 
bing purposes,  in  which 
many  refinements  of  de- 
sign    and     construction, 

not  found  in  the  average  standard  machine,  have  been  incorporated.  Par- 
ticular attention  has  been  given  to  accuracy  and  alignments;  adjustable 
automatic  stop  reduces  drill  breakage  to  a  minimum ;  bearings  on  column  are 
extra  long  and  the  table  is  rigidly  supported. 

Friction  Tapping  Attachment  and  Special  Compound  Table  broaden  the  range  of 
these  machines,  and  their  convenience  and  adaptability  reduce  the  cost  of  even 
the  simplest  operation  to  a  minimum.  Material  and  workmanship  are  fully 
guaranteed  and  each  machine  is  thoroughly  tested  under  its  own  belt  before 
shipment. 

Complete  description  and  specifications  of  these  wide  range 
machines  sent  on  request. 

THE  SUPERIOR  MACHINE  TOOL  CO. 

KOKOMO,   INDIANA,   U.  S.  A. 
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Steptoe  Shapers  and  Milling  Machines 


Represent  seventy-three  years  of  experience 
in  the  manufacture  of  high  grade  machine 
tools  and  thousands  of  our  machines  are  in 
shops  giving  daily  satisfaction. 


The   John    Steptoe    Company 


BRIGHTON 


CINCINNATI,  OHIO 


WE  CONFINE  OURSELVES  TO  BUILDING 

Shapers  Exclusively 


Crank  Sizes  :    12,  14.  16.  20.  25,  28  and  32  inch 
Geared  Sizes  :   28.  32  inch 

Smith  &  Mills  Company 

CINCINNATI  OHIO,  U.  S.  A. 


Save  Labor  by  Using  the  Self- 
Oiling  All  Geared  Gang  Drill 


It  is  so  strong,  so  powerful,  so  positive,  so  accu- 
rate, so  rapid  and  so  easily  controlled  that  your 
operators  will  turn  out  more  work  of  a  better 
character  than  they  can  accomplish  on  any  drill 
having  cone  and  inherent  belts  to  shift,  to  slip, 
to  give  trouble,  waste  time  and  make  expense. 
Our  Self  Oiler  offers  you  Maximum  Value  in  a 
drilling  machine.  It  is  unequaled  in  power,  speed 
and  productive  capacity.         Send  for  Catalog  "M" 

Barnes  Drill  Company 

814  ClieN<nn«  S(.    ( Incorporated  1907)     HOCkFORD.  ILL. 

AC.KNTH  FOR  OltEAT  BRITAIN:  Burton,  Orifflths  &  Co..  Ltd.,  I^ndon, 
!•;.(!.  KHANOE:  R.  8.  Stulais  &  Kils.  Pahs.  JAPAN:  Uokii-Holni  Slioten. 
T(ikii).  ITAI^Y:  Alfred  HcrlHTt,  Ltd.,  Milan.  SI'AIN:  AnnT.oan  Mndilnery 
.Svndioato,  Hvidnon  Tonnlnal  HWi;..  New  York.  narci-l/)na.  Madrid.  SeTille, 
Fiilhao.  BanUndor.     NKW  SOmi  WALES:  R.  L.  Scnltton  &  Oo.,  Sydney. 


YOUNG,  CORLEY  &  DOLAN,  Inc. 

Machine  Tools 

EXCLUSIVE    LINES 
Owen  Milline  Machines         Rivett  Lathes(N.  Y.  Dist.) 

.-.,,     o     l'l:iln                                                         I'r.ilsli.M     iii'iii-li    l,:ilho8 

Bichett  Planen                      ^^?,!;l'"4oPr'?^?!;?,r  onn.,.. 

.'If;   ln':h,    42   liir:ii,   iirid    AH   Inili                ( •vllndrl'-ii  1   IS"   \  r.d".   18"  X  On", 

Rivett Grinders(N.Y. Dist )          '«    "    - 

n;:;';;':;n'i^V;u'''R:',,.7,M'''rr,Ki, ,„     Hilbert  Radial  Drills 

Wei^el  Drillinft  Machines     -,              r     ••      i    .l 

:!i""r,.i  :::,"  i'i,ri"it  d.iiim             Greaves  Lngine  Lathes 

O.I,  N.  Y    W.„-I,.,„.f.  ,l,„  U  lial  1,1  Nrw  Mi>rl>in«ry  mailxil  upon  r<-<|U*«l. 

New  York,, 

and 

Export 

Agents 

115: 

Broadway 

New  York 

City 
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Drilling 
Machines 

Henry  &  Wright 
Drilling 
Machines 
are  doing 

More  Drilling 
Than  All 
the  Armies  in 
the  World 

Drilling  millions  of  holes  %"  and  under  in 
every  conceivable  kind  of  war  munitions. 
They  are  preferred  because  of  their  many 
advantages. 

THE  HENRY  &  WRIGHT  MFG.  CO. 

HARTFORD,  CONN. 


OVtB-StHS  UEPBESENTATIVC 


Uj)jKoi>  ALLIED  MACHINEHY  COMPANY  OF  AMERICA  .^Jjjjjg 


BARCELONA 


Forethought  in  Construction 


CLEVELAND 

32"  Upright  Drilling  Machine 

Many  tools  of  yesterday,  designed  with- 
out forethought,  are  unable  to  cope  with 
requirements  of  today.  Be  sure  the  drill 
you  buy  has,  in  power,  strength  and  capac- 
ity, a  margin  of  safety  for  the  future. 
The  Cleveland  has  large  diameter  spindle 
of  special  hammered  steel,  counter  bal- 
anced, and  equipped  with  patent  quick- 
return  mechanism;  unusually  heavy  col- 
umn, firmly  braced;  large  table,  well  pro- 
vided with  T  slots;  easily  adjusted  auto- 
matic stop  to  down  feed,  set  by  gradua- 
tions on  the  spindle. 

A7i  improved  lubricating  system  insures 
safe,  satisfactory  drilling  at  maximum 
speeds. 

Send  for  further  details. 

The  Cleveland  Machinery 
&  Supply  Co. 

General  Offices:  CLEVELAND,  OHIO,  U.S.A. 

FactorUi:     Hamilton.  Ohio         Columbut,  Ohio         Richmond.    Indiann 
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Laidlaw  Single  Feather  Valve 
Compi 

■belt 
Electric 
Drive 


lAIDI^^ 


Reg.  U.  S.  Pal.  Off. 


AIR  COMPRESSORS 


There's  economy  and  good  service  in  the  close-belt  type 
of  Laidlaw  Feather  Valve  Compressor.  Enclosed  frame 
provides  automatic  oiling  and  protection  from  dirt  and 
flying  grit.  It  requires  little  attention.  Above  all,  it  has 
the  marvelously  durable  and  efhcient  Feather  Valve, 

A  complete  line  of  Single  Power  Driven  Feather  Valve  Com- 
pressors is  shown  in  Bulletin  L531-129.    Write  for  your  copy. 


Worthington  Pump  and 
Machinery  Corporation 

115  Broadway,  New  YorK 

Laidlaw  Works,  Elmwood  Place,  Cincinnati,  O. 
Branch  Offices  in  all  Principal  Cities 


The  Laidlaw  Compressor  is  the  Product  of  a  Worthington  Plant. 


li^^^M^l^ 


A  big  line  to  choose  from  — a  safe  line  to  choose 
AIR  COMPRESSORS  PUMPS  CONDENSERS  OIL  ENGINES 


Chicago  Pneumatic  Simplate  Valve 

Fuel  Oil  Air  Compressors 


Chicago  Pneumatic  Fuel  Oil  Driven 
Simplate  Valve  Air  Compressor  will 
operate  on  any  mineral  oil  of  28  degrees 
Heaume  scale  or  lighter,  containing  not 
over  one  per  cent  sulphur,  including 
Star  Oil.  Diesol,  Calol.  Stove  Oil.  Solar 
Oil,  Gas  Oil,  Kercsene  and  distillates  be- 
tween Kero.sene  and  Lubricating  Oil. 
.Stationary  or  portable. 

Made  in  capacities  up  to  600  cu.  ft.  of 
free  air  per  minute. 

Wn'tf:  for  Bulletin  3^-K. 

CHICAGO  PNEUMATIC  TOOL  COMPANY 


1060  Fithrr  BIdg. 
CHICAGO 


52  Vnndrrhilt   Av 
NEW   YORK 


The  Curtis 
Compressor 

Efficient  Cooling  Few  Parts 

Light  Disc  Valves,  Small  Clearances 


No  stuffing  boxes, 
shoes,  slides  or 
guides,  less  friction 
and  wear,  lo  w  e  r 
maintenance.  Will 
run  10  to  15  times 
as  long  with  tlio 
same  amount  of  oil 
as  competing  makes. 
yet  will  lubricate  all 
parts  properly  and 
keep  oil  out  of  the 
di-scharge  line. 


Full  Self-Oiling 

Controlled  Splash 

Regulatable,    Sight 

Feed   Cylinder    Oiling 


Curtis  Pneumatic  Machinery  Co. 

1568  Kienlen  Ave.  St.  Louis,  Mo. 

r>.IO(:  Hiiilx.n    Irrinln.l.  Nrw  YorU  (  ily 
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A  Little  Air  Power 

At  Slight  Production  Cost 


This  is  the  function  of  Ingersoll-Rand 
Class  "ER"  and  "FR"  Compressors. 


These  small  machines  are  built  in 
quantity  on  a  quality  basis.  You 
can  obtain  any  of  the  various  sizes 
of  either  type  and  benefit  immedi- 
ately by  the  employment  of  the  air 
power  it  provides — for  a  few  more 
air  tools  will  greatly  increase  the 
productivity  of  your  men. 

It  will  prove  a  profitable  invest- 
ment, for  you  will  secure  a  machine 
of  high  efficiency  maintained  over 
a  long  life  of  uninterrupted  service. 
The  cost  of  operation  is  low — pow- 


er requirements  are  slight  and  the 
item  of  maintenance  is  a  small  one. 

You  obtain  all  the  advantages  of 
Ingersoll-Rand  Plate  Air  Valves, 
automatic  lubrication,  automatic 
regulation  and  efficient  drive.  The 
last  may  be  either  long  belt  from 
line  shaft,  short  belted  electric 
motor  or  piston  valve  steam  engine. 

Capacities  range  from  50  to  1000 
cu.  ft.  at  pressures  from  10  to  250 
lb.  per  sq.  in. 


You  will  wsint  to  know  more 

about  these   machines. 

Ask  for  the  Bulletins. 


No.  3130-C1«8S  ER,  Bell-Driven 
No.  3031— CIus  FR,  Slesm-DriTen 


Ingersoll-Rand 
Company 


11  Broadway 
New  York 


165  Q.  Victoria  SL 
London 


Officea  the  World  Over 


Ingersoll-Rand  Class  ER  Compressor 
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Electrite  Uranium 

■  ;     -        ...      ..«#   ' 

High  Speed  Steel  for  Planer  Tools 


The  To 

Inconspicuous  But  "i 


Casting  and  machin^^Ifl^companying  photograph  j 
both  of  more  than  |isual  size.  The  tool,  however,  though 
inconspicuous  in  t]^  performance,  is  the  most  vital  factor 
in  the  production.  %Given  a  machine  sufficiently  powerful, 
the  right  tool  will  "come  through"  u^ractically  any  service. 

Concerns   that  count,   count   on  Electrite    Uranium    for 

-   -'  -        '     ^T_;^  -^     discovered  it  yet? 

t  in  touch  with  us  now.     Let  us  convince  you 

LATROBE  ELECTRIC  STEEL  CO.,  Latrobe,  Pa. 


NEW  YORK,  N.  Y. 
16S  Broadway 

nrrsBURGH.  pa. 

Ift  National  Bank  Bldf. 
CINaNNATI.  OHIO 
2802  Union  Central  Bld«. 
DETROIT.  MICH. 
1S31  Dime  Banli  Bld«. 


TOLEDO,  OHIO 
248  Watar  Street 
OIL  CITY.  PA. 
887  Cliambert  BIdit. 
DAYTON,  OHIO 
1108  Conovar  Bld«. 
WASHINGTON.  D.  C. 
KHf  Bld«. 


ERIE,  PA. 
18th  and  Ath  Stt. 
BUFFALO,  N.  Y. 
812  Ellioolt  Sq.  BIdtf. 
CLRVELAND,  OHIO 
1306UnionNat'l  Banli  Bld«. 
SEATTLE,  WASH. 
836  Firct  Ava.  So. 


LOS  ANGELES,  GAL. 
American  Banli  Bldg. 
SAN  FRANCISCO.  GAL. 
149  California  St. 
PHILADELPHIA.  PA. 
Widenar  Bldg. 
WINNIPEG,  CAN. 
307  Confederation  LifeBidg. 
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Used  on  Practically 

Every  Machine  in  the  Shop 


Wizard 
ChucRs 


and 


Collets 


It  is  only  about  a  year 
and  a  half  since  the 
Howard  Iron  Works, 
Buffalo,  N.  Y.,  put  in 
its  first  Wizard  Chuck, 
but  now  the  "Wizard" 
outfits  in  use  number 
seventy-five. 

Almost  every  machine 
is  so  equipped.  Besides 
their  big-  time  saving- 
feature,  which  permits 
changing-  tools  with- 
out stopping  the  spin- 
dle, the  men  like  the 
simple,  responsive  ac- 
tion and  the  powerful 
way  a  "Wizard"  holds 
big  tools  to  heavy 
work. 

We  will  he  glad  to  send 

a  Wizard  Outfit 

on  trial. 

The  McCrosRy 
Reamer  Co. 

MEADVILLE.       PA. 

Export  Ar»«»«: 

Benjamin  'WrKittaKer 

21  State  St.,  New  YorK,  N.  Y. 
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Doehler  Die-Cast  Check  Protector  Parts 


DOEHLER 

DIE-CASTINGS 

With  labor  at  a  premium  and  with  the 
prevailing  difficulty  of  obtaining  ma- 
chine tools,  Doehler  Die-Castings,  re- 
quiring the  use  of  but  a  minimum  of 
labor  and  little  if  any  machine  equip- 
ment, have  been  of  material  help  in 
solving  the  production  problems  for 
some  of  the  leading  manufacturing  con- 
cerns in  the  country.  This  has  been  ac- 
complished most  satisfactorily  from 
the  standpoint  of  EFFICIENCY  as 
well  as  ECONOMY. 


MAIN  OFFICE    AND  EASTERN  PLANT 
•WESTERN   PLANT        '*'  *^V^V^  xVijI  IN  •  IN  •    X  •    jj^^  JERSEY  PLANT 

TOLEDO, OHIO.  NEWARK,  N.J. 

Die-Castings  in  Brass  and  Bronze,  Aluminum  and  White  Metal  Alloys, 
Die-Cast  Babbitt  and  Babbitt-lined  Bronze  Bearings. 

mm 


TIIF  IDEAL  TOOL 
c^:  Ml  (;.  COMPANY 

Iil<:AVi:R    FALLS,   PLNNA. 

AliKNTt'     Mannltiit     M>t«rll    t,    Minn;    Inc.    1111   W.    inih    HI  . 
Nkw    V.»1>    (lit        H»ltHl    M«<hliirrr    Ci...    Wlilnirr    HMk..    I'IiIIa 

.l-l|*l«.     !••         W.^.r.  n^     <tr.rt,lnrr7     ar.,]     Mtipptv     I'.,.,     IHllii'     llailK 

lll<l«.,    iMtrnll,    M-  >        >•      I       !•....      i-t    .  111(1   H     J,,(Trn«m 

HI..    <%lau».    III 


IDEAL  DIE  HEADS 

HAVE  SMALL  O.  D. 


The  die  head  shown  here  is  a  4"  type 
"B."  Its  capacity  is  3"  (o  4",  the  outside 
diameter  is  only  614",  and  the  length 
4  15/16".  The  weight  is  50  pounds,  which 
proves  that  its  construction  is  not  only 
compact,  but  solid  and  strong.  This  die 
is  very  valuable  to  makers  of  screws,  since 
it  can  be  used  on  smaller  machines  than 
any  other  make  of  the  same  capacity,  and 
often  eliminates  the  necessity  of  purchas- 
ing a  new  and  larger  screw  machine. 

Prompt  deliveries  can  be  had  on  both 
dies  and  chasers. 

Ideal 
All  Ways 
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Nothing  to  Do  but  Drive 

You  are  not  put  to  the  trouble  of 

filing  and  fitting  when  you  use  our 

Finished  Machine  Keys.  We  finish 

them  complete — all  ready  to  drive, 

and  you  can  always  depend  upon  accurate  machining  and  true  size.  We  have  special  facilities 

for  making  Machine  Keys  any  length,  width,  depth,  style  or  taper.     If  your  keys  are  costing 

too  much — get  our  prices. 

Our  specialties  include:  Machine  Rachs,  Cold  Drawn  Shafting,  Screw  Stock, 
Flats,  Squares,  Hexagons  and  Special  Shapes.    Send  for  interesting  Catalog. 

STANDARD  GAUGE  STEEL  COMPANY,    Beaver  Falls,  Pa.,  U.  S.  A. 


Mich,      A.     L.     Ma 


Parifir     Ti.nl 


ari'l     Supply    T'o.,     San     Fran 
Pirkles,    I'^l    r.jit    St..    Mani'l 


•Diliiorth    I.ockivood    &    Co..    New    York. 


Immediate  Shipment 


Seamless  Tubing 

STEEL  —  BRASS  -  COPPER  -  BRONZE 

Square  or  Round 

Shafting  and  Screw  Steel 

Springs  Metal  Stampings 

Cold  Rolled  Strip  Steel 

Annealed  and  Tempered  Spring  Steel 

Wrought  Iron  Mouldings 

Square  and  Rectangular  Tubing 

Tool  and  Alloy  Steels 
Acetylene  Welded  Steel  Tubing 

lULIUS  BLUM  &  COMPANY 


510-512  W.  24th  Street 

UKANCHKS-  Boston 


New  York 

Philadelphia 


Highest  Qualilg 

rerro 
Tun^sfen 

Do  You  Analyze  Your  Ferro -Tungsten?  ^^^^^^Sr' jl 
If  Not,  It  Would  Pay  You  To  Do  So—        ^-^^"^ 

The  value  of  a  product    is  largely  controlled  by  the 
purity  of  the  materials  of  which  it  is  made. 

We  Guarantee  — 

Our   Ferro -Tungsten    to   this   analysis' 

Tungsten 70  to  80% 

Carbon — not  over }i% 

Sulphur — not  over .05% 

Phosphorus — notover .08% 

Our  facilities  are  of  the  very  best  due  to  a  strictly  modem  plant  and 
equipment.  We  are  able  to  offer  quick  deliveries.  Write,  Wire  or 
Cable  for  pnces. 

THE  VANADIUM-ALLOYS  STEEL  CO. 

LATROBE.  PENNA. 

Malniol  'R£d£llt Superior" -A  Qualily  High  Spnd  &«d 


WILSON- 


PYROMETERS 

Multi-Recordind  , 
Ir\dicalin^ 


maeulen: 


783E142' street 


Is^ew  York 


August,  1918 


MACHINERY 


221 


A  World  of  Indus- 
try Revolves  on 
Johnson  "Friction- 
Resisting"  Bronze 
Bushings 

Johnson  Bronze  Bush- 
ings are  noted  for  their 
consistent,  efficient  per- 
formance. 

They  resist  friction  to  an  extent  once 
considered  a  physical  impossibility  in  any 
bronze   alloy. 

Why  not  let  us  demonstrate  to  you  on 
your  next  order  the  superiority  of  our 
product  and  our  facilities  for  the  quick 
and  accurate  handling  of  your  require- 
ments? 

Send  blueprints  and  specifications  to 
Dept.   M. 

Johns <JN  Bromze  CoH^ny 

NEW  CASTLE,  PA. 

Branch   Offices 

New   York  Pittsburgh 

Detroit  Chicago 

San  Francisco 


r  rmprettnlativm  will  call  < 
xptain  why  you  thould  ut 
Prtcision  Die  CaMlinf- 


Take    For    Instance 

on  a  casting  like  this,  you  can  buy 
it  for  less  than  cost  of  rough  cast- 
ing plus  machining  cost,  if  you  use 

PRECISION 

DIE    CASTINGS 

PRECISION  DIE  CASTINGS  solve  your  prob- 
lem of  increased  cost,  because  they  eliminate  much 
machining  and  a  great  deal  of  Tabor. 

Alloys  and  metals  in  Precision  Die  Castings  are 
so  treated  that  they  are  not  subject  to  the  slight- 
est variations ;  they  are  moulded  and  tested  under 
sound  mechanical  principles. 

For  more  economical  production,  use  Precision 
Die  Castings. 


PRECISION  CASTINGS  CO.,  Inc. 

Die  Castings  Plant         -         Syracuse,  N.  Y. 
Brass,  Bronze  and  Aluminum  Foundry,  Pontiac,  Mich. 
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When  Ordering  STILLSON    WRENCHES 

Demand  Xlvll\40   with  the 
Steel  Frames  and  Nut  Guards 


Of  all  Stillson 
Wrenches 

TRIMO 

is  the  Best 


SEND    FOR    CATALOG    No.    38. 


Made  by    TRIMONT    MFG.   COMPANY 

55-71  Amory  Street  Roxbury,  (Boston),  Mass. 


The  Awkward  Time -Wasting  Movements  of  the 


May  be  saved  on  nut  turning  by  using  the 


FAVORITE 


REVERSIBLE 
RATCHET 


lu 


.i! 


that  works  with  a  quick,  straight  ahead  ratchet  movement,  doing 
away  with  the  half  turn  of  the  old-fashioned,  open  end  wrench  with 
its  frequent  slipping  off  the  nut. 

Built  Strong  for  Rough  Usage 

GREENE,  TWEED  &  CO. 


^ 


Sole  Manufacturers 

109  Duane  Street 
NEW  YORK 
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SAFEGUARD  YOUR  TOOLS 
24  HOURS  IN  THE  DAY 

You  will  be  contented,  satisfied,  because  you 
will  always  know  where  to  find  your  tools 
when  you  look  for  them.    The 

UNION  l^^k 

has  a  place  for  every  tool.  You  know  im- 
mediately if  it  is  misplaced  or  borrowed. 
Plain  or  quartered  oak,  or  leatherette  cover- 
ed, perfectly  fitted  drawers,  some  lined  with 
felt. 

Askui  about  our  "Satisfaction  or  Money-back"  guarantee. 
Write  for  Our  Catalog  and  Prices. 

Various  styles  and  sizes.  There  is  a  UNION  Tool 
Chest  for  your  particular  needs. 


tif  there  i 


)  dealer  near  you,  write  for  our  special  offer. 


UNION  TOOL  CHEST  CO. 

10  RAILROAD  STREET  ROCHESTER,  N.  Y. 


The  Craley  "Master  Toolmaker" 

A  Rapid  and  Accurate  Device 

For  locating  and  machining  holes  in  dies, 
jigs,  master-plates,  etc.  Adjust  bushing  to 
work  and  use  as  a  master-plate;  no  layout 
required,  no  cumulated  error;  inner  edge  of 
guide  strips  is  your  zero  or 
starting  point.  Standard 
distance  bars  give  whole 
inches,  B.  &  S.  micrometer  j  HJ^^^, 
heads  give  the  thou- 
sandths. Use  as  lay- 
out, graduating  or  in- 
spection machine. 


Complete 
details 
'  upon 
request 


CRALEY  MANUFACTURING  COMPANY 

MOUNT  JOY  PENNSYLVANIA,  U.  S.  A. 


For  General  | 

Purposes  | 

Service-Satisfaction  in  the  use  | 

of  Babbitt  Metal  depends  as  | 

much  upon  the  process  of  manu-  | 

facture  as  upon  the  metal  and  | 

chemical  formula.  | 

Ajax  Bull  Babbitt  is  the  product  | 

of  experts.     It  possesses  uni-  | 

form  hardness,  high  anti-fric-  | 

tional   properties,   and   endur-  | 

ance  to  withstand  severe,  steady  | 

service.  | 

there^s  none  | 

better  | 

Ajax  Bull  Babbitt  costs  only  | 

about   one-third    as   much    as  | 

Genuine    Babbitt  —  and    gives  | 

more  economical  results  than  | 

cheap  commercial  lead  babbitts.  | 

Ajax  Bull  Babbitt  is  guaranteed  | 

to  give  satisfactory  service  un-  | 

der  any  but  extremely  heavy  | 

loads.    Try  it— for  general  pur-  | 

poses  there's  none  better.  I 


Complete  information 
for  the  asking 


The  Ajax  Metal  Company 

Established  1880 
Main  Office  and  Works:  Southern  Plant: 

Philadelphia,  Pa.         OFFICFS-  Birmingham,  Ala. 

New  York  Boston  St.  Louis  San  Francisco 

Chicago  Washington  Pittsburgh 
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You  Can  Use  Our  Equipment 


Immediate  increased  production 
— without  the  addition  of  a  single 
machine  or  man,  without  a  dollar's 
investment  in  new  buildings — 

Immediate  increased  production 
with  lower  manufacturing  costs. 

That's  what  you  can  accomplish, 
if  you  are  now  machining  brass, 
bronze  or  aluminum  parts,  includ- 
ing bushings  and  bearings. 

For  increased  output  does  not  re- 
quire enlarging  your  own  facili- 
ties. You  can  use  ours — and  save 
by  doing  it. 


Unless  your  shop  is  an  exception, 
every  man  and  machine  in  it  now 
engaged  in  finishing  bushings, 
bearings  and  other  small  brass, 
bronze  or  aluminum  castings 
represents  a  waste  of  time  and 
energy. 

Put  these  men  and  machines  on 
better  paying  work  —  work  that 
you  can't  get  done  so  well  or  so 
cheaply  elsewhere — and  turn  the 
job  of  supplying  machined  brass, 
bronze  and  aluminum  parts  over 
to  us. 

Other  manufacturers  who  have 
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to  Increase  Your  Production 


done  this  have  found  that  it  not 
only  has  enabled  them  to  boost 
their  output  but  also  to  save 
money.  For  we  specialize  in  this 
work  and  do  the  whole  job  of  cast- 
ing and  machining. 

The  extent  to  which  we  have 
proved  the  soundness  of  this  plan 
is  indicated  by  a  remarkable 
growth  in  our  machine-shop  busi- 
ness, to  the  point  where  today  it 
requires  a  plant  containing  36,000 
square  feet  of  floor  space. 

You  can  quickly  satisfy  yourself 
about  it  without  spending  a  cent. 


Just  let  us  quote  on  your  next  job. 

Every  Finished  Piece  either 
Lymix  or  Lynite — In  addition  to 
those  other  advantages  mentioned, 
every  casting  turned  out  of  our 
shops  is  made  of  either  Lynux  or 
L,ynite. 

Lynux  includes  more  than  100 
standard  brass  and  bronze  alloys 
— Lynite  a  large  number  of  alumi- 
num alloys. 

Let  us  send  you  our  mailings  on  subjects  of 
interest  to  users  of  bushings  and  bearings. 

THE  ALUMINUM  CASTINGSCOMPANY 


LYNITE  and  LYNUX  Produ 
Eisht  Plants  in 
Detroit         Buffalo  Manitowoc,  Wi 


Fairfield,  Coan. 


PRODUCTION    RECORD 


AViVY 


jrXJNE 


aULY 
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CHICAGO 
AUTOMATIC 


Simplicity  and  Strength 

The  Chicago  Automatic  is  everywhere  recognized  for  its 
extreme  simplicity  and  unusual  strength.  All  working 
parts — readily  accessible — are  heavy  enough  to  with- 
stand the  severest  strains  a  machine  of  its  type  is 
obliged  to  meet.  Strong,  positive  locking  devices 
guarantee  a  rigid  turret  and  permanent  alignment. 
Spindle,  heavy  and  of  good  size,  turns  in  one  direction 
only.    No  reversing  of  machine — no  belt  shifting. 

Many  other  features  distinguish  the  Chicago  Automatic. 
We'd  like  to  tell  you  more  about  this  machine. 


No  Countershaft 
Required 


WM.  F.  DAVIS  MACHINE  TOOL  CO.,  Inc. 

CHICAC.O  CLEVELAND  WASHINCTON  NEW  YORK 

549  W.  W.ihington  Boulev.rd  508  Uader-New.  Building  945  Penn*ylv>nia  Avenue  85  Libcrly  Street 
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i         No.  23  Boring  Machine 


Simple  in  construction 
Hundreds  in  use 
Easy  to  operate 
Least  expense  for  upkeep 
Leads  in  boring,  shells 
Short  and  sure  deliveries 

Catalog  and  full  information  on  request 

Amalgamated  Machinery    Corporation 

72  West  Adams  Street 
CHICAGO 
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GARVIN 

VERTICAL  MILLING  MACHINES 

Used  by  Leading  Concerns 


No.  22  Vertical  Machine 

Use  Code— Aptness 


Have  the  solidity  of  the  horizontal 
type  of  Milling  Machine,  together 
with  the  convenience  of  the  Ver- 
tical Milling  Machine. 

The  machine  is  equipped  with  our 

SOLID  TOP  ^plfe^Pe^f  KNEE 
SQUARE   LOCKED 

doing  away  with  all  possibility  of 
weakness  of  saddle  fit  to  knee. 

Positive  Feed  Change  Box  giving 
twelve  instantaneous  changes  of 
feed. 

The  feed  can  be  changed  while 
the  machine  is  in  cut. 

The  design  is  suitable  for  high 
speeds,  the  spindle  being  driven 
direct  or  through  double  back- 
gearing  to  slow  down  for  large 
cutters. 


A  Rotary  Table  is  a  most  important 
adjunct  to  the  machine  and  forms 
the  most  efficient  feed  for  circular 
milling',  finishing'  circular  slots  and 
edges,  etc. 


Send  for  our  complete  catalogue. 

FOR  FURTHER  INFORMATION  ;  ^^^.^^l^^^kl^T^" 

MANUFACTURED  BY 

THE  GARVIN  MACHINE  COMPANY 

Spring  and  Varich  Streets  50  years  in  NEW  YORK  CITY 

VISITORS  WELCOME 
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SIMONDS 

Blades  on  a  Power  Hack  Saw 


THREE  conditions  govern  every  Hack  Sawing 
job;  the  machine,  the  material,  and  the  blade. 
When  the  first  two  are  neglected  it  does  not  make 
much  difference  what  kind  of  a  blade  you  use.  But 
when  machine  and  material  conditions  are  understood 
and  the  proper  size  blade  is  selected  then  pou  will  notice, 
beyond  a  doubt,  the  extra  wear  and  the  quicker  cut 
obtained  with  a  Simonds  blade. 

We  will  be  glad  to  discuss  with  you  the  question  of 
proper  blades  for  different  kinds  of  work. 

SIMONDS  MANUFACTURING  COMPANY 


;;//i  SI.  <;■''  irestern  Ave. 

CHICAGO,  ILL 
NEW  YORK  CITY 
SAN   IRANCISCO,  CAL. 


"The  Saw  Makers" 

FITCIIBURG,   MASS 


NEW  ORLEANS,  LA. 
SEATTLE,   WASH. 
LOCKPORT,  N.  Y. 


.SI.  Krmi  .Sl.^^-  Acorn  Aff. 
MONTREAL,  Ql'E. 
MEMPHIS,  TENN.  PORTLAND,   ORE. 

VANCOUVER,    B.   C.  ST.  JOHN,    N.    0. 

LONDON,  ENGLAND 
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THE  WHITON 

REVOLVING  CENTERING  MACHINE 

FOR  ACCURATELY  CENTERING  FINISHED  SHAFTS 


The  cut  shows  new  Revolving 
Centering  Machine — a  large  size 
of  the  well-known  machine  of 
this  type.  It  is  heavier  through- 
out and  has  capacity  to  center 
shafts  up  to  5  inches  in  diameter. 

Constructed  same  as  the  smaller 
machine  and  embodies  all  the 
special  features. 

Circulars  and  prices  sent  upon 
application. 


THE  D.  E.  WHITON  MACHINE  COMPANY 

NEW  LONDON,  CONNECTICUT,  U.  S.  A. 


DRILL  VISE 


Fig.    I.    With   Jig   AttachmontB. 


Alwajft  a  KfKj(]  vlflf!  : 
gtneral  ntiop  iiw:  on  drlllcT, 
nil  Her.  HhufKT.  or  ploocr. 
anrl  at  l)i<;  natnb  tlmt-  hoM^ 
work  for  Onpllcate  drllllnu 
without    the    coKt    of    I    Jl;:. 


DRILL  SPEEDER 

For  use  in  Drillers  from  20-inch  to  lareest  Radial 
For  Twist  Drills  0"  to  -M"  requiring  speed  up  to  3000  R.  P.  M. 


VISE 

No.  3.  Jaws  0".  opens 
IVi",  with  attachments, 
$22.00;  without,  520.00. 
List. 

Jaws  9",   upens 


ith 


atta 


.1127.50;    without,    lf2.j.00. 
Li.st. 

No.  5,  Jaws  12", 
opens  9'^",  with  attach- 
ments, $40.00;  witliout, 
$30.00.       List. 


DRILL    SPEEDER 

No.  2,  with  chucl<, 
(IrlllB  0"  to  5,  10".  List, 
|2.'J.OO. 

No.  3,  with  chuck, 
List, 


No.  SB,  with  No.  1 
Morse  hole  Instead  of 
cliuell,   »27.riO. 

No,  4,  with  chuck, 
.IrlllH  0"  to  %".  List, 
flO.OO. 

No.  4n,  with  No.  2 
Morwe  liolc  Instead  of 
chuck,    $33.00. 

No.  2L,  with  chuek. 
drill!  0"  to  %".  Has 
feed  lever  luechnnlHui. 
List,   $33.00. 


Srnd  for  Circuin 


The   Graham    Mf^.  Co. 


.  Khfxli-    islanil 


INCREASES 

THE  SPEED 

3 

TIMES 


&-k^^ 


SHANES 
Si:rs 


Fir.    3. — T-Jaw    for    Ron 
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YOU  can  go  "OVER  THE  TOP"  in  your 
production  with  a  "D ALTON  SIX". 
Don't  ask  us  why.  Ask  the  manufacturer  who 
uses  them;  not  one  machine  only,  but  in  many 
cases  ten  to  one  hundred  in  the  same  plant. 

Send  for  Bulletin  B-611 

DALTON  MANUFACTURING 
CORPORATION 

1915  PARK  AVENUE,  NEW  YORK,  U.  S.  A. 

Cable  Address  "ALEDAL  New  York" 


One  of  the  Fastest  Cold  Sawing  Machines  in  the  World 


190 
Types 
and  Sizes 
for  Sawing  all 
kinds  of  Metal 


THE  ESPEN- LUCAS  MACHINE  WORKS,  ^TiYLy^Erpmrpr 
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Win 


For  Power 

Transmission 

Purposes  where 

Conditions  are 

Severe 

Watch  a  Kidder  Print- 
ing Press  in  operation. 
Note  the  smoothness 
and  regularity  of  its 
action,  for  which  the 
makers  give  Baldwin 
Chain  a  fair  share  of 
the  credit. 

In  equipping  the  Kidder  Press  they  were  confronted  with  a  difficult  driving  problem. 
The  intermittent  load  made  a  belt  drive  impossible,  because  it  might  slip,  and  center 
distances  of  24  and  28  inches  put  gears  out  of  the  question. 

After  exhaustive  experiments  they  put  a  couple  of  Baldwin  Chains  on  the  job,  pro- 
vided the  vertical  drive  with  an  adjustable  idler,  to  maintain  the  proper  tension  on 
the  chain,  and  their  troubles  were  over. 

Every  Kidder  Press  jjut  on  the  mai-ket  in  the  i)ast  12  years  has  been  equipped  with 
Baldwin  Chains.     Their  action  is  positive  and  rclial)le  and  they  do  not  stretch. 

No  load  too  heavy  for  a  Baldwin  Chain.    Try  one  -write  Department  S. 

BALDWIN  CHAIN  ®  MANUFACTURING  CO. 

WORCESTER,    MASS.,    U.S.A. 


if.NTM:      C.    t>.    Hclimlill.    270   I  uj 

I        .  Vliihli.    I'«.      Wall.r    II.    «  ll,.iiu. 

■  •      1.    >l.    iliine,    air.    l'l>in.Hilh    II 


I'.    I.. I. lu.;  11.11    I'liili..'  Avr..  Chi.au...   III.     N.   A.  I'olry  Co..  Inc..   1307  H«.o 

1..  lion  on,  .MiiA4.  .M.  .\.  l\tiU-,  7HH  .MljMlon  HI..  Mnn  Ktandwo,  Clil.  Motiir  A- 
Uhln.  ,\i.ri>lnill  Alll/miolillo  It  Hil|i|ily  Cu.,  HI.  Louis,  Mu.  O.  J.  Binllb  Uo.,  8t. 
n.     Tlis   \Vlrthlln..Mann   Co..   318.820  Wi'it  Third   at.,   Cincinnati,   O. 
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Lin  >c*B  Et-T 


HastenWd 

Munitions 
Production 


'T^ODAY,  conservation  is  the 
watchword  throughout  the 
'^,   nation,  not  only  in   food  and   fuel 
consumption,  but  human  energy  and 
jjower  as  well.  "Who  Saves  Serves." 

Link-Belt  Silent  Chain  Drives  not 
only  save  power,  but  they  speed  up 

prodiidlion  and  enable  each  man  to  accom- 
plish more  work  each  day  as  well.  They  are 
helping  to  hasten  the  production  of  war 
munitions  everywhere. 

Long  after  belts  have  slipped  a 
million  times  —long  after  gears  fail 


a  "rattle  trap"  -years  longer,  Link-Boll 
Silent  Chain  Drives  will  be  operating  as 
smoothly  and  efficiently  as  ever. 

For  Link-Belt  Silent  Chain  Drives 
are  "flexible  as  a  belt,  positive  as  " 

gear,  and  more  efficient  than  either."  Proof 
is  given  in  our  Machine  Tool  Drive  Book  No. 
312.    Send  for  a  copy. 

Link-Belt  Company 


sii  pnipnly  ami  art"  inakinj.;  a  iioiso  like     t... 


PHII-AUKLI'UIA      ClilCAt 

Nrw  York          -       2W  Ilronclwny  P.-n 

l{u)iu>n                 -        4»  I'V.kTolSt.  M)i< 

rUUbiir«h         -  l&Ol  I'urk  ntds.  Kiit> 

It.  Nat'l  Hank  Hlrtu.  S,.hi 

liSii  KIHrott  Snunre  I'ori 

„.«i,2.1Not'l  Rk.  BlilB.  "— 
,  42&  Kockt'fffller  KIdK  , 

bSuUv\flo.  Ky 
Kn»xvill«,  - 
Now  Orlfi 


lO     INDIANAl'OLl^ 


St.Loula  ( 

lt<irrnlo 

Wllkua  Itarr<i,2(l 


LIndrt 


ivllio.  T«nn. 


1  C. 
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GRATON&  KNIGHT 

Standardized  Series 

LEATHER  BELTING 

Tanned  by  us  for  belting  use 


"  the   most   severe   use   of 
leather   belting  "    (*«  •«"*') 

The  advantages  of  standardized  belt- 
ing stand  out  most  conspicuously  in 
severe  use,  but  they  are  jiist  as  truly 
present  in  less  exacting  conditions. 
Dollars  are  valuable  whether  you 
save  them  by  tens  or  by  hundreds. 
The  steps  in  acquiring  transmission- 
wisdom  run  somewhat  as  follows: 
A  poor  belt  is  better  than  none  at  all. 
A  good  belt  is  better  value  than  a  poor 
one  But  the  scientifically  right  belt 
for  each  machine  is  the  highest  econ- 
omy of  all— and  that  is  Standardiza- 
tion It  also  explains  why  there  is 
greater  demand  for  Graton  &  Knight 
Standardized  Series  Leather  Belting 
than  for  any  other  brand  in  the  world. 
Write  for  information  ahout  Stand- 
ardisation as  applied  to  Belting. 

The  Graton  &  Knight  Mfg.  Co. 

Worcester,  Mass.,  V.  S.  A. 

Oak     Leather     Tanners,     Makers     of 
Leather  Belting,  Lace  Leather,  Pack- 
ings,  and   Specialties. 

Branches     and     Distributors     in     all 
Principal   Cities. 
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Mueller 

Heavy  Duty 
Radial 


Just  as  American  men  responded  to  the  call  to 
arms,  American  machines  rose  to  their  allotted 
task.  The  Mueller  Radial  has  been  among  the 
leaders  from  the  start — a  pace  setter  for  the  hard, 
continuous  production  necessary  to  supply  the 
needs  of  the  fighting  forces. 

Well  designed,  well  constructed,  readily  controlled 
and  fool  proof,  this  heavy  duty  machine  drives 
high  speed  drills  to  capacity  and  has  a  reputation 
for  seldom  being  dov^n  for  repairs. 

Special  features  include  patented,  one  piece,  re-in- 
forced  column,  long  bearing  of  arm  on  column, 
combination  positive  and  friction  feed,  friction  re- 
verse, etc.    Let  us  tell  you  all  about  it. 


THE  MUELLER  MACHINE  TOOL  CO. 


CINCINNATI 


Radial  Drills  and  Lathes 


OHIO,  U.  S.  A. 
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A  Word  to  the  Wise  About 

WEIGEL 


Weigel  25-inch  Vertical 
Drilling  Machine,  a  ma- 
chine that  "Made  Good" 
quickly.  Here's  the 
reason — 

We  say  that  the  new  Weigel 
25"  Vertical  Drilling  Ma- 
chine has  "taken  hold"  of 
the  market.  Buyers  have 
accepted  this  improved  ma- 
chine. It  has  "made  good" 
in  a  surprisingly  short 
time. 

Gold  bricks  as  a  commodity 
have  entirely  succumbed. 
Particularly  in  the  machine 
tool  industry,  one  has  to 
have  "the  goods"  in  order 
to  "get  across." 

The  sole  purpose  of  this  ad- 
vertisement is  to  convince 
you  that  you  can  easily  con- 
vince yourself  that  the 
makers  of  the  new  Weigel 
have  "the  goods."  And 
our  advice  is: 

(1)  See  it  work,  or 

(2)  Ask     somebody    who 
has   seen  it  work,  or 

(3)  At  least  send  for  the 
specifications. 

Most  important  of  all, 
though — do  it  now. 

That's  the  Weigel  — »- 

Weigel  Machine 
Tool  Company 


PERU 


INDIANA 


The  makers  of  this  new  machine  have  de- 
signed and  built  high  grade  machine  tools  for 
more  than  thirty  years — the  reason  beyond 
a  doubt  for  the  instant  popularity  of  the 
newest  of  their  creations.  The  new  Weigel 
drills  to  the  center  of  a  25%"  circle,  and  is 
furnished  with  our  improved  friction  type 
back  gears,  with  special  babbitted  bearings, 
or  with  Damascus  bronze  bearings  through- 
out. 
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Quick,  Complete  Demagnetization 

Removes  the  Only   Objection   to 
the  Use  of  the   Magnetic   Chuck 


The  Smith  Demagnetizer  demagnetizes 
parts  quickly,  completely  and  at  but  a  frac- 
tion of  the  present  cost,  thus  removing  the 
sole  objection  to  the  use  of  magnetic  chucks. 
The  rate  of  production  is  limited  only  by  the 
speed  with  which  the  operator  can  feed  the 
parts  to  the  machine. 


Made  in  a  variety  of  sizes. 
Send  for  complete  details. 


Wm.  F.  Davis  Machine  Tool  Co.,  Inc. 


CHICAGO 
549  W.  Washington  Blvd 


CLEVELAND 

508  Leader  News  BIdg. 
WASHINGTON 
945  Pennsylvania  Avenue 


NEW  YORK 
85  Liberty  Street 


FOSDICR  2  and  2^2  FT.  HEAVY 
DUTY  RADIALS 


1 "  Drill  THROUGH 
Cast  Iron  2"  Thick 
in  7  4/5  Seconds. 

OTHER  RECORDS 
equally  as  remarkable 
in  iron  and  steel  with 
high  speed  drills  up  to 
2'/4  inches. 


Send  for 
drUUng 
and 
tapping 
teat  sheet 


Ilokii  ri'An    Hh> 


The  INTERCHANGEABLE  DRIVE 
The  EXTRAORDINARY  POWER 
The  LUBRICATING  SYSTEM 
The  HARDENED  BEVEL  GEARING 
The  BRONZE  BUSHINGS 

and  many  other  valuable  fea- 
tures will  be  found  in  these 
machines. 


THE  FOSDICK  MACHINE 
TOOL  COMPANY 


CINCINNATI 


OHIO,  U.  S.  A. 


k   f;ilj.    N.    y.,    Il«riri,r.l.  <>>mi.,    AlUny,   N.   Y.     K.   A.    KInwy  <>),,  < 'iii.lnnni  i,   olil/).    Iiiilli ..|i... 

1  <>).,   t)«trolt,   Mich      II.  A.  HnilUi  MvhlnoT;  <><.,  Hyr.riini.,   N.   Y.     H"li..l   .\(.i.l,ln..n   «'.>.,    r'lnln 

!>.,.    nit.l,uri(h,    l'».     HI^-kiT  KiiiiilrY  \V.rl„   (In.,    Clii.-HKo.    111.,    MllwAiiV....,    Wl«.    T»\l..r    MurlunrrN    C...     Ili«l.ili      .Mn-u. 

•r.«..M.,     (iiM       l'«n»<l>       lliirlim     (InmilK    A    '  «       M'l       I.imili.n.    Kngt»nrl.      I'rnwlck    |rr<m«>    &    «'....    I'«rlii,     Kr«npo. 

Il.,li»r,.l        llil.li.l.r    A    Apn.lnn.l     ftli«-khol  (i.    Hxivl.i,,      Willi,     Hn,i..,...n    A    l...     Miiliiir..    H«i«l.n.    <  ■,.i"'"li"K'''i.     Iii-iuiduk 

It,    I,.    Brnill/in    A    Co..    HyMiry,    Aii«tr«liA. 
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Efficiency  in  the  highest  degree  is  what 

the  U.  S.  Government  desires,  and  that 

is  why  it  is  such  a  large  purchaser  of 

Gray's  Sheet  Metal 
Cutter  No.  1 

(PATENTED) 

Not  a  Rotary  Shear 

This  machine  cuts  Sheet  Metal  up  to  3/16"  in  thick- 
ness, into  any  conceivable  shape,  and  leaves  every 
portion  in  its  former  flat  condition. 

Ordinarily  a  saving  of  10  per  cent  justifies  installing 
a  more  modern  machine.  On  work  within  the  scope  of 
this  machine,  present  users  are  saving  from  75  to  90 
per  cent  in  labor  alone.  It  does  mechanically  what 
you  have  heretofore  been  doing  by  hand  and  usually 
with  skilled  labor.  Don't  overlook  the  saving  in  mater- 
ial, due  to  method  of  cutting.    It  is  a  big  item  in  itself. 

Saving  of  man  power  today  is  of  the  greatest  importance, 
and  if  you  are  not  yet  familiar  with  the  possibibties  of 
this  machine,  become  so  at  once. 


W.  J.  SAVAGE 
COMPANY,  Inc. 


KNOXVILLE 


TENN. 


RcwvbotlDnvM^ejns 


It  is  one  thing  to  design  a  cam  that  will  "perform 
a  required  amount  of  work  in  a  given  time;"  but 
quite  another  to  cut  and  finish  it  economically — un- 
less you  have  a 

ROWBOTTOM  CAM 
MILLING    MACHINE 

Specially  designed  to  cut  and  finish  cams — barrel, 
face,  frog,  yoke,  box,  etc. — this  machine  is  a  rapid, 
accurate  producer  and  imparts  a  fine,  smooth  finish 
to  the  work. 

If  you  cut  many  cams,  you'll  find  this  machine  a 
profitable  investment ;  if  few,  it  will  pay  you  to  let 
us  cut  them  for  you  the  "Rowbottom"  way. 

The  Rowbottom  Machine  Co. 

wATERv^ltrcoNN    WATERBURY.  CONN.,  U.S.A. 
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The  VICTOR  LATHE 

is  an  ideal  machine  for  precision  manufacturing, 
tool  room  and  experimental  work.  Regularly  cuts 
threads  from  4  to  40 — special  and  metric  threads 
with  extra  gears.  It  swings  10"  over  ways,  is  9" 
between  centers,  has  power  cross  feed,  longitudinal 
power  feed,  reverse  lever  on  headstock  and  fully 
covered  gears.  Furnished  with  bench  or  floor  legs, 
countershaft  or  foot  power. 

Better  description  in  circular 

VICTOR  LATHE  COMPANY 


151   Lafayette  Street 


NEW  YORK  CITY 


H&G^  Threading 
Machines 


New  catalog 

gives  all  the 

details 


are  well  liked  by  muni- 
tion makers  and  air- 
plane manufacturers. 
They  are  designed  for 
high  grade  precision 
work  such  as  threading 
nickel  steel  airplane 
parts  and  similar  exact- 
ing work. 

Equipped  with  the 
H&G  Automatic  Self- 
Opening  Die  Head 
they  cut  threads  to  a 
given  point  or  right  up 
to  the  shoulder  and 
maintain  true  align- 
ment. 


Eastern  Machine  Screw  Corp. 

Ne'w   Haven,   Conn.,   VJ.  S.  A. 


CRAWFORD  LATHES 


1  S-in.  Tool  Room  Lathe 

A  high  grade  machine 
made  for  exacting  work 
and  discriminating  users. 


CRAWFORD  MACHINE  TOOL  CO.,  Inc. 


NEW  YORK 


"SUMMIT" 

Is  the  outgrowth  of 
twenty-five  years' 
experience  in  ma- 
chine-tool building 
— a  practical  lathe, 
efficient,  durable 
and  a  more  than 
creditable  producer. 

Write  for  details 


SUMMIT  MACHINE  WORKS,  54  Hermon  St.,  Worcester,  Mass. 


AXELSON  LATHES 


RENDER 
SATISFACTION 

Viewed  from  every 
angle:  Materials, 
Workmanship,  Prac- 
ticaVjility  and  from 
every  other  view- 
point, AXELSON 
LATHES  are  ex- 
trfifirfIhwrymnch\r\o^. 


ACCURACY  and 
KIGIDITY  are  two 
prominent  attributes 
which  distinguish  the 
AXELSON  LATHES 
and  make  them  dif- 
ferent from  every 
otlici-  existing  lathe. 


Axelson  Machine 
Company 

Department  E.       Los  Angeles 
California,  U.  S.  A. 
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THE  CONE= AUTOMATIC 

Not  ''Quality  First/'  Not  "Quantity  First"— 

—  Both,  Always 


Unusual  Capacity 

Distinguishes  "W  &  P"  Plan- 
ers. Designed  to  economically 
fill  the  needs  of  the  modern 
shop — powerful,  speedy,  accu- 
rate— these  machines  turn  out 
the  maximum  of  fine  work. 
Full  range  of  sizes  and  several 
styles.    Write  us. 

WOODWARD  &  POWELL  PLANER  CO. 

WORCESTER,  MASS.,  U.  S.  A. 


"VTO  frills  or 
■'■^needless 
ornament.  Just  a 
plain  11"  lathe 
An  honest,  de- 
pendable machine 
that  will  do  more 
than  most  small 
lathes  and  "do  it 
b  e  1 1  e  r."  A  1 
material  and 
workmanship. 


C.  F.  DAVIS  MACHINE  CO.,  Inc. 


133  ANDREWS  ST. 

AUo  Manufacturerm  of  Da 


ROCHESTER,  N.  Y. 

I  Keyteat  Cutters 


The  Cone  Accurate 
Automatic  is  an  ex- 
ceptionally well  de- 
signed and  well  con- 
structed machine. 
For  producing  high 
quality  work  at  con- 
sistent costs,  it  has 
no  equal. 

Adjustable  bearings, 
which  compensate  for 
wear  and  insure 
permanent  accuracy, 
are  an  exclusive  fea- 
ture. There  are  many 
others  which  help  to 
make  a  prompt  in- 
v^estigation  worth 
while. 

Let  us  send  you  more 
detailed  information 

CONE  AUTOMATIC 
MACHINE  CO.,  Inc. 

Windsor  Vermont 


Agent  for  Michigan  Territory: 

J.   C.  AUSTERBERRY 

932   Dime    Bank    Bailding 

Detroit,  Mich. 


SOUTH  BEND  LATHE 


South  Bend  Lathes  Have  Been  on  the  Market  Twelve  Years 


Swing 
Over 

Length 

of    Bod 

Feet 

Distance 
Between 

Hole     Approxi 
Through       mate 

Bed, 
Inches 

Centers. 
Inches 

Spindle.     Weight 
Inches    on    Skid 

11 

13^4 

5 

32 

i 

1,000 

Hasen 

1514 

6 

40 

lA 

1.425 

•Tadin 

16 1/4 

6 

36 

lA 

1.700 

Juddo 

18'/4 

S 

57 

lA 

1,950 

Kell 

*0 

21'/4 

10 

75 

14 

3.300 

Penti 

241/4 

12 

95 

1} 

4,420 

Polly 

Made  with  itraiihl  oi  gap  b«d.      Pnci:  includes  all  the  equiproenl  ihown  in  illuXratian. 

Many  large,  buay  planta  ar«  increasing  their  production 
by  using  South  Bend  Lathes  on  duplicate  work 

Dealtti  In  every  large  cily.      Send  for  free  Catalog  illuatraling  and 
describing  entire  line. 

SOUTH  BEND  LATHE  WORKS 


420  E.  Madison  St. 


Ealabli.hrd  1906 


South  Bend, Ind. 
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Z'Buick 


The  Part  Brown  Pyi-ometers Play 
in  Great  American  Industries 

Fourth  of  a  series  of  talks  showing  how  completely  Brown  Pyrometers 
cover  the  entire  field  of  heat  treating. 

When  Uncle  Sam  went  to  war  a  year  ago,  the  great  automobile  industry  Instantly 
stepped  forward  offering  its  army  trucks,  Liberty  Motors,  motor  parts,  forgings  and  its 
immense  wealth. 

Hand  in  hand  with  its  enlistment  came  Brown  Pyrometers,  redoubling  its  efforts,  hand- 
ling the  heat  treating,  hardening  and  annealing--doing  their  full  share  in  the  gigantic 
work — standardized  by  such  plants  as  Buick,  Maxwell  and  Haines. 

So  here  again  is  the  prowess  of  Brown  Pyrometers  proven.  They  lead  unconditionally. 
And  what  they  have  done  is  YOUR  guarantee.     Put  them  to  the  test  in  your  plant  now. 

Shipped  on  30  days'  trial  if  you  will.  Write  today  for  details  to  the  Brown  Instrument 
Co.,  Philadelphia,  or  one  of  their  district  offices  in  New  York,  Pittsburgh,  Detroit,  Chi- 
cago, or  St.  Louis. 


BrownlVrofflelietr 


I 
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Why'SHELBY"  Seamless  SleelTubing  Saves 
Labor,  Tools  and  Mechanics'  Time 


4  In  determining  the  various  wall  thicknesses, 
sectional  contours,  alloys  and  anneals  of 
"SHELBY"  Seamless  Steel  Tubing  for  Mechani- 
cal Purposes,  the  manufacturers  have  given 
much  study  to  various  problems  associated  with 
the  ultimate  use  and  the  manipulation  of  this 
highly  adaptable  material. 

q  Standards  of  mechanical  construction  have 
been  freely  consulted;  conditions  of  service 
have  been  considered;  and  comparisons  have 
been  made  as  to  the  feasibility  of  seamless  tub- 
ing in  certain  work  which  hitherto  had  required 
material  formed  from  solid  stock  after  labor- 
ious effort. 

q  As  a  result,  certain  sizes  and  kinds  of 
"SHELBY"  Cold  Drawn  Seamless  Steel  Tubing 
are  made  which  may  be  used  with  comparative- 
ly little  or  no  special  machining  or  finishing 
in  numerous  instances.  Any  variation  in  gauge 
will  be  found  negligible  and  will  require  no  cor- 
rection except  on  work  running  into  the  very 
fine  fractions  of  an  inch  or  where  a  highly 
finished  surface  is  required. 

fl  The  hollow  construction  reduces  boring  and 
drilling  to  their  lowest  terms — all  that  is  re- 
quired in  most  cases  being  a  light  reaming  or 
surface  finishing.  Much  labor  is  thereby  elimi- 
nated and  a  consequent  saving  of  time  is  ef- 
fected. Tools  are  saved,  as  the  amount  of 
superfluous  stock  to  be  removed  Is  consider- 
ably reduced  when  "SHELBY"  Cold  Drawn 
Seamless    Steel    Tubing    is    used    In    place    of 


solid  or  forged  stock,  and  that  which  Is  re- 
moved is  of  such  uniformity  that  wear  and 
tear   on   tools   is   of  slight   consequence. 

q  "SHELBY"  Seamless  Steel  Tubing  is  made 
in  a  wide  variety  of  special  shapes  such  as 
hexagon,  rectangular,  oval,  etc.,  which  under 
ordinary  circumstances  would  require  consid- 
erable labor  and  time  to  produce  from  solid, 
round  or  square  stock;  these  special  shapes 
often  being  used  as  they  are  received  from 
the  mill,   without  additional   machining. 

q  The  advantages  of  "SHELBY"  Seamless 
Steel  Tubing  for  saving  time,  labor  and  tools 
are  based  on  the  inherent  high  qualities  of 
the  material  from  which  it  is  made;  the  mod- 
em, accurate  methods  of  manufacture  pur- 
sued; and  an  appreciation  of  the  requirements 
of  present-day  machine  shops,  tool  rooms  and 
industry  in  general. 

q  "SHELBY"  Seamless  Steel  Tubing  is  main- 
tained at  the  high  peak  of  quality  by  a  self- 
contained  organization  controlling  the  manu- 
facture from  ore  to  finished  product.  In 
awarding  the  Grand  Prize,  the  Superior  Jury 
of  Awards,  Panama-Pacific  International  Ex- 
position, stated  that  "SHELBY"  Seamless 
Steel  Tubing  represents  "the  highest  develop- 
ment of  the  art."  The  significance  of  this 
statement  is  realized  more  fully  by  consider- 
ing the  amplitude  of  the  line  in  which 
"SHELBY"  Seamless  Steel  Tubing  is  manufac- 
tured. 


NATIONAL  TUBE  COMPANY 


General  Sales  Offices: 


Frick  Building 


Pittsburgh,  Pa. 


DISTRICT  SAI.P.S  OFFICliS  :       Atlanta      Boston       ChlcsEo        Denver        New  Orleans        New  York 
Philadelphia  Plttsbursh  Salt  Lake  City  St.  Louis  St.  Paul 

PACIFIC  COAST  REPRESENTATIVES  :        V.  S.  Steel  Products  Co..  San  Francisco.  Los  Angeles. 
Portland,  Seattle 

EXPORT   REPRESENTATIVES  :    U   S.  Steel  Products  Co..  New  York  City 


244 


MACHINERY 


August,  1918 


CASLER 

Offset  Boring'  Heads 


are  adapted  for  use  on  turret 
lathes,  milling,  drilling  and  boring 
machines.  They  may  be  quickly 
and  accurately  set  to  the  size  re- 
quired by  means  of  an  adjusting 
screw,  the  whole  device  then  locked 
as  rigidly  as  a  one-piece  tool.  One 
tool  can  bore  any  number  of  diam- 
eters within  the  range  of  adjust- 
ment— 10  inches. 


30  Days 
Free  Trial 


Eliminate  Uncertainty 

Old-style  adjustment  of  the  boring  tool  and 
the  dependent  accuracy  of  the  cut  relies 
solely  on  the  steadiness  of  the  hand  making 
the  adjustment.  The  Casler  Offset  Boring 
Head  eliminates  this  uncertainty. 

Write  for  further  details 

MARVIN  &  CASLER  CO, 

CANASTOTA,  N.  Y. 


Why  Does  a  "Goes" 
Wrench  Last  So  Long? 

Because  it  is  considerably  stronger  in  every  detail  of 
its  make-up  than  any  other  wrench  you  ever  used.  For 
instance,  the  back  or  bar  of  a  "Goes"  is  of  fully 
hardened  steel  and  cold-swaged;  the  jaws  are  heavy, 
and  never  slip  once  they  take  a  "bite"  on  a  nut  or  bolt 
head.    A  "Goes"  is 

Strong  Where  Strength 
Is  Needed 

Thirty  per  cent  stronger,  by  actual  test,  than  other 
wrenches.  You  may  pay  just  a  little  more  for  a  "Goes" 
Wrench,  but  your  dealer  will  shoiv  you  wherein  the 
difference  in  price  lies.  A  trial  of  a  "Goes"  will 
convince  yon. 

The  "Coes"  catalogue  sent  on  request. 

GOES  WRENCH  COMPANY,  Worcester,  Mass.,  U.  S.  A. 


^.^ 

y 

1 

) 

1 

AOKNTH;     J.    C.    McC^rtT  * 


2B   Murray  81.,    New  York.    488  Mirkct  St.,    B«n    FranirtiMn.    f«l.      miB   I,orlmpr    Ht.,    T)onT<T,    Colo. 
■.,      ii;i   rthi<m>v<ra   Rt..    Ni'w   Ynrk.     I.Ani1nn,   13,  G.,   118122  tlolbiim.     Fpnwlck  Droa.,   Plriii,   Fnnc*. 
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Pay   Less  for  Trucking   Equipment  and 
Pay  Less  for  Man  Power  to  Operate  It 


You    pay    for    the    trucker's    time.      If   he 
uses     from     50     to     75     per     cent     of     his 
time  in  getting  castings  or  machine  parts 
on   and   off  of   fixed   platform   trucks — and 
careful    investigation    proves   that    to   be   the 
usual  percentage  when  such  trucks  are  used — 
that  money  is  wasted  and  lost. 

The    National-Chapman    System    of    trucking, 
using    detached    skids    either    as    permanent 


lUastrated  Catalog  MB,  ahowing  types  and  i 


mounts  or  as  general  burden  bearers,  saves 
this  money.  In  addition,  these  trucks  are 
faster.  They  roll  along  the  floor  almost  as 
easily  as  if  on  tracks  and  turn  sharp  corners 
and  work  in  narrow  aisles  where  an  ordinary 
truck  would  Jam.  They  give  better  and  quick- 
er deliveries  to  machines  and  to  all  employees 
whose  output  depends  upon  an  uninterrupted 
flow  of  material  to  work  on.  In  stock  and 
store   rooms   they   are  invaluable. 


SCALE  COMPANY 

Chicopee  Falls,  Mass. 

Also  Manufacturers  of  National  Coiinting  Machines,  the 
National  Calling  System  and  "Multi-  Unit"  Sectional 
Steel  Shelving.    Estimates  furnished  on  Metal  Stampings 


Testing  is  the   Only  Way 

To  guarantee  every  finished  piece  of  work 
you  must  know  the  exact  character  of 
the  metal  in  it,  whether  it  comes  squarely 
up  to  requirements  and  what  is  its 
strength  (i.e.  hardness) .  In  other  words, 
test  your  product. 

The  Scleroscope  will  quickly  measure  the  hard- 
ness and  elasticity  of  any  steel.  You  will  then 
know  the  resistance  of  your  product.  Steel 
plants,  automobile  manufacturers  and  shell 
makers  use  it ;  so  simple  to  operate  that  skilled 
labor  is  unnecessary;  huge  or  minute  objects 
can  be  tested  equally  well. 

Send  for  our  free  Booklet  and 
learn  how  you  can  apply  the 
Scleroscope  to  your  business. 

Shore  Instrument  &  Mfg.  Company,  Inc. 

555-557  W.  22nd  Street,  NEW  YORK 

roIlKION   AGENTS:  Agont  for  Oro«t  Krltain  and   Colonlcn,   Co«t«  Mch.  Tool  Co.,   Ltd.,    Coxton  House,   London,    8.    W. :  Ql«i«nw   Ncwcastlcon-TMic 
Yamatnko  &  Co.,  Tokyo,  Japan.    IznosakolT  &  Co.,  Pi'trograd,  Ruaaia.    Aux    t'ortos  do  Vtilcain,   Paris,   France.    R.  6.   Stonia  &  Zonen,  Ltd.,   Belfium 
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"/  can  make  a  mighty  good 
plug  for  it,  but  I  wouldn't 
want    it     to    plug    me." 


pUSE-HOLE 
plugs  for  pro- 
jectiles of  all  sizes 
are  being  made 
by  our  "Quality" 
automatic  die- 
casting  process  in 
large  quantities  — 
accurate  and  eco- 
nomical—  to  the 
great  convenience 
and  satisfaction  of 
our  customers. 


Do  you 
make  shells? 


Lcl   us    quote 


LIGHT  MFG.^FOUNDRYCO 

Pott/town. Pa. UJ.A. 

DETDOlTOKntE.PENOIJSCOr  BLDG. 


EIIIIIIIINIIIMIIIIIIIIIIIIIIIIIiriJIIJIIIIIUIIIirMIIIIIIMIIIIIIItllMIIIIIIIIIIIUIIIIIIIIIimillirillllllllllllllllUlllllllllllllrilHIIIIIII!: 

I    Milling  Cutter,  Reamer    I 
I    and  Drill  Salvaging    I 


We  recut  your  mill-  | 

ing  cutters,  mechan-  I 

ically  correct,  with-  I 

out    disturbing    the  I 

original  temper.  I 

Our  prices  and  qual-  I 

ity  of  work  are  guar-  | 

anteed  to  be  correct.  I 

A    trial    order    will  [ 

convince  you.  | 

I "iiiiiiiiiiiiiiiiiiiiiiiiiiiiimijiijiijiiijiiiiiijiijriiiiiiiiiiiiiiiiriiiiijiimiiiiiimiiiimiuuiiiiiiii  I 

GORHAM  TOOL  CO.  | 

Globe  Bldg.,  Cor.  Fort  and  Brush  Sts.  f 
DETROIT,  MICH. 

iiiiiiiiMiJiiimiiiiiiJiiiiiiiiiiiiiiiiiiiiiMiiiiiiiiiiiiiiiiiiiiiiiiJimiiiiiiJiiiiijjiiiiiiimiiHiimiiiiiiiiiiiiiiiiiiiiiiiiilllliR 


Dyson's  Forgings  stand  the  test  of  time 
and  hard  use.  Forgings  of  all  kinds, 
2%"  nuts  to  5  ton  shafts. 

Weldless  steel  rings,  gear  blanks,  spin- 
dles, etc.  Specialties — all  heat  treated 
by  the  Dyson  process  and  guaranteed 
to  meet  the  most  exacting  specifications. 

Let  us  estimate  on  your  work 

JOSEPH  DYSON  ®  SONS 

CLEVELAND  OHIO,  U.  S.  A. 
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Save  Resetting  Time  With 

UNIVERSAL 

ANGLE  PLATES 


The  Universal  Angle  Plate  will  save 
time  M^herever  used.  Adapted  for  use 
with  lathes,  planers,  grinders,  mil- 
lers, drill  presses,  shapers,  etc.,  and 
will  make  a  universal  machine  of  a 
plain  miller  or  grinder.  It  moves 
through  360°  horizontally,  90°  verti- 
cally, and  has  a  vernier  attachment 
reading  to  5'  which  permits  the  use 
of  this  tool  on  especially  fine  work. 

These  Plates  are  increasing  production 
for  the  American  Ordnance  Base,  also  for 
the  Bethlehem  Shipbuilding  Corporation 
and  hundreds    more    for    equally   promi- 

nent  organiza- 

!^  l^BBII  tions  in  Eng- 
land, France, 
Italy,  Canada, 
India,  Aus- 
t  r  a  1  i  a  and 
Japan. 

Let  us  tell  you 
all  about  it. 

Write  us 
today. 

Boston  Scale  &  Machine  Co. 


100  RUGGLES  STREET 


BOSTON.  MASS. 


HOOVER 

STEEL  BALLS 


THE  WORLDS 
STANDARD 


^i^4Vn"S« 


4,500,000  Motor  Cars  and 
Motor  Trucks  Carry  Them 

This  number  of  passenger  and  commercial 
cars  represents  95  per  cent  of  the  total  in 
North  America. 

Automotive  bearings  demand  the  finest  and 
most  durable  steel  balls.  The  fact  that  m 
this  field  the  Hoover  Steel  Ball  is  without 
any  serious  competition,  indicates  the  es- 
teem in  which  automotive  engineers  hold 
them. 

Not  only  in  North  America  are  Hoover  Steel 
Balls  regarded  as  the  standard  of  high 
quality— they  are  so  considered  through- 
out the  world,  by  mechanical  engineers  in 
every  industry  in  which  steel  balls  are  used 
to  overcome  friction. 

The  Hoover  Steel  Ball  has,  through  force  of 
merit,  supplanted  the  high  grade  steel 
balls  formerly  supplied  to  the  world  only 
by  Germany,  and  have  brought  supremacy 
in  this  industry  back  to  the  United  States, 
where  it  originated. 

This  leadership  has  been  re-secured  by  Ameri- 
can initiative,  American  science  and 
American  efficiency,  through  which  the 
Hoover  Steel  Ball  Company  has  been  able 
to  produce  finer  and  more  durable  steel 
balls  in  larger  quantities  and  at  lower 
cost  than  ever  before. 

The  romance  of  the  steel  ball  industry  makes 
a  deeply  interesting  tale  of  the  triumph  of 
American  financial,  industrial  and  scien- 
tific preparedness  and  progressiveness. 
This  story,  told  in  a  book,  "The  Evolution 
of  the  Steel  Ball  Industry,"  will  be  sent 
on  request. 

HOOVER    STEEL  BALL    CO. 

ANN  ARBOR  MICH.,    U.  S.  A. 


HOOVER 

Steel  Balls 
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K  r  I  lj\     A  Record  for  High  Production  and  Long  Wear 

for  DIES 
andTOOLS 


HAWKRIDGE  BROTHERS  CO.,  303  Congress  St.,  Boston,  Mass.,  U.S.A. 


ffisisrati) 


CARPENTER 

THREADS 

For  48  years,  manufacturers  have  been 
cutting  Carpenter  Threads — uniform, 
accurate,  economical  threads,  that  in- 
variably pass  inspection,  insure  quick 
assembling  and  ready  interchangeabil- 
ity  of  duplicate  parts. 

If  this  is  the  service  you  are  after  specify 

CARPENTER 

TAPS  and  DIES 


■  Catalog ' 


The  J.  M.  Carpenter  Tap  &  Die  Co. 

PAWTUCKET  RHODE  ISLAND 


Price  Only 


Arruratc,  durablo,  compact  and  extr«rnfily  nenaltlve,  tho 
Ideal  Tegt  Indicator  Ih  completely  Holf-coiitulned  and  lii- 
dlcaleo  to  thoiiHandlhH  In  any  poHltlon.  Kanlly  read 
without  eyeHlrnIn;  handy  to  have  In  your  tool  kit  for 
testing  ni'iiriKv  of  riiiulilne.  IriHlninicnt  and   lool   work. 


JOHNSON    &   MILLER 

42    Mnrrny   Strrrt  .MIW    Y<U»K 


No.  10 

BRONZE 

For  Grinder,  Lathe  and  other 
Machine  Tool  Bearings 

Booklet  upon  request. 

Lumen    Bearing   Company 

BUFFALO,  N.  Y.,  U.  S.  A. 


Industrial 

Military 

and  Mari: 


Write  for  details 


I     T.  A.  WILLSON  &  CO..  Inc..  Factory  and  Main  OHices.  Readinn.  Pa.     | 

^IIJIIIIIIIIIIIIMIMIIMIIIII II IMIIIIIIIIIIIIMIIIIIMIIMIMIIMIMIIMIinill I IMIIIIIIIIIIilll I I Illllllllllllirillllli^ 


POLlSHBYTHEABBOn  PROCESS 


imwor  rilKl,  iibovn  :lII, 
Hiivo  I.ibor.  On<!  opcrii- 
tor  niMH  a  biittory  of 
roiir   (.1-    (Ivn 

Abboit   Burnishini; 
Barrels 

I'.'K'li  iiollMliliiK  Inin- 
ilir-(lM  of  inr.|:,|  i.iirlH 
which  woiilil  rri|iilri> 
HDVfrnl  mi'ii  \n  llnlHh 
with  hitllliiK  or  hiiiid 
liollHhIriK    iriiii'hIiic'H. 


/<r 


«,-, 


THE   ABBOTT   BALL   COMPANY 

KIMWOOI).  IIARriOKI).  CONN..   II.  .S.  A 
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Keering 
a  jump  ahead 


JUST  as  modern  fighting  craft 
has  outstripped  the  monitor — 
invincible  of  old— so  have  modern 
forgings  improved  over  those  of 
many  years  ago. 

Modern  ideas  and  up-to-date 
equipment  make  Bay  City  Forg- 
ings the  leaders  in  the  field.  We 
make  forgings  of  all  kinds,  rough 
finished  or  machined  —  of  the 
best  stock.     Try  us. 

Write  for  Prices 

THE  BAY  CITY 
FORGE  COMPANY 


Erie 


Pennsylvania 


Cap  Screws  and  Bolts 

HEADS  ELECTRICALLY  WELDED 


Rodjr  to  Weld  Welded 


We  make  a  specialty  of  electrically  welded 
cap  screws  and  bolts  made  to  customers' 
specification.  Also  made  in  U.  S.  and 
S.  A.  E.  standard  sizes. 
Will  be  pleased  to  submit  samples  and 
quote  on  your  requirements. 

THE   METZGER  WELDING   CO. 

Station  A  CINCINNATI,  OHIO 


STEEL 

IF  YOU   feel  you'll  need. 

•    •    * 
SOME   HIGH   Speed  Steel. 

IN  A  hurry. 

THIS    MONTH. 

AND  YOU'RE  banking. 

ON  OUR  Accommodation  Department. 

AS    USUAL. 

WE    HAVE   to  admit. 

WERE    WORRIED. 

BECAUSE   THE    sliowing. 

THE  A.  D.  is  making. 

LATELY. 

ON  THEIR  ability. 

TO  DO  extraordinary  things. 

QUICKLY. 

IS  SOONER  or  later. 

BOUND  TO  attnict. 

THE    GOVERNMENT. 

AND   THEY'LL  all   be  drafted. 

OR   SOMETHING. 

MEANWHILE,    HOWEVER. 

SEND  YOUR  hurry  orders. 

ALONG. 

AND   WE'LL   hope. 

FOR   THE   best. 

WE   THANK   you. 

.1.  J.  deB. 
WItli   apoloRi.'s   to   K.C.H. 

APEX  STEEL  CORP. 

so  Church  Street       NEW  YORK  CITY 


250 


MACHINERY 


August,  1918 


r 


^\ 


Saving  in  First  Cost  on 
Polyphase  Motors 


Warner  Type  BW   (Self-Startin6J   Polyphase  Motor  in   Lumber  M 


The  Wagner  Type  BW  (self -starting)  Polyphase  Motor  re- 
quires no  external  starting  device.  A  simple  single  throw  switch 
serves  to  start  and  stop  the  motor. 

Eliminating  the  starting  device  means  a  considerable  saving 
in  first  cost  without  affecting  the  Quality.  If  you  can  buy  de- 
pendable quality  motors  for  no  more  than  "just  motors"  cost 
you,  is  it  wisdom  to  neglect  to  investigate? 

The  Wagner  Type  BW  (self -starting)  Polyphase  Motor  has 
been  popularly  called 

because  it  is  suited  to  such  widely  diversified  uses. 

Let  us  send  you  Bulletin  11124,  descriptive  of  "The  Public  Servant." 

ManufacSluria^  Company,  Si.  Louis,  Mo. 
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Westingbbuse 

War  Service 


Westinghouse  War  Service  aims  to  determine,  by  careful 
analysis,  a  workable  plan  for  installing  Electric  Drive  in 
existing    line -shaft -and -belt -driven     plants    WITHOUT 
DISTURBING  tha  orderly  execution  of  war  work. 

WHAT  IS  YOUR  PROBLEM? 

Let  us  help  you  solve  your  problem. 
Westinghouse  Electric  Drive  will 
give  you  refinements  in  speed  con- 
trol and  economy,  never  to  be  hoped 
for  with  the  very  best  line  shaft 
drive. 

WHAT  CAN  BE  DONE TODAY 
TO  INCREASE  PRODUCTION 

That  is  the  big  problem.  Let  us  help 
you  decide  this  important  question. 
\Ve  have  helped  others,  and  can  help 
you. 

Westinghouse  Electric  and 
Manufacturing  Co. 


East  Pittsbureh.  Pa. 


Whoi.  the  ma- 
chine tool  builder 
mid  the  motor 
)iiain(fucfi(rer  co- 
operate on.  tilt 
best  manner  and 
meantt  of  dririn<i 
machine  tools,  tin 
best  residts  ar- 
crue  to  all  con- 
cerned. 


'irii^fS^^,^ 


Thousands  of  Westinghouse  Motors  are 
employed  in  the  production  of  Motor 
Trucks  for  war  service. 


The  more  direct 
the  application  of 
the  motor,  the 
greater  the  sav- 
ing in  power. 
Today  we  cannot 
be  too  economical 
in  the  use  of 
power  as  a  means 
of  conserving 
fuel. 
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Ideal  Machine  Tool  Drive 

INTER-POLE  MOTORS 

Maximum  Power — Minimum  Space 


pOWER,   dependability   and 
-*■    compact  simplicity  make  In- 
ter-Pole Motors  the  ideal  drive 
in  shops  where  time  and  space 
are  important  factors. 
They    will    carry   temporary 
overloads  of  fully  100  per  cent 
and  reverse  from  maximum 
speed    in    either    direction 
within  a  few  seconds. 

Ask  for  a  Bulletin 

ELECTRO  DYNAMIC  CO. 

BAYONNE  NEW  JERSEY 


Universal 
Electric  Drills 


Licensed  Under  Burke  Universal 
Motor  Patent 


The  only  portable  electric  tools 
made    that    are    equipped 
throughout  with  ball  and  roller 
bearings.  Made  with  aluminum 
cylinder,  insuring  extreme 
lightness,  and  a  powerful  spe- 
cially   c  0  n  - 
structed    mo- 
tor,  resulting 
in      increaseil 

capacity.  Can  be  furnished  with 
Universal,  Alternating  or  Direct 
current  motor  110  to  250  volts. 

000   Drilling   Capacity   1/4" 

00  Drilling   Capacity  5/16" 

0  Drilling   Capacity  3/8" 

01  Drilling   Capacity   1/2" 

1  Drilling   Capacity  9/16" 

No.  6  Electric  Grinder. 


INDEPENDENT  PNEUMATIC  TOOL  CO. 

CHICAGO  NEW  YORK  PITTSBURGH  DETROIT 

SAN  FRANCISCO         BIRMINGHAM         MONTREAL 


STOW  GRINDERS 


Portabin 

All    NiZ<^H 

Rop«    nnd 
Motor  driven 

:..      w.l.llni,-     Ji.l,      Is 

'  I  iliid   unli'HM   proji- 

•     Kruuricl.      Wrll>^ 

i.iy  for  (IptnllH  with 


STOW  MFC 
COMPANY 


OU*stI'oflahU  ToolAfanu 
/oclunn  In  JttmtUa 


ECK  "HIGH-GRADE"  MOTORS 

WITH  COMMUTATING  POLES  AND  SELF-ALIGNING  BALL  BEARINGS 

Sizes  40  H.  P. 
and  Smaller. 


Unequaled 
Electrical  and 
Mechanical 
Performancefor 
Machine  Tool 
Applications. 


Send  tor  Bulletin  No.  IIOO-B 
for  complete  description* 


ECK  DYNAMO  &  MOTOR  CO.,  BeUeviUe,  N.J. 


IIIIIIIIIMIIIIIMIIIIIIIUS 


_^- 

^=^i 


w 


R 


PIPE.  TUBING  AND 
SOLID  BAR  BENDERS 


ONDE 

9  MODELS 


Bend  all  sizes  of  standard  or  double 
thick  steel,  wrought  Iron,  brass  and 
copper  pipe  from  Vs"  to  6";  tubing  from 
Yz"  to  7";  round,  square  and  twisted 
solid   stock   from   J/4"   to   IJ/2". 

American  Pipe  Bending  Machine  Co.,  Mfirs. 


This  Bench  Grinder 

is  the  F  &  M  Motor  Grinder,  a  simple, 
compact,  convenient  machine  for  tile 
foundry,  machine  or  blacksmith  shop. 
It  has  duatproof  ball  bearing  motor 
and   takes  6"  or  12"  wheels.  ^,1,,  ,„,  |.|,t„|„ 

FORBES  &  MYERS,  178  Union  St.,  Worcester,  Mass. 


Lathe  Center  Grinder 

will    Krind     latho    centers    mechanically    with    scientific 
accuracy  In  fraction  of  time  required  with  other  methods. 

Buildcrt  of  *  'Ideaf  '  Palcnird  Porlahle  Electric  Tool;  Crindmrt, 
Drill,.   Sawt,  Screw  Driver,,  Nut,    Bolt  and  Lag  Screw  Seltert 

THE  NEIL  (EX  SMITH 
ELECTRIC  TOOL  CO. 

Cincinnnti.Ohio.  U.S.  A. 
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r  For 


or  the  job  that's  beyond  the 
bench  or  post  drill — in  con- 
struction or  repair  work — 

Van  Dorn  Portable 
Electric  Drill 

e  solution. 

Equipped  with  special  Van  Dorn  motor, 
tor  direct  or  alternating  current.  At- 
tach it  to  the  nearest  lamp  socket  and 
it's  ready  for  high  speed  or  heavy  duty 
drilling. 

Vi'hat  are  you  drilHng.  reaming  or  grinding? 
There's  a  Van  Dorn  Portable  Electric  Tool  to 

do  the  ivork  cheaper. 

Our  Catalog  M  and  practical  sugges- 
tions we  will  submit  will  prove  help- 
ful to  you. 


DISTRICT   SALES   OFFICES: 

Boston,  Mass.,  170  Purchase  Street.  New  York,  N.  Y.,  30  Church  Street. 
Pittsburgh,  Pa.,  707  Empire  Bldg.  Cincinnati,  Ohio,  1102  Second  Nafl 
Bank  Building-.  Chattanooga,  Tenn.,  Chattanooga  Armature  Works. 
Chicago,  111.,  601  Monadnock  Building.  Milwaukee,  Wis.,  524  Wells  Build- 
ing. St.  Paul,  Minn.,  1005  Germania  Life  Building.  Denver,  Colo.,  408 
Gas  &  Electric  Building.  Los  Angeles,  Cal.,  1019  Wright  &  Collander 
Building.  San  Francisco,  Cal.,  66  Eighth  Street.  St.  Louis.  1122  Pine  St. 
Detroit,  43  E.  Larned  St. 


TKo    (D^EloctricTbdiG). 

-CJ^^rXlevelaracI,  O. 


THREE   HOLES   TO  ONE 

Sellew  Adjustable 
Drill  Heads 

enable   you  to  drill  three 

holes  at  a  time  instead  of 

one. 

Special   Heads   made   to 

suit  your  work. 

Get  in  touch  with  us  for 

the  sake  of  economy  and 

a  greater  output. 

Sellew 

Machine  Tool 

Company 

Pawtucket,  Rhode  Island 


Michigan  Lubricator  Co. 

Detroit,  Michigan,  U.  S.  A. 


Michigan  oilers  and  grease  cups 

insure  efficient  lufirication.  Used 
by  leadinji  tool  builders  every- 
where for  the  past  30  years. 

Write  for  prices  and  printed  nialter. 


HEAD 


No.  2  —  6  Spindle  Adjustable 

Buhr  Patent  Ball   Bearing 

Drill   Head 


Adjustable 
Ball  Bearing 
Drill  Heads 
From  2  to  12 
Spindles 

Fixed  Center 

Any  Number 
of  Spindles 


NELSON-BLANCKMFG.  COMPANY 

DETROIT  MICHIGAN 

EUROPEAN  OFFICE. 
Coronittlon  Houae,  4  Lloydi  Avenup,  London,  E.  C. 
GnBton  Mitrbnix.  Factorr  Aiienl 
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URANIUM 


1 

l^5S8m^ 

mWi  :^:sB^mtKt^^^i 

^i^^^^^^^^jB 

idT-,.  (w 

1  tir' 

Uranium  High  Speed  Steel  makes  good  cutting  tools  for  any  service. 
The  extra  tough  acid  proof  bronze  pump  castings  shown  in  the  accom- 
panying photograph  offer  a  fitting  test  of  efficiency.  Tools  of  Uranium 
High  Speed  Steel  were  the  only  ones  that  "stood  up"  on  this  job. 

Write  us  or  see  your  own  dealer 

STANDARD  ALLOYS  COMPANY 


Forbes  and  Meyran  Aves. 


PITTSBURGH,  PA. 


ChampionTooIs  and  Shop  Furniture 

Champion  Tool  Holders  are  large  factors  in  the  economy  of 
high  speed  steel.  The  close  up  grip  of  the  set  screw  and  the  heavy 
support  under  the  cutting  edge  hold  the  tool  rigid,  prevent  chatter, 
and  permit  using  the  steel  to  the  last  piece. 

A  versatile  tool.  The  Champion  Vise  can  be  raised  and 
lowered,  and  swiveled  into  al- 
most any  position.  It  holds 
odd  shapes  as  well  as  ordinary 
work  and  a  single  lever  locks 
it  .securely.    Full  line. 

The    Champion   Vise   Stand 

a  coiiveni(;iil,  movable  Visi- 
Stand,  Work  Bench  and  Tool 
Tray  combined.  It  i.s  easily 
rolled  from  place  to  place  anil 
when  braked  stands  as  firm 
as  a  stationary  bench. 


WESTHN  TOOLiMfC  CO. 
tPIIINGrillO.  OHIO. 


THE  WESTERN  TOOL  &  MFG.  CO. 


SPRINQFIELD 


IJriiit     llrllAiti 


OHIO,  U.  S.  A 
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One 
Cowan  Truck 

and  Fifty 
Platforms 

''Keep  Things 
Moving" 


THE  unit  system 
of  transveying 
and  some  of  its  strik- 
ing possibilities  are 
fully  explained  and 
illustrated  in  our 
catalogue.  Let  us 
send   you   a  copy. 


No  Congestion  or 
Confusion  Here 

The  Terry  Turbine  Compcmy  of  Hartford, 
Conn.,  do  all  their  trucking  with  one  Cowan 
Truck  and  about  fifty  platforms.  One  of 
these  platforms,  of  special  design,  is  shown 
carrying  sixteen  diaphragms  to  a  machine, 
where  the  loaded  platform  will  be  left.  With 

iHE:  COWAN 


TRADE  MARK  RtG  US  PATOFFICE 


work  may  be  moved  to  a  series  of  operations, 
stored  emd  shipped  without  re-loading.  This 
is  the  unit  system  of  transveying.  It  is  an 
effective  means  of  increasing  production 
through  the  reduction  of  handling  charges 
anH   the  elimination  of  disorder  and  delay. 


Cowan  Truck  Company 

Maimers  of  the  Cowan  7  ransveyor 

88  Water  Street  Holyoke,  Mass.,  U.  S.  A. 


THE  problem 
of  moving  and 
storing  ma'erial  is 
receiving  close  at- 
tention to-day  as  a 
field  for  greatly 
improved  methods. 
As  a  result  the 
Cowan  system  is 
coming  into  its  own, 
and  our  Iransveyors 
are  being  used  in 
every  phase  of  shop 
work. 

How 
are 
you 
moving 
iT  your 

material? 
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C     -MJ  -^    A.   'M    ^ 

Machine  Gun  Parts, 
Cartridges,  H.  E.  Shells 
and    all    types    of    Munitions. 

OAKITE  Materials  backed 
by  OAKITE  Methods  will 
speed  up  your  production 
and  eliminate  cleaning  troubles. 

Write  for  Booklet  857.     It  tells  how. 

OAKLEY   CHEMICAL    CO. 


26  Thames  Street 


New  York 


Au^st,  1918 
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THE  NEW  GENESEE 

Chip    space    never    varies,    no    matter    how 
often  blades  are  ground,  nor   does  the  tool 
once  set  in  machine  have  to  be  removed  for 
grinding.      Blades    are    simply    replaced    In 
slots    and    are    automatically    aligned.      No 
special  holder  is  needed  for  grind- 
ing   them.      Blades    will    outwear 
three  to  five  solid  tools  and  may 
be  replaced  at  small   cost.     Made 
in     4     sizes — each     size     takes     a 
variety  of  pilots. 

Ask  for  full  details 

GENESEE  MFG.  COMPANY 


FACING  TOOL 


For  Greater 

Economy  in  Facing, 

Counter  Boring,  Etc. 


ROCHESTER,  N.  Y. 


II II  mill  mill  mm  i 


Of  What  Does  This 
Remind  You? 


^ 


SUPPOSE  that  you  had  on 
hand  when  your  last  tap 
was  broken  a  commercial 
device  built  specially  to  re- 
move the  broken  pieces  of 
tap,  a  commercial  device  not  a 
home-made  article,  would  you 
not  have  saved  a  great  deal 
of  time? 

Write  us  for  information 

The  Walton  Company 

Hartford,  Conn. 


IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIMIIIIIIIIIIIIIIIIIIIIIH 

1   ANY  DRONES  I 
I   IN  YOUR  HIVE?  I 


Every  machine  in  the 
shop  that  is  not  work- 
ing to  capacity  is  los- 
ing money.  The  busy 
bee  to  keep  the  taps 
liumming  witli  work 
and  the  shop  witli 
profit   is   the 

Bicknell  -Thomas 

Tapping  Attachment 


P 


It  permits  the  operator, 
by  merely  raising  the 
drill  spindle,  to  reverse 
the  tap  at  twice  the 
tapping  speed,  while 
the  spindle  continues 
full  speed  ahead. 


Two    sizes— for    taps    from    3   16"    to    3/8"    and 
5  16"    to    3/4"    respectively.      Write    for    details. 

BICKNELL-THOMAS   CO. 

GREENFIELD.  MASS. 


fUlMIIIIIIIIMMIIIIIIIIIIIIIIIIIIIIIMIIIIIIIIIIIIIMIIIIIIIIIIIIIIIIIIIIIIIIlin 


Don't   Judge    By  Appearances     aMMMJiidiTfffilHninin^^^^^ 

In  .selcclinii  equipment— especially  tlireadinji  tools-  don't    for»iet    that   the    final    grindind    and    polisiiing 
jJiveB    all   toolg    a    clean-cut,    efficient    appearnnce— whatever    their   quality.     In    juti^ing 

BAY  STATE  TAPS  AND  DIES 

remember  that  these  tinishinji  touches  cover  uniformly  A-1  products.  »Iuar- 
.inteed  accurate  and  durable  from  the  core  out  by  a  firm  of  national 
repute. 

You'll  find  a  trial  order  the   mitBt   convincirtu  proof 

BAY  STATE  TAP  &  DIE  CO.,  Mansfield,  Mass.,  U.  S.  A. 


I.lil..     Miilnii..     K«..(li.n. 
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GUARANTEED  FORCINGS 

for  all 

MACHINE  PARTS 


Wyman -Gordon  Company 

Worcester,  Mass.  Cleveland,  Ohio 


PHOENIX  DIE  CASTINGS 


Produced 

in  an 

up-to-date 

plant 

with  all 

modern 

facilities 


Send 

sample* 
or 
specifica- 
tions 
for 
estimate 


PHOENIX  DIE  CASTING  COMPANY 

;.mT:~:\ BUFFALO.  N.Y. 


THRIFT 


One  of  the  lessons  the  war  is 
teaching  is  thrift.  Slowly  but 
surely— in  many  cases  against 
their  wills  — the  people  of 
America  are  learning  the  value 
of  that  homely  virtue. 

NATIONAL 

Patent 

Interchangeable 

Counterbores 

prove  how  easily  and 
with  what  advantage 
thrift  may  be  practiced 
in  the  small  tool  field. 

The  National  Patent 
Counterbore  is  made  in 
three  parts  —  only  the 
cutter  (one-quarter  of 
the  whole  tool)  being  of 
high-speed  steel.  The 
shank  and  pilot  are  made 
of  more  durable  and  less 
expensive  steel — a  clear 
saving  of  75  per  cent  of 
tungsten  on  the  initial 
investment. 

When  the  cutter  is  replaced,  the  con- 
tribution to  the  scrap  heap  is  small— 
especially  as  the  spiral  flutes,  which 
give  a  shearing  cut,  extend  well  back, 
go  that  —  barring  accident  —  the  tool 
can  be  used  till  two-thirds  of  its  length 
has  been  ground  away.  The  shank  and 
pilot  are  rarely  subjected  to  strain  and 
outlast  any  number  of  cutters. 

Full  description  in  Bulletin. 


Manufactured  by 


THE  NATIONAL  TOOL  COMPANY 

CLEVELAND,  OHIO,  U.  S.  A. 

CHICAGO  OFFICE:    24  SOUTH  JEFFERSON  STREET 
PHILADELPHIA  OFFICE.  1 1  NORTH  6th  STREET 
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Read   Our   Specifications 

Before  going  ahead  get  a  copy  of  our  specifications  of 
this  14"  engine  lathe.    It's  a 

CARROLL-JAMIESON 
Screw    Cutting   Lathe 

It  has  double  back  gears,  quick-change  gears  giving  thirty-two 
changes  of  feed  without  removing  a  gear,  nine  spindle  speeds, 
2V-;"  belt  drive  from  three-step  cone. 

Drop  a  line  now  for  a  set  of  specifications. 

THE  CARROLL-JAMIESON  MACHINE  TOOL  CO.,  257  Davis  St.,  Batavia,  Ohio 

George  H.  Alexander,  Coleshill  Street,  Birmingham,  England,  Selling  AgenU  in  the  British  Isles. 


FULTON 

HEAVY  DUTY 

MANUFACTURING  LATHES 

are  tools  of  unusual  power  and  speed, 
strongly  and  simply  constructed  and 
easy  to  operate. 

Swing  18 'A  inches— 7  ft.  bed.  Plain 
or  friction  head  as  desired. 

Complete  details  upon  request 

Fulton  Machine  Tool  Co. 


1438  BRYAN  PLACE 


CHICAGO,  ILL,  U.S.A. 


Sibley  Sliding  Head  Drill 


24"  Swing 
Max.  Height  119" 
Table  Traverse  16" 
HeadTraverse23" 
Spindle  Feed  9" 
8  Spindle  Speeds 
16  to  294  R.P.M. 

We  Make 
Drills  Only 

16"  to  30"   Swing 
Stationary  Head 
Sliding  Head 
Traveling  Head 
High  Speed 
Sensitive 


Write  for 
Catalog 


sible:y  machine:  co. 

8  Tutt  Street  South  Bend,  Ind.,  U.  S.  A. 


16"  Lehmann  Lathe  Swings  18^4" 

We  Also  Make 


18"  Lehmann  Lathe— Swings  20 V4 


KiiiK  for  lie 


Dull 


1.1  At 


::sii:i'  conk  for  :',"  bolt,   douhmo  hack  (IIOAUS, 

Cllll.l.KIl  Itl'in,  MICH  (^AIIHO.N  .STIOIOl,  SI'INDLK. 
I'llOSI'liOH  imONZK  MKAUINCS,  DOHULK  TLATM 
AI'KON  .STKKL  (!KA1UN(!,  ItAIJ.  TIIIUIST  MKAUINC 
I  ir  Irad  Hircw,  cmIh  lliri'iids  2  to  1 1  li  to  tlu'  Inili  with 
out  clianKc  of  KcarH.  (JMAUKI)  h'lOKDS  from  .007  to  .4. 
!»'  Iii-d  fukuH  G'  l)otwcon  oonttTH.  net  woIkIiI  ;iO20  lbs.  on 
Ifi"  liitlio.  Write  for  circular  illustrnlinp  NHW  and  IN- 
'iritrsTIXd   FF.ATintF.K  «l   Ihrsc   liilhrs. 

LEHMANN  MACHINE  CO..  .HT:::^..  ST.  LOUIS,  MO. 
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THE  REYNOLDS  SCREW  DRIVING  MACHINE 


niLLIONS  of 
^  screws  are 
.  being  driven 
every  day  in 
the  nation's 
work  -shops. 
And  Millions  of 
these  Billions 
are  driven  at 
top  speed  and 
low  cost  with 

THE 

REYNOLDS 

SCREW   DRIVING 
MACHINE 


IWIAGAZINE  fed, 
^  ' -^  automatic  and 
adapted  to  set  screws 
of  any  size  in  wood  or 
metal,  these  machines 
are  an  economy  in  the 
large  or  small  shop. 
They  can  be  handled 
by  unskilled  labor, 
are  carefully  built  to 
give  long  service  and 
can  be  furnished  in  a 
number  of  sizes  and 
types. 

Used  in  U.  S.  Arsenals  and 

NavyVards  on  gun  parts  and 

war  work   of  many    kinds. 

See  Catalog  for  Details. 

THE  REYNOLDS 
MACHINE  CO. 

Successors  to 
Reynolds  Pattern  &  Machine  Co. 

Massillon,  Ohio,  U.S.A. 


■JIIIIUUIJIimjimUIIIJIIIIIIIIIIIIIIIIIJIIJIIIIIIMIIIIIIIMIIJIIIIIIMIIJIIMIIIIIIIIIIIIIIIIIIIIIIIIJIIIIIIIIIIIIIIIIIIIIIIIJIIJIIIIIMIIIIIMIIIIIIIIMIrl: 

I  KELLY    PRODUCTION    TOOLS 

FOR 
CYLINDERS. 
CRANKCASES. 
CONNECTING 
RODS,  AUTO 
PARTS,  ETC. 
They 

"ADJUST" 

We   make    DELIVERIES    in    1     to    10    days 
Write  for  the  catalog   Q-3 


THE  KELLY  REAMER  CO. 

CLEVELAND,  OHIO,  U.  S.  A.. 

Bunon.  CriAilhs  8c  Co..  Lid  .  London.  Enslish  Asfnl! 
Burton  Filj.  P.ris.  French  Agents  40  Domestic  Agencies 


KELLY 

"Multiple' 


Bruno  Slotting  Attachment 

It's  new — it's  good — and  it  fills  a  long 
felt     want.       This     attachment     ma- 
chines any  shaped  surface — inside  or 
out  with   eciual  accuracy.     No  inler- 
feriuK  tool  post — no  vibra- 
tion at  any  speed.     A  valu- 
able addition   to  any  plan- 
er or  shaper. 

Send  for  dmiaita 
Made    in   3  sizes,  K  in.. 
f^in.    and     14  In.     round 
sl-ianK      tool     capacity. 

BRUNO  MANUFACTURING  CO. 

61   Terrace  Street  BUFFALO.  N.  Y.,  U.  S.  A. 


The  Worcester  Thirteen 


Worcester  13"  Manufacturer's  Lathe  has  all 
the  attributes  of  the  Worcester  line  in  gen- 
eral. 

It  is  a  compact,  ripid  machine,  without 
complicated  parts,  and  guaranteed  to  do  ac- 
curately and  quickly  all  the  work  that  is 
within  its  range. 

If  you  need  a  smalt  Lathe  it  will  be  to  your 
advantage  to  send  for  our  Circulars. 

WORCESTER  LATHE  COMPANY 

68  Prescott  Street         WORCESTER,  MASS. 
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Cut  Metal  Economically 


Catalog  gives  siz 


The  special  fea- 
t  u  r  e     of     the 
"Racine"  High 
Speed    Metal 
Cutting    Ma- 
chine —  the  Re- 
tui-n    Stroke 
Lifting     Device 
—  saves     your 
saw  blades   and 
increases    p  r  o - 
duction.        The 
saw    frame    is 
automati- 
cally  held  in  any  posi- 
tion,  thus   providing 
for  convenient  hand- 
ling of  stock  no  mat- 
ter what  its  size  may 
be. 

The  "Racine"  High 
Speed  Metal  Cutting 
Machine  is  a  con 
sistent  machine, 
built  for  speedy  and 
uniform  work. 


RACINE  TOOL  &  MACHINE  COMPANY,  ^  Ji?>.  s.  Racine,  Wis.,  U.  S.  A. 


^keii^^d&l 


A  New  Standard 
in  MelalCutling 
ncreases  Pro- 
duction 50'' 
tolOO'.. Saves 
in  Time,  Labor 
and  Material. 


']"ilU<-        llH'       oUllT 

stiiiidard  saws. 
Home  of  which 
have  been  deserv- 
edly regarded  as 
excellent  ma- 
chines  and  add  50 
to  100  per  cent  to 
llif'ir  output,  and 
you  will  come 
I)retty  close  to  the 
ItroductlvencHK  of  tlie  Peerless  HIkIi  Speed.  II  has 
crealec"  a  NKW  Htandard  of  production  which  Is  all 
Its  own. 

Repeat  orders  tell  the  story.  Some  of  them  comi" 
from  nianufacturers  who  have  had  to  wait  for  I'er'r- 
lesH  miichlMfs  when  they  could  Ret  otticrs  at  <lnc(^ 
payinK  heavy  express  charnes  lo  Ket  them  i|ulikly, 
'1  lie  peerless  HiKh  .Speed  Hiives  In  lime,  l;il)or,  blades 
iind  material.  II  cuts  fasli-r,  wllli  a  IhiMiier  l)lade, 
ullli  less  atleiidance  and  with  a  smaller  consum|ill(Ui 
of  saw  blades  than  any  other  metiil  saw  made, 


Orr/.r 


"/»» 


w. 


rht 


PEERLESS  MACHINE  COMPANY 

1611    Racine  Sireel  KA<:INK.   WISCONSIN 


The 


HIGLEY 

COLD  METAL  SAW 

Catalog  furnished  by 

Vandyck  Churchill  Co. 


New  York 


Philadelphia 


New  Haven 


Crescent  Wood  Working  Machinery 


will  l.'u'Ki'ly  <'(imi)('iis;ito 
liir  sliorlnne  in  labor  at 
tills  time,  and  yoii  owe 
it  to  yourself  lo  Inves- 
IlKale  this  splendid  lino 
of  wood-worUiiiK  nia- 
•  hltiory   rinlit  away. 

Ask  for  free  cntnlog  of 
l)and  sawH,  Jointers,  saw 


l:ibli-H,  phiMcrs  iihiiHTH  mid  matchers,  dlsl(  Krinders, 
swing  saws,  [losl  borers,  simpers,  viiilety  wood  workors, 
liolliiw  chisel   nuirliscr,   uiilvcrsiil    wmicl    workers. 

THE  CRESCENT  MACHINE  CO. 

56  MAIN  STREET 


LEETONiA,  OHIO 


iiiiiiiiniiiiiiiiiiiitiiiiiiilllltlMiiiiiMi 


iiiiiiiiniiMiiiiiiiiiiMiiiiiiii 


August,  1918 


MACHINERY 


263 


The  Holes  in  These 
Parts  Were 
Made  on  the 


DETROIT 


Semi- Automatic  Driller 


The  Detroit  Semi-Automatic  Driller  can't  be  beaten  for  drilling  small  holes  rapidly 
and  accurately.     All  the  operator  is  required  to  do  is  remove  and  insert  stock  at 
each  of  the  five  spindles  in  succession.     Drill  breakage  is  reduced  to  a  minimum. 
Positive  lubricating  system  insures  quick,  clean  cutting. 
Send  for  Complete  Details 

DETROIT  TOOL  CO.,  DETROIT,  MICH. 


A  Single  Fact 

is  worth  a  ship-load  of  ai'gument.  The 
fact  that  well  known  manufacturei's 
in  many  lines  place  reorders  for  Kelly 
Shapers  as  their  business  grows  cai*- 
ries  more  conviction  than  a  bookful  of 
statistics,  though  these  are  also  avail- 
able in  our  catalog — a  complete  de- 
scription of  all  seven  sizes  of 

Kelly  Crank  Shapers 

R.  A.  KELLY  CO.,  Xenia,  Ohio,  U.S.A. 


The  Burr  No.  1  Portable  Shaft  Keyseater 


t^^;^^ 


Relocating  machinery  is  nol  a  bugbear  lo  the 
shop  where  this  handy  emergency  tool  is 
available.  It  •mills  a  3^"  x  -^s"  keyseat,  12" 
onj;,  inside  of  an  hour — without  resetUng — 
and  makes  good  time  on  any  size  up  to  1  ^t>" 
.vide  m  shahmg    M4"  x  5"  diameter. 

Well  made,  simple  to 
operate  and  works  in 
close    quarters.      Catalog 

for  details. 


*^^^ 


John  T.Burr&  Son 

429  KENT  AVENUE 
BROOKLYN,   N.   Y. 


< 
1 

1 

l^^ 

BENCH 
DRILLS 

1-4  Spindles 
'  j"  Capacity 
Lever  and 
Power  Feed 
Powerful 
Accurate 
Durable 

FRANCIS  REED 
COMPANY 

43  Hammond  St. 

Worcester           Mass. 

BENCH    TYPE 

HIGH  SPEED  DRILL 


Adapted  for  Speeds  as 
high  as  18000  R.  P.  M. 
Three    Speed     Changes. 


DEMCO 

Vihrationless 

at  Maximum 

Speed 

All  ball-bear- 
ing construc- 
tion, belt  ad- 
justor  and  au- 
tomatic take- 
up  eliminate 
friction  and 
vibration  even 
a  t  maximum 
speeds. 

Vertical  Adjust- 
able Drill  Bracket 
—  an  exclusive 
Demco  feature — 
provides  all  the  ad- 
vantages of  slid- 
ing head  construc- 
tion and  keeps 
spindle  in  perfect 
alignment. 


DEMCO  MACHINE  TOOL   CO. 

CLEVELAND,  OHIO,  U.  S.  A.  oeMro" 


Successors  to  The 


THE  LINDGREN 

13-Inch    High  Speed  Drill 

All  bearings  are  bronze 
bushed  and  provided  with 
i-ing  oilers.  The  spindle 
has  ball  thrust  bearings. 
The  sleeve  is  graduated 
in  inches. 

New  lubrication  features 
No  leakage  of  oil 

F.W.  LINDGREN  CO. 


ROCKFORD 


ILLINOIS,  U.  S.  A. 
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Standard  Wieland  6-inch 
Pipe  Threader  and  Cutter 


Thread  Pipe  Do  You?  How? 

The  modern,  efficient  way  is  the  Standard  Wieland 
way,  witli  a  heavy,  sturdy,  durable  machine,  simple 
and  positive  in  operation,  fast  and  accurate  in  pro- 
duction. This  machine  costs  more  and  is  worth  it; 
character  and  quality  of  output  prove  it. 

A  few  features:  One-piece  bed;  single-speed  pulleys; 
gear  speed  changes  through  semi-steel  cut  gears;  deep 
chasers,  cutting  long  taper  threads  in  one  cut  per- 
fectly, steel  as  well  as  iron  pipe. 

Send  for  the  circular. 

Standard    Engineering    Company 
Ellwood  City  Pennsylvania 

San  Francsco  Office;  1801  Claus  Spreckels  BIdg. 


The  Method  of  Drive  is  an  Im- 
portant Thing  in  a  Pipe  Machine 


Because  a  lot  of  time  is  wasted  if  the  speed  is 
not  just  right  for  every  size  and  material  ot  pipe 

The  "Stoever "  Pipe  Machine 

lias  a  single-pulley  drive  with  Rear  speed  varia- 
tion. This  means  that  the  belt  speed  Is  constant, 
not  lowest  when  it  should  l)e  hi^'hrst.  The  belt 
tension  is  always  proportional  to  the  power 
transmitted — economy  of  power.  The  belt  contact 
Is  constant  and  always  adequate. 
The  ".Stoever"  has  a  friction  countershaft  which 
eliminates  shifting  belts  and  saves  at  least  one- 
tliird   in   belting  cost. 

The  gear  speed  variation  affords  a  speed  exactly 
right  for  every  size  of  pipe,  and  for  iron  or  steel. 
This  means  maximum  cutting  and  threading 
speed. 

Write  for  the  "Economy"  Booklets. 

TREADWELL  ENGINEERING  CO. 

Sale.  Office:    140  Cedar  Street,  New  York 
Works :  Ea>ton,  Pa. 


M 


ERRELL 

Pipe  Threading 
and  Cutting 
Machinery. 

Iliiiul  or  I'ower  OfieraUJ 

THK  MKRRr:iJ.MFG.  CO. 


1,S  f;iJKTI.S  .STKKHT 


\()\A'.l)().  OlllfJ 


Quick! 

Accurate! 

Economical! 


■HURLBUT-ROGERS 


It  will  pay  you  to  investigate. 
Booklet  on  request. 


'T^HE  two  cutting  tools  of  the  Huribut-Rogers 
^  machine  double  the  speed  and  halve  the  cost. 
In  addition,  one  tool  acts  as  a  rest  for  the  other 
and  pre.ssure  being  identical  on  both  sides,  the 
stock  is  held  absolutely  rigid  and  true.  Ca- 
pacity up  to  10". 


The  Hurlbut,  Rogers  Machinery  Co. 

South  Sudbury,  Mass. 


Tattle   Tappers  on   Brass 

The   Tuttle   Tapper   Is   tapping   10/.32"   lioles   In 
l)rass  guide  arms  for  fliisli  valves  at  the  rate  of 

.soil  per  hour  in  a  'I'rcnlnii   plant.     If  you   would 
liiiprnvi,'   pnidurl  ion,    write   lis. 

PARAGON  GEAR  WORKS,  Taunton,  Mass. 

Evan.  Sl.mpinK   &   PIntinK  Co. 


A   "HARTFORD" 
Die   Filing   Machine 

a(iiiin|illi;liivi  many  IIimi'H  iiioti'  \v<irlc 
lli.iii  jjand  lilhi(,',  ;ii,  till'  Hanin  l.il.nr  cost, 
iind  (lor'H  It  with  Krcutest  accuracy. 
•More  (Ic'tailH  on   rccpicHt. 

THE    ROBINSON    TOOL   WORK.S,   Inc. 

W«l.rl.iirv.   Conn.,     U    S     A 
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PEERLESS • 


No  Waste 
Here 


How  much  time  do  you  spend  getting  ready  to  do  the  job?  For  instance — 
how  long  does  it  take  to  get  ready  to  change  the  dies  in  your  pipe  ma- 
chines? In  the  B  &  K  machines  no  time  is  lost  removing  a  lot  of  screws 
or  the  cover — then  after  the  dies  are  removed  you  can  clean  the  die  slots 
so  easily  without  more  lost  time. 

The  construction  of  the  Peerless  Die  Head  is  such  that  all  waste  motion  is 
eliminated.  And  the  die  head  is  backed  by  good  chucks  (three  styles,) 
good  gear-box  and  oiling  system.  All  these  go  to  make  up  a  satisfactory 
pipe  machine. 

May  we  send  iyou  a  catalog? 

BIGNALL  &  KEELER  MACHINE  WORKS 

EDWARDSVILLE  ILLINOIS,  U.  S.  A. 


Cutting-Off  Machines 


THE  MODERN  CUTTING-OFF  MACHINE 

will  cut  Galvanized  Pipe,  Brazed  Tubing, 
Welded  Tubing,  Butted  Tubing,  Seamless 
Tubing,  any  thickness  of  wall,  quicker 
and  cheaper  than  by  any  other  method. 
Regular  "  Lathe  Cut." 

MODERN  MACHINE  TOOL  CO. 


JACKSON 


MICHIGAN,  U.S.A. 


FORBES 

PIPES?  MACHINES 

Forbes  Pipe  Cutting  and  Threading 
Machines  are  highly  developed,  self- 
contained  machines  particularly  adapt- 
able for  shops  where  speed  and  accur- 
acy in  pipe  operations  are  desirable. 
Our  35  years'  experience  in  pipe  ma- 
chine manufacture  insures  their  cor- 
rectness. 

They  are 
strong  and 
simple,  have 
few  moving 
])arts,  are 
easily  port- 
able and  re- 
quire mini- 
mum floor 
space. 

Capacity  up  to  15" 

The  Curtis  &  Curtis  Co. 


8  Garden  Street 


Bridgeport,  Conn. 
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Pipe  Threading 
in  close  quarters 


•Many  a  rdiicfi-ii  has  no  siiare  for  a  bulky  machine,  so 
they  stick  to  hand-threading.  It  certainly  doesn't 
take  a  large  room  to  hold  the  Oster  shown  here 

QSTER 


Combination 
THREADING  MACHINES 


Thread  straight  pipe,  bent  pipe,  bolts  and  nipples — 
even  close  nipples — they  all  come  out  of  this  ma- 
chine easily  and  accurately  threaded— ready  for 
quick  fitting  into  tight,  accurate  joints. 

Besides  that,  it  transforms  a  pile  of  scrap  pipe  into 
money  by  threading  it  into  nipples  in  its  spare  time, 
and  a  boy  can  easily  do  the  work. 


304.A 


Tlirr-;,.!..  ,A,.,- 
rilirl  lilplilrfK 
from  1  to  1 
Inched,  ho\\H 
from  '/4  If.  1\ 
IrichCH. 
In  thrt-e 

HiZCII. 


fied  use 


I  booklet, 
)  Experience 
tell  how  the, 
and  Increaied  output 
time.  Thl»  booklet,  j 
Catalog,    are    fr«e — wrl< 


.11    Pipe 

In   It   satl«- 

educed  coita 

t     the    same 

a    the    Oater 

today. 


The  OSTER  Mfg.  Co. 

2107  E.  61st  StrfPt,  Clcvelancl,  Ohio.  U.S.A. 


SAUNDERS 


No.5D 
^k^^  Pipe 

t^IZ^    Threading 
and 

Cutting-Off 
f  Machine 


Simple,  compact  and  fully  self-contained,  this 
well  constructed  "Saunders"  operates  by  hand 
or  belt  power — threads  and  cuts  off  pipe  up  to 
6  inches  diameter  without  stopping  the  ma- 
chine. It  is  equipped  with  standard  universal 
or  three  jawed  Independent  Gripping  Chuck 
and  adjustments  for  automatically  centering 
and  steadying  the  work. 

Catalog  "P"  gives  all  details,   describes  the  whole 
line—  capacity    up    to    18    inches—  also  our  Patent 
Adjustable     Expanding     Die     Heads     with     Inter- 
changeable  Chasers. 

D.  SAUNDERS'  SONS 

YONKERS  NEW  YORK,  U.  S.  A. 


^The  3  Inch  "Etna"-, 

Capacity  for  continuous  operation 
makes  Etna  Cutting-off  Machines  big 
producers — rigid  construction  insures 
their  durability. 

This  3  inch  model  has  10  and  12  inch 
cone  diameters,  two  11  inch  friction 
pulleys  and  carries  a  5  inch  belt. 


— Capiicily:   3"   Round,   2"   Square,  2'.j"   HexBRon— 
Complrtf  DfHcnptian  on  Request 

The  Etna  Machine  Co. 


Mnpkv.' 

TOLEDO 


iir  nnil  (  n.tlr  Itouirynrd 

OHIO,  U-  S.  A. 
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Details  on 
Request 


U.  S.  Government  Requirements 

and  the  Machine  Which  Meets  Them 

The  Hydraulic  Banding  Machine 

Cddcls  mauul'ailured  for  the  U.  S.  Governmeut  must  vouiply 
with  regulations.  For  instance,  the  bands  on  shrapnel  shells 
and  other  projectiles  must  enter  the  grooves  without  shearing. 

The  Hydraulic  Banding  Machine  is  designed  with  this  require- 
ment in  mind  and  operates  with  unfailing  accuracy  in  this 
respect.  It  is  a  rapid  producer,  economical  and  adapted  to  a 
wide  range  of  general  compressing  operations. 

All  Sizes  for  Shells  up  to   16  Inches 

THE  WEST  TIRE  SETTER  COMPANY,  Rochester,  N.  Y.,  U.  S.  A. 


BUFFALO  ^^^""^ 


PLATE 


PUNXHES,  SLITTING  SHEARS,  and  BAR 
CUTTERS  are  dependable.  They  are  built  of 
"Armor  Plate"  steel  -tensile  strength  75000  lbs. 
per  square  inch  T'o  times  as  strong  as  cast  iron. 
That  means  a  lighter  and  strongermachine-a  machine  built 
to  take  a  lot  of  punishment.     Il'rilc  for  Calais  P/S-il. 


BUFFALOFORGECO 

BUFFALO,  N.  Y. 


FAIRBANKS 
HAMMERS 

25  to  300  lbs. 
BELT  OR  MOTOR  DRIVE 

These  Hammers  Embody 
a  Design  and  Workmanship 
that  are  unsurpassed. 

Settd  for  Catalog 

UNITED  HAMMER  CO. 

OUVER  BLDG.  BOSTON.  MASS. 


ELMES 


Wheel  Presses 
Forcing  Presses 
Broaching,  Bending 


and 


Straightening  Presses 


ESTABUSHED   1861 


CHARLES    F.    ELMES 
ENGINEERING  WORKS 

222  No.  Morgan  Street,  Chicago,  III. 


Toolmaker's  Time  Is  Expensive 
DON'T  WASTE  IT! 

The  Manhattan  Screw  Press 

is   a   oneniaii    iiimhiin-   with    which      1 
to  secure  perfect  alignment  ot  punch      T 
and  die;   is  sensitive  and  powerful      1 
in  operation  and  a  big  time-saver.       1 
Note   abundant   room   between    bed       1 
and     ram.       Coni'criicnt     hani1Un(j     M 
iinolhvr  feature.                                        1 

Circular    gives    particulars.           1 

Manhattan  Machine  &  Tool  Works  * 

Grand  Rapids,  Mich. 

h 

Bed  18"  X  36" 
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Rochester 
^'Helve'^ 
Hammers 


-    6  Sizes 
8-30  Lbs. 


Rochester  Helve  Hammers  are  adjustable 
for  length  of  stroke  while  running,  have  non- 
crystallizable  I-beam  frames  and  separate, 
heavy  weight  anvils.  Long  stroke  provides 
for  handling  larger  work  than  other  ham- 
mers of  the  same  head  sizes  and  the  springy 
forging  blows  delivered  by  the  solid  hickory 
helves  combine  advantages  of  forging  and 
drop  hammers — do  special  die  work  which 
cannot  be  duplicated  by  hand. 

Details  of  full  line  in  Catalogue. 
Investigate  our  Manufacturing  "Special." 

THE  WEST  TIRE  SETTER  CO. 


ROCHESTER 


N.  Y.,  U.  S.  A. 


20=Ton  Forcing^  Press  and 
Roller  Jaw  Drill  Chucks 

A^anufactured  by 

WEAVER    MANUFACTURING    CO. 

SPKINOI  11:1.1).  ILLINOIS 


BEAUDRY 
HAMMERS 

For  (ieneral  For^iii^ 


Save  K II  e  1 ,  Time 
mill  Laltor,  Gut  Forg- 
ing CuHts  ill  Tm-o. 


BEAUDRY  &  CO. 

Inoorpora(«d 

111  M!IkSl.,ItaH(<in,MnHN. 


CHAMBERSBURG    STEAM    HAMMERS 

"All  Slz*B  for  Evary  Claas  of 'WorK" 

Our   1i;h(iiii<th   iirt:   ilDiiblt'   iicllnK,   )iiiv(>   Hlmjili' 

V:ilvr    l-i'.ir   ;il|l|    l^iVr-    IIm'    i.lHTiltor    |,i|fi  r  l    .nlilrol 

CHAMBERSBURG  ENGINEERING  COMPANY,  thambcrsburg,  Pa. 

IIYDRAUI-IC   MACHINERY 


DROP  PRESSES 

for  All  Purposes  Our  Specialty 


The  Peck  Drop  Lifter 

can   be   readily  applied   to 
foot  or  hand  drops. 

MINER  &  PECK  MFG.  CO. 

Proprietor!  of  the  PECK  DROP  PRESS  WORKS 

NEW  HAVEN  CONN.,  U.  S.  A. 


"DEAD  STROKE" 
POWERHAHMERS 

strike  a  sciuare.  tiue  blow  at  all  times 
and  can  be  safely  run  at  high  speed. 

The  peculiar  feature  is  the  spring,  to 
which  the  rara  is  attached  by  a  flexible 
belt,  permitting:  a  far  more  effective  blow 
than  can  be  given  by  any  other  hammer 
of  the  same  weight  and  stroke,  and  re- 
quiring less  power. 

Built  in  7  sizes.  Write  for  circulars. 

MANUFACTURED  BY      • 

Dienelt  &  Eisenhardt,  Inc. 

1304  No.  Howard  Street 

Philadelphia,  Pa.,  U.  S.  A. 


For  Pointing,  Tapering,  or  Otherwise 
Reducing  Metal   Rods  and  Tubes  the 

DAYTON  SWAGING  MACHINE 


IS  more  economic- 
al than  rolling, 
grinding,  milling, 
turning  or  draw- 
ing. It  imparts 
strength  and  elas- 
ticity to  the  meta 
and  gives  a  fine, 
smooth  finish.  All 
kinds  of  work — 
0  to  2  inches  di- 
ameter. 


The  Torringlon 

Company 
Excelsior  Planl 

Succct.M>r  to 
ExcoUior  Needio  Co. 

TorrinKlon       Conn. 
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LITTLE  GIANT  POWER  HAMMERS 


Powerful- 
Versatile' 
Durable- 


Little  Giant  Power  Hammers  are  sturdy, 
powerful  tools.  They  combine  machine 
gun  rapidity  and  precision  with  absolute 
rigidity. 

They  are  made  in  five  sizes— 25-  to  500- 
pound  ram— each  adapted  for  handling  a 
great  variety  of  work. 

They  are  guaranteed  forever  against  de- 
fective workmanship  and  materials. 

Since  the  first  Little  Giant 
Power  Hammer  was  built 
more  than  25  years  ago  we 
have  never  heard  of  one 
going  to  the  scrap  heap. 
That  is  a  pretty  fair  guar- 
antee of  lasting  efficiency. 
There  are  more  than  6000 
Little  Giant  Power  Ham- 
mers now  in  daily  use. 

Our  repair  sales  for  the 
last  25  years  have  aver- 
aged 48  cents  per  tool- 
less  than  two-fifths  of  one 
per  cent  of  the  original  cost 
to  purchaser. 

Little  Giant  Power  Ham- 
mers are  safe,  simple  and 
compact.  They  occupy 
minimum  floor  space  and 
are  adapted  for  belt  or  mo- 
tor drive. 

Let  us  send  details  of  our 
30-day  free  trial  ofll"er. 
Write  today. 


Special  dies  for  any  forging 
purpose.  Prices  quoted  upon 
receipt  of  drawings  or 
sample  of  work  to  be  done. 


MAYER  BROS.  CO. 


131  West  Rock  St. 

MANKATO,        MINN. 

U.  S.  A. 


P,S. — Prompt  Delivery 
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NIAGARA 

Power  Presses 


Niagara  Power  Presses  are 
fast,  accurate  producers,  per- 
fectly balanced  and  easy  to 
control.  They  will  stand  up 
under  long,  heavy  usage  in 
stamping,  blanking,  punching, 
drawing,  trimming  and  drop 
forge  work. 


Straight 


Trimming 
Presses 


Full  line  of 
Trimming 
and  Power 
Presses  a  s 
well  as  Bull- 
dozers, Bolt 
and  Forging 
Machines.  Power  Hammers,  Punches  and 
Shears,  Gale  Shears,  Forging  Rolls,  Eye 
Benders — Multiple  Punches,  etc.,  included 
in  our  line. 

Write  for  Catalog  No.  10. 


^Me^mm.m^ 


Pit t.thurich  Office  U^t^Jm^  ClilcaKO  Office 

80N  House  BidK.  f^PTi^^PW/V^        u.(3  MnnadiKick  Block 

New  York  OHIce,  C.  H   Holbrook.  .V)  Chiircli  SI. 

Detroit  Office.  J.  C.  Au,irrl,rrry.  92(  Dime  Bank  BIJk. 


I'rr..  No.  B70 


PRESSES 

LARGE  OR  SMALL 
REGULAR  OR  SPECIAL 

"AMS" 

/.ef  UB  quote  you  on  your 
next  pret* 

THE  MAX  AMS 
MACHINE    CO. 

BKIU(.KPOKI  CONN. 


NIAGARA  Power  Presses 
occupy     comparatively 
little  floor  space,   and 
obtain  maximum  results  on  a 
given  amount  of  power. 

There's  a  size   and   style  for 
every  purpose. 

Send  for  descriptive  booklet. 

NIAGARA  MACHINE 
AND  TOOL  WORKS 

BUFFALO.  N.   Y.  LI.  S.  A. 


FERRACUTE 

PRESSES 

FOR  CUTriNC,  FORMING  AND  DRAWING  METAL 


PRESS  S-D  70S 


Oouble-action  Toggle  Drawing  Presses,  all  widths,  giv- 
ing pressures  ot  100,  150,  200,  300,  400,  500,  700,  1000, 
1500  and  2000  tons. 

The  pre.ss  shown  exerts  700  tons  pressure  and  weighs 
25(1,000  pounds.  Ram  stroke  up  to  18  Inches  and 
plunger  stroke  up  to  S6  Inches.  Distance  between 
columns,  124  inches.  Friction  clutch.  Unusually  large 
safety  factor. 

Photoymiihs   and   jail   information  for   the   askini/. 

FERRACUTE  MACHINE  CO. 

BRIDGETON  NEW  JERSEY 


PRESSES— Fool  and  power. 

WIRE    FORMING    MACHINES— Standard 

or  .,„.n„l. 

TUMBLERS-  All  kliul.s. 

BALL  BURNISHING  EQUIPMENT. 

BAIRD  MACHINE  CO. 

BRIDGEPORT,  CONN. 


PRESSES   and   SHEARS 

.Sheet   Metal   Working   Machinery 

THE  D.  H.  STOLE  CO.,  Inc. 

BUFFALO.,  N.  Y. 
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Watson-Stillman 

HYDRAULIC  VALVES  AND  FITTINGS 

ARE  BACKED  BY  70  YEARS  HYDRAULIC  EXPERIENCE 


Our  line  embraces  an  almost  endless  number  of 
combinations  designed  to  meet  the  varied  de- 
mands of  hydraulic  equipment.  Each  and 
every  valve  and  fitting  is  tested  far  beyond  its 
listed  strength  before  shipping.  These  tests 
insure  you  against  accident,  loss  of  time  and 
production. 

We  build  hydraulic  machinery  for  every  purpose  wuere 
hydraulic  pressure  is  a  possibility— presses,  shears, 
benders,  straighteners,  punches,  etc..  as  well  as  a  full 
line  of  accumulators,  pumps,  intensifiers,  etc. 

Write  for  Catalogs 

The  Watson-Stillman  Co. 


192  Fulton  Street 


NEW  YORK 


CHICAGO:  McCormick   Building 


HYDRAUUC 
Machinery  of  Quality 


Hydraulic 
Presses  may 
be  compared 
to  watches. 
A  watch  is  a 
watch  —  but 
what  about 
the  grade  of 
materials 
andskillrep- 
resented 
and  the  de- 
gree of  satis- 
factory ser- 
vice r  e  n  - 
dered  ? 


Reg.   U.   S.   I'at.   Ullice 


We  build  the   "Waltham"  grade. 

THE  HYDRAULIC  PRESS  MFG.  CO. 


Engine.rBuildtrB  of  Hydraulic  Ma 


84  Lincoln  Avenue 


Mount  Gilead,  Ohio 


'riPh 


liHANril   OFFICES:   Room  i,»0''-R.,,«'-«l   Cort'*"'"„?,'- 
.\,«    Vi.rV    <'it>;   iZI-n    Gimrdltn    Bldg.,    OleTelind.    Ohio. 


TEST  PRESSES 

For  applying  Internal  Pressure 
Physical  Test  to  Shells 

BANDING  PRESSES 

For  Pressing  in  Copper  Rotating 
Bands  on  Shells 

METALWOOD  MANUFACTURING  CO. 

DETROIT,  MICHIGAN 


SALES  REPRESENTATIVES 


"K  Co., 
KairbaiiUs-Morse    Co. 


cago.      i-.»ii  1..1......  —    — .    - 

City.     Shciritt  &  Sloer  Co.,  tin 
(■an.idian      KalrUanks-Mor.se     Co 


C21   Washiiigloii    Blvd.,   Chi- 
sel   Church    St.,    New    'ioik 
nee   Bldg.,    Philadelphia. 
,      r.td.,      Montreal     and 
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THE  "TOLEDO" 

PRESSES 

Overcome,  by  their  efficiency,  the  short- 
age of  labor  problem  caused  by  our  coun- 
try's need  for  men. 

These  strong,  dur- 
able,  dependable 
double  crank 
presses,  with  many 
advanced  ideas 
and  exclusive  fea- 
tures, are  adapt- 
able for  almost 
any  sheet  metal  or 
drop  forged  work. 
They  are  built  in 
over  250  sizes  and 
styles  ranging  in 
weight  from  4500 
to  over  400,000  lbs.  There  is  no  press  or  die 
requirement  which  we  are  not  fitted  by  experi- 
ence, knowledge  and  skill  to  fill  ably,  economic- 
ally, promptly. 

The  Toledo  Machine  &  Tool  Co. 

Toledo,  Ohio 


OV[P  SCAS  RJPOESENTAIIVr 


^m;o,;^ ALLIED  MACHINERY  COMPANYOF  AMERICA  <;^ja5i 


BARCELONA 


The  Simplest  Way 
is  the  Best  Way 

Complex  machines  with  intri- 
cate mechanism   mean  lost 
time   in   the    shop   which 
should  be  working  every 
minute — and  working 
to   capacity.     The 
Rex  Testing  Press 
needs    no    adjust- 
ment,  is  sensitive 
to  accurate  align- 
ment;   a    one-man 
tool    that    saves 
.space,     time     and 
energy.      It    tests 
dies,  finds  blanks, 
=ic rapes  and  stamps 
without   injury   to 
the    work    and    is 
saf(!    and    easy  to 
handle. 

The  Rex  Die  Testing  Press 

will  jiay  for  itsolf  in  a  very  .short  time.     1( 
will  more  than  back  up  our  claims  for  it. 


SUNDSTROM   MFG.  CO. 


3201    SHIELD.S    AVKNUt 


CHICAGO,  ILL. 


Eslablished  1856 


The  Quality  Line 

Punching,  Shearing  and  Forging  Machines 

and  Machinery  Equipment  for  Shipyards, 

Steel  Car  Plants,  Rolling  Mills,  Bridge  and 

Structural  Iron  Works 


Single  No.  1    Punch 

All  machines  are  built  of  the  same  high  grade 
workmanship  and  material  that  has  given  The 
Long  &  Allstatter  product  a  recognized  standard 
of  quality  for  over  50  years. 

The  Long  &  Allstatter  Co. 

Hamilton,  Ohio,  U.  S.  A. 


SWAINE 


DOUBLE 
SEAMER 
No.  4 

The  precise 
alignment  of  the 
upperanti  lower 
spindle  and  the 
ease  with  whicii 
it  is  adjusted  for 
work  of  differ- 
ent sizes  are 
features  which 
enable  this  ma- 
chine to  do  the 
liijjh  elassl  of 
work  for  whicli 
it   is  known. 


Write   u«  for 
catalotf  giving 
complete  detaiU. 


FRED  J.  SWAINE  MFG.  CO. 


7th  and  O'Fallon  Sts. 

lorge,!   /V.»«   Bill/./.- 


ST.  LOUIS.  MO. 

the    We,l 
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A  Bliss  Press 
Blanking  and 
Forming  1000 
Parts  per  Hour 


1N57-191S 


E.  W.  BLISS  CO. 

Main  Office  &  Works: 
BROOKLYN  NEW  YORK 


CHICAGO  OFFICE 
Piotlt's  e»  Ml 


OEIHOIT  OFFICE 
Dime  Bink  Bldf 


CLEVEUNO  OFFICE 
Union  Bank  Bldi 


lOKDOH,  S  E    EHEIAKO,  FKicock  Sited.  Blickltlers  Bold 
FtllS.  FBtNCE  100  Bnaleiitd  VIclot  Hmo  SI.  Oiiin 


ONE  thousand  parts  per  hour 
is  this  machine's  record  for 
blanking  and  forming  lock 
strike  rims  from  .072"  stock.  The 
Russell  &  Erwin  Company,  of 
New  Britain,  Conn.,  has  used 
Bliss  machines  for  28  years,  now 
has  nine,  and  may  be  considered 
mighty  sound  authority  on  the 
kind  of  service  they  render  (we 
happen  to  know  the  opinion  is 
favorable. ) 

The  operation  illustrated  is  per- 
formed on  one  of  four  Bliss  Dou- 
ble Acting  Presses  in  this  depart- 
ment. Two  Bliss  Inclinables  and 
three  other  Bliss  Presses  are  also 
used. 

Bliss  Power  Presses  for  every 
purpose. 


274 


MACHINERY 


August,  1918 


THE 

FENN 

TAPPER 

A  mighty  "big"  little 
machine,  with  in- 
teresting special 
features. 

It  is  rigid,  well 
built,  and  practi- 
cally free  from  vi- 
bration ;  it  has  fric- 
tion drive  and  re- 
verse, with  control 
so  sensitive  as  to 
eliminate  broken 
taps  even  at  top 
speed. 


Especially  suited  to  Fuse,  Electrical 
and  Gun   Work.     Circular. 

FENN  MANUFACTURING  CO. 

Hartford      w.  l.  fenn  &  w.  a.  fenn      Conn.,  U.S.A. 

Cable  Address:  "Fenn"-Weslern  Union  Code 


Hi -Duty  DRILLS 

Special  spindle  con- 
struction and  great 
variety  of  speeds  and 
feeds  make 

THE 

MINSTER 

DRILL   PRESS 


R.K. 

d,    pow 

rrful, 

re» 

po 

n- 

•  ivr 
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mnch 

ne 
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K'V« 

you  tt 

II  tervice 

ID 

2     2.D 

2     ■■ 

ID 
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THE  MINSTER 

MINSTER 


jiractically  indisi)ens- 
ahle  for  a  wide  range 
of  heavy  drilling. 
Particularly  vv  c  I  i 
adapted  for  enlarging 
holes  in  steel  and  cast 
iron.  Specifications 
call  for  durable  quali- 
ty in  all  working 
parts  and  correct  bal- 
ance insures  smooth 
running. 

MACHINE   CO. 

OHIO,  U.  S.  A. 


THE  "HOLE  HOG"  LINE 


No.  7D  Cylinde 

Built  for  Rapid  and  Correct  Production  on  Tractor,  Truck 

and  Aeroplane  ly^otors. 

Catalog  Describes   Others 

MOLINE  TOOL  CO.,  Moline,  III. 

Multiple  Drillers,  Borers  and  Thread 
Hobbers. 


Let  u,  J 

Eatimate 


Prompt  Deliveries 

ON 

AClCLINx^^^ 

STAMPINGS^  ^ 


Many  parts,  such  as  this  luilf  casing  for  an  auto- 
inotiile  universal  joint,  are  much  more  satisfactory 
stamped  than  cast — cheaper,  stronger,  far  more 
(iMrahlc  and  roquire  no  machining.     Let  vs  tnU-  it 


THE    ACKLIN    STAMPING   CO. 

1657  Dorr  Street  TOLEDO,  OHIO,  U.  S  A. 


BUCHER 
ETTE  R 


SMITH 
ERVICE 

KEYSEATER 


Compact,  convenient, 
inexpensive,  it  operal<'5 
accurately  at  \ow  cost. 
Designed  to  cut  keyw,i)s  '  |"lo 
1  l.|"  wide.  12"  long  in  shads 
I  '  l"  to  5"  in  (li.imcler  without 
reselling.    A  porlalilc,  rigid  and 

•;pr((l\'   Ill.K  llllir. 

The  Bucher-Smith  Company 
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Make  a  BetterTool  of 
Your  Engine  Lathe 

With  Phoenix  Turret  Attach- 
ments you  can  g-et  maximum 
service  from  your  engine 
lathes,  save  time  for  your 
turret  lathes.  Certain  jobs 
cannot  be  handled  profitably 
on  either  the  engine  or  the 
turret  lathe.  Phoenix  Turret 
Attachments  are  the  solution. 
They  will  complete  many  jobs 
in  the  time  it  formerly  took 
to  set  them  up. 

Will  you  not  investigate  further? 

PHOENIX 
MANUFACTURING  CO. 

EAU  CLAIRE  WISCONSIN 

Clevelaad  Office:  913-15  Engineers  BIdg. 


THERE   are  now  more 
than  3000  Phoenix 
Turret  Attachments  in 
use  on  all  kinds  of  engine 
lathes. 

PHOENIX 

TURRET  ATTACHMENTS 

are  strong,  durable  and 
easy  to  attach.  They  have 
improved  locking  devices 
to  insure  rigidity  while  in 
use  and  are  quickly  released 
by  a  thi'ee-quarter  turn. 
Many  styles  and  sizes  meet 
all  requirements. 


MORTON 
Draw  Cut 
Planers 


Bulletin    No.   8-D 
for  full  description. 


MORTON 

MFG. 
COMPANY 

Muskegon  Heights 

MICHIGAN 


POWERFUL,  flexible,  economical,  the  Morton  Draw-Cut  Traveling 
Head  Planer,  with  Drilling  and  Boring  Equipment,  handles  work 
accurately  at  all  angles  and  can  perform  a  number  of  operations  at  a 
single  setting.  Simply  designed,  easy  to  operate,  it  runs  smoothly  and 
with  almost  no  vibration.  The  "Morton"  occupies  only  half  the  floor 
space  of  a  housed  planer  and  takes  only  one-fourth  the  power.  Capacity 
up  to  100  tons.  Let  us  toll  you  what  it  has  done  for  others  in  the  saving 
of  time  and  money. 
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SIDNEY  Heavy  Duty  Engine  Lathes 


Over  300  Sidney  Heavy  Duty  Lathes  are  turning  out  muni- 
tions in  the  Detroit  district  alone. 


From  the  Sidney  line  of  15  ",  17 ',  19' ,  25 "  and  27"  swings,  built  on  beds  from  6  feet  to  20  feet,  and  fitted 
with  any  extra  attachments  required,  you  can  equip  a  complete  lathe  department  to  your  shop,  whether 
it  is  for  Government  munition  work  or  any  other  line  of  high  production  manufacture. 

New    BulUtint  just   issued  on   2S-Inch    Machine.       Write    today! 

THE    SIDNEY    TOOL    CO.,     Sidney.   Ohio,   U.  S.  A. 

A<;EN"rS-  LjTid-Farquhar  Co.,  Boston.  Mass.;  J.  J.  McCabe  Lathe  &  Machinery  Corljn..  New  York  City;  Frank  Toomey.  Inc.,  Philaflelphia,  Pa.;  .Smith- 
r.iiiruit-j  Co  Kichoionil.  Va.:  McCov-nrandt  .Machinerv  Co..  Pittsburgh.  Pa.:  Simmons  Machine  Co.,  Inc.,  Albany,  N.  Y.:  H.  \.  Smith  Machinery  Co., 
Syracuse  N.  Y.;  Homer  Strone,  Inc.,  Rochester,  N.  T.;  Strong,  Carlisle  &  Hammond  Co..  Cleveland,  Ohio;  Vonnegut  Machinery  Co.,  Indianapolis,  Ind. ; 
'J he  Chas  A.  Strelinger  Co.,  Detroit.  Mich.;  VVajTie  Machinery  Co..  Ft.  Wayne,  Ind.;  Marshall  &  Huschart  Mchy.  Co.,  Chicago,  111.;  Bowmau-Blackman 
Machine  Tool  Co.,  St.  l/ouia;  Young  &  Vann  Supply  Co..  Birmingham,  Ala. ;  Oliver  H.  Van  Horn  Co.,  Ltd.,  New  Orleans,  La.;  Herberts  Machinery  & 
Supply  Co.,  I,03  Angeles,  Cal.;  Fred  Ward  &  Son  San  Francisco,  Cal.:  Hendrie  &  Bolthoff  Mlg.  &  Supply  Co.,  Denver.  Colo.;  The  Salt  Lako 
Hardware  Co  Salt  I^ake  City,  Utah;  The  Portland  Machinery  Co.,  Portland,  Ore.;  Ferine  Machinery  Co..  Seattle,  Wash.;  F.  E.  Satterlee  Co.,  Minne- 
apolis,   Minn.;   H.    W.    Petrie,   Ltd.,    Toronto,    Canada;   Geo.    F.    Fo39  MachineiT  &  Supply  Co.,  Montreal,   Canada. 


30- Inch  Instantaneous  (^hanj^e  Gear 
Engine  Lathe 

Doiihic  IVack  Cleared  Double  Plate  Apron 

rm:  \M)\\\  ^  HiVi\ii:s  macitini:  tool  co. 


224,S  to  2251  Spring  f  iii)\  I    \\iiiii( 


CINCINN  \  I  I,  <  >lll(),  I  '.  S.  ,\. 
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"WHITNEY" 

HAND  MILLING  MACHINE 

THOUSANDS  IN  USE 


Note  that  the 

"WHITNEY" 

is  different  from  the 
usual  type  of  Hand 
Milling' Machine. 

The 

Sliding  Head 

is  its  distinctive  fea- 
ture, thus  giving  ad- 
vantages possessed  by 
no  other  type  of  Hand 
Miller. 

The  spindle  is  driven  by 
interchangeable  side 
pulleys,  giving  six  spin- 
dle speeds  with  three 
grade  cone  and  four 
with  two  grade  cone. 


PROMPT  DELIVERIES 


THE  WHITNEY  MFG.  COMPANY 

HARIFORD,  CONNHGTIGUT 
CH/MNS        KEYS  AND  GUTTERS       HAND  MILLING  MAGHINES 
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"Fm  Spending  Too  Much 
For  Heat  Treatment^^ 

That's  what  everyone  who  sees  the 
Triad  Combination  Furnace  in  opera- 
tion says.  Considering  the  saving  the 
"Triad"  effects  in  first  cost,  fuel,  space, 
labor  and  installation,  they  have  good 
cause  to  remark.  It  performs  harden- 
ing, preheating  and  tempering  opera- 
tions at  little  more  than  the  cost  of  any 
one  of  these. 

The  three  processes  may  be  carried  on 
simultaneously.  Proximity  of  cham- 
bers to  each  other  eliminates  danger  of 
oxidation  in  products.  Waste  heat  from 
high-speed  chamber  on  bottom  supplies 
other  units. 

You  also  may  see  Triad  Furnaces  in  operation. 
Meantime  send  for  the  circular 

W.  R.  BENNETT,  Elmwood,  Conn. 

Triad  Furnaces  may  be 
seen  in  operation  at 
the  Bennett  Metal 
Treating  Co. .Elmwood, 
Conn..  U.  S.  A. 


TRIAD 


Combination 


urnaces 


rmr 


Mmmw 
wmm 


^ 


SOME  day — when  failure  to 
receive  your  supply  of  cylin- 
der gas  has  interrupted  your 
work  and  cost  you  heavy  losses 
— you'll  investigate  the  advan- 
tages of  an  I.  0.  C.  Gas  Gen- 
erating Plant  of  your  own. 

Eut    why    wait    for    trouble?     Why  not 
prepare  against  it,  now  ? 

Send  for  Bulletin  20,  about 

"The  Cell  with  Three  Times  the  Capacity 

Per  Unit  of  Space*' 

International  Oxygen  Company 

115  Broadway 


Ne 
Standardized    Apparatus 


York 


FUEL  OIL 


We  respectfully  solicit 
your  inquiries. 

AMERICAN  PETROLEUM  PRODUCTS  CO. 

CLEVELAND  OHIO,  U.  S.  A. 


KASENIT 

Non-  Poisonous 

Opt n   Fire 
HarJening  CoinpoanJ 

liiipid  jiikI  iiiiiriinii  siir- 
fiK'i'  liai'dcMiliiK  willKiiil 
Iiiii.sDiiouH  H  Ml  I)  k  o  anil 
iiiii'H.  Ui'plnic's  <liiiiK('ri)iiw 
ti'll.ilH  licii'liiliirc  used, 
i/Dlii-   ilriihr   iir    II  ii(f    us. 

••KASENIT  No.  4" 

l>   till'   I'l'rfi'i'l    CnrliiMib.ir   fill'  nvril 
wiirk.      AliNiiliili'lr    iinlfiinii    iiiiil    ili- 
|K  niliilili'    ri'MiiIlM   III    liiw    I'iKt. 

KASENIT   COMPANY 

1  I    W»lrr    Slrrrt  Nrw   York 
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HOSKINS 

ELECTRIC  FURNACES 

Annealing  240  Parts  at  a  Time 
with  Absolute  Uniformity 

In  the  making  of  high  grade  fishing  reels,  the  Horton  Manufacturing  Com- 
pany of  Bristol,  Conn.,  considers  the  matter  of  heat  treatment  a  most  im- 
ortant  factor-so  much  so,  that  two  years  ago  it  brought  this  Hoskins  Fui- 
ace  all  the  way  up  from  Kentucky  to  install  in  its  Bristol  plant.  The  photo- 
graphed operation  is  annealing  fishing-reel  pinions.  The  furnace  accommo- 
daLs  six  boxes,  each  box  containing  40  pinions.  The  240  pails  are  annealed 
Quckly  economically  and  with  absolute  uniformity  thromjhout  Heat  contro 
does  it'  These  furnaces  are  made  in  larger  sizes  for  the  heat-treatment  of 
tools  Tools  last  longer  when  hardened  in  this 
way  because  of  the  heat-control  and  lack  of  gases 
in  the  heating-chamber.  All  variables  are  elimi- 
nated and  you  are  sure  of  good  tools  all  the  time. 
Make  your  own  thermo-couples  with  Hoskins 
Chromel  Wire.  Most  any  mechanic  can  do  the 
job.  No  skill  is  necessary.  The  thermo-couple  is 
"the  heart  of  your  heat 
treating  outfit.  Make  sure 
it's  right.  Protect  your 
thermo-couples  against 
gases  and  mechanical  in- 
jury with  Hoskins  Chromel 
Protection  Tubes. 


Send  for  Bulletins 
No.    10  and  No.  3 


HOSKINS 
MFG.  CO. 

459  Lawton  Avenue 

Detroit,  Mich. 

Gr.nd  Cenlrol  Trrmin«l 

New  York  Cily 
Ciin.di.n    Honkin..    Lid. 
Walkervillr.  Ont. 
Oli»  Buildmn.  Chic.lio 
Tremonl      Bldn..    Boilon 
Oliver  BIdR.,  Piioburiih 
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COLTON 

DETROIT 

All  Forged 
High  Speed 

Drills 


With  Colton-Detroit 
All  Forged  High 
Speed  Drills  a  greater 
number  of  holes  are 
obtainable  than  with 
the  average.  They 
can  be  rotated  faster 
—  they  last  longer. 
Forging  gives  them  a 
backbone  v^^hich  in- 
sures maximum  ser- 
vice under  all  condi- 
tions. 


And  a  Word 
About 

Grinding 

The  original  grinding 
of  Colton-Detroit  All 
Forged  High  Speed 
Di-ills  is  guaranteed 
accurate.  By  keeping 
them  correctly  ground 
the  best  results  ai-e 
assured. 

\\i;  will  instruct  at  our  plant  m(!chanic,s  em- 
Filoyod  by  lar^e  user.s  of  rlrilis  in  the  correct 
mc^thofl  of  KrmWnn.     Your  men  arc  invited. 

USK   COI-TON-DETROIT    DRILLS 

AND  SAVE  ON  YOUR 

TOOL    BILLS 

Catalog  nf  the  complttc  line  will  br 
mailrri  tipon  rrqitrat 

ARTHUR  COLTON  CO. 

li*>5  Jefferson   Avenue 
DETROIT  MICHIGAN.  U.S.A. 


STOP 

WASTED 

TIME 


I  Make  Your  Machines 
Produce  Every  Minute 
of  the  Working  Day. 


One  set  of  nine  "Nicholsons"  affords  an  instant  fit  for 
any  size  hole — round  or  square — from  one  to  seven 
inches.    Quick  to  insert;  quick  to  remove. 

NICHOLSON 

EXPANDING  MANDRELS 

Give  you  full  value  from  your  machinists'  time.  In- 
creased production  simply  has  to  follow,  with  greater 
accuracy.  "Nicholson"  cannot  distort — the  jaws  are 
always  concentric.  Put  a  Nicholson  to  the  test  in 
your  factory.  We  will  gladly  loan  you  one  for  30  days' 
trial.  Send  for  our  Mandrel  booklet.  It  tells  how 
and  why  "Nicholsons"  stop  wasted  time. 

W.  H.  NICHOLSON  &  CO. 


112  Oregon  St. 


WILKES  BARRE,  PA. 


SPECIFY  "DART " 
and  your  unions 
will  out-last  the  rest  of 
the  pipe — two  bronze 
seats  prevent  rust  or 
corrosion  —  malleable 
iron  pipe  ends  and 
nut    insure  strength. 

Ask  H.v  alwiil  linn,  or  scul 
jiir  Siimpli-   liiioii. 


E.  M.  DART  MFG.  CO.  ^?;?^J°,f,~S5 


Ihr  Fairhank,  C.  .  S»l.^  An 


,  C...  1,1.1. .T..tn„l„ 


Is  Good  Tool  Steel  High  and  Hard  to  Get? 

Then    conserve   the   steel   you   have;    don't 
scrap  your  worn  out  tools;  send  them  to  us, 

si'c   wliiit    a  hinli    speed   sicrl   cx|)i'rt   ciin    do 
to  rrrl.iiiii   Ihi'ni. 

THE  J.  C.  GLENZER  CO.,  3  14th  St.,  cor.  Fort,  Detroit,  Mich. 


TAPS  AND  REAMERS 

First-class  Tools  and  Prompt  Deliveries 
REIFF  &  NESTOR  CO.,  Lykens,  Pa. 
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Three   factors 
safeguard  the 
temper  of 
Pannier  Steel 
Stamps  : — 
a  good  furnace, 
an  accurate 
pyrometer 
and  an 
experienced 
specialist  on 
steel  stamp 
treatment. 


PANNIER 

STEEL 
STAMPS 

How  We  Make  It  Easy  For  Our  Salesmen 

Sales  "patter"  frequently  gives  an  inferior  product  a  temporary  hold  on  the  market;  a  good 
article,  once  known,  sells  itself  permanently.  The  age  of  our  establishment  proves  we  have  been 
mindful  of  these  facts.  Pannier  Steel  Stamps  are  made  of  the  best  obtainable  material,  in  a 
thoroughly  modern  plant,  by  genuine  "old-timers"  in  this  industry,  to  whom  steel  stamps  rep- 
resent more  than  mere  intrinsic  value.  They  make  it  easy  for  the  Pannier  salesman.  He 
doesn't  have  to  argue.    He  knows  he  can  safely  say — "Try  them." 

PANNIER  BROTHERS  STAMP  COMPANY,  Inc.,  Pittsburgh,  Pa.,  U.S.A. 


"Saws"  All  Over  the  World 


In  evety  line  of  work  DISSTON  SAWS  for  wood  and 
metal,  tools  and  tiles,  play  a  large  and  important  part. 

HENRY  DISSTON  8c  SONS,  Inc. 

PHII.ADI'I.PHIA.   V.  S.  A. 
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How  do  you  handle 
your  castings  and  for^in^s  ? 


O 


Write  at  once  for  free  illustrated  booklet  showing  exactly  how  you 
can  put  the  Barrett  System  to  work  in  your  sliop,  immediately,  without 
cost  and  without  obligation. 


,NE  at  a  time?  Paying  men  to  pick 
them  up  off  the  floor  and  load  them 
on  to  trucks — moving  them  to  the 
proper  place — piling  them  off  one  at  a  time 
on  the  floor — then  picking  them  up  one  at 
a  time  and  loading  them  on  to  a  truck 
again — and  then  on  to  the  next  operation— 
and  so  on? 


If  so  you  have  a  real  opportunity  to  save  a  big  item  of 
expense — no  matter  how  small  your  shop  or  how  large. 
By  installing  the  Barrett  System  you  can  eliminate  four- 
tifllis  of  the  handling  in  your  shop — and  when  you  stop 
to  figure  it,  one  of  the  most  costly  items  on  your  books 
is  that  of  handling  materials — getting  things  moved  from 
one  place  to  another.  It's  an  expense  that  goes  on  every 
hour  of  the  day — day  in,  day  out — increasing  your  costs. 
eating  into  your  profits. 

What's  more,  the  Barrett  System  can  be  started  in  your 
.shop  without  upsetting  your  present  methods  in  any 
way.  No  inconvenience  of  any  kind — no  cost  unless  you 
actually    save    enough    money    to   cover   your   investment 

many  times  over  in  a  very  short  time. 


BARRETT-CRAVENS  COMPANY 

713  Transportation  Building,  Chica&o,  III. 


wBARRETT  MULTI-TRUCKSw 


THE          mi^ 

HIGH  \mM^  speed 1 

HOLYOKE  f  ?| 

J™d.M«* 

TRUCK       ^ 

nft^     llolyoke  Transfer  Trucks  are  de- 

M        signed   for   long  service   and   are 

■          without  unnecessary  parts.  Wheels 

g          are  fitted  with  Hyatt  Roller  Bear- 

M          ings,    axles   heat   treated    chrome 

H            nickel   alloy   steel,   wearing   parts 

jc            amply     reinforced     and     material 

fi             throughout  is  of  the  best.     Opera- 

■              lion  is  entirely  by  the  handle. 

Let  us 
Convert  your 
High  Speed 
Steel  Scrap 
into  Bars — 
Every    Bar 

M/l^^^^mr^^l§^^^^     ^"ill  ^^ 

Guaranteed 

IK)I  ^  ()KI{  riUICK  CO 

II-'  HXCI-.  SIKil   1          IIOI.VOKI'.,  .M.\.S.S. 

Kllrilitiit  Iti  ■tlit)«IM»  Mlllltl 
lOMC  COIIIT  t  lOlU   toe 

ini.>i<>i,                 all  mil  rut 

SYRACUSE.  NY 

_c 
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RoUway" 


A 
Three  Year 
Guarantee 
With  Every 
Installation 


Bearini 


All 

Rollers 

Midvale  No.  6 

Races  3^2% 

Nickel  Steel 


No  load  too  heavy,  no  conditions  too 
severe  for  "Rollway"  Bearings.  We 
back  this  statement  with  any  amount 
of  proof — actual  cases  where,  after 
operating  continuously  for  years  under 
most  severe  and  exacting  conditions, 
in  places  where  other  hearings  had 
been  destroyed  in  as  many  months. 
"Rollways"  showed  no  signs  of  wear. 


ROLLER 

BEARINGS 

for  RAILWAY  and 

INDUSTRIAL 

PURPOSES 


May  we  send  you 


Railway  Roller 

SYRACUSE 


Beside  being  durable,  "Rollways"  save — 
80  per  cent  in  lubrication,  4  per  cent  in 
power  and  all  cost  of  rebabbitting.  They 
require  only  infrequent  inspection  and 
are  made  to  your  design  or  designed  to 
meet   your   requirements. 

"Rollway"  Bearings  installed  in  old 
motors  give  them  a  new  lease  of  life. 


Descriptive  Literature  ? 


Bearing  Company 

N.Y.,  U.S.A. 


You  Can  "Eat  Your  Cake  and  Have  It  Too"  With 

CHAPMAN  TYPE  BEARINGS 


Chapman  Bearings  on  Shafting  Hangers,  Pillow  Blocks, 
Loose  Pulleys  and  Friction  Clutches,  soon  save  enough 
power  to  pay  for  themselves  and  begin  bearing  inter- 
est. Ordinary  bearings  and  self-oiling  bushings  waste 
enough  to  pay  for  this  profitable  equipment  over  and 
over  again — without  getting  the  benefit.  We  install 
Chapman    Type    Bearings    to    meet    any    transmission 


THEY 
WILL  FIT 

YOUR 

PRESENT 

HANGER 

FRAME 


requirements,  guarantee  them  to  save  95  per  cent  on 
lubricant  and  attention  and  at  least  15  to  20  per  cent 
on  power.  Si.xteen  years  on  the  market,  Chapman  Bear- 
ings are  standard  equipment  in  three  or  four  thousand 
factories— some  of  the  largest  in  Canada  and  V.  S.  -and 
reports  on  many  of  the  first  installations  show  them  still 
doing  full  duty  with  no  visible  signs  of  depreciation. 


Read  what  users  say  in  "Results."     Read  what  we  claim 
in     Catalog    3B.       Both    mailed    promptly     on     request. 


TRANSMISSION  BALL  BEARING  COMPANY,  Inc. 

Chicago      New  York      Cleveland     JOSQ    Military    Road,    BUFFALO,    N.    Y.      Cambridge,  Mass.      Philadelphia 

CHAPMAN    DOUBLE    BALL    BEARING  CO.,   Ltd.,  339-351  Sorauren  Avenue,  Toronto,  Ont. 


284 


MACHINERY 


August,  1918 


END  THRUST  FRICTION  TROUBLE  OVERCOME 


ifarlj 


State  your  difficulties,   or 
ask  for  bulletins. 


Steel,  Brass  and 
Bronze  Balls 


WITH  A  FOUR  POINT  CONE  CONTACT 

AUBURN  BALL  THRUST  BEARINGS 

AUBURN  BALL  BEARING  COMPANY,  33  ELIZABETH  STREET,  ROCHESTER,  N.  Y. 


Ball  Thrust  Bearings 

made  to  meet  your 

requirements 


Star  Ball  Retainers 

for  Cup  and  Cone,  Thrust 

and  Magneto  Type  Bearings 


The  Bearings  Company 
of  America 


Lancaster,  Penna. 


WESTERN  SALES  OFFICE : 
1012   Ford  Building        -         -         Detroit,  Mich. 


/  Pressed 
Steel 

Annnlar 

BEARINGS      I 

ALL  TYPES- MANY  SIZES— IN  STOCK  I 

THE    GWILLIAM    COMPANY  1 

ENGINEERS  m 

253  WEST  58th  ST.  (at  Broadway)  NEW  YORK   | 

Branch:   1314  Arch  Street,  Philadelphia  I 

iiiiiiimmiiiiiiiil 


GET  OUR  OFFICIAL  BLUE  BOOK 
BALLBEARING  CO. 

BANTAM.   CONN.Sf./ 


DETROIT  OFFICE 

90S  Dime  Bank   Buildins 

Detroit,  Mich. 


F.  M.  COBBLEDICK  CO. 
693  Mi»ion  Street 
San   Franciuo.  Cat. 


F.    BROWN  S    PATENT    FRICTION    CLUTCH    COUPLINGS    AND    PULLEYS 


A  A  F.BROWN  CO, 

%'^>^  73  HAMCLAY  ' ''^ ^/^' 

" ''N^  ^^^ 

POWER    TRANSMISSION 

MACHINERY 

GEARS 

Fr,u    MrjTOR.   MACHINI      Mil  I     f)N   POWtW    I'LANT 


ADJUSTAHI  F   MANr.ER 


KOfI     r^RIVI   S   A   SI'I   C    lALTY 
•  Klililil  killl  II  tflialnii  ut  mliini; 


lUU    ri()N    C  I  UTCH     PULLFY 
Wi  ilVK'.        I    I    l/AHI    !  Ml'<  )W  I  .    N       ) 
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fmetory  resources  "jservict 
ffa  hand  inland  wtth 

SIANDARD  ROLLER 
BEARING  PBODUaS 


<|Rf> 

ANNULAR  BALL  BEARINGS 

(Single  and  double  row) 


TAPER  ROLLER  BEARINGS 

(Special  for  Fordt) 


<^r|> 


Standard  Alloy  Steel  Balls 


<^> 


Improved  Type 

TAPER  ROLLER  BEARINGS 


(iSf^BW^Ji^Mufv 


WIRE  WHEELS 


STANDARD  ROLLER  BEARING  CO. 
PHILADELPHIA,  U.  S.  A. 

ScluQfflca: 

DETROIT  936  Woodwwd  Av«ii<i« 

OnCACO  2206  S.  Miehiimn  Avenue 

INDIANAPOLIS  822  Hunie.M.n.uf  Build 

BOSTON  163  Mwachi 

CLEVELAND  2062  Euclid  A 

SAN  FRANQSOO  41  Speu  StiMi 


PRECISION 
B^LL  BEi^KINdS 

Cpatemtep) 

Today,  the  measure  of  value  is  the 
capacity  for  ser\ace — in  machines  as 
in  men.  Not  "what  is  the  price,"  but 
"what  will  it  do,"  is  the  decisive  ques- 
tion. To  be  saleable  today,  a  machine 
must  above  all  else  be  serviceable — it 
must  be  capable  of  bearing  its  share 
of  the  national  over-load.  And  service- 
ability commands  a  ready  market  and 
a  good  price. 

'NORfW  Precision  Bearings  are 
the  standard  bearings  in  hundreds 
of  thousands  of  high-speed  ma- 
chines— simply  and  solely  because 
the  test  of  time  has  proved  their 
preeminent  service  capacity.  Their 
maximum-service  qualities  are  rec- 
ognized by  machine  builders  w^ho 
place  performance  above  price. 

BE  SAFE.     See   That   Your  Machines 
Are  "NORfflfl"    Equipped. 

THE  N9l?mfl  C9mPHNy  OF  flmERICA 

I7PQ     BROflOWfly  NEW    VQKrC 

Ball,  Roller,    Thrust  and    Combination  Bearings 
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Hilliard  Clutches  and  Government  Shops 


Government  shops  can  depend  not  only  on  the  performance  of 
Hilliard  Clutches,  but  also  on  deliveries. 

We  promise  to  give  priority  at  all  times  to  plants  doing  govern- 
ment work. 

Practically  any  machine  can  be  individually  controlled  through 
Hilliard  Clutches. 

Chapman  Ball  Bearing  or  Hyatt  Roller  Bearing  Sleeves  supplied 
for  high  speed  work,  and  are  recommended. 

Ask  for  further  details. 

THE  HILLIARD  CLUTCH  ®  MACHINERY  CO. 

ELMIRA  NEW  YORK,  U.  S.  A. 


SIMPLE-DEPENDABLE-ADAPTABLE 

Engages  gradually — releases  in- 
stantly. No  parts  to  burn  out, 
work  loose  or  damage — no  exposed 
parts.  Easily  adjusted  to  a  given 
load  and  may  be  modified  to  meet 
special  requirements. 

All  parts  are  interchangeable — 
single  oiling  lasts  months. 

Write  for  Catalog  "D" 

THE  RELIANCE  GAUGE  COLUMN  CO. 

6008  Carne?ie  Avenue  CLEVELAND,  OHIO 


n^ 


^^m.^MMHmm 


ALLEN   SAFETY 

HOLLOW)  SET 

SCREWS 


T'-iiK,    (!t,rivr;ii|(.Tit    iiiid    tlurahlo,    AIRmj 

Si-t    SorcwH    are    man u rail u mil     Uy    ii 

pro.i.Hi,  whiili   Incri'UHi.'H  lhi;lr  BlronKlh 

;ij  jji  r  i:i?tit,     Thoy'rp  Kiiariintiioil      CVirrlod   In 

Ht'irk  In  II,  H.  Hlamliinl  ami  V  Thr<xiilH      '/,   to 

I'/,  Imh  (llomil.TH     Cnlnti.i,  ,jn>l  y;nmplrn  Frrr. 


THE  ALLEN 
MFG.   CO. 

1  IS  ShrMon   .Str-fl 
HARTFORD.  CONN.,  U.  3.  A. 


Gilbert  Wood  Split  Pulleys 


Stvle"A" 


For 
Safety 
Speed 

and 
Service 


GILBERT  WOOD  PULLEYS  are  carefully 
made  of  seasoned  wood,  and  can  be  safely  run 
at  very  high  speeds.  The  hard  wood  surface 
transmit.s  more  power  than  a  steel  pulley, 
weight  is  only  half  as  much,  cost  is  less,  and 
wear  is  guaranteed.     Various  styles  and  sizes. 

Catalog  on  request 

SAGINAW  MFG.  COMPANY 

SAGINAW.  W.  S..  MICHIGAN 

Snlin  AKcncicii  In   All   the  TrlnclpBl   CitioB  In  the  World 

N.    V.   Ilruiirli.   88  Wanrn   St.         rliirnito  llriinch.    inrilOD  Sn.   .I.-ITCTson   Bt, 

riihl,.    A(Mn-»..     ICiiKravi',     .\ .     H,     c.    niiil    l.i.'l.cr'»    <VkIo« 


COOPER 


PATENTED   UNIVERSAL  JOINTS 
For  Universal  Uses 


.Shnfl 

Six 

PI   1.,"  lo 

2" 

Do, 

■  l>lr 

or  .Sinii 

e 

CnrI 

oni/rd 

iUrdn 

nrd 

«nd(;ro 

und 

Ampir 

Oi 

Rrrrpl 

nclr 

.Sim 

lOll. 

Kxlrrir 

r 

1  ivc  1' 

nrti 

No. Screw. 

(oi 

np.cl 

,  /„, 

„  „n,l  S. 

.  r,...i„. 

"- 

^V4 


COOPER  FLEXIBLE  TRANSMISSION  CO.,  Inc. 

Hll,   Avr    .nd  IHlh  Sirrrt  HKOOKI.YN,  N.  Y. 
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4  MONTHS   OR  BV2  YEARS 

Did  you  ever  have  a  metal  bearing  last  more  than  four  months  at  the  most  on  a  loose  pulley  or  friction 
clutch?    Here's  an  Arguto  Oilless  Bearing  that  showed  no  signs  of  wear  after  51/2  years  "on  the  job." 


Consider    the    saving    the    user   made 

Cost  of  metal  bearing         .... 
Metal  bearings  used  yearly         ... 

Metal  bearings  cost  yearly         ... 


this    bearing    alone  : 

$9.73        Arguto        $2.86 
3  


$29.19 

5^2  y*' 


$160.55 


$2.86 


One  Arguto  saved  $157.69 

With  the  entire  plant  equipped  with  Arguto  Oilless  Bearings,  the  saving  in  first  cost  alone  is  a  big  item. 
Add  to  it,  oilers'  services  that  can  be  dispensed  with,  and  the  saving  to  belting  and  product,  through 
the  elimination  of  dripping  oil,  and  you  can  readily  see  why  so  many  manufacturers  specify  Arguto  for 
their  bearings.  Try  two  or  three  on  some  of  your  troublesome  bearings,  and  check  up  the  figures  for 
yourself.      Full  particulars  on  request. 

ARGUTO  OILLESS  BEARING  COMPANY 

145  Berkley  Street  Wayne  Junction 

PHILADELPHIA,  PA. 


RGU 


rBe 


ess  oe&vmg&nS. 


incg 


Ball  and  Roller 
Bearings 

Quality  Bearings  for 
Every  Bearing  Need 

Our  line  is  complete  and  of  uniformly 
high  quality,  design,  material  and 
workmanship. 

We  manufacture:  Radial  Roller 
Bearings,  Journal  Roller  Bearings, 
Roller  Thrust  Bearings,  Ball  End 
Thrust  Bearings  (in  both  inch  and 
millimeter  sizes) ,  Cylindrical  Rollers. 

We  have  unusual  facilities  for  the 
manufacture  of  cylindrical  rollers. 

We  specialize  in  anti-friction  service. 
Can  we  help  you? 

THE  BALL  &  ROLLER 
BEARING    COMPANY 


New  Catalog  No.  9  gives  all  the  details 


Danbury 


Connecticut,  U.  S.  A. 
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iiiiiiiimiriiiiiiiiiiiiiiiiiim: 


Longer  Life 
Less  Upkeep  Expense 
Greater  Durability 
Better  Satisfaction 

FOUR  STERLING  QUALI- 
TIES  POSSESSED    BY 

F   MOORE  &  WHITE   Q 
RICTION  CLUTCHE  J 


Their  wearing  qualities  are  guaranteed  by 
the  first-class  workmanship  and  materials 
that  enter  into  the  construction  of  all 
Moore  &  WTiite  Friction  Clutches  that 
leave  our  plant.  The  upkeep  is  reduced 
to  a  minimum  by  the  small  number  of  re- 
pair parts  needed,  and  unless  the  Clutches 
are  subjected  to  some  extraordinarily  ter- 
rific strain  or  sudden  jerk  they  will  run  a 
long  time  without  needing  repairs. 

Moore  &  White  Friction  Clutches  are  ex- 
tremely simple  in  design  and  require  but 
little  adju.stment.  Not  at  all  necessary  to 
be  an  expert  mechanician  to  understand 
their  make-up. 

Cannot  throw  oil  or  become  accidentally 
eyigaged.  Will  transmit  the  full  power  at 
all  times.  Allow  instantaneous  stoppincf  of 
one  or  all  machines. 

In  fact,  Moore  &  White  Friction  Clutches 
will  give  you  the  service,  in  the  best  man- 
ner possible,  that  Friction  Clutches  were 
designed  for.  They're  made  to  last  a  life- 
time and  satisfy  the  user. 

lioi.hlil  "M"  IlillE  Upon  Rcqucyl. 
A  comf)lclc  Ircali.ic  upon  I' rid  ion  (  hilchcx. 
No  mill  owner,  xtipcrinlcntlrni,  buyer 
or  man  in  ihc  ahop  should  be  without  it. 
Send  for  it  today.      Your.%  for  the  anliing. 


I   THE  MOORE  &  WHITE  CO. 

-       2707  lo  ZT.il  N.  l.')lh  Si.        PIIILADhLPHIA.  IJ.  S.  A. 

SOLD  ar  ALL  l.f)Ol)  OEALEHS 

^tMlinMIMIIItlMttintlMiilttMHtmMMmiMtMHfllHtHHItMimMIIIIMMHItMMIIIimMtltlllllHItlMirilliriiniMIIIMIItriinMirimMriUIIMIfff 


The 

C-M-T 


For  Countershafts 

CONWAY  &  COMPANY 

Fairmount  Cincinnati 

Manufactareri  of  Friction  Clutchet  since  189S 


ON-MORRIS 


Power    Transmitting     Machinery 

We  make  a  specialty  of  equipping  plants  completely 
with  Power  Transmitting  Machinery,  including  Shaft- 
ing, Rope  Transmission,  Machine-Cut  and  Moulded  Iron 
and  Steel  Gears  for  heavy  service. 

Almost  sixty  years'  experience  and  competent  engineer- 
ing advice  is  mI   yciiir  dispnsal 

CRESSON-MORRIS  COMPANY 

Enginmmrt^  Foundera—  Machinist* 

PHILADELPHIA  .mtl-x  PENNA.,  U.  S.  A. 


THE  CHAIK  or  DOUBLE  LIFI " 

ljl.^  r-nl  lui^l  Stnn.;.nl  ('     !. 
Hl.r..i.k.l«    I   ly)  12  In.  j'Urh, 

Union  Steel 
Rivetless  Chains 

Mitli     ii.ilii.T,      l.lrikii     (RTI(BN(i-rlll.      I.nrii..     (;liiMOi.n,l      II.  (.iHil.l,.     II,  ini.Ki 

I.I   II  \l:n.ll  Vi,     III,,.  111,..-,.     l(lvi.|l ■..M.,lr,„l...ii     il'KlIM  \M:M'Vi     ,.,,«ir,. 

I  IIMI   III  I    TKoiil         MllMV  S.W  IM;      ,s|:|1VI(|.:       II,,.|,,„k     iIhhm,.      l;..ll,.r 

I  I,.. II,.,,    s. .  ,1.1,    r.,i.  h,.|.,,    i,i..\i,i..,,.,   (■..11H..I.,.   .I,.. 

The  Union  Chain  &  Manufacturing  Company,         Seville,  Ohio 

30  Cburcb  Slr««l.  N«w  York  Tdaphon*.  Corllancll  802 


FLEXIBLE    STEEL  TUBING 

Fur  Siipplyinu  i.iihrionl  to  Mi.rl.i<i«  T.x.l  Cullrri 

Slri>M|.r.  iliiriiblf!  iiiiil   wiiniirilcd  ll(;ht.     No  jiacklng.     All 
Hlccl  (iiiiHl  ruction.     Mmle  In  hIzch   ',h  1o  '.i, '. 
W'f  lire  nnpiil\liir  niMMV  Mr  innclilnf  (mil  Imlldcrs — why 
not    VdU?      Will,.    !<•>■   .l,.|:ill;(   mill    i.;iiiiiilc..4. 

WIIKLLOCK  MFG.  CO.,\VhccIock.  Vt. 
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REAL  FLEXIBILITY 

in  connecting  the  shafts  of  any  two  close 
coupled  machines  eliminates  the  expense  of 
extremely  careful  alignment  and  provides  for 
misalignments,  which  cause  trouble  and 
expense. 


for  any  size  and  type  of  direct  power  drive, 
are  flexible  in  three  directions  in  addition  to 
providing  a  cushion   for  the  driving  shocks. 

A'etc  Bulletin  No.  26  lists  sizes 
for  all  usual  drives. 

Smith-Serrell   Co.,  Inc. 

General   SalesAgent   for   the    Francke   Co. 

144  Cedar  St.,  New  York  City 


Are  Working  Conditions  a  Factor? 


The  Canton  Portable  Floor 
Crane  takes  the  place  of  a 
half  dozen  men  in  lifting 
and  hauling  heavy  objects  to 
any  part  of  the  shop.  Goes 
where    an    overhead    cannot. 

Powerful  —  reliable  —  easy  to 
operate  —  the  Canton  is 
strictly  a  one-man  machine. 
Moderate  prices. 

Catalog  E-10  for  details 


CANTON  FOUNDRY  &  MACHINE  CO.,  Canton,  Ohio 


TOLEDO  CRANES 


FOR  EVERY  SERVICE 

They  are  quite 
Reliable 


The  Toledo  Bridge  ®  Crane  Co. 

2Q50  Dorr  St.  TOLEDO.  OHIO 


FORD  TRIBLOC 

CHAIN  HOIST 


THE  sjDur  gear  operating  mechanism, 
with  steel  gears,  makes  the  Ford 
Tribloc  the  most  highly  efficient  type 
of  Chain  Hoist  marketed.  Eighty  per  cent 
of  the  power  applied  to  the  hand  chain  is 
converted  into  lifting  energy- — a  mere  82- 
pound  pull  of  one  man  on  the  hand  chain 
lifts  a  ton. 

The  important  part  about  the  efficiency  of 
the  Ford  Tribloc  is  that  its  original  high 
efficiency  is  maintained  longer  than  in  any 
hoist,  due  to  the  patented  LOOP  Hand 
Chain  GUIDE.  This  Loop  Guide  prevents 
"gagging"  of  the  hand  chain  at  all  speeds 
and  angles  and  protects  the  blocks. 

For  long,  strong  service  specify  the 
Ford  Tribloc.  We  back  our  claims 
with  a  5-year  guarantee.  Have  you 
our  Catalog  ? 

FORD  CHAIN  BLOCK  &  MFG.  CO. 

Second  and  Diamond  Sts.  Philadelphia,  Pa. 


rLM«{0«>*'^'-'tO  MACHINtOVCOMPANV  OF  AMERICA 


<.ALMA(OC> 
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PRIMCSiPAL  own 


s^® 


Let  the  Wright  High  ,^. 
Speed  Steel  Hoists  ^' 
Lift  the  Loads 

150'/c  more  efficient  than 
any  other  Hand  Hoist. 
High   speed  steel    and 
malleable  iron   parts- 
special  design  and  con- 
struction—  make    for 
longer  life  and  better 
service. 


HOISTS 

WRIGHT  MFG. COMPANY 


QMS  TROLLEYS 

Strong,  Durable,  Efficient 

Built  in  both  plain  and  geared  styles. 
Capacities  ranging  from  one  quarter  to 
seven  tons.  In  making  inquiry  state 
1-Beam  size  and  style  of  trolley  desired. 

Write  or  wire  now 

VULCAN  ENGINEERING  SALES  COMPANY 


1763  ELSTON  AVE. 


CHICAGO,  U.S.A. 


1 


The  QMS  Co. 


Sales  Agent  for 
Vi         Mumford  Moldinu  M<ic 
J.  C.  Bu.ch  Co 


Cullman  Sprockets 

in  stock  and  to  order 


.^ 


for  Bloch,    Roller    and    Jliult    Speed 
Silent      Chains.  New      Catalogue. 


CULLMAN  WHEEL  CO.,  ]3.'}9  Allgeld  Si.,  Chicago 
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Use  The  Same  Judgment 

when  buying  a  hoist  that 
you  would  use  in  employ- 
ing a  man  for  a  big  job. 
Search  its  reputation 
for  reliability  and  record 
of  past  performances. 
You  will  find  in  applying 
this  test  to 

Peerless 
Hoists 

that  the  enviable  and  un- 
paralleled reputation 
they  have  controlled  for 
many  years  past  is  due 
solely  to  the  merit  of  de- 
sign, material  and  work- 
manship. 

No  cast  or  malleable  iron 
used  to  carry  the  load. 
Suppose  you  let  us  dem- 
onstrate this  hoist  to 
prove  to  your  satisfac- 
tion our  claim  is  fully 
warranted. 

Edwin   Harrington,   Son  &  Co. 

Incorporated 

Philadelphia  Pa.,  U.  S.  A. 


Quick  Work! 

Quick  and  Easy.    I  .ift  with  Cyclone 
Hoists — save  time  and  labor. 


QCLONEHOrSTS 


Sizes  J4  to  40  tons.  Distributors  in 
all  cities.  Catalog  M  gladly  mailed 
on  request. 

The  Chisholm-Moore  Mfg.   Co. 


CLEVELAND.  O. 

Cranes  Trolleys 


Power  Transmitting  Machinery 


^ 


Heavy  bearings,  drop 
hangers  and  post 
hangers. 

Machine  moulded  gears 
and  pulleys. 

Friction  clutches,  rope 
drives  and  chain  drives. 

H.  W.  CALDWELL  <&  SON  CO. 

Elevating,  Conveying  and  Power  Transmitting  Machinery 
17th   Street   &  Western   Avenue,  Chicago,   111. 

50  Church  St.,  N«rw  York  709  Main  St.,  Dailai,  Texai 


Cranes  and  Hoists 


Electric  Traveling 
Cranes. 

Hand  Power  Travel- 
ing Cranes. 

Bucket  Cranes. 

Jib  Cranes. 

Monorail  Cranes. 

Electric  Hoists. 

I-beam  Trolleys. 

Track  Systems. 

High  Speed  Chain 
Hoists. 


Alfred  Box  &  Co.,  Inc. 

PHILADELPHIA,  PA. 


Has  your  crane  a  modern  ship-shape  safety 
trolley  like  this?     This  is  our 

"Type  E"  Crane  Trolley 

Made  along  up-to-the-present  lines  with  all 
features  of  safety  and  ef- 
ficiency demanded  by  good 
engineering  practice.  Learn 
more — get  our  catalogs.  We 
also  make 

ELECTRIC    HOISTS 

Air  Hoists,  Foundry 
Equipment,  etc. 

Northern    Engineering  Works 

6  Chene  Street  Detroit,  Mich. 
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CRESCO  CHUCK 

The  Quickest — The  Simplest 


Entirely  self  contained. 

No  screws  in   the   whole 

construction. 


Superlatives  are  usually  uncon- 
vincing. We  want  you  to  try  the 
new  Cresco  Chuck.  We'll  give  you 
your  money  back  if  it  isn*t  the 
simplest  and  quickest  drill  chuck 
you  have  ever  seen. 

Tools  are  immediately  released  by 
simply  raising  the  loose  collar, 
thus  permitting  the  hardened  steel 
balls,  which  hold  the  collet  in  cross 
grooves,  to  fall  back  into  it.  The 
grip,  as  quickly  effected,  is  posi- 
tively secure. 

Perfect  balance  insures  absolute  freedom 
from  vibration  at  maximum  speeds 

Wire  for  price.       Order   a  Cresco  Chuck  today 
on  our  money-back  guarantee. 

CHICAGO  RECORDING 
SCALE  COMPANY 

Waukegan,   Illinois,  U.  S.  A. 


A  Grip  on  Production 


STANDARDIZATION  is  a  milestone  in 
mechanical  progress.  Standard  machines 
and  standard  parts  have  made  prede- 
termined production  standards  possible.  Take 
a  grip  on  i/our  production.  Find  the  best  equip- 
ment and  make  it  univei'sal  in  your  plant.  P'or 
lathe  chucks,  of  course,  you'll  want  Sweetland. 
They're  standard  in  high  production  shops 
everywhere. 

Convenience,  adaptability  and  reliability  are  the 
marks  by  which  the  Sweetland  Lathe  Chuck  is 
known.    Do  yon.  profit  by  the.se  features? 

HOGGSON  &  PETTIS  MFG.  COMPANY 

NEW  HAVEN  CONNKCTICUT.  U.  .S.  A. 


"Chucking  for  Profit  "  will 
interest  you  if  you're  inter- 
ested in  maximum  efficiency. 

Send  for  it  today  and  get 
some  helpful  chucking  data 
straight  from  headquarters. 


SWEETLAND  LATHE  CHUCKS 
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POSITIVE- 
DEPENDABLE  — 
FIRM 

This  sturdy  grip  Is  but  one 
of  the  many  reasons  why 
Jacobs  Chucks  find  favor  In 
the  modern  shops  of  the 
world. 

It's  so  easy  to  quickly  clamp 
a  drill,  tap  or  other  tool  in 
these  solid  jaws. 

Grasp  the  key  in  either  hand 
— insert  in  the  nearest  hole 
in  the  sleeve — a  mere  twist 
of  the  wrist — it's  done. 

Just  one  of  the  Many  Points  of 
Superiority    of  Jacobs  Chucks. 

Not  an  Experiment — but  a  Sac- 
cess. 


IF  IT'S  A  CHUCK  WE  MAKE  IT! 


Chucks  of  every  description, 
standard  or  special;  chucks 
of  any  size. 

We  make  chucks,  have  been 
making  them  for  years  and 
are  equipped  to  furnish  a 
"Union"  Chuck  that  will  fill 
your  needs  to  the  letter— 
and  allow  a  margin  for 
futures. 

Accurate,  .stront^  flurable  and 
adaptablf!  —  "Union"  Chucks 
never  fail  to  make  good. 

Calalofi  Hutu  full  line. 


The  Cleared  Scroll  (Jhuck  iiluHti-ated  combines  the 
feature.s  of  the  Universal  (^huck  and  the  "Inde- 
pendent" and  ha.s,  in  addition,  the  .special  con- 
vcnit'iice  characteristic  of  all  Union  Chucks. 
No.  h:{  vvilh  .3  jawH — No.  84,  4  jaw.s. 


UNION     MANUFACTURING     COMPANY 


NEW    BRITAIN 


N  I-  W    Y  f  >  K  M    O  »"  F  I  r  F.  1      2  f .    C: 


CONN.,  U.  S.  A. 


<l<   ^Xrfyi 
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GRADUATED  ADJUSTABLE  FRICTION  SELF-CENTERING 

TAP  HOLDER  FOR  TURRET  UTHE 


ERRINGTON 

MECHANICAL    LABORATORY 

39  CORTLANDT  STREET,  NEW  YORK 

136  West  Lake  Street.  Chicago 
New  England  Branch  :     829-A  Old  South  Bldg.,  Boston  Mass. 


TAPS  STEEL  as  Safely  as  Cast  Iron 

Regulates  the  Whole  Power  of  Machine  to  Just  Drive,  but  Cannot 

--  -p.  W.e„  Tap  St..  ,o.  ^  B„«o.,  -  ™c™N  ^  ^^  ^^^  ^^t^'i.^. 

Metal  is  Quickly  Tapped. 

Especially    Good    for    Roughing    and    Finishing    Taps,    Running    Solid    Dies    Up 
'^  Against  a   Shoulder,   etc. 


Hit  the  Bottom  with  Your 
Tap.  Use  the  Bottom  of 
the  Hole  for  a  Stop. 


The  "Double  Gripp" 

Safety  Tapping 

Attachment 


Jhe'Dpuble  GriRgr  V 


WONT  LET 
IT  BREAK 


One  of  our  records  is 
90,000  holes  without  break- 
ing a  tap. 

Saves  the  tap,  the  cost  of 
removing  same  and  oft- 
times  the  material. 
Also  made  for  a  Reversible 
Drill  Press  or  Tapping 
Machine. 


The  Chuck  That 
Never  Slips. 

The  More 
You  Crowd  it, 

The  Tighter 

it  Grips. 


NARRAGANSETT    MACHINE 

PROVIDENCE.  R.  I.,  U.  S.  A. 


CO. 


1874  TRUMP  DRILL  CHUCK  >21» 

We  have  been  mak 


..  .-  -44  years;  it 

is    still    the   BIG 

Chuck   at    the 

SMALL   price;  for 

Stisisht     or     Taper 

Shank  Drills. 

WtxU  for  prices 

d  particulars 


WILLIAM  L.  PROCUNIER 

549  "W.  "WasKii^sto"  Blvd.,  CHICAGO 

In  stock  and  for  sale  by  Young.  Corlej  &  Dolan,  Inc..  115  BroadTsy. 
MsSiTttaS  rtlsUict  repr,!scnt^iv<.s;  B.rnes  »«;-.  k"^„  iSiffiTri  Co' 
Kctroit.  Mirli.:  M.  Jaeger.  CTeTeland.  Ohio;  McKecn  Machinery  Oo.. 
PitUbiirgh.    Pa.  


Solid  Steel  Rings 
Reinforce  these 
Independent 
Lathe  Chucks 

making  them  sironfi 

where  other  chucks  nrc  weak,  providmfi  for  tensile  stresscB  anO 

screw  thrusts,    insuring  greater   durability  and    heller    service. 

National"  Round  Body  Drill  Chuck 

Made  with  three  distinct  grips 
which  can  be  applied  at  the 
Mime  time  when  ncccessary—  a 
positive  gripping  chuck  —  all 
sizes  up  to  2  inches.      Calahfl  T 

Oneida  National  Chuck  Co. 

ONEIDA  N.  Y..  U.  S.  A. 


Three  Siies 
TRUMP  BROS.  MACHINE  CO.Wllmi^eton.  P«» 

Flyiin  Offset  Boring  Heads 

This  rhmk,  whioli  lias  a  microm- 
eter adjustment  and  large  range, 
is  strong,  durable  and  easily 
operated. 

^^^^^^  Write  for  free  circular 

J.  M.  WATERSTON,  77  Woodward  Ave.,  DETROIT,  MICH. 
Don't  Lose  Time  With  Keys  and  Wrenches 

Eclipse  £,  Drill  Chucks 

are  quickly  tightened  or 
released  by  simply  using 
tlie  thumb  and  foretinger. 
Speed  and  convenience  of 
tlie  tightening  operation 
do  not  lessen  the  security 
of  the  grip. 
m\iw  mzK  m  »u  kinds  or  chucks 

Nielsen-Barton  Chuck  Co. 

106  South  Jefferson  Street 
CHICAGO  ILLINOIS 
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Almond  Specials 

For  Prompt  Delivery 

Almond  Micrometers 

English,  by  thousandths  and 
ten  -  thou- 
sandths, 1,  2 
and  3  inch. 

Metric,  by 
1/100  mm. 
—25, 50  and 
75  mm. 

Jf'it/i  or  with- 
out Ratchet 
Stop. 

Almond    Universal 

Scroll  Lathe  Chucks 


n,  6,  7,'2  and  9  inch  sia 


Almond 

(jcarcd 
Nut  Drill 
Chucks 


BODY 


WKUIE 


Powerful 
Accurate 
l)ur;ihle  arid 
I'.eorifitMical 
to  Mainlain 
Try  One 

Prlml,  nf   Whnir  Ah 


id  l.int  un  Requeit 


T.  R.  ALMOND  MFG.  CO. 


2  Miiplf  Av< 


A!ilif>urtdiatii,  MoBR.,  U.  S.  A. 


Drill  Chucks 

Lathe  Chucks 

Portable  Face 

Plate  Jaws 


Many  Styles  and  Sizes. 
All  Designed  for  Hard 
and    Exacting    Service. 


■  Catalog  Free  '■ 


THE  CUSHMAN  CHUCK  CO. 


HARTFORD 


CONN.,  U.  S.  A. 


Collapsible 
Tap 


The  Victor  Collapsible  Tap  is  a  sure  remedy 
for  most  tapping  troubles.  Like  other  good 
taps,  it  cuts  a  clean,  sharp  thread — but  there 
is  not  a  chavrc  of  it  then  ruining  that  thread, 
as  solid  taps  often  do  in  backing  out.  The 
other  big  reason  for  using  Victor  Collapsible 
Taps  is  the  time  they  save.  They  eliminate 
the  "return  trip"  time  on  every  ()|)eration. 

Just  take  a  pencil,  if  you  plca.so,  and  figure 
out  what  this  would  save  you  a  day  in  your 
tapping  operations.  You  will  then  .see  why 
th(!  Victor  (;olla[)sil)lc  Taj)  pays  for  itself. 

Tha   Catalog  ttlh  you  mora.       Write  for  it. 

VICTOR  TOOL  COMPANY 


WuyncNhoro 


INi.,  II.  S.  A. 
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A  HORTON  Chuck 
for  Every  Purpose 

All  have  distinctive  "Horton"  features — 
strength,  convenience  and  durability — adapted 
to  the  requirements  of  each  specific  class  of 
work.  In  this  heavy  duty  chuck,  the  scrolls  and 
pinions  are  heat  treated  and  oil  hardened  to 
give  the  extra  strong  grip  necessary  for  bar  and 

HORTON 

Face  Plate  Jaws 

have  helped  solve  a  lot  of  chuck- 
ing problems.  They  have  extra 
provision  for  clamping  and 
strapping,  are  pointed — to  per- 
mit holding  small  diameter  work 
— and  can  be  used  interchange- 
ably on  different  faceplates. 

Catalog  of  full  Horton  line 
on  request. 

THE  E.  HORTON  &  SON  CO.,  Windsor  Locks,  Conn.,  U.  S.  A. 


PRATT  CHUCKS 

Drill  Without  Waste   or  Worry 

The  Pratt  Positive  Drive  Drill 
Chuck  is  especially  adapted  for 
high  speed  drilling.  It  grips  se- 
curely, drives  without  vibrating — 
without  danger  to  work  or  tool — 
and  leaves  drill  shank  clean  and 
free  from  scar.  It  saves  time,  too. 

Make  your  next  chuck  order  read  "Pratt" 

THE  PRATT  CHUCK  CO.,fRankfort. 


Sales  ReprcsentatM 

ElKOPEAN    AOENTS 


:  Surpless  Du 

Selson    Enirinei 


&  Co..  Chicago.  New  York 

iC   Co..   Ltd..    M   Qiiwn    Victori 


The  Beaman  &  Smith  Co 


is  the  only  attach- 
ment for  the  pur- 
pose that  gives 
universal  .satisfac- 
tion and  is  un- 
equaled  in  effi- 
ciency, conveni- 
ence, rapidity,  ac- 
curacy and  sim- 
plicity. NctliinK  to 
lireak  or  Ret  out 
of  order.  Made  in 
4  sizes,  covering 
r  ro  in  0  to  2% 
iiu-lii'S    dianiotor. 

PROVIDENCE 

•  Rhode  Uland 


The  Safety  Drill  and  Tap  Holder 


How  Do  You  Hold  Your  Wood- 
ruff Keyseat  Cutters  and  Other 
Tools  with  Vz"  Straight  Shanks? 

— LOOK — 


This  chuck  is  made  with  a  taper  shank 
either  B  «fe  S  or  Moi-se  to  fit  the  spindle 
of  your  machine.  The  design  is  such 
that  the  jaws  do  not  fall  together,  but 
allow  free  entrance  of  the  shank  at  all 
limes. 

Send   for   our   Catalogue  and 
get  acquainted  with  our  tools 

THE  ADVANCE  TOOL  CO. 

Canal  &  Jackson  Sts.,  Cincinnati,   Ohio 

Atfrnts  wantrd  in  ftll  princtp*!  citica 
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Don't  Make  Washers — Buy  Them 

You'll  find  it  a  whole  lot  quicker,  cheaper  and  less 
trouble  to  buy  your  spacing  washers  than  to  have 
them  made  in  your  own  shop. 

stock  Sizes — with  or  without .  standard  keyways — for  ar- 
bors of  the  following  diameters:  3/8,  1/2,  5/8,  3/4,  7/8,  1, 
1  1/8,  1  1/4,  1  3/8,  1  1/2,  1  5/8,  1  3/4,  1  7/8,  2,  2  1/4,  2  1/2,  3 
and  3  1/2  inches.  Stock  thicknesses:  .003,  .005,  .015  and 
.025    inches.     To   order,   .0015  to   3.000   inches. 


Di 


951-957  West  Fort  Street  DETROIT,  MICH..  U.  S.  A. 


XAP 


JUST  a  single  piece  of 
hardened  metal  — 
nothing  to  adjust,  noth- 
ing to  get  out  of  order 
or  wear.  Any  ordinary 
mechanic  can  quickly 
change  taps  with  the 

"WEAR-EVER" 

Tap  Chuck 


It  drives  true,  every 
time  —  regardless  of 
shank  variation  —  is 
equally  well  adapted  for 
taper  reamers  and  other 
straight  shank  tools,  re- 
duces tool  breakage  to  a 
minimum  and  is  always 
ready  for  work. 

9    Sizes  -  Morse   Taper 
Low  Price — Investigate 

SCULLY -JONES 
&    COMPANY 

647  Kailway  Kxchaniie  Bldji. 
CHICA(;0,  ILLINOIS,  U.  S.  A. 


Electric 

Blue  Printing 

Machines 

-  12   Wrilt  for   Catalogue  B-2 

liuckeyc  KngincCo. 

Salem,  Ohio 


If  You  want  the  best  Lathe  or  Drill 
Chucks — buy  Westcott's 

Little  Giant  Auxiliary  Screw  Drill  Chucks,  Little  Giant 
Double  Grip  Drill  Chucks,  Little  Giant  Improved  Drill 
Chucks,  Oneida  Drill  Chucks,  Spur  Geared  Scroll  Com- 
^«^  ,^,11^      bination     Lathe    Chucks,    Scroll 

I      Combination  Lathe  Chucks.  Spur 
'      Geared    Scroll    Universal    Lathe 
'-V    Chucks,  IXL  Independent  Lathe 
y\  Chucks,     Cutting- off 

I     ^-  ;'      111        Chucks, 

I    .-     I  !     '    l|      Strongest  Grip,  Greatest  Capacity 
k^     \    v\     ^^^^^  Durability  and  Accuracy 

i/  ^WESTCOTT  CHUCK  CO. 

ONEIDA,  N.  Y.,   U.  S.  A. 

Ash  for  Catalogue 


\=f" 


n>' 


Kh 
^ 


THE  NEWMAN 

Think   twice   before   in- 
stalling  another   expen- 

sive turret  lathe.   It  may 

MULTIPLE  ROTARY  1 

be  just  as  advantageous 
to    invest    in    this    sub- 

CHUCK       (^ 

stantial,  low  cost  turret 

attachment    to    use    in 

connection     with     your 

engine    lathes. 

10  DAYS*         ^^1    *. 

Quickly     adjusted     and 

TRIAL                ^'^^4  4k       ] 

centers      automatically. 

«aK^B3^^3 

■PSkTn  e  wm  an 

Kt  £^H  MFC.   CO. 

^^^-flUJ   in  srctMORE  smn 

FitB  on   lull  .lock   .pindl.-.        • 

^  ■'     ^'"-"""'i.  "■ 

n   THEE-ZSET 
U    BORING  TOOL 


Vy-   '      Spacing  Washers 

'<  Acnirmclv  cm.     I,  I'..  r,i  and   I  .   in.  Iir. 

diameter;  .1,  4,  5  and  6  ihouaandlhi  ihlcli.     S.1.0(l  pre 
inO.  2S  nf  rarh  lhiclinp». 

The  Maxwell  -  Hulchcrofi  Company 

1227  W.  9lh  .Si,.  Clry..|iin<l.  Ohio,  U.  .S.  A. 


o 
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WOODSTOCK" 

For  Cylinder  Tapping 

"No  more  broken  taps  since  we  use 
the  Woodstock  Tapping  Chuck."  This 
comes  officially  from  the  Loew  Victor 
Engine  Company,  apropos  of  cylinder 
tapping. 

Requirements  were  66  holes  of  three 
sizes  and  a  high  percentage  on  tap 
breakage  made  it  an  expensive  opera- 
tion until  "Woodstock  Tapping" 
proved  the  solution,  as  it  invariably 
does,  whether  threading  cored  holes 
in  castings — subject  to  "soft  and  hard 
spots" — or  those  troublesome  shallow 
holes  where  an  automatic  stop  on  the 
machine  is  utterly  useless. 

Try   a    "Woodstock"    30  days  "on  us" 

and  put  it  at  your  most  expensive 

tapping  job.     Write  for  details. 

PETER  BROS.  MFG.  CO. 

135  Railroad  Avenue 
ALGONQUIN  ILLINOIS 


Save  Time— Chuck 
Instantaneously 


^,i,/.-i  JV»» 


Shell  manufacturers  and  others  to  whom  time  is  precious, 
but  accuracy  even  more  so,  have  found  that 

M.  E.  C.  Air  Operated  Collet  Chucks  and 
Short  Expanding  Mandrels 

save  one  and  insure  the  other.  They  are  quick-acting, 
positive,  and  adapted  for  all  classes  of  work;  save  90 
per  cent  of  chucking  time  and  increase  production 
accordingly. 

We're  getting  repeat  orders  from  all  quarters  of  the 
earth — that's  the  ultimate  proof  of  efficiency. 

Full  dmtaiU  on  rtQumtl 

MANUFACTURERS  EQUIPMENT  CO. 


200  N.  Jefferion   St. 


CHICAGO,  ILL. 


Increased  Production 
Is  the  Big  Idea  Today 


"D  &  W"  Magnetic  Chucks  dispense  with 
the  needless  delay  of  adjusting  clamps 
and  bolts.  They  have  solved  many  a 
problem  of  rush  work  in  shops  through- 
out the  country.  They  can  help  you  in 
your  shop. 

If  you  want  to  save  time,  increase  pro- 
duction and  grind  more  accurately  you 
will  find  that  "P  &  W"  Magnetic  Chucks 
will  do  the  same  for  you  as  they  have  for 
others,  viz.:  speed  production,  and  they 
are  proof  against  adverse  shop  condi- 
tions, heat,  moisture,  oil,  etc. 

Wrif  for  Circular  /Vn.  206 -M. 
describing  Ihent 

D  &  W  FUSE  COMPANY 


PROVIDENCE 


RHODE  ISLAND 
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Buy  The 

Wahlstrom 
Drill  Chuch 

You  Can't  Buy  Time,  But 
You  Can  Buy  Production 

Wahlstrom  Automatic 
Drill  Chucks  increase 
production.  They  grip 
and  release  tools  while 
the  spindle  is  running. 
They  employ  no  keys, 
collets  or  sockets,  are 
entirely  self-contained 
and  can  be  used  wher- 
ever drill  chucks  are 
needed.  Tools  are  auto- 
matically centered.  All 
parts  are  interchange- 
able. 


WAHLSTROM  TOOL  COMPANY 


If  you  are  4nteresl€d 
in  fast,  safe  chuck- 
ing methods,  wHIe 
us  at  once. 


5520  Second  Ave. 
BROOKLYN,   N.  Y. 


Chuchs  That  Are  Right 

iicst  material  and  workmanship 
throuj^hout.  Thousands  now  in 
use.       Sizes    214    to    IS     inches. 


s.n.i  r„,  ,..,„„/,,,  J.,.,, I. 

TERKEL5EN  'a  WENNBERG 

BOSTON.  MASSACHUSETTS 


Don't  Let  Rust  Eat 
Up  Your  Profits 

Which  are  they  doing?  Those 
machines  and  tools  of  yours — 
wearing  out  or  rusting  out? 
Our  Sherardizing  process  pre- 
vents needless  rust.  Let  us 
demonstrate  on  samples  of 
your  work. 

WISE   ELECTRO  SHERARDIZING  CO. 

120  Eighth  Street  DETROIT.  MICH. 


Better  Light  /or  Half  the  Price 

it   the  claim  wi-  «ro  prcpnrccl  to   Biibntnntintc 
by  A  trial  offer 

THE     NEWMAN      SPOTLIGHT 

iDiiiinlniliH   till'  lij^lil  jiml  wjieri'   il  ih  ri-(|iiiri'tl,   docs   not  iiliino 
III   thi-  opcnilor'H  i-ycii,  is  rciidily    nlliichcd    to    iiiiy   lifilil  pliift 
unil  ciiIh  vour  liijl" 
hillnSO  pi-r  crnl. 

Atk  for  dmiaili 


NEWMAN 
MFG.   CO. 

7  1  7  S,,  ,„,„r.-.Sl,,-..| 
<  1N<  INNA  ir.  OHII) 
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Making  More  of 
Your  Man-Power 

The  amount  of  work  your  machine 
operator  will  do  depends  on  the  amount 
of  incentive  you  can  furnish  him,  and 
the  amount  of  money  he  can  see  coming 
to  him. 

Let  him  see  his  wages  go  up  before  his  eyes  — 
let  him  watch  his  production  run  up  on  a 
Veeder  Counter — and  the  incentive  is  there 
because  the  assured  reward  is  there. 

You  satisfy  your  operative  that  he's  paid  for 
all  he  does  -  and  in  satisfying  the  operative  you 
make  more  of  your  man-power.  The  'worker 
acquires  new  value  as  a  producer  when  his 
machine  acquires  a 


COUNTER 


The  above  Set-Back  Rotary  Ratchet  Counter 
registers  one  for  each  throw  of  the  lever,  cor- 
responding with  the  operations  o(  your  machine.  The  counter 
tor  punch  presses,  metal-stamping  machines,  etc.  Reset  to 
zero  by  turning  knob,  and  supplied  with  any  number  of 
figure-wheels  up  to  ten.  Price,  with  tour  figure-wheels. 
$9.50  (list) .  With  lock  and  keys  to  prevent  tampering  with 
figures.  $1.30  extra. 

The  Revolution  Set-Back  Counter  belovk-  registers 
one  for  a  revolution  of  a  shaft,  recording  an  opera- 
tion of  vour  machine.  Set  back  to  zero  by  turning  key.  and 
supplied  with  from  four  to  ten  figure-wheels,  as  required. 
The  price,  with  four  figure-wheels,  lock  and  keys,  is  $9.30 
(list) .     Without  lock  and  keys,  the  price  is  $8.00. 


I'/ic  exact  counter  you' J  ti.'(Jut  for  this 
or  tliiil  machine  can  he  reailily  found 
in   the   I'cedcr  booklet;    like  a  co/)y P 

THE  VEEDER  MFG.  CO. 

39    Sargeant    Street,    Hartford,    Conn. 

/■,,,, li.    (■„.;, I  IliUrihul'ir:    /■  .  Somet  %  I'.l.rtnn  Comfanw. 
HI  I'm.    Sircrl.  San  /'run..-.  .,   <  ui. 


Stewart  Process  Die-Castings 

The  qualities  essential  to  perfect  die- 
casting  are  assured  by  the  Stewart  Pro- 
cess —  accuracy  —  uniformity  —  strength 
— finish. 

To  be  a  source  of  economy,  die-castings 
must  combine  all  these  qualities.  They 
must  be  delivered  in  a  perfect,  finished 
state. 

Stewart-made  die-castings  are  cast  auto- 
matically— every  one  alike— lOO'^'f  perfect. 

Unlimited  facilities— rapid  produc- 
tion— superior  methods  guarantee 
quick    deliveries    on    large    outputs. 

Stewart  Manufacturing:  Co. 

Wells  Street  Bridge  Chicago,  U.  S.  A. 
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The  more  they  are  used, 
the  less  it  is  necessary 
to  say  about  them;  for 
pre-eminence  in  men 
or  products  needs  no 
lengthy  eulogy. 


BUNTING 

Finished   Bronze 
Bushings  and  Bearings 


The  Bunting  Brass  &  Bronze  Co. 

748  Spencer  Street  TOLEDO,  OHIO 
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Try  Us  On  Bevel  Gears 


We've  specialized  on  bevel  gears.  Our 
very  large  capacity  and  the  fact  that  hun- 
dreds of  thousands  of  our  bevels 
are  standard  parts  on  leading 
automobiles,  machine  tools  and 
other  machinery,  places  us  in  a 
peculiarly  advantageous  position 
to  fill  your  requirements. 

Our  equipment  provides  for  gen- 
erating the  correct  shape  of 
tooth  which  assures  the  highest 
quality  of  workmanship  and  for 
a  rapidity  of  production  which 
makes  our  prices  attractive. 
Give  us  at  least  a  chance  to  fig- 
ure on  any  quantity,  size,  pitch 
and  finish. 

V^^  NEW  PROCESS  ^i^ 

Gear  Corporation 


WE  EXCEL  IN 

FORGED  GEAR  BLANKS 

Because : 

1. 

We    use    the    best    material 
procurable. 

2. 

We  employ  skilled  workmen. 

3. 

We  fill  all  orders  exactly  as 
per  specifications. 

4. 

We    have    concentrated    on 
this  product   for  years  and 
yin   get  the  benefit  of  our 

experience. 

5. 

We  take  as  much  pains  with 
small  orders  as  we  do  with 

big  ones. 

6. 

We  make  shipment  absolute- 
ly when  promised. 

7. 

Our  prifpH  are  reasonable. 

WR/TE  us. 

THE 

MACHINERY  FORGING  CO. 

lUmillt.n  Avp.  >in>l  Morquelle  St. 
n.KVKI.AND,    OHIO,    U.  S.  A. 

Long  Service  Gears 


We  use  only  the  best 
materials  and  our  ma- 
chining  and  heat- 
treating  equipments 
are  the  latest  approved 
models.  Renewals  are 
t(3w  and  far  between 
with  Cincinnati  Gears. 
Another  point  — 
I'ronipt  Deliveries  — 
should   Interest  you. 


WriU  for  Catalog  C 

THE  CINCINNATI  GEAR  CO. 

1827-1833   KcsdinK   Rond 
CINCINNATI         OHIO.  U.S.  A. 


Hindley  Worm  Gearing 

Complete  drives  with 
housing  ready  for  power 

ALBRO-CLEM    ELEVATOR  COMPANY 

501    Erie   Avenue   E*«t  PHILADELPHIA.   PA. 


m 


Mill  Drives  .  Turbine.Transmissions 
SpurGc-ars.  Bevel  Gcurs  _Worin  Geeirinc}' 

FAWCUS  MACHINE  COMPANY.  PimBUR6H.RA. 
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Another  Peace  Pi'oposal 


Quiet  the  Noisy  Gear  Drives  With 

ilW  RiOCiSS 

ioisiuss  Piiiois 

With  the  whole  world  longing  for  peace,  start  in 
your  own  shops  to  eliminate  the  gear  noises  that 
war  on  the  efficiency  and  productiveness  of  your 
employees. 

Our  booklet  "Noiseless  Gear  Driving"  is  a  real 
war  manual  that  should  be  in  the  hands  of  every 
enemy  of  unnecessary  and  destructive  noise  and 
vibration  m  machine  drives.  Send  for  your  copy 
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ALL  gears  wear  out  eventually. 
Z\  Economically  speaking,  there- 
•^  ^-  fore,  the  vital  consideration 
in  buying  gears  is  to  buy  gears  that 
will  give   the  longest  service. 

Grant  Gears  are  durable  even  under 
severe  usage.  They  are  made  from 
selected  materials  in  a  plant 
equipped  to  turn  out  quality  gears. 
Grant  carries  in  stock  Iron  Cut 
Gears,  Brass  Cut  Gears,  Cast  Gears, 
and  makes  gears  to  order,  all  sizes 
from  14"  to  6'  diameter,  any  face. 
Reasonable  prices,  prompt  deliver- 
ies and  gears  you  can  depend  upon. 

Send    for    Catalogue. 

Grant  Gear  Works,  Inc. 

151  Pearl  St.,     Boston,  Mass. 


CROFOOT  GEARS 

FOR  DEPENDABLE  SERVICE 


May  I 
porta, 
your 
menfi 


y«    havr   an   op- 
\ity  to    f/aotr    on 


Accurate 

and 

Efficient 


Our  product  is  known 
wherever  there  is  a  de- 
mand for  large  quan- 
tltieB  of  medium  and 
Hniall  Rize  gears,  to  be 
made  rapidly,  economic- 
ally  and   accurately. 


CROFOOT  GEAR  WORKS 

INrOKI-OKA  III) 
31  Am«^  St.,  CamhndKf,  Branch  A        BOSTON,   MASS. 


^=^^' 


Metal    and    Rav^hide 

GEARS 

For  all-round   satisfactory  gear  service 

— accurate,  long  wearing  gears-  of  any 
desired  metal  or  best  commercial  raw- 
hide— prompt  deliveries  and  reasonable 
rates,  send  your  specifications  to 


STAHL 


Metal  Gears — spurs  up  to  60"  dia.,  2  D.  P.;  bevels 
up  to  24"  dia.,  1^  D.  P.;  spirals  and  herringbone 
gears  up  to  19"  dia.,  3  D.  P.;  worms  up  to  18"  dia., 
3  D.  P.;  racks  8'  iong  4  D.  P.  Rawhide  gears — 
any   requirement   up   to   15"   dia.,   2    D.    P. 

Estimates  Furnished  Promptly. 

THE  STAHL  GEAR  &  MACHINE  CO. 

1390   East  40lh  Street  CLEVELAND,  OHIO,  U.  S.  A. 


GENERATED 


Gear  Cutting 
Department 

(Cut  is  full  size) 

Let  Us  Quote  You 


MEISSELBACH-CATUCCI  MFG.  COMPANY 

27  CONGRESS  STREET  NEWARK,  N.  J. 


COMPARE 


'  with    your    present    hiindlo 

His    our    i)i'lce8     for     Ball 

.■mk.M   iind    Machino   llan- 

dlc.-i    of    fvory    dcHrripl  Ion.    from    b:\r    hIitK       Ai-rurttlc, 

lilchlv    llnl.Mh.'d,    loMii.l.lc    III    ivciv    d.iiill    luid    roadv 

ll:iih. 

The  Cincinnati  Ball  Crank  Company 


Gears  and 
Gear  Cutting 


RODNEY     DAVIS.     Philadelphia,     Pa. 
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PHILADELPHIA 
GEARy  TIME 


"£f  cjySecondCounh 


PhillieGear 
is  Always 
on   the  Job 


From  Order  Desk  to 
Shipping    Platform 


Phillie  Gear  doesn't  keep  bank  presi- 
dents' hours.  Not  infrequently  he's 
at  his  desk  before  the  men  show  up — 
he  plans  the  best  way  to  railroad  the 
day's  rush  orders  for  gears  and  as- 
signs all  work..  He's  in  and  out  of 
the  shop  till  quitting  time — bossing 
each  job,  literally  from  start  to  fin- 
ish. He's  quick  to  note  and  commend 
any  unusual  proficiency  and  no  in- 
dustrial slacker  ever  escapes  his 
watchful  eye. 

When  he  wants  to  relax  a  little,  he 
goes  to  the  shipping  platform.  The 
satisfaction  of  speeding  finished 
gears  upon  their  way  never  loses  its 
zest  for  Phillie  Gear — especially  if 
he  knows  they'll  give  the  customer  a 
glad  surprise  by  arriving  ahead  of 
schedule. 


Specify  '* Philadelphia"  on  that  very 
special  order  and  Phillie  Gear  will  have 
it    under  his   eye  from    start    to    finish. 


Pk; 


aJclpki 


Let  us  send  a  catalogue,  and  if  you 
don't  see  what  you  want  in  the  cata- 
logue,     ask     us     to     make     it      special. 

U/     I     ll20ll28VineSt. 
^WorkS  Philadelphia 
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NuTTALL  Facilities^ 


There's  a  world  of  satisfaction 
in  knowing,  when  you  place  an 
order,  that  you  are  getting  what 
you  want — and  the  maker  is 
working  with  you  to  see  that  you 
get  the  best  possible  in  every 
way — price,  quality,  service. 

The  size  or  type  makes  no 
difference — if  it  is  a  gear,  we 
can  make  it. 


f-'^^^'^o^ 


UTTAL 

PITTSBURGH  . 


^ ones  a 
Quiet  ' 

Accuvaiely  Genei'aled 


MI 


A  |]iTi-viT  you  find  AlhaiiKli- 
1 1'lver  Accurately  O  e  n  e  r  a  t  e  d 
liiiirH  In  UHO,  you  arc  Hure  to  bfi 
liiiprcHKOfl  with  tliclr  uiuiHual 
HiiiootliriftHK  and  bUciicc  In  opera- 
tion. Our  Koars  are  uwed  by 
many  of  America's  lendlni;  manu- 
facturerK  of  automobllcH.  tnickH. 
IractorH  and  other  machinery.  If 
you  UKO  KcarH  SI'IKAI-,  IlIOI-I- 
CAI.,  INTKKNAI.S.  WORM  Oil 
WOItM  WI(KKI,S  Hciid  UH  your 
blueprlntH  <ir  Hample  KcarH  for 
I'MtlmaleH.  We  operate  our  nhopH 
contlnuouHly  day  and  niKht  In 
three  HhiriH  of  K  hourH  each.  In- 
Murlns  exceptional  Hervlre. 


ALBAUGH-DOVER  CO. 

'1(10  Mirithall  Blvd.       ChicaKo,  lllinoit 


GEARING 


Screw    Machine 

Products 

Up   to    54" 


All  the  way  from  a  giant 
channel  dredging  ma- 
chine to  the  delicate  me- 
chanism of  the  wireless, 
every  class  of  mechani- 
cal development  con- 
tains Meisel  gears. 

They're  giving  satisfac- 
tion to  well  known  man- 
ufacturers all  along  the 
line — quality,  delivery 
and  prices. 

WE  ALSO  DO 

Heal  TrtMlitiK  Tonlli  RniindinK 

Broarliin)!  SplininK 

Conlracl  Work  (iriiidinK'   Iiilcrnal, 

Case  HardeniiiK  Kxlernal 


MEISEL  PRESS  MFG.  CO. 

948  Dorchester  Ave.       Bonlon,  Mn»n.,  U.S.A. 
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QUALITY— EFFICIENCY 
Goes  with  Every  IXL  Cut  Gear 


IXL  Quality  Cut  Gears 

ALL  KINDS-ANY  SIZE-FOR  EVERY  PURPOSE 
WHERE  QUALITY  IS  PARAMOUNT 

Their  superiority  is  backed  by  careful  study,  long  experience,  unrivaled 
facilities  and    immense    production.       Get  our  prices  before  you   buy. 

°l^  clu„^"  GEAR  PROBLEMS  No.  M  VitT4.t°^ 

Makers  of  the  IXL  Products 

Foote  Bros.  Gear  &  Machine  Co. 

210-220  N.  Carpenter  and  211-221  N.  Curtis  Sts.  CHICAGO,  ILL. 


Equipped  to  Handle  All  Kinds  of 

Special 
Machine  Work 

We  make  the  unusual  ma- 
chinery that  other  shops  are 
not  now  equipped  to  handle. 

Nothing  too  large  for 
OUT  equipment 


Poole  Engineering  &  Machine  Co. 

BALTIMORE,  MD.,  U.  S.  A. 
New  YorK  Office,  SO  Church  Street 


BEVEL  GEAR  GENERATORS. 
BEVEL  GEARS 

CUT  THEORETICALLY   CORRECT 

Special  (acilities  for  cutting  Worm,  Spiral, 
Miter,  Internal  and  Elliptical  Gear  Wheels 

The  Bilgram  Machine  Works 

1231  Spring  Carden  Street       Philadelphia,  Pa. 


GEARS 


We're  doinji  our  bit  to  keep 
thinjis  hiirninin<i  in  the  home 
shops — making  f)roi/if)i  Jc/ivcrics 
on  all  kinds,  styles  and  sizes 
of  jiears. 

THE    HORSBURGH 

CLEVELAND 


SAVE  WHAT'S   LEFT   OF 
YOUR  MILLING  CUTTERS 


Send  them  to  us  to  be  recut  without 
being  annealed.  We  specialize 
alsoin  end  mill  salvage.  Try  us  on 
whatever  of  these  old  tools  you  now 
have  on  hand.    Prompt  ch'liverics. 


Chicago  Tool  Reclaiming  Co. 

147-149  W.  Austin  Avenue  Chicago,  111. 


WhoMakes  Your  Screw 
Machine  Products? 

We  have  the  facilities  and  equipment 
and  are  prepared  to  "speed  up" 
orders  for  screw  machine  products  in 
quantities.       IVIore    details    on    request. 

NEW  HAVEN  SCREW  CO. 


NEW  HAVEN 


CONN.,  U.  S.  A. 


Peerless  Rawhide 
or  Cut  Metal  Gears 

Peerless  Rawhide  Pinions  mesh- 
ing with  cut  metal  gears  make  a 
very  desirable  drive  for  high 
speed  machines.  Our  "  i^iuc 
Book  on  (jearing"  tells  all 
abmit   it. 


&    SCOTT 


COMPANY 

OHIO,  U.  S.  A. 


LICENSED    lO  MAKE  BAKKLITI.  MICARVA  GEARS 
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In   Aluminum    or 
White  Metal  Alloy 


Best  Way 
to  Produce 

GEARS 

There  are 
few  parts  of 
machines  as 
difficult  1 0 
produce  a  s 
gears.  This 
group  of 
sprocket 
gears  shown 
h  e  r  e  is  no 
exception. 

They  must 
be  accurate.  Every  tooth 
is  exact  in  depth  and 
pitch.  Every  projection 
and  depression  is  true 
and  smooth.  The  old 
method  of  machining 
such  parts  is  too  slow 
and  uncertain.  Progres- 
sive manufacturers  now 
use  the 

Acme  Die-Casting  Process 

Accuracy  Guaranteed 

Produced  in  steel  dies 
under  great  pressure  in 
wonderfully  constructed 
machines,  these  castings 
meet  the  most  exacting 
recjuirements  of  the 
manufacturer  and  are 
indisi)ensable  to  (luick 
production  and  economic 
efficiency. 

//  yf/u  are  doiru/  (jovern- 
ment  v)ork  it  vrill  have 
preference  fl  our  factory. 


A        IJiishlrnniiuil.  r,'''Si.J.:i'!'Avc.       A 

4T1  lircx>klvn   N.Y.  Q\^ 


Acme  Die  (iisiiii(i  Corporaiion 

|(,..l,r,lr,  I 


COWLES 

Milliijji^jitters 


Qualit}) 

COWLES   TOOL  COMPANY 

CLEVELAND  /'T^  OHIO,  U.  S.  A. 


© 


HINDLEY  GEARS 

Best    for  Important   Services 

Hindley  Gears  are  being  used  in  the 
most  important  services  of  the  day — 
in  airplanes,  submarines,  army 
trucks,  etc. 

Their  dependability  is  a  known 
quantity.    That's  why. 

Let  iiH  fill 

your 

reqiiirc'iiiciif  N 


IliiKlloy  (ie;ir  Coiiip:iiiy 

IIO.S    IrimkforJ    Ave.  rinliuklphin.  Pii. 


August,  1918 


MACHINERY 


311 


Steel  for  Service 


Good  Gears  Aid  Maximum  Production 

In  these  days  when  our  national  welfare  is  dependent  in  a  large  measure 
upon  our  ability  to  co-ordinate  all  of  our  resources  and  exert  every  effort 
to  obtain  maximum  efficiency  from  every  machine,  the  question  of  what 
kind  of  gears  to  use  is  one  of  vital  importance. 

A  sudden  break  in  one  of  the  gears  and  a  machine  or  part  of  your  plant  is 
shut  down  until  the  gear  can  be  replaced.  Such  delay  reduces  production. 
If  a  similar  gear  is  not  in  stock,  you  are  dependent  upon  the  output  of 
another  plant  and  upon  the  uncertain  transportation  of  the  present  day. 
Renewals  of  worn-out  gears  are  equally  expensive. 

Gears  made  from 

Carnegie  Rolled  Steel  Blanks 

wear  three  to  seven  times  as  long  as  cast  steel  gears,  and  if  properly  heat 
treated,  never  break.    Good  business  policy  dictates  their  use  at  all  times. 

Specify  gears  made  from  Carnegie  Rolled  Steel  Blanks  on  your  next  order 
for  gears. 

Carnegie  Steel  Company 

General  Offices:   Pittsburgh,  Pa. 


In  stock  for 

immediate 

shipment 


Complete 

catalog 

on  request 


^E^^SSZSZ^BZ^E 


NORFOEK^DOWNS 
QUINCY  MASS. 
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SAFEGUARDING  t/ia^ 
SINEWS^  WAR 

IN  this  war — essentially  a  war  of  mechanics — we  are  stak- 
ing the  outcome  against  the  fidelity  of  machinery.  Airplanes, 
motor  trucks,  despatch  cars,  ambulances,  tanks,  tractors,  cranes,  hoists,  battle- 
ships, cruisers,  destroyers,  submarines,  each  is  playing  a  vital  part. 

OIL-LESS  Bushings  are  contributing 

no  small  share  towards  safeguarding  these 
sinews  of  war.     By  protecting  moving  parts  against 

breakdown,  even  K.'hen  neglected,  they  eliminate  the  erring  human 
factor  with  its  potential  capacity  for  harm.  No  oversight,  inatten- 
tion or  sheer  stupidity  can  stop  or  even  retard  their  proper  function- 
ing— for  they  need  no  watching. 


NIGRUM 

de  MarkRei!.  U.  S.  Pal.  Off. 


On  those  parts  most  liable  to  neglect  or  difficult  ot 
access,  OIL-LESS  Bushings  keep  trouble  away  and  maintain 
efficiency  under  every  condition      And  the  safety  of  nations,  no  less  than 

the  success  of  battles,  hinges  on  the  ability  of  war's  machinery  to  efficiently  perform  the 
serious  task  assigned  it. 

BOUND  BROOK 

BOUND  BROOK  OIL-LESS  BEARING  COMPANY      radeM  kK.«  t  s  Pa,  o,. 


s  in  thr  mnnufarture  of  Oil-Uss  Bushinys  for  wore  tha 

BOUND  BROOK,  NEW  JERSEY 

•  Grmihited  I Hl-Uts  Bushirn/^  hare  <ilu-ays  her, 


third  of  a  rentury. 


at  Bound  Brook.    V.  S.  A. 


GRAPHITE  &  BRONZE 
OIL-LESS  BUSHINGS 


How  fast  your  tools  travel 
depends  a  lot  on  the  coolant 

MYSTIC 

Cutting   Compound 

has  proved  its  worth  as  a  speed 
promoter  and  a  tool  saver. 
Mystic  increases  output  and 
lowers  cost. 

"You  have  tested  the  rest,  now 
use  the  best."  First  shipment 
on  approval. 

Let   us  show  you. 


CATARACT  REFINING  &  MFG.  COMPANY 


LA'-.TLH'.      DLC/- H  r  ML'J  I 
Q«t(«ry    Place,    New    York    City 
Plantt        BUPTALO— CHICAGO 


OL.'.LIIAL     Ol   I   ICl   L.  WLSrLltN    ULPAHTMUrMT 

Marine    National    Uank    Bldg.,    Buffalo,    N.    V.  :I27   So.    La   Salle   St.,  Chicago,    III. 

Wnrrhoutmt  ■     D»'troll,    Boston.   Nrw   York,   San    Frnncliico,   Toronto.   London,    Eng. 
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The 

Twentieth 

Century 

Airplane 

Propeller 

Balancing 

Tool 


BALANCE  — im- 
portant in  any- 
machine,  MORE 
important  the  finer 
its  adjustments  and 
MOST  important 
when  the  machine 
in  question  is  an 
airplane. 

How  to  achieve  it? 
The  Twentieth  Cen- 
tury Balancing  Tool, 
for  balancing  airplane 
propellers,  is  infall- 
ible. Durably  con- 
structed and  extreme- 
ly sensitive,  it  is  used 
by  Curtiss  and  the 
leading  manufacturers 
making  airplanes  for 
the  U.  S.  Government. 

Details   on   request. 

Manufactured  by 

ROCKFORD 

TOOL  COMPANY 

Harrison  Ave.  &   11th  St. 

ROCKFORD  ILL. 


Gage  Your  Gages  With 
Standard  Measuring 

pROVB  the  pitch  and 
1    angle      or      your 
thread      gagt's     w  i  t  li 
Seaboldt        Measuring 
Wires — the     only     re- 
liable       conimorclally 
made   wires.     Guaran 
teod    within    O.OOOOS". 
."^ets  of  throe    -any  dc 
sircil  oonil)inatlon  and 
no  variance  in  dinien- 
•■^ions  of  wires  of  any 
line  set.     Folder? 

USED  BT  U  S  COVdWMENI 

The  B.  SEABOLDT 
CORPORATION 

25  W».t  Brondwny 
New  York  City 

JUSTIFYING 
OUR   FAITH 


PUT  to  the  test,  our  fighting  forces  in 
France  have  justified  the  nation's 
faith  in  them.  Backed  by  the  neces- 
sary production  forces  at  home,  they  are 
exceeding  expectations  in  meeting  the  de- 
mands imposed  upon  them,  and  in  this 
general  efficiency 

BRUBAKER  TAPS,  DIES 
AND  REAMERS 

play  an  unassuming  but  important  part — 
fully  justify  our  faith  in  them.  In  ship- 
yards, munition  plants,  airplane  factories 
and  machine  shops  all  over  the  country 
the  accuracy  and  economy  of  Brubaker 
Small  Tools  help  "carry  on" — our  distinc- 
tive process  of  heat  treatment  assuring  the 
stamina  necessary  for  hard  continuous 
service  with  minimum  number  of  grinds. 

BRUBAKER  TOOLS  ARE  GUARANTEED 

Catalog  lists  the  whole  line. 


W.L.  BRUBAKER 

50  Church   ^  BROS.  ^*=''^'*""'' 
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The  "MELTING  POT"  is  pouring  18  karat  AMERICAN 


Delenda  est  autocracy 


AJeaiacaest.  LIBERTY  EQUALITY  FRATERNITY 

MAXIMUM  PRODUCTION  with  MINIMUM  WASTE 

MORSE  DRIVES  PROVIDE  MAXIMUM  DURABILITY  AND  EFFICIENCY 

Positive  as  Gears  Flexible  as  a  Belt 

SAVE  POWER  SAVE  SPACE  SAVE  LIGHT  SAVE  LEATHER 

THE    LARGEST    MANUFACTURERS    AND    STOCK    OF    SILENT    CHAIN    DRIVES    IN    THE   WORLD.         CONSIDER 
THE   ADVANTAGE    OF    THIS   AND   OUR   PROMPT    DELIVERIES.       THESE    ARE   VITAL   FACTORS. 


^  MORSE  ENGINEERING  SERVICE 

Aims  by  careful  analysis  and  tests  of  your  power  service  to  determine  the  weak  points 
and  losses,  submit  reports  designating  changes  to  increase  production  with  lower  costs  and 
maintenance  and  greater  durability.  Installing  without  interrupting  work.  Always  glad  to 
receive  inquiries  and  furnish  information  or  reports.      All  assistance  free,  without  obligation. 

THE  MORE  SEVERE  THE  DUTY  THE  MORE  NEED  OF  "MORSE." -THE  PERFECT,  DURABLE,  POSITIVE 
TRANSMISSION,  WITH   99   PER    CENT   EFFICIENCY. 

Morse   Drives  have  great  mechanical  strength.     Made  of  the  best  material  available,  assuring   100  per  cent  overloads. 

SUPPING  BELTS  MEAN  HIGHER  PRODUCTION  COSTS,  SHUT  DOWNS  ARE  EXPENSIVE. 


Ready   for  KKipmnnt,  1800   H.P.   "MORSE"   Driv« 


MORSE  CHAIN  COMPANY  ^Z'^^ZT^ZX^  ITHACA,  N.  Y. 


Addr 


Nmaratl  Offic 


cm  Without   Ohiitalion 


IIOHTOM.     Hut \H     Milk     Hlr.-.l 

f-HIfAflo    Til       Mvrrhinln  I.«iiin  &  Tni.l    IlMit. 

'''■"'*■"'     ':'lo 421    |-.tmlni'.Tii    lllilK. 

''  KKKI    WwMlwnril    AVf. 

'  ••     0 H(>.-,    AnhlKirri   Hlwl 

I  r,    M   Church   HI.,    Hiul»"ii   Trnn.    IlliU. 

!■  1  w   ,  in;  ir  r,  II      p, Wrallnihn Ill.)». 

HA»     f-HANCIHCO,     0*1 Monniliiiii'k     lllilK. 

ATLANTA,   O.         Karl  V.  Htmtt,  U.  B..  7(tt  CnnilliT  IIIiIk. 


CANADA Jiini'ii    A    Olniiiir'o,     KpkM. 

.Mniiir.Mil.  HI.    Ni.ii„iri«   lililK.   Toronln,  Trnilrrii'   Ifk   111.1. 
KANHAH    CITY,     Mo Mdmo     lOnnlni'i'l'lliK     Cn..     II.     A. 


III'IK 


MINNEAI'OLIB.    Minn HIriinR.Si'iilt    Mfit.    ('• 

li;i    'llilr.l    SI.,    s 
ST.    LOUIH,    Mo   ..Mnrao    Knidnrfrlnii    Co..    OliKliilr-nl    lll.l 
LIcnniitita    for    Fiiropn   .Tlir    Wi'allniil Ilrnk( 

HU    Viirk    llniKl.    Miik'ii   Criian.    l/iniliiu.    N. 


1,1.1 


"MORSE"  It  Ihf   Guarantt*  alway  hmhlnd  our  Smrvic:    Product!  and  Efflcirncv 

lllllllllllllllllllllllllllllllllllllllllllllllllllll^ 
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Machinery's  New  Book  on 

Electric  Welding 

A  treatise  that  thousands  of  mechanical  men  have  been  waiting  for 


A  comprehensive  review 
of  the  whole  subject 
clearly  and  practically 
written,  well  illustrated 


Each  of  the  important 
Welding  systems  de- 
scribed. Apparatus  and 
methods  of  doing  the 
work  explained. 


Few  processes  in  the  mechanical  field  are  more  important  today  than  Ekctric  Welding.  Yet 
this  highly  interesting  welding  method  is  hardly  more  than  a  name  to  thousands  of  men  in  the 
mechanical  field  who  should  be  perfectly  familiar  with  the  process  and  its  extraordinary  results. 
The  rapid  dev^elopment  of  this  important  process  during  the  last  few  years  means  that 
a  constantly  increasing  amount  of  welding  will  be  done  by  the  electric  process  in  the  future. 
It  is  important,  therefore,  that  this  successful  welding  method  should  be  more  thoroughly  under- 
stood and  its  possibilities  more  appreciated  by  the  men  of  the  machine  building  industries. 

For  that  reason.  Machinery  has  published  its  latest  book  on  this  subject 

"ELECTRIC  WELDING" 

283  PAGES  OF  DEFINITE.   PRACTICAL  INFORMATION   ON  THIS  IMPORTANT    PROCESS 


Contents 


ELECTRIC  WELDING  PROCESSES.  Different  Sys- 
tems of  Electric  Welding — Resistance  Welding — Arc 
Welding. 

ELECTRIC  RESISTANCE  BUTT-WELDING.  Early 
Development  of  Electric  Welding — Cooling  Clamping 
JawB — f'ontrolling  Current — Different  Applications  of 
Welding — Types  of  Welding  Machines — Different 
KindH  of  Welds. 

SPECIAL  BUTT-WELDING  MACHINES  AND  PRO- 
CESSES. Types  of  Maclilnes — Preparing  Tubing  for 
Welding — Manufacture  of  Electrically  Welded  Chain 
— Tool  Welding  Process — Meat-treatment  after  Weld- 
ing- Welding  Parts  of  nno<|ual  Diameter. 
ELECTRIC  SPOT-WELDINC.  Ilutt-  and  Spot-weld- 
ing Compared  -Different  Kinds  of  Welding  Processes 
— Relation  of  Time  to  Current —Shape  of  Electrode 
Points  -  Electrode  Holders  —  Application  of  Spot- 
welding-  Types  tif  Welding  Machines. 
SIOAM  WELDING  AND  RIVETING.  Application  — 
Types  of  Maclilnes  Used  for  I><ip-  and  .Soam-welding — 


Manufacture  of  Tubing — Electric  Riveting — Advan- 
tages of  Electric  Riveting. 

PERCUSSION  WELDING.  Development  of  Percus- 
sion Welding — Apparatus — Microscopical  Examination 
of  Wolds — lOxamples  of  Welding. 

ELECTRIC  SOLDERING.  Procedure— Range  of  Pro- 
cess— Transformers — Unit  System — Types  of  Machines 
— Operation — Holders. 

PRINCIPLES  OK  ELECTRIC  ARC  WELDING.  Types 
of  Arcs  and  Electrodes — Current  and  Voltage  Requir- 
ed— Sheet-metal  Welding — Advantages  of  Electric 
Arc  Welding— lOiiuipniont — Examples  of  Welding — 
Cost  and   Strength   of   Welds. 

APPLICATIONS  OF  ELECTRIC  Alu;  WELDING.  Ex- 
amples of  Welding  IO(iulpniunt  -Cutllng  Metal  with 
Carbon    Electrode!. 

WELDING  TRANSFORMER  TANKS  BY  ELECTRIC 
ARC.  E<iulpniont  Reciulred — Electrodes — Protection 
of  Welders— I'reparatlon  for  Welding — Photomicro- 
graphs of  Welds. 


.Special  Prcpublication   Price  of  $2.25  for  all  ca»h  orders  received   before  Oct.  1,  1918 


TIIK    INDUHTUIAL    I'UKHH,  HO-Md    Ijifnyotto   Slroot.    Now  York  <ll>. 

'J»nll«men:— Vou     may     itonrl  mo.    nil     nharRon    prepaid,     MACiiiNBHr'M    ii«w    liook     "ICIcedlo     Woldlnic."       I     will 

xxnmlne  It  intii   at(h«r  roliirn  It   lo  yxi   within    10  iliiyii.   or   will   ri<iiill    lliu   riill   prirn.   SShn.    within  .10  ilnyii  of  llii> 
rncolpt  of  th«  book. 

,Sami< Ill  riiiiiiilon 

A'ldrmM Wmkii 
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-THE    MILWAUKEE     CRANE- 


Milwaukee  Eleqric  Crane  (MrcCo. 


NEW  YORK 

W  CHURCH    51 


INCORPORATED 


Milwaukee,      V\/i5cof\sir\ 


PITTSBURGH 

704  EMPIRE  BLOC. 
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There  is  a  Crescent  Fastener 

adapted  to  every  kind  of  belt, 

of    every    length,    width    and 

thickness. 


Get 

Full  Measure 

Belt  Service 


VJONE  AGAIN"  is  a  moving 
picture  of  belting  problems — a  seri- 
ous subject  treated  with  a  sense  of 
humor.  It  is  interesting  in  itself 
and  gives  a  lot  of  important  facts 
about  belt  j^erformance.  Send  today 
for  as  many  copies  as  you  can  use 
to  advantage. 


A  GOOD  belt  can  give  the  service  its  quality 
and  cost  warrant  only  if  the  joint  is  as  good 
as  the  belt.  The  mechanic  on  the  job  can  take 
25%  to  50%  out  of  the  life  and  strength  of  the  best 
belt  made  by  inefficient  fastening  methods. 

Crescent  Fasteners  make  a  uniform,  high- 
strength  joint  that  htdds  until  it  is  taken  apart. 
The  Crescent  is  a  solution  of  the  belt-joint 
problem  worked  out  in  accordance  with  the  best 
modern  engineering  practice. 

Ihe  largest  plants  in  the  country  have 
standardized  on  Crescents  throughout  as  a  meas- 
ure of  belt  service  insurance. 

Ask  your  dealer  to  supply  you  with  Cres- 
cents. "They  answer  one  ot  the  little — but  most 
tniportcint — problems  in  the  whole  plant." 

CRESCItN T  BELT  FASTENER  CO. 

.^81  l^'oiirth  Avenue,  New  "\'ork  City 

Hriindics  iiiid  dislrihiitors  llir<iii)>liuiit  llic  world. 


RESCENT  BELT  FASTENERS 

^or  Continuous  Production' 


Crfutnt Hell  l-'ailmrri  aiitribule the ilraiii 
rwtily  lit  roil  I  lit  tnlire  U'idlli  of  lilt  hrll' 
form  II  linmtinnilj'iinlfor  ihr  lift  of  the  hrll, 
furmillingniw,  i/iiirk  iidjiiilmrnl  for  liitr- 
iifi 'fllrtuli—il'i  tioliitiiirr  hrlllihn,  rri/nir 


s'^V^      If 


i'«^/ 


f'A':- 


no  fiiimliing  —  "liolil  willioul  holes." 
'I'liry iiif llii- limf-provni ,  liflijuinnigilcv'uf, 
llir  iliiniliiiil  hy  nliiili  all  imllioils  iirt 
•iiilgfil-  tiiliif>liil  10  nil  liiiiils  anil  miih>  of 
/'fllinj;  o/'iiY>  r  Irm'tli ,  itiillli  iinil  tliiihiisi. 
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riNISH      TURN     AND    Ffi£E. 


^n)ir/>nnn))/n)nnnin 


i 


'^s 


))n)/n/)niin)i/n/n/>' 


2^ 

-LENGTH    TURNED. 


Test  Made  on  Rifle 
Grenades 


MACHINE  USED 

WORK 

SURFACE  SPEED 
FEED 

OIM.RATION 
METAL  REMOVED 

TOOLS  USED 


ACTUAL  CUT- 
TLNG  TIME 


Brown  &  Sharpe,  No.  \-}i 
Full  Auto.  Screw  Mch. 
Rifle  Grenades,  Malleable 
Iron. 

275  Feet  per  Minute. 
.0?4"  per  revolution. 
Rough  Turn  &  Rough  Face 
On  Rough  Turn  I  16  to 
3-32,  On  Rough  Face  1-16. 
On  Rough  Turn  One  5-16 
No.  3  Stellitc  Bit  in  over- 
hanging arm  attached  to 
Turrett. 

On  Rough  Face  One  3-8 
eq.  No.  2  Stellite  Bit  hi'ld 
in  tool  post  on  Automatic 
cross  slide. 

With  Stellite  20  seconds. 
With  High-speed  Steel  36 
seconds. 


Stellite  tools  are  ground  twice  an  hour 
High-speed  .Steel  six  times  an  hour. 


Make  your  machine  shop  larger- 
wit  hout  adding  floor  space  or  extra 
machines ^with  STELLITE  tools, 

Stellite  tools  are  cast  metal,  supreme 
hardness  being  induced  by  the  method 
of  mixing.  They  are  harder  than  high- 
speed steel,  and  immune  to  heat  up  to 
i8oo°F.The  hotter  they  get  up  to  this 
heat,  the  tougher  they  get,  the  better 
the  cut  and  the  longer  they  last  under 
cutting.       Further  details  sent  gladly. 


Palenlfti  and  Sole 
Manu/atlurfn 


THE  HAYNES  STELLITE  CO. 


I  IIK   A<^0 


ST.    I.OflS 


HOM1-:  Ol'  I'K^K  .'4  PLANT 

KOKOMO,      IND. 


i.os  ,\\<i.i;i.Ks 


HBANCIIKH:       NFW    YOIIK  I.ITIIOIT  

!-.:(>    Itri..i,l»ny       I  :i~0    rnioliH,  i.l    IIIiIk.  IN::u    I.>IIi>ii    IIIiIk.         :V.it    IntrrnBllunnl    I.l(«   KIiIk  -•><    .Miirnli    .■9(ri>ii|r    lllUc 

Stellite 


MASTER    META^L. 


MACHINERY 


^■^    '-' 


'Ssr-V'.iy 


E/clusWelJ/ 


AFTER  all,  the  biggest  boosters  of  Dreadnought  are 
not  our  salesmen,  but  the  men  who  use  it.  In  the 
plant  where  the  accompanying  photograph  was  taken. 
Dreadnought  is  used  exclusively,  and  what  the  opera- 
tors say  about  it  would  make  a  pretty  convincing  argu- 
ment for  the  prospective  purchaser. 
Incidentally,  this  firm  is  making  jigs  and  fixtures  for 
government  work,  and  we  don't  have  to  tell  you  what 
this  means  as  far  as  speed  and  accuracy  are  concerned. 

We  won't  ask  you  to  tr^  Dreadnought 
— use  it — now— with  confidence. 

HALCOMB  STEEL  COMPANY 


SYRACUSE 


NEW  YORK 


Brnnchct:  Cbioatfo.   Philadelphia,  CIcTcUnd.   Boston,   New   York 


322 


MACHINERY 


August,  1918 


r' 


Standardization 

Accuracy 

Speed 
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'Gage  It" 


ITD    GaBei    have 

o:  the  United  Stales  Uove 


Critical  Moments 

When  the  torpedo  tube  or  gun  is  sighted  and  the 
signal  to  "Fire"  i& given,  the  success  of  the  shot  de- 
pends upon  the  accuracy  of  hundreds  of  co-ordinating 
parts  of  the  mechanism. 

Accuracy  is  a  critical  factor  in  industry,  too.  I*  is 
measured  within  carefully  set  limits,  quickly  and 
efificiendy,  by  the  use  of  #TID  Limit  Gages.  They 
are  standard  for  instruments  of  war  and  peace.' 

Let  us  send  you  information  about  these  and  ^TO" 
standard  screw  cutting  tools. 


Greenfield  Tap  and  Die  Corp'n 

Greenfield,  Massachusetts 

New  York:  28  Warren  St.  Chicago;  13  So.  Clintotl  St. 

Catiadian    Plant:    Wells    Brothers    Company    of    Canada,    Litnited. 

Gait,  Ontario, 
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This  is  an  accurate  drawing  of  a  club  in  the  possession  of  a  member  of  the 
Liberty  Loan  Committee. 

"The  Modern  Huns  of  Europe,"  is  what  the  Kaiser  told  his  people  they  must 
be  in  this  war  and,  true  to  the  name,  they  have  used  clubs  like  this  to  "finish 
off"  Allied  soldiers  who  have  been  wounded  or  overcome  by  poison-gas  on  the 
battlefield. 
The  ancient  Huns  of  Attila,  whose  faithful  descendants  are  in  the  German 
trenches  now,  had  no  worse  weapon  than  this,  and  were  guilty  of  no  more 
fiendish  savagery — and  yet  the  name  Hun  has  been  the  symbol  of  barbari- 
ty and  cruelty  for  forty-five  generations. 

Our  boys  are  over  there  now  to  risk  thefr  all  in  a  gallant  fight  to  end 

the  barbarian.  Are  you  sure  you're  doing  your  part?    Are  you  swre.^ 

The  one  best  thing  you  certainly  can  do  to  save  him  from  German 

savagery  is  to  lend^  your  money  to  buy  him  rifle  and  ammunition, 

steel  helmet  and  gas  mask.    Are  you  doing  that? 

Buy  War  Savings  Stamps 


fwss: 


lusITtD  ST*TB  COV£R^lMENT 


National  War  Savings 
Committee 

Treasury  Dept.,  Washington,  D.C. 


i.ii 


5L.; 


«i!4MAN(Ntfp^fii.. 


I)fi»ijSni-il    ;iii<l    pul)lislu-il    by    M  ATI  IINKK  Y    witlioiit   cost    Id   iIk-    (  k  >\  crimKnt. 
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Heavy  Plain  Milling  Machine 


NATIONAL  TRANSIT  No.  6 

Designed  and  intended  primarily  for  manufacturing  work,  and 
combines  certain  features  of  the  Lincoln  type  and  the  knee  type 
of  milling  machines,  giving  greater  general  stability,  more  perma- 
nent alignment,  increased  capacity  for  a  given  M^eight,  longer  life 
under  hea\^^  cuts  and  slower  depreciation. 

A  well  designed  and  strongly  built  machine 

MANNING,  MAXWELL  &  MOORE,  Inc. 

119  West  Fortieth  Street  NEW  YORK 

BRANCHES: 

CHICAGO        PHILADELPHIA        BOSTON       ST.  LOUIS        PITTSBURGH        CLEVELAND        NEW  HAVEN 

CINCINNATI  BUFFALO  DETROIT  MILWAUKEE  SAN  FRANCISCO  SEATTLE,  WASH. 

MEXICO  CITY,  MEXICO  YOKOHAMA,  JAPAN  HONG  KONG.  CHINA 
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Seeing  is  Believing  with  Rockford  Millers 


INVESTIGATE  some  installations  of 
Rockford  Universal  Milling  Machines 
in  munition  plants  and  other  close  limit 
shops  where  rigid  inspections  prevail.  Ex- 
amine the  wide  range  of  work  they  are 
doing;  study  production  records  and  see 
for  yourself  what  they  are  worth. 

The  four  inch  overhanging  arm  is  of  solid 
steel.  Reinforced  with  our  patented  flang- 
ed support,  it  has  power  and  rigidity  to 
take  cuts,  in  many  instances,  twice  as 
heavy  as  «^er  machines  of  like  dimen- 
sions. Inside  are  centrally  located,  cut 
steel  gears,  accurately  grooved,  bronze 
bushed  shafting — all  but  the  main  spindle 
shaft  running  in  High  Duty  Hyatt  Roller 
Bearings — and  'other  "quality"  features 
which  recommend  these  machines  for  a 
wide  range  of  work. 

ROCKFORD  No.  2  FOR  HEAVY  DUTY 
ROCKFORD  No.  2%  FOR  EXTRA  HEAVY  DUTY 

Details   on  Request. 


ROCKFORD  MILLING  MACHINE  CO.,  Rockford,  IDinois,  U.S.A. 


Announcing 


The  New  LAMBERT  \  Horizontal  Boring,  Drilling,  Milling  and  Tapping  Machine 


Prompt 
Deliveries 


lulKnnlrnlnf  II. 


Pnlri.l.rrn.linu 


liUII.I    BY 

THE  LAMBERT  MACHINE  &  ENGINEERING  CO.,  CLEVELAND,  OHIO 
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STANDARD  HAND  MILLING  MACHINE  NO.  1 

An  Accurate  and  Convenient 
HAND   MILLER 


Designed  to  facilitate  rapid  milling  on  a  wide 
variety  of  small  parts,  the  Standard  Hand  Milling 
Machine  has  hand  feed  for  the  headstock  as  well 
as  the  table,  and  accuracy  is  assured  by  careful 
construction  throughout;  box  tyjie  knee,  main 
spindle  bearing  and  adjustment  nuts  of  phosphor 
bronze,  50  point  carbon  crucible 'analysis  steel 
spindle — accurately  ground  to  size  and  tapered. 
For  further  convenience  the  machine  may  be 
equipped  with  "Standard"  Motor  Drive  arrange- 
ment, as  illustrated — a  sub-base,  5  inches  high 
with  bracket  to  carry  the  motor — provided  with 
slots  to  accommodate  motors  of  various 
makes  and  sizes  and  to  facilitate  proper 
alignment  of  motor  and  pulley. 

Details  of  this  versatile 
machine  in  catalog 

STANDARD  ENGINEERING  WORKS 


Standard 
Hand 
Milling 
Machine 
No.  1 


PAWTUCKET 


Rhode  Island,  U.  S.  A. 
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'<5he 

Automatic 

Threading  Lathe 

The   John   Steptoe    Company's 

Choice  for  Threading  After 

Nearly  Three  Quarters  of 

a  Century's  Experience 


Manufacturing  High  Class  Millers  and  Shapers  for  seventy-four  years  has  made  the  John 
Steptoe  Company  experienced  judges  of  tools  and  machinery. 

These  people  exercise  great  discrimination  in  selecting  equipment  and  we  are  proud  to 

state on  their  authority— that  all  screws  in  their  machines  are  cut  on  the   Automatic 

Threading  Lathe. 

The  Automatic  Threading  Lathe  combines  the 
accuracy  of  an  engine  lathe  with  the  speed  of  a 
thread  cutting  machine  and  one  man  can  handle 
a  battery.     Details? 

Automatic  Machine  Co.,  cSnn^  u!s. a^ 

AdEN'TS-  Burton.  GnfflUig  &  Co..  Ltd.,  of  London.  England.  Marshall  & 
Hu^'^'hart  Machuier\  r.>  uf  rhica^o.  Ill,  Motch  &  Meirywpather  Machinery 
Co.'  ol    Qevcland.    ()  .    and    Vandyck    I'hiinhiU    <'o     of   New    York, 

OVER-SMS  PEORESENTATW  ^. 


<ALMACOA>  *'-'-'^°  S'^^^i^^S^  ^°w  YORK  2  SA*^^"'"  <^MAC^> 


BARCELONA 


Rockford  "Economy'^  Lathes 


^ ^... 


'i'hi.'^  18  inch  "Kconomy"  T,atho  i.s  powerful 
and  rigid — takes  heavy  cuts  without  chat- 
ter. I)i.stinctiv(!  control  feature  gives  18 
.■^pinrili'  .sfx'f'd.H  and  fiermits  operator  to  catch 
any  pitch  of  thread  without  reversing  the 
lathe.  All  gears  arc  cut  from  steel — wide 
face  and  coarse  pitch.  Quick  change  mechan- 
ism provides  T2  standard  changes  of  feed 
and  thread  thrrttigh  sliding  gears  and  hard- 

,.r„.,|    uf..,.)    rhit.hee. 


Designed  to  cov- 
er a  wide  range 
of  modern  shop 
practice,  these 
machines  are 
built  with  14, 
16  and  18  inch 
swing,  in  Plain, 
Double  Back 
Geared  and 
Quick  Change 
Types. 


Complete 
Description 
on  request 


ROCKFORD    LATHE  &  DRILL   CO.,  Rockford,  Illinois 

riOMfXTIf!    rUHTIinil  TOlm       Ht.rlwr  llnml^i  W./|,.    r,,.,    <n,lr«,o.     III.;    J     H     MIII.T   Mt.hln^rr  C..  ,   IllUliurrfi,   Pi.  :  llii.  C.  II.   W.«i.t  Co..   BTr«niiin, 

V     Y   .   Tti.    li.rtin    M.rl.lr,.   (:,.,    N».    Yr.k.    S.    X   .    l-altcrwm   T.«.l   *    *ipi.l(     c.,  .     llirl<Mi.     II ,     hi*    (iloi.l.ii.l     l.-J     nnd  Hiipplj    <'o..    cl-trUnil. 

">1/,.    Il.„..r    HIr.ml.    Il.-J»..(.r.    N.    V..    .Sll-»llpii.»nl  I'oml    O...    Ii.lr.ill.    Ml.li..     I:      I.      Ii...r.     I'liJUilrli.lil..     r«   ,     llrovnoll     M».hln.T»    Co  .     I'r..»l 
'  -,    II.     I..    M>l»|.ill-n    MachlD'rf    <ki..    I)r.n.l    lUirlila.    Mlrh.      I'r.ll    A    Uhlln^j   C...    Han    l-r.iH-Krn.    1*1. 
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"SUNDSTRAND  Jr." 

A  Nine -Inch  Precision  Lathe 
For  Manufacturing   Purposes 

The  constantly  increasing  demand  for 
large  quantities  of  small  duplicate  parts 
makes  it  imperative  to  provide  equip- 
ment specially  adapted  to  handle  this 
class  of  work  on  an  economical  manu- 
facturing basis. 

The  new  nine  inch  "Sundstrand"  is  de- 
signed for  this  very  purpose.  Stockily 
built,  it  maintains  uniform  accuracy  at 
high  speeds,  saves  50  per  cent  of  floor 
space — without  in  any  way  sacrificing 
efficiency — and  is  so  simple  to  operate 
that  the  shortage  of  skilled  labor  need 
not  reduce  production. 


Principal  specifications  include :  distance  between 
centers  12";  diameter  of  spindle  hole  lis";  cut- 
ter size  %"  by  13 r";  12  spindle  speeds;  4  feed 
changes ;  length  of  carriage  on  bed  18",  etc.  Fully 
described  in  bulletin. 


ROCKFORD  TOOL  COMPANY 

Harrison  Avenue  and  Eleventh  Street 
ROCKFORD  ILLINOIS,  U.  S.  A. 


Illlllllllllllll   :,IIIIHIIMIIMIIIIHIMi MimillMMUMHhllllhmMhMMIilll 


iiiiiiiii'.iiminiMMiiiiiinih 


iiiinitiiiiiniiiiiiiiiiiiiMMiiiiiiiMMiiiiiiiimii 


SPECIALIZE  ON  YOUR  PULLEYS 


ENGINE  UTHES  ARE  SCARCE 

PRICES  HIGH        DEUVERIES  BAD 


PULLEYS  ARE  A 
CONTINUAL  NECESSITY 


Why  not  get  them  at 

BOTTOM  COST 

and  thus  have  a 

CONTINUOUS 
SAVING? 


I    Our     Pulley  1 
Lathe  IS  special- 
ly built  for  pulley 
work    and    every 
feature    is    particu- 
larly adapted  to   save 
time   on    this   class    of 
work. 


OUR  CATALOG  COSTS  YOU  NOTHING 


WhydoPuUeyWork 
on  Engine  Lathes? 

Get  the 
Right  Machine 

FOR  YOUR  WORK 


ONE 
PULLEY  LATHE 

does  as  much  pul- 
ley work  as  two 
engine  lathes,  thus 
you  can 

SAVE  FLOOR  SPACE 

CutYourLaborCostinTwo 

SAVE  COST  of  EQUIPMENT 

^  ou  will  be  sutpmrd  lo  find  how 
reasonable  ihe  prices  of  these  machines  are. 
ASK  US 


THE  CINCINNATI  PULLEY  MACHINERY  CO.,  Cincinnati 

i"'ii'm:i  iiiiiMiiir ^ iiMM|i|MiiMiiiiinMiinii!:'!:'.!'L.!i! 


^lllllllllllllllllllllllllMIIIIIIIIIIIIIIIIIIIIIIIIIII!iinmlllin!i:ili:in;:)ii:. 
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Building  the 

OHIO 

Miller- 

The  Spindle 

If  there  is  one  part  more 
important  than  another  in 
building  a  milling  machine, 
it  is  the  spindle.  It  carries 
the  taper  into  which  the  cut- 
ter arbor  fits,  takes  all  the 
thrust  of  cutting  tools  and 
bears  the  brunt  of  any  abuse 
to  which  the  machine  may 
be  subjected.  Its  bearings 
are  the  first  to  chatter,  heat 
or  sweat  if  not  properly 
made  and  adjusted. 


MILLERS 


OHIO 


GRINDERS 

In  the  Ohio  Miller,  the  spin- 
dle is  extra  large,  forged  of 
chrome  nickel  spindle  steel, 
provided  with  ample  means 
for  taking  up  wear  and  runs 
in  carefully  fitted  phosphor 
bronze  bearings.  An  abun- 
dance of  lubricant  is  avail- 
able at  all  times,  from  oil 
wells  in  the  column. 

A  recess  in  the  front  end  of  the  "Ohio"  spindle  pi-ovides  a  positive  drive  for  cut- 
ting arbors — a  very  important  point  which  eliminates  the  i)()ssibility  of  tools 
slipping.  A.ssomhling  and  adjusting  the  spindle  is  always  the  work  of  specialists 
— in  the  "Ohio"  plant — men  whom  long  experience  has  made  so  familiar  with 
every  detail  that  no  smallest  defect  escapes  their  attention.  This  specialized  as- 
sembling puts  the  seal  to  your  gnanintcc  of  satisfaction  in  the  Ohio  Miller. 

IaI  us  (lisciiln    llu'  icliolc  iiKnliiiii'. 

Tm<  oi:si  i:km:in  MACi  iiNi: CO. 

CIXCIWAI  I  OHIO.  1 1.  S.  A. 
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The  "Cross''  Gear 
Tooth  Rounding  Machine 


Specially  designed  to 
round  the  ends  of  sliding 
meshing  gears. 

The  only  machine  that 
will  successfully  round 
tank  and  tractor  gears  on 
a  production  basis. 

It  is  guaranteed  to  round 
24  gear  teeth  a  minute,  of 
any  pitch,  6 — 8  or  finer. 
Every  tooth  is  a  perfect 
half  round  from  tip  to 
root. 

Manufactured  and  sold 
exclusively  by  Cross  Gear 
&  Engine  Co.  from  Cross 
Patents  allowed  and  pend- 
ing. 


The  Cross  Gear  Tooth  Rounder  is  the  original  ma- 
chine which  allows  the  gear  to  be  held  rigid  during 
the  cutting  operation,  and  where  the  cutter  spindle 
oscillates  about  an  axis  eccentric  to  its  own  axis  of 
revolution. 

All  other  machines  having  this  principle  are  direct 
infringements,  and  all  manufacturers,  sellers  or 
purchasers  of  the  same  will  be  considered  infringers 
and  will  be  liable  to  the  full  extent  of  the  law. 


Do  you  wish  details'. 


CROSS  GEAR  &  ENGINE  COMPANY 


809  BELI.EVUE  AVP:NUE 


DETROIT,  MICH. 
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MACHINERY'S  Handbook 

Not  a  big  book  if  measured  in  cubic  inches — but  the  biggest  book  in  the  mechanical  field  if 
measured  either  in  value  or  in  total  sales.  Machinery's  Handbook  contains  the  whole  mass  of 
essential  data,  tables  and  formulas  needed  daily  and  hourly  in  machine  shop  and  drafting-room 
— the  facts  and  figures  that  are  part  of  the  equipment  of  the  machinist,  the  machine  designer, 
the  foreman,  superintendent  and  engineer. 

No  single  advertisement  can  adequately  describe  MACHINERY'S  Handbook,  but  some  idea  of  the 
way  in  which  innumerable  subjects  are  handled  in  this  comprehensive  work  may  be  gotten 
from  the  description  of  a  single  one  of  thousands.    Take,  for  example,  the  section  on : — 

SPEEDS  AND  FEEDS 

This  section  of  Machinery's  Handbook  contains  the 
most  complete  collection  of  tables  of  cutting  speeds  and 
feeds  for  the  various  machine  tools  and  the  raw  materials 
used  that  has  ever  been  gathered  together  and  published 
in  any  book. 

Cutting  speeds  and  feeds  for  the  Lathe  are  fully  covered, 
each  being  treated  separately.  Milling  speeds  and  feeds 
are  given  in  a  remarkably  clear  and  complete  way,  in- 
cluding not  only  descriptive  paragraphs  and  very  full 
tables,  but  also  many  specific  examples  of  cuts  from 
practice,  with  diagrams  and  full  information  in  regard 
to  material,  depth  of  cut,  etc.,  all  arranged  in  tabular 
form.  Drilling  is  adequately  dealt  with,  both  in  regard 
to  ordinary  speeds  and  high  speed  work.  Planing  speeds 
and  feeds  are  considered  and  a  table  of  Actual  Cutting 
Speeds  of  Planers  is  given.  Gear  Cutting  is  fully  pre- 
sented, and  under  this  head  Feeds  for  Hobbing  are  cov- 
ered. Speeds  and  feeds  for  Cold  Sawing  receives  ade- 
quate attention  and  there  are  paragraphs  on  Speeds  for 
Turning  Unusual  Materials  such  as  Slate,  Rubber,  Gutta 
Percha,  Copper,  Lime-stone  and  Marble.  All  of  these  data 
are  based  on  the  assumption  of  proper  TOOL  GRIND- 

ING  which  is  given  very  clear  treatment  in  the  section  of 

the  HANDBOOK  following  the  one  on  Speeds  and  Feeds. 

The  important  subject  of  CUTTING  LUBRICANTS  is  treated  in  the  HANDBOOK  in  a  sepa- 
rate section,  lubricants  for  various  operations  and  materials  being  discussed  by  competent,  prac- 
tical mechanics  and  engineers. 

The  whole  book  (1400  pages)  is  conveniently  arranged  and  thoroughly  indexed.  It  is  easy  to 
find  what  you  want,  and  what  you  want  is  there. 

Finely  printed  on  carefully  selected  bible  paper  to  keep  the  size  convenient,  and  handsomely 
and  durably  bound  in  full  flexible  black  leather,  Machinery's  Handbook  will  give  long,  satis- 
fying .service. 

Have    You  Got   Your  Copy  ? 
"The  Most  Complete  Collection  of  Practical  Mechanical  Data  Ever  Published." 


Prtf-LET  US  SEND  YOU  A  COPY  FOR  EXAMINATION  '^r* 


MACHINKUV,  140148  I.afayr)lle  Strocjt,  Now  York  Clly. 

Voii  may  Houd  mo  a  copy  of  MACIIINKIIYS  HANDHOOK  for  ton  duyH'  froo  oxiunlimllou.  I  onc.lo.so  $2.00, 
und  If  I  am  not  BatlHflcd  with  tho  MANDIIOOK,  I  havo  tlio  prlvlloRo  of  rolurnInK  It,  and  you  will  refund 
mo  llio  $2.00.    If  I  Iwjop  tlH)  MANHUOCJK,  I  will  Hond  you  tho  balanco,  $.!.{»0.  at  the  rato  of  $1.50  a  month. 


Name 


Addrnmi    ; City   .. 

Orrnpatlon    WorlcN 
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Newark  Gear  Cutting  Machines 
if  you  use  gears  in  quantities 
sufficient    to    keep    them    busy. 

Newark  Contract  Service  if  you 

buy  your  gears   in    the  market. 

Write  for  more  details. 


Contract  Gear  Cutting 

This  end  of  our  business  is 
large  and  growing.  Our 
equipment  fortifies  us 
against  unusual  demands — 
we  don't  believe  you  can 
spring  anything  on  us  that 
we  can't  handle  with  profit 
to  all  concerned. 


SomeThings  Some  Shops 
Do  Better  Than  Others 

And  one  of  the  things  we  do  well  out  here 
in  Newark  is  to  cut  large  worm  gears. 
There  is  a  continuous  flow  of  them 
through  our  Gear  Cutting  Department— 
and  the  variety  in  size  and  materials  is 
quite  remarkable. 

The  large  worm  gears  shown  are  part  of 
a  war  machine  for  your  -Uncle  Sam- 
more  than  this  it  is  not  wise  to  say.  A 
shipment  of  them  makes  as  fine  a  picture 
of  top-notch  gear  manufacture  as  you 
ever  saw. 


Newark  Gear  Cutting  Machine  Company 

NEW  JERSEY 


NEWARK 


HENRY   K.   KBERHARDT.  Pre.ident 
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In 

Ordnance 

Plants 


The  Pedrick  Duplex  Horizontal  Boring  Machine  is  being 
used  for  turning  trunnions,  also  for  boring  the  bearings 
in  gun  carriages.  The  boring  bars  operate  independent- 
ly, but  two  of  them  are  working  at  once  on  both  trun- 
nions or  both  bearings.  Two  sizes  of  the  machine  are 
made — 3  inch  or  6  inch  bars,  motor  driven.    Circular? 


PEDRICK  TOOL  &  MACHINE  COMPANY 

3639  N.  LAWRENCE  STREET  PHILADELPHIA,  PA.,  U.  S.  A. 


Capacity  up  to  ^4 'inch 
DetaiU  on  Request 


The  Mason  Bench  Drill 

A  High  Speed  Quick  Change  Machine 
That  a  Woman  Can  Operate 

Capacity  for  high  speeds  is  a  strong  feature  of 
this  machine;  all  moving  parts  are  so  well  guard- 
ed that  they,  as  well  as  the  operator,  are  fully 
l)rotected;  a  woman  can  duplicate  a  man's  produc- 
tion records  with  perfect  safety. 


Mechanisms  and  controls  are  extremely  simple 
and  all  i)arts  are  readily  accessible  to  facilitate 
making  adjustments.  Changes  of  speed  may  bo 
made  without  stopping  the  machine,  and  positive 
(le])th  gage  for  si)indle  facilitates  drilling  to  an 
exact  point. 


The  "  Mason  "  is  equipped  with 
ball  hearings  throughout. 

ARTHUR  C.  MASON,  Inc. 

J^ivrr  nnd  I'utnnm  Streets 

PATERSON  NEW  .JERSEY 
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Ball- Bearing 

Drilling 

Machines 


It  is  one  thing 
to  issue  orders 
to  your  fore- 
man to  speed  up 
work,  but  it  is 
quite  another 
thing  to  expect 
a  speeding  up 
without  the  aid 
of  the  right  kind 
of  a  drilling  ma- 
chine. 


Our  No.  2 1.4  Avey  is  being  used  in  the  largest 
plants  for  heavy  duty  work,  and  when  orders 
are  given  to  "speed  up"  the  Avey  does  its  share. 

No.  2' 2  Avey — With  1  to  6  spindles,  capacity 
29 '32"  speeds  up  to  3500  r.p.m.  Overhang 
71  2",  12",  15".  Drills  to  center  of  15",  24"  and 
30"  circle. 

The  Cincinnati  Pulley  Machinery  Co. 

Cincinnati,  Ohio 


A  Line  of  Drilling  Machines 
That  Help  to  Push  Production 


These  Taylor  & 
Fenn  machines 
are  made  in  five 
typesandtwenty- 
two  sizes,  cover- 
ing practically 
every  drilling 
need.  Capacity 
up  to  ''t"  drills: 
silent  chain  and 
positive  gear 
drive.  Particu- 
larly compact  in 
construction  and 
with  the  most 
improved  feat- 
ures for  accuracy 
and  speed, these 
are  production 
machines  in 
every  way. 

Type   C,    as  shown,   has  independent  automatic 
power  feed  with  quick  return  for  each  spindle. 

The  Taylor  &  Fenn  Co. 

ilurlford,  (^onnuclieiit 


CARLTON 
RADIALS 


No  gears  used  in 
driving  this  speedy, 
high  power  radial 
— even  the  tapping 
attachment  is  belt 
driven. 


High  grade  ball  bearings  take  all  radial  and  thrust 
loads,  no  running  part  rides  upon  a  stationary  one, 
friction  is  practically  eliminated  and  alignments  are 
readily  maintained. 

The  "Carlton"  has  unusual  strength  and  pulling  pow- 
er tor  its  size  and  will  drive  one  inch  high  speed  drills 
to  capacity. 


2I0,  3,  3I2  or  4  foot  arm. 
Details  on  request. 


The 
Carlton 
Machine 
Tool  Co. 

Cincinnati, 
Ohio,  U.S.A. 


fi^JKttmr^' 


Silver's   20-inch   Drills 

Also  Made  in  2,  3  and  4-spindle  Gangs 

New  pnttmis  throughout,  with  .in  experipiico  of  40  years 
behind  Ih.'Mi.  lOvcry  (letiill  c.-xrofully  worked  out.  Mate- 
riuls  the  beat  procurable.  Hevel  K«ira  accurately  cut  from 
solid  blank.''.  Con  rack  forRed  from  .steel  ami  teeth  mlUe.l 
to  KauKc.  I-our  .slyles-nlali.  lever  feed  lever  ami  whe.l 
feed  jiower  fecMl  and  automatic  stop  and  with  back  Kcar- 
Inn-rouiid    or    square    base. 

CompUt*  dmtcrlption  on  rmnamst-  20"  or  35"  or  fco»A 

The  Silver  Mfg.  Co.  sn.s  nr 


.<l»x 


Salem,  Ohio 


336 


MACHINERY 


August,  1918 


You  Can  t  Make  Something  Out  of  Nothing 

To  make  a  good  lathe  not  only  requires  brains,  the  best  of  material,  the 
highest  skilled  workmanship,  but  also  the  closest  possible  attention  to 
every  little  detail. 

Accuracy  is  essential,  and  every  part  must  be  as  accurate  as  any  other 
part.  Uniformity  is  necessary  and  every  factor  of  each  lathe  must  be 
uniformly  correct.  Weight  must  be  equally  divided,  so  as  to  insure  rigid- 
ity in  every  feature,  and  a  good  lathe  does  not  fall  together.  You  have  to 
nurse  it,  watch  it,  give  it  every  attention. 

Well,  you  know,  we  found  all  that  out  and  today  we  are  giving  you 

CISCO-The  Lathe  With  the  Pull 
CISCO — The  Lathe  of  Simplified  Accuracy 

Your  neighbor,  your  competitor  knows  all  about  it.    Do  you? 
Every  L^the  is  .OOOS  in  18"  or  Better 

THE  CINCINNATI  IRON  &  STEEL  COMPANY,  CINCINNATI,  U.  S.  A. 

MAKERS  OF  14',  16'.  18',   24'  ENGINE  AND  TOOL  ROOM  LATHES 


N.    S.    W.     Ferine   Machinery  Co..    ScatUo,    Wash.       Co-operative    Slaclii 

Mchy.  Exchange,  Jacksonville.   Fla.    J.  Jj.  I.inil.«.-»y.  Richmond.  Va,      StJ-M'rnn   .v   [:i,i..-  i  .. 

ere  Selling  Agencv.   Birmingham.   Ala.     Cotton   States  Belting  &   Supply  t  ,,       w  .,<  •.,        <, 

Mchy.  Co..  Detroit.  Mich.    Sheiritt  &  Stocr  Co..   Inc..   Philadelphia.  Pa      1    :r  ^  •        \    -i 

A.  K.  WlUiams  Mchy.  &  Supply  Co..  Buffalo.  X.  y.      Herbert  li.  Lone.  Pr.i  nl,  i,.  .     K    1      l:.hl 

Inc.,  Chicago.    Thompson  Tool  &  Supply  Co.,  Indianapolis.  Ind.    Paoific  Eng.    Cc   K(|mpTnei 

John  HacNab,  Hyde.  England.    Grimaldi  &  Co.,  Genoa.  Itaiy.    A.  J.  Coccaro    *    Co.    (N'e..     ii»»,    i.,.    i-., 

(New  York)   for  China.     Channel   Chemical   Co.    (Chicago)    for   New   Zealand,    Tasmania,  Java  and  Africa. 


MChlin-Barney  Mchy.  Co..  Pittshurgh.  Pa.  Southern 
111.-,  Va.  Henry  Walke  Co..  Norfolk.  Va.  Mnnutactur- 
II  v..  Mnhr.  St.  Louis.  Mo.  C.  K.  Kal-i 
I  Conn.  H.  A.  Smith  Mchy.  Co..  Syracuse.  N.  V. 
.1  .Mchy.  Co..  Milwaukee.  Wis.    Dale-Brewster  Mchy.  Co.. 


w.  s.  s. 

Means  "We've  Started  Something' 
Save  and  see  it  through 


/.*•/  the  nmw  "FiUmith" 
hrlp  you  »av9.  Send 
fur  all  Ihr  drtatU  and 
•  rr    haw. 


"FILSMITH^'  LATHES 

Sturdy  and  Fast  —  a  Good  Investment 


NEVER  before  wa.s  the  need  for  careful 
investment  more  apparent.  SpentHnj!: 
wi.sely  i.s  at  once  .savinjr,  and  save  we 
niu.st  to  j^'ain  our  jrreat  objective.  It  be- 
hooves machine  tool  buyer.s  to  think  well 
before  they  purchjuse.  The  new  "Fiismith" 
Lathe  \n  our  j^reate.st  olTerinj^'.  11  swings  IJ'ji" 
over  bed,  is  furnished  with  throe-step  pulley  and 
(loulile-liack  j^ears  or  with  12-speed  all-peared 
hi.id,  is  sturdy  and  faat^ — an  all-round  r/oorf  in- 
\i-^\  trii'iit. 

THE  PHILIP  SMITH  MFG.  CO. 

SI[>NEY  OHIO.  U.  S.  A. 
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Ask  Us  About 
Deliveries  on  the 

SOUTHWORTH 

TURRET  SCREW 

MACHINE 

Made  in  Two  Sizes: 

No.  2—14"   Swing,  Capacity  for 
Bar  Work  up  to  1 " 

No.  4 — 16"    Swing,   Capacity   for 
Bar  Work  up  to  IM" 


THIS  newcomer  in  the  screw  machine  field  is  de- 
signed for  rapid,  accurate,  profitable  duplication 
of  small  parts  for  munitions  and  similar  work, 
and  is  exactly  what  every  manufacturer  has  been  look- 
ing for.  It  won  instant  attention ;  repeat  orders  testify 
to  that.  It  has  made  good  its  claim  of  excellence  on 
every  count. 

In  addition  to  a  wide  range  of  feeds  and  speeds,  this  ma- 
chine can  be  equipped  with  power  feed  to  turret  slide ; 
it  has  micrometer  collar  and  adjustable  stop.  Turret 
has  provision  for  six  tools  and  simple  and  positive  lock- 
ing mechanism  which  insures  rigidity  and  alignment. 

If  bar  stock  parts  are  not  coming  through  quick 
enough  in  your  shop,  ask  us  about  deliveries  on  this 
Turret  Screw  Machine. 

Specifications  in  Bulletin 


'First  In 
Accuracy" 


SOUTHWORTH  MACHINE  COMPANY 

PORTLAND,    MAINK.    U.S.A. 
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This  Gauge  TeUs  You  How  Much 

a  part  is  out.  With  this  information,  many  parts  may 
be  saved  from  the  scrap  heap. 

Snap  gauges  will  tell  you  only  it  is  out,  not  how  much 
it  is  out — yet  a  set  of  snap  gauges  costs  a  great  deal 
more  than  the  American  Amplifying  Gauge.  Eliminate 
snap  gauges — substitute  the  "American." 

The  American  Amplifying  Gauge  handles  all  flat  and 
cylindrical  work  within  a  wide  range.     It  is  quickly 
and  easily  operated  and  cayi't  be  read  wrong. 
Amplifying  levers  are  housed  in  cross  arm  made  of 
box  section  which  provides  a  rigid  dustproof  casing. 

Large  direct- reading  dial  graduated  to  0.0001   inch 
insures  speedy  and  certain  operation 

AMERICAN  GAUGE  COMPANY 


P.  O.  Box  822 


DAYTON,  OHIO 


AMERICAN 

AMPLIFYING  GAUGE 


Improved  "gauging  < 
permits  measurements 
dose  up  to  shoulders, 
bosses,  etc.  Concentric- 
ity testing  attachment 
and  test  centers  for  work 
up  to  10'^  length  by  4 
diameter  can  be  fur- 
nished. Further  details 
upon  retjaest. 


Save  Time  and  Money,  Conserve  Metal  and 
Improve  Quality  with 

Langelier  Swaging  Machines 

LariKC'lier  Swa^inK'  Machines  .shape  .solid  or 
tubular  stock  to  round,  taper  or  irreguhir  formed 
pieces  of  any  desired  size,  quickly,  accurately  and 
economically,  and  produce  a  better  surface  finish 
than  is  obtainable  by  any  other  process. 
They  improve  Ihc  metal;  they  eliminate  waste. 
Much  of  the  extremely  hard  metal  now  handled 
on  trip  hammers  may  be  hot  swaged  on  Langelier 
Machines  with  better  results  and  at  lower  costs. 
We  also  build  a  comjjlete  line  of  both  revolving 
cage  and  stalionary  head  roll  t.\|ii'  for  reducing 
hot  tungsten  lani|)  wire. 

Sevrrnl  •i/.ci    for  immfdinlF  •hipinent  from  itock. 
.Srnd  printii  or  aninplm  nl  oner    for  co«t  ralimntc^. 

LANGELIER  MANUFACTURING  CO. 

IM<()VII)|:N(  I..  KIIODI.  ISLAND,  U.  .S.  A. 
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Detroit  Office,  Majestic  Bldg. 


New  York  Office,  Woolworth  Bldg. 
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Important  for  Draftsmen,  Engineers,  Inspectors, 
Toolmakers  and  Mechanical  Executives 

Machinery's  New  Books  on  your  special  work  are  now  ready  for  you 

Bound  in  green  cloth  to  match  MACHINERY'S  other  books  on  shop  practice 

Mechanisms  and  Mechanical  Movements 

Hitherto  every  machine  designer,  mechanical  engineer  or  inventor  has  had  to  rely  on  widely  scattered  sources 
of  reference  for  data  on  mechanical  movements. 

MACHINERY'S  new  book,  "Mechanisms  and  Mechanical  Movements,"  deals  authoritatively  and  practically  with 
this  highly  important  subject  in  machine  designing.     Today,   as   never   before,   the   inventors  ot  new   mechanical 
devices,  and  the  men  who  improve  on  present  machines,  tools  and  appliances,  have  their  chance  to  sell  their  in- 
ventions to  the  highest  priced  market  ever  known. 

Every  draftsman,  every  machine  designer,  and  every  man  with  a  clever,  inventive 
turn  of  mind  needs  a  copy  of  this  book. 


Motions  and  General  Meth- 
ods ot  Transmission  in 
Machines. 

Speed-Changing  and  Con- 
trolling   Mechanisms. 

Conversion  of  Rotary  and 
Rectilinear    Motions. 


Reversing    Mechanisms. 
Quick-Return    Motions. 
Intermittent    Movements. 
Irregular    Motions. 
Differential    Motions. 
Clutches        and        Tripping 
Mechanisms. 


Gages,  Gaging  and  Inspection 

High  speed  in  production  goes  for  nothing  if  the  work 
is  not  accurate  and  the  accuracy  of  the  finished  prod- 
uct depends  on  care  in  gaging.  In  fact,  the  develop- 
ment of  interchangeable  manufacture  depends  on 
gaging. 

Men  responsible  for  the  millions  of  dollars  worth  of 
work  in  munitions  manufacture  have  been  waiting  for 
this  book.  Not  only  should  every  inspector  have  one 
in  order  to  know  all  about  the  design,  construction  and 
use  of  gages — but  every  toolmaker  and  machinist  will 
find  indispensable  data  and  detailed  explanations  about 
every  type  of  gage. 

MACHINERY'S  new  book,  "Gages,  Gaging  and  Inspec- 
tion," covers  this  field — explains  every  type  of  gage, 
sliows  its  use  and  treats  practically  of  the  work  of  in- 
specting in  all  its  branches. 

Profile  Gages. 
Indicating   Gages. 
Gaging       and       Inspecting 
Screw    Threads. 


Reference  Standards  and 
Measuring    Machines. 

Limits  and  Tolerances. 

References,  Working,  and 
Inspection  Gages. 


$2.50 


and       Inspecting 


Shop  Management  and  Systems 

Shop  Systems  are  as  vital  as  plans  of  battles.  No  matter  how  small  the  shop  may 
be.  money  and  time  can  be  saved  by  planning  tlio  progress  of  the  work.  The  secret 
of  success  for  the  mechanical  man  is  to  apply  these  principles  to  his  own  plant,  his 
own   department,  his  own  section,  his  own  toolroom. 

"Shop  Management  and  Systems"  puts  clearly  and  practically  before  you  the  meth- 
odH  other  plants  have  found  to  work  well.  The  book  is  plainly  written,  mere  theory 
is  avoided  and  definite  experience  has  beeti  i)til  into  everyday,  concise  statements 
of  faciK.  If  you  want  to  know  how  to  be  more  successful  as  a  manufacturer,  super- 
liiii'iideiii  or  production  engineer,  if  you  are  a  foreman  and  want  to  put  more  snap 
and  "go"  and  system  into  your  department,  read 
IniliiHiri.'il  Organization  and 


C;ciiiral    Shop    Systems. 
GiiK-ral     Tool     and     Supply 

KyHtem    for    I>arKC    Plant. 
Or<lnrln(f.       Manufacturing, 

DlHlrlbutlne,      and       Ac- 

'ountlnK  System  for  Hpe- 

.•l;il    ToolH. 


Following  J'rogresa  of  Work 
In  Manufacturing  De- 
partment. 

IiiHpectlon  System  for  Ma- 
I'lilne    Shops. 

S(or.•^g<^  and  Maintenance 
of    Small    Tools. 

Tool     <  •lurking     and     Svs- 

ll'MlH, 


Methods  of  Delivering  and 
liienlifving    Tools. 

Tool    Supply    System    under 
Sclcnilllc    Managelnent. 

Tool     lOnKlnoering     Dopurt- 
mcnt. 

Organization  of  an  Assem- 
hllng    Department. 

Sysli'ni    of   rurchaslng   De- 
partment. 

Wage    Systems. 
Draftlng-Uoom  Systems. 


Diitu 

Till:;    I.NDt.M-lKIAI.    l-ltKHS. 

MO-HS   I>nfnyettc   HIrcct,   New   Tork   City, 
'^nllemt-n: — You  may  iiend  mo,  nil  rhnrdtJ'S  prepiild,  the  honk   c.i    hooks   marked   with  an    IX),      I   agree   to   return 
Ibom  lo  yoti  wllhlii  10  rtnyii  or  I   will  remit    In   full  within  M  days  ot  receipt  of  books.     Tlie  prli-e  Is  to  ho  $2.rin  omM 
unlesa  nil  Ihrec  nr*-  ordered,  when  a  special  priro  of  lO.no   foi   nil  will  he  allowed. 
(       )     "Shop    Management    and    Syatema." 
(       )     "Oagea,   Gaging  and    Inipectlon." 
(       )     "Mechanlama   and    Mechanical    Movements." 

•.  ..1,,,  i>i'(\upiUlun 
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-,tj»aMr--taa, 


AN  AMERICAN  CONTINUOUS  HEATING  MACHINE 

THat  is  Giving  a  Good  Account  of  Itself 

This  photo  shows  an  American  Continuous  Heating  Machine  heat  treating  cylindrical  tool 
steel  parts — 15  16"  long,  0.2"  diameter — on  which  uniform  hardness  throughout  is  required. 
Put  through  in  lots  of  150,000,  the  work  is  fed  to  the  machine  automatically  through  a  hop- 
per— and  a  half  hour  sees  the  first  pieces  ready  for  the  oil  bath — after  which,  output  is  con- 
tinuous— 6,600  pieces  per  hour — results  guaranteed.  This  is  SOME  production,  but  Ameri- 
can Gas  Appliances  are  solving  all  manner  of  heat  treating  problems.  Tell  us  yours — we 
can  help  you. 

AMERICAN  GAS  FURNACE  COMPANY,  Engineers  and  Manufacturers,  24-26  John  St.,  NEW  YORK 


FORGING 
SERVICE- 


Means  performance,  and  we  are 
performing  to  the  satisfaction  of  a 
^reat  many  of  the  largest  machine 
U)o\  builders  in  the  country.  We 
can  do  the  same  for  you  ri^ht  now. 

If  you  use  spindles,  0,ear  blanks, 
shafts,  ring's  in  fact  any  kind  of 
hammered  forcings  we  would 
like  to  figure  with    you. 

loday  is  a  good  day  to  drop  your 
specifications  and  blue  prints  in 
the  mail  addressed  to 


riic   Steel    POr^in^s 
(Company 

';INCINNAI  I  OHIO,  I  .  s.   \. 


T  ITTLE  things  make  big 
^^  differences  in  produc- 
tion costs — little  time  and 
trouble     savers     like     the 

WEAR-EVER 
^Spacing;  Collar 

make  a  surprising  increase 
in  the  output  of  a  big  mill- 
ing machine.  This  collar 
gives  a  total  adjustment  of 
.024"  by  means  of  twelve 
.002"  steps. 

SCULLY-JONES  &  CO. 

647   Rnilwuy   Exchnnur   Bldg. 
CHICAI^G  ILLINOIS.  U.  S.  A. 


Pressed  Steel  and  Brass  Grease  Cups 
Oil  Hole  Covers 

Screw   Top  Oil  Cups     Both   Brass    and   Steel 


Bowcn  Products  Corporation 

Tli«  WlMkUr    Cornvmnr 

H  f.  larrii  liiiii  DlltOII.  MICHICDN 
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For 
Hardness  Tests 

The    Brinell    Meter 
Complete  Outfit  $55 

Many  Hundreds    in 

Use.  Write  for 

Booklet 


Herman   A.  Holz 

Apparatus  for  Metallurgical 
Testing  ar\d  Research  Work 

Metropolitan  Bldg.       New  York 


STEEL  BEARING  BALLS 


THE  ABBOTT   BALL    CO. 

Elmwrood  Hartford,  Conn. 


Ferro  Cuse 

For  Case -Hardening 

Something  You  Have  Been  Looking  For 

A  non-polsoiHuis  cliciiilcal  lliat  is 
iispd  by  sprinklitiR  upon  the  red- 
hot  Ktool,  or  In  a  cyanldo  meltlnR 
fumarn,  same  as  cyanide  has 
formerly   been   used. 


■  kmMl  artu 


I  Itlal. 


C.  G.  BUCHANAN   CHEMICAL  CO. 

Mfr$     of  InHutlTtal  C  A.mir,.).  .So/.  Mir,,   nf  F.rr;  Ca.t 

CINCINNATI.  OHIO 


J uU-JoiicS  Furnaces  at  the  Donner  Sl,ii 
Company's  Worts,  Buffalo,  A'.   Y . 

An  Overfired  Annealing  Furnace 
Fired  With  Raw  Producer  Gas 

Successfully  fired — which  is  more  to 
the  point.  It  is  the  only  instance  with- 
in our  knowledge  where  raw  producer 
gas  is  successfully  used  for  firing  a 
furnace  of  this  type.  Tate-Jones  Heat 
Treating  Furnaces  meet  with  unquali- 
fied success  whatever  the  fuel  used. 


TATE-JONES 

Overfired  Annealing 

FURNACES 


Save  Fuel 

Temperatures  easily  controlled 
Large  output  of  perfect  work 
Accurate  temperatures 
Bigger  and  better  output 
Short  time  for  preparation 
Short,  time  for  heating  process 
Elxtreme  durability 

We  will  be  glad  to  give,  upon  request, 
information  about  the  points  enumer- 
ated above,  ^^'e  have  literature  cover- 
ing the  subject  which  should  be  in  your 
files.    Write  for  it. 


St  nil  for  Hooklcl—"Hial  Trealmfnl  of  Sled. 


TATE- JONES  &  CO.,  Inc. 

(ESTABLISHED  1898) 

Furnace   Engineers 
PITTSBURGH,  PENNSYLVANIA 


621    W«.hinKton   Blvd.. 
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WHAT    IS    YOUR    JOB? 

No  matter  whether  you  are  just  starting  work  in  the  machine  building 
field — or  whether  you  are  an  executive,  MACHINERY'S  remarkably 
successful  25-cent  Mechanical  Books  can  be  useful  to  you. 

From  apprentice  boy  to  boss  these  books  will  be  found  valuable.  They 
are  used  as  text  books  in  some  of  the  largest  machine  building  plants  in 
the  country — and  that  means  they  are  practical,  sound,  accurate. 

You  will  Tuant  some  of  these  bool^s  and  you  can  get  them  now 
at  these  special  Summer  Prices — for  only  one  month  more 
^^^^^^^^^^^^^  Mark,  ^our  selection  on  the  coupon  ^^^^^^^^^^ 


INSTEAD 
OF  $6.00 


GROUP  A        $3.50 

Milling   Fixtures. 

Punch   and   Die   Work. 

Lathe   and    Planer   Tools. 

Examples   of    Machine    Shop    Practice. 

Shop    Arithmetic   for   the    Machinist. 

Screw   Thread    Cutting. 

Tables   and    Formulas   for   Shop   and    Drafting- Room. 

Bevel   Gearing. 

Machine    Blacksmithing. 

Files  and  Filing. 

Principles  and  Practice  of  Assembling  Machine  Tools — 
Part    I. 

Principles  and  Practice  of  Assembling  Machine  Tools — 
Part    II. 

Metal    Spinning. 

Heat-Treatment    of    Steel. 

Operation   of   Planer,   Shaper  and   Slotter. 

Operation   of   Drilling    Machines. 

Operation   of  Vertical   and    Horizontal    Boring    Machines. 

Operation    of    Grinding    Machines. 

External  Cutting  Tools — Automatic  Screw  Machine  Prac- 
tice. 

Internal  Cutting  Tools — Automatic  Screw  Machine  Prac- 
tice. 

Arbors    and    Work    Holding    Devices. 

Taps   and    Dies. 

Reamers,   Sockets,   Drills   and    Milling   Cutters. 

Motor   Drive,   Speeds  and   Feeds,  etc. 


GROUP  B 


$3.50 


INSTEAD 
OF  $6.00 


First   Principles  of  Theoretical    Mechanics. 

Details   of    Machine   Tool    Design. 

Machine   Tool    Drives. 

Use   of    Formulas   In    Mechanics. 

Calculations   of    Elements   of    Machine    Design. 

Systems    and     Practice     of    the     Drafting-Room. 

Tables   and    Formulas   for   Shop    and    Drafting-Room. 

Bevel   Gearing. 

Fans,   Ventilation,   and    Heating. 

Fly-wheels. 

Electric   Over-Head    Cranes. 

Girders  for   Electric  Over-Head   Cranes. 

Helical  and   Elliptic  Springs. 

Formulas  and   Constants  for  Gas   Engine   Design. 

Heating   and   Ventilating   Shops   and   Offices. 

Lathe  Bed   Design. 

Machine   Stops   and   Locking   Devices. 

Safeguards   for    Machine    Tools   and    Power   Presses. 

Spur    Gearing. 

Bevel,   Spiral    and    Worm   Gearing. 

Pipe   and   Pipe   Fittings. 

Mathematical   Tables. 

Beam    Formulas    and    Structural    Design. 

Wiring    Diagrams,    Heating    and    Ventilation,   etc. 


GROUP  C 


$3.00 


INSTEAD 
OF  $5.00 


First    Principles   of   Theoretical    Mechanics. 
Details    of    Machine    Tool    Design. 
Measuring   Tools. 

Care  and   Repair  of  Dynamos  and   Motors- 
Iron  and  Steel. 

Grinding   and    Grinding    Machines. 
Files  and    Filing. 
Solution    of    Triangles — Part    I. 
Solution   of  Triangles— Part    II. 
Hardness    and    Durability    Testing   of    Metals. 
Formulas   and   Constants   for   Oas   Engine   Design. 
Steam   Boilers. 
BolKr    Furnaces. 
Feed   Water  Appliances 
Operation   of   Drilling    Machines. 

Operation   of   Vertical   and    Horizontal    Boring    Mschlnes. 
Motor   Orivs   for   Machine   Tools. 
Screws,    Bolts   and    Nuts. 
Shafting,   Keys  and   Keywayl. 
Pipe  and  Pipe   Fittings 


GROUP  D 


$2.00 


INSTEAD 
OF  $3.00 


$1.50 


Working    Drawings   and    D.    R.    Kinks. 

Details   of    Machine   Tool    Design. 

Strength    of    Cylinders. 

Calculations   of    Elements   of   Machine    Design. 

Theory   of   Crane    Design. 

Electric   Over- Head   Cranes. 

Girders  for   Electric  Over-Head   Cranes. 

Use  of  Logarithms  and  Logarithmic  Tables. 

Helical    and    Elliptic    Springs. 

Hardness  and   Durability  Testing   of   Metals. 

Motor   Drive  for   Machine  Tools. 

Boilers  and   Chimneys. 

GROUP  E 

Railway    Repair  Shop    Practice. 
Operation    of    Milling    Machines — Part    I. 
Operation   of   Milling    Machines — Part   II. 
Operation    of    Grinding    Machines. 
Bolt,   Nut   and    Rivet   Forging. 
Machine    Forging. 
Cold-Heading. 
Steam   and    Gas    Engines. 

GROUP  F 

Examples   of   Machine   Shop   Practice. 

Measuring   Tools. 

Iron   and   Steel. 

Gaging    Tools    and    Methods. 


INSTEAD 
OF  $2.00 


QH       INSTEAD 
OUC    OF  $1.00 


GROUP  G 


$3.50 


INSTEAD 
OF  $6.00 


Examples  of   Machine   Shop   Practice. 

Shop   Arithmetic  for  the   Machinist. 

Locomotive    Design,    Boiler   and    Cylinders. 

Locomotive    Design,   Valve    Motion. 

Locomotive    Design,   Smokebox,    Frames  and    Driving    Ma- 
chinery. 

Locomotive    Design,    Springs,   Trucks,    Cab   and   Tender. 

Care  and  Repair  of  Dynamos  and   Motors. 

Tables   and    Formulas   for   Shop   and    Drafting-Room. 

Advanced   Shop   Arithmetic  for  the    Machinist. 

Electricity,    Static    Electricity;    Electrical    Measurements; 
Batteries. 

Electricity,    Magnetism;    Electro- Magnetism. 

Electricity,    Dynamos:    Motors;    Electric    Railways. 

Electricity,    Electric    Lighting. 

Electricity,   Telegraph   and   Telephone. 

Electricity,   Transmission   of   Power. 

Locomotive    Building.    Main    and    Side    Rods. 

Locomotive    Building,    Wheels;    Axles. 

Locomotive    Building,    Cylinders    and    Frames. 

Locomotive   Building,   Valve   Motion. 

Locomotive   Building,   Boiler  Shop   Practice. 

Locomotive    Building,    Erecting. 

Railway   Repair  Shop   Practice. 

Locomotive  and  Railway  Data. 

Steam   and   Gas   Engines. 

PRICES    THAT    WILL    NEVER     BE    REPEATED. 


TIIIO    l.N'DrSTllIAL   I'RKSS. 

140-14,S  l/iifiiyclle  Street,  New  York  City. 

A    I — I  Ci-Mllemen:— You    may    .send    mo    group    or    Kroupa 

' — '  miirkcd   (X),  nil  doll  very  chargeB  prepaid.     I  enclose 

Bi — I  remittance  In  full  to  cover  the  special  priees  marked 

l-J  above. 

CD 

I X  f— 1  Kamc 

p  [— I  .1  ililrmn 

I''   rn  On  upalUiii  

(!   [J  c.N/  .  .  Works 
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You  Should  Know  These  Facts  About 
ARMCO  Welding  Rods 

Better  welding  rods  than  ARMCO  never  were  made  /    AMERic^rr~>> 

and    are   .VOT  going   to   be— simply   because    the  \  \ -j  j^  ^/  / 
highest  grades  of  (so  called)  Norway  and  Swedish         ^\        ^0 
Iron  are   no    more   uniform  than   ARMCO  Iron. 


Before  putting  ARMCO  Rods  on  the  market, 
the  metallurgists  and  specialists  of  the  Amer- 
ican Rolling  Mill  Company  concentrated 
years  of  profound  study  upon  welding  re- 
quirements. Together  at  the  furnace,  at  the 
microscope,  in  actual  applications,  and  in 
ways  that  had  never  been  attempted  before, 
these  engineers  developed  a  metal  peculiarly 
free  from  slag,  sulphur,  oxides,  phosphorus 
and  other  impurities  harmful  to  a  uniformly 
strong,  efficient  weld.  Further,  under  their 
able  direction,  this  filling  material  has  been 
standardized  in  two  grades,  one  for  oxy- 
acetylene  and  another  for  electric  welding, 
both  of  which  do  well,  what  has  heretofore 
required  a  choice  of  one  from  many  grades. 

ARMCO  Rods  are  therefore  the  logical  ma- 
terial for  successful  welders  who  seek  to 
protect  alike  their  own  reputations  and  their 
cu.-toiners'  or  employers'   best   interests 


ARMCO  Rods 
stand  the  test  of 
the  man  who  must 
be  shown,  and  to 
those  who  can 
grasp  the  oppor- 
tunities of  an  ex- 
panded welding 
field,  will  be  found 
one  of  the  best  in- 
vestments  that 
any  welding  shop 
can  make. 


trade  mark  ARMCO 
e  assurance  that 
iron  bearing  that  mark  i» 
manufactured  by  the  Amer- 
ican Rolling  Mill  Company 
with  the  skill,  intelligence 
and  fidelity  associated  with 
its  products,  and  hence  can 
be  depended  upon  to  possess 
in  the  highest  degree  the 
merit  claimed  for  it. 


If  you  want  to  know  just  what  ARMCO 
Rods  will  do  under  specific  conditions,  and 
where  ARMCO  Rods  are  meeting  like  re- 
quirements with  absolute  satisfaction,  tell 
us  about  your  present  methods.  Our  en- 
gineers will  gladly  advise  you  if  improve- 
ment is  possible  and  to  what  extent. 


PAGE  STEEL  &  WIRE  CO. 


■.I^H,sl„.ll\SS  a,  /'ui',    )(>,:-,„  )(  ,r,    /■•-;,. 

Co. 

Makers  of  Copperw 
Mill  Products.    Plait 
Factory    Gates:    Or 
Architectural  Iron. 

eld  Copper  Clad  Steel  Wire;  Armco  Weld 
1  and  Galvanized  ;  Wire  of  Special  Analys 
oamental    Iron    Fence;  Machine   Guards; 

ng  Rods  and  Electrical  W.re;  Wir 
is;  Wire  Fencing  for  all  Purpose 
Tool    and    Stockroom    Partitions 

Factories:  Monessen    Pa.  and  Adrian,  Mi 

*. 

Sales  Offices:  30  Church  Street,  New  York 

Western  Repreaentatives:  Steel  Sales  Corporation,  Chicago 
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The  Steel  that  Survives 


NOVO  SUPERIOR— 
The     steel    without    an 
equal. 

NOVO— 

The  standard   in   high- 
speed steel. 

INTRA— 

The    non-shrinking 
tungsten  alloy  tool  steel. 

GIBRALTAR— 

The   tool   steel  without 
a  risk. 


Gibraltar  Steel  survives  the  continuous 
heavy  driving  required  by  present  day 
industrial  conditions — holds  its  cutting 
edge  for  long  periods,  while  other  well- 
known  steels  make  repeated  trips  to  the 
grinding  room. 

Gibraltar  Steel  is  particularly  recom- 
mended for  taps,  dies,  reamers,  twist 
drills,  punches  and  other  tools  for  which 
high  speed  steel  is  not  required.  It  is 
an  "easy  hardener"  and  guaranteed  to 
increase  production. 


H.    BOKER    8c    COMPANY,    Incorporated 
loi  DUANE  STREET  NEW  YORK,  N.  Y. 

CLEVELAND  CHICAGO  MONTREAL  PHILADELPHIA  BOSTON 

ESTABLISHED  1837 

PACIFIC  COAST  REPRESENTATIVES.  P.afic  Tool  &  Supply  Co..  S.n  Ft, 
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NOVO 
SUPERIOR  STEEL 


In  Stock  in 

New  York 
Chicago 
Boston 
Cleveland 


H.  BOKER  &  CO.,  Inc. 


E>lal>li>lirJ    IH.<7 


101  Duane  Street,  New  York  City 

Chicago     Boston     Cleveland      Philadelphia      Montreal 

Pacific  Coast    Rrpraavntalivea: 
Paoific    Tool    &    Supply    C«.,  400    Minaion    St.,  Saa    Frnncitao,  Cal. 


Novo  Superior  Steel — 
of  that  same  uniformity 
and  reliability  which 
you  have  enjoyed  for  so 
many  years — is  carried 
in  stock  in  our  ware- 
houses in  New  York, 
Chicago,  Boston  and 
Cleveland.  We  have 
every  facility  for 
prompt  shipment  of  all 
current  sizes. 

You  should  have  our  lat- 
est price  list  on  your 
desk.  Write  for  it  today. 


1 
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Oxy-Acetylene  Welding  for 
"Higher  Grade  Products''— with 
Davis -Bournonville  Apparatus 

David  Lupton's  Sons  Company,  Philadelphia,  advertise  that  "Similar  rigidity 
and  permanency  are  regularly  secured  by  the  same  means  in  all  the  higher-grade 
Lupton  sash  products."  They  advertise  that  their  higher-grade  products  are 
oxy-acetylene  welded.  They 
have  employed  the  oxy- 
acetylene  method  of  weld- 
ing for  many  years,  with 
the  highest  efficiency.  They 
have  an  extensive  acetylene 
pressure  generating  sys- 
tem, piped  throughout  the 
plant,  and  a  very  large  num- 
ber of  welding  units — all 
Davis-Bournonville  appar- 
atus. 


December  13.  1017 


The   iron   Age 


There  is  more  Davis-Bournon- 
ville  Apparatus  in  successful 
use  for  Oxy-Acetylene  Weld- 
ing and  cutting  by  the  largest 
metal-working  concerns  in  the 
United  States  than  of  any 
other  make,  because  it  offers 
tihe  widest  range  of  equipment 
and  application,  highest  ef- 
ficiency, and  is  backed  by  the 
longest  experience  in  manu- 
facture, development  and  prac- 
tical use. 

"Davis  Apparatus"  is  used  in 
manufacturing,  reclamation  and 
repair  work  by  the  leading 
foundries,  steel  mills,  ship-build- 
ing yards,  navy  yards,  loco- 
motive and  car  builders,  auto 
and  truck  makers,  sheet  metal 
workers,  general  repair  shops, 
and  by  the  U.  S.  Army  and  Navy 
at  home  and  abroad. 


^HESE  photographs  show  the  welding  operations  on  the  frames  for  the 

huge  plate  glass  "show  windows"  of  the  Ford  Motor  Co,  power  house 

on  the  upper  window  panels  of  the  same  building. 

These  frames  and  panels  are  not  merely  "spot  welded."     All  joints  are 

made  absolutely  integral  by  welding;  no  crevices  are  left,  which  rust  could 

enter  to  widen  them.    What  welding  could  not  be  done  in  the  factory  was  done 


alogue  gives  full  particulars. 


David  Lupton's  Sons  Company 

Westmoreland  and  Janney  Su^  Pkilad;lphia,  Penna. 


LUPTON  PRODUCTS 


j       INVESTMENT¥¥T¥jnpfVM'vALUE       j 

A    Lupton    Advertisement    In    Trade    Publication. 
Reproduced    by    Permission 

DAVIS-BOURNONVILLE    CO. 

Oxy-Acetylene  Welding  and  Cutting  Apparatus 


General  Offices:  Jersey  City,  N.J. 


JERSEY      CITY 
BOSTON 
WASHINGTON 
ATLANTA 


PHILADELPHIA 
PITTSBURGH 
CLEVELAND 
CINCINNATI 


Jersey  Cily.  N.  J..  Klkhnrt,  Ind. 
Niagara  Falls,  Ont. 


CHICAGO 
DETROIT 
MINNEAPOLIS 
ST.    LOUIS 


SEATTLE 
SAN     FRANCISCO 
LOS    ANGELES 
NIAGARA    FALLS 
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AMERICAN  SWISS 

Files  of  Precision 


AMERICAN  SWISS  FILE 
AND  TOOL  COMPANY 

24-26  JOHN  STREET,  NEW  YORK 


iiiiiiiiiiiii/ 


NiiiMMiiimiiiiiiiiiin iiiiiTmTT 


iiinniiiiiiiMi iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 


ABORN-CUT  ABORN 

AN  ABORN  STEEL  TOOL  AND 
AN  ABORN  STEEL  DIE  BLOCK 

Just  a  typical  planer  set-up — just  a  typical  piece  of 
work.  The  interesting  feature  is  the  fact  that  both 
the  work  and  the  tool  are  Aborn  Steel.  That  makes 
two  reasons  why  this  die  ought  to  be  right. 

You  can  depend  on  Aborn  Steel  for  tools, 
jigs,  dies  and  gauges.  It  hardens  uni- 
formly  without   shrinking   or   warping. 


Enquiries  will  receive 
as  prompt  attention 
as  orders.     Write  us. 


ABORN  STEEL  COMPANY,  Inc. 

NEW  YORK,  N.  Y.  26  CLARKE  STREET 


Buff. In,    N      Y 
ChlUdflphia.    f'> 
Ro<hrtl«r.    N      Y. 


.S20  Marinr  lUnk  HwilflmR 
2fi<»  Drni-I  liuUding 
133   Andrew*   StresI 


-"'■'"■■'!'■■' "i"l'"l"ll'll!lll"nil!lill!lllllllllllllllllll!llllllll!lllll!lllllll, !lllllllllllllllllllllllllllllllllllllllllii;!l!llllllllllir 
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Air-Hardening 

Oil- Hardening 

Red  Label 

Steels 


Edgar  Allen  &  Company,  Ltd. 

sheffield  -  -^'^-  england 

CHIEF  AMERICAN  OFFICE:  718-722  West  Lake  Street,  CHICAGO 
NEW  YORK  OFFICE:  S6  John  Street 
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Our  New  Home 

Built  by  a  Quality 
Product  and 
A  Better  Service 

Like  a  comrade  that  you 
unhesitatingly  depend  up- 
on by  reason  of  long,  price- 
less friendship. 

That  is  the  bond  existing 
between  the  Diamond 
Chain  &  Manufacturing 
Company  and  those  whom 
we  have  been  long  privi- 
leged to  serve. 

Perhaps  you  have  yet  to 
learn  of  the  quality  prod- 
uct and  better  service 
which  have  made  possible 
this  new  home. 

DIAMOND  CHAIN  &  MFG. 
COMPANY 

Established  1890 

INDIANAPOLIS,  INDIANA 


Mail 

the 

Coupon 


niAMOM)  CHAIN  A   MFC;.  CO. 

Indianapolis.  Indiann 

Wrilr  Inday  for  a  ciipy  nf  our  catalog.      Know  about      or  MORE 
ahoul  the  hutirtmtt  policirt  of  ihit  organization. 

Name 

Addnss 

City  .Stair 
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Edgemont  Friction  Clutches 


These  high  speed,  heavy  duty  clutches  are  being  used  with  all  kinds 
of  modern  production  machines — on  shafting,  countershafting  and 
as  integral  parts  of  the  machines.  In  every  case,  they  substantiate 
our  claim — transmit  full  rated  power  under  severest  conditions 
with  minimum  attention.  The  friction  plates  require  no  oil  and 
the  burn-proof  brake  lining  is  readily  renewed. 


THE  EDGEMONT  MACHINE  COMPANY 


2700  NATIONAL  AVENUE 


DAYTON,  OHIO,  U.  S.  A. 


A  Good  Tool  Deserves  an  OSGOOD  Handle 


The  Osgood  Patent  Indestructible  Handle  is 
the  handle  with  the  inserted  steel  tube  to  hold 
the  shank  of  the  tool  firm  and  to  take  the  strain 
of  the  work. 

This  handle  cannot  split,  is  comfortable  to  the 
hand  and   outlasts  at  least  twenty  ordinary 

handles.  ^^  ^g  Mail  a  Circular 

J.  L.  OSGOOD  TOOL  COMPANY 

43-45  Pearl  Street  BUFFALO,  N.  Y. 


TROUBLE-PROOF 

PUMPS 

FOR  ALL  MACHINE  TOOLS 
AND    GRINDING    MACHINES 

The  Fulflo  Pump  Co. 

BLANCHESTER,  OHIO 


s 

A 
W 

s 

Hot  Saws,  Friction  Discs,  Solid  Blades 
made  of  Vanadium,  Tungsten  and  Chrome 
Alloy  Steels.   Hardened  Steel  Specialties. 

Wri»«  for  Catalog 

Hunter  Saw  &  Machine  Co. 

PITTSBURGH                        PA.,  U.  S.  A. 

S 
A 
W 

s 

High  Value  for    /^^ 
Your  Money 


When  you  buy  Mule-Pull 
Qutches,  you  get  a  power- 
ful, dependable  drive  and 
guaranteed  continuous 
production,  a  clean,  safe 
shop  and  a  reduction  in 
your  oil,  pou)er  and  equip- 
ment bills  into  the  bar- 
gain—  your  money's 
ujorth,  right  from  the 
start. 


Saving  and  satisfaction 
are  enormous.  Let  us  tell 
you  all  about  them. 


Broiun 

Engineering 

Company 

133  N.  3rd  St. 
Reading,  Pa. 


SHEET    STEEL    OIL    PANS 

REQUIRE   NO    MACHINE   FINISHING 

WeigJH  Less 


We  are  furnishing  pans  of 

various  designs  for  manufacturers 

all  over  the  country.     Send  us  your  inquiries 


LITTLEFORD  BROS..  354  E.  Pearl  St..  CINCINNATI,  O. 
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The  Green  Volumes — Sold  Singly 

MACHINERY'S 

Library  of  Machine  Shop  Practice 
and  Tool  Design 


These  green-bound  books  are 
from  Machinery's  famous 
Shop  Library  which  is  bound 
in  red  and  sold  only  in  12 
volume  sets.  These  books  are 
intended  to  be  sold  singly  to 
those  who  prefer  to  select 
the  single  volumes  covering 
the  special  subjects  in  which 
they  are  interested — some 
special  branch  of  Machine 
Shop  or  Tool-room  Practice 
or  Gear,  Tool,  Die,  Jig  or 
Fixture  Design.  It  is  for 
that  reason  that  the  books 
are    bound    in    a    different 


/™L       ^HOP  MANACEMBNT 


color.  Otherwise  we  should 
have  to  break  up  the  sets. 

These  splendid  books  tell  the 
"how"  and  the  "why"  to  the 
ambitious,  practical  man 
and  will  prove  valuable 
aids  to  him  along  the  road  to 
success  in  his  chosen  special- 
ty. Definite,  clearly  written, 
practical — each  is  the  work 
of  a  specialist  and  presents 
the  latest  and  best  machine 
shop  and  kindred  practice  in 
the  foremost  shops  of  the 
country. 


Here  Are  the  Titles; 


Turning  and  Boring 
Planing  and  Milling 
Drilling  Practice  and  Jig  Design 
Automatic  Screw  Machines 
Advanced  Grinding  Practice 
Modern  Toolrtiaking  Methods 
Diemaking  and  Die  Design 
Tools,  Chucks  and  Fixtures 


Mechanisms  and  Mechanical  Movements 
Heat-Treatment  of  Steel 
Spur  and  Bevel  Gearing 
Spiral  and  Worm  Gearing 
Oxy-Acetylene  Welding 
Shop  Management  and  Systems 
Gages,  Gaging  and  Inspection 
Electric  Welding,  (ready  in  September) 


Price  $2.50  each  or,  under  our  Special  Offer, 
$2.00  each  if  you  buy  three  or  more  at  one  time 

"The  only  War  Time  Offer  thai  is  a  Cut" 


THK   INUUSTKIAL   PUESS, 

140-148  Lafayette  Street,  New  York  City. 

YOU  MAY  SKNFJ  ME  MACHINERY'S  BOOK  (S)  ON 


The  price  1b  undcrBtood  to  be  $2.60  each,  or  It  throe  are  jiurchaHod,  $2.00  each.  I  enclose  $1.00  with  UiIh 
order  and  will  remit  the  balance  (If  lees  than  $6.00)  wllhin  30  duyu  or  (If  more  than  $5.00)  at  $1.00  ii 
month. 

Name AdilruHB    


Occupation Works City 

I'onjign  ordorB  nhould  bo  acrompatilcd  by  full  price,  and  will  b"  llllnd  K.O.Il.  Hlcnnicr 
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WALCOTT  SHAPERS 


You  ean  subject 
Walcott  Crank 
Shapers  to  any 
test,  and  the  re- 
sult will  show 
that  37  years  of 
shaper  building 
have  enabled  us 
to  present  a  ma- 
chine that  will 
answer  the  most 
rigid  require- 
ments. 


Reinforced  and 
strengthened  at 
the  points  of 
stress,  this  ma- 
chine includes 
such  features  as 
the  following:  — 


Are  Time  Tested 


The  bull  gear  pinion  is  made  of 
high  carbon  steel,  is  provided 
with  bronze  bushings,  and  runs 
loose  on  a  ground  shaft  of  high  car- 
bon steel.  All  gears  are  of  helical 
design  and  are  of  coarse  pitch  and 
wide  face,  thus  insuring  a  quiet, 
smooth  running  machine.  Our 
cross  feed  mechanism  is  simple, 
has  positive  action,  and  is  fool 
proof.  The  feeds  can  be  quickly 
adjusted  and  reversed  while  ma- 
chine is  running.  Bushings  and 
gears  are  provided  to  compensate 
wear  at  all  important  bearings,  and 
the  best  of  material  is  used  through- 
out. Power  feed  to  tool  head  may 
be  furnished  if  desired. 


JACKSON     SHAPER     COMPANY 


JACKSON,  MICHIGAN 
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JACKSON 

DUPLEX  TYPELESS  DIE  SINKER 

This  machine  makes  any  die  with  one  or  more  semi-circular  im- 
pressions in  1/2  to  1/10  the  time  of  other  known  methods.  Of 
course  the  delay  in  getting  dies  out  of  the  shop  is  shortened 
proportionately. 

If  this  interests  you,   write  for  further  details 

JACKSON   MACHINE  TOOL   COMPANY 

JACKSON,  MICHIGAN,  U.  S.  A. 
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WALCOTT 

for  Endurance 


A  lathe  which  so  consistently  sticks  to  the  job,  as  does  the 
WALCOTT  after  most  of  its  brothers  are  adorning  the  scrap 
heap,  cannot  be  profitably  overlooked. 

The  WALCOTT'S  endurance  and  all-round  worth  are  the  result 
of  37  years  of  lathe  building  experience. 

Every  improvement  which  will  facilitate  production  without  the 
sacrifice  of  safety  has  been  embodied  in  this  lathe,  and  its  sturdy 
construction  insures  a  life  of  usefulness  far  in  excess  of  what  you 
usually  expect. 

Your  copy  of  the  "Walcott"  Bulletin  is  waiting 
to  be  mailed.      Write  today. 


MICHIGAN 

m 

WALCOTT  LATHE  COMPANY 

.     JACKSON,  MICHIGAN,   U.S.A. 

Hill,  atrkr  A  Co.,  Chlr««o.  III.;  Fmrcrt  Mtdilmry  «'<>.,  Now  Tork  Clly.  N.  T. ;  W.  E.  Shipley  Muchlnirj  Co.,  Phlladtlphlt,  P«. ; 
Mi.lch  &  Mrnr»<'>Ulrr  M«chlii»n  Co..  acroland.  Ohio;  Motch  *  MorrrvnyiUicr  MarJllDcrr  &>..  IlttabillBh,  P«.:  Ntllonil  SupplJ  Co., 
■l<.K-<lo.  Ohio;  Bronii-McI>on»lil  Michlnfry  (>>..  St.  Louli.  Mo.;  Smlth-Iloulh-Ciihv  Co..  Ixw  An(elr«.  CWj  P.  H.  Rrtnlon,  8»n  Fnui- 
rlnco,  C«l  ;  II.  A.  Smith  Muchlni-rr  Co.  STmcHrie  N.  T.;  W.  E.  nillT,  YorV.  P«.  tnd  J«i-ln««iTUIr.  Flu,-  Fcnwlrk  Preirn  *  CV>.,  Ptrlt. 
Franc*:  Iliick  A  Blckmui,  LoDdoa,  EngUnil;  Parko  ft  LacT  Oo.,  Br)no)r.    N.    8.    W. ;    StamlanI    Mch;.    *   Buppllm,    JM.,    Montnal. 
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NAZEL     HAMMERS 


The  forging  shop  is  an  important 
department  in  the  Ingersoll  Mill- 
ing Machine  Company's  big  plant 
and  this  Nazel  Hammer  is  one  of 
their  busiest  tools — used  mostly  for 
forging  hand  tools  and  similar  "par- 
ticular" work  and  well  liked  by 
every  man  in  the  place. 


Popular  in  the  Smithy 
Profitable  for  the  Chief 


A  rapid  worker.  It  requires 
few  re-heats — hasn't  had  a 
minute's  trouble  or  cost  a 
cent  for  repairs  in  the  whole 
two  years  it's  been  installed. 
A  Nazel  Hammer  is  fully 
self-contained.  The  little 
motor  on  the  back  of  the 
machine  generates  air 
through  the  self-contained 
piston  in  the  hammer  cylin- 
der as  required.  No  tapping 
— high  pressure  steam  line — 
no  air  container  tank — no 
power  wasted  while  the  ma- 
chine stands  idle.  Details? 
Lots   of   them.     Where  to? 


NAZEL  ENGINEERING  WORKS 

4043  North  Sth  Street 


Philadelphia,  Pa.,  U.  S.  A. 


Soon  Pays  for  Itself 

The 

OLIVER 

Sawing 

Filing 

and 

Lapping 

Machine 

Is  a  real  ma- 
<hlne  tool  — 
iliirably  c  o  n  • 
Ktructed  a  n  d 
fully  Belt  con- 
tained —  spe- 
cially designed 
for  die  mak- 
ing, but  adapt- 
ed to  much  of  the  miscellaneous  work  put  up  to  the 
modern  tool  room. 

It  saws  close  to  the  outline — leavlnR  n  proper  an(?lc  of 
clearance,  lllos  accurately  and  laps  to  a  flne,  true  flnlHh; 
can  be  \xnfA  to  advantaKe  by  ony  Rood  mechanic — loav- 
Inic  the  HkllNid  dlcThaker  free  to  desiRn  and  lay  out 
work.  TTie  "Oliver"  saves  an  averaKo  of  no  to  00  per 
cent  on  production  costs  and  soon  pays  for  Itself.  /)«- 
talli  in  circular. 

OLIVER   INSTRUMENT  COMPANY 

ADRIAN  MICIIIC'.AN,   \J .   S.  A. 


Winlerhoff  \W  Motor  Driven  High  Speed 
Sensitive  Bench  Drills 

Belt  or  motor  driven.  Spin- 
dles have  ball  thrust  bear- 
ings, are  counterweigh  ted 
and  adjustable  for  wear  and 
end  play.  Bronze  bearings 
and  ring  oilers.  Prices  mod- 
erate.    Send  for  details. 

We  can  make  prompt  deliveries 

WINTERHOFF  TOOL 
&  MACHINE  CO. 


Elkhart 


Indi^ 


Get  That  Iron  Tool   Maker  Called 

THE  REARWIN 

Die  Filing  Machine 

with  400  11)H.  of  lUlng  eHlclency  to 
help  you  with  your  war  orders  on 
(lies  and  loola.  You  -cun  turn  out 
iMKro  good  work  with  loss  cxperl- 
rri<'(>d  help  In  Iohh  tliiie  than  the 
olil  way  with  Hklllcd  toolniakors. 
Olhors  are  dohiK  11.  why  not  you7 


Th. 


■  „n.l  1 


I.I  VI 


I  Inlmr 


W.    D.   REARWIN 

341  Mill  Ave.,  Grand   Rapid*,  Mich. 
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THE 

HAMMER 
WITH  THE 
HUMAN 
STROKE- 
HEADS 
RIVETS 
COLD 


Heads  'em  tight  or  loose,  flush,  countersunk,  or  fin- 
ishes heads  any  shape  desired,  and  at  the  rate  of: 

A  rivet  a  second,  sizes  up  to  3/16" 

A  rivet  in  two  seconds,  size  1/4"  to  3'8" 

A   rivet   in   three   seconds,   size   7/16"  to  5/8'" 

and  on  special  order  we  build  machines  to  handle 
rivets  up  to  1%"  with  proportionate  rapidity. 

Built  in   eight  sizes. 

Besides  riveting 

The  High  Speed  Riveting  Hammer 

does  all  kinds  of  peening,  swaging,  upsetting,  etc. 

Send  us  sample  assembly  parts  with  rivets  or  sketch 
of  your  work  and  let  us  shoulder  your  riveting  prob- 
lems.    Send  for  The  High  Speed  Hammer  Book. 


The  High  Speed  Hammer  Co.,  Inc. 


Rochester 


New  York,  U.  S.  A. 


Can't  Be  Beaten  on  Accuracy  and  Delivery 

10"  Universal  Index  Centers  of  the 
highest  quality.  Many  new  im- 
provements ;  over  5"  worm  wheel ; 
new  two-side  head  clamps;  new 
steel  crank  and  sector;  new  spin- 
dle lock.    Accuracy  is  guaranteed. 


SotdbyaltdcaUr, 

FRED  C.  DICKOW 


WriU  today  for  puiticulars 

35  SO.  DESPLAINES   ST. 
CHICAGO,   ILL.,   U.  S.  A. 


SEMHI 


HuTHER  Saws 

"^^ ''  FOR  CUTTING  METAL 

Wrilt  for  catalog  and  fall  information 

HUTHER  BROS.  SAW   MFG.  CO.,   Inc. 

1108  UNIVERSITY  AVE.  ROCHESTER.  N.  Y. 


Calalogu0   upon  rmauaat 


ELGIN  PRECISION 
BENCH     LATHE 

Bilill  to  the  hiehril   •t.ndmrils 

Vl'ilh  ihr.r  m.ny  .H.chmmli 
w,ll  \^  louml  >cUpl.hlr  l„  . 
y.,Ar  l.ngr  ,4  mf,. 

THE  ELGIN  TOOL  WORKS 

ELGIN  ILUNOIS 


See  Where 


You're  Going! 

l^"0  more  working  in  the  dark  on  your 
•^  ^  trimmer  plates.  No  more  machin- 
ing "fairly  close"  to  the  impression 
line.  Your  work  is  in  full  sight  when 
you  use 

The   Billings   &   Spencer 

Improved 

TRIMMER  MILLER 

You  can  see  where  you're  going  with  this 
perfected  machine,  cut  clean  to  the  line,  and 
do  your  job  like  a  good  workman.  The  cutter 
is  always  in  plain  sight. 

Here's  another  new  point.  No  more  trouble 
with  chips.  They  can't  get  in  the  way  of  your 
work  or  come  in  contact  with  bearing  surfaces. 

The  eflficient  lubrication  of  the  vertical 
spindle  bearings  is  a  feature. 

We  developed  this  machine  first  in  our  own 
shop  under  most  rigorous  tests  and  when  it  ^ 
had  made  good  for  us  we  put  it  on  the  market 
for  you. 

It  is  peculiarly  well  adapted  for  milling  the 
irregular  outhnes,  and  at  the  same  time  the 
necessary  draft  or-dearance  of  trimming  press 
dies,  used  for  cutting  the  flash  from  drop  forg- 
ings.  Also  adapted  to  milling  cutting  dies  of  all 
kinds  for  press  work. 

Write  for  specifications  and  literature 

iSl  spencer  CO.l^ 

HARTFORD. CONN.  U.S.A- 


RELY    ON    ME 
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If  you  could  watch  the  Grant 
Riveter  on  these  parts — 

"Zip" — another  rivet  set  with  a  Grant  Riveter ! 
The  blow  is  so  quick  and  decisive,  you  scarcely 
realize  it  has  fallen.  Production  is  limited 
only  by  the  operator's  dexterity  in  feeding  the 
work  to  the  spindle — "GRANT"  speed  must 
be  seen  to  be  appreciated. 

Grant  Riveters  are  well  constructed  produc- 
tion tools — design,  material  and  workmanship 
being  adapted  to  hard  service  in  both  standard 
and  noiseless  "spinner"  type  machines. 


Adjustment  in  these  machines  is  quickly  made 
for  different  heads  and  sizes,  and  "Grant"  pro- 
duction records  have  set  new  standards  in  as- 
sembling  departments    all   over   the    country. 

How  About   Yours  ? 

The  Grant  Mfg.  &  Machine  Co. 

N.  W.  Station 

Bridgeport  Connecticut,  U.  S.  A. 


THE  WALTHAM 
4"  GEAR  CUTTER 

Distinctive  features  for  increasing  output  and  securing 
close  accuracy  In  cutting  small  gears  and  fine  pitch 
pinions  have  been  developed  in  this  automatic  pro- 
duction machine.  For  example — the  cutter  slide,  vfhen 
in  position  for  cutting,  is  tightly  clamped  while  the  cut 
Is  In  progress  but  Is  released  during  the  return  stroke  so 
the  slide  may  be  lifted  tor  indexing. 

Complete  Detcription 
on  Request 


Waltham  Miichine  Works 

.Nc\Tt(>n    Stre«r,   \%iiithnin,    .Mn«H. 
Snail  Tkrefld  Milltm,  Gear  CiHlMt.  iid  tlher  jmail  Aulonatic  RUcbinti 


IF  you  are  interested 
in  Rivet  and  Screw 
Machinery  there  is 
valuable  information 
for  you  in  this  new 
catalogue.  There  is 
60  years'  manufactur- 
ing experience  back  of 
the  Cook  line  of  ma- 
chines  —  experience 
that    may    help    you. 

Let  us  send  the  book 
today 


THE  ASA  S.  COOK  CO.,  Hartford,  Conn. 


The  Townsend  Taper  Attachment 

I,  i,.l.,|,lr,l  fo,  ll„-  r.ipi<l  m,>nuU,  lut,-  nl  Inprrf.  rramrr,.  IwiM  dtllls, 
,11,1  rniik.  iirbois,  |juiiclif9,  cic  ,  in  quanlilies.  Turning  bccomn 
.l^  f,,^v   ,n  >lTai|jlil  work  and   pails   maj    he  duplicalcd  exaclly. 


Send  for  circuta 


The  H.  P.Townsond  Mfg.  Co.,  Hartford,  Conn. 
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READY!— 

The  Adams  "SHORT-CUT"  Lathe 


Top   View 
"Short-Cut"    Lathe 


"LJ  OW  much  of  your  lathe  work  con- 
-■-  -■-  sists  of  short  length  pieces  of 
medium  diameter?  Do  you  employ  a 
standard  sized  lathe  providing  greater 
swing  and  longer  bed  than  are  neces- 


sary, with  consequent  excess  costs? 
Or  do  you  use  a  small  lathe  with  the 
handicap  of  insufficient  power? 

We've  designed  a  new  lathe  to  handle 
this  class  of  work  most  advantage- 
ously. 

The  Adams  "Short-Cut"  Lathe  per- 
forms equally  well  for  roughing  and 
in  extremely  accurate  finishing,  costs 
less  than  larger  tools,  conserves  fuel 
and  labor,  and  shows  many  "short- 
cuts" from  raw  stock  to  finished  pieces. 
It  is  exceptionally  well  built. 


Geared  head  provides  six  speed  changes 
through  one  operating  lever  and  a 
sliding  clutch.  Headstock  gears  run  in 
an  oil  bath,  insuring  perfect  lubrication 
and  a  long  life.  Spindle  is  of  crucible 
steel  scraped  to  perfect  bearing  fit  with 
hole  capacity  for  1"  bar  stock.  Three 
positive  feeds  from  0.007  to  0.020  are 
instantly  obtainable;  three  others  with 
a  two  gear  change. 


DIMENSIONS 

Swing  over  bed — 121/2"- 

Space  between  centers — 19". 

Length  of  bed— 48". 

Width  of  belt— 2". 

Dia.  hole  in  spindle — 1  1/16". 

Max.  cap.  wire  chuck — %". 

Length  of  carriage — I8I/2". 

Width  of  cross-slide — 7V4"- 

Spindle  speeds  (pulley  run- 
ning at  200  r.p.m.)— 23  to 
374  r.p.m. 

Weight — 1350  pounds. 

Write  for  further  information 
and  advice  on  deliveries. 


362 


MACHINERY 


August,  1918 


Bilton 

Cut  Gears 

For  Washing 
Machines 


The  accompanying- 
photograph  was  se- 
cured at  a  Pittsburgh 
plant  where  washing 
machines  are  made. 
For  nearly  two  years 
two  Bilton  Gear  Mill- 
ers have  helped  save 
labor  in  the  manufac- 
ture of  these  labor- 
saving  machines. 
They  have  also  saved 
time  and  money.  Take 
this  illustration  for  an 
example  of  true  econ- 
omy. 


Economy 

is  the 

Object 

of  this 

Operation 


The  Bilton  Gear  Miller  is 
machining  32  teeth,  16 
pitch,  on  gears  of  ">'s"  face. 
Five  gears  are  mounted 
on  the  arbor  at  one  time, 
and  it  takes  just  25  sec- 
onds for  the  cutter  to 
make  one  cut  through  the 
lot.  One  gang  of  blanks 
will  be  cut  in  8  minutes, 
which  makes  a  production 
of  38  gears  per  hour. 

One  operator  tends  both 
Bilton  machines  and  three 
other  tools  besides. 

Catalog  No.  20M gives  the  reasons 
for  Bilton  supremacy.  Send  for 
it     to-day     and     be      convinced. 


The  Bilton  Machine 
Tool  Co. 


BRIDGKFORT 


CONNKCTICUT 
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MACHINERY'S 

GREEN  SECTION 


Comprising  the  latest  lists  of  Second-hand  and  Rebuilt 

metal-working  machines,  tools  and  accessories, 

now  available.    The  merchants  represented 

in  the  Green  Section  are  w  ell  known  to 

MACHINERY 


Tht  GREEN  SECTION  is 
MACHINERY'S  Second-hand 
Tool  Department.  Use  it  for 
Used  Machinery. 


Machinery 

140-148  Lafayette  Street,  New  York  City 


364  MACHINERY  August,  1918 

More  Tools  Wanted 

Can  you  help  on  this? 


Machinery  is  indebted  to  readers  and  advertisers  for  the 
quick  response  to  our  appeal  made  here  last  month  for  a 
number  of  tools  that  were  badly  wanted.  Nothing  could  more 
effectively  demonstrate  the  extraordinary  circulation  and  the 
close  attention  the  Green  Section  receives.  The  answers  began 
to  start  as  soon  as  the  first  copies  of  July  Machinery  were 
delivered  and  they  came  in  all  through  the  month;  and  they 
came  from  all  over  the  country.  The  Green  Section  has 
arrived. 

TOOLS  WANTED 

Cutting  off  machine  of  the  Williams  or  Vandervoort  type 
to  handle  9.2"  and  9.5"  shell  forgings.  Immediate  de- 
livery necessary. 

Power  Punch  and  Shear  24"  to  36"  throat.  Capacity 
about  1"  X  1". 

50,000  pounds  used  testing  machine.     Machine  to  be 
complete  and  in  first  class  condition. 
Small  shaper — second  hand,  but  in  good  condition. 
3  ft.  Sensitive  Radial  Drill. 


MACHINERY'S  GrEEN  SECTION 

140-148  Lafayette  Street,  New  York  City 


The  Bread  That  Was  Cast  Upon  The  Waters 

Truly  it  has  been  found  after  many  days!  How  wonderful  to  imag- 
ine the  ardent,  Hberty-loving  spirit  of  Lafayette,  who  fought  so 
bravely  and  devotedly  for  American  liberty,  gazing  now  upon  the 
eager  lads  going  forward  with  the  stars  and  stripes  and  the  tri-color 
to  save  and  secure  forever  the  liberty  of  his  immortal  France.  These 
are  the  children  of  that  freedom  he  fought  for  and  the  soldiers  of 
freedom  always  win  at  last! 

"For  freedom's  battle,  once  begun. 
Bequeath' d  by  bleeding  aire  to  aon. 
Though   baffled  oft,    is  ever  won.  " 
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USED-<'REBUILT 

SHOP  EQUIPMENT 


USED  MACHINERY 


24' 


Henry     & 


30' 


Henry     &      18 


One-spindle 
Wright. 

One-spindle 
Wright. 

Two-spindle  Fox  Sensitive. 

Four-spindle  Slate  Sensitive. 

hy-2'  Baush  post  radial. 

2-spindle  Moline  Cylinder 
Borer. 

3 — 10"  Barnes  friction. 

23"  Barnes  sliding  head. 

2—25"  Blaisdell  sliding  head, 
back  gears,  power  feed, 
auto,  stop,  new  table. 

No.  0  2-spindle  Garvin  Hori- 
zontal. 

4-spindle  14"  Foote-Burt  pow- 
er feed. 

48"  Dreses  cone  driven  radial. 

No.  214 — 2-spindle  Avey. 

Two  No.  21/2 — 4-spindle  Avey, 
with  automatic  feed. 

GRINDERS 

12  X  60  Landis  Universal. 
6  X  48  Pratt  &  Whitney  Plain. 
18—30  X  96  Norton  Plain. 
5—10  X  36  Nortons. 
No.  60  Heald  Cylinder. 
6  Bryant  Internal. 
Whitney  Water  Tool. 
Yankee  Twist  Drill. 
4  Van  Norman  internal. 
48  X  6  Springfield  Double  Head 

Planer  Type. 
No.  2  Walker,  with  outfit  "J" 
gear  cutter  grinding  attach- 
ment and  center  rest  and 
6"  4  jaw  chuck. 
No.    70    Heald    internal    with 

Type  "F"  wheel  head. 
No.  12 — 26"  Besly  disc  grinder. 

LATHES 

10  X  4  Davis,  C.R..  P.C.F. 


No. 
20" 

%" 
No. 


20 


20 


20 


11  X  4  Mann  R.  &  F. 

14  X  8   Flather,   C.R.,   P.C.F. 

Chuck. 

X  10  Schumacher  &  Boye, 

C.R.,  P.C.F.  Chuck. 
44  X  16  Niles,  C.R.,  P.C.F. 
56  X  24  Wood  &  Light,  C.R., 

P.C.F. 
84  X  30  Putnam  Plain  Turning. 
16  X  6  Automatic  Threading. 
3 — 16  X  6  Hendey  geared  head, 

4  way  tool  blocks. 

X  12  Hendey  Norton  screw 

cutting. 

X    12    Fifield    comp.    rest 

power  cross  feed. 

X  12  Putnam  Pl.R.,  P.C.F, 

solid  spindle. 
28  X  14  L.  W.  Pond  C.R. 
21  X  8  Lodge  &  Davis  C.R., 

P.C.F. 


Nos.  1  and  2  Pratt  &.  Whitney 

Hand. 
F.  E.  Reed  Lincoln  Type. 
No.  2  Owen,  plain. 
No.  3  Van  Norman  Duplex. 
No.  9  Garvin  Lincoln. 
No.   2   Milwaukee  back  gears 

vert,  and  rack  cutting  att. 
No.  32  Kempsmith  Lincoln. 
No.    0    Steptoe    plain    driving 

head  and  tailstock. 

TURRET   LATHES   AND   SCREW 
MACHINES 

No.  21/2  P.  &  W. 

24"  Gisholt,  614"  hole. 

2  X  24  Jones  &  Lamson  Flat 

Turret. 
No.   1,   %"  Pratt  &.  Whitney 

Wire  Feed. 
20"  X  7'  Fay  &  Scott  Universal 

Turret. 


24"  X  10'  Lodge  &  Davis  Heavy 

Turret. 
2"  Garvin. 
18  X  6  American. 

PLANERS 

20  X  20  X  4  Pease,  one  head. 
26  X  26  X  6  Lodge  &  Davis, 

one  head. 
25  X  25  X  10  Sellers,  one  head. 
36  X  36  X  14  Lodge  &  Davis, 

one  head. 

AUTOMATIC  SCREW  MACHINES 

1/2"  4-spindle  National  Acme. 
1%"  4-spindle  National  Acme. 
1^/4"  Style  B  Cleveland. 
2"  Style  A  Cleveland. 
41/4"  Style  A  Cleveland. 
314"  Gridley  Single  Spindle. 

MISCELLANEOUS 

2 — 26    X    10   Automatic    Gear 

Cutters. 
No.  1  Slate  Automatic  Pinion 

Gear  Cutter. 
No.  2  36"  Whiton  Automatic 

Spur  Gear  Cutter. 
150-lb.  Plain  Drop  Hammer. 
50-lb.  Bea'udry  Power  Hammer. 
675-lb.  Pratt  &  Whitney  Board 

Drop  Hammer. 
6"  Hurlbut  &  Rogers  Cutting- 

off  Machine. 
7   No.   2   Stiles   Power  Punch 

Presses. 
36"     Stoll     Power     Squaring 

Shear. 
No.  15  Lea-Simplex  Cold  Saw. 
18"  Newton  Cold  Saw  with  fac- 
ing head. 
No.  6  Fellows  Gear  Shaper. 
No.  13  P.  &  W.  Profiler. 
No.  14  Cochrane-Bly  Die  Blot- 
ter. 


HENRY  PRENTISS  &  COMPANY,  Inc. 

Formerly  PRENTISS  TOOL  &  SUPPLY  CO. 
Singer  Building,  149  Broadway  NEW  YORK 

BOSTON.  MASS  BUFFALO.  N.  Y.  ROCHESTER,  N.  Y.  SYRACUSE.  N.  Y.  SCRANTON.  PA. 
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^ilANUFAgUfD 

lACHINE  TOOLS 

TRADE  MARK 

In  the  business  of  Remanufacturing  we  start  with  the  assumption  that  the  only  differ- 
ence between  a  new  machine  and  a  worn  machine  is  the  condition  of  the  moving  parts 
and  bearing  surfaces.  In  other  v/ords,  the  material  has  not  deteriorated  by  use,  but 
rather,  if  anything,  improved.  Therefore,  if  the  moving  parts  and  bearing  surfaces  of 
all  parts  are  renewed  you  have,  to  all  intents  and  purposes,  a  new  machine  with  seasoned 
material.  Users  of  the  present  ten-day-out-of-the-sand  machines  will  appreciate  what 
"seasoned"  material  means. 


RADIAL    DRILLS 

1 — 3'  American,  single  pulley  drive. 

1 — 4'  Niles  Full  Universal. 

1—5'  Fosdick  Plain. 

1 — 5'  Universal. 

1 — 5'  Niles  Full  Universal. 

1 — 6'   Putnam   Plain. 

MILLING    MACHINES 

2 — No.  14  Garvin  Mfg.  Plain. 

2 — No.  14  Garvin  Plain. 

1 — No.    18    Kempsmith    Plain. 

1 — No.  32   Kempsmith  Lincoln. 

1 — No.  4  Newton  Duplex. 

1 — Hilles  &  Jones. 

1 — No.  2  Beaman  &  Smith  Vertical. 

GEAR   CUTTERS 

2 — No.  11  Gleason  Bevel  Gear  Gen- 
erators. 
1 — 24"  Fellows  Gear  Shaper. 
1—36'  Fellows  Gear  Shaper. 


PLANERS 


1—22- 
1—22" 
1—24" 
1—26" 
1—26" 
1—30" 
1—36" 


22" 
22" 
24" 
26" 
26" 
30" 
;  36" 


X  6' 

X  6' 

X  6' 

X  6' 


1—36"  X  36" 
1—36*  X  36' 
1—48-  X  38" 


Gray. 

American. 

American. 

American. 
X  8'  Gray. 
X  12'  Gray. 
X  8'  Flather,   2  hds. 
X  10'  Whitcomb,  2  hds. 
X  13'   Sellers,  2  hds. 
X  12-  Pond,  1  hd. 


Replaning  the  bed  of  a  large  horizontal  borins 


out  of  alignment. 


ENGINE     LATHES 

1 — 15"  X  6'  Von  Wyck,  taper. 

1—16"  X  6'  Walcott  &  Wood. 

1—18"  X  6'    American,    Pull    Q.C.G. 

1—20"  X  8'  Whitcomb-Blalsdell,  Gd. 
Hd. 

1—24"  X  10'  Walcott  &  Wood. 

1 — 24"  X  10'   American. 

1—36"  X  16'  Johnson  Triple  Gear- 
ed,  motor  drive. 

1—36"  X  20'   New  Haven. 

1—50"  X  14'   Fitch  burg. 

1—60"  X  16'  Fineld. 

1— No.  3  Nlles-Beraent-Pond  Dou- 
ble Axle. 

1— Niles  Cylinder,  41"  swing. 


TURRET   AND   SCREW 
MACHINES 

1—12"   Foster-KlmbaU. 

4—16"  Pratt  &  Whitney. 

1 — 20"    Pratt    &    Whitney    Geared 

Head. 
2—22"  Stelnle. 
1 — 24"  Foster. 
1 — 1%"  American  Screw. 
2 — 2"  X  24"  Jones  &  Lamson. 


GRINDERS 

2— No.  200  Heald  Piston  Ring. 
2 — 18"  Gorton  Disc. 
1— No.  11  26"  Besly  Disc. 
1— No.  23  Landls  Plain. 
1 — 1%  Landls  Internal. 
1— No.  2%  Bath  Universal. 
1—12'   X   72"    Norton    Plain. 
24—12"  X  24"  Modern  Plain. 


PUNCHES    AND    SHEARS 

1 — 96"  Robinson  Power  Brake. 
1 — No.  2  Bethlehem  Slitting  Shear. 
1 — No.  1  Wm.  Freeh  Punch. 
1 — No.  3  Robinson  Inclinable. 
1 — No.     1-B     New     Doty     Geared 
Punch. 

MISCELLANEOUS 

1 — 38'  Colburn  Vertical  Boring 
Mill. 

1 — Gould  &  Eberhardt  Draw  Bench. 

1 — 1%"  Morton  Keyseater. 

1 — 4"  Bignall  &  Keeler  Pipe  Ma- 
chine. 

1—36"  Morton  Draw  Cut  Shaper. 

1 — No.  2  Lapolnte  Broaching  Ma- 
chine. 

1— No.    104    Consolidated    Press. 


I   OUR  GUARANTEE : 


YOUR  MONEY  BACK  IF  YOU   RETURN  MACHINE 

WITHIN  THIRTY   DAYS  OF  DATE  OF  SHIPMENT. 

FREIGHT  PREPAID. 


NO  EXCUSES  I 
NECESSARY  1 
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MACHINES  WE  OWN  — For  Immediate  Delivery 


6 New     Cleveland.     2     spindle,     high     speed. 

ball    hearing    Sensitive    Drills. 
8— New     Cleveland.     4     spindle,     high     speea, 

hall    hearing    Sensitive    Drills.    „      ,     .      . 
4— No.   5—20"  Buffalo  Stationary  Head,  tacs 

geared     Drills.  , 

1— New  21"  Cleveland  Upright  Back  Geared, 

power  feed  Drill.  „     :,      v     ». 

S— New    Cleveland    26"     Sliding    Head,     hack 

geared,    power  feed   drills.  ,    „     •   ^.,. 

1— New    28"    CleveliLnd    High    Speed    TIpnght 

Drill,    with    tapping    attachment. 
l_New  32"  Cleveland.  Upright  Slidmg  Head, 
84_New    20th    Century    FUing    Machines. 
l_New     Cleveland     Profile     Grinder,     motor 

4— New  Greenfield  Universal  Tool  &  Cutter 
Grinders,  _   .  ,     m     i     e 

2— Now  No.  190  Wells  Universal  Tool  & 
Cutter     Grinders. 

1— No.    60   Heald   Cylinder    Grinder.  , 

4— New  No.  1  La  Salle  Plain  Surface  Gnnd- 
era,  micrometer  adjustment. 

1— Used    36"    Fellows    Gear    Shaper. 


1 — Used    No.    2    Knowles    Keyseater. 

2 — New     12"     I     5'     Cleveland     T90I     Room 
Precision   Lathes,    complete    equipment. 

3 — New     16"     I     6'     Cleveland     Tool     Boom 
Lathes,    complete   equipment. 

2 — New    16"    I    6'     Cleveland    ftaick    Change 
Engine    Lathes,    regular    equipment. 

1— Used    24"    Libhy    Turret    Lathe, 

1 — New   No,   2    Garvin   Universal   Milling   Ma- 
chine. 

5   Cincinnati   Plain   Milling   Ma* 
single    pulley    drive, 


1 — Used  No 
chine,  ge 
in   A-1   CO 

1— New   No 


iditi( 


2  Marvel  Draw  Cut  Hack  Saw 
with   swivel  vise, 

1 — New   No.    I    Chicago    Automatic, 

1 — New  Grand  Kapids  Universal  Tool  & 
Cutter   Grinder, 

1— Used  6'  Bickford  Radial  Drill,  gear  hoi 
drive,    very   good   condition. 

1 — New  No.  2  Garvin  Universal  Milling  Ma- 
chine. 

1— New  No.  2Vi  Eockford  Universal  Milling 
Machine. 


4 — New  Adams  Farwell  No.   1  Gear  Ho'ohen. 
1 — Used    V/i"    Gridley   Multiple   Spindle   Auto- 
matic,    arranged     for     motor     drive,     hat 

without    motor. 
l—XXsed    No.    2    Le    Blond    Universal   miUnt 

Machine,    fine   condition. 
1— New   20"    Canedy-Otto   Drill   Press. 
2— New    Cleveland    Single    Spindle    SeultlT* 

Drills. 
4 — New     Cleveland    Three     Spindle     SensltlT* 

Drills. 
1 — 24"  X  24"  z  y  Morse  Planer,  one  luu. 
1— No.    13   Garvin  Plain  Miller. 
1— No.    6    Becker-Lincoln    Type    Miller. 
1 — No.   V/z   Cincinnati  Universal  MiUer. 
1 — No.    Ii4    Landis   Internal   Grinder. 
1 — 16"    X   8'    Lodge    &    Shipley    Patent   Head 

Engine   Lathe,    including   Universal   Chuok. 
1 — 24"    X    12"    Schumacher    &    Boye    Engine 

Lathe. 
1 — 3>/2"  X  84'  Fitchburg  Lo-swing  Lathe,   all 

geared    heads,    single    pulley   drive,    quiok 

1— New  24"  Walcott,  hack  geared,  high  duty 
Shaper, 


PARTIAL  LIST  OF  MACHINES  LISTED  WITH  US  FOR  SALE 


BOSING    MACHINES— VEKTICAL 
l_New    BuUard    24"    New    Era,    with    4    jaw 

1 36"   Bansch   Ic  Harris,    2    swivel   heads, 

1 — 40"    King — 2   swivel   heads. 
1—42"  Bullard— 2  swivel  heads,   quick  change 
feed.  ,    ,^      , 

1 60"   Bickford — 2   swivel   heads. 

1 — 62"   King,   2   swivel  heads. 

I— $■  Bickford.   2  swivel  heads,   equal  to  new. 

1_96"     Vertical     Cylinder     Boring     Machine, 

1 10'    Niles — 2   swivel   heads. 

1— New   14'   Niles  Pattern,   two  swivel  heads. 

BOEING   MACHINES— HOEIZONTAL 
1— No.    2  Eockford,    with   special  large   table, 

good    as    new.  ,, 

1— No.    0    Detrich    *    Harvey,    floor    type,    aU 

geared  feeds,   universal  table,  S'A     bar,      _ 
1— Niles    Knee    Type,    aU    geared    feeds,    4 

1— No,'  33   Lucas  Latest   Type,    4"   bar.     Ex- 
cellent   condition. 

BULLDOZEES 

1— No.   2  -Williams  &  White   16"  stroke. 

1— No.    6   Williams   &   White.    13"    stroke. 

1 No.  23  Williams  &  White,  Belt  Driven, 

l—Williams  &  White,    18"   stroke, 
CEANES— TEAVELING 

1—10    ton    Whiting,     37' — 3"     span,     2     mo- 
tors, ^  .., 

1— New  10  ton  3  motor  type.    Case — 40    span, 
220  volt  D.C. 

1 20   ton    Niles — 76'   span. 

1—26    ton    Case— 28'    span. 

1 Single    Leg.    4    motor,    Grantry    Crane. 

CEANES— LOCOMOTIVE 
1—16   ton   McMyler,    8   wheel   42'    boom 

1 20    ton    Brown    Hoilt    8    wheel    40' 

bucket. 
DEILLINO    MACHINES — EADIAL 
1—3'   Dreses   Plain   Single  Pulley   Drive 
1 — 4'     American    Plain,     latest    type, 

Sulley   drive. 
Tew  6'  Dreses  Plain,  July  delivery. 

1 6'    Bickford    Plain,    arranged    for    variable 

speed   motor.  .       .      ,  1, 

1 5'    American   Full  Universal,    single    pulley 

drive,    practically    new, 
6—6'    Eeed    Prentice    Heavy   Duty   Ball   Bear- 
ing, 
DEILLING   MACHINES— HEAVY   DUTT 
4 — No,  310  Baker. 

1— No.    23   Foote-Burt.  .      ,  ;,       „. 

1— New     No,     416     Baker,     high     speed,     4 

capacity,  „ 

2 Style    P-3    Baker    High    Duty, 


GEINDEES  —  CYLINDRICAL  —  UNIVERSAL 
1— New   No.    1-10"   X  30"   Webster   &  Porks, 


geared     head,     single 


3   Mode 

1 — New   Landis   No. 

1 — No.     5    Brown    & 

72" 


n.   Capacity  13" 
3,    Capacity  12"   x  42" 
Sharpe,    capacity    22" 


boom 


single 


Good 


DEILLINO     MACHINES— SLIDING     HEAD 

1—26"     Barnes     Sliding     Head,     Gang     Drill, 
with   4   spindles.      Weight   about    6000   lbs. 

1 28"    J.    F.    Barnes,    good    as    new, 

1—32"    Hamilton, 

GEAR   CUTTING    MACHINES 

4— New   No,   1   Adams   Farwell   Gear  Hobbers, 

1— No,    2-A  Newark — 24"   x  8"   capacity. 

1 36"    Fellows    Gear    Shaper. 

1— No.    4    Brown     *     Sharpe,     capacity    48" 
latest  type,   equal  to  new. 

l_New     No.     4-A    Cincinnati,     capacity    48 
»   18". 

1 New   No.   5  Loos  Bradner.    gear  Generator, 

14"    swing,    full    universal, 

1— Now    40"    Flathor    Gear    Cutter,      Immedi- 
ate   doUvory. 
GBINDERS— CYLINDRICAL-PLAIN 

2 New   Modem   8  x  30   Self-Contained. 

2— New    12    X    24    Modem    Self-Contalnod. 

4_New      Modern      Solf-Contained;      capacity 


GEINDEES— INTEENAL 
1 — No.  1^2  Landis — good  as  new. 
1 — No.    70    Heald,    very    good    condition. 

GRINDERS— SURFACE 
2 — Walker  Single  Stroke.     Good  as  new, 
2 — Heed-Prentice   Vertical,   table   capacity   12" 

X  78",   including  Magnetic  Chuck. 
2 — 13'    Pratt    &    Whitney    Vertical. 
1 — Blanchard — 16"  wheel,  24"  Magnetic  Chuck, 
1 — No.      2^2      Walker,      including     Magnetic 

Chuck. 

HAMMEES— POWER 
1_N6W  Williams  &  White  40  lb.,  Yeakley. 
2— New  Williams   &  White  660  lb.,   Yeakley. 
2 — 800  lb.   Bliss.   Board  Drop. 
1 — 1200  lb.   Billings  &  Spencer,   Board  Drop, 
1—75   lb.    Beaudry. 
1—100  lb.    Bradley   Strap. 

HAMMERS— STEAM 
1 — 400    lb.    Sellers    Single    Frame. 
1—1100  lb.   Pittsburgh   Single  Frame. 
1—3000   Ih.    Morgan   Double    Frame. 
1 — New   6600    lb.    Massillon. 
1 — 7    ton    Morgan    Double     Frame — 1st    class 
condition. 

KEYSEATEES 
4— New   No.    0    Mitts   &   Merrill. 
1— No.    1    Baker. 
l_New   No.    3    Mitts   &   Merrill, 
l_New   No.    4   Mitts    &   Merrill. 
1 — No.    5   Colbum   43"   stroke. 

LATHES— ENGINE 
10 — New     16     X     8 — Cincinnati     Quick     Change 
Double    Back    Geared,    Engine    Lathe,    im- 
mediate   delivery, 

1—18"  X  18'  Lodge  &  Shipley  ftttlck  Change. 
Good    as    new. 

1 — 27"   X   40'    Bridgeford,    geared  head,    motor 
driven,    arranged    for    turning    only. 

l_New   32"   X   18'   Bridgeford. 

1 — 32"   X  24'   Fay  &  Scott. 

1 42"  X  20'  New  Haven  Triple  Geared,    face 

,)h'.te    drivo. 

1 — 60"     X     20'     New    Haven,     triple     geared, 
raising   blocks   to   swing   up    to   72", 

1 — 61"  I  18'   Fifleld   triple  geared,   face   pUt« 

1 60"  X  28'  New  Haven,   triple  geared.    Fine 

condition. 
1 90"   X  20'   Pond,   face   plate   drive. 

LATHES — TUEEET 
2—21"     Gisholt    18"    Chuck,    quick    traverse, 

taper    attachment. 
2 — 2   X   24   Jones    &   Lamson. 
1 — 3    X    36    Jones    &    Lamson.    single    pulley 


1 — No.     5     Cincinnati, 

pulley    drive, 
2— New    No,    16    Garvin, 

MILLING   MACHINES — VERTICAL 
1 — No.    2    Cincinnati,    single    pulley    drive. 
1 — New    No,    4-B    Becker, 
1 — No,       6      Becker-Brainard.       with      rotsry 

table. 
2 — New  Garvin  No.   16,   table  feed  60". 


2—24 

head. 
1 — New 


X    24    X 


one 

Woodward     & 


Johnston. 
Sc    Swasey    hollow    hex. 
equipment. 


dri' 

18— 6-A  Potter    ic 

1— 3-A  Warner 

and  chucking 

MILLING     MACHINES— KNEE     TYPE,     TJNI- 
VEESAL 
1— New    No.    1    Cincinnati. 
1 — No.    2   Milwaukee   all   geared   bead,   single 

SuUey  drive,    as   good   as   new, 
few   No.    3   Becker  Universal   Milling   Ma- 
chines.    Immediate   delivery. 
2  New  No.   3  Kempsmlths. 
l_Now    No.    3-A    Garvin. 
l_Now  No.  4  Le  Blond. 


27"     X     27" 
Powell.   2  heads. 

1 — 28"  X  28"  X  8'  Cincinnati  2  speed  latest 
type,    2   heads   on  rail. 

1 — 30"  X  30"  X  16'  Hamilton,  2  beads  on 
rail.       Good     as     new. 

1 — 36"  X  36"  X  8'  Gray.  2  heads. 

1 — 36  X  36  X  12'  Cincinnati,  2  heads  on  rail, 
good    as    new. 

1 — 40"  X  40"  X  8'  Pond,  one  heavy  swivel 
head. 

1 — 43"  I  33'  Detrick  &  Harvey,  frog  and 
switch,  2  swivel  heads,  motor  driven,  ex- 
cellent   condition. 

1 — 48"  X  48"  X  12'  Niles.  2  heads  on  rail. 

1 — 60"  I  46"  X  15'  Patch,  4  heads.  Ex- 
cellent   condition. 

1 — 16'   Hilles  &  Jones   plate  planer. 

1 — 18"   Hilles   &   Jones   plate   planer. 

PUNCHES    &    SHEARS 

1— Alligator  Shear,   capacity  6"  in  soft  steel. 

1 — No.  5  Canton  Foundry  Alligator  Shear,  ca- 
pacity  3"    square    steel,    motor   driven. 

1 — 6'  Ley  &  Nawarth  Squaring  Shear,  capao- 
ity    10    gauge. 

1 — Bertch  Boiler  Makers,  punches  14"  stroke, 
capacity  1"  through  1".  Geared  Type. 
Good  as  new, 

l_New  Beatty  26"  throat,  capacity  1 
through    1".      Delivery    30    days, 

1 — New  Kling,  36"  throat,  capacity  1V4 
through    1".     90    days    delivery. 

l_New  Beatty  Single  End  Punch  tc  Shear, 
42"  throat,  capacity  IVi"  through  1". 
90    days    delivery, 

l_New  Beatty  Single  End  Punch  &  Shear. 
48"  throat.  Capacity  I"  through  1".  30 
days    delivery.  ,^    .,    ..         ,.    ,. 

1—66"  Queen  City,  capacity  4"  through  1 
or  2"  through  2",  weight  63,000  lb.  Im- 
mediate   delivery. 

EOLLS 

1— Set     Stacy    8'    Bending    Eoll,     %"    plate 

1 — Set   10'  NUes,   capacity   %  to   H". 

1— Set  14'  Hilles  &  Jones,  capacity  H     plate, 

1 — Set    20'    Niles,    pyramid   type,    capacity    1 
to    I'l"    plate.      Drop    and    housings.      Im- 
mediate   delivery, 
SCREW    MACHINES— AUTOMATIC 

7 3^"   Gridley  Multiple  Spindle,   arranged  for 

1-1^4'     Gridley,     Multiple    Spindle,    good    as 

20 — 314"    Gridley    Single    Spindle, 

1 No.    0    Brown   &    Sharpe. 

1 Ho,    8   Brown   ft    Sharpe   Turret    Forming, 

SHAPEES 

3_Now  18-  HolUngsworth.        ,      ,      ,  . 

2 New    20"    Steptoe,    improved   single    geared 

crank.  .       ^  ,  ,        «     ^ 

6— New  24"  HolUngsworth  Triple  Back 
Geared.  _ 

l_Now   28"    Smith   k   Mills.      Crank. 

J 30"  I  96"  Cincinnati  Heavy  Duty  Open- 
side    Shaper.      Excellent   condition. 

1 36"    Morton    Draw    Cut. 

8L0 ITERS 
Die    Blotter. 

Good    as    new. 
Good  condition. 


1—10- 


V  Oarvln 
Newton, 
Craven. 


MILLING   MACHINES— KNEE   TYPE,    PLAIN 
6— Now   Gooley   4   Edlund  Type   A  Briggl. 
6— Now   No.    I'i    American. 
1— New   No.   2   Kcmpsmlth, 
1— No.  3  Le  Blond,  with  vertical  attachmnt, 
Modem    Tool. 

WM.  F.  DAVIS   MACHINE  TOOL  COMPANY,  Inc. 

CHICAGO.  ILL.  CLEVELAND.  OHIO  WASHINGTON.  D.  C.  "^I  ub!»^tv  Str«T^ 

549  W.  Wa.hinKton  Boulev.rd  508  Loder-New.  Building  945:Penn.ylvani«  Avenue  85  Uberty  Streei 

W/RE  OR    WRITE  OUR  NEAREST  OFFICE  FOR   QUOTATIONS  
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BAIRD"-"DETROIT'' 


IN  STOCK 
FOR  IMMEDIATE  DELIVERY 


LATHES 

2 — Xo.  1  Ideal  Precision  Bench  Lathes. 

18 — 6"  X  30"   Dalton   Precision   Bench   Lathes. 

10 — 6"  X  36"  Dalton  Precision  Bench  Lathes. 

1 — 11"  X  5'  Worcester  Semi  Q.C. 

2 — 14"  X  5'  Carroll  &  Jamieson  Q.C. 

4 — 14"  X  6'  Carroll  Jamieson  Q.C. 

2 — 16"  X  6'  Cincinnati  Q.C,  D.B.G. 

2 — 18"  X  8'  Cincinnati  Q.C,  D.B.G. 

2—18"  X  8'  Bradford  Q.C,  D.B.G. 

1—18"  X  10'  Bradford  Q.C,  D.B.G. 

1—20"  X  10'  Bradford  Q.C,  D.B.G. 

1—20"  X  12'  Lodge  &  Shipley  Q.C. 

1 — 24"  X  12'  Porter  Standard. 

1 — 26"  X  14'  Rahn-Mayer-Carpenter. 

1 — 32"  X  16'  New  Haven. 

1 — 38"  X  16'  Fifield  Triple  Geared. 

1 — 42"  X  16'  Niles  D.B.G. 

1 — 48"  X  20'  New  Haven. 

1 — 60'  X  25'  Fifield  Triple  Geared. 

1 — 4%"  X  84"  Lo-Swing  (new). 

GEAR  CUTTERS 

2 — No.  3  26"  Brown  &   Sharpe  Automatic. 

1 — No.  4  48"  Brown  &  Sharpe  Automatic. 

1 — No.  4  36"  Brown  &  Sharpe  Automatic. 

2 — 36"  Fellows  Gear  Shapers. 

1 — No.  6  Fellows  Gear  Shaper. 

1 — No.  1  Farwell  Automatic  Gear  Hobher. 

GRINDERS 

2 — No.  1  Fraser  Universal. 

1 — No.  2  Fraser  Universal. 

2 — No.  1  Wllmarth   &  Morman  Universal. 

1— No.  2  Bath  Universal. 

1 — 6"  X  32'  Norton  Plain. 

1—10"  X  24"  Landis  Plain. 

1—10"  X  36"  Landis  Plain. 

3 — No.  1  Wllmarth  &  Morman  Surface. 

2 — No.  2  Wllmarth  &  Morman  Surface. 

2 — No.  3  Wllmarth  &  Morman  Surface. 

1 — No.  6  Bryant  Internal. 

1 — No.  6A  Bryant  Internal. 

1 — No.  1  Capital   Internal. 

1 — No.  34  Van  Norman  Internal. 

1—14"  X  72"  Norton   Plain. 

BORING  MILLS 

1—39"  RoKors  Vertical. 

1—30"  Uiillard  Vortical. 

1—42"  KInK  Vertical. 

1—72"  Nl!f«  Vertical. 

1—8'   nirkfoni   Vr^rllr-al. 

1-10'  NllcB  Vertical. 

I    -No.  0  Ko8(llck  Horizontal  ?,'^^  Bar  (new). 


MILLING  MACHINES 

5— No.  1  U.  S.  Hand  Millers. 

1 — No.  1  Standard  Hand  Miller. 

1 — No.  3  Rockford  Hand  Miller. 

1 — No.  2B  Rockford  Universal   (Used). 

1 — No.  34  Oesterlein  Plain  (Used). 

1— No.  5  Cincinnati  Plain  (Used). 

1— No.  4  Cincinnati  Plain  (Used). 

1— No.  3  Cincinnati  Plain   (Used). 

1— No.  3  LeBlond  Plain    (Used). 

2 — No.  2  Brown  &  Sharpe  Plain  (Used). 

1 — No.  32  Kempsmith  Lincoln  Type  (Used). 

1 — No.  2  Brown  &  Sharpe  Universal  (Used). 

SHAPERS  AND  PLANERS 

2 — 16"  Hollingworth  Crank  Shapers. 

1 — 18"  Hollingworth  Crank  Shaper. 

1 — 24"  Hollingworth  Crank  Shaper. 

1 — 16"  Milwaukee  Crank  Shaper. 

1 — 20"   Milwaukee  Crank  Shaper. 

1—16"  Smith  &  Mills  Crank  Shaper  (Used). 

1 — 24"  Queen  City  Crank  Shaper. 

1 — 24"  Bement  Traveling  Head  Crank  Shaper   (Used). 

1 — 24"  X  24"  X  8'  Lodge  &  Davis  Planer. 

1 — 26"  X  26"  X  6'  Gray  Planer. 

1 — 36"  X  30"  X  10'  Cincinnati  Planer,  2  Heads. 

1—36"  X  36"  X  8'  Niles  1-  Rail  Head  1-  Side  Head. 

1 — 42"  X  42"  X  10'  Davis  &  Egan  Planer,  2  Heads. 

1—42"  X  42"  X  10'  Detrick  &  Harvey  Open  Side  Planer; 

3-  Heads. 
1—42"  X  42"  X  14'  Niles  Planer,  2  Heads. 
1—60"  X  38"  X  12'  Patch  Planer,  4  Heads. 
1—52"  X  52"  X  24'  Betts  Planer,  1  Head. 
1—72"  X  72"  X  16'  Pond  Planer,  2  Heads. 

SCREW  MACHINES 

1 — No.   3A  Warner  &   Swasey   Universal  Hollow  Hex. 

1 — No.  3  Warner  &  Swasey  Hollow  Hex. 

1 — No.   7   B.&S.  Hand   Screw  Machine,  2"  Cap. 

1—16"  Oliver  Hand  Screw  Machine,  2^4"  Cap. 

2 — %  x  %  5-Hole  Cleveland  Automatic. 

1 — 114"  5-Hole  Cleveland  Automatic. 

1 — 2"  5-Hole  Cleveland  Automatic. 

2—2"  X  2'/i  Cleveland  Automatic. 

1— 4V4"  Grldley  Single  Spindle  Automatic. 

1 — No.  54  National  Acme  4-Spindlo  Automatic. 

3 — No.   75   National   Acme   4-Splndle  Automatic. 

MISCELLANEOUS 

1 — 50  lb.   Dayton   Helve  Hammer. 

1 — 75  lb.  Uradli'V  Compact  Hammer. 

1—1200   11).   WIliliiniH   cfe   White  Drop   Hammer. 

1— Lolghlon  &  Hathaway  Single  ICnd  Punch,  40"  Throat. 

Cap.  %  In  %. 
1— Sot   HIlllK  &  .Iocs   Pyramid   Typo  Bending  Roll   9%' 

lictwi'cii    liouHhiKK,   Cap.    Mi"   plate. 


Honest  Prices- --Good  Service 


W.  J.  BAIRD  MACHINERY  COMPANY 
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MACHINE  TOO 


A  FEW  OF  OUR  GOOD  ONES -MANY 
OTHERS  IN  STOCK  ALL  GUARANTEED 


MILLERS 

New  No.  3  Becker  Universal. 
New  No.  4  LeBlond  Universal. 
Used  No.  33  Becker-Brainard  Miller. 
Used  No.  15  Garvin  Plain  Miller. 

PLANERS 

1 — New,   36  X  3S  X   12'   Openside  Planer,   two  heads. 

6 — New,    48    X   48   X    14,    4    heads,    spiral   drive.    Government 

specifications. 
l_New,  Model  "A"  42  x  42  x  12  Openside  Planer. 
3 — New,   Model   "B"   42  x  42  x  12   Openside  Planers. 
3 — Used,  42  X  42  x  14'  Openside  Planers. 
1— Used,  62  X  48  X  10'  Pond  Planer. 
1 — Used,  52  X  74  X  52  X  24'  Betts,  two  heads. 
1 — Used,  54  X  44  X  13'6  Reiiabuilt,  two  heads. 
1 — Used,  54  X  50  X  12'6  Reiiabuilt,   two  side  heads,   two  rail 

1 — Used,  6S  X  52  X  13'6  Reiiabuilt,  two  heads. 

1 — Used,  74  X  52  X  14'  Reiiabuilt,  two  heads. 

1— Used,  78  X  52  X  14'  Reiiabuilt,  two  heads. 

1 — Used,  16'   Hilles-Jones   Plate   Planer. 

RADIAL    DRILLS 

1 — Used,   3'   Reed-Prentice   Plain   Radial,   single   pulley,    tap- 
ping attachment. 
1 — New,    4'   Dreses  Plain   Radial. 
1 — Used,   8'   Warren    Semi-Universal. 
1 — Used,  No.   17  Foote-Burt  four  spindle. 
1 — Used,   No.   15  Harrington   four  spindle. 
1 — Used,  Rockford  Six  spindle  Drill. 

GRINDERS 

New  Premier  Tool  and   Cutter  Grinders. 

1 — Used,  No.  5  Brown  &  Sharpe  Universal. 

1 — Used,  12"  X  72"  Landis  Plain. 

1 — 20"   Cylindrical  Grinder. 

10 — New,  Dumore  Electric  Grinders. 


LATHES 

3 — Used,  16"  X  8'  Greaves-Klusman  Lathes. 

1 — Used,    16"   X   S'    Schellenbeck   loathe. 

1 — Used,    16'   X   8'   Davis  Lathe. 

1 — Used,    18"   X   6'   American   Lathe. 

1 — Used,   18"   X   S'   Cisco   Lathe. 

1— Used,  20"  X  10'  Lodge  &   Shipley  Lathe. 

1 — Used,  24"  X  10'  Harrington  Lathe. 

1 — Used,  28"  X  8'  Pond  Lathe. 

1 — Used,  30'  X  10'  Harrington  Lathe. 

1— Used,   38"   X   16'   D.   W.    Pond   Lathe. 

2 — Used,  2H  X  36  Marvel  Geared  Head  Lathes. 

BORING   MILLS 
1 — Used,   Special  Bement  No.   7  Horizontal  Boring  Mill. 
1 — Used,  Bement  Horizontal  Boring  Mill,  Knee  type,  2%"  bar. 
1 — Used,   7'   Bickford  Vertical   Boring  Mill. 
1 — Used,   Beaman   &   Smith  Floor  Type  Boring  Mill. 
1 — New,  No.  1  Cleveland  Horizontal  Boring  Mill. 

AUTOMATICS 
1 — Used,   No.   52  National  Acme. 
3— Used,  2'  Cleveland  Model  "A." 
1 — Used,   2%*  Gridley  Automatic. 
1 — Used,    2%"    Cleveland   Automatic. 

SHAPERS    AND    SCREW    MACHINES 
3 — Used,   No.   32%   Garvin  Turret  Lathes,   wire  feed,  friction 

head,   back   geared,    power   feed   to   turret,   2%'   capacity. 
15 — Used,  20'  x  8'  Roulsted  Turret  Lathes. 
1 — Used,  Conradson  Turret  Lathe,  24"  swing,  thirteen  turret 

holes. 
1 — Used,  2"  X  24"  Jones  &  Lamson  Cone  Type  Turret. 

MISCELLANEOUS 
1 — Used,    42'   Niles   Car  Wheel   Borer. 
1 — 3"    Curtiss   Cuttlng-off   Machine. 

1 — Ten  Ton  Bedford  Crane,  two  Motor  Type,  40'  span. 
1 — Used,   No.  2  Whiton  Gear  Cutter. 


WRITE  FOR  ILLUSTRATED  STOCK  LIST 


FOR  IIV1IVIEDIATE 
DELIVERY 


SIMMONS  10-INCH   UNIVERSAL  DIVIDING  HE4DS  BUILT  BY  US, 
PRECISION  GUARANTEED,  BUY  ONE  BEFORE  THE  NEXT  ADVANCE 

SIMMONS  MACHINE  COMPANY,  INC.,  ^'\7B"r.rv':""'' 


lliiil<liii«.    Me 


iti<.v>('iii':s 

:i.'>H    KllirotI   Suiinrr.    Ilnlfnin 
:ll)l    Kinllo    lliill<lin«.    Snn    l-'rnn< 


llRiik    ■(••ildlntf,    I>f><roil 
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Used  72"  Niles  Vertical  Boring  and  Turning 
Mill  with  two  swivel  heads.  Table  68"  diam- 
eter. Takes  4.5"  under  tool.  Friction  feeds. 
Driven  by  six  step  cone  for  4"  belt.  Com- 
plete with  four  chuck  jaws  and  countershaft. 
In  excellent  condition  and  can  be  inspected  un- 
der power. 

DAY   MACHINERY   CO. 

651  ELLICOTT  BLDG.         BUFFALO,  N.  Y. 


A.  D.WHITE  MACHINERY  CO. 


108-114  N.  Jefferson  Street 


CHICAGO.  ILL. 


No.  3  Kemp«mith  Plain  Miliar:  like  new. 

S°-   ]'/?  Z^]]'^  S"y  ^'»'''  M'lle"  (2);  new. 

No.   l'/4   Valley  City  Uni».  Miller:  new. 

10  I  30"  Landit  Plain  Grinder. 

No,  1  Farwell  Gear  Hobbln»  Machine. 

No.   2  MltH  Ic  Merrill  Keyieater. 

No.  e  l^n»  Ic  AUttatter  S.  E.  Punohei.  4"  throat,  cap. 

Style   ■■O"   Bock   HlTor  8.    E.   Punch,    12"   throat,   cap.    : 

No.   1  Eockford  0.   B.   I.  Preai. 

2a"  z  25'   Blaladell  Engine  Lathe. 

28"  X   12'  Flleld  Enrine  Lathe. 

32"  I  1*'  Pond  Engine  Lathe. 

36-  I  20'  American  Triple  Geared  Lathe. 

20"   Cincinnati   Pulley  Tuminr  Machine. 

3/10"   Grant  Bi»et  Spinner. 

3   19"    Adt    Riveter. 

»  Spindle  Valley  City  Mult.  Drill,  No.  1  taper. 

4'  OanK  Plain  Radial.   Gear  Box. 

.14"   ■W.    F.    tc  1.    Bamea   Slid.   Hd.    Drill. 

42'   W.   F.   Ic  }.   Bamei  Slidlni   Hnrd   Drill. 


Desirable  Used  Machinery  For  Sale 

2— M.D.    Bliaa    Mlllina    Machines    arrsnged    for    cuttino    steel 

pinions  to   3   pitch. 
1  — No.  2  Spindle   Pratt   A    Whitney   Profllina    Machine. 
1—42"    X    12'    Engine    Lathe    with    Raising    Blocks,    to   swing 

58",  C.R.   8.B.O..  4  step  tone. 
1— Williamson    Metal    Band    Saw. 
1 — 62"    Kink    Boring    Mill   arranged   for   grinding. 
2—42"    King    Boring    Mills    arranged    for   grinding. 
1  —  12"   X  6'  American   Screw  Cutting   8.D.O.   Engine   Laths. 
10— No.   3   Potter  A.   Johnston   Mfr«.  Lathes   with   pumps. 
1— Cleveland   Automatic    Screw   Machine,  2i/«"    Bar  capacity 
1— Cleveland    Automatic    Screw    Machine,    2"    Bar    capacity. 
1  — No     9    Lapolnte    Broaching    Machine. 
1—3   ft.    Oreses   Plain    Radial    Drill. 
1 — 14  X  48  Q.C.   Plain  Orlndar. 

The  E.  A.  Kinsey  Company 


CINCINNAII 


IMilANAI'Oi.iS 


MACHINERY  FOR  SALE 


Bought  New  in  1915-16 


Used  leas  than  twelve  months.         Low  Prices. 

LATHES 
5—2%"     Mod.     0.     Cleveland 
Auto.    Lathes. 
-No.        11         Amalgamated 


Immediate  Shipment- 


Lathes. 


5 — Warren  Automatic  Nos- 
ing   Lathes. 

3 — 18"  Reed  Grooving  and 
Undercutting    Lathes. 


MISCELLANEOUS 


3 — Holden-Morgan  Mechani- 
cal   Wrenches. 

8 — Fairbanks  Scales. 

2 — Sullivan  Shell  Grinding 
Machines. 


1 — 12"    Belt    Lacing    Machine. 
1— No.      22      Frankfort      Lead 

Pot    Furnace. 
1  Pair  AJax  Rolls,  Size  No.  1, 

22"  X  11",  new. 


'I'll'. is   for   many  of  the   foregoing   machines. 

Will  be  sold  subject  to  previous  sale,  and  Inspection,  before  shipment. 
Descriptive  circulars  and  price  on  application. 

THE  UNION  SWITCH  &  SIGNAL  COMPANY,  Swissvale,  Pa. 


FOR  SALE 


HYDRAULIC  HORIZONTAL  PRESSES— Two  of  them— 
total  ram  capacity  125  ton  and  300  ton.  New  and  complete  in 
every  respect.  Manufactured  by  R.  D.Wood  &  Co.  Immediate 

delivery. 

EVERLASTING  VALVE  COMPANY 

2  Rector  Street  ^cw^  York  City 


Following  used  machines 
for  sale,  immediate  deliv- 
ery, subject  to  prior  sale. 
Machines  in     good      run- 


ling  conditio 
nspected  in  * 


■pla 


One   Lincoln  Type    Milling    Machine. 

One   Cincinnati,    Plain    No.  4   Miller. 

One    Hand    Miller. 

One   Mitts  &  Merrill   Key  Seater. 

One  18"  X  8'   Engine   Lathe. 

Two — Two-splndle  Sensitive  Drills. 

One   16'    Kelly   Shaper. 

Two    B.    &   S.    Gear   Cutters. 


THE  GRAMM-BERNSTEIN  MOTOR  TRUCK  COMPANY 

UMA  OHIO.  U.  S.  A. 


First  Class  Rebuilt  Tools 


Immediate  Delivery 

BORING     MILLS 

2 — American    37"    double    head 

vert,     boring    and     turning 

mills,    plain    tables. 
1—42"  BuUard  vert,  boring  and 

turning  mill,  2  swivel  hds., 

plain    table. 
1 — 84"    Pond    vert,    boring   and 
turning  mill,  2  swivel  heads, 

plain   table. 

DRILLS 

20"    Silver    w.    and    I.    feed. 

2(1"  Kllvor  b.p.,   p.f. 

21"    Hoefer   sliding   head,    b.g., 

p.f. 
42"    New   Ifcven   eliding   head, 

be.    p.f. 
r    Hlokfnrd    plain   radial   drill, 

KO.ir    box    drive. 

GEAR    CUTTERS 

-i"    KillowH    gear    shaper. 

30"   KcllowH   gear   shaper. 
GRINDERS 

No.    1    Fraaer    universal    cylln- 
drlriil    grlnd^T. 

No.  1  Cincinnati  universal  cut- 
tor  grinder. 

l.aiidlH     10"     X     80'     universal 
grlndor. 

Qu.«.n    rity    H-    X    48'    plain 
grinder,    practlrally    new. 

Siixon    Hiirface    grindnr,    table 
30"  X   12". 


2S"    X    10'    New    Haven,    solid 

spindle,    c.r. 
30"    X    18'    Draper,    q.c.g.,    c.r., 
h.s. 
MILLING     MACHINES 
No.    1    Brown    &    Sharpe    uni- 
versal. 
No.       IH       Cincinnati      plain, 

geared    feed. 
No.  2  Cincinnati  plain,  geared 

feed. 
No.     2     Cincinnati     universal, 

geared   feed. 
No.   3  Cincinnati  plain. 
No.  4  Cincinnati  plain. 

PLANERS 
30"   X  30'  X  6'  Enterprise,   one 
head. 

POWER    PRESSES 
C-3  Forracute  o.b.l.   press. 
C-4  Ferracute  f.b.i.  press. 
P-2    Forracute   upright    press. 
r-3   Forracute   upright   prp.ss. 

SHAPERS 
IS"     .stoptoe     Boarod     shUtlng 

boll. 
20"     Walcott     geared     Bhlftlni 

belt. 
SCREW        MACHINES        AND 

TURRET     LATHES 
1/4"  Hnrlfnrd  ntiliiMiatIo  screw 


LATHES 

I"   X   «•   llnthor,   c.r.,   h.s. 

fi-  X  10-  I'ratt  A  Whitney, 
c.r.,    h.d. 

1"   X    8'    Mullor.   o.r.,   h.s. 

::"  X  12'  New  Haven,  o.r.,  h.s. 

I"  X  14'  I'utnum,  nolld  spin- 
dle,  c.r. 


Ti/R-  nimlons  *  Oliver  hand 
srrow    mnohlno. 

2  1  '4"  Warner  A  Swnsoy  serew 
marhlno,  geared  friction 
ho/id.    p.f. 

MISCELLANEOUS 

4"    Vli-lor    pipe    nuirhlno. 

30-  iiiKl  3n"  I'oclt.  Slow  *.  Wil- 
cox foot  power  nquHrtng 
Hhoar. 


.^.n./  for  ComnUtm  PiirpU  I.Ul 


FEDERAL  MACHINERY  SALES  CO. 

14  N  JF.KI-KRSON  ST.,  CHICAGO 
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HAVE  YOU  TRIED  US  FOR 
YOUR  USED  EQUIPMENT? 

Here  Are  Some  Good  Starters: 

Bickford  8'  Vertical  Boring  Mill,  Two  Swivel  Heads. 
W.  E.  Gang  21/2  ft.  Radial  Drill,  Cone  Drive. 
Prentice  21"  sfiding  Head  Upright  Drill. 
Barnes  25"  Stationary  Head  Upright  Drill. 
Potter  &  Johnston  24"  Crank  Shaper. 
Root  No.  4  High  Pressure  Exhaust  Blower. 

LYND-FARQUHAR  COMPANY 

Machine  Tool  Values  BOSTON,  MASS. 


Planers  and  Radials 


18    Betts    3    beads. 
18    Pond    1    head. 
10    Sellers    1    head. 
10   NUes   1   head. 
8   Niles   1   head. 
8   American   1   head. 
6  Gray  1  head. 


4' 2*    Semi   TTniversal. 

4'    Bickford    Single    Pttlley    Drive. 

4'   Bausb   Plain. 

2Vi'  Bickford  Plain. 

5    Sliding    Head   Drills   24   to   40". 

3  X  36  J.  &  L.   Single  Pulley  Drive. 

2  I  24  J.  &  L.  Single  Pulley  Drive. 


2  BULLDOZERS,  Nos.  25  and  26,  Williams,  White  &  Co. 


No.  6  W.   &  S.   Screw  Machine. 
32  Baush  Boring  Uill. 
No.   2  B.   &  S.  Heavy  Miller. 
Press   10'    6"   Bet.    Housings. 
Press  Bliss  Drawing  42,000  lbs. 
Press   Perkins    10   x   24   Bolster. 
No.    25   Becker  Brainard   Miller. 


16,   13  and  24  Bk.   Grd.   Shapers. 

No.  7  Bliss  Double  Crank  Press. 

36"  X  12'    Slab  Miller. 

Landis   20"   x   96"   Universal   Grinder. 

26"   X  24'   Fifleld   Lathe. 

24"  X  14'   LeBlond  Lathe. 


THE  OSBORNE   &  SEXTON  MACHINERY  CO. 

COLUMBUS,  OHIO 


M.  J.  Walsh  Machinery  Co. 

141  Sycamore  Street  MILWAUKEE,  WIS. 


USED  MACHINE  TOOLS  FOR  IMMEDIATE 
DELIVERY 

One  24'   Fellows  Gear  Shaper. 

Two  36"  Fellows  Gear  Shapers. 

One  No.  3 — 26"   B.  &  S.  Auto.  Gear  Cutter. 

One  No.  400  1/4A  Toledo  Power  Squaring   Shears. 

One  No.  2  Brown  &  Sharpe  Auto.  Turret  Forming   Machine. 

One    No.   3    Bardons   &    Oliver   Turret    Lathe. 

Two   No.   12   Modern   Plain   Grinders. 

One  No.  1   Garvin   Universal    Milling    Machine. 

Two  30*  Bullard  Boring   Mills. 


2  No.  1 2  Pratt  &  Whitney 

GUN  BARREL  and  TUBE 
DRILLING  MACHINES 

Jmmmdiate  Delivmry 

The  NEW  BRITAIN  MACHINE  CO.,  New Brilain.Conn. 


1  Type  C-3  Straight  Side  Double  Crank  Stamping  Press 

E.  W.  IJliss  manufacture.  Practically  new. 
weight  9000.  Ib.s.  Size  of  bolster  plate 
16  X  41 1/.;"-  A  barpain.  Can  make  immediate 
shipment.    Will  advise  price  if  interested. 

HOOSIER  MANUFAaURING  CO.  New  Castle.  Ind. 


Here  You  Are 


One  PUTNAM  48"  x  48"  x  18' 
Planer,  two  heads  on  cross 
rail.    As  good  as  new. 

Three  POTTER  &  JOHNSTON 
No.  6A  Automatic  Chucking 
Lathes.     Excellent  condition. 

Twenty  GRANT  Spinning  Ma- 
chines about  1/4"  capacity.  Ex- 
cellent condition. 

Lathes,  Milling  Machines,  Power 
Presses,  Upright  Drills,  Screw 
Machines  and  others,  both  new 
and  second-hand  in  stock. 

HILL,  CLARKE  &  CO.,  Inc. 


156  Oliver  Street 
Boston,  Mass. 


136  Cedar  Street 
New  York  City 


MACHINERY 


6— Now    No.    V,i    Plain    HUUng 

Maohinos. 
8 — No.    3    Fodaral    1    6/16    Scrow 
Maohinoa. 
20— No.  1V4  Pratt  &  Wright  13/16 
Scrow    Machinoa. 
6 — 14-    Pinrco    Turret   Lithoa. 

8"    Pleroo    Screw    Ha- 


10— No.    1   Pratt  &  Wright  Bench 

Millers. 
3 — Hardiogo  Cataraet  Bench  Pro- 

oision   Lathes. 
20—18"   I  8'   Heavy  Duly  Wright 

Lathes. 
18—24*    I    10'    Milwaukee    Engine 


chin 


Plain  Radial   Drills 


34- 


Lathe 

to    96"    Swing    Fifleld    Tripla 

Geared   Engine   Lathes. 


Large  ttock  of  New  and  Used  Machinery 
of  all  hinds 

DAVID  A.  WRIGHT,  Chicago,  III. 
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Girard  Machine  &  Tool  Co. 

491-493  N.  Third  Sl  Philadelpliia.  Pa. 

ENGINE  LATHES 

25"  X  16'  Blaisdell,  12'  centers. 

24"  X  12'    Pratt  &   Whitney. 

20'  X  10'  Hendey. 

20'  X  8'   Reed  with  taper  attachment. 

18"  X  8'  Hendey. 

18'  X  8'  and  10'  bed  engine  lathes 
with    double    back   gear    (12). 

16"  X  6'  new  engine  lathes  with  dou- 
ble  back  gear   (10). 

TURRET  LATHES 

2  X  24     Jones     &     Lamson     geared 

head   (5). 
2  X  26    Pratt    &    Whitney    all    feeds, 

bar   equipment,    back   geared   and 

friction   head. 
No.    3    Smurr    &    Kamen    automatic 

chuck    (10). 
No.   6   Brown   &   Sharpe,   roller  feed 

(2). 
No.   4    Brown    &   Sharpe,    roller  feed 

(2). 

Also  a  large  assortment  of  other  makes. 

Complete    Ust    No.    93,    covering    big    Mtock, 

juat  off  the  preat. 

All  machines  for  immediate  delivery. 


DAY  MACHINERY  CO. 

651  Ellicott  Square         Buffalo,  N.  Y. 

LATHES 
26"  X  12'  Newark  C.R.,  P.C.F. 
36"  X  16'  Putman  C.R.,   P.C.F. 
38-  X  16'  FIfleld  Triple  Geared. 
42"    X    16'    Nlles    C.R.,    P.C.F.,    D.B.G. 
48"    X    20"    New    Haven    C.R.,    P.C.F., 

Q.C.O. 
102"    X    22'    Triple    Geared    Screw   Cut- 
ting. 

PLANERS 
42"    X    42-    X    10'    Detrlck    &    Harvey 
Openslde.    Two  heads  on  cross  rail, 
one  Hide  head. 
60-    X    3S-    X    12'    with    Sellers    Spiral 
drive  to  table.    Two  heads  on  cross 
rail,    two    side    heads. 
72-  X  48"  X  14'  Gray.    Two  heads. 
82"   X   56"   X    10'   Woodward   &   Powell. 
Two   heads. 

BORING    MACHINES 
i6"  Brown  &  Sliarpc  Vertical  with  one 

turret  head. 
42"  King  Verilcal.     Two  swivel  heads. 
72"  Nllfrti  Vertical.    Two  swivel  heads. 
10'   NIlM  Vertical.    Two  swivel  heads. 
Bett.1   Horizontal   with  4"   bar. 
Bcmcnt    Horizontal    tloor    Type    with 

5-    bar. 
2 — New   Gray   Horizontal   with   6"   bar. 

Immediate    delivery. 

DRILLING    MACHINES 

2— No.  12  I'rntt  &  Whllni-y  Gun  Bar- 
rel or  Tube  DrllllnK  MachlncH 
Capacity   3"   drill    r.r    Ionic. 

Four  Hplndlc  MoIIdp  DrllllnK  and  Bor- 
Inir  with  special  »lze  adjustable 
l.il.N-. 

■r>r.  .M'.llne  "Hole  Hoc"  Slnglo  Spln- 
.n,.    ■»-    ,.npn''1tv 

■y-j.,.        ..;,,.n..     1  ,...1..    I.....     if„^yy    I5uty 


MISCELLANEOUS 
I"       ItnnM       Klnir       fsrlf.-l^r       Mncr 


■    Hro«icbln»  Mnrhlnr 
i~    ....    i:   ,  r;,Ti   «   Whiincy  Gun   f.  ■■ 
r"!  TiibB  ivrltllnK  Machlnss,  capii'    ■ 
I-  X  (1-. 

What  Have  You  For  Sale? 


SHOP   EQUIPMENT    \ 


E.  B.  Stickley  Machinery  Co. 

GOEBEL  BLDG.  DETROIT,  MICH. 

1—64"    BETTS    HORIZONTAL   BOR- 
ING MILL,  4"  BAR. 
1—24"   GISHOLT  TURRET   LATHE. 
2—3  X  36"  JONES  &  LAMSON,  BAR 

EQUIPMENT. 
1—3/4'       WARNER      &       SWASEY 

SCREW  MACHINE. 
1—24"      KELLY      BACK      GEARED 

SHAPER. 
1— NO.   3   WILMARTH   &   MORMAN 

SURFACE      GRINDER     WITH 

MAGNETIC   CHUCK. 
1—22  X  10  HAMILTON  LATHE. 
1— NO.     59     TOLEDO     DOUBLE 

GEARED    STRAIGHT    COLUMN 

PRESS. 
2— NO.    59    1/4    TOLEDO    DOUBLE 

GEARED    STRAIGHT    COLUMN 

PRESSES. 
3— NO.     666     TOLEDO     KNUCKLE 

JOINT      GEARED      EMBOSSING 

PRESSES. 
1— D.G.     NO.     55    FERRACUTE 

PRESSES. 

TELL  US  WHAT  YOU  WANT. 
WHAT  HAVE  YOU  FOR  SALE? 


USED  MACHINE  TOOLS 

LATHES 
1—26  I   16  Brldgeford. 
1—26  I  22  New  Haven. 

DRILLS 
1 — 20"  Barnes,  all  geared. 
4 — No.     '/a,     3     Spindle     Avey     High     Speed. 

Bench   Type. 
2—6   ft.   Baush  Radial. 
1-6   ft.    Baush   Radial. 

GRINDERS 
2 — No.    23   Brown   i    Sharpe    Cyllnier. 
1— No.    170   WelU    Universal    Tool   &    Cutter. 
1— No.     6-18"     Besly    Double     Spindle,     Ring 
Wheel. 

MILLINO   MACHINES 
1— No.   0  Bickett   Vertical   Miller  &   Profiler. 
1 — No.    2-A   Becker   Vertical, 

PRESSES 
6— Straight      Sided      Isolinod      Gang,      IVi" 

stroke. 
2— Straight      Sided      Inollned      Gang,      2'/a" 

stroke. 
I— No.    Z'/,    Consolidated   Plain   Inclinable. 

MISCELLANEOUS 
1— No.     2     Smurr     II     Kamen     Hand     Screw 

Machine. 
1—24  X  24  T  6  ft.   Hamilton   Planer. 
1— No.    2   Bilton    Automatic    Dear    Cutter. 
1— No.    3   Canton   Portable    Crane   &   Hoist. 
1 — No.     7    Bellvue    Industrial     Furnace     for 

1 — No.    40    Connersville    Pressure    Blower. 

1  — No.    2   Davis   Key   Snater. 

1— No.    1    Racine    High    Spc'ed    Hark    flaw. 

VONNEGUT  MACHINERY  CO. 

INDIANAPOLIS,  IND. 


New  Planers — 

Immediate   Delivery 

.3-24"  X  24"  X  6'  Powell  Stanciaril 
IM.nncrs.  Now  in  New  York 
HtorchouHC,    boxed    for    export. 

h nil    infot iiKilinu  iiii    (i[il)li(iiliiiti 

Powell  Machine  Co. 

^2i^  Hlafford  Hi..    Won-aatcr.   Ma». 


Ship  Yard  Tools 

AVAILABLE  FOR 
IMMEDIATE  DELIVERY 

One  Fitchburg  Engine  Lathe,  52'  x 
20'  bed,  geared  face  plate  drive, 
compound   rest;   excellent  shape. 

One  Pair  Niles  Bending  Rolls  No.  2, 
8'  X  10"  dia.,  pyramid  type,  gpod 
as   new. 

One  Pair  of  4'   Light  Bending   Rolls. 

One    Pair   3'    Light   Bending    Rolls. 

One  Horizontal  Punching  and  Bend- 
ing   Machine. 

One   Oster  6"   Pipe   Machine. 

One  Heavy  Steel  Body  Armor  Plate 
Punch. 

One   6'   Cornice    Brake. 

One  8x8  Air  Compressor  with  Re- 
ceiver and  Tools. 

One  American  Tenoning    Machine. 

One    American    Mortising    Machine. 

One  36"   Band  Saw. 

One    Iron   Saw  Table. 

Factory  &  Mill  Supply  Co. 

137  Oliver  SL  BOSTON,  MASS. 


FOR  SALE 

SO"    Fosdick    Radial    Drill,    Gear    Box.. $360 
H"    X   6'    Rockford   Lathe    and    Chuck..     225 

12"    X   6'    Star   Lathe,    draw    Collets 300 

13"    X    6'    Barnes    Lathe   and    Chuck 176 

18"  X  10'  Bradford  Lathe  with  Chuck..     760 

18"   X   8'    American   Q.    C.    G 960 

21'    X    16'    Fifleld    Lathe 600 

4"    Armstrong    Auto.    Pipe    Machine....     l75 

Steptoe   No.    2   PI.    Miller 600 

8   Potter    ic   3.   6- A    Automatics 1300 

%■■   Warner  &   S.    Screw   Machine 276 

Shaper,     Niles-Bement-Pond     IB" 67S 

20    Sp.    Fox    Multiple    DrUl,    1" 3200 

No,    1  Shinn  Metal  Band   Saw,   new 166 

Caae    Hardening    Furnace 76 

B.  C.  ALLEN  MACHINERY  CO. 

1000  Randolph  St.  CHICAGO 


FOR  SALE 

1 — Brown  &  Sharpe  No.  4  Plain  Screw 
Machine. 

2 — Brown  &.  Sharpe  No.  2  Plain  Screw 
Machines. 

4 — 3   X   18   Norton   Grinders. 

2 — No.  74  National  Acme  Automatic 
Machines. 

2 — No.  54  National  Acme  Automatic 
Machines. 

3   South    Bend    Lathes,   12"   swing- 

1 — Peter  Garloch  Boring  Machine 
(wood). 

1 — Peter  Garloch  Wood  Turning  Ma- 
chine. 

Box   A3 3  2,    care    Machinery 

148  Larayette  SL  New   York 


Hydraulic  Presses 

?00    ton    H.    P.     Manuf.ictiirlng    Co. 
200   ton   Ch.imbrrsburg    Eng.    Co. 
225    ton    Nlles-BementPond    Co. 
170   ton    Watson. Stillman    Co. 
00   ton    Chambersliurg    Eng.    Co. 
350  ton   Southwark    Fdry.    A.    Mch.    Co. 
3'>0  Ion    R.    D.   Woods  A   Co. 
200  ton   R.   D.   Woods  A  Co. 


/V.I 


»for  lmmmtliat*'»hipn 
comptmtm  »p»cificalio 
thm  prmtB  you  nmmd 


Co-operative  Engineering  Company 


25   Clnirrh   .SirrrI 
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The  Cincinnati  Planer  Co. 


Cincinnati 


Ohio,  U.  S.  A. 


SECOND  HAND 

Machine  Tools 

1 — %  Cleveland  Automatic  Screw  Ma- 
chine. 

4 — %   Automatic  Screw  Machines. 

6 — %  Hartford  Automatic. 

6 — 1%  Hartford  Automatic. 

5 — 2"    Cleveland    Automatic. 

2 — 2"   Davis  &  Egan  Automatic. 

1 — ZVi  Gridley  Automatic  M.  D.  single. 

2 — 1%  X  6  Gray  Screw  Machines. 

1 — 22  X  22  X  5  S.  H.  Ames  Planer. 

1—36  X  36  X  16  D.  H.  Hewes  &  Phillips 
Planer. 

1 — No.   1   Cincinnati   Cutter  and  Tool 
Grinder. 

1 — 24  X  8  Schumacher  &  Boye  Lathe. 


USED  MACHINERY 

Immediate  Delivery 


34"  Bullard  Boring  Mill. 

36"  Bullard  Borine  MiU. 

60"   Bickford  Borine   Mill. 

3"  Stover  Pipe  Machine. 

36"  Aurora  Sliding  Head  Drill. 

1  Spindle  H.  &  W.  High  Speed  Drill. 

20"  Barnes  All  Geared  Drill. 

5'  Prentice  Plain  Radial. 

2i/j'  American  Plain  Eadial. 

No.  1  Adams  Gear  Hobber. 

No.   12  B.  tc  S.   Auto.   Gear  Cutter. 

36"  Flather  Gear  Cutter. 

No.  1  Norton  TTnlv.  Grinder. 

No.  2  Bath  Univ.  Grinder. 

No.   1  Gardner  Disc  Grinder. 

26  lb.  Bradley  Helve  Hammer. 

No.   3  Baker  Keyseater. 

12"  X  S-  Seneca  Falll  Lathe. 

14-  X  6'  Flather  Lathe. 

14"  X  6'  Hendey,  a.C.G. 

16"  I  6'  Boed  Lathe. 

16"  X  8'  Advance  Lathe,   Q.C.O. 

18"  X  8'  LoBlond. 

18'  X  10'  Prentice  Lathe,   tt.C.G. 

24"  X  12'  Prentice  Lathe. 

36-  X  14'  FiBold  Lathe. 

No.   1-B  K.  4  T.  Univ.  MiUer. 

No.   1  Clno.  Plain  Miller. 

36"   X  36'   X   16'   Ohio   Planer. 

42"  X  42"  I  8'  Whltcomb  Planer. 

E.  L.  ESSLEY  MACHINERY  CO. 

555  Wa.hingfon  Blvd.,  CHICAGO 


Reed  Engine  Lathe 

24"  X  30'0"  second  hand  Roed  En- 
gine Lathe  with  compound  rest, 
complete  with  all  regular  attach- 
ments. Including  chain  drive  and  8 
hnrse  power,  240  D.C.  motor.  Excel- 
lent rondillon.  Can  be  seen  In 
npcraliiMi. 

Standard  Plunger  Elevator  Co. 

243  Stnfford  St.,         Worcester,  Mass. 


Brownell  Machinery  Co. 

PROVIDENCE,  R.  I. 

1 — No.  5  Perkins  Single  Action  Power 
Press. 

1 — No.  68  Zeh  &  Hahneman  Double  Ac- 
tion   Drawing    Press. 

1_No.  4-J  Standard  Single  Action  Pow- 
er   Press,    new. 

1 — No.  2  Standard  Broaching  and  Draw- 
ing   Machine,   24"   stroke. 

1 — 6  X  10  Mossberg  &  Granville  Roller 
Bearing    Rolling    Mill. 

1 — 500   lbs.    Standard   Automatic    Drop. 

1 — ^200    lbs.    Standard    Plain    Drop. 

5 — Leiand    GIfford     Routing    Machines. 

1 — No.  3  B.  &  S.  Automatic  Gear  Cut- 
ter,  spur  gears  only. 

1 — 18"  Becker  Brainerd  Automatic  Gear 
Cutter,  spur   and   bevel   gears. 

1 — No.  3-A  Cincinnati  Automatic  Gear 
Cutter,   new. 

1— No.    11    Atlas   Plain    Grinder,    10   x   30. 

2— Landis   Plain   Grinders,   10  x   30. 

1 — No.  1  Norton  Universal  Tool  and 
Cutter  Grinder,   new. 

1 — No.  2  Norton  Universal  Tool  and 
Cutter  Grinder,   new. 

1 — No.  1   Morse  Universal   Grinder,   new. 

1 — 6"  Huribut  &  Rogers  Accelerated 
Speed   Cutting-off  Machine. 

19 — Garvin  No.  22  Monitor  Turret 
Lathes,   with   air  chucks. 

10 — Southworth  No.  2  Turret  Lathes, 
with    air   chucks. 

1 — 20  X  8I/2  American  Tool  Works  Lathe, 
compound  rest,  hollow  spindle, 
Q.C.G.    device. 


NEW  MACHINE  TOOLS 

NEW  YORK  STOCK 

1— "Monarch"    22"    x    10'    Lathe.    Quick   Change, 


Three    Step    Cone,    Double    Back    Geared,    for 

cutting  Metric   Threads. 
5— "Rhodes"   Model    No.    3—7"   Horizontal   Cmnk 

Shape  rg. 
5— "Rhodes"    Model    No.    4— 3^i"    Vertical    Crank 

Shape  rs. 
3— "Steptoe"    20"    Back    Geared    Crank    6haper3; 

Revolving    Tables;    Speed    Boxes. 
3— "Steptoe"    No.    O    Back    Geared   Poi\er   Milling 

Machines:  Vertical   .\ttaclinients. 
»-"Sb?ptoe'     No.    O    Plain    Power    Feed   Milling 

Machines:    Vertical    .\ttachments. 
2— "Rockford"      No.      3      Fly     'Wheel     Inclinable 

Presses  with  Tie   Rods. 
2-"  Rockford"    No.    5    ditto. 
1— "Rockford"    No.    4    Geared    Press. 
2— "Rockford"    No.    5    Geared    Presses. 
a-"Rockford"    No.    6    Straight   Side    Fly    Wheel 


10— "Rockford"    20"    Back    Geare.1    Drills. 

10-"Roekford"     20"     Plain     Drills. 

12-"Rockfonl"    23"    Plain    Drills.    Geared    Feed. 

9— "Rockford"    24"    Sliding    Head    Drills. 

4— "Rockford"  26"  Sliding  Head  Drills. 

3— "Rockford"   26"    Sliding    Head    Drills;   Tapping 

Attachment. 
l-"Rockford'    No.    2   Double   Back   Geared    ITni- 

TersiU   Miller:  Vertical    .Vttachnient;   Sleeve  and 

Intermediate    Gear;    Oil    Pump. 
1- "Rockford"    No.    2    ALL    GEARKD    Universal 

Miller;   same   equipment  as  above. 
l-"Rockford"   No.   2  Double  Back  Geared  Plain 

Miller;    equipment    as    above. 
1— ■■Rockford"     No.    2-C     Double    Back    Geared 

Plain    Miller;  equipment  as  above. 
2— "Rockford"     No,     2— C    Double    Back    Geared 

Plain   Miller;  equiiiment  aa  above  but  v\'ithout 

Vertical    Power   Feed. 


Post  van  der  Burg  Company  New  York,  Inc. 

42    BROADWAY  NEW  YORK,   N.  Y. 


OheQirtissVmsCo. 

IMCORfORATCD 

30  CHURCH  ST.  N  EW  YORK 

N  cdutiical  Equipment 

"WcFindThings'Vg; 

WE  HAVE  TO  OFFER 

A  Pneumntic  Grnin  Elevntor,  com- 
plrte,  including  50,000  buahel  alerl 
tank,  $30,000.00. 


lliniMIIMIMIIMIMIIMIIMIIMIMIIMIIIIIMIIIIIIMIIIIIMIIMIIIIIMIIMIIIIIIIIIIIIIIIIIIIIinin^ 

New  and  Second  Hand  | 
Machinery 

NEW  Ferracute   Presses  | 

for  immediate  shipment  | 

C-l,     with    bolster,     bashing     and     elevator,  | 

lYz"    stroke,    ram    knockout.  § 

C-3,     with     holster,     hashing     and     elevator,  = 

2"    stroke,    ram   knockont,  s 

C-5,     with     holster,     bashing     and     elevator,  = 

ram   knockout.  = 

P-4    with    2"    stroke.  = 

SECOND  HAND  | 

Pratt     &     "Whitney     five    spindle     multiplo  i 

drill.  s 

14"    X    8'    Rockford   lathe,    three    step    cone.  = 

16"    X    6'    Seneca    Falls    "Star"    lathe,    com-  = 

pound    rest,     quick     change     gears,     taper  = 

attachment,    pan   bed.  = 

18"    X    10'    Draper   lathe,    geared   head,    com-  = 

pound   rest.  = 

60"     X     26'     Thayer-Houghton     lathe,     com-  = 

pound    rest,    triple    geared    face    plate.  = 

36"   X  36"  X  8'  Niles  planer,  one  rail  head,  | 

one    side    head.  § 

36"  X  36"  X  10'  Whitcomb  planer,  one  head.  = 

1"    Landis   bolt-cutter.  § 

No.    3   Baker   key  seater.  § 

1%"    Pearson    back    geared    screw    machine,  5 

power  feed  turret,  = 

MARSHALL  a  HUSCHART  I 

MACHINERY  COMPANY  I 


^lliiriiiiiiiiiiiiiiiiiiiiiiiniiiii 


Look  Over  This  List 
of  Machinery 

Niles  Boring  Mill,  2  swivel  heads,  80" 
table,    cone   driven. 

2"  X  24'  Jones  &  Lamson  Turret  Lathe, 
cone  type. 

30"  X  39"  X  10'  Putnam  Planer,  1  head, 
fine    condition. 

72"  X  45'  X  16'  6"  Pond  Planer,  2  heads. 

24"  X  72"  Bement  Massive  Shaper,  sin- 
gle head,   rebuilt. 

5"  Hurlbut-Rogers  Cutting-Ott  Machine, 
accelerated  feed,  motor  drive,  good 
as  new. 

5'  6"  Niles  Plain  Radial  Drill,  belt  drive. 

18"  X  8'  Springfield  Double  Back  Gear 
Engine  Lathe,  quick  change  gear  at- 
tachment. 

12"   Sellers   Blotter,   motor  driven. 

No.  4  Cincinnati  Plain  Milling  Machine, 
motor  driven. 

No.   5  Used  Cincinnati  Milling  Machine. 

40"  King  Boring  Mill,  latest  model. 

36"  X  6'  Fellows  Gear  Shape:-,  excellent 
condition. 

1 — Blanchard  Surface  Grinder,  floor 
type,   motor  driven,   220  volts    D.C. 

Blanchard  Floor  Type  Grinder,  motor 
drive,   good  as  new. 

SEND  US  YOUR  WANTS 

Saxer-Creider  Machinery  Co.,  Inc. 

MACHINE  TOOLS 
Erie,  Pa. 


BOILERS  WANTED 


30—50  H.  P.  2—60  H.  P. 

4—75  H.  P.  3—100  H.  P. 

2—125  H.  P.  4 — 250  H.  P. 

1 — 400  H.  P.  1—500  H.  P. 

Can  u.so  larjrer  and  smaller 
-sizes.  (live  size,  steam  pres- 
sure, age  and  maker's  name. 

Co-operative  EngineeringCompany 

25  Church   Street  New  York 
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[    USED  AND  REBUILT 


SHOP    EQUIPMENT    | 


RIVERSIDE   MACHINERY  DEPOT 


WE  OWN  EVERY  TOOL  OFFERED 


LATHES 


1—60  X  20   Shellenback   H.D.    Engine  lathe. 
3_New  16  X  6  Springfield  Ideal  Engine  Lathes. 

1 20  I  8  New  Sockford  Engine  lathe. 

1 — 16  X  8  Porter  Lathe. 
1 — 16  X  8  Keed  lathe. 
1 — 14  X  8  Barnes  lathe. 
1 — 13  X  8  Barnes  lathe. 

TUEKET    AND    SCEEW    MACHINES 

1 3  X  36  Jones  &  Lamson  Turret  Lathe. 

1 41/2"  Gridley  single  spindle  Automatic  Screw 

3 No.    2    Smurr    &    Kamen    Hand    Screw    Ma- 
chines. ,     TT       J 

3 No.    2    Smurr   &    Kamen   Power  Feed   Hand 

Screw  Machines. 

3 — 14"  Pierce  Turret  Lathes,  New. 

3 1   I  8   Pierce   Hand    Screw   Machines,    New. 

3 16"   Warner   &   Swasey  P.H.    Turret   Lathes 

with  air  chucks. 

4 No.   107  'Wells  Hand  Screw  Machines. 

2 — 2"  Cleveland  Automatic  Screw  Machines. 

1 %-%"  Cleveland  Automatic  Screw  Machine. 

8 No.  62  National  Acme  4  spindle  Automatics. 

1— No.  53  National  Acme  4  spindle  Automatic. 

2— No.     515    National    Acme    4    spindle    Auto- 
matics. 
GEIITDEES  AND  MILLING  MACHINES 

1 No.   60  Heald  'Cylinder   Grinder. 

1 No.  6  Bryant  Internal  Grinder. 

l_New  No.   2'A    'Woods   CyUndrical   Grinder. 

1— New  No.  2  ■Woods  Cylindrical  Gnnder, 


3 No.   1  Thompson  Cutter  and  Reamer  Grind- 
ers,  New. 
3 No.    I'/s    American  Plain   Milling   Machlll6«, 

1 No.    0   Brown   &   Sharpo    Plain   Milling   Ma- 
chine.       .  , 

1 No.   13   Garvin  Plain  Milhng  Machine. 

4 New    Burke    Hand    Milling    Machines. 

GEAR     CTTTTEES 
1— No.  6  Fellows  Gear  Shaper. 
6 No.    3-36   Brown   &    Sharpe   Automatic    Spur 

Gear  Cutters. 
2 No.   3-26  Brown  &   Sharpe   Automatic   Spur 

Gear   Cutters. 
2 No.    13    Brown    &    Sharpe    Automatic    Spur 

and  Bevel  Gear  Cutters. 

PLANERS,    BOEING    MILLS   AND    SHAPEES 

1 60  X  46  X  15'  Patch  four  head  Planer. 

1—36  X  36  X   12'   New  Haven  Planer,    S.H. 

1—30   X   30   X  7'    New   Haven   Planer,    S.H. 

2 — 84"   Milwaukee   Shapers,    New. 

2 — 16"   Milwaukee   Shapers,    New. 

3 — 20"    Milwaukee   Shapers,    New. 

3 — 20"   Columbia  Shapers.    New. 

1—20"  Hendey  Geared  Shaper. 

1—26"  Davis   &   Egan   Geared   Shaper. 

1 — 18"   Hendey  Geared  Shaper. 

1—60"  Bickford  Boring  Mill. 

1— No.    3    lucas    Horizontal   Boring    Sim. 

DEILL  PEESSES 

2 24"    Milwaukee    Drill    Presses,     New. 

1—2  spindle  Baker  H.D.   Drill. 


1—16  spindle  Natco  Drill. 

1—12  spindle  Pratt  &  -Whitney  DnU. 

3 20"  Buffalo  B.G.,   P.F.   Drill  Presses,   New. 

3—20"    Buffalo    Drill    Presses,    New. 
1—38"  New  Haven  P.G.   Drill  Press. 
1-14"    Henry   &   -Wright   H.S.    Dnll   Press. 
3—8"    Langelier   H.S.    Drill    Presses. 
1— Hammond   Flexible    Arm   Radial  DrUl,    T.A. 
1—31/,'    Canedy-Otto   Plain   Floor   Eadial  DrUl. 
2—14"   IT.    S.   Plain  Drill   Presses,    New. 
3—20"  Excelsior  Plain  Drill  Presses,  New. 

PEESSES    AND    HAMMEES 

1 No.    14  Bliss   Togrgle  Drawing  Press. 

1— 'Waterbury  Farrell  B.G.  Heavy  O.B.I.  Press. 

1— No.  2-W  Bliss  'Wiring  Press. 

1— No.    21    Consolidated   Horning   Press. 

1— No.    1   Sidney   O.B.I.   Press,    New. 

1— No.    2   Sidney   O.B.I.   Press,   New. 

1— No.   3   Sidney  O.B.I.   Press,   New. 

1—800    lb.     BUlings    &    Spencer    EoU    Board 

Hammer.  .       «  ,, , 

1— No.    2   'WiUiams    &   'White   Bulldozer. 


STEAM    ENGINES 


H.D. 


1 20  X  42  Huetteman  &  Kramer  E.H., 

Corliss  Engine. 
1—16  X  20  EusseU  E.H.   Auto.   Girder  Frame 

1—13  X  16  Erie  E.H.  4  valve  Automatic  En- 
gine. .     _ 
1— 131/2   X   16  Taylor  Automatic  Engine. 
1—10   X   16   Brownell  E.H.    Automatic  Engine. 


We  also  carry  in  stock  Steam  Pumps,  Electrical  Equipment    and  are  in  the  market 
to  purchase  good  equipment  of  all  kinds 


RIVERSIDE  MACHINERY  DEPOT,  17-29  St. Aubin  Ave.,  Detroit,  Mich. 


The  Motch  &  Merryweather 
Machinery  Co. 

711   Lakeside  Ave.,  >'.  W  ..   CLEVELAND.  OHIO 

liranobcHi      Detroit         Cinoinmati         Pittsbnriih 


BALANCING    MACHINE 
Eockford.  Flywheel,  I'/j  H.P.  Mo- 
tor. 3  phaie,  60  cycle,  220  volts, 
A.C. 

DBILLS 


No 


Bt 


34    Bauih    Six    Spindle    DrUl, 
Table,    7/8"    Spdles. 


2 — 10"    Burke   Bench. 

12",    4-«plndle    Pratt    t    'Whitney 

Boniltfve. 
Quint  Drill. 

OailfDEBB 

8-  Fairbanks  Emery. 

No.  60  Heald  Bolt  Driven  Cyl- 
inder. 

Ho.  70  Heald.  Pump.  Gear  Box, 
C/8   *    (1)    Extra   Whl.    Hd. 

No.  1  Cincinnati  Plain  Cutter  & 
Tool. 

Ho.  12  Oardnor  Dupl«i  Disc,  18" 
Dlact,    without   Whiiol   Pron. 

2 10   z    30"    Laji'Ilii. 

20"    X    2"    Wot    Grinder. 

No.  2  Lcland  It  Falconer  Double 
■Wheel  Wot  Tool,  with  24"  x 
1'/,"   WhoeU. 

GEAR  CUTTEEB 

30"  I  9  Gould  &  Ebnrhardt  Horiz. 

Type  Auto,  with  Eerular  Equlp- 


rllh    3 


LATHES 
Bpeed     Lathe.     Counlerihaft     and 

oooipoand    reita. 
\t    X    n   L«df«    k    Bhlpler    Patnnl 

H»»A. 


Mo.    2 

Whlton    Auto.    Typ 

Be(u 

lar   Kfiulpmont. 

HAKVEBB 

Wlllla 

nl,     White     ft     Co. 

Tlr. 

Welding. 

KEY8EATEE 

Xo.    a 

Mltta    li    Merrill. 

posU 

and     20     Cutters. 

16  X  6  Lodge  &  Shipley  Patent 
Head,   with  Turret  on  Carriage. 

16  X  8  Monarch. 

18    X    8   LeBlond. 

18"  I  8'  Lodge  Sc  Shipley.  3-step 
cone.    EBG    Engine. 

18  X   10  Monarch. 

2 — 20  X  8  Bradford. 

PIPE  MACHINE 
12"  Curtis  &   Curtis. 
FEESS 
Mo.   2   ConsoUdatod   Plain  Inclina- 
ble. 

SAWS 
No.   2  Hoefer  Hack. 
3'/a"    Burr   Cold. 
e''   Milford  Power  Hack. 
High  Duty  FaragDn  B^iv,  complete 
with    now    Blade. 

TUEHET    LATHES 
1%"  Cap.  Bardons  &  Oliver  Plain, 

Hound,   Hand  Feed  Turret,   Cut- 

Olf  and  Pan.     No  Pump,   tubing 

or  wire  feed.     (With  Automatic 

Chuck. J 
2"      Cleveland      Automatio,      with 

Countnrihart. 
No.     22     Now     Britain     Cbuoklnx 

Machine. 
2— No.    23    Ne 

Machines, 
a— No.    33    Ne 

Machines. 


Britain  ChuokUiK 
Britain   ChuokliiK 


FOR  SALE 


J 


MIBCELLANCOUB 
40-   Peok.    Htow   II  Wlloox  Brake. 
72"    NUitara    Folder. 
IJull>l'<i»    Foundry    Belt    Btrappinx 

Ma'liliin. 
Curllii   Oil    Hepa 


Iter 


Hioll    Turret    Bhnari 
Kan.l    f<.ed,    He«.    Turret. 
•«y    *    Bfolt    Turret    Hlinara 
han<l    Uod.    Hei.    Turr..l. 


uIWi 


2000  H.  P.  Hydraulic  Power  Plant  (Electric) 

Complete  -with 

Large  Factory  Building 

and  sufficient  land  for  extensions 

Near  Niagara  Falls 

Immediate   Possession  Good  Reasons  for  Selling 

Bargain  for  quick  sale 

FRED.  D.  LAMONT,  Box  2670,  Montreal,  Canada 


WANTED 

One  50,000  pound  used  testing  machine. 

Machine  to  be  complete  and  m  first  class 

condition. 

Box  A-349.  Care  MACHINERY.  148  LAFAYETTE  ST.,  NEW  YORK 

100,000  Men  in  the  Mechanical  Field 


ii.'li    ropy. 


J\    MA'<'l[lNl';itY.'  ivl.l.Oi    llv..»   a    WlllV-K 
l,»ek     number.       This     ..pl«J"«     «"f/"" 
iiiliiu    111"    lIvoMt    luarkiit    (or    second-hand 
m\\. 


pr,.l  \IA<'lllNi;llV  en  avn 
,,|„i,l,  t«.i,ty  ..r  thirty  ui.'h 
MONTH     before     It     liecoiriM 

On-on     HrcOim     Is    rapldljr     I-- - 

l,«.l».    rlc.      Vm    the   (Ircen   HocUon    »li.<lier    t»   buy 

MACTHINKRY,  MO-HK  I,nfi.ycllc  Slr.-.i,  NI'AV  YOKK  CMPY 


The 


u 


Espen-Lucas"  for  Shipbuilding  and 
Heavy  Engineering  Work 


WehaBeothermis- 
c*llaneotu  equip- 
ment in  stock  for 
immediate  delivery 

Office  and  Warehouse 
221  St.  Clair  Ave.,  N.  E. 


D.  M.  OSBORNE  MACHINERY  CO. 


This  double  Spindle  Boring  and  drilling  Machme  drills 
to  center  of  54"  as  assembled;  but  end  bearings  can  be 
extended,  bed  plate  removed  and  floor  plates  used  lor 
larger  work. 

Bars  are  6"  diameter,  double  back  geared,  and  have 
three  speeds  and  feeds-which  may  be  i^^^^reased  by  van- 
able  speed  motor.  Spindles  are  mdependently  drnen 
and  each  requires  a  separate  motoi— not  furnished  with 
the  machine. 

Capacity  between  spindles  and  end  bars  72".  Bed  plate 
60"  X  84"  X  17".  Write,  wire  or  telephone  for  details. 
CLEVELAND 
OHIO        U.  S.  A. 


Horizontal  Boring  Mills 

Two  New  6"  Horizontal  Boring  Mills 
Table  Type 

Diameter  of  bar „5„ 

Faceplate    to    tail    support '  »„  , 

Platen     1^„  ^  "* 

Travel  of  Bar,   by  power. ..........  •■ *-„ 

Vertical  Movement  of  Head,  by  hand i^^ 

Cross  Travel  of  Platen,  by  hand i»  r  P  M. 

Spindle    Speeds,    eight •    »  u^g   -^^^^^^ 

Spindle    Feeds,    four "g^g      ,^,3 

Weight     

Immediate  Delivery 

THE  GRAY  MACHINE  TOOL  CO.,  Inc. 

2651  Main  Street  BUFFALO.  N.  Y. 


18"  X  10'  and  16"  x  10'  Lodge  &  Shipley  Geared 
Head  Lathes  wath  Taper  Attachment,  Com- 
pound Rest  and  Chucks. 

10  X  30  Landis  Cylindrical  Grinder;  first-class 

30"  X  30"  X  8'  Pond  Machine  Tool  Planer,  one 
head,  arranged  for  2. 

3—8"  Heald  Ring  Grinders,  hand  feed  mag- 
netic chuck. 

36"  Gap  Geared  Shear,  12"  blades;  weight  5  tons. 

18"  X  6'  Hendey  Q.C.  Lathe,  Compound  Taper 
Attachment  and  Chucks. 

All  tools  first  class  and  ready 

J.  L.  LUCAS  &  SON,  Inc.,  3  Fox  St.,  Bridgeport,  Conn. 


FOR  SALE 


Monarch  100  H.  P.  Corliss  Engine,  used 
only  few  weeks,  in  A-1  condition.  Here  is 
a  real  bargain  for  quick  sale.     Address 

The  Manufacturers  Equipment  Co.,  Dayton,  Ohio 


WJ         J.      J         Second  hand  horizontal 

W  antea steam  boiler  about  fifty 

to  seventy-five  horse  power.     Address 
UNITED  CORK  COMPANIES 

LYNDHURST.  N.  J. 


HONEST   SERVICE 

New  Machines         Used  Machines 


2?s'  Plain  Radial  Drill. 
SVa'  Plain  Radial  DrUl. 
14"  I  6'   Champion  Quick  Change 

Lathe,   with  taper. 
18"    X    8'    Quick    Change    Engine 

Lathe. 
No.  4'!   Baidons  &   Oliver  Ttirret 

J.athes. 
No.    4'2    Bardons   &   Oliver   Hand 

Screw   Machines. 
No.    2    Plain    Head    Hand    Screw 

Machine,    1  1,  16  '    capacity. 
16"      Queen     City     Shaper,      cone 

drive. 
20"      Queen     City     Shaper,      cone 

drive. 
2 20"  Queen  City  Crank  Shapers, 

gear  box  drive. 
2 24"    Queen   City   Shapers,    cone 

pulley  drive. 
No.  23  Demco  Floor  Drill. 
No.  32-B  Demco  Floor  Drill,  two- 
spindle. 
No.  32-B  Demco  Floor  Drill,  three 

3 — No.  22  Demco  Bench  Drills. 

2 6  X  6  Peerless  Metal  Saws. 

3 No.     1     Toledo     Hand    Milling 

Machines. 

No.  2  Two-Spindle  Washburn  Ball 
Bearing  Drills. 

No.  2-B  Single-Spindle  Washburn 
Ball  Bearing  Drill. 

23"  Stationary  Head  Upright 
Drill. 

26"    SUding    Head    Upright    Drill. 

No.   20  Bliss  Inclinable  Press. 

No.  4  Canton  Floor  Crane. 

Grand  Rapids  No.  2  Universal 
("rrinder. 

Premier  Universal  Tool  and  Cut- 
ter  Grinder. 


;  6'  G.  A.  Gray  Planer, 

single   head. 

6"  X  16"  Fitchbvirg  Plain  Grinder. 

11_6"   X   12"   Gould   &   Eberhardt 

Gear  Hobbing  Machines.    Good 

condition. 

3 12"   X  24"    Gould   &   Eberhardt 

Gear  Hobbing  Machines.     Good 
condition. 
No.  3 — 26"  Brown  &  Sharpe  Gear 

Cutters. 
No.  3 — 36"  Brown  &  Sharpe  Gear 

Cutters. 
No.  3 — 26"  Brown  i  Sharps  Gear 

Cutters. 
Lapointe  Machine  Tool  Co.  No.   2 

Single  Broaching  Machine. 
No.     2    J.     N.     Lapointe    Doable 

Broaching  Machine. 
21"    Kern   Stationary   Head   Drill, 
B.G.P.F.   and  Tapping  Attach- 
No.    1   Warner   Sc   Swasey   Hollow 
Hexagon    Turret    Lathe,    with 
Bar  and  Chuck  Equipment. 
14"   X   6'   American   Standard   En- 
gine Lathe. 
No.    2    Bardons    Sc    Oliver    Turret 

Lathe. 
24"     Brown     t     Sharpe     Vertical 
Chucking  Machine,   28"   swing. 
Adams  No.  1  Gear  Hobber. 
12"   X  48"   Plain   Grinder.     Excel- 
lent condition. 


THE  BIGGS-WATTERSON  CO. 

CLEVELAND 


OHIO.  V.  S.  A- 


Branches:     Dayton,   O.- Detroit,  Mich. 


ELECTRIC 


mum 


IMMEDIATE  DELIVERY  of  CRANES. 

all  leading  makes,  wide  range  of  sizes.  Many 

may  be  inspected  and  tested   in  operation. 

Telephone  or  write  yoar  reaairementt  to 

N.  B.  PAYNE.  "s^T^^^"^"  NEW  YORK 

TELtPHONK:   CorlUndl    1800    «nd   2020 
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LATKLS 
10-   X  4"   New   Climax. 
13"   I   6'6"    New   C3arroll-Jainieson. 
14"  X  6'   New  CarroU-Jamieson  Q.B.O. 
14"  X  8'  New  CarroU-Jamieson  Q.B.G. 
4 — 16"  X  6'  New  Sidney  Quick  Change  Swings  17". 
IS— 7"  X  8'  New  National  Q.C.G. 
17"    X     8'     New    Sidney     Quick    Change    S.B.G. 

Swing   19". 
18"  X  8'   Schumacher  Boye. 
18'     X     8'     New     Sidney     Quick     Change     D.B.G., 

Swing  21" 


20" 


Beed. 


24"  X  20'   Heed. 

25"    X     14'     New     Sidney     Quick     Change     C.B.G.. 

Swing   27". 
32-  X  24-  Fay  &  Scott. 
24"  X  48"  X  24"  McCahe  Double  Spindle. 

TUSBET   LATHES 
2"   X  24"  Jones   &  Lamson   Geared   Head. 
2"  X  24"  Jones   &  Lamson  Cone  Head. 
2 — 24-   Davis   Chucking  Lathes. 
No.     66 — 4     Spindle     National     Acme     Screw     Ma- 
chines. 

HOEIZONIAL    BOEING    AND    DRILLING 
MACHINES 
iVz"   Bar   Warner   &    Swasey. 
2"    Bar    J.    F.    Barnes. 

SLOTTEE 
10"    Newton. 

PLANEES 
36"   X  36"   X   8-   Gray.    Two   Heads. 
30"   X  30"    10'   Fitchburg.    One   Head. 
24"   X   24-   X   8'    Gray. 
18-  X   18-  X  3'   Blaisdell. 


SHAPEKS 
4—14"    New    Steptoe. 
4—16"  New  Steptoe  B.   G. 
16"   Bement   Traveling   Head   Shaper. 
2 — 24"  New  Steptoe  B.   G. 

MILLEES 
2 — No,    IV2   New   American  Plain. 
United   States   New    Hand   Killer. 
No.    l*/4    Cincinnati    Universal. 
No.    2   Burke  Bench. 

GRINDEES 

No.  1   Frazer  New   Universal    Grinder. 

12"  X  30"   B.   &  S.  Universal. 

10"  X    24"    Iroquois. 

10"  X  20"   Bath   Universal. 

No.  3   B.    &    S.    Universal   Tool   and  Cutter 

No.  4   Gardner  Disc. 

DEILLS 
12 — No.    1    Langelier   Bench.  * 

14"   New   Excelsior   Sensitive. 
15"  New  Demco   Eoller   Bearing  Bushed. 
15"   New   Eokomo   Hi-Speed  Roller  Bearing 

Bushed,    capacity   %"   Steel. 
20"    New    Superior    W.    &    L. 
20"    New    Champion    B.    G.    P.    F. 
20"    New   Superior   B.    G.    P.    F. 
24"   New   Superior  B.    G.   P.   F. 
26"    New    Weigle    Tapping    Attachment. 
30"    G.    &   E.  Sliding    Head   with  compound 

table. 
32"  New  Superior  Sliding  Head. 
36"  New  Superior  Sliding  Head. 
20"  Rockford  Heavy  Duty. 
42"  Radial  Niles. 


HAMMERS 
350  lb.   Sellers    Steam. 
250  lb.  Little  Giant  Belt— New. 
100  lb.  Little  Giant  Belt— New, 

50  lb.  Little  Giant  Belt— New, 

26  lb.  Little  Giant  Belt— New. 

PUNCHES  AND  PRESSES 
60  ton  P.   Sc  W.   Coining  Press. 
300   ton   P,   &  W,    Coining  Press, 
1000  ton  P,   &  W,   Coining  Press, 

Throat     Single    and    Eidgeway    Punch,     Cap, 


I'/s" 


1", 


Throat   Industrial   Double    End   Geared   Punch, 
No,   54  New  Beloit  Punch  and  Shear, 
No,   53  New  Beloit  Punch  and  Shear, 
No,   52  New  Beloit  Punch  and   Shear, 
2 — No,    2   Stiles   Presses, 
2 — No.    1   Stiles   Presses. 

2 — No.    130   New   Max   Ams   Inclinable   Presses. 
3 — No.    126   A   New   Max   Ama   Inclinable   Presses. 
2 — No,    121   Max   Ams   Inclinable   Presses, 

METAL   SAWS 
13"  X  16"  New  Peerless  High  Speed, 
6"  X  6"  New  Peerless  High  Speed, 
Espen   Lucas    Circular    Saw, 

MISCELLANEOUS 
36"    Gould   &  Eberhardt    Spur   Gear   Cutters, 
F.     G.     Street     Horizontal     Time     Eing     Eouting 

Machine, 
H"  to  2"  National  Six  Spindle  Nut  Tapper. 
Vi"  to    Vt"  National   Six   Spindle   Nut   Tapper, 
3/16"  to   H"  National  Five  Spindle  Nut  Tapper. 
8 — No,    304   A    New    Oster    Pipe    Machines, 
16"   X   10'   Automatic   Threading  Machine. 
T    Swing    Pitt    Lathe, 
4"   X   16"    Cleveland   Thread   Miller. 


4 


FRANK  TOOMEY,  Inc.,  S'?.",^?.  Philadelphia,  Pa. 


TERMINAL  PAYS  THE  FREIGHT 

Our  New  Policy— On  and  After  July  1,  1918 

One  Price— One  Profit— No  Brokerage— Our  Own  Property 
Descriptions  and  Particulars  Guaranteed! 


MILLERS 


LATHES 


"BOCKfOED"  No,  0  plain  straight  arm,  8- 
•  lol  l«ble,  power,  long  foed,  22  x  e'/i  x  16; 
one  arbor  and  new  countershaft.  Condition 
very    rood;    H75, 

"CINCINNATI"     No,     8.     fuU    universal,     all 

5 eared    feeds,    dividing    heads,    and    all   stan- 
ard  equipment.      Condition  like  new;  13100. 

"CINCINNATI"  No.  2  Vertical  MUlu, 
■  IngU   pulley    drive,    all   geared.      Lik*   new; 

PROFILERS 

"BEEDPRFNTICE."  2  inlndle.  gearei]  driTan, 
•»m«  ijtiHi  aa  No,  \i  Pratt  <i  Whitney. 
LJka     now:     fDOO. 

GEAR  CI  TTERS 

"SHOWN  k  HHAUPE,"  )  i  3S  In.,  for  spur 
gaa/i.  full  standard  tqulpnitint  and  Ilk* 
new:    ll&OO. 

"NXWABK" 
fears,  full 
rood   condition:    11060. 


"PUTNAM"  screw  cutting,  22  in.  x  10  ft., 
heavy  duty  double  back  gears,  semi-qulok 
change  face  plates,  tool  post,  o-s,  etc. 
In  excellent  condition;   11260. 

"BEED"  screw  cutting,  22  In.  z  10  ft.,  full 
standard  equipment.  In  good  condition: 
$800. 

"PEENTICE  BEOS."  18  In.  z  8  ft.,  ouUk 
change  gears,  double  back  gears,  oaMnot 
logs,  now  Btoadyrost,  full  equipment.  Very 
good    condition;    $800, 


"BEED"  16  In.  z  6  ft.,  heavy  duty,  actual 
swing  18  In,,  compound  mat,  set  fears, 
ateailyreat.  chuck,  faceplates,  etc,  A-1 
condition;   |6)5, 


SCREW  MACHINES 

**BHOWN  &  SHARPE"  No.  6,  with  7-hoU 
hoxagon  turret  and  power  feed,  friction 
head,  oil  pan  and  pump,  wire  feed,  out-off 
rest  and  tool  posts,  friction  o-s.  In  excellent 
condition.     Bariraln;   $960. 

"QABVIN"  No.  32>/.  with  6-holo  hoxafon  tor- 
rot  and  uowor  feed,  back  geared,  friction 
head,  tool  posto,  wire  feed  and  o-a.  Llk« 
new;   961S.      Without  wire  food,    9376. 

"WAHNER  &  SWASEY"  No.  2  hoxagon  turret, 
power  food.  oU  pan  and  pump,  about  26 
collets,  cut-olf  rest,  wire  food  and  o-s. 
Good   condition;   |600. 

"NATIONAL- ACME"  Automatio.  4-spindU, 
2%-in.  capacity.  Not  a  now  machlDtt,  but 
includos  an  ahundaiicn  of  parts  and  la  In 
very  good   condition.      Bargain;   $900. 

GRINDERS 

"LANOIS"      No, 

pulley    drive,    all    complnln. 

tloo.       Extra    parU;    |1060. 
"OINOINNATI"  No.  4  Full  Universal.   IS 

la.     Like  now,  all  complete;  $4160. 


REMEMBER  WE  PAY  FREKJIIT  TO  ALL  POINTS! 

Send  for  Complete  List. 

TKRMINAL  MACHINK  CO.,  404-408  Broome  St.,  New  York  City 


I 


\    USED  AND  REBUILT 


SHOP    EQUIPMENT    j 


377 


Guaranteed   Machinery 

All  Owned  By  Us — Immediate  Delivery 


LATHES 
2 — 13     X     6     Carroll-Jamieson     semi-quick 

change    (new). 
1 — 14  X  8  Lodge  &  Shipley  quick  change, 

taper   attachment. 
1 — 14    X    6    Prentiss    quick    change,    com- 
plete. 
2 — 15  X  6  Sebastian   gap   (new),  complete. 
2 — 15  X  6  Maydrite,  brand  new,  complete. 
1 — 16   X   32   X   12'    Fay   &   Scott  gap,   with 

chuck. 
1 — 18    X    8    Mueller    quick    change    (new), 

double   back  geared. 
2 — 16  X  8  Greaves  &    Klusman,   complete. 
1 — 21     X    36    X     16     LeBlond     gap,     heavy 

duty,      quick      change,      double      back 

geared    (new). 
2 — 26    X    14    Schumacker    <S.    Boye,    double 

back    geared,    quick    change,    complete. 
1 — ^28  X  14  Pittsburgh  double  back  geared, 

complete. 
1 — 24  X  48  X   10   Rahn-Larmon,   extension 

bed,    quick    change,    taper    attachment 

(new). 
1 — 90   X   20'   face    plate    drive    Pond,    com- 
plete. 
1—26"     blocked    to    32"     x     16'     Lodge    & 

Shipley     quick     change     double     back 

gear  engine   lathe. 

MILLERS 

1 — No.  24  Ohio  Universal    (new). 

1— No.   34   Ohio    Universal    (new). 

1 — No.   4    LeBiond    Universal    (new). 

1 — No.   2    Kempsmith    Universal    (new). 

1 — No.    2    Cincinnati    Universal    (new). 

1— No.    J/j    Valley    City    Universal    (new). 

1 — No.    1    Kempsmith    Universal    (new). 

1 — No.    1    Cincinnati    Universal    (new). 

1 — No.    2    Kempsmith    Plain    (new). 

1 — No.  3  LeBlond  Plain,  with  vertical 
attachment. 

3— No.   25   Becker   Plain. 

2 — No.  4-B    Becker,  with   rotary  table. 

1 — No.  5  Becker  Vertical,  with  rotary, 
complete. 

1 — No.  6  Becker  Vertical,  with  rotary, 
complete   (new). 

1 — Becker-Brainard  Slab  Mliier,  working 
surface  of  table  84  x  20,  distance  be- 
tween housings  42",  slightly  used,  good 
a*  new. 

1 — Brown  A.  Sharpe  Plain  Miller,  equiv- 
alent to  No.  5. 

TURRET  LATHES 

1 — 2  X  24  J.  &  L.  cone  drive,  bar  equip- 
ment. 

1 — 3  X  36  J.  &  L.  geared  head,  chuck 
equipment. 

1—3  X  36  J.  &  L.  geared  head,  bar  equip- 
ment. 

1— 21/2  X  26  Pratt  &  Whitney,  flat  turret, 
chuck   equipment. 


SHAPERS 

1 — 14"  Steptoe,  brand   new. 

1—14"    Smith    &    Mills    (new). 

1—16"    Smith   &    Mills    (new). 

1 — 24"    Potter  &  Johnston  Universal  (new). 

1—28"  Smith  &  Mills  triple  geared   (new). 

1 — 14"  Waicott  Geared  Shaper  with  coun> 
tershaft. 

1 — 16"  Ohio  Crank  Shaper,  with  counter- 
shaft. 

1—26"  Davis  &  Egan  Geared  Shaper,  with 
countershaft. 

3 — 7"    Rhodes    Horizontal    Shapers. 

2 — No.  1  Rhodes  Vertical  Shapers,  brand 
new,  complete. 


BORING  MILLS 

1— Newton-Duplex     Horizontal,    Z'/z"    bar. 

1 — Binsse    Horizontal,    Z'/z"    bar. 

1 — No.  3A  Fosdick  Horizontal,  3'/b"  bar 
(new). 

1—24"  Bullard  Vertical  Turret  Lathe,  tur- 
ret and  side  head. 

1 — 36"  Bertram  Vertical,  single  turret 
head  (new). 

GRINDERS 

1 — No.  V/a  Cincinnati  Cutter  and  Reamer 
(new). 

1 — 8   x   30    Norton    Plain    (new). 

1 — 10  X  72  Brown  <£.  Sharpe  Plain,  com- 
plete. 

1 — No.   3    Modern    Universal    (new). 

1 — No.  3  Landis   Universal   (new). 

1  — No.   5    Duplex    Internal    and    External. 

1— No.  60   Heaid   Cylinder. 

1— No.  75    Heald    Internal. 

1 — Pratt  i  Whitney  Vertical  Surface 
Grinder,  will  grind  wet  and  dry,  with 
magnetic  chuck,  complete,  good  condi- 
tion, guaranteed  A1. 

1 — No.  3  Brown  <£.  Sharpe  Universal 
Grinder,  In  good  condition,  equipped 
only    with    tall    and    head    stock. 

1 — No.  21  Landis  Plain  Grinder,  used, 
complete. 

PLANERS 

1 — 26    X   26    X  7    Pond    heavy   duty,    single 

head. 
1 — 36  X  36  X  8  Flather,  two  heads  on  cross 

rail    (new). 
1 — 30  X  30  X  8   Harrington,  single   head. 
1 — 36  X  36  X  10'  Woodward  &.  Powell,  two 

heads  on  cross  rail    (new). 
1    48   X   48  X   16'    Detrick   &    Harvey    open 

side    planer,   two    rail    heads,    one   side 

head. 
1 — 30    X    30    X    6     Heavy     Duty     Putnam 

Single     Head     Planer,     condition     like 

new. 


AUTOMATIC  SCREW  MACHINES 

1 — No.  2  National  Acme,  four  spindle. 
2—4/2  Gridley. 

1 — %"•  Cleveland,  single  spindle   (new). 
1 — %"  Cleveland,  single  spindle,  complete. 

RADIAL  DRILLS 

1 — 3"  Morris  plain  (new). 

1 — 31/2"  Clncinnatl-Blckford,  single  pulley 
drive    (new),    plain. 

1^'    Prentiss,   single   pulley  drive,   plain. 

1 — 5'  Prentiss,  plain. 

1 — 6"  C  &  C  portable  radial  girder  drill, 
complete  with  motor  and  carriage  on 
wheel. 

1_4'  Clncinnatl-Blckford  Single  Pulley 
Drive  Universal  Radial  Drill,  used,  con- 
dition   like    new. 

1 — 4'  Bickford  Plain  Radial  Drill,  com- 
plete. .  . 

1— 5'6'  Nlles  Plain  Radial  Drill,  complete. 

1 — 3'    Prentiss    Plain    Radial    Drill. 

CRANES 

1 — 5. ton    Locomotive,    standard    gauge. 
1 — 20-ton   McMyler,   boom  45  ft.,  8  wheel, 

completely   overhauled. 
2—3  ton  P.  &  H.  Cranes,  new  22'2'  Span, 

lift  25',    having   3    motor   cage   control, 

220   D.C.  „,,„  ^ 

3 — 3  ton  P.  &  H.  Cranes,  new  21  6    Span, 

45"    lift,    having    3    motor   cage   control, 

220   D.C. 


MISCELLANEOUS 


2 14"*    Nutter  £.    Barnes   Cold    Saws. 

1 — No.    2    Royersford    Double    End    Punch 

and    Shear,    capacity    1/2",   12'   throat. 
1 — Large  Wels  &  Coes  Punch  and  Shear, 

capacity  W,   18"  throat. 
1_Newbold  Circular  Shear,  14"  blade,  22 

throat. 
2 — 48"  Throat   Beatty   Heavy   Duty  Single 

End    Punch,    brand    new,    angle    Jaws 

and    shearing    attachment. 
1—31/20     Bliss    Toggle     Press,    practically 

5 — No.    5    Langeller   Swaging    Machines. 
1 — 2</2"  Detrick  &  Harvey  Bolt  Cutter,  no 

dies.   In   good  condition. 
1 — 500    lb.    KIrkwood    Steam    Hammer. 
1—1000  lb.  Billings  &  Spencer  Board  Drop 

Hammer. 
1 — 300   lb.    Beaudry    Hammer. 
1 — 500    lb.    KIrkwood    Steam    Hammer. 
1 — 300  lb.   Billings  &  Spencer  Board   Drop 

Hammer. 
Also  Engines,  Boilers,  Cranes,  Air  Com- 
pressors,   Presses,    Drop    Hammers,    Blow- 
ers,   Motors,    etc.      We    will    look    up    for 
you    any    machine   you   want. 


SPECIALS— SPECIALLY  PRICED 


3— No.  4  Manvilie  Double  Stroke  Headers,  and 

7 — No.  4  Manvilie   Single  Stroke    Headers, 
capable  of  taking  material  up  to '  i   — cold. 

19 — No.  4  Manvilie  Thread  Rollers.  Largest 
diameter  of  screw,  ^i.  Greatest  length 
of  threads,  3 's. 


13— Bolt  Trimmers,  manufactured  by  Manvilie. 

Largest  blanks  handled,  -'s-    Longest,  43^. 

Shortest,   '4.     Stroke  of  punch,  5  . 
10 — Ferracute  Presses. 
5 — American  Gas  Furnace  Co.'s  Carbonizing 

Tempering    Furnaces,    including    electric 

heat  control.     All  in  first-class  condition. 


We  have  in  oar  warehouse  for  immediate  delivery  about  500  modem  machine  tool: 
Are  always  equipped  to  fill  any  demand.       All  machines  guaranteed.       Try  us. 

Modern  Machinery  Exchange 

NEW  YORK   CITY 

Office:  25  Church  Street  Warehouse:  52  Walker  Street 
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\    USED  AND  REBUILT 


SHOP    EQUIPMENT    | 


Practically  New  Equipment 


16-in.  X  8-ft.  LeBlond  Tool  Room  Lathe, 
quick-change  gear,  taper  attachment, 
relieving  attachment. 

18-in.  X  8-ft.  Oliver  Double  Back  Geared 
Lathe,  quick-change  gear. 

18-in.  X  8-ft.  Oliver  Lathe,  Double  Back 
Gear,  quick-change  gear,  taper  at- 
tachment and  oil  pan, 

19-in.  X  10-ft.  LeBlond  Heavy  Duty 
Manufacturing  Lathe,  double  back 
geared,  semi-change  feed,  cross  and 
longitudinal  stops,  taper  attachment. 

21-in.  X  12-ft.  LeBlond  Heavy  Duty 
Manufacturing  Lathe,  double  back 
geared,  semi-change  feed,  cross  and 
longitudinal  stops,  taper  attachment. 

No.  2  Cincinnati  Cone  Type  Universal 
Milling  Machine. 

No.  3  Cincinnati  Single  Pulley  Drive 
Universal  Milling  Machine. 

3l^  Gridley  Automatic  Screw  Machine. 

No.  56,  Four-Spindle,  2i^-in.  National- 
Acme  Automatic  Screw  Machine. 

2—31/,  X  36  Cincinnati  Acme  Flat  Tur- 
ret Lathes,  chucking  equipment. 

No.  2  Woods  Universal  Cutter  and  Tool 
Grinder. 

Gisholt  Machine  Tool  Co.'s  Universal 
Tool  Grinder. 

Style  "E"  Point  Wilmarth  &  Morman  3- 
phase,  60-cycle,  220-volt  A.C.  Drill 
Grinder. 

No.  2  Gardner  Machine  Co.'s  Disc  Grind- 
er, with  two  14-in.  ring  wheel  chucks; 
equipped  with  3-phase,  220-volt,  60- 
cycJe  A.C.  motor. 


10  X  24  Landis  Plain  Self-Contained 
Grinder. 

22  X  72  Pratt  &  Whitney  Vertical  Sur- 
face Grinder,  with  magnetic  chuck, 
45-hp.,  3-phase,  60-cycle,  220-volt  A.C. 
motor. 

2— 14-in.  Allen  High-Speed  Ball  Bear- 
ing Drills. 

26-in.  Barnes  All  Geared  Sliding  Head 
Drill,  with  tapping  attachment. 

21/2-ft.  Arm  American  Radial  Drill,  with 
speed  box  drive  and  round  table. 

Fox  Multiple  Spindle  Drill,  with  14  x  32 
rectangular  head,  bored  for  20  spin- 
dles and  equipped  with  16. 

36-in.  Bullard  Vertical  Turret  Lathe, 
with  cutting  lubricant  system. 

14-in.  Gould  &  Eberhardt  Ci'ank  Shaper. 

No.  3  Lapointe  Machine  Tool  Co.'s 
Broaching  Machine. 

150-ton,  36-in.  Lourie  Hydraulic  Tire 
Wheel  Press. 

2-C,  6x6  Racine  High-Speed  Metal  Cut- 
ting Machine,  with  three-speed  at- 
tachment, 220-volt,  3-phase,  60-cycle 
motor. 

National  Brake  &  Electric  Co.'s  300-cu. 
ft.  Air  Compressor,  with  54-hp.,  Allis- 
Chalmers,  3-phase,  60-cycle,  220-volt 
motor,  with  4  x  12  tank. 

46-ft.  101/2-in.  Span  Case  Three-Motor 
Crane,  20-ft.  lift;  equipped  with  two 
15-hp.  and  one  3-hp.  General  Electric 
motors,  3-phase,  60-cycle,  220-volt, 
and  operator's  cage. 


MACIIINKKY   I)KPAKTMI<:NT 


THK  W.  M.  PATTISON  SUPPLY  CO. 

CI.KVKl.ANI)  OHIO.  U.  S.  A. 
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A  Mean  Job 


Planing  the  bed  of  a  power  press  frame  allows  not  the  slight- 
est variation  in  the  cutting  stroke.  That's  why  it's  put  up 
to  the  Whitcomb-Blaisdell  Second  Belt  Planer  in  the 
Standard  Machinery  Company's  plant  at  Providence. 

They  make  all  kinds  of  machinery  in  this  shop,  and  the 
mean  job — the  special  piece  of  machining — always  goes  to 
their  Whitcomb-Blaisdell,  because,  in  spite  of  its  twelve  years' 
sei'vice,  it  is  a  machine  they  can  depend  on  for  A-1  results. 

Noiseless  operation  is  a  characteristic  of  this  well-designed 
machine,  and  distinctive  control  features  facilitate  handling 
the  wide  range  of  work  to  which  it  is  adapted;  self -locking 
dogs,  that  can  be  adjusted  by  hand,  and  patented  cross  rail 
binder,  instantly  adjustable  from  a  central  point. 

These  and  other  interesting  construction  details  are  fully 
described    in     our    Planer     Catalogue.       Write     for     it. 

Whitcomb-Blaisdell  Machine  Tool  Co. 


Worcester 


Mass.,   U.  S.  A. 
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You  Can  Depend  Upon 
A  TRAHERN 
Pump 


TRAHERN  Pumps  are   sim- 
ple in  construction,  efficient,  eco- 
nomical and  CAN  BE  DEPEND- 
ED UPON  to  get  any  lubricant  to 
the  cutting  tool  in  copious  streams  free 
from  pulsations.    They  are  provided  with 
an  automatic  relief  valve  vi^hich  enables  you 
to  cut  off  the  supply  at  discharge  without  stop- 
ping the  pump,  eliminating  expense  of  an  inde- 
pendent relief  valve. 

Let   us   furnish  you  with    complete    details   and  illustrations 
showing  the  use  of  a  TRAHERN  Pump  on  various  machines. 

TRAHERN  PUMP  COMPANY 

DEPT.  10 

ROCKFORD,  ILL.  1328  BROADWAY,  NEW  YORK  CITY 


Tavo  Hi^h  Grade  Hack  Saws 


Mnrvcl    Mack    Saw    No.    I 


ha.s 


Marvel  ilack  Saw  No.  1 
tai)a(ity  for  stock  4"  x  4",  is 
adapted  for  general  shop  use. 
I'nfH.Hure  on  Haw  blade  in  ad.juflt- 
able.  StopH  automatically  whf-n 
work  i.H  cut  off. 


The  Marvel 
Draw  Cut 
Hack  Saw  Ma- 
chines live  up 
to  their  name 
in  every  par- 
ticular. They 
are  clean-cut, 
hard  working, 
1)  u  i  1  t  for 
strain  and  en- 
durance. 

Both  machines  com- 
hinr  accuracy  with 
dnrabilily.  Write 
for   ilrtaiU. 


Marvel   Hack  Saw  No.  2 

Marvel  Mack  Saw  No.  2  ia  a  twin 
brother  to  No.  1  but  has  capacity 
up  to  ()"  X  (>"  on  the  long  stroke 
and  8"  X  8"  on  the  short  stroke. 
Automatic  stop  and  heavy  vise 
swivelling  in  either  direct  ion  arc 
features  of  this  machine. 


ARMSTHONG-HLl  M  MANUI  AC TlTUINCi  CO. 


?>\?>   Norlh    I'  ranci<ic<>   Avenue 


(:iiicA(;o.  iiJiNois.  i'.  s.  a. 
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The  New  DAVENPORT 

No.  2  Milling  Machine 


On  this  new  hand 
and  power  feed 
milling  machine, 
hand  feed  is  ob- 
t  a  i  n  e  d  through 
lever,  for  rapid 
f eed ,  or 
wheel,  for 
slow  feed. 


Six     changes 
power    feed 
provided    by 
manipulation 
two  levers. 


of 
are 
the 

of 


Transverse  and 
vertical  screws 
have  adjustable 
graduated  dials 
for  gaging  depth 
of  cut.  Hole 
through  floor  for 
elevating  screw 
not  necessary. 

Send  for  full  particutarB. 

THE  DAVENPORT  MFG.  CO. 


MEADVILLE 


PENNSYLVANIA 


The  SIPP  PRIMER 

Lesson  No.  2 — Oiling 

What  is  this  man  doing? 

He  is  oiling  the  spindle  of  the  Sipp  Drilling  Machine. 

Why,  are  not  all  drilling  machine  spindles  oiled  in 

that  wayf 

Hardly! 

You  see  the  oil  groove  sealing-shim  he  is  holding 
clear  in  his  left  hand? 

yes,  what  is  that  }orf 

It  is  to  seal  the  oil  grooves  after  oiling  against  the 

entrance  of  dirt  and  foreign  matter  into  grooves  and 

bearing. 

Does  the  Slipp  need  any  other  lubrication  attention? 
All  the  transmission  gears,  its  ball  bearings,  etc., 
turn  in  oil  baths,  which  once  filled,  last  almost  a 
year. 

So  you  see,  the  Sipp  is  more  independent  of  the 
personal  factor  than  any  other  drilling  machine  in 
the  world.     It  is  fool-proof. 


THE 

SIPP 
PRINCIPLE 


Idler  Take-up. 
V'aricfi  with  load 


B  THE  SIPP  MACHINE  CO. 

PATERSON  NEW  JERSEY 


Landau  4  in  IDriU  Press 


The  Landau  is  four 
machines  embodied  in 
one.  Each  spindle  is 
a  separate  machine. 
One  spindle  drills, 
one  counterbores,  one 
countersinks,  one 
taps.  While  one  oper- 
ates, the  others  remain 
idle.  Only  enough 
power  required  to 
operate  one  spindle. 
Only  12  X  28-in.  floor 
space  required.  Runs 
by  motor  or  counter- 
shaft. The  r.p  m.  is 
changed  quickly  by 
simple  lever  shift  to 
suit  the  job  in  hand. 
Similar  in  operation 
to  the  turret  lathe.  We 
also  have  a  bench 
style  machine. 


Send  for  details 


Landau  Machine  ^  Drill 
Press  Company,  Inc. 


19  W.  44th  Street 


New  Yorh  City 
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Hercules  Shears  and  Rod  Cutters 


In  Six  Sizes 

Are  preparedness  tools  in  that  they  are  always  ready  to  do 
that  job  of  sheet,  bar  and  iron  or  soft  steel  rod  cutting.  No 
tools  to  adjust,  belts  to  break,  no  drag  on  the  power  plant. 
Feed  the  material  to  the  machine  and  work  the  lever  with 
low  cost  labor.  Rods  can  be  cut  with  ends  ready  to  thread,  or 
spin  over  forming  rivet  head  without  additional  machining. 


0  cuts   1/16"    flats   and   under. 

1  cuts    3/16"    flats    and    tinder 

2  and  3  cuts  1/4"   flats  and   under. 
4  and  5  cuts  5/16"  flats  and  under. 


0  cuts  rods  1/8",  3/16",  1/4"  and  under. 

1  cuts  rods  1/4",  S/8",  1/2"  and  under. 

2  cuts  rods  3/8",  1/2".  5/8"  and  under. 

3  cut;  rods  1/2".  5/8".  3/4"  and  under. 


Send  for  Shear  Catalog 

w.  M.  <sl  c.  f.  tucker 


Plain  Shears-3  and  4 


ADDITIONAL    IMPROVEMENTS  IN 

SHEPARD  LATHES 


Several  new  machines  have  been  added  to  the 
New  Shepard  Line,  among  them  this' all  geared  head 
model,  with  individual  motor  drive  mounted  on  the 
headstock.  This  machine  has  all  the  distinctive  New 
Shepard  features— the  reversing  lever  in  the  head- 
Block,  which  obviates  stopping  the  machine  to  reverse, 
being  one  of  the  more  important.  Complete  descrip- 
tion and  full  line  on  request. 


SHEPARD  LATHE  COMPANY 

Canal  and  Jackson  Sts.     Cincinnati,  Ohio 


S.  A  .  pOTTER  Precision 


Rigid  yet  not  Cumbersome 

Bed  is  sufficiently  wide  to  insure 
rigidity  without  the  addition  of 
undue  weight.  Head  and  tail 
stocks  ai"e  carefully  fitted  to  mas- 
ter plates.  Bearings  are  adjust- 
able for  wear.  Large  dials  on 
compound  rest  are  instantly  ad- 
.iustable.  Swings  7".  Collet  ca- 
pacity %".  Three  speed  grinding 
countershaft. 

Ask  for  circular. 

S.A.POTTER  TOOL  &  MACHINE  WORKS 

79  EAST  130th  STREET,  NEW  YORK  CITY 


W//VD 
AWS 


Til-  Swind  Cold  Saw 
In  iloMlicned  (or  iih>' 
wIk'T''  oYory  foot  of 
floor  Hparn  count- 
You  ran  put  It  In  ntiv 
(•oni»«r  of  your  iitof  k 
room. 


1 


"^HE  Swind  Cold  Saw  has  an  im- 
proved automatic  device  for  cor- 
rectly feeding  the  saw  to  the  work. 
The  Swind  Cold  Saw  is  unusually  rit^id 
and  powerful  for  its  si/.e,  and  there  is 
ready  access  to  all  workiiii^  parts. 
Capacity  3Vi". 

.SV'/;f/  for  n  rnmplrfr  drsrriptiov. 

Swind  Machinery  Co. 


\\  ititner  I'liiklin^ 


IMiiliKJdphi;!.  I»a. 
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Read  This  Letter  About 

SMALLEY-GENERALTHREAD  MILLERS 

The  following  is  part  of  a  letter  from  the  Spencer  Engineering  Compeoiy,  Toledo,  Ohio: — 

"We  had  these  machines  working 
on  a  contract  for  the  United 
States  Government  for  3"  steel 


7S7S" 


What  better  recommendation  could  a  machine 
»''     Specifiations  upon  request. 


receive: 


shells.  We  maintained  a  pro- 
duction of  54  shells  per  machine 
hour,  cutting  a  2I4."  thread,  12 
pitch,  U.  S.  Standard;  also  84 
shells  per  machine  hour,  cutting 
a  '^s"  thread,  18  pitch,  U.  S. 
Standard.  Scrap  was  practi- 
cally nil,  owing  to  the  accuracy 
with  which  your  machines  per- 
form. Upkeep  of  hobs  was  very 
small.  We  have  cut  as  many  as 
5000  threads  with  one  hob.  This 
would  be  impossible  to  do  with 
taps.  These  machines  are  still 
running  in  our  plant,  and  have 
not  given  us  one  minute's  trouble. 
It  does  not  take  experienced  men 
to  run  them." 


Smalley-General  Company,   Inc. 

BAY  CITY  MICHIGAN 


CHAMPION 

Developed  since  the  introduction  of  high 
speed  steel,  the  Champion  is  fully  prepared 
to  handle  the  hardest  jobs  of  modern  prac- 
tise. It  has  no  "spotty"  reinforcement — it 
is  strong  all  over. 

Four  sizes—  1 2 "  to  1 8".    Com- 
plete    details    on    request. 

L  AT  H  E  S 


CHAMPION  TOOL  WORKS  CO. 


4955  Spring  Grove  Avenue 


CINCINNATI.  OHIO 


LATHES 

The  experience  of  thirty  years  of  exclusive 
lathe  building  stands  back  of  our  lathes. 
Built  in  three  sizes — 13-,  14-,  15-inch  Swing, 
with  (Joarod  Head,  Cone  Head,  Plain  or 
Quick  Change. 

Write  for  complete  catalog 

THE  SEBASTIAN  LATHE  CO. 

154  Culvert  Street         CINCINNATI,  OHIO 
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Machinery  Manufacturers  are  Invited 
To  Co-operate 


Does  the  idea  of  a  permanent  exhibit  in  the  very  heart  of  New  York,  with  its  sales  pos- 
sibilities, and  in  co-operation  with  other  manufacturers  in  the  same  field,  appeal  to  your 
sound  judgment?  Many  machine  tool  builders  are  of  the  opinion  that  this  project  will 
give  a  distinct  advantage  to  the  concerns  taking  part  in  it. 

The  plan  does  not  contemplate  a  brief  exhibit  of  any  one  product  or  class  of  products ;  but 
is  to  provide  for  the  continuous  display,  in  action  if  advisable,  of  machines  and  tools  of  all 
kinds.  It  is  to  provide  for  a  permanent  installation  of  machine  tools,  with  demonstrators, 
etc.  It  is  a  big  plan,  developed  by  men  who  have  made  successes  of  similar  plans,  and  is 
bound  to  succeed  with  the  proper  co-operation. 

The  place — Grand  Central  Palace.  Space — 50,000  square  feet.  Power,  light,  heat,  etc. 
Ideal  location — for  the  development  of  exports  as  well  as  domestic  sales. 

Send  for  prospectus.     Address 

MACHINERY  SALES  DEPARTMENT 

GRAND  CENTRAL  PALACE  NEW  YORK  CITY 


Aerial  Grinder 


Standard 
Portable  Drill 


I' or  economy's  sake  use  Electric  Portable  Tools;  for  the 
sake  of  the  job  see  that  your  tools  are  the  best  to  be  had. 

Standard  Electric  Drills  and  Grinders 

are  made  U>  fill  pi-aclicaily  every  need  and  are  balll  forivcar. 
Let  us  .send  our  eaLalo^ue — if  you've  used  electric  portahle.s 
you'll  appreciate  "Stanclard"  values;  if  not,  it  will  help  you 
reali/.c  the  labor  savinjr  possibilities  still  before  you. 

THE  STANDARD  ELECTRIC  TOOL  CO. 

CINCINNATI,  OHIO 
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QUICK  DELIVERY 

Of  materials  is  assured  between  factory  departments  at  least  expense  where  Elwell- 
Parker  trucks  or  tractors  are  used.     Built  to  fit  the  job  and  withstand  hard  usage. 


TYPE  WB  TRUCK- SPECIFICATIONS 

lour-WhccI  Sftcr:  Two  Wlitcl  Drive.      Molor  Dirccl  CnniKCtid  Kj  Wnrm  c.ii  lull  1' l<mtiM|;  AnIc.      litnki-  lUtwicn  Motor  iind 
Four-Pinion  Bevel  DiflTcrcnliiil.     Batlcry  over  Drive  WhceU  Fully  Annembled  and  Wired  in  One  Ki-inoviible  Box. 


Motor— l-;iwi>ll-l';ifk<T    Hravy    I»uty,    KncloKcd. 

Controlter— Klwfll-I'nrkrr    Ki'ir-KctiirrilnK    I>nim    Type. 

Circuit   Breaker -l',it.iiti;il,   Inrl'-pcndontly   Kuril  (Inernlprl. 

Speeds     Tlir<<-    In    Hllh'r    l>tri<-ll(,u. 

Brake      I  ■  .1,  ,,,     .1,  ,, ,  h     iv,.,!    <")|,<Tnli-il.    Kxlirnal   fonlriictlnK. 

Drive  ,,,!,    \Vt)rm,    Hli'.l    in    Urtmr.)-. 

*»ie»  Kr^irii.-   on    SprliiKH. 

Wheel.  .1,    i:xir;i    l.iirK<-.    l>fmoniiliiblc. 

"•''"■I. -I  I  Knuckle*— <'jijil  Hti'il  rir  Koriri'il:  H"mI"M 

•.f-r,.„,j    I-  .  ,.      11,, I,,,,., I   „,„,  .;,,.iin.1;    ItlKlrl   In   Y<.l(.  . 


Frame     llol     Itlvil.-il    llrnvv    SIcrl    with    MnllpiiVilo    CiiHtlncH. 

Platform— .\Im|.Ic  iiikI  fiml  Iron  with  Knd  SlHkon  imd  roiipU-r. 

Signal      i:i.ii  r  Ic-  nr  Mi'clinnlcal   Morn. 

Tirei  Siillil  UuIiIpit,  rrcnM-oii  Type,  Drive  21Vi  X  3<^  Inclu'H. 
It.jir     i:.  \   :t'..  Ini'hoH. 

Carrying   CaiSaclty— inmi    I'onnilH. 

Speed  '7.^  to  Uifi  Keel  piT  Mlimtc,  I.e..  4%  to  r.'yi  M.P.H. 
(Piii.r  forner  of  I'lalfonii  SwIiikh  on  il-Fnot  .l-Iiioh 
lt:..ll.i»  Inn.T  Kill.-.-  of  I'liilfoiTn  SwImkh  on  4-Kool 
.    In.h    UarlUiB       I,i:ol    iir    lO.llHon    H.illiry    lOiiul nl 


THE   ELWELL-PARKER    ELECTRIC    CO. 

Pioneer  Builder  of  Electric  Industrial  Trucks 
CLEVELAND,  O. 


hrmifm.  yfmr^Mrr.    V«f   ft* 


Spw  Ycrh.   rtUUflflphlA.    Da 
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TIMES  HAVE  CHANGED 

"Cleaning  Up"  Means  Something  in  This  Shop 


5H     Bowls 
In   Battery 


Fig.    106 


Miide  ill  double  and  single  bat- 
teries— arranged  for  hot  and  cold 
or  one  temperature  water.  Our 
line  also  includes:  Metal  Stock 
and  I'Mlteni  Storage  Racks, 
Metal  Shelving.  Metal  Cabinets. 
V'.iult  Fixtures.  Soda  Kettles 
HO  and  60  gallons),  Metal  Stools 
iml  Chairs.  Water  Mixers.  Work 
liinclios.  Bench  Legs.  Full  line 
iif  Plumbing  Fixtures,  etc. 
Siiid    for    complete    catalog. 


An  old  time  machinist  will  tell  you 
that  in  his  'prentice  days,  provision 
for  "cleaning  up"  was  a  bucket  half 
full  of  cold  water  kept  under  his  ma- 
chine—that he  stored  his  overalls  on 
his  stool  and  hung  his  coat  on  a  hook 
in  the  shop. 

How  times  have  changed — individual 
enamel  basins,  an  abundance  of  hot 
water  and  separate  fire-proof  lock- 
ers give  "cleaning  up"  a  real  signifi- 
cance in  the  shop  where  this  picture 
was  taken.  Ice  cooled,  bubbling  drink- 
ing fountains  replace  the  pail  and 
dipper  of  by-gone  days  and  sanitary 
metal  furniture  the  dirt  grimed  bench 
and  rack. 

Sanitary,    up-to-date   shop    equipment 
is    our  specialty.      Send    for    circulars. 


Supplits  1  &  0 
people:  holds  75 
pounds  of  ice. 
l.'iV.-  colls  '2 
Inch  seamless 
brass  tubing:. 
Attaches  to 
municipal  water 
supply. 


Manufacturing  Equipment  &  Engineering  Co. 


Office  and  Show  Rooms 


Boston,  Massachusetts 


Works  and  Mail  Address,  Framingham,  Mass. 
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A'YOST "  VISE 


Solid  Jaw 
Swivel  Base 


A  high  grade  machinists'  vise, 
built  to  suit  that  most  critical 
judge — the  skilled  mechanic.  A 
popular  vise  with  the  men  who 
use  vises  in  their  daily  work — 
and  this  we  consider  the  best 
recommendation  that  any  tool 
can  earn. 

There's  a  big  family  of  Yost  Vises — vises  for  every  purpose — every  one  designed 
and  built  with  the  proper  distribution  of   carefully   selected   metal  —  every  vise 
guaranteed  to  give  satisfactory  service  under  all  working  conditions. 
Buy  Yost  Vises  and  you'll  make  a  good  investment. 

Catalog  No.  8  lists  full  line — send  for  a  copy. 

YOST  MANUFACTURING  CO.,  Meadville,  Pa. 


**Tl\e 
Handy 

To  or 


'J'his  Vise  is  (fesigned  for  holding  work  on  u  drill  table.  It  is  similar  in 
construction  to  the  Skinner  Planer  Chuck,  but  more  portable  and  conven- 
ient for  use  on  a  drill.  It  can  also  be  used  to  advantage  on  Planers,  Shap- 
ers,  Milling  Machines,  etc. 


BODY— Carefully  machined  and  highly  finished  cast- 
ing, provided  with  lugs  on  side  so  vise  may  be  used 
.-It   right  angles. 

JAWS — Of  good  proportion  wrlth  steel  faces.  "V" 
nroovcs  c.nn  he  cut  In  these  J.nws  for  holding  round 
work.  Innt.Tnt  adjustment  of  J.iws  c.in  be  m.ido  from 
0  to  qriMtest  c.ip.iclty.  Either  str.Tlght  or  taper  work 
cm   he   heid. 

SCREWS— Set     screw    and     holding     strip    of    crucible 
nteol,    and   sot    screws   and    nuts   hardened. 
WRENCH— A    case    hardened    forged    steel    wrench    Is 
furnished   with   each   vise. 

FITTING — Doited  to  drill,  planer,  miller  or  shaper  by 
i^ars  al  both  ends  of  vise.  Vise  also  has  flange  on  all 
Hides    for   clamping. 

ir.     ri.i//  (..   «/.!./  In  «.ti.l  .1  r.i/.i/.itf  illuKlniliiitt  ■>">■  ••ilirr 
l,nr    „f     l^illir.    Hull  iiK.I   /V.i.i.r  <7ip..-A»,    "(■'•'!    if;"'-"'- 

THK  SKINNKU  CHUCK  CO. 

I^^VS'onr,''  NI'.W  I'.KII'/V1>>'.  ^"<  )NN.,  I  I.S.A. 
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Three  Simple  Parts 

Mean  Greatest  Strength 

In  simplicity  lies  strength.  And  in  the  popular  Pexto 
Solid-Handle  Wrench,  with  its  three  simple  parts,  you 
get  super-strength  at  all  points — with  extra  weight 
and  strength  where  most  needed. 

The  Pexto  Solid-Handle  Wrench  heads  the  long  line  of 
Pexto  Wrenches.  By  actual  tests  in  various  institu- 
tions it  is  the  strongest  wrench  made.  It  is  in  general 
use  today  in  railroad  and  machine  shops,  and  is  de- 
manded by  mechanics  in  every  field.  It  is  the  all- 
around  wrench  for  every-day  or  special  work. 

Has  Unquestioned  Lasting-Power 

The  head,  bar  shoulder,  and  handle- 
frame  are  forged  solid  of  one  piece, 
then  case-hardened  to  insure  uniform 
strength  and  to  overcome  the  weak 
point  found  in  ordinary  screw 
wrenches,  namely,  the  likelihood  of 
breaking  at  a  point  on  the  bar 
opposite  the  knurled  thumb-screw. 

The  sliding  jaw  fits,  with  just  enough 
play  to  work  without  binding.  The 
screw  is  extra  heavy,  and  the  thread 
carefully  machined. 

The  method  of  fastening  the  sliding 
jaw  over  the  bar  is  covered  by  pat- 
ents. This  feature,  instead  of  prov- 
ing a  weakness  as  in  other  styles, 
adds  even  more  to  the  strength  of 
this  good  wrench — strength  which 
cannot  be  gained  in  any  other  way. 

There  is  a  need  for  the  Pexto  Solid- 
Handle  Wrench  in  the  tool-kit  of  the 
mechanic  in  every  field. 

If  your  dealer  cannot  supply  you, 
write  us  direct. 

THE  PECK,  STOW  &  WILCOX  CO. 

Manufacturers  Mechanics'  Hand  Tools.  Tin- 
smiths' and  Sheet  Metal  Workers'  Tools  and 
Machines,    Builders'    and    General    Hardware. 

Southington,  Conn.  Cleveland,  O. 

Address  all  correspondence  to 
203  W.  Center  Street,  Southington,  Conn. 


MECHANICS'    HAND    TOOLS 
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"Matthews  •  Marked" 


Super:  "Why  do  you  always  reorder  A — 's  tools?    B — 's  are 

just  as  good." 

Foreman:  "B — 's  tools  are  all  right,  but  it  takes  too  long  to 

pick  them  out — especially  after  they're  worn.    A — 's  tools  are 

"Matthews  Marked" — you  can  read  the  serial  numbers  at  a 

glance   till   they're   scrapped.     They   save  time — that's   the 

reason." 

Typical  and  true — the  know-how  of  68  years'  experience,  the  famous 
"Pittsburgh  Bevel''  and  other  distinctive  features  insure  lasting  results 
from  Matthews  Steel  Stamps  and  Lettering  Dies.     Catalog  lists  full  line. 

JAS.  H.  MATTHEWS  &  COMPANY,  Inc. 

3946  FORBES  FIELD  Manulaclurers  ol  Marking  Dsvices  Since  1850         PITTSBURGH,  PA. 


The  Universal  Vise  Attachment 

Makes  a  Vise  Hold  ALL  Shapes 

Take  your  vise  out  of  the   class  of  single  purpose 
tools.      Make    it    grip    all    shapes.      The    Universal 

Vise  Attachment 
by  means  of  inde- 
pendent, self-ad- 
justing grippers 
and  exact  equality 
of  pressure  at  all 
contact  points  per- 
mits you  to  do 
this. 


Grips  All  Shapes — 

Fits  Any 
Vise 

Needs  No 
Adjustment 


This  great  little  improvement 
is  used  by  many  of  the  larg- 
est concerns  in  the  world. 
Won't  you  try  it?  It  will 
save  your  work  and  your  time. 


Send  today  for  the  full  details. 

THE  UNIVERSAL  EQUALIZER  COMPANY 

CINCINNATI  OHIO,  U.  S.  A. 


Reamers 

Measuring  Standards 

Adjustable  Hollow  Mills 


The  John  M.  Rogers  WorRs,  Inc. 

Gloucester  City,  N.  J.,  U.  S.  A.  1865-lQl  8 


Cases  That  File  Without  Crumpling 


Blueprints,  drawings  and  records  ran  be 
filed  iu  ECONOMY  CASES  straight  and 
aniooth,  kept  in  perfect  condition,  and 
referred  to  quickly  at  any  time.  Thia 
Hsivea  many  minutes  of  the  euifinecr's 
time, 

"ECONOMY" 

DTAWing   Tables   and   Ca.scs   are   built  for 

uU    kinds    of    work.      Vivra    l.ko    thoiii  as 

wall  Icii  y.-ara  nfter  tli.  y  are  in  ii.sc  aa 
the  first  day  of  installatiou. 

Itoinonibcr,     if     \\q     bavon't     the    size  or 

shape  in  Btnek,  we'll  make  aiiythijig  to 
i.r.ler    .,roini)tIy. 

WlilTIO     K)lt    C.VTAMli:. 

Economy  Drawing  Table  &  Mfg.  Co. 

ADRIAN,  MICHIGAN 
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A  pencil  that  helps 

THERE'S  more  expected  of  you  as  tech- 
nical men  now  than  ever  before — more 
work,  greater  speed,  greater  accuracy. 

All  the  more  reason  why  you  should 
make  sure  of  getting  the  pencil  that  will 
help  facilitate  your  work. 

ELbobadO 

'l^e  master  dmwm^  pencel' 

is  proclaimed  by  all  who  try  it  "A  real 
American  Achievement."  The  hard  grades 
draw  clean,  clear  lines  without  smudge  or 
scratch.  The  softer  grades  are  smooth, 
responsive,  easy  to  work  with.  Among 
the  17  true  degrees — 6B  (softest)  to  9H 
(hardest) — is  a  pencil  that  will  prove  an 
efficiency  device  and  a  labor-saver  every 
day  in  your  work. 

Write  us  now  on  your  letterhead  for  free 
full-length  samples  of  your  favorite  degrees. 

JOSEPH  DIXON  CRUCIBLE  COMPANY 

Establbhed  1827 
Dept.     74.J,  Jersey  City,  N.  J. 


TRADE 


^PRODUCT-ieN 


Swivel  Milling  Vise  (Graduated) 

Width  of   Jaw 

5  inches. 
Open  3  inches. 
Weight  45  lbs. 

$25 

NEW  JERSEY  MACHINERY  EXCHANGE 

NEWAR.K,  N.  J. 


The  Man  Who  Takes  Pride 


equipment   flnils 


GERSTNER 
TOOL  CASES 


Indispensable  to  his 
jiersonai  convenience 
.ind  hi.s  worlt  which 
ileniands  toola  th;it  arc 
kept  in  tlrat-ciass  con- 
dition. Styles,  sizes 
.md  prices  to  suit 
•  very    taste. 

Cntalog    on    request. 


61-71   Columbin  St..  Dnyton,  O. 


"^^^^v°YA  LE  J 


5i 

t. 

U  w    ' 

• )  < 

Yale  Spur-CeareJ  Block  Se. 


A   War  Machine 


Cafety,  unskilled  labor  and  the 
^  Yale  Spur-Geared  Block  make  a 
fine  combination. 

The  block  will  not  drop  the  load.  This 
means  no  accidents.  It's  speedy,  saves 
men,  and  Yale  quality  is  featured  in  the 
construction. 

For  factory  locking  equipment  use  a  Yale 
Master-Key  System.  Write  for  particulars. 

For  Sale  by  Machinery  SuppJy  Houses. 

Put  Your  Hoisting  Problems  Up  to  Us. 

The  Yale  &  Towne  Mfg.  Co., 

No.  9  EmI  40lli  Street  New  York 


Steel  Woi-lcs,   Hartford,  Conn. 


Frasse-Electric  Steels 

are  successfully  meeting  the  requirements  of 
large  manufacturers  all  over  this  country,  be- 
cause of  their  exceptional  quality  and  uni- 
formity. 

TRY  US  ON 

HIGH    GRADE    ELECTRIC  TOOL   STEELS 

ALLOY   STEELS 

SHAFTING  AND  SCREW  STEEL 

POLISHED    DRILL    RODS 

HEAT-TREATING,    ANNEALING,    CASE-HARDENING, 

COLD    DRAWING,   TURNING    AND    POLISHING 


Catalog  (Cloth  Bound)  Mailtd  on  Reqattt 


ESTABLISHED    lete 


PETER  A.  FRASSE  &  CO.,  Inc. 

417-421   Canal  St.,  New  York 

Philndelphia  Buffalo  Works:  Hartford 
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I    How  About  the  Life  of  Your    | 

Thread  Gages?    | 


This  is  one  of  our  inspectors— hard 
at  work  safeguarding  the  interests 
of  our  customers  and  our  guarantee 


Accuracy  that  is  here  to-day  and 
gone  to-morrow  is  of  little  value — 
especially  in  thread  gages.  Scien- 
tific heat  treatment  plays  an  im- 
portant part  in  assuring  a  long  life 
to  the  accuracy  of  these  close  limit 
testing  devices  and  other  precision 
tools. 

We  specialize  on  this  class  of  work 
— have  a  highly  organized  staff, 
complete  up-to-date  equipment  and 
years  of  experience 
to  our  credit.  We 
guarantee  accuracy 
that  endures. 

How  about  the  life 
of  your  thread 
gages?  May  we 
have    your    orders? 


I     RELIANCE  DIE  &   STAMPING  COMPANY     1 


^  515  No.  LaSalle  Street 


Chicago,  Illinois,  U.  S.  A.  = 


ANDERSON  MFG. 
COMPANY 

ELYRIA  OHIO 

Makers   of 

Jigs  and  Fixtures 
Punches  and  Dies 
Special  Tools  and  Cutters 
Special  Macliinery 

Metal  Stampings 

Automatic 

Machine  Products 


Machinists 

Sprcul    Tooli.    Diet.  Jip.   Fiilurri,  ('uiiinK  n(  S|iur  GcMi,   Micliinr 
F'»ri<    iin    C/.tiinM.     Turrrt    |jilli>-    I'lfKluiU    lo     l'-j-iti<ti  Dimii'-irc 

VV'r    S„l,r,l     Y.,„r    rti,„«r.. 

Robidoux    Machine    Company 


20  i'ullon  Sirvrl 


York,   U.  -S.   A. 


Tools,  Jigs,  Fixtures 

Special  Machinery 

Wood  and  Metal 

Patterns 

Send  us  Your  Blue  Prints 
THE  S-P  MANUFACTURING  CO. 

CLEVELAND,  OHIO,  U.  S.  A. 


TOOLS,    JIGS,    DIES 

S  TA  M PINGS    LIGHT  MA  NUFA  C  TURING 

AMERICAN  TOOL  &  MFG.  CO. 

URHANA  OHIO.  U.S.  A. 


^ 
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OUR  NEW  PLANT 


Largest  and  best  equipped 
Factory  in  the  World  for 
manufacturing  Automatic 
TOBACCO    MACHINERY 


Also  builders  of  high  grade  special  and 
automatic   Machinery,  Jigs,  Tools, 
-     Gauges  and  Fixtures. 


AMERICAN  MACHINE  ^  FOUNDRY  COMPANY 

Main  Office  and  Factory :  5520  Second  Avenue,  Broohlyn.  New  York,  U.  S.  A. 
New  York  Office :  200  Fifth  Avenue,  New  York 


TRY  US 

for  Your 


ScrewProduct  Contract  Work 

Send  Blue  Prints  for  Quotations. 
Prompt   Deliveries   Our  Hobby. 

3^"  to  23^"  Capacity 
The  Toledo  Screw  Products  Co. 

TOLEDO,  OHIO 


JIGS  -  DIES  -  TOOLS 

-SPECIAL    MACHINERY- 

Our  complete  equipment  affords  speed, accuracy  and  economy 
Let  us  estimate 

STEINER  BROS.      -    -     Lima,  Ohio 

Phone:  Lake  3212 


We  Offer  Machine  Shop  Products  for  Prompt  Delivery 

Automatic  Screw  Machino  Products  up  to  2M"  djanict«r.  Punch  Press 
Btampiuics,  Gears,  etc.  Tools  and  Dies.  Complete  line  of  Plating  and 
Podiflhinff.  Gray  Iron  Castings.  Our  Wood  Working  and  Cabinet  Depart- 
ment ia  complete. 

We  Prefer  Work  Essential  to  the   Winning  of  the   War 

STEGER  &  SONS  INDUSTRIAL  WORKS        Steger,  Illinois 


nillMllllllill IIIIIIIIIIINIIIIIIIIIIII IIIIIIIIIIITTTTTTTT 


A  "Taylor-Shantz" 

Single  Piece  Armature  Die 

To  make  an  armature  die  is  not  a  difficult 
operation — but  to  make  one  21,4"  diam- 
eter, the  Taylor-Shantz  way,  from  a  sin- 
gle piece  of  steel,  to  limits  of  0.0005"  in 
accuracy,  to  harden  it  properly  and  give  it 
long  life,  is  unusual. 

We  make  many  dies  for  many  concerns. 
We  can  make  them  for  you  as  well — and 
can   show  good   reasons   why  we  should. 

Write  us. 

TAYLOR-SHANTZ  COMPANY 

Rochester,  N.  Y. 


ma 


Gages  -  -  Jigs  -  -Dies  -  -Fixtures 

Our  equipment  is  of  the  best  and  our 
men  are  specialists.  The  number  of 
tools  vvc  have  made  in  the  last  few 
years  is  enormous,  and  they  are  all 
giving  satisfactory  service.  We  guaran- 
tee what  we   make.     Prompt   service. 

Write  us. 

WESTERN  TOOL  CO. 

217  HIGH  ST.     NEWARK,  NEW  JERSEY 


w 
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The  Sheffield  Machine  &C  Tool  Co. 
take  pleasure  in  announcing  that  they 
have  arranged  to  manufadure  The 
Deming  Indicator  under  the  personal 
supervision  of  the  inventor,  Mr.  Chas. 
M.  Demingjformerly  of  Hartford,  Conn. 

We  shall  make  this  device  in  connec- 
tion with  the  Thread  Gauges  and 
Thread  Gauge  Measuring  Devices  to 
which  we  confine  our  effi^rts. 


THE  SHEFFIELD  MACHINE  8C  TOOL  CO. 

DAYTON,    OHIO,    U.  S.  A. 


w 
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What    the    Men    Themselves 
Think   About 

The  Columbus  Die,  Tool 
&  Machine   Company 

Columbus  Die,  Tool  &  Machine  men  are 
hired  for  their  particular  skill,  and  are 
specialists  in  their  respective  callings.  They 
are  taught  the  Columbus  Die,  Tool  &  Ma- 
chine organization  system — the  value  of  co- 
operation— the  importance  of  attention  to 
detail.  The  fact  that  they  remain  and  be- 
come important  parts  of  the  organization 
proves  they  like  their  work — which  is  your 
work.    The  result  is 

Better   Tools^    Dies,   Jigs, 
Fixtures  and  Special  Machines 


THE  COLUMBUS  DIE,  TOOL  &  MACHINE  COMPANY 

COLUMBUS  OHIO,  U.  S.  A. 


w 
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The  designing  depart- 
ment—an important 
phase  of  the  service 
behind  the 

"The  Symbol  of  Success  in 
Duplicate  Manufacture" 

To  the  small  plant  that  does  not 
include  a  designing  department, 
or  the  big  plant  in  which  the  de- 
signers are  overworked,  the 
Mehl  Designing  Department  is 
of  special  interest. 

It  includes  a  staff  of  men  who 
know  machine  tool  designing 
from  A  to  Z. 

Most  of  the  men  are  expert  tool 
builders — all  are  capable  of  de- 
veloping an  idea  whether  it  be 
for  a  part  for  a  sewing  machine 
or  an  aeroplane. 


Don't  hire 
extra  draftsmen 
now- 
Let  us  take  care  of 
that  extra  work. 

We  promise  ymi 
the  same  service 
and  satisfaction  for 
w  h  i  c  h  Mehl-mado 
Jigs,  I'Mxturt's,  Dies 
and  Special  Ma- 
chinery arc  noted 
tlic  country  over. 


MEHL  MACHINE  TOOL  ®  DIE  CO.,  Roselle.N.J. 


^@^Tr(g>^©Tr W®'^  ^' 


URBANA 

INSPECTION 

Toolmakers  by  Choice 
Inspectors  by  Selection 

They  were  toolmakers  first;  we 
made  them  inspectors ;  they  know 
our  business  and  our  ambitions; 
and  they  are  honor-bound  to  al- 
low no  sub-standard  tool  to  get 
by. 

We're  glad  to  say  there  are  few 
rejections ;  but  till  the  day  comes 
when  all  men  are  perfect  we'll 
keep  right  on  inspecting.  And 
we'll  continue  to  guarantee  the 
accuracy  and  quality  of  any  tool 
or  mechanism  that  leaves  this 
plant. 

Traveling  isn't  the  pleasure  it  was; 
but  if  your  travels  bring  you  into  this 
neighborhood  we'd  be  dec-lighted  to 
have  you  stop  over  a  few  hours  and 
let  us  show  you  how  we  do  things. 


Urbana  Tools— Dies, 
Gages,  Jigs,  Fixtures 
—  Quality   Known 


URBANA  TOOL  &  DIE  COMPANY 


URBANA 


OHIO,  I  .  S.  A. 
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CRESCO 

Means 

High  Speed 

in 

Contract  Work 


TOOLS,    DIES,   JIGS, 

GAUGES,  FIXTURES, 

SPECIAL  MACHINES, 

STAMPINGS 

and 
AUTOMATIC  SCREW 

Machine  Work  up  to  2^"- 

Let  Us  Estimate. 


CHICAGO  RECORDING  SCALE  COMPANY 

WAUKEGAN  ILLINOIS,    U.  S.  A. 


7J 


Of   cour/e ,  ihere    is   abjoluiely    no    relation 
bciween    iKcrc  iwo .     The     dclicafe     llffle 
harclene<j[,    qround,    and    lapped     xpindle 
wiTn    araw-in    colici  /hown   in  our    Illu/lraiion 
15  var^ly    removed    from    "the    heavy  toolintj 
on    a    cjun. 

Yci  our  or<^ani^a+ion  can  handle  either 
job  wi+h  equal  care.  We  dentin  and 
build    Ji<5^    and    Fixiurey  —  Dier  —  Goucje/ 


and     -/ c 


Machi 
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Gear  Cutting  Department 

Thousands  of  Gears  per  Week  Made  Here 

This  is  where  we  make  the  small  gears  required  for  the  contract 
work  that  goes  through  our  plant.  The  number  runs  into  thous- 
ands per  week  and  takes  in  about  every  shape,  size  and  kind  of  gear 
you  can  think  of.  The  machines  in  use  are  the  best  we  can  buy  or 
build  and  the  operators  are  experts,  trained  to  the  Krasberg  idea 
of  quality  and  speed. 

This  is  by  way  of  showing  the  completeness  of  Krasberg  equip- 
ment. Every  part  a  product  calls  for,  large  or  small,  can  be  made 
at  the  Krasberg  plant,  which  accounts  in  great  measure  for  the 
promptness  of  Krasberg  Service. 


Who  is   Your  Toolmaker  ? 


Krasberg  Mfg.  Co. 


536  Lake  Shore  Drive 
CHICAGO,  ILL,  U.S.A. 
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tllGS&nXTURES 


THAT  ARE  R/GH-fj 


Marvin  Gauges 

ranK  with  the  best  on  the 
marKet  today 


WHY? 


Because  they  are  designed  right,  made  from  the  best 
materials  by  sRilled  worKmen,  checKed  by  the  Johans- 
son Block  system  and  each  order  is  given  the  individual 
attention  that  insxires  satisfaction. 


Give  us  a  chance  to  convince  you  that  concentrated  efficiency  pays. 


IW.B.MARVI7M  MFO.COMPAAIY    urbaaia  Ohio 


STAMPINGS 


DIES 


TOOLS 


JIGS 


Prompt  Service 

Good  Workmanship 

Fair  Prices 

SA  TISFA  CTION  ASSURED 

Lansing    Stamping    &    Tool    Co. 
LANSING,  MICH. 


GAUGES  -  DIES  -  JIGS 
FIXTURES 

SPECIAL  TOOLS  AND  EQUIPMENT 

WE   are   equipped   with   an   up-to-date   shop,   the 
latest     modern     machinery     and    skilled     me- 
chanics, to  do 

Fine  Work, 

and  we  can  give  you 

Prompt  Service 

Send  us  your  inquiries — come  and  see  us  or  'phone. 

PREMIER  SNAP  FASTENER  COMPANY 


182  Grand  St. 


NEW  YORK  CITY,  N.  Y. 

'Phone,  Canal  9287 


Including  Automatic  Dies,  also  Sheet 
Metal  Manufacturing  therev/ith 

NELSON  TOOL  COMPANY,  Inc. 

781-783  Ea»t   142nd  St.  New  York  City 


SCREW  MACHINE  PRODUCTS 


PROMPT    DELIVERIES 


TOCK  SCREW  MACHINE  PRODUCTS  CORP. 

199-203  8th  STREET  LONG  ISLAND  CITY,  N.  Y. 


^©z^m^Afgir W@(^  ^' 
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Workmanship 

and  materials  are  the  best.    Try  us  for  tools,  dies, 
jigs,  fixtures,  gages  and  special  machinery.    Write. 


Try  Us  On  Your 
Next  Order 

— Our  Business:     Stampings 

— Our  Aim:     Fine  Work,  Low  Cost 

— Our  Products:  Liners,  Cups,  Shims, 
Pipe  Clips,  Special  Washers, 
Shells,  Etc.     Let  us  estimate. 

Kales  Stamping  Company 

447  Lafayette  Boulevard, West,  Detroit, Mich. 


Long  Experience 


DIES 


CONSULT  US 


Double-action,     Blanking,     Forming,      Drawing, 
Combination,  Reducing,  I'iercing,  Tools  and  Jigs. 

J.  MAUTE  &  SONS 

23  KANE  STREET  BUFFALO,  N.  Y. 


The  Designing  of  Special  Machines, 
Jigs,  Fixtures,  Tools,  Dies  or  Gauges 

Wc  route  iinii  di-»i(;n  tools  for  rapid  production  of 
inlorchiingenblc  pnrl».     Our  service  nnd  efficiency 
■     will  pK-nsr  you.      Write  us  todny. 

The  Dayton  Stamping  &  Tool  Co.,  Dayton,  Ohio 


Designers  and  Builders  of 

Special  Milling,  Drilling  and  other 
Metal  Working  Machinery. 


Special  Millinj*  and  Drilling  Machine 

MOLINE  MACHINERY  COMPANY 

MOLINE,  ILL. 


Dies,  Tools,  Jigs,  Fixtures — all  are  well  planned,  accu- 
rately made  accessories.  Our  customers  will  tell  you 
they  are  good  tools.  We  take  only  such  work  as  we 
caniexecute  and  deliver  pronipth'.     Write  us. 

li.  DIE  &  MACHINE  COMPAN 


MACHINERY 


LET  OUR 

immm  §m 

SOLVE 
YOU  R 

glF*  K  OKl(g 


TKe    MaKing    of 

SPECIAL 
SPRINGS 

is  nur  business,  and  we 
are  glad  to  send  our  Book- 
let No.  7-1  to  lielp  you  in 
designing  them,  or  glad 
to  have  you  put  it  up  to 
our    Service   Department. 

Write  us. 


THE  WALLACE  BARNES  CO. 

Soulh  and  l'jr,,ll.l  .Sir.rls 
Briitol.  Conn..  U.S.A. 


GEARS 


MACHINE 

TOOLS  --  JIGS  -- 
COLBURN    GEAR 

«5  PUHCIIASK  ST. 


PARTS 

FIXTURES 

&    MFG.    CO. 

BOSTON.   MASS. 


Hjorth  Perfection  Spring  Winder 

v..     luitl.TJ     .. ,1111,1.1.-      ■.■.|1|,..U1     <,!,..         M„k..l  ^ 

IT/  kin.l  Of  uprlligK.     lllKhl  or  lift  linn,|.  O         Hiorth 

•  (.orllj  to  S  32  wirr    tl.SS      ,  ■        ,         ,       ^r^ 

,""°'H»' .'"?!.':  ""    ?;2   "'■■'■'■ '    •■'«     LatheaXool 

Company 


JIGS,  DIES   AND  TOOLS 

Stampings  and  Electro  Plating 

Contixict  work  solicited 

ROCKFORD  METAL  SPECIALTY  CO. 

ROCKFORD  ILLINOIS 


Pattern  Letters  and  Figures 


r':ittcrn     FiKures     that     won't     come 


off. 


the   points,    :iU   ono   piece.      You   drivo 
tliem  in. 

Made    of    aUiniimini.     more    durable    than 
P»t.  App.  for  white  metal  and  cost  Ics.s. 

Writm  for  Sample 

THE  H.P.MAUGHLINCO.,  Columbus,  Ohio 


Uhe    IMPROVED 

Tlicy  are  made  in 

ANDERSON  BROS. 
BALANCING  WAYS 

1  lief  olio  wing  «izes 

Gtealisl 

.                DISl»C9 

^"'"'      Kclwtin 

C>p>Gllf 

.'il.iiidaiil! 

/^JLji   arc  extremely    /*\ 
l^ffwi      sensitive,     i  C>) 

2(1  in.      20  in. 
An  "       tl)  •' 
(,()  ■■       tit   •■ 

1.(100 
2,(.(K) 
2.(100 

kf  "JA    No  icvciini;   ^HH 

')(,    ••    1    HH    •• 

III.OIIO 

^j    ^^  IS  required.  ^^^H 

MAn.ifs.  lur-.l  by             1 

■     H                11    ANDERSON    BROS 

A^IB  — UA       ^^^'-^^^ 

•^  -  •  3L-,  .       •      <4HP                       ROCKFORD 
^*'^^                                          ILLINOIS 
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LEAD  SCREWS 


SUPERIOR  PRODUCTS 
OF  SPECIAL  MACHINES 

The  photograph  shows  a  batch  of  finished  lead  screws  ready  for  use  on  one  of  the  best  makes  of  lathes. 
We  make  feed  and  power  screws  also.  Produced  by  our  special  process,  they  are  much  stronger  than 
those  chased  on  a  lathe  or  cut  with  a  die.  Metal  is  removed  with  least  possible  disturbance  to  the 
fibre  of  the  stock.    Get  further  details. 

HINDLEY 

GEAR 
COMPANY 

1105  Frankford  Ave. 
PHIUDELPHIA,  PA. 


Genuine 

Armstrong 

Stocks  and 

Dies 


Some  of  the  advantages  of  Genuine  ARMSTRONG  Stocks  and  Dies: 

Can  be  adjusted  to  the  variations  in  the  size  of  fittings. 
Results  are   accomplished   with   less   work  and  time. 
Can  be   sharpened   without  drawing   the   temper. 
The   dies  are   Interchangeable   in   the   stocks. 

Have  You  a  Set  in  Your  Kit  ? 

Our  catalog  tells  the  rest  of  this  interesting  story, 
send    for   it   today. 

THE  ARMSTRONG  MFG.  CO. 


297  Knowlton  Street 


Bridgeport,  Conn. 


The  result  tests  the  work. 
Union  Tools  insure  results. 


UNION 
TOOL  COMPANY 


)!![^cfWST^ooi^s  of  au^^ 


OXY-ACETYLENE  WELDING 


By  S.  W.  MILLER 


.\  Compreliensive  Treatise  on  the  Practice  of  Welding  Cast  Iron. 
Malleable  Iron,  Steel,  Copper,  Brass,  Bronze  and  Aluminum  by  the 
Oiyacetylent  Method,  together  wilh  concise  information  on  the 
Equipment    required   for   both    Welding    and    Cutting   by  this  Process. 

THE  INDUSTRIAL  PRESS,  New  York  City 


The  Cincinnati  Screw  Co. 

Always  At  Your  Service 

Dependable  Prod  nets— Modem  Automatic  Screw 
Machines,  Gridley,  Clevclands,  Haydens,  Brown 
&  Sharpes. 

The  Cincinnati  Screw  Co. 

TWIGHTWEE  (Cincinnati  Suburb)  OHIO 
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CLASSIFIED  ADVERTISEMENTS 

SITUATIONS.  HELP  WANTED,  TOR  SALE.  ETC. 


"1 


Advertisenients  in  this  column,  20  cents  a  line,  seven  Tvords  to  a  line.     The  money  should  be  sent  with  the  order.     Ansivers 
addressed  to  our  care  will  be  forwarded.     Original  letters  of  recommendation  should  not  be  enclosed  to  unknovrn  correspondents. 


HELP  WANTED 


HELP  WANTED 


HELP  WANTED 


Wis. 

WAUTED— A-1  LATHE  ASSEMBLEB— One  familiar 
with  bigh  grade  lathe  building.  None  other  need 
apply.  Reference  -necessary.  Box  A339,  care 
Machineby,    1-48  Lafayette   St.,   New   York. 

EXPEEIENCED  MECHANICAL  DRAFTSMAN 
WANTED.  One  familiar  with  the  design  and  con- 
struction of  sheet  metal  working  presses  preferred. 
Apply  THE  TOLEDO  MACHINE  &  TOOL  CO., 
Toledo,    Ohio. 

GEAR  SITPEEINTENDENT  —  Experienced  man 
capable  of  taking  charge.  Unusual  opportunity  for 
right  man.  State  age,  experience  and  salary  ex- 
pected. Box  AS41,  care  JIachi.seet,  US  Lafayette 
St.,    New   Tork. 

CLEVELAND  AUTOMATIC  SCKEW  MACHINE 
HAND  on  airplane  work.  Jones  &  Lamson  hand 
screw  machine  operators.  Steady  work,  48  hour 
shop,  6.5  cents  per  hour.  Only  steady  and  reliable 
men.  Ed.  V.  Hartford,  Inc.,  143  Morgan  St.,  Jersey 
City,    New    Jersey. 

WANTED  SALESMAN — Technically  trained,  for 
eastern  territory  either  on  salary  or  commission  to 
sell  special  line  of  machinery  to  large  manufac- 
turing concerns.  Apply  with  references  to  the  I.  C. 
MACHINERT  COMPANY,  Monmouth  &  Colerain 
Aves.,    Cincinnati,    Ohio. 

WANTED — Trained  mecbanical  engineer  with  in- 
Tentive  ability  to  develop  apparatus  under  the  di- 
rection of  our  chief  engineer.  Man  must  have 
thorough  grounding  in  theory  of  physics  and  me- 
chanics. Only  capable  men  of  genuine  ability  will 
be  considered.  Apply  in  person  or  write  giving  full 
details  of  training  and  experience.  WALLACE  & 
TIERNAN    CO..    Inc.,    1.37    Centre    St.,    New    York. 


FOREMEN 
for  following  departments — Hand  Screw 
Machine,  External  Grinding,  Internal 
Grinding.  Exceptional  opportunities — 
good  salaries — on  necessary  war  work. 
Give  full  particulars  in  first  letter. 
Box  A343,  care  Machinbet,  148  Lafay- 
ette  St.,    New   York. 


WANTED— MAN  TO  TAKE  FULL  CHARGE  OF 
A  CRANKSHAFT  DEPARTMENT  in  a  large,  high- 
grade  automobile  factory  that  is  about  to  build 
airplane  motors  for  the  United  States  Government. 
Position  carries  option  of  remaining  in  the  employ 
of  the  company  after  the  war  is  over.  The  posi- 
tion requires  the  services  of  a  man  who  b:is  had 
experience  in  all  branches  of  crankshaft  b'lsiness 
with  the  exception  of  forging.  An  atti  active 
proposition  can  be  offered  to  a  man  fulfilling  these 
requirements.  Location,  Western  New  York.  When 
replying  state  age,  nationality,  whether  married  or 
single,  salary  expected  and  places  of  employment 
during  the  past  seven  years.  All  replies  will  be 
treated  strictly  confidentially.  Box  A353,  care 
Machinery,   148  Lafayette  St.,  New  York. 


MACHINISTS    WITH    FAMILIES 

In  a  Ixautlfiil  up-to-date  Western 
.New  York  village  with  g'jod  schools 
and  churches,  there  Is  an  opening 
for  a  few  experienced  machinists  to 
wcure  pTfrmancnt  employment  on 
Government  work.  This  Is  a  par- 
ticularly splendid  opportunity  for 
men  with  families  of  young  chil- 
dren who  desire  for  them  the  bene- 
fits of  outdw.r  country  life  with 
city  advantages.  After  n  month's 
work  mutually  satisfactory  to  the 
man  and  company,  moving  expenses 
of  family  will  IM  paid.  State  ex- 
perience, age,  nationality,  size  of 
family,  wages  expected  and  send 
chorncter  references  with  first 
letter,  I!oi  A347,  care  MAcniNKUT. 
148   Lafayette   8t..    New    York. 


INBTRUCT0K8  AND  REBEABOK  A8RI8TANTB 
WANTED— The  <\,IU-tf  of  l:i,Kln.-.-rlng  of  Ihe  fni- 
vernlly  »f  llllriola  hsu  a  iitiiiilMT  of  vncnnrlea  In  lla 
leachlriK  and  Rclpnilflc  Rtnrr«.  At  prow-nt  Inslnirl. 
or*  In  archltorlural  dealirn,  general  enKlneerln:r 
ilrswlns,      "T'l-ttifsl     enatlnrerlnx     and     merhnnlrnl 

'■<■■■ '     Knitlnrerlnj     Kip«rlment     Htallon 

r'  '.    In   .•Icirlc.l    engineering    nnd    In 

n.  .  ring    aro    needed.      Appllennl.    for 

a'  ,  '>na  should   aend   •    full   slglrnient 

of  •' ■ 'T  i<,->M'--i'.r,;il  training  and  eiperlenre,  a  fe. 
cent  pholugraph  and  n  Hal  of  referrncea  to  flHA.S 
C.  II  KlritAIIIW.  (-..iieg.  of  Knglneering,  i:nl 
rarsliy  of   Illinois,    Urtaina,    llllnola. 


DRAFTSMAN  WANTED  by  milling  machine  man- 
ufacturer; a  high-grade  man  with  experience  in  the 
designing  of  modern  milling  machines.  Give  age  and 
experience.  Michigan,  Box  A355,  care  Machinery. 
148  Lafayette  St.,   New  York. 

WANTED  AGENTS.— Saunders'  Pocket  "Hand 
Book  of  Practical  Mechanics"  for  tool  chest,  $1.00 
only.  Why  pay  more?  It  fills  bill  for  shop  kinks, 
ready  reference,  simple  arithmetic.  Send  for  cir- 
cular. E.  H.  S.\UNDERS,  216  Purchase  St.,  Boston, 
Mass. 

WANTED— TOOL  ROOM  FOREMAN  for  a  large 
machine  shop.  Only  those  who  have  had  wide  ex- 
perience in  this  line  need  apply.  Must  furnish 
references.  In  writing  give  nationality  and  com- 
plete record.  Box  A351,  care  Machinery,  148 
Lafayette   St.,    New    York. 

MACHINISTS. — Experienced  men  can  earn  good 
wages  with  splendid  opportunities  for  advancement. 
Excellent  shop  conditions  and  permanent  employ- 
ment. Apply  giving  full  particulars  as  to  experi- 
ence, age,  etc.  Box  A330,  care  Machinery,  148 
Lafayette   St.,    New   York. 

WANTED— MACHINE  SHOP  FOREMAN  with  a 
knowledge  of  Jonl  work,  who  is  a  thorough  mechan- 
ic, useil  to  handling  men.  Must  furnish  references 
from  former  employers.  In  writing  please  state 
whether  married  or  single,  age,  nationality  and 
salary  expected.  Box  A342,  care  Machinery,  148 
Lafayette  St.,    New   York. 

WANTED— MECHANICAL  ENGINEER  with  ex- 
perience in  selling  nia.liincry,  preferably  with 
knowledge  of  pulp  and  paper  machinery.  Must  be 
first-class  man,  hard  worker,  capable  of  traveling, 
with  good  business  experience.  To  such  a  man  a  good 
salary  will  be  paid.  Box  A348,  care  Machinery, 
148  Lafayette   St.,    New    York. 

LOCOMOTIVE  VALVE  SETTERS.— First-class,  ex- 
perienced men.  Gooil  wageM.  excellent  shop  condi- 
tions, opportunities  for  advancement  and  permanent 
employment.  Apply  giving  full  jmrtlculars  as  to 
experience,  age,  etc.  Box  A331,  care  Machinbrx, 
148    Lafayette    St,,     New     York. 

SALESMEN. — We  make  an  unique  nnd  liberal 
offer  to  good  men  In  any  part  of  the  country  who 
can  find  customers  for  wire  rope,  engines  and  boil- 
ers, hoists  and  derricks,  locomotive  nnd  traveling 
cranes,  machine  tools,  generating  sets,  etc.  Bales- 
man  to  find  iKjnn  fide  customers  and  we  to  <lo  the 
rest  on  a  r,0-r,D  split  of  Ihe  net  profits.  1'wo  refer- 
ences rcijulri-rl  with  first  letter.  Box  AliOU,  euro 
.MAr:iMM«iir,    148    Lnfayelle    St.,    New    York, 

WANTED- FOREMEN  for  machining  nnd  onsera- 
tillng  depurltnents  In  a  large  and  well-known  uuto- 
niohlle  fa<-lory,  that  Is  about  to  nuinufacture  mo- 
tors   for    the    United    Hlules   Governn t.      Ixicutlon, 

Western  New  York.  When  replying  state  age, 
nnllonallty,  whellier  married  ur  nliigle,  wages  ex- 
pected, and  wlier*'  employed  for  the  piiwl  live  yeari*. 
All  replies  will  Im>  considered  cunndcnilnlly.  Box 
A^'rl,  cnro  MAVIIINKltT,  148  IJifayelle  HI.,  New 
York. 

FOREMAN  WANTED— fly  largo  reliable  New 
JeriM-y  niflfiufacliirlng  concern  lo4-aleil  flO  minutes 
from  New  York  Clly.  Must  have  good  practical  ex- 
perience In  modern  machine  shop  methods  and  lie 
able  If)  gnt  niaximtim  production.  To  men  who  ran 
show  reaults,  steady  iHislllona  are  assured  wKh 
gfsMl  opjMirluiilllea   for  ailvaneeinenl.     HIatn  age,   ex- 


WANTED.  —  EXPERIENCED  MA- 
CHINE TOOL  SALESMAN  to  handle 
a  complete  line  of  vveil-known  ma- 
chine tools.  To  one  who  can  pro- 
duce results,  we  are  prepared  to  of- 
fer an  attractive  proposition.  DALE- 
BREWSTER  MACHINERY  CO.,  INC.. 
54-60  Lafayette   St.,   New   Y'ork. 


SITUATIONS  WANTED 


per 


silly 


eted. 

HI..     New 


FACTORY  OR  FIELD  EXECUTIVE  open  to  $8,000 
proiioaltion.  Textile,  nic,  liaiilcal.  factory  or  or- 
ganization work.  Box  A:!44,  care  Maciiinbkv,  MS 
Lafayette   St..    New    York. 


EMPLOYMENT   SERVICE 


The  undersigned  provides  a  conllilenlliil  service 
designed  to  locate  openings,  through  correspimdeuco, 
for  men  earning  not  less  than  $2.riO0  yearly,  all 
lines.  Bxceptloual  opportunllUs  at  present  fur  shop 
and  factory  men— production  executives,  superin- 
tendents nnd  nsslslants,  mechanical  and  efilclency 
engineers,  accountants,  etc.  Not  an  employment 
agency,  but  a  jiersonal  service,  protecting  present 
position  fully.  EslnldlHhed  1010.  Send  name  and 
aihlress  only,  for  details.  11.  W.  HIXBY,  004-00 
Nlagnra   Ht.,    BulTalo,    N.    Y. 


PATKNTH  SECURED.— •'.  I..  rAllKICU,  Hi  luem- 
lier  lUnnilulug  Corps.  II.  H.  Tnleul  Olllce.  Inslru.-- 
tloiiH  upon  requi'st.  McdIII  llullillug,  WashlngloM, 
1>.    (■ 

•r. 

Kslnhllshed    IKKIl.       I    tiulhe    n    free    1 
111    relKirt    If    a    patent    t'lili    be    had, 
-o«l.      Hend    for    full    Infornnillon. 
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CONTRACT  WORK 


HAHDENING,  CARBONIZING,  GALVANIZING.— 

O.   D.   SCOTT,   Head  o(  Wall  St.,   Davenport,   Iowa. 

WELL  EQUIPPED  MACHINE  SHOP  will  con- 
sider manufacture  of  any  marketable  article.  At- 
tractive agreement  is  possible  at  this  time.  Box 
A340,    care    Wachineey,     148    Lafayette    St.,  New 


FOR    SALE 


GET  A  "LAST  WOED." — The  Test  Indicator  Par 
Excellence.  U.  A.  LOWE,  1374  E.  8Sth  St.,  Cleve- 
land, Ohio. 

FOE  SALE— ATLAS  DIAL  INDICATOR  with  at- 
tachments for  all  classes  of  work.  GATES,  125 
South    Wells    St.,    Chicago. 


FOR     SALE 


MISCELLANEOUS 


FOE  SALE.— New  Single  Phase  Repulsion-Induc- 
tion 110-220  volt,  00  cycle  motors.  2  H.P.  $90; 
1  H.P.  $72;  1/2  H.P.  $54;  1/4  H.P.  $40.  ADVANCE 
ELECTRIC   CO.,   20  N.    Commercial   St.,    St.    Louis, 


ATTENTION!  MACHINISTS.— $1.00  buys  Saun- 
ders* Pocket  "Hand  Book  of  Practical  Mechanics." 
Increase  your  salary.  It  gets  there.  Send  for  cir- 
cular. E.  H.  SAUNDERS,  216  Purchase  St.,  Boston, 
Mass. 

FOR  $6000  CASH  you  can  purchase  a  fully  equip- 
ped electrical  manufacturing  and  screw  machine 
business  including  inventions  and  patents  which 
are  selling  country  wide.  Established  six  years  in 
Brooklyn,  N.  Y.  Owner  cannot  give  his  attention 
and  desires  to  dispose  of  same.  Machinery  dealers 
need  not  apply.  For  infornjation  address  Box  A352, 
care  Maohinbbt,  148  Lafayette  St.,  New  York. 


WANTED— GALVANIZED  SHEETS  Nos.  16,  24, 
and  26  gauge.  We  could  use  a  good  grade  of  sec- 
onds. Address  Purchasing  Department,  EDWARD 
VALVE  AND  MANDFACTDRING  CO.,  East  Chi- 
cago,   Ind. 

WANTED  TO  BUY — A  machine  shop  with  or 
without  foundry  employing  from  50  to  100  hands, 
with  land  available  for  expansion.  Apply  Box 
A346,    care    Machiseht,    148    Lafayette    St.,    New 


York. 

WANTED  FOE  CASH. — Electric  motors  and  dy- 
namos, any  quantity,  large  or  small.  Send  us  list 
of  all  your  motors  now  out  of  service  and  get  our 
cash  offer  while  prices  are  high.  GREGORY  ELEC- 
TRIC CO..  16th  and  Lincoln  Sts..  Chicago,  the  Pio- 
neer Electrical  Bargain  House — Business  established 
1893 — capital    and    surplus    $500,000. 


Manufacturer  of  Medium  Sized  Stampings 

wants  services  of  experienced  superintendent 
or  production  man.    State  age,  experience  and 
salary    desired.      Excellent    opportunities    for 
right  man. 

Box  A350,  care  Machinery                              148  Lafayette  St.,  New  York 

Wanted 

Steel  Production 
Manager 

y->  XCEPTIONAL     opportu- 
1  ^      nity  for  one  who  knows 
^   "^    steel  business,  to  take 
part  in  direction  of  up-to-date 
plant  producing  high  speed  and 
alloy  steels.     Connection  may 
be   active   or   advisory.     Con- 
tract   liberal    in    all    features. 
Proprietory  interest  if  desired. 
All  communications  strictly 
confidential. 

Address:  Banker,  Box  A338 

Care  Machinery,    148   Lafayette  Street 

New  York 

PATENTS     ^-ii  %^^L^^- 

Attorney-at-Law  and  Solicitor  of   Patents 

American  and  foreign  Patents  secured.      Searches  made 

to    determine    patentability,    validity    and     infringement. 

Handbook  for  inventors  sent  upon  request. 

McGill    Building                     \irASHINGTON,   D.  C. 

Bryant  Chucking  Grinder 
Company 

Springfield,  Vermont,   U.  S.  A. 

Dtlroil  Ojjice:  932  Dime  B:ink  BUg.,  'Delroi!.  Mich. 

Builders  of  One,  Two 
and    Three    Spindle 
Chucking  Grinders. 

1 

Rochester  Athenaeum  and 
Mechanics  Institute 

Rochester,  N.  Y. 


34th  Yeat 


SCHOOL  OF  INDUSTRIAL 
AND  HOUSEHOLD 
ARTS 


SCHOOL  OF  INDUSTRIAL  ARTS 

Mechanics  —  Electricity — 
Industrial  Chemistry 

Special  two-year  courses  in  these  subjects,  desifSned  for 
those  with  shop  experience.  Prepares  men  for  positions  as 
Superintendents  and  Factory   Manajiers. 

High  School  preparation  for  college   not   required   for  admission. 
Write  for  illustrated  bulletin. 

Rochester  Athenaeum  and   Mechanics  Institute 

47   PIvmoiith   Ave.   S.  Rochester,   N.  Y. 


FOREIGN   MACHINERY  MERCHANTS 


AUSTRALIA 


R.  L.  SCRUTTON  &  CO..  Ltd.. 

161   Clarence  Street,  Sydney,  N.  S.  W. 

IMPORTERS  OP  MACHINE   TOOLS,  HAND  TOOLS, 

WOODWORKING    MACHINERY   AND    ALL 

ENGINEERING  SPECIALTIES,  AND 

STEAM  USERS'  REQUISITES. 

LondOL  Office  :    Lloyd's  Ave.   House,  6  Lloyd's  Ave. 


BELGIUM 


FENWICK  FRERES  &  CO., 

1 ,  Avenue  Blonden,  Lie^e. 
AMERICAN  MACHINERY  AND  TOOLS 


E.  ISBECQUE  &  CO.,  Antwerp  and  Brussels 

AMERICAN  MACHINERY  AND  TOOLS 

New  York  Office  :    15  Park  Bow! 


LANDRE  &  GLINDERMAN.  Bruss 

131   Boulevard  Lambermont. 
Importers  of  Machinery  and  Machine  Tools- 


R.  S.  STOKVIS  &  FILS,  Soc  An. 

No     I   Boulevard  du  Jardin  Bautanique.  Brussels. 
MECHANICAL  ENGINEERS. 
MACHINE  TOOLS  AND  TOOLS. 
Rotterdam.   Brussels.    Paris,  Petrograd.    (Soerabajs, 

Batavia.  Semarangr,  Dutch  East  Indies). 
New  York  Office:  17  Battery  Place.  New  York  City. 


DENMARK 


CHR.  A.  HERSTAD. 

Ol.  Kongevej  5,  Copenhagen 
AMERICAN  MACHINERY  AND  TOOLS 


V.  LOWENER 

Vesterbrogftde  9  B,  Copenhagen 
MACHINERY  AND  TOOLS 


NIELSEN  &  WINTHER,  Ltd., 

Copenhagen 
MACHINE    TOOLS    AND    SMALL   TOOLS 
Netv  York  Office  :  59-61   Pearl  Street. 


WILH.  SONESSON  &  CO.,  Ltd., 

Copenhagen  City  and  Freeport 


VALDEMAR   FELUMB.  Copenhagen  City 

SMALL  TOOLS.  STEEL  AND  MACHINERY 


ENGLAND 


GEORGE   H.  ALEXANDER.                Birmingham 
IMPOKTERS    OF    AMERICAN    MACHINERY,  TOOLS 
AND  ENGINEERING  EQUIPMENT 
Cables:    "Viking,   Birmingham." 


BURTON  GRIFFITHS  &  CO.,    Ltd.. 

Ludgate  Square,  Ludgate  Hill,  London,  E.  C  4 

169  Metropolitan  Tower,  New  York  City,  N.  Y 

IMPORTERS  OP  AMERICAN  MACHINE  TOOLS 

Also  at  Manchester,  Birmingham  and  Glasgow, 

ABC  and  Lleber's  Codes  used. 

Cable  "Hibou",  London. 


CHAS.  CHURCHILL  &  CO.,  Ltd., 

9  to  X5,  Leonard  St.,  London.  E.  C. 

THE  PIONEERS  OP  A.MERICAN  TOOL  TRADE 

IN  GREAT  BRITAIN. 

BatAbllshed  1866.    Large  Warehouses  In  Birmingham, 

ManchOMter,   Newcastle-on-Tyne,   Glasgow.    See   ad- 

vertlMHments  in  this  Journal  (or  atfencies. 


CX>ATS  MACHINE  TOOL  CO..  Ltd., 

Cszton  House.   ^Ventmlnster.  London,  S.  W. 

TOOL  MAKERS  AND  IMPORTERS  OP  AMERICAN 

MACHINERY. 

BrancboH:  Olosgow  and  Newcastle-on.Tylie. 

Now  York  Office:  30  Church  St. 


GEO.  W.  GOODCHILD  &  MACNAB. 
GO-07-58  Riirlu  St  .  Southampton  Row.  London.  "W.  C. 
IMPORTERS  AND  EXPORTERS  OP  AMERICAN  MA- 
OHINEKY.  TOOI^  and  ENGINEERING  SPECIALTIES. 
Oablen:  "Whizzing  "  Codes:  Liabor'n,  ABC  Sth  edition, 
Wontom  Union  and   Private. 


GEORGE  HATCH,  Ltd., 

KO.;;].  Qiionrihltho.  Upper  TbamoB  St..  London,  E.  C. 

IMfORTKKH    OF  .MACHINE  AND    HAND  TOOI^.  EN- 

OI.■'KKlll^.•0  HUI'Pt.IKH.    SPECIALTY:  NEW  TOOIJ3. 

Cabin,  O*)orge  Hatch,  T.'>ndon.     Oodos,  ABC  and 


I.i". 


or's. 


ALFRED  HERBERT,  Ltd.,  Tho  Dutui,  Coventry . 

IMPORTEItB  OK  AMKRICAN  MAOHINE  AND 

HAND    TOOLS 

IlranchoA,   Iy>ndon.   Olo'ig'^w,    Manchostor,  Blrmlng. 

ham,    Nowco/itlrvon-IyiKi,    Hh..m<>l<l,    Luixln,  IlrlsUjl. 

Now  York  Ofllco:    aO  Church  Htr.v.t 


UICHAUIJ  I,I/)Yr>  /fi  CO..  Ltd.. 

n...        .....    l.,v„o,  Dlrmlngham 

IMPOini^  i:HINKRY,  TOOLS 

'-■lALTIEB 
f>iaf.Mni  1,  "Oogii,  Blrmlnff- 


FRANCC 


ALLIED  MACHINERY   COMPA2IY 
OF  AMERICA, 

1 9  Rue  de  Bocroy.  Paris. 
HIGH  GRADE  AMERICAN  MACHINE  TOOLS. 
Branches:  Brussels.  Turin,  Genoa,  Zurich,  Budapest. 
Cable  Address:  "Almacoa." 
New  York  Office:  120  Broadway^ 


AUX  FORGES  DE  VULCAIN, 

3  Rue  Saint  Denis,  Paris. 
IMPORTERS  OF  MACHINE  TOOLS. 
VERY  LARGE    STOCK. 


LOUIS  BESSE,  39  Rue  de  Lappe.  Paris. 

IMPORTER  OF  AMERICAN  15IACHINERY  AND 

TOOLS— LARGEST  STOCK  IN  PARIS. 

Agent  for  the  Whitcomb-Blaisdell  Machine  Tool  Co., 

Wm.  E.  Gang  Co.,  J.  E.  Snyder  &  Son. 

Lapointe  Machine  Tool  Co.,  etc. 

Cable  address  :    Besselap.    Paris Lieber's  Code. 


I'OLLOCK  Sc  MACNAB,  Ltd., 

Brndbiiry,  Maorhnntnr 
IMI'OIITHRH  Ol'  AMKKIOAN  M  A  r;lll  :<K  TOOLU 
Cnt>l«»    Mnrnab.  W'lO'lloy     Codnn    A  I!  O.  A  I,  I.lntinr'a 


on,  K.  a. 
.•MINE  TOOI.,H. 


FINLAND 


KINHKA    A/B.    O.    HAHTMANNH   MAHKIN- 

AFKAR,  lUlalniilurs' 

MAOIIinRHT    AND  TOOLH 


EDGAR  BLOXHAM,  M.  I.  E.  E., 

Offices  and  Show-rooms.  12,  Rue  du  Delta,  Paris. 

IMPORTER  OF  AND  DEALER  IN  AMERICAN 

MACHINERY,  TOOLS  AND  SUPPLIES. 

Telegrams:    Bioxham-Paris.    Code;    Western  Union. 

New  York  Office:  Grand  Central  Terminal  Bldg. 


BURTON  FILS.  68  Kue  de  Marais,  Paris. 

IMPORTERS  OF  AMERICAN  MACHINE  TOOLS 

AND    MACHINERY  SUPPLIES  


LEON  CHAPUIS  &  CIE., 

IMPORTERS  OF  MACHINE  TOOLS 
18  Rue  du  Plat,  Lyon. 
36  Boulevard    Magenta.  Paris. 


FENWICK  FRERES  &  CO., 

3.  Rue  de  Rocroy,  Paris. 
AMERICAN  MACHINERY  AND  TOOLS. 
Branches  or   Representatives;   Liege,  Turin,  Zurich, 
Barcelona  and  Lisbon. 


GLAENZER  &  PERREAUD. 

18-20,  Faubourg  du  Temple,  Paris. 
IMPORTERS  OF  AMERICAN  MACHINERY 
and  Mechanical  Suoplies.  Agent  for  the  Niles-Bement- 
Pond  Co.,  etc.  Liebers  Code.  Al  Code,  ABC  Code. 
Cable  Address:  Blakeniles,  Paris.  New  York  Office: 
33-39  West  34th   Street. 


SOCIETE  ANONYME  ALFRED  HERBERT, 

47,  Boulevard  de  Magenta,  Paris. 

DEALERS  IN  ALL  KINDS  OF  MACHINE  TOOLS, 

SMALL  TOOLS  AND  ACCESSORIES 

Telegraphic    Address:   Hexagon,  Paris. 

Branch  Office  at  Lyon,  39   Cours  de  la  Liberte. 

New  York  Agents:  Alfred  Herbert,  Ltd.,  30  Chxirch  St. 


R.  S.  STOKVIS  6i  FILS.  Soc.  An. 

Rue  Lafayette,  103,  Paris. 
MECHANICAL   ENGINEERS,    MACHINE    TOOLS 
AND  TOOLS. 
Rotterdam,   Brussels,   Paris,  Petrograd.     (Soerabaja, 

Batavia,   Semarang,  Dutch  East  Indies). 
New  York  Office:  17  Battery  Place,  Now  York  City. 


HOLLAND 


H.  G.  AIKEMA  &  CO.,  Rotterdam. 

ENaiNEERlNG  AGENTS  AND  MERCHANTS. 
Importers  of  American  Machinery  and  Tools. 


LANDRE  &  GLINDERMAN.  Amsterdam. 

ROYAL  MACHINERY   STORES 

Importers  of  Machinery  and  Machine  Tools, 


PECK  &  COMPANY,  Amsterdam 

IMPORTERS  OF  AMERICAN  MACHINERY. 
Tools.  Faclory  Supplies.    Lieber's  and  ABC  Codes. 


POST  VAN  DER  BURG  &  CO..  Rotterdam 

DEALERS  IN  AMERICAN  MACHINERY 

AND    TOOLS 


SPLIETHOFF,  BEEUWKES  Aj  CO., 

Rotterdam. 
ENGINEERING  AGENTS  AND  MERCHANTS 


FRED.  STIELTJES  &  CO..  Amsterdan 

ENGINEERS    AND  IMPORTERS    OF  AMERICAN 

MACHINERY. 


R    S    STOKVIS  <SS  ZONEN,  Ltd.     Rotterdam 

MECHANICAL  ENGINEERS,  TECHNICAL 

DEl'AHTMENT  II. 

MACHINE  TOOLS  AND  TOOLS. 

Rotterdam,   Brussels,   Paris.  Petroifrod.    (Soerabaja, 

Botavla.  Semarang,   Dutch  EaKt  Indlos) 
Now  York  Office-   17  Battnrv  I'lac...  New  York  City. 


VAN  RIETSCHOTKN  6i  HOUWKNS, 

WcMf  /...oclyk.  Ijh'i.  Rottnrdam. 

LARGEST  DEALKRH   IN   AMERICAN    MACHINKRY 

In  Ilolliirid.     Now  show  room.  1  1. ()()<>  M<|     foot,    Ciiblo 

MiKhlnorv."  CodoHUHoil    AH<).  (nh  oditloii;  f.lolior's. 


WYNMAI.KN  &  HAUSM.'\NN,        Roh.t.i 

I.MHOHTHKS   OF    KlUm'  fl.ABH    AMERICAN 
MACllfNKKY  


ALtKEU  HKkUKRT.  Ltd., 

i:i,   Ilrltlnh  India  Btroot,  Oaloutl 
IMPORTORB  OF  AMERICAN   MAOHIN&  AND 
IIANIJ    TOOLS 


ITALY 

FENWICK  FUKRES  &,  CO., 


ITALY— (Continued) 


ING.  ERCOLE  VAGHI, 

MACHINE  TOOLS.  Corso  Porta  Nuova  34,  MUan 


JAPAN 


ALFRED  HERBERT,  Ltd., 

14,  Yamasbita  Cho,  Yokohama 

Branches:  Tokio  and  Osaka. 

IMPORTERS  OF  AMERICAN  MACHINE  AND 

HAND    TOOLS 

New  York  Office  :    30  Church  Street. 


NOR\irAY 


OUIMAI.Ul    ,V    (;.,  (lo„„v»   <M»olla320, 

AMKRICAN  MAOIIINEUY  AOBNTB. 
Uranih  H.mi—  Hi  Mllrwi    Ilnlv  


ALKIllCD  HKUUKRT.  Ltd.. 

'!»,    Via  <1a|nKr.o,   Milan. 
IMI'OIITKICH  Ol'   AMKRICAN    MAIilllNIi!  AND 
HAND    TOOl.H 
Now  Y.irk   lllTloo      Iici  (•liiinli   Hlrool 


DANIir.I.K  HTUHHI,  (iflii  HtUMMl  Sc  Zwolfel,» 


J.  S.  COCK,  Chrlstlania. 
IMPORTER  OF  ENGINEERING  SPECIALTIES  FOR 
STEAMERS  AND  MANUFACTURING  INDUSTRIES, 
MACHINE  TOOLS,  ENGINEERS  SUPPLIES,  OILS 
AND  CUP  GREASES,  ETC. 


A/S.    G.  HARTMANN. 

Dronningens  gt  13,  Cbrlstianla. 
MACHINERY-    AND  TOOLS 
Christiania,  Berpen,  Norway;  Stockholm,  Sweden; 
Helsinlrfors.  Finland. 


V.  LOWENERS  MASKINFORRETNING, 

Kirkegaden  20.  Christiania. 
MACHINERY  AND  TOOLS. 
Sverre  Mohn 


K.  LUND  &  CO., 

Dronningens  gt.  4,  Christiania 

MAC^NERY  AND  TOOLS 


HEINTZ  &  TASCHEIT,  Limited, 

W.  O.   10th.     Line  No.  1,  Petrograd. 
ENGINEERS  AND  IMPORTERS. 
Cables  ;  "  GIVENTZ." 


IZNOSSKOFF  &  CO. 

MACHINE  TOOLS  AND  SMALL  TOOLS 

Petrograd,  Moscow,  Ekaterinburg,  Odessa. 

Cable  Address  ;    Iznosskoff,  Petrograd. 

New  York  Office:    Singer  Building,  149  Broadway. 


V.  LOWENER 

Mjassnltzkaja  32,  Moskau 
MACHINERY  AND  TOOLS 


M.  METT  &  CO.  6  Simeonovskaia,  Petrograd. 

ENGINEERS  AND  TECHNICAL  BUREAU. 

MACHINE  TOOLS  AND  SMALL  TOOLS. 

New  Y'ork  Office:  Number  One  Madison  Ave. 


C.  SCHINZ,  Mechanical  Engineer, 

Gorochowaja  4,  Petrograd. 
MACHINE  TOOLS  AND  SMALL  TOOLS 
Cable  Address:  Konus-Petrograd. 


GR.  WEINBERG  &  AL.  POSNER 

ENGINEERING  CO. 

Foorstadskala  31,  Petrograd.        Cables:  "Gre\peco." 

GENERAL   MACHINERY    IMPORTERS, 

MANUFACTURERS'    REPRESENTATIVES. 

Branches  and  Agencies  throughout  Russia. 

New  York   Office    Equitable  Bldg.,    120  Broadway. 


SOUTH    AFRICA 


D.  DRURY  &  CO..  Central  House,  Johannesbur* 

MACHINERY  AND  SMALL  TOOLS;  GENERAL 
ENGINEERING  SUPPLIES.  INCLUDING  MIN- 
ING MATERIALS.  Cables:  "Drurco." 
Representing  the  whole  of  South  Africa  for  the 
above  lines. 


SPAIN 


ANITUA  &  CHAROLA, 

Eibar — Guipuzcoa 
MACHINERY,  TOOLS  AND  SUPPLIES. 


CASAMITJANA  HERMANOS, 

Cortes  060,  Barcelona. 
MACHINERY",    STKEI,,    TOOLS,     ETC, 


LAMAQUINARIA  ANGLO-AMKRICANA 

R.  d'AiiliuMiu-  OortcB  550,  Barcelona, 

MACHINERY,  TOOI,S  AND  SUPPLIES. 


SAVEOEN 


A/B.    G.  HARTMANNS  MASKINAPFAR. 

ViiniiKivtan  6,  Stockholm. 

MAriHINIOHY    AND    TOOLS 


B.  A.  HJOKTH  iV  COMPANY. 

Kliini  Norm  Kvrkouiita  31.  Stockholm. 
MAi;HINERY    AND  TOOLS 


SAM  LAGl'lRLOF'S  MACHINK-HURFAU, 
Stockholm. 
SPECIALTY:   MACHINE  TOOLS 
Ooblo  :  "Mnihliilauorlof    "      A  H  C  and  Llobor'n  Oodo. 


AKTIEBOLAOET    V.   LOWKNER, 

Vannualiin  14,  Stockholm. 
MACHINERY  AND  TOOLS. 
Cabin:    Htallowoiior  Oorto«:    LInbor's  oiid  ABO 


WILH.  HONl';.SSON  .tt  CO,,  Ltd., 


.Mti 


rkholm. 


A.  BO"L.  H'rOCKIIOI.MH 

JAItNMANUI'AKTUR  Stookholn 

MAt'llINMItY     AND  Tool, H. 
Now  Y<irk    otll \^',,r.t    -IOHi    Htroot. 


SWITZERLAND 


•I'lll';   AMl'lUICAN    M  AcniNI'lKY    IMI'OUT 
()l''l''l(:l'',,  -.M.  W >"iifoIrao«.., /,„r|„|,. 


J.  LAMni':R(!ii;ii  .v.  cik.  hou 

IMI'OltrKllH   OK   AMKHIi:AN   MAOIIINKRY 
Toonnlnnl  Appllnncnn 


August,  1918 
•illllllilillilliiiiiiiiiiiiiiiiiiiiiiiiiiiiiliilliiiiililiililiiiiii 


MACHINERY  ^^'^ 
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HENDEY 
LATHES 


Backing-off-a  Particular  Step  in  Cutter  Making 

Cutters  for  making  hack  saw  blades  are  usually  difficult  to  back  off  owing  to  the  numerous 
?mall  teeth  WiSf  a  Hendey  Lathe  and  its  backing-off  attachment,  however,  the  size  of 
the  teeth  hardly  enters  into  consideration. 

In  the  particular  instance  shown  above,  a  side  relief  is  required  as  well  as  the  regular 
eccentric  relief.    Both  are  easily  obtainable  on  the    Hendey. 

Write  us  for  complete  details. 

THE  HENDEY  MACHINE  COMPANY 


TORRINGTON.  CONN.,  U.  S.  A. 

Ill  Milk  Street,  Boston 
521  Chamber  of  Commerce  Bids..  Rochester.  N.  Y. 


618  Washington  Boulevard.  Chicado 


901  Slnaer  Buitdlna,  New  York 

•ivi   I  namrMT  ni  v.uiiiiiivikw  uiuK-t  .»«*..■*.'— - 

«     «.         r^  .  Tnmntn    WinnlDcff.    Vmcotivor  and   St-   John's, 

C,„ol.n<. W.     M.     r»ttl-,n     supply    Co.     Philadelphia,    Shorritt    &    8t«r   Oj  ^Tb.-,    A^   R^mi.m,   Mohy,  Co. 

hJlrolt  W.    M.    Patanon    HuppU    Co,  n,j,.„M  WVoM   Mchy    &   Biwly  I'o.  '^wat    nritian..Chii 

R'tSirgh.    L.u.hUn.Bar„c,    Mch.^Co.   ^^^^    SL '■^ill.i^o?"^;^^?' V,g  f,/ e^;,!.l.i.  C.  K„».^a...  ...no.,k„. 

Mcaitrcal *^  uuaius 


Wilson    South   Afncft. 


OhurcbiU  A  Co..  London 
Jt  Co  .  PotroffTtd,  Moscow 
Drury   A   Co..   Johamioahiira 


|„mn„M.nnnnMMMmn.m..mu. .nn.m.n...m.nnin..i.M...i.MU.,..m uun.inmM...m........... v 


MACHINERY'S  PRODUCT  INDEX 


FOR   LOCATION   OF  ADVERTISEMENTS   OF   MANUFACTURERS   LISTED   IN   THIS   INDEX, 
SEE   ALPHABETICAL   INDEX,   PAGES   433-434 


Abrasive    Cloth    and    Paper 

Hammacher,    Schlemmer    &    Co.,    ■ith    Ave.    and    13th 
St.,    New    York. 

Aecumulators,   Hydranlio 

Chamberaburg     Engineering     Co.,     Charabersburg.     Pa. 
Elmes    Eng.    Works,    Chas.    F.,    222    N.    Morgan    St., 

Chicago,     lU, 
Hydraulic     Press     Mfg.     Co.,     81     Lincoln     Ave.,     Mt. 

GUead,     O. 
NOea-Bement-Pond    Co.,    Ill    Broadway,    New   York. 
Sellers    &    Co..    Inc.,    Wm.,    Philadelphia,    Pa. 
Treadwell    Engineering    Co..    Easton,    Pa. 
Watson-Stillman    Co.,    192   Fulton    St.,    New   York. 


Alloys,    (Tnngsten,    I'ranlum, 
Vanadiniu,    etc.) 

Haynes    Stellite    Co.,    Iw^komo,    Ind. 
Standard    .'iUovs    Co.,    Pittsburgh,    Pa. 
Vanadium-Alloys    Steel    Co.,    Pittsburgh,    Pa. 

.4nsle    Plates,    Universal 

Boeton    Scale    &   Mch.    Co.,    Rosbury,    Boston,    Mass. 


Beariners,    Oilless 

Arguto    Oilless    Bearing    Co..    145    Berkley    St.,    Wayne 

Junction,     Philadelphia      Pa. 
Bound     Brook     Oilless     Bearing     Co..     Bound     Brook, 

N.    J. 

Bearings,    Ring    Oiling 

Cresson-Morris    Co.,    Philadelphia,    Pa. 
I.ink-Belt    Company,    Chicago.    111. 

Roversford     Foundry    &    Mch.     Co.,    64    N.     5th    St.. 
Philadelphia,    Pa. 


Bantam    Ball    Bearing    Co..    Bantam,    6( 

GniUiam    Co.,    253   W.    58th   St.,    New  York. 

Hyatt    Roller    Bearing    Co.,    Metropolitan    Tower.    New 

"York. 
Railway    Roller    Bearing    Co.,    Syracuse,    N.    Y. 
Roversford     Foundry    &    Mch.     Co.,     54    N.     5th    St., 

Philadelphia,    Pa. 
Standard    Roller    Bearing    Co.,    Philadelphia.    Pa. 


Arliors    and    Mandrels,    Expanding 

Manufacturers    Equipment    Co..    200    N.    Jefferson    St., 

Chicago.     Bl. 
McCrosky    Reamer    Co..    Meadville,    Pa. 
Morse  Twist  Drill  &  Machine  Co..   New  Bedford,  Mass. 
Nicholson    &   Co.,    W.    H.,    Wilkes-Bane,    Pa. 
Western    Tool    &    MJg.    Co..    Springfield,    O. 

Arbors    and    Slandrels,    Solid 

Advance  Tool  Co.,   Cincinnati   O. 
Brown   &   Sharpe  Mfg.   Co.,   Providence,    R.    I. 
Cleveland    Twist   Drill    Co..    Cleveland,    O. 
Detroit  Twist  Drill  Co..    Detroit,    Mich. 
Morse  Twist  DriU   &  Machine  Co..   New  Bedford.  Mass. 
National    Tool    Co..    Cleveland     O. 
Nationul  Twist   Drill   &  Tool   Co.,    Detroit,    Mich. 
Nichol.v>n    &    Co.,    W.    H.,    Wilkes-Barre,    Pa. 
Pratt  &  Whitney  Co.,  Hartford    Conn. 
Rogers    Works.    Inc.,    J.    M.,    Gloucester    City,    N.    J. 
Standard    Tool    Co..    Cleveland,    O. 
Inion   Twist  DriU  Co.,   Athol,   Mass. 
Whitman    &    Barnes   iifg.    Co.,    1000   West   120tJi   St.. 
Chicago.    lUl. 

Babbitt 

Ajai    Metal    Co.,    Philadelphia.    Pa. 

Besly    i    Co.,    thas.    H.,     120-B    North    Clmtoo    St.. 

Do^liler  Die-Casting  Co.,  Court  and  Ninth  Sts.,  Brook- 
lyn.   N.    Y. 
Light   Mfg.    &   Foundry   Co..   Pottstown.    Pa. 
Lumen  Bearing  Co.,   Buffalo.  N.   Y. 

Balancing  Maclilnes 

Ander»<«    Bros.    Mfg.    Co.,    Rockford,    III. 
Defiance    Machine    Worts     Defiance,    O. 
.Norton    Grinding   Co..    Worcester     Mass. 
Rtjckford    Tool    Co..    Rockford,    111. 

Bnlnn>-ine   Machines,  Dynamic 

Carlar»WtnBtrom    Co.,    Philadelphia,    Pa. 

Balls,    Brass,    Steel,    Etc. 

AM».tl    Ball    Co..    Hmwood,    Hartford     Conn. 
Auburn   Hall  Bearing  Co.,  33  EUzabeth  St.,   Rochester. 

Blur'n    i    Co..    Julius.    510    W.    a4th    St.,    New    York. 
Vnmt    tc    Co..    Inc..    Peter    A..    417    Canal    St..    New 

Owiniam    Co.,    2.'53   W.    58th    St..    New   York. 

Ho"Ter  8l»l    BaU   Co..    Ana   Arbor     ISich. 

H    K     F    Ball    Bearing    Co.,    Htrtlord,    Conn. 

Bars,  Boring 

Bee    Boring    Ban. 

BrnrlnKs,   Babbitt 

Aluminum    Cajrtjnga    Co..    ClereUcd.    O. 
I.ghl    .Mtg,    &    Frmnrlrr    Co..    Pottatown.    P». 
Link  iJcIl    <>«.ipan».    Chicago.    111. 
I  tiin-ri    l-.'ahtig    <>:.    Buffalo.    N.    Y. 
llo>.prf/«.|   Foundry  tc  Mch.  Co..   W  N.   Bth  St..  PhU- 
adclphla.    I'a. 


83  nizabeth  St..  KochMter, 

'..,    Tlanburr,    Conn. 
..    MaoUm,    Conn. 
I.ancairt«r,    I'a. 


Co.,     Chas.     A..    73    Ferry    St..    New    York. 


Dixon  Crucible  Co.,  Joseph.  Jersey  City,  N.  J. 
Graton  &  Knight  Mfg.  Co..  Worcester.  Mass. 
Schieren  Co..  Chas.  A..  73  Ferry  St-.  New  York. 
Williams   &    Sons.    I.    B.,    Dover,    N.    H. 


.Sr«  Britain.  <>,r.n. 
,,i  (•„  .  J,mr,t„«„,  S. 
W     r.K'b  HI  ,    N.-»    V..rk. 


.frJo,    n'.    Y. 
I.   inii  Kolinii 


m. 

Crescent    Belt    Fastener    Co.,    381    Fourth    Ave.     New 

York. 
Graton    &  Knight  Mfg.    Co..    Worcester   Mass. 
Schieren    Co..    Chas.    A.,    73    Ferry    St.,    New    York. 
Williams   &   Sons,    I.   B.,    Dover.    N.    H. 

Belt   Fasteners,  Metal 

Bristol    Co.,    Waterbury,    Conn. 

Crescent    Belt    Fastener    Co..    381    Fourth    Ave.,    New 

York. 
Graton    &    Knight   Mfg.    Co.,    Worcester,    Mass. 


Belting,  Leather 

Chicago  Rawhide  Mfg.   Co.,  1301  Elston  Ave.,  Chicago, 

111. 
Grat/>n    &    Knight   Mfg.    Co..    Worcester,    Mass. 
Ladew    Co..    Inc.,    E.    K.,    Glen    Cove,    N.    Y. 
Schieren    Co.,    Chas.    A.,    73   Ferry   St..    New   York. 
Williams   &    Sons.    I.    B..    Dover.    N.    H. 

Belting,   Round    Leather 

CTiicago  Rawhide  Mfg.   Co..  1301  Elston  Ave.,   Chicago, 


Bending    Machines,    Angle    Iron 

Bullalo  Forge  Co.,   Buffalo,   N.   Y. 

Bending    Machines,    Ilydrnnllc 

Hydraulic  Press  Mfg.  Co.,   Mount  Gllead,  Ohio. 
Mlen-Bcment-Pond    Co.,    Ill    Urfmdway.    New    York. 
Treadwell    Engineering    Co.      Eaaton,    Pa. 
Watson^itillman   Co.,    11)2   I'ulton   St.,    New   York. 
Williams,    White    &    Co.,    Mollne,    IlU. 

Bending   Machines,    Pipe 

Buffalo    Forgo   Co.,    Buffalo,    N.    Y. 
Newman    MIg.     Co..     CincimaU,    O. 
N«l<'»llr-m.-Mt,l'nn(l     I',,.,      m      ftrnndwny.      New     York. 
Pe<lrlck    Tool    &    Mch.    Co.,    8630    N.    Lawienoe    St., 

■■hiladelphia.    Pa. 
Bcllcra  &   Co.,    Inc.,    Wm.,    Philadelphia,   Pa. 
TreadHcU    Engincenug    Co.      Eaaton.    Pa. 
Wataon-BtlUraan    Co.,    102   Fulton   St.,    Now   York. 

Bending    Mnchlmes,    IMale 

l^jug  4   AllaUttcr  Co.,   Uamiltoa.   O. 


lllfiivers  ,      , 

Amf^ran    Oa«   I'Siniacc    Co..    24    John    St.,    N«w    lurk. 

I".u(T«l(.    Forgo   Co.,    Buffalo,    N.    Y. 

Chlr.ao  lleilhla  Blinft  Co.,  I2lll  Bt.  and  Centnl  Arc., 

<°liJiv>g»     lU. 
(i.iirral    fcli-ctric   Co.,    BclMOMtxIr.    H-    Y. 
VVculinghwmp   Ebc.    A    Eng.    Oo.,    Ea«t  Pittsburgh,    I'a. 


BearlliKS,    Bronsn 

Aluminum    C»«tln««    <Ui.,    01»T«lanil     O. 

Ani«rir*n    llronM    'V<ri>,,    B«rwm,    r«. 

li'dr     *     <>.       <1>a*.     ll.,     I20I1     .North    (IWnl.in     Ht., 

Il.inll^V'Br««"  *   MronM.  74<1  Bixm/yr  8t.,   ToMo.   O. 
J<,tui«r«i'  Brrmr/-    <>,  ,    N™    f:a«0'.    I'a- 
Light    Mf»     A    F.»ind7    Co      I'rAl>il<mn.    Pa. 
Lum-n    ll«irlng    tin.,    iluiralo.    N.     Y. 

llrnrlnKS,    l.lnrshnfl 

II  ,11    Ilollw    llraflng    (V...    M<rtr'it«ill'«n    Townr,    Vtrw 


lllnrprlnl    Klllng    tnblnets 

H--    CaMneU,     Filing. 


ll.irVnr"   Engln.  Co.,    B.l-m,    f). 
Koudol    A    Esur    Co..    Iloiiokan,    N.    J. 


Holt    and    Nnt    Macliinery 

Acme   Mchy.    Co.,    Cleveland.    O. 

Ajas    Mfg.    Co.,    Cleveland,    O. 

Foote-Burt   Co.,    Cleveland,    Ol 

Greenfield    Tap    &    Die    Corp.,    Greenfield,    Mass. 

Landis     Machine     Co..     Inc.,     Waynesboro.     Pa. 

National   Acme   Co.,   Cleveland.    O. 

National    Mchy.    CO.,    Tiffin,    O, 

Newton   Mch.    Tool   Works,    Inc.,    23rd   and   Vine    Sts,. 

Philadelphia,    Pa. 
Standard    Engineering   Co.,    Ellwood    City,    Pa. 
Webster  i   Perks  Tool   Co.,    Springfield,    O. 


National  Acme   Co.,   Cleveland^   6. 

Tock    Screw    Mch.    Products    Corp.,    Long    Island    City. 

N.    Y. 
Toledo   Screw   Products   Co.,    Toledo,    O. 


Boosters 

General   Electric   Co.,    Schenectady,    N.   Y. 
Westinghouse   Elec.    &  Mlg.    Co.,    East  Pittsburgh,    Pa. 

Boring    and    Drllline    Machines, 
Horizontal 

Barnes  Co.,    W,    F.    &  John,   231   Ruby  St.,   Rockford, 

111. 
Beaman    &    Smith    Co.,    Providence.    R.    I. 
Dale-Brewster    Mchy.    Co.,    Inc.,    545    W.    Washington 

Blvd.,    Cliicago.    111. 
Defiance    Machine    Works,    Defiance,    O. 
Giaholt    Mch.    Co.      Madison,     Wis. 
Gray   Mch.    Tool    Go.,    Inc.,    Buffalo,    N.    Y. 
Lucas  Mch.    Tool    Co.,    Cleveland,    O. 
Manning,    Maxwell    &    Moore,    Inc.,    119   W.    40th    St., 

N.    Y. 
Newton   Mch.    Tool   Works,    Inc.,    23rd   and   Vine   Sts., 

Philadelphia,  Pa. 
Nilcs-Bement-Pond     Co.,      Ill     Broadvay.      New     York. 
Pedrick    Tool    &    Mch.    Co.,    3639    N.    LawTence    St., 

Philadelphia,    Pa. 
Rockford   DriUing   Mch.    Co..    Rockford,    HI. 
Sellers    &    Co.,    Inc.,    Wm.,    Philadelphia,    Pa. 

Boring    and    Drilling    Machines, 
Vertical 

Bullard   Mch.   Tool    Co..    Bridgeport.    Conn. 

Colbum  Mch.   Tool  Co.,   Franklin,   Pa. 

Defiance    Machine    Works,    Defiance,    O. 

Foote-Burt  Co.,    Cleveland^    O. 

Giddings  &   Lewis   Mfg.    Cb.,    Fond  du  Lac.    Wis. 

Gisholt  Mch,  Co..  Madison.  Wis. 

Moline    Tool    Co..    Moline,    HI. 

Niles-Benient-Pond    Co.,    Ill    Broadway,    New    York. 

Pedrick    Tool    &    Mch.    Co.,    3639    N.    Lawrence    St., 

Philadelphia,    Pa. 
Sellers    &    Co.,    Inc.,    Wm.,    Philadelphia,     Pa. 

Boring  and  Tnrning  Mills,  Vertical 

American  Tool  Works  Co.,   Cincinnati,  CV 
Bullard    Mch.     Tool    Co.,     Bridgeport,     Conn. 
Cincinnati     I'laner     Co.,     Cincinnati,     O. 
Colbum  Mch.    Tool  Co.,    Franklin,   Pa. 
Giaholt  Mch.    Co.,    Madison,    Wis, 
Niles-Bcment-Pond    Co..    Ill    Broadnay.    New    York. 
Sellers    &    Co.,    Inc.,    Wm.,    Philadelphia,    Pa. 
Springfield  Mch.    Tool  Co.,    031   Southern   Ave..    Spring- 
field,   O. 

Boring    Bars 

Armstrong    Bros.    Tool    Co.,    313    N.    Francisco    Ave., 

Chicago,   111. 
Beaman    &    Smith    Co.,    Providence,    R.    I. 
Giddings    &    Lewis    Mtu.    CV).,     Fond    du    Lac,    Wis. 
Gmholt    Mch.    Co.,    Madison,    Wis. 
Lovejoy    Tool    Co.,    Inc.,    Springfield,    Yt. 
Pedrick    Tool    &    Mch.     Co..    3038    N.    Lawrence    St.. 

Philadelphia,    Pn. 
Ready  Tool  Co.,   050  Railroad  Ave,   Bridgeport,   Conn. 
Wilcox  Motor  &  Mfg.   Co.,   Saginaw,   Mich. 

Ilorliig,    Drilling    anil    Milling 
Machines,    Horizontal 

Beaman   &   Smith   Co..    Providence.   B.   I. 

Cleveland    Mch.    Tool    Co..    Cleveland.    O. 

Delluiico    Machine     Works,     Dcflancc.     O. 

Giddings    &    L«wl»    Mfg.    Co.,    Fond    du    Lac.    Wis. 

GIslioll    Mch.    Co..    Madlaon.    Wis. 

Lambert    Machine    &    Engineering    Co..    Cleveland.    O. 

Landis     Machine     Co.,     Inc.,     Waynesboro,     I'a. 

Lucas  Mch.  Tool  Co..  Cleveland,  O. 

Newton    Mch.    Tool    WorK    Inc.,    23rd   and    Vino    Sts,, 

Philadelphia,    Pa, 
.NJes  ll.iu.lil   I'.iml    I'.i..     Ill     llr.suhva.v.    Neu     Yuik. 
I'uwUng   &    HiLminclifegcr   Co.,    Milwaukee.    Wis. 
Ili«-kford    Drilling   Mch.    Co..   nocMord,   HI. 
Killera    &    Co.,    Inc.,    Win.,    Phlladolphia,    Pa, 
Iiiivenal     Boring     Mch.     Co.,     Hudum,     Maaa. 

iloring    Mends,    OITscf 

Marvin  &  Caalor  Co.,   OanaatoU,    N.    Y. 
I'orti'i^Cable    Mch.    Co..    flyracuM.    N.    Y. 
Walorston,    J.     M.,     Detroit,     Mich. 

llorinu      lools 

Ammlrong    Bros.    Tool    Co.,    818    N.    Fruiclaoo    Afo,, 

<'hlcago.     HI. 
Kolly   llMniKr  Co.,    Cleveland,   O. 
L.nejoy    TfKil     Co.,     Inc.,     Springfl«1d,     Vt. 
Mniwell  Ilutcli.rofl     Co.     C^lnvoUlur     O. 
Monm     Txlat     Drill     *      Machine     (V,      New     Bedford. 

Maae. 
I).     K.    Tool    Holder    Co.,    Hbrllon,    Conn. 
Ucadr  Tool   Co..    flf.d   Railroad    Ate..    Bridgeport,   Conn. 
Taft  I'elrcn   Mfg.    C...    Womaooknt,    11.    I. 
Western   Tool    &    tlfg.    Co.,    Bprlngfleld,    O. 

Ilrnsing    ICi|nlptnen< 

Cliicago  Flojlhlo  Bhafl  Co..   I2lh  Ht.   and  (Vntr.l   Are.. 
Chicago.     III. 
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POWERFUL 
ACCURATE 
DURABLE 


Atlas  Presses  are 
built  in  all  sizes  and 
types  for  driving 
mandrels,  bending 
and  straightening, 
broaching,  emboss- 
ing with  dies,  set- 
ting bushings,  etc. 
In  fact  all  work  re- 
quiring pressure  up 
to  25  tons  and  cen- 
tering capacity  up 
to  38  inches  may  be 
done  quicker  and 
easier  on  our  Com- 
pound Presses  than 
by  any  other 
method. 

Let  as  send  you  oar 
catalog  matter 


ATLAS  PRESS   COMPANY 

323  No.  Park  St.  Kalamazoo,  Mich. 


Thread-Tool  Grinding 

A  simple,  substan- 
tial device  for 
grinding  any  de- 
sired angle;  round 
or  square  tools;  ad- 
justable for  wear. 
A  great  convenience 
and  time  saver.  De- 
tails? 


Lafayette  Tool  Works 

176  W^orth  St. 
New  York  City 


Save    on   Multiple    Drilling! 

HEir4KEL 


HARRIS 

Automatic  Multiple 
Plunger  Press 


G  EARLESS 

DRILLING  HEAD 


Will  reduce  costs  on  any  drill- 
ing* operation  of  two  or  more 
holes.  Crank  drive  eliminates 
gears,  insures  silent,  positive 
movement,  makes  a  lighter, 
smaller  head. 

Send  your  blue  prints  or 
sketches   for   estimates. 

HEINKEL  MACHINE  TOOL  CO. 

SANDUSKY,  OHIO,  U.S.A. 


Stamps,  perforates  and  embosses  sheet  metal  parts- 
fuse  caps,  ferrules,  oil  cups,  etc.— in  quantities  of 
3500  to  8000  per  hour,  depending  on  weight  of  stock. 

Entirely  a  u  t  o  - 
matic.  One  man 
can  attend  several 
machines  simul- 
taneously. A  1  1 
parts  are  inter- 
changeable. 

Send  for  full  de- 
tails. 

MA.RK      or 
QUALITY 


mm- 


SYMBOL  or 3 
SERVICE 

THE  H.E. HARRIS  ENGINEERING 

COMPANY 

"The  Bridgeport  Tool  Shop" 

BRIDGEPORT  CONN. 


Kindly  Answer  This 

If  you  are  interested  in  the  newest  and  most 
improved  type  of  inclinable  presses,  answer 
this  announcement  and  we'll  be  able  to  con- 
vince you  that  the  latest  Loshbough-Jordan 
Press  is  all  this  and  something  to  spare. 


The 

Loshbough- 
Jordan 

New  No.  5 

Combination  Open  Back 

Inclinable 
Press 

Loshbough-Jordan  Tool  &  Machine  Co. 

Elkhart,  Indiana,  U.  S.  A. 
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Broaches 

Lapointe   Co..    J.    N..    New   London     Conn. 
Lapointe  Mch.  Tod  Co.,  Hudson,  Mass. 

Broach    Grinding    Machines 

Lapointe  Co.,    J.    N.,    New   London,    Conn. 

Bonching   .Machines 

Lapointe  Co.,   J.    N..    New  London,    Conn. 
Lapointe    Mch.    Tool    Co.,    Hudson,    Mass. 

Bronze 

Aluminum   Caatinga   Co.,    Cleveland     O. 

.\mencan    Bronze    Corp..    Benvyn     Pa. 

Bunting    Brass    &    Bronze    Co..    748    bpencer    St., 

Light 'Mfe.    &   Foundry  Co.,    PottatOTn,    Pa. 
Lumen    Bearing    Co.,    Buffalo,    N.    1. 

Bronze  Bars,  Cored      

American    Bronze    Corp.,    Berwjn,    Pa. 


Castings,  Iron  and  Steel 

Cresson-Morris   Co.,    Philadelphia,    Pa. 

Steeer  &   Sons  Industnal   Worka,    Stego) 


Centering    Macliines 

Greenfield    Tap    &    Die    Corp..    Greenfield.    Ma! 

Hendey    Mch.    Co..    Torrington.    Conn. 

Newton   Mch.    Tool   Works,    Inc.,   23rd   and   Vii 

Philadelphia.    Pa. 
Xilea-Bement-Pond   Co.,   Ill   Broadway.    New  T 
Porter-Cable  Mch.   Co.,   Syracuse    N.   Y. 
Pratt    &    Whitney   Co.,    Hairtford.    Conn. 
Whiton   Mch.    Co.,    D.    E..    New    London,    Coi 

Centers,  Planer  and   Miller 

Cincirmati    Planer    Co.,    Cincinnati.    O. 
Greenfield    Tap    &    Die   Corp.,    Greenfield, 
Morse    Twist    Drill    &    Mch.    Co 
Newton   Mch.    Tool  Works,    Inc. 
Philadelphia,   Pa. 


Blount    Co.,    J.    G.,    ETCrett^ass.  TtriH„». 

Bridgeport    Safety    Emery    Wheel    Co..     Inc.,    Bndge- 

port.    Coim.  . 

Builders    Iron    Foundry     Providei 


R.    I. 


Defiance    Machine    Works     Defiance,    O. 

Forbes    &    Myers,    178    fcnion    St.      Worcester.    Mass. 

Nea   &   Smith   Electric  Tool   Co.,    Cmcinnati,    O. 

New    Britain   Mch.    Co.,    New   Britain.    Conn. 

Stow  Mlg.   Co.,   Binghamton,   O. 

Webster   &  Perks  Tool   Co.,    Springfield,    O. 

Bnlldozers 

Aiax  M/g.   Co.,  Clevetand 


etc. 


Bliss   Co.,    E.    W.,    17    Atons    St. 
National    Machy.    Co..    Tiffin 


Brooklyn,    N.    T. 


^XTstSS^'-Cr-m-Filtoi   St.,    New    York. 
Williams,    White   &   Co.,   Moline,    HI. 

Bnrnlsbing  Machinery 

Abbott    Ball    Co..     Elmwood      Hartford,     Conn. 
Baird  Mch.   Co.,  Bridgeport,  Conn. 

Bushings,  Brass,  Bronze,  Etc. 

Aluminum  Castings   Co.,    Cleveliud,    a 
American     Bronze    Corp,  " 


Cliuins,    Urlving,    Etc. 

Baldwin    Chain    &    Mfg.    Co..    Worcester,    Mass. 
Boston   Gear  Works,    Norfolk  Downs,    Mass. 
Diamond   Chain   &    Mfg.    Co..    Indianapolis     Ind. 
Frasse    &    Co.,    Inc.,    Peter   A.,    417    Canal    St., 

York. 
Link-Belt    Company.     Cbicago,     111. 
Morse   Chain   Co.,    Ithaca,    N.    Y. 
Union  Chain  &  Mfg.  Co.,  Seville    O. 
Whitney    Mfg.    Co.,    Hartford,    Conn. 


Checks, 

Matthews   & 
burgh.    Pa, 


Chucks,    Tapping 

Beaman    &    Smith    Co..    Pr/iviilence.    U.    I. 

Bicknell-Thomaa    Co.,     Oreeiifiild.     .Mass. 

Errington    Mechanical    Labnratory,     SO    Cortlandt    St., 

New    York. 
Greenfield  Tap  &  Die  Corp.,  Greenfield,  Mass. 
MoCrosl^    Iteamer    Co.,    MeadviUe,    Pa, 
Newman    Mfg.    Co.,    Cincinnati,    O. 
Peter  Bros.    Mfg.   Co.,    135   Railroad   Ave.,    Algonquin, 
111. 
gt3      Procunier,    Wm.   L.,    549   Washington   Blvd.,    Chicago, 

V  Souliy-Jones    &   Co.,    647   Railway   Exchange,    Chicago, 

111. 

5520    Second    Ave.,    Brooklyn, 


Circuit  Breakers 

D    &    W    Fuse    Co.,    Providence     R.    I. 
General   Electric  Co.,    Schenectady,    N.   Y. 
~  "  "  ~    ■     "         5520    Second    Ave., 


Clamps 

Armstrong    Bros.    Tool    Co.,    313    N.    Francisco    Ave., 

Chicago,   111. 
Besly     &     Co.,     Chas.     H.,     120-B     N.     Clinton     St., 

Chicago,   111. 
Billings    &    Spencer    Co.,    Hartford,    Conn. 
Brown   &   Sharpe  Mfg.    Co.,    Providence,    R.   I. 
Goodell-Pratt  Co.,    Greenfield.   Mass. 
Hammacher,    Schlemmer    &    Co.,    4th    Ave,    and    13tli 

St.,    Now    York 
Starrett  Co.,  L.   S.,   Athol,  Mass. 
New     Western   Tool    &    Mfg.    Co.,    Springfield.    O. 

Williams   &    Co.,    J,    H.,    61    Richards    St.,    Brooklyn, 

N.    Y. 


Time.    Tool    aii.l    Pay 

Co.,   Jas.    H.,    3940  Forbes   Field,    Pitts- 


Clocks.  %Vntchn 

Hardinge    Bros.,    Inc., 
Chicae/>,    HI. 


Berteau    &    Ravenswood    Aves., 


Madison,    Wis. 


r.,.„'n  "Engineering  Co.'.   133  N.  3rd  St.,   Reading,   Pa.     patter   &   Johnston   Mch.    Co.,    Pawtucket,    B.    I. 
Bmtmg    Braas    &    Bronze    Co.,    748    Spencer    St.,    To- 
ledo,   Ol 


lohnson  Bronze  Co.,   New  Castle,   Pa. 
Sht  Mfi.   &   Foundry   Co..  Pottstown,   Pa. 
lumen   Bearing   Co.,    Buffalo,    N.    1. 
Walworth  Mfg.  Co.,   Boston,   Mass. 

Bushings,  Self-Luhrlcating  or  Oiiless 

Bound  Brook  Oilless  Bearing  Co.,  Bound  Brook,  N.  J. 

v"J'''"^Di5n"'"fble    i    Mfg.    Co..    Adrian.    Mich. 
Keuffcr&   Easer  Co.,   Hoboken,    N.   J. 

Calilnets,   Tool 

Arm,.trong    Bros.    Tool    Co.,    313    N.    Francisco    Ave.. 
Chicago,  111^ 

'4th    Ave.    and    13th 
New    Bedford, 


-Antoniati 


Chucking    -Machines. 

National     Acme    Co..     Cleveland,     O. 

NAw  Britain  Mch.  Co.,  New  Bntain,   Conn. 

Wood  Turret  Mch.  Co.,  Brazil,  Ind. 

Chucking    Machines,    Multiple    Spindl 
.Vatomutic 

New  Britain  Mch.   Co.,   New   Britain,   Conn. 


Clutches,   Friction.    Etc. 

Bicknell-Thomas    Co.,    Greenfield,    Mass. 

Blevney    Mch.    Co.,    Greenfield,    Mass. 

Brown   Co.,    A.    &   F.,    79   Barclay   St.,    N.    Y. 

Brown  Engineering  Co.,   133  N.   3rd  St.,   Reading,  Pa. 

CaldweU   A:    Son    Co.,    H.    W.,    17th   St.    and    Western 
Ave.,   Chicago,    HI. 

Conway    &    Co.,    Cincinnati.    O. 

Oresson-Morris    Co.,    Philadelphia,    Pa. 

Edgemont   Mch.   Co.,   2700  National  Ave.,   Dayton,   O. 

HilUard  Clutch  &  Mchy.  Co.,  Ehnira,  N.  Y. 

.Johnson    Mch.    Co.,    Carlyle.    Manchester,    Conn. 

Link-Belt    Company.    Chicago,    111. 

Moore    &    White    Co.,    2707-2737    N.    15th    St.,    Phila- 
delphia,   Pa. 

Column     Co.,     6008     Carnegie    Ave., 


Reliance     Gauge 

Cleveland,  O. 
Wood    Sons  Co., 


T.    B.,    Chamberaburg,    Pa. 


Gerstner   &   Sons,    H.,    Dayton,    O. 
Hammacher,    Schlemincr    '     ■  - 

St.,    New    York. 
Morse     Twist    Drill 
Mam 


Machine    Co., 


Chucks,   Air 

Bardons  &  ftliver,  Cleveland,   O.  Collars,   Snfetv 

Garvin  Mch.   Co.,   Spring  arid  VariokSts      New   York.  Bridgeport    Safety  'Emery    Wheel     Co.,     Inc.,     Bridge- 

.Manufacturers    Equrpment    Co.,    200    N.    Jelterson    St.,  port     Conn                                                    .,.,«. 

Chicago,    HI.  Browii    Co.    'a.    &    F..    79    Barclay    St..    N.    Y. 

.  Link-Belt   Company,    Chicago,    III. 

Chucks,    Drill  National    Grinding    Wieel    Co.,    Inc„    Buffalo,    N.    Y. 

Ahnond    Mfg.    Co.,    T.    H.,    2    Maple    Ave.,    Ashburn-  standard    Pressed    Steel    Co.,    Philadelphia,    Pa. 

ham,    Maas. 


Tool  Chest  Company,   10  Railroad  St.,   Bochcs- 
t«r,   N.  Y. 


Collars,    Spacing,    Etc. 

Detroit  Stamping  Co.,   Detroit,   Mich. 

\roTlvo11.Wntphomft       r'n  mowolornl  t 


Caliper    Gagei 

Williams    &    Co.     ' 
N.  Y. 


J.    H.,    61    Richards   St.,    Brooklyn, 


Caillier 


B<i 


BroT-n    i    Sharpe    Mf».    Co.      Providence,    B.    I. 
G-y/Ml-Pralt    Co..     Greenficid,  ^,Ma»». 
f;r.-.riii'ld    Tap    «:    Die    Corp.     Greenfield,    Maas. 
BUmtt  Oj.,    L.    S..    Athol,    Mass. 
Lnlon    Tool    Co.,    Orange,    Mass. 

Calipers,   Micrometer      „     ,      .  ,  , 

Almond    Mfg.    Co.,    T.    B.,    2    M.ple    Ave,    Ash 

Brwn    &    Sharpe    Mfg.    Co..    Pr'jridcnce,    R.    I. 
f;oo<lill-Pr«tt   <>>.,    Greenfield.    MaM. 
Bloc/imb  Co.,  J.   T.,   PrOTidence,    K. 
HtaJTttt  Co.,   L.   8., 


Chicago   Recording  Scale   Co.,    Waukegan,    111. 
Cleveland  Twist  Drill  Co.,    Cleveland,    O. 
Cushman    Chuck  Co.,    Hartford,    Conn. 
Detroit    'ri\ist    Drill    Co.      Detroit,    Mich. 
Goodell-Pratt  Co.,   Greenfield,  Maas. 
Greenfield    Tap    &    Die    Corp.,    Greenfield,    Mass. 
Horton   &    Son  Co.,    E..    Windsor   Locks,    Conn. 
.Ittcobs  Mfg.   Co.,   Hartford,   Conn. 
McCrosky   Reamer   Co.,    Meadville,    Pa. 

Modem   Tool    Co.,    2nd   and    State   Sts.,    Erie,    Pa  _  ._,_ ^ ^^ 

.Morse   Twist   DriU   &   Mch.    Co.,    New    Bedford,    Mass,    standald  Tool  Co.,  Cleveland    o' 
Narragansctt  .Mch.  Co.,  I'rovidence,   R.   I.  Union   Tavist  Drill   Co.,    Alhol.    ) 

National  Twist  Drill  &  Tool  Co.,    Detroit,    Mich. 
Nowraan  Mfg.  Co..  Cincinnati,  O. 
Nielsen-Bart/jn     Chuck     Co.,     106     So.     Jefferson 
Chicago,   lU. 


iMas! 


Oneida  National   Chuck  Co.,   Oneida,    N.    Y 
i'arker  Mfg.   Co..   Ann  Arbor,   Mich. 
Pratt    Chuck    Co.,    Frankfort,    N.    Y. 
Rich    Tool     Co.,     513A    Railway    Exchange 


Collets.    Spring 

See    Chucks,    etc. 

.\nie8  Co.,   B.  C.,  Waltham,  Mass. 
Hardinge    Bros.,    Inc.,    Berteau    & 
Chicago,     111. 
Chicago,    Rivett  Lathe  &  Grinder  Co.,   Brighton,    Boston,   Mass. 


wood    Avoa., 


itato 


Athol,  Maas. 


Swedish  Gage  Go    ■inc.,  »1B  <V.  55th  St.,  New   York.    ^^"EbS  S''l^e?'''0   V,"^!,'    ?^'n   ^'?i 


American   Mchy.    *   Foanda   Co.,    6520   Second    Ave., 

Itn^Myn.    N.    Y. 
I!.«t.m   G<-Jir   Works.    Norfolk   Downs    Mass. 
Oan.n   .Mch.   C>,.,   Spring  and  Varick   Kts.,    Ni"    vork. 
I(orl.',tloui   Mch.   Co.,    WsUrbury,    Conn. 


Case-llnrdenlnK 

K«»^lt  <u,.,   11    W.(4>r  Ht     New   Tofk 

Mrlirl     PrtM    Mfg.     Co.,     848     ll-.rchcsler    Ave.,     Bon- 

Ht/-ri'  Impr/nOTnent    *    Korge    Of      CleroUnd,    O. 
Wllll»nis   A    Co.,    J.    H.,    ill    Hlilisrds   St.,    Brooklyn, 


Mch,    Co.',    Wilmington,    Def. 
(,'nion    Mfg.    Co.,    Now    Britain,    Conn. 
WatUstrom    Tool    Co.,    5620    Second    Ave., 


Westinghouse    Elec.    &    Mfg.    Co.,    Ea.st    PitUsblirgh,    Pa. 


N.   Y. 


lid 


C'asF-llardenlnir   ton  ^ 

Hiuh.n.n    <:ti^tr,lr-.l    f>,..    O.    O..    Cincinnati,    O. 
Ksaralt  Co.,    II    Watw   81.,    New    York. 

Cmae-HardrnInK    KorniMi» 

Ha*   Knra*c~.   'sso-IUrdenlng. 


Wul/TMtim.  J.   M..   DftT'.it,    Mich 

Weaver  Mfg.   Co.,    Springfield,    lU. 

VV<Bto>tt    Chuck    Co.     Oneida     N.    Y. 

Whiton    Mch.    Co.,    D.    E.,    New    London,    Conn. 

Chucks,   I.ntlic,   Etc. 

Advance     Tool     Co.,     Cincinnati,     O. 

I'ushman    Chuck    Co..    Hartford     Conn. 

GIsbolt   Mch.    Co.,    Madison,    Wis. 

Itardinge    llr<«..     Inc.,     Bertiau    &    Ravenswood    . 

Chicago,    lUI. 
ll>«gi<oo   &    Pettis  Mfg.   Co.,    New   Haven,    Conn, 
llnrt^m    &    Hon    Co.,    E.,    Windsor   Locks,    Conn, 
.Mi.<;ro«kr     Ucamc.r    Co.,     Mosdtlllo,     Pa. 
N.mmsn    MIg.    Co,,    Cincinnati,    n. 
I  melds  Nstimiiil  Chuck  Co,,  Onolda,   N,   Y. 
rr.ilt   Chuck    Co.,    Frankfort,    N.    Y. 
lU.ctt   Lathe   «c   Grimier    Co.,    Brighton 


Brooklyn,     Compound.    Cleaning 

Oakloy   Chemical    Co.,    20   Than 


St.,    Now    York. 


latrlct,    llos- 


Ma 

r    Chuck 


Tlronsr    n 

Cl'^»'lAn»l. 


..      <ow    llriUIn, 
Wcnuburg,     llneton^ 
Uir    Co.,    22    8,    U(i 


r-ttstlnss.    f>l« 


Ml      VtTTvm    I 

N.    Y. 
N.n.m«n    Mrs 

I'hornll    Illr'   > 

l'rr«->rinn    ftp'  ■ 
Mtirpsrt    M's 
VcxW    Mfg. 


t'lif^j^/nm.     Pi 


or    Ulr-Mnlded 

rv»T,»»»Uon,    llij«h   T-rmlnal   No 
\'".,    Bm*\tn.    N.    Y. 
'  '..,     C»«irt     and     Ninth     I 


I  nloD  Mfg,  Co.,  New  nrtUIn,  Conn 
\V.-.lcott  <:hiick  Co,,  Oneld  "'  ' 
Whiton    M<h.    Co.,    D.    E., 


New    London,    Conn. 


7   no,,   fnttsUm,   Ps. 
.      Il.iffslo    N.   T, 
Csetlng    i:<iny>raUoa,    Mt, 


Chncks,    Mnignellc 

HAW  Fuse  Co.,  ITirvldonoi),  R.  I. 
Hold    Mch.    fin.,    Worceator,    Maaa. 

I'.  r«,.i»An<r  Mill.  <:<,.,  W..Ti-.nl,.r.  .V 
l4ft,Pi.lrr«i  Mfg.  Co.,  WnoiiiiorJinl  II. 
Ualkar   O.,    I).    H.,    W.^.i-nt-T,    .Mana. 


V»ni'»i,     chMcks,   l"l 


..  N.  T. 
'.mm.    H.    y. 

Hrl'lga,     fJlilrago. 

Ht.,    llsrtr'B'l.    C 


ll'«g>r<n  A  I'attli 
llialrm  A  H'm  r. 
Hklnner  Chunk  (  fi 
I  nl'ai    Mfg.    Co., 


,    K.,    Windsor   Ixx-ks,    ^Vmn 
,Naw  llrltain.  Conn, 
iiw    llrltain,    0«nn. 


(Compound,    Cntlliig,   (iriiiillng.    I':ic. 

American    Petroleum    Products    Co.,    1031    WiUiiimson 

lllilg.,    Chicago,    III. 
Cataract    Refining    &    Mfg.    Co,,    lluffalo,    N,    Y, 
Pinko    Bros.    ItclTnlng    Co.,    at    SUito    St.,    Now    York. 
Haws,    Inc.,   Goo.    A..   1:15   Front   St.,    New   York. 
Oakloy   Chemical    Co.,    20   Thaiiics  8t„    New    York, 

CompreHHc»rs,    Air    nnd    Huh 

Chicago    Pnoumsljo     Tool     Co.,     1000     Fisher     llldg., 

<'hlcago.   111. 
Ciirlls   Pnciimatio  Mchy,    Co,,    16H8   Klenlen   Ave,,    St. 

Louis,    Mo. 
Giineral   ElrcMo  Co,,    Bchenectsdy,   N.   Y, 
Ingemolt-Kand   Co.,    11    Broadway,   Now   York 
Taylor    InHtniinent   GonipAiiIrn,    ItochOHter,    N.    Y, 
WorthlngtiMi     Pump     &     Mcliy,     Co.,     ll5     Ilrondwsy, 

Niw    York, 

CoiidnllM 

Uciioral   Electric   Co.,    Bchoneolady.    N.    Y. 

('nnneotnra.    Krankol    Solderlcss 

WiatlnghouBK   liloo.   A   Mfg.   Co..    l:<i'>l    Pltubuigh,    Ps. 

Contract    Work 

American     Mch.     T«.l     Knglnci'tlng     Works,     ■IHM     W. 

KInsle    St.,    ChlraiUK    111, 
Ainrrlcnn    T.K.l    A    Mfg.    Co.,     Irliiiiia,    O. 
Ilnitic.    Mfg.    Co.,    Iltllfsln,    N.    Y. 
<  hlinii'i    Ki'i-nnllrg    Hcsln   Co.,    Wauhfgan,    III, 
I'ltv    l-.iiglnorrlng    (\>,,    l)syt/m,    (», 
i'..l1..>ni    llnir    A     Mfg      Cx,     ll..<lMii.     MsKS, 

IV,| 1,11.    Ilia    Tool    A    Mch.    Co,,    Colurabnn,    CI. 

Iiavla    Mrh.    C^., 
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High   Production   on   the 

"ALBANY" 

Not   Limited  to 
Skilled     Labor 

Distinctive  features  of 
the  Albany  High  Speed 
Tool  Room  Drill  insure 
accuracy  and  a  high 
production  rate  even 
when  operated  by  an 
unskilled  mechanic. 
Simply  controlled  fric- 
tion change  gear  mech- 
anism, index  of  cor- 
rect speeds,  microm- 
eter depth  gage,  rapid- 
ity of  starting  and 
stopping  the  spindle 
and  facility  in  chang- 
ing drills,  make  it  al- 
most fool  proof  —  a 
practical  and  profit- 
able machine  for  tool- 
room and  light  manu- 
facturing —  especially 
valuable  during  the 
present  shortage  of 
skilled  labor. 

Details  on  Request 

Albany  Hardware  Specialty  Mfg.  Co. 

ALBANY,  WISCONSIN,  U.  S.  A. 


30' 


•L 


40' 


L*"^ 


ULAK  I.UI  lino 

FL&THER 


,1^ 


""  ■''^5#n''  '"'^ 


AUTOMATIC  SPUR  GEAR  CUTTING  MACHINES 

FOR  EARLY  DELIVERY 


"BUTTERFIELD" 

BUTTERriE,LD   (St,  CO..  Derby  Line,  Vermont 


11    So.   Clinton   Stn 


Kork    Inlnml,    Qu 


CARROLL 

llnivertal  Index  Centers  arc  used  on  Iciid- 

in;i  Millinj;  Miicliinis.       (lonslriiction  mns- 

Mvi-,  which   insures  ncctirncy  niid  rigidity. 

II  rile' fir   Circular  and  Details. 

WM.  CARROLL,  Manufacturer 

4220  Mitin  Ave  J  Norwoo.l).Ciiniiini.li.  ()..  U.S.A. 


Keyless — 


The  quick- attachable  Universal 
Giant  Compression  Coupling  re- 
quires no  key. 

It  consists  of  a  sleeve,  two  flanges,  and 
the  necessary  bolts — friction  grip  of  the 
sleeve  holding  shaft  in  perfect  align- 
ment. This  coupling  has  demonstrated 
its  ability  to  hold  securely,  even  when 
the  load  puts  a  permanent  set  in  the 
shaft. 

It  has  given  38  years'  service  in  many 
shops.  Start  it  on  a  long  career  in 
your  shop. 

Want  further  details? 

T.  B.  Wood  Sons  Company 

Chambersburg,  Pa.,  U.  S.  A. 

Makers  of  the  most  complete  line  of  Power  Transmission 
Machinery  made  by  any  one  manufacturer. 


WooO 

Universal 
Giant 


Compression 
Coupling 
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Hanna  Engineering  Works,  1763  Elston  Ave..  Chi- 
cago,    111. 

Harris    Engineering    Co.,     H.     E.,     Bridgeport,     Comi. 

Ingle  Mch.   Co.,   Rochester,   N.  Y. 

Kales    Stamping    Company,    Detroit,    Mich. 

Krasberg  Mfg.  Co.,  536  Lake  Shore  Drive,  Chicago, 
111. 

Langelier     Mfg.     Co..     Providence,     R.     1. 

Marrin    Mfg.    Co..    W.    B.,    Drbana,    O. 

Maute    &    Sons,    Buffalo,    N.    T. 

Mehl  Mch.  Tool  &  Die  Co     Roselle,   N.  J. 

Meiael   Press  Mfg.    Co.,    948   Dorchester   Ave.,    Boston, 

Modem    Tool,    Die    &    Mch.    Co.,    Columhus,    O. 

Moore-Eastv^ood     Mfg.     Co..     Dayton,     O. 

■Nelson    Tool    Co.,    Inc.,    781-783    E.    142ad    St.,    New 

York. 
New  Britain  Mch.  Co.,   New  Britain,   Conn. 
Poole   Engineering   &   Mch.    Co.,    Baltimore,    Md. 
Potter   Tool   &   Mch.    Wks.,    S.    A.,    79   E.    130th   St., 

New    York. 
Premier  Snap  Fastener  Co.,  182  Grand  St.,  New  York. 
ReUanoe   Die  &   Stamping  Co.,    515   N.   La   SaUe   St., 

Chicago,    111. 
Rwbidoux   Mch.    Co.,    20   Fulton    St.,    New    York. 
Bockford     Metal     Specialty     Co.,     Rockford,     HI. 
Sloan   &  Chace   Mfg.    Co.,   Ltd.,    Newark,   N.   J. 
Smalley-General   Co.     Bay    City.    Mich. 
Southworth    Mch.    Co.,    Portland,    Maine. 
B-P   Mfg.    Co.,   Clereland,    O. 
Steeer  A:   Sons   Indiistria!   Works.    Steger.    111. 
Steiner  Bros.,   Lima.    O. 
Taft-Peirce     Co.,     Woonsocket,     R.     I. 
Taylor-Shantz    Co.,     Rochester,    N.    Y. 
Urbana  Tool  &  Die  Co.,   Urbana,   O. 
Western  Tool  Co..   Newark,   O. 
Wilcox  Motor   &   Mfg.    Co.,    Saginaw.    Mich. 

Controllers 

Eck   Dynamo    &    Motor    Cc,    BeUerille,    N.    J. 

General   Electric   Co..    Schenectady,    N.   Y. 

Reliance  Elec.   &  Eng.  Co.,  1056  Ivanhoe  Road,  Cleye- 

land.    O. 
Sprague  EJectric  Works    627  W.   34th  St.,   New  York. 
Westinghouse  Elec.   &  Mfg.   Co.,    East  Pittsburgh,   Pa. 

ConTeyers,   Belt 

Link-Belt  Company,    Chicago,    lU. 

ConTeyers,  Grab  Bncfeet 

Northern  Engineering  Works,    Detroit,   Mich. 

ConveyeriH,    Gravity 

Caldwell    &    Son    Co.,   H.    W.,    17th    St.    and   Western 

Ave.,    CSiicago,    111. 
Link-Belt  Co..   Chicago,   111. 

Cotter  Pins 

Whitman  &  Barnes  Mfg.  Co.,  1000  West  120th  St., 
Chicago,    111. 

Connterljoreii 

Advance    Tool    Co„    Cincinnati     O. 

Cleveland    Twist    Drill    Co..     Cleveland,    O. 

Detroit  Twist  Drill  Co.,   Detroit,    Mich. 

Genesee    Mfg.    Co       Rochester,    N.    Y. 

Glenzer    Co.,    J.    C.,    Detroit.    Mich. 

Mnrae   Twist   Drill    k   Mch.    Co      New   Bedford,    Mass. 

National   Tool   Co.     Cleveland.    0. 

National  Twist  Drill  &  Tool  Co.,  Detroit,  Mich. 

Pratt  ii  Whitney  Co.,  Hartford.   Conn. 

Production    Tool    Co.    of    America,    Detroit,    Mich. 

Standard   Tool   Co.,    Cleveland,   O. 

Starrett  Co..    I..    .S..    Athol,    Mass. 

Union    Twist    DriU    Co.,    Athol,    Mass. 

Wllcoi   Motor  &   ilfg.    Co.,   Saginaw,   Mich. 

Windau   Tool  Co.,    Qeveland,    O. 

Cauntemhaftli,    Frlc-tion,    r:ic. 

Bardoiu  &  Oliver,    Cleveland,   CV 

Brovn  Co.,   A.   &  F      79  Barclay  St.,  New  York. 

Bronm    i    Sharp*    Mfg.    Co.,    Proridcnce     R.    I. 

Buildera    Iron    Foundo",    Providence,    K.    I. 

CreMOQ-Morris    Co.,    I'bilaxlclphia,    Pa. 

Daltoo    Manofacturinc    Corporation,    1911    Park    Ave., 

New    York. 
Davis  Mch.   Tool   Co.,   Inc.,   Rochester,   N.   Y. 
Diamond    Mch.    Co..    Providence,    R.    I. 
Edgcmont  Mch.   Co.,   2700  .National   Ave.     Dayton.    O. 
Garvin    Machine    Co..    Spring    and    Varick    8t»..     .New 

Ywk. 
01ahf.It   llachioe   Co..    Madison,    Wis. 
HllUard    Claleh    &    Mchy.    Co.,     Ebnira,     N.    Y. 
Hratt    Roller    Bearing    Co.,    Metropolitan    Tower.    New 

V.^k. 
Junes   Foundrj    &    Mch.    Co.,    W.    A.,    4409   W.    12th 

Ht.,   Chicago,   III. 
LeBlond  Mch.    Tool   Co.,   U.    K.,   Cincdnnati,   O. 

Countera,  lli-voiiilion 

BH»t/jl    Co.,    W«l«rliiiry,    f>»n. 

Br'/»n    In■l^um^nt    Co.,    Philadelphia,    Pa. 

Grant  Mfg.    &   Mch.   Co.,    N.    W.   Station,   Bridgeport, 


ConnlliiK    .Mn<-lilnra 

Katlnnal    fv-ala    Co.,    Chloopve    FalU,    Mau. 

V^edn    Mfg.    0>,.    SD   Bwiwot   St.,    Uartford,    Conn. 


Conplings,    Shaft 

Bronn   Co..   A.    &   F.,   79  Barclay  St.,    New  York. 
Brown  Engineering  Cto..   133  N.  3rd  St.,  Reading,  Pa. 
CaJdweU    &    Son    Co.,    H.    W.,    17th    St.    and    Western 

Ave.,    Chicago.    111. 
Cresson-Morris    Co.,    Philadelphia,    Pa. 
Billiard   Clutch   &   Mchy.    Co.,    Elmira,    N.    Y. 
Lank-Belt    Company,    Chicago,    111.  _ 

Moore    &    White   Co.,    2707-2737    N.    15th    St.,    Phila- 
delphia,   Pa.  _  . 
Nicholson    &    Co.,    W.    H.,    112    Oregon    St.,    Wilkes- 
Barre,    Pa. 
Roycrstord    Foundry    &    Mch.     Co.,    64    N.    6th    St„ 

Philadelphia,     Pa, 
Sellers    &    Co.,    Inc.,    Wm.,    Philadelphia,    Pa. 
Smith-SerreU    Co.,     Inc.,     144    Cedar    St.,    New    York. 
Wood,   Sons  &  Co.,  T.  B.,   Ohambersbuig,  Pa. 


^..aisiioini-aiuore    jui|{.     ^o.,     \..ic»ciiiuu.     v. 

Curtis  Pneumatic  Mchy.   Co.,   1568   Kienlen  Ave.,    St. 

Louis,    Mo. 
Harrington,    Son    &    Co.,    Inc.,    Edwin,    Philadelphia, 

Pa. 
Manning,    Maxwell   &   Moore,    Inc.,    119   W.    40th   St., 

New    York. 
Niles-Bement-Pond   Co.     Ill   Broadway,   New  York. 
Northern    Engineering    Works,    Detroit,    Mich. 
Q  M  S  Co..  1763  Elston  Ave..  Chicago,   HI. 
Shaw    Electric    Crane    Co.,    Muskegon,    Mich. 
Shepard   Electric   Crane    &    Hoist   Co..    Montour   Falls, 

N.   Y. 
Vandyck    Churchill    Co.,     149    Broadway,     New    York. 
Wright  Mfg.   Co..   Lisbon,   O. 
Yale   &   Tonne   Mfg.    Co.,   9   E.    40th   St.,    New   York. 

Cranes,    Electric    Traveling 

Biggs-Watterson     Co.,     Cleveland,     O. 

Box  &  Co.,  Inc.,  Alfred.  Philadelphia.  Pa. 

Manning,    Maxwell   &   Moore,    Inc..    119   W.    40th   St., 

.New     York.  ^ 

Milwaukee    Electric    Crane    Co.,    Inc..    Milwaukee.    Wis. 
Northern    Eneineering    Works,    Detroit.    Mich. 
Pawkug   ^    Hainischret'er    Co..    Milwaukee.    Wis. 
Payne,   N.    B.,  25  Church  St.,    New  York. 
Shaw    Electric    Crane   Co.,    Muskegon,    Mich. 

Cranes,    Electric    Trnek 

General    Electric    Co.,    Schenectady,    N.    Y. 

Cranes.     Hand  Trnvelina 

Manning,    Maxwell   &  Moore,    Inc.,    119   W.    40th    St., 

New    York. 

Shaw    Electric    Crane  Co.,    Muskegon,    Mich. 

Cranes,  Locomotive 

Curtiss-Willis    Co.,    Inc..    30    Church    St.,    New    York. 
Link-Belt    Company,    Chicago,    III. 


Cyclometers 

Veeder    Mfg.    Co.,    38    Sargeant    St.,    Hartford,    Conn. 

Cylinder    Borers 

.See  Boring  and  DriUmg  Machines,  Vertical, 
lieaman  i  Smith  Co..  Prortdence,  K.  I. 
Defiance   Machine    Works,    Defiance,    C\. 

Cylinder   Boring   Maclilnes,    Portable 

Pedrick    Tool    &    Mch.    Co..    3639    N.    Lawrence    St., 
Philadelphia,    Pa. 

Demagnetizers 

D    &    \V    Fuse   Co.,    Providence     R.    I. 
Heald    Mch.    Co.,    Worcester,    Mass. 
Walker   Co.,    O.    S.,    Worcester,    Mass. 

Diamonds,  Bortz   and   Carbon 

Francis    &    Co.,    Hartford,    Conn. 


Dl 


lid    Tools 


Francis    &    Co.,    Hartford,    Conn. 

Cleveland,    O. 


Die    Blocks 

Dyson    &    Sons,    Ji 


Die    Castings 

See    Castings,    Die    or    Die-molded. 


Jacksoti    Mch.    Tool    Co.,    Jackson,    Mich. 
Pratt  &  Whitney   Co.,   Hartford,   Conn. 
Walcott   Lathe    Co.,    Jackson,    Mich. 


Crank   Pin   Tnrning  Machines 

American  Tool   Works  Co.,    Cincinnati,    O. 
LeBlond    Mch.    Tool    Co.,    R.    K.,    Cincinnati,    O. 
Lodge    &    Shipley    Mch.    Tool    Co.,    Cincinnati,    O. 
Niles-Bement-Pond   Co.,   Ill   Broadway,    New   York. 
Pedrick    Tool    &    Mch.    Co.,    3639    N.    Lawrence    i 
Phihidelphia,   Pa. 


Cntters,    Milling 

Adams    Co.,    DubuQue,    Iowa. 

Advance   Tool   Co.,    Cincinnati.    O. 

Harber-Colman    Co.,    Rockford,    111. 

Becker  Milling   Machine   Co.,   Hyde  Park,    Mass. 

Brown    &    Sharpe    Mfg.    Co.,    Providence,    K.    I. 

Cleveland     Milhng    Machine    Co..     Cleveland,     O. 

Cleveland   Twist   Drill  Co.,    Cleveland    O. 

Columbus   Die,   Tool   &   Mch.    Co.,   Columbus,    O. 

Cowlcs    Tool     Co.,     Cleveland,     O. 

Detroit    Twist    Drill    Co.,     Detroit,     Mich. 

Genesee  Mfg.    Co.,   Rochester,    N.    Y. 

Olenzer   Co.,   J.    C.,    Detroit,    Mich. 

Go<]dard    Tool    Co.,    Chicago,    111. 

Gould    &    Ebcrhardt,     Newark,    N.    J. 

Harris    Engineering    Co.,     II.     K.      Bridgeport,    Conn. 

lUinois     Told     Works,     Chicago,     111. 

IngcrsoU   MiUing   Machine   Co.,    Rockford.    lU. 

Kearney     &     I'rcckcr     Co.,     Milwaukee,     Wis. 

Krasberg    Mfg.    Co.,    412    Orleans    St..    Chicago,    HI. 

Morse    Twist    Drill     &    Machine    Co.,     New    Bedford, 


itULiouui      i  ooi     V.O.,      vjieveittuu,      \j. 

National    Twist    Drill    &    Tool    Co.,    Detroit,    Mich. 
Newark   Gear   Cutting   Mch.    Co..   Newark,    N.   J. 
O.    K.    Tool    Il(jlder    Co.,    8helt«n,    Conn. 
I'ratt    &    Whitney    Co.,    Hartford,    Conn. 
Standard  Tool  Co.,  Cleveland,  O. 
Union   T-wist   Drill   Co.,    Athol,    Mass. 
Whitnity   Mfg.   Co.,   lliirtford.  Conn. 
Windau    Tool    Co.,    Cleveland,    O. 


CiiltlnK-oT    Machines,    Alirnslve    ^Vheel 

AniiKtrolig    Ilroe.    Tool    Co.,    8i:!    N.     Francisco    Ave., 

Chicago,    111. 
Oniennuld    Tap    &    Die    Corp.,    Greenfield,    Mais. 
I'otir  llron.   Mfg.   Co..  Algonnulii.   III. 


Bay  State  Tap  &  Die  Co.,  Mansfield.  Mass. 

Brubaker   &   Bros.,    W.   L.,    SO   Church  St.,    New   York. 

Butterfleld    &    Co.,    Derby    Line,    Vt. 

Card  Mfg.  Co.,   S.   W.,   Mansfield    Mass. 

Carpenter   Tap   &    Die   Co.,    J.    M.,    Pawtucket,    B.    I. 

Geometric    Tool    Co.,    New    Haven,    Conn. 

Greenfield  Tap  &  Die  Corp.,   Greenfield,   Mass. 

Hanimacher,  Schlemmer  &  Co.,  4th  Ave.  and  13th  St., 
Kew    York. 

Hardinge  Bros.  Co.,  Inc.,  Berteau  and  Ravenswood 
.\ve3.,    Chicago.    lU. 

Harris   Engineering   Co.,   H.    E.,    Bridgeport,    Conn. 

Hart  Mfg.  Co.,  E.  20th  St.  and  Marion  Ave.,  Cleve- 
land,   O. 

Hjorth  Lathe  &  Tool   Co.,   Boston,   Mass. 

Landis    Mch.    Co.,    Inc.,    Waynesboro,    Pa. 

Morse   Twist   Drill   &   Mch.    Co.,    New    Bedford,    Mass. 

National  Acme  Co.,   Cleveland,   O. 

Oster   Mfg.    Co.,    Cleveland,    O. 

Pratt  i;   Whitney   Co.,   Hartford,  Conn. 

Reed  Mfg.   Co.,   Erie,  Pa. 

Rogers  Works,   Inc.,   John  M.,   Gloucester  City,   N.   J. 

Saunders   Sons,    Inc.,    D.,    Yonkera,    N.    Y. 

Standard    Tool    Co.,     Cleveland      O. 

Walworth  Mfg.    Co.,    Boston,   Mass. 

Dies,  Lettering  and  Embossing 

Manhattan  Mch.   &  Tool  Works,   Grand  Rapids,  Mich. 
Matthews    &   Co.,    Jas.    H.,    3946  Forbes   Field,    Pitts- 
burgh,   Pa. 
Maute  &  Sons,  J.,  Buffalo,  N.  Y. 
Noble    &    Wcstbrook   Mfg.    Co.,    Hartford,    Conn. 
Schwerdtle    Stamp    Co.,    Bridgeport.    Conn. 

Dies,    Sheet    Metal,   Etc. 

Acklin  SUmping  Co..   1657   Dorr  St.,   Toledo,   O. 
American     .Mch.     &     Foundry     Co.,     5520     2nd    Ave., 

Brooklyn.    N.    Y. 
American   Tool  &   Mfg.   Co.,   Urbana,   O. 
Bliss    Co.,    E.    W.,    17    Adams    St.,    Brooklyn,    N.    Y. 
Bruno  Mfg.  Co.,  Buffalo,  N.  Y. 
Columbua  Die   Tool   &    Mch.    Co.,    Oolumbus,    O. 
Ferracute    Mch.    Co.,    Bridgeton,    N.    J. 
Goddard   Tool   Co.,   Chicago    111. 

Harris    Engineering    Co       H.     E.,     Bridgeport,     Conn. 
Krasberg    Mfg.    Co.,    636    Lake    Shore    Drive,    Chicaco, 

lU. 
Lansing   Stamping   &    Tool   Co.,    Lansing,    Mich. 
Maiiliattan    Mch.    &    Tool    Wks.,    Grand    Rapids,    Mich. 
Marvin   Mfg.    Co.,   W.    B.,    Urbana,    O. 
Maute    &    bona,    J.,    Buffalo,    N.    Y. 
Mehl    Mdi.    Tool    &    Die    Co.,    Uoselle,    N.    J. 
Micliigan  Tool  Co.,   Detroit,   Mich. 
Moilern    Tool,    Die   &    Machine   Co.,    Ooliunbus,    0. 
Miiore-Euslwoml   Mfg.    Co..    Dayton,    O. 
Ni'lHon    Tool    Co.,     Inc.,    781-783    E.    142nd    St.,    New 

York. 
Potter  Tool   &   Mch.   Works.   S.    A.,   79   E.   ISOth  St„ 

New    York. 
Pratt   &    WhiUiey  Co.,   Hartford,    Conn. 
Reliance   Die    &   Stamping  Co.,    616    N.    La   Salle   St„ 

Chicago,     111. 
Rohldoiix   Mcli.    Co.,    20    Fulton    St.,    New    York. 
lltK-kford   Metal  Siiecialty  Co..   K.'X'Aford.    III. 
Sloan    Si    Chaco   Mfg.    Co..    Ltd..    Ne^^ark.    N.    J. 
Hiindstroro   Mfg.  Co.,  8201   Shields  Ave.,   Chicago.    III. 
H«mno    .Mfg.    (3(1.,    F.    J.,    Ht.    I.ouhi.^    Mo. 
Tiift-P.lrce    Mfg.    Co.,    Woonsocket,    11.    1. 
■I'aylor-.Shant?.     ('«.,     IIocIichUt,     N.     Y. 
Irhiinn  Tool  &   Die  Co.,   Ilrbona,  O. 
WalUiaui    Mch.    Works,    Walthaiii,    Maia. 


In«rv>ll  Hand     Co.,     ")1     Broulaay,    °.^ew     York. 

f'onpllnio.    ('n<-»(T,     I'-rlcllon 

Johnnon.    CkilyU,    Mach.    Co.,    Manchesti^r,    Conn. 

(  •■ilMllnlca,   I'-lrallilr   xlinrt 

ll'«(/<n    Onr    Works,    Nnrtnlk    Doviu,    Maai. 

Caldwoll    *   Hon    (>■.,    tl.    W.,    ITth    Bt.   tod    Wnt«m 

Ate..    Chlcac".    III. 
Oootar     KlalM''     Tranimlad'm     Co,,     Inc.,     nrooUm, 

N.    T. 
rVKwm-Mnrrls    Co.,    PMIa/tolphU,    Vt. 
Ntnlth-ilnnll    Co.,    Inc.,    144    rwlar    Ht.,    New    Tnrk. 
WiKKl,   aoiu  Co..  T,    I!.,   Ch«mb«r«burj,   I'a. 

ConptlnffN,   I'Ipr 

r»rt  Mfg.    (>>..   r,.   M.,   ProvMenw,   11.   I. 
Nrw    llav«n    Bi-rrn     Co.,     Nirw    IIbtph,    Cono. 


CilllliiK-OIT    Mnclilni-N,    llolary 

Ilrwn    A    Hhan"    Mfg.    (>.,    Prfirldinco,     K.     I. 

Ciirlu  A  Curtm  (>).,  g  Oarti™   St.,   Bridgeport,  Conn, 

Tlnvla    .Mch.    Tool    Co..     Inc.,     RiKhonlor,     N.     Y. 

Kln«    Mch.     (>).,    TolMlo,    O. 

|-««.ii«    Mch.    Co.,    fItUburgh.    I'a. 

Ilurlhut,    U'linra   Mchy.    Co.,    Ho.    Hinlbury,    Misa. 

Mwlern    Mch.    Tf»il    Co.,   Jlckwm.    Mich. 

(latiT    Mfg.     (>>.,    Cloveland,    (I 

Trtradarll     Engineering     Co,,     KiuiUm,     Pa. 

(fiiiiMu-onr    TfMiU 

Arinatrfnig    llruii.    Tool    Co.,    tLI    N.     ITrinclivo    Ave., 

Chlrag...    III. 
(I'xKlrlll'raU    Co.,    OrMnRold,    Uaaa. 
o      li      T.-J     ll.il.liT    Co,    Hhrlloii.    Cmn 
I-ralt    A    Whltn>7    Co.,    narlfoKl,    Conn, 
l(i.a<lj  Tool  Co.,  OW)  Ilallroad  Avn.,   Ilrlrtgnport,   Conn, 


W. 


Tool    A    .MIg     <:..  ,    H|.rlnii(1ol.l,     Mn...  ' 


Threading,   Itpeulng 


Errlngton     Mechanical    Laboratory,    SO    (;orUandt    St., 

Ne^^     York. 
(!...ii,Hrir    Tool    0.„    Now    Uavcn,    Conn. 
i;i..  nil. M    'Inp    &    Dill   Ci>n>.,    (IresnMi'ld,    Mam. 
I  I.I.I   'lr.,1   ,\.    Mfg.   Co.,    Iloavor   Falls,   Pa. 

I..,..  .    .\     I  , -.I.    .M.'li     <•"  .    .Siinniill.  I  '      \l. 

I  itti.li't   Mih,    Co.,    Inc.,    Waynesboro,    Vt. 

M...lrrii    Tool    Co..    2hil    and    HIalo   Htn.,    Erie,    Pa. 

Miirih.y    Mch.    &     ro-il    Co.,    81    I'orlir    Bt„    Detroit, 

Mull. 
Nnlic.iiiil    Anno    Co.,    Olovelnnd,    O. 
I'riilt    &    WhlUioy    Co.,    Hartford,    Conn, 
111.  ki-rl-Hliafir    Co.,    Krlo,   I'a. 
Wibiitor   A   I'orka  Tool   Co,,    Hpringflold,   O, 

DividinK    lirnds 

Hro    Milling    Marhlnea.    Ilnlvenoil. 

Illck.nv.    I'rpd    C.,   87    Ho.    Iloaplaliim   HI..    Chicago,    111. 
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For  Making 

DIES 


Manufacturing 


COCHRANE-BLY 

Universal  Shaper 


This  Cochrane-Bly  Universal  Shaper,  installed  two  years  ago  by  the  Metz  Co.,  Waltham,  Mass., 
has  had  an  exceedingly  busy  life,  has  done  about  everything  in  the  die  making  line  and  has  repeatedly 
proved  its  worth  as  an  economizer  on  an  expensive  class  of  tvork.  The  pictures  show  a  die  being  put 
through  in  characteristic  Universal  Shaper  fashion — all  operations  completed  without  resetting  the  piece. 

Nine-tenths  of  the  work  done  on  the  Universal  Shaper  is  completed  without  re-chucking  the  piece. 
That  is  the  big  Cochrane-Bly  advantage  and  one  which  appeals  to  manufacturers  as  well  as  toolmak- 
ers.  The  universal  heads,  compound  table,  milling  spindle  and  shaper  ram  that  can  be  operated  at  any 
angle,  permit  a  speed  in  machining  the  various  contours  and  surfaces  of  special  shaping  and  milling 
operations  impossible  to  duplicate  by  any  other  means  and  give  it  first  place  among  the  few  real  pre- 
cision tools  with  universal  and  productive  features.  Whether  in  toolroom  or  shop,  the  Cochrane-Bly 
is  an  asset  when  speed,  close  accuracy  and  economy  must  go  hand  in  hand. 

Write  for  Complete  Description. 

COCHRANE-BLY  COMPANY,Rochester,NewYork,U.S.  A. 


■.1     Ir.-lni..].       !■■, 


l.l.l  ,     Y(.k,.h. 
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DraTfiner    Boards    and    Tables 

Economy    Drmiug    Table    &    Mfg.    Co.,    Adrian,    Mich. 

KeuSel    &    Esser    Co..    Hflboken,    N.    J. 

New    Briuin    Mch.    Co.,    New    Britain,    Conn. 


Dressers,    Grlndins    "Wheel 

AbrasiTO    Co.,    Bridesburg.    Philadelphia,    Pa. 
Baldwin     Tuthill    &    Boltoj.    Gra""!   Rapids,    Mich. 
Bridgeport  Safety  Emery  Wheel  Co..   Inc.,   Bridgeport, 

Conn.  „ 

Calder,     Geo.    H..    Lancaster,    Pa. 
Desmond-Stephan    Mfg.    Co.,    Urbana,    O. 
Francis  &  Co.,  Hartford,  Conn. 

Hampden    Corundum    Wheel    Co.,    Springfield,    MaJS. 
Hetherington  Co.,    Piqua,    ft.  ,,  ^  .»     .,•  v 

H     P     Company,    45-47    E.    Fort    St.,    Detroit,    Mich, 
National    Grinding    Wheel    Co.,    Inc.,    Buffalo,    N.    Y. 
Norton  Co.,   Worcegter,   Mass. 
Keed   Mfg.    Co..    Erie^   Pa. 
Standard   Tool  Co.     Cleyeland,    O. 
Sterling    Grinding    Wheel    Co.,    Tiflttn,    O. 
Vitrified  Wheel   Co.,    Westfield,    Mass. 
Western  Tool  &  Mfg.    Co.,   Springfield,   O. 

Drill    Heads.   Multiple 

Baush  Mch.   Tool   Co.,   Springfield,   Mass. 
Covington    Multiple    Drill    Co.,    Cincinnati,    O. 
Defiance    Machine    Works,    Defiance,    O. 
Heinkel    Mch.    T*i    Co..    Sandusky,    O. 
National   Automatic   Tool    Co..    Richmond,    Ind. 
Nelson-Blanck   Mfg.    Co.,    Detroit,    Mich. 
Newman   Mfg.    Co.,  Cincinnati     O. 
Rockford  Drilling  Mch.   Co.,    Rockford.   El. 
Sellew    Mch.    Tool    Co.,    Pawtucket,    B.    I. 

Drill     Sockets 

Clereland    Twist   Drill    Co.,    CleTcland,    O. 

Detroit    Twist    Drill    Co       Detroit.    Mich 

Morse   Twist   DriU   &   Mch.    Co..    New    Bedford.    Mass. 

National  Twist  DriU  &  Tool   Co.,    Detroit,    Mich. 

Scnlly-Jonea    &    Co..     MT     Railway    Exchange    BIdg., 

Chicago,    Dl. 
Standard  Tool  Co..   Oeveland.  O. 
Union  Twist  Drill  Co.,  Athol.  Mass. 

Drill   Speeders 

Graham    Mfg.    Co..    Providence,     B.     I. 

Peter  Bro6.  Mfg.   Co..   135  Railroad  Ave.,   Algonquin, 


Drill    Stands 

Cleveland    Twist    Drill    Co.,    Cleveland.    O. 

Morse    Twist   Drill    &   Mch.    Co.,    New   Bedford,    Mass, 

Staudard    Tool    Co.,    Cleveland.    O. 

Drilling  and  Milliner  MacliineB,  Vertical 

M/>line  Machinery  Co.,   Moline,   111, 

DrIllinK      Macliiiie.s,     .VutoMintic    ■ 

Baker    Bros.,    Toledo,    O. 
Detroit   Tcrjl    Co.,    Detroit,    Mich. 

DrliliniBr  Machines,  Bench 

Ames  Co.   B.   C,   Waltharo,   Mass. 

Barnes  Co.,  W.  F.  &  John.  231  Ruby  St.,  Rock- 
ford,    lU. 

Elomquist-Eck   Mch.    Co.,   Cleveland,    O. 

BulTaJu   Forge   Co.,    BufTalo,    N.    Y. 

IJurto  Mch.  Tool  Co.,   Conneaut,   ft. 

Cau.l.  Otto    Mfg.    Co.,    Chicago    Heights,    HI. 

I).  tro:l    Tool    Co.,    Detroit,    Mich. 

r<ijn    .M(i{.    Co.,    Hartford.    Conn. 

High    i5i«.-d    Hammer    Co.,    Inc.,    Rochester,    N.    Y. 

LaugcLcr    Mfg.    0>.,    Providence,    B.    I. 

Leland-Gifford   Co.,    Worcester,    Mass. 

Ma~.i.,    In...    A.    C.    1'iiUTH.m.    .\'     J. 

National    Automatic   Tool    Co..    Richmond,    Ind, 

Pratt    4    Whitney   Co.,    Hartford,    Conn. 

Heed  Co..  Frands,  43  Hammond  St..  Worcester, 
Mass. 

Rockfr/rd  Drilling  Mch.  Co.,  Rockford.  HI. 


Drilllne    Machines,    Multiple    Spindle. 
Vertical 

Baker  Bros.,   Toledo,   O, 

Barnes  Co,,  W.  F.  &  John,  231  Ruby  St.,  Rock- 
ford,   m. 

Barnes  Drill  Co.,  Inc.,  814  Chestnut  St.,  Rockfodr, 
lU 

Cinciimati   Bickford    Tool   Co,,    Oakley,    Cincinnati,    O. 

Cincinnati    Pulley    Mchy.    Co.,     Cincinnati,    O. 

Clark    Electric    (>).,    Inc.,    Jas.,    Jr.,    Louisville,    Ky. 

Cleveland   Machy.    &   Supply  Co.,    Cleveland,    ft 

Colbum  Mch.    Tool  Co.,   Franklin,   Pa. 

Defiance    Machine    Works.    Defiance,    O. 

Eietroit   Tool    Co.,    Detroit,    Mich, 

Foot^^Burt  Co..    Cleveland,    O. 

Harrington,  Son  &  Co..  Inc.,  Edwin,  Philadelphia, 
Pa. 

Langelier    Mfg.    Co.,    Providence,    R.    I, 

Henry    &    Wright   Mfg.    Co.,    Hartford.    Conn. 

Leland-Gifford    Co..    Worcester,    Mass. 

Moline  Tool  Co..   Moline,   111. 

National    Automatic    Tool    Co..    Richmond,    Ind. 

Newton  Mch.  Tool  Works,  Inc.,  23rd  and  Vine  8ts., 
Philadelphia.    Pa. 

NUes-BementrPond   Co.,    Ill   Broadway,    New  York. 

Pratt  i  Whitney  Co.,  Hartford,  Conn. 

Ueed  Go.,  Francis,  43  Hammond  St.,  Worcester, 
Mass. 

Reed-Prentice  Co.,  F.  E.  Reed  Dept.  and  Prentice 
Bros.    Dept..    Worcester     Mass. 

Rockford    Drilling    Mch.    Co.,    Rockford,    111, 

Rockford  Lathe  &  Drill  Co.,   Rockford.   111. 

SeUers    &    Co..    Inc.,    Wm..    Philadelphia,    Pa, 

SUvcr    Mfg.    Co.,    Salem,    O. 

iiipp   Mch.    Co.,    Phtei&ya.    N,   J, 

Superior  Mch.    Tool   Co..    Kokomo.   Ind. 

Taylor  &   Fenn  Co.,   Hartford,    Conn. 

Drilling    MachincH,    Pneninatie 

Chicago     Pneumatic     Tool     Co.,     1060     Fisher     Bldg., 

Chicago.     111. 
Independent    Pneumatic    Tool    Co.,    Chicago.    HI. 
Ingersoll-Rand    Co.,    11    Broadway,    New    York. 

Drilling    Machines,    Portable    Electric 

Chicago     Pneiunatic     Tool     Co.,     1060     Fisher     Bldg,, 

Chicago,    m. 
Cincinnati    Electrical    Tool    Co.,    Cincinnati,    O. 
i.'lark    Electric    Co.,    Inc.,    Jas.,    Jr.,    Louisville.    Ky. 
Errington     Mechanical    Laboratory,     39    Cortlandt    St,. 

New    York. 
Ha,skin3,    R.    G.,    541    W.    Wa.-li  ngton    P.h  J..    Ohlcago, 

lU. 
Independent  Pneumatic   Tool    Co,,    Chicago.    HI. 
Newton   Mch.   Tool   Works,    Inc.,   23ra   and   Vine   Sts., 

Philadelphia,    Pa. 
Neil    &   Smith   Electric   Tool  Co      Cincinnati,    O. 
.Standard     Electric     Tool     Co.,     Cincinnati,     0. 
Stow   Mfg.    Co.,    Binghamton,    N.    Y. 
Cnited   States   Electrical   Tool  Co..   6th   Ave.    and   Mt. 

Hope    St.,    Cincinnati,    O. 
\'an    Dom    Electric    Tool    Co.,    Cleveland,    O. 

Drillins:  Machines.   Radial 

.Vraerican   Tool  W'orks   Co..    Cincinnati,    O. 
Canedy-Otto    Mfg.    Co.,    Chicago    Heights,    111. 


Daila  Mch.  Tool  Co.     Inc.,  Rochester.   N.  Y. 

lieliance    Machine    Works,    Defiance,    O. 

liitroit  Tool  Co.,  Detroit.  Mich. 

Footc-Burt    Co.,    Cleveland,    O. 

Kosdick    Mch.    Tool    Co.,    Cincinnati,    O. 

liarvin   Mch.    Co.,   Spring  and  Varick  Sts.     New  York. 

Ilarrineton,    Son    &    Co.,    Inc.,    Edwin.    Philadelphia. 

Pa. 
Henry   &   Wright   Mfg.    Co.,    Hartford.   Conn. 
Knight    Mchy.     Co.,     W.     B.,     St.     Louis,    Mo. 
Langelier    Mfg.     Co.,     Providence,    R.    I. 
I^land-Gifford    Co.^_  Worcester,    Muas. 
Lindgren  Co..   P.   W.     Rockford    ni. 
.Minster    Mch.     Co.,     Minster,     O. 
Moline    Machinery    Co..     Moline,    111, 
Moline  Tool   Co.,   Moline,    111. 

Niles-Bement-Pond    Co.,    Ill    Broadway,    New    York. 
I'latt    &    Whitney   Co.,    Hartford,    Conn. 
Ueed     Co.,     Francis,     43     Hammond     St..     Worcester, 

Mass. 
Ueed-Prentice    Co.,    F.    E.    Reed    Dept.    and    Prentice 

Bros.  Dept.,  Worcester,  Mass. 
Rockford    Drilling    Mch.    Co.,    Rockford.    111. 
Rockford    Lathe    &    Drill    Co.,    Rockford,    111. 
SeUers  &  Co.,   Inc.,   Wm.,   Philadelphia,   Pa, 
•Sibley    Mch.    Co.,    8    Tutt    St.,    South    Bend,    Ind. 
Silver    Mfg.     Co..     Salem,     O, 
Sipp    Mch.    Co.,    Paterson     N.    J, 
Snyder    &    Son,    J,    E.,    Worcester,    Mass. 
Standard    Mfg.    Co.,    Bridgeport,    Conn. 
Superior    Mch.    Tool    Co..    Kokonio.    Ind. 
Taylor   &    Fenn   Co.,    Hartford,    Conn, 
\Vei«el  Mch.   Tool  Co.,  Peru,   Ind. 

Drilling   Machines,   Wall    Radial 

Busch    Co.,    J.    0.,    1763   Elston   Ave..    Chicago,    Bl. 
Canedy-Otto    Mfg.    Co.,    Chicago    Heights,    111. 


Drill  Rod 

Abom    Steel    Co.    Inc., 


Clarke    St.,    New    York. 


WmUirbritr    TimL    &    Mch.    Co.,    Elkhart.    Ind. 

flrlillMK   Machines,   Holler 

'In'-lnnaU    Bickford    Tool    Co.,    Oakley,    Clndnnatl,    O. 
r..  i.inrv.    Machine    Works,    Deflance,    O, 
I   ..■■  I;  .rt  Co.,  Cleveland,  ft. 
I  .:  VII,    Boo    &    Co..    Inc.,    Edwin,    Philadelphia, 

..  ■■■    i.    Co.,    Inc.,    Wm.,    Philadelphia,    Pa. 

DrlillnK    Machines,    llorlxontal.    Duplex 

'i»rTin   Mch.   Co..   Hbring  and   Varick  Sts..   New  York. 
l.arigqU(rr  Mfg.  Co.,  PruvldcQce,  U,  I. 

DrIllliiK    .Machines,    .Mulllpic    >>pi  ii<l  It-, 

I!.  ;»h    .Mrh.    T'»,l   Co.,    Bpringdcld.    Maw. 

li.ll.i.M     Machine    Workl,     DefUnoo,    (). 

II»mngV.n,    B'/n    tc    Co.,    Inc.,    Edwin,    Phlladolphla, 

I..IK.  l>r    Mfg.     Co..     Pr./Tl.1.nc»,     R.     I. 

Molinr.  -tni  In,  Moline.   III. 

I"r»lt   *    Whltri./   Co..    Uanford.    f>mn. 


.1    Co..    Bpriniflrld,    MaM. 
■<    Works.     Drn.nco,     O, 
,    D'lroll,    Mkli, 
li-  ■". ■-..    *    Co.,    Inc.,    Edwin,    PhUadclpUa, 

I.«ng.|l«    Mfg.    Co.,    PrrnM.n...    It.    |. 
M.,lln»    Tool    Co.,     kfnilnt.     III. 
.NaUonal    Acme    <.;.,    Clevolaii'l.    (t. 

llrlllInK     Miichlnes,     >liilll|>l.-     h,,|,m||,., 
Turret 

I.ari»>.|l»f    Mfg.     Co.,    Vtm\Aimt».     H.     I. 
.NkNrmal    Ant/jmatic    Tool    fV,.,    lllchmood.     Ind 
.NVwraan    Mfg.    f!o.,    OtnclnnaU.    O. 
Turner    Mch.    Co.,    Danbtiry,    Cijno. 


Dreses    Mob.     Tool     Co.,     Cincinnati,     ft. 

Fosdick    Mch,    Tool    Co.,    Cincinnati,    O. 

Hammond    Mfg.    Co.,    Cleveland,    O. 

Harrington,    Son    &    Co.,    Inc.,    Edwin,    Philadelphia, 

Pa. 
Morris  Mch.   Tool  Co.,    Cincinnati,   O. 
Mueller    Mch.     Tool    Co,,    Cincinnati,    O. 
Niles-Bement-Pond   Co.,   Ill   Broadway.    New  York. 
Reed-Prentice    Co.,    F.    E.    Reed    Dept.    and    Prentice 

Bros.    Dept.,    Worcester,    Mass. 
Sellers    &    Co..    Inc.,    Wm.,    Phihidelphia,    Pa, 
Taylor  &   Fenn  Co.,   Hartford,    Conn. 

Drilling  Machines.   Rail 

I'olbum  Mch.   Tool  Co.     Franklin.  Pa. 
Iiefiance    Machine    W'orks.    Defiance.    0. 
!''oole-lJurt  Co.,   Cleveland,  O. 

Harrington,    Son    &    Co..    Inc..    Edivin.    Philadelphia. 
Pa.  .  .  >.      , 

.Moline  Ttwl  Co.,  Moline.  lU. 

.N'ewton   Mch.    Tool   Works,   Inc.,   23rd  and  Vine  Sts  , 

Philadelphia    Pa. 
N'iles-Beraent-Pond    Co..    Ill    Broadway.    New   York. 
Sellers    &    Co.,    Inc..    Wm.,    Philadelphia,    Pa. 
Taylor  &  Fenn  Co.,  Hartford,   Conn. 

nrllllnBT    Machines.    Sensitive 

.\lhany    Hardware    Specialty    Mfg.    Co.,    Albany,    Wis, 
Barnes  Co.,  W.   F.  &  John,  231  Ruby  St.,   Rockford, 

lU. 
Billon    Mch.    Tool   Co.,    Bridgeport    Conn. 
Burke  Mch.  Tool  Co.,   Conneaut,   O, 
liemco   Mch,   Tool  Co..   Cleveland,   O. 
Detroit  Tool  Co.,  Detroit,  Mich. 
I'tnn    Mfg.    Co..    Hartford.    Conn. 
Hammond   Mfg.    Co.,    Cleveland,    O. 
Henry   &   Wright  Mfg.    Co.,   Hartford,   Conn. 
High    Speed    Hammer    Co.,     Inc.,     Rochester,     N.     Y. 
I-angelier  .Mfg.  Co.,  I'rovidence.  U.  I. 
l>cland-(liflor<l    Co.,    Worcester,    Mass. 
Pratt    &    Whitney    Co.,    Hartford,    Conn. 
Reed     Co..     Francis,     43     Hammond     St.,     Worcester, 

Mam. 
Reed-Prcntlce    Co.,    F.    E.    Reed    Dept.    and    Prentlee 


Drills.    Center 

Cleveland    Tivist    Drill    Co..    Cleveland,    O. 

Detroit    Twist   DriU    Co.,    Detroit,    Mich. 

Morse     T\\ist    Drill    &    Machine    Co.,     New    Bedford, 

Mass. 
National   Twist  Drill   &  Tool   Co.,   Detroit,   Mich. 
Pratt   &   W'hitney   Co.,    Hartford,    Conn. 
Sl/>comb    Co.,    J.    T.,    Providence,    R,    I. 
Standard    Tool    Co.,    Cleveland,    O. 

Drills.   Ratchet 

Armstrong    Bros.    Tool    Co.,    313    N.    Francisco    Ave., 

Chicago,    lU. 
Cleveland    Twist    DrUl    Co..    Cleveland.    O. 
Detroit    Twist    DriU    Co..     Detroit.     Mich. 
GoodeU-Pratt   Co.,    Greenfield,    Mass. 
Greene,    Tweed    &.    Co.,    109    Duane    St.,    New    York. 
-National  Twist  Drill   &  Tool   Co..   Detroit,   Mich. 
Pratt   &    Whitney    Co..    Hartford,    Conn. 
Standard   Tool   Co.,    Cleveland.    O. 
Walworth   Mfg.    Co.,    Boston,    Mass. 
Whitman   &   Barnes   Mfg.    Co.,    1000   West   120th   St.. 

Chicago,    lU. 

Drills,  Twist 

Boker    &    Co..    Inc.,    H.,    101    Duane   St.,    New    York. 

Clark    Equipment   Co.,    Buchanan,    Mich. 

Cleveland    Twist    DrUl    Co.,    Cleveland,    O. 

Colton    Co.,    Arthur,    Detroit,    Mich. 

Detroit   Twist    Drill   Co.,    Detroit,    Mich. 

Frasse    &    Co.,    Inc.,    Peter   A.,    417    Canal   St.,    New 

York. 
Hammacher.    Schlemmer    &    Co.,    4th    Ave.    and    ISth 

St.,   New   York. 
Morse    Twist   DriU   &   Mch.    Co.,    New   Bedford,    Mass. 
National   Twist  DriU  &   Tool   Co.,    Detroit,   Mich 
I'ratt    &    Whitney   Co..    Hartford,    Conn. 
Standard    Tool    Co.,    Cleveland.    O. 
liiiou   Twist  DriU   Co.,    Athol,    Mass. 
Whitman    &    Barnes   Mfg.    Co.,    1000   West   120th    St., 

Chicago,    111. 

DrlnkiuK    \%'ater    Fountains    and 
Systems 

Manufacturing    Equipment    &    Eng.    Co.,    Framingham, 
Mass. 

Dynamos 

Eck    Dynamo    &    Motor   Co.,    BeUevUle,    N,    J. 
Electro  Dynamic  Co.,  Bayonne,  N.  J. 
rieneral    Electric    Co.,    Schenectady,    N.    Y. 
Reliance    Electric    &    Eng.    Co.,    1056    Ivanboe    Road 

Cleveland,    O. 
.Sprague  Electric  Works.   527  W.   34th  St.,    New   York. 
Wagner  Electric  Mfg.    Co.,   St.   Louis,    Mo. 
Westingbouse  Elcc.   &  Eng.   Co.,  East  Pittsburgh,  Pa. 

Electrical    Supplies 

General  Electric  Co.,  Schenrctady,  N.  Y. 
Wagner  Electric  Mfg.  Co..  St.  Louis,  Mo. 
Westingbouse  Elcc.   &  Eng.   Co.,  East  Plttaburgh,  Pa. 

Elevators 

.\lbro-Clem   Elevator  Co..   501   Erie  Ave..  East,  FhU»- 

delphla.   Pa. 
Link-Belt    Company.    Chicago,    HI. 
-Northern   Engineering  Works,    Detroit.    Mich. 

Emery    Wheels 

See   Droascrs,    Orinding  Wheel. 


.    .Mch.  (!o..  8  Tutt  St.,   South  Bend,   Ind. 
Sipp    Mch.    Co.,    Patenion,    N.    J. 
■Iwnsend    Mfg.    Co.,    H.    P.,    Hartford,    Conn, 
Taylor   &   Fean  Co.,    Hartford,    COdd. 
WlnUrholT   Tool   &   Mch.    r„  ,    F-lklmrt.    Ind 

nrlllInK    Machines.    Turret 

Lnndau    Mch.    He    Drill    I'rcm    Co.,    Inc.,    II)    W.    4ltli 

HI.,     New     York 
Turner    .Vachlne    Co.,    Ilanbiiry,    Oinn. 

llrllllnK    Machines.    lIprlKht 

Albany    Hardware    Hp<dalty    Mfg.    Co.,    Albany.    Wis. 

Aurora   Tool    Worku,    Aurora,    Inil. 

Bnk-T    llriw..    T^ilcdo,    <). 

Ilnmci  &  Co.,  W.  F.  &  John.  231  lluby  Bt.,  Rockford, 

B«m'i-»   Drill    Co.,    Inc.,    814    Chestnut   St.,    Rockford, 


lOnKlncs,  on  and  Gas 

Worthlngtcm     I'uinp     .t     Mchy.     Corp.,     115     Broodwoy. 
Now    Yi>rk. 

Eniclues.     Steam 

Buckeye    Englnii    Co.,    Snlem.    O. 
llurralo  I'Vhtio  Co..    UulTalo.    N.   Y. 

l-l«|>iinfl4-rs.    TiiIm* 

NIcliolson    A    Co.,    W.    H.,    112    Oregon    St.,    Wllkos- 

Biirro,    Pa. 
Walxm-StlUman    Co,,    1U2    rulton    St,,     New    York, 

I'lxpanslon   .lf»lnts 

NuttaU   Co,,    R.    U.,    PUIiUnlrgh.    P.l. 


I-  !•■...    .M.h.    Tr»il   (;....    Itrldgoport,    r 
r     Tiu,    |.,„„,    (■„.,    HufTtlo,    N.    V. 
'      ..  IvipM,,    Mfjl.    Co.,    Chl««o,    III. 

I  iiAtl    Blekfiiril    T<»il    (Tn„    (lakl«y,    ClnelnniU     O 
'     '.r.«li     I'ullry    Mchy.    Co..    f^nofnnall.     ft. 
•  >..!    Mehr.    A    Hupplr   Co..    Cloteland,    O, 

'    ii  irn   Mch,  Tool  Co.,  Fruklln,  Pa. 


Will. 


&   Co.,    In 


T.  A.,  Reading.  Pn 


l''nns,   E<liiiust,    Eleclrlc.    VendliKliiK 

BnlTalo    K.rn;,.   Co.,    llulT.lo.    N.    Y. 
I  ek    I)»ii«iiu.   A    Motor   Co..    Ilrllrrllle.    N.    J. 
li-iinral     Kl.clrin    Co..     Hcheneelndv,    ><.     Y. 
Westlnghoiiw  Elcc.   &  Eoi.   Co.,    tCast  I'ltlaburgh,   Pa. 
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BLACK  DIAMOND  FILE  WORKS 


ESTABLISHED  1863 


INCORPORATED  1895 


Twelve  Medals  of 

Award  at 

INTERNATIONAL 

Expositions 


Special  Grand  Prize 

GOLD  MEDAL 

Atlanta,  1895 


Copy  of  Catalogue  will  be  sent  free  to  any  interested  File  User  upon  application 

G.  &  H.  BARNETT  COMPANY  Philadelphia,  Pa. 

Owned  and  Operated  by  Nicholson  File  Company 


TUCKER  OIL  HOLE  COVERS 

When  you  receive  a  machine  equipped  with  our  Oil  Style  G. 
Hole  Covers,  you  can  rest  assured  that  the  manufao- 
selected  them  for  their  superior  utility,  style 
and  finish  for  the  parts  to  be  lubricated.  Our  line 
of  Oil  Hole  Covers  are  designed  with  large  outlet 
ports,  and  have  no  internal  parts  to  retard  free  flow 
of  oil  to  the  bearings.  Every  Cup  is  worked  with 
one  hand  or  with  oil  can  spout.  Send  for  Oiler 
Catalogue  No.   5. 

Style  A  has  Rotary  Sleeve, 

Style    B   has   Rotary   Head. 

Style  D. 


W.  M.  ®  C.  F.  TUCKER,  Hartford.  Conn.,  U.S.A. 


Ltd.,    London,    Eng. 


Bolt  Threaders,  Bolt  Headers,  Nut  Tappers 


Write  us  your  needs 
in  this  line.  Makers 
of  Bolt  and  Nut  Ma- 
chinery and  Forging 
Machines  of  every 
Hnd. 

CATALOG 
On  Rtqueal 


THE  ACME  MACHINERY  CO. 

CLEVELAND,  OHIO,  U.  S.  A. 

,    Ltd..    IX)ndon.      Glaenzer     & 


Chicago 
Rawhide 


The  curing  process  which  produces 
Chicago  Rawhide  is  distinctly  our  own 
and  different  from  any  other.  It  is 
strictly  mechanical — no  lime,  acids  or 
other  chemicals  are  used — all  the  gela- 
tine and  other  strength  elements  of 
the  original  animal  hide  being  fully 
retained. 

Strong,  durable  and  resilient.  Chicago 
Rawhide  Gears  and  Pinions  are  invalu- 
able for  high-speed  machines,  espe- 
cially motor-driven  equipment. 


Tcsl  our  Gear  Blanks  wit/i 
a  vnc  and  hammer.     IVeWI 

furnish  samn/cs. 
Gear  Catalogue  on  request. 


-V^^' 


The 
Chicago  Rawhide 
Manufacturing  Co. 

1301   Elston  Ave. 
Chicaf^o,  Illinois,   U.  S.  A. 


Mechanical  Leather  Specialties 


THE  ACME  RIGID  H.S.  EXPANDING  BLADE  SHELL  REAMERS 


You  can  spend  two  hours  of  a  tool-maker's  time 
underlying  blades  and  grindin.g  reamers  down 
to  size  for  every  few  hours'  use  if  you  want  to. 
With  the  Acme  reamers  ninety  per  cent  of  the 
time  thus  wasted  is  saved. 

With  the  Acme  reamers  you  can  get  an  ex- 
pansion as  fine  as  .000.')  in  a  few  seconds,  and  a 
maximum  expansion  of  the  blades  of  Vs".  When 
the  blades  are  worn  out  they  can  be  renewed 

Try  an  Acme  against  any  reamer  you  Innr 
ever  used  and  sec  the  great  difference  in  gciu xil 
efficiency  and  lower  cost  of  viaintcnance.  Write 
for  an  Acme  bulletin  today. 

The  Schellenbach-Hunt  Tool  Co.,  Cincinnati,  0. 


ilrcnl.    Ciiiincln. 


Ynrk:   Opminny 


No"    York   Exrort  and 
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Fence.  AVIre  MeMli  for  Factories 

Faee  Steel  &  Wire  Co.,   Monesaen,   Pa. 


Pittsbnrgh,    Pa. 

File    Handlex 

Hflmmacher,    Schlemmer    &    Co.,    4th    Ave.    and    13th 
St.,    New   York, 


American    SnisB   File   &   Tool  Co.,    21   John   St.,    New 

rork. 
Bamett   Co..    G.    &   H..    Philadelphia,   Pa. 
Delta    File   Worka     Philadelphia.    Pa. 
Diss1/>n  &  Sons.   Inc.,   Henry.  Philadelphia,  Pa. 
Hammacher,    Schlemmer    &    Co.,    4th    Ave.    and    13th 

St..    New   Tork. 
Nicholson  Pile  Co.,   Providence,  R.  I. 
Heichhelm    &    Co.,    E.    P.,    24    John    St.,    New    York. 

Filina:    Machines,    nie,    Eltc. 

Ames   Co..    B.    C,    Waltham,    Mass. 
Cochrane-Blj    Co.,    Rochester.    N.    Y. 
Oliver  Instrument  Co.,  Adrian.  Mich. 
Reanvin,     W.     D..     Grand     Rapida,     Mich. 
Robinson    Tool    Works,    Inc^,    Waterbury,    Conn, 
Waltham  Machine  "Works,    Waltham,   Mass. 


Fittinss.   Hydranlic 

Hydraulic   Presa   Mfg.    Co.,    Mount   Gilead,    Ohio. 
MetalKood    Mfg.    Co.,    Detroit,    Mich. 
Walw/jrth    Mfg.    Co.,    Boston,    Mass. 
Watson-StiUman     Co.,     192     Fulton     St.,     New     York. 

Fittinss.  Steam 

Dart  Mfg.    Co.,    E.   M.,   Providence,    R.    I. 
Walworth   Mfg.    Co.,    Boston,    Mass. 

Flexible    ShaftH 

Chicago  Flexible  Shaft  Co.,  12th  St.  and  Central  Ave., 

Chicago,   m. 
Cooper     Flexible     Transmission     0>.,     Inc.,     Brooklyn, 

X.    Y. 
Oliver   Instrument  Co.,    Adrian.    Mich, 
Stow  Mfg.    Co.,   Binghamton,   N.   Y. 

Flnx,    'W'elilincr 

Giaholt    Machine    Co.,    Madison,    Wia. 


Fori^inKT    Maehinex 

Acme  Machinery   Co.,   Cleveland,   O. 

Ajax    Mfg.    Co.,    Cleveland.    O. 

Beaudry  &  Co.,   Inc.,   Boston,   Mass, 

Bli.'a    Co..    E.    W..    17    Adama    8t„    Brooklyn.    N.    Y. 

National    Mchy.     Co.,    Tiffin,    O. 

WilUams,    White   &   Co.,    Moline,    HI. 

For^nert.    Drop 

liay    City    Forse    Co.,     Erie,    Pa. 

Johnaton    &    Jennings    Co.,    Addison    Road    and    Lake 

Shore  R.   R.   Track    Cleveland,   O. 
Steel    Improvement    &    Forge    Co..    Cleveland.    O. 
Whitman    &    Barnes   Mfg.    Co.,    1000   Weat   120th   St., 

^'hieago.    III. 
Williams   &    Co.,    J.    H.,    61    Richarda    St.,    Brooklyn, 

N.   Y. 
W>'roan-Gordon    Co.,    Worcester,    Mass. 

ynriclnK".    Iron    anil    Steel 

Bay    City    Forge    Co..     Erie.     Pa. 

f>.  iwm-Mr/rris    Co..     Philadelphia.     Pa. 

Dyvm     &    Sons.    Joseph      Cleveland,     O. 

JohnHfon    &    .Jennings    Co..    Addison    Road    and    Lake 

^li'.re    R.     R,     Tracks,    Cleveland,    CV 
Machinery  Forging  Co.,   Cleveland,  O. 
Stec]    Improvement    &    Forge    Co.,    Clereland,    O. 

Foundry    Rfinlpment 

Adams  Co.,  Dubuqne,  Iowa. 
Ingen!ol]-Rand    r/>,,    11    Broadway,    New    York. 
New   Britain   Mcli.    Co.,    New   Britain,   Conn. 
Northrirn    Eni^neering     Worka,     Detroit,     Mich. 

Fiirnn<'eM,    A  tiiiealliiK: 

American   Oa«   Furnace  Co.,   21   John   St.,    New    York. 
Bennett.    W.    R.,    Wmwood,    Conn. 
Ilrr/vn    tc    Shanw    Mfg.    Co.,    Providence.    R.    I. 
atitngo    Flexible    Shaft    Co..     12th    8t.     and     Central 

Ate..   Chicago,   III. 
flen-nil    Electric    Co.,    Schenectady,    N.    Y. 
Flf»ilc.ns   Mfg.    Co.,    4n0   Ijiwton    Ave..    Detroit,    Mich. 
BlrtMg,    CarllnJo   &    Hammond   Co.,    Cleveland,    O. 

Fnrfifi*'i.*i,    f*aNe-Hnr<1<-nlnor 

'  I   irnace  Co.,    21   John   St.,    New   York. 

I  Mfg.    Co.,    Providence,    R.    I. 

<  Shaft    Co.,    12tb    St.    and    Central 

III. 
(..-.    r,;     ,,.,,,•    (V.      Schenectady,    N.    Y. 
Hu..ud,    C.ilul..    Sc    Kimmond    Co.,    CTeveland,    O. 
Tate-Jonea    &    Co.,    Inc.,    PllUilnirgh,    Pa. 


Bennett,    W.    R.,    Elmwood,    Conn. 

Brown    &    Sharpe    Mfg.    Co.,    Providence,    R.    I. 

Chicago    Fle.\ible    Shaft    Co.,     12th    St.    and    Central 

Ave.,   Chicago,    111. 
General    Electric    Co.    Schenectady,    N.    Y. 
Hoakina    Mfg.    Co.,    459    Lawton   Ave.     Detroit,    Mich. 
Strong,    Carhale    &    Hammond    Co.,    Cleveland,    O. 

I''urniture,  IJraf (inB-R"«ni 

Eeononiv    Dranirc    Tiilile    ,>1     MfK      Co..     .\ilrian,     Mich. 
Now    Britain    Mch.    Co.,    New    Britain,    Conn, 

Fnrnitnre,    Shop 

Manufacturing    Equipment    &    Engineering    Co.,    Fram- 

ingham,  Mass. 
New   Britain   Mch.    Co..    New   Britain,    Conn. 
Western   Tool   &   Mfg.  Co.,   Springfield,   O. 

Gaees,     .\nipIifyinK 

.\merican    Gauge  Co.,    Dayton,    O. 

finges.   Oeptli 

Brown    &    Sharpe    Mfg.    Co.,    Providence,    R.    I. 

Goddard    Tool    Co.,    Chicago,    111. 

Goodell-Pratt  Co.,  GreenflelcL  Mass. 

Harris     Engineering     Co^     H.     E..     Bridgeport,     Conn. 

Marvin    Mfg.    Co.,    W.    B.,    Drbaiia,    O. 

Rogers  Works,    Inc.,   John  M.,    Gloucester,   N.   J. 

Seaboldt    Corp,,     B.,    26    W,     Broadway,    New    York. 

Slocomb    Co.,    J.    T.,    Providence,    R.    I. 

S-P   Manufacturing  Co.,  C31«velend,   O, 

.Starrett    Co.,    L.    8.,    Athol,    Mass. 

Taylor-Shantz     Co.,     RochtaU'r,     N.     Y. 

Gases,  Dial 

Brown    &    Sharpe    Mfg.    Co.,    Providence,    It.    I. 

Goddard    Tool    Co.,    Chicago,    111. 

Harris    Engineering    Co..    H.    E.,    Bridgeport.    Conn. 

Rogers  Works,    Inc..   John   M..   Gloucester  City,   N.   J. 

S-P   Manufacturing   Co..    Cleveland,   O. 

Starrett    Co.,    L.    S.,    Athol,    Mass. 

Taylor-Shantz  Co.,   Rochester,   N.   Y. 

Gajjres.     Height 

City    Engineering    Co.,    Dayton,    O. 

Seaboldt   Cwrp..    B.,    25   W.    Broadway,    New    York. 

Starrett   Co.,   L.    S.,   Athol,    Mass. 

Gagres,  Plnsr  and  Ring- 

.Vdvance  Tool  Co..  Cincinnati.  O. 
^Itv  Engineering  Co..  Dayton,  O. 
Krasberg    Mfg.    Co.,    536   Lake    Shore    Drive,    Chicago, 

111. 
Morse    Twist   Drill    &    Mch.    Co.,    New    Bedford.    Mass. 
Potter   Tool   &    Mch.    Wks.,    S.    A.,    79   E.    130th   St., 

New    York. 
Seaboldt    Corp.,    B.,    25    Broadway,    New    York. 

Gaa-es.    Record! ns.    .Steam,   Vacnnni 

Bristol  Co.,  Waterbury,   Conn. 

Brown    Instniment    Co.      Philadelphia,    Pa. 

Krasberg   Mfg.    Co.,    536   Lake    Shore    Drive,    Chicago, 


Gear  Ciittlne  Machines,  Bevel  <«;en- 
erator  and  'reniiilet  Planer) 

Bilgram    Mch.    Works,    1231    Spring   Garden    St.,    PhUa- 

delphia     Pa. 
Gleason    Works,    Dorchester,    N.    T, 

Gear  Cutting  Machines,  Beyel  (Rotary 
Cntter) 

Bilton  Mch.   Tool  Co.,   Bridgeport,   Conn. 

Brown   &    Sharpe   Mfg.    Co.,    Providence,    R.   I. 

Flather   Mfg.    Co.,    Nashua.    N.    H. 

Gould    &    Eberhardt,    Newark,    N.    J. 

Newark    Gear    Cutting    Mch.    Co.,    Newark,    N.    J. 

Whiton    Mch.    Co.,    D.    E.,    New    London,    Conn, 

Gear  CnttinK-  Machines,  Helical  and 
Spnr    (Ilohl 

Adama    Co.,    Dubuque.     Iowa. 

Barber-Colman    Co.,    Rockford     HI. 

Boston  Gear  Works,   Norfolk  Downs,   Mass. 

Gould   &   Eberhardt,    Newark    N.   J. 

Lees-Bradner     Co.,     Cleveland,     O. 

Meisselbach-Catucci  Mfg.  Co.,  27  Congress  St.,  New- 
ark,   N.    J. 

Newark   Gear  Cutting  Mch.    Co.,    Newark,    N.    J. 

Newton  Mch.  Tool  Works,  Inc..  23rd  and  Vine  Sts., 
Philadelphia      Pa. 

Reynolds  Machine  Company.    Massillon,    O. 

Gear  CuttinK  Machines,  Helical  and 
Spnr   (Shaper  and    Planer   Type) 

Bickett  Mch.    &   Mfg.    Co.,    Cincinnati,    O. 
Fellows   Gear   Shaper   Co.,    Springfield.    Vt. 
Newton   Mch.    Tool   Works,    Inc.,    23rd   and   Vine   Sts,, 
Philadelphia,    Pa. 


ii.hla    Pa, 
'..    N.    Y. 
Avn.,    Detroit,    Ml<h. 
I  :--!irgh.    Pa. 

Filrnncpli,    llnrdcnlntc 

AfT.»rir,n    n«.   Fnmace   Co.,   21   John   St.,    New    York. 


:-■       ffim.       ../..,.       I    r'.TI'IVIK.'*.,       It.       I. 

'.    Shaft    Co.,     I2lh    Ht.    and    f'enlral 
III. 
'  •    fo,.    Hchenecladr.    N.    Y. 

l(.-.Hr,.    MV      i;o,,    Ar,0    r*»ton    Ave.,    Detroit.    Mich. 
Htrong,    (jarlisla   A    Hammond   Co.,    f^eveland,    O. 
Vr«t    .Mfg.    I...    .Mm.l.ilk.    !■• 

Farnnrps,  Mellinir 

Arr«ri.«n   O..  A    Fiim.™  Co.,   21   John  St.,   Nrw  Yovk, 
Chk.go     rieilhl,    Hhatl    <U>.,     12th    St.    and    f>nlnil 

Aie..    ('(.....r,.     111, 

iltroiig.   Otli<T<i  *   Hammond  Co.,   ClnrUnd,  O. 

F*nrnnrrN,  T*fnp«rinfr 

American   du    Fiimam   Co.,    24   John   St.,    N<m    York, 


Gaces,  Snap 

Brown    &   Sharpe    Mfg.    Co.,    Providence.    R.    1. 

City  Engineering  Co..   Dayton    O. 

Cleveland    T^vi8t    Drill    Co.,    Cleveland,    O. 

i;cxi(lard    Tool    Co.,    Chicago.    111. 

rireenfleld    Tap    &    Die   Corp.,    Greenfield,    Mass. 

Harris     Engineering     Co.,     H.     E.       Bridgeport.     Conn. 

Krasberg    Mfg.    Co.,    536   Lake    Shore    Drive,    Chicago, 

lU. 
Marvin  Mfg.   Co.,   W.   R.,   TJrbana,  O. 
Potter   Tool    &   Mch.    Wks.,    S,    A„    79   E.    130th   St., 

New    York. 
Pratt  &   Whitney  Co.,   Hartford,   Conn. 
Reliance   Die   &   Stamping   Co.,   615   N.    La    Salle    St., 

Chicago,    ni. 
Rogers   Works,    Inc.,    .Tohn   M^    Gloucester   City,    N.    J. 
Seaboldt   Corp,,    B.,    25  W.    Broadway.    New    York. 
S-P    Manufacturing    Co..    Cleveland,    O. 
Starrett    Co.,    L.    8.,    Athol.    Mass. 

Swedish   Gage    Co.,    Inc..    215   W.    B5th  St.,    New    York. 
Taylor-Shantz  Co.,    Uoehester,  .N.   Y. 
rnion    Tool    Co.,    Orange,    Mass. 

tiadres.  .Special   Measiirinf? 

Wilcox   Motor   &    Mfg.    Co.,    Saginaw,    Mich. 

GaKCH,    .Snrface 

Brown    &    Shari)e    Mfg.    Co..    Providence,    R.    I. 

f'dumbus   Die,    Tool    &    Mch,    Co.,   Columbus,    O. 

Goddard    Tool    Co.,    Cliicjigo.    III. 

Goodell-Pratt  Co.,    Crccnflcid,   Mass, 

Harris    Engineering    Co.,     H.     E..     Bridgeport.     Cuiin, 

Marvin    Mfg.     Co.,     W.    B..    Urhana.    t\. 

Seaboldt    Corp.,    B.,    25    W.    Broadway.    New    York. 

.H-P    Manufacturing    Co.,    Cleveland,    O. 

starrett  Co.,    L.    S.,    Athol,    Mass. 

Taylor-Shantz  Co.,  Rochester,  N,  Y. 

Gavres,     Taper 

Pratt  &  Whitney  Co,,  Hartford,  Conn. 

MeaboMt    f'ori>^    B.,    25    W.    Broa.lway,    New    York. 

Starrett  Co.,    I..   S,,    Athol,    Mass. 

Gnires,  Thread 

nicknell-Thomas    Co.      arccnlleld,    Mass. 

Ilrown   &   Sharpe   Mfg.    Co.,    Providence.    R.    I. 

City   Engineering   Co.,    Dayton,    O, 

(Vimmunity    Mch.    &   TrH.1    Works.    151    (Jnind    St..    Now 

York. 
GreenfleM    Tap    Sc    Die    f"ori>..    Grocnndd,    Mass. 
Illinois   To<il    Works,    Chicago,    III. 
Ijifav.tt.-    T.K,I    Works.    1711    VV.irlh    St..    N.-w    York, 
fmlt    &    Whitney   Co.,    Hartford.    Conn. 
Il.llnne..    Die    A    RUmpIng    Co.,    ftlTi    N.    La    Salle    St., 

Clilengo.     111. 
Mi-aboMt     Corp.,     n.,     25     W,     Broadway.     New     York. 
■^Ii.nield    M.h.   A   Tool   Co..   Diivlon.   O. 
'ttiirr.ll    Co.,    T,.    H.,    Alliol.    Mass. 
Inlon    T0..I    fV,.,     Orange.     Mass. 

GiiKinK  Machine,  rnivprnai 

Amerlrnn    f;nnKO    f>).,    Dayton,    <\ 


Tweed    A    Co.i    loi)'    Diiaiin    St..    Now    York. 


Iltinllng    llrin.  ft    Mrmiwi  Co.,   7IH  ftii.nnr   St.,   ToIkIo, 

Ohio. 
.lohn«in    Ilronr^    Co..    New    Csstle.    P«. 
light   Mfg.    A    Krnimlnr   i'.n.,    Pott.lnwii.    Pa. 
Lumen    Itesring  Co.,   Iliiiralo,    N.    Y. 


Gear  Cutting  Machines,  Spur  (Rotary 
Cutter) 

Bilton    Mch.    Tool   Co.,    Bridgeport.    Cnnn. 

Brown    &    Sharpe   Mfg.    Co..    Providence,    R.    I. 

Flather  Mfg.  Co.,  Nashua,  N.  H. 

Gould   &   Eberhardt.    Newark,   N.   J. 

Newark    Gear    Cutting    Mch.    Co.,    Newark.    N.    J. 

Newton    Mch.    Tool    Worka,    Inc.,    23rd   and    Vine    Sts., 

Philadelphia,    Pa. 
Waltham    Machine    Works,    Waltham.    Mass. 
Whiton  Mch,  Co.,  D.  E.,   New   London,   Conn. 

Gear  Cuttinc  Machines,  Worms  and 
AVorni    AVhcels    (Hob) 

Adams    Co.,    Dubuque,    Iowa. 
Barber-Colman    Co..    Rockford,    EI. 
Bilton    Mch.    Tool    Co.,    Bridgeport,    Conn. 
Boston  Gear  Works.   Norfolk  Downs    Mass, 
Gould    &    Eberhardt,    Newark,    N.    J. 
Meisselbach-Catucci    Mfg.    Co.,    27    Congress   St.,    New- 
ark,  N.  J. 
Newark   Gear   Cutting   Mch.    Co.,    Newark,    N.    J. 
Newton    Mch.    Tool   Works,    Inc.,   23rd  and  Vine    Sta„ 

Philadelphia.    Pa. 
Reynolds  Machine   Company,    Masaillon,   O. 

Gears,    Bakellte-Micarta 

Chicago    Rawhide    Mfg.    Co.,    1301    Elston    Ave,,    Chi- 
cago.   111. 
Cresson-Morris  Co.,   Philadelphia,    Pa. 
Crofoot   Gear  Worka,    Inc.,   Cambridge  A  Branch,   Boe- 

Earle'  Gear  Sz  Mch.  Co.,  4705  Stenton  Ave.,  Phila- 
delphia,   Pa. 

Footc  Broa.  Gear  &  Mch.  Co.,  210  N.  Carpenter  St„ 
Ciiicago,    111. 

Grant    Gear    Works.    Inc.,    Boston,    Mass. 

Harrington,   Son   &  Co.,   Inc.,   Edwin.   Philadelphia,  Pa, 

Horsliiirgh  &  Scott  Co.,   Cleveland,  O. 

Meisel  Presa  Mfg.  Co.,  948  Dorchester  Ave.,  Boston, 
^Iass. 

Newark   Gear   Cutting   Mch.    Co.,    Newark,    N,    J, 

New    Process   Gear    Con'oration,    Syracuse,    N.    Y. 

Nuttall    Co.,    H.    n..    Philadelphia,    Pa. 

Westinghouao  Electric  &  Mfg.  Co,,  East  Pittsburgh, 
Pa, 

Gears,  Cat 

Adams  Co,,  Dubuque.  Io\\a. 

A Ibaugh-Dovcr  Co..   2100  Marshall  Blvd.,  Chicago^  111. 

Alliro-Clem  Elevator  Co.,  001  Erie  Ave.,  East  Phila- 
ilclphia.    Pa,  _ 

Bilgram  Mch.  Works,  12:11  Spring  Garden  St.,  Phila- 
delphia,   Pa. 

Bo«(«n    GIrar    Works.    Norfolk   Downs,    Mass. 

Brown    Co.,    A.    &    P.,    79    Barclay    St.,    New    York, 

Brown    &    Sharpe    Mfg.    Co.,    Providence,    R.    I. 

OlrtwoU  &  Son  Co.,  H.  W.,  17th  St.  and  Western 
Ave.,    Chicago,    lU, 

Cincinnati    Gear    Co.,    Cincinnati,    O. 

I'i.n>urn   Gear  \-   Mlg,   Co  .    Iloslou.    Mush, 

Crofoot  Gear  Works,  Inc.,  Camhrldgc  .\  Branch,  Bos- 
ton,    Mass, 

Croas  Gear  &   Engine   Co.,    Detroit,    Mich. 

(Jullnian    Wheel    (To.,     13.1!)    Altgold    St.,    Chicago,     111. 

Harts,    Rodni'V  Co..    Philadelphia,   Pa. 

lOarle  Gear  &  Mch.  Co.,  4705  Stcninn  Ave.  Phila- 
delphia,    Pa. 

I'awcus  Machine  Co..  Plttslmrgh,  Pa. 

I'ellows  Gear   Shaper  Co.,    Springftold,    Vt. 

Flallior    Mfg.    Co.,    Nashua,    N.   H. 

Foolii  Broa.  Gear  &  Mch.  Co.,  210  N.  Cariwntcr 
St.,    Chicago.    III. 

General    Electric    Co.,    Sejienectndy,    N.    Y. 

lll.nnon    Works,    Rochester.    N.    Y, 

(Jrnnt    Gear    Works,    Inc..    Boston,    Mass. 

Ilaninglon     Ron   .t   Co..    Inc.,    Edwin,    Pldladelphla.   Pa. 

Illn.ll.'V    Gear    t\'.,    I'lilladelphia,    Pa. 

lloraliiiVgh    ft    Heolt   Co.,    Cleveland,    O 

J.inos  Foimdry  A  Mch.  Co.,  W.  A..  1  lOII  W.  12th 
HI.,  Chicago,  III. 

I>«»ltrndner    Co.,    Cleveland,    O. 

Link-Melt    Company.    Chicago.    111. 

Meliiel  Pn-«»  Mfg.  Co.,  DIM  Ilorrhoalor  Ave.,  Boiilcm, 
Mum. 

Melsailhaeh  CaluccI  Mfg.  Co.,  27  Congress  St.,  Now. 
ark.     N.     J. 

N.vinrk   Gear   Cutting    Meh.    Co.,    Newark,    N.    J. 

New    Pr.M-e««    Gear    (N.rnornlh.n,    Hvrncusn.    N.    Y. 

Nntlliem    ICngine<.rinB    W'.rli-.,    Pilroit.    Mich. 

Nnllnll    Co.,    II.    !>.,    Plttnhurnh.    Pa, 

I'bllndelnhIa     Gear     WorkR.      I'hlla>leli>hla,      Pa. 

Pi».ln    Knglneering    *    Mch.    Co..     H,Jllniore,    Md. 

Hliiir.nds    Mfg.    Co.,    Pittsburgh,    Pa. 

Hlahl    dear  A   Meb.   Co,,   Clevolond,   O. 

Wostlnghouw   Bicc,    A   Mfg.    Co.,    East  Pittsburgh,    Pa, 
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Balanced 

Balanced — and  this  is  only  one  of  the  reasons 
why  the  Parker  is  the  popular  drill  chuck. 

Built  by  people  who  do  nothing  else  in  a  plant 
developed  for  the  sole  purpose. 

Let  us  send  the  complete 
Parker  story. 

PARKER  MFG.  COMPANY 

ANN  ARBOR  MICH.,  U.  S.  A. 

AGENT  FOR  FRANCE: 

Societe  Anonyme:  Alfred  Herbert,  Paris 

AGENTS  FOR  JAPAN: 

Yamatake  &  Co.,  Tokyo 


W   I    N    D    A    U 


Tools  That  Are  Right 

Efficient,  service-giving — Windau  Tools 
promote  economy  and  increase  production. 
Standard  or  special  types  for  all  construction 
purposes.     A  trial  will  win  your  endorsement. 


WINDAU  TOOL  CO. 


1565 
E.  17th  St, 


Cleveland,  Ohio 


PEERLESS  High  Speed  Steel 

Also  full  line  of  regular  Crucible  Steels 
and  Steels  for  special  needs 

Write  uB  for  particulars 

HELLER  BROS.  CO.,  Newark,  N.  J. 


LATHE  and 

PLANER 

TOOLS 

THEO.K.TOOL 
HOLDER  CO. 

Sholton.   Conn. 


THE  WINNERS 

Used  in  Every  Shop  Where  Economy  and  Efficiency  are  Practiced 


The  File  you  will  eventually  use— a.s  perfect  as 
will  and  skill  can  make— clean,  stronj*,  shan">  teeth 

DELTA  FILE  WORKS 

PHILADELPHIA.  U.  S.  A. 

{/••«/  in  Evmry  Shop  Where  Ecenomy  and  Efficiency  are  Practiced 
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Gears,   Doalile    Hellcnl.   Tut 

Earle    Gear   &    Mch.    Co..    4705    Stenton    Ave..    Phila- 
delphia,   Pa. 
Fawcus  Machine  Co..   Pittsburgh.    Pa, 


Grinding:    Machines,    Center 

(Cincinnati    Elec.    Tool    Co..    Cinciimati.    O. 
Diamond    Mch.     Co.,    Providence.    R.    I. 
Standard    Elec.    To,q1   Co..    Cincinnati,    O. 


Grinilin;?  MneliinoH,  Pinion  RIne 

Hf-ald    Machine   Co.,    Worcester.    Masa. 

Pedrick    Tool    &    Mch.    Co.,    3639    N.    Lawrence    St., 


Harrington.  Son  &  Co     Inc..  Edwin.  Philadelphia,  Pa.     United   States  *  Electrical  "Tool    Co.,    6th  *Ave.    and   Mt.    Pi 


Newark  Gear  Cutting 'ilch.  "Co.,   Newark,    N.  J 


Hope    St..    Cincinnati,    O. 


Gears,   Falirie  Grinding-  Maeliines^  Cliuckinpr 

Chicago    Rawhide    Mfg.    Co..    1301    Elston    Ave..  Chi-    Bryant    Chucking   Grinder   Co.,    Springfield,    Vt. 

cago.    111, 
Cresaon-Morris    Co.,    Philadelphia,    Pa.  Grinding    Mac>hines,    Cutter 

Crofoot  Gear  Wiorka,   Inc.,   Cambridge  A   Branch,  Bos-    Becker  Milling  Mch.   Co.,   Hyde  Park.   Mass. 

"  Bridgeport     Safety     Emery     Wheel    Co..     Inc.,     Bridge- 


Walker    Co.,    O.    S..    Worcester.    Ma 

Grinding;  Maoliines,  Portable  lOiectrie 

Chicago     Pneumatic     Tool     Co.,     1060     Fisher     Bldg,, 

Chicago,    m, 
Cincinnati  Electrical   Tool  Co.,   Cincinnati,   O. 
Clark   Elec.    Co.,    Jas.,    Jr..    Louisville     Ky. 


General    Electric   Co.,    Schenectady,    N.    Y. 
Grant  Gear  Works,   Inc.,   Boston.  Mass. 
Harrington,   Son  &   Co.,   Inc..   Edwin.   Philadelphii 
Stahl  Gear  &  Mch.  Co.,  Cleveland,  O. 


port.    Conn 
Brown   &    Sharpe    Mfg.    Co.,    Providence.    R.    I 
Cincinnati    Milling    Mch.    Co.,    Oakley,    CincinE 
Draper   &   Hall   Co.,    Middletown     Conn. 
Garvin     Mch.     Co. ,     Spring     and     Varick     Sts. . 

York. 
Gould    &    Eberhardt,    Newark,    N.    J. 
Grand    Rapids    Grinding     Mch.     Co.,     Grand     R 

Mich. 
GreenfifJd     Mch.     Co.,     Greenfield,     Mass. 
Greenfield   Tap   &   Die   Corp      Greenfield.   Mass. 
_.  _         -,  .  -  -  Harris    Engineering    Co.,     H.     E.,     Bridgeport, 

Bc«ton     Mass  f,,       ,      ^      ^  IngersoU    Milling    Mch.    to..    Rockford,    111. 

Horsburgh    &    Scott    Co. ,    Cleveland     O.  LeBlond  Mch.    Tortl   Co.,   R.   K..    Cincinnati,   O. 

Janes    Foundry    &^^Mch.    Co.,    W,    A.,    4409    W.    12th     Modem    Tool  iCo..    2nd   and    State    Sts.,    Erie.    Pa 

ark    Gear   Cutting    Mch.    Co.,    Newark,     " 


General    Electric    Co.    Schenectady,    r^, 
Hajikina.     U.     G..     541     W.     Wasliington     Blvd., 
cago,    ni. 
ti,    O,    Independent   Pneumatic   Tool   Co.,    Chicago,    111. 
Neil    &    Smith    Elec.     Tool    Co.     .Cincinnati,     O 


Gears.    Illolded 

BTOvra  Co..  A.   &  F.,   79  Barclay  St.,   New  York. 
Caldwell    &    Son   Co.,    H.    W.,    17th    St.    and    Western 

Ave. .    Chicago,    III. 
Oesson-Morris    Co.,     Philadelphia.     Pa.  v^.^^„^^,^   ^^ ,  .._  ^.^ 

Crofoot     Gear    Works,     Inc..     Cambridge     A     Branch,     Hants' 'Engine e ring' "co 


New    Standard    Electric    Tool    Co.,    Cincinnati,    O. 

Stow  Mfg.   Co.,   Binghamton.   N.   Y. 

United   States   Electrical    Tool   Co..    6th   Ave.   and   Mt. 
pids         Hope    St.,    Cincinnati,    O. 

Van   Dom   Electric   Tool   Co..    Cleveland.    O. 

Wiaconmn    Elec.    Co.,    2500    16th    .St.,    Kacine,    Wis. 


St..     Chicago, 
Link-Belt  Company,  Chicago.   HI. 
Philadelphia     Gear     Works.     Philadelphia.     Pa. 
Poole    Engineering   &    Mch.    Co.,    Baltimore,    Md. 
Stahl    Gear   &   Mch.    Co..    Cleveland.    O. 

Gears.   Rawliide 

Beaton    Gear   Works,    Norfolk   Downs.    Mass. 

Chicago  Rawhide  ilfg.  Co..  1301  Elston  Ave..  Chi- 
cago, ni. 

Cresson-Morris    Co.,    Philadelphia,    Pa. 

Crofoot  Gear  Worte.  Inc.,  Cambridge  A  Branch,  Bos- 
ton.   Mass. 

Earle  Gear  &  Mch.  Co.,  4705  Stenton  Ave.,  Phila- 
delphia    Pa. 

Fawcus    Machine    Co..    Pittsburgh.    Pa. 

Foote  Bros.  Gear  &  Mch.  Co..  210  N.  Carpenter  St.. 
Chicago,    111. 

Grant  Gear  Works,   Inc.,   Boston.   Mass, 

Harrington,  Son  &  Co..  Inc..  Edwin,  Philadelphia.  Pa. 

Horsburgh    &    Scott    Co..    Cleveland.    O. 

New   Process  Gear  Corp.,    SjTacuse,    N.    Y. 

Nuttall   Co..    R.    D..    Pittsburgh,    Pa. 

Stahl  Gear  &  Mch.  Co..  Cleveland.  O. 


idiu£?   Maelii 


Radial,   Ball    Race, 


Norton    Grinding    Co.,    Worcesti    . 
Oesterlein    Mch.    Co.,    Cincinnati,    O. 
Pratt    &    Whitney     C         —      -     -      - 
Royersford     Foundry 
Philadelphia,    Pa. 

Twist  DrUl   Co.,    Athol.    Mass. 


Rivett  Lathe   &  Grinder  Co.,   Brighton,   Boston,   Mass, 
Van     Norman     Machine     Tool     Co. .      Waltham,     Ave., 
Springfield,    Mass. 

ding  Macliiues.  Roto 


United   States   Electrical   Tool    Co..   6th   Ave.    and   Mt.    Heald  Machine  Co.,   Worcester.   Mass, 


^....^ .   6    ^^.    ^„.,    Fitchburg.    Mase. 

W^altham    Mch.    Works,    Waltham     Mass. 
Wilmarth    &    Morman   Co.,    1180   Monroe   Ave..    N.  .W.. 
Grand    Rapids,    Mich. 

Grinding    Maeliinest    Cylindricnl.    Plain 

Brown   &    Sharpe   Mfg.    Co..    Providence.    K.    I. 

Cincinnati    Grinder    Co.,    Cincinnati,    O. 

Draper   &    Hall    Co.,    Middletown.    Conn. 

Fitchburg     Grinding     Machine     Co.,     Fitchburg,     Mass. 

Greenfield  Mch.  Co.,  Greenfield.  Mass, 

Landia    Tool    Co. ,     Waynesboro.     Pa. 

Modem  Tool  Co..  2nd  and  State  Sts.,  Erie.   Pa. 

Morse    Twist    Drill    &    Mch.    Co..    New    Bedford,    Mass. 

Norton    Grinding    Co. ,    Worcester,    Mass. 

Ott  Grinding  Co.,   217   W.    10th   St..    Indianapolis.    Ind. 

Pratt    &    Whitney    Co.,    Hartford,    Conn. 


\  ton    Mch.    Tool    Works.    Inc. , 
Philadelphia,    Pa. 
Persona- Art*r   Mch.    Co. ,    Worcester,    Mass. 


lU. 


Albro^lem   ElevatOT   Co..   501   Erie  Ave.,    East.   Phila- 
delphia,   Pa. 
Baush    Mch.    Tool    Co..    Springfield.    Mass. 
Boston    Gear   Works.    Norfolk   Downs.    Mass. 
Brown   &   Sharpe   Mfg.    Co.,    Providence,    R.    I. 
Brown   Co.,    A.    &   F..    79  Barclay  St..    N. 


Marshall     Blvd.,     Chicago,     Grinding    Machines,    Cylindrical. 
I'niversal 

Brown    &    Sharpe    Mfg.    Co.,    Providence,    R.    I. 

I  'mc'nnati    Grinder   Co..    Cincinnati,    O. 

Fitchburg    Grinding    Machine    Co. ,     Fitchburg.     Mass. 

Fraser    Co.,    Warren    F.,    Westboro,    Mass. 

Grand     Rapids    Grinding    Mch.     Co.,     Grand     Rapids, 


York. 


Greenfield.     Mass. 


C*incinnati    Gear   Co..    Cincinnati. 

Crofoot  Gear  Works.    Inc..   Cambridge  A   Branch.   Bos-     Lard'ir'Toor  Co..nVaj-ir^bo"ro""i'a.'" 
t/m     M««.  Modem    Tool    Co..    2nd   and   State    Sts.,    Erie,    Pa. 

■"■    •'rinditiK  C...    217   W.    Knli    St..    Indianapolis,    Ii 


ton.  Mass. 
Earle    Gear    &    Mch.    Co..    4705    Stenton    Ave..    Phila 

delphia.    Pa. 
Fa«cu3    Machine    Co..    Pittsburgh.    Pa. 
Foote  Bros,   Gear  &  Mch.  Co..   210  N.  Carpenter  St. 


Pratt    &    Whitney    Co.,     Springfield. 
Thompson    Grinder    Co..    Springfield,    O, 
Universal    Grinding    Mch,    Co,,    Fitchburg,    Mass, 


Pa, 

Hindley   Gear   Co,,    Pittaburgh,    Pa, 
Horsburgh   &   Scott  Co..    Cleveland,   O, 
Link-Belt   Company,    Chicago,    111, 
Meiael    Press    Mfg.    Co.,    948    Dorchester    Ave.. 

ton.    Maaa. 
Newark    Gear  Cutting   Mch.    Co..    Newark.    N.    J. 
NuUall  Co..  It.  D..  Pittsburgh.  Pa. 
Philadelphia   Gear  Works    Pliiladelphia.    Pa. 
Pfjole    Engineering    &    Mch.    Co..    Baltimore.    Md. 
euhl    Gear    4:    Mch.    Co..    Cleveland.    O. 

Gear   Teiitlnsr   Mafliiiiery 

Adama   Co..    Dubuque.    Iowa. 
Gisholt    Mch.    Co.,    Madison,    Wis. 
Glc*aon    Works.    Rochester,    N.    Y. 
Morse    Twist    Drill    &    Machine    Co..     New    Bed 
Mass. 

Gear  Tooth    RonndcrH 

Cm»j!  Gear  Ic  Engine   Co..   Detroit.   Mich. 
Ingle    Machine    Co..    Rochester,    N.    Y. 
I-eBlond    .Mch.    Twl   Co.,    R.    K..    Cincinnati,    O, 
Walker    Mchy,    Co,,    Chas,    H„    Detroit,    Mich, 

Generatom,   Blectrlf; 

Ourtlari-WlUU    Co.^    Inc. 


Gr 


nfliiiST  Mnchi 


Ui 


Besly   &    Co.,    Chas.    H..    120-B    N,    CUnton    St, 

cago.    111, 
Bridgeport    Safety    Emery    Wheel    Co., 

port.    Conn. 
Diamond    Mch.    Co.,    Providence,    R.    I, 


Gardner  Mch.  Co.,  Beloit,  Wis. 
Greenfield  Tan  &  Die  Corp..  Greenfield. 
Itov bottom  Mch.  Co.,  Waterbury,  Conn. 
Sellcw   Mch,    Tool   Co.,   Pavtucket,   R.    I. 


Mast 


GrliKliiiK^    Ma<-lil 

Bridgeport    Safety    Ei 

port.    Conn. 
Grand     Rapids    Grinding    Mch.     Co.,     Grand    Rapids, 

Mich. 
Ileald    Machine    Co,,    Worcester.    Mass. 
Morse     Twist     Drill     &     Mach 


Abrasive   Mch.    Tool   Co.,_Providence,    R.    I. 

Blake    &    Johnson   Co.,    Waterbury,    Conn, 

Blanchard    Machine    Co.,     64     State     St..     Camljridge, 

Mass. 
Boston    Scale    &    Mch.    Co.,    Rosbury,    Boston,    Mass, 
Brown    &    Shan^e   Mfg.    Co.,    Providence,    R,    I, 
Diamond    Machine    Co.,    Providence,    R.    I. 
Draijer    i^   Hall    Co.,    Middletown,    Gonn, 
Fraser  Co.,    Warren   F,,   Westboro,   Mass, 
Gar^'in  Men.   Co.,    Spring  and  Varick  Sts,,   New  York. 
Heald    Machine  Co.,    Worcester,    Mass. 
Manhattan  Mch.   &  Tool  Works.   Grand  Rapids,   Mich. 
New    Jersey    Mchy,    Exchange,    Ne\\ark.    N.    J. 
Newf«n   Mch.    Tool  Works,    Inc.,    23rd   and   Vine   Sts., 

Philadelphia,    Pa, 
Noble   &   Westbrook  Mfg.   Co..    Hartford.    Conn. 
Norton    Grinding    Co„    Worcester.    Mass. 
Reed-Prentice    Co.,    F.    E.    Reed    Dept.    and    Prentice 

Bros.    Dept.,    Worcester,    Mass. 
Rowbottom    Machine   Co.,    Waterbury,    Conn. 

ersal    Grinding    Mch.    Co..    Fitchburg,    Mass. 
Co.,   "     '■      — 
th    & 

Grand   Rapids.    Mich, 

'™-    Grinding;'    Machines,    Thread 

Conimunity   llch.    &    Tool   Works,    154    Grand    St.,    New 

Grinding;:  Mnoliines.  Tool  and  Cutter 

Chi-    Armstrong    Bros.    Tool    Co.,    313    N.    Francisco    Ave., 
Chicago,    111. 
Bridge-    Baird   Mch.    Co..    Bridgeport.    Gonn. 

Barnes    Co.,    W,     F,    &    John,    231    Ruby    St,,    Rock- 
ford,  m, 
Blake    &   Johnson    Co^    Waterbury,    Conn. 
Blount  Co..    J.    G..    Everett.    Mass. 
Bridgeport  Safety   Emery  Wheel  Co.,   Inc.,   Bridgeport, 

Conn. 
Brown    &    Sharpe    Mfg.    Co.,    Providence,    R,    I. 
Cincinnati    Elec.    Tool   Co..    Cincinnati,    O. 
o„i.i«„     Cincinnati    Milling   Mchy.    Co.,    Oakley,    Cincinnati,    0. 
Bnage-    mj^oaj    Machine    Co,,    Providence,    R,    I, 
Draper    &    HaU    Co.,    Middlet^iwn,    Conn. 
Factory   &    Mill    Supply    Co..    Boston,    Mass. 
Fenn   Mfg.    Co..    Hartford,    Conn. 
Forbes    &    Myers.    178    Union    St.,    Worcester,    Mass. 


Charch    St.,    New    York. 


Reliance     Elec. 

ClereUnd,   Cv  „ 

Hprarw   Electric  Work*.   B2T  W,   34th  St.,   New  York,     S,""**' 


Sellers    &    Co.,    Inc,    Wm,,    Philadelphia,    Pa. 

Standard    Tool    Co..    Cleveland,    O. 

Sterling   Grinding   Wheel    Co.,    Tiffln,    O, 

United   States   Electrical   Tool   0>.,    0th   Ave.   and    Jl»t. 

Hope   St.,    Cincinnati,    O. 
Wilmarth  &   Morman  Co.,   1180   Monroe  Ave.,    N.   W., 

Grand  Rapids,  Mich, 

Grinding;    .Mai-hincH,    Iiilernal 

Bridgeport    Safety    Emery    Wheel    Co.,    Inc, 
port.    Conn. 

&   Sharpe   Mfg.    Co.,    Providence.    R. 


Co..     New    Bedford,    — -    ^ehl'ci'..    Madi,,on.    Wis.' 

Grand    Rapids    Grinding    Machine    Co.,    Grand    Rapids, 


Greenfield  Machine  Co,,  Grei 
Grienfleld  Tap  &  Die  Corp,, 
I.eBlond    Mch,    Tool    CO..    " 


ifleld,  Mas! 
Greenfield, 
K,.    Cii 


Mass, 


Eck  Drnamo  A  Motor  do„  BellcriUe,  N.  J 

General    Electric   fk...    Schenectady.    N.    Y.  K ".  •^,  "■',"■"■"  A'l'-,  ^"A   "'i;"^'":£';A"- ■.,'.' 

"lee.     &     fcng.     Co.,     1056    Ivanhoc     Road,     "P»P'    ?,''"?K'"?  .^^S'^'^f   9.°-    Springfleld,    Vt, 
fi  '  •     Cincinnati    Electric    Tool    Co.,     Cinoinnati,     O. 

;-_.?,.  «,  _.  _ _.      ..       _    .       TTro.,..    r„      Wo,™„    TT      Wcstboro,    Mass, 

Greenfield .    MaM. 


Gencratorn,    Gni> 

ArncrlcM   Gas   Furnace   Co.,    25  John   Ht,.    New   York, 


field  Mch, 
Heald  Machine  I 
I^ndifl    Tool    t.'o. 


Mich 


Generator*,    Oxyven    and    llvdi 

International   Oiygen   Co.,    115   Brotdwar, 


GotricleK.   Mnfetr 

WlOion  A  Co..  Inc..  T.  A.,  Reading.  P». 


Meisselbach-Oatucci    Mfg.    Co.,    27   Congress   St,,    New- 

ark,    N.    J. 

Mode 
Moral 

Bridge-    Nationil    Acme   Co      Cleveland,    O, 

Norton     Grinding     Co„     Worcester.     Miis.s. 

OcHterlein  Mch.  O).,  Cincinnati,  O. 

(Ill    Grinder   Co..    217    W.    lOlh    St.,    IndaannpoliB,    Ind. 

Hellers    &    Co.,    Inc,    Wm,,    Philadelphia,    Pa, 

Standard    Tool    Co.,    Cleveland,    O, 

Taylor   &   Fenn  Co.,    Hartford,    Conn. 

United   States   Electrical   Tot>l    Co.,    6th   Ave.   and   Mt. 

Hope   St.,    Cincinnati,    O. 
Universal    Grinding    M.li.    c.        I'il.-lil.nrg.    Mass. 
Vitrified     WheiJ      C<.,,      W  ■  !!       Mass. 

,,       .    ,     Walker   Co..   O.    S.,    W M  -    . 

■«.  WclHfA.r  &   Perks  '/'....I   •  ■■        ,■•     ,11^.1.   O. 

"        —     Whitney    Mfg     Co.,    Ha 


Modem    Tool    Co,,    2nd   and    SUU   Btii,,    Krie,    Pa 
OHTcn  ott   Grinder   Co.,    217    W.    IDlh    St.,    Indlanai..>lis, 

New    York,     Rivett  lyatho  &  Grinder  Co.,    Brighton,   Boslon,    Mass, 

■^'w^/i  »„'?'«"   '•''T'^'^S'   ''n""^   ^°-    "''■   ^"'-    ""'•   *"•    Wilmarth  &"i«, 

Hope     St.,     Cincinnati,     O.  Grand      Rnnida       Mich 

UnlverMal    (irindlna    Co.     Fitchburg,    Mass.  ..."™'"',    'W""' ,,  ""=.?.■ 

Van     Nonnan     Machine     Ti«l     Co.,     Wolthiun     Ave., 

Hpringfleld,    Mans, 
Wo<Kl    &    HaflTord    Mch,    Wks,.    Great    Falls.    .Monlnna, 


llSO   Mo 


Ave,,    N,    W„ 


■inisln    lOIci 


Gr. 


nn.M.     Ma«^ 


Grlnillnic     Mnrhlnea.    Ileni-h 

Alh..l    M.li,    <:„..    Alhol.    M«««. 

l!ridg<T>'>'t     Hafrly     Emery     Wheel     (>>.,     Inc.       I 

tK/rt,   Oinn. 
IlTiil/lem    Ir'm    Foundry      li        I,,,.      I|      | 
f:inclnn«ll    Klec.    T..  i  .  '  O 

IMamnnil  Mrh.   Co      I 

K/vbea  A   Myeni  ll'*  'Vtrr    Maw 

Onr«1ell-Pt«lt    (U,.,    (.■ 

Gre.-nneM    Tap    *    l>i"    •    -r        i.r.^r„nr|.1,    MaM 
llardlngn    llrr«.,.    Inc.,    ilrrle.u    and    llaTenininod 

Chlraco,     III 
N«w    llrtlain    Mch.   Co..    New    Ilrilaln,   Conn. 
Ilanarim    Mfg.    Co..    Oahknah,    Wla, 
llltell  lAthe   A   firlnder   Co.,    Ilrllihton.   riontan, 
Htandanl   Electric  T<k4  Co,,   dnelnnatl,  O, 
Wfb«t.r   A    IVrka  Tw.l    Co,,    Bpflnitleld,    O, 


Grlndlnic    Mnc-lilnex,    Knife 

Bridgeport    Safety    Emory    Whuul    Co., 

port..    Cr»nn. 
Dellnnce  Machine  Worka,   Dcnanco,  O. 
Diamond    Mch.    fV...    Providence,    R.    I 
Ne»l<OT    M.h.    T.iol    WorkK.    Inc.,    2.'trd 

I'hllndelpliln,     I'n. 


Grinding     MnehlneN,     Ini 
a,nd    Planer   Tooln 

Gisholt    Mnchino    Co..    Mndison.    W 
Hellers    .v.-     Co..     Wm,.     Phlhidelphl 


2nn0    l(!th    Ht,.    Haclnc.    Win, 

liverNOl,     l.athe 


rluilInK    Mr 


Miili 


>n-l>orlnlile 

union    (fl.etrle   Co..    Canton.    l\ 
llnnvmi    .Mfg,    <;„,,    rislik'iah.    Wis. 
Wrli.ler   *    I'erks  Tik>1   Co.,    Hprlngndd,    (I, 

firlndlns    MnehlneN.    Milltiiiie    .Spl 

llryant   Churklng    Grinder   Co..    Hiirlngneld.    Vt 

firliidliiic      Mnehlne*.      i'lpe      Thre 
llle 

Blgiiall   A    Keoler  Meh.    Works. 
Uiidls    Meh,    Co,,    Inc,    Wayneal 
.N.'loiisl    Mrhj,    Co,,    Timn,    O, 


Dclliii Mn.liiii.'     WorliH,     Defiance,    O, 

Grindliiu    Wheelx 

Abrniiivo     <■/<..      IlridcHbiirg,      rhiladelphia.     Pn. 
Ilriilgeporl     Hafoty     Emery     Wheel     Co,,     Inc.,     Ilrld 

Iiort,    ('onn, 
Il..|riill    Oriniling    Wheel    Co,,    llotrolt.    Miili, 
llanp<len    Ccnimlnin    VVhe.-l    Co..    RpriiiuHeld.    Mass. 
Maxf  Grinding  Wh.rl    lorp,,  Chester,    Mass, 
Nllllonill     GtllHllliu     \VI„e1     (Si,,     Inc.     BulTalo,     N, 
N..rl..ii    <■..,.    W.ir.vul.r,    Miimi, 
Hlar    ('riniiMlniiii     Wli.el     C..,,     Timn,     I), 
Hl.rllng    Grinding    Wl...  I    <■■:.    'I'lllln.    II, 
VllJ-llled     Wheel     Co..     Weutlleld.     Mnw., 


Ilei 


R<lHar<1nllle,    111. 


Pa. 
<4nn   llorinHT  MnehineH 

Hlirhigllild    Mill     Tool    !■",.    Hpringdeld. 


rlnK    Oil 
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You  Don't  Have  To  Chase 
The  Work  Around  In  An 

ATHOL  VISE 


You  probably  know  how  annoying  it 
is  to  chip  away  at  a  piece  of  work 
held  in  a  vise  that  gives  at  every 
blow,  to  have  to  chase  your  work 
around,  till  you  are  obliged  to  put 
down  your  tools  and  "tighten  up" — 
but  do  you  know  the  satisfaction  of 
working  at  an  Athol  Vise?  Are  you 
familiar  with  the  buttress  type 
screw,  which  gives  "Athol"  jaws  their 
famous  bull  dog  grip,  the  positive 
lock  on  the  swivel  base,  the  safe  and 
convenient  ratchet  handle?  If  not, 
it  will  pay  you  to  investigate.  We'll 
furnish  the  necessary  data.     Write. 

N.B. — Athol  Vises  are  fully  guaran- 
teed. 


ATHOL   MACHINE   COMPANY 

ATHOL.  MASSACHUSETTS 


Machinists' Swivel  Vise 


with  self-adjust- 
ing jaw  that  is 
as  strong  and 
durable  ■  as  any 
solid  jaw,  and  a 
Swivel  Bottom 
that  gives  any 
desired  adjust- 
ment to  right  or 
left,  and  is  solid 
and  firm  at  any 
angle.  We  nial<e 
all  sorts  of  good 
vises,  and  have 
been  leaders  in 
this  line  for 
forty  years. 

Send  for  catalo^e 
and  price  list. 


PRENTISS  VISE  COMPANY,  "«^A1 

Solo  Agents  for  Canada:  A.  M:ir  f^irhiii.-  &  Co., 


DIE  CASTINGS 

Prompt  delivery  guaranteed.     Send  samples, 
blueprints  or  sketches  for  estimate. 

MT.  VERNON  DIE  CASTING  CORPORATION 

MOUNT  VERNON,  N.  Y. 


Quick  Operating  Lever  Vise 


largo  niimlier  of 
picws  arc  to  Iw  li»n- 
dlr.l    quickly. 

.R<-nfl     f..r    <'lrcu1ar. 

The  Carter  S 
HakesCompany 

Sterling  PI..  Win.lod.Ct. 


A  "Reed"  on  Your  Bench 

Don't  be  satisfied  to  buy  "any  old 
vise" — demand  a  "Reed"  and  get 
100  per  cent  value  for  every  dollar 
spent.  Reed  Vises  are  as  unbreak- 
able as  a  vise  can  be  made.  One 
on  your  work-bench  will  insure  the 
best  vise  service  possible. 

Reed  Vises  hold  work  rigidly,  do 
not  get  out  of  order,  and  stand  the 
strains  of  severe  service.  Cata- 
logue H  is  a  reference  book  for  use 
when  buying  vises.  May  wo  mail 
you  a  copy  today? 

REED  MANUFACTURING  COMPANY 

Erie,  Pa  ,  U.S.A. 
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HaiMiiiers.  Drop 

BUlings  &   Spencer  Co.,   Hartford.    Coun.  «     -e 

BUaa   Co..    E.    W.,    17    Adams    St..    Brooklyn.    N.    Y. 
Chambersburg    Engineering    Co.,    Charabf^rsburg.    fa. 
Miner  &  Peck  Mfg.    Co.,    New  Haven,    Conn. 
XUes-Bement-Pond    Co.,    Ill    Broadway,    ^en•    lorK. 
WtUiams,  White  &  Co.,  Moline,   lU. 

Haniiiiprs.    Macliini.sts"    Hand 

BiUings  &   Spencer  Co.,   Hartford,   Conn. 

Haiiiiners.    Pnemiiatlc 

Independent    Pneumatic    Tool    Co.,    Chicago.    lU. 
IngersoU-Rand    Co.,    11    Broadway,    New    iork. 
NSel    Engineering    Works.    4043    N.    oth    St.,    Phila- 
delphia,   Pa.  _  .  _,..  _,- 
Q    M    S    Co.,    1763    Elston   Ave..    Chicago,    111. 

Hammers.    PoTver 

Beaudry   &   Co..    Inc..    Boston.    Mass. 
Bradley  &  Son,   Inc..   C.   C,   byracu^,   N,  \. 
Dienelt    &    Eigenhardt,    Inc..    Philadelplna,    Pa. 
Mayer   Bros.   Co..    131   W.    Rock   St.,    Mankato.    Minn. 
Nazel    Engineering    Works.    4W3    N.    oth    St..    Phila- 
delphia.    Pa.  ,        „   ^         .^j 

United  Hammer  Co.,   OliTcr  Bldg..   Boston,   Mass. 
West  Tire  Setter  Co.,  Rochester.  N.  1. 
Williams,  White  &  Co.,   Moline,  111. 

Hammers.    Ra^Tjilcle 

Chicago  Rawhide  Mfg.  Co..  1301  Elston  Aye..  Chicago. 
111. 

Hammers,   SheU  Xosins 

Beaudry  &  Co..  Inc..   Boston.  Ma^..     .  .^    „^       „,  ., 
Xazel    Engineering    Works.    4013    N.    oth    St..    Phila- 
delphia,  Pa, 

Hammers,    Steam 

Chambersburg   Engineering   Co..    Chambersburg,    Pa. 
Nfles-Bement-Pond    Co.,    Ill    Broadway.    Xew    York. 
QMS  Co..   1763  Elston   Aye..  Chicago.   HI. 
Sellers    &    Co..    Inc.,    Wm.,    Philadelphia,     Pa. 

Handles.    Machine 

CMndnnati    Ball    Crank   Co.,    Cincinnati,    O.    . 
Cincinnati    Screw    Co.,    Twightwee.    Cinannati.    Q. 

Hangers,  Shaft 

Brown    &    Sharpe   Mfg.    Co..    Providence.    R.    I. 
Brown  Co.,   A.   &   F..   79  Barclay   St..   New   York.       . 
CresEon-Mnrris     Co..     Philadelphia,     Pa. 
Defiance  Machine  Works,   Defiance,  O, 
Fafnir    Bearing    Co..    New    Brita'n.    Conn. 
Link-Belt    Company,    Chicago.    Dl. 
New    Departure    Mfg.    Co..    Bristol.    Conn 
Koyeraford   Fdry.    &   Mch.    Co..    54    N.    5th   St..    Phil- 
Sellers  & 'Co.. 'inc.,  Wm..   Philadelphia,   Pa. 
S  K    F  Ban  Bearing  Co..   Hartford    Conn. 
Standard    Pressed    Steel   Co..    Philadelphia.    Pa. 
Wood    Sons  Co..    T.   B.,   Chanil>ersburg,   Pa. 

HarilneNM   Testing  Instrnments 

Holi:.     Herman     A.,     Metropolitan     Bldg.      New     York 
Shore    Instrument    &    Mfg.     Co..     Inc..    5o7    W.    22nd 
St.,    New    York. 


Heading   Machines,   Cold 

Cook  Co.,  /Ua  S.,  Hartford,  Conn. 

Heating   and   Ventilating    Apparatus 

Buffalo    Forge    Co.,    Buffalo.     N.    Y. 

Ilent    Treatment    of   Steel 

Ste-;!    ImproTcmcnt  &   Forge  Co.,    Cleveland.   O. 

Holthing  Machines 

S<-«  Gear  f'utting  Machines.  Helical  and  Spur  (Hob) 
and  Gear  Cutting  Machines.  Worms  and  Worm 
Wheels     (Hob). 

Ifohs 

Adima  Co.,   Dubuque,   Iowa. 
Barb<r-C»jlman    Co..    Rockford.    Ill,  _,    , 

Brovn  &  Sharpe  Mfg.  Co..  Prm-idcnce.  E.  1. 
G/*ldard  To'jI  <>>.,  Chicago.   Ill, 
Gould    &    Eb<frhardt,    Newark.    N.    J. 
niinoiii  Tw\  Worka.  Chicago.  111. 
r>»»Iirmdner    O),,    CleveUnd.    O. 

M<i««-llMch-'^;atuccl    M(g.    Co..    27   Congress    St.,    New- 
ark,   N.   J. 
Michigan    Tod    O.,    Detroit.    Mich.        .     ^.     , 
Newark  Gear  Cutting  Mch.   (Uj.,    Newark,   N.  J. 
I'nlon  T»1iit  Drill  (3o..   Athol.   Maw. 

Hoists,   Air 

Inei-ni'.ll  Hand    Co..    11     Broadway.    New    York. 
N.rthi-m    Engineering   Workn.    Detroit.    Mich. 
g   M   .S  Co..    n(H  Ehiton   Are..   Chicago,    111, 

Hoists.    Chain,    Kto. 

f^n  *  Co..   Inc,   Alfred.   Philadelphia,   Pa. 
'■l,l,h'Jm-M'*jre  Co,,   n.reland,    O, 
KTd     Chain     Block    A     Mfg.     Co,,     Philadelphia,     Pa. 
ll«rnT,i-t'm     S/jn    &    Co.,    Inc,    Edwin,    Philadelphia. 

WrKi.t   Mfe.   Co..   Utbon,   O,  _    . 

Y.J"    ft    T'mni,    Mfg.    Co..    «    K.    40lh    St.,    New    York. 

Hoists,    Klectrle 

lint  k  Co,,  Inc.,  AUrwl,  rhllatli'lphU,  Pa, 

ci,:   .J.     I',..  ,„,,•%      T    !     '■-.     lOflO     Fluher    Bldg,. 


Hydranlic    Machinery   i«nd    Tools 

Chambersburg   Engineering   Co.,    Chambersburg,    Pa. 
Hydraulic    Press     Mfg.     Co.,     84    Lincoln    Ave..     Mt. 

GUead.    O.  „        .^     „.  . 

Metalwood   Mfg     Co..    Detroit,    Mich.  .  .        _^ 

loutKk    Foundry"  &  Jlch:    to..„  Pbiladelphm     Pa. 
Watson-Stilhnan   Co..    192   Fulton    St.,    New    York. 
Williams.  White  &  Co..   Moline.  lU. 

Inttrimtiontl"  Oxygen    Co..    115    Broadway,    New   York. 

Hytlrometers 

Brown    Instrument    Co.,    Philadelphia.    Pa 
Cooper    He«itt    Electric    Co.,    Hoboken.    N.    J. 
Taylor    Instrument   Companies,    Rochester,    «.    l. 

Index    Centers 

See    Mining    Machines.    Universal. 

.Abrasive   Mch.    Tool   Co.,    Providence.    E.    I. 

Carroll,    WUliam,    Cincinnati.    O. 

Dickow,    Fred    C,    37    Desplaines    St..    Chicago,    111. 

Indicators.    Speed 

Brown    &    Shanie    Mfg.    Co..    Providence,    B.    I. 

Brown    Instrument    Co..    Philadelphia.    Pa. 

GoodeU-Pratt   Co..    Greenfield.    Mass. 

Greene,    Tiveed    &    Co..    109    Duane    St.,    New    York. 

Johnson   &   Miller.    42   Murray   St.,    New    York. 

^tjirrptr  Co     L    S      Athol,  Mass. 

ISr    Mfg.'    Co.     39    Sarieant    St..    Hartford.    Conn. 

Indicators,   Test 

American    Gauge    Co..     Dayton^    Q. 
Br.onn    &    Sharpe    Mfg.    Co..    Providence.    R.    I. 
Brown    Instrument    Co..    Philadelphia,    Pa. 
Johnson  &  Miller,  42  Murray  St,.  New  York. 
Norton    Grinding    Co.,    Worcester,    Mass. 
Stanett  Co.,  L.   S.,   Athol,   Mass. 

Injectors,    Steam 

Sellers  &   Co..   Inc.,   Wm..   Philadelphia.  Pa. 
Walworth  Mfg.   Co..  Boston,  Mass. 

Jacks.  Hydraulic 

WaLsw-StiUmau    Co..    192    Fidton.    St..    New    York. 

Jacks.   Planer 

Armstrong    Bros.     Tool    Co..     313    N.    Francisco    Ave., 
Chicago,   111, 

•   Jigs    and    Fixtures 

American    Mch.     &     Foundry     Co.,     5520     2nd     Ave., 

Brooklyn,    N.    Y. 
American   Tool   &  Mfg.    Co..    Drbaiia,    O. 
•Anderson  Mfg.   Co.,   Elyria.   O.       .      „    ,      „ 
Becker   Milling    Machine    Co.,    Hyde    Park.    Mass. 
Bruno   Mfg.    Co.,    Buffalo,    N.    Y. 
Carlstrom-Wenstrom    Co.,    Philadelphia,    Pa. 
Chicago  Recording  Scale  Co.,   Waukegan,   111. 
City    Engineering   Co.,    Inc.,    Dayton,    O. 
Colbum    Gear    &    Mfir,    Co..    Boston.    iMaa.>). 
Columbus  Die,   Tool  &  Mch.  Co..   Columbus.   O. 
Davis    Machine    Co.,    Inc,    C.    F.,    Rochester,    N.    Y. 
Dayton   Stamping  &   Tool   Co..   Dayton.    O. 
Fenn    Mfg.    Co..    Hartford.    Conn. 
Gisholt   Mch.    Co.,    Madison.    Wis.  ^      „ 

Harris     Engmeering     Co.,     H.     E.,     Bndgeport.     Conn. 
Goddard    Tool     Co..     Chicago.     HI.  . 

Krasberg   Mfg.    Co.,    536   Lake    Shore   Drive.    Chicago, 

Laniiing   Stamping   &   Tool    Co.,   Lansmg.    Mich. 

Manhattan   Mch.    &    Tool   Wks..    Grand   Rapids.    Mich, 

Maute    &    Sons,    J.,    Buffalo,    N.    Y. 

\Irhl   Mrli     Tool   .t   Dif   r.i..    RoseUe,   N.   J. 

\l;,  1  "■--■    r         I.  •--:'     \]-'-h. 

\t  Ml;  ( ■..  .    Columbus,    O. 


O. 


'/It.  UJcb. 

I  1.1  ••■nuk™.    Wi«. 

i-rth-    >,    ll'.iir    Co.,    Montfflir    FoUii. 

Worlw,   Mn   W,   Mlh  St..   New  York. 
1  IV..,  22  H.   Home  Aii-.,   Chicago.   Ill, 

I  ,;      .    i;r    .■      .V    f;r«rni    Co.,    Toledo,    O. 
In.   *    j.r.n"   Mf«.    O...   I»   B.   40lh   HI..    Now    York. 

H»l<t«.    T'nritmnlie 

(. 1- ,.lc     Tool     Cn,.     10(10     FluhiT     Bldg.. 

Mchr,   Co.,   IIW  KIroUn   Atr..    Bt. 

■   ..    U    Broadnay,    N««    York, 
ring  Workii.   Dtlfoll.   Mlrh, 
-I  Rw.rti   At».,  Chlexo.  III. 
Cana    *    lloUt   Co.,    Mimlonr    Fallt, 

Holals.    rorlnlilr 

C«..l.»i     C'.pndr;     *     .Mi) '' '  .     'H'inn.     I>. 


V,        V  M '      Mich. 

Xel*ii,     T....1     Co.;     In...     7S1--S3    E.     H2d    St.,     New 

Potter' Tool   &  Mch.   Wka..    S.   A.,   79   E,   130th  St,, 

New    York 
rrei.iier  Sna'p  Fastener  Co.,  182  Grand  St.,  New  York. 
It.-liance   Di.'    &    Stamping   Co.,    515   N.   La    Salle   St., 

Itevnoi.ls  Macjiiiie   Comnnny,   Mas-sillon.   O. 

Uobidoux  Mch.   Co.,   20   Fulton  St.,   New  York. 

Seaboldt    Corp..     B..     2.")    W.     Broadway,     New    York. 

.S-P   Mfg.    Co.     Cleveland.    O. 

Stoiner  Bros..  Lima.  O.  ...»,„, 

Swedish  Gage  Co..   Inc..   245  W.  BHth  St..  New  York. 

Taft-Pelrce  Mfg.    Co.,   Woonsockct,    R,   I, 

TavVn--Sliant.z  Co..   Rochester.   N.   Y. 

I'rliana  Tool   &   Die   Co.,   I.Irbana.    O. 

Wi-Btem    Tool    O..    Newark,    N.    J. 

Wilcox  Motor  &  Mfg.   Co.,   Sag'naw,   Mich. 

Windau    Tool    Co.,    Cleveland,    O, 

Kettles,    Sodo 

Ilrown    .t    Sharpe    Mfg,    Co..    Providence.    IJ.    I. 
Nilca-Bcnient-Pond    Co.,    Ill    Briind«»y,    New    York. 

KcyscaOTS 

linker  Bron..  Toledo.   (\ 

Deflance     Machine    Works,     Dcnaiiro      O, 

Lapolnte    Mch.    Tool    Co..    Hudson,    Mnas. 

MHtB  &   Merrill,    913   Water   St..    Saginaw,    Mich, 

M'«t«n   Mfg.    Co..    MuHkeoon   HelghtH.    Mich 

N<.w(on    Mch.    Twl    Works,    Inc,    23rd    and    Vine    St«,, 

Philadelphia,     Pa.  ,  „         „    , 

NIlcitBimeiit-Pond    Co..    Ill    Broadway,    Now    York, 

Keyscnters,    <'nttcrs    for 

Ilavia  Mch,    Co.,    Inc,    O.    F..    Rochenter,    N,    Y, 

Keysenters.     Portable 

llurr    &    S/,n,    J.    T..    Brooklyn.    N.    Y. 
llucher-Smllh    Co.,     Eaat    Liverpool.    O. 

Keys,    Machine  

Morton   Mfg.    Co.,    Mup.kr_gon   nelghlK,   M  ch. 
HUndard    iliiuge    8te.-l    (To,,    Benver    Falln,    I'», 

i;^!',',;:™'.  Tc:::-j'T'"Si   i'Srd.    St,,    nr^klyn, 
N.    Y. 

Knives,    Machine 

i;^.   Wrench   Co.,    Worccntnr.    Mbm. 
HlmoMd«    Mfg.    f^o..    Fllehburg,    Mnrw, 

Knnri     Ilolders 

lir.liiim    .\tr(i.    Co.,    Prorjilirnre,    n      I, 
I'ralt    &    Whitney    Co,,    Hartford,    Conn, 


Lamp   Guards,   Etc. 

McCrosky    Reamer    Co.,    Meadville,    Pa, 
Newman    Mfg.    Co.,    Cincinnati,    O. 

Lamps,    Electric 

General   Electr.c   Co.,    Schenectady,    N.    Y. 

Ijapping   Machines,    Po-wer 

Builders    Iron   Foundij,    Providence,    R.    I. 
Potter    Tool    &    Machine    Works,     79    E.    130th    St., 
New    York. 

Lathe    Attachments      „      .       ,.     „ 

\merican    Tool    Works    Co.,    Cinannati,    U, 

bSms  to..  W.   F.   &  John,   231  Ruby  St.,   Rockford, 

Ba"nes   Drill   Co,,    Inc,    814    Chestnut    St.,    Rockford, 

Bove    &    Emmes   Mch.    Tool    Co.,    Cincinnati,    O. 

Bradford    Mch.    Tool    Co.,    Cincinnati,    O.   . 

Br'd^eford     Mch.      Tool     Works,      151     Winton     Road, 

(>ilwSeson  Mch.  Tool  Co.,  527  Davis  St.. 
ChlSiion    TmI  Works   Co.,    4955   Spring    Grove   Ave.. 

Cincinnati.    O.  _.,       t  j 

Cha«d   Lathe    Co.,    Newcastle,    Ind. 
Cincinnati  Iron  &  Steel  Co.,  Oincmnati,  O 
Davis   Mch.    Tool   Co.,    Inc.     Eocheger.    N.    Y. 
Diamond    Mch.     Co.,    Providence      R.     I. 
Fischer  Mch.   Co..   Philadelphia,  Pa. 
Fitchburg    Mch.    Works,    Fitchburg     Mass. 
Plather    &    Co.,    Inc.,    Nashua,    N.    a. 
Gartn  Mch.    Co.,    Spring  and  Vanck  Sts.,   New   York. 
Greaves-Klusman  Tool  Co.,   Omcinnati,  O. 
Hendey  Mch.  Co.,  Torrington,   Conn 
LeBlond  Mch.   Tool  Co.,   E.   K..    Cincinnati,   O. 
L^^    &    Shi'pley    Mch     Tool    Co..    Cincinnati     O. 
Maiming.    MaxweU    &    Moore,    Inc..    119    W.    4Utn    St., 

Monarch  °Mch,    Tool    Co,.    Sidney,    O. 
Mueller    Mch.    Tool    Co..    CincmnaU,    O. 
Mulliner-Enlund    Tool    Co..    Inc..    byracuse.    N.     1. 
Newman    Mfg     Co.,    Cincinnati,    O. 
NUes-Bement-Pond    Co.,    Ill    «'?f'i;;W-    ^?5,  ^"''• 
OUver    Machinery    <>.,     (3rand    Rapids     Micb. 

IS'd^Prlnt^'S^l  ^p-E««'De°pr'and  Prentice 
Ri^ve^?t^'La'?S''&  ^S&  "S?ighton,  Boston.  Mass. 
Rockford   Tool   Co..    Korktorrt.    111. 

rpSfe-ld^^Si^.  T^i  §o".T3T"soii'?hern  Ave..  Spring- 
vSdyck^Churchill  Co  149.  Broadway  New  York, 
WSS'^^i^  ll^Jh£°e'w^riS,™ai^at^'Fall3,    Mont. 

.^i*:*'trong°B?fs.  Tool  Co.,  313  N.  Francisco  Ave., 
Hamma??^i'"'Schlemmer    &    Co.,    4th    Ave.    and    13th 

N.  y. 

I.nthe     Planer    and    Shaper    Tools 

A™stiong    Br^,    Tool    Co,,    313    N.    Francisio    Ave., 

Chicago,    111.  .,       ,    , 

Cliard    Lathe    Co.,    Newcastle,    Ind. 
Gisholt   Mch.    Co.,    Madison,    \Vis. 
Lovejov    Tool    Co.,     Inc.,     Spriugfleld      ^  t. 
Mil^rnskv    Reamer    Co.,    Meadville,    Pa. 
ketzger  "  Welding    Co. .    CincmnaU,     O. 
OK     Tool    Holder   Co.,    Shelton,    Conn. 
KS^lV  %oT^r-eS,\.E.^n^Tri^.e,or..   Conn. 
ISJsZ  ':""on'^  Co.,«prrb.;'N^^Haven,   Comi. 
West  Haven  ,  .Ifg.   Co.,    New  Haven,   OOTlll. 
iv!?Lrn     Tnril     &     Mtg      Co.,     Spnngfleld,     O. 
wftonis    &    Co.     J     H.,    61"  EicharSs    St.,    Brooklyn. 

N,    Y. 

V'l'uV-    W*"ric"  Mrt      Works.     Fitchbuig.     Mass, 
^      '  '   "  Madison,    Wis 


Horses,    Steel 
Fr>-Mi    *    Co.,    Inc 
Yiitk. 


A.,    417   c«n»l    Ml.,    NMt     «i 


.         (iM'^nnrld.   Mnvi. 

i    Ilk    Corp..    (Irrenflold,    MiM, 

C,  .    ll«rlfor.r    Conn. 

A    r-u      J      II       111    lllr-hnrdu   St.,    BrooMyn, 


I  ■ ,  1    ■      M  'i      <  i.  ,    iviaoisou,     *»'=■„  ,^  ,       ^  , ., 

,  ,         .     1  ,    Mch     Co..    New   Britain,    Coun, 

's-    I  -    ,  ,      i\,      Cleveland,    O. 

V        III' ,  II    Mh     Co.,    New   Britain,   Conn, 

n  I'tn,.    1.    T,.l,n<;to'n    Mch     Co.,    Pawtuckct,    R.    !•     ., 

R^l^d-Pre'utiie'  C^    F."  F.'li'eed    Dept.    and    Prentice 

Bros.   Dept..   Worcester,   Mass. 
Lathes,   Automatic   Screw  Threading 
Automatic    Machine    Co..    Bridgeport,    Conn. 

B'ridg'.f'onl  \m?.     Tool    Works,     IBl     Wintou     Road. 

£g?S'^^re!^^r^"^-«">    S'" 

dSlfe^Jl^.,^?v^nyi.hKi^J:  ir  '-''■ 

Lathes,    Ilench 

\m..«   Co      B     0,,    Waltham,    Maw.    

i)"ltnn    X^anufactlirlng    CorporaUon.    1911    Park    Ave.. 

New    York.  „      ,,  ,,     , 

IHiiuioud   Mch     Co.,  Providence,   II.    '. 
I^illu    Tool    Works,    Elgin,    111. 
1    „,l,.|l  I'nilt    Co.,    Oroenlleld,    Mn«H. 

ckf ori'l"    a  h*  &   Drin  Co.','  Uo.|rord.   111. 
Waltham    Mch.    WorkH,    Wiillhain,    Mn«<. 

Lathes,   llorlng 

(llaholt    Mch.    Co.,    Mndlpiou,    \V  «. 

Hillori  &  Co!.   Inc,  Wm,,   Pliiladelphla,   Pa, 

Lathes.  Urnss  Workers' 

\rine    .Miolilno    Tool    Co.,    Cincinnati.    O. 

jl.rd.mi.   .V    iVIvcr,    Cleveland     O, 

li,..-..    Mri.liliio    Tool    Co.,    f   lie  nnatl,    O,       ^.         „     . 

;  :  ■"    M         Co.!  Spring  «"'!   Vnrlck'  BU,     No'L^i: 
S|"riMill.dd  Jleh.  Tool  Co.,  (131   Soulhem  Are,,  Sprinf 


4prtliglleld    Mch 
field,    (>. 


«arin.r   ft    Hnawr   Co.,    Cleveland,    n, 
W°"i    Turrol    ^I;,l.,    Co..    Brnrll.    ^nd. 
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You  Can  Depend  on 

LOVEJOY 

Inserted  Cutter 

TOOLS 


Keep  OUT 
catalog 
for  ready 
reference 


With  the  rigidity  usually  found  only  m  sohd 
forged  tools  plus  the  economic  features  of 
the  inserted-cutter  type,  Lovejoy  Cutters  fill 
a  long-felt  need  of  the  modern  shop— safety 
for  operator  and  product.  The  cuttmg  thrust 
being  in  the  direction  of  length,  strain  is  re- 
duced; cutting  tool  is  hardened  to  its  best 
efficiency. 

A  positive  lock  type,  interchangeable  and  ad- 
justable to  wear. 

LOVEJOY  TOOL  CO.,  Inc. 

METAL   CUTTING   TOOLS 

SPRINGFIELD  VERMONT 


Give  perfect  satisfaction 
where  others  fail.  State 
style  and  size  in  -nhich  you 
are  interested,  and  we  wiU 
send  free  samples  and 
catalog. 

GITS  BROS.  MFG.  CO. 

553-55;  W.   MONROE   ST..   CHICAGO 


Style   -T 


WHETHER  you  want  help  or  want  work- 
want  to  buy  a  book,  a  tool  or  a  machine- 
in  fact,  whatever  small  bit  of   advertising 
you    are    thinking    about,    send    your   order    to 
MACHINERY'S    Classified    or   Want    Section. 


K&E 


Send  for  full  infornirtlion  .md 
S;\MPLE5ofd-'£.'»v»w  andctoMic-. 

KEUFFEL&ESSERCO. 

NcwYork        Crn/4W;,v<;/kAr7>-»JI0B0KD(.)IJ 
oucACo    -    ST  i-'nlis  -    iw  ntAwn^cv  -  M*>WTRr>i 


STOKE 
LESS 


Install 

Old  Reliable  "SELLS" 

Roller  Bearings 

They  lessen  the  friction  of  line  and 
counter  shafting  25'^  to  50"^  Less 
power  is  needed  to  keep  the  wheels  turn- 
ing—coal consumption  is  materially 
decreased. 

Besides  that,  "Sells"  are  the  most  easily 
installed  anti-friction  bearings  on  the 
market.  Wherever  there's  a  drop 
hanger,  post  hanger  or  pillow  block,  a 
"Sells"  can  be  installed  in  a  few  min- 
utes. No  need  to  lower  shafts  or  dis- 
connect pulleys.  A  whole  plant  can 
easily  be  converted  over  night. 
The  return  from  an  investment  in 
"Sells"  will  amaze  you.  Get  full  de- 
tails by  writing  today. 


Yours  for  bearing  satisfaction. 


t^^ 


ROYERSFORD  FOUNDRY  &  MACHINE  COMPANY 

54     North     5th     Street 
PHILADELPHIA,  PA. 

•'Sells-  Line  Shaft  Roller  Bearings.  "Sells"  Commer- 
cial Roller  Bearinas.  Bahhitted  Ring  Oil  Bearings. 
Shaft  Hangers.  Collars  and  Coui>lings,  Punches  and 
Dies  Punching  and  Shearing  Machines,  Sensitive 
Drill  Presses.  'Drill  Presses.  Foot  Presses,  Grinding 
and  Polishing  Machines,  Tumbling  Barrels,  "RoUer- 
j,jc"_;;it'   hall  and  roller  bearing  lubricant. 
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Lathes,  Car  Wheel 

Manning.    ManveU   &    Moore,    Inc..    119   W.   40th    St., 

New    York.  ,  „  .o-    , 

Niles-Bement-Pond     Co..     Ill     Broadivay.     New    YorU. 
Sellers  &  Co..   Inc..  Wm.,   Philadelphia.   Pa. 
Lathes,   Crankshaft 
American    Tool    Works    Co..    Cincinnati.    O. 
LeBlond   Mch.    Tool   Co..    K.    K..    Cincinnati     O. 
Lodge   &   Shipley   Mch.    Tool    Co.,    Cindnnab,    O. 
Nilea-Bement-Pond     Co..     Ill     Broadway.     New     York. 
Lathes,    Engrlne 

Adams.    Ogden    R..    Rochester.    N.    Y..    12". 
Amalgamated  Mchy.  Oorp.,  72  W.  Adams  St.,  Chicago, 


Aielson    Mch.    Co.,    Los   Angeles.    Cal.     16"    and   18". 
Barnes  Co.,  W.  F.   &  John,  Rockford,  HI.    9"  to  18", 

inclusive. 
Barnes    Drill    Co..    RocWord,    111.     14-24"    and    22-36" 

Boye    and     Emmes    Mch.     Tool    Co..     Cincinnati.     O. 

18"    to    48",    inclusive. 
Bradford   Mch.   Tool   Co..    Cincinnati.    O.     14"   to  42", 

inclusive. 
Bridgeford     Mch.     Tool     Worlta.     151     Winton     Road, 

Rochester,    N.    Y.     26"    to   60".    inclusive. 
Carroll-Jaraiea^n    Mch.    Tool    Co.,    257    Davis    St.,    Ba- 

tavia     O.     13"    and   14". 
Cliampion   Tool    Works   Co..    4955    Spring   Grove   Ave., 

Cincinnati.    O.     12"    to   18",    inclnsiTe. 
Chard    Lathe    Co..    Newcastle.    Ind.     16"    to    28",    in- 

Cincinnati    Iron    &    Steel   Co..    Cincinnati.    O.     14"    to 

24".   inclusive. 
Cincinnati   Lathe   &   Tool   Co.,    Oftkley,    Cincinnati,    O. 

16"  to  22".   inclusive. 
Cleveland    Mchy.    &    Supply   Co.,    Cleveland,    O.     12", 

16".    20",    2614". 
Crawford  JIachine  Tool  Co..  Inc.,  Erie,  Pa.    15"  to  25". 
Dalton    Manufacturing    Corporation.    1911    Part    Ave., 

New  York.     6"   to  18".    inclusive 
Davis  Mch.   Co..    Inc..   C.    F..    Rochester.   N.   Y.     11". 
Davis   Mch.    Tool    Cn..    Inc..    Rochester.    N.    Y.     12"   to 

42",    inclusive. 
Earle   Gear   &    Mch.    Co.,    Philadelphia,    Pa.     14"   and 

18". 
Flatter    &    Co.,    Inc.,    NaAua,    N.    H.     13"    to    28". 

inclusive. 
Fulton    Mch.    Tool    Co.,    1438    Bryan    Place.    Chicago. 

111.    18". 
O'ddings    &    I^wis    Mfg.    Co.,    Fond    du    Lac,    Wis. 

15".    16"   and    18". 
Gi,sholt  Mch.  Co..   Madison,  Wis.    16"  and  25". 
Greavps-Klusman   Tool   Co..    Cincinnati.   O.     16"  to  30". 
Hamilton    Mch.    Tool   Co..    Hamilton.    O.     14"   to  24". 
Hendey  Mch.   Co..   Torrington.   Conn.     12"  to  24". 
Hill,   aarke   &   Co.,   Inc..   Boston,   Mass.     18"  to  30". 

inclusive. 
H^Mton.     Stanwood    &    Gamhie    Co..     Cincinnati,     O. 

30"    to   60".    inclusive. 
I-eBlond     Mch.     Tool     Co.,  '  R.     K..     Cincinnati.     O. 

--.,  - -.  -3"  and  18". 

I.odBe     &     Shipley     Mch.     Tool     Co..     Cincinnati,     O. 

14"    to   48",    inclus-ve. 
JIanning.    Man"ell   &   Moore.    Inc..    119   W.   40th   St.. 

Xew    York.     12"   to   84".    inclusive. 
Monarch  Mch.  Tool  Co..   Sidney.  O.    10"  to  30".   incl. 
Morris  Mch.  Tool  Co..  Cincinnati.   O.    10"  to  21".  incl. 
Mueller    Mch.    Tool    Co..    Cindnnati,    O.      18". 
.Miillincr-Knhmd    Tool    Co..    Inc..    Syracuse.    X.    Y.     12' 

and   14". 
National  T-athc  Co..  Cincinnati.  0.    16",  IT",  18",  22" 

and   21". 
Niles-Rement-Pond    Co..    Ill   Broadway.    New   York. 

20"    t^.    120".     inclusive 
Oliver    Machinery    Co..    Grand    Rapids,    Mich.     16"    to 

26",  Inclusive. 
Porter-Cahle   Mch.    Co.,    Syracnae.    N.    Y.     12". 
r-ratt    &   Whitney   Co..    Hartford.    Conn.     10"    to   16". 

Indnslve. 
I!.-.d-Prentlcc    Co..    F.    E.    Reed    Dept.    and    Prentice 

r.rm.   Dept,.  Worcester.   Mass.    12"  to  27",  inclusive, 
rt^kford  Ijithe  &  Drill  Co..   Rockford.   111.    18".   14", 

16".  IT".  IS". 
Rf«-kford    T'k.l    Co..    Rockford.    III.     15"    and    16". 
B-hasJan    Ijithe    Co..    Cincinnati.    O.     13"     14"     15" 
Shorard   Latte  Co..    Cincinnati.    O.     12". 
Sidney   T.«l   Co.,    Sidney,    O.     17"  and   1ft". 
Smith  Mfc.  Co..   Philip.   Sidney.   f>,     13"  and   14" 
8o.ith    Bend    I,«the   Works.    South    Bend.    Ind.     13"   t/i 

2t".    Inclusive. 
Sl.rngfleM    Mch.    Tool    Co.,    Springflcld.    O.      14"    to 

3fl".   Inclusive. 
Hiiinniit   Mch.   Works.   Worcester,  Hut.     10". 
Hiir'-n'T   Mch.    Tool    f!o.,    Kokomo.    Ind.     18"    and   20". 
VM-,r   lathe    rv,..    151    Iafajett«   St..    New   York      9". 
Uiilrott    Ijithe    r„      Jsckvm.    Mich.     14"    to   29"     Incl 
Wl,ir.,m,l.  F!lAi»I.ll     M.h.     T.k.I     Co..     Worcester      Majw! 

11"    I.,   3lr,    lnclu«T.- 
Uljlard   Mch.   Torjl  f>,     Olndnnatl.   O.    13". 
"'""■'■slT   Ijlhe   Co.     Worcester.    Mass.     11".    13"   and 

K.". 

I.nlhrs,    Bztenalon    Bed    and    Gap 

r.SfTics    Drill    Ca)..    Inc.,    814    Chestnut    St.,    Rockford, 


Diamond    Mch,    Co.,    Providence,    R.    I. 

Greenfield    Tap    &    Die    Corp.,    Greenfield.     Mass. 

Oliver  Machinery  Co.,    Grand   Rapids,    Mich, 

Potter   Tool   &   Mch.    Wks.,    8.   A.,    79   E.    130th   St., 

New    York. 
Summit  Machine  Works.  Worcester,  Mass. 

Lathes,    Turret 

See    also    Chucking    Machines. 

Acme    Mch.    Tool   Co..    Cincinnati,    O. 

Bardons   &    OUver,    Cleveland,    O. 

Brown    &    Sharpe    Mfg.    Co..    Providence.    R.    I, 

Bullard    Mch.    Tool    Co..    Bridgeport,    Conn. 

Davis   Mch.    Tool    Co.,    Inc..    Rochester.    N.    Y. 

Dreses    Mch,    Tool    Co.,    Cincinnati,    O. 

Foster    Mch.    Co..    Elkhart.    Ind. 

Pulton   Mch.   Tool   Co..    1438   Bryan   PI.,    Chicago,    111. 

Gan-in  Mch.   Co.,    Spring  and   Varick  Sts.,   New  York. 

Gisholt    Mch.    Co..    Madison.    Wis. 

Greaves-Klusman    Tool    Co..    Cincinnati,    O. 

International   Mch.   Tool   Co.,    Indianapolis,    Ind. 

.lones   &   Lamson   Mch.    Co..    Springfield.    Vt. 

LeBlond   Mch.    Tool   Co..    R.    K..    Cincinnati.    O. 

Ix)dge   &    Shipley   Mch.    Tool   Co..    Cincinnati,    O. 

Morris    Mch.     Tool    Co.,     Cincinnati,     O. 

N'ew    Britain    Mch.    Co..    New   Britain.    Conn. 

Xiles-BementcPond   Co.,    Ill    Broadway     New   York. 

Oliver  Machinery   Co..    Grand   Rapids,   Mich. 

Pratt    &    Whitney    Co.,    Hartford.    Conn. 

Reed-Prentice  Co.,  F.  E.  Reed  Dept.  and  Prentice 
Bros.    Dept..    Worcester.    Mass. 

Rivett  Lathe   &  Grinder  Co..    Brighton.   Boston.   Mass. 

-'..iithworth   M.h.    Co..    rora-"rt,    M.i  "e 

Springfield  Mch.  Tool  Co..  031  Southern  Ave..  Spring- 
field. O. 

Steinle    Turret  Mch.    Co..    Madison,    Wis. 

Warner   &   Swasey   Co.,    Cleveland.    O. 

Wood    Turret   Mch.    Co.,    Brazil.    Ind. 


Ifsrrlnftton,     fkm     tc     Co,     In 


Blwln,    Philadelphia, 


Msr.nlnir     Mm  Hell  Ik   Moore,    Inc.,   110   West  40th   St.. 

»V-V„ii.n    liihe    Co.,    OIndnnall.    rv 

l.nthru,  Ko«(  Poirer 

Bamea  '>>..  W.  F.  and  John.  231   Ruhr  St.,  Rockford, 

in 

n«M-Prenllrc    r„      p,    p;     w^)    1><T,i.    and    Pponllce 
Bros.     Iiept..     Wor<»^*er.     Mu>. 

Lathes,  (Jan  norlnv 

Amalnmalxl     Machinn?     Imv  .     72     W.     Adams    Bt 

CTilcagr,,     111, 
I,»I!l./nd    Mch.    T'lol    O,  .    II     K..    Cincinnati     O 


Ilefl.ni-e    M.chlne   V/itrY;    Defl.nc, 
Orcnnrld    Tip    A    III-    <Vm..,     Gnwnfleld,     Ma« 
(Vl'T   MscMwrr   Co..   dfmnrt   ll.pld..   Mich. 
euirimit    Mch.    Wofkji.    W>,rcr.tcr.    Maw. 


clnnall.    O. 
Lnlhrs,    Hhmtt 

l!rl.l»..f.»d      Mch.      Tr»J      Work..      151      WInlon      Iload, 

ll.»l,r.t,.T,     N      T. 
Kit,l.l..„i    iftchin*   Works.    Kllrhbtiri.    Maw. 
M.nnlnir    Maiw.ll    *    M'nr>,    Inc.    110    W.    40th    HI., 

NcT    Ywk. 
NII,»»»m™vPond   f^o  .    Ill    Kmul^ar,    Ncm   YnA, 
H«ll«rs    *    Co.      " 


Defiance  Machine  Works^  Defiance.  O*. 
Oliver  Machinery   Co..    Grand  Rapids.   Mich. 
Reed-Prentice    Co.      F.    E.    Reed    Dept.    and    Prentice 
Bros.    Dept.,    Worcester,    Mass. 

Layingr-otit    Fixture    for    Tool    Work 

Craley   Mfg.    Co.,   Mount  Joy,   Pa. 

Leather    Belting;,    Roniicl 

Schieren    Ca.,    Chas,    A,,    73    Ferry    St.,     New    York. 

f-evels 

Goodell-Pratt    Co..    Grcenfleld.    Ma.ss. 
Kelltfel   &   E3.ser   Co.,    Hoboken,    N,   J. 
Starrett    Co.,    L.    8.,    Athol,    Ma.ss. 

Lielit    Brackets,    Klectric,    Adjustable 

Xewman    Mfg.    Co.,     Cincinnati.    O. 

I,oekers,     Metal 

.Manufactilring    Equipment    &    Eng.    Co.,    Framingham, 

Liilirleants 

American    Petroleum    Pr/xlucts    Co.,    Cleveland     O. 

Besly  &  Co.,  Chas.  A.,  120-B  N,  Clinton  St,,  Chi- 
cago,   III. 

Cataract   Refining   &   Mfg.    Co..    Buffalo     N.    Y. 

Dixon    Cnicible   Co..    Joseph.    Jersey   City.    N.    J. 

Fiske    Bros.    Refining    Co..    24    SUte    St..    New    York, 

Haws,    Inc..   Geo.    A..    135   Front   St..    New   York. 

Lumen    Bearing    Co^    Bufi'al/j.    N.    Y. 

Oakley    Chemical    Co..     2(1    Thames    St.,     New    York. 

Royersford  Foundry  &  Mch.  Co.,  54  N.  8th  St., 
Philadelphia,    Pa. 

S  K   F  Ball   Bearing  Co.,   Hartford,  Conn. 

Texas    Company,    17    Battery    Place,    New    York, 

Lnbrlcatora 

Besly   &   Co..    Chas.    A.,    120-B    N,    Clinton    8t„    Chi- 
cago,   HI, 
Greene,    Tweed    A    Co.,    109    Duane    St.,    New    York. 
Michigan   Lubricator   Co.,    Detroit,    Mich, 

Machinery    Dealers 

Besly  &  Co,,  Chas.  A.,  120-B  N.  Clinton  St.,  Chi- 
cago,   III. 

Brownell    Mchy.    Co.,    Providence,    R,    I, 

Davis  Mch.  Tool  Co..  Inc..  Wm.  F.,  549  W.  Wash- 
ington   Blvd.,    Chicago,    111. 

Dickow.   Freil  Co.,  87  So.   Dcsplalncs  St.,  Chicago,  lU. 

Earle  Gear  &  Mch.  Co..  4705  Stenton  Ave.,  Phila- 
delphia.   Pa. 

EsBlcy  Mchy.  Co.,  K.  L..  565  Washington  Blvd., 
Chicago.    iU. 

Garvin    Mch.    Co.,    Spring   and    Varick    Sts.,    New    York. 

IMI.    Clarke    &    Co..    Inc..    Boston.    Mass. 

Hill,  Clarke  &  Co.  of  Chicago,  025  Washington 
Blvd.,     Chicago,     lU. 

KInsey   Co.,    B.    A.,    Cincinnati.    O. 

Lucits   &   Him,    Inc.,    .1.    L.,    Jindgoport,    Conn. 

Lj-nd-Farquhar  Co.,   Boston,   Mass, 

.Mnntdng^   M&iweU    &   Moore,   Inc.   110  W.   40th   St,, 


Ne 


fork. 


Mnrshnll    «t    Iluschart    Mchy.    Co.,    17   So.    JelTerson    SI 

(Mrtgo,     HI. 
Mclionough   Mfg.   C!o.,   Eau   Olnlre,   Wis. 
Mr.lrh    ft    Merrywealher    Mchv.    f;o.,    ClevoUnd,    O. 
NllwvliciricnU'onil    Co..    Ill     Broa/lwav,    Np\v    York. 
Ok«.,«I  Tool  Co.,  J.  I,..   IlulTali,.  N.   Y. 
I',ilti*ni     Hiipnly     Cc.  ,     W       .\l.,     Clcvi-liiml.     O. 
Hlmmmis    Mch.     Co.,     Inc.,     Albany,     N.     T. 
Vandyke    Churchill     On.,     lift     Broadway,     New     York. 
"  rfr 


ting,    Corley    it     DoUn, 
Vork. 

Mn.-liinlalii 


115    Itmadway,     Now 


Wm..    Philadelphia.    Pa. 


Mallcfa.    Ilasslildc 

l^li.rngo    lUnhldc    .Mfu.     Co.,     1801     ElsUin    Ave,,    Chi- 
CSKO,    III. 

Manilrcls,  f.ximndlnar  and   Holld 

Mcfl    ArlKirs    and    MnodrAls,    Ripandlng    and    fiUilld. 

HnrklliB    Mnriiliips 

ilri.1.1    Mfg.    *    Mih     Co.,    N.    W.    HIatlon,    Bridgeport, 

llr,'.  nndd    Tap    A     Die    Ci»T>.,    Grcenllold,     Maaa. 
NoHn   A    We«lt.r«,k    Mfg.    Co.,    Ilarlfnrrl,   Ccmn, 

Mnrklns    Mnchlnra,    ICIectrlo 

H«edl.h  liago  Co.,    Inc.,   2ir.  W.  Rnih  HI..    N«w   Tort. 


Measnrlngr    Machines,    Precision 

.\merican    Gauge    Co.,    Dayton,    O. 

Pratt  &   Whitney   Co.,   Hartford^    Conn. 

Rogers    Works.    Inc..    J.    M.,    Gloucester    City,    N.    J. 


Metals,    Bearine; 

See  Bearings.  Bronze,  Babbitt,  etc.,  and  Bushings. 
Brass,    Bronze,    etc, 

MicroMoofies    (Metollursical) 

Holz,     Herman    A.,     Metropolitan     Bldg,,     New    York. 

>lillins'    anil    Drilllner    Miioliines, 
UprlBht 

Knight  Mchy.  Co.,  W.   B..   St.  Louis.   Mo. 

.Milllns  AttachinentH 

.\dams  Co..   Dubuque.    Iowa. 

Becker    MiUing    Machine    Co..    Hyde    Park.    Mass. 

Brown    &    Sharpe    Mfg.    Co..    Providence.    R.    I. 

Carroll.     William.     Cincinnati,     O. 

Cincinnati    Milling    Mch.    Co..    Oakley.    Cincinnati.    O. 

Garvin  Mch.   Co.,   Spring  and   Varick  Sts.,    New  York. 

Hendev    Machine    Co.,    Torrington.    Conn. 

IngersoU    Milling    Machine    Co..    Rockford,    111. 

Kearney    &    Trecker   Co..    Milwaukee     Wis. 

Kemiismith    Mfg.    Co      Milwaukee.    Wis. 

I*Blond  Mch.    Tool  Co.,   R.    K..   Cincinnati,   O. 

Ojesterlein     Mch.     Co.,     Cincinnati.     O. 

Porter-Cable   Mch.    Co.,    Syracuse.    N.    Y. 

Pratt  &  Whitney  Co.,  Hartford.  Conn. 

Rivett  Lathe   &   Grinder  Co..   Brighton,   Boston    Mass. 

ltockf.ord     MiUing     Machine    Co..     Rockford.     Ill, 

standard    Engineering    Works.    Pawtucket,    R,    I. 

Whitney   Mfg.    Co..    Hartford.    Conn. 

Millln);?    Machines,    Antoniatic 

Pratt    &    Whitney    Co..    Hartford,    Conn. 

Milling  Machines,  Bench 

Kmes    Co.,    B.    C.    Waltham.    Mass. 

Burke    Machine    Tool    Co..    Conneaut.    O. 

Carter    Hakes    Co..     Sterling    Place.     Winsted,     Conn. 

Greenfield    Tap    &    Die    Corp.,    Greenfield.    Mass. 

Hardinge  Bros.,  Inc.,  Bcrteau  and  Bavenswood  Aves., 
Chicago.    HI. 

Hockford   MiUing  Machine   Co.,   Rockford,   III. 

Sloan    &    Chace   Mfg.    Co..    Ltd.,    Newark.    N.    J. 

Van  Norman  Mch.  Tool  Co.,  Waltham  Ave..  Spring- 
field.   Mass. 

Milling;   Machines,    Circular    Continnons 

Becker   Mill-ng   Machine    Co.,    Hyde   Park.    Mass. 

Gould    &    Eberhardt.    Newark,    N.    J. 

.Millinu-    Mnohines,    Hand 

.\dams   Co..    Dubuque,    Iowa, 

Becker    Milling    Machine    Co..    Hyde   Park.    Mass. 
Bickett    Mch.    &    Mfg.    Co..    Cincinnati,    O. 
Biggs-Watterson    Co.,    Cleveland,    O. 
Burke  Machine  Tool  Co*.  Conneaut,  O. 
Carter   &    Hakes   Co.,    Sterling   Place,    Winsted,    Conn. 
Cleveland    Milling    Machine    Co..    Cleveland.    O. 
Ilavenport   Mfg.    Co      .Meiiiirinc.    Pa. 
Defiance   Machine   Works.    Defiance,    O. 
Garvin   Mch.    Co.,   Spring  and  Vanck  Sts..    New  York. 
Greenfield  Tap  &  Die  Corp.,   Greenfield,   Mass. 
Pratt    &    Whitney    Co.,    Hartford,    Conn. 
Rockford    Milling    Mch.    Co..    Rockford.    111. 
Standard    Engineering    Works.    Pawtucket,    R.    I, 
Rteptoe    Co..     John,     Brighton,    Cincinnati,    O, 
Van    Norman    Mch.    Tool   Co.,    Waltham    Ave.,    Spring- 
field,   Mass, 
Whitney  Mfg.    Co.,   Hartford,   Conn. 

Millins  Machines,  Horizontal,  Plain 

.\dams  Co.,    Dubuque,    Iowa. 

Beaman   &   Smith  Co..   Providence,   R.    I. 

Becker  Milling  Machine  Co..    Hyde  Park,   Mass. 

Hilton    Mch.    Tool    Co..    Bridgeport,    Conn. 

Brown  &  Sharpe  Mfg.   Co.,   Providence,   R.   I. 

Cincinnati    Milling    Mch.    Co..    Oakley.    Cincinnati,    O. 

Cleveland    Milling    Machine    Co.,    Cleveland,    O, 

Davenport   Mfg.    Co..    Meadville.    Pa. 

Defiance    Machine    Works,    Defiance.    O. 

Garvin   Mch.  Co.,    Spring  and   Varick   Sts.,   New  York. 

G.H.l.y    &    Edluml.    Inc..    Ii>rtland.    New    York. 

Ilcmicy    Machine    Co.,    Torrington,    Conn, 

IngersoU    MUling   Machine   Co.,    Rockford.    111. 

Kearney    &    Trecker   Co.     Milwaukee     Wis. 

Kempsmith    Mfg.    Co.,    Milwaukee,    Wis. 

I^BIond    Mch.    Tool    Co..    R.    K..    Cincinnati,    O. 

Newton    Mcli     To(.l    Works,    Inc..    23rd   and  Vine   Sts., 

Phila.Mplim.     I'n. 
Nil.-«  It.rii.iit  r.iMil    Co..    Ill    Brcis.luay,    New   York. 
n.al.  rliin    M(  li     Co..    Cincinnati.    Oi. 
I'nill    .V    Whitcev    Co..    Hartford      Conn. 
lliK*f..rd    Milling   Mch.    Co.,   Rockford,    III. 
Standard    Engineering    Works,    Pawtucket,    R.    I. 
SUptoe    Co.,    John.    Cincinnati.    O, 

Mflllne  Miichlnca,  HorlKontal,  llnlTersal 

I!r,  l„r   Milliiii:    Machine  Co.,    Hyde  Piirk.   Mass. 
l;,,...i,    ,^     ,sln,r|...    Mfg.    (>>..    Proviil.'ucf.    H.    I. 
i',,hi.in,li     Milling    Mch.     ('o.,    Oakley.    Cincinnati,    O, 
(liirhni.l     Milling    Mnchinc    Co.,    Cloveluiid,    O. 
Ii.llarnr    Mii,l,iii.>    \V..rkM,    Ilellnhce.    O. 
II.imI.  V     .Mil. 1. III.'    Co.,     Torrington,    Conn. 
K.i.rii.  ^     ,V    Trc,  k.T    (  ....    Milwaultoc,    Wis. 

K.iiil.i Ill     Mfg.     Co..     Mihvsiikco,     Wis. 

I.illl.m.l    Mch.    Tool  Co.,^   It.    K.,    ClncinuaU,    O. 
.Norton    Mch.    Trwl   Works,    Inc.,    23rd    and    Vino   8l«., 

I'hiladelpliiaj    Pa. 
N'lli-s-Beiinnt^Pond   Co.,    Ill    Broadway,    New    York. 

/Tliln    Mch.    Co..    Cincinnati,    O. 

Il.«kf..i.l  Milling  Mch.  Co..  Rockford.  III. 
I(..iili..ll.itii  Mill.  Co..  Waterbury,  Conn. 
\nn    Norniiin    Mch.    Tool    C/>..    Wnltlmin    Ave.    Siirliig. 

II.   Ill,        MllHS. 

Mllllnir    Machlnra,    Lincoln     Type 

llcninan    ft    Hmllh    Co..    Providence.    II.    1. 
lle.knr   Milling    Machine  <"V>.,    llydo   Park.    Mass. 
Oarvin    Mch.   Co.,   Spring  and    Varick   SU.,    New   York. 
Ilcndcy    Machine    Co.,    Torrington,    i'.rmn. 
Ki'MilmmlUi    Mfg.    Co.,     Milwaukee.    Wis. 
Ilcvniilds    Mch.    Co.,    MaMlllon,    II. 

Van  Norman  Mch.  Tool  Co.,  Waltham  Ave,  Bprlng- 
llel.l,    Mion. 


Co  .     Itlinil     N.     Ijiwrcnce 
rhilndnlphln.     I'a. 

MlllinK     Mnchlnra,     Nplinc 

Hlandard     Knglneerlni    Wi»kn.     l'«»ln.l<el.     U.     I. 
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KNIGHT 

Milling  and  Drilling  Machines 

This  One  Has  Paid  for  Itself 
Many  Times 

The  accompanying  photograph  was  taken  in  the 
plant  of  the  John  Y.  Parke  Company,  Philadelphia. 
This  concern  has  used  the  Knight  Milling  and  Drill- 
ing Machine  for  the  last  three  years,  and,  in  the 
words  of  the  superintendent,  "It  has  paid  for  itself 
many  times." 

The  illustration  shows  the  operator  milling  out  an 
intricate  punch — the  die  in  the  foreground  has  just 
been  completed.  On  this  class  of  work  the  "Knight" 
has  proved  its  ability  to  perform  quickly,  accurately 
and  economically. 

The  tilting  table,  which  presents  the  work  to  the 
tool  from  any  desired  angle,  is  the  noteworthy 
feature  of  this  versatile  tool. 

Let  us   send  you  the  special  circular,   showing 
how  work  is  profitably  handled  on  the  "Knight  * 

W.  B.  KNIGHT  MACHINERY  CO. 

3920  W.  Pine  Blvd.,  ST.  LOUIS,  MO. 


The  Knight  Milling  and  Drilling  Ma- 
chine is  particularly  valuable  in  the 
lightly  equipped  shop,  as  it  combines 
milling  capacity  with  wide  range 
drilling  capacity. 


GREATER    EFFICIENCY 

THESE  WORDS  BRIEFLY  EXPRESS  HOW  THE 

NEW  DUPLEX"  DIE  STOCK 

FOR  THREADING  PIPE 


compares  with  similar  tools; 
but  there  is  much  more  in 
a  detailed  description  of  the 
new  "Duplex"  that  will  in- 
terest the  merchant  and 
user.      Write    for    circulars. 


The  Hart  Manufacturing  Co. 

L  20th  Street  and  Marion  Avenue  CLEVELAND,  OHIO,  U.S.A. 


'MILFORD"  HACK   SAW    BLADES 

Sample  aent  on  request 
The  HENRY  a  THOMPSON  &  SON  CO.,  New  Haven,  Conn. 


CINCINNATI  LATHES 


MEET  ALL  MANUFACTURING  REQUIREMENTS 

Doubin    Wall    Apron,    Cablnot    Leg,    CliallnK    Dial.    Automatic    Stop    a 
WIcIo   RanBi.   Quirk   Channo   Gear   Box— to   cut   Enjli.h,    Metric  or   0. 
Tlir.>a<lii— In«uro    nrrnrn'-y    an.l    rlurahilily. 
D.itailj    on     RrTi,ii..t,  Cablo     A.lilrosn     ■'Cinlil.ttho 


THE  CINCINNATI  LATHE  A  TOOL  CO. 

OAKLEY.  CIMCINNATI.  OHIO,  U.  S.  A. 


AURORA  High  Speed  Drills 


for  Heavy  Drilling 
in  the  Tool  Room 


Rigidity  without 
bulkiness  is  secured 
in  Aurora  High 
Speed  Drills  b  y 
carefully  m  a  i  n  - 
I  a  i  u  e  d  balances, 
wide  bearing  sur- 
faces and  best 
ijuality  materials 
throughout.  Spin- 
dle bevel  gears  of 
3  to  1  ratio,  large 
diameter  pulleys 
and  wide  belt  give 
abundant  pulling 
power  for  the  heavy 
duty  service  for 
which  these  ma- 
chines are  designed- 


Sizes    20'     and  22' 
with  Stationary  Head 

22'  to  44'  with 
Sliding  Head 

Details  in   Bulletin 


THE  AURORA  TOOL  WORKS 


AURORA 


INDIANA.  U.  S.  A. 
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Milling:  Mnebines,  Vertical 

Adams  Co.,   Dubuque.    Iowa. 
Beaman    &    Smith   Co.,    Providence,    It.    I. 
Becker  Milling  Machine  Co.,   Hyde  Park,   Mass. 
Brown    &    Sharpe    Mfg.    Co.,    Providence.    K.    I. 
CBndmiaa    Milling    Mch.    Co.,    Oakley.    Cine  nnati     O. 
Garvin  Mch.  Co.,    Spring  and  Vanck  Sts..    New  York. 
Ingersoll  Milling  Machine  Co.,  Rockford,  111. 
Kearney  &  Trecker  Co.,   Milwaukee,   Wis. 
LeBlond   Mch.    Tool   Co..    R.    K.,    Cincinnati     O. 
Newton  Mch.    Tool   Works,    Inc.,   23rd  and   Vine   Sts.. 

Philadelphia.    Pa.  '  ,        ^    ,_ 

Niles-Bement-Pond    Co.,    Ill    Broadway,    ^ew    York. 
Van    Norman   Mch.    Tool   Co.,    Waltham   Ave.,    Sprmg- 

iield,  Mass. 

Slilline     Tools     (HoIIott     Adjnstable) 

Geometric    Tool    Co.,    New    Haven.    Conn. 

Rogers    Works,    Inc.,    J.    M.,    Gloucester   City,    N. 


1301    Elston    Ave.,    Chi- 


Pncl^insf^*     Lentiier 

Chicago    Rawhide    Mfg.    C 

cago.    111. 

Graton   &   Knight  Mfg.   Co..   Worcester,   Mass. 
Will.ams   Jt    Sons,    I.    B.,    Dover,    N.    H. 


Washington,   D.  C. 


Pattern   Letters   antl    Fignres 

Maiighlin  Co.,   H.  P.,  Columbus,   O. 


Model    and    Kxperlniental    AVork 

See   Special  Machinery   and   Tools. 


Pattern  Shop  Slachinery 

Crescent    Machine     Co.. 
Defiance    Machine    Works, 
Oliver    Machinery 


IK    >Iacliines 


cago.    111. 

Bridgeport   Safety  Emery  Wheel  Co.,   Inc.,    Bridgeport, 
Conn. 

Brown  &  Sharpe  Mfg.  Co.,   Providence,   R.   I. 

Builders    Iron    Foundry,    Providence.    R.    I. 

Defiance    Machine    Works,^    Defiance,  _0.  _ 

Diamond    Machine   Co.,    Providence, 

Forbes    &    Myers,    178    Union    St„ 

Gardner    Mch.    Co.,    Beloit,    Wis. 

Goodell-Pratt  Co.,    Greenfield,   Mass. 

Greenfield   Tap   &   Die   Corp.,    Greenfield,    Mass. 

New   Britain   Mch.    Co.,    New   Britain.    Conn. 

Potter   Tool   &   Mch.    Wks.,    S.   A.,    79   E.    130th   St., 
New  York. 

Ransom    Mfg.     Co..    Osihkosh,    Wis. 

Royersford  Foimdry  &  Mch.  Co.,  54  N.  5th  St.,  Phila- 
delphia,  Pa. 
erling    Grinding    Wheel    Co.,    Tiffin,    O. 


trcester,    Mass. 


Main    St.,    Leetonia,    O.    gtow  Mfg.   Co.,   Binghamton.'N.   Y. 
Defiance,    O.    __   ,  Cnited   States   Electrical   Tool   Co.,    6th    A 

Hope    St..    Cincinnati,    O 


Mumford    iiolding   Mch.    Co., 
cago.  111. 


Grand    Rapids,     Mich.  „„,,^    ^„      v. .,.,....„.„.    v,. 

Webster  &  Perks  Co.,  Springfield,  O 
Pattern    Shop    Tools 
Elston   Ave.,    Chi-    Hammacher,    Schlemmer    &    Co..    4th    Ave.    and    13th    Polishing:    Machines,    Abrasi-re    Belc 


and    Mt. 


St.,    New   York. 
Oliver    Machinery    Co.,    Grand    Eapida,     Mich. 


Motors,  Electric  ^,        .,_    , 

Ourtiss-Willis   Co.,    Inc.,    30    Church    St.,    New    York. 

Eck  Dynamo  i  Motor  Co.,  Belleville.   N.  J. 

Electro  Dynamo  Co.,  Bayonne,  N.  J. 

General   Electric   Co..    Schenectady,    N.    Y. 

Reliance    Elec.     &     Eng.     Co.,     10o6     Ivanhoe     Road, 
Cleveland,    O.  .       „    . 

Sprague  Electric  Works,   527  W.  34th  St.,   New  York, 

Wagner  Electric  Mfg.   Co.,    St.   Louis,   Mo.  ^      ^     „        Patterns.   Wood 

Westinghouse  Elec.   &  Mfg.   Co..   East  Pittsburgh,  Pa.    ^„n,inu]n    Castings    Co. 

S-P    Manufacturing    Co. 

Xame  Plates,  Cast  Bronze 

Matthews   i    Co.,    Jas.    H.,    3946   Forbes   Field,    Pitts- 
burgh,   Pa. 

Neuman     Mfg.     Co..     CincinnaU,     ft. 

Schwerdtle    Stamp    Co.,    Bridgeport,    Conn. 

Name    Plates,    Etched 

Matthews   &   Co.,    Jas.    H.,    3946   Forbes   Field,    Pitts- 
burgh, Pa.  „ 
Mfg.   Co..   Cincinnati,   O. 


Patterns.  Metal 

Aluminum    Castings    Co.,    Cleveland,    O. 

.\nderson  Mfg.   Co..   Elyna,   O. 

Grant  Mfg.  &  Machine  Co.,  N.  W.  Station,  Bridgeport, 

S-P    Manufacturing    Co.,     Cleveland,    O. 
Patten 


Blevney  Mch..  Co.,   Greenfield.  Mass. 

Presses,    Arbor 

Atlas  Press  Co..    323  N.   Park  St.,    Kalamazoo,   Mich. 

P.ucher-Smith   Co.,   East  Liverpool,  O. 

Lucas  Mch.   Tool  Co.,   Cleveland,  O. 

.Na(hf>l.son     .\:     Co.,     W.     H..     112    Oregon    St.,    Wilkes- 

Barre,    Pa. 
Simdstrom  Mfg.    Co.,   3201   Shields  Ave.,   Chicago,    HI, 

Presses,  Broaching 

Ams    Mch.    Co.,    Max.    Bridgeport.    Conn. 

Atlas  Press  Co..    323   N.   Park  St.,    Kalamazoo,   Mich. 

Bliss  Co.,    E.    W.     Brooklyn,    N.    Y. 

Ferracute    Mch.    Co.,    Bridgeton,    N.    J. 

Hydraulic    Press    Mfg.     Co.,     84     Lincoln     Ave.,     Mt. 

Gilead.    O. 
Metalwood  Mfg.   Co.,   Detroit,   Mich. 
Swaine  Mfg.  Co.,  F.  J..  St.  Louis,  Mo. 
Toledo  Mch.   &  Tool  Co.,  Toledo.   O. 


Watson-Stilljnan     Co.,     i§2     Fulton   'st.. 


Ne 


York. 


Nc*le   &  Westbrook  Mfg.    Co.,   Hartford,    Conn. 
Schwerdlle  Stamp  Co.,   Bridgeport,   Conn. 

Xame   Plates,  Stamped 

Matthews   &  Co.,    Jas.    H.,    3946   Forbes  Field.    Pitts 

bui^b.  Pa. 
Newman  Mfg.  Co.,  Cincinnati,  O. 
Noble   i:    Westbrook   Mfg.    Co.,   Hartford,   Conn. 
Sch»erdtle  SUmp  Co.,   Bridgeport,   Conn. 

Mchronie  Castings 

Driver-Harris  Co.,   Harrison,   N.  J. 


Pipe  Fittings 

Newman   Mfg.    Co.,   Cincinnati,   O, 
Walworth  Mfg.  Co.,  Boston,  Mass. 

Pipes 

National   Tube   Co.,   Pittsburgh,   Pa 
Newman   Mfg.    Co.,   Cincinnati,    O. 

Pipe  Bending  Tools 

American     Pipe     Bending     Mch.     C 
Boston,    Mass. 

Pipe    Cutting   and   Threading 


Presses,  Foot 

Baird    Machine    Co..    Bridgeport,    Conn. 
BUss  Co..    E.    W.,    Brooklyn,    N.    Y. 
Etna  Machine   Co..   Toledo,   O. 
Ferracute   Mch.    Co..    Bridgeton.    N.    J. 
Niagara  Mch.   &  Tool  Works.   Buffalo,   N.  Y. 
3    Pearl     St.,     Royersford     Foimdry    &    Mch.    Co.,     54    N.    Sth    St., 
Philadelphia.    Pa. 
Swaine   Mfg.    Co.,    F.    J.,    St.   Lcuis,    Mo. 
Machines    Taylor  &  Fenn  Co.,  Hartford,  Conn. 


Armstrong    Mfg.    Co.,    297    Knowlton    St.,    Bridgeport,     Toledo  Mch.  &  Tool  Co.,   Toledo,  O. 


Bignall  &   Kecler  Mch.    Works.    Edwardsville.    111. 

Curtis  &  Curtis  Co.,  8  Garden  St.,   Bridgeport,   Conn. 

Frio tc -Burt  Co.,  Cleveland,  O. 

Greenfield    Tap    &    Die   Corp..    Greenfield,    Mass. 
•i'Toi'"cS.,"'34'pSer"st.,    Detroit.     Harrmgton,     Son    &    Co.,     Inc.,    Edwin,     Philadelphia, 

Hart'  Mfg.   Co.,   E.   20th  St.   and  Marion  Ave.,    Cleve- 
land,  O. 

Landis   Mch.    Co.,    Inc.    Waynesboro.    Pa. 

Merrell   Mfg.   Co.,    15   Curtis  St.,    Toledo,    O. 

Murchey    Mch.    &    Tool    Co.,    34    Porter    St.,    Detroit. 
Mich. 

Oster  Mfg.    Co.,    Cleveland,    O. 

Saunders    Sons.    Inc.,    D..    Yonkera,    N.    Y. 

Southwark    Foundry    &    Mch.    Co.,    Philadelphia,    Pa. 

Standard    Engineering    Co.,    Ellnood    City,    Pa. 

Treadwcll    Engineering    Co.,    Easton,    Pa. 

Trimont   Mfg.    Co.,    Roibury,    Mass. 

Victor    Tool   Co..    Waynesboro,    Pa. 

Walworth   Mfg.    Co.,    Boston,    Mass. 


Mpple    Threading   Machinery 

Bignall   A:   Keeler  Mch.    Works.    EdwardsMllc 
Landis   Mch.    Co..    Inc..    Waynesboro,    Pa. 
Merrell  Mfg.  Co.,  15  Curtis  St.^_  Toledo,  O^ 
Murchey    Mch.  ™    •    «  •    "    -— 

Mich.  ^     „ 

Osttr   Mfg.    Co.,    Cleveland     O. 
Saunders  Bona,    D.,    Inc.,    Yonkers,    N.   Y. 
Standard  Engineering  Co.,  EUwood  City,  Pa. 

Tints,    Castellated 

Cincinnati   .Screw   Co.,   Twightwee,    CincinnaU,    O, 
National    Acme    Co.,    Cleveland,    O. 


Presses,  Forging 

Ams  Mch.    Co.,    Mas,    Bridgeport,    Conn. 

BMss  Co.,    E.    W.,    Brooklj-n.    N.    Y. 

Elmes   Engineering   Works.    Chas.    F.,    222   N, 

St.,    Chicago,    lU. 
Ferracute    Mch.     Co.,     Br  dgeton      N.    J. 
Niagara    Mch.    &    Tool    Works.    Buffalo,    N.    Y 
Southwark   Foundry  &  Mch.    Co..   Philadelphia, 
Swaine   Mfg.    Co.,    F.    J..    St.    Louis,    Mo. 
Toledo    Mch.    &    Tool    Co.,    Toledo,    O. 


Treadwell     Engineering 


Easton,     Pa. 


Presses,  Hydranltc 

Chambersburg   Engineering   Co.,    Chambersburg,    Pa. 
Elmes    Engineering   Works,    Chas.    F.,    222   N,    Morgan 


84     Lincoln    Ave., 


39    Sargeant    St.,    Hartford,    Conn, 


Oil  Caps 

IJenly 


Co.,   Chas.   H. 


Pistons 

120-B    N.    Clinton   St..    Clii-    Aluminum    Castings    Co..    Cleveland. 


Chicago,     III. 
Hydraulic    Press    Mfg.     Co 

Gilead,    O. 
Metalwood    Mfg.    Co..    Detroit.    Mich. 
Niles-Bemenl-Pond    Co.,    Ill    Broadway.    New   York. 
Sellers    &    Co.,    Inc.,    Win..    Philadelphia,    Pa. 
Southwark    Foundry    &    Mch.     Co..    Philadelphia,    Pa 
Treadwcll    Engineering     Co..     Easton,     Pa. 
Wat.son-StiUman     Co.,     192     Fulton     St,,     New     York 


I.,     Det/olt,     Mich. 
.'<31    Monroe    St..    Chicago. 
'o..     Detroit      Mich. 
v.,   nart/ord.   Conn. 


liwer,  ITorlucta  Coi 
Oit»  I!r/^.  M/g.  Co. 
Mi'i.igan  Lul/ncator 
Tuck-r,    W,    M.   tc  <:. 

Oilers,    Loose    Pnlley 

lir'^An   Engineering  Co..   133  N.  3nl  81.,   Beading,   I's 
Michigan    Lut/ric«ti.r  Co..    Detroit.    Mlcb. 


Oil    Hole    Covers 

BovTi    prrylitcta    Oirp.,    Detroit,    Mich. 

(DK    llroa     Mfg.    <>..,    551    M/joroe   St.,    Chicago, 

Tii'kT.    W.    M.    A   C.    K..    llanford,    Conn. 

(Ill    I'nns,   Sheet   Atecl 

lJltW.,r'l    lirf*,  Cincinnati,  O, 


Pinner    Attachments 

Cincinnati    Planer    Co.,    Cincinnati,    O. 
Gray    Co..    G.    A..    Cincinnati.    O. 
Keed-Prcntlca    Co..    F.    E.    Reed    Dcpt. 
Bros.   Dept.,  Woroestor,   Mass. 

Planers 

American   Tool   Works   Co..    Cincinnati,    O. 
Bickelt  Mch.    4   Mfg.    Co^   Cincinnati    a 
Cincinnati    Planer    Co.,     Cincinnati,    0. 
Cincinnati  Shap«r  Co.,   Oncinnatl,   O. 
CTeveland   Planer   Co..    3152   Superior   Ave. 

O. 

Gray  Co.,  O.  A..  Cincinnati,  O. 
Fl«mlll«m    Mch.    Tool    C/,,,    Ilnmlllon.    O. 
Morton  Mfg.   rVj.,   Muukegon  Hclglits,   Mich. 
NU»Bcm<nl^Pond    C...    Ill    Brooduny,    New    Y. 
Ohio  MacJiIno  Tool  Co..    Kenton.   O. 
Hi-llir«    &    Co.,    Inc..    Wm..    Phlladoliihla,    Pa. 
Whltennili-nialndell    Mch.    Tool    Co.,    Worce»t«r, 
Wllnon    Mch.    Co.,    W.     A.,     Hochc»UT,     N.    T. 
W/»»l»«rd     &     Pmtell    Planer    Co.,     Worcistiir, 


and    Prentice 


Poii'er  Forcing 

Co.,   323   N.    Park  St.,   Kalamazoo,    Mich. 
""     ".    &    John,    2S1    Ruby    St.,    Rock- 


Presses 

Atlas  Prei 
Barnes    Co., 

ford, 
Elmca   Engineering    Works,    Chas,    F.,    222   N.    Murgan 

St.,     Chicago^    III. 
Luca-S    Mdi.    Tool    Co.,    Cleveland,    O. 
Southwark    Foundry    &    Mch.    Co.,    Philadelphia,    Pa. 
Weaver    Mfg.    Co.,    Springlleld.    HI. 


Co.,    W.    F.    &   John,    Rockford.    Ill 


120-lt    .S.    Ilinl. 

N,    T. 
Nr«    Virk. 
....  laSFuMt  HI.,  Now  York. 
.Iry  it  Mch.  Co.,  M  N.  Olh  St.,   PhlU- 

17    Hill/TT    riace.    New    Torll. 

Oils,     (inrnchlns     and     TemperlnK 

Atr.«ri'-«n   ivt>.,|/..im   I"r><liirU  'o  .   (1r,rl,nd     O. 
(■.tAr«rt    llrnr.lna    *     Mfg.    fn.,     IL.IT.lo,     .N      Y. 
»'iak>    llr'x      ll'AnIng    Co.,    24    Bute    HI.,     Nrw     ^..rk. 
Ilawa     In-- ,  <>"•.    A,.   IM  Front  «..   Spw  Yorll, 
T"i«"'  'Ompanj.    17    llallrn    Plaos.    !*»w    Jotk. 

Os-ens,  Haklns 

Ammli-an    »u    Kumao*    On.,    34    John    Ht,,    Nrw    York. 
(Irri/'ral    Kl»cl/tr    Co..    IkbffMcUllr,    !*.    T. 


I'ortnlilc 

CAt..     MuNkcgon     Heights 
T'if.t    Works,    Inc.,    2lrd 


Pinners, 

M.,rt<.n     .\lf«. 

NV«(/.i,    M.h. 

l-hllxlelphlo 

Planers.    T 

NVAt.m    Mih. 
I'hlUd.'li.lii 


PInfr    llnlls 

Nilr»?lri„rnt,l'<in-1   Co,,    111    nroadnsy, 
Ho'jthKark    VTmnilrjr    A    Mch,    Co.,    Ph 


h,  \V..  n 


l'"l..l..    .\l.h.     &    Tiiol    Co.,     Toledo,     O. 

Presses,    Sheet    Metal    Working 

AniB    Mch.    Co.,    Mas,    Bridgeport,    Conn. 

AuUnnntic    Mch.    Co.,    Bridgcuort,    Conn. 

Mftlrd     Machine    Co.,     Briilgoport,     Conn, 

lllioi.  \\ntlenioii    Co..    Olevelanrt,    (V 

IlliiTH  r,..,    E.    W.,    Brooklyn,    N.    Y. 

Iluckoyi.    Engine   Co.,    Salem,    O. 

!••■  rrni  111.'    Mcli.     Co.,     Hridgoton,     N.    J. 

r.iii<lihiiuuli-Jardan  Tool   &   Mch.   Co..   Elkhart,    Indiana, 

Ningnra   Mch.   &  Tool  Works,   Buffnlo,   N.   Y. 


Soiillinark    Foundry    &    Mel 

SInll     (V...     Iscv.     II, 

SuMilMtrom   Mfi.  <•• 


<'i> 


llnir.i 
3201  Hlilrlrl. 
Hwslne  Mfg.  Co.,  K.  J.,  St.  Ix«ili 
IVil.<li.  Mrti.  *  TiKil  Co.,  Tolecl... 
Willsnl    Mch.    Tool    Co.,    CInolniiai 


Phllsdeliihis,     Pa, 
Chicago,    HI. 


Pliers 

Ivrk,    Ht/i»    A    Wllmt    C 
Inirl/ii.     f.mn 

Pnennintic  Tools 


2(13  W.    fVnl.r    HI,.    Hmilh- 


Oren*.  TemperlnK 

Ilok'r    *    fV...    Iwi,.    If.,    101    thjsn*    Ht., 
rienitst  El»ctTlo  Co.,  MfntUtt,   S.   T. 


llMlrsilllr 

lillenil.    <^ 
Melal».««l    Mfg.    Co.,    Il.lr. 
HotilJiwsrk     Fnundrj     &     .M 
Wr»t    TIrg    Holler    Co.,    Il> 

Presses,    Mlrnlglileii 

I'.liiir'ii    Knginrprlna    Works, 

HI.,     Chicago, 
llvdraiillc    PrKS 


322    N,    M'Tiisn 


Mfg, 


H4    Lincoln    A> 


Nr«    York.    i,„i,|K^n.Ui.i    Pnr 


M.'-.ln.      M.t.rll    A    Mr,.™.     Inr,,    110    W,    4lllh    «., 

lnT>^Uonal   OiMsn    Co..    HB   BtosdwST.    New    Trrtk.    Hh«r«r<)    W^rtrlo  Crans   A   ni.lst   Co.,    Mi.ntrmr    Falls. 
I.lnrls    Air    I'rriOilcls    Co..    43Dd    Bl.    Illrlg.,    N»w    Trfft.  i 


Mol«l» 

Moh.    Co.,    New    llerlfiml, 
Moilhwsrk     i'rsmdry    A    Mch.    Co.,     ■■hllarlelphls.    Pa. 
Hlrrlngnr-lit    Mcli.    Tool   (^•.,   11.11    Hoiltlii'm   Ave.,    HprlnU' 

nelil,    II, 
WsliKm-Hllllmsn    Co,,    102    Kiillon    HI,,    New    York. 
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THE 
NEW 
LANDIS 


No.  35 
BORING 
MACHINE 


Simplicity  of  Operation 


i8   a  Fundamental   Principle  in  the  Design  of  The  New  Landis 
Floor  Type  Boring,  Milling  and  Drilling  Machine 


From  one  position  the  operator  can  conven- 
iently control  all  operating  levers,  which  are 
grouped  on  the  saddle  of  the  machine  within 
easy  reach  from  the  operator's  platform. 
With  one  lever  the  machine  can  be  instantly 
started,  stopped  or  reversed,  independently 
of  main  drive  or  motor. 


All  changes  of  feeds  and  speeds  are  quickly 
obtainable  and  all  are  reversible. 
Power    rapid    traverse,    independent    of   the 
regular   feeds,   is   provided   for   the   spmdle, 
saddle  and  column  in  every  direction. 

Send  for  complete  catalog 


LANDIS  TOOL  COMPANY,  Waynesboro,  Pa.,  U.S.  A 


NEW  YORK  OFFICE 
50  Church  Street 


P..««(i»  Machine  Co..  llirming- 
linm  Alu.l  Hurnm.  Rick«r<l  * 
McOnp.  San  Ftanciaco  mki 
1.4<a   Aii«rle». 
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Presses,  Trlmmlne 

BiUmga  &   Spencer  Co.,    Hartford     Uonn. 

BUM  Co.,    E.    W.,    BnxAlyn,    N.    Y 

T^c^mmttf     Mch      Co.       Bndgeton,     W.     J. 

S^O^irt     FoildJ;   ■&    Mch.     Co       PhUadelphia,     Pa. 

Trfedo    Mch.    &    Tool    Co..     loledo,    O. 

Proflllns   Machines 

Becker    Milling    Machine    Co.,    Hyde    Park,    Mass. 

Bickett   Mch.    &    Mfg.    Co.,    Omcinnati,    O. 

Biegs-Watterson    Co.,    Cleveland     O. 

G^^  Mch.    Co.,    Spring  and  Varick   Sts.,    New   York. 

Leland-Gifford     Co. ,     Worcester,     Mass. 

Newton   Mch.    Tool  Works,    Inc.,    23rd   and   Vine   Ste., 

Philadelphia,    Pa.  „      .    ^     „ 

Pratt   &    WWtney    Co.,    Hartford,    Conn. 


York. 


West  Haven  Mfi,.    Co., 


Kesnlntors,    Temperatnre 

Ilroun    Instrumt^nt    Co.,    Philadelphia,    Pa. 
Taylor    Instrument    Companies,    Rochester,    N.    Y, 


Pa. 


...i,..^    Instniment    Co..    Philadelphia,    _-. 

Iloskins    Mfg.    Co..    459    Lawton    Ave..    Detroit     Mich. 

Shore  Instrument  &  Mfg.   Co.,   Inc.,   557  W.   22nd  St.. 

New    York.  _ 

Taylor    Instrument    Companies,    Rochester,    N.    I. 
wdson-Maeulen    Co..    783    E.    142nd    St.,    New    York. 

Rack     Cutting     Machines     and     Attach- 
ments 

.\daras   Co..    Dubuque,    Iowa. 
Bickett   Mch.    &   Mfg.    Co..    Cincinnati,    O. 
aonld   &   Eberhardt,    Newark,    N.   J.        . 
LeBlond    Mch.    Tool    Co..    R.    K..    Cincinnati.    O. 


Racks,   Cnt 

IVr^.m    &    Sharpe   Mfg.    Co..    Providence. 
Fawcus  Mch.    Co..   Pittsburgh,    Pa. 
(Fric-     FeUons   Gear   Shaper   Co.,    Springfield,    Vt. 


2707-2T37 


15th 


Pulleys,    Cone 

CresBon-Morris  Co..  Phlladelplua.  Pa. 

Johnson   Mch.    Co..    Carlyle,    Manchester.    Conn 

^*^°*„        .       t>   -^t  I,    r'^     -nj     i      jjnq  -x    12th  St       Meisel    Press   Mfg.    Ci 
Jones  Foundry  &  Mch.  Co..  W.  A..  44UB    ^.  l^n  oc.        ^^^ 

Chicago,    m. 
Moore    &    White    Mfg.    Co 

Philadelphia,    Pa.  „        „  , 

Poole  Engineering   &   Mch.   Co..    Baltimore, 
Saginaw    Mfg.    C0j_,    Saginaw.    Mich. 
Wood  Sons  Co.,   H.  B..   Chambersburg.   Pa. 

Pulleys,   Friction  Racks,    Stock,    Tool    and    Pattern 

Brown    &    Sharpe   Mfg.    Co      Providence.  «■    I^  Brown  Engineering  Co..   133  N.   3rd   St.,   Reading.   Pa. 

Caldwell    &    Son    Co.,    H,    W..    17th    St.  and    "« estern     Uijjmfactunng     Equipment    &     Engineenng    Co.,     Fra- 
Ave..    Chicap),    "' 


Newark   G«ar  Cutting   Mch.     _    _. 
Xuttall  Co..    R.    D..    Pittsburgh.    Pa. 
Philadelphia  Gear  Works.   Philadelphii 
imonds   Mfg.    Co..    Pittsburgh.    Pa. 


Conwiy  &  Co..   Cincinjati,  O. 

Cresson-Mnrni     Co..     Philadelphia.     Pa. 

Johnson   Mch.    Co..    Carljle,    Manchester     Conn 

Jones  Foundry  &  Mch.  Co..  W.  ^..  4409  W.  12th  St.. 

Chicago,  ni. 
Link-Belt    Company      Chicago.     I 
Moore    &    White    Mfg.    Co..    270i-2,3.     N.    Ijth    St., 

Philadelphia,    Pa.       ,,  .      „        n,i«™^T.     \I.l 
Poole    Enginevr-ng    &    Mch.    C?;.^'?''^'^'"'^-     ^' ' 
Sellers  &   Co.,    Inc.,   Wm..   Philadelph:s 
Wood  Sons  Co.,   -    "      " ^._.....„ 


Racks,  Tool 

\e\v   Britain    .Mcli     I'o      Ne"    Britain.   Conn. 
Western   Tool   &    Mfg.    Co.,    Springfield,    O. 


Chambersburg.   Pa. 


Pulley    Turning    and    Boring    Machines 

American   Tool   Works   Co.,    Cincmnati,    O. 
NiwJ^entrPond   Co..    Ill    Broadway,    New    York. 

Pump    Leathers  _.. 

Chicago  Rawhide  Mf^.  Co..  1301  Elston  Ave..  Chicago. 

Gl^n    &    Knight    Mfg.    Co.,    Worceater,    Mass. 
Williajns  &  Sona,   I.   B..   Dover.    N.   H 

Pumps,  HydranHc 

Buffalo    Forge    Co..    Buffalo.    N.    Y. 
Chambersburg   EngineeriDg    Lo      ChamDe^urg,    Pa 
Elmes    Engineenng   Works,    Chas.    F..    £i2   N.    Morgan 

H?dr-au?x1?r"es»™Mfg.„(^   M   .UncoUi    Ave..    Mount 
Metalwood  iUg.  Co..  petr<nt.^^Mich.       _^.        ^.  ^^ 

wSrth^ltS"'Puinp'&    Mchy.°Corp;;     US    Broadway. 
NewYork. 

Pumps,    Lubricant    and     I'.ll 

Bro«n    4    Sharpe    MfK.    Co..    Prr  idence.    R.    I. 
Knllio    Pirnip    Co..    Blancheater.    < >. 
Greenfield    Tap   &    Die    Corp..    Greenfleld.    M.ias. 
Michigan    Lubricator   Co.,    Detroit,    l-ich. 
TraJiern    Puinp    c'o,    Uwkford.    111.  _ 

wfrlhi,sr'^     P'irni.    i     Mchy.     Corp..     lU     Broadway. 
Sew    York. 

Pumps,  Pneumatic 

Inger»n-IUnd„_Co..    11    Bro«lw«     New    Vurk. 


Billings    &    Spencer    Co.,    Hartford,    Conn. 

Reanit-r  Holders,  Floating 

\'ictor    Tool    C"^-.    Waynesboro,    Pa. 


Co..    Providence.    R.    I.  -    -, 

L..   50   Church  St.,    New   York.    Southwark    Foundry    &    Mch. 


Trah.r 


I  pa 


Rotary 


R<«kford.    Ill 


Pumps,    Steam 

Buffalo   Forge    Co.,    BolWo.    N.    Y. 
In«.rw.ll-Rmnd    Co..    II    Bro«d»ay.    New     York. 
WorU.  iiaton    Pump    &    Mchy.    Corp..     115    Broadway, 
New     York. 


Reamers 

.\dvance    Tool    Co.,    C 

Brown    &    Sharpe    Mf| 

IJrubaker   &   Bros..    W,    _  .. 

iiutterfield    &    Co.,    Derby    Line,    Vt. 

I'ard   Mfg.    Co.,    S.    W.,    Mansfield     Mass. 

Carpenter   Tap    &    Die    Co.,    J.    M..    Pawtucket.    R.    I. 

Clark    Equipment    Co..    Buchanan.    Mich. 

Cleveland    Twist    Drill    Co.,    Cleveland.    O. 

Columbus  Die.    Tool    &   Mch.    Co..    Columbus.    O. 

Detroit    Twist    Drill    Co..     Detroit.     Mich. 

Olenzer   Co^    J.    C,    Detroit,    Mich. 

Greenfield   Tap    &    Die    Corp..    Greenfleld.    Mass. 

Hammacher.    Schlemmer    &    Co..    4Ui    Ave.    and    13th 

St..    New   York. 
Kelly  Reamer   Go.,    Cleveland,    O. 
McCrosky     Reamer     Co.,     Meadville,     Pa. 
Morse     Twist     Drill     A:     Machine     Co..      New     Bedford, 

Mass.  _  .,,  . 

.National   Twist  Drill    &   Tool   Co.,    Detroit.    Mich. 
Pratt    &   Whitney    Co..    Hartford,    Conn. 
Production    Tool    Co.    of   America,    Detroit.    Mich. 
Reiff  &   Nestor  Co.,   Lykena,   Pa.  ^  „      ^ 

Rogers    Works,    Inc^    J.    M.,    Gloucester    City.    N.    J. 
Schellenbach-Hunt    Tool    Co..    Cincinnati.    O. 
Standard   Tool    Co..    Cleveland.    O. 
Taft-Peirce   Mfg.    Co..    Woonsocki-t.    R.    I. 
Whitman    &    Barnes   Mfg.    Co..    1000    West    120th    St.. 

Chicago.    111. 
Wilcox  Motor  &  Mfg.  Co.,  Saginaw,  Mich. 

Reamers,   .Adjustable 

.Advance    Tool    Co.,    Cincinaatd,    O. 
neveL-ind    Tvint    llrill    Co..    Cleveland.    O. 
Detroit   Twist  Drill   Co..    Detroit.   Mich. 
Gisholt  Mch.   Co..   Madison.   Wis. 
Kelly    Reamer    Co.      Cleveland.    0 


Cleveland.    O. 


wfiierai    i:.iecLin;   \ju..    Schenectady     N.    Y. 
Weatinghouse  Elec.    &  Mfg.   Co.,   East  Pittsburgh.    Pa 

Rifle  Barrel  Machinery 

Baush    Mch.    Tool    Co..    Sp'.uefield     Mass. 
hiamond    Mch.     Co.,     Providence.    R.     I. 
Pratt    &     Whitney     Co.,     Hartiord,     Conn. 
Ueed-Prentice    Co..     F.     E.     Reed    Dept.    and    Prentic 

Bros.   Dept..   Worcester.   Mass. 
Sloan    &    Chace    Mfg.    Co..    Ltd.,    Newark,    N.    J. 

Rings,   '\VeIdIess 

Dyson   &   Sons,   Joseph.    Cleveland.    O. 
Johnston    &    Jennings    Co.,    Addison    Road    and    Lak 
Shore    R.     R.     Tracks,     Cleveland,     O. 


Riveters,    Hydraulic 

Chambersburg  Engineering  Co.,    Chambersburg     Pa. 
Hanna    Eng.    Works      1763    Elston    Ave.,    Chicago.    111. 
NiJes-Bement-Pond    Co.,    Ill    Broadway,    New    York. 
.Southwark    Foundry    &    Mch.    Co.,    Philadelphia.    Pa. 

Riveters,    Pneumatic 

Chicago     Pneumatic     Tool     Co..     1080     Fisher     Bldg., 

Chicago,     lU. 
Hanna    Eng.    Works,    1763    Elston    Ave.,    Chicago,    111. 
Independent   Pneumatic    Tool    Co.,    Chicago.    111. 
Ingersoll-Rand    Co.,    11    Broadway.    New    York. 
Shepard    Electric    Crane    &    Hoist   Co.,    Montour    Falls, 

N.    Y. 


RivetinK'    Machines 

Bilton    Mch.    Tool    Co..    Bridgeport.    Conn. 

Blomquist-Eek    Mch.     Co.,    Cleveland,     O. 

Buffalo    Forge    Co..    Buffalo,    N.    Y. 

Grant   Mfg.    &   Mch.    Co.,    N.    W.    Station,    Bridgepo 

Conn. 
Hanna    Eug.    Works,    1763    Elston    .\ve.,    Cliicago,     1 
High-.Speed  Hammer  Co.     Inc.,   Rochester,   N.   Y. 
Long  &   AUsUtter  Co..   Hamilton.    O. 
N'iles-Beraent-Pond    Co..    Ill    Broadway.    New    York. 


Philadelphia,    Pa. 


lownsend    Mfg.    Co..    H.    P.,    Hartford,    Conn. 


Rod    Cutting    Machines 

Cniou    Mfg.     Co.,     New    Britain,     Conn. 

Rolling    Machines,    Tapered    Forging 

Ajai  Mfg.   Co..    Cleveland,   O. 
Williams,     White    &    Co.,     Moline,     111. 


Blake    &    Johnson    Co.,    Waterbury     Conn. 

h-awcUB    Maclune    Co.,    Pittsburgl..    Pa 

Southwark    Foundry    &    Mch.     Co.,    Philadilphiii.     Pa 

Rope  Dressing  and  Preservati^  i' 

I, ink-Belt    Company,     Chicago.     111. 


lU. 

Rules,   Steel 

Brown    &    Sharpe    Mfg.    Co.,    Providence. 
Ooodcll-Pratt     Co.,     Greenfield,     Maas. 
tlammacher,    Schlemmer    &    Co.,    4tll    / 

St..     New     York. 
Keuffel   &    Baser   Co.,    Hoboken,    N.    J. 
Starrett   Co.,    L.    S.,    Athol,    Mass, 


Pumps,   Turbine    Driven 

Eaile    Gc»r    &    Mch.    Co..    4705    Stent' 
dcIpbUi.  F>. 


Pratt  &  Whitney  Co.,  Hartford.   Conn. 
Kogers    Work-      Inc..     J.     M.,     lilniicesfcr    City.     N.    ,1. 
Ave..    PhiU-    Sciellenbach-Hunt  Tool  Co.,   Cincinnati,  O. 


Ne 


V.,rk. 


„  ,_„     Reamers,   Aligning 

PuiPl>    A    Mchy.     Corp.,     115    Broadway.     Tmft-Pcirce   Mfg.    Co..    Wo^uLsockct. 


Tmbrni  'Piirnp  Co.,    lUjckford.    Ill 
W<irthln>t/:      ~  *     "'"- 


26    Thames    St.,     New     York. 


Detroit.     Midi. 


Max,    Bridgeport 
rv.  ,    fclyria.   O. 

Bro'.klm.    N.    Y 


Punches    an 

American     Mchy 

Itrooklrn,    N.    . .  ^ 

Ainu   Mf±.    <Vi..    Max.    Bridgeport,    Conn. 
Anderl'in    Mfg. 
BIlM  < 

6o(oiiibM"w'e,"'T.*r'*    Mcli.'Co:,    (>lumbii«, 
Harria     Engln'rrlng     Co.,     H._E..     Bridgeport.     Conn 
Kra*^rw  Mfg.  Co.. 
Neli»m    Tw.l    Oi.. 

Pratt  '*    Whilnry    Co..    Hartford 
lloreraT'ird    Pdry.    &    Mch.    Co., 
ulpbia.    I' 


RennierN,   Portable  Ellectrlc 

Cincinnati  Elec.  Tool  Co.,  Cincinnati,  ( 
Standard  Electric  Tool  Co..  Cincinnati, 
Van   Horn   Electric  Tool   Co,     Cleveland. 


RecordluK'    Insfruni 

■T    .  ....:uu    .L,      Brtrtol    Co..    Wati-rbury.    f: 

iVllnrt    HI       N»w     nronn    Instniment    Co.,    Philadelphia,    Pa 


for    F.Ie<'lrl< 


Chicago.  111. 


General     Electric    Co..     Schenectady.     N.     Y. 


.s.    51h    St.,    Phil- 


for    PrcHMiiro 


\Vi 


Sand   Blast   ESiinlpmcnt 

Curtis   Pneumatic   Mchy.    Co..   1B88    Kienlen 

Louia.    Mo. 
Gray   Mch.   Tool   Co.,    Inc.,   Buffalo.    N.    Y. 
I.ink-Belt    Company.    Chicago,    111. 


..    vj..    Indianni)oli«,    Ind, 

„i „    K.-,..    »...,..-,    niO   W.    2ltli    SI.     New    York, 

ly    Diamond    Saw     &    Slamping    Works,     lluffalo,     N.     Y. 
DJHUtjin    &    Sons,    Inc.,    Henry,    Philadelphia,    P«. 
Goodi'll  Pratt   Co..    Grocnllold.    Maan. 
Hammacher,     Schlemmer    &    Co.,    4th    Ave.    and    ISth 

St.,   New  York. 
Ilulhor     Brim.     Haw     Mfg.     Co,.     IIOS     Cnlvenilty     Ave.. 


N     Y. 


J..    Bl.    Ixn.ln.    Ml, 


„-.„-.  .iitg.  .-,..  ..  ...  - 

TafUvlrrr  Mfg.  (>>..  Woonnorkit 
Tarlor-Hhantx  C<i..  ItochsntOT.  N.  1 
T<.le<1o  Mrh.  A  Twil  t>>..  ToWo  I 
Weatrm   Tool   Co..    Newark.    N.   J. 


II.    I. 


Ma 


2Sixl    and    Vine    Sta.. 


OnlcTliig 


Itrown    Iniiiriinunt    Co.'.    l>hlladelphia.    Pi 


Tide 


f:o..    iUi     At 


KeoordliiK    liistrnmcnt 
pf  rnllirr 

llri»1..1  Co.,    Watirbury,   fji 


XOflrK     I  ■:.     1.      o.,     Alli"l, 

i>nnclitiiu    Marhlnrry 

Il„fr«l'.    1..TK.    >■„  ,    I;„fT.:..     « 


ItroKM     In.lrii 

lfo«klii»    Mfg.    Co.,    4Ml 
Taylfir    Imitnimont    Cfitnp 


Philadelphia.     Pa 


Alkitul    Si 
DIaniiilid 
Dlwlon    .1 
(loolell  IN 
llati 


Mfg.    Co",    New    Utvon,   Conn. 

lucM.  Hack 

o..    Inc.. 
>w     It    dl 


n.,    Indlanapolla     Ind. 
ling    Workn.     Ilnftalo. 
Ilenry,    I'lilliidelphia,    Pi 
ndd,    Mni« 


111     i:i,...d 


'khart,     Ind. 

Mrh 
,-..    Y. 
4.,     Ne»     Votk. 
M     N.    nth    f4t,. 


llrn«n    Inilnimmt    Co,'.    PhllmWiihli 
niDliolt    Mch.    Co.     Maillann.    Wl«. 

nr-r;nl(inir     Mllllnii     (Sutlers,     llrnniera, 


r.     Hrhlomnior    A    Co..     Ilh    A» 

HI,,    N<'»    York, 
MIlliTK    Folia  Co.,    210   Ulvor   St..    Mlllen 
Napiir    Haw     Worka,    Inc.,    B    Napior    Bt„ 

MaM, 
Hlmnnilo    M(b,     <'"  ,     I'llrlilmrc      Mann. 
Htarrrtl   Co.,    L,    B.j   Albol,    Maa>. 


i'lilladtlphli 


rill 

Ilnin 


ll.< 


Weat   Iln 


TlKll 


rniim  Mff,  '•■ 
WaHr/n  Hull  man 
WllUatn..    Whil" 


lleKillnlor 

llr.j.n     In.ln.i 
liTlor    Inatnii 


ConipanUa,    iforhMtar,    .V,    Y, 


G,,    Ne 


InillnMUKilln.     Ind. 
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DIAMOND 

Grinding  Machines 

Speed  up  Production! 


Immediate 
delivery  may 
be  lia  d  on 
Diamond 
Grinder 
Heads  —  a 
complete 
line  of  rapid, 
efficient,  ac- 
curate ma- 
chines—both 
costandtime 
savers. 
Ready  for 
you  to  put 
to  work  iioK'! 


Write  for  Catalogs  and  Particulars. 

DIAMOND  MACHINE  COMPANY 

PROVIDENCE  RHODE  ISLAND 


iiiiHiiitiiitiiriiiiiitiiiii 


iiiiiiMiiminiiiiiiiiriiiiii 


SPRAGUE  ELECTRIC 

HOISTS 

Save  Time 
Energy  and  Money 

500   Lbs.  to  6  Tons  A.C.  or  D.C. 


SPRAGUE  ELECTRIC  WORKS 

of  General  Electric  Company 

Main  Offices: 
a'Tail  W    34ih  STREET.   NEW  YORK 

It  a      I    Offices  in   Principal   Cities 

I   riiiiiiiii)iiuiiitiiii!iiiiiiitiiriiiiiiiiiiiiiiiniiiiiitiii)iitiii 


No.  lOOR  SET  OF  10  PUNCHES 


-fc    Order  of  \tour 
=»    Tool  Dealer 


ichca.  I  Pin  Stnrting  Punch  '."  point.  1  Prick  Pu 
I  CenUr  Punchc.  in  CLOTH  CONTAINER. 

Mi.,1.-    I.y 


The  West  Haven  Mfg.  Co.,  New  Haven,  Conn. 


BUILDERS    OF 


High  Speed  Planers 


THE  W.  A.  WILSON 
MACHINE  CO. 

ROCHESTER  NEW  YORK 


No.  12 
Grinder 


Builders  Service  Grinders 


In  bench  or  floor  types,  are  so  construct- 
ed as  to  guarantee  long  life  and  real 
service.  All  parts  are  standardized  and 
interchangeable.  Unusually  large  cast 
iron  bearings  and  accurately  turned 
high  point  carbon  steel 
spindles. 

These  machines  are 
built  in  6  sizes,  adapted 
for  wheels  from  8x1- 
inch  to  18  x  3V>  inch. 


Pull, 


Counter- 
£      Shaft 


Complete  Catalog  on  Request 


Builders  Iron  Foundry 


PROVIDENCE 


RHODE  ISLAND 


"WALKER™. 


iM 


THE  WALKER  No.  2  is  just  the  grinder  for 
the   great   variety   of  work   found   in   the 
average   machine   shop.      It   is   self-contained, 
compact,   rigid,   and   durable — can  be  set   up 
almost  anywhere  and  may  be  equipped  to  take 
care  of  almost  any 
kind     of     grinding 
work. 

The  WALKER 
No.  2  Grinder 

is  an  accurate,  eco- 
n  0  m  i  c  a  1  machine 
and  deserves  inves- 
tigation. 

Catalogue  ? 


OS.  WALKER   CO. 

MAGNKTft:  CHUCKS    C.RINDING  MACHINES 
Sncc«MOr»  to  O;  .S.  WaJUer&'Co,  ond  WslkcrCnnaci-  C 

WORCESTER,  MASSACHUaETTS,  U.S.A. 
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Sairing  Machines,  Wood  * 

liaiTiPS    rn.,    Vi.     F.     i    John,    231    Riihy    St.. 

Crescent   Mch.    Co..    56   Main    St..    Leetonia,    < 
Oliver  Machinery  Co.,   Grand  Rapids,   Mich. 

SniTS,  Circular 

Atkins   &    Co.,    Inc.,    E.    C,    Indianapolis,    Ind. 
Crescent  Mch.    Co.,    56  Main   St..   Leetonia,    O. 
Disston  &  Sons,   Inc..   Henry    Philadelphia,   Pa. 
Hunter   Saw    &    Mch.    Co.,    Pittsburgh,    Pa.    . 
Hnther    Bros.     Saw    Mfg.     Co..     IIUS     University     Ave., 

Rofhester,    N.    T. 
Napier    Saw    Works,    Inc.,    5    Napier    St.,    Springfield. 

Mass. 
Simonds  Mfg.  Co..  Fitchburg.  Mass. 

Saws.  Metal  Band 

Atkins   &   Co..    Inc..    E.   C    Indianapolis,    Ind^ 
Dis3t«n   &   Sons,    Inc.,    Henry,    PhUadelphia,   Pa. 
Hnther    Bros.     Saw     iiSe-     Co..     lUte    I  niveraity     Ave., 
Uochester.    N.    Y.  _...„.       o     •     c  ,j 

Napier    Saw    Works,    Inc.,    5    \apier    St.,    Spnngheld. 

Thompson  &  Sons  Co.,  Henry  G.,   New  Haven,   Conn, 
West  Haven  Mfg.   Co.,   New  Haven,   Conn. 

Sarrs,  Metal  Band  Machines 

Armj!trong-Blimi    Mfg.     Co.,     343    N.     Francisco    Ave.. 

Chicago,    111.  „     .         ^. 

Racine  Tool  &  Machine  Co.,   Racine    Wis. 
Thompson  &  Sons   Co.,   Henry  G.,   New  Haven,   Conn. 

San-B,  Power  Hack  Machines 

Armstrong-Blum  Mfg.  Co.,  343  N.  Francisco  Ave., 
Chicago,    ni.  ,.      ,   J 

Atkins  &  Co.,    Inc.,    E.   C.    Indianapolis.    Ind. 

Buchei^Smith    Co..     East    Liverpool,    O. 

Diamond    Saw    &    Stamping    Works,    Buffalo,    N.    Y. 

GoodeU-Pratt  Co..   Greenfield,   Mass. 

Millers  Falls  Co..   210  River  St.,   Millers   Falls,   Mass. 

Napier  Saw  Works.  Inc.,  5  Napier  St.,  Springfield, 
Mass. 

Pe^erles3  Machine   Co.     Racine,   Wis. 

QMS    Co.,    1763    Elston    Ave..    Chicago,    HI. 

Kacine    Tool    &   Machine   Co.,    Racine.    Wis. 

Thompson   &    Sons  Co.,    Henry   G.,    New    Haven,    Conn. 

Western   Tool   &  Mfg.    Co.,    Springfield,    O. 

West   Haven   Mfg.    Co.,    New    Haven,    Conn. 

Saws,   Rotary   Machines 

Billings    6:    Spencer    Co.,    Hartford,    Conn. 

Burr  &  Son  John  T.,  429  Kent  Ave..  Brooklyn, 
N.   Y. 

Cochrane-Bly  Co.,   Rochester    N.  Y, 

Earle  Gear  &  Mch.  Co.,  4705  Stenton  Ave.,  Phila- 
delphia,   Pa.  „„.,,,      „ 

Espen-Lucaa  Machine  Worte.   Philadelphia,   Pa. 

GreenfleM    Tar    &    Die    Corp..    Gresnfield.    M--^. 

Harrington,    Son    &    Co.,    Inc..    Edwin.    Philadelphia, 

Newton   Mch.    Tool   Works,    Inc.,   23rd   and   Vine   Sts.. 

Philadelphia.     Pa. 
Swlnd    Mchy.    Co.,    Philadelphia,    Pa, 
Vandyck   Churchill    Co.,    141)    Krnadway,    New    Y..rk. 

Saw  Sharpening  Machines 

Cochrane-Bly   Co.,   Rochester,    N.    Y. 
Greenfield   Tap   &  Die   Corp.,    Greenfield^   Mass. 
Hunter  Saw   &   Mch.    Co.,   Pittsburgh,    Pa. 
Newton   Mch.    Tool    Works,    Inc.,   23rd   and   Vine   Sts.. 
Philadelphia,    Fa. 

Saw  Tables 

Baker  Bros..  Toledo,  O, 

Crescent  Mch.  Co„   56  Main   St..   Leetonia,   O. 

Olivw  Machinery  Co.,  Grand  Rapids,  Mich. 


Screw    Mncliine    Tools    and    Eanlpment    Rivursido  Machinery  Depot,   Detroit,   Mich, 
pardons ..&„  Oliver,.  Cleveland,„0. „     ,  g!^,:^,r„^.''^j:;,, '"??„''•   ?°c',. 'AJban'^'- N 


Brown"'&"sh'aViK"MF8"."Co.,  'Pr'oVidencc,    R.    I.  S!""5°?5   Y.i"^'    '^"'i-, '°^.-    -^"^^^.l.  "•    ?■     m 

Cincinnati    Autbniatic    Mch.    Co.,    Oakley,    Cincinnati,    t^m^^rd    I'lunger    ^levator    Co.     V\ orccster     M 

Q  stjindard    Prcssen    Steel    Co..     Philadeliiliia,    r«. 

Cleveland   Automatic   Machine   Co.,    Cleveland,    a  Sti.-kley  ■  Mchy.    Co.,    E     B      Detroit     Mich. 

Davis  Mch.   Tool  Co..   Inc.,  Wm.   *•.,   549  W.  Washing-     U-rnunal    Mch.    ^n      404    Br™,rne    St      New    York 

ton    Blvd.,    Chicago,    111.  ^.""••}<'y,    ^H?-    FK'^K   Philadelphia,  _Pa. 

Foster  Mch.   Co.,  Elkhart,   Ind. 

Garvin  Mch.   Co.,   Spring  and   Vaxick  Sts.,   New   York, 
OreentieM    Tap    &    Die    Corp.,    Greenfield.    Mass. 
Harris    Engineering    Oo^     H.     E.,     Bridgeport.     Ctonn, 
Jones  &  Lamson  Mch,  Co,,   Springfield,  Vt. 
National    Acme    Co.,    Cleveland,    O. 
New     Britain    Mch.     Co.,     New     Britain      Conn, 
riliver  Machinery  Co.,    Grand  Rapids,    ilich, 
I'.tter    &    Johnston    Mch.    Co.,    Pawtucket,    R.    I. 
I'latt  &  Whitney  Co.,  Hartford,  Conn. 
si.nthworth    M.4/"hine    Co..    Portland.    Maine. 

teinle    Turret    Mch.    Co.,    Madison,    Wis. 


\aiidyck    Churchill    to.,     149   'Broadway      New    York, 

\'onn*gut    Mchy,    Co,,    Indianapolis,    Ind. 

Wnl.sh  Mchy.  Co.,   M.  J.,  Milwaukee,   Wis. 

Wliit*   Mchy,    Co,,   A.   D..   108   N,   Jefferson   St..   Chi- 

f.igo.    111. 
Wright,  David  A.,  568  W.  Washington  Blvd.,  Chicago. 


\Va 


&    S» 


Co, 


Wix)d  Turret   Mch  Go 


tteveland,    O, 
Brazil.   Ind, 


Separators,   Oil  and   Steam 

Xicholpon    &    Co.,    W.    H.,    112    Oregon    St.,    Wilkes- 
llarre.    Pa. 

Set   Screws,  Safety 

.Mien    Mfg.    Co.,    Hartford,    Conn. 
Bristol  Co.,  Waterbury,  Conn. 

Hanuiiacher,    Schlemmer    &    Co..    4th    Ave.    and    13th 
New  Y'ork. 


.^nderson  Mfg.  Co     Elyria    O  New  'Haven   Screw  Co.,  New  Haven,  Conn. 

Blum    &    Co.,    Juhus,    510    W.    24th    St.,    New    lork.    a,.„,,.,.j    p-.<,i^rt    Hti><>^    Co      Phila,^elnhia     P 
Brown  Engineering  Co.,  133  N,   3rd.  St.,   Reading.  Pa.    sunaaia   l-ressed    steel   Co.,    Philadelphia,    f. 


Reading, 

nati    Screw   Co.,  'Twightvee,    Cincinnati,    0. 

Eastern    Mch,    Screw    Corp..     New    Haven,    Conn, 
Meisel    Press   Mfg.    Co.,    948   Dorchester    .\ve.,   B,oston, 

National    Acme    Co.,    Cleveland.    O. 

New   Haven  Screw  Co.,   New  Haven,   Conn. 

Potter   Tool    &    Mch.    Works.    79    E.    130th    St.,    N.    Y. 

Reliance   Die    &   Stamping   Co.,    515   N.    La    Salle   St., 

Chicago,    111. 
Kobidoux  Mch.   Co.,   20  Fulton  St.,   New  Y.'jrk. 
Ktecer  &  Son.*!  Industrial  Works.    Stecer,    111. 
Tock    Screw   Mch.    Products  Corp.,    Long    Island   City,    Shapers 

N.    Y.  American    Tool   Works    Co..    Cincinnati     0. 

Cincinnati    Shaper    Co.,     Cincinnati,    O. 


Shafting-,    Steel 

Abom    Steel    Co.,    Inc.,    26    Clarke    St.,    New    York. 
Blum    &    Co.,    Julius,    510    W.    24th    St.,    New    York. 
Rrown  Co.,  A.   &  F..  79  Barclay  St.,   New  York, 
Cresson-Morris    Co,,     Philadelphia.     Pa. 
Standard   I*re.s.<)ed    Steel    Co..    Philadelphia,    Pa. 


Screw   Plates  , 

Bav  State  Tap  &  Die  Co.,  Mansfield,  Mass. 
Besdy    &    Co..    Ohas.    H..    120-B    N,    CUnton    St,.    Chi- 
cago.    111. 
Bruhaker  &  Bros.,  W.   L,,   60  Church  St,,    New  York. 
Butterfield   &   Co,,   Derby  Line,    Vt. 
I'ard    Mfg.    Co.,    S.    W,,    Mansfield,    Mass. 
Carpenter    Tap    &    Die    Co.,    J.    M.,    Pawtucket,    R.    I. 
Greenfield    Tap    &    Die    Corp,,    Greenfield,    Mass, 


C'<K;hjane-Bly    Co. ,    Rociiesttr, 

Davis    Mch,    Tool    Co,.     Inc..    Rochester,     N.    Y. 

Gould   &   Eberhardt,   Newark.    N.   J. 

Hendey  Mch.    Co.,    Torrington,    Conn. 

Jackson   Shaper  Co..   Jackson,   Mich, 

KeJIy  Co.,  R.  A,,  Xenia    O, 

.Morton    Mfg.     Co.,     Muskegon    Heights,     Mich. 


Newton    Mch.    Tool    Works,    Inc.,    2.'lrd    and 
Philadelphia     Pa. 

Nilea-Bement^Pond  Co.,    Ill   Broadway,    New   York. 

Ohio  Machine  Tool  Co.,   Kenton,   O, 
i.reemiera     rap    «    i_.ie    i.;orp.,     ureenneiu.    mass  y,^^i„   ^^    ,T,-,hnston   Mch.    Co..    Pa-  tucket,    R.    I. 

Hart   Mfg.    Co.,    E,   20th   St.   and  Manon   Ave..   Cleve-    g^^jtjj    j^   jjilla   Co.,    Cincinniti,    O. 

Snringflcld    Mch.    Tool   Co.,    Si.nngfield,    O. 


land,    O 
Hjorth   Lathe  &   Tool    Co,,    Boston, 
Morse   Twist   DriU    &   Mch.    Co.,    Ni 
ilster  Mfg.  Co..   Cleveland,  O. 


Scre^Ts,    Cap    and    Set 

.Ulen    Mfg.    Co.,    Hartford,    Conn. 

Eastern   Mch.    Screw   Corp..    New   Haven,    Conn, 

Hammacher,    Schlemmer    &    Co.,    4th    Ave.    and    13th 

St..     New     York. 
Hindley     Gear     Co..     Philadelphia      "° 
National    Acme    Co..    Cleveland,    O 
New   Haven   Screw  Co.,   New  Ha 


New   York. 


siinpers.   Vertical 

lugersoU-Rand    Co,.    11    Broadway,    New    York. 
I'ratt    &    Whitney    Co..    Hartford,    Conn. 


Shen 


ig  Machinery 


Tock    Screw    Mch,    Profclucta   Corp..  'Long  'island    City,    B'lSaJo    Forge   Co      Buffalo,    N,    Y 


Toledo   Screw   Products   Co.,    Toledo,    O. 


anton   Foundry   &   Mch.   Co.,    Canton.    O, 
l'*erriiciite    Machine    Co.,    Bridgeton,    N,    J, 
Long   &   .\Ustatter  Co.,   Hamilton,   O. 
Niagara    Mch.    &    Tool    Works,    Buffalo,    N,    Y, 
Ndea-Bement-Poud   Co,,    111   Broadway,    New   York. 

ford    Foundry  &  Mch.   Co.,   54  N,  6th  St,,   1-niia- 


ScreTTs,    Machine 

.\llen   Mfg.    Co.,    Hartford.    Conn, 

Eastern    Mch.    Screw    Corp.,    New    Haven,    Conn.  delpllia      *a 

Hammacher,    Schlemmer    &    Co.,    4th    Ave,    and    13th    southwarts    Foundry    &    Mch.    Co.,    Philadelphia 

St.,    New    York,  ■■-  "    '-'        '  '■     ^'      -   ■-  .       -f     -• 

Hindley    Gear     Co.,     Philadelphia,     Pa, 
National   Acme   Co..   Cleveland.   O, 
New  Haven   Screw   Co.,   New  Haven,   Conn. 
Tock   Screw   Mch.    Products  Corp.,   Long   Island   City, 


StoU   <^o..    Inc..    II.    H.,    Buffalo 
Toledo    Mch.    &    Tool    Co..    Toledo.    O. 
Union    Mfg.    Co..     New    Britain.     Conn, 
Watson-StiUman    Co,,    192    Fulton    St.,    : 
Williams,    White    &    Co.,    Moline,    111, 


Pa. 


Schools 

Rocbe«ter   Athenaeum    &   Mechanics   Institute,    Roches- 
ter. N.  Y. 

Scraping  Tables 

New  Britain  Mch.  Co.,  New  Britain,   Conn. 

Screw    Cutting   Tools 

See  Taps  and  Dies. 

Scre-iT    nriving    Machines 

Kemolda    Machine    Company.    Mawillon.    O. 

Screw    .Machines,    Automatic 

Broon    &    Hbarpc    Mfg.    Co.,    ProTidence,    R.    I. 
Cincinnati     Aiilolnnlic    Mch.     Co.,     Oakley.     CiiicinnaU. 

O, 
Cleveland   Automatic   Machine   Co      Cleveland.   O. 
CAme    Automatic    Mch.    Co.,    Windsor,    Vt. 
Davli  Mcb.  Tool  Co.,  Inc.  Wm.  F..  549  W.  Washing- 

l,.r,     Ultd..     <-hl':il!o.     111. 
IM'hhunj    AuU/matIc    Mch.    Worka,    Fitchburg.    Maw. 
N«ii.,i..il    Acii..     Co.,    CUjicland,    O, 
N.™    UnUiif   Mch,   Co.,   New   Britain.   Conn. 
Prall    *c    Whitney    Oi..    Hartfonl      Conn, 
Townnend     .Mfg.     Co.,     H,     I',,     ll»rt/ord,     f>.,nn, 

trrrtv   Machines,  Hand 

!■>•]    Cn..    CInHnnnll,    O, 

er,    Cleveland,    O, 
..    /j'l.^    CliTMland,    (). 
;■     Mfir     (>..    I'rorldence,    R,    I, 
■        S    .    Di-n«n™,   (I, 

'«.,    CInclnnaU.    O, 
•  irt,    Ind, 
.,?   Bfi'l    Vnrl"V    BU,,    New    York, 
r...,        i:.,,  ,.fl.l,|     Mam. 
M.     VI. 
^\iA\n,    Intl. 
Mirh. 

I',,.'.  "1.      '  •■       [■-.  -lueliel.    II,    I, 


.    I^tr  KliK.n,    llt,«fo 
elund.    O. 
>ll.    Ind. 


mnraland  AutonaUr  Uarhlne  Co.,  Olcraluid,  O. 
l-.m^    Aiit.„nAli.     M'h.     I-,.  .     I".-,,     \Vln(1«»      VI. 
Fitchburg    AnUxnaUc    Mrh.     Wrffkn,    Fltchliurg,    lIlM, 
.National    Acm*  I'm.,  CIrteland,   Cl, 


Toledo   Screw  Products   Co.,   Toledo,    ft. 

Screws,     Special     Lend,     Feed,     Ktc. 

Automatic    Mch.    Co.,    Bridgeport,    Conn. 

Second-hand  Machinery,  EtQ. 

AUen    Mchy.    Co..    B.    C,    1000    Randolph    St.,    Chi- 
cago,    111. 
Baird   Mchy,   Co,,   W.   J,,   Detroit    Mich. 
Biggft-Watterson    Co.,    Cleveland,    0, 
Brownell   Machinery  Co.,    Providence,    R.    I. 
<lincinnati    Planer    Co.,    t'inrinnati.    <>. 
Cleveland   Mchy.    &   Supply   Co.,    Cleveland,    O. 
Co-operative  Engineering  Co..  25  Church  St.,   New   Yin-k. 
Curtiss-Willis    Co..    Inc.,    80    Church    St.,    New    York. 
Dans   Mch,    Tool   Co..    Inc.,   Wm.    F.,    649   W.    Wash- 
ington   Blvd.,    Chicago,    111. 
Davia  Mch.  Tool  Co.,  Inc.,  Rflchoster.  N.  Y. 
llav    .Ma'hinen    Co..    linlfalo.    N     Y. 
Essley     Mchy.     Co.,     E.     L.,     O.'j.'i    Washington     Blvd, 

Chicago,    HI 
Evorlaating  Valve   Co.,   2   Rector   St.,    New   York, 
Factory   &   Mill   Supply   Co.,    Boston,    Mass, 
Fwlcral     .Mchy.    Sales    Co.,     11     N.    Jeflrerson    St..    Chi- 
cago,    111. 
Fraaac    &    Co.,    Inc.,    Petar   A.,    417    Canal    St.,    New 

Y</rk. 
Gininl    Mntliliio   ,^-    Tool    Co,,    niiladelnWa.    I'n. 
Gnunm-Bcmstoln  Motor  Trade  Co.,  Lima,  O, 
Gray    ,M.-h.    Tri.,1    Co.,    Inc.,    Hulfalo,    N.    V. 
Hill,    Clarke    &    Co,,    Inc..    Boalon,    Mass. 
Hill.     Clarke     &     Co.     of     Chlca«o,     025     Waalilngton 

Blvd..    Chicago,    111. 
lI.K,«ier  Mfg.  <;o.,   .New  Cartle,   Ind. 
Kinncv    <>...    K.    A.,    Cliie'n.uitl.    O. 
I>amont,    Frod    D..    Box   2670,    Montreal,    Canada. 
I,ueji«  A    Hon.    J,    L.,    Ine..    Ur'dKi.port,   I'or.n. 
Lynd-rarqiihar   Co.,    BuHlon.    Maas. 
Mamifnilurcni    E<|iifpnient    Co..    Dinlon.    O. 
Marshall    &  nuaclmrt  Mchy.   Co.,    17   B,   JefTi'ra'in   St,, 

Chlragn,    111, 
Manln    Mfg,    fV).,    W.    II,,    I'rltana,    O. 
McPoiiouKh    Mfg.    Co.,    Eaii    Clalrt,    Wis, 
,\|r,.Uni     Maehtnerv     Kxlinlige,     i'l     Chiir.h     SI  ,     N,« 

Y<*^k, 
Motch    A    MorrTKi-athrr   Mchy.    Co,,    Oluveland,    O. 
N.»    llrtrtln    Mch,    r>..,    'Ni'w    Hritiiln.    Conn. 
New  Jrrnev  Mcliv,  Ktchangp,  Ncnark.  N.  J. 
Ne..t/.n    Mch.    'IVvJ    Worki.    Inc..   2ard  and   Vina   8(«,, 

l-hlladellihla.     I'a, 
NUonllomonH'imd   (!o..    Ill    llrondKay,    Now   York, 
Oidinme  A   HeiUin   .Mchy,   Co,,   (lolutnblis,  (I, 
fyibonio  Mchy,   Co,.   D.    M,,   Cleveland,   O, 
l'nlll»ni    Hui.|il\    C.I,.     \V      M„     Cleveland,    (I. 
Payne.    N.    B,,   3B  Church  Bt,,    Ngw   York. 
r,«l.   vnri   di,r  tiiinf  Co,   New    lork.    Inc.,   42 

.N«.     Vnrk. 
I'<.«ell    Mcli.   Co.,   WorcpatCT,   Maaa. 
I'renlliM    Ai    Co.,    Inc.    Henry,    1111    llriadtiay 
Tork. 


Shenrli 


Niagara  'Mch'  &  'tool  Works',  Buffalo,  N.  Y. 
Tolwlo  Mch.  &  Tool  Co.,  Toledo,  O. 


Sheave    Wheels 

Jonca    Foundry    &•    Mch.    Co.,    M 
St.,    Chicago,    HI. 

Sheet  .detal  IVork 

I.ittloford    Bros.,    Cincinnati,    O. 
licllance    Die    *    Stamping    Co., 
Chicago,    HI, 


enter  St.,   South- 


4100    \V,    12th 


il.'i    N,    l.a    Salle   St., 


Sheet    Metii 


Morkiiig    Mil 


w. 


■ille 


Tel 


Sleeves 

Cleveland   Twist  Drill   Co,.    Cleveland.    (\. 
Haminaohcr,    Schlemmer    &    Co,,    4tli    \\p.    fttu] 

St.,    Ni'W    York. 
.Morao   Twist    Drill    &   Mch.    Co,,    New    lU'dfonl, 
National   Tuisl  Drill   &  Tool   Co.,   Detroit,    Mich, 
Pratt    &    Whitney    Co.,    Hartford,    Conn. 
Slnmlnnl    Tik,1    Co.,    Cl,.velnml,     li 
Union   Twist  Drill    Co,,    Athol,    Mam. 
Whllmnn    \-     llnrncB    .Mfg.     Co..     liidu    U,     ijiii 

Cleveland,    O. 

Slide    Rests 

N(\vt/in    Mch,    TtKil    Worka,    Inc..    TMA    and    Vim 

Pliiladelphla.    Pa. 
Nlleo-llelminUPond    Co.,    Ill    Ilroadwav,    Now    Yo 
llee<ll'rentlcr    Co.,    F.    K,    Uei'd    DepI ,    and    1" 

Bros.    Dept,.,    Wor<>e»tor,    Maan, 

Sloltcrs,    Miicliiiio 

linker   Uron.,   Tol,  ilo.   (), 
mil    Mch.    Co.,    T,    C,,    Phi 
Newton    Mrh,    Tool    Works, 

Pliiladelphla,     I'n. 
N«lo<».llpinonM'oiiiI    Co.,    Ill    BroMlvinv,    Now    York, 
Hellern    &    Co.,     Inc.,     Win.,    Phllnrleiphln,    Pa, 


IlruailHiy,    Suind   Mchy,  '^o.,    l'')illndol'phia. 


Ninitcrs,   1 

Newton    Mch, 
Plillndelphia 


irlllhle 

loot    Works.    Inr,,    2.1rd   and    Vine 
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A  CATARACT 

BENCH   LATHE 

With  Turret  Attachment 

There's  no  better 
machine  for  manu- 
facturing many  and 
various  close  limit 
parts  than  the  one 
here  pictured  —  a 
Cataract  Bench 
Lathe,  with  Turret 
Attachment. 

An 

Excellent 

Manufacturing 

Tool 

The  Davie  Tool  Com- 
pany of  Cleveland, 
Ohio,  has  discovered 
its  merits  and  has  al- 
ready installed  three 
Cataract  Lathes  for 
handling  the  work  on 
the  innumerable  small 
parts  used  in  the  Davie 
Measuring  Machine — 
an  extremely  sensitive 
instrument  with  deli- 
cate adjustments  se- 
cured only  by  the  high- 
est type  of  precision 
work. 

The  three  speed  countershaft  furnished  with  the  "Cataract"  is  a  great  asset  when 
cwJXl  fiw  small  to  large  diameters.  Quick  change  swing,  QUick  change  ^r  box 
and  fther  construction  features  adapt  this  machine  to  ^,^"f.^,^^Xi?itate  handling  a 
taper,  grinding  and  milling  attachments-all  readily  adjusted— facilitate  handling  a 

variety  of  operations. 

There's  profit  and  satisfaction  in  Cataract  Precision  Lathes-tool  f  ^Jers  know  ^ 
you'll  find  repeat  orders  the  rule  wherever  there's  a  great  amount  of  precision  woik. 

Catalog  for  details 

HARDINGE  BROTHERS,  Inc.,  Chicago,  U.S.A. 

Berteau  and  Ravenswood  Avenues 
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Slottinsr    Attacument    fo 

Bruno  Mfg.  Co.,  Buffalo,  N.  Y. 


Sqnaring:  machines 

fJreeutield    Tap    &    Die    Corp., 


nfield.    Mas; 


Hammacher,    Scbleramer    &    Co..    4th    Ave,    and    13Ul 

St.,     New     York. 
Morse   1>ist   Drill   &   Mch.    Co.,    New   Bedford.    Mass. 
National  Twist  Drill  &  Tool  Co.,  Detroit,  Mich. 
Pratt    &    \Mutney    Co.,    Hartford,    Conn. 
Standard    Tool    Co..    Clereland.    O. 
Union  Tniat  Drill  Co..  Athol.   Mass. 
Whitman    &    Bamea    Mfg.    Co..    1000    W.    120th    St., 

Cleveland.    O. 

Special    Machinery   and    Tools 

Advance    Tool    Co.,    Cincinnati,    O. 

American  Mch.  &  Foundry  Co..  5520  2nd  Ave., 
Brooklyn.     N.    Y. 

Anderson    Mfg.    Co..     Elyna.     O. 

Automatic    Mch.    Co.,    Bridgeivjrt.    Conn. 

Baiid    Mch.    Co..    Bridgeport.    Conn. 

Beaman   &   Smith   Co.,    Providence,    R.    I. 

Bilgram  Mch.  Works,  1231  Spring  Garden  St.,  Phil- 
adelphia   Pa. 

Blake  &  Johnson   Co..   Waterbory.   Conn. 

Blanchard  Mch.    Co..    64   State   St.,   Cambridge.    Mass. 

BUBS  Co..    E.   W..   Brooklyn,    N.   Y. 

Brown    Co.,    A.    &    F..    79    Barclay    St..    New    York. 

City   Engineering  Co..   Dayton.    O. 

Colbiim    G»ar    A-    Mfg-    Co..    Boston.    Masi-!. 

Columbus  Die.  Tool  &  Mch.   Co.,   Columbus,   O. 

Defiance    Machine    Works.    Defiance.    O. 

Earle  Gear  A:  Mch.  Co.,  4705  Stenton  .\ve..  Phila- 
delphia,   Pa. 

Fawcns    Machine    Co.,    Pittsburgh,    Pa. 

Fenn   Mfg.    Co..    Hartford.    Conn. 

Garvin  Mch.    Co..   Spring  and  Varick  Sta..   New   York. 

Gisholt    Mch.    Co..    Madison,    Wis. 

Glenzer   Co..    J.    C,    Detroit.    Mich. 

Grant  Mfg.  &  Mch.  Co..  N.  W.  Station.  Bridgeport. 
Conn. 

Hanna  Engineering  Works,  1763  Elston  Ave.,  Chi- 
cago,  111. 

Harris    Engineering    Co..     H.     B..     Bridgeport,     Conn. 

Hetherington   Co..    Piqua.    O. 

Hoggson   &    Pettis   Mfg.    Co.,    New  Haven.    Conn. 

Horton   &   Son  Co..   E..    Windsor  Locks.    Conn. 

Ingle  Machine  Co..  Rochester,  N.  Y. 

Krasberg  Mfg.  Co.,  536  Lake  Shore  Drive.  Chicago. 
111. 

Langelier    Mfg.    Co..    Providence.    B.     I. 

Lucas   Machine    Tool    Co..    Cleveland.    CV 

Manhattan  Mch.   &  Tool  Works.   Grand  Rapids.   Mich. 

Mehl  Mch.  Tool  &  Die  Co..   Rosefle.  N.  J. 

Meiael  Press  Mfg.  Co.,  94S  Dorchester  Ave.,  Boston, 
Mass. 

Meisaelbach-Catucci  Mfg.  Co..  27  Congress  St..  New- 
ark.   N.    J. 

Modem  Tool  Co..   2nd  and  State  Sts..   Erie.   Pa. 

Mueller    Mch.    Tool    Co..    Cincinnati.    O. 

National    Acme    Co..    Cleveland.    O. 

Natiooal    Automatic    Tool    Co..    Richmond.    Ind, 

National    Machinery    Co.,    Tiffin.    O. 

National    Tool    Co..    Cleveland.    O. 

National    Twist    Drill    &    Tool    Co..    Detroit.    Mich. 

Nelson-Blanck    Mfg.    Co.,    Detroit.    Mich. 

Nelson  Tool  Co..  Inc..  781-783  E.  142nd  St..  New 
York. 

New  Britain  Mch.  Co..  New  Britain.  Conn. 

Newman   Mfg.    Co..   Cincinnati.   O. 

Newton  Mch.  Tool  Works.  Inc..  23rd  and  Vine  Stj)., 
Philadelphia,     Pa. 

Oster   Mfg.    Co..    Cleveland.    O. 

Potter   Tool    &    Mch.    Wks..    S.    A..    79    E.    130th    St.. 

Pratt    &    Whitney   Co..    Hartford.    Conn. 
QMS    Co..    1763    Elston    Ave..    Chicago.    lU. 
K'-ed-Prentioe    Co..    F.    E.    Reed    Dept.    and    Prentice 

Bros.    Pf'Pt..    Worcester,    Mass. 
Reliance   Die   &   Stamping  Co..    515   N.   La   SaUe   St.. 

Chicago.    111. 
Simonda    Mfg.    Co..    Pittsburgh.    Pa. 
8-P    Mfg.    Co..    Cleveland.    O. 
Btandard   Engineering  Co..   EUwood  City,  Pa. 
Steincr  Bros.,  Lima.  O. 

Swedish  Ga«>-  Co..   Inc..  215  W,  55th  St..   New  York. 
Taft^Peirce  Mfg.    Co..    Woonsocket.   R.   I. 
Taylor  *  Fenn  Co..   Hartford.  Conn. 
Taylor-Shantz     Co..     Rochester.     N.     Y. 
Toledo    Mch.     A    Tool    Co..    Toledo.     O. 
Tnadvell    Engineering    Co.,    Easton,    Pa. 
W.Htem    Twl   Co..    Newark,    N.    J. 
Wilcr.x    Motor  *  Mfg.   Co..   Saginaw.   Mich. 
WinrL-ui    Tool    Co..    OevcUnd.    a 

Speed    Chanirlnir  Dcrlces 

Jon.-n  Krnjndry  k  Mih.  Co..  W.  A.,  4409  W.  12th 
'<t..    Chicaiy..    III. 

.M.*,r.-  ft  Wh  ic  Co..  2707-2737  N.  I5th  St..  Phila- 
delphia,   Pa. 


Olenzer   Co..   J.    <:.,    Detroit.    Mich. 


Mir,rth    Ijithe   &    TcKil   Co.,    lioaion.    Man*. 

Mprlnss 

ISimei    r^,..    Wallace.    South    and    Parallel    Slii..    Drl»- 

tol.    (V/nn. 
I'.lum  ft  Co..  JuUm.  510  W.  ailh  St..    New  York. 

Hpro<-bel  Chains 

I  '.     Mfg.    t'.n.,    Worceator,    Maw, 

I  ■<,    .STorfoIk   Do»TH,    Maaa, 

'  '  '...    II.    W.,    17th   Ht.    and    Weatem 


I  Phlladolphli,    Pi 

I  "1 «  ■      •'      Mfg      <■„.,    Srrllle,    6. 

UTiltney    Mfg.    Co..    tlartford,    Conn. 


Stampings,  Sheet  Metal 

Acklin     Stamping    Co.,     1657     Dorr     St.,     Toledo,     O. 

.Vmerican    Tool    &    Mfg.    Co..    Urbana.    O. 

Anderson   Mfg.   Co..    Elvria.    fV 

Blum    &    Co..    Julius.    510    W.    24th    St..    New    York. 

Chicago    Recording    Sale    Co.,    Waukegan,    111. 

Da>-ton    Stamping  &   Tool    Co.,    Dayton     O. 

Kale.s    Stamping   Company.    Detroit.    Mich. 

Lansing   Stamping   &   Tool   Co..   Lansing.    Mich. 

Premier  Snap  Fastener  Co..  182  Grand  St..  New  York. 

Rockford     Metal    Specialty     Co..     Rockford,     Dl. 

Steger    &    Sons   Industrial    Works,    Steger,    111. 

Stamps,  Letters   and   Figures,   Steel 

Hoggson    &    Pettis    Mfg.    Co.,    New    Haven,    Conn. 
Matthews   &    Co.,    Jas.    H.,    3940   Forbes   Field,    Pitts- 
burgh,   Pa. 
Nenman  Mfg.    Co.,    Cincinnati.    O. 
Noble    &    Westbrook    Mfg.    Co.,    Hartford.    Conn. 
Pannier    Bros.    SUmp    Co.,    Inc..    Pittsburgh.    Pa. 
Schwerdtle     Stamp     Co.,     Bridgeport,     Conn. 


•rrpitttT.    Maaa. 
•■■>.    Ma«. 

1    HI.    Chlcallo.    Ill, 
.      A,,    -IKK)    W.    Mth 

1...    ;ili»    l<M<.h"«l"r    .\»n  .    Ilnat'in. 

Ilhara.    N.    T. 
Wnrk<.    PhlUdnlphla,    I'l. 
Mfg.    Co.,    8«TlU«,    O. 


Steam    Specialties 

Reliance    Gauge    Column     Co.,     6008     Carnegie     .\ve., 
Cleveland,  O. 

Steel 

Abom     Steel     Co..     Inc..     26     Clarke     St..  New  York. 

Ape-x    Steel    Corporation.    50    Church    St..  New  York. 

Blum    &    Co.,    JuUus,    510    W.    24th    St.,  New  York, 

Boker   &    Co..    Inc..    H..    101    Duane    St..  New  York. 


Frasse    &    Co.,    Inc..    Peter    A..    417    Canal    St.,    New 

York. 
Halcomb    Steel   Co.,    Syracuse.    N.    Y. 
Hawkridge     Bros.     Co..     Boston,     Mass. 
Heller    Bros.    Co..    Newark.    N.    J. 
Johnston    &    Jennings    Co..    Addison    Road    and    Lake 

Shore  R.    R.    Tracks,    Cleveland.    O. 
Latrobe    Electric    Steel    Co.,    Latrobe,    Pa. 
Standard     Alloys     Co..     Pittsburgh,     Pa. 
Vanadium- Alloys    St«el    Co.,    Pittaliurgh,    Pa. 
Vulcan    Cnicible    Steel   Co..    Aliquil>pa,    Pa. 


Steel,  Heat   Treatment   of 

Steel  Improvement  &  Forge  Co.,  Cleveland,   O. 


Steel,    High    Speed,    Tool 

Abom    Steel    Co.,     Inc..    26    Clarke    St..     New    York. 

Allen  &  Co..  Ltd..  Edgar,  718  W.  Lake  St..  Chi- 
cago.    111. 

Apex    Steel    Corporation.    50    Church    St..    New    York. 

Blum    &    Co..    Julius.    510    W.    21th    .St..    New    York. 

Boker   &    Co..    Inc..    H.,    101    Duane    St..    New   York. 

Colonial    Steel    Co..     Pittsburgh.     Pa. 

Firth-Sterling    Steel    Co..    McKeesport.    Pa. 

Frasse  &  Co..  Inc..  Peter  A..  417  Canal  St..  New 
York. 

Halcomb     Steel     Co..     STr<.cu<;e.     >'      Y. 

Hawkridge     Bros.     Co..     Boston.     Mass. 

Havnes    Stelhte    Co.,    Kokomo     Ind, 

Hciler    Bros.    Co..    Newark.    N.    J. 

Latrobe    Electric    Steel    Co..    Latrobe,    Pa. 

On/>ndaga    Steel    Co.,    Syracuse.    N.    Y. 

Standard    Alloys   Co..    Pittsburgh.    Pa. 

Standard    Gauge    Steel    Co..    Beaver    Falls.    Pa. 

Vanadium-Alloys     Steel     Co..     Pittsburgh,     Pa. 

Vulcan   Crucible  Steel  Co.,   Aliquippa,   Pa. 

Steel,    Machine 

Atom    Steel    Co.,     Inc.,    26    Clarke    St.,     ..cw    York. 
.\nex    Steel    Corporation.    50    Church    St..    New    York. 
Ulnm    &    Co.,    Julius.    510    W.    2ith    St..    New    York. 
I'.oker    ft    Co..    Inc..    H..    101    Duane    St.,    New    York. 
Colonial    Steel    Co.,     Pitt.sburgh,     Pa. 
Firth-Sterling   Steel   Co..    McKeesport,    Pa. 
Halcomb     Steel     Co..     Syracuse.     N.     Y. 
Hawkridge     Bros.     Co..     Boston.     Mass. 
Latrobe    Electric    Steel   Co.,    Latrobe.    Pa. 
Standard     Alloys     Co..     Pittsburgh.     Pa. 
Standard    Gauge    Steel    Co.,    Beaver    Falls,    Pa. 
Vanadium-AUoys     Steel     Co.,     Pittsburgh,     Pa. 
Vulcan     CniciWe     Steel     Co.,     Aliquippa.     Pa. 

Steel  Shelving,  Racks,  Barrels,  Tables, 
IStc. 

Manufacturing    Equipment    &    Eng.    Co..    Framingham, 


Stocks,  Die 

Armatrong    .Mfg.    Co..    207    Knowllon    St..     Bridgeport, 

Conn, 
Bay  State  Tan  &  Dl©  Co..   Mansfield.   Mass. 
Ilnibakor  ft   Broa..   W.   L.,   BO  Church  8t„    New   York. 
Ttuttorfleld    ft    Co..    Dcrhy    I/lno,    Vt. 
Card    Mfg.    Co..    8.    W..    Mannfleld.    Mniw. 
Can>'nl<r   Tap    *    Die    Co.,    J,    M.,    Pawtucket,    11,    I. 
rXirlla   ft    CilrlUi   Co^    Bridgeport.    (Jonn. 
Greenflel'l    Tap    ft    nle    Corp.,    ani-nneld,    Man. 
Hart  .Mtg.    Co..    E,   20th   8t,   and   Marion   Ave,,   Clcve- 

Innil,   (I. 
M.OTe   TwlKt    Drill    ft    Mch.    Co.,    New    Bedfonl,    Maaa, 
f(Bl>ir    Mfg.    Co.,    Cleveland,    f\. 
Pr«U    ft    WWtnoy   f;o.,    Hartford,    rjjna. 
Il.id    Mfg.    Oo.,^   Erie,    Pa. 
Hniindm.  Hon».  inc.,   iS..  Ycmkera,    N.   Y. 
Standard     Engineering    Co.,     raiwood     City,     Pa. 
Walworth  Mfg.   Co..  Boston,  Maaa, 

Mtones,    Oil 

Norton    Co.,    VI nrrnter .    Mam, 
Vllnrlrd    WhC"!    r.V).,    Wminelil,    Mim, 


Sn-aging    Machines 

Etna    Machine     Co.,     Toledo,     O. 
Langelier   Mfg.    Co.,    Providence,    R.    I. 
Torrington    Co..    'I'urrmgton,    Coim. 


Westinghouse  Elec.   i  Mfg.   Co..   feast*  Pittsburgh.   Pa, 


Westinghouse  Elec.   &  Mfg.   Co.,   iast   Pittsburgh,    Pa. 

Tachometers 

Urstol     Co..     VVaterburv,     C.imn. 

Brown    Instrament    Co.,    Philadelphia,    Pa. 

\'eeder    Mfg.    Co.,    39    Sargeant    St.,    Hartford,    Conn. 


Tapes,  Measuring 

Keiiffel    &    Esser    Co..     Hoboken.    N 
Sbirvett    Co.,    L,    S.,    Athol,    Mass. 


Tapping    Attachments    and    Devices 

American  Tool   Works   Co.,   Cincinnati,   O. 

Baker    Bros.,    Toledo,     O. 

Bames  Co.,  W.  F.  &  John,  231  Ruby  St..  Rock- 
ford,   ni. 

Beaman  &   Smith   Co.,   Providence,   R.   1. 

Bicknell- Thomas    Co.,    Greenfield.    Mass. 

Cincinnati    Bickford    Tool  Co..    Oakley.    Cincinnati,    O. 

Defiance    Machine    Works,    Defiance,    O. 

Errington  Mechanical  Laboratory.  39  Cortlandt  St.. 
New    York. 

Geometric    Tool    Co„    New    Haven.    Conn. 

Greenfield   Tap   ft    Die  Corp.,    Greenfield.    Mass. 

Hammond    Mfg.    Co.,    Cleveland,    O. 

Leland-Gifford     Co.,     Worcester,      Mass. 

Modem    Tool    Co.,    2nd    and    State    Sts.,    Erie,    Pa. 


lU. 
Procunier,    Wm.    L. ,    549    Washington    Blvd.,    Chicago. 

m. 

Whitney    Mfg.    Co..    Hartford.    Conn. 

Tapping    Machines 

Acme  Machinery  Co..    Cleveland.    O. 

Baker   Bros..    Toledo,    O. 

Burke   Mch.    Tool   Co.,    Goimeaut,   O. 

Defiance  Machine  Works,  Defiance,  O. 

Feim    Mfg.    Co..    Hartford,    Corm. 

Garvin  Mch.    Co.     Spring  and  Varick  Sts.,    New   York. 

Geometric   Tool   Co..    New   Haven.    Conn. 

Hammond    Mfg.    Co.,    Cleveland.    CV 

Harrington,  Son  &  Co..  Inc.,   Edwin,  Philadelphia,  Pa. 

Harris     Engineering    Co.,     H,     E.,     Bridgeport,     Conn. 

Langelier    Mfg.    Co..    Providence.    R.    I. 

Mohne    Tool    Co.      Moline,    Rl. 

National    Acme    Co..    Cleveland.    O. 

National    Mchy.     Co.,     Tiffin,     O. 

Paragon   Gear  Works.    Taunton.    Mass. 

Peter   Bros.    Mfg.    Co.,    135   RaiU-oad  Ave.,    .Ugonquin, 

Procunier,    Wm.   L.,    549   W.    Washington    Blvd..    Chi- 
cago,    III. 
Rickert^Sbafer   Co.,    Erie,    Pa. 
RocWord   Drilling  Mch.    Co.,    Rockford.   HI. 
Saunders'    Sons,    Inc,,    D.,    Yonkers,    N,    Y. 
Webster   &   Perks  Tool   Co.,    Springiaeld,   O. 

Taps 

Advance    Tool    Co..    Cincinnati.    O. 

Bay  State  Tap  ft   Die   Co..   Mansfield,    Mass. 

Bc.ily  &  Co..  Chas.  H..  120-B  N.  Clinton  St..  Chi- 
cago.   111. 

Bmbaker  &  Bros..   W.   L..   50  Church  St..    New   York. 

Butterfleld    &    Co.,    Derby   Line,    Vt. 

Card    Mfg.    Co..    8.    W.,    Mansfield.    Maaa. 

Carpenter   Tap   &    Die   Co..    J.    M..    Pawtucket,    R.    I. 

flcometric    Tool    Co„    New    Haven.    Conn. 

Greenfield   Tap   &   Die   Corp..    Greenfield,    Mass. 

Hammacher,  Schlemmer  &  Co.,  4tli  .\ve.  and  13th 
St. .     New    York. 

Hardinge  Bros.,  Inc.,  Berteau  and  Ituvonswood  Aves,, 
Chicago^    III. 

Harris     Engineering    Co.,     H,     V..,     Bridgeport,     CV>nn. 

l.nndia   Mch.    Co.,    Inc.,^  Waynesboro,    Pa. 

Morse    Twist    DriU    &    Mch.    Co.    New    Bedford,    Man. 

National    Acme   Co..    Cleveland.    O. 

I'ratt    ft    Whitney    Co..    Hartford.    Conn 

IleilT  ft    Nestor   Co..    Lykens.    Pa. 

Saundera"    Bona,    Inc..    !>..    Y/)nkerH.     \      Y 

fhellWd    Mch.    ft    Tool    Co.,    Davton      () 

Mlandord    Tool    Co.,     Cjevelancl,     (1 

Walworth    Mfg.     Co.,     Boatoii,     Mnw. 

Taps,    Collapsing 

Errington     Medianical     Laboratory,     ,'111    Cc.itliindt    St,, 

New   York, 
noonietric    Tool    Co.,    Now    Haven.    <'orui 
Maniifacbm'rs    Equipment    Co.,    2<M)    N.    Jefferaon    St.. 

I'hirago.    Ill, 
McxI.m     Tf«il     Co.,     2n.l     and     ."till  ■     Sla.,     Erie,     Pa, 
Murchey    Mch.     ft    Tool    Co,    31     Purler    St.    Detaolt, 

Mich. 
Nnllonnl    Acme    Co..    Clevlnnd,    fl. 
\'iet.ir    Tool    Co.,    WnyncKboro,    Pa. 

T<<atlng    Machines,    Sheet    Motnl 

Il.Jil,     Herman     A  .     Melroi.olllnn     Illdg,.      Ne«      York. 


Sprae    Callers 


1763     KI«lon     An,.     Chlr.g,..     in.     HprlngfleM     .Mrh     Tool    Co..    Hprlngfleli) 


'I'liermometors 

llrlpilol    <\>.,    Walwliiiry.    Ccuui, 
'•  Hrnwn    Inntnnnenl    Co..    Philadelphia.    Pa. 

Taylor    Inatrumont    Cr>mpanleN.    Kocheatar.    N.    Y. 

New     lledlonl.    Thermometers,    Indlrntlnn   and 
llecordlns 

IlrneMi    InMnmieiil    Co..     l'lill«drl|.hl«.     Pa. 
Tmliir    Inntriunent    Com|innle«,    Horhentcr,    N.    T. 
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TonesMlleqs 

^  lor  Your  Plaiih 


The  Jones  Machine  Moulded  Pulley 

is  the  expression  of  twenty-five  years'  experience  in  Pulley  making 

PULLEYS  MADE  RIGHT,  SERVE  RIGHT 

In  Jones  Machine  Moulded  Pulleys  you  will  find: 

Strength  and  Durability.  Rims  turned  concentric  with 
bore.  They  are  well  balanced.  Positive  method  of 
fastening  to  shaft.  No  affection  by  climatic  conditions. 
No  rivets  to  work  loose.  No  joints  to  come  apart. 
Xo  pulling  out  of  shape.  They  will  stay  where  put — and 
lastly — they   are   Always    Ready   for  Service. 

The  Pulleys  you  buy  should  have  these  features  to  give  you 

the    Most  Service  at   Least   Cost. 

large    new    plant    is    at   your    service. 

W.  A.  Jones  Foundry  &  Machine  Co. 

Established  1890 

4409  W.  12th  Street 
Chicago,  in. 


Marnile 

Gleans    as    Well    as 
Cools,  and  Lubricates 


Marnile  is  more  than  just  a  cooling 
lubricant.  In  this  operation,  serrating 
the  outside  diameter  of  a  Rudge- 
Whitworth  Wire  Wheel  Hub  oh  a 
Schuchardt  &  Schutte  Automatic  Gear 
Hobber,  it  cleans  the  serrations  thor- 
oughly, saving  the  time  usually  lost 
brushing  away  chips. 

Besides  speeding  up  operations  and  in- 
creasing output,  it  improves  the  finish, 
lengthens  tool  life,  saves  power  and  cuts 
oil  bills.  Marnile  enhances  efficiency  of 
cutting  tools  regardless  of  the  demands 
put  on  them.  And  this  applies  in  your 
plant  as  well  as  others. 

Send  for  a  tample  and  give  it  a  fair 
trial.  We're  confident  you'll  want 
Marnile  then,    right  along. 

GEORGE  A.  HAWS,  Inc. 

135  FRONT  STREET,  NEW  YORK 
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Thread    Cutting   Mackinery 

Automatic  Machine  Co.,   Bridgepurt,   Gmn. 

Boston  Gear   Works,   Norfolk  Downs,    Mass. 

Geometric    Tool    Co.,    New    Haivn,    Conn. 

Greenfield    Tap   &   Die   Coni..    Greenfield,    Mass. 

Landis   Mch.    Co.,    Inc.,    Waynesboro,    Pa. 

Lees-Bradner  Co.,  CleTeland.  O. 

National    Acme    Co.,    Cleveland,    O. 

National   Mchv.    Co..    Tiffin.    O. 

Nevrton    Mcb.    Tod    Works,    Inc.,    23rd   and    Vine    Sts., 

Philadelphia,    Pa. 
Oster  Mfg.    Co..    Oeveland,    O. 
Pratt    &    Whitney    Co.,    Hartford,    Conn. 
Rivett  Lathe   &    Grinder   Co..    Brighton     Boston,    Mass, 
Webster   ic   Perks   Tool   Co.,    Springfield,    O. 

Thread    Cnttlng:   Machines 
Semi- Automatic 

Davis  Mch.  Tool  Co.,  Inc..  Wm.  F.,  549  W.  Wash- 
ington   Blvd.,    Chicago,    111. 

Nen-ton  Mch.  Tool  Works,  Inc.,  23rd  and  Vine  St3.. 
Philadelphia,    Pa. 

Thread   Cutting   Tools 

Rivett  Lathe  &  Grinder  C<5..    Brighton.   Boston,    Mass. 
Goddard    Tool    Co.,    Chicago,    lU. 


Thread    Milllns    Machines 

Bigga-Watterson  Co.,  Cleveland.  O. 
Gisholt  Mch.  Co.,  Madison,  Wis. 
Gray   Mch.    Tool   Co..    Inc..    BuHalo.    N.    T. 

"■        &    Die_  Corp.,    Greenfield.    Mass._ 
aeton.     Son 

Pa. 

Lees-Bradner  Co.,  Cleveland,  O. 
Nenton   Mch.    Tool   Works.    Inc.,    23rd   and   Vine   Sts., 

PhOadelphia.    Pa. 
Pratt    &    Whitnev    Co..    Hartford*  Conn. 
SmaUev-General    Co.,    Bav   Citv,    Mich. 
Taft-Peirce    Mfg.    Co..    Woonsocket,    R.    I. 
Waltham    Mch.    Works.    Waltham.    Mass. 

Thread    Rollins   Kachinea 

Acme    Mchy.    Co.,    Cleveland.    1). 

Blake    &    Johnson    Co.,    Waterbury,    Conn. 

National    Mchy.    Co.,    Tiffin,    O. 


Trucks,    Ejlevatlngr 

Banett-Ciavens    Co.,     713     Transportation    Bldg.,     Chi- 
cago,    111. 
Cowan  Truck  Co.,  88  Water  St.,  Holyoke.   Mass. 
Holyoke    Truck    Co.,    112    Race    St.      Holyoke,     Mass. 
National     Scale     Co.,     Chicopee     Falls,    .Mass. 
Transmission    Ball    Bearing   Co.,    Inc.,    Buffalo,    N.    Y. 

Tube    Expanders 

Wata^n-Stillnian     Co.,     192     Fulton     .'^t..      New     York. 

Tubing,   Flexible 

Almond  Mfg.   Co.,   T.   R.,   2  M.iple  Ave.,    Asliburnham, 

Mass. 
Wheelock    Mfg.    Co.,    Wheelock,    Vermont. 

Tubing,   Seamless   Steel 

Blum    &    Co.,    Julius.    510    W.    24th    St..    New    York. 
Fras-se   &    Co..    Inc.,    Peter   A..    417    Canal    St.,    N.    T, 
Natiogal    Tube    Co..    Pittsburgh,    Pa. 
Standard    Parts    Co.,    Cleveland.    O. 

Tubing,    Steel 

Blum  &  Co.,  JuUus.  510  W,  24th  St..  New  York. 
Prasse  &  Co.,  Inc.,  Peter  A.,  417  Canal  St.,  N.  \. 
National    Tnbe   Co.,    Pittsburgh,   Pa. 

Tumbling    Barrels 

Abbott   Ball   Co.,    Elmwood,   Harttord,    Conn. 
Baird   Mch.    Co.,    Bridgeport.    Conn. 

Roversford    Fdrv.    &    Mch.    Co.,    54    N.    5th    St.,    Phil- 
adelphia,   Pa. 

Turntables 

Canton   Foundry   &   Mch.    Co.,    Canton.   O. 
Link-Belt    Company,     Chicago, 


111. 


Turret    Attachments 

-llm.'ind  Mfg.  Co.,  T.  R..  2  Maple  Ave.,  Ashbum- 
ham,     Mass. 

Mei««>lbach-Catueci  Mfg.  Co.,  27  Congress  St.,  New- 
ark.   N.    J. 

Newman    Mfg.    Co.,    Cincinnati,    O. 

Phoenix  .Mfg.   Co.,   Eau  Claire,  Wis. 

Turret    Lathes,    Vertical  * 

BuUard  Mch.  Tool  Co.,   Bridgeport,  Conn. 
Pratt    &    Whitnev    Co..    Hartford,    Conn, 


Time  Recorders,  WorUmen's  Time  on 
the    Job 

Brown    Instrument    Co.,    Philadelphia,    Pa. 
Gisholt    Mch.    Co..    Madison,    Wis. 

Tire   IVelders   and   Benders 

Williams.     White    ii     Co..    Jlnline,    111. 

Tool  Cases 

Gerstner  &   Song,    H.,    Dayton.   O. 

Hammacher,  Schlenimer  &  Co.,  4th  Ave.  and  13tll 
St..    New    York. 

Starrett  Co.,   L.    S..    Athol   Mass. 

Union  Tool  Chest  Company,  10  Railroad  St,,  Roches- 
ter,  N.   Y. 

Tool  Holders 

Armstrong    Bros.    Tool    Co.,    313    N.    Francisco    Ave,, 

Chicago,    111. 
Bruno    M^fg.    Co..    Buffalo.    N.    Y. 
Cleveland    Twist    Drill    Co.,    Cleveland,    O. 
Gisholt     Machine     Co.,     Madison,     Wis. 
Hammacher,    Schlcmmer    &    Co.,    4th    Ave.    and    13th 

St.,     New     York. 
Tjcrvejoy    Tool   JDo..    Inc.,    Springfield.    Vt. 
O.    K.    Tool  Holder   Co..   Shelton,    Conn. 
Oacood    Tool    Co..    J.    I...    Buffalo,    N.    Y. 
R«*d7  Tml  Co..  «5.V)  Railroad  Ave.,   Bridgeport,  Conn. 
WMtKn   Tool   tc   Mfg.    Co.,    Springfield,    O. 
Wlllj»mii    Ic    Co.,    J.    H.,    01    Richards    St..    Brooklyn, 

N.    Y. 
Windau    Trwl    Co..    Cleveland,    O. 

Tool    Salvatce 

<;i'n?«  (V,.,  J.  c.  Detroit,  Mich. 
(i'n^haif.  Tor.l  rv>..  DeU-oit.  Mich. 
Mil»«ukec  Wectric  Crane  Co..   Inc..  MUnaukce,  Wis. 

Trnclnsr   Cloth    and   Paper 

Kouffcl  ic  EiKr  i;o.,  Il..l«,k.n,  N.  J. 

Traclnic    FIIInK    CiOitnetM 

ti*^    CaMnet*.     FMing. 

Tracks,    Troller  and   Overhead 

Harrtngt'/n,    H<m    A    Co.,    Inc..    Kdwin.    rhiladelphla. 


Trnnsformers 

P/k     I>  nn.no    &     Mo«/ir    Co.,     n-llevlll,-.     N.     J. 

O^nrral    Wiwtrlc   f>>.,    AcbcntcUdr.    N.    T. 

I("l«ri.i-      Kli-r.     t,     y.nii.     Co.,      lOOT     lianh.«>     Hoad, 

<|,n.l„„l.    (, 
W~uln|ili.Hi».     KI.Hry    A     Kng.     r'o..     i:«»t    I'ltl.l.urgh, 

Transmission   Machinery 

H«.     Manii.rr.     Khnfllng.     fullcrn,     Chlti-lic»,     CoupUngn, 
IWHnii,    rii,  „,    rU, 

Triillrva    nad    Trsmnraya 

I"    ,    AKr.r),    I'hlladi-h.hl.      pa. 
Mfg,    Co..    n..rUr,.l      II 
^Mc     Mr\,r.      •■"..      I.'.iW      Kknlnn      Arr, 

17IB    Kl.ton    A.r,.    Ch'cago,    III. 
'     Iran*    4i    lliital    Co.,    M'lntour    Falla, 

'o..     LUturti,     f\     , 
■    Mfr   Co..  n   K,   40th  Ht..   Niwr   Y>»l(. 

Tracks 

lUmtt-^Vavnia    Co.,    71 S    TrkntpnrUUnn    llldg..    rhl- 


Graton    &    Knight   Mfg.    Co..    Worcester,    Mass. 
Schieren    Co.,     Chas.     A..     73    Ferry    St.,     New    York 
Williams  &  S'ons,  I.  B..  Dover.  N.  H. 


W'ashstands  and  Botrls 

Mauufacturius    Eyuipment    i>c    Eug.    Co..    Framingha 
Mass. 

Waste,    Cotton    and    Wool 

Royal  Mfg.  Co.,  Rahway,  N.  J. 


Mass. 

AVelding    and    Cnttlng,    Job 

navis-BouiTjouville     Co..     Jersey     City.     N.     J. 
General   Electric   Co.,    Schenectady,    N.   Y. 
Metzger    Weld  ng    Co..    Cincinnati.    O. 
Standard    Parts   Co..    Cleveland,    O. 
Tliomas   Elec.    Welding   Co.,    Lynn,    JIass. 
Thomson    Spot    Welder    Co.,    Lynn,    Mass. 
Westinghouse    Elec.    &    Mfg.    Co.,    Pittsburgh,    Pa. 

Welding     and     Cutting,     Oxy-Acetylene 
Equipment 

Davis-Bournonville    Co.,    Jersey    City.    X.    J. 

Welding    Eaulpment,    Electric    Arc 

^^■estinghou9e    Elec.    &    Mfg.    Co.,    East    Pitsburgh,    Pa. 

Welding  Machines,  Electric 

Federal    Mch.    &   Welder  Co..    Warren.    O. 
General  Electric  Co.,   Schenectady,   N.   Y, 
Thomson    Electric    Welding    Co..    Lynn.    Mass. 
Thomson    Spot    Welder    Co.,    Lynn,    Mass. 

AVelding  Rods   and   W^lre 

Davis-Boiu-nonville   C/>.,    Jersey    City,    N,    J. 


Universal  Joints 

Baush    Mch.    T»>1    Co.,    Springfield,    Mass. 
Boston     Gear     Works.     Norfolk     Downs,     Mass. 
Cooper     Flexible     Transmission     Co.,     Inc.,     Brooklyn, 
N.    Y. 


Graton  &  Knight  Mfg.   Co..   Worcester,   Mass. 
Williams  &   Sons,   I.   B.,    Dover,    N.   H. 

Valves 

Elmes    Engineering   Works,    Chas,    F.,    222   N,    Morgan 

St.,    Chicago,    III. 
HvdraiUic    Press    Mfg.    Co,,    84    Lincoln    Ave.,    Mount 

Gilead,    O. 
Metalwood    Mfg.    Co.,    Detroit.    Mich. 
Watson -Stillman     Co.,     192    Fulton     St.,     New     York. 

Ventilatlngr  Apparatus 

Burtalo    Forge    Co.,    Buffalo,    N.    Y, 

Vise    Jan-s 

Athol    Mch.    Co.,    Athol,    Mass. 
Hohnsbeen    Mfg.    Co.,    Minneapolis.    Minn. 

Vises,  Bench 

Athol    Mch.    Co.,    Athol,    Mass, 

Goodell-Pratt    Co.,     Greenfield,     Mass, 

New    BritAin    Mch,    Co,,    New    Britain,    Conn, 

Prentice   Vine   Co..    100  Lafayette   St.,    New   York. 

Reed    Mfg.    Co.,    Erie.    Pn. 

WcBtem   T(y>l   &   Mfg.    Co.,    SpringBeld,    O, 

Yost    Mfg.    Co..    MeailviUe.    Pa. 

Vises,    Drill 

Armstrong    Bros.    Tool    Co.,    313    N.    Francisco    Ave., 

Ch'cago,    III. 
Brown  Engineering  Co.,   1.S3  N.   3rd  St.,   Reading    Pa. 
Carter  &   Hikes   Co..    Sterling  Place,    Winstead,   Conn. 
Graham   .Mfg.  Co.,   Providence,   R.   I. 
Skinner   Cliuck   Co.,    New    Britain.    Conn. 
Y.»t   Mfg.    Co.,    Mcadvllle,    Pa. 

Vises,    Mllllnar 

(Hevelanil    Mlllliia    Mch.    Crt.,    Cleveland,    O, 
New    Ji-rwy    .Mchy.     Kjchange,    Newark,    N.    J. 

Vises,   Pipe 

tilgtuill    *    Kieler    Mch.    ivorku,    KdwardHvUle,    III. 

ISult/rfiild    &    Co.,    Derby    I.'nc,    VI, 

OurUn  *  Curtis  (Ut.,   H  Garden   St,,    Bridgeport,   Conn. 

Grwnnnld    Tap    *    Die    Corp..    (ircennild,    Mass. 

C)»l<^r  .Mfg.   Co.,  ClevHand,  O, 

Itcd    Mfg.    Co.,    Erie,    Pa. 

Knundem'    Son«,    Inc,.    D,,    Yonkers,    N.    V. 

Walworth    Mfg.    Co.,    Biwlon,    .Vlnm, 

Williams    t,    Co,.    J,    H.,    0<    Itlnhards    St.,    Brooklyn, 

N,   Y, 
r>M(    Mfg.    Co.,    MMdTlIlo,    Pa, 

Vises,    Planer   and   Sliapar 

American  T.<il  W.Ffkii  Co,,  nnrlnnall,  O, 
lllnclnnall  I'Innrr  C...,  ClnHnMntl.  II. 
Ifrndev    .Varhlne    r'o,,    TorrlngI". 


■  1    Mnrliliie 


lI'Mlnn,     MlM. 

.  II.  I. 

.    ReaiUng,    !*■, 


liii.,.    ISuITj^,,    .■..    V,     -ikliina    Chuik    l,ii„    New    llrllalu,    C<p 


Wire.   Cold   Dra-wn 

Abora    Steel    Co..    Inc..    20   Clarke    .fit.,    New    York. 
Driver-Harris   Co.,    Harrison,    N.    J. 


Wire  Working  Machinery- 
American  Pipe   Bending  Mch.   Co.,    73   Pearl  St.,    Bos- 
ton,   Mastj. 
Baird     Machine    Co.,     Bridgeport,     Conn. 

Wood   Working  Machinery 

Crescent    Mch.    Co.     5fi    Main    St.,    Leetonia,    O, 
Defiance    Machine    Works,    Defiance,    O. 
New    Britain    Mch.    Co.,    New    Britain,    Conn. 
Oliver  Machinery  Co.,  Grand  Rapids,  Mich. 
Sidney   Tml   Co.,    Sidney,    O. 

Wrenches 

Ami.strong    Bros.     Tool    Co..    313    N.     FrancLsco    .^ve., 

Chicago,    111. 
Armstrong    Mfg.    Co.,    207    Knowlton    St.,     Bridgeport, 

Conn. 
Athol   Mch.    Co..    Athfll.    Ma.ss. 


Greene,    Tweed    &    Co.,    109    Dunne    St,,    New    York, 
Greenfield    Tap    &    Die    Corp..    (Sreenfield.    Mass. 
Peck,   Stow   &  Wilcox   Co.,   203  W.   Conti^r  St.,   Soiilli- 

ington.    Conn 
Mfg. 

Mfg —.,    

Whitman    *    Barnes    Mfg.    Co.,    lOUO    W,    I20th    .SI. 

Chicago,    III. 
Williams    &    Co.,    J.    H..    01    Itichards   St.,    Brooklyn, 

New    York, 

'Wrenches,  Pipe 

(ircene,    IVeed    &    Co.,    1011    Dunne    St.,    New    York. 

(ireenfleld    Tap    &    Die    Corl>..    Greenfield,    Mass. 

Peck,   Slow  .1-  Wilcox   Co.,   203  W.   C«nter  St..   South- 

inglou.    Cnn. 
Red     Mfg.     Co.,     Erie.     Pn. 
'lYim/uit     Mfg.     Co.,     Roxhurv,     Mass. 
WulMorth    .Mfg.    <^o.,    Iloslon,    MniM. 
Wliltmnii    «.-     Hanies    Mfg.     Co.,    1000    W,     120tli    SI., 

Chlcngn,    III. 
Wnilnu's    *    Co..    J.    H.,    01    Ulchnrds    St.,    BMoklyii, 

Now   York. 

WrciK'hos,   Rntoliet 

G.HKlell  I'lall  Co.,    <ln>enllidd,  Mnsit, 

Greene,    Tweed    *    Co,.    109  Dunne    St.,    Now    York. 

Triinoht    Mfg,    CV).,    Koxburv,  Mnm. 

Wllllniiii    A-    Co,,    J,     II.,    Ot  Illelinrdi.    St,,    Drooklyn, 
New    V.,rl(. 


Clilrngo,     III. 

Ilnilinker  *    Ilro«..   W.   I,.,   nO  Chun-Ji  St„    New   York, 
llulterfleld    &    Co,,    Dorby    Line,    Vt. 
CanI   .Mfg.   ('o.,    S.   W,,    Mnimneld.    MlM, 
C«nienl«r    Tnp    A    Illo    Co.,    J.    M.,    I'nwturkot,    H.    1. 
GremilleM    Tap    ft    Dlo    Corp,,    GrKenfield.    MlM. 
M.ir*'     TvM     Drill     ft     Midline     Cu„     New     lledtnni, 

Mnu. 
I'ralt    ft    Whitney   Co..    Ilirlford,    f^omi, 
.mnndani     Tool     <'o.,     "-InielaiMl     <>, 
HIarmtt    Co,    L,     »..     Alllol,     Mnm. 
Trlnmnl    Mfg.    <!o,.    Il.nburv     .Mn«.. 
I  nion    Tool    Co.,     Drnnge,     Mn". 
\Ve«l    llareii    Mfg.    Co.,    New    Iln.eii,    l'..Mn, 
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NAMCO 


AUTOMATIC 
SELF-OPENING 


DIES 


Cut  threads  rapidly  and  accurately. 

The  reason  is  found  in  the  general 
design— in  the  correct  chasers  and 
the  positive  opening  action. 

Time  saved  in  threading  means  in- 
creased output  of  finished  pieces. 

Quotations  on  your  work? 
Send  for  Catalog  T-D 


Series.  127-227 
Non-Revolving  Type 


THE  NATIONAL  ACME  COMPANY 

CLEVELAND,  OHIO 


NEW  ENGLAND  PLANT 
WINDSOR,  VERMONT 


CANADIAN  PLANT 
QUEBEC 


BRANCH  OFFICES-NEW  YORK. 
ATLANTA.  SAN  FRANCISCO. 


3TON.  CHICAGO.  DETROIT. 

WITH  FOREIGN  REPRESENTATIVES 


Makers  of  Gridley  Single  and  Multiple  Spindle  Automatics   at  Windsor    Vermont,  and  Aam 
Autnmntirs.   Threading  Dies.   Collabsins  Tabs  and  Screw  Machine  Products,  at  Cleveland.   Ohio 


AblKjlt     Ball     Co 248-S43 

Aborn    St^cl    Co..    Inc 3.^0 

AbraaiTe    Co 1« 

Abraaivo    Mch.    Tool    Co 1S3 

AckUn    Stumping    Co 274 

Acme    Die-Casting    Corporation .310 

Acme     Mchv.     Co 415 

Acme    Machine   Tool    Co 27 

Adams.     Ogdcn    R Sfil 

Adams    Co 74 

Advance    Tool    Co :i97 

Ajai     Mfg.     Co IW 

Ajai    M.tal    Co 223 

Albany  Hardware  Specialty  Mfg.  Co.4Il 

Albaugh-Dover   Co 308 

Albro-Clem    Elevator   Co 304 

Allen.   B.   0..   Mchy.   Co 372 

Allen.    Kdgar    &    Co..    Ltd 351 

Allen    Mfg.    Co 286 

Almond.   T.    B..   Mfg.   Co 208 

Allinrfniim      Castings     Co 221-225 

Amalgamated  Mchy.  Corp 227 

American    Bronze    Corporation 118 

American   ila.s   Furnace  Co 3.|2 

American  Oauge  Co 338 

American    Mch.    &    Foundry   Co XI3 

Amerii-an   Petroleum   Producta  Co... .278 
Ameriian    Pilw    Bending    Meh.    CjO...Vt2 

American   SwiM  I'lle  &  Tool  Co .I.TO 

American   Tool  &   Mfg.    Co 302 

American     T.«il     Works     Co 14-l.'i 

Ames.    B.   C  .    Co 208 

Am».    Max.    Machine    Co 270 

Andorwrn    Brfia.    Mfg.    Co 402 

Anderson    Mfg.    Co 302 

Apet   SU'e!    Corporation 210 

Argnto  OllIeM   Bearing   Co 2S7 

Armatrfnig  Blum     Mfg.    Co .180 

Armstrong    llro,.    Tool    Co 1.30 

ArmKlrnrg    Mfg.    Co 403 

thol   Mch.   Co 410 

••in».    K.   C   *  Co..    Inc 213 

•   Preaa  Co 400 

T   Ball   Bearing   Co 2*t 

Tool    Work! 423 

•    Mch.    Co 328 

■h.    Co 210 

B 

270 

.ihlniry  Co S68 

,  131 

\W  n    .V    Mfg     Co 2.T.> 

Hal.  .thill   ft   Bollon Ill 

BaU  .iJler    Bearing    C,.    2'i7 

Bantan      Ball     Baurtng    Co 384 

Barber  Colman     Co 8T-M 

llnrdoiu    A    OUver 82 


Uariies.   Wallace.   Co W- 

Bames.    W.    F.    &  John,    Co <i« 

Barnett.   G.   &  H..  Co 415 

Barrett-Cravens    Co 282 

Baush   Machine    Tool    Co 8 

Bay   City    Forge   Co 249 

Bay    State    Tap   &    Die   Co 258 

Beaman    &    Smith    Co 13-297 

Bearings    Company    of    America 281 

Beaudry  &  Co..   Inc 288 

Becker    Milling    Mch.    Co 66 

Bennett,   W.    U 278 

Besly.    Charles    H..    &    Co 187 

Bickett    Mch.    &    Mfg.    Co 148 

Bicknell-Thomas    Co 258 

Biggu-Watterson    Co 98-375 

Bignall    &    Keeler    Machine   Works.. 265 

Bilgnun    Machine    Works .309 

B'Uinga    &     Spencer    Co .359 

BUton    Mch.    Tool    Co 362 

Blake  &  .Tohnson  Co 194 

Blanchard    Machine    Co 185 

Blevney     Machine     Co 142 

BUas.    E.    W..    Co 273 

Blount.    J.    G.,    Co 182 

Blnm,    Julius,    &   Co 220 

Bok.^r.    H..    &    Co.,    Inc 347-318 

Boston    ('.ear   Works 311 

Boston   Scale  &  Mch.   Co 247 

Bound    Brook    OU-lesa    Bearing    Co.. 312 

Bowen     Producta    Corporation ,342 

Boi,    Alfred.    &    Co.,    Inc 291 

Boye   &    Emmoo   Mch.    Tool    Co 2711 

Bradford     Mdi.     Tool    Co B 

Bradley.    C.    C.   &   Son.    Inc 95 

Bridgeford     Mch.     Tool     Works 10 

Bridgeport    Safety    Emerj*    Wheel    Co., 

Inc ll)< 

Bristol    Co Inside    front    cover 

Bronn.    A.    *    F..    Co 284 

Broun   *   Sharpe  Mfg.  Co 120-121 

Bro«n      Kngineering     Co 353 

Brown    Instrument    Co 212 

BrownoU    .Mchy.    Co 373 

Bnibnker.    W.    L.,    &   Bros 318 

Bnino  Mfg,   Co 261 

Bryant  Chucking  Qrlndcr   Co 405 

Buchanan,   C.   O.,   Chemical  Co S43 

BucherSmith    Co 274 

Buckoyo    Knglne    Co 298 

Buffalo   Forgo   Co 267 

Builders     Iron      Foundry 427 

Bullanl   Mch.   Tool  Co 80-81 

Bunting   Brats   &.  Bronie   Co 303 

Burke     Mch.    Tool    Co 183 

llurr.    John    T..    &    Son 268 

Bu«.h.   J.    C.    Co 290 

Butlerfleld    *    Co 411 


Caldcr.     Geo.    H 194 

Caldwell.   H.   W..   &   Son,   Co 291 

Canedy-Otto   Mfg.    Co 160 

Canton    Fdry.    &   Mch.    Co 289 

Card.    S.    W..    Mfg.    Co 104 

Carlson-Wenstrom   Co 209 

Carlton   Mch.   Tool  Co 335 

Carlyle  Johnson  Mch.  Co 100 

Carnegie    Steel    Company ;..S11 

Carpenter.  J.   M..   Tap  &  Die  Co.. ..243 

CarroU.    Wm 411 

Oarroll-Jamieson    Mch.    Tool    Co 260 

Carter    &    Hakes    Co 419 

Cataract  Refining  &  Mfg.  Co 312 

Oharabersbnrg    Kngineering    Co 26S 

Champion    Tool    Works-   Co 383 

Chard  I/athe  Co 110 

Chicago    Flexible    Shaft    Co 10 

Chicago    Pneumatic    Tool    Co 214 

Chicago    Rawhide    Mfg.    Co 415 

Chicago    Recording    Scale    Co.... 292-398 

("hicago    Tool    Reclaiming   Co 309 

Chisholm-Moore    Mfg.    Co 291 

Cincinnati    Automatic    Mch.    Co 28 

Cincinnati    Ball    Crank    Co 306 

Cincinnati     BicJrford     Tool    Co 24-25 

Cincinnati    Klectrical    Tool    Co 64 

Cincinnati    Gear   Co 304 

Cincinnati    Grinder  Co 190 

Cincinnati   Iron   &   Steel   Co 336 

Cincinnati   Lathe   &   Tool   Co 423 

Cincinnati    Milling    Machine    Co 123 

Cincinnati    Planer    Co 26-28-373 

Cincdnnati    Pulley    Mchy.    Co.... 329-385 

Cincinnati     Screw     Co 408 

Cincinnati    Shaper    Co 202 

City    Kngineering    Co 401 

Clark     Kqulpment     Co .302 

Clark.    Jaa..    Jr..    F.lectrc   Co..    Inc. .182 

Clansitled  Advertisements  404-406 

Cleveland    .\iitomatic   Mch.    Co 58 

Cleveland    Mchy.    .t    Supply   Co.  .207-218 

Cleveland    Machine    Tool    Co 90 

Cleveland    Milling    Mch.    Co 91 

Cleveland    Planer    Co 90 

Cleveland    Twist   Dtill    Co St 

CiKhrane-Blv    Co 413 

Coca  Wrench   Co 244 

Colimm    Gear   &    Mfg.    Co 402 

Coll.um   Mch.  Tool  Co 162 

Colonial    Steel    Co 157 

Colton.    Arthur.    Co 280 

Columbus  Die,  Tool   &  Mch.   Co,..,395 
Coranunilty    Mch.    *    Tool    Works. 

Inc     145 

Cone'  Aut.imatic    Mch.    Co..    Inc.... 211 

Con»ay   *   Co „ 2^ 

C<".k.  Asa  S.,  Co...' SOO 


Co-operative     Kngineering     Co. ..372-3.3 
Cooper     Flexible     Transmlaion     Co^ 

Inc 286 

CoTingtou    Multiple   Drill   Co 112 

Cowan   Truck  Co 2on 

Cowles     Tool     Co 310 

Craley   Mfg.    Co 223 

Crawford    Mch.    Tool    Co.,    Inc 240 

Crescent   Belt   Fastener  Co 318 

Crescent    Mch.    Co 262 

Cresson-Morris  Co ^S8 

Crofoot  Gear  Works.   Inc 306 

Cross   Gear    &    Engine    Co 331 

Oullman    Wteel    Co gO 

Curtis   &   Curtis   Co 26o 

Curtis   Pneumatic    Mchy.    Co 214 

Curtias-Willis    Co..     Inc 3.3 

Cu.shman  Chuck  Co 296 


D    &    W    I^se    Co »9 

Dale-Brewster  Mchy.   Co..   Inc 205 

Dalton   Manufacturing  Corp 231 

Dart.    E.    M..    Mfg.    Co MO 

Davenport    Mfg.    l^o..... 381 

Davis-Bournonville    Co S4» 

Davis.   C.    v..   Mch.   Co..   Inc 241 

Davis  Mch.   Tool   Co..    Inc 202 

Davis,    Rodney    .......SOS 

"^f;;?  ^■":.  ^::..^±..'':^-^"^ 

Day    Mchy.    Co.......;^;...........370-.372 

Daytou    Stanipnig   &  Tool   Co 401 

IVflance    Mch.    Works -^ 

Delta     File     Works 417 

Demco    Mch.    Tool    Co 268 

Desmond-Slephan    Mfg.    Co 195 

Detroit  Grinding  Wheel   Co J»0 

Detroit     Stamping     Co ^ 

Detroit   Tool    Co 283 

Detroit    Twist    Drill    Co.. ..Front   cover 

Diamond   Chain   &   Mfg.    Co 352 

Diamond    Mch.    Co :i;--c:'W« 

Diamond    Saw    &    Stamping    Works.. 132 

Dickow.    Fred    C 3M 

Dienclt   &    Eisenhardt.    Inc 2«S 

Dill.    T.    C.    Mch     Co ■«» 

Disstou.    Henry,    .t   Sous.    Inc ^1 

Dix.ui.    Joseph.    Crucible    Co 391 

D.x'hler    Die-Casting   Co »18 

Draper   &    Hall    Co JJ? 

Ureses    Meh.    Tool    C« '11 

Driver-Harris    Co .341 

Dvson.   Joseph.   A   Son. 216 


ALPHABETICAL  INDEX  OF  ADVERTISERS 


E 

Earle  G*ar  &  Mch.    Co 159 

Eastern  Machine  Screw  Corporation. .340 

Eck   Dynamo   &    Motor   Co 252 

Economy  Draning  Table  &  Mfg.  Co.  .390 

Edgemont    Mch.    Co 353 

Electro    Dynamic    Co 252 

Elgin    Tool   Works 359 

Elmes,  Chas.  F..  Engineering  Wka..267 

ElweU-Parier  Electric  Co 386 

Errington    Mechanical    Laboratory... 295 

Espen-Lucas    Mch.    Works 231 

Essley.    E.    L.,    Mchy.   Co 373 

Etna  Mch.  Co 268 

Everlasting   Valve    Co 370 

F 

Factory    &   Mm    Supply    Co 372 

Fafnir    Bearing    Co 12 

Plawcus    Machine    Co 304 

Federal   Mch.    &  Welder   Co 174-175 

Federal    Machinery    Sales    Co 370 

Fellovrs   Gear    Shaper    Co 40^1 

Fenn  Manufacturing  Co 274 

Ferracute   Machine   Co 270 

Firth-Sterling     Steel     Co 198-199 

Fiacher    Mch.    Co 193 

Fiake    Bros.    Refining    Co 352 

Fitchburg  Automatic  Mch.  Wks 115 

Fitchburg  Grinding  Mch.   Co 116 

Fitchburg  Machine  Works 117 

Flather    &    Co..    Inc 205 

Flather    Mfg.    Co 411 

Foote    Bros.    Gear   &    Mch.    Co 309 

Foot£-Burt   Co 112 

Forbes   &    Myers 252 

Ford    Chain    Block   &    Mfg.    Co 289 

Foreign     Machinery     Merchants 406 

Foadick    Mch.    Tool    Co 238 

Foster    Mch.     Co 78-79 

Francis    &    Co 194 

Eraser,    Warren    F..    Co 191 

rrs™.   Peter  A..   &   Co.,    Inc 391 

Fnlflo    F.J1P    Co 353 

Fulton    Mch.    Tool    Co 260 

G 

Gardner    Mch.    Co 139 

Garvin   Mch.    Co 228 

General    Electric   Co 154-166-181 

Genesee  Mfg.  Co 25S 

Geometric    Tool    Co 45 

Oerjtner.    H..    &    Sous 391 

Giddings  &  Lewis  Mfg.   Co 82 

Girard   Mch.    &  Tool   Co 372 

Gisholt    Mch.    Co 92-93 

Gits   Bros.    Mfg.    Co 421 

Gleaaon     Works Ba<*     cover 

Glenzer.  J.  C,  Co 280 

Goddard   Tool  Co 177 

Goodell-Pratt   Co '155 

Gooley    &    Edlund,    Inc 172 

Gorham    Too!    Co 246 

Gould    &     Eberhardt 42 

Graham    Mfg.    Co 230 

Gramm-Bemstein   Motor  Truck  Co.. 370 
Grand    Rapids    Grinding    Mch.    Co.. 143 

Grant    Gear    Works.    Inc 306 

Grant  Mfg.  ft  Mch.  Co 360 

Graton  &  Knight  Mfg.  Co 235 

Gray,   G.   A.,   Co 32 

Gray  Mch.   Tool   Co..   Inc 827-375 

Greaves-Kinsman    Tool   Co 29 

Greene,    Tweed   Sc   Co 222 

Greenfield    Mch.    Co 190 

Orvenfleld    Tap    &    Die    Corporation, 

179-196-197-322-323 

Gome7  Ball   Bearing  Co 36 

Girillliin   Co 284 


Halcomb    8t«el    Co 321 

Bamiltoa  Mch.  Tool  Co 102 

Bammacher,    Schlemmer    ti    Co 127 

Hammond    Mfg.    Co laz 

Bampden   Conmdum   Wher-l   Co 138 

Banna    Engineering    Works 290 

Bardinge    Broa.,     Inc 429 

Harrington,   Edtiin,  Bon  &   Co.,    Inc., 
„  „  210-291 

Bams,    H.    E..    Engineering  Co 409 

Hart     Mfr     Co 423 

Baakins.    R.    0 3«5 

Bavkridge    Broa.    Co 218 

Bawi.    Geo.    A..    Inc 481 

Hamea   Btelllte   Co 320 

Heal'I    Ma/;hlne    Co 46-17 

H.-inkel    M<h.   Tool   Co 409 

Ilell.r     Ur,„.     Co... 417 

H.ndey    Machine    f?o ;..407 

Ilcury  A  Wright  Mfg.  Co 213 

H<-theringl</n    l>> 195 

Jligli    fir».d   Hammer  Co.,   Inc 85J) 

Ifill.     f'larke    A    Co.,    Inc OO-.Wl 

Hill,  Mark/-  A  Co.  of  Chicago 366 

Hilli.r.1   Chit-h   *  Mcby.  Co 28« 

IIindl<y    <;rar    fV> 310-103 

H)'«1.h    Ijithe    It    Tool    Co 402 

U'rglt-rm    A    Tvttis   Mfg.    Co 292 

H'.hinl.'-.n  Mfg.   (U> 176 

Holyok/-   Truck  Co 282 

Hoi/.     Hnmian     A 848 

H.^Bler    Mfg     Co 871 

II'».r.-r  Htwl   Ball  Co 247 

HTpmburgl]    A    Hc'itt    Co »0(» 

H'»t'in.   K.,  A  Hon,  Cto 2»T 

H'«kln«    Mfg     f'o 27(1 

H..,-„r,     "•.in-r^^    A   Gambia   Co., 173 

"     '■     '  -■  144 

863 

'•'. »M 

.     'V,,    Inc.. ...ISO 


I.1..I    T'-.l    A    Mfif 


Sin 

llllr,',U    Tr«,l    Wnrll.     Mi 

Iipdn-.nd.-nl    I'neumailc   Tool    Co.. . .263 
li.'bmlnal  Vrrm 

131  l.'iZ  IhO  3|)V!)32  iVIO  M4-8M 

Iri»^r<oll    Milling    Mch.    Co 22 

Inr>Twill-Ilan.l    Co 215 

Ing^   Mch.   Co IK 

Int«maUoa*l  Uch.  Tool  Cn c» 

International    Oirgen   Co 27tt 


Jaclison     Mch.     Tool    Co 356 

Jackson  Shaper  Co 355 

Jacobs  Mfg.  Co 294 

Johnson     &     Miller 248 

Johnson   Bronze  Co 221 

Johnson.  Carlyle.  Mch.   Co 100 

Johnston   &   Jennings   Co 259 

Jones,   W.   A.,    Fdry.    &   Mch.    Co.... 431 

Jones  &   Lamson  Mch.    Co 16-17-64 

K 

Kales   Stamping  Co 401 

Kaaenit  Co 278 

Kearney    &    Trecker    Co 6 

Kelly.   H.   A.,   Co 263 

Kelly    Reamer    Co 261 

Kempamith   Mfg.    Co 23 

Keuffel  &  Esser  Co 421 

Kinsey,   E.   A.,   Co 370 

Knight,  W.  B.,  Mchy.  Co 423 

Krasberg  Mfg.  Co 399 

L 

Ladew,   Edw.    R..    Co.,    Inc 319 

Lafayette  Tool  Works 409 

Lambert  Mch.  &  Eng.  Co 326 

Lamont,    Fred    D 374 
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